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1 -Ary l -3 -pheny l -5 -he ta ry l fo rmazans  undergo acid cleavage to give benzaldehyde hetarylhy-  
drazones ,  whereas  1-he ta ryI -3-phenyl -5- (4-n i t rophenyl ) formazans  undergo acid cleavage to 
give benzaldehyde 4-nitrophenylhydrazones.  1 -Ary l -3 -pheny l -5 - (6 -oxo-4 -methy l -2 -pyr imid iny l ) -  
formaz ans undergo cycliz ation to 1,2,4- tr iazolo [4,3-a]pyrtmidine derivat ives.  

The direct ion of the convers ion of formazans  in acidic media is determined by the nature of the substitu- 
ents attached to the 1-N and 5-N atoms of the formazan grouping. Thus 1 ,5-d iary l formazans  (which do not con- 
tain strong e l ec t ron -accep te r  groups) are  cycl ized in acidic media to 1,2,4-benzotr iazines (with phenazine as 
an impurity), during which an aromat ic  amine molecule is split out [1, 2]. In refluxing glacial acetic acid 
1 -acy l -3 ,5 -d ia ry l fo rmazans  are  converted to 2 ,5-d iary l te t razoles ,  and 1 ,3 -d ia ry l -5 -acy l fo rmazans  to 
2 ,5 -d ia ry l - l ,3 ,4 -oxad iazo les  [3], while l (5)-aryl-5(1}-phthalazinylformazans are  cyclized to 1 ,2 ,4- t r iazolo-  
[4,3-a]phthalazine der ivat ives  [4]. Splitting out of arylazo (acylazo} groups is observed in these  cases.  It 
was also established that all of the formazans  are  initially protonated in acidic media [5]; the salts  of 1,5- 
d ia ry l formazans  and of symmet r i ca l  d ihetaryl formazans  are  stable, whereas  the salts  of unsymmet r ica l  
he ta ry l formazans  are  unstable and undergo i r revers ib le  changes. 

In the presen t  r e s e a r c h  we investigated the behavior of some N-hetary l formazans  in acidic media. It is 
known that unsymmetr ica l  he t a ry l fo rmazans  [5], like unsymmetr ica l  1 ,5-d iary l formazans  [6-8], exist  in solu- 
tions in the tautomeric  form in which the hydrogen atom is localized near  the nitrogen atom of the formazan 
grouping that has a bet ter  e lec t ron-accep te r  substituent [9]. 
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I-IV a Het =2-benzothiazolyl; b Het = 2-quinazolyl; c Het = 6-met.hyl-4-methoxy-2- 
pyrimidinyl; Ill, IV d Het= 6-methyl-4-hydroxy-2-pyrimidinyl; V a R = H; b R = p-NO2; 
VII aR = H; bR = CH 3 

In conformity with this, 1- (4- to ly l ) -3-phenyl-5-hetaryl formazans  (la-c) split out a tosylazo group in re -  
fluxing alcoholic hydrochlor ic  acid solution to give the corresponding benzaldehyde hetarylhydrazones  (IIa-c). 
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TABLE I.  

Com- 
pound 

IIn 
lib 
l [c 

I Vi~ 
IVb 
IVc 
1Vd 
Vla 
Vtb 

VlIla 
Vlllb 

mp, ~ 

220 !s 
172 
15O 
188 ~'~ 
188 ~4 
189 ~4 
18714 
197 La 
19713 

>30() ~ 
> :300 ~ ~ 

products of Acid Cleavage of Formazans 

Found, % 

C l [ ?-: 

66,4 4,4 12,7 
70.3 5.0 - 
61,6 6,0 21.6 
64,8 4.6 --  
60, I 5,2 --  
60.5 4.8 -- 
60,6 4,9 .... 
73.9 5,5 16,3 
73.8 5.7 15.9 [ 
63,4 4,4 21,71 
63,-I -t.5 2-1,7 

Empirical Calc., % 
formula c ] I I  I x 

(hJtHN3S 
C1~I I~N4.1/,.,1120 
C~:;[I~N40. U.~H20 

C~3H~N30=,- H_,O 
C~aHuN:~O2.H~O 
C..g-f~sN~. I-I~O 
C2~HI~N4 "H20 

Cz2Ht,,N40 
Cl2Hl,,Ng) 

