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Acetalization of aldehydes and ketones is a commonly en-
countered reaction in organic synthesis. Many methods are
available, most of them involving the removal of water under
acid-catalyzed conditions’. Recently, the use of alkoxytrime-
thylsilane and trimethylsilyl triflate has been suggested as a
simple method for acetalization®>. We report here a facile pro-
cedure for the acetalization of carbonyl compounds under
mild conditions utilizing readily available chemicals. Further-
more, the reaction shows interesting selectivity which may be
useful in synthesis.
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Aldehydes and ketones 1 are converted to the corresponding
1,3-dioxolanes 3 by reaction with a slight excess of ethylene
glycol (2) in the presence of chlorotrimethylsilane. The reac-
tion can be carried out in methanol as solvent at room temper-
ature (Method A), or in refluxing dichloromethane as solvent
(Method B).

With aryl ketones, acetalization was more sluggish: the use of
ethylene glycol as solvent and a greater excess of chlorotrime-
thylsilane (Method C) was necessary to bring about complete
acetalization at room temperature. The presence of activating
groups « to the carbonyl group, such as chloride, reduced the
excess of chlorotrimethylsilane required to a certain extent
(see Table 1).

Normal unactivated carbonyl compounds and a-chlorinated
aryl ketones are not acetalized by methanol under these con-
ditions. Thus, in Method A, even though the reaction was car-
ried out in methanol as solvent, no significant amount of di-
methy! acetal was detected. When the carbonyl group is acti-
vated by an a-carbonyl group or by a-halogens, the dimethyl
acetal can be formed readily. For a-dicarbonyl compounds,
this procedure provides a way to selectively monoacetalize the
more activated carbonyl group. Thus, phenylglyoxal (Table 2)
was converted to the corresponding dimethyl acetal 6a in 83%
yield simply by stirring in methanol with a slight excess of tri-
methylchlorosilane overnight (Method D). This is to be com-
pared with the literature procedures'’ for the same transfor-
mation which in our hands gave <45% yield.

It should be noted that the acetalization is also successful on a
larger scale. For example, 3,3-dimethoxy-2-butanone (6f) was
prepared on a 50 mmol scale in 91% yield, after fractional dis-
tillation.

It is expected that chlorotrimethylsilane is acting both as an acid cata-
lyst and as a dehydrating agent. Nevertheless, the difference in acetali-
zation between ethylene glycol and methanol suggests that the reac-
tion is subject to kinetic factors. When the concentration of the hemi-
acetal § (R*=CH,CH,OH) is low, intramolecular cyclization leading
to 4 (R, R*=—CH,CH,—) is still occurring sufficiently fast for the
reaction to proceed. In the case of methoxy-hemiacetal (5, R*=CHy),
intermolecular acetalization is at a fast enough rate only when the con-
centration of 5§ is substantial, which only occurs when electron-with-
drawing groups & to the acetalized carbonyl are present.

j\ g/SI(CHa)a R3-0H (4)
g+ oSl = R1)LR2 e =
1
. H H
(HyC)3Si —0 B0R? (H3C);5i — 02 OR3 R ontd)
a® == L
R R? ~ a® g g2
5
R%0_ OR®

a2t HCL +  [(HyC)ySiOH]

4 R3 R3 = —(CHy),—
TS 2)2

3.
6 R% < chy

Downloaded by: National University of Singapore. Copyrighted material.



204 Communications

SYNTHESIS
Table 1. 1,3-Dioxolanes 3 prepared
Produlct i Equiv. Meth- Yield m.p. [°C] or b.p. [°C)/torr
3 R R* (H;C):SiCl od [%0]
found reported
a —(CHy)s — 2.2 A C 83: 95 174-180°/760% 18
b (/_\ H 22 A; B 64; 77 - 107-108°/13%1
c ¢ CH, 6.6 C 71 61° (CH:OH) 61°°
d ¢ CICH; 44 C 99 90° (CH;OH) .
e ¢\ Cl,CH 22 C 78 58.5-59° (CH,OH) 59-61°"
b on-CgHy R 2.2 A: B 64°; 98° 117-135°/14" 141-142°/40°
g HiC H,C00C~CH, 2.2 B 90 36-38°/0.75 —
h r-CoHy H,C00C - CH, 2.2 B 88 80-85°/0.5 —d
CH,
95¢ 90" 9p°8
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Kugelrohr distillation.
CH204 calc. C 52.49 H 7.55
{160.2) found 52.38 7.61

C1H50, calc. C 61.09 H 9.32
(216.3) found 61.13 9.35

Purified by flash chromatography: Merck 40-63 mm silica gel (16 g), eluent: cthyl acetate/hexane mixtures.

'"H-N.M.R. (CDCl,): 8=1.46 (s, 3H); 2.66 (s. 2H); 3.66 (s, 3H); 3.91 ppm (s, 4H).

'"H-N.M.R. (CDCly): 8=1.1-1.9 (m, 8 H); 2.53 (s, 2H): 3.53 ppm (s, 3 H).

° Starting material is biacetyl.

Table 2. Dimethyl Acetals 6 prepared by Method D

Product Yield  m.p. [°C] or b.p. [°CJ/torr
6 R R? %)
found reported
?
a {_)c- H 83 89°/06 101745

108-113°/1"

0

1
b m—@-c— H 98 —t
c (D— Hc00C  55° — ¢

d H;C H,C00C 92 —a 62-63°/12%
e H,C Cl,CH 714 ) s
f oHse—t— HaC 91 58°/28  145-146°/760'

Purified by flash chromatography: Merck 40-63 mm silica gel (16 g),
cluent: ethyl acetate/hexane mixtures.

