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The PMR spec t ra  of the neutral  bases and cations of methyl derivatives of thiazolo[3,2-a]-  
benzimidazole were studied. The dependence of the chemical  shifts on the acid concent ra -  
tion was examined. The investigated sys tem is protonated and N-methylated at the N 9 
atom. The s t ruc ture  of the conjugated cation cor responds  to considerable delocalization 
of the effective positive charge  to the heteroatoms of the thiazole ring. A sa t i s fac tory  
l inear  corre la t ion  between the co r rec ted  chemical  shifts and the ~-e lec t ron  densit ies,  ca l -  
culated by the simple MO LCAO method using a coulombic integral  for the sulfur atom, 
h~ = 0.9, and the pa ramete r s  of the Pullman sys tem for the remaining heteroatoms,  was 
observed.  

We have previously examined the electronic s t ruc tures ,  PMR spect ra ,  and react ivi t ies  of he t e roa rom-  
atic sys tems  of the imidazo[5,1-b]benzimidazole type [1]. This paper is devoted to a study of the s imi lar  
t h r ee - r i ng  thiazolo[3,2-a]benzimidazole sys tem:  

I'~S R3 R2 | 1~2 = R3 = 1~6 = p.7 = H ; 

~ N ~  II 1~2 = CH3, R3 = RS=Ri'=H; 
~ B \ - ~ ' ,  I l l  r~=  rs=  r 7= . ,  r a=  c .3 ;  

I -VlllN"~/'~''- IV R2 = R3= CH3, R6= RT=H; 

V R2 = R3 = H,  R e = R ? = C H 3 ;  

V I  R2 = H ,  R 3 = R6 = R 7 = CH 3 ; 

V I I  P..~= R s =  R T =  CH 3 ,  R 3 = H ;  

VIII R 2 = R 3 = R 6  = R T = C H 3  ' 

We have measured  the PMR spec t ra  of the unsubstituted compound and a number  of the co r re spond-  
ing methyl der ivat ives  (II-VIII).* The dependence of the chemical  shifts on the acidity of the media was 
studied, and the pa rame te r s  of the PMR spect ra  of the protonated forms of the I and VI molecules  were  de-  
te rmined .  The spec t ra  of the hydrochlor ides  and methiodides of I, VI, and V were measured .  The c o r r e l a -  
tion between the chemical  shifts and the PMR spec t ra  of the neutral  base and cation of I and the ~r-electron 
densit ies,  calculated by the simple MO LCAO method, was examined. 

The pa rame te r s  of the spec t ra  of neutral  bases  I-VIII are  presented in Table 1. The signals of the 
protons of the thiazole r ing (C), which appear as two doublets with a s p i n - s p i n  coupling constant of 4.5 Hz, 
are  readily isolated in the spec t rum of thiazolo [3,2-a]benzimidazole (I). The assignment  of these signals 
to the 2-H and 3-H protons is a consequence of a compar ison of the spec t rum of I with the spec t ra  of 3- 
and 2-methyl  der ivat ives  (III, VI, II, and VII). The protons of the unsubstituted benzene ring (A) form an 
ABCD system,  the spec t rum of which, however, yields to an approximate f i r s t - o r d e r  interpretat ion.  Thus, 
the two weak-field doublets with a smal l  additional splitting can be ascr ibed to the 5-H and 8-H protons in 
the "peri"  position relat ive to the N 4 and N 9 atoms.  The second multiplet, which has the form of two ove r -  
lapped split t r iplets ,  is assigned to the 6-H and 7-H protons.  

* See [2] for the methods used to synthesize the compounds.  
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Fig.  1. Dependence of the chemical  shifts 
of the protons on the acid concentrat ion for 
thiazolo[3,2-a]benzimidazole (I) and 3,6,7- 
t r imethyl thiaz olo [3,2-a]benzimidazole {VI): 
�9 for 2 - H ; D  for  3-H (I); �9 for 2-H, A for 
5-H, and �9 for 8-H (VI). 

Two singlets of the protons in the 5- and 8-positions 
are  observed in the spec t ra  of V-VIII.  The singlet at 
s t ronger  field is re lated to 5-H. This assignment  follows 
f rom the observed shift of this signal to weak field due to 
the s ter ic  effect of the CH 3 group in the 3-posit ion (by c o m -  
parison of the spec t rum of VII with the spec t ra  of VI and 
VIII). 

