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Antidepressant Agents. Derivatives of 2,3-Polymethyleneindoles’
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A series of 1-substituted 2,3-polymethyleneindoles was prepared and examined for central nervous system
activity. A number of these compounds were found to be active as antidepressants. The required 2,3—poly-
methyleneindoles were prepared by suitable modifications of the Fischer indole synthesis from arylhydrazines and

alicyclic ketones.

The search for compounds which would be efficacious
in the treatment of mental disease has led to the dis-
covery of such psychotropic agents as imipramine
(I),? chlorprothixene (II),® and amitriptyline (III).4
These compounds may be regarded as isosteres of the

LS

I, X = (CHy); Y = N(CH,);N(CH;),
III, X = ( Hg)z; Yv = C:CH(CHz)gN(CHs)g
I\‘, X = S, Y = N——*(CHg)aN(CHg)Q

corresponding phenothiazine derivative (IV)? in which
first the sulfur, then the nitrogen, and finally both these

These were converted to N-substituted derivatives by various methods.

In this investigation we decided to examine com-
pounds having the general structure V and to vary,
over as wide a range as practical, the substituent in the

R ' (CHy),,
[ I N ]_

|
Y Am

v

aromatic ring (R), the size of the cycloalkyl ring (n
+ 2), the alkylene unit (Y), and the amino function
(Am). Homologs with n = 4 (tetrahydrocarbazole)
have been reported® in the patent literature. The
N-dimethylaminopropyltetrahydrocarbazole was pre-
pared (Table IV, n = 4) for comparison.

Tasre I

POLYMETHYLENEINDOLES

R —
| (CH,,
[ I N]_

R n M.p., °C. Formula
1 He 5 143-145 Ci;:H N
2 CH; 5 123-127 CuHizN
3 F 5 115-116 CisH FN
4 Cl 5 128-129 Cy3H,,CIN
3 NO, 5 165-166 CsH1 N0,
6 CH;0 5 130-131 CiHi7NO
7 H? 6 74 .5-76 CyHiN
8 NO, 6 177-178 C1H;6N20,
9 H 7 65-66 CisH N
10 H 8 92-93 CieHuN
11 H 9 d CrHasN
12 H 10 100-101 CisHasN
13 He 11 116-117 CyyHN
14 He 13 68-69 CuHayN

e W. H. Perkin, Jr., and 8. G. P. Plant, J. Chem. Soc., 2583 (1928).
¢ Ng. Ph. Buu-Hoi, J. Chem. Soc., 2882 (1949).

Soc., 73, 2641 (1951).
Cl, 16.15. Found: Cl, 16.05.

moieties have been replaced by an isosterically similar
carbon group.

(1) Presented in part before the Division of Medicinal Chemistry; see
Abstracts, 143rd National Meeting, American Chemical Society, Los
Angeles, Calif., April 1, 1963, p. 6L.

(2) W. Schindler and F. Haflinger, Helv. Chim. Acta, 87, 474 (1954).

(8) P. V. Petersen, N, Lassen, T. Holm, R. Kopf, and 1. M. Nielsen,
Arzneimittel-Forsch., 8, 395 (1958).

(4) E. L. Engelhardt, M. E. Christy, H. C. Zell, C. M. Dylion, M. B.
Freedman, and J. M. Sprague, Abstracts, 141st National Meeting, Amer-
ican Chemical Society, Washington, D. C., March, 1962, p. 4N,

(5) P. Charpentier, U. 8. Patent 2,519,886 (1950).

H
—~——Carbon, ¥ —— ——Hydrogen, 9% ——Nitrogen, Y——
Caled. Found Caled. Found Caled. Found
84.3 84.36 8.60 §.52 7.03 6.92
76.80 76.80 6.96 7.02 6.90 7.06
e e 6.38 6.10
67.81 67.82 6.13 6.24 12.17 12.15
6.53 6.42
68.83 68.71 6.60 6.63 11.47 11.51
84.45 83.72 8.98 8.72 6.57 6.41
84.53 84.25 9.31 9.30 6.16 6.13
84.65 84.61 9.87 9.67 5.49 5.47

® B. Witkop, J. G. Patrick, and M. Rosenblum, J. Am. Chem.
¢ Constant melting sample was not obtained. ¢ Anal. Caled.:

The penta- and hexamethyleneindoles required
(Table I) were prepared from phenylhydrazines and
alicyclic ketones by the Rogers—Corson’ modification
of the Fischer indole synthesis. Higher homologs
(Table I) were prepared by the method of Buu-Hoi.?

The p-nitrophenylhydrazones of c¢ycloheptanone and
cyclooctanone, which failed to cyelize under Rogers—
Corson conditions, gave the corresponding 5-nitro-2,3-

