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Abstract—Role of hydrophobicity in the design of 4-hydroxy-5,6-dihydropyran-2-ones—a new class of emerging HIV-1 protease
inhibitors (HIV-PI) was investigated by using comparative QSAR. These studies show that most of the data points in the individual
dataset studied fall either on positive or negative side of the optimum value of Clog P. This is why, we observe either a positive or
negative Clog P term in the QSAR. To observe the optimum value of Clog P for these inhibitors, a sufficient spread in the data is
required. It is hoped that the results of this study would help in optimizing substituents for better binding at enzyme pockets and

guide in the design of more effective HIV-PI of this class.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

HIV-1 (Human Immunodeficiency Virus Type-1) is the
pathogenic retrovirus and causative agent of AIDS or
AIDS-related complex (ARC).!> When viral RNA is
translated into a polypeptide sequence, it is assembled
in a long polypeptide chain, which includes several indi-
vidual proteins namely reverse transcriptase, protease,
integrase, etc. Before these enzymes become functional,
they must be cut from the longer polypeptide chain. Vir-
al protease cuts the long chain into its individual enzyme
components, which then facilitate the production of new
viruses.> By blocking the ability of the protease to
cleave the viral polypeptide into functional enzymes,
protease inhibitors interfere with continued infection.®®
Mutations enable HIV-1 to resist currently available
treatments, therefore, there is a growing need for the
development of new improved chemotherapeutics.'® 12

The structure—activity relationship (SAR) relates the ef-
fect of a drug or toxic chemical on animal, plant, or the
environment to its molecular structure. This relationship
may be assessed by considering a series of biologically
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active molecules and making gradual changes to them,
and noting the effect of these changes upon the biologi-
cal activity. Alternatively, it may be possible to assess a
large body of data using intelligent tools to establish
such relationships that are formulated as quantitative
structure—activity relationship (QSAR). The QSAR
models lead to the judgment of the specific effects of sub-
stituents and modifications in the lead structure, and
thus reduce trial-and-error factors.!> The QSAR studies
have been found useful in the design and development of
HIV-1 protease inhibitors (HIV-PI).'42° One constant
concern in formulating a new QSAR is to find support
for it in as many ways as possible. A single QSAR stand-
ing alone cannot be taken seriously until it is laterally
validated by Comparative QSAR.!419-21

Hydrophobic interactions play important role in the
inhibition of HIV-1 protease enzyme (HIV-PR).??> They
are not observed in many of the QSAR. Recent QSAR
studies have revealed that the insufficient spread in the
substituents’ hydrophobicity could be one of the reasons
for absence of the hydrophobic term in QSAR.?° To
study them in detail, it is necessary to design molecules
of series with enough wide range of ClogP values to
firmly establish the optimum point.

In the present study, we have used Comparative QSAR
technique to investigate the role of hydrophobicity in
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the design of 4-hydroxy-5,6-dihydropyran-2-ones—a
new emerging class of HIV-PL.?*> One of the drugs,
Tipranavir (1), of this class is already in clinical trial,
but has not yet achieved the desired pharmacological
profile and efficacy.?* It is envisioned that the results
of this study would help in understanding structural fea-
tures of both the inhibitor and the target receptor
responsible for biological activity and guide in the de-
sign of more effective inhibitors.

OH E/

2. Results and discussion

Tait et al. reported the antiviral activity data (ICsg) of 4-
hydroxy-5,6-dihydropyran-2-ones HIV-PI.23 The authors
tried different hydrophobic/hydrophilic or polar/nonpo-
lar substituents on the parent dihydropyranone and re-
ported several series. QSAR studies were performed on
these compounds by us (Tables 1-3). In all the QSAR
reported here, n is the number of data points, r is the
correlation coefficient, s is the standard deviation, ¢ is
the quality of fit and calculated as described by Cramer
et al.,?> and the data within parentheses are for the 95%
confidence intervals. The QSAR multiple linear regres-
sion analyses were executed with the CQSAR pro-
gram.2% Clog P is the calculated log of octanol/water
partition coefficient and is a measure of hydrophobic-
ity.?” CMR is the calculated molar refractivity for the
whole molecule and is a measure of volume dependent
polarizability.'3-?® BS is the Verloop’s sterimol parame-
ter that defines maximum width of the substituents.?’
Clog P and CMR are normally for the neutral form of
partially ionized compounds. See Experimental Section
for more details.