The shielding of the protons in thiazolo[3,2-a]benz-  
imidazole (I) increases  in the o rde r  8-H < 3-H ~ 5-H < 
6-H ~ 7-H < 2-H. The e l e c t r o n - d o n o r  effect of the methyl 
groups has a considerable  effect on the shielding of the ad-  
jacent  protons but is ex t remely  weakly t ransmi t ted  f rom 
the C ring to the A ring.  

The protonation of I and VI was studied in mixtures  
of methylene chloride and t r i f luoroacet ic  acid containing 
f rom 0 to 100% of the la t ter .  The grea tes t  changes in the 
chemical  shifts are observed for acid concentrat ions from 
0 to 10~ (see Fig.  1). An increase  in the acid concent ra -  
tion f rom 10 to 100% resul ts  in re la t ively smal l  changes 
in the chemical  shifts,  and all of the dependences obtained 
in this region a re  close to l inear .  F rom the cha rac te r  of 
the changes in the chemical  shifts,  it can be concluded that 

both compounds form monocations in t r i f luoroacet ic  acid, and a pract ical ly  completely protonated form is 
present  in 10% acid.  The chemical  shifts of cations Ib and VIb were obtained by extrapolation of the l inear 
portions of the graphs to zero  acid concentrat ion.  In Table 2 these values are  compared  with the chemical  
shifts of the protons in the spec t ra  of the hydrochlor ides  (C) and methiodides (D) of I, V, and VI, measured  
in a mixture consis t ing of 10~ t r i f luoroacet ic  acid and 90% methylene chloride.  The ass ignment  of the s ig-  
nals to the 5-H and 8-H protons in the cations was made on the basis  of a compar ison of the spec t ra  of Vb 

and VIb. 

Proceeding from the concepts regarding the v -e l ec t ron  s t ruc ture  of thiazolo [3,2-a]benzimidazole, it 
can be assumed that the compounds a re  protonated and N-methylated at the N 9 atom, since the unshared 
pair  of e lec t rons  of the he teroatoms in the 1-  and 4-posi t ions a re  par t  of the aromat ic  ~ sys tem,  and their  
participation in salt  formation is hindered. These concepts are  in agreement  with data on the protonation 
of azaindolizines [3]. The experimental  confirmation of salt  formation at the N 9 atom in thiazolo[3,2-a]-  
benzimidazoles follows, for example,  f rom a compar ison of the spec t ra  of methiodides VD and VID. The 
close values of the chemical  shifts of the protons of the benzene ring (5-H and 8-H) in the spec t ra  of VD and 
VID indicate that N-methylat ion of these compounds is directed at the same position. The addition of a CH 3 
group to N a is apparently excluded, since in VI this is not only energet ical ly  unfavorable but also s ter ica l ly  
hindered.  In addition, the signal of N-CH 3 is found at approximately the same field in the spec t ra  of VD 
(4.12 ppm) and VID (4.09 ppm). If methylation of V and VI had occur red  at N4, the s ter ic  effect of the C3-CH 3 
group in VID would have led to a shift in this signal to weak field. 

Protonatien of the investigated compounds leads to a shift in the signals of all of the protons to weak 
field. The grea tes t  changes in the chemical  shift are  sustained by the protons of the thiazole ring (A62 = 
0.65-0.69 ppm, A63 = 0.47 ppm). The shielding of the protons of the benzene ring is considerably less r e -  
duced: A55 = 0.24 ppm, A6 8 = 0.17 ppm. These resu l t s  indicate that the s t ruc ture  of the conjugated cation 
of thiazolo[3,2-a]benzimidazole cor responds  to considerable  delocalization of the positive charge to the 
he te roa toms of the thiazole r ing: 

+ 

H H tt  

The chemical  shifts in the PMR spect ra  of the base and cation of thiazolo[3,2-a]benzimidazole were  
compared  with the electronic s t ruc ture  indexes calculated by the simple MO LCAO method using severa l  
var iants  of the he teroatom pa ramete r s  (Table 3). 
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T A B L E  1. P M R  S p e c t r a  of T h i a z o l o [ 3 , 2 - a ] b e n z i m i d a z o l e  and  I ts  
M e t h y l  D e r i v a t i v e s  in  CDC13 

Co rap. 

