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1-DEHYDROHEXESTROL. SYNTHESIS OF A PRECURSOR FOR THE PREPARATION 

OF TRITIUM-LABELED HEXESTROL DERIVATIVES AND ITS USE IN A NEW, 

CONVENIENT SYNTHESIS OF TRITIUM-LABELED 2-AZIDO-HEXESTROL. 
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S W R Y  

Erythro-1-dehydrohexestrol ($,a), an analog of the non- 
steroidal estrogen meso-hexestrol containing a double bond 
in the side chain, has been synthesized as a general pre- 
cursor for the preparation of tritium-labeled hexestrol 
derivatives. It can be functionalized further as needed, 
and upon catalytic hydrogenation with tritium gas, it fur- 
nishes the desired er i t k ro  or meso diastereomer of the 
hexestrol derivatives. Its use is exemplified in the syn- 
thesis of ’H-o-azidohexestrol (&) with high specific acti- 
vity. 
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INTRODUCTION 

In the course of our studies on affinity labeling agents for estrogen recep- 

tors’ and estrogen receptor-binding radiopharmaceuticals for imaging of  breast 

tumors ,” we have prepared numerous derivatives of the non-steroidal estrogen 

rneso-hexestrol (la). We have also prepared a number of these derivatives in 

tritium-labeled form, starting from tritium-labeled meso-hexestr~l.~’~ 

classical Williams and Ronzio procedure5 for tritium labeling of meso-hexestrol 

involves the catalytic hydrogenation of dienstrol ( 3 ) .  This method is capable 

of giving material with very high specific activity, but it does require the 

separation of the diastereomeric meso- and dl-hexestrols (la, Z), that are pro- 

duced in a 1:l ratio. Separation on a large scale can be achieved by fractional 

?n, 

The 

% 

% %  

“Address reprint requests to this author. 

0362-4803 /81 /030407-12$01 .00  
01981 by John Wiley & Sons, Ltd. 

Received September 5, 1979 
Revised October 2 2 ,  1979 



408 R. Goswami, M .  R. Kilbourn and J .  A .  Katzenellenbogen 

crystallization and on a small scale by chromatography.;t Another disadvantage 

of this method is that for the preparation of hexestrol derivatives, a l l  chemical 

manipulations must be done after introduction of the radiolabel: this can be a 

particular problem when chemical reactions on a symmetrical molecule such as 

hexestrol produce the desired monosubstituted derivative admixed wit-h unreacted 

and disubstituted material. 

Scheme 1 

R 

no HO 

2 dl-hexestrol 
% la R=H meso-hexestrol 

& R=N erythro-o-azidohexestrol 
V X  

3 

3 dienstrol & erythro-1 -deliydrohexestrol 
?i 

In connection with other work on the synthesis of estrogen receptor-binding 

radiopharmaceuticals , 3b we have prepared hexes trol derivatives that can be con- 

verted conveniently into erythro-1-dehydrohexestrol ($). This molecule is a 

single diastereomer which upon hydrogenation is converted cleanly into meso- 

hexestrol ($1. It is also a suitable intermediate for derivatization, so that 

in many cases several reactions and isomer separations can be done prior to the 

"Incomplete catalytic hydrogenation of dienstrol can produce diethylstilbestrol 
(R. Goswami, unpublished). 
can be misleading, as cis- and t r a n s - d i e t h y l s t i l b e s t r o l  co-migrate on silica 
gel thin layer chromatography with dZ- and rneso-hexestrol, respectively, and 
d:ethylstilbestrol co-crystallizes with rneso-hexestrol (R. Goswami, unpublished). 

In this case, the properties of the product mixture 

6 
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i n t r o d u c t i o n  of t h e  l a b e l .  We p r e s e n t  h e r e  a d e s c r i p t i o n  of t h e  s y n t h e s i s  of 

1-dehydrohexes t ro l  ( 4 )  and an example o f  i ts  u t i l i t y  i n  t h e  p r e p a r a t i o n  of tri- 

t ium-labe led  o-az ido-hexes t ro l  (&), a p h o t o s e n s i t i v e  e s t r o g e n  t h a t  w e  have used 

as a p h o t o a f f i n i t y  l a b e l  f o r  t h e  e s t r o g e n  r e c e p t o r  from lamb u t e r u s .  

