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Depending on the na ture  of the he te ror ing  and the hydrazone,  a fo rmazan  or a he te ry lazopheny l -  
hydrazone a re  fo rmed  in the react ion of an a ry l  hydrazone with the diazonium sa l t  obtained 
f r o m  a he te rocycl ic  amine .  Dispropor t ionat ion to fo rm a t r iphenyl fo rmazan  is also poss ib le .  

One of the methods for  obtaining u n s y m m e t r i c a l  fo rmazans  that contain he te rocyc l ic  r e s idues  is coup-  
ling of a he te rocyc l ic  diazonium sal t  with an a ry l  hydrazone .  This  method was used to obtain f o r m a z a n s  
containing thiazolyl  [1] and benzothiazolyl  [2] r es idues ,  and, in the la t ter  ca se ,  benzaldehyde benzoth iazoly l -  
azophenylhydrazone was isolated along with the fo rmazan  on coupling with benzaldehyde phenylhydrazone,  

Since a cons iderab le  n u m b e r  of he te rocyc l ic  amines  a re  capable  of fo rming  diazoninm sal ts ,  it 
s e emed  of in te res t  to study the poss ib i l i ty  of obtaining u n s y m m e t r i c a l  fo rmazans  of the he te rocyc l i c  s e r i e s  
f r o m  the cor responding  he te rocyc l ic  amines .  Continuing our invest igat ions in this a rea ,  we es tab l i shed  
that ,  as in the case  of benzaldehyde phenylhydrazone,  a mix tu re  of subs tances ,  f rom which acetaldehyde 4-  
(6-methoxy-2-benzothiazolylazo)phenylhydrazone (IV) was isolated along with N- (6 -me thoxy -2 -benzo th i -  
a zo ly l ) -3 -me thy l -N ' " -pheny l fo rm azan  (HI), is fo rmed  in the reac t ion  of 6 -methoxy-2-benzo th iazo led iazon i -  
um sulfate  (I) with acetaldehyde phenylhydrazone (II). Compound IV, which is obtained owing to the in-  
c r e a s e d  e lec t rophi l ic i ty  of the diazonium sal t  (I), differs  f r o m  IH in that it is incapable of forming c o m -  
plexes with meta l  sa l t s  and gives the c h a r a c t e r i s t i c  blue color  assoc ia ted  with sa l t  format ion  and t rans i t ion  
to the quinoid f o r m  in acid media .  

An a t tempt  to obtain N- (4 -pheny l -2 - th iazo ly l ) -3 ,N" ' -d ipheny l fo rmazan  (V) by coupling 4 -pheny l -2 -  
th iazolediazonium sulfate (VI) with benzaldehyde phenylhydrazone (VII) r e su l t ed  in the format ion  of a m i x -  
tu re ,  f r o m  which only benzaldehyde 4-{4-phenyl-2- th iazolylazo)phenylhydrazone (VIII) could be isola ted.  
This conclusion is c o r r o b o r a t e d  by the abil i ty of VIH to give a blue color  in both acid and alkaline media ,  
toge ther  with the fact  that it r e m a i n s  unchanged on mixing with meta l  sa l t s .  In our opinion, the deepening 
of the color  in acidic and alkaline media  is a s soc ia ted  with the format ion  of ions of the quinoid type that 
a r e  s i m i l a r  in s t r u c t u r e .  Authentic V, obtained by the action of a benzenediazonitun sa l t  on benzaldehyde 
4-phenyl -2- th iazo ly lhydrazone  (IX), is m o r e  deeply colored than the i somer i c  VIII and read i ly  f o r m s  c o m -  
plexes  with meta l  sa l t s  in the cold.  

We also i so la ted  1 ,3 ,5 - t r iphenyl formazan  (XII) in addition to N-  (1 ,2 ,4 - t r i azo ly l -3 - ) -3 ,N ' " -d ipheny l -  
f o rmazan  (XI) in the reac t ion  with VII of diazonium sal t  X, obtained f r o m  3 - a m i n o - l , 2 , 4 - t r i a z o l e .  The r e -  
action of VH with t e t razo led iazonium sal t  (XIII) p roceeds  exclus ive ly  to favor  format ion  of XII. The m e c h -  
an ism of this unusual  t r ans fo rma t ion  apparent ly  cons is t s  in the init ial  format ion  of an azo ly ld iphenyl form-  
azan, which is unstable  in acid med ia  and is c leaved  to f o r m  a benzenediazonium salt ,  which also a t tacks  
the unchanged s ta r t ing  hydrazone (VII). 

