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S U M M A R Y  

Diazepml4C and demethyldia~epam-~~C are synthesized from 
Addition of diketene to dia~epam-’~C leads to glycine-1 -I4C. 

ketazolam- C. The reaction conditions for the formation of 
ketazolam from diazepam is studied using high-pressure Ziquid 
chromatography i n  conjunction with radioactivity determinations. 

14 

Current i n t e r e s t  i n  1 ,4 -benzod ia~ep ines (~ )  and t h e i r  b i o l o q i c a l  e f f e c t s  

on the c e n t r a l  nervous system prompts us t o  r e p o r t  t he  synthes is  o f  carbon- 

14 l abe led  k e t a ~ o l a m , ( ~ )  an a n t i a n x i e t y  agent which i s  undergoing c l i n i c a l  

i n v e s t i g a t i o n .  The compound i s  l abe led  w i t h  carbon-14 t o  f a c i l i t a t e  

absorpt ion,  d i s t r i b u t i o n ,  exc re t i on  and metabolism s tud ies  w i t h  ketazolam i n  

t e s t  animals and man. 

* Ciazepam (Hoffmann-LaPoche, I n c . )  i s  gener ic  VSAll name f o r  7-chloro-1 ,3- 

d i  hydro-1 -methyl -5-phenyl -2H-1 ,4-benzodi azepine-2-one. 

f* Ketazolam (The Upjohn Comoany) i s  gener ic  USAH name f o r  11-chloro-8-12b- 

d ihydro-2 ,E-dimethyl- iZL-phenyl-4H[l ,3]-oxazino[3.2-d][1 ,4]benzodiaze~ine- 

4,7(6H)-dione, a l so  r e f e r r e d  t o  as U-28,774 i n  the  l f t e r a t u r e .  
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DISCUSSION AND EESULTS 

The s y n t h e t i c  r o u t e  f o r  p repar ing  ketazolam-"+C ( I V )  i s  shown i n  Scheme 1. 

Diazepam-"+C ( I I I b )  and d e ~ w t h y l d i a z e p a m - ~ ~ C  ( I I I a )  were synthes ized from 

g l yc ine - l -14C by m o d i f i c a t i o n  o f  known procedures. (495) Treatment o f  q l yc ine -  

l - " + C  w i t h  N-carbethoxyphthal imide(6) gave p h t h a l ~ y l a l y c i n e - l - ~ ~ C  (I). 

a c i d  c h l o r i d e  o f  I was used t o  a c y l a t e  2-amino-5-chlorobenzophenone and 5- 

ch10ro-2-methylaminoben~ophenone(7) t o  g i v e  r e s p e c t i v e l y  5-chloro-2-(2- 

ph tha l  i m i  doacet-1 -"+C-ami do)benzophenone ( I  I a  ) and 5-ch l  oro-2- (PI-methyl -2- 

ph tha l im id~ace t - l -~~C-amido )benzophenone  (IIb). Removal o f  t he  ph tha loy l  

group i n  I I b  by t reatment  w i t h  hydrazine, f o l l owed  by c y c l i z a t i o n ,  l e d  t o  

diazepam-"+C ( I I I b )  w i t h  the  l a b e l  i n  the 2- p o s i t i o n .  

con t ra ry  t o  the  r e p o r t e d ( 4 )  requirement o f  excess hydraz ine i n  t h i s  reac t i on ,  

t he  bes t  y i e l d  and a c leaner  product  were obta ined by a l l o w i n q  o n l y  molar  

equ iva len t  amounts o f  I I b  and hydraz ine t o  r e a c t  i n  r e f l u x i n a  e fhano l .  

t he  r e a c t i o n  cou ld  be c a r r i e d  o u t  a l s o  a t  room temperature was demonstrated 

by the  p roduc t i on  of demethyldiazepam-14C ( I I I a )  from I r a ,  thouqh on ly  i n  

low y i e l d  (36%). I n  r e f l u x i n g  ethanol  the same r e a c t i o n  qave I I I a  i n  90% 

y i e l d .  

