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Only partial dihydrosilylation of 2,2-divinyladamantane with triethylsilane (Et;SiH)
mediated by a platinum(ll) complex is observed in refluxing benzene after several days,
while monosilylation occurs at room temperature within minutes. Steric effects may explain
the longer reaction times. On the other hand, 2,2-divinyladamantane reacts with bis-
(hydrosilane) species in the presence of Zeise's dimer [Pt,Cl,(CH,CHy,);] to give disilacyclic
compounds (double terminal addition) via an intramolecular process or acyclic compounds
via an intermolecular process in high yields depending on nature, structure, and type of
disilane used. Using o-bis(dimethylsilyl)benzene as the disilane, an unprecedented partial
hydrogenation of 2,2-divinyladamantane catalyzed by a mononuclear platinum catalyst is

observed.

Introduction

The surface of silicon has been studied intensively for
many years because of its crucial importance in modern
technology. At the beginning of the 90’s, textured
diamond films were grown on silicon(100) substrates by
microwave plasma CVD (chemical vapor deposition)
using a bias-enhanced nucleation process.!3 In 1993
oriented diamond films were deposited on silicon(100).4
An enhanced nucleation density has been observed
when the substrate is first fingerprinted (hydrocarbon
residues), scratched with diamond powder,® or coated
with layers of C—H,® glassy carbon,” carbon fibers,
graphite, or carbon clusters (Cego, C70).8

Olah suggested that hydrocarbon cage molecules®
such as adamantanel® could be possible embryos for
diamond nuclei formation in the gas phase, and Linford
and Chidsey recently reported the first example of a
densely packed, stable organic monolayer covalently
bonded directly to the silicon surface.1112

Combination of these findings led us to the design of
an adamantane derivative capable of being covalently
attached 2-fold to the silicon surface. Molecular model-
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Figure 1. Molecular modeling of 2,2-divinyladamantane
on a silicon(111) surface.

ing revealed a chain length of two carbon atoms for
fixing an adamantane molecule via two tethers to two
adjacent silicon atoms of a (111) surface with minimal
steric strain. The conclusions from these observations
converged to 2,2-divinyladamantane (DVA) as target
molecule (Figure 1).

Consequently, starting from the 2-adamantanone, we
synthesized this new derivative of adamantane contain-
ing two alkene chains in 6 steps and 38% overall yield,!3
with the aim of using it as a substrate for the nucleation
and growth of oriented diamond on a silicon(111)
surface.’*

In our ongoing exploration of effective methods to
prepare adamantane derivatives capable of being co-
valently attached to the silicon surface, we have inves-
tigated the hydrosilylation reaction of 2,2-divinylada-
mantane (1) with various types of silanes and different
transition metal complexes, to get a better understand-
ing of the mechanism of Si—adamantane derivative
bond formation. Hydrosilylation of carbon—carbon mul-
tiple bonds has been studied extensively for the last half
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century.’>16 In the early years, reactions were per-
formed under free-radical conditions,'317719 j.e. with
ultraviolet light or organic peroxides as initiators. The
choice of substrates, however, was limited to silanes,?°
such as Cl3SiH and MeCl,SiH, and to C—C multiple
bonds substituted mostly with alkyls. The discovery
that transition metals and their complexes catalyze
hydrosilylation?1=24 superseded largely the other pro-
cedures.’®2l Platinum catalysts, especially chloropla-
tinic acid, have become the most commonly used cata-
lysts. Nickel, palladium, cobalt, rhodium, iridium, iron,
ruthenium, and osmium catalysts have also been de-
veloped.1621.25 Some of these, irrespective of the nature
of the silane, are very efficient and can be used for the
simple preparation of a desired product as well as for
asymmetric hydrosilylation. The role of transition
metal catalysts represents a key aspect of all the
studies.1521

The results of our investigations with 2,2-divinylada-
mantane (1) as substrate will add to this collected
knowledge and reveal that product distributions vary
considerably depending on the silane structure, the
catalyst, and the specific reaction conditions.

Results and Discussion

Reactions of 2,2-Divinyladamantane with Et;SiH.
Hydrosilylation of 2,2-divinyladamantane (DVA) (1)
with triethylsilane (Et3SiH) was studied first as a
standard reaction to determine the role of the transition
metal complexes.

At room temperature the reaction of DVA with Ets-
SiH in benzene and in the presence of Zeise’s dimer [Pt,-
Cl4(CH2CHy),] as catalyst gave the corresponding mono-
silylated compound 2 in almost quantitative yield
(Scheme 1). The reaction was complete within 1 h as
revealed by GC monitoring (Table 1, entry 1). A small
amount (3%) of dihydrosilylated product 3 was noted
under these conditions, which is in contrast to the
prolonged heating needed (10 days) in refluxing benzene
with the same catalyst to reach higher conversions (45%,
Table 1, entry 11). To increase the proportion of the
dihydrosilylated product 3 other catalysts were tested.

Additions occur with high regioselectivity and yields
(cf. Table 1). Formation of the anti-Markovnikov prod-
uct is in agreement with a metal catalyst mecha-
nism.16.21.2627 The triethylsilane adds exclusively to the
less crowded end of the double bond yielding hydrosi-

(15) Marciniec, B. In Comphrensive Handbook on Hydrosilylation;
Marciniec, B., Ed.; Pergamon Press: Oxford, U.K., 1992.

(16) Chalk, A. J. J. Organomet. Chem. 1970, 21, 207.

(17) Sommer, L. H.; Pietrusza, E. W.; Whitmore, F. C. 3. Am. Chem.
Soc. 1947, 69, 188.

(18) Kopping, B.; Chatgilialoglu, C.; Zehnder, M.; Giese, B. J. Org.
Chem. 1992, 57, 3994.

(19) Chatgilialoglu, C. Acc. Chem. Res. 1992, 25, 188.

(20) Bevan, W. I.; Haszeldine, R. N.; Middleton, J.; Tipping, A. E.
J. Chem. Soc., Perkin | 1974, 2305.

(21) Speier, J. L. In Advances in Organometallic Chemistry; Stone,
F. G. A., West, R., Eds.; Academic Press: New York, 1979; Vol. 17; pp
407—447.

(22) Tamao, K.; Nakajima, T.; Sumiya, R.; Arai, H.; Higuchi, N.;
Ito, Y. J. Am. Chem. Soc. 1986, 108, 6090.

(23) Tanaka, M.; Uchimaru, Y.; Lautenschlager, H.-J. Organome-
tallics 1991, 10, 16.

(24) Lewis, L. N.; Stein, J.; Colborn, R. E.; Gao, Y.; Dong, J. J.
Organomet. Chem. 1996, 521, 221.

(25) Ojima, I. In The Chemistry of Organic Silicon Compounds;
Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989.

(26) Caseri, W.; Pregosin, P. S. J. Orgonomet. Chem. 1988, 356, 259.

Giraud and Jenny

Scheme 1. Mono- and Dihydrosilylation of 1
Using Zeise's Dimer

SiEty
Z EtySiH
= [Pt2Cl4(CHaCHy)) =
benzene
10 min,, r.t.
1 87% 2
Et,SiH
[Pt,Cl4(CH2CHy)ol

benzene, 10d., reflux
85%

SiEt, SiEty

=
+
2

SiEty

1/1 3
lylated compounds 2 and 3, respectively, which argues
against a concerted addition of the silicon hydride across
the double bond.?®

Nearly all examined platinum complexes were found
to catalyze good to excellently the formation of the
monosilylated compound 2. Indeed, a 5.3 x 107> M
concentration of the Pt catalyst ([catalyst]/[[DVA] ~10—2
mol/mol) gave turnover numbers of ~1000 at turnover
frequencies in the order of 0.0116 s~ in most cases. The
reaction failed in two cases, i.e. with tetrakis(triphenyl-
phosphine)platinum [Pt(PPh3),] (it is known that tri-
phenylphosphine reduces drastically the catalytic ac-
tivity of platinum complexes)?® and with Wilkinson's
catalyst [RhCI(PPhs3)s], which has been reported to be
relatively ineffective with substituted olefins3° (Table
1, entries 9 and 10), and only the starting compound
(1) was recovered. Speier's catalyst [HPtClg/2-pro-
panol] afforded a poor yield of the desired product 2 and
many side products (Table 1, entry 8). The different
catalytic activity, i.e. addition of 2-propanol is required
for reduction of the Pt(IV) species to the active Pt(ll)
catalyst prior to reaction, and the high reactivity of this
complex may explain these results. Under the tested
conditions only four catalysts led to formation of dihy-
drosilylated product 3 (Table 1, entries 2—5). Among
them, the Pt(0) complex [Pt(PPhs),(CsHg)] was found to
be unstable and no trace of it was left after 24 h reaction
time (Table 1, entry 5): loss of a phosphine ligand
converts it into the active species, a complex very soluble
in benzene, analyzed as [Pt(PPh3)(CsHeg)]n, mp > 287°,
for which a cluster structure has been suggested.3!
Extending the reaction time with the remaining three
catalysts (Table 1, entries 2—4) to 10 days resulted in a
higher conversion to the disilylated product 3 without
noticeable loss in yield.