2.1. 3-(S-(CH3),-C¢Hs), 6-C¢Hs, 6'-R (hydrophobic)
substituted 4-hydroxy-5,6-dihydro pyran-2-ones (2)
(Table 1)*

Initial SAR studies by Tait et al.>? focused on prepar-
ing alkyl derivatives (2) designed to fill the S, pocket

of the enzyme and readily adjust to its surface to maxi-
mize the hydrophobic interactions. We developed
QSAR 1 for the antiviral activity data (ICs) of these
derivatives.

Log(1/ICsy) = 1.41(£0.36)Clog P — 0.62(£0.24)B5x
— 1.16(%£0.51)I, + 1.38(£1.08)
n=28, r=0901, »=02812, ¢°>=0.715 s=0.287
(1)

QSAR 1 showed linear dependence of the antiviral
activity on hydrophobicity as evidenced by the positive
Clog P term. It strengthens the fact that the biological
activity increases linearly with increasing hydrophobi-
city. The presence of a negative B5 steric term for R-
substituents in the QSAR suggests that the bulky
groups such as phenyl, cyclo-pentyl, and cyclo-hexyl
at 6-position of pyranone may cause steric hindrance.
As mentioned earlier, BS is Verloop’s Sterimol parame-
ter and defines the maximum width of the substitu-
ents.”?’ The indicator parameter I, was used with a
value of unity for » = 0 and zero for n = 1 and 2. Its neg-
ative coefficient indicates that -CH»— linker between sul-
fur and phenyl group at C3-position is required for
substituent at this position to reach the binding pocket
of the enzyme.

2.2. 3-(5-(CH,),~-C¢Hs), 6-CcHs, 6'-R (polar) substituted
4-hydroxy-5,6-dihydro-pyran-2-ones (2) (Table 2)?3

The analyses of a small dataset where polar groups were
substituted at the 6th position of (2) gave QSAR 2.

Log(1/ICs) = 2.47(+1.21)CMR
+ 1.58(£0.84)Icoon — 23.03(+14.33)
n="6, r=0972, r» =0945 ¢ =0.661, s=0276
(2)

As mentioned earlier CMR is a measure of volume
dependent polarizability of the compounds. The positive
coefficient of CMR indicates that the bulky polar R
groups may be involved in charge interaction with the
binding pocket. The ionization of the polar groups in
cellular assays and at physiological concentration is dif-
ferent at the binding site of the enzyme. The indicator
parameter Icooy Wwas used with a value of one for
R = (CH,),,COOH and zero for others. Its positive coef-
ficient emphasizes the role of acidic substituents in the
polar interactions. This QSAR model is statistically less
robust because of its low ¢* and use of two terms for 6
data points. Normally use of 5 data points per parame-
ter is recommended for deriving a good QSAR model.'3
However, we believe this QSAR gives important infor-
mation about receptor-ligand interaction because all
these compounds fitted well in the final QSAR (shown
later) derived for the combined dataset. The small
number of data points in the dataset and insufficient
range in the parameter value precluded study of other
parameters.
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Table 1. The physicochemical parameters and the antiviral activity data used for deriving QSAR 1 and 4

