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tion of the C=S bond took place. The infrared spec- 
trum of the resulting tetrahydroazepinoindole (VIa) 
no longer showed the C=N bond a t  1630 em.-' dis- 
played by the parent conipound IVa; the ultraviolet 
spectrum exhibited bands typical of the indole chronio- 
phore. 

Acetylation of IVa with acetic anhydride in pyridine 
gave the enamide VII, which opened on mild acidic 
hydrolysis5 to give 4,N-diacetyl-7-chlorotryptamine 
(VIII). The infrared spectrum of VI1 displayed 
baiids a t  895-905 (overtoiie a t  1820 cin.-l) aiid a t  l(iO7 

which are characteristic of the out-of-plane de- 
( 5 )  This method of n n g  opening is a n  adaptation of a procedure applied 

for cleavage of 1 a n n u s  l-metti~l-3,.l-dihydroisoquinolines by  A Rrossi, .J 
Wwrsr l i  and  0. Rchniiler, Chimin. ( I a r a u j ,  12, 114 (19.58) 

format'ion of a niethylene group and of the stretching 
vibration of a conjugated vinyl group.6 Alkaline hy- 
drolysis of the amide VI11 resulted in recyclizatioii to 
the parent azepirioindole IVa. I t  is noteworthy that 
such a cyclization did riot take place in the course of the 
alkaline hydrolysis of the cyclic aiiiides I Ia  arid IIb.  

Reduction of IVa with LiA1H4 or KBH, resulted in 
saturation of the C=N bond with retention of chlorine 
to give IXa. 

Jlethylation of t'he azepine nitrogen by treatment of 
IVa with methyl iodide followed by reduction of the 
result'ing quaternary salt, X a  gave the tertiary amine 
XIa.  Alethylation of the indole nitrogen to give XI1 
was accoinplished by refluxing IVa with diinrt hyl car- 
bonate in the presence of sodiulii hydride.? 

Attempts at dehydrogenation of IVa by heating 
with mercuric acetate, palladiuin black, or chloranil 
were unsuccessful. 

The ester IVc, obtained by Fischer esterification of 
the azepinoindole-2-carboxylic acid IVb, was sub- 
jected to a series of reactions analogous to those de- 
scribed for the parent' nucleus, such as quaternization 
(Xb),  reduction of the C=S  bond without (IXb and 
XIb) and with (VIb and XId) renioval of chlorine. I n  
the course of this work the ester function was converted 
to hydroxymethyl (IXc and XIc), trimethoxybenzoyl- 
oxyniethyl (IXd) , piperidinocarbonyl (VIc) , and piperi- 
dirioniethyl (VId) groups. 

Of interest here is the reaction of the amirio alcohol 
IXc with triniethoxybenzoyl chloride in pyridine which 
gave, as the only isolable material, a small amount' of 
0-acylated rather than S-acylat'ed product. The basic 
properties of this coinpound (IXd) and its infrared 
spectrum, which showed an ester band at  1710 c m - l  
and no bands in the amide region, left no doubt as to  
the identity of this compound. 

The infrared spectra of the esters IVc, VIb, IXb, 
Xb, and XIb  showed carbonyl bands in the 1690-1705- 
(mi. region, whereas the amide band of T T c  was found 
at 1600 ~ i i i . - ~ .  This lowering of the C=O stretching 
frequency reflects the electron release by the indole 
nucleus at  the 2-positi0n.~ 

Summary of Pharmacological Data.-Concurrent 
with the dose-range studies in mice the gross effects 
of the drug on behavior, autonomic and central nervous 
systems. reflexes, muscle tone, and motor coordination 
were eraluated. S o  significant effects were observed 
a t  nontoxic doses. At toxic or lethal levels all of the 
compounds tested produced moderate to marked 
stimulation of the central nervous system, as was 
evidenced by Straub tail, increased startle response, 
tremors, and twitches with clonic and clonic-t'onic 
convulsions. These syniptoms were accompanied by 
exophthalmus arid sometimes (VIb, IXa, and XIa)  by 
thick salivation. The onset of action was rapid, arid 
deat'hs usually occurred within 3-15 niin. of drug ad- 
ministration. The central effects of compounds VIc ,  
VId, arid IXc (ALD,, 2 200) were relatively less in- 

(6) L. J .  Rellarny, " T h e  Infrared Spectra of Complex Molecules," 2nd 
Ed. ,  John U-iley and  Sons. Inc. .  K e n  York, N.  Y.,  1958, p. 60. 

(7 )  This method will he described in detail in one of our forthcoming 
publications. 

