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Thiazolo [4 ,5-b] -2-pyr idy lhydraz ine ,  which like 2-benzothiazolylhydrazine ,  undergoes auto-  
oxidation in ethanol solution to give a s y m m e t r i c a l  1 ,5 -b t s  ( th tazolo[4 ,5-b] -2-pyr idyl ) -3-  
me thy l fo rmazan ,  was synthesized.  A s y m m e t r i c a l  1 ,5 -d ihe ta ry l fo rmazans  were  obtained by 
autooxidative coupling of 2-hydraz inobenzoth iazole  with acetaldehyde th i azo lo [4 ,5 -b ] -2 -pyr -  
tdylhydrazone and 5 -n i t r o -2 -py r idy l  hydrazone.  Fo rmazans  containing a thiazolopyrtdine 
r ing have more  acidic cha rac t e r  than benzoth iazoly l formazans .  

Of the he te rocyc l ic  hydrazines  invest igated up to now, only 2-hydraztnobenz(naphth)azoles  have the 
abil i ty to undergo autooxidation to give 1 ,5 -d ihe ta ry l fo rmazans  [2-5]. It s e e m s  to us that the s e a r c h  fo rnew 
autooxidizing hydrazines  is most  p romis ing  in b i she te rocyc l i c  s y s t e m s  containing a 2-hydraz inoazole  
grouping. 

In the p r e s e n t  r e s e a r c h  we invest igated the autooxidtzing capaci ty  of thiazolo [4 ,5 -b] -2-pyr idy lhydra-  
zine (I) which was newly synthes ized  via the following scheme:  

IX 

X I 

The color of a solution of hydrazine I in ethanol changes f r o m  p a l e - r o s e  to deep-blue on standing in 
a i r  for s eve ra l  days,  and a c rys t a l l i ne  p rec ip i t a te ,  which was found to be 1,5-bis( thtazolo [4 ,5-b] -2-pyr idyl ) -  
3 -me thy l fo rmazan  (IV), is fo rmed.  Compound IV was also obtained by the method in [6] by autooxidative 
coupling of hydrazine I with acetaldehyde th iazo lo[4 ,5-b] -2-pyr idy lhydrazone  (III). Catalytic amounts of so -  
dium aceta te  acce l e ra t e  the autooxidation of th iazo lo[4 ,5-b] -2-pyr idy lhydraz ine  and 2-benzoth iazoly lhydra-  
zine (II). 

Using the autooxidative coupling method [6], we obtained both s y m m e t r i c a l  and a s y m m e t r i c a l  1 ,5-di-  
he taryl  fo rmazans  IV, VI, and VIII f r o m  hydrazines  I and II. Thus the autooxidative coupling of hydrazine 
II with hydrazone III gave 1-bcnzoth iazo ly l -5-  (thiazolo [4 ,5 -b ] -2 -py r idy l ) -3 -me thy l fo rmazan  (VI), whereas  
fo rmazan  VIII was synthes ized  by coupling of II with acetaldehyde 5 -n i t ro -2 -pyr idy lhydrazone  (VII). 

*See [1] for communicat ion  XXXVIII. 
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I X = N ;  II X=CH; IV I = Y = N ;  IV-Y1 
V X=Y=CH; VI X=CH, Y='N 

The e l ec t ron i c  s p e c t r a  and a c i d - b a s e  p r o p e r t i e s  of fo rmazans  IV-VI and VIII were  s tudied (Table 1). 
A r a t h e r  l a r g e  hypsochromtc  shift  in alcohol solut ions of HC1 (pH ~ 1) as c o m p a r e d  with alcohol  solut ions  
of NaOH (pH ~ 12) is obse rved  for alI  of the compounds.  In con t ras t  to IV-VI, the p r e v i o u s l y  de sc r ibed  [7] 
s y m m e t r i c a l  1 ,5 -d ibenz imidazo ly l fo rmazans  had app rox ima te ly  ident ical  absorp t ion  s p e c t r a  to these  pH 
values ,  and this  was explained by the i r  ampho te r i c  p r o p e r t i e s .  Thus IV-VI can be cons ide red  to be only 
weak acids  that  do not f o r m  hydroch lo r ides  with cyantne s t r u c t u r e s ,  inasmuch as the i r  absorp t ion  s p e c t r a  
in a lcohol ic  HC1 a r e  c lose  to the absorp t ion  s p e c t r a  in CC14, in which only the nonionized fo rm is p r e sen t .  

