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residae was reerystallized foir times from 1:2 methanol-ether to
give 3.07 g. (8¢%), m.p. 247-250°,

Material from the wmother liqguors (17.5 g.), despite repeated
crystallizations from  varions solvents, melted at 202-219°,
We were unable to show this material to be different from the
3.07-g. fraction by elemental analyses, mixture meltiig poird,
infrared absorption, or thin layer chromatography, and its eou-
fignration at the spiro carbou remains in donbt.

B=d{-2,2-Dicyclohexyl-4-(2-piperidyl)-1,3-dioxolane Hydro-
chloride (30)—Compound 21 (17.3 g., 0.05 mole) was =u=pended
1 aqueolls caistic and extracted into ether, and the ether was
evaporated to give an oil. The vil wis dissolved in 110 nd. of
cold glacial acetic acid and 3 g. of 3% rhodiam o aluming and
hydrogenated for 26 hr. while the hydrogeu pressure dropped 1.1
kg./em.? (caled. 0.88 kg./cm.?). The mixture wus filtered and the
solvent was distilled at reduced pressure leaving « residue which
was neutralized with 50 ml. of 8¢ NaOH and extracted with
etlier.  The combined extracts were dried (MgSQ,), filtered, and
evaporated to an oil which erystallized on coutact with dry ether.
The 12 g. of ¢rmde producet was dissolved i 200 ml of ether and
it= hydrochloride was precipitated by adding 1.36 g (0.037 mole;
of dry TG in 24 ml. of 2-propuncl.  Receryvstallization from 2-
propatol gave 7.8 g. (449¢) of produet, n.p. 282° dec.

Vol. 9

3=l{-4=( 1-(Methyl-2-piperidyl)-2,2-diphenyl-1,3-dioxolane N-
Oxide Hydrochloride (54)—Compound 27 (10 g., 0.028 mole;
was suspended hic agieous canstic and extracted into etlier, and
the ether was evaporated to give an oil which was takercap in 100
ml of methiaiol containing 14 ml of 30¢7 1.0 in water.  The
reaction taixtire =tood for 2 weeks at +2° while « precipitaie
developed.  The solvent was removed aned the residie was taken
1p i 50wk of methanol, strred with 100 mg. of PrOs nmil e
fnrther bubbles developed, and theic filtered,  Bemovid of the
solvent guve ¢ white =olid which wie reery=tallized from ethyi
acetate comaining o trace of methanol. Tt was redizsolved in
fresh, dry methanol-ethyl weetate sud wreated witkc 0.7 g, of dry
HCHcA nd, of 2-propanol v precipitate the hydrochloride, which
wis recrystallized from 75 mlb of bitanol containig « irace of
methanol and then from ethanol to give 4.2 ¢ 140771 of produce,
dee, pt. 190°,
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I a previous publication? we reported that 3-indole-
suceinie acid (I) eould be converted to 3-indolesue-
cinimide (IT) by fusion with urea. Treatment of I
with 1,3-dimethyl- and 1,3-diethylurcas under the same
conditions has given N-methyl- aud N-ethyl-3-indolyl-
succintinides  (ITI, Scheme I). The same products
have also been obtained by the reaction of 3-indole-
succininde  with methyl and ethyl iodides, respee-
tively, i1 the presence of potassiuin carbonate i di-
methylformannde.  The reaction of potasstuin 3-indole-
suecinimide with ethyl iodide in dimethylfornmunide
gave N-ethyl-3-indolylsuceinimide in good yield.

Other N-substituted 3-indolylsuceinimides were pre-
pared by the reaction of 3-indolesuccinic actd with
aniines in refluxing toluene, with azeotropic removal of
the water formed. N-(2-Morpholinoethyl)-, N-(3-
mworpholinopropyl)-) and  N-[2-(2-pyridylethyl]-3-in-
dolylsuccinimides were prepared in this manner (Scheme
I) and arc recorded in Table I.

Reduction of the N-substituted 3-indolylsucein-
inides® with lithium aluminum hydride in dioxane or
tetrahiydrofuran  produced  the  corresponding  3-(1-
substituted  3-pyrrolidinyl)indoles® (IV, Table II).
In some cases these products could 110t be obtained in
pure form and are not reported here.

