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A study is made of the effectiveness of Fischer catalysts (zinc chloride, 
cuprous chloride, boron trifluoride, polyphosphoric, hydrochloric, 
sulfosalicylic, and p-toluenesulfonic acid) for the cyelizatien of 
cyclohexanone pyridyl-2-hydrazone and 6-methylpyridyl-2-hydrazene. 
The great effectiveness of mineral and sulfonic acids as compared 
with Lewis acids is shown. The possibility is shown of changing the 
course of the process by introducing an electron-donating substituent 
into the pyridine ring. 1-Acetyl and 1-benzyl derivatives of a-carbe- 
line are synthesized. 

N u m e r o u s  p a p e r s  dea l ing  with the s y n t h e s i s  of 
indole  compounds  f r o m  a r y l h y d r a z o n e s  d e s e r i b e  the 
use  of v a r i o u s  c a t a l y s t s  in the F i s c h e r  r eac t ion ,  m i n -  
e r a l  and o rgan i c  ac ids ,  Lewis  ac ids ,  e tc .  [1, 2]. F u r -  
t h e r m o r e ,  the l i t e r a t u r e  is  p r a c t i c a l l y  l ack ing  in 
i n f o r m a t i o n  about  the r e l a t i v e  e f f e c t i v e n e s s e s  of 
F i s c h e r  r e a c t i o n  c a t a l y s t s  o r  about  c o n v e r s i o n  of the 
v a r i o u s  h y d r a z o n e s  by  the v a r i o u s  c a t a l y s t s .  

In the c o u r s e  of the  work  app ly ing  the F i s c h e r  r e -  
a c t i on  to s y n t h e s i z i n g  7 - a z a i n d o l e  d e r i v a t i v e s ,  not 
only  was  a s tudy  m a d e  of the  ef fec t  of v a r i o u s  c o m -  
pounds  on this  r eac t i on ,  but a l s o  of the p o s s i b i l i t y  
of a l t e r i n g  the c o u r s e  of the r e a c t i o n  by i n t roduc ing  
s u b s t i t u e n t s  into the p y r i d i n e  r i n g  of the p y r i d y l - 2 -  
h y d r a z o n e s .  
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The  s e l e c t e d  s u b j e c t s  of s tudy  w e r e  cye lohexanone  
p y r i d y l - 2 - h y d r a z o n e  (Il ia) whose  c o n v e r s i o n  to 9, 10, 

11, 1 2 - t e t r a h y d r o - c ~ - c a r b o l i n e  (IVa) by hea t ing  with 
phospho r i c  a c i d  [3] o r  r e f lux ing  with e thy lene  g lycol  
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UV s p e c t r a :  1) ce -ca rbo l ine  (VII); 
2) 1 - a c e t y l - c e - c a r b o l i n e  (VIII); 

3) 1 - b e n z y l - c e - c a r b o l i n e  (IX). 

[4] has  been d e s c r i b e d ,  and eyc lohexanone  6 - m e t h y l -  
p y r i d y l - 2 - h y d r a z o n e  (IIIb) whose  F i s c h e r  c y c l i z a t i o n  
has  not been  i n v e s t i g a t e d  p r e v i o u s l y .  The c on dens ing  
agen t s  chosen  w e r e  s t r o n g  m i n e r a l  o r  o rgan ic  ac id s ,  
p o l y p h o s p h o r i c  ac id ,  c o n c e n t r a t e d  h y d r o c h l o r i c  acid ,  
s u l f o s a l i c y l i c  ac id ,  and p - t o l u e n e  su l fonic  ac id ,  a s  
we l l  a s  Lewis  a c i d s  zinc ch lo r ide ,  c u p r o u s  c h l o r i d e ,  
and bo ron  t r i f l u o r i d e .  

