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A selective synthesis of fluoro-, fluorohydro-, and chlorofluorosilanes from hydrosilanes
has been examined. The reaction of Me,PhSiH and MePh,SiH with a mixture consisting of
2 equiv of CuCly, 1 equiv of KF, and a catalytic amount of Cul in THF at room temperature
afforded Me,PhSiF and MePh,SiF in high yields, respectively. With slight modification of
this reaction, n-Hex,SiHF, Ph,SiHF, MeMesSiHF, MePhSiHF, PhSiH;F, and PhSiHF, could
be readily prepared from the corresponding polyhydrosilanes selectively in high yields.
Treatment of MePhSiHF and Ph,SiHF with 2 equiv of CuCl; in the presence of a catalytic
amount of Cul afforded the respective chlorofluorosilanes, MePhSiCIF and Ph,SiCIF.

Introduction

Halosilanes are useful starting materials in synthetic
organosilicon chemistry. Of these, fluorosilanes can be
used for the synthesis of highly coordinated silicon
compounds! and highly hindered organosilanes.? To
date, several methods are available for the synthesis of
fluorosilanes. The methods involve the reactions of
siloxy compounds with NH4F in H,SO4,% hydrofluoric
acid,* and BF; etherate,®> halogen exchange of chlorosi-
lanes with SbF3,6 ZnF2,7 NH4F,8 CUFz,g Nazs":e,lo
NaPFs, NaSbFs, NaBF4,!! and Me3SnF,*? and fluorina-
tion of hydrosilanes with AgF,1® PFs5% Ph3CBF,,®

® Abstract published in Advance ACS Abstracts, April 15, 1996.
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SbF3,®* NOBF; or NO;BF4' and CuF,/CCl,.18 Al-
though these methods give fluorosilanes in good yields,
it is difficult to prepare the fluorosilanes bearing an
Si—H bond from hydrosilanes. For the synthesis of the
fluorohydrosilanes, Van Dyke and co-workers reported
partial fluorination of polyhydrosilanes with PFs'# or
PhsCBF,4.15 Tang et al. reported monofluorination of
dihydrosilanes with SbF3.16 However, a toxicl#16 or
costly® reagent must be used for these methods; more-
over, these reactions are restricted to only the hydrosi-
lanes bearing alkyl substituents.14-16

In an effort to find a more convenient and general way
for the synthesis of fluorosilanes, we have found that a
silyl hydrogen can readily be replaced by a fluorine atom
upon treatment with a reagent composed of 2 equiv of
CuCly, 1 equiv of KF, and a catalytic amount of Cul.
Since the reaction proceeds with high selectivity under
mild conditions, this method provides a convenient route
for the synthesis of various types of fluoro-, fluorohydro-,
and chlorofluorosilanes from the corresponding hydrosi-
lanes.

Results and Discussion

Previously, we reported that various types of chloro-
and chlorohydrosilanes such as R,SiHCI, R;SiCl,, RSiH2-
Cl, and RSIiHCI, can be obtained selectively by the
reaction of the corresponding organohydrosilanes with
CuCl; and a catalytic amount of Cul (CuCly(Cul)
reagent).1® In this reaction, only one hydrogen on the
silicon atom is replaced by a chlorine atom with the use
of 2 equiv of this reagent.1®@ For example, the reaction
of methylphenylsilane with 2 equiv of the CuClxy(Cul)
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Fluoro-, Fluorohydro-, and Chlorofluorosilanes

Scheme 1
MePhSiH, Eig‘fﬁﬂ‘f{‘;&p. MePhSiHCI
PhSiH; Eig‘f;gf;& = PhSiHCI
PhSiH; 4 CuCly (Cub) PhSiHCl,

Et,0, room temp.

reagent in ether at room temperature for 6 h yielded
chloromethylphenylsilane in 77% isolated yield. Chloro-
and dichlorophenylsilane can also be synthesized selec-
tively from phenylsilane in 70% and 66% yields, respec-
tively (Scheme 1).1%2

In our continuing study on halogenation of hydrosi-
lanes, we found that the hydrosilyl group can be
transformed directly into a fluorosilyl group with the
use of the CuCly(Cul) reagent in the presence of KF
(Table 1). Thus, when Me,PhSiH was treated with a
mixture of 2 equiv of the CuCl,(Cul) reagent and 1 equiv
of KF (CuCly(Cul)/KF reagent) in THF at room tem-
perature for 5 h, Me,PhSiF was obtained in 82% yield
as the sole product after distillation of the resulting
mixture (Scheme 2). No other products were detected
by GLC and spectrometric analysis. Similar reaction
of MePh,SiH with 2 equiv of the CuCl,(Cul)/KF reagent
in THF gave MePh,SiF selectively in 78% isolated yield.

For these reactions, the use of 2 equiv of CuCl, as
the oxidant for one H—Si bond is essential. When
hydrosilanes were treated with an excess amount of KF
and the Cul catalyst in the absence of CuCl;, in THF,
the reaction did not proceed at all. This fact clearly
suggests that the starting hydrosilane is converted to a
chlorosilane by the action of the CuCl,(Cul) reagent at
the first step, as in the synthesis of chlorosilanes.®
Then, the resulting Cl atom is replaced by a fluoride
ion to form fluorosilanes (Scheme 3). Such CI/F ex-
change on a silyl group is well-known.6-11

We applied these reactions to the synthesis of fluo-
rodiorganosilanes (R,SiHF) from the corresponding di-
organosilanes (R2SiH). Practically, complete conver-
sion of the starting dihydrosilanes is desirable to get
high purity of the products. Moreover, the formation
of difluoro compounds must be avoided, because it is
hard to separate the desired R,SiHF from R,SiF, as well
as R,SiH; by distillation.

