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A number of novel aminoalkylindoles have been prepared and tested for central nervous system depressant 
activity. Many of the compounds have significant activity against the aggressive behavior of fighting mice. 
The tremulous syndrome produced in mice by injections of p-methoxyphenethylamine was effectively blocked 
by many of the compounds tested. 

Interest in indole-containing molecules has con­
tinued to grow in recent years because of the increasing 
spectrum of biological activity found among this 
group of compounds. Within the narrower field of 
tryptamines, wide variations in biological activity 
exist even between relatively closely related com­
pounds,1 many of which strongly affect the central 
nervous system.2 Because of our interest in com­
pounds possessing central depressant activity, a series 
of novel substituted tryptamine derivatives has been 
prepared for pharmacological evaluation. 

One of the specific objectives of this study was to 
prepare tryptamine analogs containing a 3-anilinopyr-
rolidinyl group (A) or a l-phenyl-3-pyrrolidinylamino 
group (B), both of which have structural features in 
common with the known phenylpiperazinyl analog (C). 
Derivatives of C are reported to have tranquilizing 
properties.3 

NC6H5 NC6H5 RN NQH, 

A B C 

R = substituted 3-indolvlethyl 
R ' = H or alkyl 

Isosters A and B have a degree of conformational 
freedom that C does not have and thus may fit more 
comfortably into the same receptor as C or possibly 
prefer a different one. One then might expect isosters 
A and B to produce a physiological response which 
differs either in degree or kind from each other or from 
C. 

Chemistry.—Most of the tryptamines in this series 
were prepared by the general method of Speeter and 
Anthony4 which involves the acylation of an appropri­
ately substituted indole with oxalyl chloride, conver­
sion of the resulting glyoxyl chloride to the desired 
glyoxamide, and lithium aluminum hydride (LAH) 
reduction to the corresponding tryptamine (Chart I). 

The novel pyrrolidines (Table I) used in the syn­
thetic sequence were prepared by (A) the nucleophilic 
displacement of the tosylate of 1-benzyl- or l-phenyl-3-
pyrrolidinol5'6 by an amine or phenoxide ion followed 

(1) (a) R. V. He inz l eman and J . Szmuszkovicz , Progr. Drug. Res., 6 , 75 
(1963); (b) V. E r s p a m e r , ibid., 3, 151 (1961); (c) M . G o r d o n in "Med ic ina l 
C h e m i s t r y , " A. Burger , Ed . , In te r sc ience Publ i shers , Inc . , N e w York, N . Y., 
1960, p 398; (d) J. ¥. Kerwin , G. l>. Ba l an t , and G. E. Ul lyot , ibid., p p 5 6 8 -
570. 

(2) S. Archer , D . W. Wyl ie , L. S. Harr is , T . R. Lewis, J. W. Schulenberg , 
M . R . Bell, R . K . Kullnig, a n d A. Arnold , J. Am. Chem. Soc., 84, 1306 (1962). 

(3) D . W. Wyl ie a n d S. Archer , J. Med. Pharrn. Chem., 5, 932 (1962). 
(4) M. K. S p e e r e r a n d W. C. A n t h o n y , ./. Am. Client. Soe.. 76, 6208 (1954). 
|5) Yu. A. Arbuzov and Vu. A. Orehi imikov, Dokl. Ahid. Nauk SSS/t, 

117, S13 (1057); Chem. Ab.str., 52, 8120 (1958). 

CHABT I 

'R, + C1COCOC1 - Cx? 
iCOCOCI 

COCONR;iR4 

Ri 
LiAlHj 

CH2CH2NR3R4 X 

by catalytic debenzylation in the case of the 1-benzyl 
compound, (B) displacement of the chlorine from 1-
benzyl-3-chloropyrrolidine7 followed by catalytic de­
benzylation, or (C) addition of an amine to N-phenyl-
maleimide followed by lithium aluminum hydride 
reduction to the desired pyrrolidine (Chart II). 

CHART II" 

Q 
IOTS 

+ 
R = CfiH,orCBH,CH, I 

•' " R 

I 
CH, 

CI 

+ Y: 

Q,H5 

C 0 = ^ r j T ° + cH3NHo 

C6H5 

I 1NHCH3 ' 

I 
C6H5 

See Table I for assignment of Y. 

•7 
I 
Ci;H; 

NHCH3 

Several tryptamines produced by the lithium alu­
minum hydride reduction of the glyoxamides were 
further transformed by standard procedures into 
ester and carbamate derivatives as described in the 
Experimental Section. 

In all cases but one, the styrene double bond of the 
tetrahydropyridine glyoxamides (19 and 21-24, Table 
II) was able to withstand lithium aluminum hydride 

(6) C. D . Lunsford , J. W . W a r d , A. J . P a l l o t t a , T . W. Tus ing , E . K. Rose , 
a n d R. S. M u r p h e y , J. Med. Pharm. Chem., 1, 73 (1959). 

(7) G. I) . Lunsford, A. I ) . Gale, J r . , .1. \Y. Ward , I',. V. Fn inko , a n d 
II. .k'likins, ./. Med. Chem., 7, 302 (11)01). 
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lip, ° f 
i in in j 

100-164(0 .01) 
170-173(0 .2 ) 
174-175(0 .02) 
1 5 0 - 1 5 2 ( 0 . 0 5 ) 
100-105(0 .02) 

9 2 - 9 K 0 . 0 2 : 
1 1 0 ( 0 . 0 2 ; 
103-104(0 .02) 
1 2 0 - 1 2 2 ( 0 . 0 1 ! 
9 0 - 9 2 ( 0 . 0 1 ) 

hods. '' See 1' 
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TABLE [ 

PYKKOI 

R 

K c c r y s i n 
solvent ' ' 

i; 
]•: 

