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H, 
N. 

and 2 g. (0.02 mole) of triethylamine added. After 5 min. the 
precipitate was removed by filtration. To the filtrate was added 
2.2 g. (0.00315 mole) of tricarbobenzoxy-L-arginine p-nitrophenyl 
ester. The solution was allowed to stand for 2 days a t room 
temperature and was evaporated to an oil. The gum was washed 
repeatedly with water, ether, and ethyl acetate and was gradually 
solidified. The solid was crystallized from methanol-ethyl ace
tate; yield 2 g. (52%), m.p. 95-115°, [«]23n - 3 7 ° (c 1, di-
methylf ormamide). 

Anal. Calcd. for C„HMN,602o: C, 59.04; H, 6.05; N, 14.31; 
OAc, 2.75. Found: C, 58.47; H, 6.20; N, 14.45; OAc, 1.97. 

Tricarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
a lany l -O-ace ty l -L-se ry l -L-pro ly l - p - fluoro-L- phenylalanyl-
nitro-L-arginine Methyl Ester (VHIb).—This compound 
was prepared according to the above described procedure. A 2.5-
g. (0.00225 mole) run of the carbobenzoxyoctapeptide (Vllb) 
gave 3 g. (87%) of cream-colored solid, m.p. 145-147°, [c'"" 
— 47.5° (c 1, dimethylformamide). 

Anal. Calcd. for C,7H93FNi6O20-3H2O: C, 56.54; 
6.10; N, 13.70; OAc, 2.72. Found: C, 56.20; H, 6.19; 
13.57; OAc, 2.58. 

Tricarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
alanyl - O - acetyl - L - s e r y l - p - fluoro-D-phenylalanylnitro-L-argi-
nine Methyl Ester (VIIIc).—From 2.3 g. (0.0033 mole) of 
tricarbobenzoxy-L-arginine p-nitrophenyl ester and 3.5 g. (0.0031 
mole) of the p-fluoro-D-phenylalanine octapeptide (VIIc) a 
cream solid amounting to 3.5 g. (74%) was obtained, m.p. 120-
125°, [a]23D -36 .1 ° (c ] , methanol). 

Anal. Found: C, 56.59; H, 6.00; N, 14.22; OAc, 2.21. 
Dicarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-

alanyl-L-seryl-L-prolyl-D-phenylalanylnitro-L-arginine (IXa).— 
To a solution of 1 g. (0.00066 mole) of the tricarbobenzoxynona-
peptide methyl ester (Vi l l a ) in 30 ml. of methanol was added 1 
ml. of 2 N sodium hydroxide. The solution was stirred at room 
temperature for 25 min., water was added, and the solution re
mained clear. The solution was filtered and 1.5 ml. of 2 N hy
drochloric acid was added. The precipitate was removed by 
filtration and the solid was crystallized from methanol-ether, 
yield 625 mg. (79%), m.p. 170-175° [a]

23D - 3 8 ° (c 1, methanol). 

Anal. Calcd. for CeeHgiNieOn^HjO: C, 56.21; H, 6.29; N, 
15.90. Found: C, 56.27; H, 6.39; N, 15.98. 

Dicarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
alanyl-L-seryl-p-fluoro-L-phenylalanylnitro-L-arginine (IXb).-— 
Hydrolysis of 2 g. (0.0013 mole) of the tricarbobenzoxynona-
peptide methyl ester (VHIb) with 1.6 ml. (0.0032 mole) of 2 N 
sodium hydroxide gave 1.2 g. (66%) of white solid, m.p. 155-160°, 
[a]23o - 6 2 . 5 ° (c 1, methanol). 

Anal. Calcd. for C66H83FNi6Oi,'3H20: C, 54.71; H, 6.19; N, 
15.47; F, 1.37. Found: C, 54.46; H, 6.19; N, 15.37; F, 1.48. 

Dicarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycyl-L-phenyl-
alanyl - L - seryl - h - prolyl - p -fluoro-D-phenylalanylnitro-L-argi -
nine (IXc).—A similar hydrolysis of 2.5 g. of the correspond

ing tricarbobenzoxy p-fluoro-n-phenylalaninenonapeptide (VIIIc) 
gave 1.8 g. (80%) of tan solid, m.p. 160-165°, M 2 3 D - 3 1 . 3 ° 
(c 1, dimethvlformamide). 

