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Abstract: Ring expansion reactions via endocyclic cleavage of cyclopropyl-
carbinyl radicals are described. © 1999 Elsevier Science Ltd. All rights reserved.
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Radical based ring opening reactions have been successfully exploited in the
development of a wide variety of useful synthetic transformations.' Especially, recent
advances in the ring opening reactions of three-membered rings have led to the steadily
increasing utilization of cyclopropyl derivatives as building blocks for organic synthesis.’
In this respect, ring opening of the cyclopropylcarbinyl radicals and cyclopropyl alkoxy
radicals has proved to be a useful strategy for ring expansion because cleavage of the
three-membered ring takes place easily and the disfavored entropy effect usually
associated with medium and large size ring formation can be avoided.” However, the
literature on bicyclo[n.1.0] radicals reveals a preference for stereoelectronically controlled
exocyclic radical ring opening as opposed to thermodynamically favored endocyclic ring
opening. The exocyclic cleavage has usually been achieved under reaction conditions
such as electrolysis,5 samarium iodide,(’ alkali metal’ and photochemical electron
transfer.® Ingold has studied the stereoelectronic requirements of the fragmentation of
cyclopropylcarbinyl radicals.” In addition, Beckwith,"” Dowd," Baldwin'? and Crimmins"
have reported on some unusual radical based ring expansion reactions. Much of the
attention in this area has focused on exocyclic cleavage of cycloalkylcarbinyl radicals
and endocyclic cleavage of cyclopropyl alkoxy radicals generated in situ by the addition
of carbon radical centers to a adjacent carbonyl group. Considerably less effort has
been expended on the development of ring expansion reactions via endocyclic cleavage
of cycloalkylcarbinyl radicals. In connection with our reserch interest in the synthetic
utility of cyclopropane derivatives, we reported the convenient Smlz-induced ring
opening reactions of alkyl (n+1)-oxobicyclo[n.1.0] alkane-1-carboxylates via endocyclic
cleavag,e.l4 We next studied the feasibility of ring expansion reactions via endocyclic
cleavage of cyclopropylcarbinyl radicals.
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Initial studies were performed with the thiocarbamate 3 (entry 3, Table 1),
which  could be pregared from phosphoniosilylation,|5 cyclopropanation,|6 reduction'’
followed by acylation'® of «,B-enones (Scheme 2). Slow addition of a solution of
tributyltin hydride and AIBN to thiocarbamate 3 in benzene at 80 °C resulted in
reductive cleavage of the cyclopropane to give a 82% yield of benzyl 3-cyclohep-
tenecarboxylate (9)."” The tentative mechanism for this reaction is shown in Scheme 1.
The cyclopropylcarbinyl radical 13 fragments to produce the more stable fertiary radical
14 which is reduced by tributyltin hydride. Selective cleavage of the cyclopropane bond
(a), endocyclic to the cyclohexane, results from stabilization of the resultant radical by
the carbonyl groups, such as the benzyloxy carbonyl group, which lowers the transition
state energy for the final cyclopropane cleavage in the ring expansion. This result is
compatible with the fact that thiocarbamate lacking carbonyl group which can stabilize
the produced radical undergoes simple exocyclic cleavage to give 3-methylcyclohexene
in 82% yield. The generality of this process was evaluated by preparing 2, 4 and 5
and exposing these to BusSnH in benzene in 80 °C to produce ring expansion
compounds in good yields (Table 1). Monocyclic compound 1 (entry 1) reacted readily
and gave a good yield of benzyl trans-2-methyl-4-heptenoate (7). The present method
reaches a limit with adduct 6 derived from [2+2]-photoaddition of enone and
cyclopentene. In this case, the desired product 12 was obtained in only 30% yield
together with the exocyclic ring opening and direct reduction products in 13% and 7%
yield, respectively, which is consistent with Ranus and Beckwith's results on the
kinetics of ring opening of radicals containing the cyclobutylcarbinyl system.*
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In summary, the free radical ring expansion reactions proceed via endocyclic
cleavage of the bridged bond of cyclopropylcarbinyl radicals. Because the exocyclic
cleavage of cyclopropylcarbiny! radicals was reported mainly in previous work, the
present method contrasts with and complements the existing synthetic methods.

Table 1. Ring Expansion Reactions via Endocyclic Cleavage of Cycloalkylcarbinyl Radicals

entry starting material product isolated yield/%
Im(8)CO , A , 62
1 \/\/\'/
CO,Bn CO,Bn
OC(S)im
e N C I
CO,Bn CO.Bn
OC(S)im
Coe, e Y
CO2En CO2Bn
OC(S)Im
4 >(> 4 10 65
COzBn COLBn
OC(S)im
5 @ 5 Q 11 7
0,B
C0zBn COzBn
OC(S)im
C02Me

COMe

*The exocyclic cleavage and direct reduction product were produced in 13% and 7% yield, respectively.

Acknowledgement: We thank KOSEF(94-0501-08-01-3), the Korea Research
Foundation(1998-015-D00173) and Research Center for Advanced Mineral Aggregate
Composite Products for financial support and Professor T. Livinghouse of Montana State
University for helpful discussion and proof of the manuscript.



