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SUMMARY 
9 Two e s t r a d l o l  de r i va t i ves ,  A6- and A - e s t r a d i o l  3-acetate (1) 

and (2) were prepared and al lowed t o  reac t  u l t h  Na Br and 
N-chlorosucclnlmlde (NCS) I n  methanol. The r a p l d  a d d l t l o n  o f  
778r-OCH3 t o  t h e  8-r tng and C-rlng double bonds 
produced bromlnated adducts & and &, respec t i ve l y ,  I n  e x c e l l e n t  
radlochemlcal y i e l d s .  Product & showed e x c e l l e n t  radlochemlcal 

s t a b l l i t y  over a 3-day per lod;  however, attempts t o  prepare the 
f r e e  phenol 5 by removal o f  t he  3-acetyl group wi th base, r e s u l t e d  

in l oss  o f  a l l  a c t i v i t y  from t h e  molecule. Contrary t o  t h l s ,  t he  
the  3-acetyl group o f  & w a s  r e a d l l y  removed u l t h  base w i thou t  
l oss  o f  r a d l o a c t l v l t y  and the  r e s u l t a n t  phenol 5 could be I s o l a t e d  
l n  73% radlochemlcal y l e l d .  Un fo r tuna te l y  5 was moderately 
unstable s lnce 80% o f  t h e  a c t l v l t y  was d l ssoc la ted  f rom t h e  com- 
pound w i t h l n  48 hours. 

77 

6 Key Words: bromlne-77, B- and C-radlobromlnated e s t r a d l o l ,  A - and 
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INTRODUCTION 

Radiohalogenated estrogens a re  o f  i n t e r e s t  I n  nuc lear  medlclne s lnce they 

have the  p o t e n t i a l  o f  belng used t o  de tec t  and/or determine the  course o f  

therapy o f  hormone dependent tumors (1). 

e f f o r t  I n  the  deslgn and synthes is  o f  these compounds (2-4) .  

I n  the deslgn o f  new rad lo labe led  compounds Inc lude  h lgh  s p e c l f l c  a c t i v l t y ,  good 

Subsequently, t he re  has been a l a rge  

Impor tant  f a c t o r s  
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-- in vlvo stablllty and hlgh target speclflclty. 

The prlmary emphasls In the area has Involved the preparatlon of A- and 

D-rlng radlohalogenated estrogens. Iodlnatlon wlth stable lodlne In the 6- and 

7-posltlons (8-rlng) have been reported (5). and 6-[ 1251]lodo-A6'7-estra- 

dlol 3-acetate has been prepared (6). To our knowledge, thls l s  the only 

radlohalogenatlon lnvolvlng the 8- or C-rlng reported to date. The object o f  

01 

ned 

thls lnvestlgatlon was to prepare 8- and C-rlng radlobromlnated estrad 

derlvatlves and t o  investigate the radlochemlcal stability of the obta 

compounds. 

DISCUSSION 

The preparatlon of the electrophllic bromlnatlng agent, BrC1, from NCS and 

NaBr. followed by addltlon of thls reactlve species to a double bond has been 

prevlously reported (7). Prelimlnary reactions of 1 and 2 were performed with 

NaBr and NCS ln methanol, effectlvely addlng "Br-OCH3" to the nonaromatic 

double bond 

manner, yle 

concelvable 

6-posltlon, 

product rat 

Treatment o f  1 wlth ln sltu generated Br-OCH3 In the descrlbed 

ded the product 3 in 80% yield. 

lntermedlate and attack by -0He would be favored at the benzyllc 

It I s  likely that the bromlne atom I s  attached to carbon-7 of the 

er than carbon-6. The stereochemlstry at those posltlons has not 

Since a bromonlum Ion would be a 

been conflrmed. 

Treatment of 1 wlth no-carrler-added (nca) Na"Br/NCS ln methanol gener- 

ated a In 80% radlochemlcal yield, with an estlmated specific actlvlty of 

500-1000 Cl/mol. Mllllcurle quantltles o f  could be isolated by HPLC and 

less than 5% radlochemlcal decompositlon had occurred over a 3-day perlod (8). 

