
T E  T R A Z O L E  D E R I V A T I V E S  

IX.* 1 - (5 -TETRAZOLYL)-3-PHE NYL-5-ARYLFORMAZANS 

WITH ELEC TRON-DONOR SUBSTITUENTS 

V.  P .  S h c h i p a n o v  a n d  G .  F ,  G r i g o r ' e v a  UDC 547.796.1'556.9 

A se r i e s  of 1 - (5 - t e t r azo ly l ) -3 -pheny l -5 -a ry l fo rmazans ,  which a r e  readi ly  oxidized to 
bright ly co lored  2 - (5 - t e t r azo ly l ) -3 -a ry l -5 -pheny l t e t r azo l ium betaines in alkaline media,  
a re  obtained by coupling of arenediazonium salts  containing s t rong e lec t ron-donor  groups 
with 5 - te t razo ly lhydrazones .  The formazans  fo rm deeply colored  complexes  with Ni 2+, 
Cu 2+, and Co 2+ sa l t s .  

To ascer ta in  the genera l  pr inciples  in the proper t ies  of formazans ,  it  s eemed  of in te res t  to synthes ize  
a s e r i e s  of compounds with s t rong e lec t ron-donor  subst i tuents .  
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Considerable  difficulties a re  always encountered in the prepara t ion  of formazans  containing e l ec t ron-  
donor groupings [2]. However,  the high reac t iv i ty  of benzaldehyde 5- te t razo ly lhydrazone  (I) in azo coupling 
wi th  arenediazonium sal ts  in aqueous alkaline media  makes it possible to obtain such compounds (II-V, 
Table 1) in high y ie lds .  The introduction of a s t rong  e lec t ron  donor into the t e t razo ly l fo rmazan  molecules  
changed the i r  p roper t ies  substantial ly:  the substances  became ex t r eme ly  sens i t ive  to the action of oxidizing 
agents,  pa r t i cu la r ly  in alkaline media,  in which formazans  III-V readi ly  undergo autooxidation. The oxida- 
tion of II proceeds  under  the influence of K3Fe(CN) s. 

Formazans  II-V have deep color  in the crys ta l l ine  s ta te  and in solution and a re  readi ly  soluble in aque- 
ous alkali with deepening of the co lor ,  Dissolving of II in 0.1 N sodium carbonate  solution leads to a con-  
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Fig. .1 .  UV s p e c t r a  of II at var ious solu-  
tion pH values:  1) pH 11.0; 2) pH 11.6; 3) 
pH 12.0; 4) pH 12.3. 

s iderable hypsochromic  shif t  of the absorpt ion maximum to 
387 nm; in more  alkaline media  (0.1 N NaOH), k m a x  is 480 
rim. The family  o~ curves  of the UV spec t r a  of formazan  II 
at d i f ferent  pH values p a s s e s  through an isopiest ic  point 
(Fig. 1); this makes i t  possible to conclude that equil ibrium 
between two forms - the monoanion and the dianion - exists 
in alkaline solution. 
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In con t ras t  to II, formazans  that contain s t ronge r  e l ec -  
t ron-donor  groups of the NH~ and N(CH3) 2 type absorb at 

* See [1] for  communicat ion VIII. 
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TABLE 1. 1 - ( 5 - T e t r a z o l y l ) - 3 - p h e n y l - 5 - a r y l f o r m a z a n s  (II-V) 

f~rnula I ] ' 1' [ [ complexes in' [~: 

I I  OCHa 156 C, gl4gs O 1 3 ~ t 9 s  , o-~,o t [~.~l ) 3 4 , 8 t  430 i (4..85)~ ] ,480,1 (4:59)387" 570 610 ]I640 ji96 

I I I  NHOH 188 ,, t, a or ,  ~,~t(:?iv2) ] (4h6~6)~1 (4/36) . " 
' . C H NO ~ o,~,l~]h',~ ' '  [ 472 I 490 560 615 640 72 

C H N /407 , , ,  I"J~-" I 496 I 436 560 456 1666 155 
14 w 9 , ~u,t "*Qo (4,66) (4,25) 

IV 200--202 C H N 1333 ~ ~  !44'.;~5_! 580 480 1684 t81 
"V N(CHz)s 135---136 .~6t~:Oh. b , co,,[(~77) ~(4,44, (4,26, [ / 

Note .  a w i t h  d e c o m p o s i t i o n ;  II,  III ,  and V w e r e  r e c r y s t a l l i z e d  f r o m  
e thanol ,  whi le  IV was  r e c r y s t a l l i z e d  f r o m  70% e thanol ,  bFound,  %: 
C 56.4;  H 5.7. Ca lcu la ted ,  %: C 56.7; H 6.1. 

