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The conformat ions  of a number  of aldo and keto de r iva t i ve s  of benz imidazo le  and py razo le  
were  e s t ab l i shed  f rom the i r  dipole moments .  Severa l  f ac to r s  which de t e rmine  the spa t ia l  
o r ien ta t ion  of the carbonyl  group a re  d i s cus sed .  

In h e t e r o c y c l e s  I -X,  conjugation between the C ~ O  and C---- N (or C = C) bonds l eads  to the subs tan-  
t ia l  mani fes ta t ion  of double bond c h a r a c t e r  of the single bond that  l inks  them.  Consequently,  as in the case  
of the acyl  d e r i v a t i v e s  of he t e rocyc l i c  sy s t em s  with one he t e roa tom [1-5], the development  of s - c i s - t r a n s  
i s o m e r i s m  is  poss ib l e  for  subst i tu ted benz imidazo le s  I -V,  benzoth iazo les  VI, and p y r i d a z o l e s  VII-X. 
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I R=H,R'=Ctl3;II P..=R'=CH3; Ill R=/-C3HT, R'=CH3; IV R=H, R' = C6H5; 

V R=CH3, R'=H; VII R=C6Hs, R'=H, R'=CH3;VIIIR=H,R'=R'=CH3; 

IX R=R'=R"=CH3; X R = R'=CH 3, R"=C6H 5 

We used the dipole moment  method to e s t ab l i sh  the conformat ions  of molecu les  of I -X.  

A compar i son  of the e x p e r i m e n t a l l y  obtained (~texp) and v e c t o r - c a l c u l a t e d  (Pcal) moments  (Table 1) 
ind ica tes  that a p r a c t i c a l l y  plane s t ruc tu r e  with s - t r a n s - s i t u a t e d  C = N and C = O  bonds is  c h a r a c t e r i s t i c  
for  I -V and 2 - fo rmylbenzo th iazo le  (VI) in solut ion.  

There  is  cu r r en t l y  no single point of view rega rd ing  the r e a s o n s  that de t e rmine  the conformat ions  of 
compounds capable  of s - c i s - t r a n s  i s o m e r i s m .  Thus, in the case  of he t e r oc yc l i c  carbonyl  d e r i v a t i v e s ,  
ana lys i s  of an extens ive  number  of inves t iga t ions  [1-6] ind ica tes  that the p redominance  of one o r  another  
plane s - i s o m e r  is  a s soc i a t ed  with e l e c t r o s t a t i c  r epu l s ion  or  a t t r ac t ion  between the he t e roa tom and the oxy-  
gen atom of the carbonyl  group.  On the o ther  hand, the de te rmin ing  ro le  of the d i f fe rences  in the energe t i c  

TABLE 1. Dipole Moments  of Acy lazo l e s  

Com- 
pound 

I 
II 

III 
IV 
V 

VI 
VII 
VIII 

IX 
X 

Na me exp D 
~cal D 

s- ci$ s.- trails 

2-AceWlbenzimidazole 
1- Metliyl-2 - acetylbenzimida zole 
1 - I~opropyl-2- ac etylbenzimidazole 
2 -B r zole 
1 - Methy2_-2- formylbenzimidazole 
2 - Formylbenzothlazole 
1 - Phe.nyl- 4-acetylpyrazole 
3, 5- Dimethyl- 4- ace tylpyrazole 
1,3, 5- Trimet.hyl- 4-acetylpyrazole 
1,3, 5- Trimetnyl- 4-benzoylpyrazole 

1,93 
2,07 
2,44 
1,45 
3,37 
2,84 
2,61 
2,26 
2,79 
2,80 

6,35 
6,35 
6,35 
6,61 
5,96 
4,62 
0,98 
1,25 
0,58 
0,98 

2,29 
2,29 
2,29 
1,70 
3,01 
3,29 
3,80 
3,38 
3,93 
4,21 
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advantageousness of the s -e i s  and s - t r an s  i somer s  was assumed in [7]. Here,  the s - t r ans  i somers  should 
predominate  for aldehydes and ketones of he te rocyc les  with reduced aromat ic  proper t ies  (furan), while 
both plane conformers  are  equally l ikely for s t rongly aromat ic  sys tems  (imidazole, benzimidazole,  and 
others) .  It should be noted that, in a number  of cases ,  these two points of view lead to the same resul t s .  
Thus the s - t r ans  conformation of a number  of 5-substi tuted furfura ls ,  as pointed out in [8, 9], is sa t i s fac-  
tor i ly  explained by the energet ic  advantageousness of the t rans  orientation of the double bonds and by e lec-  
t ros ta t ic  at tract ion between the furan and aldehyde oxygen atoms.  

Considering the above and the high aromat ic i ty  of the imidazole ring [10], one should expect equilib- 
r ia  between the two possible plane s t ruc tu res  for  2-acylbenzimidazoles  I -V and VI; however,  this cont ra-  
dicts our experimental  data. In this connection, it is apparently more  accurate  to suppose that the reason 
for the predominant  real izat ion of the s - t r ans  fo rm for  the acylazoles  is repulsion between the negatively 
charged carbonyl oxygen and the N 3 atom of the heterocycle  and at tract ion of the C----O group to the pos i -  
tive NR and S groups (as o~curs  in the case of aeyl der ivat ives  of pyr ro le  [1,4] and thiophene [11]). One 
should also allow for  the possibi l i ty of stabilization of the plane s t ruc ture  for I and IV by an in termolecular  
hydrogen bond of the NH . . .  O ---- C type. 

As seen f rom the data in Table 1, introduction of alkyl substituents into the imidazole ring inc reases  
#exp symbat ical ly  with respec t  to the bulk of the substituent (II, R = CH3, 2.07 D; IH, R = i-C~HT, 2.44 D). 
It is well known [12] that this sor t  of t ransi t ion in the 1-alkylbenzimidazole se r ies  is not accompanied by 
an appreciable change in the dipole moments .  The increase  in the dipole moments  in the I, II, and III ser ies  
is therefore  rea l ly  explained by the increased  s ter ic  hindrance to real izat ion of the s - t r ans  s t ructure .  

In contras t  to I-VI,  for  4 -ace ty lpyrazo les  VII-X the Pexp values are  intermediate in compar ison with 
those calculated for  the two plane s t ruc tu res .  While one can again assume an equilibrium between the two 
plane conformations for 1 -phenyl -4-ace ty lpyrazo le  (VII), the existence of two plane conformations is s t e r -  
ical ly impossible for VIII-X, which contain CH 3 groups in the 3 and 5 posit ions of pyrazole .  The observed 
~exp values of these compounds may thus cor respond to rotat ion of the keto group about the Che t -COR"  
bond; this can be est imated vec tor ia l ly  as being 70-100 ~ (assuming a zero value for the angle for  the plane 
s - t r ans  form).  

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

The compounds were synthesized by the methods descr ibed in [13-15]. The dipole moments  of I -X 
in benzene were  determined at 25 ~ and calculated vector ia l ly ,  as descr ibed in [16]. 
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