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Introduct ion of a n  add i t iona l  n i t rogen  atom into a benzazocine 

( 6 , ~ - b e n a o m o r p h a n )  r i n g  g ives  a benzodiazocine (aaabenaomorphan).  

T h e  s y n t h e s e s  of twelve types  of benzodiazocines  a r e  rev iewed  

a n d  some of t h e i r  a n a l g e s i c  p r o p e r t i e s  a r e  d i s c u s s e d .  
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1 INTRODUCTION 

Chemical and molecular modifications of morphine (I) have been widely investigated 

in o rde r  to obtain an effective analgesic without side ef fec ts . '  Of a s e r i e s  of 

rnorphinans (11) and 3-ben~azocines (6 .7 -ben~omor~hans )  (111) that have been synthe- 

s ized,  some exhibited morphine-like analgetic properties,  with o r  without addict- 

i ~ n . ~ ' ~  It was recognized from structure-activity s tudies , '  that these morphinans 

Chart 1 

and the 3-benzazocines probably owed thei r  activity to the fact that they retain the 

part ial  structure of morphine with regard  to the spacial relationship between the 

aromatic r ing,  the cycloalkane ring and the ter t iary  nitrogen atom. In other words,  

they contain a structural  factor for analgetic activity. 

Based on the assumption that replacement of a carbon atom in the 3-benaaaocine 

structure by a nitrogen atom would cause  only stereochemical minor changes,  

a number of benzodiazocines (Iv) with two ring nitrogen atoms, e i ther  adjacent 

o r  separated,  have been synthesized. 

In this review, the syntheses of benzodiazocines a r e  considered according 

to the method of cyclixation which i s  the key step in the i r  construction. Accordingly. 

the Preparation of twelve types of benzodiazocines by five cyclization methods a r e  
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d i s c u s s e d  ( C h a r t  2 ) .  

Due t o  the p r e s e n c e  of two ni t rogen a toms  in  the benaodiaaocines ,  cycl ieat ion methods 4 

f o r  t h e  s y n t h e s i s  of 3-benzazocine (111) w e r e  not genera l ly  app l icab le  excep t  f o r  the 

condensat ion of a n  amino g r o u p  with a halogen o r  ca rbonyl  funct ion 4a'4b (Chapte r  2). 

~ l t e r n a t i v e l ~ ,  c y c l i a a t i o " ~  involving the reac t ion  of a ldehydes  with two amino 

g r o u p s  yielded benzodiazocines  containing a r i n g  N-C-N bond (Chapte r  3). 

5 Reduct ive cyc l iza t ion ,  ini t ia l ly  used  f o r  the s y n t h e s i s  of morphine and  phy- 

6 
sostigmine-type a l k a l o i d s ,  provided a r o u t e  to the l ,3 -benaodiazoc ines  (Chapte r  

4)  while  the Mannich r e a c t i o n ,  app l ied  by the p r e s e n t  a u t h o r s  f o r  the s y n t h e s e s  

of 9-aaamorphinan d e r i v a t i v e s ,  ' w a s  eff ic ient ly  employed in the s y n t h e s i s  of 

a 2-aza ana log  in which a ni t rogen atom is ad jacen t  to a p-alkoxylbenzyl moiety 

(Chapte r  5) .  F i n a l l y ,  the Beckmann r e a r r a n g e m e n t  of a su l t ab le  oxime g e n e r a t e d ,  

non-select ively,  two k inds  of benzodiazocines  (Chapte r  6).  

2 C O N D E N S A T I O N O F A N A M I N O G R O U P W I T H A H A L O G E N O R C A H B O N Y L  

FUNCTION 

8 9 
2-1 3,6-Benaodiaeocines  : In 1964 ,  Kametani and  ~ i t s u h a s h i , '  O independcnily . 
syn thes ized  the f i r s t  example of a 2 ,6-methanohenzodiazocine (XXIII) from 3-nmino- 

quinol ine p r e c u r s o r s  ( C h a r t  3). 

S i n c e  the -bromine.atom of 3-hrornaquinoline (V) '46 is not as suscep tah le  a s  thr 

2- and  4-analogs to subst i tut ion r e a c t i o n s ,  amination of V with ammonia r e q u i r e d  

d r a s t i c  condi t ions in a n  autoclave t o  give 3-aminoquinoline (vI) . '  Attempted 

reduc t ions  of V and VI to the 1 ,2,3,4-tetrahydroquinoline with e i t h e r  tin and 

hydroch lor ic  a c i d ,  sodium and  e thano l ,  o r  formic a c i d  and  hydrogenat ion ca ta lys t  

w e r e  unsuccess fu l .  H o w e v e r ,  the q u a t e r n a r y  ammonium s a l t  (VIII), p r e p a r e d  by 

benzoylation of VI t o  VII followed by reac t ion  with e thy l  c h l o r o a c e t a t e ,  w a s  ca ta -  

lyt ical ly  hydrogenated in  the p r e s e n c e  of platinum oxide t o  a f fo rd  3-benzamido-l- 



ethoxycarbonylmethyl-1 ,2,3,4-tetrahydroquinoline (X). Hydrolysis of X in 36 $ 

Chart 2 
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hydrochloric acid gave none of the amino acid (XI) but furnished directly the 

des ired  ketohenzodiazocine (XV) which was then reduced with lithium aluminum 

hydride to give 1,2,3,4,5,6-hexahydro-2,6-methano-3,6-benzodiazocine (XXIII).  

Chart 3 



Attent ively  reduc t ion  of VII with f o r m i c  a c i d  i n d  formamide13 a f fo rded  t h e  N- 

formyltetrahydroquinoline (XII) which w a s  hydro lyzed  t o  t h e  s e c o n d a r y  amine  

(XIII) a n d  t r e a t e d  with e thy lene  oxide to  g ive  3-benzamido-1 , 2 , 3 , 4 - t e t r a h y d r o -  

1-(2-hydroxyethyl) quinol ine (XVI). On  t h e  o t h e r  hand ,  t h e  q u a t e r n a r y  s a l t  (IX) , 

p r e p a r e d  b y  t h e  fusion of VII with e thy lene  b romohydr in ,  w a s  a l s o  r e d u c e d  with 

fo rmic  a c i d  a n d  formamide a n d  t h e n  hydro lyzed  to  a l s o  give XVI. Debenzoylat ion 

o f  XVI in aqueous  s u l f u r i c  a c i d  a f f o r d e d  t h e  3-amino compound (xvII) which 

w a s  c o n v e r t e d  into the  N-bensyl (XVIII) a n d  N-phenethyl (XIX) d e r i v a t i v e s  b y  

s t a n d a r d  methods of a ra lky la t ion  a n d  brornination. 

