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Four- to seven-membered cyclic bis(organosilyl)palladium(Il) complexes were synthesized by oxidative addition of
cyclic disilanes onto bis(z-butyl isocyanide)palladium(0) as well as by intramolecular metathesis of the two Si—Si bonds of
bis(disilane)s with the palladium(0) complex. The 4-membered bis(organosilyl)bis(z-butyl isocyanide)palladium complex
prepared from 2,2-bis(1,1,2,2-tetramethyl-2-phenyldisilanyl)- 1,3-dithiane was characterized by a single-crystal X-ray
method, which showed an unusually short cross-ring Si—Si distance in the 4-membered ring. The reactivities of the cyclic
bis(organosilyl)bis(s-butyl isocyanide)palladium complexes toward phosphines, cyclic disilanes, and alkynes were also
examined. Cyclic organosilicon compounds were synthesized by bis-silylation of alkynes with cyclic bis(organosilyl)-
palladium intermediates generated by the intramolecular metathesis. The bis-silylation was also applicable for electron-
deficient alkenes: «,[-unsaturated ketones gave 7-membered 1,4-bis-silylation adducts, whereas the corresponding ester

and nitrile gave 5-membered 1,2-adducts in high yields.

The intriguing chemical and physical properties of the
Si—Si o-bond are due to its high-lying HOMO and low-
lying LUMO, which should be compared with those of a
carbon—carbon double bond. The MO interaction with low
valent transition metal complexes has made possible some
synthetic uses of disilanes. Especially, palladium-catalyzed
bis-silylation of unsaturated organic compounds,’ e.g.,
alkynes,>® alkenes,”*¥ dienes,?®"%9 jsocyanides,” and
a, 3-unsaturated ketones® provided a convenient method for
formation of carbon—silicon bonds. The reactions commonly
involve an oxidative addition of the Si—Si bond onto palla-
dium, which is crucially important in the catalytic cycles.
The relevant interaction of the Si—Si o-bond with palladium
complexes could lead to metathesis, i.e., disproportionation
reaction of the Si—Si o-bond.>**—!V Cyclooligomerization of
cyclic disilanes through Si—Si o-bond metathesis has been
reported, though the mechanistic details still remain to be
understood.?!!1

Recently, generation and isolation, as well as synthetic ap-
plication of bis(organosilyl)palladium complexes, have been
reported by some research groups.?'>~* We have also found
a new catalytic system, #-alkyl isocyanide~Pd(OAc),, for
use as a highly active catalyst for bis-silylations of alkynes
and alkenes.>*!» The synthetic usefulness of intramolecular
bis-silylation of alkenes has been demonstrated by stereo-
selective synthesis of polyols.

In such catalysis, we presumed that bis(z-alkyl isocya-
nide)palladium(0) complexes might be responsible for the
primary active species, onto which Si—Si bond would un-
dergo oxidative addition to form bis(organosilyl)bis(z-alkyl
isocyanide)palladium(Il) complexes. Herein, we describe
the palladium-catalyzed bis-silylation, focusing on prepara-
tion and reactions of cyclic bis(organosilyl)bis(z-alkyl isocy-
anide)palladium(II) complexes (Scheme 1).!9

Results and Discussion

Generation of Cyclic Bis(organosilyl)bis(¢-alkyl isocy-
anide)palladium(Il) Complexes: Oxidative Addition
of Si—-Si Bonds onto Bis(¢-alkyl isocyanide)palladium-
0). It has been well documented that disilanes bear-
ing electronegative substituents on silicon atoms as well as
strained cyclic disilanes may readily undergo oxidative ad-
dition onto palladium(0). Though synthesis of bis(organo-
silyl)palladium complexes has been achieved by use of hy-
drodisilanes'® as well as fluorodisilanes?” with low valent

C S] ; Pd(0) (3’\ Pd(0) CS’ -Si
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Addition St

Scheme 1.
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phosphine-palladium complexes,'” isolation and character-
ization of the cyclic transition metal complexes from cyclic
disilanes have never been reported.'$1
1,1,2,2-Tetramethyl-1,2-disilacyclopentane (la), which
has been known as a strained, reactive cyclic disilane,
was reacted with bis(#-butyl isocyanide)palladium(0) (2) at
room temperature in benzene. Monitoring of the reaction
by 'HNMR spectroscopy revealed a rapid conversion (5
min) to 6-membered bis(organosilyl)palladium complex 3a
(Eq. 1). The complex was isolated in 85% yield as col-
orless crystals. In this reaction, #-butyl isocyanide was a
ligand of choice on palladium(0). Use of tetrakis(triphen-
ylphosphine)palladium(0) did not give any complexes cor-
responding to 3a in the reaction with 1a, even at high tem-
perature. The much-strained 4-membered cyclic disilane
1b also gave the corresponding 5-membered bis(organosi-
Iyl)palladium complex 3b in high yield (Eq. 2). But, 1,1,
2,2-tetramethyl-1,2-disilacyclohexane (1c¢) did not react at
all under the same reaction conditions, presumably because
of the lack of ring strain. However, substitution of the two
methyl groups on the silicon atom (in 1c) by two methoxy
groups (in 1d) resulted in clean formation of 7-membered
bis(organosilyl)palladium complex 3d (Eq. 3).

1eq. Me, .
<:SiMe2 PA(CNBUY; (2) SI‘Pd ,CNBU
! —-
SiMe, benzene rt. AN .
’ {quant ("HNMR) s:ez CNBu
85% (isolated
1a b (isolated) 2a o
Bl}’z .
SiBU, benzene r.t. VAN ,
2 [ quant ("HNMR) BSL‘J 1 CNBu
1ib 73% (isolated) 3b
sM )
i 1eq. 2 iMe,
?fMez — Pd(CNBu‘)a
Si(OMe), benzerz? }:,t. - Sl(OMe)2
quant. ('"HN
1d ad &

Bicyclic disilane 1e was also reactive toward 2, producing
the corresponding bis(organosilyl)palladium complex 3e in

nearly quantitative

SiMe,
Me,Si

l O { quant (1H. i\lMR)

1e

yield (Eq. 4).
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Generation of Cyclic Bis(organosilyl)bis(z-alkyl iso-

cyanide)palladium(Il) Complexes:

Intramolecular

Metathesis of Si—Si Bonds onto Bis(z-alkyl isocyanide)-
Bis(z-butyl isocyanide)palladium(0) (2)
also mediated simultaneous activation of two Si—Si bonds
oriented appropriately in a molecule. Thus, the reaction of

palladium(0).
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bis(disilanyl)dithiane 4a with 2 was monitored by 'H NMR,
resulting in quantitative formation of 4-membered cyclic bis-
(organosilyl)palladium complex 5a and sym-tetramethyldi-
phenyldisilane (6) (Eq. 5). The metathesis reaction com-
pleted within 5 min to afford 5a, which was isolated as a
crystalline solid in high yield on addition of pentane to the re-
action mixture. It is noted that tetrakis(triphenylphosphine)-
palladium(0) failed to afford the complex corresponding to
5a. The structure of Sa was established by a single-crystal X-
ray diffraction study. The crystal structure is shown in Fig. 1,
together with selected bond distances and angles. The two
silicon, two isocyano carbon, and palladium atoms are nearly
on the same plane. The two isocyanide ligands coordinate to
palladium with a relatively large angle (C-Pd-C=105.9(2)°).
The unusual short cross-ring Si—Si distance (2.613(2) A) may
suggest a possibility of covalently bonded Si—Si in the 4-

membered ring.?*2"
MezM_ez
: SXS'_S'Ph 1eq. 2 : S><S' pd’ /CNBu' SiMe Ph
& ‘si-siph benzene r.t. Si CNBu' SlMezPh
min
MeaMe2  uant ('H NMR) Me,
4a 5a (85%) 6

_ 5)

Reactions of some other bis(disilanyl)alkanes with 2 were
examined. The success of the intramolecular metathesis de-
pended on the tethers connecting the two disilanyl groups

C(16y

B C(21)

C(20)

Fig. 1.  Crystal structure of Sa.
been omitted for clarity. Selected bond distances
(A) and angles (deg) are as follows: Pd(1)-Si(2)=
2.336(1), Pd(1)-Si(3)=2.356(1), Pd(1)-C(16)=2.053(5),
PA(1)-C(17)=2.053(4), Si(2)-Si(3)=2.613(2), N(6)-C-
(16)=1.151(6), N(7)-C(17)=1.146(6); Si(2)-Pd(1)-Si-
(3)=67.68(4), Si(2)-Pd(1)-C(16)=92.0(1), C(16)-Pd-
(H)—C(17)=105.9(2), Si(3)-Pd(1)-C(17)=94.4(1), Pd-
(1)-Si(2)-C(8)=103.0(1), Pd(1)-Si(3)-C(8)=102.3(1), Si-
(2)—-C(8)-Si(3)=85.1(1), Pd(1)-C(16)-N(6)=171.3(4), Pd-
(1)-CAT)-N(7)=173.8(4), C(16)-N(6)-C(18)=175.8(4),
C(17)-N(7)-C(22)=177.5(4).

Hydrogen atoms have
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Mea
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Scheme 2.