ID 

v. 
Jp -1K 
I p - I K 
I p - I K 
K 

ool note r 
luction of 

.IDI.NKS 

V 
I 

M|i , "V 

I39- -140.5 - ' 
120-122" 
116-1 18'' 

75 -78 
123-125' ' 
100-102" 
123-424.5 4 

145-148' ' 
211-213' ' ' 

of Table II f 

Formula 

(.. '••lUji.VzOi' ' 

(•™lI-«N3Oi,: 

(VH2sN->Os'' 
O u H j . X O : 
C i o H i 4 \ = 

O I S I I M N ' O Y 

C I I H M X I O I S ' ' 

C u I I n C l X O - ' ' 
C u l l - C h X / 
C'illlliCIN;,'' 

or solvent a 
' t he corresponding N-be 

._ -c 
<• 

6 8 . 4 7 
6 9 . 0 9 
6 6 . 3 1 
76 29 
7 4 . 0 3 
61 .61 
54 . 96 
57 51 
57 .73 
62 . 11 

'alc.d. ';; 
n 

0 . 55 
6 . 8 5 
6 . 5 8 
7 ,47 
8 .70 
6 . 9 0 
7 .87 
7 02 
8 .30 
8 .03 

bbreviations. 
nzyl compouiH 

: . 
X 

7 ,60 
7 . 3 3 
7 03, 
4 . 9 4 

17.27 
9 . 5 9 

11.31 
fi. 10 
9 . 6 2 

13 . 17 

" Mel 

. — !• 
f 

68 , 45 
69 . 00 
6 6 . 6 4 
7 6 . 4 1 
7.3. 86 
6 1 . 2 6 
54 . 76 
57 . 70 
5 8 . 21 
6 2 . 2 3 

'ound, '-
If 

6 52 
6 . 8 0 
6 . 7 8 
7.47 
8.51 
7 .02 
7. 76 
7 . 19 
8 . 7 3 
8. 17 

l i n g p o i n t s a r e 

1. ' Hexamate salt. 

; > - • • - -

X 

7 60 
7 35 
7 .01 
5 .00 

17.07 
9 . 6 3 

11,71 
6 18 
9 ,60 

13,. 05 

iinoor 
* 11.v 

reduction. The one exception was glyoxamide 20 
which yielded, as the primary product, compound 56 
containing a completely saturated piperidine ring, 
as well as a hydroxyl group on the ethyl side chain. 

1 
CH, 

iCOCON CH, 

OH 

CHCH..N 

C,H„. 

CH, 

20 56 

The formation of the aminoethanol side chain rather 
than the fully saturated aminoethyl group was ex­
pected in this case based on the findings of Heinzehnan 
and Szmuszkovicz l a who carried out similar reductions 
on other 3-indolylglyoxamides methylated in the 1 
position. 

The nmr spectrum of 56 (Table 111) showed no 
olefinic absorption, three additional protons in the 
aliphatic region (compared to the unsaturated analog), 
a replaceable hydroxylic proton at T 0.0, a methyl 
singlet tit r 0.45. and a single proton quartet (the X 
portion of an ABX system) centered at r 4.9 which 
corresponds to the carbinol niethine. 

A second method for preparing 4-phenyl-l,2,3,0-
tctrahydropyridyl analogs is exemplified by the 
facile dehydration of the 4-phenyl-4-piperidinol de­
rivative 30 with acid to yield 34. Propionylation of 
30 with propionyl chloride gave the ester 31 (Chart 
I I I ) . Alkylation of 16 with excess methyl iodide using 

CHART HI 

CH2CH,N Y 
\ — * NOH H( 1 3 HOAc 7 

1 

30 

lEtCOCl 

CH,CH,N 

nCH,CH2N / C H , 

CH, 

OCOEt 34 

the slightly modified procedure of Pachter and Kloel-
zel8 gave an excellent yield of the dimethylated glyox­
amide 17. Glyoxamide 19 was converted to 20 using 
the same method. Reduction of 17 with lithium 
aluminum hydride then gave the expected amino al­
cohol 57 (Chart IV). 

CHART IV 

COCONH 

16 

Ac.H, 
Mel 

CH:, 

COCONACH, 

7 
CH:, 

CH, 

OH CH 

CHCH,NZACH, 

17 

57 

31 

The structure of 57 was supported by its nmr spec­
t rum which displayed two methyl singlets at r 7.5 and 
0.4, a replaceable hydroxyl group at T 0.0. and the 
characteristic single-proton quartet of the carbinol 
niethine centered at r 4.9 

Pharmacology. Isolation-Induced Aggressive Be­
havior.—Aggressive behavior was induced in Dublin 
male albino mice using the method of DaVanzo, rl al.'J 

Isolated animals at tack control mice introduced into 
(he cage of the isolated animals; a well-directed attack 
is used as an end point in this test. Block of this 
a t tack is regarded as evidence of drug effect. 

Tests were always carried out 00 min after drug-
administration. Compounds were dissolved or sus­
pended in physiological saline. Croups of five mice 
were tested initially with a dose of 20 mg kg ip. In 
those cases where a complete block was achieved with 
this dose, the 50% effective dose was estimated by the 
method of Litchfield and Wilcoxon.10 

(8) 1. .1. P a c b i e r and M. V. Kloelzel, ./. Am. Chrm. .So,:.. 74 , 1321 i,1952). 
,9) -I. DaVanzo , M. Dy.usiherty, R. R u c k a r t , and I,. Kang , I'xychn-

pliarwarolagia, 9, 210 (19661. 
(10) J. Litchfield and F. Wilcoxon. ,/. Pharmacol. Exptl Thirap., 96, 99 

1949). 
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TABLE II 

GLYOXAMIDES" 

