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was chromatographed in CsHg on 100 g of acid-washed alumina.
Elution with C¢He gave 14 g of oil which was crystallized by the
addition of 150 ml of hexane. Recrystallization (CsHe—petroleum
ether) gave 6.0 g (329.) of 33, mp 110-111°. Anal. (CisHis
CINO,)C, H, CI, N.
1-p-Chlorobenzyl-2-ethyl-5-methoxyindole (26).—A mixture
of 1.16 g (3.7 mmoles) of 33, 10 ml of diethylene glycol, 1.0 ml of
hydrazine hydrate (859 aquecus), and 0.70 g of KOH was
heated to about 160-180° for 2 hr, cooled to 100°, and poured
onto ice. The cold mixture was extracted with three pertions
of ether. The ether extracts were washed (H,0, dilute HCI,
saturated NaCl) and concentrated to 1.17 g of residual oil.
The oil was chromatographed on 5 g of acid-washed alumina in
benzene and gave 1.05 g of oil which, when erystallized from
2 ml of CsHg and 8 ml of petroleum ether, gave 700 mg (6377)
of 26, mp 91-92°.  Anal. (CxHsCINO) C, H, Cl, N.
1-p-Chlorobenzyl-2-ethyl-5-methoxygramine (34).—By a pro-
cedure similar to that used for the synthesis of 14, 31.3 g (0.104
mole) of 26 was converted into 27.4 g of crude 34, Recrystalliza-
tion from 150 ml of hexane gave 18.6 g (50¢;) of 34, mp 92-94°.
Anal. (CyHy:CINO) C, H, Cl, N,
1-p-Chlorobenzyl-2-ethyl-5-methoxyindole-3-acetonitrile (35).
—By the procedure used for the synthesis of 16, 15.7 g (44
mmoles) of 34 was converted with Mel to the methiodide which
when treated with KCN gave 9.7 g of crude 35 along with 7.8 g
of recovered starting methicdide. Chromatography of the
crude product on alumina in benzene followed by crystallization
from C¢He—petroleum ether gave 3.9 g (529 based on starting
methiodide not recovered) of 35, mp 108-110°.  Adnal. (CypHio-
CIN,0)C, H, CL.
1.p-Chlorobenzyl-2-ethyl-5-methoxyindole-3-acetic Acid (6).
—By hydrolysis with hot aqueous—ethanolic KOH, 3.9 g of 35 was
converted into 3.9 g of erude 6. Recrystallization gave 3.3 gof 6.
Methyl 2-Acetyl-1-p-chlorobenzyl-5-methylindole-3-acetate
(37).—To 1 g of methyl 1-p-chlorobenzyl-3-methylindole-3-
acetate! and 0.5 g of fused ZnCl; was added 10 ml of AcCl and
the light yvellow mixture was stirred at room temperature for 5
min and poured onto ice. The semisolid obtained was extracted
into 100 ml of CHCl; and washed twice with 109, KHCO,; and
several times with water. Concentration of the CHCl; gave 1l g
of solid. Recrystallization from Et,0 (25 ml) gave 0.52 g (45%,)
of 37, mp 125-128°.  Anal. (CaHexCINOs) C, H, Cl, N.
2-Acetyl-1-p-Chlorobenzyl-5-methylindole-3-acetic Acid (8).—
Three grams of 37 was hydrolyzed in hot agueous—ethanolic
KOH. Recrystallization of the erude product gave 1.2 g of 8.
Methyl 2-Chloroacetyl-1-p-chlorobenzyl-5-methylindole-3-
acetate (38).—Methyl 1-p-chlorobenzyl-3-methylindole-3-ace-~
tate! (1 g) dissolved in 10 ml of chloroacetyl chloride was refluxed
for 5 hr with stirring. The dark brown solution was poured onto
ice, and an oil separated. The aqueous mixture was extracted
twice with CHCl;, and the combined CHCl; extracts were
washed (H,O) until neutral and dried (MgSO,). The solvent
was removed and the residual oil solidified after the addition of
a few drops of petroleum ether. The solid was recrystallized
from Et;O-petroleum ether and 0.4 g (339 ) of 38, mp 110-112°,
was obtained. Anal. (Cy/H;xCLNO:) C, H, Cl, N.
2-Chloroacetyl-1-p-chlorobenzyl-5-methylindole-3-acetic Acid
(9).—To a suspension of 300 mg of 38 in 3 ml of glacial AcOH
was added 0.2 ml of concentrated HCl and the mixture was
refluxed for 11 hr. The solvent was removed and the residue
was dissolved in ether and washed (H;O) until neutral. Concen-
tration of the dried ether solution gave a vesidue (280 mg) of
product. Recrystallization left 105 mg of 9.
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This paper describes the synthesis and pharmacologi-
cal properties of a series of 3-amino-1-carbamoyl- and
-thiocarbamoylpyrrolidines (I). These compounds are
structurally related to the 1-substituted 3-pyrroli-
dinylureas (IT), some of which show CNS depressant
activity.!
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Chemistry.—The carbamoyl- and thiocarbamoyl-
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-
thiocyvanates. The general procedure for the prepara-
tion of the intermediate 3-aminopyrrolidines has been
reported.? The preparation of compounds not pre-
viously deseribed is given in the Experimental Section.

