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Enantioselective synthesis of a trans-ethenyl-hydrindene, a useful
steroid CD-ring diene precursor
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Abstract—A highly efficient enantioselective synthesis of protected trans-hydrindenol diene 1 is described starting from the readily
available Hajos–Parrish ketone. The reported methodology represents the most convenient route (10 steps, 31% overall yield) to
both enantiomeric forms of a steroid (estrogenic) CD-ring diene precursor. © 2001 Published by Elsevier Science Ltd.

In recent years many strategies have been reported for
the synthesis of steroids and their analogs using
cycloaddition reactions.1 However, only a few of the
proposed procedures are based on the convergent cou-
pling of an upper CD bicyclic fragment to a ring A
precursor.2 A recent example of this approach has
been reported by Rigby and co-workers for the syn-
thesis of enantiomerically pure (+)-estradiol.3 The syn-
thetic procedure is based on a chromium(0)-promoted
benzannulation reaction in which the diene partner 1
was prepared in 26% overall yield (eight steps) from
the rare indandione precursor 2, available only
through microbial degradation of soya sterols.4

In this communication we wish to report an alterna-
tive, high yielding, synthesis of 1 starting from the
readily available optically pure hydrindenedione 3 and
based on chemistry developed by our own group for
the preparation of similar dienes used for the synthesis
of steroid analogs.2b,c

Construction of the steroid CD-ring precursor started
with the enantioselective synthesis of hydrindenedione
(+)-3, with an excellent e.e. (]99%),5 following the
Hajos–Parrish procedure.6 Deoxygenation and
stereoselective reduction at C-1 with NaBH4/
CF3COOH in acetonitrile, following a protocol out-

Scheme 1. (a) 3.5 equiv. of NaBH4, 16 equiv. of CF3COOH, CH3CN, −20°C, 3.5 h, 80%; (b) 2 equiv. of (S)-(+)-MTPA-Cl,
pyridine; (c) 2 equiv. of (R)-(−)-MTPA-Cl, pyridine.
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Scheme 2. (a) 2.5 equiv. of LiN(SiMe3)3, THF, −78°C, 1 h then 2.5 equiv. of PhN(SO2CF3)2, −78°C, 0.3 h, then 0.5 h at rt; (b)
1.2 equiv. of CH2�CH�Sn-nBu3, 4.5 equiv. of LiCl, 0.03 equiv. of (PPh3)4Pd, THF, reflux, 3 h (82%, two steps); (c) 10 equiv. of
TBAF, THF, 3 h, 96%; (d) 2 equiv. of (S)-(+)-MPTA-Cl, pyridine; (e) 2 equiv. of (R)-(−)-MTPA-Cl, pyridine.

lined by Gribble (Scheme 1),7 produced, in a single step
and 80% yield, the (+)-(1S,7aS)-2,3,5,6,7,7a-hexahydro-
7a-methyl-1H-inden-1-ol 4. The enantiomeric purity
of this intermediate and, indirectly, that of its precur-
sor 3,8 was confirmed through the Mosher’s ester
method.9 Thus, derivatization of the C-1 alcohol group
of 4 with (+)- and (−)-a-methoxy-a-[(trifluoromethyl)-
phenylacetyl]chlorides [(+)- and (−)-MTPA-Cl] quanti-
tatively furnished the diastereomeric derivatives 5 and
6. Evaluation of the 1H NMR resonances of the
deshielded C-1 protons (5: d=4.85, 1H, dd, J=8.9, 8.7
Hz; 6: d=4.79, 1H, dd, J=8.7, 8.5 Hz) confirmed the
enantiomeric excess determined on 3 by optical rotation
(]99%; in both derivatives only one diastereoisomer
was detected in the 400 MHz 1H NMR spectrum).

Hydrindenol 4 was then transformed into the trans-
hydrindane derivative 7 in a seven step sequence and in
48% overall yield as previously reported by Mouriño
and co-workers.10

With 7 in our hands the construction of diene 1 was
achieved by a route based on our own earlier experi-
ence with the palladium-mediated vinylation
reaction2b,c (Scheme 2). Ketone 7 was thus kinetically
enolized with lithium bis(trimethylsilyl)amide and the
enolate trapped with N-phenyltrifluoromethanesulfoni-
mide11 to afford the stable enoltriflate 8.12 Stille palla-
dium-catalyzed coupling13 between 8 and vinyl-
tributyltin, in the presence of tetrakis(triphenylphos-
phine)palladium(0) and lithium chloride, in refluxing
THF, gave the expected conjugated diene (+)-(1S,
3aS,7aS)-4-ethenyl-1-[(tert-butyldimethylsilyl)oxy]-2,3,
3a,6,7,7a-hexahydro-7a-methyl-1H-4-indene 1 in 82%
overall yield from 7.

The specific rotation value of 1—[a ]D +5.7 (c=1.0,
CHCl3)—was unexpectedly very different from that
reported by Rigby3—[a ]D +36.1 (c=1.0, CHCl3)—in
contrast with the fact that all the reactions from 3 to 1
should not induce racemization. In this case we deter-
mined the enantiomeric purity of target 1 by the
Mosher esters method9 applying it to the desilylated
diene 914 (Scheme 2). In the 1H NMR spectra of the
diastereomeric esters 10 and 11 only one isomer
was detected again confirming an enantiomeric purity

]99% and, consequently, the correctness of the optical
rotation value found for 1.15

In conclusion, we have synthesized the enantiomerically
pure diene 1 in 10 steps and in 31% overall yield from
the readily available hydrindenedione (+)-3. It is inter-
esting to note that since the enantiomer of 3 could be
readily prepared, this route provides access also to
the unnatural (−)-estradiol and other enantiomeric
steroids.
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