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Reactions of methylchlorodisilanes with Grignard reagents

V. V. Semenov,* E. Yu. Ladilina, T. A. Chesnokova, N. K. Elistratova, Yu. A. Kurskii, and N. P. Makarenko

Institute of Organometallic Chemistry, Russian Academy of Sciences,
49 ul. Tropinina, 603137 Nizhnii Novgorod, Russian Federation.
Fax: +7 (831 2) 66 1497

Reactions of Cl,MeSiSiMeCl, with RMgCl make it possible to obtain and isolate pure
disilanes containing a smaller number of functional groups, namely, RMeCISiSiMeCl, (R =
Ph), RMeCISiSiMeRCl (R = Pri, Ph), and R,MeSiSiMeRCl (R = Buf). The reaction of
Cl,MeSiSiMeCl, with Bu"MgCl is the least selective. The chlorides obtained were reduced

with LiAlH, into the corresponding hydrides.
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Of the series of polychloro-substituted disilanes,
Si,Me,Clg_,,, 1,2-dimethyl-1,1,2,2-tetrachlorodisilane
(n = 2) is the most readily accessible compound. Sig-
nificant amounts of this compound are found in the so-
called disilane fraction (DSF),! which is isolated by
rectification of the residues formed during industrial
synthesis of organosilicon monomers. This fraction con-
sists of two chloromethyldisilanes, Si,Me,Cl, and
Si,Me;Cl; (molar ratio from 70 : 30 to 80 : 20).1-5
These compounds can be used as starting reagents for
syntheses of organodisilanes containing a smaller num-
ber of functional groups.

In the present work we report data on the reactions
of 1,2-dimethyl-1,1,2,2-tetrachlorodisilane and DSF with
Grignard reagents, RMgCl (R = Pri, Bu", Bul, Ph), and
on the reduction of the resulting chlorides with lithium
aluminumhydride.

Results and Discussion

We synthesized organochlorodisilanes, Si,Me,R,Cl,_,,
from alkyl and aryl chlorides (rather than from bromides).
These halides were chosen because the reactions of
RMgBr with silicon chiorides result in mixed organo-
chlorobromosilanes, which complicates significantly the
isolation of pure compounds. The reactions were carried
out in THF or in a THF—heptane mixture with a molar
ratio SipMe,Cl; : RMgCl = (1 : 0.5)—(1 : 4). It fol-
lows from the data in Table 1 that only reactions
involving PriMgCl and BuiMgCl occur with sufficient
selectivity.

For example, the reaction of PriMgCl (2 mol) with
Si;Me,Cly (1 mol) results in 1,2-dimethyl-1,2-diisopro-
pyl-1,2-dichlorodisilane (1), which can be isolated in
the pure form, as the main product.6 Prolonged heating

Table 1. Conditions of the reactions of Cl,MeSiSiMeCl, with Grignard reagents and yields of substitution products

RMgX RMgX : Solvent T/°C Reaction Products (vield (%))?
Si2M62Cl4a time/h sizMezRC13 SizMCszClz Si2M62R3C1 Si2M62R4
PriMgCl 2:1 THF 65—70 2 3(8) 1(92)
3:1 THF 65—70 21 1(72) 2 (28)
Bu"MgCl 31 THF 35—40 4 6 (10) 7 (65) 8 (25)
4:1 THF 35—40 4 7@ 8 (96)
BuiMgCl 3:1 THF 65—-70 7 9 (98)
PhMgCl 0.5:1 THF—heptane 20—25 48 11 (56)
1:1 THF—heptane 20—25 48 11 (98) 12 (2)
2:1 THF—heptane 20—25 48 11 (35) 12 (44) 13 21)
3:1 THF—heptane 20—25 48 11 9) 12 (13) 13 (78)
PhMgBr 4:1 THF 65—70 10 14 (84)¢
4:1 Ether 36—40 10 14 (11)¢

@ Molar ratio. ¥ GLC data. ¢ After purification.
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of a mixture of PriMgCl (3 mol) and Si)Me,Cl, (1 mol)
results in slow accumulation of trisubstituted product 2.
After 21 h, the ratio of compounds 1 : 2 was 72 : 28.
We were unable to isolate compound 2 from a mixture
with 1 by rectification.

