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R I N G  O F  T H E  1 H - B E N Z O - 1 , 5 - D I A Z E P I N I U M  
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The s ignals  of all  of the protons in the PMR s p e c t r u m  of 2 , 4 - d i m e t h y l - l H - b e n z o - l , 5 - d i a z e p i n e  
hydrochlor ide  axe shif ted to s t ronger  f ields by 0.5-1.0 p p m  re la t ive  to the s ignals  of  the ana l -  
ogous protons in model compounds.  This shift  is explained by the cons iderable  pa r amagne t i e  
contr ibution of the eight 7r e lec t rons  of the diazepine r ing  of the 1H-benzo - l , 5 -d i azep in ium 
monocation to the magnet ic  suscept ib i l i ty  of the molecule.  Calculat ions of  the I t - e l ec t ron  
r ing  cu r r en t  and the 7r-electron component  of the magnet ic  suscept ib i l i ty  of  this monoeation 
by the MO LCAO method showed that the r ing  c u r r e n t  in the s e v e n - m e m b e r e d  rizig is p a r a -  
magnet ic  and depends marked ly  on the magnitude of the coulombie in tegral  for ni t rogen.  

During a study of the PIVIR s p e c t r a  of 2 , 4 - d i m e t h y l - l H - b e n z o - l , 5 - d i a z e p i n e  (I), i ts hydrochlor ide  
(I+C1-), and a solution of I in H2SO 4 (I ++ �9 2HSO4-) , our at tention was drawn to the unusual re la t ionsh ip  be -  
tween the magnitudes of the chemica l  shif ts  of  the phenyl and methyl protons  in base  I and ionic f o r m s  I + 
and I ++. 
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In the s p e c t r u m  of monocation I +, the s ignals  of these  protons  a re  found at s t ronge r  fields than in the 
ease  of base  I, while in the case  of dication I++ they  a r e  found at weaker  f ields (Table 1). The signal of 
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the methylene protons in the 3 posit ion,  with an intensi ty  of 2 proton units (p.u.), which is c h a r a c t e r i s t i c  
for  base  I and dieation I ++, is absent  in the s p e c t r u m  of monocation I+, in which the s inglet  with an inten- 
s i ty  of  1 p.u. at 4.0-4.2 p p m  is aff i l ia ted with the 3-H proton.  

It should be noted that  B a r r y  and c o - w o r k e r s ,  who studied the PM:R s p e c t r a  of  1 H - b e n z o - l , 5 - d i z e -  
pines [1], ass igned the s ignal  in the reg ion  of the r e sonance  of a roma t i c  protons  to the 3-H proton of mono-  
cation I +. This a s s ignment  r a i s e s  some  doubt. It might be a s sumed  that exchange of the 3-H pro ton  of 
monocation I + with the protons  of the COOH groups of the solvent  occurs  in the solvents  used by  B a r r y  and 
c o - w o r k e r s  [1]-CF3COOH and CI)C13 +CH3COOtt-  and the signal at 4.0-4.2 ppm is v e r y  marked ly  
broadened.  

The unusual s t rong- f i e ld  posit ion of the s ignals  of all  of the protons  of monocation I + is pa r t i cu l a r ly  
not iceable on compar ing  the chemical  shif ts  of the protons  of I + with those of model compounds containing 
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T A B L E  1. 
of  I, I I ,  and III* 

C h e m i c a l  Shif ts  of  the  P r o t o n s  of  t he  B a s e s  and Ca t i ons  

Formula Solvent ~, ppm 

I t CDC[a 
1 CDaOD 
1 (CD3) 2SO 
1 +CI- CDaOD 
I-"CI- (CDa)2SO 
I CDaOD+ DeSO4 
12 H2SO4 
11 CFaCOOII 

I1 e 
II+C1 - 
II+CI- 
II+CI- 

CDCIa 
CDaOD 
(CDa)2SO 
1 N DCI 

CDaOD 
(CDa)2SO 
CDaOD 
(CDa)~SO 

CHa 3-H 
2,32 2,80"t 
2,38 2,901" 
2,29 2,80~" 
1,82 4,19 
1,80 4,08 
1,82 4.20 
3,6 - 4,70 ~" 
1.87 
CHa 6-H 
1,88 4,40 
2,21 5,01 
2,17 4,87 
2,I7 5,00 

