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Abstract - The 1.6-diamj.nopyridlne-2-thlones (& and El react with 

o-halocarbonyl compounds to give the pyrido iZ.1-b][l,3,4]thiadlazinium- 

salts (1) which undergo base-catalyzed ring-contraction to give the 

pyrazolo[1,5-alpyridines (3) or ( 4 ) .  The reactions of the N-amino- 

heterocycles (5 and g) with nitriles lead directly to [ 1,2,4] triazolo- 

11.5-alpyridines (I). 

AS a part of an investigation on the synthesis of fused heterocycles from 
1 N-aminoheterocycles , we have engaged in the preparation of bridgehead nitrogen 

heterocycles which contain the pyrazolo or [1,2,4]trlazolo moiety. In this 

Context. we have reported the preparation of pyrazolo[l,5-alpyridines from 
3 N-aminoazonium salts and substituted acetonitriles2 or 1,3-dicarbonyl compounds , 

4 and [1,2,4]triazolo[l,5-alpyridines from N-amino-2-pyridones and nitriles . 
The synthesis of fused heterocycles which contain the pyrarolo or [1,2.4ltriazolo 
moiety has continued to attract interest because of their biological activity . 
Synthesis of pyrazolo[1,5-alpyridines involve reactions of N-aminopyridinium 

salts with 1.3-dicarbonyl c ~ m ~ o u n d s ~ ' ~ ,  acylating agents7-', or activated 

acetylenic bonds 1°-14, and of alkylidenedihydropyridines15'16. [1,2,4]Triazolo- 

[1,5-alpyridines have been synthesized from 2-aminopyridines by reaction with 

r~itrlles"-~~ or hydroxylamine derlvatives20-22. 

We now describe new general methc~ds for the preparation of some derivatives of 

the pyrazolo(l.5-alpyridine and [1,2,4]triazolo[l,5-alpyridine ring systems. Our 

approach for the preparation of p1rrazolo[1,5-alpyridines is based on the reaction 

Of the appropriate N-aminoheterocycle, which is conveniently functionalized by a 

thiocarbonyl and an amino group in the two adjacent positions to the endocyclic 

nitrogen atom, with o-halocarbonyl compounds to give fused [1,3,4]thiadiazine 

derivatives which lead to the desired fused pyrazoles by ring contraction. 

Preparation of [1,2,4] triazolo [:L,5-alpyridines is achieved by reaction of 

N-aminoheterocycles with nitriles under acid catalysis. 
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Pyrazolo [l,5-alpyridines 

1,6-Diaminopyridine-2-thiones I&! and l&), themselves readily available from 

hydrazine and 6-amino-5-ethoxycarbonyl-4-phenylthiopyran-2-thione or 6-amino-5- 

cyano-3.4-tetramethylenethiopyran-2-thione respectively23, react with phenacyl 

bromides or o-bromopropiophenone in ethanol at reflux temperature for 10 h to gi- 

ve the pyrido [2,1-b][l, 3.41 thiadiazinium bromides 12) as yellow crystals in mode- 

rate to good yields 151-74%) (Table 11. In compounds ( ~ ) , l ~ ) , l ~ ) , l Z f l  and 

1%). the S-CH2- group appears as a singlet at6 4.2-4.4 ppm, whereas in compounds 

I*) and ( g )  the methyl group at position 2 appears at6 1.6 ppm as a doublet and 

the methine proton appears at 6 4.8-5.7 ppm as a quartet. The most characteristic 

peaks in the mass spectra are due to the fragments [ Ar-CN] and [M+-HB~-SI .which 

is the base peak. 

When ethanollc solutions of compounds ( ~ ) , 1 ~ ) , 1 ~ ) , 1 2 f )  and (9) are refluxed 
in the presence of triethylamine for 15 min, these compounds undergo 

ring-contraction to give the cor:cesponding pyrazolo[l,5-alpyridines 1 )  in good 

yield. However, under similar conditions, compounds (g) and ( g )  undergo sulphur 

extrusion to give (4). We believe that the conversion of the bicyclic salts (2) 

into the corresponding pyrazolo[l,5-a]pyridine (1) or (4) is similar to for the 
2 4 base- catalyzed rearrangement of 6H-[1,3,4]thiadiazines into pyrazoles. . 

