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The pecul ia r i t i es  of the F i sche r  cycl izat ion of 2 ,6 -d ich lo ro-4-pyr idy lhydrazones  were  
examined.  It is shown that  the introduction of chlor ine a toms into the e , ~ '  posi t ion of 
the pyr idine ring in all ca ses  reduces  the deact ivat ing effect  of the e l ec t ron -accep to r  
pyridine ni t rogen in this reac t ion  and the Arbuzov modif icat ion ("catalyt ic  method") .  
During t he rm a l  indolization, the p roces s  is shifted to favor  the p r i m a r y  fo rmat ion  of 
2 ,6 -d ich lo ro-4-aminopyr id ine .  

The Fischer cyclization, which proceeds through a step involving electrophilic substitution - the semi- 
benzidine rearrangement-is readily accomplished with various arylhydrazones, but difficulties are en- 
countered in the case of pyridylhydrazones. The presence in the pyridine ring of a heteroatom with a high 
electron density and the decrease in the electron density on the carbon atoms under the influence of the 
cyclic nitrogen are responsible for the difficulty in constructing azaindole systems (as compared with in- 
dole systems) and induce a large number of side processes [I]. 

In addition, as we demonstrated in the course of previous investigations [2], the introduction of halo- 
gen atoms into the 2 and 6 positions of the pyridine ring suppresses the eleetron-acceptor effect of the 
heterocyclic nitrogen and, in their properties, 2,6-dihalopyridines approach compounds of the benzene series. 

In this connection, it seemed of interest to study the Fischer cyelization of 2,6-dichloro-4-pyridyl- 
hydrazones, for which one might have expected greater ease in carrying out the process than for the cor- 
responding dehalogenated compounds. 

The previously undescribed 2,6-dichloro-4-pyridylhydrazine (II) was synthesized from 2,6-dichloro- 
4-aminopyridine (I) [3] by diazotization and subsequent reduction of the diazonium salt with stannous chlo- 
ride in hydrochloric acid. The Fischer reaction was studied in the case of cyclohexanone 2,6-dichloro-4- 
pyridylhydrazone (IIIa), methyl ethyl ketone 2,6-dichloro-4-pyridylhydrazone (IIIb), and propionaldehyde 
2,6-dichloro-4-pyridylhydrazone (IIIe). For comparison, we examined the results of cyelization of the cor- 
responding 4-pyridylhydrazones (IVa-c) [4] under the same conditions. In each case, the reactions were 
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s tudied with va r ious  c a t a l y s t s :  s t rong  m i ne r a l  acids  
(hydrochlor ic  and polyphosphor ic) ,  organic  sulfonic 
acids  (p- toluenesulfonic  and su l fosa l i cy l i c ) ,  Lewis 
acids  (zinc ch lor ide  and cuprous ch lor ide) .  The rma l  
indoliz.ation in refluxing diethylene glycol was also in- 

vestigated. 

The y ie lds  of the products ,  de t e rmined  by g a s -  
l iquid ch romatography  (GLC), were  mon i to red  f rom 
the r e s u l t s  of p r e p a r a t i v e  i so la t ion  of the compounds 
and a r e  p re sen ted  in Table  1, As seen f rom Table  1, 
when the F i s c h e r  r e a c t i o n  is c a r r i e d  out in the p r e s -  
ence of acid c a t a l y s t s ,  the y ie lds  of no rma l  produc ts  
of the indol izat ion of 2 ,6 -d i ch lo ropyr idy lhydrazones  
III a r e  h igher  in a l l  c a s e s  than the y ie lds  for the 
analogous py r idy lhydrazones  IV, which do not con-  
tain halogen.  This  p rovides  a bas i s  for a s s e r t i n g  that 
the in t roduct ion of ch lo r ine  atoms into the a , ~ '  p o s i -  
t ions of the pyr id ine  r ing  of va r ious  4 - p y r i d y l h y d r a -  
zones to a c e r t a i n  degree  r educes  the deac t iva t ing  ef-  
fect of the e l e c t r o n - a c c e p t e r  pyr id ine  n i t rogen on the 
c o u r s e  of the F i s c h e r  r eac t ion .  

