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Attack by Allenes on a Bridging Alkylidyne Ligand at a Ditungsten Centre: Formation
of a Bridging Allyl-n3-W1,0-W2-alkylidene Ligand
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The alkylidyne bridged compounds [(Me3SiCH,),W(u-CSiMes)], (1), [(Me3SiCH,)(ButO)W(u-CSiMes)], (2), and
[(PriO);W(u-CSiMej3)], (3) each react with allenes R'CH=C=CHR2, where R’ = R2 = H, Me or R = Me, Ph and R2 = H,
to give, by C-C bond formation between the tertiary carbon atom of the allene and the bridging carbon atom of one
of the u-CSiMej ligands, a bridging ligand which is formally a x-allyl to one tungsten atom and a terminal alkylidene
to the other; the rate of reaction follows the order (1) > (2) > (3); CH=C=CH; = RCH=C=CH; > RCH=C=CHR, and the

C-C bond formation is stereoselective.

There is current interest in the chemical reactivity of bridging
hydrocarbon ligands in part because u-CR and pu-CR; ligands
may represent soluble models for reactive intermediates in
heterogeneous catalytic processes and also because their
reactivity may differ with respect to the chemistry of the
terminal (o) bound moieties.! Within this context we have
initiattd a study of the reactivity of 1,3-dimetalla-

cyclobutadienes which may be supported by a variety of
ligands and have different d»—d” configurations at the metal
centres.>—5 We describe here reactions between W,(u-
CSiMe;),, di-d!, containing compounds and allenes which
proceed to generate, by C-C bond formation, a new type of
bridging hydrocarbyl ligand.

In hydrocarbon solutions {(Me;SiCH,), W(u-CSiMe3)], (1),
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[(Me3SiCH,)(ButO)W(u-CSiMes)]; (2), which may be isol-
ated as syn- and anti-isomers, and [(PriO),W(u-CSiMe3)], (3)
react with allenes RICH=C=CHR? to give compounds con-
taining a W,(u-CSiMe;)[u-RICH(R2CH)CCSiMe;] moiety
where R1 = R2 = H or Me or R! = Me or Ph and R2 = H. The
relative rate of reaction follows the order (1) > (2) > (3) and
allene = RCH=C=CH, > RCH=C=CHR. The reaction
between (1) and allene is rapid even at —50 °C while the
analogous reaction employing (3) proceeds only over several
days at room temperature. In the case of reactions employing
(3) a second addition (insertion) of allene occurs at compar-
able rate to the first addition.

[(Me3SiCH,), W(u-CSiMes)|,
(1)

[(MC3SICH2) (BUIO)W(H-CSIMC3)]2
()
[(PriO),W(u-CSiMe3)],

3)

Studies of the reaction between (1) and MeCH=C=CHMe
reveal the initial formation at —20 °C of an intermediate,
whose n.m.r. spectroscopic properties are consistent with a
1:1 m-complex of the type shown in (4). This would be
analogous to the structurally characterized 1:1 adduct invol-
ving (1) and PhC=CMe which is formed prior to insertion into
a u-CSiMe; ligand.6 In this regard, the reactions involving
alkynes and allenes with compounds (1)—(3) are probably
related and require the d'—d! centre since adduct formation is
tantamount to an asymmetric oxidative-addition to the
dinuclear centre. No similar reactions occurred between
allenes and analogous tantalum d°-d° compounds.3

The products of allene addition to one of the u-CSiMe;
ligands are air-sensitive, extremely hydrocarbon-soluble,
waxy solids and only one example of a crystalline derivative
has yielded to single crystal X-ray studies.t The molecular
structure of the product of the reaction between (1) and
MeCH=C=CHj, is shown in Figure 1. The 'H and 3C n.m.r.
data for the other compounds leave no doubt that they are
structurally related. In particular for each compound there is
one alkylidyne p-CSiMes resonance at d ca. 350 with coupling
to two different 18W nuclei, J (W-C) ca. 110 Hz and
J(W2-C) ca. 90 Hz, and one alkylidene carbon resonance at &
ca. 240 which shows coupling to only one type of 183W atom.
All of the addition compounds have the common template
shown in the valence bond description (5).

