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Bimolecular Reactions of Tetrakis(trialkylsilyl)disilenes

with Various Reagents
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Versatile reaction modes of tetrasilyldisilenes with various reagents have been disclosed. Typically, tetrakis(z-butyl-
dimethylsilyl)disilene 1b reacts with 1-alkenes and a 1-alkyne having allylic hydrogens to afford the corresponding ene-
addition products, while a reaction of 1b with styrene gives the [2+2] cycloaddition product. In contrast to tetra-z-butyl-
disilene and tetramesityldisilene, a reaction of 1b with a 1,3-butadiene gives quantitatively the [442] cycloaddition product.
In accord with the biradical nature of disilene as predicted theoretically, tetrasilyldisilene 1b reacts with haloalkanes to
provide the corresponding 2,3-dichlorotetrasilane or 2-alkyl-3-chlorotetrasilane probably via radical mechanisms. Facile
nucleophilic additions of water, methanol, and methyllithium to 1b are indicative of the high electrophilicity of 1b.

Although a number of bimolecular reactions of both tran-
sient and isolable disilenes (silicon—silicon doubly-bonded
compounds) have been reported,? substituent effects on the
modes, rates, and mechanisms of the reactions have rarely
been discussed.” Studies of the substituent effects will be
crucial to the systematic understanding of the characteristics
of group-14 double bonds, including C=C bonds. We have re-
cently isolated several tetrakis(trialkylsilyl)disilenes (1a—c)
and revealed their unusually long Si=Si bond distances,*®
striking dependence of the electronic spectra on the alkyl-
substituents,’ very low-field 2SiNMR resonances of the
unsaturated silicon nuclei,® and facile rotation around the
Si=Sibonds (Chart 1).3® Remarkable electronic effects of tri-
alkylsilyl substituents would be responsible for these struc-
tural characteristics. Whereas reaction modes among 1a—1¢
have been found to be different in several reactions due to
the steric effects of the trialkylsilyl substituents, the present
study has been focussed on the various bimolecular reactions
of 1b as a typical tetrasilyldisilene. Tetrasilyldisilene 1b
behaved as an electrophile to hydroxylic and organometal-
lic reagents, a biradicalloid to haloalkanes, and a 2w sys-

ReSly _ AR 1a, R Si = i-PrMeSi;
PES 1b, R3Si = tBuMeSi:
R3Si SiR3 1¢, R3Si = i-PrySi
Chart 1.
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tem for electrocyclic reactions with alkenes and a 1,3-di-
ene. Unique reaction modes of 1b are demonstrated and
discussed in comparison with those reported previously for
typical isolable disilenes such as tetra-z-butyldisilene and
tetramesityldisilene.”

Results and Discussion

Reactions of 1b with Water and Methanol. The reac-
tion mode and reactivity of tetrasilyldisilene 1b toward water
and methanol are similar to those of other known disilenes.”
Thus, disilene 1b reacted rapidly with water at 0 °C to give
the corresponding 2-hydroxytetrasilane 2 (Eq. 1). A reaction
of 1b with methanol at 50 °C afforded 2-methoxytetrasilane
3 together with water-adduct 2, even when methanol is rigor-
ously dried. Since the rate-determining step of the reaction
is proposed to be a nucleophilic addition of the alcoholic
oxygen to the unsaturated silicon,*” this much lower reac-
tivity of methanol suggests that the steric hindrance at the
transition state for the reaction with methanol is severer than
that for the water addition.

RsSi SiRa (1)
R'OH L
b ——> R3Si— |-§|—SiR3
hexane / THF ﬁ' OR’

2, 75% (RaSi = BuMe,Si, R'=H)
3, 66% gnﬁi - tBuMe,Si, R'=Me)

Reaction of 1b with Methyllithium. When a THF
solution of 1b was treated with excess methyllithium at O
°C, the orange solution turned to pale orange. Hydrolysis
of the solution gave the corresponding 2-methyltetrasilane 5,
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indicating the formation of silyllithium 4 as an intermediate
(Eq. 2).9 '

ReSj SiRg

Meli RsSi SiRg
1 -f-—F——aé—-b Rasi_s|i"sli_SiR3 _— Rss—SIi—SI:i—SiRg
HF/0 Me Li Me M
4 5,48%
R4Si = -BuMesSi ‘
)]

No similar reactions of tetra-#-butyldisilene and tetrame- .

sityldisilene have been reported; these disilenes are sug-
gested to be less electrophilic than disilene 1b.

Ene Reactions with 1-Alkenes and a 1-Alkyne.  Di-
silene 1b reacted with various alkenes having allylic hydro-
gens quite smoothly to afford the corresponding ene-addi-
tion products in high yields. Typically, a reaction of 1b with
1-butene below —15 °C in the dark gave ene-addition prod-
uct 6 in 86% yield (Eq. 3). The stereochemistry of 6 was
determined to be trans, on the basis of the 3J value between
the two olefinic protons (see Experimental); no other isomer
was detected in the reaction mixture.

