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Image from: https://doi.org/10.1038/s41580-019-0208-1



THE TARGET | TUBULIN
SideView Top View

+

* Main constituent of (dynamic) microtubules

* af dimeric protein
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TARGETING THE COLCHICINE-BINDING SITE
o~

* Colchicine — nephrotoxic at therapeutic doses Mo

e Combretastatin A-4 80 OCHj

* Water solubility ocH,
I i H.CO
* |somerisation 3 OCH,
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COMBRETASTATIN A-4

« Water solubility — prodrug formation v/
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COMBRETASTATIN A-4
o~

NH

* |[somerisation "\ g

* The affinity of cis CA-4 is predicted to be .O oo
10,000-fold larger than that of trans CA-4 @
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CIS RESTRICTION

e B-Lactam (azetidinone) structure
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COMBRETAZETS | STRUCTURE-ACTIVITY
RELATIONSHIPS

HO
OCHs
Position 3:
Hydroxyl
Phenyl 3 4
2
7
O OCHs
Carr et al. Eur. J. Med. Chem. 45 (12; 2010, 5752-5766 OCH3
O’Boyle et al. J. Med. Chem. 53, (24), 2010, p8569-8584 H3CO

O’Boyle et al. Eur. J. Med. Chem. 46, (9), 2011, p4595 — 4607

O’Boyle et al. Bioorg. Med. Chem. 19, (7), 2011, p2306-2325

O’Boyle et al. Eur. J. Med. Chem. 62, 2013, p705-721 COm bretazets
Greene et al. J. Med. Chem. 59, (1), 2016, p90 - 113

Malebari et al. Eur. J. Med. Chem. 130, 2017, p261-285

Wang et al. Pharmaceuticals, 2019 12(2):56

Malebari et al. Eur. J. Med. Chem. 189, 2020, 112050

Malebari et al. Ph ticals, 14, (11), 2021, 1119
alebariet a armaceuticals, 14, (11), , SCT YREM July 2022
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BEST RACEMIC ANALOGUES

Breast cancer (incl. TNBC) Drug-resistant colon cancer
| HO HO X F |
' HO OCH, OCH; OCHs OCH; |
; \/ij HO A | ; A HO, |
| N j/:N X N j/:N |
| O OCH, © OCHj 1 ! O OCH; ©O OCHj !
: OCH OCH, ! OCH OCH. !
| H4CO 3 H,CO 3o H4CO 3 H,CO S
L Sl |
ICs, MCF-7: 0.8 nM 3 nM 17 nM 22 nM
IC., HT-29: Nd 463 nM 9 nM 3 nM
CA-4 IC;, MCF-7:5.2 nM O’Boyle et al. J. Med. Chem. 53, (24), 2010, p8569-8584
CA-4 |C50 HT-29: 4165 nM SCT YRFM July 2022 Malebari et al. Eur. J. Med. Chem. 130, 2017, p261-285

Malebari et al. Eur. J. Med. Chem. 189, 2020, 112050



WHAT WOULD
YOU DO NEXT?

OCHj, OCHs, OCHj3

\(S) N\Q ‘\QO/’,(R)

TR -

//—N
Q/ @90% Q/OCHs
OCH OCH
H,CO OCHs co 3




MOLECULAR MODELLING

* Enantiomer 1 (3§, 4S; yellow) and enantiomer 2 (3R, 4R; cyan) in the colchicine binding site
* Red: Hydrophilic pocket interactions; blue: hydrophobic pocket interactions

Predicted number of binding interactions: 25 Predicted number of binding interactions: 18
Carbonyl hydrogen bond to Ala-250 and 3-OH A ring and carbonyl point out of pocket without the
pointing out of the colchicine binding pocket critical Ala-250 interaction
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PLAN FOR SYNTHESIS

Steps 1 and 2: Beta-lactam formation (2 step - Staudinger reaction followed by removal of acetoxy)

OCH,4 OCHj
OCHj3
O}O R HO R
R 0
+ )J\ Cl N > N
oY o OCHs o OCHs
OCHj O
acetoxyacetylchloride OCH,4 OCHj
OCH; H3CO H5CO

H3CO

Steps 3 and 4: Derivitisation with Boc-protected proline, separation, and removal of proline
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Separate by column chromatography
Remove proline residue by reaction with hydrazine
dihydrochloride



CHIRAL RESOLUTION WITH AMINO ACIDS

(o)
CXJJ*OH @éo OCH,
NBoc Boc @)

D- proline X=R N
OCHg, L- proline X=S O QOCHs
3 2 OCH
HO,~ 4 » H;CO 3
N
02 2 X=R

1 OCH3 3 %o o

H,CO OCH3
1

Scheme 1. Reagents and conditions: a: HBTU (2 eq), DIPEA (30 eq), anhydrous MeCN (30 mL), N,, rt, 24 hr. Yield = 31-77%. b: resolution of diastereomers using gravity and gradient
elution of MTBE: n-hexane (2:8-2:1). c: Hydrazine dihydrochloride (5 eq), triethylamine (TEA) (9 eq), methanol (MeOH) (30 mL) at 0 °C, then reflux, 6h.

Tripodi et al., JIMedChem 2012, 55, 5, 2112-2124 SCT YRFM July 2022 16



CHIRAL RESOLUTION WITH AMINO ACIDS
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Scheme 1. Reagents and conditions: a: HBTU (2 eq), DIPEA (30 eq), anhydrous MeCN (30 mL), N,, rt, 24 hr. Yield = 31-77%. b: resolution of diastereomers using gravity and gradient
elution of MTBE: n-hexane (2:8-2:1). c: Hydrazine dihydrochloride (5 eq), triethylamine (TEA) (9 eq), methanol (MeOH) (30 mL) at 0 °C, then reflux, 6h.



CHIRAL RESOLUTION
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CHIRAL PURITY | STEREOCHEMISTRY

Chiral HPLC data for 01R

04

Chiral HPLC data for 01En1

Chiral HPLC data for 01En2
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BIOCHEMISTRY | MCF-10a

 Human non-cancerous breast epithelial cell line.

* Viability measured by alamarBlue assay.

Cell viability
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Concentration: 10 nM
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TUBULIN
POLYMERISATION

* In vitro pure tubulin (porcine)

e Absorbance at 340 nm is proportional to
degree of tubulin polymerisation

* CA-4 as positive control

0.204 01Enl
(35’ 45) Vehicle (DMSO)
0.15 CA-410mM
01Enl1 10 mM
¢ O01Enl5mM
a 0.104 01Enl 1 mM
(]
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1 1 1 1
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o
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P — 1 1 1 1
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BIOCHEMISTRY | MICROSCOPY

Cells Vehicle Paclitaxel 1 uM CA-4100 nM

Green: Tubulin (stained with mAb)
Blue: Nuclei (stained with DAPI)
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CELL CYCLE

2 hr

2 h 01En1 cell cycle MDA-MB-231
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BREAST CANCER

Cancerin

F

.J<_ancer is more Ilkely in older women

Only 18% of cancers in women
occur before the age of 50

The number of women in Ireland who develop the EXie: N

1-10 (i
Breast Cancer
1 in 32 ‘ ;‘*
Colorectal Cancer
Lung Cancer

! Reducing alcohol intake

caIIy active -' Eating a balanced diet

www.ncri.ie
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