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Benzaldehyde 2 -methy l -5 - t e t r azo ly lhydrazone  was synthesized and conver ted  to a formazan,  
which undergoes methylation at the exocycl ic  ni trogen atom on reac t ion  with dimethyl sulfate.  
The reac t ion  product  undergoes cycl izat ion to the 1 - (2-methy l -5- te t razo ly l ) -3 ,5 -d iphenyl -  
leucoverdazyl  radica l  when it is heated. Tau tomer i sm due to location of the proton at the N(2 ) 
or  N{4 ) atom of the te t raz ine  ring is cha rac te r i s t i c  for  the v e r d a z y / r a d i c a l ,  according to the 
PMR spec t ra l  data. A verdazyl  radica l  was obtained by oxidation of the leucoverdazyl  radical .  

1 - (2-Methyl -5- te t razo ly l ) -3 ,5-d iphenyl formazan  (I) and verdazyl  radical  II a re  strong inhibitors of rad i -  
cal po lymer iza t ion  reac t ions  [2, 3]. The radical  can be used for  the quantitative determinat ion of the ra t es  and 
ra te  constants of initiation of radica l  polymer iza t ion  p r o c e s s e s  [3]. The prepara t ion  and p roper t i e s  of these 
compounds a re  d i scussed  in the p resen t  communicat ion.  

We obtained t r i azene  IV by diazotizat ion of 2 -me thy l -5 -amino te t r azo le  (III) by our  modification of the 
method in [4]. As compared  with d ia ry l t r i azenes  [5], which usually a re  yellow (X max 320-360 nm), t r iazene  
IV is co lor less  (kmax 295 nm). It is dist inguished by its high stabili ty when it is heated and by its ease  of r e -  
duction with stannous chloride in hydrochlor ic  acid.~ Hydrazine V, which is converted without isolation f rom 
the react ion mixture  to hydrazone VI, is fo rmed  in a lmost  quantitative yield as a resu l t  of the react ion.  The 
s a m e  compound can be obtained by methylat ion of benzaldehyde 5- te t razoly lhydrazone  (VII) with dimethyl sul- 
fate in a slightly alkaline medium, as a resu l t  of which a mixture  of i somers  VIII and VI in a rat io of 3 : 1 is 
formed.  As compared  with 1-methyl -subs t i tu ted  VIII, hydrazone VI is only slightly soluble in aqueous alkali; 
this is evidently due to the dec r ea se  in the acid p roper t i e s  on passing to the 2-methyl  i somer .  This is in 
agreement  with the acidity ra t io  in the 1- and 2 -me thy l -5 -acy lamido te t r azo le  se r ies ,  in which the 2 -methy l -  
substi tuted compounds a re  two o rde r s  of magnitude less acidic [7]. The synthesis  of fo rmazan  I by azo cou- 
pling of hydrazone VI with benzenediazonium chloride must  the re fore  be ca r r i ed  out in an alkaline aqueous alco- 
hol o r  d imethylformamide (DMF) medium, in cont ras t  to t e t r azo ly l -  or  1 -me thy l - t e t r azo ly l - fo rmazans ,  which 
are  readi ly  obtained in aqueous alkali  [8]. 

F o rma z a n  I gives methyl-subst i tu ted  IX when it is t r ea t ed  with dimethyl  sulfate in DMF in the p resence  
of sodium hydroxide.  It should be noted that in the case  of fo rmazans  containing a he te ror ing  attached to the 
N(1 ) atom that is capable of displaying amine- imine  t au tomer i sm,  methylat ion in alkaline media is rea l i zed  
e i ther  at the r ing ni t rogen atom (benzazolylformazans [9]) or ,  as in the case of N- (1 -methy l -5 - t e t r azo ly l ) -  
substi tuted formazan,  a mixture  of products  involving methylat ion in the ring or  at the exocycl ic  ni trogen 
atoms [8] is formed.  The s t ruc tu re  of methylat ion product  IX follows f ro m  its ability to undergo cyclizat ion 
to teucoverdazyl  radica l  X when it is heated (by refluxing in heptane). The methylat ion of fo rmazan  I p r ec i s e -  
ly at the exocycl ic  ni t rogen atom is in ag reement  with the inability of 2 -me thy l -5 -amino te t r azo le  and its de- 
r iva t ives  to exis t  in the imine fo rm [10]. Leucoverdazyl  radica l  X can be obtained by reac t ion  of formazan I 

