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Abstract

B reast cancer is the  second m ost com m on cancer in Ire lan d  and accounts for 2 8 %  of 

all cancers in wom en in Ire lan d , w ith an average of 1726  new diagnosis each year. One  

of th e  m a jo r therapeutic  advances in clinical tre a tm e n t of breast cancer has been the  

in troduction of selective estrogen receptor m odulators (SE R M s). Tam oxifen  is a 

selective estrogen receptor m odulator (SERM ) with a tr ia ry le th y len e  structure which 

acts as an estrogen antagonist in the breast. This drug is used extensively and 

successfully as an endocrine tre a tm e n t for breast cancer. H ow ever, it can also act as 

an agonist in endom etria l tissue resulting in unw anted  side effects including 

endom etria l cancer. A varie ty  of m odified tria ry le th y len e  SERM structures have been 

developed based on the  non-isom erisable scaffold structures such as raloxifene. The  

vast m a jo rity  of early stage breast cancers, in both pre- and postm enopausal w om en, 

are horm o ne-dep en d ent. The hum an horm one estradiol has an im portant role in the  

progression of breast cancer. The key fea tu re  of the  SERMs, which are chem ically  

diverse com pounds, is th a t they  contain a te rtia ry  structure th a t enables them  to bind 

to th e  estrogen receptor.

The successful discovery of new drugs for cancer chem otherapy requires a com bination  

of chem ical and biochemical data and is both a costly and challenging task. Using in 

silico high throughput screening (H TS) m ethods, a novel series of estrogen receptor 

antagonists  featuring the  chrom ene scaffold has been discovered. In  th is thesis a 

com prehensive library of s tructurally  related chrom ene com pounds has been  

synthesised and evaluated . These com pounds provide a resource of sm all-m olecule  

BAR (s tru c tu re -a c tiv ity  relationship) data , which can be used to  guide lead compound  

identification in the  area of drug discovery fo r estrogen receptor antagonists. These  

novel structures are designed to incorporate the  potent chrom ene scaffold structure , 

and the data provides prom ising evidence fo r use of the  benzopyran and 

pyranocoum arin  ring scaffolds as an effective m ethod for producing large libraries of 

novel com pounds w ith in teresting biochemical activ ities. T h irteen  d ifferent libraries of 

benzopyran and pyranocoum arin  com pounds w ere synthesised (C h ap ter 2 ) and 

evaluated  fo r an tip ro lifera tive  activ ity  in vitro  in M CF-7 estrogen receptor positive  

hum an breast cancer cells (C hapter 3 ). These com pounds bind to th e  estrogen  

receptor, w hile also inhibiting the  proliferation of a hum an M C F-7 breast carcinom a cell



l ine w ith  a co n s id e ra b ly  h ig h e r  p o te n c y  th a n  ta m o x ife n .  T h e  m o st  p o te n t  c o m p o u n d  in 

t h e  e n t i re  l ib ra ry  o f  p roducts  e v a lu a te d  w as  identif ied  as 2 - e t h o x y e t h y l  2 - a m i n o - 7 -  

( d i m e t h y l a m i n o ) - 4 - { 4 - [ ( 4  m e th y lp h e n y l ) m e t h o x y ]  p h e n y  -4 A y -c h ro m e n e -3 -c a rb o x y la te  

(B E 9 7 ) .  T h is  c o m p o u n d  d isplays an I C 5 0  v a lu e  of 0 . 9 2  pM in th e  a n t ip ro l i fe ra t iv e  assay  

in M C F -7  b rea s t  c a n c er  cells. T h e  c o m b in a t io n  o f  th e  e f fe c ts  o f  th e  4 -  

m e th y lb e n z y lo x y a r y l  e th e r  a t  C 4 ,  th e  e th o x y e th y l  e s te r  a t  C - 3  an d  th e  N,l\l- 

d im e th y la m in o  su b s t i tu e n t  a t  C - 7  c o n tr ib u tes  to  o p t im is e  th e  s t ru c tu ra l  re q u ire m e n ts  

fo r  a c t iv i ty .  A n u m b e r  o f  th e  c h ro m e n e  products  also d isp layed  p o te n t  a c t iv i ty  as 

e s tro g e n  re c e p to r  an tag o n is ts  in a c o m p e t i t iv e  b inding assay. T h e  resu lts  f ro m  th e  

b io ch em ica l  an a lys is  a re  ra t io n a l ize d  using m o le c u la r  m odelling  s tu d ies . A d d it io na lly ,  

in C h a p te r  4 ,  th e  syn th es is  and  s truc tura l  c h a rac te r is a t io n  o f  a ser ies  o f  novel  

n a p h t h a le n e - 2 -c a rb o h y d ra z id e  d e r iv a t iv e s  a re  described  as novel n o n - l ig a n d  b inding  

poc ke t  a n d ro g e n  re c e p to r  a n tag o n is ts .  X - r a y  an a lys is  of tw o  e x a m p le s  o f  th e s e  

c o m p o u n d s  is p re s e n te d  and th e  s t r u c t u r e - a c t iv i t y  re la t ionsh ips  fo r  th e s e  c o m p o u n d s  

as p o te n t ia l  th e ra p ie s  fo r  p ro s ta te  c a n c e r  is d iscussed.

iv
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1.1 Introduction and Background

1.1 .2 Cancer

C a n c e r  is a t e rm  used  for  d i s e a s e s  in which a bnorm a l  cells divide wi thout  control  and  

a re  ab le  to  invade  o th e r  t i s sues .  C anc e r  cells can s p r e a d  to  o t h e r  p a r t s  of  t h e  body  

t h ro u g h  t h e  blood a nd  lymph s y s t e m s  th r o u g h  a pr oc ess  known as  m e t a s t a s i s ,  which is 

t h e  c a u s e  of 9 0 %  of c a n c e r  de a th s .  C a n c e r  r e m a i n s  o n e  of  th e  m o s t  difficult d i s e a s e s  

to t r e a t  a nd  is re spons ib le  for a b o u t  1 3 %  of all d e a t h s  wor ldwide ,  and  this  inc idence is 

increas ing d ue  to ag e in g  of populat ion  in m o s t  count r ies ,  bu t  espec ia l ly in t h e  

de ve lo ped  o n e s [ l ] .

C a n c e r  is no t  j u s t  o ne  d i s e a s e  bu t  m a n y  d is eas e s .  Th e re  a re  m o r e  t h a n  100 di fferent  

t y p e s  of cancer .  Most c an ce r s  a r e  n a m e d  for th e  organ  or  ty p e  of cell in which th ey  

s ta r t ;  for  ex am p le ,  c an c e r  t h a t  beg ins  In t h e  colon is classified as  colon cancer ;  c a n c e r  

t h a t  beg ins  in basal  cells of t h e  skin is classified as  basal  cell ca rc inoma.  [2]

C a n c e r  is normally cau sed  by abno rm al i t i es  of t h e  gene t ic  materia l  of t h e  a ffec ted 

ceils. T um or ig enes i s  is a mul t i s tep  proc es s  t h a t  involves t h e  accum ula t io n  of 

su ccess iv e  m u ta t i o n s  in o n c o g e n e s  and  s u p p r e s s o r  g e n e s  t h a t  d e r e g u l a t e  th e  cell 

cycle.  Tumo r igenic  e v e n t s  include th e  smal l  sca le  c h a n g e s  in DNA s e q u e n c e s  such  as  

m u ta t io n s ;  l a rger  scale ch ro m o so m a l  ab e r r a t i o n s ,  such  a s  t ra ns lo ca t io ns ,  de le t ions ,  

a n d  ampl if icat ions;  a n d  c h a n g e s  t h a t  af fect  t h e  chr om a t in  s t ru c tu re  and  a r e  a s so c ia te d  

with dysfunct iona l  ep ige ne t ic  control ,  such as a b e r r a n t  methy la t ion  of DNA or 

ace ty la t ion  of  h i s to nes[ 3] .  About  2 , 0 0 0 - 3 , 0 0 0  pro te ins  m a y  h a v e  a potent ia l  role in th e  

regula t ion  of g e n e  t ranscr ip t ion  and  in t h e  comp lex  s i gna l - t ransduc t ion  c a s c a d e s  t h a t  

r eg u la te  t h e  act ivi ty of  t h e s e  regulators .  C a n c e r  is a d i s e a s e  of t h e  t i s sue  in which t h e  

norma l  re la t ionships  b e tw een  epithelial  cells and th e i r  underlying  s t romal  cells a r e  

a l te r ed [4] .

The  h u m a n  body na tura l ly  produce  new cells.  In fac t ,  dur ing  t h e  co ur se  of  a ye ar ,  

a lm o s t  eve ry  single cell in t h e  body is rep laced .  The  f r eq uency  of th is  tu r n o v e r  

d e p e n d s  on t h e  location. For ex am ple ,  s t o m a c h  cells divide rapidly b e c a u s e  of th e  w e a r  

a n d  t e a r  t h e y  receive  f rom s t o m a c h  acid. However,  normal ly  cells die off a s  new o n e s  

rep lace  t h e m  in or de r  to keep  th e  body  a t  a normal  size.  S o m e t i m e s ,  t h o u g h ,  this  

g rowth  can b e c o m e  u n regu la t ed  and  lead to a m a s s  of cells,  s e e  f igure 1.1.
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Figure 1. 1 Tum origenesis

Proteins in the body signal cells when they  should grow , double th e ir chrom osom es, 

and divide into distinct cells. In  som atic cells, or th e  cells of the  body besides egg and  

sperm , this process is called m itosis. Because each cycle of mitosis leads to one cell 

becom ing tw o , this growth can quickly accum ulate if unrestricted (see Figure 1 .1 ) .

Cells lose th e  ability to regu late  growth if th e ir genetic in form ation is m u ta ted , or 

changed, due to exposure to carcinogens such as radiation or exposure to asbestos. 

This m utation  can lead to tw o d ifferen t types of tum ours, benign and m alignant. The  

form  of the tu m o u r depends on th e  type of grow th th a t it undergoes.

Cancer types can be grouped into broad categories as follows:

o C arcinom a is a cancer th a t begins in the skin or in tissues th a t line or cover 

in ternal organs.

o Sarcom a is a cancer of bone, cartilage, fa t, m uscle, blood vessels, or o ther  

connective or supportive tissue.
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Central nervous system cancers are cancers tha t orig inate in the tissues of the 

brain and spinal cord.

Lymphoma and m ultip le myeloma are cancers tha t develop in the cells of the 

immune system.

Leukaemia is a cancer tha t starts in blood-form ing tissue such as the bone 

marrow, and causes large numbers of abnormal blood cells to be produced and 

enter the blood stream. [5 ]
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Figure 1. 2 Not a ll tum ors are cancerous; tumors can be benign o r m alignant

Benign tum ors are not cancerous. They can often be removed, and in most cases, they 

do not recur. Cells in benign tum ors do not spread to other parts o f the body. 

Malignant tum ors are cancerous. Cells in these tum ors can invade nearby tissues and 

spread to other parts of the body (see Fig 1.2).

Cancer therapy is based on surgery and radiotherapy, (which are, when possible, 

rather successful regional in terventions), and on systemic chemotherapy. 

Approxim ately half of patients are not cured by these treatm ents and may obtain only 

a prolonged survival or no benefit a t all. The aim of most cancer chem otherapeutic 

drugs currently in clinical use is to destroy m alignant tum or cells by inhib iting some of 

the mechanisms implicated in cellular division. Accordingly, the an titum or compounds 

developed through th is approach are cytostatic or cytotoxic. However, the knowledge 

of tum or biology has exploded in the past decades and th is may pave the way for more 

active, targeted anticancer d rugs[6 ]. The introduction o f the tyrosine kinase inh ib ito r 

im atin ib as a highly effective drug in chronic myeloid leukemia and gastrointestinal
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stromal tumors [7] was a proof of the concept of effective drug development based on 

the knowledge of tum or biology[8].

Effective targeted therapies may be suitable only for small subgroups of patients[9]. 

Pharmacogenetics, which focuses on intersubject variation in therapeutic drug effects 

and toxicity depending of polymorphisms, is particularly interesting in oncology since 

anticancer drugs usually have a narrow margin of safety. The dose of 

chemotherapeutic agents is generally adjusted by body surface area, but this 

parameter is not sufficient to overcome differences in drug disposition[10]. DNA micro 

array technology permits study of alterations in the transcriptional level of entire 

genomes, and may become an important tool for predicting the chemosensitivity of 

tumors before treatment.

Cancer chemotherapy is in fact a very difficult task. One of its main associated 

problems is the nonspecific toxicity of most anticancer drugs due to their 

biodistribution throughout the body, which requires the administration of a large total 

dose to achieve high local concentrations in a tumor. Drug targeting aims at preferred 

drug accumulation in the target cells independently of the method and route of drug 

a d m in is tra tio n [ll]. One approach that allows improving the selectivity of cytotoxic 

compounds is the use of prodrugs that are selectively activated in tum or tissues, 

taking advantage of some unique aspects of tum or physiology, such as selective 

enzyme expression, hypoxia, and extracellular pH. More sophisticated tumor-specific 

delivery techniques allow the selective activation of prodrugs by exogenous enzymes 

(gene-directed and antibody-directed enzyme prodrug therapy, eg. prodrugs based on 

Tamoxifen and Doxorubicin[12]). Furthermore, the increased permeability of vascular 

endothelium in tumors (enhanced permeability and retention, EPR effect) permits that 

nanoparticles loaded with an antitumor drug can flow and accumulate inside the 

interstitial space, where the drug can be released as a result of normal carrier 

degradation[13].

Another problem of cancer chemotherapy is drug resistance. After the development of 

a resistance mechanism in response to a single drug, cells can display cross-resistance 

to other structural and mechanistically unrelated drugs, a phenomenon known as 

multidrug resistance (MDR) in which the ATP-dependent transporters have a significant 

role[14].
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Finally, a m a jo r problem  in the  developm ent o f anticancer drugs is the  large gap from  

prom ising findings in preclinical in vitro  and in vivo  m odels to the results of clinical 

tria ls . The problem s found in this transition arise because experim enta l cancer m odels  

greatly  d iffer from  hum an patients, who very  often suffer from  a much m ore com plex  

therapeu tic  situation. Although a large n um ber o f clinical trials are in progress and new  

results are continuously being published, th e  real clinical efficacy of m ost of these  

trea tm en ts  is usually disappointing and a statistically  significant benefit is observed for 

very  few  of th e m [1 5 ]. I t  has been claim ed th a t developm ent and utilisation of m ore  

clinically re levant cancer m odels would represent a m a jo r advance fo r an ticancer drug  

re s e a rc h [l] .

1.2 Breast Cancer

In  Ire lan d , in 2 0 0 7 , there  w ere 2 ,4 6 3  new cases of breast cancer diagnosed m aking it 

th e  m ost com m on invasive cancer fo r Irish w om en. A significant increase was also 

seen in the num ber of breast cancer cases betw een 1994  and 2001  [1 6 ] , Breast 

cancer is the m ost com m on cancer in fem ales in Europe. Breast cancer is responsible  

fo r 2 6 .5 %  of all new cancer cases am ong w om en in Europe, and 1 7 .5 %  of cancer 

d e a th s [1 7 ].

Aetiology of breast cancer

There  are several factors, both endo- and exogenous, which are known to a ffect the  

risk o f breast cancer in the population. These include lifestyle factors (i.e . childbearing, 

breastfeeding , type  o f d iet and obesity, use of alcohol and tobacco), horm onal status  

(influencing age at m enarche and m enstrual cycle, and determ ined  by endogenous  

horm ones, oral contraceptives use, and horm one rep lacem ent th e ra p y ), individual 

physical hum an characteristics, rad iation , and genetic  p red isposition [18]. Finally, 

m o rta lity  from  breast cancer m ay be influenced by prevention (e .g . chem oprevention  

using tam oxifen  or ra loxifene) and screen in g [19 , 2 0 ]. W om en with a fam ily  history of 

breast cancer are at increased risk of th e  disease. I t  was estim ated , based on the  52  

epidem iological studies, which having one firs t-d e g re e  re lative  w ith breast cancer 

increases risk by about 8 0 % , tw o firs t-deg ree  relatives increases risk approx im ate ly  3 -  

fo ld , and in those w ith 3 or m ore firs t-d eg ree  re latives the  risk is e levated  4 fo ld [2 1 ]. 

About 1 0 %  of breast cancers in developed countries m ay be due to genetic
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predisposition[18]. The lifetime risks of developing breast cancer for BRCAl and 

BRCA2 (breast cancer susceptibility genes) mutation carriers is 8 0 -8 5 %  [22 ],

Over the past two decades understanding and knowledge of breast cancer has evolved 

resulting in better m anagem ent of the disease. There has been a shift from a largely 

surgical therapeutic approach to treatm ent regimens that involve less radical surgical 

intervention and the increased use of radiotherapy and/or systemic therapies for 

oestrogen receptor positive tumours [23 ].

1 .2 .1  Types of Breast  Cancer

Breast cancer is currently classified into several sub-types based mainly on hormone 

and growth-factor receptor status. Classifications also include clinical categories that 

share DNA damage repair defects, classifications between endogenous and exogenous 

factors, and methods based upon micro-array or tissue-array data and associated cell 

type of origin [24 ],

Classification based on hormone receptor status involves the identification of the 

presence or absence of estrogen receptors (ER) and/or progesterone receptors (PR). 

The human epidermal growth factor receptor 2 (HER 2/neu) is a well characterised 

tum our m arker and is used in conjunction with the identification of hormone receptors 

to classify breast cancer. The expression of HER 2 indicates a more aggressive cancer. 

After immunohistochemical testing for these breast cancer markers the classification 

may be further divided into: (1 ) ER/PR positive; (2 ) ER/PR negative with HER 2 over 

expression; or (3 ) "triple negative" (breast cancer with the absence of any of the  

above three receptors). The triple negative type breast cancer frequently contains a 

defected BRACl gene [24 ].

In general, surgical and radiation treatm ents are similar for these different types of 

breast cancer. But drug treatm ents -  such as chemotherapy, endocrine therapies, and 

other medications are usually different. These treatm ents are targeted to the specific 

type of cancer [2 5 ]. The specific drugs which are clinically approved for targeting ER 

positive breast cancer will be discussed below. Taxol (see structure figure 1 .3 ) is a 

chemotherapeutic agent given for early stage and metastatic breast cancer and is also 

given as adjuvant treatm ent. Taxol (trade name Paclitaxel) is a mitotic inhibitor. Taxol 

targets tubulin in rapidly growing cancer cells, and adheres to them while they are
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try ing to d ivide, which prevents m itosis. This in turn  prevents m etastasis [2 6 ] .  

Adriam ycin (D oxorubicin , see structure figure 1 .3 ) can be used to tre a t early -s tag e  or 

node-postive breast cancer, H ER 2-positive breast cancer, and m etasta tic  disease. 

Adriam ycin is also used to tre a t cancer by slowing or stopping the  grow th of cancer 

cells. This drug intercalates the  DNA of cancer cells and  p revents cell replication by 

inhibiting protein synthesis and acts as an inhib itor of topoisom erase [1 2 , 2 7 ].  

M ethotrexate  (see structure figure 1 .3 ) is an an ti-m e ta b o lite  chem otherapy. I t  

prevents cells from  using fo late  to synthesise DNA and RNA. M etho trexate  helps to  

stop the grow th o f cancer cells and m etastasis [2 7 -2 9 ] .  Fluorouracil (see figure 1 .3 ) is 

a fluorinated pyrim idine an tim etabo lite  th a t resem bles uracil, w here a fluorine atom  is 

substituted for the  5 -m eth y l g ro u p [3 0 ]. Cancer cells take  up Fluorouracil (tra d e  nam e  

Adrucil) and this in terferes with th e ir grow th , preventing  m etas tas is [27 , 3 0 ]. 

G em citabine (trad e  nam e G em zar, fo r in travenous in jection ) is a nucleoside m etabolic  

inhibitor th a t exhibits an titum or activ ity . G em citabine (see figure  1 .3  fo r s tructure) is 

2 '-d eo xy -2 ',2 '-d iflu o ro cy tid in e  m onohydrochloride [3 1 ] . As w ith fluorouracil and o ther 

analogues of pyrim idines, the  triphosphate  analogue of gem citab ine replaces one of 

the  nucleoside building blocks o f nucleic acids, in this case cytid ine, during DNA  

replication. The process arrests tu m o r grow th , by incorporation of the "faulty" 

nucleoside, resulting in apoptos is [27 , 3 1 ].
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Figure 1. 3  Selection o f chem otherapeutics specifically targeting ER positive breast
cancer

ER positive Breast Cancer

About 75%  of all breast cancers are ER positive. These tumours grow in response to 

the hormone estrogen. About 65%  of these are also PR positive, which develop in 

response to the hormone progesterone. If  breast cancer cells have a significant 

number of receptors for either estrogen or progesterone, the cancer is considered 

horm one-receptor positive and is likely to respond to endocrine therapies, i.e. 

treatm ents that block or remove horm ones[32]. Tumours that are ER/PR-positive are 

60%  likely to respond to endocrine therapy [2 5 ]. Endocrine therapies for breast cancer 

are treatm ents usually required after surgery, chemotherapy, and/or radiation are 

completed. They are designed to help prevent recurrence of the disease by blocking 

the effects of estrogen.
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• The drug Tam oxifen, used to treat some women for up to five years after initial 

treatm ent for breast cancer, helps prevent recurrence of the disease by 

blocking the estrogen receptors on breast cancer cells and preventing estrogen 

from binding to them.

• A class of drugs called Aromatase Inhibitors(AIs) actually stops estrogen 

production in post-menopausal women. These drugs are not effective for 

women who have not yet gone through m enopause[33].

HER2-Positive Breast Cancer

In about 20%  to 25%  of breast cancers, the cancer cells produce excessive amounts of 

a protein known as HER2/neu. These breast cancers tend to be much more aggressive 

and fast-growing. The drug Herceptin (trastuzum ab) has been shown to dramatically 

reduce the risk of recurrence. It  has now become standard treatm ent to give Herceptin 

along with adjuvant (after-surgery) chemotherapy in those women with metastatic  

breast cancer[32]. Trastuzumab is a recombinant DNA derived humanised-monocional 

antibody that selectively targets the extracellular domain of the human epidermal 

growth factor receptor 2 protein (HER2). Trastuzum ab is composed of 1 ,328 amino 

acids and has a molecular weight of ~  148 kDa [34 ].

Triple negative Breast Cancer

Some breast cancers; estimates range between 10%  and 17% , are known as "triple  

negative" because they lack estrogen and progesterone receptors and do not 

overexpress the HER2 protein. The m ajority of breast cancers associated with the  

breast cancer gene known as BRCAl are triple negative. These cancers generally 

respond well to adjuvant chem otherapy[32]. Overall, however, they have a poorer 

prognosis than other types of breast cancer. So far, no targeted therapies like 

Tamoxifen or Herceptin have been developed to help prevent recurrence in women 

with triple-negative breast cancer. Cancer researchers are studying several promising 

targeted strategies aimed at triple-negative breast cancer [25 ].
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1.2.2 Irish statistics of breast cancer occurrences

At present breast cancer accounts for about 18%  of all cancers in women in Ireland  

and in 2009 there were 2 ,740  new cases diagnosed [35 ]. Its incidence continues to 

rise and according to the Irish National Cancer Registry the number of new cases 

recorded in Ireland each year will increase to approximately 5 ,000 by 2020 [23 ], 

Breast cancer remains the biggest cause of death from cancer for women in Ireland. In 

Ireland, excluding NMSC (non melanoma skin cancer), female breast alone comprised 

almost one third of all cancers diagnosed in women respectively in females from the 

year 2007 to 2009 (Figure 1. 4)

Females

cervix
pancreas 
\  2% ^ invasive

ovaty N 
3%

lymphoma
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corpus uteri 
3%

m elanom a
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colorectal

Figure 1. 4 Ranking o f the m ost commonly diagnosed invasive cancers in Ire la n d
(excluding NMSC), 2 0 0 7 -2 0 0 9  [3 6 ]
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Figure 1. 5  Person-years o f life  lost due to cancer in Ire land, 1996 and 2 00 6  [3 6 ]

In Ireland in 2006, of the 8,141 cancer deaths were responsible for over 120 ,000  years 

of life lost. Breast cancer had the greatest impact for w om en[36], representing 21%  of 

all years of life lost (Figure 1. 5).

European v a r ia t io n  of  breas t  cancer  inc idence

Female breast cancer incidence in Ireland ranked 4th highest of the 30 European 

countries surveyed, after Belgium, France and the Netherlands (Figure 1. 6 ). Some of 

the lowest European incidence rates were found in eastern European countries. It  is 

likely that the comparatively high incidence rates in Ireland are linked to the 

development of organised screening here in recent years -  some of the lowest ranked 

countries have recently been identified as not having yet introduced a national 

screening programme [3 7 ]. Ireland also ranked 4th highest in terms of m ortality, 

behind Belgium, Denmark and Netherlands with the same mortality rate as Malta and 

Hungary [36].
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F igure 1. 6 E stim ated  cancer incidence and  m o rta lity  in  Europe 2 0 0 8  -  fem a le  b reas t
c a n c e r[3 6 ]

Around the world incidence rates vary greatly, but they are increasing in regions that 

until now had relatively low rates of the disease. The WHO International Agency for 

Research on Cancer estimates that in 2008, up to 400 ,000  women died with breast 

cancer throughout the world [38 , 39 ]. Worldwide, more than a million women are 

diagnosed with breast cancer every year, accounting for a tenth of all new cancers and 

23%  of all fem ale cancer cases. Breast cancer is the most frequent cancer found in 

women worldwide. Breast cancer incidence rates vary considerably, with the highest 

rates in North America and the lowest rates in Africa and Asia [40 ].

Of the best cancer survival rates of cancers after 5 years, breast cancer is at 86%  on 

the list. Many would be surprised to see breast cancer in the top 5. It  has good survival 

figures but is still responsible for thousands of deaths as it is also a very common 

cancer. These figures do not indicate the number of people killed by these diseases, 

only survival rates once a diagnosis is made. It  is also important to point out that the  

reasons these figures are so good is because of modern cancer screening and 

innovations in treatm ents [41],
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1.2.3 Estrogens and Breast Cancer

Endogenous estrogens are thought to play a m ajor role in the  developm ent of breast 

cancers and estrogen receptor blockers are im portant drugs in its tre a tm e n t. I t  has 

been shown th a t longer exposures to estrogens result in an increased risk for breast 

cancer. Estrogens have effects on m any organ system s, beyond the  reproductive  

system , in both fem ales and m ales. Breast tissue is particu larly  dependent on 

circulating estrogens since there  is no breast developm ent in a rom atase-defic ien t 

wom en and estrogen th erap y  of these patients leads to  norm al p re - and postpubertal 

breast developm ent. Estrogen effects are exerted  through tw o types of specific 

receptor: estrogen receptor alpha (E R a) and beta (E R p). These nuclear receptors are  

ligand-dependent transcription factors th a t m ed iate  the biological effects of estrogens  

and a n ti-e s tro g e n s [4 2 ]. ERa and ERP represent tw o separate  gene products. The hERa 

protein consists of 596  am ino acids with a m olecular w eight of 66  kDa and is located 

on chrom osom e 6 , while the  hERp sequence encodes a protein of 530  am ino acid 

residues with a m olecular w eight of 59  kDa and is positioned on chrom osom e 14. Like 

other nuclear receptors, the  ER has a m ultidom ain structure consisting of six functional 

regions, from  the  N -te rm in a l A /B  dom ain to  the  C -te rm in a l F dom ain , which show  

various degrees of sequence conservation (see Figure 1. 7 ) [4 3 ] .
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Figure 1. 7  Dom ain-structure representation o f human ERa and ERb isoform s [4 4 ]

The "dependent" natural fem ale  sex horm one m eans prim arily  estrogen, 173-estrad io l 

(E 2 ), which plays a prom inent role in m ediating th e  m aturation , pro liferation, 

differentia tion , apoptosis, in flam m ation , m etabolism , hom eostasis, and brain function  

and also influences the  grow th and developm ent of breast cancer [4 3 , 4 5 -4 7 ] .  The  

biological activ ity  of E2 in horm one sensitive tissues is actively regulated  by the
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interconversion by 17p-hydroxystero id  dehydrogenase betw een E2 and the less active  

horm one, es tro n e [48 ]

OH

17p -hydroxysteroid dehydrogenase

HO HO’
E2- Estradiol Estrone

(estrogen) (estrogen)

Scheme 1. 1 Interconversion between E2 and the less active hormone

Mechanism of act ion of  Estrogen

The m echanism  of action for all steroid horm ones follows the  sam e general activation , 

involving the  regulation of gene exp ress io n [49 ]. Estrogen being a small lipophilic 

m olecule is carried in the  blood stream  bound to carrier proteins. The free steroid  

diffuses through the lipid m em brane and e ith e r acts at the  cytosol or in the nucleus to 

becom e bound to  the  estrogen receptor; the estrogen-estrogen  receptor com plex then  

passes into the  nucleus to act a t a genetic  level. The com plex in itiates a conform ational 

change th a t involves a d im eriza tion , to activate  the  com plex which in turn interacts  

with specific regions on the  DNA. I t  acts on horm one response elem ents . This in itiates  

the  transcription and translation of new proteins. These proteins regulate cell function, 

growth d ifferen tia tion , etc. So it is by the  process of expression of these proteins th a t 

horm ones such as estrogen function. The Figure 1. 8 shows the  estrogen receptor 

m echanism  of action.
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Figure 1. 8  Estrogen receptor mechanism o f action

Agonists such as 3*estradio l act a t the  Ligand Binding Dom ain (LBP) of th e  receptor 

and induce a conform ational change involving 4 a  helices H 3, H 4, H5 and H 12 . The  

estrogen receptor-agon ist com plex is characterised by a lignm ent of helix 12 across the  

LBP. This conform ation favours docking of co-activators  and fac ilita tes  gene  

transcription following ER dim erization  and binding of the  receptor d im er to ta rg e t sites 

on DNA. In  both norm al and m alignant cells, the  estrog en -recep to r com plex binds DNA  

causing genom ic effects i.e .; gene transcription or gene repression and also activates  

gro w th -regu la to ry  g en e s .[5 0 , 51 ] In  contrast, an antagonist such as 4 -

hydoxytam oxifen  (tissue selective an tagon ist) binds the  ER but disrupts the  binding of 

helix 12 across th e  LBP and the receptor-antagon ist com plex form ed does not fac ilita te  

recru itm ent of co-activators . Instead  co-repressor interaction is favoured and th e  

antagon ist blocks estrogens from  binding to the receptor. [2 3 ]  In  both cases, the  AF2  

dom ain of the receptor is prim arily  involved in the  recru itm ent of the  co -regu la to ry  

proteins. The binding of agonists and antagonists to the ER is illustrated in Figure 1. 9.
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Figure 1. 9 Binding o f agonists and antagonists to the ER

A number of key am ino acid residues are present w ith in the LBP tha t in teract with 

ligand substituents (e.g .: via H-bonding). These include Glu353, Arg394 and His524. 

Recognition of estradiol and o ther agonists by the LBP of the receptor involves a 

combination of polar and nonpolar interactions. The Glu353 and Arg394 residues form  

hydrogen bonds to  the phenolic hydroxyl at the 3-position of estradiol, while the 173- 

hydroxyl group of estradiol forms a hydrogen bond with the His524 residue in the LBP 

of the  receptor. The remainder of the  LBP consists of hydrophobic amino acid residues 

which align w ith the hydrophobic core of the estradiol molecule, (Figure 1. 10). 

Antagonists, such as tam oxifen or raloxifene occupy the same binding sites but the 

interaction is different. A strong hydrogen bond also forms between the basic group 

present in the side chain and the residue Asp351. [1 ]
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Figure 1. 10 The binding o f estradiol in the estrogen receptor LBP. The region o f the 
binding cavity above the plane o f the bound hormone is re ferred  to as the p-face, 

w hereas the area below the plane is re ferred  to as the a-face [5 2 ]

A com parison of the  ligand binding dom ains of th e  ER subtypes shows th a t they d iffer

by only tw o conservative am ino acids, i.e . tw o binding am ino acid residues present in

the ERa LBP nam ely  Leu384 and M et421 are replaced in the  ER(3 LBP by M et336  and

Ile 3 7 3  respectively. The agonist estradiol and classical selective estrogen m odulators

(SERM s) like tam oxifen  bind both receptor subtypes but the developm ent of ligands

which are subtype-selective  m ay lead to a m ore optim al approach for the  tre a tm e n t of

diseases associated with the ER in the  fu tu re . Exam ples of E R a-selective and ERp-

selective ligands are illustrated below. (F igure 1. 11 ) [5 2 ]

OH

HO'

OH

HO.

OH
'OH

Figure 1. 11 (a )  ERa-selective ligand: Propyl pyrazoie triol; (b ) ERfi-selective ligand:
Genistein
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1.2.4 ER antagonists general

Estradiol (E2) regulates the growth, differentiation, and physiology of the reproductive 

process through the estrogen receptor (ER). E2 also affects other tissues, such as 

bone, liver, brain and the cardiovascular system. Because of the functional diversity 

displayed by estrogens through the ER, much of the current interest in understanding 

the basis of ER actions at the molecular level is focused towards the goal of therapeutic  

in tervention[53].

1.3 Nonsteroidal antiestrogens (SERMs)

The discovery of this group of compounds is a good example of serendipity. Estrogen 

has been a m ajor target in the treatm ent of breast cancer since the end of the 19th 

century. In 1896, George Beatson first demonstrated the beneficial role of 

oophorectomy for the treatm ent of premenopausal women with metastatic breast 

cancer; removal of the ovaries was shown to regress the disease and improve the 

prognosis of the patient in some cases [5 4 ]. In 1936, a French physician named 

Lacassagne suggested that If breast cancer was caused by a hereditary sensitivity to 

estrogen then an antagonist to estrogen action could be used to prevent the disease. 

His proposal to use an antiestrogen for the treatm ent of breast cancer was finally 

realised by the development of tam oxifen, the first selective ER modulator 

(SER M )[55].

SERMs are derivatives of the triphenylethylene system, developed by molecular 

manipulation of diethylstilbestrol, the prototype nonsteroidal estrogen agonist. The key 

structural features of this group of compounds, which are essential for activity, are the  

presence of a triphenylethylene core and a basic am inoether side chain at the 4 -  

position of one of the phenyl rings[56].
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1.3.1 Tamoxifen

Tam oxifen, 2 -(4 -((Z )-l,2 -d ip h en y lb u t-l-en y l)p h eno xy)-N ,N -d im eth y le th an am in e  (for 

structure (TAM) see structure scineme 1.2, a) is a synthetic non-steroidal 

thphenylethylene derivative that is an antiestrogen, and was approved by the Food 

and Drug administration in 1977 for the treatm ent of women with advanced breast 

cancer and several years later for adjuvant treatm ent of primary cancer[57]. 

Tamoxifen is a prodrug that has increased activity after activation in vivo. Tamoxifen is 

extensively metabolised by the human cytochrome P450 enzyme system into several 

metabolites that have variable potencies towards the estrogen receptor. Of these, 4- 

hydroxytamoxifen (see structure scheme 1.2, b) is an active metabolite which has 

greater anti-estrogenic potency than the parent drug, tamoxifen. 4-Hydroxytamoxifen  

was considered the most important active metabolite until recently, when it was found 

that another active m etabolite, endoxifen (see structure scheme 1.2, c), is present in 

higher concentration in human plasma of breast cancer patients receiving chronic 

tam oxifen[58]. These results provide evidence that endoxifen is important as, or more 

im portant than, 4 - hydroxytamoxifen to the the anti-estrogenic action of 

tam oxifen[59]. Tamoxifen is largely inhibitory and functions as estrogen antagonist in 

breast cancer cells, but it also functions as an agonist in some tissues including the 

bone, uterus, liver, and the cardiovascular system. These estrogen-like activities of 

tamoxifen are significant for woman taking the anti-estrogen against breast cancer. Its 

stim ulatory effects on uterus and liver may underlie the increased incidence of 

endometrial hyperplasia that may lead to cancer, as well as alterations in liver 

function. The agonistic effects of tamoxifen in bone cells and in the cardiovascular 

system enhance bone maintenance, preserve a favorable blood-lipid profile, and 

reduce the risk of coronary problems. However, the latest results of several major 

international trials showed that aromatase inhibitors work better than tamoxifen in 

post-menopausal women with early-stage breast cancer that is ER positive, 

progesterone receptor positive, or both. So, in the near future, it may be possible that 

aromatase inhibitors will be the new standard of care for post-menopausal women with 

invasive hormone-receptor-positive breast cancer, both early and advanced-stage.
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Scheme 1. 2  Epoxidation o f 17p-estrad io l shown, w ith Tamoxifen (a ) , and m etabolites: 
4-hYdroxytam oxifen (b ) and endoxifen (c )

P r o p o s e d  m e c h a n i s m  o f  a c t io n  o f  T a m o x i f e n

Tam oxifen  (TA M ) is known to have a dual m echanism  of action; (1 )  to com pete w ith  

173-es trad lo l (E 2 ) a t th e  receptor site and to block the  prom otional role of E2 in breast 

cancer; and (2 )  to  bind DNA a fte r m etabolic activation and to In itiate  carcinogenesis. 

Recent large scale clinical tria ls  indicate th a t TAM is also an effective chem opreventive  

agent against breast cancer. Because E2 requires activation  by epoxidation to bind DNA  

form ing DNA ad du c ts [60 , 6 1 ] (see schem e 1 .2 ) , and the  sam e Is true  for TAM [6 2 ] ,  

the  question Is w h e th er this p reventive  effect of TAM against breast cancer Is 

contribu tory  to the  possibility th a t TAM, as an e ffective  com petitor fo r epoxidation, 

prevents th e  fo rm ation  of E2 epoxide and consequently breast cancer. W hen incubated  

to g e th e r w ith  E2 fo r epoxidation , TAM was able to  dram atica lly  reduce th e  form ation  of 

E2 epoxide as m easured by both the  loss of the  ab ility  of E2 to  inhibit nuclear RNA 

synthesis, and the  reduced binding of [^H]labeled E2 to nuclear DNA. Identical results  

w ere obtained when TAM and estrone (E i)  w ere  used. These results suggest th a t the  

breast cancer p reven tive  effect of TAM Is through a com petitive  epoxidation  

m echanism  w ith  E i/E 2 .[6 3 ]
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I t  is true  th a t the  m echanism  of action of tam oxifen  is com plex. C learly , its principal 

m echanism  of action is m ediated  by its binding to the  estrogen receptor and the  

blocking of the  pro liferative actions of estrogen on m am m ary  e p lth e liu m [6 4 ]. One  

suggested m echanism  for th is an tip ro life ra tive  action is the induction by tam oxifen  of 

the  synthesis o f the  cytokine transform ing grow th fac to r-p  (T G F -P ), which acts as a 

negative  autocrine regu latory  m olecu le .[6 5 ]  H ow ever, it has also been shown th a t  

tam oxifen  can induce synthesis of TG F-p in estrogen recep to r-negative  cells, such as 

fe ta l fib rob lasts .[6 6 ] M oreover, im m unohistochem ical studies have shown th a t  

tam oxifen  induces the  synthesis of TG F-p in the  strom al (m esenchym al) com partm ent 

of breast cancers, suggesting a paracrine as well as autocrine m echanism  of action, 

independent of an interaction with the  estrogen re c e p to r.[6 7 ] Reports of som e clinical 

efficacy of tam oxifen  in the  tre a tm e n t of w om en w ith estrogen recep to r-neg ative  

breast carcinom as would appear to be in accord w ith these m echanistic  

conclusions.[6 8 ] O ther studies th a t are in accord w ith these observations are the  

findings th a t tam oxifen  can low er the  circulating levels o f insu lin -like growth fac to r I 

( IG F - I)  in breast cancer p a tie n ts .[6 9 , 70 ] IG F -I is a potent m itogen fo r breast cancer 

cells and m ay act by endocrine, paracrine, and autocrine routes to s tim ulate  th e ir  

g ro w th .[6 4 ]

Most of th e  antiestrogen type com pounds m ay lead to long -term  toxic effects. For 

instance, tam oxifen  induces liver cancer in rats a fte r prolonged adm in istration , which 

has been attribu ted  to th e  generation of D N A -alkylating  species from  th e  m etabolism  

of th e  stilbene fram ew o rk . I t  has been proposed th a t cytochrom e P450 hydroxylates  

tam oxifen  at the  allylic position of the  ethyl side chain, leading to an alcohol, which can 

genera te  a highly delocalised allylic cation (a , schem e 1 .3 ) and there fore  a lky late  DNA  

to  give product (b ) (see schem e 1 ,3 ) .
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Scheme 1. 3  Mechanism proposed to explain tam oxifen long-term  toxicity

This proposal also explains the lack of carcinogenicity of the related antiestrogen 

toremifene, which can be attributed to destabilisation of the positive charge in b 

(scheme 1.3) by the inductive effect of the chlorine substituent at the position adjacent 

to the allylic ca rbon [l].
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Scheme 1. 4  Carbocation derived from torem ifene

Tam oxifen  has becom e the standard th erap y  for  all types of ER-positive b reast cancer. 

In  the  1990 's , It was also the  firs t cancer chem opreventative  agent approved by the  

FDA for th e  reduction of breast cancer in p re - and postm enopausal w om en w ith high 

ris k [7 1 ]. Tam oxifen  also binds with high affin ity  to o th er ta rgets , such as m icrosom al 

antiestrogen binding sites (AEBS), protein kinase C, calm odulin (C a M )-d e p e n d e n t 

enzym es, and acyl coenzym e A :cholesterol acyl transferase (A C A T )[7 2 ].

The reversib le  pharm acological action of tam oxifen  as an antiestrogen was first 

described in vitro  using the MCF-7 hum an breast cancer cell line. Tam oxifen  blocked  

cell replication but subsequent addition of estrogen restored cell grow th . S im ilarly , 

Tam oxifen  significantly reduced the  induction and grow th of tum ors in a carcinogen- 

induced rat m am m ary  carcinom a m o d e l[5 5 ]. H ow ever, the drug showed paradoxical 

species-specific effects. Tam oxifen  acted as an estrogen in dog and m ouse, a pure  

antiestrogen in chick, and had both agonist and antagonist actions in hum ans and rats. 

In itia lly , th e  species-specific actions of tam oxifen  w ere thought to result from  species- 

specific m etabo lism , but no species d ifference in the  m etabolites of the  drug was 

found. Two im po rtan t observations in the  laboratory laid the  foundation for th e  concept 

of SERMs. In  an athym ic m ouse m odel transp lanted  w ith  both a breast (M C F -7 ) tu m o r  

on one side of m am m ary  fa t pads and an endom etria l (E n C a lO l)  tum or on the  o ther  

side, tam oxifen  produced th e  sam e spectrum  of m etabo lites  in both tum ors, but had 

d ifferent actions on the growth of each tum or. Tam oxifen  inhibited growth of breast 

cancer, but s tim ulated  the  growth of endom etria l cancer. In  addition , tam oxifen  caused  

the  grow th of the  m ouse uterus but did not cause th e  grow th of a breast tu m o r despite  

the  presence of the  sam e m etabolites . These data raised the possibility th a t the m ode  

of action of tam oxifen  is not specific to a species, but specific to a ta rg e t tissue. Finally, 

and perhaps m ost im portan tly , nonsteroidal antiestrogens m aintained bone density  in
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the  ovariectom ized ra t a t doses known to prevent ra t m am m ary  cancer [5 5 ] , A lthough  

the  risks are actually  quite  sm all, th ere  is m a jo r concern about the safety of the  use of 

tam oxifen  as a chem opreventive  agent fo r the  prophylaxis of breast cancer, because of 

its estrogenic effect on u terine ep ithelium  and the a tten d an t increased risk fo r 

developm ent of u terine cancer. Thus, th ere  has been a search for new agents th a t  

would resem ble tam oxifen  in th e ir overall m echanism  of action, but would be inhib itory  

to th e  growth of uterine e p ith e liu m [6 4 ],

Toremifene

Torem ifene  is a structural analogue of Tam oxifen  [7 3 ] . I t  contains a chlorine m oiety  

not found on Tam oxifen . Torem ifene  is an antiestrogen which has been shown to  

inhibit the sim ulative  effects of estrogens on breast cancer grow th . Torem ifene  causes 

growth inhibition of estrogen-sensitive  breast cancer cells by inducing som e cells to 

undergo apoptosis and by inhibiting o th er cells from  entering  m itosis. I t  has been used 

in clinical practice fo r the  tre a tm e n t of ER-positive breast cancer (see structure in 

schem e 1 .4 ) . I t  displays sim ilar properties and side-effects  to tam oxifen  but does not 

appear to increase the risk o f endom etria l cancer in post-m enopausal fem ales[51J . 

Studies have shown th a t to rem ifene  is as e ffective  as tam oxifen  in advanced breast 

cancer. Like tam oxifen , the  an tip ro lifera tive  effect of to rem ifene  on breast cancer cells 

is m ediated  by its com petitive binding to the ER [7 4 ] . H ow ever, the  long te rm  side 

effect of liver cancer associated w ith tam oxifen  is not ev iden t in the  case of to rem ifen e  

as m etabolism  of to rem ifen e  does not lead to th e  generation  of D N A -alkylating  species 

[!]■

Raloxifene

Because of the toxic effects associated to th e  central double bond in triphenyle thy lene  

derivatives, a new fam ily  of antiestrogens has been developed w here th e  incorporation  

of this double bond into a m ore conform ationally  restricted cyclic system  increases its 

chem ical and m etabolic  stab ility . A nother structural difference of these com pounds  

w ith the traditional triphenyle thy lene  derivatives is the  presence of a ketone bridging  

group linking the phenyl ring th a t contains the  basic side chain. The m ain  

representative  o f this fam ily  is ra loxifene, containing a benzothiophene ring system  

(F igure 1. 12 , a ) , which was approved by th e  FDA for osteoporosis, while studies as a 

tre a tm e n t for breast cancer w ere discontinued. H ow ever, there  is a recent renew al of 

the  in terest in raloxifene as a m eans fo r breast cancer prevention , with a very  large
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clinical study in progress involving m ore than 1 9 ,0 0 0  postm enopausal w om en at 

increased risk of breast cancer, a im ed at com paring the  efficacy of tam oxifen  and 

ra loxifene in c h e m o p re v e n tio n [l, 7 5 ],

Raloxifene has been shown to function as an antagonist in the  breast and uterus, while  

functioning as an estrogen in the  bone and cardiovascular system . Raloxifene was 

developed in itially as an an ti-estrogen  for breast cancer in the late  1980s , but since it 

was found to m aintain  bone density, to  prevent rodent breast cancer, and to inhibit 

tam oxifen  stim ulated  endom etria l cancer grow th , it was developed fo r osteoporosis, for 

which it is now an established drug. Raloxifene is an inhib itor of cultured breast cancer 

cells and, in vivo, it possesses an titum or activ ity . Like tam ox ifen , raloxifene reduces 

total cholesterol but does not increase h igh-density  lipoprotein cholesterol, a fea tu re  

th a t m ay lessen any cardioprotective effects. Furtherm ore , it was dem onstrated  th a t 

ra loxifene has a potentia l in the  tre a tm e n t of m yocardial ischem ia. I t  is able to relax  

porcine coronary arteries  in vitro  due to activation of the m ito gen -ac tiva ted  protein  

kinase (MARK) pathw ay. P38 MARK activation has been shown to  be responsible for 

cardioprotection during ischemic precond ition ing [43].

Figure 1. 12  Raloxifene (a )  and Arzoxifene (b )

A rzoxifene, one of a num ber of new er type ER antagonists, is a benzothiophene  

analogue SERM candidate. R eplacem ent of the  carbonyl group with an electron  

w ithdraw ing oxygen results in an im proved oral b ioavailab ility  and a 10-fo ld  increase in 

in vitro  estrogen antagonist potency re lative  to ra loxifene. A rzoxifene (F igure  1. 12 , b) 

also inhibited u terine proliferation response, produced a significant decrease in to ta l 

cholesterol levels and showed protective effect on bone. Phase I I  clinical tria ls  showed
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significant response rates to arzoxifene [76] in tamoxifen resistant patients with locally 

advanced m etastatic breast cancer. Arzoxifene is currently undergoing phase I I I  trials 

for breast cancer therapy[77 , 78].

Lasofoxifene and Bazedoxifene

Researchers have developed the concept of the 'ideal' SERM. [79] The 'ideal' SERM Is 

one that mimics estrogen's beneficial effects in the body by acting as an agonist in the 

bone and cardiovascular system but that counteracts estrogen's harmful effects in the 

breast and uterus by acting as an antagonist in these tissues. Several compounds with 

'ideal' SERM characteristics are currently being developed for the treatm ent and 

prevention of breast cancer. These include other triphenylethylenes (droloxifene, 

idoxifene), arzoxifene (a long-acting raloxifene analogue), benzopyrans (E M -800), 

naphthalenes (CP-336, 156) and pyrazoles [10 ] [80 , 81]. Other new generation SERMs 

include the tetrahydronaphthalene compound lasofoxifene and the indole compound 

bazedoxifene, (see structures, Figure 1. 13). Lasofoxifene and bazedoxifene have 

recently undergone large phase I I I  clinical trials and are now approved for use in the 

EU for the treatm ent of osteoporosis[82]. The development of ERa-selective SERMs 

could offer an alternative approach for the treatm ent of breast cancer and other 

diseases in the future and such agents could replace the non-subtype-selective SERMs 

which have been used up until now [9].

OH

HO

Figure 1. 13  N ew  generation SERMs: lasofoxifene ( le ft);  bazedoxifene (r ig h t)
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1.3.2 SERDs

In addition to SERMs, 'pure' antiestrogens or selective estrogen downregulators 

(SERDs) have also been developed to target the ER. With the advent of drug 

resistance, particularly resistance to tam oxifen, interest in this class of drug has 

grown. One such agent, Fulvestrant has been approved as a third line drug for 

treatm ent of ER-positive metastatic breast cancer and is illustrated in Figure 1. 14 

[7 4 ]. Fulvestrant is a steroidal antiestrogen with a hydrophobic side chain in the 7a  

position. The mechanism of action of fulvestrant involves the competitive inhibition of 

estradiol binding at the ER. Once bound to the ER, fulvestrant impairs dimerisation of 

the receptor ultimately leading to receptor degradation. The long side chain of 

fulvestrant also obstructs the folding of the Helix 12 of the ER resulting in the inhibition 

co-activator recruitment [1 ].

Initial studies of the drug in vitro and in animal models showed that it effectively 

down-regulated the ER and inhibited tam oxifen-resistant breast tum our cells. However, 

fulvestrant has yielded less promising results in clinical practice and this has been 

blamed on the poor oral bioavailability of the drug in humans and resulting low levels 

of the drug reaching the tum our site. Fulvestrant is therefore administered by 

intramuscular injection. Current research in this area is focused on developing SERDs 

which exhibit more favourable pharmaceutical properties [74 ].

OH

HO'

F F,

Figure 1. 14 Structure o f Fulvestrant

27



1.4 HMR 3339

Unlike th e  o th er SERMs, HMR 3 3 3 9  (F igure 1. 15 ) is a steroid. I t  is currently  under 

clinical d eve lo p m en t for the  prevention of osteoporosis and coronary heart disease. In  

rats, th e  SERM HMR 3 3 3 9  com pletely prevented bone m ineral density loss and even  

increased it following ovariectom y. Furtherm ore, HMR 33 3 9  also increased bone 

m echanical s trength  at m ultip le  sites following ovariectom y. The increases in bone 

m ineral density  and bone strength induced by HMR 3 3 3 9  w ere m ore pronounced than  

ra loxifene on cortical bone. In  healthy postm enopausal w om en, HMR 3 3 3 9  prom oted  

an an tia therogen ic  lipid profile by reducing to ta l LDL cholesterol, and decreased  

hom ocysteine levels, while not influencing HDL cholesterol and lip op ro te in (a ), whereas  

ra loxifene showed sim ilar effects but did not reduce hom ocysteine levels. In  healthy  

postm enopausal w om en, HMR 3 3 3 9  a t the highest dosage (5 0  mg daily) reduced  

antith rom bosin , protein C, and fibrinogen com pared to placebo. Hence, HMR 33 3 9  

shows prom ise fo r protection of coronary heart disease, and perhaps osteoporosis.

1.5 Aromatase Inhibitors

An a lte rn a tiv e  s tra tegy  for achieving antiestrogenic effects is the inhibition of

a ro m atase , th e  enzym e responsible for biosynthesis of estradiol and estrone from

a n d ro g e n s [8 3 ]. In  principal, th is s trategy has the  advantage over the  use of

an tiestrogens of blocking the  tw o pathw ays involved in the generation  of tum ours by

th e  estrogenic horm ones, nam ely  ER activation and the generation of carcinogenic  

m etabo lites , see schem e 1 .5 .

0

HO
Cl

Figure 1. 1 5  HMR 3 3 3 9
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Scheme 1. 5 Mechanism o f arom atase activity [1 ]

Aromatase belongs to the group of microsomal cytochrome P450 enzymes responsible 

for the hydroxylation metabolic process. The overall process catalysed by aromatase 

comprises a series of three oxidative steps. The first two are the insertion of two 

hydroxyl groups at the C-19 methyl group of its substrates leading to (a, scheme 1.5) 

and to gem-diol (b, scheme 1.5), which is dehydrated to aldehyde (c, scheme 1.5). 

The third reaction is only partially understood, and involves loss of the C-19 carbon 

atom as a molecule of formic acid, with concomitant aromatisation of ring A. One 

mechanistic possibility is that the third hydroxylation takes place at C-2(3, yielding 

intermediate (d, scheme 1.5), which can be postulated to rearrange to (f), through the 

intermediacy of the cyclic hemiacetal (e). Loss of a molecule of formic acid, driven by 

the generation of the aromatic A ring, would finally culminate the process, yielding the 

estrogens estradiol and estrone (scheme 1.5). However the experiments with [2(3-^®0- 

,19-^H]-23-hydroxy-103-formylandrost-4-ene-3,17-dione failed to show incorporation 

of the 3-hydroxyl to formic acid under enzymatic and nonenzymatic conditions [1, 84].
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Figure 1. 16 Structures o f Arom atase Inh ib itors, (a )  Steroidal arom atase inactivator 
and (b ) Non-steroidal arom atase inhibitors [1  ]

Exemestane (m arketed as Aromasin see Figure 1. 16) is indicated for the adjuvant 

treatm ent of postmenopausal women with estrogen-receptor positive early breast 

cancer who have received two to three years of tamoxifen and are switched to it for 

completion of a total of five consecutive years of adjuvant hormonal therapy [85 ], 

Exemestane is an aromatase inhibitor and had a steroidal structure similar to estrogen 

(estradiol). The mechanism of action of exemestane is by inhibiting the action of the 

enzyme arom atase, which converts androgens into estrogens by a process called 

arom atization (see steroid tree Figure 1. 17). Other non-steroidal aromatase inhibitors 

include Letrozole and Anastrozole (see Figure 1. 16 for structures).

Exemestane, Letrozole, Anastrozole and Tamoxifen are used as adjuvant breast cancer 

treatm ents. Long-term follow-up data from a large international phase I I I  trial shows 

that postmenopausal women with early-stage hormone receptor-positive breast cancer 

who received 2 to 3 years of tamoxifen and then switched to the drug exemestane for 

a total of 5 years of adjuvant hormone therapy experienced a delay in disease 

recurrence and a survival advantage, compared with women who took tamoxifen on its 

own for 5 years [8 6 -8 8 ]
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1.5.1 The Steroid Tree
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Figure 1. 17  The Steroid Tree [8 9 ]

Any steroid precursor can be metabolized into estrogen (estradiol, estrone and estrio l). 

I f  the many steroids in the steroid tree are examined (see Figure 1. 17), most lead to 

estrogens [89 ]. The key enzyme in the production of estrogens is aromatase (the A- 

marked [b lu e ] circles). I f  a line is drawn through the aromatase-catalyzed reactions, 

all o f the estrogens are on one side of the line, and the anabolic and androgenic 

steroids are on the other side (see [re d ] dashed line). This means tha t aromatase is 

the gatekeeper tha t influences the relative dominance of estrogenic versus 

anabolic/androgenic influences w ith in the steroidal hormonal system.

The two prim ary aromatase pathways are 1) the conversion of androstenedione to 

estrone, and 2) the conversion of testosterone to estradiol (the leftm ost arrows 

crossing the dashed line). Since estradiol and estrone readily interconvert (note the
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bidirectional arrows, Figure 1. 17), the particular pathway to estrogen is not very 

significant from the estrogen perspective (on the estrogen side of the line). There is, 

however, a major difference on the androgen/anabolic side of the line. Aromatase has 

a tenfold higher affinity for androstenedione than testosterone. This puts 

androstenedione at a distinct disadvantage compared to testosterone regarding 

potential estrogenic side effects[90].

This estrogenic disadvantage of androstenedione is not shared by androstenediol. 

Androstenediol is not a direct substrate for aromatase and must first be 1) converted 

to testosterone, 2) converted to DHEA and then to androstenedione, or 3) converted to 

testosterone and then to androstenedione before it can be converted to estrogens by 

aromatase. One of the key enzymes in these three alternatives is 17-beta- 

hydroxysteroid dehydrogenase, the same enzyme that interconverts estradiol and 

estrone. This enzyme allows androstenediol and DHEA to interconvert, and 

testosterone and androstenedione to interconvert[89].

1.5.2 Novel SERMs and related compounds

Many novel heterocyclic SERM compounds have been investigated and reported in 

recent years. The following is a minor selection of the diverse and varied therapeutics 

investigated that target the estrogen receptor and are potentially of interest for the 

development of breast cancer chemotherapy.

1.5.3 Pyrazole SERMs

There is much interest in fixed ring scaffold structures for SERMs and the pyrazole ring 

has been demonstrated as a suitable candidate. Pyrazole rings have been used by 

Stauffer et al as a scaffold for the synthesis of SERMs, (see Figure 1. 18, a) and were 

claimed as the first ERa specific agonists showing 410 fold affinity for a  over (3. Four 

analogues were designed to explore the four possible orientations that the pyrazole 

core structure might adopt the ER ligand binding pocket, and thereby identifying which 

site on the pyrazole could best accommodate the rather large, basic side chain 

substituent [78]. The C(5) piperidinyl-ethoxy-substituted pyrazole (Figure 1. 18, b) 

was found to have the highest affinity for ERa. Compound b (Figure 1. 18) is an
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antagon ist on both ER a and ER3, but its potency on ERa is som ew hat higher, 

reflecting its ERa affin ity  s e le c tiv ity [9 1 ].

OH

HO

HO HO'

\o
(b)

Figure 1. 18 Pyrazole agonist (a )  and corresponding antagonist (b )

Indolazines are  novel heterocyclic ER targeting  derivatives, designed to be unable to 

undergo isom erisation but w here the  double bond character of the  arom atic  indolazine  

nucleus is utilsed to take  th e  place of the olefinic bond in tam oxifen . They showed low 

re lative  binding affin ity  to the E R [92 ]. NCC 4 5 -0 0 9 5  (see Figure 1. 19, (a ) )  is a novel 

p y rro lo [2 ,l,5 -c d ]in d o liz in e  com pound which showed high receptor binging affin ity . NCC 

4 5 -0 0 9 5  is the parent pharm acophore and showed full agonist effects in the  

endom etrium  for the  skeleton non-stero idal ER lig a n d [9 3 ]. I t  is expected th a t this 

com pound would have antagonist activ ity  if the  4 -h yd ro xy  group w ere replaced with a 

suitable extended basic side chain e th er (e .g . (b ) , see Figure 1. 1 9 ).

HO

Figure 1. 19  Indolazine ER modulators
(b)
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1 .5 .4  G eneral biological ac tiv ity  o f Benzopyrans and Chrom enes

The benzopyran and chromene ring systems have been identified as core scaffolds for 

many biologically active compounds and a brief review of their diverse activities is now 

presented. Researchers have used In  silico screening [94 ] of a collection of 1584  

academic compounds to identify a small molecule hit for the human adenosine A2A 

receptor (pK| = 6 .2 ) containing a novel chromene scaffold (Figure 1. 20, la -d ) .  These 

researchers undertook a structure-activity relationship study of the chemical series for 

adenosine receptors, and a focused library of 43 2/-/-chromene-3-carboxamide  

derivatives was synthesised and tested in radioligand binding assays at human 

adenosine A i, A2A, A2B and A3 receptors. The series was found to be enriched with 

bioactive compounds for adenosine receptors, with 14 molecules showing 

submicromolar affinity {pK  ̂ > 6 .0 ) for at least one adenosine receptor subtype.

A conformational study of potent and selective endothelin-A (E T a ) receptor 

antagonists, 4 substituted (R )-2 -(b e n z o [l,3 ] -  d ioxol-5-yl)-6-isopropoxy-2H-chrom ene- 

3-carboxylic acids was reported by Ishizuka et al. These 2H-chromene derivatives were 

bound to an ETA receptor and were found with IC50 values of less than 1 nM. These 

were shown to be effective for use on endothelins (ETs), which are endogenous 

vasoconstrictive peptides containing 2 1  amino acids. ET* receptor antagonists have 

been developed for treating various cardiovascular diseases in various disease 

states[95]. In particular, the 4-anisyl derivative 2 (S -1255 , see Figure 1. 2 0 ), was 

found to be a highly potent and orally active antagonist and was selected as a clinical 

candidate [94 ].

Akritopoulou-Zanze et al have reported the discovery of a novel class of glucocorticoid 

receptor (GR) antagonists based on the chromene molecular scaffold[96]. 

Glucocorticoid receptor antagonists such as RU-486 (3 , see Figure 1. 20) have been 

shown to be effective at blocking gene-transcription mediated by endogenous 

glucocorticoids such as cortisone (4 ) One of the derivatives in this group's effort to 

improve lead to hit compound (5 ) had a IC 50 of 2 nM. The utility of GR-antagonists in 

treating conditions that result from high levels of circulating glucocorticoids has been 

demonstrated by the use of RU-486 for the treatm ent of the Cushing's syndrome, 

diabetes, glaucoma, and depression [96 ].

Another group of chromenes has been found with activity as calcium channel blocking 

agents. These have been used in the m anagem ent as angina pectoris and 

hypertension. Within this class of cardiovascular agents, dihydro(benzopyran)pyridine
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ca lc iu m  a n t a g o n i s t s  h a v e  fo u n d  w i d e s p r e a d  u s e  in t h e  cl inic a n d  h a v e  s e r v e d  a s  

i m p o r t a n t  to o l s  fo r  t h e  s t u d y  o f  ca lc ium  c h a n n e l  s t r u c t u r e  a n d  fu nc t io n  [ 9 7 ] ,  In t h e  

s e a r c h  f o r  n e w  a n d  b e t t e r  Ni fed ipe ne  a n a l o g u e s  a s  a n t a g o n i s t s ,  t h e  r e p l a c e m e n t  of  t h e  

4 - s u b s t i t u e n t ,  i .e.  t h e  ph en y l  r ing h a s  b e e n  e x a m i n e d  f u r t h e r .  T h e  b e n z o p y r a n  

s t r u c t u r e  (6 , s e e  F igure  1. 2 0 )  is a m o n g  t h o s e  d e s c r i b e d  in t h e  l i t e r a tu r e  [ 97 ]  a s  a 

ca lc iu m  c h a n n e l  a n t a g o n i s t .

B e n z o p y r a n s  h a v e  a l so  b e e n  d e s c r i b e d  a s  h i s t a m i n e - 3 - r e c e p t o r  a n t a g o n i s t s .  H3 

r e c e p t o r s  a r e  f o u n d  p r imar i ly  in t h e  b ra i n ,  w h e r e  t h e y  n e g a t i v e ly  r e g u l a t e  t h e  

s y n t h e s i s  a n d  r e l e a s e  of h i s t a m i n e .  T h e  s p i r o b e n z o p y r a n  p ipe r i d in e  e t h e r  a n a l o g s  

d e m o n s t r a t e d  e x c e l l e n t  H3 r e c e p t o r  aff ini ty a n d  se lec t i v i t y  ( s e e  c o m p o u n d  7 , Figure  1. 

2 0 ) .  T h e  l ' - c y c l o b u t y l - 6 - ( 4 - p i p e r i d y l o x y ) s p i r o [ b e n z o p y r a n ] - 2 , 4 ' - p i p e r i d i n e ]  d e r iv a t i v e  

10, e x h i b i t e d  h igh aff ini t i es  for  h u m a n  a n d  ra t  H 3 r e c e p t o r s  wi th  low n a n o m o l a r  

ac t iv i ty  [9 8 ] .  T h e  po te n t i a l  u s e s  o f  m o d u l a t i n g  th i s  t a r g e t  a r e  in t h e  a r e a s  of  ADHD, 

A l z h e i m e r s  d i s e a s e  a n d  s c h i z o p h r e n i a .  B e n z o p y r a n s  h a v e  a l so  b e e n  f o u n d  a s  po te n t i a l  

H i - a n t i h i s t a m i n i c  a g e n t s .  Thi s  h a s  b e e n  k n o w n  to  b e  e f f ec t iv e  in t h e r a p y  fo r  r e sp i r i t o ry  

d i s t r e s s  [ 99 ] .

C o u m a r i n  a n d  c h r o m e n e  d e r i v a t i v e s  h a v e  b e e n  u s e d  a s  c a n n a b i n o i d  r e c e p t o r  

a n t a g o n i s t s  a n d  i n v e r s e  a g o n i s t s [ 1 0 0 ] .  A n t a g o n i s t i c / i n v e r s e  a g o n i s i n g  of  t h e s e  

r e c e p t o r s  h a s  t h e  p o te n t i a l  t o  be  e f f ec t ive  in t r e a t m e n t  of  T o u r e t t e s  s y n d r o m e  t ics ,  

m u l t ip le  sc l e ro s i s  a n d  n e u r o p a t h i c  pa in  [ 1 0 0 ] .  A s e r i e s  of b e n z o p y r a n  a n d  3-  

b e n z y l c o u m a r i n  d e r i v a t i v e s  w e r e  s y n t h e s i s e d ,  ( s e e  t h e  s t r u c t u r e  8, Figure  1. 20 ,  a s  a n  

e x a m p l e )  a n d  w e r e  f o u n d  wi th  h igh  aff ini t i es  of  0 . 7 3 8  pM a t  CBi a n d  0 . 9 4 4  pM a t  CB 2  

r e c e p t o r s  [ 1 0 0 ] .  T h e  2 W - c h r o m e n e  d e r iv a t i v e  s h o w e d  g o o d  aff ini ty fo r  t h e  CBi 

r e c e p t o r ,  w i th  K| v a l u e s  of  1 . 3 7  pM. A s e r i e s  of  b e n z o p y r a n o p y r i d i n e s  h a v e  b e e n  

r e p o r t e d  a s  t h e  f irs t  sm a l l  m o l e c u l e  inh ib i to r s  o f  m i t o g e n - a c t i v a t e d  p r o te i n  k in a s e  

a c t i v a t e d  p ro te in  k i n a s e  2 (MK-2) a n d  m a y  h a v e  a role in t h e  t r e a t m e n t  of  

TNFa  m e d i a t e d  i n f l a m m a t o r y  d i s e a s e .  C o m p o u n d  9 d e m o n s t r a t e d  IC50 v a l u e  fo r  MK-2 

inh ibi t ion  o f  0 . 1 3  jaM a n d  IC 5 0  v a l u e  of  0 . 9 2  [iM fo r  r e d u c t i o n  of  TNFa 

e x p r e s s i o n [ 1 0 1 ].
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Figure 1. 20  Biologically active chromenes

These results provide evidence that the chromene scaffold, a core structure present in 

natural products from a wide variety of plants sources constitutes a valuable source for 

novel therapeutic agents [94 ],

1.6 Chromenes as SERMs w ith  breast cancer activity

The interactions of various flavones, isoflavones and other plant derived estrogens with 

estrogen receptors for prevention and treatm ent of breast cancer have been recently 

review ed[102]. EM 800 (Figure 1. 21, a ), converted in vivo to its active metabolite EM 

652, Acolbifene (Figure 1. 21, b) is an orally active benzopyran derivative with SERM 

properties. It  has shown good activity in breast cancer, in both prevention and 

treatm ent models in animals, and acts as a potent estrogen-antagonist on the uterus 

in the ovary-intact animal with no estrogenic-agonist activity. The orientation of the

36



basic side chain in these com pounds is sim ilar to th a t of ra loxifene, and is thought to 

account for the  tissue selectiv ity  profile of these com pounds when com pared to  

Tam oxifen . Com pound (b )(F ig u re  1. 2 1 ) is reported to exh ib it a h igher binding affin ity  

than  any known antiestrogen and possesses a 2 .9  fold higher receptor a ffin ity  than  

estradiol. I t  also shows agonist effects on bone and lipids and thus appears to have an 

'id ea l' SERM profile. I t  is currently  in clinical tria ls  fo r th e  tre a tm e n t of estrogen  

sensitive breast and endom etria l can cers [103 ].

1.6 .1  Chrom enes and coum arins ta rg e tin g  ERp- SERBAs

Until 1 9 9 6 , estrogens w ere assum ed to m ed iate  th e ir effects through a single nuclear 

receptor (now  called E R a). The discovery of a new estrogen receptor nam ed ER(3, in 

1 9 9 6 [1 0 4 ] , followed by tissue distribution s tu d le s [1 0 5 ] which showed th a t the  

expression of the tw o ERs is not coincident in tissues, has led to renew ed in terest in 

estrogen receptor m odulators, especially com pounds th a t are selective for th e  tw o  

subtypes ERa and ERp. X -R ay crystal structures of recep to r-lig an d  com plexes of ER a  

and ER(3[106] show th a t the  binding pockets of the  tw o receptors are very  s im ilar and 

differ by only tw o am ino acids. The leucine present at position 3 8 4  in ERa is replaced  

by a m ethion ine in ER3 (M et 3 3 6 ) and the  m ethion ine in position 421  is replaced by an 

isoleucine in ER(3 ( I le 3 7 3 ) . In  light of this it is not surprising th a t m ost previously  

known estrogens and SERMs bind fa irly  non-selectively to th e  tw o receptors. H ow ever, 

recent reports have described chrom ene type  com pounds th a t bind selectively to ERa 

and E R 3 [1 0 4 ].

(HaOa'C-OCO

(a)
Figure 1. 21 EM 800  (a )  and EM 652 (b )

(b)
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Figure 1. 22 3,8-D ihydroxy-6H -benzochrom en-6-one scaffold

Benzochrom ene d e riva tives  have been reported  as se lective  ER|3 agonists. Sun et al. 

prepared a series o f 6AV-benzo[c]chrom ene de riva tives . Many o f the  analogs were 

found to  be po te n t and se lective  ERp agonists. Bis phenolic hydroxy ls  at positions 3 

and 8 (see Figure 1. 22) are essentia l fo r a c tiv ity  in a HTRF co ac tiva to r rec ru itm en t 

assay. A dd itiona l m od ifica tions at both phenyl rings led to  com pounds (see Figure 1. 

23, s truc tu res  10 and 11) w ith  ER3 <10  nM potency and > 1 0 0 -fo ld  se le c tiv ity  over 

ERa [1 0 4 ].

CH

HO HO
CH3

IC50 (n M )  ERa/ERP

ER3 ERa

10 1.15 225 150

11 10 10,000 1000

10 11

Figure 1. 23  ERfi selective benzochromene structures

A num ber o f te tracyc lic  benzopyranobenzopyrans and benzopyranobenzoxepanes were 

also synthesised and eva lua ted  as SERM ligands. These ch rom ene rings are exce llen t 

a t m im ick ing  na tu ra l ligands as estrogen m odu la to rs . Figure 1. 24 shows 

benzopyranobenzopyran  12, and benzopyranobenzoxpane 13 [1 0 7 ]. The

am inoa iky ie the rs  o f 12 and 13 w ere  also inves tiga ted  fo r ER an tagon is tic  a c tiv ity .
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12 13
Figure 1. 24  Benzopyranobenzopyran 12, and Benzopyranobenzoxepane 13

1.6.2 Chromanes

As previously described, the significant benefits of estrogen replacement therapy are 

achieved at the expense of an increased risk of endometrial hyperplasia and breast 

cancer. Levormeloxifene ( Figure 1. 25) may largely lack the estrogenic activity on the 

endometrium and appear to act as an anti-resorptive agent on bone in preclinical and 

clinical studies. In 2002 a group of related chromanes were demonstrated to be very 

potent binding ligands to the estrogen receptor [108]. Among these were (±)-c/s-7- 

hydroxy-3-phenyl-4-(4-(2-pyrrolidinoethoxy)phenyl)chromane (14, Figure 1. 25) and 

(±)-c/s-7-hydroxy-3-phenyl-4-(4-(2-piperidinoethoxy)phenyl)chromane (15, Figure 1. 

25). This compound was further demonstrated to completely prevent the loss of total 

bone mineral density of the tibiae in the ovariectomised rat. In addition the unwanted 

uterotrophic changes normally observed with estradiol treatment, and in particular the 

dangerous proliferative effects on endometrial tissue, were not observed. The 

synthesis of some novel related thio-analogues is illustrated (see scheme 1 .6 , 

compounds 16 and 17). In vitro biological data for these compounds were also 

reported. The estrogen receptor ligand binding affinity (ER-LBA) value for compound 

16 was IC50 (nM) 9.7 ± 2.5, for compound 17was IC50 (nM) 6.5 ± 6.4, for compound 

14 was IC 5 0  (nIM) 19.0 ± 1.4 and for compound 15 was IC5 0  (nM) 3.1 ± 1.4.
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Figure 1. 25  Partial estrogen receptor antagonists
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Schem e 1. 6  S ynthesis  o f  tw o  p a rtia l estrogen recep to r an tagon is ts  1 6  an d  1 7  ( i )  N aH, 
DMF, N ,N -d im eth y lth io carb am o y l chloride; ( i i )  2 6 0  °C, d ip h eny l e th er; (H i) U AIH4, THF; 

( iv )  N - (2  ch lo ro e th y l)p y rro lid in e  hydroch loride, o r N - (2  ch lo ro eth y l)p ip erid in e  
hydroch loride K 2 CO3 , N a l, z in c  dust, acetone, ( v ) BBrs, CH 2 CI2

A series of benzopyrans have been shown to  be specifically selective for estrogen  

receptor beta , (ERp) as agonists (S E R B A s)[109 ], and bind to ER subtypes a  and (3 in 

opposite orientations. ERa and ER3 function as ligand -activa ted  gene transcription  

factors and m ed ia te  a num ber of im portant physiological processes w ith the  classical 

receptor, ERa, being m ost im portant for deve lopm ent and regulation o f the  fem ale  

reproductive system  as well as m aintenance of th e  skeletal and cardiovascular 

system s. I t  has been proven possible to develop synthetic  estrogen agonists th a t have

41



tissue type se lectiv ity [109 ]. Figure 1. 26 shows benzopyran 18 was shown w ith 

binding values on ER(3 of 0.47 nM ±  0.18, a 9-fold selectivity fo r ER3 over ERa.

HO

OH

Figure 1. 26  SERBA 18 [1 0 9 ]

1.7  Biologically active coumarins

Coumarins are structura lly  simple compounds belonging to a large class of molecules 

known as benzopyrones[110]. Coumarins and related compounds have diverse 

biological activ ities, including anti-coagulant and anti-th rom botic  properties. Coumarin 

derivatives have also been shown to be novel lipid lowering agents tha t possess 

moderate trig lyceride lowering a c t iv i t y [ l l l ] .  Many coumarin derivatives have the 

unique ab ility  to scavenge reactive oxygen species such as hydroxyl free radicals, 

superoxide radicals, or hypochlorous acid to prevent free radical in ju ry  [112 ]. Recently, 

certain coumarin derivatives have been shown to function as human im munodeficiency

virus integrase inhib itors and have been evaluated in treatm ent of HIV infection. 

Others have been evaluated as anti-invasive compounds due to the ir inh ib itory activ ity  

against some serine proteases and m atrix metalloproteases (MMPs) [113 ]. Recently, it

has been shown tha t 6 -n itro -7 -hydroxy coumarin acts as a selective anti-p ro life ra tive  

agent by activating p38, stress activated protein kinase (SAPK) and the p21 cyclin 

dependent kinase inhib itor, in the human renal cell carcinoma cell line, A-498 [113 ]. 

More recently, two new naturally occurring coumarins (Figure 1. 27, 19 and 20 ) have 

been isolated and shown to inh ib it the polym erisation of tubulin and arrest cells in 

m ito tic phase by inhibiting m icrotubule fo rm ation [114 ]. These coumarins were found 

to act synergistica lly w ith paclitaxel in inhibiting KB (human epidermoid carcinoma) cell 

p ro life ra tion [108 ].
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Figure 1. 2 7  Two new  coumarins, glaum acidines (1 9 )  and (2 0 )

R ecently ,  s tud ies h a v e  d escribed  th e  g ro w th  inh ib ito ry  p ro p e rt ies  of novel co u m ar in  

s u l fo n am id es  using a panel o f  can c er  cell lines. T h e se  c o u m a r in  d er iv a t ives  up-  

reg u la te d  th e  ac t iv i ty  o f  c-Jun N H 2 t e rm in a l  k inase 1 ( J N K l ) ,  w hich  is a m e m b e r  o f  th e  

stress ac t iv a te d  pro te in  k inases (S AP K s) t h a t  a re  involved  in ap o p to t ic  s ig n a l in g [1 1 5 ] .  

Based on th e  d iverse  biological activ it ies  o f  co u m a r in s  and  th e ir  d e r iv a t iv e s ,  a series of 

novel co u m ar in  3 -c a r b o x a m id e s  w e re  synthes ised  and e x a m in e d  in d if fe re n t  can c er  cell 

l ines (F ig u re  1. 28 ,  S c h e m e  1 . 7 ) .  Results show  t h a t  th e s e  co u m a r in  3 -c a rb o x a m id e s  

se lec t ive ly  inhibit  th e  t u m o r  cells th a t  h ave  h ig h e r  levels o f  e p id e rm a l  g ro w th  fac tor  

re c e p to r  (E G FR or e r b B l )  and  e rb B 2  (H E R 2 )  re c e p to r  e x p r e s s io n [1 1 3 ] .

X  = H, Etc, Cl, Br 
Y = Br, I, N O 2 , C l, N H 2

Figure 1. 28  Coum arin-3(N -aryl)carboxam ides investigated fo r antiproliferation
activity
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'O H

X = H, EtO, Cl, Br 
Y = Br, I, N O 2 , Cl, NH 2

Schem e 1. 7  R eagen ts  and  conditions: (a )  p ip e rid in e /E tO H /H O A c ; (b )  H C I/H 2 0 /E t0 H ;  
(c )  SOCI2 ;  (d )  P hN H 2 /p y r id in e /d io x a n e  [1 1 1 ]

T h e  co u m ar in  c o m p o u n d s  h a v e  d e m o n s tra te d  a 4 - 5 - f o l d  increase  In cy to to x ic  act iv ity  

[ 1 1 3 ] .  T h e s e  resu lts  sh o w  t h a t  su b sti tu t io ns  on th e  co u m ar in  ring and  also on th e  

pheny l g ro up  can d ras t ica l ly  a l te r  th e  cy to to x ic  p ro p e r ty  of th e  co m p o u n d s .  C o u m arin  

ca rb o x a m id e s  w ith  increased p o te n c y  can be des ig ned  and  syn th es ised  by analys ing  

th e  s t r u c tu r e -a c t iv i ty  re la t ion sh ip  o b s erv ed .  Such  m o lecu les  m a y  possess m u ch  h igher  

E rb B -2  and  E R K l  MAPK inh ib ito ry  ac t iv i t ies ,  w hich  in tu rn  could resu lt  in en hanced  

a n t i - t u m o r  a c t iv i t y [ l  13 ]

1.7 .1  Chrom ene scaffold in tubu lin  ta rg e ttin g

S tudies  h a v e  re p o r te d  th e  d is co ve ry ,  ( f ro m  a ce l l-  and  ca sp a s e -b a s e d  h ig h - th ro u g h p u t  

screen ing  (H T S )  a s s a y ) ,  of 4 - a r y l - 4 H - c h r o m e n e s  as a n ew  series of p o te n t  apoptosis  

inducing a g e n ts  possessing v a s c u la r  ta rg e t in g  a c t iv i t y [ 1 1 6 ] .  T h e se  co m p o u n d s  w e re  

found to  be tu b u l in  d estab il isers ,  b ind ing  a t  or close to  th e  b ind ing  site of Colchic ine.  

T h e  tu bu l in  ta rg e t in g  a g e n ts  a re  sh o w n  in Figure 1. 2 9  t o g e th e r  w ith  C A 4 -P  (p h o s p h a te  

d e r iv a t iv e  o f  c o m b re ta s ta t in  C A 4 )  and  th e  p h o sp h a te  e s te r  o f  colchicine Z D 6 1 2 6 ,  both  

c u rren t ly  in clinical tr ia ls . T h e  c h ro m e n e s  w e re  also a c t iv e  in d ru g - re s is ta n t  c a n c er  cell 

lines including th e  p a c l i ta x e l - re s is ta n t ,  m u l t i -d ru g -r e s is ta n t  M E S - S A /D X 5  t u m o r  cells,  

an d  w e re  fo un d  to  be h ig h ly  ac t iv e  in severa l  a n t ic a n c e r  a n im a l  m odels  [ 1 1 7 ] .  T h e  4 -  

a ry i -4 W -c h ro m e n e s ,  t h e re fo r e ,  r e p re s e n t  a p rom is ing  series o f  novel apoptos is  inducers
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that could be developed into new therapeutic anticancer agents. The structure-activlty 

relationship (SAR) of the 4-aryl ring substituents of these 4-aryl-4H-chromenes have 

also been reported[116]. Starting from a screening hit, 2-amino-3-cyano-7- 

dimethylamino-4-(3-methoxy-4,5-methylenedioxyphenyl)-4H-chronnene (Figure 1. 29, 

21 ), by maintaining the 2-amino, 3-cyano, and 7-dimethylamino substituent groups of 

(21) ,the compound 2-amino-4-(3-bromo-4,5-dimethoxyphenyl)-3-cyano-7- 

dlmethylamino-4/-/ chromene (2 2 ) was identified as a lead compound (Figure 1. 29). 

As a continuation of these efforts to develop the apoptosis inducing 4-aryl-4/-/- 

chromenes as potential anticancer therapeutics, a further study of the SAR of 4-aryl- 

4 H -  chromenes (23- 25 ) with modifications at the 7- and 5-, 6-, 8-positions was 

reported. [116],
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^ 0  ' 0 P (0 ) (0Na)2

(CA-4P) ZD6126

CN CN

NH

CN

R~ NH

23a, R = H
23b, R = Me

NO.

CN

NH

NO

CN

25

Figure 1. 29  Tubulin targeting agents ,  including CA-4P, ZD 6126 and 4 -a ry l-4 H -
chromenes

The issue of multiple drug resistance (MDR) in cancer is a phenomenon in which 

administration of a single chemotherapeutic agent causes cross-resistance of cancer 

cells to a variety of therapies even with different mechanisms of action. Therefore 

anticancer agents that can overcome this resistance to therapy is of much interest. The 

design and SAR of a series of 6-aryl-4W-chromenes such as 26 (see Figure 1. 30) and 

related derivatives, was based on the hypothesis that the removal of the nitrile group 

present in the lead compound, would lead to an analogues that selectively target drug- 

resistant cancer cells with the potential for the treatment of multiple drug-resistant 

cancers[118]. Further SAR studies led to the development of a more potent analogue, 

compound 27  with low micromolar cytotoxicity against a wide range of haematological 

and solid tum our cells[118].
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R

R

COOEt

3/COOEt

26 R=H
27 R = OMe

Figure 1. 30  Structures o f 4H-chrom ene-3-carboxylate compounds 26  and 27.

1.8 Androgen receptor - Nonsteroidal AR Ligands

Prostate cancer is a m ajor cause of death in men w orldw ide[119]. Key molecular 

targets in prostate cancer therapy are the androgen receptor (AR) and its endogenous 

ligands, such as dihydrotestosterone (DHT). AR antagonists, also referred to as 

antiandrogens or 'pu re ' antagonists, are compounds tha t antagonise the biological 

responses induced by endogenous or exogenous androgens by com petitive ly inhibiting 

th e ir binding to AR. Although steroidal antiandrogens such as cyproterone acetate 

(potent antiandrogen, antiprogestin and antiglucocorticoid) are known, they are no 

longer used clinically. Nonsteroidal androgen antagonists were firs t reported in the 

1980s. Three anilide derivatives include, flu tam ide ( 28), nilutam ide ( 29), and 

bicalutam ide ( 10), were successfully commercialised fo r the trea tm ent of prostate 

cancer (Figure 1. 31) [120 ].

Figure 1. 31 Anilide derivatives as antiandrogens

Currently, clinically available antagonists such as Flutamide ( 28) and Bicalutamide 

(30) are used as sm all-molecule antiandrogens. A lthough these therapies possess 

m inimal side effects and re lative ly good b ioavailability, resistance to antiandrogen 

therapy has been reported, particu larly a fte r long term  drug trea tm ent fo r prostate

Flutamide (R = H) (28) 
Hydroxyflutamide (R = OH) Nilutamide (29) R-Bicalutamide (130)
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cancer. One proposed mechanism in which AR resistance occurs is through AR 

m utation, causing the antiandrogens to function as agonists rather than 

antagonists[121]. As an exam ple, a focused library of 19 derivatives was then 

synthesized and evaluated in vitro against LNCaP prostate cancer cell line [122]. A 

novel compound (Figure 1. 32, 3 1 ) was identified as a promising lead compound for 

the further development of new therapeutic agents against hormone-refractory  

prostate cancer. Chromene structure 31 was shown to be active on LNCaP cell line 

with lOpM, at 87%  relative luciferase antagonistic activity [122].

1.8.1 Discovery of nonsteroidal SARMs- Propionanilides

The field of SARMs was stimulated by the early discoveries of Miller and Dalton at the 

University o f Tennessee Health Science Center focusing on chiral synthesis [123] and 

characterisation of electrophiiic analogs of bicalutamide as potential irreversible 

antiandrogens [12 4 ], Dalton et al. unexpectedly discovered several nonsteroidal 

ligands with the ability to fully stimulate in vitro AR-dependent transcriptional 

activation. This unprecedented activity was observed for propionanilidines (3 2 )  and 

(33 )(F ig u re  1. 33) that differed from hydroxyflutamide and bicalutamide by addition of 

halogen to the term inal methyl of hydroxyflutamide and changing the linker sulfone of 

bicalutamide to a thioether (various para  B-ring substituents), respectively (Figure 1. 

33). Ligand Pharmaceuticals, a contemporaneous group, also reported in vitro agonist 

activity im m ediately thereafter [125, 126]. Structure-activity relationship (SAR) 

inquiries explored the para  B-ring positions, thus improving the in vitro agonist activity 

while eliminating reactivity at the para  B-ring position (e.g. thioacetolutamide 3 4 , 

Figure 1. 3 3 )[1 2 0 ]. Hydroxyflutamide analogs and nonprionanilide templates were also 

explored with less success. These th io -ether linked propionanilides seemed very  

promising, but suffered from a lack of the expected androgenic or anabolic activity in

O

31

Figure 1. 32  SARM 31, incorporating the chromene scaffold
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vivo due to metabolic oxidation of the th ioether to the partials agonist/antagonist 

sulfoxides or sulfones[120]. Traditional medicinal chem istry design methods were used 

to elim ate the site of metabolism and enhance the binding a ffin ity  by changing the 

linker heterogroup from  th ioether to ether. An in vivo p ilo t study in castrated rats 

demonstrated tha t these AR ligands were capable o f tissue-selective AR-dependant full 

agonist activ ity. The ether linked propionanilides were full anabolic agonists w ith the 

ability to fu lly  support the weight of the androgen-dependent levator ani (LA) muscle, 

but weak partial agonists (or antagonists) in androgenic tissues such as ventral 

prostate (VP) and seminal vesicle (SV) (see Figure 1. 33, (3 5 ) and (3 6 ). Molecules 

such as these were term ed SARMs in analogy to selective ER modulators (SERMs) 

where tissue-specific anabolic (bone maintenance) and estrogenic (breast and /o r  

uterine maintenance) activities have been separated.

Figure 1. 33  Discovery o f propionanilide AR agonists w ith in vitro and in vivo activity

In vitro AR agonists

H

R-Bicalutamide (30) Thioacetolutamide (34)

Tissue-Selective AR Modulators ^Anabolic Agonists)

11

H 35

33
36
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1 .8 .2  Quinolinone, Coum arin and Chrom eno-B enzazepines; AR A ntagonists

Pfizer developed and patented a series of AR ligands which are analogs of the Ligand 

Pharmaceuticals 6-quinoline templates. These AR ligands are of three d istinct 

tem plates: (i) 6-substituted quinolone sulfonamides [127 ], (ii) benzyl urea quinolones 

[128 ] and (iii) benzyl coumarins [129] tha t appear to be weak a ffin ity  (m icrom olar) 

antagonists which are illustrated as representative examples 3 7 , 38  and 39  

respective ly [120], in figure 1.34, Conspicuously absent from  these quinolinones is the 

aniline m oiety, which may explain the low a ffin ity  and lack of agonist activ ity. Merck 

patented a handful of anthracene-based chromeno and quinolinyl benzazepines (e.g. 

compound 4 0  in figure 1.34) These compounds are reportedly SARMs tha t were tested 

by the same panel of assays as fo r Merck patents; however, no ac tiv ity  is 

reported [130].

OCFa

(37) Quinolone sulfonamide

O

CF3 HN N

CF

(39) Benzylcoumarin

O

(38) Benzylurea quinolone (40) Chromeno'benzazepine

Figure 1. 34  Selection o f Coumarin, Quinolinone and Chromene Antagonists 3 7 [1 2 7 ] ,  
3 8 [1 2 8 ], 3 9 [1 2 0 , 1 2 9 ]  and 4 0 [1 3 0 , 1 3 1 ]
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1.9 Targeting the Nuclear Receptor -Cofactor

The developm ent and physiological processes regulated  by nuclear receptors are the  

result of the  in terplay betw een the  receptors, th e ir snnall-m olecule ligands (h o rm o n es), 

th e ir response elem ents on the DNA and a large set of In terecting prote ins, the  so- 

called cofactors [1 3 2 ] , Up to recently , the  m odulation of the function of nuclear 

receptors concentrated m ainly on ligands with agonistic, antagonistic  or partial 

(an t)agon is tic  properties th a t bind in th e  binding pocket of th e  ligand-b ind ing  dom ain  

(LBP), also occupied by the natural ligands. These ligand types have proven very  

beneficial for the  tre a tm e n t of various diseases and th e  regulation of horm one  

functioning, as illustrated by m any exam ples in the  previous sec tio n s [1 2 0 ]. Som e of 

these ligands have been shown to fea tu re  tissue-specific or selective (an t)agon is tic  

properties, which is often of crucial im portance for the  separation of the  beneficial 

effects of nuclear receptor stim ulation  or inhibition from  unw anted s ide-effects , 

regulated by the  sam e re c e p to r[1 3 3 ]. N ethertheless, predictability and control over 

tissue specificity of these classical ligands is difficult. The physiological effects of some 

of the nuclear receptor ligands are som etim es altered over a period o f tim e . A typical 

exam ple  of this is the  transition of nuclear receptors ligands used for the  tre a tm e n t of 

specific cancers from  an antagonistic  profile into and agonistic p ro file [1 3 4 ]. 

In te res tin g ly , th ere  are also nuclear receptors fo r which, up to now, no ligand, neither 

of natural nor of synthetic origin, has been found. Exam ples of orphan receptors  

include nuclear receptors and G -prote in  coupled receptors. These so-called orphan  

receptors seem  not to  be am endable  to m odulation by classical ligands.[1 2 0 ]

1 .9 .1  Hydrazides ta rg e tin g  AR

I t  is ev ident th a t issues such as tissue specificity, detrim enta l side effects, and a loss of 

the  pharm acological effect (acquired drug resistance) over tim e  are m a jo r and ongoing  

concerns with such LBP targeting  tre a tm e n t re g im e s [1 3 5 ]. The discovery and 

characterisation of a novel class of selective non-LBP targeted  "true" an tiandrogens, 

characterised by full AR antagonism  in inhibiting the  recru itm ent of coactivators and 

lacking intrinsic partial agonistic properties are an active area of pharm aceutical 

research. As an exam ple , d iarylhydrazides have been recently reported as non-LBP  

targeted  "true" antiandrogens [1 2 1 ] .
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Figure 1. 35  Cofactor AR Antagonists 41, 42 and 43

The se lectiv ity of the d iarylhydrazide scaffold fo r the AR was demonstrated through 

TR-FRET evaluation in the estrogen and glucocorticoid receptors, where agonist bound 

receptor recru itm ent of coactivator was unim paired at screening concentrations up to 

100 pM. The d iaryl-substitu ted hydrazides inhibited coactivator binding in the 

m icrom olar range, acting as fu ll AR antagonists in TR-FRET assays w ith compound 41  

(see Figure 1. 35) at 11.1 ± 3.2 pM, compound 4 2  at 12.4 ± 2.2 pM, and compound 

43  at 33.2 ± 5.9 pM [121 ].

