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The pK a and PKBH + values of a se r i e s  of 3 (5 ) -az ido- l ,2 ,4 - t r i azo!es  are  cor re la ted  with the 
~I and o- C constants  according to the equation pK = Pi(ri + PCcrC + PK0. The high PI values in 
both cases  are  due to the c loseness  of the substituent to the react ion center .  The p C / P i  
rat io at tests  to different contributions of the inductive and mesomer i c  effects of a substi tu- 
ent during t ransmiss ion  of its effect f rom the 5-posi t ion to the N 1 and N 4 heteroatoms.  

It has been shown [1-3] that the acidit ies of 1 ,2 ,4- t r iazoles  co r re l a t e  with the Hammett  CrMconstants. 
In o rde r  to compile data on the a c i d - b a s e  proper t ies  and asce r t a in  the t r ansmiss ion  of substituent effects 
we determined the acidity (PKa) and basic i ty  (PKBH+) constants of a number of 3 (5) -az ido- l ,2 ,4- t r iazo les .  

The f i r s t  ionization constant  of 3 - a z i d o - 5 - c a r b o x y - l , 2 , 4 - t r i a z o l e  (VII) is re la ted to the carboxyl  
group,  while the second is re la ted to the ring NIt group. This follows f rom a compar i son  of the PKa values 
of 3 -az ido -5 -ca rbomethoxy-  and 1 - m e t h y l - 3 - a z i d o - 5 - c a r b o x y - l , 2 , 4 - t r i a z o l e s  (VIII and XVII, Table 1). If 
p r i m a r y  ionization of acid VII were  to occur  at the imino group, the PKal value would be considerably  
la rger .  

It is known that organic azides decompose rapidly af ter  protonation by mineral  acids [4]. However, 
the az idot r iazoles  proved to be stable in acidic media and did not change even at 90 ~ in 95% sulfuric acid. 
This fact  a t tes ts  to the addition of the proton to the r ing heteroatom ra the r  than to the azido group. 

It might be assumed that the protonation of az idotr iazoles  (which we studied by UV and PMR spec-  
KBH" 

t roscopy) is descr ibed by the Br~nsted scheme B + H + ~ B H  + , where B is the azidotr iazole .  Considering 
the proport ional i ty  of the acidity scales  [5] (H x = mH0), the KBH+ value can be found f rom the equations 

BH + 
pK'mr =mHo+lg  B - - '  (1) 

p Km-~" = p K'BH+ . 
,n r 

In our investigation by PMR spec t roscopy  we measured  the chemical  shift of.the C - H  protons or  of 
the functional group with respec t  to a s tandard as a function of the acidi ty of the medium. The PKBH+ value 
for  II was determined by both methods, and there  was good agreement  in the resul ts ;  this makes it possible 
to compare  the resul ts  of the determinat ions of the PKBH+ values of the entire se r ies  of investigated com-  
pounds (Table 1). 

The slopes (m) in formula (1) differ Iittle f rom unity (Table 1), and all of the investigated az ido t r ia -  
zoles a r e  consequently Hammett  bases .  Upon examination of the data obtained, one 's  attention is drawn 
f i r s t  of all to the high sensi t ivi ty of the PKa and PKBH+ values to the effect of a substituent. A compar ison  
of the pK a and PKBH+ values with the polar substituent constants  demonstra ted the distinct corre la t ion  of 
the PKa values with the (r M constants (the cr values were taken f rom [6-8]): 

pK~ = - 7.99~z~I + 9.58 (t2 = 0.995: n = 8: S = 0.25). 
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T A B L E  1. 

C o m -  

pound 

I 
II 

III 
IV 
V 

VI 

VII 3-A zido-5- carboxy;.1,2,4-triazole 
VIII 3 -A zido- 5- carbordethoxy-l, 2,4- 

triazole 
IX 3-Azido-5-carbethoxv-I 2 4- 

i~iazole " ' " 

3-Azido-l,2,4-triazole 
3 -A zido-5 - methyl-I, 2,4- triazole 

3-A zido-5- ethyl-l,2,4-triazole . 
3 -A zido-5 - Dhehyl-1,2,4- triazole 
3 -A zido- 5-131 _ nitrophenyl)-l,2,4- 

triazole 
3 -A zido- 5 - (41. nitrophenyl) - i ,  2,4 - 

triazole 

pK~ and PKBH + V a l u e s  of 3 ( 5 ) - A z i d o - l , 2 , 4 - t r ~ t z o l e s  

