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SUMMARY

Two estradiol derivatives, 66~ and Ag-estradio1 3-acetate (1)

and (2) were prepared and allowed to react with Na77Br and
N-chiorosuccinimide (NCS) in methanol. The rapid addition of
"Tgr_ocH, to the B-ring (a%+7) and c-ring (a%*'") double bonds
produced brominated adducts 3a and 4b, respectively, in excellent
radiochemical ylelds. Product 3a showed excellent radiochemical
stabi11ty over a 3-day period; however, attempts to prepare the
free phenol 5 by removal of the 3-acetyl group with base, resulted
in Joss of all activity from the molecule. Contrary to this, the
the 3-acetyl group of 4b was readily removed with base without
loss of radioactivity and the resultant phenol 6 could be isolated
in 73% radiochemical yield. Unfortunately 6 was moderately
unstable since 80% of the activity was dissociated from the com-
pound within 48 hours.

Key Words: bromine-77, B- and C-radiobrominated estradiol, AG- and
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INTRODUCTION
Radiohalogenated estrogens are of interest in nuclear medicine since they
have the potential of being used to detect and/or determine the course of
therapy of hormone dependent tumors (1). Subsequently, there has been a large
effort in the design and synthesis of these compounds (2-4). Important factors

in the design of new radiolabeled compounds include high specific activity, good

0362-4803/85/050443-08%01.00 Receved April 23, 1984
© 1985 by John Wiley & Sons, Ltd. Revised October 5, 1984



444 M. D. Hylarides et al.

in vive stability and high target specificity.

The primary emphasis in the area has involved the preparation of A- and
D-ring radiohalogenated estrogens. Todination with stable 1odine in the 6- and

125I]1odo-A6’7-estra—

7-positions (B-ring) have been reported (5), and 6-[
di01 3-acetate has been prepared (6). To our knowledge, this is the only
radiohalogenation involving the B- or C-ring reported to date. The object of
this investigation was to prepare B- and C-ring radiobrominated estradiol
derivatives and to investigate the radiochemical stability of the obtained

compounds .

DISCUSSION
The preparation of the electrophilic brominating agent, BrCl, from NCS and
NaBr, followed by addition of this reactive species to a double bond has been
previously reported (7). Preliminary reactions of 1 and 2 were performed with
NaBr and NCS in methanol, effectively adding “Br-OCHa“ to the nonaromatic

double bond. Treatment of 1 with in situ generated Br-0CH, in the described

3
manner, yielded the product 3 in 80% yield. Since a bromonium ton would be a
conceivable intermediate and attack by -OMe would be favored at the benzylic

6-position, it is 1ikely that the bromine atom is attached to carbon-7 of the

product rather than carbon-6. The stereochemistry at those positions has not

been confirmed.

77Br/NCS in methanol gener-

Treatment of 1 with no-carrier-added (nca) Na
ated 3a in 80% radiochemical yield, with an estimated specific activity of
500-1000 Ci/mmol. Millicurie quantities of 3a couid be 1solated by HPLC and
Tess than 5% radiochemical decomposition had occurred over a 3-day period (8).

A1l attempts to remove the acetyl group of 3a under basic conditions
resulted in immediate loss of radiobromine from the molecule, presumably
through loss of H77Br.

When 2 was allowed to react with NaBr/NCS in methanol under similar condi-
tions to those used for 1, the brominated addition product 4 was obtained. We

were unable to characterize the product since upon isolation, rapid decomposi-

tion was observed. When the acetyl group of 2 was replaced by a 3-benzyloxy



Radiolabeling of the B- and C-Ring of Estradiol

as in 2a, the corresponding brominated adduct 4a was readily obtained and suf-
ficiently stable to allow characterization (9). Based on previous studies, it
is evident that the bromine is attached to carbon-11 (10). The stereo-
chemistry has not been unambiguously determined; however, by comparison with
analog examples, it 1s 1ikely that 118-bromo-9a-methoxy epimer of 4a is

the major product.

Reaction of 2 with nca Na77BrINCS generated 4b in over 90% radiochemical
yleld. Subsequent removal of the acetyl group from the adduct 4b under basic
conditions yielded 6 in 60-70% overall radiochemical yield from 2. Following
purification by HPLC, from 10 mCi of Na77Br, up to 7 mCi of 6 could be
readily obtained. Stability tests showed that the compound was not exceedingly
stable in acetonitrile-water since 80% of the activity was dissociated from 6
within 48 h. 1In conclusion, the brominated adducts of 2 (R=Ac) were unstable,
thus, chemical characterization was not possible. The proposed structures of

4, 4b, and 6 are based on comparisons made with the synthesized analog 4a (9).