It is  in t e res t ing  to note that  the r e l a t ionsh ip  is 
d i f ferent  in the t h e r m a l  indol izat ion of p y r i d y l -  
hydrazones  in die thylene glycol  without acid c a t a l y s t s :  
the in t roduct ion of ch lo r ine  atoms into the 2 and 6 
pos i t ions  of the pyr id ine  r ing not only does not in-  
c r e a s e  the y ie lds  of no rma l  products  of t he r m a l  in-  
dol iza t ion  but shif ts  the p r o c e s s  to favor  the p r i m a r y  
fo rmat ion  of 2 , 6 - d i c h l o r o - 4 - a m i n o p y r i d i n e .  This  is 
evidence for  the d i f ferent  c h a r a c t e r  of the effect of 
d ie thylene  glycol  on the c o u r s e  of the F i s c h e r  r e a c -  
t ion as c o m p a r e d  with the behavior  obse rved  with 
acid c a t a l y s t s .  It is  poss ib l e  that  in this  c a s e  the 
ea se  of so lva t ion  c~ the molecu le  has an impor tan t  ef-  
fect ,  and suppres s ion  of the bas ic  p r o p e r t i e s  of the 
pyr id ine  r ing  h inders  this  p r o c e s s .  

As demons t r a t ed  by the p reced ing  inves t iga t ions  
[5], in con t r a s t  to a ry lhydrazones ,  va r ious  p y r i d y l -  
hydrazones  give low yie lds  in the Arbuzov ca ta ly t ic  
method of indol izat ion;  th is  was a s soc i a t ed  with the 
abi l i ty  of the pyr id ine  n i t rogen (along with the n i t r o -  
gen of the hydrazone  por t ion  of the molecule)  to i n t e r -  
act with Lewis acids  and r emove  them f rom the r e a c -  
t ion s phe r e .  

It was natural to assume that in the case of 2,6- 
dichloropyridylhydrazones, in which the nucleophilic 

properties of the cyclic nitrogen and, consequently, its 

ability to tie up the Lewis acids are strongly sup- 

pressed, the Arbuzov catalytic indolization would pro- 
ceed considerably more readily. 

In this connection, we carried out comparative 
experiments on the indolization of IVa and its 2,6- 

dichloro derivative (IIIa) in the presence of catalytic 

amounts of zinc chloride at 240 ~ for 7 rain. In the 

f i r s t  c a s e ,  the yie ld  of Via was 8.2~c, and about 90~ of 
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the start ing IVa was recovered  unchanged; in the second case,  only 6.3% of the start ing 2 ,6-dichloropyridyl-  
hydrazone (ILia) did not undergo reaction,  the yield of Va was 66*/0, and about 19~ of the substance was con-  
ver ted to I. 

Thus the g rea te r  ability of 2 ,6-d ichloro-4-pyr idylhydrazones ,  as compared with dehalogenated c o m -  
pounds, to undergo the F ischer  react ion is apparently associated not only with the change in the electron 
density on the r ing carbon atoms, but also with the different ease of salt  formation at the pyridine nitrogen; 
this in turn affects the distribution of e lect ron density and the energic favorabil i ty of the intermediates of 
the react ion.  

EXPERIMENTAL 

2,6-Dichloro-4-pyridylhydrazine (II). A solution of 1.5 g (22 mmole) of sodium nitrite in 15 ml of 
water was added dropwise (initially) with stirring and cooling to -5 ~ to 2 g (12 mmole) of I in 20 ml of con- 
eentrated hydrochloric acid, after which 15 g (81 mmole) of stannous chloride in 20 ml of concentrated 
hydrochloric acid was added and stirring was continued at 0 to -3 ~ for 2.5 h. The precipitate was removed 
by filtration, and the filtrate was washed three times with I00 ml portions of ehloroform and made alkaline 
with 40% sodium hydroxide solution. Compound II was extracted with chloroform in an extractor. The sol- 
vent was removed by distillation to give 1.67 g (76%) of colorless crystals of II with mp 209-210 ~ (from 
methanol). The product was soluble in chloroform and hot alcohols but only slightly soluble in the other 
ordinary organic solvents and water. Found,Z: C 34.2; H 3,0; C1 39.3; N 23.5. CfHfCI2N 3. Calculated,Z: 
C 33.9; H 2.8; C1 39.5; N 23.7. 

