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Direct reaction of clemenial silicon with a mixture of (dichloromethy Dsilanes 1 [Cl: M SiCHCL:: 7 =0 (a).
n=1(h).n=2(¢). n =3 (d)] and hvdrogen chloridc has been studicd in the presence of copper catalyst using
a stirred bed reactor cquipped with a spiral band agitator at various tcmperatures from 240 °C 10 340 °C. Tris(si-
Iv)methancs with Si-H bonds. 3a-d [Cls. Mc SiCH(STHCI:):]. and 4a-d [Cl:. Mc SICH(STHCL)(SiCl5)]. were
obtained as the major products and tris(silyy)mcthancs having no Si-H bond. 3a-d [Cl; M SICH(SICl5):]. as
the minor product along with byproducts of bis(chlorosilylymethancs. derived from the reaction of silicon with
chloromethylsilanc formed by the decomposition of 1. In addition to those products. trichlorosilanc and (ctra-
chlorosilanc were produced by the reaction of clemental silicon with hydrogen chloride. The decomposition of
1 was suppressed and the production of polymeric carbosilanes reduced by adding hydrogen chloride to 1. Cad-
mium was a good promoter for the reaction. and the optimum temperature for this direct synthesis was 280 °C.

Introduction

The silicon-carbon bond [orming rcactions such as direct
svnthesis.” hyvdrosilylations.” and organometallic rcactions®
arc fundamental metheds lor the preparation of organosili-
con compounds. Among dircct Si-C bond forming rcactions.
the dircet synthesis of methylchlorosilancs® (rom clemental
silicon and methyl chloride reported by Rochow in the carly
19407 is the basic technique most widely used in the sili-
conc indusiry and organosilicon chemistry as well. Although
a vast number of reports on the direet reactions of clemental
silicon with organic chlorides arc available in the litera-
turce.** (he reports on the dircct reaction of polychlorinated
alkancs such as mcthvlenc chloride and chloroform arc
scarce.™ In 1938, (he dircet reaction of chloroform with cle-
mental silicon i the presence of copper catalyst was [irst
reported in the Titerature by Muller and Scit.”® Later. Fritz
and Matem reported the same reaction using a flwdized-bed
reactor at 320 °C.” The products obtained from (he reaction
of clemental silicon with chloroform were branched or
cvelic carbosilancs containing from onc up to twelve silicon
atoms. but tris(silylymcthancs were not produced. The deac-
tivation of clemental silicon and copper catalyst was the
major problem partly duc (o the decomposition of the start-
ing compound and partly duc 1o the high boiling polvcar-
bosilancs produccd.

We have previously reported the direct reaction of ¢clemen-
tal silicon with a mixturc of hydrogen chloride and chlori-
nated organic compounds such as (a-chloromethyl)silancs.”
ally1 chloride.” dichloromethanc. and chloroform 1o give
Si-H containing bis(silvlymcthancs. allvichlorosilancs. bis-
(chlorosilvDmcthancs. and tris(chlorosilylmethancs. respec-
tively. The decomposition of the starting materials was sup-
pressed and the production of high boilers reduced by
adding hvdrogen chloride to the reactants.™'= This success in
the modificd dircet svnthesis of new Si-H containing orga-

nochlorosilancs prompted us to apply this hydrogen chloride
incorporating mcthod to the dircet reaction of clemental sili-
con with dichloromcthyl group containing organosilancs.
Since methyl or chlorine groups arc substituted on the sili-
con atom of the starting (dichloromcthysilancs. the Si-H
containing tris(chlorosilyl)mcthanc products were expected
1o be diflerent from the tris(sily ymethancs derived from the
reaction of chloroform. '

We wish Lo report the results obtained from the direct reac-
tion of clemental silicon with a mixture of (dichlorome-
thyDsilancs and hvdrogen chloride in the presence of copper
catalyst using a stirred reactor cquipped with a spiral band
agitator at a carcfully controlled temperature between 240 °C
and 340 °C,