Anal. Found: C, 54.24; H, 6.11; X, 15.84; F, 1.65. 
L-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanji-L-seryl-i.-

prolyl-D-phenylalanyl-L-arginine Triacetate Salt (Xa).—The 
dicarbobenzoxynonapeptide (IXa) (400 mg., 2.9 X 10"~4 mole) 
was dissolved in 30 ml. of glacial acetic acid, and 200 mg. of palla
dium black catalyst and 20 ml. of methanol were added. The re
sulting mixture was hydrogenated for 21 hr. at room temperature 
and 2-3 lb. (0.14-0.21 kg./cm.2) pressure. The catalyst was re
moved by filtration. The filtrate was evaporated in vacuo, the 
residue was dissolved in 50 ml. of water, the solution was filtered, 
shell frozen, and lvophilized leaving 333 mg, of while powder. 
m.p. 155-168°, M23D - 7 3 ° (c 0.89. waten. 

Anal. Calcd. for C56H85Ni5017H2O: C. 53.46; H, 6.97; X, 
16.70: Found: C, 53.16; H, 7.07: X, 17.07. 

L-Arginyl-L-prolyl-L-proIylglycyl-L-phenylalanyl-L-seryl-i,-
prolyl-p-fluoro-L-phenylalanyl-i.-arginine Triacetate Salt (Xb). 
The appropriate dicarbobenzoxynonapeptide IXb (200 mg.) was 
hydrogenated in the manner previously described. The catalyst 
was removed and Ivophilization of the filtrate gave 194 mg. of 
fluffy white solid, [a\ "D --79° (r 0.690, water). 

Anal. Calcd. for C56H84FN160n: <\ 53.45; H, 6.73; N, 16.70: 
F, 1.51. Found: C, 52.79; H, 6.79: X, 17.42: F, 1.61. 

L-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-L-seryl-L-
prolyl-p-fluoro-D-phenylalanyl-L-arginine (Xc).—From £00 mg. 
of the dicarbobenzoxy 8-p-fluoro-i>-phenylalanine nonapeptide 
(IXc) there was obtained after catalytic' hydrogenation 470 mg. 
of light tan solid, [a]-hi —63.4° (c 1. water). The analytical 
sample was dried at 110° for IS hr. 

Anal. Found: C, 53.11: H, 0.64; X, 17.33; F, 1.19. 
For the paper chromatography of the three bradykinin analogs, 

two different solvent systems were employed: (A) i-butyl alcohol -
acetic acid-water (2:1:1) and (B) isopropyl alcohol-concentrated 
ammonium hydroxide-water (70: 5). The spots were de
veloped with bromophenol blue and Sakaguchi reagents. Single 
spots were obtained in each case. The Ri values obtained were: 
8-D-phenylalanine bradykinin (A) 0.79, (B) 0.52; 8-p-fluoro-i,-
phenylalanine bradykinin (Aj 0.72, (B) 0.49; 8-p-fluoro-D-
phenylalanine bradykinin (A) 0.77, (B) 0.56. Paper electro
phoresis of the three nonapeptides was carried out in acetate 
buffer, pH 5.6, using a constant current, of 30 ma. for 3 hr. 
The mobilities of the analogs were found to be identical and could 
not be distinguished from bradykinin which moved a distance of 
6.7 cm. from the point of origin. 
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A number of substituted aromatic amides have been prepared and their anticonvulsant properties are re
ported. Two compounds, 4-amino-N-cyclopropyl-3,5-dichlorobenzamide and 4-amino-X-cyclopropyl-3,5-
dibromobenzamide, were shown to be potent antagonists to the convulsant action of strychnine. 

During a routine search for compounds which might 
possess muscle relaxant properties, it was found that 4-
amino-N-cyclopropyl-3,5-dichlorobenzamide (8) was 
outstanding. The muscle relaxant properties of this 
amide have been reported earlier.1 

(1) T . E . Lynes a n d G. M . E v e r e t t , Federation Proc, 20, 323 (1361). 
T h e subs t ance of th i s C o m m u n i c a t i o n was p re sen ted before t he Medic ina l 
C h e m i s t r y Divis ion a t the 142nd Na t iona l Mee t ing of the Amer i can C h e m i 
cal Society, A t l an t i c Ci ty , N . J., Sep t ember 0-14, 1962. 

