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By expanding the ring of 1-mer.hyl-4-piperidone with diazomethane 
we have obtained 1-methyl-l-azacyclopentan-4-one. The Fischer 
cyclization of arylhydrazones of 1-methyl-l-azacyclopentan-4-one 
has given 3-methyl-l,2,3,4,5,6-hexahydroazepino[4,5-b]indole and 
a number of its derivatives for the first time. The suucttue of the 
compounds obtained was shown by a study of their PMR spectra and 
also by a number of chemical reactions. 

In the  p lan  of our  s tudy of the F i s c h e r  c o n d e n s a -  
t ion us ing  v a r i o u s  h e t e r o e y c l i c  ke tones ,  i t  was  of i n -  
t e r e s t  to i n v e s t i g a t e  the b e h a v i o r  in the F i s c h e r  r e a c -  
t ion of ke tones  of the type  of a z a c y c l o p e n t a n - 4 - 0 n e ,  
which would make  i t  p o s s i b l e  to a n s w e r  a n u m b e r  of 
ques t ions  of the inf luence  of the  s t r u c t u r e  of an un-  
s y m m e t r i c a l  ke tone  on the d i r e c t i o n  of the  c l o s u r e  
of the indole  r i ng .  J a p a n e s e  au tho r s  [1] have r e p o r t e d  
that  1 - b e n z y l - l - a z a c y c l o p e n t a n - 4 - o n e  does  not t ake  
p a r t  in the F i s c h e r  condensa t ion .  

We have  made  r e n e w e d  a t t e m p t s  to use  a z a e y c l o -  
p e n t a n - 4 - o n e s  for  F i s c h e r  c y c l i z a t i o n  us ing  1 - m e t h y l -  
1 - a z a c y c l o p e n t a n - 4 - p i p e r i d o n e  by m e a n s  of d i a z o m e -  
thane in a s i m i l a r  m a n n e r  to the  s y n t h e s i s  of 1 - b e n -  
zy l -  and 1 - p h e n e t h y l - l - a z a c y e l o p e n t a n - 4 - o n e s  [2]. 
A t t e m p t s  to  c y c l i z e  I with pheny l - ,  p - e t h o x y c a r b o n y l -  
pheny l - ,  p - t o l y l - ,  p - m e t h o x y p h e n y l - ,  /~-naphthyl- ,  
and N - m e t h y l p h e n y l - N - b e n z y l -  p -  e t h o x y c a r b o n y l -  
p h e n y l h y d r a z i n e s  showed tha t  the ke tone  r e a d i l y  t a k e s  
p a r t  in the  F i s c h e r  condensa t ion  with both p r i m a r y  
and s e c o n d a r y  h y d r a z i n e s .  F o r  th i s  p u r p o s e  i t  is  su f -  
f i c i en t  m e r e l y  to  boi l  the  h y d r o c h l o r i d e s  of both r e a c -  
t an t s  in e thanol  or  to boi l  the r e a c t a n t s  with a 3-1090 
so lu t ion  of h y d r o g e n  c h l o r i d e  in e thanol .  In a l l  c a s e s ,  
we p e r f o r m e d  the c y c l i z a t i o n  without  i s o l a t i n g  the  in -  
t e r m e d i a t e  a r y l h y d r a z o n e s .  

Since  the ke tone  I has  an u n s y m m e t r i c a l  s t r u c t u r e ,  
the r e a c t i o n  was e x p e c t e d  to f o r m  the two p o s s i b l e  
i s o m e r s  of t y p e s  II and I Ia .  

0 R 

1 1 I . 
CH~ ~ _  NFI~ R 

R H- - IV .  V)--'~ tD I l a  

II R=W=H; 
~ I l l  R=CH3, R~H; 

--CN~ IV R=OCH3, R=H; 
Vl R=H, R~CH3; 

H 
V I I  R=COOC2Hs, R~CH~CeH~; 

v v l n  R-COOH, R=H. 

