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SnCl4-promoted rearrangement of 2,3-epoxy alcohol derivatives:
stereochemical control of the reaction
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Abstract—The SnCl4-promoted rearrangement of 2,2,3,3-tetrasubstituted-2,3-epoxy-1-alcohol derivatives proceeded in a regio- and
stereo-controlled manner to selectively give two types of rearranged products from a single isomer by changing the protecting group
of the alcohol.
� 2004 Elsevier Ltd. All rights reserved.
The rearrangements of epoxides with a Lewis acid (LA)
are powerful transformations of carbon skeletons, and
have been broadly studied.1 The structures of the rear-
ranged products depend on the course of the rearrange-
ment, in other words, the stereochemistry of the
reactions. The control of the stereochemistry is then very
important. The oxygen atom of the oxiran ring has two
lone pairs, lone pair a and lone pair b. When the reac-
tion proceeds in a stereoselective manner, the different
attacking course of LA to the lone pair gives the differ-
ent products, product A from the lone pair a attack and
product B from the lone pair b attack (Scheme 1). We
present here such examples, that is, remarkable control
of the stereochemistry of the rearrangement, for the
reactions of the SnCl4–mediated rearrangement of
2,2,3,3-tetrasubstituted-2,3-epoxy-1-alcohols by only
changing the protecting group of the alcohol.
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Scheme 1.
The rearrangement of 2,3-epoxy-1-alcohols and their
derivatives is one of the most valuable tools for con-
structing a- or b-hydroxy ketones, via the C3- or the
C2-cleavage of the oxiran rings. Most of them are 2,3-
disubstituted and 2,2,3- or 2,3,3-trisubstituted epoxides,
and the reactions occur via more stable carbocation
intermediates.2 In other words, the reaction occurs
through the carbocations on the more substituted car-
bons, if the epoxides do not have electron-stabilizing
substituents such as a phenyl or vinyl group. On the
other hand, to the best of our knowledge, the rearrange-
ments of 2,2,3,3-tetrasubstituted epoxy alcohol deriva-
tives are comparatively few.3 Recently, we studied the
rearrangement of 2,2,3,3-tetrasubstituted-2,3-epoxy-1-
acylates and 2,2,3,3-tetrasubstituted-2,3-epoxy-1-sulfo-
nates, and succeeded in controlling the regiochemistry
of the rearrangements.4 As an extension of the study,
ol; Stereocontrol; a-Alkoxy ketone; b-Hydroxy ketone.
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we next aimed to control the stereochemistry of the rear-
rangement. To examine the concept in Scheme 1, we
chose six-membered and acyclic 2,2,3,3-tetrasubsti-
tuted-2,3-epoxy-1-alcohols and their derivatives for the
following reasons: (1) tetrasubstituted epoxides can
avoid the difference in the stability of the carbocations
on the C2- and C3-carbons, (2) conformationally more
flexible substrates, that is, the six-membered rings for
cyclic system and acyclic system, have little affect on
the two rearrangement courses, and (3) the oxygen atom
of the alcohol function can proceed via the chelation
transition state by the bidentate LA. We chose BF3Æ
Et2O, as the representative monodentate LA, and SnCl4,
as the representative bidentate LA.

In the first place, we studied the reaction of the cyclic
six-membered compounds 1 (Table 1). Every reaction
proceeded via the C3-carbocation intermediate. Since
we already concluded the reason for the reactions of
epoxy acylates via the C3-carbocation intermediates
due to destabilization of the C2-carbocation by the elec-
tron-withdrawing nature of the acyloxy group,4 the re-
sult can be rationalized by the fact that the electron-
withdrawing nature of the LA-coordinated alcohol
Table 1.
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LA (1.1 eq.)

CH2Cl2
0 °C1 2 3

Entry 1 R0 LA Yield (%)

2 3

1 1a PNB SnCl4 26 46

2 1b H SnCl4 –– 98

3 1c Me SnCl4 8 59

4 1d Bn SnCl4 20 44

5 1e t-BuMe2Si SnCl4 94a ––

6 1f Et3Si SnCl4 71a ––

7 1g Me3Si SnCl4 39a ––

8 1a PNB BF3ÆEt2O 24 34

9 1b H BF3ÆEt2O 47 ––

10 1d Bn BF3ÆEt2O 81 ––

11 1e t-BuMe2Si BF3ÆEt2O 34a ––

aHydroxy compound (R 0 = H) was obtained.
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Scheme 2.
unit makes the C2-carbocation unstable. When an acyl
function (PNB: p-nitrobenzoyl) was used as a protecting
group of the alcohol, the difference in the ratio of the
two products depending on the kind of LA (SnCl4 and
BF3ÆEt2O) was not observed (entries 1 and 8). However,
SnCl4 tended to afford the products in two ways. In the
reactions of epoxy alcohols and alkyl ether derivatives,
the six-membered a-hydroxy ketones 3 were obtained
as major products (entries 2–4). On the other hand,
the compounds with the trialkylsilyl group gave the
ring-contracted five-membered products 2 in good yields
(entries 5–7). These phenomena might be rationalized by
a chelation and nonchelation transition state as will be
discussed later (Scheme 2). However, for the reactions
using BF3ÆEt2O, a monodentate LA, every epoxy alco-
hol derivative gave the ring-contracted five-membered
product 2 without depending on the protecting group
(entries 8–11).

