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In a previous publication (1), it was shown that phenyllithium and =n-butyl-
lithium add to the unsaturated linkage of vinyltriphenyisilane in such a manner
as to produce S-phenylethyltriphenylsilane and n-hexyltriphenylsilane. The con-
tinuation of this study has been undertaken first, in order to show that prior to
hydrolysis a new intermediate organolithium agent capable of further reaction
is formed; next, to demonstrate that the reaction is general for alkyl and aryl
lithium compounds; and finally, to determine the effects of the substituents about
the silicon atom and the position of the ethylenic bond in the side chain on
additions of this type.

Reference to early work on the addition of lithium alkyls to olefins was sum-
marized in the first paper of this series (1), but quite recently, reactions of iso-
propyllithium and feri-butyllithium with simple olefins have been reported (2),
and a somewhat related addition has been shown to take place between tri-
phenylsilylpotassium and irans-stilbene (3).

Although the direction of the addition of organolithium compounds to vinyl-
triphenylsilane was established earlier, no attempt was made to dermonstrate
that this process involves the intermediate formation of 1-triphenylsilyl-2-
phenylethyllithium (I) as postulated by equation 1.

(CeH):SiCH==CH, + OCe¢;Li — [(CeH;);3iCH{Li)CH,CeHsl (I)

H:0
> (CeH;);SiCH, CH, CoHs (I 1,

Preliminary evidence for I was indicated by a negative reaction with Gilman’s
Color Test III reagent (4). This test differentiates between alkyl- and aryl-
lithium compounds in metalation reactions and is positive for the latter class of
compounds, Hence, if according to equation 1, phenyllithium adds quantitatively
to the silane, intermediate I should not respond to the test prior to hydrolysis.
Oxidation of I to the corresponding carbinol or reactions with benzaldehyde or
benzoyl chloride were unsuccessful. While silane IT resulted from the attempted
carbonation of the unhydrolyzed reaction mixture, the possibility of the transi-
tory existence of lithium 2-triphenyl-3-phenylpropionate and subsequent de-
carboxylation upon hydrolysis is not remote since it has been shown that lithium
a-triphenylsilylphenylacetate, produced by metalating benzyltriphenylsilane
and carbonating the lithium derivative, decomposes on hydrolysis to triphenyl-
silanol and phenylacetic acid (5). Further examples of the instability of a-trialkyl-
gilyl substituted aliphatic acids have been reported by Hance and Hauser (6).
These investigators were able to secure the ethyl esters of a-trimethylsilylacetic
and a-trimethylsilylisobutyric acids by alkylating the corresponding unsubsti-
tuted ester with trimethylchlorosilane in the presence of sodium triphenyl-
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methide. However, on attempted hydrolysis, these compounds yielded the
siloxane and the unsubstituted acid. Nevertheless, in the present investigation,
a low yield of a-triphenylsilylheptanoic acid (IV) resulted when an ether solution
of 1-triphenylsilyl-n-hexyllithium (ITI) from the addition of n-butyllithium to
vinyltriphenylsilane was treated with carbon dioxide.

1, COa

—
2. H:0

(CoHy)sSi0H=CH, U (CH).SiCHLiC:Hy-n IID —
(CeH;):S1CHC:Hiy-n  (IV) 2.

coon

Although this substance was not appreciably soluble in base, its analyses for
carbon, hydrogen, and silicon agreed with the caleulated values.

Results of the second aspect of this investigation are summarized in Table I.
The variation in yields of the addition products may be attributed possibly to
two factors: steric interference offered by the triphenylsilyl group toward an
entering substituent and the relative reactivity of the organolithium com-
pound. Since it had been shown that steric factors are important in reactions
leading to the formation of highly substituted organosilanes containing o-tolyl,
alpha- and beta-naphthyl groups (7, 8), the limited addition of o-tolyllithium and
c-naphthyllithium to vinyltriphenylsilane might be explained on the same basis.

