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C A R B O L I N E S  

VIII .* ~-CARBOLINE COMPOUNDS FROM fl -(3-INDOLYL) KETONE OXIMES 

K .  I .  K u c h k o v a ,  E .  P .  S t y n g a c h ,  
F .  S h .  R i v t l i s ,  N.  M.  F r o l o v a ,  
a n d  A .  A .  S e m e n o v  

�9 UDC 547.759.3'821 : 66.095.23 

Anhydronium bases  of 2 - c h l o r o - a - c a r b o l i n e s  and 3 ,4 -d ihydro -p -ca rbo l tnes  a re  fo rmed by 
Beckmann r e a r r a n g e m e n t  of ~-(3-indolyl)  ketone oximes .  In a number  of cases  the f o r m a -  
tion of anhydronium bases  becomes  the p redominant  p roce s s .  

Using p rev ious ly  developed methods [2, 3] we have synthesized new subst i tuted ~-carbol ines  XIV-XVI, 
which a r e  potent ial  physiological ly  act ive  compounds.  Ethylidene- and isobutyl tdeneacetones reac ted  with 
indole under  the influence of pe rch lo r t c  acid to give indolyl ketones I and III, which were  conver ted to oximes 
I[ and IV (for the synthes is  of a - subs t i tu ted  ox imeVI ,  t e r t -bu ty l  ~ -p ropy lace toace ta te  was alkylated wi thgramine  
methylsulfa te) .  Oximes II, IV, and VI were  conver ted to 3 ,4-d thydro- f i -carbol ines  by l - r a in  contact with phos-  
phorous  pentachlor ide  in w a r m  ni t robenzene.  The resul t ing hydrochlor ides  of X-XII[  were  dehydrogenated by 
heating in glycol with pal ladium black p r e p a r e d  by the method in [4]. 

In the reac t ion  of oxtme II with PC15, a cons iderable  amount of a yellow subs tance  that f o r m s  a hydro-  
chlor ide that is difficult to d issolve  in wa t e r  was isolated along with carbol ine X. According t o t h e m a s s - s p e c -  
t r o m e t r i c  data and the resu l t s  of e l emen ta ry  analys is  the base  cor responding  to this hydrochlor ide  had the 
empi r i ca l  fo rmula  C13HllC1N 2. Absorpt ion cha rac t e r i s t i c  for  the NH bond in indole was not observed in its 
IR spec t rum.  The PMR spec t rum contained a mul t ip le t  at 7.20-8.00 ppm, s inglets  of two methyl  groups at 
4.17 and 2.55 ppm, and a one-pro ton  singlet  at 6.52 ppm. F rom these  data we proposed  the 1H-1,4-dimethyl-  
2 - c h l o r o - a - c a r b o l i n e  s t ruc tu re  (XVII) fo r  the isolated substance.  The posi t ion of the chlor ine a tom was con- 
f i rmed  by the following data: The product  of reduct ive  dechlor inat ion (XVIII) had a PMR spec t rum in which 
the H a p ro ton  appeared  as a doublet at 6.67 ppm (J = 6.5 Hz) and a new (as compared  with XVII) one-pro ton  
doublet appeared  at 8.16 ppm fJ = 6.5 Hz). The magnitude of the chemical  shift  and the s p i n - s p i n  splitting 
constant indicate that  the H b pro ton  that rep laced  the chlorine a tom occupied an adjacent posi t ion with r e -  
spect  to the ni t rogen a tom and H a. 

The synthes is  of the known 1 H - l - m e t h y l - a - c a r b o l i n e  (XXIV) [5] by the action of phosphorus  pentachlor tde 
on oxime VII [6] se rved  as another  conf i rmat ion  of the c o r r e c t n e s s  of fo rmulas  XVII and YVIII. a - I soca rbo l ine  
XXIV and its  ethiodtde (XXVIII) had physica l  constants  in ag reemen t  with the l i t e r a tu r e  data [5]. 