RsSi Isma
CHy CHyCH=CH, RSS"sa—sf"R3 ®)
hexane/rt —

1b
6 (R3Si = +-BuMe; Si), 86%

The following two pathways can be envisaged to explain
the result (Scheme 1): (1) the initial addition of 1b to an olefin
giving the corresponding 1,3-biradical 7, followed by the in-
tramolecular abstraction of a f-hydrogen giving 6 (pathway
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A) and (2) the concerted ene addition of an alkene to disilene
1b through a cyclic transition state like 8 (pathway B). Both
these pathways can explain the trans arrangement about the
double bond in 6, since they proceed via six-membered cyclic
transition states.

In order to distinguish these two pathways, reactions of
disilene 1b with 1,6-heptadiene (9) and vinylcyclopropane
(10) as radical clocks” were investigated. If a reaction of
1b with an alkene proceeds via pathway A, reactions of 1b
with 9 and 10 should give biradical intermediates 11 and
12, respectively, which will undergo facile rearrangement
to cyclic isomers 13 and 14 to give final addition products
15 and 16, respectively (Scheme 2); related intramolecular
rearrangements from 2-hexa-5-enyl and 1-cyclopropylethyl
radicals are reported to occur very quickly with the first-
order rate constants of 1.0x10° s™! ® and 1.3x10% s~!
respectively, at 298 °C.

In reality, disilene 1b reacted with 9 at room temperature
to afford 2-(2,6-heptadienyl)tetrasilane 17 (the (E)-isomer)
in a moderate yield without any cyclic products such as 15
(Eq. 4). The reaction of 1b with vinylcyclopropane was
remarkably slow at room temperature to give a complex
mixture, in which neither an expected cyclic disilane 16 nor
the corresponding ene addition product was detected (Eq. 5).

RsSi SiR3
9 R3S—SiSi~SiR3
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10/hexane/rt
very slow

1b > A Complex Mixture )
These results indicate that reactions of disilene 1b with
. alkenes proceed via the concerted pathway (pathway B)
rather than the radical addition pathway (pathway A). In addi-
tion, the result shown in Eq. 5 is compatible with the expected
low reactivity of vinylcyclopropane as an ene reagent.'”
Disilene 1b reacted with a 1-alkyne in a similar ene-ad-
dition manner, giving the corresponding 2-allenyltetrasilane
as shown in Eq. 6.
-
39Ng; Si' R3

\H ©)
Pr
H

18 (R3Si = tBuMeSi), 20%

PrCH,C=CH

1b -
hexane/rt

To the best of our knowledge, the present results constitute
the first examples of the concerted ene reactions of disilenes
with simple olefins. It has been reported that tetramesityldi-
silene does not undergo ene reaction with a 1-alkene and a
1-alkyne,'? while a pyrolysis of tetramesityldisilene affords a
benzosilacyclobutene derivative, which may be produced via
an intramolecular ene addition reaction.'” Photochemically-
generated transient disilenes have been reported to react with
2,3-dimethyl-1,3-butadiene giving ene addition products but
in low yields; [4+2] cycloadditions occur competitively.'®

The enhanced reactivities of tetrasilyldisilene 1b toward
the terminal alkenes and alkyne suggest that the energy level
of the m-type LUMO in 1b is significantly lowered compared
with those in tetra-z-butyldisilene and tetramesityldisilene.'®

The Diels—Alder Additions of 1b with 2,3-Dimethyl-
1,3-butadiene. As shown in Eq. 7, 1b underwent read-
ily the Diels—Alder type cycloaddition with 2,3-dimethyl-
1,3-butadiene at room temperature to give quantitatively the
corresponding 4,5-disilacyclohexene 19.19

R3SE .?iRa
H R3Si—Si~Si-SiR3
1b _—_— (7)
benzene-dg

19 (R3Si = tBuMeSi), quantitatively

Although many isolable disilenes have been known
to undergo [4+2] reactions with heterodienes such as
benzil,'"'**18 benzoyl chloride,' acrylamine,'®® and 1,4~
diazabutadiene,'®® no [4+2] addition of the disilenes to 1,3-
butadienes has been reported. A reaction of tetra-z-butyl-
disilene with 2,3-dimethyl-1,3-butadiene has been reported
to afford ene addition products predominantly together with
a small amount of the Diels—Alder adduct (vide supra).!”
The reason for the higher reactivity of 1b toward a 1,3-di-
ene than that of tetramesityldisilene may be ascribed to the
lower-lying 1-LUMO in 1b, as invoked for the ene-additions
of 1b.
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The [2+2] Cycloaddition with Styrene. Tetrasilyl-

_ disilene 1b was found also to react with styrene very rapidly

at —20 °C to give the corresponding 1,2-disilacyclobutane
20 (Eq. 8).

