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SUMMARY 

17a -E-Bromovinylestradiol and its radiobrominated 
analogs were prepared by halodestannylation. The 
synthesis was achieved by bromination of the 
tri-n-butylstannylvinyl intermediate to give a 90% 
isolated yield. &Jhe reaction of the intermejjate 
with ammonium I Br] bromide or sodium [ Brl 
bromide in the presence of an oxidant give the 
corresponding radiolabeled bromovinylestradiol in 
80-90% yields after isolation by HPLC. The 
radiochemical purity was greater than 98% and no 
other UV-active compounds could be detected by 
HPLC. An in vivo comparison of thiq2Sompound wit!! 
the previously prepared 17 a -E- [ I] iodovinyl 
estradiol indicated that the two compounds had 
similar uterine uptake and specific receptor 
binding properties. The results suggest that 
radiobromodestannylation may be the method of 
choice for the preparation of this and other 
structurally similar compounds. 
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INTRODUCTION 

The quantitation of estrogen receptors in human mammary carcinoma 

is an important factor in the selection of an appropriate 

therapeutic regimen, and in the determination of the prognosis for 
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long term survival (1-5). Because of the potential advantages 

associated with noninvasive in vivo detection and localization of 

estrogen receptor containing tumors several approaches have been 

undertaken to synthesize radiolabeled ligands that have a high 

affinity for the estrogen receptor protein (6). These ligands, 

labeled with gamma- or positron-emitting radionuclides, could 

potentially provide external visualization of the estrogen 

receptor containing tumors via scintigraphic imaging ( 7-17). 

This goal has been realized by the demonstration that 16 a - [F-18] - 
estradiol can indeed image the estrogen receptor containing breast 

tumors in vivo. (18,19) In previous studies we have reported the 

preparation and evaluation of the radioiodinated 17a 

-E-iodovinylestradiol and its derivatives as potential tumor 

imaging agents (20-23) from which 17 a -iodovinyl-llD 

-methoxyestradiol demonstrated that the best uterine uptake and 

selectivity (17 , 22 , 24,25). 

Although most of the research related to radiolabeled estrogens 

has focused on the use of fluorine-18 and iodine-123, bromine 

which also has several radioisotopes has been discussed in 

several reviews (26,271. Bromine-75, a positron emitter (T1/2 = 

101 minutes) has the greatest potential for radiodiagnostic 

applications, and bromine-80m, an Auger electron-emitter (T1/2 = 

4 . 4  h. 1 , has potential for radiotherapy. The other 

radioisotopes, bromine-77 (T1/2 = 56 hr.) and bromine-82 (t1/2 = 

35.3 h) have poorer clinical characteristics but are more readily 

produced, can be used for chemical and biological studies. This 

has been done previously for synthesis of several radiobrominated 

estrogens (12,13,28-31). With the potential incorporation of 75Br 

in mind, we report here our studies involving the bromination and 

radiobromination of 17a-tri-n-butylstannyl- vinylestradiol, 4, and 

a preliminary evaluation of 17a -[Br-77]bromovinylestradiol 

*. 
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Chem is t r y 

The 17~-E-bromovinylestradiol 2 was synthesized in high yield from 

the corresponding 17a-E-tri-n-butylstannylvinyl intermediate 1 

Figure 1. SynthesiB2 of unlqQeled 17~-bromovinylestradiol (BrVE2) 
and the Br and Br analogs. 

The brominated steroid 2 had the same E-stereochemistry about the 

vinyl group as the stannyl intermediate. This is evident from the 

vinyl proton coupling Constant for CZO- and CZ1-protons which is 

consistant with E- rather than Z-stereochemistry (J=14 Hz vs. J=8 

Hz) (32-34). The reaction with bromine was virtually 

instantaneous as a immediate disappearance of the bromine color 

upon its addition to the reaction solution at -40’ to O°C was 

observed. The reaction using a 1:l stoichiometry did not produce 

any significant A-ring bromination as no A-ring brominated 

products could be detected by NMR or HPLC. As the ratio of 

bromine to stannyl precursor was increased to greater than 1 or 

the temperature was elevated, other products began to appear in 

the reaction mixture. Therefore, in the bromodestannylation 

reaction, deactivation of the phenolic ring by esterification or 

methylation was unnecessary to produce the bromovinyl compounds. 
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This finding is in contrast to previously described synthesis of 

halovinyl estrogens via deboronation reactions (17,35,36), or  

similar desilylation reactions (37). 

