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ABSTRACT 

The s y n t h e s i s  of  two forms o f  s e l e c t i v e l y  d e u t e r a t e d  17- 
m e t h y l - t e s t o s t e r o n e  is  descr ibed. 17 -Me thy l - d3 - tes tos te rone  was 
prepared by the Gr ignard reac t ion  of dehydroepiandrosterone wi th  
deuter ium labe led  methyl magnesium iod ide f o l  lowed by an Oppenauer 
ox ida t i on .  17 -Me thy l -d3 - tes tos te rone -19 ,19 ,19 -d  3 was prepared by 
t r e a t i n g  3 ,3 -e thy lened ioxy-5 ,10-epoxy-5(A ,  l O ~ - e s t r a n - 1 7 - o n e  w i t h  
deuterium labeled methyl magnesium bromide fol lowed by hydro lys is  and 
dehydration of the 5al-hydroxyandrostane der iva t ive .  

INTRODUCTION 

Methyltestosterone ( 17#-hydroxy-17-methyl-4-androsten-3-one ) is a 

s y n t h e t i c  androgen which has been used in the t reatment  of eunuchism, 

eunuchoidism, male impotence and female breast cancer. I t  is an o r a l l y  

e f fec t i ve  hormone analog and has been shown to have considerable higher 

oral a c t i v i t y  than testosterone (I-3).  

The b i o a v a i l a b i l i t y  / b i o e q u i v a l e n c y  r e g u l a t i o n s  of the United 

States Food and Drug Adm in i s t r a t i on  ( FDA ) l i s t e d  I I 0  drugs and drug 

dosage forms which were known or suspected of  having p o t e n t i a l  

b i o a v a i l a b i l i t y  / b i o e q u i v a l e n c y  p r o b l e m s  (4 ) .  A l t h o u g h  

me thy l t es tos te rone  is  one of the drugs l i s t e d ,  there appears to be 

l i t t l e  i n f o r m a t i o n  on i t s  p h a r m a c o k i n e t i c  or b i o a v a i l a b i l i t y  
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charac ter is t i cs .  

The use of stable isotopes has become accepted in drug metabolism, 

pharmacokinet ic  and b i o a v a i l a b i l i t y  s tud ies  (5-7).  Studies on the 

r e l a t i v e  b i o a v a i l a b i l i t y  of several d i f fe ren t  formulations of the same 

drug have been performed e f f e c t i v e l y  by use of a stable isotope labeled 

var iant  as the reference with which the tes t  unlabeled formulations are 

compared (8-10). 

We have undertaken studies to assess the r e l a t i v e  b i o a v a i l a b i l i t y  

of methyltestosterone t ab le t  f o rmu la t i ons  wi th coadmin i s t r a t i on  of  a 

s t ab l e  isotope labe led  me thy l t es tos te rone  s o l u t i o n  as an i n t e r n a l  

b io log ica l  standard. In the present paper, we describe the synthese of 

17 -me thy l - d3 - t es tos te rone  ( methyl testosterone-d 3 ) and 17-methyl-d 3- 

testosterone-19,19,19-d 3 ( methy l tes tosterone-d 6 ). 

EXPERIMENTAL 

A l l  me l t i ng  po in ts  are uncorrected.  Opt i ca l  r o t a t i o n s  were 
determined on a JASCO DIP-4 d i g i t a l  polar imeter with ethanol as solvent .  
IR spectra were recorded wi th a Shimadzu IR-400 spectrometer  f o r  KBr. 
IH-NMR s p e c t r a  were de te rm ined  on a Va r i an  EM-390 90 MHz NMR 
spectrometer for  so lut ions in deuteriochloroform with te t ramethy ls i lane 
as an internal  standard ( chemical sh i f t s  in~ppm ). Mass spectra were 
recorded on a Shimadzu QP-IO00 gas chromatograph-mass spectrometer ( El: 
20 eV. CI: 200 eV, reagent gas: isobutane ). 

