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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-nitropheny!
ester. The solution was allowed to stand for 2 days at room
temperature and was evaporated to an oil. The gum was washed
repeatedly with water, ether, and ethy! acetate and was gradually
solidified. The solid was crystallized from methanol-ethy! ace-
tate; yield 2 g. (529%), mup. 95-115° [a]2p —37° (¢ 1, di-
methylformamide).

Anal. Calcd. for C7‘,H94N(50202 (_/, :)904, H, 60:), N, 1431,
OAc, 2.75. Found: C, 58.47; H, 6.20; N, 14.45; OAc, 1.97.

Tricarbobenzoxy-L-arginyl-L-prolyl-L-prolylglycy!-L-pheny!-
alanyl-O-acetyl-L-seryl-L-prolyl- p - fluoro-L- phenylalanyl-
nitro-L-arginine Methyl Ester (VIIIb).—This compound
was prepared according to the above described procedure. A 2.5-
g. (0.00225 mole) run of the carbobenzoxyoctapeptide (VIIb)
gave 3 g. (879%) of cream-colored solid, m.p. 145-147°, [a]2%D
—47.5° (¢ 1, dimethylformamide).

Anal. Calcd. for C7:H93F NIG()ZO 3H2() C, 5()54, H,
6.10; N, 13.70; OAc, 2.72. FYound: C, 56.20; H, 6.19; N,
13.57; OAc, 2.58.

Tricarbobenzoxy-L-arginyl-L-proly!-L-prolylglycy!-L-phenyl-
alanyl- O-acetyl-L-sery!-p-fluore-p-phenylalanylnitro-r-argi-
nine Methy! Ester (VIIle).—From 2.3 g. (0.0033 mole) of
tricarbobenzoxy-L-arginine p-nitropheny! ester and 3.5 g. (0.0031
nole) of the p-fluoro-p-phenylalanine octapeptide (VIIc) a
cream solid anounting to 3.5 g. (74%) was obtained, m.p. 120~
125°, [«]**p —36.1° (¢ 1, 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-p-phenylalanylnitro-L-arginine (I1Xa).—
To a solution of 1 g. (0.00066 mole) of the tricarbobenzoxynona-
peptide methyl ester (VIIIa) 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 ¥ hy-
drochloric acid was added. The precipitate was removed by
filtration and the solid was crystallized from methanol-ether,
vield 625 mg. (79%), m.p. 170-175° [«]2®p —38° (¢ 1, methanol).

Anal. Caled. for CeHauN1isO1n2H,0: C, 56.21; H, 6.29; N,
15.90. Found: C, 56.27; H, 6.39; N, 15.98.

Dicarbobenzoxy-L-arginyl-L-proly!-L-prolylglycy!-L-pheny!-
alanyl-v-seryl-p-fluoro-L-phenylalanylnitro-L-arginine (IXb),—
Hydrolysis of 2 g. (0.0013 mole) of the tricarbobenzoxynona-
peptide methy! ester (VIIIb) 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]28p —62.5° (¢ 1, methanol).

Anal.  Caled. for CeeHguFN16017:3H0: C, 54.71; H, 6.19; N,
1547; 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-
alany! - L - sery! - L - proly! - » -fluoro-p-phenylalanylnitro-L-argi -
nine (IXc),—A similar hydiolysis of 2.5 g. of the correspond-
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ing tricarbobenzoxy p-fluoro-p-phenylalaninenonapeptide (VIiIe)
gave 1.8 g. (80%) of tan solid, m.p. 160-165° [«]2p —31.3°
(¢ 1, dimethylformamide).
Anal. Found: C, 54.24; H, 6.11;, N, 15.84; T, 1.65.
L=Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-r-seryl-1-
prolyl-p-phenylalanyl-L-arginine Triacetate Salt (Xa).--The
dicarbobenzoxvuouapeptide (IXa) (400 mg., 2.9 X 1074 motc)
was dissolved i1 30 ml. of glacial acctic neid, and 200 mg. of palla-
dinni black catalvst and 20 ml. of methanol were added.  The re
sulting mixture was hydrogenated for 24 Iir, at room temperature
and 2-3 lb. (0.14-0.21 kg./cm.?) pressure. The catalyst wag 1
moved by filtration. The filtrate was evaporated @n zacuo, tle
residue was dissolved i1 50 ml. of water, the sulition was filtered,
shell frozen, and lyophilized leaving 333 mg. of white powdee,
m.p. 155~168°, [«] 2D —13° (¢ 0.89, water).

