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Abstract  0 The anticonvulsant and CNS-depressant activities of 16 
commercially available antiepileptics were subjected to regression 
analysis. For the maximal electroshock seizure test and pentylenetetrazol 
seizure threshold test, good correlations were obtained only after di- 
azepam, clonazepam. and carbamazepam were deleted; for the median 
toxic dose (rotorod ataxia), all 16 compounds can be included in one single 
equation using log M W ,  log P,  and dipole moment ( p )  terms. For the 
anticonvulsant activities of 7-substituted 1,4-benzodiazepinones, a 
parabolic equation of x combined with the Hammett n constant gave fair 
correlations for most derivatives examined in three different testa. Based 
upon the correlations obtained, further molecular modifications are 
suggested. The dipole moments of seven clinically used antiepileptic 
drugs were measured in 1,4-dioxane for the first time. 
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tained may be helpful to medicinal chemists in designing 
new antiepileptic drugs. 

EXPERIMENTAL 

The first set of data was from the recent publication (1) on 16 marketed 
antiepileptic drugs, using three anticonvulsant screening methods: the 
maximal electroshock seizure (MES) test, the subcutaneous pentylene- 
tetrazol seizure threshold (MET) test, and the median toxic dose ( T D d  
test. The biological data were all converted to log 1/C, where C is the EDm 
or LDso value in moles per kilogram. The octanol-water partition coef- 
ficients (log P )  were taken from the literature ( 2 4 ) .  The dipole momenta 
were either from the literature (2,5) or were experimentally determined 
in this study (Table 111) using the published method of Halverstadt and 
Kumler (6, 7). The method of least squares was used in deriving the 
equations listed in Tables IV and V. 

The second set of data, on anticonvulsant activities of 7-substituted 
1,4-benzodiazepinones (Table II), was taken from the work of Sternbach 
et al. (8). The results of the regression analysis are given in Table V. 

According to a literature survey in 1970, no more than 
50% of epileptic patients were controlled by available an- 
tiepileptic drugs (1). Unfortunately, because of the limited 
market, relatively few pharmaceutical companies are ac- 
tively pursuing antiepileptic drug research and develop- 
ment. To stimulate interest, a screening program was ini- 
tiated in 1975 by the Antiepileptic Drug Development 
Program. Standardized testing methods have been used 
to evaluate new as well as 16 marketed antiepileptic drugs 
(1). This evaluation provides uniform sets of data suitable 
for quantitative structure-activity analysis. 

The main purpose of this report is to analyze the struc- 
ture-activity relationships of various anticonvulsant drugs 
(Tables I and 11) in quantitative terms. The results ob- 

RESULTS AND DISCUSSION 

Equations correlating the anticonvulsant activities of 16 clinically used 
antiepileptics are summarized in Table IV. For the maximal electroshock 
seizure test, a fair correlation with log P was obtained when all 16 com- 
pounds were included (Eq. 1). Addition of the nonlinear term [(log P)*] 
or dipole moment term ( p )  did not improve the correlation significantly, 
as judged by the correlation coefficients ( r )  and standard deviations 
b). 

A recent study (9) suggested that benzodiazepines appeared to occupy 
specific receptors. This led the authors to delete diazepam, clonazepam, 
and carbamazepine from the regression. When these structurally quite 
different compounds were eliminated, much better correlations were 
obtained ( h s .  610) .  Not only were the correlation coefficients increased, 
but the standard deviations were decreased. Surprisingly, log M W gave 
the best correlation (Eq. 7). Similar dependence of biological activity on 
the log MW term and its implications were reported previously*. 

Table  I-Anticonvulsant Activities and Physicochemical Constants of Various Drugs Used in the  Regression Analysis 

Compound 

Phenytoin 
Ethotoin 
Mephenytoin 
Phenobarbital 
Metharbital 
Mephobarbital 
Primidone 
Trimethadione 
Pnrnmethadione 

log 1lC 
MES MET TD50 log Pe, P e *  

Obs.0 Ca1c.b Obs.a Cake 0bs.a Ca1c.d log M W  Octanol-Water debeyes 

4.42 4.22 - - 3.58 3.62 2.40 2.47 1.74 
3.38 3.52 3.63 3.64 3.08 3.10 2.31 1.53 1.74 
3.56 3.76 3.86 3.51 3.15 3.03 2.34 2.09 1.74 
4.03 3.99 4.25 4.20 3.44 3.69 2.37 1.42 0.87 . .. . .. 