~ (Scheme 2). Bis(disilanyl)methane 4b conceivably under-
went the intramolecular metathesis to produce sym-tetra-
methyldiphenyldisilane, although the expected 4-membered
bis(organosilyl)palladium complex 5b could not be detected
by 'HNMR spectroscopy. 1,2-Bis(disilanyl)ethane 4c and
1,3-bis(disilanyl)propane 4d gave the corresponding cyclic
bis(organosilyl)palladium complex 5¢ and 3a, respectively,
the reaction of the latter being much slower. No reaction took
place with 1,4-bis(disilanyl)butane 4e, which had a longer
tether.

o-Bis(disilanyl)benzene 4f also underwent the intramolec-
ular metathesis very rapidly to give 5f in high yield (Eq. 6).

Ethylene glycol derived bis(disilanyl ether) 7a underwent
intramolecular metathesis to give 7-membered bis(organosi-
lyl)palladium complex 8a in good yield (Eq. 7). This may
suggest, by comparison with results for 4e, that the oxygen
substituent and phenyl groups on the silicon atom favor the
intramolecular metathesis. Accordingly, reaction of tartrate-
derived 7b proceeded smoothly to give 8b in high yield
(Eq. 8). Similarly, bis(disilanyl ether)s with longer tethers
(7¢, d) gave the corresponding cyclic complexes and sym-
tetramethyldiphenyldisilane 6, although the reactions were
too sluggish to obtain the complexes in reasonable yields

(Chart 1).

Me, Me

Si—SiMe,Ph 1eq. 2 Si 2 CNBu
X Su. e
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Chart 1.

Reactions of Cyclic Bis(organosilyl)palladium Com-
plexes with Disilanes. Reversibility of the oxidative addi-
tion of the Si—Si bonds onto palladium(0) was confirmed by
exchange reaction with disilane in benzene-ds. Addition of
1 equivalent of 5-membered disilane 1a to bis(organosilyl)-
palladium complex 3e afforded 6-membered 3a and disilane
1e in quantitative yield, as indicated by 'H NMR (Scheme 3).
Moreover, when 4-membered disilane 1b was added to 3a
in benzene-dg, disilane exchange reaction occurred rapidly
to give 5-membered complex 3b along with dissociated 1a.

t
UNC ,CNBU
s|Me2 Fd~siMe, CeDs
MeZSI
SIM82 r1.-50°C
quant.
Me: "
i CNBu /SiMe;
/ .
:P d + Me,Si
:Si onee' LT D
Me,
3a 1e
Bu,
SiBUi2 CEDE SI CNBU
| + 2a e Pd\ + 1a
iBi f r.t. S
Si Uz quant. IS:J CNBu
Scheme 3.
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These results indicate that the disilane exchange proceeded
via reversible oxidative addition/reductive elimination proc-
ess with predominant dissociation of less-strained cyclic disi-
lanes. The reversibility was also evidenced by reaction of 3a
with bis(disilanyl)dithiane 4g, giving 5a via intramolecular
metathesis reaction (Eq. 9).

Mea
S SI—SIM83 CeDs
N
S Si-SiMes rt 18h

M92
4g
<:S SI CNBU SiM93
>< + 1a + |
“eNBu! SiMey
M92
1
5a 75% ('H NMR) )

With Phosphines. One of the two t-butyl isocya-
nide ligands of the complex Sa was selectively replaced by
PPh; to give bis(organosilyl)complex 9, having both isocy-
anide and phosphine as ligands (Eq. 10). Presumably, steric
congestion on the palladium disfavored further ligand ex-
change. In contrast, Me, PhP replaced the two isocyanides to
give bis(organosilyl)bis(phosphine)palladium complex 10 in
good yield, this complex has not been otherwise accessible
(Eq. 11).

PPhs s Sl ,PPha
5a —_—
benzene r.t. CNBu'
9 (84%) (10)
PMezPh S SI PMegPh
5a { >< Pd
benzene r.t. | PMegPh
10 (84%) an

Similarly, bis(organosilyl)(dppe)palladium complexes 11
was synthesized by replacement of the two isocyanides of
3b with bis(diphenylphosphino)ethane (dppe) (Eq. 12). The
structure of 11 was confirmed by a single-crystal X-ray anal-
ysis (Fig. 2).

M\ BUz Phe
PhoP PPhy
3b _ @: Pd j
benzene r.t. s.
BUZ Phg
11 (91%)

12)

Unlike 4- and 5-membered bis(organosilyl)bis(z-butyl iso-
cyanide)palladium complexes, addition of bis(diphenylphos-
phino)ethane to a benzene-dg solution of 6-membered com-
plex 3a resulted in reductive elimination of disilane 1a (45%
by 'HNMR) with an unidentified palladium complex having
a dppe ligand.
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Fig. 2.

Crystal structure of 11.
been omitted for clarity. Selected bond distances (A)

Hydrogen atoms have

and angles (deg) are as follows: Pd(1)-Si(4)=2.375(4),
Pd(1)-Si(5)=2.368(4), Pd(1)-P(2)=2.365(4), Pd(1)-P-
(3)=2.364(4); Si(4)-Pd(1)-Si(5)=80.9(2), P(2)-Pd(1)-Si-
(5)=98.0(2), P(3)-Pd(1)-Si(4)=98.6(2), P(2)-Pd(1)-P(3)=
83.9(2), Pd(1)-Si(4)-C(6)=113.1(5), Pd(1)-Si(5)-C(7)=
113.6(5), Si(4)-C(6)-C(7)=116.8(10), Si(5)-C(7)-C(6)=
115.0(10).

Catalytic Bis-Silylation of Alkynes and Alkenes via In-
tramolecular Metathesis of Si-Si Bonds. A stoichio-
metric reaction of 4-membered bis(organosilyl)palladium(Il)
complex Sa with terminal and internal alkynes took place
smoothly at room temperature, giving the corresponding spi-
ro-disilacyclopentene derivatives in high yields, except for
the reaction with diphenylacetylene, which was carried out
in refluxing toluene (Table 1). However, the bis-silylation
reactions with dialkylacetylenes have all failed.

Bis(disilanyl)alkanes were subjected to the reaction with
phenylacetylene in the presence of a catalytic amount of pal-
ladium-isocyanide catalyst, which was generated in-situ from
Pd(OAc), and 1,1,3,3-tetramethylbutyl isocyanide (Eq. 13:
Table 2). The reaction with bis(disilanyl)methane 4b af-
forded 5-membered cyclic product 12b only in low yield
together with acyclic products 16b and 17b (76% in total,

Entry 1).

Table 1. Stoichiometric Reaction of 5a with Alkynes

R 1) benzene Me,

or toluena S Si
ol e OXIC
) silica gel s g
R’ M92
Entry Alkyne Conditions Products (yield/%)
1 Ph—=—=-H Benzene, r.t., 5 min 12a (98)
2 MegSi—=—H Toluene, r.t.,3.5h 13 (90)
3  MeO,C—==—CO,MeBenzene, r.t., 5 min 14 (99)
4 ph—=—ph  Toluene, 90 °C, 12 h 15 (96)
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Table 2. Palladium-Catalyzed Reaction of Bis(disilanyl)-
alkanes® with Phenylacetylene at 90 °C
Entry  Substrate (4) 12 (%yield)® 16 17 (%yield)”
1 b 4 48 28
29 h 67 18 <3
3 i 91 0 0
4 j 97 0 0
5 a 91 0 0
6 c 39 15 30
7 d 0 50 33
8 e 0 38 49

a) List of bis(disilanyl)alkanes used in the reaction:

2 Me,
R! SI—SIMG pn 4b (R'=R’=H) Si—SiMe,Ph  4c (n=2)

1 2
R? l;((g e RR;H&) 0y d(n=3)
hSAIB—zSIMezPh j (R'=SPh, R=H) hSﬂlQ;SlMezPh e(n=4)

a (R',R%=S(CH,)3S)

b) All reactions used Pd(OAc); (0.02 equiv), 1,1,3,3-tetrametyl-
butyl isocyanide (0.3 equiv), and phenylacetylene (3 equiv) unless
otherwise noted. c¢) Isolated yield. d) Pd(OAc), (0.1 equiv),
1,1,3,3-tetrametylbutyl isocyanide (1.5 equiv) were used.

Me.

2
CSI—SlMezPh Ph OcNC H
. Pd(OAc),
&éz SiMe,Ph toluene 90°C
S'MezPh SiMe,Ph
Mez M82 Vi
C ( //F‘h H (s"%h,H
Si Sl—SlMeaPh S N"'H
2 92 I
SiMe,Ph
12 16 17
! 8 I
________ // drommmad
(13)

The formation of 12b may suggest that a cyclic bis(organo-
silyD)palladium(Il) intermediate A is generated by concerted
metathesis or stepwise metathesis via intermediate B, which
undergoes a bis-silylation reaction with phenylacetylene. On
the other hand, bis-silylation with intermediate B may lead
to the formation of acyclic 16b and 17b (Scheme 4).

As shown in Table 2, introduction of substituents at the
methylene tether of 4b favored the formation of the cyclic
intermediate A through the Si—Si metathesis, i.e., methyl
substituted 4h gave 12h in 67% yield (Entry 2). Selec-

Metathesis Si

Bis-Silylation
Pd(0) \P d _alkynes
-9 s’
Si
intermediate A

Si-Si
. ’
Si-Si !

