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SUMMARY 

Four deuterium-labelled benzodiazepines were prepared f o r  use as 
i n t e r n a l  s tandards i n  t h e  q u a n t i f i c a t i o n  of chlordiazepoxide, demethyldiazepam, 
diazepam, and oxazepam a t  low l e v e l s  i n  body f l u i d s  by se lec ted  ion  monitoring. 
The method descr ibed provides a way t o  introduce c leanly  and i n  high i s o t o p i c  
p u r i t y  f i v e  deuterium atoms i n t o  each drug. 

5' Key Words: Selected ion  monitoring, Benzodiazepines, Chlordiazepoxide-d 

Demethyldiazepam-d5, Diazepam-d5, Oxazepam-d5 

ImRODUCTION AND DISCUSSION 

I n  our previous paper, (') we descr ibed the  synthes is  of  

four  deuterium-labelled drugs of abuse f o r  use o r  i n t e r n a l  s tandards 

i n  the  q u a n t i f i c a t i o n  of t h e  unlabel led drugs by se lec ted  ion monitor- 

ing. A d e t a i l e d  account of t h e  use o f  one of these s tandards has 

r e c e n t l y  been published. (2)  

s tandards containing more than t h r e e  deuterium atoms per molecule and 

having high i s o t o p i c  pur i ty .  

I n  addi t ion ,  we discussed the  need f o r  

I n  this paper, we descr ibe  the  synthes is  of four  deuterium- 

labe l led  benzodiazepines each containing f i v e  deuterium atoms and each 

of high i s o t o p i c  p u r i t y .  Chlordiazepoxide and diazepam a r e  two of t h e  

@ 1977 by John W i Z q  & Sons, Ltd.  
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most cormnonly p r e s c r i b e d  t r a n q u i l i z e r s ,  and a l though  oxazepam i s  a 

(3)  drug i n  i t s  own r i g h t  i t  i s  a l s o  a t e r m i n a l  m e t a b o l i t e  o f  diazepam, 

while  demethyldiazepam i s  the major diazepam m e t a b o l i t e  d e t e c t e d  i n  

blood.  ( 4 )  Label led v a r i a n t s  o f  t h e s e  compounds were necessa ry  f o r  our  

a n a l y t i c a l  s t u d i e s  o f  t h e  minor t r a n q u i l i z e r s ,  p a r t i c u l a r l y  those  com- 

pounds which have been i d e n t i f i e d  as s p e c i a l  i n t e r e s t  subs t ances  wi th  

abuse p o t e n t i a l .  (5) 

The key in t e rmed ia t e  i n  t h e  p r e p a r a t i o n  of  t h e  d e s i r e d  

benzodiazepines  i s  2-amino-5-chlorobenzophenone. The most a c c e s s i b l e  

p o s i t i o n s  f o r  l a b e l l i n g  w i t h  deuter ium are those  o f  t h e  a romat i c  r i n g  

bea r ing  f i v e  hydrogen atoms. The d e s i r e d  in t e rmed ia t e  i s  2-amino-5- 

chlorobenzophenone- 2' , 3  I ,  4 ' .  5 ' ,  6 I-d5 (1). 

0 
1 - 

From 1, a l l  of  t h e  necessa ry  benzodiazepine-d compounds could be 

prepared us ing  known l i t e r a t u r e  procedures  f o r  t h e  p r e p a r a t i o n  of  

undeuterated benzodiazepines  provided no exchange occur s  d u r i n g  

t h e s e  r e a c t i o n s .  

been reviewed. 

5 

Much of t h e  chemis t ry  of t h e  benzodiazepines  has  

(6,7) 

The u s u a l  way of p repa r ing  2-amino-5-chlorobenzophenone is  

t o  condense p - c h l o r o a n i l i n e  wi th  benzoyl  c h l o r i d e  i n  t h e  p re sence  of 

z i n c  c h l o r i d e  and t h e n  hydrolyze the r e s u l t i n g  i n t e r m e d i a t e ,  '2, wi th  

a c i d .  (8) However, i f  benzoyl-d c h l o r i d e  is used i n  p l a c e  o f  benzoyl  
5 
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chloride and the intermediate is hydrolyzed with acetic acidfsulfuric 

acid mixtures as described in the literature, the resulting benzophenone 

derivative contains no deuterium. 

by u s i n g  DOAc and D2S04 for the hydrolysis, but i n  this case exchange 

occurs with the other aromatic hydrogens and a benzophenone bearing 

from 5 to 8 deuteriums is obtained.") 