T h e  7-subst i tu ted (XXII) a n d  unsubs t i tu ted  quinol ine (XX) d e r i v a t i v e s  w e r e  

obtained f rom 4-methoxy-2-nitrobenzaldehyde ( X X X I ) ~ ~  a n d  2-ni t robenzaldehyde 

(XXX),  r e s p e c t i v e l y  ( c h a r t  4 ) .  T h e  p r e p a r a t i o n  of the  3 , 4 - d i h y d r o c a r b o s t y r i l s  

(XXXIV a n d  XXXV) was  ach ieved  b y  c a t a l y t i c  r educ t ion  o f  t h e  a a l a c t o n e s  (XXXII 

a n d  XXXIII), r e s p e c t i v e l y ,  p r e p a r e d  b y  condens ing  t h e  c o r r e s p o n d i n g  a ldehydes  

(xXX and XXXI) with h ippur ic  a c i d .  Ut i l i z ing  t h e s e  s e q u e n c e s ,  XXXV w a s  

c o n v e r t e d  XXXV j XIV j XXI into  t h e  N-(2-bromoethyl)quinoline (XXII). 
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Cyc l i za t ion  w a s  accompl i shed  b y  hea t ing  of t h e  3-amino-1-(2-bromoethyl)- 

quinol ine d e r i v a t i v e s  (XVIII, XIX, XX a n d  XXII) i n  toluena i n  t h e  p r e s e n c e  of 

po tass ium c a r b o n a t e  t o  a f fo rd  the  c o r r e s p o n d i n g  3.6-benaodiazocines  (XXIV, 

XXV, XXIlI and XXIX). 8-Methoxy-N-norbenzodiazocine (XXVII) was  p r e p a r e d  

b y  t h e  c a t a l y t i c  debenzy la t ion  of XXIX. T r e a t m e n t  o f  t h e  N-nor compounds 

(XXIII a n d  XXVII) with formic a c i d  a n d  formaldehyde p roduced  the  c o r r e s p o n d i n g  

N-methyl d e r i v a t i v e s  (XXVI and XXVIII). 

2-2 .2,5-~enzodiaaocine~~'~~~: T h e  s y n t h e s i s  o f  1,2,3,4,5,6-hexahydro-2,6- 

methano-2,5-benzodiazocine (XXXVI) f rom 4-bromoisoquinoline ( X X X V I I ) ~ ~  was  

a c h i e v e d  by t h e  s e q u e n c e s  employed f o r  t h e  p r e p a r a t i o n  of 3 ,6-benzodiazocines .  

Ammonolysis of XXXVII gave  4-aminoisoquinoline ( X X X V I I I ) ~ ~ ~  which was  

c o n v e r t e d  into  i t s  N-acyl d e r i v a t i v e s  (XXXIX and XL).  T r e a t m e n t  of XXXIX with 

e thy lene  b ramohydr in  o r  e t h y l  c h l o r o a c e t a t e  followed by ca ta ly t i c  hydrogenat ion 

of t h e  r e s u l t i n g  q u a t e r n a r y  ammonium s a l t s  (XLI and XLV) o v e r  platinum oxide 

f u r n i s h e d  t h e  1.2.3.4-tetrahydroisoquinolines (XLII  and X L V I ) ,  rc c t i v e l y ,  

which w e r e  then  r e d u c e d  with li thium aluminum hydr ide  t o  afford the  same  4- 

benzylamino-1,2,3,4-tetrahydro-2-(2-hydroxyethyl)isoquinoline (XLVII ) .  T h e  

c h l o r o  compound (XLIX) was then  cyc l i zed  by heat ing in xylene to  afford the  

d e s i r e d  2.5-benzodiaaocine (LvI )  which upon ca ta ly t i c  debenzylat ion yie lded 

t h e  N-nor-substituted 2 ,5-benzodiazocine (XXXVI). T h e  N-ethyl d e r i v a t i v e  ( L ) ,  

p r e p a r e d  f rom X L  v~ XLIII -XLIV--i XLVIII,  w a s  a l s o  submit ted to  s i m i l a r  

cyc l i za t ion  condi t ions  t o  p rov ide  t h e  N-ethyl-2,5-benaodiazocine (LVIII).  

Hea t ing  o f  t h e  p r i m a r y  amine (LII) ,  obtained by h y d r o l y s i s  of XLII followed by 

ch lo r ina t ion  of the  r e s u l t i n g  hydroxy compound (LI ) ,  afforded XXXVI which was 

c o n v e r t e d  into  the  N-acyl d e r i v a t i v e s  (LV a n d  LVII). Al te rna t ive ly ,  XXXVI 

w a s  p r e p a r e d  by in t ramolecu la r  condensa t ion  of 4-amino-1,2,3,4-tetrahydro-2- 

hydroxycarhonylmethylisoquinoline (LIII) followed by reduc t ion  of the  r e s u l t i n g  



4-keto-2,5-benzodiaaocine (LIV) with lithium aluminum hydr ide .  

C h a r t  5 

NHCOR 

a N C H 2 C H 2 O H  
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2-3 1 , 4 - ~ e n a o d i a z o c i n e ' ~ :  2,4-Quinolinedicarboxylic acid (LX),  obtained from 

isatine (LIX) and pyruvic ac id ,  was converted into i t s  methyl (LXI) and ethyl 

(LXII) esters."  Ammonolysis of LXII in methanol did not yield the ethyl e s t e r  

(LXIV) but gave instead the methyl 2-carbamylcinchoninate (LXIII) which was 

identical with authentic methyl e s t e r  prepared by ammonlysis of LXI in methanol. 