:——\Ph RsSi  SiR3
hexane/-20°G L—(Ph

20 (R;Si = +-BuMe,Si), 84%

Recently, the [2+2] cycloadditions of isolable disilenes
with olefins have been reported by Weidenbruch et al.?*?" and
Baines et al.?? Although these cycloadditions have been con-
sidered to proceed through a biradical intermediate, mecha-
nistic details have not been investigated so far. Taking into
account the results of the reactions of 1b with the radical
clocks as mentioned above, the reaction of 1b with styrene
may not proceed via a simple radical addition pathway. Since
the concerted [2+2] cycloadditions of olefins are known to be
allowed between an electron-deficient olefin and an electron-
rich olefin,? the present [2+2] reaction of 1b may proceed
through a concerted pathway. Further studies will be needed
to establish the mechanism of the [2+2] cycloadditions of
disilenes with styrene.

While the [2+2] cycloaddition reaction of tetramesityldis-
ilene with phenylacetylene has been reported,*® a reaction of
1b with phenylacetylene proceeded slowly but gave a com-
plex product mixture without formation of the corresponding
[2+2] adduct.

Reaction of 1b with Haloalkanes.  Although there is
no precedent for the direct reaction of a C=C double bond
with a haloalkane, disilene 1b reacted very smoothly with
various haloalkanes in the dark. Thus, reactions of 1b with
carbon tetrachloride and carbon tetrabromide at —50 °C in
the dark gave the corresponding 2,3-dihalotetrasilane 21a
(X =Cl) and 21b (X =Br) in high yields. Reactions of
1b with chloroform and dichloromethane gave readily the
corresponding 1,2-adducts of the alkyl halides: 2-chloro-3-
(dichloromethyl)tetrasilane 22¢ and 2-chloro-3-(chlorometh-
yDtetrasilane 22d, respectively, at lower temperatures than
room temperature. Similarly, treatment of 1b with bromo-
methane provided 2-bromo-3-methyltetrasilane 22e at —30
°C. The results of these reactions are summarized in Table 1.

Table 1. Reactions of Disilene 1b with Various Haloalkanes

Haloalkane Temp Yield/%*
°C 21 22
CCly —-50 83 (21a) —
CBry —65 90 (21b) —
CHCI3 —50—r.t. — 78 (22¢)
CHCl, —50—-r.t. — 85 (22d)
CH;Br —-30 — 95 (22e)

a) Numbering of the product is shown in parentheses. b) Yield

was determined by NMR spectroscopy.
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Scheme 3.

The reactions of tetrasilyldisilene 1b with haloalkanes can
be understood by a radical mechanism as shown in Scheme 3:
tetrasilyldisilene 1b abstracts initially a halogen atom from
an alkyl halide to form a pair of the corresponding £ -halodi-
silanyl radical and alkyl radical. When chloroform, dichlo-
romethane, and bromomethane are used as alkyl halides,
recombination of the radical pair in the cage gives the cor-
responding adducts. During reactions of 1b with carbon
tetrachloride and carbon tetrabromide, the facile halogen ab-
straction of the 5 -halodisilanyl radical takes place to give the
corresponding 1,2-dihalodisilane derivative; the competitive
reaction of the (-halodisilanyl radical with trihalomethyl
radical in the cage may be prevented because of the steric
hindrance.? The reactivities of 1b toward alkyl halides are
comparable qualitatively to those of triethylsilyl radical; the
rate constant for halogen abstraction of triethylsilyl radical
decreases in the order: CCly >(CH3Br)>CHCl;>CH,Cl,.2®
It is possible, however, that single-electron transfer from di-
silene to alkyl halides giving the radical ion pair, followed
by the halide transfer, produces a pair of the -halodisilanyl
radical and the haloalkyl radical.

As precedents for the reaction of disilenes with alkyl
halides, reactions of tetramesityldisilene with benzyl chlo-
ride and 2-chloro-2-methylpropane have been reported, but
the reaction mechanisms have not been taken into consider-
ation (Egs. 10 and 11).2227

Mes Mes Mes Mes
PhCH,CI
/\S"_‘Sl — 2 a Mes- St—Su-Mes (10)
Mes Mes PhCHz c|

On the basis of the theoretical calculations, Teramae has
proposed that disilene will have a weak but significant singlet
biradical character in the trans bent conformation.”® Qur
experimental results as well as the previous works™ are
compatible with the predicted biradical character of disilenes
in general. A study of the mechanistic details is now under
way.'?

Experimental

General. 'H (300 MHz), *C (75 MHz), and *Si (59 MHz)
NMR spectra were recorded on a Bruker AC-300P FT NMR spec-
trometer. Mass spectra were obtained on either a JEOL JMS D-
300, a JEOL JMS D-100s, or a JEOL JMS-600W mass spectrometer.
GLC analysis was conducted using a Shimadzu 8A gas chromato-
graph (5% or 15%/Celite545, 1.5 m). Preparative GPC was per-
formed on JAI LC-908 and LC-08 gel permeation chromatographs.