However ,  in a l l  c a s e s  c y c l i z a t i o n  with both p r i m a r y  
and s e c o n d a r y  h y d r a z i n e s  gave  us only one i s o m e r ,  
f r equen t l y  with high y i e l d s  (70-90%).  C h r o m a t o g r a p h y  
of the r e a c t i o n  p r o d u c t s  in a thin l a y e r  of a l u m i n a  did 

not  show the p r e s e n c e  of a second  i s o m e r ,  e i t h e r .  The  
fac t  that  our  compounds  w e r e  of type  I! was shown on 
the b a s i s  of a s tudy of the PMR s p e c t r a  of 3 - m e t h y l -  
1,2,3,4,  5, 6 -he xa hyd roa z e p ino [4 ,  5 - b ] i n d o l e  ( f igure ,  
s p e c t r u m  1). F o r  c o m p a r i s o n ,  the PMR s p e c t r u m  of 
the known 1 , 2 , 3 , 4 - t e t r a h y d r o - T - c a r b o l i n e  ( f igure ,  
s p e c t r u m  2) was a l so  r e c o r d e d ;  in th i s  s p e c t r u m  t h e r e  
t h e r e  is  a s i gna l  a t  3.6 ppm of the two p ro tons  of the  
CH 2 group  in pos i t i on  4 be tween  the n i t r o g e n  a t o m  and 
the 3 - i n d o l y l  r a d i c a l .  Such a va lue  of the  c h e m i c a l  
shi f t  migh t  be e x p e c t e d  if one b e a r s  in mind  tha t  the  
n i t r o g e n  a tom of the amino  group  e x e r t s  a p p r o x i m a t e -  
ly the  s a m e  d e s c r e e n i n g  inf luence  on the n e i g h b o r i n g  
me thy l ene  g roup  as  the 3 - i n d o l y l  r a d i c a l  ( for  c o m p a r -  
ison we m a y  g ive  the  va lue  of the c h e m i c a l  sh i f t  of the  
p ro tons  of the CH~ g roups  in t r i m e t h y l a m i n e ,  which 
is  2.12 ppm, and in 3 , m e t h y l i n d o l e ,  which is  2.28 ppm 
[3]. 

Th i s  fac t  a l s o  l e a d s  to  the  s i t ua t ion  tha t  the  s i g n a l s  
of the  two m e t h y l e n e  g roups  in p o s i t i o n s  i and 2 and of 
the N--CH 3 group  a r e  l o c a t e d  c l o s e  to one ano the r  in 
the 2.5 ppm r e g i o n  ( i t  m u s t  be bo rne  in mind  tha t  the  
inf luence  of the 2 - indo ly l  r a d i c a l  is  the  s a m e  as  tha t  
of the  3 - indo ly l  r a d i c a l ,  s ince  the  va lue  of the  c h e m i -  
cal  sh i f t  of the  p r o t o n s  of the  CH 3 group  in 2 - m e t h y l -  
indole  is  a l s o  2.28 ppm.  The  s i gna l s  of the  p ro tons  of 
the benzene  r i n g  and the NH group  of the  indole  a r e  
l oca t ed  in the 6 . 7 - 7 . 3  ppm r e g ion .  

The s p e c t r u m  of compound II l a c k s  s i g n a l s  in the  
3 - 4  ppm r e g i o n .  The  p ro tons  of the  four  m e t h y l e n e  
groups ,  which have  s i m i l a r  c h e m i c a l  sh i f t s ,  gave a 
s ing le  peak  at  2.3 ppm.  Consequent ly ,  in compound II 
t h e r e  is  no m e t h y l e n e  group  a t t ached  d i r e c t l y  to the  
n i t r o g e n  of the amino  group  and to the indole  r ing ,  
which shows the s y m m e t r i c a l  a r r a n g e m e n t  of the  a m i -  
no group  with r e s p e c t  to the indole  s y s t e m .  The c h e m -  
i ca l  sh i f t  of the  N--CH$ group  in compound II is  2.4 
ppm. 

