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Methylenecyclopropanes (MCP%) are useful building blocks Table 1. Hydrostannation of Methylenecyclopropane 1a by
in organic synthesis due to their high level of reactivity derived BuzSniH

from ring-strain, and easy availablityMCPs can be transformed Ph Bu,SnIH SniBu,

into various organometallic species depend on the reaction positions j>: 24n> Ph

by metal reagents (such as Sr#HSi-H,22-d B-B,2¢ Si-B?"9).23 1a 2a

Although some reports have attributed the cleavage of proximal entry solvent time (h) yield of 2a (%)
bonds, almost the reported examples are limited to the cleavage of 1 hexane 20 45
less-substituted bond to give a vinylic me&(eq 1)? From this 2 MeCN 20 33
point of view, the selective cleavage at the hindered proximal bond > iy E >3

is significant to generate alternate vinylic metal®reparation of 5¢ THE 14 81

a wide range of vinylic metals is strongly required as a valuable
coupling partner in the formation of @conjugated system. We
report here on the selective formation of vinyltid$rom MCPs1

by using din-butyliodotin hydride (BuSnIH)# Furthermore, ap- Table 2. Regioselective Hydrostannation of MCPs 1 and
plications to intramolecular cyclization and one-pot Pd-catalyzed Successive Coupling with Aromatic lodide?

a1a(1.0 mmol), BuSniH (1.0 mmol), solvent (1 mL} Galvinoxyl (0.1
mmol) was addedlawas recovered in 88%.Et:B (0.1 mmol) was added.

coupling between the resulting vinyltins and aryl iodide are R Bu,SniH R SniBu SniBu,
presented. R \f _EB J\/J\ .
THF, rt R’
1 time 2 rRT R2 3

proximal bonds

R
y R Mt Mt p-ICgHsNO,
>— _MtX _ Pd cat.
4 cat. XJ\/J\ * xﬁ/& (1) PhgP R? CgHeNOzp  CeH,NOyp
b 2 R 3 TBAF AN+
_TBAF . o
80°C, 10h 4 N, s
‘Arl, Pd cat. R R
This Study MCPs 1 yield (%)
Mt-X is Bu,ISn-H.
18 BlziSn /'T\/Q entry R! R? time (h) 4 5
X 1 la  Ph H 14 4a 92 b5a 0
2 b n-CgHyy H 10 4 77 5b 13
. . iy . . . 3 1c  CH0Bn H 10 4 66 5c 20
Initially, reaction conditions were optimized by using the reaction 4 id  Ph Ph 138 4d 75 5d 0
of 1-methylene-2-phenylcyclopropants] and BySnIH prepared 5 le  -(CHps 16 4e 98 5e 0

in situ from the redistribution of Bisnk and BySnH, (Table 1)° .

The reaction proceeded well at room temperature in several solvents,p_l C'Yl-lcl\lj éz(%ioomnmgl') Blgg(’gga()sl_gHch‘zg'oTl';Fm% Q?)L)"DE%B((()O(')% Tan(gl))'
including hexane, acetonitrile and THF, to producexasubstituted 1 M TBAF solution in THE @ mL). o ’ ' ’
vinyltin 2a.|n. moderate yields (entne;—B). It should b,e noted Pd-catalyzed effective coupling with 4-iodonitrobenzene in the one-
that no regioisomers were generated in all runs. Selective cleavagepot treatment (entry 1). Alkyl-substituted substratéls,and 1c

at the substituted proximal bond in MCPs with metallic species g, gave the desired p.roduom and4c. in moderate );ields b’ut
has scarcely been reported, in particular, the reaction of MCPs in which respective isomersb and 5c were produced (entries 2
having terminally unsubstituted alkene is unprecedeft&tis and 3). Thegemdisubstituted MCPs1d and le effected the
reaction was completely suppressed by the addition of a small ¢, ation of vinyltins4d and4e, respectively, in high yields (entries
amount of a radical inhibitor, galvinoxyl (entry 4). In contrast, the 4 and 5). In the case afic-disubstituted and trisubstituted MCPs
addition of a radical initiator EB increased the yield up to 81% 1f and 1g, disubstituted alkenedf and 4g were obtained with
(entry 5). These facts indicate th.a't a radical step is included in the unidentified byproducts, however, in which no regioisoraavas
reaction. Consequently, the addition ogEEfat room temperature observed (egs 2 and 3). The lower yielddafmight depend on the
in THF solvent was employed as optimized conditions. steric demanding of highly substitutdg,