It  is in te res t ing  to note that  both diazonium sa l t s  (X and XIII) f o rm N-  (1 ,2 ,4 - t r i azo ly l -3 - ) -  (XIV) and 
N-  ( t e t razo ly l -5 ) . -3 -methy l -N '" -phenyl fo rmazans  (XW), respec t ive ly ,  on react ion  with II.  Both f o r m a z a n s  
(XIV and XV) a re  l ight-yel low compounds that  give c h a r a c t e r i s t i c  deepening of the colora t ion in alkaline 
media  and f o r m  complexes  with Cu 2+ , Ni 2+ , and Co 2+ in alcohol solution.  
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E X P E R I M E N T A L  

N- (6-Methoxy-2-benzothiazolyl ) -3-methyl -N"-phenylformazan (iII) and Acetaldehyde 4-  (6-Methoxy- 
2-benzothiazolylazo)phenylhydrazone (IV). A solution of a diazonium salt  obtained f rom 0.72 g (4 mmole) of 
6-methoxy-2-aminobenzothiazole ,  15 ml of 60% H2SO4, and 0.28 g (4 mmole) of NaNO 2 in 10 ml of water  was 
added at 0 ~ to a solution of 0.54 g (4 mmole) of II in 40 ml of ethanol, and the mixture was s t i r red  for 15 
rain. The pH was brought up to 6-7 by the addition of 2 N NaOH, and the mixture was allowed to stand at 0 ~ 
for 24 h. The precipitate was removed by filtration, washed with water ,  and chromatographed with a co l -  
umn packed with aluminum oxide to give 0.33 g (25%) of III with mp 87-88 ~ Found: C 58.7; H 5.0; N 21.0Z. 
C16H15N5OS. Calculated: C 59.1; H 4.7; N 21.5%. kmax ,  nm:  in alcohol 438, in alcoholic alkali 526; c o m -  
plexes fin alcohol) with Zn 2+ 520, Cu 2+ 660, and Co 2+ 538. Subsequent elution yielded 0.26 g (20%) of IV 
with mp 69-70 ~ (red plates).  Found: C 59.4; H 4.9; N 21.8%. Ct6HIsN5OS. Calculated. C 59.1; H 4.7; N 
Zl.5%. 

Benzaldehyde 4-(4-Phenyl-2- thiazolylazo)phenylhydrazone (VIII). A solution of a diazonium salt ob- 
tained f rom 1.76 g (0.01 mole) of 4-phenyl-2-aminothiazole ,  0.69 g (0.01 mole) of NaNO2, and 10 ml of 60% 
H2SO 4 was added at 0 ~ to a solution of 1.96 g (0.01 mole) of benzaldehyde phenylhydrazone (VII) in 20 ml of 
dimethylformamide and 10 ml of pyridine, and the mixture was allowed to s t i r  for 15 rain. The pH was 
brought up to 3.5 by the addition of 2 N NaOH, and the mixture was allowed to stand at 0 ~ for 24 h. The 
mixture  was then diluted with water ,  and the result ing precipitate was removed by filtration, ch romato -  
graphed with a column filled with aluminum oxide, and crys ta l l ized  f rom chloroform to give 0.4 g (10%) of 
VIII with mp 229-230 ~ {green plates),  kmax ,  nm: in alcohol 516, in alcoholic alkali 640, in hydrochlor ic  
acid 650. Found: C 69.3; H 4.8; N 17.9%. C22H17NsS. Calculated: C 68.9; H 4.5; N 18.3e/c. 

?ff N-(4-Phenyl-2- th iazoly l ) -3 ,N -diphenylformazan (V). A diazonium salt solution obtained f rom 0.93 
ml (0.01 mole) of aniline and 0.69 g (0.01 mole) of NaNO 2 in 10 ml of 10% HC1 was added at 0 ~ to 2.8 g (0.01 
mole) of IX in 50 ml of dimethylformamide and 15 ml of pyridine.  The pH was brought up to 6 by the addi- 
tion of sodium acetate,  and the mixture allowed to stand at 0 ~ for 24 h. The mixture was diluted with water ,  
and the precipi tated V was removed by filtration to give 0.54 g (14%) of a compound with mp 166-168 ~ 
~aeedles f rom aqueous ethanol).k max, nm: in alcohol 578, complex (in alcohol ) with Cu 2+ 660, Ni 2+ 610. 
Found: C 68.6; H 4.5; N 17.8%. C22HITN5S. Calculated. C 68.9; H 4.5; N 18.3%. 

