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It has  been e s t a b l i s h e d  that  when 5 -oxon i t r i l e  a r y l h y d r a z o n e s  a r e  boi led in g l ac i a l  ace t i c  ac id  subs t i tu ted  
ce-carbol ines  a r e  fo rmed .  

We have shown that  when 2-(2 ' - cyanoe thy l )cyc lohexanone  phenylhydrazone  is heated with g l ac i a l  ace t i c  ac id ,  in 
addi t ion to the n o r m a l  p roduc t s  of F i s c h e r  cyc l i za t ion ,  2 , 3 - t e t r a m e t h y l - ~ - c a r b o l i n e  is  fo rmed .  The fo rma t ion  of an ~ -  
ca rbo l ine  was expla ined  by an e l e c t r o p h i l i c  a t t ack  by the ca rbon  a tom of the n i t r i l e  group of the n i t rogen  of the C = N  in 
the hydrazone  with a subsequent  r e a r r a n g e m e n t  of the amid ine  type s i m i l a r  to the F i s c h e r  r eac t ion .  If th is  mechan i sm 
is c o r r e c t ,  under  s i m i l a r  condi t ions 5 - o x a e a r p o n i t r i l e  hydrazone  (I) should fo rm 2 - m e t h y l - ~ - c a r b o l i n e  (II). 
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In ac tual  fact ,  when the hydrazone  I was boi led  with g lac ia l  ace t ic  acid,  the ca rbo l ine  II, ident ica l  with an authent ic ,  
s ample ,  was obtained.  The au thors  thank E. V. P ron ina  who p rov ided  a s amp le  of 2 - m e t h y l - ~ - c a r b o l i n e  syn thes ized  
f rom 2 - h y d r a z i n o - 6 - m e t h y l p y r i d i n e  and cyclohexanone with subsequent  a r o m a t i z a t i o n  [3]. S i m i l a r l y ,  2 , 3 - d i m e t h y l - ~ -  
ca rbo l i ne  (Ill) is f o rmed  f rom 4 - m e t h y l - 5 - o x o c a p r o n i t r i l e  pheny lhydrazone .  As can be seen f rom Table  1, when the 
ac id  is  d i lu ted  the y i e lds  fal l ,  and under  the  ac t ion  of su l fur ic  ac id  r e s in i f i ca t i on  or  the n o r m a l  fo rma t ion  of 3 - c y a n o -  
e t h y l - 2 , 3 - d i m e t h y l - 3 H - i n d o l e  is  the main p r o c e s s .  

Table  1. Influence of the React ion  Condit ions of the Yield of 2 ,3 -  
D i m e t h y l - ~ - c a r b o l i n e  

Cyclizing agent Temperature, ~ Reaction time Yield, % 

Glacial CH 3 COOH 
95% CHa COOH 
Glacial CH 3 COOH 
Polyphosphoric acid 
Cone. H2SO 4 
20% H 2 SO4 
Cone. HC1 

Boiling 
Boiling 

20 
85 
20 

100 
170--180 

10 hr 
10 hr 

2 months 
2 hr 
6 hr 

15 min. 
1 hr 

33--35 
4 - -5  

0 
8 
0 
4* 

3- -4*  

*The main p roduc t  of the r e a c t i o n  (yield about 50%) was 3 - ( 2 ' - c y a n o -  
e thy l ) -2 ,3 -  d i m e t h y l - 3 H -  indole.  

It might  be a s s u m e d  that  the ce-carbol ines  a r e  fo rmed  by some r e a r r a n g e m e n t  o r  o ther  of the co r r e spond ing  in-  
doles  and 3H- indo les ,  but when 3 - c y a n o e t h y l - 2 , 3 - d i m e t h y l - 3 H - i n d o l e  (IV), 3 - c y a n o e t h y l - 2 - m e t h y l i n d o l e ,  o r  1 - ( 2 ' - c y a n o -  
e t h y l ) - 2 , 3 - d i m e t h y l - 3 H - i n d o l e  was sub jec ted  to p ro longed  {10-12 hr) heat ing with g lac ia l  ace t ic  ac id ,  no fo rma t ion  of the 
c o r r e spond ing  ~ - c a r b o l i n e  (II o r  III) could be de tec ted  even c h r o m a t o g r a p h i c a l l y .  If the decompos i t ion  of the a r y l h y -  
d razone  under  the ac t ion of the g lac ia l  ace t i c  ac id  g ives  r i s e  to d e r i v a t i v e s  of 2 -py r idone  o r  d i h y d r o - 2 - p y r i d o n e  which 
again  r e a c t  with phenylhydrazone  fo rming  a m i d r a z o n e s ,  the l a t t e r  may cyc l i ze  in the manner  of a F i s c h e r  r eac t ion .  

