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SYNTHETIC COMMUNICATIONS, 21(17), 1811-1817 (1991) 

NEW FACILE PREPARATION OF DIHYDRO SPIRO-1,5- 

BENZODIAZEPINES 

P. Shanthan Rao  and R.V. Venkataratnam 
Indian Inst i tute  of Chemical  Technology, Hyderabad 500 007, India. 

* 

Abstract: 2,3-Cycloalkano-3,4-dihydro(5H)-7-benzoyl- 1 ,%benzodiazepine - 
4-spirocycloalkanes have  been prepared f r o m  4-benzoyl-o-phenylenedi- 
arnine and cycloalkanones in presence of a c e t i c  acid. Only in t h e  
case of cyclohexanones,  dihydrospiro benzimidazoles a r e  formed as 
coproducts  which a r e  absen t  in others.  

Following the  ea r l i e s t  synthesis of 2,3-cyclopentano-3,4-dihydro(5H)- 

1,5-benzodiazepine-4-spiro cyclopentane,  w e  desired to p repa re  dihydro 

spiro benzodiazepines derived from o the r  cyc l i c  ketones under t h e  

s a m e  procedure . The expec ted  products  were  not  obtained even  

a f t e r  a r eac t ion  t i m e  of 24 h. Addition of glacial  a c e t i c  acid to provide 

a mild acidic  medium did no t  improve t h e  react ion.  This expe r i ence  

induced us t o  d i f f e ren t i a t e  t h e  r e l a t ive  r eac t iv i ty  of t h e  amino groups 

in o-phenylenediamine, in order  to make  t h e  r eac t ion  to be  of any  

s ignif icant  p repa ra t ive  value. This was achieved by introducing a 

benzoyl group in t h e  4-position of o-phenylenediamine, as in ( I )  and 

carrying out t h e  r eac t ion  in a c e t i c  ac id  medium. Yields of dihydro 

spiro benzodiazepines (2, 3 & 4) w e r e  more  than 70%. The funct ion 

of t h e  4-benzoyl group is t o  f a c i l i t a t e  t h e  s tepwise formation of t h e  

I 

* 
To whom correspondence should be  addressed. 

' IICT Communicat ion No.2825. 
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Copyright 0 1991 by Marcel Dekker, Inc.  
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1812 SHANTHAN RAO AND VENKATARATNAM 

(2) n =  4 
( 3 ) n = 6  
(4 )  n =  7 

SCHEME- I 

i n t e rmed ia t e s  (5  & 6) and to select ively dr ive (6) into t h e  enamine  

form (7) in presence of ace t i c .  a c i d  for  f ac i l e  cyclisation. Dihydro 

spiro benzimidazoles ar is ing o u t  of ( 5 )  a r e  no t  fo rmed  in this  react ion.  

Absence of a c e t i c  ac id  inhibits t h e  fo rma t ion  of diazepine products,  

thus establishing i t s  requirement  for  t h e  conversion of (6) to (7). 

Synthesis of s imilar  spiro diazepines  have  been reported by t h e  reduct ive 

condensation of o-phenylenediamine and ke tones  in t h e  presence of 

sodium borohydride , bu t  t h e  products  a r e  preferent ia l ly  t e t r ahydro  

diazepines  in admix tu re  with dihydrodiazepines.  The present  procedure 

a f fo rds  dihydrodizepines exclusively,  even  with d i f f e ren t  mole r a t io s  

of r eac t an t s .  

2 
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PREPARATION OF DIHYDRO SPIRO-1,5-BENZODIAZEPINES 

Table I 

1813 

Cornp. m.p. Yield* IR(KBr)  ' H N M R  MS 

% V c m - '  No. "C 

2 85 70 3320, 1650, 0.88-2.88, m(15Hl 344,236 
1620 4.44-4.93, b( IH) 105,77 

6.44-8.20 rn (8H) 

3 173 75 3250,1640 1.10-2.88, m(23Hl 400,249 
I620 4.00-4.66, b ( lH)  236,105 

6.44-8.00, m(8H) 77 

4 165 77 3250, 1645 0.62-3.00, m(27H) 428, 357 
1635 4.30-4.75, b( lH)+ 249, 236 

6.37-7.90, m (8H) 105, 77 

* 
yields based on isolated and crystall ised product.  

+ Exchangeable with D 0 2 

The s t ruc tu res  of t h e  dihydro benzo diazepines follow f rom t h e  

mode of formation from t h e  most  probable in t e rmed ia t e  (7). The 

spec t r a l  d a t a  given in t h e  Table-1 conform t o  t h e  s t ruc tu res  assigned. 

