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XXXVII.* NORMAL AND ANOMALOUS COURSE OF REACTIONS 

IN THE SYNTHESIS OF 12-AZA-fl-CARBOLINES 

L .  N. Y a k h o n t o v  and  D. M. K r a s n o k u t s k a y a  UDC 547.741'821.07 

The synthesis of substituted 3,4,5,6-tetrahydro-12-aza-fl-carbolines on the basis of the cor-  
responding 7-azatryptamines was realized using the Bischler -Napiera lski  and P i c t e t -  
Spengler reactions.  The effect of the character  of the acylating residue in the synthesis of 
12-aza-fl-carboline derivatives via the Bischler-Napiera lski  reaction was studied. It was 
established that if the N-acylating group is a phenylacetie~acid residue, oxidation by air 
oxygen occurs along with cyclodehydration, and the corresponding ketone, 3-benzoyl-5,6- 
dihydro-12-aza-fl-carboline,  is formed instead of the normal product, the 3-benzyl-5,6-di- 
hydro- 12-aza-fl-carboline derivative. 

We previously described [2] the synthesis of a new tricyclic system, 12-aza-fl-carboline,  in examples 
of the Bischler-Napier laski  cyclization of 1-phenyl-4-methyl-3-(fl-acetamidoalkyl)-7-azaindoles.  

In developing these investigations it was of interest to study how the character  of the N-acylating 
residue in the corresponding 7-azatryptamines affects the reaction of these compounds with phosphorus 
oxychloride. N-Acyl- l-phenyl-4-methyl-7-azatryptamines (II), which, in addition to the previously studied 
acetyl group [2], have formyl (IIa), benzoyl (IIb), 3,4,5-trimethoxybenzoyl (IIc), and phenylacetyl (lid) r e s -  
idues, were used as the starting compounds for the indicated reactions.  
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1-Phenyl-4-methyl-7-azatryptamine (I) [3] was refluxed with formic acid in order  to obtain N-formyl 
derivative IIa. The remaining 7-azatryptamides (IIb-d) were synthesized by Schotten-Baumann acylation 
of I with the appropriate acyl chlorides and were obtained in yields from 83 to 91%. 

The cyclodehydration of the 7-azatryptamides of aromatic acids (IIb and c) proceeded smoothly 
under the influence of phosphorus oxychloride in refluxing benzene or without solvent and gave the normal 
reaction products - 5,6-dihydro-12-aza-fl-carbolines (IIIb and c). 

*See [1] for Communication XXXVI. 
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In con t ras t  to i ts  c loses t  homolog,  the 7 -aza t ryp tamide  of ace t ic  acid [2], the B i s c h l e r - N a p i e r l a s k i  
cycl izat ion of the 7 - aza t ryp t am i de  of f o r m i c  acid (IIa) is accompanied  by pronounced res in i f ica t ion ,  even 
under  mild  conditions (at r oom t e m p e r a t u r e ) ,  and it was  not poss ib le  to obtain the cor responding  12 -aza -  
f i -ca rbo l ine .  The re  a re  r e f e r e n c e s  in the l i t e r a tu r e  [4] regard ing  s i m i l a r  diff icult ies  a r i s ing  in the case  
of o ther  he te ry le thy lamines  on a t t empts  to cyclodehydra te  the i r  N- fo rmy l  de r iva t ives .  In this connection, 
a compound of the 1 2 - a z a - f i - c a r b o l i n e  s e r i e s  which is unsubst i tuted in the 3-posi t ion was  obtained on the 
bas i s  of the P i c t e t - S p e n g l e r  r eac t ion  r a t h e r  than via  the B i s c h l e r - N a p i e r a l s k i  reac t ion .  React ion of I 
with formaldehyde  in the p r e s e n c e  of dilute hydrochlor ic  acid made it  poss ib le  to synthesize  1 -pheny l -9 -  
m e t h y l - 3 , 4 , 5 , 6 - t e t r a h y d r o - 1 2 - a z a - f i - c a r b o l i n e  (Va) in 55% yield. 