An approach to the synthesis of 3-(2-pyrrolidinyl)-
indoles scented possible through a procedure analogous

(1) To whom inqgiries concerning tlds manaseript shouald he addressed.

2y Y. G. Perron and W. ¥. Minor, J. Org. Chem., 24, 1165 (1950).
3) Y. (0. Perron aml W. I, Minor, U, 8. Patent 3,100,844 (Nov. 3, 1963).
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to that of Burckhalter and Short,* who Lhydrogenated g-
aroylpropionitriles over Raney nickel catalyst to pro-
duce  2-arylpyrrolidines.  Therefore,  3-(8-cyanopro-
pionyl)indole® was hydrogenated in methanol over Raney
nickel catalyst until hydrogen absorption had ccased.
The uptake corresponded to 2 moles and the product
was identified as 2-(3-indolyl)-1-pyrroline (VI), amalo-
gous to the 2-aryl-1-pyrrolines obtained by Burckhalter
and Short when the hiydrogenations of g-aroylpropioiti-
triles were interrupted after the absorption of 2 moles
of hydrogen. Thix compound was converted to the

(+) J. H. Barckhalter and J. L. Suhort, J. Org. Chem., 28, 1281 (1058).
(3) J. Szmuszkovicez, J. Am. Chem. Soc., 82, 1180 (1960).
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Tasre I
3-INDOLYLSUCCINIMIDES
0
| N—R
N
H 0
Yield, Recrystn. Carbon, Y% Hydrogen, ¢, LDso.
No. R Aletliod* T M.p.. °C. solvent? Tormula Caled. Found Caled. Found 1ng./kg. i.p.®
1 CH, A 71 175-176.5 A CisHizN20- 68.14 68.12 5.30 5.14 >1000
CH, B 95 175-176.5
2 C.H; A 62  93.5-95.5 B Ci:HiuN,O, 69 .40 69 .30 5.83 3.75 >7350
C.H; B 22 92.5-94.5
C:H; C 530 92.5-95
7\
3 (CHa).N 0 D 92 107-108.5 CisHu N0 66.03 66.65 6.47 6.46
34 Hydrochloride 172.5-174.5 D-B  CiHnCIN;O;  39.50 59.31 6.16 5.82 424
salt of 3
/ \ - - . - — -
4: (CHZ)JN O D 13 138—1390 ]14 C19H23N303 ()684 66 lb 6 79 662 4(6
/
7
5 (CH)—Ny /I 76 151-153 E C1sHiN;0, 71.45 7125 5.37  5.42 >1200
e See Experimental Section. ° A, acetonitrile; B, ether; C, ethyl alcohol; D, methyl alcohol; E, ethyl acetate. ¢ Intraperi-

toneally in mice.

TaBLE II
3-(1-SUBSTITUTED 3-PYRROLIDINYL)INDOLES

[ ] ‘N—
N N—R
H

Yield, Recrystn. Carbon, ¢, Hydrogen, % ~~LDg, mg./kg.—
No. R % M.p., °C. solvent? Formula Caled. Found Caled. Found I.p.! Oral®
6 H 31 102-104 .5 A CrHisN,° 77.38 77.25 7.58 7.63 <300
7 CH, 66 111.5-113 | CiHeNo 77.96 77.94 3.03 8.00 100 244
1074 4134
8 C.H; 31 6768 F CrHisNy 78.46 78.67 8.47 5.66 66 <300
<100
9 7\ 75 236.5-257 D CiHxCLN,O 5800 38,19 7.30  7.36 234 1071
(CHz)zN\__/O-2HCI 2764 15774
e A, acetonitrile; B, ether; C, ethyl alcohol; D, methyl alcohol; E, ethyl acetate; F, petroleun: ether (b.p. 60-68°), ®In mice.

¢ Anal. Caled.: N, 15.04. Found: N, 15.01. ¢ In rats.

desired 3-(2-pyrrolidinyl)indole (VII) 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
Werf® from the reaction of indole and 1-pyrroline. After
the completion of our work, it was also reported by
Youngdale and co-workers.?

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, 29, 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
inereased logarithmically and the 72-hr. LDy, was determined,

(6) D. W, Funlhage and C. A. Vander Werf, J. Am. Chem. Soc. 80, 6249
(1958).
(7) G. A. Youngdale, et al., J. Med. Chem., T, 415 (1964).

