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Although various types of stable disilenes have been studied
extensively since the first isolation of tetramesityldisilenein 1981,*
cyclic disilenes are still very limited.>® Herein we report the
synthesis of a novel type of stable six-membered cyclic disilene,
the 1,2-disilacyclohexene 1 (Chart 1), using a unique reagent for
introducing sterically protecting groups. The reaction of disilene 1
with bis(tricyclohexyl phosphine)palladium [(CysP),Pd] was found
to afford the stable 14-electron tricoordinate disilene-palladium
complex 2 having an unprecedented Y -shaped structure.
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The synthesis of 1 was achieved in four steps from 1,1-
bis(trimethylsilyl)ethylene in a rather good yield, as shown in
Scheme 1. The reaction of PhSiH,Cl with 1,4-dilithio-1,1,4,4-
tetrakis(trimethylsilyl)butane 3, which was prepared by the reaction
of 1,1-bis(trimethylsilyl)ethylene with lithium in tetrahydrofuran
(THF) at room temperature, gave the corresponding 1,4-bis(phe-
nylsilyl)butane 4 in 66% yield; 4 was converted to the corresponding
tetrabromo derivative 5 in 90% yield by reaction with bromine.
Cyclic disilene 1>° was synthesized in 72% yield as yellow crystals
by the reduction of 5 with potassium graphite (KCg) in THF. Details
of the synthesis are given in the Supporting Information. The
structure of 1 was characterized by *H, *C, and ?*Si NMR
spectroscopies, mass spectrometry (MS), and X-ray diffraction
(XRD). Whereas 1,4-dilithiobutane 3 has been utilized for the
synthesis of an isolable dialkylsilylene,” the present study indicates
that 3 is also an effective reagent for kinetic stabilization of a six-
membered cyclic disilene having relatively small residual substit-
uents such as phenyl groups.
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The molecular structure of 1,2-disilacyclohexene 1 was deter-
mined by single crystal XRD analysis (Figure 1).2 The Si1—Si2
bond length is 2.1595(9) A, which isin the range of typical Si=Si
double-bond lengths (2.14—2.29 A).2 The Si1 and Si2 atoms are
slightly pyramidalized, with bond-angle sums of 358.35(8) and
356.66(8)° around the unsaturated silicon atoms Sil and Si2,
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respectively. Because the geometry around the Si=Si double bond
is trans-bent as expected,® the six-membered ring of 1 adopts a
conformation between an ideal chair and an ideal half-chair, which
are known as the most stable conformations in all-carbon cyclo-
hexane and cyclohexene, respectively.

The °Si resonance for the unsaturated silicon nuclei of 1
appeared at +100.9 ppm, which is close to those expected for
tetraalkyl- and tetraaryldisilenes. Two kinds of singlet signals due
to the Me;Si groups were observed in the 'H, °C, and 2°Si NMR
spectra, indicating that the ring inversion accompanying the
pyramidal inversion at the unsaturated silicon atomsis slow on the
NMR time scales, probably because of the significant steric
repulsion between the vicina trimethylsilyl and phenyl groups
during the inversion.

Figure 1. Molecular structure of 1,2-disilacyclohexene 1: (a) top view;
(b) side view. Thermal ellipsoids are drawn at the 50% probability level.
Hydrogen atoms have been omitted for clarity. Selected bond lengths (A)
and angles (deg): Si1—Si2, 2.1595(9); Si1—C1, 1.889(2); Si1—C5, 1.878(2);
C1—-C2, 1.581(3); C2—C83, 1.548(3); C3—C4, 1.586(3); Si2—C4, 1.890(2);
Si2—C6, 1.874(2); Si2—Si1—C1, 113.50(6); Si2—Si1—C5, 121.14(7);
C1—-Si1-C5, 123.71(9); Si1—Si2—C4, 113.05(7); Si1—Si2—C6, 119.73(7);
C4—Si2—C6, 123.88(9).