*See [1] fo r  communica t ion  VII. 
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AS p r e v i o u s l y  shown in [2], o x i m e s  VIII  and IX, fo r  which  R 3 -  C6H 5, a r e  not  c o n v e r t e d  to f - c a r b o l i n e s  
by  B e c k m a n n  r e a r r a n g e m e n t .  We  now have  e s t a b l i s h e d  tha t  if  the  r e a r r a n g e m e n t  is  c a r r i e d  out by  the  action_ 
of PC15 in n i t r o b e n z e n e ,  t h e s e  compounds  (VIII and IX) g ive  high y i e l d s  of a n h y d r o n i u m  b a s e s  :MIX and XXI,  

which  can  be  r e a d i l y  c o n v e r t e d  to  XX and XXIL 

It i s  a p p a r e n t  tha t  t he  f i r s t  s t ep  in  the  p r o c e s s  l ead ing  to f o r m a t i o n  of  a - c a r b o l i n e  compounds  i s  
B e c k m a n n  r e a r r a n g e m e n t  of  the  o x i m e s  with m i g r a t i o n  of t he  R 3 g roup ing .  I t  c an  f u r t h e r  be  a s s u m e d  tha t  
c a t i o n  XXVIII, which  a r i s e s  a s  a r e s u l t  of B e c k m a n n  r e a r r a n g e m e n t  [7], u n d e r g o e s  c h l o r i n a t i o n  to  i n t e r -  
m e d i a t e  XXIX, which  u n d e r g o e s  c y c l i z a t t o n  of t he  H o f m a n n - L o f f l e r  t ype  [8], s p l i t s  out HC1, and i s  ox id i zed  

u n d e r  the  in f luence  of n i t r o b e n z e n e .  
C(tl~)3 

R R I / I t  d C1"13 

CH 3 Cfla 

XXVlll XXlX XXX XXXl 

A c c o r d i n g  to  the  t h e o r y  of the  B e c k m a n n  r e a r r a n g e m e n t  [7], the  t r e n d  of the  r e a c t i o n  should  be  d e t e r -  
m i n e d  by the  s t e r e o c h e m i s t r y  of the  o x i m e s .  Howeve r ,  the  s i t u a t i o n  is  m o r e  c o m p l e x  in th i s  c a s e .  

A s tudy  of the  PMR s p e c t r u m  of II  showed tha t  t he  s u b s t a n c e  is  a m i x t u r e  of two i s o m e r s .  The  s i g -  
na l  of the  C(Hb) 3 g roup  c o n s i s t s  of two p e a k s  at  1.63 and 1.78 p p m  wi th  a r e l a t i v e  i n t e n s i t y  of ~ 1 : 2 . 5 .  We 
a s s i g n e d  t h e s e  s i g n a l s  to  two i s o m e r s  - t h e  syn  (XXX) and ant i  (XX~I) i s o m e r s .  The  s y n  ox ime ,  in  the  
s p e c t r u m  of which  the  s i gna l  of t he  m e t h y l  H b p r o t o n s  i s  sh i f t ed  to  t he  w e a k - f i e l d  r e g i o n  b e c a u s e  of cou-  

p l ing  with  the  OH group ,  p r e d o m i n a t e s  in the  m i x t u r e .  