The 

We found t h a t ,  

That 

The a d d i t i o n  o f  d iketene t o  diazepam proceeded ext remely s l o w l y  a t  room 

temperature. A t  65°C the  r e a c t i o n  occurred more r e a d i l y  b u t  was accompanied 

by po lymer i za t i on  o f  d iketene and on pro longed hea t ing  the  product  reve r ted  

p a r t i a l l y  t o  the s t a r t i n g  m a t e r i a l .  No o t h e r  diazepam r e l a t e d  products  were 

found i n  the  r e a c t i o n  m ix tu re .  To determine the optimum r e a c t i o n  t ime,  a r a t e  

s tudy was attempted u s i n g  the  h i g h  pressure l i q u i d  chromatoaraphy (hp l c )  

ana lys i s  procedure repo r ted  by Weber.(*) 

r e a c t  w i t h  an excess o f  d iketene a t  65°C and a l i o u o t s  o f  t he  r e a c t i o r  m ix tu re  

were subjected t o  h p l c  t o  separate I I I b  and k e t a ~ o l a r n - ~ ~ t  ( I V )  which were 

a u a n t i f i e d  b y  r a d i o a c t i v i t y .  A l i n e a r  r e l a t i o n s h i p  (F iaurc 1 )  was found 

Diazepam-"+C ( I I I b )  was a l lowed t o  
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Scheme 1 

Synthesis o f  K e t a ~ o l a r n - * ~ C  f r o m  Glyc lne-1- l4C 

P 

c1 Jq-J -1 

Ph 

111 a )  R = H 
b )  R = He 

D i  ketene 

M,' 

c1 qo / 
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1 )  SDClp I c1 COPh 

I1 a )  R = H 
b) R = M e  

* denotes l '+C 

Me 
I V  
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F igu re  1 : Formation o f  K e t a ~ o l a m - l ~ C  
from Diazepam-"+C. 

Hrs (CPM)D 

0.0 1791 
0.5 1667 

- 

1 .o 1657 
1.5 1522 
2.0 1599 
2 . 5  1486 
3.0 1350 
4.0 1232 
4.5 1281 
5.0 1218 
6.0 938 

(CPM)K 

0 
39 
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192 
309 
381 
487 
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(CPM)Tot. 
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1706 
1770 
1714 
1908 
1867 

1958 
21 78 
2216 
2117 

1 a37 
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0 
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16.2 
20.4 

- 

J D = Diazepam 

K = Ketazolam 
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between the  format ion o f  I I I b  and r e a c t i o n  t ime, i n d i c a t i n o  t h a t  t he  r e a c t i o n  

was pseudo zero o rde r  w i t h  respec t  t o  IIIb. The study was terminated a t  7 

hours because o f  p r e c i p i t a t i o n  o f  I V .  E x t r a p o l a t i o n  o f  t he  data suaqested 

t h a t  the a d d i t i o n  should be near completion i n  12 hours. 

i n  subsequent p repara t i ve  experiments. 

proceed f o r  7 hours, I V  was obta ined i n  65% y i e l d .  

was increased t o  85-90%. A f u r t h e r  increase i n  r e a c t i o n  t ime t o  21 hours n o t  

on l y  f a i l e d  t o  improve the y i e l d ,  b u t  r e s u l t e d  i n  a l ess  pure p roduc t  

presumably contaminated w i t h  decomposi t i o n  prcducts  from d iketene.  

This  was conf i rmed 

When the  r e a c t i o n  was a l l owed  t o  

A f t e r  14 hours the  y i e l d  

EXPERIMENTAL 

R a d i o a c t i v i t y  determinat ions were c a r r i e d  o u t  w i t h  a Packard Tr i -Carb 

Model 3375 l i q u i d  s c i n t i l l a t i o n  spect rometer  us inq  d i o t o l  s c i n t i l l a t i o n  solvent 

a n d  t h e  ex te rna l  s tandard method. Thin l a y e r  chromatoqraphy ( t l c )  p l a t e s  

were analyzed by coun t inq  e lua tes  from sec t i ons  o f  the p l a t e s  i n  10 m l  

p o r t i o n s  o f  d i o t o l  con ta in ina  3% by weight  of  water. 

2.5 x 10 cm a lass p l a t e s  coated w i t h  a 250 micron t h i c k  l a y e r  o f  s i l i c a  Qel 

GF (Analtech, I n c . ) .  

