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Summary: The first rhodium(ll) phosphinate complex;(Rb
PMe,)4, is described and is shown to act as an effectatalyst
for the decomposition ak-diazo compounds.

Rhodium(ll) salts have demonstrated their synthetic utility
in the catalytic decomposition of diazo compounds over the last
three decades, allowing for a number of transformations,
including cyclopropanation, ylide generation, and carbon
hydrogen insertions among othér§hese rhodium-mediated
carbenoid reactions generally proceed under mild conditions
with excellent efficiency and chemoselectivity, and their reactiv-

ity can be modulated via the utilization of an appropriate ligand. cn
Since the pioneering work of Tey$sie1973 with RR(OAC),,2

a variety of ligands have been introduced into dirhodium

complexes, including a number of carboxylates (most notably

trifluoroacetate, pivalate, or octanoate) and carboxanfides. '" oB)

date, however, the introduction of phosphinate ligands has not
been described in the literatut@ur interest in the preparation
of Rh(ll) phosphinates stems from chemistry developed in our
laboratory that has allowed for the facile preparation of chiral
phosphinates from readily available terpene starting matérials.
Our ultimate goal is the preparation of Rh(Il) phosphinates that
will facilitate asymmetric transformatiofsThe present paper
describes the synthesis and characterization o{@GPMe,)4
and shows that the complex is suitable for use in rhodium-
mediated carbenoid reactions by facilitating a series of cyclo-
propanation reactions.

The desired complex of RfD,PMe,), was prepared via a
standard ligand exchange process. In this way,

Figure 1. X-ray crystal structure of RKO.PMe&),.

available dimethylphosphinic acid (5 equiv) and,fAc), (1
equiv) were introduced into a Soxhlet extractor containing

" chlorobenzene and Nao; in the extractor thimble. The mixture
commermallywas refluxed for 24 h, at which time the chlorobenzene was
evaporated under reduced pressure and the residue crystallized
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2509. Tel: +1-905-525-9140, ext. 27318. E-mail: capretta@mcmaster.ca. from acetonitrile to give .dark green crystals in 62% yield. The
8 GlaxoSmithKline. complex was characterized by MS and NN¥MRurthermore,
T McMaster University. additional recrystallization of RfO,PMe,)4 from acetonitrile
# Pharmorphix Limited. gave material suitable for X-ray crystallographic analysisie
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Figure 2. Lattice of Rh(O,PMe),.

substituents or perhaps the larger distance between the oxygensTable 1. ha(OzPMez)eregiSfd Cyclopropanations Using

of the dimethylphosphinate ligand results in a twisting of the
CO,Et CO,Et

dirhodium structure, preventing the paddlewheel geometry. This 0 .
twist in the geometry is similar in nature to but significantly /[~ + J\ % catalyst, /A + A
larger in magnitude than that in the R#S-BNAZ)4(CHsCN), R EIO” "CHN, CHCL A~
structure described by Doylé.In addition, like Cotton’s 5€q 1eq. cis frans __
structures of RHO,CCR)4!! and Rh(0,CCsH7)4,12 oxygen Entry Alkene Yield® Tfan?@ls
atoms of the bridging dimethylphosphinate in BPMey)4 ratio
form dative bonds at the axial positions of adjacent dirhodium { ©/\ o8 L8
units. Molecules of R{{O.PMe)), are, thereby, linked by axially ’
ligating to each other to form long chains (Figure 2). Finally,
the elongated RhRh bond length of Ri{O.PMe,)4 at 2.4379- 2 O 83 3.0
(7) A (contrasted with 2.3813(8) A for R{D.CCF;); and 2.336-
(1) A for Rhy(O,CCsH7)s) may be a result of the twisted
propeller geometry adopted by the complex, skewing the orbital 3 @ 80 5.6
overlap between the rhodium atoms. o]

With the Ri(O,PMe), in hand, the complex was tested for
its ability to catalyze the cyclopropanation of various alkenes 4 )\/Y 84 1.3
with diazo compounds. Dropwise addition of ethyl diazoacetate
(1 equiv) to a solution of alkene (5 equiv) and 1% (- MeO
PMey), in CH,CI; over 18 h allowed for smooth formation of 5 83 4.0
the cyclopropanes shown in Table 1. Yields and trans/cis ratios '
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=1144,T = 120(1) K, data collected on a Enraf-Nonius Kappa CCD area- aDetermined via GC.

detector diffractometer equipped with an Oxford Cryosystems Cryostream i ] ] )
cooler, crystal size 0.1 0.02x 0.01 MM Omax= 26.37, 6443 reflections were determined via GC. Clearly, the phosphinate complex is
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ata, conventionalR = 0. onF values o reflections with > ; : . - .
20(1), S= 1.001 for all data and 105 parameters, final difference map entries 5 arld 6 the transcis ratios for the rhodium(ll) phosphl
between+0.74 and—0.99 e A3, structure solved and refined using the Nate reaction are markedly better. The nature of the diazo

SHELXTL suite of programs. The structure has been deposited with the compound has been shown to have a pronounced effect on
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To establish the relative reactivity of RD.PMey)s with In conclusion, RE(O,PMe,)4 has been shown to be a viable
respect to that of other catalysts, a competitive cyclopropanationcatalyst for rhodium-mediated carbenoid chemistry and pos-
experiment, similar to the one described by Hubert and Noels, sesses a unique propeller structure. Unlike the carboxylate and
was undertaket? Ethyl diazoacetate was added dropwise to a carboxamide analogues, pendant substituents on the phosphi-
solution containing the catalyst under consideration and equimo-nates occupy a different region of chemical space pointing
lar amounts of styrene and norbornene. The relative amountstoward the Rh metal. Ultimately, we wish to exploit these unique
of cyclopropanated styrene to cyclopropanated norbornene werestructural and electronic features in subsequent generations of
then determined via GC and gave ratios of 1.8, 2.5, 3.4, and Rh(Il) phosphinate complexes.

3.8 for Rhy(tfa)s, Rip(OAC)s, Rip(SDOSP), and RR(O.PMe)4,
respectively. Giver_\ the differing electronic and steric properties Acknowledgment. We thank Materials and Manufacturing
of the alkene moieties of styrene and norbornene, CatalyStSOntario, Cytec Canada Inc., and the Natural Sciences and

giving higher ratios (i.e. greater amounts of cyclopropanated gpgineering Research Council of Canada for financial support.
styrene) can be considered more selective, while those with

lower ratios can be considered more indiscriminant. The
experiment would seem to indicate that RbyPMe,), is less
reactive and more selective than the other rhodium catalysts
screened.
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