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The influence of substituen~s in position 6 of the pyridine nucleus on 
the Fischer cyclization of cyclohexanone pyrid-2-ylhydrazones un- 
der the action of various catalysts has been studied. It has been es- 
tablished that the yields of the "normal" indolization products, 
derivatives of 5, 6, 7, 8-tetrahydro- a-earboline, increase regularly 
on passing from the unsaturated compound to the 6-rnethyl- and fur- 
ther to the 6-bromopyrid-2-ylhydrazones. The results obtained have 
been compared with the capacity of the pyridine nitrogen in the hy- 
drazones mentioned for undergoing nucleophilic addition and substi- 
tution reactions. 

In preceding  papers  [1-3]  it  has been shown that 
the r e su l t s  of the F i s che r  cycl iza t ion of p y r i d - 2 - y l h y -  
drazones  depend marked ly  on the na ture  of the ca ta-  
lyst  and also on the na ture  and posi t ion of subs t i tuents  
in the pyr id ine  pa r t  of the molecule .  These factors  
de te rmine  not only the yield of the no rma l  indol iza-  
tion products  but, in a number  of eases ,  they even 
change the d i rec t ion  of the p rocess  [1]. 

The in t roduct ion of e lec t ron-dona t ing  groups into 
posi t ion 5 of the pyr id ine  nucleus fac i l i ta tes  the "nor -  
mal"  F i s c h e r  reac t ion ,  while e l ec t ron-accep t ing  sub-  
s t i tuents  h inder  this p rocess .  

P r e l i m i n a r y  exper iments  that we ca r r i ed  out 
e a r l i e r  [2] showed that cyclohexanone 6 -me thy lpy r id -  
2 -y lhydrazone  cycl izes  more  read i ly  than the analo-  
gous compound without the methyl  group. In view of 
this, it appeared of i n t e r e s t  to make a more  detai led 
study of the inf luence on the F i sche r  reac t ion  of such 
subs t i tuents  in  posi t ion 6 of the p y r i d - 2 - y i  hydra -  
zones as a methyl  group and a halogen atom. 

The appropr ia te  compara t ive  exper imen t s  on the 
indol izat ion of unsubs t i tu ted  cyclohexanoae p y r i d - 2 -  
ylhexanone (IIIa) and the analogous compounds con-  
ta ining a methyl group (IIIb) and a bromine atom (IIIc) 
in the pyridine part of the molecule were carried out 
with various catalysts- p-toluenesulfonic, sulfosali- 
cylic, polyphosphorie, and hydrochloric acids, boron 
trifluoride etherate in acetic acid, excesses of zinc 
chloride, cuprous chloride, and boron trffluoride, 
and also by A. E. Arbuzov's method [4]--with cata- 
lytic amounts of cuprous chloride and zinc chloride. 

y l  

The eycl iza t ion  reac t ions  with a given ca ta lys t  
were c a r r i e d  out under  the same  condit ions with all 

the pyrid-2-ylhydrazones. Column chromatography 
was used to separate the compounds in those cases 
where the process took place in more than one direc- 
tion. The completeness of the separation and isolation 

and also the purity of the products were determined by 
paper chromatography~ The analytical method of paper 

chromatography was also used to show that particular 
compounds (the in i t ia l  hydrazone,  the c~-earboline 
der iva t ive ,  etc. ) were absent  f rom the reac t ion  prod-  
ucts.  Using descending chromatography with pe t ro -  
leum ether as the mobile  phase, the Rf values  of the 
compounds were as follows (the colors  of the com-  
plexes with Dragendorf f ' s  r eagen t  a re  given in b rack-  
ets):  IIIa, 0.53 (red); 1TIb, 0.57 (red); IIIc 0.60 (or-  
ange); IVa, 0.83 (orange); IVb, 0.71, (orange); IVc, 0.56 
(orange); Va-Vc,  0.00 (orange); Via, 0.90 (orange); 
VIb, 0.93 (orange); VIc, 0.95 (orange); (on detection 
with UV i r rad ia t ion ,  compounds I I Ia - I I Ic  absorbed 
and the other subs tances  possessed  a blue f l uo re s -  
cence). 

The r e su l t s  obtained in the F i s c he r  reac t ion  with 
cyelohexanone py r id -2 -y lhyd razone  and some of its 
6 - subs t i tu ted  der iva t ives  are  given in Table  1. 