The  e l e c t r o n - a c c e p t i n g  effect  of n i t r o g e n  is known 
to c a u s e  a d e c r e a s e  in de ns i t y  of e l e c t r o n s  in the /3 
pos i t i on  of the  p y r i d i n e  r ing,  which l eads  to h i n d r a n c e  
of e l e c t r o p h i l i c  subs t i t u t ion  in p y r i d i n e s  c o m p a r e d  
with the l ike  r e a c t i o n s  for  the benzene  r ing .  So the 
F i s c h e r  r eac t i on ,  involv ing  e l e c t r o p h i l i c  subs t i t u t i on  
p r o c e s s e s ,  t akes  p l a c e  e i t h e r  c o n s i d e r a b l y  l e s s  
r e a d i l y  than with the c o r r e s p o n d i n g  p h e n y l h y d r a z o n e s ,  
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o r  e l s e  does  not take  p l a c e  at  a l l  [3, 5]. Thus a c c o r d -  
ing to the r e s u l t s  ob ta ined  by A. E. Arbuzov  and 
c o w o r k e r s  [6, 7J, the F i s c h e r  r e a c t i o n  with pheny l -  
h y d r a z o n e s  in the p r e s e n c e  of c a t a ly t i c  amoun t s  of 
z inc  c h l o r i d e  o r  c u p r o u s  ch lo r ide ,  s t a r t s  even a t  
180~ * C and is c o m p l e t e d  at  210"-225 ~ C. In the 
p r e s e n t  e x p e r i m e n t s  involving hea t ing  eyc lohexanone  
p y r i d y l - 2 - h y d r a z o n e  (IHa) with zinc c h l o r i d e  o r  cu -  
p rous  c h l o r i d e  fo r  1 h r  a t  230~ ~ C,  only the  
s t a r t i n g  m a t e r i a l  was  r e c o v e r e d .  He re  it is  n e c e s -  
s a r y  to c a s t  doubts  on a s t a t e m e n t  by Kel ly ,  McLeod,  
and P a r r i c k  [4], that  c o n v e r s i o n  of  I l ia  to t e t r a h y d r o -  
~ - c a r b o l i n e  (IVa) by bo i l ing  in d ie thy lene  g lyco l  
(245* C) is an e x a m p l e  of F i s c h e r  c y c l i z a t i o n  without  
a c a t a l y s t .  Obviously ,  t h e r e  the p r o c e s s  was c a t a l y z e d  
by  the d ie thy lene  g lycol .  The  c a t a l y t i c  ef fec t  of hy-  
d r o x y l i e  so lven t s  on ana logous  r e a c t i o n s  has  p r e v i -  
ous ly  been  r e c o r d e d  in the l i t e r a t u r e  [8]. 

Boron t r i f l u o r i d e  was a l s o  an insuf f i c i en t ly  e f fec -  
t ive  c a t a l y s t  for  F i s c h e r  c y c l i z a t i o n  of IHa with an 
a c e t i c  a c id  so lu t ion  of b o r o n o t r i f l u o r i d e  e t h e r a t e  
u n d e r  condi t ions  which conve r t  m e t h y l e t h y l  ke tone  
p - t o l y l h y d r a z o n e  to an indole  d e r i v a t i v e  in 80% y i e l d  
[9], h e r e  gave only the s t a r t i n g  p y r i d y l - 2 - h y d r a z o n e  
( i l ia) .  Hea t ing  IIIa with boron  t r i f l u o r i d e  and a c e t i c  
a c i d  at  180" C gave,  i n s t ead  of t e t r a h y d r o - c ~ - e a r b o -  
l ine  (IVa), the a b n o r m a l  F i s c h e r  r e a c t i o n  product ,  
3 - m e t h y l - s - t r i a z o l o [ 4 ,  3 - a ] p y r i d i n e  (Via) [10]. 

The  n o r m a l  F i s c h e r  r e a c t i o n  took p l a c e  when the 
c a t a l y s t s  for  c y c l i z i n g  I l i a  w e r e  s t r o n g  m i n e r a l  a c i d s  

and a r y l s u l f o n i c  ac ids  ( see  tab le ) .  When c o n c e n t r a t e d  
h y d r o c h l o r i c  ac id  was  used ,  t h e r e  was  ob ta ined  a long 
with  the n o r m a l  F i s c h e r  r e a c t i o n  p r o d u c t  (IVa) (y i e ld  
20.2%) an even h ighe r  y i e l d  (36.6%) of a b n o r m a l  p r o d -  
uct ,  1 - c y c l o h e x y l - 7 ,  8 ,9 ,  1 0 - t e t r a h y d r o - l N - b e n z [ 1 ,  2-  
e ]pyr ido[2 ,  1 - c ] - a s - t r i a z i n e  (Va) [10]. The h i g h e s t  
y i e l d  (72%) of n o r m a l  F i s c h e r  r e a c t i o n  p r o d u c t ,  9, 10, 
11, 1 2 - t e t r a h y d r o - o ~ - c a r b o l i n e  (IVa) was  ob ta ined  u s i n g  
p - t o l u e n e s u l f o n i c  ac id .  