(6) J. W. Cusic and C. A. Dornfeld, U. S. Patent 2,541,211 (1951).
(7) C. U, Rogers and B. B. Corson, J. Am. Chem. Soec., 69, 2010 (1947).
(8) Ng. Ph. Buu-Hoi, J. Chem. Soc., 2882 (1949).
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Tasre Il
Basic 2,3-PENTAMETHY LENEINDOLES
R
i CH
\\/\:\:/) )
YA
R Am Y Malt M.p., °C.
H (CH;3»:N CH.CH. Fumarate 220-221
H (CH;CH,),N CH.CH. Fumarate 187188
H (CH,CH.);N CH,CH; CH,I 187-188
H (CH;).N CH.(CH;)CH HCi 189-190
H (CH;):N CH(Ph)CH. Tumarate 195-197
H (CH3)N CH,CH, Fumarate 244-245
H (CH:)sN CH,CH., HCI 209-210
H O(CH,CH;):N CH,CH, HCI 181-182
H H,N (CH.)s HA 271-272
H CH:NH (CHa)s HCl 172-174
H (CHj;)N (CHay)s HCI 207-208
H (CH3;CH,CH;)sN {CHa)n Maleate 101-102
H (CH;CH,CH,);N (CH:)x CH.I 159-160
H HN(CH,CH,).N (CHyg)y Difumarate 172-174
H CHsN( CHQCHZ )zN { CH.); Difumarate 218-214
H HOEtN(CH,CH;).N tCH,), Dihydrochloride 200-~210
H (cHs)zN (CI{:)‘; }ICI 164-166
H (CH;):N T CH,), HCI 158.5-150.5
CH, (CH;).N (CHa)s Fumarate 142145
F (CH;s)aN {(CH.), HC 177178
Cl (CH3)N (CHap Fumarate 141-142
NH; (CHj)N (CHzh Dihydrochloride 260-261
NO; (CHjy):N (CHy)s HC 220223

polymethyleneindoles in good yield when heated under
reflux in glacial acetic acid saturated with hydrogen
chloride for an extended period (5-6 hr.).

The synthesis of compounds of type V was accom-
plished, for the most part, by the alkylation of the
sodium derivative of the polymethyleneindoles with
dialkylaminoalkyl chlorides. In addition, a variety
of methods were utilized where necessary to prepare
special examples. These reactions are summarized
in Scheme I.

The polymethyleneindoles VI were converted into
their sodium salts by treatment with a 489 dispersion
of sodium hydride in mineral oil, using dimethylform-
amide as solvent, and the sodium salts were then
treated with suitable dialkylaminoalkyl chlorides. The
products V (Tables IT, ITT, and IV) were isolated either
directly as hydrochloride salts or the bases were first
purified by vacuum distillation and then converted to a
suitable salt, generally the hydrochloride or the fu-
maric acid salt.

ScHEME 1

| (CHap =R
N

R-H
CH,=CHCN Vi

RCH.CH.CN _1AlH,

VII VIIT
e NaOH
CH3OH N

NaH-DMF
——
R’',Nalk('l v

RCH.CH.CH.NH:

R~ alk-NR",

(¢}
— > R—CHUHCH,N(CH.CH.OH)2
IX

RCH.CH.CO.CH, YMAM:. RCH.CH.CH.OI 7 ROHCH,CH,Br
X X1 X1
lCH.iNHz lu',Nn

RCH,CH,CONHCH; RCH,CH.CO,H RCHCH.CHNR ",
XV X1V N1
JLiAlH, N

RCH,CH.CH,NHCH, RCH,CH:CONR'".

XVI XVIT
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~———Carbon, % ——Hydrogen, %—— Nitrogen, % Chlorine, %—-——
Formula Caled. Found Caled. Found Caled. Found Caled. Found
CaiHzsN204 67.92 67.70 7.58 7.38 7.52 7.41
CasHipNoOy 69.20 69.48 8.05 8.02 6.98 7.28
CooHyIN, 6.58 6.65 29,554 29.07
C3sHy:CIN, 9.13 9.13 11.57 11.53
CoHiN,O, 72.29 72.27 7.19 7.20 6.25 6.18
CosHapN:0y 69.30 69 .20 7.55 7.41 7.03 7.15
CyH,yCIN, 8.44 8.43 10.38 10.42
C14HyCIN:O 8.38 8.35 10.58 10.45
C1sHasCIN, 10.50 10.15 12.72 12.76
C7Hz:CIN: 69.72 69.62 8.60 8.49 9.57 9.46 12.11 12.25
CisHsCIN, 9.13 9.25 11.57 11.60
CosH3aN204 70.60 70.74 8.62 8.68 6.33 6.44
CaH3IN, 6.00 5.72 26 .95 25.65
CosH3:N3Os 61.86 61.73 6.86 7.10 7.73 7.98
C2Hag N0 62 .46 62.41 7.05 7.33 7.54 7.47
CyH;3:CLN;O 9.82 9.52 16.55 16.7
C1H3sCIN, 71.11 70.96 9.11 8.82 8.73 8.89 11.05 10.84
CyHyCIN, 72.28 72.22 9.53 9.56 8.03 8.12 10.16 10.30
CasHpN,Oy 68.97 68.75 8.05 8.01 7.00 6.96
CsHasCIFN, 8.64 8.65 10.92 10.92
CHygCIN,O4 62.40 62.69 6.94 6.82 6.67 6.61
C1sHasCl N3 11.73 11.70 19.7 19.50
C1sH2:CIN;0: 61.44 61.26 7.45 7.49 11.94 12.04 10.08 10.04
TarLe 11T
Basic 2,3-HEXAMETHYLENEINDOLES
g gucs
y
Y—Am
~—Carbon, %— ~Hydrogen, %— ~—Nitrogen, 7%—
R Am Y Salt M.p., °C. Formula Caled. Found Caled. Found  Caled. Found
H (CHj)N CH:CH, Fumarate 199-201 CaaH30N2O4 68.36 68,32 7.82 8.04 7.25 7.28
H (CHs):N CH,CH(CHa) Fumarate 182-184 C23H32N2Oy 68.97 68.71 8.05 8.11 7.00 6.82
H (CH3CH,):N CH.CH, Fumarate 190-193 CaHyN204 69.53 69.53 8.27 8.47 6.76 6.63
H (CH2)4N CH.CH: Tumarate 231-233 CasHaeN2Oy 69.88 69.94 7.82 7.76 6.79 6.89
H (CHq)sN CH:CH: Fumarate 224-224 .5  CuH3aN204 70.39 70.30 8.03 8.16 6.57 6.44
H O(CH:CH;)N CH:CH: Fumarate 174~176 CocH3:N205 67.27 66.97 7.53 7.45 6.53 6.50
H H)N (CHa)s HC1 253-255 Ci7HasCIN? 69.72 69.88 8.60 8.59 9.57 9.41
H CH:NH (CHa2)s HC1 180-181 C1sHz,CIN,® 70.45 70.76 8.87 9.00 9.13 9.41
H (CHz):N (CHe)s HCl 146-147 CisHzsCINg? 8.74 8.59
H (CH3;CH.CH,):N (CHz)s Fumarate 164-167 CarHypN204 71.02 70.71 8.83 8.76 6.14 6.18
H (HOCH:CH:):N (CHa2): (base) a CarH3eN:02 73.20 72.98 g.36 9.62 8.13 7.92
H CHN(CH.CH»):N  (CH2)s Difumarate 219-220 C3HaN3Os 63.03 62.66 7.23 7.26 7.35 7.24
H (CHj)eN (CHq)z HCl 231234 C19H2sCIN:0:° 62.37 62.09 7.71 7.81 11.48 11.80
NH:; (CHs)N (CHz2)s Dihydrochloride 264-265 CisHaClaNs/ 11.27 11.47
¢ B.p.245-250° (0.01 mm.). ® Anal. Caled.: Cl,12.11. Found: Cl, 12.10. ¢ Anal. Caled.: Cl, 11.56. Found: Cl,11.28. ¢ 4nal
Caled.: CI, 11.08. Found: Cl, 10.75. ¢ Anal. Caled.: Cl, 9.69. Found: Cl, 9.20. 7+ Anal. Caled.: Cl, 19.05. Found: Cl, 18.5