'L 

4b 

EXPERIMENTAL 

Materials. 

The s y n t h e s i s  of t h e  bromide ,& has  been d e s c r i b e d  i n  ou r  ear l ier  pub l i ca -  

t i o n .  3b 

I - b u t a n e t h i o l ,  hexamethylphosphoramide (HMPA).  

Methods . 

The fo l lowing  chemica ls  w e r e  ob ta ined  from Ald r i ch  : d ipheny l  d i s e l e n i d e ,  

A n a l y t i c a l  t h i n  l a y e r  chromatography was performed u s i n g  0 .25  mm s i l i c a  g e l  

g lass -backed  p l a t e s  c o n t a i n i n g  F-254 i n d i c a t o r  (Pre-Coated TLC Plates s i l i c a  gel 

60 F-254, Merck), and s p o t s  were v i s u a l i z e d  by 254 nm u l t r a v i o l e t  l i g h t .  Prepara-  

t i v e  t h i n  l a y e r  chromatography was c a r r i e d  o u t  u s ing  2 mm s i l i c a  g e l  g l a s s -  

backed p l a t e s  w i t h  F-254 i n d i c a t o r  (Pre-Coated PLC P l a t e s  s i l i c a  gelF-254, 

Merck) . 
Tet rahydro fu ran  w a s  d r i e d  by d i s t i l l a t i o n  from benzophenone k e t y l  i n  a 

r e c i r c u l a t i n g  s t i l l .  

Mel t ing  p o i n t s  were de termined  on a Fischer -Johns  a p p a r a t u s  and a r e  uncor- 

r e c t e d .  I n f r a r e d  s p e c t r a  were de termined  as KBr p e l l e t s  o r  n e a t  f i l m s  u s i n g  a 

Beckman Model I R - 1 2  In s t rumen t .  The d a t a  are p r e s e n t e d  i n  cm and on ly  t h e  

impor t an t  d i a g n o s t i c  bands are r e p o r t e d .  P ro ton  magnet ic  resonance  ( H-NMR) 

s p e c t r a  were t aken  on a Var ian  Assoc ia t e s  Model EM-390 spec t romete r .  Chemical 

s h i f t s  are r e p o r t e d  i n  ppm downf ie ld  from a t e t r a m e t h y l s i l a n e  i n t e r n a l  s t a n d a r d  

(6 s c a l e ) .  The H-NMR d a t a  are p resen ted  i n  t h e  form: ( s o l v e n t  i n  which spec-  

t ra  were t a k e n ) ,  6 v a l u e  of s i g n a l  (peak m u l t i p l i c i t y ,  i n t e g r a t e d  number of pro- 

t o n s ,  coup l ing  c o n s t a n t  ( i f  a n y ) ,  and a s s ignmen t ) .  Mass s p e c t r a  were recorded  

from Var ian  MAT CH-5 and 731 (h igh  r e s o l u t i o n  mass s p e c t r a )  s p e c t r o m e t e r s ,  a t  

-1 
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t h e  i o n i z a t i o n  v o l t a g e  expres sed  i n  t h e  p a r e n t h e s e s .  

r e l a t i v e  i n t e n s i t y  o r  of  d i a g n o s t i c  impor tance  a r e  p r e s e n t e d  i n  t h e  form: 

( i n t e n s i t y  r e l a t i v e  t o  b a s e  peak) .  

Only t h e  peaks  of h igh  

m / e  

Kadiochemical p u r i t y  w a s  measured on p l a s t i c -backed  s i l i c a  g e l  t h i n  l a y e r  

p l a t e s  (Eastman chromatogram Shee t  No. 6061, w i t h o u t  f l u o r e s c e n t  i n d i c a t o r ) .  

