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Electrochemical reactions have proven to be a valuable means
for reversing the polarity of alkenes and triggering radical anion-
based or radical cation-based cyclizing reactibAsodic olefin Figure 1. An example of an anodic intramolecular olefin coupling
coupling initiated by oxidation of electron-rich olefins can provide reactior?a—
powerful tools for achieving intramolecular cyclization reactions
and building new ring systenidn this case, several combinations MeO
of olefins can be introduced in the intramolecular cyclizing
system, securing diverse functional groups in the newly cyclized
skeletons (Figure 1). Electrocatalytic intermolecular cyclodimer-
ization of olefins activated by carbazdieyyl sulfonyl? pyridyl,
and quinoly? groups has been achieved for four-membered-ring
formation. On the other hand, it has unfortunately been difficult gcpeme 1
to achieve electrolytic intermolecular selective cross-coupling of
two different olefins to provide the [22] cycloadduct. This was T™S ™S
disappointing because the electrochemical method might allow  yeo - MeO. + ]) "

R:L i

| 1 R'= n-pentyl Eox =1.48V (vs. Ag/AQCI)
2 R'= phenyl Eox =143V

R 3 R'= 4-methoxyphenyl  Eg =1.39V

Figure 2. Structures and oxidation potentials of electrolytic substrates.

for the selective polarity inversion of electron-rich olefins and j| + | e
open the door for the construction of four-membered rings by R e
new combinations of olefins even in neutral conditions. This gave
us the incentive to try to determine whether such an electrochemi-
cal approach might provide a unique pathway to their selective
intermolecular olefin cross-coupling to construct{?] cycload-
ducts between the in situ generated electron-deficient olefins and
nonactivated ones under the regulation of oxidation potentials and ™S e

intra- and intermolecular electron transfers. We report herein our ~ 1or2 + EE—— no cyclized product
initial efforts to develop the novel electrocatalytic intermolecular | 1 M LICIO4/CHzNO5
formal [2+2] cross-coupling of electron-rich olefins.

Initially, the electrolytic cycloaddition between enol eth&rs3
and allyltrimethylsilane! was studied (Figure 2). Anodic oxidation
of enol ethers was accomplished by using a carbon felt anode, a €
constant current of 2.5 mA, a carbon felt counter electrode, and 3 + 4 _— ; 5
a 1.0 M lithium perchlorate/nitromethane electrolyte solution 1 M LiCIO4/CH3NO, R
an undivided cell. Electrolytic substratésor 2 gave no major

— - - R'=4-methoxyphenyl
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Figure 3. An interval electrolysis for the mixture & and4 in 1.0 M Scheme 5.A Proposed Reaction Mechanism of the
lithium perchlorate/nitromethane. Electrocatalytic Intermolecular Olefin Coupling
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7 R%=n-butyl, R%, R*=H 10 R%=n-butyl, R®, R*=H 61 %
8 R?, R3=Me, R%*=H 11 R2, R3=Me, R4=H 76 % methoxyphenyl radical cation regenerates the radical cation of

) ) o the enol ether by intermolecular disproportionation (Scheme 5).
applying any potential. Pre-electrolyzed solution in the absence |4 conclusion, anodic oxidation of the enol ethers can be used

of the substrates followed by the addition®and4 also gave {4 trigger the formation of intermolecular forma-2] cycload-

no product. In addition, yields of the generated product clearly gition with a variety of alkenes. The intermolecular reactions allow
responded to the stair-step application of electricity. The amount the formation of cyclobutanes between the enol ethers and alkenes
of product at each stage scarcely changed during the time whengt choice, leading to the construction of a wide variety of
no potential was applied (Figure 3). The cyclization reaction also g pstituted cyclobutane rings. The methodology further comple-
worked with3 and nonactivated aliphatic alkenes. For compound ments the existing photochemical, thermal, and Lewis acid-
3 and methylene cyclohexar@ a single spiro product was  catalyzed means to construct{2] cycloadducts. Efforts to utilize
obtained that had trans stereochemistry. Even a one-alkyl-{his methodology for the synthesis of various substituted cy-

substituted alken@ gave the corresponding cycloaddd@with clobutanes and to extend the work to intramolecular cyclizations
3 (Scheme 3). Anodic oxidation aFmethoxyphenyl derivative 5. underway.

12 in the presence o also gave the desired cycloaddu@
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