In the c a s e  of eyc lohexanone  6 - m e t h y l p y r i d y l - 2 -  
h y d r a z o n e  (IIIb) ( see  tab le)  the r e l a t i v e  o r d e r  of e f -  
f e c t i v e n e s s  of c a t a l y s t  found with eye lohexanone  
p y r i d y l - 2 - h y d r a z o n e  is  r e t a i n e d .  Here ,  a s  would be  
expec ted ,  i n s e r t i o n  of an e l e c t r o n - d o n a t i n g  me thy l  
g roup  at  p o s i t i o n  6 in the p y r i d i n e  r i n g  i n c r e a s e s  the  
e l e c t r o n  d e n s i t y  a t  pos i t i on  3. Hence  a l l  the F i s c h e r  
e y c l i z a t i o n  r e a c t i o n s  s t ud i ed  h e r e  us ing  the 6 - m e t h y l  
d e r i v a t i v e  IIIb, take  p l a c e  m o r e  r e a d i l y  than in the 
c a s e  of the c o r r e s p o n d i n g  p y r i d y l - 2 - h y d r a z o n e  un-  
s u b s t i t u t e d  at  pos i t i on  6 (Il ia) .  E x a m p l e s  which m a y  
be  c i t e d  a r e  f o r m a t i o n  of  4 - m e t h y l - 9 ,  10, 11, 1 2 - t e t -  
r a h y d r o - o ~ - c a r b o l i n e  (IVb) us ing  Lewis  a c i d s  (ZnC12, 
CuzCI2, B F  3) u n d e r  cond i t ions  such that  l i I a  did  not 
r e a c t .  In t roduc t ion  of a me thy l  g roup  at  pos i t i on  6 
of cyc lohexanone  p y r i d y l - 2 - h y d r a z o n e  a l s o  i n c r e a s e s  
the  ex ten t  of the  n o r m a l  F i s c h e r  r e a c t i o n  p roduc t ,  
when the c a t a l y s t  i s  c o n c e n t r a t e d  h y d r o c h l o r i c  ac id ,  
and enab l e s  the m a x i m u m  y i e l d  of t e t r a h y d r o c a r b o -  
l ine  d e r i v a t i v e  ffVa and IVb) f rom 72 to 85% (for the  
react ion  us ing  p - t o l u e n e s u l f o n i c  ac id) .  

The  r e s u l t s  s e c u r e d  show that  it  is  p o s s i b l e  to 
change  the  c o u r s e  of the p r o c e s s  by  i n s e r t i n g  at  

pos i t i on  6 in the p y r i d i n e  r ing  subs t i t uen t s  with v a r -  
ious  induct ive  e f fec t s .  

9, 10, 11, 1 2 - T e t r a h y d r o - c e - e a r b o l i n e  (IVa) and i t s  
4 - m e t h y l  d e r i v a t i v e  (IVb) s y n t h e s i z e d  in the c o u r s e  
of the p r e s e n t  work,  w e r e  used  to p r e p a r e  s o m e  
subs t i t u t ed  c~-carbo l ines .  

IVa and IVb were  d e h y d r o g e n a t e d  by  hea t ing  with 
p a l l a d i u m  at  275" C. The p r o c e s s  was checked  s p e c -  
t r o p h o t o m e t r i c a l l y .  

