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TABLE I 

R 3  

Recrystn Yield,c 
NO R' RZ R3 R4 R5 sohenth % Alp, O C  Formula inalyses 

1 CHzCOOH C%H, CHiCsH4Cl-p I1 H A 81 135-138 CjSH18ClKOz C, H, C1, K 
2 CHzCOOH CaH:, CHzCoH4CI-p CH3 H A 72 157-168 C20HzoCl?i02 C, H, C1, S 
3 CHzCOOH CzH CHIC~H, H CH3 A 77 146-149 C ~ O H ~ ~ W O ~  C, H, IL' 
4 COCOOK CaH CHzCsH4C1-p H c I &  B 70 CmHiiClKS03 C, H, C1, K 
.i COCON(CH3)z CzH6 CH2CeH4Cl-p H CH3 A 7 3  138-140 C22H&lNaOl C, H, C1, K 
6 CHICOOH CzH, C H Z C ~ H ~ C I - ~  H CH3O A 80 136-138 CzoHzoClK01 C , H , C l , N  
7 CH3 (CH2)zCOOH CHiCsHICl-1; H CH30 A 64 130-132 CzoHzoClX03 C, H, CI, K 
8 CHICOOH COCHs CHzC6H4CI-p H CH3 A 41 170-175 C2oHlsClN03 C, H, C1, S 
9 CHzCOOH COCHZCl CHzCsH4C1-p H CH3 C 36 180-18.5 CzoHiiCliNO3 C , H , N  

39. CHICOOH ClH, H H CH3 
40" CHzCOOH CgH > CH2CeH4CI-p H CH3 

a Prepared previoudy.1 A, C,&-petroleum ether (bp 30-60"); B, EtOH-HlO, C, CsH6, then EtlO. From immediate precursor. 

TABLE I1 

I 
R' 

Recrlstn Yield,h 
N O .  R R' R2 solventa yo Mp, o c  Formula knalyses 

12 H H> H ,4 61 4244O 
13 CH3 H1 H h 7 3  71-72d 
14 H CHS(CH3)z H B 86 117-1 19 Ci3Hj,Nz C, H, N 
1 ;i CH3 CHzN (CH3)2 H C 37 96-98 Cl4H20X2 C, H, ?u' 
16 H CHzCN H n 82 119-121 CizHnKz C, H, N 
17 CH3 CHzCN H D 7 3  77-78 CiaH14Nz C, H, K 
18 H CHZCOOH H E 78 193-203 CnH&01 C, H, N 
19 CH3 CHzCOOH H D 90 163-172 C I ~ H I ~ X O I  C, H, X 
20 H CHzCOOCH3 H Oil 
21 CH3 CHICOOCHI H G 66 61-63 Ci4Hi7NO? C, H, ?u' 

23 CH3 CHICOOCH~ CHzCeH4Cl-p Oil 
22 H CHzCOOCH3 CHzCsH4C1-p F 64 99-103 CzoHmClKOi C, H, C1, s 

a -4, petroleum ether (bp 30-60"); B, cyclohexane; C, hexane; D, EtzO-petroleum ether; E, Me#2O-petroleum ether; F, Et lO;  G ,  
CsHs-petroleum ether. From immediate precursor. Lit.2 mp 46". L i t 2  mp 68'. 

(5), 1-p-chlorobenzyl-2-ethyl-5-methylindole (24)6a was 
treated with oxalyl chloride.6b>" Decomposition of the 
intermediate l-p-chlorobenzyl-2-ethyl-5-methylindole- 
3-glyoxylyl chloride (25) with aqueous II,COR gave the 
glyoxylic acid as its water-insoluble, alcohol-soluble 
potassium salt (4). Alternatively, treatment of the 
acid chloride (25) with dimethylamine produced the 
dimethylamide (5). 

The synthesis of l-p-chlorobenzyl-2-ethyl-5-me- 
thoxyindole-3-acetic acid (6) was not straightforward. 
Several attempts to prepare 2-ethyl-5-methoxyindole 
(26) from 4-methoxypropiono-2-toluidide (27) by the 
1ladalung3& method were unsuccessful. Presumably, 
cleavage of the methoxy group occurred in the basic 
medium a t  the high temperatures required for the 
reaction. Alternatively, a Fisher3c reaction between 
S-p-chlorobenzyl-S-p-methoxyphenylhydrazine hy- 
drochloride (28) and ethyl 3-propionylpropionate (29)' 
gave no isolable amount of the methyl ester of 6, but, 
as demonstrated by nmr measurements, produced the 

( 6 )  (a) E. Walton, F. W. Holly, and S. R.  Jenkins, J .  Ow. Chem., 33, 192 
(1968); (h )  by the method of hl .  E. Speeter and  W. C. Anthony, J. Am. 
Chem. Soc. .  76, 6208 (1951); (c)  see also G. Domschke and H. Filrst, Chem. 
Be?., 94, 2353 (1961). 
(i) J. Csson and E. J. Reist, J .  O r g .  Chem., 23, 1196 (1958). 

isomeric methyl 3-( l-p-chlorobenzyl-5-methoxy-3-meth- 
ylindole-2)propionate (31), which on hydrolysis gave 
the corresponding acid (7) in good yield. 