All attempts to remove the acetyl group of a under baslc condltlons 
resulted In lmnedlate loss of radlobromlne from the molecule. presumably 

through l o s s  of H Br. 71 

When 2 was allowed to react wlth NaBr/NCS In methanol under slmllar condl- 
tlons to those used for 1. the bromlnated addltlon product 4 was obtalned. We 

were unable to characterlze the product slnce upon lsolatton, rapid decomposl- 

tion was observed. When the acetyl group of 2 was replaced by a 3-benzyloxy 
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as l n  2a. t h e  corresponding bromlnated adduct fi was read 

f l c l e n t l y  s t a b l e  t o  a l l o w  c h a r a c t e r l z a t l o n  (9 ) .  Based on 

l y  obtalned and suf- 

previous s tud ies,  I t  

I s  evident  t h a t  t h e  bromlne I s  attached t o  carbon-11 (10). The stereo- 

chemlstry has n o t  been unamblguously determlned; however, by comparison w l t h  

analog examples, It I s  l i k e l y  t h a t  118-bromo-9a-methoxy eplmer o f  Q I s  

t he  major product. 

Reaction o f  2 w l t h  nca Na77Br/NCS generated fi I n  over 90% radlochemlca 

Subsequent removal o f  t he  a c e t y l  group from the  adduct & under bas y l e l d .  C 

cond l t l ons  y ie lded  5 i n  60-70% o v e r a l l  radiochemlcal y i e l d  f rom 2. Fol lowing 

p u r l f l c a t l o n  by HPLC, from 10 m C l  o f  Na77Br, up t o  7 mCl o f  & could be 

r e a d l l y  obtalned. 

s tab le  l n  a c e t o n l t r l l e - w a t e r  s lnce 80% o f  t he  a c t l v l t y  was d l ssoc la ted  from 5 

w l t h l n  48 h. I n  concluslon. t h e  bromlnated adducts o f  2 (R=Ac) were unstable, 

thus, chemlcal c h a r a c t e r l z a t l o n  was n o t  poss lb le .  The proposed s t ruc tu res  o f  

5, 4b, and 5 are  based on comparlsons made w l t h  t h e  synthesized analog fi ( 9 ) .  

S t a b l l i t y  t e s t s  showed t h a t  t h e  compound was n o t  exceedlngly 

EXPERIMENTAL 

Mate r la l s  and Methods. 

M e l t l n g  po in ts  were obtalned on an Elect rothermal  m e l t l n g  p o l n t  apparatus 

and a r e  uncorrected. Proton NMR were recorded a t  60 MHz on an H l t a c h l  Perkin- 

Elmer R-246 Instrument and a r e  referenced t o  THS as an i n t e r n a l  standard. 

Carbon NHR were obtalned on a Varlan FT-80 spectrometer and chemlcal s h i f t s  

obta ined a r e  referenced t o  t h e  center  peak o f  t h e  deuterated so l ven t  used. 

Mass spect ra were obtalned on a Flnnlgan Model 4510 us lng  a s o l l d  probe I n s e r t .  

Product p u r l t y  and r e a c t l o n  progress were detected by a n a l y t l c a l  t h l n - l a y e r  

chromatography us lng  Baker p l a t e s  coated w l t h  s l l l c a  ge l  G f  o r  by h lgh  perform- 

ance l l q u l d  chromatography (HPLC). The Spectra Physlcs 8700 HPLC used i s  

equlpped w i t h  a UV de tec to r  a t  254 nm. Waters 2-module equlpped w l t h  a C18 

reversed phase r a d i a l  compresslon column, and a Canberra NIM BIN module w l t h  

counter and NaI c r y s t a l  de tec to r  i n  sequence wlth t h e  UV de tec to r .  Aceto- 

n l t r l l e - w a t e r  mix tures were genera l l y  used as the  mobi le  phase. 
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Medium pressure llquld chromatography (MPLC) was performed at 80 psi using 

a Fluid Meterlng pump, 9 mm x 1000 mm Altex glass column an Woelm 32-64 mlcro- 

slllca gel as the statlonary phase. Ethyl acetate-toluene mlxtures were used 

as the elutlng solvents. Tetrahydrofuran (THF) was dlstllled from lithlum 

aluminum hydrlde under N2 prior to use. 

Aldrlch and flnely pulverlzed prior to use. 

obtained from Burdick and Jackson. Steroidal precursors were used as obtained 

from Sigma. 

NaBr and NCS were obtalned from 

Methanol was used dlrectly as 

77 Brlbromo-6-Methoxyestradiol 3-Acetate (a). To a vlal contalnlng 2.44 

mCi o f  dry Na77Br ln 30 pL of methanol, was added 15 pL of a methanolic 

solution of NCS (2 mg/mL). After 5 mln, 30 vL of a methanollc solution o f  1 
( 1  mg/mL) was added. The reactlon mlxture was allowed to stlr at 2 5 O C  for 
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15 min a t  which t ime  25 VL (0.83 m C i )  o f  t he  r e a c t i o n  m ix tu re  was i n j e c t e d  

on HPLC (45/55 H20/CH3CN, f l o w  r a t e  = 1.5 mL/min). 

was c o l l e c t e d  a t  a r e t e n t i o n  t ime  o f  8.0 min which was i d e n t i c a l  t o  t h a t  o f  

un labeled ma te r ia l .  A radiochemical e f f l c l e n c y  (11) of 90% (0.75 mCi) was 

obta I ned . 