Cyclohexanone 2,6-Dichloro-4-pyridylhydrazone (IIIa). A 3-ml (30 mmole) sample of cyclohexanone 
was added to 1.5 g (8.8 mmole) of If. The reaction mass warmed up, became homogeneous, and solidified 
after 20 rain. Compound Ilia was triturated with 20 ml of 70% aqueous methanol and removed by filtration 
to give 1.63 g (82%) of a product with mp 188-189 ~ (from 80070 aqueous methanol). Found,Z: C 51.6; tt 5.2; 
C1 26.8; N 16.5. CI1HI3C12N 2. Calculated,%: C 51.4; H 5.1; C1 27,2; N 16,3, 

A s imi lar  procedure  was used to obtain methyl ethyl ketone 2 ,6-diehloro-4-pyr idylhydrazone (IIIb) 
(81% yield, mp 161-162 ~ Found,%: C 46.7; H 5.1; C1 29.9; N18.0.  CgHilClxN 3. Calculated,%: C 46.61 
H 4.8; C1 30.0; N 18.1) and propionaldehyde 2 ,6-dichloro-4-pyr idylhydrazone (IIIc) (80% yield, mp 137-138 ~ . 
Found,%: C 44.3; H 4.3; C1 32.2; N 18.9. Calculated,~ C 44.0; 4.1; C1 32.5; N 19.3). All of the substances 
were  quite soluble in acetone, less soluble in alcohol and chloroform,  and only slightly soluble in the other 
organic solvents and water .  

2 ,4 -Dich loro-5 ,6 ,7 ,8 - te t rahydro-y-ca rbo l ine  (Va). A 0.4-g (1.5 mmole) sample of IIIa was heated at 
240 ~ with 1.2 g (8.1 mm ole) of zinc chloride for 7 min, and the mixture was dissolved in 100 ml of water 
and made alkaline to pH 10 with 40~ sodium hydroxide solution. Compound Va was extracted with ch lo ro-  
form,rod the extract was dried with potassium carbonate and evaporated to give 0.36 g (98%) of Va with mp 
287-288 ~ . The product was quite soluble in acetone, less soluble in alcohols and chloroform,  and only 
slightly soluble in other organic solvents and water .  Found,Z: C 54.6; H 4.4; C1 29.1; N 11.9. CIIHIoCI~N 2. 
Calculated,%: C 54.8; H 4.2; C1 29,4; N 11.6. 

Reaction of ILia with p-Toluenesulfonic Acid. A 0.5-g (1.8 mmole) sample of IIIa was heated at 190 ~ 
with 1 g (6.2 mmole) of p-toluenesulfonic acid for 7 rain. The mixture was cooled, dissolved in 50 ml of 
18% hydrochlor ic  acid, and made alkaline to pH 10 with 40~ sodium hydroxide solution. The alkaline mix-  
ture  was extracted with chloroform,  and the chloroform was removed f rom the extract  by distillation. The 
res idue was chromatographed with a column filled with aluminum oxide (height 54 cm, diameter  2 cm). 
Ether (500 ml) eluted 0.08 g (26%) of I with mp 172-173 ~ and methanol (200 ml) eluted 0.26 g i63~) of Va 
with mp 287-288 ~ 

2 ,3-Dimethyl-4 ,6-dichloro-5-azaindole  (Vb). A 0.2-g (0.09 mmole) sample of IIIb was heated at 240 ~ 
with 0.6 g (4 mmole) of zinc chloride for 7 rain. The react ion mixture was dissolved in hot water,  made 
alkaline to pH 10, and extracted with ch loroform.  The chloroform was evaporated from the extract  to give 
1.79 g (97%) of Vb with mp 283-284 ~ (from methanol). The product was quite soluble in acetone, ch loro-  
form,  and hot alcohols, but only slightly soluble in other organic solvents and water .  Found,%: C 49.9; H 
3.6; C1 33.2; N 13.0. CgHsC12N 2. Calculated,%: C 50.2; H 3.7; C1 33.0; N 13.0. 

