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The dependence of the IR and PMR spectral  character is t ics  of 12 compounds of the 1,2-di- 
hydro-3H-1,4-benzodiazepine ser ies  on structural  and steroehemieal factors was studied. 
Information in favor of concepts regarding the pseudoboat conformation as the pr imary  one 
for this type of 1,4-benzodiazepine derivative was obtained. 

The l i tera ture  contains only episodic and nonsystematized information on the IR spectra  of 1,2-di- 
hydro-3H-1,4-benzo-2-diazepinones [2-4] and only a few papers devoted to the PMI~ spectra  of these sub- 
stances. We have investigated the IR and PMR spectra of 1,4-benzodiazepines of the A type and their 
N4-oxides. 
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*See [1] for communication XIII. 
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Fig. 1. PMR spectrum of 7-bromo-5-  
phenyl- 1,2-dihydro-3H- 1,4-benz6-2- 
diazepinone. 

Institute of Organic Chemistry, Academy of Sciences of the Ukrainian SSR, Kiev. I. I. Mechnikov 
Odessa State University. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 6, pp. 838-842, 
June, 1974. Original art icle submitted April 16, 1973. 

�9 1975PlenumPublishing Corporation, 227 West 17th Street, New York, iV.. Y. 10011. No part of  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy o f  this article is available from the publisher for $15.00. 

728 



{h 

q.a 
r 

O 
r ~  

.2 

.4 

g ~ g 

.I I 

. . . 1 | ! 1  

O00~OOm 

I 0 1 1 1 1 1  

eg 

O U ~ U U U ~  

I RI v 

R A ~ ' ~ N  / ~\R: 
f 
C 6 H s 

A 
R=INO2, Br, CI, H, CH~; RI=H, CH3; R:=H, CH3, C2H~, i-C~H?; X=O, S, H2. 

The synthes is  and phys ica l ,  chemica l ,  and pharmaco log ica l  p r o p -  
e r t i e s  of these  subs tances  were  desc r ibed  in [2-4]. 7 - C h l o r o - l - m e t h y l -  
5 -phenyl - l ,2 -d ihydro-3I - I -1 ,4-benzodiazepine  (compound No. 4, m e d a z -  
apam) was obtained by  the act ion of uro t ropin  on 5 - c h l o r o - 2 - ( 2 - b r o m o -  
ethylmethyl)aminobenzophenone in absolute e t h a n o l  [5]. 

The p re sence  of absorp t ion  bands of a C 5 =N 4 double bond at  1590- 
1610 c m  - i  in the i r  IR s p e c t r a  (Table 1) is c h a r a c t e r i s t i c  for  1 ,2-dihydro-  
3H-1 ,4-benzodiazepines .  The ass ignment  of  this band is conf i rmed  by its 
absence  in the s p e c t r u m  o f  7 - c h l o r o - 5 - p h e n y l - l , 2 , 3 , 4 - t e t r a h y d r o - 5 H -  
1 ,4-benzo-2-diazepinone.  The LR s p e c t r a  of  1 ,2 -d ihydro-3H, -1 ,4 -benzo-  
2-diazepinones ,  as a l r e ady  noted in [2-4], contain the absorpt ion  bands 
of a carbonyl  group and f ree  and assoc ia ted  NH groups.  The most  intense 
(at 3180 cm -I) of the bands that  a re  r e l a t ed  to the v ibra t ions  of the NH 
group co r re sponds  to the v ibra t ions  of the N -  H bond of an amide group with 
a cis config .uration [6]. The integral  intensi ty of this band r e m a i n s  p r a c -  
t ica l ly  the s ame  on dilution [4], which may at tes t  to the p r e sence  of an 
in t ramolecu la r  hydrogen bond between the NH group and the carbonyl  
group or to the fo rmat ion  of d imer i c  a s soc i a t e s  due to hydrogen bonds of 
the amide  groups.  In addition, the cis configurat ion of the amide group 
is evidence in favor  of the boat conformat ion  of the 1 ,2 -d ihydro-3H-1 ,4 -  
benzo-2-d iazepinone  molectt les.  
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Bands of the s t r e t ch ing  v ibra t ions  of the c a r b o n - c a r b o n  sesqu i -  
bonds of benzene r ings  a r e  p r e sen t ed  at 1450-1550 c m  -1 in the IR s p e c -  
t r a  of 1 ,2 -d ihydro-3H-1 ,4-benzodiazep ines .  The C - H  s t re tch ing  v i b r a -  
tions of the benzene r ings  of compounds A lead to the appearance  of ab-  
sorp t ion  bands at 3030-3100 c m  -1. The C - H  s t re tch ing  v ibra t ion  of the 
methylene group in the 3 posi t ion of the benzodiazepine s y s t e m  in the ab-  
sence  of al iphatic  subst i tuents  give two bands of a s y m m e t r i c a l  and s y m -  
me t r i ca l  v ibra t ions  at 2850-2940 c m  -1. When al iphatic  groups a re  p r e s -  
ent in the 1, 3, or  7 posi t ions ,  the cor responding  additional bands appea r  
in the spec t ra .  In addition to th is ,  a shift  in the absorp t ion  bands of the 
methylene group is noted (in the case  of 3-unsubst i tu ted compounds).  

