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Kecrystn. 
solventh I'ormula 

Yield, 
7c M.p., "C. 

71 175-176..5 
95 175-176.5 
62 sa. 5-95.5 
22 92. 5-94.5 
50 92.5-95 

Carbon, % 
Calcd. Found 

68.14 68.12 

Hydrogen. X LDso, 
Calcd. Found mg., lig. i p'.' 

5 30 5.14 >lo00 
No. 

1 

2 

3 

3% 

4 

5 

AIetliodu 

A 
B 
h 
B 
C 

L, 

L) 

D 

A% 

B 

C 

D-B 

E 

E 

69.40 69.30 5 8 3  5 . 7 5  >750 

92 107-108.5 66.03 66.65 

59.50 59.31 

6 .47  6 . 4 6  

6.16 5 . 8 2  424 172.5-174.5 

7 3  138-139.5 66.84 66.76 6.79 6 .62  476 

76 151-153 71.45 71.25 5.37 5.42 >1200 

a See Experimeiital Section. A, acetonitrile; B, ether; C, ethyl alcohol; D, methyl alcohol; E, ethyl acetate. Intraperi- 
toneally in mice. 

TABLE 11 
3-(  SUBSTITUTED ~-PYRROLIDINYL)INDOLES 

Yield, Recrystn. Carbon, % 
70 hI.p., OC. solvent" Formula Calcd. Found 

51 102-104.5 A Ci2HirS2C 77.38 7 7 . 2 5  
66 111.5-113 E CiaHiSNn 77.96 77.94  

31 67-68 F CIAH1bX;a" 78.46 78.67 

Hydrogen, R -LDsa, mg./kg.- 
Calcd. Found I.p.* Oralb 

7.58 7 . 6 3  <300 
8 ,  05 8 .  UO 100 244 

8 .47  8.66 66 <300 
10Td 41jd 

< l00d 

7 . S 0  7.36 254 1071 
276d 15 i id  

NO. R 
6 H - CH3 

8 CaHj 

-- 256.5457 D CI8H,,Cl2S1O 58.00 58.19 

a A, acetonitrile; B, ether; C, ethyl alcohol; D, methyl alcohol: 
0 Anal. Calcd.: N, 15.04. Found: N, 15.01. In  rats. e Anal. 

E, ethyl acetate; F, petroleum ether (b.p. 60-6s'). 
Calcd.: X, 13.07. Found: IT, 13.00. 

* In mice. 

desired 3-(2-pyrrolidinyl)indole (VI) by further low- 
pressure hydrogenation over platinum oxide or by re- 
duction with sodium borohydride. This compound 
had been previously reported by Fuhlhage and Vander 
Werf6 from the reaction of indole and 1-pyrroline. After 
the completion of our work, it was also reported by 
Youngdale and co-workers.* 

where possible, by the method of Litchfield and WilcoxoiiR 
or WeilSg 

Central Nervous System Activity. A. Stimulation or Depres- 
sion.-Mice treated orally were observed in an undisturbed con- 
dition for signs of depression or stimulation, and also checked for 
their reaction to selected stimuli. 

B. Reflex Depression.-The presence or absence of the right- 
ing, pinna, and corneal reflexes were determined. The last 
two were elicited by a fine wire, while the righting reflex was con- 
sidered to be depressed if the mice, when placed on their backs, 
did not right themselves within 30 sec. 

C. Muscle Relaxation.-Abdominal and limb tone were sub- 
jectively evaluated by gently pressing the abdomen and flexing 
the hind limbs by gentle pressure. Limb tone and grip strength 
were further checked by placing the mice on a vertical pole. 
Their inability to climb the pole or to maintain themselves on 
it indicated a reduction of these parameters. 

Spinal Depression.-This test was carried out according 
to be method of Bastian and Ridlon.1° An increase of >307, in 
the time between cervical decapitation and onset of clonic con- 
vulsions, as compared to that obtained with controls, was con- 
sidered a significant depression of the spinal reflex. 

D. 

Pharmacological Methods 

Unless otherwise noted the compounds were administered 
orally as aqueous suspensions or solutions (depending on in- 
dividual solubility characteristics) for evaluation of their phar- 
macologic properties. 

