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Alcohols are protected on treatment with 2-benzyloxy-3-fluoro-
l-propene in the presence of a catalytic amount of PdClZ(COD), and
the resulting acetals are easily deprotected to regenerate the
parent alcohols by catalytic hydrogenation. The acetals, the pro-
tected alcohols, are rather resistant to acidic hydrolysis in com-
parison with common acetals because of the presence of fluoromethyl
group.

1) we have reported on a novel acetal-type

In the preceding communication,
protective reagent for hydroxyl groups, 2-benzyloxy-1l-propene, with which both
protection and regeneration of alcohols are achieved under mild conditions.
Generally an acetal is readily hydrolyzed in acidic media, and it is desirable to
find the acetal, the protected alcohol, stable toward acidic conditions.

In this communication, we wish to report on a novel acetal-type protective
group for alcohols which is rather resistant to acidic hydrolysis. Since the
introduction of an electron-withdrawing substituent on the acetal carbon increases
the stability toward acidic conditions, the protection of hydroxyl groups with 2-
benzyloxy-3-fluoro-1l-propene (2) in place of 2-benzyloxy-l-propene was studied.

The preparation of 2-benzyloxy-3-fluoro-l-propene (2) was successfully
achieved starting from 2-benzyloxy-1,3-difluoropropane (1) 2) according to the
following procedure (Scheme 1): To a solution of potassium ¢-butylate (12.3 g,
110 mmol) in ¢-butyl alcohol (100 ml) was added a benzene solution (80 ml) of 2-
benzyloxy-1,3-difluoropropane (}, 17.2 g, 93 mmol) over 1 h under reflux. After
refluxing for additional 2 h, the reaction mixture was cooled and water was added.
The mixture was extracted with chloroform and organic layer was dried over sodium
sulfate. The solvent was evaporated and t-butyl alcohol was removed by azeotropic
distillation with cyclohexane. 2-Benzyloxy-3-fluoro-l-propene (2, 13.3 g, 87%)
was isolated by further distillation under reduced pressure; bp 108-111 °C/22

Ly-NMR (CCl,) & 4.15 (2H, s), 4.57 (2H, d, J=46 Hz), 4.62 (2H, s), 7.12
-1

mmHg ;
(5H, s); IR (neat) 1640, 1500, 1455, 1295, 740, 695 cm
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Then, an alcohol (3) was treated with 2-benzyloxy-3-fluoro-l-propene (g) in
the presence of various~catalysts such as protic acids and palladium complexes.s)
And it was found that the desired acetal (ﬂ) was obtained in a high yield under
very mild conditions when a catalytic amount of dichloro(l,5-cyclooctadiene)-
palladium(@I) was used in acetonitrile (Table 1).

Scheme 2. Bn = PhCH,-
Catalyst RO
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Table 1. COD= cyclooctadiene
Catalyst R- Solvent Temp. Time Yield / %

0.1 eq. HZSO4 Ph(CHZ)S— EtZO rt 1h 72
0.1 eq. FSO;H Ph(CH,) 5- Et,0 rt 1 h 89
0.01 eq. C1SO,H Ph(CH,) 5~ Et,0 rt 1h 99
0.1 eq. PdC1,(COD)  Ph(CH,)4- CHCN rt 14d quant.
0.1 eq. PdC1,(COD)  PhCO,(CH,);- CH4CN rt 14d 95
0.1 eq. PdClz(COD) PhCOZ(CHZ)s- Benzene refl 2 d 70
0.1 eq. PdBrZ(COD) PhCOz(CHZ)s- CHSCN Tt 1d 87
0.1 eq. PdClz(PhCN)2 PhCOZ(CH2)3~ CHSCN rt 14d 82

Several alcohols wexre protected with g and the results are listed in Table 2.
As shown in entry 4, the diol having both a primary and a secondary alcoholic
hydroxyl groups gave the product in which only a primary alcoholic hydroxyl group
was selectively protected.

The regeneration of the parent alcohol (é) from the acetal (ﬁ) was success-
fully carried out by catalytic hydrogenation under neutral conditions (5% Pd-C,
EtOH, room temperature, 1 atm, 12— 24 h, Table 2).

Next, the stability of the fluoroacetal (f) toward acidic conditions (aque-
ous AcOH- THF, room temperature ) was compared with benzyl acetal (6) and t-
butyldimethylsilyl ether (7). And it was found that 4 is not hydrolyzed, while
8 and 9 are readily converted to the parent alcohol (3) indicating that the intro-
duction of fluoromethyl group on the acetal carbon much increased the stability of
the acetal in acidic media (Scheme 4). In addition, the fluoroacetal (ﬂ) is not
affected by reducing hydride reagents [LiAlH,, i-BuZAlH], organometallics (n-Buli,

n-BuMgBr), or alkaline aqueous solution [1 M aq. NaOH - THF (1:1)].
Typical experimental procedure for the protection of alcohols is as follows:

Under an argon atmosphere, to a mixture of an alcohol (0.4 mmol) and dichloro(1l,5-
cyclooctadiene)palladium(I) (0.04 mmol) in acetonitrile (5 ml) was added 2-
benzyloxy-3-fluoro-l-propene (0.8 mmol) in acetonitrile (2 ml) at room temperature.
After stirring for 24 h, several drops of pyridine were added and the mixture was
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Scheme 3. Bn= PhCHZ—
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Table 2.
Protection Deprotection
Entry RoH Yield of 4 /3 Yield of 3 /3
1 PhCH,,CH,CH,0H quant. (99) 98
2 PhCO,CH,CH,CH,OH 95 (95) quant.
HO
0 0
3 89 (83) 99
0. 0
>
HO
4 0 93P) (71) —
OBn
HO OMe
OBn

a) Yields in parentheses were obtained when ClSOSH was used in
Et,0 as a catalyst instead of PdCl ,(COD).
b) Thé product is BnO 0

P oS —o

OBn
HO OMe
OBn
Scheme 4.
PhCH2 CH, CH,0 3 M aq. AcOH- THF (1: 1)
><_ ? 4 recovery 87%
4 BnO rt, 24 h
P ) - :
hCHzCHzCH20>< 3 M aq. AcOH- THF (1 L) PhCH2CH2 CH,OH
6 BnO re, 12h 3 865
3 M aq. AcOH- THF (1: 1)
PhCH,CH2CH2 0SiBu'Me; — > PhCH2CH2CH20H

91%
7 3
diluted with ether. The resulting insoluble materials were filtered off and the
filtrate was concentrated under reduced pressure. The residue was purified by
preparative TLC (silica gel) to give the desired acetal.
It shoud be noted that 2-benzyloxy-3-fluoro-1-propene (2) is a new and useful
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acetal-type protective reagent for hydroxyl groups with the following character-
istics; 1) both protection and regeneration of alcohols are carried out under very
mild conditions; 2) procedures for protection and deprotection are simple without
extraction; 3) a primary alcoholic hydroxyl group is selectively protected; 4) the
acetal, the protected alcohol, is rather stable to acidic conditions.
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