ANTICONVULSANTS. STRUCIURE AND ACTIVITY

indicators. It is also advisable, with any series of com-
pounds, to check the stability of the system by changing
dependent substituents at various segments, solving the
system of equations again, and comparing the two sets
of solution values. With an unstable system of equa-~
tions, there is no unique set of solution coefficients; thus,
the substituent contributions are unreliable and no
sound conclusion can be reached about the resulting
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connection between changes in structure and changes
in activity,
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The anticonvulsant activity of series of drugs in mice and in rats against electroshock and pentylenetetrazole-
induced seizures has been found to be highly correlated with the log P values of the drugs, where P is the 1-

octanol-water partition coefficient.

From the data on hand, linear dependence on log P is found for the anti-

electroshock test in mice and the pentylenetetrazole protection test in rats, where the slope of the regression line

associated with log P is about 0.6 £ 0.2.

Parabolic dependence on log P is found for the antielectroshock

activity in rats with an optimum lipophilic character (log Po) of 1.75.

It was estimated that more than 20,000 compounds
had been screened for anticonvulsant action in the last
10 vears,! but many of them were not active or had very
low activity. The need for better anticonvulsants to
cope with epileptic seizures is reflected by continuous
publications in this field. Unfortunately, not only is
the mechanism of anticonvulsant action unknown, but
also, few guide lines are available to help medicinal
chemists in searching for better and safer anticonvul-
sants. The “‘common denominator’ of clinically useful
anticonvulsants has been known for some time.2:3
However, no quantitative correlation of the relative
potency of these drugs with the chemical structure has
been satisfactory.

Recently Andrews examined the anticonvulsant ac-
tivity of a number of potent anticonvulsants and tried
to correlate it with the atomice charges of the so-called
“biological active center” obtained from MO calcula~
tions and with the dipole moments of the drugs.* No
significant correlation was obtained. The H-bonding
atoms, although common to all the drugs studied, were
not proven responsible for variations in activity.

In view of the fact that the anticonvulsant activity
was studied in vivo and that the availability of the drug
at the biophase and the receptor site must be considered
before any meaningful structure—activity correlation
can be obtained,® the author wishes to show that the
variation in the anticonvulsant activity of series of
potent drugs in 4 different tests can be correlated satis-
factorily with log P (P = I-octanol-H,O partition
coefficient).

Methods

The antisupramaximal-electroshock data in mice, the
atomic charge and the dipole moments were taken from
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Ed.. 5th ed, Lippincott Co.. Philadelphia, Pa., 1966, p 403.

(3) W. C. Cutting, ""Handbook of Pharmacology,”” 4th ed., Appleton-
Century-Crofts, New York, N. Y., 1969, p 669.
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Andrews’ paper.t The antielectroshock data in rats
and in mice were from the work of Chen and Ensor.®
The data of pentylenetetrazole protection were from
thereport of Swinyard.” I'orthe detailsof the biological
tests the original articles should be consulted. The log
P values of 4 compounds were experimentally deter-
mined by Hansch’s group and the others were calculated
from the log P values of the parent molecules and the =
constants of the substituents3—!! (see Table I). The
following log P of  values were used in the calculation
of the log P values: = of oxazolidine-2,4-dione =
moco + wemcon = (—1.14) + (=0.79) = —1.93;
Temeo = —0.55; rxmcoxH, = —1.01; mirialiphatico =
0.60; Thydantein = log P of 5-ethyl-5-phenylhydantoin
— (rgt + mp) = 1533 — (1.00 4+ 1.77) = —1.24;
Tsuccinimide = log P of 2-ethyl-2-phenylglutarimide —
(77'F.t + mu + T1/6 cyclohexane) = 190 — (100 + 177)
—1/6(2.51) = —1.29; mpy = 1.77 (on the heterocyelic
ring); wp, = 2.13 (for terminal substituents); = (on
N) = 0.56; 7y (on C) = 0.50.

The equations correlating the antielectroshock and
the antipentylenetetrazole activity in mice and rats
with the physicochemical constants (see Table II) were
derived via the method of least squares using an IBM
360/65 computer.

Results and Discussion

The equations obtained from the regression analysis
are summarized in Table II. The results are not pre-
sented where no better correlation coefficient than 0.85
could be obtained. From eq 1-3 it is clear that neither
the dipole moment nor the charge on the ‘biological
activity center” (EHT, CNDOQ/2) can account for the
variations in the anticonvulsant activity (r < 0.4).
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Aniieleciroshiock acuiviy in wmice