The enhanced reactivity towards electrophilic substitution 

reactions provided tri-n-butylstannylvinyl moiety resulted in only 

one major product being formed. This factor along with the highly 

t I t 

Figure 2A. HPLC trace of the react- 
ion of the 17a-tri-n-bufyl-stannyl- 
vinyl-estradiol with NA B r  and N- 
Chlorosuccinimide in methanol at 
room temperature f o r  3 minutes. 

Figure 2B. HPLC trace of 
the reaction of the 17a- 
tri-n-butyl-stannyl- 
vinylestradiol with NA7'Br 
and N-Chlorosuccinimide in 
acetic acid at room 
temperature for 3 0  minutes 
followed by the addition 
of sodium acetate for 10 
minutes. 



17a-E-Bromovinylestradiol and its Analogs 619 

l i p o p h i l i c  cha rac t e r  of t h e  s t anny l  in te rmedia te  permit ted t h e  

rap id  prepara t ion  and f a c i l e  p u r i f i c a t i o n  of t h e  17 E-[77Br]  and 

[82Brl bromovinylestradiols .  The  bromodestannylation r eac t ion  

proceeded very r ap id ly  ( > 3  min.) i n  methanol o r  a c e t i c  ac id  using 

N-chlorosuccinimide (NCS) a s  t h e  oxidant  (F igures  2A, 2B). 

The des i r ed  radiochemical 2 was produced i n  an 80-90% y i e l d  and 

could be r e a d i l y  separa ted  from bromide ion and s t a r t i n g  ma te r i a l  

by reversed-phase HPLC. In  t h e  HPLC sepa ra t ion ,  t h e  brominated 

product e l u t e d  f i r s t ,  followed s i g n i f i c a n t l y  l a t e r  by both t h e  

minor rad io labe led  contaminants and t h e  s t a r t i n g  ma te r i a l .  The 

so lven t  f o r  t h e  r eac t ion  had only  a s l i g h t  e f f e c t  on e i t h e r  y i e l d  

o r  p u r i t y .  The s p e c i f i c  a c t i v i t y  of t h e  bromine-77 labe led  

ma te r i a l  was not  determined, but t h e  quan t i ty  of s t e r o i d  was 

s u f f i c i e n t l y  low t o  prevent i ts  de tec t ion  w i t h  t h e  UV monitor on 

its most s e n s i t i v e  s e t t i n g  (0.001 AUFS). 

The r e s u l t s  of t h e  d i s t r i b u t i o n  s tudy  of t h e  bromine-77 labe led  2 

i n  immature female r a t s  a r e  shown i n  Table 1. The da ta  for 17a  

-E- [1251] iodov iny le s t r ad io l  which were reported previous ly  (20). 

Table 1. Distribution of (77Br) and (1251>~rE in Immature 
Female Rats at 2 hr. (Percent Injected Dose x Mass 2 (kg)/Gram of Tissue 

Compound N Treatment Uterus* Liver Kidney Muscle Blood Thyroid 

( Br)VE2 10 -- 0,320 0,109 0,035 0.028 0.029 0.03 77 

f , 21  + . o i l  t ,oog -1,007 ?.no3 5.01 

5 +E2 0.087 0.105 0.039 0.021 0.027 0.03 
2.015 1.011 2.003 5.002 2.003 2.01 

-- 0.364 0.155 0.049 0.035 0.071 0.09 
f .016 C.014 k.004 k.004 2.002 i . 0 1  

6 +E2 0.129 0.157 0.052 0.034 0.037 0.10 
f .010 -1.010 k . 0 0 5  2.004 i . 002  k.01 