In an alternate route, VI was cyanoethylated in
benzene, using trimethylbenzylammonjum methoxide
as & catalyst. As can be seen from Table V, the yield
of eyanoethylation product of polymethyleneindoles
(n = 5-11) varied from 41.29, to 92.59;. The cyano-
ethylpenta- and -hexamethyleneindoles (VII, n = 5,6;
Table V) were reduced with lithium aluminum hydride
to the corresponding primary amines (VIII). Treat-
ment of one of these amines (VIII, n = 6) with a slight
excess of ethylene oxide gave a nearly theoretical yield

of the diol, IX. The treatment of IX with thionyl
chloride, in an effort to obtain the corresponding “mus-
tard,” resulted in extensive resinification of the com-
pound.

The nitriles VII (n = 5,6) were esterified directly
with alcoholic hydrogen chloride. The ester X (n
= 5) was reduced (LiAlH,) in good yield to XI. Treat-
ment of XTI with 489, aqueous hydrobromic acid gave
XII, which with hydroxyethylpiperazine gave XIII
(NR: = 4-(2-hydroxyethyl)-1-piperazinyl).
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Tanpue 1V
Basic 2,3-POLYMETHYLENBINDOLES

e

K?’

(CH,),N(CH,).

Carbon, - ~Hydrogen, - Nitrowen,
" Salt Moy, " Fornula Caled. Found Culed. IPound Caled. I"ound

4 HCl 104195 CiHyCIN, i 9.50 9,66

i} HCL 207208 CisHy CING ¢ 013 025

6 HCl 146147 CroHayCING 7 NT4 No3Y

7 Fumarate 172-174 CagHay N0y 6453 64,21 N 27 SO06 .76 6. 74

N Fumarate 173176 CaHysNoO)y 7006 649,81 NoAT N 20 6.54 6,58

9 Fumarate 151152 CogHips N Oy T0.56 70.30 S 65 SUON 633 6,55
10 Fumarute 161162 CorHpN:O, 7102 7126 N~ N3 NoNd 614 6.1
{1 H IN4--1N5 ChayHyoCIN 3T 7357 1005 Ve 7T 7.26
13 I'umarute 47149 CaoH N0, 7225 2001 9.30 .38 562 5.7

WL Cusie and Co AL Dornfeld, U, 8 Patent 2,541,211 (19515, ¢ Anal, Caledes CLo12001L0 Found: CLo12.240 0 nel. Cadeds:
ClLo11.570 Found: ClL 10600 7 Anal. Caled: CL11LOS, Found: CL1075 < Anal. Caled.: CL 907, Found: Cl, 9.20.
Tasik V
[-CYANOETHY1A2,3-POLYMETHY LENEINDOLES
R .
| (CHu)

N

\’

CH,CH,CN

Yield, Carbon, 5 Hydrogen, 5 —~—Nitrogen. ',

R n AM.p., €. o Formula Claled, Found Caled. Found Caled. Found
H 3 95.5-97 872 CisHigNs 80 .50 NO L4 7.60 764 117N HLLY6
CH; b} 103--104 BN CiiHaeN» 80,91 NOLAT 7.99 809 1110 123
Cl D 105-106 S04 CyH:CIN, 70.45 70 .49 6 .28 612 10.27 10.02
I D 91 .53 92.5 CigH17FN, T4ONT 7196 6.64 6 .61 1093 10.75
NO. 5 18O=190 6 CigHizN 30, 67 .82 67 .82 6.05 397 [4.83 14,93
H 6 94,596 SOL6 Ci7Hz N, 091 ~N1.02 709 T80 11,10 11.30
NO. 3 176-177 61 CiH 14N ;0: 68 .67 65.57 6. 44 6 .04 I4.13 13,80
H n 97-498 41.2 CisHa N2 SRE16 8005 N33 813 10.52 10.27
H N 13713~ 60 CreHa N X138 ~N106 S 63 8OON G949 10.20
H 9 92-93 I~ CoHusN. RYIEH N1 22 S 00 N0 9,52 0. 41
H 10 NO-4)2 53 CarHagNs NELTT 149 uo1s N8R9 008 NN
H 11 117-119 ST CaoHy N2 N0 N B8 98N 9.1 NG N.AY

