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Instead of the usual indolization, when acetaldehyde (2,6-dichloro-4-pyridyl)hydrazone is 
heated with zinc chloride under the conditions of the Fischer reaction one observes the for- 
mation of acetone (2,6-dichloro-4-pyridyl)hydrazone, 1- (2,6-diehloro-4-pyridyl)-5-methyl- 
pyrazoline, and 2,6-dichloro-4-aminopyridine, the ratio between which depends on the tem- 
perature and  d u r a t i o n  of the r e ac t i on .  

In our preceding communication [1], we considered the peculiarities of the Fischer cyclization of (2,- 
6-dichloro-4-pyridyl)hydrazoncs and showed that the introduction of a, a '--chlorine atoms in all cases re- 
duces the deactivating effect of the electron-acceptor pyridine nitrogen atom and makes it possible to ap- 
preciably raise the yields of normal indolization products. In a continuation of this research, we have 
studied the behavior of acetaldehyde (2,6-diehloro-4-pyridyl)hydrazone (I) under the conditions oftheFischer 
reaction. The reaction was carried out in the presence of zinc chloride, which has previously shown itself 
to be the best catalyst of the Fischer reaction for a number of pyridylhydrazones [2]. The temperature was 
varied from 220 to 270~ The products of the transformations were analyzed by gas-liquid chromatography 
(GLC) and were then subjected to preparative separation by chromatography on aluminum oxide. All of the 
substances that were formed in yields above 5% were isolated and identified. 

Acetaldehyde phenylhydrazone cannot be converted to indole under the usual conditions of the Fischer 
reaction [3], and this synthesis was realized only when a contact method [4] was used. 

The normal indolization of I also does not occur in the reaction that we investigated. Depending on 
the temperature and time of heating of I with zinc chloride, we observed the formation of different ratios 
of products of anomalous transformations: acetone (2,6-dichloro-4-pyridyl)hydrazone (iI), 1- (2,8-dichloro- 
4-pyridyl)-5-methylpyrazoline (LID, and 2,6-diehloro-4-aminopyridine (IV). 
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The structures of II and HI were established on the basis ol elementary analysis and the PMR and 
mass spectra. 
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A molecu l a r  ion with m / e  217 (here and e lsewhere ,  the m a s s  numbers  for  ions with a C1 s7 isotope a r e  
presented)  is  obse rved  in the m a s s  spec t rum of hydrazone II, while two singlets  of methyl  groups  with 81.82 
and 1.92 ppm and a singlet  of two /3 protons  of the pyr idine ring (6 6.83 ppm) a re  obse rved  in the PMR spec -  
t r u m  (in CD3OD). 

The ra t io  of the in tensi t ies  of the isotope peaks  of the mo lecu l a r  ion in the m a s s  spec t rum of HI dem-  
ons t r a t e s  the p r e s e n c e  in the molecule  of two chlorine a toms .  The mos t  f avorab le  p r o c e s s  of d is in tegra t ion  
of the m o l e c u l a r  ion of HI (m/e  229) is el imination of a CH 3 group with subsequent opening of the pyrazol ine  
ring: 

§ 
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m/~ 173 (175,177) m/e 2'14 (216,218) m//e 187 (i89, 191) role 146 (148,150) 

Disin tegra t ion  of the pyrazol ine  r ing leads to the appea rance  in the spec t rum (see Fig .  1) of peaks  
with m / e  173, 187, and 146 and is conf i rmed by the p r e sence  of me ta s t ab le  t rans i t ions .  The PMR spec t ru m 
of III  (in CDsCOCD 3) contains the doublet of a methyl  group at 1.24 ppm (J= 6 Hz), a mult iplet  of a CH 2 group 
at 2.60-3.45 ppm (J44' =18.7 Hz, J45=9.7 Hz, J4,5 =3.7 Hz, J4~=Jr Hz), a mult iplet  at 4.5 ppm of the 
5-I t  methyl idyne proton,  and a singlet at 6 89 ppm which is c h a r a c t e r i s t i c  for  two /3 protons of the pyridine 
ring, and a weakly reso lved  t r ip le t  of the 3-H proton at 7.14 ppm. 

