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Summary

Benzylpotassium containing only traces of lithium compounds is formed in the
reaction of alkyllithium, potassium alkoxide and toluene over broad ranges of molar
ratios of the reaction components and reaction times. This confirms that metal-metal
exchange is occurring under the conditions used. The potassium alkoxide is used in
stoichiometric amount for the metallation of toluene and is not only a catalyst. Use
of a larger excess of potassium alkoxide leads to formation of its adduct with
benzylpotassium. Various mechanisms for the above reaction are considered and
formation of lithium alkoxide is assumed to help drive the equilibria towards the
observed products.

Introduction

Lithium-heavier alkali metal exchange takes place during the reaction of organic
derivatives of lithium with alkoxides of heavier alkali metals:
R'Li + R?OM - R*M + R?0OLi (M = Na, K, Rb, Cs) (1)
This reaction was first described for organolithium compounds containing C-Li
bonds [1-4], and later observed for N-substituted amides (involving >N—Li bond)
[5] and lithium enolates of ketones [6] or esters [7] involving the grouping A. This
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* For part XIII see ref. 30.
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exchange reaction gives organic compounds of heavier alkali metals, often pure in
high yield [1-10]. If it is carried out in the presence of a third compound with a
suitable reactivity, a compound of this third compound with the heavier alkali metal
is formed [1-4), e.g.:

R'Li + R?0OK + C,H;CH, - R'H + R?OLi + CgH;CH,K )

With R!Li+ RZOM systems, the third component may undergo metallation
(pK(R'H) > pK(R*H)), addition to double bonds, Wurtz-type coupling with organic
halides, or polymerization. The formation of organic derivatives of heavier alkali
metals via the exchange reactions 1 or of type 2 was confirmed by observation of
their characteristic properties (e.g., NMR and EPR spectra, and reactivity [11-17]).
The enhanced reactivity of butyllithium in the presence of potassium t-butoxide also
was observed by Schlosser [18], who successfully metallated many organic com-
pounds with this system (cf. ref. 19, and references therein).

Although reactions 1 and especially those of type 2 are still much used in
organometallic and organic synthesis, the best conditions for their application and
their detailed mechanism have not yet been fully established, although recently
some new information on these aspects has appeared [17,19,20]. As part of a
detailed investigation of these aspects we have examined the effects of variation of
the conditions of reaction on the course of reaction 2.

Experimental

All operations involving organic derivatives of alkali metals were carried out
under purified argon. Alkali metals were determined by atomic absorption spec-
trometry. GLC analyses were carried out with a PE 900 or F30 chromatograph
fitted with 180 X 0.2 cm columns packed with 15% GEXE-60 (for analysis of the
products after hydrolysis) or 10% triethyleneglycol 2,4-dinitrobenzoate (for analysis
of the product obtained by treatment with methyl iodide) on Chromosorb W
80-100 mesh. Tetradecane was used as the internal standard. The total base content
was determined by titration of the product after hydrolysis.

Starting materials

2-Ethylhexyllithium (EtHexLi) was prepared by treating 2-ethylhexyl chloride
with Li powder in hexane with vigorous stirring. Usually the reaction started slowly
(sometimes only after an induction period of 10 h) but then became rather vigorous,
and rendered a low yield together with some residual 2-ethylhexyl chloride. A
portion of the mixture formed was hydrolyzed and then analyzed by GLC, and
when necessary, stirring was continued.

Potassium t-pentoxide (t-PeOK) was obtained by gradual addition of 1.8 mol of
t-pentyl alcohol to 2.5 mol of K in 1300 ml of boiling heptane with stirring (15 h)
when the alcohol had completely reacted (and the initially-formed crystals had
dissolved), the clear solution was concentrated and crystallized at —70°C, to give
an 83% yield.

Hexane was purified by shaking with a mixture of H,80, and P,0; followed by
distillation from LiAlH,, and was at least 99.9% pure by GLC. Toluene was dried
similarly.



Reaction procedures

(a): To a mixture of 0.015 mol of EtHexLi (0.8 M solution in hexane) and a given
amount of toluene, the required amount of t-PeOK was added dropwise with
stirring at 25°C (as a molar hexane solution). After the appropriate time the
precipitate was isolated by centrifugation, washed, dried, and analyzed.

For hydrolysis a sample of the precipitate was suspended in five volumes of
hexane containing the internal standard and a five-fold quantity of water was added
with cooling. The mixture was warmed to room temperature with shaking,.

