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Synthesis of a Silene from 1,1-Dilithiosilole and 2-Adamantanone
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Silenes, compounds with silicertarbon double bonds, are of
considerable interest, but methods of synthesis are limited. Stable
silenes have been made by photolysis coficylsilanes, 1,2-
dehalometalation of 1-halogen-2-metalloalkahesid via a sila-
Peterson-type reacticiiThe latter route was employed by Kira and
co-workers to prepare the 4-silatriafulverig}
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R Figure 1. A molecular drawing of silanob shown with 50% probability
thermal ellipsoids. All H atoms except the hydroxyl HO have been omitted
. . I for clarity. Selected bond distances (angstroms) and angles (deglD Si

We report here a new silene synthesis from 1,1-dilithium-2,3,4,5- 1.6496(10), S+C(29) 1.8758(13), SiC(l) 1.8806(13), SC(4)
tetraphenylsilole2®> and 2-adamantanon® leading to the first 1.8869(13); G-Si—C(29) 109.97(5), ©Si—C(1) 113.51(5), C(29)Si—
example of a 5-silapentafulvends’ (Scheme 1). C(1) 112.53(6), ©-Si—C(4) 113.05(6), C(29)Si—C(4) 114.65(6), C(y

The?°Si NMR spectrum oft exhibited a single line at 83.4 ppm, Si—C(4) 92.24(6).
assigned to the silicon resonance of the doubly bonded silicon. In
the I3C NMR a signal was observed for the?sgarbon at 167.5
ppm. These resonances may be compared with those reported by
Apeloig and co-workers for a silene with a somewhat related
structure,4a, which hadd 2°Si = 51.7 ppm and) °C = 196.8
ppm3P After 24 h at room temperature the NMR signals belonging
to silene4 disappeared, and a complicated NMR spectrum of a
reaction mixture was observed.

Reactions ofd with water led to the formation of the trapping
adduct silanob® (Scheme 1). The structure bfwas confirmed by
X-ray analysis (Figure 1) antH, 13C, and?°Si spectra.

A probable mechanism for the reaction leadingfe presented Figure 2. A molecular drawing of dicarbin@® shown with 30% probability
'n Sche_me_ 2. The first step involves a ngcleophlllc add_ltlon of the thermal ellipsoids. All H atoms have been omitted for clarity. Selected bond
silole dianion to the carbonyl group with the formation of an gjstances (angstroms) and angles (deg)-SiL) 1.9045(17), SiC(22)
intermediaten-lithioalkoxysilole anion6. 1,2-Elimination of L,O 1.9045(17), S+C(29) 1.9301(17), StC(39) 1.9373(18); C(BSi—C(22)
from the intermediat® leads to silenet (Scheme 2). 91.22(8), C(1)-Si—C(29) 122.78(7), C(22)Si—C(29) 103.97(7), C(%)

Intermediate6 was not isolated, but evidence for the formation ill__l%(g(%)) 103.90(7), C(22)Si-C(39) 123.08(7), C(29)Si—C(39)
of this intermediate was obtained in the reactiorRafith excess ' '
ketone3. In this case, hydrolysis of the reaction mixture led to Scheme 1. Reaction of Silole Dianion 2 with Ketone 3
1,1-di-adamantanol-2,3,4,5-tetraphenylsi@fevhose structure was Ph, Phy on BuMle,Si.
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verified by X-ray crystallography (Figure 2). Ph,.ES/I) . Eﬂf%c» @s @ Ho_ @s’@ MeSSi,S'@
2 5 4a

We propose that this product arises from an intermediate
probably resulting from the reaction 6fwith 3 (Scheme 3).

