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[RhCIL;] (L. = P(i-Pr)s) reacts with tris(2-phenylethyl)silane in pentane to give a dinuclear Rh(IV) complex, [LRh-
(H)2 { #-Si(CH,CH, Ph), }>Rh(H),L] (1), and several organic products including ethylbenzene, chloro{tris(2-phenyleth-
yD}silane, and tetrakis(2-phenylethyl)silane. Results of X-ray crystallography and NMR study of 1 indicate a symmetrical
molecular structure containing two Rh(IV) centers which are bonded to each other through two bridging silylene ligands.
[1, triclinic, space group P1 with a=12.886(4), b=13.217(3), c=10.388(3) A, a =104.78(2), B =106.50(2), v =
61.70(2)°, V=1478 A3, Z=1, R=0.073, Ry, = 0.081 for 3930 reflections with I > 30(l) and 289 variables]. The initial
reaction products contain mononuclear Rh(lll) complexes, [RhClI(H),L,] (2) and [RhCI(H) {Si(CH,CH,Ph);}L,] (3), the
latter of which is turned into 1 on further stirring. Reactions of tribenzylsilane and of tris(p-methylbenzyl)silane with
[RhCIL;] cause immediate separation of [RhL(R3Si)H(x-Cl);RhH(SiR3)L] (4: R=CH,Ph, 5: R=CH,CsHsMe-p). X-
Ray crystallography of 4 has revealed the structure containing two Rh(III) centers with distorted trigonal bipyramidal
coordination [4, monoclinic, space group P2;/n with a=11.513(3), b=28.227(9), c=20.883(5) A, £=94.14(2)°, V=6769
A3, Z=4, R=0.071, R, =0.066 for 4249 reflections with I > 30(I) and 637 variables]. A prolonged reaction of tribenzyl-
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silane leads to formation of chlorotribenzylsilane.

Transition metal complex-promoted activation of Si—C
bond of organosilanes'™ is of significant interest relevant
to the mechanisms of metal complex-catalyzed synthetic or-
ganic reactions involving transfer of an organic group bonded
to an Si atom.*~" Oxidative addition of Si—C bond to low
valent transition metals seems to be more facile than that
of C—C bond, owing to smaller dissociation energy of Si—C
bond than of C-C bond, and also to thermodynamically more
stable M—Si bond than M—C bond.">'® Some dinuclear Pt and
Ru complexes with organosilyl ligands undergo oxidative ad-
dition of an Si—C bond of the ligand to another metal center to
give a bridging silylene ligand."” These reported results sug-
gest to us a possible reaction of metal complex and HSiR3 to
result in formation of silylene bridged dinuclear complexes
through initial formation of a triorganosilyl metal complex,
followed by oxidative addition of an Si—C bond to the metal
center of another complex, as shown in Scheme 1. Such
a reaction would provide an alternative preparation method
of u—silylene complexes that have been commonly prepared
from oxidative addition of two Si—H bonds of H,SiR, or an
Si—Si and an Si—H bond of HR,SiSiR,H to two transition
metal centers.'

Here we report the reaction of tris(2-phenylethyl)silane
with [RhCIL,] (L =P(i-Pr)3) to afford a novel dinuclear Rh-
(IV) complex with bridging silylene ligands through Si—H
and Si—C bond cleavage. Reactions of tribenzylsilane and of
tris(p-methylbenzyl)silane with the Rh(I) complex are also
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Scheme 1. Schematic drawing for possible formation of

bimetallic transition metal complexes with u-silylene
ligands through Si—H and ensuing Si—C bond cleavage.

described.
Results and Discussien

Reaction of HSi(CH,CH,Ph); with [RhCIL;] and
Structure of [RhL(H),{u-Si(CH,CH,Ph),},Rh(H);L]
. Scheme 2 summarizes results of 2:1 reaction of
HSi(CH,CH,Ph); with RhCIL; to give a dinuclear Rh(IV)
complex, [RhL(H),{u-Si(CH,CH,Ph), }» Rh(H),L] (1), in
22% isolated yield after 8 h. 'HNMR analysis of the re-
action mixture shows the presence of [RhCI(H),(L),] (2),
ethylbenzene (26%), chloro{tris(2-phenylethyl) } silane (79%
based on Rh), tetrakis(2-phenylethyl)silane (53% based on
Rh) and the phosphine ligand also. The initial reaction prod-
ucts contain mononuclear Rh(Ill) complexes 2 and [RhCI-
(H){Si(CH,CH,Ph); }L,] (3), as shown below. The 'H NMR
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Scheme 2. Products in reaction of tris(2-phenylethyl)silane with [RhCI{P(i-Pr)3 },] in pentane.

spectrum of a yellow solid product separated out from the
reaction mixture after initial (2 min) stirring shows hydrido
signals at —22.76 ppm and at —16.63 ppm. The former signal
agrees with that of 2 prepared separately.?® The latter hydrido
signal (triplet of doublet with J(HRh)=22 Hz, J(HP)=13
Hz) and the 3'P{'"H} NMR peaks (doublet at 41.8 ppm with
J(PRh) =121 Hz) is assigned to 3 by similarity of the peak
positions and coupling constants with [RhCI(H)(SiArs)L;]
(Ar=Ph, C¢H4F-p) that have been fully characterized.”” The
ratio of 2 and 3 obtained is 23 : 77.