As can be seen f rom Table  1, in a lmos t  all  cases  
the yields  of the "normal"  products  of the indol iza-  
tion of cyclohexanone py r id -2 -y lhydrazones ,  de r iva -  
t ives of 5, 6, 7, 8 - te t rahydro-c~-carbol ine  (IV), r i s e  
un i formly  on pass ing  f rom the unsubs t i tu ted  compound 
to the 6-methyl  and fur ther  to the 6 -bromo der ivat ive .  
As has been observed prev ious ly  for other py r id -2 -  
y lhydrazones  [2], when s t rong m i n e r a l  and organic  
acids a re  used as ca ta lys ts  the highest  indol izat ion 
yields  a re  obtained with p- to luenesul fonic  acid and 
the lowest with hydrochlor ic  acid. In the la t te r  case,  
the p rocess  is accompanied by the side reac t ion  of 
the fo rmat ion  of der iva t ives  of 1 H-benz[1,  2-e]pyr ido-  
[2, 1 - c ] - a s y m - t r i a z i n e  (VI) through cycl iza t ion at the 
n i t rogen of the pyr id ine  nucleus  [1]. It  mus t  be m e n -  
tioned that the in t roduct ion of subs t i tuents  (a methyl  
group and, pa r t i cu la r ly ,  bromine)  into the c~-position 
with r e spec t  to the pyr id ine  n i t rogen adverse ly  af-  
fects  the "anomalous" Fischer reaction and the yield 
of VI decreases from 36.6% in the case of the unsub- 
stituted pyrid-2-ylhydrazone IIIa to 26.8% for the cor- 
responding 6-methyl derivative (IIIb) and to 10.5% for 
the 6-bromo derivative (IIIc). Simultaneously, the 
yield of the "normal" eyclization products (IV) rise 
from 20.2 to 66.1 and 69.5%, respectively. The in- 
fluence of substituents in the pyridine nucleus is 
shown to an even greater extent when boron trifluo- 
ride in acetic acid is used as the catalyst. Under 
these conditions no tetrahydro-~-carboline (IVa) is 
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T a b l e  1 

Y i e l d s  of  S u b s t a n c e s  (%) in  the  F i s c h e r  R e a c t i o n  wi th  Cyc lohexanor t e  P y r i d - 2 - y l h y d r a z o n e  

and I t s  6 - S u b s t i t u t e d  D e r i v a t i v e s  

Catalyst I V a Via (Va) IVh VIb (Vb) IVc VIc {Vc} 

p-Toluene sulfonic acid 

Sulfosalicylic acid 

Polyphosphoric acid 

Hydrochloric acid 

Zinc chloride (excess) 

Cuprous chloride (excess) 

Boron trifluoride (excess) 

72 
51,6 
62 
20,2 
75 
50,6 

30 

Zinc chloride (catalytic 
amounts) 

Cuprous chloride (catalytic 
amounts)  

Boron trifluoride (in acetic 
acid) 

36.6 

(45) 

85 93,6 
59.6 77,9 

73 71.3 
66.1 26,8 69.5 

100 98 
63 42,6 

100 100 

42.6 26 

22.8 32 

27,6 (67) 58.5 

10.5 

(--) 

Lt* 

 tdY L_ 
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obtained f rom the unsubs t i tu ted  p y r i d - 2 - y l h y d r a z o n e  
IIIa" an "anomalous"  r e a c t i o n  takes  p lace  and a 
d e r i v a t i v e  of a s y m - t r i a z o l o [ 4 ,  3 - a ] p y r i d i n e  (Va) is  
fo rmed .  In the c a s e  of the co r r e spond ing  6 - b r o m o  
de r iva t i ve  (IIIc), on the o the r  hand, the ma in  r e a c t i o n  
p roduc t  is  2 - b r o m o - 5 ,  6, 7, 8 - t e t r a h y d r o - c ~ - c a r b o l i n e  
(IVc), and cyc l i za t ion  at  the n i t rogen  of the py r id ine  
r i ng  with the fo rma t ion  of Vc does not take p l ace  at a l l .  

The s u p p r e s s i o n  of the capac i ty  of the py r id ine  n i -  
t rogen  in 6 - b r o m o p y r i d - 2 - y l h y d r a z i n e  (IIc) for  nuc le -  
ophi l ic  subs t i tu t ion  r e a c t i o n s  may  a l so  be  judged f rom 
another  r eac t ion .  When !Ic i s  t r e a t e d  with ace t i c  ac id  
under  the s a m e  condi t ions  in which I Ia  is  conve r t ed  
into a t r i a z o l o p y r i d i n e  d e r i v a t i v e  (Va) [5], i t  does not 
undergo cyc l i za t ion  and only the 6 - b r o m o p y r i d - 2 - y l -  
hyd raz ide  of ace t i c  ac id  (VII) is  fo rmed .  

