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!;U MM A R Y 

A new convenient method for the preparation of the title 
compound is described. 
of betmethasone 17-benzoate ~9a-fZuoro-llp,17,21-trihydroxy-l6~- 
methyt-l,4-pregnadiene-3,20-dione 17-benaoatel 111 with the use of 
trisItriphenylphosphinelrhodiwn chloride as catalyst, followed by 
dehydrogenation with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
(DDQI. 

The method consists of selective tritiation 

A favorable overall radiochemical yield is obtained. 

INTRODUCTION 

The synthes is  of tritium labelled betamethascne 17-benzoate (9a-fluoro- 

1 1  P ,17,21-trihydroxy-16P-methyl-l ,4-pregnadiene-3,20-dione 17-benzoate) 

in  five s t e p s  from betamethasone 21 -acetate has  been repor ted  by Merr i l l  

In this method eight C i  of tritium g a s  was used for  catalyt ic  reduct ion of the 

r ing  A diene but the total radiochemical yield and the specif ic  activity of the final 

compound were  unfavorably poor .  In o r d e r  to accomplish metabolic s tudies  of 

this  glucocort icoid,  betamethasone 17-benzoate( l ) ,  especial ly  with whole-body 

autoradiogram, the labelled compound having a relat ively high spec i f ic  act ivi ty  

should be requi red .  

tritium g a s  of v e r y  high activity h a s  to be used f o r  obtaining a labelled compound 

of high specif ic  activity and there  are many difficulties f o r  the synthesis  using 

such a high activity tritium gas .  

method consis t ing of only two s t e p s  as i l lustrated i n  Scheme 1 to minimize 

the loss of tritium in the c o u r s e  of the synthesis .  

1 
&. 

However ,  i f  i t  is prepared  according to M e r r i l l ' s  method, 

W e  thus intended to es tab l i sh  a new convenient 

R E S U L T S  AND DISCUSSION 

The necessi ty  for  protect ion of 21-hydroxy group by acetylat ion,  as 

used in the repor ted  method', may be based on the fact that this  group is 
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suscep t ib l e  t o  oxidat ion unde r  dehydrogena t ion  condi t ions a n d  may r e s u l t  in 

a p o o r  f ina l  yield of t he  dehydrogena ted  

is usual ly  r u n  in  ac id i c  or  a lka l ine  medium w h e r e  undes i r ab le  exchange  of 

t r i t i um a n d  hydrogen  and /o r  o t h e r  s ide  r e a c t i o n ( s )  sometimes may occur .  

T h e r e f o r e ,  i t  s e e m s  much more  convenient  that  betamethasone 1 7-benzoate(1) 

is d i r e c t l y  tritiated and  r e g e n e r a t e d  without any  p ro tec t ion  of the 21 -hydroxy 

g r o u p  if  t h e s e  r e a c t i o n s  c a n  f avorab ly  p r o c e e d  i n  a good yield.  

F u r t h e r m o r e ,  as p rev ious ly  mentioned,  M e r r i l l ,  g g.  i n t roduced  t r i t ium into 

the  s t e r o i d  nuc leus  a t  C-1 , C-2, C-3 and  C-4 by the ca t a ly t i c  r educ t ion  of 

the r i n g  A d iene  of 1 . l  

dehydrogena ted  by DDQ-oxidation t o  A' 4-3-ketosteroids than  s a t u r a t e d  

3 -ke tos t e ro ids  e a c h  of which carries 5 a - h ~ d r o g e n . ~ ' ~  

DDQ is r e q u i r e d  t o  c o n v e r t  the l a t t e r  compounds t o  h' ''-3-ketosteroids and 

gene ra l ly ,  t he  yield is qui te  low. 

r e a c t i o n  of 21 -hydroxy g r o u p  u n d e r  D W - o x i d a t i o n  condi t ion may be con t ro l l ed  

by d e c r e a s i n g  the amount  of DDQ. Accord ing ly ,  i t  w a s  conce ivab le  tha t  t he  

appl icat ion of s e l ec t ive ly  1 ,2-dihydrogenated betamethasone 17-benzoate(2a) 

would minimize the s i d e  r e a c t i o n  i n  DDQ-oxidation. 

