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P r e v i o u s l y  undesc r ibed  s y m - t e t r a z i n e  monoazides  were  synthes ized  in Order to study az ido-  
t e t r azo l e  t a u t o m e r i s m .  It  i s  shown that po la r  solvents  shift  the equi l ibr ium to favor  the 
fo rma t ion  of the t e t r azo le  f o r m .  The effect  of annelation on the e lec t ron ic  s t ruc tu re  of the 
s y m - t e t r a z i n e  r ing was examined  using the Htlckel MO method.  The r e su l t s  of the ca lcu la -  
t ion of the compara t ive  s tabi l i t ies  in the o rde r  pyridine < pyr idazine  < 1 ,2 ,4- t r iaz ine  < 
s y m - t e t r a z i n e  explain the pecu l ia r i t i es  of the azide ~ t e t r azo le  t au tomer ic  equi l ibr ium in 
the s y m - t e t r a z i n e  s e r i e s .  

In the cour se  of an inves t igat ion of the az ido- te t razo le  t r an s fo rma t ion  in a number  of a roma t i c  N- 
h e t e r o c y c l e s ,  it was of i n t e re s t  to study the s t r u c t u r e s  of s y m - t e t r a z i n e  azides .  The diazide of this h e r e t o -  
cycle  is  desc r ibed  as a compound which decomposes  explos ive ly  [2]. The IR spec t rum of this compound 
has  the absorp t ion  band of an azide group at 2130 c m  -1. The t e t r azo le  fo rm could not be detected.  

Using the recen t ly  desc r ibed  methods  for  the p repa ra t ion  of u n s y m m e t r i c a l l y  subst i tuted s y m -  
t e t r a z i n e s  [3, 4], we were  able to obtain the unt i l -now unknown s y m - t e t r a z i n e  monoazides  and study the e f -  
fect  of subst i tuents  on the az ido- t e t r azo le  equi l ibr ium.  The s ta r t ing  m a t e r i a l s  for  this were  3 - b r o m o - 6 -  
a r y l - s y m - t e t r a z i n e s  (Ia-d). These  compounds were  obtained by the reac t ion  of 1 - f o r m a m i d i n o - 3 - a r y l - 5 -  
t e t r a z o l y l f o r m a z a n s  with b romine  in acet ic  acid [3]. The b r o m o t e t r a z i n e s  were  conver ted  to hydraz ines  
by reac t ion  with hydraz ine  hydra te  in alcohol,  and the azides were  then iso la ted  by reac t ion  of the h y d r a z -  
ines with n i t rous  acid.  However ,  they were  also obtained by the d i rec t  reac t ion  of I with sodium azide in 
alcohol.  6 - M e t h y l - 3 - a z i d o - s y m - t e t r a z i n e  (IIIe) was a lso  synthes ized.  Fo r  this ,  3 - h y d r a z i n o - 6 - m e t h y l -  
s y m - t e t r a z i n e  [5] was obtained by hydraz ino lys i s  of 3 - a m i n o - 6 - m e t h y l - s y m - t e t r a z i n e  [4] and conver ted  to 
the azide by reac t ion  with ni t rous acid.  
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A study of the compounds by t h in - l aye r  ch roma tog raphy  (TLC) showed that IIIa  gives two spots on 
a luminum oxide (chloroform containing 0.5% methanol)  which are  phosphorescen t  in nea r -UV light: a red 
spot  with Rf  0.82 and a yellow spot with Rf  0.68. On standing for  24 h in light, the yellow spot again is  
conver t ed  to a red  spot .  Crys ta l l i za t ion  of IIIa f rom absolute alcohol gave a ch romatograph ica l ly  pure  red  
subs tance  with e m p i r i c a l  fo rmula  CsHsNT, the IR spec t rum of which contains a dist inct  group of bands in 
the azide region: 2139 (very sharp) ,  2180, and 2248 cm -1. This  made it poss ib le  to ass ign the azide fo rm 

* See [1] for  communica t ion  III .  
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Fig.  1. Absorpt ion spec t ra  of 3 -az ido -6 -  
pheny l - sym- te t raz ine  (IIIa) in dimethyl-  
formamide:  1) 5 rain after dissolving; 2) 
af ter  1 h; 3) after 2 h; 4) after  5 h (c 2 �9 
10 .3 M). 