The labe led  m a t e r l a l  

77 77 Brlbrm-9-methoxvestradiol  3-Acetate (4b) and 11-L Brlbromo-9- 
77 methoxyest rad io l  (5). To a v l a l  con ta in ing  10.08 m C i  o f  d r y  Na 8 r  i n  lo 

ILL o f  methanol was added 30 VL o f  a methanolic s o l u t i o n  o f  NCS ( 2  mg/mL). 

A f t e r  5 min 30 ILL o f  a methanolic s o l u t i o n  o f  2 (1  mg/mL) was added. 

Reaction progress was checked a f t e r  20 min by HPLC (55/45 H20/CH3CN, f l o w  

= 2.0 mL/min) and showed 90% radiochemical conversion t o  &. 

Twenty mlnutes a f t e r  the a d d i t i o n  o f  5 VL o f  1 N NaOH i n  methanol t o  the  

i n i t i a l  r e a c t i o n  mlxture, 8.43 m C i  o f  t h e  m ix tu re  was i n j e c t e d  on HPLC (60/40 

H20/CH3CN, f l o w  = 2.0 mL/mln. 

l a t e d  a t  a r e t e n t i o n  t ime o f  15.0 rnin I n  an o v e r a l l  radiochemlcal y i e l d  o f  73%. 

- L\6'7-Estradlol 3-Acetate (1). 
6-dehydroestradiol (12) i n  10 mL o f  d r y  THF. was added 77 mg (3.2 m o l )  o f  

NaH. The r e s u l t l n g  suspenslon was al lowed t o  s t i r  a t  room temperature and 

under a N2 atmosphere f o r  4 h, a f t e r  which, 120 ILL (1.28 mnol) o f  Ac20 

was added. The r e a c t i o n  m lx tu re  was then al lowed t o  s t i r  a t  room temperature 

f o r  an a d d i t i o n a l  12 h. Hydro l ys l s  was c a r r i e d  ou t  by pour ing the  r e a c t i o n  

m lx tu re  I n t o  20 mL o f  2% HC1 s o l u t i o n .  The r e s u l t i n g  cloudy m ix tu re  was then 

ex t rac ted  w i t h  e the r  (2x15 mL), t he  organic l a y e r  was washed wi th water (2x15 

mL), d r i e d  over anhydrous MgS04, f i l t e r e d  and evaporated a t  reduced pressure 

t o  g i ve  a ye l l ow  o i l .  

i n  to luene as the  e l u t a n t .  

73 mg (73% y i e l d )  o f  co lo r l ess  c r y s t a l s ,  mp 125-125.5"C ( repo r ted  (13) 

126-127OC). was obtained. 

TLC: R f  = 0.27 (25% e t h y l  ace ta te  i n  to luene)  

(m. 3H); 6.62-6.25 (d, 1H. J=11 Hz) ;  5.99-5.82 (d, l H ,  J = l l  Hz); 3.80-1.33 

(m, 16H); 0.79 (s, 3H). 

13C NMR (CDC13): d 169.31. 149.23, 136.51. 135.55, 133.05, 127.34, 124.17, 

The des i red product  5 (6.15 m C i )  was I so -  

To a s o l u t i o n  o f  87 mg (0.32 mnol) o f  

This o i l  was p u r i f l e d  by HPLC. us ing 15% e t h y l  acetate 

A f t e r  c o l l e c t l o n  and evaporation o f  t h e  solvents, 

1 H NMR (CDC13) :  d 7.20-6.80 
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119.42, 118.66, 81.50, 48.42, 43.77. 42.28, 38.39, 36.17, 30.46. 24.02, 22.97, 

20.87, 10.68. 

7-Bromo-6-methox~estradiol 3-Acetate (a).  To a suspension of 33 mg (0.25 

mnol) of N-chlorosucclnlmlde (NCS) in 4.5 mL of dry methanol, under a N2 

was added 26 mg (0.25 mnol) of NaBr. After 15 min a yellow homogeneous 

atmosphere, solutlon was obtained to which was added a solution of 70 mg 

(0.22 mnol) of 1 in 3 mL of methanol. The resultant reaction mixture was 

allowed to stir at room temperature for 45 mln. The methanol was evaporated 

under reduced pressure and the obtained semi-solid was dissolved In 20 mL of 

ethyl acetate. This solution was washed with water (2x15 mL), dried over 

anhydrous MgS04, filtered and the solvent removed under reduced pressure to 

afford 80 mg of colorless oil. Purification was performed by means of a MPLC 

system using 10% ethyl acetate in toluene as the elutant. After collection of 

the proper fractions and evaporation of the solvents, 63 mg (68% yield) of 

colorless crystals was obtained, mp 105-107°C. An analytical sample was 

obtained by recrystallqzation from water-methanol. 

