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The allyl protective group for hydroxyl function has 
been shown to be useful in organic synthesis, particularly 
in carbohydrate chemistry.’ This is due to its ready 
availability and stability under acidic conditions. Various 
methods for deprotection of the allyl group have been 
developed in which cleavage involves mostly the isomer- 
ization of allyl ether to the enol ether system following 
acid hydrolysis.2 Although recent progress has been made 
in the deprotection of the 0-allyl group? selective depro- 
tection in the presence of other labile protective and/or 
functional groups is sometimes difficult owing to drastic 
reaction conditions.’ Recently, we developed a new 
preparative method4 for allylic zirconium reagents through 
@-elimination of the alkoxy1 group of the intermediate, 
zirconacyclopropane, derived from allyl ether derivatives 
and in situgenerated “ C ~ Z Z ~ ” ~  (Scheme I). The generation 
of an allylic zirconium reagent from allyl ether derivatives 
is usually carried out under mild conditions (see the 
Experimental Section). Thus, our method for cleaving 
the allyl group of an allyl ether by CpzZr should be 
applicable to the mild deprotection of allyl groups. We 
report herein that the zirconium-mediated deprotection 
of allyl group proceeds with remarkable regeneration of 
the parent molecule under mild conditions. 

The results are summarized in Table I. In the reaction 
of allylether 1, containing an internal trisubstituted olefin, 
deallylation proceeded smoothly to give cholesterol (2) in 
excellent yield (entry 1). The 5,g-double bond of 1 should 
have little effect on this reaction since the reaction of Cp2- 
Zr with a highly substituted olefin proceeds sluggishly 
due to steric repulsion between bulky zirconocene and 
substituents on the double bonda6 Allyl ether 3 was 
deallylated to give (R)-phenethyl alcohol (4) in excellent 
yield with complete retention of optical purity (entry 2). 
When deallylation of the compounds 5 and 7 possessing 
acid-labile protective groups (0-tetrahydropyranyl and 
0-isopropylidene) was conducted, deallylation occurred 
in excellent yield with no effect on the acid-labile group 
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Table I. Zirconium-Mediated Deprotsction of Allyl Ethen 
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Allproducta wereidentified by comparisonwithauthenticsample 
(3W-MHZ 1H NMR). * Isolated yield. 

under buffered workup conditions (entries 3 and 4). Only 
moderate regeneration (50% ) of the deallylated alcohol 
10 was noted in the presence of ester carbonyl function 
(entry 5).  This may possibly have been due to attack of 
the zirconocene equivalent CpzZr on the ester carbonyl to 
cause a hydrolysis of the ester group.’ The present 
procedure is also used to deprotect 0-allyl ether at  the 
anomeric carbon of a carbohydrate 11 in which the benzyl 
ether protective group is stable under cleavage conditions 
(entry 6). The N-allyl protecting group was also cleaved 
by the present method (entry 7). It should be noted that 
the selective deprotection of an 0-allyl group is achieved 
in the presence of an N-allyl protective group. Thus, in 
the reaction of a mixture of 3 (1 mmol) and 13 (1 mmol) 
with CpzZr (1.05 mmol) at room temperature for 1 h, the 
preferred deprotection of 3 to 4 and quantitative recovery 
of N-allyl compound 13 were observeds (Scheme 11). 

Our present procedure to deprotect the allyl protective 
group of an alcohol or secondary amine using the zir- 
conocene equivalent CpzZr is considered to enhance the 
value of allyl group as a protective group for alcohols and 
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78 OC with stirring. After the mixture was stirred for 1 h a t  -78 
OC, a solution of 7 (300 mg, 1 "01) in THF (2 mL) was added, 
and the acetone-dry ice bath was removed. After stirring for 1 
h at  ambient temperaure, saturated aqueous NHJl was added 
at  0 "C, and the mixture was stirred for 1 h at  ambient 
temperature. The mixture was extracted with dichloromethane, 
and the combined organic layers were washed with brine before 
drying (MgSO4). Following filtration, the solvent was removed 
in vacuo. The residue was purified by silica gel column 
chromatography (hexane-ethyl acetate, 3:l) to give 256 mg of 
diacetone D-glUCOSe (8) (98%). 