S. No. Substituents ClogP B5g Iy Log (1/1Csg)
n R Obsd.” Calcd.
QSAR 1 QSAR 4

1 1 H 3.32 1.00 0 5.05 5.45 4.92
2 1 C;H, 4.90 3.49 0 6.54 6.14 6.02
3 1 C4Ho 5.43 4.54 0 6.57 6.23 6.31
4 1 CsHy, 5.96 4.94 0 6.91 6.73 6.58
5 1 CeHi3 6.49 5.96 0 6.74 6.85 6.80
6 1 CH,CHMe, 5.30 4.45 0 6.36 6.11 6.30
7 1 CH,CH,CHMe, 5.83 4.54 0 7.01 6.80 6.57
8 1 CH,CH,CH,CHMe, 6.36 5.59 0 6.74 6.89 6.80
9° 1 CH,-c-pentyl 5.93 5.42 0 7.06 6.40 6.71
10 1 CH,-c-hexyl 6.49 5.42 0 6.86 7.19 6.93
11 1 CeH;s 4.88 3.11 0 6.58 6.34 6.54
12 1 (CH,),C¢Hs; 5.79 3.58 0 7.22 7.33 7.09
13 1 (CHy)»— 4.20 3.24 0 4.93 5.30 5.79
14 1 (CHy)s— 4.76 3.82 0 5.64 5.73 6.12
15 1 (CH,);Me 5.96 4.94 0 6.49 6.73 6.58
16 0 CH,CH,CH,CHMe, 6.16 4.54 1 5.85 6.10 6.37
17* 0 Cg¢Hs 5.21 3.11 1 6.96 5.65 6.38
18 0 (CH,),C¢Hs 6.12 3.58 1 6.89 6.64 6.89
19 2 H 3.44 1.00 0 5.68 5.61 5.18
20° 2 C;H; 5.01 3.49 0 5.29 6.29 6.25
21 2 C4Hy 5.54 4.54 0 6.40 6.39 6.54
22 2 CsHy, 6.07 4.94 0 7.08 6.89 6.80
23 2 CeHi3 6.60 5.96 0 6.95 7.01 7.01
24 2 CH,CHMe, 5.41 4.45 0 5.92 6.26 6.53
25 2 CH,CH,CHMe, 5.94 4.54 0 7.02 6.95 6.79
26 2 CH,CH,CH,CHMe, 6.47 5.59 0 6.81 7.05 7.02
27° 2 CH,-c-pentyl 6.05 5.42 0 6.29 6.56 6.93
28 2 CeH3s 4.99 3.11 0 6.82 6.50 6.77
29 2 —(CH,),C¢Hss 5.90 3.58 0 7.29 7.49 7.31
30 2 —(CHy)s— 4.87 3.82 0 5.89 5.89 6.36

#Not included in deriving QSAR 1.
® B5 value is estimated to be equal to CH,-c-hexyl.

2.3. 3-(S-(2R',5R"-C¢Hs)), 6-CsHs, 6’-R (hydrophobic)
substituted 4-hydroxy-5,6-dihydro-pyran-2-ones (3)
(Table 3)*

OH R
s
X X
R
=
(o) [¢)
R"
3

The same authors reported anti-HIV-1 data for another
series of dihydropyranones, where several alkyl groups
were tried at 2’- and 5’-position of thiophenyl ring at
C-3 of pyranone (3) in order to further improve the anti-
viral activity. QSAR 3 was developed for these
compounds.

Log(1/ICsy) = —0.28(=0.23)ClogP + 0.73(40.24)B5y/
—0.92(0.40)Ig + 7.67(41.45)
n=17, r=0892, *=0.797, ¢* =0.654, s=0.255
(3)

The QSAR shows a linear relationship of antiviral activ-
ity with the Clog P. Its negative sign indicates that highly
hydrophobic groups are not good for improving the
activity of this series. A positive B5 term for R’ substitu-
ent was also found significant in our model. The substi-
tuent at this position seems to be involved in favorable
steric interactions. Indicator variable Ir was used with
a value of unity for R=CgHs and zero for
R = (CH,),C¢Hs. Its negative coefficient suggests that
the C¢Hs group without linker —-(CH,),— at the 6th posi-
tion of pyranone would not be able to achieve good
antiviral potency. The linker —(CH,),— for R-substituent
seems to be important for facilitating the access to the
binding pocket of the enzyme.

2.4. 3-S-R”, 6-CcHs, 6’-R substituted 4-hydroxy-5,6-

dihydro-pyran-2-ones (4)>3
OH
AN s TR
R
o o
4
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Table 2. The physicochemical parameters and the antiviral activity data used for deriving QSAR 2 and 4

S. No. Substituents CMR Icoon Log (1/ICsg)
n R Obsd.” Calcd.
QSAR 2 QSAR 4

1 2 (CH,),COOH 11.05 1 5.92 5.79 5.93
2 2 (CH,);COOH 11.51 1 6.57 6.93 6.19
3* 2 (CH,),COOH 11.98 1 8.30 8.07 6.57
4 2 (CH,);CONH, 11.73 0 5.89 5.89 591
54 2 (CH,)4CONH, 12.19 0 6.47 7.03 6.35
6 2 4-Pyridyl 11.77 0 6.10 5.98 6.27
780 2 CH,N(Me)CsH3s 13.28 0 5.64 9.70 7.47
8 1 CH,OCgH5 12.13 0 6.76 6.88 6.88
9¢ 1 (CH,),OH 11.01 0 5.90 4.12 5.90

#Not included in deriving QSAR 2.

