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In the presence of donor bases like THF lithium atoms are
able to activate benzene derivatives under cryogenic reac-
tion conditions. Only ring-metalated products and solid li-
thium hydride are formed selectively. The thermodynami-

cally favored product benzyllithium or biphenyl generated
by dimerization of free phenyl radicals are not found. This is
one of the very few examples of metal atoms undergoing a
C—H activation without further photoexcitation.

Activation of aliphatic and aromatic hydrocarbons? by ¢-bond
metathesis using extremely electrophilic metal centers (Cp5LuCH;3
+ BCH,4B) or oxidative addition in the presence of highly subcoor-
dinated metal complex fragments (CpRhCO + ¢-CgH ;o1 Cp,W
+ C¢HgP) is a field of interest since the early 1980s. In addition,
there are some reactions of photochemically activated metal atoms
(Al* + CH,4 + hv — HAICH3;) especially with methane under ma-
trix conditions!®l, In this paper it is shown that lithium atoms are a
powerful reagent for ring metalation of toluene and benzene under
cocondensation conditions[” at 77 K.

Synthesis of the aryllithium compounds is carried out by cocon-
densation of lithium atoms with benzene or toluene and THF at
the temperature of liquid N, in a high-vacuum system [Eq. (1)].

cocond.
8 Li(g) + 4 PhR(g) + 4 THF(g) T
[p-R—C¢H,—~Li(THF)], + 4 LiH(s) (1)
(R = H or Me)

For the reaction a stainless-steel metal-vapor apparatus has been
used. This equipment excludes reactions in the gas phase. Because
of the low pressure inside the system the gaseous species cannot
react before they reach the cold condensation vessel. The metal
vapor synthesis (MVS) machine is distinctly different from stan-
dard arrangements!®, It is equipped with a cooled internal drain in
the cocondensation vessel, which allows the isolation of products
under Schlenk-type conditions at low temperature. Details of the
construction similar to an earlier report® are shown in Figure 1.

Warming up of the frozen matrix leads to aryllithium com-
pounds which are trapped in solution or isolated by evaporation of
the solvent under reduced pressure followed by direct characteri-
zation.

Selective aromatic C—H activation of hydrocarbons by lithium
atoms forming ring-metalated products only is an unexpected ther-
mal reaction. The thermodynamically favored product benzyllith-
ium is not found. This can be understood by a reaction mechanism
involving a single-electron transfer (SET) to the LUMO of the aro-
matic compound. These mechanistic investigations as well as new
examples of this type of reaction will be published later!'®l. The
formation of the strong Li—C bond and the high lattice energy of
solid LiH are the driving force of the observed reaction. Even under
standard reaction conditions the reaction is exothermic but hin-
dered by a strong and nonpolar C—H bond. Under cocondensation
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Figure 1. Cocondensation apparatus: (1) crucible, (2) inlet system,
(3) cocondensation vessel, (4) internal drain, (5) outlet system, (6)
liquid Ny, (7) high-vacuum pump, (8) power supply
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conditions the activation energy which lies in the magnitude of the
C—H bond energy of benzene is available and leads to the observed
process [Eq. (2) and (3)]-

2 Li(s) + C4Hg(l) — LiH(s) + PhLi(s)' + 21.1 kcal/mol )
2 Li(g) + CeHg(g) — LiH(s) + PhLi(s) + 105.4 kcal/mol 3)

The isolated aryllithium compound (PhLi or p-TolLi) is tetra-
mericl'?! and solvated by THF which increases the reaction en-
thalpy even more.

Further characterization of the cocondensation products is car-
ried out by addition of an excess of acetophenone. After hydrolysis
[Eq. (4) and (5)], 1,1-diarylethanol and a-methylbenzyl alcohol are
observed by GC MS and GC IR.

H+
ArLi + PhC(O)Me —— Ph(Ar)C(OH)Me 4
(Ar = Ph or p-Tol)

LiH(s) + PhC(O)Me N PhCH(OH)Me 5)

In addition, aldol products initiated by deprotonation of aceto-
phenone were found, but no biphenyl derivatives which would indi-
cate a radical mechanism for the formation of aryllithium com-
pounds [Eq. (6)].
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bi
2 PhC(O)Me ——> PhC(O)CH,C(OH)(Ph)Me —
—Hy

PhC(O)CH=C(Ph)Me (6)

The observed relative molar product distribution according to
Eq. (4):(5):(6) = 1:0.17:0.21 for Ar = Ph and 1:0.23:0.19 for Ar =
p-Tol. The low product yield [Eq. (5)] is probably caused by less
effective wash-out of LiH(s) in contrast to the better soluble arylli-
thium compound and the deprotonation of acetophenone instead
of reduction of the carbonyl function.