It is interesting to note that although 4-amino-3,5-
dichlorobenzoic acid was first prepared by Elion2 in 
1923, no simple derivatives other than the methyl ester3 

and the acid chloride4 were, ever prepared. Elion pre
pared the acid in low yield by chlorination of p-amino-

1.21 L. Klion, firr. Irar. ridm., 44, 14") ( l '»23j . 
0)] li. Ma i l e r a n d E. Tie tz , Chen. Ber., 74B, 807 (19-11). 
' ! ) M . Schuber t , .4nii., 558, 31 (1947). 
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benzoic acid with potassium chlorate. The acid also 
has been prepared by the action of sulfuryl chloride6 

on p-aminobenzoic acid and more recently by the direct 
action of chlorine gas6 on p-acetamidobenzoic acid. 
We have found it more convenient and also obtained 
the desired acid in much higher yield by treating sul
furyl chloride with ethyl p-aminobenzoate in chloroform 
and hydrolyzing the crude ester with dilute hydrochloric 
acid. 

As a part of a study of structure-activity relationships 
in a group of synthetic agents, a number of 4-amino-
3,5-dihalobenzamides were prepared. Several other 
mono-, di-, and trisubstituted benzamides were also 
prepared for comparison. An anilide, namely, X-
(4-amino-3,5 - dichlorophenyl) cyclopropanecarboxamide 
(14) was also prepared to establish the activity of the 
benzamide moiety. This compound was prepared by 
treating 2,6-dichloro-p-phenylenediamine with one 
equivalent of cyclopropanecarbonyl chloride as it is 
known that the monoacylation of 2,6-dichloro-p-
phenylenediamine occurs more readily on the un
hindered amino group.7 

In order to prepare what was hoped would be a 
precursor of 4-amino-X-cyclopropyl-3,5-dichlorobenz-
amide, it was necessary to oxidize methyl 4-amino-3,5-
dichlorobenzoate according to the procedure of Em
mons.3 

CI 
/ = = \ H202 (CF3C0)20 

H 2 N-<J^COOCH 3 — ^ -
CI 

CI C 1 N _ 

02N—<^y-COOCH3 -2Q- 0 2 N-\~V-COOH 

The cyclopropylamide of this hitherto unknown 
dichloronitrobenzoic acid was then prepared. The 
amides prepared and tested are listed in Table I. 

Pharmacological Studies 

Methods.—The anticonvulsant properties of these compounds 
were determined by methods patterned after those of Berger.9 

All test compounds were administered as suspensions in gum 
tragacanth by the intraperitoneal route to groups of ten albino 
mice (18-24 g.). Tests were run 1 hr. after treatment. Median 
effective doses were determined by the method of Bliss.10 Median 
lethal doses (LD5o) were derived from screening procedures using 
only three animals per dose and can only be considered as esti
mates. 

Strychnine antagonism was determined in groups of animals 
challenged with a certainly lethal dose of strychnine sulfate (2.0 
mg./kg., s.c.) (LD99). Pentamethylenetetrazol antagonism was 
determined in groups of animals challenged with a certainly 
lethal dose of pentamethylenetetrazol (120 mg./kg., s.c.) (LD99). 
Only animals which did not convulse were considered to be pro
tected from either of the chemical convulsants. Tonic extensor 
seizures were produced by electroshock administered through 
corneal electrodes. Parameters of stimulus were as follows: 
amplitude 140 v.; frequency 100/sec; pulse duration 1 msec; 
train duration 0.3 sec. Abolition of the tonic extensor phase of 
the seizure wns used as the criterion for protection. 

(">) S. Chiavarelli, Gazz. chim. itaL, 85, 1405 (1955); Chem. Abstr., 50, 
10023d (1956). 

(6) C. Stelt and W. Th. Nauta, Rec. trav. chim., 78, 534 (1959). 
(7) G. Morgan and D. Cleage, / . Chem. Soc., 113, 594 (1918). 
(8) W. Emmons, J. Am. Chem. Soc, 76, 3470 (1954). 
(9) F. M. Berger, J. Pharmacol. Exptl. Therap., 112, 413 (1954). 
(10) C. Bliss, Ann. Appl. Biol, 22, 134 (1935). 

Results 

Pharmacological results are reported in Tables II 
and III. 

Strychnine Antagonism.—In this series of substi
tuted benzamides only 4-amino-X-cyclopropyl-3,5-
dichlorobenzamide (8) and its dibromo analog (10) 
were effective in prevention of convulsions produced by 
strychnine. The toxicity of strychnine was limited by 
all N-alkyl derivatives of 4-amino-3,5-dihalobenzamide 
except the i-butyl derivative (11) with maximum ac
tivity present in the cyclopropyl derivative (8). 

