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The presence or absence of lithium tert-pentoxide (t-PeOLi) in Superbases, prepared from butyllithium
(BuLi) and potassium tert-pentoxide (t-PeOK), affects the metallation rate of toluene only slightly, the rate
factors being between 1.0 and 0.3. Thus, lithium alkoxide is not essential for the high reactivity of
Superbases. However, the ring-to-side chain metallation ratio is increased in the presence of t-PeOLi. On
the other hand, an excess of t-PeOK (molar ratio t-PeOK/BuLi 2 3) considerably increases the rate and
yield of the side chain metallation of toluene and suppresses its ring metallation. In this way, alkoxides
enable some control on regioselectivity in Superbase reactions

Superbases (SB) prepared from alkyllithiums and alkoxides of heavicr alkali metals are
very reactive and uscful reagents in organic synthesis, especially in deprotonations’ =3,
In this system the lithium-heavier alkali metal cxchange proceeds according to the
general scheme:

RLi + R'OM ——> RM + R'OLi )
(M = Na, K, Rb, Cs; R = primary alkyl; R’ = preferably tertiary alkyl).

The compound RM can then rcact with a substrate producing the heavier alkali metal
derivative of the substrate* =7, in many cases in good yields. Stoichiometric parti-
cipation of potassium alkoxide in these metallations has been proved’. It follows there-
fore that in the metallation of toluene with SB, the potassium alkoxide is an essential
rcaction component and it does not act merely as a catalyst or activator of butyllithium.

* Part XXI in the series Interactions of Alkoxides; Part XX: see ref.'!.
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While the first reports™® of such systems already appeared in 1964, the mechanism of
the metallation has not been fully explained as yet.

Recently, sccond generation SB have been described’ ~!1. They are characterized by
the use of heavier alkali metal alkoxides with bulkier alkyl group than tert-butyl which
arc added to the organolithium compound in a 2 — 3 molar excess. Better properties of
these modificd SB indicate some influence of a heavier alkali metal alkoxide excess in
reactions of SB. Specific information on the effect of lithium alkoxides, generated in
SB by reaction (1), is still lacking, however.

EXPERIMENTAL

All operations with organic compounds of alkali metals were carried out in an atmosphere of purified
argon. Crystalline lithium and potassium tert-pentoxides were prepared by reaction of tert-pentyl alcohol
with the respective metal in heptane’. Methyl iodide was purified and dried by distillation with calcium
hydride.

Determination of Metallation Rate

Method A. SB were prepared in reaction ampoules by mixing butyllithium (BuLi) and potassium tert-
pentoxide (t-PcOK), in heptane solutions at 20 °C and stirring for 5 min. Toluene was added to SB and
then, after various time intervals, methyl iodide at -50 °C. The unreacted toluene and products of the
reaction of the metallated toluene with methyl iodide were determined by GC using tridecane as internal
standard.

Initial concentration of BuLi was 0.26 mol/l, the molar ratio BuLi : t-PeOK : toluene being 1 : 1 : 1 or
1:3 : 1. In some experiments, a mixture of BuLi and 3 or 6 equivalents of lithium t-pentoxide (t-PeOLi)
was used instead of BuLi only. In some experiments, t-PeOLi formed in SB through reaction (1) was
removed from the mixture prior to the addition of toluene by repeated washing with heptane under rigo-
rously inert conditions.

Method B. BuLi or its mixture with t-BuOLi in heptane was mixed with toluene prior to the addition of
t-PeOK. The other operations were the same as in Method A.

As SB form sometimes heterogeneous systems in heptane, the same type of shaking was used in both
Method A and B. Most experiments were carried out twice or three times; the metallation half-times diffe-
red within 20% relative.

Reaction of Bul.i with t-PeOK in Excess

To 10 ml of a heptane solution of BuLi (11 mmol) 25.8 mi of heptane solution of t-PeOK (33.5 mmol) was
added dropwise under stirring at ambicnt temperature. The white precipitate formed was isolated, yielding
92% of pure BuK. Metal contents (AAS) calculated: 40.64% K: found: 41.02% K, 0.12% Li. GC (after
hydrolysis): butane 85 mole %, tert-pentyl alcohol 1.1 mole %.