Materials.  Tetrasilyldisilene 1b°® and vinylcyclopropane®
were prepared according to the reported procedure. THF, hexane,
and benzene-ds were dried over a potassium mirror and then distilled
prior to use by using a vacuum line. Commercially available carbon
tetrachloride, chloroform, dichloromethane, 1-chloropropane, bro-
momethane, 1-butene, 1-hexyne, 1,6-heptadiene, styrene, and 2,3-
dimethyl-1,3-butadiene were dried over calcium hydride overnight
in the dark and then distilled prior to use by using a vacuum line.
Carbon tetrabromide was sublimed under reduced pressure prior to
use.

Procedures for Reactions of 1b with Various Reagents.  All
reactions were performed under argon or nitrogen in a standard
vacuum system unless otherwise noted. All the reactions were
carried out in the dark to exclude possible reactions through the
excited state of 1b. Typically, to a hexane solution of disilene
1b in a schlenk test tube equipped with a magnetic stirrer bar,
a pertinent reagent was introduced through a vacuum line. The
reaction mixture was stirred at —50 °C, then allowed to warm
to room temperature until the color of disilene 1b disappeared.
The volatile components were removed in vacuo. The products
were purified by gel permeation chromatography. The yields were
determined by 'H NMR spectroscopy using 1,2,4,5-tetramethylben-
zene as an internal standard.

Reaction with Water. In a schlenk tube equipped with a
magnetic stirrer bar, tetrasilyldisilene 1b (39.6 mg, 7.66 x 10~> mol)
and deoxygenated dry hexane (3.5 ml) were placed. Then, a THF
(10 ml) solution of water (11.2 mg, 6.22 % 10~* mol) was added to
the mixture at room temperature. The orange color of the solution
disappeared completely within 30 min. Removal of the solvent in
vacuo and then recrystallization from hexane gave 1,4-di-z-butyl-
2,3-bis(¢-butyldimethylsilyl)-2-hydroxy-1,1,4,4-tetramethyltetrasi-
lane 2 (30.6 mg, 5.72x 107> mol, 75%) as an off-white solid. 2: A
colorless solid; mp 91 °C; "HNMR (CsDs) 8 =0.25 (s, 6 H, SiMe),
0.29 (s, 6 H, SiMe), 0.31 (s, 13 H, SiMe+Si—OH), 1.03 (s, 18 H,
t-Bu), 1.12 (s, 18 H, #-Bu), 3.39 (s, 1 H, SiH); "CNMR (CsDs)
d=-3.3,-3.0,—-2.0,—1.1, —0.7 (SiCHs), 18.7, 20.1 (C(CH3)3),
27.5, 28.3 (C(CHs)3); SiNMR (CD,Ch, 223 K) 6 = —121.9
(Si-H), —7.0, —5.6, —0.2, 2.8 (SiMey(¢-Bu)), 14.3 (Si-OH); MS
(EI, 14 eV) m/z (%) 532 (M*™—2; 25.3), 419 (M*—115; 19.8), 402
(14.2), 275 (100). Anal. Calcd for (CosHeOSis)2-H,0: C, 52.96;
H, 11.67%. Found: C, 52.79; H, 11.73%.
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Reaction with Methanol. To a THF (5 ml) solution of tetrasi-
Iyldisilene 1b (104 mg, 2.61x 10> mol) in a schlenk tube equipped
with a magnetic stirrer bar, methanol (326 mg, 1.02x 1072 mol)
was added at room temperature. The orange color of the solution
disappeared completely within 90 min at 40 °C. Removal of the
solvent in vacuo gave an off-white solid, which contained 1,4-di-z-
butyl-2,3-bis(z-butyldimethylsilyl)-2-methoxy-1,1,4,4-tetramethyl-
tetrasilane 3 and 2 in 66 and 22% yields, respectively. Separation
of these two compounds by GPC, HPLC, and recrystallization has
failed. 3: '"HNMR (CsDs) & =0.28 (s, 6 H, SiMe), 0.31 (s, 12
H, SiMe), 0.34 (s, 6 H, SiMe), 1.07 (s, 18 H, #-Bu), 1.13 (s, 18
H, 1-Bu), 3.26 (s, 3H, OMe), 3.48 (s, 1 H, SiH); ?C NMR (CsDs)
6 =-23,-21, —0.7 (SiCHs), 19.2, 19.7 (C(CHa3)3), 27.7, 28.4
(C(CH3)3), 55.2 (OCH3); ®SiNMR (CsDs) 6 = —122.3 (SiH),
—4.3, 2.2 (SiMe;,(¢-Bu)), 18.1 (SiOMe); MS (EI, 70 eV) m/z (%)
548 (M™; 2.1), 533 (8.8), 491 (5.6), 433 (23.9), 402 (17.4), 289
(100), 73 (93.8). HRMS Calcd for CosHesOSis: M, 548.3573.
Found: m/z 548.3545.