Reactions employing CH,=C=CH, generate molecules hav-
ing a mirror plane containing the W~W axis while reactions
employing RCH=C=CH, give molecules with no element of
symmetry. This is easily determined by an examination of the
IH n.m.r1. signals associated with the other ligands.

Rather interestingly reactions employing MeCH=C=CH,
with (1) yield initially the anti-isomer of the allyl ligand, i.e.,

t Crystal data for (Me3SiCH,),W,(u-CSiMe;)[p-MeCH(CH,)CCSi-
Me;] at —158°C: monoclinic, a = 12.367(3), b = 11.036(3), ¢ =
30.502(10) A, B = 93.59(2)°, D, = 1.501 gcm=3, Z = 4, space group
P2,/c. All atoms except hydrogens were refined anisotropically. H
atoms were included in fixed idealized positions in the full matrix least
squares refinement. Present residuals are R = 0.031 and R,, = 0.033.
The atomic co-ordinates for this work are available on request from
the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Road, Cambridge CB2
1EW. Any request should be accompanied by the full literature
citation for this communication.
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Figure 1. Selected bond distances (A) and angles (°) for the
(Me;SiCH,), W, (u-CSiMe;)[p-MeCH(CH,)CCSiMes] molecule:
W-W  2.8585(7), W(1)-C(8) 1.918(7), W(2)-C(8) 1.944(7),
W(2)-C(23) 1.928(7), W(1)-C(24) 2.275(7), W(1)-C(25) 2.243(5),
W(1)-C(26) 2.260(7), W(1)-C(CH,SiMe;) 2.13(1) (av.), W(2)-
C(CH,SiMe;) 2.10(2) (av.), C(23)-C(24) 1.47(1), C(24)-C(25)
1.44(1), C(24)-C(26) 1.41(3); W(1)-C(8)-W(2) 95.5(3), W(1)-W(2)-
C(23) 80.8(2), W(2)-C(23)-C(24) 103.1(4), W(2)-C(23)-Si(28)
133.8(4), C(23)-C(24)-C(25) 121.1(7), C(23)-C(24)-C(26) 123.7(7),
C(25)-C(24)-C(26) 113.4(7), C(24)-C(26)-C(27) 122.9(7), C(13)-
W(1)-C(18) 98.6(3), C(3)~W(2)-C(32) 104.0 (3).

the one found by crystallography and shown in Figure 1.
However, with time in solution an equilibrium is established
between the anti- and syn-forms of the allyl ligand.

Reactions employing either anti- or  syn-
[(ButO)(Me;SiCH,)W(u-CSiMe;)], with allene proceed to
give a single but different isomer of the addition product
implying that the insertion reaction proceeds with either
complete retention or inversion of stereochemistry at tung-
sten. The latter seems most implausible while the former
(retention of stereochemistry at tungsten) is understandable if
the addition—insertion of allene is faster than a pseudo-
rotation about W! in the proposed intermediate m-complex
@).

Reaction between (3) and allene (>2 equiv.) yields a
compound lacking a plane of symmetry but retaining one
u-CSiMe; ligand. Based on n.m.r. data the most likely
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structure of the product involves formation of the bridging
ligand depicted by (6).1 This is related to (5) by a formal
insertion of an allene molecule into one of the methylene
groups of the allyl ligand.