Reaction of Buli with t-PcOK in the Presence of Excess of t-PeOLi

To a mixture of 4 ml of a heptane solution of Buli (4.4 mmol) and 10.3 ml of a heptane solution of
t-PeOLi (8.9 mmol), 3.4 ml of a heptane solution of t-PcOK (4.4 mmol) was added dropwise under stirring
at ambient temperature. A whitish precipitate, which was first formed upon contact with the drops,
dissolved immediately by stirring. The initially light yellow solution became dark within about 2 h, after
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which a microcrystalline beige precipitate was isolated. The yield was 0.31 g. Mectal contents (AAS) found:
18.50% K. 4.62% Li. GC (after hydrolysis): butane 55.2 mole %, tert-pentyl alcohol 44.8 mole %.

RESULTS AND DISCUSSION

Dependence of Rate and Regioselectivity of Toluene Metallation on Alkoxide
Concentration in the Superbase

The metallation of toluene by BuLi only, or by the mixture of BuLi and t-PcOLi (molar
ratio 1 : 3) procceded extremely slowly, as expected. The results in Table I indicate that
the reaction half-time was much longer than 10 000 h.

When t-PcOK was added to BuLi or its mixture with lithium alkoxide, thus the
Superbase (SB) being formed, the rate of toluene metallation increased dramatically, by
a factor of more than 10° (Table 1). This enhancement of the reaction rate is cvidently
associated with the transformation of BuLi to BuK (Eq. (2)). The greatest and decisive
change in the reactivity of the base was caused only by the first cquivalent of t-PeOK;
additional increasc in the concentration of t-PcOK did increase the reactivity of SB, but
only within one order of magnitude.

In preparation of SB according to Eq. (/) onc equivalent of lithium alkoxide is
formed. The influence of lithium alkoxides in the reaction of SB with tolucne — as a
modcl substrate — is investigated in this paper.

Two methods were used for the preparation of SB. In Mcthod A, heptane solutions of
BuLi and t-PcOK were mixed first, before the addition of toluene. The precipitate
formed was characterized as purce butylpotassium in its common aggregated form®

(BuK(aggreg)) (Eq. (2)).
CHoLi + t-CsH;,OK —— C,H¢K(aggreg) + t-CsH,,OLi 2

After subscquent addition of toluene and methyl iodide, the following reactions take
placc.

CiHK + C¢HsCH; > CiH,, + mCHCH,K + nCiH,KCH; (3)

CeHsCH,K + CH,] ——> GC4H,CH,CH, + KI )

C¢H4,KCH; + CH;l —— CgHy(CH;), + KI Q)
As the solubility of BuK(aggreg) in heptance is very low, its reaction with toluenc can
in principle proceed cither on its surface or in solution at extremely low concentration.

The actual reaction way is not known yet.
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In our study the molar ratio t-PeOLi/BuLi was varicd from 7 to O either by adding
morc t-PeOLi or by reducing its amount by repeated washing of the BuK(aggreg) preci-
pitate with heptane. Using SB modificd in this way the overall rate of tolucne metal-
lation was measurced under otherwisc identical conditions. The mixture BuLi + t-PeOK
(molar ratio 1 : 1) was used as a standard in the calculation of the rate factors (F). It
was found (Table I) that in the concentration range investigated t-PeOLi has only a
small negative cffcct on the overall metallation rate of toluene, exhibiting a value of F
between 1.0 and 0.3, i.c. the reaction rate was slightly decreased in the presence of
t-PcOLi. Thus, in the mixture with BuLi the effect of the lithium alkoxide on the reacti-
vity is negligible and opposite when compared with that of the potassium alkoxide.
Similarly, the reactivity of BuK(aggreg) is slightly decreased in the presence of the
lithium alkoxide and increased using an cxcess of the potassium alkoxide.

In Mecthod B, the SB was formed in the presence of the substrate (toluene) and in this
casc the reaction rate was found about twice (F = 2.1) as high as in Method A under the
same conditions. This difference in reaction rates can be explained by a higher reacti-
vity of butylpotassium rcacting here with toluene “in statu nascendi” in less aggregated
form (cf. ref.'?). The retarding cffcct of lithium alkoxide on the reaction rate was
obscrved also with Mcthod B (F = 0.4), similarly to Mcthod A (Table I). This finding
agrees well with the observed higher stability of the BuK + t-BuOLi mixture towards
THF when compared with BuK alone!?.