®Not included in deriving QSAR 4.

Table 3. The physicochemical parameters and the antiviral activity data used for deriving QSAR 3 and 4
S. No. Substituents ClogP Ir B5g: Log (1/1Csg)

R R R” Obsd.” Calcd.
QSAR 3 QSAR 4

1* CeHss H H 5.21 1 1.00 6.96 6.04 6.38
2 CeHss Me H 5.71 1 2.04 6.41 6.66 6.65
3 CeHss CHMe, H 5.94 1 3.17 7.64 7.42 7.09
4 CgHs CHMeEt H 6.47 1 3.49 7.77 7.50 7.32
5 CeHs c-Pentyl H 6.57 1 4.09 7.85 7.91 7.45
6 CeH;s c-Hexyl H 7.13 1 3.49 6.90 7.32 7.63
7 CeHs CMe; H 7.03 1 3.17 7.31 7.11 7.29
8 CgHs CHMe, Me 6.43 1 3.17 7.42 7.28 7.32
9 CeHs CHMe, CHMe, 7.36 1 3.17 6.92 7.02 7.69
10° CgHs CMe, Me 7.53 1 3.17 7.92 6.98 7.45
11 CH,C¢Hs H H 6.12 0 1.00 6.89 6.71 6.89
12 CH,C¢Hs Me H 6.62 0 2.04 7.14 7.33 7.10
13 CH,C¢Hs CHMe, H 6.84 0 3.17 7.85 8.09 7.52
14 CH,C¢Hs CHMeEt H 7.37 0 3.49 8.00 8.17 7.68
15* CH,C¢Hs c-Hexyl H 8.04 0 3.49 7.49 7.99 7.92
16* CH,C¢Hs CMe, H 7.94 0 3.17 8.52 7.78 7.59
17 CH,C¢Hs CHMe, Me 7.34 0 3.17 8.15 7.95 7.69
18 CH,C¢Hs CHMe, CHMe;, 8.27 0 3.17 7.85 7.69 7.95
19 CH,C¢Hs CMe; Me 8.44 0 3.17 8.00 7.65 7.69
20 CH,C¢Hs CMe, CHMe;, 8.67 0 3.17 7.33 7.58 8.05
21* CH,C¢Hs(S) CHMe, Me 8.04 0 2.04 8.22 6.93 7.69
22 CH,C¢Hs(R) CHMe, Me 8.04 0 2.04 6.89 6.93 7.69

#Not included in deriving QSAR 3.

The QSAR analyses of individual datasets and study of
the hydrophobic parameter resulted in three QSAR
models. QSAR 1 has a positive Clog P term, QSAR 2
has no Clog P term whereas QSAR 3 showed a negative
Clog P term. We combined all the three datasets having
general structure (4) and obtained the following QSAR:

Log(1/ICsp) = 0.82(+0.60)ClogP
—0.07(£0.06)ClogP? + 0.47(£0.19)CMR
— 1.28(£2.93)
n=>57 r=0850, *=0.722, ¢*=0.676, s =0.436
Optimum ClogP (logP,) = 6.345
(4)
This QSAR showed a parabolic dependence of antivi-

ral activity on hydrophobicity. The activity first
increases with increasing hydrophobicity upto an opti-

mum value (logPy= 6.345), and then decreases with
further increase. The presence of CMR in the final
QSAR 4 (of all the three combined datasets) shows
the importance of size dependent polarizability of these
molecules for achieving good antiviral activity. QSAR
4 explains 85% variance in the activity. Further jack-
knifing did not improve the QSAR. Plot of observed
versus calculated activity for this QSAR is shown in
Figure 1.

Most of the compounds found outliers (the number of
the molecules of the dataset that did not fit in the QSAR
model) in QSAR 4 were also found misfit when we stud-
ied these series independently. The calculated value of
these compounds was either too high or too low than
the corresponding observed value (see Tables 1-3). This
problem of ‘misfit’ of the congeners in the final QSAR
could be associated with any one of the following
reasons:



4082 B. Bhhatarai, R. Garg | Bioorg. Med. Chem. 13 (2005) 4078-4084

9.0
8.5
8.0
7.5
7.0
6.5
6.0
5.5
5.0 °
4.54
4.0 T T T T T T T T T !
40 45 50 55 60 65 7.0 75 80 85 9.0

Obsd. Log(1/1Cs,)

Calcd. Log (1/ICs0)

Figure 1. Plot of observed versus calculated antiviral activity for
QSAR 4 (A represents outliers).

e Outliers due to what seem to be ‘congeners’ but are
not.

e Mathematical form of the equation may be off the
mark.

o Different rates of metabolism of the members of a set.

e The quality of the experimental data.
Finally, the parameters used may not be the best.
Sometimes, experimentally obtained parameters are
better than those calculated and vice versa.

