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Nucleophilic Additions to 3-Keto Phosphonates

LORIJANN M. LENTSCH and DAVID F. WIEMER

Chemistry Department, University of lowa, Iowa City, IA 52242 USA

Nucleophilic addition to the carbonyl group of B-keto phosphonates has been studied with
several Grignard reagents. Allyl magnesium halides have proven particularly effective.

Keywords: B-keto phosphonate; Grignard reaction

INTRODUCTION

B-Keto phosphonates have proven to be versatile reagents in
organic synthesis' and new strategies for phosphonate synthesis are of
general interest.” While most classical methods are based on
phosphorus nucleophiles, including strategies such as the Arbuzov®
reaction and phosphonate acylation,” a number of more recent methods
have relied upon electrophilic phosphorus reagents.®  As an extension
of our studies in this vein, we examined the reaction of representative
B-keto phosphonates with organometallic reagents (Eq. 1). Because
additions to the carbonyl group would extend the carbon skeleton and
may incorporate additional functionality, such reactions would

significantly expand the range of accessible phosphonates.®
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RESULTS AND DISCUSSION

Reaction of an organometallic reagent with a  B-keto
phosphonate might be expected to involve a proton transfer reaction or
possibly addition to the phosphorus itself. Previous examples of
Grignard additions made it appear unlikely that reaction at phosphorus
would prove competitive to addition to the carbonyl group, but did not
include the possibility of proton transfer because the a-carbon was
fully substituted.® We chose to focus on addition of allyl Grignard
reagents to representative f3-keto phosphonates, in part because the
allyl group of an adduct could be readily converted to a variety of
other functional groups.” As shown in Table I, these additions were
generally successful with each of the substrates examined.

Addition of phosphonate 1 to a slight excess of allyl
magnesium chloride in THF gave the desired adduct in low yield, but.
reaction with excess Grignard reagent significantly improved the yield.
Higher reaction temperatures resulted only in decomposition, and
addition of cerium chloride did not result in improved yield at either 0
°C or at -78 °C, even though CeClj is reported to improve the reaction
of Grignard reagents with other enolizable ketones.® In the presence of
boron trifluoride etherate, addition of the allyl Grignard reagent was
markedly improved, with only a single product observed by *'P NMR
and an isolated yield of 78% attained.

Reasonable yields of the allyl adducts also were obtained with
each of the other three f-keto phosphonates examined. In each of

these cases, the reactions were conducted in the presence and absence
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TABLE 1. Reaction of p-Keto Phosphonates with Allyl Magnesium Chloride

B-KETO PHOSPHONATES

Phosphonate Grignard Eq.  Temp.(°C) Yield
O o
u
(f&7,9a3502 AMEC 15 oton 8%
1
1 ~MaCl 5 Otont 61%
1 o~ Mgt s reflux -—
MgCl
1 AN 78 42%
CeCl,
MgCl
1 AN g 0 78%
o o BFyOEt,
1
[itj/(OEnz AMEC 5 Otort  36%
2
MgCl
2 AN g 0 51%
BFg‘OEtz
o 9
[f:IJ%OEDz ~Mal 5 Otort 29%
3
cl
3 AN 0 62%
BF3’OEt2
o 0
1]
)k/P(OEl)Z /\/MQCI 5 Otodt 22%
4
4 A~ Ml s .78 48%
CeCl4
MgCl
4 AN 5 0 80%

BFy OEL,
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of BF3QEt;. Significantly improved yields were obtained in the
presence of this Lewis acid in all three cases.

These studies~ have shown that allylation of p-keto
phosphonates is viable through addition of allyl Grignard reagents to
the carbonyl group. Further transformation of the allyl functionality

should extend the range of structures available through this process.
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