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Abstract—The relative basicities of solutions of n-BuLi in cyclohexane as a function of the addition of increasing increments of THF
or TMEDA (designer media) have been assessed. As the chloro DMG is incapable of complexing to n-BuLi, it can neither affect the
n-BuLi oligomeric equilibrium nor exhibit a DoM mechanistic component involving prior-coordination (CIPE). Accordingly, by
measuring the rates of loss of chlorobenzene in the varied media as well as by certain 7Li NMR studies, a gradual, controlled
increase in the basicity of n-BuLi in cyclohexane with increasing increments of THF or TMEDA was observed. Relationships of
the basicity in the varied media to the three oligomeric forms of n-BuLi are proposed.
� 2005 Elsevier Ltd. All rights reserved.
Two limiting mechanisms for the directed ortho-metala-
tion (DoM) reaction are commonly subscribed to in the
literature. The more prevalent complex-induced-proxi-
mity-effect (CIPE)1 mechanism involves coordination
of a directing metalation group (DMG) on an aryl sub-
strate to an alkyllithium reagent prior to the rate-deter-
mining step. DMG�s directing ortho-lithiation primarily
via a CIPE pathway often contain a contribution from
an enhanced acidity of the ortho-H�s brought about by
the electronic nature of the DMG, for example, –OCH3,
–N(CH3)2, –C(O)N(CH2CH3)2. The overriding base
mechanism,2 the second limiting mechanism, possesses
no prior-coordination component but rather depends
solely upon the enhanced acidity of the ortho-H�s result-
ing from the strong electronegativities of certain
DMG�s, for example, –F, –Cl, –CF3, – CN. Stabilities
of alkyllithiums in various media,3 as well as the acidity
afforded by several DMG�s,4 have been evaluated, but
not the inherent basicities of promoted alkyllithium
solutions. Since all DoM reactions fundamentally con-
tain an acid/base component, greater insight into the
inherent basicities of such media was desired.
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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To initiate this study, insight into our �designer media�,
that is, equivalents of certain ethers or amines in hydro-
carbon solvent, was sought. Such media commonly
involve incremental amounts of either THF or TMEDA
in a hydrocarbon solvent and are ideal for study of media
modification affects on the basicity of the most useful
alkyllithium reagent, n-BuLi.5 Our working hypothesis
has been that the oligomer equilibrium for n-BuLi (Eq.
1) is displaced to lower oligomeric, more basic, forms
which are more effective in DoM reactions, that is, the
basicity of these solutions is increased in proportion to
the increase in the percent of either THF or TMEDA
present. Both 7Li NMR as well as media variation/reac-
tivity studies indicate that these assumptions are correct.

s = 1-4; a similar formulation can be written for TMEDA

THF

2(n-BuLi)6    3(n-BuLi)4 •  • THFs  6(n-BuLi)2  THFs

THF

ð1Þ
Required for this investigation was an aryl substrate
possessing a DMG that would direct metalation solely
by the �overriding base� mechanism so that modulating
effects brought about by prior-coordination (CIPE
mechanism) could not contribute. The specific substrate
chosen for study was chlorobenzene in a medium of
cyclohexane containing an internal standard of dode-
cane. We had noted during an earlier study of the metal-
ation of p-chloroanisole that in THF solvent a
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Figure 2. Disappearance of chlorobenzene (relative to C12H26) initi-
ated by n-BuLi and catalyzed by TMEDA. Each curve represents
averaged data for two runs of 1.0 M chlorobenzene and n-BuLi in
cyclohexane at 25 �C.
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competing metalation took place ortho- to the –Cl sub-
stituent resulting in a smooth formation of a benzyne
intermediate as evidenced by the products that were for-
med.5b Various chlorobenzenes have been successfully
metalated and ortho-substitution products isolated,
but this was accomplished at temperatures below
�100 �C.6 As basicity measurements at such low tem-
peratures would be most difficult, the decision was
reached to metalate chlorobenzene at 25 �C and track
the extent of its disappearance (via initial benzyne inter-
mediate formation) as a measure of the inherent basicity
of the metalation medium. This necessitated the use of
the internal standard, dodecane, so that the rate of dis-
appearance of chlorobenzene could be followed by not-
ing the decrease in the C6H5Cl/C12H26 ratio.

