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Summary: A new stable silylene, rac-Ngttert-butylethylene- then dimerizes to generate a disilene (a dark red solid) (Scheme
4,5-dimethyl-1,3-diaza-2-siIacyplope.ntan-g-ylidg, has been made1). This equilibrium is reversible; in dilute soluti¢his almost
by reaction of the corresponding dibromide with K@nlike exclusively present, while in concentrated solutions or in the

the analogous silylene lacking the two methyl groups, which solid state the equilibrium favors the disilene.

tetramerizes in concentrated solution or as a solid, the new . .
silylene shows no tendency to oligomerize; instead, it persists . Here we report the synthesis Qfa new saturated N-h(_aterocychc
P silylene,5, obtained as a racemic mixture & and5b (Figure
as a stable colorless liquid. o ) X
1). The structure is identical with that 8f except that a methyl
Silylenes, which can be broadly defined as molecules group is present on each of the ring carbon atoms. Surprisingly,
containing neutral divalent silicon atoms, are key intermediates the behavior of5ab is quite different from that of. 5ab
in numerous thermal and photochemical reactions. As such, theypersists as a colorless liquid, showing no tendency to oligo-
are extremely important in the field of silicon chemistry.  merize like silylene2. The silylene mixturé&sab was character-
FO”OWlng the fII‘St SyntheSIS |n 1994 Of the thel’ma"y Stable |Zed by 1H’ 13C, and 298| NMR’ h|gh_reso|ut|on MS, and
silylene1,? an unsaturated N-heterocyclic silylene, a few other gjemental analysis. t¥Si NMR resonance in £Ds falls at
stable silylenes have been reported, includiig3,* and 4.5 +123.4 ppm, quite close to that for monome2ie+119 ppm)3
The availability of stable silylenes has allowed the discovery The yv—vis spectrum ofsa,b in hexane (ca. 5 1075 M)
of new compounds and novel reaction chemiSify. shows a band maximum at 270 nm (molar extinction %.2
B 1C°) and a shoulder at-295 nm (Figure 2). Silylen& has
Bu : “\‘ similar band maxima at 268 and 292 nm. The reds®in, unlike
N
\s
/
N

Bu . . .
Me;Si SiMe; 2, remains as a monomer in the pure state is not clear. From

t-|
rlq inspection of molecular models, the two methyl groups on the
[ \Si. [ \sr @i e Sie backbone of the silylene do not appear to be bulky enough to
yaa e : : interfere with the insertion of one moleculeSdb into a Si-N
T bond of another molecule to form an (aminosilyl)silylene.
H ) Me,Si SiMe;

z—nr

—Z

Possibly, the slight electron-donating ability of the two methyl
-Bu groups subtly changes the electronic structure of the silylene,
1 2 3 4 inhibiting the Si-N bond insertion.
The silylene mixtureésa,b was prepared by the reduction of
Of these four stable silyleneg, a saturated N-heterocyclic  the dibromosilane compousdéab with potassium graphite
silylene has interesting and unusual properties. It is only stable (KCg) in THF and triethylamine at room temperature, as shown
in dilute solution. In the pure solid state or in concentrated jn Scheme 2. First\,N'-di-tert-butylethylenediimine, obtained
solution, a silicon atom of one moleculeinserts into a StN from the reaction of glyoxal wittiert-butylamine, was treated
bond of another molecule to form an (aminosilyl)silylene, which - yjth methyllithium to produce a pair of enantiomeric diamine
compounds in 90% vyiel®#? No mesodiamine compound was

Bu Bu
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Figure 1. The new stable silylengsa,b.
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Figure 2. UV—vis spectrum of silyleneSa,b.

