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SUFlMARY 

A new method f o r  l a b e l l i n g  11B-hydroxy s t e r o i d s  is desc r ibed .  

The procedure invo lves  s p e c i f i c a l l y  p l a c i n g  t h e  l a b e l  on t h e  angu- 

lar C13 methyl group t h e  p h o t o l y s i s  of t h e  l l b - n i t r i t e  ester 

(Barton r e a c t i o n )  and r e a c t i o n  of t h e  r e s u l t i n g  C18 r a d i c a l  w i th  

PhS- H i n  s i t u .  

f o r  9a-F and <5% f o r  9ci-Cl c o r t i c o s t e r o i d s .  The e x t e n t  of l a b e l -  

l i n g  w a s  measured by mass spectrometry and t h e  p o s i t i o n  of l a b e l -  

l i n g  was confirmed as C18 f o r  two compounds by dmr, cmr and pmr 

spectroscopy.  

2 I n c o r p o r a t i o n s  of 2H were 30-40% f o r  9a-H, 12-21% 

2 K~~ Words: 18- 11-Corticosteroids,  P h o t o l y s i s ,  Barton React ion,  P h e n y l t h i o l ,  
Rad ica l  Trapping. 

Current  s t u d i e s  on t h e  molecular  biochemistry of c o r t i c o s t e r o i d s  and of c o r t i -  

c o s t e r o i d  r e c e p t o r  sites have c r e a t e d  a need f o r  t h e  r a d i o l a b e l l e d  compounds of 

very h igh  s p e c i f i c  a c t i v i t y .  A t  p r e s e n t  r a d i o l a b e l l e d  c o r t i c o s t e r o i d s  are syn- 

t h e s i z e d  by a t r i t i u m  reduction/dehydrogenation sequence on t h e  1,4-diene-3-one 

system I n  Ring A (1). Such methods are i n e f f i c i e n t  s i n c e  t h e  bulk of t h e  t r i t i u m  

t h a t  is  in t roduced  by r e d u c t i o n  i s  subsequent ly  removed i n  t h e  dehydrogenat ion s t e p .  

Considerable  chemical manipulat ion and p u r i f i c a t i o n  i s  a l s o  r e q u i r e d  b e f o r e  t h e  

f i n a l  product  is  a t t a i n e d  - a t e d i o u s  and time-consuming p rocess  when working wi th  

r a d i o a c t i v e  compounds. Furthermore t h e  l a b e l  i s  in t roduced  i n  p o s i t i o n s  which are 

me tabo l i ca l ly  ac t ive  ( l a , 2 ) .  

*Address correspondence t o  t h i s  au tho r  a t  Schering-Plough Corporat ion.  

0362-4803/80/0617-0911$01.00 
0 1 9 8 0  by John Wiley & Sons, L t d .  

Received June 4 ,  1979 
Revised August 3 0 ,  1979 



M .  J .  Green et (11. 912 

We would l i k e  t o  r e p o r t  h e r e  a new method of l a b e l l i n g  c o r t i c o s t e r o i d s  which 

invo lves  i n t r o d u c t i o n  of t h e  l a b e l  on t h e  C13 methyl  group - a n  u n a c t i v a t e d  and 

m e t a b o l i c a l l y  s t a b l e  p o s i t i o n .  

a l s o  has  t h e  advantage of i n t r o d u c i n g  t h e  l a b e l  a t  t h e  f i n a l  s t e p .  This  r e p o r t  

d e t a i l s  t h e  work w i t h  t h e  deuter ium l a b e l l i n g  f o r  which i n c o r p o r a t i o n s  of up t o  

40% have been obtained.  

The method, based on t h e  Barton n i t r i t e  p h o t o l y s i s ,  

Barton e t  a l .  (3 )  r e p o r t e d  t h a t  w h i l e  p h o t o l y s i s  of s t e r o i d a l  1 1 6 - n i t r i t e s  

gave bo th  C19 and C18 oximes, when a l94-diene-3-one f u n c t i o n  w a s  p r e s e n t  i n  

Ring A then  f u n c t i o n a l i z a t i o n  only a t  CI8 

t h a t  t h e  C18 r a d i c a l  gene ra t ed  i n  t h i s  r e a c t i o n  cou ld  b e  t r apped  by i o d i n e  or 

bromotrichloromethane t o  g i v e  u n s t a b l e  18-iodo and 18-bromocort icosteroids  re- 

s p e c t i v e l y .  

p h e n y l t h i o l  (PhSD) (6 )  t o  g i v e  'H-C18 c o r t i c o s t e r o i d s .  

occu r red  (4).  It w a s  a l s o  shown (5)  

We f i n d  that  t h i s  r a d i c a l  can a l s o  be  t r apped  e f f i c i e n t l y  by d e u t e r a t e d  

The o v e r a l l  r e a c t i o n  scheme i s  shown i n  Fig.  1 f o r  betamethasone 17,Zl-dipro- 

p i o n a t e  (L). 