3.19 3.45 4.30 4.02 3.47 2.92 2.30 1.21 1.13 
3.86 4.15 4.02 4.10 3.10 3.46 2.39 1.98 0.87 
4.28 3.76 3.57 3.76 <2.56f 2.80 2.34 2.10 1.35g 
2.36 2.36 2.68 2.69 2.24 2.56 2.16 -0.37 1.74 
2.82 2.67 3.40 3.18 2.73 2.68 2.20 0.13 1.69 - 

Ethosuximide <2.15/ 
Methsuximide 3.43 
Phensuximide 3.23 
Phenacemide 3.31 
Diazepam (4.17): 
Clonazeparn (3.56) 
Carbamazeoine (4.40) 

2.28 3.04 3.22 2.50 1.88 2.15 ~ ~. 

3.52 3.48 3.73 3.03 3.02 2.31 
3.29 3.58 3.73 2.91 2.68 2.28 
3.06 3.19 3.23 2.63 3.25 2.25 

(4.61) (6.24)h (1.94) 4.59 4.58 2.45 
(5.08) (7.55)h (2.98) 6.24 5.76 2.51 
(3.99) - - 3.52 3.79 2.37 

0.01 
1.54 
1.40 
0.57 
2.82 
2.41' 
2.18) 

1.47 
1.61 
1.61 
2.068 
2.658 
2.338 
2.418 

0 From Ref. 1. b Calculated from J3q. 7 .  C Calculated from Eq. 19. Calculated from &. 23. e From Refs. 2 and 5 unless stated otherwise. Exclusion of this data point 
does not affect the correlation significantly. 8 From this study. * Not included in the regression. From Ref. 3. j Calculated from log P t w s ) l  NCONH2 + Y Z ~ C ~ H F , )  = 
1.53 + 0.65 = 2.18. 

1 On leave from the Department of Chemistry, University of Cairo, Cairo, E. J. Lien, presented at the APhA Academy of Pharmaceutical Sciences, Or- 
Egypt. lando meeting, November 1976. 
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Table 11-Anticonvulsant Activities and Physicochomical Constants of 7-Substituted 1,4-Benzodiazepinones CJ. tC) 

log I/C 
MET Maximum Minimum 

R Obs." CaIc.6 Obs." Calc." O b s n  Ca1c.d- log M W X ( w P  

<2.47/ (4.56)f 3.89 3.66 3.49 
<2.50/ (4.65)/ 2.92/ (3.76)f 3.40 

4.65 4.80 4.03 4.01 3.32 
5.20 4.81 4.90f (4.00)f 3.20 
5.31 5.23 3.89 4.00 2.591 
5.60 5.50 3.97 4.28 2.901 
5.48 5.14 4.78 4.29 4.16 
3.16/ (4.32) 3.22 3.66 <2..54/ 
3.85 3.50 2.88 2.93 2.62 
4.15 4.53 3.93 3.78 2.97 
3.57 4.40 3.071 (3.78) 2.69 
3.81 3.58 3.21 3.33 2.66 

SOCH:, 4.07 4.20 3.52 2.91 2.99 
S02CH:l 2.721 (4.44) 2.60 3.07 <2.60/ 
C6H5 <2.601 (3.65) <2.59f (3.27) <2.59f 

3.26 2.37 
3.33 2.40 

0.00 0.00 
0.14 0.06 

3.43 2.43 0 71 0.23 
3 39 2.50 0.86 0.23 

(3.79) 2.42 -0.57 0.66 
-0.28 0 78 (3.99) 2.45 

3.69 2.48 
(3.07) 2.40 
2.45 2.45 
3.23 2.45 
3.13 2.47 
2.52 2.51 
3.07 2.47 

(3.25) 2.50 
(2.57) 2.49 

0.88 0.54 
0.56 -0.17 
0.18 -0.83 
0.61 0.00 
1.07 0.03 
2.07 0.03 

-1.58 0.49 
- 1.63 0.72 

1.96 -0.01 

From Ref. 8. * Calculated from Eq. 25.  C Calculated from Eq. 27. d Calculated from Eq. 29. From Ref. 14. f Not included in the regression. 

