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FACILE HYDROGEN/METAL EXCHANGE BETWEEN BUTYLPOTASSIUM AND SATURATED ETHERS

Ruth Lehmann and Manfred Schlosser*

Institut de Chimie Organique de 1'Université, CH-1005 Lausanne, Switzerland

Summary : At temperatures between =100 and -40°C, Llithium salt-free butylpotassium (prepared
from dibutylmercury) readily metalates saturated ethers such as dimethyl ether or tetra-
hydrofuran.

In a systematic search for differences between pure organopotassium compounds and "LICKOR
reagents” we have compared both with respect to their solubility and stability in ethers such
as tetrahydrofuran (THF) 1. The equimolar mixture of butyllithium and potassium tert-butoxide
was found to survive when kept for hours in THF solution at -50°C. In contrast, as soon as
butylpotassium prepared from dibutylmercury had dissolved in THF 2 at -75°C it was consumed in
a reaction generating 2-tetrahydrofuryl potassium ( 1 ) as the main product. When chloro-
trimethylsilane was added 15 min later, the new potassium compound was trapped as 2-trimethyl-
silyl-tetrahydrofuran (76%) 3 4. Slowly at -75°C and rapidly at -50°C, 1 decomposed by
fragmentation > to ethylene and the potassium enolate of acetaidehyde.
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In contradiction to Titerature 6, butylpotassium proved to be entirely inert towards hexane,

cyclopentane or other paraffins 7, 8

. Therefore, the high reactivity of THF must originate from
a specific activating effect of the oxygen atom. Some indirect evidence seemed to argue in favor
of a chain process involving butyl and 2-tetrahydrofuranyl 9 radicals as alternating transient
species. Such a mechanism would account for the unusually high reaction rate (estimated

Ea 210 kcal/mol) as for the inertness of "LICKOR reagents" under the same conditions (1ithium

compounds, particularly when aggregated, being efficient traps for free radicals 10).
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An extension of our investigation to other substrates, however, led us to refute the radical
hypothesis in favor of an ordinary four-center type metalation mechanism 8 in which the oxygen
atom provides neighboring-group assistance through complexation 7 or, less probable, inductive
effects 11. Tetrahydropyran. was found to undergo again smooth metalation, giving the potassium
compound 2 (68% isolated as the trimethylsilyl derivative 3). As revealed by competition
experiments, however, it reacted approximately 25 times slower than THF. Oxepane (hexamethylene
oxide) reacted even more sluggishly and gave only a 27% yield of the corresponding trimethyl-
silyl-substituted product 3. Ring strain is known to enhance CH-acidity but to impede homolytic

scissions 12

. On the other hand, alkyl branching should facilitate radical processes while it
seriously hinders a concerted hydrogen/metal exchange. 2-Ethyl-tetrahydropyran was found to
react exclusively at the unsubstituted o-methylene group (52% of 3 trapped as a trimethyl-
silyl derivative having the cis-configuration 3). Besides predominant o-methylene metalation
(21% of U4 trapped as a cis/trans-mixture 3), 2-methyl-tetrahydrofuran is subject to conco-
mitant B-elimination affording under ringopening 4-penten-1-01 (9% via alcoholate 5 and

consecutive products 13). Starting with eis- and trans-2,5-dimethyl-tetrahydrofuran, 5-hexen-

-2-01 (60% as the trimethylsilyl ether via alcoholate 6 ) was identified as the exclusive
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Dimethyl ether is metalated by butyl potassium with particular ease, the resulting methoxy-
methylpotassium ( 7A ) being perfectly stable below -60°C (27% trapped with chlorotrimethyl-
silane, 75% with benzaldehyde 3). In a similar way, tert-butyl methyl ether was converted via
the a-potassium compound ( 7B ) into tert-butoxymethyl-trimethylsilane (43%) and Z-tert-‘

-butoxy-1-phenyl-ethanol (73% isolated; > 95% by gas chromatography) 3 14.
{H3C)3Si-CH,-0-CRj4

HiC-0-C-R  ——=  K-CH,-0-C-R
R
7A R :=H @?H‘CHz‘O‘CRa
OH

Previously, a few a-1ithio ethers such as methoxymethyl 1ithium or tetrahydropyranyl 1ithium
15, 16
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have been described
15

. Their preparation, however, requires fairly laborious methods

relying on halide or thioether 16 cleavage with elementary metals or metal/metal exchange

reactions 17.

Working procedure : Dibutylmercury (0.79 g, 2.5 mmol) was added dropwise to a vigorously stirred
suspension of potassium/sodium alloy (0.5 mL) in pentane {25 mL). After 30 min the solvent was
stripped off and, at -75°C, the residue dissolved in precooled tetrahydropyran (10 mL). The
mixture was kept 5 h at -45°C, then cooled to -75°C, treated with chlorotrimethylsilane (0.70 mL,
5.5 mmol), and allowed to reach slowly (1 h) 25°C. Again at -75°C, 10 mL pentane and 10 mL water
were added. The organic layer was separated, washed and dried. The yield (based on dibutyl-
mercury) was determined by gas chromatography {55 m Apiezon L, 100°C, octane as an internal
standard after calibration). Then the product was isolated by distillation; bp. 86 - 88°C/

12 mmHg; 0,45 g. In other cases it was advantageous to use a 1 : 1 ether/pentane mixture rather
than the neat liquid of the ether.
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