Results and Discussion

A 1: 4 mixture of (dichloromethylsilancs 1 |Cly M, Si-
CHClx:n=0(a). n=1(b). n=2 (¢). n =3 (d)] and hydro-
gen chloride was reacted with the contact mixture! prepared
from clemental silicon and copper calalyst using a stirred
rcactor cquipped with a spiral band agitalor al a flow ralc of
6.93 g/h of 1 at the reaction temperature ol 280 °C for 3 h.
Product mixtures were collected and distilled into three frac-
tions. low boiling products of trichlorosilane and tctrachloro-
silanc. bis(chlorosilyl)mcthancs. and  tris(chlorosily meth-
ancs. The composition of cach [raction was determined by
GLC. The products were purificd by preparative GLC and
subscquent spectral analysis led (o the assignments of the
structures for the products (¢q. 1). The products of bis(chloro-
silvl)mcthancs arc the same as those obtained in the direct
rcaction of silicon with a mixture of (a=chloromcthyT)silancs
and hydrogen chloride. indicating that some of the starting
(dichloromethyl)silancs decomposed to (a~chloromcthyl)-
silancs dunng the reaction. Most of tris(chlorosilylymcthane
products arc different from the tms{chlorosilylymethancs
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obtained [rom the reaction of clemental silicon with a mix-
turc of chloroform and hyvdrogen chloride ! because the
starting (dichloromethyl)silancs have substituents such as
methyv1 or chlorine on the silicon atom. Trichlorosilane and
tctrachlorosilanc arc the products from the reaction of silicon
with hvdrogen chloride.” The optimum reaction conditions
such as reaction temperature. the mixing ratio of the rcac-
tants. and catalyst/promoter cflccts for the synthesis of
tris(sily Dmethancs were studicd in details.

SiMe,Clay,
. Cu
cl cl + HCI + 8§ ——
1a-d
an=0
b:n=1
cn=2
d:n=3 jMenCIa_,, SiMenClan
+
CHHSi” "SIHCI; CLHSI” "SiHCI,
2a-d 3a-d q))
. SiMe Cla SiMeClan
-
ClHSI” ~SiCly ClaSi” "SiClz; *
4a-d Sa-d
Bis(chlorosilylymethanes  + HSiCly +

SiCly + Others

Effect of Reaction Temperature. (Dichloromcthyl)di-
chloremcthylsilanc (1h) was uscd as representative among
(dichloromethyDysilancs 1a-d for the dircct synthesis of
tris(silymethancs. A 114 mixture of 1b and hydrogen
chloride reacled with the contact mixture using the stirred
rcactor described above at a flow rate of 6.93 g/hof 1h at the
diffcrent reaction temperaturcs from 240 °C up Lo 340 °C for
3 h. Product nuxturces were collected and distilled into three
lractions. low boiling products of trichlorosilanc and tctra-
chlorosilance. bis(chlorosilylymcethancs. and tris(chlorosily[)-
mcthancs, The products were punficd by preparative GLC
and subscquent spectral analyvsis led to the assignments ol
the structures for four ins(chlorosilyymethancs as 2~(dichloro-
silvl)-1.1.3-trichloro-1.3-disilabutanc (2b). 2-(dichlorosilyl)-
1.1.3 3~tctrachloro-1.3-disilabutanc (3b). 2-(dichlorosilyl)-
1.1.1.3.3-pentachloro-1 3-disilabutanc  (4b). and  2-(ni-
chlorosilvl)-1.1.1.3.3-pentachloro- | 3-disilabutane (Sb). The
productions of Si-H containing compounds 2b-4b as major
preducts sugecst that both of Tbh and hvdrogen chloride
rcacled with the same silicon alom. and the reactivitics of
two rcactants arc comparable. The minor products of bis-
(chlorosilvymcthancs arc derived from the direct reaction of
silicon with a mixture of (@-chloromcthyldichloromethyl-
silanc formed by the decomposition of 1b during the reac-
tion and hvdrogen chloride.® Tt has been reported that
tris(chlorosilylmcthanes do not decompose 10 bis(chloro-
silylymethancs under the reaction conditions.” The amounts
and compositions of products collected form the direct reac-
tion of 1b at vanous reaction temperatures arc summanzed
in Table 1.

