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A number of products  of the condensation of aminotr iazole with substituted benzaldehydes 
were synthesized.  Their  UV spect ra  in ethanol and concentrated sulfuric acid are p r e -  
sented. The change in the UV spec t ra  on passing from one solvent to another is explained 
by the change in the conjugation of the N - N  bond. The basici t ies  of the nitrogen atoms 
were  compared  by the P a r i s e r - P a r r - P o p l e  method. 

In this paper  we have studied the s t ruc tures  of the products of the condensation of aminotr iazole with 
substituted benzaldehydes by means of e lectronic  spect ra l  and quantum-chemical  methods.  

The conformation of 4 -benzy l ideneamino- l ,2 ,4 - t r i azo les  at the N - N  bond is caused by s ter ic  in te r -  
actions and the competit ive effect  of two forms  of conjugation - ~ - ~  (A) and ~ - p  (B). A change in one of 
the competi t ive components can affect the conformation of a molecule and its spect rum.  

Data on the absorption of 4 -benzy l ideneamino- l ,2 ,4 - t r i azo les  (I-XIII) in ethanol and concentrated 
sulfuric acid are  presented in Table 1. In ethanol there are two quite intense bands: a long-wave band at 
273-359 nm and a shor t -wave band at 214-244 nm. 

The long-wave band is determined to a Considerable degree by the t r ans fe r  of an electron f rom the 
upper filled molecu la r  orbital  to a lower vacant molecular  orbital .  As seen in Table 2, in planar case A 
this t ransi t ion is accompanied by t r ans fe r  of e lectron charge from the benzene ring to the azomethine bond 
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Fig. 1. UV spec t ra :  1) benzyl ideneamino-  
t r iazole  in ethanol; 2) benzyl ideneaminotr i -  
azole in conc.  H2SO4; 3) ~ -methy lbenzy l -  
ideneaminotr iazole  in ethanol. 

and from the t r iazole  ring to the same bond. On rotation 
of the t r iazole  ring its part icipation in this t ransi t ion de-  
c reases ,  and one can judge the degree of coplanari ty  of the 
molecule f rom the position of the maximum of the long-  
wave band. We note that even in the case of planar  con-  
formation A, the energy of conjugation of the t r iazole  ring 
and the azomethine bond is insignificant, since the o rde r  
of the N - N  bond is ex t remely  low, as seen from our ca l -  
culated molecular  d iagram.  

The benzylideneaminotr iazole molecule can arb i -  
t r a r i l y  be considered to be the combination of two ch romo-  
phore sys t ems :  K b, which is the conjugated sys tem of the 
benzene ring with substituent R and the CH-----N group, and 
Kt, which is the sys tem of the t r iazole  ring and the n i t ro -  
gen of the azomethine bond [2]. 

* See [1] for communicat ion XXXII. 
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TABLE 2. E n e r g y  Leve l s  and Popu la t ions  of the F r a g m e n t s  of 
the 4 - B e n z y l i d e n e a m i n o - l , 2 , 4 - t r i a z o l e  Molecule  

Orbital 

Upper vacant 
Lower occupied 

Energy, eV 

-2,634 
-I0,194 

Ern CZim values for fragments 

N 

0,106 
0,271 

- - N = C - -  

0,550 0,344 
O,245 0,484 

TABLE 3. A n a l y s i s  of the Componen t s  of the E n e r g y  of P r o t o n a -  

t ion  (AAE = AE 1 - AE 0) of the 4 - B e n z y l i d e n e a m i n o - l , 2 , 4 - t r i a z o l e  
Molecule  

Variant 

I 

II 
Ill 

Components ofAAE, eV 

--0,957 
- 2,780 
-0,954 

1,068 
1,311 
0,734 

0,495 
0,964 
0,531 

0,520 
0.470 

-0,261 

- 1,492 
1.207 

0,747 

AAE,  e V  

- 0,377 
1,172 
1,320 

TABLE 4. C h a r a c t e r i s t i c s  of 4 - B e n z y l i d e n e a m i n o - l , 2 , 4 - t r i a z o l e s  

Comp.* 

I 
II 

Ill 
IV 
V 

VI 
VII 

VIII 
IX 
X 

Xl 
Xll 

XIfI 

Mp, ~ 

171 
202 
176 
215 
230 
218 
194 
133 
143 
239 
207 
231 
142 

Empirical formula 

CgH8N4 
CgHTN4CI 
CgHTN4CI 
CgHTN4Br 
CgHvN502 
CgH7N502 
CuHIsNs 
CI2HI4N4 
CioHloN40 
CgHsN40 
CgHsN40 
C~HsN40 
Ct~HirNsI 

found 

32,5 
26,9 
26,9 
21,8 
32,1 
32,1 
32,6 
26,6 
27,7 
29,8 
29,7 
29,6 
18,3 

N, % 

calc. 