17~-methyl-d3-5-androstene-3#,17~-diol ( I I  ) 
The deuterium labeled Grignard reagent ( 0.83 M of CD3Mgl-dry ether 

s o l u t i o n  ) was prepared by using methyl i od ide-d  3 ( CD31, 99.5 atom%d, 
Merck ). To 36 mL ( 29.7 mmol ) of the above Grignard reagent was added 
d ropw ise  o v e r  I00 min a s o l u t i o n  of  1.5 g ( 5.20 mmol ) o f  
dehydroepiandrosterone ~ 3~-hydroxy-5-androsten-17-one~( I ) ( Sigma ) 
in 30 mL of  dry ether .  The s o l u t i o n  w a s ' r e f l u x e d  fo r  7 hr. A f t e r  
cooling, 50 mL of 1.5 M ammonium chlor ide so lu t ion was added dropwise. 
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D i l u t i o n  w i t h  H20, e x t r a c t i o n  w i th  e ther ,  washing w i th  3M HCl, 5% 
NaHCO 3, 10% Na2S203 and H20, f o l l o w e d  by d r y i n g  over  MgSO 4 and 
e v a p o r a t i o n  gave 1.49 g ( 93% ) of  c r y s t a l l i n e  res idue .  I t  was 
r e c r y s t a l l i z e d  from ethy l  acetate, mp 202 - 203°; IR ~C-D 2250 cm-l; MS 
m/z 307(M+). 

17~-Hydroxy-17-methyl-d3-4-androsten-3-one ( I I I  ) 
A s o l u t i o n  of  0.65 g ( 2.11 mmol ) of  the d i o l  ( I I  ) in  15 mL of 

t o l u e n e  and 3 mL of  cyc lohexanone was heated to 106 ° and 2 mL of  the 
s o l v e n t  was removed by d i s t i l l a t i o n .  To t h i s  hot s o l u t i o n ,  2.3 g of 
aluminum isoprox ide was added r a p i d l y  and the mixture s t i r r e d  and heated 
under r e f l u x  for  3 hr. The react ion mixture was then poured in to  an ice 
bath and 0.5 mL of acet ic  acid was added to ensure decomposition of the 
a l k o x i d e - s t e r o i d  complex. A f t e r  steam d i s t i l l a t i o n ,  the r e s i d u a l  
aqueous so lu t i on  was extracted wi th benzene, and washed with 3M HCl, 5% 
NaHCO 3, and H20. Af ter  dry ing over MgSO 4 and evaporat ing the so lvent ,  a 
ye l l ow  residue was obtained. Af ter  s i l i c a  gel column chromatography of 
the residue using dichloromethane-acetone ( 9:1 ) as an e l u t i n g  so lvent ,  
the p u r i f i e d  p roduc t  ( I I I  )( 0.46 g, 72% ) was ob ta ined as c o l o r l e s s  
c r y s t a l s  f o l l o w i n g  evaporat ion of the so lven t  under reduced pressure. 
The c r y s t a l s  were r e c r y s t a l l i z e d  from n-hexane-AcOEt (5:1). mp 162 ° 
( The mmp with 17-methy l - testosterone showed no depression. ); IR ~O-H 
3430 cm - I ,  ~C-D 2230 cm-l ;  NMR 0.92 ( 3H, s, 18-CH 3 ), 1.22 ( 3H, s, 19- 
CH 3 ), 5.76 ( IH, s, 4H ); MS m/z 305(M+); [~]m +80°; Anal .  Calcd.  f o r  
C20H27D302: C, 78.64; H, 9.90. Found: C, 78.55; H, 9.85. 

3,3-Ethylenedioxy-5,10-epoxy-5(X, lO~-estran-17-one ( V ) 
To a so lu t i on  of 1.00 g ( 3 mmol ) of 3,3-ethy lenedioxy-5,10-epoxy-  

5~ , lO~-es t ran-17~-o l  ( IV ) ( I I )  in  12 mL o f  dry  p y r i d i n e  was added 1.00 g 
( I0 mmol ) o f  chromium t r i o x i d e  ( reagent  grade ) in  sma l l  p o r t i o n s  
w i th  e f f i c i e n t  s t i r r i n g  and c o o l i n g  ( i n t e r n a l  tempera ture  15 - 20 ° ) 
over a period of 30 min under ni trogen. The mixture was then s t i r r e d  at 
room temperature fo r  20 hr. Afterwards, water was added to the react ion 
mixture; ex t rac t ion  wi th dichloromethane fo l lowed by washing wi th H20, 
dry ing over Na2SO 4 and evaporat ion gave a ye l l ow  residue. Af ter  s i l i c a  
gel column chromatography of the residue using dichloromethane-acetone 
(9:1) as an e l u t i n g  s o l v e n t ,  the p u r i f i e d  p roduc t  ( V ) ( 0.58 g, 58% ) 
was obtained as co l o r l ess  c r ys ta l s  f o l l o w i n g  evaporat ion of the so lven t  
under reduced pressure .  IR VC: 0 1730 cm-l ;  NMR 0,90 ( 3H, s, 18-CH 3 ), 
3.88 ( 4H, s, 3-O-CH2-CH2-O- ); MS (Cl )  m/z 333 (M+I).  
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3, 3-Ethy lenedioxy- I  7-methyl-d3-5d-androstane-I  9-d3-5, 17~-diol  ( V I ) 
The deu te r ium l a b e l e d  Gr ignard  reagent  ( 0.84 M of  CD3MgBr-dry 