Pentamethylenetetrazol Antagonism.—Convulsions 
produced by pentamethylenetetrazol were effectively 
antagonized by many of the compounds studied. The 
most active compound was 4-amino-N-cyclopropyl-
3,5-dichlorobenzamide (8). The activity of N-cyclo-
propy 1-3,5-dichlorobenzamide (26) suggested that the 
amino group in the 4-position has only slight influence 
on antipentamethylenetetrazol activity. The 4-amino-
3,5-dichlorobenzamide (1) had no effect in this test. 
N-Alkyl substituents increased activity with maximum 
activity present when the cyclopropyl substituent (8) 
was used. Substitution on the aromatic nucleus indi
cated that the 3,5-dihalogenated derivatives were effec
tive pentamethylenetetrazol antagonists. Protection 
against the lethal effects of pentamethylenetetrazol 
seemed to be correlated with protection from its convuls-
ant effects. 

Maxima Electroshock Seizure Antagonism.—Tonic 
extensor seizures produced by supramaximal electro
shock can be abolished by many compounds in 
this series. The most active compounds were X-
cyclopropyl-2,4-dichlorobenzamide (27) and 3-amino-
N-cyclopropyl-2,5-dichlorobenzamide (17). In the 4-
amino-3,5-dichlorobenzamide group, the most active 
compound was the simple benzamide (1). The N-
cyclopropyl substitution did not cause a decrease in 
activity, but any other change in this position pro
foundly decreased potency. It is of interest to note 
the differences in activity produced by unsaturation 
in the X-3-carbon chain compounds 4, 6, and 7. The 
N-cyclobutyl derivative (12) had about the same 
potency as the N-n-propyl derivative (4), but the t-
butyl derivative (11) is much less active. 4-Amino-X-
phenyl-3,5-dichlorobenzamide (13) was inactive. 

Discussion 

This study was designed to evaluate the muscle 
relaxant activity of a series of substituted benzamides 
using the antagonism of strychnine-induced convulsions 
as a criterion of such activity. In this series of com
pounds, only two, 4-amino-N-cyclopropyl-3,5-dichloro-
benzamide and 4-amino-X-cyclopropyl-3,5-dibromo-
benzamide, have significant activity in protecting mice 
from the convulsant action of strychnine. It is worth
while to note that to our knowledge no other com
pounds are known to antagonize strychnine-induced 
convulsions at doses which produce little or no neuro
logical symptoms.1 These two compounds have a 
spectrum of anticonvulsant action against strychnine, 
pentamethylenetetrazol, and electroshock which is 
different from the spectrum of diphenylhydantoin, 
phenobarbital, and meprobamate. 

When the anticonvulsant action of these benzamide 



530 BRUCE VV. HORKOM AND T. E. LYXES Vol. (> 

TABLE I 

AROMATIC AMIDES 

RCONHH' 

No." 

1 
2 
3 
4 
5 
6 
t 
8 

9C 

10" 

11 

12e 

13 

14 

3,5-Clr 
3,5-Cl2-
3,5-CU-
3,5-Cls-
3,5-Cl,-
3,5-Cl2-
3,5-Cls-
3,5-Cl2-
C,H6 

3,5-Br2-
3,5-Cl,-
3,5-Cb-

l l 

4-XH2C6H2 

•4-NH2C6H. 
•4-NH2C6H2 

•4-NH2C6H2 

•4-NHjCeHj 
•4-NH2C6H2 

•4-NH2C«H2 

•4-NHjC.Hs 

-4-NH2C6H2 

•4-NH2C6H2 

4-NH2C6H2 

R' 
II 
CHS 

CH2CH3 

CH2CH,CH3 

CH(CH3)2 

CH2CH=CJT., 
C H 2 C = C H 
< 
< 
< 
C-fCH3)3 

D 
3,5-Cl2-4-NH2C6H2 

> 

CI 

V\ // N H , 

CI 
15' 
168 

17* 
18'' 
19" 
20'* 
21 
22' 
23' 
24* 
26 
26' 
27"' 

3,5-Cl2-2-NH2C«Hs 

3,5-Cl2-2-NH2C6H2 

2,5-Cl2-3-NH2C6H2 

4-NH2-C6H4 

3-NH2-4-ClC6H3 

2-NH2-4-ClC6H3 

4-N02C6H4 

4-Cl-3-N02C,H4 

4-Cl-2-N02C„H4 

2,5-Cl2-3-N02C6H2 

3,5-Cl2-4-NOi!C6H2 

3,5-Cl2CeH3 
2,6-Cl2CeH3 

< 
CH.CH: 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

.M.p., °C. 

