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Recently we have been interested in imido alkylidene complexes ppm (~triplet) in the'H NMR spectrum. Ethylene and vinyltribu-
of (primarily) molybdenum and tungsten that contain an enantio- tylstannane were slowly consumed over the next 48 h to give
merically pure biphenolate or binaphtholate ligdrgince ethylene allyltributylstannane in 75% yield and complexésand1b in a
is often a product in metathesis reactions that involve terminal 2:3 ratio. Other minor products (e.g., f8nCH=CHCH,SnBw and
olefins, we have been exploring reactions between these asymmetriBus;SnCHCH=CHCH,SnB;) were also observed at the end of
imido alkylidene complexes and ethylene. We have found that the experiment. Complexeka and 1b are analogous to related
M(IV) ethylene complexes are formed as end products and that hexafluorotert-butoxide species.
they are in equilibrium with metalacyclopentane complekége
have now found that Mo(IV) imido bisalkoxide olefin complexes
are catalysts for the conversion of vinyltributylstannane to allyl-
tributylstannane, a one methylene olefin homologation reaction, and
propose a mechanism that involves contraction of a metalacyclo-
pentane (M@) ring to a metalacyclobutane (MEring.

The reaction was discovered in the process of exploring potential
cross-metathesis reactiGrizetween vinyltributylstannane and, for
example, 1-hexene catalyzed by asymmetric molybdenum imido  Conversion of Chl=CHSnBuy to CH,—CHCH,SnBy was found
alkylidene complexes, as well as Mo(NAr)(CHC)r#)[OC(CR),- to be catalytic when 31 equiv of GHCHSnBu were added tda
Me], (Ar = 2,64-Pr,CgH3).1 No cross-metathesis between vinyl- under 1 atm of ethylene. Compléb was the major molybdenum
tributylstannane and 1-hexene or homometathesis of vinyltributyl- complex observed in the first 60 h, with a mixture Id and 1b
stannane to give BSnCH=CHSnBuy was observed, although being observed thereafter. Allyltributylstannane was obtained in
1-hexene was homometathesized to yield 5-decenes. Peculiarly80% vyield (3% Mo catalyst). The reaction was first-order with
however, vinyltributylstannane was consumed in these reactionsrespect to Cl=CHSnBu in the first 60 h {12 ~ 40 h) with a plot
in a catalytic fashion to give largely allyltributylstannane and small of In[CH,=CHSnBu] versus time yielding an observed rate
quantities of BgSNnCH=CHCH,SnB; (according to comparison  constant Ky, of 4.70 x 1076 s~ with R2 = 0.9969.
with an authentic sample; see Supporting Information) an&BOH:- When 2 equiv of C=CHSnBuY were added tda prepared in
CH=CHCH,SnBu; (prepared by homometathesis of allyltributyl- a reaction between Mo(NAr)(CHCMeh)[biphen] and 2 equiv of
stannane with Mo(NAr)(CHCM#£h)[OC(CF),Me],) and possibly 13C,Hy,, the allyltributylstannane that was formed in the first 12 h
other species that contain two tins. Similar results were obtained was selectively*CH,=~CHCH,SnB; (0C = 110.17 ppm withJch
in reactions involving vinyltributylstannane and diallyl ether (which = 157.9 and 152.5 Hz antds,c = 44.8 Hz); thea. and3 carbons
is effectively an ethylene source) and in reactions involving (at16.72 and 138.57 ppm, respectively) were not labeled. After 56
vinyltributylstannane and ethylene. Therefore, we proposed that theh, ~15% of CH=CHCH,SnBw was observed. Therefore, it
reaction that produces allyltributylstannane involves ethylene (eq appears that Cl+=CH'¥CH,SnBu is formed in a secondary reaction
1) and suspected that the catalyst wasan alkylidene complex. which we attribute to a 1,3 migration of the tributylstannane

fragment in13CH,=~CHCH,SnBu;, the mechanism is not known.
X" siR, 1) Therefore, we propose that the primary catalytic reaction being
ethylene observed is that shown in eq 3, i.e., each methylene from ethylene
is appended to the vinyl group (with the accompanying migration

Recently2 we found that addition of 2 or more equivalents of ©f & proton from & to ana carbon atom) to form an allyl group.
C,H, to Mo(NAr)(CHCMePh)[biphen] (where [biphef} = 3,3-

@

2 SnR;

*
di-tert-butyl-5,3,6,6-tetramethyl-1, tbiphenyl-2,2-diolate) yields Z SR, + 0.5 *CH,=*CH, siR, O
the ethylene adduct, Mo(NAr)(GHCH,)[biphen] (L&), quantita- ) ) )
tively, along with CH=CHCMePh, the metathesis product from We have been able to think of only two possible mechanisms

the initially formed molybdacyclobutane complex. (The four for this reaction. The first is that ethylene is literally split by two
ethylene resonances were observed at 3.15, 2.30 (area 2), and 3.2i10(1V) species (possibly in a dimer) to give two MCH, species.
ppm in the proton NMR spectrum.) Addition of 2 equiv of Formation and rearrangement of arsubstituted molybdacyclobu-
CH,=CHSnB to this solution led tdlb (eq 2) in 80% yield in 1 tane complex (eq 4) would then produce the allyl tin product and
h at 22°C in equilibrium with 1a The three olefinic proton @ Mo(IV) species again.
resonances ittb were found at 3.82 ppm (dd), 2.88 (dd) and 3.64

SnR.
SnR SnR; 3
+ A SnR, s H, <
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The other possibility is that the molybdacyclopentane complex to the rate of loss of an olefin from the metalacyclopentane. As
formed from ethylene and vinyltributylstannane shown in eq 5 mentioned above, two of the minor products formed in these
undergoes a “ring-contraction” to a molybdacyclobutane complex, reactions have been identified as;BonCH=CHCH,SnBw and Bu-
which then does not continue to rearrange (because a carbon-baseBnCHCH=CHCH,SnBu. It is not yet known whether these
group is in theo position at that point), but metathesizes to yield species are formed via rearrangement of molybdacyclobutane or
allyltributylstannane and a methylene complex. A methylene molybdacyclopentane complexes or whether they are formed in

complex that is generated this fashion then reacts as shown in
eq 4 to yield more allyltributylstannane or decomposes to form

metathetical reactions.

We could find no example in the literature of a homogeneous

ethylene and/or a Mo(NAr)[biphen](olefin) complex suchlasor catalytic one methylene homologation of an olefin in which ethylene

1b.

is the methylene source, although heterogeneous examples (e.g.,

conversion of ethylene to propylene) are knoWwiReactions are
also known that involve methylene sources such as diazomethéne.

We prefer the second proposal for two reasons. FirstQW,
species have long been known to decompose to yield ethylene or
ethylene complexesand there is no precedent for this reaction

In some cases, only olefins are involved and mixtures of many
products are obtainéd These new findings suggest (inter alia) that
contraction of an M@ring to an MG ring may be a more common
mode, perhaps even the dominant mode, of decomposition of
metalacyclopentane rings of domplexes. In addition to exploring
further mechanistic details, we are curious whether other vinyl
compounds (e.g., silicon) behave similarly, whether tungsten(1V)
complexe® are also catalysts for such reactions, and whether
certainordinary olefins could ever be homologated in this manner
under some conditions.
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being reversible. Second, there is considerable precedent for thesynthesis of Bs§SnCH=CHCH,SnBu; (PDF). This material is available
ring-contraction mechanism in the chemistry of CpfTz(olefin) free of charge via the Internet at http://pubs.acs.org.
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