Close to quanti tat ive y ie lds  of 3 , 4 , 5 , 6 - t e t r a h y d r o - 1 2 , a z a - f l - c a r b o l i n e s  Vb and Vc were  obtained by 
t r ea tmen t  of the cor responding  5 ,6-dihydro de r iva t ives  (IIIb, c) with sodium borohydr ide  under  mild condi-  
tion s. 

The cyclodehydra t ion  of the 7 - aza t ryp t amide  of phenylacet ic  acid (lid) p roceeded  in an unusual man-  
ner .  The no rma l  reac t ion  product  in this case  should have been 1 - p h e n y l - 3 - b e n z y l - 9 - m e t h y l - 5 , 6 - d i h y d r o -  
1 2 - a z a - f l - c a r b o l i n e  (IIId). However ,  ins tead of Hid we isola ted  46% of an oxygen-containing substance ,  
the IR s p e c t r u m *  of which did not have absorpt ion  in the 3100-4000 c m  -1 region but had an intense carbonyl  
band at 1685 cm: -1, along with bands c h a r a c t e r i s t i c  for  the C ~  C and C----N bonds (1592 and 1608 cm- l ) .  
The carbonyl  band can be ass igned  to the ketone group conjugated with the phenyl and d ihydroazacarbol ine  
r ings .  The posi t ion of the carbonyl  group a g r e e s  sa t i s fac to r i ly  with the PMR-spec t roscop ic  data.  In addi-  
tion to the singlet  f r o m  the CH 3 group at tached to C 9 (2.72 ppm),  the h igh- f requency  reg ion  of the PMR 
s p e c t r u m ?  of the compound contains only two t r ip le t s  (3.21 and 4.20 ppm; J 1.7 Hz), which should be a s -  
signed to the A2B 2 s y s t e m  for  C 5 and C~ of the 5 , 6 - d i h y d r o - 1 2 - a z a - f i - c a r b o l i n e  r ing.  No signals  which 
c h a r a c t e r i z e  the CH 2 group of the benzyl  res idue  at tached to the C 3 subst i tuted 5 , 6 - d i h y d r o - 1 2 - a z a - f i -  
carbol ine  a re  p re sen t  in the s p e c t r u m .  In addition, the compound is smoothly  conver ted  to 80% yields  of 
1 - p h e n y l - 3 - b e n z y l - 9 - m e t h y l - 3 , 4 , 5 , 6 - t e t r a h y d r o - 1 2 - a z a - f l - c a r b o l i n e  (Vd) by reduct ion under  mild  condi-  
t ions with sodium borohydr ide .  All of the above makes  it poss ib le  to a s s e r t  that the product  of the anoma-  
lous cycl izat ion of IId is  a ketone - 1 - p h e n y l - 3 - b e n z o y l - 5 , 6 - d i h y d r o - 1 2 - a z a - f i - c a r b o l i n e  (IV). 

A s i m i l a r  anomalous  product  of the B i s c h l e r - N a p i e r a l s k i  r eac t ion  was p rev ious ly  obse rved  [5] dur -  
ing the cycl izat ion of the t ryp tamide  of o - to ly lace t ic  acid under  the influence of phosphorus  pentoxide.  In 
this  case ,  if  the p r o c e s s  was c a r r i e d  out in the p r e sence  of a i r  oxygen, one a lso  isola ted a ca rbony l - con -  
raining compound, to which the VI (R = H) s t ruc tu re  was  ass igned on the bas i s  of a compar i son  of it with 
yobirone.  

R R~Nc.~ o~C~ 
VI ~ 

Huebner  and c o - w o r k e r s  [6] l a t e r  desc r ibed  the s ame  type of Oxidative reac t ion  during the cyc lodehydra -  
tion of the 5 ,6 -d imethoxyt ryp tamide  of o - to ly lace t ic  acid with phosphorus  pentoxide,  and the VI (R = OCH 3) 
s t ruc tu re ,  in analogy with the yob i rones ,  was  ass igned  to the product ,  which has  an intense absorpt ion  band 
at 1667 c m  - i  in i ts  IR s p e c t r u m .  One cannot exclude the fact  that in both ca se s  the au thors  could have been 
dealing, as  in the cycl iza t ion of IId,  with the cor responding  5,6-dihydro de r iva t ives  (whose definit ive s t r u c -  
ture  could be es tab l i shed  with the PMR spect ra)  r a t h e r  than with the comple te ly  dehydrogenated compounds 
of the carbonyl  s e r i e s .  

