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Summary

The reaction of a trialkylchlorosilane with lithium in 1,3-dimethyl-2-imidazol-
idinone (DMI) at room temperature afforded the corresponding hexaalkyldisilane
in good yield. The reaction of the mixture of trimethylchlorosilane and lithium
with aliphatic ketones such as cyclohexanone and 3-pentanone gave doubly-
silylated compounds in 30—40% yield. The character of DMI as an aprotic basic
solvent is in between THF and HMPA and may be very useful as a new solvent
for organometallic reactions.

Introduction

In a previous paper [1] we have demonstrated that 1,3-dimethyl-2-imidazolidi-
none (DMI) is sufficiently basic and stable for the preparation of trimethylsilyl-
sodium, one of the strongest bases. It is known that, except for HMPA, common
aprotic dipolar solvents such as DMF [2], DMSO [3], and tetramethylurea [4]
are rather reactive towards a strong base and alkali metals. Therefore, being stable
towards alkali metals, DMI is expected to be a useful solvent in a variety of reac-
tions. In this paper we describe briefly some reactions of lithium metal in DMI
which may demonstrate the usefulness of DMI as a solvent for organometallic
reactions.

Results and discussion

The reaction of R3SiCl and Li. The reaction of trimethylchlorosilane with an
equimolar quantity of lithium in DMI afforded hexamethyldisilane in 95% yield

* For part LXXXIX see ref. 12.
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under the condxtlons outhned m eq. 1:

2Messlcl+2Llﬂ%MeaslsMeﬁlecl Y ¢ ) 3

Similarly, hexaethyldwllane was prepared by the couplmg reactlon of triethyl-
chlorosﬂane with an equimolar quantity of lithium in DMI in 52. 4% yield. Coupl-
ing of triethylchlorosilane is less efficient, but the yield was improved to 61.7—
76.7%, if two molar excess lithium was used. Therefore, these findings provide
another convenient method of preparing hexaalkyldisilanes. Gilman et al. [5]
reported that hexaalkyldisilanes could be prepared from trialkylchlorosilane and
lithium metal in THF. However, the reaction reportedly requires vigorous stirring
by a special stirrer with lithium sands. Recently, we have found that hexaalkyldi-
silane was obtained in high yield from the reaction of trialkylchlorosilane and
altkali metals such as sodium and lithium in ether or THF containing an equi--
molar amount of HMPA to trialkylchlorosilane [6]. However, when HMPA alone
was used as a solvent, only hexamethyldisiloxane was obtained and formation
of hexamethyldisilane was not observed (eq. 2).

2 Me,SiCl + 2 Li P4 Me,SiOSiMe; + 2 LiCl 2)

These facts suggest that DMI is more stable than HMPA in the reaction of
trimethylchlorosilane and lithium. Therefore, DMI should be very useful as a
solvent for organometallic reactions. This was demonstrated further in the
silylation of saturated ketones with trimethylchlorosilane and lithium in DMI.

The reaction of Me1SiCl/Li with ketones. The double silylation of aryl ketones
with trimethylchlorosilane and magnesium in HMPA was reported first by Calas
et al. and extended to syntheses of various organosilicon compounds [7]. How-
ever, this type of double silylation requires rather vigorous reaction conditions,
and moreover, it has been reported that the reaction can only be applied suc-
cessfully to aryl ketones (eq. 3).

Ph Ph_ _OSiMe; Ph_ _SiMe,
~ . °C. N~ e
_C=0+2 Mg+ 4 MeSiICI 08 >C >~ >C - ®

PH ph” SiMe; Ph” SiMe,

(65%) -

Recently, Calas et al. [8] reported double silylation of a saturated ketone with
tnmethylchlorosﬂane and lithium in THF, although yields of the corresponding
doubly-silylated products are rather low. For example, 1-trimethylsilyl-1-trimeth-
ylsiloxycyclohexane (I, 12%), cyclohex-1-enoxytrimethylsilane (11, 46%) and cy-
clohexyloxytrimethylsilane (III, 17%) were obtained from cyclohexanone (eq. 4).