:3'%S^NA 
COCOZ 

M 

B - I 

A E 

B - I 

B - I 

A-VV 

E - W 

A E 

R i 

R e c r y s t n M p , 
so lven t c QCd 

A E 216-218 

Yield, 

% 

70 

170-172 30 

200-202 48 

218-220 

113-114 

195-197 68 

F o r m u l a 

C H H H N 2 0 J 

C a H n N i O a 

C21H21N3O3 

. Calcd, % — • — 
C H N 

F o u n d , % 
C H N 

E A - I 199-201 00 C21H20N2O3 

175-177 83 C21H20N2O4 

6 5 . 1 0 3 . 4 6 10 .85 6 5 . 1 9 5 . 4 8 10 .97 

7 2 . 0 5 6 . 7 5 1 2 . 6 0 7 1 . 6 3 5 .91 13 .02 

6 9 . 4 0 5 .83 11 .56 6 9 . 5 9 5 .84 11 .64 

7 2 . 3 9 5-79 8 .04 7 2 . 1 2 5 .97 8 .17 

83 

76 C1JH16N2O2 

70 C21H20N2O2 

6 9 . 2 1 5 . 53 7 .69 6 9 . 5 5 5 .57 7.99 

7 4 , 9 8 5 . 3 0 9 . 2 1 7 4 . 8 9 5 .19 9 . 3 1 

7 5 . 8 8 6 . 0 7 8 . 4 3 7 5 . 8 2 6 . 2 9 8 . 4 1 

160-162 79 C22H11F3N2O2 6 5 . 9 9 4 . 7 8 7 . 0 0 3.05 4 . 9 4 7 . 0 8 

193-195 86 C2iHi8X202 7 6 . 3 4 5 .49 8 .48 7 6 . 2 5 5 .37 8 . 2 3 

173-175 92 C22H2»N»02 7 6 . 7 2 5 . 8 5 8 . 1 3 7 6 . 7 1 5 . 8 0 8 . 1 6 

165-167 72 C22H20X2O2 7 6 . 7 2 5 . 8 5 8 .13 7 6 . 7 5 5 .89 8 .14 

236-239 65 C M H K N I O I 7 0 . 7 5 5 . 6 8 7 . 1 8 7 0 . 5 5 5 . 8 5 7 . 1 8 

200-202 49 C! iHnClNs02 6 9 . 1 3 4 . 7 0 7 . 6 8 6 8 . 8 3 4 . 5 7 7 . 7 1 

CwHiTFNiOs 7 2 . 4 0 4 . 9 2 8 .04 7 2 . 3 3 4 . 9 0 8 .17 

0 Many of the intermediate glyoxamides were not isolated in a purified form. h Ri, R2, and R3 = hydrogen except where noted-
c Solvent abbreviations: AE, absolute ethanol; E, 9o% ethanol; A, acetone; Ac, acetonitrile; B, benzene; EA, ethyl acetate; Et, ether; 
I, isooctane; IE, isopropyl ether; Ip, isopropyl alcohol; M, methanol; W, water. d Melting points are uncorrected. ' Prepared by 
methylation of 16; see Experimental Section, t Prepared by methylation of 19; see Experimental Section. 

In general, the most active compounds (Table IV) 
which blocked the aggressive behavior of fighting mice 
were the 4-phenyltetrahydropyridine derivatives 34, 
35, 51, 52, and 55. It is interesting, however, that 
tetrahydropyridine derivatives containing o-methyl 
and 5-chloro substituents on the indole ring (53 and 
54) were completely devoid of tranquihzing activity 
in this test. 

The amine-pyrrolidine analogs (25, 42, and 43) 
which are structurally related to the known phenyl-
piperazine derivatives all had similar potencies but 
were not as active as the tetrahydropyridine analogs. 

The most active compound in this test (31) was 
also shown to be a potent analgesic.11 Introduction 
of a j?i-trifluoromethyl group, however, resulted in a 
compound (33) which demonstrated no tranquihzing 
action at the dose tested as well as sharply reduced 
analgesic potency compared to 31. 

(11) C o m p o u n d s 31 a n d 33 d e m o n s t r a t e d ana lge t ic ac t iv i t ies (EDeo in 
mice) of 0.40 a n d 26.8 ip m g / k g , respec t ive ly , using t h e electric s t imu la t i on 
m e t h o d of P . Ni lsen [Acta Pharm. Toxicol., 18, 10 (1961)] . Using the same 
m e t h o d , m o r p h i n e d e m o n s t r a t e d a n ana lge t ic EDso of 1.72 m g / k g . 

p-Methoxyphenethylamine (PMOPA) -Induced 
Tremors.—It has been reported that certain methoxy-
lated derivatives of phenethylamine produce catatonia 
or a hypokinetic rigid syndrome when injected into a 
cat, and it has been suggested that the biosynthesis 
of these compounds in the Parkinsonian may explain 
the symptoms of this disease.12 

We have found that administration of p-methoxy-
phenethylamine (50 mg/kg ip) to mice results in a 
syndrome consisting of tremors, lateral head shake, 
straub tail, horripilation, and lacrimation. Female 
Dublin albino mice are given the test drugs, solubilized 
or suspended in saline, 60 min prior to being challenged 
with PMOPA. Adequate numbers of controls are 
given only PMOPA, when the test animals receive it. 
The animals are observed for 20 min or until such time 
as the symptoms abate in the controls. The end point 
used in this test is complete abolition of the syndrome. 
When warranted, ED i0 's were established by the 
method referred to in the previous section.10 

(12) (a) A. M . Erns t , Xature, 193, 178 (1962); (b) Acta Physiol. Phar­
macol. Need., 1 1 , 48 (1962); (c) Psychopharmacologia, 7, 383 (1965). 
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TABLE III 

TRYPTAMINBH 

JU'Cx-ystn M p , Yield, 
solvent/ ' - O " </c Kormuh 

- t.'alcd, ',r. 
C H N 

- -Found, ' r 
O II X 

l p - I E 124-128 54 C ^ H M N ^ O J S ' ' 6 5 , 0 3 7 . 6 8 11.24 Go.19 7.811 11 . 