Figure 3. Molecular structure 08. Thermal ellipsoids are given

at the 40% probability level, and the hydrogen atoms at the carbon
atom are omitted for clarity. Selected bond lengths (A) and angles
(deg): Si(1)N(1), 1.7030(15); Si(EyN(2), 1.7044(14); Si(xy

H, 1.37(2); Si(1)-0O, 1.6242(7); Si(1yO—Si(2), 150.17(13); ©Si-
(1)—N(1), 112.80(8); G-Si(1)~N(2), 115.11(6); N(1}Si(1)-N(2),
95.57(7); O-Si(1)—H(1), 106.4(8).

observed in this reaction, as the second nucleophilic addition
of CH;~ to a C=N bond is evidently highly stereoselective,
guided by the first methyl group. The diamine compound was
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Scheme 1. Equilibrium of Silylene 2 and the Tetrameric
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compounds were reduced by K& THF in the presence of
triethylamine at room temperature, the silylene mixtGegh
was produced in 70% yiel. Silylenes5ab can be purified
by distillation at 15¢°C (0.1 Torr). The triethylamine is essential
in this reaction. Without triethylamine, the silylenes easily
became overreduced (most likely to silyl anions), resulting in a
low yield.

5ab show reactivity similar to that of silylenes and 2.
Silylenes5a,b react with methanol in hexane &8 °C via an
expected insertion into the-€H bond to afford the correspond-
ing methoxyhydrosilanega,b. Silylene5areacts similarly with
phenols to afford the corresponding alkoxyhydrosilanes. With
water, silylenesbab insert into the G-H bond to yield the
corresponding silanol, which self-condenses to give a disiloxane
compound, as shown in Scheme 3. Bath andmesoisomers

(11) Synthesis oba,b: to a solution ofrac-N,N'-di-tert-butylethylene-
4,5-dimethyl-1,3-diaza-2,2-dihydro-2-silacyclopentane (6.84 g, 30.0 mmol)
in 75 mL of CH,CIl, was added triethylamine (7.08 g, 70 mmol). Bromine
(9.92 g, 62 mmol) in CKCl, (10 mL) was added dropwise. The mixture
was refluxed for 12 h. The solvents were removed under vacuum, yielding
a brown gel solid. The solid was extracted with 50 mL of hexane, and the
solution was evaporated under vacuum, giving a pale yellow solid. Yield:
7.53 g, 65%H NMR (CgDg): 0 1.11 (d, 2H,J = 4.2 Hz), 1.26 (s, 16H),
2.69 (g, 2H,J = 4.2). 13C NMR (CgDg): & 24.18, 30.99, 52.97, 57.97.
29Si{1H} NMR (CgDe): 6 —51.51. High-resolution mass spectrometry:
calcd for [G2H26N2SiBr, — CHg] 368.9997, found 368.9997. A white crystal
was produced by slow evaporation of hexane solution of this compound.
Anal. Calcd for GoH2eN2SiBra: C, 37.53; H, 6.82; N, 7.29. Found: C,
37.28; H, 7.04; N, 7.10. Synthesis®,b: In a 250 mL Schlenk flask was
placed 4.50 g of potassium graphite (62 mmol). To this flask were added
100 mL of THF and 20 mL of triethylamine. This solution was stirred
overnight. Thengab (6.78 g, 30 mmol) dissolved in 20 mL of THF was
added. The reaction was monitoredsyNMR until all the starting material
disappeared~6 h). The reaction mixture was filtered, and the resulting
solution was put under vacuum to remove solvents, giving a pale yellow

then converted to the corresponding dihydrosilane after reaction|iquid. The yellow oil was distilled at 0.1 Torr to give a colorless liquid.

with dichlorosilane in the presence of 1,8-diazabicyclooctane
(DABCO).19 The dibromosilane compounésa,b were produced
by bromination of the dihydrosilarié When the dibromosilane

(10) Synthesis ofrac-N,N'-di-tert-butyl-4,5-dimethyl-1,3-diaza-2,2-di-
hydro-2-silacyclopentane: to a solution of DABCO (7.54 g, 67.2 mmol) in
25 mL of THF was addedac-N,N'-di-tert-butyl-2,3-dimethylethylenedi-
amine (6.34 g, 32 mmol) in THF (85 mL).28iCl, in xylene (20 mL, 49.5
mmol) was added dropwise, immediately producing a voluminous white
solid. The mixture was stirred for a furth2 h and then filtered, and the
resulting solution was put on a vacuum line to remove solvents, giving a
pale yellow oil. The oil was distilled in vacuo to give a colorless liquid.
Yield: 6.14 g, 85%!H NMR (CgDg): ¢ 1.09 (d, 6H,J = 3 Hz), 1.16 (s,
18H), 2.69 (q, 2HJ = 3 Hz), 5.31 (s, 2H)13C NMR (CsDg): 6 24.81,
31.23, 51.22, 58.06%°Si{'H} NMR (CgDg): ¢ —41.06. High-resolution
mass spectrometry: calcd forl2gN,Si 228.2022, found 228.2019.

