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Methylenecyclopropanes (MCPs,1) are useful building blocks
in organic synthesis due to their high level of reactivity derived
from ring-strain, and easy availablity.1 MCPs can be transformed
into various organometallic species depend on the reaction positions
by metal reagents (such as Sn-H,2a Si-H,2b-d B-B,2e Si-B2f,g).2,3

Although some reports have attributed the cleavage of proximal
bonds, almost the reported examples are limited to the cleavage of
less-substituted bond to give a vinylic metal3 (eq 1).2 From this
point of view, the selective cleavage at the hindered proximal bond
is significant to generate alternate vinylic metals2. Preparation of
a wide range of vinylic metals is strongly required as a valuable
coupling partner in the formation of aπ-conjugated system. We
report here on the selective formation of vinyltins2 from MCPs1
by using di-n-butyliodotin hydride (Bu2SnIH).4 Furthermore, ap-
plications to intramolecular cyclization and one-pot Pd-catalyzed
coupling between the resulting vinyltins and aryl iodide are
presented.

Initially, reaction conditions were optimized by using the reaction
of 1-methylene-2-phenylcyclopropane (1a) and Bu2SnIH prepared
in situ from the redistribution of Bu2SnI2 and Bu2SnH2 (Table 1).5

The reaction proceeded well at room temperature in several solvents,
including hexane, acetonitrile and THF, to produce anR-substituted
vinyltin 2a in moderate yields (entries 1-3). It should be noted
that no regioisomers were generated in all runs. Selective cleavage
at the substituted proximal bond in MCPs with metallic species
has scarcely been reported, in particular, the reaction of MCPs1
having terminally unsubstituted alkene is unprecedented.6 This
reaction was completely suppressed by the addition of a small
amount of a radical inhibitor, galvinoxyl (entry 4). In contrast, the
addition of a radical initiator Et3B increased the yield up to 81%
(entry 5). These facts indicate that a radical step is included in the
reaction. Consequently, the addition of Et3B at room temperature
in THF solvent was employed as optimized conditions.

Next, the generality of MCPs1 was investigated. The resulting
reaction mixture including vinyltins2 was directly treated with aryl
iodide in the presence of a Pd catalyst, because the isolation
treatment caused the loss of2 (Table 2).7 The high yield (92%) of
4astrongly indicated a quantitative formation of2aand successive

Pd-catalyzed effective coupling with 4-iodonitrobenzene in the one-
pot treatment (entry 1). Alkyl-substituted substrates,1b and 1c,
also gave the desired products,4b and4c, in moderate yields, but
in which respective isomers5b and 5c were produced (entries 2
and 3). Thegem-disubstituted MCPs,1d and 1e, effected the
formation of vinyltins4d and4e, respectively, in high yields (entries
4 and 5). In the case ofVic-disubstituted and trisubstituted MCPs
1f and 1g, disubstituted alkenes4f and 4g were obtained with
unidentified byproducts, however, in which no regioisomer5 was
observed (eqs 2 and 3). The lower yield of4gmight depend on the
steric demanding of highly substituted1g.

The reaction course is supposed as follows (Scheme 1). The
dibutyliodotin radical (Bu2ISn•) adds to the central carbon of MCPs
1 to give cyclopropylmethyl radicalA, which is followed by the
selective proximal bond cleavage at a hindered site. It is well-known
that the rate of ring-opening of the cyclopropylmethyl radical is
very fast (>108 s-1).8 Hence, as the stability of the resulting carbon
radical determined the regioselectivity of the ring-opening, phenyl
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Table 1. Hydrostannation of Methylenecyclopropane 1a by
Bu2SnIHa

entry solvent time (h) yield of 2a (%)

1 hexane 20 45
2 MeCN 20 33
3 THF 20 53
4b THF 20 2
5c THF 14 81

a 1a (1.0 mmol), Bu2SnIH (1.0 mmol), solvent (1 mL).b Galvinoxyl (0.1
mmol) was added.1awas recovered in 88%.c Et3B (0.1 mmol) was added.