5 deuterium atoms in a compound of high isotopic purity, we have devised 

an alternative route to 1. 
2-amino-5-chlorobenzophenone described in the patent literature'") and 

involves the reaction of phenyl-d magnesium bromide with 6-chloro-2- 5 
methyl-4ti-3,1-benzoxazine-4-one (A). 
bromobenzene-d 5 

and the yield (approximately 50 percent) consumes much less of the 

labelled material than the benzoyl chloride route which requires a large 

excess of the reagent. 

This difficulty can be circumvented 

Since we would prefer only 

Our approach is based on a synthesis of 

The source of the deuterium is 

which is much less expensive than benzoly-d5 chloride 

Following is the overall scheme for the preparation of the 

four benzodiazepine-d5 compounds: Chlordiazepoxide-d (El, demethyl- 

diazepam-d (5), diazepam-d5 (11) , and oxazepam-d (13) : Detailed 
experimental procedures are given for the preparation of 1, while the 
other steps are summarized in the Table with literature references to 

the corresponding preparations of the undeuterated compounds. 

5 

5 -  5 

The isotopic compositions of the deuterium-labelled compounds 

were determined by comparison of their chemical ionization mass spectra 

with the corresponding spectra of the unlabelled compounds. A mixture of 

methane and ammonia (approximately 8:l) was used as the reagent gas. 

Under these ionization conditions the mass spectra of all of the compounds 

show abundant protonated-molecule ions and virtually no fragment ions. 

The deuterium labelled 2-amino-5-chlorobenzophenone (L) was found to have 
the following isotopic composition: 

tained 5 deuteriums, 3 . 4  percent contained 4 deuteriums, 0.4 percent con- 

tained 3 deuteriums, while the d2, dl, and do species amounted to less 

than 0.2 percent. 

96.0 percent of the molecules con- 

The deuterium contents of the other labelled compounds 
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(2, 8, 11, and 12) were found to be the same, indicating that hydrogen- 
deuterium exchange occurring during the subsequent synthetic steps was 

negligible. 

SCIKME. PREPAMTION OF DEUTERIUM-JABELLED BENZODIAZEPINES 
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TABLE. PREPARATION OF DEUTERIUM-LABELLED BENZODIAZEPINES 
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Step Indicated Yield, (a) (b) (C ) 
Compound in Scheme percent MP,OC Lit .mp,OC Ref. 

3 1 83 123- 125 121-124.5 10 - 
- 4 2 51 114- 115.5 115- 116 10 

- 1 3 95 96- 98 97- 98 10 

- 5 4 41 214.5-215.5 216-217 11,12 

- 6 5 72 164- 165 164-167 13 

- 7 6 73 134- 136 133-134 13 

- 8 7 61 229-231 236-236.5 14 

8 

9 

10 

78 

81 

49 

238-239 15 
233-234(dec') 235-236 (dec.) 12 

179-180 15 
184-185'5 188-189 12 

122-124 15 
125- 126 12 131-132 

12 11 83 236- 237 (dec . ) 242- 243 16 

- 13 12 78 194-195(dec.) 203-204 16 

- 

(a) Yields are indicated for the purified compound. Average yields are 

(b) Melting points are uncorrected. 
(c) Literature melting points are for undeuterated compounds. 

indicated h e n  the reaction was run more than once. 

