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It is known that F i sche r  cyelization of arylhydrazones  to indoles proceeds under-the action of acidic 
agents, in par t icular ,  metal chlorides.  The aeidophobieity of the indoles formed and the tendency of the hydra-  
zones toward resinif ieation in acid medium demand a search  for new eyelization agents, and also determination 
of the fac tors  affecting eyelization in the presence of known catalysts .  

In this work, we have investigated cyelization of phenylhydrazones (PH) of acetophenone (PHAP), acetone 
(PHAC), and acetaldehyde (PHAA) in different solvents (bromobenzene, anisole, diglyme) in the presence  of an- 
hydrous A1CI3, ZnCI2, FeC13, NiCI2, CoC12 and also laminar  graphite compounds (IX?C) involving these  chlorides.  
As is evident f rom Table 1, in the ser ies  of studied salts,  only the chlorides of zinc and aluminum are active 
in eyelization of phenylhydrazones,  but very  strong resinifieation proceeds in the presence  of A1C13. 

In o rde r  to determine the nature of the catalyt ical ly active centers  (the chlorides themselves ,  or  t r aces  
of protonie acids formed upon their  hydrolysis)  we investigated cyclization of phenylhydrazones under the ae-  
tion of zinc chloride in the presence of potassium acetate,  which binds the protonie acid within the volume. As 
is evident f rom Table 2, addition of AcOK (ZnCI 2 : AeOK = 1 : 3) insignificantly affects eyeIization of PHAA, but 
completely suppresses  eyclization of PHAF. These resul ts  show that protonie acids substantial ly acce lera te  
conversion of easi ly eyclieized hydrazones (PHAP) to indoles, pract ical ly have no affect on ~he analogous reae-  
tion of hydrazones which are  difficult to cyelicize (PHAA), and agree with the resu l t s  of other  authors [1] on the 
preferent ial  role of L centers  of aluminum oxide in heterogeneous catalytic eyciizat ion of PHAA. 

The nature of the solvent affects the solubility of ZnC12 and the possibili ty of its eomplex~ion  with the 
solvents~ For  quantitative experiments,  we chose bromobenzene and anisole since the la t ter ,  in contras t  with 
diglyme, do not form. stable complexes with zinc chloride~ In aniso!e and bromobenzene,  ZnC12 is not com-  
pletely dissolved even upon boiling. We should note that the solubility of ZnC12 in anisole sharpiy  increases  

TABLE 1. Indolization of Arylhydrazones in the Liquid Phase at 
155~ over Metal Chlorides and Their Laminar Graphite Com- 
pounds (mole ratio PH/salt = 1 : 1) 

Cyclization agent 
Yield of indoles, mole fractions of originat hydrazone 

PHAP* PHAC? 

A1CIs, anhydrous 
C C r -  AICI~ (52%sai:) 
FeCI~, anhydrous 
c c r  - Feels (50% s ak) 
NiCIz, anhydrous 
c c r  - NiCl~ (35% salt) 
COC12, anhydrous 
ccr - CoOt2 (50% salt). 
ZnCl=.,~anhydrous 
ccr - Zn~,(36 % salt ) 

* In bromobenzene medium. 
$ In anisole medium. 

t,00 
0,80 

Traces 

h 

0,65-0,75 
I 0,65-0,85 

OAO 

Traces 

0,95 
0,3i 

PHAA* 

0,92 

0~01 
Traces 
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T A B L E  2. R e l a t i v e  Role  of B and L Acid  C e n t e r s  upon I n d o l i z a -  
t i on  of A r y l h y d r a z o n e s  in the  Liquid P h a s e  in B r o m o b e n z e n e  
M e d i u m  at 155~ 

Mole ratio of ] Cycllzation. agent, Indolization of 
Phenylhydrazone ~H and ZnC12, w mole ratio PH aftet 30 rain* 

PHAA 
P HAA 
PttAP 
PHAP 
p HAP 
PHAP " 
PHAC 
PHAC 
P HAC 

t 
t 
f 
t 
1 
t 
2 
2 
2 

ZnC12 
ZnCh + Ac0K (t : 3) 
ZnClz 
ZnCh + Ac0K (t t) 

(t 2) 
(t 3) 

ZnClz 
ZnCl~+H20 (5:1) 
ZnC12 + AcOK (t : 2) 

+ +  
+ 

+ + +  
§ 
+ 

+ + +  
+ 

* C y c l i z a t i o n  l e s s  t han  3% (+), f r o m  3 to  30% (++), and m o r e  than  

80% (+++). 