(2) i n  q u a n t i t a t i v e  y i e l d .  A f t e r  thorough d r y i n g ,  t h e  n i t r i t e  w a s  d i s s o l v e d  i n  

t o l u e n e  c b n t a i n i n g  a f i v e - f o l d  e x c e s s  of PhSD i n  a pyrex vessel and i r r a d i a t e d  wi th  

35001 "black l i g h t . "  A f t e r  t h e  n i t r i t e  ester h a s  been consumed ( t l c ) ,  t h e  s o l u t i o n  

was washed w i t h  water and chromatographed on t h i c k  l a y e r  s i l i c a  g e l  p l a t e s  t o  g i v e  

a 30% y i e l d  of betamethasone 17,21-dipropionate  c o n t a i n i n g  a 21% i n c o r p o r a t i o n  of 

deuterium. 

React ion of 1 w i t h  n i t r o s y l  c h l o r i d e  i n  p y r i d i n e  gave t h e  116 - n i t r i t e  

Our r e s u l t s  f o r  a v a r i e t y  of l l b h y d r o x y  s t e r o i d s  (Fig.  2 )  are shown i n  t h e  

Table.  These r e s u l t s  were ob ta ined  u s i n g  a set of s t a n d a r d  c o n d i t i o n s  ( s e e  

Experimental)  which w e r e  no t  f u l l y  opt imized.  However, i t  w a s  determined t h a t  

t h e  pe rcen tage  deuter ium i n c o r p o r a t e d  depended on t h e  c o n c e n t r a t i o n s  of t h e  

r e a c t a n t s ,  t h e  s t e r o i d  t o  PhSD r a t i o ,  and t h e  s u r f a c e  area exposed t o  l i g h t :  i t  

w a s  independent of t h e  s o l v e n t  used o r  t h e  temperature .  
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F I G U R E  1 

The highest incorporations of 2H occurred with the 9a-hydrogen compounds , 
fluocortolone 21-acetate (5, 40%) and desonide 21-acetate (a, 32%). Slightly 

lower incorporations were found with the 9a-fluoro compounds 1, betamethasone 

17,21-dipropionate (21%) and 1, triamcinolone acetonide 21-acetate (20%). 
However, with the latter two compounds, it was noticed that the starting 

nitrites were somewhat unstable under the reaction conditions. The lower 

2H incorporations can then be attributed to partial hydrolysis in the photo- 

lysis cell presumably by trace amounts of water in the solvent and absorbed on 

the surface of the glassware. Beclomethasone 17,21-dipropionate 118-nitrite (A), 
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which has  a 9a-chlor ine,  w a s  even more uns t ab le .  

w i t h i n  2 hours  under t h e  r e a c t i o n  c o n d i t i o n s  and only a 5% i n c o r p o r a t i o n  of 

deuter ium could be  de t ec t ed .  This  method, t h e r e f o r e ,  cannot be used f o r  l abe l -  

l i n g  9a-chloro c o r t i c o s t e r o i d s  us ing  o u r  experimental  cond i t ions .  

Complete h y d r o l y s i s  occur red  

Compounds posses s ing  f r e e  hydroxyl groups gave t h e  lowest  deuter ium incor-  

po ra t ions .  Thus, dexamethasone 21-acetate  (4) gave 12% and betamethasone 

21-acetate  (2) gave 17% of 'H-C18 products .  The lower i n c o r p o r a t i o n s  can  

be exp la ined  by t h e  exchange of t h e  17a-hydroxylic hydrogen wi th  t h e  PhSD--thus 

producing one mole e q u i v a l e n t  of PhSH. 

