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The Interrelation of Physicochemical Parameters and Topological Descriptors for a
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The intercorrelation between a series of physicochemical parameters and topological indices for a set of
p-blockers is investigated. Partition coefficients are calculated using the ClogP program, and the results are
compared with previous data, both experimental and theoretical. These data are complemented by
hydrophilicity and solubility calculations, together with the determination of molecular area and volume.
Connectivity indices, of order 1 and 2, including simple, valence, and differential terms, are evaluated. The
derivation of a recently proposed topological descriptor, the eccentric adjacency index, from the adjacency
and distance matrices, is presented. The corresponding valence term, a novel descriptor, is developed, and
other indices related to the distance matrix, the Wiener and Hyper-Wiener terms, are included. A high
degree of linear correlation between the connectivity indices is noted. The correlations for first-order terms
are slightly superior to the corresponding second-order values. This is particularly true when considering
the valence terms compared with the nonvalence terms. The relationship between these terms and reported
pharmacological properties are investigated. A decrease in the eccentric adjacency index resulted in an
increase in the pharmacological property.

INTRODUCTION X =OCH, CH(OH) CH, NH CH Me; ; Y = OCH; CH(OH) CH; NH C Me,
Name Structure Name Structure

Lipophilicity is a major determinant of several aspects of N X o
the disposition and biological action of drugs.Calculative Acebutalo] u /©;( Ho
procedures have been developed to allow a proper quanti- N I Nadolol Y
fication of drug lipophilicity}-?#8 In the present study, the
ClogP values of a series gf-adrenoceptor antagonists Aprenoll x X
(Figure 1) are calculated, and the results are compared with @:/\ Oxprenolel @[0/\/
previous data.A feature of this range of compounds is their
extensive lipophilicity rangé:® The range (extending over | atnoii W
four log units) in partitioning behavior of the series is a HN Penbutolol v
consequence of the differences in aromatic substitution. The
compounds may be classified as very lipophilic (e.g. pro- ™oy . —
pranolol and bevantolol), lipophilic (e.g. metoprolol, oxpre- | Bevatolo! QO&NV\@[OM Pindolol ”%/x
nolol, and timolol), and hydrophilic (e.g. nadolol). It has been ove
suggested that CNS-related side effects may be due to the oH X
lipophilicity of these agent® '® The values are also | vabetanl Q/\J\u/\/@cowz Propranolol
compared with available experimental dafd? o

Quantitative structure/property relationships (QSPR) and Me X
quantitative structure/activity relationships (QSAR), based |Metprancot Spirendolol
on topological indices, are widely used in pharmaceutical Me ° v
research® The connectivity index, developed by Kier and
co-workers'®~18 has been employed in many structure/ X Timolol o™
activity studiest® 24 A differential molecular connectivity Metoprolol Meoﬂ K/NHY
index and a shape index have also been devel&Fédhe N’\SEN

Wiener Indext’-?8derived from the Distance Matri,is also
a useful topological descriptor in carrying out such studies. Figure 1. The structures of thg-blockers under study.

A comparative study of several such descriptors for vertex- . .
and edge-weighted molecular graphs was successful in Jlated for the series of molecules under study. The Eccentric

QSAR study involving 47 nitrobenzenés.The Hyper- deac.en.cy t_lndex hash besn rgcentltyf %%Lelqpted, ?ng its
Wiener Indexé a distance-related descriptor, is also calcu- escriminating powerhas been investigatean integrate
approach, reviewing both graph-theoretical indices and
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A series of topological descriptors are calculated for the
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the subgraph?S, a factor associated with each subgraph, is

set of compounds under study, and their interrelationships defined as

are examined. The applicability of such indices in both
QSAR and QSPR studies and their suitability as topological
descriptors may be assesséé This work will focus on
the interdependence of lipophilic and topological properties
for a series of3-blockers, extending earlier such studigs

to incorporate the differential molecular connectivity index,
eccentric adjacency indicésand molecular area and volume
properties.