Pharmacology.—These carbamoylpyrrolidines, when
tested in the general behaviorial sereen in mice,? showed
mainly CNS depression. Several compounds showed
activity in the fighting mice test.# Compounds 5,
8, 11, 19-21 blocked the aggressive behavior of at least
two of the five mice tested at a dose of 20 mg/kg ip.
The acute intraperitoneal LD; estimates (mouse) of
these compounds ranged from 300 to 1800 mg/kg.

Three compounds (8, 20, 21) also suppressed the
toxic effect of amphetamine in aggregated mice® at a
dose of 10 mg/kg ip and in the anesthetized dog pro-
duced a transient lowering of the blood pressure. None
of these compounds was effective in protecting against
thiosemicarbazide-induced convulsions in mice.®

Experimental Section

General procedures, in most instances, arve given below for the
preparation of the compounds described in this paper.  Analyses,
vields, and physical properties are recorded in Table I and
significant variations in the procedure are noted in the table
footnotes. Temperatures are uncorrected. Microanalyses were
by Micro-Tech Laboratories, Inc., Skokie, Il

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

(1) G. C. Helsley, B. V. Franko, W. J. Welstead, and C. D, Lunsford,
J. Med. Chem., 11, 1034 (1968).

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

(3) 8. Irwinin ‘““Animal and Clinical Pharmacological Techniques in Drug
Evaluation,” J. H. Nodine and P. E. Siegler, Ed., Yearbook Medical Pub-
lishers, Chieago, Iil., 1964, p 317.

(4) J. DaVanzo, M. Dougherty, R. Ruckart, and L. Kang, I’sycho-
pharmacologia, 9, 210 (1966),

(3) L. Lasagna and W. P. McCann, Science, 126, 1241 (1957).

(6) J. P. DaVanzo, M. E. Greig, and M. H. Cronin, Am. J. Physiol., 201,
833 (1961).
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1-CARBAMOYL~ AND [-THIOCARBAMOYLPYRROLIDINEN
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RN
No. R Ri Re Rs
l Cell, H H H
2 Cell; CH; H H
3 Gl CH:, CH; H
4+ Gl CH;  CH; H
A (:(SH;, C I{;; 771-C4I{{; H
6 Cell; H C.H, 3
7 Gell CH; C.H, CH,
L 015 P CH;  Cels H
0 Gl CH;  3,4,5-(CH;0);CeHe H
10 Csl, CH;  p-CH,;0C:H, H
i1 (‘h}I, (,‘I'Ilg '7Z-CF3C5H4 }{
12 Gl C:H:  m-CICeH, 1T
3 (WH, CH;  m-CFyCsH, H
14 Csll; CH;  CeH: H
15 Cells CH;  m-CFsCeHy H
16 Cells CHy,  Cell; m-CyHy
17 (‘g“; (‘;”, (,‘5]]’, CI‘I:;
I8 (uHs Coll, el CsH;
19 ()—(,7[’&(‘)051’14 11 ChI‘I', CGII.G
200 Cells H CsH; CsH;
21 Cell; CHs Gl Csl;

© See Kxperimental Section.

4 Hydrochloride. ¢ Dioxalate. 7 C: caled, 59.78; found, 59.16.

To a stirred solution of 0.1 mole of the 3-aminopyrrolidine in 100
ml of dry C¢Hg at room temperature was added slowly 0.1 mole
of the alkyl or aryl isocyanate in 20 ml of dry CeHs. After the
addition was complete, the mixture was stirred for several minutes
and the solvent was evaporated at reduced pressure. Crude
products were purified by recrystallization.

Procedure 2. By Reaction of 3-Aminopyrrolidine and Potas~
sium Cyanate.—A solution of 0.03 mole of 3-substituted amino-
pyrrolidine in 31 ml of 1 .V HCI was treated all at once with 0.03
mole of KNCO in 5 ml of H,0. The mixture was stirred for 4-
16 hr at room temperature, then the resulting precipitate was
separated by filtration, washed (H,0), and purified by recrystal-
lization.

