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Abstract: Deprotection of acetals and ketals can be achieved by
using sodium tetrakis(3,5-trifluoromethylphenyl)borate (NaBArF

4)
as the catalyst in water at 30 °C. For example, a quantitative con-
version of 2-phenyl-1,3-dioxolane into benzaldehyde was accom-
plished within five minutes by using this sodium salt (0.1 mol%) in
water.
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Protection and deprotection of carbonyl groups are of fun-
damental importance in the multistep organic synthesis.1

Although numerous methods for deprotection of acetals
are known, chemists are still interested in developing
processes of good efficiency under mild conditions.2 In
recent years, deprotection of ketals and acetals under very
smooth conditions, such as CAN in neutral or mild condi-
tions,3 thiourea in EtOH–H2O,4 SmCl3–TMSCl,5 cyclo-
dextrins in H2O,6 Bi(OTf)3 in THF–H2O,7 Ce(OTf)3 in
MeNO2–H2O,8a TESOTf–pyridine–H2O

8b and LiBF4 in
MeCN–H2O,9 have been reported. Quest for a mild and
neutral approach particularly in water as reaction medium
which may affect the selective hydrolysis of acetals or
ketals, is still of interest.10

In our previous investigation, we had found that sodi-
um tetrakis(3,5-trifluoromethylphenyl)borate dihydrate
(NaBArF

4·2H2O) was able to render a proton to initiate the
polymerization of vinyl ether in anhydrous organic sol-
vents (Scheme 1).11 This sodium salt could also assist the
hydrolysis of vinyl ethers in aqueous solution. Based on
our preliminary finding, we have carried out a study on
the deprotection of acetals or ketals by using this sodium
salt in aqueous medium.

Scheme 1

Hydrolysis of 2-phenyl-1,3-dioxolane was selected as a
model reaction to examine the effectiveness of NaBArF

4

on this reaction. It was surprising to find out that 2-phen-
yl-1,3-dioxolane was efficiently hydrolyzed into benz-
aldehyde in water (entry 3, Table 1). Besides water, we
also studied the effect of other solvents on the reaction,
because a colloidal dispersion of the reaction mixture was
formed during the reaction in water. As shown in Table 1,
hydrolysis proceeded smoothly in any aqueous/organic
mixed solvent except in a pure organic solvent (entries 1
and 2, Table 1). The use of organic/aqueous mixture for
hydrolysis of acetals or ketals is a common choice due to
solubility. However, the reaction time was directly pro-
portional to the amount of organic solvent used. For
example, in aqueous tetrahydrofuran only 84% of the
deprotection product was collected after stirring for three
hours (entry 4, Table 1), but a 100% conversion was
obtained within five minutes in water. Of course, the
colloidal dispersion disappeared with the use of a larger
amount of organic phase. Nevertheless, the emulsion
seemed to accelerate the hydrolysis process, suggesting
that the tetrakis(3,5-trifluoromethylphenyl)borate anion
might act as a surfactant.12
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Table 1 Solvent Effect on Hydrolysis of 2-Phenyl-1,3-dioxolane 
Catalyzed by NaBArF

4
a

Entry Solvent Time Yield (%)b

1 THF 3 h 0

2 CH2Cl2 3 h 0

3 H2O 5 min 100

4 THF–H2O (9:1) 3 h 84

5 THF–H2O (1:1) 30 min 100

6 THF–H2O (1:9) 10 min 100

7 CH2Cl2–H2O (9:1) 3 h 92

8 CH2Cl2–H2O (1:1) 30 min 99

9 CH2Cl2–H2O (1:9) 10 min 100

a Reaction conditions: 2-phenyl-1,3-dioxolane (5 mmol) and NaBArF
4 

(0.005mmol) in solvent (10 mL) at 30 °C for 3 h.
b GC yields.
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In view of the efficient hydrolysis of benzaldehyde acetal,
the deprotection for various dialkyl, ethylene acetals and
dioxolanes was investigated and the results are shown in
Table 2. The experiment was simply conducted in a water
solution of acetals or ketals in the presence of 0.1 mol%
of NaBArF

4 at 30 °C. Acetals of aromatic aldehydes un-
derwent smooth hydrolysis with an extremely fast rate to
give the corresponding carbonyls in quantitative yields
(entries 1–8, Table 2). In most instances, the reactions

Table 2 Hydrolysis of Acetals and Ketalsa,13,14

Entry Substrate15,16 Time Yield (%)

1

1

1 min
5 min

55
100

2

2

1 min
5 min

74
100
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3

5 min 100

4

4

5 min 100
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5

5 min 100

6

6

5 min 96

7

7

3 h 100

8

8

5 min 100

9

9

72 h <5
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10

30 min 99
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30 min 55

O

O

OMe

OMe

O

O

n-Pr

OMe

OMe

MeO

OEt

OEt

H

O

OEt

OEt

HO

OEt

OEt

MeO

O

OEt

OEt

TBDMSO

O

O

O2N

MeO OMe

OO

12

12

30 min 62

13

13

30 min 100

14

14

30 min 100

15

15

24 h 100

16

16

15 h 100

17

17

24 h 100

18

18

72 h –

19

19

72 h –

20

2023

24 hc 100

a Reaction conditions: substrate (5 mmol), NaBArF
4 (0.005 mmol) in 

H2O (10 mL) at 30 °C.
b Isolated yields.
c 1,1,1-Tris(hydroxymethyl)ethane was obtained as the product.