For reaction of the precipitate with methyl iodide a similar procedure was used
except that a three-fold quantity of methyl iodide was used in place of water.

(b): A solution of EtHexLi was added dropwise to a solution of t-PeOK and
toluene, otherwise the conditions were as described under a.

Preparation of the adduct [PhCH,K -n t-PeOK]. PhCH,K (0.0067 mol) was
shaken with 12.5 ml of a 1.8 M solution of t-PeOK (0.023 mol) in hexane for 14 h,
during which time the colour of the solid phase changed from orange-red to deep
yellow. The yield of the precipitate after 8 washings was 225% based on PhCH,K.
Analysis: Total base 30.07% K; after the hydrolysis the toluene content was 30.1
mol% and the t-PeOH content 65.7 mol%.

Results

2-Ethylhexyllithium (EtHexLi) and potassium t-pentoxide (t-PeOK) were chosen
for the study of systems formed from organolithium compounds and alkoxides of
heavier alkali metal, because they form a homogeneous system in hexane [21]. This
permits easy isolation of the product of metallation of a third component. Compara-
tive experiments showed that EtHexLi behaves in the exchange reaction in the way
as butyllithium (see Table 1). Toluene was used as the third component because it is
metallated readily and with a relatively high regioselectivity. (It should be em-
phasized that the metallation of other compounds (e.g. of benzene) under similar
conditions was not so simple [22].)

A study was made of the effects of the molar ratio of the reaction components
and of the reaction time on the composition of the metallated product, which was
isolated and analyzed. The analyses comprised the determination of individual
alkali metals and of the compounds formed by the reaction with water or methyl
iodide. The results are shown in Table 1.

The molar ratio of starting components [t-PeOK]/[EtHexLi] was varied from 0.1
to 3 with a constant excess of the third reactant ([toluene] /[t-PeOK] 5). A high K
content was found in the precipitates formed by metallation in all cases, and was
close to that calculated for benzylpotassium (PhCH,K) but only traces of Li were
present. Analysis of products formed by treatment of the precipitates with water or
methyl iodide confirmed that PhCH,K is a substantial component of the precipi-
tates. The metallation proceeded with a high regioselectivity under the conditions
used; ring-metallated species, determined as xylenes after reaction with methyl
iodide, usually formed less than 1 mol% of the products.

In view of the low content of Li in the solid product and the small amount of
t-pentyl alcohol obtained after hydrolysis, it can be assumed that lithium t-pento-
xide (in contrast to t-PeOK, as discussed later) is not bound to PhCH,K to any
significant extent. The yields of PhCH,K agreed well with the amount of t-PeOK
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initially introduced. Thus, the yield of PhCH,K was 103, 100 and 101% based in the
" t-PeOK initially taken (after correction for alkoxide in the product) for the initial
[t-PeOK]/[EtHexLi] ratios of 0.3, 0.6, and 1.0, respectively. This further confirms
the occurrence of reaction 2, i.e., the t-PeOK reacts stoichiometrically and not only
as a catalyst; its presence is necessary for metallation of toluene, and after it has
been used there is no further metallation of toluene in spite of the presence of the
organolithium compound. The results support the view that an organopotassium
compound plays a key role in the metallation of toluene, this compound being
formed either during the exchange reaction 1 or subsequently (see routes A or B in
the Discussion section). If the potassium alkoxide acted as an “activator” only
(route C), the extent of metallation of toluene should be much less dependent on the
alkoxide.

When the ratio [t-PeOK]/[EtHexLi] was greater than 1.3, the yield of the
precipitated product exceeded the theoretical yield of PhCH,K and a higher
t-pentylalcohol content was found after hydrolysis (Table 1). This can be accounted
for in terms of the formation of the adduct [PhCH,K - n t-PeOK] from PhCH,K
and the excess of t-PeOK. The amount and composition of this adduct depend on
the actual concentration of t-PeOK. This explanation was confirmed by examining
the IR spectra of solid products isolated from reactions carried out with various
[t-PeOK]/[EtHexLi] ratios. Furthermore the same adduct was isolated from the
reaction of PhCH,K with a hexane solution of t-PeOK (cf. also ref. 5).

When the toluene was present only in an equimolar ratio to t-PeOK and
EtHexLi, the solid product contained a larger amount of ring-metallated products;
about 5 mol% of o-xylene and only traces of m- and p-xylene were found after the
treatment of the product with methyl iodide. However, the o-xylene content fell by
about one half when the metallation was carried out for 5 h instead of 1 h,
presumably because subsequent reactions of the ring-metallated derivatives gave
thermodynamically more stable products. Change in the method of mixing of the
reactants corresponding to procedures a and b (see Experimental) did not much
affect the product of the metallation.