The same treatment of LXII with ammonia in ethanol produced the ethyl e s t e r  

Chart 6 



(Lxxvrr )  R = H (LXXXI)  ( LXXVI  ) 

(LXXVIII) R = Me 

( L X X X )  R = E l  
( LXXXI I I )  R = H 
(LXXXIV)  R=COMe 

COMe 

H ( L X X X V )  R =  H 
( LXXXI I )  (LXXXVI )  R =COMe 

E t 
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(LXIV). Ca ta ly t i c  hydrogenat ion of LXIII i n  a c e t i c  a c i d  with platinum oxide g a v e  

methyl 2-carbonyl-1 ,2,3,4-tetrahydrocinchoninate (LXV).  Reduction of LXV with 

li thium aluminum h y d r i d e  g a v e  a mix tu re  of the  d e s i r e d  2-aminomethyl-1 , 2 , 3 , 4 - t e t r a -  

hydroquinoline-4-methanol (LXVII) a n d  1 ,2,3,4-tetrahydroquinoline-4-methanol 

(LXVI) which w e r e  s e p a r a t e d  by d i s t i l l a t ion  -0. T h e  diamine (LXVII) w a s  

c h a r a c t e r i a e d  as i t s  N , N 1  , 0 - t r i a c e t y l  (LXXII) d e r i v a t i v e  whi le  the  monoamine 

compound (LXVI) w a s  c h a r a c t e r i z e d  as i t s  N,O-dibenzoyl (LXXI) d e r i v a t i v e ,  a n d  

idel i t ical  with a n  au then t i c  sample ,  p r e p a r e d  from t h e  a c i d  (LX) by decarboxy la t ion ,  

e s t e r i f i c a t i a n  a n d  r e d u c t i o n .  9'21 Chlor ina t ion  of LXVII with phosphorous  oxy- 

c h l o r i d e  g a v e  LXVIII a s i t s  h y j r o c h l o r i d e .  

With r e g a r d  to  t h e  s t e r e o c h e m i s t r y  of the  1 ,2,3,4-tetrahydroquinolines (LXV, 

LXVII ,  LXVIII a n d  LXXII) the  2- a n d  4-subst i tuents  w e r e  a s s u m e d  t o  be *s ince  

t h e  compounds gave  c l e a r  melting po in t s  a n d  LXVIII w a s  s u c c e s s f u l l y  cyc l i zed  

i n  xylene i n  the  p r e s e n c e  of potass ium c a r b o n a t e  t o  the  in t ramolecu la r  condensat ion 

p roduc t  1 ,2,3,4,5,6-hexahydro-2,6-methano-1 ,4-benaodiazocine ( X ) .  T h e  

l a t t e r  w a s  ex t remely  l a b i l e  a n d  t h e r e f o r e  c h a r a c t e r i z e d  as the s t a b l e  N-benzoyl 

d e r i v a t i v e  (LXX) . 
2-4 4 , 1 1  - ~ e n z o d i a z o c i n e ~ ~ :  Syn the t i c  pathway f o r  the  4 , 1 1  -benzodiaaocines  is 

summar ized  i n  C h a r t  7 .  

Methyl 3,4-dihydro-6-methyl-1 -phthalimidomethylisoquinoline-3-carhoxylate 

(LXXV), which w a s  obtained by the  condens ing  3-(3-methoxyphenyl)alanine (LXXIII) 23 

with phthal imidoacetyl  ch lo r ide24  a n d  e s t e r i f i n g  the  r e s u l t i n g  amide  (LXXIV) followed 

by Bisch le r -Napie ra l sk i  r e a c t i o n ,  w a s  ca ta ly t i ca l ly  hydrogenated t o  g ive  the  

1 ,2,3,4-tetrahydroisoquinoline (LXXVI). While the  s t e r e o c h e m i s t r y  of LXXVI 

w a s  no t  c o n f i r m e d ,  i t s  &-configuration w a s  indicated by t r e a t i n g  with hydraa ine  

h y d r a t e  a n d  t h e n  h y d r o c h l o r i c  ac id  t o  p r o d u c e  the  3-keto-4,11 -benzodiaaocine 

(LxXXI). Reduct ion of LXXXI with li thium aluminum hydr ide  a f f o r d e d  1 .2 ,  - 



3,4,5,6-hexahydro-2,6-irnino-9-rnethoxy-4,11 -benzodiazoc:.ne (LXXV11). The 

corresponding N ,  N -dimethyl (LXXVIII), N , N  ' -diacetyl (LXXIX) , and N ,N ' - 

diethyl (LXXX) derivatives were prepared from LXXVII by standard methods. 

C h a r t  8 

___j ___) 

\ OMe 

COOH Me 

-%Il COOH N-N-Me 72 
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In t h e  reduc t ion  of t h e  N-monoacetyl d e r i v a t i v e  (LXXXII) with lithium aluminum 

h y d r i d e ,  two i s o m e r i c  N-ethyl compounds (LXXXIII a n d  LXXXV) w e r e  obtained.  T h e  

l a t t e r  (LXXXV) w a s  the  N + N t  a c e t y l  g r o u p  migrated p roduc tz5  s i n c e  ace ty la t ion  

of the  i s o m e r s  g a v e  LXXXIV a n d  LXXXVI, r e s p e c t i v e l y ,  which w e r e  c o n v e r t e d  by 

reduc t ion  with li thium aluminum hydr ide  in to  the  s a m e  N ,N  '-diethy1 d e r i v a t i v e  

(LXXX) . 
2-5 3 , 4 - ~ e n z o d i a a o c i n e ~ ~ :  Reduct ion of 3-methoxy-1-naphthoic a c i d  (LXXXVII) 27 

with one  m o l a r  equ iva len t  of 3 % sodium amalgam g a v e l  ,2,3,4-tetrahydro-3-0x0- 

1-naphthoic a c i d  (LXXXVIII) which w a s  condensed  with N-acetyl-N-methylhydrazine 28 

t o  g ive  the  hydraaone  (LXXXIX). Ca ta ly t i c  r educ t ion  of LXXXIX o v e r  Adams'  

c a t a l y s t  y ie lded the  h y d r a a i n e  d e r i v a t i v e  (XC) which w a s  then  N-methylated t o  p ro -  

v ide  XCI. 

Cyc l i za t ion  of XCIII w a s  e f fec ted  by e s t e r i f i c a t i o n  followed by h e a t i n g  t o  g ive  the  

5-keto-3,4-benaodiaaocine (XCV), w h e r e a s ,  t h e  s a m e  t rea tment  of XCII p roduced  

the  d e s i r e d  1 ,2,3,4,5,6-hedahydro-5-keto-2,6-methano-3-methyl-3,4-benaodiazo- 

c i n e  (XCIV) t o g e t h e r  with 1 ,Z-dihydr0-5H-2,5-methano-3-methylamino-4-0~0-3- 

benaazep ine  (XCVI). 