The lim ita tions of the current nuclear receptor ligands generate a continuous quest fo r 

new ligands w ith optim ized profiles in both industry and academic research. The 

requirem ents o f the effects of these ligands on the level of the organism are usually 

quite clear; the transla tion of these requirem ents to the level of the conform ation of 

the protein structure o f the ligand is, however, usually not evident. This is due to  a 

m ajor extent to the large num ber of prote in-prote in  interactions between nuclear 

receptors and the ir many cofactors[132, 133]. Binding of the ligand results in a change 

of the conform ation of the LBP and w ith tha t it influences the d im erization of the 

nuclear receptor w ith o ther pro te ins[136 ].

In chapter 4 of th is thesis, a fu rthe r developm ent and evaluation o f a series of 

hydrazide type compounds which ta rge t the interaction of the AR w ith  a cofactor is 

described. This approach offers an a lternative to the classical therapeutic method of 

ta rgeting  the ligand binding domain, used as a measure to prevent drug resistance and 

long-term  tox ic ity  in the trea tm ent o f prostate cancer.
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1.10 Virtual high throughput screening (vHTS)

In  the early  1990s , th e  advent of h igh -th roughput screening (H TS ) increased  

dram atica lly  the capacity fo r testing  com pounds. The im plem en tatio n  of advanced  

com putational m ethods in the pharm aceutical industry, and in clinical research, was 

beneficial as it gave an increase in th e  capacity for testing com pounds and a reduction  

in tim e  required for testing the d iverse screening of chem ical lib ra rie s [1 3 7 ]. I t  becam e  

clear th a t augm enting  the capacity fo r testing alone was not sufficient for delivering  

high quality  leads, and th a t m ore data was required in balancing the com position of 

the screening collections with com pounds containing features com patib le  with the  

nature of th e  targets  or ta rg e t classes. Novel strategies w ere  undertaken  to design  

chemical libraries focused on a particu lar ta rg e t, including th e  collection and storing of 

prior know ledge e ither from  bioactive ligands or crystallographic data in th e  lite ra ture .

In  previous research, a num ber o f ta rg e t scaffold structures w ere  identified as 

potential ER ligands by virtual high th roughput screening. C om putational drug design 

techniques are used frequen tly  in th e  developm ent of new ER antagonists. V irtual 

screening is an in silico approach com plem entary  to exp erim enta l h igh -th roughput 

screening (H T S ). W hen the  s tructure  of th e  ta rg e t protein is know n, structure -based  

virtual screening (SB VS) is the m ethod o f choice. SBVS involves m olecu lar docking of 

each ligand into the binding site of the  ta rg e t, producing a predicted binding mode and  

a m easure of quality  of the  fit of the  com pound into the  binding site. This inform ation  

is used to rank the  com pounds in o rd er to  select a sm all subset fo r biological 

e v a lu a tio n [1 3 8 ]. A com plem entary  m ethod to SBVS is the  ligand-based virtual 

screening (LBVS) which uses in form ation  provided by known active com pounds to  

identify o th er com pounds with s im ilar properties. This can be accom plished by the  

im plem entation  of a varie ty  of techniques, one of which is 3D pharm acophore  

d e v e lo p m e n t[1 3 9 ].
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Figure 1. 36  Residue ligand interactions o f the agonist Estradiol in ERa and antagonist
Raloxifene in ERa [1 3 9 ]

The large quantity of co-crystal data from the estrogen nuclear receptor fam ily, 

including data obtained which was previously performed within the Meegan research 

group[139] was collected and utilised. A comprehensive In  silico screening was 

performed targeting novel compounds with potential antagonistic activity on the ER, 

utilising knowledge about its modulation through key antagonistic interactions with 

protein residues including G lu353, Arg394, His524, and Asp351 (see Figure 1. 36). 

Several well known scaffolds(A-F) were identified from the initial ER antagonistic 

screening (see figure 1 .37 ), and advantages can be gained here as all scaffolds that 

adopt the correct shape within the active site can be retained. While these ligands may 

not currently possess the appropriate H-bonding substituents to be immediate binders 

with potent activity in the ER LBP, they can be designed to do so using organic 

synthetic chemistry methods. Thus, TS-VS (Target Selective-Virtual Screening) serves 

to suggest novel scaffolds for follow-up studies and synthesis[139].
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(C)

Figure 1. 3 7  Examples o f scaffolds identified through the vHTS protocol

H.C

OH

Figure 1. 38  Schematic o f target specific virtual screening (TS-VS) filtering procedure
w ith  lead chromene compound 47

The four-step scoring and filtering procedure, produced a target specific virtual 

screening protocol (TS-VS, Figure 1. 38) and minimised false positives resulting from 

conformational artifacts of the docking process. The protocol was optimised to 

converge on novel scaffold structures as ligands of estrogen receptor alpha (ERa). 

[139].
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Figure 1. 3 9  A tota l o f 7  hits were identified by vHTS and chosen for biochemical
evaluation [1 3 9 ]

Following visual inspection (compounds selected based on number of interactions with 

key residues) of the 13 ranked compounds remaining. As a proof of concept, a set of 

seven compounds from the original database of >200,000 (Figure 1. 39) were 

selected, purchased, and evaluated for their ability to bind to the ER by fluorescence 

binding assay using 10 pM as an activity cutoff. Of these seven tested ligands, three 

demonstrated ERa binding affinities below the 10 pM cutoff, with measured binding 

affinity IC 5 0  values of 1.1 pM (compound 4 5 , see Figure 1. 39), 53 nM (compound 4 7 ), 

and 56 nM (compound 4 8 ) for human ERa[139]. The compounds showed selectivity 

for ERa over ERp, with compound 48  showing the greatest ot/p selectivity(17 fold). 

These compounds also demonstrated antiproliferative effects in the MCF-7 breast 

cancer cell line at low micromolar levels.
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The research in th is thesis is based on these selected chromene derivatives, w ith 

a ttention currently focused on synthesis of novel derivatives of products 47 and 48 

(Figure 1. 39). These novel compounds are designed to incorporate the potent 

chromene scaffold structure and to obtain maximum cellular cytotoxic effects.

1.11 Objectives

The effective targeting of the estrogen receptor is essential in the development of 

estrogen receptor positive breast cancer therapy. The androgen receptor is also a focus 

in designing treatm ents fo r prostate cancer. Resistance to  trea tm en t and rapid 

invasion of cancer cells are the main causes of cancer m orta lity .

Despite intense research e fforts , the development of new therapeutic trea tm ents fo r 

breast and prostate cancers have been demonstrated to have poor outcomes in clinical 

applications. This is often due to side effects associated w ith ineffective targeting of 

the nuclear receptor (ER and AR) and therefore resulting in damage to other tissues 

and tox ic  side effects.

The specific objectives of th is  research are summarised as follows:

1. Synthesis of a lib rary of chromene compounds, based on h it vHTS 

structure scaffolds identified from in silico screening for ER ligands.

2. Synthesis of a comprehensive library of ester derivatives of chromene 

products.

3. Investigation o f related coumarin based compounds.

4. Biochemical antipro lifera tion assays of a series o f chromene products on 

MCF-7 breast cancer cell line using cell culturing techniques.

5. S tructu re -activ ity  relationship evaluation study fo r the series of 

chromene compounds.

6. Design, synthesis and s truc tu re -activ ity  relationship evaluation of a 

series of naphthylhydrazide androgen receptor targeted compounds.

7. Estrogen receptor (ER) and androgen receptor (AR) receptor binding 

assays of groups o f synthesised chromene based, coumarin based and 

naphthylhydrazide compounds.
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Chapter 2: 4H-Chrom ene ring as a Scaffold for Design of 
Selective Estrogen Receptor Modulators (SERMs): Synthesis of 
Tam oxifen analogues
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2 Results and Discussion

Introduction
Many different modifications to Tamoxifen have been attempted in an effort to improve 

its effectiveness as an antiestrogen and to try and reduce the side effects attributed to 

it, and examples being Raloxifene and Bazedoxifene (see figure 2.1)[103, 140]. Due to 

the increased risk of endometrial cancer with the use of tamoxifen, a rigid structure in 

place of the ethylene double bond to prevent E/Z isomerisation is found to be effective 

[141]. There are many examples of different ring structures being used to form non- 

isomerisable SERMs(See Chapter 1). Generally SERMs contain a core non-steroidal 

scaffold with a triaryl arrangement positioned around this structure.

Figure 2. 1 SERMs Tamoxifen, Raloxifeen and Bazedoxifen in clinical use

There is much interest in the design and synthesis of SERMs with alternative scaffolds 

to drugs such as Tamoxifen. Because of the toxic effects associated with the central 

double bond in the triphenylethylene derivatives, designing new groups of 

antiestrogens incorporating the double bond into a cyclic system may increase its 

chemical and metabolic stability. Many synthetic mechanism for the preparation of 

tamoxifen have been reported. Production of libraries of related antiestrogens 

mimicking the structure of the the triphenylethylene scaffold of tamoxifen derivatives 

have been reported. Scheme 2.1 outlines one example of the synthetic route for 

preparation of 4-hydroxytamoxifen.

OH
4-Hydroxytamoxifen

OH

OH
Raloxifene Bazedoxifene
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step 1)
OH

(A) (B)

1) PCI.

2) SnCI.

(C)

Step 2)

(C)

1) NaH

2) Et-I

Step 3)
HO..0 .

Lithium Ethane Thiolate

DMF

(E)
Step 4)

HO.

(E)

c r
N '

Sn2

(F)

Step 5)

BrMg

OH

— N

OH

(G)

OH

Step 6) OH

N

HO

OH
(G)

HCI/MeOH

(F) E/Z 4-OH-Tamoxifen

Scheme2. 1 Synthesis o f 4-Hydroxytam oxifen

In scheme 2 .1 , step 1 shows the use of a simple Friedei-Craft acyiatlon involving 

anisoie(A) and phenylacetic acid (B) to afford the ketone C. In step 2, alkylation is
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promoted by treating the ketone C with sodium hydride (NaH). This reagent removes 

the acidic protons (located on the position alpha to the carbonyl group) to produce the 

enolate ion. The sodium enolate of the ketone on treatm ent with ethyl iodide resulting 

in the formation of compound (D ). The ethyl iodide is chosen as the alkylating agent as 

it contains the iodide moiety, which is an excellent leaving group. It  can therefore 

facilitate the substitution reaction with relative ease. In step 3 the phenol is 

deprotected using lithium ethanthiolate in DMF. This reagent facilitates the 

demethylatlon to form the phenol compound (E) in good yield. This is a key step as the 

phenol group can then be used to build up the characteristic dimethylamino-ethyl 

group of the tamoxifen molecule. Then in step 4 product (E) is alkylated on the 

phenolic OH group by treatm ent with 2-(dim ethylam ino)ethyl chloride. The above 

reaction gives product (F) in 70%  yield. In step 5, product (F) on treatm ent with the 

Grignard reagent 4-OHPhMgBr to form the tertiary alcohol (G). In step 6 the 

dehydration of compound (F) is initiated by treatm ent of methanolic hydrogen chloride. 

This gives the required product, 4-hydroxytam oxifen, as a mixture of E  and Z  isomers.

2 .0  Benzopyrans

Benzopyran is an polycyclic organic compound that results from the fusion of a 

benzene ring to a heterocyclic pyran ring. According to lUPAC nomenclature it is called 

chromene. There are two isomers of benzopyran that vary by the orientation of the 

fusion of the two rings compared to the oxygen, resulting in 1-benzopyran (chromene) 

and 2-benzopyran (isochromene); the number denotes where the oxygen atom is 

located by standard naphthalene-like nomenclature. Figure 2.2.

2/-/-chromene 4H-chromene
(2H-1 -benzopyran) (4H-1 -benzopyran)

1/-y-isochromene 3/-/-isochromene
(1 /-/-2-benzopyran) (3/-/-2-benzopyran)

Figure 2. 2 Structural isomers o f Benzopyran
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Having exam ined  the va rie ty  of ring system s th a t have been used as scaffolds fo r 

SERMs, it was decided to  design SERMs based on the  benzopyran fixed ring scaffold. 

The benzopyran structure was chosen fo r this purpose m ain ly because it is easily  

m anipulated to incorporate th e  tria ry l system  necessary fo r ER activ ity . A nother 

advantage of th e  benzopyran scaffold is its chem ical s tab ility .

Synthetic methods for chromene synthesis

There are m any biologically active therapeu tic  agents th a t contain the  

chrom ene(benzopyran ) ring system  and related scaffolds. Som e exam ples are  

illustrated in Figure 2 .3 . Khellin is a natura l product which has been used since ancient 

tim es as a fo lk  rem edy, and is known as a bronchodilator and antispasm otic  

a g e n t[1 4 2 ]. Crom oglycic acid, incorporating the  chrom one m oiety is a synthetic drug 

providing an effective tre a tm e n t fo r th e  bronchial spasm s associated with asthm a. The  

ability of crom oglycic acid as an inh ib itor o f m ediators of anaphylaxis has resulted in 

m any attem p ts  to im prove the an tias thm atic  properties of cromoglycic acid. In  the  

design of the drug crom itrile , th e  te trazo le  ring is introduced to replace one of the  

carboxylic acids, and the tw o aro m atic  rings are d ifferen t from  one another. The  

enzym e aldose reductase catalyses th e  reduction of glucose to sorbitol [1 4 2 ] . Excess 

sorbitol is believed to contribu te  to cataracts and to neuropathy by deposition in the  

lens and nerves of the  eye in th e  la tte r stages of d iabetes m ellitus. Spirohydantoins  

such as (S )-S o rb in il have been found to inhibit this en zym e, and so are of potential 

value in delaying or inhibiting this problem . Cannabinoids have been used in m edicine  

as th e ir crude extracts  for m any centuries. M any potentia lly  useful cannabinoids have  

been reported to  be devoid of abuse potential such as nabilone, a synthetic 9 -  

ketocannabinoid with an tiem etic  p ro p e rtie s [1 4 2 ]. The am ino a lky le ther bucrom anone  

shows prom ising activ ity  as an an tia rrh y th m ic  agent, w hile  the benzopyran provides  

th e  scaffold fo r th e  leukotriene an tagon is t a b tu k a s t[1 4 2 ]. The ethanolam ine functional 

group characteristic  of th e  p -b locker class can be incorporated in a benzopyran  

containing scaffold as in nebivolol. The oxypropano lam ine functionality has also been  

incorporated into the  an tih yp erten s ive  ag ent fla v o d ilo l[1 4 2 ].
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HaCO O

Khellin

0" ''CH3 / - O C H s - c H 'C H j - O — j
OH

Cromoglycic acid

CH3
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CO,H

HN, ,6

S-Sorbinil

H,C
H3C

(CHjjsCHj 

H3C CH3 

Nabilone

0 CH3

Bucromanone

O OH ^ 01
H 
N

Nebivolol

CH2CH2CH

Flavodilol
Cromitrile

O OH

0(CH2)sO

Ablukast

O CO-.H

Figure 2. 3 Drugs containing the chromene (benzopyran) ring system and related
scaffolds

Because o f th e  im portance  o f chrom enes (benzopyrans) in pharm aceutica ls  th e ir  varied 

syn the tic  m ethods have a ttrac ted  considerab le  a tte n tio n , A num ber o f rou tes to  the  

synthesis o f these com pounds are d isp layed in schem e 2 . 2 , 2 . 3 , 2 .4 , and 2.5. 

4/-/-Chromenes can be synthesised by w ay o f an 0 -v in y la tio n  fo llow ed by a ring-c los ing  

m eta thesis using a Grubbs ca ta lys t, (see Figure 2 .2 ) [1 4 3 ].

OH

::iX3
Scheme 2. 2 (a )  K2 CO3, a lly l bromide, acetone, 60  °C; (b )A , 1 80 -2 4 0  °C 
( c ) C u ( O A c )2,  S n(viny l) 4 , acetonitrile, O2 , rt; (d )  5 %  ruthenium  Grubb's

catalyst,toluene, 60 °C
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Substituted phenol 1 was in itia lly  converted into the corresponding aryl ally! ether 2. 

Subsequent thernnal Claisen rearrangem ent then gave the substituted phenol 3 in 

acceptable yields over two s teps[143 ]. The compounds were then converted into the 

respective aryl v inyl ethers 4, also in excellent yield, using a copper-mediated 

procedure. The crucial ru thenium -m ediated ring-closing metathesis reaction on 

compounds 4  was highly successful, affording the 4H-chromene 5 in a 90%  y ie ld [143 ].

NC

>
NC

  O __N 32C 03 (20 mol %)
+ R O 2 C C O 2 R * ^   ►

\ ___/  EtOH, r.t.

7
R= M e or Et

Schem e!. 3  Synthesis o f substituted 4H-pyrans 7

Scheme 2.3 displays a synthesis o f related 4W-pyrans 7, in which a strategy of Michael 

addition and cyclization between m alononitrile , various dialkyl acetylendicarboxylates, 

and structura lly diverse 1,3-diketones such as 6, catalyzed by sodium carbonate 

affords the desired products. The m ilder conditions use the inexpensive and 

environm entally safe sodium carbonate catalyst, w ith high reaction rates, excellent 

yields, and a simple work-up to make th is procedure an efficient process[144]. This 

chem istry is relevant fo r the subsequent chem istry required fo r the target compounds 

prepared in th is chapter of the thesis.

2 .01  D evelopm ent o f chrom enes as SERMs in breast cancer th erap y

EM-652 (Acolbifene), is the active m etabolite of EM-800, a novel nonsteroidal 

antiestrogen compound, scheme 2.4. I t  is clinically available and used in breast cancer 

therapy. This chromene compound acts as a pure and highly potent antiestrogen in 

human breast and uterine cancer cells in v itro  as well as in vivo. EM-800 is the most 

potent of the known antiestrogens, it Is the only nonsteroidal antiestrogen shown to 

have no estrogenic activ ity  e ither in human Ishikawa endom etria l carcinoma 

ce lls [145], EM-800 blocks both the AF-1 and AF-2 activities of the estrogen receptor, 

thus potentia lly decreasing the resistance to  hormonal the rapy[145].

64



8

THPO OH

OTHP

THPO ^  O ■■ 

10

OTHP

OH

THPO

OTHP

OH

HO'

0 /
EM-652 (Acolbifene), EM-800

Schem e2. 4  S ynthesis o f E M -6S 2 and  E M -800 , ( a )  BF3 »Et2 0 , to luene; (b )  DHP, TsOH, 
0 °C ; (c )  4 -h yd ro xyben za ldeh yd e , p ip erid in e , benzene; (d )  l - ( 2 -  

ch lo ro e th y l)d ia lky lam in e  hydroch loride, CS2 CO3,  acetone, H 2O, re flu x , 19  h; (e )(1 )  
MeLi, THF, -7 8  °C; ( i i )  CH3CO2H, aq, 9 0  °C ( f )  (CH3)3CCOCI, E tjN , CH2CI2.

The synthesis of 2/-/'l-benzopyrans and is shown in scheme 2 .4 . In the first step a 

Friedei-Crafts reaction uses BFs-EtzO as catalyst in toluene at 100°C . Resorcinol is 

acylated with 4-hydroxyphenylacetic acid to yield trihydroxydeoxybenzoin ( 8) in an 

81%  yield. In step two the trihydroxydeoxybenzoin 8 is then protected with DHP, in 

the presence of TsOH as a catalyst, to give the bis-THP ether 9 in 69%  yield. The third 

step is a Knoevenagel condensation reaction of 6/s-THP ether 9 with 4- 

hydroxybenzaldehyde, in the presence of piperidine in refluxing benzene which gives 

quantitatively the chromanone 10. The crude interm ediate 10 is then alkylated with 1- 

(2 chloroethyl)dialkylamine hydrochloride in the presence of CS2CO3 in a mixture of 

refluxing acetone and w ater, to yield the chromanone 11 in 4 0 -9 0 %  yields[146]. The 

chromanone 11 is then alkylated with methyllithium at -78 °C  to room tem perature, to 

give tertiary alcohol intermediates. The crude alcohols are then dehydrated and 

deprotected in 90%  aqueous acetic acid at 90 °C  to yield 2H-l-benzopyran  EM 652 in
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80% yields. The obtained 2H-l-benzopyran E M -652 is then derivatized to improve 

bioavailability to the corresponding dipivaloate EM -800 under standard conditions in 

50-80%  yields[146].

By reviewing some synthetic methods for the synthesis of chromenes, benzopyrans 

and pyrans reported in the literature and also considering the heterocyclic SERMs 

which are clinically available, the 4/-/-chromene scaffold was chosen to undertake and 

produce structurally varied libraries of compounds. It was decided to implement the 

Knoevenagel condensation reaction method (see scheme 2.5) for production of the 

compounds. The chromenes investigated in this study were divided into 14 structural 

varied series. The general structural scaffolds A and B chosen for synthesis are 

illustrated in Figure 2.4 and listed below.

Series 1 : 4-Aryl substituted 4/-/-chromenes with varied aryl and benzyloxy 

substitutions.

Series 2: 4H Chromenes synthesised using a 2 step method.

Series 3 : Production of the benzopyran adduct.

Series 4 : Phenyl-4/-/-chromenes with substituted cyanoacetate esters substituents. 

Series 5 : 4-Hydroxyphenyl-4H-chromenes with substitutions on the ester side chain. 

Series 6 : 4-Benzyloxyphenyl chromenes with variation in the structure on the C-3 

ester side chain.

Series 7 : 3,4,5-Trimethoxyphenyl chromenes with variation on the R2 ester side chain. 

Series 8 : 2,7-Diaminochromene compounds.

Series 9 : Benzyloxy-4-phenyl chromenes with N,N-dimethylamino substituent group 

at C-7.

Series 1 0 : Chromene compounds synthesised with 4-methoxyphenyl group on Ri and 

substituted ester chemistry on the chromene OH group C-7,

Series 1 1 : Series of novel bis 4W-chromene compounds synthesised from the phenolic 

chromenes using bis acid chlorides.

Series 1 2 : Pyranocoumarin precursors: benzylidene malononitrile intermediates. 

Series 1 3 : Pyranocoumarin product synthesis.

Series 1 4 : Pyranocoumarin with substituted antagonistic type basic ether chains.
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Series 1, 2, 4, 5, 6, 7

0 ^ 0 Series 13 & 14

Series 8, 9 ,1 0 ,1 1

Figure 2. 4 Chromene scaffold (A ) indicating position o f R group substitutions. R i, R2, 
and Pyranocoumarin scaffold (B ) displaying position o f R group substitution.

Series 1: 4-Aryl substituted 4H-chromenes w ith varied aryl and benzyloxy 

substitutions.

An initial series of chromene compounds was synthesised by reaction of diverse 

substituted benzaldehydes, resorcinol and ethyl cyanoacetate in the presence of the 

base piperidine (scheme 2.5). Yields were in the range 40-90%. A comprehensive 

library of compounds with variation of substituents on C-4 aryl ring was prepared, with 

28 compounds produced in this series. The novel compounds were characterised by ^H, 

NMR and IR spectroscopy and High Resolution Mass Spectrometry (HRMS). The 

molecular modelling study of the products has been carried out to determine the three- 

dimensional topography and minimised energy structural characteristics of the 

chromene compounds (see chapter 3).

In this section, the synthesis of a series of chromenes (B E l -  BE28) is presented by 

reaction of benzaldehyde, ethyl cyanoacetate and resorcinol is discussed.

EtOH

Piperidine

R

O

Schem e!. 5  Genera! one p o t synthetic reaction fo r 4H-chrom enes
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2.02 Knoevenagel condensation as a synthetic route to novel Chromene type  

SERMs

Scheme 2.6 shows the general mechanism proposed fo r the synthesis of the AH- 

chromenes in th is project. I t  is proposed tha t the reaction occurs in two steps, the firs t 

being the form ation of the alkyl cyano interm ediate before a cyclisation of the  benzyl 

aldehyde group to give the product. This is a Knoevenagel condensation and can be 

performed as a one pot synthesis[116].

Scheme2. 6 Knoevenagel condensation reaction fo r synthesis o f the chrom ene

R NH R

O H

N=C-CH2

Yo o

o

R

R

R OH

HO O NH2

H2

O CH3

products
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2.1 Section l,4-Aryl-4H -chrom enes

The highly effic ient one pot synthesis Knoevenagel condensation reaction [116] was 

used as product was afforded in good yield, usually by recrystallisation from EtOH. A 

series of chromene compounds were synthesised by reaction of d ifferent 

benzaldehydes, resorcinol and ethyl cyanoacetate in base piperidine (scheme 2.6). The 

common core structure of these compounds is a 4/-/-chromene. Yields were in the 

range 40-90% . A comprehensive library of compounds w ith variation of substituents 

on C-4 aryl ring was thus obtained.

2.1.1 Results series 1: Synthesis of the library of chromene 

compounds

Synthesis of chromenes B E l -  BE28, illustrated in table 2.1 and table 2.2 was 

achieved using the general reaction scheme (Scheme 2.5). The products were obtained 

as racemic m ixtures and the yields are listed below.
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R O

No. R Group % Yield CLogP* No. R Group % Yield CLogP*

BEl 45
4.52

BE7 32
5.47

BE2 'X1.J0 43
6.62

BE8 ..O ' 29
5.02

BE3 Sil 31
5.69

BE9 44
5.35

BE4 o 
o

\ 
/

39
3.77

BEIO 2
4.18

BE5 26
4.04 BEll 22

4.97

BE6 62 4.44 BE12

0^

80
4.44

Table 2. 1 Library o f chromene compounds produced with variation a t  C-4 (Type I )

*C LogP calculated using C hem draw  U ltra version.
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R O

No. R Group % Yield CLogP* No. R Group % Yield CLogP*

BE13 ,x> 31
4.16

BE21 30
5.21

BE14
45

5.23 BE22

n \

42
4.52

BE15 33
4.66

BE23 P 28
3.02

BE16
27

4.16
BE24 7

4.26

BE17
10

4.66 BE25

H 0

49
3.54

B EIS

o o

51
5.94 BE26

NO2

98 4.20

BE19
42

5.38 BE27
53

3.02

BE20

o Va
o

88
5.94

BE28 ‘Ci, 55
5.04

Table 2. 2 Library o f chromene compounds produced w ith variation on C-4 aryl ring
substituents (Type I I )

*CLogP ca lcu lated using Chem draw  U ltra  vers ion .
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Portable  2.1 (Type I)  a library of 12 different chronnene compounds (B E 1-B E 12) was 

produced with variation of substituents on C-4 aryl ring obtained using various 

m ethoxy, dimethoxy, trim ethoxy, phenoxy, methyl, dimethyl and naphthyl groups. 

These substituent groups were of interest for synthesis for Type I in observing if final 

compounds would display an agonistic or antagonistic feature in response to the 

estrogen receptor in a biochemical assay. Yields ranged from 2%  - 80% .

The synthesis of compounds (B E 13-B E 28), table 2 .2 (Type I I )  was implemented 

using the same one pot synthesis condensation reaction, however synthesis was 

focused on inclusion of various halogen and nitro substituent groups. The library of 16 

different halogenated 4A/-chromene compounds was produced with variation of 

substituents on C-4 aryl ring using groups such as chloro, fluoro, bromo, nitro, 

together with thiophene and pyridine heterocycles . These Type I I  halogenated and 

heterocycle containing chromene compounds were closely examined for activity in the  

LBP as possible ER agonistists. CLogP values were all within oral bioavailablity 

standards(The optimum cLogP value for orally active drugs is < 5 ) and scored better in 

type I I ,  compared to Type I. Isolated yields ranged from 7%  - 98% . All were 

crystalline products.

The products were purified by flash column chromatography over silica gel with eluent 

solvents CH2CI2 -  MeOH in varied proportions depending on polarity of the products. 

Crystallisation and recrystallisation from EtOH was also used to purify the library of 

chromene compounds. Purity was checked by thin layer chromatography (TLC) and 

HPLC(see experimental details in Chapter 5 ). TLC Rf values were determined between 

0.3 - 0 .5. Pure crystalline product was then characterised by ^H, ^^C, and DEPT NMR 

spectroscopy. High Resolution Mass Spectrometry analysis (HRMS) was also carried 

out to confirm the identity of the purified novel compounds.
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2 .1 .2  Spectroscopic Id en tifica tio n

o
H

0
HO'

EtOH

OH Piperidine
HO' NH

BE2

Scheme 2, 7  Reaction scheme for synthesis o f 4H-chrom ene compound BE2

As an example of the analytical characterisation, compound BE2 will be discussed. The 

benzyloxy chromene was obtained using reaction scheme 2.7. Identification of the 

chromene compound was achieved using Nuclear Magnetic Resonance (NMR) 

spectroscopy, Infrared (IR) spectroscopy, and Mass spectrom etry. The follow ing 

Figures 2.5 and 2.6 illustrate the and NMR spectra fo r compound BE2. 

Discussion of the ^H and NMR spectra is used as an example of how each 

compound was identified in this series.

Figure 2. 5  NMR spectrum for benzopyran BE2
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For the NMR spectrum of compound BE2 in figure 2 .5 , the CH 3 at C12 on the ethyl 

side chain appeared a t 5 ppm 1 .06  as a triplet integrated for 3 protons, J = 7 .0 3  Hz. 

This signal was usually the reference used for identification of the compound series. 

The C l l  CH 2 group signal is observed at 6  3 .9 8  and this consistently appeared as a 

quartet absorbance, with a J = v a lu e  of 7 .0 2  Hz. At 5 4 .8 0  a singlet peak for the CH 

proton of C4 at the chiral centre is observed, integrated for I H .  At 6 .4 4  a doublet is 

observed, 3=1 A2  Hz and is in tegrated for I H ,  indicating the Ar-H at C9. At 6  6 .5 1  a 

multiplet is observed integrated for I H ,  this indicates the Ar-H proton at C7. At 5 6 . 8 6  

a doublet absorbance is observed, integrating for 2H, J = 8 .5 4  Hz, for the Ar-H proton at  

C14 and C14'. At 5 6 .9 4  there  is a doublet, 2H, J = 8 .0 3  Hz, indicating the Ar-H  protons  

at C15 and C 15 ' and at 6  7 .01  a doublet is assigned to C 6  I H ,  J = 8 .5 4  Hz, Ar-H  . A 

multip let absorbance is observed betw een 5 7 .0 7  to 7 .11  integrated for I H ,  indicating  

the Ar-H proton at C17. At 5 7 .1 4  a doublet is seen, 2H , J = 7 .0 4  Hz, indicating the Ar-H  

protons at C13 and C13'. From 6  7 .3 2  to 7 .3 6  there  is a multiplet, 2H, for the Ar-H  

proton at C16 and C16'. At 6  7 .61  a broad singlet peak is characteristic of an am ine  

absorbance, 2H, NH 2 , and at 5 9 .6 3  another broad singlet,integrating for I H ,  and  

assigned to the OH.

The alcohol and amino group protons were usually identified as broad singlet signals. 

Solvents used for sample preparation of samples for ^H and NMR spectroscopy  

were CDCI3, MeOH-de, or (CH3)2SO-d6.
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Figure 2. 6 NMR (u p p e r) and  DEPT 1 3 5  ( lo w e r)  spectra fo r b enzopyran  BE2

In and DEPT-135 carbon NMR spectra (Figure 2. 6 ) of compound BE2, the ethyl 

ester C12 CH3 was observed at 14.72 ppm. The chiral C4 CH signal can ju s t be seen at 

39.34 ppm in the spectrum, in th is case it is nearly hidden, overlapped by the large 

residual DMSO solvent peak always occurring at 40 ppm. However it is confirmed to be 

present by viewing the DEPT-135 spectrum, and the absorbance is at 39 ppm. The C l l  

CH2  peak can be identified in the spectrum at 58.99 ppm as a positive peak, and in 

the carbon DEPT-135 spectrum at 58.99 ppm as a negative peak. At 76.98 ppm the 

carbon C3 attached to the side chain is identified in the spectrum. The aryl ring- 

hydrogens are seen in the region 102 to 130 ppm and totalling 12. There is one carbon 

observed at 117.18 ppm and the rest occur in the upper range values from 149 ppm to 

168 ppm. CH at C9 is identified at 102.50 ppm and the signal at 112.55 ppm is 

assigned fo r the CH at C7. The follow ing aromatic signals were also assigned: the 

signal at 117.18 ppm indicating the quaternary C at C5 position, the CHs at C15 and 

C15' were assigned at 126.16 ppm, at 127.41 ppm the CH at C17, at 128.58 ppm the 

CHs at C13 and C13' and at 130.28 ppm the CH at C6 . The follow ing quaternary 

signals were assigned: at 139.50 ppm the C at position C13a, a t 149.11 ppm the C -0 

at C14a, at 149.52 ppm the C-OH at C8 , at 157.18 ppm the C -0 at C15a, at 161.47
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ppm the 0-C-N at C2, at 168.81 ppm the C = 0  at CIO'. These values were typical of 

this library of chromene compounds.

The IR spectrum absorbances for compound BE2 were identified as follows; 3480.76  

cm ^(OH), 3414.57 and 3387.63 cm’^CNHz), 1676.55 cm \ (C = 0 )  and 1649.70 and 

1631.85 cm'S (C=C).

The HRMS (El) for compound BE2 C2 4 H2 1 NO5  [M^ + Na] requires (m /e) 426.1317; the 

value found was 426.1326, (2.0 ppm). The analysis confirmed the structural 

identification of the novel ethyl 2-amino-7-hydroxy-4-(4-phenoxyphenyl)-4Ay- 

chromene carboxylate compound, BE2.
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2.1.3 XRD Crystallography study of structure B E ll

The single crystal X-Ray tructure  of compound B E l l  was deternnined and is displayed 

in Figure 2.7. The ORTEP representation is shown in Figure 2.8 (therm al ellipsoids at 

50% probability). The relevant crystal structure data is displayed in Table 2.3.

HO NH
Figure 2. 7  Crystal structure o f BEl 1

M 24

O.S

121
1126

C'27 IC*21

0 4 :
C 2 0 M2;*«

C'18

1119

02 1122b
N 2

* \ / (  ^ 6

Figure 2. 8  ORTEP representation o f the X-R ay crystal structure o f B E ll ,  ellipsoids a t
5 0 %  probability
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Identification code shelxl

Empirical formula C80 HO N4 020

Formula weight 1336.84

Temperature 158(2) K

Wavelength 0.71075 A

Crystal system monoclinic

Space group P2/c

Unit cell dimensions a = 16.982(7) A

b = 5.340(2) A P II o
0

c = 20.683(9) A 3=91.189(6)°.

Volume 1875,2(13) Â V = 90°.

Z 1

Density (calculated) 1.184 Mg/m^

Absorption coefficient 0.088 mm-1

F(OOO) 668

Crystal size 0.20 X 0.20 X 0.20 mm3

Theta range for data collection 1.20 to 25.00°.

Index ranges -20<=h<=20, -5<=k<=6, -23<=l<=24

Reflections collected 13694

Independent reflections 3251 (R(int) = 0.0641]

Completeness to theta = 25.00° 98.10%

Refinement method Full-matrix least-squares on F̂

Data /  restraints /  parameters 3 2 5 1 / 0 / 2 3 8

Goodness-of-fit on 1.353

Final R indices [l>2sigma(l)] R1 = 0.0885, wR2 = 0.2513

R indices (all data) R1 =0.1237, wR2 = 0.3027

Largest diff. peak and hole 0.562 and -0.663 e.A'"

Table 2. 3 Crystal data and structure refinem ent fo r B E ll .

78



2.2: Series 2; Synthesis of 2-amino-7-hydroxy-4H-chromene 

carboxylates using a two step method

A two step method for synthesis of some of the chromene products was proposed 

when product was not achieved using the one pot method. I t  was possible to produce a 

selection of chromenes through a two step synthesis, stopping after the firs t step to 

purify the afforded acrylate compounds BE29 and BE31 with slow recrystallisation, 

then follow ing step two for reaction w ith resorcinol to  obtain the final 4H-chromene 

products BE30 and BE32.

BE2B, 13% CLogP:1.97

EtOH

Piperidine /

BE31, 65% CLogP: 3.74 

Cl

Piperidine

SchemeZ. 8  Synthesis o f cyanocrylate interm ediates

As illustrated in scheme 2.8, the appropriate aldehyde was reacted w ith the desired 

ethyl cyanoacetate, in solvent ethanol and catalysed w ith base piperidine. A fter 6 

hours reflux, the afforded product was the cyanoacrylate interm ediates BE29 and 

BE31. The products were purified by recrystallisation from EtOH.
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BE10, 2% CLogP:4.18

EtOH

Piperidine
NC HO OH

NHHO

BE29

BE20, 88% CLogP: 5.94 

Cl

EtOH

Piperidine
HO OHNC

HO NH
BE31

Scheme2. 9 Synthesis o f 4H-chrom enes from  cyanoacrylate interm ediates

The interm ediate cyanoacrylate esters BE29 and BE31 were refluxed (step 2, scheme 

2.9) w ith resorcinol fo r 6 hours, and the reaction was monitored by th in layer 

chrom atography (TLC). Afterwards the desired chromenes BE30 and BE32 were 

purified by recrystallisation from  EtOH. By carrying out the synthesis in 2 steps, it 

avoided unwanted side products and gave a cleaner final product fo r selected 

reactions. This method also avoided unwanted over-reaction of materials i.e. in the 

case fo r the adduct chromene BE33 (see section 2.3), where the CN group of two 

acrylate ester molecules reacts w ith both OH groups of the diphenol resorcinol group to 

produce an unexpected adduct.
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Scheme 2.10 shows the two step general mechanism outline for the synthesis of 4 H -  

chromenes., BE30 and BE32. The firs t step tha t takes place here is w ith the aldehyde 

and the ethyl cyanoacetate, to form  the cyanoacrylate interm ediate. This is followed in 

the second step by cyclisation of the OH group of the resorcinol to afford the 

cyanoacrylate interm ediate and fina lly to give the desired product. I t  was 

demonstrated tha t the Knoevenagel condensation reaction can afford chromene 

products via a two step synthesis route.

1)

NH

EtOH
C,H-C

-H ,0

H O

2 )

O
HO OH

H O

-H

OH

G h
EtOH

HO NH

Schem e!. 10  The two step reaction for the synthesis o f BE30 & BE32
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2.3 Series 3: Discovery of novel adduct,

pyranodiethyldiam ino-4H-chrom ene dicarboxylate.

BE33 2% CLogP: 10.9

EtOH

Piperidine

Schem e!. 11 Synthesis o f pyranodiethyldiam ino-4H-chrom ene, BE33

Scheme 2.11 displays the reaction to afford the novel adduct pyrano 4Ay-chromene- 

dicarboxylate BE33. I t  is carried out by reaction of 2,4-dichlorobenzaldehyde, ethyl 

cyanoacetate and resorcinol. Solvent used was ethanol and reaction was catalysed w ith 

base piperidine. Reaction m ixture was refluxed for 6 hours. Afterwards the product was 

recrystallised using slow solvent evaporation techniques in EtOH, th is was performed in 

conditions at constant room tem perature  and absent from  ligh t, and crystals were 

afforded a fte r 2 weeks. Product was obtained in a 2% yield and it was apparent tha t it 

was not the expected 4AV-chromene, but a novel pyranochromene BE33 had been 

formed.

2 .3 .1  Synthetic  rou te  to  novel adduct pyranochrom ene BE33

Scheme 2.12 displays the proposed reaction mechanism fo r the synthesis of the novel 

adduct, 4H ,6W -pyrano[3 ,2-g]chrom ene-3,7-d icarboxyla te (BE33). There are two 

reaction steps proposed to take place here. The firs t step is reaction of the aldehyde 

with ethyl cyanoacetate, to form  the cyanoacrylate interm ediate. This is then followed 

by reaction of the cyanoacrylate interm ediate w ith both OH groups of the  diphenol 

resorcinol group to give the d im er product. This is a Knoevenagel condensation and 

can be performed in a one pot synthesis, before a slow recrystallisation from  ethanol. 

This novel product type was not detected in sim ilar reactions outlined fo r preparation 

of compounds in series 1 and 2 above, but may be present.
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0

NC
O '

NC
O

HO' OH
C. Eton

NH

Cl H 0

Cl T  r \
H -C  Q  , 0 ^

Cl

N=C
, C ^

0 O
Cl Cl

O NH,H2N 0

Schem e!. 12 Reaction sequence fo r synthesis o f novel pyranodiethyldiam ino-4H-
chrom ene, BE33
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2 .3 .2  Spectroscopic Id e n tific a tio n

The characterisation of the novel chromene adduct compound BE33 was aciieved 

using Nuclear Magnetic Resonance (NMR) spectroscopy, Infared spectroscopy (IP), and 

Mass spectrom etry(M S). The novel structure was also confirmed using X-Ray 

diffraction crystallography, and the ORTEP structure is shown in figure 2.11. The 

following figures 2.9 and 2.10 display NMR spectra fo r compound BE33

16̂

ia

I
!

Figure 2. 9 NMR spectrum for pyranodiethyldiam ino-4H-chrom ene, BE33

NMR characterisation was required fo r unambiguous identification of product BE33. 

For the spectrum displayed in (Figure 2. 9), each of the two CH3 groups on the both of 

the ethyl ester side chains at CIO and CIO' appear as an identical signal 6  0.94, and 

this overlapping is typical of the novel sym m etrical 'd im er like ' adduct compound. This 

signal was observed as a tr ip le t w ith a J coupling constant of 7.02 Hz, and is integrated 

to 6 H protons. At 5 3.83 a quarte t absorbance was observed indicating the two CH2  

groups at C9 and C9' w ith a J coupling constant value of 6.76 Hz, and integrating fo r 

4H. At 5 5.33 there is a singlet fo r the 2xCH groups at C4 and C4' attaching each of 

the aryl rings, and are integrated fo r 2H. At 6  6.69 another singlet is observed, 

integrated fo r IH , indicating the Ar-H at C7. At 5 6.90, there was a doublet signal.
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J=8.56,  integrated to 2H, and th is is assigned to the two Ar-H protons at C12 an C12'. 

From 5 7.06 to  7.10 there was observed a m ultip le t, integrated fo r 3H, and this 

indicates the two Ar-H protons at C13 and C13' and the single Ar-H of C6  which can be 

seen as an overlapping singlet. At 5 7.38 there was a singlet absorbance, in tegrating 

for 2H, indicating the two Ar-H groups at the C15 and C15' positions. At 5 7.73 a broad 

singlet absorbance is observed, integrated to 4H and assigned to the two NH2  groups 

protons o f the novel pyrano adduct.

mI
I

s>

M

«

•I

m

t

I
1

Figure 2. 10  NMR (upper) and DEPT 135 (lo w er) spectra for pyranodiethyldiam ino-
4H-chrom ene, BE33

In the and DEPT-135 carbon NMR spectra (Figure 2. 10) of BE33 the tw o ethyl 

ester CH3 groups at CIO and CIO ' were seen as an identical signal at 13.95 ppm. 

Signals fo r the chiral CH carbons of C4 and C4' can be seen at 34.90 ppm in both ^^C 

and DEPT 135 spectra. At 58.72 ppm, the signal indicating the CH2  of C9 and C9' are 

seen as a positive peak in the ^^C spectrum and a negative peak in the DEPT 135 

spectrum. At 74.40 ppm the signal indicating the quaternary carbons at C3 and C3' are 

observed. Between 103 and 130 ppm the aryl CH signals are seen in both spectra, w ith 

the remaining carbons of the molecule observed as signals from  130 ppm to ppm 167 

and shown as positive peaks in the ^^C spectrum. At 103.15 ppm the signal is observed 

for the CH carcon at C7, at 120.96 ppm the signal fo r the CH at C5 and C5', at 127.64 

ppm the CH groups of C13 and C13'. At 128.06 ppm a signal is observed fo r the CH
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carbons at C6, C15 and C15'. At 130.45 ppm a signal indicating the CH assigned at 

C12 and C12' is observed. At 130.95 ppm the carbon at C14 and C14' is assigned, and 

at 131.87 another signal indicating the carbons of positions C16 and C16' are 

observed. The quaternary signal is assigned at 144.46 ppm indicating the C of C l l  and 

C l l ' ,  and at 147.18 ppm the signal fo r the  C-O carbon of positions C8 and C8' is 

observed. At 160.77 ppm there is a signal fo r the 0-C-N of C2 and C2', and finally at 

ppm 167.82 the signal indicating the quaternary carbonyl C =0  is observed.

The IR spectrum absorbances fo r compound BE33 were assigned as follows; 3481.93 

and 3416.35 cm'SCNHz), 1683.33 c m ' \  (C = 0 ) and 1634.97 and 1624.62 cm 'S (C=C)

The mass spectrum HRMS (E l) fo r compound BE33 was determ ined; C3oH24^^Cl4N205 

[M ' - H] requires (m /e ) 647.0310; the value found was 647.0313, (+ 0 .4  ppm), 

confirm ing the identity  of the 2,8-diam ino-4,6-bis(2,4-dichlorophenyl)-4W ,6W - 

pyrano[3 ,2 -g]chrom ene-3,7-d icarboxylic acid ethyl ester, BE33..

The form ation of the d im er like adduct compound BE33 was an isolated observation, 

and only specific to th is compound. This type of adduct was not observed to take place 

in the synthesis of any other chromene in the project.
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2.3.3 XRD Crystallography study of BE33- Novel adduct pyrano chromene

The novel pyrano[3,2-g]chromene BE33 was identified and characterised by single 

crystal X-ray analysis, see Figures 2.11 and 2.12. The crystal data for compound BE33 

iis displayed in Table 2.4.

BE33

NH

F igure  2. 11 C rys ta l s tru c tu re  o f  p y ra n o d ie th y ld ia m in o -4 H -ch ro m e n e , C om pound BB33

( ) J I

I 1 1,
C r ( :h) O

(  l '  I I2 4 II

/  \  „ .

F igure  2. 12 ORTEP re p re se n ta tio n  o f  the  X -ra y  c ry s ta l s tru c tu re  o f  BE33, the  th e rm a l
e llip so id s  a re  s e t a t  5 0 %  p ro b a b ility
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Identification code shelxl
Empirical formula C30 H24 CI4 N2 0 6
Formula weight 65 0 .3 1
Tem pera tu re 1 5 0 (2 )  K
Wavelength 0 .7 1 0 7 5  A
Crystal system monoclinic

Space group P 2 (l)/c

Unit cell dimensions a =  1 0 .0 5 5 (1 0 )  A P II 0 0

b = 2 6 .9 3 ( 2 )  A 3 =  1 1 1 .4 2 5 ( 1 8 ) °

c = 1 1 .9 5 5 ( 1 1 )  A Y = 9 0 ° .

Volume 3 0 1 4 (5 )  A^
Z 4
Density (calculated) 1 .4 3 3  Mq/m^
Absorption coefficient 0 .4 3 9  mm'^
F(OOO) 1336
Crystal size 0 .2 0  x 0 .2 0  x 0 .0 4  mm^
Theta range for data  
collection 1.51 to 2 5 .0 0 ° .

Index  ranges
- l K  = h <  =  l l , - 3 2 <  =  k <  =  32,
1 4 <  = |< = 14

Reflections collected 2 2 261
Independent reflections 5 2 6 0  FR(int) =  0 .10051
Completeness to theta  =  
2 5 .0 0 ° 9 9 .4 0 %
Max. and min. transmission 0 .9 8 2 7  and 0 .9 1 7 4

Refinement method Full-matrix least-squares on F^
Data /  restraints /  
param eters 52 6 0  /  0 /  382
Goodness-of-fit  on F2 1.201

Final R indices r i> 2 s ig m a ( I ) l R1 =  0 .1 2 0 0 ,  wR2 =  0 .3 1 0 6
Table 2. 4 Crystal data and structure refinem ent for BE33
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2.4 Series 4: Chromenes with variation of the ester substituent 
at the C-3 position of the chromene.

NEC-CH2-CO2R1
or

NEC-CH2-C=N HO

EtOH

OH Piperidine
HO NH

Scheme2. 13 Synthesis o f 4-phenyl-4H-chrom enes BE34-BE40 using m alononitrile and
varied cyanoacetate esters

The fu rthe r series of six substituted 4/-/-chromenes (B E35-B E40) was prepared by the 

one-pot synthesis as previously stated, however th is series was obtained using 

benzaldehyde and required reaction of substituted cyanoacrylate esters. Reagents 

benzaldehyde, resorcinol and varied alkyl cyanoacetates were reacted in the presence 

of base piperidine (see scheme 2.13). A library of compounds w ith variation of 

substituents R2 at the C-3 ester was produced (see table 2.3). Substituted 4 H -  

chromenes were varied w ith C-3 esters to include m ethyl ester, allyl acetate, benzyl, 

isopentyl and m ethylpentyl substituents. The C-3 n itrile  substituted 4H-chromene 

BE34 was also obtained using m alononitrile as the methylene component in the 

Knovenagel reaction.

2.4.1 Results series 4: Synthesis of the library of chromene 

compounds

Synthesis o f  ester compounds (BE34 -  BE40) in table 2.5 was achieved using the 

general reaction scheme (Scheme 2.13). The products obtained are illustrated in table 

2.5.
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No. R2 Group % Yield CLogP No. R2 Group % Yield CLogP

BE34
83 2.91

BE38

0
33 4.76

BESS \0 12
3.99

BE39
0 1

40
6.50

BE36
26 5.76 BE40 32 5.98

BE37
0

92 5.98

Table 2. 5  C hrom ene es ters  com pounds w ith  varia tio n  in  R2 su bstitu en t

*CLogP calculated using Chemdraw Ultra version.

A one pot Knoevenagel condensation synthesis was implemented. For table 2.5, a 

lib rary of 7 d ifferent chromene compounds (BE34 -  BE40) was produced with 

variation of substituents on the C-3 ester(R2) using a selection of alkyl cyanoacetates 

and also m alononitrile. Yields ranged from  12% - 83% . This reaction allowed 

preparation of potentia l ER agonistic 4H-chromenes w ith introduction of varied length 

ester side chains at C-3 including benzyl, allyl and alkyl. The cLog P values for the 

compounds of series 4 were in the range 2.9 fo r the 3-cyano substituted compound 

BE34 to 6.5 fo r the 3-m ethylpen tyl ester compound BE39.

2 .4 .2  Spectroscopic identification

Analysis fo r identification of each chromene compound was completed using Nuclear 

Magnetic Resonance (NMR) spectroscopy, Infared (IR) spectroscopy, and Mass 

spectrom etry(M S). The follow ing figures 2.13 and 2.14 display NMR spectra for 

compound BE35. Discussion of the NMR spectra fo r BE35 is used as an example of the 

identification fo r each molecule in th is series.
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Figure 2. 13 NMRspectrum for compound BE3S

For the NMR spectrum (fig 2.13) fo r compound BE35, the singlet fo r the CH3 on the 

m ethyl ester side chain, at position C l l ,  can be seen at 6  3.50 and integrated fo r 3 

protons. Next there is the absorption for the chiral CH proton at the C4 position 

occurring as a singlet at 5 4.81 and integrating for IH . At 6  6.44 there is a doublet, 

integrated for IH  proton, w ith a coupling constant value J=7.52  Hz, and th is  is 

assigned to the arom atic H at position C9. In the region 5 6.47 and 6.50 a m ultip le t is 

observed, in tegrating for IH , indicative of the Ar-H at C7 position. At 6  7.00, a doublet 

is observed, IH , J=8.28  Hz, indicating the Ar-H at C6 . In the region 5 7.07 to 7.11 

there is another m ultip le t observed, in tegrating fo r IN , fo r the Ar-H at C15. There is a 

m ultip le t observed between 5 7.15 to  7.16, integrated fo r 2H, and th is is assigned to 

the Ar-H of positions C13 and C13'. Another m ultip le t occurs between 5 7.17 and 7.22, 

integrated fo r 2H protons, indicating the Ar-H protons of the C14 and C14' positions. 

There is a broad singlet peak observed at 6  7.63 indicating the NH2 group integrated 

fo r 2 protons. Finally at 5 9.62 there is a broad singlet absorbance which is integrated 

fo r 1 proton and is assigned to the OH group.



HO 8^X^0 O 2 NH.

Figure 2. 14 NMR (upper) and DEPT-135 (lo w er) spectra for benzopyran compound
BE3S

In and DEPT-135 carbon NMR spectra (fig 2.14) fo r compound BESS the signal for 

the chiral carbon CH of the C4 position can be seen at 39.96 ppm. The signal fo r the 

methyl ester CH3 at C l l  can be seen at 50.87 ppm in the spectrum. At 76.77 ppm 

an absorbance occurs for the carbon attached to the carbon at position C3, seen in the 

spectrum. The aryl ring-hydrogen signals are seen from  102 to 130 ppm and 

to ta lling  12 carbons. At 102.54 ppm the signal indicating the CH group at C9 is 

identified, at 112.55 ppm the CH signal assigned to C7 is observed. The signal fo r the 

carbon of C5 is assigned 117.42 ppm while at 126.24 ppm there is the signal indicating 

the CH at position C14. At ppm 127.20 there is a signal assigned to the CH carbons of 

the C12 and C12' positions. The signal at 128.72 ppm is assigned to the CH of 

positions C13 and C13' while at 130.13 ppm there is a signal observed indicating the 

CH o f C6 . The follow ing quaternary carbon signals are assigned; the carbon of position 

C12is observed at 148.94 ppm; the signal at 149.57 ppm is assigned to the C -0 of the 

CIO position. At ppm 157.19 is observed a signal indicating the C-OH of C8 . At ppm 

161.72 a signal is assigned to  the 0-C-N of C2, and fina lly at ppm 169.13 there is an 

absorbance signal assigned to the carbonyl C = 0  group. This assignment was typical 

fo r the library of chromene compounds in th is series.
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In the IR spectrum of compound BE35, the absorbances were assigned as follows; 

3418.27 cm \(O H ), 3378.45 and 3227.45 cm \  (NHz),  1669.51 cm '^(C =0) and for 

the (C=C) group 1634.81, 1629.69 cm ^

The mass spectrum HRMS (El) for compound BE35, Ci7H i5NNa0 4 , [M'  ̂ + Na] requires 

(m /e) 320,0899; the value found was 320.0900, (+ 0 .4  ppm). This confirmed the 

structural identification of the methyl 2-amino-4-phenyl-4W-chromene-3-carboxylate 

compound, BE35

2.5 Series 5: 4-Hydroxyphenyl chromenes w ith variation on the  

C-3 ester side chain

OH

N
O

0 HO

EtOH

OH Piperidine 

Scheme 2. 14 Synthesis o f 4-hydroxyphenyl~4H-chrom enes

HO NH

The series 5 substituted 4 hydroxyphenyl 4/-/-chromenes were prepared by a one-pot 

reaction using 4-hydroxybenzaldehyde, resorcinol and a selection of varied alkyl 

cyanoacetates in the presence of base piperidine (scheme 2.14). A library of 

compounds was produced (B E41-B E 54), all with 4-hydroxy phenolic substituents at 

C-4 of the chromene ring, and with variation of ester substituents R at C-3 of the 

chromene ring, (see table 2.6). The 4-hydroxyphenyl substituent at C-4 was 

introduced to facilitate additional interactions of these compounds with the ligand 

binding domain of the estrogen receptor (as predicted from in silico modelling 

discussed in Chapter 1).

2 .5 .1  Results series 5

The library of 4-hydroxyphenyl chromenes with variation on the R2 ester side chain at 

C-3 is illustrated in table 2.6.
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OH BESS
JL 42%^  CLogP: 3.25

BE56
32%
CLogP: 3.85

HOHO

HO HO NHNH
BE41-BE54

No. R2 % Yield CLogP No. R2 % Yield CLogP

BE41
o

32
3.85 BE48

o
82

4.73

BE42
o

65
5.18

BE49
o

92
5.44

BE43 3
5.09

BE50
o

15
5.97

BE44
0  1

42

5.31

BE51
0

12
6.50

BE45 4
5.31

BE52
0

36
7.03

BE46
0

\ A o - ^ ° \
42

3.28
BE53 7

5.35

BE47
0 '^0

9
3.96

BE54
0

11
3.67

Table 2. 6 The library o f 4-(4-hydroxyphenyl)chrom enes synthesised

*CLogP calculated using Chemdraw Ultra version.

Synthesis of the products illustrated in table 2.6 was achieved using the general 

reaction scheme 2.14. For table 2.6 a library of 14 different chromene compounds was 

produced with variation of substituents of the R2 at C-3 of the chromene ring using a 

wide selection of alkyl cyanoacetates together with a 4-hydroxy phenyl substituent at 

C-4. The structures were varied to include examples of the alkyl esters, cycloalkyl 

esters, allyl ether esters and benzyloxy esters at C-3. Yields ranged from 3% - 92%. 

CLogP values ranged from 3.28 to 7.03 in this series. Results displayed in the table 2.6
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indicate the versa tility  of synthesising the 4/7-chromenes using the 1 step Knoevenagel 

reaction. All the 4-OH-phenyl chromenes were purified using flash column 

chrom atography on silica gel, and afterwards recrystallised from EtOH affording the 

pure product.

2 .5 .2  Spectroscopic identification

Analysis fo r identification of each chromene compound was achieved using Nuclear 

Magnetic Resonance (NMR) spectroscopy. Infared (IR) spectroscopy, and Mass 

spectrom etry. The follow ing figures 2.15 and 2.16 illustra te  NMR spectra fo r compound 

BE54. Discussion of the NMR spectra fo r BE54 is used as an example on how each 

molecule was identified in th is series.

OH

• «

HO 8

I "

I:;

• n

Figure 2. IS  NMR spectrum for compound BE54

In the NMR spectrum (fig 2.15) fo r compound BE54, the tr ip le t observed at 6  1.07 

is assigned to the CH3 on the ester side chain at the C14 position, and is in tegrating for 

3H, w ith a J coupling value of 7.03 Hz. Following this, a m ultip le t fo r the CH2 group on 

the ester chain of the C13 position, occurring between 5 1.29 and 1.34, is observed 

integrating for 2H. At 6  3.95 there is a quartet, in tegrating fo r 2H, w ith a coupling 

value of J=7 .04  Hz, assigned to the CH2 group at the C12 position. Another CH2  at the 

C l l  position, can be observed occurring as a m ultip le t between 4.29 to 4.34, and is 

in tegrating for 2H. The chiral CH of the C4 position, occurs at 6  4.67 as a singlet, 

integrated fo r IH . At 5 6.46 there is a doublet, in tegrating for IH , w ith a coupling 

constant of J=8.28 Hz, indicating the Ar-H group at C9. At 6  6.59 there is a doublet
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absorbance, integrating for 2H, J=8.53 Hz, and this is assigned to the Ar-H protons at 

C6 and C7 positions. At 5 6.92 there is a multiplet observed, integrating for 4H 

protons, with a coupling value of J=8.03, assigned to the Ar-H protons at positions 

C17, C17', and C16, C16'. At 6 7.53 a broad singlet absorbance is observed integrating 

for 2H, and this is assigned to the NH2 . At 5 8.01, a broad singlet is shown, integrating 

for IH  integrating for IH , is assigned to the OH at position C8. Finally at 6 8.24, 

another broad singlet is observed and assigned to the OH group at position C18.

OH

HO 8 T ’O 0  2 NH2 

s t

•«

«•

Figure 2. 16 NMR (upper) and DEPT 135  (to w er) spectra for benzopyran BES4

In and DEPT carbon NMR spectra in fig 2.16 for compound BE54, the CH3 on the 

ester chain at C14 can be seen at 14.32 ppm. At 38.08 ppm there is a signal assigned 

to the chiral CH at C4 position. Following this, three signals are assigned for each of 

the three CH2 groups, and are observed as positive absorbances in the spectrum 

and negative absorbances in the DEPT 135 spectrum, at 58.49 ppm for the CH2 group 

of the C l l  position, at 61.92 ppm for the CH2  of the C13 position and at 67.43 ppm for 

the CH2  group at the C12 position. At 76.98 ppm an absorbance occurs for the C3 

carbon attached to the side chain seen in the spectrum. Five separate absorbances 

are seen from 101 ppm to 129 ppm, indicating the 7 aryl CH carbons. There is one 

carbon(C) seen at 134.06 ppm and the remaining quaternary carbons occur in the 

upper range ppm values from 154 ppm to 168 ppm. The tertiary(CH) and quaternary 

carbons (C) are assigned as follows: at 101.95 ppm the signal is assigned to the CH at 

C9, at 111.99 ppm indicating the CH group of the C7, at 114.75 ppm the carbon(C) of

96



C5, at 117.37 ppm the CH groups o f C17 and C17', at 127.81 ppm the CH of C16 and 

at 129.72 ppm the CH group of C6. The remaining quaternary carbons are identified as 

follows: at 134.06 ppm the carbon of C15, at 154.64 ppm the C -0 of CIO, at 155.24 

ppm for the C-OH of C18, at 156.49 ppm the C-OH of C8, at 160.88 ppm is assigned 

to the 0-C-N of position C2, and fina lly at 168.44 ppm is assigned to the C =0 . These 

assignments were typical of the compounds of th is lib rary of chromene compounds.

In the IR spectrum of BE54 the fo llow ing absorbances were observed; 3529.04 and 

3499.62 cm'^(OH), 3439.26 and 3409.61 cm'^ (N H j), 1667.07 ,(C =0) and 1632.53 and 

1624.48 cm 'S ( C=C).

The mass spectrum HRMS (E l) fo r compound BE54 C2oH2iNNa06 [M'^ + Na] requires 

(m /e ) 394.1267; the value found was 394.1258, (-2 .2  ppm). The analysis confirmed 

the structura l identification of the novel ethoxyethyl amino (4-hydroxyphenyl)-4/-/ 

chromene carboxylate compound BE54.
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2.6 Series 6: 4-Benzyloxyphenyl chromenes with variation in the 

structure on the C-3 ester side chain

o

H

0 O HO' OH Piperidine

EtOH

HO 0 NH2

Schem e!. IS  Synthesis o f benzyloxyphenyl-4H-chrom enes using varied alkyl 
cyanoacetate esters BES7-BE69

The type 6 series of substituted 4-benzyloxy-4H-chrom enes BE57-BE69 were 

prepared by a one-pot reaction using 4-benzyloxybenzaldehyde, resorcinoi and a 

selection of varied alkyl cyanoacetates in the presence of base piperidine (see scheme 

2.15) involving reaction of substituted esters. A library (see table 2.7). of benzyloxy 

chromene compounds w ith variation of substituents on R2 C-3 aryl ring, was produced. 

These specific compounds were of in terest because of the promising biochemical 

results obtained in the initial in silico study (section 1), predicting optim um  interaction 

of the benxyloxy substituted 4-arylchrom enes wuth the ligand binding domain of the 

estrogen receptor.
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2.6.1 Results series 6: Synthesis of the library of chromene 

compounds

Synthesis of the 4-benzyloxy-4W-chronnenes BE57-BE69 illustrated in Table 2.7 was 

carried out using the general reaction scheme (Scheme 2.15). The products obtained 

are illustrated in Table 2.7, together w ith the % yields and CLogP values.

HO' NH2

BE57-BE69

No. R2 Group
%

Yield
CLogP No. R2 Group

%

Yield
CLogP

BE57

0

6
5.95

BE64
0

34
8.32

BESS
0

38
6.45

BE6S
0

37
8.85

BESS
0 1

33
7.66

BE66
0

45
9.38

BE60

^
^

0
0

 

1 
0 32

6.03
BE67 56

10.44

BE61 40
7.08

BEGS 50
7.71

BE62 x lc -----------------
41 7.79 BE69

0
13

7.53

BE63 47
6.21

Table 2. 7  Series o f 4-benzyloxyaryl-4H-chrom enes

*CLogP calculated using Chemdraw Ultra version.
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HO' NH HO NH
BE72BE70

34%
CLogP: 6.21

14%
CLogP: 7.16

58%
CLogP: 6.35

HO' NH HO NH.BE71 BE73
21%
CLogP: 6.89

HO NHBE74
5%
CLogP: 7.94 

Br

HO NH
BE75
12%
CLogP: 7.95

Figure 2. 17  The selection o f 4 -(benzyloxyaryl)chrom ene compounds BES7-BE69 and  
BE70-BE7S with variation o f the ester substituents a t the C-3 position

*CLogP calculated using Chemdraw Ultra version.

Synthesis of the chromene products BE57- BE75 illustrated in table 2.7 was achieved 

by using the general reaction scheme (Scheme 2.15). Yields are seen in the range 

from 6 to 58%. In table 2.7 a library of 13 different chromene compounds was 

produced, again with variation of the R2 substituent located at the C-3 position of the 

aryl ring using a wide selection of alkyl cyanoacetate esters. In addition, a 

benzyloxyphenyl moiety was now introduced on the chromene at the C4 position. 

There are 6 additional compounds in the library table 2.7, compounds BE70 -  BE75 

(illustrated separately in Figure 2.17 ), and these have further variation on the 4- 

arylbenzyloxy group including fluoro, chloro and bromo substituents. In this series 

yields ranged from 5% - 56%. CLogP values are shown and are in the range 5.9 to 9.3
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for the series, and these values are considerably higher than the previous series. The 

introduction of the benzyloxy type substituents on the chromene C4 aryl ring together 

with a wide variation of lipophilic esters on the C3 position allowed production of a 

library of molecules with a potentially greater antagonistic potential for these 

molecules in targeting the highly lipophilic ER-LBP.

2 .6 .2  Spectroscopic identification

Identification of each chromene compound in this series was achieved using Nuclear 

Magnetic Resonance (NMR) spectroscopy, Infared (IR ) spectroscopy, and Mass 

spectrom etry(MS). The following figures 2 .18  and 2 .19  illustrate NMR spectra for 

compound BE69. Discussion of the NMR spectra is used as an example on how each 

molecule was identified in this series.

«
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»

Figure 2. 18  NMR spectrum for compound BE69

In the proton NMR spectrum illustrated in fig 2 .18  for compound BE69, the tertiary  

butyl methyl group protons at positions C13, C13' and C14 on the ester side chain are 

indicated by the singlet absorption occurring at 5 0 .74 , and this is integrated for 9H. 

The next absorbance is assigned to the ester OCH2 at C l l  at 5 3 .94 , observed as a 

singlet, and is integrated for 2H. Following this, there is a singlet peak at 5 4 .79 , 

indicating the C4 chiral CH and is integrating for IH . Another singlet peak can be seen 

at 5 5.01 for the benzyloxy OCH2 at the C19 position, and integrating to 2H. Between 5 

6.40 and 6 .49  there is a multiplet absorbance, of three aromatic protons, and assigned 

to positions C9, C7 and C6. At 5 6 .84  there is a doublet absorbance, integrating for 2H,
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with a coupling constant va lue of J = 8 .0 4  Hz, Indicating the  A r-H  protons a t C17 and 

C 17'. At 6  7 .0 5 , a doublet is observed, in tegrating  fo r 3H , J = 8 .8 0  Hz, indicating the Ar- 

H protons a t positions C 16 , C 16 ' and C 21. At 5 7 .1 0 . an apparant doublet is observed, 

in tegrating  for 3H , with a coupling value of J = 7 .2 4  Hz, and is assigned to the Ar-H  

protons at C 21 ', C22 and C 22'. At 5 7 .3 5 , a singlet is observed, in tegrated for IH ,  for 

the A r-H  proton a t C 23 . At 5 7 .5 4  a broad singlet in tegrating  for IH  is assigned to the  

OH group at the  C 8  position. Finally a t 6  7 .61  an other broad singlet is observed, 

in tegrating  for 2H , which is a ttribu ted  to the  N H 2 protons a t the  C2 position.

•  4

I "I  t ;

tm tf

I •Ml

Figure 2. 19 NMR (upper) and DEPT-13S (lo w er) spectra for benzopyran BE69

In  and D EP T-135 carbon NMR spectra shown in figure 2 .1 9  fo r com pound BE69, 

the te rtia ry  butyl CH 3 groups a t positions C 13 , C 13 ' and C 14 on the es ter chain can be 

observed a t ppm 2 6 .2 1 . At 3 1 .0 4  ppm a signal is assigned to th e  quatern ary  carbon at 

C 12. The C4 chiral CH is observed a t 3 8 .1 6  ppm . At 6 9 .0 9  ppm the  benzyloxy CH 2  of 

the  C19 position is seen as a positive peak in th e  and as a negative  peak in the  

DEPT 135  spectrum . S im ilarily  a t 7 1 .8 8  ppm the OCH 2  of the  C l l  position on the ester 

side chain is confirm ed. At 7 6 .0 9  ppm  the carbon C3 at th e  ester chain is indicated. All 

of the signals assigned fo r the  aryl CH carbons are  observed betw een 102 ppm to 130  

ppm , w ith the rem aining quatern ary  carbon signals observed from  132 ppm to  164  

ppm . The following te rtia ry  and quatern ary  carbon signals are assigned:at 1 0 2 .0 0  ppm  

the  CH o f th e  C9 position, a t 1 1 2 .0 6  ppm the  CH of C7, a t 1 1 4 .3 2  ppm the  carbon at 

C5, at 1 1 4 .5 2  ppm the CH signal o f C 17 and C 17 ' positions, a t 1 1 7 .2 0  ppm the  CH of
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positions C21, C21' and C23, at 127.51 ppm the CH of C22, at 129.62 ppm the CH of 

C16, at 130.12 ppm the CH of C6 . The follow ing quaternary carbon signals are 

assigned: at 132.69 ppm the C of C15, at 141.48 ppm the C o f position C20, at

155.88 ppm the C -0 of CIO, at 156.35 ppm the C-OH group at C8 , at 158.38 ppm the 

Bn-C-0 at position C18, at 160.20 ppm the 0-C-N of the C2 position, and fina lly at 

164.91 ppm the carbonyl C = 0  signal is identified.

In the IR spectrum the absorbances fo r BE69 were consistent w ith the structure and 

were assigned as follows; 3483.73 cm \  (OH); 3465.83 and 3386.24 cm \  (NH2 );

1685.80 cm \  (C = 0 );and  1669.72 and 1636.22 cm \ (  C=C).

The mass spec HRMS (E l) fo r fo r BE69 , C2 8 H3 0 NO5 [M ’" + Na] requires (m /e) 

460.2124; the value found was 460.2114, ( + 2.17 ppm). The novel neopentyl 2-am ino- 

benzyloxyphenyl-4/-/ chromene carboxylate fo r BE69 was thus identified.

2 .6 .3  XRD C rystallography S tructu re  of 4 -(3 -B en zy lo xyp h en y l)-4W - chrom ene  

BE70

The X-Ray structure for an example of the series of 4-(benzyloxyphenyl)-4rt- 

chromene BE70 was determ ined. The results are illustrated in Figures 2.20 and the 

ORTEP representation of the X-Ray structure (Thermal ellipsoids set at 50% 

probability) is shown in Figure 2.21. The crystal data and structure refinem ent for 

BE70 is displayed in Table 2.8.
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BE70

HO NH

Figure 2. 2 0  Crystal structure o f BE70

IJ25b

H 2 5 a

irTi c ii
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c /  ' f  ‘

On 2a

Figure 2. 21 ORTEP representation of the X-ray crystal structure o f BE70, the therm al 

ellipsoids are set at 50% probability
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Identification code shelxl

Empirical formula C200 H 184  N8 0 4 0

Formula weight 3 3 3 9 .5 5

Tem p era tu re 1 5 8 (2 )  K

W avelength 0 .7 1 0 7 5  A

Crystal system m o n o c l in ic

Space group C 2/c

Unit cell dimensions a =  3 6 .7 0 6 ( 1 4 )  A a =  9 0 ° .

b = 1 0 .4 9 1 (4 )  A B= 1 0 2 .5 0 5 ( 6 ) ° .

c =  1 1 .1 7 8 ( 4 )  A Y =  9 0 ° .

Volum e 4 2 0 2 (3 )  A^

Z 1

Density (calculated) 1 .320  Mg/m^

Absorption coefficient 0 .0 9 2  mm'^

F(OOO) 1760

Crystal size 0 .4 0  X 0 .3 0  X 0 .2 0  mms

Theta range for data  
collection 1 .14  to 2 5 .0 0 ° .

Ind ex  ranges
-4 3 <  =  h < = 4 3 ,  - 1 2 <  = k<  = 12, - 
1 3 <  =  1< =  13

Reflections collected 14801

Independ ent reflections 3 6 4 4  rR (in t)  =  0 .05261

Completeness to theta = 
2 5 .0 0 ° 9 8 .2 0 %

Refinem ent method Full-matrix  least-squares on F̂
Data /  restraints /  
param eters 3 6 4 4  /  0 /  282

Goodness-of-fit  on P2 1 .289

Final R indices r i> 2 s ig m a ( I ) l R1 = 0 .0 7 1 1 ,  wR2 =  0 .2 1 6 2

R indices (all data) R1 = 0 .0 9 5 6 ,  wR2 =  0 .2 6 5 2
Table 2. 8  Crystal data and structure refinem ent for shelxl. BE70
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2.7 Series 7: 4-(3,4,5-Trimethoxyphenyl)-4H-chromenes with 

variation of the Rz ester at C-3

O ' HO

EtOH

OH Piperidine
HO' NH.

SchemeZ. 16  General synthetic scheme fo r 4 -(3 ,4 ,S -trim etho xyp h eny l)-4H - chromenes 
BE76-BE87 using varied all<yl cyanoacetate esters

This series of substituted 4-(3,4,5-thmethoxyphenyl)-4/-/-c!iromenes were prepared by 

a one-pot reaction using 3,4,5 trimethoxybenzaldehyde, resorcinol and a selection of 

varied alkyl cyanoacetates in the presence of base piperidine (scheme 2.16). This 

reaction gave good yields of products in the range 18-80% (see table 2.9). A library of 

9 trim ethoxy 4W-chromene compounds with variation of substituents on Rj C-3 aryl 

ring, was produced. This series was of interest as it was proposed that these 

compound structures may contribute additional potency due to known affinity of the 

3,4,5-thmethoxyphenyl substituent for tubulin (as observed for combretastatin type 

stilbenes) and may contribute to the increased and complimentary antiproliferative 

ativity for these compounds[147].

2.7 .1  Results series 7 Synthesis of the library of 3,4 ,5-trim ethoxyphenyl 

chromene compounds

Synthesis of compounds BE76-BE87 illustrated in Table 2.9 was achieved by using the 

general reaction scheme (Scheme 2.16). The products obtained are illustrated in Table 

2.9, below.
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BE87
49%
CLogP; 7.40

BE86
60%
CLogP: 7.18

NH HO' NHHO

BE76-BE85

No. R2 Group
%

Yield
CLogP No. R2 Group

%

Yield

CLog

P

BE76
0

46 4.06 BE81

0

0 42 3.64

BE77 32
5.06

BE82

0

35 4.70

BE78
0

56

5.28

BE83
0

18
5.93

BE79
0

\ ^ o - x
23

5.15

BE84 sKO 80 5.32

BE80 /0? 41
3.25 BE85

0
39

3.82

Table 2. 9 The selection o f 4 -(3 ,4 ,5 -trim ethoxyphenyl)-4H -chrom ene compounds 
BE76-BE87 with variation in the structure o f  the ester substituent R2.

*CLogP calculated using Chemdraw Ultra version.

The results obtained (shown in table 2.9) are a selection of 4 -(3 ,4 ,5 - 

trim ethoxyphenyl)-4W -chrom enes BE76-BE85 with yields ranging from 18 to  80%. 

There was also an additional subset of 4-(2,4-d ichlorophenyl)-4H -chrom enes 

synthesised BE86 and BE87. The selection of compounds in table 2.9 have an 

extensive variation in the type of esters substituent located at the chromene C3 

position, some of which include lipophilic and stericallly hindered groups which may 

potentia lly  contribute to selectiv ity in ER antagonistic activ ity  such as observed fo r
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fulvestrant[74]. CLogP values were in the range 3.2 -  5.9 in this series and higher 

CLogP values were calculated for the compounds BE86 and BE87(CLogP = 7.18 and 

7.40 respectively) due to the lipophilic ester and dichlorophenyl substituents.

2 .7 .2  Spectroscopic identification

Identification of each chromene compound was achieved using Nuclear Magnetic 

Resonance (NMR) spectroscopy, Infared (IR) spectroscopy, and Mass 

spectrometry(MS). The following figures 2.22 and 2.23 present the NMR spectra for 

compound BE76. Discussion of the NMR spectra for compound BE76 as an example is 

useful to illustrate the identification of each compound in this series.

1 6 '

• N

• •

HO'

• »

110

0

Figure 2. 22^  H NMR Spectrum BE76

In the NMR spectrum in figure 2.22 for compound BE76, the 2,3,4-trimethoxy 

group protons are identified between 5 ppm 3.58 and 6 3.68, with the OCH3 of the C17 

position at 6 3.58 as a singlet integrated to 3H, and the two other OCH3 groups of the 

C16 and C16' positions at 5 3.68 as a singlet integrating for 6 protons. Next is the 

OCH2 group of C l l  on the ester side chain observed as a multiplet between 5 3.95 to 

4.00, and integrating for 2H. The chiral CH at the C4 position is observed at 4.72 ppm 

as a singlet absorbance, and is integrating for IH . The 3x CH protons on the double 

bond of the ester side chain, one at C12 and two at C13 are seen here occurring as a
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multiplet absorbance between 6 5.27 to 5.32, integrating for 3H. Between 6 6.42 to 

6.44 a multiplet absorbance is observed, integrating to 3H and this peak is assigned to 

the Ar-H groups at positions C15, C15' and C9. Between 5 6.44 to 6.49, 

anothermultiplet is observed, integrating for IH , and assigned to the Ar-H at C7. At 5 

7.04 a doublet is observed, with a J coupling constant of 8.53 Hz, integrating for IH , 

and is assigned to the Ar-H proton at C6. Finally at 6 7.59 a broad singlet absorbance 

can be assigned to the NH2 group protons at C2, integrated for 2H. The signal 

corresponding to the OH group was not observed.

I •»

e

10

Figure 2. 2 3  NMR (upper) and DEPT 1 35  (lo w e r) spectra for benzopyran BE76

In and DEPT-135 carbon NMR spectra (Fig 2.23) for compound BE76 the chiral CH 

at C4 is observed at 38.86 ppm in the and 39.17 ppm in the Dept 135 spectrum. 

The absorption at 55.70 ppm is assigned to the three OCH3 groups CIS, C16' and C17. 

At 58.56 ppm a positive signal is observed in the ^^CNMR for the CH2 group at C l l  and 

a negative peak in the DEPT 135. At 76.37 ppm the signal for the carbon on the C3 

side chain is observed in the spectrum. From 102 ppm to 135 ppm the aryl CH 

carbons were assigned and the quaternary carbons were observed between 144 ppm 

to 168 ppm. The tertiary carbons (CH) were assigned as follows: at 102.03 ppm the 

CH at C9, at 104.08 ppm the CH at C15 and C15', at 116.59 ppm the carbon at the C5 

position, at 129.75 ppm the CH at C13 and at 132.23 ppm the CH at C6. The

109



quaternary carcons were assigned as follows: at 135.61 ppnn the C at C14, at 144,46  

ppm the C-OCH3 at C17, at 149,06 ppm the C-OCH3 at C16, C16', at 152,53 ppm the 

C-0 at CIO, at 156.73 ppm the C-OH at C8, at 161.08 ppm the 0-C-N at C2, and lastly 

at 168.39 ppm the C =0  group was observed.

The IR spectrum absorbances for compound BE76 were identiifed as follows; the 

characteristic OH absorption was noted at 3560,58 cm'^; for the NH2 group, the 

absorbances at 3464.12 cm’  ̂ and 3379.72 cm'^ were observed, and for the C =0  

group, the characteristic absorbance at 1671,47 was noted, while the absorbances at 

1645.91, 1636.49 and 1628,93 cm ^were attributed to the C=C and aromatic 

functional groups.

In the mass spectrum HRMS (El) for BE76, the molecular ion for C22H23NNa07 +

Na] requires (m /e) 436,1372; the value found was 436,1382, ( + 2.2 ppm). The 

structure of the novel allyl 4-(3,4,5-trimethoxyphenyl)-2-amino-4/-/-chromene 

carboxylate ester BE76 was thus confirmed.

2 .7 .3  XRD Crystallography Study of 4 -{3 ,4 ,5 -tr im e th o x y p h e n y l)-2 -a m in o -4 H -  

chrom ene carboxylate  es te r BE79

Figure 2.24 (a) shows the crystal structure of chromene compound BE79 which was 

obtained after purification and recrystallisation using slow solvent evaporation. As with 

all of the compounds produced in this series, compound BE79 is chiral and therefore is 

obtained as a racemic mixture (50:50) ratio as can be seen below. The ORTEP 

representation of compound BE79 is displayed in Figure 2 ,24(b) clearly showing the 

two enantiomers.. The crystal data and structure refinement for BE79 are displayed in 

Table 2.10.
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HO' NH
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Figure 2. 24(a) BE79 X-Ray Crystal S tructure showing enantiomers (b) ORTEP 

representation of the X-ray crystal structure of BE79 showing both R and S isomers 

w ith 50% therm al ellipsoids; (c) Crystal structure of compound BE79 (Blue) flexib ly 

aligned over energy minim ised structure of BE79 (yellow)obtained w ith MOE software

The XRD crystal structure of BE79 was compared w ith an energy m inim ised conform er 

of compound BE79 using the MOE (Molecular Operating Environm ent software; see 

Chapter 3). Figure 2.24(c) shows the XRD crystal structure of BE79 (blue) flexib ly 

aligned over energy minim ised version of BE79 (yellow ). Both structures are fixed. As 

can be seen both crystal structure and energy m inim ised structure are a very s im ila r fit 

over each other. However, m inor differences can be seen in the conform ations of the 

trim e thoxy substituent of the aryl ring and a more noticeable difference can be seen in 

the conform ations of the fe rfbu ty l ester feature on the C-3 side chain. In the MOE 

energy m inim ised model (yellow) the side chain ester is positioned at a 180° angle but 

on the actual crystal structure image (b lue) the side chain can be seen to be at a 90° 

angle.
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Identification code shelxl
Empirical formula C96 H116 N4 028
Formula weight 1773.93
Temperature 150(2 ) K

Wavelength 0 .71073  A

Crystal system Monoclinic

Space group P 2 ( l ) /c

Unit cell dimensions a = 6 .24 30 (12 )  A a =  90°.

b = 11 .639(2) A 3= 9 9 .6 1 (3 )° .

c = 3 0 .160 (7 )  A

1
OO

1

Volume 2 160 .7 (7 )  A3
Z 1
Density (calculated) 1.363 Mg/m3
Absorption coefficient 0 .100 mm-1
F(OOO) 944
Crystal size 0 .40 x 0.20 x 0.10 mm3
Theta range for data 
collection 1.37 to 25.00°.

Index ranges
-7 <  = h< = 5, -13 <  = k< = 13, 
35<  = I< = 35

Reflections collected 16248
Independent reflections 3730 FR(int) = 0.11251
Completeness to theta = 
2 5 .00° 9 7 .7 0%

Absorption correction Semi-empirical from eguivalents

Max. and min. transmission 1.0000 and 0.5919

Refinement method Full-matrix least-squares on F2
Data /  restraints /  parameters 3730 /  0 /  297

Goodness-of-fit on F2 1.365
Final R indices r i> 2s ig m a (I) l R1 = 0 .1714 , wR2 = 0 .4146
R indices (all data) R1 = 0 .1942, wR2 = 0 .4423
Largest diff. peak and hole 0 .621 and -0 .702  e.A-3

Table 2. 10  Crystal data and structure refinem ent for shelxl. BE79
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2.8 Series 8: 2,7-Diamino-4H-chromenes with arylbenzyioxy 

ether substituent at C-4 and selected esters at C-3.

OH

Br

K2CO3

CH3CN

,0

R= 5-CI 
6-F 
4-CH

O

Schem e!. 17  General synthesis o f benzyloxybenzaldehydes

R i=  5-CI

.O
+

H

O

6-F
4 - C H 3

H2N

R1= ethyl 
methyl 
ferf-butyl

Eton

OH Piperidine

NH

BE88-BE91

Scheme2. 18  General synthesis o f 2,7-d iam ino-4-benzyloxyphenyl-4H-chrom enes
BE88-BE91

2.8.1 Results series 8: Synthesis of the library of 2,7-diam ino chromene 

compounds

Series 8 compounds BE88-BE91 (2,7-diannino- 4-benzyloxyaryl)-4W-chromenes) were 

prepared to investigate the effect on biological activity of the introduction of the 

primary amine(NH2 ) in place of the phenolic group at positopn 7 of the chromene 

scaffold. The desired chromenes were prepared firstly by synthesis of the appropriate 

benzyloxybenzaldehydes by reaction of 4-hydroxybenzaldehyde, the appropriate 

benzyl bromide and potassium carbonate in acetonitrile (scheme 2.17). The 

appropriate benzyloxybenzaldehyde was then reacted with 3-aminophenol and a
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selection of varied alkyl cyanoacetates in the presence of base piperidine (scheme 

2.18.) in solvent ethanol. This reaction gave good yields in the range 11-64%  (see 

results Figure 2.25). A selection of substituted 4-benzyloxyaryl- 4W-chromene 

compounds was produced with variation of substituents (R2 ) at position C-3 of the 

chromene ring system.

NH
BE88
11%
CLogP: 5.64

F

NH
BE89
17%
CLogP: 5.25

Cl

H2N NH
BE90
64%
CLogP: 6.35

H2N NH
BE91
35%
CLogP: 5.61

F

NH
BE92
12%
CLogP: 7 11

Figure 2. 25  2,7-D iam ino-4-benzYloxyphenyl-4H-chrom enes BE88-BE91

*CLogP calculated using Chemdraw Ultra version.

Figure 2.25 shows the structures of the five 2,7-diaminochromenes BE88-BE91  

synthesised for the series. Synthesis was achieved using 3-aminophenol in place of the 

previously used resorcinol for the Knoevenagel condensation reaction. Yields ranged 

from 11 to 64% . CLogP values ranged from 5.2 to 7.11 depending on the alkylcyano 

acetate ester chosen. It may be possible to modulate these values further with 

introduction of a phenolic hydroxy group on the 4-benzyloxyaryl ring.
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2 .8 .2  Spectroscopic identification

Identification of each chromene compound in this series was achieved using Nuclear 

Magnetic Resonance (NMR) spectroscopy, Infared (IR) spectroscopy and Mass 

spectrometry(MS). The following figures 2.26 and 2.27 display the NMR spectra for 

compound BE89. Discussion of the NMR spectra of this compound is used as an 

example of the characteristic features in the identification of this series.
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Figure 2 . 2 6  NM R spectrum  o f  BE89

In the NMR spectrum (in figure 2.26) for compound BE89 displayed, a broad 

absorbance for one of the IMH2 group at C2 is identified at 5 1.97 integrating for 2 

protons. At 6 3.93 a singlet signal is observed indicating the methyl ester at C l l ,  and 

integrated for 3 protons. At 6 4.65 the chiral CH at C4 is seen as a singlet integrating 

for IH . At 6 5.04 the OCH2 at position C16 is seen as another singlet integrated to 2H. 

At 5 6.00 a doublet is observed, IH , and integrated for J=7.51, is identified as Ar-H at 

the C9 position. Between 5 6.23 to 6.28 a multiplet is observed, integrating for 2H, 

and assigned to the Ar-H protons at C7. Between 6 6.75 to 6.78 is another multiplet, 

IH , indicating the Ar-H at C6. A doublet is observed at 5 6.85 with a J coupling 

constant value of 8.41 Hz, integrating for 2H, and assigned to the Ar-H protons at C14 

and C14'. At 5 7.03 another doublet is indicated, with a J coupling value of 8.53 Hz, 

and is integrated to 2H, indicating the Ar-H protons at C19, C19' and C13 and C13'. 

Between 5 7.19 and 7.25 a multiplet is seen, integrating to 2H, for the Ar-H at C18 

and CIS'. At 6 7.39 another multiplet is identiifed, integrating for IH , indicating the Ar-
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H at C6. Finally at 6 7.53 a broad singlet peak is observed, integrated to 2H 

corresponding to the second NH2 group at C8.
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Figure 2. 2 7  NMR (u p p e r) an d  D E P T -135  ( lo w e r)  spectra fo r  benzopyran
com pound BE89

In and DEPT-135 carbon NMR spectra in fig 2.27 for compound BE89 the C4 chiral 

CH can be seen at 38.09 ppm in both the and the DEPT-135 spectra. The C l l  

methyl ester peak is seen at 58.45 ppm in the spectrum. The C16 OCH2 is observed 

assigned to the signal at 63.37 ppm as a positive peak in the spectrum and is 

confirmed as a negative peak in the DEPT-135 spectrum. At 76.99 ppm the C3 carbon 

is observed. All of the aryl tertiary carbons(CH) occurred between 103 ppm to 130 ppm 

together with with two quaternary carbons occurring in this region and the remaining 

quaternary carbons observed as positive peaks in the spectrum from 103 ppm to 

168 ppm; the CH at the C9 position was identified at 103.22 ppm, the signal at 105.37 

ppm indicates the CH group at the C7 position, the signal at 110.91 ppm was assigned 

to the C at C5, while the CH at the C14 position was identified at ppm 114.17. The 

following signals were also assigned:at 115.24 ppm the CH at C19', at 124.04 ppm the 

CH at C19, at 124.47 ppm the C at the C17 position, at 127.90 ppm the CH at C18, at 

129.31 ppm the CH at C13, C13' and C18', and at 130.21 ppm the CH at C12. The 

following quaternary signal were aso identified: at 130.61 ppm the C at C12, at 148.27 

ppm the C-N at C8, at 149.12 ppm the C -0 at position CIO, at 156.13 ppm the signal 

indicates the Bn-C-0 at C15, at 158.06 ppm the 0-C-N at C2, at 161.11 ppm the C-F 

at C20 and at 168.50 ppm the C =0  group is assigned.
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In the IR spectrum fo r compound BE89 the absorbances were as follows; 3494.05 and 

3384.81 cm ^CNHz) ; 1668.37 cm \  (C = 0 ) and 1630.31 and 1622.41 cm'^ fo r the C=C 

group absorptions..

The mass spec HRMS (E l) fo r BE89, was determ ined fo r C2 4 H2 2 FN2 O4  + H] which

requires (m /e) 421.1564; the value found was 421.1564, (+0 .1  ppm). The analysis 

confirmed the identity  of the novel 2 ,7-d iam ino-4-(2-fluorobenzyloxyphenyl)-4W - 

chromene m ethylcarboxyla te BE89.

2.9 Series 9: 4-Benzyloxyaryl chromenes w ith N,N- 

dimethylamino substituent group at C-7

Scheme 2.19 shows the synthetic route used fo r the 7 -d im ethylam ino-2-am ino-4- 

benzyloxyphenyl-4W -chromenes B E 93-98 , performed using 3-dim ethylam inophenol 

w ith structura l variation on the benzyloxy position. The reaction produced 7- 

dim ethylam ino substituted chromenes in contrast to the 7-am ino substituted 

compounds obtained in series 8 . Ri was varied w ith a selection of benzyloxy 

substitutions, along with a varie ty of esters R2  on the C-3 position of the chromene 

ring. These products would allow a study of the effect of replacement of the C-7 OH 

and NH2  o f the previous series of compounds w ith a N,N-dim ethylam ino functional 

group. Yields ranged from  4 to 91%. CLogP values were between 7.2 to 11.3, and are 

observed to be higher than compared w ith the previous 2,7-d iam ino series 8 , due to

R

EtOH

Piperidine

O

Schem e!. 19  General synthetic route for 7 -d im ethylam ino-2-am ino-4- 
benzyloxyphenyl-4H-chrom enes BE93-98
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the  lipophilic structures of the esters used and also the te rtia ry  am ine at C-7, 

compared to the prim ary amine as in previous series 8. The different benzyloxy type 

substitutions were chosen to complement the compounds synthesised in series 8, and 

to afford a range of compounds fo r s tructu re -activ ity  studies

2.9 .1  Results series 9

NH
BE93
46%
CLogP: 8.79

NH
BESS
67%
CLogP: 7.57

NH
BE97
4%
CLogP: 7.28

NH
BE94
62%
CLogP: 8.43

0 
BE96
87%
CLogP: 8.34

N ^  0
I BE98

91%
CLogP: 11.34

Figure 2. 28  D im ethylam ino-4-(4-benzyloxyphenyl)-4H-chrom enes BE93-BE98

*CLogP calculated using Chemdraw Ultra version.