*For part XIV, see [i]. 
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However, even boil ing 5 ,6 - t e t r ame thy l ene -2 -py r idone  [4, 5] with phenylhydrazine  in glacial  acet ic  acid for severa l  hours  
did not lead to the format ion  of a carbol ine ,  and the s ta r t ing  ma t e r i a l s  were  recovered  unchanged. In addition, if the 
water  is not e l imina ted  beforehand and an a t tempt  is made to cycl ize not the phenylhydrazones  but a mix ture  of phenyl -  
hydrazine  and 4 -me thy l -5 -oxocap ron i t r i l e  in glacial  acet ic  acid, the yield of carbol ine  III falls f rom 33 to 5-6%. 

Thus,  in our case two competing reac t ions  apparent ly  take place:  under  the action of a s t rong acid the protonat ion  
of the hydrazone n i t rogen  atom takes place,  an enehydrazine  (A) a r i s e s ,  and an o rd ina ry  F i s c h e r  reac t ion  takes place;  
in the second case,  the n i t r i l e  group at tacks the hydrazones n i t rogen atom with the format ion of a cyclic amidrazone  
sys tem (B) which then, under  the act ion of the acid, r e a r r a n g e s  with the c losure  of the second ring.  

'~ I 

The PMR spec t ra  (taken in CC14onanRS-60 in s t rumen t  for the acetyl  der iva t ives  of 2 -me thy l - ,  2 ,3 ,8 - t r ime thy l - ,  
and 2 ,3 - t e t ramethy lene-c~-ca rbo l ines  and on a JNM-100 ins t rumen t  for the others) agree well with the s t ruc tu re  of the 
subs tances  obtained. All  ' the spect ra  have a doublet with J = 7-10 Hz in the weak-f ield region which could be a sc r ibe  d 
to the ~ -py r id ine  proton (8.6 ppm). But s ince  in al l  the ~ - c a r b o l i n e s  that we obtained there  is a subs t i tuent  in the c~- 
posi t ion of the pyr id ine  pa r t  of the molecule and since the components  of the doublet a re  weakly spli t  addi t ional ly (1.5 Hz, 
meta spli t t ing),  it cannot be a sc r ibed  to one of the pyr id ine  protons .  There  is an acetyl  group in all  the compounds,  and 
therefore  it might be a s sumed  that the doublet  r e la tes  to Hs, which is subject  to the desc reen ing  influence of the c a r -  
bonyl group. Apparent ly ,  free ro ta t ion  of the acetyl  group is hindered because  of the c loseness  of the e lec t ron  pa i r  of 
the n i t rogen of the pyr id ine  nucleus ,  and the carbonyl  group is also close to H 8. In actual  fact, in 2 , 3 , 8 - t r i m e t h y l - ~ -  
carbol ine  there  is no doublet in the weak-f ie ld  region.  The chemical  shifts of the methyl group and the H 8 proton a re  
given in Table 3. The complete a s s ignmen t  of all  the s ignals  in the PMR spectra  of the ~ - c a r b o l i n e s  is complicated by 
the over lapping of the resonance  f requencies  of the protons of the pyr id ine  and benzene moiet ies  of the molecule,  but 
it can be done without special  ca lcula t ions  for ce r t a in  compounds.  F igure  1 shows the spec t rum of 9 - a c e t y l - 4 - m e t h y l -  
~ - c a r b o l i n e  (a sample  with the authentic  s t ruc tu re  was kindly given to us by P.  Nan tka -Nami r sky  (Warsaw)): doublet 
with 6 8.55 ppm somewhat broadened (Hs,~ J = 7.5 Hz), two doublets with 6 8.2 ppm (H2, J = 4 Hz), and 5 7.03 ppm (H3, 
J = 4 Hz), and a doublet with 6 7.88 ppm (Hs, J = 7.5 Hz), each of one proton unit ,  and a mult iplet  (H e and HT) of two p r o -  
ton uni t s .  The spec t rum of 9 - a c e t y l - 2 - m e t h y l - ~ - c a r b o l i n e  (Fig. 2) shows a doublet with 6 8.33 ppm (H 8, J8,7 = 10 Hz, 
J8,6 = 2 Hz) and a AB sys t em of in te rac t ing  protons  with 5 6.7 ppm (H3, J3,4 = 12.7 Hz) and 6 7.49 ppm (H4, J4,3 = 12.7 Hz) 
superposed on the l ines  of the r e sonance  f requencies  of Hs, He, and HT. The spec t rum of 9 - a c e t y l - 2 , 3 , 6 - t r i m e t h y l - ~ -  
carbol ine  (Fig. 3) has a doublet with 6 8.3 ppm (Hs, J8,7 = 8.75 Hz) in te rac t ing  with H 7 (6 7.01 ppm, J7,8 = 8.75 Hz, J7,5 = 
1.5 Hz), and a sharp s inglet  with 6 7.4 ppm (H4) and a somewhat broadened s inglet  of the s ignals  of the H 5 proton (6 
7.25 ppm). 