Anal.  Caled. for CsueHgN 505 HaY: €, 53.46; H, 6.97; N\,

16.70: Found: C, 533.16; H, 7.07: N, 17.0%.

L-Arginyl-L-prolyl-L-prolylglycyl-L-phenylalanyl-1L-seryl-1.-
prolyl-p-fluoro-L-phenylalanyl-i.-arginine Triacetate Salt (Xb).--
The appropriate dicarbbbenzoxynonapeptide IXD (200 mg.) was
hydrogenated in the mamner previonsly described.  The eatalvst
was removed and lyophilization of the Bltrate gave 194 rag. of
fluffy white solid, {a]*D —79° (¢ 0.696, water?,

Anal. Caled. for CieHalNi;O: (L0345 H, 6.730 N, 16.71:
I, 151, Fouud: C,52.79; H,6.79: N, 17.42; I, 1.61.

L-Arginyl-r-prolyl-L-prolylglycyl-L-phenylalanyl-L-seryl-1.-
prolyl-p-fluoro-p-phenylalanyl-L-arginine (Xc¢),—Front £00 g,
of the dicarbobenzoxy S8-p-fluvro-n-plienylalanine nonapeptide
(IXe) there was obtained after catalytic hydrogemtion 470 mg.
of light tan solid, {«!*®» --63.4° (¢ 1, water). The analvtical
sample was dried at 110° for 15 hr.

Anal. Found: C, 53.11: H, 6.64; N, 17.83; I, 1.10.

For the paper chiromatography of the three bradykinin analogs,
two different solvent systems were emnployed: (A)¢-butylalcohol-
acetic acid—-water (2:1:1) and (B) isopropyl alcohol-concentrated
ammonium hydroxide-water (70:5:23). The spots were de-
veloped with bromophenol blue and Sukaguchi reagents.  Single
spots were obtained in each case. The Ry values obtained were:
8-p-plienylalanine bradykinin (A) 0.79, (B) 0.52; 8-p-fluoro--
phenylalanine bradykinin (A) 0.72, (B) 0.49; 8-p-finoro-n-
phenylalanine bradykinin (A) 0.77, (B) 0.56. Paper electro-
phoresis of the three nonapeptides was carried out in acetat:
buffer, pH 5.6, using a constant enrrent of 30 ma. for 3 hir.
The mobilities of the analogs were fonnd to be tdentical and conld
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 conipounds, 4-amino-N-cyclopropyl-3,5-dichlorobenzamide and 4-amino-N-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 musecle relaxant properties of this
amide have been reported earlier.!

(1) T. E. Lynes and G. M. Evecett, Federation Proc., 20, 323 (1961).
T'he substance of this Commuanication was presented before the Medicinal
C'heinistry Division at the 142nd National Meeting of the Anterican Cheini-
eal Society, Atlantie City, N. J., Septeraber 0-14, 1062.

It is interesting to note that altliough 4-amino-3,5-
dichlorobenzoic acid was first prepared by Elion? in
1923, no simple derivatives other than the methyl ester?
and the acid chloride? were ever prepared. Islion pre-
pared the acid in low vield by chlorination of p-anino-

27 L. Elinn, Ree. tean, riim., 44, 145 11023,

U3y KL Miilter and L. Tietz, Chem. Bur., T4B, 807 (1941).
43 M. Schobert, 4un., 588, 31 (1047).
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benzoic acid with potassium chlorate. The acid also
has been prepared by the action of sulfuryl chloride®
on p-aminobenzoic acid and more recently by the direct
action of chlorine gas® 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-dilialobenzamides were prepared. Several other
momno-, di-, and trisubstituted benzamides were also
prepared for comparison. An anilide, namely, N-
(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 cyeclopropanecarbonyl chloride as it is
known that the monoacylation of 2 6-dichloro-p-
phenylenediamine occurs more readily on the un-
hindered amino group.”

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

cl
H,0; (CF3C0).0
H.N COOCH; ——C};;az—‘—’
cl
Cl cl
OQN@-COOCHS Ha, OZN@-COOH
cl cl

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.?
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.!1® Median
lethal doses (LDso) 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.) {LDgy). Pentamethylenetetrazol antagonism was
determined i1 groups of animals challenged with a certainly
lethal dose of pentamethylenetetrazol (120 mg./kg., s.c.) (LDygo).
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 w=s used as the criterion for protection.