We adopted  the s t r u c t u r e s  of compounds  I I I - V I I I  
by ana logy  with the  indole  II .  Wi th  compound  III as  an 
example ,  it  was  shown tha t  in the  F i s c h e r  r e a c t i o n  
s e c o n d a r y  h y d r a z i n e s  f o r m  the s a m e  s e r i e s  of i s o m e r s  
with the ke tone  I a s  p r i m a r y  h y d r a z i n e s .  Th i s  fo l lows 
f r o m  the fac t  tha t  the a lky l a t i on  with me thy l  iodide  of 
the sod ium d e r i v a t i v e  of the  indole  II  in d i e t h y l f o r m -  
a m i d e  gave  the indole  III .  In v iew of the fac t  tha t  the  
3 - m e t h y l - 1 ,  2, 3, 4, 5, 6 - h e x a h y d r  oazepino[4,  5 -b ] indo le  
s y s t e m ,  which is  a h o m o t e t r a h y d r o - T - c a r b o l i n e  s y s -  
tem,  is  of i n t e r e s t  and d i f f i cu l t ly  a c c e s s i b l e ,  we have  
s tud ied  s o m e  of i t s  c h e m i c a l  r e a c t i o n s .  Of the  g r e a t -  
e s t  i n t e r e s t  was the  ques t ion  of the  d i r e c t i o n  of E m d e  
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c6H5NH 

CH 3 

C(4)H2C(s)H2 

NCH 3 

TMS 

7 

2 

�9 C6HsNH 

6 S , 3 2 t 

4~ 

C(4)H2 

Co)H2 
C(_2)H2 
NCH 3 

TMS 

7 6 s 4 3 2 i 

PMR spect ra :  
1) 3 -Me t hy l - i ,  2, 3, 4, 5, 6-hexahydroazepino[4,  5-b]indole;  2) 1, 2, 3, 4- 

T e t r a h y d r o - y -  carbol ine .  
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I 
R 

IX R=lt 
X R=CH 3 

c l e a v a g e  of the q u a t e r n a r y  s a l t s  of t h i s  s y s t e m ,  s i n c e  
the  f o r m a t i o n  of d e r i v a t i v e s  of or- o r / 3 - t r y p t a m i n e  

could  h a v e  b e e n  e x p e c t e d .  Wi th  m e t h y l  i od ide  in a c e -  

tone ,  c o m p o u n d s  II and III w e r e  c o n v e r t e d  in to  t he  
m e t h i o d i d e s  IX and  X, and t h e n  in to  t he  m e t h o c h l o -  

r i d e s ,  t he  E r o d e  d e c o m p o s i t i o n  of w h i c h  gave ,  r e s -  

p e c t i v e l y ,  3 - ( / 3 - d i m e t h y l a m i n o e t h y l ) - 2 - e t h y l i n d o l e  

(X-I) and 3 - ( / 3 - d i m e t h y l a m i n o e t h y l ) - 2 - e t h y l - l - m e t h y l -  

i ndo t e  (XII).  

[ ~"- .~_~/ ' -~/c .~ ] Ko. 
~ i  fl N--CH j 

~....-~,n..v-- c: H ~ 

r 

XI R~lt; xn R=CH;~ 

T h e  s t r u c t u r e  of t he  i ndo le  XI w a s  s h o w n  by i t s  i d e n -  

t i ty  wi th  a s a m p l e  o b t a i n e d  by i n d e p e n d e n t  s y n t h e s i s  

by the  f o l l o w i n g  r o u t e .  

cLcococ, ~ c o c o o  (cnp2nn 
C ~ H ~  ~ / t ~ N , , ~ - -  % H ~ 

H 

F ~ ' ~  F'-COCON(CH3)'~ LiAIH4 XI 

fl 

The  s t r u c t u r e  of c o m p o u n d  XII w a s  c o n f i r m e d  by  i t s  

n o n i d e n t i t y  in r e s p e c t  of R f  and m e l t i n g  p o i n t  wi th  2 -  

( / 3 - d i m e t h y l a m i n o e t h y l )  - 3- e t h y l -  1 - m e t h y l i n d o l e  (XIII), 

w h i c h  w a s  o b t a i n e d  f r o m  3 - e t h y l - l , 2 - d i m e t h y l i n d o l e  

(XIV) by  d i m e t h y l a m t n o a l k y i a t i o n  [4].  