152-153 
185-186 
148-149 
98-99 

185-186 
142-143 
173-174 
174-175 
103-104 
102-163 
144-0 45 
189-190 

159-160 

224-225 

179-180 
161-162 
162-163.5 
151-152 
145 
135.5-137 
178-179 
129-130 
164-165 
170-171 
167-168 
138-139 
191-192 

C,H6C12N20 
C8H,C12N20 
C,H,0Cl2N2O 
C10H12Cl2NaO 
C]oHi2Ci2N2() 

C,„H10Cl2N2O 
C10H8Cl2N2O 
C10H10Cl2N2O 

C,„H,0Br2N2O 
C H H H C 1 2 N 2 0 

Ci,H!2Cl2N20 

C13H10Cl2N2O 

C,0HioCl2N20 

41.00 
43.86 
46.37 
48.59 
48.59 
49.00 
49.40 
19.00 

:uiir.i.. <;• 
it 

2.95 
3.68 
4.32 
4.89 
4.89 
4.12 
3.32 
4.12 

35.95 3.02 
50.54 5.90 
50,99 4.67 

55.53 3.57 

v 
13.66 

.12.79 

12.02 

11.34 

11.34 

11.43 

11.53 

11.43 

8.39 
10.73 
10.81 

9.90 

(• 
41.22 
43.72 
46.24 
48.59 
48.85 
49.06 
49.78 
49.07 

l l 

.20 1 

.73 

.36 

.09 

.01 
28 1 
38 1 
20 1 

X 

3.63 
2.78 
1 .85 
1.17 
1.33 
1.21 
1.24 
1.61 

48.99 4.1.1 11.43 

C10H10C12N2() 48.90 4. 12 11 .43 

35.90 2.88 8.30 
50.75 5.62 10.48 
51.20 4.75 10.84 

55.40 3.23 10.09 

48.76 3.S2 11.39 

48.30 4.56 11.23 

C, 
C, 
C, 
C, 
C: 
Cio 

H,„C12N
T

2(.) 

,H12N..O 

H „ C 1 2 N 2 0 

, H n C l N 2 0 

iH ] 0^203 

H 9 C 1 X 2 0 3 

C, 0 H 9 ClX 2 O 3 

C 1 0 H 1 8 Cl 2 N 2 O, 

CioH]2Cl2^203 

CoH.CljNO 
C,oH„Cl2NO 

19 
15 
01 
01 
25 
91 
91 

43.66 
43.66 
52.21 
52.21 

49 
68. 

08. 
49. 
49. 

4.13 
6.86 
5.26 
5.26 
4.89 
3.76 
3.76 
2.94 
2.94 
3.94 
3.94 

11.48 
15.90 
13.31 
13. 
13. 
11. 
11. 
10. 
10 

31 
58 
64 
64 
18 
18 

6.08 
6.08 

49.42 
68.45 
57.24 
56.66 
58.33 
50.01 
50.09 
43.53 
43.73 
52.45 
52.35 

4.06 
6.89 
5.35 
5 55 

78 
72 
74 
92 
00 
06 
17 

11. :>{) 
15.81 
13.42 
12.76 
13.34 
11.52 
11.92 
10.23 
10.09 
5.95 
5.96 

" The acid chlorides of most of the acids were prepared with thionyl chloride and used as crude materials. In the case of compounds 
15 and 16, the acid chloride was prepared with phosphorus pentachloride, according to F. Sheibly,./. Org. Chem., 12, 743 (1947). '' The 
propargylamine used for this amide was prepared according to K. Schul teandM. Goes, Arch. Pharm., 290,118 (1957); Chem. Abslr., 51, 
12817° (1957), but was isolated as the fumarate salt. This salt was used along with aqueous alkali instead of triethylamine as described 
in the Experimental for compound 8. ' This compound was described by M. Schlatter,./ . Am. Chem. Soc, 63, 1733 (1941). d The arid 
for this compound was prepared according to Elion.2 The acid chloride in this case melted at 178-180°. e Cyclobutylamine was pre
pared according to G. Heisig, / . Am. Chem. Soc, 63, 1698 (1941). / The acid for the amide was obtained from the Dow Chemical Co. 
0 This compound was reported by F. Sheibly, J. Org. Chem., 12, 743 (1947). * These amides were prepared from the corresponding nitro 
compounds by catalytic reduction as described in the Experimental. ' The acid for this amide was obtained from D.P.I . ; This acid is 
available from Aldrich Chemical Co. * A sample of this acid was obtained from Am Chem. Co. ' The acid is available from Aldrieh 
Chemical Co. m The acid in this case was obtained from the DuPont Co. 