The reaction of PiMgCl (2 mol) with DSF (0.78 mol
Si;Me,Cl; and 0.22 mol Si;Me;Cl;) gave dichloro-
disilane 1, 1,2-dimethyl-1-isopropyl-1,2,2-trichloro-
disilane (3), and a mixture of two isomeric disilanes with
the general formula Si,Me;PriCl, (4a,b).

PriMgCl

SigMe,Cl,/ SipMe,Cly——"2=»  PriMeCISISiMeCIPr +

1

+ PriMeCISiSiMeCl, + PriMeCISiSiMe,Cl + PriMe,SiSiMeCl,
3 4a 4b

Rectification of the reaction mixture gave compound 1
and a mixture of isomers 4a.b.

The reactions involving n-butylmagnesium chloride
were found to be the least selective. For example, the
reaction of Si;Me,Cl; (1 mol) with Bu"MgCI (3 mol)
resulted in products of the replacement of two, three,
and four Cl atoms. Five minutes after the reagents were
mixed, the reaction mixture contained the completely
substituted disilane 8 (GLC data, see Table 1), yield
16 %. GLC was unable to detect the presence of the
monobutyl derivative, Si;Me,BuCl;. These data show
that the reaction of Si;Me,Cl; with Bu®MgCl occurs
readily. Even when three n-butyl groups are introduced,
no noticeable steric hindrance is created, and the re-
placement of the remaining C! atom does not meet
substantial difficulties. The completely substituted di-
silane 8 is readily formed in the reaction of Si;Me,Cl,
(1 mol) with Bu®MgCl (4 mol).

The reaction involving BuiMgCl (unlike that with
the n-butyl Grignard reagent) was found to be highy
selective. Using the ratio Si;Me,Cl, : BuiMgCl =1 : 3,
we obtained the expected 1,2-dimethyl-1,1,2-triisobutyl-
2-chlorodisilane (9, see Table 1). GLC did not detect
the high-boiling product of complete substitution,
Si;Me,Bul,, in the reaction mixture. This indicates that
isobutyl groups (E, = —0.405) create considerably higher
steric hindrance against the introduction of the fourth
substituent than n-butyl groups (£, = —0.225).7

The reactions of phenylmagnesium chloride with
Si;Me,Cl, in THF result in complex mixtures of com-
pounds with different numbers of substituents. The se-
lectivity increases if a solution of PhMgCl in THF is
added to a solution of the chlorosilane in heptane.
However, only the mono-substituted disilane 11 can be
obtained in a high yield using this method (see Table 1).
When the Si;Me,Cl, : PhMgClratiowas1 : 2o0rl : 3,
mono-, di-, and trisubstituted products were formed
simultaneously. The boiling points differ considerably,
which makes it possible to isolate pure 1,2-dimethyl-1-
phenyl-1,2,2-trichlorodisilane (11)8 and 1,2-dimethyl-

1,2-diphenyl-1,2-dichlorodisilane (12). 1,2-Dimethyl-
1,1,2-triphenyl-2-chlorodisilane (13) could be obtained
more conveniently by controlled chlorodephenylation of
1,2-dimethyl-1,1,2,2-tetraphenyidisilane (14).

AIC]
Ph,MeSiSiMePh, + HCI ——=2» Ph,MeSiSiMePhCl + PhH
14 CHCly 13

Exhaustive phenylation of SiyMe,Cl; with phenyl-
magnesium bromide in ether gives tetra-substituted disi-
lane 14 in an unexpectedly low yield (11 %). The target
product is strongly contaminated with diphenyl. The use
of THF makes it possible to increase the yield to 84 %.