Besides, deace ty l a t ion  

4 Bu t ,  obviously,  -3-ketosteroids  are more e a s i l y  

A large e x c e s s  of 

On  the o t h e r  hand ,  the p re sumed  side 

B a s e d  upon t h e s e  c o n s i d e r a t i o n s ,  i nves t iga t ions  us ing  hydrogen  gas 

w e r e  tried p r i o r  t o  the a c t u a l  l abe l l i ng  wi th  t r i t i um gas to d e t e r m i n e  w h e t h e r  

the two s t e p  s y n t h e s i s  shown  i n  Scheme  1 c a n  serve as the p r e p a r a t i o n  method 

of the t a r g e t  l abe l l ed  compound. 

Scheme  1 

OGHr 

2 a : R - H  
2 b : R = D  
2c:R-T 

Homogeneous hydrogena t ion  of 1 by the u s e  of tris(tripheny1phosphine) 

rhodium ch lo r ide  r e s u l t e d  i n  the  quant i ta t ive formation of 1 ,2-dihydrobeta-  

methasone 1 T-benzoate(2a). Dehydrogenat ion of 3 w a s  c a r r i e d  out a t  r e f l u x  
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i n  dioxane us ing  molar  equ iva len t  of DDQ. 

the r e a c t i o n  mixture  r e v e a l e d  that  the yield of 1 w a s  high enough and i n  the 

dehydrogena t ion  s t e p  no o t h e r  r e a c t i o n  p roduc t s  w e r e  found excep t  2. 
Reac t ion  time to  complete  the dehydrogenat ion depended on the mola r  r a t i o  of 

DDQ and  the s t a r t i n g  ma te r i a l .  

a l a r g e  e x c e s s  of DDQ promoted f u r t h e r  oxidat ion of the conjugate  sys t em 

t o  A' 1476-be tame thasone  1 7 - b e n ~ o a t e . ~  A s  a r e s u l t ,  d i r e c t  dehydrogenat ion 

of the r e a c t i o n  mixture ,  without any  purif icat ion o r  r emova l  of the homogeneous 

c a t a l y s t , '  p roceeded  i n  a good yield with no  unfavorable  s i d e  r e a c t i o n s  by 

add ing  a s l igh t  e x c e s s  of DDQ. 

gas, i t  w a s  confirmed that  the r e a c t i o n  i n  a mixture  of d e u t e r i u m  and n i t rogen  

g a s e s  depended upon a volumetr ic  r a t i o  of them. (Table  1 )  

i n  the p r e s e n c e  of 0.03% of deuter ium in n i t rogen  a tmosphe re ,  no r e a c t i o n  

o c c u r r e d .  However ,  by i n c r e a s i n g  the amount of deu te r ium,  the r e a c t i o n  

p roceeded  success fu l ly .  

Thin l a y e r  ch romatography  ( t l c )  of 

P ro longed  r e a c t i o n  time and  the addi t ion of 

In the p re l imina ry  expe r imen t s  u s ing  deu te r ium 

For  example,  

Tab le  1 - R e s u l t s  of the icatalvtic r educ t ion  of 1 
with H o r  D 2 2  

EgPhFRhC1 

100 

100 200 

50 
50  

25 25 ~ 50  

-- 
G a s  P h a s e  

n 2 

H 2 
H /He=l 

H /He=I 
2 

2 

D2 
D2/N -0.2 2- 
D ~ / N ~ = O . O ~  

D 2 /N2=0.03 

Reac t ion  
Time 

h r  

20 

5 

1 4  

14  

20 

21 

22 

21 

Yield a of 
2a  o r  2b - %- 

100 

60  

1 0 0  

75 

100 

55 

40 

0 

a : T h i s  yield w a s  de t e rmined  f rom the r a t i o  of a o r  l_b to  1 
by m a s s  s p e c t r o m e t r y .  

The  to t a l  volume of the r e a c t i o n  f l a sk  and o t h e r  g l a s s  tube connected 

w a s  abou t  2 0  ml.  

u sed  f o r  l abe l l i ng ,  any  r e a c t i o n  would not p r o c e e d  because  of v e r y  rare 

con tac t  between the r e a c t a n t  g a s  and the s u b s t r a t e .  

of hydrogen as a c a r r i e r  the r e a c t i o n  would p r o c e e d ,  but i n  th i s  c a s e  the 

amount of added  hydrogen should be con t ro l l ed  in  o r d e r  t o  obtain the label led 

compound of a n  a p p r o p r i a t e  spec i f i c  act ivi ty .  