There have been only a few reports on organorhodium-
(IV) complexes®™ and no reports on silylene bridged dinu-
clear Rh(IV) complexes. Figure 1 shows molecular structure
of 1 determined by X-ray crystallography. The molecule
has a crystallographic C, symmetry around the center of
a Rh,Si, four-membered ring. Tables 1 and 2 summarize
crystallographic data and selected bond distances and an-
gles of the complex, respectively. Already reported Rh-
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Fig. 1. ORTEP drawing of [Rh(H),(i- PrsP){u- Si-
(CH,CH,Ph), }Rh(H), (i-Pr3P)] (1) showing thermal ellip-
soids at 30% probability. The molecule has crystallographic
C> symmetry around the midpoint of Rh—Rh bond. Hydro-
gen atoms bonded to Rh are not located. The other hydrogen
atoms determined by calculation as well as solvated toluene
molecule are omitted.

(IV) complexes with bridging CH, ligands, ([Rh(Cp*),Me-
(4-CH,),RhMe(Cp*),] (2620 A) and [Rh(Cp*),(CO)(u-
CH,),Rh(CO)Cp*),1(BE4), (2.659 A)), 259 have shorter
Rh-Rh distances than 1. On the other hand, several
dinuclear Rh(I) ([Rhy(SiHPh),(CO),(dppm),] (2.810 A)>
and [Rhy(SiHEt),(CO),(dppm),] (2.814 A)*™) and Rh(Il)
complexes ([RhyH(CO),(dppm)(Ph, PCH,PPhSIEt)] (2.889
A))*™ have comparable Rh—Rh bonding distances to 1.
Rh-Si bond distances of 1 (2.365 and 2.367 A) are similar to
the Rh-Si single bond already reported.?***—*% Although po-
sitions of hydrogen atoms around Rh or Si atoms of 1 are not -
located unambiguously by crystallography, the above Rh—Si
distances are sufficiently short to exclude a possible 77?-co-
ordination of an Si—H bond to Rh center by three center two-
electron bonding.* " Sums of the bond angles around the
Rh centers (360°) as well as of inner bond angles of Rh,Si,
four-membered ring (360°) indicate that all the Rh, P, and Si
atoms are included in a plane.

The '"HNMR spectrum of 1 shows a signal due to four
hydrogen atoms bonded to Rh centers at —7.09 ppm as a
doublet of doublets (/=24 and 4 Hz). The signal is assigned
to non-bridging hydrido ligands since it is split by coupling
with one Rh and one P nuclei. The peak shape does not
change in the range, —40 °C to 25 °C, indicating that mutual
exchange of the hydrido ligands does not occur on the NMR
time scale. Ty value of the hydrido ligand is obtained as 890
ms at 25 °C with 400 MHz instrument, and is sufficiently
large to exclude coordination of the ligands as a molecular
hydrogen.*® Figure 2 shows the *'P{'H} NMR spectrum of
1 showing an AA’XX’ spin system. Coupling constants are
determined from the simulated spectrum as J(PP)=11 Hz,
J(RhP) =142 and 2 Hz, and J(RhRh) =32 Hz, respectively.
These NMR results in the solution as well as symmetrical
Rh;,Si; framework revealed by crystallography suggest that
each of the two Rh centers has two hydrido ligands which are
coordinated at mutually trans positions of the metal center.

Reactions of HSi(CH,Ph); and of HSi(CH,CsH ;Me-
D). Reactions of tribenzylsilane and of tris(p-methyl-
benzyl)silane with [RhCIL;] in pentane lead to formation of
[Rh L(R3S1)H(1-C1),RhH(SiR;)L] (4: R=CH,Ph, 5: R=
CH,C¢H Me-p), which are separated as yellow brown solids
from the reaction mixtures after 10 min stirring.