*mean ( s.e.m.) for N animals 

percent of injected dose 

'data from reference 20 
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a r e  inc luded  f o r  comparison. The u t e r u s  is  t h e  t i s s u e  w i t h  t h e  

h i g h e s t  c o n c e n t r a t i o n  of a c t i v i t y ,  fo l lowed  by t h e  l i v e r  and 

kidney which a r e  invo lved  i n  t h e  metabol ism and e x c r e t i o n  of 

e s t r o g e n s .  The n o n t a r g e t  t i s s u e s ,  such  a s  h e a r t  and muscle, do 

n o t  demons t r a t e  h i g h  c o n c e n t r a t i o n  of a c t i v i t y .  The d a t a  show 

t h a t  a t  2 hour s  t h e  d i s t r i b u t i o n  of l a b e l e d  2 is v e r y  s i m i l a r  t o  

t h a t  observed f o r  t h e  i o d o v i n y l  d e r i v a t i v e .  The p r e s e n t  of a h igh  

dose of e s t r a d i o l  c o a d m i n i s t e r e d  w i t h  t h e  r ad iochemica l  

s e l e c t i v i t y  d e p r e s s e s  t h e  u t e r i n e  l e v e l  of r a d i o a c t i v i t y  wi thou t  

s i g n i f i c a n t l y  a f f e c t i n g  t h e  o t h e r  t i s s u e s  and organs.  The 

magnitude of  t h i s  effect ,  73%, is  s l i g h t l y  g r e a t e r  t h a n  t h a t  

p r e v i o u s l y  r e p o r t e d  f o r  t h e  iodine-125 l a b e l e d  comound ( 6 0 % ) .  

T h i s  may be due t o  a s l i g h t  r e d u c t i o n  i n  l i p o p h i l i c i t y  which i n  

t u r n  reduces n o n s p e c i f i c  i n t e r a c t i o n s .  Thyroid up take  is a l s o  

reduced compared t o  t h e  i o d o v i n y l  ana log .  S i n c e  bromide ion i s  

no t  s e q u e s t e r e d  by t h e  t h y r o i d  a s  a v i d l y  as  i o d i d e ,  metabolism of 

t h e  r a d i o l i g a n d  which r e l e a s e s  t h e  h a l i d e  from t h e  v i n y l  moiety 

w i l l  n o t  produce t h y r o i d  up take  i n  t h e  c a s e  of bromine-77 l a b e l e d  

- 2. I n  a l l  o t h e r  a s p e c t s ,  t h e  d i s t r i b u t i o n  of  t h e  bromovinyl 

compound is s i m i l a r  t o  t h a t  of t h e  i o d o v i n y l  ana log .  

I n  t h i s  s t u d y ,  w e  have d e s c r i b e d  t h e  s t e r e o s p e c i f i c  s y n t h e s i s  of 

1 7  a -E-bromovinylestradiol  and i t s  bromine-77 and bromine-82 

l a b e l e d  d e r i v a t i v e s .  The r a d i o s y n t h e s i s  p roceeds  r a p i d l y  and i n  

high y i e l d  a t  b o t h  t h e  m i l l i m o l a r  and no -ca r r i e r - added  l e v e l s .  An 

sdvantage f o r  t h i s  method is t h a t  t h e  r e a c t i o n  p roceeds  wi thou t  

t h e  p r o t e c t i o n  of  t h e  p h e n o l i c  A-ring and t h e  s u b s t i t u t i o n  of a 

bromo moiety f o r  a more l i p o p h i l i c  t r i - n - b u t y l  group f a c i l i t a t e s  

t h e  i s o l a t i o n  and p u r i f i c a t i o n  of t h e  p roduc t .  The e a s e  of t h e  

sequence s u g g e s t s  t h a t  t h i s  would be t h e  p r e f e r r e d  method f o r  

p r e p a r i n g  o t h e r  r ad iob romina ted  v i n y l  compounds. I m p o r t a n t l y ,  t h e  

d a t a  i n d i c a t e  t h a t  t h e  s u b s t i t u t i o n  of  a bromine f o r  an i o d i n e  i n  
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17a-vinylestrogens produces l i t t l e  o r  no change i n  t h e  b i o l o g i c a l  

