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Abstract: Treatment of 3,17-O-bis(tert-butyldimethylsilyl)-2-io-
doestradiol with in situ-generated organozinc bromidesin the pres-
ence of a catalytic amount of Pd(PPh,), as a Pd(0) source led to
efficient displacement reactions.
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In order to define the structural parameters associated
with the antitublin activity® and cytotoxicity?3 of 2-meth-
oxyestradiol, an array of 2-substituted estradiol analogs
were synthesized and evaluated for biological activity.*®
Several of them were very potent inhibitors of tubulin po-
lymerization acting at the colchicine binding site. In view
of the cytotoxic activities of these compounds in human
cancer cell cultures, a systematic study was undertaken to
synthesize 2-alkynyl, 2-alkenyl, and 2-alkylestradiols.
Regioselective lithiation of 3,17-O-bis(methoxymeth-
yl)estradiol (1)® followed by quenching with I, or perfluo-
rohexyl iodide’ gave the 2-iodoestradiol derivative 2 in
78% yield (Scheme 1). Deprotection of the two hydroxyl
groups followed by reprotection with TBDMSCI gave
compound 3.8
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The Sonogashira procedure involving the reaction of ter-
minal alkynes with aryl halides in the presence of amines
and a catalytic amount of Pd(I1) complex and Cul
(Scheme 2) has been widely used for the synthesis of aryl-
alkynes.®>* However, the reaction of compound 3 with
propyne under the Sonogashira coupling conditions pro-
vided only a12% yield of the required product.® Sincerel-
atively large amounts of 2-propynylestradiol were needed
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for its preclinical development as an anticancer agent, it
was decided to develop a more practical route for its syn-
thesiswhich could possibly be extended to the preparation
of related compounds as well.
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Initially, the coupling reaction of compound 3 was at-
tempted unsuccessfully under Kumada conditions using
commercially available 1-propynylmagnesium bromide.
The use of Pd(PPhs), in place of the Ni(ll) complex also
failed. Finally, the 2-propynylestradiol analog 4 was pre-
pared in 82% vyield in the presence of tetrakis(triphe-
nylphosphing)palladium and in situ-generated 1-
propynylzinc bromide.*® Under these conditions the cou-
pling reaction was very facile and the starting material
was totally consumed.

Encouraged by the remarkable effect of the employment
of the organozinc bromide, the coupling reaction was ex-
tended further to the synthesis of severa alkynyl, akenyl
and alkyl estradiol analogs. Asdocumented in Table 1, the
presently employed Negishi coupling procedure? pro-
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Table 1. Coupling Reaction of Iodo Compound 3 with Organozinc™ Reagents.

Product

Entry Organozinc Isolated
reagents yield(%)
TBDMS
Hs 82
) Hy C—==—7nBr
TBDMS
TBDMS
2 ZnBr 95
TBDMSO T
TEDMS
3 P 72
Ph—==—7nBr
TBDMSO
TBDMS
HO
4 TMSOH20—==—2nBr"® A 73°
TBOMS
b 94
5 CH3CH=CH—ZnBr Hs
TBDMSO
TBDMS
6 CHa=CH—ZnBr ; : { 9%
TBDMS
TBDMS
7 CHp=CHCH,—2ZnBr ~ ; : f : 75
TBDMS
TBDMS
8 CH3CHz—2ZnBr 86

TBDMS

“The product was isolated after acidic work-up with p-toluene sulfonic acid. “This reagent was
prepared from commercially available 1-propenylmagnesium bromide of unknown stereochemistry.

ceeds very well with sp (entries 1-4), sp? (entries 5 and 6),
and sp® (entries 7 and 8) carbon-based organozinc re-
agents.’*1” Excellent yields were obtained in most of the
cases and the formation of side products was minimal.

In summary, we have developed amild, efficient and gen-
eral synthetic route to several 2-substituted estradiol ana-
logs using in situ-generated organozinc bromides in the
presence of Pd(0). Further studies of the scope and utility
of this method are presently under investigation.
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