As expected, dialkyl-, alkylaryl-, and diarylsilanes
could be readily transformed into the corresponding
monofluorosilanes (Scheme 4). For example, when di-
n-hexylsilane was treated with 2 equiv of the CuCly(Cul)/
KF reagent in THF at room temperature, the starting
n-Hex,SiH; disappeared completely within 1 h, and
distillation of the resulting mixture afforded fluorodi-
n-hexylsilane in 81% yield as the sole product. Similar
treatment of diphenylsilane with this reagent for 1 h
afforded fluorodiphenylsilane in 81% isolated yield,
while the reaction of methylmesitylsilane for 24 h
produced fluoromethylmesitylsilane in 75% isolated
yield. Rather slow reaction rate of MeMesSiH, may be
caused by steric hindrance due to the mesityl substitu-
ent. In all cases, the monofluoro derivatives were
obtained as the sole product. Neither difluorosilanes
nor other products were detected in the distillates.

Similar treatment of methylphenylsilane with 2 equiv
of the CuCl,(Cul)/KF reagent in THF at room temper-
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ature for 1 h produced fluoromethylphenylsilane in 72%
yield after distillation, together with an 8% yield of
difluoromethylphenylsilane, while the reaction with 4
equiv of the reagent for 48 h gave difluoromethylphe-
nylsilane as the sole volatile product in 61% isolated
yield. In order to obtain only the monofluorosilane as
the product, we carried out the reaction of MePhSiH;
under milder conditions. Thus, when the reaction of
MePhSiH; was carried out using 2 equiv of the reagent
including CsF instead of KF in refluxing ether for 1
week, MePhSiHF was obtained as the sole product in
68% yield after distillation (Scheme 5). On the other
hand, the use of CuF, as the fluoride salt in THF formed
mainly MePhSiF,, together with a disiloxane which was
presumably resulted by water in the highly hygroscopic
CuF; salt.

The present method is not restricted to the dihydrosi-
lanes but can be applied to the partial fluorination of
trihydrosilanes. For example, fluoro- and difluorophe-
nylsilane can be synthesized from phenylsilane (Scheme
6). In these cases, separate addition of the CuCl,(Cul)
reagent and KF is suitable, since simultaneous addition
of these salts produces a mixture of PhSiH;F and a
small amount of PhSiHF,. Thus, PhSiH; was first
treated with 2 equiv of the CuCl,(Cul) reagent in ether
for 24 h to produce PhSiH,Cl, and then 1 equiv of KF
was added to the resulting mixture. After the mixture
was stirred for 48 h, PhSiH,F was obtained in 64% yield
as the sole product. When PhSiH3; was treated with 4
equiv of the CuCly(Cul) reagent in ether for 72 h and
then with 2 equiv of KF for 5 h, PhSiHF, was obtained
in 70% yield after distillation. Moreover, treatment of
PhSiH3; with 6 equiv of the CuCl,(Cul) reagent and 3
equiv of KF for 1 week gave PhSiF; in 53% yield.

Mono- and difluorinations of n-hexylsilane also pro-
ceed selectively. Thus, when n-HexSiH3 was treated
with 2 equiv of the CuCl,(Cul) reagent for 30 h and then
with 1 equiv of KF for 12 h, n-HexSiHF was obtained
in 58% vyield, while similar treatments of n-HexSiH3
with 4 equiv of the CuCl,(Cul) reagent for 48 h and then
with 2 equiv of KF for 14 h produced n-HexSiHF; in
54% yield (Scheme 7).

We extended the present method to the synthesis of
mixed halosilanes. When MePhSiHF prepared from
MePhSiH; in the manner described above was treated
with 2 equiv of the CuCl,(Cul) reagent in THF at room
temperature for 10 h, MePhSIiCIF was obtained in 74%
yield after distillation of the resulting mixture (Scheme
8). Similar treatment of Ph,SiHF with 2 equiv of the
CuCly(Cul) reagent in THF at 40 °C for 24 h afforded
Ph,SiCIF in 67% isolated yield. In both cases, no other
products were detected in the reaction mixture. The
same reactions in ether proceeded much slower but
afforded MePhSiCIF and Ph,SiCIF selectively in 83%
and 70% yields, respectively.

Chlorofluorohydrosilanes can be also synthesized from
trinydrosilanes. Thus, when PhSiH;F prepared from
PhSiH; was treated with 2 equiv of the CuCl,(Cul)
reagent in ether at room temperature for 58 h, PhSi-
HCIF was obtained in 61% yield, while similar treat-
ment of n-HexSiH,F with 2 equiv of this reagent for 48
h afforded n-HexSiHCIF in 59% yield (Scheme 9).

