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the ethoxyaminocarbene group has little carbene character
and it should be regarded as an O-ethylated carbamoyl
group which is linked to the palladium center by a single
bond.
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Summary: Bis[(trimethylsilyl)methyl] platinum(II) com-
plexes cis-Pt(CH,SiMe;),L, (L = PEt;, PPh,Me, PPh;) do
not afford 1-metalla-3-silacyclobutanes via thermolytic
4-C-H migration but instead undergo a novel linkage
isomerization, involving 3-Si-CH; scission and transfer, to
afford the unusual methylplatinum(II) products cis-Pt-
(CH;)(CH,SiMe,CH,SiMe,)L,. 72-Silylene complexes are
likely intermediates.

(Trimethylsilyl)methyl and neopentyl derivatives of
transition metals were among the forefront of development
in alkylmetal chemistry when it was realized that §-hy-
drogen migration was a major labilizing pathway.! More
recently, a number of neopentylmetal complexes have been
reported to undergo intramolecular aliphatic v-C-H ac-
tivation and transfer, generating 3,3-dimethylmetalla-
cyclobutanes.? The mechanism has been explored in detail
for platinum complexes. (Trimethylsilyl)methyl analogues
often react similarly?»Pd®3 though, in general, less readily.
It seems to be assumed widely that the mechanistic con-
trols on the two systems are likely to be the same, irre-
spective of metal. Relatedly, several neophyl
{CH,CMe,Ph] complexes rearrange by distal aromatic H
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migration to form 3,3-dimethylmetallaindans.?* Again,
mechanisms are best understood for platinum deriva-
tives?®d and the corresponding reactions of sila-neophyl
[CH,SiMe,Ph] species are slower.? Organo-f-block metal
compounds—notably Th(CH,EMe,R),(n%-CsMe;), [E = C,
Si; R = Me, Ph]—show similar reactivity trends.! QOur
interest in understanding the relative inertness of §-sila-
alkyl systems has prompted investigation of a range of
bis{(trimethylsilyl)methyl]platinum(II) complexes.” The
unexpected results of thermolytic rearrangement of several
of these with monodentate tertiary phosphine ligands
demonstrate that mechanistic analogies cannot be as-
sumed, even for the same metal. In contrast to their
neopentylplatinum analogues, they do not yield metalla-
cycles. Thermolysis of toluene-dg solutions of the com-
plexes Pt(CH,SiMe;),L, [1, L = PEt;, PPh,Me, PPh;]
results in quantitative rearrangement to novel methyl-
{[(trimethylsilyl)methyl]dimethylsilylimethyl)platinum(II)
complexes, cis-Pt(CH;) (CH,SiMe,CH,SiMe,) L, (8), iden-
tified by their 'H, 13C, and 3P NMR spectroscopic char-
acteristics and by mass spectrometric and elemental
analyses of the two isolable examples (where L = PEt;, the
pure product could not be recovered). The structure of
the triphenylphosphine derivative has been confirmed by
X-ray diffractometry.®  Reaction of the trimethyl-
phosphine complex requires more vigorous conditions, and
though the predominant pathway is analogous, secondary
and/or competitive reactions are apparent.

The asymmetric geometry of the products is most clearly
evident from the 3'P{!H} NMR data.! The *C{'Hj} spectra
allow unequivocal assignment of the structure.}* Two
distinct Pt—-CH,, resonances are observed. Of these (from
ADEPT measurements) the lower field resonance arises
from a Pt-CH, grouping, while the higher field signal
clearly corresponds to Pt~CH;. Two Si~CHj, environments
are also evident, one displaying %Jp, interaction (com-
parable to that in the parent complex 1) and a second,
more intense, with no observable coupling. A further al-
iphatic carbon showing 3Jp, ¢ coupling is attributed to a
Si—CH, group.

An important aspect of product analysis in this instance
is the origin of the methyl group bound ultimately to
platinum. Though rearrangement of the selectively deu-
terated complex cis-Pt[CH,Si(CD;)s]o(PPhyMe), is slower
(vide infra), it generates an exactly analogous product
whose 13C{'H} NMR spectrum reveals the presence only
of Pt-CD; and Pt-CH,-Si groups. Superficially, then, the
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= 27.