1 

II 
llI 

IV 

VI 
VII 

VIII 

R 2 R a 

H I CHa 

CHa CHa 

H I CHs 
CHa H 
CHa CHa 

R o 

"1 H 
H 

% 
CHa 
CHa 

R r 2-H / 3-H 

H 6,73 7,61 
H / - -  ]7,26 

C H a / 6 , 1 8  [ - -  
cHa[ - -  17J8 
CHa[ - - /  - -  

Chemicalshifts ppm J, Hz 5_ Io_H17.  
7,58 7,19 7,70 
7,51 7,23 7,73 

7,72 
7,19 
7,66 
7,18 

7,40]-- - -  7,47 
7,19 I - -  7,49 
7,36 - -  7,46 

& 

5 4  Z 
- -  ] 2,65 

2,21 ] 2,45 

2,55 2:? 
2,24 2,46 

- -  - -  4,5--[  
__ __ 2,5 i 

2,26 2,25t.-I- 
2,30 2,30I - / 2 , 5  
2,33 2,331 - ~ -  

& too 

i 1 , 0  

1,0 

T A B L E  2. C h e m i c a l  Sh i f t s  of  P r o t o n s  of t he  N e u t r a l  B a s e s  (A), 
T r i f l u o r o a c e t a t e s  (B), H y d r o c h l o r i d e s  (C), and  M e t h i o d i d e s  (I3) of 
T h i a z o l o  [ 3 , 2 - a ] b e n z i m i d a z  o l e s  

Comp. 
Comp. form Medium 

V 

VI 

D 
B 
B 

B 

D 

CH2C12 
CH2CldCF3COOH 
CFaCOOH 
CH2CIdCF3COOH 
CH2CIdCFaCOOH 
CH2CIdCFaCOOH 
CFaCOOH 
CH2CIdCFaCOOH 
CH~CI~ 
CH2CIdCFaCOOH 
CF3COOH 
CH2CI~/CFaCOOH 
CH2CIdCF3COOH 

Chemical shifts, ppm 
i 

2-H J 3-H 5-H 

6,83 732 
7,52 8,19 7,96 
7,57 8,28 8,00 
7,51 8,18 
7,68 8,40 8,12 
7 42 8,07 7,69 
7,52 8,20 7,82 
7,61 8,28 7,85 
6.28 --  7,54 
6,93 --  7,78 
7,04 - -  7,92 
6,94 --  7,77 
7,13 --  7,83 

8 - H  

7,7 
I 7,86 

7,89 
7,98 

7,80 
7,63 
7,63 
7,52 
7,47 
7,64 
7,64 
7,69 
7,55 

T A B L E  3. P a r a m e t e r s  for  the  H e t e r o a t o m s *  

Computa. I Coulombie integrals B_and integrals 
fion 
variant~ a~ a~ hg Kc~ ~c~ ~c~ 

I 

II 
III 
IV 
V 

1,5 
t,0 
1,5 
1,0 
1,0 

0,5 
0A 
0,5 
0,4 
0,4 

0,0 
0,0 
0,9 
0,6 
0,9 

0,8 
0,9 
0,8 
0,9 
0,9 

1,0 
1,0 
1,0 
1,0 
1,0 

0,6 
0,6 
0,6 
0,6 
0,6 

* A  s u p p l e m e n t a r y  i n d u c t i o n  p a r a m e t e r  ( h c ~  = 0 . 1 h ~  a n d  0 .05h~)  

w a s  i n t r o d u c e d  fo r  a l l  of the  c a r b o n  a t o m s  t h a t  f o r m  a b o n d  w i t h  a 
h e t e r o a t o m  ( C a - X )  . 

? T h e  s a m e  p a r a m e t e r s ,  e x c e p t  for  the  c o u l o m b i c  i n t e g r a l  fo r  the  N 9 
a t o m ,  w h i c h  was  t a k e n  as  h ~  = 2.0 in  a l l  of  the  v a r i a n t s ,  w e r e  u s e d  
to c a l c u l a t e  t h e  c a t i o n .  