* See [1] fo r  communicat ion XVIII. 
~Some d ihe ta ry l t r i azenes  (for example,  benzimidazolyl  compounds [6]) a r e  not reduced by tin salts  in hyd ro -  
chlor ic  acid even on prolDnged heating. 
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with formaldehyde  o r  pa ra fo rmaldehyde  in an alkaline aqueous alcohol medium.  1 ,3 -Dipheny l - l , 2 ,4 - t r i azo le  
(X-I) is s imi l taneous ly  obtained. We note that  the fo rma t ion  of s i m i l a r  t r i azo le  
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der iva t ives  as side products  was obse rved  in the synthes is  of t r i a r y l v e r d a z y l  r ad ica l s  by reac t ion  of the c o r -  
responding f o r m a z a n s  with formaldehyde  [11]. 

Doubling of the s ignals  of the methyl  and methylene groups  at 4.14, 4.19 and 5.12 and 5.19 ppm, r e s p e c -  
t ively,  is obse rved  in the PMR s p e c t r u m  of leucoverdazyl  r ad ica l  X in DMSO. This makes  it poss ib le  to 
a s s u m e  the exis tence  of two pro to t rop ic  t au tomer ic  f o r m s  (Xa and Xb) fo r  leucoverdazyl  rad ica l  X. 

In t e rmed ia te  p ic tu res  of the t rans i t ion  f r o m  the conditions of slow exchange between t au tomer s  Xa and 
Xb to conditions of rapid  exchange accompanied  by merg ing  of the cor responding  l ines of the CH 2 and CH 3 
groups  of both t au tomer i c  f o r m s  can be obse rved  upon success ive  acidif icat ion of a solution of a sample  in 
DMSO with acet ic  acid. The ra t io  of the in tensi t ies  of the s ignals  of the methylene protons  and the methyl  
protons  of each  of the t a u t o m e r s  shows that  approx imate ly  equal pe rcen tages  of them (48 and 52%) a re  presen t .  
One of the t a u t o m e r s  p redomina tes  in solution in deu te roch lo ro form.  The ra t io  of the intensi t ies  of the sing- 
lets  of the methylene protons  at 5.02 and 5.11 ppm and the methyl  protons  at 4.04 and 4.07 ppm co r r e sponds  to 
the pe rcen tages  of the t au tomer ic  f o r m s  (62 and 38%). Taking into account the data on the s t ruc tu re  of 1-(p-  
n i t rophenyl ) -3 ,5-d iphenyl leucoverdazyl  r ad ica l  [12], for  which it has  been es tab l i shed  that the hydrogen a tom 
is a t tached to the N0) a tom,  it may be a s s um e d  that the equi l ibr ium is shifted to favor  the Xa fo rm in deu- 
t e r o c h l o r o f o r m .  

Two bands at 3351 and 3320 cm -1 of approx imate ly  identical  intensity,  which can be ass igned  to the ab- 
sorpt ion  of the NH group of the leucoverdazyl  rad ica l  in the Xa and Xb fo rm,  a re  obse rved  in the IR spec t rum 
of X in the c rys ta l l ine  state.  On pass ing to solution in carbon t e t r ach lo r ide  or  ch lo ro fo rm the absorpt ion of the 
NH group is d isplayed in the f o r m  of a single band at 3361 and 3369 cm -1, r e spec t ive ly .  The absence  of split t ing 
of the NH band as com pa red  with the obse rved  doubling of the signal of this group in the PMR s p e c t r u m  is due 
to the close absorp t ion  of the NH bond of both f o r m s  in the IR spec t r a  of the solutions.  

When leuco base  X is oxidized with lead dioxide, it is conver ted  to ve rdazy l  rad ica l  IT. The ESR spec-  
t r u m  of the la t te r  in benzene (go 2.0034 -~ 0.0002) d isplays  the n ine-component  s t ruc tu re  c h a r a c t e r i s t i c  for  
ve rdazy l  rad ica l s .  Po lycrys ta l l ine  s amples  of r ad ica l  II display less  exchange contract ion of the ESR line than 
the 1- (1 -me thy l -5 - t e t r azo ly l ) -3 ,5 -d ipheny lve rdazy l  rad ica l  [8] (the width of the s inglet  is 3.4 and 2 . 7 0 e ,  r e -  
spect ively) .  

