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allal series (see entry 5) could be interpreted as reflecting
the opposing tendencies of axial alkylation and anti SN,/
modes of attack.!®

In any event this highly stereoselective process, con-
ducted under extremely mild conditions, is likely to find
application to various synthetic objectives.
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(18) An alternative explanation for the glucal (4) and galactal (8) cases
that cannot be rigorously excluded assumes that ionization of the allylic
acetate occurs only when it is axially disposed. In that case, the principal
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reasons of steric hindrance. However, this formulation does not appear
to embrace the finding in the allal (5) series.
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Ultrasound in Organic Synthesis. 2.! Formation
and Reaction of Organocopper Reagents

Summary: Organocopper reagents can be formed from
alkyl and aryl halides under ultrasonic irradiation and
reacted in situ with enones to give high yields of 8-al-
kylated ketones.

Sir: Application of organocopper derivatives in synthetic
organic chemistry has received considerable attention.?
The useful SN, and SN’, reactions of these reagents have
been extensively studied,?* and their conjugate addition
to a,8-unsaturated carbonyl compounds provides the most
versatile methods of effecting reductive alkylations of these
substrates.’® The preparation of the copper reagents in
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most cases requires a separate preparation of the inter-
mediate lithio or magnesio derivatives. Recently, in the
course of our effort to develop applications of ultrasonic
waves, we discovered! that the Barbier reaction® can be
greatly improved through the physical effects of ultrasonic
irradiation. Thus, a variety of organolithium compounds
can readily be prepared, and in the presence of ketones
and aldehydes, high yields of the desired alcohols are ob-
tained. The efficiency of this method, by comparison with
the usual two-step procedure,! prompted us to investigate
the possibility of forming organocopper species under these
conditions and to react them with a-enones. The feasi-
bility of this one-step transformation is demonstrated by
the preliminary results reported in this communication.

Initially, a Barbier-type reaction resulted on irradiation
of a mixture of n-butyl bromide, lithium, and 2-cyclo-
hexzenone in the presence of copper iodide, yielding mostly
1-n-butyl-2-cyclohexen-1-ol. Ultrasonic irradiation was
performed with a low-intensity generator (80 kHz, 30 W)
without temperature control in dry THF. As the reaction
of the intermediate RLi species is apparently much faster
with the keto group than with the insoluble copper iodide,
we attempted to overcome this difficulty through the ac-
celeration of the reaction of RLi with the Cu! reagent, i.e.,
through the use of more energetic sonication conditions
and/or the use of a soluble copper derivative. Two pro-
cedures resulted from these investigations. In the first
procedure (method A) an organic halide, lithium sand,’
Cul, or pentynylcopper-hexamethylphosphorous triamide
C;H;Cu-2HMP® (generally 1.5 mmol each) and an a-enone
(1 mmol) at 0 °C in diethyl ether-THF (1:1) under an
argon atmosphere are sonicated in a modified ultrasound
laboratory cleaner.?® Generally, the metallic lithium is
rapidly consumed (3-5 min), after which the resultant

(6) Blomberg, C.; Hartog, F. A. Synthesis 1977, 18.

(7) Obtained as a 50% suspension in mineral oil from Alfa.

(8) Corey, E. J.; Beames, D. J. J. Am. Chem. Soc. 1972, 94, 7210.

(9) (a) The generator provides a 50-kHz, 96-W acoustic wave. For a
better temperature control, the electronic system of the generator was
separated from the sonication bath. (b) 50 kHz, 130 W.
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black mixture is poured into saturated aqueous NH,CL
Ether is added and the organic layer is washed (dilute HCI,
then saturated NH,Cl) and dried. Evaporation of the
solvent and purification of the crude mixture by silica gel
chromatography affords the pure product identified by the
usual spectral techniques and through comparison with
authentic samples.

Table I gives some examples of the observed results.
Usually no 1,2 adduct, i.e., the allylic alcohol, can be de-
tected. However, this simple and easily performed reaction
suffers from the formation in several cases of polar by-
products having complex structures (IR and NMR), re-
sulting from further reactions of the intermediate enolate.