EXPERIMENTAL 

6-Chloro-2-methyl-4H-3, 1-benzoxazine-4-one (3) 

2-Amino-5-chlorobenzolc acid, Aldrich Chemical Company, Inc., 

15 g, was added to 50 ml of acetic anhydride and the solution refluxed 

for 1.5 hr at which time 25 ml of the solvent was distilled off. The 

product crystallized from the cool solution, was filtered off, washed 

with acetic anhydride, and dried in a vacuum desiccator. 

14.0 g (83 percent), mp 123-125 O C  (lit.'") mp 121-124.5 'C) .  

The yield was 

2-Acetamido-5-chlorobenzophenone-2',3',4',5',6'-d~ (A) 

To a solution of 10.0 g (51 mole) of 2 in 100 ml of benzene 
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and 50 m l  of e t h e r  was added t h e  Grignard r eagen t  prepared from 8.7 g 

(53.5 mmole) of bromobenzene-d5 (Diaprep, Inc.  - Div i s ion  of Aldrich 

Chemical Company, Inc.)  and 1.4 g (58 mg-atom) of magnesium metal  i n  

20 m l  of e t h e r .  

and t r a n s f e r r e d  t o  a dropping funne l  w i t h  a sy r inge .  

was added over 45 minutes with t h e  r e a c t i o n  temperature maintained a t  

0 t o  -2 "C ( i c e / s a l t  b a t h ) .  Following a d d i t i o n ,  t h e  r e a c t i o n  mixture  w a s  

s t i r r e d  0.5 h r . a t  0 ' C  and then 1 h r  a t  25 O C .  The r e a c t i o n  mixture  w a s  

then recooled t o  0 O C  and 50 m l  of 6 N  hydroch lo r i c  a c i d  added. 

t i o n  was then warmed t o  25 O C  and s t i r r e d  f o r  0.5 h r .  

w a s  

t h e  so lven t  removed on t h e  r o t a r y  evaporator .  

t r i t u r a t e d  under hexane u n t i l  t he  crude product formed i n t o  a g ranu la r  

s o l i d .  The hexane was removed on the  r o t a r y  evaporator  and t h e  crude 

s o l i d  (15.3 g) c r y s t a l l i z e d  from 2-propanol t o  g ive  7.8 9,- mp 111-113 'C. 

This m a t e r i a l  was then r e c r y s t a l l i z e d  from 2-propanol t o  g ive  7.3 g 

(51 pe rcen t ) ,  mp 114-115.5 "C ( l i t . ' " )  mp 115-116 O C  f o r  undeuterated 

compound). 

2260 cm . The mother l i q u o r s  would not  provide any a d d i t i o n a l  product 

on concen t r a t ion .  

2-Amino-5-chlorobenzophenone-2',3',4',5',6' -d5  (L) 

The Grignard r eagen t  w a s  prepared i n  a s e p a r a t e  f l a s k  

The Grignard reagent  

The solu-  

The o rgan ic  l a y e r  

s epa ra t ed ,  washed twice wi th  wa te r ,  d r i e d  (MgS04), f i l t e r e d ,  and 

The yel low o i l  was 

The I R  spectrum shows only a weak C-D adso rp t ion  a t  

-1 

A mixture of  3, 7.3 g (26.2 mmole), 40 m l  of 95 percent  

ethanol., and 40 m l  of 6N hydroch lo r i c  ac id  was r e f luxed  with s t i r r i n g  

f o r  3 h r s .  The e thano l  w a s  then removed on t h e  r o t a r y  evaporator .  

The remaining aqueous s o l u t i o n  was  cooled i n  an ice ba th  and made 

bas i c  with conc. ammonium hydroxide,  The product was e x t r a c t e d  i n t o  

methylene c h l o r i d e  and t h e  remainder i n t o  chloroform. The e x t r a c t s  

were combined, washed wi th  water ,  d r i e d  (MgS04), f i l t e r e d ,  and the  

so lven t  removed on the  r o t a r y  evaporator  l eav ing  5.9 g (95 percent)  

of a br ight-yel low,  c r y s t a l l i n e  s o l i d  with mp 96-98 "C ( l i t .  

mp 97-98 'C f o r  t h e  undeuterated compound). 

(10) 
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