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ABSTRACT

Various types of aldehydes and ketones could be converted to their

corresponding diethyl acetals with triethylorthoformate in the

presence of TiO2=SO
2�
4 solid superacid in good to excellent yield

under mild reaction conditions.
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Acetalization of carbonyl compounds as dialkyl acetals is one of
most useful method for the protection of carbonyl functions in organic
synthesis.[1] Acetals have moderate stability and are easily converted
into parent compounds. For this reason, acetals have become important
tools for the synthesis of pure compounds.[2] In this regard, the litera-
ture shows that major attention has been paid to the preparation of
dimethyl acetals,[3–5] and diethyl analogues. Several types of Lewis acid
catalysts were introduced previously for this purpose, such as FeCl3,

[6]

ZrCl4,
[7] WCl6,

[8] and protic acids such as HCl,[9] Amberlyst-15,[10] and
charcoal bisulfate[1] have been used also. Each of the above methods
has its merit and some shortcomings. Some of these methods have not
been entirely satisfactory as they give low yield, have long reaction
times, problems of corrosivity of reagents, harshness of the reaction
coditions, tedious workup, and effluent pollution and nonrecoverable
catalysts. Consequently, it is desirable to develop alternative methods
for the synthesis of diethyl acetals of aldehydes and ketones using mild
and environmental friendly conditions.

TiO2=SO
2�
4 solid superacid has been used as a catalyst in our studies

in recent years.[11–15] In continuation of these studies, we now report that
TiO2=SO

2�
4 efficiently catalyses acetalization of carbonyl compounds

with (EtO)3CH/EtOH (absolute) at refluxing temperature under mild
conditions (Sch. 1).

As summarized in Table 1, when aldehydes and cyclic ketones 1 were
treated with triethylorthoformate 2 in the presence of TiO2=SO

2�
4 , the

corresponding diethyl acetals 3 were obtained in excellent yields in
absolute alcohol at refluxing temperature (Entries 1–11). Open chain
ketones gave moderate yields under same conditions (Entries 12–14).

We found that absolute alcohol as solvent is necessary in this reac-
tion. For example, 3-chlorobenzaldehyde (Entry 5) provide lower con-
version rate (<60%) in refluxing 95% alcohol for 7 h whereas over 95%
yield is obtained in refluxing absolute alcohol after 25min. We also found
that cyclic aliphate ketones such as cyclopentanone (Entry 10) and cyclo-
hexanone (Entry 11) undergo acetalization reaction much faster and with
higher efficiency than the open chain ketones such as acetophenone

Scheme 1.
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(Entry 12), 4-chloroacetophenone (Entry 13), and 4-nitroacetophenone
(Entry 14).

Selectivity of the synthetic methods is of great importance in organic
synthesis. Therefore, several competitive reactions between aldehydes
and open chain aromatic ketones and also between cyclic aliphate
ketones and open chain aromatic ketones were conducted successfully
with excellent chemoselectivity. The results of a set of competitive
experiments are shown in Table 2.

The catalysts need no regeneration and can be reused 10 times for the
acetalization of carbonyl compounds without significant loss of activity.

In conclusion, we provide a highly efficient and chemoselective cat-
alyst for acetalization of carbonyl compounds under mild conditions. For
this method has operational simplicity, high yield, high chemoselectivity,
short reaction time, non-corrosive, non-polluting, and employing a
reusable catalyst.

EXPERIMENTAL

The catalyst TiO2=SO
2�
4 solid superacid was prepared according

to the Lit.[11,12] 1HNMR spectra were determined on a Varian
VXR-300S spectrometer using CDCl3 as solvent and tetramethylsilane

Table 1. Acetalization of carbonyl compounds using TiO2=SO
2�
4 as

catalyst.

Entry R1 R2
Reaction time

(min)

Isolated yield

(%)

1 C6H5 H 35 96

2 4-CH3C6H4 H 35 92

3 4-CH3OC6H4 H 35 92

4 3,4-(OCH2O)C6H3 H 30 90

5 3-ClC6H4 H 25 95

6 4-ClC6H4 H 30 94

7 3-O2NC6H4 H 25 96

8 4-O2NC6H4 H 25 95

9 C6H5CH¼CH H 50 90

10 Cyclopentanone 35 95

11 Cyclohexanone 35 95

12 C6H5 CH3 180 68

13 4-ClC6H4 CH3 180 63

14 4-O2NC6H4 CH3 180 63

Acetalization of Carbonyl Compounds as Dialkyl Acetals 2105
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(TMS) as interal reference. IR spectra were obtained on a Perkin–Elmer
983G spectrometer. The products were characterized by comparison of
their melting and boiling points with literature values.

General Procedure for Acetalization of Carbonyl Compounds

A mixture of aldehyde or ketone 1 (5mmol), (EtO)3CH 2 (15mmol),
and TiO2=SO

2�
4 (100mg) was stirred at reflux for the length of time

indicated in Table 1. Absolute alcohol (5mL) was added. The progress
of the reaction was monitored by TLC or GC. After completion of the
reaction, the catalyst was filtered off and washed with Et2O. The filtrate
was washed with 40% NaHSO3 (15mL) and brine (2� 15mL)
successively and dried (MgSO4). Evaporation of the solvent under
reduced pressure gave almost pure product(s). Further purification was
proceeded by column chromatograhy on silica gel (light petroleum-ether
as eluent) to afford pure diethyl acetal 3.

Typical Procedure for Selective Acetalization of Benzaldehyde

vs. Acetophenone with Triethylorthoformate

To a magnetically stirred solution of benzaldehyde (3mmol), aceto-
phenone (3mmol), (EtO)3CH (10mmol) in absolute alcohol 10mL of

Table 2. Selective acetalization of carbonyl compounds using

TiO2=SO
2�
4 as catalyst.

Entry Substrate

Reaction time

(min)

Isolated yield

(%)

C6H5CHO 96

15 þ 35

C6H5COCH3 2

3-ClC6H4CHO 95

16 þ 25

4-ClC6H4COCH3 2

Cyclohexanone 95

17 þ 35

C6H5COCH3 2

Cyclohexanone 95

18 þ 35

4-O2NC6H4COCH3 2

2106 Ma et al.
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reflux was added TiO2=SO
2�
4 (100mg). After completion of the reaction,

the catalyst was filtered off and washed with Et2O, and the filtrate was
washed with brine (2� 15mL) and dried (MgSO4). The organic layer was
concentrated under reduced pressure. The mixture was separated by
silical gel column chromatography to afford phenylmethanediol diethyl
ether in 96% yield and the acetophenone was almost quantitatively
recovered.
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