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Summary — A quantitative structure—activity relationship study is presented for 20 sulfonamide inhibitors of carbonic anhydrase.
These drugs do not form a classical congeneric series, in that the only common factor is the sulfonamide group, which is attached to a
variety of substituted aromatic and hetero-aromatic nuclei. The important factors were local factors such as Mulliken charge on atoms
of the sulfonamide group, and global factors such as the size and shape of the molecule, its calculated frontier orbital energies, and its
lipophilicity. Good correlations were obtained with the equilibrium constant and the kinetic association rate constant, but not with the

kinetic dissociation rate constant.

carbonic anhydrase / kinetic study / QSAR / charge / LUMO

Introduction

Sulfonamides with the general formula RSO,NH,
constitute a thoroughly investigated class of inhibitors
of the zinc enzyme carbonic anhydrase (CA, EC
4.2.1.1) [1-3]. They bind as anions to the Zn(Il) ion
within the enzyme active site (substituting the metal-
bound water molecule) [4, 5] with abnormally high
affinities of around 106-10° M-! (for isozyme CA I,
one of the most effective catalysts known [1-3]). This
was hard to explain initially, since sulfonamides are
relatively poor complexing agents for transition metal
ions [6], and even if recently a large number of such
complexes have been reported [7], their stability is
relatively low [8]. Later it was shown that the strong

*Correspondence and reprints

Abbreviations: AM1: Austin model 1; CA: carbonic anhydrase;
CNDO: complete neglect of differential overlap; HOMO:
highest occupied molecular orbital; LUMO: lowest unoccupied
molecular orbital; QSAR: quantitative structure—activity rela-
tionships.

inhibitory properties of this class of substances can be
accounted by several factors. These include firstly, the
stability of enzyme-inhibitor complex being stabili-
zed by a large favorable enthalpy change associated
with the binding of the sulfonamide to the enzyme
(6, 9].

Secondly, the weak coordination bond between the
active site Zn(Il) ion and the sulfonamido nitrogen is
enormously supplemented by the cooperative interac-
tions of the organic moieties of the inhibitor with
amino acid side chains from the active site, as proved
by X-ray crystallographic determinations of structures
of several sulfonamide adducts with diverse CA
isozymes [10-12].

Thirdly, kinetic factors control the association rates
of the inhibitor with the enzyme, as well as the disso-
ciation of the enzyme-inhibitor adducts. As the rate
constants for the reactions of CA with its inhibitors
were thoroughly investigated [13—17], some interest-
ing facts emerged.

Thus, in contrast to the metal complexing anions
(such as cyanide, cyanate, thiocyanate, sulfide, etc)
possessing CA inhibitory properties [18] for which
association rates (k,,) of the order of magnitude
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of 108-10° M-1s-1 and dissociation rates (k,) of
103-106 s-1 [17] were measured, the sulfonamides
have much slower association rates than the anions
(k,, in the range of (0.00331-31) x 106 M-1 s-1
whereas the dissociation rates are also much slower,
but ranging only between 0.01 and 0.05 s-1 [3, 17].
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Thus, the changes in the association rates of sulfon-
amides with CA control the stability of the E-I
complex and hence the potency of the inhibitor, a
situation quite uncommon for enzyme—inhibitor reac-
tions [18, 19].

Such factors, as well as the need to design tight
binding inhibitors of these enzymes (with a k. around
10-3-10-4 s-1) prompted us to hypothesize in an earlier
work [3] that a QSAR study in which kinetic instead
of thermodynamic constants (such as the inhibition
constant, K; usually employed in QSAR studies)
would be used in calculation, might bring novel
insights regarding the factors that govern activity in
this class of pharmacological agents. Apart from the
theoretical interest such calculations might have,
sulfonamide CA inhibitors are firmly established in
clinical medicine in the treatment or prevention of
glaucoma [20], gastroduodenal ulcers [21], mountain
sickness {22] and other conditions. The thermodyna-
mic inhibition constant is related to the kinetic para-
meters by the formula K| = k. /k,,-

In this paper we report the first such QSAR study,
involving kinetic as well as thermodynamic inhibition
constants for 20 sulfonamides for which literature data
regarding association and dissociation rates were avail-
able [3]. The object of the study is two-fold: first, to
enable simple prediction of the potency of as yet
unsynthesized substances; and second, to throw light
on the mechanism of action of the drugs, and their
interaction with the active site of the enzyme. The
series of compounds considered is unusual in that it
does not form a congeneric series.