¢ Anal.

Caled.: N, 13.07. Found: N, 13.00.

where possible, by the method of Litchfield and Wilcoxon®
or Weil.?

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 niice on a vertical pole.
Their inability to climb the pole or to maintain themselves on
it indicated a reduction of these parameters.

D. Spinal Depression.—This test was carried out according
to be method of Bastian and Ridlon.’® An increase of >309, in
the time between cervical decapitation and onset of clonic con-
vulsions, as compared to that obtained with controls, was cou-
sidered a significant depression of the spinal reflex.

(8) J. T. Litchfield, Jr., and F. Wilcoxon, J. Pharmacol. Exptl. Therap.
96, 99 (1949).

(9) C. 8, Weil, Biometrics, 8, 249 (1952).

(10) J. W, Bastian and 8. A. Ridlon, Federation Proc., 17, 1367 (1958).
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E. Analgesia.—Aunalgesic activity was determined by the
niethod of Siegmund, Cadmuns, aund In.!t A reduction of
>30%¢ in the number of writhing movements induced by pheicyi-
p-quinone alone was considered siguificant activity.

Monoamine Oxidase Inhibition and Antidepressant Activity.—
Three hours after oral administration of the test componnd
reserpine was injected intravenously at a dose of 5 ing./kg.
Increased 1motor activity, profise salivation, and reversal of
ptosis indicated mionoamine oxidase inhibitory aetivity. Re-
versal of only the reserpine-induced ptosis snggested antide-
pressant activity without enzyme inhibition.

Edema Inhibition in the Rat Paw.-—Rats were injected sub-
entaneously in the plantar aponeurosis of one hind paw with
0.1 mk of an edema-inducing agent in 0.9¢7 saline. The contra-
lateral paw was =iuilarly injected with 0.9¢¢ saline nnd served
as the control. The degree of edema was determined by fluid
displacement. A reduetion of >30%; in the degree of edemn
scen i the treated animals, as conipared to a control group, was
considered significant.  The edema-inducing ageids were 26,
veast, 00 carrageenin, aud 0.017, serotonin.  Evabhiation for
the above agents was at 1 hr., 3 lir., and 20 min. post injeetion of
the paw, respectively.

Antihistaminic Activity. —This activity was initially deter-
mined on isolated guinea pig ilenm by the Magnus!? method.
Activity was compared with phenyltoloxamine aud expressed as
a fraction of its potency. Guinea pigs were exposed to a 1¢,
hist:unine aerosol in a confined chammber. If 1o anoxie symp-
toms were observed within 5 min., the animals were considered
protected.

Antiserotonin Activity.—Besides the serotonin-induced edeua
in the rat paw test, inhibition of 5-hydroxytryptophan-induced
diarrhea i1 mice according to the wmethod of Woolley!® wax
employed. The determination of autiserotonin activity by the
isolated xtrip from the fundic portion of the rat stomachi!* was
also attempted. Treated guinea pigs were also exposed to n
207 serotouin aerosol in a confined chamber. FEvaluation was
the same as for the histamine-aerosol.

Antihypersensitivity.— Mice were seusitized to horse seruin
according to the method of Malkiel and Hargis.®® Following
treatinent, the mice were challenged by the intravenous injection
of 0.5 wl. of horse seruin.  Death was taken as the end point,
with <40¢, deathx beiug the level of significant protection.

(ainey pigs were sensitized to ovalbumin and challenged intra-
venolisly with an ovalbnmin solution.’®  livaluation was the
same 1= stated above with seusitized mice.  Au “anaphylactoid”
response wax also nged.  White rats, weighing 130 = 10 g. were
adrenalectomized.  After 24 hr., animals were treated and 1 hr.
Later injected with 0.3 ml. of a 647 dextran solution.  Ivalaation
wis the same as for the two previous sensitivity tests.

Cardiovascular..—Direct blood pressure measnrenlents were
obtained using anesthetized dogs, cats, and rats.  The sauime was
accomplished i1 unanesthetized rats by means of an indwelling
polyvethylene cannula i the carotid artery. Recording was by
nieans of a Statham P23Gb transducer with snitable recorder,
or kymographically with a merenry manoueter or double-niein-
braue tambour.