If 1 C i  of t r i t ium g a s ,  whose volume is only 0.4 ml, is 

With the p r o p e r  addi t ion 

F i n a l l y ,  on the b a s i s  of t h e s e  p re l imina ry  expe r imen t s ,  100 mg of 

betamethasone 17-henzoate( l )  w a s  t r i t i a t ed  with 1 .6 C i  of a t r i t ium gas i n  the 

p r e s e n c e  of 1 0  m l  e a c h  of hydrogen and h e l i ~ r n . ~  S u c c e s s i v e  t r ea tmen t  with 



594 T .  Kobari, S. Watanube and S. Ikegmi 

DDQ and the prepara t ive  fract ionat ion of the resu l t ing  r e a c t i o n  mixture by t lc  

gave 20 mg of betamethasone-1 ,2 -  H217-benzoate(3b). 

was 3.92 mCi/mg. 

3 The specif ic  act ivi ty  

EXPERIMENTAL 

S i l i c a  gel t lc  plates  (E.  Merck,  Darmstaht)  w e r e  used to  monitor the 

puri ty  and the p r o g r e s s  of the reac t ion .  

betamethasone 17-benzoate w a s  performed on S i l i c a  gel  F-254 p la tes  (2 mm, 

E. Merck, Darrnstaht) using a mixture of 80 p a r t s  by volume of benzene and 

20 p a r t s  by volume of acetone as a developing solvent .  

measured by a JEOL PS-100 spec t rometer  i n  CDC13 using TMS as a n  in te rna l  

s tandard .  

meter  and a Hitachi 285 in f ra red  spectrophotometer ,  respec t ive ly .  

The radioact ivi t ies  of the t r i t i a ted  compounds w e r e  determined by using a 

Nuclear  Chicago Mark I1 liquid scint i l la t ion counter  using a versa t i le  toluene 

sc in t i l l a tor .  

P r e p a r a t i v e  isolat ion of t r i t i a ted  

Nmr s p e c t r a  w e r e  

Mass and inf ra red  s p e c t r a  w e r e  r e c o r d e d  on a J E O L  D-100 spec t ro-  

Homogeneous catalyt ic  hydrogenation of betamethasone 17-benzoate( l )  - 
The reac t ion  f lask containing a solut ion of 25 mg (0.05 mmol) of (1) and 25 mg 

(0.03 mmol) of tris(tripheny1phosphine)rhodium chlor ide in  1 ml of dis t i l led 

dioxane was  evacuated and then a n  appropr ia te  amount of deuter ium ( o r  hydrogen) 

was introduced into the flask by the a id  of a Toepler  pump. 

for  a s h o r t  time, nitrogen was  introduced to  ad jus t  the p r e s s u r e  to  a n  atmos- 

pheric  p r e s s u r e .  

tu re  and submitted to  the DDQ-dehydrogenation, as descr ibed  l a t e r ,  without 

purif icat ion.  

a tmosphere (about 20 ml), 1 ,2-dihydrobetamethasone 17-benzoate(2a) was  

obtained in  a quantitative yield.  The s p e c t r a l  d a t a  of &a are as follows; 

i r (KBr)  3440, 3230, 1730, 1702,  1640, 1610,  1280,  1100-1060, 860, 710 cm- ; 

nmr (CDCl?) 7.30-8.12(m,5), 6 .95(d,1 ,J=lOHz),  6 .20(d, l  , J=lOHz),  4.30 

( b r o a d , l ) ,  4 .15(s ,2) ,  1 .55(s ,3) ,  1 .45(d,3,J=6Hz),  l.OO(s,3) ; mass  m/e 

498(M+), 469, 345, 318(base) ,  122,  105 ,  77. 

