
was prepared from the colorless oil arid reorystallimi several times 
from acetone-ether; m.p. 234-235". 

Anal. Calcd. for CI;H lX: C, 72.96: €€, 9.37. I:ound: 
C, 73.11; H, 9.71. 

A picrate v a s  prepared and recrystallized sever:il times f rom 
ethanol; 1n.p. 209-210'. 
.,I nul. Calcd. fur C?:,H,,S,O;: C', 38.46: €I, 5.97. I'ouritl: 

C, 58.67; If, 5.97. 
P-5,9-Diethyl-2'-hydroxy-2-methyl-6,7-benzomorphan ( X ) . l i  ~ 

The benzomorpliari I X  was converted z'iu the 2'-riitro aiitl 2'- 
ar~iino derivatives to the kriown 2'-liydrosy X accordirig to the 
general procedure of hlny arid Fry.* The 2'-hpdroxy cwrnpoiind 
was found to be identic'nl with the kiiown cui ipourid"  in its 
nielting point, mixture nielting point (no depression), irifrarrti 
spectrum, and thin layer chroniat,ography.'j 

Vapor Phase Chromatography.-A Research Specialties vizpor 
phase chromatograph was used with :t 1.83-111. glass coluriin, 6 2  
nini. i n  diameter, silanized arid packed with 1.5r; SE 30 on 100- 
I40 Chroniosorb \V. It was equipped with a flame ionizatioii 
(let ector. The 1r-5,0-dieth~1-2-niethyl-B,T-benz~i~i~~rplian hydro- 
c.hloride ( V I ) ,  p-S,'3-diethyl-?-iiietliyl-(i,7-henz~~niorp~i~n hydro- 
chloride ( IX),  :md ~-5,9-diet~liyl-~'-hydrcrsy-2-~iiethyl-(i,~-be~iz~.i- 
n\orphan (X)  wulcl l)e ideritifietl. A 9: 1 iiiisture of a-VI :111d 6- 

( I.-,) .ill of the pro~lucra froiii t l ic  v; i r iuus  reacticms nere esainiiied by i l i i n  

layer rhromatolsraghy. using tlie general inetliod (if J.  Cochin and J. tV.  
Ilaly [E2cpei.irntie. 13, 2!11 (l9W2)l. The pl werr c i i a t e i l  v itli silics FPI 
G (Merrk,  Darinstadt). The solvent syatri nsisteil of etlianol-dioxane- 
benzene-arnrnonium iiydrouide. .;:.io: 30: A. 
spraying with porassiurn iodoplatinare reagent. 
i t  was found that  8-cornpound I S  ran fn.ster than a-rompmind VI.  The K j  

oaliiev were 0.81 for I S  and 0..?8 for VI ,  coinpared wi th  0.8A for a simultane- 
ously chrornntographeil standard test mixture prwided  hy rhe nrinknianii 
Instrninent C o .  (a mixture of 0.01% mrh  L > f  - I -d i ine t l~y la rn ino l i en~~ne ,  indlJ- 
phenol, and siiilan red G in berizerie). 

. 

The prodiirta wPre detected t 
In tlie case of V I  nnd 1 

Analgetics Based on the Pyrrolidine Ring. 111. 

The pyrrolidine analgetic, m-( I-ineth~l-3-propyl-~3-pyrroli~l1riyl)plieri~1l 11, 1: = O H ;  1: ' = CH,), is (It,- 
scribed, having activity superior i o  meperidine by a parenteral route in rats and n ith no niorpliirie-like : d i ! i i - t i i ) i i  

liability in monkeys. I7:rrious analogs and congeners have been synthesized. 

In coiitinuance of our work on  pyrrolidines of possiblc 
value as analgetics \\e have prepared a series of 3,3- 
disubstituted pyrrolidinc>s (11, R '  = CH,; R = OCH3, 
OH. and OCOCH,) \\-hich aw more active than the l j2 -  
cliniethyl-3-pheii~1-3-propio1losypyl.r~lidin~~ (1) ( 1 ~ -  

ihcd cwlitr. 