The results of series 9 displayed in Figure 2. 28 are a series of six 7-N,N- 

d im ethylam ino-4-(4-benzyloxyphenyl)-4W -chrom enes synthesised using the 

Knoevenagel condensation reaction; the general synthesis shown in scheme 2.19.
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2 .9 .2  Spectroscopic identification

Identification of each chromene compound fo r series 9 was achieved using Nuclear 

Magnetic Resonance (NMR) spectroscopy, Infared (IR) spectroscopy, and Mass 

spectrom etry(M S). The follow ing figures 2.29 and 2.30 display the NMR spectra fo r 

compound BE93. Discussion of the NMR spectra of BE93 is used as an example of the 

structura l identification of each compound in this series.

on

0^

0«
i
i •«

030

0 .

Oli

010
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0

Figure 2. 29  NMR Spectrum fo r compound BE93

In the NMR spectrum displayed in figure 2.29 fo r compound BE93, a singlet 

absorbance for the three CH3 groups C13, C13' and C13" on the neopentyl ester chain 

were identified at 6  0.74 and is integrated for 9 protons. The methyl group on position 

C21 can be seen at 6  2.28 as a singlet integrated for 3H. The C8  N ,N -dim ethylam ino 

group was identified as a singlet at 5 2.84 and integrated fo r 6 H. At 6  3.35 a singlet 

was observed fo r the CH2  group at position C l l  adjacent to the ester, and is 

in tegrating fo r 2H. At 5 4.76 a singlet denoted the C4 chiral CH and integrates fo r 1 

proton. The singlet at 6  4.95 and integrated to 2H, is assigned to the benzyloxy CH2  

group at the  C16 position. At 5 6.41 a singlet signal is observed, integrated to IH , 

indicating the Ar-H proton at C9. At 5 6.46 a doublet is seen, J = 6 . 8 8  Hz, in tegrating 

fo r IH , and assigned to the Ar-H at C7. Another doublet signal is observed at 6  6 .6 8 , 

J=7 .42 , in tegrating fo r IH , fo r the Ar-H at C6 . At 5 6.82 a doublet signal was observed 

w ith a coupling J constant of 7.14 Hz, and integrating fo r 2H, fo r the Ar-H protons at 

the C14 and C14' positions. At 6  7.08 a doublet absorbance can be observed, w ith  a 

coupling constant value of 7=7.04 Hz, and integrating for 2H, indicating the Ar-H 

protons at positions C13 and C13. At 5 7.16 another doublet was observed, J=8.03 Hz,
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in tegrating  for 2H , fo r the  A r-H  protons at C 19 , C 19 '. A final doublet signal was 

observed at 6  7 .2 5  with a J coupling value of 7 .2 2  Hz, in tegrating  fo r 2H , and assigned 

to th e  A r-H  protons C 18 and C 18 ' positions. Finally a broad singlet absorbance was 

observed at 6  7 .6 2  and in tegrating  for 2H , this indicate the N H 2 group protons at the  

C2 position.

' ' N '
I8

>0

I
I
tI

F igure 2. 3 0  NM R (u p p e r) and  DEPT 1 3 5  ( lo w e r )  spectra  fo r benzopyran  BE93

In  the  and D EP T-135 carbon NMR spectra displayed in fig 2 .3 0  for com pound BE93  

the  CH 3 group at position C21 was observed at 2 0 .7 6  ppm in both the  and the  

D EP T-135 spectra. The signal fo r the  th re e  m ethyl groups of C 13, C 13 ' and C 13"  are  

observed at 2 6 .2 2  ppm in both spectra. The absorbance of the  q uatern ary  C 12 carbon 

attached to the th ree  m ethyl groups on th e  ester chain can be seen at 3 1 .0 4  ppm as a 

positive peak in the  spectrum . The C4 chiral CH absorbance is observed at 3 8 .8 8  

ppm  in both spectra. The d im ethyl am ino group carbons a t C8  are  identified a t 4 0 .1 2  

ppm in both spectra. The C 15 OCH 2 of th e  benzyloxy group is observed at 6 8 .9 8  ppm  

as a positive peak in the  and a negative  peak in th e  D EP T-135 spectrum . The C l l  

OCH 2 group of the  es te r chain was observed at 7 1 .8 5  ppm as a positive peak in the  

and confirm ed as a negative  peak in the  D E PT-135 spectrum . The carbon of the C3 

ester chain was observed at 7 6 .2 7  ppm as a positive peak on the  spectrum . There  

are 6  absorbances indicating the  aryl hydrogens (C H ) from  98 ppm to 129 ppm . There  

is one quatern ary  carbon identified at 1 1 4 .1 6  ppm and the  rem aining quaternary  

carbon signals are seen from  134 ppm to  168 ppm . The following te rtia ry  arom atic  

carbon signals are assigned as follows: at 9 8 .6 0  ppm th e  CH group at position C 9, a t
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109.24 ppm the CH of the C7 position, at 114.16 ppm the carbon of the C5 position, at 

114.49 ppm the CH o f C14 and C14', at 127.44 ppm the CH groups of C18 and C18', 

at 128.91 ppm the CH of positions C19, C19' and C13, C13', at 129.26 ppm the CH of 

C6 . The follow ing quaternary carbon signals were assigned: at 134.18 ppm the carbon 

of C12, at 136.87 ppm the C of C20 and at 141.32 ppm the carbon of C17. In addition 

the followoing quaternary signals were identified: at 148.79 ppm the C-N at C8 , at 

149.85 ppm the C -0 of the CIO position, at 156.42 ppm the C -0 of C15, at 161.58 

ppm the 0-C-N at C2, and fina lly  the quaternary signal fo r the C =0  group was 

assigned at 168.62 ppm

The characteristic IR spectrum absorbances for compound BE93 were identified as 

follows; 3475.83 and 3263.98 cm ^(N H 2 ) 1666.12 cm ‘S (C =0) and 1634.48 and 

1611.68 cm -^(C=C).

The mass spectrum HRMS (E l) fo r BE93, C3 1 H3 7 N2 O4  [M^ + H] requires (m /e) 

501.2753, and the value found was 501.2774, (+4 .1  ppm). This result confirm ed the 

structure proposed fo r the novel 7-d im ethylam ino-2-am ino-4-m ethyibenzyloxyphenyl- 

4H-chromene compound.
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2.10 Series 10: 4-Arylchromene compounds synthesised with 

ester subsuituents introduced at C-7

OH

O CH2CI2

BE6 BE99-BE111
Schem e!. 2 0  General synthesis o f 2-am ino-4-m ethoxyphenyl-4H-chrom enes with

ester substituents a t C-3 and C-7

A series of chromenes B E 9 9 -B E 1 11  with structural variations on the ester substituent 

at C-7 was also synthesised. This series of ester derivatives, 13 in total, were obtained 

by reaction of the chromene phenolic group at C-7 of compound BE6 with an 

appropriate acid chloride (scheme 2 .20 ). The chromene products were obtained using 

catalytic triethylam ine and structurally varied acid chlorides in anhydrous solvent 

CH2CI2 to yield the diester products B E 9 9 -B E 1 1 1 . These ester compounds were 

designed to investigate the effect of introduction of a potentially stericallly hindered 

substituent at C -7, rather than at C-3 as outlined in the previous series of compounds 

(e.g. see Series 6 chromenes) and monitor the potential effect on the ER LBP. Initial 

molecular modelling experiments and biochemical ER binding studies had indicated 

that exploring the introduction of lipophilic ester substituents at the C -7 position of 

chromene BE6 would be beneficial for optimising ER LBP interactions. (Chapter 1 and 

Chapter 4 ).
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2.10.1 Results series 10

No. R Group %  Yield CLogP No. R Group %  Yield CLogP

BE99
0

52
4.44

BE106 76
7.44

BEIOO 20

6.57
BE107 86

7.7

BElOl Po

23

5.88

BE108

0 —

44

5.99

BE102 73

5.50

BE109 51

5.94

BE103 ,aX) 88
6.29

BEllO 27

5.90

BE104 89

7.06

BElll 50

6.10

BE105

0

39

8.37

Table 2. 11 Library o f chromene compounds BE99-BE111 produced w ith structural 
variation in the ester substituent a t C-7

*CLogP calculated using C hem draw  Ultra version.
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Table 2.11 displays a wide varie ty of chromenes BE99-BE111 with substituted esters 

at C-7. Synthesised products contain a second ester group at C-7 of the chromene 

product in addition to  the ester at C-3 as in the previous series 1-9. Yields were in the 

range 20 to 89 %. CLogP values were higher in the series 10 when compared to the 

previous compounds in se rie s l-9  due to the introduction of the additional lipophilic 

ester a t C-7 in place of the hydrophilic polar C-7 OH, and in addition to the C-3 ethyl 

ester.

2 .1 0 .2  Synthesis o f4H -chrom ene ester BE108

Scheme 2.21 shows the synthesis of the 4W-chromene ester BE108.

Anhydrous CH2CI:

NH

Schem e!. 21 Synthesis o f compound BE108

2 .1 0 .3  Spectroscopic identification

Identification o f each chromene compound was carried out using Nuclear Magnetic 

Resonance (NMR) spectroscopy, Infared (IR) spectroscopy, and Mass 

spectrom etry(M S). The follow ing figures 2.31 and 2.32 display the NMR spectra fo r 

compound BE108. Discussion of the NMR spectra is provided as an example of the 

identification o f each molecule in th is series.
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Figure 2. 31 NMR spectrum for BE108

The ‘ H NMR spectrum  for th e  7 -(3 ,4 ,5 -tr im e th o x y b e n zo y lo x y )c h ro m e n e  compound 

B E 1 0 8  is illustrated in figure 2 .3 1 . At 5 1 .21  th ere  is a tr ip le t absorbance for the CH 3  

group on the ester chain a t the  C 12 position, and is in tegrating  for 3 protons with a J 

coupling constant va lue of 7 .2 8  Hz. At 6  3 .7 7  a singlet absorbance can be observed, 

in tegrating  for 3H , indicating the  OC H 3  group of the  C 16 position. At 5 3 .9 5  a singlet 

signal is observed, in tegrating  fo r 9H protons fo r the  th ree  O C H 3  groups of th e  C19, 

C 19' and C 19" positions. At 6  4 .1 0  a m ultip let is observed fo r the  OCH 2  group at C l l  

on ethyl ester chain, this in tegrating  fo r 2 protons. At 6  4 .9 5  a singlet absorbance was 

observed in tegrated  to IH ,  fo r the chiral CH a t C4. A broad peak can be seen at 5 6 .3 4  

for the  NH 2  group a t C2, 2H . At 5 6 .7 8  th ere  is a doublet, J = 8 .1 2 , in tegrating for 2H, 

which is assigned to the A r-H  protons at positions C9 and C7. At 6  6 . 8 6  to 6 .9 0  there  is 

a m ultip let, in tegrating  for IH ,  fo r the  A r-H  proton at C 15. At 5 6 .9 3  a doublet 

occurred, in tegrating  fo r IH ,  J = 7 .0 1 , indicating the  Ar-H  at C 15 '. Between 6  7 .1 5  to 

7 .1 8  a m ultip le t can be seen, in tegrating  to 3H , for th e  A r-H  protons at positions C 14 , 

C 14 ' and C 6 . Finally a t 6  7 .4 4  a singlet absorbance is seen, In tegrating  fo r 2H protons, 

indicating the A r-H  protons at positions C 18 and C 18'.
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Figure 2. 32  NMR (upper) and DEPT 135  (lo w er) spectra for benzopyran BE108

In and DEPT-135 carbon NMR spectra in fig 2.32 for compound BE108 tiie signal 

Indicating the CH3 group of position C12 on the ethyl ester chain was seen at 13.91 

ppnn confirmed in both spectra. The C4 chiral CH signal was seen at 38.79 ppm. At 

54.77 ppm there is the signal assigned to C16 the methyl OCH3, and at 55.87 ppm the 

signal for the trimethoxy groups at positions C19, C19' and C19" are observed. At 59. 

ppm the C l l  CH2 group occurred as a positive peak in the spectrum and a negative 

peak in the DEPT-135 spectrum. At 78.65 ppm the carbon at the C3 position was 

observed in the spectrum. From ppm 106 to 129 the aryl tertiary carbon (CH) 

signals can be seen. The remaining quaternary carbon signals are seen from 133 ppm 

ppm to 168 ppm. The tertiary aromatic carbon signals are identified as follows: at

106.96 ppm the CH at positions C18 and CIS', at 109.29 ppm the CH at C9, at 113.14 

ppm the CH at C15 and C15', and at 117.54 ppm the CH at C7. The following 

quaternary signals were assigned: at 123.64 ppm the carbon at the C5 position,and at 

123.92 ppm the C at C17. The tertiary aromatic signals were also assigned: at 128.12 

ppm the signal for the CHs at CH14 and CH14' positions, and at 129.66 ppm the CH at 

C6 . The remaining quaternary signals were also identified : at 133.64 ppm the C at 

C13, at 139.53 ppm the C -0 at C19', at 148.61 ppm the C -0 at C8 , at ppm 149.14 the 

C-0, at C19 and C19", at 152.61 ppm the C -0 at CIO, at 157.49 ppm the C-OCH3 at 

position C16, at 159.39 ppm the 0-C-N at C2 position, at 164.09 ppm the C =0  at the
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C 20 ' position, and finally at 1 6 8 .8 7  ppm the signal was assigned to the C = 0  at the  C20  

position.

The IR  spectrum absorbances for compound BE108 were assigned as follows; 3 4 9 5 .8 8  

and 3 4 4 3 .9 5  cm 1 6 8 0 .8 7  and 1 7 6 8 .4 1  c m 'S ( C = 0 )  and 1 6 4 9 .2 9  and 1 6 3 1 .7 4

c m ^ (C = C ) .

The mass spectrum HRMS (E l )  for compound BE108, with molecular formula  

C 2 9 H3 0 NO 9  [M^ +  H] requires ( m /e )  5 3 6 .1 9 2 1 ;  the  value found was 5 3 6 .1 9 2 7 ,  ( -1 .1  

p pm ). The analysis confirmed the identity of the ethyl 7 - ( 3 ,4 ,5 -  

t r im e th o x y b e n z o y lo x y ) -2 -a m in o -4 -(4 -m e th o x y p h e n y l) -4 H -c h ro m e n e -3 -c a rb o x y la te  

compound BE108.

2.11  Series 11: Bis 4H -chrom ene compounds

A series of bis 4AV-chromene compounds were synthesised from the phenolic chromene  

BE6 using a series of bis acid chlorides to afford the novel bis 4W -chromene products  

BE112 - BEllS.

HO NH

BE6

CHoCI

NH

BE115

Schem e!. 22  Synthesis o f bis-2-am ino-4-m ethoxyphenyl-4H-chrom ene ester B E llS
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Synthetic route to novel bis (4>y-chrom en-7-yl)terephthalate and bis {4H- 

chrom en-7-yl)phthalate esters

The synthesis of the 6/schromene ester BE115 is shown in reaction scheme 2.23. 

Starting phenolic chromene BE6 was dissolved in anhydrous dichloromethane under a 

nitrogen atmosphere. The appropriate diacid chloride was then added and reaction was 

refluxed for 5 hours and monitored by TLC until no starting material remained. Mono 

ester product was not isolated. The reaction mechanism is indicated in scheme 2,23 

and is initiated by reaction of the phenolic OH with the carbonyl of the acid chloride.

Anhydrous CH2CI2
OH

0

.OH

O

C irC

O

HO, NH
NHj

H ,0

.0 ,

O

H2N
0
0

Scheme2. 23  Synthesis o f diester BE113
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2.11.1 Results series 11 bis chromenes

BE112
40%
CLogP: 7.38

BE114 
20%
CLogP: 8.33

BE113 
98%
CLogP 8.22

96%
CLogP: 7.52

/

Figure 2. 33  Bis 4H-chrom ene compounds BE112-11S

*CLogP calculated using Chemdraw Ultra version.

The bis chromenes prepared (BE112 -  BE115) are displayed in figure 2.33. Four in 

total were produced in this series using phthaloyl, terephthaloyl, suberoyl and sebacoyl 

acid chlorides. The ability to synthesise bis chromenes using this reaction illustrates 

the possibility to obtain a extensive number of varied chromenes depending on the 

type of bis acid chloride used. Yields in series 11 were in the acceptable range of 20 to 

98 percent. CLogP values ranged from 7.38 to 8.33 and were high, this was due to the 

large lipophilic non-polar structures produced and absence any of hydrophilic OH 

groups. The products contain two chromenes separated by a linking aliphatic or
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aromatic functional group. The novel bis chromenes synthesised in this series would be 

of interest for in vitro biochemical evaluation and in silico molecular modelling as 

potential ligands targetting two potential ligand binding pockets in the estrogen 

receptor.

2 .1 1 .2  Spectroscopic Id en tifica tio n

Identification of each chromene compound was carried out using Nuclear Magnetic 

Resonance (NMR) spectroscopy, Infared (IR ) and Mass spectrometry(MS). The 

following figures 2.34 and 2.35 display NMR spectra for compound BE113.

P - :
19 '

sl21
14a''1 2 '

2 3 '/

— OOK

Figure 2. 34  NMR spectrum for BE 113

In the NMR spectrum displayed in figure 2.34 for compound BE113, at 5 1.21 a 

triplet absorbance is assigned for the two CH3  groups at C13 and C13' on the ethyl 

ester and is integrated for 6  protons with a J coupling constant value of 7.02 Hz. At 5 

3.78 there is a singlet absorbance, integrated for 6  protons, indicating the 2 XOCH3  

groups at C21 and C21'. At 5 4.08 there is a quartet absorbance for the 2 xCH2  groups 

at C12 and C12' and this signal is integrating for 4 protons. At 5 4.96 there is a singlet, 

2H, corresponding to the 2xCH at C4 and C4'. At 6  6.34 a broad singlet is assigned to 

the absorbance for the 2 xNH2  groups. At 5 6.79 a doublet peak is seen, integrating for 

4H protons and with a J coupling value of 8.12 Hz, assigned to the Ar-H groups at 

positions C9, C7 and C9' and C7'. Between 6  6.93 to 6.94 a multiplet can be observed, 

integrating for 2H protons, indicating the Ar-H protons at C19 and C19'. At 5 6.98 a
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doublet is observed, J =7 .08  Hz, integrating for 2H, and is assigned to the Ar-H protons 

at C23 and C23'. Following this, a multiplet is seen between 6  7 .16  to 7 .19 , integrating 

for 6 H, for the Ar-H protons at C18, C IS ' , C6 , and C22, C22' and C6 '. Finally at 5 

8 .31 , a singlet peak is observed integrating for 4 protons and this signal is assigned to 

the Ar-H protonss at positions C16, C16' and C17, C17'.

“ 21
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Figure 2. 35  NMR (upper) and DEPT 135  (lo w er) spectra for benzopyran diester
BE113

In and DEPT-135 carbon NMR spectra in fig 2 .35 for compound BE113 the signal 

indicating the CH3 groups at C13 and C13' of the ethyl ester chain is seen at 13.91  

ppm confirmed in both spectra. At 38 .79  ppm there is a signal assigned to the CH at 

C4 and C4'. At 54 .77  ppm the signal is observed for the OCH3 at C21 and C21'. At 

59.10  ppm the signals indicates the OCH2  at C12 and C12'. At 78.57  ppm the signal is 

assigned to the carbon at C3 and C3', while the signal at 109 .14  ppm indicates the aryl 

CH at C9 and C9' and the signal a t l l3 .1 6  ppm indicates the aryl CH at positions C19, 

C19' and C23, C23'. At 117.31 ppm the signal is assigned to the aryl CH at C7 and C7', 

and at 124.23 ppm the quaternary carbon signal is observed for positions C5 and C5'. 

The following tertiary carbon signals are identified: at 128 .13  ppm there is the signal 

for aryl CH at C18, C18', C6  and C22, C22' and C6 '. There is then a signal at 129.77  

ppm assigned to the CH groups at C16, C16' and C17, C17'.The following quaternary  

carbon (C) signals are identified:at 133 .26  ppm the carbon at C14 and C14' positions,
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at 139.46 ppm there is a signal assigned to the carbon at C15 and C15', and at 148.61 

ppm the C -0 at C8  and C8 '. The more upfield quaternary carbon signals are assigned 

as follows: at 148.82 ppm the signal is assigned to the C -0 at positions CIO and CIO', 

at 157.50ppm the signal is observed for the C-OCH3 at C20 and C20', at 159.37 ppm 

there is the signal assigned to the 0-C -N  at C2 and C2'; at 163.52 ppm the carbonyl 

(C = 0 ) groups of C14a and C14a' are indicated, and finally at 168.87 the carbonyl C =0  

groups at C l l  and C l l '  positions are assigned.

The IR spectrum of BE113, the following absorbances were assigned; 3484.38 and 

3380.59 cm'SCNHz); 1671.40, 1666.86 and 1661.83 cm 'S(C =0) and 1645.21 and 

1636.53 cm \  (C=C).

In the mass spectrum HRMS (El) for BE113, the molecular ion C4 6 H4 1 N2 O12 [M^ H] 

requires (m /e) 813.2659; and was found at 813.2659, (-O .lppm ). This result 

confirmed the structural identification of the bis chromene ester BE113.

2.12 Coumarin ring as a scaffold for design of Selective Estrogen 

Receptor Modulators (SERMS)

2.12.1 Introduction

Coumarins are natural or synthetic benzopyran derivatives that form a family of active 

compounds with a wide range of pharmacological properties. Coumarins (lUPAC name 

benzopyrone) can display anticoagulant activity, antipsoriasis activity, inhibitory 

activity on viral proteases, antibacterlal/antitumoral activity, antioxidant activity, 

antiproliferative activity, estrogen-like effects' or central nervous system modulating 

activities[102]. Coumarin has shown anti-tumour activity in vivo, and the therapeutic 

effect is thought to be due to its metabolites (e.g. 7-hydroxycoumarin, 4- 

hydroxycoumarin, (see fig 2 .36 )[148 ]. The discovery of coumarins with weak ER 

activity has potential benefit to clinical therapeutics as such derivatives may be 

developed to be used as therapeutic agents to prevent adverse effects associated with 

menopause, such as osteoporosis, cardiovascular risk (atherosclerosis), or cognitive 

deficiency[149].
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OH

'O ' "O  
a-Benzopyrone

HO ^  O ^O 
7-Hydroxy coumarin

O ^O 
4-Hydroxycoumarin

Fig 2 .36  Basic coumarin structure (ben zo -a -p yro n e), active m etabolites 7- 

hydroxycoumarin, and 4-hydroxycoum arin

4-Hydroxycoum arin preparation

Preparation of many of the coumarin derivatives can be carried out using the 

Pechmann condensation illustrated in scheme 2.24. With simple phenols, the 

conditions are harsh, although yields may still be good. Coumarins can also be 

synthesised using a Knoevenagel type condensation, which was the method chosen in 

this project as the synthesis can be performed quickly in m ilder conditions and relative 

ease and these methods are described in the follow ing section.

,0H  ~ / ,0Cr o o AlCU

OH

OH 0  0

HO OH HO OH

HO P -H

-H,0
O -

OH OH

Schem e!. 24  Reaction mechanism for form ation o f 4-Hydroxycoum arin in the  
Pechmann condensation reaction
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The reaction m echanism  shown in schem e 2 .2 4  for production of 4 -hyd ro xycou m arin , 

is conducted with a strong Bronstedt acid such as m ethanesulfon ic acid or a Lewis acid 

such as AICI3 or acetic acid. The acid catalyses transesterification  as well as keto-enol 

tau to m erlsa tion . A Michael addition leads to  the  form ation  of the coum arin skeleton. 

This addition is followed by a rearom atisa tio n , the subsequent acid-induced elim ination  

of w a te r  gives the  4 -hydroxycoum arin  product [1 5 0 ] .

Research undertaken [1 4 9 , 1 5 1 ] re lated to 3-substitu ted  coum arinic derivatives  

re lated  to Coum estrol (see fig 2 .3 7 ) , showed the presence of estrogenic activ ity  

related to th e ir structural analogy with th e  natural horm one estradiol (see fig 2 .3 2 ) .  

Furtherm ore , a study of the relationships betw een th e  structure of various 3 -  

substitu ted  coum ahns and th e ir re lative  binding affin ities (RBAs) to steroid receptors  

and to th e ir an tip ro life ra tive  activ ity  on hum an breast cancer M CF-7 cells, showed the  

im portance of the  substituents a t positions 3 and 7 in the phenolic r in g [1 4 9 , 1 5 1 ], 

W arfarin  is a clinically availab le anticoagulant which incorporates th e  4 -  

hydroxycoum arin  structure. I t  decreases blood coagulation by inhibiting v itam in  K 

epoxide reductase, an enzym e th a t recycles oxidized v itam in  K to its reduced form  

a fte r it has participated in the  carboxylation of several blood coagulation proteins (Fig 

2 .3 7 ) , [1 5 2 ] .

Coumestrol

HO
Estradiol Warfarin ® Vitamin {phylloquinone)

Fig 2 .3 7  Coumestrol, Estrad io l, W arfarin and Vitamin (phylloquinone).

135



(1): AczO/EtsN : 20h at 180°C

(2 ): H2SO 4/H 2O reflux
OH

HO O H H O ^ O  HO 0 ^ 0
3-Substituted coumarin

Schem e!. 2 5  Synthesis o f 3-(4-hydroxyphenyl)-7-hydroxycoum arin

OH HO
+

T h e  s y n th es is  o f th e  4 -e th y l-3 - (4 -h y d ro x y p h e n y l) -7 'h y d ro x y c o u m a r in  (fig  2 .3 7 )  is 

a c h ie ved  using th e  m o d ified  P e rk in -O g lia lo ro  re ac tio n  [1 5 3 ]  by co n d en satio n  o f 2 ,4 -  

d ih y d ro x y p ro p io p h e n o n e  w ith  c o n v e n ie n tly  s u b s titu te d  p h e n y la ce tic  acids in th e  

p res en ce  o f tr ie th y la m in e  an d  ac e tic  a n h y d rid e  (s e e  sch e m e  2 .2 5 ) .  T h e  reac tio n  leads  

to  a m ix tu re  o f 7 -a c e to x y  d e r iv a tiv e s . A fte r  acid  h yd ro lys is , th e  co rresp o n d in g  7 -  

h y d ro x y c o u m a rin  w as o b ta in e d  [ 1 5 4 ] .

(4)

Scheme2. 26 Synthesis o f Coumestrol ( i )  n-BuLi, i-Pr2NH, THF, -7 8  °C for 2 h then O °C
for 3  h; ( i i )  IM  BBrS, CH2CI2, rt, 72h

A c o n v e n ie n t an d  s im p le  tw o -s te p  m e th o d  fo r  th e  syn th es is  o f co u m es tro l (S c h e m e  

2 .2 6 )  has b een  re p o rte d , w hich  in v o lve s  a b ase  c a ta lys ed  co n d e n s atio n  o f p h en y l 

a c e ta te  e s te r  w ith  b en zoy l ch lo rid e , fo llo w ed  by d e m e th y la tio n  and  s u b se q u en t ta n d e m  

in tra m o le c u la r  cyc lisatio n  [ 1 5 5 ] .

O 1,2-diphenylethane-1,2-diamine  
j j  (O PEN) catalyst

NH2

AcOH
Warfarin

Schem e!. 2 7  Reaction scheme for synthesis o f Warfarin
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In  schem e 2 .2 7  the  reaction schem e for p reparation  of w arfarin  is shown starting from  

4-hydroxycoum arin  and benzylacetone, using a 1 ,2 -d ip h e n y le th a n e -l,2 -d ia m in e  

(DPEN) catalyst, in the presence o f acetic acid and THF. The required 4 -  

hydroxycoum arin  can be prepared using a Pechman condensation as shown in Schem e  

2 .2 4 .

1) 4-Phenyl-3-butene-2-one preparation 

O

'H
KOH

Ph DPEN
l - H 0

Ph
THF

PhAcOH

OH OH
NH

NH

Ph
Ph

OH

Ph Ph

2) Formation of Schiff base

.H

Ph

-N NH, 

Ph Ph

Ph Ph

NH2

3) Cyclisation
Ph

Ph

OH-

OH

Scheme2. 28  Synthesis o f W arfarin
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In s c h e m e  2 .28  t h e  sy n th e s i s  of warfar in  using t h e  OPEN ca ta lys t  is i l lus t ra ted[156] .  

The first s t e p  is s yn th es i s  of t h e  k e to n e  requi red  for  t h e  product ion  of warfar in,  4-  

p h e n y l - 3 - b u t e n e - 2 -o n e .  The  n ex t  s t e p  is t h e  fo rmat ion  of t h e  Schiff ba se ,  with th e  

carbonyl  reac t ing with t h e  a m in o  gro up  of th e  DPEN ca ta lys t  to form t h e  imine.  The  

last  s t e p  of t h e  m e c h a n i s m  is t h e  cyclisat ion of 4 -h y d ro x y c o u m a r i n  with t h e  phenyl 

imine in te rm e d ia te  to  p roduce  warfarin [157] .

This c h a p t e r  r epor t s  sy n th e t i c  m e t h o d s  for d e v e l o p m e n t  of var ious  novel  c o u m a r in s  as  

SERMs, a n d  d e sc r ib e s  t h e  d e v e l o p m e n t  of a Knoevenagel  ty p e  c o n d e n s a t i o n  reac tion 

to afford su b s t i t u t e d  tricyclic cou m ar in  conta ining ring s y s t e m s .  A library of t h e  novel 

p y ra n o o c o u m a r in s  a r e  p r e p a r e d  with s t ruc tura l  varia t ions  of t h e  py ranoco um ar in  

scaffold.  The  analyt ical  identif icat ion t e c h n iq u e s  a r e  descr ibed  and  t h e  c o m p o u n d s  a re  

s u b s e q u e n t l y  eva lu a te d  for biological activity (C h a p te r  3).
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2 .1 2 .2  Series 12 , Pyranocoum arin (p y ra n o [3 ,2 -c ]b en zo p yran -5 - 

one) precursors: Benzylidene m alononitrile  in term ediates

In the present work, in order to  synthesise the required pyranocoumarin (pyrano[3 ,2 - 

c]benzopyran-5-one) products w ith potential activ ity  a t the targeted estrogen receptor, 

the design and synthesis of the libraries required the use of Knoevenagel[116] type 

condensation reactions. A selection of benzylidene m alononitrile interm ediates were 

required on route to the synthesis of final coumarin products. The in itia l library fo r the 

m alononitrile interm ediates prepared is shown below in reaction scheme 2.29.

N ^ —CHo-^N
Piperidine

EtOH

Scheme2. 29  Synthesis o f benzylidene m alononitrile interm ediates

The benzylidene m alononitrile  interm ediates were synthesised as illustrated in reaction 

scheme 2.29. The appropriate benzaldehyde was reacted w ith the m alononitrile in 

ethanol. The reactions were catalysed by piperidine. By using a wide varie ty of easily 

available aldehydes the synthetic method allowed production of a substantia l lib rary of 

varied benzylidene interm ediates, B E116-B E129, shown in table 2.12.
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2.12.3 Results series 12 Synthesis of the library of malononitrile 

intermediates BE116-BE129

No. Intermediate
%

Yield CLogP
No. Intermediate

%

Yield CLogP

BE116

1
CN

nĉ Y ^
H

75 1.35 BE123

H Cl 

CN U L ^ , 28 2.85

BE117

CN

H
44 0.76 BE124

CN 0 —

73 1.09

BE118
CN

H

69 3.11 BE125

NC ON

42 1.44

BE119

OH

CN

H

96 0.76 BE126

H OH 1 

CN
64 0.61

BE120

CN

H
95 1.93 BE127

H

CN
91 2.60

BE121

H

CN Ulo
1

98
2.12 BE128

1 1

CN

O v '
70 0.73

BE122

H

CN

OH 1
90 0.61 BE129

H

CN 90 1.39

Table 2. 12 Benzylidene m alononitrile interm ediates BE116-BE129

*CLogP calculated using Chemdraw Ultra version.

Table 2.12 displays the library totalling 14 compounds produced featuring substitution 

on the aryl ring obtained by using a wide variety of benzaldehydes including 4-methyl 

benzaldehyde, and various methoxy, dioxane, bromo, hydroxyl, benzyloxy and chloro
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substituted benzaldehydes. Yields ranged from 28 to 98%, with good CLogP values not 

greater than 5. However compounds BE117, BE119, BE122, BE126 and BE128 

recorded low CLogP values(ClogP <1) indicating the polar nature of these compounds. 

This facile method of synthesis allowed production of a substantial library of starting 

materials with potential for further synthesis of pyranocoumarin products.

2.12.4 Synthetic route to 2-(4-m ethoxybenzylidene)m alononitrile

Scheme 2.30 demonstrates the synthesis of the library of benzylidene malononitriles 

using compound BE116 as an example. This proposed mechanism for this 

Knoevenagel condensation reaction requires reaction of an aldehyde with malononitrile 

catalysed by pipehdene as shown below.

Scheme2. 30  Synthesis o f in term ediate BE116

2.12.5 Spectroscopic identification

Identification of the library of benzylidene malononitrile compounds BE116-BE129 

was performed using ^H, and DEPT Nuclear Magnetic Resonance (NMR)

Spectroscopy, Infared (IR) Spectroscopy, and High Resolution Mass Spectrometry 

(HRMS). The following figures 2.38 and 2.39 display NMR spectra for compound
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BE116. Discussion of the NMR spectra for BE116 is used as an example of the 

identification of each molecule in this series.

ow
CN

on

on NC

ow

0«t

0«
o x

OJO

010

eas

a

Figure 2. 38  NMR spectrum for benzylidene m alonitrile BE 116

In the proton NMR spectrum as seen in figure 2 .38  for compound BE116, the methoxy 

group can be identified as a singlet absorbance, at 6 3 .94 , and integrates for 3 protons 

for the OCH3 group at the C6 position. At 5 7 .03 a doublet signal was observed for two 

aryl hydrogens at carbon positions C5 and C7, with a J coupling constant value of 7.04  

Hz, and this signal integrated for 2H. At 6 7 .68 there was a singlet for the hydrogen at 

C2 position, CH, integrated to 1 proton. Finally at 5 7 .92  there was seen a doublet, 

with a coupling constant J = 8 .0 2  Hz, integrated to 2H, indicating the aryl protons at C4 

and C8 .
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NC'
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Figure 2. 39  NMR (upper) and DEPT 135  (lo w er) spectra for benzylidene
m alonitrile  compound-BE116

In the and D EPT-135  spectra shown in figure 2 .3 9  for compound BE116, the O C H 3 

at  C5 is indicated in the  signal at ppm 5 5 .3 8 .  Then at 7 6 .2 9  ppm there  is the carbon 

signal of the C =C  double bond at position C l ,  seen as a positive absorbance in the  

spectrum. At 1 1 2 .9 2  ppm and 114 ppm there  are the two signals for each of the CN 

groups. At 1 1 4 .7 0  ppm there  is a signal Indicating 2x aryl CH at C5 and C7, while at 

1 2 3 .5 7  ppm the carbon a t position 3 of the phenyl ring is identified. At 1 3 3 .0 3  ppm  

there  is a signal assigned to the aryl CH at C4 and C8 , and at 1 5 8 .4 5  ppm there  is a 

signal assigned for the CH of the  double bond, C2. Finally a t 1 6 4 .3 8  ppm the signal 

indicating the C -6  quaternary  carbon bearing the O-CHsis  identified.

The IR spectrum absorbances for compound BE116 were confirmed as follows; 

3 1 4 4 .7 6  and 3 0 3 6 .4 1  cm 'S  (CH); 2 2 5 8 .7 5  and 2 2 4 2 .6 2  cm \  (CN) and at 1 6 7 4 .5 1  and 

1 6 2 5 .3 3  cm'^( C = C )  .

The mass spectrum HRMS (E l)  for BE116, CnHsNaO [M"^] requires (m /e )  1 8 4 .0 6 3 7 ,  

value found 1 8 4 .0 6 3 6 ,  ( - 0 .5  ppm ). The analysis confirmed the structure of the 2 - ( 4 -  

m ethoxybenzylidene)m alononitr ile  for compound BE116.
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2.13 Series 13, Pyranocoumarin (pyrano[3,2-c]benzopyran-5- 

one) synthesis

,0 Piperidine

EtOH

OH
CN

CN

NC

H

BE116-129
BE130-139

Scheme2. 31 Synthesis o f pyranocoum arin compounds B E130-139

The general reaction scheme, seen in scheme 2.31, outlines the method used fo r the 

synthesis of the pyranocoumarin (pyrano[3 ,2 -c]benzopyran-5-one) compounds 

B E 130-13 9  illustrated in figure 2.40. The appropriate benzylidene malononitrile was 

added w ith 4-hydroxy coumarin in solvent ethanol. The reaction was catalysed with 

base piperidene. The wide varie ty of previously prepared benzylidene malonitrile 

in term ediate compounds 1 1 6 -1 2 9  allowed synthesis of a library of novel 

pyranocoumarin compounds (see Figure 2.40).
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2.13 .1  Results series 13 Synthesis of the library of 4-arylpyrancoum arin  

(pyrano[3 ,2-c]benzopyran-5-one) products

BE133, 4 %
CLogP: 3.13

BE136, 48%
CLogP: 5.48

BE130, 41%
CLogP: 3.71

BE131, 12%
CLogP: 4,29

BE134, 67%
CLogP: 3.45 '^O

BE137, 54%
CLogP: 2.77

BE132, 60%
CLogP: 3.40 ^ 0

BE135, 45%
CLogP: 3.09

BE138, 14%
CLogP: 2 97

BE139, 11%
CLogP: 3.76

O 
>

O 

NH2

Figure 2. 36  Pyranocoumarins (pyrano[3 ,2-c]benzopyran-5-ones) B E130-139

*CLogP calculated using Chemdraw Ultra version.

The 4-arylpyranocoum arin compounds B E 1 3 0 -1 3 9  displayed in figure 2.40 were 

produced using the reaction scheme shown in Scheme 2.31 . Ten pyranocoumarin 

products were obtained w ith a wide selection of substitutions on the aryl C-4 group.
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Yields varied from 4 to 67%. CLogP values were in the range 2.7 -  5.4, were all within 

Lipinski's rule of 5, showing potential as druggable candidates for therapeutic SERMs 

[158],

0 ^ / 0  Piperidine

Scheme2. 32  Synthesis o f pyranocoumarin product BE130

i / C H N  
- C ~ C  ^  

^C=N

NH

,0

O Hc;

C-CN

NH CN

Scheme2. 33  Proposed reaction for synthesis o f pyranocoumarin BB130

2.13 .2  Synthetic route to pyranocoumarin BE130

Scheme 2.32 shows the reaction scheme for the synthesis of pyranocoumarin 

compound BE130. The proposed reaction mechanism is illustrated in scheme 2.33. 

This Knoevenagel condensation reaction is initiated by attack of the nucleophilic OH of 

the 4-hydroxycoumarin ring on the electrophilic CN of the benzylidene malonitrile
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BE116, followed by a cyclisation of the C-3 of the 4-hydroxycoumarin on the benzylic 

carbon of the benzylidene malonitrile to afford the pyranocoumarin product BE130.

2 .1 3 .3  Spectroscopic identification

Analysis for identification of each pyranocoumarin compound in the series was 

achieved using Nuclear Magnetic Resonance (IMMR) spectroscopy, Infared (IR) 

spectroscopy, and Mass spectrosctrometry(HRMS). The following figures 2.41 and 2.42 

are NMR spectra for compound BE130. Discussion of the NMR spectra is used as an 

example of the identification of each compound in this series.

l«0

01IM

CN

I

o x

OB

OM

Figure 2.41 NMR spectrum for pyranocoum arin BE130

In the proton NMR spectrum as seen in figure 2.41 for compound BE130, the methoxy 

group at C4 can be seen as a singlet absorbance, at 6 3.72 integrating to 3H protons. 

At 5 4.40 a singlet is observed integrated to IH , and is assigned to the chiral hydrogen 

CH at C4. At 5 6.86 there is a doublet absorbance, integrating to 2 protons, the J 

couple constant was valued at 7.24 Hz, indicating the two aryl protons at C3 and C5. 

At 7.17 there is a doublet signal, integrating for 2H, J=8.12 Hz, assigned to the 2xAr-H 

at positions C2 and C6. At 6 7.36 a broad singlet is assigned to the primary amine 

group protons, NH2 , integrated to 2H. Between 5 7.46 and 7.51 a multiplet was 

observed, integrated to 2H, and assigned to two aryl protons at C7 and C9. Another 

multiplet was seen between 7.69 and 7.73 indicating the aryl proton at C8 integrated 

to IH . Lastly at 6 7.89 there is a doublet absorbance, IH , J coupling constant value is

8.03 Hz, and this identified as the aryl proton at the CIO position.
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Figure 2 .42  NMR (upper) and D ept 135  (lo w er) spectra for pyranocoumarin BE130

In the and DEPT 135 spectrum shown in figure 2 .42  for compound BE130, the 

chiral CH at C4 is observed as the signal at 36.17  ppm. The carbon C4' indicating the 

methoxy group was identified at 55.04 ppm. The signal for the C=C double bond of C3 

appeared at 58.20  ppm. The next signal is observed at 104.27  ppm indicating the C=C  

of C4a position. The signal at 113.01 ppm is assigned to the aryl quaternary carbon of 

ClOa. At 113.85 ppm is the signal for the two tertiary carbons CH at C3 and C5. At 

116.55 ppm is the aryl CH at position C7 while at 119.30  ppm was the CN carbon 

located at C3. The following tertiary carbon (CH) signals were identified: at 122.44  

ppm the signal for the CH of C9; at 124.66 ppm the CH at position CIO; at 128.77  

ppm the CH at C8 and at 132.86  ppm the two CH signals for the C2 and C6 positions 

were observed. The following quaternary carbon (C) signals were identified: at 135.40  

ppm the signal indicating the carbon at C l l ,  at 152 .09  ppm C-O of the C6a position, at 

153.08  ppm the signal indicating the carbon of the OCH3 group at position C4' and at 

157.91 ppm the signal indicating the 0 -C -N  at C2 position was observed. The carbon 

signal at 158.32  ppm was assigned to the C-O at the C l position, and finally at 159.53  

ppm the quaternary carbon of the carbonyl C = 0  of the C5 position was identified.

The IR spectrum absorbances for compound BE130 were assigned as follows; 3456.71  

and 3359.63  cm'^ for for NH2 group, 2258.75  cm’  ̂ for the CN group, 1674.51 cm'^ for 

the C = 0  group and 1625.33  and 1611.48 cm'^ for the C=C and aryl rings.

148



The mass spectrum HRMS (E l) fo r BE130 C20H15N2O4 [M^ H] requires (m /e ) 347.1032, 

value found 347.1022, ( + 2.9 ppm). This result confirmed the structure assigned to the 

2-am ino-4-(4-m ethoxyphenyl)-3-cyanopyrano[3 ,2-c]benzopyran compound BE 130.

2.14 Series 14 Synthesis of the library of pyranoocoumarins 

(pyrano[3,2-c]benzopyran-5-ones) substituted w ith basic ether 

chains

There is much interest in the preparation, im provem ent and availability of 

antim etastatic drugs in clinical oncology therapy. Specifically in breast cancer therapy, 

estrogen targeting anticancer drugs which are effective in lowering estrogen levels are 

of great benefit to  breast cancer patients. The design of antagonistic drugs tha t act on 

the ER is of great benefit, and molecular modelling studies have reported tha t design 

of structures w ith amine containing antagonistic type substituents (Tamoxifen) cause 

the inhibition of the helix-12 mechanism in the ER LBD, preventing the interaction of 

estrogen, (see chapter 1, ER alpha antagonism).

The objective of synthesising coumarin type compounds w ith longer am ine-containing 

alkyl substituents is to m im ic the bulky chains of clinically available pure antiestrogen 

Fulvestrant. In our efforts to introduce these longer amino alkyl chains, the production 

of pyranocoumarins w ith antagonistic basic ether chains on the molecular structure is 

investigated.

Scheme2. 34  Synthesis o f pyranocoumarins products B E140-142 with basic ether
substituent

(CH3)2C0

NH2 NH2

BE133
BE140-142
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In the general reaction scheme 2.34, the previously obtained pyranocoumarin BE133 

compound is reacted w ith an appropria te chloro-substitu ted alkylam ine in the presence 

of potassium carbonate base and solvent acetone. Reaction m ixture was refluxed for 8 

h to obtain novel pyranocoum arins incorporating the antagonistic basic ether chain 

moiety.

Preparation of the novel 4 -(4 -(2 -(l-m e th y lp y rro lid in -2 -y l)e th o xy )p h e n y l)-2 -a m in o -4 ,5 - 

d ihydro-5-oxopyrano[3 ,2-c]chrom ene-3-carbon itrile  BE140 is illustrated scheme 2.35.

2 .1 4 .1  Results Series 14

(CH3)2C0

NH2 NH2

Schem e!. 35  Preparation o f coumarin product BE140

BE140, 8% CLogP: 4.78 BE141, 36% CLogP: 3.83

NH2 NH2

BE142, 20% CLogP: 4.49

NH2
Figure 2. 43  MethyipyrroUdine, pyrrolidine and morphoiine substituted

pyranocoum arins

*CLogP calculated using Chemdraw Ultra version.
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Figure 2.43 displays the antagonistic pyranocoumarins BE140, BE141 and BE142  

obtained. Yields were in the range 8 to 36%  and optim isation of the yields can be 

possible by changing the solvent or using m icrowave methods. All CLogP values were 

w ith in Lipinski's guidelines of CLogP <5 fo r optim um  oral b lovailab ility of drug 

molecules. The modest selection of pyranocoumarins displayed in Figure 2.43 serves 

as an example of the potentia l fo r fu rthe r synthesis in this series as proposed ER 

targeting antagonistic agents.

2 .1 4 .2  Synthetic  route to  basic e th e r substitu ted  pyranocoum arins

The alkylation reactions fo r the introduction of the substituted basic ether chain onto 

the pyranocoumarin structures BE141 and BE142 are shown in scheme 2.36.

-► Cl-

K2CO3

(CH3)2C0

BE141

*  C l -

K2CO3

(CH3)2C0

BE142

Scheme 2. 36  Synthesis o f pyranocoum arin BE141 and BE142
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2.14.3 Spectroscopic identification

Identification  of each pyranocounnarin com pound was accomplished using Nuclear 

M agnetic Resonance (N M R ) spectroscopy, In fared  (IR ) spectroscopy, and Mass 

spectrom etry (H R M S ). The following figures 2 .4 4  and 2 .4 5  display and NMR 

spectra fo r com pound B E140. Discussion of the  NMR spectra is provided as an exam ple  

of the  identification of the  com pounds in this series.

1«
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0«0
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OM
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Figure 2. 4 4  NM R spectrum  o f  pyranocoum arin  B E140

In  the proton NMR spectrum  as seen in figure 2 .4 4  for compound BE140 at 6 1 .03  

th ere  was a tr ip le t peak for 2xCH2 groups a t position C15 and C 16 on the  five  

m em bered pyrrolid ine ring, in tegrated  to 4H . Between 6 1 .19  and 1 .20  th e re  is a 

m ultip let shown, in tegrated  to IH ,  and is assigned to the CH at the C14 position. From  

5 1.41 to 1 .47  there  is an other m u ltip le t is observed, in tegrated  to 4 protons, for 

2xCH2 groups at C 13 and C 17. B etw een 6 1 .5 7  to 1 .63  th ere  is a m u ltip le t, 3H, 

indicating the m ethyl group protons at position C 18. At 5 3 .9 3  a doublet can be seen, 

2H , with a J  coupling constant of 7 .0 3  Hz, assigned to the CH 2 at position C 16. At 6 

4 .0 1  a s inglet absorbance is seen, in tegrated  to IH ,  and assigned to th e  single  

hydrogen at position C 14. At 5 6 .6 7  a doublet absorbance was seen, in tegrating  to  2H, 

J = 9 .0 3  Hz, and was assigned to the  A r-H  protons at the C12 position. At 6 6 .8 2  to  

6 .8 4  there  is a m ultip let, in tegrating  fo r 2H , indicating the  A r-H  at C 3'. Betw een 5 7 .0 2  

to 7 .0 5  th e re  is an other m u ltip le t, w ith an in tegration  of 2 protons, assigned to  the  

2xA r-H , a t positions C 2' and C 6'. At 5 7 .4 7  to 7 .4 8  there  is a m ultip let, in tegrated  to
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2H, which corresponds to the Ar-H proton at the C5' position. Lastly at 5 8 .13  there is 

a broad singlet absorbance for the NH2 group integrated to 2H.

1 0 a y 4 a

CN

I"

cramul SM

I

JJl n T
!■

tU  14S '40 1»  «»  • »  130 IIS

Figure 2. 4 5  NMR (u p p e r) and  D e p t-1 3 5  ( lo w e r)  spectra  fo r pyranocoum arin
BE 1 4 0

In the and DEPT-135 spectrum shown in figure 2 .45  for pyranocoumarin compound 

BE140, a CH2 is seen as the first negative signal on the DEPT-135 spectrum at ppm 

14.30 at C16. Further 2xCH2 negative signals can be seen on the DEPT-135 spectrum  

at 24.21 ppm at C15, and 5 ppm 24.88  C13. At ppm 26.20  there is indicated the signal 

for the chiral CH group at position C4. At 45 .76  ppm there is a signal indicating the 

CH3 group at position C18. An identical signal for both the C=C quaternary C at C3 and 

CH2 group at C17 at 58.43  ppm is observed. At 68 .19  ppm there is a signal indicating 

the tertiary  carbon of the five membered ring at C14, At 68.74ppm  there is a negative 

absorption seen on the DEPT-135 for the final CH2 group at the C12 position. At ppm 

99.91  the signal indicating the quaternary C=C at position C4a. The following tertiary  

carbon signals are identified: at 110.91 ppm the aryl CH at C3' and C5' positions; at 

114.27 ppm the signal is assigned to the CH at position C7 and at 115.72  ppm the 

signal indicates the CH at C9. The CN signal at the C3 position is observed at 115.77  

ppm, while the following tertiary carbon (CH) signals were identified: at 126.07  ppm 

the CH at C IO , at 127 .17  ppm the aryl CH at C8 position and at 127.56 ppm the CH at 

positions C2' and C6'. The following quaternary signals were assigned: at 130.30  ppm 

there is observed the signal for the carbon at position C l l ;  at 130.37 ppm the carbon
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at ClOa is assigned, at 133.04 ppm the C -0  at C6 a is indicated, at 139.87 ppm the C- 

0  at C4' position is observed, at 140.19 ppm there is the signal assigned to the 0-C-N 

at the C2 position, at 150.85 ppm there is the signal corresponding to the C -0  

adjacent to the C l position, and finally at 151.47 ppm there is the signal assigned to 

the carbonyl C =0  at the C5 position.

The characteristic IR spectrum absorbances fo r compound BE140 were assigned as 

follows; 3531.67 and 3473.67 cm ‘  ̂ fo r the NH2 group, 2246.84 cm ^  fo r the CN group, 

1674.59 cm'^ fo r the C = 0  group and 1632.60 and 1620.62 cm'^ fo r the C=C group 

absorbances.

The mass spectrum HRMS (E l) result fo r BE140, C2 6 H2 4 N3 O4 [M"  ̂ H] requires the 

molecular ion (m /e) 442.1767; the value observed was 442.1774, (-1 .5  ppm). The 

analysis confirmed the structure assigned for th is novel 2 -a m in o -4 -{4 -[2 - 

(lm e thy lpyrro lid in -2 -y l)e thoxy)pheny l)-2 -am ino -4 ,5 -d ihyd ro -5 -oxopyrano [3 ,2 - 

c]chrom ene-3-carbonitrile  product BE140.
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2.15 Conclusion

A series o f n ovel b en zo p y ra n  s tru c tu re s , p re v io u s ly  id e n tified  as p o te n tia l ER ligands  

fro m  v irtu a l H TS , has been  sy n th es ised . W e  h a v e  d e m o n s tra te d  a s im p le , v e rs a tile  

m e th o d  of sy n th es iz in g  th e  s u b s titu te d  4 W -c h ro m e n e s  by p e rfo rm in g  th e  K n o eve n a g e l 

co n d en satio n  reac tio n  to  a ffo rd  13  lib ra rie s , w ith  1 2 7  p ro du cts  in to ta l. C o m p le tio n  o f 

NM R c h a ra c te ris a tio n  o f th e  lib ra ries  o f c h ro m e n e  p roducts w as p e rfo rm e d . X -R a y  

d iffrac tio n  an a lys is  has en ab led  th e  d e te rm in a tio n  o f th e  crys ta l s tru c tu re  o f se lected  

ch ro m e n e  co m p o u n d s  and  th e  XR D  c h a ra c te ris a tio n  s tu d ies  h ave  m uch  b e n e fit  In 

ex p lo rin g  th e  ER m o d e llin g  and  p o te n tia l ER b in d in g  of th e  s tru c tu re s  to  be  

in v e s tig a te d  in C h a p te r  3.

F u rth e r syn th es is  and  ch em ica l m o d ifica tio n s  has b een  ca rrie d  o u t on re la te d  co u m arin  

d e riv a tiv e s . T h e s e  co m p o u n d s  a re  o b ta in e d  by re ac tio n  o f 4 -h y d ro x y c o u m a r in  in p lace  

of resorcino l in th e  s y n th e tic  se q u e n c e . From  th e  lib ra ries  o f v a rie d  ch ro m e n e  

co m p o u n d s , fu r th e r  ch em ica l m o d ifica tio n s  has also  b een  in v e s tig a te d  o n , O H , N H 2 and  

CN and  e s te r  s u b s titu e n t g ro up s. A lte rn a tiv e  s y n th e tic  m e th o d s  fo r m o d ifica tio n  of th e  

ch ro m e n e  scaffo ld  s tru c tu re  has b een  e x a m in e d . T h e  e ffe c t on b io ch em ica l a c tiv ity  of 

m o d ifica tio n  to  th e s e  fu n c tio n a l g ro up  is o f in te re s t in u n d ers tan d in g  th e  m e c h a n is m  o f 

action  of th e s e  co m p o u n d s  (s e e  c h a p te r  3 ) .
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Chapter  3 4H-Chromenes and pyranocoum arins:  Biochemical 
activity and molecular modelling
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3. Introduction: Biochemical activity of 4H-Chromenes

Drug m olecules containing the benzopyran ring (lUPAC nam e chrom ene) and the  

coum arin ring (benzopyrone) scaffold have applications in the tre a tm e n t of a diverse  

range of conditions. Products containing these heterocyclic rings are in use as 

tre a tm e n ts  of bacterial infections and leukaem ias th ey  also have applications as 

anticoagulants, an titu m o r agents, an ti-anaphylactics  and are also reported for 

A lzheim er's  disease, am yotrophic lateral sclerosis(m otor neuron d isease), Parkinson's  

disease, H untington's disease and A ID S  associated dem entia  [1 5 9 ] , and are reported  

in clinical trials for the  tre a tm e n t of in flam m ation  and in flam m atory  pain (C O X -2  

In h ib ito r) [1 6 0 ] . In  th is  thesis, a novel series of com pounds based on th e  chrom ene  

and coum arin ring scaffolds are evaluated  for biochem ical activ ity . The results of 

antip ro lifera tive  activ ity  on M CF-7 breast cancer cells and ER binding experim ents  of 

these analogues are presented. As a lready m entioned in chapter 1, breast cancer is 

classified as estrogen receptor positive or estrogen receptor negative , w ith  the  most 

prim ary  incidences being estrogen receptor positive. All novel ch rom ene/coum arin  

com pounds w ere assessed in M CF-7 breast cancer cells (ER positive) and selected  

com pounds w ere also assessed in LnCaP prostate cancer cell lines for th e ir  

an tip ro life ra tive  effects. For the  m ost potent com pounds an ER binding study was 

com pleted . Results obtained from  the National Cancer In s titu te , D evelopm ental 

Therapeutics Program  (D TP) (w hich consists of a screening over a panel 60  d ifferent 

hum an tu m o r cell lines, representing  leukem ia, m elanom a and cancers o f the  lung, 

colon, brain , ovary , breast, p rostate , and k idney) is also presented fo r a select num ber 

of com pounds synthesised.

3.1 Experimental details

Both M CF-7 (estrogen receptor positive) and LNCaP (h u m an  prostate cancer) cell lines 

w ere used for evaluation  of an tip ro life ra tive  activities fo r the  chrom ene com pounds. 

Both types of cells w ere obtained from  the laboratories of Dr. Daniela Z is te rer and Dr. 

David Lloyd, School o f B iochem istry and Im m u no log y, T rin ity  College Dublin.
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3.1 .1  MCF-7 human breast cancer cell lines

The MCF-7 cell line {figure 3.1) is a human breast cancer cell line derived from the 

breast of a 69-year old Caucasian female with adenocarcinoma, taken by pleural 

effusion[161]. The cells express the estrogen receptor and are adherent. They were 

used as evaluation of antiproliferative activities for chromene compounds. The cells are 

grown in Eagles Minimum Essential Medium (EMEM), supplemented with 1 % non- 

essential amino acid, 1 % (v /v) L-glutamine, 1 % (v/v) penicillin/streptomycin and 10 

% (v /v) foetal bovine serum (FBS).

ATCC Number; HTB-22 
Designation; M C F -7

Low D ansity s c * «  B « r .  lo o p m  High D ensity S c « t«  B « r - l O O t j m

Figure 3. 1 Im ages o f MCF-7 cells a t  low  and high cell densities

3 .1 .2  LNCaP human prostate cancer cell lines

LNCaP cells were isolated from a needle aspiration biopsy of a lymph node metastatic 

lesion of human prostate cancer from a 50-year-old Caucasian male [162], (See figure

3.2 for LNCaP cells image). LNCaP cells are used as a model for androgen dependent 

prostate cancer; they respond to androgen and express AR target genes like PSA upon 

androgen regulation. They were used as evaluation of antiproliferative activities for 

selected chromene compounds. The cells are grown in RPMI media glutamax
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A TCC Number: CRL-1740  
Designation; LNCaP c lo n e  FGC

L o w  D e n s ity  s c jw  B a r.  loopm H ig h  D e n s ity  sc««  a»> .  lOOMm

Figure 3. 2 Im ages o f LNCaP cells a t  low  and high cell densities

3.1.3  Storage and breaking out of cells

When cells are not in use, they are stored in a liquid nitrogen vapour phase 

environment at approximately -178 °C. When preserving cells, they are suspended in 

10% dimethylsulfoxide (DMSO)/90% foetal bovine serum (FBS) in a cryotube, placed 

in a freezer at -78 °C overnight and transferred into liquid nitrogen after 24 hours. 

Cells that are required for anti-proliferation studies are thawed at 37 °C, diluted with 

complete growth medium and centrifuged at 1250rpm for 5 minutes. The supernatant 

containing DMSO is poured off, the cells are re-suspended in complete growth medium 

and are transferred into a 25 cm^ culture flask. 10 mL of the appropriate complete 

growth medium is added to the flask and it is incubated at 5% C02/95% air and 37 °C 

until confluency is reached. The cells can then be transferred to a 75 cm^ culture 

flask.
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3.1.4  Growth and maintenance of cells

MCF-7 cells are grown in Minimum Essential Medium Eagle (MEM), supplemented with 

non-essential amino acids, FBS, L-glutamine and penicillin/streptomycin. LNCaP cells 

were grown in RPMI media with glutam ax used for our cell culturing. It  contains the 

reducing agent glutathione and high concentrations of vitamins. RPMI 1640 contains 

biotin, vitamin B1 2  and PABA which are not found in Eagle's, as well as additional 

supplementary components.

Cell culture flasks are stored in an incubator at 5%  C 02 /95%  air and at 37 °C. When 

cells reach confluency, they must be split to prevent cell death. To split the cells, the 

growth media is decanted and 3 mL of trypsin-EDTA solution lOX is added. When 

trypsinization is complete the cells are in suspension and are round in shape. Trypsin 

causes cellular damage and the tim e of exposure should be kept to a minimum. 10 

mL of complete growth medium is added, the mixture is centrifuged at 1250 rpm for 5 

minutes after which the supernatant, containing trypsin, is decanted. The pellet of 

cells remaining is re-suspended in 2 -  4 mL of complete growth media. Cells are 

counted as described in the next section and a fraction of the re-suspended cells are 

transferred to a culture flask with 13 -  15 mL of complete growth medium.

3.1.5 Counting cells

A haem ocytom eter is used to count cells. It  is etched with 5 by 5 grid of squares, as 

depicted in figure 3 .3 . The cells in the four corner squares and in the centre square are 

counted. Cells touching the top and left hand sides of these squares are included in the 

count, but cells touching the bottom and right hand sides are excluded. The total 

number of cells counted in the five squares is multiplied by 5 to give the number of 

cells in the grid. This is equivalent to the number of cells by 10'* per mL of medium. 

The process is repeated a second tim e and the average of the two values is used to 

calculate the number of cells per mL.
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X X

X

X X
Figure 3. 3  A representative haem ocytom eter grid. Cells falling in the five squares

m arked w ith a red 'X ' are counted

3.1 .6  Dosing
From the stock solution (10 mM), a serial dilution was carried out to produce solutions 

of 5 mM, 2 mM, 1 mM, 200 |jM, 100 pM, 50 |j M. Tine solvent used for the dilution was 

100 % DMSO, to ensure benzopyran compounds were fully dissolved and precipitation 

did not occur. Each well was dosed with 1 pM of test compound to give the final 

concentration ranging from 25 pM to 250 nM, and wells were dosed in triplicate (0.5 % 

DMSO final concentration in well). Each plate contained 1 row of wells with solvent 

only, and 1 row of wells with cells only for a blank standard, see figure 3.4. The cells 

were incubated for a further 72 hours before the assays were carried out.

Figure 3. 4 A representative 96 -w e ll p late  showing the pattern  o f dosing. The 
concentrations shown are the final concentration o f the drug diluted in the well
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3.1.7 Measurement of growth inhibitory effects: the alamarBlue 

assay

A d ye  kn o w n  as a la m a r B lu e ®  has been  in trod u ced  fo r  m e a s u r e m e n t  o f  ceil v iab il i ty  

since 1 9 9 3 [ 1 6 3 ,  1 6 4 ] ,  As w ith  th e  te t ra z o l iu m  d yes ,  a la m a rB lu e  m o n ito rs  th e  reducing  

e n v i r o n m e n t  of th e  cell.  T h e  in te rn a l  e n v i r o n m e n t  of th e  p ro l i fe ra t in g  cell is m o re  

reduced  th a n  t h a t  o f  a n o n -p ro l i fe ra t in g  cell. As th e  d ye  is re d u c e d ,  it c h a n g e s  f ro m  

an oxidised ind igo -b lu e ,  n on -f lu o resc in g  s ta te  to  a f luo re sc en t  p in k  red u ce d  s ta te  (s e e  

f ig u re  3 . 5 ) .  T h e re  a re  tw o  w a y s  to  m e a s u re  a la m a rB lu e  re d u c t io n ,  e i th e r  b y  m e a s u r in g  

th e  ab s o rb a n c e  s p e c tro p h o to m e tr ic a l ly  a t  5 7 0  n m  and  6 0 0  n m  o r  b y  m e a s u r in g  th e  

f luo rescen ce ,  w ith  exc ita t io n  a t  5 3 0  -  5 6 0  n m  and em ission  a t  5 9 0  n m .  In  an  

ev a lu a t io n  o f  th e  a la m a rB lu e  assay in 14  cell l ines, it w as  d e te r m in e d  t h a t  th e  o p t im a l  

incubation  period fo r  M C F -7  cells w as  4  hours . T h e  m a jo r  a d v a n ta g e s  o f  using  

a la m a rB lu e  is th a t  it does not re qu ire  so lubilisation and  it is n o n - to x ic .  A la m a r B lu e  is 

now  th e  a g e n t  of choice in th e  la b o ra to ry  and w as  used fo r  cy to to x ic i ty  s tu d ie s  in M C F -  

7 an d  LNCaP cells described  in c h a p te r  3. T h e  c h ro m e n e  c o m p o u n d s  w e r e  e v a lu a te d  

fo r  an t ip ro l i fe ra t iv e  activ it ies  in M C F -7  and  LNCaP. T h e  9 6 - w e l l  p la tes  w e r e  t re a te d  

w ith  th e  c o m p o u n d s  and  w e re  incub ated  a t  5 %  C O 2 /9 5  %  a ir  a t  3 7  °C .  A f te r  7 2  hours  

each well w as  t re a te d  w ith  2 0  pM of a la m a r B lu e  ( p re w a r m e d  to  3 7  ° C )  and  left  to  

in c u b a te  in th e  d a rk  fo r  4  h, fo llow ed  by m e a s u r in g  th e  f lu o re sc en ce  a t  em iss io n  5 9 0  

n m  and  exc ita t io n  5 4 4  n m .  T h e  b ackg ro un d  f luo rescen ce  o f  th e  m e d ia  w i th o u t  cells  

w as  d ed u c ted  fro m  each  g ro up ,  and th e  control u n tre a te d  cells re p re s e n te d  1 0 0  %  ceil 

viab il i ty .

Reduction O O ,0

O

Blue Pink

Figure 3. 5  Alam arblue as an indicator o f cell viability
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3.1 .8  ER FRET ligand binding assay
The Lanthascreen®  ER FRET assays w ere purchased from  In v itro g en . The protocol 

follows the  suggested m ethod for preparation  of buffers and com pounds. Nuclear 

receptor buffer K was prepared by adding DTT to m ake a final concentration of DTT 

5m M . This buffer was used fo r all o ther dilutions. A 'no ligand' control was used to 

show m in im um  binding. DMSO was added to m ake a final concentration of 2 % . A 

positive control was also used, in this case estradio l. This served as the  'm ax im u m  

ligand' control, w here  estradiol was at a final concentration of 2  pM in each well.

2X dilutions of each ligand w ere m ade in buffer. A stock solution of ligand was 

dissolved in DMSO. From this, 1 pL of 10 mM stock was added to 49  pL buffer. 10 pL 

of the  2X dilution was added into each well. To m ake a 4X  (1 2  nM) dilution of 

Fluorom one ES2 using a stock concentration o f 180 0  nM , 6 .7  pL of fluorom one was  

added to 993  pL of buffer. 5 pL of this m ixtu re  was added to each well.

3.2 Biochemical evaluation of chromene products for 

antiproliferative activity

A ntipro liferative  assays w ere carried out on all of the  com pounds synthesised using the  

ER positive M C F-7 breast cancer cells. Tam oxifen  was chosen as a standard positive  

control drug. The IC 50  value obtained a fte r review ing the  sigm oidal curve obtained was 

taken  as 6 .9  pM (see fig 3 .6 ) , which was close to the  value from  lite ra tu re  of 8  pM in 

M CF-7 cells [1 6 5 ] . This confirm ed the  techniques perform ed w ere standardised, and 

w ith this clarification in the m ethods of b ioevaluation, fu rth e r an tip ro liferative  

evaluation  could be then undertaken on th e  libraries of synthesised chrom ene  

products.

The ER binding properties of selected exam ples from  the  various com pound libraries  

synthesised have also been obtained using a fluorescence polarisation m ethod. 

C om putational docking experim ents  w ere also perform ed w ith  MOE softw are. The  

results from  th e  in vitro  binding experim ents  could be rationalised for som e of the  

exam ples from  the  in silico m odelling results.
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MCF-7 Cell Viability assay-Tamoxifen

ra>̂
 50-

0
-1 0 1 

Log Cone (^M)
2

I IC50 I 6 ~ 9 ^  ±  0.02525

Figure 3. 6 Tamoxifen standard cell viability assay perform ed

The synthesised com pounds from  chapter 2 w ere evaluated  by m eans of biochemical 

cell v iab ility  assay using M CF-7 cells and also by ER binding studies. The results from  

cytotoxicity  study values fo r each com pound is presented in the  following  

antip ro lifera tive  tables fo r each o f the com pound libraries of chapter 2 as listed below. 

ER (a  and p) binding results are displayed following the an tip ro liferative  results in this 

chapter.

The clogP value is calculated fo r each of th e  com pounds synthesised from  C hem D raw , 

(see Table 3 .1 ) . The partition coefficient is a ratio  of concentrations of un-ionized  

com pound betw een tw o solutions. To m easure the  partition coefficient of an ionizable  

m olecule, the  pH of the aqueous phase is ad justed  such th a t the predom inant form  of 

the  com pound is un-ion ized . The logarithm  of the  ratio of the  concentrations of the  u n ­

ionized solute in the  tw o so lven ts (e .g . octanol and w a te r) is called log P: The log P 

value is used as a m easure of lipophilicity. The LogP is defined as the  partition  

coefficient of th e  neutral m olecule in o c tan o l/w ater. H ow ever, SERM type com pounds  

such as tam oxifen  and raloxifene are  not neutral at physiological pH: m any contain a 

te rtia ry  nitrogen which becom es positively charged on protonation . For the  

com pounds. The polar surface area (PSA) o f a m olecule is defined as the  surface sum  

over all polar a tom s, such as oxygen and n itrogen. PSA is frequen tly  used in s tructure - 

activ ity  relationship studies of b ioactive com pounds as a m easure of the  ab ility  of a 

drug to perm eate  cells. I t  is genera lly  accepted th a t com pounds with a polar surface  

area of g rea te r than  140 are  likely  to be poor at perm eating  cell m em branes. For
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molecules to penetrate the b lood-bra in  barrier(BBB) and show activ ity  act on receptors 

in the central nervous system, a PSA value o f less than 60 is usually required.

The discussion of the antipro lifera tive activ ity  of the compound libraries synthesised is 

arranged as follows:

Series 1 : 4-Aryl-4W -chromenes w ith varied aryl and benzyloxy substitutions.

Series 2: 4W-Chromenes synthesised using a 2 step method.

Series 3 : 4/-/,6/-/-pyrano[3,2-g]chrom ene product

Series 4 : Phenyl-4/-/-chromenes w ith C-3 ester substituents.

Series 5 : 4-Hydroxyphenyl-4/-/-chromenes w ith ester substituents.

Series 6a and 6 b : 4-Benzyloxyphenyl-4W -chromenes w ith various C-3 esters

Series 7

Series 8

Series 9

3,4,5-Trim ethoxyphenyl chromenes w ith variation on theC-3 ester 

2,7-D iam inochromene compounds.

4-Benzyloxyarylchromenes w ith N ,N -dim ethylam ino substituent at C-7. 

Chromenes w ith ester substituent at C-7, 

bis 4-aryl-4W -chromenes

Pvranocoumarins (pvranor3.2-c1benzoDvran-5-ones^

Pvranocoumarins (Dvranor3.2-c1benzopvran-5-ones1 with substituted

Series 1 0 :

Series 1 1 :

Series 1 3 :

Series 1 4 :

antagonistic type basic e ther chains
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3.2.1 Results series 1: 4-Aryl substituted 4H-chromenes with 
varied aryl and benzyloxy substitutions.; type l

No. R Group
ICso
pM

PSA

A"
CLogP No. R Group

ICao
pM

PSA
CLogP

BEl 5.76 81 .79 4 .52 BE7 5.00 81 .79 5 .47

BE2
>100

91 .02 6.62 BE8 2.50 81 .79 5 .02

BE3
> 100 81 .7 9 5.69 BE9 1.74 91 .02 5 .35

BE4
> 100 1 09 .49 3.77

BEIO

o /

>100 100 .25 4 .1 8

BE5 9.63 91 .0 2 4 .0 4
B E ll

>100 91 .0 2
4 .97

BE6 > 100 91 .0 2 4 .4 4 BE12

0 ^

>100 91 .02
4 .44

Table 3. 1 Antiproliferative resu lts of chromene compounds series 1 type I, with ICso
values(pM and TSA values (A^)
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MCF-7 Cell Viability assay- Compound BE8 MCF-7 Cell Viability assay- Compound BE9

0 0
-1 0 1 

Log Cone (^M)
2 -1 0 1 

Log Cone (^M)
2

I IC50 I 2~50T1 ± 0.1038 I IC50 I 1.748 I ±  0.09786

Figure 3 .7  Cell viability assay for chromenes BE8 and BE9, (Series 1-Type I )

The results of the antiproliferative evaluation of chromenes B E l -  B E12 with variation 

of substituents on C-4 aryl ring are shown in Table 3.1(Serles 1-Type I). These 

examples include many substituents which are classified as electron donating 

substituents such as monomethoxyaryl (BE5, BE6  and B E 12), dimethoxyaryl (B E IO ), 

trimethoxyaryl (B E 4), ethoxyaryl ( B E l l ) ,  m ethylaryl (BE 8 ), d im ethylaryl(BE7), 

phenoxyaryl (B E 2) and propoxymethylaryl (B E 9 ) together with the 4-phenyl prototype 

B E l. Some promising results can be seen, with 5 compounds from this series 

producing IC 5 0  value of less than 10 pM. Compounds BE8  and BE9 showed the most 

potent activity with IC 5 0 values of 2 .5 |iM and 1.74 respectively (fig 3 .7 ). There 

was not a clear correlation between activity and either partition coefficient (cLogP) or 

Polar surface area(PSA) for this series. Introduction of multiple or bulky substitution on 

the 4-aryl ring of the chromene system as observed in compounds BE2 (phenoxy), 

B E 3 (l-n a p h th y l), B E 4(2 ,4 ,5 -trim ethoxy) and B E 10(3 ,4 -trim eth o xy) can cause a 

dramatic loss in antiproliferative activity.

167



Series 1 ; 4-Aryl substituted 4H-chrom enes with varied aryl and benzyloxy 

substitutions.; Type I I
R O

HO

No. R Group
ICso

pM

PSA
CLogP No. R Group

ICso

pM

PSA
CLogP

BE13 >100 81.79 4.16 BE21

Br

7.5 91.02 5.21

BE14
3.13 81.79 5.23 BE22

11.09 91.02 4.52

BE15 5.00 81.79 4.66 BE23 28 94.68 3.02

BE16
8.20 81.79 4.16 BE24 12.98 127.61 4.26

BE17 >100 81.79 4.66
BE25

Vxza
.

49 110.88 3.54

BE18

O o

>100
81.79

5.94
BE26

o / >100 136.84 4.20

BE19
7.44 81.79 5.38

BE27 \ / 0 n
>100 94.68 3.02

BE20

/Cl
2.42 81.79 5.94 BE28

CO

29.92
91.02 5.04

Table 3. 2 Antiproliferative results o f chromene compounds series 1 type I I ,  w ith ICso
values (p M ), and PSA values (A^)
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MCF-7 Cell Viability assay- Compound BE15 m CF-7 Cell Viability assay- Compound BE16
150n

^  100-

50-

3•1 0 1 2

150-1

.Q

50-

3■1 1 20
Log Cone (nM) Log Conc (nM)

I IC50 I 5.002 I ±  0.09122 | IC50 | 8.205 | ±  0.05538

Figure 3. 8  Cell viability assay for compounds BE 15  and BE16 showing ICso results

Table 3.2 shows the results obtained for the series 1, Type II compounds, which 

featured the introduction of halogens (as in compounds B14, 8 1 5 , 8 1 9 , 8 2 0 , 8 2 1 , 

8E22 and 8E 28), pyridines as in compounds 8 2 3  and 8 2 7 , thiophenes as in 

compounds 8E 13, 8E 16 and 8E17 and nitro substituents such as compounds 8E 24  

and 8E26 onto the chromene scaffold. Im proved antipro lifera tive values were

observed w ith some of the candidates shown, see compounds 8 E1 4 (IC 5o = 3.13 |iM) 

and 8E15(IC5o = 5.00 nM) and BE16(IC5o = 8.20 laM), BElQCICjo = 7.44 |iM), 8E 20  

(ICso = 2.05 [iM) and BE21(ICso = 7.50 |iM), This selection had 6 novel compounds

w ith ICso values under the 10 (jM lim it, and another 5 chromenes w ith IC50 values

higher, but nevertheless displaying IC 5 0  values < 100 pM. The to ta l polar surface(PSA) 

areas of each compound was less than 140 and these compounds are candidates 

w ith potential to permeate cell membranes, however the ir clogP values could be 

lowered w ith introduction of additional phenolic or amino groups. The cell v iab ility  

assay for compounds 8E 15 and 8E 16 are displayed in Figure 3.8.
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3.2.2 Results series 2: 4H-Chromenes synthesised using a 2 step 

method.

BE10
/  \C5Q:>IOO/uM  

PSA; 100.26 A^ 
CLogP: 4.18

BE20
\C5Q:242/uM  
PSA: 81.79 A  ̂
CLogP: 5.94

O NH

MCF-7 Cell Viability assay- Compound BE20

80-
>«

I  so- 
.s
^  40-

2 0 -

1 0 1 2 3

Log Cone (|iM)
I IC50 I 2.423 I ±  0.07299

Figure 3. 9 Antiproliferative results o f compound BE20, w ith dose-response curve for
BE32 and ICgo value

Antiproliferative results for the 4W-chromene compounds BEIO and BE20 synthesised 

using the 2 step method can be observed in fig 3 .9 , BEIO was demonstrated to show 

an ICso value of >100  pM while the IC 5 0  value for BE20 is observed at 2 .42  pM. PSA 

values were 100 and 81 A respectively for compounds BEIO and BE20 and CLogP 

values are calculated as 4 .18  and 5 .94  respectively. The MCF-7 cell viability dose 

response curve for BE20 is displayed in Figure 3 .9  and the favourable IC 5 0  value of 

2.42  pM suggests that this compound has acceptable druggability values.
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3.2.3 Results series 3: 4H ,6H-pyrano[3,2-g]chrom ene product 

BE33.

NH

BE33
\C50\>100fjM  

PSA: 123.12A^ 
CLogP; 10.9

Figure 3. 10 Results o f 4H ,6H -pyrano[3,2-g]chrom ene compound BESS

The novel 4W ,6/y-pyrano[3,2-g]chrom ene product BE33 (figure 3,10) did not show 

positive antipro lifera tive values when evaluated in MCF7 cells (IC 5 0 > 100 |iM). 

However fu rthe r studies of some related pyranocoumarins and knowledge of how they 

may bind in the ER LBD, could prove beneficial fo r fu rthe r design and varied synthesis 

of such fused structures. This adduct is much more lipophilic than the prototype 

chromene B E l and therefore results in a higher CLogP value (cLogP = 10.9), and also 

a higher PSA value of 123 which may correlate w ith the lower an tip ro life ra tiv  

activ ity observed fo r BE33.
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3.2.4 Results series 4: 3-Phenyl-4H-chromenes with C-3 ester 

substituents

HO NH

No. R Group
ICso
pM

PSA

A"
CLogP No. R Group

ICso
pM

PSA
ClogP

BE34
j - ^ N

>100 79.27 2.91
BE38

0
7.95 81.79

4.76

BESS \o 23.12 81.79
3.99

BE39
>100 81.79 6.50

BE36 6.60 81.79
5.76

BE40 11.15 81.79
5.98

BE37
0

3.04 81.79
5.98

T ab le  3. 3 A n t ip ro l ife r a t iv e  re s u lts  o f  c h ro m e n e  c o m p o u n d s  s e r ie s  4  ICso in  (p M ) , PSA
v a lu e s  (A ^ )a n d  CLogP va lu e s

MCF-7 Cell Viability assay- Compound BE36 MCF-7 Cell Viability assay- Compound BE37
150n

■1 10 2 3

S ' 100-

50-

■1 0 1 2 3
Log Cone (nM) Log Cone (nM)

I ICSO I 6~603~| ± 0.07202 | ICSO | 3.04T|± 0.08298

Tab le  3. 4  C e ll v ia b i l i t y  a ssa y  a n d  ICso va lu e  fo r  c o m p o u n d s  B E 36 a n d  B E 37
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The 3-phenyl-4W-chromenes with C-3 ester substituents (Series 4, BE34-BE40) 

demonstrated very promising results as cytotoxic agents when evaluated In MCF-7 

breast cancer cells. The IC 5 0  values for the antiproliferative assays are presented in 

table 3.3. The most potent compounds in the series were identified as BE36, BE37 

and BE38 showing IC 5 0  values of 3.00 |iM, 7.9 pM and 7.95 nM respectively The dose 

response curves for the two most potent compounds in the series, BE36 and BE37 are 

presented in Table 3.4. The CLogP and PSA values are shown also and were all 

consistent with the potential of these compounds as SERMs and potential clinical 

candidates.
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3.2.5 Results series 5: 4-Hydroxyphenyl-4H-chromenes with 

ester substituents chain.

OHOH BE56
ICSO 32.50 ijM  
PSA: 102.018 A 
CLogP: 3.8562

BESS
IC50.' > I00nM  
PSA: 122.246 A 
CLogP: 3.2592

HOHO

HOHO NH2 HO NH.NH

No R Group
ICso
mm

PSA
CLogP No R2 Group

ICso
(jM

PSA
CLogP

BE41
0

>100 102.02 3.85 BE48 0 0 >100 111.2
5 4.73

BE42

0

xAo'x >100 102.02 5.18
BE49 39.20

102.0
1

5.44

BE43 •<
37.5

5
102.02

5.09
BE50 /o O 52.53

102.0
1

5.97

BE44 >100 102.02
5.31

BE51 60.64
102.0

1
6.50

BE45
43.7

3
102.02

5.31
BE52 0 17.99

102.0
1 7.03

BE46
0

>100 111.25
3.28

BE53 >100
102.0

1
5.35

BE47
0  ^ 0

>100 111.25

3.96

BE54 V̂ o'Oo >100
111.2

5
3.67

Table 3. 5  Antiproliferative results o f chromene compounds series 5  ICSO in (p M ), PSA
values (A^)and CLogP values
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MCF-7 Cell Viability assay- Compound BE52
150 i

> «  100 -

50-

0 1 2 

Log Cone (^M)
IC50 17.99 ± 0.09014

Figure 3. 11 Cell v iabiliiy  assay and ICso value for compound BE52

The antiproliferative results for the 4-hydroxyphenyl-4W -chromenes with ester 

substituents chain, series 5 compounds, are dsplayed in table 3.5. These compounds 

showed higher IC 50 values than anticipated in most cases, than the prototype 

examples in the previous series above. It  is proposed that this effect may be due to 

the larger size and more lipophilic character of the molecules in series 5. The 

introduction of long aliphatic ester substituents onto the chromene as the C3 ester has 

brought about this effect, producing a lengthened bulky moiety on each chromene 

molecule. It  was initially anticipated that this type of substituent would resemble the 

aliphatic substituent in the fulvestrant type antiestrogen and would result in an 

increase in anrtiproliferaticve activity observed in the estrogen receptor positive MCF-7 

breast cancer cells. This result shows some correlation with higher PSA values, 

ranging from 102 to 111 The most potent compound in the series, BE52, 

containing the n-octylester substituent at C-3 of the chromene ring was shown to have 

an acceptable antiproliferative IC 50 value of 17.99 |iM, see figure 3 .11 ,
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3.2.6  Results series 6: 4-Benzyloxyphenyl-4/y-chromenes with  

various C-3 esters.

No R Group
ICso

mm

PSA
CLogP No R Group

ICso

mm

PSA
CLogP

BE57

o
1.76 100.25 5.95 BE64

0
--------- 5.05 91.02

8.32

BESS
o

1.49 91.02
6.45 BE65

0
2.03 91.02

8.85

BES9 11.67 91.02
7.66 BE66

0
4.93 91.02

9.38

BE60

'S
o

o o >100 100.25
6.03 BE67 \Ao^— 4.11 91.02

10.44

BE61 >100 100.25
7.08 BE68 XA„X) 2.07 91.02

7.71

BE62
0

2.31 91.02
7.79 BE69

o
4.40 91.02

7.53

BE63

0
\ A o - . 4.5 91.02

6.21

Table 3. 6 A ntiproliferative results o f chromene compounds series 6a ICSO in (pM ),
PSA values (A^)and CLogP values
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MCF-7 Cell Viability assay- Compound BE62 m CF-7 Cell Viability assay- Compound BE65
100-1

80-

=  60-nn
>  40-
SS

20 -

1 2 31 0 1

Log Cone (^M)

100-1

20 -

3■1 0 1 2

I 1050 I 2 .315 I ±  0 .08052 | IC50 | 2M B ~| ±  0.1432

Figure 3. 12 Cell viability assays and JCgo values for compounds BE62 and BE65

The results from the antiproliferative evaluation of the 4-benzyloxyphenyi-4W- 

chromenes with various C-3 esters (series 6 a compounds) are presented in table 3.6. 

It can be observed that many compounds in the series showed IC 5 0  values ranging 

from 1.49 to 11.67 pM, with 3 of the compounds having IC 5 0  values >100 pM. The 

most potent compound in the series was found to be BESS, having the allyl ester 

substituent at C-3 As shown in table 3.6, 10 compounds in total resulted in IC 5 0  values 

under 10 pM, all of which are favourable cytotoxicity values. The PSA values are 

observed in the range 91 to 100 and the CLogP values are in the range 5.95 to 

10.44. These CLogP values are regarded as too high for druggability to meet the 

Lipinski rules for optimum properties for orally active drugs, (see section 3.7). This is 

due to the introduction of the lipophilic benzyloxyphenyl ether at C4, together with the 

lipophilic ester type substituent at C-3. Representative examples of dose response 

curves for two of the most potent compounds in the series e.g. compounds BE62 and 

BE65, are presented in Figure 3.12, showing good IC 5 0  values of 2.31 jiM and 2.03 nM 

respectively. These results indicate that the series 6  chromenes, having the 

combination of the 4-benzyloxyphenyl substituent with the lipophilic ester functional 

group at C-3 provides the optimised chromene pharmacophore for antiproliferative 

activity. The more polar esters, BE60 and BE61 did not display activity in this assay.
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HO NH HO NH
BE70
\C50-. 2.01
PSA:91.02 
CLogP: 6.21

BE72
\C 50:/jM  6.31 
PSA: 91.02 
CLogP: 6.35

HO NH
BE74
IC50:>100^M 

PSA: 91.02 A2 
CLogP: 7.94

HO NH
BE71
\C5Q.^tM2.39

PSA: 91.02 k? 
CLogP: 7.16

HO NH

BE73
\C5Q-.ijM 7 .8

PSA: 100.25 A^ 
CLogP: 6.89

HO NH

BE75
IC50:>100 nM

PSA: 100.25 A^ 
CLogP: 7.95

Figure 3. 13 Antiproliferative results o f chromene compounds, series 6b, ICso in (pM ),
PSA values (A^)and CLogP values
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MCF-7 Cell Viability assay- Compound BE71
100n

80 -

e

2 0 -

0 1 2 31

Log Cone (^M)
I IC50 I 2 ~ 3 9 ^  ±  0.1879

Figure 3. 14 Cell v iability assay and ICso value for compound BE71

A fu rth e r series of 4-benzyioxyphenyl-4W -chromenes w ith various C-3 esters were now 

investigated. These compounds were analysed to determ ine if the inclusion o f a 

halogen substituent on the benzyloxy aryl ring (as was indicated in the prelim inary in 

sil/co screening) would influence the biochemical activ ity  of the chromene products. 

The antip ro life ra tive  results obtained for the chromene compounds of series 6 b are 

presented in Figure 3.13. In th is  series, the  4-benzyloxy ether substituent also 

contains the fluoro (BE72 and BE74), bromo (BE73 and BE75) and chloro (BE71)  

substituent groups; The 3-benzyloxy e ther BE70 is also included in th is series. The 

ICso values obtained are displayed in table 3.13, and are in the range 2.01 pM to  7.80 

pM fo r the active compounds (BE74 and BE75 were inactive, (IC 5 0  > 100 nM)). These 

results indicate tha t inclusion of a halogen on the  benzyloxy aryl ring improved activ ity  

only in the case o f compound BE73 (IC 5 0  = 7.8 |iM) when compared w ith compound 

BE60 (IC 5 0  > 100 |iM). A slight reduction in activ ity  was observed fo r compounds BE72 

(IC 5 0  = 6.31|iM) and BE71(IC5o = 2.84 |^M) when compared to compound BE63 (IC 5 0  = 

4.50 nM). PSA values from  91 to 100 are calculated for these compounds, which 

would predict good cell perm eability. However, CLogP values from  6.21 pM to 7.95 pM 

are calculated, and were above the Lipinski lim it of 5 which is unfortunate as IC 5 0  

antipro lifera tive values for compounds BE70 -  BE73 were m ostly favourable. In th is 

series, the two compounds BE74 and BE75 w ith  the highest ClogP values (7.94 and 

7.95 respectively) were inactive, (IC 5 0  > 100 |iM). Figure 3.14 displays the dose 

response curve fo r compound BE71 with an IC 5 0  value of 2.39 pM.
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3.2.7 Results series 7: 3,4,5-Trim ethoxyphenyl substituted 

chromenes with variation on the C-3 ester

HO NH2

No R Group
ICso
pM

PSA

A"

CLog

P
No R Group

ICso
pM

PSA CLog

P

BE76
O

>100 109.4
9 4.06 BE81 o o >100

118.7
2

3.64

BE77 A - q >100 109.4
9 5.06

BE82
0

>100
118.7

2
4.70

0
BE78 65.84 109.4

9 5.28
BE83 >100

109.4
9

5.93

BE79 15.24 109.4
9 5.15

BE84 >100
109.4

9
5.32

O

BE80 >100 109.4
9

3.25
BE85

>100 109.4
9 3.82

Table 3. 7  A n tip ro life ra tiv e  re s u lts  o f  ch rom ene  com pounds se ries  7  ICso in  (pM ), PSA
values (A^)and CLogP values

MCF-7 Cell Viability assay-Compound BE79
100n

80 -

I 60 - 

.2
>  40 -

20 -

1 0 1 2 3

Log Cone (^M)
I ICSO I 1 5 l ? l  ±  0.08105

F igure  3. IS  C ell v ia b ility  assay and  ICso va lue  fo r  com pound  BE79
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A c o m p r e h e n s iv e  library of 3 ,4 ,5 - tr im e th o x y p h e n y l  su b st itu ted  c h r o m e n e s  with 

variation on th e  C-3 e s te r  ( B E 7 6 - B E 8 5 ,  s e r ie s  7) w a s  s y n th e s i s e d  and ev a lu a ted  to  

d eter m in e  if th e  inclusion of th e  3 ,4 ,5 - tr im e th o x y p h e n y l  m otif  in th e  ch ro m e n e  

structure,  know n to  be p resen t  in m a n y  tubulin targett in g  a g e n t s  such  a s  colchicine  

and co m b re ta s ta t in ,  could p ro m o te  antiproliferative activ ity  in t h e s e  c o m p o u n d s .  The  

resu lts  of th is  s tu d y  are p resen te d  in tab le  3 .7 .  It can be o b ser v ed  th a t  th e  IC5 0  v a lu es  

are in th e  ran ge  from 1 5 .2 4  )iM to  > 1 0 0  m icrom olar. T h e antiproliferative IC5 0  v a lu es  

are not a s  fa v ou rab le  in th is  tab le  com paring  to th e  p rev ious  s e r ie s  o f  resu lts  with only  

tw o c o m p o u n d s  B E 7 8  and B E 7 9  displaying v a lu e s  under 1 0 0  pM and n o n e  of  th e  

v a lu es  w ere  recorded  u n d er  10  (jM. It is not c lear  w h y  th e  lo ss  in activ ity  w a s  o b ser v ed  

for t h e s e  prod ucts .  W hen com p ared  with th e  c h r o m e n e  stru ctu res  of s e r ie s  l ( s e e  Table  

3 .1 ) ,  it is a p p aren t  th a t  introduction of  m ultip le or bulky subst itu t ion  on th e  4 -ary l ring 

of  th e  c h r o m e n e  s y s t e m  a s  o b ser v ed  in c o m p o u n d s  B E 2 (p h e n o x y ) ,  B E 3 ( l -n a p h th y l ) ,  

B E 4 (2 ,4 ,5 - t r im e t h o x y )  and B E 1 0 (3 ,4 - tr im e th o x y )  can c a u s e  a d ram atic  loss  in 

antiproliferative activ ity . The total polar su rface  area  v a lu e s  for t h e s e  c o m p o u n d s  are  

higher than ca lcu la ted  for th e  m ore  a ct ive  c o m p o u n d s  in S er ie s  1, ( s e e  Table 3 .1 )  

ranging from 1 0 9  -  1 1 8  d u e  to  th e  introduction of  th e  tr im ethoxyaryl su b st itu e n t  at 

C4. H ow ever  th e  CLogP v a lu e s  w er e  m ore  favourab le  d u e  to th e  introduction of  this  

tr im ethoxyaryl su b st i tu e n t ,  and is ca lcu lated  in th e  ran ge  3 .2 5  -  5 .9 3 .  It is concluded  

that th e  introduction of  th e  tr im ethoxyaryl m o ie ty  a t  C -4  of  th e  c h r o m e n e  is not  

favourable  for antiproliferative activity. A s e le c te d  d o s e  r e sp o n se  s igm oid a l curve is 

displayed  in f igure 3 .1 5  for B E 7 9 ,  with a m o d e ra te  IC50 va lu e  of  1 5 .2 5  pM.
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3.2.8 Results series 8: 2,7-Diaminochromene compounds

^  0  NH
BE88
IC50:>100nM
PSA: 96.82 
CLogP: 5.64

Cl

NH
BE90
IC50:>100mM 
PSA: 96.82 
CLogP: 6.35

F

NH
BE92
IC 50://A /15.30 
PSA: 96.82 A^ 
CLogP: 7.11

NH
BE89
\C50.jjM  19.51 
PSA: 96.82 A^ 
CLogP: 5.25

HpN NH
BE91
IC50://A/7.07 
PSA: 96.82 A^ 
CLogP: 5.61

Figure 3. 16 A ntiproliferative results o f chromene compounds series 8  ICso (lJM),PSA
values (A^)and CLogP values
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MCF-7 Cell Viability assay- Compound BE91

100 ->.
An>̂

 50-

■1 0 1 2
Log Cone (pM)

I IC50 I 1~078~| ± 0.04420

Figure 3. 17  Cell viability assay and IC so  value for compound BE91

The antiproliferative results for the series 8  compounds are displayed in Figure 3 .16 . 