Organochiorodisilanes are reduced with LiAlH, in
ether to give the corresponding hydrides, namely,
PriMeHSiSiHMePr! (5), Bul,MeSiSiHMeBui (10), and
Ph,MeSiSiMePhH (15).

The IR spectra of the resulting chloromethylphenyl-
disilanes 11—14 contain bands typical of Si—Ph,
Si—Me, and Si—Cl fragments.?>10 The absorption bands
at 3060—3040 cm™! corresponding to the stretching vi-
brations, vCH, of the benzene ring, are more intense than
similar vCH bands of the methyl groups (2940 cm™1).
When the number of phenyl groups in the disilane in-
creases, the ratio of the intensities of vCH(Ph)/vCH(Me)
increases. The stretching vibrations of the aromatic skel-
eton, vCC, appear as three bands at 1580, 1475, and
1420 cm™!. The latter band is particularly intense in the
spectra of all of the compounds. Due to the presence of
phenyl groups, a very intense band is also observed at
1100 cm™!. The doublet or triplet at 690—740 cm™! can
be attributed to the out-of-plane deformation vibrations
of the C—H bond in the benzene ring, and the two bands
at 750—800 cm™! can be attributed to similar pCH;
vibrations. The cCH planar deformation vibrations of the
phenyl groups are represented by two low-intensity bands
at 1330 and 1290 cm~!. The presence of Si—Me
fragments is most clearly demonstrated by the strong
band at 1240—1245 cm™! typical of symmetric 3 defor-
mation vibrations of Me groups. In the spectrum of
1,2-dimethyl-1,1,2,2-tetraphenyldisilane this band has
medium intensity. The introduction of Cl atoms into
Si;Me,Ph, instead of phenyl groups is accompanied by
the appearance of new absorption bands of medium or
high intensity at 450—550 cm™!. The IR spectrum
of hydrodisilane 15 contains two high-intensity bands
at 2080 and 880 cm™! corresponding to the stretching
and deformation vibrations of the Si—H bond, respec-
tively.

The !'H NMR spectrum of 1,2-dimethyl-1,2-
diphenyl-1,2-dichlorodisilane 12 displays the resonances
of methyl group protons as two lines with a 1 : 1
intensity ratio (A5 = 0.06). The appearance of two
resonances with low A8 results from the presence of
isomers of disilane 12. A molecule of 12 has two asym-
metric Si atoms linked with similar substituents, i.e., it
looks like an analog of the classical dihydroxysuccinic
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acids that exist as p-, L-, and meso-forms. It is known
from the literature datall:12 for the carbon analogs, the
substituted butanes MeCHXCHXMe (X = Cl, Br, Ph),
that the chemical shifts for p- and L-isomers are the
same, while the signal of the meso-form is shifted
0.04-0.25 ppm upfield relative to that of the p,L-form.

Experimental

GLC analyses of organodisilanes and reaction mixtures
were carried out on a Tsvet-530 gas chromatograph
(a 0.3%200 cm stainless steel column packed with Chromaton
N-AW-DMCs with 5 % SE-30 silicone, a thermal conductiv-
ity detector, and helium as the carrier gas). Phenyl-substituted
disilanes were analyzed by GLC (Tsvet-530) and HPLC
(Millikhrom-1A chromatograph, 0.2%6.4 cm column packed
with 5 pm Silasorb-600, UV detector (250 nm), and heptane—
THFE (400 : 1) as the eluent, v = 200 pL min™!). Retention
times increased in the series: diphenyl < 13 < 14 < 12 < 11.

IR spectra were recorded on a Perkin-Elmer-577 spectro-
photometer. 'H NMR spectra were recorded on a Tesla
BS-367A spectrometer (100 MHz) using CDCl; as the solvent
and CHCI; as the internal standard (& 7.25).