Chart 9 



Reduction of XCV with lithium aluminum hydride gave the unexpected compound 

(XCVII) which on fur ther  reduction afforded XCVIII. It would be reasonable to 

assume that X C V I ~  was formed by abnormal cleavage of the lactam (XCV) fallowed by 

recyclization of the intermediate (XCIX). 29 

2-6 2 , 3 - ~ e n z ~ d i a ~ ~ c i n e ~ ~ :  The attempted synthesis of 2,3-henzodiazocine 

involved N-amination followed by cyclization as shown in Chart  10. 

3 Ethyl 1 ,2,3,4-tetrahydroisoquinoline carboxylate (CI), prepared by the hydro- 

genation of C ,  was reduced with lithium aluminum hydride to the hydroxy com- 

pound (CII) followed by bromination to furnish (CIII). However neither CIII nor  i t s  

N-acyl derivative (CIV) could be converted into the cyano compounds (CV and CVI). 

Similar difficulty was experienced in the cyanation of 4-hromomethyl-3,4-dihydro- 

carhostyri l  ( ~ ~ ~ 1 1 1 ) ~ ~  a s  described in Chapter 2-7. 

C h a r t  10 

( C X I )  (CVII) X = O H  (CIII) X =  D r ,  R = H  

(CVIII) X = B r  (CIV) X = B r ,  R+COMe 
( C I X )  X = C N  (CV) X = C N , R = H  
( C X ) X = C O O M e  ( C V I ) X = C N , R = C O M e  
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In con t r a s t ,  the N-benzyl bromide (CVIII), obtained from CIIl 2 CVII, was  

readi ly  t ransformed into the cyanide (CIX). Treatment of CIX with methanol, sul- 

fur ic  ac id  and a calculated amount of water  in a sea led  tube provided the in te r -  

mediate (CX) which was  then catalyt ical ly debenzylated to CXI while nitrosation 

of CXI followed by reduction with zinc and ace t ic  ac id  gave 1 ,2 ,3 ,4 ,5 ,6-hexa-  

Chart 1 1  

C--- 

\ N' NHR 

hydro-2,6-methano-4-oxo-2,3-benzodiazocine (CXLI). Attempts to reduce  the 

carbonyl  group of CXII we re  as unsuccessful  as encountered in the reduction of 

some acylhydrasines . 32 

2-7 Intermediates f o r  1,3-~enaodiazocine~~'~~: Synthesis  of the 1 ,3-benzodiaao- 

c ine  s t ruc tu re  was  attempted as outlined i n  Cha r t  11 and 12. 

Treatment of ethyl  1,2-dihydro-2-0x0-4-quinolineacetate ( ~ ~ 1 1 1 ) ~ ~  with phos- 



phorous oxychloride gave ethyl 2-chlorocinchoninate (CXIV) which was  reac ted  

with benaylamine to a f fo rd  the 2-benzylamino-derivative (CXVIII). In con t r a s t ,  

react ion of CXIV with ammonia o r  aqueous ammonia i n  a sea led  tube furnished 

CXV and C X V I , ~ ~  respec t ive ly ,  instead of the de s i r ed  2-amino compound (CXVII). 

Debenzylation of CXVIII with 48 '$ hydrobromic ac id  gave 2-amino-4-quinoline- 

ace t ic  acid (CXIX) which was  es te r i f ied  to give CXX. In o r d e r  to obtain the 1 ,3- 

benzodiazocine (CXXII) & i t s  te t rahydro  p r e c u r s o r  (CXXI) hydrogenation of CXX 

under a variety of conditions was examined in fa i lure .  

Alternat ively,  the synthes is  of 1 ,3-benzodiazocine (CXXXI) was  examined as 

shown in  Char t  1 2 .  Cyanation of the bromide ( ~ ~ ~ 1 x 1 ) ~ ~  did not give the de s i r ed  

Chart  12 

.1 
CHCN GX xa 

(CXXIX) X=Cl  
( C X X X )  X = H  
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compound (CXXIV) which would b e  the  p r e c u r s o r  of the  amine  (CXXVII), but the  

unexpected dimeric-type5* (CXXVIII), c h a r a c t e r i z e d  as i t s  c h l o r o  (CXXIX) a n d  

d e c h l o r i n a t e d  (CXXX) d e r i v a t i v e s .  On the  o t h e r  hand ,  r e a c t i o n  of die thyl  ace to -  

amidomalonate  with the  bromide (CXXIII) gave  the  condensa t ion  p roduc t  (CXXV) 

which w a s  hydro lyzed ,  with l o s s  of c a r b o n  dioxide a n d  the  a c e t y l  g r o u p ,  to  t h e  

amino a c i d  (CXXVI). H o w e v e r ,  a t t empts  to  decarboxy la te  CXXVI to  the  d e s i r e d  

amine (CXXVII) w e r e  u n s u c c e s s f u l .  

3 REACTION O F  ALDEHYDES WITH TWO AMINO GROUPS 

3-1 2 ,4-Benzodiazocines:  Kametani a n d  h i s  c o - ~ o r k e r s ~ ~  r e p o r t e d  on the  synthe-  

sis of t h e  2 ,4 -benaod iazoc ines  (CXXXII a n d  CXXXIII) by fo rming  the  N-C-N bond 

between the  two amino g r o u p s  of 4-benzylamina-1 ,2,3,4-tetrahydroisoquinoline 

(CXXXVIII) which i n  t u r n  w a s  p r e p a r e d  by t h r e e  methods. 

F i r s t l y ,  h y d r o l y s i s  of 4-cyanoisoquinol ine (CXXXIV),39 obtained by Rosemund- 

von B r a u n  r e a c t i o n  of X X X V I I , ~ ~  gave  the  isoquinoline-4-carboxylic a c i d  (CXXXV) 

which w a s  hydrogena ted  as t h e  amide  (CXXXVI) o v e r  platinum oxide t o  p rov ide  the  

t e t rahydro i soqu ino l ine  (CXXXVII). Reduct ion of CXXXVII with lithium aluminum 

hydr ide  a f f o r d e d  the  4-aminomethyl d e r i v a t i v e  (CXXXVIII). 

S e c o n d l y ,  ca ta ly t i c  hydrogenat ion of CXXXIV i n  a c e t i c  a c i d  o v e r  platinum oxide 

f u r n i s h e d  the  amine (CXXXIX) in low y ie ld  a l o n g  with the  deaminated p roduc t  ( c x L ) . ~ '  

F u r t h e r  hydrogenat ion of CXXXIX o v e r  platinum c a t a l y s t  i n  the  p r e s e n c e  of benzal- 

dehyde yielded CXXXVIII + t h e  S c h i f f  b a s e  (CXLI).  

