
2-(N-Isatinomethylene)-3(2H)-benzo[b]thiophen0ne (I~ C17HgNO3S). The potassium salt 
(II) 0.4 g, 1 mmole) was dissolved with heating in 20 ml of acetic anhydride, and the solu- 
tion boiled for three minutes, and cooled. The solid (I) which separated was filtered off 
and washed with chloroform, mp 269-270~ (from acetic anhydride). Yield 0.28 g (95%). IR 
spectrum: 1740, 1670 cm -I (CO). PMR spectrum (DMSO-DG): 7.35-7.86 (At), 7.95 ppm (CH). 

2-(N-o-Methoxalylphenylaminomethylene)-3(2H)-benzo[b]thiophen0ne (III~ C15HIaNO4S). Com- 
pound (I) (0.2 g, 5 mmole) was dissolved with.heating in i0 ml of methanol, and the solution 
boiled for 15 min. On cooling, orange-colored crystals of (III) separated, mp 168-169~ 
Yield 0.i g (45%). IR spectrum: 1730, 1670, 1650 (CO), 1200 (CO), 3400 cm -I (NH). 
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DEPENDENCE OF THE REACTIVITY OF FIVE-MEMBERED AROMATIC HETEROCYCLES 

ON THEIR STRUCTURE. 

4.* PROTON AFFINITY OF N-AMINOAZOLES 

V. G. Andrianov, M. A. Shokhen, 
and A. V. Eremeev 

UDC 541.124:547.74'77' 
781'79:519.25 

Proton affinity of the amino groups of i0 N-aminoazoles is calculated using the STO- 
3G basis set. The nature of the heterocyclic effect on proton affinity of the amino 
groups depends on its conformation which in turn is determined by the number of ni- 
trogen atoms in the s-position. The accuracy of the proton affinity calculation can 
be raised considerably by taking into account the interaction of heteroatoms in the 
ring. 

We demonstrated" that the proton affinity (PA) in the case of C-aminoazoles upon protona- 
tion at the amino group can be calculated by a simple additive scheme [2] by studying the 
dependence of PA of aminoazoles on the number and position of the heteroatoms. In the present 
case, we studied the possibility of using this scheme for description of the effect of hetero- 
atoms on the PA of the amino group in a number of N-aminoazoles. The PA (Table i) of all pos- 
sible N-aminoazoles which also contain from 0 to 4 nitrogen atoms in the ring are estimated 
from the formula 

PA=EO_E+, (1) 

where E ~ and E + are the total energies of the starting and protonated azole which are calcu- 
lated using the STO-3G minimal basis set according to the procedure described in [2]. 

Optimization of the geometry of the N-NH 2 fragment within the framework of the semiempir- 
ical MNDO method shows that the tetrahedral amino group in N-aminoazoles with one s-nitrogen 

*For Communication 3, see [I], 
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TABLE i. PA Values of N-Aminoazoles and 01 of 
N-Azolyl Substituents 

Position of 
aza atoms in 
the ring 

PA, kcal/mole , ar 

-S'~O-3---G"-- "~romequa-, :from e~ua- 
basis set tion,_(Z)' I fr~ [5] I l i o n  (6) 

- -  249,0 
2 241,4 
3 241,4 
2, 3 230,3 
2, 4 231,4 
2, 5 243,3 
3, 4 231,0 
2, 3, 4 218,6 
2, 3, 5 230,3 
2, 3, 4, 5 215,8 

249,1 
241,2 
241,2 
231,0 
231,0 
243,1 
231,0 
218,5 
230,6 
215.7 

0,24 
0.26 
0.46 
0.48 

0,44 

0,69 

0,23 
0,31 
0,42 
0,50 
0,50 
0.39 
0,61 
0.69 
0,SB 
0,77 

atom is rotated such that the hydrogen atoms are located on different sides of the heterocy- 
clic plane. The orbital of the free electron pair is located in this plane in the position 
anti to the e-heteroatom (conformation A). In all other cases, the hydrogen atoms are located 
to one side of the heterocyclic plane whereas the orbital of the free electron pair is perpen- 
dicular to it (conformation B): 

H / 1I H H 
\ / / "  

N, , N : ~  C N - - - - N  -C N - - ~ N  C . 