(Irl) to the red substance.  In contras t  to the diazide, azides 
I I Ia-e ,  which are red substances,  do not explode on heating 
but only slowly decompose at the melting point. A preponder -  
ant amount of yellow substance remained in the mother  liquor 
f rom the crys ta l l iza t ion.  It could not be isolated in the 
chromatographica l ly  pure state even by preparat ive TLC be-  
cause of the ease of convers ion to the azide form even during 
elution from the plate with a solvent�9 The yellow az ide-con-  
taining substance,  which was isolated from the mother  liquor 
by chromatography,  had the same e lementa ry  composit ion 
(CsH5NT) as IIIa. This made it possible to assume the t e t r a z -  
ole form (IVa) for the yellow substance.  The data obtained at-  
test  to the higher stabili ty of the azide form and to its lower 
polar i ty  than is explained the large Rf value. The absorption 
maximum of IVa in alcohol (460 rim) coincides with ~max  of 
the previously  obtained analog of IVa, 6 -pheny l - sym- t r i azo lo -  
[4 ,3-b] -sym-te t raz ine  [460 nm (log e2.64)] [6]. At the same 
time, ~ m a x  for  IIIa is 535 rim, as compared  with 530 nm 
(log c 2.71) for la. 

A study of the effect of solvents on the azido-tetrazole 
equilibrium of llIa indicated that only one absorption peak of 
the azide form is detected in n-heptane,  viz.,  ~ max 545 nm 

(log e 2.77). For  Ilia in alcohol, the amount of the azide form,  calculated from a compar i son  of the optical 
densit ies and extinctions of both forms,  is ~50~; in benzene, pyridine, and dimethylformamide,  the azide 
content is ~60%, ~50%, and ~20~ respect ively .  For  IIIb, the amount of azide form in the above solvents is 
higher than for IIIa. These resul ts  indicate that the stabili ty of the azide form is higher  when acceptor  sub-  
stituents are present ;  polar  solvents promote  closing of the azide to te t razolo te t raz ine .  This sor t  of be-  
havior  of the azides in solvents of different polar i ty  could provide a reason to expect the appearance of an 
i sosbes t ic  point in the spec t ra .  However, because of the high lability of the n - -  ~ * t rans i t ion  of s y m -  
te t raz ine  under the influence of polar  agents, the isosbest ic  point in the visible region of the spec t rum is 
washed out, since an increase  in the amount of polar  solvent,  in addition to a shift in the equilibrium, also 
produces a hypsochromic  shift of the n --- ~ * t ransi t ion with ~max f rom 460 nm (alcohol) to 450 am (di- 
methyl formamide,  IIIa). The isosbest ic  point is also diffuse in the UV region of the spec t rum because of 
the super imposi t ion of the e lect ronic  t ransi t ions  of both forms.  A distinct isosbest ic  point in the spec t ra  of 
the visible region was obtained in a study of the az ide- te t razole  convers ion with t ime in one solvent.  Thus, 
for IIIa in d imethylformamide,  equil ibrium is established in 8 h, in the course  of which the maximum ac-  
cumulation of te t razole  form IVa (up to 80%) occurs  (Fig. 1). 