Af te r  s t i r r i n g  

Then,  the mixture was  s t i r r e d  for 20 h r s  a t  room tempera-  

When the reac t ion  was r u n  under  a sufficient amount of hydrogen 

1 

DDQ-dehydrogenation of & - In a three  necked f lask  f i t ted with a 

condenser  and a ni t rogen g a s  inlet  g lass  tube w e r e  placed the reac t ion  mixture 

obtained above and added 50  mg of DDQ. 

The reac t ion  mixture was  ref luxed for  6 h r s  a t  105OC under  ni t rogen.  

the react ion was completed, the solvent w a s  removed i n  vacuo and a r e s i d u e  was 

dissolved in 50 ml of chloroform,  which was  washed with 1 '$ sodium hydroxide 

solution and w a t e r ,  d r i e d  and evaporated.  

p repara t ive  t lc  to afford 2 ( o r l )  . 

After  

The r e s i d u e  w a s  then purified by 

By mass  spec t romet ry ,  i t  was confirmed 
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that a t  l e a s t  one deuter ium remained in l a .  

point of the non-labelled product  (1) w e r e  ident ical  with those of a n  authent ic  

sample.  

The s p e c t r a l  d a t a  and melting 

Tr i t ia t ion  of betamethasone 17-benzoate(l) - A reac t ion  f lask contain- 

ing a mixture of 100 mg e a c h  of betamethason 17-benzoate(l) (0.2 mmol) and 

tris(tripheny1phosphine)rhodium chior ide  (0.13 mmol) in 2 ml of dis t i l led dioxane 

was  cooled i n  a liquid ni t rogen bath and under  reduced p r e s s u r e  and 1.6 Ci  of 

c a r r i e r - f r e e  t r i t ium g a s  was  then introduced. 

In o r d e r  to  achieve sufficient diffusion of t r i t ium gas  i n  the r e a c t i o n  f lask ,  

f reez ing  and melting the dioxane solution was repea ted  in  vacuo. 

Then 10 ml of hydrogen g a s  was  introduced into the reac t ion  f lask as c a r r i e r  

by the a id  of a Toepler  pump. After  s t i r r i n g  f o r  1 .5 h r s ,  the p r e s s u r e  was  

adjusted to  a tmospheric  p r e s s u r e  by introducing helium g a s  (about 10 ml). 

The reac t ion  was  r u n  f o r  48  h r s  a t  room tempera ture .  

addi t ional  helium w a s  suppl ied to  maintain atmospheric  p r e s s u r e  a t  2 , 4  and 

24 h r s  a f t e r  the initiation of the react ion.  

f rozen  i n  vacuo,  and a l l  the remaining g a s e s  w e r e  t r a n s f e r r e d  to  a breakable  

ampoule containing act ivated charcoa l  to  a d s o r b  the unreacted t r i t ium g a s .  

The reac t ion  mixture was  used d i rec t ly  in  the following DDQ-oxidation 

without any purif icat ion.  

During the reac t ion ,  

The reac t ion  mixture was then 

3 Betamethasone-l ,2-  H 17-benzoate(3b) - To the above mixture 2 
200 mg (0.88 mmol) of DDQ and 1 0  ml of dioxane w e r e  added and the solution 

was  ref luxed for  5 h r s .  The solvent was  removed and a res idue  was 

ex t rac ted  with 250 ml of chloroform.  

1 % sodium hydroxide solut ion and w a t e r ,  d r i e d  o v e r  MgS04,  f i l t e red ,  and 

evaporated.  

para t ive  t lc .  

p la tes  and eluted with acetone.  

a t  4OoC. 

20 %) and i t s  radiochemical  puri ty  was  g r e a t e r  than 99 $. 
act ivi ty  was  found to be 3.92 mCi/mg. 

pound was almost  ident ical  with that of the non-labelled compound ( 1 ) .  

The organic  l a y e r  was washed with 

The res idue  was  dissolved in  acetone and purif ied by pre-  

The appropr ia te  radioact ive area was  s c r a p e d  from the 

The eluate  was  f i l t e red  and evapora ted  

weighed 2 0  mg (overal l  yield from 1, After  dry ing  in  vacuo,  

The specif ic  

The mass  spectrum of th i s  com- 
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because  of decomposi t ion of the  p roduc t  by alumina.  

Helium w a s  p r e f e r a b l y  used  i n  th i s  l abe l l i ng  e x p e r i m e n t s  because  easier 
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