(5 8. Chiavarelli, Gazz. chim. ital., 88, 14053 (1953); Chem. Abstr., 80,
100254 (1958).

(6) C. Stelt and W. Th. Nauta, Rec. trav. chim., T8, 534 (1859).

(7) G. Morgan and D. Cleage, J. Chem. Soc., 118, 594 (1618).

(8) W. Emmons, J. Am. Chem. Soc.. 76, 3470 (1954).

(9) T. M. Berger. J. Pharmacol. Ezptl. Therap.. 112, 413 (1934).

(10) C. Bliss, Ann. Appl. Biol., 22, 134 (1935).
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Resuits

Pharmacological results are reported in Tables II
and III,

Strychnine Antagonism.—In this series of substi-
tuted benzamides only 4-amino-N-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 t-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-
propyl-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 N-
eyclopropyl-2 4-dichlorobenzamide (27) and 3-amino-
N-cyelopropyl-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 N-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 ¢-
butyl derivative (11) is much less active. 4-Amino-N-
phenyl-3 5-dichlorobenzamide (13) was inactive.

Discussion

This study was designed to evaluate tlie 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-N-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.! 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
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TasLr I
AROMATIC AMIDES
RCONHR’
—Claled., —Pomnl, e —
Nin.¢ R R’ M.p., °C. Formula I 13 N (¢ 1 N

1 3,5-Cla-4-NH.CeH, I 152153 C-HCLN0O 41.00 2,95 13.66 41 .2.’ 3.20 13.063
3 3,5-Cls-4-NH,CeH,y CH,CHy, 148-149 CyHCl:N:0 46.37 4.32 12.02 46.24 4.36 11.%H
4 3,3-Cls-4-NH,CeH, CH,CH,CH, 098-99 CyHCLNL0 48,59 4.80 11.34 48.59 5.09 11.17
b 3,5-Clo-4-NH,CeH, CH(CHj;), 185—-186 CioHCLN, () 48.59 489 11.34 48,85 5.01 11.33
6 3,5-Cly-4-N'H,CeH, CH,CH=CH. 142-143 CoH (CleNO 49.00 4.12 11.43 49.06 4.285 11.21
7 3,5-Cle-4-NH,CeH, CH.C=CH 173-174 CiypHCLN.0O 49.40 3.32 11.53 49.78 3.3% 11.2]
8 3,5-Cls-4-NH,CeH, < 174-175 CoH,(CleN5O) 4000 4,12 11.43 49.07 4.26 11.061

9° CeH, < 103-104
10+ 3,5-Bre-4-NH.CeH., < 162-163 CioHBraN20 35.95 3.02 K.39 35.90 2.83  8.30
11 3,5-Cl~4-NH,C¢H, C-{-CH;, 144--145 C,Hy ClbN0O 50.54 5.9 10.73 H0.75 5.62 10.4R
12° 3.5-Cle-4-NH,C¢H, d 189-190 CH,ClN.0 50.99 4.67 10.81 51.20 4.75 10.84
13 3,5-(5-4-NH.CeH, @ 159-160 C3H ,ClLN0O 55.53 3.57 9.96 55,40 3.23 10.00