3] l l 

1 1 11= -= U L 

l i s = C ' l l a 

Hi R2 = t ' l l 3 

H 
- N - C . H 

-VliLTS 

('•idLsN:, 78. 65 7 59 1.1.76 7 8 . 4 2 7.51) 1:1.81 

I ' l i n 

i i corn 

C'HO 

CH.O 

OS )H 

r,.H 

'OCOCFI 

,C,.H,CK.-m 

OH 

,(',H,('K-m 

Ot'OC.H-

N >l'.H 

N V'.,H,K7> 

X /X'.H.CF.-m 

N )c. ,H,n 

N' I (X'H 
x—LoOl'-f \()CH 

J O O t ' X l I C H ; ( H H •;; 

OOC-NH-f VK 'H 
PCH. 
)oo 
X'H 

I 'H.V-

l_/ 

v.. 
O" 

N — ' N C I 

'—1 'OH 

- < ) < l l / \ ) C H 

15-1 9-1-96 40 C.iILsNsO 75 19 7 51 12. 53 75.111 7 51 12 50 

(iMlLaXiO: 

5 0 - 5 5 " / ' 711 f 'siHssC'lNsO/ 67.15-1 6.711 

I0.7:s 7:i. l l 

6 7 . 7 2 7 .07 7.1.-! 

137-139 55 C I I H M N J O 7 8 , 7 1 7 . 5 5 8 . 7 4 7 8 . 3 0 T,H0 8 W) 

76 56 7 , 5 0 7 . 4 4 7 6 . 5 2 7 47 l i - I 142-144 64 (VHaN'sOa 

I p - A l ] 244-246 ' ' 70 (V.H-.iClKNjO''' 6 2 . 1 9 5 69 6 . 5 9 62 55 6 1:1 ti 10 

l p - I L 169-172' ' 68 ('MH->C1F3N:0-/ ' 02.4:1 5 . 87 5 8:1 6 2 . 5 8 5 .89 0 .02 

l i - I 138-140 llti r-'iH-N"-.: 8:1.40 7.:j:l 9 . 2 6 8 3 . 4 5 7 . 3 8 9 . 1 7 

I'. 157-159 48 C - J I H - F X - : 

l i - I 152-154 Id C;.jlI-..:I-':;Nv 

i 101-106 62 C;.jILsl-':,N'.. 70 .95 6 . 2 3 7 .52 71.21) 0 . 5 0 

Ac 114-146 78 C I I I F . N ' - . O 7 3 . 0 1 7 .88 12 .10 7 2 . 8 0 7 . 9 1 

78 72 0 .01 8.74 79 01 0 . 7 1 8 .60 

"1 7 50 7 I. 

79-80 ' 78 < ' ,»HJ 4 N-JOI , ' 71 09 6 82 5 .57 7 1 . 16 6.77 

00 C=II-iiXiU; 69 03 6 , 6 1 11.07 6 9 . 3 5 6 , 7 6 11 . 

"1 ('Ml-buN'aOs 6 5 . 5 8 0 . 0 5 9 .56 65 .34 6 . 8 6 9 . 5 7 

K - W 104-106 <"51ILsXs 

I 13 -1 16'' 36 t ' . : < | ] . . , f lN7 

-\V 131-133 65 ( V J I I J T N S 

7 8 , 9 6 7 .89 13 .10 7 8 . 7 3 7 . 9 0 13 .05 

3 8 10 10 56 72 01 8.17 10. 

' 9 . 2 1 8 ,16 12 .60 7 9 . 5 9 8 . 2 2 13.0 I 

I p - A c 208-209 ' ' 52 CuHiiCLN'aO'" 0 4 . 1 0 7 ,54 9 , 9 8 6 4 . 3 7 7 . 9 8 9 . 

At 119-121 79 CalUoN'sOs 0 8 . 4 7 6.9(1 0 .39 6 8 . 4 1 7 . 1 0 0 .22 

17 \\. = CIls 

IS l{„ 5,6-( i t ' l l . . 

N ^ C . H W 
('II 
I 

-•\( II 

1-12-111 17 t'-j:dLiX:,0-j 

60 ('.. lLt.X.O.. 

8 3 . 5 0 7 .65 8 .85 83 .47 7 .54 8.81 

' l l 7 70 11 ,01 IS 7 7S 1 1 2 1 
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TABLE I I I {Continued) 

R e c r y s t n M p , Yield, 
so lvent 6 °CC % 

•19 Rs i , 0 - O C l h CH,,N J* T^'Cft 

F o r m u l a 

71 C23H29N2O4 

Calcd, % 
C H N 

F o u n d , % 
C H X 

7 2 . 7 9 7 . 7 0 1 1 . 0 7 7 3 . 0 0 7 .59 

50 R> = 5,6-OCHa 

5 ,6-OCH 3 

Q OH 

C6H3 

Rj = 5 ,6-OCHi 
Rs = O H j 

Ri = 2 ,5-Cl l i 

Rs = 5-C1 

Ri = C l l i 

J 

O c - H 

l p - E t 9 3 - 1 0 0 ' . . . CislfeClNsOs'1 5 8 . 8 0 7 .09 8 .57 5 9 . 0 9 6 . 9 6 8 .29 

125-127 31 C S I H M N ' I O Z 7 6 . 2 1 7 . 2 3 7 . 7 3 7 5 . 7 8 7 . 1 4 

C.H., 

OH 

1*^1 |CHCH2X \ c „ H , 

OH C'H, 

CHCH.N^C.Hj 

B 

B - 1 

I! 