Formation of 4 seems to be attributed to oxidative ad-
dition of HSi(CH,Ph); to [RhCIL;] to give [RhCI(H){Si-
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Table 1. Crystal Data and Details of Structure Refinement of Complexes 1 and 4

Compound 1 (toluene solvated) 4 (benzene solvated)
Formula C57H86P2Rh25i2 C(,(,H(;zClnghaSiz
Molecular weight 1095.27 1280.33
Crystal system Triclinic Monoclinic
Space group PI (No.2) P2y /n (No. 14)
a/A 12.866(4) 11.513(3)
b/A 13.217(3) 28.227(9)
c/A 10.388(3) 20.883(5)
aldeg 104.78(2) —
pldeg 106.50(2) 94.14(2)
yldeg 61.70(2) —

V/A® 1478 6769

z 1 4
ulem™! 6.74 675
F(000) 576 2680
deacalgcm™! 1231 1.257
Crystal size (mm x mm X mm) 03x04x04 04x05x%x0.5
26 range/deg 5.0—50.0 5.0—50.0
Unique reflections 5205 12198
Used reflections (I > 30(I)) 3930 4249

No. of variables 289 637

R 0.073 0.071

Ry, 0.081 0.066
Weighting scheme [o(F)* ™! [o(F)1!

(CH,Ph); }L,] which undergoes dimerization, accompanied
by loss of the phosphine ligands to give chloro ligand-bridged
bimetallic complexes. Figure 3 shows molecular structure
of 4 determined by X-ray crystallography. The Rh—Si bonds
(2.313 and 2.301 A) are shorter than bond between Rh and
bridging Si atom of 1. The bond angles, Cl1-Rh1-P1,
CI1-Rh2-P2, CI12-Rh1-Sil, and CI12-Rh2-Si2 are 167.0°,
165.0°, 135.6°, and 111.9°, respectively, while the other an-
gles between coordination bonds are in the range 81.7°—
105.0°. Each of the Rh centers are bonded to the two bridg-
ing chloro, a phosphine, a silyl, and a hydrido ligands to
form distorted trigonal bipyramidal coordination with Cl1
and with P1 or P2 at the apical positions, although posi-
tions of the hydrido ligands are not determined by X-ray
crystallography. The presence of two hydrido ligands in the
molecule is confirmed by the 'HNMR spectrum showing a
peak at —19.17 ppm as a doublet of doublets due to Rh—H
and P-H coupling. The distance between the two Rh(IIl)
centers bridged by the chloro ligands is out of the range of
Rh-Rh bonding. The absence of Rh—Rh interaction is con-
sistent with the 3'P{"H} NMR spectrum showing a simple
doublet at 70.2 ppm with 'J(RhP) = 168 Hz.

Further stirring the reaction mixture without isolation of 4
causes its gradual dissolution, followed by separation of chlo-
rotribenzylsilane, as shown in Scheme 3. It is characterized
by elemental analysis and X-ray crystallography.* The NMR
spectra of a prolonged reaction mixture do not show signals
that can be assigned to a dinuclear Rh(IV) complex with
bridging silylene ligands.

Reaction Pathway for Formation of 1. The reaction of
[RhCIL;] and tris(2-phenylethyl)silane resulting in formation
of 1 involves several crucial steps such as elimination of chlo-

ro ligand from the complex, oxidative addition of Si—C bonds
to a Rh center, and formation of ethylbenzene and tetrakis(2-
phenylethyl)silane. The chloro ligand in an initial product, 3,
may be eliminated as chlorosilane, similarly to the reaction
of tribenzylsilane with [RhCIL;]. Conversion of triorganosi-
lane into chlorotriorganosilane promoted by chloroplatinum
and -iridium complexes has been previously reported.*® Si—-C
bond cleavage of a tris(2-phenylethyl)silyl ligand promoted
by Rh centers leaves a 2-phenylethyl ligand that would un-
dergo f-hydrogen elimination of styrene or coupling with
a hydrido ligand to give ethylbenzene. Formation of ethyl-
benzene can be attributed also to hydrogenation of styrene,
as is often observed in Rh complex-catalyzed hydrosilyl-
ation reaction of styrene and 1-alkenes.*'— Scheme 4 shows
possible pathways for formation of 1. Mononuclear bis(2-
phenylethyl)silylenerhodium complex formed by Si—C bond
cleavage of mononuclear tris(2-phenylethyl)silyl rhodium
complex, followed by elimination of styrene, would cause
dimerization to give a more stable bimetallic x-silylene com-
plex 1 (Scheme 4 path (i)). Mononuclear transition metal
complexes with silylene ligands have been often regarded
as intermediates of transformations of organosilicon com-
pounds promoted by metal complexes.'"'**—*) An alterna-
tive pathway involving initial formation of chlorobridged si-
1yl rhodium complexes, followed by repetition of Si—C bond
cleavage of tris(2-phenylethyl)silyl ligands by Rh centers,
also accounts for formation of 1 (Scheme 4 path (ii)).

