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Various f-keto radicals are generated from cyclopropanol derivatives such as 1-
or 2-substituted cyclopropanols and a cyclopropanone hemiacetal by the use of
manganese(III) 2-pyridinecarboxylate, and their reactions with electron-rich olefins give
cross-addition products in good yields.

Cyclopropanes are known to have olefinic properties,l) and cyclopropanol derivatives are expected to
show analogous characters to such enol compounds as silyl enol ethers and 1,3-dicarbonyl compounds which
generate o-keto radicals by the reaction with manganese(III) acetate?) (Mn(OAc)3) or ammonium cerium(I'V)
nitrate3) (CAN). But the oxidative generation of B-keto radicals from cyclopropanol derivatives are not explored
extensivcly,4’5) and especially utilization of thus generated [-keto radicals for carbon-carbon bond formation is
scarce.6-8) In these reactions, Felll or Cull compounds are employed as oxidants and electron-deficient olefins
such as acrylonitrile or ethyl acrylate are used in excess as radical acceptors. However, the yields of cross-
addition products are not sufficiently high, and the use of electron-rich olefins such as silyl enol ethers is thought
to be difficult because they are easily oxidized by Felll compounds.

Previously, our laboratory reported the generation of a-keto radicals from B-keto carboxylic acids using
manganese(IIl) 2-pyridinecarboxylate (Mn(pic)3) as an oxidant, and their addition reactions with electron-rich
olefins.9) This oxidant can be also employed in the generation of cation radicals from silyl derivatives of aci-
nitroalkanes.10) As another application of this mild oxidant to radical reactions, we would like to report the
generation of B-keto radicals from cyclopropanol derivatives and their addition reactions to various electron-rich

olefins (Scheme 1).
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Scheme 1.

We first examined the reaction of 1-phenylcyclopropanol (1a) and a-(z-butyldimethylsiloxy)styrene (2a)
with Mn(pic)3 as an oxidant. When a DMF solution of 1a and 1.5 mole ratios of 2a was added to 2.4 mole ratios
of Mn(pic)3, the reaction proceeded smoothly (0 °C, 0.5 h) and the cross-addition product 5a was obtained in a
high yield (89%) without accompanying self-coupling products of 1a or 2a (Scheme 2).11)

In this reaction, a B-keto radical 3, generated oxidatively from the cyclopropanol 1a, reacted with the

electron rich olefin 2a to give a radical intermediate 4, which was further oxidized by Mn(pic)3 affording the
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addition product 5a. Other oxidants such as Mn(OAc)3, Fe(NO3)3, and CuCl; were also examined, however,
much inferior results were observed in these cases.

Since 1a reacted smoothly with 2a in the presence of Mn(pic)3, the reaction of 1a was further examined
with various olefins. As shown in Table 1, a conjugated silyl enol ether 2b also gave the corresponding product
in a high yield (Entry 2). And, in addition to silyl enol ethers, electron-rich olefins such as a ketene thioacetal 2e
and a vinyl ether 2f gave the adducts in good yields (Entries 5 and 6).

Table 1. The Reactions of 1-Phenylcyclopropanol (1a) with Various Olefins®

Amount of reagent / mole ratio®

Entry Olefin Mgk Okl Product Yield / %>
n 3 {
OSiBu'Me, o} o}
1 =<Ph 2.4 1.5 s~ 89
2a 5a
OSiBu'Me, o] o]
2 2.4 1.5 88
Ph N
2b Ngyn 5b Bu”
OSiMe, 0 o)
3 ﬁ 2.6 3.1 14
o Ph/u\/\)LMe
2¢c 5¢
Me OSiMe, o} O
4 = 2.9 1.7 41
h Ph Ph
2d 5d Me
OSiBu'Me o) 0
5 2 2.5 2.6 66
=<SPh Ph’”\/\)LSPh
2e 5e
OMe o) o)
2.4 1. 72
6 =<Ph 5 Ph’u\/\)LPh
2t 5a

a) Reaction conditions: DMF, 0 °C, 0.5-5 h. b) Based on 1a.

Next, the reactions of various other cyclopropanol derivatives were examined with the representative
olefins 2a and 2e. As shown in Table 2, a tertiary cyclopropanol 1b reacted with the olefins 2a and 2e, and the
corresponding adducts were obtained in moderate to high yields (Entries 1 and 2). In case of 2-substituted
cyclopropanols 1¢, 1d, and le, secondary radicals were generated preferentially (Entries 3-8). Especially
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notable is the fact that bicyclo[4.1.0]heptan-1-ol (1d) was oxidized to give the ring-expanded radical affording
the seven-membered adducts 6e and 6g as major products (Entries 5 and 6).12) Furthermore, a secondary
cyclopropanol 1e and a cyclopropanone hemiacetal 1f could be employed as B-formyl and B-alkoxycarbonyl
radical sources in this reaction, and the corresponding aldehydes and esters were obtained in good to high yields
(Entries 7-10).

Table 2. The Reactions of Various Cyclopropanols with Representative Olefins®

Amount of reagent
Entry Cyclopropanol Olefin / mole ratio® Product (Yield / %)
Mn(pic)3 Olefin

Ph H OsiBuMe, o] 0
1 ~K° A 2.4 1.5 o~ (©80)
1b 2a 6a
0SiBuM o} 0
2 NP 27 A, 59
Ph P Ph
0) 2e 6b
Ph _OH 0SiBulMe O Me O
3 I 2 24 1.3 78
Me h Ph)WLPh (78)
1ic 2a 6C
OsiBu'Me, O Me O
4 2.7 2.3 66
=<SPh Ph’u\/'\)LSPh (66)
2e o 6d
H 0OSiBu'Me, 9 9
5 ) 2.4 15 o (77) é/\/‘kph 5)
1d 2a 5 6e 6t |
OSiBu'Me 2 ?
2
6 o 2.4 2.4 @\/(‘)'\5 (64) é/\/"\sPh (10)
2e 6g o°n 6h
el 0SiBuMe w'\
2
) ) 78
4 Ph/\Ao =n 20 3.4 H pn (8)
1e 2a 6l
8 =(OSiButME2 2.0 3.4 ,?K/Cllbl\s 33
SPh : | H ph 3%
2e 6]
EtO._OH SiBu'Me, . \*
= 2.4 1.5 85
9 X h EtOJ\/\)LPh (89)
1f 2a 6k
OSiBu'Me, 0 o]
10 2.0 1.5 63
=<SPh EtO)I\/\/lLSPh (63)
2e 61

a) Reaction conditions: DMF, 0 °C, 0.5-2.5 h. b) Based on 1. ¢) cis-Form. d) trans -Form.

A typical procedure is as follows: To Mn(pic)3 (0.15 g, 0.36 mmol) was added a DMF (1 cm3) solution
of 1a (20 mg, 0.15 mmol) and 2a (53 mg, 0.23 mmol) with stirring at 0 °C under an argon atmosphere. After
being stirred for 30 min, the reaction was quenched with phosphate buffer (pH 7), and the resulting mixture was
filtered through Celite. Organic materials were extracted with ether, and the combined extracts were washed with
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brine, and dried over NaSQy4. The solvent was removed under reduced pressure and the residue was purified by
preparative TLC (hexane / ethyl acetate) to afford the desired product 5a (34 mg, 89% yield).

The present work was partially supported by Grant-in-Aid for Scientific Research on Priority Areas
(Multiplex Organic Systems) from the Ministry of Education, Science and Culture.
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