While addition to the central carbon atoms of allenes is a
well documented route to m-allyl ligands in mononuclear
complexes,’ the attack on a bridging alkylidyne seen in this
work provides with a new twist the generation of both st-allyl
and alkylidene functionalities at a dinuclear centre.

i N.m.r. data for representative addition compounds: anti-W,[u-
(CH,)(CHMe)CC(SiMe;)](u-CSiMe;)(CH,SiMe;),, 'H (CD;CqDs,
23°C) & 4.23 [1H, m, J (H>-Hx) 2.9 Hz, u-(CH®H*)(CH=Me)CC-
(SiMe,)], 2.56 [1H, qd, J (Ha-Hv) 2.8 Hz, J (H>-Me) 6.5 Hz, p-
(CHPHx)(CH=Me)CC(SiMe3)], 1.95 [1H, dd, J (HaHb) 2.8 Hz,
(Hb>-Hx) 2.9 Hz, p-(CHPH*)(CH2Me)CC(SiMes)], 1.44 [3H, d, J
(H2-Me) 6.5 Hz, p-(CHPH~)(CH2Me)CC(SiMe,)], 0.59, 0.58 [9H, s,
w-CSiMe; and p-(CHPHx)(CH=Me)CC(SiMe;)], 0.14, 0.12, 0.08,
—0.01 (9H, s, CH,SiMe,), 0.63, 0.32, 0.30, 0.24, 0.22, 0.19, —0.05,
—0.22 (1H, d, Juy 11.5 Hz, CH,SiMe;); 12C (CD;CgDs, 23 °C) &
326.6 [J (183W-13C) 114 and 93 Hz, p-CSiMe;), 238.2 [J (183W-13C)
93 Hz, u-(CH,)(CHMe)CC(SiMe;)], 85.8 [u-(CH,)(CHMe)CC-
(SiMe3)], 62.3, 51.7 [u-(CH,)(CHMe)CC(SiMe,)], 69.6, 64.8, 60.6,
55.8 (CH,SiMe3), 19.9 [u-(CH,)(CHMe)CC(SiMe;)], 3.2, 3.2, 3.1,
2.2,1.6,0.2 [CH,SiMes, n-CSiMes, p-(CH,)(CHMe)CC(SiMe;)).
W[41-(CH,),CC(SiMe;)](i-CSiMes)(CH,SiMe;),,  'H - (CoDs,
23°C) 6 3.33 [2H, s, anti-u-(CH2HP),CC(SiMe;)], 1.77 [2H, s,
syn-pu-(CH2H?),CC(SiMe;)], 0.63, 0.58 [9H, s, u-CSiMes,
u-(CH,)CC(SiMe,)], 0.08, 0.00 (18H, s, CH,SiMe,), 0.41, 0.17, 0.03,
—0.40 (2H, d, Jyy 11.8 Hz, CH,SiMe;); 13C (C¢Dg, 23 °C) & 323.4
[J(183W-13C) 110.1 and 90.8 Hz, u-CSiMe;], 234.5 [J(183W-13C) 83.1
Hz, u-(CH,),CC(SiMe;)], 84.1 [u-(CH,),CC(SiMe,)], 63.6, 63.4
(CH,SiMe;), 54.8 [u-(CH,)CC(SiMe;)], 3.2, 2.8 (CH,SiMe;), 1.4,0.2
[u-CSiMe;, p-(CH,),CC(SiMes)].
W,(u-CSiMe;),(CH,SiMes)4-(MeCH=C=CHMe) (intermediate
allene adduct), 'H (partial, Me;Si region; CD;C¢Ds, —20 °C) 6 0.58,
0.32,0.19, 0.14, 0.11, 0.16 (9H, s, CH,SiMe;, u-CSiMe;).
W,[u-(CTH,)(CIH,)Ce(CH,)(CaH,)CPCy(SiMe;) | (u-CxSiMes)-
(OPri),, letter superscripts refer to structure (6), 13C (partial,
CD;C¢Ds, 23°C) 8 306 (Cx), 161 (Cv), 111.5 (Cb), 106.9 [C=, dd, J
(3C-1H) 154 Hz], 69.4 [C4, dd, J (**C-'H) 121.9 Hz], 65.6 (C¢), 62.4
[Ct, dd, J (13C-1H) 144.3 Hz], 38.2 [C<, dd, J (13C-1H) 142.6 Hz].
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