Alkaline hydrolysis of VII readily afforded the pro-
pionic acid derivatives (Table VI). These acids were
expected to be a ready source of the corresponding
amides, via the acyl chlorides. Because of the observed
behavior of IX with thionyl chloride, the acid XIV
(n 3) was not treated with this reagent; instead,
it was converted to the acyl chloride using silicon tetra-
chloride.® Without isolation this was treated with
N-(2-aminoethyl)-pyrrolidine, and the amide XVII
(n =5, ReN = l-pyrrolidinylethyl) was isolated as the
hydrochloride salt.

Alternatively, X was subjected to aminolysis with
methylamine, The N-methylpropionamide XV (n =
5,6), which was obtained in very high yield, was reduced
in the usual manner with lithiwm aluminum hydride to
give XVI.

Pharmacology. Methods.--The compounds under investiga-
tion were studied in three standard in vivo tests used to reveal

central nervous system effects: (1) Decreased Motor Activity
(D.MLAL).—The compound is administered orally to three mice

-

(49) AL L. Muadzhoian, G. T, Tatevosian, und M. P, Unanian, in “Synthesis
of Heteroeyelie Compounds,” Vol. 4, A. [.. Mndzhoian, Itd., Consultants
Bureau, New York, N. Y., 1960, p. 103,

(14-24 g.) at each of 5 doses, 400, 127, 40, 4, and 0.4 mg. kg,
and the animals are observed for a minimum of 2 hr. for signs of
decreased motor activity. (2) Antimorphine Activity (AN ALY

The compounds are administered orally at o number of dose
levels to groups of 6 mice. One hour later the animals are chal-
lenged with morphine suifate, 100 mg./kg., i.p.  The incidence of
Straub-tail and cireling is noted and compared with controls.
(3) Antireserpine!' (A.R.A.).~ -The procedure is the same as for
the antimorphine test but the animals are challenged with re-
serpine at a dose level of 2.5 mg./kg., i.p. The degree of ptosis
for each eyve is determined at 1 and 2 hr. post treatment. Pre-
vention of ptosis, if any, is determined for each time period.

In addition, the compounds were examined by means of «
recently developed!® weight-loss test (W.1..).  This test is based
on the finding that amphetamine produces a weight loss in ani-
mals (rats), due in part to the increase in activity induced by thig
drug, which is markedly potentiated by pretreatment with an
antidepressive drug. Imipramine produces up to 3 times the loss
in weight obtained with amphetamine alone. The compounds
are scored on an arbitrary scale (41 to +4) with the effect caused
by imipramine (5 mg./kg., 1.p.) and amphetamine (0.75 mg. /kg.,
i.p.) assigned a score of +3. In all the tests, imipramine was
used as a standard.

1) O, FL Holten, dcta Pharmacol, Torieol., 18, 113 (1457).

{111 1%, Rubin, M. H. Malone, M. H. Waugh, and J. . Burke. /. Pharma-
col. Keptl, Thevap., 120, 125 (19573,

(12) L. Stein, Private communication.
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Tasle VI
1-CARBOXYETHYL-2,3-POLYMETHYLENEINDOLES

R ‘ (CHL’)M
[ IN]_

(jJHZCHZCOOH

Yield,

R n M.p., °C. % Yormula
H 5 119-120 78.7 CieHiyNO2
F 5 105-107 4.9 CieH;sFNO,
Cl 5 128.5-130 80.7 CisHisCINO,
NO, 3 198-199 51.4 CieH1sN,Oy
CH; 5 123-125 63.2 CiNa N3Oy
H 6 137-138 88.2 Ci7HaNO:
NO. 6 182 .5-183.5 60.1 C17H20N-0,
H 7 102-104 66.2 CisHsNO;
H 8 106-107 .5 30.0 C1eHasNO,
H Y 130.5-133 13.1 CoHa: NO2
H 10 139-141 58.4 CoHagNO,
H 11 144-145 63.9 CaHuNO,

Results

The results obtained with a group of 1-substituted
2,3-polymethyleneindoles in four in vivo tests is
shown in Table VII. As an indication of toxicity,
the lowest dose causing death (D.) is included.
These compounds were not significantly active in the

standard tests (D.M.A., A R.A,, and AM.A)). Inthe
TasLe VII
PHARMACOLOGICAL STUDIES
l [CHZ:“II
YAm
n YAm D.M.A, AMA. ARA. WL D
6 (CH:):N(CHs)s 100 >800  >262 -4 1600
6  (CHg:N(CHi). 100 130 200  +3 800
5 (CHg):N(CHi)s 200 400 287 43 1600
5 (CH:CH:):NCH:CH: 200 560 478 0 1600
5 C3HuNCH:CH: 200 300 680  +2 1600
5 NH:(CHs 100 200  >200 +1 1600
4 (CH:N(CH2: 400 200 200 +1 800
(Imipramine, I) 40 160 5.6 +3 400

critical weight loss test some of the compounds had
marked activity. The most active of these, 5-(3-
dimethylaminopropyl)-6,7,8,9,10,11-hexahydro-5H-
cyclooct[blindole, is currently undergoing clinical
trials. In conclusion, the N-substituted cycloalkyl-
indoles are centrally active and seem to belong to the
same psychopharmacological family as imipramine.