6-H, 9-H 7-H, 8-H 
7,3 
7,3 
7,22 

6,48 6,87 
6,65 6,85 
6,47 6,87 

8,4 
6,1 7,1 

4-H, 7-H 5-H, 6-H 
7,61 7,24 
7,60 7,19 
7,88 7,66 
7,80 7,61 

Il l  
IIl 
III+CI- 
IlI+CI - 

CH~ 
3,42 
3,63 
3,52 
3,60 
2-H 
8,12 
8,21 
9,50 
9,69 

* The PMR s p e c t r a  w e r e  o b t a i n e d  wi th  a J N M - 4 H - 1 0 0  s p e c t r o m e t e r .  
~" T h e s e  a r e  the  p r o t o n s  of  the  CH 2 g roup .  

ind iv idua l  f r a g m e n t s  of  the  I + m o l e c u l e  (Table '  1). 5 , 7 - D t m e t h y l - 2 , 3 - d i h y d r o - l H - 1 , 4 - d i a z e p i n e  (II) and i t s  
h y d r o c h l o r i d e  (II+C1-), in which  the  6 -H p r o t o n  and the  CH 3 g r o u p  in the  5 and 7 p o s i t i o n s  a r e  a n a l o g o u s ,  
r e s p e c t i v e l y ,  to  the  3 -H  p r o t o n  and CH 3 g r o u p  in the  2 and 4 p o s i t i o n s  of  I+C1 - ,  and  b e n z i m i d a z o l e  (III) and 
i ts  h y d r o c b l o r i d e  (I I I+CI-) ,  the  4 -  and 5-H p r o t o n s  of  wh ich  a r e  ana logous  to 6-  and 7 -H of  I+C1 - ,  r e s p e c -  
t i v e l y ,  w e r e  u sed  as  mode l  compounds  of  th i s  kind.  

The s i gna l  of  the  3 -H p r o t o n  of  I+C1 - is  found at  s t r o n g e r  f i e l d s  (0.8 p p m  s t r o n g e r )  than  the  s i g n a l  of  
the  c o r r e s p o n d i n g  6-H p r o t o n  in II+C1 - (Table  1). The s i gna l  of  the  p r o t o n s  of  the  methy l  s u b s t i t u e n t s  of  
the  s e v e n - m e m b e r e d  r i n g  in I+C1 - is  sh i f t ed  to s t r o n g e r  f i e l d s  by  0.38 p p m  r e l a t i v e  to  II+C1 - .  The  v a l u e s  
found shou ld  be c o r r e c t e d  for  the  e f fec t  of  the  d i a m a g n e t i c  r i n g  c u r r e n t  of  the  b e n z e n e  r i n g *  in I+CIS. This  
e f f e c t w a s  e v a l u a t e d f r o m t h e t a b l e s  in [3] as  be ing  0.18 and 0.14 p p m  for  3 - H  and CH3, r e s p e c t i v e l y .  Con-  
s e q u e n t l y ,  the  e x c e s s  sh i f t  to  s t r o n g  f i e ld  of  the s i g n a l s  of the  3 -H  and CH 3 s i g n a l s  in I+C1 - r e l a t i v e  to  the  
p o s i t i o n s  e x p e c t e d  on the  b a s i s  of  an  e x a m i n a t i o n  of  mode l  compound  II+C1 - a r e  ~ 1  and 0.5 ppm,  r e s p e c -  
t i ve ly .  

