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RP-HPLC RETENTION DATA FOR
MEASURING STRUCTURAL SIMILARITY OF
COMPOUNDS FOR QSAR STUDIES

Klara Valko

Central Research Institute for Chemistry
Hungarian Academy of Sciences
H-1525
P.O.Box 17
Budapest, Hungary

ABSTRACT

A quantitative measure has been developed for
characterizing the structural similarity of compounds
on the basis of their reversed-phase liquid chromato-
graphic retention data. Reversed-phase retention data
(expressed by log k' values) of 59 compounds of various
types (aniline, phenol, morphine, barbiturate, xantine,
sul fonamide, steroid, benzoic acid derivatives) have
been investigated as a function of organic modifier
concentration (OP%) in the mobile phase. The effect of
acetonitrile and methanol concentration in the mobile
phase on the log k' values was measured. High correla-
tion was found between the slope and the intercept
values of the log k' vs OP% straight lines for only
structurally related compounds. In view of these
results, the correlation coefficient between the slope
and the intercept values of the linear section of the
log k' vs OP% straight lines is suggested as a measure
of structural similarity of compounds with regard to
their partition behaviour in a reversed-phase chromato-
graphic system.
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INTRODUCTION

Drug molecules acting at the same receptor sites
should be structurally related although their
structural formulae are not obviously similar.
Structural similarity is important for a good
correlation of the biological activity data and
physicochemical parameters used in quantitative
structure - activity relationship (QSAR) studies
according to the Hansch's (1) approach. Structural
similarity in QSAR investigations means that each
compound in the scries shows similar partition
behaviour 1in the biological system and each compound
has similar specific activity, they differ from each
other only in their affinity towards the receptor.

Retention properties of compounds in the reversed-
phase chromatography depend on the partition properties
between the polar mobile and the non-polar stationary
phases as it has been derived by Snyder and Kirkland
(2). This phenomenon was utilized by great number of
authors for measuring partition coefficients by
reversed-phase liquid chromatography presenting good
correlation between the partition coefficients and log
k' values. Resulis were reviewed by Kaliszan (3),
Carney (4), and Eadsforth and Moser (7).

Several authors observed outlier compounds from

the log k' vs 1log P (P stands for octanol/water



15:13 24 January 2011

Downl oaded At:

MEASURING STRUCTURAL SIMILARITY OF COMPOUNDS 1665

partition coefficient) relationships, or they found
different regression parameters for different classes
of compounds (5-9). Others (10,11) published different
correlation coefficients for 1log k' vs log P
relationships, when the log k' values were measured in
different organic modifier concentrations. Harnisch et.
al (12), Snyder et. al. (13) observed the intersections
of the log %' vs organic modifier concentration
straight lines, for different compounds which suggests
that different order of the log k' values can be
obtained using different organic modifier
concentrations in the mobile phase. All of these
findings suggest, that structurally unrelated compounds
can behave as an outlier from the relationships.
Although some results published in the literature
(14-16) pointed out that the log k' values are not
always lineraly related to the organic modifier concen-
tration, we assumed the linear relation of log k' to
the OP% values at least within a certain range. Accord-
ing to the results of Hurtubise et. al. (17), the
slope and the intercept of the log k' vs. OP% straight
lines show uL’gh correlation, it also suggests that
these straight lines do not cross each other randomly
but in one point which is outside of the practically
used organic phase concentration range. The same pheno-

menon was described by Shats et. al. (18), although
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they suggest that the intersection points of the log k'
vs. OP% straight lines are in different position in the
plot for structurally different compound set.

In this paper a number of retention data (log k'
values) of various classes of compounds were
investigated as a function of organic phase
concentration (OP%) in the mobile phase. The correla-
tion coefficients of the slope and the intercept values
for the linear section of log k' vs OP% curves were

calculated for various subset of compounds.

MATERIALS AND METHODS

The retention time measurements of the model
compounds were carried out on a Dimseil C-18
(Chromatronix Ine,, Palo Alto, California, USA) column
with the dimensions of 250 x 4.6 mm and 10 pm particle
size. The mobile phase was pumped by Liquopump Model
312 (LaborMIM, Budapest, Hungary). Injections were made
by Rheodyne Model 7010 (Cotati, California, USA)
injector with 20 nul sample loop. ISCO Absorbance
Monitor Model 226 (ISCO Inc., Lincoln, Nebraska, USA)
with 254 nm source screen served as the detector. For
detecting the morphine derivatives the 280 nm source
screen was used.