Reaction of IIIb with Sulfosalicylic Acid. A 0.4-g (1.8 mmole) sample of IIIb was heated at 190 ~ with 
0.8 g (4.2 mmole) of sulfosalicylie acid for 7 min. The mixture was dissolved in 18% hydrochloric  acid, 
made alkaline to pH 10, and extracted with ch loroform.  The chloroform was removed by distillation, and 
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the residue was chromatographed with a column filled with aluminum oxide (height 54 cm, diameter 2 cm). 
A total of 400 ml of heptane-chloroform (I : 5) eluted 0.75 g (27~c) of I with mp 172-173 ~ 300 ml of chloro- 
form then eluted 0.02 g of a mixture of I and Vb, and 800 ml of chloroform eluted 0.17 g (46~c) of Vb with 

mp 283-284 ~ . 

3-Methgl-4,6-dichloro-5-azaindole (Vc). A 0.6-g (2.~ mmole) sample of IIIc was heated at 240 ~ with 
1.8 g (12 mmole) of zinc chloride for 7 rain. The mixture was dissolved in 50 ml of 18~ hydrochloric acid, 
made alkaline to pH I0 with 40% sodium hydroxide, and extracted with chloroform. The chloroform was 
evaporated, and the residue was recrystallized from methanol to give 0.23 g (42%) of Vc with mp 274-275 ~ 
The colorless crystals were quite soluble in acetone and hot alcohol and only slightly soluble in other 
ordinary organic solvents and water. Found,Z: C 47.9; H 3.0; C1 35.2; N 13.6. CsHsCI2N 2. Calculated,~c: 
C 47.8; H 3.0; Cl 35.3; N 13.9. 

The methanol mother liquor was evaporated to dryness, and the residue was chromatographed with a 
column filled with aluminum oxide (height 54 cm, diameter 2 era). A total of 300 ml of heptane-chloroform 
(I : 5) eluted 0.08 g (I 7V/c) of I with mp 173-174 ~ and 250 ml of chloroform then eluted 0.03 g (5~c) of IIIc 
with mp 137-138 ~ 

In order to study the reactions by means of gas-liquid chromatography, the process was carried out 
with 0.45 mmole of starting pyridylhydrazone IIIa-e or IVa-c under the following conditions: for 7 rain at 
240 ~ with zinc chloride (1.13 mmole) and cuprous chloride (I .35 mmole), for 7 rain at 190 ~ with p-toluene- 
sulfonic acid, sulfosalieyclic acid (0.9 mmole in each case), and polyphosphoric acid (prepared from 0.I ml 
of phosphoric acid and 0.13 g of phosphorus pentoxide), refluxing for 4 h with concentrated hydrochloric 
acid (a 10-fold quantity by volume), and refluxing for 18 h in diethylene glycol (a 12-fold quantity by volume). 
All of the reaction products were converted to bases (in the case of hydrochloric acid and diethylene glycol, 
the mixtures were first evaporated), extracted with chloroform, and analyzed with a Pye-Unieam 104 
chromatograph with a flame ionization detector and a 2.1 m by 4 mm column filled with 10~c SE-30 silicone 
elastomer on silanized diatomite (100-120 mesh); the nitrogen flow rate was 29 ml/min, the program tem- 
perature conditions ranged from 160 to 245 ~ the initial period was 5 rain, and the temperature rise rate 
was 32 deg/min. The retention times in minutes were as follows: 9 for I, 29 for Ilia, 16.5 for IIIb, 14 for 
IIIc, 33 for Va, 18 for Vb, and 16.5 for Vc. The retention times and chemical characteristics of IVa-e, 
Via-c, and VII are presented in [4]. 

I. 

2. 
3. 
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