(27) Hostetler, M. J.; Bergman, R. G. 3. Am. Chem. Soc. 1990, 112,
8621.

(28) Chalk, A. J.; Harrod, J. F. 3. Am. Chem. Soc. 1965, 87, 16.

(29) Marciniec, B.; Maciejewski, H.; Guli'nki, J.; Maciejewska, B.;
Duczmal, W. J. Organomet. Chem. 1996, 521, 245.

(30) Haszeldine, R. N.; Parish, R. V.; Parry, D. J. J. Organomet.
Chem. 1967, 9, 13.

(31) Yamamoto, K.; Hayashi, T.; Kumada, M. J. Organomet. Chem.
1971, 28, C37.



Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on August 25, 1998 on http://pubs.acs.org | doi: 10.1021/om980134+

Hydrosilylation of 2,2-Divinyladamantane

Organometallics, Vol. 17, No. 19, 1998 4269

Table 1. Study of the Transition Metal Catalyst Efficiency for Mono- and Dihydrosilylation of Compound
1

T ratio of yield of yield of
entry catalyst? time (°C) 1/2/3b 2° (%) 3¢ (%)
1 Pt,Cl4(CH2CH>)2 1h 20 0/97/3 91 3
2 Pt,Cl4(CH2CHy)2 24 h 80 0/85/15 78 14
3 Pt(acac), 24 h 80 0/90/10 80 9
4 [Pt(PPh3)(CsHe)]n 24 h 80 0/91/9 82 8
5 Pt(PPhs),(CeHs) 24 h 80 4/85/11 76 10
6 PtCl,(PPh3), 24 h 80 53/47/traces 43 traces
7 Pt(PPhsz)2(CH,CH,) 24 h 80 67/33/traces 30 traces
8 H,PtClg 24 h 80 80/20/0 14 0
9 Pt(PPh3)4 24 h 80 98/2/0 2 0
10 RhCI(PPh3)s 24 h 80 100/0/0 0 0
11 Pt,Cl4(CH2CH>)2 10d 80 0/50/50 45 46
12 Pt(acac), 10d 80 0/50/50 44 44
13 [Pt(PPh3)(CsHe)]n 10d 80 0/52/48 45 43

a Concentration = 5.3 x 1075 M. ? Ratio determined by GC. ¢ Yield of isolated products.

Table 2. Effect of the Spacer between the Silicon Atoms on the Ratio of Products 5 and 62

Si—X-Si ratio of Yield of Yield of
entry compd X angle (°)P R1, R2 5/6P 5¢ (%) 6° (%)
1 4a Si(Me, Ph) 108.9 Me, Ph 100/0 84 0
2 4b NH 113.4 Me, Me 100/0 82 0
3 4c CH; 117.0 Me, Me 83/17 68 14
4 4d (0] 147.1 Me, Me 78122 62 18
5 4e 180 Me, Ph 70/30 55 24

a Reactions run for 12 h at reflux in benzene (1 mL), [catalyst] = 5.3 x 10-> M. See Experimental Section for reaction details. ® Angles
determined by modelization using CS Chem 3D Pro minimization. ¢ Ratio determined by GC. 9 Yield of isolated products.

Although the monohydrosilylation is a rapid process,
the dihydrosilylation requires considerably longer reac-
tion times, which is explained by steric effects. In our
study, catalysts derived from complexes of Pt(ll) have
shown to be slightly more effective than complexes of
Pt(0) for both the mono- and the dihydrosilylation of 2,2-
divinyladamantane. A similar effect has been observed
by Kumada and co-workers.3? But in contrast to the
hydrosilylation of usual alkenes, dihydrosilylation of
compound 1 needed high catalyst concentrations at
reflux temperatures. Indeed, a benzene solution (1 mL)
of triethylsilane (0.11 mmol) was added at room tem-
perature to a mixture of 2,2-divinyladamantane (1, 5.3
x 1075 mol) and tetrachlorobis(ethylene)diplatinum
dissolved in benzene (1 mL). The mixture was heated
and the reaction followed by GC analysis. When the
platinum complex was used in high concentration (5.3
x 1075 M, [catalyst]/[DVA] ~10-2 mol/mol), the reaction
occurred in 1 h and afforded the compound 2 in almost
guantitative yield (>91%) (Table 1, entry 1). In con-
trast, lower catalyst concentrations (5.3 x 1077 M,
[catalyst]/[DVA] ~ 10> mol/mol or 5.3 x 107° M,
[catalyst]/[DVA] ~ 10~7 mol/mol) slowed dramatically
the reaction and gave after 1 h only a small amount of
adduct 2 (<12%) along with starting product (>87%).

To summarize, Zeise's dimer [Pt,Cl4(CH2CHy>),], used
in high concentration, has proved to be the best catalyst
for the present reaction.

Reaction of 2,2-Divinyladamantane with Disi-
lanes. Of particular importance among transition
metal catalyzed syntheses of silicon compounds is the
double silylation of unsaturated hydrocarbons with
disilanes to give cyclic compounds.2® Double silylation
of conjugated dienes with disilanes occurs generally by
1,4-addition (terminal addition), and our studies have
revealed that 2,2-divinyladamantane (1) readily under-

Scheme 2
SiEt, SiEt,
=
Z 7 SiEts
_ +
1 2 3

goes disilylation with bis(hydrosilane) species to give
disilacyclic compounds (terminal addition) in high yields.

As concluded from the results obtained with monosi-
lanes, dihydrosilylation proceeds mainly in two steps.
After the first addition of silane to one double bond, the
formed intermediate can react in two ways: either it
cyclizes to yield bicyclic derivatives (5a—e) by an in-
tramolecular reaction which is normally favored or an
intermolecular addition occurs to give acyclic compounds
(6c—e). The latter reaction is preferred when the angle
of the Si—X—Si unit increases, the distance between the
silane and the double bond being not so efficient for
cyclization.

Thus selectivity for cyclic products depends very much
on the spacer between the silicon atoms (Table 2): it
decreases from 100 to 70% with increasing angle Si—
X—Si (108.9—180.0°) of the starting compound 4a—e
(Scheme 3). Only the trisilane PhMeSi(SiPhMeH), (4a)
and the 1,1,3,3-tetramethyldisilazane (4b) (Table 2,
entries 1 and 2) gave selectively the disilacyclic com-
pounds 5a,b in high yield (>82%). Disilanes 4c—e
afford the wanted disilacyclic compounds 5c—e in
moderate yields (68—55%), accompanied by acyclic
compounds 6c—e (14—24%), respectively.

Whereas the secondary product of 1,1,2,2-tetrameth-
yldisilane (4e) stops at the terminally monoalkylated
product 6e (Table 2, entry 5), 1,2-bis(dimethylsilyl)-
methane (4c) yields the corresponding dimer 6c (Table
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2, entry 3). Formation of the byproduct 6d in the case
of 1,1,3,3-tetramethyldisiloxane (4d) is more difficult to
explain (Table 2, entry 4), because the logical precursor
of this product, the dialkylated disilane, was not found
in the reaction mixture. In this case, the presence of a
larger trihedral angle favors competitively intermolecu-
lar reactions.

