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QSAR Study of Dihydropyrimidinone C-5 Amides as the Selective «,,-Receptor Antago-
nists
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The «, -antagonistic activity of dihydropyrimidinone C-5 amides is analyzed through the Fujita-
Ban and Hansch approaches. The analyses have helped to ascertain the role of different substitu-
ents in explaining the observed antagonistic activity of these analogues. From both approaches,
it is predicted that the more hydrophobic X-substituents and the phenyl or 2-cyanophenyl sub-
stituents at the 4-position of the piperidine ring are beneficial in raising the « -receptor antago-
nist action of a compound. Likewise, the presence of F at R, (the para-position of either phenyl or
2-cyanophenyl ring) further helps in augmenting it. The positions R, and R, of the
dihydropyrimidinone ring are in favour of Me and H respectively. In addition, a non hydrogen-
bond acceptor substituent at R, is least preferred. Substituents at position R, of this ring, how-
ever, by either H or CH,0OMe leads to better potency compounds.

Benign prostatic hyperplasia (BPH) is the progressive
enlargement of the prostate gland especially in the older
age of male population'. The mechanical component of this
disorder is due to increased prostatic mass, which is attrib-
uted to 5a-dihydrotestosterone?. The dynamic component
of BPH is due to endogenous adrenergic tone, which also
restricts flow through the urethra?. It was shown that adren-
ergic receptor antagonists, specially, o, -type (o,-AR) antago-
nists, can also relieve symptoms of BPH by relaxing lower
urinary tract tissue, thus reducing prostatic and urethral tone.
These agents were initially developed for treatment of hy-
pertension, and thus their efficacy in the treatment of BPH
is balanced against a small, but significant, incidence of side
effects, such as orthostatic hypotension, which is consid-
ered as the critical disadvantage in BPH patients.

Three subtypes of «,-receptors, a,,, a,; and a , have,
recently been identified® with varying tissue distributions and
their corresponding cloned counterparts are termed as o,
a,, and a,, respectively‘. The o, ,-receptors are mainly
present in lower urinary tract tissue, and are less prevalent
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in the vasculature®. Thus, agents that selectively inhibit o -
receptors over o,  and o,  should display a better therapeu-
tic profile, particularly in terms of cardiovascular effects and
for BPH. Soon after the cloning and expression of the three
different o,-receptor subtypes, the calcium channel blocker
niguldipine was shown to be a potent antagonist of the « -
receptor subtype. Several modifications of the niguldipine
structure have been extensively documented®® which main-
tained their selectivity towards a, -receptor subtype. The
success of such modifications suggests that the exact struc-
ture of the central heterocycle in niguldipine is not critical
and that the other mode of attachment of the piperidine con-
taining side chain via amide bond formation of the
dihydropyrimidinone (DHP) C-5 carboxylate might also pro-
vide potent and selective compounds. These newly prepared
compounds’® were more selective for the v - over v, -and
«,-receptors and also lessened effects on the cardiovascu-
lar system. The analogues may, therefore, be better « ,-re-
ceptor antagonists for the treatment of BPH. The aim of this
communication is to establish the quantitative structure-ac-
tivity relationship (QSAR) study, which may provide the ra-
tionale for drug-design and helps in exploring the possible
mechanism of action.
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MATERIALS AND METHODS

The reported compounds'd, given by the general struc-
ture in fig. 1, with their ¢, -antagonist activity and relevant
physicochemical parameters are listed in Table 1. For present
work, however, the hydrophobic parameter, x and the hy-

drogen-bond acceptar parameter, HA were only found ap- o

propriate and the same were taken from the compilation of
Hansch et al.'!, Besides these parameters, some indicator
variables were also used 1o account for the effect of some
specific binary variations. The derived most significant QSAR
equations were further subjected to a validation test'? by
the leave-one-out {LOO) method. This method creates a
number of modified data sets by taking away one compound
from the parent data set in such a way that each observa-
tion is taken away once and once only. Then one model is
developed for each reduced data set and the response val-
ues of the deleted observations are predicted from the model.
The squared difference between predicted and actual val-
ues are added to give the predictive residual sum of squares
(PRESS). The cross-validation index, CVI was then calcu-

fated from the ratio of PRESS to the sum of squares of the

response values, SSY. A value < 0.1, obtained for this in-
dex, indicates an excellent model. Both the Fujita-Ban and
the Hansch type of calculations wete carried out for these
compounds.