Reaction with Methyllithium.  In a schlenk tube equipped
with a glass-covered stirrer bar, tetrasilyldisilene 1b (50.7 mg,
9.80% 107> mol) and THF (2.5 ml) were placed. When methyl-
lithium in THF (1.3 mol dm ™, 0.60 ml, 5.2 10™* mol) was added
to the mixture at 0 °C, the solution changed immediately from dark
orange to light yellow. After the mixture was stirred at room tem-
perature for 1 h, an excess amount of water was added. The organic
layer was extracted by hexane, neutralized, washed with water and
brine, and then dried over anhydrous magnesium sulfate. After
the solvent was removed in vacuo, a pale yellow oil was obtained.
The resulting oil was subjected to GPC to give pure 1,4-di-z-bu-
tyl-2,3-bis(z-butyldimethylsilyl)-1,1,2,4,4-pentamethyltetrasilane 5
(25.3 mg, 4.74x107° mol, 48%). 5: Colorless crystals; mp 113—
114 °C; "THNMR (CsDs) 6 =0.13 (s, 6 H, SiMe), 0.16 (s, 6 H,
SiMe), 0.19 (s, 12 H, SiMe), 0.44 (s, 3 H, SiMe-SiH), 0.92 (s,
18 H, -Bu), 0.95 (s, 18 H, -Bu), 3.05 (s, 1 H, SiH); *SiNMR
(CsDg) 6 = —120.1 (Si-H), —76.4 (Si-Me), —1.9, 1.8 (SiMe,-
(#-Bu)); MS (EL 14 eV) m/z (%) 532 (M*; 4.5), 475 (M*—57; 22),
416 (M*—116; 100). HRMS Calcd for CosHesSis: M, 532.3624.
Found: m/z 532.3594.

Reaction with 1-Butene. A reaction of 1b (54.2 mg,
1.05x 107> mol) with 1-butene (0.5 ml) in hexane (3 ml) pro-
ceeded readily below —15 °C to give the (E)-isomer of 1,4-di-
t-butyl-2,3-bis(z- butyldimethylsilyl)- 2- (2- butenyl)- 1, 1,4,4- tetra-
methyltetrasilane (6, 51.8 mg, 9.03 x 10™° mol, 86%) together with
a small amount of 2. 6: A colorless oil; 'THNMR (CDCl3) 8 =0.17
(s, 12 H, SiMe), 0.19 (s, 6 H, SiMe), 0.23 (s, 6 H, SiMe), 0.95 (s,
18 H, +-Bu), 0.96 (s, 18 H, #-Bu), 1.57 (dd, J=6.3 Hz,J=1.0Hz, 3
H, CH3), 1.97 (d, J=7.3 Hz, 2 H, SiCH,CH=), 3.42 (s, 1 H, SiH),
5.25(qd,/J=14.8Hz,J=6.3Hz, 1 H, CH;CH=), 5.47 (td, J=14.8
Hz, J=7.3 Hz, 1 H, CH;CH=CH); *CNMR (CDCL) 6 = — 1.6,
—1.5, —0.8, 0.3 (SiCH3), 17.8 (CH3CH=), 19.2 (C(CH3)3), 19.3
(SiCH>CH=), 20.0 (C(CHz)3), 27.8, 28.5 (C(CH3)3), 123.5, 131.0
(CH=); ®SiNMR (CDCl3) & = —121.8 (SiH), —69.4 (SiCH,),
—0.5, 1.9 (SiMe;(-Bu)); MS (EL 14 eV) m/z (%) 572 (M*; 0.4),
456 (45.5), 399 (32.5), 340 (100). HRMS Calcd for CysHegSis:
M, 572.3937. Found: m/z 572.3932. The trans arrangement about
the double bond is evident from the *J values of 14.8 Hz between
two olefinic protons. No other diastereomers were formed in the
reaction mixture.

