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Relative reactivities of organic Group IVB lithium compounds
1. Metalation of fluorene

Metalations of fluorene by Ph MLi (M = Si, Ge, Sn, Pb) reagents have been
reported!, and the reaction has served as a basis for estimating the relative basicities
of the Ph;M anions. An extension of that study has now included a wider variety of
silyllithium reagents, which are shown in Table 1. It was expected that the reagents,
methyvidiphenyisilyllithium and dimethylphenylsilyllithium, would be more reactive
than triphenvlsilyllithium; therefore, reaction with the latter reagent was run under
milder conditions than those previously used®. It was discovered in the first experiment
that the metalation of fluorene by triphenvisilvllithium is a somewhat more facile
reaction than had been indicated in the earlier study. Carbonation of the reaction
mixture after 4 h at room temperature gave a 97 % vield of flucrene-g-carboxylic
acid: whereas, the previously reported 18 h reaction peried had given a 699 vield.
Even milder conditions were emploved for the comparative studies given in Table 1,
and triphenvigermyllithium was included with the hope of differentiating its metal-
ating ability from that of triphenylsilvilithium.

The results indicate the following series of decreasing reactivity: MePh,SiLi =2
Me,PhSiLi > PhyGeLi > Ph,Sili =~ Ph,SiSiPh,Li. The order observed for methyi-
diphenyisilvlilithium and dimethyvlphenylsilvllithium is not that which would be
expected from a consideration of the electronic efiects of methvl and phenyl groups.
That the order is, in fact, real, i indicated in two other studies of the relative reactiv-
itics of the three reagents; namely, displacement of chloride from #-butyl chloride®
and cleavage of tetrahvdrofurand. The slightly greater reactivity of triphenylgermvi-
lithium over triphenylsilvilithium, seen in the present reactlions, is not evident in the
studv of chloride displacement?; in fact, the opposite order is observed.

Difficulty was encountered in reproducing the vield from metalations with
pentaphenvidisilanyvilithium. Definitive results were not expected, since the reagent
is prepared? by cleavage of decaphenyvlcyvclopentasilane® with an excess of triphenyl-
silvilithium. A 75-799; vield of pentaphenyldisilane was obtained*® upon hvdrolysis
of the reaction mixture. In several attempts to repeat the preparation, the best yvield
of pentaphenvldisilane obtained upon hyvdrolysis was 63 2. It is likely that the solu-
tions used for metalation of Huorene contained more than one silvilithium species.
However, the vield of fluorene-g-carboxylic acid was not appreciably different from
that obtained with triphenylsilyvilithium. One might expect that d-orbitals on the
silicon atom adjacent to the anion would participate in stabilization of the anion:

Ph,Si-SiPh, «—- PhySi-SiPh,
Such an effect was not evident in the present reactions.

Experimental

’ Triphenvisilvliithium®, methvidiphenyvisilvllithium®, dimethviphenylsilvilithi-
um®, and triphenvlgermylhthium® were prepared according to published directions
in tetrahvdrofuran solution. The tetrahydrofuran was purified by refluxing over
sodium wire, distillation into lithium aluminum hyvdride, and distillation from the
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hydride immediately before use. Analysis of the lithium reagents was carried out by
double titration with allvl bromides.

Metalation of fiuorene by triphenylistlyilitkium. To 7.63 g (0.046 mole) of fluorene
in 380 ml of tetrahvdrofuran, cooled to 0° by a Dry Ice-acetone bath, was added at
one time 77 ml of 0.596 M triphenvlsilyvllithium (0.046 mole). The solution was stirred
for 1.5 h with the temperature maintained between o° and 5°, then carbonated by
pouring onto a Dry Ice—ether slurty. After allowing the mixture to warm to o0°,
dilute hydrochloric acid was added, followed by several extractions with ether. The
combined ether lavers were extracted with 400 ml of 5 2, sodium hvdroxide in several
portions. The basic extracts were boiled, then acidified with 10 2; hyvdrochloric acid.
Filtration afiorded a solid product which was recrvstallized from glacial acetic acid to
obtain 4.7 g of crude fluorene-g-carboxylic acid, m.p. 225-230°. A second recrvstal-
lization from the same solvent raised the m.p. to226—232° (mixed m.p.), 4.3 g (44-5 %o )-