EXPERIMENTAL
Materials and Methods.

Melting points were obtained on an Electrothermal melting point apparatus
and are uncorrected. Proton NMR were recorded at 60 MHz on an Hitachi Perkin-
Elmer R-24B instrument and are referenced to TMS as an internal standard.
Carbon NMR were obtained on a varian FT-80 spectrometer and chemical shifts
obtained are referenced to the center peak of the deuterated soivent used.

Mass spectra were obtained on a Finnigan Model 4510 using a solid probe insert.

Product purity and reaction progress were detected by analytical thin-layer
chromatography using Baker plates coated with stlica gel Gf or by high perform-
ance liquid chromatography (HPLC). The Spectra Physics 8700 HPLC used is
equipped with a UV detector at 254 nm, Waters Z-module equipped with a c18
reversed phase radial compression column,‘and a Canberra NIM BIN module with
counter and Nal crystal detector in sequence with the UV detector. Aceto-

nitrile-water mixtures were genefa]ly used as the mobile phase.
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SCHEME 1
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Medium pressure 1iquid chromatography (MPLC) was performed at 80 psi using
a Fluid Metering pump, 9 mm x 1000 mm Altex glass column an Woelm 32-64 micro-
silica gel as the stationary phase. Ethyl acetate-toluene mixtures were used
as the eluting solvents. Tetrahydrofuran (THF) was distilled from 1ithium
aluminum hydride under N2 prior to use. NaBr and NCS were obtained from
Aldrich and finely pulverized prior to use. Methanol was used directly as
obtained from Burdick and Jackson. Steroidal precursors were used as obtained
from Sigma.

7-1""Br 1bromo-6-Methoxyestradiol 3-Acetate (3a). To a vial containing 2.44

mCi of dry Na778r in 30 ul of methanol, was added 15 uL of a methanolic
soclution of NCS (2 mg/miL). After 5 min, 30 uL of a methanoiic solution of 1

(1 mg/mL) was added. The reaction mixture was allowed to stir at 25°C for
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15 min at which time 25 uL (0.83 mCi) of the reaction mixture was injected
on HPLC (45/55 HZO/CH3CN, flow rate = 1.5 mL/min). The labeled material
was collected at a retention time of 8.0 min which was identical to that of
unlabeled material. A radiochemical efficiency (11) of 90% (0.75 mCi) was
obtained.

11-1 ' 7Br Ibromo-9-methoxyestradiol 3-Acetate (4b) and 11-[ ' Brlbromo-9-

methoxyestradiol (6). To a vial containing 10.08 mCi of dry Na''Br in 10
ul of methanol was added 30 uL of a methanolic solution of NCS (2 mg/ml).
After 5 min 30 uL of a methanolic solution of 2 (1 mg/mL) was added.
Reaction progress was checked after 20 min by HPLC (55/45 HZO/CH3CN, flow
= 2.0 mL/min) and showed 90% radiochemical conversion to 4b.

Twenty minutes after the addition of 5 uL of 1 N NaOH in methanol to the
initia) reaction mixture, 8.43 mCi of the mixture was injected on HPLC (60/40
H20/CH3CN, flow = 2.0 mL/min. The desired product 6 (6.15 mCi) was 1so-
lated at a retention time of 15.0 min in an overall radiochemical yield of 73%.

887 Estradiol 3-Acetate (1). To a solution of 87 mg (0.32 mmol) of

6-dehydroestradiol (12) in 10 mL of dry THF, was added 77 mg (3.2 mmol) of
NaH. The resulting suspension was allowed to stir at room temperature and
under a N2 atmosphere for 4 h, after which, 120 ulL (1.28 mmol) of Ac20

was added. The reaction mixture was then allowed to stir at room temperature
for an additional 12 h. Hydrolysis was carried out by pouring the reaction
mixture into 20 mL of 2% HC1 solution. The resulting cloudy mixture was then
extracted with ether (2x15 mL), the organic layer was washed with water (2x15
mL), dried over anhydrous MgSO4. filtered and evaporated at reduced pressure
to give a yellow oil. This o011 was purified by MPLC, using 15% ethyl acetate
in toluene as the elutant. After collection and evaporation of the solvents,
73 mg (73% yield) of colorless crystals, mp 125-125.5°C (reported (13)
126-127°C), was obtained.