I Si—SF Si-8i
Pd(0) Sl\ /SI alkynes St N
Oxidative Addn Pd Bis-Silylation
SI

intermediate B

Scheme 4.
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tive bis-silylation of phenyacetylene with intermediate A
was carried out in the reactions of phenoxy-substituted 4i,
phenylthio-substituted 4j and trimethylenedithio-substituted
4a to provide exclusively the corresponding 5-membered
cyclic products 12i, 12j, and 12a, respectively, in high yields
(Entries 3—25).

On the other hand, bis(disilanyl)alkanes 4¢, 4d, and 4e
tethered by C,, C3, and C4 chains preferred the bis-silylation
with phenylacetylene via intermediate B (Entries 6—S8), al-
though 1,2-bis(disilanyl)ethane 4¢ competitively underwent
the reaction via intermediate A, leading to the 6-membered
1-phenyl-3,6-disila-1-cyclohexene 12¢ (39%). As expected,
the bis-silylation product 16¢ once formed was reacted with
phenylacetylene under the same reaction conditions to afford
selectively acyclic diene 17c.

The catalytic bis-silylation with 4g also proceeded in the
presence of a catalytic amount of isolated 5a without an
excess of #-butyl isocyanide (Table 3).>* Not only terminal
alkynes, but also conjugated ynone furnished the respective
bis-silylation products in moderate to high yields. Internal
alkyne, however, provided the corresponding products 15
only in low yield.

'H NMR study of the stoichiometric bis-silylation of phen-
ylacetylene with 5a revealed a rapid formation of bis(z-
butyl isocyanide)(spiro-disilacyclopentene)palladium(0) 18,
which is spectroscopically identified by comparison with the
palladium complex formed in the reaction of 12a with bis-
(z-butyl isocyanide)palladium(0) (2). It is notable that the
oxidative metathesis of 4g onto 18 is involved as a rate de-
termining step, regenerating Sa with 12a (Scheme 5).

Furthermore, the catalytic bis-silylation with bis(disil-
anyl)dithiane 4g was successfully applied to some. electron-
deficient olefins. «,-Unsaturated ester and nitrile provided
1,2-bis-silylation adducts 21 (Eq. 14), whereas the corre-
sponding ketones gave 1,4-adducts 22 (Eq. 15).2% It may
be remarked that no products derived from insertion of the
alkenes into the Si—Si bonds of the starting 4g and hexameth-
yldisilane produced in the reaction were detectable. This
indicates the intramolecular metathesis of the Si—Si o-bonds
of 4g by bis(s-butyl isocyanide)palladium(0) was a highly
favorable process for giving reactive, cyclic bis(organosi-
lyl)palladium complexes.

Table 3. Catalytic Bis-Silylation of Alkynes in the Presence of S5a

0.02eq.

s s| CNBu'
o (K
CNBu s Si

ag + || A <: I
toluene s g
2 i
R M32
Entry Alkyne Conditions  Products (yield/%)

1 Ph—=—H 80°C,2h 12a (93)
2 MegSi—==—H 110°C,12h 13 (96)
3 nHex—=—H 110°C,1h 19 (97)
4 nBu—=—COMe 90°C,11h 20 (78)
5 Ph—==—Ph 110°C,67h 15 (13)
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Me, Me,
S, s. s Si_ onBd
< X A
S s: S si CNBu Ph
Mez M92
sa I
.
i-Si Slow Fast H
Me;Si-SiMe; Step Step
(r.t. 3.5h) {r.t. <5min)
Me;
Me, L2
S Si—SiMeg s S~ onau'
< X >< J""Pd\
S Si-SiMey S & CNBu'
Meg Mez
49 18
Scheme 5.
Mez M92
<:3X3i-SiMes I/E 0.02 eq. 5a s si. _E
. { ]/
§ Si-SiMe; toluane s
Me, 90°C 3‘92
4g 21a; E = CO,Me (88%)
b; E = CN (86%)
(14)
1 Meg
0.02 eq 5a S si-0
9 - /r "lolene
oluene
90°C s SI

22a; R‘-Me RZ—H (96%)
b; R'=R*<Me (99%)
c; R'=Ph, R%=H (82%)
(15)
Conclusion

We found that 4- to 7-membered cyclic bis(organosilyl)-
bis(z-butyl isocyanide)palladium(II) complexes were formed
by the reaction of bis(z-butyl isocyanide)palladium(0) with
cyclic disilanes or acyclic bis(disilane)s. Especially, in-
tramolecular metathesis of bis(disilanyl)methane derivatives
made possible the synthesis of 4-membered bis(organosi-
lyl)palladium complexes, which were otherwise difficult to
synthesize. New synthetic access to cyclic organosilicon
compounds was demonstrated by bis-silylation of alkynes
and alkenes with the cyclic bis(organosilyl)palladium com-
plex.

Experimental

General.  All reactions were carried out under a dry nitrogen
or an argon atmosphere. Solvents were purified by distillation from
appropriate drying agents under argon. 'H, *C, Si, and *'P NMR
spectra were recorded on a Varian VXR-200. Proton chemical
shifts (ppm) are referenced to internal residual solvent protons:
CDCls, 7.25; CeDs, 7.20; CD2Cly, 5.35. Carbon chemical shifts
(ppm) are referenced to the carbon signal of the deuterated solvents:
CDCl3, 77.0; C¢Ds, 128.0; CD,Cl,, 53.8. Silicon and phosphorous
chemical shifts are referenced to the signals of tetramethylsilane
and phosphoric acid (85%), respectively.
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23) 24 (23) ¢ 25)

Starting Materials. Compounds 1a, e,” and
4¢®® were prepared by the methods reported in the literature.
Compound 1d was prepared from 2,2-dimethyl-1,1-diphenyl-1,2-
disilacyclohexane by the reaction with HCl gas in the presence
of a catalytic amount of AICl; followed by treatment with meth-
anol in the presence of triethylamine. Compound 4b was prepared
from 4a by reduction with Ca in liquid ammonia.”” Compound 4d
was prepared by the reaction of dimethylphenylsilyllithium with
3-(chlorodimethylsilyl)-1-(1,1,2,2-tetramethyl-2-phenyldisilanyl)-
propane, which was synthesized by platinum-catalyzed hydrosi-
lylation of 3-(1,1,2,2-tetramethyl-2-phenyldisilanyl)propene with
chlorodimethylsilane. Compound 4e was prepared by the reaction
of 1-chloro-1,1,2,2-tetramethyl-2-phenyldisilane with 1,4-butane-
diylbis(magnesium bromide). Compound 4f was prepared by the
reaction of dimethylphenylsilyllithium with 1,2-bis(chlorodimeth-
ylsilyl)benzene.*® Compounds 7a and 7b were prepared from the
corresponding alcohols and 1-chloro-2,2-dimethyl-1,1,2-triphenyl-
disilane in the presence of triethylamine. Compound 4h was pre-
pared from 4j by the reaction with lithium naphthalenide followed
by treatment with iodomethane.?® Procedures for preparation of 2,
4a, 4g, 4i, and 4j are described below.

Preparation of Bis(z-butyl isocyanide)palladium(0) (2). The
procedure reported by Otsuka et al.*? was followed with slight
modification. To a pentane solution of Pd(CsHs)(CsHs) (117 mg,
0.55 mmol) was added z-butyl isocyanide (183 mg, 2.2 mmol) at
—10 °C under argon. After 30 min, removal of supernatant liquid
gave 2 as orange solid, which was washed twice with pentane,
dried in vacuo, and used for further reaction in the same flask.
Complex 2 was obtained nearly quantitatively, though the yield
was not determined for the each reaction.

Synthesis of Complex 3a.  To a benzene (1 mL) solution of
bis(z-butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)-
(C3Hs) (106 mg, 0.5 mmol) and #-butyl isocyanide (166 mg, 2.0
mmol), was added 1a (79 mg, 0.5 mmol) at room temperature under
an argon atmosphere. After 10 min, evaporation of the solvent fol-
lowed by washing with cold 2-propanol afforded spectroscopically
pure 3a (184 mg, 85%) as a crystalline solid.

3a: Mp 79—81 °C (decomp); THNMR (CsDs) 6=0.83 (s,
12 H), 1.00 (s, 18 H), 1.24—1.33 (m, 4 H), 2.47—2.51 (m, 2
H); ®CNMR (CsD¢) 6=7.1, 22.3, 22.8, 29.7, 55.8, 147.5 (br);
#SiNMR (CsDs) 6=—0.4; IR (CcHe) 2168, 2148 cm™'. Anal.
Calcd for C17H36N2PdSi,: C, 47.37; H, 8.42; N, 6.50%. Found: C,
47.14; H, 8.59; N, 6.38%.

Synthesis of Complex 3b. To a benzene (0.5 mL) solution of
bis(¢-butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)-
(C3Hs) (21 mg, 0.1 mmol) and ¢-butyl isocyanide (33 mg, 0.4
mmol), was added 1b (36 mg, 0.1 mmol) at room temperature under
an argon atmosphere. After 30 min, evaporation of the solvent
followed by recrystalization from 2-propanol afforded 3b (46 mg,
73%) as colorless crystals.

