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Abstract: Substituted alyl and vinyl phosphonates have been pre-
pared for the first time via intermolecular olefin cross-metathesis
(CM) using 1,3-dimesityl-4,5-dihydro-imidazol-2-ylidene rutheni-
um akylidene complex 3 in good yield. A variety of terminal ole-
fins, styrenes, and geminaly disubstituted olefins have been
successfully employed in these reactions. In addition, CM of vi-
nylphosphonates provide exclusive E olefin stereochemistry.
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Olefins that contain phosphonate functionality are used
extensively in synthetic organic chemistry. For example,
alylic phosphonates are employed in the preparation of
dienes and polyenes by Horner—Emmons olefination,
providing products with improved stereoselectivity as
compared to the corresponding phosphonium salts.! The
reaction of organic halides with trialkyl phosphites
(Michaelis—Arbuzov reaction) is used primarily for the
synthesis of allylphosphonates.? However, elimination
and/or loss of olefin stereochemical integrity are often
competitive with product formation under the reaction
conditions. Palladium-catalyzed cross-coupling of hydro-
gen phosphonates to conjugated dienes and allenes has
also been devel oped, but requires high reaction tempera-
tures and provides|ow regioselectivity in highly substitut-
ed phosphonate products.®

Vinylphosphonates are important synthetic intermediates*
and have been investigated as biologicaly active com-
pounds.® Vinylphosphonates® have been used as interme-
diatesin stereosel ective synthesis of trisubstituted ol efins’
and in heterocycle synthesis.® The synthesis of vinylphos-
phonates has also been widely examined and a variety of
non-catal ytic approaches have been described in the liter-
ature.® Recent metal-catalyzed methods include palladi-
um-catalyzed cross-coupling'® and Heck coupling of
aryldiazonium salts with vinyl phosphonates,'* but are
limited by the requirement of highly reactive functional
groups in the substrates. Therefore, a more mild, general

and stereosel ective method for the synthesis of vinyl- and
alylphosphonates using commercially available starting
materials would be valuable, and may provide an addi-
tional degree of orthogonality to the previously reported
syntheses. In this letter, the productive cross-metathesis
(CM) of allyl and vinylphosphonates with avariety of ter-
minal olefinsin excellent yields and good stereosel ectivi-
tiesis described.*

The olefin metathesis reaction'® has become important in
organic synthesis with the commercial availability of
well-defined transition metal catalysts, such asthe molyb-
denum alkoxy-imido alkylidene 1** and ruthenium ben-
zylidene 2. The preparation of olefins with vinylic
functionality by olefin cross-metathesis'® has recently
been demonstrated using the highly active ruthenium-
based olefin metathesis catalyst 3, containing a1,3-dimes-
ityl-4,5-dihydro-imidazol-2-ylidene ligand.'” The ho-
mologation of olefins with a variety a,B-unsaturated
carbonyl compounds, including esters, ketones, alde-
hydes, and amides with high (E)-stereoselectivity has
been previously described.'® In general, the catalyst 3 has
also shown enhanced activity in ring-closing metathesis
(RCM)* and ring-opening metathesis polymerization
(ROM P).?° Phosphorus-containing a,o-dienes, such asal-
lylphosphonates and allylphosphoramides, have been uti-
lized as RCM substrates by Hanson and co-workers using
2.2 In addition, Gouverneur and co-workers have demon-
strated the intramolecular RCM of allylic phosphine ox-
ides, phosphinates, and phosphoboranes using 2 and an
unsaturated analog of 3.22 However, the intermolecular
CM reactions of phosphonates have not been previously
reported.

Olefins couple efficiently with diethylvinylphosphonate
to generate o,B-unsaturated phosphonates in excellent
yield using catalyst 3. Terminal olefins were reacted with
commercially available diethyl vinylphosphonate and af-
ter column chromatography, a 95% yield of CM product
was obtained exclusively as the E-isomer (Table 1, Entry
1). Importantly, no dimerization of the vinylphosphonate
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Tablel Synthesisof Vinylphosphonates by Olefin Cross-Metathesis
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2>20:1 E/Z as determined by *H NMR.

was detected by *H NMR allowing for selective CM.
Alkyl halide (Entry 2) and unprotected aldehyde func-
tionalities (Entry 3) are well tolerated with the ruthenium
catalyst 3. These reactive functional groups are generaly
used in alyl and vinylphosphonate synthesis, and CM
provides a unique method to synthesize these compounds
directly from olefins. Allyl benzeneisan excellent partner
for CM without olefin isomerization (Entry 4). Olefin
isomerization of vinylphosphonates under basic reaction
conditions has been previously described.?® The participa-
tion of a variety of styrenes in the CM reaction with vi-
nylphosphonates is also interesting to note. These results
indicate a variety of styrenes are converted to (E)-cin-
namylphosphonates in excellent yield (Table 1, Entry 5).
The CM method tolerates el ectronic and steric constraints
in the styrene partner and alows for CM between two
electron-deficient olefins.2*

Second, diethylallylphosphonate wasinvestigated as apo-
tential CM partner. It has been previously demonstrated
that some allylic functional groups improve cross-cou-
pling and disfavor homodimerization by creating an elec-
tronic mismatch.’®* As summarized in Table 2,
alylphosponates are viable CM partners, providing
dlightly enhanced CM ratios relative to the predicted sta-
tistical mixture. In addition, some challenging styrenes
are excellent CM partners (Table 2, Entry 2 and 3) and
provide the E-isomer exclusively. A trisubstituted olefin
isalso formed in excellent yield with modest stereosel ec-
tivity (Table 2, Entry 6). All of the reaction products were

easily separated from their respective homodimers by col-
umn chromatography.

In conclusion, the cross-metathesis of a variety of termi-
nal olefins with allyl and vinylphosphonates employing
the ruthenium akylidene 3 has been described. These
findings further demonstrate the functional group toler-
ance of 3, expanding the range of olefins that can partici-
pate in the olefin metathesis reaction, and provide an
efficient method to prepare vinyl and allylphosphonatesin
high yield and good stereosel ectivity.
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Table2 Synthesisof Allylphosphonates by CM
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