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Nonactivated alkyl or aryl halogenides readily react with organolithium compounds in the
presence of alkoxides of heavy alkaline metals. In the case of organic bromides and iodides,
coupling products in the sense of the Wurtz reaction are mainly formed.

Organosodium or organcpotassium compounds react with nonactivated organic
halogenides much more quickly than the corresponding organolithium compounds?,
but they are much less accessible. Organolithium compounds react smoothly with
alkoxides of heavy alkaline metals via the metal-metal exchange reaction, giving
rise to an organic compound of a heavy alkaline metal>~*:

RLi + ROM — RM + R'OLi (M = Na, K, Rb,Cs). (4)

If reaction (4) is carried out in the presence of some suitable third compound,
a compound of the latter with the heavy alkaline metal is formed?~4, e.g.,

C,H,Li + (CH;);COK + C¢H;CH, -
—~ C4HCH,K + C,H,, + (CH,),COLi. (B)

In a systematic investigation of the interaction between organolithium compound

and alkaline alkoxides*, a similar exchange reaction (4) and a high reactivity to-

wards the third compound were observed not only with alkyl- or aryllithium

compounds (bond=C—Li), but also with organolithium compounds of another

type, i.e., with lithium amides (bond >N—Li)® or lithium ketone and ester enolates
Y

l
(bond >[C==C==0](Li*), where Y = R or OR)®~ 7. In most cases mentioned above,

. This paper refers to part XH, Interactions of Alkoxides. Part XI, ref.5.
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the corresponding organic compounds of heavy alkaline metals were isolated in
high yields as the reaction products; the reaction is therefore suited for their
preparation® 8, ¢f. also®. An increased reactivity of organolithium compounds in
the presence of tertiary potassium butoxide was later observed also by Schlosser’?,
who however attributed this behaviour to the ‘‘solvation” of organolithium com-
pounds with alkoxide (R‘Li*? « O YK ™*))C(CH,),), similarly to, e.g., the action
of donor solvents like THF. This author and his colleagues successfully metallated
a number of organic compounds by employing this procedure, but their con-
ception can hardly explain the formation of organopotassium compounds as the
final product (cf.'?).

It was suggested that the reaction of organolithium compounds with organic
halogenides might be facilitated by using an exchange reaction with alkoxides of
heavy alkaline metals (4). It was indeed observed that in a hexane solution containing
an organolithium compound and a nonactivated organic halogenide, the addition
of a heavy alkaline metal alkoxide brings about a vivid reaction, while the same
mixture without alkoxide reacts only very slowly. A white precipitate appeared
immediately in the reaction mixture; in the case of the reaction between equimolar
amounts of butyllithium (BuLi), octyl bromide and potassium tert-pentoxide (t-
-PeOK), this precipitate was isolated in a 100% theor. yield and identified as an almost
pure potassium bromide (metal content by means of AAS: K, found 31-81%, calc.
32-85%; Li, found 0-24%). In the IR spectrum of the mother liquor after isolation
of the precipitate, only lithium tert-pentoxide (t-PeOLi) was observed, along with
the organic products of the reaction. An explanation of the formation of KBr and
t-PEOLi by means of a consecutive reaction of the primarily formed LiBr with
t-PeOK is not plausible, because these compounds reacted with each other only very
slowly under the given conditions. The conversion of t-PeOK to t-PeOLi by vigorous
shaking with fine LiBr and steel beads in hexane did not even reach 109, after three
hours (IR). Thus, these results do not confirm the role of a heavy alkaline metal
alkoxide as an ‘‘activator” of the reaction of an organolithium compound, but
rather indicate its direct participation in the described reaction with the organic
halogenide.