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

The e lec t ron ic  s p e c t r a  of the compounds were  r eco rded  with SF-4A and SF-10 spec t ropho tomete r s .  The 
IR s p e c t r a  of KBr pel le ts  (2 mg of the substance  in 800 mg of KBr) and solutions of the compounds in carbon 
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t e t r ach lo r ide  and ch lo ro fo rm (saturated solutions at cuvette widths of 5 and 2 cm,  respec t ive ly)  w e r e  r e c o r d -  
ed with a UR-20 s p e c t r o m e t e r .  The PMR s pec t r a  were  r eco rded  with a P e r k i n - E l m e r  R12B s p e c t r o m e t e r .  
The ESR s p e c t r a  w e r e  r eco rded  with an t~PR-3 s p e c t r o m e t e r .  The individuality of the compounds was m o n i -  
to red  by t h in - l aye r  ch romatography  (TLC) on Silufol UV-254; the R f  va lues  we re  p resen ted  fo r  a c h l o r o f o r m -  
acetone s y s t e m  (2 0 : 1). 

1 , 3 -B i s (2 -me thy l -5 - t e t r azo ly l ) t r i a zene  (IV). A solution of 3.45 g (0.05 mole) of sodium ni t r i te  in 30 ml  
of w a t e r  was  added dropwise  with v igorous  s t i r r ing  at 2-5~ to a solution of 9.9 g (0.i  mole) of 2 - m e t h y l - 5 -  
amino te t razo le  in 30 ml  of acet ic  acid, a f t e r  which the mix ture  was mainta ined at r oom t e m p e r a t u r e  fo r  24 h, 
cooled to 0-2~ and f i l t e red  to r em ove  the c o l o r l e s s  p rec ip i ta te .  The y ie ld  of the t r i a z e n e  was 8.5 g (81%). 
Success ive  r ec rys t a l l i z a t i on  f r o m  ethanol and w a t e r  gave a product  with mp 2 08~ [4] and R f  0.54 [chloro-  
f o r m - a c e t o n e  (1:1)].  UV s p e c t r u m  in ethanol,  •max (log ~): 245 (3.96)and 296 nm (4.38). IR spec t rum:  
3310, 3150, 3010 (VNH); 2930, 2870 (Vas and v s CH3) , 1600, 1475 (ring v [13, 14]); 1350 (5 s CH3); 1215 cm - |  
(very s t rong b road  band, v ib ra t ions  of the --N---~N--N----- grouping of the t r i a zene  r ing [15] and the he te ro r ing  
[13]). 

Benza ldehyde2-Methy l -5 - te t raz01y lhydrazone  (VI). A) An 8.15-g (0.039 mole) of t r i azene  1I was added 
with s t i r r i ng  to a solution of 22.6 g (0.1 mole) of SnC12 �9 2H20 in 250 ml  of concent ra ted  hydrochlor ic  acid, and 
the mix tu re  was mainta ined at 28-30~ fo r  1.5h. It was then f i l tered,  5 ml  (0.052 mole) of benzaldehyde was 
added to the f i l t r a te ,  and the mix tu re  was s t i r r e d  fo r  1 h. It  was  then f i l t e red  to give 7.5 g (95%) of product  
with mp 133-135~ (as la rge  co lo r l e s s  mul t i face ted  p r i s m s  f r o m  ethanol) and R f  0.17. UV spec t rum,  k max 
(log c): in ethanol 307 (4.37); in 1 M NaOH 360 (4.36); in 0.1 M NaOH 305 (3.97) and 356 nm (3.92) pa r t i a l  ioni-  
zat ion of the NH group.  IR spec t rum:  3250, 3100, 3056 (VNH); 2940, 2890 (CH3); 1620 (exocyclic C-----N group 
[16]); 1590 cm - I  (heteror ing v). Found: N 41.2%. CsHIoN 9, Calculated:  N 41.6%. 