In contrast to the substrates discussed so far, o-bis-
(dimethylsilyl)benzene (4f) reacts completely unselec-
tively by 1,1- and 1,2-double silylation as the major
reaction pathways. 1,1-Double silylation affords com-
pounds 7 and 8 in 52% and 20% yield, respectively, and
1,2-double silylation gives 9 in 7% yield (Scheme 4).

In accordance with a previous study of Eaborn et al.,33
formation of the 1,2-adduct 9 is explained by the

Ry R2
Sic

~ Ry Ro

/Si' “H
R¢ Rz

6e

formation of the cyclic bis(silyl)platinum complex I1. As
reported by Tanaka et al., formation of 1,1-adducts (7,
8) can be explained by intramolecular insertion of the
C=C bond into a Pt—Si or Pt—H bond of an intermedi-
ate complex 111 which is formed via either path A, i.e.
olefin insertion into one of the two Si—Pt bonds of
complex Il and subsequent S-elimination of the result-
ing product,®? or path B, i.e. dehydrogenative silylation
of an olefin with one of the two Si—H bonds of 4f.22 In
our case, formation of the cis-configured spirocyclic
compound 7 provides evidence for an intramolecular
insertion of the double bond into the Pt—Si bond of
complex I11. Either oxidative elimination of the result-
ing complex 1V gives 8 or a new intramolecular insertion
of the second double bond into the Pt—C or Pt—H bond
of the resulting complex produces 7 (Scheme 5, paths A
and B).

Interestingly, the formation of the hydrogenated
compound 10 results from the reduction of one of the
double bonds of DVA (1). We propose that this hydro-
genation occurs by the following mechanism (Scheme
5, path C): oxidative addition of the Si—H bond to the
mononuclear platinum complex functioning as hydro-
genation catalyst gives complex I which is converted to
complex V by hydroplatination of a double bond of
DVA.34736  Further oxidative addition of the second
Si—H bond leads to an intermediate VI which undergoes
reductive elimination of the product 10 to the Pt
complex Il. This complex Il could either be involved
in a subsequent 1,1-addition (as a substitute for the
above-mentioned path A), take up H; (reversed path A),
or reductively eliminate 3,4-benzo-1,1,2,2-tetramethyl-
1,2-disilacyclobut-3-ene3’ (11) to close a catalytic cycle
(Scheme 5, path C). However, the absence of disilacy-
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Scheme 5. Hydrogenative and Dehydrogenative Mechanism
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clobutene 11 in the reaction mixture can be best
explained by its reaction with the platinum catalyst, as
reported by Ishikawa,3839 to produce complex Il. Path
D illustrates a possible mechanistic interpretation of the
observed reaction course. The formation of products 7
and 8 involves oxidative addition of an ethenyl C—H
bond in 2,2-divinyladamantane (1) to platinum o-quino-
disilane complex Il. A shift of a ethenyl group from the
platinum atom onto a silene silicon atom affords plati-
num hydride complex I11. Finally, intramolecular hy-
drosilylation of 111 gives complex IV and the latter
produces 7 and 8 (Scheme 5, path D).

Conclusion

Our systematic study aiming at the synthesis of
dihydrosilylated compounds has shown that the reaction
of 2,2-divinyladamantane with triethylsilane is best
catalyzed by Zeise's dimer [Pt,Cl4(CH2CH>)]. In the
same way, different bis(hydrosilanes) gave selectively
disilacyclic compounds in high yields. The observed
competition between the intra- and intermolecular
processes, leading to disilacyclic compounds and oligo-
mers, respectively, illustrates the critical importance of
the bis(hydrosilane) geometry for the selectivity. How-
ever, no disilacyclic product was found using o-bis-
(dimethylsilyl)benzene (4f). It reacts completely unse-
lectively via 1,1- and 1,2-double silylation reaction
pathways. Finally, isolation of the hydrogenated com-
pound 10 from this reaction mixture allowed us to

. gt /
Sis, : Si H

@ Pt H - @ /Pt '
Si—H ‘ Si

Pt
7\ \Si/ .7
complex Il Si©
/\

[P1]

propose a hydrogenation mechanism involving a mono-
nuclear platinum complex.

Experimental Section

General Conditions. All experiments involving air-sensi-
tive compounds were performed under N or argon using
standard Schlenk techniques. THF and Et,O were freshly
distilled from Na/benzophenone under an argon atmosphere
prior to use; CH,Cl,, DMF, and benzene were distilled from
CaH; under N and toluene from Na under N,. Deuterated
solvents were obtained from Armar AG. Solvents for chro-
matography were used after distillation. Flash column chro-
matography (FC) and filtration were performed with Baker
silica gel (0.063—0.200 mm). TLC were run on Merck silica
gel 60 F2s4 analytical plates; detection were carried either with
UV or spraying with a solution of KMnQ;, (3 g), K.COs3 (20 g),
H>O (300 mL), and 5% NaOH (5 mL), followed by heating.
Melting points were determined on a Reichert Thermovar
apparatus. NMR: Bruker Avance DRX-500 (*H 500.13 MHz
and 13C 125.77 MHz); for 'H ¢ are in ppm relative to CDCl3
(=7.27 ppm), for 13C ¢ are in ppm relative to CDCl; (=77.1
ppm), and coupling constants J are given in Hz. Assignments
were confirmed by NOESY, COSY, and HETCOR experiments.
MS: Vacuum Generators Micromass VG 70/70E; El (70 eV)
[m/z (%)]. Elemental analysis: Ciba Specialities Mikrolabor,
Marly, Switzerland. Quantitative GC analyses were carried
out on a Fisons HRGC MEGA 2 series gas chromatograph
equipped with a flame ionization detector and a Permabond
SE 54 25 m x 0.32 mm capillary column. The synthesis of
2,2-divinyladamantane (DVA) is reported elsewhere.’®* Bis-
(triphenylphosphine)ethyleneplatinum(0),4%4! bis(triphenylphos-

(38) Ishikawa, M.; Naka, A. Synlett 1995, 794.
(39) Ishikawa, M.; Naka, A.; Ohshita, J. Organometallics 1993, 12,
4987.

(40) Nagel, U. Chem. Ber. 1982, 115, 1998.
(41) Roffia, P.; Gregorio, G.; Conti, F.; Pregaglia, G. F. J. Mol. Catal.
1977, 2, 191.
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phine)benzeneplatinum(0), and [Pt(PPhz)(CsHe)]n3t were pre-
pared as previously described. The disilane 4e and trisilane
4a were synthesized by the method of Corey,*?*® and bis-
(dimethylsilyl)methane (4c) was synthesized by following the
procedure of Dunogués.** All other materials were com-
mercially available and were used as received.

General Procedure 1 for the Hydrosilylation of 2,2-
Divinyladamantane (Table 1). A 10 mL round-bottomed
flask equipped with a magnetic stirring bar, dry argon inlet,
reflux condenser, and septum was charged with 2,2-divinyl-
adamantane (1) (10 mg, 0.053 mmol) and a solution of
platinum complex ([C] = 5.3 x 107° mol/L) in 1 mL of dry
benzene. The solution was degassed and stirred at room
temperature for 1 h. Triethylsilane (13 mg, 0.11 mmol) was
added slowly, the resulting mixture was refluxed under an
inert atmosphere, and the reaction was monitored by GC
analysis. The reaction mixture was evaporated and filtered
through a short column of silica gel. Selectivity was deter-
mined from GC and *H NMR. For analysis the product was
repurified by FC (hexane).