Budi. Korewi Chem. Soc. 2000, Vol. 21, No. 10 021

Table 1. Reaction Temperature Eftect on the Direct Reaction off
1b

products
. Teacn tris(chlorosilylimethanes ., high
lemp ; — 5. N
S ! distnibution (%) boilers
Yo 2b 3b db Sb wi% wi%
| 240 194 63 tace 38 42 20 27 L0
2 260 221 72 2 300 36 12 25 3
3 2800 270075 4 73021 2 14 I
4 00 251 073 3 38 33 6 18 9
3 320 246 67 3 st 3% 7 22 I
6 40 227 71 3 43 43 || 26 3

“20.8 g of 1b was used during 3 h. Catalyst cocatalyst — Cu {10%0)Cd
(0.570). Mole ratio of 1b HICL = 14, *Low boilers. HSICly and SiCl,. are
excluded for simplicity. ‘GLC area pereentages. “Bistchlorosilvl)-
methanes

As shown in Table L. trichlorosilanc and tetrachlorosilane
distilled rom the product mixture were excluded for sim-
plicity. The formations of 3b and Sh can be explained by the
rcaction of onc mol of 1h with two silicon atoms and 2 mol
ol hydrogen chloride or two silicon atoms and 2 mol ol chlo-
rinc.? respectively. Similarly. the formation of product 4h
can be cexplained by the reaction of 1b with two silicon
atoms. | mol of hydrogen chloride. and | mol of chlorine.

The total amount of products and the percentage of 3b
were the highest at 280 °C and decreased at temperaturcs
below or above 280 °C. while the pereentages of 4b and Sh.
increascd. The results indicate that the reactivity and sclec-
tivity were the best at 280 “C. Comparing the modificd rcac-
tion of methylene chloride.'” the 73 percent vicld of 3b is
more than double of the corresponding bis(dichlorosilyl)-
mcthanc production. The optimum rcaction temperature of
280 °C is same as the tempcerature for the dircet synthesis off
bis(silvymcthancs from methyvlene chloride.!” The resulls
indicate that the sily] substitution of the starting compounds
improves greatly the sclectivity. but docs not ¢nhance the
rcactivity of C-Cl bonds toward the direct reaction. How-
¢ver. the reaction temperature is about 40 degree lower (han
that for the dircct reaction of monochlorinaied methancs
such as methyl chloride.™' and (a-chloromethyl)silancs”!”
without using hydrogen chlonde. This result 1s consistent
with the higher rcactivity of 1b than those of monochlori-
nated organic compounds." The reaction cven proceeded at
the temperature as low as 240 “C. but the total weight of
product mixturc and the sclectivity for 3b decrcased as the
temperature decrcased below 240 °C probably due to inelfi-
cient removal of the high boiling products from the reactor.
It 15 interesting to note that the production of bis(chloro-
sily)methancs was the lowest at the temperatures below 280
*C and increased at the temperaturcs above. probably duc to
higher decomposition of 1. The percentage of polymeric car-
bosilancs was 11% and comparable with the litcrature value
for the rcaction with chloroform. '

Promoters. Uscful copper catalvsts for the reaction of
alkyl chloride with silicon include copper metal. copper
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Table 2. Eftect of the Catalvst and Cocatalvst on the Direct Reac-
tion of 1b"

products
entry  cat/ tris{ chlorosilyl)methanes " high
s .
no. cocat  gf oy distribution (%o)° boilers

% 2b 3b J4b Sh wit% wi%

7 Co 240 71 26 31 39 8 26 3

& CuwCd 270 75 4 73 21 2 14 11

9 Cuw/n 167 76 4 62 29 6 21 3
“20.8 g of 1b was used during 3 I reaction Temperature — 280 “C: mole

ratio of 1b1IC1 = 1 4. *Low boilers. 118iCla and SiCl,. are excluded tor
simplicity. ‘GI1.C arca percentages. “Ristchlorosilvlymethancs.

salts. and partially oxidized copper.” In addition to copper
catalvst. a number of metals such as zinc. aluminum. tin.
magnesium. efc. arc known 1o be promoters [or dircct reac-
tions.'*!* The promoters are normally incorporated in a
smaller quantity less than 1%. Zinc is known as onc of the
most clfcctive promoters for the direet synthesis of methyl-
chlorosilancs.’” Cadmium is known as one of the most ¢Tec-
tive promoters for the dircct svnthesis of bis(chlorosilyl)-
methanes.™ (ris(silayalkancs'® and tris(chlorosilyl)methanc. *
The product distributions rom the direct reaction of 1h in
the presence of different promoters are given in Table 2.

