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Diazo t r i azo leca rboxy l i c  acid,  its methyl  e s t e r ,  and 3 -d i azon ium-5-n i t ropheny l t r i azo le s  have 
an internal  sa l t  s t ruc tu re .  3 - D i a z o n i u m - 5 - m e t h y l -  and - 5 - p h e n y l - l , 2 , 4 - t r i a z o l e s  have been 
isola ted as n i t r a t e s ,  p e r c h l o r a t e s ,  and f luorobora tes .  All the compounds ment ioned exis t  in 
s t rongly  acid media  as sa l t s  of the co r respond ing  acid with diazo cat ions,  but in weakly acid 
and neutra l  solutions they exis t  as zwi t te r ions ,  fo rmed  by el iminat ion of a proton f r o m  the 
imino ni t rogen of the he te rocyc le .  

Diazonium sa l t s  of the 1 ,2 ,4- t r iazo le  s e r i e s  have not been invest igated to any extent. 3 - A m i n o - l , 2 ,  
4 - t r i azo l e s  a re  r ead i ly  diazot ized in m i n e r a l  acids [1] to give solutions of the diazonium sa l t s ,  which un- 
dergo fu r the r  convers ion  into halo [2], n i t ro  [3], and other  1 ,2 ,4- t r iazo le  der iva t ives .  However  no t r i a z o l e -  
diazonium sa l t s ,  o ther  than d iazo t r i azo leca rboxy l i c  acid [2, 4], have been isolated in the sol id s ta te .  An in- 
t e rna l  d iazoacyla te  s t ruc tu re  has been ass igned [2] to this acid and its ethyl e s t e r  [2]. 

The a im of this work  was the p repa ra t ion  of some  t r i azo led iazon ium sa l t s  and the invest igat ion of 
the i r  s t ruc tu re .  

We expected  the p r e s e n c e  of the e lec t ronega t ive  diazonium group in the he te rocyc l ic  molecule  to 
r e su l t  in a cons iderab le  i nc r ea s e  in the mobi l i ty  of the imino ni t rogen,  and consequently lead to diazonium 
sa l t s  with a zwi t te r ion  s t r u c t u r e  {conversion f r o m  s t r u c t u r e  A to s t ruc tu re  B). 
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The fo rma t ion  of this type of diazo compound is seen pa r t i cu l a r l y  well in 3 -d i azopyrazo le  [5]. 

The method of diazot izat ion descr ibed  for  amino t r i azo leca rboxy l i c  acid and its ethyl e s t e r  [2, 4] 
p roved  unsuitable for  m -  and p -n i t ropheny lamino t r i azo le s ,  the la t te r  being poor ly  soluble in HCI. The 
method given in [6] was m o r e  convenient.  The b isd iazonium sal t  f r o m  3 , 3 ' - d i a m i n o b i s - l , 2 , 4 - t r i a z o l - 5 - y l  
was p r e p a r e d  in a s i m i l a r  manner .  Diazot izat ion of 3 - a m i n o - 5 - p h e n y l - l , 2 , 4 - t r i a z o l e  in f luorobor ic  or  
p e r c h l o r i c  acid r e su l t ed  in the ready  isolat ion of the cor responding  phenyl t r iazolediazonium f luorobora te  
or  pe r ch lo ra t e .  These  methods ,  however ,  p roved  unsui table  for  the p repa ra t ion  of the diazonium sal ts  
f r o m  3 - a m i n o - 5 - a l k y l - l , 2 , 4 - t r i a z o l e s  because  of the i r  high solubil i ty and low stabil i ty.  

The c rys ta l l ine  diazonium h i t ra te  f r o m  3 - a m i n o - 5 - m e t h y l - l , 2 , 4 - t r i a z o l e  was obtained by the action 
of ni t rogen oxides on an e ther  suspens ion  of the amine [7]. 

The s t r u c t u r e s  of the diazonium sa l t s  obtained were  conf i rmed  by the i r  e l e m e n t a r y  ana lyses ,  IR 
spec t r a ,  and by the i r  convers ion  into n i t ro  compounds by the method given in [3] (see table).  
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TABLE 1. Diazonium Salts of the 1 ,2 ,4-Tr iazole  Series 
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The high mechanical  and thermal  sensit ivity of the compounds prevented determinat ion of the rep's 
and, in some cases ,  the e lementary  analyses.  For  these compounds, the diazo nitrogen content was de- 
te rmined  by decomposit ion with sodium nitr i te  in aqueous solution, and by the tool. wt. 