2: colorless liquid. *H NMR (CDClg): 6 =5.55(dd, J=18.1
Hz, 11.2 Hz, 1H, CH=CHy,), 5.14 (dd, J = 11.2 Hz, 1.7 Hz, 1H,
CH,=CH cis), 4.87 (dd, J = 18.1 Hz, 1.7 Hz, 1H, CH,=CH
trans), 2.03 (br d, 3 = 12.3 Hz, 2H, C(8)-Hsyn, C(10)-Hsyn), 2.00
(brd, 3 =125 Hz, 2H, C(4)-Hsyn, C(9)-Hsyn), 1.83 (m, 1H, C(7)-
H), 1.79 (m, C(5)-H), 1.72 (br s, 2H, C(1)-H, C(3)-H), 1.65 (br
s, 2H, C(6)H,), 1.56 (br d, J = 12.3 Hz, 2H, C(8)-Hani, C(10)-
Hani), 1.52 (br d, J = 12.5 Hz, 2H, C(4)-Hanti, C(9)-Hanti), 1.44
(m, 2H, CH,CH_Si), 0.91 (t, J = 8.0 Hz, 9H, CH3CH.Si), 0.48
(9, J = 8.0 Hz, 6H, CH3CH;Si), 0.34 (m, 2H, CH,Si). ¥C NMR
(CDCl3): ¢ = 147.1 (d, CH=CH,), 112.7 (t, CH,=CH), 45.2 (s,
C(2)), 39.0 (t, C(6)), 34.0 (t, C(4), C(9)), 33.5 (d, C(1), C(3)),
32.5 (t, C(8), C(10)), 30.5 (t, CH.CH.Si), 28.5 (d, C(5)), 27.9 (d,
C(7)), 7.6 (q, CH3CHy), 3.3 (t, CH,CHj3), 2.4 (t, CH,CH,Si). CI-
MS: m/z (%) = 304 (5, M%), 276 (11), 193 (43), 143 (8), 115
(100), 87 (2), 59 (2). Anal. Calcd for CyH36Si (304.26): C,
78.88; H, 11.92. Found: C, 78.76; H, 11.87.

3: colorless liquid. *H NMR (CDClz): 6 =2.11 (brd, J =
13.2 Hz, 4H, C(4)-Hsyn, C(8)-Hsyn, C(9)-Hsyn, C(10)-Hsgyn), 1.82
(brs, 2H, C(1)-H, C(3)-H), 1.72 (br s, 2H, C(5)-H, C(7)-H), 1.64
(brs, 2H, C(6)Hy), 1.49 (br d, J = 13.2 Hz, 4H, C(4)-Hanti, C(8)-
Hanti, C(9)-Hanti, C(10)-Hanti), 1.43 (m, 4H, CH,CH,Si), 0.94 (t,
J = 7.9 Hz, 18H, CH3CHy), 0.52 (q, J = 7.9 Hz, 12H, CH.-
CHg3), 0.24 (m, 4H, CH,CH,Si). **C NMR (CDClg): ¢ = 40.0
(t, C(6)), 39.9 (s, C(2)), 33.1 (t, CH,CH,Si), 32.8 (d, C(1), C(3)),
29.7 (t, C(4), C(8), C(9), C(10)), 28.2 (d, C(5), C(7)), 7.6 (9, CH3-
CHy), 3.3 (t, CH,CHg), 2.4 (t, CH,CH,Si). EI-MS: m/z (%) =
421 (3, M%), 393 (3), 319 (10), 275 (45), 247 (28), 217 (6), 187
(4), 143 (12),115 (100), 87 (4), 59 (2). Anal. Calcd for CasHs;-
Si, (420.87): C, 74.13; H, 12.45. Found: C, 74.07; H, 12.34.

Table 1, entry 1: according to general procedure 1, from 1
(10 mg, 5.3 x 1075 mol), Pt,Cl4(CH,CH), (0.03 mg, 5.3 x 1078
mol), and Et3SiH (13 mg, 11.6 x 107% mol). After 10 min at
room temperature the mixture was shown by GC to contain 2
and 3 in a ratio of 97/3, which were isolated by chromatogra-
phy. FC (hexane) gave 2 (14.7 mg, 91%) along with 3 (0.6 mg,
3%).

Table 1, entry 2: according to general procedure 1, from 1
(10 mg, 5.3 x 1075 mol), Pt,Cl4(CH,CH,), (0.03 mg, 5.3 x 1078
mol), and Et;SiH (13 mg, 11.6 x 107> mol). After 24 h at reflux
the mixture was shown by GC to contain 2 and 3 in a ratio of
85/15, which were isolated by chromatography. FC (hexane)
gave 2 (12.6 mg, 78%) along with 3 (3 mg, 14%).

Table 1, entry 3: according to general procedure 1, from 1
(10 mg, 5.3 x 107° mol), Pt(acac), (0.02 mg, 5.3 x 108 mol),

(42) Corey, J. Y.; Kraichely, D. M.; Huhmann, J. L.; Braddock-
Wilking, J.; Lindeberg, A. Organometallics 1995, 14, 2704.
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and Et3SiH (13 mg, 11.6 x 1075 mol). After 24 h at reflux the
mixture was shown by GC to contain 2 and 3 in a ratio of 90/
10, which were isolated by chromatography. FC (hexane) gave
2 (13 mg, 80%) along with 3 (2 mg, 9%).

Table 1, entry 4: according to general procedure 1, from 1
(10 mg, 5.3 x 10°° mol), [Pt(PPh3)(CsHs)]n (1 mL, 5.3 x 10°°
mol/L), and Et3SiH (13 mg, 11.6 x 107°> mol). After 24 h at
reflux the mixture was shown by GC to contain 2 and 3 in a
ratio of 91/9, which were isolated by chromatography. FC
(hexane) gave 2 (13.2 mg, 82%) along with 3 (1.8 mg, 8%).

Table 1, entry 5: according to general procedure 1, from 1
(10 mg, 5.3 x 107° mol), Pt(PPh3),(CsHe) (0.04 mg, 5.3 x 1078
mol), and Et;SiH (13 mg, 11.6 x 10-5 mol). After 24 h at reflux
the mixture was shown by GC to contain 1, 2, and 3 in a ratio
of 4/85/11, which were isolated by chromatography. FC
(hexane) gave 1 (0.4 mg, 4%) and 2 (12.2 mg, 76%) along with
3 (2.2 mg, 10%).

Table 1, entry 6: according to general procedure 1, from 1
(10 mg, 5.3 x 107> mol), PtCl,(PPhsz), (0.04 mg, 5.3 x 108 mol),
and Et3SiH (13 mg, 11.6 x 1075 mol). After 24 h at reflux the
mixture was shown by GC to contain 1, 2, and 3 in a ratio of
52/47]1, which were isolated by chromatography. FC (hexane)
gave 1 (4.7 mg, 47%) and 2 (6.9 mg, 43%) along with 3 (0.2
mg, 1%).

Table 1, entry 7: according to general procedure 1, from 1
(10 mg, 5.3 x 107° mol), Pt(PPh3)»(C.H4) (0.04 mg, 5.3 x 1078
mol), and Et3SiH (13 mg, 11.6 x 105> mol). After 24 h at reflux
the mixture was shown by GC to contain 1, 2, and 3 in a ratio
of 66/33/1, which were isolated by chromatography. FC
(hexane) gave 1 (6 mg, 61%) and 2 (4.9 mg, 30%) along with 3
(0.2 mg, 1%).

Table 1, entry 8: according to general procedure 1, from 1
(10 mg, 5.3 x 107° mol), HzPtClg (0.02 mg, 5.3 x 1078 mol),
and Et3SiH (13 mg, 11.6 x 107> mol). After 24 h at reflux the
mixture was shown by GC to contain 1 and 2 in a ratio of 80/
20, which were isolated by chromatography. FC (hexane) gave
1 (5.4 mg, 54%) along with 2 (2.2 mg, 14%).

Table 1, entry 9: according to general procedure 1, from 1
(10 mg, 5.3 x 107° mol), Pt(PPhs)s (0.07 mg, 5.3 x 108 mol),
and Et3SiH (13 mg, 11.6 x 1075 mol). After 24 h at reflux the
mixture was shown by GC to contain 1 and 2 in a ratio of 98/
2, which were isolated by chromatography. FC (hexane) gave
1 (9 mg, 91%) along with 2 (0.3 mg, 2%).

Table 1, entry 10: according to general procedure 1, from
1 (10 mg, 5.3 x 107° mol), RhCI(PPhz)3 (0.05 mg, 5.3 x 1078
mol), and Et3SiH (13 mg, 11.6 x 1075 mol). After 24 h at reflux
the mixture was shown by GC to contain 1, which was isolated
by chromatography. FC (hexane) gave 1 (9.4 mg, 94%).