EDse Pipole
{immoles Log 1 °C tmoles, kg) moment® . -Charge on )}AC*
ke ohsd cajedd ) EHT? CNDO;
685 216 2190 1.74 0.618 0.122
2.5) 2.54 257 1.69 (.602 0. 11%
0.19 372 350 (1.74)¢ 0.330 (1,083
0 04 4,40 4.23 t1.74)f 0.3329
0.900 3.05 2,06 (1.74) 0.206 0.061
.05 528 3.21 (1.61) 0. 065 —0.022
010 4.00 382 0,87 (0.030
1 01 3,00 516 113 (0.048 — () 06
029 304 Y (1.61) (0.047
018 EIYE! 413 oGy 0.044
1.70 277 2 N5 1 61 — 0 0%0 —(). 043
~Antieleclroshock activily -
=1 ralsom e e e [ Q@ e i e
1) Jog 1 °C (mmoles, kg! P log 1/C (moles kg)
ang kg hsd caled’ (mg ka)* alisd caled®
24 4.08 4.07 1.4 4.38 4,28
7.1 1.449 1.23 4.5 3.69 4.01
142 416 4.26 By .74 3,61
N 6 4.43 423 23.6 5.99 3,03
24 1.01 4.26 5.5 B.N4 505
20 505 3.7 150 3507 292
40 3.79 4.07 RESS 2.02 326
452 2.75m 660) 216
260 2 41 2.46 OR(0) 2,16 2.25
---=Melrazole seizure proleclion Lest in rajs—-—---w - =
1D ce—=Jon 1 'C fmoles/kg)—- -
ang ‘kg) olgd caled”
549 3.60 4.00
25.9 3.05 3.65
5.1 4.21 304
3007 268 2.70
136.9 306 2,06
2000 2,05 3.20

« From ref 4.

sociated form is used.

from eq 16.

“Caled from the extended Hickel theory.

" From ref 11.
n This point was not ineinded in eq 12 and 13.

‘ From vef 6.

2 Jog £ [ RIZPTS
—0.37 3yo-Trimethyvioxazolidine-2,4-dione
013 3,5-Dimethyl-3-ethyloxazolidin-2,4-dione
153w 5-Fithyl-a-phenylhydantoin
2 47 3.0-Diphenyihydantoin
0. 70¢ S5-Phenyihydantoin
0. 9x5¢ 3-Methyl-3-phenyvisuccinimide
142 S-Ethyi-3-phenylbarbitnrie neid
0.65" A, 5-Diethyibarbitirie acid
e S-Lithyi-3-phenyisnecinimide
2025 3,3-Diphenylsuceinimide
0 48« A-Phenyisuceinimide
24701 Dipheuyihydantoin sodium
2.09¢ 3-Methyl-5-phenyl-3-ethylhydantoin
1,53 3-Phenyl-5-ethylhydantoiu
.42 Phenobarbital sodium
1.98¢ N -Methyi-5-phenyl-s-ethylbarbituric acid
0.57 Phenylacetylurea
1.04~ Carbromal (bromodiethylacetylurea)
161 5,53-Diphenyl-2,4-dioxazolidinedione
—0.37" 3,5,5-Trimethyloxazolidine-2,4-dione
2.09¢ 3-Alethyl-3-e(hyl-3-phenylhydantain
|42t PPhenobarbital
LN 1-Methyl-5-ethyl-5-phenylbarbiturice weid
—0. 37 3,5,5-Trimethyloxazolidine-2,4-dionc
0. 13" 3,5-Dimethyl-3-ethyloxua zolidine-2,4-dion
057 Phenylacetylurea

¢ Caled from complete neglect of difterential overlap. * Caled from cq 7.
* Caled from the log P of the parent molecule and the = values of the substituents. 7 Iistimated vaine. ¢ Private communication
from Professor Corwin Hausch.

Equations 4 and 6 indicate that log P alone gives very

good correlation (r = 0.997;

0.952).

Addition of the

dipole moment (u) term gives eq 7, which “explains”
0.935) of the variance in the data.
The up term is barely significant at the 90 percentile

more than 939, (*

level (Fis = 3.59; Fig = 3.40).

Inclusion of the

charge term into eq 4 does not significantly improve the

correlation (eq 5).

Addition of (log P)? term to eq 6

or 7 does not further improve the correlation signifi-

cantly (eq 8 and 9).

IFor the antielectroshoek in rats, among the 9 com-
3,5-diphenvloxazolidine-2,4-dione
was very poorly predieted from eq 11 with a deviation
greater than 2s.
eq 12 and 13 were obtained.
s significeant at 97.5 percentile level (Fi; = 12.3;
["1,;, 09T = 100)
tested in mice against electroshock eq 14 and 15 were
5,5-diphenyloxazolidine-2,4-dione
was poorly predieted from eq 14.

IFor the pentvienetetrazole seizure protection test in
Addition of (log P)? term does

pounds

obtained.

Again,

examined,

rats eq 16 is obtained.

