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SUMMARY 

7-Chloro-1.3-dihydro-5- (2 - f luoropheny l )  -l-methyl-ZH-1,4- 

benwdiazepin-2-one  (Fludiazepam) ( I ) ,  an a n t i - a n x i e t y  a g e n t ,  was 

l a b e l l e d  w i t h  carbon-14 a t  C-5 p o s i t i o n  for metabolic s t u d i e s .  

T h e  r e a c t i o n  sequence for the s y n t h e s i s  i s  shown i n  F ig .  2.  

o - F l u o r ~ b e n z o i c - ~ ~ C  a c i d  (IV) was prepared i n  65% y i e l d  b y  

carbona t ion  of 0 - f l u o r o p h e n y l l i  th ium w i t h  ~ a r b o n - ~ ~ C  d i o x i d e .  

The a c i d  (IV) was condensed w i t h  N- (4 -ch lorophenyl )  -N- methy l -  

e thy l ened iamine ,  f o l lowed  b y  B i sch le r -Nap iera l sk i  c y c l i z a t i o n  of  
the r e s u l t i n g  amide w i t h  phosphorus pen tox ide  and phosphorus 

oxychZor ide  t o  a f f o r d  7-chloro-2,3-dihydro-5- (2 - f luoropheny l )  -1- 

methy l  -1H-1,4-ben~odiazepine-5-~~C ( V I I )  i n  good y i e l d .  

Ox ida t ion  o f  V I I  b y  N-brmosucc in imide  i n  aqueous s o l u t i o n  o f  

sodium b icarbona te  gave  F l ~ d i a z e p a m - ~ ~ C  ( I ) .  

o f  I was 24% from barium ~ a r b 0 n a t e - l ~ ~ .  

The overall y i e l d  
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INTRODUCTION 

7-Chloro-l,3-dihydro-5-(2-fluorophenyl)-l-methyl-2H-l,4-benzodiazepin-2-one 

(Fludiazepam)(I) i s  a novel benzodiazepine der iva t ive  which has been synthesized 

and t e s t e d  f o r  pharmacological a c t i v i t i e s  i n  our l abora tor ies" ) .  I t  has been 

found t o  have c e n t r a l  nervous depressant  a c t i v i t i e s  and expected t o  be a poten t  

an t i -anxie ty  drug i n  human. 

agent i n  animals it became necessary t o  synthesize Fludiazepam labe l led  with 

carbon-14 a t  C-5 pos i t ion .  

In order t o  inves t iga te  t h e  metabolic f a t e  of t h i s  

Syntheses of  some 1,4-benzodia~epin-2-0ne-5-~~C der iva t ives  have already 

appeared i n  t h e  l i t e r a t u r e .  
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For example, E. J. Merrill e t .  a 1 . " )  and H. 
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I s h i h a r a  et. al. ( 3 )  r e p o r t e d  t h e  s y n t h e s i s  o f  P r a ~ e p a m - ~ ~ C  ( I I a :  R=cyclopropyl 

methyl,  X = C l ,  Y=H), and A .  Yoshitake et. a1.(4) t h a t  of  Nimetazepam-14C ( I I b :  

R=methyl, X = N 0 2 ,  Y=:H). 

aminobenzophenone- ( carbonyl -I4C) d e r i v a t i v e s  (111) which were condensed wi th  

g lyc ine  r e s i d u e s  and subsequent ly  c y c l i z e d  t o  1,4-benzodiazepin-Z-ones ( I I a  and 

b )  as shown i n  Figure 1. We first  at tempted t h i s  method f o r  t h e  p r e p a r a t i o n  of  

In a l l  of  t h e s e  syn theses ,  t h e  key in t e rmed ia t e s  were 

F i g .  1. Scheme f o r  t h e  s y n t h e s i s  o f  1,4-benzodiazepin-Z-one- 
14 14 

5 -  C d e r i v a t i v e s  via aminobenzophenone- C d e r i v a t i v e s  

F l u d i a ~ e p a m - ( S - ~ ~ C )  ( I )  bu t  f a i l e d  mainly because o f  a low y i e l d  of  2-amino-5- 

chloro-2'-fluorobenzophenone- ( ~ a r b o n y l - ~ ~ C )  (111: R=H, X = C 1 ,  Y=o-F). 