3b:  Mp 142.0—143.5 (decomp); 'HNMR (CsDs) 6=1.00 (s,
18 H), 1.11 (d, J=6.5 Hz, 12 H), 1.18 (dd, J=13.7, 7.0 Hz, 4 H),
1.27 (d, J=6.5 Hz, 12 H), 1.44 (dd, J=13.7, 6.4 Hz, 4 H), 2.04—
2.26 (m, 4 H), 7.36—7.42 (m, 2 H), 7.80—7.85 (m, 2 H); "CNMR
(CDCl3) 6=26.5, 27.0, 27.4, 304, 33.2, 56.2, 126.4, 131.2, 145.9
(br), 157.5; SiNMR (CDCl3) §=37.3; IR (CeHe) 2152 cm™".
Anal. Calcd for C32H42N2PdSi2I C, 6068, H, 9.23; N, 4.42%.
Found: C, 60.70; H, 9.44; N, 4.32%.

Synthesis of Complex 3d.  To a benzene (0.5 mL) solution of
bis(z-butyl isocyanide)palladiam(0) (2), prepared from Pd(CsHs)-
(Cs3Hs) (21 mg, 0.1 mmol) and z-butyl isocyanide (33 mg, 0.4
mmol), was added 1d (20 mg, 0.1 mmol) at room temperature under



M. Suginome et al.

an argon atmosphere. After 30 min, evaporation of the solvent gave
spectroscopically pure 3d (46 mg, 96%).

3d: 'HNMR (CsDg) 5=0.72 (s, 6 H), 1.01 (s, 18 H), 1.30—
1.38 (m, 2 H), 1.58—1.66 (m, 2 H), 2.04—2.20 (m, 2 H), 2.22—
2.36 (m, 2 H), 3.76 (s, 6 H); P*CNMR (CsDs) 6=6.3, 19.9, 21.0,
25.6, 26.8, 30.0, 50.3, 55.8, 147.0 (br); SiNMR (CeDs) 6=3.4,
43.3; IR (CsHs) 2176, 2160 cm ™.

Synthesis of Complex 3e.  To a benzene (1 mL) solution of
bis(¢-butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)-
(C3Hs) (42 mg, 0.2 mmol) and #-butyl isocyanide (67 mg, 0.8
mmol), was added le (59 mg, 0.2 mmol) at room temperature
under an argon atmosphere. The reaction mixture was stood for 1
h to precipitate crystalline 3e containing 1 equiv of benzene (100
mg, 77%).

3e:  Mp 160—165 °C (decomp); 'HNMR (CD,Cl,) §=0.25
(s, 12 H), 1.51 (s, 18 H), 3.45 (br s, 2 H), 7.04—7.08 (m, 8 H);
BCNMR (CD;Cly) §=5.9 (br), 30.3, 48.5 (br), 57.0, 123.9, 125.9,
139.8, 143.7 (br); *Si NMR (CD,Cl,) §=—13.5; IR (KBr) 2176,
2156 cm_l. Anal. Calcd for C23H4()N2PdSi2'C5H6: C, 6328, H,
7.18; N, 4.34%. Found: C, 63.47; H, 7.26; N, 4.25%.

2,2-Bis(1,1,2,2-tetramethyl-2- phenyldisilanyl)- 1,3- dithiane
(4a). To a THF (20 mL) solution of 2-(1,1,2,2-tetramethyl-
2-phenyldisilanyl)-1,3-dithiane, prepared quantitatively from 1,3-
dithiane (1 g, 8.3 mmol), n-butyllithium (8.3 mmol), and 1-chloro-
1,1,2,2-tetramethyl-2-phenyldisilane (1.9 g, 8.3 mmol) in ether,
was added n-butyl lithium (8.3 mmol) at —15 °C. The mixture
was stirred at —15 °C for 15 min and at 0 °C for 45 min, and then
treated with 1-chloro-1,1,2,2-tetramethyl-2-phenyldisilane (1.9 g,
8.3 mmol) in THF (10 mL). After stirring at room temperature for
2 h, saturated aqueous NH4Cl (20 mL) was added to the solution.
Extractive work-up followed by column chromatography on silica
gel (hexane) afforded 4a (3.4 g, 81% from 1,3-dithiane).

4a:  Mp 50.5—51.5 °C. "HNMR (CsDs) 6=0.30 (s, 12 H),
0.65 (s, 12H), 1.34—1.46 (m, 2 H), 2.10—2.16 (m, 4 H), 7.16—
7.28 (m, 6 H), 7.56—7.62 (m, 4 H); >CNMR (CDCl) 6=—1.5,
—0.7,23.2,23.7,27.0, 127.5, 128.1, 134.3, 140.5; IR (KBr) 2904,
1430, 1250 cm™'. Anal. Caled for Cp4H0S28is: C, 57.08; H,
7.98%. Found: C, 56.95; H, 8.04%.

2,2-Bis(pentamethyldisilanyl)-1,3-dithiane (4g). By the pro-
cedure similar to that used for 4a, the title compound was prepared
in 80% yield from 1,3-dithiane.

4g:  'HNMR (CsDg) 6=0.35 (s, 18 H), 0.39 (s, 12H), 1.44—
1.56 (m, 2 H), 2.25—2.32 (m, 4 H); PCNMR (CsDs) 6=—0.6,
0.3, 23.3,24.2, 27.1. Anal. Calcd for Ci4H36S,Sis: C, 44.14; H,
9.53%. Found: C, 44.01; H, 9.61%.

Synthesis of Complex 5a. To a benzene (1 mL) solution
of bis(z-butyl isocyanide)palladium(0) (2) (0.5 mmol) was added
4a (253 mg, 0.50 mmol) at room temperature under argon. After
10 min, pentane (4 mL) was added to the solution to precipitate
colorless crystals of 5a, which was washed with MeOH (2 mL x 3)
and dried in vacuo. The complex 5a (214 mg, 0.43 mmol, 85%)
was thermally stable under nitrogen but gradually decomposed by
exposure to the air.

5a:  Mp 168—170 °C (decomp); "HNMR (CsDg) 8=0.84 (s,
18 H), 1.00 (s, 12 H), 1.96—2.09 (m, 2 H), 2.68—2.76 (m, 4 H);
BCNMR (CsDs) 6=3.1, 27.5, 27.8, 30.0, 30.7, 55.9, 147.5 (br);
¥SiNMR (CsDs) 6=—21.8; IR (CsHs) 2164, 2144 cm~'. Anal.
Calcd for CigH3¢N2PdS,Sia: C, 42.62; H, 7.15%. Found: C,42.34;
H, 7.35%.

Single Crystal X-Ray Analysis of 5a.3”  Crystal data for
Sa: crystal size 0.35x0.15%0.30 mm (recrystallized from ben-
zene—pentane (1/4)); triclinic, space group PI (no. 2), Z=2; a=
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8.257(1), b=10.829(3), c=15.360(3) A; a=94.14(2), $=99.72(2),
y=101.92(2)°; V=1316.2(4) A>, peatca=1.28 gcm ~>; max 26=50°
(MoKa, 1=0.70930 A, graphite monochrometor, @/26-Scan,
T=293 K); 4792 reflections measured, 4389 independent, 4135
included in the refinement, Lorentzian polarization and absorption
corrections by analytical function (#=8.70 cm™'); direct method
(MULTAN 78), anisotropical refinement for non-hydrogen atoms
by full-matrix least-squares against |[F2| with program package
CrystanG (Mac Science), 337 parameters; R=0.048, R, =0.048;
residual electron density +0.58/ —0.64 eA~*. All hydrogen atoms
except for that on C(19) were located on a difference electron den-
sity map and refined with isotropic thermal parameters calculated
from those of the bonded atoms.

Synthesis of Complex 5c.  To a benzene (1 mL) solution of
bis(z-butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)-
(C3Hs) (21 mg, 0.1 mmol) and #-butyl isocyanide (33 mg, 0.4
mmol), was added 4¢ (42 mg, 0.1 mmol) at room temperature un-
der an argon atmosphere. After 6 h, evaporation of the solvent was
followed by addition of 2-propanol (0.2 mL) to precipitate crys-
talline 5¢ (30 mg, 72%), which was washed with cold 2-propanol.

5¢:  Mp 115—120 °C (decomp); 'HNMR (C¢Ds) 6=0.76 (s,
12 H), 0.89 (s, 18 H), 1.42 (s, 4 H); P*CNMR (CsDs) 6=5.4, 18.7,
29.8, 55.8, 148.2 (br); *’SiNMR (CsDs) 6=36.4; IR (CsHs) 2164,
2144 cm™!. Anal. Calcd for C16H34N2PdSiy: C, 46.08; H, 8.22; N,
6.72%. Found: C, 45.81; H, 8.16; N, 6.68%.

Synthesis of Complex 5f. To abenzene (1 mL) solution of bis(z-
butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)(CsHs)
(21 mg, 0.1 mmol) and #-butyl isocyanide (33 mg, 0.4 mmol), was
added 4f (46 mg, 0.1 mmol) at room temperature under an argon
atmosphere. After 3.5 h, evaporation of the solvent was followed
by addition of 2-propanol (0.2 mL) to precipitate crystalline 5f (26
mg, 56%), which was washed with cold 2-propanol.

5f: Mp 145 °C (decomp); 'HNMR (C¢Dg) 6=0.86 (s,
12H), 0.93 (s, 18 H), 7.39—7.45 (m, 2 H), 7.84—7.90 (m, 2 H);
BCNMR (CD,Cl) 8=5.5, 30.6, 57.0, 127.6, 131.0, 145.5 (br),
158.2; ®SiNMR (CsDs) 6=30.5; IR (CsHs) 2168, 2148 cm ™.
Anal. Calcd for CooH34N,PdSi>: C, 51.65; H, 7.37; N, 6.02%.
Found: C, 51.62; H, 7.66; N, 5.74%.