The ac id ic  ionizat ion constants  were  de t e rmined  by a s pe c t r opho t om e t r i c  method. All  of the f o r m a -  
zans have pica values ranging  f r o m  5 to 8, and they a r e  t he r e fo re  a l r e a d y  p a r t i a l l y  ionized in alcohol so lu -  
t ions ,  as a consequence of which the i r  a lcohol  solut ions  a r e  deeply co lored ,  and the i r  s p e c t r a  have diffuse 
c h a r a c t e r .  Rep lacement  of the benzothiazole  r e s i due  by a th iazolo[4 ,5-b]pyr id ine  r e s i d u e  at the n i t rogen  
a tom of the fo rmazan  chain leads  to an i n c r e a s e  in the ac id  p r o p e r t i e s  of the formazan .  The pK a values 
i nc rea se  in the o r d e r  V > VI > IV. 

E X P E R I M E N T A L  

The ionization constants in 50% alcohol-buffer solutions of the formazans (alkaline borate buffer) were 
measured by the method in [8] at the wavelength of alcoholic alkali. 

2-Amino-3-nltro-, 2-Amhlo-5-nitro- z 2-Hydroxy-3-nitro-, and 2-Hydroxy-5-nitropyridines. These 
eompo~ds were obtained by the method [n [9-11], respectively. 

Thiazolo[4,5-b]pyridine-2-thiol (IX)., A 2-g (16 mmole) sample of 2-chloro-3-nitropyrtdine [11] was 
added gradually to a refluxing solution of 2 g (35 mmole) of NaSH in 8 ml of H20, and the mixture was re- 
fluxed for 30 rain. A 6-g (26 mmole') sample of Na2S" 9H20 was then added in portions to the refluxing re- 
act ion mix ture  with s imul taneous  bubbling of hydrogen sulf ide through the solut ion for  2.5 h. The mix ture  
was then cooled,  1 g (17.5 mmole)  of NaSH and 4 mt (65 Inmole) of CS 2 were  added,  and the mixture  was r e -  
fluxed on a wate r  bath for  5-6 h. The r e a c t i o n  solut ion was then cooled and neu t r a l i z ed  to pH ~ 7 with ace t ic  
ac id ,  and the r e su l t ing  p r e c i p i t a t e  was r emoved  by f i l t r a t ion .  The product  was pu r i f i ed  by r e p r e c i p t t a t t o n  
f r o m  ammonium hydroxide solut ion by the addit ion of ace t ic  acid  to give a compound with mp 294 ~ (rap 294 ~ 

[12]). 

2-Methylthiothiazolo[4,5-b]pyridine (X). A 0.1-ml sample of 30% NaOH solution and I ml (10 mmole) 
of CH31 were added to an alcohol solution of 0.6 g (4 mmole) of thiol IX, and the mixture was refluxed for 
10 rain. The alcohol was then removed by distillation to give a product with mp 95 ~ (from alcohol) in 85% 
yield. Found: C 45.0; H 3.3; N 15.0%. CTH6N2S 2. Calculated: C 46.1; H 3.3; N 15.4%. 

Thiazolo[4,5-b]-2-pyridylhydrazine (1). A solution of 0.5 g (2.5 mmole) of X in 15 ml of isopropyl al- 
cohol was refluxed with 1 ml (30 mmole) of hydrazine hydrate for 1 h, after which the alcohol was removed 
by distillation to give white crystals with mp 24.6 ~ (sublimes, from 50% aqueous alcohol) in 65% yield. 
Found: C 43.4; H 3.8; S 19.0%. CsH6N4S. Calculated: C 43.4; H 3.6; S 19.3%. 