TABLE I

TRIPEENYLALKYLSILANES FROM THE ADDITION OF ORGANOLITHIUM COMPOUNDS TO
VINYLTRIPHENYLSILANE

(CsH;)s8iCH=CH, 4+ RLi — (C¢H;):SiCH.CH,R

RLi R%gion Recryssg?\}leiggtion ‘ Yil;(ld, | I\;I(':pi’ \ Formula Analyses, Si B
(brs.) | ’ ; ' ] Calc’d | Found
|
Methyle.. ..o ... ] Ethanol J - — — — —
n-Propyl........... 6 Ethanol ol = — — —
n-Butyl............ 44 Ethanol .67 [ 77-78 | CaHasSi 8.14 | 8.20
n-Hexyl............ 18 Ethanol . — — - —
Phenyl............. 6 1-Propanol r 8 146-148 | CoH,Si 7.70 | 7.65
p-Tolyl............. © 16 1-Propanol | 27 ‘ 140-141 | CorH,eSi 7.41 1 7.57
o-Tolyle............ |6 1-Propanol | 17 | 118-119 | Cy/HaeSi 7.41 | 7.66
«-Naphthyle... ... 10 | 1-Propanol | 8 | 136-138 | CaoHyeSi 6.77 | 6.97
p-Dimethylamino- ; |
phenyle...........1 18 n-Butyl 7 1153-154 | CxHsCINBI 6.32 | 6.12
‘ ] acetate ‘ |

¢ Ziegler, German Patent 512,882 (1929); Chem. Abstr., 25, 2154 (1931). ® The starting
material was largely recovered (60%), and a small amount of an oil which could not be
recrystallized was secured. ° Most (90%,) of the starting material was recovered. ¢ The
crude product, an oil, could not be further purified. ¢ Gilman, et al., J. Am. Chem. Soc.,
54, 1957 (1932). 7 A polymer resulted which hindered the isolation of the addition product.
¢ Austin, J. Am. Chem. Soc., 54, 3726 (1932). » Isolated as the hydrochloride. Anal. Cale’d
for CuH; CINSi: N, 3.15, Found: N, 3.25. (Semimicro Dumas method). * The melting
points are uncorrected.
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According to Gilman and Moore (9), the order of decreasing reactivities of
organolithium compounds (in interconversion and metalation reactions) follows
the pattern n-propyl- > ethyl- > n-butyl- > phenyl- > methyl-. Our results are
partially consistent with this scheme although, in the alkyl series, a satisfactory
addition product was secured only with n-butyllithium. The recovery of 60 and
90 % of the unsaturated silane from reactions with methyl- and n-propy!-lithium,
respectively, indicated that little or no addition took place with these reagents.
Although no starting material was recovered, the failure to isolate an addition
compound from n-hexyllithium and vinyltriphenylsilane was due perhaps to
difficulties in purifying the crude product.

In the examination of the effect of the nature of the substituted silyl group,
vinyltrimethylsilane was used instead of the corresponding phenyl compound.
TUnder conditions specified earlier, g-phenylethyltrimethylsilane (V) and tri-
methyl-n-hexylsilane (VI) were produced in 6 and 10 % yields from the respec-
tive addition of phenyl- and n-butyl-lithium to vinyltrimethylsilane. These prod-
ucts were identified through comparisons with physical properties reported
earlier (10, 11). Higher-boiling fractions and viscous, intractable resins accom-
panied the products which suggest that reactions of organolithium compounds with
the simpler vinylsilanes are predominantly those of polymerization rather than
addition.

‘ 2. H:0 ]
(CH,);S8iCH=CH, v
| 1 n-CeHsLi
= 5. 'H_zo"‘—"‘ (CITIg)gsiCsts-n 4.

Interestingly enough, trisubstituted allylsilanes are unaffected by n-butyl-
lithium, and their reaction with phenyllithium is not of the addition type. The
results of these studies will be reported in detail elsewhere.

The authors are grateful to the Research Corporation for a grant-in-aid to the
Carver Foundation of Tuskegee Institute for the support of this work.

EXPERIMENTAL

Reactions of organolithium compounds with vinyliriphenylsilane. The procedure which
follows is general for the reactions listed in Table I. Molar equivalents of vinyltriphenyl-
silane and the organolithium compound in ether and in an atmosphere of nitrogen were
stirred for the specified length of time. Color Test I (12) was positive throughout the reac-
tion. The mixture was poured into ice water, the layers separated, and the organic portion
dried over calecium chloride. After removing the solvent by distillation, the residue was
purified by recrystallization from a suitable solvent.

