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P(V)-2,2,2-triethoxy-2,2-dihydro-5-methoxy-1,2k -oxaphospholene was synthesized as a new type of
enolate which was hydrolyzed to give a series of phosphonates. In addition, aldol reaction of the oxaphos-
pholene intermediate with several aldehydes as electrophiles under mild and neutral conditions pro-
duced phosphonate-containing aldol compounds through a two-step one-pot reaction.

� 2009 Elsevier Ltd. All rights reserved.
Phosphonate analogues have been extensively studied in recent
years due to their applications as antibiotics and anti-viral agents
as well as insecticides and herbicides.1,2 They show much greater
stability to hydrolysis and resistance to proteases than phosphates
and have been used as isosteric mimics of carboxylic acids or phos-
phate esters. Thus, new or improved methods for phosphonate
synthesis continue to attract much attention.

In our attempt to develop new methodology for the synthesis of
biologically active phosphonate derivatives, we have previously re-
ported the synthesis of carbon analogues of Ramirez’s 1,3,2k5-
dioxaphospholenes.3 These oxaphospholenes were prepared from
trialkylphosphite and methyl vinyl ketone and were reacted with
a series of aldehydes to make phosphonate-containing aldol com-
pounds under mild conditions. We subsequently applied this
methodology to efficiently synthesize antifungal agent, (±)-trans
and cis-neocnidilides.4

Despite our success in the development of a new methodology
for the synthesis of phosphonate-containing aldol compounds and
its application toward the synthesis of antifungal agent, this strat-
egy has a major limitation. It did not allow us to manipulate the
keto functional group and further extend the C–C bond. Thus,
transformation of the keto group on the final aldol compounds into
the corresponding carbonyl derivatives proved to be challenging to
make highly functionalized phosphonate derivatives.
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Herein we report our success in overcoming this aforemen-
tioned problem by synthesizing pentacovalent 2,2,2-trialkoxy-
2,2-dihydro-5-methoxy-1,2k5-oxaphospholenes. Reaction of these
oxaphospholenes with various aldehydes resulted in an ester
group in the final aldol compounds which can be easily functional-
ized and more importantly allow extension of C–C bond.

Trimethyl and triethyl phosphites were reacted with methyl
acrylate to give the corresponding pentacovalent 2,2,2-trimethoxy
or triethoxy-2,2-dihydro-5-methoxy-1,2k5-oxaphospholenes as a
new type of enolate (Scheme 1). However, both oxaphospholene
intermediates started to decompose when exposed to air. Triethyl
phosphite adduct proved to be more stable and resulted in higher
Scheme 1.
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yield compared to the outcome of trimethyl phosphite reaction.
Because of the instability, only the triethoxyoxaphospholene inter-
mediate was prepared and used for further reaction without
purification.5

A new P(V)-2,2,2-triethoxy-1,2k5-oxaphospholene was ob-
tained from the reaction of freshly distilled triethyl phosphite with
methyl acrylate at room temperature which was hydrolyzed
immediately with water to give b-methylesterphosphonate 1, in
82% yield. Triethylphosphite was also treated with acrylamide at
room temperature, however, no reaction was observed. Carrying
out the reaction at room temperature and slowly increasing to
80 �C gave the corresponding P(V)-1,2k5-oxaphospholene which
after hydrolysis yielded a mixture of two products, amidophosph-
onate 2 and N-alkylated amidophosphonate 2a, respectively. These
mixtures were separated by column chromatography and the ratio
was determined to be 2:2a = 1:5 (yield 83%). We, then, attempted
to control the ratio of products by changing the reaction conditions
such as amount of phosphite and reaction temperature. Varying
the amount of trialkylphosphites did not affect the ratio of the
products. However, when we carried out the reaction at 80 �C,
we observed that unalkylated product 2 was obtained as the major
Table 1
Ratio of isomers and yields of the phosphonate-containing aldol products

Entry Aldehydes (R0CHO) Solvent Temperature Reaction time Ph

1 Neat rt 3 days

2 CH2Cl2 rt ? 40 �C 24–26 h

3 CH3CHO Neat 0 �C 32–36 h

4 Neat rt 24–26 h

5 Neat rt 24–26 h

6 Neat rt 24–26 h

a Isolated yields after HPLC purification.
b Syn:anti ratio determined by HPLC and confirmed by 1H NMR spectroscopy.
product, 2:2a = 9:1.5 The unalkylated product 2 can then be further
modified to give the N-substituted phosphonates.6

The P(V)-2,2,2-triethoxy-2,2-dihydro-5-methoxy-1,2k5-oxa-
phospholene intermediate synthesized was also reacted with a ser-
ies of aldehydes to afford compounds 3–77 in a two-step one-pot
approach.