As shown in the Table 2. the amounts (percentages) of
products 2b-5b in the product mixtures varied. 24.0 g (71%).
27.0 g (73%). and 16.7 g (76%) with no promoicr. cadmium.
and zmc. respectively, The vields of products and the sclec-
tivity for Si-H bond containing tris(chlorosilylymcthancs in
the dircct reaction with cadmium as a promoter werce slightly
improved. while (he reaction with zinc promoter gave the
lowest vield. This mdicates that zinc is not a promoler but an
inhibitor and cadmium is a good promolcr for this rcaction.
Thesc arc consistent with (he results observed for the direct
rcactions of silicon with (o~chloromcthyl)silancs. allyl chlo-
ride. methylene chloride. and chloroform ¥'*

Mixing Ratio of the Reactants. The amounts and distri-
butions of products obtaincd from the dircet reaction using
various mixing ratios ol hvdrogen chloride/1h ranging [rom
210 8 in the presence of copper catalyst/cadmium cocatalyvst
at 280 °C for 3 h arc given in Table 3.

In order to produce the compound 3b. 2 mol of hvdrogen
chloride should be available for cach 1 mol of Tb. Consider-
ing that trichlorosilanc is produccd (rom the reaction of
hydrogen chloride with silicon. the required mixing ratio of
Th 10 hvdrogen chloride for this reaction was 1@ 2 at num-
mum (o prevent the polvearbosilancs production. As shown
in Tablc 3. the lotal amount of products and the sclectivity of
3b incrcascd with an increase from 1:2 10 1:4 of 1b to
hydrogen chloride ratio. indicating that the decomposition of
Th to hvdrogen chloride and chlorine were suppressed under
these reaction conditions as shown in other systems, ™ How-
cver. the worse results were obtained by changing from | 1 6
1o 1 : 8. suggesting that the optimum mixing ratio of 1b to
hydrogen chlonide in the direct synthesis of Thwas | : 4.

Reactivity and Selectivity of (Dichloromethyl)silancs.

Chung Yeoh Lee ef al.

Table 3. Ftfect of Mixing Ratio of the Reactants”

products
mole . v < .
antry: ; , tris{chlorosilylymethanes ., high
© oo g - N =
TN T8 ® dstribution (% boilers

wi%
2b 3b 4b Sb wiY wi%
10 12 224 02 wee 39 46 15 31 8
11 14 270 7> 4 30021 2 14 11
12 Lo 222 R0 1 37 34 8 19 |
13 I8 262 71 mee 34 43 21 2G 3
920.8 g of 1b was used during 3 h: catalvst‘cocatalyst — Cu (10%) Cd
(0.3%): reaction temperature — 280 °C. “Low boilers, TISiCls and SiCl..
are excluded [or simplicity, “GLC area percentuges. “Bis(chlorosilsl)-
methanes.

Table 4. Results of the Direct Reactions of (Dichloromethyvl)-
silanes

products
reactant — -
enlry ‘1 tris(chlorosily Dmethanes ., high
ne. ¢ distribution (%) "~ boiler
—_— wt % -
# e 2 3 4 5 wi%w%

14 1a 229 285 75 2.7 32,72 4a.18 52,3 19 &
15 Ib 208 270 75 2b.43bh.73 4b. 21 5b.2 14 1
16 Ic 186 275 8 2¢.6 3¢c.71 4¢.21 5¢.2 13 1
17 Id 163 259 85 2d.43d.72 4d, 12 5d. 11 14 &
“(Dichloromethn psilanes. 0.035 mol. was used during 1t catalvst
cocatalyst — Cu (10°0)Cd (0.3%0). mole ratio of reactant 1 HCI - [ &
rcaction temperature — 280 VC. "Low boilers. TISICl; and SiCly. are

excluded for simplicity. ‘GI.C arca pereentages. “Bis(chlorosilyl)-
methanes.

The dircct reaction was extended to other (dichloromethyl)-
silancs 1a. ¢. d undcr the optimized rcaction conditions and
the results are shown in Table 4.

As shown in Tablc 4. the sclectivity for two Si-H bonds
containing products 3a-d was higher than 71% flor all four
cascs and was the highest for 1h and the lowest for 1d.
although the dilferences are not great. Similar resulls have
been observed for the dircet reaction of (chloromethyl)-
silancs.® These results suggest that the reactivity and sclec-
tivity ol (dichloromcthyDsilancs do not vary greatly depend-
ing upon the clectronic nature of (he substituents on the
silicon atom.

