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The comparative molecular field analysis (COMFA) method has been employed to correlate the apparent lipophilicity
(logk.) and global lipophilicity (logP) for orthopramide derivatives. This study demonstrated that CoMFA is an excellent
method in predicting the complex properties of molecules such as apparent lipophilicity (logk.,) or lipophilicity (logP).
The better predictability of lipophilicity by introducing logk, as an independent descriptor suggests that the HPLC
capacity factor measured in a buffer of pH 7.5 (logk,} can be effectively utilized in the prediction of global lipophilicity.

Introduction

Comparative Molecular Field Analysis (CoMFA),! a new
3-D QSAR (quantitative structure-activity relationship) ap-
proach developed by Cramer et al., has become a popular
and valuable tool in drug design.” Traditional QSAR attempts
to correlate the biological properties of a series of molecules

with the physicochemical property which are normally de-
rived empirically. However, the CoMFA method tries to cor-
relate the target variables with more fundamental properties
of the molecules, steric and electrostatic properties. These
properties are calculated theoretically and thus, COMFA does
not require predetermined physicochemical parameters for
the analysis. Moreover, classical 2D-QSAR is applied only
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Figure 1. Chemical structure of general orthopramides.

to a congeneric series, but on the other hand CoMFA can
be applied to mixed series. Recently, several studies have
been reported in which the COMFA method were used suc-
cessfully to predict the classic QSAR descriptors such as
Hammett constant,® pK,* and rate constant® as well as bio-
logical activity.®

As part of our continuing efforts to evaluate the useful-
ness of the CoMFA method in predicting physical properties
of a molecule, we chose lipophilicity (logP) and apparent
lipophilicity (logk,) for the CoMFA study. Lipophilicity is an
important parameter to consider in medicinal chemistry since
it plays an important role in determining, in many cases,
bioavailability and intrinsic activity. A most commonly used
descriptor for global lipophilicity (logP) of molecules has
been the octanol-water partition coefficient measured experi-
mentally by the shake-flask method.” Recently, as an alterna-
tive descriptor for lipophilicity, a capacity factor which is
obtained from the reverse-phase HPLC experiment has been
proposed.? This value usually correlates well with logP and
is measurable in a wider range of lipophilicity than by the
shake-flask method. Particularly, the HPLC capacity factor
measured in a buffer of pH 7.5 is used to describe apparent
lipophilicity (logk.,).

In this study, we performed a CoMFA analysis on experi-
mentally measured apparent lipophilicity (logk,) and globai
lipophilicity (logP) of orthopramides® to confirm how reason-
ably logk, can be used to describe apparent lipophilicity and
to demonstrate how effectively this new 3D-QSAR method
can predict lipophilicity of molecules.

Methods

Starting geometries for 42 orthopramides (Figure 1 and
Table 1) were generated by the BUILD option in SYBYL
(version 6.0)* and the conformational study was carried out
by the GRID SEARCH from the starting geometries. The
charges were calculated by Gasteiger-Marsili’s method.!! The
CoMFA analysis was performed by using the QSAR option
in SYBYL. The lowest energy conformers of each compound
were superimposed by the least-squares fitting of C1, C2,
N3, C4, and C5 atoms. The steric and electrostatic potentials
were generated by using an sp® C probe with +1 charge
(C*), an H probe with +1 charge (H*), and a O.spc probe
atom with —1 charge (O.spc™). The O.spc represents a single

int charge oxygen with the van der Waals radius of 1.7766

which is commonly used to create a special type of water
molecule. The grid used in the CoMFA analysis has a lattice
spacing of 2 R 'in the cube of —20 & to +20 & along the
x, 3, and z axes. The steric, in terms of the van der Waals
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Table 1. Structures and Physicochemical Properties of Ortho-
pramide Series’