Acute Toxicity.-The test compounds were suspended in either 
0.9% saline, 27, aqueous acacia, an aqueous lecithin, span, 
Tween 80-carboxymethylcellulose medium (LST-CMC), or 
placed into solution with the aid of dilute acids prior to oral or 
intraperitoneal administration to mice or rats. Doses were 
iiicwaaed logarithmically and the 72-hr. LDso was determined, 

(8) J. T. Litchfield, Jr., and F. Wilcoxon, J .  Pharmacal. Ezptl .  Therap.  

19) C. S. JYeil, Biometrics, 8 ,  219 (1952). 
(10) J. W. Bastian and 8. A. Ridlun, Fedtratzun I'm., 17, 1867 (1958). 

96, 99 (1949). (6) D. TV. ~ul i l l i age  and C. .\. Vander Werf, J .  A m .  Chem. SOC.  80, 6249 

(7)  G. .I. Youngdale, et  al., J .  Med. Chem., 7 ,  415 (1984). 
(1958). 
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TABLE I11 
INWIAL PHARMACOLOGICAL TESTING  ORAL)^ 

No. hlEDb M E D ~  R.IED~ M E D ~  hlEDb index M E D ~  
6 150 . . .  . . .  150 150 1/50 12.5 
7 . . .  . . .  . . .  50 50 1 .0  6 .2  
8 100 100 25 . . .  100 1/10 12.2 
9 300 . . .  . . .  . . .  . . .  1 / 5  50.0 
VI . . .  . . .  . . .  . . .  100 <1/200 150.0 
VI1 . . .  150 75 . . .  . . .  <l/200 25.0 

i l l u d e  Spinal M A 0  dnt i -  .Intiliistainic .htiserotonin 
relax. depression Analgesia inhib. depressant plienyltoloxarnine foot edema 

All doses shown are milligrams per kilogram. Minimal effective dose. Dots indicate that no significant activity was seen. 

the conipound's spasmogenicity. It was observed that 
such a strip, placed into spasm with serotonin, could be 
relaxed by introduction of compound 7. At 33 mg./kg. 
i.p. in guinea pigs, 7 afforded protection against the 
anoxic seizures produced by aerosolization of a 2% sero- 
tonin solution into a confined chamber. It was also 
effective intravenously in preventing the rise in blood 
pressure induced by intravenous serotonin. 

Antihistaminic activity was demonstrated on the 
isolated guinea pig ileum and by its inhibition of the 
depressor response induced by histamine in anesthetized 
dogs. Doses of 33 mg./kg. i.p. and 60 mg./kg. orally 
protected guinea pigs from fatal seizures when histamine 
was aerosolized into a confined chamber. By these 
tests, compound 7 proved as effective as phenyltolox- 
amine. 

Because of its combined antihistaminic-antiserotonin 
activity, compound 7 was tested in several laboratory 
models where this type of compound has proven to be 
effective. At 60 mg./kg. orally and 4.2 nig./kg. i.p. it 
reduced the edema induced in the rat paw by yeast. 
At 33 mg./kg. i.p., 7 prevented anaphylactic death in 
mice sensitized to horse serum, but orally it was not 
effective. Poor and variable results in protecting 
guinea pigs against anaphylactic death were obtained, 
but effective protectiori against dextran-induced 
anaphylactoid death in adrenalectomized rats was seen. 

Compound 7 resembled serotonin in being a smooth 
muscle spasmogen. Also, it produced a decrease of 
blood pressure in cats and rats, while in dogs an eleva- 
tion in pressure was seen as with serotonin. The 
blood pressure effects were more prolonged than those 
with serotonin. 

The 1-benzyl analog of serotonin (BAS) was also ex- 
amined in the antiserotonin tests along with 7. As 
reported,13 BAS was quite effective in blocking the 5- 
hydroxytryptophan-induced diarrhea, as was 7, but 
BAS showed no activity in the other tests where 7 was 
effective. 

Oral administration of 10-30 mg./kg. in cats and 
dogs produced bizarre, central nervous system effects. 
These doses exerted no important effects upon con- 
sciousness or motor function. In  these species the 
same pattern of muscle rigidity seen in mice and rats 
was evident. However, a marked alteration in "per- 
sonality" occurred. Normally social and affectionate 
animals became notably unfriendly and hostile. In  
some instances they exhibited signs similar to LSD-in- 
duced "sham rage," responding to approach by hissing 
or howling, wild-eyed excitement or fear, and aggres- 
siveness. ,4t other times the animals appeared as 
though they were having hallucinations, inasmuch as 
these symptoms occurred spontaneously, no stimulus 

being apparent. A t  these doses emesis WAS occasionally 
seen, indicating central nervous system stimulation also, 

General Comments.-Conibined antihistaminic-anti- 
serotonin activity was demonstrated for 6-9 in animal 
experimentations. Upon further pharmacological test- 
ing of the most active of these compounds, 7, it was 
found that unusual central nervous syteni manifesta- 
tions were also inherent in this compound. Separation 
of these two main areas of activity was not readily 
achieved on the basis of dose. 

