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NOTE

Ring metalation of toluene by butyllithium in the presence of N,N ,N',N'-tetramethyl-
ethylenediamine*

The use of chelating tertiary diamines for increasing the reactivity of lithium al-
kyls, and in particular, the effect of N,N,N'.N'-tetramethylethylenediamine (TMEDA)
on n-butyllithium has recently received much attention' ~ . Thus. it has been reported
that benzene is converted to phenyllithium in thirty minutes at 80° ' while benzyl-
lithium is produced “quantitatively™ from toluene within minutes at room temper-
ature®. Reactions of this type have thus been recommended as preparative methods*®.

Eberhardt and Butte, however, have suggested earlier that in the case of the
alkylbenzenes, metalation may occur on the ring in addition to the position on the
side chain. They obtained some evidence in support of metalation meta to the alkyl
group, but were unable to detect ortho and para metalation. Thus. before such reactions
are used preparatively, some investigation into the extent of such ring metalation
seemed in order.

Should ring metalation occur, it would also allow a comparison with the
metalation of alkylbenzenes by sodium—and potassium-—alkyls where a kinctically
controlled sequence of ring metalation followed by isomerization to the a position has
been found®’. No such case of isomerization of lithium alkyls has previously been
recorded®.

We have, therefore, examined the reactions of the TMEDA~butyllithium
complex with benzene and toluene, following the reactions by quenching with di-
methyl sulfate or trimethylchlorosilane and examining the products by GLC. The
quenching reaction in the case of toluene was carried out both by addition to, and
addition of, the quenching reagent in order to see whether the mode of addition, as
well as the nature of the reagent, affected the reaction products. Some “abnormal™
reactions of benzyl anions (reactions at a ring position) have been found using tri-
methylchlorosilane®.

We can confirm the reported reactivity of TMEDA-butyllithium toward
benzene. Thus, in hexane, TMEDA-butyllithium (1.16 M) reacted with benzene
(1.16 M) to give 50 %, metalation after 300 minutes at 25°, while in benzene, a 0.17 M
solution of the butyllithium complex was 98 %;, converted to phenyliithium after one
hour, and quantitatively after twenty hours.

A similar reactivity of the complex was found towards toluenc. However,
significant quantities of the ring-metalated isomers were found on derivatization
(Table 1). The four possible isomers were found in constant proportions, independent
of the extent of reaction, and the nature of, or the mode of addition of, the quenching
reagent.

Analysis of the resulting silanes produced the data shown in Table I

* Part of o puper presented at the 3rd Intern. Symp. on Organometalic Chemistry, Munich, Germany,
August, 1967,
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TABLE |

ISOMER FORMATION. FROM TOLYLLITHIUM AND TRIMETHYLCHLOROSILANE
Time Benzyltrimethyi- m-Tolyltrimethyl- p-Tolyltrimethyl- o-Tolyltrimethyl-
(min) silane sifane silane silane

(Mmoles)  (":F  (Mmoles) (%) (Mmoles) (%) (Mmoles)  (",)

0.5 0.86 90.84 0.053 534 0017 1.82 0.020 206

1.0 1.66 90.7 0.098 5.34 0.035 1.93 0.038 205
25 4.09 90.2 0.259 5.7 0.090 1.98 0.093 206
50 7.18 199 0473 592 0.176 220 0.160 200
10.0 5.95 50.2 0.654 5.92 0.218 1.98 0,212 1.92

000 1,21 90.6 .704 5.69 0.240 1.94 0.216 1.75

#Fhe pereent figures are the isomer distributions within the respective samples.

In a similar experiment, but using dimethy! sulfate as the quenching reagent,
the distribution of isomers shown in Table 2 was found.