32,5 
27,1 
27,1 
21,8 
32,2 
32,2 
32,5 
26,1 
27,7 
29,8 
29,8 
29,8 
19,5 

Yield, % 

93 
89 
79 
87 
89 
87 
92 
70 
81 
76 
71 
84 
64 

Meflliodide 
mp, 

180 
195 
202 
211 
185 
190 
194 
160 
207 
194 
177 
197 

*Compounds  I,  III, VIII, IX, X, XI, XII, and XIlI w e r e  r e c r y s t a l l i z e d  
f r o m  e thano l ;  II ,  IV, VI, and VII we re  r e c r y s t a l l i z e d  f r o m  propano l ;  

and V was r e c r y s t a l l i z e d  f r o m  acet ic  ac id .  
$ Al l  of the  me th iod ides  w e r e  r e c r y s t a l l i z e d  f r o m  w a t e r .  

3 ~ r---Kb h 
N!~(N 4 ,3 ,2 / ~ - N ~ c - / ~  

I '~ !1 10 L ~ K t  ....._t A B 

The s h o r t - w a v e  band  owes i ts  o r i g i n  to the a m i n o t r i a z o l e  c h r o m o p h o r e  (Kt), s i nc e  i t  is  known that  
t r i a z o l e  compounds  do not a b s o r b  above 214 nm,  and in s y s t e m s  with con juga t ion  the a b s o r p t i o n  m a x i m u m  
u n d e r g o e s  a b a t h o c h r o m i c  shif t  ( 4 - p h e n y l - l , 2 , 4 - t r i a z o l e  a b s o r b s  at 224 nm [3]). The l ong -wave  i n t e n s e  
band  should  be a s s i g n e d  to the a b s o r p t i o n  of the K b c h r o m o p h o r e  as a c onse que nc e  of i t s  g r e a t  s i m i l a r i t y  

to the band  of b e n z y l i d e n e a n f l i n e  (kma  x 226 nm,  e 17,000 [4]). 

The i n t r o d u c t i o n  of s u b s t i t u e n t s  in to  the b e n z e n e  r i ng  in  each  ca se  induces  a def in i te  shif t  of the K b 
and K t b a n d s .  When a p a r a  n i t r o  group  is  i n t roduced ,  the g e n e r a l  c h a r a c t e r  of the s p e c t r u m  is r e t a i n e d ,  
but  the K b band  is  sh i f ted  (kmax  297 nrn, e 19,950).  When a p-N(CH3) 2 g roup  is  in t roduced ,  the s p e c t r u m  
changes  s u b s t a n t i a l l y .  The band  a s c r i b e d  to the K b s y s t e m  unde r goe s  a p ronounced  b a t h o c h r o m i c  shif t  
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0,015 0.005 

--0,223 N - - - - C  -'0,103 

-- . ~-~-~_= 0,029 0.005 

0,014 

0,020 

(~max  359 nm) ,  and i t s  i n t e n s i t y  i n c r e a s e s  a p p r e c i a b l y  (e 40,930).  The band  is  typ ica l  for  a ~ -+ ~* t r a n s i -  
t ion ,  and i t  can  be a s s u m e d  tha t  i t  i s  a s s o c i a t e d  with an e l e c t r o n  shif t  a long the e n t i r e  a l m o s t  c o p l a n a r  
m o l e c u l e .  The high i n t e n s i t y  of the K b band  is  a p p a r e n t l y  a s s o c i a t e d  with the s a m e  d i r e c t i o n  of the e l e c t r o n  

shif ts  of the q u a s i - a u t o n o m o u s  K b and K t s y s t e m s  (D). 

N �9 ,,--, CH 

~NJ--N :CH-c~N\cH3 

D 

Since the system of VII is syn-polarized, the bathochromic effect here is observed to a greater extent 
than in I [2]. 

The bathochromic shift of the K t band is a maximum in the case of the p-N(CH3) 2 group (;~ max 244 
nm, e 12,500). The shift of this band can be explained only by assuming that ~r-~ conjugation is realized 
at the N-N bond in these compounds, during which the system is not completely planar, which is apparent 
from an examination of the spectra of the conjugate acids. 

A bathchromic shift of the K b band relative to the spectrum in ethanol is observed in the spectra of 
the conjugate acids (Table 1). As a consequence of protonation of the unshared pair of electrons of the 
imino N 6 atom, one of the conjugation competitors vanishes, and the molecule tends to take on a planar struc- 
ture of the A type [4, 5]. 