t e t r a h y d r o f u r a n  s o l u t i o n  ) was prepared by us ing  methyl  bromide-d 3 
( CD3Br, 99.5 atom%d, Merck ). To 18 mL ( 15.14 mmol ) of  the above 
Gr ignard  reagent  was added dropwise a s o l u t i o n  of  0.385 g ( 1.16 mmol ) 
o f  the epox ide ( V ) in 6 mL of  dry  t e t r a h y d r o f u r a n .  The s o l u t i o n  was 
r e f l u x  f o r  2 hr. A f t e r  c o o l i n g ,  30 mL of  1,5 M ammonium c h l o r i d e  
s o l u t i o n  was added dropwise.  D i l u t i o n  w i th  H20, e x t r a c t i o n  w i t h  
d i ch lo romethane ,  washing w i t h  3M HCl, 5% NaHCO 3 and H20, f o l  lowed by 
dry ing over MgSO 4 and evaporat ion gave 0.393 g of c r ys ta l  l i ne  residue. 
P u r i f i c a t i o n  of the residue by s i l i c a  gel column chromatography using 
benzene-AcOEt ( I : I )  as an e l u t i n g  s o l v e n t  f u r n i s h e d  0.120 g ( 28% ) of  
the p roduc t  ( VI ). IR ~O-H 3500 - 3350 cm - I ,  ~C-D 2225 cm-l ;  NMR 
0,89 ( 3H, s, 18-CH 3 ), 3,99 ( 4H, s, 3-O-CH2-CH2-O- ); MS m/z 370 (M+). 

17~-hydroxy-I 7-methyl -d3-4-androsten- I  9-d3-3-one ( V I I I ) 
A s o l u t i o n  o f  0,113 g ( 0.305 mmol ) o f  the  5 ~ - h y d r o x y - 3 -  

c y c l o e t h y l e n e k e t a l  ( VI ) in  5 mL of MeOH was t r e a t e d  w i th  0.5 mL 1 M 
H2SO 4 under r e f l u x  f o r  20 min, A f t e r  c o o l i n g ,  e the r  and H20 were 
added, and the aqueous layer  was separated and re-ex t rac ted with ether, 
The combined e x t r a c t  was washed w i th  5~ NaHCO 3 and H20 and d r i ed  over  
MgSO 4. Removal of the ether by evaporat ion resu l ted  in 0.070 g ( 0.215 
mmol ) of 5,17~-dihydroxy-17-methyl-d3-5o~-androstan-19-d3-3-one ( VI I  ) 
as c o l o r l e s s  c rys ta l s .  

The above p roduc t  ( V I I  ) was d i s s o l v e d  in  5 mL of  MeOH, t r e a t e d  
w i t h  0,5 mL of  5% me thano l i c  KOH, heated under r e f l u x  f o r  1 hr, and 
cooled. A f te r  d i l u t i o n  wi th H20 and ex t rac t ion  wi th ether, the combined 
ether so l u t i on  was washed wi th 1 M HCl, 5% NaHCO 3 and H20, fo l lowed by 
dry ing over MgSO 4, The ether was then evaporated to g ive 0,042 g of a 
c r y s t a l  l i n e  res idue .  A f t e r  s i l i c a  gel  column chromatography of  the 
res idue  us ing  benzene-AcOEt ( I : I )  as an e l u t i n g  s o l v e n t ,  the p u r i f i e d  
p roduc t  ( V I I I  ) ( 0.032 g , 34% ) was ob ta ined  as c o l o r l e s s  c r y s t a l s .  
R e c r y s t a l l i z a t i o n  from n-hexane-AcOEt (5:1) led to 0,020 g ( 0.065 mmol ) 
of the f i n a l  product ( V I I I  ) as co l o r l ess  needles, IR }JC-D 2225 c m - I ,  
~C=O 1670 cm - I ,  ~C-D 1041 cm- l ;  NMR 0.92 ( 3H, s, 18-CH 3 ), 5.76 ( IH, 
s, 4H ); MS m/z 308 (M+). 
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RESULTS AND DISCUSSION 