B 

l p 

B - 1 

116-118 51 C M H K N S O J 

150-152 61 C M H M N S 

168-170 53 CsiHi iClNi 

219-222 ' ' . . . C22II2SCIN2'' 

137-139 34 C22H21N2O 

* 42 C S : H M N S O 

7.97 

7 6 . 5 6 7 . 5 0 7 . 4 4 7 0 . 1 7 7 . 4 0 7 . 5 0 

8 3 . 5 9 7 . 9 3 8 .42 8 3 . 3 8 7 .92 8 .72 

7 4 . 8 7 6 . 2 8 8 .32 7 5 . 1 0 6 .20 8 .26 

7 4 . 8 7 7 . 1 4 7 . 9 4 7 4 . 6 7 7 .26 8 .09 

7 9 . 0 0 7 . 8 4 8 .38 7 9 . 2 0 7 . 9 5 8 .41 

7 8 . 7 1 7 . 55 .74 7 8 . 5 6 

" Ki, R2, and R3 = hydrogen except where noted. h See footnote c of Table I I for solvent abbreviations. c Melting points are uncor­
rected and refer to the free base except where solid derivatives are noted. d Hexamate. " Viscous oil purified by column chromatogra­
phy on Florisil, eluted with benzene-acetone. ! Precipitated from ether with ethereal HCl. « Ether solvate. ' Hydrochloride salt. 
' Benzene solvate. > Hydrochloride monohydrate; water removed before analysis. * Viscous oil, purified by column chromatography 
on grade I I I neutral alumina, eluted with benzene-petroleum ether. 

In general, the compounds which blocked the PMOPA 
syndrome most effectively (Table IV) were the same 
ones that most effectively blocked the aggressive be­
havior of fighting mice (31, 34, 35, 52, and 55). In 
addition, several glyoxamides were also effective (16 
and 17). The most active compound in this test 
was the analgesic (31). Again, no activity was found 
in the m-trifluoromethyl analog 33. 

A number of classical anti-Parkinson agents such as 
trihexyphenidyl hydrochloride and scopolamine were 
found to be without effect in preventing or reversing 
the PMOPA-induced syndrome. Large doses of chlor-
promazine prevented the syndrome but not without 
concomitant neurotoxicity. 

Monamine Oxidase.—The method described by 
Youngdale, et al.,n was used for these determinations. 
Guinea pig liver was used as a source of enzyme. 

Only four compounds in this series showed signifi­
cant MAO-inhibitory activity in the test used. By 
far the most active compounds were the related pyr-
rolidinol analogs 38 and 45. 

Experimental Section 

All melting points (uncorrected) were taken by the capillary 
method in a Thomas-Hoover TJni-Melt apparatus. Nmr spectra 
were determined with a Varian A-60 spectrometer (TMS as 
reference). Infrared spectra were determined on a Beckman 
IR-8 recording spectrophotometer. Microanalyses were con­
ducted by the Micro-Tech Laboratories, Skokie, 111., and Spang 
Microanalytioal Laboratory, Ann Arbor, Mich. The following 
experimental procedures illustrate the general methods and 

(13) G. Youngda le , D . Anger, W. A n t h o n y , J . D a V a n z o , M . Greig, 
R. He inze lman , H. Keasl ing , a n d -T. Szmuszkovicz , .7. Med. Chem., 7, 415 
(1901). 

modifications thereof used to synthesize the compounds listed in 
Tables I-III. 

l-Benzyl-3-(o-methoxyanilino pyrrolidine Fumarate (3).—The 
crude tosylate prepared from 3 moles of l-benzyl-3-pyrrolidinol 
was dissolved in 500 g of o-anisidine (practical), and the mixture 
was stirred and heated slowly under nitrogen until the tempera­
ture reached 130°. At this temperature, a rapid exothermic 
reaction took place which raised the temperature rapidly to 
160°. After cooling with iee-H20 to 130°, the mixture was 
stirred for 2 hr. The temperature was raised to 160°, and the 
mixture was stirred an additional 2 hr. After cooling to room 
temperature, the mixture was dissolved in 3 A" HCl and extracted 
several times with ether. The acidic layer was neutralized with 
50% NaOH, and the resulting free base was extracted into CHC13. 
The CHCU extracts were dried over MgSC>4 and evaporated under 
reduced pressure to an oil. The oil was fractionally distilled 
(Vigreux column) yielding 335.7 g (40%) of pure product. 

3-(o-Methoxyanilino)pyrrolidine Hexamate (7).—Three 95-g 
batches of l-benzyl-3-(o-methoxyanilino)pyrrolidine in 300 ml of 
ethanol were catalytically reduced in a Parr apparatus using 
10% Pd-C. The bomb was heated to ca. 50° before reduction 
would take place. After the theoretical amount of hydrogen was 
taken up, the catalyst was filtered, and the solvent was evapo­
rated. The product was distilled at reduced pressure; v ie ld l49g 
(77%). 

l-Benzyl-3-(o-methoxyphenoxy)pyrrolidine (4).—A mixture 
of 102 g (0.70 mole) of sodium guaiacolate, 137 g (0.70 mole) of 
3-chloro-3-benzylpyrrolidine, and 1 1. of dimethyl sulfoxide was 
heated with stirring for 16 hr at 112-115°. The mixture was 
cooled, diluted with 1 1. of H 20, and treated with 80 g (1.0 mole) 
of 50% NaOH solution. The solution was extracted with ether, 
and the combined extracts were washed with H 2 0 and dried (Mg-
SO4). After the solvent was evaporated, the residual oil was 
distilled at reduced pressure; yield 92 g (47%). 