Table 111-Dipole Moments (Debyes SE)  of Some CNS Acting 
Drugs 

Compound In Dioxane In Benzene 

Chlordiazepoxide 2.15 f 0.02 1.99 f 0.01 
Diazepam 2.65 f 0.02 2.62 f 0.01 
Clonazepam 2.33 f 0.02 - 
Flurazepam 3.75 f 0.02 3.1 I f 0.01 
P henacemide 2.06 f 0.02 (Insoluble) 
Primidone 1.34 f 0.02 (Insoluble) 
CarbamazeDine 2.41 f 0.01 (Insoluble) 

relatively high dipole moments (2.82 and 2.41 debyes. respectively) and 
were still active as antiepileptics, together with the finding that much 
better correlations were obtained when they were excluded, appears to 
support the contention that benzodiazepines probably occupy different 
receptors (9). 

Improvements in correlation after deletion of diazepam and clona- 
zepam were even more striking in the pentylenetetrazol seizure threshold 
test (Eqs. 11-19). Equation 19 was the best. The optimum lipophilicity 
(log PO) for maximum activity was 1.42 with a 95% confidence interval 
of 1.06-9.61:'. The dependence on P was negative. The dipole moment 
term is statistically significant a t  the 97.5 percentile level as indicated 
by an F-test (Fl.8 = 9.83, F l , h W s  = 7.57). 

Although the dependence on the dipole moment ( P )  was not statisti- 
tally significant, the negative sign ofthe coefficient W a s  in agreement with 
previous findings (2, 10). The fact that diazepam and clonazepam had 

Table IV-Equations Correlating Anticonvulsant Activities with Phvsicochemical Constants 

. 
~t The 95% confidence interval is skewed toward the u per limit as dictated by 

the equation used. For more details, see C. Hansch, A. R. Iteward, S. M. Anderson. 
and D. Bentley, J .  Med. Chem. I I , l ( i % ( l ) .  

Equation n r 5 

Maximal Electroshock Seizure Test (MES) 
1. log i/c = 0.627 log P + 2.588 
2. log l/C = 5.554 log MW - 9.379 
3. log I/C = -0.064 (log P)' + 0.781 log P t 2.554 
4. log 1/C = 0.647 log P - 0.133~ + 2.785 
5. log 1/C = -0.030 (log P):! + 0.714 log P - 0.105~ + 2.727 

(Without Diazepam, Clonazepam, and Carhamazepine) 
6. log l /C = 0.681 log P + 2.544 
7. lor l /C  = 7.776 lor MW - 14.438 
8. log 1/C = 0.028 ( 6 g  P)' + 0.624 log P + 2.551 
9. log 1/C = 0.669 log P - 0.112~ + 2.727 

10. log i/c = 0.043 (log P)* + 0.580 log P - 0.130~ + 2.768 

12. log IIC = 6.105 log M w  -10.185 

Subcutaneous Pentylenetetrazol Seizure Threshold Test (MET) 
11. log l/C = 0.967 log P + 2.755 

13. log 1/C = 0.502 (log P)' - 0.206 log P + 3.002 
14. log 1/C = 4.925 log MW + 0.335 log P + 1.257~ - 9.934 
15. log l/C = 4.817 log MW + 0.256 (log P)' - 0.222 log P + 0.971~ - 9.145 
16. log 1/C = 0.408 log P + 3.121 
17. log 1/C = 2.676 log MW - 2.594 
18. log 1/C = -0.302 (log P)' + 0.960 log P + 3.082 
19. log 1/C = -0.301 (log P ) 2  + 0.852 log P - 0.629~ + 4.139 

log PO = 1.42 (1.06-9.61) 
Median Toxic Dose (Rotorod Ataxia) T D ~ Q  

20. log l/C = 0.647 log P + 2.348 
21. log 1/C = 8.030 log MW - 15.336 
22. log I/C = 0.265 (log P)' + 0.010 log P + 2.490 
23. loe 1/C = 15.939 loe MW - 0.972 loe P + 0.54911 - 33.187 