T h e  t h i r d  p r o c e d u r e  t o  s y n t h e s i z e  CXXXVIII s t a r t e d  with t h e  ca ta ly t i c  hydro-  

genat ion of CXXXIV o v e r  Raney  n icke l  t o  a f f o r d  4-aminomethylisoquinoline (CXLII) 41 

whose N-benzoyl d e r i v a t i v e  (CXLIII) w a s  hydrogena ted  o v e r  platinum oxide to  CXLIV 

followed by li thium aluminum hydr ide  reduc t ion  t o  a f fo rd  CXXXVIII. Compound 

CXLIV w a s  a l s o  obtained f rom the  q u a t e r n a r y  ammonium s a l t  (CXLV) by hydro-  

genat ion o v e r  platinum oxide o r  r educ t ion  with sodium borohydr ide  followed by 



C h a r t  13 

COR \ C H Z N H C H ~ C ~ H ~  

(CXXXV) R = O H  (CXXXVIII ) 
\ 

(XXXVII)  X =  B r  ( CXXXVl) R=NHCH&H5 
( C X X X l V )  X = C N  L 



HETEROCYCLE8, Vol. 2, No. 3, 1974 

debenzy la t ion  of the  r e s u l t i n g  compound (CXLVI). In the  l a t t e r  r e a c t i o n ,  the  1 , 2 -  

d ihydro i soqu ino l ine  (cxLVII) w a s  a l s o  p roduced .  

R ing  c l o s u r e  of t h e  diamine (CXXXVIII), t h u s  ob ta ined ,  w a s  c a r r i e d  out with 

pa ra fo rmaldehyde  o r  benzaldehyde t o  a f f o r d  t h e  d e s i r e d  1 , 2 , 3 , 4 , 5 , 6 - t e t r a h y d r o -  

2,6-methano-2,4-benaodiaaocine (CXXXII) of CXXXIII, r e s p e c t i v e l y .  H o w e v e r ,  

all a t t empts  to  obtaine the  N-nor compound (CXLVIII) by ca ta ly t i c  hydrogenat ion of 

GXXXII a n d  CXXXIII with pal ladium-charcoal ,  palladium oxide,  platinum oxide o r  

Raney n icke l  r e s u l t e d  i n  r e c o v e r y  of t h e  s t a r t i n g  m a t e r i a l s .  

In view of t h e  known a c i d  l ab i l i ty  of methylenediamine-type compounds s u c h  as 

imidaaol ines  a n d  h e ~ a h ~ d r o ~ ~ r i m i d i n e s ~ ~  which is enhanced  by t h e  p r e s e n c e  of a n  

a r o m a t i c  subs t i tuen t  on the  c a r b o n  atom of the  N-C-N bond,43b bas i f i ca t ion  with 

sodium hydrox ide  of a solut ion of CXXXII i n  0 .1  N hydroch lo r ic  a c i d  fu rn i shed  

p a r t l y  t h e  r ing-opened compound (cxxxVIII). S i m i l a r  t r ea tment  of CXXXIII a l s o  

F i g .  

log E 

4.0 F 

Ultraviolet Spectra in Ethanol 

CXXXVIII' 
. . . . . . . . -. CXXXll 

-.-. CXYXlll 

Ultraviolet Spectra in 0.1 N-HCI 

CXXXVll I 
. - - . -. -. - -. CXXXll 
- . - . - . - . - CXXXlll 
- . . - . . - . . - CfjH5CHO 



gave a mixture of CXXXVIII and benzaldehyde. Fur the r ,  treatment of CXXXIII 

with picric acid effected decomposition to the picrate of CXXXVIII. 

In this connection, the ultraviolet spect ra  of both CXXXVIII and CXXXII in 

ethanol and 0.1 N hydrochloric acid showed almost the same curve while the 

absorption curve of CXXXIII in 0.1 N hydrochloric acid was similar to that of 

benzaldehyde but differed from that in ethanol. 

3-2 4 , 6 - ~ e n z o d i a z a c i n e s ~ ~ :  Synthesis of the 4,6-henzodiazocines (CXLIX and 

CL) was investigated according to the procedures reported for the synthesis of 

imidazolidine , 43 hexahydropyrimidine ,43 1 ,3-diaaaadamanthane ,45  and 2,4-benzo- 

diazocine ( C X X X I I ) . ~ ~  The synthetic route is shown in Chart  14.  

The key intermediate, 3-benaylaminomethyl-1 ,2,3,4-tetrahydroquinoline (CLIV) 

was prepared by two procedures.  Quinoline-3-carboxylic acid ( c L I ) ~ ~  wai  con- 

densed with benzylamine to give the amide (CLII). Catalytic hydrogenation of 

Chart 1 4  
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CLII over platinum oxide afforded the tetrahydroquinoline (CLIII), which was 

reduced with lithium aluminum hydride to give CLIV. On the other hand, catalytic 

hydrogenation of 3-aminomethylquinoline (CLV) with platinum oxide gave CLVI, 

which was fur ther  hydrogenated with the same catalyst in the presence of bensal- 

dehyde to afford CLIV. 

Reaction of the diamine (CLIV) with paraformaldehyde o r  benzaldehyde afforded 

the N-substituted 4,6-benzodiaeocines (CXLIX and CL) ,  respectively. However, 

catalytic debeneylation of CXLIX over palladium oxide in methanol gave, af ter  

absorption of one molar equivalent of hydrogen, the r ing  opened N-methyl diamine 

(CLVII) instead of the desired N-nor-4,6-benzodiazocines. 

Char t  1 5  

& ~e 
(CLVII) R1.H. R2=Me (CLIX)  
(CLVIII) R l Z M e .  R2.H 
(CLX) R l=R2=Me 

The s t ructure  of CLVII was indicated by i t s  nmr spectrum where the chemical 

shift  of the N-methyl .group appeared a t  a ra the r  high field of 2.18 ppm compared 

with that of 2.82 ppm fo r  1 ,2,3,4-tetrahydro-1 -methylquinoline ( cLIx) ,~ '  thus 

ruling out the possibility of the isomeric s t ructure  CLVIII. Fur the r ,  N-methylation 

of CLVII afforded the di-tertiary amine (CLX). On the other hand, catalytic hydro- 

genation of CL over palladium oxide gave a mixture of CLIV and toluene af ter  

absorption of two molar equivalents of hydrogen. 

