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A New Method for Converting Oxiranes to
Allylic Alcohols by an Organosilicon Reagent
Sir:

The oxirane to allylic alcohol isomerization (eq 1) is an es-
sential operation in organic synthesis and a variety of reagents
have been elaborated for this purpose. The recently discovered
dialkylaluminum amides! and a dialkylboron trifluoro-
methanesulfonate? are applicable to the reaction of trans-
2,3-dialkylated oxiranes (but not cis or common cyclic deriv-
atives) or further alkylated substrates. The conversion of oxi-
ranes derived from five- to seven-membered cyclic olefins may
be effected by strongly basic lithium amide reagents in re-
fluxing solvents.? A mild, two-step procedure via an organo-
selenium reagent was also developed; nucleophilic displace-
ment of oxiranes with sodium phenylselenide followed by hy-
drogen peroxide oxidation of the resulting hydroxy selenides,
causing elimination of phenylselenic acid, affords the desired
allylic alcohols.* We here disclose a new procedure based on
the use of an organosilicon compound. This method requires
only very mild reaction conditions and is employable satis-
factorily to the reaction of cyclic substrates as well as 2,2-di-,
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Table 1. Reaction of Oxiranes and Trimethylsilyl
Trifluoromethanesulfonate (1)¢

. b,
Entry Oxirane Conditions Products (% yield=}

L DBU, 29°C, 5h (595

-

0

0TMS

, DBU, 22°C, 20 h

s

O

OTMS

-

, DBU, 22°C, 14 h

()

OTMS
(40, 100%
-QTMS
4 1.1, Lu, -50°C, 3h
2. 26°C, 40 h
3 (100)
OTMS

DBU, 27°C, 40 h (38)

-

Ly

;3%‘?%9*@%(@”@@@9

c
6 1.1, Ly, -78°C, 4 h (81%
2. DBU, 15 °C, 5 h 0TMS
.1, Lu, -78°C, 3 h (f
.DBU, 24°C, 3 h OTMS
5 (80)
8 1.1, Lu, -78°C, 3 h (72)
2. DBU, 30°C, 14 h oTMS
9 1.1, Ly, -78°C, 10h >__\ (62
2. DBU, 13°C, 0.5 h OTMS
e e
10 1. 1,8 0,2 78°C, 5 h
2. DBU, 28°C, 4 h J\(\)\/\OWS
oTMS 1)
0
1 1.1, Lu, -78°C, 4 h
2. DBU, 20°C, 0.5 h
OTMS
7 (69)
12 coocHy 1.1, Lu, -78°C, 4% €OOCH
/l>/\)\/ O0CMs ) BB, 15°C, 2n 3
© OTMS
8 9 (79)
€ e
13 1. 1,%10,2-78°C, 50 ks
WOH 2. DBU, 30°C, 54 h T™S
0TMS
10 11 (66)
14 1. 1,21y, 2-78°C, 31
2. DBU, 32°C, 14 h & OTMS
OH OTMS
12 11 (65)
M/\OTMS
OTMS
13 (16)

a TMS = trimethylsilyl. Lu = 2,6-lutidine. Unless otherwise stated,
the reaction was carried out in benzene (room temperature) or toluene
(low temperature) using 1 equiv of 1, Lu, and DBU. ? Isolated yield.
¢ Determined by GLC analysis. ¢ Conversion was 40%. The value was
based on the consumed starting material. ¢ Two equivalents.

| (1)

tri-, and tetrasubstituted oxiranes.

When an oxirane dissolved in aromatic hydrocarbon was
treated with equimolar amounts of trimethylsilyl trifluoro-
methanesulfonate (1)° and 1,5-diazabicyclo{5.4.0Jundec-5-ene
(DBU) (or an equimolar mixture of 1and 2,6-lutidine and then
DBU), the corresponding allylic alcohol protected as a tri-
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Scheme I
O:O (CH3)3Si0T! O:E)-Si(CH3)3 740"
14 18
Mot
Q2=
, - T1OH ™NHb
15
- 17