Interestingly, PhSiCl,F and n-HexSiCl,F were not
produced, even when PhSiH,F, PhSiHCIF, n-HexSiH,F,
and n-HexSiHCIF were treated with the excess of the
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Table 1. Reaction of Hydrosilanes with a CuCl,(Cul)/KF Reagent

Kunai et al.

hydrosilane (mmol) CuCl22 (mmol) fluoride (mmol) solvent (mL) temp time (h) product (isolated yield/%)
Me,PhSiH (44) 89 KF (48) THF (100) r.t. 5 Me,PhSiF (82)
MePh,SiH (31) 69 KF (35) THF (100) r.t. 5 MePh,SiF (78)
n-Hex,SiH, (26) 50 KF (26) THF (100) r.t. 1 n-Hex,SiHF (81)
Ph,SiH; (26) 56 KF (29) THF (100) r.t. 1 Ph,SiHF (81)
MeMesSiH, (24) 49 KF (25) THF (100) r.t. 24 MeMesSiHF (75)
MePhSiH, (41) 82 KF (43) THF (100) r.t. 1 MePhSiHF (72)
MePhSiF; (8)
MePhSiH; (41) 165 KF (83) THF (150) r.t. 48 MePhSiF; (61)
MePhSiH; (17) 34 CsF" (105) Et,0 (100) reflux 1 week MePhSiHF (68)
PhSiH3 (99) 199 KFe (101) Et,O (200) r.t. 72 PhSiH.F (64)
PhSiHs (93) 373 KFd (188) Et,0 (250) r.t. 77 PhSiHF; (70)
PhSiHs (47) 277 KF (140) THF (150) r.t. 1 week PhSiF3 (53)
n-HexSiH;z (137) 276 KFe (137) Et,0 (150) r.t. 42 n-HexSiH,F (58)
n-HexSiH3 (93) 370 KFf (187) Et,0 (200) r.t. 62 n-HexSiHF; (54)
MePhSiHF (37) 72 none THF (100) r.t. 10 MePhSiCIF (74)
Ph,SiHF (19) 40 none THF (100) 40 °C 24 Ph,SiCIF (67)
MePhSiHF (28) 65 none Et,O (100) r.t. 44 MePhSiCIF (83)
Ph,SiHF (20) 40 none Et,O (100) reflux 1 week Ph,SiCIF (70)
PhSiH2F (80) 163 none Et,0 (100) r.t. 58 PhSiHCIF (61)
n-HexSiH,F (53) 105 none Et,0 (150) r.t. 48 n-HexSiHCIF (59)

a Cul (1—3%) was included as the catalyst. b CsF was added portionwise. ¢ KF was added after stirring for 24 h. ¢ KF was added after

stirring for 72 h. ¢ KF was added after stirring for 30 h. f KF was added after stirring for 48 h.

Scheme 2

2 CuCl, (Cul) / KF

Me,PhSiH THF, room temp.

Me,PhSiF

. 2 CuCl, (Cul) / KF .
MePh,SiH —_2—>THF, 2oom temp. MePh,SiF

Scheme 3

MePhySiH 2282 C0 . Meph,SiCl—X > MePh,SiF

Scheme 4
2 CuCl, (Cul) / KF

RRSiH, —mretctite RR'SIHF
R=R'=n-Hex R=R'=n-Hex
R=R'=Ph R=R'=Ph
R=Me, R'=Mes R=Me, R'=Mes

Scheme 5
MePhSiH, > C“S;O(‘Cr‘;‘g LOF o MePhSiHF
Scheme 6
PhSiH; —prg boem i PhSiHoF
PhSiH; —ouCh@uD/2KF_ Eiﬁ'iﬁfi?,fli ;;F PhSiHF,
PhSiH; 6;&8{2;2‘,2)[2;;*: PhSiF;
Scheme 7

n-HexSiH; 25;2;‘;?;‘;;’;? n-HexSiH,F

n-HexSiHy W2 (CuD/2KE_ - o SiHF,

Et,0, room temp.

CuCly(Cul) reagent under similar conditions for several
days. In all cases, the reaction stopped at the stage of
monochlorofluorosilanes, probably because accumula-
tion of electronegative fluorine and chlorine atoms on
the silicon center makes an increase in oxidation
potential of these halosilanes, leading to the decrease
in reactivity and the increase in selectivity. Similarly,
the reaction of PhSiHF, and n-HexSiHF, with the
CuCly(Cul) reagent under similar conditions did not
afford the corresponding chlorosilanes, and the starting
materials were recovered unchanged.

Scheme 8
MePhSIHF —— 2O pepygicip
, room lemp.
PhySiHF A ) PhySICIF
Scheme 9
RSiH,F 2 CuCly (Cul) RSiHCIF
Et,0, room temp.
R=Ph R=Ph
R=n-Hex R=n-Hex

Experimental Section

General Procedures. Diethyl ether and tetrahydrofuran
used as a solvent were dried over sodium benzophenone ketyl
and distilled just before use. KF was “spray dried” grade and
was dried in vacuo at 100 °C before use. Di-n-hexylsilane,
n-hexylsilane, and methylmesitylsilane were synthesized.
Other hydrosilanes were purchased or prepared by methods
cited in previous work.'® All fluorination reactions of hydrosi-
lanes were carried out under an atmosphere of dry nitrogen.
Products were separated from the reaction mixture by filtra-
tion followed by distillation of the filtrate through a short
distillation column. The results of the fluorination reactions
are summarized in Table 1. Representative experimental
procedures are described below.