Both of the 4,6-benzodiazocines (CXLIX and CL)  were unstable to acid and de- 

composed to CLIV. In addition, CL hydrolyzed merely by refluxing in aqueous 



ethanol to a l so  give CLIV. Comparison of the uv spect ra  of CXLIX and CL in 

ethanol and 0.1 N hydrochloric acid suggested that the la t ter  is more unstable than 

CXLIX to acid sinoe the absorption curve of CL in 0.1 N hydrochloric acid is 

very similar to that of benzaldehyde, a potential cleaved product of CL. Fur ther-  

F i g .  2 

log 6 log & 

Ultraviolet Spectra i n  Ethanol Ultraviolet Spectra in 0.1 N-HCI - CLlV CLlV 
- . . - - - . . . . . . CXLIX - . . - . . - . . . . CXLIX 
.- C L CL 

.--. - CgHg CHO 

more, the hypsochromic shift of these compounds in acidic solution suggests the 

presence of a phenyl-N-C-N bond. 60a,60e'61 This acid lability of CL could be 

explained by the electron withdrawing character  of the phenyl group which de- 

c r e a s e s  the stability of the N-C-N bond toward hydrolysis. 

3-3 2 , 6 - ~ e n a o d i a z o c i n e s ~ ~ :  The 2,6-benzodiazocines (CLXV, CLXVI and 

CLXVII) were easily synthesized ( cha r t  16). 54 

The N,N'-ditosyl derivative (CLXII) of 2-aminobenaylamine (CLXI) was treated 

with sodium butoxide and I ,  3-dibromopropane to afford 1 ,2,3,4,5,6-hexahydro- 

2,5-ditosyl-2,6-ben~odiasocine (CLXIII). Reaction of the detosylated compound 

(CLXIV)~' with formaldehyde, acetaldehyde and benzaldehyde afforded the co r res -  
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ponding 2,6-methano-2,6-henzodiazocines (CLXV, CLXVI and CLXVII),  r e s p e c t -  

i v e l y .  T h e  conformat ion of CLXVII ( indicated by CLXVII ' )  w a s  sugges ted  by i t s  

n m r  s p e c t r a  as w e l l  as Dre id ing  model c o n s i d e r a t i ~ n s . ~ '  In te res t ing ly  enough,  

whi le  CLXV w a s  unaffected by 0 .1  N h y d r o c h l o r i c  a c i d ,  CLXVII decomposed to 

CLXIV a n d  benaaldehyde.  

C h a r t  1 6  

(CLXVII) R = Cg Hg 

3-4 3 , 5 - ~ e n e o d i a z o c i n e s ~ ~ :  Ca ta ly t i c  r educ t ion  of methyl 1 , 2 ,3 ,4 - t e t rahydro-4-  

hydroxyimino-2-naphthoate ( C L X V I I I ) ~ ~  o v e r  A d a m s '  c a t a l y s t  a f f o r d e d  a mix tu re  of 

c i s -  (CLXIX) a n d  methyl a - 4 - a m i n o - 2 - n a p h t h o a t e  (CLXX). By hea t ing  t h i s  - 
m i x t u r e ,  &-isomer (CLXIX) w a s  cyc l i zed  t o  t h e  lactam (CLXXI) while the  trans- 

i s o m e r  (CLXX) remained  unchanged.  T h e  r e s u l t i n g  n e u t r a l  amide (CLXXI) w a s  

hydro lyzed  to  the  amino ac id  (CLXXII) followed by a Schmidt  r e a c t i o n  t o  a f f o r d  

the  cis-1 ,3-diamino-1 , 2 , 3  ,&te t rahydronaph tha lene  (CLXXIII). S i n c e  condensat ion 

of CLXXIII with formaldehyde did no t  form the  3 , s -henzod iazoc ine  (CLXXVIII), the  

N,N1-d ia lky lamines  (CLXXVI a n d  CLXXVII) w e r e  p r e p a r e d  by reduc t ion  of the  

c o r r e s p o n d i n g  N , N 1 - d i a c y l  compounds (CLXXIV a n d  CLXXV) with lithium aluminum 

h y d r i d e .  Cycl izat ion of CLXXVI a n d  CLXXVII with formaldehyde a n d  benaaldehyde 

f u r n i s h e d  the  d e s i r e d  3 ,5-benaodiaaocines  (CLXXIX, CLXXX, CLXXXI a n d  

CLXXXII),  r e s p e c t i v e l y .  



Chart 1 7  

4 REDUCTIVE CYCLIZATION 

4-1 1 ,3-Benzodiazocines  56'57: In  c o n t r a s t  t o  the  l a c k  of s u c c e s s  i n  fo rming  

1 ,3-benzodiazocines  v ia  a lac tam p r e c u r s o r  (Sec t ion  2-7), t h e i r  s y n t h e s i s  could - 

b e  ach ieved  by r e d u c t i v e  cyc l i aa t ion  ( C h a r t  18). 

4-Ethoxycarbonylmethyl-3,4-dihydrocarbostyril ( C L X X X V ) , ~ ~  which w a s  obtained 

by hydrogenat ion of CLXXXIII o v e r  platinum c a t a l y s t ,  w a s  r e d u c e d  with li thium 

a luminumhydr ide  t o  a f fo rd  the  t e t rahydroqu ino l ine  (CLXXXVII) a n d  p a r t i a l l y  r e d u c e d  

c a r b o s t y r i l  (CLXXXIX). T h e  f o r m e r  p r o d u c t  (CLXXXVII) w a s  i d e n t i c a l  with a n  
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Chart 1 8  

(CLXXXIX) R = H  
(CXC) R = M e  

au then t i c  sample  syn thes ized  by a n  a l t e r n a t i v e  p r o c e d u r e  ( C L X X X I I I ~ C C I - - +  

CCII+CCIII+CLXXXVII)~~ as shown i n  C h a r t  19. 