p r o p e r t i e s .  Therefore ,  t h e  r e s u l t s  generated wi th  t h e  more 

r e a d i l y  a v a i l a b l e  1 7 ~ - i o d o v i n y l e s t r a d i o l s  might subsequent ly  be 

extended t o  t h e  brominated d e r i v a t i v e s  a s  wel l .  Recent 

p r e s e n t a t i o n s  by M . J .  Adam and J. Bala toni  from t h e  TRIUMF 

f a c i l i t y  i n  Vancouver, B r i t i s h  Columbia (38) and R.C. Mease and 

co-workers a t  t h e  Argonne Nat ional  Laboratory and U. of Chicago 

(39-40) have confirmed t h i s  i s  a h ighly  s u f f i c i e n t  method f o r  t h e  

p repa ra t ion  of t h e  17a-bromovinyl es t rogens .  Thei r  reported 

b i o l o g i c a l  r e s u l t s  a r e  e s s e n t i a l l y  i d e n t i c a l  t o  those  descr ibed  

here .  

Experimental  Sec t ion  

General 

A l l  s o l v e n t s  were purchased a s  reagent  grade and used without  

p u r i f i c a t i o n .  17~-tri-n-butylstannylestradiol 1 was prepared a s  

prev ious ly  descr ibed  ( 2 0 , 2 1 ) .  The s o l v e n t s  used i n  NCA 

radiobrominat ions w i t h  bromine-77 were HPLC grade.  A l l  r eagents  

were obtained from Aldrich Chemical Company and were used a s  

obtained.  T h i n  l a y e r  chromatography was performed using precoated 

s i l i c a  g e l  p l a t e s ,  1 0 0  urn t h i c k  wi th  f luo rescen t  i n d i c a t o r  

(Whatman) and precoated reversed phase RP-18 plates  wi th  

f luo rescen t  i n d i c a t o r  (Whatman). 

MMR spectroscopy was performed i n  a Varian 300 MHz instrument  w i t h  

a mul t inuc lear  probe o r  a Bruker 300 MHz instrument  (Los Alamos). 

Mass spectroscopy was performed by Dr. Paul Vouros, Northeastern 

Univers i ty .  

HPLC ana lyses  a t  Los Alamos were performed on a Waters Assoc ia tes  

HPLC system c o n s i s t i n g  of two 6000A pumps, U 6 K  i n j e c t o r ,  Model 450 
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UV detector (at 254 nm), a Data Module, and a System Controller. 

Separations were carried out using a Waters Radial Compression 

Module of 

50% CH3CN and 50% H20 at 2 mL/minute. 

with a Radial Pak C18 cartridge with a solvent mixture 

Analyses of the radiolabeled compounds were accomplished by the 

above described HPLC using a 2-inch NaI crystal adjacent to the 

effluent line from the HPLC. The NaI crystal was coupled with an 

Ortec power bin, high voltage supply, ratemeter and amplifier. 

Evaluations of the peak areas were accomplished via an Ortec 

counter and timer and line printer using manual counter and 

corrected for background activity. 

HPLC analyses at Northeastern University were performed on an LDC 

HPLC system consisting of two Constametric I11 pumps, a Rheodyne 

injector, and a Spectromonitor I11 UV detector (at 280 nm). 

Separations were carried out on a Rainin Microsorb (5um, C18, 15cm 

bed) with a solvent mixture of 60% acetonitrile 40% water at 

ImL/min. 

Radionuclides 

Bromine-82 was produced by neutron irradiation (n,Y ) of 100 mg 

NH4Br (analytical grade) for 1-2 h in a sealed quartz container at 
2 a flux of  9.7 x 10l2 neutrons/cm /sec. The irradiated sample was 

allowed to cool for 24 hours from end of bombardment to allow the 

short-lived nuclides to decay. This resulted in 5-10 mCi of 

activity (0.5-1.0 Ci/g). The bromine-82 sample was dissolved in 

5.0 mL MeOH. Aliquots of this solution were used directly. 