t h e  4 e q u i v a l e n t s  of PhSD p l u s  1 e q u i v a l e n t  of PhSH which on s t a t i s t i c a l  

grounds a l o n e  should r e s u l t  i n  a 5% lower y i e l d  of l a b e l l e d  & and 2. 

t h e  92 and 4% lower i n c o r p o r a t i o n  ob ta ined  r e f l e c t s  a small i s o t o p e  e f f e c t  

which i s  c o n s i s t e n t  w i th  t h e  r a d i c a l  n a t u r e  of t h e  r e a c t i o n .  Presumably, one 

could e l i m i n a t e  t h i s  d i l u t i o n  of t h e  l a b e l  by exchanging t h e  hydroxyl hydrogens 

f o r  deuter iums p r i o r  t o  p h o t o l y s i s  by washing t h e  t o l u e n e  s o l u t i o n  wi th  D 0 

followed by thorough d ry ing  o v e r  molecular  sieves. 

The C18 r a d i c a l  i s  then  t rapped by 

Thus, 

2 

The l o w  t o  modest chemical y i e l d s  are d i f f i c u l t  t o  exp la in .  I n  a l l  t h e s e  

r e a c t i o n s ,  a minor less p o l a r  product  (5%) which was i d e n t i f i e d  as t h e  11-ketone 

(mass spectrum),  and a more p o l a r  p roduc t  (10-20%) are formed. I f  t h e  photo- 

l y s i s  is  performed without  any added hydrogen ( o r  deuter ium) source ,  t h i s  p o l a r  

product becomes t h e  major product  formed. Barton and co-workers ( 3 , 4 )  have 

shown t h a t  i n  t h e  absence of any competing r a d i c a l  t r a p  t h e  C18 r a d i c a l  r e a c t s  

w i th  t h e  NO r a d i c a l  t o  g i v e  a n i t r o s o  compound which r e a r r a n g e s  f i r s t  t o  t h e  

Cl8 oxime and then  on h e a t i n g ,  t o  t h e  n i t r o n e .  Our p o l a r  materials appear  

t o  be t h e  n i t r o n e s  (e.g. p a r t i a l  s t r u c t u r e  lo). It seems, t h e r e f o r e ,  t h a t  

even a f ive - fo ld  excess  of PhSD i s  n o t  enough t o  completely overcome t h e  

p r e f e r e n c e  of t h e  C18 r a d i c a l  f o r  t h e  NO r a d i c a l .  Th i s  is probably due t o  t h e  
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w: Results of the photolysis of the 116-nitrite esters in the 
presence of PhSD. 

I o n  (F+) 
Irradiation Chemical 2~ Incorporation used in 

Compound Time (hours) Yield % % Mass Spec. 

1 - 3.5 30 

- 3 1.5 58 

- 5 3.5 42 

- 6 4.0 35 

- 7 3.5 26 

- 8 2.5 

- 9 2.5 

19 

13 

21 [M-201' 

5 M-361' 

40 [M-201' 

32 [MI ' 
20 [MI ' 
12 M-201' 

17 [M-20 1 + 

F I G U R E  2 

C H 2 0 A c  

co 
I 

CHZOAc 
I 

16-f-CH3, 8 

16p-CH3, 9 - 
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f a c t  t h a t  t h e  la t ter  r e a c t i o n  i s  simply a r a d i c a l  coup l ing  p rocess  whereas t h e  

r e a c t i o n  w i t h  PhSD breaks  an  S-D bond and should t h e r e f o r e  have a h ighe r  a c t i v a -  

t i o n  energy. 

OCOCH2C Hg 
-0 I 

The e x t e n t  of 'H-labell ing w a s  determined by mass spec t romet ry  (7) .  The 

enrichment c a l c u l a t i o n s  were made on t h e  molecular  i o n  when i t  was of s u f f i c i e n t  

i n t e n s i t y .  Otherwise,  a fragment i o n  (F ) w a s  chosen t h a t  could be a s s igned  

unambiguously t o  a s i n g l e  spec ie .  I n t e n s i t y  v a l u e s  used i n  c a l c u l a t i n g  t h e  2H 

i n c o r p o r a t i o n  were ob ta ined  by r e p e t i t i v e l y  scanning t h e  mass area of i n t e r e s t  

f o r  bo th  t h e  u n l a b e l l e d  and l a b e l l e d  compounds and u s i n g  t h e  mean i n t e n s i t y  

va lues  of e i g h t  s cans  as c a l c u l a t e d  by computer. C a l c u l a t i o n  of t h e  i n t e n s i t i e s  

of t h e  F+2, F+3 peaks f o r  p o s s i b l e  m u l t i p l e  2H i n c o r p o r a t i o n  gave v a l u e s  of 1% 

o r  less which i s  w e l l  w i t h i n  expe r imen ta l  e r r o r .  