The inf luence of the amount  of c a t a l y s t  used  is  ex-  
t r e m e l y  c h a r a c t e r i s t i c  for  the indol iza t ion  of p y r i d -  
2 - y l h y d r a z o n e s  with Lewis  ac ids .  As  is  wel l  known, 
in the c a s e  of a number  of a ry l  hydrazones  the c o u r s e  
of the F i s c h e r  r e a c t i o n  is  c l o se ly  l inked with the r e -  
ac t ion  of the n i t rogen  of the hydraz ine  p a r t  of the m o l -  
ecule  and the ca t a ly s t .  In these  c i r c u m s t a n c e s ,  f a i r l y  
s m a l l  amounts  of c a t a l y s t  a r e  adequa te  for  the r e a c -  
t ion,  which p e r m i t t e d  Ao E. Arbuzov  to develop the 
"ca t a ly t i c  method"  for  the indol iza t ion  of a r y l  h y d r a -  
zones [4]. In the ca se  of the py r idy l  hyd razones ,  be -  
s ides  the hydrazone  n i t rogens  the m o l e c u l e  has a new 
compet ing  r e a c t i o n  c e n t e r - - t h e  n i t rogen  a tom of the 
p y r i d i n e  nucleus ,  which is  a l so  capab le  of c o m p l e x -  
fo rma t ion .  As a r e su l t ,  when ca t a ly t i c  amounts  of 
Lewis  ac ids  a r e  used  the l a t t e r  a r e  bound c o m p l e t e l y  
by the n i t rogen  of the p y r i d i n e  nucleus  and a r e  r e -  
moved  f r o m  the sphe re  of the r eac t i on .  Consequent ly ,  
as  has  been r e p o r t e d  p r e v i o u s l y  [2], in c o n t r a s t  to the 
a ry I  hydrazones  the indol iza t ion  of va r ious  p y r i d - 2 -  
y l hyd razones  by A r b u z o v ' s  ca t a ly t i c  method t akes  
p l a c e  with low y i e ld s  o r  not at  a l l .  Only the u se  of 
l a r g e  e x c e s s e s  of Lewis  ac ids  e n s u r e s  that  they r e a c t  
with the hydrazone  n i t rogen  and give high y i e l d s  of the 
n o r m a l  indol iza t ion  p roduc t s .  

In addi t ion to this ,  on pa s s ing  f r o m  the u n s u b s t i -  
tuted p y r i d - 2 - y l h y d r a z o n e s  to compounds  conta ining 
a ha logen a tom in pos i t ion  6, the c a p a c i t y  of the h e t -  
e r o c y c l i c  n i t rogen  fo r  taking p a r t  in nucleophi l ic  ad-  
di t ion r e a c t i o n s  d e c r e a s e s .  As  a r e s u l t ,  the extent  to 
which the c a t a l y s t  i s  r e m o v e d  f r o m  the s p h e r e  of the 
r e a c t i o n  through c o m p l e x - f o r m a t i o n  at  the  n i t rogen  
of the p y r i d i n e  nucleus  is  reduced .  Consequent ly ,  un-  

l ike  the h a l o g e n - f r e e  compound IIIa,  which does  not 
f o r m  5, 6, 7, 8 - t e t r a h y d r o - o ~ - c a r b o l i n e  with ca ta ly t i c  
amounts  of Lewis  ac ids ,  cyc lohexanone  6 - b r o m o p y r i d -  
2 -y lhyd razone  (IIIc) is  conver t ed  into the n o r m a l  in-  
do l iza t ion  p roduc t  under  these  condi t ions .  

To c h a r a c t e r i z e  the c o m p a r a t i v e  capac i ty  for  nu- 
c leophi l ic  addi t ion of the n i t rogen  a toms  of the p y r -  
idine nucleus  and of the hydrazone  r e s i d u e  of c y c l o -  
hexanone p y r i d - 2 - y l h y d r a z o n e  and i ts  6 - b r o m o  d e r i v -  
a t ive,  the PMR s p e c t r a  of these  compounds and of 
t he i r  h y d r o c h l o r i d e s  were  r e c o r d e d  (see  f igure)*.  