This  paper  d e s c r i b e s  t h e  s y n t h e s i s  o f  F l ~ d i a z e p a m - ( 5 - ~ ~ C )  ( I )  u s i n g  a 

d i f f e r e n t  approach from those  mentioned above. 

DISCUSSION 

The r e a c t i o n  sequence f o r  t h e  s y n t h e s i s  o f  Fludiazepam-(5- C ) ( I )  i s  14 

i l l u s t r a t e d  i n  Figure 2 .  2-Fluorobenzoic- ( c a r b ~ x y l - ~ ~ C )  a c i d  ( I V )  was s e l e c t e d  

a s  t he  l a b e l l e d  s t a r t i n g  m a t e r i a l .  Although a t t empt s  t o  p repa re  I V  by Grignard 

r e a c t i o n  o f  2-fluorophenylmagnesium bromide wi th  carbon-14C d iox ide  were unsuc- 

c e s s f u l ,  t h e  d e s i r e d  a c i d  (IV) was ob ta ined  i n  65% y i e l d  when t r ea tmen t  of  2- 

fluorobromobcnzene wi th  n - b ~ t y l l i t h i u m ( ~ )  a t  -70' f o r  0 .5  h r ,  fol lowed b y  

carbonat ion o f  t h e  r e s u l t i n g  2 - f luo ropheny l l i  thium with ~ a r b o n - ' ~ C  d iox ide  a t  

t h e  same temperature f o r  1 . 5  h r .  

By modifing Kaegi 's  method(6),  2-f luorobenzoic-  ( ~ a r b o x y l - ~ ~ C )  acid was 

t r e a t e d  with th iony l  c h l o r i d e  and subsequent ly  allowed t o  r e a c t  with N-(4- 

chlorophenyl)  -N-methylethylenediamine (V) i n  r e f l u x i n g  benzene f o r  2 h r  t o  give 

N-  (2-f  luoroben7oy 1 )e thy lene  d i a ~ n i n e - ~ ~ C  (VI) i n  69% y i e l d .  The u n l a h e l l e d  
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NBS p205 

POC 13 

W I )  (1) 

Fig. 2. The reaction sequence for the synthesis of 

F 1 udi azep am- ( 5 - 14C) 

starting material (V) was readily prepared by an improved method as shown in 

Figure 3 .  

and the resulting imidate ( V I I I )  reduced with sodium borohydride to give 4- 

chloro-N-methylaniline ( I X )  . 
aminoethylated with ethyleneimine under aluminum chloride catalysis, giving the 

ethylenediamine (V) in the overall yield of  60%. 

Thus, 4-chloroaniline was allowed to reflux in triethyl orthoformate 

The latter, according t o  Kaegi's method"), was 

( V I I I )  

Fig. 3. Scheme for the preparation of N-(4-chlorophenyl)- 

N-me thy1 e t hy 1 enediarn ine 

N-(2-Fl~orobenzoyl)ethylenediamine-~~C ( V I )  on treatment with phosphorus 

pentoxide-phosphorus oxychloride at llOo for 6 hr afforded 1,4-benzodiazepine- 
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14 5- C (VII) i n  e x c e l l e n t  y i e l d  (93%).  In t h i s  B i sch le r -Nap ie ra l sk i  c y c l i z a t i o n ,  

employment of polyphosphate ester (PPE)(7) was less a t t r a c t i v e  t o  g ive  VII i n  50% 

y i e  Id .  