Charcoal Meal.--Treated mice were given 0.5 wl of a 57
chareoal suspension in 29 acacia by gavage. One hour later
the animals were sacrificed and the entire small intestine was re-
moved. The distance traveled by the charcoal in the small
lute=tine was determined.

Results

Compounds 1-5 were without effect i any of the
experimental tests following oral doses of 100-300 g,/
kg, This lack of activity eanuot be ascribed solely to
poor ubsorption or to low dosage levels, shtee the com-
pounds were also devoid of activity when tested in vitro.

(1) I3, Siegmund, R. Cadmus, and G. L« Proc. Soc. Exptl. Biol. Med., 95
729 (195%).

(12) R. Magnus, Arch. Ges. P’hysigl., 102, 123 (1904).

(13) D. W. Woolley, Pror. Soc. Fxptl. Biol. Med., 98, 367 (1938).

(14) J. R. Vane, Brit. J. Pharmacol., 12, 344 (1857).

(1) X Malkiel ami B. L Nargis, 79, Noeo Frpil. Biol. M., 81, 1110
(1032).

16y D). L Campbell, J. 80 Garvey, No L Cremwer, and D. M. Snssdorf,
»Metbods in Immanology,”” W. A Benjamwin Ine., New York, N. Y., 1963,
o 21T
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The weute toxictty of these compounds, n= sununa-
rized 1 Table 1) also reflected o low level of pliarma-
cologiend response. The wmtraperitoneal L1, values
vattged front 424 to > 1200 mg. kg, in mice.

Reduetion of the N-~ubstituted 3-indolylsnecinunides
(Table Iy to the corresponding 3-(l-substituted 3-
pyrrolidinyhindoles  (Table I1) produced  signifiennt
changes i pharmacologieal properties, which are stin-
wmartzed 1 Table TIL The LDs values were de-
ereased (Table 1. The LDy of VI was >250 bt
<500 wg. kg, o and <300 mg. ke orally i mice;
for VIL it was 198 mg. kg, L.p. and <300 mg. ke
orally m mice.  The toxieity data also mdicate rela-
tively complete oral absorption. with the exception of
9. 2uce the differentce between intraperitoneal and oral
toxieity 1 suwmll. By 7 #ifen methods 6-9 were effee-
tive antiliistaaninie agents. This wag confirmed 1
dog=. following mtravenous adnduistration, by thew
inhibition of histiunine depressor responses,  bixeept
9 these =ame compomnds, ax well ax VI and VI were
spusinogente to guinea pig ileum,  Following oral ad-
ntinistration, 6-9 and VI whibited serotoniu-inditeed
edema e the taw paw. Musele relaxant, spinal de-
pressatit, analgesic, monoaiine oxidase inhibitory, aud
antidepressauit aetivity, =ingly or in combination, were
seen with 6-9, V1 and VIID However, as can be =een
i Table 111 any activity scen was ot lngh doses and
was considered to he referable to toxicity.

3-(1-Methyl-3-pyrrolidinyhidole (7) was =eleeted for
wore extensive pharmacological study because of its
significant, combined antthistinine-—antiserotonin ae-
tivity.  Being msoluble i water, 1t was euiploved s n
suspeusion i 190 agueous weacin or placed into soli-
tion with nerd, For the latter. dilute acetie actd was
used or COy was bubbled through v fine, aqueous sns-
The pH ol solutions varied from 7.4-8.4, de-
pewding on the coneentration.

The acute oral and mtraperitoneal Lig values were
determined in mice and rats using a suspension in 19
aqueous acncit. In aee these values, with 959 con-
fidenee limits. were 97 (85-117) mg./kg. 1.p. and 244
(217-276) mg./kg. orally, while i1 rats they were 107
(82-140) mg. kg, and 417 (288-392) mg. kg, respee-

PCISI011L,

tively.  Good oral sb=orption is indicated by these
re<ults,  Grossly observed symptous at toxic dose

levels were due to a marked central nervous system
stimulation.  The animals displayved a general muscu-
tar migidity with the hind limbs assuming a “spread-
cagle” effeet. A semi-Straub position of the tail was
sectl, excessive salivation oceurred, reactions to stimuh
of sound or toneh were prononiced. wid respiration was
utereased.