CH) CHsl ..~ ..KXN.>,---CH 3 (CHs)2NI ~ ~..~...I,KNfiP__CH2CH2N{CHs) ~ 

CH~ 

ZIV XIII 

C o n s e q u e n t l y ,  t he  E r o d e  c l e a v a g e  of c o m p o u n d s I I  and 

III t a k e s  p l a c e  in s u c h  a way  a s  to  f o r m / 3 - t r y p t a m i n e  

d e r i v a t i v e s .  T h e  r e s u l t s  of t h e  c l e a v a g e  s i m u l t a n e o u s -  

ly  s e r v e  a s  c o n f i r m a t i o n  of t he  a s s i g n e d  s t r u c t u r e  of 

c o m p o u n d s  II and III.  

T h e  s u c c e s s f u l  m e t h y l a t i o n  of t he  s o d i u m  d e r i v a -  

t i v e  of i n d o l e  II to  i ndo le  III in d i m e t h y l f o r m a m i d e  

m e n t i o n e d  a b o v e  led  to  t he  u s e  in t h i s  r e a c t i o n  of b e n -  

zyl  c h l o r i d e  and  N - ? - c h l o r o p r o p y l - N - m e t h y l p i p e r a -  

z inc ,  a s  we l l ,  w h i c h  g a v e  6 - b e n z y l - 3 - m e t h y l - l , 2 , 3 , 4 ,  

5, 6 - h e x a h y d r o a z e p i n o [ 4 ,  5 - b ] i n d o l e  (XV) and 3 - m e t h y l -  

6 - [ ? - ( 4 - m e t h y l - l - p i p e r a z i n y l )  p r o p y l ] - l ,  2, 3,4, 5 , 6 - h e x a -  

h y d r o a z e p i n o [ 4 ,  5 - b ] i n d o l e  (XVI).  

T h e  o c c u r r e n c e  of t he  a l k y l a t i o n  r e a c t i o n s  a t  t he  
i ndo le  n i t r o g e n  a t o m  s h o w s  t h a t  d i m e t h y l f o r m a m i d e ,  

a s  a b i p o l a r  a p r o t i c  s o l v e n t  w e a k l y  s o l v a t i n g  the  an ion ,  

e n s u r e s  t he  s u c c e s s f u l  c o m p e t i t i o n  of a l k y l a t i o n  at  t he  

i ndo le  n i t r o g e n  a t o m  (in t he  f o r m  of an anion) wi th  the  

f o r m a t i o n  of an i n d o l e n t n e  and a q u a t e r n a r y  s a l t  a t  

the  n i t r o g e n  a t o m  of t he  a m i n o  g r o u p  of t he  a z e p i n e  

r i n g ,  w h i c h  p o s s e s s e s  c o n s i d e r a b l e  b a s i c i t y .  

EXPERIlvlENTAL 

1- Methyl- 1- azacyclopentan- 4- one (I), Over 4 ht with Stirring at 
-5 to -10" C, 16 g (0.4 mole) of diazomethane in 800 ml of ether 

was added to 29 g (0.26 mole) of 1-methyl-4-piperidonc in 100 ml 
of methanol. The mixture was kept at room temperature for 16 hr, 
and then the solvent was distilled off to 2/3 volume, another 400 ml 
of ether was added, and the solution was evaporated. The residue 
was distilled, giving 8.2 g (25%) of substance I with bp 67-71 ~ C 
(7 ram), n~ ~ 1o4710, which was characterized in the form of the 
hydrochloride, mp 166.5-167" C (from ethanol). Found, %: C 51.47; 
51.23; H 8.55; 8.61; C1 21.63; 21.66; N 8.67; 8.72%. Calculated for 
CTHlaNO' HC1, %: C 51.35; H 8.61; C1 21.65; N 8.55~ 

