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ABSTRACT

A new free-radical strategy for the synthesis of a-func-
tionalized diethyl b-ketophosphonates utilizing diethyl
b-ketophosphonyl a-radical is exemplified by the for-
mal synthesis of methylenomycin B—a cyclopentan-
oid antibiotic. q 1997 John Wiley & Sons, Inc.

Methylenomycin B-8 is an antibiotic isolated
from the culture broth of Streptomyces species by
Haneishi et al.[2,3]. This highly substituted cyclo-
pentenone has attracted the attention of many re-
search groups and is usually regarded as an object
for testing new synthetic methodologies [4]. In the
course of our recent investigations on the synthesis
and reactions of a-phosphonyl radicals, a new, free-
radical approach for the synthesis of highly substi-
tuted phosphonates has been developed [5].

In this article, we would like to present an exten-
sion of this useful methodology to the formal syn-
thesis of methylenomycin B. The essence of the new
concept is the synthesis and utilization of the a-
phosphonyl radical 3, generated from the suitably a-
substituted b-ketophosphonate 2. Thus, starting
from diethyl 2-oxo-n-butylphosphonate 1 or diethyl
methylthiomethylphosphonate 4, a-chloro-, a-
bromo-, and a-methylthioderivatives 2 were pre-
pared as the radical 3 precursors (Scheme 1). For
further functionalization, the precursors 2 were sub-
mitted to the free-radical reaction with the commer-
cially available isopropenyl acetate 5 using the n-
Bu3SnH/AIBN (a,a-azabisisobutyronitrile) reagents

system. This reaction afforded the corresponding ad-
duct 6 as a mixture of diastereomers in the yields
and the P/R ratios (product/reduced substrate) given
in Scheme 1. In a typical experiment, the n-Bu3SnH/
AIBN reagents system was added with a syringe
pump to a stirred solution of a mixture of the radical
precursor 2 and isopropenyl acetate 5 (10 eq.) in re-
fluxing toluene under argon over 3 or 4 hours. Then,
the resulting adduct 6 [6] was hydrolyzed under
acidic conditions and oxidized with Na2Cr2O7/H2SO4

to give the desired 1,4-diketone 7. The latter has been
earlier synthesized by us and was easily converted to
methylenomycin B-8 in a two-step reaction involving
base-catalyzed cyclization and the Horner–Wittig re-
action with formaldehyde [7]. It is interesting to note
that hydrolysis of the acetate function in 6 under
acidic conditions in the absence of oxidant led to the
unexpected formation of the b-phosphorylated di-
hydrofuran 9 (Scheme 1). The reaction proceeds in
quantitative yield in a large excess of refluxing meth-
anol in the presence of concentrated hydrochloric
acid over 24 hours. The formation of 9 [8] may in-
volve two reversible processes (removal of the ace-
tate function in 6 and nucleophilic attack of the free
hydroxyl group at the carbonyl moiety) and irrevers-
ible removal of water from the cyclic product
formed. An alternative mechanism that would in-
volve the carbophilic attack of the enol hydroxyl at
the protonated C–OH or C–OAc is less probable,
since formation of the enol form of the b-ketophos-
phonate is suppressed in methanol. The structure of
9 was confirmed by 1H-, 13C-, and 31P-NMR as well as
UV, IR, and MSCI techniques. The final assignment
was established using 2D 1H–1H (COSY) and 1H–13C
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SCHEME 1 i: (X4Cl) 1 SO2Cl2(2 eq.)/CCl4/08;258C (80%) then Na2S2O5/NaHCO3/MeOH/H2O (80%); (X4Br) 1 NaH or
Et3N/Br2(49%); ii: (X4SMe)-n-BuLi/EtCOOMe/1788C;258C, THF (68%); iii: n-Bu3SnH (1.5 eq.)/AIBN (20%)/toluene, reflux
(yields are based on the starting phosphonate); iv: Na2Cr2O7/H2SO4, reflux (15%); vi: MeOH (0.1 mmol/100 mL)/HCl(conc.),
reflux, 24 h (100%).

SCHEME 2 i: 3% KOH/H2O/EtOH, 258C 24 h (100% yield) or KCN/EtOH (96%), reflux, 6 h (100% yield) or NH4OH (25%)/
MeOH/H2O, 258C, 24 h (85% yield).
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correlations. The hydrolysis of the acetate in 6 under
basic conditions led to the formation of the phos-
phate 13 [9], also in a quantitative yield (Scheme 2).
The reaction proceeds via two steps, the first un-
doubtedly being hydrolysis of the acetate function.
The second consists in nucleophilic attack of the ox-
yanion 10 at the phosphoryl phosphorus leading
most probably via a five-membered oxyphosphorane
intermediate 11 to the rearranged product 12 and,
after protonation, to 13. The driving force for this
new example of phosphoryl group migration from
carbon to oxygen is the high nucleophilicity of the
oxyanion toward phosphorus and stabilization of the
enolate anion formed [10].

In conclusion, we have reported the first prepa-
ration of the b-ketophosphonyl radical 3 and its ap-
plication to the synthesis of the functionalized b-ke-
tophosphonate 6, which was a key substrate in a
new, formal synthesis of methylenomycin B-8. Fur-
ther investigation on the scope and limitation of this
new, free-radical reaction of the a-phosphonyl radi-
cal of type 3 with alkenes will be published in due
course.
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