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Peptido-aminobenzophenones - novel latentiated benzo-l,4-diazepines 

C. H. Hassall ,  S. W. Holmes,  W. H. Johnson,  A. Kr6hn,  C. E. Smi then  and W. A. Thomas  

Roche Products Limited, Welwyn Garden City, Herts. AL7  3A Y (England), 17 May 1977 

Summary. I t  has been shown tha t  c leavage of the  N- te rmina l  L-amino  acids of a novel  series of dipept ide  der iva t ives  of 
2-aminobenzophenones  occurs readily in v ivo  to give benzo-l ,4-diazepines.  Such compounds  m a y  serve as useful 
pro-drug forms of minor  tranquil l izers  such as Vat ium | 

Among  minor  tranquil l izers ,  the  benzo-l ,4-diazepines  are, 
w i thou t  doubt ,  the  most  widely  used. The  group includes 
such well-established medicinal  products  as Libr ium | 
(chlordiazepoxide,  I) and Val ium | (diazepam, XI I I ) ,  the  
hypnot ics  Mogadon | (ni trazepam, II) and Rohypno l  | 
( f luni trazepam, I I I ) ,  the  an t iconvulsan t  Rivo t r i l  | (clo- 
nazepam,  IV) and others1. 
Ea r ly  in the  h i s tory  of benzodiazepines,  i t  was observed 
t h a t  s t rong acids opened the  heterocyclic  ring2, bu t  the  
scope of the  react ion for different  members  of the  series 
was no t  inves t iga ted  in detail .  We have  s tudied this 
process for several  series of benzodiazepines and have  
found a wide range of var ia t ion  in ti le ease of opening of 
the  ring. In  the  case of compounds  wi th  a second basic 
centre,  e.g. b romazepam (V) and f lurazepam (VI), spec- 
troscopic evidence indicated t h a t  ring opening occurred 
under  v e r y  mild acid condit ions bu t  the  benzodiazepine 
reformed rapid ly  on neutral isat ion.  Moreover,  ring closure 
studies by  UV. and 1H-NMR. measurements  established 

for a va r i e ty  of r ing-opened forms (X) that ,  depending on 
the  na tu re  of subs t i tuents  (table 1, a) and solvents  
(table 1, b), t hey  had half- l ives ranging f rom 73 sec to 
230 h. E lec t ron-wi thdrawing  groups a t  the  7-, and 2'-, 
posit ions inhibi t  ring closure, whereas  N-1 a lkyla t ion and 
polar  solvents  p romote  this reaction.  
Ev iden t ly ,  a compound  (VIII)  t h a t  released, in vivo,  the  
precursor  form (X) could serve as a pro-benzodiazepine.  
Such a pro-drug could have  favourable  characterist ics,  
such as ra te  of metabol i sm or water  solubi l i ty  at  physiolog- 
ical p H  t h a t  could provide  an improved  presenta t ion  of 
the  benzodiazepine,  in vivo.  We  have  prepared  a series of 
pept ides  wi th  the  general  formula  V I I I  to serve in this 

1 L.H. Sternbach, Angew. Chem., int. ed. 10, 34 (1971). 
2 L.H. Sternbach, E. Reeder and G. A. Archer, J. org. Chem. 28, 

2456 (1963). 
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Table 1. Effect of a) substitution and b) solvent on ring closure of 
open forms of benzo-l,4-diazepines 

a) Substitution (structure X -+ XlI, in pyridine) 

R R' R" T:[~* 
H NO 2 H 33 h 
H NO 2 C1 230 h 
H C1 H 7 h 
Me C1 H 4.5 min 

b) Solvent effect (structure XI -+ XIII) 

Solvent: Water (pH 7) Pyridine Dimethoxyethane 
TX/2**: 73 see 5.5 min 160 min 

Chloroform Dioxan 
280 rain 307 min 

* Based on 1H.NMR.measurements. ** Based on UV-measurements. 

Table 2. Relative rates of formation of diazepam, in vivo*, from 
latentiated forms 

Compound Molar activity at Time of peak 
peak, relative activity (min) 
to diazepam 

Diazepam 1 immediate 
(VIII), R'=C1, R=Me, R"=H, 
R": 
Gly 0.4 15 
L-Phe 0.8 2-3 
D-Phe ~ 0.1 - 
L-Leu 0.6 2-3 
L-Ala 0.3 2-3 
D-Ala < 0.1 - 
L-Lys 1.0 2-3 
L-Arg 1.0 2-5 
L-Glu 0.5 5-15 

*Measured by anti-pentylenetetrazole test for anti-convulsant 
activity in mice, i.v. administration. 