CALCULATIONS

Partition Coefficients and Solubilities. The log of the
octanol/water partition coefficient (logow) was determined
using fragment constants after the Hansch/Leo methad.

m+1

U (5i)j‘ -1/2

where | denotes the particular set of edges (bonds) that
constitutes the subgraph adds the valence of each vertex
within the subgraph. The vertex valences (incorporating the
superscript v to allow for calculations involving multiple
bonding and heteroatoms) are defined as follows

S = (4)

N=2"~h 5)

where Z is the number of valence electrons of the vertex

alternative substructure approach involves the application of (2tom) and his the number of hydrogen atoms attached to

the ClogP algorithm (www.biobyte.com) in the calculation
of the partition coefficient. The version of the ClogP program
used is MacLogP 4.0 (BioByte Corp., 1999). The values from

both methods are compared and also with those calculated

using an earlier version of the ClogP algorithm. Fragmental
methods apply correction factors coupled with molecular

connectivity. Fragments larger than a single atom can be

defined, so that significant electronic interactions are com-
prised within one fragment. This is the basis for the
constructionistapproach for the calculation. A SMILES
(Simplified M olecularL ine Entry System) string is computed

for each compound and provides the input for the program.
This system is widely used as a general-purpose chemica

nomenclature and data exchange format.
A Molecular Modeling program (Molecular Modeling Pro,

ChemSW) is used to estimate the percentage hydrophilic
surface area, while the method devised by Yalkowsky and d

co-workers®%7 is employed in the water solubility calcula-
tions. The general solubility equation is
log S, = 0.5-0.01 (MP—25) — log Ky (1)

whereKow is the octanol/water partition coefficient and MP
is the melting point {C).

The Connectivity and Shape Index.Graphs may be
associated with several topological matrié€ghe adjacency
matrix A of a graph G is defined as

g = 1ifi = jand the vertices are connected

= 0 otherwise

(2)

A nonzero entry appears i only if an edge connects
vertices i and j.

The connectivity indices may be derived from the adja-
cency matrix and are defined as

N
= J; S ®3)

it. Combining eqs 3 and 4, the first-ordem(= 1) and
second-ordernt = 2) connectivity indices may be defined,
respectively, by

Nm

7= 0 (6)
and
Nm
2. v vV QV W\ —1/2
x = ) (67 9 9y) (7)
le i Y] Yk/s

lWhere each subgraph is denoted by s. The values &6rZ

carbon, nitrogen, and oxygen atoms are, respectively, 4, 5,
and 6. The value assigned to sulfur (in timolol) is 0.67.
A differential molecular connectivity indéX has been
efined by

ATy ="y =Ty’ (8)
where m is the order of the index. The information contained
in this index is largely electronic, and it encodes information
about a non spatom and its environment within m atom
fragments.

The shape index?(), defined by Kier2® is defined by

2 2(2Pma><)(2pmin) (9)
(°P)’

where the terniP indicates the count of the number of two-
bond fragments in a graph. The tefRy,, indicates the count
of the minimum number of two-bond fragments, equated to
A-2, where A is the number of vertices in the graph. The
associated structure is a linear graph. The tePRax
represents the corresponding maximum number and is given
by (A-1)(A-2)/2. The graph structure in this case is a star
structure. For a given molecule, i, the number of two-bond
fragments is given byP.

The Eccentric Adjacency Index.This topological index

where m is the subgraph order (i.e. the number of edges oris based both on adjacency and distance matficdhe

bonds in the subgraph) and,Ns the number of subgraphs
of type t and order m. For nx 2, all subgraphs are of the

pathtype (i.e. all subgraph valencies are no greater than 2),

method of calculation is outlined in Figure 2, taking
propranolol as an example. The matrices drawn up are all
19 x 19. For example,;@ = 1 and a; = 0. The adjacency

and the subscript t in the above equation is superfluous. Thematrix (A), as defined above, is constructed. This is a
subscript j denotes the particular set of edges that constitutesymmetric matrix, i.e AT = A. It is noteworthy that the
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1 = 6 (the distance between vertices 8 and 16 is 6 edges).