Cl
14 > QNHZ 224-225 CyoHyCleN2O 48,09 4,11 11.43 48,76 3.82 11.3
Cl

15’ 5-Cle-2-N'H,CH, < 179--180 CroH;oCLN,() 4899 412 11.43 48.30 4.56 11.23

16¢ 3,5-Cls-2-NH,CeH, CH.CH: 161-162
17" 2,5-Cly-3-NH,CoH, < 162-163.5 CoHoCLN20 49,19 4,13 11.48  49.42 4.06 11.56
18" 4-NH,-C¢H, <] 151--152 CH2N,O 68.15 6.86 15.90 6R.45 (.89 15,81
19" 3-NH.-4-CIC¢H; < 145 CoHp CLN,0 57.0L H.26 13.31 57.24 5.35 13.42
20" 2-NH,-4-CIC¢H; < 135.5-137 C,HpCINO 57.01 5.26 13.31 36.66 5.25 12.76
21 4-NO.C¢H, <] 178-179 C,oH)N203 H8.25 4.89 13,38 H8.33 4.78 13,34
22° 4-Cl-3-NO,C¢H, <] 129-130 CoHCIN, Oy 49 .91 3.76 11.64 50.01 3.72 11.52
23’ 4-C1-2-NO,CH, < 164-165 CioHCIN.O; 40.01 3.76 11.64 50.09 3.74 11.92
24* 2,5-Cls-3-NO,CeH. <] 170-171 CioH sC1, N0 43.66 2.94 10.18 43.53 2.92 10.23
26 3,5-Cl-4-N O, CsH, < 167-168 CioHCLN 03 43.66 2.04 10.18 43.73 3.00 10.09
26 3,5-Cl,CeH4 <] 138-139 CioHoCl.NO 52.21 3.94 6.0% 52.45 4.06  5.95
7" 2,6-ClyCeHj < 191-192 CioH,CLNO 52.21 3.94 6.08 52.35 4.17  5.96

o The acid chlorides of most of the acids were prepared with thiony! chloride and used as crude materials.

Tu the case of componnds

15 and 16, the acid chloride was prepared with phosphorus pentachloride, according to F. Sheibly, J. Org. (hem., 12, 743 (1947). * The
propargylamine used for this amide was prepared according to K. Schulte and M. Goes, Arch. Pharm., 290, 118 (1957); Chem. Abstr., 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, J. Am. Chem. Soc., €3, 1733 (1941). ¢ The acid
for this compound was prepared according to Elion.2 The acid chloride in this case melted at 178-180°. ¢ Cvelobutylamine was pre-
pared according to G. Heisig, J. Am. Chem. Soc., 63, 1698 (1941). 7 The acid for the amide was obtained froni the Dow Chewical Co.
¢ This compound was reported by F. Sheibly, J. Org. Chem., 12, 743 (1947). * These anides were prepared from the corresponding nitro
compounds by catalytic reduction as described in the Experimental. 7 The acid for this amide was obtained from D.P.T. 7 This acid is
available from1 Aldrich Chemical Co. * A sample of this acid was obtained from Am Chem. Co. * The acid is available from Aldrich
Chemical Co. ™ The acid in this case was obtained from the DuPont Co.

TaBLe II

PHARMACOLOGICAL ACTIVITY OF SOME N-SUBSTITUTED 4-AMINO-3,5-DICHLOROBENZAMIDIx

Cl
HzN‘D*CONHR
Cl
st
Pentaineihylenetetrizol® Stryehinine® L),
Compoand R Ilectroshoek™ Convulsions Death Couavalsioas Death niz. ket
1 H 50 (42-57) >200 >200 >200 168 (136-233) 200
2 CH; 153 (123-188) >300 >300 >300 98 (72-111) 950
3 CH,CH;, 78 (65-90) 112 (96-139) 67 (58-74) >300 107 (69-137) 350
8 Q 59 (46-72) 17 (14-20) 6(4.8--7.2) 34 (20-42) 22 (18-26) 265
b CH(CH;). 118 (96-179) 33 (23-43) 18(15-21) >200 &6 (66-106) RATY
4 CH,CH,CH; 131 (105-154) 114 (94-143) 69 (54-79) >300 107 (69-137) 350
6 CH,CH=CH, 153 (125-183) 139 (111-167) 114 (90-150) >300 170 (146-196) 600
7 CH,C=CH >300 >300 262 (222-302) >300 220 (180-260) 350
12 ,O 121 (100-142) 50 (55-63) 22 (20-24) >300 242 (190-500) 500
11 C(CHs); 226 (186-266) 47 (41-56) 18 (15-20) >300 >300 00
13 Cet, >300 >300 >300 >300 >300 >1500

e IiDy mg./kg. and 959, confidence limits.
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TasLE III
PHARMACOLOGICAL ACTIVITY OF SOME DERIVATIVES OF N-CYCLOPROPYL BENZAMIDE AND SOME MiscELLANEOUS COMPOUNDS