T A B L E  3. D e p e n d e n c e  of t he  Yie ld  of 2 - M e t h y l i n d o l e  on the  Mole  
Ra t io  of PHAC and ZnC12 (w) in C y c l i z a t i o n  of PHAC in the  P r e -  
s e n c e  of ZnC12 o r  L G C - Z n C 1 2  (an i so le ,  155~ 1 h) 

Cycliz.ation agent 

Fused ZnCI2 

Fused ZnCI~ wish addition 
of 0,0022 moles H20 

ZnCI: dried in stream of 
el, 

Fused ZnC12 

LGC- ZnCI2 (31~ salt) 

LGC- ZnClz (36% salt) 

Amount of'~eagent,' 
moles 

p [4.AC ZnCl2 

0,02tl 0,02tl 
0,0210 0,0t05 
0,02t2 0,O053 
0,02t0 0,002t 

0,02t0 0,0t06 

0,02t2 0,0t06 

0,0212 0,0424 

0,0210 0,0210 

0,02t0 0,0t05 

PHAC 

t 0,96 
2 0.47 
4 0,24 

t0 0,09 

2 0,4t 

2 0,45 

0,5 0,28 

t 0,3t 

2 0,t6 

Yield of MI, mole 
fractions .... 

ZnCl= 

0,98 
0,94 
0,96 
0,90 

0,82 

0,90 

0,14 

0,3t 

0,32 

T A B L E  4. G a s - L i q u i d  C h r o m a t o g r a p h y  A n a l y s i s  of t he  R e a c t i o n  
M a s s  upon C y c l i z a t i o n  of PHAC in the  L i q u i d - P h a s e  in A n i s o l e  
M e d i u m  at 155~ and Mole  Ra t io  PH: Z n C 1 2 = I :  1 

,e--,--, 
~ample untreated with water [Sample treated with water 

content, moles/liter 
Cyclization agent 

PHAC MI PHAC 1 MI 

0,004 0,005 0,006 } 0,0t0 
I 

0,020 0,007 0,024 [ 0,007 
0,0t5 0,035 0,t08 0,044 

Fused ZnCI2 

LGC- ZnCI~ (360/0 salt) 

wi th  add i t i on  of PHAC;  f o r  the  r a t i o  ZnC12: PHAC = 1 : 4 ,  the  amount  of u n d i s s o l v e d  s a l t  i s  ins ignff icant~ whi le  
fo r  the  r a t i o  ZnC12 : PHAC = 1 : 10 we o b s e r v e  c o m p l e t e  d i s s o l u t i o n  of ZnC12. An i n c r e a s e  in the  s o l u b i l i t y  of 
ZnCI  2 upon a d d i t i o n  of  p h e n y l h y d r a z o n e s  a p p a r e n t l y  i n d i c a t e s  f o r m a t i o n  of a c o m p l e x  b e t w e e n  the  h y d r a z o n e  and 

the  z inc  c h l o r i d e .  

F o r  t he  c a s e  of c y c l i z a t i o n  of PHAC in the  p r e s e n c e  of a n h y d r o u s  ZnC12, we c a r r i e d  out a s tudy  of the  
b a s i c  c h a r a c t e r i s t i c s  of the  p r o c e s s  (Table  3 and F i g .  1). The  r e a c t i o n  was  c a r r i e d  out in bo i l i ng  a n i s o l e  and 
the  p r o d u c t s  w e r e  a n a l y z e d  by  the  g a s - l i q u i d  c h r o m a t o g r a p h y  me thod .  We found tha t  the  c o m p o s i t i o n  of the  
r e a c t i o n  m a s s  d e p e n d s  on the  m o l e  r a t i o  of PHAC and ZnC12 (w)~ Thus  when w =  1, the  r e a c t i o n  m i x t u r e  con-  
r a i n s  2 - m e t h y l i n d o l e  (MI) and u n r e a c t e d  P H A C .  When w > 1, a n i l i ne  i s  a l s o  p r e s e n t  in so lu t i on  a long wi th  MI 
and PHAC.  T h i s  i n d i c a t e s  tha t  a m i n o n i t r i l e  c l e a v a g e  of PHAC o c c u r s .  And when w< 1, s t r o n g  r e s i n i f i c a t i o n  
of t he  MI f o r m  o c c u r s .  F o r  c y c l i z a t i o n  of PHAC,  we need  to  u s e  s t o i c h i o m e t r i c  amoun t s  of ZnC12. T h i s  i s  con -  
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Yield, moles/liter 

r176 I . 
0,6 

O,2 

I t 1 I 1 

0 30 60 90 {2o Time, rain 

Fig. 1. Yield of 2-methylindole (mole f ract ions  of the 
s tar t ing PHAC) in cyclization in anisole medium 
(155~ as a function of the mole ratio of PHAC and 
ZnC12 (w), equal to: 1) 1; 2) 2; 3) 2 (with addition of 
0.0022 moles H20); 4) 4; 5) 10. 