+0,010 +0,004 + 0,007 

-- 0,006 xf--0,006 

t I T-~176 

N3 --,248 '--~------N--0 130 

la I l l  a I V &  

669 



TABLE 1. Charge  (q) on N(2 ) in Azides of the 
Phenylaz  Ine Ser ies  

Compound q 

Ph N3 

N ~ N  

Ph--~N 8 

-0,108 

-0,146 
for (N(4) -0,177 

-0,150 

~0,212 

Quantum-chemica l  calcula t ions  of both fo rms  
(ilia and IVa) and of I a  and t e t raz ine  analogs were  
made  by the Hfickel MO LCAO method using P u l l m a n ' s  
p a r a m e t e r s  [7, 8] to obtain informat ion regard ing  the 
e lec t ron ic  s t r u c t u r e s  of the azide and t e t r azo le  f o r m s ,  
to study the re la t ive  s tabi l i t ies  of the azide fo rms  in a 
number  of azines  and s y m - t e t r a z i n e  analogs,  and to 
study the effect  of the nature  of the subst i tuent  on the 
az ide - t e t r azo le  equi l ibr ium.  

I t  is apparen t  f rom the calcula ted charge  d i s -  
t r ibut ion that the azide group,  being a m e s o m e r i c  donor,  
i n c r e a s e s  somewhat  the e lec t ron  densi ty  in the ortho 
and pa ra  posi t ions of the phenyl r ing,  as c o m p a r e d  
with unsubst i tuted C - p h e n y l - s y m - t e t r a z i n e ,  for  which 
the cha rges  on C(o), C(m), and C(p) a re  +0.016, 
-0.0005,  and +0.014. However ,  like halogen, the azide 
group cannot ove rcome  the accep te r  effect  of the s y m -  

t e t r az ine  ring: the e l ec t ron  densi ty  r em a i ns  higher  in the me ta  posi t ion of the phenyl r ing.  F r o m  a c o m -  
pa r i son  of the ch a rge s  of IIIa  and IVa it is apparent  that  the t e t razo le  fo rm (IVa) is  m o r e  of an accep tor  
than the azide fo rm with r e s p e c t  to i ts  own effect  on the phenyl r ing.  This probably  also affects  the dipole 
m o m e n t  which, judging f rom the Rf  values ,  is h igher  for  the t e t r azo l e  f o r m  than for  the azide fo rm {IIIa). 

I t  is  in te res t ing  that  C (3) in Ia and IIIa  have h igher  posi t ive  cha rges  than C (6) which, for  the azides of 
s y m - t e t r a z i n e ,  should lead to the poss ib i l i ty  of nucleophilic reac t ions  at this  carbon a tom,  as in the case  of 
Ia .  In fact ,  hydrolyt ic  c leavage  indicated that IIIa  is  des t royed  to fo rm benzalazine  VI. If  a t tack by the 
hydroxyl  ion p roceeds  at C (3), 6 - p h e n y l - s y m - t e t r a z i n - 3 - o n e  (V) should be fo rmed  in te rmed ia te ly  f rom the 
azide;  V was ,  in fact ,  obtained when the reac t ion  was c a r r i e d  out with po ta s s ium hydroxide in absolute a l -  
cohol.  * 

Calcula t ion of the azide f o r m s  of a n u m b e r o f  phenylazines  for  a study of the s tabi l i t ies  of the azide 
f o r m s  on r e p l a c e m e n t  of the r ing CH group by a ni t rogen atom indicated that the v - e l ec t ron  densi ty on N(2 ) 
d e c r e a s e s  in the case  of t rans i t ion  f rom the pyridine r ing to the s y m - t e t r a z i n e  r ing in the azides  (Table 1). 
Since N(2 ) is  conver ted  to the donor s ta te  with two e lec t rons  in the ~ s y s t e m  on convers ion  to the t e t r azo le  
during r ing closing,  the i nc rea se  in the e lec t ron  densi ty  on N(2 ) should reduce  the ene rgy  for  convers ion  to 
the t e t r azo le  fo rm and s tabi l ize  the t e t r azo l e s  or ,  on the other  hand, faci l i ta te  e lec t rophi l ic  at tack at N(2 ) 
by the t e rmina l  n i t rogen a tom of the azide group,  which has a low u - e l e c t r o n  densi ty.  This  is obse rved  for  
a number  of a romat i c  N-he t e rocyc l e s ,  in which the mos t  s table  fo rm in the case  of az ido- t e t r azo le  t au to -  
m e r i s m  is  the t e t r azo le  f o r m .  Thus,  according to spec t roscop ic  data,  t e t razo lopyr id ine  and i ts  amino and 
hydroxy de r iva t ives  do not have the azide s t ruc tu re  [9, 10]. The mos t  s table  fo rm of s y m - t e t r a z i n e  is the 
azide form,  as c o m p a r e d  with other  azine monoazides  with fewer  ni t rogen a toms .  