Table 2. Regioselective Hydrostannation of MCPs 1 and
Successive Coupling with Aromatic Iodidea

MCPs 1 yield (%)

entry R1 R2 time (h) 4 5

1 1a Ph H 14 4a 92 5a 0
2 1b n-C8H17 H 10 4b 77 5b 13
3 1c CH2OBn H 10 4c 66 5c 20
4 1d Ph Ph 138 4d 75 5d 0
5 1e -(CH2)5- 16 4e 98 5e 0

a MCPs (1.0 mmol), Bu2SnIH (1.0 mmol), THF (1 mL), Et3B (0.1 mmol),
p-IC6H4NO2 (1.0 mmol), Pd2(dba)3-CHCl3 (0.015 mmol), Ph3P (0.08 mmol),
1 M TBAF solution in THF (3 mL).
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or dialkyl substituents gave high selectivity because of the genera-
tion of stable benzyl or tertiary alkyl radicalsB. In the case of
mono alkyl-substituted MCPs1b and 1c, the mixtures of regioi-
someric products were obtained due to the small difference in the
stability between primary and secondary radicals (see Table 2,
entries 2 and 3). Finally, homoallyl radicalB was hydrogenated
by Bu2SnIH to give vinyltin2 with regeneration of a tin radical.

This highly selective metalation to the central carbon is a
characteristic feature of Bu2SnIH. In contrast, when MCP1d was
treated with Bu3SnH in the presence of Et3B, cyclopropylmethyltin
6d was obtained in 85% yield without ring-opening products such
as 2 or 3, in which the addition to terminal olefin carbon is
exclusive.9 In addition, Pd(Ph3P)4-catalyzed hydrostannation pro-
duced only homoallyltin7d in 79% yield,2a and the reaction
promoted by Lewis acid such as AlCl3 or B(C6F5)3 resulted in a
complicated mixture.10 Although a credible reason why the tin
radical Bu2ISn• selectively adds to the internal carbon of MCPs1
is not clear yet and the mechanism is only tentative, a interaction
between theπ-bond and/orσ-bond of MCPs and the tin center of
Bu2SnIH, whose Lewis acidity is increased by an iodine substituent,
might affect this regioselectivity.

In the next stage, we applied this radical cleavage to a trans-
formation from the MCP1h bearing allylic ether moiety into cy-
clized vinyltin 2h (Scheme 2).11 After the reaction at room tem-
perature for 20 h, a subsequent coupling reaction with iodobenzene
was performed to produce cyclic ether4h in moderate yield. In
this reaction the generated cyclopropylmethyl radicalC quickly
isomerizes to radicalD, which cyclizes to intermediateE. The
following hydrogenation and coupling gave the desired product4h.

In conclusion, the hydrostannation of MCPs using Bu2SnIH to
produce R-substituted vinyltins was presented, which showed
unprecedented regioselectivity. The generated vinyltins could be

applied to a one-pot coupling reaction without isolation or change
of solvent. Moreover, a radical cyclization initiated from the
reduction of MCPs was accomplished. Mechanistic consideration
and reactivity of more substituted MCPs are under investigation.

Acknowledgment. This research has been supported by JSPS
Research Fellowships for Young Scientists, by a Grant-in-Aid for
Scientific Research on Priority Areas (459 and 460) from the
Ministry of Education, Culture, Sports, Science and Technology,
Japan, and by the JFE 21st Century Foundation and Nihonshouken
Foundation.

Supporting Information Available: Experimental details and
characterization data. This material is available free of charge via the
Internet at http://pubs.acs.org.

References
(1) Recent reviews: (a) Brandi, A.; Goti, A.Chem. ReV. 1998, 98, 589. (b)

Nakamura, I.; Yamamoto, Y.AdV. Synth. Catal. 2002, 344, 111. (c) Brandi,
A.; Cicchi, S.; Cordero, F. M.; Goti, A.Chem. ReV. 2003, 103, 1213. (d)
Nakamura, E.; Yamago, S.Acc. Chem. Res. 2002, 35, 867. (e) Rubin,
M.; Rubina, M.; Gevorgyan, V.Chem. ReV. 2007, 107, 3117.