The only structure common to all compounds is the
sulfonamide moiety. All have an aromatic nucleus, but
these are of varying identity. Previous studies of
such diverse structures include many on narcosis,
employing hydrophobicity [23], and two on hallucino-
gens [24, 25}, using HOMO energy. Other studies on
CA inhibitors have used more homogeneous series of
drugs [26-29].

The drugs as well as their inhibition and kinetic
constants are shown in table I. Mention should be
made that some of the compounds included in the
study are used clinically. Thus, acetazolamide O
methazolamide N, and ethoxzolamide T have been in

parenteral use, originally as diuretics [1], but then as
antiglaucoma or antiulcer drugs [1, 2, 20, 21]; benzol-
amide Q is a renal drug with a specific pharmacology
[30], whereas MK-927 P is a member of a new class
of water-soluble topically active antiglaucoma drugs
recently introduced in clinical medicine [20]. Piret-
anide G, hydrochlorothiazide H, chlorothiazide J,
furosemide L and benzothiazide M belong to the class
of chloruretic or high ceiling diuretics, being widely
used in the treatment of cardiac edema and possessing
renal mechanisms apart from CA inhibition [17].
Other such compounds (such as sulfanilamide I,
benzenesulfonamide K or inhibitors R, S) are histori-
cally important molecules (CA inhibition by sulfon-
amides was discovered working with sulfanilamide
[31]) or led to the development of very effective
classes of such inhibitors (for a recent review, see ref

[2]).

Calculations

The molecules were set up using the program
PCMODEL ([32], and their geometries were fully
optimized, first using PCMODEL to explore confor-
mational space, and finally with AMI1 [33]. These
conformations are of course the conformations of
minimum energy in vacuo, not the unknown confor-
mations of the molecules when bound to the enzyme.
The AMI calculations were run with the program
MOPAC 93 [34], and CNDO calculations to obtain
the atomic charges with the programs CNINDO [35]
and GEOMOS [36]. The descriptors calculated are
listed in table II.

The linear dimensions of the molecule were calcu-
lated from the principal components of the inertial
tensor, I, I, and I, and the molecular weight W, using
the formula:

5(Iy + Iz - I-‘L‘ )
Az =2 oW
and similar formulae for A, and A,. These represent
the lengths in angstroms of an ellipsoid with the same
principal axes of inertia as the molecule, and with a
density of 1 da/A3. The van der Waals area and
volume were calculated with the GEPOL [37] option
of the program ARVOMOL [38]. The octanol/water
partition coefficient was calculated with the program
ClogP for Windows [39]. For consistency, and to
facilitate prediction, all values of log P used were
calculated, although the measured values were avail-
able for many of these drugs.

The charges on the sulfonamide group have been
shown to be important for CA inhibitors [27-29, 40],
and the polarizabilities and frontier orbital energies



Table 1. Drugs A-T and their inhibition and Kkinetic
constants.

Drug Structure K, x10M Kk, x10-6  k,ps!
L/mol s
A j’ 10 000 0.003 0.03
SONH,
[+]
B FeCoy-OHa 6000 0.002 0.01

0,
C Cg—swz 3000 0.003 0.01
o,
D Q,N—d«—wm 3000 0.003 0.01

E o s, 900 0.04 0.04
NO,
F @—s&yn, 800 0.01 0.008
G o ! 17 000 0.003 0.050
NH,_S0;
Cl NH
H )@[ 1, 2350 0.013 0.030
NH,S0; 287
o o
I H,N—@-so,nn, 750 0.033 0.024
Ct N,
J N 460 0.066 0.030
Nﬂ,so,):jgf.:H

K (s 440 0.10 0.044

L o LowlD 80 0.3 0.024
M SO 16 0.6 0.010
NH,S07 0’5:0 /©
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Table L. Continued.

Drug Structure Ky x10M  k,, x106  k,zs!
L/mol s-1

H’c'N N

N ool 13 3.5 0.042
TN S TSONH,
el

N-N

(8] e (o, 7 3.0 0.021

O"S"o

8
p (oo 4 44 0020

HN
“SCH,CH(CHy),

Qe Ol 09 31 0.028
H 2

R h W 08 15 0.012
 N-N
S ) 0.8 30 0.024
S” TSONH,
CH0
T = 07 14 0.010

were found to be significant in a previous study [41].
A correlation dendrogram [42] for the entire data set,
using the algorithm of Spearman to combine correla-
tions [43], and excluding the dependent variables, is
shown in figure 1.