The isomeric  s t ruc tu res  to t h e  dihydro benzo diazepines  have been ruled 

ou t  because of t h e  improbabili ty of t h e  relevant  enamine  in t e rmed ia t e  

isomeric  to (7). The inf luence of benzoyl group on t h e  pa ra  irnino 

group provides t h e  driving f o r c e  fo r  t h e  faci le  formation of (7) in 

a c e t i c  acid medium and brings abou t  t h e  cyclisation to t h e  diazepines.  

The mass s p e c t r a  of t h e  products  besides t h e  moelcular ion, a r e  

cha rac t e r i s t i c  in t h a t  t hey  show t h r e e  common f r agmen t  ions viz., 

m/z  236, 105 and 77. While m / z  105 and 77 are well known, t h e  
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1814 

MeOH 

SHANTHAN RAQ AND VENKATARATNAM 

8 ~ . R = R ' = H  9 0 .  R = R ' = H  
I 

R' 

SCHEME-2 

s t r u c t u r e  of m / z  236 as dihydroquinoxaline r a t h e r  than 2-rnethylene- 

benzimidazoline is under investigation. 

The s a m e  react ion with cyclohexanone and i t s  subst i tuted 

der ivat ives  show variat ions with r e spec t  to t h e  deg ree  of ring flexibility. 

Trans-4-tert-butyl cyclohexanone with rigid conformation produces 

no product.  The 4-methylcyclohexanone with a slight deg ree  of 

conforniational f reedom produces only t h e  dihydro spiro benzimidazole 

(8c). Cyclohexanone and 3-methylcyclohexanone produce mixtures  

of dihydro spiro benzimidazoles (Za,b) and dihydro spiro benzodiazepines 

(9a,b) in which t h e  spiro benzimidazoles a r e  predominating. The 

resul ts  and spec t r a l  d a t a  a r e  surnmarised in Table 2. The spiro 

benzimidazoles (8a-c) have also been independently synthesised from 

( I )  and the  corresponding cyclohexanone in methanol medium. It 

is evident  t h a t  t he  best  configurational r equ i r emen t s  for t h e  formation 

of dihydro benzo diazepines  a r e  a t t a i n e d  in t h e  case of cyclopentanone,  

cycloheptanone and cyclooctanone. 
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PREPARATION OF DIHYDRO SPIRO-1.5-BENZODIAZEPINES 1815 

Table 2 

Comp. m.p. Yield* IR(KBr) 'H NMR MS 
No; o c  % - I  c m  

8a 

9a 

8b 

9b 

8c 

210 64 3250-3350 1.11-2.44, m (lo?) 
1620 3.50-4.33, b (2H) 

6.22-7.78, m (8H) 

87 16 3350, 1650 1.12-2.66, m (199) 
1625 3.88-4.55, b (1H) 

6.44-8.00, m (8H) 

152 66 3200-3400 0.62-2.35, m (129)  
1620 3.10-4.00, b (2H) 

6.22-7.80, m (8H) 

98 21 3350, 1650 0.62-2.44, m (22H) 
1630 3.55-4.20, b (IH)' 

6.44-7.90, m (8H) 

208 77 3350, 1640 0.80-2.22, rn (127)  
1620 3.77-4.44, b (2H) 

6.22-7.78, m (8H) 

292, 249 
236, 105 
77 

372, 249 
236, 105 
77 

306, 263 
236, 105 
77 

400, 357 
236, 105 
77 

306, 249 
236, 105 
77 

* 
Yield based on isolated and crystal l ised product.  

+ Exchangeable with D20. 

EXPERIMENTAL 

Melting points a r e  uncorrected.  Infrared spec t r a  were  recorded on a 

Perkin Elmer 810 model,  IH NMR and 13C N M R  s p e c t r a  were  recorded 

on Jeol FXSOQ, F T  NMR and Varian Gemini-200 spec t romete r s  respect ive-  

ly 

a r e  reported in ppm ( 6 
Micromass 7070H instrument .  The spec t r a l  d a t a  (IR, 'H 

t h e  compounds a r e  summarised in Tables 1 and 2. 

using te t rarnethyis i lane as internal  s t anda rd  and t h e  chemical  sh i f t s  

values). Mass s p e c t r a  were  recorded onVG 

o f N M R ) 
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1816 SHANTHAN RAO AND VENKATARATNAM 

2,3-Cycloalkano-3,4-dihydro(5H)-7-Benzoyl- 1,5-benzodiazepine-4-spirocycJo 
alkane@-4) General Procedure: 

To a solution of I (0.5 g; 0.0023 mole)  in a c e t i c  ac id  (10 g) appropr i a t e  

cyc loa lkanone  (0.0046 mole) was  added  wi th  cons t an t  s t i r r ing  and  kep t  

at room t e m p e r a t u r e  fo r  8 h. The mix tu re  was  poured  in to  ice 

w a t e r ,  neut ra l i sed  with amon ia  so lu t ion  (20%) and t h e  r e su l t an t  solids 

w e r e  recrys ta l l i sed  frorn benzene  to g ive  t h e  r e spec t ive  dihydro 

benzodiazepines.  