TABLE 2. 
(Vl-X) 

C o m -  

p o u n d  

VI 
VII 

VIII 
IX 
X 

2 -  (5- T e t r  a z o l y l ) - 3 - a r y l -  5 - p h e n y l t e t r  az o l ium Be ta ines  

OCH3 
OH 
NH2 
N(CHs), 
NHCOCH3 

mp (dec.): 
deg 'C a ? 

188 
238 
230 
193 
213 

Empirical formula i foun~ -N" % - -  _ i Yield, %b 
! talc. i 

CIsH,,N80 34.7 
C14HIoNsO 37,0 
C,4HI,N9 41.6 
C16HI~N9 38,0 
CI6H18NgO �9 H20 c 34,0 

35,0 1 94 
i 36 ,6 !  72 
i 41,3 i 88 
t 37,8 94 
q 34,5 } - -  

I 

Note.  a c o m p o u n d s  VI,  IX, and X w e r e  r e c r y s t a l l i z e d  f r o m  ethanol ,  
whi le  VII  and VIII  w e r e  r e c r y s t a l l i z e d  f r o m  aqueous d i m e t h y l f o r m -  
a m i d e  (1 : 1). b B e t a i n e  VIII  was  ob ta ined  by  autooxidat ion ,  whi le  the 
r e m a i n i n g  be t a ine s  w e r e  ob ta ined  by m e a n s  of K3Fe(CN) 6. CFound, 
%: C 52.5; H 4.0 .  Ca lcu la t ed ,  %: C 52.5; H 4.1.  

TABLE 3. E l e c t r o n i c  S p e c t r a  of Be ta ines  VI -X  

Corn- Medium pound ~'ma$, n m  (lg ~} 

VI 

VII 

VIII 

IX 

X 

a 

c 
a 

b 
C 

a 

C 
a 
C 
a 
c 

235 (4,26), 250d('4~23), 345 (3,67) 
240 (4,34), 260 (4,40), 370 (3,92) 
240 (4,40), 350 (3,78), 485 (2,68) 
255 (4,46), 280d(4,24), 490 (4,43) 
245 (4.41), 360 (3,81) 
245 (4,42), 440 (3,98) 
250 (3,87) 
245 (4,37), 460 (4,10) 
247 (4,35) 
255 (4,73), 350 (3,98) 
257 (5,02), 350 (4,23) 

Note: aE thano l ,  b0.1 N a lcohol  so lu t ion  of 
NaOH. c 6 N HC1. dShou lder .  

m u c h  longe r  wave leng ths  (436 and 480 nm,  r e s p e c t i v e -  
ly) inNa2CO 3 so lu t ion .  We s u p p o s e  tha t  this is a c o n -  
s equence  of equa l i za t ion  of the e l e c t r o n - d o n o r  c h a r a c -  
t e r i s t i c s  of the subs t i t uen t s  a t t ached  to the 1 -N  and 
5 -N a t o m s ;  this l eads  to an i n c r e a s e  in the s y m m e t r y  
of the e l e c t r o n  dens i ty  on the f o r m a z a n  g roup ing .  
H y d r o x y  d e r i v a t i v e  HI, in which  the OH group  m a y  be  
ionized  in addi t ion to the t e t r a z o l e  r ing  under  these  
condi t ions ,  should  a l so  be  c o n s i d e r e d  f r o m  the se  s a m e  
pos i t i ons .  

F o r m a z a n s  I I -V r e a d i l y  f o r m  deep ly  c o l o r e d  
c o m p l e x e s  wi th  the ca t ions  of t r a n s i t i o n  m e t a l s ;  c o m -  
p lexing  of IV and V with Cu 2+ , a c c o m p a n i e d  by  an in-  
c r e a s e  in the c o l o r ,  s t ands  out s i gn i f i can t ly  in the 
e x a m i n e d  s e r i e s  of f o r m a z a n s  and m e t a l  c a t i ons .  

The t e t r a z o l i u m  s a l t s  (beta ines)  obta ined  by  oxidat ion of f o r m a z a n s  I I -V have  c o l o r s  f r o m  light  yel low 
(VI, VII) to in t ense  r e d  (IX) (Table  2).  This  d i s t ingu i shed  t h e m  f r o m  the c o l o r l e s s  t e t r a z o l i u m  b e t a i n e s  con -  
ta in ing  a c c e p t e r  o r  weak ly  donor  g roup ings  in the  phenyl  g roup  a t t ached  to 3 -N [1]. I t  should  be  noted tha t  
e x a m p l e s  of b r igh t ly  c o l o r e d  s a l t s  [3,4] and be t a ines  [5,6] a r e  known among  t e t r a z o l i u m  s a l t s  tha t  a r e  d e -  
r i v a t i v e s  of a r y l -  and h e t a r y l f o r m a z a n s ,  m o s t  of which  a r e  c o l o r l e s s  o r  p a l e - y e l l o w ;  excep t  for  [6], the 
r e a s o n s  f o r  the c o l o r  of  the compounds  have  not been  e s t a b l i s h e d .  

