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Comparison of the structures of § and 6 is quite instructive,
showing that both the Rh—C and C-O bonds are significantly
shorter in the rhodaoxetane. As a matter of fact, the C-O bond
of 6 is even shorter than that of oxetane itself [1.444 (2) A],22
contrary to the expectation of increased bond length upon strain
relief.%#23 These features indicate some contribution of structure
7, i.e., partial metathesis to a metal carbene and a ketone. This
is also compatible with the planar ring structure. In accordance
with this, the other reported simply substituted metallaoxetane,
Cplr(CH,CMe,0)PMe;, undergoes photoextrusion of acetone to
generate an iridiacarbene.?*
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We are currently studying the properties and reactivity of the
rhodaoxetane, emphasizing model transformations. We are also
planning to prepare analogous complexes by the same route.?
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A variety of chemical processes involve metal-mediated addition
or removal of an oxygen or sulfur atom from an organic substrate,
ranging from oxidation? and hydrodesulfurization?® reactions to
enzymatic processes.* We have found that the tungsten(II)
complex WCl,(PMePh,), (1)’ readily abstracts an oxygen or a
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Scheme 1. Deoxygenation of Unsaturated Alcohols by
WCL(PMePh,), (1), Forming W(O)Cl,(PMePh,),; (2)
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sulfur atom from a variety of substrates, including epoxides and
episulfides, ketones, and heterocumulenes such as CO, and
RNCS.$ The metal product of these reactions is a terminal oxo
or terminal sulfido complex such as W(O)Cl,(PMePh,), (2) or
W(S)Cl,(PMePh,); (3).¢ This report describes the reduction of
alcohols and thiols by 1, including their novel deoxygenation or
desulfurization to hydrocarbons. Selected ethers are also deox-
ygenated.

A benzene solution of 1 reacts with simple alcohols such as
methanol or ethanol over >1 week at ambient temperatures to
give two sets of products in roughly equal amounts: The tung-
sten(IV) oxo complex 2 and the corresponding alkane, together
with a bis(alkoxide) complex (4) and hydrogen (eq 1; R = Me,
Et, PhCH,).”® Compounds 2 and 4 together are formed in high

WCI,(PMePh,), + ROH — W(O)Cl,(PMePh,), +
1 2
4

yield when the reaction is carried out in a sealed NMR tube.’
Formation of a metal-oxo complex from an alcohol has been
previously observed!® (including from WCIl,(PMe,), and
CH;0H"), but concomitant alkane formation is, to our knowledge,
unprecedented. With phenol and p-cresol the predominant
products are a bis(aryl oxide) complex W(OAr),Cl,(PMePh,),
(5) and H,.”® C-0 bond cleavage does not occur in this case
presumably because the aromatic ring-to-oxygen bond is almost
20 kcal/mol stronger than aliphatic C-O bonds.!?
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Thiols are desulfurized by 1 to form alkanes and the tungsten
sulfido complex 3, without any evidence for the formation of
thiolate complexes (eq 2; R = Et, 'Bu). These reactions are much

WCL(PMePh,), + RSH —
1
W(S)CL(PMePh,); + RH + PMePh, (2)
3

more rapid than those with alcohols: ethanethiol is desulfurized
in 10 min at ambient temperatures and 'BuSH within an hour,
while deoxygenation of ethanol requires 3 weeks and 'BuOH is
unreactive. The reaction of 1 and !BuSH initially forms 3 and
isobutane in high yields,® but 3 reacts further with the thiol to
give a complex mixture of products including SPMePh,. With
EtSH, degradation of 3 by the thiol is competitive with its for-
mation and 3 does not accumulate in the reaction mixture. Aryl
thiols yield hydrogen® and apparently paramagnetic products which
have not been characterized.

In contrast to the slow reactions of 1 with saturated alcohols,
allyl alcohol is very rapidly (<1 min) and quantitatively® converted
to 2 and propene (Scheme I).!* Similarly, allyl mercaptan is
desulfurized within 1 min. 3-Buten-1-ol is also rapidly deoxy-
genated, to 1-butene, indicating that conjugation is not responsible
for the faster rates of unsaturated substrates. Rates are affected
by steric hindrance about the double bond (Scheme I), with the
trisubstituted olefin reacting as slowly as aliphatic alcohols. The
rate enhancement thus seems to result from coordination of the
double bond to the tungsten center, consistent with the rapid
formation of a bis(ethylene) complex from 1 and ethylene.*
Double-bond migration is observed on deoxygenation of 3-bu-
ten-2-ol and 2-buten-1-ol, both isomers yielding 93:7 mixtures of
1-butene and trans-2-butene (by NMR).

The deoxygenation does not appear to proceed via free-radical
intermediates, as no ethane is observed on methanol reduction,
nor butane or ethylene from EtOH, and CH;OH is reduced to
CH, even in toluene-ds. The reaction of benzyl alcohol with 1
is similar to that of methanol, both in rate and in the ratio of
products. In C¢Dj solution, CD;OD is reduced to CD, and allyl
alcohol-0-d forms CH;=~CHCH,D. Carbocations also seem
unlikely as aromatic alkylation and ether formation are not ob-
served.” The observation of the same nonthermodynamic product
mixture from isomeric butenols (Scheme I) suggests a common
intermediate, probably an 5* or fluxional 1-methylallyl complex.
These data are consistent with a mechanism for the deoxygenation
of allyl alcohols (Scheme II) involving initial coordination of the
double bond, followed by oxidative addition of the O~H bond!s
to form an allyloxy intermediate (A). The rate enhancement for
unsaturated alcohols is then due to oxidative addition being an
intramolecular process. Intermediate A can rearrange's to an

(13) With excess allyl alcohol, W(O)Cl,(CH;~CHCH,OH)(PMePh,),
is formed in equilibrium with 2 and can be the predominant product.®® Similar
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oxo-allyl-hydride species'” which reductively eliminates alkene.
An alternative involving loss of RH directly from A!8 is difficult
to reconcile with the observed double-bond migration.

This chemistry has been extended to ethers by using the idea
that the double bond acts as a tether to bring the oxygen to the
metal center. Thus 2,5-dihydrofuran and diallyl ether are rapidly
deoxygenated to give 2 (e.g., eq 3'%), while THF and Et,0 do not
react with 1 at ambient temperatures.
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Deoxygenation of alcohols and ethers (net oxygen atom transfer)
is a quite unusual reaction. The formation of the very strong
tungsten—oxygen multiple bond in 22° provides a driving force for
this pathway as opposed to the more common reduction of alcohols
to alkoxide compounds. Further studies of the mechanism and
the scope of these unusual transformations are in progress, in-
cluding the differences between alcohols, thiols, and amines (which
are not reduced to imido complexes?').
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Small carbon fragments are important in the surface chemistry
of many heterogeneous catalysts,! often as reactive intermediates?
or as precursors to graphitic overlayers.! While metal cluster
carbides are relatively common,* complexes with carbide* and
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