In the PMR s p e c t r u m  of cyclohexanone  p y r i d - 2 -  
y lhydrazone  (IIIa), the s igna l s  of the four  pro tons  of 
the py r id ine  nucleus  can be seen  c l e a r l y ;  in the s p e c -  
t r um of i ts  hyd roc h lo r i de  the re  is  a m a r k e d  shif t  of 
the s igna l s  into a weaker  f ie ld  toge ther  With the i r  p a r -  
t i a l  fusion,  while  the s igna l s  of the p ro tons  of the c y -  
c lohexane  moie ty  of the molecu le  undergo  p r a c t i c a l l y  
no change.  The s i tua t ion  is  d i f fe ren t  in the c a s e  of 
cyc lohexanone  6 - b r o m o p y r i d - 2 - y l h y d r a z o n e  (IIIc) and 
i t s  hydroch lo r ide .  He re  the change in the s igna l s  of 
the p y r i d i n e  p ro tons  is  ve ry  s l ight ,  while  the s igna l s  
of the p ro tons  of the cyc lohexane  moie ty  change con-  
s i d e r a b l y  on pa s s ing  f rom the ba se  to the hydroch lo -  
r i d e - - t h e y  become  m o r e  diffuse.  On the b a s i s  of these  
f ac t s ,  i t  m a y  be s ta ted  that  in IIIa  pro tona t ion  takes  
p l ace  p r i m a r i l y  at  the n i t rogen  of the p y r i d i n e  nucleus ,  
while  in the 6 - b r o m o  de r iva t i ve  IIIc,  b e c a u s e  of the 
inf luence of the b r o m i n e  atom, which g r e a t l y  r e d u c e s  
the b a s i c i t y  of the py r id ine  n i t rogen,  i t  t akes  p l a c e  in 
the hydrazone  p a r t  of the molecu le .  Hence i t  b e c o m e s  
unde r s t andab l e  that  the addi t ion of Lewis  ac ids  to I l ia ,  
which i s  analogous to pro tonat ion ,  takes  p lace  p r i -  
m a r i l y  at  the n i t rogen  of the py r id ine  nucleus,  which 
exc ludes  the p o s s i b i l i t y  of the indol iza t ion  of the com-  
pounds,  while in the c a s e  of Hie this  addi t ion of Lewis  
ac ids  takes  p l ace  at a hydrazone  n i t rogen ,  which f a -  
v o r s  the fo rma t ion  of a 5, 6, 7, 8 - t e t r a h y d r o - a - c a r b o -  
l ine de r iva t i ve .  

I t  is  a l so  i n t e r e s t i n g  that  the use  in  the F i s c h e r  
r e a c t i o n  of a l a r g e  e x c e s s  of Lewis  ac ids ,  i n s t ead  of 
ca t a ly t i c  amounts ,  enables  the y ie lds  of t e t r a h y d r o -  

*We cons ide r  i t  our  p l e a s a n t  duty to e x p r e s s  our  
thanks to Yu. N. Sheinker  and L. M. A l e k s e e v a  fo r  
r e c o r d i n g  the PMR s p e c t r a  and for  a d i s c u s s i o n  on 
the i r  i n t e rp r e t a t i on .  

Table  2 

Yield of Subs tances  (%) in the F i s c h e r  Reac t ion  with Lewis  Acids  

Catalyst  

Zinc chloride 

Cuprous  chlor ide  

Boron t r i f luor ide 

3-Methyl -5 ,6 ,7 ,8  - t e t rahydro  - a - 
carbol ine  

3-Chloro-S ,6 ,7 ,8- te t rahydro-  ce- 
carbol ine  

a m o u n t s  of  Lewis  acids  a m o u n t s  o f  Lewis  acids 

catalytic excess  

42 I09  

43 .5  54 .5  

21 ,8  82 

cataly tic excess  

29 JO0 

- -  5 6 , ~  

18.3 100 
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c~-carboline der ivat ive  to be markedly  increased  in 
other c a s e s  bes ides  the unsubstituted and 6 - s u b s t i -  
tuted cyclohexanone p y r i d - 2 - y l h y d r a z o n e s .  As can be 
seen from Table 2, s i m i l a r  r e s u l t s  are  found for the 
corresponding 5-subst i tuted der ivat ives :  the 5 - m e t h -  
y l -  and 5 - c M o r o p y r i d - 2 - y l h y d r a z o n e s  of cyc lohex -  
anone. 