The l a b e l e d  m a t e r i a l  w a s  s p o t t e d  on t o p  of un labe led  c a r r i e r .  A f t e r  development 

i n  t h e  s o l v e n t  sys tem i n d i c a t e d  t h e  chromatogram w a s  c u t  i n t o  t e n  s t r i p s ,  which 

w e r e  t hen  p l aced  i n  m i n i v i a l s  w i t h  5 mL of a xylene-base  s c i n t i l l a t i o n  f l u i d  con- 

t a i n i n g  0.55% 2 ,5-d iphenyloxazole ,  0 .01% p-bis[2-(5-phenyloxazolyl)] benzene, and 

25% T r i t o n  X-114. R a d i o a c t i v i t y  w a s  de te rmined  i n  a Nuclear  Chicago I socap  300 

Liquid  S c i n t i l l a t i o n  Counter.  S p e c i f i c  a c t i v i t y  was de termined  by r a d i o r e c e p t o r  

a s say  u s i n g  lamb u t e r i n e  c y t o s o l ,  as d e s c r i b e d  p r e v i o u s l y .  2a 

er~~ j7~~0- I -Phe~ iy I seZeny2-3 ,4 -b i s  (4-methoxy~henyZI-helcane (El - I n  a 50 nL 

t h r e e  neck f l a s k  equipped  w i t h  a r e f l u x  condense r ,  d ipheny l  d i s e l e n i d e  (320 mg, 

1 .02  mmol, 1 . 2  e q u i v  PhSeNa) and 20 mL of a b s o l u t e  e t h a n o l  were s t i r r e d  a t  r e f l u x  

under n i t r o g e n  a tmosphere .  Powdered sodium borohydr ide  w a s  added i n  small por- 

t i o n s  t o  t h e  h o t  s o l u t i o n  u n t i l  t h e  ye l low s o l u t i o n  tu rned  c o l o r l e s ~ . ~  An addi -  

t i o n a l  5 mg of NaBH4 w a s  added and t h e  s o l u t i o n  w a s  s t i r r e d  a t  r e f l u x  as a so lu -  

t i o n  of methoxy bromide & (640 mg, 1 .69  mmol i n  10  mL of e t h a n o l )  w a s  s lowly  

added over  a p e r i o d  of 1 0  min. The r e s u l t i n g  mix tu re  w a s  s t i r r e d  a t  room t e m -  

p e r a t u r e  f o r  2 h ,  fo l lowed by h e a t i n g  a t  60' f o r  6 h .  

eve r  t h e  s o l u t i o n  tu rned  ye l low a sma l l  a d d i t i o n a l  amount of NaBH4 w a s  added t o  t h e  

r e a c t i o n  mix tu re .  The mix tu re  w a s  coo led ,  and 50  mL of 1 N H C 1  s o l u t i o n  added. 

A whi te  s o l i d  t h a t  p r e c i p i t a t e d  w a s  c o l l e c t e d  by f i l t r a t i o n .  The f i l t r a t e  con- 

t a i n e d  most ly  un reac ted  d ipheny l  d i s e l e n i d e ,  and t h e  p r e c i p i t a t e ,  o b t a i n e d  i n  

92% y i e l d  (705 mg), was t h e  d e s i r e d  pu re  phenyl  s e l e n i d e  &. 'H NMR (CDC13) 6 

0.50  ( t ,  3,  J = 7 Hz, -CH -CH ), 1.15-1.40 (m, 2 ,  >CH-CH -CH ) ,  1.50-1.70 (m, 

During t h i s  p e r i o d ,  when- 

2 -3 -2 3 
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2 ,  >CH-CH -CH -), 2.10-2.80 (m, 4 ,  -CH- CH -SePh and bo th  meth ine  H ' s ) ,  3.70 

( s ,  6 ,  Ar0C€13), 6.60-7.10 (m, 8 ,  a l l  Arg excep t  t h e  Arg's a d j a c e n t  t o  Se) and 

7.00 (broad  s i n g l e t ,  5 ,  ArE's i n  SePh).  

-2 2 2 -2 

,7rythro-3,4-bis (4-Metho~~phenyZ)- l -he-~  (a) - Methoxy phenyl  s e l e n i d e  

& (350 mg, 0 .77  mmol) was d i s s o l v e d  i n  15 mL of d ry  THF, cooled  t o  -15O (ice- 

ace tone-dry  i c e ) ,  and a n i t r o g e n  a tmosphere  w a s  i n t roduced .  m-Chloroperbenzoic 

a c i d  (200 mg, 75% p u r i t y ,  0.86 mmol, 1 . 1 3  e q u i v a l e n t )  was added i n  one p o r t i o n ,  

and t h e  r e s u l t i n g  mix tu re  w a s  s t i r r e d  f o r  20 min a t  - 1 5 O . '  ( I t  is  impor t an t  t o  

n o t  u se  a l a r g e  excess  o f  MCPBA i n  t h i s  r e a c t i o n ) .  The c o l d  r e a c t i o n  mixture  

w a s  t hen  s lowly  p i p e t t e d  i n t o  a s t i r r e d  s o l u t i o n  of 2 mL of d i i sop ropy lamine  i n  