0-10°C
O + 2MesSiCl + 2 Li -—
2-15 h, THF
OSiMes 4)
+ OSiMea OSIMe3
SlMe3 7
(11)
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. We have found that DMI can be successfully applied to double silylation of
aliphatic ketones. Thus, the reaction of cyclohexanone with trimethylchloro-
silane and lithium in DMI afforded I in 36—40% yield in addition to 1I and III in
20—30% yield under the conditions outlined in eq. 5.

room temp. , 3 h
: i - 1 + IO + I
<::>=o + 2MegSiCl  + 2Li o )
(36-40°%.) (20-30 °fo)

Similarly, diethyl ketone and methyl isopropyl ketone afforded 3-trimethyl-
silyl-3-trimethylsiloxypentane and 2-trimethylsilyl-2-trimethylsiloxy-3-methyl-
butane in 39.6 and 34.4% yields, respectively, by treatment with trimethylchlo-
rosilane and lithium in DMI. The reaction of methyl n-hexyl ketone afforded
2-trimethylsilyl-2-trimethylsiloxyoctane in 26.0% yield under the same condi-
tions.

These findings suggest that a bulky substituent such as n-hexyl and isopropyl
groups on the carbenyl group retards the double silylation. This may be ascribed
to the fact that electron transfer from lithium metal to the ketones and/or the
attack of the anion produced by electron transfer to the ketones are stericaily
hindered by these bulky substituents on the carbonyl group.

The double silylation reaction of ketones may be rationalized by Scheme 1 [8].

SCHEME 1

+e . - - -
c=0< X0 < o
—e —e

av) ) D
4 Mejsicl IMessicl
>C—0SiMe; = C —OSiMe;
(VI (VD
I { Mejsicl
C—OSiMe;  _C—OSiMe;
}ll lSiMe3
ax) fe.9)

The ketyl radical V is formed by transfer of one electron from lithium metal
to the ketone, and reacts with trimethylchlorosilane to give a siloxy radical (VIII).
The doubly silylated product X arises from the reaction of a siloxycarbanion
(VIII), formed from either the dianion VI or electron transfer to the siloxy radi-
cal VII, with trimethylchlorosilane, although the intermediacy of VI seems un-
likely in the aliphatic system. The radical VII may be converted to the alkoxysi-
lane IX by hydrogen abstraction. According to Scheme 1 the ratio of X to IX
may be determined by the relative rate of electron transfer to VII versus hydrogen
abstraction from the solvent.

The ratio of the alkoxysilane IX to the doubly-silylated compound X is larger
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“in THF than that in DMI Thls fact may be explamed by the favorable electron ,
transfer from lithium. metal to VII in DMI As a result, the doubly-sﬂylated pro- -
- duct may be formed more favorably in DMI than in THF. ‘Finally, double silyl-
ations of other aliphatic ketones such as 2-methylcyclohexanone and cyclopen-
tanone have also been attempted and are found to give the correspondmg dou-
- bly-sﬂylated products The results are listed i in Table 1.

Expenmental

. Infrared spectra were recorded on a Hitachi EPI-S specttometer and 'H NMR
spectra were taken on a Varian A-60 (partly on a Varian T-60 spectrometer).
GLC analyses were carried out on a Hitachi K-53 gas chromatograph. n-Octane
(0O), n-nonane (N), n-undecane (U) and n-tridecane (T) were used as internal
standards.

TABLE 1
DOUBLE SILYLATION OF KETONES

' OSiMe,
<:>:o O< (36-40)
SiMeq

Et E‘t\ /OSiMe;.;
\C:O /C\ (39 +6)
Et Et SiMe,
A i—Pr, i-Pr OSiMe,
\C':O C\ (34-4)
me” e SiMe,
Me Me OSsiMey
v . N\~
C=—0O C (26« O)
ME(CHz)s Me(CHZ)S SiMe3
OSiME3
O:o . ‘:>< (17-2)
SiMe3 :
O_SiMeg
O (36-6)
SiMe3
CHs3 ) CHy

@ yields are determined by GLC (see Experimental). ¥ Only the single isomer was obtained.
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. -Materzals .

E 2-Im1dazohdmone(ethyleneurea), trimethylchlorosilane and lithium are com-
- mercially available chemicals. 2-Imidazolidinone was also prepared by the known
procedure [91- Tnethylchlorosﬂane was prepared from tetraethylsﬂane as report-
ed prevmusly [10].