Synthesis of Complex 8a. To a benzene (0.5 mL) solution of
bis(z-butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)-
(C3Hs) (21 mg, 0.1 mmol) and #-butyl isocyanide (33 mg, 0.4
mmol), was added 7a (70 mg, 0.1 mmol) at room temperature un-
der an argon atmosphere. After 6 h, evaporation of the solvent was
followed by addition of 2-propanol (0.2 mL) to precipitate crys-
talline 8a (51 mg, 73%), which was washed with cold 2-propanol.

8a: Mp 162.5—164.5 °C (decomp); "THNMR (CsDs) 6=0.67
(s, 18 H), 4.14 (s, 4 H), 7.16—7.32 (m, 12 H), 7.98—8.06 (m, 8
H); BCNMR (CD,Cl) §=29.8, 56.9, 66.7, 127.3, 127.8, 135.3,
143.1 (br), 146.6; IR (CsHg) 2180, 2170 cm™!. Anal. Caled for
C36HsaN20,PdSiz: C, 62.01; H, 6.07; N, 4.02%. Found: C, 61.76;
H, 6.08; N, 3.90%.

Synthesis of Complex 8b.  To a benzene (1 mL) solution of
bis(z-butyl isocyanide)palladium(0) (2), prepared from Pd(CsHs)-
(C3Hs) (21 mg, 0.1 mmol) and #-butyl isocyanide (33 mg, 0.4
mmol), was added 7b (84 mg, 0.1 mmol) at room temperature un-
der an argon atmosphere. After 4 h, evaporation of the solvent was
followed by addition of 2-propanol (0.3 mL) to precipitate crys-
talline 8b (80 mg, 95%), which was washed with cold 2-propanol.

8b:  Mp 148—151 °C (decomp); 'HNMR (CsDs) 6=0.63 (s,
18 H), 0.86 (t, J=7.2 Hz, 6 H), 3.68—3.94 (m, 4 H), 5.34 (s, 2 H),
7.16—7.28 (m, 12 H), 8.10—8.16 (m, 8 H); >*CNMR (CD:Cly)
8=14.1,29.8, 57.0, 60.9, 76.6, 127.3, 127.4, 127.8, 128.5, 135.1,
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136.3, 142.7 (br), 143.8, 147.0, 170.6; IR (C¢Hs) 2176, 1740 cm ™.
Anal. Calcd for C4HsoN2OgPdSiz: C, 59.95; H, 5.99; N, 3.33%.
Found: C, 60.20; H, 6.06; N, 3.26%.

"HNMR Study of the Reaction of Bis(organosilyl)palladium
Complex 3e with Cyclic Disilane 1a (Illustrated in Scheme 3).
To a benzene-ds (0.5 mL) suspension of 3e (0.05 mmol) in an NMR
tube was added 1a (8 mg, 0.05 mmol) at room temperature under an
argon atmosphere. The mixture was heated at 50 °C to dissolve 3e.
After 6 h, "THNMR showed that clean disilane exchange reaction
occurred to give bis(organosilyl)palladium complex 3a and disilane
le.

"HNMR Study of the Reaction of Bis(organosilyl)palladium
Complex 3a with Cyclic Disilane 1b (Illustrated in Scheme 3).
To a benzene-ds (0.5 mL) solution of 3a (43 mg, 0.1 mmol) in an
NMR tube was added 1b (36 mg, 0.1 mmol) at room temperature
under an argon atmosphere. After 5 min, 'HNMR showed that
clean disilane exchange reaction occurred to give bis(organosilyl)-
palladium complex 3b and disilane 1a.

"H NMR Study of the Reaction of Bis(organosilyl)palladium
Complex 3a with 4g (Illustrated in Eq. 9). To a benzene-ds (0.5
mL) solution of 3a (0.05 mmol) in an NMR tube was added 4g (19
mg, 0.05 mmol) at room temperature under an argon atmosphere.
After 18 h, 'HNMR showed the formation of 5a, 1a, and hexa-
methyldisilane together with unchanged 3a and 4g. The ratio of 5a,
1a, hexamethyldisilane, 3a, 4g was determined to be 3/3/3/1/1.

Synthesis of Complex 9.  To a benzene (1 mL) solution of
5a (101 mg, 0.2 mmol) was added triphenylphosphine (52 mg, 0.2
mmol) at room temperature under an argon atmosphere. After 10
min, evaporation of the solvent followed by recrystalization from
benzene—pentane (1/4) gave 9 containing 1/3 equiv of pentane (119
mg, 84%) as colorless crystals.

9:  Mp 80.5—82.0 °C '"HNMR (CsDs) 6=0.82 (s, 9 H),
0.83 (s, 12 H), 1.92—2.04 (m, 2 H), 2.65—2.73 (m, 4 H), 7.00—
7.08 (m, 9 H), 7.56—7.68 (m, 6 H); >CNMR (CD,ClL,) 6=2.3,
27.6,28.4,30.2, 30.5, 56.7, 128.5 (d, J=10.8 Hz), 129.5, 134.1 (d,
J=15.4Hz), 137.0 (m), 147.0 (br); 2 SiNMR (CsDs) 6=—19.3 (m);
3IPNMR (CsDg) 6=16.7 (s); IR (CsHs) 2956, 2152, 1437, 1095
em™'. Anal. Caled for C31HpaNPPdS,Siz-1/3CsH)z: C, 55.23; H,
6.52; N, 1.97%. Found: C, 55.84; H, 6.65; N, 1.85%.

Synthesis of Complex 10. To a benzene (1 mL) solution of 5a
(101 mg, 0.2 mmol) was added dimethylphenylphosphine (68 mg,
0.48 mmol) at room temperature under an argon atmosphere. After
10 min, evaporation of the solvent followed by recrystalization
from benzene—pentane (1/10) gave 10 (104 mg, 84%) as colorless
needles.

10:  Mp 132.0—134.0 °C (decomp); "HNMR (C¢Ds) 6=0.84
(s, 12 H), 1.09 (d, /=4.7 Hz, 12 H), 1.92—2.04 (m, 2 H), 2.62—
2.68 (m, 4 H), 6.98—7.06 (m, 6 H), 7.26—7.36 (m, 4 H); "CNMR
(CD:CL) 6=2.7,17.7 (d, J=14.3 Hz), 27.5, 28.2, 30.2, 128.7 (d,
J=8.0 Hz), 129.5, 131.1 (d, J=13.8 Hz), 140.3 (m); *SiNMR
(CeDs) 6=—18.8 (m); >"PNMR (C¢Ds) 6=—18.9 (s); IR (CsHs)
2916, 1438, 1236, 834 cm™'. Anal. Calcd for CygHaoP2PdS,Siy:
C, 46.70; H, 6.53%. Found: C, 47.20; H, 6.57%.

Synthesis of Complex 11. To a benzene (1 mL) solution
of 3b (63 mg, 0.1 mmol) was added 1,2-bis(diphenylphosphino)-
ethane (40 mg, 0.1 mmol) at room temperature under an argon
atmosphere. After 10 min, evaporation of the solvent followed
by recrystalization from CH,Cl,—2-propanol (1/3) gave 11 (79 mg,
91%) as colorless crystals.

11:  Mp 196 °C (decomp); 'HNMR (CsDs) 6=0.83 (dd,
J=13.9, 4.8 Hz, 4 H), 0.95 (d, J=6.3 Hz, 24 H), 1.06—1.22 (m,
4 H), 1.64—1.72 (m, 2 H), 1.78—1.86 (m, 2 H), 1.96—2.18 (m,
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4 H), 7.10—7.20 (m, 12 H), 7.32—7.36 (m, 2 H), 7.54—7.66
(m, 8 H), 7.78—7.82 (m, 2 H); "CNMR (CDCl) §=26.1, 26.8,
27.6, 27.8 (t, J=18.0 Hz), 32.6 (t, J=5.7 Hz), 126.1, 128.5 (m),
130.0, 132.1, 133.5 (m), 134.4 (m), 157.4 (t, J=3.9 Hz); Si NMR
(CDCls) 6=39.2 (dd, J=128, 13 Hz); *’PNMR (CsDs) 6=30.8;
IR (KBr) 3040, 2952, 1438, 1100, 742 cm™'. Anal. Calcd for
Ca3HesP2PdSiy: C, 66.61; H, 7.45%. Found: C, 66.38; H, 7.64%.

Single Crystal X-Ray Analysis of 11.>”  Crystal data for
11: Crystal size 0.55x0.40x0.30 mm (recrystallized from ben-
zene—ethanol (2/1)); monoclinic, space group P2/n (no. 14), Z=4;
a=23.312(6), b=18.541(4), c=11.094(4) A; f=97.62(2)°; V=
47532) A3, peaca=121 glem®; u=45.73 cm™}; max 26=125°
(CuKa, A=1.54178 A, graphite monochrometor, @w/20-scan, T=
293 K); 8826 reflections measured, 7945 independent, 5348 in-
cluded in the refinement, Lorentzian polarization and empirical
absorption correction based on azimuthal scans of several reflec-
tions; direct method, anisotropical refinement for non-hydrogen
atoms by full-matrix least-squares against |F| with program pack-
age CrystanG (Mac Science), 500 parameters; R=0.062, R,=0.086.
Hydrogen atoms were partially included in the refinement at the cal-
culated positions (0.96 A) with isotropic thermal parameters.