(2) Reports regarding proximal bond cleavage: (a) Lautens, M.; Meyer, C.;
Lorenz, A.J. Am. Chem. Soc. 1996, 118, 10676. (b) Nishihara, Y.; Itazaki,
M.; Osakada, K.Tetrahedron Lett.2002, 43, 2059. (c) Itazaki, M.;
Nishihara, Y.; Osakada, K.J. Org. Chem. 2002, 67, 6889. (d) Bessmert-
nykh, A. G.; Blinov, K. A.; Grishin, Y. K.; Donskaya, N. A.; Yveritinova,
E. V.; Yureva, N. M.; Beletskaya, I. P.J. Org. Chem. 1997, 62, 6069. (e)
Ishiyama, T.; Momota, S.; Miyaura, N.Synlett1999, 1790. (f) Suginome,
M.; Matsuda, T.; Ito, Y.J. Am. Chem. Soc. 2000, 122, 11015. (g) Ohmura,
T.; Taniguchi, H.; Kondo, Y.; Suginome, M.J. Am. Chem. Soc. 2007,
129, 3518. (h) Xu, B.; Shi, M.Org. Lett. 2003, 5, 1415.

(3) Chatani, N.; Takeyasu, T.; Hanafusa, T.Tetrahedron Lett. 1988, 29, 3979.
(4) We have been developing synthetic use of Bu2SnIH. (a) Shibata, I.; and

Baba, A.Curr. Org. Chem. 2002, 6, 665. (b) Hayashi, N.; Kusano, K.;
Sekizawa, S.; Shibata, I.; Yasuda, M.; Baba, A.Chem. Commun. 2007,
4913.

(5) Davies, A. G.; Kinart, W. J.; Osei-Kissi, D. K.J. Organomet. Chem. 1994,
474, C11.

(6) The most substituted proximal bond cleavage of “terminally substituted
MCPs” have been reported by some researchers. The first report:
Singleton, D. A.; Church, K. M.J. Org. Chem.1990, 55, 4780. Reaction
by tin radical: Huval, C. C.; Singleton, D. A.J. Org. Chem.1994, 59,
2020.

(7) Reference 4b and Fugami, K.; Ohnuma, S.; Kameyama, M.; Saotome,
T.; Kosugi, M.Synlett1999, 63.

(8) (a) Maillard, B.; Forrest, D.; Ingold, K. U.J. Am. Chem. Soc.1976, 98,
7024. (b) Newcomb, M.; Glenn, A. G.J. Am. Chem. Soc.1989, 111,
275. (c) Newcomb, M.; Glenn, A. G.; Manek, M. B.J. Org. Chem.1989,
54, 4603. (d) Hollis, R.; Hughes, L.; Bowry, V. W.; Ingold, K. U.J. Org.
Chem.1992, 57, 4284. (e) Newcomb, M.; Choi, S. Y.Tetrahedron Lett.
1993, 34, 6363. (f) Horner, J. H.; Tanaka, N.; Newcomb, M.J. Am. Chem.
Soc.1998, 120, 10379.

(9) Similar regioselectivity was reported in the radical reaction of “terminally
unsubstituted MCPs1′′ with carbon radical and thiol. (a) Gilchrist, T. L.;
Rees, C. W.J. Chem. Soc. C 1968, 776. (b) Kozhushkov, S. I.; Brandl,
M.; Meijere, A. Eur. J. Org. Chem. 1998, 1535.

(10) Reference of conditions: Gevorgyan, V.; Liu, J.-X.; Yamamoto, Y.J.
Org. Chem.1997, 62, 2963.

(11) Kilburn’s group reported radical cyclizations initiated by intramolecular
addition of carbon radical to MCPs moiety. Selected examples: (a)
Santagostino, M.; Kilburn, J. D.Tetrahedron Lett. 1995, 36, 1365. (b)
Pike, K. G.; Destabel, C.; Anson, M.; Kilburn, J. D.Tetrahedron Lett.
1998, 39, 5877. (c) Underwood, J. J.; Hollingworth, G. J.; Horton, P. N.;
Hursthouse, M. B.; Kilburn, J. D.Tetrahedron Lett.2004, 45, 2223.

JA7103729

Scheme 1. Plausible Mechanism

Scheme 2. Radical Cyclization
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