
J o u m l  of Labelled Compounds and Radiopharmaceuticals - Vol. IX, No. 4 59 7 
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SUMMARY 

3a-Hydroxy-5a-pregnane-ll,2O-dione-2,2,3,4.4- 2 H of 18% isotopic purity 5 

was prepared from 3a-hydroxy-5a-pregnane-ll,2O-dione. The major impurity (10%) 

was 3a-hydroxy-5a-pregnane-ll,20-dione-2,2,4, 4-2H4 - 3a, 21-Dihydroxy-Sa-pregnane- 
11,20-dione-2,2,3,4,4- H 

reaction of the deuterated 3a-hydroxy compound with lead tetraacetate. 

impurity (10%) was 3a,21-dihydroxy-5a-pregane-ll,20-dione-2,2,4,4- H 

2 21-acetate of 76% isotopic purity was prepared by 5 

The major 

2 
4' 
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The steroids, 3a-hydroxy-5a-pregnane-ll,20-dione (alphaxalone) (L) and 
3a, 21-dihydroxy-5a-pregnane-ll,2O-dione 21-acetate (alphadolone acetate) (6)  
are currently used for the  rapid induction of short periods of anaesthesia. 

Studies with 14C-labelled 3a-hydroxy-5a-pregnane-ll,2O-dione have shown that, 

after dosing, this compound disappears rapidly from plasma . In addition, the 

two steroids are usually administered together in very l o w  doses and, therefore, 

in order to study the pharmacokinetics of these drugs, a highly specific and 

sensitive assay was required. Gas chromatography-mass spectrometry (GCMS) was 

the method chosen to carry out this work and to optimise the sensitivity and 

precision of the assay, deuterium labelled 3a-hydroxy-5a-pregnane-11,20-dione 

and 3a,21-dihydroxy-5cc-~regnane-ll,20-dione 21-acetate were required as internal 

standards. 

1 

The preparation of deuterated keto-steroids may be readily achieved by 
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2 
a c i d  o r  base catalysed exchange of enol izable  hydrogens i n  deuterium oxide . 
However, the deuterated s t e r o i d s  prepared i n  t h i s  way a r e  usual ly  unsui table  f o r  

use a s  i n t e r n a l  s tandards i n  assays based on GCMS because back-exchange of  

deuterium can occur, e i t h e r  i n  t h e  GCMS inst rument  o r  during e x t r a c t i o n  s t e p s  

i f  a c i d i c  o r  b a s i c  condi t ions a r e  used. This introduces a v a r i a b l e  which may 

s i g n i f i c a n t l y  reduce t h e  p r e c i s i o n  of t h e  assay. 

t h a t  any introduced deuterium atoms be non-exchangeable under t h e  proposed 

experimental condi t ions.  

I t  w a s  therefore  e s s e n t i a l  

The deutera ted  s t e r o i d s  were prepared by the  reac t ion  sequence shown i n  

Scheme 1. As epimerisat ion a t  C-17 can occur i n  the two base ca ta lysed  exchange 

reac t ions ,  and has a l s o  been reported t o  occur during reduct ion with c h l o r o i r i d i c  

acid3 to  give t h e  equi l ibr ium mixture o f  C-17a (20-25%) and C-176 (75-80%) 

epimers, no at tempt  w a s  made t o  separa te  these  epimers u n t i l  the  f i n a l  products 

had been obtained.  

Base ca ta lysed  exchange of  the 3-keto s t e r o i d  (2) i n  ‘H20 gave the 

deuterated 3-keto s t e r o i d  (3) which was shown, by m a s s  spectrometry, t o  contain 

an average of 10.4 deuterium atoms per molecule ( t h e o r e t i c a l  value = 11). 

Stereospec i f ic  reduct ion of t h e  3-keto group with c h l o r o i r i d i c  a c i d ,  

2 2 
t r imethyl  phosphi te ,  propan-2- ( HI-01 and H 0 gave deutera ted  3a-hydroxy-5a- 

pregnane-11,20-dione (4) i n  somewhat lower y i e l d  (53%) than the  63% y i e l d  

reported by Browne and Kirk f o r  the  unlabel led s t e r o i d  . I t  has  been suggested 

t h a t  t r a n s f e r  of  ‘hydride ion’  from the  reagent  t o  t h e  carbonyl group i s  involved 

i n  determining t h e  reac t ion  and it might be  expected that  this t r a n s f e r  

would occur more slowly from deutera ted  reagents .  Propan-2-( H)-ol w a s  

used i n  t h i s  reac t ion  because it has been reported t o  lead  t o  t h e  in t roduct ion  

of a deuterium atom a t  C-3 . GCMS a n a l y s i s  of t h e  crude r e a c t i o n  product  indic-  

a ted  t h a t  this had occurred. 

p u r i f i c a t i o n  by t.1.c. then gave pure 3a-hydroxy-5a-pregnane-ll,20-dione- H (5) .  