T h e  c a l c u l a t i o n  l e a d s  to the  f o l l o w i n g  q u a l i t a t i v e  r e s u l t s  t h a t  a r e  g e n e r a l  fo r  the  e n t i r e  e x a m i n e d  i n -  
t e r v a l  of h e t e r o a t o m  p a r a m e t e r s .  The  e x c e s s  ~ - e l e c t r o n  d e n s i t i e s  a r e  l o c a l i z e d  on the  c a r b o n  a t o m s  in 

the  2 - ,  3 - ,  5 - ,  6 - ,  7 - ,  a n d  8 - p o s i t i o n s ;  the  m a x i m u m  n e g a t i v e  ~ c h a r g e s  a r e  l o c a l i z e d  on C 2 and  C 3. P r o t o n -  
a t i on  of the  m o l e c u l e  at N 9 l e a d s  to  an  a p p r e c i a b l e  s t a b i l i z a t i o n  of the  ~ s y s t e m ;  the t o t a l  7 r - e l e c t r o n  e n e r g y  
(ETr) and  the  d e l o c a l i z a t i o n  e n e r g y  (ED) i n c r e a s e  s u b s t a n t i a l l y  in  the  c a t i o n .  T r a n s i t i o n  f r o m  t h e  b a s e  to  t he  
c a t i o n  is  a c c o m p a n i e d  b y  t h e  m o s t  s i g n i f i c a n t  d e c r e a s e  in  t he  e l e c t r o n  d e n s i t y  in  the  t h i a z o l e  r i n g  (C). M o r e -  

o v e r ,  the  bond  o r d e r s  in  t h i s  r i n g  (Pl,2,  Pl,12, P3,4, and  P4,12) i n c r e a s e ,  bu t  the  b o n d  o r d e r s  in t h e  i m i d a z o l e  
r i n g  (C) (P4 ~0, P g ,n ,  an d  P9,12) d e c r e a s e .  T h e s e  r e s u l t s  a r e  in q u a l i t a t i v e  a g r e e m e n t  w i t h  the  c o n c e p t s  r e -  
g a r d i n g  t he  s t r u c t u r e  of t h e  c o n j u g a t e d  c a t i o n  b a s e d  on e x a m i n a t i o n  of the  s p e c t r a .  
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TABLE 4. Correc t ions  for the 
Effect of Ring Currents  in Thi-  
azolo [3,2-a]benzimidazole,  Cal-  
culated Relative to the Effect of 
Ring Currents  in Benzene 

~arc, ppm 
Posit~on I 

base cation 

0,02 -0,13 
--0,34 -0,50 
--0,82 --0,86 
--0,71 --0,73 

In addition to this, variation of the pa ramete r s  showed that sever -  
al qualitative conclusions regarding the distribution of the u -e lec t ron  
density in the sys tem depend c~ the re la t ive  values of the coulombic 
integrals  for the heteroatoms in the 1- and 4-posit ions.* The depend- 
ence is distinctly displayed, par t icular ly  in the relat ive values of the 
electron density on the carbon atoms of the thiazole ring. Variant  I, 
which takes the maximum difference in the h~ and h~ values (Ah = 1.5) 
into account, leads to the maximum difference in the electron densi-  
ties on C 2 and C3, and q(v 3) > q~) .  The considerably g rea te r  decrease  
in the e lectron density on C 3 than on C 2 on passing f rom the base to 
the cation also cor responds  to this variant .  The decrease  in the dif- 
ference between h~  and h~, r egard less  of their  absolute values, leads 
to equalization of the u -e lect ron densit ies on the C 2 and C 3 atoms in 

the base and to an increase  in the fraction of u charge taken up from C 2 on protonation of the molecule.  
Finally,  the redistr ibution of the ~r-electron density on the C, and C a atoms in the neutral  molecule [q(2) > 
q(3)] and the substantial ly g r ea t e r  lowering of the e lectron density on C 2 than on C3 on passing from theVbase 
t o ' h e  cation cor respond  to the c loses t  h~ and h~ values (~h = 0.1). Thus, the lat ter  computational variant  
leads,  at least  qualitatively, to the best  cor respondence  between the resul ts  and the experimental  data. 

To obtain a more  wel l -grounded selection of pa ramete r s  for the calculation of the investigated sys tem 
within the ~-e lec t ron  approximation, we examined the quantitative corre la t ion between the chemical  shifts 
of the protons and the 7r-electron densities on the adjacent carbon atoms in the base and cation, calculated 
for each pa rame te r  var iant .  To do this, we proceeded f rom the general  concepts [7] regarding the exis t -  
ence of a l inear dependence between the component of the chemical  shift of the proton, caused by per tu rba-  
tion of the ~-e lec t ron  sys tem of the molecule,  and the ,,induced" ~r-electron charge on the adjacent carbon 

atom: 

An(a) = a. Aq~. (1) 