Our initial condensation reaction with benzaldehyde was per-
formed neat at ambient temperature and afforded only 60% of 3s
and 3a along with hydrolyzed product 1, after 3 days (Table 1, en-
try 1). Improved result was obtained when the reaction was con-
ducted in CH2Cl2 and refluxed at 40 �C (entry 2). However, in all
other cases, optimal yields were achieved when the condensation
reaction was carried out neat at 0 �C (only for entry 3) and at room
temperature (entries 4–6). Condensation reaction of P(V)-2,2,2-tri-
ethoxy-2,2-dihydro-5-methoxy-1,2k5-oxaphospholene intermedi-
ate with aldehydes at various temperatures resulted in
approximately 1:1 ratio of syn and anti isomers, which varied from
the previously published results (approximately syn:anti = 1.3–
4.9:1).3 Previous report where triethylphosphite was reacted with
methyl vinyl ketone demonstrated that the steric bulk of the li-
gands on the phosphorus and/or around the aldehydes influences
osphonate products Yielda (%) Ratiob (syn:anti)

60 1:1.1

81 1:1.2

75 1:1.1

77 1:1.1

77 1:1.1

78 1:1.1
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the stereoselectivity; condensation between the bulkiest oxaphos-
pholene and benzaldehyde gave the best syn diastereoselectivity
(syn:anti = 4.9:1). In contrast, we found that increasing the bulki-
ness had a very little effect on the stereochemistry of our aldol
products.

We presumed that the observed ratio of syn and anti isomers is
associated with the methoxy substituent at C-5 on the 1,2k5-oxa-
phospholene and with the oxygen anion in the possible enolate
intermediate after cleavage of apical P–O bond in the oxaphos-
pholene. Our postulated mechanism is that the methoxy group
at C-5 in the oxaphospholene ring allows equilibrium between
E/Z enolates which results in almost similar ratio of syn and anti
isomers. Additional experiments are in progress to examine the
influence of other phosphites and enones on the stereochemical
outcome of the phosphonate-containing aldol products. In addi-
tion, microwave-assisted condensation reaction of 1,2k5-oxaphos-
pholene intermediate and benzaldehyde appears to reduce the
reaction time dramatically. This reaction was carried out neat
and the phosphonate product could be obtained in 30 min at
120 �C (employing an average microwave power of 200 W). We
are currently improving the reaction conditions and will report
the results with other outcome soon.

Relative stereochemistry of the aldol products 3–7 were deter-
mined by comparison of their spectral data with the corresponding
product independently prepared by the use of Mukaiyama’s eno-
late of compound 1 (Scheme 2).3,8 The phosphonate-containing al-
dol compounds, 3s–5s (syn isomers), were independently
synthesized via the reaction of the 9-BBN boron enolate of 1 with
the aldehydes in question (yield 60–70%). This Mukaiyama enolate
procedure is known to produce syn aldol stereochemistry and was
utilized to compare with our syn product obtained from the con-
densation reaction. The NMR data (1H, 13C, and 31P) as well as IR
and MS were identical with the corresponding spectra for the syn
isomer.

In conclusion, we have been able to synthesize P(V)-2,2,2-trialk-
oxy-2,2-dihydro-5-methoxy-1,2k5-oxaphospholenes as a new type
of enolate, and have shown its application through the synthesis of
variously substituted phosphonates.

Hydrolysis of the oxaphospholene intermediate gave access to
a number of esterphosphonate and amidophosphonate deriva-
tives. We have also accomplished aldol reaction of the oxaphos-
pholene intermediate with several aldehydes as electrophiles
under mild and neutral conditions to produce c-hydroxy-c-
methoxy-c-oxaphosphonates. These phosphonates, because of
the ester moiety, can be easily converted into various functional
groups and in addition, this intermediate can be used for the
chain elongation in the synthesis of diverse bioactive com-
pounds.
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