Bromine-77 was produced by 800 MeV proton irradiation of a 

molybdenum target as previously described ( 4 1 ) .  The bromine-77 

samples were purified by ion chromatography to yield a 0.003 M 

Na2C03 aqueous solution of sodium [77Br] bromide. The aqueous 
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s o l u t i o n s  were d i l u t e d  w i t h  E t O H  o r  MeOH t o  a i d  i n  t r a n s f e r  of 

small  q u a n t i t i e s  o f  a c t i v i t y .  

S y n t h e s i s  of 17~-E-bromovinvlestradiol, 2. 

To  a s o l u t i o n  o f  1 (300 mg; 0.51 mmol) i n  d r y  THF (3mL) was added 

bromine (82 mg; 0.52 mmol) i n  ca rbon  t e t r a c h l o r i d e  ( I m L ) ,  under  

n i t r o g e n ,  a t  -78OC €or 90 min. and t h e n  m e t h a n o l i c  po ta s s ium 

f l u o r i d e  (65mg i n  2mL) was added. The s o l u t i o n  was a l lowed  t o  

w a r m  t o  room t e m p e r a t u r e  and s t i r r e d  f o r  30 min. The r e a c t i o n  

m i x t u r e  was f i l t e r e d ,  d i l u t e d  w i t h  e t h y l  acetate ,  t h e n  washed w i t h  

sodium b i s u l f i t e  s o l u t i o n  ( l o % ) ,  b r i n e  and d r i e d .  Evapora t ion  of 

t h e  s o l v e n t  a f f o r d e d  an o i l  which was r e c r y s t a l l i z e d  from 

methylene c h l o r i d e  t o  y i e l d  17~-E-bromovinylestradiol (164mg) as 

c o l o r l e s s  n e e d l e s .  The p r o d u c t  was a n a l y s e d  by HPLC and i n d i c a t e d  

o n l y  one component. R e t e n t i o n  time: 4.6 min. 

'H-NMR (CD30D-CDC13):0.96(s. 3H),  1.24-1.43(mI l l H ,  s t e r o i d  

n u c l e u s ) ,  2.75-2.78(m, 3H), 3.30 (s, 1 H )  , 6.24 (d, J=14Hz,  C21-H), 

6 .45 (d I  J=14Hz, C 2 0 - H ) ,  6 .51(dI  J-3HzI l H ) ,  6 .58(dd,  J=3HzI 8 H ~ t  

1H) I 7 .10(d I  J-8HzI 1 H ) .  

13C-NMR (CD30D-CDC13) :14.32, 23,69, 26,96, 28.10, 30.22, 33.07, 

36.39, 40.30, 44.37, 47.77, 50.02, 85.61, 113.26, 115.69, 126.80, 

130.80, 130.08, 138.39, 143.56, 155.08. 

Mass spectrum (EI) m/e=376,374 (M+) f o r  1:1 bromine i s o t o p e s .  

I R  (KBr )  :3491, 2911, 1606, 941 c m - l  

UV (MeOH):205(13,579), 220(6 ,804) ,  281(1,934)  nm 

[ a ] 2 2  = +23.35 (c, 9.42 MeOH) 

Ra d i o b r om i n a  t i o n  s w i t h  Bromine - 8 2 

I. To a v i a l  c o n t a i n i n g  5.4 mg (9  rmole )  1 was added 47 p L  (60 
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p C i )  of a 1 9  mg/mL s o l u t i o n s  of NJ3382Br (0 .89 mg - 9 p m o l e )  and  153  

pL MeOH. To t h i s  s o l u t i o n  was added  2.4 mg NCS ( 1 8  @mole) .  The 

r e a c t i o n  p r o g r e s s  was f o l l o w e d  by HPLC a t  5 min., 1 8  h r .  

11. A v i a l  c o n t a i n i n g  25 pL o f  N H 3 t l L B r  s o l u t i o n  (19  mg/mL - 4.8 

pmole)  was e v a p o r a t e d  t o  d r y n e s s  unde r  vacuum. TO t h e  v i a l  was 

added  200 mL HOAc,  3 mg 1 (5 p m o l e ) ,  and  t h e n  1 .3  mg NCS (20 

,mole). The r e a c t i o n  p r o g r e s s  was o b s e r v e d  a t  2 min r e a c t i o n  time. 