Experimental

Melting points were determined by the capillary tube method
using the Hoover-Thomas apparatus. The melting point values
are corrected.

The 2,3-polymethyleneindoles (Table 1) were prepared by
methods adequately described in the literature.’»® The 5-nitro-
2,3-polymethyleneindoles required a departure from these pro-
cedures and a detailed example is given. The dialkylamino-
alkyl-2,3-polymethyleneindoles (Tables II, III, and IV) were
prepared for the most part by the procedure given for V. Ex-
ceptions are given in detail.

2-Nitro-6,7,8,9,10,11-hexahydro-5H-cyclooct[b]indole.—A
solution of cyclooctanone (20.8 g., 0.16 mole) in 100 ml. of ethanol
was added during 30 min. to a hot suspension of p-nitrophenyl-

~—~—Carbon, Y;—— —Hydrogen, Y% — ——Nitrogen, Y

Caled. Found Caled. Found Caled. Found
74.80 74.55 7.45 7.14 5.45 5.52
69 .80 70.06 6.59 6.60 5.09 5.16
65.86 66.16 6.22 6.09 4.80 4.89
63 .56 63.72 6.00 5.97 9.27 9.08
75.24 75.31 7.80 7.51 5.16 5.40
75.24 75.00 7.80 7.60 5.16 5.02
64 .54 64.45 6.37 6.18 3.86 .13
75.75 75.54 8.12 7.88 4.91 5.09
76.22 76.29 8.42 S.44 1.6% 4.41
76.64 76.36 8.69 8.65 4.47 1.36
77.02 76.95 8.93 9.06 $.28 +.15
77.37 77.55 9.15 9.21 1.10 1.10

