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Summary: A convenient synthesis of 5-methylene-2-cyclopentenones including Methyle-
nomycin B involving the intramolecular acylation of a-sulfinyl carbanion

folTowed by methylation and pyrolysis is described.

5-Methylene-2-cyclopentenone unit occurs widely in natural products, particularly the
cyclopentenoid antibiotics such as methylenomycin B1 and deepoxy-4,5-didehydromethylenomycin A2
which were isolated from the culture broth of Streptomyces species. For the synthesis of such
products,3’4 the development of general methods for the preparation of 5-methylene-2-cyclopentenones
is a particular desirable objective.4 Recently, we reported a general synthesis of 5-substituted
2-cyclopentenones based on the intramolecular acylation reactions of a-sulfinyl carbanions
followed by elimination of benzenesulfenic acid.5 This cyclisation appears to be a convenient
route for preparation of functionalised cyclopentenones which could be used as intermediates for
the synthesis of 5-methylene-2-cyclopentenones. To demonstrate the synthetic potential of the
intramolecular acylation of a-sulfinyl carbanions, we report here a new general approach to the

synthesis of 5-methylene-2-cyclopentenones. The general strategy is depicted in Scheme I.
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The prerequisite hydroxy sulfoxides 1 could be easily prepared by treatment of the
enolate anions derived from the corresponding amides (LDA/THF, 0°C, 1 hr) with 3-phenylthio-1-
propana]6 or 4-pheny1th1'o-2-butanone6 (-78°C, 1 hr) followed by oxidation of the resulting hydroxy
sulfides with m-chloroperbenzoic acid’ (CH2C12, -78°C) (see Table). The reaction of the hydroxy
sulfoxide 1 (1 equiv.) with 3.0-3.2 equivalents of 1ithium diisopropylamide (LDA) in THF (10 ml/

1 mmol of 1) at -78°C for 1 hr and then at 0°C for an additional hour gave the cyclisation product
4 in moderate to good yield as diastereomeric mixtures after quenching with saturated ammonium
chloride solution. The reaction proceeded via the intramolecular acylation reaction of the
initially formed a-sulfinyl carbanion 2 leading to the intermediate 3 which upon hydrolysis
afforded the functionalised cyclopentenone 4. Having the functionalised cyclopentenone 4 in hand
we then next explored the synthesis of 5-methylene-2-cyclopentenone 6 by employing the sequential
methylation of 4 and elimination of benzenesulfenic acid of the resulting methylated product 5. At
the beginning of our investigation, we tried to trap the enolate anion intermediate 3a or 3e with
an equimolar amount of methyl iodide (or even with an excess amount ca. 3 equiv. in the presence
of HMPA) at 0° = RT overnight, unfortunately the reaction gave the desired product 5a or 5e in

Tow yields (25-30%). Methylation (1.2-1.5 equiv. of CH3I) of 4a and 4e (1 equiv. each) using LDA
(1 equiv.) as base in THF at -78°C » RT also gave unsatisfactory yields of 5a and 5e (28-35%).

We observed that the reaction led to many other side products as indicated by TLC and Ly-nur

Table Preparationof 5-methylene-2-cyclopentenones 6.

1 (nP 4 (3)P 5 (%)2:P 6 (1)?
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CHy
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Table (cont.)

1 (n®P 4 ()b 5 (3)0 6 ()2
0
1.2 CH
le, R°=R"=CH, (74) 4e (73) 5e (78) 3 6e (95)
CH3
0
. ) CH.,CH,
1, R7=CHyCH,3 RO=CHy (71) 4f (73) 5f (71) 6f (79)
CH3

a) VYields of isolated products: the spectral data of these products are fully consistent
with the assigned structures.
b) These products have been obtained as diastereomeric mixtures.

analyses: only small amount of the unreacted 4a and 4e could be recovered.We assume that this may
be due to the instability of the 1ithium dienolate anions desired from 4a and 4e. However, good
yields of the methylated products 5a-f were achieved by employing the phase transfer catalytic
conditions, Thus, treatment of 4a-f (1 equiv.) with methyl fodide (1.1 equiv.) in dichloromethane
(20 m1/1 mmol of 4) in the presence of 50% aq.NaOH (1.1 equiv.) and benzyltrimethylammonium
chloride (1 equiv.) at 0° > RT overnight furnished the expected methylated products 5a-f as
diastereomeric mixtures in good yields (see Table). Pyrolysis of the diastereomeric mixture of
the methylated B-ketosulfoxides 5 gave the desired 5-methylene-2-cyclopentenones 6 in high yie]ds.8
This was carried out by heating neat at 110-110°C under reduced pressure (0.02-0.05 torr) followed

by direct distillation during which the distillate was trapped at -78°C. The results are summarized

in Table,

Having established the general approach for the synthesis of 5-methylene-2-cyclopentenones
6, we examined briefly the preparation of some 5-alkylidene-2-cyclopentenones 8a-c using the
same reaction sequence. Thus, alkylation (CH3CH21, CH2=CH2—CHzBr, PhCHzBr) of 4a using the
standard conditions as above afforded the alkylated sulfoxides 7a-c¢ which were converted into
5-alkyTidene-2-cyclopentenones 8a~c in high yields by heating neat under reduced pressure

(100-110°C, 0.02-0.05torr). The results are summarized in Scheme II.

In conclusion, the results described herein offer a general procedure for the synthesis
of 5-methylene- and 5-alkylidene-2-cyclopentenones starting from common amides. Thus, the method

proyides a simple synthesis of methylenomycin B (6e).
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Scheme: 11
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a) Yields of isolated products. b) Yields of crude products. c) Overall yields from 4a.
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