Minimization of these undesired condensations was
attempted by sonication at lower temperatures in less polar
solvents (hexane-THF mixtures). It was observed that the
reaction of the organolithio intermediate with the Cu!
derivative was dramatically slowed down at ~30 °C and
a large amount of allylic alcohol was formed at this tem-
perature. Thus, a narrow balance exists between the re-
quirements of rapid formation of the organocopper reagent
and a decreased reactivity of the enolate. Although sat-
isfactory yields can often be obtained with this procedure,
we investigated a second method (method B) in which the
organocopper reagent is generated in a first step and then
treated with the enone. Thus, a mixture of 1.5 mmol (195
mg) of CzH,Cu, 3 mmol (480 mg) of HMP 1.5 mmol of an
alkyl halide, and 45 mg (3 equiv) of lithium sand in 6 mL
of dry THF-diethyl ether (1:1) is sonicated® at —40 °C
(ethanol-liquid nitrogen) for 10-30 min under an argon
atmosphere. After consumption of the lithium, 1 mmol
of the enone in 1 mL of dry THF is added dropwise with
a syringe and sonication is continued for an additional 10
min. The mixture is then worked up as described above,
and the reaction products are isolated by silica gel chro-
matography. Results are given in Table I. In most cases,
the crude B-alkylated ketone is obtained in high purity as
shown by analytical methods (IR, TLC) and almost no
contamination (<5%) by the allylic alcohol is observed.
This procedure also reduces considerably the amount of
polar byproducts. In contrast, an experiment run with
n-butyl bromide at 0 °C rapidly gave a black mixture that
left 2-cyclohexenone unchanged, probably due to the
well-documented decomposition at this temperature of the
organocopper derivatives.

Sonication has an essential role in the process. As shown
above, replacement of low-intensity sonication by more
energetic irradiation has a pronounced effect on the re-
action. In addition, the use of magnetic stirring in lieu of
ultrasonic waves results in a much slower reaction with a
different product distribution (increased 1,2 addition and
lower conversion).

The cavitation effects! of acoustic waves are known to
promote the erosion of metallic surfaces and are undoub-
tedly responsible for the rapid consumption of lithium, In
summary, diverse organocopper reagents can be rapidly
and efficiently prepared from the corresponding halides
and used effectively in conjugate addition reactions with
enones.!* Extensions of this work is presently under in-
vestigation.
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A General and Stereospecific Synthesis of Cis
Alkenes via Stepwise Hydroboration: A Simple
Synthesis of Muscalure, the Sex Pheromone of the
Housefly (Musca domestica)

Summary: Base-induced iodination of the vinylborane
intermediates, conveniently obtained via the hydroboration
of l-alkynes with alkylbromoboranes (RBHBr-SMe,),
provides cis-disubstituted alkenes in good yields. Mus-
calure, the insect pheromone of the housefly (Musca do-
mestica), has been prepared in 59% yield.

Sir: Recent developments! in the synthesis and application
of insect pheromones have stimulated a search for simple
methods to achieve the stereospecific synthesis of Z and
E alkenes, structural features possessed by many insect
pheromones. The application of organcboranes to car-
bon—carbon bond formation has been well-documented and
a wide variety of synthetic methods for carbon skeletal
assemblage via organoboranes are becoming available.?
We recently reported® a general synthesis of cis-disub-
stituted alkenes via the iodine-induced transfer of di-
alkylvinylboranes, produced by the hydridation of di-
alkylhaloboranes in the presence of 1-alkynes, thus gen-
eralizing the elegant Zweifel* cis-alkene synthesis (eq 1).

R,B H HoH
0.25LiAIH, > < NaOMe > <
RBX I-alkyne I, (1)
iR R R

This procedure suffers from two significant disadvan-
tages. (1) Monohydroboration of 1-alkynes with dialkyl-
boranes, particularly when the alkyl group is primary, is
often complicated by competing dihydroboration. This
can be suppressed by using a large excess of 1-alkyne. But
such use of a large excess of 1-alkyne is not practical for
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