The effect of the reaction time on the composition of product was investigated
with the system [t-PeOK]/[EtHexLi]/[toluene] =1/1/5. Complete conversion of
t-PeOK into PhCH,K was reached within 1 h, and the product was practically the
same as that isolated after 100 h of reaction. However, the reaction proceeded much
more slowly in the system [t-PeOK] /[EtHexLi]/[toluene] = 0.3 /1/5, for which the
limiting conversion of alkoxide was reached only after more than 30 h; nevertheless
the composition of the solid product was subsequently substantially unchanged and
the Li content remained at 0.3-0.8% during the full period of study (100 h) even
under these conditions, which are less suitable for reaction 2 (Table 1).

The optimum [t-PeOK]/[EtHexLi] ratio for the metallation of toluene proved to
be 1.0-1.3. This will probably be the case for other systems, but the best concentra-
tion of the third reactant will probably depend on its structure [22].

Discussion
Various pathways can be suggested from the starting organic compounds of

lithium and alkoxides of heavier alkali metals to the products from reaction of type
2. The process starts with formation of an intermediate complex [1,2,18], with
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structures suggested to be of types 1[14,23] or 3 [18], which may also be present in a
more or less aggregated form (cf. the complex [C,H,Li-(CH;);COLi] forms
predominantly tetramers (benzene) or dimers (THF) [24a]; the structures of
[C,H,Li: C,H,OLi], and of similar clusters containing bonding of type 1 (M = Li)
were determined in THF by NMR spectroscopy [24b], in keeping with the present
proposals.

Li Li
VAR 7 \\
’/, \\ 2 1’ ~ 2
R —CH, O—R R—C\HZ O—R
7’ / N 4
N // e /,
M H ’M
X N i
N\ 31
(1) | R .,
(2)

[R’Li<—o (K)C(CH3)3])’(

(3)

In reactions of type 2, the intermediate 1 either decomposes into lithium alkoxide
and R'M, which metallates the third compound R*H (route A), or reacts directly
with R*H to give R*M via a transition state, which could have the structure 2 (route
B). The intermediate 3 (route C) is an analogue of solvates of organolithium
compounds with electron-donor solvents like THF, and it should react with R*H to
give a lithium derivative R’Li. For formation of the derivative of a heavier alkali
metal which was isolated, it is necessary to assume an additional metal exchange
with the heavier alkali metal alkoxide. Completely different mechanisms cannot be
fully excluded (route D), e.g. those involving participation of strongly ionized
species or single electron transfers (SET); SET reactions of organic compounds of
alkali metals involving the unpaired electrons were observed recently [21,25,28].

When judging which of the possible reaction mechanisms may be the correct one,
it is necessary to note that the system is rather complex and the rate constants and
equilibrium constants of the various steps may depend on the structures of the
reaction components and reaction conditions and on the physical nature of the
mixture, which is mostly heterogeneous. Therefore, one mechanism may pre-
dominate under certain conditions, and another under other circumstances. Irre-
spective of the pathway for reaction 2, the lithium—heavier alkali metal exchange
represented in eq. 1, must take place at some stage in all cases. Thus the results
favour route A or B.

Both the precipitation of the least soluble compound and the formation of
lithium alkoxide may help to drive equilibrium 1 to the right-hand side. One of the
reasons for the higher stability of lithium alkoxides compared with those of
alkoxides of heavier alkali metals may be the strength of their aggregates in solution
(cf. the effect of various solvents on the degree of aggregation of Li, Na, and K
alkoxides [29]) or the preference of lithium t-pentoxide for autoaggregation to
formation of an adduct with PnCH K, in contrast with t-PeOK which readily forms
such an adduct).



Further investigations of the system formed from organic lithium compound and
alkoxides of heavier alkali metals are in progress.

Acknowledgement

The authors are indebted to Mrs. H. Jakubiv for technical assistance and to Mrs.
E. Plachetkova for GLC analyses.

References

1 L. Lochmann, J. Pospi¥il and D. Lim, Czech. 132254, appl. Dec. 30, 1964; Chem. Abstr., 73 (1970)

25642f.

L. Lochmann, J. Pospiil and D. Lim, Tetrahedr. Lett., (1966) 257.

J. Ba¥a, L. Lochmann, K. Jazi, J. Coupek and D. Lim, JUPAC Symposium on Macromolecules,

Prague 1965, Preprint No P 508; J. Polym. Sci., Part C, No 16 (1968) 3865.