Retention t ime measurements and the data
processing were carried out on an Apple Il

microcomputer (Apple Computer Inec., Cupertino,
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California, USA). The model compounds were obtained
from the Drug Store of Semmelweis University, Budapest
exept of the morphine derivatives which were a kind
gift of Dr. Tamis Friedmann (Semmelweis University,
Medical School, Department of Pharmacology), and exept
for anilines hnd phenols which were a kind gift of Dr.
Tibor Cserhati (Research Institute for Plant Protec-
tion, Hungarian Academy of Sci., Budapest). The RP-HPLC
conditions for model compounds listed in Table 1 were
the following: the mobile phase composition ranged from
5 to 90% (v/v) acetonitrile (HPLC grade, Merck,
Darmstatt, West Germany) with 0.05 M phosphate buffer
(Reanal, Budapest, Hungary) (pH 4.6) with a flow-rate
of 1.00 ml/min. For the benzoic acid and salieylic acid
derivatives the pH was adjusted to 2 by 85% phosphoric
acid in order to improve the peak symmetry and get the
compounds in the non-ionized form. The mobile phase for
the morphine derivatives 1listed in Table 2 contained
0.005 M sodium-butylsulfonate (Aldrich, Mi lwauke,
Wisc., USA) ion pair and the pH was adjusted to 2 in
all cases. The acetonitrile concentration was ranged
from 20 to 75 %(v/v). The flow-rate was again 1.00
ml/min.

The mobile phase composition for the retention
time measurements of the compounds listed in Table 3

ranged from 5 to 80 % methanol and phosphate buffer
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Table 1. The slope and the intercept values of the log

k!

vs OP% straight

measured

in various

compositions of acetonitrile and phosphate buffer,

Compound Slope Intercept
1 Resorcine -0.0150 0.259
2 Sulfadimidine -0.0280 0.854
3 Sulfamethoxypyridazine -0.0285 0.892
4 Barbital -0.0403 1.063
5 Phenobarbital -0.0319 1.341
6 Chloramphenicol -0.0414 1.625
7 Salicylamide -0.0255 0.871
8 Phenacetin -0,0255 1.002
9 Vanillin -0.0244 0.866
10 Benzaldehyde -0.0303 1.575
11 Acetanilide -0.0270 1.021
12 Nicotinamide -0.0382 0.250
13 Benzoic acid -0.0284 1.252
14 Salicylic acid -0.0301 1.425
15 Acetyl salicylic acid -0.0272 1.077
16 Coffeine -0,0299 0.552
17 Hydrochlorothiazide -0.0456 0.887
18 Cortexolone -0.0138 0.757
19 Dexamethasone -0,0139 0.568
20 11-deoxycorticosterone -0,0147 1.120
21 Sulfaguanidine -0.0272 0.012
22 Isoniazide -0.0382 0.060
23 Methylsalycilate -0.0244 1.727
24 Hydrocortisone -0.0129 0.435
25 Progesterone -0.0192 1.831
26 Testosterone -0,0143 1.085
27 Prednisolon -0.0097 0.251
28 Triamcinolone -0.0150 0.727
29 Cortisone -0.0127 0.432
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Table 2. The slope and the intercept values of the log
k' vs OP% straight lines for the 12 mor fine
derivatives obtained by ranging the acetonitrile
concentration with buffer (pH 2) and 0.005 M sodium

butylsulfonate.

' Compound Slope Intercept
1 Azidomorphine ~0.0311 0.975
2 Azidocodeine ~-0.0064 0.499
3 N-cyclopropylmethylazido-

morphine ~0.0056 0.358
4 Azidoethylmorphine ~0.0088 0.862
5 N-Phenylethylazidoethyl-

morphine ~0.0250 2.164
6 N-Phenylethylazido

morphine ~0.0150 1.124
7 Acethylazidomorphine ~0.0080 0.594
8 Norazidoethylmorphine -0,0106 0.880
9 N-cyclopropyl-azidoethyl-

morphine -0.0194 1.644
10 Norazidomorphine -0.0271 0.851
11 Normorphine -0.0277 0.344