Experimental Section

Reagents and  Physical Mcasurements.  (Dichloro-
mcthyl)silancs 1a-d were prepared according (o the htera-
turc mcthods.”' Anhydrous hyvdrogen chloride (99.999%)
was purchascd from a Solkatronic chemicals and used with-
out further punfication. Copper powdcr was purchased from
Alcan Mectal Powdcers (NI. USA) and cadmium. zin¢ from
Aldrich Chemical Co. Elemental silicon (Si. 98%: Fe. 0.30
%: Ca. 1.25%: Al 0.24%: C. 0.08%: S. 0.05%: P. 0.05%)
was purchased from Samchuck Mining Co. (Kangwondo,
Korca) or OSL-5-4855 (Si. 99.1%: Al 0.29%: Ca. 0.037%;
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Fe. 0.30%: Ti. 0.033%) from Elkem Silicon (Oslo. Norway).
The reaction products were analyzed by GLC using a packed
column (10% SE-30 or SE-34 on 80-100 mesh chromosorb
W/AW. Ygin. x 1.5 m) or a capillan column (SE-30. 30 m)
with a Varian 3300 gas chromatograph. thermal conductivity
detector. and Hitachi D-2300 intcgrator. Product vields were
determined chromatographically  with #-dodecanc as an
intcrnal standard. il not described in details. Samples for
characterization were purified by preparative GLC using a
Donam sy stem scrics DS 6200 gas chromatograph. thermal
conductivity detector and a 4 m x 1/8 in. stainless steel col-
umn packed with 20% OV-101 on 80-100 mesh chromosorb
P/AW. NMR spcctra were recorded on a Varian Unity Plus
600 (FT. 600 MH. 'H). Bruker AMX 300 (FT. 300 MHz.
'H: 123 MHz. *C). or a Varian Gem 300 (FT. 300 MH~. 'H:
75 MHz. °C) spectrometer in CDCl; solvent. Mass specira
were obtained using a Hewlett-Packard 6890 GC/MS. High-
resolution mass spectra (HRMS) were obtained at the Korca
Basic Science Institutc on a JMS-700 Mstation Mass Spee-
trometer (JEOL. Japan) at clectron encrgy of 70 ¢V.

Reactor. The same Pyrex glass tube reactor for the dircel
svnthesis of tris(chlorosilylymethancs was used as described
clsewhere,

General Procedure for the Direct Reaction of 1h. A
mixture of metallic silicon (90.0 g. 100-3235 mesh) and 10.0
¢ ol copper catalvst was placed m the reactor made of Pvrex
glass tube (23 mm inner diameter X 350 mm Iength).” The
mixture was dricd at the 300 °C for 3 h with stirring with dryv
nitrogen (ush. Then the temperature was raised 1o 330 °C
and mcthy] chloride was introduced at a ratc of 2:H) mL/min
to activate (he contact mixture for 4 h. Altcr removing prod-
ucts such as dichlorodimethylsilanc and mcthylirichloro-
silanc formed during aclivation process. (.3 g of cadmium
was added to the reactor as a promoter al room (cmperaturc,
After the temperature was raised to 280 °C. 1b was intro-
duced using a svringe pump into the ¢vaporator atlached al
the botlom of the reactor at a rate of 6.93 g/h. At the same
time gascous hvdrogen chloride was introduced at a rate ol
101 mL/min (mol ratio of 1b: hyvdrogen chloride is | 2 4).
Aboul 2 min aficr starting the rcaction. it was obscryved that
the reaction temperature was raised shghtly duc (o the exo-
thermic nature of the reaction and then the liguid product
was collecled al the reeeiver. After 3 h of reaction. 32.5 g of
the product mixture was collected in recciver cooled to 13
*C. The mixture (3.3 g) of Tow boilers HSICly and SiCl, were
distilled off under an atmosphere from the reaction nuxture,
The remaining reaction mixture was vacuum-distilled to
give bis(chlorosilylymcthancs (3.9 g). tris(chlorosilv)methancs
(20.2 g).and scveral unidentificd high boilers (2.0 g). 0.9 g
of residuc was remancd. The mixture of tns(chlorosilyl)-
mcthancs was 2b (4%0). 3b (73%). 4b (21%). and 3b (2%).