The solvents were purified according to standard proce-
dures.13 The disilane fraction (150—160 °C) was isolated by
rectifying the methyl residues. 1,2-Dimethyl-1,1,2,2-tetrachlo-
rodisilane was obtained from DSF according to the reported
procedure 4

The reaction of isopropylmagnesium chloride with DSF. A
solution of DSF (285.0 g; 1.0 mol of Si;Me,Cl,; and 0.28 mol
of Si;Me;Cly) in THF (300 mL) was added with stirring and
cooling (ice water) to the Grignard reagent obtained from Mg
(60.0 g, 2.5 g-at) and PriCl (206.3 g, 2.5 mol) in THF
(1100 mL). The reaction mixture was refluxed for 7 h and
filtered. The filtrate was concentrated, hexane (600 mL}) was
added to the residue, and the mixture was filtered once more.
The solvent was distilled off, and the residue was fractionated
two times in vacuo with a dephlegmator to give 121.5 g (50 %)
of compound 1 (b.p. 90—92 °C (5 Torr), ap? 1.4751), 30.5 g
of a mixture of compounds 3 and 4, and 23.7 g (39 %) of a
mixture of isomers 4a,b (3 : 4, b.p. 75—80 °C (5 Torr), np?®
1.4690, d;2% 1.0330, MRp 58.03 (caled. 59.06)). Found (%):
C, 33.41; H, 7.87; CI, 34.16; Si, 25.68. C¢H;4Cl,Si,.
Calculated (%): C, 33.48; H, 7.48; Cl, 32.94; Si, 26.09.
'H NMR (CHCly), &: compound 3: 0.938 (s, 3 H, MeSiCl,),
0.578 (s, 3 H, MeSiPriCl); compound 4a: 0.500 (s, 3 H,
MeSiPriCl), 0.593 (s, 6 H, Me,SiCl); compound 4b: 0.841 (s,
3 H, MeSiCl,), 0.198 (s, 6 H, Me,SiPri), 1.05—1.20 (m,
Me,CHSI). .

1,2-Dimethyl-1,2-diisopropyldisilane (5). Dichlorodisilane
1 (120.0 g, 0.49 mol) in ether (100 mL) was added with
stirring to a solution of LiAlH4 (38.0 g, 1 mol) in ether
(800 mL), and the reaction mixture was refluxed for 2 h. The
excess LiAlH, was decomposed with distilled water, and the
ethereal solution was dried with NaySO,. The ether was dis-
tilled off, and the residue was fractionated under ambient
pressure in a slow stream of argon to give 38.2 g (45 %) of
compound 5, b.p. 175—178 °C, np?® 1.4535, 4,20 0.7770,
MRp, 60.75 (calcd. 61.01). Found (%): C, 55.18; H, 12.87; Si,
31.60. CgH,,Si,. Calculated (%): C, 55.09; H, 12.71; Si,
32.20. IR, v/cm™!: 2960 vs, 2945 vs, 2895 m, 2870 vs (C—H);
2090 vs (Si—H); 1465 s, 1250 s (Si—C); 1080 w, 1010 m, 940
w, 875 vs, 790 vs, 782 vs, 735 m, 700 m.

1,2-Dimethyl-1,1,2,2-tetrabutyldisilane (8). Si;Me,Cl,
(45.0 g, 0.20 mol) in THF (50 mL) was added dropwise with
stirring to the Grignard reagent obtained from Mg (24.3 g, 1.0
g-at) and BuCl (92.6 g, 1.0 mol) in THF (400 mL). Mixing
was accompanied by self-heating of the mixture. GLC analysis
showed that the Si;Me,Cly was completely transformed into
Si;Me,Buy. The excess BuMgCl was decomposed with water,
then hexane (200 ml) was added. The organic layer was
separated and dried with CaCl,, and concentrated. The residue
was fractionated in vacuo to give 38.4 g (62 %) of compound
8, b.p. 132134 °C (1 Torr), np?® 1.4650, d2° 0.8180, MRy
106.35 (calcd. 106.95). Found (%): C, 68.52; H, 13.58; Si,
17.15. C;3Hy,Si;. Calculated (%): C, 68.70; H, 13.45; Si,
17.85. IR, v/em™!: 2940 vs, 2900 vs, 2850 vs, 1450 vs,
1400 m, 1370 s, 1330 m, 1285 m, 1240 vs, 1180 m, 1170 m,
1075 s, 1020 w, 995 m, 960 m, 870 s, 790 s, 770 vs, 725 s.