66,4 -t,3 12.6 
70,0 5,(/ - 
62,1 6,0 21.1 
64.71 4.5 ~ --- 
6~L2 5,0 l 
60,2 5,0 I - -  l 
50.2 5.0 - I  
73,2 5,2 IE2! 
73,2 5 9 16,2 
63,7 4' ,~ ',4,8/ 
63,7 124, i 

NIL ern - I  
{CC1;) 

3400 
3 II)(). 3-1till 
3t{/0, 3155 

3470 
%t70 

1740 Ic=o) 
174[) ~C=O) 

yield, 
~o 

35 
4(1 
,10 
30 
3(1 
30 
30 
35 
45 
80 
81) 

U n d e r  the s a m e  c o n d i t i o n s  1 - h e t a r y l - 3 - p h e n y l - 5 - ( 4 - n i t r o p h e n y l ) f o r m a z a n s  (IIIa-d)  s p l i t  out  a h e t a r y l a z o  g roup ,  
and b e n z a l d e h y d e  4 - n i t r o p h e n y l h y d r a z o n e  (IV) w a s  i s o l a t e d  in a l l  of  t h e s e  c a s e s .  

R e g a r d l e s s  of the n a t u r e  of the  s u b s t i t u e n t  in the a r y l  r e s i d u e  a t t a c h e d  to the N l - f o r m a z a n  g roup ing ,  
5 -  ( 1 - a l k y l - 2 - b e n z i m i d a z o l y l ) - 3 , 5 - d i a r y l f o r m a z a n s  e x i s t  p r i m a r i l y  in the  t a u t o m e r i c  imino  f o r m  wi th  a h y d r o -  
gen  a t o m  a t t a c h e d  to the h e t e r o r i n g  n i t r o g e n  a t o m  [5], i . e . ,  in the f o r m  of 1 - a r y l - 5 - y l i d e n e f o r m a z a n s  [10] 
( f o r m a z e n e s ) .  T h e s e  f o r m a z a n s  (Va,b) b e h a v e  l ike  f o r m a z a n s  I in a c i d i c  m e d i a  and u n d e r g o  c l e a v a g e  to b e n -  
z a l d e h y d e  1 - b e n z y l - 2 - b e n z i m i d a z o l y l h y d r a z o n e  (VI). Th is  is  e v i d e n t l y  e x p l a i n e d  by the c o m m o n  c h a r a c t e r  of  
the s t r u c t u r e s  of the p r o t o n a t e d  f o r m s  of f o r m a z a n s  I and V. 

1 - P h e n y l -  (VtIa) and 1 - ( 4 - t o l y l ) - 3 - p h e n y l - 5 -  ( 6 - o x o - 4 - m e t h y l - 2 - p y r i m i d i n y l ) f o r m a z a n s  {VIII)) b e h a v e  
d i f f e r e n t l y .  In th i s  c a s e  h y d r a z o n e  c y c l i z a t i o n  p r o d u c t s  VIII r a t h e r  than h y d r a z o n e s  a r e  i s o l a t e d .  

The s t r u c t u r e s  of V a - c ,  W ,  VI, and VIII  w e r e  c o n f i r m e d  by a l t e r n a t i v e  s y n t h e s e s .  The m e c h a n i s m  of the  
ac id  c l e a v a g e  of h e t a r y l f o r m a z a n s  to g i v e  h y d r a z o n e s  i s  not  su f f i c i e n t l y  c l e a r ,  but  i t  e v i d e n t l y  has  f e a t u r e s  in 
c o m m o n  wi th  the exchange  of the a r y l a z a  c o m p o n e n t  in the r e a c t i o n  of a r e n e d i a z o n i u m  s a l t s  w i th  f o r m a z a n s  
and wi th  p r o c e s s e s  tha t  l e a d  to the  f o r m a t i o n  of 1 , 5 " d i a r y l f o r m a z a n s  in the r e a c t i o n  of  h e t a r e n e d i a z o n i u m  s a l t s  
w i th  a l d e h y d e  a r y l h y d r a z o n e s  in a c i d i c  m e d i a  [11]. 