MOPAC has been well tested with hypervalent
compounds [44], and performs well. However,
because it does not consider d orbitals, the charges
calculated for the sulfur and oxygen atoms would be
unrealistic. The S=O bond is treated as being extre-
mely polar. For this reason, CNDO [45], which does
treat d orbitals, was used to calculate these quantities.

Results

This study involves selection of descriptors from a
pool. Topliss and Edwards have shown that this
entails the risk of obtaining formally significant corre-
lations by chance [46]. In order to determine whether
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Table II. Descriptors used in this study.

Descriptor Symbol Units

1 Charge on sulfonamide hydrogen, CNDO Oy e

2 Charge on sulfonamide sulfur, CNDO Os e

3 Charge on sulfonamide nitrogen, CNDO On e

4 Charge on sulfonamide oxygen, CNDO Qo [

5 Energy of highest occupied molecular orbital, AMI Ey eV

6 Energy of lowest unoccupied molecular orbital, AMI E, eV

7 Component of polarizability tensor, AMI IT,, au

8 Component of polarizability tensor, AM1 I, au

9 Component of polarizability tensor, AMI I, au
10 * Length of axis of molecule A, A
11 Length of axis of molecule A, A
12 Length of axis of molecule A, A
13 van der Waals volume of molecule, ARVOMOL Vo A3
14 van der Waals area of molecule, ARVOMOL A, A2
15 Log of octanol-water partition coefficient, CLogP Log P
16 Dipole moment of molecule, AM1 D Debye

or not stepwise regressions on the data set were invali-
dated by chance correlations, a stepwise regression by
Effroymson’s algorithm [47] was carried out on a data
set including all of the descriptors, and compared with
1000 similar regressions on the same data set, but
with the dependent variable values randomly reassi-
gned [48]. The statistical significance obtained by this
procedure was 0.0017 for log k,,, and 0.0023 for log
K. Thus, for these models, the risk of chance correla-
tion in the stepwise regressions is at an acceptable
level. No significant model could be obtained for log
k. This is not surprising, given the smaller degree of
variation of this parameter over the set of drugs. The
models obtained for log &, and log K, by Effroymsons
algorithm were:

log kyy =512 Ox+ 1.22 E, +0.373A,-0.139 V, +

0.125 A4, +6.33 [1]
log K;=-55.7Qn—1.64 E, +0459D-0.572 A, -
0.251 A, +0.625 log P - 8.56 [2]

The data sets were subjected to ‘all possible sub-
sets” regression using the program BMDP-9R [49].
The selection criterion was Mallows’ C, [50], with the
default penalty of 2.0. This technique resulted in the
same optimal subsets for both data sets, identical to
that obtained for log k., above, although there were
differences in ordering in intermediate models.

Considering only log k,,, the one-descriptor equation
involving A, was the best, followed by Qy, with R? of
0.31 and 0.29, respectively. All other one-descriptor
equations had R? poorer than 0.13. The best two-
descriptor equation involved both of these, with R? of
0.482, followed by an equation containing A, and IT,,,
with R2 at 0.476, and all others poorer than 0.42. In
the next six poorer equations, Il or IT, substituted
for A,, and Q,, Qy or D substituted for Q.

The best three-descriptor equations, with R2 of
0.617, 0.589 and 0.575, lacked a charge term, but
involved A, A,, A,, V,, I1,, and II, — thus being
dependent on the size, shape and polarizability of the
molecule. The five next-best equations all contained
QOx and A,, with one of D, E,, I1,,, Qy, and II,,, and
had R? ranging from 0.570 to 0.548.

The best four-descriptor equations again included
charge terms, Qo, s, Qo and Qy, respectively. The
best of these, with R2 of 0.749, included A, V,, and A,,.
In the other three, the only other substitution was A,
for A,.

The best five-descriptor equation, with an R? of
0.838 and involving Qy, E., A,, V,, and A, was the
best subset, in terms of its C, of —1.61. The remainder
had R2 of from 0.794 to 0.807. In the next best Ey
substituted for E;, and in the third best, A, substituted
for A,. The term Qy occurred in all of the ten best
five-descriptor equations.
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Fig 1. Dendrogram of correlation matrix of descriptors for
compounds A-T.

The next descriptor to enter was D, with a substan-
tial improvement in R2, but a deterioration in C,.
Further addition of descriptors led to only small
improvements in R2. Thus the best equations for both
dependent variables is analogous to equation [1] for
log k,,, obtained by the Effroymson algorithm.