N-(1 ,2 ,4-Tr iazol -3-y l ) -3 ,N '" -d iphenyl formazan  (XI) and 1 ,3 ,5-Triphenylformazan (XII). A solution 
of X obtained from 0.84 g (0.01 mole) of 3 -amino- l , 2 ,4 - t r i azo l e  and 0.69 g (0.01 mole) of NaNO 2 in 10 ml 
of 60% H2SO 4 was added at 0 ~ to 1.96 g (0.01 mole) of VII in 75 ml of ethanol and 25 ml of pyridine.  The 
pH was brought up to 5 by the addition of sodium acetate,  and the mixture was allowed to stand at 0 ~ for 
24 h. The red react ion mass  was diluted with 200 ml of water ,  and the mixture was fi l tered.  Chromatog-  
raphy with a column packed with aluminum oxide with elution by ch loroform gave 0.6 g (21%) of XII with 
mp 173 ~ [3]. The second fraction yielded 0 .58g  (20%) of XI with mp 118-121 ~ k m a  x, nm= in alcohol 466, 
in alcoholic alkali 496, complex (in alcohol) with Cu 2+ 590, Ni 2+ 600, Co 2+ 640. Found: C 62.1; H 4.6; N 
33.2%. C15H13N 7. Calculated: C 61.8; H 4.5; N 33.7~c. 

Reaction of Tetrazolediazoninm Salt (XIII) with VII. A solution of XIII obtained f rom 0.425 g (5 
mmole) of aminotetrazole ,  12.5 ml of 30% H2SO4, and 3.5 ml (5 mmole) of 10% NaNO 2 solution was added 
at 0 ~ to 0.98 g (5 mmole) of VII in 40 ml of ethanol and 10 ml of pyridine.  Sodium acetate (8 g) was added 
to bring the pH up to 3.5, and the mixture was allowed to stand at 0 ~ for 24 h. Dilution with water  yielded 
0.25 g (l~c) of XII with mp 172-173 ~ 
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N - ( 1 , 2 , 4 - T r i a z o l y l - 3 ) - 3 - m e t h y l - N ' " - p h e n y l f o r m a z a n  (XIV). A solution of X obtained f rom 0.84 g 
(0.01 mole)  of aminot r iazo le  in 15 ml  of g lac ia l  acet ic  acid, 0.69 g (0.01 mole) of NaNO2, and 10 ml  of 60% 
H2SO 4 was added at 0 ~ to 1.34 g (0.01 mole) of II in 70 ml  of ethanol and 15 ml  of pyr idine.  The pH was 
brought  up to 5 by the addition of sodium aceta te ,  and the mix ture  was diluted with wa te r  a f ter  24 h to give 
1.14 g (40%) of l ight-yel low XIV with mp 215-218 ~ (pr isms f rom aqueous ethanol).  Xmax,  nm:  in alcoholic 
alkali  530, complex  (in alcohol) with Cu 2+ 570, Ni 2+ 410, 578, and Co 2+ 420, 630. Found: C 45.2; H 5.3; N 
36.6%. C10HIlN 7 �9 2H20. Calculated:  C 45.3; H 5.7; N 37.0%. 

N - ( 5 - T e t r a z o l y l ) - 3 - m e t h y l - N " ' - p h e n y l f o r m a z a n  (XV). The react ion of XIII with II was c a r r i e d  out 
the same way as with VII, and the yield of XV with mp 158-160 ~ (pr isms f rom alcohol) was 46% .X max,  nm:  
in alcohol 428, in alcoholic alkal i  510, complex  (in alcohol) with Cu 2+ 544, Ni 2+ 412, 570, and Co 2+ 420, 
640. Found: C 46.7; H 4.3; N 48.8%. CgHIoNs. Calculated:  C 47.0; H 4.4; N 48.7%. 
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