The 5-methoxyindole (6) mas finally synthesized by 
an indirect route. The unsymmetrical hydrazine 
hydrochloride (28) reacted with 2,3-butanedione (32) 
under Fisher conditions, and methyl l-p-chlorobenzyl- 
5-methoxy-Zindolyl ketone (33) was obtained in satis- 
factory yield. Wolff-Kishner reduction of the keto 
function gave l-p-chlorobenzyl-2-ethyl-5-methoxyin- 
dole (26) on which the acetic acid side chain was de- 
veloped by the gramine sequence. In  this case, both 
the synthesis of the gramine (34) and displacement with 
cyanide to form the nitrile (35) required more strenuous 
conditions and gave lower yields than did the same 
sequence applied to indoles unsubstituted at the hetero- 
atom. 

The synthesis of the 2-acylindoles (8) and (9) was 
accomplished by the acylation of methyl l-p-chloro- 
benzyl-5-methylindole-3-acetate (36) with the appro- 
priate acid chloride. Reaction of 36 with acetyl chlo- 
ride a t  25" for 5 min with zinc chloride as catalyst gave 
methyl 2-acetyl-l-p-chlorobenzyl-5-methylindole-3-ace- 
tate (37), the acid (8) being obtained by alkaline 
hydrolysis. The corresponding reaction of 36 with 





was clircimatc,gi,aphed iii CSII, oil 100 g of acid-washed aliiniiiia. 
Hiition with CGHE gave 14 g of oil which was cryst,allized by t>he 
addition of 130 nil of hexane. Recrystallization (CsIle-petroleiini 
ether) gave 6.0 g (3 '2s; )  of 33, mp 110-11l0. dnal .  (C~Hlti- 
ClNOI) c, H, CI, s. 

l-p-Chlorobenzyl-2-ethyl-5-methoxyindole (26).--A mixtiire 
of 1.16 g (3.7 mnioles) of 33, 10 ml of diethylene glycol. 1.0 ml of 
hydrazine hydrate (8.5% aqueous), and 0.70 g of KOH wa- 
heated to aboiit 160-180' for 2 hr, cooled to 100', and poiired 
onto ire. The csold mixtiire was extracted with three pcrtion- 
of ether. The ether extracts were washed (H&, diliite HCI, 
satiirated SaCI) and concentrated to 1.17 g of residual oil. 
The oil was chromatographed on 5 g of acid-washed aliimiiia iii 
benzene and gave 1.0: g of oil which, when crystallized from 
2 nil of CsH, and 8 ml of petrolerim ether, gave 700 mg ( 6 3 5 )  
of 26, mp91-02°. 

l-p-Chlorobenzyl-2-ethyl-5-methoxygramine (34).-By a pro- 
redlire similar to t,hat iiaed for the synthesis of 14, 31.3 g (0.104 
rnole) of 26 waZ converted into 27.4 g of crude 34. Recrystalliza- 
tion from 1.50 ml of hexane gave 18.6 g (. iOrc) of 34, mp 92-94'. 

l-p-Chlorobenzyl-2-ethyl-5-methoxyindole-3-acetonitri~e (35). 
--By the procediire used for the synthesis of 16, 15.7 g (44 
niinolea) of 34 was converted with l I e I  to the methiodide which 
when treated with K C S  gave 9.7 g of crude 35 along with '7.8 g 
of recovered starting methicdide. Chromatography of the 
(wide p i d i r c t  on alumina in benzene followed by crystallization 
from Cc,Hs-petrcleum ether gave 3.9 g based on starting 
rnethiodide not recovered) of 35, nip 108-110". dnal.  (C2oH~g- 

l-p-Chlorobenzyl-2-ethyl-5-methoxyindole-3-a~etic Acid ( 6 ) .  
--By hydrolysis with hot aqueous-ethanolic KOH, 3.9 g of 35 was 
converted into 3.9 g of criide 6.  

Methyl 2-Acetyl-l-p-chlorobenzyl-5-methylindole-3-acetate 
(37).-To 1 g of methyl l-p-chlorobenzyl-5-methylindole-3- 
acetate' arid 0.3 g of fused ZnCI? was added 10 ml of AcCl and 
the light yellow mixtiire was stirred a t  room temperature for 3 
inin and poiired ont:, ice. The semisolid obtained was extracted 
into 100 nil of CHCls and washed twice with 10% KHC03 and 
heveral times with water. Concentration of the CHCla gave 1 g 
of solid. Recrystallization from Et& ( 2 5  ml) gave 0.52 g (45%) 
of 37, nip 123-128". -4nal. (C~lH20C1NO~) C, H, C1, iT. 
2-Acetyl-l-p-Chlorobenzyl-5-methylindole-3-acetic Acid (8).- 