B) An l l . 4 - m l  (0.12 mole) s ample  of d imethyl  sulfate was  added at  18~ to a solution of 18.8 g (0.1 mole) 
s ample  of benzaldehyde 5 - t e t r azo ly lhyd razone  (VII) in 300 ml  of 5% Na2CO 3 solution, and the mix ture  was 
s t i r r e d  at this  t e m p e r a t u r e  fo r  1 h. The resul t ing  prec ip i ta te  was  r emoved  by f i l t ra t ion,  and the product  was 
r e c r y s t a l l i z e d  f r o m  ethanol (12 ml  of ethanol pe r  g ram)  to give 9.1-10.9 g of benzaldehyde 1 - m e t h y l - 5 - t e t r a -  
zolylhydrazone (VIII) with mp 206~ (209 [17] and 206~ [16]). The f i l t r a te  was concent ra ted  to half its or iginal  
volume to p rec ip i t a te  an additional 2 .4-2.7 g of hydrazone  VIII (for an ove ra l l  y ie ld  of 57-67%); fu r the r  concen-  
t r a t ion  of the r e s idue  y ie lded  3.3-3.6 g (16-18%) of hydrazone  VL Recrys ta l l i za t ion  f r o m  ethanol (5 ml  pe r  
g ram)  gave a product  w i t hm p  133-134~ No mel t ing-poin t  dep res s ion  was  obse rved  fo r  a mix tu re  of this 
product  with a genuine sample .  

1 - (2 -Me thy l -5 - t e t r azo ly l ) -3 ,5 -d ipheny l fo rmazan  (I). A solution of a benzenediazoninm sal t ,  obtained 
f r o m  1 ml  (11 mmole)  of aniline,  2.4 ml  (28 mmole)  of concent ra ted  hydrochlor ide  acid,  30 ml of wate r ,  and 
0.76 g (11 mmole)  of NaNO 2 in 8 ml  of water ,  was  added at 0-2~ to a solution of 2.02 g (10 mmole)  of hydra-  
zone VI in 75 ml of DMF and 50 ml  of a 10% NaOH solution, and the mix ture  was mainta ined at room t e m p e r a -  
tu re  fo r  1.5 h. It was  then t r e a t ed  with 110 ml  of wate r ,  acidif ied to pH 2 with concentra ted  hydrochlor ic  acid, 
and worked up to give 2.72 g (89%) of d a r k - c l a r e t - c o l o r e d  needles  of f o r m a z a n  I with mp 132~ (from ethanol) 
Rf 0.48. UV spec t rum,  Xmax (log e): in ethanol 280 (4.28), 427 (4.07); in dioxane 275 (4.29), 430 (4.11); in 0.1 
M NaOH 257 (4.05), 462 nm (4.76). IR spec t rum:  1570 cm -1 (very s t rong,  C~-N). Found: N 36.6%. CisH14N 8. 
Calculated:  N 36.6%. Complexes  with t r ans i t ion  me ta l s  [~max in ethanol,  l igand-meta l  composi t ion de te rmined  
by the i s o m o l a r  s e r i e s  method,  and instabi l i ty constants  de te rmined  by the method in [18] in 72% ethanol in the 
p r e s e n c e  of a neu t ra l  (pH 7.0) am m on i um  ace ta te  buffer]:  Cu 2+ 584 nm, 2 : 3 ,  0.69 �9 10-7; Ni 2+ 566, 2 : 1 ,  13.0 �9 
10-7; Co 2+ 514, 2 : 1, 2.36 �9 10 -7. 

1 - M e t h y l - l - ( 2 - m e t h y l - 5 - t e t r a z o l y l ) - 3 , 5 - d i p h e n y l f o r m a z a n  (IX). A 6-g  (0.15 mole) sample  of NaOH was 
added to a solution of 1.6 g (5.2 mmole)  of f o r m a z a n  I in 60 ml  of DMF, and the mixture  was s t i r r e d  fo r  30 
min, a f t e r  which a solution of 15 ml  (0.16 mole) of dimethyl  sulfate in 15 ml  of DMF was added at 0-2~ After  
30 min at 0-2~ 60 ml  o f w a t e r  was added dropwise  in the course  of 1 h, and the l igh t -orange  prec ip i ta te  was 
r emoved  by f i l t ra t ion to give 1.5 g (90%) of f o r m a z a n  IX with mp 124-125~ (from acetone) and R f  0.44. UV 
spec t rum (in ethanol),  Xma x (log c): 244 (4.26), 275 (4.28), and 365 nm (4.69). IR spec t rum:  1560 cm -1 (vs, 
C----~N). Found: N 35.0%. C16H16N 8. Calculated:  N 35.0%. 

