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Much attention has been focused on the structure of transition
metal complexes withy2-silicon—silicon doubly bonded species
as ligands (disilene complexes). In related alkene complettess,
bonding of an alkene to a transition metal center is usually
understood in terms of alkene-to-metationation and metal-to-
alkener-back-donation, according to the DewaEhatt-Duncanson
model? The structure of an alkene complex is significantly
influenced by the relative importance between ¢héonation and
the -back-donation; hence, they are classified inta-eomplex
having a major contribution af-donation and a metallacycle having
dominantz-back-donation. The geometry around the alkene ligand
in the z-complex is not very much different from that of the free
alkene, while that in the metallacycle is significantly distorted and
characterized by an elongated-€? bond length ) and a large
bent-back anglefl) defined by the angle between thé-RC1—R?

(or RB—C?—R*) plane and the €-C? bond.
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In contrast to alkene complexes, very few studies have been
reported on the synthesis and properties of disilene compfe&es.
All the disilene complexes whose X-ray structures are known,
CpW(Si:Mey) reported by Berry et dl.and 16-electron disilene
platinum and palladium complexes—3 reported by u$, are

characterized as the metallacylcle on the basis of the above criteria

We report herein the successful synthesis of the first 14-electron
disilene palladium comples having strongr-complex charactet.
Complex4 is promising as a synthetic reagent for novel organo-
silicon compounds, in view of the high reactivity of three-coordinate
14-electron complexes having a vacant coordination®site.
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Disilene complexX was obtained as air-sensitve dark-red crystals
in 85% vyield by the reaction of (GPLPdCL 5 with 1,2-
dilithiodisilane 6° in THF at room temperature (eq 1.The
molecular structure of was determined byH, 13C, 2°Si, and3'P
NMR spectroscopies and X-ray crystallograpghyThe initial
reaction would be the reduction & by 6 giving zerovalent
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(CysP)%Pd (7) and free tetrakisért-butyldimethylsilyl)disilene §).12
Because botltT and8 were actually observed during the reaction
by NMR spectroscopy, the coupling betwegand8 accompanied

by the elimination of CyP would give the final 14-electron complex
4. During the reaction of (GP)%PtCL with 6, (CysP),Pt and8
formed, but no further reaction proceeded even at reflux in THF.

SiRs
Li—Si—SiR; THF, rt, 24 h
CyaP),PdCl, + | —— 2 485%) (1)
(Cys )25 2 Li—si—SiR;  “CysP
SiRs
6

X-ray structural analysis revealed interesting structural charac-
teristics of complex4 (Figure 1). In the solid state, the central
palladium atom was tricoordinated with the coordination of one
tricyclohexylphosphine and am?-disilene; Pa-Sil and Pe-Si2
distances are 2.3610(9) and 2.4168(8) A. The geometry around the
palladium atom was almost planar with the sum of bond angles of
357.60(3j. Interestingly, tricyclohexylphosphine ligand coordinates
unsymmetrically to the cyclopalladadisilane ring; the angles of
P—Pd-Sil and P-Pd-Si2 were 128.94(3) and 171.83(3)
respectively. The central SiSi2 bond length was 2.274(1) A,
which is longer by 0.072 A than that of the corresponding free
disilene8 (2.202(1) A¥2 but considerably shorter than the reported
Si—Si single bond (2.3352.697 A).

In H, 13C, and?°Si NMR spectra of4 in benzeneds at room
temperature, four-BuMe,Si groups were equivalent, and tFSi
resonance of disilene silicon nuclei was observed as a doublet at
65.3 ppm J(?°Si—31P) = 19 Hz]. The doublet signal was unchanged
even at—80 °C. Facile flipping of the CyP group shown in eq 2
would be responsible for the highly symmetric NMR patternd of
(vide infra).