PN ;J{ , The eccentricity adjacency indeg)(is given by
18 H
N O
*° 15 14 13 " &= I (14)

The Adjacency (A) and Additive Adjacency (A%) matrices i= Ei

®
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A novel, valence eccentricity adjacency index may be
calculated if the vertex valence is used rather than the simple
connectivity value, i.e. iB¥ were used in eq 11, rather than
0. The valence additive adjacency matria®) will be
somewhat different from the additive adjacency matrix. In
the propranolol example, the entry for5 10 and j= 9 is
6 (rather than 2). The value of will be similarly modified.
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The Additive Valence Adjacency (A®") and Distance (D) matrices

i a® H d . . . .
j |3 479" g0 14 a8 q9lu 3 4 7 9 10 14 18 19 The corresponding valence index is given by

1 0 3 0 0 0 0 0 [} 00 1 2 5 6 7 9 9 8
3iL 0 4 0 0 0 0 0 o0i1 O 1t 4 5 6 & 8 7
4 0 3 1} 0 0 0 1} 0 [} 2 1 0 3 4 5 7 7 6 \"
700 0 0 0 0 0 0 0 0.5 4 3 0 3 4 6 6 5 N 0
9 0 0 0 0 1] 4 1] 0 06 5 4 3 0 1 3 3 2
io o0 0o 0 6 0 0 0 0:7 6 5 4 1 0 2 2 1 EV = - (15)
4 0 0 0 1} ] 0 0 0 419 8 7 6 3 2 0 2 1 E
80 0o 0 ¢ 0 o0 0 0 4:9 8 7 6 3 2z 2 0 1 1= i
19: 0 0 0 0 0 4 4 3 08 7 6 M 2 1 1 1 0

Figure 2. Selected matrix elements for the adjacency matridgs ( In an analogous manner to the definition of a differential

the additive adjacency matriceA®, A%V), and distance matrices
(D), exemplified by the calculations for propranolol using the
numbering scheme shown.

molecular connectivity index (eq 8), a differential eccentric
adjacency index may be expressed by

valence value of a particular vertex is obtained by summing AE=E—¢' (16)
the matrix elements across the appropriate row (or column) _ _ ) i
in the matrix, i.e. The Wiener and Hyper-Wiener Indices. The Wiener

index W= W(G) of a molecular graph G is defined as the

N half-sum of the off-diagonal elements of the molecular
0 = Zl 3; (10) distance matrixD = D(G)
= 1 N N
The additive adjacency matriA{¢) may be constructed W==- d. (17)
by considering the valency of each vertex in the graph. The 2 .; ,; !

matrix A* is defined as
Other related topological indices have been devel-
ai‘]?L = ¢; ifi = jand the vertices are connected oped?’-39.3%-41 among them being the Hyper-Wiener num-

ber?? defined by
=0 otherwise (12)

N N

The nonzero entries in any column are therefore equal to WW = } Z Z[dij + dﬁ] (18)

the valence of the relevant vertex. For examplg=a2 and 431

aj, = 0. This matrix is nonsymmetric. The sum of the

vertex valences adjacent to any given vertex i, denoted by Molecular Area and Volume: The SPART.AN program

ai, is given by (www.wavefun.com) was used in the estimation of molecular
areas and volumes. These calculations involved geometry

N optimization using semiempirical methods with minimum
0, = Z aj (12) neglect of differential overlap (MNDO).
=
The distance matrix of the graph ®(G), is the real RESULTS AND DISCUSSION
symmetric Nx N matrix, which contains elementg ¢G), The calculated logP data are presented in Table 1 and
representing the length of the shortest path between the ithcompared with experimental values available. Calculative
and jth vertices of G. The matri® is thus defined as procedures may be categorized as those based on fragmental

methods, those based on atomic contributions, and those
based on molecular propertig$.The ClogP values are
_ ; compared with previous data, to those computed by other
0 otherwise (13) means (using Molecular Modeling Pro and LOGK®y\and
where | is the length of the shortest path between i and jin experimentally determined dat&!!4344The ClogP value
G. The distance matric is clearly symmetric, i&. = D. from this work is 0.35 units higher for bevantolol than that
The eccentricity of vertex i (fEin a graph G is defined as  obtained using an earlier version of the CLOGP program.
the distance from vertex i to the vertex j that is farthest from This is due to an assignment-60.35 to a normal interaction
it, i.e., E = max (d) for all values of j in the graph G. In  inring 1, rather than the earlier value ©0.55 and an extra
the case of the propranolol example (Figure 2y, & 11 proximity factor, accounting for a value of 0.15, for a phenyl-
(the distance between vertices 1 and 16 is 11 edges) gnd E NH fragment pair. The difference observed for oxprenolol

di=1; ifi =]
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Table 1. Calculated and Experimental log P Values for the Series 45