150 mL of r e f l u x i n g  hexane. A f t e r  t h e  a d d i t i o n  w a s  coniplete ('L 15 min) ,  t h e  

r e s u l t i n g  mix tu re  w a s  r e f l u x e d  f o r  a n  a d d i t i o n a l  5 min. Twenty mL of 10% Na2C03 

s o l u t i o n  w a s  added, and t h e  o r g a n i c  l a y e r  was s e p a r a t e d ,  combined w i t h  two e t h e r  

e x t r a c t s  of  t h e  aqueous l a y e r ,  washed w i t h  1 N H C l  fo l lowed by s a t u r a t e d  N a C l  

s o l u t i o n ,  and then  d r i e d  (Na SO ) .  Solven t s  were removed under reduced p r e s s u r e ,  

and t h e  r e s i d u e  p u r i f i e d  by p r e p a r a t i v e  t l c  ( s i l i c a  g e l ,  20% e t h e r  i n  hexane) t o  

g i v e  223 mg ( q u a n t i t a t i v e  y i e l d )  of methoxy v i n y l  compound (&) as a w h i t e  s o l i d :  

mp 1 1 8 O ;  'H NMR (CDC13) 6 0.60 ( t ,  3, J = 7 Hz, -CH2-Cg3), 1.20-1.70 (m, 2 ,  

>CM-CH --CH ) ,  2.50-2.80 (m, 1, J = 5 Hz, 

)CH-CH-CH=CH ) ,  3.80 ( s ,  6 ,  ArOCH?), 4.60-4.90 (m, 2 ,  -CH=CH2), 5.60-6.00 (m, 1, 

J = 8 Hz, CH-Cg=CH ) and 6.80-7.15 (m, AA'XX' p a t t e r n ,  8 ,  Arg);  Mass spec t rum 

+ 
(70 ev)  - m / e  ( r e 1  i n t e n s i t y )  296 (2 .5 ,  M ) ,  150 (ll), 149 ( l o o ) ,  146 (10.6), 122 

( 3 ) ,  1 2 1  (33 .8) ,  and 115 ( 5 . 7 ) ;  e. Exact mass de te rmina t ion .  Calcd f o r  

C20H2402 296.1770. pound 296.1782. 

2 4  

CH-CE-CH2CH3), 3.40 ( t ,  1, J = 9 Hz, -2 3 

2 

2 

eiythro-3,4-bis(4-Hy&oq phenyZ)-l-hexene (@) - Fresh ly  d i s t i l l e d  l-butane- 

t h i o l  (642 pL, 4 mmol) w a s  added t o  10 mL of HMPA ( f r e s h l y  d i s t i l l e d  from CaH2) .  

This  s o l u t i o n  was cooled  u s i n g  a n  i c e  b a t h ,  a n i t r o g e n  atmosphere was i n t r o d u c e d ,  

and 2 mL of 2.2 N n -huty l  l i t h i u m  w a s  s lowly  added. 

nmol) methoxy v i n y l  compound a i n  2 mL o f  HMPA w a s  s lowly  added, and t h e  r e s u l t -  

A s o l u t i o n  of 280 mg (0.95 
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i n g  ye l low s o l u t i o n  w a s  h e a t e d  (ba th  temp. 125-155°C) f o r  30 h .  Hydrochlor ic  

a c i d  (20 mL of 1 N )  w a s  added t o  t h e  r e s u l t i n g  ye l low suspens ion ,  which w a s  then  

e x t r a c t e d  w i t h  30 mL of a 4 : l  Et0Ac:THF mix tu re .  The o r g a n i c  l a y e r  was washed 

(5N NaOH,  water, s a t .  N a C l  s o l u t i o n ) ,  d r i e d  (Na SO ) $  and then  evapora t ed  under 

reduced p r e s s u r e  t o  g i v e  a r e s i d u e  t h a t  was p u r i f i e d  by p r e p a r a t i v e  t l c  ( s i l i c a  

g e l ,  2 : l  CH C 1  :EtOAc, 2 developments) f u r n i s h i n g  200 mg o f  &. An a d d i t i o n a l  

