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A NEW METHOD FOR THE 1, 4-OXYGENATION OF 1-ALKYLATED CYCLOPENTADIENES

E. J. Corey and Mukund M, Mehrotra
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138

Abstract: The diene 1 was efficiently transformed into the ketol 2 by a three-step process which includes
a novel oxygenation by a chlorochromate reagent.

During the course of a recently completed total synthesis of the clavulone family of marine
eicosanoids a three-step conversion of the readily available 1-alkylated cyclopentadiene 1 to the ketol 2
was effected by the sequence: (1) photosensitized (1Ag 02) oxygenation of 1; (2) endoperoxide reduction
with sodium borohydride; and (3) oxidation of the resulting diol with pyridinium dichromate (58% overall
yield). 1 Although this route served perfectly well for the laboratory synthesis, it was clear that a
different process would be desirable for work on larger scale because of the well known difficulties
associated with scaling up photooxygenation reactions. For this reason we decided to devise an alterna-
tive conversion of 1 to 2. The new methodology which is outlined herein is based on the known propensity
of furans to react with pyridinium chlorochromate to give products which are derived in a formal sense
from an initial 1, 4-oxygenation (or 2,5- using furan numbering) process. 2

Treatment of 1 with 2-cyanopyridinium chlorochromate (3 equiv)3’ 4 and powdered 4A molecular
sieves in methylene chloride at 23 °C for 6 br afforded after isolation the cyclopentenone 3 in 82% yield.
Epoxidation of 3 with peroxyacetic acid in ethyl acetate at 23 °C for 15 hr gave the epoxy ketone 4 1%
which was converted into the desired hydroxy enone 2 (91%) by 1, 8-diazabicyclo[5. 4. 0lundec~-7-ene
(DB U)-catalyzed elimination (68% overall yield of 2 from 1). Although this new method has not been
applied above the normal laboratory scale, our experience indicates that it can be used as a practical
large-scale process.

The mechanism of the conversion of 1 to 3 by chlorochromate has not been demonstrated. One
reasonable possibility based on the postulation of 1, 4-addition2b of chlorochromate to the diene is outlined
in Scheme 1, We do not exclude the possibility that the 1, 4-chlorochromate adduct from 1 can decompose
to monounsaturated epoxide 5 which then undergoes pyridinium catalyzed rearrangement to 3. The
reaction of chlorochromate with 1, 3-dienes is deserving of further study in terms of both synthetic

applications and mechanism, Experimental details are as follows.5’ 6
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Cyclopentenone 3, 2-Cyanopyridiniurn chlorochromate (580 mg, 2,41 mmol, 3,0 equiv) and powdered

4A sieves (300 mg) in anhydrous methylene chloride (6.0 ml) were stirred at 23° for ca, 1 hr, Cyclopenta~
diene 1 (140 mg, 0.80 mmol) in 2,0 ml of methylene chloride was then added. The color of the mixture
changed from yellow-orange to dark brown, After ca, 6 hr, the mixture was dituted with 25 ml of anhydrous
ether and filtered through Celite, The reaction vessel was washed with two 25~-ml portions of ether and
these were also passed through Celite, Concentration of the filtrate yielded 3 in almost pure condition,
Pure 3 (126 mg, 82%) was obtained by flash chromatography on silica gel (15% ethyl acetate in hexane;

Rf 0.44 on silica gel plates using 20% ethyl acetate in hexane)., Vacuum distillation probably would be the
preferred method of purification for large-scale preparation. For 3: IR (neat): 1752 cm.-l; m/e 190 (M+).
1 nmr (CDCl,, 270 MHz): §5.94 (m, 1H), 3.04 (4, J=1.0 Hz, 2H), 2.93 (d, J=2.3 Hz, 2H), 2.88 (br s,

2H), 2.12 - 2,24 (m, 2H), 1.44~1.58 (m, 2H), 1.20 - 1,40 (m, 4H), 0,90 ¢, J=6.9 Hz, 3H).

Ketol 2, Cyclopentenone 3 (84 mg, 0.44 mmol) in 1.5 ml of ethyl acetate at 0° was treated dropwise with
peracetic acid in ethyl acetate (1.10 ml, 1,77 mmol, 4 equiv). After 10 min the cooling bath was removed
and the mixture was stirred at 23° for ca. 15 hr, then diluted with 20 ml of anhydrous toluene and concen~
trated in vacuo to ca. 5 ml volume, This process was repeated three more times, The crude epoxy ketone
thus obtained was purified by a quick filtration through a 2" pad of silica gel, using 15% ethyl acetate in
petroleum ether as eluent to afford pure é (83 mg, 91%). 1H NMR (CDCI3, 270 MHz): 6 3.72 (br s, 1H),

2.5 - 2.9 (m, 6H), 2,10 - 2,22 (m, 2H), 1.40 - 1,55 (m, 2H), 1.20 ~ 1,40 (m, 4H), 0.90 @, J=6.7 Hz, 3H).

Epoxy ketone 4 (30 mg, 0.145 mmol) in 1, 0 ml of anhydrous methylene chloride at ~50° was treated
with DBU (10 pl, 0.07 mmol, 0.46 equiv). The reaction was followed by tic after workup of aliquots
with a biphasic mixture of ethex/10% HC1. After 6.0 hr the methylene chloride was evaporated and the
crude product was purified by filtration through a 1" pad of silica gel using 40% ethyl acetate/hexane as the
eluent to give pure ketol gl (27.4 mg, 91%). IR (eat): 3420, 1720 cm.nl; m/e 206 (M+), 1H NMR
(CDCl,, 270 MHz): §7.47 (d, J=5.6 Hz, 1H), 6.17 (d, J=5.6Hz, 1H), 2.45 - 2.7 (m, 4H), 2.10 - 2,22

(m, 2H), 1.42 - 1.55 (m, 2H), 1.22 - 1.40 @m, 4H), 0.90 ¢, J=6.9 Hz, 3H).
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