When this compound was eliminated,
The (log P)?term ineq 13

For the same group of compounds

not give a significant improvement in the correlation.
The slopes of the regression lines associated with the

log I’ termm eq 47, 12, 14-16 are about 0.6 % 0.2

¢ Caled from eq 15, # Caled from eq 15. 7 The Ing P of the nndis-

» This point was not inchnded in eq 15, From rvef 7. » Caled

I'rom eq 4, 6,7, 13-16 it is clear thut the variation i
anticonvulsant activity of the compounds examined 1s
mainly due to the difference in lipophilic character (log
). The dipole moment term in eq 7 ix barely signifi-
cant. The dependence on log I’ is understandable
since it has been shown that hydrophobice character is
very important in governing drug absorption,!? metab-
olism," enzyme inhibition'* as well as other types of
nonspecific biological activities.' The optimum
hydrophobic character (log ) for maximum anticlec-
troshocek activity in rats is 1.75 (eq 13), very close to
what has been reported for the hypnotic activity of
barbiturates and other compounds in rats and micre
(log Py = 2)."" This suggests that the optimum log I°
for the anticonvulsant activity is not too different from
the optimum value for hypnotie effect. Therefore, by
changing the lipophilic character alone one can not
separate the CNS depression side effect from the anti-

12) E. J. Lien, Drug Intel., 4, T 11970).

(13) C. Hansch, E. J. Lien, and ¥. Helmer, Arck. Biochem. Biophys..
128, 319 {1968).

(14) T. J. Lien. M. Hussain, and (. L. Tong, J. Pharm. Sci. §9, 863
1970).

(15 E.J. Lien. C. Hanseh, and 8. M. Anderson, J. Med. Chem., 11, 430
(1968).

(181 ¥, 1. Lien, .J. Ayr. Food Chon., 17, 1265 (1960).
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Tapre 11
Lguarions CORRELATING THE ANTICONVULSANT ACHVITY WITH YH): PHYsICOCHEMICAL CONSTANTS

Autisupramaximal-electroshock in mice

Eq né b & log I's ¢95% ¢.1.)
1 log 1/C" = —0.51 u + 4.088 11 0.221 0.679
2 log 1/C = —1.037 (EHT) + 3.508 11 .371 0.647
3 log 1/C = —1.792 (CNDO,2) + 3.003 7 0.284 0.525
4 log 1/C = 0.824 log P + 2.436 7 0.997 0.040
> log 1/C = 0.834 log P + 0.242
(CNDO/2) + 2.441 0.998 0.039
6 log 1/C = 0.727 log P + 2.521 11 0.952 0.214
74 log 1/C = 0.720 log P — 0.396 » +
3.144 11 0.967 0. 189
8 log 1/,C = —0.099 (log P)? + 0.946
log P + 2.468 11 0.939 0.210 4.76 (=)
9 log 1/C = —0.465 u + 0.634 (EHT)
—0.153 (log P)? + 1.126
log P + 2.961 11 0.9%0 0.169 3.68 (=)
Antieleetroshock in rats
10 log 1/C = 0.324 log P + 3.311 9 0.417 0.702
11 log 1/C = —0.589 (log P)? 4+ 1.647
log P + 3.086 9 0.795 0.505 1.40 (0.98-4.02)
12 log 1/C = 0.564 log P + 3.156 8 0.795 0.426
134 log 1/C = —0.403 (log P)? 4+ 1.416
log P + 3.037 8 0.946 0.251 1.75 (1.36-3.77)
Autielectroshock in mice
14 log 1/C = 0.675 log P + 2.449 9 0.800 0.468
154 log 1/C = 0.718 log P + 2.511 8 0.928 0.287
Pentylenetetrazole seiziire protection iu rats
164 log 1/C = 0.529 log P + 2.895 6 0.886 0.314

« The number of data points used in the analysis.
significant equation.

convulsant activity. In order to get better separation
of these two effects other molecular modifications in-
volving electronic and steric characters must be ex-
plored. The importance of the = constant, the steric
constant (£;), the polar substituent constant (¢*), and
Hammett's ¢ constant in determining the anticonvul-
sant activities of alkyl esters of 2-sulfamoylbenzoic
acids has been reported previously."

Although the lipophilic character is highly important
in governing the relative potency of congeneric drugs,
it should not be used as the only parameter in predicting
the biological activity. For example, by increasing the
log P of glutarimide with increasing length of side chain
at the 8 position one can change it from inactive to con-
vulsant and finally to anticonvulsant.* On the other
hand it has been reported that by methylating both

(17) G. B. Hamor and E. J. Lien, Farm. FEd. Sct., 24, 704 (1969).

® The correlation coefficient.

¢ The standard deviation. < The statistically most

nitrogens of barbiturates or by extending the side chain
beyond 6 C atoms one can convert the hypnotics into
convulsants.’® It has also been reported by Lien and
Kumler?® that N ,N’-dimethylation of cyclic ureas and
thioureas increases their CNS stimulation activity.
Thus, the connection between convulsants and anti-
convulsants still remains as one of the most interesting
and unsolved problems in medicinal chemistry.
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