L. Lochmann and D. Lim, J. Organomet. Chem., 28 (1971) 153.

L. Lochmann and J. Trekoval, J. Organomet. Chem., 179 (1979) 123.

L. Lochmann, R.L. De and J. Trekoval, J. Organomet. Chem., 156 (1978) 307.

L. Lochmann and J. Trekoval, J. Organomet. Chem., 99 (1975) 329.

E. Weiss and G. Sauermann, Chem. Ber., 103 (1970) 265.

E. Weiss and H. Kdster, Chem. Ber., 110 (1977) 717.

W.H. Glaze and D.P. Duncan, J. Organomet. Chem., 99 (1975) 11.

11 G. Boche and H. Etzrodt, Tetrahedr. Lett., 24 (1983) 5477.

12 W.J. Trepka, J.A. Favre and R.J. Sonnenfeld, J. Organomet. Chem., 55 (1973) 221.

13 AF. Halasa, G.B. Mitchell, M. Stayer, D.P. Tate, A.E. Oberster and R.W. Koch, J. Polym. Sci.,
Polym. Chem. Ed., 14 (1976) 497.

14 H.L. Hsieh and C.F. Wofford, J. Polym. Sci. Al, 7 (1969) 449.

15 S. Raucher and G.A. Koolpe, J. Org. Chem., 43 (1978) 3794.

16 L. Lochmann, D. Doskofilova and J. Trekoval, Collect. Czechoslov. Chem. Commun., 42 (1977)
1355.

17 D. Wilhelm, T. Clark and P.v.R. Schleyer, J. Organomet. Chem., 273 (1984) C1.

18 M. Schlosser, J. Organomet. Chem., 8 (1967) 9.

19 M. Schlosser and S. Strunk, Tetrahedron Lett., 25 (1984) 741.

20 L. Lochmann and J. Trekoval, Collect. Czechoslov. Chem. Commun., 51 (1986) 1439.

21 L. Lochmann and J. Pila¥, 2-Ethylhexylpotassium can be dissolved in hexane, like the sodium
derivative (cf. Eur. Pat. Appl. 41306; Chem. Abstr., 96 (1981) 123007). At room temperature,
however, it undergoes detectable decomposition in the solution even within 15 min, and is complete
after several days. During the decomposition a black-brown precipitate separates from solution, and
the presence of compounds containing an unpaired electron were detected in the mixture by EPR
spectroscopy. Butyl-sodium or -potassium (prepared by reaction 1) can be brought into solution in
hexane by addition of N,N,N’,N’-tetramethylethylenediamine (TMEDA) (C. Schade, W. Bauer and
P.v.R. Schleyer, J. Organomet. Chem., 295 (1985) C25; R. Pi, W. Bauer, D. Brix, C. Schade and
P.v.R. Schleyer, J. Organomet. Chem., 306 (1986) C1.) These solutions are also very useful for
reactions of type 2, but less suitable for reactions and preparations of unsolvated organometallics.

22 L. Lochmann, to be published.

23 T.C. Cheng and A F. Halasa, J. Polym. Sci., Polym. Chem. Ed., 14 (1976) 573.

24a V. Hala¥ka and L. Lochmann, Collect. Czechoslov. Chem. Commun., 38 (1973) 1780.

24b J.F. McGarrity and C.A. Ogle, J. Am. Chem. Soc., 107 (1985) 1805; J.F. McGarrity, C.A. Ogle, Z.
Brich and H.-J. Loosli, ibid., 107 (1985) 1810.

25 D. Wilhelm, T. Clark and P.v.R. Schleyer, J. Chem. Soc., Chem. Commun., (1983) 211.

26 D. Wilhelm, T. Clark, P.v.R. Schleyer, J. Courtneidge and A.G. Davies, J. Am. Chem. Soc., 106
(1984) 361. .

27 E.C. Ashby, A.B. Goel and J.N. Argyropoulous, Tetrahedron Lett., 23 (1982) 2273 and ref. cited
herein.

28 R.D. Gillion, J. Org. Chem., 50 (1985) 4336.

29 V. Hala¥ka, L. Lochmann and D. Lim, Collect. Czechoslov. Chem. Commun., 33 (1968) 3245.

30 H.-J. Adler, L. Lochmann, D.T. Dotcheva and Ch.B. Tsetanov, Makromol. Chem., 187 (1986) 1253.

wn

=
[=JRV-2- BN B~ NV N