The determination of the A~ Ur) values f rom the experimental  values of the chemical  shifts, even within a 
crude approximation that ignores the interaction between the 7r and cr e lect rons  of the molecules,  requi res  
allowance for the s ter ic  factors  caused by the magnetic anisotropy and e lect r ical  fields of the atoms and 
bonds far  removed f rom the nucleus under considerat ion.  The considerat ion of these factors  in severa l  con-  
densed he te roaromat ic  sys tems  was examined in detail in [8, 9] and reduces to an approximate est imate of 
the following effects:  1) the ring cur ren ts ,  2) the paramagnet ic  anisotropy and electr ic  field of the dipoles 
of the unshared pairs  of electrons of the he teroatoms,  and 3) the e lect r ical  field of the Ir charges  of the 

molecule .  

We calculated the r i ng -cu r r en t  effect f rom the equation [10] 

i 

where K n are  the values found f rom the tables of Johnson and Bovey [11] for the corresponding distances of 
the r ing protons from the center  of each ring, an is the radius of the corresponding ring, a b is the radius of 
the benzene ring, I n is the intensity of the cur ren t s  in the ring in units of the intensity of the cur ren ts  in the 
benzene ring,  and 0.63 is an empi r ica l  constant [12]. The interatomic dis tances in the th ree - r ing  sys tem 
were assumed to be equal to the CC and CH bond lengths in benzene. In est imating the intensities of the 
ring cu r ren t s  we proceeded from the following assumptions.  The rat io of the cur rent  intensities in the A 
and B rings of the benzimidazole f ragment  of the molecule  was assumed to be equal to the rat io of the c u r -  
rent  intensit ies in s ix-  and f ive -membered  indole (or benzimidazoleT ) r ings,  but equal to the rat io of the 

* We felt that it was expedient to c a r r y  out the variation within the f ramework  of the s tandard scales  of the 
Pul lman [4] and St re i twieser  [5] pa ramete r s  using also the value h~ = 0.9 [6]. When this was done, as seen 
f rom Table 3, the calculation reduced fundamentally to variat ion of the coulombic integrals  for the he te ro -  
atoms in the 1- and 4-posi t ions .  
T Aza-subst i tut ion has vir tual ly no effect  on the ring cu r ren t s  [9, 13]. 
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T A B L E  5. C o r r e c t i o n s  f o r  t h e  E f f e c t  of  t he  F i e l d  of  ~r C h a r g e s  in 

T h i a z o l o  [ 3 , 2 - a ] b e n z i m i d a z o l e  (A~ E qTr ) 

Computational Base Cation 
variant 2-H 3-H 2-H 3-H 

I 
II 

III 
IV 
V 

--0,98 
- -  1 , 0 2  
- -  0 , 6 3  
--0,71 
--0,7O 

-0,86 
- 1,04 
--0,74 
- 0 , 9 3  
-- 0,86 

5-H 8-H 

O,34 0,13 
0,31 0,23 
0,21 0,15 
0,24 0,18 
0,22 0,15 

-l ,18 
--1,19 
- -  0 , 8 2  
--0,86 
--0,89 

-0,93 
- -  1,09 
-0,89 
- 1 , 0 7  
-- 1,04 

5-H 8-H 

0,25 0,19 
0,17 0,15 
0,24 0,24 
0,24 0,15 
0,22 0,23 

T A B L E  6. 

D e n s i t y  in T h i a z o l o  [ 3 , 2 - a ] b e n z i m i d a z o l e  

Computa. Comp. ZXo c~ [aav p p m  obs 
variant form* Position ppm / charge z5 q 

IIl 

IV 

V 

Calculated and  "Observed" Distribution of It-Electron 

1 , 4 9  
0,85 
0,16 
0,54 
1,05 
05O 
1 , 5 3  
1 , 0 3  
0,19 
0,44 
1 , 0 6  
0,66 
1,14 
0,73 
0,29 
0,52 
0,69 
0,46 
1 , 2 8  
0,95 
0,28 
0,57 
0,83 
0,65 
1,22 
3,92 
3,26 
3,49 
3,73 
),64 

A_cal Mean square 
q ~ deviation 

- 0,07[ 
-0,14~ 
-0,01~ 
--0,054 0,043 
--0,072 
- 0,094 
-0,11~ 
-0,14~ 
- 0,024 0,031 
-0,057 
-0,10~ 
-0,110 
-0,051 
- 0,070 
--0,015 0,017 
--0,035 
--0,033 
--0,053 
-- 0,086 
--0,086 
--0,021 0,010 
--0,042 
--0,074 
--0,064 
- 0,085 
-- 0,063 
- 0,021 0,005 
-0,040 
-0,055 
-- 0,056 