(8) The  uco of %-auet~l-3-rnetliylindole occurs at  1631 C I I I .  - 1  according 
to  J. A .  Hallantine, C. 13. I3arret, R. J. S. Beer, 13. G .  Hoggiano, S. Eardles.  
1 3 ,  E .  Jenninps, and  .1. Robertson, J .  C h e m .  Sac.,  2227 (1957) .  .In analogous 
lowering of the  carbonyl frequency of the  2-position of the pyrrole ring has 
been described by P. hlirrone and V. Lorenzelli. A n n .  chim.  (Rome),  48, 72 
(19.58), and  b y  U .  Eisner and R.  L. Esskine, J .  C h e m .  Sor. .  971 (1%58). 
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9-Chloro-3,4-dihydro-6-methyl-lH-azepino [5,4,3-cd] indole 
(IVa) and 9-Chloro-3,4-dihydro-6-methyl-lH-azepino [5,4,3-cd] - 
indole-2-carboxylic Acid Hydrochloride (IVb).-A mixture of 
41 g. of 111, 1230 ml. of 207" HC1, and 492 ml. of glacial acetic 
acid was refluxed for 100 hr. The solution was chilled, and the 
precipitated IVb was collected on a filter and recrystallized from 
boiling water; m.p. >360; yield 19 g.; A,,, mp ( e )  221 (22,180), 
248 (12,180), 267 (15,650), 346 (7950), 397 (8250); vmhX 1300 (s), 
1550 (m), 1645 (ms), 1710 (s), 3050 (ms), 3150 (ms) cm.-l. 

Anal. Calcd. for C13HllClN202.HCl: C, 52.19; H, 3.71; 
C1, 23.71; 3, 9.36. Found: C, 52.19; H, 3.83; C1, 23.80; 
N, 9.10. 

The filtrate was adjusted in the cold to pH 12 with 40y0 KOH 
solution, and the precipitated IVa was collected on a filter, washed 
with cold water, and recrystallized froni 50%, ethanol; m.p. 
208-211"; yield 6.5 g.; A,, mp ( e )  245 (24,620), 339 (6400); 
vmax 805 (ms), 1100 (s), 1170 (ms), 1250 (ms), I505 (ni), 1555 
(ms), 1630 (s) cm.-'. 

Anal. Calcd. for C12HLlClN2: C, 65.90; H, 5.07; C1, 16.22; 
S, 12.81. Found: C, 65.93; H, 5.24; C1, 16.19; S, 12.71. 

Ethyl S-Chioro-3,4-dihydro-6-methyl-lH-azepino[5,4,3-cd]- 
indole-2-carboxylate (IVc).-A suspension of 2 3  g. of IVb in 
3 1. of absolute ethanol was brought to reflux by passing in dry HC1 
for 4 hr. with stirring. Reflux was maintained for an addit'ional 
4 hr. by gentle heating with continued HC1 addition. On stand- 
ing at  room temperature for 18 hr., a heavy crystalline precipitate 
formed. After chilling, the product was filtered, washed with 
and recrystallized from absolute ethanol; m.p. 229-234" ; yield 
24.5 g. (97%); A,,, mp ( e )  225.5 (20,750), 249 (13,200), 263 
(14,050), 343 (9290), 387 (7900); urnax 1030 (ms), 1105 (ms), 
1155 (s), 1195 (ms), 1235 (s), 1280 (s), 1535 (ms), 1615 (ms), 
1700 (ms) em.-'. 

Anal. Calcd. for CI~HI~C1PU'~O2.HC1: C. 55.06: H. 4.93: C1. 
21.67; X, 8.56. Found:-C, 55.22; H, 5.12'; C1, 21.6i; S, 8.26: 

3,4-Dihydro-6-methyl-lH-azepino [ 5,4,3-cd] indole (V).-A 
solution of 1.08 g. (0.005 Af) of IVa in 20 ml. of absolute ethanol 
was hydrogenated at  room temperature and atmospheric pressure 
in the presence of 50 mg. of 10% palladium on carbon until 137 
ml. (0.005 W )  of hydrogen had been t,aken up. The mixture 
was filtered, and the filtrate was evaporated in vacuo. The solid 
residue was treated with hot water and filtered. The aqueous 
filtrate was made basic in the cold with 407, KOH, and t'he crys- 
talline precipitate was filtered, washed with cold water, and 
recrystallized twice from absolute ethanol, m.p. 274-279", 
yield 11%. 

dl-3,4,5,6-Tetrahydro-6-methyl-lH-azepino [5,4,3-cd] indole 
(VIa).-A solution of 0.736 g. of V in 7 5  ml. of absolute ethanol 
was hydrogenated a t  room temperature and atmospheric pressure 
in the presence of 50 nig. of 10yo palladium on carbon. The 
reduction mixture was filtered, and the filtrate was evaporated 
in vacuo. The white crystalline residue was recrystallized from 
absolute ethanol for analysis; 1n.p. 200-205"; yield 80%; X,,, 
mp ( E )  225.5 (31,900), 284 (6720): vmax 745 (s), 785 (m),  1155 
(m),  1170 (m), 1620 (mw), 3300 (ni) cm.-l. 