nected with the fact that the s tar t ing and end products have basic cha rac te r  and may form complexes with ZnCI 2, 
deactivating it. The formation of a complex between PHAC and ZnC12 is indicated b y t h e i n c r e a s e  in solubility of 
ZnCI 2 in anisole in the presence  of PHAC, and also by the fact that samples  of a react ion mass  that were un- 
t rea ted  with water  show an amount of PHAC which is too low and not constant (when w = 1) in solution. Format ion  
of complexes of ZnC12 and  MI inasmuch have a subsequent inc rease  in reac t ion  mass  for a sample t reated with 
water  (when w = 1) (see Table 4). We should note that the complex ZnC12 PHAC is more  stable than the one 
with MI, since addition of f resh  port ions of PHAC to a react ion mass  a l ready having achieved equil ibrium leads 
to an increase  in the concentrat ion of MI in solution (when w < 1). The complexes ZnCI2 "NH 3 and ZnC12 "PhNH2 
have even g rea te r  stabili ty.  Neither PHAC or MI displace ammonia  and aniline f rom these complexes .  The 
nature of such stable complexes causes  deactivation of ZnC12' and therefore  requi res  use of an equimolar 
amount of zinc chloride relat ive to PHAC. The data obtained allows us to propose a scheme for the process  
of cycl izat ion of PHAC. 

Scheme 
Me Me ".( 
N 

Me Me 

N+ 
H / \  

M e Me 

ZnCl, I 

N Me 
H 

It is interesting I~o compare the activity in PH cyclization of free metal chlorides and laminar graphite 
compounds (LGC) involving these chlorides. The latter are products of insertion of metal chlorides into the 
interplanar space of the graphite. In a number of cases, weak interaction of the charge transfer complex type 
occurs between the carbon framework of the graphite and the salt molecules [2]. This on the one hand may lead 
to a partial decrease in salt activity, and on the Other hand it may facilitate an increase in salt stability relative 
to the action of nucleophilic reagents. As is evident from Table i, we observe a correspondence between the 
activity of the laminar graphite compounds (LGC) with metal chlorides and the salts themselves. Thus, in a 
number of the investigated laminar graphite compounds, activity in phenylhydrazone cyclization is manifested 

only by LGC-AICI 3 and LGC-ZnCI2; and in the presence of LGC-AICI3, as in the case of free AICI3, we observe 
strong resinification of the reaction mass. However, in contrast to ZnCI 2, LGC-ZnCI 2 makes it possible for the 
reaction to proceed catalytically~ The same catalyst works over six cycles, and the overall yield of Mi is greater 
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than one mole; it amounts  to about four  moles  pe r  mole  ZnC12 in t he  LGC. F u r t h e r m o r e ,  in the p r e sen ce  of 
I /~C-ZnC12,  the reac t ion  m a s s  is s ignif icantly l e s s  res ini f ied than in the p re sence  of the f r ee  sal t .  It is i m -  
por tant  to emphas ize  that  LGC-ZnC12 is a he terogeneous  cata lys t ,  s ince heating the solution sepa ra ted  f r o m  
the LGC-ZnC12 in the  initial  s tage of the p r o c e s s  does not lead to fu r the r  cycl izat ion of the phenylhydrazone.  

EXPERIMENTAL 

Starting Materials. LGC-AICI 3 [2], LGC-FeCI3 [3], LGC-NiCI2, I~C-CoCI 2 [4], and LGC-ZnCI 2 [5] 
were obtained as in the cited papers. PHAA, synthesized according to [6], was recrystallized from an alcohol- 
NH4OH mixtt~re, mp 100-101~ PHAC was obtained according to [7, 8], bp 163~ (50 mm)o PHAP [8] was re- 
crystallized from alcohol, mp 160~ (anti-isomer). 

Gas-liquid chromatography analysis was carried out on a Tsvet-100 chromatograph. For the cyclization 
products of PHAA" column 2 m• 3 ram; support Chromaton N-AW, phase SE-30, 124~ For the cyclization 
products of PHAC: column I m• 3 mm, support- silanized Chromaton N-AW, phase -Carbowax-20M, 153~ 

Anlysis of the cyclization products of PHAC was carried out by the PMR method using the protons of the 
methyl group of the phenylhydrazone (3.71 ppm) on the Perkin-Elmer R-20 spectrometer (60 MHz) with HMDS 
as the external standard. 

General Cyclization Method. To a solution of 3.13 g PHAC in 25 ml anisole, we added 2.8 g ZnCI 2 and 
mixed for two 2 h under a stream of N 2 at 155~ During the reaction, we extracted samples (0.2 ml) which 
were washed with water to remove the metal chlorides and analyzed by the gas-liquid chromatography method. 

C O N C L U S I O N  

1. In the s e r i e s  of ch lor ides  of zinc, a luminum, iron (III), nickel(H), and cobalt(II),  zinc chloride is the 
most  act ive and se lec t ive  reagent  for  s to ich iomet r i c  indolization of phenylhydrazones  in the liquid phase.  

2~ In the p r e s ence  of l am i na r  graphi te  compounds,  indolization of phenylhydrazones  with zinc chloride 
has a catalyt ic  c h a r a c t e r .  

1. 

2o 
3. 

4m 

5. 
6. 
7. 
8. 
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