QR 

ing succininiides. m-~lethou~butvroplienone was pie- 
pared by the reaction of m-methosybenzoyl chlorido 
Tvith dipropylcadniium (a method we found in01 o 
conr-eriient than that drscribed by lIcElvain2) and 
treated n-ith ethyl cyanoacetate to give the substituted 
cthyl cinnainatc (111), following the conditioiis givc~ii 
by Cope3 and Cragoe. Potassium cyanide rcadil?. 
added across the olefinic linkage in this molecule to give, 
the succinonitrile (IV) which on acid hydrolysis n 
converted into the succinic acid (V). With nicthyl- 
amine, this furnished the si~ccinimide~ (VI) which, with 
lithium aluniinuni hydride, gave the pyrrolidinc (11, R 
= OCH,; R' = CHI). 

(1 )  

Chemistry.-The 3,3-disubstituted pyrrolidines (11) 
were prepared by chemical reduction of the correspond- 

(1) J. F. Cavalla, R. .\. Selwar, .1. W~ar, L. Scotti, and C. V. \Vindei, .{. 
.Mud. Pharm. Cliem., 6, 441 (19h2). 

( 2 )  Y. 31. AIcElvain and 13. H. Clemens, J .  A m .  Chpm. Soc.,  80,  3 O I i  
flB.j8). 

G j j  .\. c'. ('i~pr, c'. 31. Hofm;inn. C'. n'yvkoff, and E. IIardentwreti. i/,?,/,, 
63, 31J2 (19-11). 

(4) E. J. Cragoe. Jr . ,  ('. A i .  Rohb, and J. hl. Rprague, J .  Oi-(i. / ' / eem. ,  15, 

(5) C. A.  3Iiller and I,. AI. Long, .I. Am. Chem. Hoc., 76, t i265 i l95:%). 
381 (1950). 
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R R TABLE I 
PYRROLIDINES STUDIED PHARY.iCOLOGICALLY 

I11 IV CN 

K R CH < ( 3 j C H d 2 C ~ {  0 

I CH 
, 

I - - - 
\ /  CH,CHLCHJ \ / CHQ 

C-CH2 
\ /  

C H A C H ~ ) L & ~ ~ ~  C02H o N o I 

V CH3 VI1 
VI 

In  the initial stages, the synthesis was tried using the 
unsubstituted butyrophenone and only when the experj- 
mental conditions had been refined was the less ac- 
cessible m-methoxybutyrophenone put a t  hazard. 

When benzylamine was substituted for methylamine 
the resulting 1-beiizylpyrrolidine was hydrogenated 
t o  give the secondary base (11, R = OCH,; R’ = H). 
This was used as an intermediate in the preparation of 
analogs of I1 where the nitrogen substituent was 
ethyl, propargyl, or propyl. 

On refluxing the niethoxy compounds with hydro- 
bromic acid, the corresponding phenols (IT, R = OH) 
were obtained and these in turn, with acetic anhydride, 
gave the acetates (11, R = OCOCH3). 

The introduction of a further carbon atom between 
the basic center and the niethoxyphenylpropyl grouping 
ta give VI1 was accomplished, as before, by reducing 
the corresponding succinimide. In  this case the re- 
quired acid was prepared by condensing m-methoxy- 
butyrophenone with diethyl succinate6 and hydrogen- 
ating the resulting substituted itaconic acid. 

Pharmacology.-Average lethal single doses (7-day observa- 
tion period) and antinociceptive activities were estimated in 
young male rats as described in more detail earlier.’ Compounds 
were dissolved in 0.9yo saline solution as soluble hydrochloride or 
monotartrate salts, or with addition of an equivalent of hydro- 
chloric acid, except that the less soluble hydrochloride of I1 (R  = 
OCHB; R’ = C ~ H E C H ~ )  was partly dissolved and the remainder 
finely suspended with the aid of acacia. 