+ 

The p o s i t i o n  of deuter ium i n c o r p o r a t i o n  w a s  confirmed t o  be C18 from t h e  

p ro ton  decoupled deuter ium magnetic resonance s p e c t r a  of 'H-labelled 1 and 2. 
Each spectrum showed a s i n g l e  resonance a t  0.96 ppm which corresponds e x a c t l y  

w i t h  t h e  pmr C13-CH3 resonances f o r  t h e s e  compounds. Also i n  t h e i r  pmr s p e c t r a ,  

- 1 and 2, showed a 20% and 40% r e d u c t i o n ,  r e s p e c t i v e l y ,  i n  t h e  i n t e g r a t e d  i n t e n s -  

i t y  of t h e i r  CI3-CH3 resonance,  which i s  c o n s i s t e n t  w i t h  bo th  t h e  e x t e n t  of 

l a b e l l i n g  as measured by mass spectrometry and wi th  t h e  p o s i t i o n  of 2H i nco r -  

po ra t ion .  The cmr s p e c t r a  of l a b e l l e d  1 showed t h e  expected u p f i e l d  s h i f t  (8) 

f o r  t h o s e  C Th i s  carbon resonance 
18 

appeared as a t r i p l e t ,  '5 

carbons c a r r y i n g  a 2H of 0.27 + 0.04 ppm. 

20 HZ a t  16.06 ppm. A s m a l l e r  u p f i e l d  s h i f t  
C s D  
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(9 )  w a s  a l s o  s e e n  f o r  t h e  C13 resonance of l a b e l l e d  2 (0.12 5 0.04 ppm from 

55.47 ppm). However, i n  t h e  cmr spectrum of 1 t h e  C resonance was obscured 

by one l e g  of t h e  Cl0 doub le t  ( JCSF25H ). 2 

For most t o p i c a l  c o r t i c o s t e r o i d s  t h e  method p resen ted  h e r e  has  t h e  advan- 

t a g e  t h a t  t h e  l a b e l  i s  in t roduced  a t  t h e  f i n a l  s t e p  of t h e  syn thes i s .  However, 

with one f u r t h e r  s t e p ,  i.e. ester h y d r o l y s i s ,  l a b e l l e d  C18 c o r t i c o s t e r o i d s  

wi th  f r e e  dihydroxyacetone s i d e  cha ins  become a v a i l a b l e .  Also,  a f t e r  homogene- 

ous c a t a l y t i c  r educ t ion  ( ld ,10 )  of t h e  1,2-double bond C18 l a b e l l e d  c o r t i s o l  

and c o r t i c o s t e r o n e  d e r i v a t i v e s  can be  prepared.  

EXPERIMENTAL 

S i l i c a  g e l  t h i c k  ( 1 0 0 0 ~ )  and t h i n  (25011) l a y e r  chromatography p l a t e s  GF 

were from Analtech. Inc. ,  t o luene  (Mall inckrodt  Analar  grade)  and th iopheno l  

(Aldrich,  97%) w e r e  used as received.  N i t r o s y l  c h l o r i d e  w a s  s u p p l i e d  by 

Matheson Gas Products ,  Inc.  Melt ing p o i n t s  were taken on a Fisher-Johns hot- 

s t a g e  me l t ing  p o i n t  apparatus .  

o r  a CFT-20 spec t romete r ,  and t h e  cmr s p e c t r a  on a Varian XL-100-15 spec t romete r  

( o p e r a t i n g  i n  t h e  FT mode w i t h  a Varian 620L100 d i s c  accesso ry )  f o r  C D C l  solu- 

t i o n s  wi th  TMS as i n t e r n a l  s t anda rd .  The dmr s p e c t r a  (Department of Chemistry,  

McMaster U n i v e r s i t y )  were ob ta ined  on a Brucker WH90 spec t romete r  a t  13.81 MHZ 

wi th  broad band decoupl ing and a n  e x t e r n a l  deuter ium lock  f o r  CHC13 s o l u t i o n s .  