12 Morphine -0.0298 0.467
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the

obtained by various

methanol concentrations in the mobile phase,

Compound Slope Intercept
1 Nicotinamide -0.0379 0.825
2 Coffeine -0.0334 1.451
3 Resorcine -0.0255 0.622
4 Hydrochlorothiazide ~0.0342 0.882
5 Barbital ~0.0246 0.978
6 Sulfadimidine ~-0.0307 1.245
7 Sulfamethoxypyridazine -0,0310 1.264
8 Salicylamiad -0.0274 1.280
9 Vanillin -0.0289 1.376
10 Acetanilide -0.0244 1.304
11 Chloramphenicol -0,0275 1.427
12 Phenobarbital -0.0303 1.610
13 Salicylic acid -0.0299 1.792
14 Phenacetine -0.0351 2.065
15 Benzoic acid -0.0321 1.804
16 Methyl salicylate -0.0214 1.748
17 O-nitroaniline -0.0248 1.507
18 M-nitroaniline -0.0237 1.253
19 P-nitroaniline -0.0214 0.980
20 2,4-dinitroaniline -0.0267 1.715
21 2,6-dinitroaniline -0.0252 1.645
22 2,4,6-trinitroaniline -0.0264 1.676
23 2-Cl,4-nitroaniline -0.0280 1.879
24 4-Cl,3-nitroaniline -0.0289 1.814
25 2,6-diCl,4-nitroaniline -0.0329 2.568
26 p-nitrophenol -0.0258 1.486
27 2,4-dinitrophenol -0.0290 1.789
28 2,5-dinitrophenol -0.0285 1,803
29 2,6-dinitrophenol -0.0517 2.984
30 2,4,6-trinitrophenol -0.0490 2.487
31 3,5-dinitro,4-cianophenol -0.0421 2.417
32 3-nitro,4-ciano,5-Cl-phenol -0,0325 2.332
33 3-nitro,4~ciano,5-Br-phenol -0.,0424 2.684
34 3-nitro,4~ciano,5-F-phenol -0.0285 1.592
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0.05 M (pH 4.6). For the phenol derivatives the pH was
adjusted to 2 for improving the peak shape and to avoid
ionization of these compounds. The flow rate was 1.00
ml /min.

The model compounds were dissolved always in the
actual mobile phase to get 0.1% solution and 20 ul was
injected. The retention volume of the 1% NaNO3 solution
was regarded as the void volume. The retention time
measurements were carried out in that mobile phase
composition range where the 1log k' wvalues varied
between ~0.5 and 2 and the log k' vs organic phase
concentration relationship was linear. The slope and
the intercept values of the linear section of the 1log

k' vs OP% relationship are listed in the Tables 1-3.

RESULTS AND DISCUSSIONS

The plots of the slope and the intercept values
listed in Table 1-3 can be seen in Fig. 1-3. The data
obtained by using the same HPLC conditions are shown in
the same figure. As it is noticable the position of the
data points do not fit to a curve, the distribution of
them seems to be random. This finding was really
unusual. For example Hurtubise et al. (17) presented
the same plot of the slope and the intercept values for
68 compounds and they fit to a straight line. 1In order

to find the explanation of the contradiction several
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Fig. 1.
The plot of the slope and the intercept values for

compounds listed in Table 1.

The number of compounds: 29

Multiple correlation coefficient (R): 0.194
Fisher-test value: 1.06

Significance of the regression (F-ratio): 31.46%

Standard error of the estimate: 0.0098
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Fig. 2.

The plot of the slope and the intercept values for the
morphine derivatives listed in Table 2.

The number of compounds: 12

Multiple correlation coefficient (R): 0.240
Fisher-test value: 0.609

Significance of the regression (F-ratio): 54.15%

Standard error of the estimate: 0.0101
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Fig. 3. The plot of the slope and the intercept values
obtained by varying the methanol concentration in the
mobile phase for compounds listed in Table 3,

The number of compounds: 34

Multiple correlation coefficient (R): 0.642
Fisher-test value: 22.474

Significance of the regression (F-ratio): 0.006%

Standard error of the estimate: 0.005
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subsets of the compounds were selected and the
correlation of the slope to the intercept values was
investigated.

In Fig. 4 the slope and the intercept values for
the 9 steroid compounds listed in Table 1 with the
serial numbers of 18-20 and 24-29 can be seen. The
mathematical statistical parameters of the correlation
are listed under the figure. In Fig. 5. the data for 7
substituted phenol and benzoic acid derivatives can be
seen (the serial number of the compounds in Table 1 are
the following: 1, 7, 9, 11, 13, 14 and 15).

The slope and the intercept values showed again
high correlation. The compounds are common in having
more or less acidic character and the benzene ring.
Fig. 6. shows the good correlation of the slope and the
intercept values for the subset of the morphine
derivatives containing sterically big substituent on
the basic nitrogen or the acidic hydroxyl group on the
benzene ring 1is substituted. The serial numbers of
compounds in Table 2 data of which were used in this
correlation are the following: 2, 3, 4, 5, 6, 7, 8, 9.