50 mg of & w a s  o b t a i n e d  by e x t r a c t i o n  of t h e  a l k a l i n e  aqueous f r a c t i o n s  a f t e r  

a c i d i f i c a t i o n  w i t h  conc. H C 1 ,  g i v i n g  a combined y i e l d  of 250 mg of & (98%):  

mp 174O; 'H NMR (acetone-d6) 6 0.60 ( t ,  3, J = 7 Hz, -CH2-Ck13), 1.20-.160 (m, 

2 ,  >CH-CH -CH3), 2.50-2.90 (m, 1, >CH-Cg-CH2-CH ) ,  3.37 ( t ,  1, J = 9 Hz, :CH-Cg- 

CH=CH2),  4.55 (doub le t  of d o u b l e t s ,  1, J = 6 H z  and 1 .5  Hz, -CH=CZ5), 4.70  (broad 

s i n g l e t ,  1, -CH=ClE), 5.50-6.00 (m, 1, H 

Arg) and 7.95 (broad ,  2 ,  ArOE); Mass spec t rum (70 e v )  m/e ( r e 1  i n t e n s i t y )  268 

(2 .7 ,  M'), 136 (11 .2 ) ,  135 ( l o o ) ,  133  ( 1 7 . 7 ) ,  and 107 (53 .6) .  

2 4  

2 2  

I I 

-2 3 

H 

CH-CE=CH2), 6.80 (m, AA'XX' p a t t e r n ,  8, 

erythro- 3- ( 4 - H y d ~ o q  pheny Z)  -4- (3-nf tro-4-hydroq pheny 1)-1-hexene (&I - 

Cupric n i t r a t e  t r i h y d r a t e  (45 mg, 0.186 mmol, 0 .5  equ iv )  was mixed w i t h  0 .5  mT, o f  

a c e t i c  anhydr ide ;  3 mL o f  g l a c i a l  a c e t i c  a c i d  w a s  added, t h e  r e s u l t i n g  mix tu re  

was s t i r r e d  a t  room t empera tu re  under a n i t r o g e n  atmosphere f o r  15 min. and then  

s lowly  added t o  a s o l u t i o n  c o n t a i n i n g  100 mg (0.37 mmol) of d i p h e n o l i c  v i n y l  

compound i n  5 mL of g l a c i a l  ace t ic  a c i d  and 2 mL of d r y  THF a t  Oo. The 

r e s u l t i n g  mixture  w a s  s t i r r e d  a t  0' under n i t r o g e n  a tmosphere .  A f t e r  13 min, 5 

mL of wa te r  w a s  added ,  and t h e  r e a c t i o n  m i x t u r e  was n e u t r a l i z e d  w i t h  N a H C O  The 

aqueous suspens ion  w a s  e x t r a c t e d  twice w i t h  50 mL of Et0Ac:THF (5 : l )  mix tu re .  

The o r g a n i c  l a y e r s  w e r e  combined, washed ( tw ice  w i t h  w a t e r  and once w i t h  s a t .  

N a C l  s o l u t i o n ) ,  d r i e d  (Na SO ) and evapora t ed  under  reduced p r e s s u r e .  Cyclohex- 

ane was added t o  t h e  r e s i d u e  and then  evapora t ed  under reduced  p r e s s u r e  t o  remove 

t h e  l a s t  t r a c e s  of a c e t i c  a c i d  as a n  azeo t rope .  The ye l low r e s i d u e  w a s  s u b j e c t e d  

t o  p r e p a r a t i v e  TLC ( s i l i c a  g e l ,  10% EtOAc i n  C H 2 C 1 2 ,  two developments ) ,  b u t  t h e  

3' 

2 4  
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s e p a r a t i o n  between t h e  mono- and d i n i t r o  products  was only p a r t i a l .  

t i a l l y  p u r i f i e d  material w a s  aga in  sub jec t ed  t o  p r e p a r a t i v e  TLC ( s i l i c a  g e l ,  

