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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®p 1.5216; yield 20 g., 29%.

Anal. Caled. for C¢HssNO: C, 77.7;
Found: C, 77.7; H, 10.1; N, 5.8.

me[1’-(1-Methyl-3-pyrrolidiny!)buty!]phenol.—This was pre-
pared following method C and isolated as a hygroscopic (4 )-tar-
trate, m.p. 70° (sealed tube).

Anal. Caled. for C1sHyNO;: C, 59.5; H, 7.6; N, 3.7. Found:
¢, 59.5; H,7.9: N, 4.0.

me=[1'-(1-Methyl-3-pyrrolidinyl)butyl]phenyl Acetate.—This

H, 102; YN, 5.7.
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was prepared from the above following method D and isolated as
a colorless oil, b.p. 134-136° (0.8 mm.), n*p 1.5158,
Anal. Caled. for CyNpiNO,: C, 74.1; H, 9.2;

N, 5.1.
Found: C, 74.3; H,9.0; N, 5.3.

Acknowledgment.—The authors thank Dr. R. E.
Bowman for helpful discussions, Mr. F. H. Oliver for
the microanalyses, and Miss Sue Ketchuni, Mrs. S.
Stanat, and Mrs. J. Grant for help in the pharmacolog-
ical work,
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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 recently! the preparation of in-
dole-3-C1¢-carboxaldehyde by the method of Smith?
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 dimethylformamide as the reaction
solvent the latter was replaced by 1-methyl-2-pyrrolidin-
one as solvent. It was soon observed that the pyr-
rolidinone participated in the reaction. Consequently,
indole was allowed to react with the complex formed
from 1-methyl-2-pyirolidinone and phosphorus oxy-
chloride with the expectation that the amino ketone
I would be produced.® Instead the product iso-
lated had the structure 14 which is reminiscent of
the unstable intermediate II isolated by Smith? from
the reaction of indole, dimethylformamide, and phos-
phorus oxychloride. However, whereas II was
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(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. Org. Chem.. 25, 2049 (1960).

(4) Ronian numerals refer to compounds mentioned only in the text.
while Arabic numerals refer to compounds in the tables.
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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-(1-methyl-2-
pyrrolidinyl)indole (31). The only 3-(2-pyrrolidinyl)-
indole compound reported to date is the parent member
of this class prepared by Fuhlhage and VanderWerfsab
fromi 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 method A are listed in Table I. Their ultra-
violet spectra are similar to those reported for II1% and
other related 3H-indole derivatives,® and all have a
band at 336-361 mu with an extinetion 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 NH band in the infrared spectrum
of 1T in both a Nujol mull and chloroform solution.
In the case of 1-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 III, 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 aluminuin
hydride (method D) to the 3-(2-pyrrolidinyl)indoles
listed in Tables IT and IIT.

Another method (E) for the synthesis of 3-(2-py1roli-
dinyl)indoles was developed employing Mannich bases
derived from B3-acetylindoles.” The Mannich bases
were allowed to react with a nitroalkane using a cat-
alytic amount of sodium methoxide to produce the 3-
indolyl nitro ketones (Table IV) 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,
5249 (1958). (b) After this manuscript had been submitted for publication,
the preparation of compound 43 by an alternate route was reported by F.
Haglid and I. Wellings, Acta Ckem. Scand.. 17, 1743 (1963).

(6) E. Wenkert, J. H. Udelhofen, and N. K. Bhattacharyya, J. Am. Chem.
Soc.. 81, 3763 (1939).

(7) J. Szmuszkovicz, ihid., 82, 1180 (1960).
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Clennpd.

ho. R pES Ry 143 Formmnla
1 Cllg 1t 3 1 Cisl114 N2
2 C1l; 11 5-0C11y H CiaHi16N20
o ClL, 8] 5-CHs 11 CireHisN2
4 ClH; H 7-Clly H CuaHw N2
5 CHy H +-Cl 11 CisHiCIN:
G Cls H 5-Cl H Ci:HisCIN:
T CH; 11 a-tir H CisHisBrN2
8 115 H h5-1° t CisHisF N2
9 'y 11 5-0CHCelds 11 C2Hzo N0
10 Clls 11 -OCH.Cslls  H C2HoN:O
11 cu 4-CHs; H 184 ChrsHieNe
127 Clls H H Cifs ChaHeNe- H0
14 (&F3313 )31 34 158 CreHieN2
14 n-Csllg 1T H H CisHaoN
15 CH.Csldls 11 11 {1 CiyHisN2
16 Cl:CeHs 11 T-Clig It C20Hao N2> 0.5H:0
17 C11:CyHs n 53-I'r 1 CrsHpBrN:
18 Chl2Cells H 5-Cl I CisHi:CIN:
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Re-

JOETN Yield, erystn.  o-——Culed., T ~——Louwnd, *,—-—~

e, A solvents® n N ¢ q N
229-231 dec. 8 Lt-W  78.7H 7.12 14.13 78.35 7.18 14.43
202-204 88 Et-W 73.65 7.06 12.27 73.66 7.40 12.46
209-212 dec. 03 AM-W 79.21 7.60 13,20 78.87 7.64 12.94
210-212 dec. 93 M-W 7921 7.60 13.20 79.37 7.54 13.01
169-172 dec. 49 M-W  67.10 5.63 12.04 67.17 5.78 11.70
219-221 dec. T A=W Gr 10 6.53 12,04 67.11 5.54 11.74
207~210 dec. 82 M-W 536.82 4,70 10011 56.39  4.09 0.61
211-213 dec. &9 M--W 2.1 6.0 12.97% T1.402 6.14 12.4G6
149-157 20 AN 78.00 6.62 9.20 78.0G (.79 9011
180~184 (lec. 88 M-W 7890 6.62 0 9.20 T8.72 .87  8.8)
175-177 dee. 43 A-N TE.21 760 1320 7B 94 T.65 12.43
12°2-123 dec. Ui M-W Fi.Dl 7.88 1217 72,40 7.v2 li.g7
1G0-162 dec. 03 AR T9.21 7.60 15.20 78.91 7.35 12.00
131-114 h A-S 79.05 8.39 11.66 79.95 8.12 11.48
148 dec. 30 R 83.17 G.6l1 10.21 82.87 6.84 10.22
172-174 dec. as M-W 80.73F 7.12 0,42 80.33 7.20 4.51
202 dec. G0 A=W G458 4,85 T.93 64.43 4.G1 7.45
190 dec. Th M-W 7390 43040 9.07 73.60 5.59  8.57

“ Code: A, acetone; B, benzene; 1it, ethanol; M, methanol; S, Skellysolve B {a saturated bydrocarbon fraction, b.p. 60-70°); W,

wuater.

good vield® (Table V). The formulation of these com-
pounds as 1-pyrrolines rather than JH-indoles is
strongly supported by their ultraviolet speetra which

Method E
NaOCH
= | |C0CH2CH2N(CH‘,)J + CHNO, ——
NN
H
Raney Ni
@comm,m, —
N
H
19

show maxiina not higher than 296 mu.  On the other
hand, eonversion to the hydrochloride (26, Table V)
brought about a shift to 329 mu most likely due to for-
mation of the 3H-indole systein.

Unexpeetedly the Mannich base derivative from 3-
propionylindole did not react. with nitromethane. To
circamvent this difficulty the quaternary salt was pre-
parcd. Reaction of the latter with sodiumn cyanide
produced 3-(2-uiethyl-3-eyanopropionyl)indole which
upou hydrogenation employing Raney nickel as the
catalyst ylelded 3-(3-imethyl-1-pyrrolin-2-yl)indole.?

The pyrrolines were converted by several methods to
the 3-(2-pyrrolidinyl)indoles listed in Table IIL. In
sotie cases the intermediates were not isolated. Cat-
alvtic hydrogenation (inethod F) produced compounds
unsubstituted on the pyrrolidine nitrogen. Treatment
of the compounds with methyl formate or acctic an-

(R) = Kessar wnt AL CL Kloetzel, J. Oy, Chem., 27, 1314 (1962).
¢ AL TS Terentet, AL Gracheca, wiel T ML Volkova, J. Gen. Chene
USSH. 8L, 2641 11961,

24

Method I

HI0,

—_—

hydeide gave the l-formyl or l-acetyl compounds,
respectively, which could be reduced with lithiun
aluminum hydride to afford the l-methyl or l-ethyl
product (mcthod ). Alternatively, the pyirolines
were treated with wethyl iodide to formn 3-(1-methyl-

Method G

HIOCH LiAH
e
or
HCHCO,0

H
K = CH, or C.H;

2-pyvrrolidinylidenc)-s1l-indole hydriodides which were
reduced with sodiuin borohydride to 3-(1-methyl-2-
pyrrolidinyl)indoles (inethod H).

Some difficulty was encountered with the synthesis
of 3-(3,5-dimethyl-2-pyrrolidinyl)indoles substituted i
position 1 of the pyirolidine moiety, presumably due to
steriec factors.  Thus, reaction of 3-(5,5-dimethyl-1-
pyirolin-2-yl)indole (27) with methyl iodide (nethod
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R; | N
7 or
R,

Formmnla M.p.. °C.
CrH N, 141-143
CHsN,-HCI 215-216
CisH)6N: 95-97
Ci:H,sN,0 118-120.5
CisHysN, 116.5-117.
CyHN,O 124-126
CisHyNoO 161-163
Ci3sHy;CIN, 143-144.5
CiH,5CIN, 157-158.5
CmHlsBl"Ng 13()—141
CusHl;5N- 95-97.5
CyHysN,O 118-119
C3H ;N0 - HCL 193-195
CiH:I'N> 142-143.5
CiHisN, 45 .547.5
CogHuNy - CellsN O3S 127-129 .5
CyH2uN;-2HCI 210-212
CHsN,-HCl 200-202
CisHuNy - CeHi3sNO,S - CoH,OH 116-118
CiosHyN, 91 .5-93
C1yH1.BrN;-HCl 181-186
CiyH;sCIN,-HCI 174-176
Cunl12eNy 95-98

Yield,

e
o

46
73
75
74

5 91

77
60
79
59
72
72
85
15
88
49
38
55
79
87
77
74
76
72

Recrystn.
solvents®
B-S
M-E

;>r;-;;>;;‘>F;>;>{qmm
RRRNLRL LW

> 2
w L
=

I-13
Et-K
Iit-Io
Et

5
Int-E
Et-E
-8

———Caled., %

C H
77.37 7.57
65.95 7.24
77.96 8.05
73.01 7.87
78.46 8.46
78.40 7.24
72.19 7.46
66.53 6.44
66.53 6.44
55.92 H.42
78.46 8.46
78.40 7.24
61.79 6.78
71.52 6.93
78.46 8.46
66 .48 7.51
61.27 8.39
67.04 7.64
61.63 8.83
82.56 7.29
58.25 5.15
65.70 5.81
82.72 7.64

N

15
11

12

13.