Thse compounds were synthesised to explore the possible effect on the 

antiproliferative activity of the introduction of the replacement of the phenolic 

substituent at C-7 of the chromene by a primary amine. The results show that the IC 5 0  

values of the products are in the range of 1.07 to 19.51 pM, with two of the  

compounds BESS and BE90 having IC 5 0  values of > 1 00  pM. Total polar surface area 

values are all calculated to be 96 .82  A .  CLogP values are observed ranging from 5.25  

to 7 .11 . The most potent compound in the series was identified as BE91, with IC 5 0  

value of 1.07 pM. The sigmoidal dose response curve of selected compound BE91 is 

displayed in Figure 3 .17 . The introduction of the second amino group on the chromene 

at C-7 was not detrim ental to the antiproliferative activity with three compounds from 

the group of five having antiproliferative activity under 20 pM, and compound BE91 

displaying one of the most potent activities in the entire series, ( IC 5 0  value of 1.07 pM). 

It  is possible that for compound BE91, a combination of the effects of the 4- 

methylbenzyloxyaryl ether at C4, the methyl ester at C-3 and the primary amine at C- 

7 contribute to optimise the structural requirements for activity.
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3.2.9 Results series 9: 4-Benzyloxyarylchromenes with N,N- 
dimethylamino substituent at C-7

NHNH NH
BE97BE93 BE95

IC50: p M  11.49 
PSA 74.03 

CLogP; 8,79

N
BE94
IC50: ^M 1 1 .2 5  

PSA: 74.03 A^ 

CLogP: 8 43

IC50: >100|iM 

PSA: 83.27 A^ 

CLogP: 7.57

NH N

\C 5 0 .jjM 0  922 
PSA: 83.27 A^ 

CLogP: 7 28

NH
BE96
IC50:/vA^ 5.307 

PSA: 74.03 A^

CLogP: 8.35

Figure 3. 18 A ntiproliferative results o f chromene compounds series 9 ICso in (p M ),
PSA values (A^)and CLogP values

BE98
IC50: >100^M 

PSA: 74.03 A^ 

CLogP: 11 35
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MCF-7 Cell Viability assay- Compound BE97
150-1

^  100-

50 -

0 1 2 31

Log Cone (^M)
I IC50 I 0.9223 I ± 0.1534

Figure 3. 19 Cell viability assay and ICso value for compound BE97

To fu r th e r  e x p lo it  th e  effects  o f  th e  in troduction  of an  a m in e  function  a t  C - 7  of th e  

c h ro m e n e ,  an ad d it io na l  l ib rary  o f  co m p o u n d s  w as  sy n th es ised  w hich  conta in  th e  N ,N -  

d im e th y la m in o  s u b s t i tu e n t  a t  C -7 .  T h e  design of th e s e  c o m p o u n d s  re f lected  th e  

o p t im ise d  b e n z y lo x y a ry l  e t h e r  su b s t i tu e n ts  identif ied  f ro m  series 8 . T h e  novel 7 - N ,N -  

d im e th y la m in o -4 -b e n z y lo x y a r y l  c h ro m e n e  co m p o u n d s  B E93-BE98 w e re  e v a lu a te d  in a 

cy to to x ic ity  s tu d y ,  and  th e  a n t ip ro l i fe ra t iv e  I C 5 0  v a lu e s  o b ta in ed  are  d isp layed  in f igu re  

3 .1 8 .  T h e  p ro du cts  d isp layed  IC 5 0  v a lu e s  rang ing  f ro m  0 . 9 2 0  to  1 1 . 4 9  pM on fo u r  o f  th e  

co m p o u n d s ,  T w o  o f  th e  c o m p o u n d s ,  BE95 and  BE98 w e re  inac t ive  w ith  IC 5 0  fa ll ing  

o v e r  1 0 0  pM . T ota l  p o la r  su rface  a rea  v a lu e s  ca lcu la ted  w e re  in th e  ra n g e  7 4 . 0 3  to  

8 3 . 2 7  re f lect ing  th e  low er ing  of th e  po lar  su rface  a re  as a c o n se q u en ce  o f  th e

re p la c e m e n t  of th e  p r im a r y  a m in e  by th e  te r t ia ry  a m in e .  CLogP v a lu e s  as e x p e c te d  

w e re  h o w e v e r  h ig h er  th a n  in series 8  rang ing  fro m  7 .5 7  to  1 1 .3 5 .  T h e  in troduction  of  

th e  N ,N -d im e th y la m in o  g ro up  resu lted  in an increased  c y to to x ic ity  of s o m e  of  th e  

c o m p o u n d s  w h e n  c o m p a re d  w ith  th e  7 - a m in o  an a lo gs .  Results fo r  th e  M C F -7  cell 

v ia b i l i ty  assay dose resp on se  c u rv e  a re  show n fo r  th e  m o s t  p o te n t  co m p o u n d  BE97 

and  d isplays an I C 5 0  v a lu e  o f  0 .9 2  pM , see f igu re  3 .1 9 .  T h e  c o m b in a t io n  o f  th e  effects  

of th e  4 -m e th y lb e n z y lo x y a ry l  e th e r  a t  C 4 ,  th e  e th o x y e th y l  e s te r  a t  C -3  and  th e  N ,N -  

d im e th y la m in o  su b s t i tu e n t  a t  C -7  co n tr ib u tes  to o p t im ise  th e  s truc tura l  re q u i re m e n ts  

fo r  ac t iv i ty .  I t  is in te res t ing  t h a t  co m p o u n d  BE97 w as identif ied  as th e  m o st  p o te n t  

co m p o u n d  in th e  en t i re  l ib rary  of p roducts  e v a lu a te d .
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3.2.10 Results series 10: Chromenes with ester substituent at C- 
7

R
NH

No. R Group ICso
m m

PSA CLogP No. R Group ICso
pM

PSA CLcgP

BE99
O-A >100 97.10 4,44

B E io e >100 97.10
7.<‘4

BEIOO 18.81 97.10 6.57 BE107 >100 97.10
7 .’0

BElOl
o

>100
106.33 5.88

BE108
0  - 

0

>100 124.80
5.99

BE102 13.59 97.10 5.50
BE109 0  fy

‘S

>100 97.10
5.94

BE103 .XX) >100 97.10 6.29
BEllO >100 97.10

5.90

BE104 >100 97.10 7.06
BElll

V_N ^
>100 109.99

6.10

BE105

o

>100 123.40 8.37

Table 3. 8 Antiproliferative results o f  chromene compounds series 10 ICso in (pM),
PSA values (A^)and CLogP values
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MCF-7 Cell Viability assay-Compound BE102
150n
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£
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Figure 3. 20  Cell v iability assay and ICgo value for compound BE102

The synthesis of a library of chromenes with various ester substituent at C-7, (B E99- 

B E l l l )  was Investigated to determine if esterlfication of the phenolic group at C-7 

would contribute to the cytotoxic activity of the compounds. It was suggested from the 

initial in silico screening that the inclusion of a lipophilic ester substituent at C-7 of the 

chromene might mimic the [(4,4,5,5,5-pentafluoropentyl)sulfinyl]nonyl substituent 

located at C-9 of the steroid scaffold structure of the estrogen antagonist fulvestrant, 

which is known to cause disruption of agonist conformation of Helix 12 of the estrogen 

receptor. The results of the antiproliferative assay for series 10 compounds BE99- 

B E l l l  are displayed in Table 3.9. surprisingly, only 2 of the compounds demonstrated 

moderate IC50 values, with BE102 and BEIOO having IC 50 values of 13.59 (jM and 

18.81 pM respectively. Interestingly, for these two compounds, the replacement of the 

phenol at C-7 of the chromene with an ester function resulted in a marked increase in 

the antiproliferative activity when compared to the parent compound BE6 which had 

an IC 50 > 100 pM. All other compounds in the series demonstrated antiproliferative 

results with IC5 0 over 100 pM. The total polar surface area values for the series ranged 

from 97 to 123 while CLogP values ranged from 4.44 to 8.37. The MCF-7 dose 

response curve of BE102 is displayed in figure 3.20 and shows an IC 50 value of 13.59 

p M .
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3.2 .11 Results series 11: bis 4-aryl-4H-chrom enes

o

BE112

IC50: >100fiM
PSA: 194.20 CLogP: 7.38

NH'

BE114

IC50: >100fiM  
PSA.'194.20 H2N 

CLogP: 8,33

.  v o K > ^ :
BE113

IC50: >100fiM  
PSA. 194.20 A  ̂

CLogP: 8 22

BE115

1C 50: >100/iM  
PSA. 194 20 A' 
CLogP: 7,52

Figure 3. 21 A ntiproliferative results o f bischromene compounds series 11 ICso in 
(pM ), PSA values (A^) and CLogP values

T h e  s y n th es is  o f th e  b /s -c h ro m e n e  c o m p o u n d s  BE112-BE115 w as in v e s tig a te d  to  

e x p lo re  if a c h ro m e n e  based  ligand  co n ta in in g  tw o  p o te n tia l location s fo r in te rac tio n  

w ith  th e  lig an d  b ind ing  d o m ain  o f th e  e s tro g e n  re c e p to r, w ou ld  d e m o n s tra te  usefu l 

a n tip ro life ra t iv e  a c tiv ity . T h e  resu lts  fro m  th e  a n tip ro life ra tiv e  b io ch em ica l ev a lu a tio n  

of th e  t i/s c h ro m e n e  co m p o u n d s , BE112-BE115, series  11 is d isp layed  in fig u re  3 .2 1 .  

T h e  la rg e  m o lec u les  all w e re  fo un d  to  be in a c tiv e  in th e  M C F -7  assay w ith  IC 5 0  v a lu e s  

o v e r 1 0 0  pM . T h e  to ta l p o la r su rfa ce  a re a  fo r all fo u r co m p o u n d s  w as ca lcu la ted  to  be
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1 9 4 .2 0  outside th e  range for cell penetration and th e  CLogP values w ere all found 

to be over the  druggability  lim it of 5.

3.2 .12  Results series 13: Pyranocoumarin (pyrano[3 ,2- 

c]benzopyran-5-one) products.

NH2

Figure 3. 22  Antiproliferative results o f pyranocoumarin compounds series 11 ICso 
in (fjM ), PSA values (A^)and CLogP values

BE130, ICso: fiM56.01 

PSA: 98.49 CLogP: 3,72

BE133, ICSO: >100^lM BE136, ICSO: >100pM

PSA: 109.49 A ,̂ CLogP: 3.13 PSA: 98.S0 A^ CLogP: 5.46

BE131, ICSO: fjM 12.88  BE134, ICSO: )jM104.8
PSA: 89.26 A^ CLogP: 4 23 PSA: 107.728 A^ CLogP: 3 4S

" O

BE137, ICSO ^M20.Z4  

PSA: 118.72 A^ CLogP: 2.78

BE132. ICSO: >100pM BE135, ICSO: >100fjM

PSA: 107.73 A ,̂ CLogP: 3.40 PSA: 116.96 A^ CLogP: 3.09
BE138, ICSO: >100^iM 

PSA: 118 72 A ,̂ CLogP: 2.98

BE139, ICSO: m M 16 94 
PSA: 107.73 A, CLogP: 3.76
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MCF-7 Cell Viability assay-Compound BE131
150n

S ' 100-

50-
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Figure 3. 23  Cell viability  assay and ICgo value for compound BE131

T h e  p y ra n o c o u m a r in  ( p y r a n o [ 3 ,2 - c ] b e n z o p y r a n - 5 - o n e )  p roducts  syn th es ised  (B E130- 

139) a re  d isp layed  in F igure 3 .2 2 .  T h e s e  co m p o u n d s  a re  of in te re s t  as th e y  

inc orpo ra te  th e  co u m ar in  scaffold fused  to a 4 W -p y ra n .  T h e  b io chem ica l e v a lu a t io n  for  

all th e  p y ra n o c o u m a h n s  w as  p e r fo rm e d  s im ila r ly  to  th e  c h ro m e n e  products  and  th e  

resu lts  a re  d isp layed  in f ig u re  3 .2 2 .  T h e  m o st  p o te n t  c o m p o u n d  in th e  series w as  

identif ied  as BE131 w ith  an I C 5 0  v a lu e  o b ta in ed  w ith  M C F -7  cells of 1 2 .8 8  pM ,  

ind icating  t h a t  fusion of th e  c o u m a r in  scaffold to  th e  4W -p y ra n  ring sy s te m  fac il i ta tes  

th e  a n t ip ro l i fe ra t iv e  m e c h a n is m  o f ac t ion . In te re s t in g ly  th e  m o st  ac t ive  co m p o u n d  

BE131 co n ta ins  th e  s a m e  4 - m e t h y lp h e n y l  s u b s t i tu e n t  on th e  4 H - p y r a n  ring as th e  

s im ila r ly  su b s t i tu te d  c h ro m e n e  c o m p o u n d  BE7, w hich w as  one  o f  th e  m o re  ac t ive  

co m p o u n d  identif ied  in S er ies  1 (s e e  ta b le  3 . 1 ) .  O th e r  m o d e ra te ly  a c t iv e  

p y ra n o c o u m a r in  co m p o u n d s  in th e  series w e re  identif ied  as B E 1 3 9 ( IC 5 o  v a lu e  =  5 6 .0 1  

nM ) an d  BE139(ICso v a lu e  1 6 .9 4  p M )  and  BE137(IC5o v a lu e  2 0 . 8 4  p M ) PSA results  

fo r  th is  series a re  ca lcu la ted  rang ing  f ro m  8 9  to  1 1 8  w h i le  CLogP v a lu e s  are  

ca lcu la ted  to  be b e tw e e n  2 .7 8  to  5 . 4 6  and  ind icate  t h a t  th e  co m p o u n d s  a re  d ru g g ab le .  

T h e  M C F -7  dose resp on se  c u rv e  o f  BE131 is i l lustra ted  in f ig u re  3 .2 3  and  d isp lays  an  

IC 5 0  v a lu e  o f  1 2 .8 8  pM.
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3.2.13 Results series 14: Pyranocoumarins (pyrano[3,2- 
c]benzopyran-5-ones) with substituted antagonistic type basic 

ether chains

BE140, IC50; 10.75/jM 

PSA: 101.73 A, CLogP; 4.78

BE141, IC50: >100ijM 

PSA: 110.96 A, CLogP: 3.83

BE142, IC50: >100^M
PSA: 101.73 A, CLogP: 4.49

.0 . /D

' O

Figure 3. 24 Antiproliferative results o f coumarin compounds series 14 ICso in (pM ),
PSA values (A^)and CLogP values

MCF-7 Cell Viability assay- Compound BE140
150n

2 - 100-

50-

31 0 1 2

Log Cone (^M)

I ICSO I 1~075~| + /- 0.1244

Figure 3. 25  Cell v iability assay and ICso value for compound BE140

A series of three pyranocoumarins (pyrano[3 ,2 -c]benzopyran-5-ones), BE140-B E142  

were prepared containing a basic arylether substituent at C-4 to determ ine the effect 

on antipro lifera tive activ ity  of the introduction of the basic arylether functiona lity, (see

191



figure 3 .24 ). The basic arylether structural motif is frequently associated with 

antiestrogenic activity as in the structures of tamoxifen and raloxifene. The 

biochemical antiproliferative evaluation for the series 14 pyranocoumarins containing 

the antagonistic type substituent was performed in the MCF-7 cell line and the results 

of the IC 5 0  determinations are presented in Figure 3 .24 . The most active compound 

was identified BE140 with IC50 value of 10.75 pM. This result is very encouraging as 

the parent phenolic compound BE135 was inactive with IC50 value > 100 nM, (see 

figure 3 .2 2 ). This result supports the proposed mechanism of action of these 

compounds as targetting the estrogen receptor. This compound was therefore selected 

for estrogen receptor(ER) binding evaluation in silico and in vitro. The remaining two 

compounds BE141 and BE142 gave poor results in the antiproliferative assay, with 

IC 5 0  value values > 1 00  pM. The PSA values for these compounds are calculated as 

101 .73  for BE140 and BE142 and 110 .96  for BE141 and Clog P values are 

observed as 3.83 for BE141, 4 .49  for BE142 and 4 .78  BE140. The dose response 

curve is displayed for BE140 in figure 3 .25 .

3.3 Antiproliferative results of LNCaP Assays

Antiproliferative assays were carried out on a select number of compounds using the  

LNCaP androgen receptor human prostate cancer cell line LNCaP. As the compounds 

were synthesised to specifically target the estrogen receptor and with limited 

availability of tim e and resources, only 6  chromene compounds were selected for 

LNCaP toxicity studies, BE6, BE17, BE18, BE23, BE69 and BE92. A general 

antiproliferative screen of LNCaP cells for the selected six compounds at 3 

concentrations (50  nM, 10 |iM and 500 nM) was initially conducted (Fig 3 .26 ) to 

determ ine if the candidate compounds have potential for further full concentration 

range assays to obtain IC 5 0  values for the compounds.
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LNCaP Cell Viability assay

150

^  100 '

!5ra
>
5? 50-

BSa B£17  

E 3  BE18 

^  BE6 

m  BE23

Figure 3. 26 LNCaP cell preliminary viability screening.

Of the 6 compounds selected for the initial LNCaP assays, 2 compounds (BE69 and 

BE92) demonstrated favourable values as antiproliferative agents on LNCaPs 

(demonstrated < 50% viability at 10 nM) to allow the evaluation over the full 8 dose 

concentration range (100 -10 nM). Shown above are the dose response curves for

BE69(IC5o = 1.154 |iM) and BE92 (IC5 0  = 7.310 |iM) with IC5 0  values both under 10 |jM 

(see  figure 3.27). This suggests that these chromene containing compounds 

synthesised have potential use for development as prostate cancer cell line therapies 

as well as showing potential as estrogen receptor breast cancer therapeutics.
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Figure 3. 27  LNCaP Dose-response curve and ICSO value for compounds BB69 and
BE92

194



3.4 Molecular Modelling

A virtual screening was perform ed on selected com pounds, m apping onto the  estrogen  

receptor ligand binding dom ain. Molecular O perating Environm ent (M O E) softw are was 

em ployed to predict the ligand-protein  in teractions. X -R ay structures have been 

reported fo r the  ERa LBD with agonist (es trad io l) and antagonist (4 -  

h ydroxytam o xifen ). The crystal structure o f hERa LBD bound to the  selective  

antagonist (O H T) was obtained from  the  protein database, PDB code BERT [1 2 5 , 1 6 6 ], 

A crystal structure was also obtained for the  ERa LBD also w ith agonist (estrad io l) and 

antagonist (R a lo x ifene). This crystal structure of hERa LBD bound to the selective  

antagonist (RAL) was also obtained from  the protein database, PDB code lE R R  [1 6 7 , 

1 6 8 ]. ER antagonistic  ligands, such as 4 -h yd ro xytam o xifen  and raloxifene, have  

m olecular characteristics s im ilar to estradiol such as the  phenolic groups which partake  

In direct hydrogen bonding with the  sam e key residues in th e  ER (i.e . G lu 353 , A rg394  

and H is524 in hum an E R a). In addition, ER antagonists ligands com m only contain a 

substituent am ine  e th er which is too large to be accom m odated in the  binding cavity  

(agonist m ode) which causes a d isplacem ent o f the  H e lix -12  in the  protein structure.

The docking studies w ere perform ed using MOE 2 0 1 2 .1 0  so ftw are. All param eters  w ere  

kept at defau lt unless stated otherw ise. The initial and final energy of protein w ere  

calculated (in kca l/m o l) by GizMOE using MM FF94X force field w ith conjugant g rad ient 

m ethod. The docked ligands w ere drawn in MOE and conform ers w ere not created as 

the  ligands w ere not docked as rigid m olecules. The docking protocol was set as 'Rigid 

Receptor' and a pharm acophore was used in m ost cases. The p lacem ent m ethod used 

was Triangle M atcher with the rescoring function of London dG. This was subsequently  

refined using th e  refinem ent of Forcefield with a rescoring function of G B V I/W S A  dG. 

The docking protocol was set to keep 30 docking poses only. The resulting docked 

com pounds w ere then visualised using Discovery Studio V isualizer.

For the  m olecular m odelling study, an initial pharm acophore was generated  using MOE 

pharm acophore elucidator. The most significant fea tures , including hydrophobic, 

hydrophilic, donor and acceptor features w ere exam ined . The results showing optim um  

activ ity  in the in silico screening study w ere subsequently  chosen fo r evaluation  in the  

in vitro  ER binding assays using Fluorescence polarisation and FRET assay m ethods.
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F igure 3 . 2 8  Top-rank ing  docl<ed conform ation  o f  BE6S (y e llo w ) in  ERa, 3ERT.pdb. 
overlapped  w ith  4 -h y d ro x y ta m o x ife n  (g re e n )

Fig 3.28 displays the structure BE65 overlapped w ith  4-hydroxytam oxifen(4-O HT) in 

the ER LBP(3ERT). I t  is observed tha t the structure of the compound BE65 has a 

s im ilar shape and overlaps well w ith 4-hydroxytam oxifen when the tw o molecules are 

superimposed. The hydroxyl groups of BE65 occupies a s im ilar position to the hydroxyl 

group of 4-hydroxytam oxifen (40HT) w ith the benzyloxy group o f BE65 observed to 

overlap w ith the N,N-dim ethylam inoalkyl ether substituent of 40HT. The rigid 

chromene structure appears to provide a scaffold tha t can accommodate the steric and 

geom etric requirem ents of the arom atic pharmacophores for ER binding.
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Figure 3. 29  2D representation o f binding interactions o f BEGS in the LBD ERa binding 
site (pdb 3ERT). 2 -D  rendering o f iigand-protein  interactions using LigX module o f  

MOE used to create docl<ed structure o f BE6S in the LBD ERa binding site.

Further 2D analysis of the in silico docking study was carried out fo r the compound

B E 6 5  docked in the ER w ith the hER a LBD in complex w ith 40HT, see fig 3.29. Some

side chain acceptor interaction can be observed fo r the hydroxyl group of compound

B E 6 5  interacting w ith the carboxylate residue in Glu 353. The residue Asp351 is

indicated in proxim ity  to the ester carbonyl and the ether oxygen; however the

expected donor-acceptor interactions are not observed. These results indicate that the

B E 6 5  candidate compound demonstrates some potentia l as an ER binding ligand. A

practical ER-a/ER-(3 TR-FRET (antagonist mode) assay was performed and showed the

compound B E 6 5  had ER-p specific antagonist binding activ ity  of 20 pM (see table

3.11).
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Figure 3. 30  Top-ranking docked conformation o f B140 (ye llow ) in ERa, (lE R R .pdb).
overlaid with Raloxifene(RAL) (b lue)

The ER antagonistic modulation of clinical relevant compounds such as 40HT (the 

active metabolite of tam oxifen) and RAL are known to be possible through key 

interactions w ith protein residues including Glu353, Arg394, His524, and Asp351. To 

m odulate the ER helix-12 and demonstrate antagonistic activ ity , the bulky amino 

groups on these clinical candidates are know to interact w ith  Asp351. Some 

compounds were chosen w ith sim ilar amino bulky chains from the synthesized libraries 

in th is  thesis fo r pre lim inary molecular modelling analysis, to evaluate any potential ER 

ac tiv ity , namely compounds BE140 and BE141. Fig 3.30 shows the structure of 

BE140 overlapped w ith Raloxifene (RAL) in the ERa LBP, (lERR). Docking studies were 

carried out on two separate crystal structures which were available; hER a LBD in 

complex w ith 4-hydroxytam oxifen OHT (3ERT), and hER a LBD in complex w ith 

Raloxifene, RAL (lER R ), both obtained from  the protein data bank. The result of the 

raloxifene study (lERR) was chosen fo r th is docking study as optim ised docking 

interactions were observed when using th is crystal structure.
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Figure 3. 31  2D  re p resen ta tio n  o f  b ind ing  in te rac tio n s  o f  BB140 in  the LBD ERa b ind ing  
site  (p d b  lE R R ). 2 -D  ren d erin g  o f  lig a n d -p ro te in  in te rac tio n s  using L igX m odule  o f  

MOE used to c rea te  docked s tru c tu re  o f  BE 1 4 0  in  the LBD ERa b ind ing  site .

Fig 3.31 shows 2D representation o f binding interactions of compound BE140 in the 

hER a LBD in the complex crystallised w ith RAL(raloxifene), (lERR). As expected, ionic 

interaction can be observed for the protonated amine which is positioned adjacent to 

the Asp351 residue.The interaction w ith protein residue Asp351 is known to  be 

im portant in ER antagonistic profiling. This gave an indication for BE140 as a potential 

candidate in ER therapeutics. Further practical binding studies showed tha t compound 

BE140 gave good ER a binding values (see table 3.9 and table 3.10).

A s tructura lly  related compound BE141 also having an am inoether group substituent 

antagonistic type chain also clearly displayed ionic type interaction w ith Asp351 in the 

hER a LBD in complex w ith TAM(3ERT), see fig 3 .32,(2D  representation of binding 

interactions).
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F igure  3. 32  2D re p re se n ta tio n  o f  b in d in g  in te ra c tio n s  o f  BE141 in  the  LBD ERa b in d in g  
s ite  (pd b  3ERT). 2-D  re n d e rin g  o f  iig a n d -p ro te in  in te ra c tio n s  us ing  L igX  m odu le  o f  

MOE used to  crea te  docl<ed s tru c tu re  o f  BE140 in  the  LBD ERa b in d in g  s ite .

©
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F igure  3. 33  2D re p re se n ta tio n  o f  b in d in g  in te ra c tio n s  o f  BE137 in  the  LBD ERa b in d in g  
s ite  (pd b  3ERT). 2 -D  re n d e rin g  o f  i ig a n d -p ro te in  in te ra c tio n s  us ing  L igX  m odu le  o f  

MOE used to  c rea te  docked  s tru c tu re  o f  BE137 in  the  LBD ERa b in d in g  s ite .
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Fig 3.33 shows BE137 pyranocoumahn compound the hER a LBD complex crystallised 

with 40HT(4-hydroxytamoxifen), 3ERT. Docking in the antagonistic mode is predicted, 

although interactions with the key residue Asp351 are not indicated. However, some 

interesting additional interactions can be observed between the CN at C-3 of the 

chromene ring and Cys 530 residue.

3.5 ER binding assays

Methods to characterise binding to Estrogen Receptor Ligand Binding Domain

3.5.1 Time Resolved Fluorescence Resonance Energy Transfer (TR-FRET)

Fluorescence resonance energy transfer (FRET) is the distance dependent transfer of 

excitation energy from two fluorophores, a donor to an acceptor molecule. As the 

energy transfer occurs over 1-10 nm distance, comparable to the size of biological 

macromolecules, FRET is considered as a valuable tool to study proximity events 

occurring in biological systems, such as in protein-protein interactions [135], As for 

any fluorescence based technique, the background fluorescence brought by the assay 

components or by the test compounds may be a problem in limiting the application of 

FRET in high throughput assays. To overcome the intrinsic fluorescence limitations, 

lanthanide chelates with longer fluorescence lifetimes have been used as donors 

combined with a delay in the signal measurement (typically with a 200 or 100 ps 

delay), which allows for the decay of background fluorescence from interfering systems 

(usually decaying within the 10 ns range for most commonly used organic dyes). This 

technique with improved sensitivity is referred to as time-resolved (TR) fluorescence 

resonance energy transfer (TR-FRET). In TR-FRET lanthanide chelates are used as 

donors, improving significantly the lifetime (between 200-1500 ps) and the assay 

sensitivity, overcoming the short lived background fluorescence interfering signals due 

to intrinsic fluorescence or light scattering. The fluorescence decay is exponential and 

proportional to the lifetime (tf) of individual fluorophores[135]. Figure 3.34 shows a 

TR-FRET schematic. In TR-FRET, after excitation, measurement of emission 

commences at a fixed time (typically between 100-400 ps) after the flash lamp pulse. 

The sample is then re-excited and a new measurement cycle begins[169].
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Figure 3. 3 4  T im e-reso lved  m e a s u re m e n t a llo w s  th e  s ignal to be c leared  o f  background  
fluorescence; the  e n e rg y  pulse from  the exc ita tio n  source (flash  lam p, la s e r) is  

im m e d ia te ly  fo llo w ed  b y  a tim e  delay, a llo w ing  in te rfe rin g  sh o rt-liv e d  fluorescence  to
decay [1 7 0 ] .

3.5 .2  Fluorescence Polarization (FP)

The theory of fluorescence polarization was first developed by Perrin in 1 9 2 6 [1 7 1 ] ,  

who observed th a t w hen a sm all m olecule is excited with plane polarized light the  

em itted  light is largely depolarized because m olecules tum ble  rapidly in solution during  

its fluorescence life tim e . The polarization value of a m olecule is directly proportional to  

th e  m olecule's ro tational re laxation  tim e . Rotational relaxation tim e depends on 

viscosity (n ) , absolute tem p e ra tu re  (T ), m o lecular vo lum e (V ) and the gas constant (R ) 

according to the  following equation 0 .1 :

Zr\V
R o ta tio na l Relaxation  Tim e = ------

RT

Equation 0.1

According to  this eq uation , if viscosity and tem p era tu re  are constant, then  the  

polarization value is d irectly  proportional to the  m olecular volum e in term s of size. In  

th e  specific case outlined in this chapter, a specific change in the size of the  m olecule  

occurs in response to  a binding even t, such as th e  com petition of a tes t com pound for 

a fluorescently  labelled proprietary  ligand (F luorm one™ ) from  the  N R (nuclear receptor) 

LBD. The binding o f the  com pound in the LBP, results in the dissociation of the
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Fluorm one-LBP com plex, there fo re  in a decrease of the m olecular size, and as a 

consequence, in a reduction in polarization value of the  em itted  light. Sm all molecules  

ro ta te  quickly during the excited state so they  have a low polarization value  upon 

emission. Large m olecules ro tate  little  during the  excited sta te  and th ere fo re  they  have  

high polarization value upon em ission.

The polarization value, usually expressed in m illipolarization units (m P ) is a ratio of 

light intensities ( I )  em itted  both in the  horizontal and vertical p lanes, as described in 

this equation 0 .2 :

hffariisnteij 

Equation 0.2

Som etim es the  te rm  polarization is used in terchangeably w ith th e  term  anisotropy. 

Anisotropy is associated and in terre lated  to polarization , also derived from  ratio of 

vertical and horizontal in tensities. Anisotropy values are usually preferred  due to  

m athem atica l sim plicity of the  equations com pared to those th a t describe polarization . 

Anisotropy is re lated to polarization according to the  following equation 0 .3 :

2P
a = ---------------

3 -  P

Equation 0.3

One of the biggest lim itations of FP in its application to high throughput screening is 

the interference from  intrinsic fluorescence of small organic com pounds. G enerally , 

conjugated bonds w ithin the  com pound confer a fluorescent character, and th e  g rea ter  

the  degree of conjugation w ithin a com pound, th e  longer th e  w avelength  at which it 

fluoresces [1 7 2 ] . Com pound libraries used in HTS generally  contain heterocyclic  

compounds and com pounds with low levels of conjugation . In  light of these  

observations, assays th a t are  based on excitation a t re la tive ly  short w avelengths (3 5 0  

nm ) th a t detect fluorescence in th e  green spectral region ( 4 5 0 - 4 9 5  n m ), ju s t like the  

assay described in this chapter, have a g rea te r chance of false positives due to  

compound fluorescence [1 7 2 , 1 7 3 ]. Thus, to overcom e in terference , fluorescence  

assays that em ploy red-sh ifted  longer w avelength  fluorescent probes have been 

d eve lo p ed [174 ].

A m ethod to flag fluorescent com pounds and false positive wells in HTS screens was 

provided by Turconi and colleagues [1 7 5 ] by calculating th e  total fluorescence in tensity  

from  a well and the observed anisotropy. W ith the  sam e m ethod , it is also possible to  

flag false negatives due to com pounds present as aggregates and light scattering . In
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th is  case , th e  flu o re sc en ce  in te n s ity  w ill in c re ase  a lo ng  w ith  th e  p o la riza tio n  If th e  

a g g re g a tio n  does n o t q uench  th e  flu o re sc en ce . L ight s c a tte rin g  fro m  p a rtic u la te s  o r 

p re c ip ita te d  co m p o u n d s  can  also lead  to  h igh p o la r iza tio n  v a lu e s  d u e  to  s c a tte re d  lig h t 

being in fin ite ly  p o la r iz e d [1 7 5 ] .

Receptor UgarxJ Competitor Displaced Ugarxl Receptor^Iompecitor

High Polarization Low Polarization

Figure 3. 3 5  PolarscreenTM fluorescence assay principle for ER

T h e  Fig 3 .3 5  d isp lays  th e  P o larscreen™  flu o re sc en ce  assay p rin c ip le  fo r ER. T h e  

co m p lex  b e tw e e n  th e  flu o rm o n e  and  th e  LBD re s u lt in a high p o la riza tio n  v a lu e , d u e  to  

in c rease  in s ize , if th e  ad d ed  te s t  co m p o u n d  is c o m p e tin g  fo r th e  LBD, th e n  f lu o rm o n e  

w ill be lib e ra te d  in to  so lu tio n , re su ltin g  in a d e crea se  in th e  p o la r iza tio n  v a lu e .

In  th is  c h a p te r  a flu o re s c e n c e  p o la r iza tio n  assay c o m m e rc ia lly  a v a ila b le  fro m  

In v itro g e n  (P o la rS c re e n ™ ) is u sed , w h e re  flu o re sc en ce  w as  d e te c te d  in th e  g ree n  

sp ec tra l re g io n . In  th is  assay a flu o re s c e n tly  lab e lled  ligand  (F lu o ro m o n e ™ ) b inds w ith  

high a ff in ity  to  th e  LBD an d  it is inc luded  in th e  assay a t  a c o n c e n tra tio n  close to  its K d, 

to  en su re  a ro u n d  8 0 %  s a tu ra tio n  o f th e  re c e p to r  an d  e ffe c tiv e  c o m p e titio n  fro m  th e  

te s t  co m p o u n d

3.5.3 Estrogen receptor binding activity results

T h e  ER b ind ing  a c tiv ity  (as  IC 5 0  v a lu e s ) fo r  both  ER iso form s (E R a  and ERP) a re  

d isp layed  fo r  th e  se lec te d  co m p o u n d s  in T a b le  3 .9  an d  T a b le  3 .1 0  re s p e c tiv e ly . T h e  

co m p o u n d s  w e re  se lec te d  fo r  ER b ind ing  assay on th e  basis o f th e  in itia l 

a n tip ro life ra iv e  s c re en in g  in ER p o s itive  M C F -7  ce lls  and  also  on re v ie w  o f th e  in  silico  

docking  re su lts  p re s e n te d . E strad io l w as used as th e  s ta n d a rd  p o s itive  co n tro l in each  

e x p e r im e n t and  d e m o n s tra te d  IC50 v a lu e  fo r  ER b ind ing  o f 0 .0 0 2 3  nM(ERoc) and  0 .0 0 2 1  

n M (E R p ).
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3 .5 .31  ERa binding assay results

Compound
ICso IJM 

ERa
Compound

ICso IJM 

ER a

B E l 1.77 BE38 2.32

BE5 8.53 BE58 >100

BE7 2.58 BE62 53.91

BE16 1.69 BE63 40.32

BE19 >100 BE67 >100

BE36 0.59 BE140 13.47

Estradiol 0.0023

Table 3. 9 ERa binding results for selected compounds (IC 5 0  /jM )

Table 3 .9  shows the ER alpha binding assay results for the 12 compounds screened 

with ICso in pM and it is observed that 6  of the selected compounds have favourable  

ICso binding values below 10 pM(compounds B E l, BE5, BE7, BE16, BE36, BE38). 

Compound BE36 was the most potent compound in the series with IC 5 0  value of 0 .59  

|iM) Of the compounds identified from preliminary in silico evaluation, compound 

BE140 was predicted to show potential binding activity in vitro as a potential ER 

modulator. The moderate value for compound BE140 obtained in the in vitro FRET ERa 

binding experim ent (IC50 13.47 table 3 .0 9 ) is also in agreem ent with the ER 

docking prediction for ERa. Compound BE140 was selective for ERa as the binding 

value observed for ERp was > 100 nM indicating that this compound was selective in 

recognition of the ERa ligand binding domain.
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3.5 .32  ERp binding assay results

Compound
ICso  A/W 

E R P
Compound

ICso IJM  

E R P

BEl 0 .1 9 BE62 > 1 0 0

BE5 2 .5 6 BE63 > 1 0 0

BE7 1 .0 0 BE66 > 1 0 0

BE8 > 1 0 0 BE67 > 1 0 0

BE16 2 .1 0 BE68 > 1 0 0

BE19 > 1 0 0 BE70 > 1 0 0

BE21 > 1 0 0 BE71 > 1 0 0

BE36 1 .52 BE72 > 1 0 0

BE38 > 1 0 0 BE91 7 .2 2

BESS > 1 0 0 BE140 > 1 0 0

Estradiol 0 .0 0 2 1 0

Table 3. 10  ERfi binding resuits fo r selected compounds (IC 5 0  /jM )

Binding activity in table 3.10 for the ERp isoform was determined for 20 compounds 

selected from the chromenes synthesised. The results from the ER binding FRET 

experiments identified 6  compounds (B E l, BE5, BE7, BE16, BE36, BE91), with IC50  

values of less than 100 pM. The most potent compound identified was BEl with IC50  

value of 0.19 nM. Examples of the dose response curves obtained for specific examples 

are illustrated below.
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BE7 ERpBE7 ERa HO' NH-
250n300-1

200 -

200 -
150-

Q.
E

a.
E

1 0 0 -

100 -

50-

1.0-0.5 0.5 1.5- 1.0 0.00.5 1.5-0.5 0.0 1.0- 1.0

Log Cone ()iM)
I IC50 I 1 ^ 8 4 | ± 0 05003

Log Cone (|iM)
I IC50 I 1 002 I ± 0 1726

Figure 3. 36  ERa and ERP binding results fo r compound BE7

The dose-response curves for compound BE7 in the FRET ERa and ERp assay is 

displayed in figure 3.36. An 8  point concentration curve was generated over the range 

10 nM to 10 nM. Connpound BE7, containing a 2,4-d im ethylphenyl substituent at C-4 

of the chromene ring demonstrated potent binding a ffin ity  fo r each receptor subtype 

w ith IC 5 0  values of 1.68 |iM and 1.00 nM for ERa and ERp respectively.

NH2HO' BE16 ERPBE16 ERa
250-1300-1

200 -

2 0 0 -
150-

0 .
E

0 .
E

100 -

10 0 -

50-

1.00.5 1.5 0.0 0.5 1.5- 1.0 -0.5 0.0 1.0 1.0

Log Cone (^M) Log Cone (^M)
I IC50 j1  690 I ± 0 09755 j IC50 | 2 107 j ± 0 1693

Figure 3. 3 7  ERa and ERP binding results for compound BE16
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Compound BE16, containing the 3-th ienylsubstituent at C-4 of the chromene ring, 

showed good binding results on both ER alpha and ER beta receptors, as seen from the 

results in figure 3.37, w ith IC 5 0  values of 1.69 |iM and 2.10 |iM for ERa and 

ERp respectively, and some selectiv ity fo r the estrogen alpha receptor.

BE36 ERa HO NH2 BE36 ERp
2501 250-1

2 0 0 - 200 -

150 - 150 -0 .
E a.

E100 - 100 -

50 - 5 0 -

- 1.0 0.0-0.5 0.5 1.0 1.5
- 1.0 -0.5 0.50.0 1.0 1.5

Log Cone (^M)

I IC50 I 0 8640 I ± 0 3964
Log Cone ()xM)

I IC50 I 1 524 I ± 0 07350

Figure 3. 38  ERa and ERp binding results for compound BE36

Another favourable binding value was indicated in evaluation for BE36, see figure 

3.38. The agonistic structure of BE36 showed activ ity  both on ER alpha and beta 

isoforms w ith w ith IC 5 0  values of 0.86 |iM and 1.52 |iM fo r ERa and ERp respectively, 

and some selectiv ity fo r the estrogen alpha receptor.

BE140 ERa
400-1

300 - BE 140ON
NH'

E 200-

100 -

- 1.0 - 0.5 1.00.0 0.5 1.5

Log Cone (^M)

I IC50 1 i 3!7T| ± 1.773

Figure 3. 39  BE 140  ERa binding curve o f compound BE 140  .
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BE91 ERp
300-1

20 0 -

O .
E

NH-
100 -

0.5 1.0- 1.0 -0.5 0.0 1.5
Log Cone (^M)

I IC50 I 7 ~ 2 ^  ± 0 2168

Figure 3. 40  ERfi binding result for compound BE91

On review of the ER binding values obtained for both ERaand ERp isoforms, displayed 

in tables 3.9 and 3 .10 , it Is observed that most of the compounds that gave acceptable 

activity values were active on both ER alpha and ER beta subtypes. However it is 

concluded from the data in both tables that some compounds such as B E l, BE38 and 

BE140 selectively bound to the ERa and compounds such as B E l, BE5 and BE7 

selectively bound to ERp. Figures 3 .39 and 3.40 show the selectivity displayed by the 

two compounds each binding selectively to either of the ER subtypes. BE 140 can be 

seen with binding activity on the ER a  (see figure 3 .39 , IC 50 = 13 .47  ^M ), however 

there was no activity observed on the ER beta isoform. The dose-response curve for 

BE91 can be observed with IC 50 value of 7 .22  pM selectively bound to the ER(3, (see 

figure 3 .40 ).
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3.5.4 FRET ER binding assay in agonist and antagonist mode

Further FRET binding assays w ere carried out on th ree  selected com pounds, BEl, 

BE14 and BE65. The assay was perform ed on ER-a/ER-(3 TR-FRET in antagonist 

m ode, so th e  assay was evaluating  specifically to  identify  any potential com pounds  

with selective antagonist activ ity  on th e  ER. The binding results fo r 3 of the selected  

com pounds can be observed below in Figure 3 .4 1 . Tam oxifen  was used as th e  ER 

antagon ist standard positive control.

HO NH HO NH HO NH

BE1 BE14 BE65

ER-o7ER-p TR-FRET (Antagonist mode)
150

o  100-

<0 50-

ER alpha 
ER beta

Figure 3. 41 E R -a /E R -p  TR-FRET binding assay in antagonist mode

In  th e  TR-FRET binding results displayed in th e  figure  3 .4 1 , it is observed th a t the  

com pound BE65 had binding values significantly (3 -fo ld ) m ore selective fo r ER-p over 

ER -a at 100  |jM concentration . The assay perform ed in antagonist m ode gives
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significantly nnore inform ation fo r the design and production of potentia lly useful 

anticancer ER therapies. In th is case the results show tha t BE65 is favouring 

specifically the ER-(3 receptor as an antagonistic candidate.

3.6 The N C I-60 human tum our cell line drug screen and the 

COMPARE algorithm

In the early 1980's, the US National Cancer In s titu te  (NCI) developed an anticancer 

drug screen in the 1980's w ith a panel of cell lines from  nine distinct tum our types: 

leukaemia, colon, lung, CNS, renal, melanoma, ovarian, breast and prostate. Cell 

lines tha t showed acceptable growth characteristics, such as adaptability to the 

standard cell culture medium, were chosen fo r the panel. At the tim e that the assay 

was conceived, practical endpoints such as the use of tetrazolium  dyes had not been 

developed. A new tetrazolium  dye assay, using the XTT dye, was developed. 

Subsequently a method tha t used sulphorhodamine B was selected for use in the 

screen. This assay employs a chemical fixation step at the end of drug treatm ent, 

enabling batch processing of plates in a tim e-independent manner. It can also 

d ifferentia te cell kill from growth inhibiton. In 1998, a three-cell line pre-screen was 

introduced to increase the efficiency and throughput. This pre-screen was automated 

in 2001 to a high throughput form at, using 384-well plates and alamarBlue dye to 

assay at endpoint. A fter pre-screening, one-dose testing is performed on the 

subm itted samples and, based on the potency of the sample, it may progress to  5- 

dose testing in up to 60 cell lines.

The NCI60 screen is hugely useful as a research tool. Figure 3.42  (a) shows tha t 

num ber of compounds screened each year is increasing steadily, w ith over 400,000 

samples screened in 2007. Figure 3.42  (b) provides a breakdown of the origin of 

submissions between 1999 and 2005, showing th a t 54% of samples were subm itted by 

foreign (non-US) academics over th is tim e period
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Figure 3. 42 (a) Number o f sam ples screened by the NCI from 1989 -  2007; (b) source
o f sam ples betw een  1999 -  200S

3.6.1 Compounds submitted to NCI-DTP

As a follow up to In house evaluation,  a group of 22 of the  synthes ised compounds  was 

accepted for fur ther evaluation by the  National Cancer Institute(NCI) Developmental  

Therapeutics  Program (DTP) in the  United S ta t es  for evaluation on 60 human tumour  

cell line screen [176],  The National Cancer Insti tute,  Developmental  Therapeut ics  

Program (DTP) which opera tes  a progressive,  t iered in vitro and in vivo an ti -cancer 

compound screening program for single pure compounds  with the  goal of identifying 

and evaluating novel chemical leads and biological mechanisms of action. Many of the  

compounds  showed modera te  to good activity in the  60 human tum our  cell line screen 

in the  initial 1 dose screen (10 |iM). As an example ,  the  result from the  1 dose screen 

for compound B E 6 5 (7 6 7 4 3 4 )  is illustrated in Table 3.11 below. This compound 

showed particularly potent  resits against  the  following leukaemia cell lines, having low 

growth percen tages  in each case:  C-CRF-CEM, (49 .47%),  HL60-TB (1 .97%) ,  K- 

562 (8 .83%),  MOLT-4(28.82%), RPMI-8226(36.08%),  SR(-3.65%).
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Developmental Therapeutics Program MSG: D -767434/1 Cone: 1.00E-5 Molar Test Date: Sep 24.2012

One Dose Mean Graph Experim tnt ID; 12090S49 Report Date: Feb 04. 2013

Panel/Cell Line Growth Percent Mean Growth Percent • Growth Percent

Leukema
CCRF-CEM 49.47
HL-60(TB) 197
K-562 8.83
MOLT-4 28.82
RPMI-8226 36.08
SR -365

Nan-Smal Cel Lung Cancer
A549/ATCC 41.59
HOP-62 5044
HOP-92 59.46
Na-H226 84 70
N O H 23 6637
NCI-H322M 68.13
NO-H460 33.46
Na-H522 16,57

Cofon Cancer
COLO 205 53.72
HCC-2998 70.34
HCT-116 29.88
HCT-15 41.56
HT29 20.58
KM12 29.11
SW-620 31.28

CNS Cancer
SF-268 62.35
SF-539 5297
SNB-19 69.52
SNB-75 4609

Melanoma
LOXIMVt 5183
MALME-3M 34.13
M14 28.81
MOA-MB-435 ^ .7 4
SK-MEL 2 72.12
SKMEL-28 65 56
SK-MEL-5 43.85
UACC-62 43 26

Ovarian Cancer
K5R0V1 54 46
OVCAR-3 61.53
OVCAR-4 6720
OVCAR-5 9234
OVCAR-8 73.51
NO/AOR-RES 2148
SK-OV-3 61 52

Renai Cancer
786-0 56 43
A496 56 32
ACHN 69 99
CAKJ-1 47.99
RXF393 81.91
SN12C 7302
TK-10 75.48
UO-31 6796

Prostate Cancer
PC-3 5006
DU-145 84.71

Breast Cancer
MCF7 49 15
MDA-MB-231/ATCC 61.11
HS 5787 00.66
BT-549 7597
T-470 61.35
MDA-MB-468 53 1 7

Mean 50.48
Delta 99^2
Range 141.08

150 100 50 0 -SO -ICO -150

Table 3. 11 One Dose Screen (1 0  m M ) resu lt for compound BESS (7S 74 34 )
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Leukemia One Dose Mean Graph, Cone; 1.00E-5 Molar

BE66 BE141

BE137

Panel/Celi Line

CCRF-CBVI
HL-60(TB)
K-562
MOLT-4

BE130

— ■ RPMI-8226

BE91

I I I 1 1 I---------------1----------------1---------------1--------------- 1
•100 -50 0 50 100 .100 -50 0 50 100

Growth % Growth %

Table 3. 12 Leukaemia grow th activity  ( % )  on fu ll panel o f compounds screened
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Many of the compounds evaluated also showed some selective activity in the panel 

leukaemia cell lines evaluated. The results obtained for the panel of compounds 

evaluated in the leukaemia cell lines is shown in Table 3.12. Compound BE36 can be 

seen to be clearly the most potent, with compounds BE37, BE57 and BE71 also 

displaying interesting positive activities. These structures could have potential for 

further development as anti-leukaemia agents.

Cdnccr btstihite O iu lo p w w fr tit fhwapwitecs P rognm  
O o w R M fionse C w w s

NSC D - 707434/1

Report D M  fctonjanr 3D. 3D13

SSPtQXDS I EXP P  1212WS81

Te« D M  Deccmter 03 3012

8«
S

All Gen Lines
100

so

0

S767434
K»

-6 •4-7 •«-9 •a

Loĝ Q of S^nple Concentration (Motar)

Figure 3. 43  5  dose N C I results for compound BESS (Sam ple S 767434 ) for 60 cell lines  
(LoglO  o f sample concentration p lotted  against percentage grow th).

The result from the 5 dose NCI screen for compound BE65 (Sample S767434) for the 

60 cell lines (Logio of sample concentration plotted against percentage growth) Is 

displayed in Figure 3.43. The result shows that the compound displays good 

antiproliferative activity at micromolar levels in all cell lines evaluated.
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Figure 3. 44  Growth percentage results fo r compound BE36 on 9 cell lines
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Figure 3. 45  Mean GISO, TGI and LC50 results for BE36 on 60 cell lines

Three endpoints (negative logio of the concentration inhibiting the growth of 50%  of 

the cells (GI50), total growth inhibition (TG I) and negative logio (concentration required 

to kill 50%  of the cells (LC5 0 ) are calculated from 5-log dose response curves for 

compounds tested in the National Cancer Institute (NC I) 60 human tum our cell line 

Screen. Figure 3 .44 displays the results from the 9 tum our cell panels evaluated for 

compound BE36. The more sensitive cell lines for BE36 are observed to be melanoma, 

non-small cell lung cancer, ovarian cancer, and CNS cancer [176 ]. A mean graph for 

BE36 is shown in figure 3 .45 . The midline of each portion of the graph represents the 

mean for that endpoint, calculated across all 60 cell lines. This mean value is then 

subtracted from the value for each individual cell line and plotted. Cell lines more 

sensitive to BE36 are visualised as bars deflecting to the right, while more resistant
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cell lines have bars extending to the left of the mean. Compound BE36 displayed 

mean logioGI50 value of -5.36 (GI50 value 4.36 nM) over the panel of 60 cell lines 

tested. Compound BE36 shows values here selective for melanoma, breast cancer, 

and renal cancer with seleced GI50 values of 3.09 laM for the leukaemia cell line HL-60, 

3.80 nM for MCF-7 and 2.57 |iM for MDA MB-468. The complete listing of the GI50, TGI 

and LC50 results for BE36 on 60 cell lines are displayed in Figure 3. 46.
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National Cancer Institute Developmental Therapeutics Program  
In-Vitro Testing Results

NSC : D - 767434 /  1 Experiment ID : 1212NS81 Test Type . 08 Units . Molar

Report Date : May 11, 2013 Test Date December 03, 2012 QNS: MC :

COM! :BE180 (121336) Stain Reagent. SRB Dual-Pass Related S S P L: OXOS

Log 10 Concentratkxi
Time Mean Optical Densities Percent Growth

Panel/Cell Une Zero Ctrl -8.0 -7.0 -6.0 •5.0 -4.0 -80 ■7.0 -60 -5.0 -40 GISO TGI LC50
Leukemia
c c r f <:em 0.596 2.131 2.075 2 095 2057 0 856 0.607 96 98 95 17 1 3.78E-6 > 1.00E-4 > I.OOE-4
HL-60(TS) 0.628 2655 2 670 2 700 2 686 0596 0,404 92 S3 92 -5 •36 2.72E-6 8 87E-6 > I.OOE-4
K-562 0.230 1 447 1.388 1 455 1,305 0 345 0.208 95 101 88 9 -10 3.06E-6 3 14E-5 > I.OOE-4
MOLT^ 0.620 2.023 2.005 2.015 2.138 0 802 0.504 99 99 108 13 •19 4.08E-6 2 56E-5 > I.OOE-4
RPM1-8226 1.538 3.135 3.169 3.137 3.093 1 810 1,169 102 100 97 17 -24 389E-6 260E-5 > 1.OOE-4
SR 0.256 0711 0707 0 729 0 774 0 315 0 231 99 104 114 13 -10 4 29E-6 370E-5 > 1.00E-4

Non-Smatl Ceil Lung Cancer 
A549/ATCC 0477 1,935 1 926 1 909 1 841 0877 0372 99 98 94 27 -22 4 56E-6 359E-5 > 1 OOE-4
HOP-62 0.508 1 395 1.260 1 243 1.358 0 759 0.473 85 83 96 28 -7 4 77E-6 6 37E-5 > 1.OOE-4
HOP-92 1.407 1.8)8 1 781 r795 1.765 1.481 1.019 91 94 87 18 •28 3.44E-6 248E-5 > I.OOE-4
NCI-H226 0.992 2.451 2445 2.373 2 441 1 800 1 070 100 95 99 55 5 1 28E-5 > 1 ooe-4 > I.OOE-4
NCI-H23 0.899 2594 2.504 2 548 2.535 1 354 0.736 95 97 97 27 •18 4.65E-6 3.95E-5 > I.OOE-4
NCI-H322M 0.925 1 628 1.607 1.601 1.667 1 088 0.872 97 96 105 23 -6 4.72E-6 6 34E-5 > 1.00E-4
NCJ-H460 0.366 2 962 3 009 3.010 2 954 0 791 0.265 102 102 100 16 -28 395E-6 2 35E-5 > I.OOE-4
Na-H522 0 807 1 444 1 324 1 351 1 351 0 666 0.482 81 85 85 -17 ^ 0 2.21E-6 6 79E-6 > 1 OOE-4

Coton Cencer
COLO 205 0.405 1.318 1.404 1.322 1,432 0.559 0.184 109 100 113 17 •55 4.50E^6 1 72E-5 860E-5
HCC-2998 0.837 2323 2240 2234 2.408 1 639 0.648 94 94 106 54 •23 M3E-5 5 06E-5 > 1.OOE-4
HCT-116 0,189 1 726 1 772 1 709 1,690 0 453 0 047 103 99 98 17 -75 3.91E-6 1 53E-5 532E-5
HCT-15 0.314 1.936 1 886 1 900 1 777 0617 0.227 97 98 90 19 -28 3.65E-6 252E-5 > I.OOE-4
HT29 0.229 1.238 1.280 1 267 1.307 0 308 0.129 104 103 107 8 -44 3.75E-6 1 42E-5 > 1.00E-4
KM12 0.284 1.632 1.530 1,573 1 484 0.636 0.255 92 96 89 26 -10 4,17E-€ 523E-5 > I.OOE-4
SW-620 0.320 2.270 2 222 2255 2142 0844 0.467 98 99 93 27 8 4.49E^6 > i.ooe-4 > I.OOE-4

CNS Cancer
SF-268 0,667 2 068 1.999 1.991 2.059 1 217 0.760 95 95 99 39 6 63E6 > 1 006-4 > I.OOE-4
SF-295 0886 2600 2490 2 490 2473 0 969 0.259 94 94 93 5 -71 3 06E-6 1 16£-5 5.31E-5
SF-539 0 911 2.277 2 305 2 297 2215 0719 0.427 102 101 95 -21 -53 245E-6 6 59E-6 7.96E-5
SNB^19 0.681 2.130 2 022 2.062 1 985 1.276 0.869 93 95 90 41 13 6.56E-6 > I.OOE-4 > I.OOE-4
SNB-75 0.893 1 713 1.584 1 626 1 525 0 896 0,643 84 89 77 •28 225E-6 1 03E-5 > 1.OOE-4
U251 0 482 1 965 1 905 1 929 1 884 0 792 0.155 96 98 95 21 •68 4 02E-6 1 72E-5 628E-5

Melanoma
LOX IMVI 0.291 1 449 1,412 1 400 1 466 0680 0.059 97 96 101 34 -80 5 73E-6 1 98E-5 5 45E-5
MALME-3M 0.757 1 436 1 416 1 393 1 403 0 768 0.463 97 94 95 2 •39 3 04E-6 1 ioe-5 > 1,OOE-4
M14 0.505 V891 1,868 1 857 1.693 0 603 0.436 98 98 100 7 -14 3.46E-6 2 18E-5 > I.OOE-4
MDA-MB-435 0532 2240 2329 2 276 1 686 0 278 0.365 105 102 68 -48 •31 1 42E-6 385E-6 > 1 OOE-4
SK-MEL-2 1 121 2 122 2099 2 165 2132 0989 0766 98 104 101 -12 -32 2 83E-6 7 86E-6 > I.OOE-4
SK-MEL-28 0662 1.581 1.609 1 612 1.463 1 018 0 586 103 103 87 39 •12 5 85E-6 S89E-5 > I.OOE-4
SK-MEL-5 0.876 3 281 3256 3,140 3 191 1 329 0371 99 94 96 19 •58 396E-6 1 76E-5 7.94E-5
UACC-257 0834 1 536 1 585 1 507 1.597 1 085 0.597 107 96 109 36 •28 6.37E-6 3 61E-5 > I.OOE-4
UACC-62 0.734 2 668 2.566 2626 2402 1 185 0.483 95 98 86 23 -34 377E-6 2 54E-5 > I.OOE-4

Ovartan Cancer
IGROV1 0670 1 464 1 413 1 489 1 516 0 853 0 445 94 103 107 23 •34 4 75E-6 2 55E-5 > 1 OOE-4
OVCAR-3 0 600 1 873 1.843 1 867 1.933 0 938 0.406 98 99 105 27 •32 5.01 E-6 2 82E-5 > I.OOE-4
OVCAR-4 0.621 1.052 1.064 0 986 0.970 0 834 0.552 103 85 61 49 •11 959E-6 6 55E-5 > I.OOE-4
0VCAR^5 0624 1.446 1,444 1 449 1.471 1 064 0.565 100 100 103 53 -10 1.14E-5 706E-5 > I.OOE-4
OVCAR-8 0.590 2 036 2062 2.026 1,927 1 192 0.509 102 99 92 42 -14 683E-6 5 63E-5 > i,ooe-4
NCI/AOR-RES 0.815 2 435 2464 2 422 2 345 0 755 0 704 102 99 94 -7 •14 2.73E-6 8 47E-6 > 1 OOE-4
SK-OV-3 0634 1 269 1 306 1.259 1 373 0 754 0383 106 98 116 19 -40 4 80E-6 2 IOE-5 > I.OOE-4

Renal Cancer
786-0 0.833 2.560 2.478 2466 2479 1 397 0.310 95 95 95 33 •63 5.29E-6 2 20e-5 7.34E-5
A498 1.722 2.326 2.196 2 136 2 121 1 652 1.133 78 68 66 -4 -34 1.69E-6 8 756-6 > 1.00E-4
ACHN 0.338 1 464 1 487 1 500 1 465 0 767 0.330 102 103 100 38 -2 6 43E-6 8 74E-5 > I.OOE-4
CAKJ-1 1.171 2 756 2.688 2.774 2 683 1 225 0844 96 101 95 3 ■28 3 IIE^e 1 28E-5 > 1 OOE-4
RXF 393 0.960 1.712 1.695 1 634 1.650 0898 0.407 98 90 92 -7 -58 2.66E-6 8 59E-6 7 IOE-5
SN12C 0730 2 695 2636 2.653 2574 1 396 0.365 97 98 94 34 -50 5.38E-6 2.53E-5 9.98E-5
UO-31 0.865 1 946 1 980 1 867 1 916 1 297 0 741 103 93 97 40 -14 667E-6 543E-5 > 1 OOE-4

PiDstafe Cancer
PC-3 0 664 1 706 1.645 1 585 1 595 0 956 0572 94 88 89 28 -14 4 38E-6 4 67E-5 > I.OOE-4
OU-145 0.407 1.437 1.433 1 439 1 500 0 755 0285 100 100 106 34 •30 5.97E-6 3 38E-5 > I.OOE-4

Breast Cancer 
MCF7 0,614 2 718 2 603 2 736 2 728 0 882 0508 94 101 100 13 ■17 3 76E-6 2 66E-5 > 1 OOE-4
MOA-MB-231/ATCC 0.680 1 494 1.509 1,546 1 481 0.981 0,513 102 106 98 37 •25 6.13E-6 399E-5 > 1.OOE-4
BT-549 1 169 2 281 2 283 2 356 2 246 1 678 1 034 100 107 97 46 -12 827E-6 6 28E-5 > I.OOE-4
T-47D 0,598 1 534 1.485 1 460 1 538 0 902 0.669 95 92 100 32 8 552E-6 > 1 OOE-4 > 1 OOE-4
MDA-MB-468 1.003 2.283 2.209 2 100 2.102 0 982 0,712 94 86 86 -2 •29 2.56E-6 947E-6 > I.OOE-4

Figure 3. 46  GISO, TGI and LCSO results for BE36 on 60 cell lines
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3 .6 .2  COMPARE algorithm

The NCI have developed a COMPARE algorithm that allows the antiproliferative profiles 

of compounds evaluated using the NCI screen to be compared and correlated. The 

program evaluates patterns of cytotoxicity among the cell lines in the screen and 

provides a numerical evaluation of the degree of similarity between the patterns 

obtained with any two agents. Compounds with a similar mechanism of 

antiproliferative effect, e.g. tubulin binding compounds, often shown the same 

differential antiproliferative profile across cell lines. High correlation values may 

indicate compounds with a similar mechanism of action, such as anti-tubulin agents or 

ER antagonists.

The COMPARE algorithm was used to compare the differential antiproliferative activities 

of chromene BE36 to compounds with known mechanisms of action in the NCI 

Standard Agent Database. All three measures of activity (GI50, TGI and LC50) were 

used and the analysis showed correlations to vinblastine, maytansine and rhizoxin, all 

of which affect microtubule polymerisation (see table 3 .13 ) and also to tamoxifen  

which is known to target the ER. There is no evidence that the COMPARE algorithm  

distinguishes between different tubulin-based mechanisms of action. In vitro ER- 

binding studies have confirmed that BE36 is acting as an ER targetting agent (section 

3 .5 .3 ).

Based on G I5 0  mean graph

1 S-trityl-L-cysteine 0.576 antim itotic

2 Rhizoxin (hiConc:-4.3) 0 .543 antim itotic

3 batracylin 0 .455 topoisomerases I  and I I

4 Rhizoxin(hiConc:-4.0) 0 .402 antim itotic

5 M aytansine(hiConc:-4.0) 0 .377 antim itotic

6 tam oxifen 0 .376 ER antagonist

7 M aytansine(hiConc:-3.6) 0 .371 antim itotic

8 asaley 0.370 DNA alkylation

9 gallium nitrate 0 .368 hypercalcemia

10 Rhizoxin(hiConc:-9.0) 0 .353 antim itotic

11 M aytansine(hiConc:-9.0] 0 .35 antim itotic

12 tam oxifen 0 .349 ER antagonist
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Based on TGI m ean g raph

1 rh izox in 0.475 a n tim ito tic

2 S -tr ity l-L -c y s te in e 0.448 a n tim ito tic

3 b a tracy lin 0 .441 to p o is o m e ra s e I, II

4 hexa m e thy leneb isace tam ide 0.394 apop tos is

5 g a lliu m  n itra te 0.365 hyperca lcem ia

6 M ito tane 0.361 s te ro id  m e tabo lism

7 N -(p h o sp h o n a ce ty l)-L -a sp a rtic

acid

0 .357 L -aspa rta te  transca rbam oylase

8 m aytans ine 0.325 a n tim ito tic

9 asaley 0 .325 DNA a lk y la tio n

10 v in b la s tin e  su lpha te  (h iC onc:- 

4 .0 )

0.317 a n tim ito tic

11 v in b la s tin e  su lpha te  (h iC onc:- 

4 .0 )

0 .314 a n tim ito tic

12 ta m o x ife n 0.304 ER a n ta g o n is t

Based on LCjo m ean g raph

1 N -(p h o sp h o n a ce ty l)-L -a sp a rtic

a c id (h iC on c :-4 .0 )

0.471 L -aspa rta te  transca rbam oy lase

2 m itin d o m id e 0.430 DNA topo isom erase  I I

3 N -(p h o sp h o n a ce ty l)-L -a sp a rtic  

acid (h iC onc :-4 .0 )

0 .398 L -aspa rta te  transca rbam oy lase

4 em o fo lin  sod ium 0.386 a n tifo la te

5 DUP785 (b re q u in a r) 0 .364 p y rim id in e  syn thes is

6 ch lo ro zo toc in 0 .353 DNA a lk y la tio n

7 cyanom orpho lino -A D R (C M A ) 0.352 DNA topo isom erase

8 d ic h lo ro a lly l law sone 0.349 a n tim ito tic

9 S -tr ity l-L -c y s te in e 0.333 A n tim ito tic

10 AT-125 (a c iv ic in ) 0 .331 A n tim e ta b o lite

11 PCNU 0.329 DNA a lk y la tio n

12 te tro c a rc in  A sod ium  s a lt 0 .327 A pop tos is

Table 3. 13  Standard COMPARE Analysis o f chromene BE36.
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T h e  ta r g e t  set w as  th e  s ta n d ard  a g e n t  d a ta b a s e  and  th e  ta r g e t  set e n d p o in ts  w e re  

se lected  to  be equal to  th e  seed  end points. S ta n d a rd  CO M PARE an alys is  w as  

p e r fo rm e d .  C o rre la t io n  v a lu e s  ( r )  a re  Pearson co rre la t io n  coeff ic ients .  Rh izox in ,  

m a y ta n s in e  and  v in b las t in e  s u lfa te  a p p e a r  a t  d if fe re n t  c o n c e n tra t io n s  as it has  been  

te s te d  by th e  NC I a t  m u lt ip le  c o n c e n tra t io n  rang es

3.7 Conclusions

T h e  full ra n g e  o f  s tru c tu ra l ly  va r ied  novel b e n z o p y ra n  an d  p y ra n o c o u m a r in  

c o m p o u n d s ,  a r ra n g e d  in th ir te e n  d if fe re n t  ca teg or ies ,  w as  d es ig ned  and syn th es ised .  

S p ec trosco p ic  ch a ra c te r is a t io n  c o n f irm ed  th e  id e n t i ty  of all sy n th e t ic  p roducts  and  

HPLC reco rd ed  high p e rc e n ta g e  p u r ity  of p roducts .  T h e  novel c o m p o u n d s  co n ta in  th e  

4 - a r y l -4 W -c h r o m e n e  scaffold w h ich  w as  in it ia l ly  identif ied  f ro m  ta r g e t  specific v H T S  to  

h a v e  ERa b inding aff in it ies .  A c t iv ity  ag a in s t  th e  M C F -7  h u m a n  b rea s t  can c er  cell line  

w as d e m o n s tra te d  fo r  m a n y  e x a m p le s  of th e  va r io us  s truc tura l  ty p es  e v a lu a te d  w ith  

I C 5 0  v a lu e s  a t  th e  low m ic ro m o la r  level.  A c t iv ity  in th e  a n d ro g e n  re c e p to r  pos it ive  

h u m a n  p ro s ta te  can c er  cell l ine LNCaP w as  also d e m o n s tra te d  fo r  tw o  e x a m p le s ,  BE69 

and BE92 a t  th e  low m ic ro m o la r  level.  O n e  o f  th e  m o st  in te res t ing  co m p o u n d s  to  

e m e r g e  f ro m  th is  s tu d y  w as  identif ied  as BE36, w hich  d isp layed  a n t ip ro l i fe ra t iv e  

ac t iv i ty  a g a in s t  M C F -7  h u m a n  b re a s t  c a n c er  cells (IC 50 =  6 . 6 0  |iM). T his  c o m p o u n d  w as  

also show n to  be ac t iv e  a g a in s t  a ra n g e  o f  h u m a n  c a n c er  cell l ines e .g .  o v a r ia n ,  

le u k a e m ia ,  lung , co lon, rena l,  p ro s ta te ,  m e la n o m a  and  C N S a t  th e  low m ic ro m o la r  

level.  T h e  e s tro g e n  re c e p to r  b ind ing  va lues  fo r  c o m p o u n d  BE36 w e re  d e te r m in e d  as  

I C 5 0  =  0 . 5 9 ( E R a )  and  I C 5 0  = 1 . 5 2 ( E R p ) .  C o m p o u n d  BE91 w ith  its d ia m in o  s u b s t i tu te  

and  BE97 w ith  its d im e th y l  a m in o  gro up  w e re  both  e v a lu a te d  by th e  NC I an d  both  

w e re  sh o w n  to  be ac t iv e  m o lec u les .  Both c o m p o u n d s  on th e  o n e  dose tes t in g  assays  

w e re  sh o w n  to  h ave  good c y to to x ic ity  va lue s  on th e  M C F -7  h u m a n  b rea s t  c a n c e r  cell 

line. In  t h e  cell v iab i l i ty  assays c o m p o u n d  BE91 had an IC 50  of 1 . 0 7 8  |iM and  BE97 

had an I C 5 0  v a lu e  o f  0 . 9 2  (iM, ind icating  th e  N H 2 g ro up s  a re  an im p ro v e m e n t  on th e  

prev iou s ly  su b st i tu te d  pheno lic  g ro up .  BE91 had a binding v a lu e  o f  7 .2 2  ^M on th e  

ERp iso form . C a lc u la ted  Lipinski p ro p e rt ies  fo r  BE91 w e re  an a c c e p ta b le  CLogP v a lu e  

of 5 . 6 1 ,  h o w e v e r  fo r  c o m p o u n d  BE97 th e  CLogP v a lu e  w as  7 . 2 8 ,  and is seen to  be  

h ig h e r  d u e  to  th e  lipophilic  d im e th y l  g ro up  and b u lky  n o n -p o la r  e s te r  side chain .

As an  e x a m p le ,  th e  p o ten tia l  lead c o m p o u n d  BE36 w as  e v a lu a te d  fo r  "d ru g g a b i l i ty "  

p ro pert ies .  T h e  Lipinski's ru les d escribe  m o le c u la r  p ro pert ies  im p o r ta n t  fo r  a d ru g 's
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pharm acokinetics in the human body, including the ir absorption, d istribu tion , 

m etabolism , and excretion. However, the rule does not predict if a compound is 

pharm acologically active. The rule is im portan t fo r drug development where a 

pharm acologically active lead structure is optim ized step-w ise to provide increased 

a c tiv ity  and selectiv ity, as well as preserving and enhancing drug-like properties. 

Lipinski's rule says tha t, in general, an orally active drug has no more than one 

v io la tion  of the follow ing criteria;

• Not more than 5 hydrogen bond donors (n itrogen or oxygen atoms w ith one or 

more hydrogen atoms)

• Not more than 10 hydrogen bond acceptors (n itrogen or oxygen atoms)

• A molecular mass not greater than 500 Daltons

• An octanol-water partition coefficient log P not greater than 5 

Extensions are:

• Polar surface area <140A^

• Rotatable bonds < 10

HO NHNHNH

BE91 BE97 BE36

In  the case of compound BE36, the molecular weight is calculated as 373.13, w ith  5 

hydrogen bond acceptors, three OH/NH bond donators, five rotatable bonds, and the 

cLogP value of 5,76 therefore one violation of the Lipinski rules. Many o f the active 

compounds investigated in th is study have calculated LogP value of greater than 5, 

there fore  vio late one of the Lipinski rules and may be classified as too lipophilic to be 

considered for development fo r oral drug delivery.

The molecular modelling evaluations performed on the novel chromene products 

synthesized are useful in predicting how they w ill potentia lly  bind in the ER alpha and 

ER beta receptors. Further s tructu re -activ ity  studies may be useful to optim ise the 

potentia l o f these structures as novel Selective Estrogen Receptor Modulators(SERMs) 

and lead to the design of more potent antip ro life ra tive  and ER binding compounds.
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Chapter 4 Synthesis of novel non-ligand binding pocket 
androgen receptor antagonists
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4.1 Introduction

The Androgen R eceptor (AR) is a re levant ta rg e t in drug discovery involved in a 

varie ty  of pathological processes such as androgen insensitivity syndrom e (A IS ), spinal 

bulbar m uscular atrophy (SBM A) and prostate cancer [1 7 7 ] . Specifically, in prostate  

cancer, androgens and androgen signalling through AR are required fo r both prostate  

developm ent as well as cancer in itiation and p rogress ion [178 , 1 7 9 ].

The AR is a m em ber o f the highly hom ologous fam ily  o f steroidal nuclear receptors  

(NRs) th a t regu late  transcription of ta rg e t genes in a ligand dependent fa s h io n [1 8 0 ]. 

NRs are com posed of a m odular structure including an N -te rm in a l dom ain (N T D ), a 

DNA binding dom ain (D B D ) and a ligand binding dom ain (LBD) which encloses a 

central ligand binding pocket (LBP) w here natura l horm ones b in d [1 8 1 ]. These  

horm ones include testosterone and d ihydrotestosterone in the specific case of AR. The 

m echanism  of activation of AR involves the  binding of the  natural androgens  

testosterone and d ihydrotestosterone to the ligand binding dom ain (LB D ). The LBD is 

highly structurally  conserved throughout th e  NR superfam ily  as was discussed in the  

case of th e  estrogen receptor, (see C hapter 1 ). It  contains 12 o-helices th a t are folded  

into a typical th re e -la y e r helix sandwich, enclosing a hydrophobic region, constituting  

the  ligand binding pocket (LBP). W hen the  ligand binds to the LBP, helix 12 undergoes  

a conform ational change generating  a secondary hydrophobic region called Activation  

Function 2 (A F -2 ) on the  surface of the  protein suitable for the recru itm ent of 

coactivators and correpressors [1 8 2 ] . More than 165  coactivators are known to 

in teract with the  AR a lo n e [1 8 3 ]. The lig and -dependent A R :coactivator interaction  

m odulates the  transcrip tional activity of AR, and deregulations at th is in terface - such 

as coregulator overexpression or acquired m utations  are frequen tly  associated with  

prostate c a n cer[134 , 1 8 4 ].

T rad itionally , the  m ainstay for prostate cancer tre a tm e n t has been androgen  

deprivation th erap y  (A D T )[1 8 5 ], typ ically achieved through chem ical castration and 

m ostly em ploying concurrent LBP directed in tervention  ('LBP' an tiandrogens). These  

therapeutics  bind to AR in the  LBP, m im icking androgen 's m ode of action, but blocking 

the  receptor's dynam ic form ation  of the  A F-2  co -regu la to r through th e ir incorporation  

of specific bulky substituents th a t prevent th e  'c losure' of helix 12. A m a jo r draw back  

of this th erap y  is th e  developm ent of drug resistance. C astration Resistant Prostate  

Cancer (CRPC) is frequen tly  m etastatic  and alm ost invariab ly  fa ta l. Recent studies  

have concentrated on this progression from  an androg en -d ep end en t and th erap y- 

responsive stage to an an drogen -independent, th e rap y -res is tan t s ta g e [1 8 6 ]. One of
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the postulated molecular mechanisms of resistance to therapy relates to the intrinsic 

agonistic activ ity  of the 'LBP' antiandrogens, which increase the transactivation 

potentia l of AR [187], Due to  these unfavourable lim itations, recent efforts have 

concentrated on designing compounds tha t could overcome drug resistance in 

CRPC[188, 189]. T ru e ' LBP antiandrogens like RD-162[133], M DV-3100[122, 190], 

BM S-641988[191, 192] and the newly discovered ARN-509[193] are noteworthy 

among th is class of inhibitors. An alternative approach is the design of non-LBP 

antiandrogens tha t could circum vent LBP related shortcom ings. Recently, non-LBP 

strategies directly d isrupting the interaction between the protein and its coactivator at 

AF-2 or at allosteric regulatory surfaces have been reported for AR[194, 195] and 

some other members of the fam ily  of nuclear receptors[196]. The v iab ility  of the non- 

LBP approach has also been documented fo r AR [197-200 ] where the interaction with 

coactivators has been blocked by peptide antagonists[201, 202] or small 

m olecules[194, 199, 203, 204],

This chapter reports the synthesis of biologically active members of the 3-hydroxy-N '- 

((naphthalen-2-yl)m ethylene)naphthalene-2-carbohydrazide fam ily as novel androgen 

receptor (AR) antagonists and the ir potential application in prostate cancer 

therapeu tics[121]. Antiandrogens in a therapeutic setting typically performed by 

displacing the natural hormones from the LBP, but acquired drug resistance after 

prolonged use is a d ifficu lty  which impairs the ir application in advanced stages of 

prostate cancer. The /V-acylhydrazone compounds tha t have been recently 

reported[121] use an a lternative non-LBP mediated mechanism which ta rget AR 

association with coactivators. Coactivators are essential fo r AR activ ity  as a 

transcription factor, and the direct disruption of th is interaction can potentia lly 

overcome therapeutic liabilities of solely targeting the LBP. All of these compounds 

share the presence o f an /V-acylhydrazone linker, which can exist in the E jZ  isomeric 

form s. The firs t system atic studies of the E/Z  isomerism of hydrazones were carried 

out by Karabatsos[205-207].

The sim pler hydrazones (A, N-NH2) were studied by M inabe[208], by Lem al[209], and 

by A lko rta [210 ]. A/,/V-dimethyl derivatives (B) were studied by Elguero[211] and by 

Lu[212]. A/-aryl derivatives, usually /V-phenyl C, are the most common 

hydrazones[205-207, 213-215] while /V-acylhydrazones D are also reported [216- 

219]. The crystal structure o f an example of the structura l type E shows two hydrogen 

bonds (HB), N -H ---0  and 0 -H -"N  present in its s tructu re [220 ] (Figure 4.1)
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(H3C)2N

A B C D E
Figure 4. 1 Hydrazone Types A to E

In the present work, an investigation of the synthesis, NMR and X-Ray characterization 

and confornnational analysis of a series of /V-acylhydrazones was carried out. The 

compounds chosen for the initial study are representative examples of active ligands of 

the AR non-LBP type e.g the 3-hydroxy-A /'-(naphthalen-2-ylm ethylene)-2- 

naphthohydrazide (5 )  and some related systems (7 -9 )(fig u re  4 .2 ). Biological and 

qualitative SAR analysis of these compounds as well as some related analogues has 

been also included in this study.

5 7 8 9

Figure 4. 2  Compounds studied in this worl<

This class of compound has previously been reported as androgen receptor (AR)- 

coactivator disruptors for potential application in prostate cancer therap y[121]. The 

presence of E jZ  isomerism around the imine linker group (hydrazide) is im portant to 

define from a biochemical mechanistic point of view. A theoretical study of the EjZ  

isomerism in a series of 3-hydroxy-/V '-((naphthalen-2-yl)m ethylene)naphthalene-2-



carbohydrazide (Figure 4.3) indicated t iia t  the  E geonnetry and conformation as 

illustrated was preferred for the com pounds[221]

HN,

A2 Ai

(Z)-lsomer (£)-lsomer

Figure 4. 3  E /Z  isomerism in 3 -hydroxy-N '-(naphtha len -2-y im ettiy lene)-2- 
naphthohydrazide derivatives

4.2. Synthesis of 3-hydroxy-N '-((naphthalen-

2yl)m ethylene)naphthalene-2-carbohydrazide derivatives

The full panel of N-acylhydrazone compounds 1 -45  chosen for the study is 

illustrated in Figures 4.11 (Panel 1) and Figure 4.13 (Panel 2). For the initial 

biochemical screening experim ents, a num ber of these compounds were purchased 

from  the commercial sources e.g. Specs (h ttp ://w w w .specs.ne t). For the firs t study, a 

series of 3 -hydroxy-N '-((naphthalen-2-yl)m ethylene)naphthalene-2-carbohydrazides 

(2 ,3 ,6 -9 ) analogues and the closely related /\/'-benzylidene-3-hydroxy-2- 

naphthohydrazide (2 7 ) were synthesised follow ing a standard synthetic route (Scheme 

4.1). S tarting from the com m ercially available 3-hydroxy-2-naphtho ic acid ( I ) ,  an 

esterification was performed in the presence of hydrochloric acid to afford the 

corresponding m ethyl 3-hydroxynaphthalene-2-carboxylate interm ediate ( I I ) .  

Treatm ent of I I  w ith hydrazine hydrate afforded the hydrazide I I I .  Condensation of 

I I I  w ith the appropriate aldehyde or ketone ( IV )  afforded the products (V ) in good 

yields. Systems 2 ,3 ,6 ,7  and 8 were isolated as a single isomer, subsequently 

characterized by NMR as the E isomer. Compound 9 , however, resulted as an 

inseparable m ixture of E/Z  isomers (see structure V) consistent w ith theoretical 

predictions.
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MeOH

NH2NH2
EtOH

o
120

istnin

H2N'
III

OH
R

o
NI\ H N

R
|1
'J

OH

N
H Nand/or

r,
I'

V
(E)-lsomer

V
(Z)-isomer

Scheme 4. 1 General synthetic pathw ay o f 3 -hydroxy-N '-(naphthalen-2-ylm ethylene)~  
2-arom atic  hydrazides derivatives 2 ,3 ,6 -9 (R  =  H, CH3, Ph)(P anei 1)

4.3. NMR spectroscopic characterization

The combination of d ifferent NMR spectroscopic methodologies has been employed for 

the unequivocal characterization of the compounds studied in this work. As an 

example, the and NMR spectra of compound 7 are displayed in Figure 4.4 and 

Figure 4.5 respectively.

OH

Figure 4. 4 NMR spectrum o f compound 7

229



Figure 4. 5  NMR spectrum o f compound 7

Figure 4.6 shows the NMR spectroscopic signals w ithin the range of 7.0 to 12.4 ppm 

corresponding to  the series 7, 8 and 9. This region includes all the aromatic hydrogen 

atoms as well as NH/OH hydrogen atoms present in these compounds. Two im portan t 

conclusions are evident:

1. The spectra o f compounds 7 [R^ = H] and 8 [R^=CH3] correspond to an isolated 

isomer, conversely compound 9 [R^=Ph] presents duplicated signals fo r all protons -  

indicating, as predicted, a m ixture of isomers.

2. OH hydrogen atoms are strongly displaced downfield with chemical sh ift values 

above 10.0 ppm clearly indicating the ir participation in an intram olecular hydrogen 

bond w ith the lone pairs of the carbonyl oxygen atom.
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9 £ 9 Z

.OH

10

Figure 4. 6 ■'H NMR spectra o f compounds 7, 8  and 9

Figure 4.7 illustrates the most significant in tram olecular interactions which were 

probed by NMR and employed fo r the correct assignment of the experim entally 

obtained isomers for compounds 7 and 8. In NOE experiments, irradiation of 

hydrogens corresponding to the groups H (8.64ppm ) and CH3(2.52ppm) resulted in 

the perturbation of the signals of NH at 12.09 and 11.68 for 7 and 8 respectively, 

dem onstrating the E character of the isolated isomers (a hypothetical Z  isomer could 

not show th is NOE interaction due to  the greater distance between the involved 

groups), (see Figure 4.7).
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I t  can be concluded tha t the 5-isom er is formed under the described synthetic 

conditions fo r th is fam ily of compounds. The Z-isom er is formed only when the steric 

hindrance of the second im ine substituent is suffic iently high as in the case of 

compound 9 in th is case as a balanced m ixture w ith the corresponding E-isomer.

H 11.33

8.50s H

12.09

NOE 8.64

8.21s

H 11.79

8.70:

11.68

NOE

8.40s

7 E-Isomer 8 E-Isomer

Figure 4. 7 Relevant spectroscopic data used for IMMR structure elucidation
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4.4. X-ray analysis

Confirmation of the NMR experimental data was achieved with the X-ray crystal 

analysis. Slow recrystallization of compound 7 from methanol provided the crystal 

structure of the (E)-3-hydroxy-N'-((naphthalen-2-yl)methylene)-naphthalene-2- 

carbohydrazide as an isolated E isomer (Figure 4.8). The specific orientation of the 

naphthalene ring A in the newly obtained structure ( 7) is consistent with the crystal 

structures of some related compounds previously deposited in the Cambridge 

Structural Database [222-225]. See crystal data in table 4.1. for the crystallographic 

Data of Compound 7,  (Cambridge Database Deposition number: CCDC 864271).

Figure 4. 8  ORTEP representation o f the crystal structure o f compounds 7, with the
therm al ellipsoids a t 5 0 %  probability

H25
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Identification code shelxl
Empirical formula C44 H32 N4 0 4
Formula weight 680 .74
Tem perature 150 (2 ) K

Wavelength 0 .71073  A

Crystal system Monoclinic

Space group P 2 ( l) /c

Unit cell dimensions a = 1 5 .3 52 (3 ) A Ip II
I^

O o o

b = 6 .4 6 0 0 (1 3 ) A P= 9 1 .4 8 (3 )° .

c = 8 .4 6 0 0 (1 7 ) A II iV
D

lo
o

Volume 8 3 8 .7 (3 ) A3
Z 1
Density (calculated) 1.348 Mg/m^
Absorption coefficient 0 .088  m m ‘^
F(OOO) 356
Crystal size 0 .30  X  0 .20  x 0 .10  mm^
Theta range for data 
collection 3 .15  to 3 1 .0 9 °.

Index ranges
-2 1 < = h < = 2 2 , -9 < = 1 «  = 8, 
9 <  = |< = 10

Reflections collected 11508
Independent reflections 4183  [R(int) =  0.06541
Completeness to theta = 
25 .0 0° 85.1  %

Absorption correction None

Max. and min. transmission 1 .0000  and 0 .5919

Refinement method Full-matrix least-squares on F2
Data /  restraints /  parameters 4 1 8 3 / 2 / 2 3 5

Goodness-of-fit on F2 3.202
Final R indices r i> 2 s ig m a (I)] R1 = 0 .1867 , wR2 = 0 .4857
R indices (all data) R1 = 0 .1971 , wR2 = 0 .4944
Largest diff. peak and hole 0 .814  and -0 .7 0 5  e.A'^

Table 4. 1 Crystal data and structure refinem ent for compound 7
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4.5. Biochemical study

The biochemical study was carried out by Dr. Laura Caboni, School of 

Biochemistry and Immunology, Trinity College Dublin. The results for ten different 

diarylhydrazide compounds of the initial panel were initially evaluated [226] (Figure 

4.9, figure 4.10), including those conformationally studied in this work (5, 7-9), for 

their ability to displace AR:coactivator interaction using TR-FRET techniques. The 

structures of the full panel of compounds synthesized and evaluated in this initial study 

is presented in Figure 4.11

active

OH

OH

OH

OH H N OH

2
active

3
active

4
active active

7
inactive

8
inactive

9
inactive

23
inactive

27
inactive

Figure 4. 9 Series o f diaryJhydrazides assayed on AR TR-FRET

TR-FRET technique measures the recruitment of a fluorescent (FI) labelled co­

activator (of the AR specific FxxLF type: acceptor) to a Terbium (Tb) labelled GST 

tagged AR-LBD (donor). The technique is dependent on the distance between the 

donor/acceptor pair[227]. In the case of an agonist bound LBD, the FI labelled 

coactivator is associated with LBD, so when Tb is excited at 340nm, energy is 

transferred to FI resulting in an increase in TR-FRET signal. In the presence of an 

antagonist, FI coactivator is not bound to the LBD; therefore energy cannot be 

successfully transferred from Tb to FI resulting in a decrease of TR-FRET signal.
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Data is presented as a percentage maxinnum of activity as described 

previously[228] and the binding data of the tested compounds is presented in Figure 

4 .10 .

a) b)

>  100 -

-8 •7 ■5 -3-4

•  5
A

Log [Compound] (M)

Compounds ICso
1 42.7 ± 3.5 mM

2 10.3 ± 1.4 [jM

3 11.7 + 3.1 mM

4 40 .8  ± 2.5 |j M

5 15.8 ± 5.5 mM

7 NA >100 mM

8 NA >100  |jM

9 NA >100  pM

23 NA > 100  pM

27 NA > 1 0 0  |j M

OH

OH

H

5 7
active inactive

Figure 4. 10  Dose response curve and IC 5 0  values for hydrazides (5 )  and (7 )

Figure 4 .10  a )  displays the Dose response curve for compounds ( 5 )  and (7 ) .  

Compounds were tested using a maxim um  concentration of 100 pM in the presence of 

a concentration of DHT (endogenous agonist) equal to its ECso concentration (see 

experim ental section). Data points are presented as standard error of mean (SEM) of 

at least two independent experiments in triplicate. Data was fitted using the dose- 

response curve (variable slope) available from GraphPad Prism, b )  Diarylhydrazides 

activity towards AR-LBD. Values are presented as IC 50  ±SEM of at least two 

independent experiments where each well was included as triplicate.
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4.6 Qualitative SAR analysis

Derived from the biological evaluation of targeted modifications of the 

diarylhydrazide scaffold some initial qualitative SAR conclusions can be proposed;

i. The OH group on naphthalene ring B seems im portant for activity when 

comparing 5 / 7 ,  4 / 2 7  and 2 / 1  pairs of analogues. If  not present it abolishes (4  

and 27)  or diminishes (1)  the activity.

ii. Naphthalene ring A2 seems to be required when comparing 4 / 2 3  pair since the 

substitution of naphthalene by a benzene ring abolishes the activity (23).

iii. Compounds 5, 2 and 3 are equipotent, demonstrating that the presence of 

naphthalene ring B2 (5)  or a hydrophobic group like chlorine (2)  or bromine (3)  

increase the activity on AR.

In summary, compounds 1-5 were characterised as non-LBP 'true ' antiandrogens with 

an IC 5 0  in the low micromolar range (1 0 -5 0  pM). Compounds 6 - 2 5  did not display 

antiandrogen activity. A systematic computational structure-activity relationship study 

was now required to better understand the preferred molecular conformation of the 

compounds binding to AR. It  is important to note that diarylhydrazides were identified 

as non-LBP binders; therefore they do not bind in an enclosed pocket. The proposed 

mechanism of action is a functional disruption of AR interaction with coactivators on 

the surface of AR protein. The activity of ten structurally varied diarylhydrazides 

analogues, including those synthesised in this work, as non-ligand binding pocket 

antagonists of the androgen receptor has been performed using TR-FRET. Initial SAR 

evaluation highlighted the importance of naphthalene ring placement for compound 

binding. Further design, synthesis and evaluation of a second series of non-LBP AR 

binding analogues is discussed in the following section.
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active active active activeactive
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inactive inactive inactive inactiveinactive
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H ' 'N  OH

,N ,
H N OH

OH

23
inactive

24
inactive

H N

25
inactive

Figure 4. 11 Diarylhydrazides: Selection o f Analogues as AR Antagonists (Panel 1 ).
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4.7 Structural Basis of AR-Antagonism by Diarylhydrazides.