Mass s p e c t r a  were t aken  on a Varian Mat CH5 spec t romete r  u s i n g  a 70eV source.  

The pmr s p e c t r a  were ob ta ined  on a Varian T-60A 

3 

PREPARATION OF PhSD: 

Thiophenol ( 5  mL) and t o l u e n e  (5 mL) were v igo rous ly  s t i r r e d  w i t h  99.98X 

D20 (Merck, 10 mL) f o r  5 minutes.  The phases  were allowed t o  s e p a r a t e  and 

t h e  aqueous l a y e r  w a s  d i sca rded .  Two r e p e t i t i o n s  of t h i s  procedure fol lowed 

by ove rn igh t  d ry ing  ove r  molecular  sieves 4A (Linde) gave a to luene  s o l u t i o n  

of thiophenol  which w a s  b e t t e r  t han  93% d e u t e r a t e d  (nmr i n t e g r a t i o n ) .  
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PREPARATION OF 116-NITRITE ESTERS (11): 

The s t e r o i d  was d i s s o l v e d  i n  p y r i d i n e  ( 1  m o l e  i n  15 mL) and cooled t o  

N i t r o s y l  c h l o r i d e  w a s  bubbled i n t o  t h e  s o l u t i o n  u n t i l  a brown c o l o r  per-  

D i l u t i o n  w i t h  water, f i l t r a t i o n  and thorough washing w i t h  wa te r  gave 

0'. 

s i s t e d .  

t h e  1 1 6 - n i t r i t e  ester. 

temperature  gave material s u i t a b l e  f o r  p h o t o l y s i s .  In t h e  c a s e  of beclomethasone 

17,21-dipropionate  (21, t h e  1 1 6 - n i t r i t e  was c r y s t a l l i z e d  from EtOAc/hexane t o  

g i v e  need le s  m.p. 187-193'; 

Drying f i r s t  i n  a i r  and t h e n  under  h igh  vacuum a t  room 

26 [a]D +146.6 (dimethylformamide c, 0.2%); mic roana lys i s  

C H 0 C l N ,  c a l c u l a t e d  C ,  61.14; H,  6.59; N ,  2.54; C1, 6.44% 28 36 8 

found C ,  61.13; H,  6.66; N ,  2.30; C 1 ,  6.43%. 

PBOTOLYSIS OF 118-NITRITE ESTERS: 

The p h o t o l y s i s  c e l l  c o n s i s t e d  of a Pyrex test tube  ( i n t e r n a l  diameter  16 mm) 

i n t o  which a g l a s s  rod (diameter  12 mm) had been placed.  The s t e r o i d  (100 mg) 

i n  to luene  (2.5 mL) when p laced  i n  t h i s  c e l l  gave a s u r f a c e  area of approximately 

15.5 cm'. 

s o l u t i o n  w a s  purged wi th  argon by means of a Te f lon  tube  (1 mm d iame te r )  i n s e r t e d  

t o  t h e  bottom of t h e  test tube.  

Photochemical Reactor  equipped wi th  35002 photochemical r e a c t o r  lamps (Cat. No. 

R.P.R.-3500A) and w i t h  con t inuous  argon purging,  w a s  i r r a d i a t e d  u n t i l  a sample 

showed t h e  absence of s t a r t i n g  n i t r i t e  ester ( t l c ) .  The s o l u t i o n  w a s  d i l u t e d  

wi th  E t O A c  and washed t h r e e  t i m e s  w i t h  water, d r i e d  ove r  anydrous MgS04 and 

evaporated t o  a s o l i d  r e s idue .  

A f t e r  adding t h e  t o l u e n e  s o l u t i o n  of PhSD ( 5  molar e q u i v a l e n t s ) ,  t h e  

The c e l l  was t h e n  p l aced  i n  t h e  c e n t e r  of Rayonet 

Chromatography on 4 s i l i c a  g e l  t h i c k  l a y e r  p l a t e s  

(20 x 20 cm) gave t h e  LH-CL8 s t e r o i d .  

and then  c r y s t a l l i z a t i o n  gave t h e  d e u t e r a t e d  s t e r o i d  s u i t a b l e  f o r  mass spec t ro -  

metric a n a l y s i s .  

T r i t u r a t i o n  w i t h  e the r /hexane  ( 1 : l )  
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