In c o n t r a s t  to t e t r a z o l i u m  be t a ine s  wi th  a c c e p t e r  g roup ings ,  which  a r e  r e a d i l y  r e d u c e d  in a lka l ine  
m e d i a  [1], compounds  V I - X  a r e  e x t r e m e l y  r e s i s t a n t  to r educ t i on .  T h e i r  r e d u c t i o n  to a f o r m a z a n ,  the ap -  
p e a r a n c e  of which is de t ec t ed  f r o m  a pos i t i ve  t e s t  f o r  complex ing  with COC12, o c c u r s  only  on hea t ing  in an 
a lka l ine  aqueous  a lcohol  so lu t ion  in the p r e s e n c e  of hydroqu inone .  
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Only one band at  250 nm (loge 4.4) is obse rved  in the e lec t ronic  s p e c t r a  of co lo r l e s s  t e t r azo l ium 
beta ines  [1] of the VI-IX type (R = H, CH3). In c o m p a r i s o n  with this ,  a band at 345-350 nm (Table 3) ap-  
pea rs  in the s p e c t r a  of beta ines  that  contain OH and OCH 3 groups;  absorpt ion  is obse rved  at s t i l l  longer  
wavelengths (440-460 nm) in compounds with NH 2 and N(CH3) 2 groupings .  

Heating betaine VIII in acet ic  anhydride gives  the cor responding  acyl de r iva t ive  (X), the second band 
in the UV s p e c t r u m  of which is shif ted to the s h o r t e r - w a v e  region (350 nm) as c o m p a r e d  with s t a r t ing  VIII .  
Dissolving of be ta ines  VIII and IX in concent ra ted  mine ra l  acids deco lor izes  them and leads to the d isap-  
pea rance  of the long-wave band; this is apparent ly  due to protonat ion at the amino group.  In acidic media,  
the long-wave band in the s p e c t r a  of VI and VII undergoes a sma l l  ba thochromic  shif t .  The ni t rogen a tom 
of the f e t r azo l ium ring is p robab ly  protonated in this ca se  to give the normal  t e t r azo l ium sa l t  A. In the 
case  of protonat ion at the oxygen atom, one should have expected  the d i sappearance  of this band. S imi la r  
behavior  in acidic media  is also c h a r a c t e r i s t i c  for  beta ine  X.  The s t a r t ing  co lored  sa l t s  a re  i so la ted  un-  
changed when solutions of VI-X in acid a re  diluted with wa te r .  

Dissolv ing of betaine VII in aqueous or  alcoholic alkal i  leads to a sha rp  deepening of the co lor  (h max 
490 nm) with a cons iderab le  i nc r ea s e  in the extinction.  If one cons iders  that betaine VII in neut ra l  alcohol 
solution displays  weak absorpt ion  in the s a m e  region (485 nm), the connection between this band and the 
ionized hydroxyl  group is obvious.  It  might  be  a s sumed  that  the long-wave band in the s p e c t r a  of VI-X is 
due to a t r ans i t ion  of the l --* au type, which is usual ly  displayed when an e l ec t ron-donor  subst i tuent  con-  
taining unshared  pa i r s  of e lec t rons  is int roduced [7]. However ,  additional s tudies  a r e  n e c e s s a r y  to d i s -  
cove r  the nature  of this phenomenon in the ca se  of co lored  t e t r azo l ium sa l t s .  

~ X P ~ R I M ~ N T A L  * 

The UV s p e c t r a  were  r eco rded  with SF-4A and SF-10 s p e c t r o p h o t o m e t e r s .  The IR s p e c t r a  of KBr  
pel le ts  of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  

Method for  the Recording of the UV Spect ra  at Dif ferent  Solution pH Values .  A solution of fo rmazan  
II (3 23 �9 10 'z~ M) in 0.1 N Na2CO 3 was t i t r a ted  with a 1 N NaOH s o l u t i o n a t  20 ~ during which the pH of the 
solut ion was de te rmined  with an LPM-60M t i t r o m e t e r .  Samples  for  spec t ropho tome t ry  were  se lec ted  at 
definite solut ion pH va lues .  

1 - (5 -Te t r az~  (II) (Table 1). A diazonium sa l t  solution ob- 
tained f rom 1.2 g (0.01 mole) of p-anis id ine ,  2.6 ml  of concent ra ted  hydrochlor ic  acid, 40 ml of water ,  and 
0.7 g of NaNO 2 in 8 ml  of wate r ,  was added at 0-2 ~ to a solution of 1.88 g (0.01 mole) of hydrazone  I in 100 
ml of 1.6~ NaOH, a f t e r  which the mix tu re  was f i l te red,  and the f i l t ra te  was acidified with 10 ml of acet ic  
acid to give 3.1 g of d a r k - c h e r r y - r e d  prec ip i ta te  of fo rmazan  II. Compound V (Table 1) was s i m i l a r l y  ob-  
tained.  