Data for 2b: 'H NMR & 1.06 (s. 3H. CHy). 1.28 (s. |H.
CH). 53.06 (d..J = 2.2 Hz. 2H. SiH-). 5.82 (s. |H. SiH). "*C
NMR §8.20 ((H3). 16.44 (CH). HRMS caled for C-HeClsSia
(M - H)") m/c 288.8220. found m/c 28R8.8209.

Data for 3b: 'H NMR & 1.10 (5. 3H. CHy). 1.56 (s. |H.
CH). 5.85 (s. 2H. SiH). '’C NMR 8855 (CH;). 22.97 (CH).
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HRMS calcd for C-HsCl;Si; (M-H) ) m/e 322.7830. found
m/c 322.7827. Data for 4b: 'H NMR § 1.13 (s. 3H. CH5).
1.84 (s. 1H. CH). 5.89 (s. 1H. Sif). “C NMR & 8.64 (CH3).
2699 (CH). HRMS caled for C-HCl1:Si; (M-H) ) m/c
336.7441. found m/e 356.7434. Data for Sb: '"H NMR & 1.18
(s. 3H. CH3). 2.12 (5. 1H. CH). “C NMR § 9.12 (CH3).
30.83 (CH). HRMS caled for CHClLsSi; ((M-CH3)) m/ic
376.6894. found m/c 376.6902.

Direct Reaction of (Dichloromethyl)trichlorosilane
(1a). Using the procedure described in the dircet reaction of
1b. a gascous 1 : 4 mixture of 1a (7.64 g/h) and hydrogen
chloride (101 mL/min) was introduced to the rcactor for 3 h,
31.3 g ol the product mixture was collected in receiver. The
mixture (2.8 g) of low boilers HSiCl; and SiCly were dis-
tilled ofl under an atmosphere from the rcaction mixture.
The remaining reaction mixture was vacuum-distilled to give
bis(chlorosilyl)mcthancs (3.3 g). tris{chlorosily )methancs
(21.3 g). and scveral unidentificd high boilers (1.6 g). 0.3 ¢
ol residuc was remained. The mixture of tris(chlorosilyl)-
mcthancs was 2-(chlorosilyl)-1.1.1.3.3-pentachloro- 1 3-disila-
propanc (2a. 7%). 2-(dichlorosilyl)-1.1.1.3.3-pentachloro-
1.3-disilapropanc (3a. 72.0%). 2-(dichlorosily])-1.1.1.3.3.3-
hexachloro-1.3-disilapropanc (4a. [8%). and 2-(trichloro-
silvl)-1.1.1.3.3.3-hexachloro- 1 3-disilapropanc (Sa. 3%)."

Dala for 2a: '"H NMR § 1.57 (s. [H. CH). 5.10(d..J = 2.5
Hz. 2H. SiH»). 5.85 (s. 1H. SiH). '*C NMR & 19.31 (CH).
HRMS caled for C3HsCLSi; (M-H) ) m/c 308.7674. found
m/c 308.7630.

Dircct Reaction of (Dichloromethyl)dimethylchlorosi-
lane (1¢). Using the procedure described in the direct reac-
tion of 1b. a gascous 1 :4 mixturc of 1¢ (6.21 g/h) and
hydrogen chloride (101 mL/min) was introduced to the reac-
tor for 3 h. 29.9 g of the product mixture was collected in
receiver. The mixture (2.4 g) of low boilers HSICl and SiCly
were distilled off under an atmosphere from the rcaction
mixture. The remaining rcaction mixture was vacuum-dis-
tilled to give bis(chlorosilyl)methancs (3.6 g). tris(chloro-
silvl)methanes (23.6 ). and scveral high boilers (0.2 g). 0.1
g of residuc was remained. The mixture of tris(chlorosilyl)-
mcthancs was 1.1.3-trichloro-3-mcthy1-2-(chlorosilyl)-1.3-
disilabutanc (2¢. 6%). L.1.3-trichloro-3-m¢thyl-2-(dichloro-
silv])-1 3-disilabutanc (3c. 71%). 1.13-trichloro-3-mcthyl-
2-(trichlorosily1)-1 3-disilabutanc (4¢. 21%). and 1.1.1.3-tclra-
chloro-3-mcthyl-2-(trichlorosilyl)-1.3-disilabutanc (5¢. 2%).
Data for 2¢: 'H NMR §0.31 (s. 6H. CH3). 0.49 (s. IH. CH).
4.96 (d..J = 2.4 Hz. 2H. SiH-). 5.72 (s. |H. SiH). "C NMR §
4.20. 431 (CH3). 12.86 (CH). HRMS calcd for CaHsCLS1;
((M-H)™) /e 268.8766. found m/c 268.8746.