Oxime  VHI gave  two spo t s  on Si lufol  c o r r e s p o n d i n g  to  two s t e r e o i s o m e r ~ ,  which  we w e r e  ab l e  to  
s e p a r a t e .  The  c o n f i g u r a t i o n  of the  i s o m e r s  was  e s t a b l i s h e d  by  a s tudy  of the  PMR s i g n a l s  of the  H e p r o -  
tons ,  which a r e  nonequ iva len t  a s  a r e s u l t  of  r e t a r d e d  i n t e r n a l  r o t a t i o n .  In t he  s p e c t r u m  of  the  l o w - m e l t i n g  
and m o r e  p o l a r  (Rf  0.43) an t i  i s o m e r  (XXXI, R = C6H5) the  m u l t i p l e t  c o r r e s p o n d i n g  to  the  i nd i ca t ed  p r o t o n s  
i s  s i t u a t e d  at  3 .1 -3 .3  ppm, w h e r e a s  the  m u l t i p l e t  in the  s p e c t r u m  of the  h i g h - m e l t i n g  and l e s s  p o l a r  (Rf 
0.63) syn  i s o m e r  i s  at  2 .8 -3 .1  ppm.  H o w e v e r ,  any one of the  s t e r e o i s o m e r s  of VIII  on t r e a t m e n t  wi th  PC15 
in n i t r o b e n z e n e  gave  only an c ! - i s o c a r b o l i n e ,  w h e r e a s  3 - m e t h y l - 3 - ( 3 - i n d o l y l ) p r o p i o n i c  ac id  a n i l i d e  [2] was  
ob ta ined  f r o m  the  r e a c t i o n  of t o luenesu l fony l  c h l o r i d e  in  p y r i d i n e .  It fo l lows f r o m  t h i s  tha t  the t r e n d  of 
the  r e a c t i o n  is  not d e t e r m i n e d  b y t h e  s t e r e o i s o m e r i c  c o m p o s i t i o n  of the r e a c t i n g  o x i m e s ,  and one should  
a s s u m e  the  p o s s i b i l i t y  of f a c i l e  i n t e r c o n v e r s i o n  of the  s t e r e o i s o m e r  du r ing  the  r e a c t i o n s .  The  fac t  tha t  
the  p u r e  s y n - V I I I  o x i m e  i s  c o n v e r t e d  to a m i x t u r e  of i s o m e r s  with p r e d o m i n a n c e  of  an t i -VI I I  on r e f l u x i n g  
in  m e t h a n o l  con ta in ing  t r a c e s  of HC1 f o r  5 ra in  s e r v e s  as  an  e x p e r i m e n t a l  c o n f i r m a t i o n  of th i s  a s s u m p t i o n .  
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E X P E R I M  E N T A  L 

All of the melting points were determined with a Kofler block and were not cor rec ted .  The spectral  
data were  obtained with UR-10, Specord UV-vis, MKh-1303, PC-60, and JNM-MH-100spee t rome te r s .  The 
assignment  of the PMR signals in the necessa ry  cases  was accomplished by the double-magnetic resonance 
method. 

4-(3-Indolyl)-2-pentanone (I). A 1.9-g sample of 70% perchlor ic  acid was added slowly with vigorous 
s t i r r ing at a t empera tu re  no higher t h a n - 5  ~ to a cooled (to - 1 0  ~ solution of 38 g (325 mmole) of indole in 
38 g (425 mmole) of ethylideneacetone, af ter  which the mixture was s t i r red  for  another 40 rain. It was then 
diluted with e ther  and washed with sodium bicarbonate solution to completely remove the acid. The ether 
solution was dried with sodium sulfate, and the ether  and excess ethylideneacetone were removed by vac- 
uum distillation. The residue was chromatographed on activity III aluminum oxide in a benzene -pe t ro l eum 
ether sys tem (4 : 1) to give 50.3 g {77%) of ketone I as a viscous liquid. The th iosemicarbazone had mp 
169-171 ~ (from methanol). Found: C 61.2; H 6.6; N 20.5; S 11.6~c. C~4H18N4S. Calculated: C 61.3; H 6.6; 
N 20.4; S 11.7%. 

Amorphous oxime II was obtained from ketone I in quantitative yield by the usual method. PMR spec-  
t rum, 6, ppm: 1.23, d, J=6 .5  Hz (3Ha); 1.63 and 1.78 (3Hb);2.42, m (2Hc); 3.16, m (Hd); 6.45 and 6.58, 
two d, J=  2.5 Hz (indole 2-H); 6.70-7.i0,  m (aromatic protons); 7.28, m (indole l-H); and 7.52, s (OH). 