Infrared spectra were recorded on a Perkin-Elmer 1600 FT-
infrared spectrometer. H, 13C, and ?°Si NMR spectra were
determined with JEOL Model EX-270 and Bruker AMX-400
spectrometers using deuteriochloroform as the solvent. Mass
spectra were measured on Simadzu Model QP-1000 and
Hitachi M80-B instruments. Analytical and spectroscopic data
for the fluorination products are summarized in Table 2.

Preparation of Di-n-hexylsilane. (a) Di-n-hexyldiphe-
nylsilane. To a solution of 185 g (0.731 mol) of dichlorodiphe-
nylsilane in 200 mL of ether was added dropwise n-hexylmag-
nesium bromide prepared from the reaction of 248 g (1.50 mol)
of bromohexane and 36.0 g (1.48 mol) of magnesium in 200
mL of ether. The mixture was stirred at room temperature
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Chem. Abstr. 1969, 70, 115213j.

(22) (a) Schott, V. G.; Schneider, P.; Kelling, H. Z. Anorg. Allg. Chem.
1973, 398, 293. (b) Kelling, H.; Schneider, P.; Schott, V. G. Z. Anorg.
Allg. Chem. 1973, 398, 301.

(23) Tamao, K.; Hayashi, T.; Ito, Y. Organometallics 1992, 11, 182.

(24) Ishikawa, N.; Kuroda, K. Kogyo Kagaku Zasshi 1969, 72, 2602;
Chem. Abstr. 1970, 72, 100813x.
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Table 2. Analytical and Spectroscopic Data for the Products

Me2PhSiF:2° bp 59—60 °C/30 mmHg; MS m/z 154 (M%), 139 (M* — Me); IH NMR (6 in CDCl3) 0.49 (6, Ju—F = 7.3 Hz, 6H,
SiMe), 7.40—7.46 (m, 3H, phenyl H) 7.58—7.62 (m, 2H, phenyl H); 23C NMR (6 in CDCls) —1.18 (d, Jc—¢ = 15.8 Hz, SiMe),
128.00, 130.30, 132.99 (phenyl HC), 136.12 (d, Jc—F = 17.1 Hz, ipso C); 2°Si NMR (¢ in CDCls) 27.53 (d, Jsi—F = 277.6 Hz);
19F NMR (¢ in CDCl3) —161.7 (sept, Ju—r = 7.3 Hz); exact mass calcd for CgH11FSi (M) 154.0613, found 154.0648

MePh,SiF:2! bp 97—-98 °C/4 mmHg (lit.?! bp 92—93 °C/2 mmHg); MS m/z 216 (M™), 201 (M* — Me) 139 (M* — Ph); 1H
NMR (6 in CDCl3) 0.76 (d, Jn—¢ = 7.3 Hz, 3H, SiMe), 7.38—7.47 (m, 6H, phenyl H), 7.60—7.64 (m, 4H, phenyl H); 13C NMR
(6 in CDCl3) —2.44 (d, Jc—r = 14.7 Hz, SiMe), 128.03, 130.55 (phenyl m,p-C), 133.93 (d, Jc-¢ = 2.5 Hz, phenyl 0-C),
134.27 (d, Jc—¢ = 17.1 Hz, ipso C); 2°Si NMR (¢ in CDCl3) 15.05 (d, Jsi-¢ = 279.9 Hz)

n-Hex,SiHF: bp 135—137 °C/40 mmHg; MS m/z 236 (M*), 217 (M* — F):; IH NMR (6 in CDCls) 0.70—0.80 (m, 4H, SiCH,), 0.87
(t, 6H, CHs, J = 6.1 Hz) 1.03—1.51 (m, 16H, CHy), 4.69 (dp, 1H, SiH, Ju- = 52.6 Hz, Ju—n = 2.0 Hz); 13C NMR (6 in CDCls)
14.05, 22.46, 22.55, 31.53, 32.60 (SiCH,CsH11), 14.12 (d, Jc—r = 12.4 Hz, SiCH,CsH11); 2°Si NMR (6 in CDCls) 21.38 (d,

Jsi_r = 288.9 Hz) 19F NMR (8 in CDCls) —179.6 (dp, Ju—_r = 52.6 Hz, Ju_r = 7.1 Hz); exact mass calcd for C1,H,7FSi (M*)
218.1865, found 218.1907

Ph,SiHF:5¢.70.10.22a hn 96—98 °C/1 mmHg (lit.5¢ bp 76 °C/0.7 mmHg, lit.222 bp 108 °C/2 mmHg); MS m/z 202 (M*), 183 (M™ — F);
IH NMR (8 in CDCls) 5.63 (d, Ju_¢ = 54.4 Hz, 1H, SiH), 7.42—7.54 (m, 3H, phenyl H) 7.60—7.69 (m, 2H, phenyl H); 3C NMR
(6 in CDCl3) 128.23, 131.20, 134.39 (phenyl HC), 131.99 (d, Jc—¢ = 15.9 Hz, ipso C); 2°Si NMR (6 in CDClz) —3.04 (d, Jsi—r
= 286.9 Hz)

