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Abstract—�-Trimethylsilyloxy-�-diazo-�-ketophosphonates were prepared in two steps from �-lactones. After exposure to catalytic
rhodium(II) in refluxing toluene and further aqueous treatment, they gave rise to �-phosphono-�-lactones in moderate to good
yields. © 2001 Elsevier Science Ltd. All rights reserved.

Over recent decades, intramolecular insertion reactions
of metallocarbenes generated from �-diazo-�-ketocom-
pounds into carbon�hydrogen or heteroatom�hydrogen
bonds, have developed into an important method for
the preparation of various carbocycles or heterocycles.1

A Wolff rearrangement leading to a ketene can com-
pete with the above processes. In the case of �-diazo-�-
ketophosphonates this was first observed by Corbel et
al.2 and in the last few years we have reported that the
rhodium(II) assisted decomposition of some �,�-unsatu-
rated-�-diazo-�-ketophosphonates, led to the corre-
sponding intermediate phosphono conjugated vinyl or
aryl ketenes, giving rise to various compounds.3

Recently we have decided to examine the behaviour of
trialkylsilyloxy substituted �-diazo-�-ketophosphonates
under rhodium-catalysed thermolysis and we report
here our preliminary results.

The �-trimethylsilyloxy diazo compounds 3 were pre-
pared in two steps (Scheme 1). According to the proce-
dure of Hoffmann et al.,4 �-lactones 1 were first
converted into silyloxy ketophosphonates 2 which were
submitted to the usual diazo transfer conditions.3a

When a solution of 3a in dry toluene was slowly added
to a refluxing suspension of 0.5 mol% of rhodium(II)
acetate in the same solvent, we observed an instanta-
neous evolution of nitrogen and rapid disappearance of
the starting material. After aqueous treatment and
column chromatography, we obtained a hardly separa-
ble mixture of �-phosphono-�-lactone 4a (17%) and
2-phosphono-cyclopentenone 5 (37%)5 (Scheme 2).6

The lactone 4a results from a Wolff rearrangement of
the intermediate metallocarbene 6 to the ketene 7 fol-

Scheme 1. (a) i. LiCH2PO(OMe)2 1 equiv.; ii. LDA 1 equiv.; iii. ClSiMe3 2 equiv.; iv. NH4Cl aq.: 2a (69%), 2b (84%), 2c (90%),
2d (39%). (b) TsN3 1.1 equiv., K2CO3 1.1 equiv., CH3CN: 3a (63%), 3b (81%), 3c (71%), 3d (82%).
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Scheme 2.

lowed by the intramolecular nucleophilic attack of the
ether–oxygen and migration of the silyl group to give
the ketene silyl acetal 8, which is further hydrolysed
during aqueous treatment. The cyclopentenone 5 results
from an intramolecular insertion reaction of 6 into the
C5�H bond, giving 9 and further elimination of
trimethylsilanol (Scheme 3).7,8

Under the same conditions, diazo compounds 3b–d led
to corresponding lactones 4b–d (mixture of stereoiso-
mers) in good yields as the sole detectable products.9

The sequence can be carried out to prepare function-
alised lactones. For instance, diazo ketophosphonates
precursors 3e and 3f were prepared from (R)-4-benzy-
loxymethyl-4-butanolide10 and (R)-2-(tert-butyldi-
methylsilyloxy)-3,3-dimethyl-4-butanolide11 in 70 and

50%, respectively. The thermolysis of 3e gave rise to
lactone 4e in 80%. In the case of 3f we obtained a
mixture of expected lactone 4f and unsaturated lactone
10 resulting from elimination of the silyloxy group
(Scheme 4).12

It is worth mentioning that when alcohol 1113 was
submitted to the action of rhodium acetate in the same
conditions as the parent compound 3b, it did not lead
to the lactone 4b, but to the diketone 13 in 68% yield.
This product results from a C5�H insertion re-
action leading to 12 followed by retroaldolisation
(Scheme 5).

From the behaviour of 3a and 11 during thermolysis,
we can conclude that the insertion reaction of the

Scheme 3.

Scheme 4.

Scheme 5.



W. Dayoub et al. / Tetrahedron Letters 42 (2001) 8455–8457 8457

intermediate metallocarbene in the C5�H bond is pre-
ferred to the Wolff rearrangement provided that the
steric hindrance in the vicinity of C5 is not too high.
When the C5�H bond is made less accessible due to the
presence of a substituent on C5 or of a gem-dimethyl
group on C4 combined with the trimethylsilyloxy
group, only the Wolff rearrangement takes place, giving
rise to lactones 4.

In conclusion we report in this note that the rhodiu-
m(II)-catalysed thermolysis of �-trimethylsilyloxy-�-
diazo-�-ketophosphonates can give rise to
�-phosphono-�-lactones in moderate to good yields.
We are currently exploring the behaviour of other
trialkylsilyloxy �-keto-phosphonates and will report
our results in due course.
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