The reaction of the silengéwith excess of 2-adamantanone yields
a productl0'° (Figure 3), in which one of the Ph rings is linked to
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Scheme 2. Mechanism of the Formation of Silene 4

an adamantyl substituent forming a second, boat-shaped six- LI\Si’Li o luene, 45 °C th‘\f\%f ou th\a !

membered heterocycle including Si and O atoms. The formation P“‘E/) @ E— L/S@ o Lﬁ@

of 10can be explained by a ring expansion reaction of the siloxetane ) 3

9 (Scheme 4). Similar ring expansions reactions of a “silene-ketone”

adduct were described by Broék. of adamantyl substituents are normal. There is no preferred
In the three structuresb, 8, and 10, the five-membered orientation of the Ph rings on the heterocyclic carbon atoms, with

heterocycle is planar within 0.03 A with a tetrahedral Si atom. The the interplanar dihedral angles between Ph rings and the plane of

heterocycle “bite” angle about the Si aton91(2) in all cases. the five-membered ring varying between 38.4(9) and 77°0(4)

The corresponding SiO and Si-C distances ib, 8, and10 agree Further details on the crystal structures are given in the Supporting

well among themselves and with the literature data. The geometriesinformation.
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(5) West, R.; Sohn, H.; Bankwitz, U.; Calabrese J.; Apeloig Y:jlstir. J.
Am. Chem. Socd995 117, 11608.

(6) Experimental. 2-Adamantanone, diphenylacetylene, and lithium were
purchased from Aldrich and used without further purification. Solvents
were distilled from sodium benzophenone ketyl. All procedures with air-
and moisture-sensitive compounds were carried out using a Schlenk line
under a nitrogen or argon atmosphere. Dilithiotetraphenylsi@)jevas
prepared from 1,1-dichloro-2,3,4,5-tetraphenylsilole as described previ-
ously. NMR spectra were recorded at 2C on a Varian INOVA
spectrometer at 500 MHz fdiH, 127.75 MHz for3C, 99.38 MHz for
295ij, and on a Varian UNITY-500 spectrometer at 499.625 MHZ'ftyr
125.714 MHz for13C, 99.326 MHz for2°Si. Reaction mixtures were

Figure 3. A molecular drawing ofL0 shown with 30% probability thermal purified by column and thin-layer chromatography using silica gel 60
ellipsoids. All H atoms have been omitted for clarity. Selected bond distances 2§gllt‘éiﬂ from EM Science and silica gel GF (uniplate 1500 mm) from
(angstroms) and angles (deg): SKD(1) 1.657(6), Si(1)}C(4) X _ . )
1.848(11), Si(13-C(39) 1.867(6), Si(BC(1) 1.882(10); O(1Si(1)~C(4) (7) Preparation o#. To 1,1-dilithio-2,3,4,5-tetraphenyl-1-silacyclopentadiene
e A (2) (2.2 mmol) in 10 mL of toluene a solution of 2-adamantanaBje (
101.4(13), O(1ySi(1)—C(39) 118(8), C(4)ySi(1)—C(39) 122(12), O(Ly : °
: . . (2.2 mmol) in 10 mL of toluene was added-a¥8 °C. The color of the
Si(1)-C(1) 119.1(2), C(4rSi(1)-C(1) 91.5(2), C(39Si(1)-C(1) reaction mixture changed from dark red to bright yellow, and a white
114.3(2). There are two symmetry-independent molecules in the lattice of precipitate was formed. The reaction mixture was warmed to room
10; thus the above values are averaged parameters for the two molecules. temperature over 1.5 h, and solvent was removed in a vactiiMR:
6 = 1.26-2.48 (m, Ad), 6.55-7.64 (m, Ar).13C NMR: 6 = 167.5 C=
Scheme 3. Reaction of an Intermediate 6 with Ketone 3 Si), 20.55-46.92 (m, Ad), 124.1%£130.41 (m, Ar)2°Si NMR: 6 = 83.5
Ph (Si=C). Since thé=3C signal of the carbonyl carbon of ketoBat 214.62
Ph, Phy i |§ ppm completely disappeared, we suggest that the yieldfjuantitative.
HO OH

~

Preparation ob. A solution of4 in toluene prepared as described above

Li OLi |
@Sli ° Lio 473& oLj H.0 Si 8 0 A - -
= + —_— ! — was treated with 0.5 mL of ¥ in 5 mL of toluene. The inorganic layer
was washed with 5 mL of ED three times, and the combined organic
s 3 7 8 fraction was dried with MgS®Q After evaporation of solvents, the solid
reaction mixture was purified by column chromatography and TLC (eluent