TABLE II 

PHARMACOLOGICAL ACTIVITY OF SOME N-SEHSTITLTED 4-AMIXO-3,5-DICHI.OROBENZAMIDES 

CI. 

CONHR 

Compound 

1 
2 
3 

8 

5 
4 
6 
7 

12 

R 
II 
CH3 

CHsCHg 

<1 
CH(CH3)2 

CH^Cr^CH;) 
CH2CH=CH2 
C H 2 C = C H o 

Klectroshock" 

50(42-57) 
153(123-188) 

78(65-90) 

59(46-72) 

118(96-179) 
131(105-154) 
153(125-183) 

>300 

121(100-142) 

H > N - \ \ / / 
Cl" 

Penta,methyleneU;tni.zo]a -
Deatii 

Strychnine" -

11 C(CH3)3 226(186-266) 
13 C6H6 >300 

' E D J J mg./kg. and 9.5% confidence limits. 

Convulsions 

>200 
>300 

112(96-139) 

17(14-20) 

33(23-43) 
114(94-143) 
139(111-167) 

>300 

59(55-63) 

47(41-56) 
>300 

>200 
>300 

67(58-74) 

6(4.8-7.2) 

18(15-21) 
69(54-79) 

114(90-150) 
262(222-302) 

22(20-24) 

18(15-
>300 

-20) 

Convulsions 

>200 
>300 
>300 

34(26-42) 

>200 
>300 
>300 
>300 

>300 

>300 
>300 

Death 

168(136-233) 
98(72-111) 
107(69-137) 

22(18-26) 

86(66-106) 
107(69-137) 
170(146-196) 
220(180-260) 

242(190-800) 

>300 
>300 

l-lst. 
Ll),. 

ms..'k». 

20(1 

250 

350 

265 

250 

350 

600 

550 

500 

SOD 

>1500 
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TABLE III 

PHARMACOLOGICAL ACTIVITY OF SOME DERIVATIVES OF N-CYCLOPROPYL BENZAMIDE AND SOME MISCELLANEOUS COMPOUNDS 

Com
pound 

27 
17 
26 
10 
18 
20 
19 
15 
25 

9 

16 

14 

R2 Rj R4 

CI H H 
CI NH2 H 
H CI H 
H Br NH2 

H H NH2 

NH2 H CI 
H NH2 CI 
NH2 CI H 
H CI N 0 2 

H H H 

CI 

O - c 0 N H 
CI NH 2 

CI 

Rs 

H 
CI 
CI 
Br 
H 
H 
H 
CI 
CI 
H 

R 

R 4 " \ ^ - C O N H - ( 

e Electroshockn 

CI 36(30-45) 
H 
H 
H 
H 
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257(209-305) 

Est. 
LDso, 

mg./kg 
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600 
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600 
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derivatives is analyzed it is apparent that structural 
requirements for anticonvulsant activity against the 
three test systems are not related. In the 4-amino-3,5-
dichlorobenzamide series, the simple benzamide and the 
X-cyclopropylbenzamide are equally active as electro-
shock seizure antagonists, but the cyclopropyl sub
stitution produces profound activity against penta-
methylenetetrazol and strychnine. It is worthwhile to 
note that the unsubstituted benzamide as well as the 
methyl and ethyl benzamides are more active as elec-
troshock antagonists than as pentamethylenetetrazol 
antagonists. The opposite is true for the isopropyl, 
cyclopropyl, re-propyl, allyl, cyclobutyl, and t-butyl 
benzamides. 

It is difficult to see a pattern in the effect of alterations 
of the substituents on the aromatic nucleus of the 
cyclopropylbenzamides. Dihalogenation of the 2,6-
positions produces effective antagonists to electroshock, 
while dihalogenation in the 3,5-positions increases the 
antipentamethylenetetrazol activity. Alteration in the 
position of the amino group produces changes in all 
tests as shown by a comparison of 4-amino-N-cyclo-
propyl-3,5-dichlorobenzamide and 2-amino-N-cyelopro-
pyl-3,o-dichlorobenzamide. Oxidation of the 4-amino 
group completely abolishes activity in all of the tests. 