5-Methyl-4-(3-indolyl)-2-hexanone (liD. This compound was s imi lar ly  obtained in 42% yield f rom 
indole and isobutylideneacetone at 50-55 ~ (the react ion t ime was 45-50 min). Oxime IV had mp 147-148 ~ 
(from benzene). IR spect rum:  3400 (NH), 3180-3250 (OH), and 1665 (C =N) cm -1. Found: C 73.6; H 8.1; 
N 11.4~. C15H20N20. Calculated: C 73.7; H 8.3; N 11.5T0. 

3-Skatyl -3- ter t -butoxycarbonyl-2-hexanone 67). A total of 8.82 g (0.07 mole) of dimethyl sulfoxide 
(DMSO) was added at 0 ~ to 12.2 g (0.07 mole) of gramine in 80 ml of anhydrous alcohol, and the mixture 
was allowed to stand overnight. The resul t ing solution was t reated with 14 g (0.07 mole) of ter t -butyl  ~- 
propylacetoacetate ,  the mixture was cooled with ice, and a solution of 1.61 g (0.07 g-atom) of sodium in 
30 ml of anhydrous alcohol was added slowly dropwise with s t i r r ing.  The mixture was then s t i r red  and 
refluxed in an inert  a tmosphere  for ~ 8 h. The alcohol was removed in vacuo, and the residue was treated 
with water  and extracted with ether.  The oil remaining af ter  removal  of the ether  by distillation was chro-  
matographed on 800 g of aluminum oxide in a b e n z e n e - e t h e r  sys tem (95 : 5) to give 9.35 g (41%) of a slowly 
crystal l izing oil with mp 73-75 ~ (from alcohol). IR spectrum: 3330 (NH), 1710 (COOBu), 1700 (CO) cm- l :  
Found: C 72.8; H 8.1; N 4.2~ C20H27NO 3. Calculated: C 73.0; H 8.4; N 4.3~. 

3-Skatyl-2-hexanone Oxime 67I). A 5-g (0.013 mole) sample of keto es te r  V was heated in an inert  
a tmosphere at 225-230 ~ for 15 rain, af ter  which the pyrolyzate  was cooled and dissolved in 15 ml of an- 
hydrous pyridine. Hydroxylamine hydrochloride [3.6 g (0.05 mole)] and 18 ml of anhydrous methanol were 
added to the pyridine solution, and the result ing solution was refluxed for  1 h. It was then cooled andpoured 
into water,  and the aqueous mixture was extracted with ether.  The extract  was freed of pyridine in the 
usual way and dried with sodium sulfate. The solvent was removed by vacuum distillation, and the residue 
was crysta l l ized f rom carbon te t rachlor ide  to give 2.7 g (73%) of color less  c rys ta l s  with mp 116-118 ~ IR 
spectrum: 3420 (NH), 3190 (OH), and 1675 (C=N) cm -~. Found: C 73.0; H 8.2; N 11.4~. ClsH20N20. Cal- 
culated: C 73.8; H 8.2; N 11.5%. 

3-Methyl-3-(3- indolyl) - l -phenylpropanone Oxime (VIII). This compound was obtained by the method 
in [2]. A 400-mg sample of the mixture of s t e reo i somers  was separated by prepara t ive  chromatography in 
a thin l aye r  of L 5/40 nm sil ica gel in an a c e t o n e - c h l o r o f o r m  sys tem (1 : 9) to give 300 mg of the syn iso- 
m e r  with mp 134-136 ~ PMR spectrum, 6, ppm (CDCls): 1.34, d, J=6 .5  Hz (3Ha); 2.80-3.30, m (2HcHd); 
6.81, d, J=  2.5 Hz (indole 2-H); 7.00-7.54 (aromatic H); and 7.81, s (OH). Also obtained was 96 mg of the 
anti i somer  with mp 124-130 ~ PMR spectrum, 6, ppm (CDC13): 1.29, d, J=6 .5  Hz; 3.07-3.50 (2Hc, Hd); 
6.64, d, J = 2  Hz (indole l-H); 6.78-7.46 (aromatic H); and 9.25 (OH). 