- PKBH+ ~eth-  kanat , Name ~Ka~ DKa~ m p~ n m  

9,37 --0,24 1,00 PMR 
10.31 +0,25] 1,07 PMR 

+0,301 0,97 UV 
10,4,7 --0,02] 1,07 PMR 

--0,36P 1,01 UV 
- 1 , 0 0  1,18 UV 

UV 

X 3-A zido- 5-carbopropoxy-l,2,4- 
triazole 

:~l 3-A zido-5-bromo-1,2,4-triazole 
XII 3 -A zido- 5 - nif~o-1,2,4- triazole 

XlIl [3,5-D~zido-l,2,4-triazole 
XIV ,~is(3,31. diazido_l, 2,4 -trjazol-5-yl 
XV ~is(3,3~_ diazido.1, 2,4_ triazol_ 

i 5- vl)me~ane 
XVI ~,2-]Hs(3,3 -diazido-l.2,4-triazol- 

[ 5- yl)ethane 
XVIi [1 - iv~r 3 - azido-5-carbox yl- 

1,2,4-~riazole 
XVIII 1.-Methyl-3- azido-1,2,4-triazole 

XIX l-Methyl-5-azido-1 2,4-triazole 
XX 3-A zido-4 - methyl-l" 2,4 - triazole 

XXI -Methyl-3-aziffo-5-carbomethoxy- 
1,2,4- triazole 

XXII -Methyl-3-carbomethoxy-5- 
azido-1 2,4- triazolr 

XXlII -M ethyl-3-nitro-5- azido-1,2,4- 
triazole 

9,23 -- 
7,81 

7,56 

3,51 9,96 

1 23 t 1,01 

6 , 6 6 1 -  ~2,'82 I~3 PMR 

6,856'65 -- -2,--83 "-- -- 
6,52 -- 1,03 UV 
3,85 --7,14' 0,94 UV 
7,59 ~ -1,86 1,01 UV 
6,87 10,26 -4,53:1,00 UV 
8,20 10.53 -- 

9,16 10,70 i _ 

3,01 --  

--  : - , ,O.54 0,99 PMR 
--0,701 1,00 PMR 

-- -0,361 1,16 PMR 
0,94 -- --2,93[ PMR 

-- --2,46 0,97 IPMR 

-- --6,52 1,06 PMR 

262; 280 
262; 280 

280; 29(~ 

235 
225 
245 

250; 255 

* D e t e r m i n e d  a t  20~ in aqueous  60% ethanol ,  e x c e p t  f o r  XVII, f o r  

w h i c h  the pK a in w a t e r  was  d e t e r m i n e d .  

The  c o r r e l a t i o n  b e t w e e n  the  pK a v a l u e s  and the  u I and Up c o n s t a n t s  is s o m e w h a t  p o o r e r .  The  c o r r e -  

l a t ion  of the  pK + v a l u e s  w i t h  the u , u ,  and u cons t an t s  p r o v e d  to be only a p p r o x i m a t e .  Th i s  could  be BH M I p 
a c o n s e q u e n c e  of  the d i f f e r e n t  c o n t r i b u t i o n s  of  the  induc t ive  and r e s o n a n c e  e f f ec t s  of the subs t i t uen t s  in the  

p o s i t i o n  wi th  r e s p e c t  to the  r e a c t i o n  c e n t e r  [9-11].  In o r d e r  to m a k e  quan t i t a t i ve  a l l o w a n c e  fo r  the con-  

t r i b u t i o n  of  the induc t ive  and r e s o n a n c e  e f f e c t s ,  we  m a d e  a c o r r e l a t i o n  of the pK a and PKBH+ v a l u e s  wi th  

r e s p e c t  to the  m o d i f i e d  H a m m e t t - - T a f t  equa t ion  

pK = pi~i + pc~c + p Ko,where oc = Opara -- ~i- 

The  c o r r e l a t i o n  equa t ions  have  the  f o r m  

pK~=-7 .96o~-3 .88~c+9 .50  (R=0,997; S=0.14; n =  10), 

pKBw=--8 .10oi -5 .37~c--0 ,43  (R=0.980; S=0.43; n=8) .  

