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Abstract: The title rearrangement proceeds in dichloromethane 
the presence of the catalyst prepared 7:n situ to give tertiary 
good yields. Other rearrangements of sec. +tert. or sec. +sec 
examined. 

at 25OC in 
isomers in 
have been 

It is of interest to examine the direction of allylic isomerizations. 
1 

The allylic primary acetates are produced by treating its tertiary esters 

(or alcohols) with acetic anhydride, 2 or alternatively with a palladiumcll) 

complex. 3,4 Rearrangements in the opposite sense (prim.+ tert.) are encoun- 

tered in solvolysis reactions, which are complicated by accompanying elimina- 

tion, cyclization, and skeletal rearrangement. 
5 

Here we wish to report a 

novel catalysis promoting allylic isomerization of primary alcohols to 

tertiary ones in aprotic solvent under mild conditions. 

Me3SiOOSiMe 

o-i,, CH2Cl2, ,,iCj',:i ' K (1) 

I II 

VO(acac)2 (0.1) GLPC yield 92% (recovery 2%) 

Mo02(acac)2 (0.1) 768 (3%) 

To a stirred solution of VO(acac)2 (53 mg, 0.2 munol) in dichloromethane 

(8 ml) was added at 25'C a dichloromethane solution (8 ml) of Me3SiOOSiMe36 

(0.11 g, 0.6 mmol) under an argon atmosphere. The blue colour of the reaction 

mixture turned to purple immediately. The mixture was stirred at 25°C for 15 

min. To this was added a solution of cyclohexylideneethanol (I, 0.25 g, 2.0 

mmol) in dichloromethane (8 ml) at the same temperature and the whole was 

stirred for an additional 6 h. The mixture was poured into brine (20 ml) and 

extracted with ether. The separated organic layer was dried (Na2S04) and 

concentrated. Purification by preparative thin layer chromatography (hexane- 

ethyl acetate, 2:l) on silica gel gave 1-vinylcyclohexanol (II) in 80% yield 

(0.20 g) as a colourless liquid.' 
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Table 1. Allylic Isomerization Catalyzed by Me3SiOOSiMe3-VO(acac)2 Systema 

85% 

OH 
2. "Hex X "Hex 

53% 

"Oct_OH 2Lh +"oct 

H 
5. J.4 

(20%Jb 35% (41%jbjC 
H 

3. AA Ih* 
(E) 

97%c 

a) The substrate (2.0 mmol) was treated at 25'C with a catalyst prepared by 
Me3SiOOSiMe3 (0.6 mmol) and VO(acacj2 (0.2 mmol) in CH2C12. b) Recoveries of 
the unchanged materials are shown in parentheses. c) GLPC yield. d) See ref.9 

The same rearrangement took place with Mo02(acacj2 instead of VO(acacj2. 

a,B-Epoxy alcohols were scarcely produced with Me3SiOOSiMe3-VO(acac)2 system 
8 

in sharp contrast to the Sharpless' epoxidation reagent of tBuOOH-VO(acac)2. 

As shown in Table 1, allylic secondary alcohols isomerized to tertiary 

ones under the same condition. The resulting double bond exhibited E 

configuration in run 3 and 4. Isomerization of a primary into a secondary 

alcohol, however, gave less satisfactory result (run 5). 

Table 2 shows the reactions of geraniol, nerol, and linalool With this 

system. The isomer distributions of these terpene alcohols were nearly 

identical irrespective of the starting alcohols in the present reaction. In 

contrast, the solvolysis 
10 of neryl chloride gives a-terpineol as the main 

Table 2. Isomerization of Geraniol, Nerol, and Linalool with Me3SiOOSiMe3- 

VO(acacj2 Systema 

Time 
(h) 

Product (%jb 

geraniol nerol linalool a-terpineol 

geraniol 7 (10) 8 68 2 

nerol 7 11 (11) 70 3 

linalool 12 8 5 (60) 2 

a) Reactions were performed on 2.0 mm01 scale at 25°C in CH2Cl2. The catalyst 
was prepared by Me3SiOOSiMe3 
b) GLPC yield. 

(0.6 mmol) and VO(acacJ2 (0.2 mm011 in CH2C12. 
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product, while 

condition. 

linalool is produced from geranyl chloride under the SNl 

The equilibrium between the starting allylic alcohol and the rearranged 

one has been examined with 1-deuterio-2-cyclohexen-l-01. An equimolar mixture 

of 3-deuterio and l-deuterio compounds was resulted (Eq. 2). 
11 

D OH 

0 

Me3SiOOSiPle3 
VO(acac)2 

5 days 

80% 

y&l,, + SH 

1:l 

y Me3SiOOSiMe3 
p 

VO(acacj2 

5h 

(2) 

(31 

IU 408ee IV 29%ee 3%%ee 

S-C-) R-(+) 35% S-(-j 40% 

Treatment of (S)-(-)-3-methyl-2-cyclohexen-l-01 (III, 40% e.e.) 
12 

with this 

catalyst gave CR)-(+)-l-methyl-2-cyclohexen-l-ol13 in 35% yield (IV, 29% e.e.) 

and the unchanged starting material in 40% recovery as shown in Eq. 3. 

Hydroxyl group of the substrate III, therefore, migrates mainly on the same 

side of the olefinic double bond. This result suggests that the isomerization 

does not proceed via a free allylic cation. The conclusion is consonant with 

the observed production of a trace amount of cyclized a-terpineol from nerol. 
14 

Although the responsible species are still obscure, 
15,16 

the allylic 

isomerization of the reverse direction provides a useful tool for synthesis. 
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