Experimental Section" 

Preparation of 3-Indolylsuccinimides.-The following examples 
illustrate the methods used to prepare the compounds described - -  
in Table I. 

Svnthesis of N-Methvl-3-indolvlsuccinimide (1 ). A. Bv 
Reaction of 3-Indolesucci~ic Acid (I) with 1,3-Dimethylurea.L 
A mixture of 11.7 g. (0.05 mole) of 1 2 , 3  and 13.4 g. (0.15 mole) of 
1,3dimethylurea in a round-bottomed flask was introduced into 
an oil bath a t  165'. The bath temperature was raised to 185" 
during 10 min. and maintained a t  180-190" for 1 hr. The hot 
melt was diluted with several times its volume of cold water, 
cooled, and filtered. Recrystallization of the crude product from 
acetonitrile gave 8.0 g. (71%) of 1: m.p. 175-176.5'; infrared 
(KBr, cm.-l), 3320 (KH), 1762 and 1680 (C=O). 

B. By Alkylation of 3-Indolylsuccinimide with Methyl Iodide. 
-A mixture of 5.4 g. (0.025 mole) of II,2v3 3.5 g. (0.025 mole) 
of anhydrous KZCO8, and 6.2 g. (0.05 mole) of iodonietharie i n  
40 ml. of dimethylforniamide (DMF) was stirred for 7.5  hr. at  
25' and diluted to 250 ml. with water. The crystalline product 
was collected, washed with water, and dried in vacuo over P206; 
yield 5.4 g. (957,), m.p. 174.5-176.5'. Recrystallization from 
acetone gave 1, m.p. 174.5-176" alone or in mixture with that 
from A. I t s  infrared spectrum was superimposable on the 
spectrum of the material prepared in A. 

N-Ethyl-3-indolylsuccinimide (2).-A solution of 2.14 g. 
(0.01 mole) of I1 in 50 ml. of hot ethyl alcohol was added to 
0.65 g. (0.01 mole) of 85% KOH in 0.6 ml. of water and 1.8 ml. 
of ethyl alcohol. After 18 hr. a t  5', the solution was evaporated 
to dryness under reduced pressure, and the white foam was 
triturated in ether and filtered to yield, after drying, 2.28 g.  
(90.57,) of crude potassium 3-indolylsuccinimide. This in 
16 ml. of DMF was treated with 3.12 g. (0.02 mole) of iodoethane, 
stirred for 0.5 hr. a t  25", and poured into 100 ml. of water. 
The crude product was recrystallized from ether; yield 999 nig. 
(~50 .47~) ;  m.p. 92.5-95"; infrared (KBr, cm.-l), 3320 (SH) ,  
1762 and 1680 (C=O). This product gave no melting point 
depression when mixed with S-ethyl-3-indolylsuccinimide pre- 
pared by procedure A. The aqueow mother liquor was extracted 
three times with CHC13. The combined extracts were washed, 
dried, and conceutrated in vucuo to give a gum which crystal- 
lized, on trituration in water, to 420 mg. ( 2 1 5 )  of crude 11. 

D. N- [2-(Morpholino)ethyl] -3-indolylsuccinimide (3).-A 
mixture of 23.3 g. (0.10 mole) of I and 13.0 g. (0.10 mole) of 
N-(2-aminoethyl)morpholine in 300 ml. of dry toluene was re- 
fluxed for 20 hr., 3.7 ml. (0.20 mole) of water being separated by 

C. 

(17) Melting points were determined on a Xel-Temp aluminum-block 
apparatus, or in open rapillaries on a Hershberg apparatus, and are corrected. 
.I11 chemical intermediates were obtained from commercial soiirces unless 
otherwise specified. Analyses are recorded in Tables I and I1 if they do not  
appear in the text. The  infrared spectra n e r e  recorded on a Beckman IR 9 
spectrometer. 