From the selection of diarylhydrazides evaluated from Panel 1, five derivatives were 

identified and characterised as non-LBP AR-antagonists (1-5). However, this data 

shows that small differences in the substitution patterns on the main scaffold produce 

dramatic effects on the activity. Building on these initial observations, a second 

generation of derivatives was designed.

Figure 4. 12 Diarylhydrazides: General Structure and SAR Guidelines, I .  Significance o f  
OH group in the C3 position o f ring A; I I .  Significance o f OH group in the C 2 '/C 3 ' 
position o f ring B (fo r p h enyl/naphthyl analogues respectively); I I I .  Substitution  

effects a t the C 3' position o f ring B and IV . Effect o f substituents a t position CS' o f ring
B.

An initial SAR analysis (Fig 4 .12 ) of our compounds illustrated in Panel 1, see Figure 

4 .11 , provided us with the following key points that guided the synthesis of new 

candidates; a) Naphthyi i/s. Phenyi Functionality a t  Rings A and B: Solely the naphthyl 

decoration at ring A provides active ligands. Substitution with a phenyl ring (4 vs. 23) 

abolishes the activity. Conversely, both phenyl ( 1-4 ) and naphthyl (5) functionality at 

the ring B position lead to active ligands; b) OH Substitution on Ring A: Most of the 

active compounds identified, bear an OH group at the C3 position of naphthyl ring A. 

Methylation at this position (22) eliminates the AR antagonistic activity, suggesting 

that the hydrogen of the hydroxyl group could be essential for activity and c) OH 

Substitution on Ring B: Almost all of the active compounds (2-5) have a hydroxyl 

group on ring B located ortho to the linker (C2' or C3' for phenyl and naphthyl rings 

respectively), removal of this OH group abolishes the activity (5 vs. 7). Moreover, 

none of the other substituents evaluated at this position (CH3, Cl and COOH) provided 

active ligands ( 11, 12 and 21). The results also suggest that the contributory effect of 

the OH group occurs specifically when it occupies the C2' position (phenyl ring), since

ring A ring A

linker linker

IV
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derivatives hydroxylated in other positions (C3' and C4') were not active ( 1 6 -1 9 ). A 

fu rthe r series of compounds in Panel 2 (2 6 -4 5 ), illustrated in Figure 4.13, were chosen 

for study to allow the s tructu re -activ ity  relationships of th is series to be fu rthe r 

developed. These compounds specifically feature substitutions in the naphthyl ring B at 

positions C3' and C5 (See figure 4.12).

4.8. Synthesis of Diarylhydrazides (Panel 2).

New (E)-/V '-benzylidene-2-naphthohydrazide analogues 2 6 -3 2 , 3 5 -3 8 , 4 0 -4 2 , 48  

from  (Panel 2) were synthesized follow ing the standard procedure previously reported 

and illustrated in Scheme 4.2, [221 ]. Esterification of 3-hydroxy-2-naphthoic acid (I)  

in the presence of hydrochloric acid, trea tm ent of the resulting ester interm ediate II  

with hydrazine hydrate producing hydrazide II I ,  and condensation of I I I  with the 

appropriate aldehyde to afford the products (IV)  in good yields. The products were 

charactrised by and NMR spectroscopy. As an example, the and NMR 

spectra fo r compound 37  are displayed in Figure 4.14 Under these conditions, the E -  

isomer of the C=N is obtained almost quantita tive ly.

,0
HCI, 80°, 4h

MeOH

HN.

,0

OH OMe NH2

II III

EtOH  
120°, 2-5h

0

l \  26-45

Scheme 4. 2 Synthesis o f D iarylhydrazides 26 -45 , (Pane! 2 ).
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33

active
34

active
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39
inactive

37
active

38
act/ve inactive

H N NO,
H' 'N  NO,N

H N NH,N OCH3

44
inactive

43
inactive inactiveinactive

H' 'N  OH

Figure 4. 13  D iarylhydrazides 2 6 -4 5  (Panel 2 )
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F igure  4. 14 and  NMR spectra  o f  com pound  37
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4.9 X-ray analysis

Confirmation of the NMR experimental data was achieved w ith  the X-ray crystal 

analysis. Slow recrystallization of compound 42  from  methanol provided the crystal 

structure o f the (f)-N '-(5 -b rom o-2-m ethoxybenzy lidene)-3 -hydroxynaphtha lene-2 - 

carbohydrazide(42) as an isolated E isomer (Figure 4.15). The related crystal data is 

displayed in Table 4.2

jP,

N il

O OH

Figure 4. 15  Ortep representation o f the X -ray  structure o f compound 42, ellipsoids set
a t 5 0 %  probability.

243



Identification code shelxl
Empirical formula C152 H120 Br8 N16 024
Formula weight 3193.92
Tem perature 150 (2 ) K
Wavelength 0 .71073  A

Crystal system Monoclinic

Space group P 2 ( l) /c

Unit cell dimensions a = 8.7298(17) A a=  90°.
b =  19.876(4) A P= 100.90(3)°
C = 19.544(4) A Y = 90°.

Volume 3330.0(12) A^
Z 1
Density (calculated) 1.593 Mq/m^
Absorption coefficient 2.490 mm'^
F(OOO) 1616
Crystal size 1.50 X 0.60 X 0.20 mm^

Theta range for data collection 1.47 to 25.00°

Index ranges - 8 <  = h< = 10, -23< = k< = 23, -23< = l< = 23
Reflections collected 23028
Independent reflections 5612 fR(int) = 0.05371

Completeness to theta = 25 .0 0° 95.5 %

Absorption correction Sadabs

Max. and min. transmission 1 .0000  and 0 .5919

Refinement method Full-m atrix least-squares on F2
Data /  restraints /  parameters 5612 /  0 /  456

Goodness-of-fit on F2 1.197
Final R indices r i> 2 s iq m a (I) l R1 = 0.0476, wR2 = 0.1535
R indices (all data) R1 = 0.0612, wR2 = 0.2134
Largest diff. peak and hole 1.137 and -1.349 e.A'^

Table 4. 2  Crystal data and structure refinem ent for 42
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4.10 Biochemical Evaluation of AR Modulation.

Measurem ent o f AR Antagonistic Activity - AR TR-FRET Assays. The biochemical 

study was carried out by Dr. Laura Caboni, School of Biochemistry and Immunology, 

Trinity College Dublin. Diarylhydrazides 2 6 -4 5  were evaluated in AR TR-FRET 

experiments to determine their activity as AR antagonists. This technique evaluates 

the ability of the compounds to Inhibit the recruitment of the fluorescently labelled 

D ll-F X X L F  coactivator peptide in the presence of an agonist (DHT) at a concentration 

equal to the ECso. Results of these assays are presented in Table 4 .3 . For those 

compounds that showed antagonist activity (2 8 , 3 1 -3 4  and 3 6 -3 8 ), IC 5 0  values were 

determined from 12-point dose-response curves (Figure 4 .1 6 ). Compounds 37  and 38  

were identified as the most potent hydrazides, with IC 50  values of 13.2 and 12.2 nM 

respectively.

Comp. TR-FRET IC 5o(pM )' Comp. TR-FRET IC5o(|JM )‘

26 inactive . . . 36 active 33 .4  ± 4.7

27 inactive — 37 active 13.2 ±  2.8

28 active 55.2 ±  19.2 38 active 12.2 ±  0.5

29 inactive — - 39 inactive . . .

30 inactive . . . 40 inactive . . .

31 active 39.9  ±  16.9 35 inactive . . .

32 active 53.0  ±  13.5 42 inactive . . .

33 active 43 .5  ±  3 .7 43 inactive . . .

34 active 60.7 ±  20.0 4 4 inactive . . .

35 inactive . . . 45 inactive . . .

^ A ll assays were perfo rm ed in trip lica te , the values represents the  average o f the three assays. 
Compounds w ith ICso >100 pM were considered inactive (NA = N ot Active ).

Table 4. 3  Quantification o f the AR-Antagonism o f Diarylhydrazides by AR TR-FRET
Assays

Determination o f Non-LBP Mechanism o f Action - AR FP Assays: Since the TR- 

FRET assay cannot differentiate between direct disruptors of coactivator binding (non- 

LBP antagonists), and classical AR modulators (LBP antagonists) acting at the ligand 

binding pocket, active compounds were tested for their ability to displace a
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fluorescently labelled AR ligand from  th e  AR LBP. Com pounds w ere assayed at a single 

point concentration (5 0  pM ) using C yproterone A cetate (CPA) as a reference, a known 

AR LBP antagonist. As illustrated in Figure 4 .1 6  (b ), none of the com pounds tested  

showed significant inhibition of the  AR-LBD:F/tyorm one com plex, indicating a non-LBP 

based m echanism .

a)
100-

>
o<
n
£

' x
(fl
S

-8 ■7 -6 -5 -4 ■3
1

Log [Cone] (M)
r jo  ^  T? ^

Figure 4. 16 Biological Characterization o f Active Ligands (28 , 3 1 -3 4  and 3 6 -3 8 ).

a )  TR-FRET dose response curves: com pounds w ere tested  in a TR-FRET assay 

across a concentration range from  4 5  nM to 100  pM, w here  applicable in the  

presence of a concentration o f DHT =  ECso in AR-LBD w t. Data points represent 

th e  m ean of tw o independent experim ents  perform ed in trip licate . Error bars 

represent the  standard e rro r of th e  m ean (SEM ) fo r n =  6 values. Data was 

fitted  using Log antagon ist concentration vs. response (variab le  slope) with  

GraphPad Prism 5.

b)  FP data; Fluorescence polarization data is plotted as %  M axim al Activity  

represented by th e  AR-LBD and fluorophore com plex (0 %  inh ib ition ). M inim um  

control va lue represents free  fluorophore (Free F) in solution (1 0 0 %  inhibition). 

Error bars represent the  SEM fo r n =  6 values.

4.11 Structure Activity Relationship Study (Panel 2)

The S tructure  Activity Relationship S tudy of Panel 2 was carried out in collaboration  

with Dr. Laura Caboni and Dr. Fernando Blanco, School of B iochem istry and 

Im m uno logy, T rin ity  College Dublin. Analysis of the  biological results provided  

in teresting SAR patterns th a t are sum m arized  below. The following discussion is 

focused uniquely on phenyl ring B derivatives.
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No Interchangeability o f Aromatic Ends. Despite the apparent sym m etry of these 

hydrazide compounds the two ends are not interchangeable. The same replacement 

performed on ring A and B - substitution of a naphthyl group by a phenyl one - 

produces the opposite effect in the activity. While in the case of B the antagonist 

character is maintained on this substitution (5  and 2 8 ), in A the activity is abolished (4  

vs. 2 3 ). This suggests that the ligands adopt a consistent conformation in the binding 

site.

Requirement for OH In the C3 Position o f Naphthyl Ring A. The results confirm 

unambiguously the important role played by the hydroxyl function. Both removal (2  

v/s. 2 6 ) and methylation (2 8  i/s. 2 2 ) of this group lead to the elimination of 

antagonistic effects. The key factor seems to be the presence of the hydrogen available 

to participate in hydrogen bond interactions with specific residues in the binding 

pocket.

Relevance o f OH In the C 2' Position o f Phenyl Ring B. The new examples 

investigated in this study with Panel 2 compounds highlight the importance of the 

hydroxyl group on ring B ortho to the linker. With only one exception ( 1 ), all active 

compounds contain this substituent ( 2 - 5 , 2 8 , 3 1 -3 4 , 3 6 -3 8 ). Similarly to what was 

observed with ring A, methylation of this group results in loss of activity (28  vs. 41  

and 3 vs. 4 2 ). This hydroxyl could be involved in hydrogen bonding interactions with 

the pocket or contribute to conferring rigidity to the ligands through interactions with 

the linker-hydrazone nitrogen's lone-pair of electrons.

Substitution Effects a t Position C 2' o f Phenyl Ring B - 2 '-substituted series: In 

addition to OH, six different functionalities on C2 ' with different electronic profiles were 

studied (CO2H, CH3, Cl, OCH3, NO2 and NH2), none of which were active ( 1 1 , 1 2 , 2 1 , 

4 1 - 4 5 ). This result indicates the necessity for the OH substituent in this position. 

However, the unexpected lack of activity of the amino derivative ( 4 3 ) is noteworthy, 

since it is a classical bioisostere of OH.

Substitution Effects a t Position C 3' o f Phenyl Ring B - 2 '-Hydroxy-3'-Substituted  

Series: The functionalization of C3' shows that compounds 37  and 38  (2 '-hydroxy-3 '- 

m ethyl- and 2'-hydroxy-3'-m ethoxyderivatives) are active within a similar range (IC50 

= 12.3 and 13.2 pM respectively), improving significantly the IC50 value of the 3'- 

unsubstituted analogue 28  (IC50 = 55.2 pM); Compound 39  (2 '-hydroxy-3 '- 

chloroderivative) is inactive.

Substitution Effects a t Position C 5' o f Phenyl Ring B - 2'-Hydroxy-5'-Substituted  

Series: The functionalization of C5' is the feature that we have explored most
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extensively. Due to its synthetic feasibility; there is a greater amount of commercially 

available aldehydes for the synthetic study with this position substituted than any 

other. Eleven derivatives have been synthesized and evaluated with the following 

substituents: H (27 ), CH3 (2 9 ), tBu (3 0 ), OH (3 1 ), OCH3 (3 2 ), CO2H (3 3 ), CO2CH3 

(3 4 ), Cl (2 6 ), Br (3 ), I (35 ) and NO2 (3 6 ). Inductive electron-withdrawing groups 

(OH, OCH3, CO2H, CO2CH3, Cl, Br and NO2) provide active analogues and electron- 

donating ones (CH3 and *Bu) abolish the activity. It  can be concluded that the  

electronic profile of the substituent at C5' determines the activity of the compounds.

M ethylation o f Hydroxy! Groups: It  has been demonstrated that OH groups at 

positions C3 and C2' are essential for AR activity. Considering that the hydroxyl and 

methoxy functions share a similar electronic profile the fact that the methoxy group 

eliminates the antagonist character can only be explained by steric effects or because 

the hydrogen donor hydrogen of the OH is essential for binding activity. Methoxylation 

of other positions C3' (4 and 3 8 ) and C5' (31 and 3 2 ) does not affect compound's 

activity, indicating that these ligands interact through a well-defined bioactive 

conformation.

A new family of antiandrogen ligands has been developed which interact with 

the AR disrupting the binding of coactivators. In the absence of confirmation by 

structural studies, there is sufficient evidence to consider that diarylhydrazides could 

bind, as designed, in the AF-2 region. To support the proposed binding site, docking 

and molecular dynamics simulations study was investigated.

4.12 Molecular Modelling study of Diarylhydrazides into AR AF-2.

The Molecular Modelling Study was carried out by Dr. Laura Caboni, School of 

Biochemistry and Imm unology, Trinity College Dublin. The interaction of coactivators 

within the AF-2 groove occurs via the so-called 'Nuclear Receptor Box'[35] a short 

peptide m otif of 5 amino acids. In general, most of the NRs accommodate coactivators 

with an LxxLL motif, where L represents a leucine and x  represents any amino acid. 

AR, however, has a specific preference towards phenylalanine-enriched motifs like 

FxxLF. The AF-2 interface is divided into three hydrophobic subpockets: S I ,  52  and S3, 

(Figure 4 .1 8 ), and the amino acid sequence of each region is established. The following 

structures were specifically chosen to carry out the study (Figure 4 .17 ): Compound 28 

was selected as the active compound of reference, subsequently 27 , 46 and 47 were
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selected to check the effect of removal of OH groups, and 2 2  and 4 1  were chosen to 

evaluate the effect of m ethoxylation on critical positions C3 and C2'.

H N OH

46
inactive*

27
inactive

47
inactive*

28
active

22
inactive

,N ,
H N OCH3

41
inactive

Figure 4. 17  Structures selected fo r Molecular Modeling.

The induced f it  docking o f compound 28  and the related analogues 46 , 27, 47 , 

22  and 41  with AR AF-2 is displayed in Figure 4.18. The role of OH Groups in the 

bioactive conformation and the consequences of m ethoxylation were examined. One of 

the most significant conclusions of the s tructu re -activ ity  study for compounds 2 6 -4 5  

was the essential role played by the OH groups on positions C2 and C2' in contributing 

antagonist character to these ligands. The proposed bioactive conform ation P l(P o s e  

1) would rationalize this observation since both groups are relevant fo r its particular 

interaction with the AF-2 site. Figure 4.18 shows the before  and a fte r geometries of 

the simulated Pose 1(P 1) conform ation for compounds 46 , 27 , 47 , 28 , 22  and 41  

a fter 40 ns of production dynamics. The results h igh ligh t the role o f the hydroxyl 

groups in conferring activ ity  to th is class of ligands. OH containing derivatives 27 and 

28  remain in the pocket throughout the  entire  production period and 

monohydroxylated derivative 4 7  is partia lly maintained in the pocket thanks to the 

strength of the binding of the phenyl moiety w ith  S3. The non hydroxylated derivative 

46 , however, is not able to m aintain its position in the site. The introduction of 

m ethoxy groups in analogues 22 and 41  resullt in expulsion from  the site due to both 

the disruption of the interacting points and the introduction of steric clashes caused the
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m ethoxy m oiety. All of these results are in good ag reem en t with the  reported  SAR 

observations and strongly support the  designation of P I  as th e  b ioactive conform ation  

of our com pounds. Based on all of th is evidence, the  design of new candidates m ust 

incorporate the functionalization of key positions in the d iary lhydrazide skeleton which 

increase the  ability of th is class of ligand to bind strongly to th e  A F-2  region.

Pose 1

V s  '

'Pose Pose 1

i  Posel Pose 1

Figure 4. 18  Role o f HydroxYlation and Methoxylation: Effect on Bioactive  
Conformation P I  (M D Study). Before and a fte r conformations over the 4 0  ns o f 

production dynamics are represented in yellow  and m agenta respectively. Im ages
were generated by MOE [5 4 ]
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4.13 Conclusions

A new series of  d iarylhydrazides has been synthesized and evaluated  fo r AR antagonist 

activ ity . Of th e  45  com pounds evaluated  in Panel 1 and Panel 2 , th irteen  exam ples  

have shown antiandrogen activ ity  by a proven non-LBP m echanism  of action, 

confirm ing th e  d iarylhydrazide class of molecules as a prom ising a lte rn a tive  to 

trad itional therapeutics  for the  tre a tm e n t of Castration Resistant Prostate Cancer. The  

structures of these hydrazides have been established by and ^^C NMR spectroscopy 

and also by X -R ay diffraction analysis. S tructure  ac tiv ity  relationships have identified  

th e  significant role played by the  phenolic hydroxyl substituents at the  critical positions 

C -3  and C -3 ' w ithin the d iarylhydrazide scaffold, and the  negative effects which are 

observed by th e ir rem oval or m ethy la tion . From these SAR observations a deeper 

understanding of the  main param eters  th a t determ ine  the effectiveness of these  

com pounds as AR antagonists have been provided.

In  the  absence of a ligand-cocrystal structure, a com bined study of docking and 

m olecular dynam ics has been perform ed, which afford insights into the potential 

binding m ode of these active ligands to the A F-2 site. These results strongly support 

the  m ain conclusions deduced from  the  SAR analysis and provide a bioactive  

conform ation as a basis for the design of new candidates.
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5.1 Chemistry Experimental Section

Melting points were measured on a Gallenkam p apparatus. In fra -red  ( IR )  spectra were  

recorded on a Perkin Elmer FT-IR  Paragon 10 0 0  spectrom eter. and nuclear

m agnetic  resonance (NMR) spectra w ere  recorded at 2 7 °C  on a Brucker DPX 4 0 0  

spectrom eter (4 0 0 .1 3 M H z ,  1 0 0 .6 1 M H z , 3 7 6 .4 7 M H z ,  in e ither CDCI3,

CD3OD, or D M S 0 -d 6  (internal standard te tram ethy ls i lane  (TM S )) .  For CDCI3, ^H-NMR  

spectra w ere  assigned relative to the TMS peak at 7 .2 6  5 and ^^C-NMR spectra were  

assigned relative to the middle CDCI3 tr ip let at 7 7 .1 6  ppm. For CD3OD, ^H and ^^C-NMR 

spectra were assigned relative to the center peaks of the CD3OD multiplets at 3 .31  5 

and 4 9 .0 0  ppm respectively. For D M S 0 -d 6 ,  ^H-NMR spectra were assigned relative to 

the TMS peak at 2 .5 0  5 and ^^C-NMR spectra are assigned relative to the middle DMSO  

singlet at 3 9 .5 2  ppm. ^®F-NMR spectra w ere  not calibrated. Coupling constants are  

reported in Hertz. For ^H-NMR assignments, chemical shifts are reported: shift value  

(n u m b er  of protons, description of absorption, coupling constant(s) where  applicable).

spectra were also obtained using distortionless enhancem ent by polarization  

transfer (DEPT). With this technique the signals of CH and C H 3  carbon atoms appear  

normal (positive m ode) and the signals of C H 2 carbon atoms appear negative.  

Electrospray ionisation mass spectrometry (E S I-M S )  was performed in the positive ion 

mode on a liquid chrom atography t im e-o f- f l igh t mass spectrom eter (Micromass LCT, 

Waters Ltd., Manchester, UK). The samples were introduced into the ion source by an 

LC system (W aters  Alliance 2 7 9 5 ,  W aters  Corporation, USA) in acetonitrile: w ater  

( 6 0 : 4 0  % v /v )  a t 2 0 0  p L /m in . The capillary voltage of the mass spectrom eter was at 3 

kV. The sample cone (de-clustering) voltage was set at 40V . For exact mass  

determ ination , the  instrum ent was externally  calibrated for the mass range m /z  1 0 0  to 

m /z  1000 . A lock (re ference) mass (m /z  5 5 6 .2 7 7 1 )  was used. Mass m easurem en t  

accuracies of < ±5 ppm were obtained. Low resolution mass spectra (LRMS) were  

acquired on a Hewlett-Packard 59 7 3  MSD GC-M S system in electron impact (E l)  mode. 

Elemental analyses were performed on an Exetor Analytical CE4400  CHN analyser in 

the microanalysis laboratory, D epartm en t of Chem istry, University College Dublin. Thin 

layer chrom atography was performed on silica gel Merck F -2 5 4  plates. Flash column  

chrom atography was carried out on Merck Kieselgel 60 (particle size 0 .0 4 0 - 0 .0 6 3 m m ) ,  

Aldrich alum inium  oxide, (act ivated , neutral, Brockmann I ,  50 mesh) or Aldrich 

alum inium  oxide, (act ivated , acidic, Brockmann I ,  50 m esh). The HPLC instrum ent  

used for (com pound) purity testing was a W aters  binary pump model num ber 1525  

with 2 4 8 7  UV detector, inline degasser, and 717  autosam pler. The column used for the
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HPLC analysis was Hypersil Gold PFP Cis, 1.9|jm , (15 0 x4 .6  nnm). Eluent was 

Acetonitrile: 1% TFA H2 O (70 :30 ) isocratic.

5.2 Synthesis of Chromenes using one-pot piperidine-catalyzed  

Knoevenagel condensations

General Procedure

The appropriate benzaldehyde (1 equiv., 10 m m ol) was placed in a round bottomed 

flask. The appropriate alkyl cyanoacetate or m alononitrile  (10 m mol) and resorcinol 

(10 m m ol) were added. Ethanol (30 mL) was added and reaction m ixture was warmed 

to dissolve all the reactants. A fter cooling to  room tem perature, 0.5 mL of piperidine 

was added dropwise and the reaction was refluxed for 5 h. Afterwards solvent was 

removed and product was purified by recrystallisation in ethanol. Purity was checked 

via TLC to yield products in yields ranging from  2-98% .

B E l Synthesis of 2-Am ino-7-hydroxy-4-phenyl-4Ay-chrom ene-3-carboxylic 

acid ethyl ester

o  ^  EtOH

0  Pip.r.dine ^

Yield; 1.37 g, 44 %, white powder (Recrystallisation, EtOH) HPLC Purity: 93%

MP: 2 33 -235 °C Lit. Ref: [229 ] Lit. MP: 233-234 °C

(K B r): 3422.60 (OH), 3306.2, 3240.39 (NH2 ), 1660.22 (C = 0 ), 1626.11 (C=C), 

1605.22 (C=C), 1519.09, 1462.47, 1409.54, 1368.86 cm ^

NMR (4 0 0  i^Hz, D M S O -d6): 5 ppm 1,11 (t, 3H, 7=7.04 Hz, CH3), 2.05 (s (b r), 

2H, NH2 ), 4.00 (q, 2H, J=7.02 Hz, OCH2 ), 4.80 (s, IH , CH), 6.48 - 6.49 (m , 2H, Ar-H), 

6 . 8 8  (d, 2H, J=6.52 Hz, Ar-H), 7.05 (d, 2H, J=8 .02  Hz, A r-H ), 7.18 - 7.20 (m, 2H, Ar- 

H) , OH not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.24 (CH3 ), 39.90 (CH), 58.52 (CH2 ), 76.50 

(C), 102.03 (CH), 112.08 (CH), 116.71 (C), 125.69 (CH), 126.95 (CH), 128.11 (CH), 

129.80 (CH), 148.64 (C), 149.04 (C -0 ), 156.71 (C-OH), 161.00 (0 -C -N ), 168.37 

(C = 0 ).

HRMS (E S I): CisHi7 NNa0 4  [M-" +Na] requires (m /e ) 334.1055, found 334.1047 (- 

2.5ppm )

254



BE2 Synthesis of ethyl 2 -am ino-7-hydroxy-4-(4 -phenoxyphenyl)-4H -

chrom ene-3-carboxylate

EtOH

Piperidine

Yield: 1.32 g, 33 % , cream powder (Recrystallisation, EtOH) HPLC Purity: 96%

MR: 272-276°C

IRi9„ax (K B r): 3480.76 (OH), 3414.57, 3387.63 (N H j), 1676.55 (C = 0 ), 1649.70 

(C=C), 1631.85 (C = C), 1597.34, 1584.52, 1537.47 cm'^

‘ H NMR (4 0 0  M Hz, DMSO): 5 ppm 1.06 (t, 3H, J=7 .03  Hz, CH3 ), 5 3.98 (q, 2H, 

J=7.02 Hz, OCH2 ), 6  4.80 (s, IH , CH), 6  6.44 (d, IH , J=7.42 Hz, Ar-H ), 5 6.51 (m , IH , 

Ar-H), 6  6 . 8 6  (d, 2H, J=8 .54  Hz, Ar-H ), 6  6.94 (d, 2H, J=8.03 Hz, Ar-H), 6  7.01 (d, 

IH , J=8.54 Hz, A r-H ), 5 7.07 - 7.11 (m , IH , Ar-H), 6  7.14 (d, 2H, J=7 .04  Hz, Ar-H), 6  

7.32 - 7.36 (m , 2H, A r-H ), 6  7.61 (s (b r), 2H, NHj), 6  9.63 (s (b r), IH , OH)

NMR (1 0 0  MHz, DMSO): 5 ppm 14.72 (CH3 ), 39.34 (CH), 6  58.99 (CH j), 6  76.98 

(C), 5 102.50 (CH), 5 112.55 (CH), 5 117.18 (C), 5 5 126.16 (CH), 5 127.41 (CH), 5 

128.58 (CH), 5 130.28 (CH), 5 139.50 (C), 5 149.11 (C-O), 6  149.52 (C-OH), 5 157.18 

(Bnz-C -0), 5 161.47 (O-C-N), 6  168.81 (C = 0)

HRMS (E S I): C2 4 H2 1 NO5 [M^ Na] requires (m /e ) 426.1317, found 426.1326, (2,0ppm )
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BE3 Synthesis of Ethyl 2 -am ino-7-hydroxy-4 -(naphtha len-l-y l)-4W - 

chrom ene-3-carboxylate

H

O
OH Piperidine

EtOH

HO O NH2

Yield: 1.12 g, 31 %, yellow powder (Recrystallisation, EtOH) HPLC Purity: 97%

MP: 266-268°C

IR^max (K B r): 3484,58 (OH), 3417.94, 3397.63 (NH2 ), 1680.84 (C = 0 ), 1640.83 

(C=C), 1632.86 (C=C), 1589.28, 1549.84, 1459.74 cm'^

Ar-H), 6  8.11 (s (b r), IH , OH), NH2  not observed.

NMR (1 0 0  MHz, DMSO): 6  ppm 13.79 (CH3 ), 6  38.86 (CH), 6  58.36 (CHz), 6  

76.97 (C), 6  102.19 (CH), 6  111.97 (CH), 5 116.96 (C), 5 123.73 (CH), 6  125.32 (CH), 

5 125.45 (CH), 6  125.81 (CH), 5 128.44 (CH), 5 128.99 (CH), 6  132.36 (C), 5 133.33 

(C), 6  148.56 (C -0 ), 5 156.68 (C-OH), 5 160.90 (0 -C -N ), 6  168.50 (C = 0 )

HRMS (E S I):  C2 2 H1 9 NO4  [M-" +Na] requires (m /e ) 384.1212, found 384.1222, 

(2.7ppm )

NMR (4 0 0  MHz, DMSO): 6  ppm 0.63 (t, 3H, J=7.04 Hz, CH3 ), 5 3.81 (q, 2H, 

J=7.22,  OCH2 ), 6  4 .56 (s, IH , CH), 5 6.34 (d, IH , J=8.56 Hz, Ar-H), 6  6.46 (d, IH , 

J=8.04 Hz, A r-H ), 5 7.23 (d, IH , J=7.08 Hz, Ar-H), 5 7.36 (d, IH , J=7.78 Hz, Ar-H), 6  

7.48 (d, IH , J=7.52 Hz, Ar-H), 5 7.60 - 7.66 (m , 4H, Ar-H), 7.89 (d, IH , J=8.04 Hz,
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BE4 2-Am ino-4(2,4,5-Trim ethoxyphenyl)-7-hydroxy-4/-/-chrom ene-3- 

carboxylic acid ethyl ester

O

■Ql_l Piperidine

EtOH

HO O NH

Yield: 1.56 g, 39 %, yellow crystals (Recrystallisation, EtOH) HPLC Purity: 8 8 % 

fAP: 205°C

IR«?max (K B r): 3405.20 (OH), 3382.51, 3323.74 (IMH2 ), 1658.84 (C = 0 ), 1617.85 

(C=C), 1613.16 (C = C), 1585.73, 1524.51 cm'^

H), 6.80 - 6 . 8 8  (m , IH , Ar-H), 7.12 (s (b r), IH , OH), NH2 not observed

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.06 (CH3), 32.96 (CH), 55.70 (CH3), 56.21

113.42 (CH), 116.75 (C), 128.48 (CH), 129.24 (CH), 142.32 (C-OCH3), 147.75 (C- 

OCH3), 149.10 (C-OCH3), 150.59 (C -O ), 156.35 (C -O H ), 161.41 (0-C -N ), 168.58 

(C =0)

HRI'IS (E S I): CziHzsNNaOy +Na] requires (m /e ) 424.1372, found 424.1360 (- 

2.9ppm )

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.01 (t, 3H, J=7.26  Hz, CH3 ), 3,60 (s, 3H, 

OCH3 ), 3.72 (s, 6 H, 2 XOCH3 ), 3.93 (q, 2H, J=7 .04  Hz, OCH2 ), 5.03 (s, IH , CH), 6.37 

(d, IH , J=8.52 Hz, Ar-H), 6.41 (d, IH , J=8 .28  Hz, Ar-H), 6.59 (d, 2H, J=6.52 Hz, Ar-

(CH3), 56.38 (CH3), 58. 36 (CHz), 75.30 (C), 99.16 (CH), 101.72 (CH), 111.66 (C),
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BE5 Synthesis of 2-Am ino-4(2-m ethoxyphenyl)-7-hydroxy-4W -chrom ene-3- 

carboxylic acid ethyl ester

Yield: 0.58 g, 17 %, white powder (Recrystallisation, EtOH) HPLC Purity: 8 6 %

MR: 189-194°C Lit. Ref: [230]

IR^max (K B r): 3401.26 (OH), 3314.38, 3285.26 (NH 2 ), 1684.32 (C = 0 ), 1660.34 

(C=C), 1630.69 (C=C), 1612.36, 1554.49, 1484.96 cm'^

NMR (1 0 0  MHz, DMSO): 5 ppm 14.39 (CH3), 33.95 (CH), 40.09 (CH3), 58.66 

(CH2), 78.00 (C), 101.73 (CH), 112.09 (CH), 116.95 (C), 122.58 (CH), 123.46 (C), 

127.69 (CH), 129.73 (CH), 144.35 (C-O), 153.49 (C-OH), 157.03 (C-OCH3), 161.21 

(0-C-N), 168.11 (C =0)

HRMS (E S I): C1 9 H2 0 NO5 [M^ +H ] requires (m /e ) 342.1341, found 342.1351 (2.8 ppm)

Piperidine

NMR (4 0 0  MHz, DMSO): 5 ppm 1.04 (t, 3H, J=7.02 Hz, CH3 ), 3.82 (s, 3H, OCH3 ), 

3.93 (q, 2H, J=7.02 Hz, OCH2 ), 5.26 (s, IH , CH), 6.42 (d, 2H, J=7.26  Hz, Ar-H), 6.79 

(d, IH , J=7.28 Hz, Ar-H), 6.87 (d, IH , J=8.42 Hz, Ar-H), 7.00 (d, IH , 7=8.2 Hz, Ar-H), 

7.06 - 7.14 (m , 2H, Ar-H ), 7.21 (s (b r), IH , OH), 7.64 (s (b r), 2H, NH2 )
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BE6 Synthesis o f 2-Am ino-4-(4-m ethoxyphenyl)-7-hydroxy-4W -chrom ene-3- 

carboxylic acid ethyl ester

Yield: 2.11 g, 62 %, brown crystals (Recrystallisation, EtOH) HPLC Purity: 96%

MR: 176-178°C Lit. R ef.[231]L it. MR: 178 °C

IR^max (K B r): 3544.15 (OH), 3417.33, 3376.26 (NH 2 ), 1660.08 (C = 0 ), 1632.51 

(C=C), 1611.50 (C=C), 1597.65, 1534.73, 1482.95 cm'^

J = 7  Hz, A r-H ), 7.21 (s (b r), IH , OH), NH2 not observed

NMR (1 0 0  MHz, DMSO): 5 ppm 14.31 (CH3 ), 6  39.27 (CH), 5 54.91 (OCH3 ), 6  

58.52 (CH2 ), 5 76.81 (C), 6  101.98 (CH), S 112.06 (CH), 5 113.45 (CH), 6  117.08 (C), 

6  127.86 (CH), 5 129.76 (CH), 6  140.85 (C), 5 149.03 (C -0 ), 5 156,63 (C-OH), 6  

157.26 (OCH3 ), 5 160.91 (0 -C -N ), 6  168.41 (C = 0 )

HRMS (E S I):  CjgHigNOs [M'" +H ] requires (m /e) 342.1341, found 342.1352, ( + 3.4 

ppm)

EtOH

Piperidine

NMR (4 0 0  MHz, DMSO): 6  ppm 1.07 (t, 3H, J=7.42 Hz, CH3 ), 5 3.69 (s, 3H, 

OCH3 ), 6  3.94 (q, 2H, J=6.76 Hz, OCH2 ), 5 4.73 (s, IH , CH), 5 6.42 - 6.48 (m , 2H, Ar- 

H), 5 6.77 (d, 2H, J=8 .52  Hz, A r-H ), 5 6.95 (d, IH , J=8 .52  Hz, A r-H ), 5 7.02 (d, 2H,
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BE7 Synthesis of 2 -Am ino-4-(2 ,5 -d im ethylphenyl)-4 -m ethoxyphenyl)-7 -

hydroxy-4W -chrom ene-3-carboxylic acid ethyl ester

o

H
OH

Piperidine

EtOH

HO

Yield: 1.01 g, 32 %, white powder (Recrystallisation, EtOH) HPLC Purity: 93%

MR: 214-215°C

(K B r): 3526.66 (OH), 3442.08, 3276.92 (N H j), 1667.44 (C = 0 ), 1632.09 

(C=C), 1614.37 (C=C), 1611.36, 1582.17, 1539.21 cm'^

8.06 (s (b r), IH  OH), NH2  not observed.

“ C NMR (1 0 0  i^Hz, D M SO -d6): 6  ppm 14.12 (CH3 ), 6  18.93 (CH3 ), 5 20.79 (CH3 ), S 

34.57 (CH), 5 58.59 (CH2 ), 6  76.60 (C), 6  102.06 (CH), 6  112.12 (CH), 6  116.83 (C), 

6  126.20 (CH), 6  128.57 (CH), 5 129.40 (CH), 5 129.92 (CH), 6  130.66 (C), 5 134.65 

(C), 5 148.65 (C -0 ), 5 156.57 (C-OH), 5 160.80 (O-C-N), 168.51 (C = 0 )

HRMS (E S I): C2 0 H2 1 NO4  [M^ +Na] requires (m /e ) 340.1549, found 340.1559 (3.0 

ppm)

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.11 (t, 3H, J=7.04 Hz, CH3 ), 5 2.15 (s, 3H, 

CH3 ), 2.76 (s, 3H, CH3 ), 3.95 (q, 2H, J=7.02 Hz, OCH2 ), 5 5.10 (s, IH , CH), 6  6.45 (d, 

2H, J=8  Hz, Ar-H, 6  6 . 6 8  - 6.94 (m, 3H, Ar-H ), 6  7.85 (d, IH , J=7.53  Hz, Ar-H), 6
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BE8 Synthesis of 2-Am ino-4-p-to ly l-7-hydroxy-4/-/-chrom ene-3-carboxylic

acid ethyl ester

EtOH

Piperidine

Yield: 0.94 g, 29 %, white powder (Recrystallisation, EtOH) HPLC Purity: 89%

MP: 218-223°C

IRi?max (K B r): 3487.12 (OH), 3419.84, 3406.54 (N H j), 1660.82 (C = 0 ), 1641.36, 

1629.57 (C=C), 1577.31, 1545.84, 1494.72 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.06 (t, 3H, J=7.28 Hz, CH3 ), 5 2.19 (s, 3H, 

CH3 ), 5 3.95 (q, 2H, J = 7 .22 Hz, OCH2 ), 5 4.74 (s, IH , CH), 6  5.21 (s (b r), IH , OH), 6  

6.42 - 6.51 (m , 2H, A r-H ), 6  6.93 (d, IH , J=8.04 Hz, Ar-H ), 5 7.01 (d, 4H, J=9.04 Hz, 

Ar-H ), NH2  not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.28 (CH3 ), 5 20.53 (CH3 ), 5 38.56 (CH), 5 

58.53 (CH 2 ), 5 76.62 (C), 5 101.99 (CH), 5 112.03 (CH), 6  116.95 (C), 6  126.82 (CH), 

5 128.66 (CH), 5 129.76 (CH), 6  134.58 (C-CH 3 ), 5 145.70 (C), 5 149.03 (C-O), 6  

156.63 (C-OH), 6  160.95 (O-C-N), 5 168.38 (C =0)

HRMS (E S I): C1 9 H1 9 NO4  M-" +H requires (m /e) 326.1392, found 326.1388, (-1 .3  ppm)
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BE9 Synthesis of 2-Am ino-4-(4-Butoxyphenyl)-7-hydroxy-4Ay-chrom ene-3-

carboxylic acid ethyl ester

HO O NH2

Yield: 1.53 g, 44 % , brown crystals (Recrystallisation, EtOH) HPLC Purity: 78%

MR: 237-241°C

IRi9n,ax (K B r): 3488.26 (OH), 3417.01, 3328.56 (NH 2 ), 1684.24 (C = 0 ), 1663,75 

(C=C), 1636.23 (C=C), 1567.24, 1530.21, 1485.70 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 0.91 (t, 3H, J=7.52 Hz, CH3 ), 6  1.07 (t, 3H, 

] = 7.02  Hz, CH3 ), 5 1.38 - 1.45 (m , 2H, CH2 ), 6  1.81 (m , 2H, CH2 ), 6  2.83 (s (br), 2H, 

NH2 ) 6  3.84 (q, 2H, 7=6.28 Hz, OCH2 ), 4.17 - 4.19 (m , 2H, OCH2 ), 5 4.72 (s, IH , CH), 

5 6.42 - 6.51 (m , 2H, Ar-H ), 6  6.74 (d, 2H, J=8 .56  Hz, Ar-H), 5 6.93 (d, IH , J=8.52 

Hz, Ar-H ), 6  7.00 (d, 2H, J=8.56 Hz, Ar-H), 6  7.21 (s (b r), IH , OH)

NMR (1 0 0  MHz, D M SO -d6); 5 ppm 13.67 (CH3 ), 5 14.30 (CH3 ), 5 18.74 (CH2 ), 5 

30.78 (CH2 ), 5 38.78 (CH), 6  58.51 (CH j), 5 66.91 (CH2 ), 6  76.81 (C), 5 101.97 (CH), 

5 112.04 (CH), 6  113.94 (C), 5 116.12 (CH), 5 127.83 (CH), 5 129.74 (CH), 5 139.02 

(C), 6  156.59 (C -0 ), 5 156.71 (C-OH), 5 160.91 (0 -C -N ), 6  168.40 (C =0)

HRMS (E S I): C2 2 H2 5 NO5 +H ] requires (m /e ) 348.1811, found 349.1806, (-1 .3

ppm)
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BEIO Ethyl 2-am ino-7-hydroxy-4-(3 ,4-d im ethoxyphenyl)-4W - chrom ene-3-

carboxylate

H O

EtOH

Piperidine

Yield: 0.07 g, 2 %, yellow crystals (Recrystallisatlon, EtOH) HPLC Purity: 96%

MR: 284-288°C

IRi?max (K B r): 3488.34 (OH), 3431.11, 3412.48 (IMH2 ), 1681.40 (C=C), 1642.76 

(C=C), 1629.45 (C = 0 ), 1562.75 cm'^

NMR (4 0 0  MHz, DMSO): 5 ppm 1.09 (t, 3H, J=7.04 Hz, CH3 ), 5 3.66 (s, 3H, 

OCH3 ), 63.71 (s, 3H, OCH3 ), 6  3.95 (q, 2H, J=7.04 Hz, OCH2 ), 5 4.73 (s, IH , CH), 5 

6.42 (s, IH , Ar-H), 5 6.46 (dd, IH , J=2.48, J=7.02 Hz, Ar-H), 5 6.55 (d, IH , J=9 .04  

Hz, A r-H ), 6  6.77 (d, 2H, J=9.04  Hz, Ar-H), 5 6.99 (d, IH , J=8.52 Hz, A r-H ), 6  7.55 (s 

(br), 2H, NH2 ), 5 9.57 (s (b r), IH , OH)

NMR (1 0 0  MHz, DMSO): 6  ppnn 14.36 (CH3 ), 6  38.45 (CH), 6  55.40 (CH3 ), 5 

58.53 (CH2 ), 5 76.72 (C), 6  101.97 (CH), 6  110.23 (CH), 6  111.15 (CH), 5 111.86 

(C), 6  117.04 (CH), 5 118.64 (CH), 6  129.73 (CH), 5 141.44 (C), 6  146.83 (OCH3 ), 6  

148.19 (OCH3 ), 5 149.03 (C -0 ), 6  156.60 (C -0 ), 6  160.97 (O-C-N), 6  168.43 (C = 0) 

HRMS (E S I): C2oH2 iNNa0 6  +Na] requires (m /e) 394,1267, found 394.1262, (- 

1 .2 ppm)
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B E l l  Synthesis of 2-Am ino-4-(4-ethoxyphenyl)-7-hydroxy-4W -chrom ene-3-

carboxylic acid ethyl ester

r EtOH

+ Piperidine

OHHO'

HO' NH
O

Yield: 0.78 g, 22 %, yellow crystals(Recrystallisation, EtOH) HPLC Purity: 94%

MP: 258-263°C

IR^max (K B r): 3563.54 (OH), 3431.59, 3419.15 (NHz), 1660.91 (C = 0 ), 1634.86 

(C=C), 1613.89 (C = C), 1583.43, 1568,42, 1458.83 cm ’^

NMR (4 0 0  MHz, D M S O -d6): 5 ppm  1.05 (t, 3H, J=7.04 Hz, CH3), 6 1.25 (t, 3H, 

3 = 7.02  Hz, CH3), 6  3.93 - 4.18 (m , 4H, 2 XOCH2 ), 5 4.72 (s, IH , CH), 6  6.42 - 6.50 (m , 

2H, Ar-H ), 6  6.73 (d, 2H, J=9 .04  Hz, A r-H ), 6  6.94 (d, 2H, 7=8.04 Hz, Ar-H), 6  7.01 

(d, IH , J=8.12 Hz, A r-H ), OH not observed, NH2  not observed.

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 14.31 (CH3 ), 6  14.68 (CH3 ) 6  38.09 (CH), 6  

58.51 (CHz), 5 62.79 (CH2 ), 5 76.81 (C), 5 101.97 (CH), 5 112.04 (CH), 6  113.91 

(CH), 6  117.13 (C), 6  127.84 (CH), 6  129.76 (CH), 6  140.71 (C), 6  149.02 (C-OEt), 5 

156.53 (C-OH), 5 160.91 (O-C-N), 5 168.40 (C = 0 )

HRMS (E S I):  C2 0 H2 1 NO5  [M^ +H ] requires (m /e ) 356.1498, found 356.1488, (-2 .8  

ppm)
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BE12 Synthesis of 2 -Am ino-4-(3-m ethoxyphenyl)-7-hydroxy-4/-/-chrom ene-3- 

carboxylic acid ethyl ester

Yield: 2.73 g, 80 % , brown crystals(Recrystallisation, EtOH) HPLC Purity: 76%

MR: 272-278°C

(K B r): 3508.26 (OH), 3417.01, 3368.38 (NHz), 1675.68 (C = 0 ), 1630.17 

(C=C), 1628.43 (C = C), 1587.21, 1510.87 cnrT^

IH , Ar-H ), 7.87 (s (h r), IH , OH), NH2 not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 13.88 (CH3 ) 5 39.30 (CH), 6  54.65 (CH3 ), 5 

59.06 (CH2 ), 5 78.40 (C), 5 102.43 (CH), 6  110.32 (CH), 6  111.86 (C), 5 113.22 (CH), 

5 117.51 (CH), 5 119.61 (CH), 6  128.63 (CH), 6  129.56 (CH), 6  143.82 (C), 6  151.82 

(C -0 ), 6  154.93 (C-OH), 5 158.91 (0 -C -N ), 5 159.89 (C-OCH3 ), 6  169.16 (C =0)

HRMS (E S I): C1 9 H2 0 NO5 [M^ +H ] requires (m /e) 342.1341, found 342.1331, (-3.1 

ppm)

H Piperidine

NMR (4 0 0  MHz, D M SO -d6): S ppm 1.19 (t, 3H, J=7.28 Hz, CH3 ), 5 3.76 (s, 3H, 

OCH3 ), 5 4.06 (q, 2H, J=7.04 Hz, OCH2 ), 6  4.85 (s, IH , CH), 5 6.52 (d, 2H, J=7.52 Hz, 

Ar-H), 5 6.77 (d, 3H, J=8.54 Hz, Ar-H), 6  6.92 (d, IH , J=8.04 Hz, Ar-H), 6  7.13 (s.
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BE13 Synthesis of 2-Am ino-4(thophen-2-y l)-7-hydroxy-4H -chrom ene-3- 

carboxylic acid ethyl ester

H

.0  "  N
O

O
J

HO OH
Piperidine

EtOH

HO O NH2

Yield; 1.20 g, 38 % , yellow powder (Recrystallisation, EtOH) HPLC Purity: 89%

MP: 215-218°C

IRi9max (K B r): 3409.98 (OH), 3301.85, 3249.73 (NH2 ), 1657.00 (C = 0 ), 1632.96 

(C=C), 1618.91 (C=C), 1595.63, 1546.78 cnT^

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 14.23 (CH3 ), 5 34.23 (CH), 6  58.73 (CH2 ), 5 

76.91 (C), 5 102.07 (CH), 5 113.13 (C), 5 115.29 (CH), 5 122.84 (CH), 6  124.62 (CH), 

5 126.58 (CH), 5 129.64 (CH), 5 149.27 (C), 6  153.54 (C -0 ), 5 158.04 (C-OH), 5 

163.56 (0 -C -N ), 5 169.76 (C =0)

HRMS (E S I): C1 6 H1 6 NO4 S [M^ +H ] requires (m /e ) 318.0800, found 318.0807 (+2 .2  

ppm)

^H NMR (4 0 0  MHz, D M SO -d6): 6  ppm 1.13 (t, 3H, J=7.02 Hz, CH3 ), 4.17 (q, 2H, 

J=7.12 Hz, OCH2 ), 5 5.12 (s, IH , CH), 6.43 (d, IH , J=6 .52  Hz, Ar-H ), 6.55 -  6.59 (m, 

IH , A r-H ), 6.72 (d, IH , J=6.52 Hz, Ar-H ), 6.81 (d, IH , J=7.4  Hz, Ar-H), 7.13 (d, IH , 

J=8.52  Hz, A r-H ), 7.18 (d, IH , 7=6.54 Hz, Ar-H), 7.24 (s (b r), IH  OH), NH2 not 

observed.
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BE14 Synthesis of 2-Am ino-4-(4-Chlorophenyl)-7-hydroxy-4W -chrom ene-3- 

carboxylic acid ethyl ester

Cl

Cl EtOH
O

O
O'

HO
Piperidine

OH HO NH

HPLC Purity: 86%Yield: 1.55 g, 45 %, white powder (Recrystallisation, EtOH)

MR: 231-236°C  L it.R e f.[2 3 2 ]

IR^max (K B r): 3572.72 (OH), 3416.43, 3317.84 (N H j), 1689.64 (C = 0 ), 1659.58 

(C = C), 1620.64 (C = C), 1582.94, 1567.62 cm'^

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 1.04 (t, 3H, J = 7.04 Hz, CH3 ), 5 3.95 (q, 2H, 

J = 6 . 8  Hz, OCH2 ), 5 4.80 (s, IH , CH), 6  6.44 - 6.50 (m , 2H, A r-H ), 6  6.95 (d, IH , 

J=8.56 Hz, Ar-H), 5 7.14 (d, 2H, J=7.24  Hz, Ar-H), 6  7.26 (d, 2H, J=8 .52  Hz, Ar-H), 

8.04 (s (b r), 2H, NH2 ), OH not observed

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 14.27 (CH3 ), 6  38.37 (CH), 5 58.58 (CH2 ), 5 

76.07 (C), 5 102.08 (CH), 6  112.20 (CH), 5 116.06 (C), 6  128.07 (CH), 5 128.82 (CH), 

5 129.85 (CH), 5 130.19 (C), 5 147.67 (C), 5 148.95 (C-O), 5 156.87 (C-OH), 6  

160.95 (0 -C -N ), 5 168.19 (C = 0 )

HRMS (E S I): C i8 Hi6 ^^CIN0 4  [M-" -t-H] requires (m /e) 346.0846, found 346.0850, (+1.1 

ppm)
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BE15 Synthesis of 2 -Am ino-4-(4-fluorophenyl)-7-hydroxy-4/-/-chrom ene-3-

carboxylic acid ethyl ester

F

EtOH

Piperidine

Yield: 1.08 g, 33 %, yellow powder(Rect7 Stallisation, EtOH) HPLC Purity: 89%

MP: 280-286°C  Lit.Ref: [233]

IRi?n,ax (K B r): 3497.86 (OH), 3416.06, 3394.75 (NH2 ), 1698.54 (C = 0 ), 1660.12 

(C=C), 1597.88 (C=C), 1561.47, 1526.31 cm 'i

NMR (4 0 0  MHz, D i^SO -d6): 5 ppm 1.04 (t, 3H, 7=7.02 Hz, CH3), 4.01 (q, 2H, 

J=7.48, OCH2 ), 4.81 (s, IH , CH), 6.41 - 6.50 (m , 2H, Ar-H ), 6.95 (d, IH , J=8.56 Hz, 

Ar-H), 7.00 (d, 2H, J=8.78  Hz, A r-H ), 7.14 - 7.21 (m , 2H, Ar-H), OH not observed, 

NH2 not observed.

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 14.26 (CH3 ), 5 38.21 (CH), 5 58.54 (CHj), 6 

76.40 (C), 6 102.05 (CH), 6 112.17 (CH), 5 114.64 (CH), 6 116.44 (C), 5 128.63 (CH), 

5 129.84 (CH), 5 144.85 (C), 5 148.96 (C -0 ), 5 156.78 (C-OH), 5 160.11 (C-F), 5 

160.93 (0 -C -N ), 6 168.25 (C = 0)

HRMS (E S I):  C1 8 H1 6 FNO4 +H requires (m /e ) 330.1142, found 330.1157, (-1-4.7 

ppm)

268



BE16 Synthesis of 2 -Am ino-4-(th iophen-3-y l)-7-hydroxy-4 /-/-chrom ene-3-

carboxylic acid ethyl ester

EtOH

Piperidine

Yield: 0.85 g, 27 % , yellow crystals(Recrystallisation, EtOH) HPLC Purity: 79%

MP: 278 - 282°C

IR^max(KBr): 3593.28 (OH), 3417.01 (NHj), 3347.98 (NHz), 1661.46 (C = 0 ), 1629.40 

(C=C), 1618.47 (C=C), 1573.37, 1521.84 cnT^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.11 (t, 3H, J=7.02 Hz, CH3 ), 5 4.02 (q, 2H, 

J=7.02 Hz, OCH2 ) 5 4.91 (s, IH , CH), 6  6.43 (d, IH , J=7  Hz, Ar-H), 5 6.50 (d, IH , 

J=8.52 Hz, Ar-H), 5 6.80 (d, IH , J=7.02 Hz, A r-H ), 5 6.96 (d, IH , J = 6 . 8 8  Hz, Ar-H ), 5 

7.06 (d, IH , J = 8  Hz, A r-H ), 5 7.30 (d, IH , J=7 .12  Hz, Ar-H), 7.41 (s (b r), IH , OH), 

7.89 (s (b r), 2H, NHj)

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 14.40 (CH3 ), 5 34.09 (CH), 5 58.54 (CH j), 5 

76.42 (C), 5 102.11 (CH), 5 111.99 (CH), 5 116.48 (C), 5 119.33 (CH), 6  125.85 (CH), 

6  126.93 (CH), 6  129.63 (CH), 5 148.99 (C), 6  149.40 (C-O), 6  156.77 (C-OH), 5 

161.18 (O-C-N), 6  168.29 (C =0)

HRMS (E S I):  CjsHisNO^S +H ] requires (m /e ) 318.0800, found 318.0797 (-1 .0  

ppm)
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BE17 Synthesis of 2 -Am ino-4-(5 -m ethy lth iophen-2-y l)-7 'hyd roxy-4W -

chrom ene-3-carboxylic acid ethyl ester

Yield: 0.33 g, 10 % , yellow powder(Recrystallisation, EtOH) HPLC Purity: 98%

MP: 189-194°C

IR^max (K B r): 3634.56 (OH), 3414.36, 3285.28 (NH 2 ), 1660.89 (C = 0 ), 1635.79 

(C=C), 1617.45 (C = C), 1583.63, 1556.31 cm'^

NMR (4 0 0  MHz, M eO D): 5 ppm 1.23 (t, 3H, J=7.14 Hz, CH3), 2.33 (s, 3H, CH3), 

4.13 (q, 2H, J=6 .98 , OCH2 ), 5.06 (s, IH , CH), 6.45 - 6.52 (m , 3H, Ar-H), 6.54 - 6.60 

(m , IH , Ar-H), 7.05 (d, IH , J=8.52  Hz, Ar-H), OH not observed, NH2  not observed.

NMR (1 0 0  MHz, M eO D): 6  ppm 13.04 (CH3 ), 13.85 (CH3 ), 34.70 (CH), 58.25 

(CH2 ), 77.57 (C), 102.07 (CH), 111.64 (CH), 116.88 (C), 121.93 (CH), 123.79 (CH), 

129.42 (CH), 135.83 (C-CH3 ), 137.13 (C), 149.66 (C-O), 150.95 (C-OH), 156.89 (O-C- 

N), 169.57 (C = 0 )

HRMS (E S I):  C1 7 H1 7 NO4 S [M^ +H ] requires (m /e ) 332.0957, found 332.0966, (-1-2.8 

ppm)

EtOH

Piperidine
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BE18 Synthesis o f 2 -A m ino-4-(2 ,6-d ich lorophenyl)-7-hydroxy-4H -chrom ene- 

3-carboxylic acid ethyl ester

o

H

o

O' HO OH

Piperidine

EtOH

HO O NH2Cl

Yield: 1.92 g, 51 %, brown powder(Recrystallisation, EtOH) HPLC Purity: 100% 

MR: 203-205°C

IR<?max (K B r): 3510.60 (OH), 3424.55, 3382.62 (N H j), 1673.71 (C = 0 ), 1632.86 

(C=C), 1616.38 (C=C), 1587.54, 1535.85 cm'^

NMR (1 0 0  MHz, DMSO): 6  ppm 14.33 (CH3 ), 19.03 (CH), 58.85 (CH2 ), 73.01 

(C), 102.12 (CH), 106.63 (CH), 112.53 (C), 128.55 (CH), 128.77 (CH), 129.23 (CH), 

130.70 (CH), 134.83 (C-CI), 135.72 (C), 141.49 (C), 149.77 (C -0 ), 157.73 (C-OH), 

161.88 (O-C-N), 168.72 (C = 0)

HRMS (E S I): C i8 H i5 ^=Cl2 N0 4  [M*  -l-H] requires (m /e ) 378.0300, found 378.0296, (-1 .0  

ppm)

^H NMR (4 0 0  MHz, DMSO): 6  ppm 0.94 (t, 3H, J=7 .14  Hz, CH3 ), 3.86 (q, 2H, J=7.04 

Hz, OCH2 ), 5.77 (s, IH , CH), 6.38 (d, IH , J=7.04 Hz, A r-H ), 6.45 (d, IH , J=8.12 Hz, 

Ar-H), 7.14 - 7.21 (m , 3H, Ar-H ), 7.39 - 7.46 (m , IH , A r-H ), OH not observed, NH2not

observed.
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BE19 Synthesis of 2-Am ino-4-(4-Brom ophenyl)-7-hydroxy-4/-/-chrom ene-3-

carboxylic acid ethyl ester
Br

r T '^

Piperidine

NH2

Yield: 1.63 g, 42 % , yellow powder(Recrystallisation, EtOH) HPLC Purity: 83%  

MP: 243-248°C

IR»9max (K B r): 3532.42 (OH), 3415.61, 3327.74 (N H j), 1660.03 (C = 0 ), 1629.77 

(C=C), 1611.29 (C=C), 1579.75, 1541.59 cm ’^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.05 (t, 3H, J = 7  Hz, CH3 ), 3.91 (q, 2H, 

J=7.02 Hz, OCH2 ), 6  4.79 (s, IH , CH), 6  6.43 - 6.59 (m , 2H, A r-H ), 5 6.95 (d, IH , 

J=8.04 Hz, Ar-H), 5 7.09 (d, 2H, J=8.52 Hz, Ar-H ), 5 7.39 (d, 2H, J = 8.56 Hz, Ar-H), 

7.87 (s (b r), IH , OH), 8.04 (s (b r), 2H, NH2 )

NMR (1 0 0  MHz, D M S 0 -d 6 ): 5 ppm 14.27 (CH3 ), 5 38.45 (CH), 5 58.60 (CHj), 6  

76.00 (C), 6  102.08 (CH), 6  112.20 (CH), 5 115.99 (C), 6  118.66 (C-Br), 5 129.24 

(CH), 5 129.85 (CH), 6  130.98 (CH), 6  148.08 (C), 6  148.94 (C-O), 6  156.88 (C-OH), 

6  160.95 (0 -C -N ), 5 168.18 (C = 0)

HRMS (E S I):  Ci8 H i5 ^®BrN0 4  [M ‘ -H ] requires (m /e ) 388.0184, found 388.0177, (-1 .9  

ppm)

272



BE20 Ethyl 2-am ino-4-(2,4-d ich lorophenyl)-7-hydroxy-4W -chrom ene-3-

carboxylate

Cl

EtOH

HO
Piperidine

OH
NHHO

Yield: 3.32 g, 8 8  %, white powder (Recrystallisation, EtOH) HPLC Purity: 93%  

i l̂P: 198 -202°C  Lit. R e f.: [234 ] Lit. MP: 201 - 202 °C

IRi?n,ax (K B r): 3583.69 (OH), 3475,26, 3417.48 (N H j), 1691.37 (C=C), 1645,68 

(C=C), 1586.26 (C = 0 ) , 1575.48, 1437.28, 1449.57 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.13 (t, 3H, J = 7.42 Hz, CH3), 4.04 (q, 2H, 

J=6.98 Hz, OCH2), 4.68 (s, IH , C H ), 5.29 (s (b r), IH , O H ), 6.36 (s, IH , A r-H ), 6.41 -  

6.49 (m , IH , Ar-H ), 6.81 -  6.89 (m , IH , Ar-H ), 6.95 (s, IH , Ar-H ), 7.09 -  7.13 (m, 

IH , Ar-H), 7.17 (m , 2H, Ar-H ), NH2 not observed.

NMR (1 0 0  M Hz, D M S O -d6): 6 ppnn 11,62 (CH3), 30.34 (CH), 60.97 (CH j), 79.57 

(C), 106,28 (CH), 115.43 (CH), 117.16 (C), 127.37 (CH), 130.08 (CH), 130.81 (CH), 

133.25 (C-CI), 136.96 (C-CI), 147.37 (C), 152.46 (C -0 ), 156.37 (C-OH), 161.36 (0 -C - 

IM), 169.41 (C = 0 )

HRMS (E S I):  Ci8H i5^^Cl2N0 4  [W  -H ] requires (m /e ) 379.0378, found 379.0374, ( - H i  

ppm)
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BE21 Synthesis of 2 -A m ino-4-(3-brom o-4-m ethoxyphenyl)-7-hydroxy-4W - 

chrom ene-3-carboxylic acid ethyl ester

o

H

Br

OH

Piperidine

EtOH

HO

Yield: 1.26 g, 30 % , yellow powder (Recrystallisation, EtOH) HPLC Purity: 80%

MP: 194-198°C

IR»9max (K B r): 3602.38 (OH), 3416.08, 3317.34 (NH 2 ), 1658.41 (C = 0 ), 1632.98 

(C=C), 1605.27 (C=C), 1558.37, 1523.27 cm'^

NMR (1 0 0  MHz, D M S O -d6): 5 ppm 14.76 (CH3), S 38.25 (CH), 5 56.55 (OCH3), 

5 59.08 (CH2), 5 76.80 (C), 5 102.50 (CH), 5 110.42 (CH), 5 112.70 (C -Br), 5 116.76 

(CH), 5 127.83 (CH), 5 130.36 (CH), 6  131.70 (CH), 6  143.00 (C), 6  149.45 (C-O), 5 

153.84 (C-OCH3), 6  157.30 (C-OH), 6  161.34 (0-C-N), 6  168.68 ( C =0)

HRMS (E S I): C19H18^^BrN05 [M^ +H ] requires (m /e ) 420.0447, found 420.0447 (0.1 

ppm)

^H NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.08 (t, 3H, J=7.02 Hz, CH3 ), 6  3.73 (s, 3H, 

OCH3 ), 5 3.92 - 3.96 (q, 2H, J=7 .12  Hz, OCH2 ), 6  4.73 (s, IH , CH), 6  6.41 (s, IH , Ar- 

H), 5 6.95 (d, 2H, J=8.02 Hz, A r-H ), 5 7.05 -  7.10 (m , IH , A r-H ), 5 7.26 (d, IH , 

J=7.24 Hz, Ar-H), 6  7.59 (s, IH , A r-H ), 5 8.12 (s (b r), IH , OH), NH2  not observed.
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BE22 Synthesis of 2-Am ino-4-(3-fluoro-4-m ethoxyphenyl)-7-hydroxy-4 /-/- 

chrom ene-3-carboxylic acid e tiiy l ester

c

h
F

OH Piperidine

EtOH

HjN O' OH

Yield: 1.51 g, 42 % , yellow crystals (Recrystallisation, EtOH) HPLC Purity: 97%

MP: 211-215°C

IR^max (K B r): 3534.62 (OH), 3417.14, 3389.62 (NH 2 ), 1660.02 (C = 0 ), 1631.21 

(C = C), 1628.66 (C = C), 1587,54, 1569.63, 1525.85 cm ’^

IH , Ar-H ), 5 7.12 (s (b r), IH , OH), 5 7.68 (s, (b r), 2H, NH^)

NMR (1 0 0  MHz, DMSO): 6  ppm 14.30 (CH3 ), 6  37.97 (CH), 6  55.89 (CH3 ), 5 

58.56 (CH2 ), 5 76.22 (C), 6  102.03 (CH), 5 112.17 (CH), 5 113.62 (C), 6  114.39 (CH), 

5 116.39 (CH), 6  122.64 (CH), 5 129.80 (OCH3 ), 5 141.82 (C-F), 5 148.97 (C-OH), 6  

156.79 (C-OCH3 ), 5 160.97 (O-C-N), 5 168.26 (C = 0)

HRMS (E S I):  CigHigFNOs [M^ +H ] requires (m /e ) 360.1247, found 360.1246, (-0 .4  

ppm)

NMR (4 0 0  MHz, DMSO): 5 ppm 1.07 (t, 3H, J=7.02 Hz, CH3 ), 5 3.75 (s, 3H, 

OCH3 ), 5 3.97 (q, 2H, J=7.04 Hz, OCH2 ), S 4.76 (s, IH , CH), 5 6.43 (d, IH , J=7.52 Hz, 

Ar-H), 5 6.48 (d, 2H, J=7.28, Hz, Ar-H), 5 6 . 8 6  - 6.94 (m , 2H, Ar-H, 5 6.98 - 7.05 (m .
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BE23 Synthesis of 2-Am ino-4-(pyhd in -4-y l)-7 -hydroxy-4W -chrom ene-3 

carboxylic acid ethyl ester

EtOH

O OH Piperidine
HO O NH2

Yield: 0.87 g, 28 %, yellow powder (Recrystallisation, EtOH) HPLC Purity: 95%

MR: 242-245°C  Lit. Ref; [235]

IR^max (K B r): 3304.11 (OH), 3421.09, 3376.35 (NH2 ), 1693.14 (C = 0 ), 1642.51 

(C=C), 1630.36 (C=C), 1582.68, 1563.47, 1481.63 cm'^

2H, J=6 .84  Hz, Ar-H), 5 8.69 (s (b r), IH , OH).

NMR (1 0 0  M Hz, DMSO): 6  ppm 14.22 (CH3 ), 6  38.47 (CH), 6  58.63 (OCH2 ), 5 

75.00 (C), 5 102.20 (CH), 5 112.30 (C), 5 114,91 (CH), 5 122.34 (CH), 6  129.87 (CH), 

5 149.04 (C), 5 149.51 (CH), 6  156.80 (C-O), 6  157.17 (C-OH), 6  161.16 (0 -C -N ), 5 

168.05 (C = 0 )

HRMS (E S I):  C1 7 H1 6 N2 O4  [M^ +H ] requires (m /e ) 313.1188, found 313.1196, ( + 2.5 

ppm)

NMR (4 0 0  MHz, DMSO): 6  ppm 1.02 (t, 3H, 7=7.02 Hz, CH3), 6  3.94 (q, 2H, 

J=7.42 Hz, OCH2 ), 6  4.82 (s, IH , CH), 6  6.45 - 6.54 (m, 2H, Ar-H ), 6  6.99 (d, IH , 

J=8.56 Hz, A r-H ), 5 7.14 (d, 2H, J=6 .52  Hz, A r-H ), 7.07 (s (b r), 2H, NH2 ), 5 8.38 (d.
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BE24 Synthesis of 2 -Am ino-4-(4-N itrophenyl)-7-hydroxy-4/-/-chrom ene-3-

carboxylic acid ethyl ester

NO2

OH Piperidine JL
HO O NH2

Yield: 0.25 g, 7 %, red crystals (Recrystaliisation, EtOH) HPLC Purity: 94%

MR: 253°C Lit. Ref: [236]

IR>9max (K B r): 3598.45 (OH), 3410.23, 3379.64 (N H j), 1662.67 (C = 0 ), 1629.84 

(C=C), 1628.56 (C = C), 1567.83, 1526.63 cm'^

NMR (4 0 0  MHz, CDCI3): 5 ppm 1.20 (t, 3H, J=7.02 Hz, CH3), 5 4.06 (q, 2H, 

J=8.02, OCH2 ), 5 5.06 (s, IH , CH), 6 6.55 (d, 2H, J=7.52  Hz, Ar-H), 6 6.96 (d, IH , 

J=8.04 Hz, Ar-H), 6 7.47 (d, 2H, J=8.56 Hz, Ar-H ), 6 8.14 (d, 2H, J=8.56  Hz, Ar-H), 6 

8.41 (s (b r), IH , OH), NHj not observed

“ C NMR (1 0 0  MHz, CDCI3 ): 5 ppnn 13.34 (CH3 ), 5 39.67 (CH), 5 60.15 (CH2 ), 5 

76.12 (C), 5 102.27 (CH), 5 112.02 (CH), 6 115.36 (C), 5 123.05 (CH), 5 129.66 (CH), 

5 146.11 (CH), 6 149.14 (C-NO 2 ), 5 149.67 (C), 5 156.37 (C -0 ), 5 157.52 (C-OH), 5 

161.50 (O-C-N), 6 169.20 (C = 0 )

HRMS (E S I): C1 8 H1 8 N2 O6  [M^ -i-H] requires (m /e) 357.1087, found 357.1073, (- 

3.8ppm )
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BE25 Synthesis of 2-Am ino-4-(4-acetam idophenyl)-7-hydroxy-4Ay-chrom ene-

3-carboxylic acid ethyl ester

O

Yield: 1.80 g, 49 %, white powder (Recrystallisation, EtOH) HPLC Purity: 98%

MR: 236-241°C

IR<?max (K B r): 3565.52 (OH), 3414.36, 3354.98 (NH2 ), 1660.32 (C = 0 ), 1644.34 

(C=C), 1639.75 (C=C), 1594.86, 1563.64, 1537.42 cm'^

NMR (4 0 0  MHz, DMSO): 6  ppm 1.06 (t, 3H, J=7.08 Hz, CH3), 6  1.99 (s, 3H, CH3), 

5 3.94 (q, 2H, J=7.32  Hz, OCH2 ), 6  4.73 (s, IH , CH), 6  6.40 - 6.48 (m, 2H, Ar-H ), 6  

6.94 (d, IH , J=8.12 Hz, Ar-H), 5 7.04 (d, 2H, J = 8.24 Hz, Ar-H), 5 7.38 (d, 2H, J=8.28 

Hz, A r-H ), 5 7.59 (s (b r), 2H, NH2 ), 5 8.60 (s (b r), IH , NH), 6  8.82 (s (b r), IH , OH).

NMR (1 0 0  MHz, DM SO); 5 ppm 14,77 (CH3 ), 5 24.33 (CH3 ), 5 38.87 (CH), 5 

58.99 (CH2 ), 5 76.99 (C), 5 102.47 (CH), 6  112.52 (CH), 6  117.29 (C), 5 119.42 (CH), 

5 127.56 (CH), 6  128.26 (CH), 5 137.48 (C), 6  149.46 (C -0 ), 6  157.11 (C-OH), 6  

161.37 (0 -C -N ), 6  168.46 (C = 0 ), 6  168.86 (C = 0 )

HRMS (E S I): C2 0 H2 0 N2 O5 -i-Na] requires (m /e ) 391.1270, found 391.1288,

(4,6ppm )
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BE26 Synthesis of 2-Am ino-4-(4-M ethoxy-3-N itrophenyl)-7-hydroxy-4W -

chrom ene-3-carboxylic acid ethyl ester

EtOH
Piperidine

Yield: 3.78 g, 98 %, brown crystals(Recrystallisation, EtOH) HPLC Purity: 91% 

MP: 295-298°C

IR»?max (K B r): 3502.34 (OH), 3440.74, 3372.84 (NH2), 1689.39 (C = 0 ), 1665.37 

(C=C), 1622,54 (C=C), 1574.34, 1326.85 (NO2) cnn'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.19 (t, 3H, J=7.02 Hz, CH3 ), 5 3.72 (s, 3H, 

OCH3 ), 6  4.02 (q, 2H, J=7.04 Hz, OCH2 ), 5 4.76 (s, IH , CH), 5 6.43 (d, IH , J=6 .26  Hz, 

Ar-H), 6  6.67 (d, IH , J=8 .54  Hz, Ar-H), 6  6.79 - 6.82 (m , 2H, Ar-H), 6  7.22 (s, IH , Ar- 

H), 5 7.89 (s, IH , Ar-H), 6  7.97 (s (b r), 2H, NH2 ), OH not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.26 (CH3 ), 39.88 (CH), 5 55.61 (OCH3 ), 6  

60.72 (CH 2 ), 6  80.12 (C), 5 104.57 (CH), 6  110.32 (CH), 5 113.70 (C), 5 115.54 (CH), 

5 124.37 (CH), 5 130.96 (CH), 5 131.70 (C), 5 133.70 (C-NO 2 ), 5 134.84 (CH), 5 

154.64 (C-OCH3 ), 5 168.68 (C-OH), 169.74 (0 -C -N ), 5 171.84 (C = 0 )

HRMS (E S I): C1 9 H1 8 N2 O7 [M-" +Na] requires (m /e) 409.1012, found 409.1020, (2.0 

ppm)
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BE27 Synthesis of 2-Am ino-4-(pyrid ine-3-yl)-7-hydroxy-4Ay-chrom ene-3-

carboxylic acid ethyl ester

EtOH

 ̂ \  / * A J * J ^  Piperidine

HO W - . 2

Yield: 1.65 g, 53 %, white powder (Recrystallisation, EtOH) HPLC Purity: 85%

MP: 263-269°C

IRi9max (K B r): 3510.29 (OH), 3477.99, 3424.95 (N H j), 1672.70 (C = 0 ), 1645.81 

(C=C), 1621.87 (C = C), 1567.03, 1516.47 cm ‘^

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 1.03 (t, 3H, J=7 Hz, CH3 ), 5 3.97 (q, 2H, 

J=7.02 Hz, OCH2 ), 6  4.84 (s, IH , CH), 6  6.47 - 6.50 (m , IH , Ar-H), 5 7.22 -  7.28 (m , 

IH , Ar-H ), 5 7.42 - 7.47 (m , IH , A r-H ), 6  7.68 (d, 2H, J=8.04 Hz, A r-H ), 5 8.30 - 8.36 

(m , IH , Ar-H), 6  8.47 (d, IH , J=7 .26  Hz, Ar-H), NH2 not observed, OH not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.22 (CH3 ), 5 36.56 (CH), 6  58.61 (CH2 ), 6  

75.63 (C), 5 102.13 (CH), 5 112.33 (C), 6  115.56 (CH), 6  123.55 (CH), 6  129.98 (CH), 

5 134.46 (C), 5 143.83 (CH), 5 147.07 (CH), 6  148.45 (CH), 6  149.04 (C-O), 6  157.01 

(C-OH), 6  161.01 (O-C-N), 5 168.06 (C = 0)

HRMS (E S I): C1 7 H1 6 N2 O4  [M^ -i-H] requires (m /e ) 313.1188, found 313.1176 (-3 .9  

ppm)
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BE28 Synthesis of 2-Am ino-4-(5-brom o-2-m ethoxyphenyl)-7-hydroxy-4 /-/-

chrom ene-3-carboxylic acid ethyl ester

EtOH

Piperidine

Yield: 2.30 g, 55 %, yellow crystals (Recrystallisation, EtOH) HPLC Purity: 90%  

MP: 228-232°C

IRj9n,ax (K B r): 3518.43 (OH), 3432.48, 3386.37 (NH2 ), 1672.48 (C = 0 ) , 1623.89 

(C=C), 1614.71 (C=C), 1596.65, 1562.41, 1512.75 cnn'^

‘ H NMR (4 0 0  MHz, D M SO -d6): 6  ppnn 098 (t, 3H, J=7.02  Hz, CH3 ), 5 3.77 (s, 3H, 

OCH3 ), 6  3.88 (q, 2H, J=7.52 Hz, OCH2 ), 6  5.16 (s, IH , CH), 6  6.40 - 6.47 (nn, 2H, Ar- 

H), 5 6.89 (d, IH , J=8.52 Hz, Ar-H), 5 6.95 (d, IH , J=8.56 Hz, Ar-H), 6  7.07 (d, IH , 

J=6.48 Hz, A r-H ), 5 7.24 (d, IH , J = 6 . 8  Hz, A r-H ), 7.45 (s (br), IH , OH), 7.68 (s (br), 

2H, NH2 )

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.04 (CH3 ), 6  32.69 (CH), 6  55.92 (OCH3 ), 

6  58.45 (CH2 ), 5 74.72 (C), 5 101.92 (CH), 5 111.75 (CH), 6  111.94 (C), 5 113.74 (C), 

6  115.63 (CH), 6  129.17 (C), 6  129.48 (CH), 6  130.52 (CH), 5 139.34 (CH), 6  149.06 

(C), 6  155.46 (C-OCH3 ), 6  156.76 (C-OH), 5 161.43 (O-C-N), 5 168.23 (C =0)

HRMS (E S I): CigHig^^BrNOs [M^ +H ] requires (m /e ) 420.0447, found 420.0435, (-2 .8  

ppm)
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BE29 Synthesis of (E)-ethyl 2-cyano-3-(3 ,4 -d im ethoxyphenyl)acry la te

EtOH

Yield: 0.34 g, 13 %, yellow crystals

Piperidine

(Recrystallisation, EtOH)

MP: 160 C Lit. R e f.[237 ] Lit. MP: 157 °C

IR i9„,ax(KB r): 2244.68 (CN), 1673.71 (C=C), 1643.64 (C = 0 ), 1563.74, 1473.48 cm'^ 

NM R (4 0 0  M H z, D M S O ): 6  0.94 (t, 3H, J = 7.14 Hz, CH3 ), 3.72 (s, 6 H, 2 XOCH3 ), 

3.86 (q, 2H, J=7 .04 , CH2 ), 6.38 (d, IH , J=2.28,  Ar-H), 6.45 -  6.51 (m, IH , Ar-H), 

7.18 - 7.27 (m , IH , A r-H ), 8.46 (d, IH , J=6 .98 , CH)

NM R (1 0 0  M H z, D M S O ): 6  14.33 (CH3), 58.85 (OCH3), 62.03 (CH2), 78.01 (C), 

106.63 (CH ), 112.53 (CN), 120.75 (CH), 128.77 (C), 148.70 (C-OCH3), 149.77 (C- 

OCH3), 157.73 (CH), 168.72 (C =0)

HRMS (E S I) :  C14H15NO4 +H ] requires (m /e ) 262.1079, found 262.1086, (-2 .67

ppm)
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BE31 Synthesis of interm ediate, (E)-ethyl 3 -(2 ,4 -d ich lo rophenyl)-2 -

cyanoacrylate

Cl H O
EtOH

Piperidine

Yield: 1.74 g, 65 %, brown powder (Recrystallisation, EtOH)

MP: 72-79°C  Lit. Ref.: [238 ] Lit. MR: 72 °C

IR>9max (K B r): 3084.63 (CH), 2256.72 (CN), 1684.59 (C=C), 1661.49 (C=C), 1626.59 

(C = 0 ), 1563.48, 800.71 (C-CI) cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 1.19 (t, 3H, J=7 .04 , CH3 ), 4.20 (q, 2H, J=6 .78 , 

CH2 ), 7.09 -  7.14 (m , 2H, A r-H ), 7.18 - 7.23 (m , IH , A r-H ), 8.56 (s, IH , CH)

NMR (1 0 0  MHz, D M SO -d6): 5 14.09 (CH3 ), 60.27 (CHj), 86.58 (C), 114.71 (CN), 

126.97 (CH), 129.35 (CH), 5 130.92 (CH), 132.37 (C), 133.48 (C-CI), 134.83 (C-CI) 

154.67 (CH), 167.97 (C = 0 )

HRMS (E S I): CjzHg^^ClsNOz [M ^] requires (m /e) 269.0010, found 269.0014, (-1 .4  

ppm)
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BE33 3,7-d ie thyl 2,8-D iam ino-4,6-6/s(2,4-dichlorophenyl)-4W ,6W -pyrano[3,2- 

g ]chrom ene-3,7-dicarboxylate

o

I-
ci

Cl
o

HO OH
Piperidine

EtOH

H2N O ^ ^ ^ ^ ^ O  NH2

Yield: 0.13 g, 2 %, yellow crystals (Recrystallisation, EtOH) HPLC Purity: 99%

MR: 260-268°C

(K B r): 3481.93, 3416.35 (NH 2 ), 1683.33 (C = 0 ), 1634.97 (C=C), 1624.62 

(C=C), 1551.39, 1498.62 cm'^

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 0.94 (t, 6 H, J=7.02 Hz, 2 XCH3 ), 3.83 (q, 4H, 

J=6.76 Hz, 2 XOCH2 ), 5.33 (s, 2H, 2xCH), 6.69 (s, IH , A r-H ), 6.90 (d, 2H, J=8.56 Hz, 

Ar-H), 7.06 - 7.11 (m , 3H, Ar-H), 7.38 (s, 2H, Ar-H), 7.73 (s (b r), 4H, 2 XNH2 ).

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 13.95 (CH3 ), 34.90 (CH), 58.72 (CHj), 74.40 

(C), 103.15 (CH), 120.96 (C), 127.64 (CH), 128.06 (CH), 130.45 (CH), 130.95 (C-CI), 

131.87 (C-CI), 144.46 (C), 147,18 (C -0 ), 160.77 (0-C -N ), 167.82 (C =0)

HRMS (E S I): C3oH24^^CUIM206 [M ’ -H ] requires (m /e ) 647.0310, found 647.0313, ( + 0.4 

ppm)
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BE34 Synthesis of 2 -(2 -am ino-7-hydroxy-4-phenyl-4 /-/-chrom en-3-y l)aceton itrile

Yield: 2.19 g, 83 %, pale yellow powder(Recrysta!lisation, EtOH) HPLC Purity: 90%

IR<?max (K B r): 3336.05 (OH), 3218.99, 3294.63 (NH2 ), 2183.42 (CN), 1638.46 (C=C), 

1624.90 (C=C), 1584.95, 1484.84 cm'^

‘ H NMR (4 0 0  MHz, D M SO -d6): 6 ppm 1.45-1.50 (s (b r), 2H, NH^), 2.65 (s (b r), IH ,

7.30 (d, 2H, J=7 .56  Hz, Ar-H)

NMR (1 0 0  MHz, D M SO -d6): 5 ppm 16.87 (CH2 ), 46,50 (CH), 77.58 (C), 102.64 

(CH), 112.16 (CH), 114.04 (C), 121.16 (CN), 127.09 (CH), 127.84 (CH), 129.05 (CH), 

130.36 (CH), 146.87 (C), 149.32 (C -0 ), 157.76 (C-OH), 160.72 (0-C -N )

HRMS (E S I): Ci6Hi2N2Na02 [M* -l-Na] requires (m /e ) 287.0796, found 287.0794 (-0 .9  

ppm)

Piperidine

MR: 269-278“ C Lit. R e f:[229 ] Lit. MR: 241-242 °C

OH), 3.11 (s, 2H, CH2 ), 4.61 (s, IH , CH), 6.40 (d, IH , J=7.28 Hz, Ar-H), 6.47 (d, IH , 

J=6.04 Hz, Ar-H), 6.78 (d, IH , J=8.52 Hz, A r-H ), 7.15 - 7.17 (m , 3H, Ar-H), 7.28 -
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BE35 Synthesis of 2-Am ino-7-hydroxy-4-phenyl-4W -chrom ene-3-carboxylic-acid 

methyl ester

O

O '

DCM

HO ^  OH
Piperidine

HO NH

Yield: 0.35 g, 12 %, yellow powder (Recrystallisation, MeOH) HPLC Purity: 98% 

MP: 277-280°C  Lit. R e f: [239]

IR*»max (K B r): 3418.27 (OH), 3378.45, 3227.45 (NH 2 ), 1669.51 (C = 0 ), 1634.81 

(C=C), 1629.69 (C = C), 1547.84, 1438.47 cm'^

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 3.50 (s, 3H, CH3), 4.81 (s, IH , CH), 6.44 (d, 

IH , J=7.52 Hz, A r-H ), 6.47 -  6.50 (m , IH , Ar-H ), 7.00 (d, IH , J=8.28 Hz, Ar-H ), 7.07 

- 7.11 (m , IH , A r-H ), 7.15 -  7.16 (m , 2H, A r-H ), 7.17 -  7.22 (m , 2H, Ar-H), 7.63 (s 

(b r), 2H, NH2 ), 9.62 (s (b r), IH , OH)

NMR (1 0 0  MHz, D M SO -d6): 6 ppm 39.96 (CH), 50.87 (CH 3 ), 76.77 (C), 102.54 

(CH), 112.55 (CH), 117.42 (C), 126.24 (CH), 127.20 (CH), 128.72 (CH), 130.13 (CH), 

148.94 (C), 149.57 (C -0 ), 157.19 (C-OH), 161.72 (0-C -N ), 169.13 (C = 0 )

HRMS (E S I): C i7 HisNNa0 4  [M-  ̂ +Na] requires (m /e ) 320.0899, found 320.0900 ( + 0.4 

ppm)
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BE36 Benzyl 2-am ino-7-hydroxy-4-phenyl-4W -chrom ene-3-carboxylate

O

O
NC

O HO OH

Piperidine

EtOH

HO' NH

Yield: 0.96 g, 26 % , pale yellow powder(Recrystallisation,EtOH) HPLC Purity: 81 % 

MR: 252-257°C

IR<?max (K B r): 3586.32 (OH), 3448.34, 3385.32 (NH 2 ), 1657.36 (C = 0 ), 1640.24 

(C=C), 1623.95 (C=C), 1587.52, 1557.14 cm'^

NMR (4 0 0  MHz, DMSO-f/s) 5 PPm 4.80 (s, IH , CH), 5.41 (dd, 2H, J=2.12, .7=7.03 

Hz, OCH2 ), 6.43 - 6.51 (m , IH , Ar-H), 6.98 (d, J=8 .28  Hz, 2H, Ar-H), 7.07 - 7.12 (m, 

2H, Ar-H), 7.13 - 7.18 (m , 5 H, Ar-H), 7.19 - 7.25 (m , 3 H, A r-H ), 7.60 (s (b r), 2 H, 

NH2 ), 8.61 (s (b r), 1 H, OH).

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 39.72 (CH), 58.98 (CH2 ), 77.02 (C), 102.52 

(CH), 112.56 (CH), 117.20 (C), 126.16 (CH), 127.41 (CH), 128.57 (CH), 129.37 (CH), 

130.27 (CH), 140.31 (C), 149.11 (C), 149.53 (C -0 ), 157.19 (C-OH), 161.48 (0-C -N ), 

168.82 (C = 0 )

HRMS (E S I): C2 3 H2 0 NO4  [M^ H] requires (m /e ) 374.1392, found 374.1379, (-3 .4  ppm)
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BE37 2-M ethylbutyl 2-am ino-7-hydroxy-4-phenyl-4/-/-chrom ene-3-carboxylate

o
H

NC
o

o HO OH

Piperidine

EtOH

HO O NH2

Yield: 3.25 g, 92 %, brown powder (Recrystallisation, EtOH) HPLC Purity: 87 % 

MR: 245-247°C

IR^max (K B r): 3478.73 (OH), 3423.58, 3397.49 (NH 2 ), 1660.86 (C = 0 ), 1640.41 

(C=C), 1632.87 (C=C), 1554.27, 1459.71 cm'^

NMR (4 0 0  MHz, M eO H) 5 ppm 1.12 (t, J=7.28  Hz, 6 H, 2 XCH3 ), 1.31 - 1.68 (m, 

IH , CH), 3.27 - 3.37 (m , 2H, OCH2 ), 3.96 - 4.08 (m , 2H, CH2 ), 4.82 (s, IH , CH), 5.92 

(s, IH , Ar-H), 6.48 (d, 2H, J=7.08 Hz, A r-H ), 6.91 (d, IH , J=8 .04  Hz, Ar-H), 7.13 - 

7.24 (m , 4H, Ar-H ), OH not observed, NH2 not observed.

NMR (1 0 1  MHz, MeOH) 5 ppm 11.58 (CH3 ), 15.87 (CH3 ), 26.27 (CH2 ), 34.78 

(CH), 38.82 (C), 57.15 (CHz), 76.23 (C), 101.81 (CH), 110.63 (CH), 116.12 (C), 

126.22 (CH), 127.22 (CH), 127.32 (CH), 129.08 (CH), 129.10 (C), 148.14 (C -0 ), 

148.17 (C-OH), 148.76 (0 -C -N ), 166.13 (C = 0 )

HRMS (E S I): C2 1 H2 4 NO4 H] requires (m /e ) 354.1705, found 354.1710, (-1 .4  ppm)
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BE38 Allyl 2-am ino-7-hydroxy-4-phenyl-4W -chrom ene-3-carboxylate

O EtOH

HO' NH

HPLC Purity: 89 %

O HO OH Piperidine

Yield: 1.06 g, 33 %, brown solid (Recrystallisation, EtOH)

MP: 126-228 °C

IR«?max (K B r): 3547.61 (OH), 3472.48, 3423.15 (NH2 ), 1760.46 (C = C), 1664.51 

(C=C), 1604.98 (C = 0 ), 1574.85, 1536.51, 1529.58 cnn-1

NMR (4 0 0  MHz, DMSO-ds): 5 ppm 4.71 (s, H, CH), 5 4.32 (d, J=6 .98  H, OCH2 ), 6 

4.38 - 4.44 (m , 2H, -C=CH 2 ), 0 5.89 - 5.96 (m , IH , CH), 5 6.20 (s, IH , Ar-H) 5 6.31 

(d, IH , J=6.98 Hz, Ar-H), 5 6.69 - 6.74 (m , IH , J=7.13  H, Ar-H ), 6 7.74 - 7.81 (m, 

5H, Ar-H), 5 8.09 (s (b r), 2H, NH2 ) 6 8.34 (s (b r), IH , OH)

“ C NMR (1 0 1  MHz, DMSO-de): 5 ppm 39.75 (CH), 6 67.91 (CH2 ), 6 83.21 (C), 5 

106.39 (CH), 6 112.71 (CH), 6 114.36 (C), 5 118.62 (CH2 ), 6 120.78 (CH), 6 125.01 

(CH), 6 127.42 (CH), 6 128.03 (CH), 5 135.71 (CH), 6 141.67 (C), 6 152.93 (C -0 ), 5 

154.24 (C-OH), 6 157.41 (0 -C -N ),5  167.31 (C = 0 )

HRMS (E S I): C i9 H i7 NNa0 4  [M"" +Na] requires (m /e) 346.1055, found 346.1062 ( + 2.0 

ppm)
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BE39 3-M ethylpentyl-2-am m o-7-hydroxy-4-phenyl-4W -chrom ene-3-

carboxylate

O n HO OH
Piperidine

EtOH

HO O NH2

Yield: 1.47 g, 40 %, light brown solid (Recrystallisation, EtOH) HPLC Purity: 100 % 

MR: 148-154 ° C

IR^9max (K B r): 3491.64 (OH), 3432.18, 3411.73 (ISIH2 ), 1755.89 (C=C), 1648.62 

(C=C), 1634.42 (C = 0 ), 1588.42, 1547.22, 1486.52 cm-1.