Reaction with 1,6-Heptadiene (9). A reaction of 1b (55.9 mg,
1.08%10™* mol) with 9 (0.3 ml) proceeded at room temperature.
After the reaction mixture was stirred for 2 d in the dark, '"HNMR
indicated the existence of only two products; 1,4-di-7-butyl-2,3-
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bis(z-butyldimethylsilyl)-2-((E)-2,6-heptadienyl)-1,1,4 4-tetrameth-
yltetrasilane 17 (44.5 mg, 7.25x10™° mol, 67%) together with 2
(8.8 mg, 1.64x 1073 mol, 15%). No other products such as 15 were
obtained. 17: A colorless oil; 'HNMR (CsDg) 6 =0.323 (s, 6
H, SiMe), 0.329 (s, 6 H, SiMe), 0.332 (s, 6 H, SiMe), 0.37 (s, 6
H, SiMe), 1.07 (s, 18 H, ¢-Bu), 1.08 (s, 18 H, #-Bu), 2.14 (m, 4 H,
C(4)Hz, C(5)H,),2.24(d,J=7.5Hz,2 H, C(1)H,), 5.00 (dd, J =10
Hz,J=2.1Hz, 1 H, C(7)H), 5.05 (dd, J=17.0 Hz, J=2.1 Hz, 1
H, C(7)H), 5.45 (dm, J =15.0 Hz, 1 H, C(3)H), 5.76 (dt, J = 15.0
Hz,J=7.5Hz, 1 H, C2)H), 5.81 (ddm, J=17.0Hz, J = 10.0 Hz, 1
H, C(6)H); PCNMR (CgDg) 6 = —1.2, —1.0, —0.5, 0.6 (SiCH3),
19.4 (C(CHs)3), 19.9 (Si—C(1)), 20.2 (C(CHs)s), 28.0, 28.7 (C-
(CH3)3), 32.7, 34.1 (C(4), C(5)), 114.9 (C(7)), 129.1, 1304, 138.4
(C(2), C(3), C(6)); ®SiNMR & = —121.2 (SiH), —68.9 (Si(SiRs)2),
—0.1, 2.4 (SiMe;(-Bu)); MS (EL, 70 eV) m/z (%) 612 (M*; 0.7)),
497 (12.3), 381 (57.9), 353 (61.7), 323 (54.3), 73 (100). HRMS
Calcd for C3H72Sig: M, 612.4249. Found: m/z 612.4211.

Reaction with Vinylcyclopropane (10). A reaction of 1b
(50.4 mg, 9.75x 10~ mol) with vinylcyclopropane (80 mg) in hex-
ane (2.5 ml) was carried out at room temperature in the dark for 3
d. Removal of the volatile components in vacuo gave a pale yellow
oil. While the mass spectrometric analysis of the oil indicated
the existence of vinylcyclopropane adducts of 1b in addition to 2,
the 'HNMR spectrum was too complicated to be analyzed. An
attempted separation of the adducts using GPC (eluent CHCl3)
failed.

Reaction with 1-Hexyne. The reaction of 1b (101 mg,
1.95x10~* mol) with 1-hexyne (342 mg, 4.16x 1073 mol) com-
pleted within 12 h at room temperature affording 1,4-di-z-butyl-2,
3-bis(z-butyldimethylsilyl)-2-(1,2-hexadienyl)-1,1,4,4-tetramethyl-
tetrasilane 18 as a major product. Pure 18 (23.2 mg, 3.87x107°
mol, 20%) was obtained by GPC (CHCl3). 18: A colorless oil;
THNMR (CsDs) 6 =0.31 (s, 3 H, SiMe), 0.34 (s, 3 H, SiMe),
0.37—0.39 (m, 12 H, SiMe), 0.88 (t, J=7.3 Hz, 3 H, C(6)Hs),
1.06 (s, 18 H, -Bu), 1.11 (s, 9 H, ~Bu), 1.12 (s, 9 H, -Bu), 1.38
(m, 2 H, C(5)H»), 2.08 (m, 2 H, C(4)H,), 4.75 (dt, J=7.4, 7.2
Hz, 1 H, PrCH), 5.44 (dt, J=7.4, 3.5 Hz, 1 H, SiCH); "CNMR
(C¢Dg) 6 = —1.9, —1.7, —1.5, —0.8, —0.1, 0.1 (SiCH3), 14.0
(C(6)H3), 19.2, 20.1, 20.3 (C(CHs)s), 23.6 (C(4 or 5)Hy), 27.9,
28.6 (C(CH3)3), 30.7 (C(4 or 5)H,), 80.7, 84.6 (C(1 or 3)H), 210.8
(CH=C=CH); ®SiNMR (CsDs) & = —118.9 (Si-H), —78.7 (SiCH),
0.3,0.9, 2.1, 2.2 (SiMey(+-Bu)); MS (EL 14 eV) m/z (%) 598 (1.1),
541 (35.7), 482 (50.2), 425 (100), 366 (29.3).

Reaction with Styrene. A reaction of 1b (50.2 mg, 6.47x 107>
mol) with styrene (0.5 ml) was completed within 2 h below —20 °C
to give 1,1,2,2-tetrakis(z-butyldimethylsilyl)-3-phenyl-1,2-disila-
cyclobutane 20 (33.7 mg, 5.43x 1073 mol, 84%) together with 2.
Pure 20 (16.6 mg, 2.67x 107> mol, 41%) was obtained by GPC.
20: A colorless oil; 'THNMR (CDCl3) 6 =0.04 (s, 3H, Me), 0.25
(s, 3 H, SiMe), 0.26 (s, 3 H, SiMe), 0.30-—0.32 (m, 9 H, SiMe), 0.42
(s, 3 H, SiMe), 0.49 (s, 3 H, SiMe), 0.65 (s, 9 H, -Bu), 0.98 (s, 9 H,
t-Bu), 0.99 (s, 9 H, +-Bu), 1.01 (s, 9 H, #-Bu), 1.70 (dd, /= 6.2, 12.6
Hz, 1 H, CHPh), 2.23 (dd, J = 12.6, 15.3 Hz, 1 H, CH), 3.68 (dd,
J=6.2,15.3Hz, 1 H,CH), 6.97—7.02 (m, 1 H, PhH(p)), 7.10—7.12
(m, 2 H, PhH(0)), 7.15—7.21 (m, 2 H, Ph(m)); *C NMR (CDCl3)

