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RING OPENING OF CYCLOPROPANECARBOXYLATES USING SAMARIUM(II)
DIIODIDE (Smly)-HMPA-THF SYSTEM
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Cyclopropane ring of 2- and 2,3-substituted cyclopropanecarboxylates
(1) was regioselectively cleaved using Sml>-HMPA-THF system in the
presence of fert-BuOH to give 4- and 3,4-substituted butyrates (2) in
moderate to good yields.
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Since Kagan and his co-workers reported the first work on the use of samarium diiodide
(Smlp) in synthetic organic chemistry‘l) many applications of the reagent have been developed.Z)
Due to its reactivity,3) cyclopropane ring opening has been one of the interesting subjects, and
several examples of the cyclopropane ring opening reactions using Sml» have been reported.4) We
have investigated the reactivity of Smlzsa) and ring opening of cyclopropanecarboxylates and
cyclopropane-1,1-dicarboxylates with Sm12.5b’c) Recently, Imamoto and his co-workers reported
the cyclopropane ring cleavage of cyclopropane-1,1-dicarboxylates with Smly in the presence of
tris (dibenzoylmethiodo)iron(III), but they stated in the report that cyclopropanemonocarboxylate was
not reactive except for a low-yield example of a thioester.6) In this paper, we describe the
cyclopropane ring opening of 2-substituted and 2,3-disubstituted cyclopropanemonocarboxylates (1).
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Ethyl 2-phenylcyclopropanecarboxylate (1a : Rl= CgHs, R2=H) was treated with SmIy (3:0
eq) in THF-HMPA (10: 1) in the presence of fert-BuOH at room temperature (run 1 in Table 1).7)
After 12 h, the cyclopropane was opened regioselectively to give ethyl 4-phenylbutyrate (2a) in only
11% yield together with 89% recovery of the starting material (1a). In order to optimize this
reaction, several reaction conditions were examined, and the results are summarized in Table 1. It
has been known that addition of HMPA raises the reducing power of SmIg.S) In fact, use of a large
amount of HMPA markedly promoted the cyclopropane ring opening (Table 1). In run 8, the best
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yield was obtained using SmI(4 eq) in HMPA-THF (1:1), and the reaction was completed within
1h.

TABLE 1. Cyclopropane Ring Opening of 1a (R1= CgHs, R2=H)

Run Smlp THF:HMPA Temp. Reaction fert-BuOH Recovery of la  Yield of 2a

(eq) (V/v) time (h) (eq) (% ;GLC) (% ;GLC)
1 3 10:1 r.t. 12 2 89 11
2 3 5:1 r.t. 6 2 45 19
3 3 5:2 r.t. 6 2 40 44
4 3 5:3 r.t. 6 2 35 65
5 4 5:3 r.t. 5 2 - 59
6 3 1:1 0°C 6 2 81 19
7 3 1:1 0°C 6 4 26 40
8 4 1:1 0°C 1 4 - 74

TABLE 2. Cyclopropane Ring Opening of Various Cyclopropane Monoesters (1)

Run Rl R2 Reaction Isolated |Run Rl R2 Reaction Isolated
time (h) yield (%) time (h) yield (%)
1 4MeCe¢Hy- H 1 47 7 4MeCgHy- SiMe3 1| 80
2 4MeOCgHy- H 1 44 8 4-MeOCgHy- SiMe3 1 89
3 3,4-(OCH20)- H 1 87 9 2-furyl  SiMe3z | 16
CeH3- 10 2-thienyl SiMe3 1 54
4 2-furyl H 1 @) | 11 CH3(CHpp- H 6  N.R.D)
5  2-thienyl H 1 30 | 12 CH3(CHpg- H 6 N.R.D
6 CeHs-  SiMez | 75

a) A complex mixture was obtained. b) No reaction.

The conditions of run 8 were applied to various cyclopropane compounds (1) (Table 2). In the
cases of 2-aryl compounds except for run 4,9) the desired butyrates (2) were obtained in moderate to
high yields (runs 1,2,3,5). In the cases of 2-aryl-3-trimethylsilyl compounds, the yields were
considerably improved (runs 6 - 10). However, substrates having an aliphatic group at 2-position
did not react with SmIp under the same conditions (runs 11, 12). This difference in the reactivity
between aliphatic R and aromatic R! may be attributable to the stability of the corresponding
intermediate radicals (4).

In order to examine the mechanism, the reaction with 1a was carried out in the presence of
tert-BuOD instead of zert-BuOH to give a,y-dideuterated product (2a') in 63% chemical yield and

95% deuteration ratio.10)
Smlj tert-BuOD (4 eq)

Hs COOEt
CSHAH THF-HMPA (1:1), r.t. Co b\(\r

la 2a’

(deuteration ratio=95%)

From these results, a possible reaction mechanism for the present cyclopropane opening of 1
can be hypothesized as shown in the following scheme.11)
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