EXPERIMENTAL 

6 Bromopyrid-2-ylhydrazine (IIc). A mixture of 10 g (42.2 mM) 
of 2, 6-dibromopyridine (Ic) and 9 ml (182 mM) of hydrazine hydrate 
in 500 ml of butanol was boiled for 5 hr. Then the reaction mixture 
was evaporated in vacuum and the residue was dissolved in ether. 

The ethereal solution was filtered and acidified to Congo Red with 
an ethanolic solution of hydrogen chloride. The hydrochloride of IIc 
that deposited was fi l tered off, washed with ether, and dissolved in 
water. The aqueous solution was made aIkaline with potassium car- 

bonate, and the liberated base IIc was extracted with ether. The 
ethereal extract was dried with sodium sulfate and evaporated in vac- 

uum. The yield of IIc was 5.31 g (67~ Light yellow crystals, mp 

117.5 ~ C (from hexane). The substance is readily soluble in ether, 

chloroform, benzene, and ethanol, less readily in hexane and petro- 
leum ether, and sparingly in water. Found, "]o: C 32.13; H 3.45; Br 

42.45; N 22.36. Calculated for C~HdBrNs, "]0: C 31.93; H 3.22; Br 
42.50; N 22.35. Hydrochloride of IIb, colorless crystals, mp 172- 
173" C (decomp.). 

Cyclohexanone 6-bromopyrid-2-ylhydrazone (IIIc). 0.14 ml (1.33 
raM) of cyclohexanone was added to 0.25 g (1.33 raM) of IIc. After 
a day at room temperature, the partially crystalline mass was washed 

with water, and the crystals were dried in the air. This gave 0.36 g 
(100"]0) of IIIc. Yellow crystals, mp 112 ~ C, bp 150-151" C (0.9 mm). 

The substance is readily soluble in chloroform, ethanol, and benzene, 
sparingly soluble in hexane, and insoluble in water. Found, %: C 

49.39; H 5.37; Br 29.93; N 15.38. Calculated for CIIHIaBrN~, 0]0: C 

49.25; H 5.26; Br 29.82; N 15.6% Hydrochloride of IIIc, yellow crys- 
tals, mp 114.5-115~ C. Found, "]0: C 42.91; H 4.80; Br 25.88; CI' 
11.59; N 13.81. Calculated for C1,H14BrNa �9 HC1, %: C 43.35; H 4.96; 

Br 26.25; CI' 11.65; N 13.79. 
Fischer cyclization of IIIe. A) With p-tohrenesulfonic acid. A 

mixture of 1 g (3.74 mM) of IIIc and 1.36 g (7.9 mM) of p-toiuene- 
sulfonic acid was heated to 160" C. A vigorous reaction began, with 
the evolution of heat and the formation of gaseous products. After 
cooling, the reaction mixture was dissolved in 50 ml of water, and 
the solution was made alkaline with potassium carbonate and ex- 
tracted with ether. The ethereal extract was dried with sodium sul- 

fate and evaporated in vacuum, giving 0.88 g (93.69) of 2-bromo-5, 

6, 7, 8-tetrahydro- a-carbol ine (IVc). Colorless crystals, mp 231-232 ~ 
C (from benzene). The substance is readily soluble in chloroform and 
alcohols, less readily in benzene, ethyl acetate, and ether, and in- 
soluble in water. Found, 0]0: C 52.34; H 4.16; Br 32.01; N 10.97. Cal- 
culated for CI1HllBrN2, 0]0: C 52.59; H 4.41; Br 31.85; N 11.15. 

B) with sulfosalicylic acid. A mixture of i g (3.74 raM) of IIIc 
and 1.3 g (5.97 mM) of sulfosaIicylic acid was heated to 135 ~ C. A 
vigorous reaction took place and the temperature rose spontaneously 
to 175 ~ C. Treatment of the reaction mixture was carried out as in 
the preceding experiment, giving 0.73 g (77.901o) of IVc. 

C) With polyphosphoric acid. A mixture of 1 g (3.74 mM) of IIIc 
and the polyphosphoric acid obtained from 1.06 g of PzO5 and 0.69 ml 
of HsPO~ was heated at 180. C for 3 rain. The reaction mixture was 

worked up as in the preceding experiment. The yield of IVc was 0.67 

g (71.3"]0). 
D) With hydrochloric acid. A mixture of 5 g (18.6 mM) of IIIc 

and 95 ml of conc HC1 was boiled for 4 hr. After cooling, the re- 
action mixture was diluted twofold with water, made alkaline with 
ammonia, and extracted with ether. The ethereal extracts were dried 

with sodium sulfate and evaporated in vacuum. The residue was dis- 
solved in petroleum ether and chromatographed on alumina. Elution 
was carried out first with 250 ml of petroleum ether and then with a 
mixture of ether and petroleum ether (1 : 3). Evaporation of the first 
eluate gave 0.34 g (10.501o) of VIc. Colorless crystals, mp 129-130. C 
(from ethanol). The gubstance is readily soluble in ether, acetone, 

and chloroform, Iess readily in ethanol and hexane, and insoluble in 
water. Found, %: C 58.33; H 6.30; Br 23.32; N 11.87. Calculated for 