Procedure 3. By Reaction of 3-Aminopyrrolidine and Sub-
stituted Carbamoyl Chlorides.—A solution of 0.043 mole of the
3-xubstituted aminopyrrolidine in 50 ml of CHCl; was added to a
solution of 10 g of KyCOy in 50 ml of H,0. The stirred mixture
was then treated dropwise with 0.045 mole of the substituted car-
hamoyl chloride in 50 ml of CHCly and stirring was continued
for 1-16 hr. The CHCl; layer was separated and dried (Mg-
S0y) and the solvent was evaporated. The crude product wax
purified by recrystallization.

3-Amino-1-thiocarbamoylpyrrolidines. Procedure 4. By
Reaction of Alkyl or Aryl Isothiocyanate and 3-Substituted
Aminopyrrolidine.—The general procedure was essentially the
same as procedure 1 except in some cases the reactants were
stirred at room temperature for 2-16 hr or heated at reflux for
several hours.

1-Benzyl-3-diethylaminopyrrolidine Difumarate.—A mixture of
. NH (230 g) and 170 g (0.61 mole) of 1-benzyl-3-pyrrolidinol
benzenexulfonate ester was placed in a bomb and heated at 100°
for 16 hr, After the excess amine was evaporated, the residue
wax freated with 200 ml of 6 N HCI and extracted (Et,0).
The acidic laver was made baxic and then extracted (Et.0O).
The combined extracts were washed (H;0) and dried (MgSOy)
and the solvent evaporated. The residual oil was distilled at
reduced pressure and the fraction boiling at 88-90° (0.10 mm ) was
collected.  The nonviscous oil weighed 87.5 g (62 yield).

A portion of the free base (11.7 g, 0.05 mole) was added to a
=olution of 11.6 g (0.01 mole) of fumarice acid in warm -PrOH.
The =alt which separated on cooling was recrystallized from 7-Pr-
OH-EtOI. The white product melted at 159.5-162° and
weighed 13.6 g dnal. (CyuHN0y) C, H, N,

3-Diethylaminopyrrolidine Dihydrochloride.—A solution of 72
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PB = G, B = i-Pro0O, I = «-PrOH, M = MeOH, W = 0, O = isouctane.
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method™  yield Mp, °C solvent Formula Analyses
2 57 183-135 W CiiH ;N30 O, H, N
2 62 130-132 B-0O CrHi N0 C,H,N
I 97 126-128  B-O Ci3H N0 C, H, N
1 52 X2-84 B-I CiHa NS ¢, H,N
4 68 176-178 1 CyeH5CIN R ¢, I, N
3 SE102-104 O Crs N3O O H, N
3 K1 134-160  I-B CieluCLNOe G H, N
1 55‘1 142“144 B“() C]g}{g]Ng() (j, I], N
1 R4 176-178  I-E CauHosCIN:O 4 I, N, ¢
I 69 107-109  B-0O CiaHuN30: ¢, 1, N
1 S4IBT138 MW CryHuoFuNes ¢, 1, N
I Hl 187»19() l C];I’iggclgxg()d (\, II, N
1 60 212-214 1 CigHeCIF; N0 C N
4 74 61-63 B-0) CisHy NS N
1 75 196-198 B-0O CiyHuCOlF N0 ¢, H, N
3 33 132-135H I Cy HyCIN;O7 C, H, N
3 300 162-164  1-E  CuHuCIN:O 1L N
3 40 137140 1 Co Ha N3Oy C, 1, N
3 77 72-74 B-0O CyHysNO, C,H, N
3 S 1254126 B-O  CuHuNyO ¢, H,N
3 83 1244126 B-O  CuHuNO ¢, 10, N

© Dihydrochloride.

g (0.31 mole) of t-benzyl-3-diethylaminopyrrolidine, 150 ml of
absolute EtOH and 30 ml of 12 N HCI was shaken with 8 g of
Pd-C catalyst at about 70° until 1 equiv of H, was absorbed.
After cooling, the suspension was filtered and the solvent wux
evaporated at reduced pressure. The residual oil was made
basie with 30¢; NaOH and the resulting suspension was filtered.
The organic layer was separated, dried (NaOH pellets), and dis-
tilled at reduced pressure. The fraction boiling at 82-84°
(12 mm) was collected. The water white, nonviscous oil weighed
21.2 g (499 vield). A portion of the free base was converted
to the hydrochloride and reervstallized (-PrOH). The white
product melted at 181.5-183.5°.  Anal. (CsH4,CLN,) C, 1, N.

S-2-Aminoethyl S’-w-Carboxyalkyl
Dithiocarbonate Hydrochlorides as Potential
Antiradiation Agents!
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The synthesis of S-2-aminoalkyl 8'-w-carboxyalkyl
dithiocarbonate hydrochlorides (V) was undertaken as
an extension of previous modifications of the radio-
protective agent 2-aminoethanethiol in which the
mercapto group is combined in dithiocarbonate esters.”
Two of the previously prepared dithiocarbonates (I
and II)? afforded “fair’” protection to mice exposed
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