Experimental 

4-Amino-3,5-dichlorobenzoic Acid.—To a refluxing solution of 
330 g. (2 moles) of ethyl p-aminobenzoate in 2600 ml. of chloro
form there was added 603 g. (4.5 moles) of sulfuryl chloride in 
500 ml. of chloroform over a 3-hr. period. After addition was 
complete, the reaction mixture was cooled and extracted with 
three 500-ml. portions of cold water. The solvent was removed 
by distillation and the oily residue was dissolved in 250 ml. of 
hot glacial acetic acid. To the acetic acid solution 200 ml. of 
water and 500 ml. of concentrated hydrochloric acid were added 
and the mixture was stirred and refluxed for 16-18 hr. The 

hot mixture was diluted with 500 ml. of water, stirred for 15 min., 
and the product was collected by filtration and washed well with 
water. The solid then was suspended in 2 1. of ch'oroform and 
stirred for 15 min. The solid was collected by filtration and 
washed with 1 1. of fresh chloroform. After drying 366 g. (89%) 
was obtained, m.p. 292-295°; lit.2 m.p. 293-295°. 

4-Amino-3,5-dichlorobenzoylchIoride.—A mixture of 309 g. 
(1.5 moles) of 4-amino-3,5-dichlorobenzoic acid, 768 g. (464 ml.; 
6.45 moles) of thionyl chloride, and 1158 ml. of dry benzene was 
heated under reflux for 3.25 hr. without stirring. At the end 
of this time, 200-250 ml. of the reaction mixture was removed 
by distillation. The reaction mixture was allowed to cool and the 
product was removed by filtration. The product was washed 
well with pentane to remove excess thionyl chloride and benzene. 
After air drying, 306.4 g. (91%) of fine light tan needles was ob
tained which melted at 160-161°; lit,4 m.p. 160°. When this 
acid chloride was prepared on a developmental scale, the thionyl-
amine derivative was occasionally obtained. This did not occur 
during laboratory preparation. 

Methyl 4-Amino-3,5-dichIorobenzoate.—A mixture of 224.5 g. 
(1 mole) of 4-amino-3,5-dichlorobenzoyl chloride, 11. of methanol, 
and 1 ml. of dry pyridine was refluxed overnight (ca. 18 hr.). 
The next day the very dark reaction mixture was concentrated 
and the resulting dark residue was taken up in ether. The eth
ereal solution was filtered through a bed of decolorizing carbon 
(Darco) and the almost colorless solution was washed three times 
with dilute alkali, then with water, dilute hydrochloric acid, and 
again with water. After drying over magnesium sulfate, filter
ing, and concentrating the ether solution, the light straw-colored 
oil was poured into an evaporating dish and the remaining ether 
was allowed to evaporate. The resulting solid, 213 g. (97%), 
melted at 83-84°; lit,3 m.p. 82°. 

Methyl 3,5-Dichloro-4-nitrobenzoate.—Peroxytrifluoroacetic 
acid was prepared by adding 161.6 ml. (1.52 moles) of trifluoro-
acetic anhydride to a mixture of 26.4 ml. (0.96 mole) of 90% 
hydrogen peroxide in 800 ml. of methylene chloride in one portion 
with stirring. After an induction period of about 2 min., the 
reaction mixture began to reflux gently. The mixture was stirred 
for ca. 15 min. after reflux had subsided. To this mixture was 
added 52.8 g. (0.24 mole) of methyl 4-amino-3,5-diehlorobenzoate 
in 160 ml. of methylene chloride dropwise at such a rate as to 
maintain gentle reflux. After addition was complete, the clear 
reaction mixture was refluxed for 1.5 hr. The cooled reaction 
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mixture was washed twice with 800-ml. portions of water, twice 
with 800-ml. portions of 10% sodium carbonate, and once again 
with water. The solvent was removed by distillation and the 
residue solidified on cooling. The slightly yellow solid, obtained 
in quantitative yield, melted at 82-84°. This material, when 
recrvstallized from a minimum amount of methanol, melted at 
80-87°. 

Anal. Calcd. for CHsCUS'O,: C, 38.42; H, 2.07; N, .5.00. 
Found: C, 38.5,5; H, 2.20; N, 5.39. 