8.
11.
1.

8.
Rt
7.
8.
9.

10

% Code: A, acetone; B, benzene; IZ, ether; Iit, ethanol; I, 2-propanol; M, methanol; 8, Skellysolve B (a saturated hydrocarbon fraction, b.p. 60-71°),

.04
.83
13.
12.
13.

9.
12.
11.
11.
10.
13.

9.
L.
.84

99
16
08
15
95
94
94
04
08
15
09

08
95
29
18
98

15
07
65

—

—~———Nourd, Yp———
C H N
76.81 7.56 14.97
66.45 7.18 11.35
77.58 8.31 13.89
72.74 7.73 12.38
78.73 8.54 12.92
78.34 6.97 9.16
72.17 7.63 12.47
66.55 6.64 12.17
66.58 6.44 11.53
56.12 5.25 9.62
78.69 8.58 12.89
78.07 7.07 9.19
61.30 6.77 10.91
71.68 7.02 12.80
77.96 8.98 13.05
66 .48 7.31 8.91
61.07 8.41 11.15
66.77 7.20 11.07
61.69 8.41 9.36
82.28 7.36 10.31
58.55 5.08 6.79
65.44 5.90 7.91
82 .44 7.41 9.63
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SR
H
Method
Compd. of Mo Yield, Reerysth. —1 ‘ated., Lo~ ——VFonwmd, th— -
no. prepit R Ry R Formala SN it sotvents! « I N « 11 N
521 H i 5-C11; ClgligNe- UCL 295-02n 81 A G5.95 7.24 11.8% ni.9d T.100 14.TO
R u n 5-CaHs CuHi N2 HCL 20 T M-I KT 00 Toad 11T GG.8G 7094 1142
EESEEY H H 5.:0-(CHys CisHisNe-HCE - 220-230 dec 97 A=l GT04 TG4 1117 6T.20 T.78 11.14
55 G It CHs 3-CHs CuHisN:HCL 211214 2 M-L-E HT.05 T.GE 1117 HT.08 T.49 10,49
o 1 CHs  4-CH; CuHN:- HC 107-200 51 M-E NTO0F T.ad 1117 66,67 T.G7 11,08
47 CGand 1 H CHs 5-CMy V 151-172 17 M- 7846 8.47 13.07 7835 8.15 13.07
58 G 1 CHs  a-CsHs 140141 ) I 78O0 8.83 12,27 T8.LO 8.7H 12,43
a0 H Cl; 118140 20 fep 78O0 8 .83 12,27 78.48 8.71 12.2a
60 G 1 Calls 82-85 80 I TH.ZH 0015 115N TOLE 0.3 11,20
61 « CHa 1"Hs [BLRES P HS 1= TR 8.4 14 18 T8.80 8 10 1247

“ Code: E, ether; [, 2-prapanol; M, methanol; P, petrolenm ether (h.p. 30-60°): S, Skellvsolve B (a saun
tion, b.p. 60-71°).

TapLe 1V

3-INDOLYL NiTRO KETONLS

@-—-COCHZCHZCRR,NO_,
N

ated hydrocearbon trace-

R,

Comprl. AV Yield, Reeryson. Caled., S omeem ety NI AR
1t i Ry R Forninla ° (. Te solvents'' 1 H N « 1 N
19 H H H C)oH,aN .0y 178180 S0 M 62,06 5.21 1206 6191 H.05 11.84
20 H CH;, H CisHuN.Oy 155-156 47 1 63.40 5H5.73 11.3% 63.42 H.64 10.O8
21 H C.H. H C1aHisN: O3y 172-173 71 A 64 .60 6.20 10.76 64.40 G.36 1040
22 CH, CHy H CraH16N 203 203-204 e 1 64.60 6.20 10.76 6+.48 6.10 10.84
23 H H CH; CHsN O3 06--98 30 M 63.40 5.73 11.3% 6348 548 11.04

¢ Code: I, 2-propanol; M, methanol. ? Purified initially by cohumn chronatography on silica.
TapLe V
3-(1-PYRROLIN-2-Y L)INDOLES
R,
Comnpd. Yielih,  Recrystim cmee e sClaled,, pmmeees e s Fonnd, Ve

ot} R Ry Ra Farmnlta My, SO i sabventst? 1 11 N (& 11 N

2 H H H CisHpp Ny 182, 5-183.5 BB! A INZ3O6.57 1520 TT.05 0 6045 14,02

25 H CH; H CysHiuN» 196-197 o 1 TRTHOT1Z 1413 TRLTT O 6.090 0 14041

26 H C:H; H CyHieNoHCL 218-219 dec. 86 M-10 67.590 6.89 11,26 67.78 6.61 10.98

27 CH; CHs H CiaHieNs 197-198 84 I W21 7.60 13.20 7910 T.19013.23

28 H H CHy  CuHisN: 119-120 67 I RIS 712 14013 T8OITOT.3T 14030

* Code: L, ether; EA, cthyl acelate; I, 2-propuuol; M, methal.

Meithod H

) produced ouly the hydriodide of 27, while no
reaction oceurred between the corresponding pyrrolidine
(54) aud methyl formate (method (). The desived 3-
(1.5,5-trimethyl-2-pyrrolidinyl)indole  (59) was  pre-
pared in low wyield by alkylation of 54 with 1icthyl
iodide. Acetylation of 54 at room temmperature with
acetic anhydride afforded the monoacetyl derivative IV
(infrared C=0 band, 1612 em.™") which led to 3-(1-
ethyl-),5-dimethyl-2-pyrrolidinyl)indole (60) on lithiun
aluminumn hydride reduction (method (). Acetylation
of 54 at reflux temperature gave the diacetyl derivative
V which showed C==0 bands in the infrared at 1640 and
1710 crn, L
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1-Methyl-3-(1-methyl-2-pyrrolidinyl)indole (43) was
prepared by reaction of 31 with sodamide followed by
ethyl iodide, and also by treatment of 1 with methyl
iodide followed by the reduction of the intermediate
VI with sodium borohydride. The same internmedi-
ate (VI) resulted from the reaction of 28 with methyl
iodide. The fact that the identical product 43 was ob-
tained from these three sequences established unequi-
voeally the position of methylation in the processes 1
to VI and 28 to VI.

N CH,} M
. )
N H, N Hs -

+
1
CHyl CH,
Vi
l NaBH,
N
| I
N CH3
|
CH,
43

Treatment of 1 with 2-diethylaminoethyl chloride
followed by sodium hydroxide, sodium borohydride,
and then hydrogen chloride produced 1-(2-diethyl-
aminoethyl)-3-(1-methyl-2-pyrrolidinyl)indole  dihy-
drochloride (45).

3-(1-Methyl-2-pyrrolidinyl)indol-5-0l (35) and 3-(1-
methyl-2-pyrrolidinyl)indol-6-01 (41) were prepared
from 9 and 10, respectively, by catalytic debenzylation
employing palladium-on-charcoal as the catalyst.
Although the reduction of 9 could be stopped before
hydrogenolysis of the pyrrolidine ring occurred, it was
necessary to use the hydrochloride of 10 to enable the
isolation of the desired product 41. Troxler, et al.,®
previously had employed the hydrochlorides of benzyl-
oxygramines to prevent hydrogenolysis of the di-
methylamine moiety,

Proof of the strueture of 3-(1-substituted 2-pyrroli-
dinyl)indoles produced by reduction of 3-(1-substituted

(10) Y. Troxler, I'. Seeman, and A. Hofmann, Helv. Chim. Acta, 42, 2073
11959 ..
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2-pyrrolidinylidene)-3H-indoles (products of method
A) is based on analytical and spectral data, and on in-
dependent syntheses as shown for compounds 29 and
31.

3-(2-Pyrrolidinyl)indole (29) was prepared by cata-
lytic hydrogenolysis of 3-(1-benzyl-2-pyrrolidinyl)indole
(48), and also by catalytic hydrogenation of 3-(1-pyrro-
lin-2-yl)indole (24). This structure (29) was assigned
by Fuhlhage and VanderWerf? to the compound ob-
tained from indole and 1-pyrroline. The melting point
of our product is similar to that reported by these
authors. Compound 29 was made to react with methyl

formate and the resulting formyl intermediate VII

M
Nl H
H

N [H| Pd-C
1 )
lxlx/ CH;CeHs
H

48 HCO,CH,

B
VII
LiAIH, @;j)\_Nj
o J b
H

31

24

was 1reduced with lithium aluminum hydride to produce
31 identical with the inaterial prepared via method A.

Alkylation and acetylation experiments were con-
ducted with 3-(1-pyrrolin-2-yl)indole (24). Alkylation
of 24 with methyliodide led to the hydriodide of 1 which
on being made basic afforded 3H-indole (1) identical
with the compound prepared by method A. Thus, the
position of methylation in the sequence 24 to 1 was
established unequivoecally.

Acetylation of 24 with one equivalent of acetic an-
hydride in benzene afforded the monoacetyl derivative
VIII. It showed a C=0 band at 1712 cin.~! and Apax
305 my and was converted to 24 on attempted crystal-
lization from methanol. Treatment of VIII with
methyl iodide afforded methiodide IX (C=0 at 1725
enL 7 Ay 299 mp) which on heating with water gave
the hydriodide of 1, thus confirming the assignment of
the position of the acetyl group in VIII. Acetylation
of 24 with excess acetic anhydride in hot pyridine?! gave
the diacetyl derivative X (C=0 at 1637, 1708 cin.;
Amex 301 my) which resisted alkylation upon refluxing
for 21 hr. with methyl iodide.

The possibility of utilizing VI as an enamine precur-
sor was Investigated. Treatment of VI with base
afforded an oil which showed A 293 mp (e 6500) in

(11) Cf. A. Brossi, H. Besendorf, B. Pethihont, M. Walter, and O. Schnider,
ihid., 43, 1459 (1960).
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(1) CHjT
(2) NaOH

(CHC0),0

1 equiv. of (CH3C0),0
excess

benzene

pyridine, A

|
CH,
XIII XII

ether solution (probably duce to structure XI and/or
XII) and A,,ax 335 111 (e 20,000) in methanol, probably
due to structure XIIL.  Alkylation of this oil with either
methyl iodide alone or in dimethylformamnide afforded
a mixture from which two products were isolated. The
first was the iodide VI which resulted fromn a proton
exchange equilibriun.'* The second was a product of
N-alkylation (XIV), the stiucture of which was sup-
ported hy its nuclear magnetic resonance spectruin. '3

|
CH,
XIV

Pharmacological Methods

Toxicity Experiments. A. Mice.-—Groups of 4 mice (albino-
Upjohn strain weighing 18-22 ¢.) were injected intraperitoneally
with test compound dissolved or suspended in 0.25% aqueous

12y G Stark, R. Terrvell, and 1. Sznmszkaciez, S A, Chen. Sov.. T6,
2029 (1944,

(13) N.J. Leonard, (. K. Steinhardy, aud C. Lee, J. Ocg. Chene, 27, 1027
i1982), and references cited therein.