CH,Cl, o r  (B) Et20.  V i s u a l i z a t i o n  was by uv (254 nm) i l l u m i n a t i o n .  Uv spec t ra  

were obta ined w i t h  a Cary Model 15 spectrometer. Hplc analyses and separat ions 

were c a r r i e d  o u t  w i t h  a DuPont Model 820 l i q u i d  chromatograph. 

e lua tes  were brought  t o  dryness and res idues d i sso l ved  i n  15 m l  p o r t i o n s  o f  

d i o t o l  f a r  count ing.  

except as noted, t he  r e s u l t s  were w i t h i n  t0 .4% o f  theory.  

Phthaloy l  q lyc ine- l - "+C ( I )  

9 

The t l c  p l a t e s  used were 

The p l a t e s  were developed w i t h  e i t h e r  ( A )  5% v /v  MeOH i n  

The f r a c t i o n e d  

Hicroanalyses were obta ined f o r  the l i s t e d  elements and. 

A s o l u t i o n  o f  339 mg of g lyc ine- l -14C (nomina l l y  20 mCi/m!l)* and 412 mg 

o f  q l y c i n e  ( t o t a l  751 mq, 10.0 m o l e s )  i n  15 m l  111 Na2C03 was c h i l l e d  i n  an 

* Supplied by New Enoland Nuclear  Corp., Boston, Mass. 
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i c e  bath 

2.411 g 

f o r  15 min. The b a t h  was removed and t o  the  s o l u t i o n  was added 

11 .O mmoles) o f  N-carbethoxyphthalimide. The m ix t i i r e  was s t i r r e d  

a t  room temperature f o r  30 min, f i l t e r e d  and s o l i d s  washed w i t h  10 m l  o f  c o l d  

H20. 

dropwise w i t h  s t i r r i n g .  

c o l d  H20 and d r i e d  t o  g i v e  1.560 g (76% y i e l d )  o f  I .  

5-Chl oro-2- (2-phthal  i m i  doacet-1 -"+C-amido)benzophenone ( I  I a )  

The f i l t r a t e  and washings were cooled and 5.6 m l  o f  6N HCl was added 

The r e s u l t i n g  p r e c i p i t a t e s  were f i l t e r e d ,  washed w i t h  

Ten m l  SOC1, was c a u t i o u s l y  added t o  1.550 g o f  I w i t h  e v o l u t i o n  o f  gases. 

The m ix tu re  was g e n t l y  r e f l u x e d  w i t h  s t i r r i n g  f o r  1 h r  and 10 m l  o f  to luene 

was added. The s o l u t i o n  was d i s t i l l e d  w i t h  simultaneous a d d i t i o n  o f  25 m l  o f  

to luene u n t i l  t he  b o i l i n g  p o i n t  o f  the d i s t i l l a t e  reached 104°C (ca.  42 m l  o f  

d i s t i l l a t e  c o l l e c t e d ) .  

10 m l .  Two m l  o f  t h i s  s o l u t i o n ,  c o n t a i n i n g  1.5 mmoles o f  the a c i d  c h l o r i d e  

of I ,  was added t o  a m i x t u r e  o f  1 m l  o f  to luene and 383 mg (1.65 m o l e s )  o f  

2-amino-5-chlorobenzophenone. 

overn igh t .  

of benzene and S k e l l y s o l v e  B. 

fo l lowed by Ske l l yso l ve  B and d r i e d  t o  g i v e  498 mg o f  I r a .  From the mother 

l i q u o r  and washings was recovered 55 mg o f  the product ,  t o t a l  y i e l d  553 mg, 

87.9%. 

5-Chloro-2- (N-methyl-2-phthal i m i  doacet-1- 14C-ami do)benzophenone ( I I b )  

The remain ing s o l u t i o n  was d i l u t e d  w i t h  to luene t o  

The m ix tu re  was s t i r r e d  a t  room temperature 

The r e s u l t i n g  paste was d i l u t e d  w i t h  2.5 m l  o f  a 1 : l  v / v  m ix tu re  

The s o l i d s  were thoroughly  washed w i t h  benzene 

S i m i l a r l y  from 4.0 m l  ( 3 .0  mmoles) o f  t he  above to luene s o l u t i o n  o f  the 

a c i d  c h l o r i d e  o f  I and 811 mg (3 .3  mmoles) o f  5-chloro-2-methylaminobenzo- 

p h e n ~ n e , ' ~ )  t he re  was obta ined 1 .ll g (85.3% y i e l d )  o f  I I b .  