A rule-of-thumb in multiple regression analysis is
that there should always be at least three times as
many cases as variables. On this basis, since there are
20 drugs in this set, we can consider at most six
variables in any one equation. The two subsets chosen
on the basis of Mallows’ C, have five variables.

The optimal linear regression models were:

log ke, =51.2 (2 11.1) Oy + 1.22 (2 0.40) £ +
0.373 (2 0.111) A, - 0.138 (£ 0.028) V,, + 0.125
(£0.026) A, + 6.33 (= 3.15) (3]
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R2=0.839, 02=0.669, § =0.705, F = 14.5,
a=4x10-5, all o; < 0.01

log K, =—46.5 (= 10.6) Oy — 0.988 (£ 0.38)
E. -0418 (x0.106) A, + 0.144 (x 0.027) V,, ~
0.128 (= 0.025) A, - 3.26 (= 2.98) (4]

R2=0.857, 02=0.701, S = 0.669, F = 16.8,
o =2x10-5 A =38.0, and all o, < 0.002
except that for £, which was 0.021

Here, R? is the square of the multiple correlation
coefficient, Q2 is the same quantity based on predicted
errors (the leave-one-out technique [51]), S is the stan-
dard error of estimate of the equation, F is the Fisher
variance ratio, o is the probability (statistical signifi-
cance) based on this F, and the o values are the indi-
vidual statistical significance of each of the coeffi-
cients of the equation, based on a Student’s ¢-test. The
numbers in parentheses are standard errors of estimate
for each coefficient in the equation. The diagnostic A
is defined as:

11
A__;;;\:

where n is the number of descriptors and the A, are the
eigenvalues of the correlation matrix of descriptors
[52]. A value of A greater than 5 is taken to indicate
that a collinearity problem exists in the equation. The
value of 38 suggests that the equation is unreliable.
Examination of the eigenvector matrix showed that
the problem was entirely due to the very high correla-
tion between V,, and A,,.

A repetition of all the possible subsets regression
with the A, term deleted gave a more satisfactory
result in this regard. For one and two variable subsets,
the results were identical with those obtained
previously. For three variables, a good subset was
obtained with I1,,, A, and A_ (C, = 1.89, R? = 0.666),
with Qy and then @, substituting for A, with less satis-
factory statistics, and the fourth and fifth best equa-
tions contained Qy, A, and D and E| respectively.

The best four-descriptor equations were less satis-
factory (C, = 2.38, R2 = 0.702), but contained Qy, I,
A, and one of A, E;, and D in order of increasing C,
(ie, poorer fit).

The best five-descriptor equation (C, = 2.08, R? =
0.757) contained Qy, E,, D, A, and log P. With less
satisfactory fit, £y substituted for E; (C, = 2.90). The
remaining four of the best six five-descriptor equa-
tions contained Qy, A. and I1_, with combinations of
E,A and D.

The best six-descriptor equation was the overall
best, with C, = 1.37 and R? = 0.822. It contained Q.
E, D, A, A, and log P. In the three next best equa-
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tions, IT_. substituted for A,, and then E, substituted
for E;, followed by A, for A,. In the best seven-
descriptor equation, A, and IT_, replaced A, in the best
six-descriptor equation, giving C, = 2.78 and R? =
0.837. The activity parameters log k,, and log K; are
very strongly negatively correlated. The optimal fit for
log k., with six variables was:

log k., = 60.3 (£ 12.8) Oy + 1.91 (2 0.49) E, +

0.551 (+0.100) A, + 0.286 (£ 0.131) A, —

0.446 (£ 0.111) D — 0.659 (= 0.212) log P +

11.30 (+ 3.49) [5]

R2=0.823, 02=0.580, S=0.767, F = 10.1,
o =3 x 104, all o; < 0.01 except A, (0.047)

Substitution of the compound variables IT,, + IT,, +
It for Il I1,, and IT_, A,/V,, for A, and V,, and of
— Ey for E; and Ey did not lead to improved
models. Similarly, substitution of various sums of Q,
Q.. Qo and Q, for Qy did not improve the statistics.

In order to determine whether the fit of equation [5]
could be improved by nonlinear transformations of
the independent variables, the ACE technique of
Breiman and Friedman was applied [48, 53-55]. This
method gives plots of optimal smooth nonlinear trans-
formations of the variables, maximizing R2. All inde-
pendent, but not the dependent variables were trans-
formed, giving the plots shown in figure 2.