In summary, the reaction of [RhCIL;] with tris(2-phenyl-
ethyl)silane gives a novel Rh(IV) complex with a bridging si-
lylene ligand, 1, through activation of Si-H and Si—C bonds of
the substrate, although a similar reaction with tribenzylsilane
does not give products from Si—C bond activation. Facile
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Table 2. Selected Bond Distances and Angles of Complexes

1and 4
1

Distances (A)
Rh1-Rh1’ 2.879(2) Rhl-P1 2.265(2)
Rh1-Sil 2.365(3) Rh1-Sil’ 2.367(3)
P1-C17 1.84(1) P1-C20 1.87(1)
P1-C23 1.85(1) Sil-C1 1.878(9)
Sil—C9 1.887(9)

Angles (deg)
Rh1’-Rh1-P1 177.76(8) Rh1-Sil-Rh1’ 74.95(8)
Rh1’-Rh1-Sil 52.55(6) Rh1-Rh1’-Sil 52.50(7)
P1-Rh1-Sil 125.55(9) P1-Rh1-Sil’ 129.4(1)
Sil-Rh1-Sil’ 105.08(8) C1-Si1-C9 105.8(4)
Rh1-Si1-C1 119.5(3) Rh1-Sil’-C1’  119.1(3)
Rh1-Si1-C9 117.4(3) Rh1-Si1’-C9"  118.3(3)
Rh1-P1-C17 114.03) Rh1-P1-C20 118.9(3)
Rh1-P1-C23 113.4(3) C17-P1-C20 102.9(5)
C17-P1-C23 103.1(5) C20-P21-C23  102.7(5)

4

Distances (A)
Rhi1-P1 2.227(5) Rh2-P2 2.236(5)
Rh1-Cl1 2451(4) Rnl-CI12 2.485(4)
Rh2-Cl1 2.435(4) Rh2-CI12 2.520(4)
Rh1-Sil 2.315(5) Rh1-Si2 2.301(5)
P1-ClI 1.83(2) P1-C4 1.86(2)
P1-C7 1.87(2) P2-C31 1.84(2)
P2-C34 1.86(2) P2-C37 1.79(2)
Sil-C10 1.83(2) Sil-C17 1.92(1)
Sil-C24 1.94(1) C10-Cl11 1.52(2)
C17-C18 1.55(2) C24-C25 1.48(2)
Si2—-C40 1.95(2) Si2—C47 1.92(1)
Si2—C54 1.84(1) C40-C41 1.48(2)
C47-C48 1.51(2) C54-C55 1.49(2)

Angles (deg)
Cl1-Rh1-CI2 81.7(1) Cl1-Rh1-P1 167.0(2)
Cl1-Rh1-Sil 85.4(2) CI2-Rh1-P1 95.0(2)
CI2-Rh1-Sil 135.6(2) P1-Rh1-Sil 105.4(2)
Cl1-Rh1-CI12 81.3(1) Cl1-Rh2-P2 165.0(2)
Cl1-Rh2-Si2 87.3(2) CI2-Rh2-P2 100.3(2)
CI12-Rh2-Si2 111.9(2) P2-Rh2-Si2 105.6(2)
Rh1-Cl1-Rh2 99.4(1) Rh1-CI2-Rh2 96.2(1)
Rh1-P1-C1 119.2(6) Rh1-P1-C4 104.1(6)
Rh1-P1-C7 118.5(7) C1-P1-C4 100.9(9)
C1-P1-C7 104.4(9) C4-P1-C7 107.909)
Rh2-P2-C31 104.6(6) Rh2-P2-C34 119.7(7)
Rh2-P2-C37 119.3(6) C31-P2-C34 106(1)
C31-P2-C37 101.7(9) C34-P2-C37 103.3(9)
Rh1-Sil-C10  114.2(5) Rh1-Sil-C17  120.5(5)
Rh1-Sil-C24  103.1(5) C10-Sil-C17  104.2(7)
C10-Sil-C24  106.1(7) C17-Si1-C24  107.9(7)
Rh2-Si2-C40  104.2(5) Rh2-Si2-C47  119.5(5)
Rh2-Si2-C54  113.0(5) C40-Si2—C47  106.0(7)
C40-Si2-C54  106.9(7) C47-Si2-C54  106.4(7)

Si—C bond cleavage in the bimetallic system would provide a
clue to solve the mechanistic problem of the organorhodium
complex-catalyzed reaction of organosilanes to cause transfer
of the organic group bonded to Si atom.