In the Fujita-Ban approach'?, which is based on an ad-
ditivity principle, the biological activity, BA, for th compound
is expressed as: BA=X aX, +u ... 1 where, X has a value of
1 if a substituent is present at th position and 0 if not. Simi-
farly, a, is the contribution of the fth substituent (generally
hydrogen) to BA, and u is the theoretical biclogical activity
of the reference compound of the series. The reference com-
pound is usually (but not necessarily) the unsubstituted con-
gener, The linear equations generated, using Eqn. 1, were
solved by the method of least squares for the values of un-
knowns, a,and p. '
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Fig. 1:The derivatives of dihydropyrimidinone C-5 amide.
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RESULTS AND DISCUSSION

~ Twenty-eight data points were used in the construction
of the Fujita-Ban matrix with compound 23 as the parent
congener. The frequency of occurrence of certain groups at
a given position of parent compound in three of the conge-
ners, e.g., 20, 24 and 25 of Table 1 was one, and as per the
requirement of statistical signiﬁcanée. these data-points were
dropped in the construction of Fujita-Ban matrix. A total num-
ber of 28 linear equations in 10 unknowns including y were
generated and were solved by the method of least squares.
The solutions obtained thereon are summarized in Table 2.
The resulting statistical parameters of this study are: n =28,
R =0.965, s =0.293, F(10,17) = 22.707 where, n, R, sand
F are respectively the number of data points, the multiple
correlation coefficient, the standard deviation and the F-ra-
tio between the variances of calculated and observed ac-

. tivities. These parameters, therefore, tune to highly signifi-

cant results as the F-value mentioned above is significant
at 99% level [F,;,(0.01) = 3.59] and the R*-value accounts
for 93% of the variance between the observed and the pre-
dicted pK, values. The predicted pK, values, obtained by
adding the requisite substituents contributions to u, are also
in close agreement with the observed ones (Table 1). The
substituents (incorporated at various positions of the parent
motety) that make higher positive contributions to activity
may be used to design more active compounds of the se-
ries in future. It may further be inferred that only the sub-
stituent Me at R, H at R,, H or CH,OMe at R, and C~-CN
moiety at Y-R,, relative to the substituents in the parent
compound, 23 are predicted to enhance activity while the
remaining variations at these sites lead to detrimental ef-
fect.

It is imporiant to note that the Fujita-Ban approach can-
not extrapolate beyond the substituents used in the training
set whereas the Hansch approach, attempted next, can do
s0. The steps of the development of the final QSAR are de-
scribed through follow up correlations. In this approach, the
binary variations at different positions are accounted for by
anumber of indicator variables such as IR,, IR, IR, I,, IYR,.
and IR, . Each of these are arbitrarily assigned a value 1 if
the indicated position contains respectively Me, Me, CF,,
CN, N and F, and a value 0 for hydrogen and otherwise.
Thus, for the same set of data points and with the above
indicator variables, the MRA leads to following correlation
equations. ' o

K, =9.709 ~0.032(+0.28)/R, -0.069(:0.34)IR, -
2.008(+0.30)/R, ~176(+0.27)/, -0.998(x0.36)IYR,. .
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TABLE 1: QSAR RESULTS FOR DIHYDROPYRIMIDINONE C-5 AMIDES AT THE o -RECEPTOR

R, R, | R, | X |YR, | R | HA, | IR, | = | IvR, pK(M).
| Obsd* | Cald® Ca!d°’ Cald?
Me H Me H | C-H| F 0 o | 000 | O |.974'| 967 | 975 |-9.81-
Me Me Me H cC-H | F o' o 0.00 0 9.74 | 967 | 975 | 9.81
Me | H H [ on | cH| F 0 o |-057| o | 9927.968 | 975 | 9.55
H H H H |ccN| H 0 o | o000 | o | 98 | 98 | 975 | 9.81
H H Me H_ [C-CN| H 0 0 | 000| o0 | 960} 956 | 9.75 | 9.81
H H | CF/, | H |CCN| H 0 1 | 000 | o0 | 7707 769 | 7.79 | 7.80
H H |cHOMe| H |C-cN| H 0 o |ooo| o | 93| 971 | 975 | 98
H H H H | cH| F 0 0 [o000]|. o0 | 977 | 996 | 975 | 981
H H| Me | H | CH| F 0 o | o000 | o | 941 966 | 975 | 9.81
H H | chp | H [cH| F 0 1 | o000 | o | 772 | 780 | 7.79 | 7.80
H H |cHoMe| H | cH | F | o o |oo0| o | 962 | 982 | 975 | 9.81
H H H H |CccN| F 0 o | o000 | o | 1015/ 1008} 975 | 9.81
H H | Me | H |[CoON| F 0 o | 000 | 0 | 977 | 979 | 975 | 9.81
H H | ¢, | H |coN| F 0 1.lo000| o | 83| 7902 | 779 | 7.80
H H |[CHOMe| H [C-CN| F 0 o | 000| o0 |'985| 995 | 975 | 9.81
H H H H N H 0 o {o000| 1 | 860 886 | 870 | 8.71
H H | Me | H N H 0 o | o000 | 1 | 859 856 | 870 | 8.71
H H | cr, | H N H 0 1 |ooo| 1 |63 | 669 | 674 | 670
H H |CHOMe| H N H 0 o {00 | 1 | 935 872 870 | 8.71
H H H | on |chH| F 0 o |-067] o |o04| —= | — | 950
H H H | eNn|cH| F 0 o |-057| o | 977 | 967 | 975 | 9.55
H M | H | cN [con| H 0 o |-057| o | 980 | 956 | 9.75 | 9.55
H |'Me| Me | H |cCH| F 0 o |ooo| o | 985 | 966 | 975 | 9.81
Me |cOMe| Me | H | cH| F 1 o {00 | o | 86| - | - | 8a9
Me |cOMe| Me .| H | C-H | F 1 0 |000| o [912] =~ | - | 889
Me | H | Me | H |C-CN| F 0 o o000 | o | 992 980 | 975 | 9.81
Me | H | Me | cN |ccN| F 0 0 |-057] o0 | 922 | 951 | 975 | 955
Me | H | Me | CN | G-H| F 0 o |-057| o | 941 | 938 | 975 | 9.55
Me | H H | cN |ceN| F 0 0o |-057| o | 974 | 980 | 975 | 9.55
Me | Me | H | oN jceN| E | o 0 |-057| o | 952 | 980 | 9.75 | 9.55
Me | H H H |coN| F 0 o | o000 | o | 1017|1009 975 | 9.81