The plots for log P, A, and to a lesser extent, Qy
suggest piecewise linear transforms [55] with break-
points at 0.35, 6.0 and —0.24 respectively, and those
for A,, D and E; possible but weak polynomial trans-
forms. When these were tried, the lower part of the
log P and A, transforms were found nonsignificant,
and both parts of the Qy transform were significant, as
were the A,? and A >, but not the A, terms. The resul-
ting equation was an excellent fit, with an R? of 0. 945,
but had too many terms for the number of points, and
was inferior in the Q2 value of 0.609 (ie, it was a
poorer predictor). The best predictor was obtained by
retaining only the upper branches of the log P and A,
transforms. This was as follows:

log k,, = 66.4 (+ 10.8) Oy + 2.11 (£ 0.41) E, +
0.571 (+ 0.085) A, + 0.555 (£ 0.156) A, — 0.418

(= 0.087) D - 0.976 (+ 0.227) log P' +

11.11 (+2.82) [6]

R2—0879 02=0.732,5=0.634, F=15.71,

= 1.76, oo =3 x 10-3, all o; < 0.001 except A’
(0 0035), where log P' log P (log P>0. 35)
otherwise log P' = 0.35, and A'=A (A > 6.0)
otherwise A, = 6.0 -

The fit of the data to this model is shown in figure 3.
This model, for both dependent variables, is analo-
gous to equation [2] for log K|, and its statistics are
superior to those for equation [5].
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Fig 2. ACE transformation plots for descriptors of equation [5].
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Fig 3. Plot of observed k,, against k, calculated by
equation [6].

In the five best n-term equations for log k,,, for
each of n = 1 to 7, the coefficients of E,, Oy, A,, and
I1,, were always positive and those of I1,, D, and log
P were always negative. Those of A, A, and Il
varied. Thus aromatic sulfonamides that have a low
dipole moment, a low negative charge on the sulfon-
amide N, a high E,, and which are long, relatively
wide (A, > 6 A) and relatively hydrophilic (log P < 0.35)
are predicted to have a large value of the association
rate constant k.

A similar treatment was applied to log K. The coef-
ficient for A, was statistically non-significant in the
original regression, and the ACE transformation plot
of A, gave a less pronounced discontinuity at 6.0 than
it did with log k., but on applying the same transfor-
mations, the lower parts of A, and log P transforms
were again insignificant, leaving the same six signifi-
cant terms as before. The resulting equation was:

log Ki;=-61.0(x11.5) QOy—-1.82(x043)E, -

0.592 (x0.091) A, - 0.484 (x 0.166) A, +

0.434 (= 0.093) D + 0.919 (£ 0.242) log P' -

8.41 (= 3.01) (71

R2=0.864, 02=0.677, §=0.678, F = 13.76,
A=1.76,0=6x 1075, all o, < 0.001 except A
(0.012), E_ (0.001) and log P' (0.002), where
log P' = log P (log P > 0.35), otherwise log P' =
0.35,and A, = A, (A, > 6.0) otherwise A,' = 6.0

Thus the regression for log K; gives very similar
results to log k,,, but with somewhat poorer statistics.

The values of the calculated descriptors found to be
most important are given in table III.
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Discussion

The activities of the drugs depend on three factors,
which may be exemplified for log k,,. First is the posi-
tive correlation with charge on sulfonamide N, which
is a common finding with sulfonamide CA inhibitors.
More negative values of the charge on this nitrogen,
lead to smaller rate constants, k.. The charge on
sulfonamide S or O can substitute for this, but less
well. The magnitude of the dipole moment is similarly
implicated, the rate constant decreasing with increas-
ing dipole moment.

Second is the positive correlation with E,, for
which Ey can substitute, again less well. Larger values
of E lead to greater rates. This may be indicative of a
charge-transfer interaction between the aromatic part
of the drug and some electron donor in the receptor
site. The negative sign of E, for all of the drugs is
consistent with this. The positive sign of the correla-
tion suggests that the charge-transfer interaction tends
to inhibit the formation of the intermediate complex
necessary for the enzyme inhibition. That is, the
sulfonamide—enzyme complex with strong charge-
transfer bonding is still able to catalyze the CO,/water
reaction. The location of the charge-transfer binding
site in the enzyme is perhaps such that the sulfona-
mide is kept away from the site of enzyme inhibition.

