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SUMMARY 

77 The t a r g e t  compound, 1-([ Br1bromo)estradlol (la), was 
prepared i n  th ree  steps f rom 4-amlnoestradlol 3-methyl e ther  

(2). E l e c t r o p h l l l c  bromlnat lon o f  2 w l t h  I n  s l t u  generated 
7 7 B r C l  f o l l owed  by deamlnatlon I n  t h e  same r e a c t i o n  m ix tu re  

gave 1-([ Br ]bromo)est rad lo l  3-methyl e ther  (4a) I n  59% 

radlochemlcal e f f l c l e n c y .  Subsequent demethy lat lon of fi gave 
I n  92% radlochemlcal e f f l c l e n c y  w l t h  an estimated s p e c i f i c  

a c t l v l t y  o f  300-600 Cl/mnol. An o v e r a l l  radlochemlcal y i e l d  o f  
approximately 20% was obtalned. S t a b l l l t y  s tud les o f  3 showed 
no decomposltlon over a three-day per lod.  
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INTRODUCTION 

The synthes ls  o f  rad lo labe led  estrogen de r t va t t ves  f o r  p o t e n t i a l  use as 

d lagnos t l c  Imaging agents I s  an area o f  g r e a t  I n t e r e s t  (1-4). 

t he re  has been a l a r g e  e f f o r t  I n  t h e  deslgn o f  radlohalogenated s t e r o i d a l  

d e r l v a t l v e s  t o  achleve molecules whlch demonstrate h lgh  i n  v l v o  radlochemlcal 

s t a b l l l t y  and h lgh  receptor  b lnd lng  a f f l n l t l e s .  

cons lderat lon,  d l r e c t  rad lohalogenat lon o f  t he  aromatic A-r lng t s  a t t r a c t l v e  

due t o  t h e  Increased s t a b l l l t y  o f  ary l -ha logen bonds over a l i p h a t i c  bonds. 

Bromlne-77 l s  a v a l l a b l e  I n  h l g h  s p e c l f l c  a c t l v t t y  (2000-5000 Cl/mnol) whlch l s  

necessary f o r  an e f f l c l e n t  receptor-b lnd lng radtopharmaceutlcal.  

Consequently, 

Since s t a b l l l t y  I s  a key 

Bromlne-77 
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has been used for lmaglng (5); however, Its lmaglng properties are not optlmal. 

The nucllde also represents a worklng model for the ultlmate use of  bromlne-75. 

Prevlous studtes have shown that radlobromlnatlon In the 2- and 4-posltlons 

of the A-ring o f  estradlol led to very stable compounds (6); however, thelr 

binding afflnlty t o  estrogen receptor sltes In vltro (7) was greatly reduced. 

Since It I s  belleved that the 3-hydroxyl molety i s  involved In receptor blnd- 

jng, the close proxlrn$ty of the ha7ogen t o  the hydroxyl group appears t o  have 

decreased the blndlng afflnlty. 

halogen and the 3-hydroxyl and the antlclpated chemlcal stablllty, the synthe- 

s l s  of hlgh speclflc actlvlty 1-([ Br]bromo)estradlol (la) was undertaken. 

Due to the Increased distance between the 

77 

DISCUSSION 

The synthesls of 1-bromoestradlol (1) has been accompllshed by our group 
(8) and the same sequence of reactlons was used for lncorporatlon of radlo- 

bromlne. Electrophlllc aromatlc substltutlon t o  Incorporate the radiohalogen 

was attractlve (9) due to reaction slmpllclty; however, prior to the electro- 

phllic radlobrornlnatlon, it was necessary to actlvate the 1-posltlon towards 

electrophlllc substltutlon by preparation of 4-amlnoestradlol 3-methyl ether 

(2). Radlobromtnatlon of 2. was carrled out by reactlon o f  77BrCl, prepared 

from Na Br and N-chlorosucclnlmlde (NCS). In 9:l dloxane/HOAc. After com- 

pletlon of the radtobromlnatlon reactlon, the adduct a was readlly deamlnated 
ln the same reaction mixture by preparation of the dlazonlum salt In the 

presence o f  added hydrogen peroxlde (11). The two steps, radlobromlnatlon and 

deamtnatlon to prepare 4a. could be carrled out as a "one-flask" reactlon In a 

59% overall radtochemtcal efflclency (12). The product 4a was Isolated after 
a slmple workup procedure and purlfled by hlgh performance llquld chromatog- 

raphy (HPLC) (13). Demethylatlon of fi wlth 8Br3/CH2C12 (14) generated la in 
92% radlochemlcal efflclency. The HPLC retentlon tlme o f  the radlobromlnated 

adduct la coincided wlth that of 1. 
CH3CN/H20 was monltored by radlo-HPLC and no detectable radlochemlcal 

decomposltlon was observed over a 3-day perlod. 

1 7  

The stablllty of Isolated la in 
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EXPERIMENTAL 

Materials and Methods. N-Chlorosuccinimlde was obtained from Aldrlch as AR 

grade and was used as obtained. Sodium bromlde was obtained from Mallinckrodt 

and was finely pulverized prior to use. Dloxane was freshly purified prlor to 

use by a previously publlshed procedure (15). All other reagents were used as 

obtained. 