3-(o-Methoxyphenoxy pyrrolidine Hydrochloride (8).—A solu­
tion of 85.0 g (0.3 mole) of l-benzyl-3-(o-methoxyphenoxy)-
pyrrolidine in 300 ml of 9 5 % ethanol was treated with 8 g of 
Raney nickel. The mixture was shaken several hours and 
filtered. The filtrate was placed in a Paar reduction apparatus 
and ca. 10 g of 10% Pd-C was shaken with hydrogen at 60°; 
absorption ceased when one-third the required amount was 
absorbed. More catalyst {ca. 15 g) was added and hydrogenation 
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con t inued un t i l .1 equ iv of hyd rogen was absorbed . T h e suspen­
sion was cooled a n d filtered, and t h e solvent was e v a p o r a t e d a t 
reduced p ressu re . T h e residual oil was dis t i l led; yield 48 g ( 8 3 r ( )• 

3-Methylamino- l -phenylpyrrol idine Hydrochloride (101.—A 
s t i r red so lu t ion of 70 g (0 .4 mole) of N - p h e n y l m a l e i m i d e in 600 
ml of d r y e the r was cooled in ice whi le a s t r e a m of AleNTi , gas 
was pas sed t h r o u g h un t i l no m o r e 3 - m e f h y I a m i n o - l - p h e n y l -
succ in imide p r e c i p i t a t e d . T h e c rude p r o d u c t was recrys ta l l i zed 
from b e n z e n e ; m p 108-4 15°, yield 00 g ( 8 0 ' ; / ) . T h i n layer 
c h r o m a t o g r a p h y ind i ca t ed some i m p u r i t y . 

T o a s t i r r ed suspens ion of 71.5 g (4.0 moles) of L iAlHj in 1.5 ]. 
of T H F u n d e r n i t rogen was added , over 15 niiii, 75 g (0.37 mole) 
of c rude 3 - m e t h y l a m i n o - l - p h e n y l m a l e i m i d e s u s p e n d e d in 250 ml 
of T I I F . After add i t ion , t h e m i x t u r e was h e a t e d (reflux) for 
3.5 hr, cooled, and carefully h y d r o l y z e d wi th H / O . T h e resu l t ing 
solids were filtered, and t h e filter cake w-as washed several t imes 

with T H E . E v a p o r a t i o n of t h e solvent from the combined 
filtrates gave crude product which was dist i l led at reduced pres­
su re : yield 39 g t i l ' , t. 

1 - Indol-3-ylglyoxyloyl )-3-( o-methoxyphenoxy (pyrrolidine 
(15) . T o a s t i r red m i x t u r e of II .5 g (0.06 mole) of 3-io-mel hoxy-
p h e n o x y ipyrrol idine in 100 ml of CHOI:; anil 10 g of NaA'O,, in 
3,5 ml of I F O was added over 10 inin. 11.5 g (0.1)6 mole) of solid 
indole-3-glvoxvlovl chlor ide. After s t i r r ing 1 hr, a n o t h e r 25 ml 
of I h<) was added , and si ir ring was rout in ned tin add it ional 2 hr. 
T h e organic laver was sepa ra t ed and washed successively with 
11,0, 3 A' I I C I . ' l U ) . and 3 A' X a O I I . After d ry ing oyer M g S O ; . 
t he solvent was removed on a r o t a t i n g e v a p o r a t o r y ie ld ing a 
vi-coii.s oil which soon solidified. T h e solid was suspended in 
hot benzene and t rea ted with abso lu te alcohol until it dissolved. 
T h e v o l u m e of solvent was reduced by about one- th i rd , then 
t r ea t ed while hot with i.-onrtane. After cooling, 17.0 g t.s.3', , 
of p roduc t p rec ip i t a t ed . 

1-i lndol-3-ylglyoxyloyl )-4-phenyl- l ,2 ,3,6-tetrahydropyridine 
(19 ) . - A solution of 10.5 g (0.1 mole) of 4 -phenv l - l ,2 ,3 .0- te t ra-
h y d r o p y r i d i n e hydroch lo r ide in 100 ml of CIICl.i was added to a 
solut ion of 25 g of K,.CO, in 100 ml of 114). T o t h e s t i r red 
suspension was added , port ionwise, 20 g (0.198 mole) of soli I 
indole-3-glyoxyloyl chlor ide. T h e m i x t u r e was s t i r red 30 min 
after addi t ion was c o m p l e t e d : t he product p r ec ip i t a t ed . 

l - ( Indol -3-y lg lyoxyloy l ) -3 -pyrro l id inol ( l l ) . Aso lu t ion of l . 2 5 g 
I 0.014 m o l e ; of 3-pyrrol id inol a n d 3 g of XaA 'Os in 55 ml of 114' 
was t r ea ted all at once with 3 g ! 0.014 mole) of indole-3-glynxyloy! 
chlor ide and -t irred a' room t e m p e r a t u r e for 24 hr. T h e product 
was removed by fill rat ion. 

1 -1 (1 -MethylindoI-3-yl)glyoxyloyll -4-phenyl - l ,2,3,6-tetrahy-
dropyridine ( 2 0 / A s t i r red solut ion of 20 g (0.06 mole) of 
l - ( indo l -3 -v lg lvoxv loyr ) -4 -pheny l - l ,2 ,3 ,6 - t e t i ' ahydropyr id ine in 
350 ml of refhixing m e t h y l e thv l k e t o n e was t r e a t e d all al once 
wi th 25 g of powdered K O I I followed i m m e d i a t e l y b y 10.8 g 
01.14 mole I o f i ( 4 1 / 1 p a d d e d d ropwise . After 5 min ( s t i r r ing ) the 
m i x t u r e wa~ filtered, and the f i l t ra te was e v a p o r a t e d to an oil 
which crystal l ized. 