In  principle, estimation of antinociceptive potencies relative to 
codeine depended on reading the amount of uniformly increasing 
mechanical pressure on the rat’s tail required just to elicit squeak- 
ing, 30 min. after administration of a dose. Varying compounds 
a t  varying doses, no greater than one-fourth the estimate of the 
average lethal dose, were included in randomized-group experi- 
ments along with vehicle and reference doses of codeine phosphate 
(11.3 mg. of base/kg.) and aminopyrine (84 mg./kg.). Linear 
plots of [(mean log threshold pressure with experimental treat- 
nient) - (mean log threshold pressure with codeine)] against [(log 
dose of experimental agent) -(log dose of codeine)] afforded the 
estimate of relative potency. In the case of compounds of which 
as niurh as one-fourth the average lethal dose failed to yield a 
mean log threshold as great as that with the reference dose of 
codeine, the line was extrapolated to the level of codeine equiva- 
lency by reference to slopes with niore effective compounds. 

All 1.5 pyrrolidines described were so studied except 
VII ,  which was converted to the corresponding phenol 
and acetate. Results are summarized in Table I. 

Requirements for clear activity in this series were 
sharp. All but three of the compounds showed a sub- 

( 6 )  G. H. Daub and VI. S. Johnson, J .  A m .  Chem. Soc.,  70 ,  418 (1948). 
(7) J. F. Cavalla. J. Davoll, hl. J. Dean, C. S. Franklm, D. M. Temple, 

J. Wax, and C. V. Winder. J .  ilfed. Pharm. Chem., 4, l (1961) .  

R CH, 

(11) (VIII) 

Est. of 
av. i.p. :Potency 
lethal X 

Estimate dose: lethal 
of i.p. mg. of doseC 

potencya base/kg. 0.8 x 133 Structure R R’ 
I1 H CHa Noned 65 . . .  
I1 HO H Noned 119 . . .  
11 H O  CHa 2 . 5  83 1 . 9  
I1 HO n-CaH7 Noned 60 . . .  

I1 CHaCOz n-CaIli Noned 59 . . .  
I1 CHaO H Noned 68 . . .  
I1 CHaO CHa 1 . 3  67 0 . 8  
I1 CHaO CzHa (0 .4)e  64 (0.3)  
I1 CHaO n-CaH7 ( 0 .  3Ie 84 ( 0 . 2 )  
I1 CHaO CHiCCHz ( 0 . 2 j f  168 (0.3)  
I1 CHsO CeHaCHz (O.l)e  189 ( 0 . 2 )  
VI11 HO ... Noned 99 . . .  
VI11 CHaCOz . . .  (0 .2)s  109 ( 0 . 2 )  

* From small numbers of 
young, male, Sprague-Dawley rats of differing logs. c 2-Di- 
methyl-3-phenyl-3-propionoxypyrrolidine (prodilidine) of the ear- 
lier series7 thus assigned unity. Less effect, if any, a t  one- 
fourth the estimated average lethal dose than with 84 mg. of 
aminopyrine/kg. 8 By extrapolation. Effect equivalent to 11.3 
mg. of codeine base/kg. not actually attained a t  a dose one-fourth 
the estimated average lethal dose; effect approximated that of 
84 mg. of aminopyrine/kg. or less. f By extrapolation. Efficacy a t  
one-fourth the average lethal dose between those of reference 
doses of aminopyrine and codeine. 