Oxidat ion of VII by t h e  u s e  o f  conven t iona l  o x i d a n t s  such as chromium 

t r iox ide" ) ,  potassium permanganate(8), o r  ruthenium t e t rox ide" )  l e d  t o  F lu -  

d i a ~ e p a m - ( S - ~ ~ C ) ( I )  b u t  t h e  y i e l d s  were neve r  b e t t e r  than 40% i n  ou r  hand. 

only oxidant  which was found t o  be more e f f e c t i v e  was N-bromosuccinimide (NBS) i n  

aqueous a l k a l i n e  media. Under t h e  opt imal  c o n d i t i o n  ( see  Experimental)  t h e  1,4-  

b e n ~ o d i a z e p i n e - S - ~ ~ C  (VII) was ox id ized  t o  Fludiazepam- (5-14C) ( I )  i n  59% y i e l d  

a f t e r  p u r i f i c a t i o n  by column-chromatography and r e c r y s t a l l i z a t i o n .  

had a s p e c i f i c  a c t i v i t y  o f  7.48 mCi/mmole and was i d e n t i c a l  i n  every r e s p e c t  with 

the  u n l a b e l l e d  a u t h e n t i c  sample.  The o v e r a l l  y i e l d  o f  I was 24% from barium 

carbonate-  1 4 C .  

The 

The product  

EXPERIMENTAL 

2-FL~nrobenzoic-(carboxyl-~~C) Acid -- To a 1.5N s o l u t i o n  (2 m l )  o f  n -bu ty l -  

l i t h ium i n  hexane which was coo led  i n  a Dry Ice-acetone b a t h  t o  -70° was added 

wi th  s t i r r i n g  a s o l u t i o n  o f  2-fluorobromobenzene (540 mg, 3 . 1  mmol) i n  anhydrous 

e t h e r  (6 m l )  ove r  a p e r i o d  of  20 min, wh i l e  n o t  a l lowing t h e  temperature  t o  rise 

above -65' dur ing  t h e  a d d i t i o n .  After s t i r r i n g  a t  t h e  same temperature  f o r  5 

min, t h e  mixture  was f rozen  wi th  l i q u i d  n i t r o g e n .  To t h e  f r o z e n  mixture  was 

int roduced,  i n  a vacuum manifold,  carbon-14C d i o x i d e  which was l i b e r a t e d  from 

barium ca rbona te -  C (100 m C i ,  597 mg, 3 .0  mmol). The mixture  was then warmed 

t o  -70' and s t i r r e d  fo r  1 .5  h r ;  du r ing  t h e  r e a c t i o n  t h e  temperature  was kep t  

below -65O. 

e x t r a c t e d  wi th  e t h e r .  To t h e  e x t r a c t  was added u n l a b e l l e d  2-f luorobenzoic  a c i d  

(630 mg, 4.5 mmol) and t h e  s o l u t i o n  p a r t i t i o n e d  with 10% sodium carbonate  s o l u -  

t i o n .  The aqueous l a y e r  was a c i d i f i e d  with concen t r a t ed  hydroch lo r i c  a c i d  and 

e x t r a c t e d  with e t h e r .  

which was r e c r y s t a l l i z e d  from water; g iv ing  2-fluorobenzoic-(carboxyl -14C) a c i d  

(65.0 m C i ,  875 mg, 10.4 mCi/mmol). The I R  spectrum ( n u j o l )  showed a b s o r p t i o n s  

at 3100-2500 (COOH) - and 1690 cm-l(EOH), and t h e  mass spectrum showed t h e  mole- 

14 

After h y d r o l y s i s  with 5% hydroch lo r i c  a c i d ,  t h e  mixture  was 

Evaporat ion o f  t h e  s o l v e n t  gave a c r y s t a l l i n e  r e s i d u e  
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cular ion at m/e 140; the spectra were identical with those of  the unlabelled 

authentic sample. 