CHC13, two developments, t hen  1% E t O H  i n  CHCl  ) .  3 

betweenmono-and d i n i t r o  d e r i v a t i v e s  was very good. A 34% y i e l d  (40 mg) of mix- 

t u r e  of t h e  two p o s s i b l e  mononitro d e r i v a t i v e s  w a s  ob ta ined .  No a t t empt s  were 

made t o  s e p a r a t e  them, because upon r e d u c t i o n  ( t r i t i a t i o n )  of t h e  double bond, 

they produce t h e  same compound: 

J = 7 Hz, CH CH 1, 1.2-1.8 (m, 2H, CH-CH -CH3), 2.5-2.9 (m, l H ,  CH-Cg-CH2CH3), 

3.3-3.6 (m, l H ,  CH-CH-CH=CH ), 4.6-5.05 (m, 2H, CH=CE2), 5.05-6.15 (m, l H ,  CH- 

CE=CH ) ,  6.7-7.4 (m, 7H, Ar!), and 7.8 (m, l H ,  Arg ortho t o  -NO2). 

This par- 

I n  t h i s  ca se  t h e  s e p a r a t i o n  

'H NMR (CDC1 ) 6 0.65 (two overlapping t r i p l e t s ,  3 

2 -3 -2 

2 

2 

ery thro-3- (4-Acetoq pheny 1 I-4- (3-acetamido-4-acetorcy pheny 1 )  -1-hexme (&) - 
The mononitro d e r i v a t i v e  pa, (115 mg) was d i s s o l v e d  i n  5 mL of acetone and 2 mL of 

5 N NaOH and 3 mL of wa te r  were added. The red s o l u t i o n  w a s  then heated t o  

r e f l u x  under n i t r o g e n  atmosphere,  and 150 mg of sodium d i t h i o n i t e  w a s  added. 

The r e a c t i o n  mixture  was r e f luxed  a n  a d d i t i o n a l  30 min, and then 60 mg of sodium 

d i t h i o n i t e  followed by 3 mL of 5 N NaOH were added. The mixture  w a s  r e f luxed  

f o r  an  a d d i t i o n a l  30 min; a t  which p o i n t  i t  w a s  almost c o l o r l e s s .  The cooled 

r e a c t i o n  mixture  was n e u t r a l i z e d  wi th  g l a c i a l  a c e t i c  a c i d ,  and t h e  p roduc t ,  which 

p r e c i p i t a t e d  as whi t e  s o l i d ,  was e x t r a c t e d i n t o  a 4 : l  Et0Ac:THF mixture .  

l a y e r  was then  washed (water ,  s a t .  N a C l  s o l u t i o n )  d r i e d  and evaporated t o  g ive  a 

p a l e  yellow s o l i d  t h a t  w a s  sub jec t ed  t o  a c e t y l a t i o n  wi thou t  f u r t h e r  p u r i f i c a t i o n .  

Ace t i c  anhydride ( 2  mL) was added, followed by 3 drops of conc. H2S04. The reac-  

t i o n  mixture  warmed r a p i d l y ;  i t  was s t i r r e d  f o r  5 min and then poured i n t o  10 mL 

of ice-water  mixture .  The product  was e x t r a c t e d  ( 2 : l  Et0Ac:THF) and was puri-  

f i e d  by p r e p a r a t i v e  TLC ( s i l i c a  g e l  5% E t O H  i n  CHCl  ) t o  g ive  46.5 mg (31%) of 

a wh i t e  s o l i d  t h a t  was r e c r y s t a l l i z e d  from methylene chloride-hexane: 

The nmr sample sample c o n t a i n s  two p o s s i b l e  monosubst i tuted isomers:  

(CDC1 ) 6 0.65 (two overlapping t r i p l e t s ,  3, J = 7 Hz, -CH2-CH ), 1.20-1.70 

The o rgan ic  

3 

mp 154-156'. 

'H NMR 

3 -3 
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(m, 2, >CH-CH,-CI13), 2.15 (two broad singlets, 3, ArNHCOCg3). 2.30 (overlapping 

singlets, 6, both Ar-OCOCH3), 2.50-2.90 (m, 1 :CH-CiCH2-CH 3 ) ,  3.30-3.60 (m, 1, 

CH-Cg-CH=CH ) ,  4.60-5.05 (m, 2, -CH=CH ) ,  5.50-6.15 (m, 1, >CH-CH_=CH2), 6.95 

L 

I 
2 -2 

(m, 7, ArE) and two broad peaks at 7.80 and 8.70 (Ar-NgC0CH3); Mass spec (70 ev) 

m/e (re1 iiit) 409 (2.4, M ) ,  367 (4), 349 (4), 234 (22), 192 (100). + 

~ Anal. Exact mass determination. Calcd for C H NO 409.1882. Found: 24 27 5: 

409.1884. 