After hydrolysis of the reaction mixture, the organic products of the reaction
under investigation were determined by GLC (compared with authentic compounds,
Table I). In most cases, the predominant components were coupling products of orga-
nometallic compound and organic halogenide (e.g., reaction (D)), along with minor
amounts of products arising by B-elimination of the halogenide (e.g., reaction (E)),
and as a consequence of the exchange reaction halogen-metal (e.g., reaction (F)),
as shown schematically for the reaction of n-octyl bromide:

C4H9Li + t-CSH”OK g C4H9K + t'CSHLIOLi (C)
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r—> CLZHZG -+ KBr (D)
C4H9K + Cst 7Br - C8H1_6 -+ C4H1_o + KBr (E)
N C4H9Br -+ CsHL-]K . (F)

The products of reaction (F) may react further in the sense of reactions (D) and (E)
(¢f. the formation of hexadecane; TableI). The exchange metal-metal reaction
(e.g.(C)) is involved in the reaction with halogenide in some way. In addition,
trace quantities of unidentified compounds are also formed.

The heavy alkaline metal alkoxide plays a decisive role in the reaction of the
organometallic compound with the organic halogenide. Conversion of the halo-
genide is proportional to the amount of alkoxide added. At the equimolar ratio of
all three reaction components the conversion of bromides or iodides is higher than
96% theor. On the contrary, at BuLi:t-PeOK : octyl bromide =1:0:5:1 the
conversion of bromide was only 599, theor. With potassium alkoxides added, the
rate of the reaction of organometallic compound and halogenide is much higher
than that observed with sodium alkoxides. A lower temperature during the addition
of potassium alkoxides (—45°C instead of 20°C) had only a weak effect on the
composition of organic reaction products, but the yield of coupling was negatively
affected, if hexane was replaced with THF at —45° (Table I).

The extent of B-elimination can be easily compared using the reaction between
BuLi and various butyl halogenides (analogy to reaction (E)). For instance, Table I
shows that in the reaction of butyl chloride the products of B-elimination predominate
and coupling occurs only to some 26% theor. On the other hand, with butyl bromide
or iodide the coupling yield is about 809 theor., while the B-elimination is re-
presented only little. Hence, it can be inferred that bromides and iodides are better
suited for the coupling with the organometallic compound than chlorides.

The coupling of organic nonactivated halogenides with organolithium compounds
in the presence of a heavy alkaline metal alkoxide described in this study is a simple
and rapid method for the preparation of hydrocarbons and some of their derivatives.
The yields of coupling products are relatively high (60—862; theor.), but not higher
than those obtained in the known coupling of halogenides with organocuprates!?.
The new reaction proceeds under much more favourable conditions and therefore
may be employed also on a larger than laboratory scale. Thus, only one equivalent
of the expensive organolithium compound is consumed in the reaction, in the contra-
distinction to two or more equivalents in the case of cuprates; also, cheaper and safer
aliphatic hydrocarbons can be used as the medium instead of THF or aromatic
solvents; and, lastly, the reaction proceeds at room temperature and does not require
cooling to low temperatures.
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EXPERIMENTAL

All operations with organic compounds of alkali metals were performed in an atmosphere of
purified argon. Reagents and solvents were rectified and dried before use. Alkali alkoxides
were prepared by a reaction of the alcohol with the alkali metal (molar ratio 1:1:3) in THF,
isolation as crystals and final drying at 60°C invacuo. For analyses of the reaction mixture
a GLC apparatus Perkin-Elmer F 30 (columns packed with 10% GEXE-60 on Chromosorb)
and decane as the internal standard were used.

Procedure: To a solution of organolithium compound and organic bromide or iodide in an
aliphatic hydrocarbon (¢ ~ 1 mol/l, molar ratio 1: 1), a solution of the same molar amount of
t-PeOK in the same solvent (¢ ~ 1 mol/l)is added with continuous stirring. The same, or somewhat
poorer yields of coupling are obtained, if a solution of sodium tert-butoxide in cyclohexane is
used (¢ ~ 0-8 mol/l), or in the case of reverse mixing procedure, where a solution of organolithium
compound is added dropwise to a suspension of potassium tert-butoxide in hydrocarbon and
organic halogenide. The reaction temperature is maintained by cooling within 15— 35°C. After
the dropwise addition has been completed (mostly within 10 min), the mixture is stirred at room
temperature one hour (with sodium alkoxides three hours), then hydrolyzed with a small excess
of water and analyzed.
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