Yield after correction f{or recovered starting material: 74%.
CH,,0, calc. C 62.84 H 6.71

E

(210.2) found 62.95 6.81
"H-N.M.R. (CDCL): 5=3.38 (s, 6 H); 4.70 (s, 3H); 7.2-7.7 ppm (m,
SH).

Yield determined by G.L.C.; yield of isolated product: 42% due to
high volatility.

The advantages of the described method are as follows; the
alcohol need not be silylated?, low temperatures, option of
aqueous or non-aqueous work-up, and the ready availability
and low cost of trimethylchlorosilane. In addition, the selec-
tivity of acetalization may allow the protection of a single car-
bonyl group in a polycarbonyl compound.

1,4-Dioxaspiro[4.5|decane (3a); Typical Procedure for Method A:

To a mixture of dry ethylene glycol (2; 3 ml, 54.0 mmol) and dry me-
thanol (20 ml) uader a nitrogen atmosphere is added cyclohexanone
(1a; 0.52 g, 5.2 mmol). Chlorotrimethylsilane (1.4 ml, 11.0 mmol) is
added and the mixture is stirred for 16 h at room temperature. The
mixture is neutralized to pH 6 by adding a 5% solution of sodium meth-
oxide in methanol and the solvent is removed under reduced pres-
sure. The residuc is dissolved in ether (20 ml), filtered through silica
gel (5 g), the silica gel is washed with ether (2 x 10 ml), and the ether is
removed under reduced pressure. The crude product is submitted to
flash chromatography (silica gel, eluent: ethyl acetate/hexane, 1:10,
v/v); to give the product as a colourless oil; yield: 0.63 g (83%).

LR. (neat): v=2943, 2865, 1447, 1366, 1102 cm~".

"H-N.M.R. (CDCl3): §=1.58 (br. s, 10H): 3.90 ppm (s, 4 H).

The methoxide work-up may also be used in Methods C and D when
the product is partially water soluble, such as 6e.

2-Phenyl-1,3-dioxolane (3b); Typical Procedure for Method B:
Benzaldehyde (1; 0.53 g, 5.0 mmol) is added to a solution of ethylene
glycol (25 0.61 ml, 11.0 mmol) and dry dichloromethane (25 ml) under
a nitrogen atmosphere. To the mixture is added chlorotrimethylsilane
(2.8 ml, 22.0 mmol} and the mixture is stirred at reflux for 48 h. A 5%
aqueous solutior: of sodium hydrogen carbonate (50 ml) is added and
the mixture extracted with ether (2 x 75 ml), washed with brine (2 x 40
ml), and the cormbined ether extracts are dried with magnesium sul-
fate. The ether is removed under reduced pressure and the residue is
submitted to flash chromatography (silica gel, eluent: hexane/ethyl
acetate, 3:1, v/v) to give, after evaporation, the pure acetal as a col-
ourless oil; yield: 0.58 g (77%).

LR. (neat): v=2900, 1455, 1390, 1314, 1221 cm -

'H-N.M.R. (CDCly): §=4.0 (m, 4H); 5.77 (s, 1 H); 7.1-7.6 ppm (m,
SH).

2-Chloromethyl-2-phenyl-1,3-dioxolane (3d); Typical Procedure for

Method C:
To a solution of a-chloroacetophenone (1d; 0.83 g, 5.4 mmol) in dry

Downloaded by: National University of Singapore. Copyrighted material.



March 1983 Communications 205

ethylene glycol (2; 25 ml) under a nitrogen atmosphere is added chlo-
rotrimethylsilane (2.8 ml, 22.0 mmol). The reaction is stirred for 16 h at
room temperature. A 5% aqueous sodium hydrogen carbonate solution
(50 ml) is added, the mixture is extracted with ether (2x 75 ml), and
the extracts washed with brine (2 x 50 ml). The combined ether ex-
tracts are dried with magnesium sulfate and the solvent removed un-
der reduced pressure. Recrystallization of the residue from methanol
gives the product as white crystals; yield: 1.05 g (99%); purity >97%
by G.L.C. (5% OV 101 on Chromosorb W, 6 ft column); m.p. 90 °C.
LR. (Nujol): v=1449, 1227, 1181, 1027, 729 cm~".

'H-N.M.R. (CDCl3): §=3.75 (s, 2H); 3.8-4.2 (m, 4H): 7.2-7.6 ppm
(m, 5H).

M.S.: m/e=149 (M* —CH,Cl); 105 (CcH;CO ™).

Benzoyldimethoxymethane (6a); Typical Procedure for Method D:
Freshly distilled phenyl glyoxal (8.26 g, 62.2 mmol) is added to dry
methanol (75 ml) under a nitrogen atmosphere. The yellow solution
becomes colourless after the addition of chlorotrimethylsilane (18 ml,
143 mmol). The mixture is stirred for 18 h at room temperature. The
solvents are removed under reduced pressure and the residue distilled
to give the pure acetal 6a; yield: 9.16 g (83%); colourless oil; b.p.
89 °C/0.6 torr.

LR. (CHCL): v=2945, 2842, 1695 (C=0), 1603, 1583, 1454, 1288
em~ L

"H-N.M.R. (CDCl,): §=3.48 (5, 6 H); 5.23 (s, 1 H); 7.4-7.6 and 8.0-8.2
ppm (m, SH).
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