* N  i s  t h e  n e u t r a l  b a s e ,  and C is  t he  c a t i o n .  

c u r r e n t  i n t e n s i t i e s  in t h e  B 1 and  C 1 r i n g s  of  t h e  i s o e l e c t r o n i c  i n d o l i s i n e  s y s t e m  in t he  B and C r i n g s  of  the  
i m i d a z o t h i a z o l e  f r a g m e n t :  

. . . .  B 
[C tC L 

R e d i s t r i b u t i o n  o f  t h e  d o u b l e  bond  in t he  i m i d a z o t h i a z o l e  f r a g m e n t  d u r i n g  p r o t o n a t i o n  of  t h e  m o l e c u l e  s h o u l d  
l e a d  to  r e d i s t r i b u t i o n  of the  c u r r e n t s  in t h e  B and  C r i n g s :  

�9 ~ . . . .  B N c  
/~2 l B  I .... 

T h e  r e l a t i v e  i n t e n s i t i e s  of  t h e  r i n g  c u r r e n t s  c a n  be  found f r o m  t h e  r e l a t i v e  c h e m i c a l  s h i f t s  c a u s e d  by t h e  

r i n g  c u r r e n t s  [14]. T o  e s t i m a t e  t h e s e  v a l u e s ,  we  u s e d  d a t a  on the  e f f e c t  of  r i n g  c u r r e n t s  in i n d o l e  and i n -  

d o l i s i n e  [9]. B y  f u r t h e r  a s s u m i n g  tha t  t h e  c u r r e n t s  in f i v e - m e m b e r e d  h e t e r o a r o m a t i c  r i n g s  a r e  c l o s e  to  t h e  
c u r r e n t s  in b e n z e n e  [14], w e  u s e d  t h e  f o l l o w i n g  i n t e n s i t i e s  of  t h e  c u r r e n t s  in t h e  r i n g s  of  t h e  i n v e s t i g a t e d  

s y s t e m  (in u n i t s  o f  t h e  r i n g  c u r r e n t s  in b e n z e n e )  in t h e  c a l c u l a t i o n :  I A = 1 .3 ,  I B = 1 .0 ,  and IC = 0.9 in t he  
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Fig.  2. Molecular  d iagrams of the neutral  
base fiA) and cation fiB) of thiazolo[3,2-a]-  
benzimidazole (see Table 3, var iant  V, for 
the pa ramete r s ) .  

base, arid I A = 1.3, I B = 1.0, and I C = 1.1 in the cation. The 
chemical  shifts caused by the ring cu r ren t s  and calculated 
f rom Eq. (2) are  presented in Table 4. 

Evaluation of the contributions of magnetic anisotropy 
and the e lec t r ica l  field of the dipoles of the unshared pairs  
of e lectrons of the he teroatoms in complex sys tems  is ex-  
t r eme ly  problemat ic .  Since the unshared pairs of he te ro -  
atoms in the 1- and 4-posit ions are  a part  of a conjugated 7r 
sys tem,  it can be assumed that the contribution of the para -  
magnetic anisotropy of these atoms is relat ively small ,  
while the e lec t r ica l  field effect, which depends on the de-  
gree  of delocalization of the electron pai rs ,  is taken into ac-  
count in the calculation of the effect of the field of the 7r 
charges  of the molecule.  The calculation of the effect of the 
magnetic anisotropy of the nitrogen atom of the "pyridine" 
type (Ng) is complicated because of the absence of exper i -  
mental  data on the energies of the n -~ 7r * t ransi t ions in the 
investigated compounds. Since the experimental  values of 
these energies  in condensed ni t rogen-containing he terocycles  
usually range f rom 3.2 to 3.8 eV [15],one can take AE '~-~'= 

3.5 eV for rough es t imates .  Under this assumption, our ca l -  
culation by the Pople method [16]? led to the following values of the paramagnet ic  components of the tensor  
of local susceptibil i ty on the N 9 atom (. 10-6): 

(gNU)zz=6.4; (ZN")~x=16.2; (XN")yU-----9.9. 

In the dipole approximation, the effect of paramagnet ic  anisotropy of the N s atom leads to deshielding of the 
in the neutral  molecule  by a factor  o fA  cr N = -0.21 ppm and has vir tually no effect on the chemi-  8-H proton 

cal shifts of the remaining protons.  