R3 RZ
Rq‘gjz‘ CONH 4
RS RG

Est.
Cotn- ~———Pentamethylenetetrazol—-— ,—~————=Strychnine?—————— LDg,
pound R Ri Ry Rs Re Electroshock® Convulsions Death Convulsions Death mg./kg.
27 Ci H H H O 36 (30—-45) >200 67 (15-85) >300 150 (120-180) 400
17 Ci NH, H Cl H 37 (31-44) >300 >300 >300 >300 600
26 H Cl H Cl H 80 (68-92) 31 (22-40) 16 (12-20) >200 >200 250
10 H Br NH, Br H 88 (80-96) 37 (31-43) 11 (8-14) 53 (32-74) 39 (26-52) 500
18 H H NH, H H 139(111-170) >300 >300 >300 >300 600
20 NH, H Cl H H 139 (113-161) >300 >300 >300 >300 800
19 H NH, CI H H 215 (195-241) >300 >300 >300 >300 750
16 NH, CI H Cl H >300 200(169-232) 100(81-119) >300 >300 1200
26 H Cl NO, ClI H >300 >300 >300 >300 >300 1200
9 H H H H H >300 >300 >300 >300 >300 600
Cl
16 @—CONHCHZCHs 95(75-115)  >300 140 (105-175) >500 >500 600
Cl NH.
Cl
14 NHZQ—NHCO—-<] >300 >300 >300 >300 >300 >2000
Cl
Diphenylhydantoin 8(6.7-9.3)  >500 >500 >500 >500
Phenobarbital 17 (14.3-19.7) 21 (15-27) 7(5.7-8.3) 145(115-173) 67 (57-67)
Meprobamate 114 (99-129) 110 (99-121) 37 (30—44) 460 (372-548) 257 (209-305)

a EDs mg./kg. and 959, confidence limits.

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
N-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, n-propyl, allyl, eyclobutyl, and ¢-butyl
benzamides.

It is difficult to see a pattern in the effect of alterations
of the substituents on the aromatic nucleus of the
cvelopropylbenzamides. 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-cyclopro-
pyl-3,5-dichlorobenzamide. Ozxidation 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 sulfury! 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
Lot 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 miu.,
and the product was collected by filtration and washed well with
water, The solid tlien was suspended in 2 l. 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. (899;)
was obtained, m.p. 292-295°; lit.2 n1.p. 293-295°.

4-Amino-3,5-dichlorobenzoylchloride,. —A mixture of 309 g.
(1.5 moles) of 4-amino-3,5-dichlorobenzoic acid, 768 g. (464 ml.;
6.45 moles) of thiony! chloride, and 1158 m!. 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 thiony! chloride and benzene.
After air drying, 306.4 g. (919;) of fine light tan needles was ob-
tained which melted at 160-161°; lit.# m.p. 160°. When this
acid chloride was prepared on a developmental scale, tlie thionyl-
amine derivative was occasionally obtained. This did not occur
during laboratory preparation.

Methy! 4-Amino-3,5-dichlorobenzoate.—A mixture of 224.5 g.
(1 mole) of 4-amino-3,5-dichlorobenzoyl chloride, 1 1. 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 tlie almost colorless solution was washed three times
with dilute alkali, then with water, dilute hvdrocliloric 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.? m.p. 82°.

Methy! 3,5-Dichloro-4-nitrobenzoate.—Peroxytrifluoroacetic
acid was prepared by adding 161.6 ml. (1.52 moles) of trifluoro-
acetic anliydride to a mixture of 26.4 ml. (0.96 mole) of 909,
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 methy] 4-amino-3,3-dichlorobenzoate
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 witli 800-ml. portions of water, twice
witlt 800-nil. portinus of 1097 sodium carbonate, aud once ngain
with water. The solvent was removed by distillation and the
residne solidified on cooling.  The slightly vellow golid, abtained
in quuntitative vield, melted at 82-84°.  This material, when
recrystallized from a minimum amomnt of methanal, melted ot

86-87°.
Anal. Cabled. for GHLCLNO,: €, 3842; H, 2.07; N, 5.60.
Found: C,38.55; H,2.20; N, 5.39.

3,5-Dichlorg-4-nitrobenzoic Acid.—The crude ester was used
for livdrolysis.  Sixty grans (0.24 mole) of the crude ester was
treated with 110 ml. of glacial acetic aeid, 40 ml. of water, and
100 ml. of concentrated hydrochloric acid. The mixture wis
refluxed with stirring for 20 hr.  The reaction nixture was then
poured into about 600 ml. of water and stirred for 15 min. The
resulting solid was filtered and washed well with water. The
acid was dissolved in dilute potassiuin livdroxide and the alkaline
solution was extracted twice with etlier. The alkaline solution
was actdified and the acid was collected by filtrution again.  After
drying, 55 g. of acid (979) was obtained, m.p. 208-210°; it was
reervstallized from methanol-water mixture, vielding 51 g. as o
first crop, n.p. 210-211°,