A c o m p a r i s o n  of the  c h e m i c a l  sh i f t s  of  the  p r o t o n s  of  the  b e n z e n e  r i n g  of  I+C1 - wi th  the  c o r r e s p o n d -  
ing v a l u e s  for  III+C1 - shews  tha t  the  sh i f t  to  s t r o n g  f i e ld  is  1.3 p p m  for  the  6-H p r o t o n  in I+C1 - r e l a t i v e  to  
4 -H  in III+CI - and  0.78 p p m  for  7 -H  in I+C1 - r e l a t i v e  to 5 -H in III+C1 - .  The  d i a m a g n e t i c  r i n g  c u r r e n t  in 
the  f i v e - m e m b e r e d  r i n g  o f b e n z i m i d a z o l e  p r o b a b l y  m a k e s  a c e r t a i n  c o n t r i b u t i o n  to  the  above  d i f f e r e n c e s  in 
the  c h e m i c a l  s h i f t s .  When th i s  e f fec t  is  t a k e n  into accoun t ,  the  e x c e s s  sh i f t  to  s t r o n g  f i e l d  of  the  s i g n a l s  
of  the  p r o t o n s  of  the  b e n z e n e  r i n g  of  I+C1 - r e l a t i v e  to the  v a l u e s  e x p e c t e d  on the b a s i s  of  a s t u d y  of m o d e l  
compound  III+C1 - was  ~ 0.8 p p m  for  6 -H and ~ 0.6 p p m  for  7-H.-~ 

It  i s  i n t e r e s t i n g  to note  the  r e v e r s e  e f fec t  of  p r o t o n a t i o n  of  the  n i t r o g e n  a t o m  on the  c h e m i c a l  s h i f t s  
of  the  p r o t o n s  of  I,  on the  one hand,  and of  II and  I l l ,  on the  o t h e r .  It fo l lows  f r o m  T a b l e  1 tha t  on p a s s i n g  
f r o m  b a s e s  1I and  III to the  c o r r e s p o n d i n g  m o n o c a t i o n s  II + and I l l  + the  s i g n a l s  o f  a l l  of  the  p r o t o n s  a r e  
sh i f t ed  to w e a k e r  f i e l d ;  t h i s  is  a l s o  c h a r a c t e r i s t i c  fo r  o t h e r  n i t r o g e n  h e t e r o c y c l i c  c o m p o u n d s .  

The e x c e s s  sh i f t s  to s t r o n g  f i e ld  ( A S ) o f  the  s i g n a l s  of the  p r o t o n s  of  I+C1 - a r e  p r e s e n t e d  in T a b l e  2. 

L e t  us e x a m i n e  the  p o s s i b l e  r e a s o n s  fo r  t h i s  e f fec t .  One of  the  f a c t o r s  tha t  a f fec t  the  c h e m i c a l  sh i f t s  
o f  p r o t o n s  in con juga t ed  s y s t e m s  is  the  d e n s i t y  of the  7 r - e l e c t r o n  c h a r g e  on the  c a r b o n  a t o m  to wh ich  a p r o -  
ton is connec t ed  [4]. The d i f f e r e n c e s  in the  ~ r - e l e c t r o n  d e n s i t i e s  (Aq ~r ) on the  c a r b o n  a t o m s  in I + and the  

*It  was  a s s u m e d  tha t  the  i n d i c a t e d  e f fec t  is d e t e r m i n e d  on ly  b y  the  d i s t a n c e  b e t w e e n  the  p r o t o n  and the  c e n -  
t e r  of  the  b e n z e n e  r i n g .  