7

The results of our studies involving increments of THF
and increments of TMEDA are recorded in Figures 1
and 2, respectively.8,9

Remarkably, it was observed that over 6 h, no reaction
whatsoever took place with �unactivated� n-BuLi, that is,
n-BuLi in bulk cyclohexane. This was observed not only
in cyclohexane, but in n-hexane and in toluene as well.
The clear nature of the solutions remained over the
6 h period, although there was some darkening of the
solutions when the systems were allowed to run over-
night. Our conclusion is that chlorobenzene does not
react with hexameric n-BuLi, the least reactive of the
oligomeric forms of n-BuLi.

In bulk THF solvent, quite a different response to
n-BuLi was observed; the solution turned black upon
addition of the base. GC analysis of the resulting solu-
tion after treatment with chlorotrimethylsilane (ClTMS)
and aqueous workup afforded products emanating from
the formation of benzyne. Noted in the GC spectra were
signals possessing masses and fragments reflecting the
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Figure 1. Disappearance of chlorobenzene (relative to C12H26) initi-
ated by n-BuLi and promoted by THF. Each curve represents an
average of at least two runs of 1.0 M chlorobenzene and n-BuLi in
cyclohexane at 25 �C.
formation of C6H5C4H9, C6H4(C4H9)Si(CH3)3, C6H4-
(C4H9)–C6H5, and C6H4(C4H9)–C6H4Si(CH3)3. Trace
amounts of other products were also noted in the GC
spectra. Formation of the –TMS products permits us
to qualitatively explain the observation that only about
75% of the chlorobenzene reacted. As can be discerned
from the relative intensities of these products in the
GC spectra, about 0.25 equiv of the n-BuLi is �captured�
by further reaction with the benzyne intermediate,
resulting in a deficiency of n-BuLi at the end of the reac-
tion. The two hydrocarbon products principally formed,
C6H5C4H9 and C6H4(C4H9)–C6H5 represent not only
�capture� products but also products that have carried
on the reaction as they have extracted a proton from,
most likely, chlorobenzene.

Plots of the extent of disappearance of chlorobenzene
with time for differing equivalents of THF present in
the solution of n-BuLi in cyclohexane are presented in
Figure 1.8 Little reaction was noted with 0.5 equiv
THF, but as little as 0.75 equiv of THF brought about
a gradual darkening of the solution and a very gradual
loss of chlorobenzene. The rate of loss and the rate of
darkening of the solution both increased as the equiva-
lent of THF added were increased from 1.0 to 1.5 to
2.0 equiv. No significant change in the array of products
resulting from the formation of the benzyne intermedi-
ate was noted. Significant loss of chlorobenzene was
routinely found even after 2 m, indicating a possible
concentration dependence on the reaction.

Although THF and TMEDA are known as the most
reactive �catalysts� for metalation reactions, the former
as solvent and the latter as an additive, notable differ-
ences in their ability to provide effective metalation have
been described in the literature. This difference is
reflected in this assessment of the basicity of n-BuLi
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containing increments of TMEDA (Fig. 2). As little as
0.05 equiv of TMEDA provides a chlorobenzene loss
curve approximating that afforded by the 1.0 equiv
THF system.8 Fractional equivalent of TMEDA of
0.25 and greater generate more rapid loss of chlorobenz-
ene and provide systems as aggressive as bulk THF sol-
vent. These systems all rapidly darkened upon addition
of n-BuLi. Arrays of benzyne products little different
from those found for the THF systems were produced.

Interpretation of these reactivity data (Figs. 1 and 2) is
as follows; upon progressive addition of either THF or
TMEDA to the hydrocarbon media, the hexamer, tetra-
mer, dimer equilibrium of n-BuLi (Eq. 1) is shifted
toward the more reactive forms, the tetramer and dimer.
In this study these forms are revealed as possessing
greater basicity than the hexamer, the oligomer form
chiefly present in pure hydrocarbon solvent. To provide
further insight into these equilibria, 13C and 7Li NMR
examination of n-BuLi in THF/cyclohexane and TME-
DA/cyclohexane were initiated. These studies have pro-
ven to be more complicated than anticipated, but some
interesting observations have been made nonetheless.