Deallylation of (R)-N-Allyl-N-benzylphenethylamine 
(13) by Zirconocene Cp2Zr. A solution of n-butyllithium (1.45 
M in hexane, 1.79 mL, 2.6 mmol) was added dropwise to a solution 
of zirconocene dichloride (380 mg, 1.3 mmol) in THF (5 mL) at  
-78 O C  with stirring. After stirring for 1 h at  -78 OC, a solution 
of 13 (251 mg, 1 mmol) in THF (3 mL) was added, and the acetone- 
dry ice bath was removed. After the mixture was stirred for 4 
h at  ambient temperature, saturated aqueous NH&l was added 
at  0 OC, and the mixture was stirred at  ambient temperature for 
1 h. The mixture was extracted with ether, and the combined 
organic layers were washed with brine before drying (MgSO4). 
Following filtration, the solvent was removed in vacuo. The 
residue was purified by silica gel column chromatography 
(hexane-ethyl acetate, 41)  to give 143 mg of 14 (68%). 

Competitive Deallylation between (R)-Allyl Phenethyl 
Ether (3) and (R)-N-Allyl-N-benzylphenethylamine (13) by 
Zirconocene Cp2Zr. A solution of n-butyllithium (1.45 M in 
hexane, 1.45 mL, 2.1 mmol) was added dropwise to a solution of 
zirconocene dichloride (307 mg, 1.05 mmol) in THF (4 mL) at  
-78 OC with stirring. After being stirred for 1 h at -78 "C, a 
mixture of 3 (162 mg, 1 mmol) and 13 (251 mg, 1 mmol) in THF 
(3 mL) was added, and the acetone-dry ice bath was removed. 
After the mixture was stirred for 4 h at  ambient temperature, 1 
N HCl was added at  0 "C, and the mixture was stirred at  ambient 
temperature for 1 h. The mixture was extracted with ether, and 
the combined organic layers were washed with brine before drying 
(MgS04). Following filtration, the solvent was removed in vacuo. 
The residue was purified by silica gel column chromatography 
(pentane-ether,2:1)togive lOOmgof4 (82% yield). Theaqueous 
phase was neutralized by the addition of saturated aqueous Nap- 
COS and extracted with ether. The combined organic layers were 
washed with brine and dried over MgSO4. The filtered solution 
was concentrated to dryness in vacuo to give crude residue which 
was subsequently passed through short silica gel column chro- 
matography (hexane-ethyl acetate, 4 1 )  to give 238 mg of 13 (95% 
recovery). 
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amines in organic synthesis owing to milder conditions 
(ambient temperature and nearly neutral) than the 
previous method' and clear differentiation between 0- 
and N-allyl protective groups. 

Experimental Section 
THF was distilled from sodium benzophenone ketyl before 

use. Zirconocene dichloride was purchased from Tokyo Kasei 
Kogyo and used without further purification. All starting allylic 
ethers and amines were prepared under the usual allylation 
conditione.l All reactions were conducted under an argon 
atmosphere by using standard Schlenk techniques. The struc- 
tures of deallylated compounds were confirmed by comparison 
with authentic samples (300-MHz lH NMR and TLC analysis). 

The following experimental procedures are representative: 
Deallylation of Allyl Cholesteryl Ether (1) by Zir- 

conocBne Cp2Zr. A solution of n-butyllithium (1.45 M in hexane, 
1.26 mL, 1.82 mmol) was added dropwise to a solution of 
zirconocene dichloride (266 mg, 0.91 mmol) in THF (4 mL) at  -78 
OC with stirring. After stirring for 1 h at  -78 "C, a solution of 
1 (298 mg, 0.7 mmol) in THF (2 mL) was added, and the acetone- 
dry ice bath was removed. After the mixture was stirred for 1 
h at  ambient temperature, 1 N HC1 was added at  0 OC, and the 
mixture was extracted with ether. The organic layer was washed 
with brine and dried over MgSO,. After filtration, the solvent 
was removed in vacuo. The residue was purified by silica gel 
column chromatography (hexane-ethyl acetate, 3:l) to give 263 
mg of cholesterol (2) (97 % ). 

Deallylation of 3-OAllyl-lf:S,6-di-O-isopropylidene-~- 
glucose (7) by Zirconocene CpZZr (Containing a n  Acid- 
Labile Function). A solution of n-butyllithium (1.45 M in 
hexane, 1.79 mL, 2.6 mmol) was added dropwise to a solution of 
zirconocene dichloride (380 mg, 1.3 m o l )  in THF (4 mL) at  - 


