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Summary: Homocoupling reactions of amino- and di-
aminoalkylchlorosilanes with lithium metal proceed
readily in THF at room temperature to form the corre-
sponding symmetrical diamino- and tetraaminoalkyl-
disilanes, respectively, in high yields, which are trans-
formedinto chloro- and alkoxyalkyldisilanes under mild
conditions.

We have recently reported the synthesis of (amino)-
phenylsilyl anions as the first stable functional silyl anions
by the reaction of (amino)phenylsilyl chlorides with
lithium.! We now find that the action of lithium on
(amino)alkylsilyl chlorides results in the formation of not
the silyl anions but the corresponding coupling products,
symmetrical polyfunctional disilanes, as shown in Scheme
1

There have been only two methodologies for the
synthesis of polyfunctional alkyldisilanes:2 (1) functional
group transformation of the “disilane fraction” Si;Mes_,Cl,
(n = 3, 4) in the industrial direct synthesis of methyl-
chlorosilanes? and (2) demethylation of hexamethyldisilane
or dephenylation of phenylalkyldisilanes by the action of
strong electrophilic agents such as sulfuric acid (followed
by treatment with ammonium halide),3* trifluoromethane-
sulfonic acid,> HCl/AICl3,58 and MeCOCI/AICl;.” The
present coupling reaction provides the third method, which
should be more convenient and versatile for the synthesis
of symmetrical functional disilanes containing a variety
of alkyl groups in view of the ready availability of (amino)-
alkylsilyl chlorides® and facile functional group transfor-
mations under mild conditions.

Results and Discussion

Several representative results are summarized in Scheme
II. Aminochlorosilanes 1 and 5 are readily prepared by
treatment of the corresponding dichloro- and trichlorosi-
lanes with 1 equivand 2 equiv of diethylamine, respectively,
inthe presence of a slightly excess amount of triethylamine
in ether, followed by filtration and distillation.® The
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R=phenyl _ (EL,N),R, ,SiLi
(Et.N)R3..SICI + Li ~—
n=1,2 R = alkyl (EtoN)R3.SISIR;.(NEt,)
Scheme I1
R1 . RT R1
| Li |1
2 EtN-Si-Cl ~ ——————=  E1,N-Si-Si-NEt,
I2 THF I2 l2
R room temp. R* R
la-¢ 24-36h 2a; 77%
2b ; 85%
a:R'=-R?=Me '
20 N 60%
b:R =R--Pr
.l 2_
C:R = Me, R°=n Cus / RCOCH or
)/EtOH dry HCI
R! R? R! R!
[ |
EtO-SIi-S'i-OEt Cl—-S8i-Si-~Cl
R2 2 Re d2
4c; 86% 3a: 80% (PhCOCI)
3b ; 85% (MeCOC)
80% (HC)
3¢ ~50% (HCI)
r\IAe Li Mle hllle
2 ELN-si-Cl F EiN-Si-Si-NEt,
Et,N room temp. EtN NEt,

9% h

5
)AOH

Me (E10),SiSi(OEt);Me
7 N 87 %

6; 76%

coupling reaction of 1 with lithium dispersion in THF
proceeded smoothly at room temperature in 1-1.5 days
under nitrogen atmosphere to afford diaminodisilanes 2.
Alkyl groups on silicon may be not only methyl (2a) but
also sterically crowded isopropyl (2b) and long alkyl chains
such as the n-hexyl group (2¢). In the last case an almost
1:1 mixture of meso and dl stereoisomers was formed.
Diaminochlorosilane 5 was considerably less reactive than
1 and required a longer period of time to give tetra-
aminodimethyldisilane 6 in moderate yields. These re-
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Notes
Scheme III
Li Me e
1a + 5 ——» 228 + 6 + Et,N-Si-Si-NEt,
(1:1) h 27 62 Me NE,
8; 0%

action conditions are similar to those for the coupling of
trimethylchlorosilane with lithium.!® Caution! In the
isolation step, filtration of the excess lithium metal in the
air may cause ignition of the lithium-containing filter cake.
The following two-step filtration is recommended: The
remaining lithium dispersion is filtered briefly first through
glass wool under nitrogen and the filtrate that contains
the salt is then filtered safely in the air. The clear filtrate
is concentrated and distilled under reduced pressure to
give pure 2 and 6.

