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SUMMARY

2,4-Dibromo-1,3,5(10)-estratriene-3,68,178-triol, 2,4-dibromo~
1,3,5(10)-estratriene-3,7a,178-triol and 2,4-dibromo-1,3,5(10)-estra-
triene~3,168,178-triol were prepared by bromination with N-bromosuccini-
mide. 2,4-Diiodo-1,3,5(10)-estratriene-3,7a,178-triol, 2,4-diiodo-1,3,5
(10)-estratriene-3,118,178-triol and 2,4~dilodo-1,3,5(10)-estratriene-3,
l6a-diol were formed by direct iodination with I,. Hydrogenolysis of the

dihalo estrogen derivatives by tritium gas over 5% palladium/Al,03 gave

the 2,4-tritiated parent compounds in good yileld with high specific activity.

INTRODUCTION

Studies on the kinetics of steroid binding to the uterine estrogen
specific receptor necessitated preparation of a series of estratrienes
labelled by tritium of high specific activity at biochemically stable
positions. (The usual method involving saturation at C6-C7 double bonds
by tritium could not be used for estratrienes having hydroxyl groups at
Cé or C7.) An alternative procedure, halogenation of the aromatic A ring
followed by reductive displacement of halogen with tritium, was therefore

used.

EXPERIMENTAL
The steroids used in this work were either purchased from commercial

sources or supplied by National Institutes of Health from the National
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Steroid Collection. They were checked for purity by gas chromatography

as the trimethylsilyl ethers. All were better than 99% pure, the major
impurities being non-steroid in nature. Particular attention was paid

to the detection of estradiol-178, which, if present, would seriously
affect the results of binding studies. Sensitivity of detection was such
that 0.01% would have been detected, but in no case was this amount of
estradiol-178 found.

1. Bromination(l)-The steroid (25 mg) was dissolved in ethanol (10 ml)
and N-bromosuccinimide (40 mg) added. The reaction mixture was allowed

to stand for 18 hours at room temperature and the solvent was then re-
moved in vacuo at 20°. The residue was dissolved in chloroform (20 ml)
and washed 3 times with water (10 ml each). The solution was dried over
Nay80,, the solvent evaporated and the residue crystallized from methanol.
2. Todination(2)»(3)_The steroid (20 mg) was dissolved in ammonia:methanol
(1:1, 20 ml1). The solution was cooled to 4° and a solution of iodine in
methanol added dropwise until a slight excess of iodine was present, as
judged by a persistent yellow color in the solution. The solution was
stirred magnetically for one hour at 4%, neutralized (pH7) with dilute
acetic acid, diluted to approximately 300 ml with distilled water and ex-
tracted 3 times with 100 ml portions of diethyl ether. The ether solution
was dried over NaSO; and the solvent removed by evaporation. The residue
was crystallized from ethanol.

3. Tritiation(ﬁ)'(5)—Approximately 20 ng of compound was dissolved in
ethyl acetate (7 ml). Catalyst (100 mg 5% Pd/Al303) was added and the
reaction mixture stirred overnight in the presence of 10 Ci of tritium gas.
Labile tritium was removed in vacuo using ethanol as solvent and the
solution filtered to remove catalyst. The compound of interest was
igolated from the mixture received from New England Nuclear by thin

layer chromatography using pre-coated TLC plates (Silica Gel F-254 on
glass, E. Merck A. G., Darmstadt, Germany) in chloroform:ethanol (1:1)
solvent system.

(6),(7)

4, Analytical Procedures -The halogenated compounds were checked
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for purity by gas chromatography as the trimethylailyl ethers (3%, SE-30,
240-280° programmed at 3°/min.) on a Perkin Elmer Model 990 gas chroma-
tograph and by mass spectrometry (Hitachi-Perkin Elmer Model RMU-6). The
chromatographic effluent was split, approximately 50% going to the
chromatograph's flame ionization detector and 50% to the mass spectrometer
via a modified Watson~-Biemann separator. Infra-red spectra of the compounds

were determined in KBr pellets on a Perkin Elmer Model 237 spectrometer.

DISCUSSION

The ifodination procedure produced acceptable results only for 1,3,5
(10)-estratriene-3,118,178-triol and 1,3,5(10)~estratriene~3,16a~diol
(Table 1). However, it was found necessary to use a large excess of iodine
to force the reaction to completion. Iodination of 1,3,5(l0)-estratriene-3,
16g-diol and 1,3,5(10)-estratriene~3,6a,l78-tricl was not successful despite
several attempts using a variety of reaction conditions and pure diiodo
derivatives were not isolated. 2,4-Dibromo-1,3,5(10)-estratriene-3,7a,
178-triol was successfully prepared as judged by gc-ms evidence, but the
product formed during tritiatiom corresponded to 1,3,5(10)-6-estratetraene-
3,178-diol. Apparently the 1,3,5(10)-estratriene-3,7a,178-triol is very
susceptible to dehydration catalyzed by hydriodic acid generated by the
tritiation procedure.

Bromination of 1,3,5(10)-estratriene-3,68,178-triol, 1,3,5(10)-
estratriene-3,166-diol, and 1,3,5(10)-estratriene~3,70,178-triol proceeded
smoothly in good yield (Table 1). The dibromo compounds were converted to
tritiated derivatives of accaeptable specific activities (Table 2).

The infra-red spectra of the iodinated and brominated estrogens are
nearly ldentical with the spectrum of the parent compound in those regions
representing vibration of groups in the same molecular environment such as
the methyl rocking vibration (1130 cm’l), and the ragion of aliphatic C-O
stretching and O-H bending (near 1050 em™1).  The major changes in the

spectra due to halogen introduction were: (1) When compared to the parent
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compounds the dihalogenated compounds show both a reduction of the relative
intensities and decrease in frequencies of the doublet at 1610-1615 em™ 1
and 1585 cm™!. The 1610-1615 cm™! band was less intense and broad in the

dihalogenated compounds and the 1585 cm"l band was shifted approximately

1 to 1535 o (2). The decrease (Av) of the 1500 en ! ring vibra-

tion in the dihalo compounds was 40-50 cm_l. The intensity of this band

50 cm

is much greater for the dihalo compounds and is at least partially due to
band overlapping with methyl and methylene bending vibrations. 8(3)
Absorption of the lone aromatic C-H out-of~plane bending vibration in the
dihalo steroids cannot be recognized and (4) all the dihalogenated com-
pounds show a strong new absorption band at 745-755 cm—l, evidently assoc—
lated with the presence of the two C-Br and C-~I groups.8

The mass spectra of the halogenated derivatives are generally similar
to those of the parent compounds with the appropriate increase in m/e for
those ions containing halogen. The expected triplet for ions containing
two bromine atoms was always observed.

All attempts to produce the tritiated derivative of 1,3,5(10)-estra-
triene~3,6a,178 failed and it seems likely that this compound is even more
susceptible to dehydration than 1,3,5(10)-estratriene-3,7ua,178-triol.

The reason(s) why the specific activities of the tritiated compounds
failed to reach the theoretical maximum for the introduction of 2 tritium
atoms per molecule {(about 58 Ci/mmol) was not determined. One possibility
may have been acid catalyzed exchange of tritium with the ethyl acetate
solvent. However, since the tritistion was performed commercially by New
England Nuclear, the reduction procedure was not investigated in an attempt

to explain the low specific activities obtained.
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