Table 1, entry 11: according to general procedure 1, from
1 (10 mg, 5.3 x 107°> mol), Pt,Cl4(CH,CHy), (0.03 mg, 5.3 x
1078 mol), and Et3SiH (13 mg, 11.6 x 1075 mol). After 10 days
at reflux the mixture was shown by GC to contain 2 and 3 in
a ratio of 50/50, which were isolated by chromatography. FC
(hexane) gave 2 (7.4 mg, 45%) along with 3 (10.2 mg, 46%).

Table 1, entry 12: according to general procedure 1, from
1 (10 mg, 5.3 x 107% mol), Pt(acac), (0.02 mg, 5.3 x 1078 mol),
and Et;SiH (13 mg, 11.6 x 107° mol). After 10 days at reflux
the mixture was shown by GC to contain 2 and 3 in a ratio of
50/50, which were isolated by chromatography. FC (hexane)
gave 2 (7 mg, 44%) along with 3 (10 mg, 44%).

Table 1, entry 13: according to general procedure 1, from
1 (10 mg, 5.3 x 10~® mol), [Pt(PPh3)(CsHe)]n (1 mL, 5.3 x 1075
mol/L), and Et3SiH (13 mg, 11.6 x 10°°> mol). After 10 days
at reflux the mixture was shown by GC to contain 2 and 3 in
a ratio of 52/48, which were isolated by chromatography. FC
(hexane) gave 2 (7.3 mg, 45%) along with 3 (9.6 mg, 43%).

General Procedure 2. Formation of Disilacyclic Com-
pounds (Table 2). A mixture of 2,2-divinyladamantane (1)
(10 mg, 0.053 mmol) and a solution of Zeise's dimer [Pt,-
Cl4(CH2CH_)] ([C] = 5.3 x 107° mol/L) in 1 mL of dry benzene
were placed in 10 mL round-bottomed flask equipped with a



Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on August 25, 1998 on http://pubs.acs.org | doi: 10.1021/om980134+

Hydrosilylation of 2,2-Divinyladamantane

magnetic stirring bar, a dry argon inlet, and a reflux con-
denser. The solution was degassed and stirred at room
temperature for 1 h. Disilane compounds (0.064 mmol) were
then slowly added, the resulting mixture was stirred for 24 h
at reflux under an inert atmosphere, and the reaction was
monitored by GC analysis. The solvent was evaporated and
the residue filtrated through a short column of silica gel. The
selectivity was determined from GC and '*H NMR. For
analysis the product was repurified by FC.

Table 2, entry 1: according to general procedure 2, from 1
(100 mg, 5.3 x 107* mol), Pt,Cl4(CH,CH), (0.3 mg, 5.3 x 1077
mol), and 1,2,3-trimethyl-1,2,3-triphenyltrisilane (4a) (231 mg,
6.4 x 1074 mol). After 24 h at reflux the mixture was shown
by GC to contain 5a which was purified by chromatography.
FC (hexane) gave 5a (246 mg, 84%).

5a: mixture of 3 stereoisomers, colorless liquid. *H NMR
(CDCl3): 6 = 7.6—7.2 (m, 45H, 45 arom. H), 2.04-1.97 (m,
12H, C(4)-Hsyn, C(8)-Hsyn, C(9)-Hsyn, C(10)-Hsgyn), 1.83—1.79 (M,
6H, C(1)-H, C(3)-H), 1.74-1.70 (m, 6H, C(5)-H, C(7)-H), 1.65—
1.61 (m, 6H, C(6)Hy), 1.56—1.51 (m, 12H, CH,CH,Si), 1.51—
1.48 (m, 12H, C(4)-Hami, C(8)-Hami, C(g)'Hami, C(lo)-Hanti),
0.75—-0.70 (m, 12H, CH,CH,Si), 0.44 (s, 3H, CHS5Si), 0.42 (s,
6H, CH;Si), 0.40 (s, 3H, CH3Si), 0.39 (s, 6H, CH3Si), 0.38 (s,
3H, CH3Si), 0.35 (s, 3H, CH3Si), 0.33 (s, 3H, CH3Si). *C NMR
(CDClg): 6 =134.2 (s, C—Si), 133.3 (d, =CH), 133.2 (d, =CH),
133.0 (d, =CH), 127.9 (d, =CH), 127.8 (d, =CH), 127.6 (d, =
CH), 127.4 (d, =CH), 127.2 (d, =CH), 40.0 (s, C(2)), 38.9 (t,
C(6)), 38.8 (t, C(6)), 33.7 (t, C(4), C(8), C(9), C(10)), 33.6 (t,
C(4), C(8), C(9), C(10)), 33.5 (t, C(4), C(8), C(9), C(10)), 32.9
(d, C(1), C(3)), 29.8 (d, C(5), C(7)), 29.7 (d, C(5), C(7)), 29.5 (d,
C(5), C(7)), 28.4 (t, CH,CHS,Si), 28.3 (t, CH,CH,Si), 8.1 (¢,
CH,CH,Si), 8.0 (t, CH.CH,Si), 7.9 (t, CH,CH,Si), —7.2 (q,
SiCHj3), —7.3 (g, SiCHg), —7.4 (g, SiCH3), —7.7 (q, SiCH3), —7.8
(0, SiCHs), —7.9 (g, SiCHs). EI-MS: m/z (%) = 551 (18, M%),
473 (34), 395 (16), 379 (11), 301 (8), 273 (21), 187 (13), 135
(100), 73 (23), 59 (15). Anal. Calcd for CssHasSis (551.0): C,
76.29; H, 8.41. Found: C, 75.98; H, 8.56.

Table 2, entry 2: according to general procedure 2, from 1
(100 mg, 5.3 x 10~* mol), Pt,Cl4(CH,CH), (0.3 mg, 5.3 x 107/
mol), and 1,1,3,3-tetramethyldisilazane (4b) (85 mg, 6.4 x 10~*
mol). After 24 h at reflux the mixture was shown by GC to
contain 5b which was purified by chromatography. FC (9:1
hexane/AcOELt) gave 5b (140 mg, 82%).

5b: colorless liquid. *H NMR (CDClz): 6 =2.02 (brd, J =
11.9 Hz, 4H, C(4)-Hgyn, C(8)-Hsyn, C(9)-Hsyn, C(10)-Hsyn), 1.81
(brs, 2H, C(1)-H, C(3)-H), 1.67 (br s, 2H, C(5)-H, C(7)-H), 1.64
(br s, 2H, C(6)H,), 1.62 (m, 4H, CH,CH,Si), 1.49 (br d, J =
11.9 Hz, 4H, C(4)-Hanti, C(8)-Hanti, C(9)-Hanti, C(10)-Hanti), 0.33
(m, 4H, CH,CH,Si), 0.05 (s, 12H, CH3Si). *C NMR (CDCly):
0 =40.5 (s, C(2)), 40.0 (t, C(6)), 33.1 (t, C(4), C(8), C(9), C(10)),
32.9 (d, C(1), C(3)), 28.2 (d, C(5), C(7)), 23.0 (t, CH,CHS,Si),
8.9 (t, CH.CH,Si), 0.2 (g, SiCH3). EI-MS: m/z (%) = 321 (8,
M*), 279 (3), 233 (1), 207 (2), 173 (17), 145 (10), 115 (49), 75
(100), 59 (34). Anal. Calcd for CigH3sNSi, (321.65): C,
67.21;H, 10.97; N, 4.35. Found: C, 67.34; H, 11.05; N, 4.21.

Table 2, entry 3: according to general procedure 2, from 1
(100 mg, 5.3 x 10~* mol), Pt,Cl4(CH,CH), (0.3 mg, 5.3 x 107/
mol), and bis(dimethylsilyl)methane (4c) (84.3 mg, 6.4 x 1074
mol). After 24 h at reflux the mixture was shown by GC to
contain 5¢ and 6c in a ratio of 83/17, which were isolated by
chromatography. FC (hexane) gave 5c (116 mg, 68%) along
with 6¢ (46 mg, 14%).