Another run of the reaction was made with the same molar quantities of reagents
in a total of ry0 ml of tetrahvdrofuran. The mixture was stirred at room temperature
for 4 h before carbonation. The same work-up aftorded 9.28 g (06.S 2;) of fluorene-g-
carboxyvlic acid, m.p. 226-230°. In addition, 6.7 g (629} of triphenvlsilane. m.p.
40—41°, and 0.2 g (2.5°9,) of fluorene, m.p. 111-113° (mixed m.p.), were isolated on
alumina chromatography of the neutral fraction of the reaction mixture.

The remainder of the reactions reported in Table 1 were carried out as described
in the hrst paragraph above under the same conditions of time, temperature and
concentrations of reagents.

TABLE 1

METALATIONS OF FLUORENE

Organic Group IVB lithium compounds were allowed to metalate tiuorene under identical con-
diticns of time, temperature and concentrations of reagents, foilowed by carbonation to produce
fluorene-g-carboxylic actd.

R, ML reagen:  Yizid of fluorerne-g-carboxyiic

ac:d. 95

Run r R 2 Hrrrage
Ph.:.\IchLg 65.; 57- o1.3
PnlMe,SiL1 0L.6 54-7 33.1
I’ha(}_v:l__i 45.1 533-= 4.6
Ph,Sili 415 37.7 31.1
Ph,SiSiPh, Lt 440 39.8 $3.2%

2 A third rua with this reagent gave a vield of 20.3°,, which was not included in the average.

Preparation of pentapienvidistlanvillithium. To 10.50 g {0.0115 mole) of deca-
phenvicyclopentasilane in 150 ml of tetrahvdrofuran was added 103 ml of 0.673 1S
triphenvisiivliithium (0.06¢g35 mole), and the mixture was stirred at room temperature
for 46 h. A 235 ml aliquot was removed by pipette and hydrolyzed in dilute hidro-
chloric acid. The ether layver was separated and filtered to give hexaphenvldisilane,
0.24 g, m.p. 360-364°. The filtrate was dried and evaporated, followed by aiumina
chromatography of the resulting solid. Petroleum ether (b.p. 60-70°) eluted traces of
oll. Mixtures of petroleum ether {b.p. 60-70°) with benzene eluted pentaphenvldisilane,
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which was recrvstallized from the same solvent system to obtain 0.76 g (ca. 40 %) of
the product, m.p. 2xg-221° (mixed m.p.}.

A second 25 ml aliquot was removed from the reaction mixture after g4 h. The
same work-up afforded hexaphenvldisilane (0.27 g) and pentaphenyldisilane (1.12 g,
ca. 639%).

A repeated run gave ca. 35 9% of pentaphenyldisilane after 48 h and ca. 57 %
after g6 h. Solutions used for the metalation of fluorene were stirred for g6 h.
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Effect of solvents on reactions of organometallic compounds
V*. Effect of solvation on zinc alky! capacity for metalation reactions

In the course of our investigations concerning the influence of solvation on the
reactivity of organometallic compounds'=? we have investigated the metalation of
mono-substituted acetvienes, fluorene and phenvibarene$ by organozinc compounds
in strongly solvating media.

Zinc alkvls (but not diphenvizinc?) are relatively weak metalating agents and
do not react, in convenient conditions, either with fluorene or phenvlbarene. The
reaction with phenvlacetvlene is rather slow.

Since the predominant solvation of cations gives rise to an increase of nucleo-
philicitv of organometallic compounds® and the metalation of hydrocarbons by
Grignard reagents is much facilitated in the presence of tetrabydrofuran (THF)® or
hexamethyltriamidophosphate (HMTAF)®, it was reasonable 1o predict that metal-
ation by zinc alkvls would be facilitated in strongly solvating solvents.

Indeed, although diethylzinc does not react to any extent with phenyvlacetvlene

* Part IV, see ref. 3.
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