In va ry ing  the donor and accep te r  subst i tuents  in the phenyl r ing of I l ia ,  donor subst i tuents  should 
s tabi l ize  the t e t r azo le  f o r m  s o m e w h a t  more ;  as compa red  with acceptor  subst i tuents ,  the e lec t ron  densi ty  
on N(2 ) i n c r e a s e s  but r e m a i n s  lower  than in unsubst i tuted I l ia .  This  effect  is smal l  for  subst i tuents  in the 
p a r a  posi t ion and does not affect  the e lec t ron  density,  as compa red  with unsubst i tuted azide, in the case  of 
m e t a  subst i tuente .  Calcula t ions  indicate  that  the charge  on N(2 ) for  the p-CH2 +, p-CH2- , and m - C H  2- hypo-  
thet ical  subst i tuents  a re ,  r e spec t ive ly ,  -0.097,  -0 .107,  -0.108,  and -0 .108.  When the CH 2 group is connected 
d i rec t ly  to the t e t raz ine  ring, the e lec t ron  densi ty on N(2 ) is  somewhat  higher  for  donor subst i tuents  than in 
unsubst i tu ted az ides .  The ca lcu la ted  data a re  exper imen ta l ly  conf i rmed  for  s y m - t e t r a z i n e .  Thus,  the p e r -  
centage of t e t r a z o l e  f o r m s  in alcohol solut ions for  C1 and NO 2 in the p a r a  posi t ion (IHb, d) d e c r e a s e s .  (The 
e lec t ron  densi ty  on N(2 ) is  lower  than in the unsubst i tuted azide.) Donor subst i tuents  faci l i ta te  cycl iza t ion 
of the azides  to t e t r azo l e s l  Thus ,  s y m - t e t r a z i n e  diazide ex is t s  only in the azide form,  while p h e n y l - s y m -  
t e t r az ine  azide ex is t s  as about 50% of the t e t r azo le  f o r m  in alcohol.  

* Nueleophil ic  reac t ion  at C (8) occu r s  even during r ec rys t a l l i z a t i on  of the azides  f rom 96% alcohol,  and this 
r e su l t s  in the appearance  of V as an impur i ty .  
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The ca lcula t ions  indicate that there  is a sha rp  lowering of the energy  level  of the lower  antibonding 
orbi ta l  during annelation of the t e t r azo l e  r ing:  f rom c~ =-0 .5967f i for  IIIa to a = - 0 , 3 0 4 5 f l f o r  IVa, This  leads 
to an i n c r e a s e  in the f i r s t  ha l f -wave  potent ial  for  po larographic  reduct ion [11]. When the azides a re  r e -  
duced in d ime thy l fo rmamide ,  in which the pe rcen tage  of t e t razo le  fo rms  is a m a x i m u m  (~80%), it is ob-  
s e r v e d  that  El/2 is shif ted by 0.5 V toward  the posi t ive  side,  as c o m p a r e d  with El/~ of the nonannelated 
p h e n y l - s y m - t e t r a z i n e .  Thus,  E l ~ w a s  found to be -0 .45 V for  p h e n y l - s y m - t e t r a z i n e  in d imethy l fo rmamide ,  
as c o m p a r e d  with -0 .07  V, - 0 . 0 6 V ,  -0 .03 V, and -0 .025 V, r e spec t ive ly ,  for  IIIa,  IIIb, Hid, and IIIe .  It is 
in te res t ing  that E~/9 is -0 .03  V for  6 - p h e n y l - s y m - t r i a z o l o [ 4 , 3 - b ] - s y m - t e t r a z i n e  - an analog of IVa - which 
also con f i rms  that'Zthe inves t iga ted  azides  (IH) ex is t  in solution as the t au tomer i c  t e t r azo le  fo rm (IV). 