of 3-Blockers Studied logKow vs ClogP ¢ .
ClogP a0
12 20 3 4d 5 e6f 79 8
acebutalol 1.70 161 098 1.19 171 1.9®.17 2o
alprenolol 265 274 262 281 3.13 260 0.52 z
atenolol —0.11 —0.11 —0.15 —0.03 0.78 0.16 0.23 —1.82 %
bevantolol 3.00 227 2.68 3.00 1.20 = 150
labetolol 2.50 151 241 1.06 logKow = 0.932 (ClogP) + 0.158

r=0952

metipranolol 255 3.13 246 2.12.66

metoprolol 135 135 142 1.69 1.98 1.88 2.19.01
nadolol 0.38 0.21 117 0.93 0.761.18
oxprenolol 209 162 170 1.83 229 2.37 2.18 ]
penbutolol 404 419 460 42892 4.15 Les

pindolol 1.67 165 1.07 1.48 1.97 1.750.09 ClogP
propranolol 275 275 243 260 3.17 3.21 365 131
spirendolol 3.84 354 422 Figure 3. The plot of log K, against ClogP for the set of
timolol 1.53 —-0.07 1.75 1.91 2.10 pB-blockers.
2ClogP, this work (MacLogP version 4.0)ClogP, ref 1.© Calcu- Table 3. Percent Hydrophilic Surface Area and Estimated

lated values, Molecular Modeling PréReference 14; LOGKOW Solubility (log Sy) for the Series off-Blockers
program.¢ Experimental values, ref 1References 7 and 8 Reference

11.h Reference 44 This work.i Reference 43. compound % hydrophilic surface area log/s!
acebutalol 43.571 _
Table 2. Correlation Matrix for the Correlation of logP Valtfes alprenolol 34.031 —2.973 (hydrochloride)
atenolol 51.449 —0.632
logP logP logP logP logP logP bevantolol 44.147
Clogh(1) @ 4 (G ® @O 8 labetolol 48.811
loaP(1 1. metipranolol 43.768 —2.792
Eg% ((3)) Oggg 1.000 metoprolol 38.640 —1.896 (tartrate)
logP (4) 0952 0911 1.000 nadolol 46.061 .
|ng(5) 0.974 0.970 0.985 1.000 OXprenOlOl 39.658 —2.033 (hydrOCthflde)
logP(6) 0992 0916 0976 0.996 1.000 penbutolol 27142
logP(7) 0710 0.654 0.707 0.935 0.772 1.000 pindolol 39.911 —2.035 .
logP(8) 0969 0.892 0921 0944 0998 0.993 1,000 Propranolol 36.381 —3.329 (hydrochloride)
spirendolol 29.855
timolol 55.240 —1.174 (maleate)

aThe number in parentheses corresponds to the appropriate column
in Table 1.

2 The salts used in the solubility calculation are noted.

may_be_) accountgd for the former Intera<_:t|0n, W_Ith an extra Table 4. Molecular Connectivity Indices (Simple, Valence, and
proximity correction for the oxygen-allyl interaction (0.20).  piferential) and Shape Index for the SeriesfbBlockers

The values calculated for acebutalol and pindolol using the
LOGKOW program are rather low and high, respectively.

With the exception of labetolol, all contain the same aryloxy-

compound Y 2y L %y A 2A %

acebutalol 8.32 6.09 11.33 10.13 3.01 4.04 11.59
alprenolol 6.36 463 863 725 227 262 8.99

propan-2-ol amino unit. Amino substitution is either iSOpro-  grenolol 639 482 897 817 258 336 903
pyl or tertiary butyl. A marked correlation between potency bevantolol ~ 8.00 5.42 11.72 9.49 3.72 4.07 11.58
and lipophilicity has been shown for these compouhds. labetolol 805 5.99 1147 1020 342 421 1022

i imnlicati ; i metipranolol  7.13 551 9.79 924 266 373 9.21

There Sgilglso clinical _|mpI|cat|_ons in respect c_>f side metc?prolol 674 492 911 768 238 277 983
effects.. ' The correlatlon matrix for the correlation of - qool 779 703 1026 1032 247 329 771
the various sets of data is shown in Table 2. All data, both oxprenolol 650 457 9.13 7.60 263 3.03 9.83
calculated and experimental, are quite self-consistent and p'eijL:t?IOI 5-2578 47-7526 1806474 79-7907 2lfoﬁ 22-9‘232 68-9764
highly I1|nearly related. The somewhat lower values for col- Slrgp(r)aonolol 550 £O0L 917 805 248 305 370
umn 72 may be due to a rather high reported vglue_for Pro- gpirendolol 953 873 11.81 1172 227 299 7.94
pranolol. The ClogP/logKow data are plotted in Figure 3. tmolol 775 651 996 954 221 3.03 8.02