EXPERIMENTAL 

N-Formyl-l-phenyl-4-methyl-7-azatryptamine (IIa). l-Phenyl-4-methyl-7-azatryptamine (I) [2 g 
(0.008 mole) ] was refluxed for 2 h with 4 ml (0.ii mole) of formic acid. After evaporation of the reaction 

*The IR spec t ru m  in m i ne ra l  oil was  obtained with a UR-10 s p e c t r o m e t e r .  
The PMR s p e c t r u m  was obtained with a JNM-4H-100 s p e c t r o m e t e r  (100 MHz), the solvent was deu te ro -  

ch lo ro fo rm,  and the in ternal  s tandard  was  t e t r ame thy l s i l ane .  We a re  obliged to thank S. L. Por tnovaya ,  
E. M. P e r e s l e n ' ,  and Yu. I. P o m e r a n t s o v  for  the i r  a s s i s t ance  in ca r ry ing  out the spec t ra l  invest igat ions .  
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mass in vacuo, the residue (2.2 g) was recrystallized from ethyl acetate to give 1.4 g (63%) of Ila with mp 
120-121 ~ in the form of colorless crystals that were quite soluble in benzene, alcohols, and chloroform, 
slightly soluble in ether and ethyl acetate, and insoluble in heptane and water. Found %: C 79.92; H 6.00; 
N 15.27. CiTHITN30. Calculated %: C 73.09; H 6.13; N 15.04. 

N-(~-Phenylacetyl)-l-phenyl-4-methyl-7-azatryptamine (IId). Aqueous 20% sodium hydroxide [38 
ml (0.23 mole)] was added to a solution of 2.26 g (0.009 mole) of I in 50 ml of benzene, and 3.48 g (0.023 
mole) of phenylacetyl chloride in 25 ml of benzene was added dropwise to it with stirring. After stirring 
for 3 h at room temperature, the benzene layer was separated, and the aqueous layer was additionally ex- 
tracted with benzene.  The combined benzene ex t r ac t s  were  dr ied with po ta s s ium carbonate  and evapora ted  
in vacuo to give 3.04 g (92%) of IId in the f o r m  of co lo r l e s s  c r y s t a l s  with mp 114-115 ~ (from ethyl acetate) .  
The compound is quite soluble in ch lo roform,  sl ightly soluble in e ther ,  acetone,  and ethyl ace ta te ,  and in-  
soluble in heptane and water .  Found %: C 78.27; H 6.02; N 11.15. C24It23N30. Calculated %: C 78.02; H 
6.28; N 11.37. 

N- (3 ' ,4 '  , 5 ' - T r i m e t h o x y b e n z o y l ) - l - p h e n y l - 4 - m e t h y l - 7 - a z a t r y p t a m i n e  {IIc). This  was s i m i l a r l y  ob- 
tained f r o m  6.1 g (0.024 mole) of I and 12 g (0.052 mole) of 3 ,4 ,5- t r imethoxybenzoyl  chlor ide.  Compound 
IIc (8.6 g), which was  slightly soluble in benzene,  was f i l te red  a f te r  ca r ry ing  out the reac t ion .  An addit ion- 
al 1.22 g of IIc,  to give an overa l l  yield of 91% of co lo r l e s s  c r y s t a l s  with mp 157-158 ~ was obtained a f t e r  
evaporat ion of the benzene solution. The product  was quite soluble in ch lo ro fo rm,  sl ightly soluble in benz-  
ene, methyl  ace ta te ,  and acetone,  and insoluble in e ther ,  pe t ro leum e ther ,  and water .  Found %: C 70.27; 
H 6.26; N 9.65. C26H27N304. Calculated %: C 70.09; H 6.11; N 9.43. 

