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SUMMARY

The target compound, 1—([77Br]bromo)estradiol (1a), was
prepared in three steps from 4-aminoestradiol 3-methyl ether
(2). Electrophilic bromination of 2 with in situ generated
77BrC1 followed by deamination in the same reaction mixture
gave 1-([''Brlbromo)estradiol 3-methyl ether (4a) in 59%
radiochemical efficiency. Subsequent demethylation of 4a gave
Ja in 92% radiochemical effictiency with an estimated specific
activity of 300-600 Ci/mmol. An overall radiochemical yield of
approximately 20% was obtained. Stability studies of la showed
no decomposition over a three-day period.

Key words: bromine-77, 1-([77Br]bromo)estrad1o1, electrophilic bromination,

radiobromination.

INTRODUCTION
The synthesis of radiolabeled estrogen dertivatives for potential use as

diagnostic imaging agents is an area of great interest (1-4). Consequently,
there has been a large effort in the design of radichalogenated steroidal
derivatives to achieve molecules which demonstrate high in vivo radiochemical
stabi11ty and high receptor binding affinities. Since stability 1s a key
consideration, direct radiohalogenation of the aromatic A-ring 1s attractive
due to the increased stability of aryl-halogen bonds over aliphatic bonds.
Bromine-77 4s available in high specific activity (2000-5000 Ci/mmol) which is

necessary for an efficient receptor-binding radiopharmaceutical. Bromine-77
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has been used for imaging (5); however, its imaging properties are not optimal.
The nuclide also represents a working model for the ultimate use of bromine-75.
Previous studies have shown that radiobromination in the 2- and 4-positions
of the A-ring of estradiol led to very stable compounds (6); however, their
binding affinity to estrogen receptor sites in vitro (7) was greatly reduced.
Since 1t is believed that the 3-hydroxyl moiety 3s invoived in receptor bind-
ing, the close proximity of the halogen to the hydroxyl group appears to have
decreased the binding affinity. ODue to the increased distance between the
halogen and the 3-hydroxyl and the anticipated chemical stability, the synthe-

sis of high specific activity 1-([77Br]bromo)estradio1 (1a) was undertaken.

DISCUSSION

The synthesis of 1-bromoestradiol (1) has been accomplished by our group
(8) and the same sequence of reactions was used for incorporation of radtio-
bromine. Electrophiiic aromatic substitution to incorporate the radiohalogen
was attractive (9) due to reaction simplicity; however, prior to the electro-
philic radiobromination, it was necessary to activate the 1-position towards
electrophilic substitution by preparation of 4-aminocestradiol 3-methyl ether
(2). Radiobromination of 2 was carried out by reaction of 77Br61, prepared
from Na77Br and N-chlorosuccinimide (NCS), in 9:1 dioxane/HOAc. After com-
pletion of the radiobromination reaction, the adduct 3a was readily deaminated
in the same reaction mixture by preparation of the diazonium salt in the
presence of added hydrogen peroxide (11). The two steps, radiobromination and
deamination to prepare 4a, could be carried out as a "one-flask" reaction in a
59% overall radiochemical efficiency (12). The product 4a was isolated after
a simple workup procedure and purified by high performance liquid chromatog-
raphy (HPLC) (13). Demethylation of 4a with BBrSICHZCI2 (14) generated la in
92% radiochemical efficiency. The HPLC retention time of the radiobrominated
adduct l1a coincided with that of 1. The stabtiity of isolated la in
CH3CN/H20 was monitored by radio-HPLC and no detectable radiochemical

decomposition was observed over a 3-day period.
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EXPERIMENTAL

Materials and Methods. N-Chlorosuccinimide was obtained from Aldrich as AR

grade and was used as obtained. Sodium bromide was obtained from Mallinckrodt
and was finely pulverized prior to use. Dioxane was freshly purified prior to
use by a previously published procedure (15). A1l other reagents were used as
obtained.

High performance 1iquid chromatography was performed using a Spectra
Physics 8700 equipped with a BioRad variable wavelength UV detector set at 254
nm and Waters Z-Module fitted with a Waters C18—reverse phase radial com-
pression column. The radloactivity was measured using a Canberra NIM BIN
module equipped with a nuciear counter and a 2 in sodium iodide crystal in
effluent 1ine following the UV detector. This system allowed the UV and
radiation responses to be measured concurrently. Acetonitrile/water mixtures

were used as the mobile phase.

1-(|77Br]bromo)estradtol 3-methyl Ether (4a).

To a vial containing 13 mCY of dry Na77

Br was added 50 uL of an NCS
solution {1 mg/mL in 9:1 dioxane-HOAc). After 2 min 1.0 mg of 4-aminoestra-
dio1-3-methyl ether (2) was added as a solid to the reaction mixture and the
resultant suspension was allowed to stir at room temperature for 2.5 h. Fol-
Towing this period, 30 uL of 9:1 dioxane-HOAc and 33 uL of 1.1 M HC] were
added. The solution was cooled to 0°C in an 1ce/H20 bath and 2 uL of 3%
HZOZ and 24 ulL of an aqueous solution of NaNO2 (10 mg/mL) was added.
The evolution of nitrogen was observed immediately and the solution was allowed
to stir for an additional 15 min at 0°C and 10 min at 25°C.

The reaction mixture was worked up by pouring the solution in a mixture of
2 mL of water and 5 mL of ethyl acetate. The organic phase was isolated,
dried over anhydrous MgSO4, filtered, and the solvents were removed under
reduced pressure. Crude 4a was dissolved in 0.3 mL of methanol and 7.5 mCi
was injected in HPLC (35/65 HZO/CH30N. flow = 2.0 mL/min) and 4.4 mCi of
radiochemically pure 4a was collected at 12.5 min. For the two synthetic

steps from Na77Br. an unoptimized 34% radiochemical yleld was obtained.
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1=(1 ""8r 1bromo) estradiol (1a):

The solvents were removed from 4a under reduced pressure and the dry
residue (4.4 mCi) was dissolved in 1.5 mL of dry CH2012. The colorless

solution was cooled to 0°C and 0.1 mL of 1.0 M BBr,, in CH,C}

3 L1, was

added. The cooling bath was removed and after 0.5 h the CHZC12 and excess
BBr3 was removed under reduced pressure. The pale red residue was dissolved
in 0.3 mL of methanol and 2.24 mCY of the solution was injected on HPLC (55/45
HZO/CHSCN, flow = 2.0 mL/min). The target compound la (2.08 mCi),

collected at 14.2 min, had an Ydentical HPLC retention time as 1 and was

obtained in a 42% radiochemical yield (unoptimized) from 4a.

Calculation of specific activity:

Different concentrations of 1-bromoestradiol (1) were injected on HPLC and
a calibration curve of mmol of 1 injected versus UV absorbance at 254 nm
(c254 = 763) was prepared. The UV response of the isolated la was
experimentally obtained, thus, the amount (mmol) of la injected could be
estimated from the calibration curve. The activity (mCi) associated with the
UV response was also known experimentally; therefore, the specific activity
(Ci/mmo1) could be calculated. In the case of la, an estimated specific
activity of 300-600 Ci/mmol was determined.
Stability studies of la:

The eluant collected from HPLC, which contained la, was reinjected on HPLC
at 6, 12, 24, 48 and 72 h. No radiochemical decomposition was observed over

the 3-day period.

Scheme I
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