Therefore, one has to expect outliers that must not be
forgotten because many times they can lead to new
understanding. To cover them up by including in a
QSAR, at the cost of a lower correlation coefficient
(r), can be more confusing than helpful.

3. Overview

The three important factors, which describe the physico-
chemical properties of the molecules and are used in
developing QSAR, are hydrophobic, steric, and elec-
tronic. Variations in these properties of the substituents
at each position of the parent structure are required
to make sure that all of these properties are consid-
ered. In addition, the test sets should be large enough
to be able to include the three factors to see their
influence on activity. Very often either of the two
aspects is not considered while designing a dataset for
investigation.

Overall study of QSAR 1-4, shows that the antiviral
activity of dihydropyranones under study depends on
its hydrophobic and volume dependent polar interac-
tions with the receptor. Calculated molecular refractiv-
ity (CMR) and the Verloop’s width parameter (B5)
along with the hydrophobic parameter ClogP were
found the most important parameters in our QSAR
models.

Table 4. Summary of QSAR 1-4

Presence of CMR parameter in a QSAR has been asso-
ciated with size as well as polarizability and also points
toward the involvement of electronic effects beside steric
interactions.3® This parameter was also found signifi-
cant in QSAR models of other structurally diverse clas-
ses of HIV-PR inhibitors.!*1%29 Interaction of the
inhibitor with the enzyme pocket of protease is critical
for potent binding. The HIV-PR is a dimer with an
elliptical open-ended cylindrical active site formed as
well-defined sub-sites (S, S}, S, S5, S;, S}) and not
as clear sub-sites (S4, S, and Ss, S5) containing mostly
hydrophobic residues.?! 34 The active site of HIV-1 pro-
tease can accommodate 6-8 amino acids with its 18 po-
tential H-bond donors/acceptors.’!=% The lone pair
electrons on the oxygen and nitrogen atom of the polar
groups in the congeners will have an appreciable effect
on H-bonding with surrounding amino acids, and posi-
tive coeflicient of CMR is a good indicator of volume
dependent polarizability. The positive value of CMR
also gives hint that the bulk of substituents may assist
in holding the ligand in place or cause a conformational
change in receptor structure.? This is also supported by
the presence of a negative BS term in QSAR 1, which
suggests steric hindrance in binding with the receptor
of bigger substituents at 6th position of pyranone. The
positive BS term in QSAR 3 suggests that the bigger
groups may be better substituents in the S-aryl group
at C-3 of pyranone.

HIV-PR binding site has a hydrophobic binding do-
main.?> However, the site seems to have an optimum
size as indicated by the presence of parabolic Clog P in
several QSAR models.!*!° In the present study, HIV
protease inhibitory activity of the smaller set of com-
pounds showed linear relationship with Clog P (QSAR
1 & 3) whereas the combined dataset of all compounds
exhibited a parabolic Clog P term (QSAR 4; optimum
log P = 6.345). A brief summary is given in Table 4.

Closer inspection of all the datasets used for developing
QSAR 1-3 showed that there was insufficient spread in
the parameter value of ClogP to reveal the optimum
value (6.345) observed in QSAR 4. The first dataset
which gave QSAR 1 (with a positive Clog P term) has
most of the compounds with a ClogP value <6.345
(Table 1). The second dataset used for developing
QSAR 2 (with no Clog P term) has mostly polar substit-
uents (Table 2). The third dataset that showed QSAR 3
(with a negative ClogP term) has most of the com-
pounds with a Clog P value >6.345 (Table 3). As shown
in Figure 2, only the combined dataset has sufficient
spread in the range of parameter values of ClogP to
reveal the optimum value.