Attempted ozidation of the postulated organometallic intermediates from the addition of
phenyllithium and n-butyllithium to vinyltriphenylsilane. A mixture of 9 g. (0.032 mole) of
vinyltriphenylsilane and 0.033 mole of phenyllithium was stirred for 6 hours. The solution
was then transferred under nitrogen to a flask cooled by an ice-salt mixture and pure oxy-
gen was passed into it until Color Test I was negative (20 minutes). The mixture was hy-
drolyzed with ice and dilute hydrochloric acid, and the organic layer was separated and
dried over magnesium sulfate. After removing the excess solvent, the residue was recrys-
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tallized from l-propanol. A product identified as g-phenylethyltriphenylsilane (m.p. and
mixture m.p.) was obtained; yield, 5 g. (44%).

When 5 g. (0.018 mole) of the unsaturated silane was treated with 0.025 mole of n-butyl-
lithium, 1.5 g. (22%) of the starting material was recovered from the attempted oxidation.
There resulted also 2.5 g. of an oil which could not be identified.

Attempted carbonation of 1-triphenylsilyl-2-phenylethyllithium (I). A mixture of 10 g.
(0.035 mole) of vinyltriphenylsilane and 0.036 mole of phenyllithium in ether was stirred
for 6 hours, then poured slowly over 100 g. of solid carbon dioxide. The mixture was allowed
to stand until all of the carbon dioxide had evaporated. Following hydrolysis with ice and
hydrochloric acid, the organic layer was separated while the aqueous portion was extracted
with fresh ether, and the combined extracts were dried over magnesium sulfate. After re-
moving the solvent and recrystallizing the residue from 1-propanol, 6 g. (47%) of 8-phenyl-
ethyltriphenylsilane was recovered (m.p. and mixture m.p. 146-148°).

a-Triphenylsilylheptanoic actd (IV). A solution of 0.029 mole of n-butyllithium and 5 g.
(0.018 mole) of vinyltriphenylsilane in ether was stirred at room temperature for 20 hours,
then poured onto 100 g. of Dry Ice and allowed to stand overnight. The reaction was hy-
drolyzed and worked up in the manner described above. Recrystallization of the crude
product from petroleum ether (boiling range 30-65°) yielded 0.5 g. (7%) of a crystalline
substance melting at 138-139°. This material was insoluble in 109 and 209, base, but analy-
ses corresponded to the calculated values for the free acid.

Anal. Cale’d for CpsHas0,81: C, 77.27; H, 7.26; Si, 7.22.

Found: C, 77.12, 77.09; H, 7.25, 7.48; 8i, 7.20.

B-Phenylethyltrimethylsilane (V). Vinyltrimethylsilane (17.5 g., 0.175 mole) (13) and 0.175
mole of phenyllithium in ether was stirred at room temperature for 7 hours. After hydroly-
sis, the reaction was worked up in the usual manner. An oil was obtained which on distilla-
tion yielded a liquid boiling over a range of 100-120°/8 mm. On redistillation, 2 g. (6.4%,)
of a substance was collected at 74-78°/3 mm. The physical constants for the compound were
in agreement with those reported earlier (10): n2 1.4867, reported nZ' 1.4869. Cale’d for
CuHisSi: Mol. wt., 178.3. Found: Mol. wt., 172.

n-Hezyltrimethylsilane (VI). A mixture of 12.9 g. (0.129 mole) of vinyltrimethylsilane
and 0.131 mole of n-butyllithium in ether was stirred for 22 hours. After hydrolysis the ether
layer was separated and dried over caleium chloride. The excess solvent was removed by
distillation, and the residue was distilled ¢n vacuo. The fraction boiling over the range of
76-94°/150 mm. amounted to 2.1 g. (10%) and was identified as n-hexyltrimethylsilane;
n2 1.4152, reported (11) n2? 1.4154. An unidentified liquid (5 g.) was collected over the
range of 109-120°/31 mm.

SUMMARY

The reaction of organolithium compounds with vinyltriphenylsilane has been
shown to proceed by way of addition involving the formation of an intermediate
organometallic compound.

Apparently, additions of this type are general for alkyl and aryllithium com-
pounds, but the extent of the reaction depends somewhat on the relative reac-
tivity and structure of the organometallic agent.

Vinyltrimethylsilane reacts with n-butyllithium and phenyllithium in a similar
fashion; however, polymerization of the unsaturated silane as well as addition
occurs. Since organolithium reagents do not interact with trisubstituted allyl-
silanes in this manner, the addition is influenced by the position of the unsatu-
rated linkage in the alkylene side-chain.
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