Auntiserotonin  activity  was evidenced by several
methods,  The mimmally effective oral dose whicli sig-
nificantly inhibited serotonin-indueed edema m the rat
paw was 6.25 mg. kg, Inhibition of the diarrhea pro-
duced i miee by the mntraperitoneal injection of H-
hydroxytryptophan was achieved at oral doses down to
50 mg./kg.  In relation to this latter test it was deter-
mined that 7, at the same dose, also reduced the dis-
tance a charcoal meal traveled along the gastrointestinal
tract.  Thix offeet conld refleet its spasmogenic activity
4= it had no antcholitergic effect.  No specific anfi-
scrotonin action could be deternnned on the iwolated
fundie strip prepared from the rat stomach hecause of
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TasrLE IIT
INTITAL PHARMACOLOGICAL TES1ING (ORAL)®

Muscle Spinal

relax. depression Analgesia
No. MED? MED? MED?
6 150 LLLe
S 100 100 25
9 300
VI . - e
VII . 150 75

MAO Anti- Antihistainte Antiserotonin
inhib. depressant plienyltoloxamine foot edema

MED? MED? index MED?
150 150 1/50 12.5
50 50 1.0 6.2
100 1/10 12.2
.. 1/5 50.0
100 <1/200 150.0
<1/200 25.0

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

the compound’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.
L.p. in guinea pigs, 7 afforded protection against the
anoxic seizures produced by aerosolization of a 29, 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 mg./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 auaphylactic death were obtained,
but effective protection 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,'* BAS was quite effective in blocking the 3-
hydroxytryptophan-induced diatrhea, 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
somne 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-
siveniess. At other times the animals appeared as
though they were having hallucinations, inasmuch as
these symptoms occurred spontaneously, no stimulus

being apparent. At these doses emesis was occasionally
seen, indicating central nervous system stimulation also.

General Comments.—Combined antihistaminic-anti-
serotonin activity was demonstrated for 6-9 in animal
experimentations., Upon further pharimacological test-
ing of the most active of these compounds, 7, it was
found that unusual central nervous sytem 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 exaniples
illustrate the methods used to prepare the compounds described
in Table I.

Synthesis of N-Methyl-3-indolylsuccinimide (1). A. By
Reaction of 3-Indolesuccinic Acid (I) with 1,3-Dimethylurea.—
A mixture of 11.7 g. (0.05 mole) of 123 and 13.4 g. (0.15 mole) of
1,3-dimethylurea in a round-bottomed flask was introduced into
an oil bath at 165°. The bath temperature was raised to 185°
during 10 min. and maintained at 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. (719;) of 1: m.p. 175-176.5°; infrared
(KBr, em. 1), 3320 (NH), 1762 and 1680 (C=0).

B. By Alkylation of 3-Indolylsuccinimide with Methy! Iodide.
—A mixture of 5.4 g. (0.025 mole) of IT,23 3.5 g. (0.025 nwole)
of anhydrous K,COs, and 6.2 g. (0.05 mole) of iodoniethane iu
40 ml. of dimethylformamide (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 P:Os;
yield 5.4 g. (95%), m.p. 174.5-176.5°. Recrystallization from
acetone gave 1, m.p. 174.5-176° alone or in mixture with that
from A. Its infrared spectrum was superimposable on the
spectrum of the material prepared in A.

C. N-Ethyl-3-indolylsuccinimide (2).—A solution of 2.14 g.
(0.01 mole) of II in 50 ml. of hot ethyl alcohol was added to
0.65 g. (0.01 mole) of 859, KOH in 0.6 ml. of water and 1.8 ml.
of ethyl alcohol. After 18 hr. at 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.
(90.5%) 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. at 25°, and poured into 100 ml. of water.
The crude product was recrystallized from ether; yield 999 nig.
(50.49); m.p. 92.5-95°; infrared (KBr, cm."!), 3320 (NH),
1762 and 1680 (C=0). This product gave no nielting point
depression when mixed with N-ethyl-3-indolylsuccinimide pre-
pared by procedure A. The aqueous mother ligiior was extracted
three times with CHCl;. The combined extracts were washed,
dried, and concentrated in vacuo to give a gum which crystal-
lized, on trituration in water, to 420 mg. (21%¢) of crude II.