The s t ruc tu res  of diazotriaz01ecarboxylic acid (I), its methyl  es te r  (II), and 3-d iazon ium-5-methy l -1 ,  
2 ,4- t r iazole  ni t rate  (III), were investigated by spect ra l  methods. In the IR spec t rum of III, the absorption 
band with a maximum at 2310 cm -1 [8] (Fig. 1) was assigned to the s tretching vibrations of the diazo group 
in the diazo cation (s tructure A). A ser ies  of bands of medium intensity in the 1560-1710-cm -1 region rep-  
resented the vibrations of the heterocycl ic  ring [9]. The wide, very  s t rong band at 1340-1410 cm -1 and the 
weak band at 830 cm -1 were attributed to the nitrate ion [10]. Thus, according to the e lementary  analyses 
methyl d iazot r iazolecarboxyla te  has the zwitterion s t ruc ture  (type B). This is confirmed by its IR spec-  
t rum,  which c lear ly  shows a shift of the s tretching vibration of the diazo group to 2240 cm -1, and a change 
in its shape ( a s imi la r  shift is observed in 3-d iazopyrazole  [5]). The appearance of a band at 1500 cm -1 
with a simultaneous reduction in the intensity of the band for the heterocycle  (1560-1630 cm -1) indicates a 
t r ans fe r  of the e lectron density in the r ing,  causing loss of the proton f rom the imino nitrogen to the ring. 
The presence  of an es te r  group in the spec t rum of II was shown by its charac te r i s t i c  absorption at 1740, 
1250, and 1050-1070 cm -1 [10]. 

Diazotr iazolecarboxyl ic  acid (I) also has the zwitterion s t ruc ture ,  but there are two forms in which 
its bipolar nature may exist  (see react ion scheme below): 1) Structure IB, in this case,  the IR spec t rum 
of the acid would be ve ry  s imi la r  to the spec t rum of the es ter  (curve II; or  2) s t ruc ture  I13, in this case ,  
the IR spec t rum of I would not contain an acid carbonyl  absorption band at 1690-1720 cm -1, but r a the r  a 
se r ies  of wide, s t rong bands at 1620-1550 and 1400 cm -1 due to the carboxylate ion [10]. We see f rom 
curve IB (Fig. 1) that the IR spec t rum of the acid I still  possesses  s t rong bands due to the un-ionized c a r -  
boxyl at 1710. 1250, and 1090 cm -1, and is very  s imi la r  to the spec t rum of the es te r  II both with respec t  to 
the vibration bands of the diazo group (2240 cm-l) ,  and also in the nature of the absorption curve as a whole. 
Crystal l ine diazotr iazolecarboxyl ic  acid, therefore ,  has the s t ruc ture  IB. 

The behavior of the acid I in media of differing pH values shows its capacity to undergo protonation. 
Thus, in weakly alkaline aqueous media,  absorption bands dueto un-ionized carboxyl  (1710 and 1250 cm -1) 
disappear f rom the IR spec t rum (curve IC, Fig. 1), and bands due to the carboxylate ion appear at 1620 
and 1340 cm -1, i .e. ,  s t ruc ture  IC is formed. In this case ,  the vibrations of the diazo group retain a value 
charac te r i s t i c  of bipolar ions, 2240 cm -1. 
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Fig. 1. IR spec t ra  of (I) d iazot r iazolecarboxyl ic  acid, (II) its m e t h y l e s -  
t e r ,  and (III) 3 -d i azon ium-5 -me thy l - l , 2 , 4 - t r i a zo l e  nitrate.  IB) Solid film 
of the diazo acid, IC) solution in NaOH-D20 (weakly acid medium, IA) 
solution in HC1Ot-H20 , II) solid film of the es te r ,  III) solid film of 3-  
diazonium- 5-methyl t r iazole  nitrate.  