Three grams of 37 was hydrolyzed in hot aqueous-ethanolic 

Methyl 2-Chloroacetyl-l-p-chlorobenzyl-5-methylindo~e-3- 
acetate (38).-Xethyl l-p-chlorobenzyl-5-methylindole-3-ace- 
t ate' ( 1 g)  dissolved in 10 ml of chloroacetyl chloride was refluxed 
for 3 hr with btirring. The dark brown solution was poured onto 
ice, and an oil separated. The aqiieoiis mixture was ext,ract,ed 
twice with CHCI,, arid the comhiiied CHC1, extracts were 
washed ( H 2 0 )  iiiitil iieiitral aiid dried ( l IgS04) .  The solvent 
was ieinoved aiid the residiial oil solidified after the addition of 
a few drops o f  petrolerim ether. The solid was recrystallized 
from EtpO-petroleum ether and 0.4 g ( 3 3 q )  of 38, mp 110-112O, 
was obtaiiied. dna l .  (C,IHlpC12SOa) C, H, CI, S. 

2-Chloroacetyl-l-p-chlorobenzyl-5-methylindo~e-3-acetic Acid 
(9).-To a hiispension of 300 nig of 38 in 3 ml of glacial AcOH 
was added 0 .2  ml of concentrated HC1 and the mixture n-as 
refliised for 11 hr. The solvent was removed and the residue 
was dissolved in ether and washed (H2O) until neiitral. Concen- 
tration of the dried ether soliition gave a residue (280 mg) of 
product. Recrystallization left 105 mg of 9. 

Anal. (Cl,H,,C1NO) C ,  11, C1, -1'. 

.1naI. (C,,H?jCliTO) C, H, C1, S. 

ClX?O) c, H, c1. 

Recrystallization gave 3.3 g of 6. 

tallization of the crude product gave 1.2 g of 8. 
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This paper describes the synthesis and pharmacologi- 
cal properties of a series of 3-amino-1-carbamoyl- arid 
-thiocarbamoylpyrrolidines (I). These compounds are 
structurally related to the 1-substituted 3-pyrroli- 
dinylureas (11), some of which show CKS depressant 
activity.' 

Rl X R' 

I, x = 0, s II 
Chemistry.-The carbamoyl- and thiocarbanioyl- 

pyrrolidines (Table I) were prepared by the reaction 
of the 3-substituted aminopyrrolidines with (1) alkyl 
or aryl isocyanates, (2) potassium cyanate, (3) sub- 
stituted carbamoyl chlorides, or (4) alkyl or aryl iso- 
thiocyanates. The general procedure for the prepara- 
tion of the intermediate 3-aminopyrrolidines has been 
reported.2 The preparation of compounds riot pre- 
viously described is given in the Experimental Section. 

Pharmacology.-These carbamoylpyrrolidiries, when 
tested in the general behaviorial screen in mice,3 shoned 
mainly CXS depression. Several compounds showed 
activity in the fighting mice test.4 Compounds 5, 
8, 11, 19-21 blocked the aggressive behavior of a t  least 
two of the five mice tested at  a. dose of 20 mg/kg ip. 
The acute iritraperitoneal LD,, estimates (mouse) of 
these compounds ranged from 500 to 1800 mg/kg. 

Three compounds (8, 20, 21) also suppressed the 
toxic effect of amphetamine in aggregated mice5 at  u 
dose of 10 nig/kg ip and in the anesthetized dog pro- 
duced a transient lowering of the blood pressure. Sone 
of these compounds was effective in protecting against 
thiosemicarbazide-induced convulsions in mice.6 

Experimental Section 

General procedures, in  niosi iiistaiices, are given below for the 
preparation of the compoiuids described in this paper. Analyses, 
yields, and physical properties are recorded iii  Table I and 
significant variat,ioiis i n  the procedure are noted in the table 
footnotes. Temperatures are uncorrected. Microanalyses were 
by lficro-Tech Laboratories, Iiic.) Skokie, Ill. 

3-Amino-1-carbamoylpyrrolidines. Procedure 1. By Re- 
action of 3-Aminopyrrolidine and Alkyl or Aryl Isocyanates,- 

(1) G. C. Helsley. B. V. Franko, \$-. J. \Velstead, and C. L). Lunsford. 
J .  .Wed. Chem., 11, 1034 (1968). 

(2) W. J. Welstead, J r . ,  J.  P. DaVanzo. G. C. Helsley, C. D. Lunsford, and 
C .  R. Taylor, Jr., ib id . ,  10, 1015 (1967). 

(3) S. Irwin in ".hima1 and Clinical Pharmacological Techniilnes in Drug 
Evaluation," J. H. Sodine and P. E .  Siegler, Ed.,  I-earbook Medical Pub- 
lishers, Chicago, Ill., 1964, p 317.  

(4) .J. DaVanao, 11. lloiiglierty, R .  Ruckart, and L. Iiann. I%i /rho-  
pharmacologia, 9, 210 (1966). 

( 5 )  L. Lasagna and W. P. AIcCann, Science ,  126, 1241 (1967). 
( 6 )  . J .  P. D a V a n m  >I. E. Greig,  and hI. H. Cronin. A m .  J .  Ph!, ,>io/. ,  201, 

833 (1961). 