As shown in Tablc I, the overall toluene metallation rates do not depend substantially
on the nature of the reaction mixture, i.c. the rate factors are almost the same regardless
of the heterogeneous (Mcethod A with low t-PeOLi content) or homogencous reaction
conditions (Mcthod A with an excess of 1-PeOLi or Mcthod B). It should be stressed
that all these data compare overall reaction rates, i.c. including the cffect of the reaction
mixture composition as well as other cffccts, such as solubility changes of BuK(aggreg)
caused by the alkoxides.

In addition to the reaction rates, the presence of alkoxides also affected the distri-
bution of the reaction products (Table I). In the presence of t-PecOLi the yicld of ring-
mctallated derivatives (yiclding mostly m- and p-xylenc after reaction with methyl
iodide) was higher and the yicld of the cxpected side chain derivative (cthylbenzene)
was lower than in its absence, i.c. in the metallation with pure BuK(aggreg). On the
other hand, an excess of 1-PcOK roughly doubled the yicld of the side chain derivative
(cthylbenzene) (cf. ref.'') and the amount of the ring-metallated derivative became neg-
ligible. These results are of importance for the synthesis as they enable a better control
of the regiosclectivity in the SB reactions and thus, improve the yiceld of the desired
product.

From the rate comparisons in Table I it follows that the presence of lithium alkoxide
is not essential for the high reactivity of the SB and that the important species is the
organopotassium compound. This conclusion was recently supported by HOESY-NMR
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spectra and MNDO calculations of the system madc from (triphenylmethyl)lithium and
cesium 3-clhyl-3-hcptoxidc‘3. On the other hand, the alkoxides are not without
influence on the reactions of SB and this suggests some participation of them in these
reactions. Generally speaking, this participation may be of very different kind, like
formation of a new species, probably in a very low concentration. However, it may be
also of mere physical nature like an increase of the Li—K exchange rate due to a higher
potassium alkoxide concentration and/or a change in the solubility or aggregation de-
gree of the organopotassium compound. For this reason, the interaction of organo-
potassium compounds with alkali alkoxides was investigated in more detail.

Interaction of Organopotassium Compounds with Alkali Metal Alkoxides

The behaviour of t-PeOLi and t-PcOK towards BuK(aggreg) on thc one hand and
towards arylpotassium (e.g. benzylpotassium) on the other hand, is very different. In the
reaction of BuLi with one equivalent of t-PcOK pure BuK(aggreg) is produced (Eq. (2)).
However, after mixing BuLi with one equivalent of t-PeOK in the presence of threce
cquivalents of t-PcOLi in heptane at room temperature a clear solution is formed first,
from which a microcrystalline precipitate separates after about 2 h. When isolated, this
compound appearcd to be an adduct of an organometallic compound with an alkoxide
containing both metals in the molar ratio K/Li = 0.71. In contrast, analytically pure
BuK(aggreg) was isolated in a 92% yicld from a mixture of BuLi and t-PcOK in the
molar ratio 1 : 3; upon hydrolysis it produced only 1.1 mole % of tert-pentyl alcohol.
Hence, BuK(aggreg) prepared in this way docs not form any adduct with the potassium
alkoxide.

With benzylpotassium and other arylpotassium compounds, however, t-PeOLi and
t-PcOK behave just in the opposite way. Benzylpotassium forms easily a mixed aggre-
gate with (-PcOK of the type CgHsCH,K . x t-CsH,,OK, whereas a similar adduct with
t-BuOLi is not obtained’. As a conscquence, the product formed in the metallation of
an aromatic hydrocarbon (e.g. benzylpotassium) is stabilized by the coordination with
potassium alkoxide. Formation of this adduct is probably an important support for the
high yicld and regioselectivity in the metallation reactions.

It follows from the above results that the interaction of organopotassium compounds
with alkali alkoxides considerably depends on the structure of the reactants. Further
investigation of thesc processes is in progress.

The authors are indebted to Prof. H. Ahlbrecht (University of Giessen, Germany) for stimulating
discussion. The Chemetal GmbH, Frankfurt/M., Germany, is acknowledged for a gift of alkali metals.
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