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ABSTRACT

A traceless solid-phase synthesis of cyclopenta[c]-4H-chromen-8-ol, benzo[d]cyclopenta[e]-3H-3-azin-8-ol, and other 11-heterosteroids via the
fulvene hetero [6 + 3] cycloaddition is described.

The explosive development of combinatorial chemistry over
the past few years has led to a renaissance in the development
of solid-phase synthetic methodologies.1,2 The development
of efficient and reliable methods of forming carbon-carbon
bonds remains an important issue in solid-phase synthesis.
In conjunction with our continuing efforts in fulvene
chemistry,3 we recently reported the fulvene hetero [6+ 3]
cycloaddition4 and the facile synthesis of 11-oxosteroid
derivatives.5 The synthesis and physiological activity of

heterosteroids have received a lot of attention over the years.6

In light of the physiological significance of the 11-oxo-
adenocortical hormones, heterosteroids in which the meth-
ylene group at position 11 has replaced by a heteroatom are
of special interest.7 Herein, we report the application of this
technology to the solid-phase synthesis of cyclopenta[c]-4H-
chromen-8-ol, benzo[d]cyclopenta[e]-3H-3-azin-8-ol and 11-
heterosteroids libraries. To the best of our knowledge, this
is the first example of a [6+ 3] cycloaddition as well as the
first example of fulvene chemistry on solid support.

Scheme 1 outlines our traceless linker strategy using
polystyrene amino resin (1).8 Formic acid was coupled to1
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under standard conditions (DCC, HOBt, DMAP, CH2Cl2).9

Product2a was then treated with Et3OBF4
10 in THF at 0°C

for 1 h. Subsequently, a 3.0 M THF solution of sodium
cyclopentadienide was added and the reaction was slowly
warmed to room temperature and agitated for 12 h.11 The
resin was filtered, washed with CH2Cl2 (3×), and dried under
high vacuum to afford3a. The fulvene resin3a (100 mg)
was added to a solution of benzoquinone in C6H6 (0.8 mL,
0.1 M), and the mixture was placed on a rotary motor for
12 h at 25°C.12 The supernatant was filtered through a short
pad of silica gel and eluted with 4 mL of C6H6. Product4a
was isolated in greater than 95% purity, with no other
observable side products.13 The same reaction sequence was

successfully carried out on a 10-fold larger scale without
any loss of purity.14 The methodology was then generalized
to a 110-membered heterosteroid library. A selection of 5
carboxylic acids, 2 cyclopentadienyl anions, and 11 benzo-
quinones were reacted according to the process illustrated
in Scheme 1. Following SiO2 filtration, the final products
were isolated in good yield15 and>95% purity as determined
by HPLC and/or GC-MS analysis (Table 1).16

Preliminary in vitro assay revealed that4Be and 4Bj
possess moderate inhibitory activity against a variety of NCI
cancer cell lines (average GI50 ) 2.4× 10-5 and 9.5× 10-6

M, respectively).17 It is noteworthy that4Bj exhibits high
inhibitory activity against MCF7 and T-47D breast cancer
cells (GI50 ) 3.9× 10-7 and 3.0× 10-7 M, respectively).18

We are currently following up on these results.
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Scheme 1

Table 1. Traceless Solid-Phase Synthesis of4 via Hetero
[6 + 3] Cycloaddition
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In conclusion, we have developed a novel example of the
construction of steroid frameworks on solid supports. The
mildness of the reaction and traceless cleavage conditions
make this process well suited to automated synthesis for the
construction of large array libraries. This strategy exploits a
unique reaction for liberating the fully elaborated product
from resin and offer a new approach toward combinatorial
libraries of hereosteroids frameworks. An extension of this
sequence to a more extensive library synthesis and the
biological screening assay is currently underway.
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