D. N-[2-(Morpholino)ethyl]-3-indolylsuccinimide (3).—A
mixture of 23.3 g. (0.10 mole) of T 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

(17) Melting points were determined on a Mel-Temp aluminum-block
apparatus, or in open capillaries on a Hershberg apparatus, and are corrected.
All chemical intermediates were obtained from commercial sources unless
otherwise specified. Analyses are recorded in Tables I and II if they do not
appear in the text. The infrared spectra were recorded on a Beckman IR 9
spectrometer.
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means of o Dean-Stark trap. The solntion was decanted from
a small amount of gum and allowed to stand for 12 hr. at 25°.
The crystalline product was collected and combined with
second crop obtained by concentration of the mother liquor:
vield 80.2 g. (92¢7), unp. 103.5-10%°. Recrystallization from
ethyl alecohol gave 3 of nmi.p. 107-108.5°: iufrared (KBr, em. ).
4230 (NH), 1750 and 1670 (C=0), 1110 (ether).

The hydrochloride of 3, prepared by treatment of a sanple in
wethanol with excess methauolic HCL, was recrystallized from
wiethanol-ether; n.p. 172.5-174.5°.

3-(1-Methyl-3-pyrrolidinyl)indole (7).--A solution of 22.8 g.
(0.10 wole) of N-methyl-3-indolylsuceinimide in dioxane was
added to a heated suspension of 15.2 g. (0.40 mole) of lithimn
alnminum hydride in 400 ml. of dioxare at a rate which main-
tained reflux. The mixture was refluxed for 21 hr., cooled in
ice, and treated carefully with iec water until a white solid
wus obtained. Filtration aud evaporation of the filtrate in
vacuo gave a pale yellow oil which slowly crystallized; yield
17.0 g. (85%). Tt was recrystallized from ethyl acetate to give a
white product of nup. 111.5-113°; infrared (CCly em. 1), 3550
(NH).

2-(3-Indolyl)-1-pyrroline (VI).—A suspeusion of 10.8 g.
(0.10 mole) of 3~(B-cyanopropionyhindole? (V) iun 250 ml. of
methanol was hydrogenated at an initial pressure of 3 ati. over
Raney nickel catalyst. After 2.5 hr. 2 moles of hydrogen had
beeu absorbed. Continued hydrogeuation for 3 days produced
no further absorption, even after substitation of fresh eatalyst.
lemoval of the catalyst and conceuntration in wacwo gave a
erystalline solid which was triturated in ether and filtered to
vield 15.6 g. (85¢) of huff-colored material, m.p. 180.5-182.5°¢
dee.  Au analyvtical sample was recerystallized from acetone thei
acetonitrile;  m.p. 183-184.5° dec.; lit." nLp. 182.5-183.5°;
mfrared (CHCls, en. ~1), 3470 (NH).

Anal. Caled. for CHpN: C, 78
Found: C, 78.00; H, 6.50; N, 15.27.

3-(2-Pyrrolidinyl)indole (VII). A. By Hydrogenation of
V1.—A suspeusion of 3.7 g. (0.02 mole) of VI in 100 ml. of nieth-
anol was hydrogenated at 40° and 3 atm. over 0.2 g. of platinuw
oxide, the theoretical amount of hydrogen being absorbed in 16
hr. Removal of the catalyst aud concentration under reduced
pressure left a white crystalline solid which was recrystallized
from acetonitrile to give 2.0 g. (54¢¢) of VII, nup. 138-140°.
A sample was reerystallized again from acetonitrile and had

23 H, 6.57; N, 13.21.

nLp. 140-142°; lit. nnp. 145.8-146.6°,9 141-143°7;  infrared
(KBr, cm. 1), 3280 (NH).
Anntl. Caled. for CpHpsNy: €, 77.38; 11, 7.58; N, 15.04

Found: C, 77.50; H, 7.64; N, 15.19.

