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Abstract: A series of Brgnsted acidic ionic liquids (BAILs) were synthesized and used as efficient and environmentally benign

catalysts for the acetalization of aldehyde with alcohol. Acetals were widely used as solvent and reagent for excellent solvent

property. lonic liquid [ BSmim ][ OTf] showed superior catalytic activity in the acetalization of formaldehyde with ethylene gly-

col. The effects of various parameters such as structure of ionic liquid, catalyst dosage, reaction temperature, reaction time,

and molar ratio of the formaldehyde to ethylene glycol were investigated. Hammett method ( H,) had been used to determine the

acidity order of these ionic liquids. A proposed reaction mechanism for the acetalization of formaldehyde with ethylene glycol

catalyzed by [ BSmim ][ OTf] was given. The results show that the order of acidity is consistent with the catalytic activities ob-

served in acetalization reaction. Ionic liquid [ BSmim ][ OTf] could be recycled seven times without significant loss in catalytic

activity. The protential application of BAILs in the acetalization of aldehyde with alcohol was also investigated.
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Acetalization of carbonyl compounds with alcohols
is one of the powerful reactions in organic synthesis.
And acetals were widely used to protect the carbonyl
compounds against attack by various reagents such as
nucleophiles, oxidants, basic, catalytic or reducing

") What’ s more, acetals are impor-

hydride agents
tant reactants for synthesis of enantioselective com-
pounds and widely used as solvents, ingredients in fla-
vor chemicals, and intermediates or final products in
petrochemicals and fine chemicals processes”’. 13-
Dioxolane ( DOX ) as the acetals of formaldehyde
(HCHO) with ethylene glycol (EG) finds application
both as solvent and reagent in the chemical process for
excellent solvent property. Furthermore, it is 100%
water-soluble and recyclable'®’. The production of ace-
tals therefore has been growing fast in the past decades
due to the continual demands. Conventionally, aceta-

lization reaction was carried out in the presence of
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acids catalysts, such as proton acid (H,SO,, HCI, p-
TsOH) , Lewis acid (TiCl,, FeCl,) and transitional
Although good

results were obtained, toxicity, corrosiveness and tedi-

metal complexes Rh, Pd, and Pt

ous work-up procedures were still disadvantages associ-
ated with the reported methods involving acetalization.
Recently, ionic liquid, supported Lewis acid, zeolites,
and ion exchange resins were also used as catalysts in
the acetalization of carbonyl compounds with alco-

hols*'*!

be the major drawbacks from the view point of industri-

Nevertheless, the rapid deactivation might

al application. It is important to development more en-
vironmentally friendly, easily separable and recyclable
catalyst system.

In recent years, ionic liquids ( ILs) have been
described as one of the promising environmental-friend-
ly reaction medium for their unique properties such as

low vapor pressure, high chemical and thermal stabili-
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ty, and structure adjustable properties
ILs have been used as acid catalysts for the esterifica-
tion reaction, alkylation reaction, heterocyclic synthe-
sis, which are designed to replace traditional mineral
liquid acids, such as sulfuric acid and hydrochloric
acid ™). Functionalized ILs offered a new possibility
for developing cost-effective catalysts because it com-
bined the advantages of liquid acids and solid acids, u-
niform acid sites, wide liquid range, high catalytic ac-
tivity, water and air stable, easy separation and reus-
able'” ™', 2002, Deng et al'™', reported their work
on using chloroaluminate ILs ([ AcMim]Cl, [ AcBim ]
Cl) as catalyst in acetalization of butyl aldehyde and
isoamyl alcohol and 96. 9% conversion was achieved.
Sequentially, a lot of ILs such as N-methylimidazolium
tetrefluoroborate ([ Hmim | [ BF,]), 1-butyl-3-methy-

limidaolium bisulfate ([ Bmim ][ HSO, ] ) were used in

acetalization' %7

However, most cases dealt with acetalization using
benzaldehyde, cyclohexanone and butyl aldehyde as
reactants, and there is little information about formal-

dehyde as reactants in ILs'**™"

. Here, we investigate
the potential applications of BAILs in the acetalization

of aldehyde with alcohol ( Scheme 1 ) , especially de-

o \
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Scheme 1 Acetalization of aldehyde with alcohol catalyzed

by acidic ionic liquids

veloping an efficient and green procedure for synthesi-
zing of 1,3-dioxolane derived from formaldehyde and
ethylene glycol. Ideal yields of products were obtained
in the presence of SO,H-functionalized ILs and possi-
ble reaction mechanism for this reaction system is pro-
posed. The recyclability of the catalyst system is also

examined.