Fig. 2. UV spec t ra  of (I) the diazo acid and (II) its methyl es te r  at v a r -  
ious pH values. I. 1) pH 6.8, 2) 4.2, 3) 1.4, 4) 0.8, 5) 35.0% H2SO4, 6) 
79.8% H2SO 4. II. 1) pH 1.4, 2) 6.2, 3) 28.3% H2SO4, 4) 79.8% H2SO 4. 

In s trongly acid aqueous media (perchloric acid solution), the prototropic  equilibrium is shifted in the 
direct ion of s t ruc ture  IA. The IR spec t rum of the diazo acid in perchlor ic  acid (curve IA, Fig 1) shows the 
p resence  of a s t rong band due to theun- ion izedca rboxy l ,  with a maximum at 1760 cm -1. The shift of the 
acid carbonyl  to higher  frequencies  (1760 cm-~), and the disappearance of the band at 1500 cm -1, indicate 
the protonation of the ring nitrogen atom, which was previously  bonded by the delocalized electron pair.  

The s t re tching frequency of the diazo group assumes  a value of 2310 cm -1, s imi l a r  to that of the 
vibrat ion of the diazo group in 3 -d i azon ium-5 -me thy l - l , 2 , 4 - t r i a zo l e  ni trate ,  i.e.,  s t ruc ture  A is formed. 
3 -D iazon ium-5 -me thy l - l , 2 , 4 - t r i a zo l e  ni t rate  in glycol solution, o r  in n i t romethane- t r i f luoroace t ic  acid, 
p r e s e r v e s  the same diazo cation s t ruc ture  as it has in the crys ta l l ine  state (s tructure A), but in aqueous 
solution, the diazo cation r ea r r anges  into a bipolar  ion, which undergoes fur ther  i r revers ib le  change. 

The UV spect ra l  data for I and II conf i rm the conclusions drawn f rom the examination of the IR spec-  
tra.  In s t rongly acid media (H 0 = - 7 ) ,  in which diazo cations of type IA are  present ,  I and II have absorp-  
tion maxima at 251 nm, log e 3.86 (curves I6 and II4, Fig. 2). With a reduction in the acidity, the amino 
nitrogen dissociates  and an internal diazonium salt of the type IB is formed. This is shown in the UV spec-  
t rum by a s t rong bathochromic shift of the absorption maximum to 281 nm (log e 3.99) for  I and 278 nm 
(log e 4.05) for  II (I, curves  3, 4, and 5, and II, curve 3). It is interest ing that a s imi l a r  s t rong bathochro-  
mic shift (by 40-50 nm) has been observed  by us in pass ing f rom undissociated n i t ro - l , 2 ,4 - t r i a zo l e s  to 
the i r  anions [11]. h fur ther  reduct ion in acidity does not cause any change in the spec t rum of the es ter  II, 
although the spec t rum of the diazo acid I shows an additional bathochromic shift of 10 nm (I, curves  1 and 
2) resul t ing f rom dissociat ion of the hydrogen of the carboxyl  group to give the unusual zwitterionic s t ruc -  
ture  having a t r iazole  r ing with an ionized carboxyl  group (IC). 
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The resul t s  obtained permi t  the formulation of a scheme for the prototropic conversions of diazotr ia-  
zolecarboxyl ic  acid f rom H 0 = - 7  to pH = 7 (see scheme on p. 654). 

It is noteworthy that the initial loss of a proton f rom LA is f r omthe  nitrogen he teroatom rather  than 
f rom the carboxyl  group, while in 3 - n i t r o - 5 - c a r b o x y l - l , 2 , 4 - t r i a z o l e ,  the r e v e r s e  is t rue [11]. This phe- 
nomenon apparently resul ts  f rom the higher stability of the mesomer i c  anion of the diazo acid IB compared 
with the analogous anion f rom 3 - n i t r o - 5 - c a r b o x y - l , 2 , 4 - t r i a z o l e .  