T h e  c h l o r i d e  (CXCI) of CLXXXIX w a s  condensed  with benaylmethylamine and 

then ca ta ly t i ca l ly  debenzylated t o  give the  s e c o n d a r y  arnine (CXCIII). T h e  ra t iona le  

f o r  p r e p a r i n g  t h i s  k e y  in te rmedia te  w a s  the  fo rmat ion  of the  N-C-N bond in 

p y r r o l o -  o r  p ipe r id ino(2 ,3 -b l indo le  d e r i v a t i v e s  by reduc t ive  cycl izat ion u s i n g  



C h a r t  19 

sodium in a l c o h 0 1 ~ ' ~ ~  o r  lithium aluminum hydride.60 F o r  example, Julian and 

his c o - r ~ w k e r s ~ ~ ~  synthesized CCV from CCIV and Sugasawa and his associate 
59f 

prepared CCVII from CCVI. 

C h a r t  20  

Based on this approach, Karnetani and collaborators 56757  treated the preceding 

dihydrocarbostyril (CXCIII) with metallic sodium in ethanol to afford the expected 

1 ,2,3,4,5,6-hexahydro-2,6-methano-3-methyl-1 ,3-henzodiazocine (CXCVIII), 

whose uv spectrum in ethanol showed two maxima a t  250 and 302 nrn which shifted 

to 241 and 291 nm in 1 $ hydrochloric acid. This hypsochromic shift i s  character-  

ist ic fo r  compounds containing a phenyl-N-C-N bond. 6Oa, 6Oe, 61 

The 1-rnethyldihydrocarbostyrils (CXCV and CXCVI) were prepared through an  
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62 analogous route  as s ta ted  above (CLXXXIV+LXXXVI 4 X C - - I C X C I V j  

CXCV). In the preparat ion of CXC, the tetrahydroquinoline (CLXXXVIII) was a l so  

obtained. Compounds CXCVI and CXCV were  a l so  reduced with sodium in ethanol 

to give the 1 ,3-benzadiazocines (CXCIX and CC) ,  respect ively.  

Alternat ively,  the N-nor-1 ,3-benzodiazicne (CXCIX) was conveniently synthesized 

by the reductive cyclization of 4-carbarnoylmethyl-1-methylcarhostyril (CXCVII) 

which was  eas i ly  prepared  by ammonolysis of CLXXXIV. 

5 MANNICH REACTION 

5-1 8-Methoxy-11 -methyl-2,3-ben~odiaaocine~~: Condensation of 3-methoxy- 

phenylacetone ( C C V I I I ) ~ ~  with ethyl  bromoacetate gave the ke toes te r  (CCIX) which 

upon saponification followed by condensation of the resu l t ing  acid (CCX) with 

methylhydrazine gave the dihydropyridazinone (CCXI). Catalytic hydrogenation 

of CCXI ove r  Adams' catalyst  a f forded  the tetrahydropyridazinone (CCXII) followed 

by a Mannich react ion with formaldehyde under acidic condition to furnish the 4- 

keto-2,3-benzodiazocine (CCXIII) which was  then reduced with lithium aluminum 

hydride to afford 1,2,3,4,5,6-hexahydro-2,6-methano-8-methoxy-3,11 -dimethyl- 

2,3-benzodiazacine (CCXIV). 

5-2 8-~ydrox~-6-phen~l-2,3-benzodiazocine~~: The pharmacological activity of 

a number of-3-henaahocines was  examined,by the resu l t  of which the presence  of 

8-hydroxy-, 6-alkyl o r  phenyl and 11-alkyl groups seems t o  be  important f o r  the i r  

analgetic act ivi ty.  65 

Kametani and h i s  c o - ~ o r k e r s ~ ~  synthesized 1 ,2,3,4,5,6-hexahy=ro-8-hydroxy- 

2,6-methano-3-methyl-6-phenyl-2,3-benzodiazocine (CCXXVI) a s  follows (see  

Char t  22). 1- (3 -~e thox~phen~ l )phen~ lace ton i t r i l e  (CCXV), readily avai lable by 

a henzyne react ionh6 of 1-chloroanisole with phenylacetonitrile, was hydrolyzed 

followed by esterif icat ion to afford the phenylacetate ( C C X V I ) . ~ ~  Condensation of 



C h a r t  21 

___) I__, 

Me 

0 
NMe 

(CCVlIl)  
Y O O R  

(CCIX) R = E t  (CCXI )  
(CCX) R = H 1 

M e O K N M e  

+------ - 
N, 

NMe ' N M ~  Me Me Me 
(CCXIV) (CCXIll) (CCXII) 0 

CCXVI with N-benayl-N-methylaminoethyl c h l o r i d e  gave  e thy l  2-(N-benzyl-N- 

methylaminoethyl)-2-(3-methoxypheny~)phenyacetate (CCXVII) which w a s  r e d u c t i v e i y  

d e b e n ~ y l a t e d  to  a f f o r d  the  s e c o n d a r y  amine  (CCXVIII). On the  o t h e r  h a n d ,  condens -  

a t ion  of CCXVI with N-methylaminoethyl c h l o r i d e  i n  the  p r e s e n c e  of sodium hydr ide  

g a v e  3-(3-methoxyphenyl)-1-methyl-3-phenylpyrrolidin-2-one (CCXIX) which w a s  

a l s o  obtained by hea t ing  of CCXVIII,  a n d  n o  fo rmat ion  of CCXVIII w a s  o b s e r v e d .  

Ni t rosa t ion  of CCXVIII p rov ided  CCXX which w a s  r e d u c e d  with z i n c  powder  

i n  a c e t i c  a c i d  to  the  4-phenylpyridaain-3-one (CCXXIT), p robab ly  & t h e  i n t e r -  

mediate  CCXXI. T h e  pyr idaz inone  (CCXXII) w a s  then r e d u c e d  with li thium 

aluminum h y d r i d e  t o  give the  t e t r a h y d r o p y r i d a z i n e  (CCXXIII) which w a s  hydrogena ted  

over platinum oxide c a t a l y s t  t o  a f f o r d  the  hexahydropyr idaa ine  (CCXXIV) fol lowed 

by a Mannich r e a c t i o n  with formaldehyde u n d e r  a c i d i c  condi t ion t o  g ive  the  expec ted  
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C h a r t  2 2  

c 6 " K N M :  

(CCXXIII)  (CCXXII) COOE t 

1 c S H 5 L  YMe R 

""0, (CCXVII) R=CH&Hg 

___f 
( c c x v n l )  R = H  

8-methoxy-2,3-benzodiazocine (CCXXV) whose n m r  spec t rum indicated that  cyc l i -  

zat ion had  involved t h e  para posi t ion t o  the  methoxy g r o u p .  A s i m i l a r  type cycl i -  

za t ion  has been r e p o r t e d  f p r  the  c o n v e r s i o n  of the  decahydroc inno l ine  (CCXXVII) 

in to  the  3-methoxy-9-azamorphinan (CCXXVIII). 
7 

F i n a l l y ,  t r ea tment  of CCXXV with 47 % hydrobromic a c i d  afforded the d e s i r e d  

phenolic b a s e  (CCXXVI) . 