3,5-Dichloro-4-nitrobenzoic Acid.—The crude ester was used 
for hydrolysis. Sixty grams (0.24 mole) of the crude ester was 
treated with 110 ml. of glacial acetic acid, 40 ml. of water, and 
100 ml. of concentrated hydrochloric acid. The mixture was 
refluxed with Stirling for 20 hr. The reaction mixture was then 
poured into about 000 ml. of water and stirred for 15 min. The 
resulting solid was filtered and washed well with water. The 
acid was dissolved in dilute potassium hydroxide and the alkaline 
solution was extracted twice with ether. The alkaline solution 
was acidified and the acid was collected by filtration again. After 
drying, 55 g. of acid (97%) was obtained, m.p. 208-210°; it was 
recrvstallized from methanol-water mixture, yielding 51 g. as a 
firstcrop, m.p. 210-211°. 

A Mil. Calcd. for CHaClsNO*: C, 35.63; H, 1.28; X, 5.94. 
Found: C, 35.90; H, 1.45; N, 5.94. 

4-Amino-N-cyclopropyl-3,5-dichlorobenzamide (8).—Unless 
otherwise indicated, most of the amides in Table I are prepared 
in the following manner. A mixture of 28.5 g. (0.5 mole) of 
cyclopropylamine and 50.5 g. (0.5 mole) of triethylamine in 180 
ml. of dimethylacetamide was cooled in an ice bath. While 
stirring, 112.3 g. (0.5 mole) of 4-amino-3,5-dichlorobenzoyl chlo
ride in 250 ml. of warm dimethylacetamide was added dropwise. 
After addition was complete, the reaction mixture was stirred 
for 0.5 hr. At the end of this time, 700-800 ml. of cold water was 
added while cooling and stirring was continued for 0.5 hr. longer. 
The product was removed by filtration and 111 g. (90%) was 
obtained, m.p. 173-175°. Upon recrystallization from alcohol 
and water, the colorless product melted at 175-170°. Almost 
all of the amides of Table I were recrvstallized from alcohol and 
water, except 18, which was somewhat soluble in water. 

4-Amino-N-cyclopropylbenzamide (18).—This amide was pre
pared from the corresponding nitro amide (21) by catalytic hy-
drogenation. A solution of 26.5 g. (0.128 mole) of K-eyclopro-
pyl-p-nitrobenzamide in 2,50 ml. of absolute ethanol was hy-
drogenated in the presence of 1 g. of 5% palladium on charcoal 
under a pressure of 8.12 kg./cm.2 at room temperature. Hy
drogen uptake was complete in 3.5-40 min. The reaction mixture 
was filtered, the catalyst was washed with alcohol, and the com
bined filtrate and washes were concentrated under reduced 

pressure until the product began to crystallize. Upon further 
cooling and filtering, 18.7 g. (83%) was obtained after drying, 
m.p. 151- 152°. 

Compounds 17, 19, and 20 were prepared in a similar manner 
from 24, 22. and 23, respectively, using platinum on carbon as the 
catalyst. Due to the insolubility of the nitroamides 23 and 24, 
Methyl Cellosolvo was used as a solvent. 

X-(4-Amino-3,5-dichlorophenyl)cyclopropanecarboxamide (14). 
- -To a refluxing mixture of 26.5 g. (0.15 mole) of 2,6-diehloro-p-
phenylenediamine11 and 15.1.5 g. (0.1,5 mole) of triethylamine in 
250 ml. of dry acetone, there was added dropwise with stirring 
15.7 g. (0.15 mole) of cvclopropaneea bonyl chloride12 in 50 ml. of 
dry acetone. The reaction mixture was refluxed for 1 hr. longer. 
The acetone was removed by distillation and the dark residue was 
treated with water, yielding 31 g. of product, m.p. 219-221°. 
After several recrystallizations from dimethylacetamide and 
water almost colorless blades were obtained, m.p. 224-225°. 

Cyclopropylamine.11 A mixture of 94 g. (0.7.5 mole; of IV 
eyclopropyl cyelopropaneearboxamide,1 ' 83.5 g. (,1.49 moles) of 
potassium hydroxide in 90 ml. of water, and 300 ml. of ethylene 
glycol were heated under a 25-cm. Vigreux column. 'The tem
perature of the vapors was kept at 8.5-90°. The distillate was 
collected over a 3 -4 hr. period. The distillate was then cooled 
and completely saturated witli potassium hydroxide pellets. 
The resulting amine was distilled from the mixture and 35 g. 
(82%). Ii.p. 49-51°, n-'5r> 1.4198, was obtained. Ry removing 
the excess ethylene glycol, the potassium salt of eyelopropane-
carboxylic acid can be isolated and converted to the acid. 
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