Preparatlon of 1,3-dimethyl-2-imidazolidinone (DMI) [11]

In a 500 ml flask, fitted with a reflux condenser and a thermometer were
placed 48 g (0.50 mol) of 2-imidazolidinone, 90% formic acid (135.4 g, 1.50
mol) and 35% formaldehyde (113.5 g). The solution was heated for 44 h at
100—110°C. After the solution was cooled, 4 N hydrochloric acid (250 ml) was
added and the solution was evaporated to dryness under reduced pressure with
a suction pump on a water bath. A deep reddish, syrupy residue was dissolved in
125 ml of water and DMI was liberated by adding an 18 N sodium hydroxide
solution (130 ml). The upper layer was separated and then the lower aqueous
layer was extracted with 200 ml of chloroform. DMI and chloroform extracts
were combined and dried over calcium chloride. After chloroform was distilled,
DMI was distilled under reduced pressure to give a colorless liquid (44.1 g, 77%),
b.p. 104°C/18 mmHg, n2°1.4709 (lit.[11], n2¢ 1.4700). Anal. Found: C, 52.88;
H, 8.95; N, 24.56. C;H,,ON, caled.: C, 52.61; H, 8.83; N, 24.54%.

Preparation of hexamethyldisilane

To a 100 ml three-necked flask equipped with a reflux condenser and a drop-
ping funnel were placed lithium chips (0.14 g, 20 mmol) and DMI (8 ml). After
a solution of trimethylchlorosilane (2.17 g, 20 mmol) and n-octane (0.45 g,
3.97 mmol, an internal standard for GLC analysis) in DMI (2 ml) was added, the
reaction mixture was stirred at 22°C for 43 h. The solution was hydrolyzed and
the mixture was extracied with diethyl ether. Hexamethyldisilane was afforded
in 95.0% yield (GLC). The product was distilled and purified by preparative
GLC. The product was identified by comparison of the IR spectrum with that
of an authentic sample.

Preparation of hexaethyldisilane

In the same manner, hexaethyldisilane was prepared from triethylchlorosilane
(3.01 g, 20 mmol) and lithium (0.14 g, 20 mmol) in DMI (10 ml) in 52.4% yield
(GLC; U, 3.29 mmol). The reaction mixture was stirred at 19°C for 6 h.

When excess lithium (0.14 g, 20 mmol) was used with triethyichlorosilane
(1.50 g, 10 mmol), yields improved to 61.7—76.7% under the same conditions.

Double silylation of diethy! ketone in DMI

The experimental procedure of diethyl ketone is described as a typical exam-
ple. In a 100 ml three-necked flask equipped with a reflux condenser, a drop-
ping funnel, a stirring bar and lithium chips (0.17 g, 25 mmol) and DMI (10 ml)
were placed. The dropping funnel was filled with a mixture of trimethylchloro-
silane (3.26 g, 30 mmol), diethyl ketone (0.86 g, 10 mmol), and n-tridecane
(0.42 g, 2.26 mmol, an internal standard for GLC) in DMI (10 ml). After the
flask was filled with dry argon, the solution of the substrates was added drop by
drop to lithium chips. After addition was complete, the mixture was stirred at
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amblent temperature (19°C) for 3 h The solutlon was. then hydrolyzed w1th S
water (60 ml) and extracted with dlethyl ether (80 ml), DMI in the ethereal :

layer was removed by shaking with water (40 ml)-and the ethereal layer was dried
over anhydrous sodium sulfate. The yield of '3- tnmethylsﬂyl -3~ tnmethylsﬂoxy-
pentane was determined by GLC to be 39.6%. The product was distilled and
purified by preparative GLC, NMR (8(CCl,)ppm) 1.66(qa, 4H; CH,),; 0.89(t, 6H,
CH), 0.10 and 0.03 (s, 18H, 28iMe;); IR (cm™*, neat) 1250(SlMe3), 1055-
(C—O0SiMe,), and 835(SiMe,), (lit. [8]1 NMR (6(CCl,)ppm) 1.75(q, 4H, CH,),
0.95(t, 6H, CHs), 0.2 and 0.1(s, 18H, 2SiMe;); IR (cm™?, neat) 1060(C—OSiMe3)).
Anal. Found: C, 56.80; H, 12.10. CanOSi caled.: C,;56.82; H, 12.14%. '