Table 2 Hydrolysis of Acetals and Ketalsa,13,14 (continued)

Entry Substrate15,16 Time Yield (%)
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were accomplished within 30 minutes, indicating the effi-
ciency of this approach as compared to other Lewis acid
catalyzed methods.1–8 It is particularly noteworthy that
various functional groups, such as ester or tert-butyldi-
methylsilyl (TBDMS) groups, were tolerated under these
reaction conditions. However, a competing desilyation re-
action was observed alongside the ketone hydrolysis for
compound 20. The process of desilyation appeared to be
faster than that of hydrolysis. From 1H NMR integration,
it was determined that approximately 50% of 20 was con-
verted into 17 (desilylation) within three hours.

Previous studies showed that the benzaldehyde acetals
with electron-withdrawing substituents tended to be slow
or resistant to the hydrolysis.17 Indeed, the deprotection of
compound 7 (with an ester substituent) took a longer
period for completion, whereas the compound 9 remained
almost intact even after three days under the same con-
ditions. Dialkyl aromatic acetals (or ketals) were more
reactive toward the reagent than the corresponding cyclic
acetals (or ketals) (entries 1 vs. 2, 10 vs. 11, Table 2),
whereas the hydrolysis of aromatic acetals seemed to be
easier than those of the aliphatic substrates (entries 12, 14,
16 and 17, Table 2).

The beneficial effect of NaBArF
4 on the deprotection was

also applicable to the hydrolysis of acetonide of carbo-
hydrate. When the 1,2:5,6-O-isopropylidene-a-D-gluco-
furanose (15) was subjected to these reaction conditions,
a quantitative yield of 1,2-O-isopropylidene-a-D-gluco-
furanose was observed; no other hydrolyzed product was
isolated even after 24 hours (entry 15, Table 2). Such
selectivity was presumably due to a favorable hydrolysis
at the less sterically hindered site.18

The acetal molecules containing an amino functionality
appear to be inert to these reaction conditions as no reac-
tion product was detected even after longer reaction time
(72 h). The basicity of amines readily stopped the de-
protection of acetals, with all starting material being re-
covered in both examples (entries 18 and 19, Table 2).
Presumably the coordination of amines to the metal
centers demolished the activity of the catalyst.

Lipshutz and co-workers have shown that acetals and
ketals could be hydrolyzed by LiBF4 in aqueous aceto-
nitrile. It has been demonstrated that this cleavage might
involve the participation of HF and boron-containing
Lewis acid.9 However, it is quite unlikely that such a spe-
cies was generated under the catalytic reaction conditions
in our work. Thus the roles of cations and anions in this
reaction were examined. Results of the treatment of 2-
phenyl-1,3-dioxolane with various salts are summarized
in Table 3. Sodium salts of chloride, bromide and tetra-
fluoroborate, which are soluble in water, did not form
colloidal particles in the presence of the organic substrates
under the given conditions, thus the deprotection did not
proceed or was insignificant. However, the benzaldehyde
acetals underwent hydrolysis smoothly on the use of
tetrakis(3,5-trifluoromethylphenyl)borate salts (entries
5–7, Table 3), indicating the importance of –BArF

4. The

reactivity order of the borate salts is Na+ > Li+ > Mg2+,
which was consistent with the order of hydrolysis constant
(pKh).

19 It is noteworthy that the sodium dodecylsulfonate
could also act as a catalyst for the deprotection of acetals
in water, although with much slower rate. However,
hydrolysis of acetals catalyzed by NaBArF

4 was complete-
ly stopped, when 18-crown-6 was added (entry 9,
Table 3).

It has been known that the formation of colloidal particles
created by organic substrates, surfactants, or catalysts in
water could accelerate chemical reactions.20 The hydro-
lysis of acetals/ketals catalyzed by metal salts of
tetrakis(3,5-trifluoromethylphenyl)borate makes another
example. It is obvious that the trifluoromethyl substitu-
ents of the phenyl rings have an influence. In a previous
report, we showed the existence of the coordination of Na
with F in the crystal structure of NaBArF

4·2H2O.11 It is
believed that such coordination might partially persist in
aqueous environment, and thus increase the Lewis acidity
of metal ions. The formation of sodium–crown ether com-
plex, however, hinders the reaction (entry 9, Table 3),
showing that the interaction of Na···F is readily interrupt-
ed by the addition of the crown ether. Further experiments
and theoretical consideration are necessary to confirm
such phenomenon. By screening a series of acid-base in-
dicators, we found that the acidity of [Na(H2O)2]BArF

4 in
THF–H2O was estimated to be in the pH range of 3.6–4.5.

In summary, a new and chemoselective method for the
cleavage of acetals and ketals in water under mild and
neutral reaction conditions has been developed in this
work. The advantages of this method are the general ap-
plicability in hydrolysis of alkyl and cyclic acetals (ketals)
in high yields, the observed selectivity, and very mild
reaction conditions such as 0.1 mol% NaBArF

4 of catalyst

Table 3 Hydrolysis of 2-Phenyl-1,3-dioxolane by Various Saltsa

Entry NaX Time Yield (%)

1 NaCl 3 h 0

2 NaBr 3 h 0

3 NaBF4 3 h 7

4 NaBPh4
b 3 h 22

5 NaBArF
4 5 min 100

6 LiBArF
4 10 min 100

7 Mg(BArF
4)2 20 min 100

8 CH3(CH2)11SO3Nab 3 h 19

9 NaBArF
4 24 h <5c

a Reaction conditions: NaX (5 × 10–3 mmol), 2-phenyl-1,3-dioxolane 
(5 mmol) in H2O (10 mL) at 30 °C.
b Obtained from commercial source and used without further purifi-
cation.
c Low yield due to addition of 18-crown-6 (1 × 10–2 mmol).
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in water at 30 °C. From the anion study, it is quite clear
that the property of metal ions changes dramatically by
the surrounding anions. At present, the activities of metal
salts associated with a tetrakis(3,5-trifluoromethyl-
phenyl)borate anion in other reactions are currently under
investigation.
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