Although the coupling reactions proceeded faster under
reflux conditions in THF, satisfactory results were ob-
tained in only one case. Thus, the reaction of la with
lithium under THF reflux was completed in 6 h, much
faster than 1 day at room temperature, to give 2a of high
purity in comparable yield (74%). Inother cases, however,
the coupling products were obtained only in much lower
yields and in lower purities. Reactions were also consid-
erably accelerated by ultrasonication,!! but the yields and
purities were decreased greatly. Refluxing and sonication
are thus not recommended for the present disilane
synthesis.

The resulting aminodisilanes are converted into the
corresponding chlorodisilanes or alkoxydisilanes,'? as
shown in Scheme II. Thus, 2a and 2b were treated with
2 equiv of benzoyl chloride and with excess acetyl chloride,
respectively, to afford the corresponding dichlorodisilanes
3a and 3b. The latter was also obtained by the action of
dry hydrogen chloride!® on 2b in THF. We have encoun-
tered, however, some problems in transformations of 2¢
and 6 under similar conditions. Thus, while with hydrogen
chloride 2¢ afforded dichlorodisilane 3¢ in about 50% yield
together with uncharacterizable nonvolatile byproducts,
only a complex mixture of product was formed from 2¢
and 6 with acetyl chloride; the reason remains to be
clarified. Ethanolysis of these aminodisilanes, however,
proceeded readily to form the corresponding ethoxydi-
silanes cleanly. Thus, 2¢ and 6 afforded 4c and 7,
respectively, in high yields.

In order to get unsymmetrical functional disilanes and
oligosilanes by cross-coupling of two different chlorosi-
lanes, we have attempted a variety of combinations without
success so far. For example, as shown in Scheme III, a 1:1
mixture of l1a and 5 afforded a mixture of homocoupling
products 2a and 6 in high yields, without formation of the
cross-coupling product, triaminodisilane 8.4 We have
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obtained no appreciable amounts of cross-coupling prod-
ucts in other combinations such as la/MesSiCl, la/
MeSiCl;, and 5/Me3SiCl, suggesting a rather unusual
behavior of aminochlorosilanes toward lithium coupling.

Experimental Section

General Comments. 'H NMR (200 MHz) spectra were
recorded on a Varian VXR-200 spectrometer equipped with a
VX-4000 computer. The elemental analyses were performed at
the Microanalysis Center of Department of Pharmaceutical
Sciences, Kyoto University: analytical samples were purified by
preparative GLC. Ether and THF were distilled under nitrogen
from sodium/benzophenone. Hexane was dried over sodium wire
and distilled under nitrogen. Diethylamine and triethylamine
were distilled from calcium hydride. Diisopropyldichlorosilane
was commercially available. Lithium dispersion (25 wt. % in
mineral oil) was purchased from Aldrich.

Preparation of Aminochlorosilanes 1 and 4. The known
compounds 1a®!% and 4% were prepared by essentially the same
method as described below.

Diisoprepyl(diethylamino)chlorosilane (1b). Toa mixture
of diisopropyldichlorosilane (12.6 mL; 70 mmol), triethylamine
(10.8 mL; 77 mmol), and dry THF (70 mL) was added slowly a
solution of diethylamine (7.4 mL; 70 mmol) in THF (10 mL) at
0 °C over 30 min. The white mixture was warmed to room
temperature, stirred for 24 h, diluted with hexane, and filtered
with suction. The filtrate was evaporated, and the residue was
distilled under reduced pressure to give 11.0 g (71% yield) of 1b:
bp 51-53 °C/0.9 mmHg. 'H NMR (C¢Dg): 60.97 (t, J = 7.0 Hz,
6H), 1.05-1.20 (m, 14H), 2.81 (q, J = 7.0 Hz, 4H). Anal. Calcd
for C,o0H24NSICl: C, 54.14; H, 10.90. Found: C, 53.98; H, 10.91.

n-Hexylmethyl(diethylamino)chlorosilane (1¢). This com-
pound was obtained in 72% yield in a similar manner from
n-hexylmethyldichlorosilane, readily available by platinum-
catalyzed hydrosilation of 1-hexene with methyldichlorosilane:
bp 74-75 °C/1.0 mmHg. 'H NMR (C;Ds): 6 0.40 (s, 3H), 0.85—
1.02 (m, 5H), 0.98 (t, J = 7.0 Hz, 6H), 1.20-1.65 (m, 8H), 2.80 (q,
J = 7.0 Hz, 4H). Anal. Calcd for C;;HsNSiCl: C, 56.01; H,
11.11. Found: C, 55.79; H, 11.38.