There is some uncertainty about the physical signi-
ficance of calculated LUMO energies. They are less
soundly based, and correlate less well between calcu-
lation methods than HOMO energies [56], but calcu-
lations on model systems [57] indicate that within
limits, they are meaningful. The finding that E; is an
important factor in this group of neutral compounds
contrasts with our earlier finding that E,; was
significant in the same negative sense, but in a much
narrower group of positively charged CA inhibitors.

Third is a geometric factor, in which V, and A,
appear with opposite signs (negative and positive
respectively), which may signify degree of departure
from sphericity, and A,, the length of the longest axis
of the molecule, appears with a positive sign. The
greater the departure from spherical and the greater
the length of the molecule, the larger is k. If one
discounts this observation because of the collinearly
between V,, and A,, one has a positive correlation with
the length of the molecule, a less certain positive
correlation with its breadth, and a negative correlation
with lipophilicity. The latter would indicate that the
environment of the active site is generally hydrophi-
lic. The collinearity, being a consequence of the
physical nature of the two descriptors, does not neces-
sarily invalidate the regression.

A recent finding illustrating the size dependence,
obtained by calculation in our study, was the report
of Whitesides” group that in a series of inhibitors
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Table IIL. Values of the most important descriptors.

Drug QO (e) E (eV) A (A) A, (A) A, (A) Log P D (Debye) V, (A3 A, (A2)
A -0.2520 -0.906 9.59 6.39 2.06 1.65 4.24 153.51 189.05
B -0.2546 -0.950 11.91 5.84 2.67 1.83 6.49 215.07 250.77
C -0.2405 -1.476 7.60 6.61 2.54 0.40 6.58 143.26 177.79
D —-0.2346 -2.380 10.99 6.37 2.30 0.30 4.85 163.29 203.50
E -0.2450 -1.781 11.82 4.14 2.29 0.58 4.44 143.52 176.83
F -0.2467 ~1.495 10.47 5.29 2.28 0.58 5.30 143.48 181.13
G -0.2537 -1.039 11.11 9.88 4.88 3.27 7.67 297.87 341.83
H -0.2498 -1.034 11.50 6.62 2.61 -0.50 10.12 195.93 234.70
I -0.2567 -0.327 9.78 4.01 2.48 -0.57 6.24 135.33 171.90
J —0.2460 -1.712 11.45 6.63 2.61 ~0.41 6.55 191.65 228.16
K -0.2518 -0.564 8.27 4.17 2.59 0.31 5.13 124.71 157.87
L -0.2515 ~1.021 11.81 8.48 437 2.17 5.41 245.95 293.88
M -0.2470 -1.662 18.05 7.93 3.31 2.03 8.73 317.64 367.63
N —-0.2461 -0.959 11.41 5.51 2.15 0.27 6.13 170.19 215.19
o) -0.2123 -1.358 11.62 434 2.17 ~0.87 7.26 152.17 193.13
P -0.2561 ~1.568 12.25 9.62 3.18 -0.03 5.47 248.97 314.57
Q -0.1992 -1.705 13.67 5.92 4.03 0.22 7.53 221.82 270.63
R -0.2482 -1.120 12.87 8.27 3.56 2.71 0.97 232.53 287.44
S —0.1969 -1.776 12.94 5.54 1.92 1.43 5.69 192.74 227.90
T —0.2413 ~1.125 14.75 439 2.05 2.02 6.26 197.18 239.67

obtained by attaching glycine or (Gly), units (n from 2
to 4) to 4-carboxybenzenesulfonamide (compounds of
type U) the inhibition constants greatly increased with
n [58].

The nonlinear dependence on hydrophobicity is
probably consistent with Kubinyi’s bilinear equation

SO5NHy

CONHGly,

U:n=1-4

[59], based on partitioning between multiple compart-
ments, but this cannot be tested in the present model,
because it would entail too great a proliferation of
fitted parameters. The nonlinear dependence on A, is
less certain, but if it exists, is presumably of steric
origin. The effectiveness of the drug decreases with
decreasing breadth, but only down to 6 A, beyond
which it becomes constant.

As with any QSAR study, the conclusions of this
study cannot be safely extrapolated beyond the
range of the data on which it is based. Nonlinearities
have been found within that range. No doubt others
exist beyond it, and as the ‘all possible subsets regres-
sion’ resuls indicate, even the identity of the relevant
parameters must be regarded as tentative. Within
the range of the data, reasonable prediction should
be possible by equation [6], which predicts approxi-
mately 73% of the variance of the association
rate constant.
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