For the bidentate LA, SnCl4 also showed a similar reac-
tivity in acyclic systems (Table 2). Treatment of the
epoxy alcohols (cis- and trans-4a) with SnCl4 generated
the bidentate chelation transition state between Sn metal
and two oxygen atoms (hydroxy and epoxide oxygens),
which selectively led to the formation of the a-hydroxy
ketone 6a. Similarly, the epoxy benzyl ethers, cis-4b,c,
and trans-4b,c selectively afforded the a-benzyloxy ke-
tones 6b,c by the migration of the alkyl groups via the
C3-carbocation intermediate (entries 2 and 3 for cis-iso-
mer and entries 7 and 8 for trans-one).5 On the other
hand, the epoxy tert-butyldimethylsilyl (TBS) ethers,
cis-4d,e, and trans-4d,e, gave the b-hydroxy ketones,
cis-5d,e by the migration of silyloxymethyl groups via
the C3-carbocation (entries 4 and 5 for cis-isomer and
entries 9 and 10 for trans-one).

The above results are rationalized as follows: the alkyl
ether compounds can form the bidentate chelation tran-
sition state between two oxygen atoms and Sn metal.
This decreases the migratory aptitude of the alkyloxy
methyl group, and then the alkyl group opposite to
the benzyloxy methyl group selectively migrates to pro-
duce the a-alkoxy ketones. On the other hand, the bulky
trialkylsilyl group inhibits the formation of the chelation
intermediate and makes the LA attack opposite-side
lone pair of the oxygen atom. A stereoselective rear-
rangement of the trialkylsilyloxy group in the anti-peri-
planer position then occurs. For the trialkylsilyloxy
O
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Table 2.
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5a—e
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OR'

—78 °C ~ r.t.

Entry 4 R R 0 Yield (%)

5 6

1 cis-4a Et R 0 = H –– 76

2 cis-4b Me R 0 = Bn –– 91

3 cis-4c Et R 0 = Bn –– 94

4 cis-4d Me R 0 = TBS 90a ––

5 cis-4e Et R 0 = TBS 65a ––

6 trans-4a Et R 0 = H 27 56

7 trans-4b Me R 0 = Bn 11 76

8 trans-4c Et R 0 = Bn –– 55

9 trans-4d Me R 0 = TBS 100a ––

10 trans-4e Et R 0 = TBS 47a ––

a Hydroxy ketone (5: R 0 = H) was obtained.

Table 3.
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OR'

SnCl4
(1.1 eq.)cis-7

trans-7

and/or
8

9

0 °C

Entry Substrate Yield (%)

8 9

1 cis-7a (R 0 = Bn) 13 68

2 trans-7a (R0 = Bn) 11 80

3 cis-7b (R 0 = TBS) 78a ––

4 trans-7b (R0 = TBS) 89a ––

a Hydroxy ketone (8: R0 = H) was obtained.
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compounds, every reaction afforded the b-hydroxy
ketone possibly obtained by desilylation after the
rearrangement because the products are completely dif-
ferent from those derived from epoxy alcohols without
protecting group.

The above phenomenon was also observed in the reac-
tions of the compounds with the C3–phenyl group 7.
The rearrangement reactions of 7 must proceed via the
more stable C3-carbocation than those of compounds
1 and 4. In these cases, the control of the stereochemis-
try was also achieved to give the b-hydroxy ketones 8
and the a-benzyloxy ketones 9 depending on the protect-
ing group. These results are also rationalized as shown
in Scheme 2. This result shows that the concept in
Scheme 1 has a generality for conformationally flexible
compounds (Tables 2 and 3).

In conclusion, we have found that the Lewis acid pro-
moted rearrangement reaction of the 2,2,3,3-tetrasubsti-
tuted-2,3-epoxy-1-alcohol derivatives, which are
supposed to have only a slight difference in the stability
between the C2- and C3-carbocation, proceed via the
C3-carbocation, and furthermore, the reactions using
SnCl4 as a Lewis acid can proceed in a stereoselective
manner by controlling the chelation and nonchelation
transition state only by changing the protecting group.
This method could produce two types of rearranged
products from the single carbon skeleton. Studies on
the stereocontrol of the rearrangement reactions of
epoxy alcohol derivatives are rare. Only two papers, to
the best of our knowledge, have reported this matter
using trisubstituted epoxides and rather special Lewis
acids such as high-valent metalloporphyrin complex,2a

MABR and SbF5.
2g Our method here uses a common
Lewis acid, SnCl4, which can be a very useful tool in
the organic synthetic field.
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