hydrazine in 300 ml. of the same solvent and the mixture refluxed
5 hr. Sufficient hot water (200 ml.) was added to produce
turbidity. TUpon cooling, cyclooctanone p-nitrophenylhydrazone
crystallized and was filtered from the solution, washed with
aqueous ethanol, and dried. The product weighed 37.2 g. (89%)
and melted at 107-108°. The hydrazone (37.2 g.) was suspended
in glacial acetic acid (325 ml.) saturated with dry hydrogen
chloride, and the reaction mixture was heated under reflux 6 hr.
After cooling to room temperature, the solution was chilled. The
product was separated by filtration, washed well with water, and
dried. After recrystallization from methanol it melted at 177-
178°; yield, 25.3 g. (64.79).
5-(3-Dimethylaminopropyl )-6,7,8,9,10,11-hexahydro-5H-
cyclooct{b]indole (V).—Sodium hydride (60 g. of 489 dispersion
in mineral oil) was suspended by stirring in 500 ml. of dimethyl-
formamide (reagent grade). To this was added slowly a solution
of 6,7,8,9,10,11-hexahydro-5H-cyclooct[b]indole (199 g., 1 mole)
in 500 ml. of dimethylformamide. After evolution of hydrogen
was no longer vigorous, the suspension was stirred an additional
2 hr. at 35° and 3-dimethylaminopropyl! chloride (121 g., 1 mole)
was added in portions, keeping the temperature below 60°.
The reaction mixture was stirred and heated at 35° for 12 hr.
after addition was complete. This was poured into 3 1. of ice—
water and the mixture acidified with concentrated hydrochloric
acid. The solution was extracted well with ether. The aqueous
acid fraction was then made basic with 209, sodium hydroxide
solution and the oil layer extracted into ether. The ether solu-
tion was washed with saline and dried over sodium sulfate. After
removal of the drying agent, the solvent was distilled. The
residue, an orange oil, was dissolved in absolute ethanol (600 ml.)
and dry hydrogen chloride passed into the solution, with eooling,
until it was strongly acidic. Sufficient anhydrous ether was
added to produce cloudiness. After standing 24 hr. in the cold,
the precipitate was collected, washed with ether-alcohol, and
dried. The hydrochloride (204 g., 63.59,) was recrystallized
from methanol-acetone, m.p. 146-147°.
5-(2-Cyanoethyl)-5,6,7,8,9,10-hexahydrocyclohept[b]indole
(VII, n = 5).—A suspension of 5,6,7,89,10-hexahydrocyclo-
hept[blindole (185 g., 1 mole) in 500 ml. of dry benzene was
placed in a 2-1. flask fitted with stirrer, thermometer, addition
funnel, and condenser protected by drying tube filled with calcium
chloride. After the addition of 2 ml. of 409, solution of tri-
methylbenzylammonium methoxide in methanol, acrylonitrile
(58.4 g., 1.1 mole) was added dropwise, with stirring. The reac-
tion was exothermic and a clear solution resulted. This was
stirred for 1 hr. and finally heated to reflux on a steam bath for 1
hr. The reaction mixture was cooled and acidified with 1:1
hydrochloric acid. The solution was washed with a saline solu-
tion and the organic layer dried over sodium sulfate. This was
filtered and the solvent removed under reduced pressure. The
residue was crystallized from methanol-acetone and 208 g.
(87.29;) of VII (n = 5) was obtained, m.p. 96-97°.
5-(3-Aminopropyl)-5,6,7,8,9,10-hexahydrocyclohept[b]indole
(VIII, n = 5).—b-(2-Cyanoethyl)-5,6,7,8,9,10-hexahyvdrocyclo-
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hept{blindole (24.2 g., 0.1 nole) dissolved in 100 ml. of benzene
was added slowly to a well-stirred suspension of lithium alu-
minum hydride (5.7 g., 0.15 mole) in 500 ml. of anhydrous ether.
The mixture was heated under reflux and stirred 12 hr. After
cooling, 30 ml. of water was added cautiously and stirring con-
tinued 1 hr. The reaction mixture was filtered and the solvent
removed by distillation. The residue was distilled in 2acuo
and afforded 20 g. (81.54%) of product, b.p. 190-192° (0.5 mn. b
Anal.  Caled. for CieH2Ny: €, 79.25; H, 0.22: N, 11.558.
Found: C,78.99; H, 9.18; N, 11.61.
The hydrochloride was prepared in dry ether and recrystallized
from methanol-acetone, m.p. 271--272°,
5-(2-Carboxyethyl)-5,6,7,8,9,10-hexahydrocyclohept|b]indole
(XIV, n = 5),—5-(2-Cyanoethyl)-5,6,7,8,9,10-hexahydrocyclo-
hept]b]indole (33 g., 0.14 mole) was dissolved in 600 ml. of 907
ethanol containing 33 g. of sodium hydroxide. After boiling
under reflux for 30 hr., the solvent wuas removed by distillation
and the remaining solid cake was dissolved in 300 ml. of cold
water.  The solution was filtered clear and the filtrate acidified
with dilute hydrochlorie acid.  The product separated as a semi-
solid material.  After decanting the supernatant liquid, the
material wag stirred well with cold water (100 ml.) and allowed to
settle.  The liquid was decanted and the residue crystallized
from aqueous methanol. The aeid (28 g, 74.60,) melted at
119-120°,
5-(2-Carbethoxyethyl)-5,6,7,8,9,10-hexahydrocyclohept [b] -
indole (X, n = 5, R! = CH;).—5-(2-Cvanoethyl-5,6,7,8,9,10-
hexahydrocyelohept[blindole (150 g., 0.63 mole) was dissolved
in 1600 ml. of absolute ethanol and placed in a 3-1. flask fitted with
stirrer, condenser (protected with a caleium chloride drying tube),
and 2 gas inlet tube below the surface of the liquid. The solution
was cooled (ice bath) and dry hydrogen chloride passed into the
solution at a rapid rate for 4 hr.  After standing at room tem-
perature overnight, water (10 ml.) was added and the reaction
heated to reflux for 2 hr. A precipitate formed rapidly. After
cooling, the solution was filtered clear and the filtrate concen-
trated in vacuo. T'lie residue was taken up in ether, washed well
with water, and dried over sodium sulfate. The produet (13
g., T4.64¢) was purified by distillation, b.p. 132-185 (0.1 mum. ).
Anal.  Caled. for CxHuNO: (1) 75.75; H, 8127 N, 4.92.
Found: C,75.76; H, 8.26; N, 4.79.
5-(2-Methylcarbamoylethyl )-5,6,7,8,9,10-hexahydrocyclo-
hept[blindole (XV, n = 5).—5-(2-Carbethoxyethy1)-5,6,7,8,9,10-
hexamethylenecyclohept[blindole (20 g., 0.07 mole) was dissolved
in 100 ml. of absolute ethanol previously saturated with gaseous
methylamine at 0°,  The solution was kept in a stoppered pres-
sure bottle at room temperature for 2 days. It was then con-
centrated on the steam bath and the residue was crystallized
from aqueous methanol (80¢7), vielding 16.5 g. (86.8¢7) of prod-
uct, nnp. 94-95°.
Anal. Caled. for CrHaN0: C, 75.60; H, 8.19; N, 10.37.
Found: C,75.76; H, 8.22; N, 10.40.
5-(3-Methylaminopropyl )-5,6,7,8,9,10-hexahydrocyclohept-
[blindole (XVI, n = 5),—5-(2-N-Methylcarbamoylethyl)-5,6,7,-
8,9,10-hexahydrocyclohept[b]indole (16 g., 0.06 mole) was dis-
solved in benzene and added slowly to a well-stirred suspension of
lithiun aluminum hydride (10 g., .26 mole) in anhydrous ether
(500 ml.). The reaction mixture was stirred at room temperature
for 12 hr. and then decomposed by the addition of water (30
ml.). The mixture was filtered and the filter cake washed well
with ether. The combined filtrate was concentrated under
reduced pressure. The residue was distilled and the fraction
boiling at 165-170° (0.1 mm.) was collected (13 g., 84.8%).
Anal. Caled for CpHuN.: €, 79.64; H, 9.44; N, 10.93.
Found: C,79.78; H,0.51; N, 10.93.
The hydrochloride was prepared in ether and recrystallized
from ethanol-ether, m.p. 172-174°.
5-(3-Hydroxypropyl)-5,6,7,8,9,10-hexahydrocyclohept[b] -indole
(XI, n = 5),—To a stirred suspension of lithium aluminum
hydride (3 g., 0.05 mole) in 200 ml. of anhydrous ether was added
slowly 5-(2-carbethoxyethyl)-5,6,7,8,9,10-hexahydrocyclohept[b]-
indole (31 g., 0.11 mole) dissolved in 200 ml. of the same solvent.
When the initial exothermic reaction slowed, the mixture was
warmed and refluxed for about 4 hr. longer. After cooling,
water (12 ml.) was added, cautiously and with stirring. To this
was added 2-propanol (30 ml.), and then the whole mixture was
filtered. The filter cake was washed with 2-propanocl (100 ml.)
and the combined filtrate was concentrated in vacwo to a small
volume. Distillation gave the product (22 g., 82.3%) as «@ color-
less viscous liquid, b.p. 210-215° (0.05 mm.)