I1 CHaCOz CHI 1 . 7  97 1 . 5  

Relative to codeine (base/base). 

codeine grade of antinociceptive efficacy, if any, a t  oiie- 
fourth their respective average lethal doses; only one 
of these significantly exceeded the aminopyrine grade. 
For some time there has been reason to believe that such 
subcodeine grades of antinociceptive efficacy are not 
predictive of clinical analgesia without some adjunctive 
pharmacological property such as an antiinflammatory 
effect .a 

Three compounds of structure 11, however, did clearly 
exhibit a codeine-like grade of antinociceptive action. 
By comparison with the less clearly active or inactive 
compounds they indicate that substitution on the 
phenyl ring (e.g., m-HO, CH3C02, or CH30) and N- 
methylation are required. These requirements coii- 
trast with those in the series of 3-phenyl-3-propioiioxy- 
pyrrolidines,i where substitution on the phenyl was 
deleterious, where there was broader latitude in N- 
substitution, and where 2- or 4-substitution was re- 
quired on the pyrrolidiiie ring in addition to the sub- 
stituents a t  positioiis 1 and 3.  

Inasmuch as the base contents of codciiie a i d  inepcri- 
dine are of substantially equivalent potency by the 
procedure and route employed jn the antinociceptive 
evaluations, potencies relative to meperidine (base) 
approximate those listed relative to codeine (base). 

The optimal compound (11, R = OH; R’ = CH,) 
was studied for its ability to  alleviate the morphine 
abstinence syndrome in monkeys. Completely nega- 

(8) C. V. F inde r ,  Nature, 184, 4’24 (1959). 
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Experimental1" 
m-Methoxybutyrophenone.-To a stirred solution of +propyl- 

niagnesium bromide (from 24 g. of magnesium and 135 g. of n- 
propyl bromide) in ether (500 ml.) was added anhydrous (*ad- 
rniuni chloride (91.7 g.) and the mixt,ure was heated under reflux 
iiritil a test probe gave a negative Cihrian test," (15 niin.). The 
solution was dist'illed with stirring, while adding dry benzene t.o 
maintain the volume, until the still-head temperature reached 
B o ,  t,hen cooled to  lo", and treated with a solution of m-niethosy- 
benzoyl chloride (110 g.)  in dry benzene (200 nil.), Khen addi- 
tion mas complete the temperature was allowed to rise to  45' anti 
held there for 3 hr. The mixture %-as stirred overnight at room 
teniperature, then poured onto mushed i1.e (0.5 kg.) and 10 S 
sulfuric acid (200 nil.) and the organic layer isolated. Renioval 
of the benzene gave an oil which was freed from unreacted m- 
niethoxybenzoyl chloride by shaking vigorously with 5 -V sodiuni 
hydroxide, then isolated with benzene and distilled, 11.p. 105-1 10" 
( 2  niin.), %*OD 1.5253; yield 90 g. (78: ;  j: lit!Z b.p. 142-14(io I 11 
inin.), n% 1.5235. 

cu-(m-Methoxyphenyl)-N-methyl-cu-propylsuccinimide ( V I ,  
R = OCHa).-Potassiuni cyanide was made to react with I11 ( R  = 
0CH3)Z in the nianner described by \Tiller and Longs: the re- 
sulting dinitrile was not purified but hydrolyzed directly to tlie 
acid, obtained its a crude undistillable oil. This was added t o  
aqueous methylamine (1.2 moles) and the solution heated until 
the internal temperature reached 190". The niisture was held 
: k t  this temperature for 30 niin., then cooled slightly and distilled 
t ( ~  give a colorless oil, b.p. l ( iO- l iOO (0.6 nini.). ~ Z O D  1.547.5; 

N-Methyl-a-phenyl-a-propylsuccinimide prepared as above 
h i ~ d  b.p. 141-142" (0.7 mm.), n Z o ~  1.5433. 

Youid: 
(', i 2 . 9 ;  13, 7 '7: Y, 6.2 

N-Benzyl-~-(m-methoxyphenyl!-cu-propylsuccinimide had 
t 1 . p .  220-226" (0.7 mni.). 

Calcd. for C I ~ H ~ ~ K O ~ :  C, 74.8, H, 6.9, S, 4.2. Found: 
C ' ,  74.9; H, 6.5; K, 4.5. 

