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Electroreductive generation of carbon radicals
from organic halides is one of the useful and e@Emély
alternatives to conventional radical generatiomgisoxic
organotin reagents such as tributyltin hydride.c®ssful
electroreductive generation of carbon-centered cedsli
without BuSnH has been carried out by direct, metal
complex-catalyzed, or mediated (indirect) electesultal
reduction of organic halides and diazonium salts] s
application to radical cyclization reactions hasoabeen
performed to synthesize carbo- and heterocycles.
However, most of the termination steps in electro-
reductive radical reactions are merely protonatbnhe
resulting anion, yielding protonated cyclic compdsin
and little attention has been given to the use haf t
resulting anion for further reactions, especialfrbon-
carbon bond-forming reactions. To the best of our
knowledge, Ni-catalyzed tandem cyclization-
carboxylation of unsaturated haloaryl ethers is dhéy
example in electroreductive “radical-type” cyclipet
followed by C-C bond formation with carbon dioxitle.
During the course of our studies in electro-organic
synthesis, we recently succeeded in selective generation
of aryl radicals from 2-allyloxybromobenzenes by
electrochemical reduction using methyt-Butylbenzoate
as an electron transfer mediator. We also foundtthes-
generated aryl radicals were applicable to radical
cyclization, and after further one-electron reductof the
resulting cyclized radical, the resulting anionicdntly
captured carbon dioxide to yield 3,4-dihydrobenrafu
3-ylacetic acids in high selectivities and goodldsé
Moreover, this protocol was successfully applieditty!
radical cyclization followed by fixation of carbatioxide.
Herein, we report electrochemical generation of ang
vinyl radicals from the corresponding bromides #imeir
radical cyclization followed by fixation of carbatioxide
affording carbo- and heterocycle-substituted acaticls
in moderate to good yields.

Firstly, screening of reaction conditions,
including an additive as an electron transfer ntedjdor
electrochemical radical cyclization-carboxylationasv
carried out by using 2-allyloxybromobenzeda as a
substrate. We found that when 7 F/mol of elecirieias
passed in constant current electrolysidaft 20 mA/crA
in the presence of carbon dioxide and 0.5 equiwmethy!
4-t-butylbenzoate as a mediator at@, conversion ofla
reached 85% and the desired radical cyclization-
carboxylation product, 2,3-dihydrobenzofuran-3-gtic
acid @Qa), was obtained in 82% vyield with high selectively.
It is noteworthy that methyl #+butylbenzoate using as an
electron transfer mediator could be recovered
quantitatively, and after purification by column
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chromatography, the recovered mediator was reusable
Br
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the present reaction.
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20 mA/cm?, 7 F/mol, 0 T
methyl 4-t-butylbenzoate (0.5 eq.) 82%
85% converion (2a:3a=98:2)
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Under the similar conditions, the scope of the
present electrochemical radical cyclization-carbatiyn
(ERCC) reaction was investigated and a part ofésalts
are shown. In all cases, ERCC produztaere obtained
selectively in moderate to good yield. Benzopyrangtic
acid2d could also be obtained by 6-exo cyclization of the
aryl radical generated frotd followed by carboxylation.
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a) Isolated yields. The yields based on reacted substrate are shown in brackets. b) Determined by *H NMR.
c) 5.7 F/mol of electricity was passed with 10 mA/cm? of current density.

We also found that the present ERCC reaction
was applicable to vinyl bromides.
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0.1M BuANBF4 DMF N N
Boc 20 mA/cm?, 3 F/mol, 0 T Boc Boc
4 5 6

in the absence of methyl 4-t-butylbenzoate 53% (5/6 =88/12)

in the presence of methyl 4-t-butylbenzoate (0.5 equiv.) 48% (5/6=971/3)

References

(1) Recent representative papers; (a) N. Kurono, E.
Honda, F. Komatsu, K. Orito, M. Tokudahem.

Lett. 2003, 32, 720; (b) N. Kurono, E. Honda, F.
Komatsu, K. Orito, M. Tokudaletrahedron 2004,
60, 1791. (c) K. Mitsudo, Y. Nakagawa, J.
Mizukawa, H. Tanaka, R. Akaba, T. Okada, S.
Suga,Electrochim. Acta 2012, 82, 444.

(2) S. Olivero, E. Dufactgur. J. Org. Chem. 1999,
1885.

(3) (@) Y. Yamauchi, T. Fukuhara, S. Hara, H. Senboku,
Synlett 2008, 438; (b) Y. Yamauchi, K. Sakai, T.
Fukuhara, S. Hara, H. Senbol@mnthesis 2009,
3375; (¢) Y. Yamauchi, S. Hara, H. Senboku,
Tetrahedron 2010, 66, 473; (d) H. Senboku, K.
Nakahara, T. Fukuhara, S. Hafetrahedron Lett.
2010, 51, 435; (e) M. Ohkoshi, J. Michinishi, S.
Hara, H. Senbokuletrahedron 2010, 66, 7732; (f)

H. Senboku, Y. Yamauchi, N. Kobayashi, A. Fukui,
S. HaraFElectrochemistry 2011, 79, 862; (g) H.
Senboku, Y. Yamauchi, N. Kobayashi, A. Fukui, S.
Hara,Electrochim. Acta 2012, 82, 450.

(4) H. Senboku, J. Michinishi, S. Hargynlett 2011,
1567.



