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FeCl3-promoted regioselective ring-opening reactions of
cyclopropyl trimethylsilyl ethers, obtained by SmI2 reduction
followed by silylation with Me3SiCl of bromoalkyl ketones
and acyl chloride, were performed. Eventually, the sequential
reduction and oxidation reactions starting from bromoalkyl
ketones to give ring-expanded enones were achieved in one-pot.

Cyclization and ring-expansion reactions provide an effec-
tive protocol to construct various cyclic compounds, particularly
medium-sized rings.1 We recently discovered novel sets of re-
duction by samarium diiodide (SmI2)

2 and following oxidation
to promote cyclization and ring-expansion reactions.3 For exam-
ple, keto esters I were reduced by SmI2, and Ce(IV)-promoted
ring-opening of the resulting cyclopropanols II led to seven-
membered-ring ketones III (Scheme 1).3b

In principle, SmI2-promoted formation and oxidative ring-
opening of cyclopropanol derivatives4 using other types of sub-
strates should be also possible. For example, the intramolecular
samarium Barbier reactions5 giving cyclopropanols must be
compatible with this idea. In this paper, we will describe the se-
quential reductive formation and oxidation reactions of cyclo-
propanol derivatives obtained from �-bromomethyl ketones 16

and acyl chloride 3 (Figure 1).7

Cyclopropanols prepared by the SmI2 reductions of 1 and 3
were silylated to give 2 and 4, respectively, because the unpro-
tected cyclopropanols were less stable than the corresponding
silyl ethers.8 Then, we examined the reaction of 2a with various
single electron oxidants to find a suitable reagent to promote the
oxidative ring-opening of 2. While the reactions of 2a with
Ce(NH4)2(NO3)6, Mn(OAc)3.2H2O, or PhI(OAc)2 which was
effective for the transformation of II to III gave the complex
mixtures, FeCl3 was found to work well.4b,4d,9 The reaction of
2awith FeCl3 in DMF allowed us to isolate 1-naphthol 6 in mod-
erate yield (67%).10 Interestingly, an addition of pyridine (1
equiv. vs 2a) significantly increased the yield of 6 (95%). There-
fore, the combination of FeCl3 and pyridine was used for the
reactions of other 2 and 4.10 When 2b was treated with FeCl3
and pyridine, a crude product that was tentatively assigned as
8b was obtained. Subsequently 8b was treated with NaOAc in
MeOH to give cycloheptenone 7b in 72%.10 Similarly, 7e was
obtained in 47% yield from 2e. In the case of 4, the same treat-
ment afforded not only enone 9 (18%) but also MeO-adduct 10
(30%). When the corresponding cyclopropanol 5 was used, sim-

ilar product distributions (9, 24%; 10, 32%) were observed.
In Scheme 2, a plausible mechanism is proposed. Oxidation

of 2 by FeCl3 and the subsequent release of Me3SiCl affords the
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oxy radical 11.4b,4d Selective cleavage of bond-a of 11 gives the
alkyl radical 12 that is oxidized by another equivalent of FeCl3
to give carbocation 13. 13 is finally converted to the observed
products. It should be interesting to discuss the regioselectivity
of the bond cleavage of the cyclopropane ring in 11. If an
equilibrium between 11 and 14 exists,11 and if a fast reaction
of 14 proceeds, cleavage of bond-b of 11 would be also possible.
To ascertain this hypothesis, we conducted the reaction of 2d
expecting that the fast 5-exo cyclization12 of 14d giving 15d
would proceed. However, cycloheptenone 7d was obtained as
a major product (71%) along with only a small amount of the
spiro-cyclization product 1613 (5%).

Our next interest was to determine if these sequential reduc-
tion–oxidation reactions would proceed in one-pot as shown in
Scheme 3 (represented by the conversion of 1b–1d to 7b–7d).
In this one-pot reaction, the formation of samarium alkoxide
18 and its oxidation by FeCl3 was anticipated. To this end, all
experiments would have to be conducted in a single solvent.
We then found that THF was tolerable for the reaction of FeCl3.
The results are presented in Table 1.14

In the case of 1a, 6 was isolated and its yield was better than
that in the corresponding stepwise reactions (Entry 1). Similarly,
one-pot reactions of 1b–1e were performed to obtain 7b–7e in
good yields (Entries 2, 4, 5, and 6). Notably, the yield of 7b sig-
nificantly varied depending on the presence or absence of pyri-
dine (compare Entry 2 to Entry 3). In these cases, iodide 17
was also obtained. While the yield of 17 was low (3%) in the
presence of pyridine (Entry 2), 17 became a major product
(38%) in the absence of pyridine (Entry 3).15 We also conducted
one-pot reaction of 3; however, the reaction was complicated
and 9 could not be obtained.

In the results described above, the one-pot procedure is par-
ticularly noteworthy. Although the condition was not completely
optimized yet and some limitation exists at the moment, further
exploration of this procedure involving in-situ generation and
oxidation of cyclopropoxy intermediates must be interesting.
And, application of this concept to other cyclopropanol deriva-
tives generated under various conditions16 is also promising.
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Table 1. One-pot reduction and oxidation reactions starting
from bromo ketones 1

Entry 1 Pyridine Product Yields/%a

1 1a add 6 65 [47]

2 1b add 7b 71 [65]

3 1b not add 7b 25

4 1c add 7c 60 [—]

5 1d add 7d 72 [28]

6 1e add 7e 66 [57]
aIsolated yields and the numbers in brackets represent the yields of the
enones from 1 by the stepwise procedures.
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