Ngxt, thg gene.ralitylof MQP$ was invgstigated. The rgsulting The reaction course is supposed as follows (Scheme 1). The
_rea_ct|or_1 mixture including vinyitin@ was directly treated Wlth_aryl __dibutyliodotin radical (BulSrr) adds to the central carbon of MCPs
iodide in the presence of a Pd catalyst, because the |solat|on1to give cyclopropylmethyl radicah, which is followed by the

. ; . )
treatment c_aus_ed the Iossz)(_TapIe 2)! Th? high yield (92%) ,Of selective proximal bond cleavage at a hindered site. It is well-known
4astrongly indicated a quantitative formation2d and successive that the rate of ring-opening of the cyclopropylmethyl radical is

t Graduate School of Engineering. very fast &10° s71).8 Hence, as the stability of the resulting carbon

*Research Center for Environmental Preservation. radical determined the regioselectivity of the ring-opening, phenyl
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p-ICgH4NO,
Bu,SniH Eﬁ;jft' CeHaNOpp
Et;B TBAF )
THF, rt 80°C, 10 h
31  16h 4f 89%
p-ICsHNO,
Pd cat. CeH4NO,-,
Bu,SniH PhsP 6raNO2-p
Et,B TBAF @)
O
mé 1g I(};E rt 80°C, 10 h Me 4g46%

or dialkyl substituents gave high selectivity because of the genera-
tion of stable benzyl or tertiary alkyl radicaB. In the case of
mono alkyl-substituted MCP%b 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 radicBl was hydrogenated
by Bu,SnIH to give vinyltin2 with regeneration of a tin radical.

Scheme 2. Radical Cyclization

Phi Ph
Ph Pd cat. Ph
/l Bu,SnlH (1.2 eq) PhsP
/l/ EtsB (0.1 eq) TBAF
o THF (0.1 M), 1, 24h  80°C,12h o
1h 4h 56%
(dr=68: 32)
“SnlBuz ggl .
cat.
SnlBu, gy, SniBu; smBu2 SnIBuz
Y /l Ph BUZSnIH

-
0" ¢ 'SnIBu

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.
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Scheme 1. Plausible Mechanism
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This highly selective metalation to the central carbon is a
characteristic feature of B8nlIH. In contrast, when MCRd was
treated with BySnH in the presence of |, 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? In addition, Pd(PkP),-catalyzed hydrostannation pro-
duced only homoallyltin7d in 79% yield?® and the reaction
promoted by Lewis acid such as AK3br B(CsFs)s resulted in a
complicated mixturé® Although a credible reason why the tin
radical BuylSrr selectively adds to the internal carbon of MCPs
is not clear yet and the mechanism is only tentative, a interaction
between ther-bond and/ow-bond of MCPs and the tin center of
Bu,SnIH, whose Lewis acidity is increased by an iodine substituent,
might affect this regioselectivity.

Ph BusSnH (1 eq) Ph
Ph\t additive Ph\t SnBus Bu3Sn/>(\ @)
+
PH Ph
1d 6d 7d

in hexane, Et3B (0.1 eq), rt, 30 h
in THF, Pd(Ph3P)4 (0.04 eq), 65 °C, 10 h
in THF, AICI; or B(CgF5)3 (0.1 eq), rt, 10 h

85% 0%
trace 79%
complicated mixture

In the next stage, we applied this radical cleavage to a trans-
formation from the MCPLh bearing allylic ether moiety into cy-
clized vinyltin 2h (Scheme 2j! After the reaction at room tem-
perature for 20 h, a subsequent coupling reaction with iodobenzene
was performed to produce cyclic ethéh in moderate yield. In
this reaction the generated cyclopropylmethyl radiCatjuickly
isomerizes to radicaD, which cyclizes to intermediat&. The
following hydrogenation and coupling gave the desired prodhct

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