The reaction of disilene 1 with (Cy3P),Pd was investigated, with
expectation that the geometry and electronic nature of the disilene
palladium complex thus obtained may be significantly different from
those of other complexes previously reported by us.*®** A new
disilene palladium complex, 2, was obtained as purple crystals in
56% yield together with free PCy; (eq 1):*2

(Cy4P),Pd, toluene, rt
———2 (56 %) €

3

The structure of 2 was determined by *H, **C, and °Si NMR
spectroscopies, MS, and XRD. The resonance of the unsaturated
2Si nuclei was observed at +40.2 ppm as adoublet with J(®Si—3IP)
= 17 Hz.

The molecular structure of 2 is shown in Figure 2 together with
selected bond lengths and bond angles.™® The central palladium
atom of 2 is tricoordinated by one phosphine P atom and the two
Si atoms of disilene 1, similarly to the 14-electron disilene complex
(CysP)(R,SI=SiR,)Pd (6; R = SiMe&,Bu-t).1°® The geometry around
Pdin 2 isdightly pyramidalized, probably to avoid steric hindrance
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between the bulky trimethylsilyl groups and tricyclohexylphosphine;
the sum of the bond angles around Pd in 2 is 349.46(17)°, as
opposed to 357.60(3)° in 6. However, the location of the phosphine
is very different in 2 relative to 6. Complex 2 is a Y-shaped
tricoordinate complex with symmetric coordination of the phos-
phine, while 6 is a T-shaped complex with unsymmetric coordina-
tion of the phosphing;*° the two P—Pd—Si angles in 2 are close
to each other [142.66(2) and 151.48(2)°], while those in 6 are
significantly different [128.94(3) and 171.83(3)°]. The Si1-Si2
bond length in 2 [2.2009(7) A] is only 0.0411 A longer than that
in free disilene 1.

(b)

Figure 2. Molecular structure of disilene palladium complex 2: (a) top
view; (b) side view. Therma ellipsoids are drawn at the 50% probability
level. Hydrogen atoms have been omitted for clarity. Selected bond lengths
(A) and angles (deg): Pd1—Si1, 2.3916(6); Pd1—Si2, 2.3488(6); Pd1—P1,
2.4284(6); Si1—Si2, 2.2009(7); P1—Pd1—-Si1, 142.66(2); P1—Pd1—-Si2,
151.48(2); Si1—Pd1—-Si2, 55.32(2).

We have recently shown™ that a disilene complex has a
character between a x complex and a metallacycle such as an
alkene complex.* The w-complex character is estimated using
the bent back angle around the Si=Si double bond (), the Si=Si
bond elongation (Ar/rg), and the extent of high-field shift of the
unsaturated 2°Si nuclei (Adg);*® the smaller these values are,
the stronger the m-complex character. On the basis of these
criteria, the 14-electron T-shaped complex 6 with 0 = 7.0° (the
average of 4.41 and 9.65°), Ar/ro = 3.2%, and Ads = 76.8 ppm
is characterized as a w complex, while the related 16-electron
complex (MesP),(R,Si=SiR,)Pd (7; R = SiMe,Bu-t) isatypical
metallacycle.*®® However, theoretical calculations for the model
14-electron disilene complex (MesP)(R,Si=SiR,)Pd(0) (6"; R =
SiH3)*%@ showed that the 7z-complex character is enhanced when
the complex has a symmetric Y -shaped structure, although that
structure is atransition state only 2.9 kcal mol~* higher in energy
than the T-shaped structure. The 6, Ar/ro, and Ads values for
complex 2 are 6.9° (the average of 6.70 and 7.15°), 1.9%, and
60.7 ppm, respectively, which are even smaller than those for
6. The results indicate that the Y-shaped complex 2 has the
strongest sz-complex character among known disilene palladium
complexes, in accord with the theoretical prediction.
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