Vol 7

niethyleellulose. The dose was decreused in 0.5 log nnits from
1000 mg./kg. until completely killing and living doses were nh-
tained.  The LD was estimated Ly the method of Spearmon
and Karber. !

B. Rats.—Gronps of 4 rats (albino-Upjolin strain weighing
20-300 g.) were injected intraperitoneally with test compount
dissolved or suspended in 0.259 aquenus methyleellulose.  The
initinl dose utilized was the mouse LDs (sce A) and the dose
was ndjusted (0.3 log intervals) to obtain completely killing aud
living doses.  The LDs was estimated by the niethod of Spera-
man and Karber v

Behavioral Experiments in Mice. A. Righting Reflex.
Loss of righting reflex was recorded when mice failed to right
themsclves within 10 see, when placed o their back.

B. Traction (Tr).—Traction wus determined as deseribed
by Boissier, ¢ o/ '*  Mice are allowed to grusp o horizoutal wire
with their forepaws; failure to place at least one hind log on the
wire in 5 sec. voustitutes loss of traction.

€. Chimney {Ch).—-The chimney test was carried out ax de-
sceribed by Boissier, of o/.1*  The aniimal is introduced into a plass
tube 2.5 e, in dianeter and 25 ¢em. long.  As he approaches the
opposite end of the tube, it is placed vertically so that the animal
is head down. Failure to buack out of the tube in 30 scc. is re-
girded as loss of response.

D. Dish(D).-The dish test was carried out by placing treated
ice in glass Petri dishes (5 X 10 ¢in.) partially embeilded in
shavings in » stundard mouse box.  Mice remaining in the dish
longer than 4 min. are considered to evidence drug effect.

E. Pedestal (Pi.-—NMire are pliced on a pedestal (compused
nf two Flex Friane™ feet attached to opposite ends of u 5 em.
piece of “Tlex Frame™ md) inastandard mouse hox with shavings
on the floor.  Mice remaining on the pedestal in excess of T min.
are cousidered to evidence drug effect.

F. Antagonism of Tryptamine Symptoms.—Trented niice
are injected with (ryptamine hydrochloride, 100 mg./kg. 1.v.
The mice are evalnated for the presence of the typical symptoms
-~heud wepve (HW), arch bark {AB), hind leg spread (HLS),
sud pawing (PAW lindneed by tryptamine,

G. Potentiation of Tryptamine Symptoms.--'I'reated niive
are injected with tryptanipe hvdreoehloride, 25 mg. kg iv. The
niee are evidimted Tor the presence of the typieal tryptamine
svinptanis Gee 1M This dose ol tryptunine alone does not
prodiee svinptoms,

H. Antagonism of Nicotine Convulsions and Lethality.
Treated mice wre injected with 2 mg. /kg. of nicotine salievlate
iv. Cantral mijee exhibit running convulsions followed Dy
tonie extensor seizures (TRY and death. The antagonisus of
all 3 svndrames s studied.

I. Fighting Mouse Test.—Aggressive hehinvior snduced in
niice nsing isolition siress (procedure simikir to that of Yeu.
et al Y9 1 stndicd. Granps of 5aniee are tested with o muxinnon
dose of 30 mg. ke, Isolated mice attack control mice intradneed
inte the enge of the isolated mouse. Block of this attack s
ntitized as the evidenre of drug effert,

Tu all of these experiments, gronps of six Carworth Farmg niale
price (18-42 g were dosed with o maximum of S0 g kg, 1.p.
(note exceptions iu procedure 1) Compounds were dissolved or
suspended v 0257 aqueous methyleethilose.  Tests  were
carried out 60 min. after drug adiministration.  Doses were de-
crensed in (L3 log intervals.  The 509 effective dose wus esti-
mated by the method of Spearman and Karber. 14

J. Behavior Experiments in Rats. Classical Avoidance.
The basie procedure has been described by Verhave, ef ol
Skinner boxes with a grid floor for presenting electric shock were
used. A movable bar was mounted in one wall with its top 8.9
cin. above the floor and projecting 1.3 ¢ into the cage.  Iivents
were programnied and recorded antomatically by a system of
relays, timers, ete. Discrete trials were given 40 times,/hr. at
variable intervals.  The trials consisted of a 16-sec. period of
white uaise (a4 sound level of 76 db. above reference level) with
an electrie shack ocaurring duving the last 6 sec. of this noisce,
nrovided the rat did not press thie bar. A bar press during the

Ji DL Tinney, CSeatstical Mervhod e Biolagieal Assay,” 1lafper
Fuliisting Coos New York, N. Y.L 1952, b 3,

gy L R Bopssier, ) Togey, and Y. Fant Dn Picard. Afed. Feptl 4, 115
[BRE300 D
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1002t

1T T, Veemee b I Dieen, e ot £, B0 Robbins, eek, Dufern. haesia-
cadyi., 116, 40 110585,
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shock (an escape response) stopped both the shock and the noise
immediately. A bar press during the noise before the shock (an
avoidance response) stopped the noise and prevented the oc-
currence of any shock on that trial. The electric shock was 260
volts, 60 cycles a.c. delivered to the rat through a 150,000 ohm
series resistor and through a grid scrambler (type 45 Automatic
Electric stepping switch).

Animals were tested every fourth day. For drug testing,
animals were required to avoid on 954 or more of the trials.
Most animals developed such avoidance in four 10-hr. training
periods. Subsequent test periods lasted 5.75 hr., and i.p. in-
jections (with a blunt no. 18 needle to prevent accidental injec-
tion into the gastrointestinal tract) were given after the first
45 min. Before testing drugs, rats were tested with 5.9 or 6.9
mg./kg. of chlorpromazine hydrochloride and saline. Animals
were used only when chlorpromazine produced at least 120 escape
responses, 7.e., when on at least 120 of the 200 trials the avoidance
response to noise was eliminated, but the escape response to
shock occurred. Most animals showed this reaction, though a
few, especially when the lower dose was used, required a second
injection. This chlorpromazine coutrol was run after every
10 test runs or less, as was a saline control where 959 avoidance
was required for continuation. Data were not used if the fol-
lowing saline control run showed less than 909 avoidance or
less than 100 escape responses with chlorpromazine. Wistar
rats over 100 days old were used.

The number of escape responses that could be produced by a
drug was the measure of primary interest since this measure
reveals the selective action of the drug eliminating the avoidance
response to the noise while allowing the escape response to the
shock. The major tranquilizing drugs (such as the phenothia-
zines and reserpine) are distinguished by a consistent selective
action which lasts for several hours and occurs over a moderate
dose range. Under the conditions employed here, this efect
is rarely seen outside the major tranquilizing drugs: even nior-
phine is less consistent than chlorpromazine. The test com-
pound was first tested at 289 of the rat LD in 2 rats. If less
than 30 escape responses occurred and the animal avoided for at
least 100 trials then the compound was not tested further and
was recorded as negative in Table VI. If more than 30 escape
responses occurred or if all behavior was eliminated for more
than 100 trials, then the compound was tested further and the
dose was found for each animal that produced the largest number
of escape responses. The average for at least 3 rats of the escape
responses at the most effective dose was represented in Table
VI as follows: — = 0-30: & = 31-60; 4+ = 61-90; ++ =
above 90. When tested in this way, chlorpromazine averages
about 150 escape responses. Ordinarily testing was only
carried up to 289 of the LDs, but a few compounds that showed
some activity at 289, were tested at 409, or 569, of the LDy. In
those cases, if a larger selective effect was seen at either of those
doses, its magnitude is indicated in Table VI in parentheses.

K. Pseudocholinesterase (Pseudo-ChE).—Inhibition of this
enzyne is determined manometrically using human serumn us the
enzyine source and acetylcholine chloride as the substrate. Test
compounds are dissolved or suspended in water. Comnpounds
producing less than 509, inhibition at concentration of 1073 M
are considered of no interest. The I; was estimated graphically
using various concentrations.

L. Monamine Oxidase (MAO).—Inhibition of this enzyme
is determined munometrically using guinea pig liver as the
enzyme source and serotonin creatinine sulfate as the substrate.
Test compounds are dissolved in water (using HCI if needed).
Compounds producing less than 509, inhibition at 1073 3/ are
considered of no interest. The I, was estimated graphically
using various concentrations.

Results

The results of these test procedures are
detailed in Table VI. Loss of righting reflex, antago-
nism of the running convulsion induced by nicotine
salicylate, and tryptamine potentiation are not tabu-
lated since no compound was active in these tests.

Structure—Activity Relations. Mouse Behavior.—
In general our findings indicate that while overt de-
pression was noted with these materials they produce
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little neurological deficit. Of the four end points used,
the compounds were most active in dish (D) and chim-
ney (Ch) and occasionally in pedestal (P), but little
effect on traction (Tr) was noted. Indole nitrogen
substitution reduced activity (31 wvs. 43, 44, 45),
whereas pyirolidine nitrogen substitution with small
groups enhanced it (29 vs. 31, 46; 52 vs. 57; 53 vs.
58; 54 vs. 59). Benzyl groups on pyrrolidine nitrogen
eliminated activity (36 vs. 50; 38 vs. 49; 39 vs. 51).
Benzene ring substitution in an active compound had
little effect (31 vs. 32-42). Pyrrolidine ring substitution
on carbon often reduced activity (46 vs. 60; 31 wvs,
55-59). Iutroduction of a 2-methyl substituent into
the indole ring of one of the most active compounds (31
vs. 61) eliminated mouse behavior along with tryptamine
antagonisi, classical avoidance, and MAO inhibition
activities, while leaving fighting mouse and pseudo-
ChE effects unchanged and imparting nicotine an-
tagonism to the molecule,

Correlation with classical avoidance showed that all
compounds significantly active in mouse behavior also
possessed some activity in classical avoidance and
further, that all but two of the 12 compounds showing
any activity in eclassical avoidance had significant
activity in mouse behavior (31, 33, 36, 39, 42, 46, 59),
five were significantly active in inhibiting monamine
oxidase (MAQ), while of the 11 best MAO inhibitors
seven were significantly active in mouse behavior.