The percentage hydrophilic surface area and solubilities,
estimated using eq 1, are presented in Table 3. There is a The calculation of the eccentric adjacency index is outlined
reasonable correlation between these parameters and Clogih the previous section. The additive adjacency mathi¥) (
(r = — 0.706; ClogP/% hydrophilic area and= 0.822; is defined (eq 11), and, hence, the sum of degrees of vertices
logSw/% hydrophilic area). In Table 4 we list the connectiv- adjacent to a particular vertexi) is obtained (eq 12). The
ity indices (egs 6 and 7), together with the corresponding eccentricity (B is derived from the distance matri®}, and
differential descriptors (eq 8) and the shape index (eq 9). the descriptor is calculated using eq 14. A novel descriptor,
The differential molecular connectivity indices may be the valence eccentric adjacency index, may be evaluated in
interpreted as a quantification of the electronic structure, an analogous manner to the molecular connectivity indices
encoding information about the presenceradnd lone pair (eq 15), and the corresponding differential term may be
electrons in a molecule and has been shown to correlate withdetermined (eq 16). The details are presented in Figure 2
the ionization potentia® The second-order term is, on aver- and outlined in the previous section. These data, together
age, 0.8 units larger than the corresponding first-order term. with the Wiener and Hyper-Wiener indices (eqs 17 and 18)
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Taple 5. Eccentricity Adj_acency Index, Differenti_al Eccentricity _ to expect that they reflect the connectivity relationships
Adjacency Index, and Wiener (W) and Hyper-Wiener (WW) Indices  wjthin a molecule, without having specific recourse to the
for the Set off-Blackers individual valence values. The distance matrix has been used

compound & & —Ag W ww for the characterization of molecular branchifiglt is
acebutalol 10.650 15.839 5189 1570.5 6799.5 unsurprising that ffy,W) and r("V,W) are rather similar
altpfeqolld 8-182 12'?1(75471 2-%?2 ;3(1)-8 gggg-g for m= 1 and 2, while the latter are somewhat lower than
atenolo . . . . . H — H H
bevantolol 0299 14043 4744 17445 85355 the former. The correlations fqm = 1 are sllghtly superior
labetolol 10.872 15265 4.393 1607.0 71910 tothosefom= 2. The eccentric adjacency index correlates
metipranolol  10.375  15.242  4.867 1090.0 4396.0 reasonably well with the second-order connectivity indices.
medtOIDFIO|0| 1?-2‘2% igg% 3-‘2182 lfig;-g igg‘g-g This is not unexpected as the index is based on both
naaolo . . . . . H H H H

oxprenolol 9720 14649  4.929 3340  3116.0 adjacency_ and dlstanc_e properties. It is n_oted that the
penbutolol 12.122 16.090 3.968 1038.0 3924.0 elements in the correlation matrix p_resented in Table 8 are
pindolol 11.282  16.369  5.087 687.0 2409.0 rather low, with the notable exception of the area/volume

rs)rt?rpragfiloll ﬂgéi igég i-ggg 1;3%-8 éggg-g coefficient. It is expected that the correlation between the
tmolol 11454 16042 5488 10630 413s0 &reaandvolume would be high, as is observed 0.987).
There is a surprisingly poor correlation between the shape
index @«) and the arear(= 0.502) and the volumer (=
0.408), respectively. Further studies are required to ascertain
whether these relationships are generally true, and a degree

Table 6. Molecular Areas and Volumes for the Series of
Compounds under Study

compound area/h volume/&® of circumspection is necessary in this regard. However, the
acebutalol 463.28 419.75 choice of parameters employed in structure/activity studies
gltzrneor:gllm 322;32 g%i;g may be aided by the results presented.