In addition, II was obtained by a l te rnat ive  synthes is  f r o m  (2 ,6-d ichloro-4-pyr idyl )hydraz ine  (V) and 
acetone,  while IV was identical  to a sample  of 2, 6-dichloro-4-aminopyridine synthes ized v ia  a prev ious ly  
desc r ibed  method [5]. Inc reas ing  the reac t ion  t e m p e r a t u r e  f r o m  220 to 245 ~ and then to 270 ~ (heating t ime  
10 rain) l eads  to a r egu l a r  i nc r ea s e  in the  yie lds  of IH f r o m  16% to 18% and fu r the r  to 21%, respec t ive ly ,  while the 
yie lds  of IV i n c r e a s e  f r o m  11% to 31% and thento  35%; the yie ld  of  II  s imul taneous ly  d e c r e a s e s  f r o m  26% to 12% 
and then to 7%. The buildup of 2,6 -d i eh lo ro -4 -aminopyr id ine  (IV) in the reac t ion  ~ r e  apparen t ly  occur  s 
through t h e r m a l  decomposi t ion  of pyr idy lhydrazones  I and II. In pa r t i cu la r ,  evidence fo r  this  is a co mp a r i -  
son of the data p resen ted  above with the r e s u l t s  of an exper iment  at 245 ~ for  3 rain, in which the y ie lds  of 
I, II, IlI, and IV were ,  r e spec t ive ly ,  4%, 24%, 19%, and 1%. In addition, the pure  acetone (2 ,6-dichloro-4-  
pyr idyl )hydrazone (II) isolated f r o m  the reac t ion  mi :~ure  proved to be an ex t r eme ly  stable compound that 
withstood heating with zinc chloride to 260 ~ for  10 rain. At 280 ~ under  the s a m e  conditions, up to 70% of I I  
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remained  unchanged; cons iderable  res in i f ica t ion  was observed  only at- 300 ~ (after 10 min), the amount of II 
(according to GLC) was reduced to 30%, and --, 20% of IV was obtained. 

The fo rma t ion  of acetone (2 ,6-d ichloro-4-pyr idyl )hydrazone  ( I I ) f rom acetaldehyde (2 ,6-dichloro-4-  
pyr idyl )hydrazone  {I) was unexpected and apparent ly  can be explained by alkylat ion of I by methyl  r ad ica l s  
f o rmed  during the h igh - t empe ra tu r e  des t ruc t ion  of the substance.  

As for  the pyrazol ine  de r iva t ive  III, we have observed  the fo rmat ion  of s i m i l a r  types of compounds 
in the cycl izat ion of cyclohexanone 4-pyr idylhydrazones  [2] and methyl  ethyl ketone 4-pyr idy lhydrazone  [6] 
in the p r e sence  of polyphosphoric  acid and organic  sulfonic acids.  However,  the capacity of zinc chloride 
to br ing about closing of the pyrazol ine  r ing on heating with 4 -pyr idy lhydrazones  has appeared  for  the f i r s t  
t ime  in the case  of I. 

EXPERIMENTAL 

The IR spectra of mineral oil suspension were recorded with a UR-10 spectrophotometer. The PMR 
spectra were recorded with a J-NM-4H-100 spectrometer with tetramethylsilane as the internal standard, 
The mass spectra were recorded with an MKh-1303 spectrometer at an ionizing voltage of 50 eV. 

Acetaldehyde (2,6-Dichloro-4-pyridyl)hydrazone (1). A 1.78-g (10 mmole) sample of V [i] was stirred 
for i0 rain with 4.4 g (100 mmole) of acetaldehyde until a homogeneous solution had formed, after which the 
excess acetaldehyde was removed by vacuum distillation. The residue was recrystallized from 33% aqueous 
methanol to give 1.79 g (88%) of I with mp 182-183 ~ The product was quite soluble in alcohol and chloro- 
form and only- slightly soluble in other organic solvents. Found: C 41.0; H 3.3; C1 34.9; N 20.3%. CTHTCI2N 3. 
Calculated: C 41.2; H 3.4; CI 34.8; N 20.6%. 