N - B e n z o y l - l - p h e n y l - 4 - m e t h y l - 7 - a z a t r y p t a m i n e  (IIb). This  was obtained the same  way as IId.  Com-  
pound IIb was  dissolved in 60 ml of acetone,  f i l te red  with charcoa l ,  and acidified with alcoholic hydrogen 
chloride to give 1.72 g (83%) of IIb monohydrate  hydrochlor ide  in the f o r m  of co lo r l e s s  c r y s t a l s  with mp 
151-153 ~ . The compound was soluble in alcohol,  sl ightly soluble in benzene,  acetone,  and ch lo roform,  and 
insoluble in e ther .  Found %: C 67.01; H 6.05; N 10.41; C1 8.67; H20 4.40.  C23H21N30 " HC1 " H20. Calcu-  
lated %: C 67.38; H 5.90; N 10.25; C1 8.65; H20 4.55. 

1 , 3 -D ipheny l -9 -me thy l -5 ,6 -d ihyd ro -12 -aza - f l - ca rbo l i ne  (IIIb). A mix ture  of 1.2 g (0.003 mole) of 
lib, 2.5 ml  (0.027 mole) of phosphorus  oxychloride,  and 50 ml  of anhydrous benzene was ref luxed for  5 h. 
After  t r ea tmen t  of the reac t ion  mix ture  with 50 ml  of ice wate r ,  it was  made alkal ine,  the benzene l ayer  
was separa ted ,  and the wa te r  l aye r  was addit ionally ex t rac ted  with benzene.  The combined benzene ex-  
t r a c t s  were  dr ied with magnes ium sulfate and evapora ted  in vacuo to give 0.9 g (79%) of IIIb in the f o r m  of 
co lo r l e s s  c r y s t a l s  with mp 152-154 ~ (from alcohol).  The compound was quite soluble in benzene and ch loro-  
f o r m  and slightly soluble in alcohol and acetone.  Found %: C 81.91; H 5.57; N 12.45. C23H19N 3. Calcu-  
lated %: C 81.86; H 5.68; N 12.45. The hydrochlor ide  was obtained in the f o r m  of yellow c r y s t a l s  with mp 
242-243 ~ ( f rom absolute alcohol) and was soluble in wa t e r  and hot alcohol and insoluble in e ther ,  acetone,  
and benzene.  Found %: N 11.00; C1 9.79. C23H19N3 �9 HC1. Calculated %: N 11.24; C1 9.48. 

1 -Pheny l -3 -  ( 3 ' , 4 ' , 5 ' - t r ime thoxypheny l ) -9 -me thy l -  5 ,6 -d ihydro -12 -aza -  f i -carbol ine  (IIIc). Compound 
IIc [8.6 g (0.019 mole)]  was  ref luxed for  2.5 h with 22 ml  (0.24 mole) of phosphorus  oxychloride.  Ice wa te r  
(150 ml) was added to the resul t ing yellow prec ip i t a te ,  the mix ture  was  made alkaline,  and IIIc was ex-  
t r ac t ed  with benzene.  Evapora t ion  of the benzene solution yielded 7.3 g (89%) of IIIc in the f o r m  of co lo r -  
l e s s  c r y s t a l s  with mp 180-182 ~ (from acetone).  The compound was quite soluble in benzene and ch lo ro fo rm,  
slightly soluble in e ther  and acetone,  and insoluble in wate r .  Found %: C 72.66; H 5.88; N 9.86. C26H25N303. 
Calculated %: C 73.04; H 5.89; N 9.83. The hydrochlor ide  was obtained in the f o r m  of yellow c r y s t a l s  with 
mp 230-232 ~ (decomp.,  f rom absolute alcohol) that were  quite soluble in wate r ,  sl ightly soluble in alcohol,  
and insoluble in e ther ,  ethyl ace ta te ,  and acetone.  Found %: N 9.34; C1 7.45. C26N25N303 " HC1. Calcu-  
la ted %: N 9.06; C1 7.64. 