TLC: R = 0.26 (25% ethyl acetate tn toluene). 

’H NMR (CDC13): 6 78.50-7.03 (m,  3H); 4.50-1.51 (m, 15H); 3.52 ( 5 ,  3H); 

0.81 ( 5 ,  3H) MS (m/e, relative intensity): 424 (M++l, 0.65); 422 (M+-l, 0.56). 

Anal. Calcd for C21H278r04: 

- A9’11-Estradlol 3-Acetate (2): 
thesis of 1. a solution of 250 mg (0.93 mnol) of A9’11-estradlol in 10 mL 

of THF, was allowed to react with 220 mg (9.3 mnol) o f  NaH followed by addition 

of 260 pL (2.8 mnol) of acetic anhydride. After workup and purification. 220 

mg (76% yield) of colorless crystals, mp 129-131°C (reported (10) 123-126°C). 

was obtained. 

TLC: Rf 

’H NMR (C0Cl3): 

2.25 ( 5 ,  3H); 0.73 ( 5 ,  3H). 

- A9’11-Estradiol 3-Benzyloxy Ether (a): A mixture of 0.30 g (0.11 mnol) of 

A9”1-estradiol and 0.80 g (6.39 mnol) of potasslum carbonate in 1 1  mL of 

DMF under a N2 atmosphere and at room temperature was allowed to stir for 20 

C, 59.57; H, 6.38. Found: C, 59.68; H. 6.38. 

In like manner to that described for the syn- 

= 0.32 (25% ethyl acetate in toluene). 

d 7.65-6.76 ( m ,  3H); 6.20 ( 5 ,  1H); 3.82-1.10 (m, 14H); 
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mln. A f t e r  t h a t  t lme, 0.28 mL (1.61 mnol) o f  benzyl bromlde was added and the  

r e s u l t a n t  r e a c t i o n  m lx tu re  was al lowed t o  s t i r  overn ight .  

s lon  obtalned was f i l t e r e d  under reduced pressure and t h e  res idue was washed 

w l t h  20 mL o f  e t h y l  acetate. The f i l t r a t e  was placed l n  a separatory funnel  

and t h e  organic  l a y e r  was washed w l t h  water (2x30 mL), saturated NaCl s o l u t l o n  

(1x50 mL), d r l e d  over anhydrous Na2S04, f i l t e r e d  and the so lvent  removed 

under reduced pressure t o  a f f o r d  380 mg of a l i g h t  ye l l ow  011. 

was p u r l f l e d  by means o f  a HPLC system us lng 15% e t h y l  ace ta te  l n  to luene as 

t h e  e l u t a n t .  A f t e r  c o l l e c t i n g  t h e  f r a c t l o n s ,  evaporat ing the  so lvents  and 

d r y l n g  under reduced pressure, 340 mg (94% y i e l d )  o f  a l l g h t  beige s o l i d ,  mp 

132-134OC. was obtalned. 

r e c r y s t a l l l z a t l o n  f rom methanol-HZO. 

TLC: Rf  = 0.35 (25% e t h y l  ace ta te  I n  toluene). 'H NHR (CDC13 ) :  

7.62-6.70 (m, 8H); 6.13 (s, 1H); 5.02 ( 5 ,  2H); 3.79 (s. lH) ,  2.90-1.25 (m, 

13H); 0.78 (s, 3H). 

13C NHR: 157.32. 137.17, 136.93. 134.77, 128.23, 127.53, 127.11, 124.91. 

117.36, 114.23. 113.12, 81.55, 69.64, 47.17, 41.28. 38.82, 38.61, 30.43, 29.83. 

27.97, 23.70, 10.78. 

HS (m/e, r e l a t i v e  l n t e n s l t l e s ) :  360 (M', 20.03). 

Anal. Calcd. f o r  CZ5Hz8O2: C, 83.29; H, 7.83. 

The cloudy suspen- 

Th ls  m a t e r l a l  

An a n a l y t l c a l  sample, mp 133.5-135OC was obtatned by 

Found: C, 83.13; H, 7.63. 
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