[ 3ii] e q  chro- 3- (4-Ace t o x j  pheny 2 I - 4- (&ace tamido- 4-aeetoxg pheny 2 I hexane 

( 4 f i )  - (This procedure was carried out at New England Nuclear.) 

the vinylic precursor ,i& (20 mg, 48.9 jimol) and 12 mg of 5% Pd/C in 5 mL of ethyl- 

dcetate was stirred under an atmosphere of tritium gas for 2 h at room tempera- 

ture. Labile tritium was removed in vacuo using ethanol as solvent. The cata- 

lyst was removed by filtration and the solvents were evaporated in vacuo. The 

residue was taken up in 10 mL of benzene:ethanol 1O:l. Total radioactivity in- 

corporated was 2.924 Ci, corresponding to an overall specific activity of 60 Ci 

per mole. The radiochemical purity was determined by TLC (silica gel, 2% ethanol 

in chloroform) to be 83%. 

A solution of 

3 3 [ H]3-AzidohezestroZ (,?g) - A solution of [ Hlerythro-3- (4-acetoxyphenyl)-4- 

(3-acetamido-4-acetoxypheny1)hexane (a, 50 mCi, 0.35 mg, 0.9 nmol) in 0.4 mL of 

ethanol, 2 drops of water, and 2 drops of conc hydrochloric acid was refluxed for 

30 h under a nitrogen atmosphere. The solution was cooled; ethanol was evapor- 

ated with a stream of nitrogen, and 1 mL o f  water, 0.5 mL of acetone, and one drop 

of hydrochloric acid were added. The aqueous solution was placed in an ice-water 

bath; a nitrogen atmosphere was re-introduced, and sodium nitrite (5 mg, 70 g m o l )  

was added in small portions. The diazonium salt solution was stirred €or 15 min 

a t  0-5' and then decomposed by addition of a solution of sodium azide (100 mg, 

1.5 mmol) in 1 mL of water. The aqueous solution was overlayed with 2 mL of 

diethyl ether and stirred an additional 1 h at 0-5'. The ether layer was drawn 
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off, and the aqueous layer was extracted with 2 mL of ether. The ether layers 

were combined, dried (MgSO ) and evaporated with a stream of nitrogen to yield 

15.1 mCi of crude azide. Purification by TLC (silica gel, diethyl ether, 2 

developments) yielded 5.25 mCi (11% radiochemical yield) of [3H]3-azidohexestrol 

(&) with 96% radiochemical purity. 

4 

RESULTS AND DISCUSSION 

Synthesis of 1-Dehydrohexestrol (4a) 
~ ~~ 

The protected erytkro-hexestrol carboxylic acid methyl ester ,fj was prepared 
in 34% yield from deoxyanisoin (4) by a procedure that we have recently described. 3b 

This ester was reduced to the alcohol & with lithium aluminum hydride and con- 
verted in quantitative yield to the corresponding bromide ,& by treatment with 
triphenylphosphine and carbon tetrabromide. 

sistant to base-induced elimination (unaffected by alcoholic potassium tert-butox- 

ide or potassium hydroxide), but low yields (20%) of dehydrohexestrol dimethyl 

ether (fi) could be obtained using the bicyclic base 1,5-diazobicyclo[5.4. Olundec- 
5-eae(DBU). 

This bromide proved to be quite re- 

This olefin could be prepared much more efficiently by conversion of 

the bromide to the phenylselenide &, ' which undergoes facile elimination upon 
treatment with one equivalent of m-chloroperoxybenzoic acid. 

8 

Attempts to deprotect the phenolic functions in fi using trimethylsilyl 
iodide' gave a mixture of products that lacked the characteristic terminal vinyl 

signals in 'H-NMR, suggesting that the olefinic function was quite sensitive to 

the usual acid or Lewis acid reagents commonly employed in methyl ether cleavages. 