3-Mebhyl-l,208,4,5,6-hexahydzoazepino[4,5-blindole (II). 6.8 g 
(0.047 mole) of phenylhydrazine hydrochloride and a solution of 
hydrogen chloride in anyhydrous ethanol were added to 6 g (0.047 
mole) of the base I. The reaction mixture was boiled (whereupon 
the hydrazone that had separated out dissolved, and ammonium 
chloride gradually precipitated), cooled, poured into water, and 
made alkaline with a solution of potassium carbonate, and the pre- 
cipitate that had deposited was filtered off and carefully washed with 
water. This gave 5.5 g of the indole II. 

Substances III-VII were obtained similarly. Data on substances 
II-VII and the conditiom for their preparation are given in the table. 

Hydroehlotide of 3-met.hyl-l,2,3,4,.%6-hexahy&oazepino[4,5-b 
indole-9: carboxylic acid (VIII), A mixture of I g (0.0079 mole) 
of I and 1.45 g (0.0079 mole) of p-ethoxycarbonylphenylhydrazlne 
in 12 ml of concentrated HC1 was boiled for 10 rain. It became very 
dark and foamed, and the hydrazone that fizst separated out gradually 
redissolved, after which a new precipitate was deposited; this was 
separated off, washed with a small amount of ethanol, and recrys- 
tallized from water. This yielded 1.6 g (72%) of substance VIII, mp 
278-274* C (decomp.). Found, %: C1 12.69; 12.87; N 9.78; 9.74~ 
Calculated for C14H16N202 �9 HC1, %: C1 12.62; N 10.010]o. 

3-(B-Dimethylaminoethyl)-2-ethylindole (XI). a) By treatment 
with AgC1, 7 g (0.02 mole) of the methiodide IX in 30 ml of water 
was converted into the corresponding chloride, and the resulting 
solution was slowly added in drops with stirring to a suspension of 
0.5 g of finely pulverized Raney alloy in 100 ml of 200]o sodium 
hydroxide. The reaction mixtnse was heated to 60-70 ~ C, and at 
this temperature 6 g of Raney alloy was added in portions over 8 hr, 
with periodic cooling of the mixture and extraction with ether of 
the white crystalline substance. The ethereal solutions were com- 
bined, dried with anhydrous MgSO4, and evaporated. The residue 
was recrystalllzed from petroleum ether to give 3.4 g (740]0) of 
substance XI, mp 100-101 ~ C. Found, %: C 77.58; 77.68; H 9.29; 
9.28; N 12.84; 13.08%. Calculated for C14H20N2, %: C 77.72; H 9.31; 
N 12.95%. 

b) With stirtlng at 4-5* C, 6 g (0.047 mole) of oxalyl chloride 
was slowly added in drops to a solution of 5 g (0.0345 mole) of 2- 
ethylindole in 300 ml of absolute ether. The reaction mixture was 
stirred at 4-5" C for 30 rain, and then a solution of 11 g (0.245 mole) 
of diethylamine in 100 rnl of absolute ether was added. The mix- 
ture was stirred for 1 hr and decomposed with a saturated solution of 
sodium bicarbonate. The ethereal sointion was separated off, washed 
with water, dried with anhydrous MgSO4, and evaporated. The re- 
sidual viscous oil was carefully dried in a vacuum desiccator over 
phosphorus pentoxide, dissolved in 60 ml of absolute dioxane, and, 
with stirring, at a temperature of 22" C, added dropwise to a sus- 
pension of 4.5 g (0.117 mole) of Lithium aluminum hydride in 60 ml 
of absolute dioxane. The reaction mixture was boiled for 10 hr with- 
stirring, cooled, decomposed with ice-water and with 50% potassium 
hydroxide solution, and the dioxane solution was separated off; the 
aqueous solution was extracted twice with ether. The combined sol- 
vents were washed with water, dried with anhydrous MgSO, and eva- 
porated. The residue was recrystallized from petroleum ether to give 
3.2 g (45%) of substance XI, mp 99.5-100.5 ~ C. 