Rad iobromina t ion  w i t h  NCA Bromine-77 

I. TO a v i a l  c o n t a i n i n g  860 p C i  Na77Br i n  50 pL MeOH was added  

50 pL of 1, a s  a 2 mg/mL MeOH (50 p g  - 0.37 pmole ) .  The r e a c t i o n  

p r o q r e s s  w a s  checked  a t  3 m i n u t e s  post a d d i t i o n  o f  NCS and  was 

found t o  b e  comple t e .  A f t e r  a p p r o x i m a t e l y  30 m i n u t e s  r e a c t i o n  

time 750 r C i  of a c t i v i t y  was removed from t h e  r e a c t i o n  v e s s e l .  A 

t o t a l  of 676 LtCi was i n j e c t e d  o n t o  t h e  HPLC column (74  p C i  

remained i n  s y r i n g e  - no  r i n s e )  and 575 p C i  was i s o l a t e d  ( 8 5 % ) .  

T h i s  v a l u e  was a l m o s t  i d e n t i c a l  w i t h  t h e  i n t e g r a t i o n  of t h e  HPLC 

r a d i o a c t i v i t y  trace ( F i q u r e  2 A ) .  

11. To a v i a l  c o n t a i n i n g  30 r L  Na77Br s o l u t i o n  (680pCi)  was added 

1 mg 1 (1 .8pmole) ,  and t h e n  100 pL of an  NCS s o l u t i o n  ( 3  mg/mL i n  

HOAc - 300 p q ,  2.2  mole). The r e a c t i o n  p r o q r e s s  was checked  by 

HPLC a t  3 m i n u t e s  and  was found t o  b e  c o m p l e t e  ( F i g u r e  2B) .  

T i s s u e  d i s t r i b u t i o n  

77 The 1 7  u - E -  [ B r l b r o m o v i n y l e s t r a d i o l  was d i l u t e d  t o  a s p e c i f i c  

c o n c e n t r a t i o n  of a p p r o x i m a t e l y  1 0 0  pCi /mL.  The r a d i o c h e m i c a l  was 

a d m i n i s t e r e d  v i a  t h e  saphenous  v e i n  (0 .1  mL) t o  a g r o u p  of 15 

immature f ema le  r a t s  (21-24 d a y s  o l d ,  45-55 4). F i v e  of t h e  r a t s  

were  qive a second  i n j e c t i o n  of 5 p g  of  e s t r a d i o l  w i t h i n  1-2 

m i n u t e s  t o  compete w i t h  t h e  l o c a l i z a t i o n  of t h e  r a d i o l a b e l e d  
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e s t r o g e n .  The r a t s  were s a c r i f i c e d  a t  2 h o u r s  a f t e r  i n j e c t i o n .  

The t i s sue  and o r g a n s  of i n t e r e s t  were e x c i s e d ,  r i n s e d  f r e e  of 

b lood ,  b l o t t e d  d r y ,  weighed and coun ted  i n  a gamma w e l l  

s c i n t i l l a t i o n  c o u n t e r .  The c o n c e n t r a t i o n  of a c t i v i t y  i n  t h e  

v a r i o u s  t i s sues  was c a l c u l a t e d  as  p e r c e n t  of i n j e c t e d  dose  times 

t h e  mass of t h e  an ima l  i n  k i log rams  p e r  gram of t i s s u e  - %ID-kg/g. 

The s p e c i f i c  r e c e p t o r  b i n d i n g  was de te rmined  a s  t h e  d i f f e r e n c e  

between t h e  t i s s u e  l o c a l i z a t i o n  when t h e  r ad iob romina ted  e s t r a d i o l  

was i n j e c t e d  a l o n e  and when t h e  i n j e c t e d  r ad iob romina ted  e s t r a d i o l  

was fo l lowed  by a n  i n j e c t i o n  of a d d i t i o n a l  e s t r a d i o l .  
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