In both  c a s e s ,  PI > PC '  wh ich  i n d i c a t e s  the  p r e d o m i n a n t  c o n t r i b u t i o n  of  the induc t ive  e f fec t .  The  high 
and c l o s e  PI v a l u e s  a r e  due to the  c l o s e n e s s  of  the s u b s t i t u e n t  to the  r e a c t i o n  c e n t e r  (N 1 f o r  ac id  d i s s o c i a -  

t ion ,  and N 4 f o r  p ro tona t ion) .  The  f ac t  s e r v e s  as  a c o n f i r m a t i o n  of p ro tona t i on  of  the  a z i d o t r i a z o l e s  at the 
N 4 h e t e r o a t o m  a d j a c e n t  to  the  subs t i t uen t .  The  high p v a l u e s  a r e  c h a r a c t e r i s t i c  f o r  a n u m b e r  of a z o l e s  and 

a z i n e s  du r ing  t r a n s m i s s i o n  to the  r e a c t i o n  c e n t e r  of the  e f f ec t  of a subs t i t uen t  in the a pos i t i on  r e l a t i v e  to 

the  h e t e r o a t o m  [9]. It  f o l l ows  f r o m  the  c o r r e l a t i o n  equa t ions  tha t  the  e f f ec t s  of a subs t i t uen t  in the  5 - p o s i -  

t i on  on  the  N 1 and N 4 r e a c t i o n  c e n t e r s  a r e  of  d i f f e r e n t  c h a r a c t e r  b e c a u s e  of  the  d i f f e r e n t  con t r i bu t i o ns  of 

the  induc t ive  and r e s o n a n c e  e f f e c t s .  In ac id  d i s s o c i a t i o n ,  P C / P I  = 0.49, wh ich  is in a g r e e m e n t  wi th  C h a r -  
ton '  s c o n c l u s i o n s  r e g a r d i n g  the p o s s i b i l i t y  of the c o r r e l a t i o n  of such  s y s t e m s  wi th  the  use  of the  u M con-  

s t an t s .  The  P C / P I  r a t i o  is l a r g e r  f o r  p r o t o n a t i o n  (0.67). 

Thus ,  in the c a s e  of a z i d o t r i a z o l e s  the  c o n t r i b u t i o n  of  the  r e s o n a n c e  e f f ec t  dur ing  t r a n s m i s s i o n  of  an  

e f f e c t  to h e t e r o a t o m  N 4 is g r e a t e r  than  dur ing  t r a n s m i s s i o n  to N 1. Th i s  m a y  be a c o n s e q u e n c e  of the non-  
u n i f o r m i t y  of  the  r i n g  bonds  and the h i g h e r  m u l t i p l i c i t y  of the N4--C 5 bond as  c o m p a r e d  wi th  the  N1--C 5 bond. 
The  r e s u l t s  of  q u a n t u m - c h e m i c a l  c a l c u l a t i o n s  of 1 , 2 , 4 - t r i a z o l e  d e r i v a t i v e s  [12] m a k e  th i s  a s s u m p t i o n  c o m -  

p l e t e l y  l ike ly .  
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E X P E R I M E N T A L  

The 3 (5) -az ido- l ,2 ,4 - t r i azo les  were  obtained by known methods [13, 14]. 

Potent iometr ic  t i t ra t ion was ca r r i ed  out with an LPM-60M pH-mete r  by the s tandard method; the 
pK a values were  calculated with allowance for  the hydroxide ion concentrat ion [15]. The sulfuric acid so-  
lutions were  p repared  by dilution of u l t r apure -g rade  H~SO 4 with twice-dis t i l led water ,  and their  concent ra-  
tions were determined to an accuracy  of • 0.1% by potent iometr ic  t i trat ion.  

The azidotr iazole  concentrat ions in sulfuric acid were  ~ 1 �9 1(} -5 M in the UV method and ~ 2-5 �9 10 -2 
M in the PMR method. The UV spect ra  were  r ecorded  with an SF-16 spect rophotometer  at 25 ~ The PMR 
spect ra  were  r eco rded  with a P e r k i n - E l m e r  P-12 spec t romete r  (60 MHz) at 40 ~ with te t ramethylammonium 
bromide  as the internal standard.  The H 0 values at  40 ~ were  taken f rom [16]. The H 0 value at the ha l f -p ro-  
tonation point was found by a graphical  method f rom the dependence of the extinction coefficients (a) or  the 
chemica l  shifts (67 on H0, while the ~ (~7 values located at +1.5 H 0 units f rom the half-protonation point were 
taken for  the r and r values [17]. These values were used for the calculation of the ioniza- 
tion ra t ios :  

BH+ e~--e BH + 6s-6 
(UV), - . . . . . . . .  (PMR). 

B e--eB~I* B 6--65~1~ 

The pa rame te r s  of Eq. (17 were then calculated by the method of least  squares  in the interval of e l  
H 0 unit, a f te r  which the PKBH+ values were  eaiculated f rom formula (27. The e r r o r  in the determination of 
the pK a values was 4- 0.03 pK unit, while the e r r o r  in the determinat ion of the PKBH+ values was :~ 0.1 pK 
unit. 

The cor re la t ion  equations were derived by the method of multiple corre la t ion  [18]. 
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