MeMesSiHF: bp 97—99 °C/20 mmHg; MS m/z 182 (M), 167 (M* — Me), 63 (M™ — Mes); 1H NMR (6 in CDClI3) 0.57 (dd, Ju-¢
= 7.9 Hz, Ju—n = 3.0 Hz, 3H, SiMe), 2.43 (s, 3H, mesityl p-Me), 2.43 (d, J4-n = 1.7 Hz, 6H, mesityl 0-Me), 5.51 (dq, Jn-F
= 53.8 Hz, Ju-n = 3.0 Hz, 1H, SiH), 6.84 (s, 2H, mesityl ring H); 13C NMR (6 in CDClz) —0.66 (d, Jc-F = 14.6 Hz, SiMe), 21.15
(mesityl p-Me), 22.46 (mesityl 0-Me), 128.73, 140.70, 144.21 (mesityl ring C), 127.84 (d, Jc—¢ = 13.5 Hz, ipso C); 2°Si NMR
(6 in CDCl3) 5.34 (d, Jsi—r = 283.2 Hz); °F NMR (6 in CDCl3z) —170.1 (dg, Ju—r = 53.8 Hz, Ju—f = 7.9 Hz); exact mass calcd for
Ci10H15FSi (M1) 182.0925, found 182.0922

MePhSiHF:22 bp 55—56 °C/30 mmHg (lit.222 bp 74 °C); MS m/z 140 (M*), 125 (M* — Me); H NMR (8 in CDCls) 0.59 (dd, Jy_r =
7.9 Hz, Ju_n = 2.6 Hz, SiMe), 5.22 (dq, Ju_r = 54.4 Hz, Jy_n = 2.6 Hz, 1H, SiH), 7.38—7.47 (m, 3H, phenyl H), 7.60—7.64 (m,
2H, phenyl H); 13C NMR (8 in CDCls) —2.41 (d, Jc—¢ = 14.6 Hz, SiMe), 128.16, 130.91, 133.55 (phenyl HC), 133.85 (d, Jo_r =
15.9 Hz, ipso C); 2°Si NMR (8 in CDCls) 15.37 (d, Jsi_r = 282.7 Hz)

MePhSiF,:421123 hp 73—74 °C/73 mmHg (lit.42 bp 141 °C, lit.1! bp 138—142 °C); MS m/z 158 (M*), 143 (M* — Me); IH NMR
(8 in CDClg) 0.60 (t, Ju—r = 6.3 Hz, SiMe), 7.41—7.50 (m, 3H, phenyl H), 7.53—7.66 (m, 2H, phenyl H); 13C NMR (¢ in CDCls)
—5.03 (t, Jc_r = 19.5 Hz, SiMe), 128.14, 131.81, 133.42 (phenyl HC), 129.88 (d, Jo_r = 19.5 Hz, ipso C); 29Si NMR
(6 in CDCls) —11.88 (t, Jsi—¢ = 290.7 Hz)

PhSiH,F: bp 112—113 °C; MS m/z 126 (M*); IH NMR (6 in CDCls) 5.23 (d, Jy_r = 51.2 Hz, 2H, SiH), 7.44—7.65 (m, 3H, phenyl H)
7.68—7.89 (m, 2H, phenyl H); 13C NMR (6 in CDClg) 128.3, 131.45 (phenyl m,p-C), 134.42 (d, Jc—r = 1.7 Hz, phenyl 0-C), 130.96
(d, Je_r = 14.4 Hz, ipso C); 29Si NMR (6 in CDCl3) —6.67 (d, Jsi_r = 286.4 Hz); 19F NMR (8 in CDCls) —187.8 (t, Ju_¢ = 51.2 Hz);
exact mass calcd for C¢H;FSi (M™) 126.0300, found 126.0311

PhSiHF2:222 bp 106—107 °C (lit.?22 bp 117 °C); MS m/z 144 (M*); 'H NMR (6 in CDCls) 5.19 (t, Ju—¢ = 69.3 Hz, 1H, SiH), 7.44—7.58
(m, 3H, phenyl H) 7.60—7.70 (m, 2H, phenyl H); 3C NMR (¢ in CDCl3) 128.96, 132.60 (phenyl m,p-C), 133.42 (t, Jc—r = 1.8 Hz,
phenyl 0-C), 128.23 (t, Jc—¢ = 15.9 Hz, ipso C); 2°Si NMR (¢ in CDCl3) —22.58 (t, Jsi—r = 297.6 Hz)

PhSiF3:10 bp 99—100 °C (lit.1° bp 96—99 °C); MS m/z 162 (M+), 143 (M* — F); IH NMR (8 in CDCls) 7.45—7.52 (m, 2H, phenyl H),
7.60—7.66 (m, 1H, phenyl H), 7.72—7.75 (m, 2H, phenyl H); 13C NMR (6 in CDCl3) 120.51 (q, ipso C, Jc—F = 22.9 Hz), 128.75,
133.56, 134.71 (phenyl HC); 2°Si NMR (6 in CDCls) —86.0 (g, Jsi—¢ = 270.3 Hz); 1°F NMR (6 in CDCl3) —140.8