CyaP\P sli(sn:z3)2
Si(SiRs),

Si(SiR
-3 (SiRs)
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The 2°Si NMR resonance at-65.3 ppm is considerably down-
field-shifted compared to the corresponding resonances of com-
plexes2 (—46.5 ppm),3 (—51.9 ppm), and hexakisgt-butyldi-
methylsilyl)cyclotrisilane { 156.5 ppm3?3 but still upfield from that
of free disileneB (+142.1 ppm):2 The tendency may be related to
the difference in ther-complex character among these disila-
metallacycles.

The bent-back anglé and bond elongatioir/ro (Ar = r—ro,
whererg is the Sit-Si2 bond length in the corresponding free
disilene) for CpW(Si:Mey),** 1, 2, and3 are estimated to be 30.2
and 3.7%, 29.3and 5.4%, 27.5and 4.6%, and 26°0and 5.3%,
respectively. Theoretical calculations fors@LPt(SbH,4) and (HsP)-
Pd(SiH,4) showed the metallacycle character of these complexes,
whosef andAr/rq are 2% and 5.6% for the platinum complex and
24° and 5.3% for the palladium compléXThe bent-back anglé
around the central Si atoms dfwere 4.42 for Sil and 9.65 for
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Figure 1. Molecular structure of comple#. In the single crystal o#,
toluene molecules were included with t#¢oluene ratio of 1:1. Hydrogen

atoms and the toluene molecule were omitted for clarity. Selected bond

lengths (A) and angles (deg): P&i1 2.3610(9), PdSi2 2.4168(8), PeP
2.3919(8), SitSi2 2.2740(11), PdSil-Si2 62.82(3), PeSi2—Sil
60.35(3), Sit-Pd-Si2 56.83(3), P-Pd—Sil 128.94(3), PPd-Si2 171.83(3).

Si2, respectively. Thar/ro value for4 was 3.2%. On the basis of
the considerably smalle# and Ar/ro values for4 than those for
1-3, 4is regarded as the complex having the strongesbmplex

character among the known disilene complexes, due to the intrinsic
electron-deficient nature of the central metal of 14-electron complex.

DFT calculation® for a model 14-electron complex9,
(MesP)Pd (H3Si),Si=Si(SiHs),}] revealed that as shown in the
following chart, the unsymmetrical (T-typé)structure observed
for 4 was well reproduced by the optimized structudél), while
the P-Pd-Sit angle for9U was much smaller than that observed
for 4 (128.9) probably due to the steric effects of bulky trialkylsilyl
substituents ird. Unsymmetrical comple®@U was 2.9 kcal/mol
more stable than symmetrical (Y-typéfomplex9S,, which was

found to be a transition state for the inversion process shown in eq

2. The calculated very low barrier for the inversion is compatible
with the symmetric NMR spectra dfat even low temperaturég.

(CHg)sP P(CHas

114_30\9%1\ 1526° (pq) 152.6°

HSit+ o Si'—si2., HaSitne s Si— S insiH
e 3ol! IF3
Hasi™ \slj-liHS i Vit
3
fatSi'=145° 6=142°
fatSi2=285° Arrg=2.7%
Arlrg = 3.9%
9U (E = 0 kcal mol™") 9s* (E = 2.9 kcal mol™)

The planarity around the SiSi bond increased in the order
[(MesP)LPd{ (H3Si),Si=Si(SiHs),}] (10) < 9U < 9S'; the 0 and
Ar/rg values were 282and 4.3%, 21.5(av) and 3.9%, and 14°2
and 2.7%, forlQ, 9U, and9S, respectively. The order would be
understood by the effectiva-back-donation, depending on the

overlap between the lone-pair orbital of a phosphine ligand and a

d orbital responsible for the-back-donatior? Since ther-back-

donation in a three-coordinate 14-electron complex is expected to

decrease with increasing—Pd-Si' angle, the higher planarity
around the S¥Si bond in4 than that inQU may be attributed in
part to the larger PPd—Sil angle in4.

Further works on the unique reactions of compkare in
progress.
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