R, R; Rs Rs logk. logP

1 Me H H H 0986 028

2 Me H Cl H 1.852 -

3 Me H Br H 1.979 -

4 Me H I H 2167 —

5 Me H OMe H 1124 056

6 Me H Et H 1832 164

7 Me OMe H H 0.936 —

8 Me OMe Cl H 1.697 -

9 Me OMe Br H 1.818 —
10 Me OMe I H 2036 143
11 Me OMe Et H 1.608 1.07
12 Me OMe Pr H 2102 -
13 Et OMe H H 1.211 -
14 Et OMe Br H 2031 -
15 Et OMe I H 2182 -
16 Me OEt Br H 2395 —
17 Me 2-OEtF Br H 1.801 -
18 Me OEt 1 H 2339 232
19 Et OEt Br H 2467 -
20 Me H H OH 1629 —
21 Me H Br OH 2496 —
22 Me H 1 OH 2.783 284
23 Me H OMe OH 1253 —
24 Me H Et OH 2805 —
25 Me Cl H OH 204 -
26 Me Cl Cl OH 2681 276
27 Me Cl Br OH 2786 —
28 Me Cl 1 OH 3.202 -
29 Me Cl Et OH 3323 -
30 Me OMe H OH 1460 094
3 Me OMe (I OH 1920 —
32 Me OMe Br OH 2.151 -
33 Me OMe 1 OH 2484 —
34 Me OMe Et OH 2507 214
35 Me OMe 2-FEt OH 2074 —
36 Me OMe Pr OH 3.083 -
37 Me Br Br OH 2.741 -
38 Me I Br OH 2931 -
39 Me 1 Et OH 3.585 -
40 Me Br OMe OH 1.760 -
41 Me 1 OMe OH 1910 -
42 Me Et OMe OH 1718 -
“Ref. 9.

(6-12) interactions, and electrostatic, Coulombic with a 1/r
distance-dependent dielectric, potential energy fields were
calculated at each lattice intersection on a regularly-spaced
region. A computationally efficient statistical algorithm, a par-
tial least squares (PLS) analysis,”> was used in conjugation
with cross-validation to measure the predictability of the
dataset.
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Table 2. CoMFA-PLS Analysis on Logk, Values of 36 Orthopra-

mides

Model 1 Model 2 Model 3
probe atom C3* H* O.spc™
cross-validated »* 0.780 0.866 0.847
no-validated # 0.958 0.968 0.964
standard error (s) 0.140 0.122 0.130
no. of components 5 5 5
relative contribution

steric 0.555 0.575 0.559
electrostatic 0.445 0.425 0.441

Table 3. Logk, Values Predicted by Three CoMFA Models

Expl. Model 1 Model 2 Model 3
3 1.979 1.897 1.845 1.908
11 1.608 1.829 1.893 1.815
21 2.496 2.257 2.355 2318
29 3.323 2.929 2.968 2.930
33 2484 2431 2.301 2439
40 1.760 1.757 1875 1.729
 Sprediction 0.212 0.221 0.199

Results and Discussion

Correlation and prediction of apparent lipophili-
city, logk,. A CoMFA analysis of logk, for the 36 ortho-
pramide derivatives except for 3, 11, 21, 29, 33, and 40
was carried out by using three different probe atoms. The
CoMFA analysis as summarized in Table 2 shows a good
correlation between the CoMFA interaction energy and the
target property, logk,. In all three models the cross-validated
#* and no-validated 7° values are high indicating that all three
models are good in predicting logk, of the orthopramide de-
rivatives. As the next step to evaluate the predictability of
the above models, we calculated the logk, values for 6 omit-
ted compounds, 3, 11, 21, 29, 33, and 40. The predicted
values and the corresponding standard errors (Spregiction) are
summarized in Table 3. The low standard error value, ~0.2,
proves that the CoMFA models are very good in predicting
the target values, logk,. The plots of the calculated (squares)
or predicted (triangles) logk, values versus the observed
ones show an excellent linearity as shown in Figure 2. The
CoMFA contour maps for three models are similar regard-
less of the probe atom used and indicate that electropositive
groups at the 3 and 5-position, electronegative groups at the
6-position, and sterically bulky groups at the 5-position of
the benzene ring will increase logk, of the orthopramide
derivatives.

Correlation of lipophilicity, logP. The CoMFA anal-
ysis for ten compounds 1, §, 6, 10, 11, 18, 22, 26, 30, and
34 of which logP values are experimentally measured as
listed in Table 1, was carried out using again three probe
atoms. We also studied three additional models in which
logk, is used as an independent descriptor. The CoMFA
analysis for logP as summarized in Table 4 again shows a
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Figure 2. The plots of logk, values calculated (squares) or pre-
dicted (triangles) by CoMFA models 1 (a), 2 (b), and 3 (c) versus
experimental logk, values.

good correlation with the CoMFA steric and electrostatic
fields with high cross-validated 7, and no-validated #* values.
Particularly, the models 4, 5, and 6, where logk, is introdu-
ced as an independent descriptor, show better predictabilities
than the models 1, 2, and 3 in which only steric and electro-
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Table 4. CoMFA-PLS Analysis on LogP Values of Ten Ortho-
pramides