High performance liquld chromatography was performed using a Spectra 

Physics 8700 equlpped with a BloRad variable wavelength UV detector set at 254 

nm and Waters 2-Module fitted with a Waters C,B-reverse phase radla1 com- 

presslon column. The radloactlvity was measured using a Canberra NIM BIN 

module equipped with a nuclear counter and a 2 In sodium Iodide crystal in 

effluent llne following the UV detector. Thls system allowed the UV and 

radlatlon responses to be measured concurrently. Acetonitrile/water mixtures 

were used as the mobile phase. 

~77Brlbrorno)estradlol 3-methyl Ether (&). 

To a vial contalnlng 13 mCi o f  dry Na77Br was added 50 pL of an NCS 

solution (1 mg/mL in 9:l dioxane-HOAc). After 2 min 1.0 mg of 4-aminoestra- 

diol-3-methyl ether (2) was added as a solid to the reaction mlxture and the 
resultant suspenslon was allowed to stir at room temperature for 2.5 h. 

lowing this period, 30 pL of 9:l dloxane-HOAc and 33 pL of 1.1 M HC1 were 

added. 

H202 and 24 p L  of an aqueous solutlon of NaN02 (10 mg/mL) was added. 

The evolution of nitrogen was observed imnediately and the solution was allowed 

to stir for an additional 15 min at O°C and 10 min at 25OC. 

Fol- 

The solutlon was cooled to O°C in an lce/H20 bath and 2 p L  of 3% 

The reaction mixture was worked up by pouring the solution in a mixture of 

2 mL o f  water and 5 mL of ethyl acetate. The organic phase was isolated, 

dried over anhydrous MgS04, filtered, and the solvents were removed under 

reduced pressure. 

was lnjected in HPLC (35/65 H20/CH3CN, flow = 2.0 mL/mln) and 4.4 mC1 of 

radiochemically pure & was collected at 12.5 min. 

steps from Na 

Crude & was dlssolved in 0.3 mL of methanol and 7.5 mCi 

For the two synthetic 
77 Br, an unoptimized 34% radlochemical yleld was obtalned. 
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~ 7 7 B r l b r o m o ) e s t r a d l o l  (la) : 

The so lvents  were removed f rom fi under reduced pressure and t h e  d ry  

res idue (4.4 m C l )  was d i sso l ved  i n  1.5 mL o f  d r y  CH2C12. 

s o l u t i o n  was cooled t o  O°C and 0.1 mL o f  1.0 H BBr3 i n  CH2C12 was 

added. 

B6r3 was removed under reduced pressure. 

i n  0.3 mL o f  methanol and 2.24 m C l  o f  t h e  s o l u t l o n  was i n j e c t e d  on HPLC (55/45 

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

c o l l e c t e d  a t  14.2 mln, had an l d e n t t c a l  HPLC r e t e n t i o n  t lme  as 1 and was 

obtalned I n  a 42% radlochemjcal y i e l d  (unoptlmlzed) from a. 
Ca lcu la t i on  o f  s p e c l f l c  a c t l v i t y :  

The c o l o r l e s s  

The coo l l ng  bath was removed and a f t e r  0.5 h the  CH2C12 and excess 

The pa le  red res idue was d isso lved 

The t a r g e t  compound la (2.08 m C l ) ,  

D l f f e r e n t  concentrat ions o f  1-bromoestradlol (1) were i n j e c t e d  on HPLC and 

a c a l i b r a t i o n  curve o f  mnol o f  1 i n j e c t e d  versus UV absorbance a t  254 nm 

( E ~ ~ ~  = 763) was prepared. The UV response o f  t he  i s o l a t e d  la was 

exper lmenta l ly  obtained, thus, t he  amount ( m o l )  o f  la I n j e c t e d  could be 

estlmated from the  c a l i b r a t i o n  curve. The a c t i v i t y  ( m C i )  associated w i t h  the 

UV response was a l s o  known exper tmenta l ly ;  t he re fo re ,  t h e  s p e c t f t c  a c t i v t t y  

( C i / m o l )  could be ca l cu la ted .  I n  the  case o f  la. an estimated s p e c l f l c  

a c t i v i t y  o f  300-600 C i / n o l  was determlned. 

S t a b l l l t v  s tud ies o f  la: 
The e luan t  c o l l e c t e d  from HPLC, which contatned la. was r e i n j e c t e d  on HPLC 

a t  6, 12, 24, 48 and 72  h. No radlochemlcal decompositlon was observed over 

the  3-day per iod.  
Scheme I 

CH3 

2 - 3 X=Br - 4 X-Br - 
4a X=77Br - 3a X=77Br - 

1 X=Br 
- la ~ = 7 7 ~ r  
- 

77 a. NCS/Na Br, 9:l dioxane-H0Ac 
b. NaN02, HC1, H202 

c. BBrg, CH2C12 
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