4-Chloro-N-methylaniline -- A mixture of 4-chloroaniline (25.6 g, 0.2 mol), 

triethyl orthoformate (80 g) and trifluoroacetic acid (5 drops) was refluxed for 

5 hr, then concentrated and the residual oil dissolved in absolute eth.ano1 (100 

ml). 

and the mixture heated to reflux for 3 hr. 

the residue was suspended in water and extracted with ether. 

washed with water, dried and evaporated to give 4-chloro-N-methylaniline (24.1 g, 

85%); NMR spectrum (6, CDC13): 2.91 (3H, singlet, N-CHs), 6.60 .(2H, doublet, J=9 

Hz, aromatic protons) and 7.13 (ZH, doublet, J=9 Hz, aromatic protons). 

To the solution was added sodium borohydride (20 g) under cooling to 0" 

After evaporation of the solvent, 

The extract was 

N- (4-Chlorophenyl) -N-methylethylenediamine -- 4-Chloro-N-methylaniline (24.1 g) 

was converted to N-(4-chlorophenyl)-N-methylethylenediamine according to Kaegi's 

method(6). 

126' at 0.05 mmHg). 

2.87 (ZH, triplet, 5=6 Hz, -CH2-), 3.34 (2H, triplet, J=6 Hz, -CH2-), 6.61 (2H, 

doublet, J=8 Hz, aromatic protons), 7.14 (2H, doublet, J=8 Hz, aromatic protons) 

and 1.50 (2H, broad singlet, NH2). 

The yield was 70% (22.0 g) after purification by distillation (bp 

The NMR spectrum showed peaks: 2.90 (3H, singlet, NCHs), 

14 N'-(4-Chlorophenyl)-N-(2-fluorobenzoyl)-N'-methylethylenediamine-(ca~bonyl- - C) 

(VI) --  A mixture of 2-fluorobenzoic-(carboxyl-14C) (29.1 mCi, 435 mg, 3.11 mmol) 

and thionyl chloride (3.7 g, 30 mmol) in anhydrous benzene (6 ml) was heated to 

reflux for 3 hr. 

gave an oily residue which was taken up in anhydrous benzene (12 ml), and to the 

solution was added N-(4-chlorophenyl)-N-methylethylenediamine (V)(630 mg, 3.4 

mmol). The mixture was refluxed for 2 hr, cooled and poured into 10% sodium 

hydroxide solution. 

The extract was washed 

afford an oily residue (23.3 mCi). 

with chloroform gave N'-(4-chlorophenyl)-N-(2-fluorobenzoyl)-N'-methylethylenedi- 

Removal of the solvent and the excess of thionyl chloride 

"he resulting slurry was extracted with ethyl acetate. 

with water, dried over sodium sulfate and evaporated t o  

Chromatography of the residue on silica gel 



4 5 8  I .  Plakatsuka, K.  Kawahara, P. K m d a ,  F .  Shono and A.  Yoshi take 

amine-(~arbonyl-~~C) (19.4 mCi, 638 mg, 67%); IR spectrum (liquid film):1650 cm-I 

(amide carbonyl). 

7- Chloro -2,3 -dihydro- 5 - (2- f luorophenyl ) - 1 -methyl -lH- 1,4 - benzodiazepine- 5 -' 4C 

-- (VII) -- A mixture of N1-(4-chlorophenyl)-N-(2-fluorobenzoyl)-N'-methylethylene- 

diamine-(~arbonyl-~~C) (19.4 mCi, 638 mg, 2.07 mmol), phosphorus pentoxide (3.0 g, 

21 mmol) and phosphorus oxychloride (8.3 ml, 90 mmol) was heated under stirring 

at 110" for 6 hr. 

with ether. The aqueous solution was basified with sodium carbonate and 

extracted with ethyl acetate. 

chloro-2,3-dihydro-5 - ( 2  -f luorophenyl ) - 1 -methyl-1H- 1,4 -benzcdiazepine-S- 14C (18.1 

mCi, 560 mg, 93%), mp 100-103"; NMR spectrum ( 6 ,  CDC13): 2.80 (3H, singlet, NCH3), 

3.42-3.90 (4H, multiplet, -CH2CH2-) and 6.82-7.73 (7H, multiplet, aromatic H). 