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

The IR s p e c t r a  w e r e  r e c o r d e d  wi th  a UR-20  s p e c t r o m e t e r .  The e l e c t r o n i c  s p e c t r a  w e r e  r e c o r d e d  wi th  an  
8 F - 1 8  s p e c t r o p h o t o m e t e r .  The i on i za t i on  c o n s t a n t s  w e r e  d e t e r m i n e d  by a s p e c t r o p h o t o m e t r i c  m e t h o d  [12]. 

A c i d  C l e a v a g e  of F o r m a z a n s  I a - c ,  ITIa_-d_, Va ,b ,  and VI Ia ,b .  A so lu t i on  of 2 m m o l e  of the f o r m a z a n  in 100 
ml  of e thano l  and  3 m l  of  c o n c e n t r a t e d  HCI o r  in 100 m l  of g l a c i a l  a c e t i c  a c i d  (in the c a s e  of VIIa,b)  w a s  r e -  
f luxed  unt i l  the s o l u t i o n s  b e c a m e  c o l o r l e s s  (20-30 rain) ,  a f t e r  which  the s o l v e n t  was  r e m o v e d ,  and the r e s i d u e  
w a s  s u s p e n d e d  in 20 mt of w a t e r .  The aqueous  s u s p e n s i o n  was  n e u t r a l i z e d  to pH ~ 7 wi th  2 N NaOH, and the 
r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i o n  and r e c r y s t a l l i z e d .  The c h a r a c t e r i s t i c s  of the c o m p o u n d s  o b -  
t a i n e d  a r e  p r e s e n t e d  in Tab le  1. No m e l t i n g - p o i n t  d e p r e s s i o n  w a s  o b s e r v e d  f o r  m i x t u r e s  of  the p r o d u c t s  wi th  
s a m p l e s  o b t a i n e d  by a l t e r n a t i v e  s y n t h e s i s .  

B e n z a l d e h v d e  6 -Me thoxy-4 -me thg ! l -2zp_y_r imid iny lhyd razone  (IIc). H y d r a z o n e  IIc [4.5 g (90%)], wi th  mp 
150~ [ e t h a n o l - w a t e r  (1 : t ) ]  and NH b a n d s  a t  3445 and 3350 c m  - i  (CC14) , w a s  ob t a ined  by hea t ing  a s o l u t i o n  of 
3 g of 6 - m e t h o x y - 4 - m e t h y l - 2 - p y r i m i d i n y l h y d r a z i n e  in 20 m l  of e t ha no l  wi th  2 g of b e n z a l d e h y d e  f o r  30 rain.  
Found :  C 64.5; H 6.0; N 23.2%. Ci3HI4N4G. C a l c u l a t e d :  C 64.5; H 5.8; N 23.1%. 

B e n z a l d e h y d e  2 - Q u i n a z o l y l  .hvdrazone (IIb). A 0 . 8 - m l  s a m p l e  of b e n z a l d e h y d e  w a s  a d d e d  to a s o l u t i o n  of  
0.9 g (5 m m o l e )  of  2 - q u i n a z o l y l h y d r a z i n e  in 20 m l  of e thano l ,  and  the m i x t u r e  was  r e f l u x e d  f o r  1.5 h. I t  was  
then c o o l e d  and w o r k e d  up to g i v e  1 g (80%) of h y d r a z o n e  l ib wi th  mp  173~ [ e t h a n o l - w a t e r  (1 : 1)] and  NH bands  
a t  3450 and 3355 c m  -1 (CC14). Found :  C 79.3; H 5.0, N 22.9%. CIsH12N 4. C a l c u l a t e d :  C 70.0; H 5.0; N 22.6%. 