Vol 7
Adral, Caled. for CuxHaNOD O, 78.90; Found:
C, 78.84; H, 8.40.
5-(3-Bromopropyl )-5,6,7,8,9,10-hexahydrocyclohept{t|indole
(XII, » = 35)-—5-(3-Hydrosypropy1)-5,6,7,8,0,10-hexuhydro-
eveloheptblindole (18 g, 0.073 mole) was digsolved in o mixture
of aqueous 4377 hyvdrobromic acid (35 mb) and concentrated
sulfuric aeid (7 ml. ;. The solution was refluxed for 1.5 hr. The
reaction mixture was allowed to cool and the sclution wus then
poured onto ice (100 g} The organic layer was extracted into
ether and the extract washed with dilute aqueous sodiun bicar-
bonate solution, then with water, and dried over sodiun sulfate.
After removal of the solvent, the product was distilled in vaeno
iS4 g, 3730, bop IN5-190° (0.05 mm. .
Anal. Caled. for CgHyBrN: N, 157, Br,
N, £.49; Br, 25,02,
5-(3-|1-( Hydroxyethyl)-4-piperazinyl|propyl }-5,6,7,8,9,10-
hexahydrocyclohept{blindole (XIII, » = 5, R:N = 1-(hydroxy-
ethyl)-4-piperazinyl).-—A solution of 5-(3-bromopropy1)-5,6,7.-
8,9,10-hexahydroevelobept[blindole <8 g., 0.026 mole) and [-(2-
hydroxyethyDpiperazine (3.9 g, 0.03 mole) in 100 ml. of xylene
was refluxed 24 hr,  After the reaction had cooled, the solution
was wushed with aqueous potassiunt carbonate, then with water,
The organic layer was separated and dried over niagnesium sul-
{ate. This was filtered, the filtrate diluted with 2 volumes of
ether and dry hydrogen chloride passed into the solution till
acidie.  The precipitate was separated and twice recrystullized
from aleohol (2.4 g, 21.69,).  After being dried rigorously (24
hr. in o drying pistol over PO; at 100° and 0.2 nin.) the sample
melted at 209-210°.
5-[2-(1-Pyrrolidinylcarbamoyl )ethyl]-5,6,7,8,9,10-hexahydro-
cyclohept|b]indole (XVII, » = 5, R;’N = 2.pyrrolidinoethyl-
amine). 5-(2-CarbethoxyvethyD)-5,6,7,8,9,10-hexahydrocyelohept-
Iblindole (7.58% g.. 0.03 mole) was placed in a 1-1. flask
fitted with a seal-tvpe stirrer. reflux condenser (protected by
a caleium ehloride drying tube), and dropping funnel.  Anhy-
drous benzene 300 ml. ) was added, and to this solution was added
silicon tetrachloride (3.25 g., 0.019 mole). The mixture was
warmed to H0°, stirred 12 hr., and finally refluxed for 2 hr.  After
cooling to room temperature, N-2-aminoethylpyrrolidine (16.5
g, 0,15 mole) was added dropwise, with stirring.  The reactants
were refluxed 12 hr. and the solvent was then distilled.  The resi-
due was treated with 57 ; aqueous sodium hydroxide and extracted
with ether.  The extract was washed with o saline solution and
dried over sodium sulfate.  After filtration, the solvent was
removed and the residue taken up in a small volume of ethanol.
This solution wus aecidified with an ateobolie solution of hydrogen
ehloride and then ether ndded to it until it became cloudy.  After
2 days in a cold room, the product erystallized.  The solid (3.5
g, 3200y was filtered from the solution, washed with ether, and
dried, nip. 173 1747,
Anal, Caled. for CoHpCIN,O: N, 10.7s; O, 9.05.
N, LT CL RS,
5-12-(2-Dimethylaminoethyl)carbamoylethyl;-6,7,8,9,10,11-
hexahydro-5H-cyclooct|{h)indole (XVII, » = 6, RN = 2-di-
methylaminoethyl amine).-—5-(2-Carbomethoxyvethyl)-6,7.8,9,-
10,1 1-hexahydro-3H-cvelooet[blindole (3 g., 0.02 mole) and di-
methylaminoethyvlamine (10 ml) were heated together under
reflux for & hr. The excess of dimethylaminoethylamine wuas
removed by distillation, first at atmospheric pressure and finally
at 0.2 mni.  The residue was taken up in dilute hydrochlorie
acid and the solution extracted with ether. The aqueous layer
was made basic and the thick oil extracted into benzene. The
extract was washed with water and dried. Treatment with
maleic acid gave s erystalline salt.  This was reerystallized from
2-propanol, vielding the product (3.5 g., 33077 melting at 133~
1342,
Anal. Caled., for CopHaN:O,: O 6528, H, 7.71. N, vt
Found: C, 65.54; H, 7.63; N, 8.96.
5-[2-(1-[4-Methylpiperazinyl|carbamoyl)ethyl]-5,6,7,8,9,10-
hexahydrocyclohept{blindole (XVII, » = 5, RN = N-methyl-
piperazinyl).-——A mixture of 5-(2-carbethoxyethy1)-5,6,7,5.9,10-
hexahydrocyclohept[b]indole (5.2 g., 0.02 mole) and Nemethyl-
piperazine (3 g., 0.03 mole) wus heated (oil bath) in 15 ml. of
ethvlene glyeol until ethanol distilled from the mixture. After
2 hir. at a bath temperature of 140-150°, excess N-methylpiper-
azine was removed 72 racwo. The reaction mixture was poured
into ice—water (100 ml) and the oil was extracted into ether,
washed well with u saline solution, and dried over sodium sulfate.
The drying agent was filtered from the solution and the filtrate
added to an ethereal solution of maleic avid.  The precipitate

H, ».70.