3,4-Dihydro- 'fl-carbolines and 1H-2-Chloro-~-carbol ines .  A solution of 1.64 mmole  of the oxime in 
2 ml of nitrobenzene was added dropwise with vigorous s t i r r ing in the course  of 30 sec to a heated (to 60- 
70 ~ solution of 4.9 mmole  of phosphorus pentachloride in 2 ml of nitrobenzene, 30 sec after which the solu- 
tion was cooled rapidly, and the excess PC15 was decomposed with lumps of ice. The organic layer  was 
diluted with ether  and extracted with dilute hydrochloric  acid. In the case of oxime II, hydrochloride XVH, 
which was separated by filtration, was l iberated when the acidic solution was allowed to stand. In other  
cases ,  the acid extract  was made alkaline with sodium hydroxide, and the liberated bases  were purified 
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by crys ta l l iza t ion or  chromatography with a column filled with aluminum oxide. The yields and physical 
constants of the B- and ~-carbol tnes  are  presented in Table 1. 

1H-~-Carbol ines.  A 500-rag sample  of 1H-2-ch loro-~-carbol ine  was hydrogenated over  50 mg of 
10% palladium on carbon in 20 ml of alcohol at a tmospher ic  p r e s su re  until hydrogen absorption ceased 
(2-16 h). The catalyst  was removed by filtration, and the solvent was evaporated to give the hydrochloride,  
which was converted to the base and crys ta l l ized f rom a suitable solvent. The physical  constants and yields 
of the o~-carbolines are  presented in Table 2. 

1 ,4-Dimethyl-f l -carbol ine (XIV). A solution of 1.36 g (36.3 mmole) of sodium borohydride in 71 ml 
of water  was added with vigorous s t i r r ing  at 25 ~ in a ni trogen a tmosphere  to a solution of 2.58 g (12.1 mmole) 
of PdC12" 2H20 in 225 ml of water .  After  1-2 rain, the mixture  was acidified with hydrochloric  acid, and a 
la rge  port ion of the water  was decanted without allowing the catalyst  to come into contact with the air .  A 
solution of 2.7 g (11.5 mmole) of hydrochlor ide X in 22.8 ml of glycol was then added to the residual sus-  
pension, and the mixture  was heated to 40-50 ~ and s t i r red  in an inert  a tmosphere  for  15-20 rain. It was 
then cooled and diluted with water,  and the catalyst  was removed by filtration. The fi l t rate was made alka- 
line and extracted with ether, the solvent was removed, and the residue was crys ta l l ized f rom t r ichloro-  
ethylene to give co lor less  c rys ta l s  of carboline XIV, with mp 239-240 ~ in 37% yield. Found: C 79.3; H 
6.1; N 14.1~o. C13H12N 2. Calculated: C 79.6; H 6.2; N 14.3%. The hydrochlor ide had mp 273 ~ (from alcohol, 
in a sealed capil lary).  

1-Methyl-4- isopropyl- f l -carbol ine  (XV). A mixture  of 1.35 g of hydrochloride XI, 13.5 ml of glycol, 
and 0.68 g of palladium black, prepared  by the method in [4], was s t i r red  in a s t r eam of ni trogen at 148 ~ 
for  15 rain, af ter  which the suspension was cooled, another 0.68 g of the catalyst  was added, and the mix- 
ture was heated for  another 15 rain. It was then worked up as described for  carboline XIV to give XV with 
mp 162-163 ~ {from tr ichloroethylene) in 89~o yield. Found: C 80.7; H 7.1; N 12.3~0. C15Ht6N2. Calculated: 
C 80.3; H 7.21 N 12.5~. The hydrochloride had mp 283-284 ~ (from alcohol, in a sealed capillary).  

1-Methyl-3-propyl- f l -carbol ine  (XVI). This compound was obtained f rom XII by the method used to 
p repa re  XV. The product  was isolated in 64% yield in the form of the acid fumarate  with mp 206-207 ~ 
{from water).  The p icra te  had mp 252-255 ~ (from alcohol). Found: C 55.6; H 4.2; N 15.3%. C15H16N2" 
C6H3N307. Calculated: C 55.61 H 4.2; N 15.4~ 
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