Taking the dipole moment  of the unshared pair  of e lectrons of the N~ atom as 1.6 D and placing the 
center  of the dipole at a distance of 1 .~ f rom the nitrogen atom [8, 9], we est imated the e lectr ical  field ef-  

N =  
feet,  which also makes a substantial  contribution only to the shielding of the proton in the 8-position (Aft E 
-0 .19 ppm). 

The effect of the field of 7r charges  of the molecule was calculated f rom the equation 

A(r~.( r )= -- 13,92. 10 -6 hqz I" ri -2. cos ai + 17,05. 10 -~ ( A q z  i .  ri -2) ~, 
i i 

(3) 

obtained f rom the general  Buckingham equation [18] with Muscher  coefficients [19]. The resul ts  are  p r e -  
sented in Table 5. 

The Act c ~  values were calculated (with allowance for the above examined effects) f rom the exper i -  
mental values of the chemical  shifts of the protons of the base (2-H, 3-H, 5-H, and 8-H) and the cation (2-H 
and 3-H) of thiazolo[3,2-a]benzimidazole fi), found relat ive to the chemical  shifts of the protons in benzene 
(7.26 ppm) measured  under s imi lar  conditions. The average values of the a coefficient in Eq. (1) for each 
of the computational var iants  were found f rom the rat io between these values and the r - e l e c t r o n  char,~es on 
carbon atoms in the corresponding positions of the neutral  molecule and cation. The calculated {Aq TM) and 
"observed" (Aq ~ 7r-electron charges  calculated f rom Eq. (1) are  compared  in Table 6. The aav values 
for all of the computational variants  lie in a reasonable  interval of values (8.7-16.1 ppm/cha rge ) .  The "ob-  
served"  distribution of ~r-electron densi ty in the neutral  base,  found for the ent ire  range of aav values, c o r -  
responds to the sequence 

? The computational procedure  is descr ibed in detail in [8, 9, 17]. In our calculation we used the average 
value of the energy of excitation for the remaining t ransi t ions {AEav = 10 eV) and the averaged values of 
the matr ix  elements of the charges  and bond orders  calculated for all pa ramete r  var iants .  
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Aq=(2) > Aqg(3) >'5q=(s) > Aq=(5). 

Only variant  V, which involves the use of the coulombic integrals for the S 1 and N 4 atoms that are  c losest  in 
value, leads to the same sequence of relat ive f - e l e c t r o n  densi t ies .  The quantitative corre la t ion  between 
the calculated and "observed" ~-e lec t ron  densities improves  success ive ly  as the difference between h~ and 
h~" dec reases .  The mean square deviation of the Aq TMvalues  f rom Aq ~ dec reases  by one order  of mag-  
nitude in the examined range of Ah~,~ values (0.1-1.5). 

Thus the resul ts  of the calculation obtained using the Strei twieser  pa ramete r s  [5] (Table 3, var iant  I) 
are  in poorest  agreement  with the relat ive chemical  shifts of the protons in the base and cation of thiazolo-  
[3,2-a]benzimidazole {I). Variation of the coulombic integral  for the sulfur atom within the f ramework  of 
the scale of the Pullman pa ramete r s  [4] (Table 3, var iants  II, IV, and V) leads to completely sa t i s fac tory  
corre la t ion  between the ~ -e lec t ron  densit ies and the chemical  shifts for h~ = 0.9. The molecular  d iagrams,  
energy  levets,  and detocalization energies  of the neutral  molecule and cation of I, calculated for this p a r a m -  
eter  var iant ,  are  presented in Fig. 2. It should be noted that the relat ive values of the corresponding indices 
of electronic s t ruc tu re  in the base and cation, calculated with these pa ramete r s ,  agree sa t is factor i ly  with 
the observed changes in the PMR spect ra  on protonation of the investigated compounds.  

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

The PMR spect ra  of solutions in deuterochloroform,  methylene chloride,  and methylene c h l o r i d e -  
t r i f luoroacet ic  acid containing various amounts of t r i f luoroacet ic  acid (from 0 to 100 vol.~) were measured  
with a JNM-4H-100 spec t rome te r .  All of the measurements  were made at the same concentration of the in- 
vest igated substance in solution (0.17 M). The chemical  shifts were measured  on the 6 scale relative to 
te t ramethyls i lane  as the internal standard.  
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