The ce -ca rbo l ines  p r e p a r e d  (VIIa and VIIb) a c y -  
l a ted  unambiguous ly  and, for  example ,  gave p r a c -  
t i c a l l y  quan t i t a t ive  y i e ld s  of the 1 - a c e t y l  d e r i v a t i v e s  
(VIIIa and VIIIb). Alky la t ion  of o l - ca rbo l ine ,  even 
by  r e a c t i n g  the N - s o d i o  d e r i v a t i v e  in l iquid a m m o n i a  
g ives  a c o m p l e x  m i x t u r e  of p roduc t s ,  obv ious ly  due 
to add i t ion  of a lky l  g roups  to n i t rogen  a t o m s  at  v a r -  
ious  p a r t s  of the m o l e c u l e .  Thus for  e xa mp le  when 
ce -ca rbo l ine  (VIIa) was  b e n z y l a t e d ,  c h r o m a t o g r a p h i n g  
on a l u m i n a  led  to i so l a t i on  of 1 - b e n z y l - c ~ - c a r b o l i n e  
(IXa) in only 22% y ie ld .  The pos i t ion  of the benzy l  
g roup  in IXa was c o n f i r m e d  s p e c t r o p h o t o m e t r i e a l l y ,  
by  c o m p a r i n g  the UV s p e c t r a  of VIIa, VIIIa, and IXa 
(f igure) .  

EXPERIMENTAL 

6-Methylpyridine-2-hydrazine (Lib). 48 g (0.39 mole) 2-Bromo- 
6-methylpytidine (Ib) [11] was boiled with 125 ml hydrazine hydrate 
for 5 hr. All the Ib dissolved. After cooling Lib was extracted with 
ether. The ether solution was dried over NazSO 4 and evaporated under 
vacuum. The residue was distilled at 102~ . C (20 ram). Yield of 
lib 23. 33 g (70%). The compound was recrystallized, colorless crystals, 
mp 54*-56" C (ex hexane). The compound was not very soluble in 
water and hexane, but was readily soluble in ether, benzene, EtOH, 
acetone, AeOEt, and hot water. Found: C 58.51; H 7.36; N 34.13~ 
calculated for CsHgN3: C 58.20; H 7.29; N 34. 00% 

Cyclohexanone 6-methylpyrldyl-2-hydrazone (Lilb). 1. I ml 
(0.0106 ml) Cyclohexanone was added to 1.35 g (0. 0067 mole) lib, 
when the mixture warmed up. It was stirred for 30 rain, then vacuum 
distilled, to give 1.19 g (97%) IIIb bp 155 ~ C (2 ram). The substance 
was recrystallized, colorless crystals mp 81"-62" C (ex hexane). Read- 
ily soluble in ether, EtOH, and benzene, slightly soluble in hexane. 
Found: C 70.67; H 8.20; N 20.33%, calculated for CIzHITN ~ C 70.89; 
H 8.44; N 20.67% 

Reaction with zinc chloride. 1 g (0.0049 mole) IIIb was heated for 
1 hr with 0.01 g fused ZnC12 at 240" C, then the products vacuum 
distilled at 1 ram, bath temperature 1600 C, to give 0.24 g (26%) 
IVb, colorless crystals, mp 183"-184 ~ C (ex benzene). The compound 
was readily soluble in acetone, ether, alcohols, and CHC13. soluble 
with difficulty in benzene, insoluble in water. Xma x nm (lg O*: 234 
(4. 38), 298 (3. 96). Found C 77.04; H 7.61; N 14. 89%, calciJlated 
for CtzHt4Ns: C 77.38; H 7. 58; N 15.04%. 

In a similar reaction with I g Ilia, 0.67 g (67%) starting material 
was recovered. IVa was not detected chromatographically in the re- 
action products. ** 

*All UV spectra were observed in EtOH, using a SF-4 speetro- 
photometer. 

**Descending ehromatogram on paper impregnated with formamide. 
The mobile phase was petrol ether. Visualization was by UV light 
(I1]1 and IIIb absorb; IV&, IVb, "Ca, Vb, IX& blue luminescence) and 
with Dragendorf's reagent (Ilht, Illb red complexes; IVa, IVb, VA, 
Vb, and IXa orange). R] Ilia 0.53; IIIb O. 5'/; IVa 0.83; IVb 0.71; 
V& 0.90; Vb O. 93; IXa 0.94. 
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Reaction with cuprous chloride. A mixture of 1 g (0.0049 mole) 
IIIb and 0.01 g freshly-prepared CuC1 was heated at 230" C. The 
substance was vacuum sublimed at 160" C (1 mm). The sublimed 
material was chromatographed on a column of 140 g alumina. It 
was eluted with 500 ml petrol ether and 1 l ether-petrol  ether(l:3). 
Yield 0.21 g (22.8 %) IVb. 