3-(m-Methoxyphenyl)-l-methyl-3-n-propylpyrrolidine (11, 
R = OCHI; R' = CHI). A.-The succininiide (VI, R = OCHs) 
was reduced with lithium aluminum hydride in dry ether t o  give 

. I n d  C a l d  for CllHliTOI: c', 72.7, H, 7 4. S,  G 1. 

Anal. 

the pyrrolidine, b.p. 1 I!)--121° (0,s inn].), t 1 2 ' b  l.X1S, in T!i' 
yield. 

C, 77.1; H, 10.8; N ,6 . l .  
Anal. 

The hydrochloride had 111.p. 135-136'. 
.Anal. Calcd. for CI5H&1KO: C, G6.S; € I ,  !).ti: 1, .i.L'. 

3 4  in-Methoxyphenyl)-3-propylpyrrolidine (11, IC =: O('Ha ; 
-Renzyl-3-( i~~-inet~liosyphenyl)-:~-~jri~pyll~~r1" i l i d i  I 11' 

mol (850 nil.) W:IS trrated with ~ ~ ; i l I ~ ~ l i i i ~ i ~ - o i ~ - ~ ~ l ~ ~ i r -  

:iud shaken in an :itniosphere of hydri~gen when 1 l i c  
orption (3.4 1.) occ:iirrecl in 1 hr. The c.:it:tlj-st \V:IS 

removed, anti t,he solution  vas i~ini:entrated and distilled t i )  givv 
the sec*ontlnr)T :itnine (25.3 E.), h.p. 125-12$?)O (1.0 i n i i i . ) ,  I / ~ ( ' I )  

1.5S88. 
.47m/. C:alcd. for C:,IH21NO: C ,  70.7; El, 9.7: S,  0.4: ~ ~ ~ l i U i l i t :  

C, 78.9; H, 9.3; N, 0.2. 
I-Ethyl-3-(m-methoxyphenyl)-3-propylpyrrolidine (11, R -- 

OCHp ; R '  = C2Hj). B.-The preceding secondary xmine ( I I g. j 
in tiiniethylformamide (50 nil.) vas stirred with potassiuiri carbo- 
riat.e> 16 g.) and ethyl bromide (6.4 g , )  for 22 hr. :it rooin te~npera- 
ture. The mixture was poured into water ( 2 5 0  nrl.) a n t l  t l i c  
product isolated :ts an oil (10.2 g.) with ether. This oil g:i\.ts :I 
solid hydrochloride (9.5 g.) which crystallized froin isnprop:iiii~I - 
cather riiixtures : is small needles, i i i . p .  149-15O0. 

. lr/u/. C l a l d .  for C,6H26Cl.NO: C, 67 .7 :  11, ! I . ? :  X, A,!), 
1:ound: C', 67.7: H, 9.0; K ,  4.9. 

/ti-( 1-Methyl-3-propyl-3-pyrrolidinyl)phenol (11, R == OH : 
R' =- CH3). t'.--3-(m-l\lethox~-plienyl)-l-nietliyl-~3-~~r1ip~l- 
pyrrolidiiie (21.4 g.) was refluxed in coristant-1,oiling liydrobruniic 
acid (00 nil.) for 90 min. The solution was cwncentrated urldtJr 
redured pressure, dissolved i l l  wat,er (200 nil.) wturnktl  with 
potassium tiic,arbonate, and  exhaustively est r:wted with ;i I I I ~ X -  

l.ure of benzene and ether (1:l). Renioval of the scilvorits g:ivc :I 

viscous oil n.1iic.h was iso1:itd :is the Ii!-droi,hloritle, in.11. 1 4 i  
147"; yield 1S.5 g. 

d t z t r l .  Calcd. for C,J (,', 6 . 7 :  I t ,  \.i: ( ' I ,  ] ; ; . ' I ,  
F o ~ i t l :  C? G.9 :  11, S . 7 :  

7 / 1 4  1-Methyl-3-propylpyrrolidiny1)phenyl Acetate (11, It 
CH~COZ ; R' = (IHs). D.---The above phenol iS g.) was I i t ~ l t l  
u t  93" for 3 hr. with acetic anhydride (40 ml.) and pyridine (10 
nil.) then coiicentr:it,ed antl distilled to give the ester (6  g .  ). 11.1). 
136-1 38" (0.7 nini.'), n% 1.222s. 