n-HexSiH,F: bp 112—113 °C; MS m/z 134 (M), 133 (M* — H), 132 (M* — 2H), 115 (M* — F); 1H NMR (6 in CDCls) 0.83—0.94
(m, 5H, SiCH; and CH3), 1.31—1.53 (m, 8H, —CH,—), 4.76 (dt, 2H, SiH, Jy_r = 49.1 Hz, Jy—p = 2.4 Hz); 13C NMR (6 in CDCls)
13.32 (d, SiCH2, Je_¢ = 11.8 Hz), 14.01, 22.45, 22.52, 31.50, 32.24 (CH3 and CHy); 2°Si NMR (6 in CDCls) 2.39 (d, Jsi—¢ =
282.6 Hz); %F NMR (6 in CDCl3) —193.4 (tt, Ju—F = 49.1 Hz, Ju—F = 7.6 Hz); exact mass calcd for CgH;5FSi (MT) 134.0926,
found 134.0930

n-HexSiHF,: bp 106—107 °C; MS m/z 152 (M*), 151 (M* — H), 133 (M* — F); *H NMR (¢ in CDCI3) 0.83—0.90 (m, 5H, SiCH,
and CHg), 1.25—1.54 (m, 8H, —CH—), 4.78 (t, 1H, SiH, Jy_r = 67.0 Hz); 13C NMR (¢ in CDCl3) 13.27(t, SiCH2, Jc—F = 12.0 Hz),
13.97, 20.36, 22.42, 31.35, 32.20 (CH3 and CHy); 2°Si NMR (6 in CDCl3) —12.54 (t, Jsi-r = 304.2 Hz); 1°F NMR (¢ in CDCls)
—141.2 (dt, Jy—r = 67.0 Hz, Jy—r = 5.5 Hz); exact mass calcd for C¢H14F2Si (M*) 152.0832, found 152.0836

MePhSiCIF:24 bp 75—77 °C/30 mmHg (lit.24 bp 91 °C/54 mmHg); MS m/z 174 (M*), 159 (M* — Me), 159 (M+ — F), 139 (M* — CI), 97
(M* — Ph); IH NMR (6 in CDCls) 0.83 (d, Ju_r = 6.3 Hz, 3H, SiMe), 7.42—7.55 (m, 3H, phenyl H) 7.62—7.69 (m, 2H, phenyl H);
13C NMR (6 in CDCls) 0.64 (d, Jo—¢ = 15.8 Hz, SiMe), 128.34, 131.77, 133.19 (phenyl HC), 133.55 (d, Jc—¢ = 12.2 Hz, ipso C);
295j NMR (9 in CDCls) 8.21 (d, Jsi_r = 312.5 Hz)

Ph,SiCIF:24 bp 107—108 °C/1 mmHg (lit.2 bp 101—102 °C/3 mmHg); MS m/z 236 (M*), 201 (M* — Cl), 159 (M* — Ph); 1H NMR
(8 in CDClg) 7.38—7.57 (m, 3H, phenyl H) 7.64—7.74 (m, 2H, phenyl H); 3C NMR (6 in CDCls) 128.34, 131.95, 134.21 (phenyl HC),
130.27 (d, Jc-r = 18.3 Hz, ipso C); 2°Si NMR (6 in CDClz) —7.11 (d, Jsi—r = 313.7 Hz)

PhSiHCIF: bp 144—146 °C; MS m/z 160 (M%), 159 (M* — H), 125 (M™ — Cl), 83 (M — Ph); *H NMR (6 in CDCls3) 5.70 (d, 1H, SiH,
Jn—k = 63.8 Hz), 7.43—7.60 (m, 3H, phenyl H), 7.68—7.73 (m, 2H, phenyl H); 13C NMR (6 in CDCl3) 128.5, 132.5, 133.4
(phenyl HC), 129.9 (d, ipso C, Jc—¢ = 15.3 Hz); 2°Si NMR (6 in CDCl3) —10.28 (d, Jsi—r = 314.7 Hz); °F NMR (6 in CDCls)
—143.0 (d, Ju—r = 64.0 Hz); exact mass calcd for CsHgCIFSi (M) 159.9911, found: 159.9924

n-HexSiHCIF: bp 141-142 °C; MS m/z 168 (M%), 133 (M* — Cl); 'H NMR (¢ in CDCls) 0.88 (t, 3H, CH3, J = 6.8 Hz), 1.02-1.18
(m, 2H, SiCHy), 1.24—1.54 (m, 10H, —CH,—), 5.27 (dt, 1H, SiH, Jn—¢ = 61.5 Hz, J4—n = 1.1 Hz); 13C NMR (8 in CDCl3) 13.99,
21.02, 22.42, 31.33, 31.93 (CHz and CHy), 17.11 (d, SiCH2, Jc—¢ = 11.4 Hz); 2°Si NMR (6 in CDCls) 3.27 (d, Jsi—r = 259.7 Hz);
19F NMR (6 in CDCl3) —144.8 (dt, Ju—F = 61.5 Hz, Ju—F = 4.6 Hz); exact mass calcd for CsH14CIFSi (M*) 168.0535, found 168.0479

for 24 h and then refluxed for 24 h. The resulting mixture
was hydrolyzed and extracted with hexane. The extract was
dried over magnesium sulfate and concentrated. The residue
was distilled under reduced pressure to give 112 g (0.318 mol,
44% yield) of dihexyldiphenylsilane: bp 180—185 °C/1 mmHg;
MS m/z 352 (M*), 275 (M* — Ph), 267 (M* — Hex); 'H NMR

(0 in CDCls) 0.83—1.53 (m, 26H, Hex), 7.26—7.36 (m, 6H,
phenyl o0,p-H), 7.48—7.57 (m, 4H, phenyl m-H); 33C NMR (¢ in
CDCls) 12.60, 14.07, 22.61, 23.70, 31.45, 33.43 (Hex), 134.81,
128.93, 127.67 (Ph), 136.61 (ipso); 2°Si NMR (6 in CDClj3)
—6.50.