4 - ( 2 - M e t h y l - 5 - t e t r a z o l y l ) - 2 , 6 - d i p h e n y l - l , 2 , 3 , 4 - t e t r a h y d r o - s y m - t e t r a z i n e  (X). A) A solution" of 1.5 g 
(4.7 mmole)  of IX in 20 ml  of heptane was ref luxed fo r  1 h, a f t e r  which it was  cooled and f i l te red  to give 1.1 g 
(73%) of leucoverdazyl  r ad ica l  X with mp 160-161~ (color less  elongated p r i s m s  f r o m  ethanol) and R f  0.29. 
UV spec t rum (in ethanol), ~ m a x  (log c): 245 (4.30) and 305 nm (4.15). I R s p e e t r u m  3351, 3320 (NH); 1570 cm -1 
(vs, C~--N). PMR spec t rum,  5: in DMSO 4.14 s,  4,19 s (CH 3 in t a u t o m e r s  a and b); 5..12 s, 5.19 s (CH~); 7.22- 
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7.99 m (C6Hs); 9.05 s, 9.12 s (NH) with a ra t io  of the intensi t ies  of the doubled signals  of 1 : 1.07 (the more  in- 
t ense  band is  underl ined);  in CDCl~ 4.04 s, 4.07 s (CH3); 5.02 s,  511 s (CH2) , 6.49 s, 6.56 s (NH), and 
7.17-7.85 m (C6H 5) ppm with a ra t io  of the intensi t ies  of the doubled s ignals  of 1 : 1.65. Found: N 34.7%. 
C16H16N 8. Calcula ted N 35.0%. 

B) A 12-ml  (15 mmole)  sample  of 37% formal in  was added to a solution of 1 g {3.27 mmole)  of f o rmazan  
I in 160 ml of 5% NaOH solution and 40 ml of ethanol,  and the mix ture  was mainta ined at room t e m p e r a t u r e  
without a cce s s  to a i r  fo r  9 days (until it became  comple te ly  co lor less ) .  The prec ip i ta te  was sepa ra ted  (0.58 g) 
and t r ea t ed  with 4 ml  of hot ca rbon  t e t r ach lo r ide .  The solid was r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  
ethanol to give 0.18 g (17%) of l eucoverdazyl  r ad ica l  X, which was identical to the compound obtained by meth-  
od A with r e s p e c t  to the r e su l t s  of ch romatography  and the melt ing points and IR spec t r a .  The f i l t ra te  (CC14) 
was concentra ted ,  and the res idue  was washed with a smal l  amount of alcohol and r e c r y s t a l l i z e d  f r o m  heptane 
to give 0.1 g of 1 ,3 -d ipheny l - l , 2 ,4 - t r i a zo l e  (XI) with mp 80-81~ (82.5-83~ [19]). Found: N 18.6%. C14HllN 3. 
Calculated:  N 19.0%. Concentra t ion  of the reac t ion  solution to a volume of 60 ml gave an additional 0.05 g of XL 

1 - (2 -Methy l -5 - t e t r azo ly l ) -3 ,5 -d ipheny lve rdazy l  (II). A 5.5-g (23 mmole)  sample  of PbO 2 was added to a 
solution of 1.1 g (3.4 mmole)  of leucoverdazyl  r ad ica l  X in 60 ml of acetone,  and the mix ture  was shaken fo r  15 
min and f i l tered.  Concentra t ion of the f i l t ra te  gave a p rec ip i ta te ,  which was r e c r y s t a l l i z e d  f r o m  acetone to give 
0.4 g (40%) of a product  with mp 134-135~ (dark-green  p r i sms )  and R f  0.46. UV spec t rum (in benzene),  k m a x  
(log ~): 320 (3.90), 381 (3.89), and670 nm (3.52). IR spectrum: 1570 cm -i (vs, C-----N). Found: N 35.2%. 
CI6HI~N B. Calculated: N 35.1%. 
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