Acetone (2,6-Dichloro-4-pyridyl)hydrazone (II). A. A mixture of 0.5 g (2.4 mmole) of I and 1.5 g 
(10 ramole) of zinc chloride was heated at 230 ~ for i0 rain, It was then cooled and dissolved in 10 ml of 18% 
hydrochloric acid. The acid solution was extracted with three 50-ml portions of chloroform,* after which 
it was made alkaline to pH 10 with 20% sodium hydroxide, and the bases were extracted with three 75-mi 
portions of chloroform. The chloroform extract was dried with potassium carbonate and evaporated, and 
the residue was recrystallized from ether to give 0.07 g (14%) of II with mp 197-198 ~ The product did not 
depress the melting point of a sample obtained via method B. The IR spectra of the two samples were iden- 
tical. Found: C 44.0; H 4.5; C1 31.9; N 19.2%. CsHgCI2N 3. Calculated: C 44.3; H 4.2; C1 32.2; N 19.4%. 

B. A 10-ml sample of methanol and 3 ml (-~ 50 rm~aole) of acetone were added to 0.9 g (5 re_mole) of 
V, and the mixture was stirred for 5 rain, after which it was vacuum-evaporated. The residue was recrys- 
tallized from 33% aqueous methanol to give 0.99 g (91%) of II with mp 197-198 ~ The product was quite sol- 
uble in alcohol and chloroform and only slightly soluble in other organic solvents. 

Reaction of I and II with Zinc Chloride under the Conditions of the Fischer Reaction. A mixture of 
i0  m m o l e  of I o r  II and 35 mmole  of zinc chloride was heated at 220-300 ~ for  3-10 rain (the in terva l  of t em-  
p e r a t u r e  var ia t ions  was 2-3 ~ while the in terval  of t ime  va r i a t ions  was 1 rain), a f t e r  which the mix tu re  was 
cooled and dissolved in 18% hydrochlor ic  acid. The acid solution was made alkaline to pH 10 with 20% aque-  
ous sodium hydroxide solution and ex t rac ted  with ch loroform.  The ex t rac t  was evaporated,  and the res idue  
was analyzed with a P y e - U n i c a m  s e r i e s  104 gas- l iquid  ch romatograph  with a f lame ionization detector .  The 
co!utah (2.1 m by 4 ram) was filled with 10% si l icone e l a s t o m e r  SE-30 on si lanized diatomite  (100-120 mesh).  
The ni t rogen flow r a t e  was 29 m l / m i n ,  the p r o g r a m m e d  t e m p e r a t u r e  conditions ranged f r o m  160 to 245 ~ 
and the initial period was 5 rain. The temperature-rise rate was 32 deg/min. The retention times were 
as follows: 13.5 rain for I, 14.5 rain for If, 16 rnin for I/I, and 9 rain for IV. The area of each peak was com- 
pared with the areas of the peaks of authentic samples of the pure compounds that were introduced under 
the same conditions. In addition, the results of analysis were compared with the results of preparative sep- 
aration of the reaction mixtures by chromatography on aluminum oxide. 

l-(2,6-Diehloro-4-pyridyl)-5-methylpyrazoline (liD. A mixture of 1 g (4.9 re_mole) of I and 3 g (21 
mmole) of zinc chloride was heated at 245 ~ for 3 rain, after which it was cooled and dissolved in 10 ml of 
18% hydrochloric acid. The acid solution was made alkaiine with 20% aqueous sodium hydroxide and ex- 
tracted with chloroform. The chloroform solution was dried with potassium carbonate and vacuum-evapo- 
rated. The residue was chromatographed with a column filled with ahLminum oxide ~a 60 cm, d 1 cm) with 

* A total of 0.03 g (8%) of IV with mp 171 ~ passed into the extract. The substance was identified from the 
melting point of a mixture with a genuine sample and the IR spectrum [5]. 
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ethyl aceta te  (1O0 ml) as the eluent. The ethyl acetate  was removed  by distillation, and the res idue  was 
reapplied to the same column filled with aluminum oxide; elutiou with 150 ml of e ther  gave 0.14 g (13%) of 
]II with mp 103-104 ~ ffrom 15% aqueous methanol).  The product  was quite soluble in ether ,  alcohol, and 
chloroform.  Found: C 47.3; H 3.8; C1 30.6; N 18.4%. CgHgC12N 3. Calculated: C 47.0; R 3.9; C1 30.8; N 
18.2%. 
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