TABLE 1. 
zans 

C o m -  
pound  

IV 
v 

vI 
VIII 

Phys icochemica l  C h a r a c t e r i s t i c s  of the D the t a ry l fo rma-  

~max" nrfl 

CC14 

490 
500 
484 
450 

alcohol 

580.--610 
544 

570--610 
450--594 

alcoholic 
alkali 

598 
580 614 

590 
622 

alcoholic 
HCI 

490 
526 
480 
450 

pK~* 

4,96 
6,82 
5,59 
7,83 

*The pKa values were  m e a s u r e d  with an a c c u r a c y  of -~ 0.05. 
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Acetaldehyde Thiazo lo[4 ,5-b] -2-pyr idy lhydrazone  (III). Acetaldehyde (3 ml) was added to a solution 
of 0.62 g (3.5 mmole)  of hydraz ine  I in 30 ml of ethanol (the reac t ion  was exothermic) .  After  15 min,  the 
solution was cooled, and the alcohol was evapora ted  at 25-30 ~ to give a product  with mp 225 ~ ( f rom 50% 
aqueous alcohol) in 80% yield. Found: C 50.3; H 4.5; N 29.0%. CsHsNtS. Calculated: C 50.0; H 4.2; N 
29.2%. 

1,5-Bis (thtazolo[4,5-b]-2-pyridyl)-3-methylformazan (IV). A) A 0.3-g sample of sodium acetate was 
added to a hot alcohol solution of 0.8 g (4.4 mmole) of hydraztne I. After 5-7 days, the solution was acid~ 
ified with dilute acetic acid to pH ,~ 6, and the resulting dark-blue precipitate was removed by filtration to 
give a product with mp 251 ~ [dimethylformamide (DMF)] in 4(P/0 yield. 

13) Solutions of 0.5 g (27 mmole) of hydrazine I and 0.59 g (27 mmole) of hydrazone Ill in pyridine 
were mixed, and 0.3 g of sodium acetate was added. Formazan IV, with mp 251 ~ was isolated and purified 
as described in experiment A. Found: C 47.7; H 3.2; S 17.9%. C14HIoNsS 2. Calculated: C 47.4; H 2.8; S 
18.1% 

1- (Th tazo lo [4 ,5 -b ] -2 -py r idy l ) -3 -me thy l -5 - (2 -benzo th i azo ly l ) fo rmazan  (VI). This compound, with mp 
257 ~ [ D M F - w a t e r  (3 : 1)], was obtained in 55% yield f r o m  equivalent amounts of II and III by the method used 
to p r e p a r e  IV. Found: C 51.8; H 3.3; N 27.8%. CisHllNTS 2. Calculated: C 51.0; H 3.1; N 27.8%. 

Acetaldehyde 5 -Ni t ro -2 -py r idy lhydrazone  (VII). An alcohol solution of 0.3 g (19 mmole)  of 2 -h y d ra -  
z tno-5-n i t ropyr id ine  (XI) [13] and 2.2 ml  (40 mmole)  of acetaldehyde was heated for 10 rain, a f te r  which the 
ethanol was evapora ted  to give a product  with mp 265-266 ~ (alcohol) in 82% yield. Found: C 47.4; H 4.6%. 
CTHsN402. Calculated:  C 46.7; I-I 4.4%. 

1 - B e n z o t h i a z o l y l - 3 - m e t h y l - 5 - ( 5 - n i t r o - 2 - p y r i d y l ) f o r m a z a n  (VIII). A hot solution of 1 g (60 mmole)  of 
hydraz ine  II in [sopropyl  alcohol (45 ml) was added to asolut ion of 1 g (55 mole) of hydrazone VII in i so-  
propyl  alcohol (20 rnl), 0.2 g of sodium aceta te  was added, and the mixture  was al lowed to stand. After  5-7 
days,  the solution was acidif ied to pH 5-7 with dilute acet ic  acid to give a da rk -b rown prec ip i ta te .  Workup 
gave a product  with mp 237 ~ (nitromethane) in 60% yield. Found: C 50.1; H 3.3%. C14HllNTO 2. Calculated: 
C 49.7; H 3.3%. 
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