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Zirconium Tetrachloride (ZrCl,) Catalyzed Highly Chemoselective and
Efficient Acetalization of Carbonyl Compounds
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Abstract: Zirconium tetrachloride (ZrCl,) is a highly efficient and
chemoselective catalyst for the acetalization, and in-situ transace-
talization of carbonyl compounds under mild reaction conditions.
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1,3-dioxanes, protection

Acetals are one of the most widely used and versatile pro-
tecting groupsin organic synthesis. They find applications
for instance in the protection of carbonyl, hydroxyl, and
diol functions.* Thisversatility of acetals demands the de-
velopment of new improved and mild acetalization proce-
dures, specially based on Lewisacid catalysts.? In general,
the formation of dialkyl acetals has been achieved with
trialkyl orthoformate in the presence of Lewis or protic
acid catalysts. ® A literature survey shows that a few
methods are available for the preparation of diethyl ace-
tals. 4 Thusit seemsthat convenient and general methods
for this purpose are still being pursued. Now we wish to
report that ZrCl, (1-3 mol%) efficiently and chemoselec-
tively catalyzed acetalization and in-situ transacetaliza-
tion of carbonyl compounds in the presence of (EtO),CH
at room temperature under solvent-free conditions or in
solution (Scheme).
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Various types of aromatic, aiphatic aldehydes and cinna-
maldehyde were efficiently converted to the correspond-
ing diethyl acetals in the presence of (EtO);CH (1.8-2 eq)
and ZrCl, (1mol%) under solvent-free conditions (Table
1, 2a-2f). Under similar reaction conditions, aliphatic and
aromatic ketones were converted to their corresponding
diethyl acetalsinlow yields even after prolonged reaction
times (Table 1, 2g-2h). However, by this method,
4-phenylcyclohexanone as an example of cyclic aliphatic

Synlett 1999, No. 3, 321-323

Table 1. Acetalization and in-situ Transacetalization of Carbonyl
Compounds with (EtO);CH and ZrCl, under Neat Conditions and in
Solution

Product R’ R* diol

Subst,/diol/ Time Yield®
(EtO);CH/ZrCly  (min)
(%)

none 1:0:1.8:001 7 979
none 1:0:1.8:001 12 98Y
none 1:0:1.8:001 25 93Y
none 1:0:2:001 120 78Y
none 1:0:2:001 35 96

2a Ph

2b 4-(CH3)CeH,
2 4-(CDHCeH,
2d  4-(NO,)CsH,4
2e¢e PhCH=CH

ZfM

2g PhCH,CH; CH; none 1:0:2.5:0.01 10h 52%°
2h Ph CH3; none 1:0:2.5:002 7h  10°°

2i Ph@ none  1:0:2001 45 52
@8>

eelienieniieriies

none 1:0:2:001 2h 80>

T

3a Ph HHO” ™"0H 1:1.5:1:002 25 98
3a Ph H " 1:1.5:0:0.02 20h O
3b 4-(CH)CH, H " 1:1.5:1:002 30 97
3¢ 4-(CHCeHs H " 1:1.5:1:002 15 98
3d 4-(NO,)CeH, H " 1:2:1:003 60 98
3e PhCH=CH H " 1:1.5:1:001 10 95
3f PhCH,CH, CH; 1:2:1:002 30 92
3g Ph CH; 1:2:1:002 45 93

3h Ph " 1:1.5:1:0.01 20 90°

3i 1:2:1:0.01 50 80

3j " 1:1.5:1:0.02 10 90

slnle

a) Isolated yields. b) Under neat conditions. c)Yields determined by
GC and NMR. d) Yields in parenthesis refer to the corresponding
ethyl vinyl ether. e) ~ 10% of the corresponding ethyl vinyl ether was
detected by GC and NMR spectroscopy.

ketones, was converted to the corresponding acetal with
much higher reaction rate (Table 1, 2i).