Ia the  c a l c u l a t i o n  of  the  c o r r e c t i o n  for  the  rhag c u r r e n t  of  the  f i v e - m e m b e r e d  r i n g  in III+C1 - i t  was  a s -  
s u m e d  tha t  th i s  c u r r e n t  is  of  the  s a m e  magn i tude  a s  tha t  of  the  b e n z e n e  r i n g .  
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TABLE 2. A6 and R Values for the Protons  and Aq ~r Values for the 
Carbon Atoms of Monocation I + 

I 

Parameter i 3-H ~1 2-CH~ 
t 

AS, ppm I - 1,0 ] -0,5 
Aq~ ] ~- 0,030 t -- 0,073 
R, s l 2,7 3,7 

6-H 7-If 

-0,8 -0,6 
+0.030 +0,008 

3,7 5,0 

TABLE 3. r - E l e c t r o n  Ring Currents  16 and 17 in the Six-Membered 
and Seven-Membered Rings of Monocation I +, Contributions of X 6Z,  
X 677r , and X 777r to the ~ -E lee t ron  Component of the Magnetic Suscep- 
t ibili ty of the Two-Ring System, and Their  Summation (ZX ~) for Var-  
ious Values of Coulombic P a r a m e t e r  h N (IC6H 6 and XvC6Hs were as -  
sumed to be unity) 

0 
0,5 
1.0 
1,5 
2,0 

- 0,285 
0,323 
0.592 
0.730 
0.810 

-- 2,473 
-- 1,638 
- -  1 , 0 9 7  
--0,753 
--0,532 

1 , 3 7  
1 , 2 3  
1,135 
1 , 0 8  
1 , 0 5 5  

-- 3,32 
- -  1 , 8 0  
- -  1 , 0 8  
-- 0,703 
--0,486 

- -  1 , 8 0  
- -  1 , 4 0  
- -  1 , 0 0  
--0,701 
--0,503 

- -  3 , 7 5  
- -  1,97 
-- 0,944 
--0,324 

0,066 

corresponding model compounds (II + for C 3 and C2, 4, and HI + for C 6 and C7) are indicated in Table 2.* The 
re la t ive ly  small  differences in the r - e l e c t r o n  densities and the constancy of the sign of differences A6 v is -  
h-ViS the difference in the sign of differences ~,qTr attest  that it is not this effect that determines the shift 
in the signals of the protons of I+C1 - to s t rong field. 

Another factor  that affects the magnitudes of the chemical  shifts of the protons in conjugated cyclic 
sys tems  is the induced r ing current .  The effect of the r ing  current  should be identical in sign for all of the 
protons situated in the plane of the r ing and should decrease  as the distance f rom the center  of the r ing  in- 
c reases .  A compar ison  of the A6 values found with the distances of the corresponding protons f rom the 
center  of the seven-membered  r ing in I + (R, Table 2) shows that these conditions are  basical ly  sat isf ied,  
and the sign of the effect of the r ing  current  turns out to be the opposite of the sign of this effect in aromat ic  
sys tems .  

Thus the data obtained in this study make it possible to conclude that the magnetic field in the seven-  
membered  r ing of the 1H-benzo- l ,5 -d iazepin ium monocation induces a paramagnet ie  r ing current ,  in con- 
t r a s t  to the diamagnetic r ing cur ren t  in a romat ic  sys tems .  

This conclusion is confirmed by calculation of the magnitudes of the ~r-electron r ing cur ren ts  and the 
~r-electron component of the magnetic susceptibil i ty of the 1H-benzo- l ,5-d iazepin ium monocation within the 
f ramework  of the MO LCAO method by the procedure  in [5] (Table 3). The calculation was made for dif- 
ferent values of the coulombic integral for nitrogen,  during which it was assumed that by virtue of the s y m -  
met ry  of the I + monocation the coulombic integrals for N 1 and N~ are equal, i.e.,  a N l = a N s = a C  +hNfl. It 
was fur ther  assumed that all of the resonance integrals are equal to fl and that both of the r ings  of the two- 
r ing  sy s t em are regula r  polyhedra. 