The resul ts  obtained also pe rmi t  the conclusion that the s t ruc tures  of  the diazonium salts in the 
t r iazole  se r ies  in the crysta l l ine  state depend on the electronegat ivi ty of the substituents in the 5-position 
of the ring. Thus, 5 -methyl -  and 5-phenyl-subst i tuted diazoniumtriazoles  exist in the crysta l l ine  state as 
normal  diazonium salts  (f luoroborates,  pe rch lora tes ,  and nitrates).  The introduction of a ni tro group into 
the phenyl nucleus leads to an increase  in the electronegat ivi ty  of the substituent,  which causes an increase  
in the lability of the he terocycl ic  imino hydrogen,  and 5-ni t rophenyldiazoniumtr iazoles  exist as internal 
sal ts  in the crys ta l l ine  state. 

EXPERIMENTAL 

Methyl Diazotr iazolecarboxylate  (II). To a solution of 1.42 g (0.01 mole) of methyl amino t r iazo lecar -  
boxylate [12] in 15 ml of 10% HCI was added at 0 ~ C 0.8 g of sodium nitr i te  in 10 ml of water.  The prec ip i -  
tate of the diazo compound was f i l tered off af ter  20 rain, and washed with alcohol and ether  to give 0.75 g 
(50%) of product.  

3 -Diazon ic -5 -pheny l - l , 2 ,4 - t r i azo le  F luorobora te  (and perchlorate)  {IV). To a solution of 1.6 g (0.01 
mole) of 3 - amino -5 -pheny l - l , 2 , 4 - t r i a zo l e  [13] in 15 ml of 15% HC1 was added at 0 ~ C a solution of 0.8 g of 
sodium nitr i te  in 5 ml of water.  The resul t ing diazo solution was f i l tered rapidly,  and to the solution was 
added at 0 ~ C 20 ml of 35% fluoroboric acid (or 20 ml of 50% perchlor ic  acid). The precipi tated diazonium 
salt  was f i l tered off to give 1.55 g (60%). The f luoroborate was purified by dissolution in ni t romethane and 
precipi tat ion at 0 ~ C by the addition of benzene. 

3 -Diazon ium-5- (p -n i t ropheny l ) - l ,2 ,4 - t r i azo le  (V). A 1.02-g (0.005 mole) quantity of 3 -amino-5 - (p -  
n i t rophenyl ) - l ,2 ,4 - t r i azo le  [13] in 15 ml of glacial  acetic acid was added to a solution of 0.8 g of sodium 
nitr i te  in 5 ml of conc H2SO 4 at 0 ~ C. After 20 rain, 10 ml of water  was added with cooling, the mixture was 
fi l tered,  and the f i l t rate  was diluted with 100 ml of water.  The precipi ta te  of the diazo compound was fil- 
t e red  off, and dr ied in a i r ,  to give 1.1 g (50%). The product  was purified by precipitat ion f rom conc H2SO 4 

with water. 

3-Diazonium- 5- (m-nitrophenyl)-  1 ,2 ,4- t r iazole  (VI) (yield 50 %), and 3,3-bis  diazoniumbistr iaz ol- 5-yl 
(VII) (yield 60%) were obtained in a s imi la r  manner.  

3 -D iazon ium-5 -me thy l - l , 2 , 4 - t r i a zo l e  Nitrate (III). Into a suspension of 0.98 g (0.01 mole) of 3 -amino-  
5 - m e t h y l - l , 2 , 4 - t r i a z o l e  [14] was passed at 0 ~ C for  3 h r  a s t r eam of ni trogen oxides obtained by decompos-  
ing sodium ni t r i te  with f e r r i c  sulfate in acid solution. The precipi ta te  was f i l tered off and washed with 
ether to give 1.2 g (70%) of product.  A small  amount (in view of its instability) of the diazonium salt was 
purified by reprecipi ta t ion f rom ni tromethane with ether  at 0 ~ C. 

Determination of Diazo Nitrogen. A weighed amount of the diazonium salt was introduced into a 5% 
solution of sodium nitr i te  (100 ml), which was kept at 50 ~ C in a closed thermos ta t ic  vesse l  fitted with a 
differential  manomete r  filled with xylene. 

The calculation was ca r r i ed  out using the following formula:  

% diazo nitrogen = 2800. P/aq, 

where P is the observed p r e s s u r e  of the xylene column in ram, a is the weight of the diazo compound in g, 
and q is a constant for the sys tem (pressure  in mm developed in the xylene column on introducing 1 mole 
of nitrogen). 
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