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Migratory insertions of olefins into transition-metal alkyl com-
plexes are well-known elementary organometallic reactions. Related
migratory insertions of olefins into metal alkoxides have been
proposed to occur during some catalytic proce$8dsjt no well-
characterized alkoxo complex has been shown to undergo insertion
of an unactivated olefif Most often, characterizegalkoxyalkyl
complexes have been prepared by nucleophilic attack of an external
alkoxide reagent onto a coordinated olefin.

Few terminal alkoxide complexes with an olefin coligand have
been preparetiOne recent example was studied because it would
be expected to resist insertion and allow the observatiof adin
complexe$. Here, we report the generation of a series of rhodium ¢
alkoxo complexes with olefin coligands that generate products from Figure 1. ORTEP diagram of Rh(PEg)z[«:7>-OCMeCH,CH=CH;]}

C—0 bond formation. Kinetic studies, measurements of solvent (2¢). Most hydrogen atoms are omitted for clarity. Selected bond distances
effects, an.d ster.eochemistry of cyclization bear the hallmarks of a (CA()ljj‘)”j gr‘z%iizgfk;ggpaﬁg z_22525()12)(,1?'«;rf&g)(i3)223%(113),5gb?1%
migratory insertion pathway. = 1.407(3), P(1yRh—P(2) = 98.19(3), O-Rh—P(1) = 83.28(5), Rk

Triethylphosphine-ligated rhodium alkoxides were prepared by O—C(13)= 101.4(2), O-Rh—C(13)= 93.61(8), 3-Rh—C(14) = 80.29-
the sequence in eq 1. Reaction of the Rh(l) silylamido precursor (8).

{(PEg),Rh[N(SiMey),]} 7 with enolsla—f readily occurred at room

temperature or below to eliminate HN(SifJe and form the olefin unit, C(13,14). In comparison to the structures of related
rhodium alkoxo complexega—f.8 The alkoxo olefin complexes ~ complexes, the RRO distance is similar to those in other Rh(l)
2eand2f generated from 4-hydroxy-1-alkenes were stable enough alkoxides? The Rh-Coerin distances are shorter than the-Rb

to isolate, were obtained as crystalline solids in 65 and 72% yields, distances of the;>-phenyl interaction in [(PBJ:,RhOCPH] (2.35

and were fully characterized. The alkoxo olefin compleRasd and 2.40 AY; but are similar to the RRCyesin distances of the alkyl
derived from 5-hydroxy-1-alkenes were not stable at room tem- olefin complex Rhgl:»>-CH,CPhCH=CH;) (2.12 and 2.16 A}°
perature, but formed in quantitative yield at low temperature and ~ Complexes2a—d reacted in solution in the presence of added
were characterized in solution by NMR spectroscopic methods. PEg at ambient temperatures to afford 2,2-disubstituted-5-meth-

Coordination of the olefin irRa—f was evidenced by a set of  ylenetetrahydrofuran derivative8a—d in 68—92% yields, as
resonances in thtH NMR spectrum that are located upfield of ~determined byH NMR spectroscopy (eq 2). [(P§4RhH] was the
those of free olefins (see Supporting InformatidfiThe complexes  only rhodium product detected ByP NMR spectroscopd: The
formed from chiral alcoholdb, 1d, and1f generated diastereomeric ~ organic product was identified by comparison of th¢ NMR
mixtures of alkoxo olefin complexezb, 2d, and2f. Thus, the’lP spectra and GC retention times to those of an authentic sample
NMR spectra oRa, 2¢, and2ewhich were generated from achiral ~ prepared by intramolecular bromoetherification and subsequent
alcohols consisted of a pair of doublets of doublets from coupling dehydrobromination of the corresponding olefinic alcohol (see
between the twais-oriented phosphines and the rhodium center, Supporting Information).
but the3!P NMR spectra ob, 2d, and2f which were generated

from the chiral alcohols consisted of two pairs of doublets of EtsP\Rh/O R PEL (106quY)  ppy s crt 4 O__R o
doublets corresponding to two diastereomers. EtP” Mo R CeDs, A o \Q<R'
. temp ti yield R
EtsP,_ SiMe; R R -HN(SiMes), EtP( O R 2a R=R'=Me,R"=H 25°C 2 min 3a 68%
SRh=N_ * Ho N onon o1 JRh R (1) 2b R=Me, R'=Ph,R"=H 25°C 8 min 3b 87%
EtgP SiMes n 20°C-rt. Ep” Ry 2c R=R'=Ph,R"=H 35°C 10 min 3c 74%
h=2 1a R=R=Me 2a 2d R=R'=Ph,R"=Me  35°C 8 min 3d 92%
:b R=Me, R = Ph 2b EtP. _O_ Me CeDs EtsP. o]
¢ R=R'=Ph 2c o N L
oh- bh Ri R+ PEts - R+ o e @
1d _ 2d EtP” 7 90°C EtsP e
HO 2e R=Me 0 or8equiv 81-85%  71-74%
Me 2f R=Ph 67%-70%
n=1 1¢ R=R=Me 2e 65%
1f R=Me, R'=Ph 2f 72%

In contrast to the cyclization chemistry of complexgs—d,

The structure oRewas determined by X-ray diffraction (Figure = complexe2e and2f underwen-allyl elimination. Heating oRe

1). In the solid state2e adopts a square-planar geometry with two and 2f at 90°C for 1-2 h formed [(PEf),Rh(z3-allyl)]” in 81—

cis-oriented PEtfligands and one chelating homoallylic alkoxide 85% yields and acetone or acetophenone, respectively i 4%
that is bound to rhodium through the oxygen atom and the terminal yields (eq 3)?
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Scheme 1 shows pathways for the-O bond-forming process
of compound=®2a—d (illustrated for deuterium-labeled, dimethyl-
substitutec®a) involving migratory insertion (path A) or dissociation
of alkoxide and backside attack on the olefin (path*BThese
pathways were distinguished from each other and from alternative
mechanisms by kinetic experiments that revealed whether the
process was intramolecular or intermolecular, solvent effects that

stereochemical results are consistent with an intramolecular process
that occurs through neutral intermediates and syn addition of the
metal and alkoxo units across the-C double bond#> These

data are consistent with the migratory insertion path A.

In summary, we report the preparation of a series of bis-
(phosphine) rhodium(l) alkoxides containing an accompanying
olefin ligand. The 5-hydroxy-1-alkene complexes undergo cycliza-
tions to afford 5-methylenetetrahydrofurans and the corresponding
Rh hydride as products. In contrast, the complexes of 4-hydroxy-
1-alkene are more stable and undefgallyl elimination at elevated
temperatures to afford a Rh allyl complex and the corresponding
ketones. The intramolecularity, lack of evidence for ionic intermedi-
ates, and syn stereochemistry of the cyclizations are all character-
istics of a migratory insertion mechanism. Future studies will focus
on the scope of these reactions, extension into catalytic processes,
and detection of the initial product from cyclization.
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