. lno/ .  CMrd. for (' ,GIl?:,S():  (,', ;:3.5: II ,  8.!1; N, 5.4. I1 '~ i~~i~ i1 :  
C',  7 3 . 5 ;  €f, 9.1; X, 5.7. 

3- [I '-(m-Methoxypheny1)-n-butyl] -I-methylpyrrolidine (YII). 
--m-AIethoxybutyrophenone (49 g.) and diethyl succinate (144 g.) 
were condensed using sodium hydride6 (13.2 g.). The orudo prod- 
uct in ethanol (400 ml.) was shaken in an atmosphere of hydrogen 
with palladiiim-on-charcoal (1.0 g., 10%) when 4 1. (theory 6.2 1.) 
t i f  hydrogen w m  :il)sorbetl. The cata1,vst was reino~oil, :iiirl 1 l i i s  

residue  vas treated with aqueous rriethylaniiiie ( 1.2 tiiolesj ai i i1 
3lo\vly tieateti 1111 til the infernal teniperature re:ic.hcvl 1 !)O' w t ~ t ~ i ~ c ~  
1 1  W:IS t i t i l t l  fljr 30 riiin. 'The prritiuct, \vas ~ ~ o i i l i ~ l ,  l i i sso lvcv i  i t i  

Calcd. for C15H23SO: C j  77 .2 ;  H, 

Found: C, 66.7; H, 8.9: S, 5.1. 
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dry ether, and reacted with lithium aluminum hydride (20 g.) in 
dry ether to give the pyrrolidine as a colorless oil, b.p. 130-132' 
(0.8 mm.), n Z o ~  1.5216; yield 20 g., 297,. 

Anal .  Calcd. for ClsHpsNO: C, 77.7; H, 10.2; S, 5.7. 
Found: C, 77.7; H, 10.1; N, 5.8. 

m- [I '-( l-Methyl-3-pyrrolidinyl)butyl] phenol.-This was pre- 
pared following method C and isolated as a hygroscopic (+)-tar- 
trate, m.p. 70" (sealed tube). 

Calcd. for C ~ S H ~ ~ N U ~ :  C, 59.5; H, 7.6; S, 3.7. Found: 
C, 59.5; H, 7.9; N, 4.0. 

m- [ 1 '-( 1 -Methyl-3-pyrrolidinyl)butyl] phenyl Acetate.-This 

Anal .  

waa prepared from the above following method D and isolated as 
a colorless oil, b.p. 134-136" (0.8 mm.), n 2 0 ~  1.5158. 

Anal .  Calcd. for C ~ ~ N ~ S N O ~ :  C, 74.1; H, 9.2; N, 5.1. 
Found: C, 74.3; H, 9.0; N, 5.3. 
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A number of 3-(2-pyrrolidinyl)indoles have been synthesized by several methods. These compounds and 
numerous intermediates showed various types of interesting central nervous system activity in mice and rats. 