2 

3 

2 

4 

Back exchange of enol izable  2H atoms i n  H 0 and 2 
2 

5 -  

Deuterated 3n,21-dihydroxy-5a-pregane-ll,20-dione 21-acetate (6) w a s  

obtained by reac t ion  o f  crude deutera ted  3a-hydroxy-5a-pregnane-ll,20-dione (5) 
with lead t e t r a a c e t a t e  and p u r i f i c a t i o n  of t h e  product  by t . 1 . c .  
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The content  and d i s t r i b u t i o n  of deuterium i n  the f i n a l  products  w e r e  

determined by chemical i o n i s a t i o n  ( C I )  and e l e c t r o n  impact ( E I )  mass spectrometry 

and by 'H and 13C nuclear  magnetic resonance (NMR) spectroscopy. 

The ammonia C I  mass s p e c t r a  of the  deutera ted  s t e r o i d s  (2) and (6) 

contained only i s o t o p i c  peaks corresponding t o  t h e  adduct ion M+NHl. By 

measurement of the  r e l a t i v e  abundances of  these  peaks and cor rec t ion  f o r  

cont r ibu t ions  from 1 3 C ,  1 5 N  and l80, (2) was shown t o  have the  composition: 

d 0.53%, d3 1.8%, d 16.6%, d5 77.6%, d 

to  have the composition: d 1.3%, d3 1.9%, d 17.6%, d5 76.2%, d 2.8% and 

d7 0.1%. I n  both cases these  compositions correspond to  an average of 4.8 

deuterium atoms per  molecule. 

3.0% and d7 0.47%; and (6) w a s  shown 
2 4 6 

2 4 6 

The changes i n  chemical s h i f t  observed when t h e  proton-decoupled l 3 C  

NMR s p e c t r a  of (l-) and i t s  3-acetate w e r e  compared enabled t h e  peaks correspond- 

ing  t o  C-1 and C-5, C-2 and C-4 and C-3 i n  each spectrum t o  be i d e n t i f i e d .  In  

the spectrum of (L) t h e  following assignments were made: 65.6 ppm C-3, 38.4 and 

30.5 ppm c-1 and C-5, 34.9 and 28.4 ppm C-2 and C-4. 

The 13C NMR spectrum of the corresponding deutera ted  s t e r o i d  (2) w a s  

i d e n t i c a l  to  that  of (L) except  t h a t  t h e  s i n g l e t  peak a t  65.6, w a s  replaced by 

a three  l i n e  p a t t e r n  of very l o w  i n t e n s i t y  and t h e  s i n g l e t s  a t  34.9 and 28.4 

ppm were replaced by m u l t i p l e t s  of  such low i n t e n s i t y  t h a t  they were bare ly  

d is t inguishable  from base l ine  noise .  I t  was therefore  apparent  t h a t ,  i n  t h i s  

deuterated s t e r o i d ,  there w a s  one 'H atom on C-3 and two 'H atoms on both C-2 

and c-4. Owing to  the high l e v e l  of deuterium incorporat ion it w a s  n o t  

poss ib le  t o  estimate the proport ion of LH t o  'H a t  C-2,-3 and -4. 

1 The H atoms on C-l,C-2, C-4 and C-5 could n o t  be unambiguously loca ted  

i n  the  'H NMR spectrum of (L) owing t o  t h e  complexity of t h e  region between 61.0 

and 62 .0 .  

es t imated by '€I NMR spectroscopy. 

from C-3 H i n  t h e  s p e c t r a  of (L) and (2) it was found t h a t  t h e  proport ion of 

2~~ t o  'H on C-3 i n  (5) was approximately IO:~. 

1 However, t h e  r e l a t i v e  proport ions of 2H and H a t  C-3 could be 

By comparison of i n t e g r a l s  of the  s i g n a l  

1 

Therefore, it w a s  concluded t h a t  the  deutera ted  s t e r o i d  (2) cons is ted  
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pr imar i ly  of  3a-hydroxy-5a-pregnane-ll,2O-dione-2,2,3,4,4- 2 H5 (78%) toge ther  

with 3c~-hydroxy-5a-pregnane-l1,20-dione-2,2,4,4-~H~ (10%) .  

cons is ted  of a number of i s o t o p i c  spec ies ,  none of which w a s  p r e s e n t  i n  

s u f f i c i e n t  quant i ty  to be character ised.  

The remainder, 1 2 %  

Simi la r ly ,  the  deuterated s t e r o i d  (6) w a s  shown t o  c o n s i s t  of 

3a-hydroxy-5a-pregnane-ll,20-dione-2,2,3,4,4-% 21-acetate (76%) , 3a-hydroxy- 

-5a-pregnane-11,20-dione-2,2,4,4 H 21-acetate (10%) and o ther  minor i s o t o p i c  

spec ies  (14%). 