/ 0 \ 
I t  It  

A B C 

However, the MNDO method does not accurately describe.!the conformational behavior of hy- 
drazine itself [3]. Therefore, we also carried out optimization of the torsion angle of the 
amino group of the three aminoazoles which contain 0, i, and 2 nitrogen atoms, respectively, 
in the e-position by a nonempirical method using the STO-3G basis set (since it is known that 
even with this minimal basis set the optimal conformation of hydrazine can be predicted cor- 
rectly [4]) and the program GAUSSIAN-80. The results of the nonempirical calculation coincided 
with the data of the MNDO method. For example, conformer B is more stable by 7.2 kcal/mole 
and conformer C by 5.0 kcal/mole than conformer A according to the ab initio calculation for 
N-aminopyrazole. 

Thus, the conformation of the amino group determines its interaction with the a-nitrogen 
atom. From the viewpoint of this interaction, conformer A is most suitable, but it can be re- 
alized only in azoles with one e-nitrogen atom. Therefore, such azoles are additionally sta- 
bilized due to conformational differences, which in agreement with (i) should lead to a reduc- 
tion of their PA. As a result, establishment of the dependence between the PA and the struc- 
ture of the heterocycle by an additive scheme must include in the equationan additional term 
which considers the conformation of the amino group: 

PA ~= PA o+Af~n~+AE~n~+AEkk, (2) 

w h e r e  PA 0 i s  t h e  p r o t o n  a f f i n i t y  o f  N - a m i n o p y r r o l e ,  n e a n d  n~ a r e  t h e  n u m b e r  o f  n i t r o g e n  a t o m s  
in the e and ~-positions, AE e and AE~ are values which characterize the effect on PA of the 
corresponding nitrogen atom, &E k is the change of PA upon transition from conformation B to 
conformation A, and k = i for azoles with one ~-nitrogen atom and k = 0 for all the others. 

The quantities &E in (2) were determined by a least squares method: 

PA=251 ,8 - -5 .3n~  - l l . 4 n ~ - 1 0 , 0 k  ( r=0 .987 ;  s = l , 6 ;  F = 7 8 ) .  ( 3 )  

Equation (3) does not consider the effect on PA of interactions of heteroatoms in the 
ring with each other. In order to evaluate their importance, we added an additional term which 
considers paired interactions the number of which is n(n - 1)/2, where n is the number of aza 
atoms in the ring: 

PA = 2 4 9 . 1 -  1,9n~-7,9n~-6.1k-2.3n(n- 1)/2 
( r=0 .9996 :  s = 0 , 3 :  F = 1 4 5 5 ) .  

(4) 
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Comparison of Eqs. (3) and (4) shows that consideration of paired interactions con- 
siderably increases the quality os the correlation and reliability of the equation, as well 
as decreases the mean square error by more than five times. 

The dependence of PA on the values of induction (01 ) and resonance constants (o R ) of the 
N-azole substituents is interesting [5]. Use of a least squares method found that the PA value 
correlates well with the induction constants (Eq. (5)), whereas a correlation with the reso 
nance constants is not observed (r = 0.59): 

PA =262,7-47,80~-9,9k 
(r=0,991; s= 1,3; F=84). (5) 

This suggests that the change, of PA value in the studied series is determined by differ- 
ences in the induction effects of the rings. The conformational factor must also be considered 
during evaluation of the correlation with the o I constants. 

The existence of regularities which are described by Eqs. (3) and (5) indicates that the 
01 constants can be calculated by an additive scheme taking into account the number and posi- 
tion of nitrogen atoms in the ring: 

o~=O,23+O,08n~+O,19n~ (5) 
(r=0,974; s=O,03; F=28). 

Since the experimental values of the o i constant are determined with an accuracy up to 
0.i [5], Eq. (6), can be considered to describe well the dependence of o I on the ring struc- 
ture and to permit the 01 values to be predicted for those N-azolyl substituents for which they 
are known (Table i). 
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