1 - P h e n y l - 3 - b e n z o y l - 9 - m e t h y l - 5 , 6 - d i h y d r o - 1 2 - a z a - f l - c a r b o l i n e  (IV). Compound IId [2 g (0.0054 mole)]  
was ref luxed for  2 h with 4 ml (0.044 mole) of phosphorus  oxychloride in 30 ml  of anhydrous benzene.  The 
reac t ion  m a s s  was cooled, pou red  over  ice,  and the mix tu re  was made alkaline with ammonium hydroxide.  
The benzene solution was separa ted ,  dr ied with po tass ium carbonate ,  and evapora ted  in vacuo.  The res idue 
was r e c r y s t a l l i z e d  f rom acetone to give 0.9 g (46%) of IV with mp 185-186 ~ in the fo rm of yellow c r y s t a l s  
that were  soluble in ch lo ro fo rm and benzene and sl ightly soluble in e ther ,  alcohol,  acetone,  and wa te r .  
Found %: C 78.76, 79.04; H 5.22, 5.16; N 11.61, 11.43. C24HI9NO. Calculated %: C 78.87; H 5.24; N 11.50. 
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1 - P h e n y l - 9 - m e t h y l - 3 , 4 , 5 , 6 - t e t r a h y d r o - 1 2 - a z a - f i - c a r b o l i n e  (Va). Aqueous (38~) fo rmal in  [3.4 ml  
(0.12 mole) ] was  added to a solution of 3.4 g (0.014 mole) of I in 213 ml  of dilute (1 : 125) sulfur ic  acid 
heated to 70 ~ Af ter  15 rain at 70 ~ the mix tu re  was cooled and made alkaline with 50% po ta s s ium carbonate  
solution. The base  which sepa ra t ed  was  ex t rac ted  with e ther .  The e the r  solution was dried with m a g n e s i -  
um sulfate and evapora ted  in vacuo.  The res idue  (3.04 g) was  ref luxed for  1 h with 1240 ml  of dilute 
(1:125) sulfur ic  acid,  made alkal ine with 50% po ta s s ium carbona te ,  and ex t rac ted  with ch lo ro fo rm.  The 
res idue  a f t e r  r e m ova l  of the ch lo ro fo rm was r e c r y s t a l l i z e d  f r o m  benzene to give 1.94 g (55%) of Va with 
mp 204-206 ~ in the f o r m  of c o l o r l e s s  c r y s t a l s  that were  quite soluble in ch lo ro fo rm,  sl ightly soluble in a l -  
cohol and benzene,  and insoluble in p e t r o l e u m  e ther  and water .  Found %: C 77.34; H 6.54; N 15.61. 
C17H17N3. Calculated ~c: C 77.53; H 6.51; N 15.96. The dihydrochlor ide  was obtained in the f o r m  of co lo r -  
l e s s  c r y s t a l s  with mp 277-278 ~ ( f rom isopropyl  alcohol) that were  quite soluble in wa te r  and sl ightly so l -  
uble in alcohol,  ch lo ro fo rm,  benzene,  e thylace ta te ,  acetone,  and e ther .  Found %: N 12.33; C1 20.70. 
C 1 7 H 1 7 N 3  " 2HC1. Calculated ~c: N 12.50; C1 21.09. 

1 , 3 - D i p h e n y l - 9 - m e t h y l - 3 , 4 , 5 , 6 - t e t r a h y d r o - 1 2 - a z a - f l - c a r b o l i n e  (Vb). Sodium borohydr ide  [1.08 g 
(0.031 mole) ] was  added in the course  of 30 min to a solution of 2.16 g (0.0064 mole) of IIIb in 300 ml  of 
methanol ;  the t e m p e r a t u r e  of the reac t ion  m a s s  was held at 25-30 ~ After  2 h, the methanol  was r emoved ,  
50 ml  of wa t e r  was added to the res idue ,  and Vb was ex t rac ted  with benzene.  The solution was dried with 
p o t a s s i u m  carbona te ,  evapora ted ,  and the res idue  was d isso lved  in acetone.  The solution was  f i l te red  
with carbon,  and the hydrochlor ide  was  i so la ted  by the addition of alcoholic hydrogen chloride to give 2.3 g 
(96~c) of c o l o r l e s s  c r y s t a l s  with mp  267-268 ~ The c r y s t a l s  were  quite soluble in wa t e r  and methanol  and 
insoluble in e the r  and acetone.  Found %: C 73.58; H 5.69; N 10.98; C1 9.56. C 2 3 H 2 1 N  3 " HC1. Calculated ~c: 
C 73.49; H 5.90; N 11.18; C1 9.43. 