Hydrochlortde of 3-(8-dtmethylaminoethyl)-2-ethyl-l-methyl- 
indole (XII), As for the preparation of substance IX (a), 8 g (0.0225 
mole) of the methiodide X yielded 4 g (67%) of the hydrochloride of 

XII, mp 168-170" C (from acetone): Rf 0.63 ina thick layer of AI~O 3 
(basic, activity grade ~ IV, solvent CHC13). Found, %: C 83.37; H 
6.66; N 7.99; 8.270]0. Calculated for C12Hls N, %: C 83.18; II 8.72; 
N 8.08% 
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Hydrocbloride of 2-(B-dimethylarnino)-3=ethyl-l.rnethylindole 
(XIII), To 6 g (0.035 mole) of substance XIV were added 6.3 ml 
(0.05 mole) of 36% dimethylamine solution, 4.4 ml (0.04 mole) of 
32% formaldehyde solution, and 35.5 ml of acetic acid. The reac- 
tion mixture was heated in the water bath for 2 hr, cooled, t}eated 
wi~ 50 ml of ice-water, and extracted with ether. The ethereal 
solution was dried with anhydrous MgSO a and evaporated. The oily 
residue was dissolved in anhydrous ethanol, and a solution of hydrogen 
chloride in anhydrous ethanol was added to this solution. The preci- 
pitate that deposited was filtered off and recrystallized from anhydrous 
ethanol. This gave 2.5 g (27%) of substance XIII, mp 211-212 ~ C. 
Rf 0.67 in a thin layer of AlzO s (basic, activity grade ~IV, solvent 
CHC13). It gave a depression of the melting point in admixture with 
substance, XII, 155-160 ~ C. Found, %: C 67.28; 67.14- H 8.83; 
8.73; C1 13.24; 13.12; N 10.47; 10.60%. Calculated for Ct~H~zN z. 
HC1, %: C 67.52; H 8.68; C1 13.28; N 10.52%. 

Hydrochloride of 3, 6 -dimethyl-l,2, 3, 4, 5, 6-hexahydroazepino 
[4,5-b]lndole (VI)~ In a similar manner to the preparation of substance 
XIV, 1.3 g (0.0065 mole) of the indole II, 1.3 g (0.0065 mole) of 
methyl iodide, and sodium hydride in anhydrous dimethylformamide 
gave the hydrochloride of substance VI, mp 231-232 ~ C. 

Maleate of 6-benzyl-~.methylol, 2, 3, 4, 5, 6-hexahydroazepino 
[4,5-b]indole (XV). The alkylation of 2 g (0.01 mole) of compound 
II with 1.27 g (0.01 mole) of benzyl chloride took place similarly, 
giving the maleate of substance XV. Yield 1.4 g (20%), mp 175-176~ 

C (from ethanol). Found, %: C 70.76; 70.62; H 6.44; 6.43; N 6.96; 
6.98%. Calculated for C2oH2zN 2 �9 C4H404, %: C 70.91; H 6.44; N 6.89%. 

Maleate of 3-methyl-6-[7-(4-methyl-l-plperazinyl)propyl]-i ~ 
%3,4,5,6-hexahydroazeptno[4,5-b]indole (XVI). This was obtained 
similarly from 2 g (0.01 mole) of the indole II and 1.76 g (0.01 mole) 
ofN-y-chloropropyl-N'-methylpiperazine. Yield4g (87%), mp 
154-156 ~ C (from ethanol). Found, %: N 8.46, 8.28. Calculated for 
C21Hs2N4. C4H404, %: N 8.13. 
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