
Efficient Stereoselective Synthesis of
Novel Steroid−Polyquinane Hybrids†

Vishwakarma Singh,*,‡ Sanjoy Lahiri,‡ Vinayak V. Kane,*,§,| Thomas Stey,⊥ and
Dietmar Stalke⊥

Department of Chemistry, Indian Institute of Technology, Bombay 400 076, India,
Institut für Organische Chemie, Ludwig-Maximilians-UniVersita¨t München,
Butenandtstrasse 5-13, Haus F, D-81377, München, Germany,
Institut für Anorganische Chemie, Julius-Maximilians-UniVersita¨t Würzburg,
Am Hubland, D-97074 Würzburg, Germany

Vks@chem.iitb.ac.in;Vkane@hotmail.com

Received February 19, 2003

ABSTRACT

A synthesis of steroid−polyquinane hybrids, a new class of molecular entities, is described.

There is growing interest in design and synthesis of hybrid
molecules that combine features of two structurally different
classes of compounds.1-5 Such hybrids comprise structures

that could possess interesting physical, chemical, and most
importantly, biological properties. Many of these hybrids,
for example, estrone-talaromycin,1 estrone-enediyne,2a

steroid-baccatin,2c estrogen-antharancenedione,3b and
steroid-anthraquinone hybrids, are based on natural products.3c

Steroids constitute an important subunit in the design of hy-
brids on account of their established biological importance.6

A key step in our synthesis of hybrids1 is the conversion
of the hexacyclic intermediates3 (Figure 1) via the known
oxa-di-π-methane rearrangement.8 Compounds3a,b are
prepared by standard modification of4 (see Scheme 2) and
5 (see Scheme 3), respectively, which in turn were derived
from NaIO4 oxidation of a suitable estrone derivative to
spiroepoxydienone6 (see Scheme 1),7 (Scheme 3), and
subsequent in situ trapping with cyclopentadiene.

We report here our initial results on the synthesis of novel
steroid-polyquinane hybrids of type1 from estrone2 (Figure
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1). This is the first report on steroid-polyquinane hybrids.
Our choice of polyquinane stems from its promising biologi-
cal activity7 as a potential anticancer or contraceptive agent.
A synthesis of these hybrids would allow future access to
various analogues for evaluation of their biological potential.

Estrone (2) was protected as a ketal and then subjected to
hydroxymethylation, which gave an inseparable mixture of
2- and 4-hydroxymethyl derivatives8 and 9, respectively,
in a 5:1 ratio (300 MHz1H NMR).9 Oxidation of this mixture

with NaIO4 in CHCl3-H2O containing cetyltrimethyl-
ammonium bromide (CTAB) and cyclopentadiene gave
adduct4 as a 70:30 mixture of stereoisomers (600 MHz1H
NMR) presumably via in situ generation of6 and subsequent
interception with cyclopentadiene (Scheme 1). The spiro-
cyclohexadienone10 generated by oxidation of9 did not
undergo cycloaddition under the reaction conditions but
allowed clean separation of4 and10.10 We could fully assign
the 13C and1H (600 MHz) NMR spectra for4 and10 and
hence confirm these structures. However, no suitable crystals
of 4 and 10 could be obtained for an X-ray diffraction
measurement.

Figure 1.

Scheme 1a

a Reagents and conditions: (i) ethyleneglycol,p-TsOH, C6H6,
∆, 78%. (ii) KOH, HCHO, dioxane-H2O, 34%. (iii) CHCl3-H2O,
CTAB, NaIO4, cyclopentadiene,4:10 ) 45:15%.

Scheme 2a

a Reagents and conditions: (i) Zn, NH4Cl, dry dioxane,∆, 45%.
(ii) NaH, CH3I, THF, ∆, 71%. (iii) HCl, acetone, 84%.

Scheme 3a

a Reagents and conditions: (i) HCl, THF, 90%. (ii) CHCl3,
CTAB, NaIO4, cyclopentadiene, rt, 42%. (iii) Zn, NH4Cl, CH3OH-
H2O, 42%. (iv) (a) CrO3-H2SO4. (b) THF-H2O, ∆, 30%.
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Reductive deoxygenation of adduct4 with zinc in dry
dioxane containing ammonium chloride gave11 (as a syn-
anti mixture), which was alkylated to12with methyl iodide/
NaH/THF. Hydrolysis of the ketal unit in12 with HCl in
acetone gave crystalline3a (Scheme 2). The structure of3a
was confirmed by X-ray diffraction (Figure 2).11-15 In this

way the structure of4 was also confirmed. It also clearly
showedπ-facial selectivity in the Diels-Alder cyloaddition
of cyclopentadiene and spiroepoxycyclohexadienone in6.16

Analogue3b, which lacks the gem-dimethyl group, was
prepared as shown in Scheme 3. Upon hydrolysis of the ketal
group, the mixture of8 and 9 gave an easily separable
mixture of 13 and 14. Oxidation of13 with NaIO4 in the
presence of cyclopentadiene gave adduct5 (via intermediate
7).10 Reduction of the oxirane ring with zinc-NH4Cl in
methanol-H2O gave theâ-hydroxy ketone15, oxidation of
which with Jones’ reagent followed by decarboxylation
afforded the desired diketone3b (Scheme 3).

With substantial amounts of hexacyclicâ,γ-enones3aand
3b in hand, we were now ready to explore the crucial
photochemical reactions, being mindful that the structural
and functional complexity of our substrates, especially the
presence of a carbonyl group and a double bond in five-
membered rings, could undergo other known photoreactions.
First a solution of compound3a in dry acetone (solvent as
well as a sensitizer) was irradiated for 45 min, under nitrogen,
and gave a clean reaction.17 Careful chromatography of the
photolysate gave, in good yield, the product1a as the result
of a 1,2-acyl shift.8,18 Similarly, irradiation of 3b in dry
acetone for 35 min gave photoproduct1b (Scheme 4). The

structures of the photoproducts were clearly deduced from
their spectral data.

In summary, the synthesis of novel steroid-polyquinane
hybrids, a new class of molecular framework, has been
presented. The methodology involves transformation of the
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Figure 2. Diagram of compound3a thermal ellipsoids depicted
at the 50% probability level (hydrogen atoms omitted for clarity).

Scheme 4a

a Reagents and conditions: (i) acetone,hν, 3a to 1a, 55%;3b to
1b, 45%.
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aromatic ring of estrone into a highly reactive spiroepoxy-
cyclohexa-2,4-dienone, cycloaddition with cyclopentadiene
and photochemical rearrangement of the adduct. This method
in turn also provides a new and efficient route to com-
pounds with aâ,γ-enone chromophore. The methodology
constitutes an example in which molecular complexity is
generated early on in the [2+ 4] cycloaddition, a most
desirable criterion in synthesis design and development of
methodology.19
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Note Added after ASAP Posting.Scheme 1 contained a
graphical error and the Scheme 3 footnote was incorrect in
the version posted ASAP May 29, 2003. The corrected
version was posted June 3, 2003.
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