Si—H and Si—C Bond Activation by Rh Complex

(a)

L

75 74 73

ppm

Fig. 2. (a)Observed and (b) simulated *'P{'H} NMR spectra
of 1 (at 160 MHz in C¢Dg).
c20
C33 019 &/ C21

o2 o2y C26 Co2
C28

Fig. 3.

ORTEP drawing of [{RhH[(PhCH,)3Si](i-Pr3P)}-
(u-C12{RhH[(PhCH;);Si](i-Pr3P) }]1 (4) showing thermal
ellipsoids at 50% probability. Hydrogen atoms bonded to
Rh are not located. The other hydrogen atoms determined
by calculation as well as carbon atoms of solvated benzene
are omitted.

Experimental

General Procedure, Materials, and Measurement.  All the
manipulations of the complexes were carried out under nitrogen
or argon using Schlenk technique. Solvents were dried in usual
manners, distilled and stored under nitrogen atmosphere. [RhCI{P-
(i-Pr)3}2], tris(2-phenylethyl)silane, and tribenzylsilane were pre-
pared according to the literature method.”***>® NMR spectra ('H,
13C, and ? lP) were recorded on JEOL EX-90 and EX-400 spec-
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Scheme 3.  Isolated products in reaction of tribenzylsilane
with [RhCI{P(i-Pr); },].
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Scheme 4. Schematic drawing of possible pathways for
formation of 1 involving Si—C bond activation.

trometers. Elemental analyses were carried out by a Yanagimoto
Type MT-2 CHN autocorder. T, measurement was carried out
by standard inversion-recovery method. Gas chromatography and
GC-MS measurement were carried out on a Shimadzu GC-8A and a
Hitachi M-80 instrument equipped with a2 m Silicone QV-1 packed
column, respectively.

Reaction of Tris(2-phenylethyl)silane with [RhCIL;]. @A)
To [RhCIL,] (330 mg, 0.71 mmol) dispersed in pentane (3 cm’)
was added HSi(CH>CH:Ph); (490 mg, 1.4 mmol) at room tem-
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perature. The initial purple reaction mixture is soon turned into
a brown solution, from which a yellow solid was precipitated im-
mediately. After stirring for 8 h, the resulting solid product was
collected by filtration and dried in vacuo to give [RhL(H),{u-Si-
(CH,CH,Ph); }2Rh(H),L] (1) (80 mg, 22%). Recrystallization of
the product from a toluene-pentane mixture gave yellow single crys-
tals. Found: C, 59.63; H, 8.21%. Calcd for CsoHs,P,PhySiz: C,
60.07; H, 8.72%. 'HNMR (400 MHz in CsDs) 6 = —7.09 (dd, 4H,
J=24 and 4 Hz, H-Rh), 1.11 and 1.08 (d, 36H, /=7 and 6 Hz, CH3),
1.84—1.93 (m, 14H, CH-P and CH,Si), 3.09 (m, 8H, CH,Ph), 7.05
(t, 4H, J=7 Hz), 7.20 (t, 8H, J=7 Hz), 7.34 (d, 8H, J=7 Hz).
3P{'"H} NMR chemical shift (ppm from external 85% H;POy at
160 MHz in C¢Dg) 73.9 (AA’ part of AA’XX' pattern, J(PP) =11
Hz, J(RhP) =142 Hz, J(RhP) =2 Hz, and J(RhRh) =32 Hz). The
filtrate from the above reaction mixture was analyzed by 'HNMR
spectroscopy after addition of diphenylmethane as an internal stan-
dard. The analysis showed the presence of 2, ethylbenzene (26%),
chloro{tris(2-phenylethyl) }silane (79% based on [RhCIL;]), and
tetrakis(2-phenylethyl)silane (53% based on [RhCIL,]). Yield of
2 was tentatively determined as 37%, although the value is not so
accurate due to the small peak intensity of the hydrido peak.

(i1) To RhCIL; (100 mg, 0.22 mmol) dispersed in pentane (1
cm?) was added HSi(CH,CH,Ph); (150 mg, 0.44 mmol) at room
temperature. The initial purple reaction mixture was turned into
a brown solution accompanied by instant formation of a yellow
solid which was collected by filtration after stirring for 2 min,
washed with pentane and dried in vacuo (110 mg). The 'HNMR
spectrum of the solid product shows peaks due to [RhCI(H),L,] (2)
(dt, —22.76 ppm, J(HRh) =26, J(HP) = 13 Hz) and those due to
[RhCI(H) {Si(CH,CH,Ph); } L] (3) (dt, —16.63 ppm, J(HRh) =22
Hz, J(HP) =13 Hz). The *'P{'H} NMR signals corresponding to 3
appear at 41.8 ppm as a doublet (J(RhP) =121 Hz).