16 
16 
16 
16 
16 

13 
13 
T3 
13 
13 

14 
14 
14 
14 
14 
12 
12 
12 
12 - 

16 
16 
16 
16 

0.874 0.342 
0.806 0.417 
0.877 0.351 
0.879 0.348 
0.880 0.362 

0.896 0.314 
0.94i 0.241 m m  
0.898 0.326 
0.899 0.342 

0.704 0.967 
0.654 1.029 
0.779 0.890 
0.864 0.750 
0.875 0.762 
0.719 0.350 
0.756 0.330 
0.799 0.319 
0 . 9 1 5 0 . 2 2 7  

0.637 0.769 
0.823 0.566 
0.677 0.76 1 
0.933 0.388 
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Table V-Equations Correlating Anticonvulsant a n d  CNS- 
Depressant Activities of 1,4-Benzodiazepinones with Their 
Phvsicochemical ProDerties 

Equation n r s  

Pentylenetetrazol Test 
24. log 1/C = -0.257%’ - 0.082~ + 4.869 10 0.489 0.764 
25. log 1/C = -0.307~’ t 0 . 1 4 4 ~  t 1.2910 + 4.558 lo 0.867 0.470 

TO = 0.23 (-2.86-3.75)’ 
Maximal Electroshock Test 

26. log 1/C = -0.188~’ t 0 . 1 7 1 ~  t 3.816 
27. log I/C = -0.258~’ + 0 .361~  t 0.9540 + 3.660 

11 0.513 0.592 
11 0.824 0.418 

TO 0.70 (0.08-5.35)’ 
Minimal Electroshock Test 

28. loe 1/C = - 0 . 1 3 2 ~ ~  + 0 . 0 0 2 ~  + 3.286 10 0.379 0.497 
29. log 1/C -0.220~’ + 0 . 0 8 1 ~  + 0.9840 + 3.262 fi 0.827 0.326 

TO = 0.18 (-2.82-2.37)‘ 

(1 For the derivation of these 95% confidence intervals, see C. Hansch. A. R. 
Steward, S. M. Anderson, and D. Bentley, J .  Med. Chem., lI,1(1968). 

For the more nonspecific toxic dose (rotorod ataxia), all 16 compounds 
were well correlated with a three-parameter equation (Eq. 23). Fur- 
thermore, the dependence on the dipole moment was positive, in contrast 
with the anticonvulsant tests. Log MW gave better correlation than log 
P, with or without the quadratic term (compare Eq. 20 with 22). The 
positive dependence on log M W  in Eqs. 21 and 23 suggests that van der 
Waals forces with nonspecific receptor sites are more important than 
hydrophobic interactions in the rotorod ataxia test. 

The negative coefficient associated with the log P term in Eq. 23 is 
intriguing. Whether or not it represents interaction with somewhat hy- 
drophilic sites remains to be studied. In any event, it is not parabolically 
dependent on log P as seen in many other cases of central nervous system 
(CNS) acting drugs (2,10,11). 

The squared correlation matrix of the four parameters used for the 16 
compounds in Eqs. 20-23 is shown here: 

log M W  (log P)’ LL 
log M W 1 0.785 0.861 0.071 
(loe P)* 1 0.882 0.193 
i0g”P 
Ir 

1 0.073 
1 

I t  is apparent that log MW and log P are not independent while p is 
practically. independent of either log MW or log P. Therefore, the exact 
physical meaning of the log MW term can not be ascertained. A better 
selection of compounds with a wider range of log MW independent of log 
P is needed to delineate its contribution to the activity. 

For the anticonvulsant activities of 1,4-benzodiazepinones with sub- 
stitution a t  the 7-position of ring A, a parabolic equation of TR combined 
with the Hammett o constant appeared to give fair correlations for the 
results of all three tests (Table V). The ideal lipophilicity of the substit- 
uent (TO) for the maximal electroshock test appears to be higher than 
those for the pentylenetetrazol test and the minimal electroshock test, 
although the 95% confidence intervals do overlap. Two or three com- 
pounds had to be excluded to obtain a correlation coefficient ( r )  of 0.82 
or higher. Whether this result was due to experimental error or solubility 
problems (e.g.. the C6Hs-derivative) could not be ascertained. 