1-Trimethylsilyl-1- tnmethylszloxycyclohexane

1-Trimethylsilyl-1-trimethylsiloxycyclohexane was obta.med in 40.8% yield
(GLC; O, 3.30 mmol) by the reaction of cyclohexanone (0.98 g, 10 mmol), tri-
methylchlorosilane (3.26 g, 30 mmol) and lithium (0.17 g, 25 mmol) at 19°C
for 3 h in DMI, NMR (8(CCL;)ppm) 2.10—1.70 (m, 10H, cyclic CH,), 0.14(s,
9H, O—SiMe;) and 0.00(S, 9H, C—SiMe;); IR (cm™?, neat) 1250(SiMe;), 1060-
(C—O0OSiMe;) and 830(SiMe3), (lit. [8], IR (cm™}, neat) 1065(C—OSiMe;)). Anal.
Found: C, 58.89, H, 11.44. C,;,H,z0Si; calcd.: C, 58.94; H, 11.54%.

2-Trimethylsilyl-2-trimethylsiloxy-3-methylbutane
2-Trimethylsilyl-2-trimethylsiloxy-8-methylbutane was obtained in 34.4%

yvield (GLC; T, 1.83 mmol) by the reaction of isopropyl methyl ketone (0.86 g,

10 mmol), trimethylchlorosilane (3.26 g, 30 mmol) and lithium (0.17 g, 25 mmol)

in DMI (15 mi), NMR (6(CCls)ppm) 1.26(s, 3H, CH;), 0.95(d, 7H, i-Pr), 0.17

and 0.07(s, 18H, 2SiMe,); IR(em™!, neat) 1253(SiMe,), 1060(C—0OSiMe,) and

836(SiMe;). Anal. Found: C, 56.96; H, 12.15. C,,H,;08i, caled.: C, 56.82; H,

12.14%.

2-Trimethyl-2-trimethylsiloxyoctane

2-Trimethylsilyl-2-trimethylsiloxyoctane was obtained by the reaction of
2-octanone (1.28 g, 10 mmol), trimethylchlorosilane (3.26 g, 30 mmol) and
lithium (0.17 g, 25 mmol) at 19°C for 2 h in 26.0% yield (GLC; 3.44 mmol),
NMR (8§(CCly)ppm) 1.28(m, 13H, s, 3,4,5,6,7-CH,, 8-CH3;), 0.87(m, 3H, 1-CH,;),
0.00 and —0.12(s, 18H, 2SiMe;); IR (cm™!, neat) 1255(SiMes), 1060(C—OSiMe;),
and 835(SiMe;). Anal. Found C,61.19; H, 12.52. C;,H,,08i, caled.: C, 61.24;
H, 12,48%.

1-Trimethylsilyl-1-trimethylsiloxy-2-methylcyclohexane
1-Trimethylsilyl-1-trimethylsiloxy-2-methylcyclohexane was obtained simi-
larly from 2-methylcyclohexanone (1.12 g, 10 mmol), tnmethylchlorosilane
(3.26 g, 80 mmol) and lithium (0.17 g, 25 mmol) in DMI (15 ml) in 36.6% yield
(GLC; O, 3.55 mmol), NMR (5(CCl,)ppm) 1.42(m, 9H, 2-CH, 3,4,5,6-CH), '
1.00(d, 3H 2-CH,), 0.08 and 0.05 (s, 18H, 2SiMe;). Anal. Found: C, 60.20;
H, 11.66. C,3H3,08i; caled.: C, 60.39; H, 11.70%. Judging from GLC and spec-
tral data, the compound was obta.med as a single isomer of the two p0551b1e struc-
tures, but the stereochemlstry has not been determ.med yet. :
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-Trzmethylszlyl-l trzmethylstloxypentane
1-Trimethylsilyl-i-trimethylsiloxypentane was obta.med in 17.2% yield (GLC;
T -1.68 mmol) by the reaction of cyclopentanone (0.84 g, 10 mmol), trimethyl-
-chlorosilane (3.26 g, 30 mmol) and lithium (0.17 g, 25 mmol) in DMI (15 ml),
NMR (6(CCl;)ppm) 1.60(s, 8H, cyclic-CH,), —0.03 and —0.10(s, 18H, 2SiMe,);
IR (cm™, neat) 1234(SiMe;), 1048(C—OSiMe,) and 820(SiMe;). Anal. Found:
C, 57.57; H, 11.38%. C,,H,,0Si, calcd.: C, 57.32; H, 11.37.
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