§5=-1.0,0.1, 0.3, 04, 0.5, 0.6, 0.9, 1.0 (SiCH3), 17.8 (CHy),

19.1, 19.5, 20.6 (C(CH3)3), 28.4, 29.0, 29.3, 29.4 (C(CHa)3), 35.5
(CHPh), 124.0, 126.3, 128.0, 148.0; Si NMR (CDCls) & = —58.6
(SiCH,), —27.8 (SiCHPh), —0.1, 0.6, 2.7, 4.2 (SiMe,(+-Bu)); MS
(EL, 14 eV) miz (%) 620 (M*; 27.7), 505 (53.8), 449 (100), 274
(65.3), 258 (29.1).

Reaction with 2,3-Dimethylbutadiene. A reaction of 1b (25
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mg, 3.23x 1073 mol) with an excess amount of 2,3-dimethyl-1,3-
butadiene (0.1 ml) in C¢Dg (0.5 ml) was carried out in a Young’s
NMR tube at room temperature to give 4,4,5,5-tetrakis(z-butyldi-
methylsilyl)-1,2-dimethyl-4,5-disilacyclohexene 19 quantitatively.
19: A colorless oil; THNMR (CgDg) 6 =0.33 (s, 12 H, SiMe), 0.34
(s, 12 H, SiMe), 1.06 (s, 36 H, r-Bu), 1.75 (s, 6 H, CH3), 2.05 (s,
4 H, CH,); *CNMR (CsDg) 8 = —0.5, 0.1 (SiCH3), 20.0 (CHy),
20.4 (SiC(CHs)3), 26.3 (CHs), 28.9 (SiC(CHs)3), 127.9 (C=0);
PSiNMR (CeDg) 6 = —74.6 (Si(SiMey(t-Bu)), —1.1 (SiMe;-
(#-Bu)); MS (EL 20 eV) m/z (%) 598 (M*; 0.3), 483 (100) 367 (21.5),
73 (24.2). HRMS Calcd for C30H70Sis: M, 598.4093. Found: m/z
598.4099.

Reaction with CCly. When CCly (0.5 ml) was introduced to 1b
(229 mg, 4.43 % 1075 mol) in hexane (1.0 ml) at —50 °C through a
vacuum line, the orange color of the solution of 1b disappeared im-
mediately. 1,4-Di-t-butyl-2,3-bis(z-butyldimethylsilyl)-2,3-dichlo-
ro-1,1,4,4-tetramethyltetrasilane 21a (3.69x 107> mol, 83%) was
obtained as colorless crystals. 21a: Mp 133 °C; THNMR (CsDs)
0 =0.35 (s, 12 H, SiMe), 0.36 (s, 12 H, SiMe), 1.13 (s, 36 H, -Bu);
BCNMR (CsDs) 6 = —1.9, —1.3 (SiCH3), 20.7 (C(CHs)3), 28.3
(C(CHs)3); *SiNMR (CeDe) 6 = 1.2 (SiMes(z-Bu)), 7.9 (SiCl);
MS (EL 14 eV) m/z (%) 571 (M*—15; 1.8), 529 (M*—57; 3.6),
436 (100). HRMS Caled for Co3Hs7ClLSis: (M*—15), 571.2452.
Found: m/z 571.2455.

Reaction with CBry. ‘When a solution of CBrs (78.3 mg,
2.36x 10~ mol) in hexane (3.0 ml) was introduced to 1b (50.2 mg,
9.71x 107> mol) in hexane (2.5 ml) at —65 °C, the orange color of
1b disappeared immediately. After removal of the volatile compo-
nents, the "HNMR analysis of the residue indicated the production
of 2,3-dibromo-1,4-di-#-butyl-2,3-bis(¢-butyldimethylsilyl)-1,1,4,
4-tetramethyltetrasilane 21b in 90% yield (39.1 mg, 8.74x107°>
mol). Pure 21b (24.2 mg, 3.57x 107> mol, 37%) was obtained by
recrystallization from hexane at —30 °C. 21b: Colorless crystals;
mp 153 °C; 'HNMR (CsDs) 6 =0.38 (s, 12 H, SiMe), 0.40 (s,
12 H, SiMe), 1.14 (s, 36 H, +-Bu); *CNMR (C¢Dg) 6 = —1.2,
—0.8 (SiCH3), 21.0 (C(CH3)3), 28.6 (C(CH3)s3); 2Si NMR (CsDs)
6 = —7.9 (SiBr), 1.1 (SiMe,(#-Bu)); MS (EIL 14 eV) m/z (%) 661
M*(PBr*'Br)—15; 0.3), 619 (M*—57; 1.6), 482 (M*—194; 100).
Anal. Caled for CoyHegoBr,Sis: C, 42.57; H, 8.93%. Found: C,
42.63; H, 8.70%.