*The binding profile K , expressed as pK on molar scale represents the displacement of [ I]HEAT from human cloned o -
receptor, expressed in CHO cells; taken from Ref. {10 "calculated using Fujita-Ban method; calculated using Eqn 7; ‘calculated

using Eqn. 11,

°the outlier compound of present study.
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+0.147(¢0.29)/R,, n = 28, R =0.952, s = 0.304, F(6,21) =
34.114...2.

pK, =9.710-0.075(+0.32)/R,~2.003(+0.29) /R~
0.189(+0.24)1 ~1.001(20.35)/YR;+0.135(20.26)/IR,, n=28,
R =0952, s = 0297, F(5,22) = 42.795 ... 3

pK, =9.709 -1.996(+0.28)IR, -0.188(20.23)/, -
1.001(+0.34)IYR,. +0.124(x0.25)IR,., n= 28, R=0.952, 5
= 0.292, F(4,23) = 55.482... 4

pK, =9.662 -1.949(x0.28)/R, -0.966(+0.34)IYR,.
+0.106(x0.26)/R,,. n= 28, R = 0.948, s = 0.298, F(3,24) =
70.513...5 '

pK, ~ =9.805 -2.007(:0.28)/R, —0.179(0.23)/, -
1.095(+0.28)/YR,. n =28, R = 0.950, s = 0.290, F(3,24) =
74.684 ... 6 .

pK,=9.747 —1.961(20.27)IR, ~1.048(x0.27)IYR,. n = 28, R
=0.947, s = 0.295, F(2,25) = 107.676, CVI=0.001... 7

The stepwise deletion of different independent variables
is shown through Eqns. 3 to 6, which lead us to conclude
that these are incongruous for present study. In Eqn. 7 the
Re-value accounts for 90% of the variance between the ob-
served and predicted pK; values and the F-value remains
significant at 99% fevel {F, ,(0.01)=5.57]. Also, the indepen-
dent variables used in this equation are mutually virtually
orthogonal (IR, versus IYR,, r=0.125) and a low value ob-
tained for CVIhas expressed an excellent model. Thus Eqn.
7 has emphasized the importance of only two variations in

TABLE 2: DERIVED SUBSTITUENTS CONTRIBU-
TIONS TO «,,-RECEPTOR ANTAGONIST ACTIVITY.

Position Substituent Contribution
R, Me 0.010 (+0.29)

R, H 0.006 (+0.33)

R, CF, 1.868 (+0.33)
CH,OMe 0.157 (+0.33)

H 0.294 (+0.25)

X CN 0.292 (+0.29)
Y-R, C-CN 0.125 (+0.24)
N 0.867 (+0.42)

R, H 0.234 (+0.32)

the parent moiety. Substituents such as Me or CH,OMe rather
than CF, at R, are preferred. Likewise, the incision C-H or
C-CN instead of N at Y-R,; is beneficial in raising the po-
tency of a compound. Extending the data set for the entire
set of compounds of Table 1, the MRA results in a slightly
inferior correlation Eqn. 8.