The PMR s p e c t r a  contain a mult iplet  s ignal  of a r o m a t i c  protons at 
7.45-8.00 ppm (for solutions in d6-dimethyl sulfoxide). The intense peak  
of this multiplet  in the s p e c t r u m  of 7 - b r o m o - 5 - p h e n y l - l , 2 - d i h y d r o - 3 H -  
1 ,4-benzo-2-d iazepinone  (compound No. 9, Fig. 1) at 7.70 ppm belongs 
to the protons of the 5-phenyl  subst i tutent ,  judging f r o m  its chemical  
shift and integral  intensity.  The signal  of the indicated protons  a re  s i m -  
i l a r ly  displayed in the s p e c t r a  of the other  compounds (A). 
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T A B L E  2. C h e m i c a l  Shif ts  of the  Methy l ,  M e thy l e ne ,  and  Methy l idyne  
P r o t o n s  of  1 ,2 -  D i h y d r o - 3 H -  1 , 4 - b e n z o d i a z e p i n e s  
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F ig .  2. P M R  s p e c t r a  of  3 - m e t h y l -  (a), 3 - e t h y l -  (b), and 3 - i s o p r o p y l -  
7 - c h l o r o - 5 - p h e n y l - l , 2 - d i h y d r o - 3 H -  1 , 4 - b e n z o - 2 - d i a z e p i n o n e s  (c), 

F ig .  3. PAIR s p e c t r a  of  m e d a z e p a m  a t .  a) 60 MtIz;  b) 100 MHz. 

The s i n g l e t  (1H) a t  3 10.80 p p m  in th i s  s p e c t r u m  is  the  s i g n a l  of  the  p r o t o n  of  an a m i d e  g roup .  We 
note  tha t  the  i n t e n s i t y  o f  t h i s  s i gna l  is  c o n s i d e r a b l y  l e s s  when  the  s p e c t r u m  of  a s o l u t i o n  of  the  compound  in 
ds-DMSO i s  r e c o r d e d  than  when  the  s p e c t r u m  is  r e c o r d e d  wi th  u n d e u t e r a t e d  DMSO as  the  so lven t .  * Th i s  
can  be  e x p l a i n e d  b y  d e u t e r i u m  e x c h a n g e ,  i . e . ,  b y  d e u t e r a t i o n  of  compound  No. 9 at  the  N 1 a tom.  

The c h e m i c a l  sh i f t s  of  t he  p r o t o n s  a t t a c h e d  to  the  C 3 a t o m  and the  p r o t o n s  of  the  s u b s t i t u e n t s  a t t a c h e d  
to  the  N 1 and C 3 a t o m s  a r e  p r e s e n t e d  in T a b l e  2. I t  is  s e e n  f r o m  T a b l e  2 t ha t  the  c h e m i c a l  sh i f t s  of  the  
m e t h y l e n e  p r o t o n s  of  compounds  A d i f f e r  a p p r e c i a b l y  when  the  s p e c t r a  a r e  r e c o r d e d  in d i f f e r e n t  s o l v e n t s  
(ds-DMSO, C~DsN , and  CD3COOD). As  in the  c a s e  of  o t h e r  p r o p e r t i e s  of  c o m p o u n d s  A,  the  c h a r a c t e r  of  s u b -  
s t i t u e n t  R has  a r e g u l a r  e f f ec t  on 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  m e t h y l e n e  g roup .  An i n c r e a s e  in 
i t s  e l e e t r o n e g a t i v i t y  sh i f t s  the  s i gna l  of  the  m e t h y l e n e  p r o t o n s  to l o w e r  f i e ld ;  t h i s  i s  a p p a r e n t l y  a s s o c i a t e d  
wi th  a d e c r e a s e  in the  e l e c t r o n  d e n s i t y  on the  C =N bond  unde r  the  in f luence  of  the  s u b s t i t u e n t .  