Stoichiometric Reaction of the Complex 5a with Phenylacet-
ylene.  To a solution of 5a (13.2 mg, 0.026 mmol) in benzene-
ds (0.5 mL) was added phenylacetylene (3.1 mg, 0.030 mmol) at
room temperature. After 5 min, the reaction mixture was subjected
to preparative TLC (hexane/ether=10/1) to furnish 12a (8.6 mg,
98%).

12a: Mp 53.5—54.5 °C; "THNMR (CDCl3) 6=0.46 (s, 6
H), 0.50 (s, 6H), 1.96—2.12 (m, 2 H), 2.68—2.76 (m, 4 H), 6.90
(s, 1 H), 7.20—7.34 (m, 5 H); *CNMR (CDCl3) 6=-0.8, —0.6,
22.9,25.6,28.8,126.2, 127.2, 128.3, 142.6, 145.4, 163.3; IR (KBr)
2960, 1490, 1252 cm™". Anal. Calcd for C16H24S2Siz: C, 57.08;
H, 7.19%. Found: C, 56.93; H, 7.28%.

Stoichiometric Reaction of the Complex 5a with Trimethyl-
silylacetylene. To a solution of Sa (58 mg, 0.11 mmol) in toluene
(1 mL) was added trimethylsilylacetylene (17 mg, 0.17 mmol) at
room temperature. After 8 h, the reaction mixture was subjected
to column chromatography on silica gel (hexane/ether=10/1) to
furnish 13 (33 mg, 90%). 'H NMR-monitoring showed the reaction

. completed within 3.5 h.

13:  Mp 53.0—53.5°C; "HNMR (CsDs) 6=0.14 (s, 9 H), 0.46
(s, 6 H), 0.54 (s, 6 H), 1.56—1.76 (m, 2 H), 2.24—2.46 (m, 4 H),
7.59 (s, 1 H); *CNMR (CDCl) 6=—0.8, —0.6, —0.4, 22.7, 25.7,
28.9, 163.5, 171.7; IR (neat) 2964, 1250, 832 cm™'. Anal. Calcd
for Ci3HS,Si3: C, 46.94; H, 8.48%. Found: C, 46.99; H, 8.70%.

Stoichiometric Reaction of the Complex 5a with Dimethyl
Acetylenedicarboxylate. To a solution of 5a (16 mg, 0.032
mmol) in benzene-ds (0.5 mL) was added dimethyl acetylenedi-
carboxylate (4.5 mg, 0.032 mmol) at room temperature. Within
10 min, bis-silylation completed to form bis(z-butyl isocyanide)-
(bis-silylated alkene)palladium(0) (14) complexes, from which 14
was liberated by addition of dimethyl acetylenedicarboxylate (9
mg, 0.064 mmol). The reaction mixture was stirred for 2 h, and
then subjected to column chromatography on silica gel (CH,Cl,) to
furnish 14 (12 mg, 99%).

14: 'HNMR (CsDg) 6=0.57 (s, 12 H), 1.50—1.60 (m, 2 H),
2.16—2.24 (m, 4 H), 3.42 (s, 6 H); *CNMR (CDCl) 6=—1.7,
21.8, 25.2, 28.9, 52.0, 156.2, 168.5; IR (neat) 2960, 1726, 1240
em™!. Anal. Caled for C14H204S,8ix: C, 44.65; H, 6.42%.
Found: C, 44.48; H, 6.32%.

Stoichiometric Reaction of the Complex 5a with Diphenyl-
acetylene.  To a solution of 5a (46 mg, 0.091 mmol) in toluene
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(1 mL) was added diphenylacetylene (24 mg, 0.14 mmol) at room
temperature. After 12 hat 90 °C, the reaction mixture was subjected
to preparative TLC (hexane/ether=10/1) to furnish 15 (36 mg, 96%).

15:  Mp 162—163 °C; 'HNMR (CsDs) 6=0.53 (s, 12 H),
1.64—1.74 (m, 2 H), 2.34—2.40 (m, 4 H), 6.84—7.02 (m, 10
H); "CNMR (CDCl;) 6=—1.2, 22.1, 25.6, 28.8, 125.5, 127.7,
141.4, 158.1; IR (KBr) 2920, 1482, 1248 cm~'. Anal. Calcd for
CnHgS,8is: C, 64.03; H, 6.84%. Found: C, 63.92; H, 6.87%.

Reaction of 4b and Phenylacetylene Catalyzed by ¢-Octyl Iso-
cyanide~Palladium(II) Acetate.  To a mixture of palladium(I)
acetate (0.9 mg, 4 pmol) and 1,1,3,3-tetramethylbutyl isocyanide
(8.4 mg, 0.06 mmol) in toluene (0.3 mL) were added 4b (80 mg,
0.20 mmol) and phenylacetylene (61 mg, 0.60 mmol) under an
argon atmosphere. The mixture was stirred at 90 °C for 7 h, cooled
to room temperature, and then subjected to preparative TLC (hex-
ane) to furnish 12b (2 mg, 4%), 16b (48 mg, 48%), and 17b (34
mg, 28%). 16b and 17b consisted of two and three regio isomers,
respectively, and the isomers could not be separated by preparative
GLC nor by preparative gel permeation chromatography (GPC)
from each other.

12b: 'HNMR (CDCl3) =—0.15 (s, 2 H), 0.20 (s, 6H), 0.30
(s, 6 H), 7.02 (s, 1 H), 7.20—7.40 (m, 5 H); *CNMR (CDCl3)
8=-2.1,04, 1.1, 126.3, 126.9, 128.3, 143.0, 148.5, 165.8. Anal.
Calcd for Ci3HpSiz: C, 67.17; H, 8.67%. Found: C, 67.03; H,
8.77%.

16b: 'HNMR for the major isomer (CDCl3) §=—0.22 (s, 2
H), 0.00 (s, 12 H), 0.32 (s, 6H), 0.33 (s, 6H), 6.63 (s, 1H), 7.04—
7.10 (m, 2 H), 7.16—7.46 (m, 11 H), 7.54—7.60 (m, 2 H); MS (20
eV) m/z 502 (M"). Anal. Calcd for CooHs,Sis: C, 69.25; H, 8.42%.
Found: C, 68.95; H, 8.37%.

17b:  'HNMR for the major isomer (CDCl3) 6=—0.30 (s, 2
H), —0.03 (s, 12 H), 0.30 (s, 12 H), 6.57 (s, 2 H), 6.98—7.06 (m,
4 H), 7.16—7.36 (m, 12 H), 7.50—7.60 (m, 4 H); MS (20 eV) m/z
604 (M*). Anal. Calcd for C37HysSis: C, 73.44; H, 7.99%. Found:
C,73.29; H, 8.16%.

Reaction of 4h and Phenylacetylene Catalyzed by #-Octyl Iso-
cyanide-Palladium(II) Acetate.  To a mixture of palladium(II)
acetate (4.5 mg, 0.02 mmol) and 1,1,3,3-tetramethylbutyl isocy-
anide (42 mg, 0.30 mmol) in toluene (1 mL) were added 4h (83
mg, 0.20 mmol) and phenylacetylene (61 mg, 0.60 mmol) under
an argon atmosphere. The mixture was stirred at 90 °C for 7 h,
cooled to room temperature, and then subjected to preparative TLC
(hexane) to furnish 12h (33 mg, 67%) and 16h (19 mg, 18%).

12h: 'THNMR (CDCl;) 6=0.11 (g, J=7.8 Hz, 1 H), 0.13
(s, 3H), 0.19 (s, 3 H), 0.25 (s, 3 H), 0.27 (s, 3 H), 1.11 (d, J=7.8
Hz, 3 H), 7.01 (s, 1 H), 7.16—7.40 (m, 5 H); *CNMR (CDCl3)
6=-3.2, -2.5, —0.5, 0.0, 3.4, 8.3, 126.2, 126.9, 128.3, 143.1,
147.7, 165.3; IR (neat) 2960, 1490, 1250, 852, 778 cm™}. Anal.
Caled for C14H2,Siy: C, 68.22; H, 9.00%. Found: C, 68.40; 9.28%.

16h: 'HNMR for major isomer (500 MHz, CDCl3) 6=—0.10
(s, 6H), —0.02 (q, /J=7.6 Hz, 1 H), 0.018 (s, 3H), 0.024 (s, 3 H),
0.25 (s, 3 H), 0.28 (s, 3 H), 0.31 (s, 3 H), 0.32 (s, 3 H), 0.92 (d,
J=7.6 Hz, 3 H), 6.55 (s, 1 H), 6.99—7.02 (m, 2 H), 7.11—7.23 (m,
3 H), 7.27—7.32 (m, 6 H), 7.40—7.42 (m, 2 H), 7.49—7.52 (m,
2 H); MS (20 eV) m/z 516 (M*). Anal. Calced for C3pHyuSis: C,
69.69; H, 8.58%. Found: C, 69.55; H, 8.48%.

Reaction of 4i and Phenylacetylene Catalyzed by #-Octyl Iso-
cyanide-Palladium(II) Acetate. By a procedure similar to that
used for the reaction of 4b, reaction of 4i (78 mg, 0.16 mmol) with
phenylacetylene was carried out to give 12i (47 mg, 91%).