! -_ (5 -Te t razo ly l ) -3 -pheny l -5 - (p -hydroxypheny l ) fo rmazan  (III) and 2 - ( 5 - T e t r a z o l y l ) - 3 - ( p - h y d r o x y -  
pheny l ) -5 -pheny l te t razo l ium Betaine (VII) (Tables 1 and 2). Coupling of a diazonium sa l t  solution o b t a i n e d  
f rom p-aminophenol  hydrochlor ide  with hydrazone  I under  the conditions of the preceding synthesis  gave 
2.65 g of a product  f rom which 2.2 g of fo rmazan  III (fine r ed -b rown  p r i sms)  and 0.25 g of betaine VII (light- 
yellow needles,  only s l ight ly  soluble in ethanol) were  isola ted by f rac t iona l  c rys ta l l i za t ion .  

1-  !5- Te t r  az o ly l ) -3-phenyl -  5- (p-aminophenyl)  f o rmazan  (IV) and 2-  (5- Tetrazolyl)  - 3 -  (p-aminophenyl)-  
5 -phenyl te t razo l ium Betaine (VIII) (Tables 1 and 2). A solution of 0.69 g of NaNO 2 in 8 ml Of wa te r  was -- 
added at 6-8 ~ to a solut ion of 1.08 g (0.01 mole) of p-phenylenediamine  in 3 ml  of concent ra ted  hydrochlor ic  
acid and 30 ml of wa te r .  The diazonium solution was added at 0-2 ~ to 1.88 g o f h y d r a z o n e I i n  100 ml  of 1.6~c 
NaOH, and the prec ip i ta ted  VIII was s e p a r a t e d  (0.52 g of light ye l low-orange  needles) .  The f i l t ra te  was 
acidified with acet ic  acid to give 1.68 g of fo rmazan  IV (dark-brown plates) .-  IR s p e c t r u m  (cm-l) :  IV rNH 
3380 s,  3320 s,  3190 m,  5NH 1630 s ,  rC=N,N=N [8, 9] 1605 s,  ~[520 m,  1450 w, 1355 m, ~C-N [9] 1310 s,  
1240 m,  1150 s ;  v ibra t ions  of the t e t razo le  r ing [8, 10] at 1080 m ,  1020 m, 990 m,  845 m, 780 w, 700 w; 
VIII  ~NI/3400 s ,  3340 m,  3220 m,  5NH 1650 m, VC=N,N= N [8, 11] 1530 m,  1515 m, 1490 w, 1460 m,  1415 w, 
1390 w, 1355 m,  YC-N [11] 1270 w, 1175 m, 1150 m; v ibra t ions  of the t e t r azo le  r ing [8-11] at 1010 w, 990 
m,  840 m,  785w,  720 w, 690 w. 

2 - - - (5-Te t raz~  Betaine (IX) (Table 2). A solut ion 
of 0.5 g of f o r m a z a n  V in 50 ml  of 1 N NaOH was allowed to stand in  a Pe t r i  dish overnight .  The resu l t ing  

* With the par t ic ipa t ion  of M. A. K u r m a e v a .  
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precipitate was removed by filtration to give 0.45 g (9.2%) of betaine IX with mp 193 ~ (dec.) (bright-red 
needles from alcohol). Formazans III and IV were similarly oxidized. 

2-(5-Tetrazolyl)-3-(p-methoxyphenyl)-5-phenyltetrazolium Betaine (VI) (Table 2). A solution of 1.65 
g (5 mmole) of K~Fe(CN) 6 in 10 ml of water was added to a solution of 0.8 g (2.5 mmole) of formazan II in 
50 ml of 1 N NaOH, and the precipitate was removed by filtration and washed with water and alcohol to give 
0.75 g of betaine VI (pale-yellow needles from alcohol). Compounds IX and VII (Table 2) were s imilar ly 
obtained. To isolate betaine VII, the reaction mixture was acidified with concentrated hydrochloric acid. 

2-!5-Tetrazolyl)-3-(p-acetamidophenyl)-5-phenyltetrazolium Betaine (X) (Table 2). A 0.5-g sample 
�9 of betaine VIII in 10 ml of acetic anhydride was refluxed for 1 h, after which the solution was cooled, and 
the precipitated light-orange X was removed by filtration to give 0.32 g {56%) of yellow-orange needles. The 
product was only slightly soluble in alcohol and dimethylformamide. IR spectrum, ~, cm-l :  NH 3225 m, 
3120 m; C-~O 1710 s .  

1, 
2. 
3. 
4. 
5. 
6. 
7. 

8. 

9. 
10. 
I I .  
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