Reactions of Tribenzyisilane and of Tris(p-methylbenzyl)si-
lane with [RhCIL]. (i) To [RhCIL,] (210 mg, 0.46 mmol)
dispersed in pentane (10 cm®) was added HSi(CH,Ph); (210 mg,
0.70 mmol) at room temperature. The initial purple reaction mixture
soon turned into a yellow and then into a brown solution. Stirring
for 10 min gave a yellow brown solid of 4, which was collected by
filtration, and dried in vacuo (200 mg, 40%). Recrystallization from
a benzene-pentane mixture gave yellow crystals with solvated ben-
zene. Found: C, 61.53; H, 7.63%. Calcd for (CsoHssCloP,Rh; Siz)-
(CeHs): C, 61.92; H, 7.24%. 'HNMR (400 MHz, in CsDg) 6 =
—19.17 (dd, 2H, J =28 and 25 Hz, H-Rh), 0.99 and 1.12 (36H, d,
J=7 Hz, CH3), 1.95 (6H, m, CH-P), 2.99 (12H, s, CH,Si), 7.12
(6H, t, J=7 Hz), 7.23 (12H, t, J=7 Hz), 7.35 (12H, d J=7 Hz).
*P{'"H} NMR chemical shift (ppm from external 85% H;PO; at
160 MHz in C¢Ds) 70.2 (d, J(RhP) = 168 Hz).

Complex 5 was obtained as yellow crystals similarly (4%).
Found: C, 61.65; H, 8.20%. Calcd for C66H93C12P2Rh23i22 C,
61.63; H, 7.68%. '"HNMR (400 MHz, in CsDg) 6 = —19.11 (dd,
2H, J =26 and 22 Hz, H-Rh), 1.05 and 1.08 (36H, d, /=7 and
6 Hz, CH3), 1.26 (6H, m, CH-P), 2.14 (18H, s, CsH4sCH3), 3.00
(12H, s, CH,S1), 7.09 (12H, d, J =8 Hz), 7.32 (12H, d, /=8 Hz),
*P{'"H} NMR chemical shift (ppm from external 85% H3POy at
160 MHz in C¢Ds) 70.4 (d, J(RhP) =168 Hz).

(i1) To [RhCIL;] (210 mg, 0.46 mmol) dispersed in pentane
(10 cm®) was added HSi(CH,Ph); (280 mg, 0.93 mmol) at room
temperature. The initially formed yellow-brown solid was dissolved
on stirring the mixture. After 12 h the yellow solution containing a
small amount of solid was cooled at —30 °C to give a pale yellow
solid, which was collected by filtration, washed with pentane at
low temperature and dried in vacuo to give chloro(tribenzyl)silane
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(160 mg, 0.46 mmol). Found: C, 74.90; H, 6.30%. Calcd for
Cy1Ho CISi: C, 74.86; H, 6.28%. Recrystallization from pentane
affords single crystals for X-ray crystallography.

Crystal Structure Determination.””  Crystals of 1, 4, and
tribenzylchlorosilane suitable for crystallography were obtained by
recrystallization from a toluene—pentane mixture, a benzene—pen-
tane mixture, and pentane, respectively. Crystals were mounted in
glass capillary tubes under argon. The unit cell parameters were
obtained by least-squares refinement of 2 @ values of 25 reflections
with 25<260<35°. Intensities were collected on a Rigaku AFC-
5R automated four-cycle diffractometer by using Mo K« radiation
(A =0.71069 A) and the 26 method.

Calculations were carried out by using a program package
TEXSAN cn a DEC Micro VAXII computer. Atomic scattering fac-
tors were obtained from the literature.”” A full matrix least-squares
refinement was used for non-hydrogen atoms with anisotropic ther-
mal parameters. Hydrogen atoms bonded to Rh center were not
located, while the other hydrogen atoms were located from cal-
culation by assuming the ideal geometry (d(C-H)=0.95 A) and
included in the structure calculation without further refinement of
the parameters. Empirical absorption correction (¥ scan method)
of the collected data was applied.

Crystals of 1 contain a solvated toluene molecule which pos-
sesses a center of symmetry at the center of the phenyl ring. Con-
sequently, the methyl carbon occupies two positions at the opposite
site of the benzene ring with 50% occupancy for each position.
Since significant decay of the intensity of standard reflections was
observed, data collection was carried out by changing the crystals
when the intensity of the standard reflections was decreased down
to 85%. The intensity data were corrected against the decay of the
crystals.

Crystals of 4 from recrystallization from a benzene-pentane mix-
ture contained solvated benzene molecules.
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Scientific Research from the Ministry of Education, Science,
Sports and Culture, and by Asahi Glass Foundation. Authors
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References

1) M. Auburn, M. Ciriano, J. A. K. Howard, M. Murray, N. J.
Pugh, J. L. Spencer, F. G. A. Stone, and P. Woodward, J. Chem.
Soc., Dalton Trans., 1980, 659.