In the synthesis of deuterium labeled methyltestosterone for use as 

an i n t e r n a l  b i o l o g i c a l  standard, spec ia l  a t t e n t i o n  was paid to the 

se lec t i ve  deuterium label ing of the 17~-methyl group, The 17~-methyl 

pos i t i on  was chosen not on ly  because i t  o f fe red the p o s s i b i l i t y  of 

introducing three deuterium atoms but also because th is  posit ion seemed 

not to s u f f e r  from any pr imary isotope e f fec t ,  The main metabol ic  

pathways of  me thy l t es tos te rone  (12-15), i ,e,,  3-keto reduct ion,  C-16 

oxygenation and glucuronidation, do not invo lve  any reactions at the 17- 

methyl posit ion, 

The method employed here for the synthesis of methyltestosterone-d 3 

was a mod i f i ca t i on  of the procedure of Hyde e t a..Zl, (16,17) and the 

syn the t i c  sequence is shown in Scheme I. I n t r oduc t i on  of  three 

deuterium atoms was achieved by treatment of dehydroepiandrosterone with 

CH3 0 

( I)  

Scheme 1 

CH 3 OH 
~.-,,- ~ ''CD3 

( l l )  

1 CH 3 OH ~ - - C D  3 

( ll) 
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a s i x - f o l d  excess of deuterium labeled methyl magnesium iodide fol lowed 

by an Oppenauer oxidat ion with aluminium isoproxide. 

The electron impact mass spectrum of the product ( I I I  ) showed the 

mo lecu la r  ion at m/z 305 ( the un labe led compound; m/z 302 ). The IR 

spectrum of the product ( I I I  ) showed the C-D streching v ibra t ion band 

at 2230 cm - I ,  These resu l ts  confirmed that three deuterium atoms were 

incorporated in to  the 17~-methyl group of me thy l tes tos te rone .  The 

chemical p u r i t y  of  methyl  t e s t o s t e r o n e - d  3 was con f i rmed  by gas 

chromatograPhy, thin layer chromatography and an elemental analysis. 

~ OH 

o~ (Iv) 
%o 

" CH 3 OH 

o~.....~'-~/ (v11) 
OH 

"o ~O(v) 

l 
CH 3 OH 

, C D 3 ~ ~  "'CD3 

~ ~  (Vl) 

CH 3 OH 
~ " " . J , _ ~ . . C D  3 

o~'-,.fJ~, j (v111) 

Scheme 2 
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Mass s p e c t r o m e t r i c  a n a l y s i s  of  methyl testosterone-d 3 obtained in th i s  

experiment demonstrated very high isotop ic  pu r i t y  of the product ( I I I  ) 

( d3; 98.64%. d2; 1.36%. d l ;  0.00%: 99.6 atom% d ). 

Methy l testosterone-d 6 ( V I I I  ) for  use as an in te rna l  standard for  

mass fragmentographic assays was synthesized by the routes presented in 

Scheme 2. Formation of the 5~,lO(~-epoxy-17-keto-steroid ( V ) proceeded 

in 58% y i e l d  by a Sare t t  o x i d a t i o n  ( 18 ) of the 5(W, lO(~-epoxide ( IV ) 

( I I ) ,  wheres a Jones o x i d a t i o n  of  ( IV ) r e s u l t e d  in  opening of the 

epoxide r ing.  The Grignard react ion of the 5~.lO(~-epoxy-17-keto s tero id  

( V ) wi th CD3MgBr success fu l l y  incorporated s ix  deterium atoms in the 

s t e r o i d  mo lecu le ,  th ree at  C-19 and th ree  at  the 17~-methyl group. 

because of the presence of two reac t i ve  funct iona l  groups in ( V ). The 

use of CD3Mgl instead of CD3MgBr was unsuccessful in the synthesis of 

( VI ) due to the formation of 19-nor -der i va t i ve .  

Mass s p e c t r o m e t r i c  d e t e r m i n a t i o n  of the f i n a l  l a b e l e d  product  

( V I I I  ) revealed high iso top ic  p u r i t y  of 99.3 atom% d ( d6; 96.88%, d5; 

2.26%, d4; 0.86% ). Th is  p u r i t y  is  s u f f i c i e n t  f o r  use as an i n t e r n a l  

standard fo r  mass fragmentographic assays. 
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