1 Experimental

1.1 Chemicals and instruments

All chemicals were analytical grade and used as
received. NMR data in deuterated water (D,0) were
recorded on a Bruker Avance [ 400 MHz for 'H at
100 MHz and for *C at 400 MHz with tetramethylsilane
(TMS) as internal standard. The products were ana-
lyzed using Agilent 7890A GC analyzer equipped with
a hydrogen flame ionization detector (FID). A capil-
lary column SE-54 (30 mx0.25 mmx0.25 pm) was
used to determine the composition of the samples with
nitrogen as the carrier gas at a flow rate of about 3 mL/
min. The final samples were identified by Agilent
7980A/5975C gas chromatography-mass spectrometry
(GC-MS). Conversion and selectivity were calculated
according to the concentration of reactant and product.
1.2 Ionic Liquids Preparation

For the present study, we prepared a series of ILs
used as catalysts for acetalization reaction. The ionic
liquids [ BSmim ][ OTf], [ BSmim ][ TsO], [ BSmim ]
[HSO, ], [ BSmim] [ CH,SO, ], [ PSmim ] [ HSO, ],
[BSpy] [HSO,], [Mim][HSO,], [ Bmim][ HSO, ]
were synthe sized via simple and atom-economic reac-
tions according to the previous literature >'**°) " And
the ionic liquids were characterized by NMR.

(1) Preparation of ionic liquid [ BSmim ][ OTf],
[BSmim ] [ TsO ], [ BSmim | [ HSO, ], [ BSmim ]
[ CH;S05], [PSmim][HSO, ], [ BSpy ][ HSO,]:

1, 4-butane sultone (1, 3-propane sultone) was
dissolved in toluene, and N-alkylimidazole ( pyridine)
was added dropwisely. The mixture was stirred at 60
°C for 8 h under vigorous stirring to obtain the white
precipitate. The product was leached and washed with
toluene three times and dried in vacuum to get pure 1-

alkyl-3-( 4-sulfonate ) imidazolium zwitterion. Then,
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the zwitterion mixed with CF,;SO;H or C,H;CH,SO,H
or H,S0, or CH;SO;H in a molar ratio of 1 : 1 in an-
hydrous toluene, and stirred magnetically at 60 °C for
8 h, the mixture was dried in vacuo to form corre-
sponding BAILs.

(2) Preparation of [ Bmim ][ HSO, ] :

The [ Bmim ] [ HSO, | were obtained by a drop-
wise addition of one equivalent of concentrated sulphu-
ric acid to solution of the corresponding 1-butyl-3-
methylimidazolium chloride in anhydrous dichloromet-
hane. The reaction proceeded at room temperature for
24 h with vigorous stirring under a steam of dry nitro-
gen. Then, the mixture was dried in vacuum by a rota-
ry evaporator to remove the HCl and solvent to obtain
the viscous clear [ Bmim ][ HSO, ].

(3) Preparation of[ Mim ][ HSO, ] :

1-methylimidazole was charged into the round-bot-
tom flask with magnetic stirrer. Then equimolar con-
centrated sulphuric acid was added dropwisely into the
flask at 80 °C for 12 h. The mixture was washed with
ether three times by a rotary evaporator to obtain the
viscous clear [ Mim ][ HSO, ].

1.3 Catalyst characterization

[BSmim] [ OTf];'H NMR (400 MHz, D,0) §
8.26 (s, 1H), 7.05 (t, J = 1.6 Hz, 1H), 7.00 (t,
J=1.6Hz, 1H), 4.80 (s, 2H), 3.80 (t, J = 7.2
Hz, 2H), 3.45 (s, 3H), 2.54-2.46 (m, 2H), 1.58
(m, 2H), 1.36-1.25 (m, 2H). “C NMR (100 MHz,
D,0): & 135.63 (s), 123.46 (s), 121.96 (s),
117.92 (s, J..,=315.1Hz), 49.97 (d), 48.70 (s),
35.47 (s), 27.91 (s), 20.76 (s).

[BSmim ][ TsO]:'H NMR (400 MHz, D,0) §
8.33 (s, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7. 11
(d,J =3.6Hz, IH), 7.06 (t,J = 1.6 Hz, IH),
7.00 (d, J = 8.0 Hz, 2H), 3.84 (t, J = 7.0 Hz,
2H), 3.53 (s, 3H), 2.67-2.59 (m, 2H), 2.05
(s,3H), 1.65 (m, 2H), 1.49-1.36 (m, 2H). "C
NMR (100 MHz, D,0): & 142. 06 (s), 139. 68
(s), 135.55 (s), 129.25 (s), 125.17 (s),
123.47 (s), 121.95 (s), 49.99 (s), 48.72 (s),
35.52 (s), 27.95 (s), 20.84 (s), 20.37 (s).