Data for 3¢; '"H NMR § 0.78 (s. GH. CH4). 1.25 (s. 1H.
CH). 3.83 (s. 2H. SiH). *C NMR §4.91 (CHz). 19.87 (CH).
HRMS caled for C3HsClSix ((M-H)™) m/c 302.8376. found
m/c 302.8361. Data for 4¢c; 'H NMR § 0.80 (s. 6H. CH;).
1.54 (s. IH. CH). 5.86 (s. I|H. SiH). "*C NMR §4.67. 5.20
(CHy). 24.04 (CH). HRMS caled for C3H,ClgSiz (M-H)™)
m/c 336.7987. found m/c 336.7933. Data of 5¢: '"H NMR §
0.84 (s. 6H. CHY). 1.82 (s. |H. CH). C NMR d 5.33. 5.41
(CHa). 28.05 (CH). HRMS caled for C-H,Cl3Si: (M-CHz)™)
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m/c 3567441, found m/c 336.7436.

Synthesis  of  1,1-Dichloro-3,3-dimethyl-2-(dichloro-
silyl)-1,3-disilabutane (3d). Using the procedure described
in the dircot reaction of 1b. a gascous 1:4 mixture of
(dichloromethy DtrimethyIsilanc (1d. 5.530 g/h) and hydrogen
chloride (101 mL/min) was introduced to the reactor for 3 h.
27.3 g of the product mixture was collected in receiver. The
mixture (1.4 g) of low boilers HSiCl;y and SiCly were dis-
tilled ofl' under an atmosphere from the reaction mixture.
The remaining rcaction mixture was vacuum-distilled to
give bis(chlorosilyl)methanes (3.5 g). tris(chlorosilyl)meth-
ancs (20.7 g). and scyeral high boilers (1.4 g). 0.2 g of resi-
duc was remained. The mixture of tris(chlorosily)methancs
was 1.1-dichloro-3 3-dimecthyv1-2-(chlorosily 1)-1 3-disilabutanc
(2d. 4%). 1.1-dichloro-3.3-dimethyI-2-(dichlorosily1)-1.3-
disilabutane  (3d. 72%). 1.1-dichloro-3.3-dimcthyl-2-(tri-
chlorosilvl)-1.3-disilabutane (4d. 12%). and 1.1.1-trichloro-
3.3-dimethy1-2~(trichlorosilyv1)-1.3-disilabutanc (5d. 11%).

Data for 2d: 'H NMR & 0.33 (s. 9H. CH3). 0.54 (s. 1H.
CH). 498 (d..J = 2.28 Hz. 2H. SiH~). 5.73 (s. 1H. SiH). °C
NMR & 1.07 (CH3). 12.95 (CH). HRMS caled for C4H,-Cl3Sis
((M - )"y m/¢ 248 9312, found m/c 248 9309,

Data for 3d; 'H NMR & 035 (s. 9H. CH3). 0.82 (s. 1H.
CH). 5.75 (d..J = 0.9 Hz. 2H. SiH). "C NMR § 1.15. 1.18
(CH3). 16,36 (CH). HRMS caled for CoH CLSi; (M-H)")
m/c 282.8923. found m/c 282 8913. Data for 4d: '"H NMR &
040 (s. 9H. CH3). 1.12 (s. IH. CH). 5.78 (s. 1H. SiH). I°C
NMR & 1.41 (CH3). 20.91¢(CH). HRMS caled for C;HsClsSis
((M-CHz)") m/¢ 302.8376. lound m/c 302.8352. Data (or Sd:
'H NMR & 0.45 (s. 9H. CHs). 1.43 (s. 1H. CH). "C NMR &
1.86 (CHs). 25.04 (CH): HRMS caled for C;HAClsSis (M-
CHy) ") m/c 336.7987. lound m/c 336.7933,
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