Tryptamine Antagonism.—Substitution on the indole-
N (31 vs. 43) and especially on a pyrrolidine ring carbon
(46 vs. 60; 31 vs. 55-59) reduced activity while pyrroli-
dine-N substitution by small groups (29 vs. 31, 46)
ethanced and by large groups (36 vs. 50 ; 38 vs 49; 39:s.
51) eliminated activity. Benzene ring substitution in
an already active molecule usually had no effect on
activity (31 wvs. 32-39). In the majority of cases,
antagonism was considerably greater against AB and
PAW than against HLS and HW. The most active
compound here seems to be 39. The antagonism of
AB by these agents is in marked contrast to chlorpro-
mazine which is not able to antagounize this effect of
tryptamine. These differential antagonisms cannot
be correlated clearly with clinical efficacy at this time,

Nicotine Antagonism.—This test seemed to correlate
very poorly with either structure or other tests. More
often than not, compounds with this activity seemed
to have little activity in the mouse behavior or trypt-
amine antagonism tests and were the most highly
substituted compounds, especially in the pyrrolidine
ring (e.g., 54, 56, 58, 59, 60). If nicotine acts within
the central nervous system as it does in the peripheral
nervous system these data would indicate that these
indoles have little central anticholinergie activity.

Fighting Mouse.—To be active in this test a com-
pound must have a small alkyl group on one or both
nitrogens (29 v»s. 30, 31-43, 46, 56-59, 61). Larger
groups on nitrogen either reduced or eliminated activity
(43 vs. 44, 45; 46 vs. 47, 48; 36 vs. 50; 38 vs. 49; 39
vs. 51). Introduction of a benzene ring substituent
retained activity except for the case of OH (35) where
penetration into the brain may be poor. Introduction
of alkyl groups on a pyvrrolidine carbon enhanced (29
vs. 52) or retained activity (31 vs. 55-59) except in one
case (46 vs. 60).

The most active compounds in this test were 30, 37,
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39, 42, and 43, although several others were almost as
active as these. Of the five best only two were potent
in elassical avoidance and two in mouse behavior.
Little correlation with other tests was apparent,

Classical Avoidance.—There appears to be greater
structural specificity for activity here than in any of
the other tests. The most critical substituent was a
small pyrrolidine-N-alkyl group. All compounds pos-
sessing a pyrrolidine-NH group (29, 30, 52, 53, 54)
were inactive, while introduction of a small alky] group
on the pyrrolidine nitrogen resulted in active com-
pounds (29 vs. 31, 46; 52 vs. 57; 53 vs. 58; 54 vs. 59).
Larger groups such as butyl or benzyl, and sometimes
even ethyl gave inactive compounds (47, 48, 60). On
the other hand, substitution on the indole nitrogen re-
sulted in inactive compounds (31 vs. 43, 44, 45). In-
troduction of a benzene ring substituent into an active
compound eliminated activity if it was an oxygen
function (31 ws. 32, 34, 35) and either reduced or re-
tained activity if it was an alkyl or halogen function (31
vs. 33, 39; 31 us. 36, 37, 38, 42). Introduction of
an alkyl group onto a pyrrolidine ring carbon of an
active compound eliminated (31 vs. 55; 46 vs. 60), re-
duced (31 vs. 56, 58, §9), or retained activity (31 vs. 57).

The most active compounds in this test were 31, 37,
39, and 57. All of these were also very active in the
fighting mouse assay and exhibited moderately good
MAO inhibition. Several of these were also active in
either D and Ch or AB and PAW or both. No cor-
relation with other tests was apparent.

Pseudocholinesterase Inhibition.—The substituent
which was most important for activity was that on the
pyrrolidine nitrogen. Activity increased as this sub-
stituent became larger (31 wvs. 46, 47, 48). In all
cases, replacement of a pyrrolidine-N-methyl group
by a pyrrolidine-N-benzyl group enhanced activity (36
vs. 503 38 vs. 49; 39 vs. 51). Although an indole-\-
alkyl group was desirable (31 vs. 43, 44, 45), it was not
necessary for good activity (c¢f. 34, 35, 46-53, 55, 58, 59,
60). Benzene ring substitution either had no effect
(31 vs. 33, 36, 37, 38; 48 vs. 49, 50, 51) or enhanced
activity (31 vs. 34, 35). Pyrrolidine ring substitution
on carbon always enhanced activity (29 vs. 52, 53, 54;
31 vs. 55, 56, 57, 58, 59; 46 vs. 60).

The most active compounds in this test were 44, 45,
58, and 60. It is interesting that only one of these
(58) had even slight activity in fighting mice or classical
avoidance. Two of them (58, 60) possess fair nicotine
antagonism. There was a notable tendency for the
more active compounds to be more consistently in-
active in the remaining tests (e.g. 34, 35, 44, 45,
47-51, 60).

Monamine Oxidase Inhibition.—A free indole-NH
(31 wvs. 43, 44, 45) and a small pyrrolidine-N-alkyl
group (29 vs. 31, 46; 31 vs. 47, 48; 39 vs. 51) were
needed for good activity. A benzene ring substituent
was not necessary and may elininate activity (31 vs,
32-36, 38), but the best compound (39) contained a 7-
methyl substituent. A pyrrolidine ring substituent on
carbon either did not change activity significantly (46
vs. 60; 31 vs. 55-58) or enhanced it (31 vs 59, in which
case both pseudo-ChE and MAQ inhibition were in-
creased more than tenfold by introduction of 3,5-di-
methyl groups).

The two most active compounds were 39 and 59, with
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Ts values close to 10—® M. Tt is interesting that these
compounds did not demonstrate overt stimulation in
the mouse or rat. Compounds 31, 37, 39, and 57, the
four most potent in classical avoidance, all possess
significant MAQO inhibition, but one of the most potent
MAO inhibitors (589) had only slight activity in the
classical avoidance assay.

General Comments.—The data presented show that
these materials share many of the actions of chlor-
promazine although they are less active on a mg. basis.
In particular, they are quite active in the classical
avoidance assay and protect against the isolation-
induced aggressive behavior in mice. On the other
hand, there are a number of other tests in which these
compounds are clearly different from chlorpromazine.
The significance of these similarities and differences for
therapeutic effectiveness can only be assessed in man.

The ecompounds showing activity in the greatest
number of assays are 31, 39, 58, and 59. Of these comn-
pound 31 has been studied in considerably more detail
preparatory to clinical trial in the mental disease area.
The comnplete phainacology of this compound will be
reported elsewhere.

Most of the intermmediates deseribed in this paper
have not been screened as widely as the final products.
However, representative members of the unsaturated
intennediates of Tables T and V as well as their quater-
nary salts have consistently shown lack of classical
avoidance activity, fair to poor activity in the fighting
mouse test, and good to excellent inhibition of the two
enzyne systems. The Iy values ranged from 10—* to
105 A7 for MAO inhibition and 10—* and 10—% A7 for
pseudo-ChE inhibition.

Experimental's

Method A. Example: 3-(1-Methyl-2-pyrrolidinylidene)-3H-
indote (1).—To 40 ml. (0.4 mole) of l-methyl-2-pyrrolidinone
cooled in an ice bath was added 40.8 g. (0.26 mole) of phosphorus
oxychloride with stirring during 30 min. The temperature did
not exceed 15°. The mixture was stirred an additional 10 min.
and then a solution of 28 g. (0.24 mole) of indole in 40 ml. (0.4
mole) of 1-methyl-2-pyrrolidinone was added slowly during 1 hr.
The temperature rose to 45° and a solid separated. The mixture
was heated at 80° for 2 hr. and then mixed with 1 L. of water.
The clear solution was made basic by the addition of 60 g. of
sodium hydroxide in 300 ml. of water causing a solid to sepa-
rate. The solid was filtered and washed with water. Crystal-
lization from ethanol-water afforded 41.6 g. (899%) of product,
m.p. 229-231° dec.; wmax 3020, 1600, 1560, 1500, 1315, 1300,
1208, 767, and 736 cm.7!; Apgx sh 244 mu (e 7400), 251 (8850),
271(11,700), sh 276 (9050), and 339 (15,300).

1-Benzyl-3-(1-methyl-2-pyrrolidinyl)indole Cyclohexanesulf-
amate (44).—Reaction of 49.7 g. of 1-benzylindole!® according
to method A produced 58.7 g. of oil isolated by ether extraction;
vmax 3460, 3320, 3120, 3070, 3040, 2810, 1645, 1615, 1575, 1530,
1500, 1485, 1180, 1080, 1050, 745, and 695 cm.™!; Amex 209 mu
(e 8750), 252 (12,600), sh 269 (7500), and 333 (12,750). A solu-
tion of 14.5 g. of the oil in 150 ml. of ethanol containing 0.2 g.
of platinum oxide was shaken on a Parr apparatus at an initial
pressure of 3 atm. After 3.5 hr. 1 equiv. of hvdrogen was ab-
sorbed (based on structure III). The catalyst was removed
by filtration and the solvent under reduced pressure on a steam
bath. The remaining material was distilled giving 7 g. of oil,
b.p. 171-181° (0.03 mm). A 6.3-g. (0.0216 mole) portion of the
oil was dissolved in a minimum volume of 2-propanol and added

(18) Melting points were taken in a capillary tube and are corrected.
Infrared spectra were recorded on a Perkin-Elmmer Model 21 spectroplio-
tometer from Nujol mulls unless otherwise noted. TUltraviolet spectra were
determined in 959 ethanolic solution unless otherwise noted. nsing a Cary
Model 14 spectrophotometer.

(19) H. Plieninger. Chem. Ber., 87, 127 (1954).
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to a solution of 3.85 g. (0.0216 mole) of cyclohexanesulfamic
acid in 2-propanol.  Fther was added until o solid began to
sepurate. The solid was crystallized from 2-propanol-ether
giving 6.5 g., m.p. 127-120.5, and a second erop of 2.4 g, m.p.
125-129.5. A portion of the first erop was recrvstallized frian
2-propunol-etlier Tor an analvtieal sample, np. 127-120.5°;
vaps 5200, 2740, 2600, 1614, 1604, 1585, 1348, 1495, 1225, 1165,
1115, 1075, 1034, 1005, 765, 735, 720, and 687 cm.™! Apax 218
mu (e 41,700), sh 260 (4000), sh 268 (6750}, sh 273 & 17100},
280 (7350), and sh 201 (5850).