The importance of the electronic character was clearly reflected by the 
high coefficient associated with n (0.95-1.29). In addition to the lipophilic 
and electronic characters, steric and directional factors also appear to 
be quite critical since substitutions a t  position 6,8, or 9 of ring A reduced 
activity (12). Steinman et at. (13) reported that 7-CI-9-NOz- and 7,9- 
(NO&-derivatives of 1,4-benzodiazepine had weak activity (>lo0 mgntg) 
as compared to diazepam (1 mg/kg) in pentylenetetrazol tests. Whether 
or not the same trend exists in the 1,4-benzodiazepinone series remains 
to be studied. 

Clonazepam, one of the most potent compounds against pentylene- 
tetrazol seizures, has a nitro group in ring A and a chloro atom in ring C. 
With regard to substitutions in ring C, Sternbach (12) showed that only 
the ortho-positions can be substituted and still maintain high activity. 
The 2’,6’-difluoro and dichloro derivatives had “high activity,” while 
meta-  and para-substituents decreased the activity almost to zero. I t  
would be interesting to investigate combinations of CI and NO’, Brand 
NOz, and CFJ and NO’ in the 2’,6‘-positions of ring C. 

REFERENCES 

(1) Epilepsy Branch, Neurological Disorder Program, National In- 
stitute of Neurological and communicative Disorder and Stroke, 
“Anticonvulsant Screening Project, Antiepileptic Drug Development 
Program,” US. Department of Health, Education, and Welfare, Public 
Health Service, National Institutes of Health, Publication No. (NIH) 
78-1093, Bethesda, Md., 1978. 

(2) E. J. Lien, G. L. Tong, J. T. Chou, and L. L. Lien, J .  Pharm. Sci., 
62,246 (1973). 

(3) W. Muller and U. Wollert, Arch. Pharmacol., 278,301 (1973). 
(4) A. Leo, C. Hansch, and D. Elkins, Chem. Reo., 71,525 (1971). 
(5) A. L. McClellan, “Tables of Experimental Dipole Moments,” vol. 

(6) I. F. Halverstadt and W. D. Kumler, J. Am. Chem. Soc., 64,2988 

(7) E. J. Lien and W. D. Kumler, J .  Med.  Chem., 1 I ,  214 (1968). 
(8) L. H. Sternbach, L. 0. Randall, R. Banziger, and H. Lehr, in 

“Drugs Affecting the Central Nervous System,” vol. 2, A. Burger, Ed., 
Dekker, New York, N.Y., 1968, pp. 237-264. 

2, Rahara Enterprises, El Cerrito, Calif., 1974. 

(1942). 

(9) H. Mohler and T. Okuda, Science, 198,849 (1977). 
(10) E. J. Lien,J.  M e d .  Chem.,  13,1189 (1970). 
(11) C. Hansch and J. M. Clayton, J .  Pharm. Sci., 62 , l  (1973). 
(12) L. H. Sternbach, in “The Benzodiazepines,” S. Garattini, E. 

(13) M. Steinman, J. C. Topliss, R. Alekel, Y. S. Wong, and E. E. York, 

(14) C. Hansch, A. Leo, S. H. Unger, K. H. Kim, D. Nikaitani, and E. 

Mussini, and L. 0. Randall, Eds., Raven, New York, N.Y., 1973. 

J .  Med.  Chem., 16,1354 (1973). 

J. Lien, ibid., 16, 1207 (1973). 

ACKNOWLEDGMENTS 

Presented in part at the 176th National American Chemical Society 
Meeting, Miami Beach, Fla., September 1978. 

The authors thank Dr. W. E. Scott and Mr. J. I. Boyland of Hoff- 
mann-La Roche for generous samples of diazepam, clonazepam, flura- 
zepam, and chlordiazepoxide. Phenacemide was obtained from Dr. A. 
0. Geiszler of Abbott Laboratories, and primidone was obtained from 
Dr. G. R. Goetchins of Ayerst Laboratories. Carbamazepine was an an- 
alytical sample obtained from Ciba-Geigy Corp. through Dr. J. Cohen 
of the School of Pharmacy, University of Southern California. 

Journal of Pharmaceutical Sciences 1 465 
Vol. 68, No. 4. April 1979 