26,08 Found:

Found:
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(1.3 g.) was recrystallized from a methanol-acetone mixture
and finally from 2-propanol, m.p. 169-170°.
Anal. Caled. for CyiHgNsOs: C, 65.85; H, 7.3; N, 9.22.
Found: C,65.74; H,7.32; N, 9.16.
5-(3-Bis[2-hydroxyethyl]aminopropyl )-6,7,8,9,10,11-5H-
cyclooct{b]indole (IX, n = 6).—5-(3-Aminopropyl)-6,7,8,9,10,11-
5H-cyclooct[blindole (11.5 g., 0.045 mole) was dissolved in
methanol (50 ml.), and ethylene oxide (4.4 g., 0.1 mole) was added
slowly. The solution was allowed to stand for 2 days and the
solvent then distilled. The residue was transferred to a small
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(25 ml.) pear-shaped flask and distilled in vacuo. The product
(12 g., 77.5%) was an extremely viscous liquid, b.p. 245-250°
(0.01 mm.), and it was necessary to apply heat to the condenser
to maintain a flow.
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A large number of esters and amides were prepared from 3,4,5-trimethoxy-, 3,4-dimethoxy-, and 3,4-methyl-

enedioxybenzoic, -phenylacetic, -cinnamic, and -hydrocinnamic acids (I, II, and IIT).

Most of these were made

by reaction of the acid chlorides with the appropriate alcohol or amine, but some involved the rearrangements

shown in Chart 1.

The compounds generally produced central nervous system (CNS) depressant effects as

shown by gross observation of intact animals and confirmed by avoidance behavior and motor activity studies.

The interesting central nervous system depressant
activity found for certain di- and trimethoxyaceto-
phenones, described in paper V of this series,! encour-
aged us to continue the study. In previous, somewhat
related work,? acids, esters, and especially amides were
found to be active depressants. Therefore a con-
siderable number of compounds of the types I, IT, and
I1I were prepared.

COOR! ACON(R?), ACON(RY,
R
CH;0 OCHs QOCHs ©\/0
OCHs OCHS O—CHz
I 11 I
A =single bond, -CH,-, -CH,CH,-, or -CH-CH-; R=H or
5-OCH;,

In general the esters and amides were prepared from
the corresponding acid chlorides by treatment with the
appropriate alcohol or amine in the presence of a proton
acceptor. In the preparation of the amides an excess
of the amine usually served for this purpose.

The preparation of several compounds involved
rearrangement of oxazoline hydrohalides to N-(8-
haloethyl)amides. These in turn rearranged during
hydrolysis to 3-aminoethyl esters as is shown in Chart I.

These findings confirm and extend the work of Fry?
who carried out some similar rearrangements from N-
benzoylethanolamine. It is interesting to note that
whereas the oxazoline hydrochloride 18 rearranged
essentially completely to the B-chloroethylamide 16
on heating, either the corresponding oxazoline hydro-
bromide 19 or the S-bromoethylamide 17 went to an
equilibrium mixture when heated under the same

(1) R, B. Moffett, A. R. Hanze, and P. H. Seay, J. Med. Chem., T, 178
(1964).

(2) R. B. Moffett, P. H. Seay, and W. B. Reid, ¢bid.. 2, 179 (1960).

(3) E. M. Fry, J. Org. Chem., 14, 887 (1949).

conditions. This doubtless reflects the difference
between the C—Cl and C-Br bond energies.

Pharmacology.—Table I lists the compounds pre-
pared in this work with some of their central nervous
system activities in mice and rats. A number of old
compounds are included for comparison. Method-
ology details may be found in paper V of this series.!
It may be noted that most of these compounds are
depressants. This was observed in intact mice and
rats during toxicity studies and confirmed by avoidance
behavior studies* and in some cases by motor activity
tests.?

In general, the amides are more depressive than the
esters and the 3,4,5-trimethoxyphenyl compounds
are more active than the corresponding dimethoxy
compounds. The methoxybenzamides and cinnamides
are better than the phenylacetamides or hydrocin-
namides. It seems that small substituents, for example
hydrogen, methyl or allyl, on the amide nitrogen are
desirable. Larger radicals, especially those containing
functional groups, decrease the depressant activity.

Experimental’

1-Methyl-4~piperidy!l 3,4,5-Trimethoxybenzoate® |2 (base)].—
A solution of 23.0 g. (0.1 mole) of 3,4,5-trimethoxybenzoyl chlo-
ride and 23.0 g. (0.2 mole) of N-methyl-4-hydroxypiperidine in
300 ml. of benzene was heated under reflux for 2hr. A white solid
separated and after cooling the mixture was extracted with cold
dilute hydrochloric acid. The free base was liberated with
sodium hydroxide and extracted with ether. After washing
with water and saturated sodium chloride, the ether solution
was dried over sodium sulfate, filtered, and evaporated. The

(4) To be reported by Dr. D. G. Anger, The Upjohn Co., Kalamazoo,
Mich.

(5) Melting points were taken in capillary tubes with a partial immersion
thermometer. Calibration of the apparatus against standard compounds
showed no need for correction. Infrared spectra were obtained on all pure
compounds and unless otherwise noted were in accordance with the proposed
structures.

(6) Prepared by Dr. R. P. Holysz in these laboratories.