“ C NMR (1 0 1  MHz, DMSO-dg): 5 Ppm 13.05 (CH 3 ), 5 14.05 (CH3 ), 5 30.29 (CH2 ), 6

110,53 (CH), 5 113.75 (C), 6  128.71 (CH), 6129.72 (CH), 6  129.93 (CH), 5 130.04 

(CH), 6  140.41 (C), 6  154.36 (C -0 ), 156.82 (C-OH), 5 160.71 (0 -C -N ), 5 168.94 

(C =0)

HRMS (E S I):  C2 2 H2 6 NO4  [M'" +H ] requires (m /e ) 368.1862, found 368.1875 (-3 .53 

ppm)

NMR (4 0 0  MHz, DMSO-dg): 6  ppm 1.01 (t, 3H, J=6.98 Hz, CH3 ), 5 1.21 (d, 3H, 

7=7.13 Hz, CH3 ), 6  1.26 - 1.34 (m , 2H, CH2 ), 6  1.52 - 1.61 (m , IH , CH), 5 1.66 -  1.69 

(m , H, CH2 ) 5 4.31 (q, J=7.81 2H, CH2 ), 5 4.82 (s, IH , CH), 5 6.12 (s, IH , Ar-H), 6  

6.19 - 6.27 (m , IH , Ar-H), 5 6.29 - 6.35 (m , IH , Ar-H ), 5 7.38 (d, IH , J=8 .10  Hz, Ar- 

H), 5 7.45 (m , 4H, Ar-CH), 6  7.75 (s (b r), 2H, NHj) 5 8.28 (s (b r), IH , OH)

36.32 (CH), 5 39.31 (CH2 ), 5 40.25 (CH), 6  63.28 (CH2 ), 5 79.41 (C), 6  105.92 (CH), 5
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BE40 Isopentyl-2-am i no-7-hydroxy-4-phenyl-4W -chrom ene-3-carboxyla te

C

h

N

HO OH
piperidine

EtOH

HO

Yield: 1.13 g, 32 %, light brown solid (Recrystallisation, EtOH) HPLC Purity: 85 % 

MP: 154 -  156 °C

IRi9max (K B r): 3596.71 (OH), 3472.58, 3428.47 (NH 2 ), 1755.66 (C=C), 1654.41 

(C=C), 1671.2 (C = 0 ), 1574.85, 1475.84 cm-1

NMR (4 0 0  MHz, DMSO-f/g): 5 ppm 1.34 (d, 6 H, J=7.54, 2 XCH3 ), 5 1.52 -  1.56 

(m , 2H, CH2 ), 6  1.63 -  1 . 6 8  (m , IH , CH), 5 5.12 - 5.18 (m , 2H, OCH2 ), 5 5.21 (s, IH , 

CH) 6  6.03 (s, IH , Ar-H), 6  6.41 (d, IH , J=6.18 H, A r-H ), 5 6.78 -  6.83 (m , IH , Ar-H), 

7.08 - 7.18 (m, 2H, A r-H ), 6  7.53 - 7.61 (m , 3H, Ar-CH), 5 8.51 (s (b r), 2H, NH2 ), 6  

8.12 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): S ppm 24.57 (CH3 ), 5 26.19 (CH), 6  38.33 (CH2 ), 6  

38.79 (CH), 6  64.2 (CH2 ), 5 80.10 (C), 5 107.01 (CH), 5 111.42 (CH), 5 117.31 (C), 5 

115.86 (CH), 5 126.51 (CH), 6  129.51 (CH), 5 133.67 (CH), 5 141.04 (C), 6  157.11 

(C-O), 6  158.95 (C-OH), 6  160.71 (0 -C -N ), 6  168.94 (C = 0 ).

HRMS (E S I): C2 iH 2 3 NNa0 4  -i-Na] requires (m /e ) 376.1525, found 376.1532 (-1.86 

ppm)
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BE41 Ethyl 2-am ino-7-hydroxy-4-(4 -hydroxyphenyl)-4H -chrom ene-3-carboxyla te

OH

OH

HO OH

Piperidine

EtOH

O HO NH

Yield: 1.04 g, 32 % , dark brown solid (Flash Column; CH2 CI2 - MeOH 15%)

HPLC Purity: 85 % MR: 228-230°C  Lit. Ref. [240]

IRiJmax (K B r): 3614.49, 3595.36, (OH), 3485.10, 3357.31 (NHz), 1659.71 (C =0), 

1629.41 (C=C), 1630.48 (C=C), 1591.36, 1538.14 cm ’^

NMR (4 0 0  MHz, Di^SO-t/e) 6  ppm 0.98 (t, 3H, J=7.2,  CH3 ), 4.28 - 4.47 (m , 2H, 

OCH2 ), 4.68 (s, IH , CH), 6.13 - 6.23 (m , 3H, Ar-H ), 6.61 - 6 . 6 8  (m , 2H, Ar-H), 6.85 - 

6.99 (m , 2H, Ar-H ), 8.14 (s (b r), IH , OH), 9.15 (s (b r), 2H, NH2 )

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 14.31 (CH3 ), 56.03 (CH), 58.49 (CH2 ), 76.97 

(C), 101.96 (CH), 102.44 (CH), 106,17 (CH), 114,75 (C), 127.81 (CH), 129.70 (CH), 

132.74 (C), 152.56 (C-O), 154.93 (C-OH), 155.24 (C-OH), 158.44 (0 -C -N ), 160.88 

(C =0)

HRMS (E S I):  CigHi7 NNa0 5  Na] requires (m /e ) 350.1004, found 350.0997, (-1 .9  

ppm)
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BE42 Neopentyl 2-am ino-7-hydroxy-4-(4-hydroxyphenyl)-4Ay-chronnene-3-

carboxylate

OH

OH

• hO 'O ^ O H
o

Yield: 2.39 g, 65 %, black solid (Flash Column, Hexane - EtOAc, 1 .5:1)

HPLC Purity: 89 %, MR: 256-262°C

IRi?max (K B r): 3414.71 (OH), 3418.48, 3389.35 (N H j), 1687.86 (C = 0 ), 1678.54 

(C = 0 ), 1661.85 (C=C), 1640.65 (C=C), 1610.53, 1557.93, 1546.34, 1479.73 cm'^ 

NMR (4 0 0  MHz, DMSO-rfs) 6 ppm 0.74 (s, 9H, SxCHa), 3.94 (s, 2H, OCH2 ), 4.79 

(s, IH , CH), 6.40 - 6.49 (m , IH , Ar-H ), 6.85 (d, 2H, J=8.02 Hz, Ar-H ), 7.05 (d, 2H, 

J=8.80 Hz, Ar-H), 7.11 (d, 2H, J=7.46 Hz, Ar-H ), 7.35 - 7.39 (s, IH , Ar-H), 7.54 (s 

(br), 2H, NH2 ), 7.61 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 26.21 (CH3 ), 31.04 (C), 38.16 (CH), 76.09 

(C), 76.91 (CH2 ), 102.00 (CH), 112.06 (CH), 114.52 (C), 117.20 (CH), 127.51 (CH), 

127.62 (CH), 127.69 (CH), 129.75 (C), 154.88 (C-O), 157.35 (C-OH), 158.38 (C-OH), 

161.20 (0 -C -N ), 167.91 (C = 0)

HRMS (E S I): C2 1 H2 2 NO5 [W  H] requires (m /e ) 368.1498, found 368.1519, (-5 .7  ppm)

Piperidine
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BE'

H

Benzyl

carboxylate

2-anninO '7-hydroxy-4-(4-hydroxyphenyl)-4AV-chromene-3

Piperidine

°  NHj

Yield: 0.12 g, 3 %, brown solid (Flash Colunnn, Hexane - EtOAc, 1:2)

IRl9max (K B r): 3498.58 (OH), 3417.94, 3397.63 (N H j), 1660.83 (C = 0 ), 1640.84 

(C=C), 1632.16 (C=C), 1594.37, 1509.26, 1459.18 cm ‘^

2H, NH2 ), 9.16 (s (b r), 1 H, OH), 9.57 (s (b r), 1 H, OH)

NMR (1 0 1  MHz, DMSO-t/e) 5 ppm 39.67 (CH), 68.41 (CH2 ), 80.18 (C), 105.13 

(CH), 110.45 (CH), 113.64 (C), 115.4 (CH), 127.25 (CH), 129.48 (CH), 130.21 (CH), 

133.47 (C), 140.37 (C), 155.97 (C -0 ), 156.31 (C-OH), 157.37 (C-OH), 161.93 (O-C- 

N), 167.83 (C = 0 )

HRMS (E S I): CasHjgNNaOs [M"  ̂ H] requires (nn/e) 412.1161, found 412.1182, (5 ppm)

HPLC Purity: 95% MR: 226-229°C

NIWIR (4 0 0  MHz, DMSO-dg) 5 ppm 3.95 (s, IH , CH), 4.68 (s, 2H, OCH2 ), 6.16 - 

6.22 (m , IH , Ar-H ), 6.42 (s, IH , Ar-H ), 6.46 (d, IH , J=8.01 Hz, Ar-H ), 6.48 (s, IH , Ar- 

H), 6.56 - 6.59 (m , IH , Ar-H), 6.60 (d, IH , J=6 .54  Hz, Ar-H ), 6.91 - 6.96 (m , 2H, Ar- 

H), 7.53 (s, 1 H, A r-H ), 7.97 - 8.05 (m , IH , A r-H ), 8.25 (s, 2 H, Ar-H), 9.10 (s (br).
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BE44 2-M ethylbutyl 2 -am ino-7-hydroxy-4-(4-hydroxyphenyl)-4W -chrom ene-3-

carboxylate

OH

H

OH O

T HO OH

Piperidine

EtOH

O H O ^ ^ ^ O  NH2

Yield: 1.64 g, 42 %, light brown solid (Flash Column, Hexane - EtOAc, 1 .5 :1)

IR»9max (K B r): 3538.84 (OH), 3492.50, 3370.36 (NH2 ), 1684.49 (C = 0 ), 1657.95 

(C=C), 1654.15 (C=C), 1613.68, 1492.45, 1473.72 cnn‘^

NMR (4 0 0  M Hz, DMSO-dg) 5 ppm 0.97 - 1.07 (m , 6 H, 2 XCH3 ), 1.97 - 2.10 (m , 2

(b r), 2 H, NH2 )

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 11.65 (CH3 ), 15.42 (CH3 ), 28.59 (CH2 ), 34,11 

(CH), 39.93 (CH), 71.83 (CH2 ), 79.26 (C), 106.17 (CH), 110.65 (CH), 113.52 (C), 

116.18 (CH), 129.61 (CH), 130.48 (CH), 133.15 (C), 154.71 (C -0 ), 155.39 (C-OH), 

156.31 (C-OH), 164.82 (0 -C -N ), 168.72 (C =0)

HRMS (E S I):  C z i H z s N N a O j  M-" H requires (m /e) 392.1474, found 392.1477, (-1- 0 . 7  

ppm)

HPLC Purity: 94% MP: 234-238°C

H, CH2 ), 2.28 - 2.37 (m , IH , CH), 3.95 - 4.14 (m, 2H, CH2 ), 4.67 (s, 1 H, CH), 6.41 

(d, IH , J=8.01 Hz, Ar-H), 6.47 (d, 2H, J=8.28 Hz, Ar-H ), 6.59 (d, 2H, J=8.03 Hz, Ar- 

H), 6 . 8 8  - 6.99 (m , 2 H, Ar-H), 7.53 (s (br), 1 H, OH), 9.10 (s (b r), 1 H, OH), 9.57 (s
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BE45 Isopentyl 2 -am ino-7-hydroxy-4-(4-hydroxyphenyl)-4W -chrom ene-3-

carboxylate

OH

H

o

OH
O

HO OH

Piperidine

EtOH

HO O NHj

Yield: 0.15 g, 4 %, dark brown powder (Flash Column, CH2CI2 - MeOH 10%)

(K B r): 3474.73 (OH), 3410.67, 3375.84 (NH2 ), 1672.74 (C = 0 ), 1655.95 

(C=C), 1628.58 (C = C), 1571.03, 1452.94 cm ‘^

NMR (4 0 0  MHz, DMSO-de) 6  Ppm 0.78 (d, 6 H, J=6.53 Hz, 2 XCH3 ), 1.29 - 1.32

(br), IH , OH), 8.01 (s (b r), IH , OH), 8.57 (s (b r), 2 H, NH2 )

NMR (1 0 1  MHz, DMSO-dg) 6  ppm 22.83 (CH3 ), 25.48 (CH), 38.72 (CH2 ), 39.83 

(CH), 61.83 (CH2 ), 80.38 (C), 107.29 (CH), 110.91 (CH), 114.67 (C), 116.47 (CH), 

129.17 (CH), 130.56 (CH), 134.37 (C), 152.82 (C-O), 153.44 (C-OH), 155.28 (C-OH), 

166.47 (O-C-N), 167.72 (C =0)

HRMS (E S I):  C2 iH 2 3 NNaOs Na] requires (m /e ) 392.1474, found 392.1471, (-0 .7  

ppm)

HPLC Purity: 89% MR: 221-226°C

(m, 2H, CH2 ), 3.35 -  3.40 (m , IH , CH), 4.29 -  4.32 (m , 2H, OCH2 ), 4.66 (s, IH , CH), 

6.19 (s, 1 H, Ar-H), 6.40 (d, 1 H, J=7.04 Hz, Ar-H ), 6.43 - 6.46 (m , 1 H, Ar-H), 6.46 

(s, 1 H, A r-H ), 6.58 (d, 2 H, J=8.03 Hz, A r-H ), 6.94 (d, 1 H, J=8.28 Hz, Ar-H), 7.54 (s
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BE46 2-Methoxyethyl 2-annino-7-hydroxy-4-(4-hydroxyphenyl)-4W -chronnene-

3-carboxylate

Piperidine

H iQ " . N C ^  ^ 0 ^  • ^  E.OH
Y  OH
0

Yield: 1.50 g, 42 % , brown resin (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 93%  MP: na

I R i 9 , „ a x  (K B r): 3558.83 (OH), 3468.58, 3412.85 (NH 2 ), 1680.59 (C = 0 ), 1661.75 

(C=C), 1623.01 (C=C), 1576.84, 1522.04 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 2.29 (s, 3 H, CH3 ), 3.52 - 3.59 (m , 2H, CH2 ), 

3.77 (s (b r), 2H, NH2 ), 4.01 (q, 2H, J=7.12, CH2 ), 4.32 (s, IH , CH), 6.17 - 6.21 (m , 1 

H, Ar-H ), 6.92 (d, 2 H, 7=8.53 Hz, Ar-H), 7.99 (d, 2 H, 7=7.50 Hz, Ar-H ), 8.23 (s, 2 H, 

Ar-H), OH not observed.

NMR (1 0 1  MHz, DMSO-de) 6  ppm 38.70 (CH), 47.51 (CH3 ), 46.36 (CH2 ), 61.88 

(CH2 ), 79.01 (C), 102.44 (CH), 106.16 (CH), 115.43 (C), 116.61 (CH), 129.07 (CH), 

130.31 (CH), 134.08 (C), 154.66 (C -0 ), 155.93 (C-OH), 156.62 (C-OH), 158.57 (0 -C - 

N), 162.75 (C = 0 )

HRMS (E S I): C1 9 H2 0 NO6  [M-" H] requires (m /e ) 358.1291, found 358.1287, (-1.1 ppm)

OH

HO
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BE47 3-M ethoxybutyl 2-am ino-7-hydroxy-4-(4-hydroxyphenyl)-4W -chrom ene- 

3-carboxylate

OH

OH

HO" " ^ 'O H

Piperidine

EtOH

HO' NH.

Yield: 0.34 g, 9 %, brown resin (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 89 % MR: na

IRi?max (K B r): 3529.41, 3481.79 (OH), 3450.82, 3367.34 (NH 2 ), 1682.39 (C =0), 

1678.60 (C = 0 ) , 1668.18, 1612.94 (C=C), 1549.45, 1459.74 cm ’^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.06 (d, 3H, J=6.02 Hz, CH3 ), 1.28 - 1.35 (m, 

2 H, CH2 ), 3.12 -  3.18 (m , 1 H, CH), 3.20 (s, 3H, CH3 ), 3.44 (q, 2 H, J=7.02 Hz, CH2 ), 

4.25 (s, 1 H, CH), 6.52 (d, 2 H, J=6 .78  Hz, Ar-H ), 6.61 (d, J =8 .0 3  Hz, 2 H, Ar-H), 6.71 

(d, J=8.53 Hz, 2 H, Ar-H), 6.94 (s (b r), 1 H, OH), 7.90 - 7.96 (m, 1 H, Ar-H), 9.18 (s 

(br), 2H, NH2 )

NMR (1 0 1  MHz, DMSO-de) 5 ppm 19.01 (CH3 ), 37.94 (CH2 ), 38.85 (CH), 55.27 

(CH3 ), 57.50 (CH2 ), 61.56 (CH), 73.34 (C), 102.59 (CH), 103.24 (CH), 114.67 (C), 

117.47 (CH), 128.52 (CH), 131.83 (CH), 134.38 (C), 151.90 (C -0 ), 154.49 (C-OH), 

155.07 (C-OH), 156.30 (0 -C -N ), 157.50 (C =0)

HRMS (E S I): C2 iH 2 3 NNa0 6  [M-" Na] requires (m /e ) 408.1423, found 408.1415, (-1.9 

ppm)
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BE48 2-Butoxyethyl 2 -am ino-7-hydroxy-4-(4-hydroxyphenyl)-4 /-/-chrom ene-

3-carboxylate
OH

Piperidine

EtOH
HO' OH

HO' NH.

Yield: 3.27 g, 82 %, light brown solid (Flash Column, Hexane - EtOAc, 1 .5 :1)

HPLC Purity: 84 % MR: 231-234°C

(K B r): 3551.06, 3497.26 (OH), 3429.73, 3321.67 (NH j), 1698.31 (C =0), 

1683.21 (C=C), 1645.95 (C=C), 1581.84, 1545.74 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.14 (t, 3 H, J=7.12 Hz, CH3 ), 1.28 - 1.35 (m, 

2 H, CH2 ), 1.39 - 1.46 (m , 2H, CH2 ), 3.36 - 3.41 (m , 2 H, CHz), 3.67 - 3.72 (m , 2H, 

CHz), 4.31 -  4.36 (m , 2 H, CH2 ), 4.72 (s, 1 H, CM), 6.26 (d, 1 H, J=8 .02 , Hz, Ar-H), 

6.16 - 6.21 (m , IH , Ar-H ), 6.58 (d, 2 H, J=7.02  Hz, Ar-H ), 6.91 (d, 2 H, J=8.14 Hz, 

Ar-H ), 8.23 (d, 1 H, J=7.04 Hz, Ar-H), 8.76 (br. s, 1 H, OH), NH2  not observed.

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.28 (CH3 ), 19.73 (CH2 ), 32.67 (CH2 ), 39.85 

(CH), 61.74 (CH2 ), 63.62 (CH2 ), 69.63 (CH 2 ), 78.78 (C), 106.52 (CH), 110.94 (CH), 

113.37 (C), 116.62 (CH), 129.39 (CH), 130.28 (CH), 133.38 (C), 153.48 (C -0), 

154.75 (C-OH), 156.91 (C-OH), 162.14 (0 -C -N ), 167.38 (C = 0)

HRMS (E S I):  C2 2 H2 5 NNa0 6  [M^ Na] requires (m /e ) 422.1579, found 422.1567, (2.8 

ppm)
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BE49 Pentyl 2 -am ino-7-hydroxy-4-(4 -hydroxyphenyl)-4 /-/-chrom ene-3-

carboxylate

OH

OH

* NC.

Piperidine

EtOH
HO ^  OH

HO' NH-

Yield: 3.39 g, 92 %, brown powder (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 78 % MR: 237-241 °C

IR»9n,ax (K B r): 3493.84 (OH), 3485.11, 3365.74 (NH2 ), 1672.94 (C = 0 ), 1647.74 

(C=C), 1628.43 (C = C), 1536.58, 1473.07 cm ^

NMR (4 0 0  MHz, DMSO-dg) 6  ppm 0.81 (t, 3H, J=7.03 Hz, CH3 ), 1.07 - 1 . 1 1  (m , 

2H, CH2 ), 1.15 - 1.20 (m , 2H, CH j), 1.26 - 1.31 (m , 2H, CH2 ), 3.95 -  4.02 (m , 2 H, 

CH2 ), 4.67 (s, 1 H, CH), 6.41 (d, 2 H, J=7.14 Hz, Ar-H), 6.46 (d, 2 H, J=8 .03  Hz, Ar-

H), 6.59 (d, 1 H, J=8.53 Hz, A r-H ), 6.87 - 6.96 (m , 2H, Ar-H), 7.53 (s (b r), 2 H, NH2 ),

8.98 (s (b r), 1 H, OH)

NMR (1 0 1  MHz, DMSO-t/e) 5 ppm 14.31 (CH3 ), 21.86 (CH2 ), 38.08 (CH2 ), 38.85 

(CH2 ), 40.10 (CH), 58.49 (CH2 ), 76.99 (C), 101.96 (CH), 111.99 (CH), 114.75 (C), 

117.37 (CH), 127.81 (CH), 129.70 (CH), 139.16 (C), 149.06 (C -0 ), 155.25 (C-OH), 

156.82 (C-OH), 160.99 (0 -C -N ), 168.45 (C =0)

HRMS (E S I):  C2 iH 2 4 NOs [M^ H] requires (m /e ) 370.1655, found 370.1672, (4.5 ppm)
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BE50 Hexyl 2-am ino-7-hydroxy-4-(4-hydroxyphenyl)-4W -chrom ene-3-

carboxylate
OH

riLi Piperidine
u i - i  Q

- II I Eton

o HO ^  OH
HO NH.

Yield: 0.60 g, 15 %, brown solid (Flash Column, CH2CI2 - MeOH 10%)

HPLC Purity: 8 6  % MR: 255-264°C

IRi?max (K B r): 3562.94 (OH), 3476.59, 3348.72 (NH2 ), 1678.35 (C = 0 ) , 1656.94 

(C=C), 1633.85 (C=C), 1624.87, 1584.60, 1469.42 cm'^

"H NMR (4 0 0  MHz, DMSO-dg) 5 ppm 0.85 (t, 3H, J=7.03 Hz, CH3 ), 1.07 - 1.12 (m , 6  

H, 2 XCH2 ), 1.29 - 1.34 (m , 2H, CH2 ), 3.94 -  3.99 (m , 2H, CH2 ), 4.67 (s, 1 H, CH), 

6.41 (s (b r), 2 H, NH2 ), 6.46 (d, 2 H, J=8.03 Hz, Ar-H ), 6.59 (d, 2 H, J=8.03 Hz, Ar- 

H), 6.89 - 6.96 (m , 1 H, Ar-H ), 7.54 (s (b r), 1 H, OH), 7.99 (d, 1 H, J=8.53 Hz, Ar-H),

8.22 (s, 1 H, Ar-H), 8.94 (s (b r), 1 H, OH)

“ C NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.08 (CH3), 14.31 (CH2), 38.09 (CH2), 38.84 

(CH2), 39.05 (CH2), 40.09 (CH), 58.49 (CH2), 76.99 (C), 101.96 (CH), 111.99 (CH), 

114.76 (C), 116.71 (CH), 117.37 (CH), 127.81 (CH), 129.73 (CH), 134.13 (C), 149.04 

(C -0), 155.25 (C-OH), 156.50 (C-OH), 160.89 (O-C-N), 168.45 (C =0)

HRMS (E S I): C22H25NNa0s H] requires (m /e) 406.1630, found 406.1633, (0.7 

ppm)
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BE51 Heptyl 2-am ino-7-hydroxy-4-(4-hydroxyphenyl)-4Ay-chrom ene-3-

carboxylate

Piperidine

Yield: 0.50 g, 12 % , light brown powder (Flash Column, CH2CI2 - MeOH 10%)

HPLC Purity: 87 % MP: 249-253°C

IRi9max (K B r): 3462.76 (OH), 3431.74, 3386.48 (NH2 ), 1664.42 (C = 0 ), 1638.54 

(C=C), 1637.38 (C = C), 1568.62, 1464.27 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 0.86 (t, 3H, J = 7  Hz, CH3 ), 1.07 - 1.14 (m , 8 H, 

4 XCH2 ), 1 .27-1.32 (m , 2 H, CH2 ), 3.95 (q, 2H, J=7.03 Hz, CH2 ), 4.67 (s, IH , CH), 6.41 

(d, IH , J=7.04 Hz, Ar-H ), 6.46 (s, 2H, Ar-H), 6.59 (d, 3H, J=8.02 Hz, Ar-H), 6.93 (s, 1 

H, A r-H ), 7.53 (s (b r), 1 H, OH), 9.11 (s (b r), 2H, NH2 ), 9.57 (s (b r), 1 H, OH)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.32 (CH3 ), 29.23 (CH2 ), 31.09 (CH2 ), 38.08 

(CH2 ), 38.85 (CH2 ), 40.10 (CH), 68.49 (CH2 ), 78.53 (C), 101.92 (CH), 112.01 (CH), 

114.75 (C), 117.35 (CH), 127.81 (CH), 129.72 (CH), 139.09 (C), 149.07 (C -0), 

155.26 (C-OH), 156.55 (C-OH), 160.76 (O-C-N), 168.37 (C = 0 )

HRMS (E S I):  C23H27NNa0s H] requires (m /e) 420.1787, found 420.1803, (3.8 

ppm)
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BE52 Octyl 2-am ino-7-hydroxy-4-(4 -hydroxyphenyl)-4 /-/-chrom ene-3-

carboxylate

Piperidine

Yield: 1.51 g, 36 %, light brown solid (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 96 % MP: 267-269°C

IR»9max (K B r): 3674.20 (OH), 3460.32, 3364.64 (NH 2 ), 1689.63 (C = 0 ), 1658.17 

(C=C), 1643.61 (C=C), 1567.86, 1505.14 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 0.86 (t, 3 H, J=7 .02  Hz, CH3 ), 1.07 - 1.13 (m , 

8 H, J=7 .03  Hz, 4xCH j), 1.23 - 1.32 (m , 2H, CH2 ), 3.90 - 3.95 (m , 2H, CH2 ), 4.29 (q, 

2H, J=7.03 Hz, CH2 ), 4.67 (s, 1 H, CH), 6.41 (s, 2H, Ar-H), 6.46 (d, 2 H, J=8.03 Hz, 

Ar-H), 6.59 (d, 2 H, J=8.03 Hz, Ar-H), 6.92 (d, 1 H, J=7.53 Hz, Ar-H), 7.53 (s (br), 

2H, NH2 ), 7.99 (s (b r), 1 H, OH), 8.22 (s (b r), 1 H, OH)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 14.10 (CH 3 ), 14.35 (CH2 ), 22.05 (CH2 ), 25.26 

(CH2 ), 28.55 (CH2 ), 31.19 (CH2 ), 38.06 (CH), 58.46 (CH2 ), 61.85 (CH2 ), 76.97 (C), 

101.83 (CH), 111.93 (CH), 114.75 (C), 116.43 (CH), 117.55 (CH), 127.81 (CH), 

129.87 (CH), 134.04 (C), 148.98 (C -0 ), 154.61 (C-OH), 155.20 (C-OH), 156.45 (0 -C - 

N), 160.87 (C = 0 )

HRMS (E S I):  C24H29NNaOs Na] requires (m /e ) 434.1943, found 434.1930, (-2 .9  

ppm)
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BE53 Cyclohexyl 2 -am ino-7-hydroxy-4-(4-hydroxyphenyl)-4 /-/-chrom ene-3-

carboxylate

OH

Piperidine

"  • N C ^ ,
o HO ^  OH

HO’ NH.

Yield: 0.27 g, 7% , ligh t brown solid (Recrystallisation, EtOH)

HPLC Purity: 95 % MR: 240-245°C

IRi9max (K B r): 3584.58 (OH), 3417.96, 3397.63 (NH2 ), 1672.38 (C = 0 ), 1660.83 

(C = C), 1632.34 (C=C), 1549.84, 1523.74 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.09 -  1.12 (m , 6H, 3 XCH2 ), 1.19 - 1.33 (m , 

2H, CHj), 2.03 - 2.09 (m , 2H, CH2 ), 3.95 (s, IH , CH), 4.67 (s, IH , CH), 6.41 (d, 1 H, 

J=8.01 Hz, Ar-H ), 6.47 (s, 1 H, Ar-H), 6.59 (d, 2 H, J=8.53 Hz, Ar-H ), 6.69 (d, 2H, 

J=8.03 Hz, Ar-H ), 6.88 - 6.95 (m , 1 H, A r-H ), 7.07 (s (b r), 1 H, OH), 7.53 (s (b r), 2 H, 

NH2)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 25.66 (CH2 ), 30.74 (CH j), 34.55 (CH2 ), 43.81 

(CH), 67.70 (CH), 68.84 (C), 111.98 (CH), 114.75 (CH), 115.15 (C), 117.57 (CH), 

118.98 (CH), 127.80 (CH), 129.87 (CH), 133.41 (C), 153.72 (C -0 ), 155.61 (C-OH), 

156.83 (C-OH), 162.54 (O-C-N), 166.07 (C = 0)

HRMS (E S I):  C2 2 H2 3 NNaOs [M-" Na] requires (m /e ) 404.1474, found 404.1437, (9 

ppm)
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BE54 2-E thoxyethyl 2 -am ino-7-hydroxy-4-(4-hydroxyphenyl)-4W -chrom ene-3-

carboxylate

OH

o

OH
Piperidine

Eton
HO ^  OH

HO

Yield: 0.40 g, 11%, green powder (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 92 % MR: 245-247°C

IRi?max (K B r): 3529.04, 3499.62 (OH), 3439.26, 3409.61 (NH i), 1667.07 (C = 0 ), 

1632.53 (C=C), 1624.48 (C=C), 1584.83, 1512.52 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.07 (t, 3H, J=7.03 Hz, CH3 ), 1.29 - 1.34 (m, 

2H, CH2 ), 3.95 (q, 2H, J=7.04 Hz, CH2 ), 4.29 - 4.34 (m , 2H, CH2 ), 4.67 (s, IH , CH), 

6.46 (d, IH , J=8 .28 , Ar-H), 6.59 (d, 2H, 7=8.53 Hz, Ar-H), 6.92 (m , 4H, A r-H ), 7.53 (s 

(b r), 2H, NH2 ), 8.01 (s (b r), IH , OH), 8.24 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 14.32 (CH3), 38.08 (CH), 58.49 (CH2), 61.92 

(CH2), 67.43 (CH2), 76.98 (C), 101.95 (CH), 111.99 (CH), 114.75 (C), 117.37 (CH), 

127.81 (CH), 129.72 (CH), 134.06 (C), 154.64 (C-O), 155.24 (C-OH), 156.49 (C-OH), 

160.88 (0-C-N), 168,44 (C =0)

HRMS (E S I): C2 oH2 iNNa 0 6  [M^ Na] requires (m /e ) 394.1267, found 394.1258, (-2 .2  

ppm)
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BE55 Ethyl 2 -am ino-7-hydroxy-4-(3 ,4-d ihydroxyphenyl)-4 /-/-chrom ene-3-

carboxylate

OH

Piperidine
O

I
* H O ^ ^ ^ O H  Eton

o
Yield: 1.44 g, 42% , brown solid (Flash Column; CH2 CI2 -  EtOAc, 9 :1 )

HPLC Purity: 93 % MR: 236-240°C

IR^max (K B r): 3562.46, 3484,58 (OH), 3417.94, 3370.63 (NH 2 ), 1672.84 (C =0), 

1663.63 (C=C), 1663.16 (C=C), 1583.64, 1549.84, 1422.68 cm'^

NMR (4 0 0  MHz, DMSO-de) 5 ppm 1.28 (t, 3H i= 7 .0 3  Hz, CH3 ), 4.08 (s, IH , CH), 

4.27 (q, 2H, J=7 .02 , OCH2 ), 6.16 - 6.21 (m , IH , Ar-H ), 6.83 (s, IH , Ar-H), 6.90 - 7.02 

(m , IH , Ar-H ), 7.38 (d, 2H J=8.53 Hz, Ar-H), 7.65 (s, IH , Ar-H ), 8.09 (s (br), IH , 

OH), 8.49 (s (b r), IH , OH), NH2  not observed.

NMR (1 0 1  MHz, DMSO-dfi) 6  ppm 14.09 (CH3 ), 40.08 (CH), 61.72 (CH2 ), 79.43 

(C), 94.89 (CH), 102.45 (CH), 106.17 (CH), 115.60 (C), 116.00 (CH), 116.96 (CH), 

122.05 (CH), 127.79 (C), 129.69 (C-OH), 146.14 (C-OH), 153.94 (C -0 ), 154.70 (C- 

OH), 158.44 (0 -C -N ), 162.95 (C = 0)

HRMS (E S I): C i8 H i7 NNa0 6  Na] requires (m /e ) 366.0954, found 366.0958, (-1 

ppm)

OH

NHHO
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BE56 Ethyl 2 -am ino-7-hydroxy-4-(3 -hydroxyphenyl)-4W -chrom ene-3- 

carboxylate

O

H

HO OH

Piperidine

EtOH

HO

Yield: 1.05 g, 32 %, yellow powder (Flash Column; CH2 CI2 - MeOH 5%) 

HPLC Purity: 94 % MP: 262-268°C  Lit. Ref. [241]

IR«?max (K B r): 3573.48, 3531.95 (OH), 3452.17, 3337,51 (NH 2 ), 1676.48 (C = 0 ), 

1638.26 (C=C), 1624.53 (C=C), 1612.94, 1568.38, 1478.42 cm’ ^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.07 (t, 3H, J=6.78 Hz, CH3 ), 2.45 (s (b r), 1 H,

2H, NH2 ), 9.61 (s (b r), 1 H, OH).

" C  NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.29 (CH3), 40.09 (CH), 58.54 (CH2), 76.54 

(C), 102.01 (CH), 112.00 (CH), 112.75 (C), 113.73 (CH), 116.85 (CH), 117.76 (CH), 

128.93 (CH), 129.71 (CH), 149.08 (C), 150.04 (C-O), 156.68 (C-OH), 157.16 (C-OH), 

161.01 (O -C-N), 168.41 (C =0)

HRMS (E S I): C i8 H i7 NNa0 5  [M"  ̂ Na] requires (m /e ) 350.1004, found 350.1006, (-0.5 

ppm)

OH), 3.97 (q, 2H, J=7.42 Hz, OCH2 ), 4.70 (s, IH , CH), 6.39 - 6.55 (m , 2H, Ar-H ), 6.62 

(d, 2H, J=7.53  Hz, A r-H ), 6.91 - 7.04 (m , 2H, A r-H ), 7.59 (s, IH , A r-H ), 9.19 (s (br).
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BE57 2-M ethoxypropyl-2-am ino-4-(4-(benzyloxy)phenyl)-7 -hydroxy-4W -

chrom ene-3-carboxylate

HO

EtOH

OH Piperidine

HO' NH

HPLC Purity: 88 %Yield: 2.90 g, 63 %, grey solid (Recrystallisation, EtOH)

MR: 178-185 ° C

IRi9max (K B r): 3594.41 (OH), 3471.99, 3372.79 (N H j), 1672.61 (C = 0 ), 1657.72 

(C=C), 1622.37 (C = C), 1583.61, 1497.33 cm'^

Ni'IR (4 0 0  MHz, DMSO-dg) 5 ppm 1.06 (d, 3H, J=7.04 Hz, C H 3 ) ,  6  3.35 (s, 3H, 

C H 3 ) ,  5 3.61 (s, IH , CH), 6  4.33 (d, 2H, J=8 .06  Hz, CH2 ), 4.74 (s, IH , CH), 5 5.10 (s, 

2H, CH2 ), 6  6.19 (s, IH , Ar-CH), 5 6.42 (d, IH , J=8.45, Ar-H), 6  6.78 - 6.84 (m , 2H, 

Ar-H), 5 7.05 - 7.11 (m , 5H, A r-H ), 6  7.57 (d, J=8 .04 , 2H, Ar-H) 6  7.91 (s (b r), 2H, 

NH2 ), 5 8.0 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 14.31 (CH3 ), 6  38.09 (CH), 6  58.32 (CH3 ), 6  

69.1 (CH2 ), 6  71.47 (CH2 ), 6  76.77 (CH), 5 79.01 (C), 6  101.98 (CH), 6  106.17 (CH), 5

112.06 (C) , 6  114.32 (CH), 6  117.62 (CH), 6  127.63 (CH), 5 127.88 (CH), 6  128.38 

(CH), 6  129.79 (CH), 6  137.2 (C), 5 141.09 (C), 5 149.07 (C -0 ), 6  156.4 (C-OH), 6

156.6 (Bnz-C -0), 5 160.92 (0 -C -N ), 5 168.39 (C = 0)

HRMS (E S I):  C2 7 H2 7 NO6  [M ^] requires (m /e ) 461.1838, found 461.1823. (+  3.25 

ppm)
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BE58 Allyl 2 -am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4W -chrom ene-3- 

carboxylate

O EtOH
+

PiperidineHO' OH

HO NH

Yield: 1.63 g, 38 %, yellow solid (Recrystallisation, EtOH)

HPLC Purity: 90 % MR: 182-183°C

IRi9max (K B r): 3571.93 (OH), 3469.82, 3420.92 (N H j), 1673.48 (C = 0 ), 1643.21 

(C=C), 1627.42 (C = C), 1530.64, 1474.84 cm'^

NMR (4 0 0  MHz, DMSO-de) 5 ppm 1.68 (s (b r), 2H, NHz), 6 4.07 (s, IH , CH), 6

4.34 - 4.40 (m , 2H, CH j), 5 5.08 (s, 2H, CHj), 5 5.14 - 5.24 (m , 2H, CH) 5 5.56 - 5.89

(m , IH , CH), 5 6.08 (s, IH , A r-H ), 5 6.34 (s 2H, A r-H ), 5 7.07 (d, 2H, J=6.38 Hz, Ar- 

H), 5 7.28 (s, 2H, Ar-H ), 5 7.43 - 7.51 (m , 5H, A r-H ), 6 8.18 (s (br), IH , OH), NH2 not 

observed.

NMR (1 0 1  MHz, DMSO-de) 5 PPm 40.25 (CH), 6 62.51 (CH2 ), 5 70.52 (CH2 ), 5 

76.73 (C), 6 105.30 (CH), 5 107.2 (CH), 5 110.3 (C), 5 115.61 (CH), 5 116.42 (CHj), 

5 127.53 (CH), 5 127.95 (CH), 6 128.71 (CH), 129.56 (CH), 6 132.84 (C), 5 133.67 

(CH), S 138.63 (C), 5 141.04 (C -0 ), 6 153.76 (C-OH), 5 154.89 (Bnz-C -0), 6 158.41 

(0 -C -N ), 5 162.94 (C = 0 )

HRMS (E S I): C2 6 H2 2 NO5 [M* - H] requires (nn/e) 428.1576, found, 428.1511. ( + 0.95 

ppm)
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BE59 3-M ethoxybuty-2 -am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4 /-/-

chrom ene-3-carboxylate

o I EtOH

O ^  HO OH Piperidine

HO' NH.
O ^  H

Yield: 1.51 g, 33 % , light brown solid (Recr^stallisation, EtOH)

HPLC Purity: 92 % MR: 170-172°C

IRi9max (K B r): 3571.94 (OH), 3420.15, 3219.73 (NHz), 1676.78 (C = 0 ), 1634.63 

(C=C), 1628.64 (C = C), 1503.24, 1462.09 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.11 (d, 6 H, J = 7.04 Hz, 2 XCH3 ), 6  1.56 - 1.67

(m , IH , CH), 5 2.36 -  2.41 (m , 2H, CHj), 5 3.89 - 3.94 (m , 2H, CHj), 5 4.73 (s, IH ,

CH), 6  5.20 (s, 2H, CHj), 5 6.11 (s, IH , OH), 6  6.45 (d, 2H, J=8.56 Ar-H), 6  6.72 - 

6.84 (m , 2H, Ar-H ), 7.06 (d, IH , J=8.04 Hz, Ar-H), 6  7.32 -  7.36 (m , 5H, Ar-H ), 6  

7.49 (s (b r), 2H, Ar-H), NH2 not observed.

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.31 (CH 3 ), 22.54 (CH), 6  38.09 (CH2 ), 40.13 

(CH), 6  58.53 (CH2 ), 6  69.11 (CH2 ), 6  76.78 (C), 6  101.98 (CH), 6  112.05 (CH), 5 

114.32 (C), 6  117.06 (CH), 5 127.62 (CH), 6  127.75 (CH), 6  127.87 (CH), 6  127.9 

(CH), 5 128 (CH), 5 128.10 (CH), 5 128.38 (CH), 6  129.7 (CH), 6  129.74 (CH), 5 

132.85 (C), 6  141.76 (C), 6  149.02 (C-O), 6  154.65 (C-OH), 5 156.60 (Bnz-C -0), 5 

160.91 (0 -C -N ), 5 168.39 (C = 0 )

HRMS (E S I): C2 8 H2 9 NNaOs [M + -I- Na] requires (m /e ) 482.1943, found 482.1946 (-0 .6  

ppm)
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BE60 3-M ethoxybutyl-2-amino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4W -

chrom ene-3-carboxyla te

EtOH
+

P ip e rid in eH O ' O H

H O ’ NH.

Yield: 1.47 g, 32 %, yellow solid (Recrystallisation, EtOH)

HPLC Purity: 95 % MR: 183-187°C

IRi9n,ax (KBr): 3581.97  (OH), 3476.40 , 3420 .98  (NH^), 1658.47 (C = 0 ) ,  1631.73 

(C=C), 1618.56 (C = C), 1583.13 1567.63, 1531.74  cm'^

NMR ( 4 0 0  MHz, DMSO-f/g) 6 ppm 1.06 (t, 3H, J= 7 .0 3  Hz, C H 3 ) ,  6 1.30 (s (br), 

2H, NHz), 5 3 .36 -  3.42 (m, 2H, CHj), 6 3.94 - 4 .04  (m, 2H, CHj), 5 4 .28 -  4 .32 (m,

2H, CH2 ), 6 4 .73 (s, IH, CH), 6 5.19 (s, 2H, CH2 ), 5 6.43 (s, 2H, Ar-H), 5 6 .48 (d, 4H,

J = 7 .5 6 ,  Ar-H), 6 6 .67 - 6 .84 (m, IH, Ar-H), 6 6 .91 - 6 .98 (m, 3H, 6.94, Ar-H), 6 7.19 

(s, 2H, Ar-H), 5 9 .59 (s (br), IH, OH)

NMR ( 1 0 1 ,  DMSO-de) 5 P Pm  20.12 (CH3),  6 35.09 (CH),  6 40.53 (CH2),  5 59.11 

(CH2),  6 62.81 (CH2),  5 70.18 (CH2),  5 78.12 (C), 5 110.46 (CH),  6 117.62 (C), 5 

122.98 (CH),  5 127.57 (CH),  6 128.9 (CH),  5 131.51 (CH),  6 132.90 (CH),  5 135.38 

(CH),  6 136.98 (C), 6 141.54 (C), 6 145.72 (C - O ) ,  5 153.46 (C-OH) ,  6 158.81 (Bnz-C- 

O), 6 168.39 (O- C- N ) ,  6 170.56 ( C = 0)

HRMS (ESI): C2 7 H2 7 NNaOe [M-"-i-Na] requires (m /e )  484 .1738  found, 484 .1739 

{ +  2.22  ppm)
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BE61

0 ^  H

2-Butoxyethyl-2 -am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4W -

chrom ene-3-carboxylate

EtOH

H O ' ''OH Piperidine

HO' NH.

Yield: 1.95 g, 40 %, yellow solid (Recrystallisation, EtOH)

HPLC Purity: 94 % MP: 180-185°C

IR^max (K B r): 3598.62 (OH), 3485.61, 3423.52 (NH j), 1673.47 (C = 0 ), 1656.54 

(C=C), 1614.27 (C=C), 1559.54, 1519.40, 1493.97 cm'^

NMR (4 0 0  MHz, DMSO-dg) 6  ppm 1.1 (t, 3H, J=7.12 Hz, CHj), 5 1.43 -  1.49 (m, 

2H, CH2 ), 5 3.75 -  3.81 (m , 2H, CH2 ), 5 4.12 -  4.15 (m , 2H, CHj), 5 4.38 -  4.43 (m,

2H, CH2 ), 6  4.71 (s, IH , CH), 6  4.84 (s, 2 H, CH2 ), 6  5.15 - 5.21 (m , 2H, CH2 ), 6  6.30

(s, 2H, Ar-H ), 5 6.52 (s, IH , A r-H ), 6  6.61 (s, IH , Ar-H ), 6  6.67 - 6.76 (m , 2H, Ar-H), 

5 6.83 (s, IH , Ar-H), 5 6.85 - 6.92 (m , 5H, Ar-H ), 6  8.01 (s (br), 2H, NH2 ), 5 8.12 (s 

(br), H, OH)

NMR (1 0 1  MHz, DMSO-dfi) 6  ppm 13.43 (CH3 ), 6  18.91 (CH2 ), 5 29.27 (CH2 ), 6  

38.44 (CH), 6  42.62 (CH2 ), 6  53.99 (CH2 ), 6  59.06 (CH2 ), 5 79.89 (C), 5 102.37 (CH), 

5 103.68 (CH), 6  114.42 (C), 5 121.87 (CH), 5 127.92 (CH), 6  128.67 (CH), 6  129,74 

(CH), 6  136.28 (C), 6  141.86 (C), 6  148.38 (C -0 ), 5 151.7 (C-OH), 6  154.74 (Bnz-C- 

0 ), 6  156.02 (0 -C -N ), 6  164.41 (C = 0 )

HRMS (E S I):  CzgHaiNNaOg [M^ +Na] requires (m /e ) 512.2049, found 512.2057 (-1 .56 

ppm)
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BE62 P enty l-2-am ino-4-(4 -(benzyloxy)phenyl)-7-hydroxy-4H -chrom ene-3-

carboxylate

EtOH
+

PiperidineHO- OH

HO NH

O ^ H

Yield: 1.88 g, 41 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 99 % MR: 17C-176°C

IR*?max (K B r): 3541.83 (OH), 3486.72, 3425.71 (NH 2 ), 1683.71 (C = 0 ), 1664.96, 

1642.59 (C=C), 1562.58, 1511.48, 1477.28 cm'^

NMR (4 0 0  MHz, DMSO-t/g) 5 ppm 0.98 (t, 3H, J=8.01 Hz, CH3), 5 1.48 -  1.56 

(m , 2H, CH2 ), 5 1.71 -  1.76 (m , 2H, CH2 ), 5 3.42 -  3.49 (m , 2H, CH2 ), 6  4.71 - 4.80 

(m , 2H, CH2 ), 5 5.01 (s, 2H, CH), 5 5.35 (s, 2H, OCH2 ), 5 6.11 - 6.19 (m , 2H, Ar-H), 6  

6.52 (m , 3H, Ar-H ), 5 7.69 (m 2H, Ar-H), 6  8.01 - 8.11 (m , 5H, Ar-H), 5 8.89 (s (br), 

2H, NH2 ), 5 9.12 (s (b r), H, OH)

“ C NMR (1 0 1  MHz, DMSO-de) 5 ppm 13.43 (CH3 ), 6  18.93 (CH2 ), 6  29.27 (CH2 ), 6  

38.44 (CH), 5 42.62 (C H j), 6  53.99 (CH2 ), 5 69.89 (CH2 ), 5 79.84 (C), 6  102.37 (CH), 

5 103.68 (CH), 5 114.42 (C), 6  121.87 (CH), 6  d 127.9 (CH), 5 128 (CH), 6  129.36 

(CH), 6  136.28 (C), 6  148.38 (C), 5 151.7 (C-OH), 6  154.74 (Bnz-C -0), 5 156.02 (O- 

C-N), 5 164.41 (C = 0 )

HRMS (E S I):  C2 8 H2 8 NO5 [M ‘ -H] requires (m /e) 458.2045 found at 458.2024 (-1-4.5 

ppm)
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BE63 Synthesis of 2-Am ino-4(4-benzyloxy-phenyl)-7-hydroxy-4Ay-chrom ene- 

3-carboxylic acid ethyl ester

O

O
HO

EtOH

OH
Piperidine

HO NH

Yield: 1.54 g, 37 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 91% MP: 192-194 ‘’ C

IRi?max (K B r): 3421.76 (OH), 3304.84, 3248.32 (NH 2 ), 1659.05 (C = 0 ), 1610.67 

(C=C), 1598.45 (C=C), 1503.32, 1454.01, 1311.69 cm ^

Ni^lR (4 0 0  I'lHz, D M SO -d6): 6  ppm 1.1 (t, 3H, J=7  Hz, CH3 ), 2.07 (s (br), 2H, 

NH2 ), 3.96 (q, 2H, J=7 .04  Hz, OCH2 ), 4.75 (s, IH , CH), 5.01 (s, 2H, OCH2 ), 6.43 (d, 

IH , J=6.52 Hz, A r-H ), 6.47 (d, IH , J=8.04 Hz, A r-H ),4 (d, IH , J=8.52 Hz, Ar-H), 6.94 

(d, 2H, J=8 .52  Hz, A r-H ), 7.23 (d, 2H, J=Q Hz, Ar-H), 7.31 (d, IH , J = 7.04 Hz, Ar-H), 

7.34 - 7.39 (m , 2H, Ar-H), 7.42 (d, IH , J=6.76 Hz, Ar-H ), OH not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.78 (CH3 ), 38.58 (CH), 58.19 (CH2 ), 69.58 

(CH2 ), 77.56 (C), 102.46 (CH), 112.53 (CH), 114.80 (C), 117.53 (CH), 128.08 (CH), 

128.35 (CH), 128.85 (CH), 130.24 (CH), 137.68 (C), 141.58 (C), 149.51 (C -0), 

156.89 (C-OH), 157.09 (Bnz-C -0), 161.39 (0 -C -N ), 168.87 (C = 0 ).

HRMS (E S I): C2 sH2 3 NNa0 5  [M^ -i-Na] requires (m /e ) 440.1474, found 440.1463 (-2 .5  

ppm)
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BE64 Hexyl 2-am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4/-/-chrom ene-3- 

carboxylate

o - ^  H

EtOH

+
■Ql_l PiperidineHO’

HO' NH.

Yield: 1.61 g, 34 %, light brown powder (Recrystallisation, EtOH)

HPLC Purity: 95 % MR: 174-179°C

(K B r): 3562.05 (OH), 3468.46, 3422.15 (NH 2 ), 1669.48 (C = 0 ), 1651.62, 

1624.73 (C=C), 1563.95, 1525.79 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.08 (t, 3H, J=7 .05  Hz, CH3), S 1.20 (t, J=6.85 

Hz, 2H, CH2 ), 6 2.61 -  2.68 (m , 6H, 3 XCH2 ), 6 3.94 (d, J=8.2  Hz, 2H, CH2 ), 5 4.73 (s, 

H, CH), 5 5.16 (s, 2H, CH2 ), 5 6.42 (d, 2H, J=8 .24  Hz, Ar-H), 5 6.68 (d, 2H, J=8.57 

Hz, Ar-H ), 6 6.84 (s, IH , Ar-H ), 5 7.03 (d, 2H, J=7.11 Hz, Ar-H), 5 7.34 - 7.38 (m , 

5H, Ar-H), 5 8.23 (s (b r), 2H, NH2 ), 5 8.51 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 14.31 (CH3 ), 5 21.01 (CH j), 6 27.07 (CH j), 5 

28.44 (CH2 ), 6 31.01 (CH2 ), 6 38.10 (CH), 6 57.47 (CHz), 5 69.11 (CH2 ), 5 76.77 (C), 

5 101.98 (CH), 5 112.05 (CH), 6 114.32 (C), 6 116.45 (CH), 5 127.62, (CH), 6 128.38 

(CH), 5 129.77 (CH), 5 130.64 (CH), 6 137.23 (C), 6 143.37 (C), 5 149.74 (C -0 ), 5 

156.41 (C-OH), 5 156.62 (Bnz-C -0), 6 160.91 (0 -C -N ), 5 168.39 (C = 0)

HRMS (E S I): C2 9 H3 0 NO5 [M ‘ -H ] requires (m /e ) 472.2124, found 472.2138 (-2 .96  

ppm)
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BE65 Heptyl-2-am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4W -chrom ene-3-

carboxylate

EtOH
+

■Ql̂  PiperidineHO'

HO­ NKO^ H

Yield: 1.80 g, 37 % , light brown solid (Recrystallisation, EtOH)

HPLC Purity: 94 % MR: 176-180"C

IR^max (K B r): 3582.65 (OH), 3472.84, 3421.37 (NH 2 ), 1684.37 (C = 0 ), 1660.86 

1628.63 (C=C), 1594.32, 1561.64, 1501.02 cm ’^

NMR (4 0 0  MHz, DMSO-t/g) 5 ppm 0.96 (t, 3H, J=6.25  Hz, CH3 ), 6  1.38 - 1.45 (m, 

8 H, 4 XCH2 ), 5 1.87 (d, 2H, J=7.31 Hz, CH2 ), 5 4.18 - 4.23 (m , 2H, CH2 ), 6  4.80 (s, IH , 

CH), 5 5.19 (s, 2H, CHj), 6  6.11 (s, IH , A r-H ), 6  6.24 (d, IH , J=7.24 Hz, Ar-H), 6  6.58

- 6  64 (m , 2H, Ar-H), 5 6.74 (s, IH , A r-H ), 6  7.10 - 7.17 (m , 2H, A r-H ), 5 7.19 - 7.26

(nn, 5H, Ar-H), 5 8.83 (s (br), 2H, NH2 ), 6  9.01 (s (b r), H, OH)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 14.36 (CH3 ), 6  22.09 (CH2 ), 6  25.35 (CH2 ), 6  

29.56 (CH2 ), 6  31.19 (CH2 ), 5 37.56 (CH), 6  58.53 (CH2 ), 6  62.51 (CH2 ), 6  70.48 (C), 

6  104.36 (CH), 5 113.57 (CH), 6  114.32 (C), 6  117.06, (CH), 6  127.38 (CH), 5 127.63 

(CH), 6  127.75 (CH), 6  129.95 (CH), 5 136.37 (C), 6  141.74 (C), 5 149.41 (C-O), 5 

156.42 (C-OH), 5 157.30 (Bnz-C-O), 6  164.93 (O-C-N), 5 167.83 (C = 0 )

HRMS (E S I):  CsoHasNNaOs [M'^-i-Na] requires (m /e) 510.2256 found at 510.2254 

(-1-0.3 ppm)
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BE66 O cty l-2-am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4/-/-chrom ene-3-

carboxylate

0 ^  H

EtOH
+

OH PiperidineHO-

HO' NH.

Yield: 2.25 g, 45 % , brown solid (Recrystallisation, EtOH)

HPLC Purity: 90 % MR: 164-166 °C

IR<?max (K B r): 3494.62 (OH), 3421.14, 3338.74 (N H j), 1684.35 (C = 0 ), 1670.72, 

1648.28 (C=C), 1593.74, 1540.01, 1512.57 cnn ^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 0.98 (t, 3H, J=7.22 Hz, CH3 ), 5 1.35 -  1.41 

(m , 8 H, 4 XCH2 ), 5 1.92 (d, 4H, 7=7.02 Hz, 2 XCH2 ), 6  4.14 - 4.21 (m , 2H, CH2 ), 6  4.81 

(s, IH , CH), 6  5.18 (s, 2H, CH j), 5 6.02 (d, 2H, J=6.79  Hz, Ar-H), 6  6 . 6 8  -  6.72 (m, 

2H, Ar-H ), 5 6 . 8 6  (s, IH , Ar-H ), 6  7.18 - 7.21 (m , 2H, Ar-H ), 5 7.25 -  7.32 (m , 5H, 

Ar-H ), 6  8.24 (s (b r), 2H, NH2 ), OH not observed.

NMR (1 0 1  MHz, DMSO-dg): 5 ppm 16.21 (CH3 ), 6  20.65 (CH2 ), 6  23.41 (CH2 ), 5 

25.73 (CH2 ), 5 28.19 (CH j), 6  31.63 (CH2 ), 5 39.66 (CH), 6  65.91 (CH2 ), 5 68.71 

(CH2 ), 5 79.51 (C), 5 107.28 (CH), 5 110.01 (CH), 5 112.54 2 (C), 6  116.92 (CH), 5 

126.63 (CH), 5 127.51 (CH), 129.61 (CH), 5 130.87 (CH), 6  132.85 (C), 6  141.74 (C), 

6  154.17 (C -0 ), 5 159.61 (C-OH), 6  160.42 (Bnz-C -0), 5 161.13 (0 -C -N ), 5 173.29 

(C = 0)

HRMS (E S I):  CaiHssNNaOs [M'^-t-Na] requires (m /e) 524.2413 found at 524.2419 (- 

1.14 ppm)
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BE67 D ecyl-2-am ino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4/-/-chrom ene-3-

carboxylate.

HO

Eton

OH Piperidine
HO' NH.

Yield: 2.96 g, 56 %, light brown powder (Recrystallisation, EtOH)

HPLC Purity: 91 % MP: 186-189°C

IR<?max (K B r): 3541.95 (OH), 3442.68, 3415.42 (N H j), 1683.57 (C = 0 ), 1658.45 

(C=C), 1606.32 (C = C), 1587.35, 1567.52, 1532.58 cm-1

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 1.01 (t, 3H, J=7.42 Hz, C H 3 ) ,  5 1.32 - 1.41 

(m , 12H, 6 XCH2 ), 6  1.46 (d, 2H, J=8.45 Hz, CH2 ), 6  1.58 (t, 2H, J=6 .76  Hz, CH2 ), 5 

4.61 (q, 2H, J=6.91, CH2 ) 5 5.03 (s, IH , CH), 6  5.28 (s, 2H, CH2 ), 5 6.31 (d, IH , 

J=7.38, Ar-H), 5 6.27 - 6.34 (m , IH , Ar-H), 6  6.78 - 6 . 8 6  (m , 2H, Ar-H ), 6  7.25 - 7.31 

(m , IH , Ar-H), 6  7.38 - 7.46 (m , 2H, Ar-H), 5 7.61 - 7.71 (m , 5H, Ar-H), 6  7.95 (s 

(br), 2H, NH2 ) 6  8.18 (s (b r), IH , OH)

“ C NMR (1 0 1  MHz, DMSO-de): 5 ppm 14.25 (CH3 ), 6  22.51 (CH2 ), 6  25.52 (CHj), 6  

29.46 (CH2 ), 6  30.83 (CH2 ), 6  31.37 (CH2 ), 6  40.2 (CH), 6  66.78 (CH 2 ), 5 75.01 (CH2 ), 

5 79.42 (C), 5 106.76 (CH), 109,88 (CH), 110,21 (C), 5 114.67 (CH), 5 127.53 (CH), 5 

127.95 (CH), 6  128.71 (CH), 5 129.63 (CH), 5 133.67 (C), 6  140.04 (C), 156.04 (C- 

O), 5 157.41 (C-OH), 158.04 (Bnz-C -0), 6  160.41 (0 -C -N ), 6  168.94 (C =0).

HRMS (E S I): CaaHagNNaOs +Na] requires (m /e ) 552.2726, found 552.2727 (-0.1 

ppm)
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BE68 Cyclohexyl 2-am i no-4-(4-(benzyloxy )phenyl)-7-hydroxy-4/-/-ch romene-

3-carboxylate

EtOH
+

■Ql_l PiperidineHO’

HO- NH.

Yield: 2.35 g, 50 %, light brown powder (Recrystallisation, EtOH)

HPLC Purity: 84 % MR: 150-154 ° C

IRi9max (K B r): 3548.31 (OH), 3491.93, 3417.25 (NH 2 ), 1760.17 (C=C),

1649.74(C=C), 1620.10 (C = 0 ), 1573.95, 1552.84, 1521.69 cm-1

Ni^R (4 0 0  MHz, DMSO-f/g): 5 PPm 1.38 - 1.47 (m , 6H, 3 XCH2 ), 5 1.50-1.56 (m, 

4H, 2 XCH2 ), 5 4.37 - 4.28 (m , IH , CH), 5 4.76 (s, IH , CH) 5 5.31 (s, 2H, CH2 ), 6 6.18

(s, IH , A r-H ), 6 6.25 (d, IH , J=6 .28 , Ar-H ), 5 6.37 (d, 2H, J = 7.31, A r-H ), 6 6.78 (s,

IH , Ar-H ), 5 7.02 - 7.13 (m , 2H, Ar-H), 5 7.38 - 7.57 (m , 5H, Ar-CH), 6 7.84 (s (br) 

2H, NH2 ) 5 8.79 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 23.25 (CH2 ), 5 28.41 (CH2 ), 5 32.18 (CH2 ) , 

5 40.83 (CH), 6 71.37 (CH2 ), 5 74.92 (CH), 5 78.77 (C), 5 105.53 (CH), 5 110.95 

(CH), 5 5 113.67 (C), 6 114.23 (CH), 5 127.79 (CH), 5 129.48 (CH), 5 130.15 (CH), 5 

131.71 (CH), 6 5 133.31 (C), 5 141.64 (C), 154.41 (C -0 ), 6 154.98, (C-OH), 157.04 

(Bnz-C -0), 5 160.79 (0 -C -N ), 6 175.52 (C = 0 )

HRMS (E S I): C2 9 H2 9 NNaOs [M*  -i-Na] requires (m /e ) 494.2045, found 494.2035 

( + 2.02 ppm)
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BE69 Ethyl 2 -am ino-7-hydroxy-4-(3 ,4-d ihydroxyphenyl)-4 /-/-chrom ene-3-

carboxylate

HO

Piperidine

EtOH
OH

HO- NH

Yield; 0.59 g, 13 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 92 % MR: 248-254°C

IR<?max (K B r): 3483.73 (OH), 3465.83, 3386.24 (NH2 ), 1685.80 (C = 0 ), 1669.72 

(C=C), 1636.22 (C=C), 1614.37, 1521.93, 1483.63 cm'^

NMR (4 0 0  MHz, DMSO-dg) 6  ppm 0.74 (s, 9H, 3 XCH3 ), 3.94 (s, 2H, OCH2 ), 4.79 

(s, 1 H, CH), 5.01 (s, 2H, OCH2 ), 6.40 - 6.49 (m , 3 H, Ar-H), 6.84 (d, 2H, J=8.04 Hz, 

Ar-H), 7.05 (d, 3H, J=8.80 Hz, A r-H ), 7.10 (d, 3H, J=7 .24  Hz, Ar-H ), 7.35 (s, 1 H, Ar- 

H), 7.54 (s (b r), IH , OH), 7.61 (s (b r), 2 H, NH2 )

NMR (1 0 1  MHz, DMSO-rfg) 5 ppm 26.21 (CH3 ), 31.04 (C), 38.16 (CH), 69.09 

(CH2 ), 71.88 (CH2 ), 76.09 (C), 102.00 (CH), 112.06 (CH), 114.32 (C), 114.52 (CH),

117.20 (CH), 127.51 (CH), 129.62 (CH), 130.12 (CH), 132.69 (C), 141.48 (C), 155.88

(C -0 ), 156.35 (C-OH), 158.38 (Bnz-C-O), 160.20 (0 -C -N ), 164.91 (C = 0)

HRMS (E S I): C2 8 H3 0 NO5 H] requires (m /e ) 460.2124, found 460.2114, (-1-2.17

ppm)
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BE70 Synthesis of 2-Am ino-4(3-Benzyloxy-phenyl)-7-hydroxy-4W -chrom ene-

3-carboxylic acid ethyl ester

o-J * iO HO

Eton

OH
Piperidine

.0

OH

Yield: 1.42 g, 34 % , yellow powder (Recrystallisation, EtOH)

HPLC Purity: 85% MP: 211-213°C

IRj9max (K B r): 3525.58 (OH), 3442.95, 3385.65 (NH2 ), 1664.84 (C = 0 ), 1632.78 

1614.27 (C=C), 1582.45, 1538.65 cm ’^

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 1.04 (t, 3H, J=7.02 Hz, C H 3), 3.95 (q, 2H, 

7=6.76 Hz, OCH2 ), 4.76 (s, IH , CH), 5.02 (dd, 2H, J=2 ,14 , J=8.02 Hz, OCH2 ), 6.39 - 

6.43 (m , 2H, Ar-H), 6.71 - 6.82 (m , 3H, Ar-H ), 6.97 (d, IH , J=8.52 Hz, A r-H ), 7.12 (d, 

IH , J=8 .04  Hz, A r-H ), 7.37 - 7.86 (m , 5H, A r-H ), 7.56 (s (br), 2H, NH2 ), OH not 

observed

NMR (1 0 0  MHz, D M SO -d6): 6 ppm 14.29 (CH3 ), 30.70 (C), 58.53 (CH2 ), 69.03 

(CH2 ), 76.32 (C), 102.04 (CH), 111.45 (CH), 112.06 (CH), 113.90 (C), 116.59 (CH), 

119.38 (CH), 127.77 (CH), 128.39 (CH), 129.20 (CH), 129.74 (CH), 149.03 (C), 

150.24 (C -0 ), 156.75 (C-OH), 158.16 (0 -C -N ), 161.06 (Bnz-C-O), 168.33 (C =0) 

HRMS (E S I): C25H23NNa05 [M^ -i-Na] requires (m /e ) 440.1474, found 440.1475 (-1-0.2 

ppm)
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BE71 Allyl 4 -(4-(3-C hlorobenzyloxy) phenyl)-2-am ino-7-hydroxy-4W  

chrom ene-3-carboxylate

o
o

HO'

EtOH

piperidine
OH

HO' NH

Yield: 0.65 g, 14 % , yellow solid (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 99 % MP: 142°C

(K B r): 3562.65 (OH), 3416.32 (NH2 ), 3304.09 (NH j), 1660.17 (C =0), 

1629.46, 1628.45 (C=C), 1610.47, 1570.53, 777.23 (C-CI) cm \

NMR (4 0 0  i^lHz, DMSO-dg): 5 ppm 3.94 (s, IH , CH) 5 4.68 - 4.73 (m , 2H, CH2 ), 5 

5.03 (s, 2H, -C=CH 2 ), 5 5.34 -  5.39 (m , 2H, CH2 ), 5 5.58 - 5.62 (m , 2H, CH), 6 6.45 

(d, 2H, J=7 .26 , Ar-H), 6 6.85 -  6.91 (m , IH , A r-H ), 6 6.95 (d, 2H, J=8.52 Hz, Ar-H), 6 

7.32 - 7.38 (m , 3H, Ar-H) 6 7.47 -  7.56 (s, 3H, Ar-H) 6 7.61 (s (br), 2H, NH2 ) 5 9.59 

(s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-dg): 5 ppm 39.89 (CH), 5 76.32 (CH2 ), 5 76.0 (CH j), 6 

80.14 (C), 6 104.19 (CH), 6 114.44 (CH), 5 113.83 (C), 5 115.18 (CH), 5 116.72 (- 

C=CHz), 5 124.12 (CH), 5 125.83 (CH), 6 127.37 (CH), 5 128.89 (CH), 5 129.91 (CH), 

5 130.26 (C), 5 131.34 (CH), 6 133.89 (C-CI), 6 142.13 (C), 6 156.34 (C-O), 5 158.97 

(C-OH), 6 161.31 (Bnz-C-O), 5 163.38 (0 -C -N ), 5 168.58 (C =0)

HRMS (E S I): C26H22^^CIN05 [M ‘ +Na] requires (m /e ) 486.1186, found 486.0884
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BE72 Ethyl 4-(4-(2-F luorobenzyloxy) phenyl)-2-am ino-7-hydroxy-4/-/-
chrom ene-3- carboxylate

o EtOH

HO' NH
Yield: 2.52 g, 58 % , brown solid (Flash Column; CH2 CI2 - MeOH 10%)

HPLC Purity: 97 % MP: 148°C

IRi?max (K B r): 3581.63 (OH), 3421.38 (NH2 ), 3299.51 (NHz), 1665.23 (C = 0), 

1642.85, 1639.48 (C=C), 1563.85, 1532.95, 1158.7 (C-F) cm ^

NMR (4 0 0  MHz, DMSO-rfg): 6  ppm 1.07 (t, 3H, J=6.42 Hz, CH3 ), 5 3.95 (q, 2H, 

J=7.04 Hz, OCH2 ), 6  4.74 (s, IH , CH), 6  5.04 (s, 2H, CH2 ), 6  6.18 -  6.22 (m , IH , Ar- 

H), 6  6.42 (s, IH , Ar-H ), 5 6.47 (d, IH , J=8.52 Hz, A r-H ), 5 6.83 - 6.92 (m , 2H, Ar-H)

6  7.05 (d, 2H, J=7.04 Hz, Ar-H) 5 7.25 -  7.31 (m , 2H, Ar-H) 5 7.41 -  7.46 (m , IH , Ar-

H), a 7.51 (d, IH , J=7 .54  Hz, Ar-H ), 6  7.57 (s (b r), 2H, NH2 ), 6  9.59 (s (b r), IH , OH) 

NMR (1 0 1  MHz, DMSO-dg): 5 ppm 14.31 (CH j), 6  39.49 (CH), 5 58.53 (Bnz- 

OCH2 ), 6  63.37 (OCH2 ), 5 76.74 (C), 5 101.99 (CH), 5 102.44 (CH), 5 112.06 (C), 6  

114.24 (CH), 5 115.24 (CH), 6  124.01 (CH), 6  127.93 (C), 6  128.47 (CH), 6  129.7 

(CH), 5 130.63 (CH), 5 131.33 (C), 6  149.02 (C-O), 5 156.23 (C-OH), 5 156.61 (Bnz- 

C-O), 6  158.44 (C-F), 6  160.91 (O-C-N), 5 168.38 (C = 0 )

HRMS (E S I):  C2 5 H2 1 FNO5 [M ‘ -H] requires (m /e ) 434.1482, found 434.1407
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BE73 2-Ethoxyethyl 4 -(4-(3-brom obenzyloxy) phenyl)-2-am ino-7-

hydroxy-4/-/-chromene 3-carboxylate

EtOH

piperidine

Yield: 1.13 g, 21 %, light brown solid (Flash Column, CH2CI2 - MeOH 10%)

HPLC Purity: 93 % MP: 105- 107 °C

IRiSmax (K B r): 3580.42 (OH), 3418.31 (NH2 ), 3303.27 (NH2 ), 1659.36 (C = 0 ), 

1631.52, 1628.46 (C=C), 1589.46, 1548.31, 774.64 (C-Br) cm'^

NMR (4 0 0  MHz, DMSO-dg): 6  ppm 1.05 (t, 3H, J=7.26  Hz, CH3 ) 5 2.36 -  2.42 

(m , 2H, CH2 ), 6  3.89 - 3.94 (m , 2H, CH2 ), 5 4.03 (q, 2H, 7=7.04 Hz, CH2 ), 5 4.73 (s, 

IH , CH), 6  5.02 (s, 2H, CH2 ), 6  6.19 (s, IH , Ar-H), 5 6.42 (d, 2H, J=6.48 Hz, Ar-H), 6  

6.85 (d, IH , J=8 .56  Hz, Ar-H), 5 6.95 (d, 2H, J=8.52 Hz, Ar-H), 6  7.04 -  7.11 (m , 2H, 

Ar-H) 6  7.34 (d, IH , J=7.04 Hz, Ar-H) 5 7.43 (s, IH , Ar-H ), 6  7.51 (d, IH , J=8.04 Hz, 

Ar-H), 6  7.61 (s (b r), 2H, NH2 ), 5 8.59 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-dg): 5 ppm 14.15 (CH3 ), 6  39.49 (CH), 5 58.53 (CH2 ), 6  

59.77 (CH2 ), 5 68.13 (CHj), 6  69.51 (CH2 ), 5 76.74 (C), 6  101.99 (CH), 6  102.45 

(CH), 6  112.06 (C), 5 114.36 (CH), 6  117.01 (C-Br), 6  121.65 (CH), 6  126.49 (CH), 5 

127.94 (CH), 6  129.69 (CH), 5 130.56 (CH), 6  133.09 (C), 6  141.32 (C), 5 149.01 (C- 

O), 5 156.15 (C-OH), 6  158.44 (C -0 ), 5 160.9 (0 -C -N ), 6  168.38 (C = 0 )

HRMS (E S I): C27H26®^BrNOs + H] requires (m /e ) 540.0943, found 540.0051
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BE74 Pentyl 4 -(4-(4-F luorobenzyloxy) phenyl)-2-am ino-7-hydroxy-4W -
chrom ene-3- carboxylate

EtOH

HO
piperidine

OH

HO NH

Yield: 0.24 g, 5 %, light brown solid (Flash Column; CH2 CI2 - MeOH 10%)

HPLC Purity: 99 % MP: 146 °C

IRi?max (K B r): 3521.47 (OH), 3420.45 (NH 2 ), 3301.61 (NH 2 ), 1656.23 (C =0), 

1626.42, 1618.41 (C = C), 1568.32, 1159.7 (C-F) cm \

NMR (4 0 0  MHz, DMSO-de): 6  Ppm 1.05 (t, 3H, 7=7.0 Hz, CH3 ) 5 1.32 -  1.38 (m, 

4H, 2 XCH2 ), 5 1.45 -  1.51 (m , 2H, J=7.52  Hz, CH2 ), 6  4.01 (q, 2H, J=6.62  Hz, CH2 ), 6  

4.75 (s, IH , CH), 6  4.94 (s, 2H, OCHj), 6  6.79 - 6 . 8 6  (nn, 2H, A r-H ), 5 7.01 - 7.06 (m, 

2H, Ar-H ), 6  7.09 - 7.18 (m , 4H, Ar-H), 5 7.24 - 7.37 (m , 2H, Ar-H), 6  7.55 (s (br), 

2H, NH2 ), 8.08 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 13.83 (CH3 ), 5 18.84 (CH j), 5 30.70 (CHj), 5 

31.35 (CH2 ), 6  40.01 (CH), 5 60.24 (CH2 ), 6  69.97 (CH2 ), 6  76.74 (C), 5 102.45 (CH), 

5 106.17 (CH), 5 112.06 (C), 6  114.36 (CH), 5 117.02 (CH), 6  127.90 (CH), 5 129.41 

(CH), 5 129.78 (CH), 6  131.31 (C), 5 136.70 (C), 6  149.02 (C-O), 5 156.19 (C-OH), 5 

156.61 (Bnz-C -0), 6  158.45 (0 -C -N ), 6  160.91 (C-F), 5 168.38 (C = 0 )

HRMS (E S I): C2 8 H2 8 FNO5 [M ' -H ] requires (m /e ) 476.1951, found 476.1932
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BE75 2-Butoxyethyl 4 -(4-(4-brom obenzyloxy)phenyl)-2 -am ino-7-hydroxy-4H -

chrom ene-3-carboxylate

Br

EtOH

piperidine
HO' OH HO' NH-

Yield: 0.68 g, 12 %, light brown solid (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 98 % MR: 144- 147°C

IR>9max(KBr): 3575.98 (OH), 3412.77 (NHz), 3299.51 (NH 2 ), 1659.06 (C = 0 ), 1630.74 

1610.02 (C=C), 753.04 (C-Br) cm'^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 0.87 (t, 3H, J=7.04 Hz, CH3 ), 5 1.05 -  1.11 

(m, 2H, CH2 ), 5 2.09 (s, 2H, CH2 ), 5 2.51 (s, 2H, CH2 ), 5 3.36 (s, 2H, CH2 ), 5 3,94 -  

3.99 (m , 2H, CH2 ), 5 4.73 (s, IH , CH), 6  4.99 (s, 2H, CH2 ), 5 6.18 (d, 2H, J=7.16 Hz, 

Ar-H), 6  6.42 (d, IH , J=7.02 Hz, A r-H ), 6  6.46 (d, 2H, J=8.52 Hz, A r-H ), 6  6.84 (d, 

2H, J=7.24 Hz, Ar-H), 6  6.94 (d, 2H, 7=8.56 Hz, Ar-H), 6  7.04 (d, 2H, J=7.12 Hz, Ar- 

H), 6  7.57 (s (b r), 2H, NH2 ), 5 9.59 (s (b r), IH , OH)

“ C NMR (1 0 1  MHz, DMSO-de): 5 ppm 14.31 (CH3 ), 5 18.85 (CH j), 5 31.36 (CH2 ) 5 

39.49 (CH), 5 58.53 (CH2 ), 6  60.24 (CH2 ), 5 68.29 (CH2 ), 6  69.98 (CH2 ) 6  76.75 (C), 5 

102.46 (CH), 5 106.17 (CH), 6  112.06 (C), 6  114.36 (CH), 6  120.08 (C-Br), 6  127.91

(CH), 6  129.71 (CH), 6  131.31 (CH), 6  136.71 (C), 6  141.25 (C), 5 156.19 (C -0 ), 5

157.56 (C-OH), 6  158.45 (B nz-C -0), 5 160.91 (0 -C -N ), 6  168.38 (C = 0 )

HRMS (E S I): C2 9 H3 o®^BrNOe [M+ -i-OH] requires (m /e) 584.1256, found 584.1796
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BE76 Ally! 2-am ino-7-hydroxy-4-(3 ,4 ,5-trim ethoxyphenyl)-4W -chrom ene-3- 

carboxylate

o o—

H

O
NC

HO

Piperidine

EtOH
OH

HO NH

Yield: 1.90 g, 46 %, light brown solid (Recrystallisation, EtOH)

HPLC Purity: 100 % MP: 214-218°C

IR»?max (K B r): 3560.58 (OH), 3464.12, 3379.72 (NH2 ), 1671.47 (C = 0 ), 1645.91 

(C=C), 1636.49 (C=C), 1628.93 (C=C), 1582.59, 1551.75, 1435.82 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 3.58 (s, 3H, OCH3 ), 3.68 (s, 6 H, 2 XOCH3 ), 3.97 

(m, 2H, OCH2 ), 4.72 (s, IH , CH), 5.27 - 5.32 (m , 3H, CH-CH2 ), 6.42 - 6.44 (m , 3H, 

Ar-H), 6.44 -  6.49 (m , 1 H, Ar-H), 7.04 (d, IH , J=8.53  Hz, Ar-H), 7.59 (s (br), 2H, 

NH2 ), OH not observed

NMR (1 0 1  MHz, DMSO-de) 5 ppm 39.17 (CH), 56.62 (OCH3 ), 56.72 (OCH3 ), 

58.56 (CH2 ), 76.37 (C), 102.03 (CH), 104.08 (CH), 112.09 (CH2 ), 116.59 (C), 129.75 

(CH), 132.23 (CH), 135.61 (C), 144.46 (C-OCH3 ), 149.06 (C-OCH3 ), 152.53 (C-O), 

156.73 (C-OH), 161.08 (0 -C -N ), 168.39 (C =0)

HRMS (E S I):  C2 2 H2 3 NNa0 7  Na] requires (m /e ) 436.1372, found 436.1382, ( + 2.2 

ppm)
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BE77 Benzyl 2-am ino-7-hydroxy-4-(3 ,4 ,5-trim ethoxyphenyl)-4 /-/-chrom ene-3-

carboxylate

/o o— o

0 = \
H

HO" ~ ^ ' 0 H

Piperidine

EtOH

HO' NH

Yield: 1.48 g, 32 % , light brown solid (Recrystallisation, EtOH)

HPLC Purity: 97 % MP: 238-245 ” C

IR<?max (K B r): 3597.71 (OH), 3476.94, 3356.44 (N H j), 1686.39 (C = 0 ), 1663.59 

(C=C), 1645.65 (C = C), 1583.59, 1542.51, 1438.97 cm'^

NMR (4 0 0  iviHz, DMSO-c/e) 6  ppm 3.56 (s, 3 H, OCH3 ), 3.65 (s, 6  H, 2 XOCH3 ), 

3.98 (m , 2H, OCH2 ), 4.75 (s, IH , CH), 6.42 (s, 2H, A r-H ), 6.44 (d, 2H, J=7.01 Hz, Ar- 

H), 6.47 - 6.49 (nn, IH , Ar-H), 6.50 - 6.52 (m , IH , Ar-H ), 7.05 (d, 4 H, J=8.53 Hz, Ar- 

H), 7.59 (s (b r), IH , OH), 9.63 (s (b r), 2H, NHz)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 40.34 (CH), 55.70 (OCH3 ), 58.58 (OCH3 ), 

59.90 (CH2 ), 76.29 (C), 102.00 (CH), 104.08 (CH), 112.14 (C), 116.64 (CH), 127.83 

(CH), 129.69 (CH), 130.59 (CH), 133.37 (C), 135.50 (C -0 ), 144.54 (C), 149.05 (C- 

OCH3 ), 152.53 (C -0 ), 156.72 (C-OH), 160.80 (0 -C -N ), 168.37 (C = 0)

HRMS (E S I):  C2 6 H2 6 NO7 [M+ H] requires (m /e) 464.1709, found 464.1705, (-0 .8  ppm)
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BE78 2-Methyl butyl 2 -am ino-7 -hyd roxy-4 -(3 ,4 ,5-trim ethoxy phenyl )-4W- 

chrom ene-3- carboxylate

HO'

EtOH

OH
piperidine

HO' NH2

Yield: 2.48 g, 56 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 98 % MP: 195-200 °C

IRi9max (K B r): 3583.55 (OH), 3405.99 (N H j), 3211.67 (NH2 ), 1684.21 (C=C), 1674.95 

(C=C), 1605.48 (C = 0 ), 1560.83, 1537.48 cm'^

NMR (4 0 0  MHz, DMSO-de): 5 ppm 1.09 (t, 3H, J=7.16 Hz, CH3 ), 5 1.51 - 1.59 

(m , 3H, CH3 ), 5 1.69 -  1.73 (m , 2H, CH2 ), 6  2.26 -  2.32 (m , IH , CH), 5 3.58 (s, 3H, 

OCH3 ), 5 3.68 (s, 6 H, 2 XOCH3 ), 5 3.98 -  4.05 (m , 2H, CH2 ), 6  4.75 (s, IH , CH), 6  6.43 

(d, 3H, J=7.12 Hz, A r-H ), 6  6.49 (d, IH , J=7.22  Hz, A r-H ), 5 7.05 (d, IH , J=8.52 Hz, 

Ar-H), 5 7.57 (s (b r), 2H, NH2 ), 5 8.46 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 11.28 (CH3 ), 6  14.84 (CH3 ), 6  26.73 (CH2 ), 6  

34,63 (CH), 6  40.38 (CH), 6  56.78 (OCH3 ), 5 57.55 (OCH3 ), 5 58.68 (CH2 ), 6  78.35 

(C), 5 101.57 (CH), 6  104.05 (CH), 6  113.59 (C), 5 131.82 (CH), 5 135.56 (C), 5 

137.37 (C-OCH3 ), 5 151.47 (C-OCH3 ), 5 153.28 (C -0 ), 5 157.62 (C-OH), 5 162.57 (O- 

C-N), 6  167.27 (C = 0 )

HRMS (E S I):  C2 4 H2 9 NNa0 7  -Na] requires (m /e) 420.1944, found 420.1938 (1.42 

ppm)
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BE79 Neopentyl 2-am ino-7-hydroxy-4-(3 ,4 ,5-trim ethoxyphenyl)-4W -

chromene-3 carboxylate

o

HO'

EtOH

OH
piperidine

HO' NH

Yield: 1.11 g, 25 % , white crystals (Recrystallisation, EtOH)

HPLC Purity: 87 % MP: 201-206°C

IRi?max (K B r): 3590.74 (OH), 3420.29 (NH2 ), 3295.93 (NH j), 1670.22 (C=C), 1671.84 

(C=C), 1625.25 (C = 0 ) , 1538.66, 1463.82 cm'^

NMR (4 0 0  MHz, DMSO-de): 5 ppm 0.76 (s, 9H, 3 XCH3 ), 5 3.55 (s, 3H, OCH3 ), 5 

3.69 (s, 6 H, 2 XOCH3 ), 6  3.78 (s, 2H, CH2 ), 6  4.89 (s, IH , CH), 6  6.42 (s, IH , Ar-H ), 5 

6.57 - 6 . 6 8  (m , 3H, Ar-H ), 5 7.24 (d, IH , J=8.52 Hz, Ar-H) 5 7.68 (s (br), 2H, NHz) 5 

8.63 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 26.57 (OCH3 ), 6  31.52 (C), 6  39.97 (CH), 5 

56.18 (OCH3 ), 6  72.32 (C), 6  76.05 (CH2 ), 6  102.46 (CH), 5 104.43 (CH), 6  112.45 

(C), 5 130.28 (CH), 5 136.26 (C), 5 139.13 (C-OCH3 ), 6  149.04 (C-OCH3 ), 5 153.15 

(C -0 ), 5 157.16 (C-OH), 6  161.91 (0-C -N ), 6  169.03 (C =0)

HRMS (E S I): C2 4 H3 0 NO7 [M-" +H] requires (m /e ) 444.2022, found 444.2039 (-3.82

ppm)
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BE80 2-M ethoxyethyl 2 -am ino-7-hydroxy-4-(3 ,4 ,5-trim ethoxyphenyl)-4 /-/- 

chrom ene-3-carboxylate

o
HO

EtOH

OH
piperid ine

HO'

Yield: 1.77 g, 41 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 95 % MR: 211-229°C

IR«?niax(KBr): 3582.69 (OH), 3406.06 (NHj), 3210.93 (NHj), 1679.29 (C=C), 1629.71 

(C=C), 1589.63 (C = 0 ), 1562.47, 1520.94, 1471.96 cm'^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 3.11 - 3.16 (m , 3H, CH3 ), 5 3.36 -  3.40 (m , 

2H, CH2 ), 5 3.59 ( s , 3H, OCH3 ), 5 3.65 (s, 6 H, 2 XOCH3 ), 5 3.97 (q, 2H, J=6 .78  Hz, 

CH2 ), 5 4.75 ( s , IH , CH), 5 6.43 (d, 3H, J=7.52 Hz, Ar-H), 5 6.49 (d, IH , J=8  Hz, Ar- 

H) 5 7.05 (d, IH  , J=8.52  Hz, Ar-H) 5 7.59 (s (b r), 2H, NH2 ) 5 8,63 (s (b r), IH , OH) 

NMR (1 0 1  MHz, DMSO-ds): 5 ppm 39.14 (CH), 5 56.19 (OCH3 ), 6  59.02 (CH3 ), 5 

60.37 (CH2 ), 5 65.75 (CH2 ), 5 76.87 (C), 6  102.51 (CH), 5 104.61 (CH), 5 112.56 (C),

5 130.21 (CH), 6 136.11 (C), 6 144.91 (C-OCH3), 6 149.54 (C-OCH3), 6 153.01 (C-O),

6  157.21 (C-OH), 6  161.56 (0 -C -N ), 6  168.86 (C =0)

HRMS (E S I):  C2 2 H2 4 NO8 [M ' -H] requires (m /e ) 430.1502, found 430.1520 (-4 .28

ppm)
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BE81 2-Ethoxyethyl 2-am ino-7-hydroxy-4-(3 ,4 ,5-trim ethoxyphenyl)-4W - 

chromene-3- carboxylate

o HO'

EtOH

OH
piperidine

O

OH

Yield: 1.87 g, 42 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 100 % I'lP: 212-228 °C

IR«?max (K B r): 3517.59 (OH), 3405.8 (NHz), 3200.34 (NH j), 1679.4 (C=C), 1657.21 

(C=C), 1629.8 (C = 0 ), 1568.48 cm ^

NI^R (4 0 0  MHz, DMSO-rfg): 5 ppm 1.09 (t, 3H, J=7.14 Hz, CH3 ), 6  3.34 -  3.40 

(d, 4H, J=7 .24  Hz, 2 XCH2 ), 5 3.58 (s, 3H, OCH3 ), 6  3.69 (s, 6 H, 2 XOCH3 ), 5 3.99 (q, 

2H, J=7.63  Hz, CH2 ), 6  4.76 (s, IH , CH), 5 6.44 (d, 3H, J=8.02 Hz, Ar-H), 5 6.51 (d, 

IH , J=  7.62 Hz, A r-H ), 6  7.06 (d, IH , J=  8.52 Hz, Ar-H), 5 7.58 (s (b r), 2H, NH2 ), 5 

8.62 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): 5 Ppm 14.57 (CH3 ), 5 40.01 (CH), 6  56.21 (OCH3 ), 6  

59.02 (CH2 ), 5 60.37 (CH2 ), 65.35 (CH2 ), 5 76.86 (C), 5 102.51 (CH), 5 104.61 (CH), 

6  112.56 (C), 6  130.21 (CH), 6  134.48 (C), 5 136.12 (C-OCH3 ), 6  149.55 (C-OCH3 ), 6  

153.01 (C -0 ), 5 157.21 (C-OH), 5 161.55 (O-C-N), 6  168.86 (C =0)

HRMS (E S I):  C2 3 H2 8 NO8 [M^ -t-H] requires (m /e ) 446.1815, found 446.1819 (0.89

ppm)
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B E82 2-Butoxyethyl 2 -am ino-7-hydroxy-4-(3 ,4 ,5-thm ethoxyphenyl)-4 /-/-

chrom ene-3- carboxylate

EtOH

piperidine
HO' OH

HO' NH.

Yield: 1.65 g, 35 % , yellow powder (Recrystallisation, EtOH)

HPLC Purity: 94 % MR: 217 -219°C

IRi?max (K B r): 3591.68 (OH), 3426.69 (NH2 ), 3200.3 (NH 2 ), 1681.64 (C=C), 1664.55 

(C=^C), 1631.44 (C = 0 ) , 1576.51 cm'^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 0.98 (t, 3H, J=7.22  Hz, CH3 ), 6  1.36 - 1.42

(m, 4H, 2 XCH2 ), 6  3.57 - 3.67 (m , 2H, CH2 ), 6  3-81 - 3.87 (m , 2H, CHj), 5 4.06 (s,

9H, 3 XOCH3 ), 6  4.24 -  4.31 (m , 2H, CH2 ), 6  4 .74 (s, IH , CH), 5 6.04 (d, 2H, J=7.2  Hz, 

Ar-H ), 6  6.53 (d, IH , J=8 .56  Hz, Ar-H), 5 6.87 (d, IH , J=7.41 Hz, Ar-H ), 6  6.97 (d, 

IH , 7=8.03 Hz, A r-H ), 5 7.52 (s (b r), 2H, NHj), S 8.27 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-ds): 5 ppm 14.49 (CH3 ), 6  19.87 (CH2 ), 6  31.2 (CH2 ), 5 

39.19 (CH), 5 56.88 (OCH3 ), 6  64.38 (CH2 ), 5 67.05 (CH2 ), 5 72.34 (CH2 ), 6  80.73 (C), 

5 105.53 (CH), a 111.87 (CH), a 114.65 (C), 5 130.37 (CH), 5 132.43 (C), a 135.14 

(C-OCH3 ), a 147.83 (C-OCH3 ), a 149.45 (C -0 ), b 154.31 (C-OH), a 156.63 (0 -C -N ), a 

168.38 (C = 0 )

HRMS (E S I):  C2 5 H3 0 NO8 [M ' -H] requires (m /e ) 472.2049, found 472.2048 (2.11 ppm)
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BE83 Hexyl 2 -am ino-7-hydroxy-4-(3 ,4 ,5-trim ethoxyphenyl)-4 /-/-chrom ene-3-

carboxylate

EtOH

+
piperidine

HO' OH
HO' NH2

Yield: 0.82 g, 18 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 92 % MR: 208 -  212 °C

IR<?max (K B r): 3571,84 (OH), 3406.22 (NH j), 3213.58 (NH2 ), 1680.23 (C=C), 1681.75 

(C=C), 1630.0 (C = 0 ), 1579.64, 1458.72 cnT^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 1.12 (t, 3H, J=7.41 Hz, CH3), 6 1.33-143 (m, 

6H, 3 XOCH2 ), 6 1.56 (s, 2H, CH2 ), 5 3.58 (s, 3H, OCH3), 5 3.69 (s, 6H, 2 XOCH3 ), 6  

4.11 -  4.19 (m , 2H, CH2 ), 6  4.72 (s, IH , CH), 5 6.44 (d, 2H, J = 7 A  Hz, Ar-H), 5 6.55 

(s, IH , A r-H ), 5 6.87 (s, IH , A r-H ), 6  6.93 (d, IH , -/=8.46 Hz, Ar-H), 5 7.78 (s (br), 

2H, NH2 ), 6  8.27 (s (b r), IH , OH)

NMR (lO O M H z, D M S 0 -d 6 ): 6  14.63 (CH3 ), 6  22.80 (CHz), 5 24.76 (CH^), 6  29.3 

(CH2 ), 6  31.45 (CH2 ) 5 39.58 (CH), 6  56.88 (OCH3 ), 6  67.05 (CH2 ), 5 79.08 (C), 5 

105.69 (CH), 6  111.76 (CH), 6  113.48 (C), 6  129.24 (CH), 5 132.84 (C), 5 136.74 (C- 

OCH3 ), 5 151.67 (C-OCH3 ), 5 154.31 (C -0 ), 6  158.51 (C-OH), 5 161.89 (O-C-N), 6  

167.35 (C =0)

HRMS (E S I):  C2 5 H3 2 NO7 [M^ + H] requires (m /e ) 458.2179, found 458.2183 (0.87 

ppm)
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BE84 Cyclohexyl 2 -am ino-7-hydroxy-4 -(3 ,4 ,5-trim ethoxyphenyl)-4W -

chrom ene-3-carboxylate

\  
o

Sv /  1  /  EtOH

'V A ^ X )  ’ ho'O ^ oh" ^ ^
/  HO w .M..2

Yield: 3.64 g, 80 %, white powder (Recrystallisation, EtOH)

HPLC Purity: 84 % MR: 221 -  223°C

IRi9max (K B r): 3530.11 (OH), 3417.25 (NH2 ), 3341.73 (NH2 ), 1684.83 (C=C),

1674.95 (C=C), 1652.48 (C = 0 ), 1630.19, 1608.36, 1560.45 crrT^

NMR (4 0 0  MHz, DMSO-dg): 6 ppm 1.18 - 1.45 (m , lOH, SxCHz), 3.89 (s, 9H, 

3 XOCH3 ), 3.98 (s, IH , CM), 4.74 (s, IH , CH), 6.06 (d, 2H, J=2 .2  Hz, Ar-H ), 6.15 (s, 

IH , Ar-H ), 6.27 (s, IH , Ar-H ), 6.73 (d, IH , J=6 .46  Hz, A r-H ), 8.48 (s (b r), 2H, NH2 ), 

8.32 (s (b r), IH , OH)

“ C NMR (1 0 1  MHz, DMSO-dg): 5 ppm 22.63 (CH j), 27.80 (CH2 ), 32.89 (CH2 ), 40.04 

(CH), 57.28 (OCH3 ), 75.05 (CH), 79.08 (C), 105.69 (CH), 6 111.76 (CH), 113.48 (C), 

129.24 (CH), 132.75 (C), 138.74 (C-OCH3 ), 151.67 (C-OCH3 ), 154.31 (C -0 ), 158.51 

(C-OH), 161.89 (0 -C -N ), 167.35 (C =0)

HRMS (E S I): C2 5 H3 0 NO7 [M^ -I- H] requires (m /e ) 456.2022, found 456.2043 (-4 .6  

ppm)
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BESS Synthesis of 2 -Am ino-4-(3,4,5 -Trim ethoxy-phenyl)-7-hydroxy-4W -

chrom ene-3-carboxylic acid ethyl ester

0 ^

Piperidine

Yield: 1.48 g, 39 %, cream powder (Recrystallisation, EtOH)

HPLC Purity: 96% MP: 229 - 231°C Lit. Ref: [242 ] Lit.i^P: 215-217 °C 

IR>9max (K B r): 3412.94 (OH), 3306.67, 3283.07 (NH2 ), 1680.35 (C = 0 ), 1658.35 

(C = Q , 1630.32 (C=C), 1586.36, 1533.84 cm ‘^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 1.09 (t, 3H, J=7.16 Hz, CH3 ), 5 3.58 (s, 3H, 

OCH3 ), 6  3.69 (s, 6 H, 2 XOCH3 ), 5 3.98 (q, 2H, J=7.52 Hz, OCH2 ), 5 4.76 (s, IH , CH), 5 

6.43 (d, 2H, J=6.78 Hz, Ar-H), 6  6.49 - 6.54 (m , 2H, Ar-H), 5 7.05 (d, IH , J=8.52 Hz, 

Ar-H), OH not observed, NHz not observed.

