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Communications to the Editor

Additions of Organocopper Reagents
to Allylic Epoxides

Sir:

The reaction of 3,4-epoxy-l-butene (1) with alkyl
and aryl Grignard reagents, according to an early
report' and a patent,? results solely in 1,4 addition
to give allylic alcohols 2. However, closer examination

of this reaction reveals that generally mixtures of al-
cohols 2, 3, 4, and 5 (Scheme I) are obtained,*5 the
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relative amounts of which are dependent on the nature
of the Grignard reagent (see Table I).

Table I. Results of Reaction of 3,4-Epoxy-1-butene and
Grignard Reagents in Diethyl Ether

Alcohol products, %
4

2 3 5¢
Methyl® Isolated Isolated
Ethyle 30° 35¢ 22¢
n-Butyl 564.¢ 224 194
Phenyl’ 8 84 8
a-Naphthyle 58k
a-Thienyl 26+

¢ Derived from initial rearrangement of 3,4-epoxy-l-butene to
vinylacetaldehyde and subsequent attack of RMgBr. ¢ See ref 3;
no yields given. ¢ See ref 3 and 4; yield of isolated products.
4 Separated by preparative vpc (15-ft 2097 UCON) and char-
acterized by ir and nmr. Total absence of 4 (R = n-Bu) was
demonstrated by comparison of vpc retention times of authentic
4 (from hexanal and vinyllithium) and the mixture of alcohols.
¢ It is interesting that this reaction is also stereoselective for the
trans isomer (78:22, trans:cis) as determined by vpc analysis of the
corresponding trimethylsilyl ethers. / See ref 5; reaction was
analyzed by vpc. ¢ N. G. Gaylord and E. I. Becker, J. Org. Chem.,
15, 305 (1950). *Yield of the only isolated product. ¢ G. T.
Gmitter and F. L. Benton, J. Amer. Chem. Soc., 72, 4586 (1950);
see also ref 1.

In light of the well-documented role of Cu(l) in
promoting conjugate additions to «,3-unsaturated car-
bonyl compounds® as well as the reactivity of Cu(l)
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complexes toward allylic halides” and allylic and pro-
pargylic acetates,® it seemed logical to examine the
possibility of a conjugate addition mode of reaction
to an allylic epoxide substrate, such as1. The realiza-
tion of this plan is reported here.

As another example of the reaction of a Grignard
reagent with 1, n-butylmagnesium bromide was allowed
to react with 1 in diethyl ether to give a mixture of
three products® (see Table I). However, when 1 reacts
with di-n-butylcopper lithium!® in diethyl ether or
tetrahydrofuran, the product mixture contains 937
of alcohol 2!! and 49 of 3'** (R = n-Bu) along
with 39 of an unidentified material (combined yield,
939%). Of interest was the stereochemistry of allylic
alcohol 2 (R = »n-Bu), particularly since reaction of
copper(I) complexes with allylic acetates has been re-
ported to be highly stereoselective in a number of
cases.® Oxidation of 2 (R = n-Bu) with dipyridine-
chromium(VI) oxide in methylene dichloride!2 (Collins’
reagent) gave cis and trans unsaturated aldehydes 6
(R = n-Bu)!? in the ratio 14:86, respectively.!* The
aldehyde ratio could be obtained both from vpc analysis
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and from nmr analysis!* of the aldehyde proton!®
(cis, 10.1 ppm, d, J = 8 Hz; trans, 9.56 ppm, d,
J = 8 Hz).
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Diphenylcopper lithium?7 in ether-benzene, 5:1, and
1 gave a mixture of 21%¢ (859, R = C¢H;) and 3!
(159, R = C¢H;) in an overall yield of 859. Oxida-
tion of 2 (R = C¢Hjy) with Collins’ reagent to aldehyde 6
(R = C¢H;) and nmr analysis proved the stereose-
lectivity of the addition again for the trans alcohol 2
over the cis, 90:10. In this instance, the ratio could
be determined not only from the aldehyde signal (cis,
10.3 ppm, d, J = 8 Hz; trans, 9.58 ppm, d, J = 8
Hz) but also from the benzylic methylene (cis, 3.97
ppm, d, J = 7 Hz; trans, 3.65 ppm, d, J = 7 Hz).
This result is again in marked contrast to the reaction
of 1 with the corresponding Grignard reagent, phenyl-
magnesium bromide® (see Table I).

A useful extension of this reaction provides a direct
method for addition of an isoprenyl unit in a highly
stereoselective manner to form the allylic alcohol ter-
minus of many naturally occurring acylic terpenes (see
Scheme II). To this end, chloroacetaldehyde was
treated with isopropenylmagnesium bromide in tetra-
hydrofuran to give the relatively unstable 4-chloro-2-

Scheme 11

methyl-1-buten-3-0l'"® (7; 3,5-dinitrobenzoate,™™° mp
65-66°). Methanolic potassium carbonate action on 7
gave the desired 3,4-epoxy-2-methyl-1-butene (8)
[ 3065, 1650, 890 cm—* (H,C=C); nmr (CDCl)
1.63 3 H, d, J = 1 Hz, CH,C=C), 2.78 (2 H, m,
-CH,;0-), 3.38 (1 H, m, =CCHO-), and 5.03 and
5.17 ppm (2 H, H,C=C). Anal. Calcd for C;H;O: C,

71.39; H, 9.59. Found: C, 71.28; H, 9.51] purified
/HACI (KCHCOQE';
OH

7 10

by preparative vpc (15-ft 1097 UCON 75-H-90,000;
column temperature, 100°). Addition of 8 (1 equiv)
to an ether solution of 5 equiv of lithium dimethyl
cuprate (0.33 M in (CH;),Culi) at —10° under argon
led immediately to allylic alcohol 9 (R = CH,),*
again stereoselectively for the trans alcohol product
(ratio 92:8). These allylic alcohols were identified
(ir, nmr, and vpc) with authentic samples obtained
by lithium aluminum hydride reduction of the ester
isomers 10! prepared from 2-butanone and sodium
triethylphosphonoacetate.

Thus, when organocopper reagents are utilized for
addition to unsaturated epoxide systems, 1,4 addition
predominates in a reaction stereoselective for the trans
allylic alcohol.
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A Comparison of the Reactions of Methylmagnesium,
Methyllithium, and Methylcopper Reagents with
1,2-Epoxybutane and 3,4-Epoxy-1-butene

Sir:

We have recently described the nucleophilic ring-
opening reactions of oxiranes by organocopper re-
agents.! The synthetic potential of these reactions has
encouraged us to make a detailed comparative analysis
of the reactions of a simple and a vinyl oxirane with a
variety of metallomethyl reagents. The principal sub-
strates chosen for this study were 1,2-epoxybutane
and 3,4-epoxy-1-butene.

Organometallic reagents are unique in that they may
act as nucleophiles (or bases) or as Lewis acids. In
the reactions with oxiranes this ambivalent character
can lead to three competing mechanistic pathways,
particularly in the case of the Grignard reagents.?
Possible products resulting from the reactions of metallo-
methyl reagents with 1,2-epoxybutane (1) are shown
in Scheme I.
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The product distributions from the reactions of 1,2-
epoxybutane with some metallomethyl reagents are
summarized in Table I.> An inspection of the results
shows that dimethylmagnesium, methyllithium, and
lithium dimethylcuprate* are far superior to the Gri-
gnard reagents with respect to yield of nucleophilic
ring-opening product. Lithium dimethylcuprate ap-
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