(b) Dichlorodi-n-hexylsilane. Dihexyldiphenylsilane (112
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g, 0.318 mol) obtained as above was treated with hydrogen
chloride in the presence of a catalytic amount of aluminum
chloride in 200 mL of benzene at room temperature for 48 h.
Acetone (5 mL) was added to deactivate aluminum chloride,
and the resulting mixture was filtered, concentrated, and
distilled under reduced pressure to give 69.75 g of dichlorodi-
hexylsilane (0.259 mol, 81% yield): bp 103—104 °C/1 mmHg;
MS m/z 268 (M*), 183 (M* — Hex); *H NMR (6 in CDCls) 0.88
(t, 6H, CH3, J = 6.6 Hz), 1.08 (dd, 4H, SiCH,, J =9.4 Hz, J =
6.8 Hz), 1.29—-1.67 (m, 16H, CHy); *3C NMR (¢ in CDCls) 14.05,
20.33, 22.32, 22.46, 31.31, 32.11 (Hex); 2°Si NMR (6 in CDCls3)
33.36.

(c) Di-n-hexylsilane. Dichlorodihexylsilane (69.75 g, 0.259
mol) obtained as above was added dropwise into a solution of
4.94 g (0.130 mol) of lithium aluminum hydride in 100 mL of
ether. The solution was stirred at room temperature for 24
h. The resulting mixture was hydrolyzed with aqueous
hydrochloric acid and extracted with hexane. The extract was
dried over magnesium sulfate and concentrated. The residue
was distilled under reduced pressure to give 44.6 g of dihexy-
Isilane (0.223 mol, 86% yield): bp 108—110 °C/15 mmHg; MS
m/z 200 (M™), 115 (M" — Hex); *H NMR (6 in CDCls3) 0.62—
0.70 (m, 4H, SiCH,), 0.88 (t, 6H, CH3, J = 6.6 Hz), 1.27—1.36
(m, 16H, CHy), 3.63 (p, 2H, SiH, J = 3.6 Hz); 3C NMR (4 in
CDClg) 9.17, 14.11, 22.57, 25.41, 31.56, 32.58 (Hex); 2°Si NMR
(0 in CDCI3) —28.63. Anal. Calcd for Ci2H2sSi: C, 71.91; H,
14.08. Found: C, 71.90; H, 13.91.

Preparation of Methylmesitylsilane. (a) Dichloro-
methylmesitylsilane. To an ice-cooled solution of 80.0 g
(0.535 mol) of trichloromethylsilane in 200 mL of ether was
added dropwise a solution of mesityllithium prepared from the
reaction of 100 g (0.503 mol) of mesityl bromide and 20.0 g
(2.88 mol) of lithium in 100 mL of ether. The mixture was
stirred for 24 h, filtered, and concentrated. The residue was
distilled under reduced pressure to give 81.25 g (0.349 mol,
69% yield) of dichloromethylmesitylsilane: bp 140—145 °C/
12 mmHg; mp 65—67 °C; MS m/z 232 (M™), 217 (M* — Me),
119 (Mes™); 'H NMR (6 in CDCls3) 1.26 (s, 3H, SiMe), 2.33 (s,
6H, mesityl o0-Me), 2.62 (s, 3H, mesityl p-Me), 6.93 (s, 2H,
mesityl ring H); ¥¥C NMR (6 in CDCl3) 13.07 (SiMe), 21.04
(mesityl p-Me), 24.42 (mesityl 0-Me), 129.94 (mesityl ring HC),
127.15, 141.64, 144.26 (ipso C); 2°Si NMR (0 in CDCls) 17.54.

(b) Methylmesitylsilane. Dichloromethylmesitylsilane
(30.0 g, 129 mmol) thus obtained was added dropwise into an
ice-cooled solution of 3.00 g (79.1 mmol) of lithium aluminum
hydride in 100 mL of ether. The solution was stirred at room
temperature for 24 h. The resulting mixture was hydrolyzed
with aqueous hydrochloric acid and extracted with hexane. The
extract was dried over magnesium sulfate and concentrated.
The residue was distilled under reduced pressure to give 19.1
g of methylmesitylsilane (116 mmol, 90% yield): bp 110—111
°C/25 mmHg; MS m/z 164 (M™), 149, (M* — Me), 119 (Mes™);
IH NMR (6 in CDCl3) 0.34 (t, 3H, SiMe, J = 4.3 Hz), 2.27 (s,
3H, mesityl p-Me), 2.44 (s, 6H, mesityl 0-Me), 4.43 (q, 2H, SiH,
J = 4.3 Hz), 6.85 (s, 2H, mesityl ring H); 13C NMR (¢ in CDCls)
—7.29 (SiMe), 21.10 (mesityl p-Me), 23.40 (mesityl o-Me),
128.16 (mesityl m-CH), 129.15, 139.41, 144.37 (ipso C); 2°Si
NMR (6 in CDCl3) —49.76. Anal. Calcd for CioH16Si: C, 73.09;
H, 9.81. Found: C, 72.76; H, 9.91.