0276-7333/89/2308-2068$01.50/0 © 1989 American Chemical Society



Communications

rearrangement features an effective 8-methyl migration
from silicon. Though rare for d-block metals, 3-alkyl
transfers have been observed, notably in organoplatinum-
(II) systems which not only lack transferable hydrogen but
also have the impetus of strained alicyclic systems incor-
porating the 8-carbon.!! Recently, an apparent 8-methyl
migration has been induced in the reaction of Ru(n®-
C;H;) (n*-C3H;) (CH,SiMe,)Br with AgF (or AgBF,) to yield
Ru(n5-CsH;) (15-C3H;) (CH,SiMe,F)Me.'2 Mechanistic
information is lacking, but it seems likely that the halo-
philicity of Si is a major stimulus. Generation of M(n°-
C;H:)(CO)sMe (M = Mo, W] from reaction of Na[M(n®-
C;H;)(CO)4} with MeySiCH,I was shown not to have re-
sulted from methyl migration.!?

Three variation studies have been employed to illumi-
nate the mechanism of these rearrangements, which were
kinetically first order for at least 3 half-lives.!* (1) The
temperature dependence of k., for each of cis-Pt-
(CH,SiMej),L, conforms linearly to the Arrhenius rela-
tionship. AH?, (at 105 °C) is 140-170 kJ-mol ™! and AS*
is in the range +30 to +120 J-mol™*-K™1. (2) The presence
of free phosphine markedly reduces the rearrangement rate
of all three complexes. Plots of 1/, versus phosphine
concentration are linear with nonzero intercepts. No Pt-
(CH,SiMe,),L; species were detectable. (3) Rearrangement
of cis-Pt[CH,Si(CDy)s]sL; is uniformly slower than that
of the undeuterated analogue. The small but significant
deuterium isotope effect kH ;. /kD ., (1.40 £ 0.2) is essen-
tially independent of the nature of L.

The data are most consistent with a pathway in which
preliminary phosphine dissociation is a prerequisite—as
is often the case for rearrangements in d® systems. 2415
Values estimated for k, from [L}]/E, plots!® are uniformly
greater than k., and suggest that this first step is not
rate-limiting. The data do not yet allow unambiguous
delineation between alternative paths in which the new
Pt-C bond results from C-H or C-Si activation [Scheme
1] although participation by a-hydrogen transfer!” can be
excluded. The relatively small isotopic inhibition may be
(i) a secondary effect on direct 3-methyl migration [k;] or
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(ii) a primary effect on y-hydrogen transfer, partly diluted
as a result of a phosphine reassociation [k_;] rate which
is significant compared with that of the successive step(s)
[k, etc.].* Alkyl migration [k3] provides the simplest
explanation for the specificity demonstrated by the la-
beling experiment; regiospecific migration of the remaining
(trimethylsilyl)methyl group to Si in the 5%-silylene in-
termediate 3 would be in accord with the relative elec-
trophilicity of the Si site. Related n*-silylene-Ru com-
plexes (via 3-Si—H transfer) have been identified recently,!®
but the general reactivity of such species has yet to emerge.
Alternatively, C-H transfer generates the metallacyclo-
butane 4. Increased ring strain might account for reactivity
distinct from that of its carbon analogue.?® Instead, 4 may
favor cycloreversion of the type established for metalla-
cyclobutane derivatives,!® affording 5 (with both an al-
kylidene and an 52-silylene ligand) which, in turn, could
rearrange to 3 or to 6 by alternative migratory insertions.
Ring opening of 4 must be highly regiospecific to accom-
modate the labeling result, but the inherent asymmetry
of this complex might ensure such selectivity. We are
engaged in experiments aimed at exploring the scope of
this novel rearrangement and further clarifying its mech-
anism.
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Summary: Reactions of the title carbene complex (10)
with 1,6- and 1,7-enynes are described and contrasted
with the results of the 1-methoxyethylidene analogues.
The more strongly electron-donating pyrrolidino substituent
simultaneously provides considerable mechanistic insight
and leads to a more generally useful synthetic tool for the
preparation of bicyclic cyclopropanes.