way  as l a t e n t i a t e d  benzodiazep ines .  The  syn thes i s  was  
ach ieved  b y  coupl ing  the  a p p r o p r i a t e  2 - a m i n o b e n z o p h e n -  
one d e r i v a t i v e  (VII)  w i t h  a s u i t a b l y  p r o t e c t e d  and  ac t i -  
v a t e d  d ipep t ide  de r iva t ive ,  fol lowed b y  depro tec t ion ,  or 
b y  s imi la r  a t t a c h m e n t  of a s ingle a m i n o  acid res idue to 
t h e  a p p r o p r i a t e  g l y c y l a m i n o b e n z o p h e n o n e ,  as i l l u s t r a t ed  
in the  f igure below. 
The  c o m p o u n d s  V I I I  w i t h  t he  t e r m i n a l  L - a m i n o  acid 
res idues  were c leaved  b y  pep t idases ,  in  vivo,  to  release 
t he  p recursor  (X) wh ich  cyclised a t  phys io logica l  p H  to  
t h e  benzod iazep ine ;  t h e y  were also c leaved  a t  a com- 
pa r ab l e  r a t e  in  whole  b lood  of va r ious  species:  roden ts ,  
cat ,  dog, p r i m a t e s  a n d  man .  The  sequence  of r eac t ions  is 
i l l u s t r a t ed  b y  t he  d i a z e p a m  series : p ro -d rug  (IX) -+ open  
fo rm (XI) -+ d i a z e p a m  ( X l I I ) .  As expec ted ,  c o m p o u n d s  
w i t h  D - t e r m i n a l  amino  acids were n o t  c leaved  and  h a d  
no  benzodiazep ine- l ike  pha rmaco log i ca l  ac t iv i ty .  The  
resu l t s  of t he  a n t i - p e n t y l e n e t e t r a z o l e  t e s t  for an t i -con-  
v u l s a n t  a c t i v i t y  in mice, fo l lowing i .v .  a d m i n i s t r a t i o n ,  
were c o m p a r e d  w i t h  those  of p a r e n t  benzod iazep ines  for 
p o t e n c y  (EDs0) and  t ime  of onse t  for  p e a k  ac t iv i ty .  
M e a s u r e m e n t s  us ing  var ious  t e r m i n a l  amino  acids com- 
b i n e d  w i t h  t he  same n u c l e u s  e s t a b l i s h e d  t h a t  t he re  were 
s u b s t a n t i a l  di f ferences  in t h e  r a t e  of pep t i da se  cleavage,  
in  vivo.  Th i s  is i l l u s t r a t ed  for t he  d i a z e p a m  series in which  
the  order  for  L - a m i n o  acids is P h e , L y s , A r g  > Leu > A l a  > 
Glu > Gly  ( table  2). S imi la r  v a r i a t i o n s  were obse rved  for 
m e m b e r s  of o t h e r  series of l a t e n t i a t e d  benzodiazep ines .  
These  i nves t i ga t i ons  h a v e  e s t ab l i shed  t h a t  a p p r o p r i a t e  
p e p t i d o a m i n o b e n z o p h e n o n e s  are nove l  m i n o r  t r anqu i l -  
l izers t h a t  d e p e n d  for t he i r  pha rmaco log ica l  a c t i v i t y  on 
r ap id  re lease  of a r ing -open  p recu r so r  of benzodiazep ines .  
Phys i ca l  p roper t i es ,  such  as e n h a n c e d  so lub i l i ty  in 
aqueous  med ia  c o m p a r e d  w i t h  t h e  co r r e spond ing  benzo-  
d iazepines  a n d  d i f fe ren t  half- l ives,  in  vivo,  p rov ide  for 
nove l  app l i ca t i ons  of these  compounds .  

Ultrastructural changes in dog thyroid follicular cells elicit by concanavalin A in vitro 
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Summary. Dog t h y r o i d  fol l icular  cells exposed to c o n c a n a v a l i n  A (Con A) in v i t ro  showed  changes  in  cell shape,  
i n d u c t i o n  of colloid d rop le t s  a n d  a l t e r a t i ons  in  t he  d i s t r i b u t i o n  of microvil l i .  Cells exposed to  Con A plus  s u b o p t i m a l  
c o n c e n t r a t i o n s  of T S H  ( thy ro id  s t i m u l a t i n g  ho rmone )  showed  pseudopods  a n d  t h e i r  c y t o p l a s m  was v i r t u a l l y  occupied 
w i th  colloid drople ts .  Th i s  f ind ings  sugges t  t h a t  Con A p o t e n t i a t e d  p s e u d o p o d  a n d  colloid d rop l e t  f o r m a t i o n  induced  
b y  T S H .  

Recen t ly ,  C o n c a n a v a l i n  A (Con A) ha s  been  found  to  
mimic  insu l in  effects  on  i so la ted  adipocytes*,  3. I t  also 
m i m i c k e d  t h e  ac t ion  of a g o n a d - s t i m u l a t i n g  pep t ide  in 
i n d u c i n g  t he  p r o d u c t i o n  of 1 - m e t h y l a d e n i n e  in i so la ted  
s t a r f i sh  o v a r y  follicle cells 4. These  f indings  sugges t  t h a t  
Con A has  t he  same  c a p a c i t y  as a pep t ide  h o r m o n e  to  
s t i m u l a t e  c e r t a i n  cell func t ions .  Therefore ,  one m i g h t  
expec t  Con A to  exe r t  c e r t a i n  T S H - l i k e  effects  on  t h y r o i d  
fol l icular  cells. Here  we r e p o r t  on  t h e  effects  of Con A on 
t he  u l t r a s t r u c t u r e  of dog  t h y r o i d  fol l icular  cells a n d  on  
t he  u l t r a s t r u c t u r a l  r e sponse  to  T S H .  
Materials and methods. 1. Mater ia ls .  T he  c o m p o u n d s  used 
in t h i s  s t u d y  a n d  t h e i r  sources  are l i s ted  elsewhere 5. Con A 
was p u r c h a s e d  f rom S igma  Chemica l  Co. (St. Louis,  
Missouri) .  2. T r e a t m e n t  of an imals .  12 mongre l  dogs, 

weighing  b e t w e e n  16 a n d  20 kg  a n d  p rev ious ly  m a i n t a i n e d  
on  a n o r m a l  iodine,  ba l aced  d ie t  and  in a cont ro l led  
e n v i r o n m e n t ,  were fas ted  o v e r n i g h t  and  anes the t i z ed  
w i t h  sod ium p e n t o b a r b i t a l  50 m g / k g  b . w t  i.v. These  dogs 
were d iv ided  in to  t he  fol lowing g roups :  G r o u p  A, non-  
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