The bicyclic salts (2) in basic medium yield the heteroaromatic betaines and 
4 their valence isomers with the thiirane ring. In the case of R =H,desulfurization 

4 occurs predominantly to give (A), however, when R #H the pyrazolo[l,5-alpyridines 

(2) are isolated. The 'H-nmr of compounds (4) show a signal due to the methyl 

group at 6 2.4 ppm as a singlet. The mass spectra of compounds (21 show the 
+ expected molecular ion and fragments at [ M  -321, as the base peak, and at m/z 

[Ar-CN]. In compounds 1%). the molecular ion is also the base peak. 



Table 1. Preparation of Pyrido[Z.l-b] [1,3,41thiadiazinium Bromides 2, and Pyrazolo[l,5-alpyridines 1 and 5.  

Entry RI R2 R~ R4 Rr mp(OC1 Yield 

COOEt C6H5 H 

COOEt C6H5 H 

COOEt C6H5 H 

COOEt C6H5 H 

CN -(CH2)4- 

CN -(CH2)4- 

CN -(CH214- 

COOEt C6H5 H 

COOEt C6H5 H 

COOEt C6H5 H 

CN -(CH214- 

CN -(CH2I4- 

COOEt C6H5 H 

CN -(CH214- 

Found 

C H N 

57.23 4.38 8.57 

55.18 4.23 8.43 

48.12 3.30 7.55 

61.57 4.25 7.70 

54.87 4.49 13.52 

44.89 3.25 11.72 

60.22 4.46 11.49 

65.67 5.13 10.15 

56.50 3.81 8.93 

72.34 4.78 9.15 

54.32 3.73 14.27 

72.60 5.17 14.12 

74.20 5.60 11.16 

75.39 5.86 18.46 

Molecular 

Formula 

C23H22BrN302S 

' ~ 3 ~ 2 2 ~ ~ ~ 3 ~ 3 ~  

C22H19Br2N302S 

C 28 H 24 BrN3O2S 

C19H19BrN4S 

C18H16Hr2N4S 

C24H21BrN4S 

C23H21N303S 

C22H18BrN302S 

C28H23N302S 

C18H15BrN4S 

C24H20N4S 

C23H21N302 

C 
19H18~4 

Required 

C H N 

57.03 4.58 8.67 

55.20 4.43 8.40 

48.11 3.49 7.65 

61.54 4.43 7.69 

54.94 4.61 13.49 

45.02 3.36 11.67 

60.38 4.43 11.73 

65.85 5.05 10.02 

56.42 3.87 8.97 

72.24 4.98 9.02 

54.14 3.79 14.03 

72.70 5.08 14.13 

74.37 5.70 11.31 

75.47 6.00 18.53 
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[I, 2.4 1Triazolo 11,s-a] pyridines 
The N-Aminoheterocycles (la) and ( E l ,  react with nitriles in the presence of hy- 
drogen chloride to give the corresponding [1,2,4]triazolo[1,5-a1pyridine-5-thio- 

nes (5) as yellow crystalline solids in moderate to good yields (55-82%) (Table 

2). The reaction is equally applicable for aromatic nitriles when the aromatic 

ring is substituted by either electron-donating or electron- withdrawing groups, 

as well as aliphatic nitriles. The N-aminopyridine-2-thiones (I1 and l-amino-4.6- 

diphenylpyridine-2-thione. exhibit stricking differences in their reactions 

toward nitriles, because the former leads to [1,2,4]triazolo[l,S-alpyridines (51, 

.whereas the latter leads to [1,3,4]thiadiazolo 13.2-alpyridinium saltsz5 (51. On 

the other hand, compound (=I reacts with ethyl orthoformate at 120PC for 12 h to 

give the [1,2,4]triazolo[l,5-alpyridine-5- thione ( G I  ( R ~  = HI in 71% yield. 