l_._~-(2-Quinazolyl)-3__Epherffl-5-(4-nitrophenyl)formazan (IIIb). A s o l u t i o n  of 4 - n i t r o b e n z e n e d i a z o n i u m  
c h l o r i d e ,  p r e p a r e d  f r o m  0.5 g of 4 - n i t r o a n i l i n e ,  w a s  added  wi th  c oo l i ng  (to O-3~ and s t i r r i n g  to a s o l u t i o n  of 
1 g (4 m m o l e )  of  b e n z a l d e h y d e  2 - q u i n a z o l y t h y d r a z o n e  in 60 m l  of e thano l  and 15 m l  of  2 M NaOH. The p r e -  
c i p i t a t e  tha t  f o r m e d  a l m o s t  i m m e d i a t e l y  w a s  r e m o v e d  by f i l t r a t i o n  a f t e r  the m i x t u r e  w a s  a l l ow e d  to s t and  f o r  
2 -3  h. W o r k u p  gave  f o r m a z a n  1115 wi th  m p  188~ [ C H C l 3 - e t h a n o l  (1 : 1)] and an  NH band  a t  3330 c m  -1 (CC14) , 
and X m a  x 480 (ethanol)  and  590 nm (a lcohol  + Na0H) .  The p r o d u c t  had P K a  12.43 :~ 0.04. Found :  C 63.1; H 3.9; 
N 24.3%. C21HIsN~O2" C a l c u l a t e d :  C 63.4; H 3.8; N 24.7%. 
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1,3-Diphenyl-5%(2-quinazolyl)formazan. This compound, with mp 196-197~ (ethanol) and an NH band at 
3354 cm -1 (CC14), k m a  x 454 (ethanol) and 570 nm (alcohol + NaOH), and pK a 13.35 • 0.04, was obtained in 90% 
yield by the method used to p repare  fo rmazan  IIIb. Found: C 71.5; H 4.7; N 24.1%. C21HI6N6. Calculated: 
C 71.6; H 4.6; N 23.9%. 

1-(4-Tolyl) -3-phenyl-5-(2-quLaazolyl) formazan.  This compound, with mp 203~ (ethanol), an NH band at 
3356 cm -1 (CC14) , k m a  x 444 (ethanol) and 520 nm (ethanol + NaOH), and pK a 13.54 • 0.04, was obtained in 90% 
yield by the method used to p repare  formazan  IIIb. Found: C 72.1; H 5.1; N 23.1%. C22H18N 6. Calculated: 
C 72.1; H 4.9; N 22.9%. 
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H E T E R O C Y C L I C  N I T R O  C O M P O U N D S  

XXI.* KETONES OF THE 3-NITRO-5-R-1 ,2 ,4 -TRIAZOLE SERIES 

IN THE SCHMIDT REACTION 

T.  P .  K o f m a n ,  N. Y u .  M e d v e d e v a ,  
T.  L .  U s p e n s k a y a ,  a n d  M. S. P e v z n e r  

UDC 547.792.3 

Ketones of the 3 -n i t ro -5 -R-1 ,2 ,4 - t r i azo l e  ser ies  reac t  with hydrazoic  acid in concentrated 
sulfuric acid to give t r iazolyl-subst i tu ted acetamides.  Acid hydrolysis  of the lat ter  leads to 
1 -aminoa lky l -3 -n i t ro -5 -R-1 ,2 ,4 - t r i azo le s .  In t ramolecular  cyclization with the elimination 
of HNO 2 and the format ion of 2 -n i t ro -  5 ,6 -d ihydro- lH-  imidazo [2,3-b]- 1,2,4- t r iazole was 
noted in the case of 1- (2 ' -aminoethyl) -3 ,5-dini t ro-  1,2,4- tr iazole.  

The l i te ra ture  devoted to the Schmidt react ion contains no information on the react ion of hydrazoie acid 
with oxoalkyl derivatives of azoles.  The accessibi l i ty  of keto derivatives of 1 ,2 ,4- t r iazole  [1] makes it possible 
to fill this gap. 

The high aromat ic i ty  of the 1 ,2 ,4- t r iazole  ring, in conjunction with its considerable polari ty and the p r e s -  
ence of acceptor  substituents, determines the low basici t ies  of ketones of this ser ies .  Consequently, protonation 

See [1] for communicat ion XX. 
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