Compound (2): 2,3-Cyclopentano-3,4-dihydro (SH)-7-benzoyl- 1,5-benzodi- 

azepine-4-spiro cyc lopentane .  

Compound ( 3 ) :  2,3-Cycloheptano-3,4-dihydro (5H)-7-benzoyl-1,5-benzo- 

diazepine-4-spiro cyc loheptane .  13C NMR (CDC13) : 175.2 (C=N) ,  194.8 

(CO), 54.0 ( C  tert), 65.5 ( C q u a r r ) >  42.3, 38.79 38-49 26-07 22-09 21.7, 

21.2, 29.8, 29.6, 28.4, 26.8 (Caliph), 142.6, 138.4, 135.5, 132.0, 130.9, 

129.1, 128.2, 127.7, 127.4, 127.2, 127.0, 118.6 (Carom). 

Compound (4): 2,3-Cyclooctano-3,4-dihydro (5H)-7-benzoyl-1,5-benzo- 

diazepine-4-spirocyclooc t ane .  

Condensation of ( I )  with cyclohexanones : Products 8a-c and 9a,b: 

The d iamine  I (0.5 g; 0.0023 mole)  and  appropr i a t e  cyc lohexanone  

(0.0046 mole) dissolved in a c e t i c  ac id  (10 g) and t h e  mix tu re  was  kep t  

at room t e m p e r a t u r e  wi th  cons t an t  s t i r r ing  fo r  8 h. It was  d i lu ted  

wi th  w a t e r ,  neut ra l i sed  wi th  a m m o n i a  solution (20%) and  t h e  r e su l t an t  

gummy mate r i a l  was  sub jec t ed  to co lumn ch romatography  to g ive  

compounds  d ihydro  sp i ro  benzodiazepines  and  d ihydro  sp i ro  benz imidazoles  

respec t ive ly .  When 4-methylcyc lohexanone  was  r e a c t e d  wi th  (1) exclusive- 

ly 8c was  obta ined .  
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PREPARATION OF DIHYDRO SPIRO-1,5-BENZODIAZEPINES 1817 

Compound (8a): 2,3-Dihydro-5(or 6) benzoyl benzimidazole-2-spiro 

cyclohexane. 

Compound (8b): 2,3-Dihydro-5(or 6) benzoyl benzimidazole-2-spiro- 

3 ' -methyl  cyclohexane. 

Compound (8c): 2,3-Dihydro-5(or 6) benzoyl benzimidazole-2-spiro- 

4'-rnethyl cyclohexane. 

Compound (9a): 2,3-Cyclohexano-3,4-dihydro (5H)-7-benzoyl-1,5-benzo- 

diazepine-4-spiro cyclohexane. 13C NMR (CDCl3) : 175.6 (C=N) ,  195.0 

(CO), 54.2 ((Itert), 67.0 (Cquart), 42.0, 34.3, 21.7, 21.6, 21.2, 29.0, 

28.0, 25.0, 25.4 (Caliph), 144.0, 139.0, 135.8, 135.4, 134.0, 131.4, 129.6, 

129.1, 128.7, 128.1, 127.0, 119.6 (Carom). 

Compound (9b): 2,3-(3'-Methylcyclohexano)-3,4-dihydro (5H)-7-benzoyl- 

I ,5-benzodiazepine-4-spiro-3'-methylcyclohexane. 

Reaction of ( I )  with cyclohexanones in methanol : General Procedure: 

To a so lu t ion  of I (0.5 g; 0.0023 mole) in methanol  (25  rnl) appropr i a t e  

cyc lohexanone  (0.0023 mole) was  added  and  t h e  mix tu re  was  s t i r r ed  

at room t e m p e r a t u r e  fo r  5 h. The  so lvent  was  concen t r a t ed  to half 

of i t s  vo lume and  t h e  r e su l t an t  solid was  f i l t e red ,  d r ied  and  cha rac t e r i s ed  

as d ihydro  sp i ro  benzirnidazole (8a-c). 

Acknowledgement: The au tho r s  a r e  thankfu l  to Dr.A.V. R a m a  Rao,  

Di rec tor ,  IICT f o r  cons t an t  encouragemen t .  
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