pK, = 9.649 —1.882(0.35)IR, ~0.970(+0.35)IYR, n=31, R=
0.901, s = 0.378, F(3,28) =60.713... 8

which now accounts for 81% of the variance with the F-
value significant at 99% level. This equation may, however,
be improved further by considering additional parameters,
susceptible to account for other variations of the parent struc-
ture. Amongst various attempted barameters governing the
electronic, steric and hydrophobic nature of the substituents
of these preoccupied positions, the hydrogen-bond accep-
tor property due to R,— and hydrophobicity due to X-sub-
stituents emerged as the best alternatives. Inclusion of each
of these variables in the analysis resulted successively into
correlation Eqgns. 9 and 10. )

pK, = 9.700 +0.271(x0.48)7,~1.923(0.36)/R,
1.011(+0.36)/YR,. n = 31, R = 0.905, s = 0.379, F(3,27)
40.700 9

pK, = 9.716 -0.825(x0.40)HA, -1.936(£0.30)/R, -
1.023(+0.30)/YR,. n=31, R =0.933, s = 0.320, F(3,27) =
60.798....10

The statistical parameters of Eqn. 10 are significantly
improved in comparison to Eqns. 8 and 9, indicating the im-
portance of the HA, parameter rather than the z,. However
both the parameters, considered together, contributed sig-
nificantly to improve the results further. The same is shown
in Egn. 11.

TABLE 3: THE INTERCORRELATION MATRIX
AMONGST THE INDEPENDENT VARIABLES OF

EQN. 11°, '
HA, z, IR, IYR,
HA, 1.000 0.155 0.101 0.101
z, : 1.000 0.227 0.227
IR, 1.000 0.139
IYR,. 1.000

Parent Contribution, i = 9.658(+0.35).
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*The matrix elements are the r-values, which satisfy the or-
thogonality. conditions among the predictor variables.
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pK = 9.811 -0.920(+0.39)HA, +0.460(x0.39)x, —
2.012(0.29)/R, ~1.099(+0.29)/YR,.n = 31, R=0.943, s =
0.303, F(4,26) = 51.784, CVI=0.002... 11.

This Eqn. 11 accounted for 89% of the variance and

reflected the parametric requirement that may explain the in
vitro binding activities of the congeners at a,,-receptor. The
F-value obtained is significant at 99% level [F, ,,(0.01) =4.14]
for the entire data set of the present study. The mutual or-
thogonality conditions among the independent variables of
Egn. 11 are shown in Table 3 and the calculated pK, values
that closely resemble the observed ones are listed in Table
1. Additionally, the low value obtained for CV/ has also ex-
pressed an excellent statistical model. It is now evident from
Eqn. 11 that the substituents of X-position having higher
hydrophobic character, in addition to Me or CH,OMe at R
and C-H or C-CN at Y-R,. serve to augment the binding
activity of a compound. Hydrogen-bond donor substituents
at R, may, however, lead to detrimental effects on potency.
From both the approaches, it appeared that the more hydro-
phobic substituents at X (the 4-position of piperidine) im-
prove a,,- receptor antagonist action of a compound. The
Fujita-Ban study, in conformity with this, assigned a nega-
tive contribution to a less hydrophobic substituent such as
CN relative to H. The position is, therefore, required to re-
main either unsubstituted or be occupied by a more hydro-
phobic substituent. The positions R, and R, of the
dihydropyrimidinone ring are best occupied by Me and H
respectively as the contributions obtained for them are posi-
tive. However, these are too small to make any significant
improvement in the «, -potency of a compound. Both of these
positions are, therefore, retained vacant in the Hansch type
of correlation analysis. Similarly, H or CH,OMe, present at
Rg-position of this ring contributed positively relative to CH,
and helps in improving the potency, while CF, at this posi-
tion with a high negative contribution causes detrimental
effect to it. The indicator variable /R,, considered in the
Hansch type of analysis, has further acclaimed it. The indi-
cator variable IYR,. chosen for the incision in phenyl ring,
attached to 4-position of piperidine, does not favour N rela-
tive to C~H (Eqn. 11). Thus, 2-pyridyl substituents are less
preferred than either phenyl or 2-cyanopheny! derivatives.
This was further accredited by the Fujita-Ban approach,
wherein the contribution obtained for N is highly negative.
The other variation such as presence of F or H, at R,, of the
phenyl ring does not seem to contribute to improve the sig-
nificance of correlations in the Hansch type of study. The
Fujita-Ban study, on the other hand, assigned negative con-
tribution to H relative to F predicting that the later substitu-
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ent at para-position of phenyl ring would be slightly advan-
tageous. The same may be explored in future analogue de-
sign and synthesis.
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