Table  3. Chemical  Shifts of the Methyl Groups and H 8 Pro tons  in the 
N-Acety l -oz-carbol ines  (5 Scale) 

5 4 

7 2 

COCH 3 

a -  Carbol ine  2-CH3 3-CH~ 4-CH2 6-CH3 I ,  Hz 

2-Methyl-  
4-Methyl-  
2 ,3 -Dimethy l -  
2 ,3 ,6 -Tr ime thy l -  

, 2 , 3 , 8 - T r i m e t h y l -  
2 ,3 -Te t r ame thy lene -  

2.37 

256 
2.41 
2,50 

m 

~ 5  
2.20  
2.25 

2~2 

8-CH~ COCHa[ Ha 

; 

- -  2.82 I 8.33 
-- 3 l t 8.55 

] 

2.85 [ 8.42 
2.85 ; 8.3 

2"~1 3.15 I 
- 2851 8S~ 

12.7 
7,5 
8.0 
8.75 

72 

E X P E R I M E N T A L  

2 , 3 - D i m e t h y l - ~ - e a r b o ! i n e  (HI). Some 2.7 g (0.025 mole) of phenylhydrazine  was added to 3.1 g (0.025 mole) of 4- 
me thy l -5 -oxocapron i t r i l e ,  and the mixture  was heated in the water  bath for 3 hr; then the water  l ibera ted  and the un -  
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Fig. 2. 

Fig.  1 Fig. 2 

PMR spectrum of 9-acetyl -4-methyl-o~-carbol ine .  

PMR spectrum of 9 - ace ty l -2 -me thy l -~ -ca rbo l ine .  

II 

Hi 
H, 

, ~  ,:8 , ,:8 ~ 6:81}--o 

Fig. 3. PMR spectrum of 9- 
a c e t y l - 2 , 3 , 6 - t r i m e t h y l - ~ - c a r -  
bol ine. 

changed oxonitr i le  and phenylhydrazine were dis t i l led  off with benzene in a current  of gas under reduced p re s su re .  The 
resul t ing 4-methyl -5-oxocaproni t r [ le  phenylhydrazone was t rea ted  with 120 ml of glacial  acetic acid and the mixture 
was boiled for 10 hr, cooled, diluted, with water ,  and brought to neutral i ty  by the addition of 2 N NaOH, after  which the 
prec ip i ta te  that had formed was f i l te red off, washed with water  on the f i l ter ,  and r ec rys t a l l i zed  from benzene to give 
1.32 g {32.5%) of the carboline IT[, with mp 262-263~ Rf 0.45 [A1203, benzene-ethyl  acetate {2 : 1)]; UV spectrum" ~.max 
260, 302, 332 nm; log e 4.12, 4.32, 3.81 (in methanol). Found %: C 79.62, 79.64; H 6.37, 6.26; N 14.24, 14.13. C13H12N 2. 
Calculated %: C 79.52; H 6.98; N 14.31. 

9 -Ace ty l -2 ,3 -d ime thy l -~ -ca rbo l ine .  A mixture of 0.2 g of the carboline III and 10 ml of acetic anhydride was 
boiled for 1 hr, cooled, diluted with water ,  and neutral ized with sodium bicarbonate,  and the precipi ta te  that deposited 
was f i l tered off to give 0.2 g (82%} of 9 -ace ty l -2 ,3 -d ime thy l -~ -ca rbo l ine  with mp 132-133~ {from ethanol). UV spec-  
trum: ~max 232,262,292 nm; log ~ 4.34, 3.91, 4.15 {in methanol). Found %: C 75.81, 75.84; H 6.08, 6.06. Cl~H14N20. 
Calculated %" C 75.61; H 6.06. 

The ~-ca rbo l ines  II, IV, and V and thei r  acetyl  der ivat ives  were obtained s imi la r ly .  Their  constants and yields 
a re  given in Table 2. 
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