5c: colorless liquid. *H NMR (CDCl3): 6 =2.02 (brd, J =
11.7 Hz, 4H, C(4)-Hsyn, C(8)-Hsyn, C(9)-Hsyn, C(10)-Hsyn), 1.81
(br's, 2H, C(1)-H, C(3)-H), 1.66 (br s, 2H, C(5)-H, C(7)-H), 1.57
(m, 4H, CH,CHS,Si), 1.55 (br s, 2H, C(6)H>), 1.50 (br d, J =
11.7 Hz, 4H, C(4)-Hanti, C(8)-Hant, C(9)-Hanti, C(10)-Hansi), 0.33
(m, 4H, CH,CH,Si), 0.09 (s, 12H, CH3Si), —0.23 (s, 2H, SiCH.-
Si). 3C NMR (CDClg): 6 = 40.1 (s, C(2)), 40.0 (t, C(6)), 33.1
(t, C(4), C(8), C(9), C(10)), 32.4 (d, C(1), C(3)), 28.2 (d, C(5),
C(7)), 22.7 (t, CH,CHSi), 8.0 (t, CH,CH,Si), 0.2 (g, SiCHs3),
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—1.66 (t, SiCH,Si). EI-MS: m/z (%) = 320 (8, M™), 279 (3),
233 (1), 207 (2), 173 (17), 145 (10), 115 (49), 75 (100), 59 (34).
Anal. Calcd for CigHszeSi, (320.66): C, 71.17; H, 11.32.
Found: C, 71.10; H, 11.27.

6c: colorless liquid. *H NMR (CDCl3): 6 = 5.52 (dd, J =
18.3 Hz, 11.1 Hz, 1H, CH=CHy,), 5.13 (dd, J = 11.1 Hz, 1.3
Hz, 1H, CH,=CH cis), 4.84 (dd, J = 18.3 Hz, 1.3 Hz, 1H, CH,=
CH trans), 3.32 (m, 1H, SiH), 2.05 (br d, J = 12.4 Hz, 2H,
C(8)-Hsyn, C(10)-Hsyn), 2.02 (br d, J = 12.4 Hz, 2H, C(8)-Hsyn,
C(10)-Hgyn), 2.00 (br d, J = 12.5 Hz, 2H, C(4)-Hgyn, C(9)-Hsyn),
1.99 (br d, J = 12.3 Hz, 2H, C(4)-Hsyn, C(9)-Hsyn), 1.84 (M, 1H,
C(7)-H), 1.83 (m, 1H, C(7)-H), 1.80 (m, C(5)-H), 1.79 (m, C(5)-
H), 1.71 (br s, 4H, C(1)-H, C(3)-H), 1.65 (br s, 4H, C(6)H,),
1.57 (br d, 3 = 12.4 Hz, 2H, C(8)-Hanti, C(10)-Hanti), 1.54 (br d,
J = 12.4 Hz, 2H, C(8)-Hanti, C(10)-Hanti), 1.51 (br d, J = 12.5
Hz, 2H, C(4)-Hanti, C(9)-Hant), 1.49 (br d, J = 12.3 Hz, 2H, (4)-
Hanti, C(9)-Han), 1.46 (m, 4H, CH,CH,Si), 1.43 (m, 2H, CH;-
CH,Si), 0.34 (m, 4H, CH,CH,Si), 0.30 (m, 2H, CH,CH,Si), 0.10
(s, 3H, CHsSi), 0.09 (s, 3H, CH3Si), 0.08 (s, 6H, CH3Si), 0.06
(s, 3H, CHjsSi), 0.05 (d, J = 3.7 Hz, 6H, CHj5Si), 0.02 (s, 3H,
CHj3Si), —0.17 (s, 2H, SiCH_Si), —0.21 (d, J = 4.6 Hz, 2H,
SiCH,Si). 3C NMR (CDCl3): 6 = 146.9 (d, CH=CH,), 112.7
(t, CH,=CH), 45.0 (s, C(2)), 44.9 (s, C(2)), 39.0 (t, C(6)), 34.0
(t, C(4), C(9)), 33.5 (d, C(1), C(3)), 33.0 (d, C(1), C(3)), 32.6 (t,
C(8), C(10)), 32.4 (t, C(8), C(10)), 29.8 (t, CH,CH,Si), 29.6 (t,
CH,CH,Si), 29.5 (t, CH,CH,Si), 28.4 (d, C(5)), 28.2 (d, C(7)),
27.8 (d, C(7)), 3.4 (t, CH.CH,Si), 3.2 (t, CH2CH,SIi), 3.1 (t,
CH,CH,Si), 0.29 (g, 6H, CH3Si), 0.27 (g, 3H, CHj3Si), 0.26 (g,
6H, CH3Si), 0.24 (q, 3H, CHsSi), 0.23 (g, 6H, CH3Si), —1.6 (t,
2H, SiCH_Si), —1.7 (t, 2H, SiCH,Si). CI-MS: m/z (%) = 641
(9, M™), 582 (15), 506 (4), 478 (11), 344 (34), 316 (13), 258 (10),
186 (35), 173 (71), 158 (40), 133 (100), 79 (24), 59 (6). Anal.
Calcd for CzgH72Si4 (641.33): C, 71.17; H, 11.32. Found: C,
70.98; H, 11.25.

Table 2, entry 4: according to general procedure 2, from 1
(100 mg, 5.3 x 107* mol), Pt,Cl4(CH,CH>), (0.3 mg, 5.3 x 1077
mol), and 1,1,3,3-tetramethyldisiloxane (4d) (85.6 mg, 6.4 x
107 mol). After 24 h at reflux the mixture was shown by GC
to contain 5d and 6d in a ratio of 78/22, which were isolated
by chromatography. FC (hexane) gave 5d (107 mg, 62%) along
with 6d (78 mg, 18%).

5d: colorless liquid. *H NMR (CDClg): 6 =2.02 (brd, J =
11.3 Hz, 4H, C(4)-Hsyn, C(8)-Hsyn, C(9)-Hsyn, C(10)-Hsyn), 1.81
(brs, 2H, C(1)-H, C(3)-H), 1.66 (br s, 2H, C(5)-H, C(7)-H), 1.64
(br s, 2H, C(6)H,), 1.58 (m, 4H, CH,CH,Si), 1.50 (br d, J =
11.3 Hz, 4H, C(4)-Hanti, C(8)-Hanti, C(9)-Hanti, C(10)-Hant), 0.34
(m, 4H, CH,CH,Si), 0.05 (s, 12H, CH3Si). *C NMR (CDCls):
0 =40.5 (s, C(2)), 40.0 (t, C(6)), 33.0 (t, C(4), C(8), C(9), C(10)),
32.8 (d, C(1), C(3)), 28.1 (d, C(5), C(7)), 23.0 (t, CH,CHS,Si),
8.8 (t, CH,CH.Si), 0.2 (g, SiCH3). EI-MS: m/z (%) = 322 (20,
M), 295 (9), 207 (5), 161 (59), 145 (95), 133 (100), 105 (9), 73
(23), 59 (8). Anal. Calcd for C15H340Si, (322.64): C, 67.00;
H, 10.62. Found: C, 67.13; H, 10.77.