CtTH~BrNs, %: C 58.61; H 6.37; Br 22.96; N 12.06. Evaporation of 
the second eluate in vacuum gave 3.25 g (69.5%) of IVc. 

E) With an excess of zinc chloride. A mixture of 1 g (3.74 raM) 
of IIIc and 2.3 g (16.9 raM) of zinc chloride was heated to 240* C. 
There was a vigorous evolution of gaseous products, and the reaction 
mixture darkened, The reaction product was purified by chromatog- 

raphy on alumina with ether elution. The yield of IVc was 0.92 g 

(969). 
F) With an excess of cuprous chloride. A mixture of 1 g (3.74 raM) 

of Ilin and 3 g (15.1 raM) of freshly-prepared cuprous chloride was 

heated to 340 ~ C and the reaction products were worked up in the 
same way as in the preceding experiment. This gave 0.4 g (42.6"]0) 

of IVc. 
G) with an excess of boron trifluoride. A mixture of 1 g (3.74 

mM) of IIIc and 2.5 g (17.6 raM) of boron trifluoride etherate was 
heated in a sealed tube at 200 ~ C for 6 hr. After cooling, the reac- 
tion mixture was made alkaline with 50~ potassium carbonate solu- 
tion and extracted with chloroform. The residue after the distillation 

of the solvent was chromatographed on alumina with ether elution. 

This gave 0.94 g (100%) of IVc. 
H) With catalyt ic  amounts of zinc chloride. A mixture of 1 g 

(3.74 mM) of IIIc and 0.0t g (0.07 raM) of zinc chloride was heated 
to 240" C. The reaction mixture was worked up as in experiment E). 

The yield of IVc was 0.4 g (42.6"]0). 
I) with a catalyt ic  amount of cuprous chloride. A mixture of 1 g 

(3.74 mM) of IIIc and 0.0t g (0.05 mM) of freshly-prepared cuprous 
chloride was heated to 240 ~ C. The reaction mixture was worked up 
as described in experiment F), giving 0.3 g (32"]0) of IVc. 

l) With boron trifluoride in g lacia l  acet ic  acid. A solution of 1 g 
(3.74 raM) of IIIc and 0.53 g (3.74 raM) of boron trifluoride etherate 
in 30 ml of g lacia l  acetic acid was heated in a sealed tube at 180- 

200 ~ C for 6 hr. After cooling, the reaction mixture was evaporated 
in vacuum. The residue was made alkaline with 500]~ potassium car- 
bonate solution and extracted with chloroform. The chloroform solu- 
tion, dried with sodium sulfate, was evaporated to a volume of 30 ml 
and was deposited on a column of alumina. Elution was carried out 

with 500 ml of ether, giving 0.55 g (58.5"]0) of IVc. 
The Fischer reaction with IIIa and IIIb in the presence of various 

catalysts was carried out in a similar manner to the experiments de- 

scribed above with IIIc. The results obtained are given in Table 1. 
The Fischer reactions for cyclohexanone 5-methyl- and 5-chlo- 

ropyrid-2-ylhydrazones using various amounts of Lewis acids were 

carried Out in a similar manner to experiments (E)-(J) described 
above. The results obtained are given in Table 2. The analytical  
characteristics of the starting materials and end products of the re- 
action for all  these cases have been given in preceding papers [1-3]. 

6-Bromopyrid-2-ylhydrazide of acet ic  acid (VII). A mixture of 
1 g (5.3 raM) of IIe and 30 ml of glacial  acetic acid was boiled for 
10 hr. The solution was evaporated in vacuum, and the solid residue 
obtained was titurated with ether. The yield of VII was 1 g (82%). 
Colorless crystals, mp 202-204* C. The substance was sparingly sol- 
uble in ether and hexane and readily soluble in acetic acid. Found, 
%: C 36.60; H 3.66; Br 35.00; N 18.02. Calculated for CTHsBrN30 , 

%: C 36.53; H 3.50; Br 34.76; N 18.26. 
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