N - M e t h y l - N - (l-methylindol-3-yl)gIyoxyloyl]-/ / 'a«.s-2-phenyl-
cyclopropylamine (17) . A s t i r r ed so lu t ion of 18 g (0.06 mole) of 
N-( indol -3-y lg lvoxyloyl )-tra«.,s--2-Dhenylcyclopropylamine in 350 
ml of d r y m e t h y l e thy l k e t o n e was w a n n e d nea r ly to reflux and 
t rea ted wi th 25 g (0.45 mole) of p o w d e r e d K O H . W h i l e s t i r r ing 
and gen t ly refluxing, 40 g (0.28 mole) of C I I 3 I in 50 ml of m e t h v l 
e thy l k e t o n e was added d ropwise . After add i t ion , t h e m i x t u r e 
w a s s t i r red 5 min, then filtered. T h e so lvent was r emoved u n d e r 
reduced p res su re yie lding an oil which crys ta l l ized from benzene -
i sooc tane . 

5,6- l ) imethoxy-3- [2- (3-N-methylani l ino- l -pyrrol id inyl )e thyl ! -
indole (48).- A suspens ion of 8 g (0.02 mole) of l - [ (5 ,6-dimetho.xy-
i n d o l - 3 - y r ) g l y o x y l o v l ] - 3 - \ - m e t h y l a n i l i n o p y r r o l i d i n e in 50 ml of 
T I I F w a s a d d e d d ropwise to a s t i r r ed suspens ion of 3.8 g (0.1 
mole) of LiAlHt in 100 ml of T I I F . After add i t i on , t h e m i x t u r e 
was refluxed u n d e r ni t rogen for 3 hr and cooled, and t h e excess 
h y d r i d e was des t royed carefully w i t h I F O . T h e inorganic 
p r e i i p i t a t e was filtered and washed thorough ly wi th T I I F . 
T h e combined fi l trates were then e v a p o r a t e d u n d e r v a c u u m to a 
glassy solid which would not. crysta l l ize . It was dissolved in 
benzene and c h r o n i a t o g r a p h e d on 250 g of 60-100 mesh Florisi l , 
e lu t ing wi th benzene con ta in ing increasing a m o u n t s of a c e t o n e ; 
yield 4.5 g (00 ' , :. A sample was molecu la i iy dist i l led for analys is . 

3 - | 2 - [N-!1 -Phenyl-3-pyrrohdinyl) -N-methyIamino]ethyl 1 -
indole (42) . A suspens ion off) g (0.03 mole) of N-( indol -3-y lg ly-
oxyloylV-X-( l -phe i iy l -3-pyr ro l id iny l ) -X-Tnethylamine in 50 ml of 
T H F was a d d e d d ropwise to a s t i r red m i x t u r e of 4.9 g (0.13 mole) 
of I . iAlH, in 101) ml of T I I F . After add i t ion , t he m i x t u r e was 
refluxed for 3 hr u n d e r n i t rogen and cooled, and t h e excess Li All I .t 
was des t royed carefully wi th IF>0. T h e m i x t u r e was filtered and 
t h e inorganic p r e c i p i t a t e was washed tho rough ly w i th T H F . 
E v a p o r a t i o n of the combined filtrates gave an oil which was 
c h r o m a l o g r a p h e d on a Florisil column (60-100 mesh) and elu ted 
with benzene con ta in ing increasing a m o u n t s of ace tone ; yield 
(i g (72' , i. After several days , the oil crystal l ized. 

2-MethyI-3- |2- !3-hydroxy- l -pyrrol idinyI)ethyl | indoIe Hydro­
chloride (45) . A suspension of 24 g (0.09 mole) of 1-[(2-niethvl-
indol-3-yl)glvoxylovl!-3- |>yrrol idinol in 100 ml of T I I F was 
a d d e d d ropwise to a s t i r red mix tu re of 15 g (0.40 mole) of I.iAlH., 
in 200 ml of T I I F . After addi t ion , t he m i x t u r e was refluxed for 
5 h r and cooled, ami ; lie excess L iAlHi was des t royed carefully 
wi th I F O . T h e mix tu re was filtered, and t h e filler cake was 
washed tho rough ly with T H F . E v a p o r a t i o n of the combined 
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filtrates gave an oil which was converted to a hydrochloride salt. 
l-(l-MethyIindoI-3-yI)-2-(4-phenyI-l-piperidinyl)-l-ethanoI 

(56).—To a stirred suspension of 8.6 g (0.23 mole) of LiAlIi4 in 
85 ml of T H F was added slowly 15.5 g (0.05 mole) of 1-[(1-
methylindol-3-yl"iglyoxyloyl]-4-phenyl-l,2,3;6-tetrahydropyridine 
in 50 ml of T H F . The stirred mixture was allowed to reflux under 
nitogen for 2 hr, then worked up in the usual manner. The 
crude oil was dissolved in benzene and chromatographed on 400 
g of 60-100 mesh Florisil. The product was eluted with benzene 
containing increasing amounts of acetone. The purified product 
crystallized. 

l-(l-Methylindol-3-yl)-2-(N-frans-2-phenyIcyclopropyl-N-
methylamino)-l-ethanol (57).—A solution of 10 g (0.03 mole) of 
N-methvl-N- [(1 -methylindol-3-yl)glyoxyloyl] -trans-2-phenyl-
cyclopropylamine in 50 ml of T H F w-as added dropwise to a 
stirred suspension of 6 g of LiAlH4 in 200 ml of T H F under 
nitrogen. The mixture was refluxed for 3 hr after addition, 
cooled, treated with 200 ml of THF, then neutralized with a 
MgS0 4 -H 2 0 slurry. The salt was removed by nitration, then 
washed well with THF. Evaporation of the filtrate gave 9 g of 
an oil which was chromatographed on grade I I I neutral alumina 
using benzene-petroleum ether (bp 30-60°) (50:50) to elute 
4.0 g (42%) of oil. The oil (probably an isomeric mixture) was 
molecularly distilled for analysis. 