Since n-BuLi deoligomerization (Eq. 1) is accompanied
by progressive ligation of the tetramer and dimer,
respectively, evidence of this increasing ligation was
sought. As a consequence, 13C NMR spectral examina-
tions of 1.0 M n-BuLi solutions containing equivalents
of THF and increments of TMEDA in cyclohexane were
initiated. In each system 13C spectra afforded little evi-
dence of secondary signals that might be associated with
liganding THF or TMEDA.9 Neither did examination
of these same spectra at �40 �C.

7Li examination of 1.0 M solutions of n-BuLi in cyclo-
hexane at 25 �C exhibited a broad signal at 5.13 ppm
and a second set of overlapping signals at 4.25 and
4.18 ppm.10 This second set of signals was present to
the extent of about 6%. Arguments can be made that
these upfield 7Li signals should be assigned to the pres-
ence of lower oligomeric forms of n-BuLi.11,12 The 4.25/
4.18 ppm signals possess a shift quite similar to the prin-
cipal 7Li shift of t-BuLi in cyclopentane. t-BuLi in
hydrocarbon. Solvent exists principally in the tetramer
oligomeric form.13

Addition of sequentially increased equivalents of THF to
1.0 M n-BuLi in cyclohexane brought a steady upfield
shift in the principal 7Li signal ultimately reaching
3.15 ppm for neat THF.14 In contrast, addition of 0.05,
0.1, 0.2, 0.5, and 1.0 equiv of TMEDA to separate
1.0 M solutions of n-BuLi in cyclohexane afforded an
7Li signal at 5.00 ± 0.02 ppm. In other words, only a
consistent �0.13 ppm shift was produced for all concen-
trations of TMEDA versus the 5.13 ppm signal observed
in the absence of TMEDA. Deoligomerization of n-BuLi
cannot be inferred from these 7Li room tempera-
ture NMR studies involving TMEDA. As for the THF
studies our conclusion is that the increasing upfield shifts
with increasing equivalents of THF are to be attributed
chiefly to the increasing polarity of the medium, which
mask any potential effects due to deoligomerization.
Observations have been made that 7Li spectra of n-BuLi
solutions of equivalents of THF in cyclohexane and
fractional equivalents of TMEDA in cyclohexane are
time dependent. For example, 1.0 M n-BuLi in cyclohex-
ane containing 2.0 equivalents of THF exhibited an 7Li
shift of 4.3 ppm after 30 m and a shift of 3.7 ppm after
24 h. Since only marginal decomposition of THF under
these conditions is detectable after 24 h,9 it is unlikely
that the change in shift can be attributed to the small
amount of lithium enolate generated. Moreover, a simi-
lar upfield shift was found for a solution of 0.2 equiv of
TMEDA in cyclohexane where, after 24 h, a shift of
4.26 ppm was observed. Since no solvent/reagent
decomposition is possible in the TMEDA solutions,
the observed upfield movements can be associated with
changes in oligomer/ligand distribution, likely involving
formation of lower MW oligomers but with greater liga-
tion.15 This also is likely true for the THF solutions with
the awareness that THF decomposition may play a
role.16

Both sequentially increased equivalents of THF and
sequentially increased increments of TMEDA in hydro-
carbon solvent provide increasingly basic solutions as
revealed by the augmented disappearance of PhCl. 13C
Spectra of n-BuLi in THF/hydrocarbon solutions reveal
that these solutions are much more resistant to attack by
base than solutions of n-BuLi in pure THF. The
dynamic behavior of the solutions is further demon-
strated by the migrations of the 7Li chemical shifts but
exact interpretation of these migrations awaits further
study. Overall, our observations support our contention
that THF/hydrocarbon and TMEDA/hydrocarbon
media are ideal systems for metalation reactions in that
a wide range of basicity and reactivity5 can be accessed.
Moreover, these systems exhibit much greater stability
towards n-BuLi than do systems involving this reagent
in pure ether solvent.9 As suggested recently, the chief
role of the media in n-BuLi reactions is to manipulate
to advantage the oligomeric equilibrium (Eq. 1).17
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