1,2-Dimethyl-1,1,2-triisobutyl-2-chlorodisilane (9).
Si;Me,Cly (76.0 g, 0.33 mol) in THF (100 mL) was added
with stirring and cooling with ice water to the Grignard
reagent obtained from Mg (24.3 g, 1.0 g-at) and BuiCI (92.6 g,
1.0 mol) in THF (400 mL). The reaction mixture was refluxed
for 7 h and filtered. The filtrate was concentrated and distilled
in vacuo. Repeated distillation gave 60.8 g (63 %) of com-
pound 9, b.p. 130—135 °C (0.1 Torr), np?® 1.4690, d420
0.8980, MRp 90.88 (caled. 92.57). Found (%): C, 57.16;
H, 11.52; CI, 12.22; Si, 19.30. C,4H33CISi,y. Calculated (%):
C, 57.38; H, 11.35; Cl, 12.10; Si, 19.17. IR, v/cm™!: 2940 vs,
2880 vs, 2860 vs, 1455 vs, 1395 m, 1375 m, 1360 s, 1320 s,
1245 vs, 1215 s, 1160 s, 1085 s, 1030 s, 830 s, 795 s, 770 vs,
500 s, 460 m, 425 w.

1,2-Dimethyl-1,1,2-triisobutyldisilane (10). Dichlorodi-
silane 9 (29.0 g, 0.1 mol) in ether (30 mL) was added with
stirring to LiAlH, (3.8 g, 0.1 mol) in ether (100 mL), and the
reaction mixture was refluxed for 2 h. The excess LiAlH, was
decomposed with water, and the ethereal solution was dried
with NayS0O4. The ether was distilled off, and the residue was
fractionated in vacuo to give 16.2 g (62 %) of compound 16,
b.p. 120—122 °C (0.1 Torr), ap?0 1.4626, d,*° 0.8080, MRy
88.07 (caled. 88.63). Found (%): C, 64.61; H, 13.24; Si, 21.18.
C4H348i,. Calculated (%): C, 65.07; H, 13.24; Si, 21.72. IR,
v/em™1: 2080, 875 (Si—H).