Yield: 2.78 g, 70%!H NMR (CgDg): 6 1.08 (d, 6H,J = 3 Hz), 1.27 (s,
18H), 2.81 (q, 2HJ = 3 Hz). 13C NMR (CsDe): 6 26.76, 33.62, 53.19,
61.23.2°Si{*H} NMR (C¢Dg): 6 +123.44. High-resolution mass spectrom-
etry: calcd for GoH26N2Si 226.1865, found 226.1862. Anal. Calcd for
CioH26N2SI: C, 63.72; H, 11.58; N, 12.34. Found: C, 63.86; H, 11.55; N,
11.93.

(12) Synthesis of: at —78 °C, to a 15 mL THF solution 05a,b (0.46
g, 2 mmol) was slowly added methanol (0.16 g, 5 mmol) in 10 mL of
hexane. The reaction mixture was warmed and stirred for 5 h. The solvent
was evaporated, yielding a colorless oil, which was distilled under vacuum.
Yield: 0.38 g, 60%2H NMR (CgDg): 1.12 (d, 3H,J = 10 Hz), 1.16 (d,
3H,J = 10 Hz), 1.16 (s, 9H), 1.21 (s, 9H), 2.58.76 (m, 2H), 3.42 (5,
3H), 5.12 (s, 1H)23C NMR (CsDe): 27.52, 27.59, 33.55, 33.65, 51.06,
52.95, 53.13, 57.68, 60.4¥Si{ 'H} NMR (CsDg): 0 —39.53,Jsi—n = 132
Hz. High-resolution mass spectrometry: calcd fosgd@soN2SiO — CHg]
243.45, found 243.20. Anal. Calcd for#El3gN2SiO: C, 60.41; H, 11.70;
N, 10.84. Found: C, 60.31; H, 11.90; N, 10.71.
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Scheme 2. Synthesis of 5a,b
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are formed; theac isomer8 was crystallized, and its structure
was determined by X-ray crystallography (Figure 3).

Silylenesba,b react with a stoichiometric amount of oxygen

Figure 4. Molecular structure 08. Thermal ellipsoids are given

in hexane at-78 °C to yield the corresponding 1.3-disiladiox-
etane (Scheme 4). In this case thesasomer9 was crystallized
and its structure was determined by a single-crystal X-ray study,
as shown in Figure 4. Surprisingly, thec isomer was isolated O(1), 1.7148(13); Si(BO(1)#1, 1.6581(13); O(1)#1Si(1)-O(1),
as a colorless liquid. Although silylen2 reacts with 2,3- 87.08(6); Si(1)#+0(1)-Si(1), 92.92(6); N(1)Si(1)—N(2), 94.81-
dimethylbutadiene to afford a 1-silacyclopent-3-ene compound, (7); N(1)—Si(1)—O(1), 118.85(7); O(1)Si(1)—N(2), 114.51(7).

at the 40% probability level, and the hydrogen atoms at the carbon
atom are omitted for clarity. Selected bond lengths (A) and angles
(deg): Si(1yN(1), 1.7099(15); Si(EyN(2), 1.7179(15); Si(Ly
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tions may Sh?d light on the puzzling dlfferenc_e betwaemd Supporting Information Available: Text giving general ex-

5ab. Resolution of enantiomers of the new silylene may léad perimental procedures, details of the preparatios ahd9, and

to a chiral silylene chemistry. spectroscopic information and CIF files giving X-ray structural
information on6ab, 8, and9. This material is available free of
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