The reaction of (1-methoxyethylidene)pentacarbonyl
chromium (1) with 1,6- and 1,7-enynes (2) was recently
described by us.2 The principal products (see Scheme I)
included bicyclic cyclopropanes (3), bicyclic cyclobutanones
(4), furans (5), and metathesized dienes (6). We proposed
several mechanistic branch points: (i) the vinylogous
methoxycarbene complex 7 (X = OMe) could engage the
now internal alkene either before (path a) or after (path
b) carbon monoxide insertion leading, respectively, to
metallacyclobutane 8 or the vinylketene complex 9, (ii) the
metallacyclobutane 8 could reductively eliminate to cy-
clopropane 3 (path c) or consummate metathesis by pro-
ducing 6 (path d), and (iii) the vinylketene complex 9 could
undergo net 2 + 2 cycloaddition to give the cyclobutanone
4 (path e) or rearrange to the furan 5 (path f).> With the
hope of tailoring the reaction to only provide the useful
vinylcyclopropanes 3 by avoiding path b, we have exam-
ined related reactions using (1-pyrrolidinoethylidene)-
pentacarbonyl chromium (10) and now describe those re-
sults. This complex and the intermediates derived ther-
efrom should exhibit greater back-bonding between
chromium and carbon monoxide and, therefore, a reduced
propensity for CO insertion into 7.* The anticipated result
was the quenching of path b; such is the case.
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Table I
MeO,C ? MeO,C R2 MeO,C
MeO2C: (<) MeO,C "R® MeO,C "”H3
n—g_ﬁz
RS
11 12 13
11-13 a-e | Yield®of 12 Yield® of 13
R'R*’R’n _from10 from
a HHHI 88%"° (76%)° 69%
b MeH H 1 (58%) 22%°
¢ H HMei1l (62%) 293
d HMeH 1 (64%) not done
e HHH?2 79% (61%) 46%"°

a) yields are of MPLC-purified product except those in parentheses which are for
material sequentially purified by MPLC and then HPLC b) ~5 mmol scale, all
others ~0.5 mmol scale ¢) 30% cyclobutanone also formed d) 6% cyclobutanone,
30% metathesized diene, and 7% furan formed e) 20% furan formed

When the series of enynes 11a—e was exposed to the
pyrrolidinocarbene 10 in refluxing toluene® ([10] ~ 0.7 M,
~1.3 equiv of 11, 1 h, 120 °C external bath, sealed vessel),
the ketocyclopropanes’ 12a—e were the only products ob-
served upon inspection of the crude product mixture by
'H NMR analysis and isolated after MPLC/HPLC on
silica gel. As the data in Table I indicate, the yields of
cyclopropane 12 using the aminocarbene complex 10 were
essentially independent of the degree of alkene substitution

(6) THF, benzene, toluene, and DMF*¢ are all acceptable solvents for
the reaction of 10 + 11a.

(7) *H NMR analysis of the crude product mixture before chroma-
tography or of solutions of reactions carried out in C¢Dg gave no indica-
tion of the expected enamine intermediates i (cf. ref 4a). Circumstantial
evidence that enamine formation is indeed occurring is found in the
reaction of 10 with 11 (R? = CO,Me, R!/R? = H) at 120 °C which gave
the bicyclo[3.3.0]octane ii in 53% yield and as a single diastereomer. This
is best envisioned as arising via a thermodynamically controlled vinyl-
cyclopropane rearrangement of the “push—pull” activated enaminoester
intermediate iii. In fact, a C¢Dg solution of ketone 12 (R? = COzMe,
R!/R? = H)? and excess pyrrolldme at 80 °C resulted after 3 h in clean
conversion (*H NMR) to the rearranged product ii [ef.2 1 + 11 — 13 (R?

= CO,Me, R!/R® = H) in 64%].
C N(CH,CHy),
: O

MeO,C R2 MeO,C N
MeO,C R® MeO,C Me

R’ H coMe

R' R? R?
i H or alkyl ii

ili HCOMe H
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