Preparation of Aminodisilanes 2 and 6. 1,2-Bis(diethyl-
amino)tetramethyldisilane (2a). A solutionof l1a (1.57g;9.46
mmol) in dry THF (3 mL) was added to a suspension of lithium
dispersion (41.8 mmol) in THF (5 mL) at room temperature under
an inert atmosphere. The mixture was stirred for 24 h at room
temperature. The complete disappearance of 1a was confirmed
by GLC analysis. The mixture was then filtered through a short
pad of glass wool under a nitrogen atmosphere. After concen-
tration of the filtrate under reduced pressure, the residue was
diluted with dry hexane and filtered through a glass fiber pad
safely in the air. The filtrate was concentrated, and the residue
was purified by bulb-to-bulb distillation under reduced pressure
to give 1.07 g (77% yield) of 2a as a colorless liquid: bp 110-130
°C/1.1 mmHg (bath temperature). 'H NMR (C¢Ds): 6 0.30 (s,
12H), 1.04 (t, J = 7.0 Hz, 12H), 2.87 (q, J = 7.0 Hz, 8H). Anal.
Caled for C3HaoN,Siy: C, 55.31; H, 12.38. Found: C, 55.08; H,
12.49.

When the reaction mixture was refluxed, the coupling reaction
was completed in 6 h, as monitored by the disappearance of the
starting material by GLC. A similar workup gave pure 2a in
74% yield. Alternatively, when the reaction flask was immersed
in a ultrasound cleaning bath (Iwaki Glass Co., Ltd., 120 W, 38
kHz) filled with water, the coupling reaction was completed in
13 h, during which time the bath temperature rose to 50 °C. The
product 2a was obtained in rather low yield (40-50%) and in low
purity (70-80% ) contaminated with several unknown impurities,
leaving substantial amounts of nonvolatile distillation residue.

Other disilanes were prepared in essentially the same manner
as described for the synthesis of 2a at room temperature. Note:
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under reflux conditions, 2b, 2¢, and 6 were obtained only in low
yields (<50%) and in low purities.

1,2-Bis(diethylamino)tetraisopropyldisilane (2b). This
compound was obtained in 85% yield from 1b by stirring with
lithium at room temperature for 24 h: bp 120-160 °C/0.50 mmHg
(bath temperature). 'HNMR (C¢Ds): 61.08 (t,J = 7.0Hz, 12H),
1.16-1.38 (m, 28H), 3.00 (q, J = 7.0 Hz, 8H). Anal. Calcd for
CoHsNoSiy: C, 64.44; H, 12.98. Found: C, 64.14; H, 13.22.

1,2-Bis(diethylamino)-1,2-di-n-hexyl-1,2-dimethyldi-
silane (2¢). This compound was obtained in 60% yield from l¢
by stirring with lithium at room temperature for 36 h as a nearly
1:1 mixture of meso and d! stereoisomers: bp 130-135 °C/0.80
mmHg. 'H NMR (C¢D¢): 6 0.37 (s, 6H), 0.38 (s, 6H), 0.70-1.02
(m, 10H), 1.09 (t, J = 7.0 Hz, 12H), 2.93 (q, J = 7.0 Hz, 8H),
1.30-1.70 (m, 16H) Anal. Calcd for 022H52N28i2: C, 6592, H,
13.08. Found: C, 65.79; H, 13.35.

1,1,2,2-Tetrakis(diethylamino)dimethyldisilane (6). This
compound was obtained from 5 in 76 % yield after 96-h stirring:
bp 110-130 °C/1.0 mmHg (bath temperature). 'H NMR (C¢Ds):
6 0.39 (s, 6H), 1.10 (t, J = 7.0 Hz, 24H), 3.00 and 3.01 (dq, J =
7.0 Hz, 16H). Anal. Caled for C;sHN,Six: C, 57.69; H, 12.37.
Found: C, 57.76; H, 12.61.