Model Model Model Model Model Model

1 2 3 4 5 6
probe atom C3* H* Ospc™ C3* H* Ospc

descriptor - - - logk, logk, logk,
omitted compounds 2 2 2 - - -
cross-validated 7 0617 0.691 0600 0919 0930 0.933

no-validated »* 0996 0993 0996 0978 0979 0.980
standard error (s) 0.086 0.120 0.08 0.150 0.146 0.146
no. of components 5 5 5 2 2 2
relative contribution
logk., - - - 0787 0.769 0.782
steric 0465 0512 0425 0.077 0.107 0.087
electrostatic 0.535 0488 0575 0.136 0.123 0.131
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Figure 3. The CoMFA contour map for Model 1 for logk,. B
M, and are representing electronegative, electropositive, and
sterically favored regions, respectively.
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Figure 4. The plot of calculated logP values by Model 4 versus
experimental values.
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Figure 5. The CoMFA contour map for Model 4 for logP values.
B M, and are representing electronegative, electropositive,
and sterically favored regions, respetively.

static fields are considered. The relative contribution by log-
k, turns out to be very high, above 70%, suggesting that
logk,, plays an important role in determining the logP values.
Therefore, logP can be expressed as a linear function of
logk, as follow;

logP=alogk,, +b a

for Model 4: logP=1.325logk,—0.956
for Model 5: logP=1.307logk,—0.935
for Model 6: logP=1.327logk,—0.959

A good linearity between logk, and logP (Figure 4) suggests
that logk, can be usefully used for the prediction of logP.
The contour map of this analysis (Figure 5) is similar to
that of the logk, analysis except no electropositive region
at the 5-position of the phenyl ring. As shown in Figure
5, the CoMFA contour map for logP indicates that electro-
positive groups at the 3-position, electronegative groups at
the 6-position, and sterically bulky groups at the 5-position
of the benzene ring will increase logP of orthopramides.

Conclusion

In this work, we demonstrate that the CoMFA analysis
can be usefully used for the prediction of logP of the ortho-
pramide analogs. A good correlation of logk, and logP with
the CoMFA interaction energies regardless of probe atoms
again indicates that lipophilicity can be predicted reasonably
with only CoMFA analysis without using other descriptors,
such as hydrogen-bonding factor, hydrophobic effect or other
cross-interaction terms. Other clear advantage of the COMFA
method in the prediction of lipophilicity over the most of
the logP prediction programs which normally can not differ-
entiate regioisomers is that this method can differentiate re-
gioisomers accordingly since this method treats any molecule
as it is. A better predictability of lipophilicity by introducing
logk, as an independent descriptor in a linear function as
logP=alogk,,+b suggests that the HPLC capacity factor mea-
sured in a buffer of pH 7.5 (logk,) can be effectively utilized
in the prediction of lipophilicity.
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In this work, we focused on the setup of the tools for the analysis of the final rotational state distribution of photofrag-
ments in vibrational predissociations of triatomic van der Waals molecules A-B,. We found that reflection principle
used for the direct photodissociation processes can also be applied to find out the final rotational state distributions
for indirect photodissociation processes. The quantity which represents the strength of rovibrational coupling between
the quasi-bound state and the final state is reflected into the mirror of the classical angular momentum function,
instead of the initial state before light absorption used in the reflection principle of direct processes. The sign change
in the first derivative of the interaction potential with respect to the bond distance of B; is found to be the source
of the binodal structures in the final rotational distributions of photofragments in the model system studied in this
work. In MQDT analysis, short range eigenchannel basis functions were found to be localized in angle, in the previous
work [Lee, CW. Bull. Korean Chem. Soc. 1995, 16, 957.] and may be called angle functions. Angle functions enjoy simple
geometrical structures which have simple functional relations with the final state distributions of photofragments.
Two processes take place along the angle functions which resemble the quasi-bound state and dominate over other
processes. Two such angle functions are found to be not only localized angularly but also localized either one of
ends of B, in motions along the bond of B,. These dominating photodissociation processes, however, cancel each
other. This cancellation causes photodissociation to depend sensitively on the interaction potentidl at other angles
than the dominant one. Part of potential surface where much larger torque exists can now play an important role
in photodissociation. MQDT also enables us to see which processes play important roles after cancellation. This is
done by examining the amounts of time delayed by asymptotic eigenchannels.

Introduction

It is a fundamental question in chemistry how and how
fast the energies deposited into molecules by lights or by
collisions redistribute inside the molecules and break up
chemical bonds. The investigation of such nonradiative decay
processes of excited states for medium-sized molecules is,
however, greatly hampered by the presence of a lot of vibro-

tational or electronic channels involved. It has been recog-
nized that van der Waals molecules provide the tractable
system for state-to-state studies of intramolecular energy re-
distributions.! Van der Waals bonds are so weak that even
one quantum excitation of vibration motion is in many cases
enough to break down the bond without exciting electronic
states. Consequently the number of channels involved are
greatly reduced in the predissociation of van der Waals mol-