Method B. Example: 5-Methyl-3-(1-methyl-2-pyrrolidinyl)-
indole (33).—A mixture of 12.7 g. of 5-methyl-3-(1-methyi-2-
pyrrolidinylidene)-3H-indale, 150 ml. of methanol, and 0.2 ¢.
of platinum oxide was shaken on n Parr apparatus at an initial
pressure of 3 atim. In 10 min. 1 equiv. of hydrogen was absorbed.,
The catalyst wis remaved by filtration and the solvent under
redaced pressure on the steam bath. The remaining vellow
oil was crystallized from Skellysolve B giving 11.5 g. (919,) of
vellow prisms, m.p. 116-117.5°. The analytical sample was
recrystallized from ether—Skellysolve B affording colorless prismis:
LD 116.5-117.5%; wmax 3130, 3030, 2700, 1625, 1390, 1545, 1235,
1190, 1145, 1120, 1030, 875, and 790 enn 7' Amax 218 mp (e
33,2000, 277 (5700), 285 (5700), and 205 (4100,

Method C. Example: 5-Chloro-3-(1-methyl-2-pyrrolidinyl}-
indole (36).—A mixture of 23 g. of 5-chloro-3-(1-methvl-2-pyr-
rolidinylidene )-3H-iudole, 12 g. of sodinm borohydride, and 250
ml. of absolute ethanol was allowed to stand overnight at room
temperature.  The solvent was removed under reduced pressure
on a steamn bath.  The residue was treated with 300 ml. of water
and extracted with two 300-ml. portious of ether, The extracts
were washed with two 100-l. portious of water and dried over
anhydrous magnesium sulfate, The ether was evaporated and
the residue was crystallized from ether-Skellvsolve B giving 18.3
g, (FO4%) of ivory prisms, m.p. 139.5-141°. The analyvtieal
salple was recrystallized twice from ether-Skellysolve B af-
fording colorless prisims; nip. 143-144.3°%: v, 3180, 3125, 3025,
2815, 1615, 1570, 1550, 1490, 1255, 1227, 1210, 1154, 1117, 1075,
and 1028 cun ™ Agax 226 migp (e 35,150): sh 283 (5200), 289
(5550), and sh 297 (42507,

Method D. Example: 3-(1-Methyl-2-pyrrolidinyl)indole (31).
—A 9.K-g. (0.05 mole) portion of solid 3-(1-methvl-2-pyrro-
Lidinylidenc)-3H-indole was added to a refluxing mixture of 4.5
z. (0.12 mole) of lithiwu ahnninum hydride and 150 ml. of tetra-
hydrofuran.  The mixture was refluxed for 6 hr., enoled, and de-
composed with wuter followed by approximately 10 ml. of 507,
sodium hydroxide. The mixture was filtered and the solid was
washed with cther. The combined filtrates were dried over
potassitin carbonate and evaporated.  The oily vesidue was
erystallized froni Skellysolve B affording 7.5 g. (75%) of produet;
m.p. 95-97°; pmae 3100, 3020, 2780, 2760, 2690, 1620, 1587,
1550, 1505, 1233, 1215, 1135, 1130, 1118, 740, and 733 eni. =t
Apax 219 g (e 36,750); sh 274 (5930), 281 (6350), aud 289
(5400).

Method E. Example: 1-Indol-3-yl-4-nitro-1-butanone (19).
—A mixture of 129.6 g. (0.6 mole) of 3-dbuethylamine-1-indol-
3-yl-1-propauone,” 600 ml. of nitrommethane, and 3.18 g. (0.059
mole) of sodium methoxide was stirred and refluxed for 7 hr.
while a slow stream of nitrogen was passed through the suspen-
siot. The reaction nmixture was allowed to cryvstallize overnight
and filtered.  The solid was dissolved in 900 ml. of acetone (fil-
tered from some insoluble material), 300 nil. of ethyvl acetate was
added, and the solution was evaporated to ¢z, 500 ml.  Cooling
produced 54 g. of solid and 14.9 g. was obtained from the filtrate
giving a total of 68.9 g. (50¢%) of product, m.p. 178-180°. The
analvtical sample was recrystallized from methanol; nmip. 178-
180°: vmax 3180, 3060, 1625, 1585, 1565, 1530, 1500, and 1385
el Apes 209 g Ce 32,1000, 241.5 (13.630), sh 257 (9450),
and 298 (13,200).

3-(1-Pyrrolin-2-yl)indole (24).—A solitivn of 12.3 g. of I-
indol-3-yl-4-nitro-1-butahone in 300 ml. of ahsolute ethanol
containing 2 teaspoons of Raney nickel was shaken on a Parr
apparatus at an initial pressure of 3atin.  Three equivalents of hy-
drogen were ubsorbed in 18 hr. Three runs were combined.
filtered, and evaparated. The crude product was crystallized
Irom ethyl acetate affording 16 g. (559;), nip. 178-181°. The
crude product from somme runs was contaminated with the sutu-
rated enmpound.  Separation was achieved readily by passing
an acetone solution of the produet through o cohunn of Woehn
neutral ahunina whereby the impurity was retained on the col-
unin, The analytical saiple was recrystallized from ethyl
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acetate; m.p. INZ5-183.5%; vmax 3120, 3080, 3060, 3040, 3020,
2730, 2700, 26060, 2620, 1575, 1530, and 1500 em.71; Apax 217
g (e 23,4000, 255 ¢11,700), sh 271 (94000, 289 (11,050), and sh
332 (1200).
3-(5-Ethyl-1-pyrrolin-2-yl)indole Hydrochloride (26).~-1he
filtrate from the hiyvdrogenation of fonr runs of 13 g. each of 1-
indol-3-yl-4-nitro-1-hexanone was ncidified with ethereal hydro-
gen chloride.  Lther was then added until ervstallization begaan.
Cooling produced 42,6 g, (8695), m.p. 216-217°. Recrystalli-
zition from methanol-ether afforded colorless plates: Hnp.
218-219%5 pax 3080, 2720, 1620, 1610, 1515, and 1495 cin. ~';
Amax $h 244 me (e 11,100), 249.5 (12,850), 264 (10,650), 270
11,300), and 329 (18,8501.
3-(2-Methyl-3-dimethylaminopropionyl )indole Methiodide
Methanol Solvate.—To a solution of 62.8 g. (0.272 nmole) of 3-
(2-methyl-3-dimethylaminopropionyDindole’ in 300 ml. of meth-
anol cooled in an ice bath was added 42.6 g. (0.3 mole) of methyl
iodide.  After 30 wmin. the ice bath was removed and the mixture
was allowed to stand overnight at roomn temmperature.  Cooling
gave 100 g (919%) of product. Two recrystallizations from
methanol and one from ethanel afforded colorless prisms; nup.
174-177° dee apay 3165, 3210, 3185, 3020, 1640, 1580, 1520,
1490, 1238, 1157, 1133, 1040, 1046, 1004, 770, 755, 747, und 705

oL

dnals Caled, for CpHgINLO-CH0H: C, 4703 H, 6.25;
I, 31.39; N, 6.93. Faund: C, 47.92; H, 6.17; I, 31.30; N,
702,

3-(2-Methyl-3-cyanopropionyl)indole. ——A mixture of X9 g.
(0.022 mole) of 3-(2-methyl-3-dimethyluminopropionyhindole
methiodide imethancl solvate, 5 g. (0.102 mole) of sodium cyanide,
and 50 ml. of dimethyiformamide was heated on a steam bath for
2.5hr.  The mixture was poured into S00 ml. of water and cooled
i1 un ice bath,  The solid was filtered, wushed with water, dried,
and erystallized from acetone-Skellysolve B giving 3.05 g.
(659), m.p. 166-169°. Recrystallization from ncetone-Skelly-
salve B afforded colorless prisms; m.p. 168.5-170°%: vmax 3220,
3120, 3050, 2245, 1611, 1585, 1524, 1408, 1242, 1162, 1118, 1094,
TTH, and THE cnr 7l Agax 242.5 mp (e 13,300), 258 (9450), anid
300 (12,9501

Anal. Caled. for CHLNLO:
Found: C, 73.69: H, 6.27; N, 12.96.

3-(3-Methyl-1-pyrrotin-2-yb)indole.--A mixture of 2.5 g of
3-{2-methyl-3-cvanoprapionvl)indole, 150 ml. of ethanol, and a
teaspoon of Raney nickel was shaken on a Parr apparatus at
3 atm. iuitial pressure. After 27 hr. the hydrogen uptake
veased,  The eatalyst was removed by filtration and the solvent
muder reduced pressure.  The oily resicdue was ervstallized from
acetnne-Skellysolve B ogiving 1.8 g (77C:) »f brown crystals,
pLp. 137.5-141° Twao recerystallizations from acetone-Skelly-
sobve B afforded brown prismis: nup. 144-146°0 5, 3120, 3090,
3055, 1603, 1575, 1527, 1495, 1246, 1160, 1140, 742 1™ A
D18.5 g (e 24,700), sh 230 (10,5500, 256 {11.650), sh 273 (9600),
sl 280 (10,4500, 291 (11.650), and sh 330 (1500).

Anal. Caled, for CHN: €0 7875, H, 7120 N,
Fonnd: C, 78.67; H, 7.23; N\, 13.07.

Method F. Example: 3-(5-Methyl-2-pyrrolidinyl)jindole Hy-
drochloride (52).---A solution of 9.4 ¢. of 3-(5-methyl-1-pyrrolin-
2-vDindole in 300 ml. of ethanol containing 0.5 g. of platinuin ox-
ide was shaken on n Parr apparatus at 3 ati. initial pressurc.
Tn 4 hir. 1 equiv. of hydrogen was sbsorbed.  The catalyst was
removed by filtration. The filtrate was evaporated to en.
25 ml. and acidified with ethereal hydrogen chloride. FEther
was ndded until crystallization began.  Cooling produced 10 g..
nLp. 212-214°. Three vecrystallizations from  methanol af-
forded 9.1 g. (81901 np. 225-226°; wmae 3260, 2720, 2620,
2520, 1620, 1395, and 1550 em. 71 Ag.x 215 mu (e 41,650), 270
(6500), 276 (6350), 279 (6350), 286 (H600), and 326 (419).

Method G. Example: 3-(1,5-Dimethyl-2-pyrrolidiny!)indole
(57).—A solutian of 1 g. of 3-(5-methyl-2-pyrrolidinyl)indole
tprepared from 1.2 g. of the hydroshloride) in 50 ml. of uethyl
formute was refluxed for 93 hr. Tt was evaporated to dryness
th give an amorphous solid which showed a strong amide band at
1660 em.~L  The erude forpiyl compound was dissolved in
benzeue and added to o mixture of 1.2 g. of Hthium alnminum
hydride in 100 ml of ether.  After refluxing for 18 hr. it was de-
composed in siceession with 1.2 ml of water, 1.2 ml of 13¢,
sodium hydroxide, and 3.6 ml. of water. The suspension wus
filtered, the solid was washed with ethier, and the filtrate was
evuporated to give 1.11 g. of oily erystals. Three recrystalli-
zitions from  ether--Skellysolve B afforded 0.182 g. (179}

356 H, 5.70; N, 13.20.
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m.p. 145-148°. This compound was identical (ultraviolet and
infrared spectra) with the sample obtained by method H.