In a similar run using 1 g IIIa, 0.78 g (76%) starting material was 
recovered. Chromatography did not reveal IVa in the reaction prod- 
ucts. * Reaction of IIIa and IIIb with boron trifluoride etherate in 

acetic acid, and with conc HC1 has previously been described [10]. 
Reaction with polyphosphoric acid. 1 g (0.0049 mole) IIIb was 

heated with 2.9 g potyphosphoric acid at 210" C. After cooling the 
products were dissolved in 100 ml 17% HC1. Non-basic impurities 
were extracted with ether. The aqueous solution was made alkaline 
with ammonia, and the base IVb precipitated was filtered off. yield 
o. 71 g (780/~ 

Similarly Ilia and polyphosphoric acid gave a 62~ yield of IVa.** 

Reaction with p-toluenesulfonic acid. a) 1 g (0.0053 mole) IIIa 
was heated with 1.7 g (0.01 mole) p-toluenesulfonic acid to 180" C, 
when the temperature rapidly jumped to 220" C. The cooled reaction 
mixture was dissolved in 100 ml 17% HC1 and non-basic impurities 
extracted with ether. The HC1 solution was made alkaline with am- 
monia, and the precipitate of IVa filtered off, yield 0. 66 g (72~ 
colorless crystals, mp 154"-154. 5" C (ex 70% EtOH) [3, 4], kma x nm 
(lg ~): 232 (4. 38), 295 (3.92). Found: C 76.68; H 6.97; N 16.50%, 
calculated for CIIH12N2; C 78.71; H 7.02; N 16.27%. 

When the reaction was run at 240" C, there was marked tar for- 
mation, and the yield of tVa dropped to 46~ When the reaction was 
run for 3 hr in boiling 8uOH, 92% of the starting Ilia was recovered. 

b) 4 g (0. 019 mole) Iltb was heated to 180" C with 7.9. g (0. 043 
mole) p-toluenesulfonie acid. The temperature jumped to 220 ~ C, 
and gaseous products were vigorously evolved. The products were 
worked up as described below. Yield of IVb 3.14 g (85.5%). 

Reaction with sulfosallcyllc acid. a) I g (0.0053 mole) IIIa was 
heated at 180" C with I. 9 g (0.0087 mole) sulfosalicylic acid. The 
products were dissolved in 17% HCI, and non-basic impurities ex- 
tracted with ether. The HC1 solution was made alkaline with am- 
monia. The precipitate of IVa was filtere~l off, yield 0.47 g (51.70/0). 
After isolating IVa, the mother liquor was extracted with ether, the 
extracts dried over Na2SO4, and evaporated, to give 0.3 g (30%) 
starting IIIa, mp 80"-82" C, undepressed mixed mp with known IIIa. 

b) A mixture of 3 g (0. 0148 mole) IIIb and 5.1 g (0. 0284 mole) 
sulfosalicylie acid was heated at 180" C. The products were dis- 
solved in 300 ml 17% HC1, and non-basic impurities extracted with 
ether. The HC1 solution was made alkaline with ammonia. The 
precipitate of IVb was filtered off, and washed with petrol ether, 
yield 1.53 g (56%). Paper chromatography showed the petrol ether 
washings to contain IVb, and they were column chromatographed on 
alumina (146 g). Impurities were eluted with 3. 6 I petrol ether, 
1.25 l e ther-petrole ther  (1:9), and 2.5 l e ther-petrol  ether (1:3), 
and lastly IVb was eluted with 0.75 l ether. A further 0.1 g IVb 
was obtained. The total yield of IVb was 1.63 g (59.64~ 

4-Methyl-cx-earboline (VIIb). 0.5 g (0.0027 mole) IVb was 
heated with 0.5 g Pd for 30 rain at 270'-280" C. After cooling the 
products were dissolved in hot CHCI~ the catalyst filtered off, the 
solution evaporated, and the material reerystallized from benzene. 
Yield of VIIb 0.33 g (67~ colorless crystals, mp 241"-242" C (ex 
benzene). The substance was soluble in hot CHC1 s and benzene, sol- 
uble with difficulty in water and cold organic solvents, kma x, nm 
(Ig s): 215 (4.58), 234(4. 32), 261 (4.12), 297 (4.23), 326 (3.78). 

*Descending chromatogram on paper impregnated with formamide. 