Anal. Calcd. for Cl2HlaX2: C, 77.38; H, 7.58; S, 15.04. 
Found: C, 77.15; H, 7.82; N, 15.01. 

Direct hydrogenation of 4.75 g. of IVa by the above method 
gave an 82cC yield of VIa hydrochloride which melted at  267- 
273". 

Anal. Calcd. for C12H14N2.HC1: C, 64.71; H, 6.79; C1, 
15.92; S, 12.58. Found: C, 64.46; H, 6.97; C1, 15.81; X, 
12.38. 

Ethyl dl-3,4,5,6-Tetrahydro-6-methyl-lH-azepino[5,4,3-cd]- 
indole-2-carboxylate (VIb).-This compound was prepared from 
5 g. of IVc analogously to the above described hydrogenation of 
VIa. Aft,er evaporation of the solvent, the residue was taken 
up in 250 ml. of water and made basic in the cold with 4070 
KOH solution. The precipitated product was filtered, washed 
with cold water, and recrystallized from ethanol; m.p. 172-174'; 
yield 90%; Amsx mp ( e )  233 (21,200), 300 (18,200); vmBX 750 (Ins), 
1025 (ms), 1100 (ms), 1170 (ms), 1260 (ms), 1535 (m), 1695 ( s )  
cm.-l. 

Anal. Calcd. for C1SHlJVy02: C, 69.74; H, 7.02; S, 10.85. 
Found: C, 69.97; H, 6.84; X, 10.79. 

dl-3,4,5,6-Tetrahydro-6-methyl-2-piperidinocarbony~-lH-aze- 
pino[5,4,3-cd]indole (VIc).-A solution of 10 g. of VIb in 100 ml. 
of piperidine was treated with 5 ml. of ethanolic HC1 and refluxed 
for 7 days. The reaction mixture was diluted to 1000 ml. with 
ice water and extracted with five 100-ml. portions of chloroform. 
The combined extracts were washed several times with water, 

dried (NalSOI), and evaporated to dryness in vucuo. The residue 
was recrystallized from absolute ethanol; m.p. 221-223'; yield 
83%; A,,, mp ( E )  224 (29,400), 294 (12,200); vmax 755 (m), 1270 
(m),  1595 (nis), 3150 (m)  cm.-l. 

Anal. Calcd. for C&23?;30: C, 72.69; H, 7.79; K, 14.13. 
Found: 

dl-3,4,5,6-Te trahydro-6-methyl-2-piperidinomethyl-lH-aze- 
pino [5,4,3-cd]indole (VId).-This compound was obtained from 
5 g. of V I c  by a method analogous to the preparation of IXc. 
The analytical sample was obtained by recrystallization from 
absolute ethanol; m.p. 171-174"; yield 237,: A,,, m p  ( e )  
228.5 (33,800), 285.5 (8800); umax 745 (s), 860 (m), 1095 (ms), 
1170 (m), 3300 (m)  cm.-'. 

Anal. Calcd. for Cl8H2&S3: C, 76.28; H, 8.89; S, 14.83. 
Found: C, 76.17; H, 9.10; N, 14.76. 
5-Acetyl-9-chloro-3,4,5,6-tetrahydro-6-methylene-1H-azepino- 

[5,4,3-cd]indole (VlI).-A solution of 10 g. of IVa in 2.5 ml. of 
pyridine and 25 ml. of acetic anhydride was heated on a steam 
bath for 1 hr. The mixt,ure was chilled, and the yellow crystalline 
precipitate was filtered and recrystallized from absolute ethanol; 
m.p. 236-2339'; yield 9.5 g. (80%); A,,, m p  ( e )  224 (22,400), 
242 (16,700), 321 (9100); vmaR 800 (ms), 895-905 (doublet ms), 
990 (w), 1085 (s), 1410 (ms), I500 (ni), 1550 (m), 1605 (ms), 
1630 (s), 1820 (w), 31,50 (ms) em.-'. 

Anal. Calcd. for C14H13C1S20: C, 64.49; H, 5.02; C1, 13.60; 
S, 10.74. Found: C, 64.27; H, 5 . 2 5 ;  C1, 13.73; S, 10.55. 