3-(1-Acetyl-5,5-dimethyl-2-pyrrolidiny!l)indole (IV).—A solu-
tion of 1.05 g. of 3-(5,5-dimethyl-2-pyrrolidinyl)indole (pre-
pared from the hydrochloride) in 10 ml. of acetic anhydride was
allowed to stand overnight at room temperature. The resulting
suspension was diluted with 25 ml. of water and 4.5 g. of sodium
carbonate was added slowly with stirring. The solid was filtered,
washed with water, dried, and crystallized from methanol to
give 0.9 g. (709%) of colorless prisms; m.p. 203-204°; vy,
3200, 3120, 3060, 1612, 1562, 1239, 1120, 1100, 1059, 1039,
1010, 765, 745, and 705 em.™l; Amax 220 mu (e 40,950), sh 274
(5600), 281 (6000), and 289 (5300).

Anal. Caled. for CicHgN:O: C, 74.96; H, 7.86, N, 10.93;
COCH,, 16.78. Found: C, 74.86; H, 8.20; N, 10.86; COCH;
(1 N alcoholic potassium hydroxide, 75-min. reflux), 1.09. (Note:
N-acetylpyrrolidine is not hydrolyzed.)

3-(1-Ethyl-5,5-dimethyl-2-pyrrotidinyl)indole (60).—A solu-
tion of 0.6 g. of 3-(1-acetyl-5,5-dimethyl-2-pyrrolidiny!)indole in
100 ml. of benzene was added to a mixture of 0.6 g. of lithium
aluminum hydride and 100 ml. of benzene. The mixture was
refluxed for 12 hr. and allowed to stand for 24 hr. It was de-
composed by successive addition of 1 ml. of water, 1 ml. of 15%
sodium hydroxide, and 3 ml. of water. The mixture was filtered
and the filtrate evaporated to dryness to give 0.5 g. of an oil.
Crystallization from petroleum ether afforded 0.45 g. (809,) of
colorless prisms; m.p. 82-85° unchanged on further recrystalli-
zation; vmax 3160, 3100, 3030, 2750, 1620, 1586, 1540, 1227 1185,
1153, 1131, 1115, 1050 1028 1012 766 and 742 em. Tl Apax
220 mu (e 33 130) sh 275 (3400), 281 (3800), and sh 288 (5000)

Method H Example: 3-(1,5-Dimethyl-2-pyrrolidinylidene)-
3H-indole Hydriodide.—A solution of 1.98 g. (0.01 mole) of 3-
(5-methyl-1-pyrrolin-2-yl)indole in 15 ml. of methanol and 5 ml.
of methyl iodide was refluxed for 3 hr. It was then evaporated
to dryness and the resulting solid crystallized from methanol-
ether to give 1.7 g. (509;), m.p. 224-227°. Two recrystallizations
raised the m.p. to 237-239.5%: vmex 3100, 1605, 1515, 1495, 1240,
760, and 750 em.™1; Ap.x sh 246 mu (e 11,200), 251 (13,500),
265 (10,050), 271 (10,400), and 332 (18,700).

Anal. Caled. for C\\H;; IN,: C, 49.42; H, 5.04; 1, 37.30;
N,8.24. Found: C,49.49; H, 4.98; I,37.11; N, 8.62.

3.-(1,5-Dimethyl-2-pyrrolidinyl)indole (57).—A mixture of
1.3 g. of 3-(1,5-dimethyl-2-pyrrolidinylidene)-3H-indole hy-
driodide, 1.3 g. of sodium borohydride, and 100 ml. of ethanol was
stirred for 4 hr. It was then evaporated to dryness and 100 ml.
of water and 10 ml. of 209, sodium hydroxide were added. The
mixture was extracted with ether. The extract was washed with
water, dried through sodium sulfate, and evaporated to give 0.8
g. of crude product. Two crystallizations from ether-petroleum
ether afforded colorless prisms, m.p. 151-152°; wpm,e 3120,
2770, 1620, 1580, 1540, 1500, 1225, 1195, 1170, 1130, 1110, 1055,
1010, and 735 em. 71y Ay 217 mu (e 37,750), sh 274 (5950),
280 (6350), and 289 (5250).

Treatment of 3-(5,5-Dimethyl-1-pyrrolin-2-yl)indole with
Methyl Iodide. 3-(5,5-Dimethyl-2-pyrrolidinylidene )-3H-indole
Hydriodide.—A solution of 2.1 g. of 3-(5,5-dimethyl-1-pyrrolin-
2-yhindole in 25 ml. of methanol and 5 ml. of methyl iodide was
refluxed 4 hr. The resulting suspension was evaporated to
dryness and the residue was crystallized from ethanol affording
1.56 g. (469), m.p. 280° dec. Two recrystallizations raised the
m.p. to 289°; vmax 3140, 3080, 1630, 1615, 1595, 1525, 1235,
1150, and 740 cm.™1; Apax 250 mu (e 12,600); 264 (10,000),
270 (10,500), and 330 (17,700).

Anal. Caled. for CiHiiIN,: C, 49.42; H, 5.04; I, 37.30;
N,8.24. Found: 49.65; H, 4.90; I, 36.78; N, 7.99

3-(1,5,5-Trimethyl-2-pyrrolidinyl)indeole (59).—A solution of
24.8 g. of 3-(5,5-dimethyl-2-pyrrolidinyl)indole in 350 ml. of
methanol and 116 ml. of methyl iodide was refluxed under nitro-
gen for 48 hr. It was evaporated to dryness in racuo and the
residue was triturated with methanol. The resulting solid was
dissolved in 500 ml. of water and filtered. The filtrate was
cooled, made basic with sodium hydroxide, and extracted with
methylene chloride. The extract was washed with saturated
salt solution, dried through sodium sulfate, and evaporated
to give 188 g. of an oily solid. It was chromatographed
on 300 g. of silica. Elution with 3150 ml. of ethyl acetate
afforded 11.85 g. of product. Crystallization from ether-
petroleum ether gave 6.9 g. (269); m.p. 138-140° unchanged
on further recrystallization; vm,x 3140, 3100, 3040, 2805,
2780, 2750, 1620, 1606, 1540, 1500, 1227, 1195, 1148, 1112,
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1010, 765, and 740 cm. 1; Apax 219 mu (e 35,600), sh 274 (5650),
279 (39530), and sh 287 (4900). This product was recovered
unchanged from attempted acetylation with acetic anhydride
at room temperature overnight under which conditions 3-(5,5-
dimethyl-2-pyrrolidinyl)indole undergoes monoacetylation on
the pyrrolidine nitrogen.

1-Acetyl-3-(1-acetyl-5,5-dimethyl-2-pyrrolidinyl)indole (V).—
A solution of 1.05 g. of 3-(5,5-dimethyl-2-pyrrolidinyl)indole in
10 ml. of acetic anhydride was refluxed overnight. It was cooled
and 25 ml. of water followed by 4.5 g. of sodium carbonate were
added. The solid was filtered, dried, and crystallized twice
from ethyl acetate affording 0.8 g. (549) of colorless prisms;
m.p. 189-190°; ym.x 3120, 1710, 1640, 1250, 1220, 1145, 1040,
1020, 1000, 770, and 750 cm.™!; Ap.x 239 mu (e 17,950), 260
(8200), sh 270 (7300), 290 (6700), and 299 (7400).

Anal. Caled. for C)sHxN.Q,: C, 72.45; H, 7.43; N, 9.39;
COCHs, 28.85. Found: C, 72.52; H, 7.56; N, 9.15; COCH,,
15.35.

1-Methyl-3-(1-methyl-2-pyrrolidinylidene )-3H-indolium  Io-
dide (VI). A. From 3-(1-Methyl-2-pyrrolidinylidene)-3H-
indole (1) and Methyl Iodide.—A solution of 248 g. of 1 in 1875
ml. of methanol and 781 ml. of methyl iodide was refluxed for 1
hr. The product began separating 5 min. after reflux began.
After cooling the solid was filtered, washed with methanol and
then ether, and dried affording 372 g. (87%); m.p. 252-254°;
vmax 3080, 3050, 3015, 1243, 1140, 1107, 1091, 762, and 755 cm. 7 1;
Amex 211.5 my (e 37,900), 254 (14,700), sh 262, 270 (8900), and
335 (20,100).

Anal. Caled. for CL,HyIN,: C, 49.42; H, 5.04; I, 37.30;
N, 8.24. Found: C, 49.25; H, 4.63; I, 37.05; N, 8.39.

B. From 1-Methyl-3-(1-pyrrolin-2-yl)indole (28) and Methy!
Todide.—A solution of 1,98 g. of 28 in 15 ml. of methanol and 5 ml.
of methyl iodide was refluxed for 1.5 hr. A suspension resulted
during reflux. After cooling the solid was filtered and washed
with methanol affording 2.58 g. (76%), m.p. 253-254°. This
compound was identical (by mixture melting point, analyses,
and ultraviolet and infrared spectra) with the sample obtained
from 1 and methyl iodide.

1-Methyl-3-(1-methyl-2-pyrrolidinyl)indole (43). A. By
Methylation of 3-(1-Methyl-2-pyrrolidinyl)indole (31).—A solu-
tion of 25 g. (0.125 mole) of 31 in 100 ml. of ether was added with
stirring, during 20 min., to a suspension of sodamide (0.128 mole)
in 475 ml. of liquid ammonia. Then 18 g. (0.128 mole) of methyl
iodide was added during 30 min. and the mixture was stirred for an
additional 30 min. The ammonia was allowed to evaporate,
100 ml. of water was added, and the mixture was extracted with
ether, The extract was washed with saturated salt solution,
dried through sodium sulfate, and evaporated to give 20 g. of
oil. Distillation of 19 g. of oil afforded 12.5 g. (49%), b.p. 113°
(0.01 mm.). The oil crystallized on standing in the cold for
several days; m.p. 45.5-47.5°% v,y 3040, 2760, 1615, 1555,
1239, 1212, 1154, 1130, 1040, 1014, and 735 cm.—; Amax 221 mu
(e 34,850), 287 (5950), and sh 328 (184). A solution of 0.119 g.
(0.56 mmole) of the oil in 10 ml. of ethanol was treated with 7.6
ml. of saturated ethanolic picric acid solution. Crystallization
commenced after a few seconds giving 0.217 g., m.p. 196-196.5°
Recrystallization from ethanol afforded yellow plates; m.p.
196.5-197°; vpmex 3120, 2745, 1633, 1518, and 1479 cm. 1} Apax
218 mu (e 59,150), sh 244 (12,400), 270 (8800), 282 (8700), sh
286, 293 (7700), 358 (16,400), and sh 400 (1000).