Preparation of 1,2-Dichlorotetramethyldisilane (3a).
Freshly distilled benzoyl chloride (0.32 mL; 2.76 mmol) was added
dropwise to 2a (388 mg; 1.38 mmol) at 0 °C over 2 min. After
being stirred at 0 °C for 1 h, the mixture was distilled bulb-to-
bulb to give 205 mg (80% yield) of 3a:2 bp 120-130 °C/90 mmHg
(bath temperature). 'H NMR (C¢Dg): 6 0.37 (s, 12H).

Preparation of 1,2-Dichlorotetraisopropyldisilane (3b).
By Acetyl Chloride. To a solution of 2b (385 mg; 1.03 mmol)
in dichloromethane (1 mL) was added freshly distilled acetyl
chloride (1.50 mL; 20.7 mmol) at 0 °C, and the mixture was stirred
at room temperature for 3 h. After evaporation of the solvent
N,N-dimethylacetamide was removed under reduced pressure
up to 130 °C/28 mmHg by bulb-to-bulb distillation. The residue
was further distilled bulb-to-bulb to give 294 mg (purity 90%,
85% yield) of 3b:1" bp 115-135 °C/0.60 mmHg (bath temperature).
1H NMR (C¢Dg): 61.16 (d, J = 5.8 Hz, 24 H), 1.20-1.35 (m, 4H).
Anal. Caled for C;2H3sSisCla: C,48.14;H,9.43. Found: C,47.91;
H, 9.63.

By Dry HCl. Through a solution of 2b (395 mg; 1.06 mmol)
indry THF (10 mL) was bubbled dry hydrogen chloride, generated
from ammonium chloride (6.9 g; 127 mmol) and concentrated
sulfuric acid (4.8 mL; 85 mmol), at 0 °C for 40 min with stirring.

Notes

White salts precipitated almost immediately. GLC analysis
showed the disappearance of 2b. The mixture was diluted with
dry hexane (10 mL) and filtered with suction. The filtrate was
concentrated, and the residue was purified by bulb-to-bulb
distillation at 110-120 °C/1.0 mmHg (bath temperature) to give
270 mg (purity 95%, 80% yield) of 3b.

Preparation of 1,2-Dichloro-1,2-di-n-hexyl-1,2-dimethyl-
disilane (3¢). By Dry HC1. Dry hydrogen chloride was passed
through a solution of 2¢ (1.09 g; 2.45 mmol) in dry ether (15 mL)
at 0 °C for 1 h. Workup similar to that above followed by bulb-
to-bulb distillation (125-145 °C/0.90 mmHg, bath temperature)
gave rather impure 3c!® as a nearly 1:1 meso/d! mixture in
moderate yield (674 mg; purity 65%, 55% yield estimated). 'H
NMR (Ce¢Dg): 6 0.49 (s, 6H), 0.51 (s, 6H), 0.89-0.99 (m, 10H),
1.25-1.55 (m, 16H). Use of THF as solvent resulted in lowering
of the yield due to the formation of a more complex mixture.

Preparation of 1,2-Diethoxy-1,2-di-n-hexyl-1,2-dimeth-
yldisilane (4c). To asuspension of ammonium chloride (51 mg;
0.94 mmol) in dry ethanol (5.0 mL) was added 2¢ (710 mg; 95%
pure; 1.68 mmol) at room temperature, and the mixture was
stirred for 2 h. Excess ethanol and the resulting diethylamine
were removed under reduced pressure, and the residue was diluted
with dry hexane and filtered. The filtrate was concentrated and
then distilled bulb-to-bulb to give 560 mg (purity 90%; 87%
yield) of 4¢: bp 128-148 °C/0.8 mmHg (bath temperature). 'H
NMR (C¢Dg): 6 0.40 (s, 6H), 0.85~1.00 (m, 10H), 1.23 (t,J = 6.9
Hz, 6H), 1.30-1.70 (m, 16H), 3.71 (q, J = 6.9 Hz, 4H). Anal.
Caled for C;sH,:0,Sis: C, 62.36; H, 12.21. Found: C, 62.11; H,
12.34. .
Preparation of 1,1,2,2-Tetraethoxydimethyldisilane (7).
In a manner similar to the above, 6 (348 mg; 0.93 mmol) gave 200
mg (87% yield) of 7:3bp 50-60 °C/0.7 mmHg (bath temperature).
H NMR (C¢Ds): 6 0.40 (s, 6H), 1.24 (t, J = 7.0 Hz, 12H), 3.86
and 3.87 (dq, J = 7.0 Hz, 8H).
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