C h a r t  2 3  

5-3 8-Hydroxy-6,11 -dimethyl-2,3-bensodiaaocine68: Recently,  Kametani and 

co-workers7 repor ted  on the synthesis  of some N-alkyl der iva t ives  of 9-azamor- 

phinan (CCXXIX) which showed potent ana lges ic  act ivi ty.  Molecular modification 

of 9-asamorphinan (CCXXIX) afforded the 2,3-benaodiazacine (CCXXXI) which 

was  expected to re ta in  ana lges ic  activity a s  was  repor ted  fo r  the transformation 

C h a r t  2 4  

of the morphinan (CCXXX) into the 3-benzazocine (CCXXXII) .~ ' 2  

As shown in Char t  25, condensation of 3-(3-methoxyphenyl)-2-butanone 

( C C X X X I I I ) ~ ~  with ethyl bromoacetate in the presence  of sodium amide afforded 

a mixture of the two isomeric Y-ketoesters (CCXXXIV and CCXLI) which w e r e  not 

separa ted  but hydrolyzed to the Y-ketocarboxylic ac ids  (CCXXXV and CCXLII) 

followed by condensation with methylhydraaine to give 4,5-dihydro-5-(3-methoxy- 



HETEROCYCLES, Vol. 2, No. 3, 1974 

pheny1)-2,5,6-trimethylpyridazine-3(2H)-one (CCXXXVI) and 4,5-dihydro-643- 

methoxy-a-methylbenzyl)-2-methylpyridazin-3(2H)-one (CCXLIII). The former  

pyridazinone (CCXXXVI) was separa ted  from i t s  isomer (CCXLIII) and reduced with 

lithium aluminum hydride to furn ish  the hexahydropyridazine (CCXXXVIII) which 

was readily oxidized in air to the dehydro base (CCXXXVII) and  was therefore 

charac ter ized  as i t s  s table hydrochloride. A similar  lability to air oxidation has  

been observed f o r  the hydropyridazine-type compounds 26'64 and a l so  in the hydro- 

cinnoline s e r i e s .  7a ,7b  

Mannich reaction of CCXXXVIII with formaldehyde in ethanol and hydrochloric 

ac id  gave 8-methoxy-2,3-benzodiazocine (CCXXXIX) which was 0-demethylated 

with 47  % hydrobromic ac id  and ace t ic  ac id  to afford 1 ,2,3,4,5,6-hexahydro-8- 

hydroxy- 2,6-methano-3,6,11 -trimethyl-2,3-benzodiazocine (CCXL). 

Compound CCXL showed a weak analgesic activity compared with that of the 

3-benzazocine (cCXXXII, R = Me). 

By similar procedures  as the synthesis  of CCXL, the isomeric pyridaainone 

(CCXLIII) was converted v z  CCXLIV and CCXLV into the 10-hydroxypyridazino- 

2,3-b isoquinoline (CCXLVI) . 

6 BECKMANNREARRANGEMENT 

A synthetic method leading to two isomeric benzodiazocines by the Beckmann 

rearrangement was repor ted  by Mitsuhashi and co-workers.  70 

Condensation of 3-(3,4-dimethoxypheny1)alanine ethyl e s t e r  (CCXLVII)~'  with 

diethyl malonate followed by Bischler-Napieralski reaction of the result ing amide 

(CCXLV111) with phosphorous oxychloride gave the 1-carbethoxymethylene-1 ,2 ,3 ,4-  

tetrahydroisoquinoline (CCXLIX) in  which the newly crea ted  double bond is exo- 

cyclic. '  Hydrogenation df CCXLIX ove r  Adams' catalyst  gave the tetrahydro- 

isoquinoline (CCL) whose N-benzoyl derivative was cyclized by Dieckmann con- 



C h a r t  2 5  

(ccxxxl l l )  

ke (CCXXXV) R = H 
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X 

(CCXXXVIll) ( CCXLIV 
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densation2' to the tricyclic P-ketoesler (CCLI). While the stereochemistry of 

CCL was not mentioned in the original paper,70 it can be inferred to be the cis- 

isomer because of the homogenity of CCL and the f a i r  yield of CCLI. Treatment 

of CCLI with dilute hydrochloric acid afforded 4,5-dihydro-1H-I ,4-imino-7,8- 

dimethoxybenaocyclohepten-3(2H)-one (CCLII) and i t s  N-heneoyl derivative 

(CCLIII). Finally, conversion of CCLIII into i t s  oxime (CCLIV) followed by 

Beckmann rearrangement using polyphosphoric acid afforded a mixture of 11 - 

C h a r t  2 6  
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benuoyl-1,2,3,4,5,6-hexahydro-2,6-imino-8,9-dimethoxy-3-oxo-4,ll-benzodia- 

zocine (CCLV) and i t s  isomer CCLVI. 

7 PHARMACOLOGY 

The pharmacological activities of most of the benzodiazocines described in this 

review have been examined by one of the co-workers in Grelan Pharmaceutical 

Company. Some of them, part icularly the 2,3-benzodiaaocines bearing 8-hydroxy 

group, showed same analgesic activity. F o r  example, compounds CCXXVI and 

CCXL had approximately one-third of the analgesic potency of the des-N analog, 

benzazocine (CCXXXII, R = Me) in the r a t  tail-flick test .72 Removal of the 8- 

hydroxy function in the bensodiazocine decreased activity and such change was 

a lso  observed in the benzazocine (CCXXXII) se r i e s .  1 

In addition, the stability of the compounds is an  important fac tor  in evaluating 

the pharmacblogical tes ts .  F o r  example, the lability of the benzodiazocines con- 

taining a N-C-N bond (see Chapter 3 and 4) to acid hydrolysis would be disadvan- 

tageous fo r  the preservation of activity. 

Generally speaking, introduction of an additional nitrogen atom into the bensazo- 

cine ring appears  to have an  unfavorable effect on the analgesic activity. However, 

until a large  number of benzodiazocines (e.g. the i r  N-alkyl derivatives) a r e  pre- 

pared and evaluated, this conclusion can only be regarded as tentative. 
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