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Summary: Stereoselective vinylcupration of a cyelo-
propenone acetal (1), followed by in situ electrophilic
trapping with an alkylating agent, affords a cis-substituted
vinylcyclopropane 2, which stereoselectively rearranges to
the acetal of a cross-conjugate dienone 3 upon thermolysis
at 60-160 °C.

Conversion of a cis-1-alkyl-2-vinylcyclopropane to a
1,4-diene through a 1,5-sigmatropic hydrogen migration
has long attracted the attention of organic chemists.!
Synthetically, however, this reaction is strategically un-
attractive, since there are few efficient synthetic routes to
the starting cis-substituted cyclopropane. We report that
stereospecific addition of a vinyl cuprate to a cyclopropene
1 provides a highly effective synthetic entry to the required
cis-1-alkyl-2-vinylcyclopropane structure 2. The mecha-
nism of the carbocupration and the electrophilic trapping?
secure the necessary cis-stereochemistry, and mild ther-
molysis of the cyclopropane 2 produces the diene 3 in two
steps from 1 in overall yield of 70-90% (Scheme I).
Stereoelectronic and steric control in the transition state
of the 1,5-hydrogen migration resulted in excellent ste-
reoselectivity with respect to both of the two newly formed
double bonds in 3.

The cyclopropene 1 is a stable compound and is avail-
able in two steps from 1,3-dichloroacetone on a multigram
scale.® The use of 1 as a cyclopropene substrate is of
particular synthetic benefit,* since the product is the acetal
of a cross-conjugated dienone (4)—a useful synthetic in-
termediate, e.g., for Nazarov synthesis of cyclopentenones.’
Efficiency of the vinylcupration/alkyl trapping sequence
(1 to 2) was examined first, and the results are shown in
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Table I. Vinylcupration and Rearrangement?

entry cuprate HSCHex 3 (%yield) rearrngt 4 (%yield)
{equiv)  (equiv) condns
1
Cui Ml O¢®  q20%c,11h 05O
O Q
5(1.1) 8(79) 13(100)
2 MeSiCHl  On¢®  80°C.54h Oy 0
(5) SiMe, B
SiMe,
8 (84) 14(34)
Z CUCNIMGBr P Br Aph 100°C, €0 h ﬁ
1.“ | Ph
6(1.1) an 10 (80) 15(97)
e o
4 ~ 100°c,28h <
@ | = L
11(68) | 16 (96)
BusAScueniLi, )«
. Mel o. 0
5 C\g @ 160°C, 70h P
i
7(1.2) . | !
Y 12089 Bu  17(92)

%The rearrangement was carried out in either benzene, toluene,
or mesitylene depending on the required reaction temperature (in
some cases, in the presence of BSA). All yields are based on pure
isolated product. All olefins in the table are of at least 97% ste-
reochemical purity as determined by *H NMR and/or capillary GC
analyses.

columns 2—4 in Table I. The reaction tolerates a variety
of cuprate structures which can be used in nearly equi-
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molar quantity and gives the product as a single cis-ste-
reoisomer. Both vinyllithium (c¢f. 5 and 7) and vinyl-
magnesium bromide (cf. 6) can be employed as a cuprate
precursor. In addition to homocuprate 5, heterocuprate
6 and higher order cuprate 7 with dummy ligands serve
as a vinyl donor. The latter two selectively transfer the
vinyl group to the cyclopropene, thus allowing the use of
nearly stoichiometric amounts of the vinyl metal precursor
and the electrophilic trapping agent (cf. entry 3).

1,5-Hydrogen migrations of the vinylcyclopropanes 2
took place at 60-160 °C in 0.2-0.6 M solutions of an aro-
matic solvent and gave a variety of dienone and trienone
structures in quantitative yield (Table I, column 6). Some
dienone acetals were found to undergo acid-catalyzed
stereochemical isomerization of the olefinic bond during
thermolysis, which could be prevented by carrying out the
reaction in the presence of BSA. In no case could we
observe competitive formation of cyclopentenes via vi-
nyleyclopropane rearrangement involving the rupture of
a C-C bond connected to the acetal carbon.?

Of the two olefinic bonds produced by the rearrange-
ment, the one which originated from the vinylic side chain
was found to be cis and the one from the alkyl side chain
to be trans. The selectivity for both olefins was better than
97%. Thus, for instance, the rearrangement of 12 gave the
cis-dienone acetal 17 in 92% yield with >98.5% selectivity
(entry 5). This stereochemistry translates to the endo
orientation of the vinyl group in the transition state of the
1,5-hydrogen shift.®* The endo preference, which amounts
to several kcal/mol,” is strong enough to override the steric
effects of the neighboring acetal oxygen.

Literature examples®” indicate that the stereochemistry
of the olefin originating from the alkyl group is much more
difficult to control. In the present case, however, the re-
arrangement proceeded with very high trans-selectivity
(entries 2—4), which is likely due to the steric effect of the
acetal moiety.?
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Communications

Interestingly, there was found considerable rate accel-
eration by the silyl, phenyl, and vinyl groups on the alkyl
side chain (entries 2-4). The effect of the silyl group is
remarkable,’ causing the rearrangement to proceed even
at 60 °C.1% The silyl substitution leads to the formation
of a silylated dienone 18, which is a particularly good
substrate for the Nazarov cyclization.?

Hydrolysis of the dienone acetals proceeded very
smoothly under mild conditions. Thus, treatment of the
acetals with either PPTS or Amberlyst 15 treated previ-
ously with 2,6-di-tert-butylpyridine (Amberlyst/DTBP)*
in an aqueous acetone gave the desired dienones 18 and
19 in high yield."! The use of the latter mildly acidic resin
allows easy isolation of the product. The synthetic utility
of the dienones may be illustrated by stereoselective syn-
thesis of 4-ketopiperidine (20) by the reaction with an
amine.!’? The overall three-step reaction provides a
strategically novel heteroannulation sequence.

It may be useful to note that the 1,5-hydrogen mlgratlon
selectively'® places the transferred hydrogen (H* in 2) onto
a single diastereoface of the trigonal carbon connected to
R! to create a potential stereogenic center in 3 (e.g., if a
hydrogen isotope is transferred). Given the high facial
selectivity of such hydrogen transfer reported recently'?
and the ready availability of chiral counterparts of the
acetal 2% the present sequence would also provide a
unique approach to optically active molecules.

In summary, we have established a short stereoselective
synthesis of cross-conjugated dienones and their acetals
by taking advantage of a stereoselective carbo-
cupration/trapping sequence. The stereochemistry of each
step is rigorously controlled, rendering the overall sequence
highly efficient despite the fact that two stereogenic centers
created in the first step are destroyed in the second.!®
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