We have reported recently1 the preparation of in- 
d0le-3-C~~-carboxaldehyde by the method of Smith2 
involving the reaction of indole with dimethylform- 
amide in the presence of phosphorus oxychloride. In  
subsequent attempts to avoid the inefficient use of 
excess radioactive diniethylfornianiide as the reaction 
solvent the latter was replaced by 1-methyl-2-pyrrolidin- 
one as solvent. It was soon observed that the pyr- 
rolidinorie participated in the reaction. Consequently, 
indole was allowed to react with the coniplex formed 
from 1-methyl-2-pyrrolidinone and phosphorus oxy- 
chloride with the expectation that the amino ketone 
I would be p r ~ d u c e d . ~  Instead the product iso- 
lated had the structure l4 which is reminiscent of 
the unstable intermediate I1 isolated by Smith2 from 
the reaction of indole, diniethylfornianiide, and phos- 
phorus oxychloride. However, whereas I1 was 

n 

1 
/ 

I H 
. h t e t h o d p t o 2  KaBH, or Or  $ 

LiAIH, 

I 
H 

31 

I 
H 

I 

I1 

(1) ,J. Szmuszkovicz and R. C. Thomas, J .  Org. Chem., 26 ,  960 (1961). 
(2)  G .  F. Smith, J .  Chem. Soc., 3842 (1954). 
(3) W. C. Anthony, J .  O i g .  Chem., 25, 2049 (1960). 
(4) Ronian numerals refer to  con~pounds mentioned only in the text,  

while Arabic numerals refer to compounds in the tables. 

readily hydrolyzed by hot water to give indole-3- 
carboxaldehyde, 1 was resistant to hydrolysis to the 
amino ketone I. The reduction of 1 was accomplished 
readily by several methods to yield 3-( l-methyl-2- 
pyrrolidiny1)indole (31). The only 3-(2-pyrrolidinyl)- 
indole compound reported to date is the parent member 
of this class prepared by Fuhlhage and T'anderWerfjab 
from indole and 1-pyrroline. 

The method of preparation of 1 proved to be of 
general utility. A variety of substituted indoles and 
2-pyrrolidinones was employed. The compounds pre- 
pared by niethod A are listed in Table I. Their ultra- 
violet spectra are similar to those reported for 1 1 2  and 
other related 3H-indole derivatives,'j and all have a 
band at 336-361 ink with an extinction coefficient of 
7800-20,700. Additional support for the 3H-indole 
over the 3-(2-pyrrolin-2-yl)indole structure is provided 
by the absence of an KH band in the infrared spectrum 
of 1 in both a Sujol mull and chloroform solution. 
In  the case of I-benzylindole which could not lead to the 
3H-indole structure, the spectral data (see Experi- 
mental section) suggested that the product was a mix- 
ture which could contain the enamine 111. Catalytic 
reduction of this mixture produced 1-benzyl-3-(1- 
methyl-2-pyrrolidinyl) indole. 

The 3-(2-pyrrolidinylidene)-3H-indoles of type 1 
were reduced by catalytic hydrogenation (method B), 
sodium borohydride (method C), or lithium aluminum 
hydride (method D) to the 3-(2-pyrrolidinyl) indoles 
listed in Tables I1 and 111. 

Another method (E) for the synthesis of 3-(2-pyrroli- 
diny1)indoles was developed employing 1Iannich bases 
derived froiii 3-acetylindoles.' The 1Iannich bases 
were allowed to react with a nitroalkane using a cat- 
alytic amount of sodiuni niethoxide to produce the X- 
indolyl nitro ketones (Table IT.') in fair to good yield. 
Hydrogenation oft hese nitro ketones employing Raney 
nickel catalyst gave the corresponding 1-pyrrolines in 

(5) (a) D. W. Fuhlhage and C A VanderWerf, J .  Am. Chem Soc., 80, 
6249 (1958). (b) After this manuscript had been submitted for publlcation, 
the  preparation of compound 43 by an alternate route  vas  reported by F 
Haglid and  I Wellings Acta Chem S c a d  , 17, 1743 (1963). 

(6) E Wenkert, J. H Udelhofen, and N K Bhdttachar>ya, J .  Am Cham. 
Soc , 81, 3163 (1969) 
(1) J. SamusakoTica, L h d ,  82, !180 (lY60) 