Demethylation proceeded cleanly, however, under basic conditions; heating & with 
lithium n-butylmercaptide in hexamethyl phosphoramide in an oxygen-free atmos- 

phere'' gave the phenolic vinyl compound % in high yield. 
tion of 1-dehydrohexestrol over palladium on charcoal gave a quantitative yield 

of maso-hexestrol. 

Catalytic hydrogena- 



41 6 R. Goswami, M .  R .  Kilbourn and J.  A .  Katzenellenbogen 

Scheme 2 

- 
342 overall 
yield 

CH 0 3 
6 5 

2, 

RO 
' R=H (98%) '8 R=CH3(98%) X 

X=OH (97%) 
X=Br (9 6 % ) 

I 

Y Y 

R=H, Y =NO ( 3 4 % )  2 R=H, Y'WH2 

3 R=COCH3, Y=NHCOCH 
(31% from &) 

Synthesis of 3H-o-azi dohexestrol (9c)  
U L  

R=COCH3 Y=NHCOCH3 
R=H, Y=NH2 
R=H, Y = N 3  (3H-&) 

Our previous preparation of 3H-o-azidohexestrol involved three rear tions on 

3H-hexestrol:4" 

unreacted, mononitro and dinitro material), reduction to the amine, and finally 

diazotization followed by trapping of the diazonium ion with azide ion (done in 

one pot). 

extent of  nitration so as to maximize the fraction of mononitro product produc-d, 

nitration (followed by careful chromatographic separation of 

Difficulties were encountered on a tracer scale in controlling the 
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in separating the three products from the nitration reaction, and in handling the 

amino compound under basic conditions where Tt is sensitive to oxidation. 

These difficulties were avoided starting with 1-dehydrohexestrol (4a); 
WT, 

since this compound is nitrated prior to the introduction of the label, this 

reaction can be done on a macroscopic scale and thus can easily be controlled to 

produce the mononitro product & in a 34% yield. (Mononitro-dehydrohexestrol is 

actually a mixture of isomers in terms of which side chain bears the double bond; 

since these isomers are not separable chromatographically, and since the isomerism 

disappears when the double bond is saturated, this isomerism is of no concern.) 

The nitro compound (&) was reduced with dithionite to the amino compound (8b) 
which was converted to the triacetyl derivative (8c) with acetic anhydride and 

sulfuric acid. Acetylation protects the aminophenol (8b) from oxidative degrada- 

tion. 

VL 

VU 

?A, 

A portion of acetamidodehydrohexestrol  diacetate (8c) was subjected to cata- 

lytic reduction over palladium on carbon using carrier-free tritium gas (reaction 

done at New England Nuclear). The crude hydrogenation product (9a) showed an 

overall specific activity of 60 Ci per mmole and a radiochemical purity of 83%. 

It was used without further purification. 

VU 

VL 

The final conversions could be done in one reaction flask. Hydrolysis of 

the triacetyl compound 9a to aminohexestrol (E)  was accomplished by refluxing 

with hydrochloric acid in ethanol-water solution. Diazotization followed by the 

addition of azide ion gave 9c as a crude product in 30% yieldj purification by 

thin layer chromatography produced 3H-o-azidohexestrol 9c (in 11% overall yield 

from ,9& with a radiochemical purity of 96%. 

material, determined by radioreceptor assay,2a was 48 Ci per mmole. 

WT, 

WT, 

VL 

Thc specific activity of this 

This method for the synthesis of JH-o-azidohexestrol represents a substan- 

tial improvement over the sequence previously employed, in that the majority of 

reactions and separations are done prior to introduction of the tritium label, 
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t h e  pos t  l a b e l i n g  p rocedures  i n v o l v i n g  o n l y  two r e a c t i o n s  (done i n  one p o t )  and a 

s i n g l e  chromatographic  p u r i f i c a t i o n .  

s a t i l e  p recu r so r  t h a t  shou ld  f i n d  u t i l i t y  i n  t h e  p r e p a r a t i o n  of a v a r i e t y  of t r i -  

t ium-labe led  d e r i v a t i v e s  of t h e  n o n - s t e r o i d a l  e s t r o g e n  h e x e s t r o l .  

Thus,  erythro-1-dehydrohexestrol is  a ver- 
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