5 
2 
4 

Further  evidence i n  support of t h e  NMR d a t a  w a s  obtained by inspect ion 

of the mass s p e c t r a  of both the deuterium l a b e l l e d  and unlabel led s t e r o i d s .  

The E.I. m a s s  s p e c t r a  of the unlabel led s t e r o i d s  (L) and (6)  contained a 

s i g n i f i c a n t  ion peak a t  m/z 147. I t  has been shown t h a t  t h i s  ion is  formed by 

cleavage of the  C-9 ,  C - 1 1  and C-8, C-14 bonds and concomitant e l iminat ion of  a 

molecule of water . The i o n i c  product ,  m/z 147, therefore  contains  t h e  carbon 

skeleton and hydrogen atoms of r ings  A and B. In  the  E.I. mass spectrum of  the 

deuterated s t e r o i d s  (1 and (6) this ion  w a s  s h i f t e d  t o  m/z 152 which ind ica ted  

that  r ings  A and B‘contained f i v e  ’H atoms. 

6 

Scheme 2 

m/z 129 (CHJ3Si& + 
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The E I  m a s s  spectrum of t h e  t r i m e t h y l s i l y l  e t h e r  formed from 

contained a prominent and c h a r a c t e r i s t i c  fragment ion a t  m/z 129. The 

mechanism by which this ion is  formed i s  shown i n  Scheme 2 . The spectrum of the  

deuterated s t e r o i d  (2) did  not  contain m/z 129 b u t  i n s t e a d  exhib i ted  a prominent 

ion a t  m/z 131. Since t h e  mechanism by which this ion was formed involves  

t r a n s f e r  of 'H ( o r  2 H )  from C-2 t o  C-4 ,  t h e  deutera ted  s t e r o i d  (2) m u s t  have 

two H atoms on C-2. I f  t h i s  were not  so,  and C-2 c a r r i e d  only one 'H atom, m/z 

130 would a l s o  have been observed. In  f a c t ,  m/z 130 would be more abundant than 

1 .  1 
m/z  131  as t r a n s f e r  of 

bond i s  weaker than the  C- H bond. 

Experimental 

(1) (Scheme 2 )  

7 

2 

H is more favourable than t r a n s f e r  of 2H because the  C- H 

2 

Mass s p e c t r a  were obtained using a Finnigan 3200E gas chromatograph-mass 

spectrometer coupled t o  a Finnigan 6110 d a t a  system. Samples were introduced i n t o  

the  mass spectrometer by means of t h e  d i r e c t  i n s e r t i o n  probe o r  by i n j e c t i o n  i n t o  

the gas chromatograph. The g l a s s  column ( 0 . 6  m x 0.2 mm I.D.) w a s  packed with 

3% O V I  on G a s  Chrom Q (100-120 mesh) and w a s  operated a t  240'. 'H NMR s p e c t r a  

were measured a t  1 0 0  and 400 MHz i n  chloroform-'H containing te t ramethyls i lane  a s  

i n t e r n a l  s tandard.  C NMR were measured a t  90 MHz i n  chloroform- H which a l s o  

served a s  i n t e r n a l  s tandard.  Chemical s h i f t s  are expressed a s  ppm downfield from 

tetramethyls i lane.  Authentic samples of 3a-hydroxy-5a-pregnane-ll,2O-dione and 

3n,21-dihydroxy-5a-pregnane-ll,2O-dione 21-acetate were obtained from Glaxo 

Laboratories Ltd. (Greenford, Middlesex, U.K.). 

5a-Pregnane-3,11,20-trione g) 3a-Hydroxy-5a-pregnane-ll.2O-dione (1) (500  mg) i n  

acetone (30 m l )  w a s  t i t r a t e d  with Jones reagent .  The reac t ion  mixture w a s  poured 

i n t o  water (100 m l )  and ex t rac ted  with chloroform ( 2  x 20  m l ) .  The organic  

layer  was washed twice with water ,  d r i e d  ( N a  SO ) and evaporated t o  dryness. 

Recrys ta l l i sa t ion  of t h e  res idue  from acetone/hexane gave 5a-pregnane-3,11,20- 

t r i o n e  (2) 

(M+C2H5+) and 371 (M+C3H5+). 

13  2 

2 4  

( 9 5 % ) ,  mp 214-217O; m/z (methane CI) 331 (MH', base peak) ,  359 
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Deuterated 5cr-pregnane-3,11,20-trione (2). 5a-Pregnane-3,11,20-trione (2) 

(400 mg), CH30 H (40 m l )  and 5% NaO H in 2H20  (21 m l )  w e r e  heated under r e f l u x  

f o r  42 h. 

with e t h e r  ( 3  x 20 m l ) .  The combined e t h e r  e x t r a c t s  were washed twice with w a t e r ,  

d r i e d  (Na S O  ) and evaporated t o  dryness. The residue was r e c r y s t a l l i s e d  from 

acetone/hexane t o  give deutera ted  Sa-pregnane-3,11,20-trione (2) (90%).  