bevantolol 440.35 403.70 Quantitative structureproperty relationships (QSPR) in-
labetolol 420.00 398.61 volve the relevant description of molecular structures, in-
metipranolol 407.07 368.97 formative data on properties, and meaningful correlatiors.
nm:dtgf(’)rlc"o' ggg:% gg?_'gg The descriminating power of the eccentric adjacency index
oxprenolol 35223 316.84 was found to be rather encouragifig.

penbutolol 405.83 379.50 The relationship between the physicochemical parameters
pindolol 334.21 306.35 and topological descriptors described in this paper and
Eg?r%rﬁg;g' 23?'2& zég'gg pharmacological properti#s?2of the compounds studied are
timolol 397.07 366.50 investigated. The equation for the angor treatment dose, ATD

(mg day1),?is

are presented in Table 5. The values-a&£¢ lie in the range _ 1 A
3.97-5.49. The range of values &f* is broader than those ATD = (193.70+ 63.74)y — (85.38+ 58.9)c™ —

of the connectivity indices. Molecular areas and volumes are (798.55+ 702.4) (19)
presented in Table 6.

The correlation matrices for the correlation of ClogP with
the structural descriptors are shown in Tables 7 and 8. Thes
data indicate a high degree of linear correlation between the
connectivity indices. This is particularly true when consider-
ing the valence terms compared with the nonvalence terms.
The£AIEAY and W/WW correlation coefficients are also quite 1y A
high. Table 7 reveals that the quality of correlations is high LDso = (7.742+ 1.721)")" — (2.266+ 1.605)™ —
when comparing an index with its corresponding valence (49.876+ 12.21) (20)
value, i.e..ty, LV (r = 0.906);%, %" (r = 0.909); EA/EAY
(r = 0.956) and, as is evident from the definition of both  The statistical parameters for this equation were as
the Wiener and Hyper-Wiener indices (eqs 17 and 18), follows: n=7;r = 0.781;s = 2.517;v (DF) = 4; F =
(W/WW) is quite high and has a value of 0.988. As these 31.8. Forly',t =4.5 (P =0.011) and foé*, t =141 P =
indices are derived from the distance matrix, it is reasonable 0.231).

The statistical parameters for this equation were as
E]‘ollows: n=9;r=0.781;s=174.6;v (DF) = 6; F =
4.68. Forly,t = 3.04 P = 0.023) and fortA, t = 1.45 P
= 0.197).

The equation for the LE (mg kg %)??is

Table 7. Correlation Matrix for the Correlation of ClogP Values with a Selection of Structural Descriptors

ClogP 1y Ly 2 2 % A EAY W WWw

ClogP 1.000
1 0.415 1.000
Ly 0.501 0.906 1.000
2 0.314 0.885 0.951 1.000
2y 0.399 0.688 0.916 0.909 1.000
% 0.072 0.452 0.170 0.075 —0.195 1.000

A 0.431 0.433 0.683 0.714 0.842 —0.539 1.000
gAY 0.351 0.394 0.602 0.651 0.731 —0.523 0.956 1.000
W 0.291 0.975 0.807 0.807 0.548 0.566 0.264 0.245 1.000
W W 0.255 0.938 0.723 0.715 0.430 0.643 0.128 0.116 0.988 1.000
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Table 8. Correlation Matrix for the Correlation of ClogP Values
with a Selection of Structural Descriptors

area vol
ClogP % IA 2A —AE (A (A3
ClogP 1.000
% 0.072 1.000
A —0.043 0.719 1.000
2A —0.145 0.618 0.903 1.000
EAYS —0.175 —0.068 0.174 0.295 1.000
area (R) 0.372 0.502 0.345 0.469-0.080 1.000
vol (A3) 0.421 0.408 0.318 0.445-0.102 0.987 1.000

The equation for log(LEy) (mg kg 1)?tis

Log (LDsy) = (0.158=+ 0.075)"" —
(0.268+ 0.060)&" — (3.324+ 0.650) (21)

The statistical parameters for this equation were as
follows: n = 6;r = 0.933;s = 0.134;v (DF) = 3; F =
10.1. ForyV, t = 2.11 P = 0.126) and foA, t = 4.46 P
= 0.021).

The contribution of the eccentric adjacency indéX)(to

the value of each property above is negative. A decrease in

this parameter will result in an increase in the pharmacologi-
cal property. However, the numerical values of the coef-
ficients in each case are rather low.
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