6d: colorless liquid. *H NMR (CDCl3): 6 = 5.56 (dd, J =
18.1 Hz, 11.1 Hz, 2H, CH=CHy), 5.13 (dd, J = 11.1 Hz, 1.6
Hz, 2H, CH,=CH cis), 4.85 (dd, J = 18.1 Hz, 1.6 Hz, 2H, CH,=
CH trans), 2.05 (br d, J = 12.1 Hz, 4H, C(8)-Hsyn, C(10)-Hsyn),
2.02 (br d, 3 = 11.3 Hz, 4H, C(4)-Hsyn, C(8)-Hsyn, C(9)-Hsyn,
C(10)-Hgyn), 2.01 (br d, 3 = 12.2 Hz, 4H, C(4)-Hgyn, C(9)-Hsyn),
1.82 (br s, 2H, C(1)-H, C(3)-H), 1.81 (m, 2H, C(7)-H), 1.75 (m,
2H, C(5)-H), 1.68 (br s, 4H, C(1)-H, C(3)-H), 1.66 (br s, 2H,
C(5)-H, C(7)-H), 1.64 (br s, 2H, C(6)H,), 1.62 (br s, 4H, C(6)-
Hy), 1.55 (br d, J = 12.1 Hz, 4H, C(8)-Hanti, C(10)-Hanti), 1.51
(br d, 3 = 12.2 Hz, 4H, C(4)-Hanti, C(9)-Hanti), 1.50 (br d, J =
11.3 Hz, 4H, C(4)-Hant, C(8)-Hanti, C(9)-Hanti, C(10)-Hanti), 1.56
(m, 4H, CH,CH,Si), 1.55 (m, 4H, CH,CH,Si), 0.38 (m, 4H,
CH,CH,Si), 0.34 (m, 4H, CH,CH,Si), 0.08 (s, 12H, CH3Si), 0.05
(s, 12H, CH3Si). 3C NMR (CDCl3): 6 = 146.9 (d, CH=CH),),
112.7 (t, CH,=CH), 45.3 (s, C(2)), 40.9 (s, C(2)), 40.0 (t, C(6)),
39.1 (t, C(6)), 36.3 (t, C(4), C(9)), 33.9 (d, C(1), C(3)), 33.5 (t,
C(8), C(10)), 33.0 (t, C(4), C(8), C(9), C(10)), 32.7 (d, C(1), C(3)),
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29.8 (t, CH,CHS,Si), 28.4 (d, C(5), C(7)), 28.2 (d, C(5)), 27.8 (d,
C(7)), 24.5 (t, CH,CHS,Si), 10.0 (t, CH,CH,Si), 9.6 (t, CH,CH,-
Si), 0.3 (g, CHsSi), 0.1 (q, CH3Si). CI-MS: m/z (%) = 834 (2,
M), 644 (8), 578 (7), 510 (5), 481 (27), 453 (18), 381 (10), 367
(8), 321 (40), 173 (71), 133 (100), 79 (24). Anal. Calcd for
CsoHgsO2Sia (833.60): C, 72.04; H, 10.64. Found: C, 72.21;
H, 10.73.

Table 2, entry 5: according to general procedure 2, from 1
(100 mg, 5.3 x 10~* mol), Pt,Cl4(CH,CH), (0.3 mg, 5.3 x 10~
mol), and 1,1,2,2-tetramethyldisilane (4e) (155 mg, 6.4 x 10~*
mol). After 24 h at reflux the mixture was shown by GC to
contain 5e and 6e in a ratio of 70/30, which were isolated by
chromatography. FC (7:3 hexane/AcOEt) gave 5e (127 mg,
55%) along with 6e (54 mg, 24%).

5e: single stereoisomer, colorless liquid. *H NMR (CDCly):
0 =7.60—7.55 (m, 4H, 2 arom. H), 7.40—7.28 (m, 6H, 3 arom.
H), 2.00 (br d, J = 12.0 Hz, 4H, C(4)-Hsyn, C(8)-Hsyn, C(9)-Hgyn,
C(10)-Hsyn), 1.79 (br s, 2H, C(1)-H, C(3)-H), 1.74 (br s, 2H, C(5)-
H, C(7)-H), 1.65 (br s, 2H, C(6)H>), 1.59 (m, 4H, CH,CH,Si),
1.52 (br d, 3 = 12.0 Hz, 4H, C(4)-Hanii, C(8)-Hanti, C(9)-Hani,
C(10)-Hant), 0.70 (m, 4H, CH,CH,Si), 0.36 (s, 6H, CH3Si). 3C
NMR (CDCl3): 6 = 134.2 (s, C—Si), 133.3 (d, =CH), 133.0 (d,
=CH), 127.8 (d, =CH), 127.6 (d, =CH), 127.2 (d, =CH), 40.1
(s, C(2)), 38.9 (t, C(6)), 33.9 (t, C(4), C(8), C(9), C(10)), 33.0 (d,
C(1), C(3)), 29.6 (d, C(5), C(7)), 27.7 (t, CH.CH,SI), 8.7 (t,
CH,CH,Si), —7.4 (q, SiCH3). EI-MS: m/z (%) = 430 (34, M"),
352 (21), 274 (12), 258 (5), 214 (11), 186 (36), 135 (100), 73
(18), 59 (10). Anal. Calcd for CysHs3sSi, (430.78): C, 78.07; H,
8.89. Found: C, 77.88; H, 8.76.

6e: single stereoisomer, colorless liquid. *H NMR (CDCly):
0 =7.62—7.50 (m, 4H, 4 arom. H), 7.39—7.33 (m, 6H, 6 arom.
H), 5.54 (dd, 3 = 18.1 Hz, 11.3 Hz, 1H, CH=CHy), 5.17 (dd, J
= 11.3 Hz, 1.5 Hz, 1H, CH,=CH cis), 4.88 (dd, J = 18.1 Hz,
1.5 Hz, 1H, CH,=CH trans), 3.64 (m, 1H, SiH), 2.03 (br d, J
=12.0 Hz, 2H, C(8)-Hsyn, C(10)-Hgyn), 1.96 (br d, J = 12.4 Hz,
2H, C(4)-Hsyn, C(9)-Hgyn), 1.80 (m, 1H, C(7)-H), 1.79 (m, 1H,
C(5)-H), 1.72 (br s, 2H, C(1)-H, C(3)-H), 1.66 (br s, 2H, C(6)-
H,), 1.57 (m, 2H, CH,CH,Si), 1.55 (br d, J = 12.3 Hz, 2H, C(8)-
Hanti, C(10)-Hansi), 1.52 (br d, 3 = 12.5 Hz, 2H, C(4)-Hanti, C(9)-
Hanti), 0.71 (m, 2H, CH,CH,Si), 0.38 (s, 6H, CH3Si). 3C NMR
(CDCly): 6 = 146.7 (d, CH=CH,), 133.3 (d, =CH), 133.2 (d,
=CH), 127.8 (d, =CH), 127.7 (d, =CH), 127.6 (d, =CH), 113.1
(t, CH,=CH), 45.1 (s, C(2)), 38.9 (t, C(6)), 33.9 (t, C(4), C(9)),
33.4 (d, C(1), C(3)), 32.3 (t, C(8), C(10)), 29.7 (t, CH.CHS,Si),
29.4 (d, C(5)), 27.7 (d, C(7)), 2.4 (t, CH,CH3,Si), 8.5 (t, CH,CH.-
Si), =7.5 (g, SiCH3). CI-MS: m/z (%) = 430 (7, M*), 309 (21),
232 (17), 217 (11), 189 (34), 162 (56), 143 (8), 133 (100), 115
(65), 87 (2), 78 (43), 59 (2). Anal. Calcd for CsH3sSi2
(430.78): C, 78.07; H, 8.89. Found: C, 78.11; H, 8.92.

Reaction with o-bis(dimethylsilyl)benzene (4f): accord-
ing to general procedure 2, from 1 (100 mg, 5.3 x 10~* mol),
Pt,Cl,(CH,CH,), (0.3 mg, 5.3 x 10~" mol) and 1,2-bis(dimeth-
ylsilyl)benzene (4f) (124 mg, 6.4 x 107* mol). After 24 h at
reflux the mixture was shown by GC to contain 7, 8, 9, and
10 in a ratio of 57/22/8/13, which were isolated by chromatog-
raphy. FC (hexane) gave 7 (105 mg, 52%) along with 8 (40
mg, 20%), 9 (14 mg, 7%), and 10 (12 mg, 12%).