12i:  'HNMR (CDCl3) 6=0.19 (s, 3 H), 0.37 (s, 3H), 0.38 (s,
3 H), 0.41 (s, 3 H), 4.00 (s, 1 H), 6.86—7.00 (m, 3 H), 7.01 (s, 1

Bull. Chem. Soc. Jpn., 69, No. 2 (1996) 297

H), 7.24—7.40 (m, 7 H); *CNMR (CDCl3) 6=-3.5, —2.9, —0.2,
—0.1,62.2, 114.6, 119.8, 126.3, 127.3, 128.4, 129.2, 142.7, 146.2,
161.6, 164.3; IR (neat) 2968, 1600, 1490, 1238, 858 cm™!. Apal.
Caled for C1oH40Siz: C, 70.31; H, 7.45%. Found: C, 70.22; H,
7.51%.

Reaction of 4j and Phenylacetylene Catalyzed by £-Octyl Iso-
cyanide—Palladium(IT) Acetate. By a procedure similar to that
used for the reaction of 4b, reaction of 4j (102 mg, 0.2 mmol) with
phenylacetylene was carried out to give 12j (66 mg, 97%).

12j:  'HNMR (CDCls) 6=0.20 (s, 3 H), 0.30 (s, 3H), 0.35 (s,
6 H), 2.02 (s, 1 H), 7.00 (s, 1 H), 7.08—7.40 (m, 10 H); >CNMR
(CDCl3) 6=-2.5,—1.8,0.5,0.8, 13.5, 125.0, 126.2, 127.3, 127.6,
128.4, 128.5, 140.2, 142.5, 147.0, 164.9; IR (neat) 3064, 2968,
1586, 1482, 1252, 860 cm™!. Anal. Calcd for CioH2SSix: C,
67.00; H, 7.10%. Found: C, 67.05; H, 7.13%.

Reaction of 4a and Phenylacetylene Catalyzed by #-Octyl Iso-
cyanide—Palladinm(II) Acetate. By a procedure similar to that
used for the reaction of 4b, reaction of 4a (202 mg, 0.40 mmol)
with phenylacetylene was carried out to give 12a (123 mg, 91%).

Reaction of 4c and Phenylacetylene Catalyzed by #-Octyl Iso-
cyanide—Palladiom(II) Acetate. By a procedure similar to that
used for the reaction of 4b, the reaction of 4¢ (83 mg, 0.20 mmol)
with phenylacetylene was carried out to give 12¢ (19 mg, 39%),
16¢ (16 mg, 15%), and 17¢ (37 mg, 30%).

12¢:  '"HNMR (CDCl3) §=0.13 (s, 6 H), 0.15 (s, 6H), 0.84—
0.98 (m, 4 H), 6.60 (s, 1 H), 7.16—7.34 (m, 5 H); 3*CNMR (CDCl3)
6=-2.1,—-1.8,7.0,8.8,126.2,128.1, 145.9, 147.3, 161.8; IR (neat)
2908, 1490, 1250, 832, 776 cm™!. Anal. Calcd for C14Hx»Si: C,
68.22; H, 9.00%. Found: C, 68.29; H, 8.98%.

16c: 'HNMR for major isomer (CDCl3) 6=—0.08 (s, 6 H),
—0.01 (s, 6 H), 0.32 (s, 6H), 0.33 (s, 6H), 0.37—0.44 (m, 4 H), 6.59
(s, 1H), 7.02—7.08 (m, 2 H), 7.14—7.46 (m, 11 H), 7.56—7.61
(m, 2 H); MS (20 eV) m/z 516 (M*). Anal. Calcd for CaoHasSis:
C, 69.69; H, 8.58%. Found: C, 69.52; H, 8.64%.

17¢:  'HNMR for major isomer (CDCl3) §=—0.09 (s, 12 H),
0.32 (s, 12 H), 0.28—0.36 (m, 4 H), 6.60 (s, 2 H), 7.02—7.08 (m,
4 H), 7.16—7.36 (m, 12 H), 7.54—7.60 (m, 4 H); MS (20 eV) m/z
618 (M*). Anal. Calcd for C3sHsoSia: C, 73.72; H, 8.14%. Found:
C,73.42; H, 8.35%.

Reaction of 4d and Phenylacetylene Catalyzed by #-Octyl Iso-
cyanide—Palladium(IT) Acetate. By a procedure similar to that
used for the reaction of 4b, the reaction of 4d (86 mg, 0.20 mmol)
with phenylacetylene was carried out to give 16d (53 mg, 50%) and
17d (42 mg, 33%).

16d: 'HNMR for major isomer (CDCl3) 6=—0.09 (s, 6 H),
0.02 (s, 6 H), 0.32 (s, 6H), 0.33 (s, 6H), 0.43—0.63 (m, 4 H), 1.16—
1.34 (m, 2 H), 6.57 (s, 1 H), 7.00—7.06 (m, 2 H), 7.14—7.38 (m,
9 H), 7.39—7.45 (m, 2 H), 7.54—7.60 (m, 2 H); MS (20 eV) m/z
530 (M*). Anal. Calcd for C31HasSis: C, 70.11; H, 8.73%. Found:
C, 70.34; H, 8.88%.

17d: 'HNMR for major isomer (CDCl3) §=—0.06 (s, 12 H),
0.32 (s, 12 H), 0.43—0.55 (m, 4 H), 1.16—1.36 (m, 2 H), 6.59 (s,
2 H), 7.01—7.07 (m, 4 H), 7.16—7.36 (m, 12 H), 7.54—7.60 (m,
4 H); MS (20 eV) m/z 632 (M*). Anal. Calcd for CsoHs,Sis: C,
73.98; H, 8.28%. Found: C, 74.04; H, 8.51%.

Reaction of 4e and Phenylacetylene Catalyzed by £-Octyl Iso-
cyanide—Palladium(II) Acetate. By a procedure similar to that
used for the reaction of 4b, the reaction of 4e (89 mg, 0.20 mmol)
with phenylacetylene was carried out to give 16e (41 mg, 38%) and
17e (64 mg, 49%).

16e: 'HNMR for major isomer (CDCl3) 6=—0.06 (s, 6 H),
0.02 (s, 6 H), 0.32 (s, 6H), 0.33 (s, 6H), 0.38—0.58 (m, 4 H), 1.16—
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1.28 (m, 4 H), 6.60 (s, 1H), 7.04—7.10 (m, 2 H), 7.16—7.38 (m, 9
H), 7.40—7.46 (m, 2 H), 7.56—7.62 (m, 2 H); MS (20 eV) m/z 544
(M™). Anal. Caled for Cs;HusSia: C, 70.51; H, 8.88%. Found: C,
70.74; H, 9.16%.

17e: 'THNMR for major isomer (CDCl3) 6=0.06 (s, 12 H),
0.32 (s, 12 H), 0.38—0.46 (m, 4 H), 1.14—1.26 (m, 4 H), 6.60 (s,
2 H), 7.04—7.08 (m, 4 H), 7.16—7.28 (m, 6 H), 7.30—7.36 (m, 6
H), 7.54—7.60 (m, 4 H); MS (20 eV) m/z 646 (M*). Anal. Calcd
for CaoHs4Sis: C, 74.23; H, 8.41%. Found: C, 73.94; H, 8.58%.

Reactions of 16¢c and Phenylacetylene Catalyzed by ¢-Octyl
Isocyanide-Palladium(II) Acetate. To a mixture of palladium(II)
acetate (0.4 mg, 1.8 pmol) and 1,1,3,3-tetramethylbutyl isocyanide
(3.7 mg, 0.027 mmol) in toluene (0.1 mL) were added 16¢ (46
mg, 0.09 mmol) and phenylacetylene (14 mg, 0.14 mmol) under
an argon atmosphere. The mixture was stirred at 90 °C for 7 h,
cooled to room temperature, and then subjected to preparative TLC
(hexane) to furnish 17¢ (20 mg, 36%) and recovered 16¢ (27 mg,
59%).

Bis(1,1,2,2-tetramethyl-2- phenyldisilanyl)phenoxymethane
(4i). To a THF (20 mL) solution of phenoxy(1,1,2,2-tetra-
methyl-2-phenyldisilanyl)methane (150 mg, 0.5 mmol), prepared
from phenoxymethyllithium and 1-chloro-1,1,2,2-tetramethyl-2-
phenyldisilane in 75% yield,*® was added s-butyllithium (1.1 M in
cyclohexane, 0.54 mmol, M=mol dm_3) at —78 °C. The mixture
was allowed to warm to —25 °C and held at the temperature for 0.5
h. To the mixture cooled to —40 °C was added 1-chloro-1,1,2,2-
tetramethyl-2-phenyldisilane (114 mg, 0.5 mmol). The mixture was
allowed to warm to room temperature over 1.5 h, and then saturated
NH4C1 aq was added. Extractive workup followed by purification
by preparative TLC gave 4i (78 mg, 32%).

4i:  'HNMR (CDCl3) 6=0.09 (s, 6 H), 0.11 (s, 6 H), 0.20 (s,
6 H), 0.23 (s, 6 H), 4.12 (s, 1 H), 6.68—6.74 (m, 2 H), 6.76—6.86
(m, 1 H), 7.08—7.18 (m, 2 H), 7.26—7.36 (m, 10 H); "CNMR
- (CDCl3) 6=-3.9, —3.8, —3.5, —2.9, 62.3, 114.6, 119.4, 1277,
128.3,129.1, 133.9, 139.3, 160.3. Anal. Calcd for Co7H40OS1s: C,
65.79; H, 8.18%. Found: C, 65.57; H, 8.23%.