2) D.E. Hendriksen, A. A. Oswald, G. B. Ansell, S. Leta, and
R. V. Kastrup, Organometallics, 8, 1153 (1989).

3) S. K. Thomson and G. B. Young, Organometallics, 8, 2068
(1989).

4) B. K. Campion, R. H. Heyn,
Organometallics, 11, 3918 (1992).

5) P.Burgerand R. G. Bergman, J. Am. Chem. Soc., 115, 10462
(1993).

6) a) W. Lin, S. R. Wilson, and G. S. Girolami, J. Am. Chem.
Soc., 115,3022 (1993); b) W. Lin, S. R. Wilson, and G. S. Girolami,
Organometallics, 13, 2309 (1994).

7) T. Takao, S. Yoshida,
Organometallics, 14, 3855 (1995).

8) W. R. Bamford, J. C. Lovie, and J. A. C. Watt, J. Chem.
Soc., C, 1996, 1137.

9) a) H. Sakurai and T. Imai, Chem. Lett., 1975, 891; b) H.
Sakurai, Y. Kamiyama, and Y. Nakadaira, J. Am. Chem. Soc., 99,

and T. D. Tilley,

M. Tanaka, and H. Suzuki,

Si—H and Si—C Bond Activation by Rh Complex

3879 (1977).

10) M. Ishikawa, S. Matsuzawa, T. Higuchi, S. Kamitori, and
K. Hirotsu, Organometallics, 4, 2040 (1985).

11) K. H. Pannell, J. Cervantes, C. Hernandez, J. Cassias, and
S. Vincenti, Organometallics, 5, 1056 (1986).

12) Y. Wakatsuki, H. Yamazaki, M. Nakano, and Y. Yamamoto,
J. Chem. Soc., Chem. Commun., 1991, 703.

13) T.SuzukiandI.Mita, J. Organomet. Chem., 414,311 (1991).

14) T. Sékakura, O. Kumberger, R. P. Tan, M.-P. Arthur, and M.
Tanaka, J. Chem. Soc., Chem. Commun., 1995, 193.

15) R. Walsh, in “The Chemistry of Organic Silicon Com-
pounds,” ed by S. Patai and Z. Rappoport, John Wiley & Sons,
Chichester (1989), p. 371.

16) S. Sakaki and M. Ieki, J. Am. Chem. Soc., 115, 2373 (1993).

17) A. Brookes, S. A. R. Knox, and F. G. A. Stone, J. Chem.
Soc. A, 1971, 3469.

18) R. C. Kerber and T. Pakkanen, Inorg. Chim. Acta, 37, 61
(1979).

19) F. C. Carré and J. J. E. Moreau, Inorg. Chem., 21, 3099
(1982).

20) a) W.-D. Wang, S. I. Hommeltoft, and R. Eisenberg,
Organometallics,7,2417 (1988); b) W.-D. Wang and R. Eisenberg,
J. Am. Chem. Soc., 112, 1833 (1990); c¢) W.-D. Wang and R.
Eisenberg, Organometallics, 10, 2222 (1991); d) W.-D. Wang and
R. Eisenberg, Organometallics, 11, 908 (1992).

21) E. A. Zarate, C. A. Tessier-Youngs, and W. J. Youngs, J.
Am. Chem. Soc., 110, 4068 (1988).

22) R. McDonald and M. Cowie, Organometallics, 9, 2468
(1990).

23) R.H. Heyn and T. D. Tilley, J. Am. Chem. Soc., 114, 1917
(1992).

24) M. J. Michalczyk, C. A. Recatto, J. C. Calabrese, and M. J.
Fink, J. Am. Chem. Soc., 114, 7955 (1992).

25) S. Shimada, M. Tanaka, and K. Honda, J. Am. Chem. Soc.,
117, 8289 (1995).

26) H. Werner, J. Wolf, and A. Hohn, J. Organomet. Chem.,
287, 395 (1985).

27) K. Osakada, T. Koizumi, and T. Yamamoto, submitted for
publication.

28) a) S. Okeya, B. F. Taylor, and P. M. Maitlis, J. Chem. Soc.,
Chem. Commun., 1983, 971; b) K. Isobe, A. V. de Miguel, P. M.
Bailey, S. Okeya, and P. M. Maitlis, J. Chem. Soc., Dalton Trans.,
1983, 1441; ¢) S. Okeya, N. J. Meanwell, B. F. Taylor, K. Isobe,
A. V. de Miguel, and P. M. Maitlis, J. Chem. Soc., Dalton Trans.,
1984, 1453; d) K. Isobe, S. Okeya, N. J. Meanwell, A. J. Smith,
H. Adams, and P. M. Maitlis, J. Chem. Soc., Dalton Trans., 1984,
1215.