; ; ; hexanes-ether (10:1)). The produd was obtained as yellow crystals
Scheme 4. Reaction of Silene 4 with Ketone 3 from hexane (yield 50%, based on starting ket@eH NMR: 6 =
Ph  Ph 1.09-2.32 (m, 15H, Ad), 6.638.11 (m, 20H, Ar)*3C NMR: ¢ = 35.98-

Phy Phy o ph /] \ 41.36 (m, Ad), 128.2132.7 (m, Ar), 135.3-148.1 (m, silole carbones).

=63.641(2), y = 85.474(2, V = 1432.0(3) &, T = 100(2) K,Dcac =
1.245 Mg/n3, R(F) = 4.34% for 5801 [R(int) = 0.0310] independent
reflections (1.80< 6 =< 26.39).

@Si_ O AL . Si 295i NMR: 6 = —21.85. X-ray crystal data, $H3O0Si, P1, a =
= @ + E — QS' 5 11.8025(12) Ap = 11.8154(12)c = 11.9960(12) A = 73.134(2), B
4 3 9 10

C lusi (9) Preparation oB. To 2 (2.2 mmol) in 10 mL of toluene, a solution of
onclusions ) o ) . 2-adamantanone) (4.4 mmol) in 15 mL toluene was added-a78 °C.
The reaction of 1,1-dilithio-2,3,4,5-tetraphenylsilo with The color of the reaction mixture changed from dark red to bright yellow,
_ ; ; _ and a white precipitate was formed. The reaction mixture was kept at
2_ adamantar_loné prOCEEds Wlt_h the formation of a novel type —78 °C for 4 h, and then raised to room temperature and hydrolyzed
silene4, the first example of a silapentafulvene. It appears that the with 0.5 mL of H,O in 5 mL of toluene. The inorganic layer was washed
formation of the silicor-carbon double bond occurs as a result of with Et,O three times, and the combined organic fractions were dried
. . e . . . L with MgSO;. After evaporation of solvents, the crude reaction mixture
112'e|'m_|nat'0n_ of lithium oxide from an mterm_edlatellt_hlo- was purified by column chromatography and TLC (eluent hexaateer
alkoxysilole anior6 (Scheme 2). No similar reactions of silole (or glozl)). Tgecgnr(osdf)ce, yield 32%;, Wag ﬁm:eRctded a?g[ cry?tﬁllizedlgom
P : : exanes Ety :1) mixture. Selecte ata f@ras follows.
germole) dianions with ketones were known previously. NMR: 0 = 1.56-2.36 (m, 28H, Ad), 6.627.31 (m, 20H, Ar).13C
) . NMR: & = 30.6-43.1 (m, Ad), 128.6132.9 (m, Ar), 140.7157.6 (m,
~Acknowledgment. We thank Dr. Monika Ivancic for useful silole carbonesySi NMR: o = 4.8. X-ray crystal data fo8: CagHsdO-
discussions and the National Science Foundation for financial Si, monoclinic, P2)/c, a = 17.9305(10) A,b = 10.7556(6) A,c =

20.4058(11) AB = 109.201(19, V = 3716.4(4) B, T = 173(2) K, Deaci
= 1.228 Mg/n¥, R(F) = 5.15% for 7220 R(int) = 0.0310] independent
. . . reflections (2.06< 6 < 26.38).
Supporting Information Available: Crystal data and structure : ( ) . .

. R S . . (10) Preparation of0. To 2 (2.2 mmol) in 10 mL of toluene, a solution of
refinement (text format). This material is available free of charge via 2-adamantanone) (4.4 mmol) in 15 mL of toluene was addeda78

the Internet at http://pubs.acs.org. °C. The color of the reaction mixture changed from dark red to yellow,
and a white precipitate was formed. The reaction mixture was warmed to
room temperature during 1.5 h and stirred at room temperature for 2.5 h.

support.
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