3430

References

(1

(5]
[6]
[7]

(8]
(9]

(10]

(11]

(12]

{13
(14]
(15]
(16]

[17]

[18]
[19]

[20]

(a) Dowd P, Zhang W. Chem. Rev. 1993;93:2091-2115. (b) Hesse M. Ring Enlargement in
Organic Chemistry. Weinheim: VCH, 1991. (c) Thebtaranonth C, Thebtaranonth Y. Cyclization
Reactions. Boca Raton: CRC, 1994.

(a) de Meijere A. Topics in Current Chemistry. New York: Springer-Verlag, 1986:133,
1987:135, 1988:144, 1990:195. (b) Rappoport Z. The Chemisrty of the Cyclopropyl Group.
Vol 2. New York: John Wiley & Sons, 1995. (c) Danishefsky S. Acc. Chem. Res.
1979;12:66-72. (d) de Meijere A. Angew. Chem. Int. Ed. Engl. 1979;18:809-826.

(a) Roxburgh CJ. Tetrahedron. 1993; 49: 10749-10784. (b) Stach H, Hesse M. Tetrahedron.
1988,44:1573-1590. (¢) Trost BM, Fleming I. Comprehensive Organic Synthesis. Oxford:
Pergamon, 1991, Vol. 1. Chapter 3.3.

(a) Cristol S, Barbour RV. J. Am. Chem. Soc. 1968;90:2832-2838. (b) Beckwith ALJ, Philliou
G. J. Chem. Soc.,, Chem. Commun. 1971:658-659. (c) Beckwith ALIJ, Phillipou G. Aust. J.
Chem. 1976;29:123-131. (d) Friedrich EC, Holmstead RL. J. Org. Chem. 1971;36:971-975. (e)
Ingold KU, Walton JC. Acc. Chem. Res. 1986;19:72-77.

Robbins RJ, Falvey DE. J. Org. Chem. 1993;58:3616-3618.

Batey RA. Motherwell WB. Tetrahedron Lett. 1991;32:6649-6652.

(a) Norin T. Acta Chem. Scan. 1965;19:1020-1022. (b) Imanishi T. Yamashita M, Matsui M,
Ninbari F, Tanaka T, Iwate C. Chem. Pharm. Bull. 1988;36:1351-1357.

Cossy J, Furet N, BouzBouz S. Tetrahedron. 1995;51:11751-11764.

(a) Griller SJ, Ingold KU. Acc. Chem. Res. 1980;13:317-323. (b) Effio A, Griller SJ, Ingold
KU, Beckwith ALJ, Serelis AK. J. Am. Chem. Soc. 1980;102:1734-1736.

(a) Beckwith ALJ, Kazlauskas R, Syner-Lyons MR. J. Org. Chem. 1983;48:4718-4722. (b)
Beckwith ALJ, O'Shea DM, Gerba S, Westwood SW. J. Chem. Soc., Chem. Commun.
1987,666-667. (c¢) Beckwith ALJ, O'Shea DM, Westwood SW. J. Am. Chem. Soc.
1988;110:2565-2575.

(a) Dowd P, Choi SC. Tetrahedron. 1989;45:77-90. (b) Dowd P, Choi SC. J. Am. Chem. Soc.
1987,109:6548-6549. (c¢) Dowd P, Choi SC. J. Am. Chem. Soc. 1987:109:3493-3494. (d)
Dowd P, Choi S8C. Tetrahedron Lett. 1989;30:6129-6132.

(a) Baldwin JE, Adlington RM, Robertson J. Tetrahedron. 1989;45:909-922. (b) Baldwin JE,
Adlington RM, Robertson J. J. Chem. Soc., Chem. Commun. 1988;1404-1405.

Crimmins MT, Dudek CM, Cheungn A. Tetrahedron Lett. 1992;33:181-184.

Lee PH, Lee J. Tetrahedron Lett. 1998;39:7889-7892.

Kim S, Lee PH. Tetrahedron Lett. 1988;29:5413-5416.

(a) Corey EJ, Chaykovsky M. J. Am. Chem. Soc. 1978;87:1353-1364. (b) Molander GA,
Harring LS. J. Org. Chem. 1989;54:3525-3523.

Luche J-L. J. Am. Chem. Soc. 1978;100:2226-2227.

Batey RA, Harling JD, Motherwell WB. Tetrahedron. 1992;37:8031-8052.

Typical procedure: The thiocarbamate 3 (35 mg, 0. mmol) was dissolved in dry, degassed
benzene (1 mL, 0.1 M) and heated to reflux. A solution of 1.2 equiv. of tributyltin hydride
(349 mg, 0.12 mmol) and 0.2 equiv. of AIBN (3 mg, 0.02 mmol) in benzene (0.14 M) was
added over 4 h by syringe pump. When the addition was complete, the benzene was removed
under reduced pressure and the residue was extracted with ether (3 x 25 mL). The combined
organics were washed with saturated potassium fluoride (20 mL) and brine (20 mL), dried
with MgSO,, filtered and concentrated in vacuo. The crude product was then purified by silica
gel chromatography to give 18.9 mg (82%) of benzyl 3-cycloheptenecarboxylate.
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