29) M.-]J. Fernandez, P. M. Bailey, P. O. Bentz, J. S. Ricci, T. F.
Koetzle, and P. M. Maitlis, J. Am. Chem. Soc., 106, 5458 (1984).

30) K. W. Muir and J. A. Ibers, Inorg. Chem., 9, 440 (1970).

31) F L. Joslin and S. R. Stobart, J. Chem. Soc., Chem. Com-
mun., 1989, 504.

32) D. L. Thorn and R. L. Harlow, Inorg. Chem., 29, 2017
(1990).

33) M. D. Fryzuk, L. Rosenberg,
Organometallics, 10, 2537 (1991).

34) K. Osakada, K. Hataya, Y. Nakamura, M. Tanaka, and T.
Yamamoto, J. Chem. Soc., Chem. Commun., 1993, 576.

35) U. Schubert, Adv. Organomet. Chem., 30, 151 (1990), and

and S. J. Rettig,

- references therein.

36) H. Suzuki, T. Takao, M. Tanaka, and Y. Moro-oka, J. Chem.
Soc., Chem. Commun., 1992, 476.



K. Osakada et al.

37) L. . Procopio, P. J. Carroll, and D. H. Berry, J. Am. Chem.
Soc., 116, 177 (1994).

38) a) G.J. Kubas, Acc. Chem. Res., 21, 120 (1988); b) R. H.
Crabtree, Acc. Chem. Res., 23, 95 (1990); ¢) G. J. Kubas, Comments
Inorg. Chem., 7, 17 (1988).

39) Crystallographic data and results of structure refinement:
colorless, 0.2x0.3x0.8 mm, trigonal, space group R3 (No. 146),
a=16.430(5), c=6.064(2) A, V=1418 A®, Z=3, u=2.60 cm™ ',
F(000) =534, dewca=1.184 gecm ™3, R=0.039, Ry, =0.027 for 528
reflections with 7 > 30(/) and 69 variables.

40) a) A.J. Chalk, J. Chem. Soc., Chem. Commun., 1969, 1207,
b) A.J. Chalk and J. F. Harrod, J. Am. Chem. Soc., 87, 16 (1965).

41) I Ojima, T. Fuchikami, and M. Yatabe, J. Organomet.
Chem., 260, 335 (1984).

42) M.F Lappertand R. K. Maskell, J. Organomet. Chem., 264,
217 (1984).

43) R. Skoda-Féldes, L. Kolldr, and B. Heil, J. Organomet.
Chem., 408, 297 (1991).

44) F. Kakiuchi, K. Nogami, N. Chatani, Y. Seki, and S. Murai,
Organometallics, 12, 4748 (1993).

45) J. B. Baruah, K. Osakada, and T. Yamamoto, J. Mol. Catal.,
101, 17 (1995).

Bull. Chem. Soc. Jpn., 70, No. 1 (1997) 195

46) a) K. Yamamoto, H. Okinoshima, and M. Kumada,
J. Organomet. Chem., 23, C7 (1970); b) K. Yamamoto, H.
Okinoshima, and M. Kumada, J. Organomet. Chem., 27, C31
(1971).

47) 1. Ojima, S. Inaba, T. Kogure, and Y. Nagai, J. Organomet.
Chem., 55, C7 (1973).

48) a) H. Tobita, K. Ueno, and H. Ogino, Bull. Chem. Soc. Jpn.,
61, 2797 (1988); b) H. Tobita, Y. Kawano, and H. Ogino, Chem.
Lett., 1989, 2155; ¢) K. Ueno, H. Tobita, and H. Ogino, Chem. Lett.,
1990, 369.

49) a) H. Wemer and U. Brekau, Z. Naturforsch., B, 44B,
1438 (1989); b) T. Rappert, O. Niirnberg, and H. Werner,
Organometallics, 12, 1359 (1993).

50) a) F. P. Price, J. Am. Chem. Soc., 69, 2600 (1947); b) R.
A. Benkeser and D. J. Foster, J. Am. Chem. Soc., 74, 5314 (1952);
¢) O. W. Steward and O. R. Pierce, J. Am. Chem. Soc., 83, 1916
(1961).

51) Fullcrystal data, atom coordinates, thermal parameters, F, —
F. tables, and bond distances and angles are deposited as Document
No. 70003 at the Office of the Editor of Bull. Chem. Soc. Jpn.

52) “International Tables for X-Ray Crystallography,” Kynoch
Press, Birmingham, U. K. (1974), Vol. IV.