Very recently, it has been reported that Sc(OTf); and
Sc(NTT), are effective catalysts for the acetalization and
in-situ transacetalization of carbonyl compounds.® We
have also observed that ZrCl, (1-3 mol%) in the presence
of (EtO);CH (1 eqg) and 1,3-propanediol (1-2 eq) efficient-
ly catalyzed in-situ acetal exchange reactions of various
types of carbonyl compounds to give their corresponding
1,3-dioxanes in good to excellent yieldsin dry CH,Cl, at
room temperature (Scheme). 1,3-Dioxanation of avariety
of substituted benzaldehydes and cinnamaldehyde was
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Table 2. Selective Acetalization and in-situ Transacetalization with
ZI'C]4

entry substrate substl/subst2/thiol or diol  product time yield”
1Z1Cly (min) (%)
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a) Yields based on GC and NMR. b) 1 equiv. of (EtO);CH was used
and the reactions were performed in dry CH;Cl,. c) 1.8 equiv. of
(EtO);CH was used and the reaction was performed under solvent-free
conditions.

0

carried out efficiently in the presence of (EtO),CH (1 eq),
1,3-propanediol (1.5-2 eq) and ZrCl , (2-3mol %) in excel-
lent yields (Table 1, 3a-3e). Aromatic and aliphatic open
chain ketones aswell as cyclic ketones were also convert-
ed to the corresponding 1,3-dioxanes under similar reac-
tion conditionsin goodto excellent yields (Table 1, 3f-3j).
In order to show the ability of the presented methods for
chemosel ective acetalization of carbonyl compounds, we
have performed severa competitive acetalization reac-
tions, whose results are demonstrated in Table 2. Benzal-
dehyde undergoes acetalization and transacetalization in
the presence of acetophenone, benzyl acetone and cyclo-
hexanone respectively (Table 2, entries 1-4). On the other
hand, cyclohexanone asamodel for cyclic ketonesis con-
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verted to the corresponding 1,3-dioxane with absolute
chemosel ectivity in the presence of benzylacetone and ac-
etophenone, respectively (Table 2, entries 5-6).

In conclusion, mild reaction conditions, versatile and
good chemoselectivity, easy workup, and high yields of
the desired products are worthy to be mentioned as the
characteristics of the described methods.

General Procedure for the preparation of diethyl acetals.

To a mixture of carbonyl compound 1 (5 mmol) and
(EtO);CH (10-12.5 mmoal), ZrCl, (0.05-0.1 mmol) was
added, and the resulting solution was stirred at room tem-
perature. After completion of thereaction (TLC or GC), a

cold aqueous solution of NaOH (10%, 25 mL) was added

and the mixture was extracted with CH,Cl, (3 x 40 mL).
The organic extracts were washed with water (2 x15 mL)
and dried over anhydrous pMsO,. Evaporation of the sol-
vent under reduced pressure gave almost pure product(s).
Further purification was proceeded by vacuum distillation
to afford pure diethyl acetakin good to excellent yields
(Table 1).

General procedure for the preparation of 1,3-dioxanes

via in-situ transacetalization; To a solution of carbonyl
compoundl (5 mmol), 1,3-propanediol (7.5-10 mmol),
and (EtO)CH (5 mmol) in dry CHCI, (15 mL), ZrC},
(0.05-0.15 mmol) was added and the resulting solution
was stirred at room temperature. After completion of the
reaction (TLC or GC), the reaction was quenched with a
cold agueous solution of NaOH (10%, 25 mL) and the or-
ganic layer was separated and the residue was extracted
with CH,CI, (3 x 40 mL). The organic extracts were com-
bined together and washed with water (3 x 35 mL), and
dried over anhydrous N&0O,. Evaporation of the solvent
under reduced pressure gave almost pure 1,3-didkane
Further purification was achieved by vacuum distillation
or recrystallization from the appropriate solvent to give
pure product(s) in good to excellent yields (Table 1).
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