Anal. Caled. for CoHaN:O:: C, 54.17; H, 4.77; N, 15.80.
Found: C, 53.93, H, 4.41; N, 15.85.

B. By Reduction of 1-Methyl-3-(1-methyl-2-pyrrolidinylid-
ene)-3H-indolium Iodide (VI) with Sodium Borohydride.—A
warm solution of 0.76 g. of VI in 75 ml. of ethanol was treated
with 1 g. of sodium borohydride. The resulting solution was
stirred at room temperature for 21 hr. It was then evaporated
in vacuo, water was added, and the mixture was extracted twice
with ether, The extract was washed with water and saturated
salt solution, dried through sodium sulfate, and evaporated to
give 0.536 g. of an oily solid. It was dissolved in 10 ml. of acetone
and chromatographed on 10 g. of silica. Elution with four
20-ml. portions of acetone followed by two 20-ml. portions of
2% methanol-acetone gave 0.336 g. of oil. One drop of the oil
was diluted with 3 drops of methylene chloride and subjected
to vapor phase chromatography. The column for the v.p.c.
was a 2.135-m. stainless steel column, 6 mm. internal diameter,
containing 29, SE-30 as the stationary liquid on 60 mesh fire-
brick support. Helium at 60 ml./min. was used as the carrier
gas and thermistors were employed for the detection of the
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sample peaks. The temperature wus 170°. Retention time wus
8.3 min., identical with that of the sample prepared by methivia-
tion of 31. There was a minute anwunt of impurity with reten-
tion time of 1.8 min. Evaporation distillation at 1153° (0.03
nun.) gave a colorless oil which showed an nfrared spectrum
identical with that of the authentic sample. The picrates were
also identical.
1-(2-Diethylaminoethy!)-3-(1-methyl-2-pyrrolidinyl Jindole

Dihydrochloride (45).—A mixturc of 10 g. (0.0505 wole) of 3-
(1-methyl-2-pyrrolidinylidene)-3H-indole, .15 g. (0.06 wole) of
2-diethylaminoethyl chloride, and 300 il of absohite ethanol
was heated under refiux for 16 hr. The solvent wins evaporated
and the residual oil was dissolved in 150 ml. of water. The solu-
tion was niade basic with sodinin hydroxide solntinn and extracted
with two 400-ml. portions of ether.  The extract, which contained
some insoluble solid, was washed with four 200-ml. portions of
water and dried over anhydrous muaguesium sulfati. FEvapora-
tion of the ether guve 11.9 g. of brown oil. - A wixture of the il
G g. of sodiun borohydride, and 250 ml. of absohite cthanol wie
allowed to stand overnight at room temperature.  The solvent
was evaporated and the residue wus treated with 200 ml of water,
The wmixture was extracted with two 400-1ml portions of cther.
The extract was washed with three 200-ml portious of water
and dried over anhvdrous magnesiin sulfate. The cther
sohition was treated with ctheresl hvdrogen c¢hloride.  The
solid was filtered and erystallized twice from ethanol-ether giving
103 g, (354¢) of pale vidlet solid, unp. 200-211°. Recrvstal-
lization from ethanol-ether alforded grav ervstals: m.p. 210
2129y 3043, 2640, 2550, 2460, 1616, 1535, 1170, 1025,
1006, and 740 cnn 75 A 216 g (e 40,3003, 272 (GROOY, 280
(6650), sh 284 (6400, and 241 (51001

3-(1-Methyl-2-pyrrolidinyl)indol-5-01 (35).—A mniixtare of
12.2 g. of 5-benzyloxy-3-(1-methyl-2-pyrrolidinyhindole, 150 ml.
of ethannl, and 0.5 g, of 106 palladiiun on charcoal was shaken
on o Parr apparatus ut 3 atm. initial pressure.  After 4 hr. )
equiv,. of hydrogen was absorbed. The catalyst wag removed
and the solvent evaporated. The residual oil was shuken with
300 ml. of ether. The ether solution was decanted from a sinall
amount of tarry material. The ether was evaporated and the
residue was crystallized from acetone—Skellysolve B giving
5.2 g (60%), m.p. 159-161°. Two rveervstallizations from
acetone—Skellysolve B afforded bufl eryvstals: m.p. 161-163°:
Yrax 9320, 3050, 2480, 1623, 1576, 1252, 1222, 1205, 1178, 1105,
1086, and 1030 e =15 Ay 275 pig (e 6150, 200 {47004, aud =h
310 (3650).

3-(1-Methyl-2-pyrrolidinyl)indol-6-01 (4!).-—A solution  of
2 g. of 6-benzvloxy-3-(1anethyvl-2-pyrrolidinyhindole in 100 k.
of ether was treated with ethereal hydrogen chloride.  The solid
was filtered and washed with ether giving 2.2 g, vf colorless solid,
uLp. 105-111°  Attempted ¢ vstallization of a partion of the
hydrochloride  from ethanol-ether caused decompaosition. A
mixture of 2 g, of the crude hvdrochloride, 0.2 g. oF 104, pul-
lndium on chareoal, and 50 1l of absclute ethunal was shaken
on a Parr apparatus at 3 atin. initial pressure.  After 6 hr. |
equiv. of hydrogen had been absorbed. The catalyst was re-
moved by filtration and the solvent was evuporated.  The residue
was cryvstallized fromn methanol-ether giving a sticky solid.
The filtrate was diluted with ether and cooled to give 0.22 o
(15¢0), m.p. 193-195°. Reervstallization rom  methanol-2-
propanol-cther atforded 0.21 g. of ivory needles: nip. 193-
195°%: pmax 3320, 3140, 3020, 2675, 2560, 1632, 1504, 1348, 1520,
TIT0, 1128 and 700 e 75 Ao 210 mu (e 30,0501, sh 254
(2750), sh 262 (3750), 270 (4250), 203 (4050 ), and sh 302 {3550 4.

3-(2-Pyrrolidinyl)indole (29). A. From 3-(1-Benzyl-2-pyr-
rolidinyl)indole (48).—A mixture of 5.5 ¢ of 48, 8 g, of 10¢;
palladiuin on earbon, wid 100 ml. of methanol was shaken o a
Purr apparatus at 3 ato initinl pressure. The hyvdrogen nptake
stopped nfter 1 equiv. of hydrozen had been absorbed.  The
catulvst was remaoved by filtration and the solvent was evapo-
ruted.  The residue was crystallized from benzene-Skellysolve
B alfording 1.7 g. (4697); mup. 141-143%; vy, 3280, 3110, 3070,
3020, 2730, 2620, 1616, 1580, 1530, 1505, 1237, 1147, 1135, 1120,
1060, 1050, 1110, 840, 827, and 735 cnn "l A 216 g (e
37,750), sh 274 (5700), 280 6G050), and 287 (4950

B. From 3-(1-Pyrrolin-2-yl)indole (24).—Seventy-two ml. of
an ethanolie solution of erude 24 obtained by hydregenation of
l-indol-3-yl-4-nitro-1-butanone (0.005 mole) with Raney nickel
was hydrogenated further Tor 4.25 hr. in the presence of 0.2 g.
of platinum oxide at an initial pressure of 3 atni,  The mixture
was nitered and the solution evaporated to drimess.  The resilt-
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ing 0.9 g. of vellow solid wus crystallized from benzeue-petroleum
ether followed by ethyl acetate to give 0.3 g. (32%), m.p. 142-
I-14°. This material was identical Onixture melting point,
nltraviolet and infrared spectra’ with the samnple obtained from
48.

3-(1-Methyl-2-pyrrolidinyl )indole (31). From 3-{2-Pyrroli-
dinyl)indole (29).——A mixture of 10 g. of 29 aud 246 ml. of uethyl
farnmte was rellnxed for 48 hr. The resnlting solution was evap-
orated to dryvness to give an ol which showed o strong band ut
1650 b ¢ in the infrared spectinm. A solution ol this oil 5o
100 1l of benzeue was added to a1 suspension of 10 g of lithinm
ahiminnn hvdride in 1L of ether. The mixtwre was refluxed for
IS he. eowas deconiposed by the suecessive addition of 10 mlb.
of water, 10 b of 154, agneous sodiun hydroxide, and 30 mlb
of water,  The resulting suspension was filtered aud the filtrte
evaporated to devness 12 rcio. The oily residue was erystal-
lized i cther-petrolenm ether to give 3 g, mp, 94977
There was nn depression on niixture prp. with 31 prepared v
method A, The filtrate was evapnrated (o devness and the 1 g
of residne was chrnatographied o 120 g0 of neutral shuwidi
Ehtion with nine 150-ml portions of 053¢ methwinl benzene
atforded 208 of solid which was crvstallized Trom ether petroleun
ether ta give 102 ¢ unp. 95-07°, The total vield was 6.00 g
FO45T 0

3-(1-Methyl-2-pyrrolidinylidene -3H-indole Hydriodide.- -A
solution of 9.2 g. of 3-(1-pyrrolin-2-y1) indole in 75 ml. of methinol
aud 25wl of methy! iodide was retluxed for 1.5 hr. The result-
big suspension was cooled inice and filtered to give 11.3 ¢ (709, %
mp. 270-283°. Two erystallizations from methanol sHorded
g needles, uLp. 203-2006° dec.; v 3170, 3110, 3035, 1610,
1520, 1400, 1236, 1218, 1112, 1100, 1020, 760, 750, and 740 ¢ b
Neewx Sh 225 1 (e 1R,600), sh 245 (11,6005, 231 {13,200, 263
(6505, 271190001, and 331.5 (17,600,

Ariad, Caled, Tor CudTaING O 47870 H, 4640 10 981
NLRAD Pound: C47.86; H, 1480 T, 38.020 N, 8 AL

3-(1-Methyl-2-pyrrotidinylidene )-3H-indole (1 1.-——From the
hydriedide. A suspension of 1.6 g of 3-(1-methyl-2-pyrroli-
dinvlidene)-83H-indole hydviodide in 10 ml ol water, 25 il of
benzene, 30 ml of T A sodinm hydroxide, 25 ml. of mnethylene
chlnride, and 10 1l of methanol was shaken until two elear
Lavers resnlted. The aqueous Inver was extracted twice with
methylene chloride.  Fhe extraet was washed with saturated
sult solntion. dried through sodium snlfate, and evaporated to
ive 0.9 g 917, % vip. 105-220°,  Crystallization rom benzeuc
methinal wtonled eolorless plates, nip. 220° dee. This niaterial
wos blentival Zanalyvses, mistire melting point, and nltraviolet and
infrared spectra r with the sample obtained by iethod AL