7: colorless liquid. *H NMR (CDCl3): 6 = 7.56—7.53 (m,
2H, =CH), 7.38—7.36 (m, 2H, =CH), 1.99 (br d, J = 11.9 Hz,
2H, C(8)-Hsyn, C(10)-Hgyn), 1.98 (br d, J = 12.1 Hz, 2H, C(4)-
Hesyn, C(9)-Hgyn), 1.94 (m, 1H, C(7)-H), 1.99 (m, C(5)-H), 1.75
(br's, 2H, C(1)-H, C(3)-H), 1.72 (br s, 2H, C(6)H,), 1.67 (br d,
J = 11.9 Hz, 2H, C(8)-Hani, C(10)-Hanti), 1.65 (br d, J = 12.1
Hz, 2H, C(4)-Hanti, C(9)-Hanti), 1.06 (d, J = 6.6 Hz, 3H, CHs-
CH), 0.67 (dd, J = 12.2 Hz, 8.7, 1H, CHCHSi), 0.51 (dd, J =
8.7 Hz, 6.6 Hz, 1H, CHCHs3), 0.41 (q, 3H, CHsSi), 0.37 (q, 3H,
CHjsSi), 0.35 (g, 3H, CHSsSi), 0.31 (g, 3H, CHsSi), 0.11 (d, J =
12.2 Hz, 1H, SiCHSi). 3C NMR (CDCls): ¢ = 150.5 (s, CSi),
150.0 (s, CSi), 131.7 (d, =CH), 131.6 (d, =CH), 128.7 (d, =
CH), 128.6 (d, =CH), 41.7 (d, C(1)), 37.5 (t, C(6)), 36.5 (t, C(4)),
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36.3 (t, C(9)), 36.0 (t, C(8)), 35.9 (t, C(10)), 31.9 (s, C(2)), 28.3
(d, C(3)), 28.1 (d, C(5)), 27.7 (d, C(7)), 25.5 (d, CHCHS:I), 21.1
(d, CHCHg), 9.4 (q, CH3CH), 3.5 (d, SiCHSI), 1.7 (q,CH3Si),
1.6 (q,CHsSi), —0.8 (q,CH3Si), —1.3 (q,CH3Si). CI-MS: m/z (%)
= 381 (11, M), 366 (4), 351(7), 275 (23), 217 (45), 191 (32),
133 (100), 59 (2). Anal. Calcd for C4H36Si, (380.72): C, 75.72;
H, 9.53. Found: C, 75.84; H, 9.65.

8: colorless liquid. *H NMR (CDClg): 6 =7.53(dd, J =5.4
Hz, 3.1, 2H, =CH), 7.35 (dd, J = 5.4 Hz, 3.1 Hz, 2H, =CH),
5.65 (dd, J = 18.1 Hz, 11.2 Hz, 1H, CH=CH,), 5.19 (dd, J =
11.2 Hz, 1.5 Hz, 1H, CH,=CH cis), 4.96 (dd, J = 18.1 Hz, 1.5
Hz, 1H, CH,=CH trans), 2.11 (br d, J = 11.6 Hz, 2H, C(8)-
Hsyn, C(10)-Hsyn), 2.07 (br d, 3 = 12.3 Hz, 2H, C(4)-Hsyn, C(9)-
Hsyn), 1.94 (m, 1H, C(7)-H), 1.86 (m, C(5)-H), 1.90 (d, J =5.2
Hz, 2H, CH,CHSi), 1.79 (br s, 2H, C(1)-H, C(3)-H), 1.67 (br s,
2H, C(6)Hy), 1.62 (br d, J = 11.6 Hz, 2H, C(8)-Hanti, C(10)-
Hanti), 1.54 (br d, J = 12.3 Hz, 2H, C(4)-Hanti, C(9)-Hant), 0.32
(s, 6H, CH3Si), 0.18 (dd, J = 5.2 Hz, 5.2 Hz, 1H, SiCHSi), 0.17
(s, 6H, CH3Si). 3C NMR (CDCl3): 6 = 150.5 (s, CSi), 150.0
(s, CSi), 147.7 (d, CH=CHy,), 131.8 (d, =CH), 128.5 (d, =CH),
113.8 (t,CH,=CH), 45.4 (s, C(2)), 38.9 (t, C(6)), 34.0 (t, C(4),
C(9)), 33.9 (d, C(1), C(3)), 32.9 (t, C(8), C(10)), 32.3(t, CH>-
CHSI), 28.3 (d, C(5)), 28.0 (d, C(7)), 4.8 (d, SiCHSi), —0.3 (g,
CH;sSi), —1.2 (g, CH3Si). CI-MS: m/z (%) = 381 (17, M™), 366
(12), 351 (2), 305 (4), 275 (15), 247 (45), 189 (22), 163 (43), 133
(100), 76 (6), 59 (2). Anal. Calcd for C,4H36Si, (380.72): C,
75.72; H, 9.53. Found: C, 75.92; H, 9.69.

9: colorless liquid. *H NMR (CDCls): 6 = 7.57—7.52 (m,
2H, =CH), 7.34—7.29 (m, 2H, =CH), 5.653 (dd, J = 18.1 Hz,
11.2 Hz, 1H, CH=CHy), 5.14 (dd, J = 11.2 Hz, 1.6 Hz, 1H,
CH,=CH cis), 4.84 (dd, J = 18.1 Hz, 1.6 Hz, 1H, CH,=CH
trans), 2.102 (br d, J = 10.5 Hz, 2H, C(8)-Hsyn, C(10)-Hgyn), 1.97
(brd, 3 =12.7 Hz, 2H, C(4)-Hsyn, C(9)-Hsyn), 1.90 (M, 1H, C(7)-
H), 1.87 (m, C(5)-H), 1.78 (br s, 2H, C(1)-H, C(3)-H), 1.65 (br
s, 2H, C(6)H,), 1.57 (br d, J = 10.5 Hz, 2H, C(8)-Hani, C(10)-
Hanti), 1.52 (br d, 3 = 12.7 Hz, 2H, C(4)-Hanti, C(9)-Hanti), 1.48
(m, 1H, CHSI), 0.68 (m, 2H, CH.Si), 0.32 (s, 3H, CH3Si), 0.31
(s, 6H, CH3Si), 0.30 (s, 3H, CH3Si). *C NMR (CDCl3): 6 =
150.6 (s, CSi), 150.1 (s, CSi), 146.9 (d, CH=CH,), 134.5 (d, =
CH), 134.4 (d, =CH), 127.9 (d, =CH), 127.8 (d, =CH), 112.8
(t,CH,=CH), 45.2 (s, C(2)), 39.0 (t, C(6)), 34.0 (t, C(4), C(9)),
33.5 (d, C(1), C(3)), 32.4 (t, C(8), C(10)), 28.5 (d, C(5)), 27.8 (d,
C(7)), 15.3 (d, CHSi), 8.5 (t, CH,Si), —0.8 (q, CH3Si), —2.3 (q,
CH3Si). CI-MS: m/z (%) = 381 (4, M), 365 (25), 349 (12), 317
(6), 305 (18), 261 (28), 247 (18), 192 (32), 185 (13), 158 (76),
136 (17), 133 (100), 76 (43), 59 (11). Anal. Calcd for C4Hze-
Si; (380.72): C, 75.72; H, 9.53. Found: C, 75.86; H, 9.61.

10: colorless liquid. *H NMR (CDCl3): 6 = 5.58 (dd, J =
18.0 Hz, 11.2 Hz, 1H, CH=CHy), 5.14 (dd, J = 11.2 Hz, 1.7
Hz, 1H, CH,=CH cis), 4.87 (dd, J = 18.0 Hz, 1.7 Hz, 1H, CH,=
CH trans), 2.04 (br d, J = 12.0 Hz, 4H, C(4)-Hsyn, C(8)-Hsyn,
C(9)-Hsyn, C(10)-Hgyn), 1.81 (br s, 2H, C(1)-H, C(3)-H), 1.70 (br
s, 2H, C(5)-H, C(7)-H), 1.65 (br s, 2H, C(6)H>), 1.58 (9, J = 7.4
Hz, 2H, CH,CH3), 1.55 (br d, J = 12.0 Hz, 4H, C(4)-Hanti, C(8)-
Hanti» C(9)-Hanti, C(10)-Hanti), 0.73 (t, I = 7.4 Hz, 3H, CH3sCHy).
13C NMR (CDCls): ¢ = 147.1 (d, CH=CHy), 112.6 (t,CH,=CH),
44.6 (s, C(2)), 39.2 (t, C(6)), 34.0 (t, C(4), C(9)), 33.7 (d, C(2),
C(3)), 32.6 (t, C(8), C(10)), 29.3 (t, CH.CH3), 28.6 (d, C(5)), 28.0
(d, C(7)), 6.9 (g, CH3CHy). CI-MS: m/z (%) = 190 (25, M™),
174 (7), 162 (36), 145 (62), 133 (100), 76 (45), 59 (16). Anal.
Calcd for C14H2, (190.33): C, 88.35; H, 11.65. Found: C, 88.22;
H, 11.60.
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