4-Acetyl-7-chloro-N-acetyltryptamine (VIII).-A solution of 
X g. of VI1 in 10 ml. of water and 10 nil. of 3 lV HCl was warmed 
on a steam bat,h for 3 hr. The mixture was cooled and made 
basic with SH40H.  The precipitated oily product crytallized 
on standing. It, was filtered, washed with water, and recrystal- 
lized from absolute ethanol; m.p. 144-147'; yield 8 g.; A,,, m p  
( e )  242 (23,900), 314 (7350); vmaX 1170 (ms), 1235 (nis), 1610 
(ms), 1620 (nis), 1675 (ms), 3300 (ms) cm.-l. 

Anal. Calcd. for ClaHl5C1S2O2: C, 60.32; H, 5.42; C1, 12.72; 
N, 10.05. 

A mixture of 1 g. of T-111, 8 ml. of water, 12 ml. of ethanol, 
and 2.5 g. of KOH was refluxed for 18 hr. On concentration 
in vacuo, a Crystalline product was obtained which was identified 
by melting point and infrared spectrum as 9-chloro-3,4-dihydro- 
6-methyl-1H-azepino [5,4,3-cd]indole (IVa). 

dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-lH-azepino [5,4,3- 
cd]indole (lXa).-A solution of 3.75 g. of IS'a in 125 ml. of meth- 
anol was treated with 3.75 g. of KBHd and stirred for 2.5 hr. 
After evaporation of the methanol in vacuo, the solid residue was 
triturated with water, filtered, washed with water, and recrystal- 
lized from absolute ethanol; m.p. 152-154"; yield 3 g. (80%); 
A,,, mp ( e )  228 (33,000), 291.5 (7100), 301 (6550); Y,,, 785 (ms), 
800 (ms), 1075 (ms), 1090 (ms), 1165 (ms), 1620 (m), 3350 (nis) 
cm. -l. 

Anal. Calcd. for C12H13C1S2: C, 65.30; H, 5.94; C1, 12.69; 
N, 16.07. Found: C, 65.52; H, 5.82; C1, 12.65; X, 16.13. 

Ethyl dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-lH-azepino- 
[5,4,3-cd]indole-2-carboxylate (IXb).-This compound was pre- 
pared from I V c  by a procedure analogous to that of IXa; m.p. 
126-129'; yield 50%; A,,, m p  ( e )  239.5 (27,800), 297 (18,400); 
vmax 1190 (ms), 1285 (ms), 1540 (niw), 1695 (ms) em.-'. 

Anal. Calcd. for CljHliCll;?O?: C, 61.53; H, 5.85; C1, 12.11; 
X, 9.57. 

dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-lH-azepino [5,4,3- 
cd]indole-2-methanol (IXc).-A mixture of 8 g. of IVc, 250 nil. of 
dry tetrahydrofuran, and 8 g. of LiAlHd was refluxed for 6 hr. 
Excess LiAlHh was destroyed by the cautious addition of water. 
The mixture was filtered, and the insolubles were extracted 
several times with hot tetrahydrofuran. The combined filtrates 
and washings were evaporated in cacuo. The solid residue was 
recrystallized from absolute ethanol; m.p. 215-218'; yield 4 3 5 ;  
A,,, m p  ( e )  231.5 (30,400), 290 (7160); umax 100.5 (s), 1050 (ins), 
1105 (ms), 1300 (ms), 1510 (m), 3150 (s) cm.-l. 

Anal. Calcd. for C13HlSClX20: C, 62.27; H, 6.03; C1, 14.14; 
N,  11.17. 

dl-9-Chloro-3,4,5,6-tetrahydro-6-methyl-lH-azepino [5,4,3- 
cd]indole-2-methanol 3,4,5-Trimethoxybenzoate (IXd).-A solu- 
tion of 1 g. of IXc in 20 ml. of pyridine was added in the cold to 
a solution of 1.4 g. of 3,4,5-trimethoxybenzoyl chloride in 5 ml. 
of pyridine. After 1 hr. in t,he cold, the solution was filtered 
and treated with 250 ml. of anhydrous ether. The gummy 
precipitate was filtered and dissolved in glacial acetic acid. 
Treatment of this solution with ice and 40y0 KOH gave a crystal- 
line precipitate. This was filtered and recrystallized from 

C, 72.39; H, 7.82; S, 14.25. 

Found: C, 60.08; H, 5.66; C1, 12.82; S, 10.28. 

Found: C, 61.69; H, 5.72;  C1, 12.19; S, 9.45. 

Found: C, 62.53; H, 6.32; C1, 14.13; X, 10.90. 