NMR (1 0 0  MHz, D M SO -d6): 6  ppm 14.81 (CH3 ), 5 40.16 (C), 6  56.16 (CH3 ), 6  

59.03 (CH3 ), 5 60.36 (CH2 ), 5 76.83 (C), 6  102.49 (CH), 6  104.55 (CH), 5 112.55 

(CH), 5 117.05 (C), 5 130.21 (CH), 5 134.75 (C), 5 136.05 (C), 5 144.93 (C-OCH3), 5 

149.53 (C-OCH3 ), 6  153.00 (C-O), 6  157.20 (C-OH), 5 161.55 (O-C-N), 5 168.86 

(C =0)

HRMS (E S I):  C2 1H2 3NO7 [M+ +Na] requires (m /e ) 402.1553, found 402.1566 (+3 .3  

ppm)
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BE86 Benzyl 2-am ino-4-(2,4-d ich lorophenyl)-7-hydroxy-4W -chrom ene-3-carboxyla te

Cl

IR»?max (K B r): 3560.52 (OH), 3350.37 (N H j), 3142.11 (NH 2 ), 1662.83 (C =0), 

1622.48, 1608.10 (C = C) cm

7.98 (s (b r), 2H, NH2 ), 6 8.21 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-dg): 5 ppm 31.37 (CH), 6 67.83 (CH2 ), 5 80.06 (C), 6 

104.64 (CH), 5 110.36 (CH), 5 113.58 (C), 5 126.89 (CH), 5 127.53 (CH), 6 129.07 

(CH), 5 130.14 (CH), 6 131.38 (CH), 6 132.17 (C-CI), 6 133.75 (C-CI), 6 141.21 (C), 6 

148.71 (C), 5 154.67 (C -0 ), 6 157.93 (C-OH), 6 158.23 (0 -C -N ), 5 163.89 (C = 0 ) 

HRMS (E S I):  C23Hi7^^Cl2N04 [M ‘ -H] requires (m /e) 440.05346, found 440.0551

EtOH

piperidine

Yield: 2.16 g, 49 % , light brown solid (Flash Column, CH2CI2 - MeOH 10%) 

HPLC Purity: 85 % MP: 128-130°C

NMR (4 0 0  MHz, DMSO-de): 5 ppm 6 4.74 (s, IH , CH), 5.24 (dd, 2H, J=2 .24 , 7.28 

Hz, CH2 ), 6 6.22 (m , 2H, A r-H ), 6 6.46 (d, IH , J=7.02  Hz, Ar-H), 5 6.58 (d, IH , 

J=6 .14  Hz, A r-H ), 5 6.84 (d, 2H, J=8.52 Hz, Ar-H), 5 7.24 - 7.33 (m , 5H, Ar-H), 5
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BE87 2-M ethylbutyl 2-am ino-4-(2,4-d ich lorophenyl)-7-hydroxy-4W -chrom ene-3- 

carboxylate

IR»?max(KBr): 3537.61 (OH), 3412.83 (NHz), 3128.31 (NH2 ), 1655.13 (C = 0 ), 1620.14 

(C=C), 1611.54 (C=C), 1574.83, 1513.94 cm ^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 1 . 0 1  -  1.08 (m , 3H, CH3 ), 5 1,10 -  1.14 (m .

6  8.27 (s (b r), IH , OH)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 11.32 (CH3 ), 6  16.4 (CH3 ), 6  26.59 (CHj), 5 

30.02 (CH), 6  34.14 (CH), 5 73.76 (CH j), 6  79.61 (C), 5 105.86 (CH), 5 111.62 (CH), 

5 114.43 (C), 6  127.74 (CH), 6  130.18 (CH), 6  131.32 (CH), 6  132.84 (C-CI), 6  134.53 

(C-CI), 5 148.35 (C), 6  151.21 (C -0 ), 5 158.91 (C-OH), 5 164.71 (0 -C -N ), 5 169.90 

(C =0)

HRMS (E S I): C2 iH 2 i^^Cl2 N0 4  [M ' -H ] requires (m /e ) 420.08476, found 420.0819

Cl

piperid ine

Yield: 2.52 g, 60 %, light brown solid (Flash Column, CH2 CI2 - MeOH 10%) 

HPLC Purity: 95 % MP: 134-137 °C

3H, CH3 ) 6  1.38 -  1.46 (m , 2H, CH2 ), 5 2.68 -  2.73 (m , IH , CH), 5 3.89 (s, 2H, CH2 ),

5 4.76 (s, IH , CH), 5 6.67 (d, 2H, J=7 .02  Hz, Ar-H), 6  6.87 - 6.96 (m , IH , Ar-H ), 6  

7.14 -  7.19 (m , 2H, Ar-H), 6  7.22 (d, IH , J=8 .64  Hz, Ar-H), 6  7.81 (s (b r), 2H, NH2 ),
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5.3 Synthesis of Diamino-chromenes using one-pot piperidine- 

catalyzed Knoevenagel condensation reactions

General Procedure

The appropriate Benzyloxybenzaldehyde (1 equiv., 2 mmol) was placed in a round 

bottomed flask, with appropriate alkyl cyanoacetate (1 equiv., 2 mmol). Addition of 3- 

aminophenoi (1 equiv., 2 mmol) then followed. Ethanol (20 mL) was added and 

reaction mixture was warmed to dissolve all the reactants. After cooling to room 

temperature, 0.2 mL of piperidine was added dropwise and the reaction was refluxed 

for 5 h. Afterwards solvent was removed in vacuo and product was purified by flash 

column chromatography over silica gel. Purity was checked via TLC to yield various 

products and yields ranging from 11-91%.

BESS Ethyl 2-amino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4/-/-chromene-3-

carboxylate

O

O
H

O

H,N

Piperidine

EtOH

OH
H2N NH

Yield: 0.92 g, 11%, brown powder (Flash Column, CH2CI2 )

HPLC Purity: 97 % MP: 258-259°C Lit. Ref: [243]

IR«9max (K B r): 3421.89, 3354.83 (NH2 ), 1665.41 (C =0),  1632.31 (C=C), 1629.52 

(C=C), 1554.85, 1468.93 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.06 (t, 3H, J=7.03 Hz, C H 3 ) ,  3.96 (q, 2H, 

J=7.28  Hz, OCH2 ), 4.65 (s, IH , CM), 5.20 (s, 2H, OCH2 ), 6.84 (d, 2H, J=8.03 Hz, Ar- 

H), 6.99 - 7.09 (m, 2H, Ar-H), 7.19 - 7.26 (m, 3H, Ar-H), 7.36 - 7.43 (m, 3H, Ar-H), 

7.48 - 7.55 (m, 2H, Ar-H), 7.25 (s (br), 2H, NH2 ), 7.56 (s (br), 2H, NH2 ).

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 23.18 (CH3 ), 38.09 (CH), 58.51 (CH2 ), 69.45 

(CH2 ), 82.91 (C), 100.33 (CH), 110.90 (C), 113.57 (CH), 114.44 (CH), 125.61 (CH), 

127.61 (CH), 127.95 (CH), 128.38 (CH), 129.30 (CH), 130.30 (CH), 132.63 (C),
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134.84 (C-CI), 142.84 (C), 144.23 (C-N), 154.37 (C -0 ), 158.73 (Bnz-C -0), 159.55 (O- 

C-N), 161.09 (C = 0 )

HRMS (E S I): C2 5 H2 5 N2 O4  H requires (m /e ) 417.1814, found 417.1833, (4.5 ppm)

BE89 Methyl 4-(4-(2-fluorobenzyloxy)phenyl)-2 ,7-d iam ino-4W -chrom ene-3-

carboxylate

O
H

NC
H,N

Piperidine

EtOH

OH

F

H2N NH

Yield: 0.14 g, 17 %, brown solid (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 83 % MR: 208-211°C

IRi^max (K B r): 3494.05, 3384.81 (NH 2 ), 1668.37 (C = 0 ), 1630.31 (C=C), 1622.41 

(C=C), 1589.41, 1547.26, 1431.48 cm'^

NMR (4 0 0  MHz, DMSO-de) 5 ppm 1.97 (s (b r), 2H, NH2 ), 3.93 (s, 3H, CH3 ), 4.65 

(s, IH , CH), 5.04 (s, 2H, CH2 ), 6.00 (d, IH , J=7.51 Hz, Ar-H), 6.23 - 6.28 (m , 2H, Ar- 

H), 6.75 - 6.78 (m , IH , Ar-H ), 6.85 (d, 2H, J=8.41 Hz, Ar-H), 7.03 (d, 2H, J=8.53 Hz, 

Ar-H), 7.19 - 7.25 (m , 2H, Ar-H), 7.39 -  7.41 (m , IH , Ar-H), 7.53 (s (b r), 2H, NH2 ) 

Ni'IR (1 0 1  MHz, DMSO-de) 5 ppm 38.09 (CH), 58.45 (CH3 ), 63.39 (CH2 ), 76.99 

(C), 103.22 (CH), 105.37 (CH), 110.91 (C), 114.17 (CH), 115.24 (CH), 124.04 (CH), 

124.47 (C), 127.90 (CH), 129.31 (CH), 130.21 (CH), 130.61 (C), 148.27 (C-N), 

149.12 (C -0 ), 156.13 (Bnz-C -0), 158.06 (0 -C -N ), 161.11 (C-F), 168.50 (C =0)

HRMS (E S I): C2 4 H2 2 FN2 O4  H] requires (m /e ) 421.1564, found 421.1564, (-1-O .I 

ppm)
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BE90 Ethyl 4-(4-(3-ch lorobenzyloxy)phenyl)-2 ,7-d iam ino-4W -chrom ene-3-

carboxylate

Cl

Piperidine

+ EtOH
OH

NH

O

O
H

Yield: 0.58 g, 64 %, light brown solid (Flash Column, CH2CI2- MeOH 10%)

HPLC Purity; 100 % MR: 182-185°C

IRiJmax (K B r): 3476.61, 3347,48 (N H j), 1663.46 (C = 0 ), 1643.18 (C=C), 1638.67 

(C=C), 1579.37, 1529.04 cm'^

NMR (4 0 0  i'lHz, DMSO-dg) 5 ppm 1.31 (t, 3H, J=7.12  Hz, CH3 ), 4.19 (q, 2H,

J=8 .24  Hz, OCH2 ), 4.72 (s, IH , CH), 5.18 (s, 2H, Bnz-OCHj), 5.84 - 5.87 (m , IH , Ar-

H), 5.94 (s, IH , Ar-H ), 6.52 - 6.65 (m , 2H, A r-H ), 6.85 (d, IH , J=7.21 Hz, A r-H ), 7.13 

(d, 2H, J=8.02 Hz, A r-H ), 7.28 - 7.35 (m , 4H, Ar-H), 7.74 (s (b r), 2H, NH2 ).

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.93 (CH3 ), 39.19 (CH), 60.14 (CH 2 ), 69.78 

(CH2 ), 80.62 (C), 102.26 (CH), 110.47 (C), 111.49 (CH), 114.93 (CH), 125.48 (CH), 

127.13 (CH), 127.73 (CH), 129.38 (CH), 130.62 (CH), 132.74 (C), 136.44 (C), 142.45 

(C), 145.56 (C-N), 156.58 (C -0 ), 159.58 (C -0 ), 162.85 (0 -C -N ), 165.37 (C = 0 )

HRMS (E S I): C2 5 H2 4 ^^CIN2 0 4  [M-" H] requires (m /e) 451.1425, found 451.1426, (-1-0.2 

ppm)
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BE91

O

Methyl 2 ,7 -d iam ino -4 -{4 -[(4 -m ethy lpheny l)m ethoxy]pheny l}-4W -

chromene 3-carboxylate

P
H

O
NC

HjN

Piperidine

EtOH
OH

NH2

Yield: 0.3 g, 36 %, orange resin (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 87 % MR: na

(K B r): 3471.42, 3394.16 (NH2 ), 1658.26 (C = 0 ), 1635.41 (C=C), 1629.48 

(C=C), 15832.47, 1562.95, 1423.53 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.07 (s, 3H, C H 3 ) ,  3.95 (s, 3H, C H 3 ) ,  4.68 (s, 

IH , CH), 4.95 (s, 2H, CH2 ), 5.17 (s (b r), 2H, NH2 ), 6.23 - 6.32 (m , 2H, Ar-H), 6.76 - 

6.87 (m , 3H, Ar-H ), 7.04 (d, 2H, J=8.03 Hz, Ar-H), 7.17 (d, 2H, J=7.53 Hz, Ar-H), 

7.29 (d, 2H J=8.03 Hz, Ar-H ), 7.56 (s (b r), 2H, NH2 )

NMR (1 0 1  M Hz, DMSO-ds) 5 ppm 20.76 (CH3 ), 38.14 (CH), 58.47 (CH3 ), 69.02 

(CH2 ), 77.09 (C), 99.98 (CH), 110.95 (CH), 113.62 (C), 114.24 (CH), 127.70 (CH), 

127.86 (CH), 128.94 (CH), 129.33 (CH), 134.17 (C), 136.95 (C), 141.51 (C), 148.26 

(C-N), 149.16 (C-O), 156.33 (Bnz-C-O), 161.13 (0 -C -N ), 168.55 (C = 0)

HRMS (E S I): C 2 6 H 2 7 N 2 O 4  [M^ C H 3 ]  requires (m /e ) 431.1971, found 431.1968, (-0 .6  

ppm)
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BE92

O

Neopentyl 4-(4-(2-fluorobenzyloxy)phenyl)-2 ,7-d iam ino-4W -chrom ene- 

3-carboxylate

O
NC

H,N

Piperidine

EtOH
OH

F

NH

Yield: 0.11 g, 12 %, yellow solid (Flash Column, CH2 CI2 - MeOH 10%)

HPLC Purity: 86 % MP: 2 1 6 -2 2 l“ C

IR*3max (K B r): 3471.74, 3372.48 (N H2), 1672.15 (C = 0 ), 1648.31 (C=C), 1636.72 

(C=C), 1583.18, 1484.59 cm ’^

NMR (4 0 0  MHz, DMSO-dg) 5 P P m  0.74 (s, 9H, 3 XCH3 ), 3.97 (d, 2H, J=7.03 Hz, 

CH2 ), 4.70 (s, IN , CH), 5.04 (s, 2H, CH2 ), 6.21 (d, IN , J=8.04 Hz, Ar-H), 6.22 - 6.28 

(m , IH , A r-H ), 6.75 - 6.79 (m , IH , Ar-H ), 6.84 - 6.90 (m , 2H, Ar-H), 7.04 (d, 2H, 

7=8.02 Hz, Ar-H ), 7.10 (d, 2H, J=8.42 Hz, Ar-H), 7.37 - 7.42 (m , 2H, Ar-H), 7.47 (s 

(b r), 2H, NH2 ), 7.64 (s (b r), 2H, NH2 )

Ni^lR (1 0 1  MHz, DMSO-t/e) 5 ppm 26.22 (CH3), 31.04 (C), 38.19 (CH), 63.36 

(CH2 ), 71.82 (C), 76.28 (CH2 ), 99.90 (CH), 110.90 (C), 113.63 (CH), 114.17 (CH), 

115.43 (CH), 124.47 (CH), 127.53 (C), 128.71 (CH), 129.22 (CH), 130.27 (CH), 

132.61 (C), 141.80 (C-N), 148.77 (C -0 ), 156.13 (Bnz-C -0), 159.22 (C-F), 161.63 (O- 

C-N), 168.63 (C = 0)

HRMS (E S I):  C2 8 H3 0 FN2O4 [M^ H] requires (m /e) 477.2189, found 477.2168, (-4 .4  

ppm)
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BE93 2,2-d im ethylpropyl 2 -am ino -7 -(d im e thy la m ino )-4 -{4 -[(4 -

m ethylphenyl)m ethoxy]phenyl}-4H -chrom ene-3-carboxyla te

o

H

Yield: 0.46 g, 46 % , brown resin (Flash Column, CH2CI2 - MeOH 10%)

HPLC Purity: 98 % MR: na

(K B r): 3475.83, 3263.98 (NH2 ), 1666.12 (C = 0 ), 1634.48 (C=C), 1611.68

(C=C), 1575.49, 1547.26 cm-^

NMR (4 0 0  MHz, DMSO-c/g) 6  ppm 0.74 (s, 9H, 3 XCH3 ), 2.28 (s, 3H, CH3), 2.84 (s, 

6 H, 2 XCH3 ), 3.35 (s, 2H, CHj), 4.76 (s, IH , CH), 4.95 (s, 2H, CH2), 6.41 (s, IH , Ar-H), 

6.46 (d, IH , J = 6 . 8 8  Hz, Ar-H), 6 . 6 8  (d, IH , J=7.42 Hz, Ar-H), 6.82 (d, 2H, J=7.14 Hz, 

Ar-H), 7.08 (d, 2H, J=7.04 Hz, A r-H ), 7.16 (d, 2H, J=8.03 Hz, Ar-H ), 7.25 (d, 2H, 

J=7 .2 2  Hz, Ar-H ), 7.62 (s (b r), 2 H, NHj)

“ C NMR (1 0 1  MHz, DMSO-c/g) 5 ppm 20.76 (CH3 ), 26.22 ( 3 XCH3 ), 31.04 (C), 38.88 

(CH), 40.12 ( 2 XCH3), 68.98 (CH2 ), 71.85 (CH2 ), 76.27 (C), 98.60 (CH), 109.24 (CH), 

114.16 (C), 114.49 (CH), 127.44 (CH), 128.91 (CH), 129.26 (CH), 134.18 (C), 136.87 

(C), 141.32 (C), 148.79 (C-N), 149.85 (C -0 ), 156.42 (C -0 ), 161.58 (0 -C -N ), 168.62 

(C = 0)

HRMS (E S I):  C31H37N2O4 H] requires (m /e ) 501.2753, found 501.2774, (-1-4.1 

ppm)

Piperidine

EtOH
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BE94 Neopentyl 4 -(4-(2 -fluorobenzy loxy)phenyl)-2 -am ino-7-(d im ethy lam ino)- 

4W -chromene-3-carboxylate

o
NC

OH

F

Piperidine

EtOH

NHN

Yield: 0.62 g, 62 % , brown solid (Flash Column, CH2CI2 - MeOH 10%)

HPLC Purity: 92 % MP: 179-183°C

IRi9max (K B r): 3419.04, 3315.93 (NH2 ), 1662.41 (C = 0 ), 1631.29 (C=C), 1624.01 

(C=C), 1613.68, 1469.59 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 0.74 (s, 9H, 3 XCH3 ), 2.83 (s, 6 H, 2 XCH3 ), 3.69 

(s, 2H, CH2 ), 4.79 (s, IH , CH), 5.04 (s, 2H, CH2 ), 6.13 (s., 2 H, Ar-H ), 6.26 (s, IH , Ar- 

H), 6.39 - 6.46 (m , IH , Ar-H), 6 . 8 6  (s, 2H, Ar-H), 7.00 - 7.08 (m , IH , Ar-H ), 7.11 - 

7.20 (m , 3 H, A r-H ), 7.39 - 7.46 (m , IH , Ar-H), 7.59 (s (b r), 2 H, NH2 )

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 26.21 ( 3 XCH3 ), 31.02 (C), 38.15 (CH), 40.09 

(2xCHa), 68.36 (CH2 ), 71.88 (C), 76.28 (CH2 ), 98.62 (CH), 99.54 (CH), 103.67 (C), 

109.22 (CH), 114.13 (CH), 114.40 (CH), 114.49 (CH), 115.15 (CH), 127.53 (CH), 

129.37 (CH), 129.65 (CH), 129.74 (CH), 148.81 (C), 149.84 (C-N), 151.81 (C -0), 

156.29 (C -0 ), 158.13 (C-F), 161.60 (O-C-N), 168.66 (C = 0 )

HRMS (E S I):  C3 0 H3 4FN2O4 [M ’" H] requires (m /e ) 505.2503, found 505.2516, (-1-2 . 5  

ppm)
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BE95 3-M ethoxybutyl 2 -am ino -7 -(d im e thy la m ino )-4 -{4 -[(4

m ethylphenyl)m ethoxy]phenyl}-4W -chrom ene-3-carboxylate

OH

Piperidine

EtOH

N
I

NH-

Yield: 0.69 g, 67 % , brown resin (Flash Column, CH2CI2 )

HPLC Purity: 93 % MR: na

IRi?max (K B r): 3482.77, 3379.39 (NH2 ), 1671.45 (C = 0 ), 1634.73 (C = C), 1622.85 

(C=C), 1575.62, 1438.34 cm'^

NMR (4 0 0  MHz, DMSO-dg) 6  ppm 1.08 (d, 3H, J=7.12 Hz, CH3 ), 1.56 -  1.60 (m , 

2 H, CH2 ), 2.28 (s, 3H, CH3 ), 2.83 (s, 6 H, 2 XCH3 ), 2.84 (s, 3H, CH3 ), 3.05 -  3.11 (m , 

IH , CH), 3.97 (q, 2H, J=7.00 Hz, CH2 ), 4.74 (s, IH , CH), 4.94 (s, 2H, CHz), 6.10 - 

6.20 (m , 2H, A r-H ), 6.29 (s, IH , Ar-H ), 6.40 - 6.45 (m , IH , Ar-H ), 6.81 - 6 . 8 6  (m , 2H, 

Ar-H), 6.95 (d, 2H, J=8 .03  Hz, A r-H ), 7.02 - 7.08 (m , IH , Ar-H), 7.16 (d, IH , J = 7 .53 

Hz, A r-H ), 7.28 (d, IH , J=7.03 Hz, Ar-H ), 7.59 (s (b r), 2 H, NH2 )

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.29 (3xCHa), 20.75 (CH3 ), 38.07 (CH2 ), 

39.05 (CH), 40.09 ( 2 XCH3 ), 58.51 (CH3 ), 69.00 (CH2 ), 72.73 (CH2 ), 77.03 (CH), 78.57 

(C), 103.68 (CH), 103.77 (CH), 109.26 (C), 114.01 (CH), 114.26 (CH), 127.68 (CH), 

127.88 (CH), 128.93 (CH), 129.49 (CH), 130.48 (C), 134.16 (C), 136.93 (C), 151.82 

(C-N), 156.37 (C -0 ), 158.14 (C -0 ), 161.09 (0 -C -N ), 168.54 (C = 0 )

HRMS (E S I):  C3 iH 3 6 N2 NaOs Na] requires (m /e ) 539.2522, found 539.2532, (-1 .8  

ppm)
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BE96 Benzyl 4-(4-(2-fluorobenzyloxy)phenyl)-2-am ino-7-(d im ethylam ino)-4W -

chrom ene-3-carboxylate

NC

OH

Piperidine

EtOH

NH-N

Yield: 0.91 g, 87 %, brown resin (Flash Column, CH2CI2 )

HPLC Purity: 93 % MP: na

IRi5max (K B r): 3461.91, 3383.45 (NH2 ), 1665.21 (C = 0 ), 1638.26 (C = C), 1621.60 

(C=C), 1569.42, 1510.66, 1486.72 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 3.36 (s, 6H, 2 XCH3 ), 3.95 (dd, 2H, J=7.24 Hz, 

2.06 Hz, OCH2 ), 4.50 (s, IH , CH), 5.04 (s, 2H, OCH2 ), 6.81 - 6.86 (m , 3H, J=8.53 Hz, 

Ar-H ), 6.91 - 6.97 (m , 2H, Ar-H), 7.05 (d, 2H, J=8.03 Hz, A r-H ), 7.22 (d, IH , J=7.53  

Hz, Ar-H ), 7.29 - 7.35 (m , 3 H, Ar-H ), 7.47 - 7.59 (m , 5H, Ar-H), NH2 not observed 

NMR (1 0 1  MHz, DMSO-de) 5 ppm 38.07 (CH), 40.84 (2xCHa), 58.57 (CH2 ), 

62.75 (CH2 ), 76.88 (C), 98.58 (CH), 109.35 (CH), 114.22 (C), 115.24 (CH), 115.45 

(CH), 123.88 (CH), 126.40 (CH), 126.62 (CH), 127.92 (CH), 128.04 (CH), 129.40 

(CH), 130.31 (s, 1 C), 130.67 (C), 142.50 (C), 149.15 (C-N), 149.78 (C -0 ), 156.16 

(0 -C -N ), 161.09 (C-F), 168.51 (C =0)

HRMS (E S I): C32H29FN2Na04 [M^ Na] requires (m /e) 547.2009, found 547.2007, (0.3 

ppm)
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BE97 2-Ethoxyethyl 2 -a m ino -7 -(d im e thy la m ino )-4 -{4 -[(4  m ethylphenyl)

m ethoxy]phenyl}-4 /-/-chrom ene-3-carboxyla te

Piperidine

EtOH

I
NH.

OH

Yield: 0.04 g, 4 % , light brown solid (Flash Column, CH2CI2 )

HPLC Purity: 95 % MR: 186-192°C

IR>9max (K B r): 3483.55, 3346.62 (N H j), 1660.14 (C = 0 ), 1632.62 (C=C), 1614.62 

(C=C), 1581.57, 1537.40, 1469.08 cm'^

NMR (4 0 0  M Hz, DMSO-dg) 5 ppm 1.12 - 1.20 (m , 3H, CH3 ), 2.32 (s, 6 H, 2 XCH3), 

2.79 (s, 3H, CH3 ), 3.11 -  3.16 (m , 2H, CH2 ), 3.90 - 3.97 (m , 2 H, CH2 ), 4.01 - 4.08 (m, 

2H, CH2), 4.93 - 5.00 (m , IH , CH), 5.16 (s, 2H, CH2 ), 6.79 - 6 . 8 6  (m , 2H, Ar-H ), 7.16 

- 7.20 (m , 2H, Ar-H), 7.24 (d, 2H, J=7.53 Hz, Ar-H ), 7.32 (d, 3H, J=7.03 Hz, Ar-H), 

7.40 (d, IH , J=8.Q3 Hz, Ar-H), 7.48 (d, J=8.03 Hz, IH , Ar-H), NH2 not observed.

Ni^R (1 0 1  MHz, DMSO-t/s) 6  ppm 14.31 (CH3 ), 20.94 (CH3 ), 34.90 (CH), 40.30 

( 2 XCH3 ), 60.52 (CH2 ), 68.98 (CH2 ), 69.39 (CH2 ), 89.51 (C), 96.87 (CH), 107.13 (CH), 

110.78 (C), 114.92 (CH), 117.82 (CH), 127.70 (CH), 128.09 (CH), 128.93 (CH), 

129.07 (CH), 130.40 (CH), 132.86 (C), 137.43 (C), 138.16 (C), 149.70 (C-N), 154.26 

(C -0), 155.43 (C -0 ), 164.62 (0 -C -N ), 167.62 (C =0)

HRMS (E S I): C30H38N3O5 NH4] requires (m /e ) 520.2811, found 520.2808, (-0 .5  

ppm)
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BE98 Decyl 4 -(4 -(2 -fl uorobenzyloxy) phenyl )-2-a m ino-7-(d im ethylam i no)-4W-

chrom ene-3-carboxylate

Piperidine

EtOH
OH

F

N
I

Yield: 1.04 g, 91 %, light brown solid (Flash Colunnn, CH2 CI2 )

HPLC Purity: 100 % MR: 197-201°C

IRiSmax (K B r): 3468.05, 3461.64 (NH 2 ), 1668.19 (C = 0 ), 1643.53 (C=C), 1628.76 

(C=C), 1567.46, 1535.34, 1502.47 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 Ppm 0.89 - 0 .97 (m , 3H, CH3), 1.34 - 1.39 (m , 14H, 

7 XCH2 ), 1.84 -  1.91 (m , 2H, CH2 ), 2.89 (s, 6H, 2 XCH3 ), 4.17 (s, 2H, CH2 ), 4.73 (s, IH , 

CH), 5.21 (s, 2H, CH2 ), 6.19 (s, IH , Ar-H), 6.21 - 6.29 (m , IH , A r-H ), 6.42 (d, 2H, 

J=7.12  Hz, Ar-H), 6.82 - 6 . 8 8  (m , 3H, Ar-H), 7.08 - 7.16 (m , IH , Ar-H), 7.26 (d, 2H, 

7=7.02 Hz, Ar-H), 7 .39-7 .46 (m , 1 H, Ar-H ), 7.67 (s (b r), 2H, NH2 )

NMR (1 0 1  MHz, DMSO-f/e) 5 ppm 15.14 (CH3 ), 21.64 (CH2 ), 22.64 (CH2 ), 25.86 

(CH2 ), 29.17 (CH2 ), 29.68 (CH2 ), 30.43 (CH), 40.57 ( 2 XCH3 ), 61.79 (CH2 ), 65.43 

(CH 2 ), 79.47 (C), 100.14 (CH), 109.61 (CH), 110.49 (C), 114.58 (CH), 115.67 (CH), 

124.76 (CH), 127.28 (C), 129.83 (CH), 129.79 (CH), 132.37 (C), 147.58 (C-N), 

152.93 (C -0 ), 157.38 (C -0 ), 159.37 (C-F), 160.38 (0 -C -N ), 166.49 (C = 0 )

HRMS (E S I);  C3 5 H4 3 FN2 Na0 4  [M~ Na] requires (m /e ) 551.2209, found 551.2241, ( + 5  

ppm)
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Esterification of benzopyrans

General Procedure

To a solution of chromene [BE6 ] (1 equiv., 1 mmol) in anhydrous CH2 CI2 (20 mL) was 

added EtsN (3 equiv., 3 mmol), followed by addition of the appropriate acid chloride (1 

equiv., 1 mmol). The reaction mixture was stirred under a N2 atmosphere at room 

temperature for 3 hours. After the solution was washed with H2 O (20ml) and organic 

layer was dried with Na2 S0 4  and concentrated in vacuo to provide a solid. This was 

purified via flash chromatography on silica gel (Hexane -  EtOAc, or CH2 CI2  - MeOH, 

solvent systems of varied ratios) to afford products with yields ranging from 20-98%.

BE99 Synthesis of Ethyl 7-acetoxy-2-amino-4-(4-methoxyphenyl)-4H-

chromene-3-carboxylic acid ethyl ester
.OH

O

A,
CH2CI2

Cl

H2N V

Yield: 0.20 g, 52 %, white solid (Flash Column; Hexane, EtOAc, 2:1)

HPLC Purity: 99% MR: 272 - 276°C

IR^max (K B r): 3460.60 (NH2 ), 3322.31 (NH2 ), 1669.44 (C =0),  1661.29 (C = 0 ) ,

1627.56 (C=C), 1621.57 (C=C), 1567.53, 1535.24, 1493.48 cm‘^

NMR (4 0 0  MHz, CDCI3 ): 6  1.19 (t, 3H, J=6.84 Hz, CH3 ), 5 2.29 (s, 3H, CH3 ), 5 

3.76 (s, 3H, OCH3 ), 6  4.07 (q, 2H, J=6.84 Hz, CH2 ), 5 4.90 (s, IH , CH), 6  6 . 6 8  - 6.75 

(m, 3H, Ar-H), 6  6.81 (d, IH , J=7.92 Hz, Ar-H), 6  7.15 - 7.21 (m, 3H, Ar-H), 8.21 (s 

(br), 2H, NH2 ).

NMR (1 0 0  MHz, CDCI3 ): 5 13.88 (CH3 ), 6  20.67 (CH3 ), 6  38.74 (CH), 5 54.75 

(OCH3 ), 6  59.05 (CH2 ), 6  78.56 (C), 6  109.08 (CH), 6  113.11 (CH), 5 116.37 (CH), 5 

117.35 (C), 5 128.11 (CH), 6  129.56 (CH), 6  139.50 (C), 5 148.47 (C -0), 5 148.82 (C- 

O), 5 157.45 (C-O), 5 159.39 (OCH3 ), 5 163.58 (0-C-N), 5 168.77 (C =0), 5 168.88 

(C =0)

HRMS (E S I): C2 iH 2 iNNa0 6  +N] requires (m/e) 406.1266, found 406.1252, (-3.4  

ppm)
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BEIOO Synthesis of Ethyl 2 -am ino-7-(benzoyloxy)-3 ,4 -d ihydro-4-(4

m ethoxyphenyl)-4W - chrom ene-3-carboxylic acid ethyl ester

CH2C1.
H2N OH

Yield: 0.09 g, 20 % , white solid (Flash Column; Hexane, EtOAc, 2 :1)

HPLC Purity: 98%  MP: 260 - 267°C

IRi9n,ax (K B r): 3361.43 (NH 2 ), 1661.95 (C = 0 ), 1659.52 (C = 0 ), 1630.28 (C=C), 

1624.74 (C=C), 1610.97, 1564.76, 1528.43 cm'^

NMR (4 0 0  MHz, D l'ISO -dS): 5 1.30 (t, 3H, J=7.02 Hz, CH3 ), 6  3.68 (s, 3H, 

OCH3 ), 3.99 (q, 2H, J=7.28  Hz, CH2 ), 4.91 (s, IH , CH), 6.80 (d, 2H, J=8.52  Hz, Ar-H), 

7.06 (d, 3H, J=8 .24  Hz, Ar-H), 7.29 (d, IH , 7=8.52 Hz, Ar-H), 7.91 -  8.12 (m , 6 H, Ar- 

H), NH2 not observed.

NMR (1 0 0  M Hz, D M SO -d6): 6  14.15 (CH3 ), 45.19 (CH), 54.94 (CH3 ), 60.73 

(CH2 ), 76.29 (C), 109.70 (CH), 113.66 (CH), 114.47 (CH), 118.15 (C), 127.93 (CH), 

128.42 (CH), 128.97 (CH), 131.71 (C), 132.44 (C ),133.25 (CH), 148.68 (C -0 ), 149.33 

(C-O), 157.51 (C-OCH3 ), 160.74 (0 -C -N ), 164.41 (C = 0 ), 167.61 (C = 0 )

HRMS (E S I): C2 6 H2 4 NO6 [M^ +H] requires (m /e) 446.1604, found 446.1587, (-3 .8  

ppm)
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B E lO l  Synthesis of ethyl 7-(2-phenoxyacetoyloxy)-2-am ino-4-(4-

m ethoxyphenyl)-4/-/-chrom ene-3-carboxylate

oK o

,0H

Yield: 0.11 g, 23 % , clear solid (Flash Column; Hexane, EtOAc, 2 :1 )

HPLC Purity: 100% i^P: 217 - 220°C

IR<?max (K B r): 3467.14 (NH2 ), 1668.97 (C = 0 ), 1663.89 (C = 0 ), 1633.97 (C=C), 

1624.67 (C=C), 1564.87, 1531.48 cm'^

NMR (4 0 0  MHz, D M SO -d6): 6  1.21 (t, 3H, J=7.02 Hz, CH3 ), 3,34 (q, 2H, J=7.22 

Hz, CH2 ), 3.94 - 4.10 (m , IH , CH), 4.16 (s, 2H, CHz), 6.42 - 6.51 (m, IH , Ar-H), 6.75 

(d, 2H, J=8.52 Hz, Ar-H ), 6.91 - 7.04 (m , 6 H, Ar-H), 7.18 - 7.27 (m , 2H, Ar-H), 7.56 

(s, IH , Ar-H), 8.12 (s (b r), 2H, NHj)

NMR (1 0 0  M Hz, D M SO -d6): 5 14.31 (CH3), 38.09 (CH), 54.91 (OCH3), 60.61 

(CH2), 64.50 (CHz), 76.79 (C), 112.04 (CH), 113.45 (CH), 114.45 (CH), 117.10 (C), 

121.16 (CH), 127.85 (CH), 129.37 (CH), 131.74 (C), 156.98 (C-O), 157.57 (C-O), 

158.97 (C-OCH3), 160.90 (0-C-N), 161.25 (C-O), 168.77 (C = 0), 177 (C =0)

HRMS (E S I): C2 7 H2 sNNa0 7  [M" -l-Na] requires (m /e ) 498.1529, found 498.1515, (-2.8 

ppm)
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BE102 Synthesis of ethyl 7 -((E )-bu t-2 -enoyloxy)-2 -am ino-4-(4 -m ethoxyphenyl)

-4/-/-chrom ene-3-carboxylate 

OH

Cl
CH2CI2

O

O

Yield: 0.29 g, 73 %, brown solid (Flash Column; Hexane, EtOAc, 1:1)

HPLC Purity: 94 % MR: 231 - 235°C

IRi?max (K B r): 3387.82 (N H j), 1663.97 (C = 0 ) 1659.85 (C = 0 ), 1632.74 (C=C), 

1628.88 (C=C), 1563.77, 1538.92, 1492.68 cm'^

NMR (4 0 0  MHz, CDCL3): 5 1.21 (t, 3H, 7=7.26 Hz, CH3 ), 1.97 (d, 3H, 7=6.52 Hz, 

CH3 ), 3.76 (s, 3H, OCH3 ), 4.08 (q, 2H, 7=7.02 Hz, CHz), 4.91 (s, IH , CH), 6.77 (d, 3H, 

7=8.04 Hz, Ar-H ), 6.84 (d, IH , 7=2.04 Hz, Ar-H), 7.09 - 7.18 (m , 3H, A r-H ), 7.88 (s 

(b r), 2H, NH2 )

NMR (1 0 0  MHz, CDCL3 ): 5 13.90 (CH3), 17.83 (CH3), 38.75 (CH), 54.76 (OCH3), 

59.04 (CH2), 78.91 (C), 109.15 (CH), 113.10 (C H ), 117.45 (C), 121.35 (CH), 129.51 

(CH), 136.57 (C), 145.67 (C), 146.97 (C -O ), 148.46 (C -O ), 157.43 (C-OCH3), 159.44 

(O -C -N ), 164.11 (C =0), 168.91 (C = 0)

HRMS (E S I):  C2 3 H2 3 NO6  [M^ +Na] requires (m /e ) 432.1423, found 432.1421, (- 

0.5ppm )
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BE103 Synthesis of ethyl 7-(2-phenylacetoyloxy)-2-am ino-4-(4

m ethoxyphenyl)-4/-/-chrom ene-3-carboxylate

OH

Cl

Yield: 0.40 g, 8 8  %, orange solid (Flash Column; Hexane, EtOAc, 1:1)

HPLC Purity: 91%  MR: 243 - 248°C

IR»9max (K B r): 3472.46, 3388.47 (NHz), 1664.50 (C = 0 ), 1657.84 (C = 0 ), 1639.83 

(C=C), 1627.59 (C=C), 1618.47, 1591.46, 1557.41, 1543.72 cm ^

NMR (4 0 0  MHz, CDCL3 ): 5 1.21 (t, 3H, J=7.02  Hz, CH3 ), 3.76 (s, 2H, CHj), 3.85 

(s, 3H, CH3 ), 4.06 (q, 2H, J=7.02 Hz, CHz), 4.90 (s, IH , CH2 ), 6 .73-7.80 (nn, 4H, Ar- 

H), 7.06 - 7.12 (m , 3H, Ar-H), 7.28 (s, IH , Ar-H), 7.38 (d, 4H, J=4.32 Hz, Ar-H)

NMR (1 0 0  MHz, CDCL3): 6  13.89 (CH3 ), 38.72 (CH), 40.93 (CH2 ), 54.75 (CH3 ), 

59.06 (CH2 ), 78.58 (C), 6  111.49 (CH), 113.11 (C), 116.35 (CH), 117.23 (CH), 126.97 

(CH), 128.09 (CH), 128.31 (CH), 129.06 (CH), 132.79 (C), 134.86 (C), 139.49 (C -0), 

148.89 (C-O), 157.45 (C-OCH3 ), 159.35 (0-C -N ), 168.87 (C = 0 ), 169.30 (C =0)

HRMS (E S I): C2 7 H2 5 NO6  [M-" +Na] requires (m /e) 482.1580, found 432.1573, (- 

1.4ppm)
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BE104 Synthesis of ethyl 2 -am ino-7-(c innam oyloxy)-4-(4-m ethoxyphenyl)-4W -

chrom ene-3-carboxylate

Yield: 0.42 g, 89 % , white powder (Flash Column; Hexane, EtOAc, 1:2)

HPLC Purity: 90%  MR: 255 - 263°C

IRi»m3 x (K B r): 3459.63 (NH 2 ), 3378.86 (NH 2 ), 1662,47 (C = 0 ), 1660.68 (C = 0 ), 

1631.44 (C=C), 1629.92 (C=C), 1586.72, 1534.57, 1433.96 cnn‘ ‘

NMR (4 0 0  MHz, CDCL3): 6  1.20 (t, 3H, J=7.04 Hz, CH3 ), 3.77 (s, 3H, CH3 ), 4.05 

-  4.11 (m , 2H, J=7.02 Hz, CH2 ), 4.93 (s, IH , CH), 6.06 (s, IH , Ar-H ), 6.64 (s, IH , Ar- 

H), 6.78 (d, 2H, J=7 .12  Hz, Ar-H ), 6.84 (d, IH , J=8 .24  Hz, Ar-H), 6.91 (d, IH , Ar-H), 

7.12 - 7.18 (nn, 3H, A r-H ), 7.44 (d, 3H, J = 6 . 8 8  Hz, Ar-H ), 7.56 -  7.62 (m , 2H, CH), 

NH2  not observed

“ C NMR (1 0 0  M Hz, CDCL3): 6  13.90 (CH 3 ), 38.78 (CH), 54.77 (CH3 ), 59.05 (CH2 ), 

78.61 (C), 109.15 (CH), 113.13 (CH), 114.73 (CH), 116.51 (CH), 117.43 (C), 127.89 

(CH), 128.13 (CH), 129.57 (CH), 130.37 (CH), 133.59 (C), 139.55 (C), 146.46 (CH), 

148.51 (C -0 ), 148.98 (C -0 ), 157.46 (C-OCH3 ), 159.43 (0 -C -N ), 164.67 (C = 0 ), 

168.90 (C = 0 )

HRMS (E S I): C2 8 H2 5 NO6  [M*  +Na]  requires (m /e ) 494.1580, found 494.1584, 

(0 .9ppm )
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BE105 Ethyl 7 -(2 -((benzoy loxy)m ethy l)benzoy loxy)-2 -am ino-4-(4 -

m ethoxyphenyl)-4/-/-chrom ene-3-carboxylate

OH

NH

Yield: 0.22 g, 39 % , light brown powder (Flash Column; Hexane, EtOAc, 1:3)

HPLC Purity: 87% MP: 236 - 241°C

IR«?max (K B r): 3496.53, 3453.57 (N H j), 1655.18 (C = 0 ), 1652.39 (C = 0 ), 1640.74, 

1619.74 (C = C), 1598.54 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 1.21 (t, 3H, J=6.78 Hz, CH3 ), 3.78 (s, 

3 H, OCH3 ), 4.11 (q, 2H, J=7.28 Hz, CH2 ), 4.94 (s, IH , CH), 5.85 (s, 2 H, CH2 ), 6.32 (s 

(b r), 2 H, NH2 ), 6.81 (s, 2 H, Ar-H ), 6.89 (d, 2H, J=8.53  Hz, A r-H ), 6.94 (s, 1 H, Ar- 

H), 7.11 - 7.19 (m , 2 H, Ar-H), 7.29 (s, 2 H, Ar-H ), 7.45 - 7.53 (m , 2H, Ar-H ), 8.13 (d, 

3H, J=7.53 Hz, Ar-H), 8.25 (s, 2H, Ar-H)

“ C NMR (1 0 1  MHz, CHLOROFORM-</) 6  ppm 13.83 (CH3 ), 38.77 (CH), 54.77 

(OCH3 ), 59.08 (CH2 ), 64.44 (CH2 ), 78.59 (C), 109.29 (CH), 113.15 (CH), 116.25 (CH), 

117.48 (C), 127.07 (CH), 127.53 (CH), 127.82 (CH), 128.03 (CH), 128.14 (C), 129.30 

(CH), 129.69 (CH), 130.97 (CH), 132.70 (C), 132.91 (CH), 139.51 (C), 148.57 (C -0 ), 

148.84 (C -0 ), 157.48 (C-OCH3 ), 159.38 (0 -C -N ), 164.46 (C = 0 ), 165.69 (C = 0 ), 

168.90 (C =0)

HRMS (E S I): C3 4 H3 0 NO8  [M^ H] requires (m /e ) 580.1971, found 580.1978, (-1 .2  ppm)
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BE106 Synthesis of ethyl 7 -(4 -b rom obenzoyloxy)-2 -am ino-4-(4 - 

methoxyphenyl)-4Ay-chromene-3-carboxylate

CH2CI2

. 0

0

Br

Yield: 0.39 g, 76 %, yellow crystals (Flash Column; Hexane, EtOAc, 2 :1)

HPLC Purity: 93%  MR: 255 - 261°C

IR i9max (K B r): 3459.63 (NH2), 3381.56 (NH2), 1673.46 (C = 0 ), 1662.98 (C = 0 ), 

1639.31 (C=C), 1630.38 (C=C), 1592.58, 1567.94, 1497.41 cm'^

NMR C400 MHz, CDCL3): 6  1.18 (t, 3H, J=7 .02  Hz, CH3 ), 3.77 (s, 3H, OCH3 ), 4.11 

(q, 2H, J=7 .04  Hz, CH2 ), 4.94 (s, IH , CH), 6.32 (s, 2H, NH2 ), 6.78 (d, 2H, J=7.26 Hz, 

Ar-H ), 6.87 (d, IH , J = 7 A 2  Hz, Ar-H), 6.94 (d, IH , J=6.76  Hz, Ar-H ), 7.14 (d, 3H, 

J=8.04 Hz, Ar-H ), 7.66 (d, 2H, J=8.44 Hz, A r-H ), 8.03 (d, 2H, J=7.24  Hz, Ar-H)

NMR (1 0 0  MHz, CDCL3): 6  18.90 (CH3 ), 38.78 (CH), 54.77 (OCH3 ), 59.08 (CH2 ), 

78.59 (C), 109.18 (CH), 113.15 (CH), 116.57 (CH), 117.37 (C), 124.06 (C-Br), 127.71 

(C), 129.58 (CH), 131.21 (CH), 131.55 (C), 148.58 (C -0 ), 148.89 (C -0 ), 157.48 (C- 

OCH3 ), 159.36 (0 -C -N ), 163.77 (C = 0 ), 168.86 (C = 0)

HRMS (E S I):  C2 6 H2 3 ®^BrNOs [M^ H] requires (m /e ) 524.0709, found 524.0764, (1.5 

ppm)
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BE107 Synthesis of ethyl 7-(4-iodobenzoyloxy)-2-am ino-4-(4-m ethoxyphenyl)-

4H -chrom ene-3-carboxylate

OH

CH2CI2

Yield: 0.49 g,  8 6 %, white powder (Flash Column; Hexane, EtOAc, 2 :1)

HPLC Purity: 95%  MR: 258 - 267°C

IR^max (K B r): 3368.50 (NH 2 ), 3356.64 (NH 2 ), 1655.50 (C = 0 ), 1652.94 (C = 0 ), 

1630.88 (C=C), 1629.21 (C=C), 1576.45 cm'^

NMR (4 0 0  MHz, CDCL3 ): 6  1.18 (t, 3H, J=7 .04  Hz, CH3 ), 3.77 (s, 3H, OCH3 ), 4.09 

(q, 2H, 7=7.02 Hz, OCH2 ), 4.94 (s, IH , CH), 6.78 (d, 2H, J=8.12 Hz, Ar-H), 6.87 (d, 

IH , J=7.14 Hz, A r-H ), 6.93 (d, IH , J=6.82 Hz, Ar-H ), 7.13 -  7.18 (nn, 3H, Ar-H ), 7.88 

-7.93 (m , 4H, Ar-H)

NMR (1 0 0  MHz, CDCL3): 5 13.91 (CH3 ), 38.78 (CH), 54.77 (OCH3 ), 59.08 (OCH- 

2 ), 78.59 (C), 101.37 (C -I), 109.17 (CH), 113.15 (CH), 5 117.14 (CH), 6  117.37 (C), 5 

124.06 (C), 5 124.85 (C), 5 129.70 (CH), 132.06 (C), 6  137,56 (CH), 6  148.58 (C -0 ), 

5 153.27 (C -0 ), 5 157.48 (C-OCH3 ), 5 159.37 (0 -C -N ), 5 164.02 (C = 0 ), 5 168.87 

(C =0)

HRMS (E S I): C2 6 H2 2 ^^^INNa0 6  Na] requires (nn/e) 594.0389, found 594.0378, (- 

1 .8 ppm)
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BE 108 Ethyl 7 -(3 ,4 ,5 -trim ethoxybenzoyloxy)-2 -am ino-4-(4 -m ethoxyphenyl)-

4W -chromene-3-carboxylate

OH

NH

Ox.

Yield: 0.23 g, 44 %, pale yellow powder (Flash Column; Hexane, EtOAc, 3 :1 )

HPLC Purity: 89%  MR: 265-272°C

IR»9max (K B r): 3495.88, 3443.95 (N H j), 1680.87 (C = 0 ), 1668.41 (C = 0 ) , 1639.29 

(C=C), 1631.74 (C = C), 1579.84, 1537.59, 1461.46 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 6  ppm 1.18 (t, 3H, J=7.28  Hz, CH3), 3.77 (s, 

3H, OCH3), 3.95 (s, 9H, 3 XOCH3 ), 4.10 (m , 2H, CH2), 4.95 (s, IH , CH), 6.34 (s (br), 

2H, NH2 ) 6.78 (d, 2H, J=8.12 Hz, Ar-H), 6 . 8 6  - 6.90 (m , IH , Ar-H), 6.93 (d, IH , 

7=7.01 Hz, Ar-H), 7.15 -  7.18 (m , 3H, Ar-H), 7.44 (s, 2H, Ar-H)

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 13.91 (CH3 ), 38.79 (CH), 54.77 (CH3 ), 

55.87 (CH3 ), 59.07 (CHz), 78.65 (C), 106.96 (CH), 109.29 (CH), 113.14 (CH), 117.54 

(C), 123.64 (C), 123.92 (CH), 128.12 (CH), 129.66 (CH), 133.64 (C), 139.53 (C -0), 

148.61 (C -0 ), 149.14 (C -0 ), 152.61 (C -0 ), 157.49 (C-OCH3 ), 159.39 (0 -C -N ), 164.09 

(C = 0 ), 168.87 (C = 0)

HRMS (E S I):  C2 9 H3 0 NO9  [M^ H] requires (m /e) 536.1921, found 536.1927, (-1.1 ppm)
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5 .4  Coupling reaction o f Ethyl 2 -a m in o -7 -h y d ro x y -4 -(4 -m e th o x y p h e n y l)-4 H -  

chrom en e-3 -carbo xy la te  w ith  3 ,4 ,5 -T rim eth o xyben zo ic  acid

A mixture of 3,4,5-Trimethoxybenzoic acid (1 equiv., 1 mmol, [212 mg], DCC [2 

equiv., 2 mmol, [412 mg]), and HOBt (2 equiv., 2 mmol, [270 mg]), were suspended 

in 20 mL of anhydrous THF and stirred for 10 mins under a nitrogen atmosphere. Ethyl 

2-amino-7-hydroxy-4-(4-methoxyphenyl)-4H-chromene-3-carboxylate (2 equiv., 

2mmol, [638 mg]), was then dissolved in lOmL of anhydrous THF and slowly added to 

the mixture via syringe. The reaction was allowed stir for 36 hours after TLC check and 

verified, mix was washed with H2 O and dried using Na2 S0 4  and evaporated to dryness 

under vacuum.

BElOSb Ethyl 7-(3,4,5-trimethoxybenzoyloxy)-2-amino-4-(4-methoxyphenyl)-4H- 

chromene-3-carboxylate

OH

OH N = C = N

O

CH2CI2 O NH

O

Yield: 0.29 g, 56 %, yellow powder (Flash Column; Hexane, EtOAc, 3:1)

HPLC Purity: 92% MR: 236 - 238°C

IRi9max (K B r): 3457.84, 3348.10 (NH2 ), 1658.49 (C =0), 1654.11 (C =0), 1632.58 

(C=C), 1627.53 (C=C), 1545.95, 1592.64, 1453.96 cm'^

NMR (4 0 0  M Hz, CHLOROFORM-d) 6  ppm 1.11 (t, 3 H, J=7.14, CH3 ), 3.98 (s, 12 

H, 4 XOCH3 ), 4.12 (q, 2H, 7=7.12 Hz, CH2 ), 4.84 (s, IH , CH), 6 . 8 6  -  6.93 (m, 3H, Ar- 

H), 7.21 (d, 2H, 3=7.22  Hz, Ar-H), 7.27 - 7.33 (m, 2H, Ar-H), 7.44 -  7.50 (m, 2H, Ar- 

H), 7.68 (s (br), 2H, NH2 )

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 16.01 (CH3), 42.68 (C H ), 54.97 (CH3), 

56.01 (CH3), 60.73 (CH2), 76.28 (C), 107.09 (C H ), 107.96 (C H ), 113.75 (C H), 118.62 

(C), 124.29 (C H), 127.91 (C H ), 129.36 (C H ), 132,52 (C), 142.25 (C -0), 144.27 (C -0),
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145.01 (C -0 ), 150.83 (C -0 ), 153.69 (C-OCH3 ), 154.62 (0 -C -N ), 163.73 (C = 0 ), 

166.42 (C = 0 )

HRMS (E S I): CzgHigNNaOg [M^ Na] requires (m /e) 558.1740, found 558.1750, (-1.8 

ppm)

BE 109  Ethyl 7 -(2 -(th iophen-2 -y l)ace toy loxy)-2 -am ino-4-(4 -m ethoxyphenyl)-

4/-/-chromene-3-carboxylate

OH

Q \

Cl

0 NH

O

Yield: 0.23 g, 51 %, brown oil (Flash Column; Hexane, EtOAc, 3 :1)

HPLC Purity: 91%  MP: oil

IR*9max (K B r): 3539.29, 3493.75 (NH 2 ), 1676.59 (C = 0 ), 1654.71 (C = 0 ), 1634.40 

(C=C), 1628.20 (C = C), 1615.74 (C=C), 1563.85, 1496.76 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 1.20 (t, 3H, J = 7 .21 Hz, CH3), 3.76 (s, 

3 H, OCH3), 4.08 (s, 2H, CH2 ), 4.17 (q, 2H, J=7.14 Hz, CH2), 4.91 (s, IH , CH), 6.30 (s 

(b r), 2 H, NH2 ), 6.78 (d, 2 H, J=6.78 Hz, Ar-H), 6.83 (d, 1 H, J=7.51 Hz, Ar-H ), 7.00 - 

7.07 (m , 3 H, Ar-H), 7.13 -  7.18 (m , 2H, Ar-H), 7.28 (s, 2 H, Ar-H)

NMR (1 0 1  MHz, CHLOROFORM-d) 6  ppm 13.89 (CH3 ), 35.08 (CH2 ), 38.73 (CH) 

54.75 (CH3 ), 59.06 (CH2 ), 78.57 (C), 108.93 (CH), 113.12 (CH), 115.73 (CH), 117.16 

(C), 124.96 (CH), 126.52 (CH), 128.10 (CH), 129.58 (CH), 133.65 (C), 136.69 (C), 

148.36 (C -0 ), 148.78 (C -0 ), 157.46 (C-OCH3 ), 159.33 (0 -C -N ), 168.19 (C = 0 ), 

168.85 (C = 0 )

HRMS (E S I):  C2 5 H2 3 NNaOeS [M^ Na] requires (m /e ) 488.1144, found 488.1155, (-2 .2  

ppm)
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B E llO  Ethyl 7-(3-m ethylbut-2-enoyloxy)-2-am ino-4-(4-m ethoxyphenyl)-4W -

chrom ene-3-carboxylate

OH

0

Cl

CH2CI2
NH0

O

Yield: 0.11 g, 27 % , orange resin (Flash Column; Hexane, EtOAc, 3:1)

HPLC Purity: 89%  MR: na

IR>?max (K B r): 3531.90, 3497.52 (NH2 ), 1669.82 (C = 0 ), 1660.65 (C = 0 ), 1640.62 

(C=C), 1631.29 (C=C), 1589.56 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 1.19 (t, 3 H, J=7.02 Hz, CH3 ), 2.02 (s, 

6 H, 2xCHb), 3.77 (s, 3H, OCH3 ), 4.09 (q, 2 H, J =7 .0 3  Hz, CH2 ), 4.91 (s, IH , CH), 5.88 

(s, IH , CH), 6.78 (d, 2H, J=8.53 Hz, A r-H ), 6.83 (m , 2H, Ar-H), 7.10 (s, IH , Ar-H), 

7.14 (d, 2H, J=9.03 Hz, Ar-H)

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 13.89 (CH3), 20.08 (CH3), 27.25 

(CH3), 38.74 (CH), 54.75 (OCH3), 59.02 (OCH2), 80.14 (C), 109.28 (CH ), 113.09 (CH), 

114.47 (CH), 116.94 (CH), 117.64 (C), 128.11 (CH), 129.43 (CH), 139.61 (C),

148.45 (C -0), 148.91 (C -0), 157.41 (C-OCH3), 159.45 (C=C), 160.08 (0-C -N ), 164.13 

(C =0), 168.92 (C = 0)

HRMS (E S I): C2 4 H2 6 NO6 H] requires (m /e ) 424.1760, found 424.1767, (-1 .6  ppm)
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B E l l l 3-(E thoxycarbonyl)-2-am ino-4-(4-m ethoxyphenyl)-4W -chrom en-7-yl 6 - 

(trifluorom ethyl)pyrid ine -3-carboxyla te

OH

CH2CI2 O NH

Yield: 0.25 g, 50 %, brown resin (Flash Column; Hexane, EtOAc, 2 :1 )

HPLC Purity: 90%  MP: na

IRi9max (K B r): 3576.32, 3512.84 (N H j), 1666.74 (C = 0 ), 1652.83 (C = 0 ), 1640.09 

(C=C), 1630.48 (C = C), 1578.52 (C = C), 1521.01 cm’ ^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 1.21 (t, 3H, J=7.03 Hz, CH3 ), 3.77 (s, 

3H, OCH3 ), 4.12 (q, 2H, J=7.41 Hz, CH2 ), 4.96 (s, IH , CH), 6.35 (s (b r), 2H, NH2 ), 

6.80 (d, 2H, J=8 .26  Hz, Ar-H), 7.12 - 7.23 (m , 3H, A r-H ), 7.29 (s, IH , Ar-H), 7.89 (s, 

1 H, A r-H ), 8.18 -  8.21 (m , 2H, Ar-H ), 9.02 (s, IH , Ar-H)

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 13.89 (CH3 ), 38.79 (CH), 54.76 (CH3 ), 

59.13 (CH j), 78.54 (C), 109.02 (CH), 113.18 (CH), 117.10 (CH), 119.97 (C), 124.42 

(CH), 124.79 (C), 125.31 (C-F), 128.11 (CH), 129.90 (CH), 138.91 (C), 139.35 (CH), 

147.31 (C-F), 149.61 (C -0 ), 151.58 (C =N -), 153.67 (C -0 ), 158.62 (C-OCH3 ), 160.96 

(0-C -N ), 165.54 (C = 0 ), 167.28 (C =0)

HRMS (E S I): C2 6 H2 2 F3 N2O6 [M-  ̂ H] requires (m /e ) 515.143, found 515.1438, (-1.5 

ppm)
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BE112 Bis[2-a m ino-3-(e thoxycarbony l)-4 -(4 -m ethoxy phenyl )-4W-

chrom en-7-y l] octanedioate

OH

NH

Yield: 0.32 g, 40 %, clear brown oil (Flash Column; Hexane, EtOAc, 2 :1)

HPLC Purity: 98%  MP: oil

IR<?max (K B r): 3493.60 (NH 2 ), 3380.38 (N H j), 1658.45 (C = 0 ), 1655.22 (C =0), 

1631.54 (C=C), 1624.21, 1621.74 (C=C), 1583.28, 1538.77, 1474.89 cm ’^

NMR (4 0 0  M Hz, CDCL3 ): 5 1.17 (t, 6 H, J=7 .04  Hz, 2 XCH3 ), 6  1.74 - 1.82 (m , 4H, 

2 XCH2 ), 2.38 (t, 4H, J = l . 52 Hz, 2 XCH2 ), 2.63 (t, 4H, J=7.52  Hz, 2 XCH2 ), 3.76 (s, 6 H, 

2 XCH3 ), 4.05 (q, 4H, J=7 .04  Hz, 2 XCH2 ), 4.90 (s, 2H, 2xCH), 6.33 (s, 4H, 2xNHz), 6.76 

(d, 6 H, J = l . 26 Hz, A r-H ), 7 .10-7.16 (m , 6 H, A r-H ), 5 7.28 -  7.33 (m , 2H, Ar-H)

NMR (1 0 0  M Hz, CDCL3 ): 5 13.80 (CH3 ), 23.99 (CH2 ), 28.19 (CH2 ), 33.35 (CH2 ), 

38.72 (CH), 54.75 (OCH3 ), 59.07 (CH2 ), 78.54 (C), 109.07 (CH), 113.11 (CH), 116.79 

(CH), 117.35 (C), 128.10 (CH), 129.52 (CH), 139.52 (C), 148.47 (C -0 ), 148.88 (C -0), 

157.43 (C-OCH3 ), 159.44 (0 -C -N ), 168.91 (C = 0 ), 171.46 (C = 0)

HRMS (E S I): C4 6 H4 8 N2 NaOi2 [M-" Na] requires (m /e ) 843.3105, found 843.3132, 

(+3 .2  ppm)
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BE113 Synthesis of b is(3 -(e thoxycarbonyl)-2 -am ino-4-(4

m ethoxyphenyl)-4/-/-chrom en-7-yl) terephthalate

OH

0

o
NHj

— 0

Yield: 0.79 g, 98 %, white powder (Flash Column; Hexane, EtOAc, 3 :1)

HPLC Purity: 95 % MR: 276 - 289°C

IRi9max (K B r): 3484.38 (NHz), 3380.59 (NH 2 ), 1671.40 (C = 0 ) , 1666.86 (C = 0 ), 

1645,21 (C = C), 1636.53 (C = C), 1574.86, 1476.43 cnn'^

NMR (4 0 0  MHz, CDCL3): 6  1,21 (t, 6 H, J=7 ,02  Hz, 2 XCH3 ), 3,78 (s, 6 H, 2 XOCH3 ), 

4.08 (q, 4H, J=7.02 Hz, 2 XCH2 ), 4.96 (s, 2H, 2xCH), 6.34 (s (b r), 4H, 2 XNH2 ), 6.79 (d, 

4H, J=8 .12  Hz, A r-H ), 6.93 - 6.94 (m , 2H, Ar-H ), 6.98 (d, 2H, J=7 .08  Hz, Ar-H), 7.16 

- 7.19 (m , 6 H, A r-H ), 8.31 (s, 4H, Ar-H)

“ C NMR (1 0 0  MHz, CDCL3): 5 13.91 (CH3 ), 38.79 (CH), 54.77 (OCH3 ), 59.10 

(OCH2 ), 78.57 (C), 109.14 (CH), 113.16 (CH), 117.31 (CH), 124.23 (C), 128.13 (CH), 

129.77 (CH), 133.26 (C), 139.46 (C), 148.61 (C -0 ), 148.82 (C -0 ), 157.50 (C-OCH3 ), 

159.37 (0 -C -N ), 163.52 (C = 0 ), 168.87 (C = 0)

HRMS (E S I):  C4 6 H4 1 N2 O12 H] requires (nn/e) 813.2659, found 813.2659, (- 

O.lppnn)
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BE114 B is[2-am ino-3-(ethoxycarbonyl)-4-(4-m ethoxyphenyl)-4W -

chrom en-7-y l] decanedioate

H2N OH

CH2CI.

Yield: 0.16 g, 20 %, pale brown oil (Flash Column; Hexane, EtOAc, 3 :1)

HPLC Purity: 97%  MR: oil

IR^max (K B r): 3579.11 (NHz), 3378.85 (NH2), 1664.41 (C = 0 ), 1655.62 (C = 0 ), 

1630.48 (C = 0 ), 1627,59 (C=C), 1622.87 (C=C), 1488.63, 1420.10 cm ‘^

NMR (4 0 0  M Hz, CDCL3): 5 1.17 (t, 6 H, J==7.04 Hz, 2 XCH3), 1.39 -  1.46 (m , 12H, 

6 XCH2), 2.55 (t, 4H, J=7.52 Hz, 2 XCH2), 3.76 (s, 6 H, 2 XOCH3 ), 4.06 (q, 4H, 7.02 Hz, 

2 XOCH2), 4.90 (s, 2H, 2xCH), 6.31 (s, 4H, 2 XNH2), 6 .74-6.82 (m , 8 H, Ar-H), 7.08-7.20 

(m , 6 H, Ar-H)

NMR (1 0 0  MHz, CDCL3 ): 6  13.89 (CH3), 24.37 (CH2), 28.49 (CH2), 28.56 (CH2), 

33.85 (CH2), 38.73 (C H ) ,  54.75 (OCH3), 59.04 (OCH2), 79.90 (C), 109.07 (CH),

113.10 (C H ), 117.12 (C H ) ,  117.36 (C), 123.68 (C H ), 128.10 (C H ), 139.53 (C),

148.90 (C -0), 153.32 (C -0), 157.44, (C-OCH3), 159.40 (0-C -N ) ,  168.88 ( C = 0),

171.57 ( C = 0)

HRMS (E S I): C48Hs2N2NaOi2 Na] requires (m /e) 871.3418, found 871.3433, 

(1.7ppm )
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BE115 Synthesis of b is(3-(e thoxycarbonyl)-2 -am ino-4-(4 -

m ethoxyphenyl)-4W - chrom en-7-yl) phthalate

OHH2N

H2N

H2N

Yield: 0.77 g, 96 %, yellow solid (Flash Column; Hexane, EtOAc, 3 :1)

HPLC Purity: 96%  MR: 267 - 274°C

IR^max (K B r): 3484.34, 3394.64 (NH2 ), 1670.83 (C = 0 ), 1665.51 (C = 0 ), 1642.31 

(C=C), 1538.75 (C=C), 1559.45, 1526.89 cm’^

NMR (4 0 0  MHz, CDCL3 ): 5 1.18 (t, 6 H, J=7.02 Hz, 2 XCH3 ), 3.77 (s, 6 H, 2 XOCH3 ), 

4.10 (q, 4H, J=7.04 Hz, 2 XOCH2 ), 4.92 (s, 2H, 2xCH), 6.64 - 6.76 (nn, 4H, A r-H ), 6 . 8 8  

(d, 2H, J=8.12 Hz, Ar-H ), 6.94 (d, 2H, J=7.29  Hz, Ar-H ), 7.11 - 7.20 (m , 6 H, Ar-H), 

7.70 -  7.79 (m , 2H, Ar-H ), 7.90 - 7.97 (m , 2H, Ar-H)

NMR (1 0 0  MHz, CDCL3): 5 13.91 (CH3 ), 38.78 (CH), 54.76 (CH3 ), 59.07 (CH2 ), 

78.02 (C), 109.12 (CH), 113.14 (CH), 117.28 (C), 128.12 (CH), 129.09 (CH), 129.69 

(CH), 130.96 (C), 131.49 (CH), 139.48 (C), 148.56 (C -0 ), 148.82 (C -0 ), 157.47 (C- 

OCH3 ), 159.41 (0 -C -N ), 165.11 (C = 0 ), 168.86 (C =0)

HRMS (E S I):  C4 6 H4 1 N2 O12 H requires (m /e ) 813. 2659, found 813.2645, (-1 .7ppm )
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Synthesis of acrylate interm ediates.

General Procedure

The appropriate benzaldehyde (1 equiv., 10 mmol.), was placed in a round bottom 

flask and the appropriate cyanoacetate was added (1 equiv., 10 mmol). Ethanol (30 

mL) was added and the reaction mixture was then heated to dissolve all reactants. 

Piperidine (0.5 mL) was than added dropwise and the reation was refluxed for 5 hours. 

Progress was checked via TLC until no starting material remained. Afterwards, solvent

was removed in vacuo and product was purified by recrystallization in ethanol.

Synthesis of benzopyrans from acrylate intermediates.

General Procedure

The appropriate acrylate intermediate (1 equiv., 1 mmol.), was placed in a round 

bottom flask and the resorcinol was added (1 equiv., 1 mmol). Ethanol (10 mL) was 

then added and reaction mix was heated to dissolve all reactants. Piperidine (0.05 mL) 

was then added dropwise with stirring, and the reation was left to reflux for 8 hours. 

Progress was checked via TLC until no starting material remained. Afterwards, solvent

was removed and product was recrystallised in ethanol.
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5.5 Synthesis of benzyloxyaldehydes

General Procedure

4-Hydroxybenzaldehyde (1 equiv., 20 mmol) was reacted w ith the appropriate benzyl 

brom ide ( 1  equiv., 2 0  m m ol) in a round bottom flask w ith base catalyst K2CO3 (0 . 6 6  

equiv.). Solvent used was acetonitrile  (30 mL), and reaction was stirred under N2 fo r 6  

to 8  h. Progress was checked via TLC. Purification was carried out by removal of the 

inorganic salts by filtra tion , then the filtra te  was washed w ith ethyl acetate /  H2O x3. 

Solvent was removed in vacuo and product was purified by flash column 

chrom atography over silica gel.

4-(2-F luorobenzyloxy)benzaldehyde

O / = \  K2CO3

Br
u CH-,CN

,0

H

Yield: 3.49 g, 76 %, white powder (Flash Column; Hexane, EtOAc, 3 :1 )

MP: 53-55°C  Lit. Ref: [244] Lit. MP: 54°C

IRi9,„ax (K B r): 3148.46 (CH), 3094.63 (CH), 1743.62 (C=C), 1694.57 (C=C), 1631.76 

(C = 0 ), 1564.96, 1285.84 (C-F) cm'^

NMR (4 0 0  MHz, DMSO-de): 5 ppm 5.21 (s, 2H, OCH2), 7.17 (d, 2H, J=8.24 Hz, 

Ar-H ), 7.19 -  7.22 (m , 2H, Ar-H ), 7.68 (d, 2H, J=2.14 Hz, Ar-H), 7.86 (s, 2H, Ar-H), 

9.84 (s, IH , CHO)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 67.93 (CH2), 113.23 (CH), 114.90 (CH), 

124.15 (CH), 125.69 (C), 128.63 (CH), 129.37 (CH), 131.82 (CH), 160.05 (C-F), 

164.45 (C-O), 189.12 (C = 0 )

HRMS (E S I):  C14H12FO2 [M^ + H] requires (m /e) 231.0821, found 231.0831, (-4 .32 

ppm)
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4-(4-F luorobenzyloxy)benzaldehyde

F

F
C K2CO3

OH + .0
H CH3CN

Br
O .

H

Yield: 1.88 g, 41 %, white powder (Flash Column; Hexane, EtOAc, 3 :1) 

HPLC Purity: 94 % MP: 108°C Lit. R e f.: [245]

(K B r): 2860.4 (CH), 1680.36 (C=C), 1637.62 (C=C), 1611.84 (C = 0 ), 

1583.56, 1541.38, 1125.51 (C-F) cm'^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 5.20 (s, 2H, OCH2 ), 5 7.16 - 7.19 (m , 2 H, Ar-

Ar-H), 5 9.89 (s, IH , CHO)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 69.33 (CH2 ), 6  114.86 (CH), 6  115.54 (CH), 6  

127.21 (CH), 6  129.70 (C), 5 131.93 (CH), 6  131.82 (C), 6  158.92 (C-F), 5 167.41 (C- 

O), 5 190.13 (C =0)

HRMS (E S I): C1 4 H1 2 FO2  [M^ + H] requires (m /e ) 231.0821, found 231.0810, (4.76

ppm)

4-[(4-m ethylphenyl)m ethoxy]benza ldehyde

Yield: 3.16 g, 70 %, white solid (Flash Column; Hexane, EtOAc, 3 :1)

MP: 154-159°C Lit. Ref. [245]

IRi?max (K B r): 3158.23 (CH), 1769.63 (C=C), 1651,73 (C=C), 1469.22 (C = 0 ), 

1628.63 (C -0 ), 1564.83, 1538.52, 1358.73 cm'^

“ C NMR (1 0 1  MHz, DMSO-de): 5 ppm 25.64 (CH3 ), 6  72.85 (CH2 ), 5 114.84 (CH), 5 

127.41 (CH), 5 129.48 (CH), 6  136.24 (C-CH3 ), 6  138.61 (C), 5 166.15 (C -0 ), 6  

187.83 (C =0)

HRMS (E S I): C1 5 H1 5 O2  [M ”" H] requires (m /e ) 227.1072, found 227.1078, ( 4 - 2 . 6  ppm)

H), 6  7.21 - 7.29 (m , 2H, A r-H ), 5 7.52 (d, 2H, J=3.28, Ar-H), 5 7.82 - 7.88 (m , 2H,

O

^H NMR (4 0 0  MHz, DMSO-dg): 5 ppm 2.41 (s, 3H, CH3 ), 5.19 (s, 2H, OCH2 ), 6  6.96 

-  7.10 (m, 4H, Ar-H), 5 7.14 (s, 2H, Ar-H ), 6  7.62 (s, 2H, A r-H ), 6  9.68 (s, IH , CHO)
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4-(3-Chlorobenzyloxy)benzaldehyde

Cl

Br

Yie ld : 3.05 g, 62 % , white powder (Flash Column; Hexane, EtOAc, 2 :1)

M P :9 2 -1 0 1 ° C  Lit. Ref. [246] Lit. i^lP: 89-91 °C

IR«9max (K B r): 2917.83 (CH), 1688.29  (C=C), 1648.51 (C = 0 ) ,  1594.73 , 1535.17,

1262.36  (C -0 ) ,  770 .19  (C-CI), cm’^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 5.25 (s, 2H, OCH2 ), 5 7.09 - 7 .15 (m, IH ,  Ar- 

H), 5 7.21 (d, IH ,  7=8 .56  Hz, Ar-H), 5 7.37 - 7.42 (m, 3H, Ar-H), 5 7 .55  (s, IH ,  Ar-H), 

6 7.89 (s, 2H, Ar-H), 6 9 .87 (s, IH ,  CHO)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 68.67 (CHj), 5 114.62  (CH), 5 122.19 (CH), 5 

126.30 (CH), 5 127.43 (CH), 5 128.01 (C), 5 130.44 (CH), 5 131.37 (CH), 5 134.57  

(C-CI), 6 142.54 (C), 6 163.01 (C-O), 5 191.34 (C = 0 )

HRMS (E S I): Ci4Hi2^^CI02 [M^ -1- H] requires (m /e )  247 .0526, found 247 .0517  (-1-3.6 

ppm)
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4-(3-Brom obenzyloxy)benzaldehyde

Br

Yield: 3.78 g, 65 %, yellow powder (Flash Column; Hexane, EtOAc, 3 :1 )

MP: 66-69°C  Lit. Ref. [247 ] Lit. MP: 65-69 °C

IRi9max (K B r): 2730.08 (CH), 1685.32 (C=C), 1664.39 (C = 0 ), 1542.84, 1267.81 (C-

O), 677.49 (C-CI) cm

NMR (4 0 0  MHz, DMSO-t/g): 5 ppm 5.25 (s, 2H, OCH2), 5 7.20 -  7.24 (m , 2H, Ar- 

H), 5 7.37 (d, IH , J = 7 .52 Hz, A r-H ), 5 7.42 - 7.47 (m , 2H, Ar-H ), 5 7.69 (s, IH , Ar-H), 

6 7.87 (d, 2H, J=9 .04  Hz, A r-H ), 5 9.87 (s, IH , CHO)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 68.62 (CHj), 5 115.30 (CH), 6 121.75 (C-Br), 

6 127.78 (CH), 6 129.91 (CH), 6 130.39 (CH), 6 130.91 (CH), 6 131.83 (CH), 5 139.15 

(C), 5 163.01 (C -0 ), 6 191.34 (C = 0 )

HRMS (E S I): Ci4HnBr02 [W ]  requires (m /e ) 291.0020, found 291.0011 (3.09 ppm)

Br

K2CO3

CH3CN ,0

O

H
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4-(4-Brom obenzyloxy)benzaldehyde

Br

Yield: 3.77 g, 65 %, yellow powder (Flash Column; Hexane, EtOAc, 3 :1)

MP: 94°C  Lit. Ref. [248 ] Lit. MP: 88-92 °C

IRi9max (K B r): 2795.86 (CH), 1696.26 (C=C), 1672.67 (C = 0 ), 1563.31, 1254.49 (C- 

O), 603.66 (C-Br) cm'^

NMR (4 0 0  MHz, DMSO-de): 6 ppm 5.22 (s, 2H, OCHj), 6 7.2 (d, 2H, J=8,40 Hz, 

Ar-H), 6 7.43 (d, 2H, J=8.52 Hz, Ar-H), 5 7.61 (d, 2H, J=8.52 Hz, Ar-H), 5 7.88 (d, 

2H, J=9 .04  Hz, Ar-H ), 6 9.87 (s, IH , CHO)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 68.81 (CHz), 6 115.30 (CH), 5 121.23 (C -Br), 

6 126.98 (CH), 5 129.86 (CH), 5 131.46 (CH), 5 139.15 (C), 5 163.01 (0 -C -N ), 5 

191.33 (C = 0)

HRMS (E S I): Ci4Hi2^®Br02 [M^ -(- H] requires (m /e ) 291.0021, found 291.0022 (-0 .34  

ppm)

K2CO3

CH3CN ,0

H

Br
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5.6 Synthesis of Benzyloxy-benzopyrans, using one-pot 

piperidine-catalyzed Knoevenagel condensations

General Procedure

The appropriate benzyloxybenzaldehyde (1 equiv., 2 mmol) was placed in a round 

bottomed flask. The appropriate alkyl cyanoacetate (2 mmol) and resorcinol (2 mmol) 

were added. Ethanol (15 mL) was added and reaction mixture was warmed to dissolve 

all the reactants. After cooling to room temperature, 0.2 mL of piperidine was added 

dropwise and the reaction was refluxed for 6 h, and progress was monitorerd via TLC 

until no further starting material remained. Afterwards solvent was removed in vacuo 

and product was purified by recrystallisation in EtOH, or by flash column 

chromatography over silica gel. Synthesised products had yields ranging from 5-58%.

5.7 Synthesis of Dimethylamino-chromenes using one-pot 

piperidine-catalyzed Knoevenagel condensations

General Procedure

The appropriate Benzyloxybenzaldehyde (1 equiv., 2 mmol) was placed in a round 

bottomed flask, with appropriate alkyl cyanoacetate (1 equiv., 2 mmol). Addition of 3- 

dimethylamino phenol (1 equiv., 2 mmol) then followed. Ethanol (20 mL) was added 

and reaction mixture was warmed to dissolve all the reactants. After cooling to room 

temperature, 0.2 mL of piperidine was added dropwise and the reaction was refluxed 

for 5 h. Afterwards solvent was removed in vacuo and product was purified by flash 

column chromatography over silica gel. Purity was checked via TLC to yield various 

products and yields ranging from 4 - 91%.
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5.8 Synthesis of Benzylidene interm ediates using malononitrile 

interm ediates.

General Procedure

The appropriate benzaldehyde (1 equiv, 10 mmol) was added In a round bottom flask 

with malononitrile (1 equiv., 10 mmols). Base piperidine (0.5 mL) was added dropwise, 

and either refluxing in EtOH or stirring at RT in MeOH enabled the synthesis of 

benzylidene solids with favourable yields. Reaction time varied from 6 to 12 h, 

progress was checked via TLC until no starting material remained. Resulting 

precipitates were filtered off or purified with flash column chromatography.

BE 116  2-(4-Methoxybenzylidene)malononitrile

MeOH

Piperidine

H

Yield: 1.38 g, 75 % , yellow powder (Recrystallisation, MeOH)

MP: 115-119°C  Lit. Ref: [249] Lit. MP: 116-118 °C

IR^m ax(KBr): 3144.76, 3036.41 (CH), 2258.75 (CN), 2242.62 (CN), 1634.51 (C=C), 

1625.33 (C=C), 1594.26, 1541.95 cm‘^

NMR (4 0 0  M Hz, CHLOROFORM-d) 5 ppm 3.94 (s, 3H, OCH3 ), 7.03 (d, 2H, 

7=7.04 Hz, Ar-H), 7.68 (s, IH , CH), 7.92 (d, 2H, 7=8.02 Hz, Ar-H)

NMR (1 0 1  M Hz, CHLOROFORM-d) 6 ppm 55.38 (CH3), 76.29 (C=C), 112.92 

(CN), 114.00 (CN), 114.70 (CH), 123.57 (C), 133.03 (CH), 158.45 (CH), 164.38 (C- 

OCH3)

HRMS (E S I):  CnHgNzO [M̂ "] requires (m /e) 184.0637, found 184.0636, (-0 .5  ppm)
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BE117 2-(4-Hydroxybenzylidene)m alononitrile

MeOH

Piperidine nc

H CN

Yield: 0.75 g, 44 %, yellow powder (Recrystallisation, MeOH)

MP: 183-189°C  Lit. Ref: [250 ] Lit. MP: 188-189 °C

IR»?max (K B r): 3131.58, 3069.76 (CH), 2260.14 (CN), 2247.58 (CN), 1683.62 (C=C),

1667.50 (C=C), 1542.10 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 6  ppm 5.18 (s (b r), IH , OH), 6.80 (d, 2H, 

J=8.03 Hz, Ar-H), 7.75 (s, IH ), 7.83 (d, 2H, J=7.12 Hz)

^H NMR (1 0 0  MHz, CHLOROFORM -d )  6  ppm 68.74 (C=C), 113.47 (CN), 113.75 

(CN), 114.91 (CH), 135.03 (CH), 138.74 (C), 161.26 (CH), 162.47 (C-OH)

HRMS (E S I): C i q H sN zO  [M ‘ H] requires (m /e ) 169.0402, found 169.0402, (0.1 ppm)

BE118 2-(4-(benzyloxy)benzylidene)m alononitrile

MeOH
N EC -C H 2-C =N

CN

NC

Piperidine

Yield: 1.79 g, 69 % , pale yellow powder (Recrystallisation, MeOH)

MP: 152-155°C  Lit. Ref: [251 ] Lit. MP; 156 °C

IR»?max (K B r): 3151.33, 3127.55 (CH), 2349.82 (CN), 2252.76 (CN), 1661.79 (C=C),

1642.56 (C=C), 1559.20 cm'^

^H NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 5.20 (s, 2H, CH2 ), 7.08 - 7.13 (m , 2H, 

Ar-H), 7.44 (d, 5H, J=8 .24  Hz, A r-H ), 7.67 (s, IH , Ar-H), 7.93 (d, IH , 7=7.22 Hz, CH) 

^̂ C NMR (1 0 1  M Hz, CHLOROFORM-d) 6  ppm 70.07 (C=C), 78.24 (CH j), 112.88 

(CN), 113.12 (CN), 113.97 (CH), 127.08 (CH), 127.77 (CH), 128.56 (C), 133.03 (CH), 

134.97 (C), 158.40 (CH), 163.47 (C -0 )

HRMS (E S I):  C1 7 H1 3 N2 O [M" H] requires (m /e) 261.1028, found 261.1038, (-3 .8  ppm)
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BE 119 2-(3-Hydroxybenzylidene)m alononitrile

OH
MeOH

Piperidine
H

Yield: 1.63 g, 96 %, pale brown solid (Flash Column, CH2 CI2 , MeOH 10%)

MP: 153-159°C Lit, Ref; [252 ] Lit. MP; 157-158 °C

IR^max (K B r): 3528,74 (OH), 3148.22, 3116.74 (CH), 2254.90 (CN), 2244.83 (CN),

1662.87 (C=C), 1617.64 (C=C), 1549.65 cm'^

Ni^lR (4 0 0  MHz, DMSO-de) 5 ppm 5.11 (s (b r), IH , OH), 6.80 (d, IH , J=6.52 Hz, 

Ar-H), 6.87 - 6.90 (m, 2H, Ar-H ), 7.06 (s, IH , Ar-H), 7.82 (s, IH , CH)

NMR (1 0 1  MHz, DMSO-ds) 5 P P m  65,62 (C=C), 110.96 (CH), 112.38 (CN), 

113.05 (CN), 113.56 (CH), 115.79 (CH), 133.03 (CH), 138.74 (C), 160.37 (CH), 

162.64 (C-OH)

HRMS (E S I): C1 0 H5 N2 O [M ‘ H] requires (m /e) 169.0402, found 169.0408, (3.6 ppm)

BE 120  2-[(4-M ethylphenyl)m ethylidene]propanedin itrile

MeOH
• N = C - C H 2 - C = N  *  ►

Piperidine
H

Yield: 1.59 g, 95 %, pale brown solid (Recrystallisation, MeOH)

MP: 138-141°C Lit. Ref: [253 ] Lit. MP: 137-139 °C

IRi^max (K B r): 3098.46 (CH), 2249.53 (CN), 2245.11 (CN), 1673.83 (C=C), 1617.62

(C=C), 1565.81 cm'^

^H NMR (4 0 0  MHz, DMSO-dg) 5 ppm 2.41 (s, 3H, CH3), 7.45 (d, 2H, J=8.03 Hz, Ar- 

H), 7.87 (d, 2H, J=8.53 Hz, Ar-H), 8.49 (s, IH , CH)

NMR (1 0 1  MHz, DMSO-de) 6  ppm 21.48 (CH3), 79.92 (C = C), 113.36 (CN), 

114.58 (CN), 128.75 (CH), 129.87 (CH), 145.70 (C), 145.22 (C-CH3), 161.30 (CH) 

HRMS (E S I): C1 1 H9 N2  [M-" H] requires (m /e ) 169.0766, found 169.0774, (-4 .7  ppm)

377



BE121 2-(3-brom o-4-m ethoxybenzylidene)m alononitrile

EtOH

Piperidine

H

Yield: 2.55 g, 98 % , ligh t beige solid (Recrystallisation, EtOH)

MP: 174-182°C  Lit. Ref. [251 ] Lit. MP: 156 °C

IRi?max (K B r): 3194.73 (CH), 2249.60 (CN), 2256.17 (CN), 1675.17 (C=C), 1646.63

(C=C) 1547.67, 647.02 (C-Br) cm ‘ ‘

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 4.04 (s, 3H, OCH3 ), 7.04 (d, J=8.53 

Hz, IH , Ar-H), 7.63 (s, IH , Ar-H ), 8.01 (d, IH , J=8 .32  Hz, Ar-H), 8.09 (d, IH , J=7.28 

Hz, CH)

NMR (1 0 1  MHz, CHLOROFORM-tf) 5 ppm 56.39 (CH3 ), 79.97 (C), 111.72 (C- 

Br), 112.37 (CN), 112.56 (CN), 113.46, (CH) 124.46 (CH), 131.42 (C), 156.97 (CH), 

158.46 (C-OCH3 ), 160.34 (CH)

HRMS (E S I): CuHy^^BrNzNaO [ M '  Na] requires (m /e ) 238.9715, found 238.9711, (1.6 

ppm)

BE122 2-(3-H ydroxy-4-m ethoxybenzylidene)m alonon itrlle

EtOH

Piperidine

Yield: 2.19 g, 90 %, bright yellow powder (Recrystallisation, EtOH)

M P :2 4 8  - 251°C Lit. Ref. [254] Lit. MP: 250 °C

IRi9max (K B r): 3561.84 (OH), 3156.68, 3120.84 (CH), 2255.26 (CN), 2241.68 (CN),

1668.93 (C=C), 1646.74 (C=C), 1592.38, 1576.48 cm'^

^H NMR (4 0 0  MHz, DMSO-dg) 5 ppm 3.37 (s, 3 H, O CH3),  5.87 (s (b r), 1  H, OH), 

7.16 -  7.22 (m , 2 H, A r-H ), 7.54 (s, 1 H, Ar-H ), 8.29 (s, 1 H, C H )

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 55.97 (OCH3 ), 76.19 (C=C), 112.18 (CH), 

113.42 (CN), 113.93 (CN), 115.01 (CH), 115.23 (CH), 126.31 (C), 146.95 (C-OH), 

153.85 (C-OCH3 ), 160.69 (CH)

HRMS (E S I): C1 3 H1 3 N2 O3 [M^ H] requires (m /e ) 245.0926, found 245.0936, (-4 .0  

ppm)
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BE 123 2-(2,4-D ichlorobenzylidene)m alononitrile
H Cl

0

Cl
N=C-CH2-C=N

Piperidine

MeOH NC

Cl
H

Yield: 0.62 g, 28 %, pale yellow powder (Recrystallisation, MeOH) 

MP: 159-162°C Lit. Ref: [255] Lit. MP: 154-15?Lit. MP: 154-155 °C

IRi9max (K B r); 3276.61, 3051.98 (CH), 2262.71 (CN), 2256.84 (CN), 1685.67 (C=C), 

1634.83 (C=C) 1582.05, 1462.98 cm ’^

NMR (4 0 0  MHz, DMSO-de) 5 ppm 7.29 (d, IH , J=8.01 Hz, Ar-H ), 7.44 (s, 1 H, 

Ar-H), 7.45 (d, 1 H, J=7 .12  Hz, A r-H ), 8.21 (s, 1 H, CH)

NMR (1 0 1  MHz, DMSO-t/g) 6  ppm 69.16 (C=C), 113.24 (CN), 114.73 (CN),

128.39 (CH), 129.84 (CH), 130.38 (CH), 130.97 (C), 132.76 (C-CI), 142.85 (C-CI),

160.39 (CH)

HRMS (E S I): CioHa^^CbNz [M ‘ H] requires (m /e ) 220.9669, found 220.9673, (-1 .9  

ppm)

BE124 2-(3,4-D im ethoxybenzylidene)m a!ononith le

IR>9max (K B r): 3150.56, 3121.74 (CH), 2255.43 (CN), 2247.66 (CN), 1657.43 (C=C), 

1634.41 (C=C), 1574.25, 1542.39 cm'^

Ar-H), 7.67 (s, 2H, A r-H ), 7.70 (s, IH , CH)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 55.63 (OCH3 ), 55.89 (OCH3 ), 77.97 (C=C), 

110.63 (CH), 113.14 (CN), 113.68 (CN), 115.97 (CH), 121.83 (CH), 127.79 (C), 

149.08 (C -0 ), 154.41 (C -0 ), 158.71 (CH)

HRMS (E S I): CjzHioNzNaOz [M^ Na] requires (m /e ) 237.0640, found 237.0632, (-3 .4  

ppm)

EtOH

Piperidine

Yield: 1.56 g, 73 %, pale yellow powder (Recrystallisation, EtOH) 

MP: 146-152°C Lit. Ref: [256] Lit. MP: 149-15

H NMR (4 0 0  MHz, DMSO-dg) 5 ppm 3.96 (s, 6  H, 2 XOCH3 ), 6.99 (d, J=7.02 Hz, 2H,
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BE125 2-(2,5-D im ethoxybenzylidene)m alonon itrile

EtOH

Piperidine

Yield: 0.89 g, 42 %, bright yellow powder (Recrystallisation, EtOH)

MP: 110-116°C Lit. R ef.[257] Lit. MP: 110 °C

IR<9max (K B r): 3146.13, 3069.61 (CH), 2252.17 (CN), 2241.89 (CN), 1670.83 (C=C), 

1616.47 (C=C), 1585.91, 1484.76 cm'^

NMR (4 0 0  MHz, CHLOROFORi^1-d) 5 ppm 3.84 (s, 3H, OCH3 ), 3.91 (s, 3H, 

OCH3 ), 6.95 (d, IH , J=9,03 Hz, Ar-H), 7.19 (d, IH , J=7.06 Hz, Ar-H ), 7.76 (d, IH , 

J=7.02 Hz, Ar-H), 8.32 (s, IH , CH)

NMR (1 0 1  MHz, CHLOROFORM-d) 6  ppm 55.42 (OCH3), 55.88 (OCH3), 80.51 

(C=C), 110.67 (CH), 112.48 (CN), 113.12 (CN), 113.92 (CH), 117.46 (CH), 119.68 

(C), 153.00 (C-OCH3), 153.33 (C-OCH3), 153.71 (CH)

HRMS (E S I): C1 2 H9 N2 O2  [M ‘ H] requires (m /e ) 213.0664, found 213.0659, (-2 .4  ppm)

BE126 2-(2-H ydroxy-3-m ethoxybenzylidene)m alonon itrile

EtOH

Piperidine

Yield: 1.28 g, 64 %, pale yellow powder (Recrystallisation, EtOH)

MP: 146-154°C  Lit. R ef.[258 ]

IR*?max (K B r): 3582.18 (OH), 3152.60 (CH), 2248.18 (CN), 1675.83 (C=C), 1648.30 

(C=C), 1561.78 cm ‘ ‘

^H NMR (4 0 0  MHz, DMSO-dg) 5 ppm 3.35 (s, 3H, OCH3), 5.07 (s (b r), IH , OH), 7.09 

- 7.16 (m , 1 H, Ar-H ), 7.32 (d, 1 H, J=7.14 Hz, A r-H ), 8.29 - 8.34 (m , IH , Ar-H ), 8.94 

(s, 1 H, CH)

“ C NMR (1 0 1  MHz, DMSO-de) 5 PPm 55.98 (OCH3 ), 56.58 (C=C), 113.29 (CN), 

114.23 (CN), 116.73 (CH), 117.73 (C), 120.60 (CH), 124.16 (CH), 146.03 (C-OH), 

147.08 (C-OCH3 ), 151.09 (CH)

HRMS (E S I): C1 1 H9 N2 O2  [M^ H] requires (m /e ) 201.0664, found 201.0673, (4.5 ppm)
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BE 127 2-((N aphtha len-2-y l)m ethylene)m alonon itrile

H

Piperidine
H

Yield: 1.85 g, 91 % , bright yellow powder (Recrystallisation, EtOH)

MP: 136-139°C Lit. Ref. [259 ] Lit. MP: 140.2 - 140.8 °C

IRi9max (K B r): 3142.58, 3087.64 (CH), 2250.16 (CN), 2246.41 (CN), 1684.38,

1617.49 (C=C), 1595.38, 1546.72 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 7.62 - 7.74 (m , 3H, Ar-H ), 7.91 - 7.99

(m , 2H, Ar-H), 8.15 (d, IH , J=7.28 Hz, Ar-H), 8.31 (d, IH , J=6.87 Hz, Ar-H), 8 . 6 8  (s,

1 H, CH)

NMR (1 0 1  MHz, CHLOROFORM-d) 6  ppm 84.69 (C=C), 113.29 (CN), 113.81 

(CN), 121.85 (CH), 124.96 (CH), 126.86 (CH), 127.05 (CH), 128.09 (CH), 133.08 (C), 

133.37 (C), 134.51 (C), 157.30 (CH)

HRMS (E S I): C1 4 H7 N2 [M ‘ H] requires (m /e) 203.0609, found 203.0606, (-1 .6  ppm)

BE128 2-(3,4,5-Trim ethoxybenzylidene)m alonon itrile

O ' "

EtOH
'  N = C - C H 2 - C e N  *  ►

Piperidine

Yield: 1.70 g, 70 %, bright yellow powder (Recrystallisation, EtOH)

MP: 163-167°C Lit. R ef. [260 ] Lit. MP: 149-150 °C

IR ^ m a x (K B r ) :  3178.95, 3130.84 (CH), 2243.94 (CN), 2232.47 (CN), 1641.73 (C=C), 

1628.63 (C=C), 1561.69, 1530.73 cm'^

^H NMR (4 0 0  MHz, CHLOROFORM-d) 6  ppm 3.93 (s, 6 H, 2 XOCH3 ), 4.00 (s, 3 H, 

OCH3 ), 7.21 (s, 2 H, Ar-H ), 7.68 (s, 1 H, Ar-H ), 8.19 (s, IH , CH)

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 55.90 (OCH3 ), 60.82 (OCH3 ), 80.09 

(C=C), 107.81 (CH), 112.77 (CN), 113.57 (CN), 125.50 (C), 143.49 (C-OCH3 ), 152.89 

(C-OCH3 ), 159.02 (CH)

HRMS (E S I): C1 3 H1 3 N2 O3 [W  H] requires (m /e ) 245.0926, found 245.0925, (0.4 ppm)
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BE129 2 -((benzo [d ][l,3 ]d ioxo l-5 -y l)m e thy lene )m a lon on itr ile

EtOH

Piperidine

H

Yield: 1.78 g, 90 %,  pale yellow powder (Recrystallisation, EtOH)

MP: 197 - 201°C Lit. Ref. [261 ] Lit. MP: 200-201 °C

IR^Jmax (K B r): 3144.76, 3036.41 (CH), 2258.75 (CN), 2242.62 (CN), 1694.51 (C=C),

1625.33 (C=C), 1578.36, 1541.95 cm ’^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 6.23 (s, 2 H, OCH2 O), 7.19 (d, 1 H, J=8.80 Hz,

Ar-H), 7.48 - 7.52 (m , 1 H, Ar-H), 7.54 (s, 1 H, Ar-H), 8.37 (CH)

NMR (1 0 1  MHz, DMSO-dg) 5 ppm 77.46 (C=C), 102.91 (CHz), 107.68 (CH), 

109.29 (CN), 113.78 (CN), 114.68 (CH), 125.60 (CH), 129.94 (C), 148.30 (C -0 ), 

152.99 (C -0 ), 160.36 (CH)

HRMS (E S I): C1 1 H7 N2 O2  [M"  ̂ H] requires (m /e ) 199.0507, found 199.0509, (-1 .0  ppm)
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5.9 Coumarin Products

General procedure

The appropriate benzylidene m alononitile interm ediate (1 equiv., 10 m m ol) was added 

to 4-hydroxy coumarin (1 equiv., 10 mm ol) and brought to solution in ethanol (30 

mL). Piperidine (0.5 mL) was added dropwise w ith stirring and reaction m ixture was 

refluxed for 5 hours. Progress was checked via TLC until no starting material remained. 