An example of a compound in which only conformation B with complete absence of ~ -~  conjugation 
is realized as a consequence of steric hindrance is ~-methylbenzylideneaminotriazole, which is structur- 
ally close to a tetrasubstituted hydrazone in which the unshared pair of the nitrogen atom is completely re- 
moved from conjugation [6]. The K b band of this compound (Xma x 253 nm, ~ 10,330, see Fig. 1) practical- 
ly coincides with the analogous band of benzylidenemethylamine (~max 245 nxn, ~ 16,000). 

Becker's investigations [7] and our study of the basicities by the MO method (see below) indicate that 
the N I and N 2 atoms of the triazole ring are more basic than the N 6 atom of the azomethine bond. The UV 
spectra of monomethylated compounds practically coincide with the spectra of the starting compounds in 
both alcohol and concentrated sulfuric acid. If the bathochromic shift of the methylated compounds in sul- 
furic acid is explained by protonation of the imino nitrogen atom (N6), it can then be assumed that methyla- 
tion proceeds in the triazole ring. 

We made a quantum-chemical calculation of the energy of protonation of the 4-benzylideneamino- 
1,2,4-triazole molecule (AE = Epr - Eun) with the approximations of the Par i se r -Par r -Pop le  method us- 
ing the program in [8]. The electron structure and energy of the unprotonated molecule were found under 
the usual approximations of the method in [8, 9], while several variants were used to examine the proton- 
ated molecule. In one of them (variant I), we restricted ourselves to the increase in the integral of the 
core of the protonated atom CON+ = -26.46 eV), disregarding the direct interaction of the positive charge of 
the proton with the remaining part of the molecule. 

Variant II is a model in which the proton is localized on the nitrogen atom being attacked and inter- 
acts with the p orbitals of the entire molecule. In this case, the charge of the core of the protonated atom 
is two, while in the unprotonated molecule it is one. 

Variant Ill involves a self-consistent examination of a system consisting of the ls orbital of hydro- 
gen, the trigonal orbital of the nitrogen atom being attacked (unshared pair), and the ~ system of the mole- 
cnle. The charge of the proton, which is distributed between the ls  orbital of hydrogen and the unshared 
p a i r  of n i t r o g e n ,  i n t e r a c t s  with a l l  of the a toms  of the m o l e c u l e .  

The e n e r g y  d i f f e r e n c e s  for p ro tona t ion  of the N 1 and N 6 a toms  and t h e i r  c o m p o n e n t s  (AAE = AE 1 -- 
AE 6 = AAA + AAB + AAC + AAD + AAF) ,  which  we p r e v i o u s l y  u s e d  for  an a n a l y s i s  of s u b s t i t u e n t  e f fec ts ,  
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are  p re sen ted  in Table  3. In con t r a s t  to Var ian t  I ,  the other  two va r i an t s  p red ic t  a higher  bas ic i ty  for  the 
n i t rogen a toms of the t r i azo le  r ing and the appropr ia te  or ienta t ion for  methyla t ion  in the t r i azo le  r ing.  

As seen  f rom Table  3, the r eason  for  such an or ienta t ion is p r i m a r i l y  assoc ia ted  with the di f ference 
in the coulombic  components  of the protonat ion energy  (AAF). During a t tack of the t r i azo le  r ing,  the p r o -  
ton fal ls  within the negat ive field of two ni t rogen a toms,  while it is r epu l sed  by the posi t ive  field of the ad-  
jacent  a toms during at tack of the azomethine bond. Allowance for  this c i r cums tance  changes the sign of the 
ene rgy  d i f ference  of the coulombic in te rac t ion  (variants  II and HI), and the azomethine ni t rogen becomes  
re la t ive ly  l e s s  bas ic .  

EXPERIMENTAL 

Benzylideneaminotriazoles ~I-XIII). Equimolar amounts of 4-amino-l,2,4(4H)-triazole [II] and the 
substituted aldehyde (0.I mole each) were mixed with 20 ml of ethanol, 3 drops of concentrated HCI were 
added, and the mixture was allowed to stand for 24 h. The crystals were separated, washed with alcohol, 

and recrystallized from an appropriate solvent (Table 4). 

Methiodides of the Benzylideneaminotriazoles. These were synthesized by heating the base and a 
small excess of methyl iodide on a water bath for 5-8 h in dimethylformamide-dioxane (I : 3 by volume). 

(~-Methylbenzylideneaminotriazole. A solution of 16.8 g of aminotriazole and 24.0 g of acetophenone 
was refluxed with a Dean-Stark adapter until the water was completely removed. The mixture was then 
cooled, and the precipitated colorless crystals were separated, dried, and recrystallized from ethanol to 

give 84% of a product with mp 123 ~ Found%: N 30.0. Ct0HIoN 4. Calculated ~c: N 30.1. 

The spectral measurements were made with an SFD-2 spectrophotometer in 10-ram thick quartz 

cuvettes. The solvents were absolute ethanol and concentrated H2SO 4. 
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