methylsilyl ether was obtained in a reasonable yield. The tri-
methylsilyl group was readily removed by treating with dilute
hydrochloric acid or KF in methanol. Several examples of this
transformation are given in Table 1. The reaction of cyclic
substrates possessing ordinary ring size (entries 1-3) proceeded
at room temperature to give the desired allyl trimethylsilyl
ethers. The reaction of epoxycyclooctane (2), however, led to
the transannular cyclization product 3 (entry 4). Tetra-, tri-,
and 2,2-disubstituted oxiranes reacted with 1 at dry ice tem-
perature (entries 6-14).% Notably the reaction of 1,2-epoxy-
]-methylcyclohexane (4) afforded specifically product 5
possessing an exocyclic methylene group (entry 7). Since hy-
droxy group reacts with 1 spontaneously, giving a trimethylsilyl
ether, alcoholic oxiranes could be subjected to the reaction with
2 equiv of 1 directly without any protection (entries 10, 13, and
14). Reaction of the bifunctional compounds 6 and 8 with 1
equiv of 1 led chemoselectively to the corresponding allyl tri-
methylsilyl ethers 7 and 9, respectively, leaving the keto or ester
group intact.” frans-2,3-Epoxycitronellol (10) was converted
stereoselectively to the olefin 11 having E configuration (entry
13). The cis analogue 12 led to a mixture of the isomeric olefins
11 and 13 with the former predominating (4:1 ratio) (entry 14).
Thus this simple isomerization method, complementary to the
existing techniques, would provide a useful tool in the synthesis
of complex organic molecules.

Unlike epoxycycloalkanes, ordinary 2,3-dialkylated oxiranes
were inert to the standard reaction conditions. Monoalkylated
substrates did not react either. Under forcing conditions, these
oxiranes underwent ring opening to produce alkenyl silyl ethers
as the major or exclusive product.?

A representative procedure for the oxirane to allyl silyl ether
conversion follows. A solution of 1 (2.26 g, 10.2 mmol) in
benzene (20 mL) was placed under argon atmosphere and to
this was added a mixture of 1,2-epoxycyclohexane (14, 1.06
g, 10.7 mmol) and DBU (2 mL) in benzene (5 mL) at 22 °C.
The mixture was stirred at this temperature for 20 h and
poured onto a column of silica gel (15 g) which had been
treated with ammonia. The column was eluted with hexane-
ether mixture (2:1, 300 mL). The elute was concentrated in
vacuo (200 mmHg) at room temperature and distilled.
Redistillation of the fraction boiling at 50-60 °C (50 mmHg)
gave pure 3-trimethylsiloxycyclohexene (15, 1.51 g, 87%
yield).

Apparently the efficiency of this isomerization reaction is
ascribed to the eminent affinity of silicon for oxygen and high
electronegativity of trifluoromethanesulfonyl group.® Con-
vincing evidence was obtained for operation of the addition-
elimination mechanism as outlined .in Scheme I, When a
mixture of 1, 14, and triethylamine (1:1:1 ratio) in hexane was
allowed to stand at 19 °C, a single, labile adduct 17 was ob-
tained. The trans stereochemistry was substantiated by the 'H
NMR spectrum (CCly solution) exhibiting characteristic H,
and Hy signals at 6 4.47 (ddd) and 3.57 (ddd), respectively,
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with vicinal coupling constant of 10 Hz.1% This product upon
treatment with DBU in benzene afforded the allyl silyl ether
15. As would be expected, the electrophilically induced
nucleophilic ring opening is made more rapid by increased alkyl
substitution. When an unsymmetrically trisubstituted oxirane
is used, the ring opening occurs preferentially at the more
substituted carbon.!! Thus the sense of the regioselectivity of
this process is opposite that observed in the cleavage of oxiranes
with sodium phenylselenide# in which the displacement takes
place at the less substituted carbon. In the second olefin-
forming step (17 — 15), proton abstraction occurs away from
the trimethylsiloxy group. The observed selectivity, particularly
with the stereoisomeric oxiranes, 10 and 12, suggests the op-
eration of an E2 mechanism with anti stereochemistry rather
than intramolecular syn elimination.
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2,2'-Bisallylmethane: Thermal Degenerate
Rearrangement of 1,3-Dimethylenecyclopentane.
Partly Stereospecific Generation of a Biradical
Sir:

Upon thermolysis 1,5-diene systems undergo a [3,3]-sig-
matropic shift (Cope rearrangement)! unless steric constraints
prevent the termini of the diene from strongly interacting.
Under these circumstances [1,3] shifts intervene,? the ste-
reochemistry of which has been interpreted as resulting from
the operation of both Woodward-Hoffmann orbital symmetry
conservation and Berson-Salem subjacent orbital control.? In
an effort to delineate the crossover point between concerted
{3,3] shifts and other processes, the pyrolyses of 1,4-di-
methylenecycloalkanes have been investigated. 1,4-Dimeth-
ylenecyclohexane (DMCH) undergoes a [3,3] shift via a
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