Compound (2) under similar reaction conditions leads to the N-ethoxymethylene 
amino derivative, however, attempts to cyclize into (5) failed. We believe that 

the conversion 1-5 involves addition of the N-amino group to the CzN triple 

bond to form the not isolated intermediate N-heteroarylamidlne which undergoes 
cyclizat~on followed by elimination of ammonia to glve (51. - 

Table 3. Spectral Data of Compounds 2,  2, 4 and 5. 

Compound Ir l ~ - ~ m r  MS 

NO (cm-') ( P P ~  m/z(%) 
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Table  3 (Continuation) 



Table 3 (Continuation) 
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Table 3 (Continuation) 

a Obtained as solutions in CDC13+1'FA, except for compounds (gIr(3a),(3c1 and ( 5 1  
6 which were obtained in CDC13, and (2&1 in DMSO-d . 

Recorded at 70 ev. 

EXPERIMENTAL 

Melting points were obtained on a Kofler hot-stage apparatus and are uncorrected. 

IT Spectra were run using NaCl plates on a Nicolet FT-5DX spectrophotometer in 

Nujol emulsions. '~-~mr spectra wsare obtained on a Varian EM-360A spectrometer at 

60 MHz. Mass spectra were recorded on a Hewlett-Packard 5993C spectrometer. 

Elemental analyses were performed with a Perkin-Elmer 240C instrument. 



General Procedure for the Formation of 6-Amino-3-aryl-ZA-pyrido[ 2,l-f 1 [ 1,3,41 
thiadiazin-3-ium Bromides ( Z ) .  To a well stirred solution of an appropriate 

1,6-diaminopyridine-2-thione (1) (2 mmol) in absolute ethanol (15 ml) ,the 

corresponding 0-bromocarbonyl compound (2 mmol) was added. The reaction mixture 

was stirred at reflux temperature for 10 h. After cooling, the precipitated solid 

was separated by filtration, and recrystallised from ethanol to give (2) as 

yellow prisms (see Table 1). 

General Procedure for the Formation of 7-Amino-2-arylpyrazolo[1,5-a] pyridines (1) 
and ( 4 ) .  To a solution of an appropriate 2~-pyrido f2.1-f ][I, 3,41 thiadiazinium - 
bromide (2) (2 mmol) in absolute ethanol (15 ml), triethylamine was added. The 

resultant solution was stirred at reflux temperature for 12 h. After cooling, the 

precipitated solid was separated by filtration, and recrystallised from ethanol 

to give ( 5 )  or (4) (see Table 1). 

General Procedure for the Formation of [1,Z,4]Triazolo[1,5-a]pyridine-5-thiones 

( 5 )  A stream of dry hydrogen chloride gas was passed through a solution of an 
appropriate nitrlle (2 mmol) in dry dioxan (10 ml) for 30 min.Then, a solution of 

the adequate 1.6-diaminopyridine-2-thione (1) (2 mmol) in the same solvent (10 

ml) was added. The stream of hydrogen chloride was continued for 1 h at room 

temperature. The resultant suspension was stirred at reflux temperature for 2 h. 

After cooling, the precipitated solid was separated by filtration, washed with 

cold ethanol, and recrystallised from ethanol-dichloromethane (1/1) to give (5 )  
(see Table 2). 

-1-4-phenylpyridine-2-thiones (2) 
Ethyl Orthoformate. A mixture of (2 mmol) and ethyl orthoformiate (10 ml) 

was heated in an oil bath at 120°C for 12 h. After cooling, the excess of ethyl 

orthoformiate was removed off under reduced pressure and the residual material 

was treated with cold methanol. The separated solid was filtered, dried and 

recrystallised from ethanol-dichloromethane (1/1) to give (2) as yellow prisms 
in 71% yield (see Table 2). 
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