D i  azepam- 4 C  ( I  I I b  ) 

A mix tu re  o f  1.082 g (2.5 mmoles) o f  I I b  and 12.5 m l  (2.6 mmoles) o f  

0.207M hydraz ine hyd ra te  i n  absolute E t O H  was r e f l u x e d  w i t h  s t i r r i n o  under N2 

f o r  21 h rs .  The m ix tu re  was cooled and f i l t e r e d  and the s o l i d s  were washed 

w i t h  absolute E t O H .  The combined f i l t r a t e  and washings were concentrated and 
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the residue was chromatoqraphed on a 3 x 60 cm column of 190 q of s i l i c a  gel 

e l u t e d  with 5% v / v  MeOH i n  C H 2 C 1 2 .  

a 1 : l  v / v  mixture of  acetone and water t o  give 569 mq (79.2% y i e l d )  of  I I I b ,  

sp .  a c t .  33.00 uCi/mq o r  9.40 mCi/mM, radiochemical ly  pure by t l c  ( s i l i c a  q e l ,  

5% v / v  MeOH in C H 2 C 1 2 ) ;  anaZ (C16H13C1N20): C ,  H ,  C 1 ,  N. 

Demethyl di  azepam-1 “ C  ( I  I I a )  

The crude product was r e c r y s t a l l i z e d  from 

A mixture of  503 mq (1.20 mmoles) of I I a  and 15 ml (3.0 m o l e s )  o f  

0.207M hydrazine hydrate  i n  absolu te  E t O H  was s t i r r e d  a t  room temperature f o r  

23 hrs. 

the s o l i d s  washed w i t h  abso lu te  E t O H .  The combined f i l t r a t e  and washinas were 

concentrated and the  res idue  was t r i t u r a t e d  w ’ t h  5% v / v  HeOH i n  CH2C12. 

of ~ n s o l u b l e  s o l i d s  were removed by f i l t r a t i o n  and the f i l t r a t e  was 

concentrated.  

(3  x 32 cm) of lnr) q of  s i l i c a  qel e l u t e d  w i t h  5% v/v VeOH i n  CH2C12. 

crude product was r e c r y s t a l l i z e d  from a 1 :1 v / v  mixture of CH2C12 and 

Skel lysolve B t o  qive 104 m q  of I I I a ,  sp .  a c t .  34.54 bCi/ma o r  9.36 mCi/mll, 

( a  second crop of 20 mq was obtained from the  mother l i q u o r ,  t o t a l  y i e l d  

1 2 4  mg, 3 6 . 2 % ) ,  radiochemlcal ly  pure by t l c  ( s i l i c a  q e l ,  5% v / v  MeOH in CH2C12, 

anal ( C L , H l , C I N , O ) :  C ,  H ,  C1 (+0 .75%),  N .  

The r e s u l t i n g  mixture was d i l u t e d  w i t h  absolu te  E t O H ,  f i l t e r e d  and 

Traces 

The r e s u l t i n a  residue was chromatoqraphed on a column 

The 

Hplc Monitoring of Conversion o f  I I I b  t o  Ketazolam-lrC ( I V )  

A mixture of 15 mg o f  I I I b  (sp.  a c t .  9.40 m C i / m M ) ,  135 mg of  diazepam 

( t o t a l  0.526 mmole) and 458 mg (5 .45 mmoles) of diketene* was s t i r r e d  a t  65°C. 