The  u s u a l  s i g n a l s  of  a l k y l  p r o t o n s  a r e  o b s e r v e d  in the  P M R  s p e c t r a  of  3 - a l k y l - s u b s t i t u t e d  d e r i v a t i v e s  
o f  the  A type  (Fig .  2), and  d i a s t e r e o t o p i c i t y  of  t he  m e t h y l  g r o u p s  is  d i s t i n c t l y  o b s e r v e d  in the  c a s e  of  the  
r e s o n a n c e  band  o f  the  i s o p r o p y l  g roup .  

* T h e  d6-DMSO con ta in s  up to  1% d e u t e r i u m  ox ide ,  a c c o r d i n g  to  the  m a n u f a c t u r e r ' s  l a b e l .  
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Substitution of the C 3 a tom or  of  adjacent  a ton~  of the he te ro r ing  has the g r e a t e s t  effect  on the c h a r -  
ac te r  of the r e sonance  of the protons  a t tached to C 3. Thus r e p l a c e m e n t  of the oxygen a t o m  at tached to C 2 by  
sulfur  and introduction of a s e m i p o l a r  oxygen a tom in the N 4 posi t ion lead to an inc rease  of  ~ 0.40 p p m  in the 
chemical  shift.  

Substitution at the N 1 a tom by a methyl  group leads to spli t t ing of the signal of the C 3 methylene group 
into a quar te t ;  this can be explained by the r e t a r d e d  c h a r a c t e r  of r ing  invers ion.  

The re sonance  signal of the protons of the r ing  methylene groups  at 2.80-3.30 p p m  genera tes  the 
g rea t e s t  in teres t  in the PMR s p e c t r u m  of compound No. 4 (Fig. 3). As seen  f r o m  the s p e c t r u m ,  these  p r o -  
tons f o r m  an AA'BB'  spin s y s t e m  and r e sona t e  as two mult [ple ts ,  of which the signal  of the 2-CH 2 protons  
evidently appear  at high field, and the protons  of the 3 -CH 2 group appear  at low field. This is apparen t ly  in 
good a g r e e m e n t  with the concept of the higher  bas i c i ty  of the N 4 r ing a tom as compa red  with N I. The c h a r -  
ac t e r  of the s p e c t r u m  also a t tes t s  that  the cyclic  s y s t e m  under cons idera t ion  is quite r ig id ,  and r ing  i n v e r -  
sion is hindered at r o o m  t e m p e r a t u r e .  

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

The IR s p e c t r a  of solutions of the compounds (Nos. 1-7) in CC14 or CHC13 were  r e c o r d e d  with an 
IKS-14A s p e c t r o m e t e r .  The solution concentra t ion was 0.01 mole  and the l a y e r  th[clmess was 5.006 mm.  
The PMR s p e c t r a  were  r e c o r d e d  with a Tes l a  $9 487B NMR s p e c t r o m e t e r  at 80 MHz with hexamethy ld i s i l -  
oxane as the external  s tandard  for 5-10% solutions of compounds A in d6-dimethyl sulfoxide,  pe r  deu te ropy-  
r id ine ,  and per  deuteroace t ic  acid. The s p e c t r u m  of compound No. 4 was also r e c o r d e d  with a Varian HA- 
100D s p e c t r o m e t e r  at 100 MHz. 

1 -Me thy l -5 -pheny l -7 -ch lo ro - l , 2 -d ihyd ro -3H-1 ,4 -benzod iazep ine .  A 2.8-g (8 mmole)  s ample  of 
5 -ch loro-2- (2-bromoethy t )methy laminobenzophenone  and 2.8 g (20 mmole)  of urot ropin  were  ref luxed in 50 
ml of absolute ethanol for 10 h, a f te r  which the r eac t i on  mixture  was vacuum evapora ted ,  and the r e s idue  
was t r ea t ed  with methylene chloride and water .  The organic  l a y e r  was sepa ra ted ,  and the aqueous l aye r  
was made alkaline and ex t rac ted  with methylene chloride.  The ex t r ac t s  were  combined and dr ied with ca l -  
cined sodium sulfate ,  the methylene chloride was r e m o v e d  by  dist i l lat ion,  and the r e s idue  was c rys t a l l i zed  
f r o m  ether .  The yield of product  with mp 100-103 ~ (mp 102-103 ~ [5]) was  1.8 g (83%). 
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