According to Table 3, the calculation predicts  the existence of a paramagnet ie  r ing  current  in the 
seven-membered  ring,  the magnitude of which dec reases  as coulombic pa rame te r  h N for the nitrogen atom 
increases .  The r ing current  for the s ix -membered  r ing is paramagnet ie  for ve ry  low hN values and dia- 
magnetic for very  high h N values and approaches the magnitude of the r ing cur ren t  in benzene as hN in- 
c reases .  The contributions of the s ix-  and s even -membered  r ings to the r - e l e c t r o n  component of the mag-  
netic susceptibil i ty of the two-r ing  sys t em change correspondingly:  the pa ramagne t i sm decreases  as h N 
increases .  However, the contributions of X 67 r and X 77 ~r are  paramagnet ic  and considerable with r e spec t  
to their absolute value over  the ent ire  range of h N values used in the l i te ra ture  [6]. The anisotropy of the 

~'The ~r-electron densities were calculated by the simple Hfiekel method (Hiickel MO) with h N = l  and 

k e n  =1. 
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magnetic suscept ibi l i ty  of the iH-benzo~ 1,5-diazepinium monocation (A• i +) should the re fo re  be markedly 
depressed  or  even have a sign that is the opposite of the sign of A)~C6H6; this is in agreement  with the ex-  
per imenta l  data f rom the PMR spec t rum of I+C1 -. 

In a number of studies it has been shown that the cha rac te r  of the r ing cu r ren t  in a conjugated carbo-  
cyclic sys t em (or of individual r ings of a polycyclic  ring) is de termined by the number  of ~r-electrons:  the 
cur ren t  is diamagnetic for  4n +2 ~ -e l ec t rons  and paramagnet ic  for  4n 7r - e lec t rons  (n is the whole number)  
[7-10]. Cyclic sys tems  with 4n 7r-electrons have been singled out f rom conjugated molecules with r e spec t  
to a number  of p roper t i e s  and have been cal led ant iaromat ic  sys t ems  [11, 12]. 

The exis tence of a paramagnet ic  r ing cur ren t  has been re l i ab ly  es tabl ished in a study of the PMR 
spec t ra  of annulenes [10, 13, 14] and condensed conjugated carbocycles  ( three-  and four - r ing  sys tems)  [15, 
16]. The influence of this effect  on the chemical  shifts of the protons in some he te rocyc l ic  compounds has 
also been contemplated [17, 18]. 

The conjugated sy s t em of the 1H-benzo- l ,5 -d iazep in ium monocation is formed by 12 7r-electrons,  of 
which eight belong to the s y s t e m  of the s e v e n - m e m b e r e d  diazepine ring.  Consequently,  this r ing  in I + is 
l soelect ronic  with r e spec t  to the ant iaromat ic  sy s t em  of the t ropyl ium anion, for  which, in accordance with 
the Hfickel MO method, two 7r-electrons a re  found in a doubly degenerate  antibonding orbi tal ,  and the r ing 
cur ren t  is paramagnet ie  and infinite in magnitude [10]. The introduction of he teroa toms into the t ropyl ium 
sys tem and condensation with a benzene r ing  lower the energy  and remove  the degeneracy  of the upper oc-  
cupied level .  However,  the tmfilled cha rac te r  of the e lec t ron  shell  is re ta ined  [7, 19] as, for example,  in 
the ant iaromat ic  penta]ene sys t em (eight 7r-electrons),  for  which calculations give a magnetic suscept ibi l i ty  
(of opposite sign) that is g rea te r  than that of benzene by a factor  of 2.5 [8, 9]. 

Thus all of the data obtained in this study indicate the exis tence of a paramagnet ic  r ing cu r ren t  in the 
conjugated he terocyel ic  1H-benzo- l ,5 -d iazep in ium monocation as one of the manifestations of the ant iaro-  
marie cha rac t e r  of the diazepine r ing in this sys tem.  

The author thanks T. S. Safonov and Yu. N. Sheinker for  the i r  discussion of this r e s e a r c h  and K. V. 
Levshin for supplying the compounds. 
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