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

6 - P h e n y l - 3 - a z i d o - s y m - t e t r a z i n e  (IIIa). A. A solution of 0.09 g (1.30 mmole)  of sodium ni t r i te  in 5 
ml  of wa t e r  was added to a solution of 0.25 g (1.33 mmole)  of Ha in 200 ml  of 6 N HC1. The red,  f locculent 
p rec ip i t a te  that  f o rm ed  on standing was f i l t e red  and c ry s t a l l i z ed  f rom absolute a l c o h o l - b e n z e n e  (1 : 1) to 
give 0.2 g (76%) of a product  with m p  131 ~ (decomp.).  Found %: C 48.6; H 2.8; N 49.4. CsHsN 7. Calcula ted 
%: C 48.2; H 2.5; N 49.2. 

B. A solution of 0.1 g (1.54 mmole )  of sodium azide in 1 ml  of wa te r  was added to a solution of 0.35 g 
(1.48 mmole )  of 3 - b r o m o - 6 - p h e n y l - s y m - t e t r a z i n e  (Ia) in 10 ml  of hot alcohol,  and the mix tu re  was ref luxed 
for  5 rain to give 80% of a product  that  was quite soluble in benzene and somewhat  l e s s  soluble in alcohol.  

6 - ( m - N i t r o p h e n y l ) - 3 - a z i d o - s y m - t e t r a z i n e  (IIIc). This  was obtained in 75% yield by method B and had 
mp 149 ~ (decomp.) .  Found%:  N 4 5 . 6 .  CsH4NsO 2. Ca lcu la ted%:  N45 . 9 .  IR spec t rum:  2145 (s), 2238, 
2265, and 2317 cm - l .  

6 - ( p - C h l o r o p h e n y l ) - 3 - a z i d o - s y m - t e t r a z i n e  (IIIb). This  was obtained in 82% yield by method B and 
had mp  154 ~ IR s p e c t r u m :  2139 (s), 2226, and 2303 cm -1. Found %: N 42.4. CsH4NsC1. Calcula ted  %: 
N 42.0. 

6 - M e t h y l - 3 - a z i d o - s y m - t e t r a z i n e .  This  was obtained in 50% yield f rom 3 - h y d r a z i n o - 6 - m e t h y l - s y m -  
t e t r az ine  [5] and had mp 60 ~ (decomp.).  * IR spec t rum:  2142, 2154, 2225, and 2300 cm -1. 

6 - ( p - N i t r o p h e n y l ) - 3 - a z i d o - s y m - t e t r a z i n e  (Hid). This  was obtained in 80% yield by method A and had 
mp 159 ~ [from a l c o h o l - b e n z e n e  (5 : 1); explosive  decomposi t ion] .  IR spec t rum:  2145 (s), 2238, and 2317 
cin -1" �9 

Hydro lys i s  of I l ia .  A total  of 0.06 g (1.07 mmole )  of po tass ium hydroxide was added to 0.2 g (1.0 
mmole )  of IHa in 6 ml  of absolute alcohol,  and the mix tu re  was heated at 50 ~ for  15 rain, neu t ra l i zed  with 
hydrochlor ic  acid,  and the alcohol was vacuum dis t i l led  to give 0.1 g (57%) of 6 - p h e n y l - s y m - t e t r a z i n - 3 - o n e  
with m p  185 ~ Benzalazine w i t hm p  92-93 ~ was obtained in 81% yield by hydro lys i s  of HIa in aqueous alcohol 
under  the conditions desc r ibed  in [12]. 

The IR s p e c t r a  of m i ne ra l  oil suspens ions  were  obtained with a UR-20 s p e c t r o m e t e r .  
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* The compound decomposed  violent ly  during combust ion,  as a r e su l t  of which the ana lyses  for  ni t rogen gave 
high r e su l t s .  
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