Log (1/ICsp) range

Clog P range Comments

QSAR models Compounds

QSAR 1 Hydrophobic groups (2) 4.93-7.29
QSAR 2 Polar groups (2) 5.64-8.30
QSAR 3 Hydrophobic groups (3) 6.41-8.52
QSAR 4 Combined dataset (4) 4.93-8.52

3.32-6.60 Linear positive Clog P term

2.68-5.70 No ClogP

5.21-8.67 Linear negative Clog P term
Parabolic Clog P term

2.68-8.67 (Opt. log P = 6.345)
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Figure 2. The range of Clog P in different QSAR models. The number
of data points above and below the optimum Clog P (6.345) line in
each dataset is given.

These new comparative QSAR studies show that most
of the data points in a dataset often fall either on posi-
tive or negative side of the optimum Clog P value. This
is why, we do not observe an optimum, but either a po-
sitive or negative term in the QSAR. To observe the
optimum value of a parameter, a sufficient spread in
the data is required. More such studies are in progress
to fully establish this hypothesis and will be reported
in separate communications.

4. Conclusion

Several studies have proved that the HIV-PR binding
pockets have hydrophobic residues.?!3* Earlier QSAR
studies on HIV-PIs revealed that there is an optimum
value of Clog P (log Py), which an inhibitor is required
to have for potent inhibition.!*! It is important to note
that in our previous reports'#!® the log P, range for pro-
tease inhibitors was found to be from 4.49 to 6.96. The
optimum (6.345) observed in QSAR 4 in the present
study also fall in this range. The majority of HIV re-
search is done with cells and isolated receptors and these
studies tend to overestimate the value of log P (i.e., over
1 or 2 log unit higher) for the whole organism.?® None-
theless, we found a close agreement in the Clog P values
of US Food and Drug Administration (FDA) approved
HIV-PI*¢ and the optimum log P observed in our QSAR
models as shown below:

FDA approved protease inhibitors® Clog P°¢
1. Saquinavir (Invirase®) 4.73
2. Ritanovir (Norvir®) 4.94
3. Indinavir (Crixivan®) 3.68
4. Nelfinavir (Viracept®) 5.84
5. Amprenavir (Agenerase®) 3.29
6. Lopinavir (Aluviran®) 5.54
7. Tipranavir® 7.76

Recently approved Kaletra® is a combination of Lopinavir and
Ritonavir.

# All FDA approved HIV-PI are peptidic in nature.

® First nonpeptidic dihydropyranone HIV-PI in clinical trial.

¢ Calculated using CQSAR program, Biobyte Corp., Claremont, CA.

These results clearly show that the comparative QSAR
studies provide valuable insight in understanding com-
plex biological interactions. We hope that this study
would help in optimizing substituents for better binding
at HIV-PR pockets and guide in the design of more
effective inhibitors.

5. Experimental

All the HIV-1 inhibitory activity data have been col-
lected from the literature.>> Antiviral potency ICs, is
the effect of the compounds on the 50% inhibition of
accumulation of viral RNA transcripts 7 days after
infection of H-9 cells by measuring RT assay.?*3” The
QSAR multiple linear regression analyses were executed
with the CQSAR program and all the physicochemical
parameters were auto loaded.?® For details about the
utility of CQSAR program in comparative QSAR anal-
yses, see Refs. 13 and 30. The physicochemical parame-
ter—Clog P is the calculated partition coefficient in
octanol/water and is a measure of the hydrophobicity
of the molecule.?’ It explains: (a) hydrophobic interac-
tions between ligand and receptor, and (b) random walk
process in movement of the drug molecule in the organ-
ism from site of injection to sites of action. Clog P is for
the neutral form of acids and bases that may be partially
ionized. If the degree of ionization is about the same for
a set of congeners, the ionization factor can be ne-
glected. Otherwise, good correlations can be obtained
using electronic terms. CMR is the calculated molar
refractivity for the whole molecule and is a measure of
volume and polarizability.!> MR is calculated as fol-
lows: (n* — 1/n* +2) (MW/d), where n is the refractive
index, MW is the molecular weight, and d is the density
of a substance. Since there is very little variation in n,
MR s largely a measure of volume with a small correc-
tion for polarizability. MR values have been scaled by
0.1 and can be used for a substituent or for the whole
molecule. BS5 is the Verloop’s sterimol parameter that
defines maximum width of the substituents.?” The indi-
cator variable 7 is assigned the value of 1 or 0 for special
affects that cannot be parameterized and has been ex-
plained wherever used.
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