3-{2-[4-(m-Trifluoromethylphenyl)-l,2,3,6-tetrahydro-l-pyridin-
yl]ethyl (indole (36).—A solution of 10 g (0.023 mole) of 3-
j2-[4-hydroxy-4-(m-trifluoromethylphenyl)-l-piperidinyl]ethyl)-
indole (benzene solvate) in 75 ml of glacial acetic acid-concen­
trated HC1 (2:1) was refluxed under nitrogen for 24 hr. The 
mixture was cooled in ice and made alkaline with 3 A" NaOH. 
The organic product was extracted with CHC13 which was then 
dried over MgS04 . Evaporation of the solvent gave impure 
product (after several recrystallizations). I t was dissolved in 
benzene and chromatographed on 300 g of 60-100 mesh Florisil 
using benzene containing increasing amounts of acetone to elute. 
The pure oil obtained solidified. 

3-[2-(4-Phenyl-4-propionoxy-l-piperidinyl)ethylJ indole (31). 
—A mixture of 4 g (0.01 mole) of 3-[2-(4-hydroxy-4-phenyl-l-
piperidinyl)ethyl]indole, 1.2 g (0.01 mole) of propionyl chloride, 
7 g of K2CO3, and 50 ml of CHCL was stirred for 2 hr" Then 0.4 
g of additional propionyl chloride was added (stirring for another 
30 min). The mixture was treated with 50 ml of H 2 0 and 
stirred 30 min. The CHC13 layer was dried (MgS04) and evapo­
rated under reduced pressure to an oil which crystallized from 
benzene-isoo ctane. 

3- [2-( 3-N-Propionyl-o-methoxyanilino-l -pyrrolidinyl)ethyl] -
indole (28).—To a stirred mixture of 4.9 g (0.15 mole) of 3-[2-
(3-o-methoxyanilmo-l-pyrrolidinyl)ethyl]indole and 7 g of K2CO3 
in 75 ml of CHCI3 was added, all at once, 1.5 g (0.02 mole) of 
propionyl chloride. The mixture was stirred 2.5 hr, then treated 
with 50 ml of II20 and 10 ml of 3 Ar NaOH, and stirred an addi­
tional 2 hr. The CHCI3 layer was dried (MgSO<) and evaporated 
to an oil which was molecularly distilled for analysis. 

2-Methyl-3-12- [3-( 3,4.5-trimethoxybenzoyloxy )pyrrolidinyl] -
ethyl jindole (46).—To a suspension of 5 g (0.02 mole) of 2-
methyl-3-[2-(3-hydroxypyrrolidinyl)ethyl]indole and 8 g (0.08 
mole) of Na2C03 ' in 40* ml of CHCI3 was added 4.2 g (0.02 mole) 
of 3,4,5-trimethoxybenzoyl chloride in 30 ml of CHCI3. The 
mixture was stirred under anhydrous conditions for 24 hr, then 
treated with 25 ml of H2O, and stirred 1 additional hr. The CHC13 

layer was dried (MgSCU) and evaporated to a viscous oil which 
was chromatographed on a Florisil column (60-100 mesh) and 
eluted with benzene containing increasing amounts of acetone. 
The pure oil slowly crystallized from methanol. 

3- {2- [3-( 3,4,5-Trimethoxybenzoyloxy )-l -pyrrolidinyl] ethyl | -
indole (39).—A mixture of 3 g (0.01 mole) of 3-[2-(3-hydroxy-l-
pyrrolidinyDethyl]indole, 3 g (0.01 mole) of 3,4,5-trimethoxy­
benzoyl chloride, and 5 g (0.05 mole) of Na 2C0 3 in 40 ml of CHC13 

was stirred under anhydrous conditions for 24 hr. Then, 0.3 g 
of acid chloride was added, and the mixture was stirred another 
24 hr. The mixture was treated with 50 ml of H 2 0 and stirred 
for 1 hr, and the CHCI3 was dried over MgSCV Evaporation of 
the CHCls gave an oil which was chromatographed on a Florisil 
column (60-100 mesh) and eluted with benzene containing in­
creasing amounts of acetone. The glassy solid was crystallized 
from benzene or benzene-ligroin giving a solid, mp 79-86° (gas 
evolution). Analysis as well as the nmr spectrum indicated ben­
zene solvation. 

3-j 2- [3-(i»-Methoxyphenylcarbamoyloxy)-l-pyrrolidinyl] -
ethyl [indole (40).—A stirred suspension of 3.5 g (0.015 mole) of 
3-[2-(3-hydroxy-l-pyrrolidinyl)ethyl]indole in 15 ml of dry 
benzene was treated dropwise with 2.3 g (0.015 mole) of p-
methoxyphenyl isocyanate in 15 ml of dry benzene. After the 
addition (0.5 hr) the mixture was refluxed for 12 hr when only 
a small amount of solid remained suspended. I t was filtered, 
and the filtrate was evaporated under vacuum to an orange gum. 
The product, in benzene, was chromatographed on 200 g of 
60-100 mesh Florisil, eluting with benzene containing increasing 
amounts of acetone. The glassy solid would not crystallize. 

3-j 2-[3-(3,4,5-Trimethoxyphenylcarbamoyloxy)-l-pyrrolidinyl] -
ethyl (indole (41).—A suspension of 3 g (0.01 mole) of 3-[2-(3-
hydroxy-l-pyrrolidinyl)ethyl]indole and 3.05 g (0.013 mole) of 
3,4,5-trimethoxybenzoyl azide in 40 ml of dry benzene was 
refluxed under nitrogen for 8 hr; the suspension slowly dissolved. 
Removal of the solvent under vacuum gave a dark, glassy solid 
which, in benzene, was chromatographed on 200 g of 60-100 
mesh Florisil, eluting with benzene containing increasing amounts 
of acetone. The glassy solid did not crystallize. 
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