The reaction of phenylmagnesium chloride with 1,2-dimethyl-
1,1,2,2-tetrachlorodisilane. A solution of PhMgCl in THF
(485 mL, 1.86 mol L1, 0.9 mol) was added over a period of
2.5 h with stirring and cooling (ice water) to Si;Me,Cly
(103.0 g, 0.45 mol) in heptane (420 mL). The flask was heated
for 10 h at boiling points of the solvents. The reaction mixture
was filtered, the precipitate was washed with heptane, and the
filtrate was concentrated and distilled in vacuo and six frac-
tions with b.p. from 83 to 225 °C (0.5 Torr) were collected.
Subsequent repeated rectification gave 29.6 g (24.4 %) of
disilane 11, 32.9 g (244 %) of compound 12, and 7.9 g
(4.4 %) of compound 13. Compounds 11 and 12 were pure,
while product 13 contained an admixture of diphenyl and
disilanes 12 and 14. 1,2-Dimethyvi-1-phenyl-1,2,2-trichloro-
disilane (11), b.p. 111—112 °C (1 Torr). Found (%): C, 36.38;
H, 4.35; Cl, 38.81; Si, 20.66. C¢H;Cl5Siy. Calculated (%):
C, 35.62; H, 4.11; Cl, 39.40; Si, 20.83. 'H NMR (CH,Cl,),
5:1.00 (s, 3 H, SiMeCIPh); 1.02 (s, 3 H, SiMeCl,); 7.4—7.9
(m, 5 H, Ph). 1,2-Dimethyl-1,2-diphenvi-1.2-djchlorodisilane
(12) (p,L- and meso-forms), b.p. 185—186 °C (2 Torr). Found
(%): C, 54.58; H, 5.79; Cl, 22.80; Si, 17.91. C;4H ,CL;Si,.
Calculated (%): C, 54.00; H, 5.18; Cl, 22.77; Si, 18.04.
IH NMR, &: 0.96 (s, 3 H, SiMe, meso-form); 1.02 {s,
3 H, SiMe, p,L-forms); 7.4—7.9 (m, 10 H, Ph).
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1,2-Dimethyl-1,1,2-2-tetraphenyldisilane (14). Si;Me,Cl,
(68.0 g, 0.3 mol) in ether (400 mL) was added with stirring
and cooling to the Grignard reagent obtained from Mg (36.0 g,
1.5 g-at) and PhBr (235.5 g, 1.5 mol) in ether (550 mL). The
mixture was heated for 10 h and cooled, then dilute HCl
(400 mL) was added. The organic layer was washed with
distilled water, dried with CaCl,, and concentrated. The resi-
due (viscous liquid) was heated for 2 h at 150 °C in vacuo. A
colorless transparent liquid (4.1 g) and diphenyl (2.3 g) were
distilled off. The remaining oil was dissolved in heated ethanol.
Cooling gave crystals of 14 contaminated with diphenyl (HPLC
data). Repeated recrystallization from ethanol or heptane gave
12.5 g (10.6 %) of pure disilane 14, m.p. 142—143 °C
(Ref. 14: 142—143 °C). Found (%): C, 78.72; H, 6.69; Si,
13.86. CygHq48i,. Calculated (%): C, 79.13; H, 6.64; Si, 14.23.
IH NMR, 8: 0.76 (s, 6 H, SiMe, 2Jiyy_295; = 6.29 Hz); 7.25—
7.55 (m, 20 H, Ph).

1,2-Dimethyl-1,1,2-triphenyl-2-chlorodisilane (13). Dry
HCI was passed with stirring through a mixture of disilane 14
(5.36 g, 0.014 mol) and AICI3 (0.28 g, 0.002 mol) in CHCI;
(100 mL). Samples for GLC analysis were withdrawn at regular
intervals. After 7 h, the appearance of dichloride 12 was de-
tected. The HCI flow was stopped, and the reaction mixture was
filtered and concentrated in vacuo. Heptane (20 mL) was added
to the residue. After 20 h, the AICl; and the original disilane 14
that precipitated were filtered off. The solvent was distilled off,
and the residue was distilled in vacuo to give 2.40 g (50 %) of
disilane 13, b.p. 233—235 °C (1 Torr). Found (%): C, 68.15;
H, 6.60; Si, 16.01; Cl, 10.16. Cy3H,CISi,. Calculated (%):
C, 68.05; H, 6.00; Si, 15.91; Cl, 10.04. 'H NMR, &: 0.87 s,
3 H, SiMePh,, 2ig_2g = 6.76 Hz, 3Jig_g = 3.42 Hz);
0.89 (s, 3 H, SiMePhCl, 2fiyy_2g; = 6.29 Hz, 3Jig_2g; =
1.78 Hz); 7.25-7.80 (m, 15 H, Ph).

1,2-Dimethyl-1,1,2-triphenyldisilane (15) was obtained
similarly to compound 10 from chlorodisilane 13 and LiAlHy,
b.p. 80—82 °C (0.3 Torr), np2 1.6073. Found (%): C, 75.14;
H, 7.05; Si, 17.67. CyyHy,Si,. Calculated (%): C, 75.41;
H, 6.96; Si, 17.63.
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