Ammonia C I  m a s s  spectrometry showed the deuterium content  of t h e  product  w a s  d 

2.7%, dg 10.0%, d10 31.0%, dll 55.4%, d12 0 . 7 % ,  d13 0.2%. 

Deuterated 3a-hydroxy-5cu-pregnane-11,ZO-dione (4). Deuterated 5a-pregnane-3,11,20- 

t r i o n e  (3) (250 mg) w a s  t r e a t e d  with c h l o r o i r i d i c  ac id ,  t r imethyl  phosphi te ,  H,O 

2 3 and propan-2-( H ) - 0 1  using the  method of Browne and Kirk . The reac t ion  mixture 

w a s  cooled and poured i n t o  2H 0 and ex t rac ted  w i t h  ether. The e t h e r  e x t r a c t  was 

washed with water ,  d i l u t e  sodium hydrogen carbonate s o l u t i o n ,  d r i e d  (Na2S04) and 

evaporated t o  give a mixture of deuterated products. Analysis by GCMS showed t h a t  

the  composition of t h i s  mixture was 24% 5a-pregnane-3,11,2O-trione, 53% (176) 

and 15% (17a) 3a-hydroxy-5a-pregnane-ll,20-dione and 8% unident i f ied  compounds. 

2 2 .  

After  cool ing t h e  reac t ion  mixture w a s  d i l u t e d  w i t h  'H 0 and ex t rac ted  2 

2 4  

8 

2 
1 

2 

3a-Hydro~y-5a-pregnane-l1,20-dione-~H~ ( 5 ) .  Crude deuterated 3a-hydroxy-5a- 

pregnane-ll,20-dione (4) (150 mg) , methanol (20 m l )  and 5% sodium hydroxide 

so lu t ion  (10  m l )  w e r e  heated under r e f l u x  f o r  4 8  h. The cooled reac t ion  mixture 

was d i l u t e d  w i t h  water and ex t rac ted  with e t h e r  ( 3  x 1 0  ml) . The combined e t h e r  

e x t r a c t s  were washed with water ,  d r i e d  ( N a  S O  ) and evaporated t o  dryness. The 

residue was p 'ur i f ied by prepara t ive  t .1 .c .  

chloroform (4/3/3) f o r  development. The band w i t h  Rf 0.2 was removed, ex t rac ted  

with chloroform, d r i e d  ( N a  SO ) and evaporated t o  dryness t o  give 3a-hydroxy-5a- 

pregnane-11,20-dione- H ( 5 )  (71 mg) of  97% p u r i t y  (by GCMS). 

2 4  

( s i l i c a  g e l )  using benzene-ethyl ace ta te -  

2 4  
2 

5 -  

3a,21-Dihydro~y-5a-pregnane-ll,20-dione-~H~ 21-acetate (6). 3a-Hydroxy-5 -pregnane- 

11,20-dione- H5 (60 mg) and lead  t e t r a a c e t a t e  (90 mg) w e r e  s t i r r e d  i n  a mixture of 
2 

benzene (2.6 ml) and CH OLH (0.14 m l )  and t r e a t e d  w i t h  boron t r i f l t > o r i d e  e t h e r a t e  

(0.35 ml). The reac t ion  mixture was s t i r r e d  a t  room temperature f o r  4 h and then 

poured i n t o  ice-cold H 0 .  The product w a s  i s o l a t e d  with chloroform and 

3 

2 
2 
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p u r i f i e d  by t .1 .c .  ( s i l i c a  g e l )  using benzene-ethyl acetate-chloroform (4/3/3) 

f o r  development. The band with R 0.25 w a s  removed, ex t rac ted  with chloroform, 

dr ied  (Na SO ) and evaporated t o  dryness t o  give 3a,21-dihydroxy-5a-preqnane-l1, 

20-dione- H5 (5) 
Trimethyls i ly l  der iva t ives .  Tr imethyls i ly la t ion  was c a r r i e d  out  by d isso lv ing  

the s t e r o i d  (1 m g )  i n  0 . 1  m l  T r i s i l  (P ie rce  Chemical Company, Rockford, I L . ,  

U . S . A . )  i n  a 1.0 m l  capaci ty  reac t ion  v i a l  sea led  with a tef lon-faced septum. 

The reac t ion  mixture w a s  made up t o  1 . 0  m l  by t h e  addi t ion  of dry pyridine.  

Aliquots of this s o l u t i o n  were used f o r  GCMS analyses .  

f 

2 4  
2 

(28 mg) of  98% p u r i t y  (by EMS). 
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