TLC: Rf = 0.27 (25% ethyl acetate in toluene) ]H NMR (CDC]a): $ 7.20-6.80

(m, 3H); 6.62-6.25 (d, 1H, J=11 Hz); 5.99-5.82 (d, 1H, J=11 Hz); 3.80-1.33
(m, 16H); 0.79 (s, 3H).

}3C NMR (CDC13): § 169.31, 149.23, 136.51, 135.55, 133.05, 127.34, 124.17,
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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.

1-Bromo-6-methoxyestradiol 3-Acetate (3). To a suspension of 33 mg (0.25

mmol) of N-chlorosuccinimide (NCS) in 4.5 mL of dry methanol, under a N2
was added 26 mg (0.25 mmol) of NaBr. After 15 min a yellow homogeneous
atmosphere, solution was obtained to which was added a solution of 70 mg

(0.22 mmol1) of 1 in 3 mL of methanol. The resultant reaction mixture was
allowed to stir at room temperature for 45 min. 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 Mgso4. filtered and the solvent removed under reduced pressure to
afford 80 mg of colorless oi). 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 recrystailization from water-methanol.

TLC: R = 0.26 {25% ethyl acetate in toluene).

W MR (CDC14): & 78.50-7.03 (m, 3H); 4.50-1.5) (m, 15H); 3.52 (s, 3H);

0.81 (s, 3H) MS (m/e, relative intensity): 424 (H’+1, 0.65); 422 (H+»1, 0.56).
Anal. Calcd for C21H27Br04: C, 59.57; H, 6.38. Found: C, 59.68; H, 6.38.
A?"l—Estrad1o1 3-Acetate (2): In like manner to that described for the syn-
9,11

thesis of 1, a solution of 250 mg (0.93 mmol) of A -estradiol in 10 mL

of THF, was allowed to react with 220 mg (9.3 mmol) of NaH followed by addition
of 260 ulL (2.8 mmol) 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 = 0.32 (25% ethyl acetate in toluene).

]H NMR (CDC\3): & 7.65-6.76 (m, 3H); 6.20 (s, 1H); 3.82-1.10 (m, 14H);

2.25 (s, 3H); 0.73 (s, 3H).
A9,11

AQ.]]

-Estradiol 3-Benzyloxy Ether (2a): A mixture of 0.30 g (0.1) mmol) of

-estradiol and 0.80 g (6.39 mmol) of potassium carbonate in 11 mL of

DMF under a N2 atmosphere and at room temperature was allowed to stir for 20
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min. After that time, 0.28 mL (1.61 mmol) of benzyl bromide was added and the
resultant reaction mixture was allowed to stir overnight. The cloudy suspen-
sion obtained was filtered under reduced pressure and the residue was washed
with 20 mL of ethyl acetate. The filtrate was placed in a separatory funneil
and the organic layer was washed with water (2x30 mL), saturated NaCl solution

(1x50 mL), dried over anhydrous Na 504, filtered and the solvent removed

2

under reduced pressure to afford 380 mg of a 1ight yellow otl. This material

was purified by means of a MPLC system using 15% ethyl acetate in toluene as

the elutant. After collecting the fractions, evaporating the solvents and

drying under reduced pressure, 340 mg (94% yield) of a 1ight beige solid, mp

132-134°C, was obtained. An analytical sample, mp 133.5-135°C was obtained by

recrystaliization from methano]-Hzo.

TLC: Rf = 0.35 (25% ethyl acetate in toluene). ]H NMR (CDC13 ):

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

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

]30 NMR: 157.32, 137.17, 136,93, 134.77, 128.23, 127.53, 127.11, 124.91,

117.36, 114.23, 113.712, 81.55, 69.64, 47.17, 41.28, 38.82, 38.61, 30.43, 29.83,

27.97, 23.70, 10.78.

MS (m/e, relative intensities): 360 (M*. 20.03).

Anal. Calcd. for C25H2802: C, 83.29; H, 7.83. Found: C, 83.13; H, 7.63.
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