The reaction mixture was poured into ice-water and washed 

The dried extract was evaporated to afford 7- 

- Cyclization of N'-(4-Chlorophenyl)-N-(2-fluorobenzoyl)-N'-methylethylenediamine- 

- 14C with polyphosphate ester -- A mixture of phosphorus pentoxide (10 g). ether 

(10 ml) and chloroform (20 ml) was refluxed for 20 hr and evaporated to yield 

PPE, N1- (4-Chlorophenyl)-N-(2-fluorobenzoyl) -N~-methylethylenediamine-14C (414 

VCi, 1.18 g, 3 . 8 5  mmol) was added to the PPE and the mixture heated under stirring 

at 120' for 16 hr. The mixture was then diluted with 10% sodium hydroxide solu- 

tion and extracted with ethyl acetate. The extract was washed with water, dried 

and evaporated to give a residue. 

with chloroform gave 7-chloro-2,3-dihydro-5-(2-fluorophenyl)-l-methyl-lH-l,4- 

benzodiazepine-5- C (195 UCi, 528 mg, 47%). 

Chromatography of the residue on silica gel 

14 

- 7-Chloro-l.3-dihydro-5-(2-fluorophenyl)-l-methyl-2H-1,4-benzcdiazepin-2-one-5- 

- 14C, Fl~diazepam-(S-~~C)(I) - -  In a three-necked flask (100 ml) fitted with two 

dropping funnels and a magnetic stirring bar was placed a solution of N-bromo- 

succinimide (720 mg, 4.05 mmol) in tetrahydrofuran (20 ml). To the stirred 

solution was added dropwise at room temperature during 1 hr, simultaneously from 

the dropping funnels, a solution of 7-chloro-2,3-dihydro-5-(2-fluorophenyl)-l- 

methyl-lH-1,4-benz0diazepine-5-~~C (18.1 mCi, 560 mg, 1.93 mmol) in tetrahydro- 



FZudiazepm- I4C 45.9 

fu ran  (30 ml) and a s o l u t i o n  o f  sodium b ica rbona te  (730 mg, 8 .69 mmol) i n  water  

(10 ml) .  After complete a d d i t i o n ,  t h e  mixture  was s t i r r e d  a t  t h e  same tempera- 

t u r e  f o r  15 min, d i l u t e d  with water  and e x t r a c t e d  wi th  e t h y l  a c e t a t e .  The 

e x t r a c t  was washed w i t h  1% hydroch lo r i c  a c i d ,  5% sodium hydroxide s o l u t i o n  and 

water s u c c e s s i v e l y ,  d r i e d ' o v e r  sodium s u l f a t e  and evaporated t o  g ive  a r e s i d u e  

(14.4 mCi). The r e s i d u e ,  d i l u t e d  wi th  t h e  un labe l l ed  Fludiazepam (100 mg), was 

sub jec t ed  t o  chromatography on s i l i ca  g e l  with chloroform.  

main f r a c t i o n s  gave a c r y s t a l l i n e  r e s i d u e  which was r e c r y s t a l l i z e d  from i sopropy l  

a lcohol-hexane t o  y i e l d  7-chloro-l,3-dihydro-5-(2-fluorophenyl)-l-methyl-ZH-1,4- 

benzodiazepin-2-0ne-5-~~C ( F l ~ d i a z e p a m - S - ~ ~ C )  (10.7 m C i ,  435 mg, 7 .48 mCi/mmol) ; 

its IR spectrum (B1Cl3) showing a b s o r p t i o n s  a t  1675 (CON) and 1615 m- ' (phenyl) ,  

and be ing  i d e n t i c a l  with t h a t  of t h e  u n l a b e l l e d  a u t h e n t i c  sample. 

Evaporat ion of  t h e  
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