Preparation of n-Hexylsilane.?®> To a solution of 9.2 g
(0.24 mol) of lithium aluminum hydride in 150 mL of ether
was added dropwise 70 g (0.32 mol) of trichlorohexylsilane.
The mixture was stirred at room temperature for 12 h. The
resulting mixture was hydrolyzed with aqueous hydrochloric
acid, and the aqueous layer was extracted with ether. The
organic layer and extracts were dried over magnesium sulfate

(25) n-Hexylsilane can also be obtained from Petrarch Systems.
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and then concentrated. The residue was distilled under
atmospheric pressure to give 34.3 g (0.295 mol, 92% yield) of
n-hexylsilane: bp 113—114 °C; MS m/z 116 (M*); *H NMR (8
in CDCl3) 0.74 (tg, 2H, SiCH,, 3 = 7.7 Hz, J = 3.9 Hz), 0.88 (t,
3H, CH3, J = 6.9 Hz), 1.19—-1.45 (m, 8H, —CH>—), 3.47 (t, 3H,
SiH, J = 3.9 Hz); 3C NMR (0 in CDClg) 6.02, 14.09, 22.65,
26.45, 31.61, 32.33 (Hex); 2°Si NMR (6 in CDCls) —59.29; exact
mass calcd for C¢H16Si (M*) 116.1021, found 116.1021.

Preparation of Fluorodimethylphenylsilane. Ina 200-
mL flask fitted with a condenser were placed 12.0 g (89.3
mmol) of CuCl,, 0.10 g (0.53 mmol) of Cul, and 2.78 g (47.9
mmol) of KF. The contents of the flask were dried at 100 °C
for 12 h under reduced pressure, cooled, and filled with dry
nitrogen. To this were added 5.94 g (43.6 mmol) of Me,PhSiH
and 100 mL of THF, and the mixture was stirred by magnetic
stirrer at room temperature for 5 h. The resulting mixture
was filtered to remove the salts, and the filtrate was concen-
trated. The residue was fractionally distilled under reduced
pressure to give 5.53 g (35.9 mmol, 82% yield) of Me,PhSiF,
bp 59—60 °C/30 mmHg.

Preparation of Fluorodi-n-hexylsilane. A mixture of
6.78 g (50.4 mmol) of CuCl,, 0.14 g (0.74 mmol) of Cul, and
1.48 g (25.5 mmol) of KF in a 200-mL flask was predried in a
manner as described above. To this were added 5.24 g (26.2
mmol) of n-Hex;SiH, and 100 mL of THF, and the mixture
was stirred at room temperature for 1 h. The resulting
mixture was filtered, and the filtrate was concentrated. The
residue was fractionally distilled under reduced pressure to
give 4.60 g (21.1 mmol, 81% yield) of n-Hex,SiHF, bp 135—
137 °C/40 mmHg.

Preparation of Fluoromethylphenylsilane. To a pre-
dried mixture of 4.51 g (33.5 mmol) of CuCl,, 0.05 g (0.26
mmol) of Cul, and 2.53 g (16.7 mmol) of CsF in a 200-mL flask
were added 2.04 g (16.7 mmol) of MePhSiH, and 100 mL of
ether, and the mixture was stirred under reflux for 1 week,
during which additional CsF was supplied portionwise (5
times, totally 105 mmol). The resulting mixture was filtered,
and the filtrate was concentrated. The residue was fraction-
ally distilled under reduced pressure to give 1.60 g (11.4 mmol,
68% yield) of MePhSiHF, bp 55—56 °C/30 mmHg (lit.??2 bp 74
°C).

Preparation of Fluorophenylsilane. To a predried
mixture of 26.8 g (199 mmol) of CuCl, and 0.10 g (0.53 mmol)
of Cul in a 300-mL flask were added 10.7 g (98.9 mmol) of
PhSiHs; and 200 mL of ether, and the mixture was stirred at
room temperature for 24 h. Then, anhydrous KF (5.85 g, 101
mmol) was added, and the mixture was stirred for a further
48 h. The resulting mixture was filtered, and the filtrate was
concentrated. The residue was fractionally distilled under
reduced pressure to give 8.02 g (63.6 mmol, 64% yield) of
PhSiH,F, bp 112—-113 °C.

Preparation of Chlorofluoromethylphenylsilane. To
a predried mixture of 9.62 g (71.6 mmol) of CuCl, and 0.05 g
(0.26 mmol) of Cul in a 200-mL flask were added 5.14 g (36.7
mmol) of MePhSiHF and 100 mL of THF, and the mixture
was stirred at room temperature for 10 h. The resulting
mixture was filtered, and the filtrate was concentrated. The
residue was fractionally distilled under reduced pressure to
give 4.76 g (27.3 mmol, 74% yield) of MePhSiCIF, bp 75—77
°C/30 mmHg (lit.?* bp 91 °C/54 mmHg).
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