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Ultrasound in Lipids. Furan Formation under Ultrasonic assisted Simmons-Smith 
Reaction and the Effect of Cadmium and Copper as Zinc Replacers 
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Methyl 12-0x0-octadec-9-cis-enoate gave methyl 9,12-epoxyoctadeca-9,11 -dienoate when treated with zinc or 
cadmium in the presence of di-iodomethane and 1,2-dimethoxyethane under concomitant ultrasonic irradiation, 
while under similar conditions copper caused cyclopropanation across the ethylenic bond in methyl oleate and 
ricinoleate. 

The use of ultrasonic energy in chemical reactions has recently 
attracted considerable interest among organic chemists. 1.2 
Under ultrasonic irradiation the solvent in a chemical reaction 
allows the rapid formation, growth, and implosive collapse of 
unstable microbubbles, generating short-lived but extremely 
high pressure and high temperature 'hot spots' in the system, 
permitting reaction rates to be considerably increased.3 In the 
area of fatty acid chemistry, unsaturated long chain fatty esters 
and triglycerides were readily transformed to the correspond- 
ing cyclopropane derivatives, when treated with zinc in the 
presence of di-iodomethane and 1,2-dimethoxyethane as 
solvent under concomitant ultrasonic irradiation.2.4 In the 
absence of ultrasound, such a reaction mixture did not 
undergo cyclopropanation as the zinc (not in the form of a 
zinc-copper couple) remained unreactive. However, when the 
same reaction conditions were applied to a keto-ene ester (2), 
the ultrasound-assisted reaction furnished instead a c18 
furanoid fatty derivative (3) (Scheme 1) [46% yield, 6H(90 
MHz, CDC13) 0.88 (3H, t), 1.2-1.6 (18H, m), 2.30 (2H, t), 

51.41 (-C02Me), 104.88 (-CH= furan ring), 154.74 (-C= furan 
ring), 174.22 (-C02Me); g.1.c. : ECLSvalue = 18.3 (OV-101), 
20.45 (3% SP231&2% SP2300)]. Compound (3) has pre- 
viously been obtained by the treatment of (2) with mercury(I1) 
acetate or by total synthesis from furan.6 The result of this 
reaction suggests that the zinc carbenoid species (generated 
from zinc and di-iodomethane) induced an electron with- 
drawing effect on the n-bond system of the ethylenic bond of 
the substrate causing an intramolecular cyclisation involving 
the strategically located keto function, yielding the stable 
furanoid fatty ester derivative. 

When zinc was replaced by cadmium metal, compound (2) 
in the presence of di-iodomethane with 1,2-dimethoxyethane 
as solvent, also gave ca. 10% yield of (3) under ultrasonic 
irradiation. This indicated that the cadmium (as an organocad- 
mium species) also induced an electron withdrawing effect on 
the ethylenic system of the substrate promoting furan forma- 
tion as did the zinc carbenoid. No furan formation was 
observed when the same reaction was conducted without 
di-iodomethane, even under ultrasonic irradiation. 

The role of copper in a classical Simmons-Smith reaction 
had always been claimed to be limited to activation of the zinc 
by formation of a zinc-copper couple, playing no further part 
in the subsequent cyclopropanation .7 However, Kawabata et 
af.8 demonstrated the ease of cyclopropanation of alkenes 
using copper and organic gem-dihalides. But when copper was 
substituted for zinc and the reaction carried out under 
ultrasonic irradiation, compound (2) furnished high molecular 
weight polymeric material. The 1H n.m.r. analysis of the crude 
product indicated the absence of furan and cyclopropane 
protons. However, under similar reaction conditions, com- 
pounds (1) and (7) gave the corresponding cyclopropane 
derivatives (4) and (8), in 31 and 20% yield respectively. The 
identity of compound (4) was confirmed by further trans- 
formation by oxidation9 to ( 5 )  [aH (90 MHz, CDC13) -0.3 
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Scheme 1.t R* = Me(CH2)5, R2 = (CH2),C02Me, R3 = Me(CH&. 
Reagents: i, chromic acid, E t 2 0 ;  ii, Zn ,  CH212, MeOCH2CH20Me, 
ultrasound, 80-9OoC, 4 h; iii, Cd, CH,I,, MeOCH2CH20Me, 
ultrasound, 80-90°C, 4 h; iv, Cu, CH212, MeOCH2CH20Me, 
ultrasound, 80-90°C, 4 h; v, ( A C O ) ~ O ,  100°C, 1 h. 

(2H, m), 0.6 (2H, m), 0.89 (3H, t), 1.2-1.6 (20H, m), 
2.2-2.5 (6H, m), 3.66 (3H, s); g.1.c. :ECL value = 20.6 
(OV-101)]; and acetylation to (6) [&(90 MHz, CDC13) -0.3 
(2H, m), 0.65 (2H, m), 1.2-1.6 (20H, m), 2.06 (3H, s), 2.30 
(2H, t), 3.66 (3H, s), 4.87 ( lH ,  quint.)]. 

t All reactions were carried out under nitrogen. A commercial 
ultrasonic laboratory cleaner (Bransonic model 321, 150 W, 55 kHz, 
Branson Co., Shelton, Conn., U.S.A.)  was employed. A typical 
reaction consisted of a mixture of metal filings (zinc, cadmium, or 
copper, 0.5 g), di-iodomethane (0.3 g), unsaturated fatty ester (0.4 g), 
and 1,2-dimethoxyethane ( 5  ml), being irradiated for 4 h at 80-90 "C 
under ultrasound. Saturated ammonium chloride solution (5  ml) was 
then added and the organic product extracted with diethyl ether and 
purified by column chromatography on silicic acid. 
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