Anal, Caled. for GGHRCLNO,.: €, 35.63; H, 1.28;, N, 5.04.
Fouund: 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 manuer. A mixture of 28.5 g. (0.5 niole) of
evelopropylamine and 50.5 g. (0.5 niole) of triethivlamine in 180
ml. of dinicthylacetaniide was cooled in an ice bath. Wlhile
stirring, 112.3 g. (0.5 niole) of 4-amino-3,53-dichlorobenzoy! chio-
ride in 250 ml. of warm dimethylacetamide was added dropwise.
After addition was complete, the reaction mixture was stirred
for 0.5 lir. At the end of this time, 700-800 ml. of cold water wag
added while cooling and stirring was continued for 0.5 hr. longer.
The product was removed by filtration and 111 g. (90%) was
obtained, nip. 173-175°. Upon recrystallization from alcohol
and water, the colorless product melted at 175-176°. Alinost
all of the amides of Table T were recrvstallized from alcoliol and
wiater, except 18, whiclt 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 N-cycdopro-
pyvl-p-nitrobenzamide in 250 ml. of absolute ethanol was ly-
drogenated in the preseuce of 1 g. of 54 palladinnt on chareoal
mnder a pressure of 812 kg./ent.? at room temperature, v
drogen uptake wag coniplete in 3540 miin.  The reaction mixtiye
was filtered, the catalyst was washed with aleoliol, and the com-
bined filtrate and washes were concentrated nnder rediecd
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pressure until the produet began to crystallize.  Upon further
cooling and filtering, 18.7 g. (8397) was obtained after dryving,
np. 1511520

Comgpontinds 17, 19, and 20 were prepared in o stmlar manmer
from 24, 22, aud 23, respectively, nsing platinun on carbon as the
catalvst. Due ta the insolubility of the nitrommides 23 and 24,
Methy] Cellosolve was nsed as a solvent.

N-(4-Amino-3,5-dichloropheny!;jcyclopropanecarboxamide (14},
-~To a reflixing mixture of 26.5 g. (0.15 mole) of 2,6-dichiloro-p-
phenvienediamine'! and 15.15 g. (0.15 mole) of triethylamine in
250 ml. of dry acetone, there was added dropwise with stirring
15.7 g. (0.15 mole) of exclopropaneca bonyl chloride!2 i 50 mil. of
dry acetone.  The reaction mixture was refluxed for 1 hir. longer.
The acetone wag removed by distillation and tlie dark residue wis
treated with water, vielding 31 g. of produet, m.p. 219-221°.
After several reerystallizations from  dimetliyvlacetamide and
water almost enlorless blades were obtained, m.p. 224--225°.

Cyclopropylamine.!”—-A mixture of 94 g (0.75 nwole; of N-
evelopropyl evelopropanecarboxamide, 't 83,5 g (149 moles) of
potassiiim hvdroxide in DO ml. of water, and 300 ml. of ethylene
glveal were heated under 2 25-cnn Vigreux colunm. The tew-
perature of the vapors was Kept nt 85-90°, The distillate was
cedlected over a3 4 T period. The distillate was then enaled
and  completely satnrated  with potassimn hyvdroxide pellets.
The resulting amine was distilled from the mixture and 35 .
(820G, hup. 49-51°9, a%n 1.4108, was obtained. By renwoving
the excess cthyvlene glyeol, the potassium salt of cveloprapane-
carbaxylie achl can bedsolated and converted to the aeid.
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(11) Thisiatermedinte is copyriet by G, Morgan sl D Cleuge, J. Chent.
Soc., 113, 504 (1418). 1t was fonwl more eonvealeat, hawever, to peepare
it from 2.6-dichloro-4-aitrnunitior {Knppers Cnu). 1t was nbtaineil in goad
viebl by eatalyvtic ceihnetioo of this oityn componnd w ethunnl, wsiae plutianm
ba carhon at 24.6 ke /cn?

(123 L. Smith aml F. Rowier, J. oo, Cheve. Soe., T3, 4048 (Bl

(13} This is essearinlly 1he pepealire reporiest by J. Roberts nad V.
Chaaibers, ibid. 73, 3176 /19310, aad W, Euannons, i6id., 79, 6522 (1037),
asttg other interinediares,
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