Bis(1,1,2,2- tetramethyl- 2- phenyldisilanyl)phenylthiometh-
ane (4j). To a THF (10 mL) solution of (phenylthio)(1,1,2,
2-tetramethyl-2-phenyldisilanyl)methane (1 g, 3.2 mmol), prepared
from (phenylthio)methyllithium and 1-chloro-1,1,2,2-tetramethyl-
2-phenyldisilane, was added n-butyllithium (1.6 M in hexane, 3.1
mmol) at 0 °C. After 1.5 h, 1-chloro-1,1,2,2-tetramethyl-2-phen-
yldisilane was added dropwise, and the mixture was stirred for 16
h at room temperature. The reaction was quenched by addition of
saturated aqueous NH4Cl. Extractive workup followed by purifi-
cation by preparative gel permeation chromatography gave 4j (670
mg, 42%). _

4j:  "HNMR (CDCls) 8=0.09 (s, 6 H), 0.11 (s, 6 H), 0.30 (s,
6 H), 0.31 (s, 6 H), 1.74 (s, 1 H), 6.84—6.88 (m, 2 H), 6.98—7.16
(m, 3 H), 7.24—7.40 (m, 10 H); *CNMR (CDCl3) §=—3.2, —2.9,
—2.6, —1.1,12.4, 124.2, 126.1, 127.7, 128.3, 128.4, 138.9, 1394,
139.7. Anal. Calcd for Co7H40SSis: C, 63.71; H, 7.92%. Found:
C, 63.62; H, 7.96%.

"HNMR Study of the Catalytic Cycle of the Bis-Silylation
via Intramolecular Metathesis (Illustrated in Scheme 5). To
a benzene-dg (0.5 mL) solution of 5a (9.5 mg, 0.019 mmol) in an
NMR tube was added phenylacetylene (1.9 mg, 0.019 mmol) at
room temperature under an argon atmosphere. 'HNMR showed
clean formation of (bis-silylated alkene)palladium complex 18 af-
ter 1 min. To the mixture was added 4g (7.2 mg, 0.019 mmol).
Monitoring the reaction by "HNMR revealed that formation of
5a, hexamethyldisilane, and bis-silylated alkene 12a from 18 and
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4g completed after 3.5 h at room temperature. 18 was identified
by comparison with the authentic sample, which was prepared by
mixing isolated 12a with bis(z-butyl isocyanide)palladium(0) (2) in
benzene-ds.

General Procedure for the Catalytic Bis-Silylation of Alkynes
with 4g in the Presence of 5a.  To a mixture of 4g (152 mg, 0.40
mmol) and 5a (4.0 mg, 8.0 pmol) in toluene (0.4 mL) was added
alkynes (0.60 mmol) under an argon atmosphere. The mixture was
stirred under the conditions listed in Table 3, cooled to room tem-
perature, and then subjected to preparative TLC (for 12a,13,15,
and 19), or bulb-to-bulb distillation (for 20) to furnish the cyclized
product.

19: 'HNMR (CDCls) §=0.34 (s, 6 H), 0.36 (s, 6 H), 0.88
(t, J=6.2 Hz, 3 H), 1.24—1.50 (m, 8 H), 1.96—2.08 (m, 2 H),
2.18—2.28 (m, 2 H), 2.64—2.72 (m, 4 H), 6.40 (t, J=1.5 Hz, 1
H); B*CNMR (CDCl3) 6=—1.5, 0.7, 14.1, 22.6, 22.8,25.7, 28.3,
28.9, 29.1, 31.7, 37.2, 141.8, 166.9; IR (neat) 2932, 1250, 860
cm !, Anal. Caled for C6H3,8,8i2: C, 55.75; H, 9.36%. Found:
C, 55.83; H, 9.60%.

20:  Mp 46.0—46.5 °C; 'HNMR (CsDs) 6=0.44 (s, 6 H),
0.51 (s, 6 H), 0.81 (t, J=7.0 Hz, 3 H), 1.08—1.42 (m, 4 H), 1.56—
1.72 (m, 2 H), 2.03 (s, 3 H), 2.18—2.38 (m, 6 H); *CNMR (CsDy)
6=—1.3,-0.6,14.0,22.4,23.1,25.7, 28.8, 31.4,32.0, 33.5, 160.0,
160.2, 206.3; IR (neat) 2964, 1682, 1252, 1202, 836 cm™!. Anal.
Calcd for C16H3008,S1,: C, 53.57; H, 8.43%. Found: C, 53.41; H,
8.66%.

General Procedure for the Catalytic Bis-Silylation of Alkenes
with 4g in the Presence of 5a.  To a mixture of 4g (152 mg, 0.40
mmol) and 5a (4.0 mg, 8.0 pmol) in toluene (0.4 mL) was added
alkenes (0.60 mmol) under an argon atmosphere. The mixture was
stirred at 90 °C for 15 h, cooled to room temperature, and then
subjected to preparative TLC (for 21a and 22a—c), or bulb-to-bulb
distillation (for 21b) to furnish the cyclized product.

21a: 'HNMR (CDCls) 6=0.23 (s, 3 H), 0.31 (s, 3 H), 0.37 (s,
3 H),0.50 (s, 3H), 1.04 (dd, J=7.3 15.0 Hz, 1 H), 1.31 (dd, J=11.9,
15.0 Hz, 1 H), 1.96—2.06 (m, 2 H), 2.40 (dd, J=7.3, 11.9 Hz, 1
H), 2.56—2.80 (m, 4 H), 3.65 (s, 3 H); *CNMR (C¢Dg) §=—3.9,
—1.9, —1.4, —0.6, 12.1, 22.9, 25.6, 28.6, 28.7, 31.3, 50.9, 175.4;
IR (neat) 2960, 1728, 1252, 1192, 858 cm™'. Anal. Calcd for
C12H240,5,81,: C, 44.95; H, 7.55%. Found: C, 44.88; H, 7.77%.

21b:  Mp 75.0—76.5 °C; '"HNMR (C¢Ds) 6=0.09 (s, 3 H),
0.19 (s, 3 H), 0.31 (s, 3 H), 0.42 (s, 3H), 0.78 (dd, J=12.0, 14.9
Hz, 1 H), 0.92 (dd, J=7.6, 14.9 Hz, 1 H), 1.38—1.58 (m, 2 H),
1.72 (dd, J=7.6, 12.0 Hz, 1 H), 2.00—2.30 (m, 4 H); *CNMR
(CsDg) 6=—4.0, —2.6, —1.9, —1.5, 11.8, 13.8, 21.7, 25.3, 28.5,
28.7, 122.4; TR (neat) 2964, 2220, 1420, 1256, 802 cm ™. Anal.
Calcd for C11H21 NS, Sis: C, 45.94; H, 7.36; N, 4.87%. Found: C,
45.78; H, 7.39; N, 4.70%.

22a: HNMR (CsDg) 6=0.42 (s, 6 H), 0.55 (s, 6 H), 1.40—
1.58 (m, 4 H), 1.73 (d, J=1.1 Hz, 3 H), 2.12—2.38 (m, 4 H), 4.64
(tq, J=6.8, 1.1 Hz, 1H); BCNMR (CsDs) 6=—1.8,0.5, 12.8,22.7,
24.9, 25.0, 26.9, 103.8, 148.1; IR (neat) 2924, 1678, 1252, 1004
cm . Anal. Caled for C;pH408,8is: C, 47.31; H, 7.94%. Found:
C, 47.26; H, 8.20%.

22b: 'HNMR (CDCl3) 6=0.17 (s, 3 H), 0.34 (s, 3 H), 0.41 (s,
3H),0.51(s,3H), 1.02(d, J=7.7Hz,3 H), 1.74 (dd, J=1.5, 1.1 Hz,
3 H), 1.80—2.16 (m, 3 H), 2.50—2.84 (m, 4 H), 4.40 (dq, J=5.9,
1.1 Hz, 1 H); ®"CNMR (CDCL3) 6=-5.5, —3.4, —0.4, 1.7, 15.7,
16.8, 22.4, 22.6, 24.8, 26.6, 26.8, 113.0, 145.6; IR (neat) 2960,
1676, 1252, 832 cm ™. Anal. Caled for C13Hz608,Si2: C, 49.00;
H, 8.22%. Found: C, 48.70; H, 8.39%.

22¢:  'HNMR (CDCl3) 6=0.34 (s, 6 H), 0.46 (s, 6 H), 1.75
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(d, J=7.4 Hz, 2 H), 1.86—2.10 (m, 2 H), 2.56—2.82 (m, 4 H),
5.71 (t, J=7.4 Hz, 1 H), 7.20—7.34 (m, 3 H), 7.46—7.54 (m, 2
H); BCNMR (CDCl3) 6=—2.1, 0.1, 13.3, 24.5, 24.7, 26.7, 105.7,
123.9, 127.0, 128.1, 137.6, 148.7; IR (KBr) 2968, 1682, 1254,
1080, 848 cm™!. Anal. Caled for C17Ha0S,Six: C, 55.68; H,
7.15%. Found: C, 55.41; H, 7.18%.
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