Similarly, structurally related subset of
compounds could be found in case of the data obtained
by varying the methanol concentration in the mobile
phase. Plotting the slope and the intercept values they

fit again to a straight line as it is shown in Fig. 7
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Fig. 4.

The plot of the slope and the intercept values for
steroid derivatives listed in Table 1.

The number of compounds: 9

Multiple correlation coefficient (R): 0.915
Fisher-test value: 36.00

Significance of the regression (F-ratio): 0.067%
Standard error of the extimate: 0.001

Regression parameters: ~0.00473, -0.01024
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Fig. 5.

The plot of the slope and the intercept values for
phenol and benzoic acid derivatives listed in Table 1.
The number of compounds: 7

Multiple correlation coefficient (R): 0.978
Fisher-test value: 109.98

Significance of the regression (F-ratio): 0.033%
Standard error of the estimate: 0.0011

Regression parameters: -0.0130, -0.0128
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Fig. 6.

The plot of the slope and the intercept values for the
structurally related subset of morphine derivatives
listed in Table 2.

The number of compounds: 8§

Multiple correlation coefficient (R): 0.991
Fisher-test value: 324,69

Sifgnificance of the regression (F-ratio): 0.0016%
Standard error of the estimate: 0.001

Regression parameters: -0.0111, -0.00107
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Fig. 7.

The plot of the slope and the intercept values for the
slightly acidic subset of compounds listed in Table 3.
The number of compounds: 8

Multiple correlation coefficient (R): 0.956
Fisher-test value: 64.347

Significance of the regression (F-ratio): 0.0326%
Standard error of the estimate: 0.001

Regression parameters: -0.00885, -0.01583
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for the subset of slightly acidic drug molecules
(serial numbers are in Table 3: 5, 8, 9, 11, 12, 13,
14, 15), and 1in Fig. 8. for the subset of aniline
derivatives. In case of phenols (Fig. 9) the
correlation coefficient between the slope and the
intercept values is much lower, which can be explained
by the big difference in the pK values caused by the
substitution, The pH of the mobile phase for the
retention data measurements of phenols was 2 which was
probably not enough low in some cases for avoiding the
dissociation of the highly acidic derivatives.

All of the above mentioned results suggest that
always good correlation can be foud between the slope
and the intercept values when the data of structurally
related compounds are considered. Fig. 10 shows
the pictures of the log k' vs OP% straight lines for
the structurally related and unrelated compounds. When
the correlation coefficient between the slope and the
intercept values is low, i. e. the straight lines cross
each other, different retention order can be obtained
by different mobile phase composition. That can be the
explanation of the outlier compounds from the log k' vs
log P (the logarithm of octanol/water partition
coefficient) relationships (7) and for the different
parameters for the log k' vs log P correlations for

different classes of compounds (6-9).
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Fig. 8.

The plot of the slope and the intercept values for the
aniline derivatives listed in Table 3.

The number of compounds: 9

Multiple correlation coefficient (R): 0.980
Fisher-test value: 172,24

Significance of the regression (F-ratio): 0.0013%
Standard error of the estimate: 0.0007

Regression parameters: -0.00736, -6G.01414
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The plot of the slope and

the intercept values for the

phenol derivatives listed in Table 3.

The number of compounds:

9

Multiple correlation coefficient (R): 0.921

Fisher-test value: 39.24

Significance of the regression (F-ratio): 0.053%

Standard error of the estimate: 0.004

Regression parameters: -0.01723, -0.00086
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The pictures of the log k' vs OP% straight lines

the structurally related and unrelated compounds.

1683

for



15:13 24 January 2011

Downl oaded At:

1684 VALKO

According to the solvophobic theory (19) the slope
values are proportional to the hydrophobic contact
surface area ofthe compounds, while the intercept
values can be regarded as a log k' value referring to
the neat water as the mobile phase, and in such a
manner they are proportional to the distribution
coefficients of the compounds between the mobile and
the stationary phase. When the hydrophobic surface area
of the compounds are distributed by polar groups in a
different way in case of structurally unrelated
compounds, the correlation between the hydrophobic
surface area and the distribution coefficient, i.e. the
slope and the intercept values can be decreased.

In conclusion the structural similarity of a
compound set can be revealed by investigating the
retention data of the compounds using various mobile
phase composition. The correlation coefficient between
the slope and the intercept values of the log k' vs OP%
straight 1lines can be suggested as a measure of
structural similarity of the compounds regarding their
partition behaviour. Such a measure of partition
similarity of the compounds is an important parameter
in the investigation of quantitative structure -

activity relationships for drug design.
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