B. By Reduction of VI with Sodium Borohydride..—A =olu-
tion of 3.7 g. (0.02 mole) of VI in 100 ml. of absolute methauol
was treated with 1.5 g. (0.04 mole) of sodium borohydride in
portions during 5-10 min.  The solution was refluxed for 1 hr.,
cooled, and treated with 27 ml. of 6 N NaOH theu 200 ml of
witer.  After 16 hr. o white erystalline solid was collected and
dried in vacuo over P,Uy; vield 2.1 g. (57%), m.p 139.5-141°.
After recrystallization from aceronitrile, the material had m.p.
141.5-142.5° aloue or when mixed with VII obtaiued by catalytic
reductionc of V. Its infrared spectruun was stiperiinposable o1
that of the material fromn A,

Acknowledgment.—We¢ are indebted to Mr. David
Whitehead and staff for the infrarved data, to Mr. R. M.
Downing aud Mrs. C. Kalinowski for the elemental
analysex, and to M. R. B. Babel for the preparation
of several of the necessary internediates.
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The Michael addition produets of acylamidomnalo-
nates or acylamidocyanoacetates with acrylonitiile,* ™
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methyl methacrylate,* acrylmide, 2 acrolein,® methyl
vinyl ketone,® and methyl vinyl sulfone® have proved
to be useful internrediates for thie preparation of amino
acids. We report i this communiention the siceess-
ful baste-resin eatalyzed addition of ethyl acetiunido-
utdonate to auother activated a.8-olefinie systemn. -
vinylpyridine, and hydrolysis of the addition prodiet
to the new, mnatural, basic amnino aeid, br-2-aino-4-
(4-pyridvhbutyrie acid  dibivdrochloride (1), Con-
pound 1 wax found to have no inhibitory effects i ritva
against standard strains of Mycobacteriwmn (ubercidosis,
baeteria, and fungee.

Experimental Section®

bl=2-Amino-4-(4-pyridyl }butyric Aeid Dihydrochloride.

A mixture of 21.7 g. (0.1 mole) of diethyl aeetamidomalonate,
11.6 g. (0.11 mole) of 4-vinylpyridine, 10 g. of Amberlite 400
(OH form), aud 50 wl. of abzolute ethanol was heated at 60-70°
(stirring) for 20 hr. The mixture was filtered and concentrated
in vacuo to a heavy syrup which did not crystallize; yield 24 g.

The crude malouate (24 g.) was refluxed for 12 hr. with ¢
N HCl. The reaction mixture was coucentrated to dryness
e vacvo. The crystalline residue was extracted twice with
boiling ethanol (reflux) and reerystallized from methanol-
ether; vield 12.5 g. (40.49 over-ull), m.p. 223-224°. A secoid
recrystallization from methauol did not change the melting point.

Anal.  Caled. for C,HGCLN.O.: €, 42.71; H, 5.58; N, 11.07.
Found: C, 43.02; I, 5.78; N, 10.584.

t1} To whomm inqgairies shoidd Lie addressed at P'syehopuarmmacology
Service Center, National Institate of Mental Health, Bethesda, Md. 20014

(2) (a) W. E. Hanby, 8. G. Waley, J. Watson, and E. J. Ambhrose, /.
Chem. Soc., 3239 (19350); (i») N. I, Albertson and 8. Archer, /. Am. Chent.
Soc., 87, 2043 (1945): (c) K. Shimo and 8. Wakamats«, J. Org. Ciem., 26,
3788 (1061); () 1. R. Snyder, J. FF. Shekleton, and C. I). Lewis, JJ. .1y
Chem. Soc., 87, 310 (1945).

13) D1 Warner and O. A, doe,»hid., 70, 2765 (1948); J. W. Cornforth.
R. Cornfortn, ('. E. Dablgleiselh, and A, Neaberger, Biochem. J.. 48, 501
(19573
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(3 T. Kaneko and T. Inai, NMippon Kagaku Zassh), T6, 308 {10555
Chew, Apstr., 81, 17747 (1437
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tories.  All melting points were determined on a Thomas-1loover melting
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Ax part of a program designed to detect physiological
activity m orgauie compounds, we have prepared a
series of  H-nitro- and  S-aminogramines.  Previons
work has shown that gramine compountds can exert
rartety of physiological actions n aninmls eluding
antiserotonin activity.® hypoteunsion,* and oxytoeic
activity, 3=
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