Reaction with CHCls. The reaction of 1b (33.5 mg,
6.48x 107> mol) with CHCl; (0.5 ml) in hexane occurred gradually
at about 0 °C to give 1,4-di-#-butyl-2,3-bis(s-butyldimethylsilyl)-2-
chloro-3-(dichloromethyl)-1,1,4,4-tetramethyltetrasilane 22¢ (32.0
mg, 5.03x1073 mol, 77%). 22c: Colorless crystals; mp 169—
170 °C; '"HNMR (CsDs) 6 =0.30 (s, 6 H, SiMe), 0.38 (s, 6 H,
SiMe), 0.39 (s, 6 H, SiMe), 047 (s, 6 H, SiMe), 1.11 (s, 18 H,
+-Bu), 1.19 (s, 18 H, -Bu), 6.28 (s, 1 H, CHCI,); *CNMR (CsDs)
d=-0.9,—-0.2,04, 0.6 (SiCHz3), 20.5, 22.0 (C(CH3)3), 28.5, 28.8
(C(CH3)3), 64.8 (CHCL,); ®SiNMR (CsDg) & = —24.4 (SiCHCl,),
0.2 (SiMe;(#-Bu)), 2.8 (SiCl), 3.4 (SiMe,(t-Bu)); MS (EI 14 eV)
mlz (%) 619 M™—15; 5.7), 577 M*—57; 36.8), 519 (M"—115;
100). Anal. Calcd for CysHg1ClsSig: C, 47.17; H, 9.66%. Found:
C, 47.13; H, 9.38%.

Reaction with CH,Cl;.  Disilene 1b (39.4 mg, 7.61x107°
mol) reacted with CH,Cl, (0.5 ml) slowly at room temperature in
hexane (1.0 ml), giving 1,4-di-z-butyl-2,3-bis(z-butyldimethylsilyl)-
2-chloro-3-(chloromethyl)-1,1,4,4-tetramethyltetrasilane 22d (39.1
mg, 6.49 % 107 mol, 85%). 22d: Colorless crystals; mp 145—147
°C; "THNMR (C¢Ds) 6 =0.29 (s, 6 H, SiMe), 0.33 (s, 6 H, SiMe),
0.36 (s, 6 H, SiMe), 0.42 (s, 6 H, SiMe), 1.09 (s, 18 H, #-Bu), 1.11
(s, 18 H, #-Bu), 3.72 (s, 2 H, CH,Cl); PCNMR (C¢Dsg) 6 = — 1.6,
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—0.9, 0.3 (SiCH3), 20.2, 21.0 (C(CHs)3), 28.4, 28.6 (C(CHz3)3),
31.1 (CH,C)); PSiNMR (CgDs) 6 = —48.2 (SiCH,C1), 0.8, 1.4
(SiMe,(z-Bu)), 4.9 (SiCl); MS (EI, 14 eV) m/z (%) 585 (M*—15;
2.1), 543 (M*—57; 9.9), 485 (M*—115; 100), 450 (M*—150; 22.5).
Anal. Caled for CysHsCloSig: C, 49.87; H, 10.37%. Found: C,
50.14; H, 10.24%.

Reaction with CH;Br. A facile reaction of 1b (41.3 mg,
7.98x10~° mol) with bromomethane (0.5 ml) occurred at —30 °C
to give 1,4-di-t-butyl-2,3-bis(¢-butyldimethylsilyl)-2-bromo-1,1,3,
4,4-pentamethyltetrasilane 22e (46.4 mg, 7.58 107 mol, 95%).
22e: A colorless solid; 'HNMR (C¢Dsg) 6 =0.31 (s, 6 H, SiMe),
0.32 (s, 6 H, SiMe), 0.37 (s, 6 H, SiMe), 0.38 (s, 6 H, SiMe), 0.79
(s, 3 H, Si-Me), 1.05 (s, 18 H, +-Bu), 1.13 (s, 18 H, +-Bu); *CNMR
(C¢Dg) 6 = —2.5, —1.3, —1.0, —0.7, —0.0 (SiCH3), 20.5, 20.9
(C(CH3)3), 28.6, 28.7 (C(CH3)3); PSiNMR (C¢Dg) 6 = —60.6
(SiCH3), —5.8 (SiBr), —0.6, —0.2 (SiMe, (-Bu)); MS (EL 20 eV)
miz (%) 610 (1.2, M*(Br); 1.2), 612 M*(®'Br); 1.2), 553 (4.6),
555 (3.8), 416 (100), 303 (16.8), 273 (30.6), 217 (27.8), 73 (39.3).
Anal. Caled for CysHg3BrSis: C, 49.05; H, 10.37%. Found: C,
49.15; H, 10.54%.
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