The mobile phase was petrol ether. Visualization was by UV light 
(IIIa and Illb absorb: IVa, IVb, Va, Vb, IXa blue luminescence) and 

with Dragendorf's reagent (IIIa, llIb red complexes; IVa, IVb, VA, 

Vb, and IXa orange), Rj llIa 0.83: lllb 0.;}7: IVa 0.88; IVb 0.71: 
Va 0.90; Vb 0.98; IXa 0.94. 

"*A 58% yield is reported by Okuda and Robinson [3]. 

Found: C 79.46; H 5.90; N 15.050/0, calculated for CI2HIoN2.: C 79.09; 
H 5.55; N 15.38% 

Similarly 0.5 g (0. 0029 mole) IVa gave 0.4 g (81.6%) Vlla, mp 
214"-215" C (ex benzene) [3]. kma x, nm (lg s): 215 (4. 52), 234 
(4. 29), 258 (4. 08). 297 (4. 22), 329 (3. 57). 

1-Acetyl-a-carboline (VIIIa). 0.5 g (0. 003 mole) VIIa was re- 
fluxed for 1 hr with 8 ml Ac20 , and as reaction proceeded, the VIIa 
gradually dissolved. The products were evaporated under vacuum. 
Yield of VIIIa 0.63 g (100%), colorless crystals, mp 96"-97" C (ex 
bexane). The compound was readily solubIe in ordinary organic sol- 
vents, soluble with difficulty in water and hexane. )'max, nm (lg s): 
228 (4.5I). 258 (4.14). 290 (4.18). IR spectrum: 1897 cm -t 
(CH3CON ~ ) .* Found C 74. 40; H 4.75; N 13. 59%, calculated for 

CIaH10NzO: C 74. 27; H 4. 79; N 13. 33~ 

1-Acetyl-4-methyl-c~-carboline (VIIIb). Prepared similarly to 
VIIIa from 1 g (0.0055 mole) VIIb and 10 ml Ac20. Yield of VIIIb 
1.22 g (100%). Colorless crystals, mp 110"-111" C (ex hexane). 
Readily soluble in ordinary organic solvents, soluble with difficulty 
in water and hexane, kmax. nm (lg s): 230 (4. 48), 262 (4. 12), 298 
(4. 18); IR spectrum 1702 cm -1" (CHaCON=). Found: C 75.02; H 5.47; 
N 12. 6507o, calculated for Ct4HIzN20: C 74. 97; H 5.39; N 12.49%. 

1-Benzyl-a-carboline (IXa). 1 g (0. 006 mole) VIIa was added in 
portions to 0.17 g (0.0074 mole) Na in 20 ml stirred liquid ammonia. 
The mixture was stirred for 1 hr, then the ammonia evaporated off. 
20 ml dry toluene was added and 0.94 g (0. 0074 mole) benzyl chloride, 
and the whole refluxed for 3 hr. 10 ml 17% HC1 was added, and the 
precipitate of hydrochloride plus hydrochloric acid solution separated 
off. washed with benzene to remove non-basic material, made alka- 
line with 50~ K2CO ~ and the base extracted with ether. Paper chro- 
matography showed the ether extract to contain a complex mixture 
of products, and it was column chromatographed on 200 g alumina 
(64 cm long, 2. 5 cm diam). Elution was with 400 ml ether-petrol  
ether (1:1). Yield 0.34 g (22%) IXa, colorless crystals, mp 107 ~  
108" C (ex hexane). It was readily soluble in ordinary organic sol- 

vents, soluble with difficulty in hexane and water, kma x, nm (lg s): 
220 (4. 55), 234 (4. 35), 262 (4. 18). 297 (4.23), 314 (3. 42), 322 
(3. 49), 334 (3. 54). Found: C 83. 40; H 5.34; N 10.86%, calculated 

for ClsH14N2: C 83. 69; H 5.48; N 10.85% 
Hydrochloride. This formed colorless crystals, mp 187"-188"C, 

readily soluble in EtOH. CHC13, and water, soluble with difficulty 
in benzene, acetone, ether, and EtOAc. Found: C 73.20; H 4. 88; 
N 9.45; C1 11. 815, calculated for Ct~HI4N 2" HCL: C 73. 34; H 5.13; 
N 9.51; C 12.02~ 

The other components of the mixture formed by benzylating VIIa 

were not isolated and investigated. 
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