The results, therefore, indicate that a considerable proportion of ring-lithiated
products are found when TMEDA -butyllithium s used to prepare benzyllithium, and
that these proportions do not decrease with time as in the case of similar sodium and
potussium metaliations. This suggests that either there is 4 rapid equilibration among
the isomeric lithium spccies to give the proportions found in Tables 1 and 2 or that
no isomerization occurs and the proportions depend on kinetic factors, In order to
distinguish between these possibilities, attempts were made to synthesize the various
isomers from the bromo-substituted toluenes using an equivalent of TMEDA in
toluene and lithium metal. The authors are not aware of any literature preparation
along these lines, but the preparation of Grignard reagents from aryl halides has
recently been reported using an equivalent of a tertiary amine in benzene solution in
pluce of ether solvents!®,

Reaction was obvious from the immediate formation of a4 yellow color which,
however. rapidly deepened to a dark brown. The reactions were quenched with
trimethylchlorosilane and the products examined by GLC. These preparationts were
generally unsotisfactory. resulting in the formation of products apparently higher
in molecular weight than those expected. Only in the case of o-bromotoluene was
a tolyltrimethylsilanc identified and this gave solely the o-derivative {comparison

TABLE 2
ISOMER FORMATION FROM TOLYLLITIHUM AND DIMETIYL. SULFATE
Time Ethylbenzene m-Xylene p-Xylene a-Xylene
(min) (" ") (") ")
5 HE 4 617 .08 232
1.0 404 5.24 242 202
25 K04 558 2.53 1us
L1 H1 4 519 247 198
100 YR 543 257 209

1RG4 VR 5.59 2.60 202
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with authentic samples prepared by conventional Grignard techniques). It there-
fore scems unlikely that the constant proportions of isomers given in Tables | and
2 reflect a rapid equilibration.

Experimental

Starting materials

Toluene, Purified by preparative GLC (F & M Prepmaster 775} und shown
to be free from ethylbenzene and the isomeric xylenes by GLC (Perkin-Elmer 226).
Dried over molecular sieves (1 week)and purged with a stream of nitrogen for 20 min.

N.N.N'N'-Tetramethylethylencdiamine {TMEDA) and trimethyichlorosilune.
Dried over calcium hydride and distilled under vacuum.

n-Buryllithium. A 1.622 M solution in hexane from Foote Mineral Company
was analyzed by direct titration with 0.1 N HCI after hydrolysis'!.

Benzyltrimethylsilane and tolyltrimethylsilanes. Made by conventional Gri-
gnasd techniques'?!? and purified by preparative GLC. The resulting compounds
gave refractive indices in reasonable agreement with Literature values (Table 3),

TABLE 3

REFRACTIVE INDICES AND NMR DATA ON SILANES

Trimethylsilane iyt r-Value for
(TR Found SitCH ),
Benzyl 40w (IEVII .02
n-Tolyt L5005 1.5026 .70
m<Toly! 14902 14908 477
p-Tolyl 1.48y2 La899 QX

“ 00, 0 CCly, tetramethyisilane internal standard

Toluene metalation

17.0 ml (163 mmoles) of toluene was reacted with 10 m! n-butyllithium in
hexane in the presence of 2,50 ml (16.55 mmoles) of TMEDA and 0.172 g dodecane
(internal standard) at 25° under nitrogen. Aliquots (1 ml) were injected at suitable
time intervals into vials containing 0.3 m{ (2.4 mmoie, about a five fold excess) of
trimethylchlorosilane. The solutions were then filtered from lithium chloride and
analyzed by GLC using a Perkin~Elmer 226 cquipped with flame-ionization de-
lector.

A 150" x 10 mil di-isodecyl phthalate (DIDP) capillary column was used m
scries with a 150" x 10 mil di(3,3.5-trimethylcyclohexyl) phthalite capillary column,
Comparison of the results with a calibrated mixture of trimethylsilanes and dodecane
in toluenc allowed the determination of the absolute quantities of cach tsomer shown
in Table 1. A similar experiment, using dimethylsullate in place of trimethylchloro-
silane gave the results of Table 2. In this case, no internal standard was used so that
only the isomer distribution is recorded. However, using the excess tolucne as an
approximate standard, the same conversions with time were found as those in
Table | within experimental error.
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