The reac t ion  mixture became a c l e a r  s o l u t i o n  w i t h i n  one minute a f t e r  hea t ing  

beqan. Alisuots  o f  2 u 1  each were taken from the reac t ion  mixture a t  30 min  

* Twice r e d i s t i i l e d ,  secor:! distillation under vacuum a t  room temperature;  

s t o r e d  in  f r e e z e r  i n  c r y s t a l l i n e  form. 
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i n t e r v a l s  and d isso lved  i n  5 m l  por t ions  of a mixture of 15% v / v  

te t rahydrofuran i n  di isopropyl  ether.  P r e c i p i t a t e s  began t o  appear i n  the 

reac t ion  mixture a t  between 6 and 7 hrs and homogenous samples could no 

longer  be obta ined .  

subjected t o  hplc  separa t ion  of diazepam and ketazolam. 

sample was c o l l e c t e d  from 2.0 t o  5 .5  m i n  f o r  diazepam and from 5.5 t o  10.5 m i n  

f o r  ketazolam i n  separa te  20 ml countinq v i a l s .  The e l u a t e s  were evaporated 

t o  dryness and the  residues were d isso lved  in  I5 ml por t ions  of  d i o t o l  and 

counted. 

Corasil I1 (Waters Assoc ia tes )  e l u t e d  w i t h  15% v / v  t e t rahydrofuran  i n  

di isopropyl  e t h e r  a t  room temperature a t  a flow r a t e  of 1 ml/min under 200 p s i .  

Under these  condi t ions  the  re ten t ion  times foe diazepam, k e t g o l a m  and d ike tene  

were respec t ive ly  3 . 5 ,  7.5 and 15-25 min as determined by u v  (254 nm) d e t e c t i o n .  

The data  and r e s u l t s  a r e  shown i n  Figure 1 .  

8 hrs  and the mixture was d i l u t e d  with E t , O  and f i l t e r e d  t o  give 134 ma 

(74% y i e l d )  ketazolam-:'+C, 99.1% radiochemically pure by t l c  ( s i l i c a  g e l ,  EtzO),  

sp .  a c t .  0.945 mCi/mPl a f t e r  column chromatography accordinq t o  procedure 

descr ibed below. 

P l i a u o t s  of 3 ~1 each of the above s o l u t i o n s  were 

The e l u a t e  f o r  each 

The l i q u i d  chromatograph was equipped w i t h  a 100 cm column of  

The reac t ion  was terminated a f t e r  

Ketazolam-.'+C ( I V )  

A mixture of 285 mq ( 1 . 0  mmole) o f  I l l b ,  sp a c t .  9.40 m C i / m l l ,  and 

873 mq (10.4 m o l e s )  of  diketene was s t i r r e d  a t  65 C t o r  13 hrs and then a t  

room temperature overniqnt  f o r  1 l lirs The mixture conta in ina  p r e c i p i t a t e s  

was d i l u t e d  w i t h  4 m l  of Et20 and the c r y s t a l s  were f i l t e r e d ,  washed w i t h  E t , O  

and dr ied t o  give 315 mq (85.3% y i e l d )  o f  crude I V  Althouqh this  mater ia l  

was 99% pure radiochemically by t l c ,  i t s  s p e c i f i c  a c t i v i t y  (6.84 m C i / m H )  and 

u v  spectrum [ A " ' ~ ' '  240 n m ,  (L13,000)] ind ica ted  i t  was only 73-75% pure 

chemically 

column ( 1  6 x 24 cm) o t  20 q o f  s i  I i i d  lei e l u t e d  w i t h  acetone.  The res idue  

The crude was rap id ly  pdssed under p-essure (N,) throuqh a s h o r t  
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from the  e l u a t e  (60 m l )  was passed under pressure through a second column 

(1.6 x 12 cm, 10 9) o f  s i l i c a  ge l  e l u t e d  wi th 30 m l  o f  acetone. 

t ime on each column was l e s s  than 5 min. The res idue f o r  t he  second e l u a t e  

was r e c r y s t a l l i z e d  f rom a 2 : l  v /v  m ix tu re  o f  water  and acetone t o  q i ve  207 ma 

of I V .  58.1% y i e l d ,  sp. ac t .  25.14 vCi/mg o r  9.28 mCi/nt4, ~ k [ ~ ~ ~  240 nm 

(~17.750) .  

Et20, 5 min) and 99.44% by hp lc .  

and 0.40% by hp lc ,  mat (C20H17C1N203): C, H, C1, N. 

The t r a n s i t  

The product  was 99.4% radiochemical ly  pure by t l c  ( s i l i c a  ge l ,  

I t s  diazepam-l4C content  was 0.33% by t l c  
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