The author thanks the DFG, the Fonds der Chemischen Industrie
and the GSF (Miinchen) for generous support. Special thanks are
due to Gabriele Schrovenwever and Dr. Harald Ziemer for GC-MS
and GC-IR investigations.

Experimental

All experimental procedures were performed under dry Ar by
using standard Schlenk techniques. Solvents were dried by re-
fluxing with the appropriate drying agent and were distilled before
use. The lithium metal (purity 99.9%) was purchased from Chemet-
all GmbH. — NMR (recorded at ambient temperatures): Jeol FX
90 (*H), EX 400 (**C), Bruker ACP 200 ("Li; LiBr in D,O as stan-
dard). — IR: Bruker IFS 66V. — GC IR: IFS-48 (Bruker) GC-3A
(Shimadzu). — GC MS: CH7A + Spectrosystem 200 (Finnigan
MAT)/GC-1400 (Varian).

Preparation of (p-TolLi - THF) 4 and (PhLi- THF),: In a typical
experiment 1.6 g (0.23 mol) of lithium metal was vaporized from a
stainless-steel crucible at 800°C during 80 min and cocondensed
with a mixture of 40 ml (0.43 mol) of toluene and 40 ml (0.56 mol)
of THF. The pressure which was measured at the bottom of the
cocondensation vessel was kept below 5 - 1075 mbar to avoid gas-
phase reactions of metal atoms and reactants. At the end of the
experiment the frozen matrix was allowed to warm up under Ar.
The molten reaction mixture flowed through an internal drain into
a Schlenk-type tube which was kept at —78°C. For a final isolation
the solvent was evaporated under reduced pressure at —20°C to
avoid cleavage of the ether by lithium, which was observed at ambi-
ent temperatures. The residue was dissolved in toluene and the
solution filtered from the solid lithium hydride and unreacted lith-
ium metal. After removal of the solvent in vacuo, the correspond-
ing aryllithium compound was isolated in 23% (p-TolLi - THF), or
12% (PhLi - THF), yield as red oils, respectively. These substances
transformed into red-brown solids after a longer period in the re-
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frigerator. — (p-TolLi - THF),: "H NMR (C¢Ds, 90 MHz): § =
1.01 (m, 4H, CH,), 2.35 (s, 3H, CHs), 2.98 (m, 4H, CH,),
6.98—7.35 (m, 2H, CH), 8.08 (m, 2H, CH). — 13C NMR (C¢Ds,
100.6 MHz): 8 = 22.1 (CH3), 25.1 (CH,), 67.9 (CH,), 126.9 (CH),
135.0 (p-C), 141.9 (CH), 173.3 (i-C). — "Li NMR (C¢Ds, 104.9
MHz): & = 2.36 (s). — For the synthesis of (PhLi - THF), a mixture
of 60 ml (0.83 mol) of THF and only 20 ml (0.26 mol) of benzene
was used to obtain a low-melting matrix which was able to wash
out the products more efficiently. The yield of the aryllithium com-
pound was significantly lowered compared to the toluene experi-
ment. — (PhLi - THF),: 'H NMR (C¢Ds, 90 MHz): 8 = 1.11 (m,
4H, CH,), 3.13 (m, 4H, CHy), 7.31 (t, 1 H, p-CH), 7.40 (t, 2H, m-
CH), 8.33 (d, 2H, o-CH). — 13C NMR (C¢Ds, 100.6 MHz): § =
25.6 (CH,), 67.8 (CH>), 125.9 (p-C), 126.9 (m-C), 141.1 (0-C), 174.0
(i-C). — "Li NMR (C¢Dg, 104.9 MHz): 3 = 2.51 (s).

GC-MS and GC-IR Measurements: A typical experiment was
conducted and the nonfiltered reaction mixture was combined with
an excess of acetophenone (10 ml, 0.10 mol) at —78°C. After stir-
ring for 12 h at —78°C and for 12 h at —20°C, solvents and excess
reagent were removed in vacuo. 50 ml of Et,O was added and the
suspension was hydrolyzed under Ar at 0°C carefully. The ether
phase was isolated, neutralized with 2 N HCI, dried with MgSO,
and directly injected into the GC part of the analytical instrument.
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