A fterwards solvent was removed and product was recrystallized from  EtOH.

BE 130 2-Am ino-4-(4-m ethoxyphenyl)-3-m ethylpyrano[3 ,2-c]chrom en-5(4 /-/)-

IRi9,„ax (K B r): 3456.71, 3359.63 (NH j), 3036.41 (CH), 2258.75 (CN), 1674.51 (C = 0 ), 

1625.33, 1611.48 (C=C), 1576.38, 1541.95 cm ’^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 3.72 (s, 3H, OCH3 ), 4.40 (s, IH , CH),

NMR (1 0 1  MHz, CHLOROFORM-d) 6  ppm 36.17 (CH), 55.04 (OCH3 ), 58.20 

(C=C), 104.27 (C=C), 113.01 (C), 113.85 (CH), 116.55 (CH), 119.30 (CN), 122.44 

(CH), 124.66 (CH), 128.77 (CH), 132.86 (CH), 135.40 (C), 152.09 (C -0 ), 153.08 (C- 

OCH3 ), 157.91 (0 -C -N ), 158.32 (C -0 ), 159.53 (C =0)

HRMS (E S I): C2 0 H1 5 N2 O4  [M^ H] requires (m /e ) 347.1032, found 347.1022, (-1- 2 . 9  

ppm)

one

H OH

EtOH

Piperidine

NH2

Yield: 1.42 g, 41 %, white powder (Recrystallisation, EtOH)

HPLC Purity: 96%  MR: 236-242°C  Lit. Ref. [262 ] Lit. MP: 241-243 °C

6 . 8 6  (d, 2H, 7=7.24 Hz, Ar-H ), 7.17 (d, 2H, J=8.12 Hz, Ar-H), 7.36 (s (b r), 2H, NH2 ), 

7.46 -  7.51 (m , 2H, A r-H ), 7.69 - 7.73 (m , IH , Ar-H), 7.89 (d, IH , 7=8.03 Hz, Ar-H)
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B E 1 3 1  2-Amino-4,5-dihydro-5-oxo-4-p-tolylpyrano[3,2-c]chromene-3-

carbonitrile

EtOH

Piperidine

CN

Y ie ld : 0.39 g, 12 %, light brown solid (Recrystallisation, EtOH)

H PLC  P u r ity :  95% M P : 246-252°C L it. R e f. [263] L it. M P : 259-260 °C 

IR ^ m a x (K B r): 3469.10, 3374.83 (NHz), 3057.82 (CH), 2241.34 (CN), 1692.46 (C =0),  

1668.60, 1631.73 (C=C) 1584.03, 1528.37, 1476.52 cm'^

N M R  ( 4 0 0  M H z , D M S O -d g ) 5 ppnn 2.39 (s, 3H, CH3), 4.05 (s, IH , CH), 6.93 (d, 

4H, J=8.04 Hz, Ar-H), 7.17 -  7.26 (m, IH , Ar-H), 7.37 - 7.50 (nn, 2H, Ar-H), 7.62 - 

7.76 (m, IH , Ar-H), 7.88 (s (br), 2H, NH2 )

N M R  ( 1 0 1  M H z , D M S O -d e ) 5 ppnn 14.09 (CH3 ), 36.18 (CH), 58.19 (C=C), 104.25 

(C=C), 112.15 (CN), 114.67 (C), 116.56 (CH), 118.70 (CH), 122.45 (CH), 124.67 

(CH), 127.81 (CH), 135.64 (C-CH3 ), 137.10 (C), 153.13 (C-0), 157.29 (0-C-N), 

157.77 (C-0), 159.55 (C =0)

H R M S  ( E S I ) :  C2 0 H1 3 N2 O3  [M‘ H] requires (m /e) 329.0926, found 329.0921, (-1.6  

ppm)
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BE 132 2-Am ino-4 ,5 -d ihydro-4-(2 ,5 -d im ethoxyphenyl)-5 -oxopyrano[3 ,2 -

c]chrom ene-3-carbonitrile

H O '

/-O  Piperidine

EtOH

^ 0

00

0
'ON

NH2

Yield; 2.25 g, 60 %, white powder (Recrystallisation, EtOH)

HPLC P u rity : 92 % MP: 242-248°C  Lit. Ref. [264 ] Lit. MP: 247-248 °C

IR ^m ax(K B r); 3584.11 (NH 2 ), 3125.39 (CH), 2250.46 (CN), 1693.57 (C = 0 ), 1676.51, 

1663.65 (C=C), 1586.49, 1568.73 cnn'^

NMR (4 0 0  MHz, DMSO-t/g) 5 ppm 3.66 (d, 6 H, 7=7.52 Hz, 2 XOCH3 ), 4.65 (s, IH , 

CH), 6.67 (d, IH , J=8.01 Hz, Ar-H ), 6.77 - 6.82 (m , IH , Ar-H), 6.92 (d, IH , J=7.08 

Hz, Ar-H), 7.29 (s (b r), 2 H, NH2 ), 7.48 (d, 2H, J=6 .84  Hz, Ar-H ), 7-64 - 7.70 (m , IH , 

Ar-H), 7.91 (d, IH , 7=7.53 Hz, Ar-H)

NMR (1 0 1  MHz, DMSO-de) 6  ppm 22.21 (CH), 55.28 (OCH3 ), 56.41 (OCH3 ), 

56.62 (C=C), 103.09 (C=C), 112.13 (CH), 113.03 (CH), 115.75 (CH), 116.56 (CN), 

119.37 (C), 122.30 (CH), 124.66 (C), 129.59 (CH), 131.92 (CH), 132.76 (CH), 151.48 

(C -0 ), 152.08 (C-OCH3 ), 153.11 (C-OCH3 ), 153.93 (0 -C -N ), 158.53 (C -0 ), 159.55 

(C =0)

HRMS (E S I): C2 1 H1 5 N2 O5 [M H] requires (m /e) 375.0981, found 375.0982, (0.3ppm )
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BE133 2-Am ino-4 ,5 -d ihydro-4-(4 -hydroxyphenyl)-5 -oxopyrano[3 ,2 -

c]chrom ene-3-carbonitrile

H OH

EtOH 

Piperidine

NH2

Yield: 0.14 g, 4 % , pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 99%  MP: 258 - 266°C  Lit. Ref. [265 ] Lit. MP: 266-267 °C 

IRi9max (K B r): 3517.63 (OH), 4385.62 (NH 2 ), 3056.84 (CH), 2242.53 (CN), 1685.67 

(C = 0 ), 1664.63, 1627.41 (C=C), 1587.63, 1536.62 cm ‘^

NMR (4 0 0  MHz, CHLOROFORM-d) 6 ppm 4.32 (s, IH , CH), 6.67 (d, 2H, J=8.03 

Hz, Ar-H), 7.03 (d, 2H, J=8.53 Hz, Ar-H), 7.33 (s (b r), 2H, NH2 ), 7.43 -  7.49 (m , 2H, 

Ar-H), 7.70 (t, IH , J=7.12 Hz, A r-H ), 7.87 (d, 1 H, J=8 .0 3  Hz, A r-H ), 9.34 (s (b r), IH , 

OH)

NMR (1 0 1  MHz, CHLOROFORM-d) 6 ppm 36.15 (CH), 58.37 (C=C), 104.51 

(C=C), 113.03 (CH), 115.18 (C), 116.55 (CN), 117.63 (CH), 119.37 (CH), 122.41 

(CH), 124.65 (CH), 128.68 (CH), 132.81 (C), 151.29 (C-O), 152.97 (C-OH), 156.47 

(0 -C -N ), 157.90 (C-O), 159.54 (C = 0 )

HRMS (E S I): Ci9 H i2 N2 Na0 4  [M ”" H] requires (m /e ) 355.0695, found 355.0705, (2.9 

ppm)
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BE 134  2-Am ino-4 ,5 -d ihydro-4-(3 ,4 -d im ethoxyphenyl)-5 -oxopyrano[3 ,2 -

c]chrom ene-3-carbonitrile

' O

0 ^ / 0 Piperidine

EtOH
OH

CN

Yield: 1.80 g, 48 % , pale white solid (Recrystallisation, EtOH)

HPLC Purity: 97 % i^P: 228-232°C  Lit. Ref.: [266 ] Lit. MP: 233-235 °C 

IR«9max (K B r): 3459.21, 3325.17 (NH2 ), 3032.68 (CH), 2246.19 (CN), 1687.84 (C = 0 ), 

1659.83, 1628.35 (C=C), 1595.41, 1564.83 cm'^

NMR (4 0 0  MHz, DMSO-dg) 6  ppm 3.78 (s, 6 H, 2 XOCH3 ), 4.41 (s, IH , CH), 6.69 - 

6.75 (m , IH , Ar-H ), 6.82 - 6.94 (m , 2H, Ar-H), 7.38 (s (b r), 2H, NH2 ), 7.49 (d, 2H, 

J=6.78 Hz, Ar-H), 7.67 - 7.74 (m , IH , Ar-H), 7.90 (d, IH , J=7.53 Hz, Ar-H)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 36.50 (CH), 55.47 (OCH3 ), 58.09 (C=C), 

104.11 (C=C), 111.57 (CH), 111.82 (CH), 113.05 (C), 116.56 (CN), 119.33 (CH), 

119.66 (CH), 122.46 (CH), 124.64 (CH), 132.85 (CH), 135.83 (C), 147.92 (C-OCH3), 

148.49 (C-OCH3 ), 152.10 (C-O), 153.16 (0 -C -N ), 157.91 (C -0 ), 159.59 (C =0)

HRMS (E S I): CziHieNjNaOs [M-  ̂ Na] requires (m /e) 399.0957, found 399.0956, (-0.2 

ppm)
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BE135 2-A m ino-4 ,5 -d ihydro-4-(3 ,4 ,5 -trim ethoxyphenyl)-5 -oxopyrano[3 ,2 -

c ]chrom ene-3-carbonitrile

O

O
H

CN
OH

.0
Piperidine

EtOH

Yield: 1.82 g, 45 %, ligh t cream solid (Recrystallisation, EtOH) 

HPLC Purity: 98 % MP: 266-271 °C Lit. Ref. [267]

IR»9max (K B r): 3582.30, 3464.14 (NH2 ), 3047.61 (CH), 2255.61 (CN), 1696.36 (C = 0), 

1663.82 (C=C), 1640.67 (C=C), 1584.38, 1540.16 cm'^

H), 7.90 (d, IH , J=7 .53  Hz, Ar-H)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 37.20 (CH), 55.87 (OCH3 ), 56.02 (OCH3 ), 

59.90 (C=C), 103.64 (C=C), 104.90 (CH), 116.58 (CN), 118.00 (C), 122.53 (CH), 

124.62 (CH), 132.89 (CH), 136.54 (CH), 139.01 (C-OCH3 ), 152.18 (C-O), 152.82 (C- 

OCH3 ), 153.21 (0 -C -N ), 157.98 (C-O), 159.64 (C = 0 )

HRMS (E S I): C2 2 H i8 N2 Na0 6  [M^ Na] requires (m /e) 429.1063, found 429.1066, (-0 .6  

ppm)

^H NMR (4 0 0  MHz, DMSO-dg) 5 ppm 3.64 (s, 9 H,3 xOCH3 ), 4.44 (s, IH , CH), 6.53 (s, 

2H, Ar-H ), 7.40 (s (b r), 2 H, NH2 ), 7.45 - 7.51 (m , 2H, Ar-H), 7.68 - 7.74 (m , IH , Ar-
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BE136 2-A m ino-4 -(4 -(benzy loxy)phenyl)-4 ,5 -d ihydro-5-oxopyrano[3 ,2 -

c]chrom ene-3-carbonitrile

NC

NC

O

OH

O

CN
NH2

EtOH

Piperidine

Yield: 2.13 g, 48 %, yellow powder (Recrysta llisation, EtOH)

HPLC Purity: 96%  MR: 242-245°C  Lit. Ref. [267]

IRiJmax (K B r): 3561.52, 3474.63 (NH2 ), 3079.15 (CH), 2248.82 (CN), 1683.86 (C = 0 ), 

1663.58, 1639.62 (C = C), 1585.63, 1547.69 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm ^H NMR ppm 4.39 (s, IH , CH), 5.05 (s, 2H,

CH2 ), 6.93 (d, 2H, J=^9.03 Hz, Ar-H), 7.17 (d , IH , J=8.12  Hz, Ar-H), 7.37 - 7.50 (m , 

7H, Ar-H), 7.62 - 7.76 (m , 2H, Ar-H), 7 .88 (d, IH , J=8.03 Hz, Ar-H ), NH2 not 

observed.

NMR (1 0 1  MHz, DMSO-dg) 6 ppm 36.18 (CH), 58.19 (C=C), 69.24 (CH2 ), 104.25

(C = C), 112.15 (CH), 114.67 (C), 116.56 (CN), 118.70 (CH), 122.45 (CH), 124.67

(CH), 127.66 (CH), 127.81 (CH), 128.42 (CH), 128.78 (CH), 132.87 (CH), 135.64 (C), 

137.10 (C), 152.11 (C -0 ), 153.13 (C-Q), 157.29 (0 -C -N ), 157.77 (C -0 ), 159.55 

(C = 0 )

HRMS (E S I): C26HisN2Na04 H] requires (m /e ) 445.1164, found 445.1179, (-3  3 

ppm)
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BE137 2-A m ino-4 ,5 -d ihydro-4-(2 -hydroxy-3-m ethoxyphenyl)-5 -oxopyrano[3 ,2 -

c]chrom ene-3-carbonitrile

OH

Piperidine 

Eton
OH

CN
NH2

Yield: 0.14 g, 4 %, brown solid (Recrystallisation, EtOH)

HPLC Purity: 85 % MP: 221-228°C

IR^max (K B r): 3528.74 (OH), 3460.73, 3352.72 (NH 2 ), 3157.72 (CH), 2242.58 (CN), 

1683.08 (C = 0 ), 1664.84, 1623.68 (C=C) 1592.71, 1562.38 cm'^

NMR (4 0 0  MHz, DMSO-de) 6  Ppm 3.01 (s (b r), 1 H, O H ), 3.38 (s (b r), 2 H, NH2), 

3.87 (s, 3 H, OCH3), 4.44 (s., 1 H, CH), 6.78 (d, IH , J=7.53 Hz, Ar-H), 6.85 - 6.98 (m , 

2 H, Ar-H ), 7.09 (d, 2H, J=8.53 Hz, A r-H ), 7.78 - 7.86 (m , 2 H, Ar-H)

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.26 (CH), 55.74 (OCH3 ), 63.22 (C=C), 

84.31 (C=C), 84.56 (CH), 112.95 (CH), 114.77 (CN), 115.23 (C), 119.14 (CH), 120.70 

(CH), 121.71 (CH), 122.45 (C), 127.86 (CH), 128.53 (CH), 128.86 (CH), 142.84 (C- 

OH), 143.15 (C-O), 147.68 (C-OCH 3 ), 159.02 (0 -C -N ), 160.91 (C-Q), 165.09 (C = 0 ) 

HRMS (E S I): C2 0 H1 3 N2 O5 [M ‘ H] requires (m /e ) 361.0824, found 361.0807, (-4 .8  

ppm)
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BE138 2-A m ino-4 ,5 -d ihydro-4-(3 -hydroxy-4-m ethoxyphenyl)-5 -oxopyrano[3 ,2 -

c]chrom ene-3-carbonitrile

OH

Piperidine

EtOH OH

CN
NH2

Yield: 0.50 g, 14 %, brown solid (Recrystallisation, EtOH)

HPLC Purity: 91 % MR: 256-262°C  Lit. Ref.: [267]

IRi9max (K B r): 3595.73 (OH), 3415.85, 3384.18 (NH2 ), 3148.73 (CH), 2244.76 (CN), 

1695.26 (C = 0 ), 1662.96, 1647.53 (C = C) 1598.87, 1551.84, 1458.97 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 6 ppm 3.96 (s, 3H, OCH3), 4.00 (s, IH , CH), 

6.96 (s, 1 H, A r-H ), 6.98 (s (b r), 2 H, NH2 ), 7.03 (d, IH , J=7 .24  Hz, Ar-H), 7.05 (d, 

2H, J=8 .02  Hz, Ar-H), 7.09 (d, 2H, J=7.28  Hz, Ar-H), 7.28 (s, IH , Ar-H)

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 48.80 (CH), 55.48 (OCH3), 59.99 

(C=C), 81.11 (C=C), 114.75 (CH), 116.31 (CN), 117.42 (C), 120.70 (CH), 121.38 

(CH), 123.63 (CH), 127.30 (CH), 128.82 (CH), 132.14 (C), 145.19 (C-OH), 147.88 (C- 

OCH3), 148.53 (C-O), 158.99 (O-C-N), 160.49 (C-O), 161.46 (C =0)

HRMS (E S I): C2oHi4N2NaOs [M^ Na] requires (m /e ) 385.0800, found 385.0807, (-1 .8  

ppm)
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BE139 2-A m ino -4 -(ben zo [d ][l,3 ]d ioxo l-6 -y l)-4 ,5 -d ihyd ro -5 -oxopyrano [3 ,2 -

c]chrom ene-3-carbonitrile

O. Piperidine

EtOH
OH

CN
NH2

O

O

Yield: 0.39 g, 11 %, brown resin (Recrystallisation, EtOH)

HPLC Purity: 86 % MP: na°C Lit. Ref. [266 ] Lit. MP: 245-247 °C

IR>?max (K B r): 3523.80, 3475.52 (NH j), 3053.62 (CH), 2248.31 (CN), 1686.84 (C = 0 ), 

1669.74, 1627.48 (C=C), 1568.42, 1537.38 cm'^

NMR (4 0 0  MHz, CHLOROFORM-d) 5 ppm 3.82 (s, IH , CH), 6.07 (s, 2H, OCH2 O), 

6.93 (s, IH , Ar-H), 6.95 (s, IH , A r-H ), 6.97 (d, IH , J = 7 .12 Hz, Ar-H ), 7.00 - 7.01 (m , 

IH , Ar-H ), 7.03 (d, 2H, J=7.42 Hz, Ar-H), 7.28 (s, IH , A r-H ), NH2  not observed.

NMR (1 0 1  MHz, CHLOROFORM-d) 5 ppm 25.54 (CH), 48.94 (C=C), 83.08 

(CH2 O), 101.28 (C=C), 108.28 (CH), 108.75 (CH), 116.06 (CN), 117.23 (C), 121.71 

(CH), 122.89 (CH), 124.56 (CH), 127.72 (CH), 128.62 (CH), 135.69 (C), 147.50 (C- 

O), 149.18 (C-O), 150.48 (C-O), 158.82 (0 -C -N ), 159.86 (C-O), 161.55 (C =0)

HRMS (E S I): C2 oHi2 N2 Na0 5  [M ’" Na] requires (m /e ) 383.0644, found 383.0658, (3.65 

ppm)
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5.10 Alkylation of Coumarins

General procedure

2-A m ino-4 ,5-d ihydro-4-(4-hydroxyphenyl)-5-oxopyrano[3 ,2-c]chrom ene-3 -carbon itrile  

(1 equiv., 0,9 mmol, [300m g]) was dissolved in acetone in a round bottom flask. An 

excess of K2 CO3 [400 m g] was added w ith stirring . The appropriate N,N- 

d ialkylam inoethyl chloride hydrochloride was added and the reaction mix was heated 

to reflux fo r 18 -  48 h. Progress was checked via TLC. A fterwards the inorganic salts 

were removed with filtra tion , solvent was removed in vacuo and residue was dissolved 

in CH2 CI2 and washed tw ice w ith water. The organic phase was dried w ith MgS0 4  and 

the solvent was removed in vacuo. The remaining residue was purified via flash 

column: (CH2 CI2 -  MeOH 1 0 %)

BE 140 4-(4 -(2 -(l-M e thy lpy rro lid in -2 -y l)e tho xy)pheny l)-2 -am ino -4 ,5 -d ihyd ro -5 -

oxopyrano[3,2-c]chrom ene-3-carbon itrile

NH,

Cl
K2CO3

(CH3)2C0

Yield: 0.032 g, 8  %, brown resin (Flash Column, CH2CI2 -  MeOH 10%)

HPLC Purity: 86 % MP: na

IRiSmax (K B r): 3531.67, 3473.67 (NH2 ), 3049.83 (CH), 2246.84 (CN), 1666.38 (C = 0 ), 

1632.60, 1620.62 (C = C), 1589.47 1552.85 cm'^

NMR (4 0 0  MHz, DMSO-de) 5 ppm 1.03 (t, 4H, J=7.70 Hz, 2xCHz), 1.19 - 1.20 

(m , IH , CH), 1.41 - 1.47 (m , 4H, 2 XCH2 ), 1.57 - 1.63 (m, 3H, CH3 ), 3.93 (d, 2H, 

J=7.03 Hz, CH2 ), 4.01 (s, IH , CH), 6.67 (d, 2H, J=9.03 Hz, A r-H ), 6.82 - 6.84 (m , 2H, 

Ar-H), 7.02 -  7.05 (m , 2H, Ar-H), 7.47 -  7.48 (m , 2H, Ar-H), 8.13 (s (b r), 2H, NH2 ) 

NMR (1 0 1  MHz, DMSO-de) 5 ppm 14.27 (CH2 ), 24.24 (CH2 ), 24.88 (CH2 ), 26.20 

(CH), 45.78 (CH3 ), 56.46(C=C), 58.37 (CH2 ), 68.15 (C), 68.74 (CH2 ), 99.83 (C=C), 

110.89 (CH), 113.39 (CN), 114.24 (C), 115.72 (CH), 115.77 (CH), 126.06 (CH), 

127.14 (CH), 127.57 (CH), 130.28 (C), 133.05 (C -0 ), 139.88 (C -0 ), 140.18 (0 -C -N ), 

150.85 (C -0), 151.46 (C = 0)

HRMS (E S I): C2 6 H2 4 N3 O4 H] requires (m /e ) 442.1767, found 442.1774, (-1 .5  

ppm)
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BE141 4-(4 -(2 -M orpho linoe thoxy)phenyl)-2 -am ino-4 ,5 -d ihydro-5-

oxopyrano[3 ,2-c]chrom ene-3-carbon itrile

C l- o
K2CO3

(CH3)2C0

Yield: 0.14 g, 36 % , brown resin (Flash Column, CH2 CI2 -  MeOH 10% )

HPLC Purity: 81 % MP: na

IR>?max (K B r): 3570.72, (NH 2 ), 3047.40 (CH), 2238.47 (CN), 1672.62 (C =0), 

1641.49, 1634.67 (C=C), 1593.57, 1563.71 cm ’^

Ni'IR (4 0 0  i^lHz, DMSO-de) 5 ppm 2.09 (s, 4H, 2 XCH2 ), 2.59 - 2.67 (m , 2 H, CH2 ), 

3.62 (d, 4H, J=7.10 Hz, 2 XCH2 ), 3.75 - 3.78 (m , IH , CH), 3.88 - 3.91 (m , 2H, CH2), 

6.85 - 7.06 (m , 2H, A r-H ), 7.13 - 7.27 (m , 2H, Ar-H), 7.35 - 7.48 (m , 2H, Ar-H ), 7.74 

- 7.86 (m , 2H, A r-H ), 8.12 (s (b r), 2H, NH2 )

NMR (1 0 1  MHz, DMSO-de) 5 ppm 30.71 (CH), 53.00 (CH2 ), 53.08 (CHz), 53.59 

(C=C), 65.63 (CH2 ), 65.74 (CH2 ), 113.50 (C=C), 115.13 (CH), 116.44 (CN), 117.43 

(C), 119.42 (CH), 124.38 (CH), 128.44 (CH), 128.85 (CH), 130.01 (C), 131.96 (C -0), 

132.09 (C -0 ), 152.08 (0 -C -N ), 152.46 (C -0 ), 152.76 (C =0)

HRMS (E S I):  C2 5 H2 3 N3 O5 [M ^] requires (m /e) 445.1738, found 445.1771, (-1 -7  ppm)
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BE 142 4 -(4 -(2 -(py rro lid in -l-y l)e thoxy )ph eny l)-2 -am ino -4 ,5 -d ihyd ro -5 -

oxopyrano[3,2-c]chrom ene-3-carbon itrile

,0 ^  /.O  ^OH

K2CO3
*   ---

o . . '— ' (CH3)2C0

Yield: 0.077 g, 20 %, brown resin (Flash Column, CH2 CI2 -  MeOH 10% )

HPLC Purity: 90 % MP: na

IRi9niax (K B r): 3456.11 (NH2 ), 3042.61 (CH), 2246.67 (CN), 1665.32 (C = 0 ), 1640.52, 

1610.42 (C=C), 1585.26, 1534.58 cm'^

NMR (4 0 0  MHz, DMSO-dg) 5 ppm 1.59 -  1.92 (m, 4H, 2 XCH2 ), 2.41 -  2.48 (m , 

2H, CH2 ), 3.21 (d, 4H, J=7.21, 2 XCH2 ), 3.64 - 3.72 (m, 2H, CH2 ), 3.82 - 3.88 (CH), 

6.94 - 7.14 (m , IH , Ar-H), 7.32 (s, 2H, Ar-H ), 7.35 - 7.48 (m, 2H, A r-H ), 7.66 - 7.74 

(m, 3H, Ar-H), NH2 not observed.

“ C NMR (1 0 1  MHz, DMSO-de) 5 ppm 26.37 (CH2 ), 39.82 (CH), 52.75 (CH2 ), 54.65 

(CH2 ), 54.37 (C = C), 63.68 (CH^), 111.78 (C=C), 114.47 (CH), 117.37 (CN), 118.46 

(C), 121.38 (CH), 125.68 (CH), 126.89 (CH), 128.91 (CH), 129.03 (CH), 131.45 (C), 

133.74 (C -0 ), 134.68 (C -0 ), 151.47 (0-C -N ), 154.93 (C -0 ), 156.59 (C = 0 )

HRMS (E S I): C2 5 H2 4 N3 O4 [M-  ̂ H] requires (m /e ) 430.1750, found 430.1767, (-3 .9  

ppm)
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5.11 Synthesis of Naphthohydrazides

General Procedure Step 1- M ethyl 3-hydroxynaphthalene-2-carboxylate. 

3-H ydroxy-2-naphthoic acid, (3.76 g, 20 m mol) was added to a solution of MeOH (20 

mL) and HCI 37% (20 mL). The reaction m ixture was heated at 90 °C and the 

esterification was monitored on TLC until complete consumption of the starting 

material was observed. Solvent was then removed in vacuo and the reaction m ixture 

was diluted with CH2 CI2 (30 mL) and washed w ith H2 O, CH2 CI2 (2x30 mL) and 

saturated aqueous NaHCOs. The aqueous phase was extracted and the combined 

organic layers were dried over anhydrous Na2 S0 4 , filtered and concentrated in vacuo 

to give the crude product. The crude m ixture was purified by flash column 

chrom atography over silica gel (e luent CH2CI2 -  MeOH, 9 :1 ) to afford the product as a 

colourless solid recrystallised from  EtOH.

I I  Methyl 3-hydroxynaphthalene-2-carboxylate

O O
MeOH

Yield: 2.62 g, 65% , brown solid (Flash Column; CH2 CI2 -  MeOH, 9 :1 )

MP: 74-76°C  Lit. Ref. [268 ] Lit. MP: 75-76 °C

IRi9n,ax (K B r): 3562.51 (OH), 1658.73 (C = 0 ), 1584.31, 1532.67 (C=C) cm'^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 3.47 (s, 3H, CH3 ), 7.24 - 7,31 (m , 2H, Ar-H), 

7.69 (s, 2H, Ar-H), 7.94 (d, 2H, J=7.21 Hz, Ar-H), 8.21 (s (b r), IH , OH)

Ni^R (1 0 1  I^IHz, Di^SO-de): 5 ppm 47.89 (CH3 ), 110.37 (CH), 112.57 (C), 

121.97 (CH), 126.84 (CH), 128.84 (C), 129.21 (CH), 129.84 (CH), 131.93 (CH), 

132.04 (C), 157.84 (C-OH), 164.67 (C = 0)

HRMS (E S I): C^HioNaOa [M+ +Na] requires (m /e ) 225.0528, found 225.0521 (-3.11 

ppm)
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General Procedure Step 2- 3-Hydroxynaphthalene-2-carbohydrazide  

To a solution of Methyl 3-hydroxynaphthalene-2-carboxylate, (2.02 g, 10 mmol) in 

EtOH (10 mL), hydrazine hydrate was added (1.245 mL, 40 m m ol) and the reaction 

m ixture was heated to 120 °C until complete precipitation of hydrazide occurred (15 

m in). Completion of the reaction was confirmed by TLC. The reaction m ixture was 

allowed to cool to 20 °C, filtered and washed w ith hexane to give product as a beige 

powder, recrystallised from EtOH.

I l l  3-Hydroxynaphthalene-2-carbohydrazide

O O
EtOH

Yield: 1.99 g, 99% , light brown solid (Flash Column; CH2 CI2 -  MeOH, 9 :1 )

MP: 201-209°C  Lit. Ref. [269] Lit. MP: 208-210 °C

IR>9max (K B r): 3590.64 (OH), 3484.62 (NH), 3382.63 (NH2 ), 1651.46 (C = 0 ), 1567.46,

1506.32 (C=C) cm ’^

NMR (4 0 0  MHz, DMSO-c/g): 5 ppm 2.16 (s (b r), 2H, NH2 ), 7.16 (d, 2H, J=7.24 

Hz, Ar-H), 7.21 - 7.26 (m, 2H, Ar-H), 7.84 (s, IH , Ar-H), 7.96 (s, IH , Ar-H), 8.15 (s 

(b r), IH , OH), 8.56 (s (b r), 1 H, NH)

NMR (1 0 1  MHz, DMSO-dg): 5 ppm 106.48 (CH), 114.27 (CH), 122.78 (C), 

125.73 (CH), 126.83 (CH), 129.47 (CH), 130.47 (C), 133.78 (C), 156.47 (C-OH), 

161.38 (C =0)

HRMS (E S I): CnHioN2Na02 [M+ +Na] requires (m /e ) 225.064 found at 225.0629 

(+4 .8  ppm)
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General Procedure Step 1- M ethyl 2-naphthoate.

2-naphthoic acid, (1.72 g, 10 m m ol) was added to a solution of MeOH (20 mL) and HCI 

37% (20 mL). The reaction m ixture was heated at 90 °C and the esteriflcatlon was 

monitored on TLC until complete consumption of the starting material was observed. 

Solvent was then removed in vacuo and the reaction m ixture was diluted w ith CH2 CI2 

(30 mL) and washed w ith H2 O, CH2 CI2 (2x30 mL) and saturated aqueous NaHCOa. The 

aqueous phase was extracted and the combined organic layers were dried over 

anhydrous Na2 S0 4 , filtered and concentrated in vacuo to give the crude product. The 

crude m ixture was purified by flash column chrom atography over silica gel (eluent 

CH2 CI2 ) to afford the product as a colourless solid recrystallised from MeOH.

IV  Methyl 2-naphthoate

O O
U MeOH 11

Yield: 1.19 g, 64% , ligh t brown solid (Flash Column; CH2 CI2 )

MP: 76-79°C  Lit. R e f.[270 ] Lit. MP: 77-77.5 °C

IR>9max{KBr): 1679.36 (C = 0 ), 1594.27, 1542.46 (C=C) cm'^

NMR (4 0 0  MHz, DMSO-t/e): 5 ppm 3.78 (s, 3H, CH3), 7.36 - 7.42 (m , 2H, Ar-H), 

7.73 (s, 2H, Ar-H), 7.83 -  7.89 (m , 2H, Ar-H), 8.48 (s, IH , Ar-H)

“ C NMR (1 0 1  MHz, D M S O -t/e ): 6 ppm 51.63 (CH3 ), 124.46 (CH), 125.96 (CH), 

126.19 (C), 127.37 (CH), 128.41 (CH), 129.59 (CH), 132.78 (C), 136.54 (C), 165.34 

(C =0)

HRMS (E S I): C1 2 H1 0 O2  [M + ] requires (m /e ) 186.0681, found 186.0675 (3.22 ppm)
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General Procedure Step 2- Microwave assisted synthesis of 2-Naphthohydrazide 

To a solution of Methyl 3-hydroxynaphthalene-2-carboxylate, (150 mg, 0.8 mmol) in 

EtOH (2 mL), hydrazine hydrate was added (0.0996 mL, 3.2 mmol) and the reaction 

mixture was heated in a Microwave reactor to 160 °C until complete precipitation of 

hydrazide occurred (60 min). Completion of the reaction was confirmed by TLC. The 

reaction mixture was allowed to cool to 20 °C, filtered and washed with hexane to give 

product as a white powder.

V 2-Naphthohydrazide

O EtOH o

Yield: 0.126 g, 85%, white solid (Recrystallisation, EtOH)

MP: 147-152°C Lit. Ref.[271] Lit. MP: 147-148 °C

IRi9max (K B r): 3557.36 (OH), 3475.35 (NH), 3437.47 (NHj), 1668.36 (C = 0 ) ,  1536.48, 

1511.58 (C=C) cm'^

NMR (4 0 0  MHz, DMSO-de): 6 ppm 2.74 (s (br), 2H, NH2 ), 7.33 (m, 2H, J=6.87  

Hz, Ar-H), 7.56 (d, 2H, J=7.05 Ar-H), 7.79 (s, IH , Ar-H), 8.11 -  8.17 (m, 2H, Ar-H), 

8.56 (s (br), 1 H, NH)

NMR (1 0 1  MHz, DMSO-de): 5 ppm 122.58 (CH), 124.59 (CH), 125.36 (CH), 

126.46 (CH), 127.26 (CH), 128.35 (CH), 129.28 (CH), 132.86 (C), 134.26 (C), 135.04 

(C), 163.52 (C =0)

HRMS (E S I): C1 1 H1 0 N2 O [M + ] requires (m/e) 186.0793 found at 186.0787 (+3.22  

ppm)
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General Procedure Step 3- Synthesis of hydrazldes

To a solution of 3-Hydroxynaphthalene-2-carbohydrazide, (1.534 g, 7.5 mmol) in EtOH 

(20 mL), the appropriate aryl aldehyde or aryl ketone was added (1.1713 g, 7.5 

mmol), and the reaction was heated to 120 “ C and monitored by TLC until complete 

consumption of the starting material was observed (6 h). The reaction mixture was 

allowed to cool to 20 °C, filtered and the product was washed with hexane to give a 

pale yellow powder identified as product. The product was purified further with 

recrystallisation from EtOH.

2 (E)-N'-(5-Chloro-2-hydroxybenzylidene)-3-hydrcxynaphthalene-2- 

carbohydrazide

HO

,NH. EtOH HN-N

OH

Yield: 2.39 g, 94 %, pale white powder (Recrystallisation, EtOH)

HPLC Purity: 94 % MP: 271-275°C Lit. Ref. [272]

IR^max (KBr): 3534,29, 3516.94 (OH), 3395.73, 3263.76 (NH), 1657.62 (C=0), 

1649.82 (C=C), 1630.01 (C=C), 1579.52, 653 (C-CI) cm'^

NMR (400  MHz, DMSO-d6): 6 ppm 6.98 (d, IH , J=8.76  Hz, Ar-H), 6 7,33 -  7.42 

(m, 3H, Ar-H), 6 7.52 (t, IH , J=7.14  Hz, Ar-H), 6 7.69 (d, IH , J=2.52  Hz, CH), 6 7.77 

(d, IH , J=8.28  Hz, Ar-H), 6 7.91 (d, IH , J=8.04  Hz, Ar-H), 6 8.46 (s, IH , Ar-H), 5 

8.66 (s, IH , CH), 6 1.06 (s, IH , OH), 6 11.25 (s, IH , OH), 6 12.24 (s, IH , NH)

Ni^lR (400  MHz, DMSO-d6): 5 ppm 111.05 (CH), 6 118.75 (CH), 6 120.56 (C), 6 

121.14 (CH), 6 123.51 (C), 6 124.31 (CH), 5 126.34 (C), 5 127.23 (CH), 6 128.00 

(CH), 6 128.78 (CH), 5 129.14 (CH), 6 130.83 (CH), 6 131.46 (CH), 136.38 (C), 6 

146.77 (C), 154.49 (C-0), 5 156.56 (C-O), 5 164.24 (C = 0)

HRMS (E S I): CigHiz^^CINjOa [M‘ -H] requires (m /e) 339.0536, found 339.0548
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3 (E )-N '-(5-Brom o-2-hydroxybenzylidene)-3-hydroxynaphthalene-2-carbohydrazide

HO

EtOH HN-N

OH

Yield: 2.76 g, 96 %, pale white powder (Recrystallisation, EtOH)

HPLC Purity: 93 % MP: 282-287°C  Lit. Ref. [121]

IR«9max (K B r): 3591.16, 3488.94 (OH), 3433.34, 3356.57 (NH), 1644.73 (C = 0 ), 

1634.83 (C=C), 1621.60 (C = C), 1533.45, 793 (C-Br) cm ^

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 6.93 (d, IH , J=8.76  Hz, Ar-H), 5 7.34 (s, IH , 

Ar-H), 6 7.36 -  7.40 (m , IH , Ar-H), 6 7.45 (dd, IH , J j= 2 .5 2  Hz, 32=6.28 Hz, Ar-H ), 5 

7.50 (d, IH , 3=8.28  Hz, Ar-H ), 5 7.77 (d, IH , 3=8.28  Hz, Ar-H), 5 7.82 (d, IH , 3=2.52  

Hz, Ar-H ), 5 7.91 (d, IH , 3=8  Hz, Ar-H ), 6 8.46 (s, IH , Ar-H), 5 8.65 (s, IH , CH), 5 

11.06 (s, IH , OH), 5 11.25 (s, IH , OH), 5 12.23 (s, IH , NH)

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 110.98 (CH), 5 119.20 (C), 5 120.57 (CH), 6 

121.75 (C), 5 124.31 (CH), 5 126.34 (C), 5 127.23 (CH), 5 128.78 (CH), 6 129.14 

(CH), 5 130.83 (CH), 130.85 (C), 5 134.26 (CH), 6 136.38 (CH), 6 146.61 (C), 5 

154.49 (C-O), 6 156.96 (C-O), 5 164.25 (C = 0)

HRMS (E S I): CisHij^^BrNzOj [W  -H] requires (m /e ) 383.0031, found 338.0085
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6 (E )-3 -hydroxy-N '-((2 -hyd roxynaphtha len-l-y l)m ethy lene)naphtha lene-2- 
carbohydrazide

,NH, EtOH NH

OH
HO

Yield: 2.14 g, 80% , yellow powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MR: 312-315 °C Lit. Ref. [273]

IRiSmax (K B r): 3562.96 (OH), 3521.27 (OH), 3459.26 (NH), 1642.63 (C = 0 ), 1628.09 

(C=C), 1605.73, 1594.83, 1529.48, 1459.64 cm ’^

NMR (4 0 0  MHz, D M S 0 -d 6 ): 6 ppm 12.80 (s (b r), IH , NH), 11.37 (s (b r), IH ,

OH), 8.55 (s, IH , Hc/v), 8.36 (d, J=S.52 Hz, IH , Hi, CH), 7.97 (d, J = 8.52  Hz, IH , Hy,

Ar-H), 7.92 (d, J = 8.04 Hz, IH , Hg; A r-H ), 7.81 (d, J = S Hz, IH , H r,  Ar-H), 7.64 (t, J 

= 7.54 Hz, IH , Hs; Ar-H), 7.55 (t, J = 7.54 Hz, IH , Hg, Ar-H), 7.44 -  7.36 (m , 3H, 

Hs, Ar-H), 7.28 (dd, J, = 3 Hz, Jz = 3 Hz, IH , Wg-, Ar-H ), 7.58 (dd, Jj = 3.28 Hz, J2  = 3 

Hz, IH , Hr,  Ar-H ), 7.53 (dd, Jj = 8.2 Hz, J2  = 7.5 Hz, IH , Hg, Ar-H ), 7.39 (dd, Jj = 8.3

Hz, J2  = 7.5 Hz, IH , Hy, Ar-H), 7.36 (s (b r), IH , H4 , OH)

” C NMR (4 0 0  MHz, D M SO -d6): 5 ppm 163.8 (q, C c o ) ,  154.1 (q, C j), 148.4 (q, C c n ) ,

135.8 (q Ar, Cio), 133.8 (q Ar, C jo), 131.9 (q Ar, C2 ) ,  130.2 (CH Ar, C j), 129.0 (CH Ar, 

Cr), 128.6 (CH Ar, Cg), 128.5 (CH Ar, C4 -), 128.4 (CH Ar, Cg), 128.2 (CH Ar, Cg),

127.8 (CH Ar, Cs-), 127.2 (CH Ar, Cg), 126.8 (q Ar, C9 ), 126.8 (q Ar, C9 ), 126.8 (CH 

Ar, C7 ), 125.8 (CH Ar, C 5 ) ,  123.8 (CH Ar, Cy), 122.7 (CH Ar, C j) , 120.4 (q Ar, C2 ), 

110.5 (CH Ar, C4 )

HRMS (E S I): C2 2 HieN2 Na0 3  [M* +Na] requires (m /e ) 379.1059, found 379.1050 (-2 .3  

ppm)

402



7 (E )-3-H ydroxy-N '-(naphthalen-2-ylm ethylene)-2 -naphthohydrazide

HO

HO- EtOH
N-NH

OH 0

Yield: 2.19 g, 8 6 %, pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 96 % MR: 276-280 °C Lit. Ref. [274]

IRi?max (K B r): 3439.73 (OH), 3329.37, 3054.38 (NH), 1625.69 (C = 0 ), 1621.78 

(C=C), 1563.74, 1544.83, 1521.84 cm'^

NMR (4 0 0  M Hz, D M SO -d6): 6  ppm 12.09 (s (b r), IH , NH), 11.33 (s (br), IH , 

OH), 8.64 (s, IH , Hcn), 8.50 (s, IH , Wj, Ar-H ), 8.21 (s, IH , Hy,  A r-H ), 8.04 (d, J = 

7.21 Hz, IH , H 3 ;  A r-H ), 8.03 (d, J =  7.04 Hz, IH , Hg', Ar-H ), 8.02 (d, J =  6.24 Hz, IH , 

H 4 ', Ar-H), 7.98 (d, J = 3.52 Hz, IH , W5 -, Ar-H), 7.95 (d, J =  8.3 Hz, IH , Hg, Ar-H),

7.79 (d, J =  8.2 Hz, IH , Hs, Ar-H), 7.59 (dd, J j = 7.02 Hz, J2  =  3.12 Hz, IH , He;  Ar-H),

7.58 (dd, Ji = 8.28 Hz, = 3 Hz, IH , H r ,  Ar-H ), 7.53 (dd, Ji =  8.2 Hz, J2  =  7.5 Hz,

IH , He, Ar-H ), 7.39 (dd, Ji = 8 .3  Hz, =  7.5 Hz, IH , H „  Ar-H), 7.36 (s, IH , H 4 , Ar-H)

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 163.8 (q , Cco),  154.1 (q , C j ) ,  148.4 (q , Cc^),

135.8 (q Ar, Qo), 133.8 (q Ar, C jo), 131.9 (q Ar, C2 ), 130.2 (CH Ar, C j), 129.0 (CH Ar, 

C r), 128.6 (CH Ar, Cg), 128.5 (CH Ar, C4 ), 128.4 (CH Ar, Cg),  128.2 (CH Ar, Cg),

127.8 (CH Ar, Cs), 127.2 (CH Ar, Cg), 126.8 (q Ar, Cg), 126.8 (q Ar, C 9), 126.8 (CH 

Ar, C7-), 125.8 (CH Ar, Cs), 123.8 (CH Ar, C7), 122.7 (CH Ar, C3-), 120.4 (q Ar, C^), 

110.5 (CH Ar, C4 )

HRMS (E S I): C2 2 H1 7 N2 O2  [M-" +H ] requires (m /e ) 341.1290, found 341.1296

403



8 (E )-3 -H ydroxy-N '-(l-(naph tha len -2 -y l)e thy lidene )-2 -naph thohydraz ide

EtOH

Yield: 2.23 g, 84% , pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 85 % MP: 275-280 °C Lit. Ref. [275]

IR<?max (K B r): 3369.86 (OH), 3248.71, 3052.55 (NH), 1657.45 (C = 0 ), 1627.98 

(C=C), 1595.30, 1564.47, 1512.89 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 11.69 (s (b r), IH , OH), 11.67 (s (b r), IH , 

NH), 8.67 (s, IH , Hu  Ar-H ), 8.37 (s, IH , Hy, Ar-H), 8.20 (d, J = 8.52 Hz, IH , Hj-, Ar- 

H), 8.05 (d, J = 7.14 Hz, IH , Hg-, A r-H ), 8.02 (d, J = 8.0 Hz, IH , Hg, Ar-H), 7.98 (d, J 

= 8.14 Hz, IH , Hr,  Ar-H ), 7.97 (d, J =7 .24 Hz , IH , Hs; Ar-H), 7.80 (d, J = 8.0 Hz, 

IH , Hs, A r-H ), 7.58 (dd, Ji = 7.02 Hz, J2  = 2.04 Hz , IH , He; Ar-H), 7.57 (dd, Jj = 

8.04 Hz, J2  = 2.14 Hz, IH , Hy, A r-H ), 7.54 (dd, Jj = 8.0 Hz, = 7.3 Hz, IH , He, Ar-H), 

7.40 (s, IH , H4 , Ar-H ), 7.39 (dd, Jj = 8.0 Hz, J2  = 7.3 Hz, IH , H 7 , A r-H ), 2.52 (s, 3H, 

H n e )

“ C NMR (4 0 0  MHz, D M SO -d6): 6 ppm 161.6 (q, Cco), 152.8 (q, C j), 152.0 (q, Q/v), 

135.8 (q Ar, Cjo), 135.3 (q Ar, C2 ), 133.4 (q Ar, Cjo), 132.8 (q Ar, Cg), 132.3 (CH Ar, 

Cj), 128.9 (CH Ar, Cg), 128.6 (CH Ar, Cg), 128.3 (CH Ar, Cg), 127.8 (CH Ar, C4 ), 127.5 

(CH Ar, Cs), 127.2(q Ar, Cg), 126.9 (CH Ar, Ce), 126.6 (CH Ar, Cr), 126.5 (CH Ar, C/-), 

125.7 (CH Ar, C5 ), 123.9 (CH Ar, C7), 123.7 (CH Ar, C3 ), 120.8 (q Ar, C2 ), 110.7 (CH 

Ar, C4 ), 13.7 (CH3)

HRMS (E S I):  C2 3 H1 9 N2 O2 -i-H] requires (m /e ) 355.1447, found 355.1459
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9 (E /Z )-3-H ydroxy-N '-(naphtha len-2-y l(phenyl)m ethylene)-2-naphthohydrazide 

O
,NH2 + EtOH

Yield: 0.16 g, 5% , pale brown resin (Recrystallisation, EtOH)

HPLC Purity: 96 % MR: 295-298 °C Lit. Ref. [276]

IRiSmax (K B r): 3482.27 (OH), 3327.61, 3149.78 (NH), 3151.87, 3068.45 (CH),

1680.74 (C = 0 ), 1641.83, 1610.42 (C = C), 1536.71, 1458.96 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 11.56 (s (b r), IH , NH), 11.51 (s (b r), IH ,

NH), 11.06 (s (b r), IH , OH), 10.81 (s (b r), IH , OH), 8.68 (s, IH , H 2 ) ,  8.66 (s, IH , H i ) ,  

7.71 (t, IH , H21) ,  7.44 (m , IH , H32) ,  7.73 (t, IH , H20) ,  8.20 (d, IH , H s ) ,  7.97 (d, IH , 

H i s ) ,  7.96 (d, IH , H i g ) ,  7.86 (d, IH , H 2 2 ) ,  8.07 (d, IH , W^e), 7.43 (m , IH , H 2 7 ) ,  7.49 

(m , IH , H30) ,  7.46 (t, IH , H31) ,  7.49 (m , IH , H29) ,  7.69 (m , IH , H^s), 8.01 (d, IH , H2s),  

8.10 (d, IH , H24) ,  8.05 (s, IH , H23) ,  7.96 (d, IH , H17) ,  7.59 (d, IH , H i s ) ,  7.69 (d, IH , 

H i s ) ,  7.57 (t, IH , H i , ) ,  7.64 (t, IH , H 1 3 ) ,  7.52 (s, IH , H 1 2 ) ,  7.69 (m , IH , H i o ) ,  7.63 (t, 

IH , Hg ) ,  7.51 (m , IH , H n ) ,  7.35 (d, IH , Hg) ,  5 7.33 (t, IH , H 7 ) ,  5 8.14 (d, IH , H e ) ,  5 

7.21 (s, IH , H 4 ) ,  5 7.10 (s, IH , H 3 )

NMR (4 0 0  MHz, D M SO -d6): 6 ppn^

120.20 (CH Ar, Cs„) ,  110.50 (CH Ar, (',,)

123.86 (CH Ar, G ,), 123.93 (CH Ar, C\,s)

125.63 (CH Ar, G ,), 125.67 (CH Ar, ( , , )

127.17 (CH Ar, G^), 127.20 (CH Ar, Gz)

127.58 (CH Ar, Gv), 127.63 (CH Ar, G j)

128.14 (CH Ar, G«), 128.21 (CH Ar, G ,)

128.44 (CH Ar, G^), 128.52 (CH Ar, ( ’,5)

129.06 (CH Ar, G ,), 129.51 (CH Ar, G /)

130.18 (CH Ar, G^), 132.51 (CH Ar, G /)

133.03 (CH Ar, Gv), 133.06 (CH Ar, G i)

134.83 (CH Ar, Go), 135.78 (CH Ar, G )

152.19 (CH Ar, G ), 152.25 (CH Ar, G ), 15 

(CH Ar, G ), 161.12 (CH Ar, G)-

HRMS (E S I): CzsHjoNzNaOs [M-" +Na] requires (m /e) 439.14225, found 439.1410

128.53 (CH Ar, 0 .0 129.80 (CH Ar, G / ) ,

110.54 (CH Ar, G .) 120.19 (CH Ar, ^ - 17) ,

123.95 (CH Ar, Cu) 125.32 (CH Ar, f  Jj);

126.75 (CH Ar, C 4o) 126.96 (CH Ar, Of),

127.23 (CH Ar, Jfi) 127.37 (CH Ar, Css),

128.07 (CH Ar, G2) 128.09 (CH Ar, t  3 j ) ,

128.29 (CH Ar, 0*) 128.39 (CH Ar, O?)/

128.58 (CH Ar, 0.) 129.02 (CH Ar, C 23) ,

129.82 (CH Ar, Go) 130.04 (CH Ar, t 19),

132.61 (CH Ar, C /fi) 132.97 (CH Ar, C „ ) ,

133.22 (CH Ar, 0,) 133.50 (CH Ar, Cn),

135.85 (CH Ar, G) 137.38 (CH Ar, 0),

.73 (CH Ar, G ), 153. 81 (CH Ar, G ) , 160.97
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26 ( E )-N '-( 5-Chloro-2-hydroxybenzylidene)-2-naphthohydrazide

HO

HO

O .

EtOH

Cl

HN-N

EtOH)

HPLC Purity: 96 % MR: 253-262 C

IRi9max (K B r): 3592.73, 3495.83 (OH), 3362.15, 3383.63 (NH), 1664.74 (C = 0 ), 

1658.18 (C = C), 1624.83 (C=C), 1687.75, 1476.59, 1431.73 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 6.88 (d, IH , J=8.52  Hz, Ar-H), 6 7.23 (d, 2H, 

J=8.52  Hz, Ar-H), 5 7.56 (s, 2H, A r-H ), 5 7.94 (d, 2H, J=7.52  Hz, Ar-H ), 5 8.50 (s, IH , 

A r-H ), 5 8.60 (s, IH , Ar-H), 5 11.23 (s (b r), IH , OH), 6 12.30 (s (b r), IH , NH)

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 118.25 (CH), 5 120.79 (C), 5 122.99 (CH), 6 

124.25 (CH), 5 127.00 (CH), 6 127.51 (CH), 6 127.74 (CH), 6 128.08 (CH), 5 128.23 

(2xCH), 5 128.97 (CH), 6 130.05 (CH), 5 130.81 (CH), 5 132.05 (C), 6 134.47 (C), 6 

145.69 (CH), 6 156.04 (C -0 ), 163.01 (C =0)

HRMS (E S I): CisHiz^^CINzOi [M ‘ -H ] requires (m /e ) 323.0587, found 323.065
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27 (E)-N'-Benzylidene-3-hydroxynaphthalene-2-carbohydrazide

EtOH
N

OH

Yield: 1.85 g, 85%, pale brown powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MR: 227-230 °C Lit. Ref. [277] Lit. i^P: 224-225 °C 

IRiSmax (K B r): 3452.61 (OH), 3242.11, 3047.11 (NH), 1625.80 (C =0),  1631.09

(C=C), 1612.65 (C = C), 1560.54 cm'^

NMR (4 0 0  MHz, DMSO-dg): 5 ppm 11.99 (s (br), IH , OH), 11.30 (s (br), IH , 

NH), 8.48 (s, IH , Hcn), 8.47 (s, IH , AVj), 7.93 (d, J = 8.2 Hz, IH , Hs), 7.79 (d, J = 

7.2 Hz, IH , H 2 ), 7.78 (d, J = 7.2 Hz, IH , H5 ), 7.53 (dd, Jj = 7.3 Hz, J2  = 7.3 Hz, IH , 

He), 7.50 (dd, J = 7.52 Hz, IH , H3 ), 7.49 (ddd, J =  6.56 Hz, H4 '), 7.38 (dd, Ji = 8.2 

Hz, J2  =  7.3 Hz, IH , Hy), 7.34 (s, IH , H4 )

NMR (1 0 1  MHz, DMSO-t/e): 5 ppm 163.8 (q, Cco), 154.1 (q, C3), 148.5 (q, Ccn), 

135.8 (q Ar, Qo), 134.1 (q Ar, Cr), 130.3 (CH Ar, C4), 130.2 (CH Ar, Cj), 128.9 (CH 

Ar, C j) ,  128.7 (CH Ar, Cg), 128.3 (CH Ar, Cg), 126.8 (CH Ar, C2), 126.8 (q Ar, C9),

125.7 (CH Ar, C5), 123.9 (CH Ar, C7), 120.4 (q Ar, C2), 110.6 (CH Ar, C4)

HRMS (E S I): C1 8 H1 5 N2 O2 [M̂ - +H] requires (m/e) 291.1134, found 291.1141
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28 (E )-N '-(2-H ydroxybenzylidene)-3-hydroxynaphthalene-2-carbohydrazide  

0

EtOH
•NH
HO
OH

N—

OH O

Yield: 2.06 g, 90 % , pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 97 % MP: 217-220 °C Lit. Ref. [278 ] Lit. i^P: 215°C

IRi9max (K B r): 3478.00 (OH), 3351.84, 3256.37 (NH), 1659.67 (C = 0 ), 1645.73 

(C=C), 1632.34 (C=C), 1596.30, 1567.38 cm'^

NMR (4 0 0  MHz, D M S O -d6): 5 ppm 5.63 (s (br), IH , OH), 6.95 -  7.12 (m , 2H, 

Ar-H), 6 7.33 -  7.41 (m , 3H, A r-H ), 5 7.52 (d, IH , J=7.52 , A r-H ), 5 7.58 (d, IH , J=  

6.52 Hz, Ar-H ), 6 7.77 (d, IH , J=8.52 , Ar-H), 6 7.91 (d, IH , J=8.04 , Ar-H ), 6 8.47 (s, 

IH , Ar-H), 6 8.69 (s, IH , CH), 5 11.22 (s (br), IH , OH), 6 12.17 (s (b r), IH , NH)

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 110.56 (CH), 6 116.45 (CH), 5 118.68 (C), 6 

119.43 (CH), 5 120.07 (CH), 5 123.85 (C), 6 125.85 (CH), 5 126.76 (C), 6 128.31 

(CH), 5 128.67 (CH), 5 129.41 (C), 6 130.33 (CH), 5 131.64 (CH), 5 135.89 (C), 6 

148.71 (NCH), 6 154.01 (C-OH), 6 157.50 (C-OH), 6 163.56 (C = 0)

HRMS (E S I): Ci8H i4N2Na0 3  [M* -i-Na] requires (m /e) 329.0902, found 329.0903 (3 

ppm)
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29 (E )-N '-(2-H ydroxy-5-m ethylbenzylidene)-3-hydroxynaphthalene-2- 

carbohydrazide

EtOH

HO

HN-N

OH

Yield: 1.98 g, 89 %, beige powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MP: 254-258 °C

IR>?max (K B r): 3541.87 (OH), 3387.84, 3276.63 (NH), 1668.67 (C = 0 ), 1657.41 

(C=C), 1630.53 (C=C) cm'^

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 2.27 (s, 3H, CH3 ), 5 6 . 8 6  (d, IH , 8.52, Ar- 

H), 6  7.19 (dd, IH , J=1.76, J=1.72, A r-H ), 6  7.35 -  7.40 (m , 3H, Ar-H), 6  7.51 -  7.59 

(m , IH , Ar-H), 6  7.77 (d, IH , J=8,  A r-H ), 6  7.92 (d, IH , J=8.04, A r-H ), 8.16 (s, IH , 

CH), 8.47 (s, IH , Ar-H), 5 8.65 (s, IH , OH)

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 20.43 (CH3 ), 5 111.05 (CH), 5 116.78 (CH), 

5 118.81 (C), 5 120.46 (CH), 5 124.30 (C), 6  126.34 (CH), 5 127.23 (C), 5 128.44 

(CH), 5 128.77 (C), 6  129.14 (CH), 6  129.67 (C), 5 130.80 (CH), 6  132.80 (CH), 5 

136.37 (C), 6  149.11 (NCH), 6  154.57 (C-OH), 5 155.83 (C-OH), 5 164.08 (C = 0 )

HRMS (E S I): C1 9 H1 6 N2 O3 [M-" +Na] requires (m /e ) 320.11609, found 329.0930
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3 0  (E )-N '-(5 -tert-B uty l-2-hydroxybenzylidene)-3-hydroxynaphtha lene-2 - 

carbohydrazide

HO

EtOH

HO

HN

OH

Yield: 2.25 g, 83 %, pale cream powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MR: 247-250°C

IRi^max (K B r): 3411.76 (OH), 3321.93, 3164.32 (NH), 1636.78 (C = 0 ) , 1632.94

(C=C), 1626.36 (C=C), 1567.46 cm'^

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 1.15 (s, 9H, SxCHb), 6 6.90 (d, IH , J=8.52, 

Ar-H), 5 7.35 -  7.41 (m , 2H, A r-H ), 5 7.53 (t, 2H, J=7.28  Hz, Ar-H), 5 7.77 (s, IH , Ar- 

H), 5 7.92 (s, IH , A r-H ), 6 8.17 (s, IH , A r-H ), 5 8.49 (s, IH , Ar-H ), 5 8.63 (s, IH , 

NH), 6 11.30 (s, IH , OH), 5 12.15 (s, IH , OH)

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 31.73 (CH3 ), 5 34.27 (C), 5 111.04 (CH), 6 

116.57 (CH), 5 118.36 (C), 6 120.59 (CH), 5 124.31 (CH), 5 125.95 (C), 5 126.34 

(CH), 6 127.24 (CH), 5 128.76 (CH), 6 129.15 (CH), 6 129.35 (CH), 5 130.82 (CH), 5 

136.35 (C), 6 141.99 (C), 149.58 (C), 5 154.48 (C-O), 5 155.83 (C-O), 163.95 (C = 0)

HRMS (E S I): C2 2 H2 1 N2O3 [M ’ -H] requires (m /e ) 361.155, found 361.1566

410



31 (E )-N '-(2 , 5-d ihydroxybenzylidene)-3-hydroxynaphthalene-2-

carbohydrazide

,NH2

HO

EtOH
HN-N

OH

OH

Yield: 2.15 g, 89 % , pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MR: 232-236 °C

IR»?max (K B r): 3585.36, 3560.61 3489.60 (OH), 3356.78, 3147.85 (NH), 1645.63 

(C = 0 ), 1653.12 (C=C), 1638.73 (C = C), 1544.52 cm'^

NMR (4 0 0  MHz, D I^SO -d6): 6  ppm 6.77 (t, 2H, J ^2 .5  Hz, Ar-H), 5 7.03 (s, IH ,

Ar-H), 5 7.34 -  77.41 (m , 2H, A r-H ), 6  7.53 (d, IH , J=7.02 Hz, Ar-H), 6  7.77 (d, IH ,

J=8.24 Hz, Ar-H), 5 7.91 (d, IH , J=8.04 Hz, 5 8.48 (s, IH , A r-H ), 5 8.62 (s, IH , Ar-H), 

6  9.04 (s, IH , NH), 5 10.34 (s, IH , OH), 6  11.33 (s, IH , OH), 6  12.10 (s, IH , OH)

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 111.05 (CH), 5 114.08 (CH), 5 117.61 (CH), 

6  119.46 (CH), 6  119.69 (C), 6  120.40 (CH), 6  124.30 (CH), 6  126.34 (CH), 5 127.22 

(CH), 6  128.77 (CH), 5 129.14 (CH), 5 130.71 (C), 5 136.37 (C), 5 148.58 (C), 5

150.39 (C-O), 5 150.77 (C-O), 5 154.66 (C-O), 6  164.10 (C = 0 )

HRMS (E S I): C1 8 H1 3 N2 O4  [M -H ] requires (m /e ) 321.0875, found 321.0865
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32  (E )-N '-(2-H ydroxy-5-m ethoxybenzylidene)-3-hydroxynaphtha lene-2- 

carbohydrazide

HO

EtOH
HN-N

OH

Yield: 2.39 g, 95 % , pale white powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MP: 287-292°C  Lit. Ref. [279]

(K B r): 3528.72, 3488.65 (OH), 3356.81, 3250.04 (NH), 1648.62 (C = 0), 

1636.34 (C = C), 1620.46 (C=C), 1549.62, 1452.76 cm’ i

NMR (4 0 0  MHz, D M S 0 -d 6 ): 6 ppm 3.75 (s, 3H, CHj), 6 6.91 -  6.99 (m , 2H, Ar- 

H), 5 7.17 (d, IH , 3=2.76  Hz, A r-H ), 6 7.34 -  7.41 (m , 2H, Ar-H), 5 7.51 (td , 2H, J j = 

1.28 Hz, J2 = 8.28 Hz, 13.8 Hz, A r-H ), 5 7.77 (d, IH , J = 8.28 Hz, Ar-H), 5 7.91 

(d, IH , J= 8.24 Hz, Ar-H), 5 8.47 (s, IH , OH), 6 8.67 (s, IH , OH)

NMR (4 0 0  MHz, D M S O -d6): 6 ppm 55.97 (CH3 ), 6 111.04 (CH), 5 112.47 (CH), 

5 117.81 (CH), 5 119.01 (CH), 6 119.40 (CH), 5 120.56 (CH), 6 124.30 (C), 5 126.34 

(CH), 5 127.23 (CH), 5 128.76 (CH), 6 129.13 (CH), 6 130.74 (C), 6 136.36 (C), 6 

148.49 (C), 6 152.03 (C -0 ), 6 152.63 (C-O), 6 154.56 (C -0 ), 6 164.11 (C =0)

HRMS (E S I): C1 9 H1 5 N2 O4  [M ' -H ] requires (m /e) 335.1032, found 335.1045
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35  (E )-N '-(2-Hydroxy-5-iodobenzyUdene)-3-hydroxynaphthalene-2- carbohydrazide

IR>?max (K B r): 3563.67, 3482.65 (OH), 3359.71, 3147.53 (NH), 1670.58 (C = 0 ), 

1642.69 (C=C), 1621.42 (C=C) cm ‘i

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 6.80 (d, IH , J = 8.52 Hz, Ar-H), 5 7.34 -  7.40

(s, IH , OH)

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 81.85 (C -I), 6 111.04 (CH), 5 119.58 (CH), 6 

120.58 (C), 6 122.29 (CH), 5 124.31 (C), 6 126.34 (CH), 5 127.22 (CH), 6 128.77 

(CH), 6 129.14 (CH), 6 130.81 (C), 6 136.38 (CH), 6 136.73 (CH), 6 139.99 (CH), 6 

146.52 (C), 6 154.49 (C -0 ), 6 157.50 (C -0 ), 6 164.22 (C = 0 )

HRMS (E S I): CigHiz^^^INjOa [M ‘ -H] requires (m /e ) 430.9893, found 430.9934

HO

EtOH

Yield: 3.10 g, 96 %, pale white powder (Recrystallisation, EtOH) 

HPLC Purity: 100 % MP: 281-288°C

(m , 2H, Ar-H), 7.52 (s, IH , A r-H ), 6 7.58 (dd, IH , J j = 2.28 Hz, J2 = 8.52 Hz, A r-H ), 5 

7.77 (d, IH , J=  8.28 Hz, Ar-H), 6 7.91 (d, IH , J= 8.28 Hz, Ar-H), 5 7.97 (d, IH , J=  

2.24 Hz, Ar-H), 8.46 (s, IH , Ar-H), 6 8.62 (s, IH , CH), 5 11.23 (s, IH , NH), 5 12.22
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36 (E )-N '-(2-H ydroxy-5-n itrobenzylidene)-3-hydroxynaphtha lene-2- carbohydrazide

HO

EtOH HN-N

OH

Yield: 2.50 g, 95 % , pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 82 % MP: 258-260°C  Lit. Ref. [280]

IRi9max (K B r): 3435.38 (OH), 3352.83, 3141.70 (NH), 1693.58 (C = 0 ), 1649.83 

(C=C), 1625.74 (C=C), 1539.74 cm ‘^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 7.13 (d, IH , J=  9.04 Hz, Ar-H), 6  7.34 -  7.40 

(m , 2H, Ar-H), 6  7.50 (td , IH , J j =  1 Hz, = 8.04 Hz, 14.04 Hz, Ar-H), 6  7.77 (d, 

IH , J= 8.28 Hz, Ar-H), 5 7.91 (d, IH , J =  8.24 Hz, Ar-H), 5 8.18 (dd, IH , J j=  3.02 Hz, 

Jz= 12.04 Hz, A r-H ), 6  8.46 (s, IH , A r-H ), 5 8.61 (d, IH , J= 2.76 Hz, Ar-H ), 5 8.76 (s, 

IH , CH), 5 12.29 (s, IH , OH)

“ C NMR (4 0 0  MHz, D M SO -d6): 5 ppm 111.03 (CH), 5 117.64 (CH), 6  120.43 (C), 5 

120.70 (CH), 6  124.20 (CH), 6  124.32 (CH), 5 126.34 (CH), 6  127.23 (2xCH), 5 

128.79 (CH), 6  129.13 (CH), 5 130.88 (C), 6  136.38 (C), 5 140.41 (CN), 5 145.26 (C), 

5 154.41 (C-O), 5 163.11 (C-O), 6  164.34 (C = 0)

HRMS (E S I): C1 8 H1 2 N3 O5 [M ’ -H] requires (m /e ) 350.0777, found 350.0786
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37  (E )-N '-(2-H ydroxy-3-m ethylbenzylidene)-3-hydroxynaphtha lene-2- 

carbohydrazide

EtOH

HO

HN-N

OH

Yield: 2.11 g, 8 8  % , white powder (Recrystallisation, EtOH)

HPLC Purity: 97 % MR: 278-285 °C

IR>?max (K B r): 3537.62, 3450.72 (OH), 3384.71, 3294.73 (NH), 1648.79 (C = 0), 

1629.33 (C=C), 1615.64 (C=C), 1583.91 cm ‘^

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 2.24 (s, 3H, CH3 ), 5 6 . 8 8  (t, IH , J=7.52  Hz, 

Ar-H), 6  7.23 (d, IH , J=7 .28  Hz, Ar-H ), 5 7.30 (d, IH , J=1  Hz, Ar-H), 5 7.36 -  7.41 

(m , 2H, Ar-H), 5 7.51 -  7.58 (m , IH , Ar-H ), 6  7.78 (d, IH , J=8.24  Hz, A r-H ), 5 7.93 

(d, IH , J=8  Hz, Ar-H), 5 8.48 (s, IH , Ar-H), 6  8.64 (s, IH , CH), 6  11.26 (s, IH , OH), 5 

11.90 ( S ,  IH , OH), 5 12.23 (s, IH , NH)

“ C NMR (4 0 0  MHz, D M SO -d6): 6  ppm 15.94 (CH3 ), 5 111.06 (CH), 117.64 (C), 5 

119.44 (CH), 5 120.55 (CH), 6  124.34 (CH), 5 125.54 (C), 6  126.34 (C), 6  127.28 

(CH), 5 128.80 (CH), 5 129.17 (CH), 5 129.25 (CH), 6  131.03 (C), 6  133.09 (CH), 5 

136.39 (C), 5 151.12 (C -0 ), 5 154.31 (C-O), 5 156.51 (C-O), 6  163.78 (C =0)

HRMS (E S I): C1 9 H1 5 N2 O3 [M ‘ -H ] requires (m /e) 319.1083, found 319.1081

415



38  (E)-N'-(2-Hydroxy-3-methoxybenzylidene)-3-hydroxynaphthalene-2- 

carbohydrazide

,NH, O
EtOH

HO

HN-N

OH

HO /> 
O

Yield: 2.14 g, 85 % , cream powder (Recrystallisation, EtOH)

HPLC Purity: 89 % MP: 288-291°C  Lit. Ref. [281]

IR^max (K B r): 3467.81 (OH), 3372.25, 3284.17 (NH), 1646.78 (C = 0 ), 1630.52 

(C=C), 1609.36 (C = C), 1585.76, 1568.46 cm ’^

NMR (4 0 0  MHz, D i^SO -d6): 6 ppm 3.84 (s, 3H, OCH3 ), 6 6.87 (t, IH , J=7 .9  Hz, 

Ar-H), 5 7.05 (dd, IH , Ji = 1.24  Hz, J2= 6.8  Hz, A r-H ), 5 7.19 (dd, IH , Ji = 1.28  Hz, 

J2=6.78 Hz, Ar-H), 5 7.34 -  7.41 (m , 2H, A r-H ), 6 7.51 -  7.60 (m , IH , A r-H ), 6 7.77 

(d, IH , J=8.28  Hz, Ar-H), 6 7.91 (d, IH , J= 8, A r-H ), 5 8.47 (s, IH , Ar-H ), 5 8.71 (s, 

IH , CH), 5 10.90 (s (b r), IH , OH), 5 11.29 (s (b r), IH , OH), 6 12.15 (s (br), IH , NH) 

NMR (4 0 0  MHz, D M S 0 -d 6 ): 6 ppm 59.37 (s, IH , OCH3 ), 111.05 (CH), 5 114.43 

(CH), 6 119.41 (CH), 6 119.58 (CH), 6 120.52 (CH), 5 121.16 (C), 6 124.30 (CH), 5 

126.34 (CH), 5 127.24 (CH), 5 128.77 (CH), 6 129.14 (CH), 5 130.78 (C), 6 136.38 

(C), 5 147.70 (C), 5 148.46 (C-O), 6 149.11 (C-O), 6 154.55 (C -0 ), 6 164.06 (C =0) 

HRMS (E S I):  C1 9 H1 5 N2 O4  [W -H] requires (m /e ) 335.1032, found 335.1028
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39  (E )-N '-(3~Chloro-2-hydroxybenzylidene)-3-hydroxynaphthalene-2- 

carbohydrazide

EtOH

HO

HN-N

OH

Yield: 2.34 g, 92 %, cream powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MR: 238-244°C

IR»9max (K B r): 3537.62, 3516.74 (OH), 3346.95, 3257.82 (NH), 1662.78 (C = 0 ), 

1628.64 (C=C), 1621.44 (C=C), 1567.47, 1439.57 cm ’^

Ni^R (4 0 0  MHz, D M S 0 -d 6 ): 5 ppm 6.97 (t, IH , J=7 .8  Hz, A r-H ), 5 7.26 - 7.36

(m , 2H, Ar-H), 6 7.50 -  7.56 (m , 3H. A r-H ), 5 7.78 (d, IH , J^8 .2 8  Hz, A r-H ), 5 7.93

(d, IH , J=8.04  Hz, Ar-H), 6 8.47 (s, IH , CH), 5 8.68 (s, IH , A r-H ), 5 9.11 (s (b r), IH ,

OH) 6 11.20 (s (b r), IH , OH), 6 12.40 (s (b r), IH , NH)

NMR (4 0 0  MHz, D M SO -d6): 6 ppm 111.20 (CH), 5 120.10 (C), 5 120.57 (CH), 6 

120.73 (C), 5 120.86 (CH), 6 124.36 (CH), 5 126.35 (CH), 6 127.29 (CH), 6 128.83 

(CH), 5 129.19 (CH), 6 130.01 (CH), 6 131.24 (CH), 5 131.95 (C), 6 136.40 (C), 6 

149.57 (C), 6 153.77 (C -0 ), 5 154.10 (C -0 ), 6 163.80 (C =0)

HRMS (E S I): CigHiz^^CINzOs [M ‘ -H] requires (m /e ) 339.0536, found 339.0543
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40 (E )-N '-(5-C h loro-2-hydroxy-3-m ethoxybenzylidene)-3-hydroxynaphtha lene- 

2-carbohydrazide

HO O-
Cl

\  / = <  EtOH

—

HO /)
O

HN-N

OH

Yield: 2.71 g, 98 % , pale yellow powder (Recrystallisation, EtOH)

HPLC Purity: 100 % MP: 298-302°C  Lit. Ref. [282]

IR«?max (K B r): 3514.83, 3492.73 (OH), 3274.65, 3127.43 (NH), 1656.49 (C = 0 ), 

1646.73 (C = C), 1614.62 (C=C), 631 (C-CI) cm'^

NMR (4 0 0  MHz, D M S 0 -d 6 ): 5 ppm 3.86 (s, 3H, CH3 ), 6  7.10 (d, IH , J=2.48  Hz, 

Ar-H), 6 7.29 -  7.34 (m , 3H, Ar-H ), 5 7.52 (d, IH , J=7.52  Hz, A r-H ), 5 7.76 (d, IH , 

J=8.52  Hz, Ar-H ), 6 7.90 (d, IH , J=8.52  Hz, Ar-H ), 5 8.45 (s, IH , Ar-H), 5 8.66 (s, IH , 

CH), 6 10.84 (s, IH , OH), 5 11.24 (s, IH , OH), 5 12.20 (s, IH , NH)

“ C NMR (4 0 0  MHz, D M SO -d6): 5 ppm 56.25 (CH3 ), 6 110.53 (CH), 5 113.50 (CH), 

5 118.58 (C), 6 120.14 (CH), 5 120.19 (CH), 6 122.84 (CH), 6 123.83 (C), 5 125.87 

(CH), 6 126.75 (C), 5 128.29 (CH), 5 128.66 (CH), 6 130.33 (C), 6 135.88 (C), 5 

145.93 (C), 5 146.28 (C-O), 6 148.99 (C -0 ), 5 154.00 (C -0 ), 5 163.72 (C =0)

HRMS (E S I): C i9 Hi4 ^^CIN2 0 4  [M ‘ -H] requires (m /e ) 369.0642, found 369.0721
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41  (E )-N '-(2-M ethoxybenzylidene)-3-hydroxynaphthalene-2-carbohydrazide

EtOH

OH 0

Yield: 1.95 g, 81 % , ligh t beige powder (Recrystallisation, EtOH)

HPLC Purity: 96 % MR: 274-279°C  Lit. Ref. [283]

IR*?max (K B r): 3436.28 (OH), 3356.73, 3239.62 (NH), 1639.92 (C = 0 ), 1630.25 

(C=C), 1619.29 (C=C), 1537.38 cm'^

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 3.89 (s, 3H, OCH3 ), 5 7.04 (t, IH , J=7.52  Hz, 

Ar-H), 6  7.13 (d, IH , J=8.28  Hz, Ar-H), 5 7.33 (s, IH , Ar-H ), 5 7.36 -  7.40 (m , IH , 

Ar-H), 5 7.44 -  7.49 (m , IH , Ar-H ), 6  7.50 -  7.59 (m , IH , Ar-H ), 6  7.77 (d, IH , 

J=8.28  Hz, Ar-H), 6  7.90 (m , IH , Ar-H), 5 8.49 (s, IH , Ar-H), 6  8.82 (s, IH , Ar-H), 5 

11.40 (s, IH , CH), 5 12.07 (s (b r), IH , OH)

NMR (4 0 0  MHz, D M SO -d6): 5 ppm 56.20 (OCH3 ), 5 111.08 (CH), 5 112.38 (CH), 

5 120.20 (C), 6  121.28 (CH), 6  122.53 (CH), 5 124.27 (CH), 5 126.13 (CH), 5 126.34 

(CH), 6  127.17 (CH), 5 128.75 (CH), 5 129.11 (CH), 5 130.34 (C), 6  132.35 (CH), 5 

136.38 (C), 5 144.58 (C), 5 155.06 (C -0 ), 5 158.38 (C -0 ), 6  164.70 (C = 0 )

HRMS (E S I): C1 9 H1 5 N2 O3 [M -H ] requires (m /e ) 319.1083, found 319.1087
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42  f  E )-N '-( 5-Brom o-2-m ethoxybenzylidene)-3-hydroxynaphthalene-2-

carbohydrazide

EtOH HN-N

OH

Yield: 2.48 g, 83 %, yellow powder (Recrystallisation, EtOH)

HPLC Purity: 94 % MP: 293-297°C  Lit. Ref. [284]

IR<9max (K B r): 3582.59, 3452.61 (OH), 3368.82, 3175.84 (NH), 1690.83 (C = 0), 

1657.86 (C = C), 1654.69 (C=C), 1559.71 cm'^

NMR (4 0 0  MHz, D M SO -d6): 6  ppm 3.89 (s, 3H, OCH3 ), 5 7.12 (d, IH , J=9.04  Hz, 

Ar-H ), 5 7.33 (s, IH , Ar-H), 5 7.36 (d, IH , J= 7  Hz, Ar-H), 6  7.50 -  7.56 (m , IH , Ar-H), 

5 7.60 (d, IH , J=2.52  Hz, Ar-H ), 5 7.76 (d, IH , J=8.04  Hz, Ar-H), 5 7.90 (d, IH , 

J=8.04  Hz, Ar-H), 7.98 (d, IH , J=2 .52  Hz, Ar-H), 6  8.46 (s, IH , Ar-H), 5 8.73 (s, IH , 

Ar-H), 6  11.29 (s (b r), IH , OH), 5 12.13 (s (b r), IH , NH)

“ C NMR (4 0 0  MHz, D M SO -d6): 6  ppm 56.63 (CH3 ), 6  111.06 (CH), 6  112.99 (C), 6  

114.96 (CH), 6  120.47 (C), 6  124.28 (CH), 6  124.79 (CH), 6  126.34 (CH), 5 127.18 

(CH), 6  128.04 (CH), 6  128.76 (CH), 5 129.11 (CH), 6  130.49 (C), 6  134.35 (C), 5 

136.38 (CH), 6  142.74 (C), 6  154.81 (C -0 ), 6  157.49 (C-OCH3 ), 5 164.69 (C =0)

HRMS (E S I):  C i9 Hi4 ^®BrN2 0 3  [M ‘ -H ] requires (m /e ) 397.0188, found 397.0243
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46  (E )-N '-(l-(5 -C h loro-2-hydroxyphenyl)e thyH dene)-3 -hydroxynaphtha lene- 

2-carbohydrazide

HO

HO
O EtOH

Cl

N-NH

OH

Yield: 1.22 g, 46 % , white powder (Recrystallisation, EtOH)

HPLC Purity: 8 6  % MR: 270-277°C  Lit. Ref. [285]

IR<?max (K B r): 3552.91 (OH), 3481.21, 3278.17 (NH), 1674.27 (C = 0 ) , 1646.93 

(C = C), 1622.59 (C=C), 1573.73 cm'^

NMR (4 0 0  MHz, D i^SO -d6): 5 ppm 2.48 (s, 3H, CH3 ), 5 7.27 (s, IH , Ar-H), 6  

7.34 -  7.40 (m , 2H, Ar-H), 5 7.47 -  7.53 (m , 2H, Ar-H), 5 7.73 -  7.81 (m , 3H, Ar-H), 

6  8.46 (s, IH , Ar-H ), 5 10.24 (s (b r), IH , OH), 5 11.90 (s (b r), IH , NH)

“ C NMR (4 0 0  MHz, D M SO -d6): 5 ppm 13.89 (CH3 ), 5 111.05 (CH), 118.52 (CH), 5 

119.59 (C), 6  122.71 (CH), 6  124.09 (C), 5 124.41 (CH), 5 126.25 (C), 5 127.08 (CH), 

5 128.56 (CH), 5 129.12 (CH), 5 129.46 (CH), 5 131.24 (C), 5 132.68 (CH), 5 136.28 

(C), 6  153.32 (C -0 ), 6  155.47 (C -0 ), 6  157.85 (C = 0 ), 6  167.46 (C)

HRMS (E S I): Ci9 Hi4 ^^CIN2 0 3  [M -H] requires (m /e ) 353.0693, found 353.0698
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Theoretical Study. Docking Studies o f  S tructures 46 , 27 , 47 , 28 , 2 2  and  41 .

Structure data was read from  the PDB reference 1T73 containing the c r/s ta l structure 

of the androgen receptor ligand binding domain in complex w ith a FxxLF motif. 

Completion of missing atoms and preparation of the protein was performed w ith MOE, 

optim ization of the hydrogen bond network and calculation of the charges was made 

by 'Protonate 3D' and 'Partial Charges' implemented in MOE using default parameters. 

Ligand conformations were generated w ith 'LowModeMD Search' method by MOE. The 

placement of the ligand w ith in  the site was guided by introducing three 

pharmacophoric constraints (arom atic/hydrophobic) into the three subpockets 

m im icking the pro te in :coactivator in teraction. Docking was made by using the 'Induce 

Fit' protocol which includes protein sidechains in the refinem ent stage. A ffin ity  DG 

function was used fo r scoring and AMBER 99 forcefield fo r the refinem ent of the poses. 

Minim isation and MMPBSA Single Point Binding Energy o f S tructures 4 6 , 27 , 47 , 28, 

2 2  and 41 . The docked poses were energy-m inim ized by using the AMBER software. 

The ff94SB and GAFF force fields were utilized for building the protein and the ligands, 

respectively. Systems were solvated adding a water explic it box of 12 A around the 

centre. The m inim izations were carried out in a m ultistep procedure restraining with a 

harmonic potential of force constant of 10, 5, 1 and 0.1 kcal/m oP respectively. 

Finally, complexes were m inim ized w ithout any restriction. MMPBSA approach was 

applied to m inim ized poses providing 'single point' binding energies (Poisson- 

Boltzmann, PB).

Molecular Dynamic Sim ulation and Energy Analysis o f Compounds 4 6 , 27 , 47 , 28 , 22  

and  41. A fter m inim ization, the selected complexes were gradually heated in the NVT 

ensemble (constant volum e and tem perature conditions) from  0 to  BOOK. Then, the 

systems were equilibrated fo r 50ps at a constant tem perature of 300K by coupling the 

system to a therm al bath w ith Berendsen algorithm  w ith a tim e coupling constant of 

Ips , and a pressure of 1 atm (NPT). Then, the systems were simulated in the NVT 

ensemble for 40 ns. For the stable complexes, the last 5ns of production step were 

used fo r fu rthe r energy analysis. Binding free energies were calculated using the 

molecular mechanics Poisson-Boltzmann surface area (MMPBSA) implemented in 

AMBER. Finally, Pairwise Free Energy Decomposition Analysis was performed to 

identify the key residues in the binding mode o f our proposed most probable Bioactive 

Conformation.
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