1-Acetyl-83- 1-pyrrolin-2-yhindole ( VII.—A solution of 0.52
05,0 yamolest ol aretic anhydride in 3wl nf hepzene wis added
dropwise durime 2 unin. 1o« bot solntion af 0.42 g, (5 puneles) of
3o L-pyrrolin-2-vhiudale in 50 ml. of Heuzene, Tl solution
wis allwed to stand ot o temperstinee for 2.3 hee Tt was
then eviparnted to drvpess (o vieno ta give a quanitative yield
of 2 rolorless solid melting at 180-185°, Ob attevipted erystal-
lization from ethanol only sbout 109 of the monoacetyl
compmmd cotkd be reenvered; the mujority was couverted to the
starting natericl. 1t wus ervstallized from benzene-petroleun:
ethier to give colorless noedles: nip. INLI-18670 vy 1712, 1618,
1550, and 1483 enn =t A, fin diexane) 236 mu (e 10,850},
sh 2506 (A6300, 26X (48500, 276 (40501, 295 (69530), and 305
170000

daol Cabed. for CHNLO C0 74310 H, 6240 N
Fomud: ¢, 23000 H A8 N, T2.75,

1-Methyl-2-( | -acetylindol-3-y1)-1-pyrrolinium Todide (IX).
A suspensinn of 0.833 g of VIIT iu 50 nil. of niethyl fodide wis
refluxed under nitrogen for 17.5 hr.  The resulting suspensiou
was filtered and the vellow solid washed with ether giving 1.28
g, (9490), prp. 218-220°,  Since attempted crystallization from
metbanol led to partin deacetylation, the product was crystallized
from dimethylormunmide-ether at room temperature affording
velow needles: mp. 217-210°0 w.e 3220, 3100, 3085, 1725,
1614, 1574, 1530, 1243, and 1205 em. 1 Ay« (in dioxane contain-
ing 1+, dimethyHormamide) sh 258 mu (e 9500), sh 270 (8500).
291 (86003, and 209 (90301,

Anad. Caled. for CGHRINGO: €, 48.02; H, 4.66: 1, 3447,
N, 7.61; COCH,, 1160, Found: O, -419: H, 5.11: 1, 34.04;
N, 747 COCH., 1285,

3-{1-Methyl-2-pyrrolidinylidene)-3H-indole Hydriodide.
From IX.—A soluticn of 0.2 g. of 1X in 4 ml of water wng re-
Huxed for 5 min. aid then allowed to ervstallize giving 0.117

1238,
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g., m.p. 302-307°. Recrystallization from water afforded color-
less needles, m.p. 302-304°. This material was identical (C,
H, I, and N analyses, ultraviolet and infrared spectra) with the
sample prepared from 3-(1-pyrrolin-2-yl)indole and methyl
iodide.

1-Acetyl-3-(1-acetyl-2-pyrrolin-2-yl)indole (X).1!—A solution
containing 5.2 ml. (0.065 mole) of pyridine and 5.2 ml. (0.051
mole) of acetic anhydride was added to 1.84 g. (0.01 mole) of
3-(1-pyrrolin-2-yl)indole. The mixture was heated on a steam
bath for 2 hr. The resulting brown solution was evaporated
in vacuo. The brown oily residue was dissolved at room tem-
perature in 10 ml. of ethyl acetate and crystallization was
induced by scratching and allowed to proceed overnight. The
crystals were filtered, washed with ethyl acetate, then with petro-
leum ether to give 1.4 g. (529%), m.p. 130-144°. Crystallization
from pyridine-petroleum ether at room temperature afforded
clusters of colorless rods; m.p. 132-144°; v, 3060, 1708, 1636,
1588, and 1558 cm.™!; Ap.. (in dioxane) 238 mu (e 25,850),
sh 292 (7250), and 301 (8800).

Anal. Caled. for CgHyeN:0,: C, 71.62; H, 6.01; N, 10.44.
Found: C, 72.02; H, 6.20; N, 10.15.

1-Acetyl-3-(2-pyrrolidinyl)indoline Hydrochloride (XI).—A
solution of 0.452 g. of VIII in 25 ml. of acetic acid containing
0.1 g. of platinum oxide was shaken on a Parr apparatus at 3
atm. initial pressure. After 20 min. the solution was filtered and
evaporated to dryness. The residue was dissolved in water,
made basic with sodium bicarbonate, and extracted with ether.
The extract was washed with water and saturated salt solution,
dried through sodium sulfate, and evaporated to give 0.393 g.
of a pale yellow oil. The hydrochloride was prepared in 2-
propanol. Two crystallizations from 2-propanol-methanol fol-
lowed by methanol afforded 0.173 g. (339%); ni.p. 259-261°;
Vmax 2740, 2550, 2520, 2490, 2425, and 1655 em.™1; Apa, 252 mu
(€15,500), sh 278 (3100), and sh 287 (2200).

Anal. Caled. for CiHsN;O-HCL: C, 63.03; H, 7.18; Cl
13.29; N, 10.50. Found: C, 62.80; H, 7.58; Cl, 13.05; W,
10.35.

1-Methyl-3-(1-methyl-2-pyrrolin-2-yl)indole (XII).—A solu-
tion of 34 g. (0.1 mole) of VI in 200 ml. of methanol and 300 ml.
of methylene chloride was prepared under nitrogen and 600 ml.
of 1 N sodium hydroxide was added. The mixture was stirred
for 2 hr. The organic layer was separated and the aqueous solu-
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tion was extracted with two 200-ml. portions of methylene chlo-
ride. The combined organic solution was washed with saturated
salt solution and dried through sodium sulfate. It was evapo-
rated ¢n vacuo below 40° to give 27 g. of vellow 0il; Ay« (in ether)
238 mu (e 7450), 293 (6500), and sh 301 (5650); Amax (in methanol)
253 mu (e 15,000), sh 270 (8900), and 335 (20,000).

1,1-Dimethyl-2-(1-methylindol-3-y1)-2-pyrrolinium Iodide
(XIV and VI) by Alkylation of XII with Methy! Iodide. A.
Without Solvent.—Methyl iodide (200 ml.) was added cautiously
with cooling to 27 g. of XII, whereupon a suspension resulted.
It was refluxed for 15 min., cooled to room temperature, and
filtered to give 34.5 g., m.p. 186-206°. Two recrystallizations
from methanol afforded 10.4 g. of colorless needles, m.p. 253-
254°, This material was identical (mixture melting point,
ultraviolet and infrared spectra) with VI. The last filtrate
from the above crystallization was concentrated and afforded
9.5 g. of solid, ni.p. 180-190°. Six crystallizations from meth-
anol gave 3.16 g. of XIV; m.p. 205-207°; wp,x 3070, 1643, 1614,
1575, and 1331 em.™!; Apex 212 mp (e 34,000), 243 (12,850),
sh 260 (7050), and 303 (12,900). The structure proposed for
XIV was supported by the n.m.r. spectrum which showed indole
N-CH; at 239 c.p.s. (area 3) and pyrrolidine N-CH; at 206
¢.p.8. (area 6),1320 and by the following analysis.

Anal. Caled. for Ci;HpINy: C, 50.85; H, 5.41.
C,50.74; H, 5.98.

B. In Dimethylformamide.—A solution of 27 g. of XII in
100 ml. of dry dimethylformamide was treated during 10 min.
with 34 ml. (0.54 mole) of methyl iodide. The temperature
was kept at 15-20° by cooling in ice. The suspension was
stirred overnight at room temperature and then heated at 55°
for 1 hr. It was cooled, filtered, and the solid was washed with
cold dimethvliformamide and then with ether to give 6 g. of VI,
m.p. 254-255°. The solvent was evaporated from the filtrate
under a high vacuum below 45° and the resulting oil was crystal-
lized from methanol-ether. Another crystallization afforded
10.1 g. of XIV, m.p. 203-205°. A mixture melting point with
NIV obtained previously showed no depression.

Found:

(20) The n.m.r. spectrum was run with a Varian D.P. 60 spectrometer and
deuterated dimethylformamide as solvent. Frequencies are reported in
¢.p.s. downfield from internal tetramethylsilane. We thank Dr. G, Stomp
and ¥. A. McKellar for the spectrum and its interpretation.
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A variety of substituted 4-aminomorpholines has been prepared.

The preparation of such hydrazines, in

which one nitrogen is part of a cyclic structure, has been investigated and the methods used are discussed. One
of these compounds, 3-methyl-4-(1-phenyl-2-propylamino)-2-phenylmorpholine, has been shown to possess very

interesting central nervous system activity.
compound is also discussed.

The substitution of the morpholine radical for other
dialkylamine or cyclic amine radicals in biologically
active substances has generally resulted in reduction
or elimination of activity. A notable exception has
been observed in compounds affecting the central
nervous system.? A morpholine derivative of particu-
lar interest has been 3-methyl-2-phenylmorpholine
hydrochloride (1) which finds use as an appetite in-
hibitor® and has also been shown to affect the central
nervous system by producing mild stimulation and

(1) Presented in part before the 7th Medicinal Chemistry Symposiuin,
Kingston, R. 1., June 21, 1960.

(2) (a) P. A.J. Janssen and A. H. Jageneau. J. Pharm. Pharmacol.. 9, 381
(1957): (b) R.J. Anderson. P. M. Frearson, and E. 8. Stern, J. Chem. Soc..
4088 (1956); (c) B. Basil, N. D. Edge, and G. F. Somers, Brit. J. Pharmacol.,
8, 125 (1850).

(3) (a) O. Thomae and H. Wick, Arch. Exptl. Pathol. Pharmaknl., 222, 540

(1954): (b) M. E. Rossman, M. Beyers, and 8, Merlis, N. Y. State J. Med.
88, 2394 (1958): (c) C. Ressler, J. Am. Med. Assoc.. 165, 135 (1957.)

The preparation of some of the optically active isomers of this

euphoria.* Such stimulant activity, coupled with the
discovery that 2-hydrazino-1-phenylpropane hydro-
chloride (2) is a potent central nervous system stimu-
lant and inhibitor of monoamine oxidase’ led to
the investigation of 4-aminomorpholines related strue-
turally to 3-methyl-2-phenylmorpholine.

q VH-HCI CGH5CH2(]JHNHNH2'HCI
CGH5 CH3 CHJ
, 2

The unsubstituted 4-aminomorpholines were pre-

(4) (a) R. H. Barnes, ibid., 166, 898 (1978): (b).l. B, Randell, Brit. Med.
J.. 2,508 (19537).

(5) (a; L. G. Etherington and A. Horita, J. Pharmacol. FExptl. Therap.,
128, 7 (1960); (b) 8. Spector, P. A. Shore, and B. B. Brodie, ib7d., 128, 15
(1960): (ec) A. Horita, Ann. N. Y. Acad. Sci., 80, 590 (1959).