1-Pheny•-3-(3'•4'•5'-trimethoxypheny•)-9-methy•-3•4•5•6-tetrahydro-•2-aza-•-carbo•ine (Vc). This  
was obtained in the s ame  way as Vb by reduct ion of 0.84 g (0.0019 mole) of IIIc with 0.2 g (0.0057 mole) of 
sodium borohydr ide  in methanol .  The hydrochlor ide  of Vb [0.9 g (98%)] was obtained in the f o r m  of co lo r -  
l e s s  c r y s t a l s  with mp 208-210 ~ ( f rom absolute alcohol).  The c r y s t a l s  were  soluble in wa t e r  and insoluble 
in e ther ,  acetone,  ethyl ace ta te ,  and benzene.  F o r  ana lys i s ,  the sample  was  dr ied  in vaeuo for  4 h at 160 ~ 
Found ~c: C 66.95; H 5.99; N 8.94; C1 7.54. C 2 6 H 2 7 N g O  3 ~ HCI. Calculated %: C 67.01; H 6.06; N 9.02; C1 
7.61. 

Reduction of 1 - P h e n y l - 3 - b e n z o y l - 9 - m e t h y l - 5 , 6 - d i h y d r o - 1 2 - a z a - f i - c a r b o l i n e  (IV). Sodium b o r o -  
hydr ide  [2.5 g (0.072 mole) ] was  added at 25-30 ~ fo 1.94 g (0.0053 mole) of IV in 300 ml  of methanol .  Af ter  
2 h at r o o m  t e m p e r a t u r e  the methanol  was  r emoved ,  50 ml  of wa te r  was added to the res idue ,  and Vd was 
ex t rac ted  with ch lo ro fo rm and conver ted  to the hydrochlor ide .  1 - P h e n y l - 3 - b e n z y l - 9 - m e t h y l - 3 , 4 , 5 , 6 -  
t e t r a h y d r o - 1 2 - a z a - f i - c a r b o l i n e  dihydrate  dihydrochlor ide  [1.96 g (80~c) ] was  obtained in the f o r m  of co lo r -  
l e s s  c r y s t a l s  with mp 216-218% The c r y s t a l s  we re  quite soluble in hot ch lo ro fo rm and alcohol and slightly 
soluble in acetone and ethyl ace ta te .  Found %: C 62.68; H 6.09; N 9.43; C1 15.63. C 2 4 H 2 3 N  3 �9 2HC1 �9 2H20. 
Calculated %: C 62.33; H 6.32; N 9.09; C1 15.34. 

1. 
2. 
3. 
4. 
5. 
6. 

L I T E R A T U R E  C I T E D  

L. N. Yakhontov,~M. S. Sokolova, and T. D. P e r v a c h e v a ,  Khim. Gete ro t s ik l .  Soedin., 1546 (1970). 
L. N. Yakhontov and M. V. Rubtsov,  Khim. Gete ro t s ik l .  Soedin., 80 (1966). 
L. N. Yakhontov and M. V. Rubtsov,  Zh. Obshch.  Khim.,  Sb. Biologicheski  Aktivnye Soedin., 83 (1965). 
W. Herz  and S. Tocke r ,  J .  Am.  Chem. S . c . ,  77, 6353 (1955). 
P.  L. Jul ian,  W. J .  Karpe l ,  A. Magnani,  and E. W. Meyer ,  J .  Am.  Chem. S .c . ,  70, 180 (1948). 
C. F. Huebner ,  H. A. Troxe l l ,  and D. C. Schroeder ,  J .  Am. Chem. S .c . ,  75, 5887 (1953). 

1451 