[BSmim] [ HSO, ]: 'H NMR (400 MHz, D,0)
58.44 (s, 1H), 7.21 (t, J = 1.8 Hz, IH), 7.15

(t,J = 1.8 Hz, 1H), 3.96 (t, J = 7.0 Hz, 2H),
3.61 (s, 3H), 2.69-2.61 (m, 2H), 1.78-1.69
(m, 2H), 1.50-1. 41 (m, 2H). “C NMR (100
MHz, D,0): & 135.80 (s), 123.54 (s), 122.03
(s), 49.97 (s), 48.77 (s), 35.57 (s), 27.96
(s), 20.81 (s).

[BSpy ][ HSO,]: '"H NMR (400 MHz, D,0): &
8.33 (d, ] = 5.6 Hz, 2H), 8.01 (d, J = 8.0 Hz,
1H), 7.59-7.52 (m, 2H), 4.13 (t, ] = 7.6 Hz,
2H), 2.47-2.40 (m, 2H), 1.64 (m, 2H), 1.31-
1.22 (m, 2H). "C NMR (100 MHz, D,0): &
145.46 (s), 143.95 (s), 128.08 (s), 60.90 (s),
49.77 (s), 29.04 (s), 20.63 (s).

[BSmim | [ CH,SO, ]: 'H NMR (400 MHz,
D,0) 58.51 (s, 1H), 7.28 (t, J = 1.6 Hz, 1H)
7.22 (t,J =1.6 Hz, 1H), 4.02 (t, J = 7.0 Hz,
2H), 3.67 (s, 3H), 2.81-2.63 (m, 2H), 2.57
(s, 3H), 1.87-1.67 (m, 2H), 1.59-1. 44 (m,
2H). "C NMR; (100 MHz, D,0) & 135.84 (s),
123.58 (s), 122.07 (s), 50.00 (s), 48.81 (s),
38.40 (s), 35.60 (s), 28.01 (s), 20.85 (s).

[PSmim ][ HSO, ]: '"H NMR (400 MHz, D,0)
58.20 (s, 1H), 7.00 (t, J = 1.8 Hz, 1H), 6.93
(t, ] = 1.8 Hz, 1H), 3.83 (1, J = 7.2 Hz, 2H),
3.37 (s, 3H), 2.43-2.37 (m, 2H), 1.83-1.74
(m, 2H). "C NMR (100 MHz, D,0): & 135.83
(s), 123.54 (s), 121.89 (s), 47.46 (s), 47.03
(s), 35.51 (s), 24.81 (s).

[Mim ][ HSO,]: 1H NMR (400 MHz, D,0) &
8.49 (s, 1H), 7.27 (s, 2H), 3.76 (s, 4H). “C
NMR (100 MHz, D,0): & 134.93 (s), 122.91
(s), 119.42 (s), 35.41 (s).

[Bmim ][ HSO, ] : 'H NMR (400 MHz, D,0) §
8.56 (s, 1H), 7.33 (t, J = 1.6 Hz, 1H), 7.29
(t,J = 1.6 Hz, 1H), 4.05 (t, J = 7.2 Hz, 2H),
3.75 (s, 3H), 1.74-1.66 (m, 2H), 1.22-1. 11
(m, 2H), 0.77 (t, J = 7.2 Hz, 3H). “"C NMR
(100 MHz, D,0): & 135.74 (s), 123.41 (s),
122.14 (s), 49.19 (s), 35.57 (s), 31.18 (s),
18.67 (s), 12.57 (s).

1.4 Catalytic Reactions

The acetalization of HCHO with EG was carried

out using a 50 mL round-bottom flask equipped with a
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thermometer and magnetic stirred. And the round-bot-
tom flask was kept in a thermostated oil bath. Weighed
amounts of ethylene glycol, formaldehyde, and catalyst
were mixed and typically allowed to proceed for a reac-
tion time with continuous and vigorous stirring and
heated at the designed temperature. After the reaction,
the catalyst was recycled and the product was detected

by gas chromatography.

2 Results and Discussion

2.1 Effect of Different ILs
Initially, a probe reaction of formaldehyde (30

mmol ) and ethylene glycol (60 mmol) was carried out

the results are shown in Table 1. It is obvious to see
that the acidity and the structure of ILs showed signifi-
cant effects on their catalytic activity. It could be seen
that SO, H-functionalized Brgnsted acidic ionic liquids
exhibited better catalytic activity than the one without -
SO;H group on cation when having the same anions
(HSO,”) (Table 1, entries 3,5 vs. entries 1,2,4).
The carbon chain length between -SO;H group and cat-
ion core also has obvious effect on reactivity (Table 1,
When [ PSmim ] [ HSO, ]
was used as catalyst, the conversion of formaldehyde

15 89.9% and the selectivity of DOX is 80.0%.
Using [ BSmim] [ HSO, ] as catalyst, the conversion

entry 1 vs. entry 2).

at 70 °C under solvent-free condition catalyzed by dif- and selectivity can reach 91. 1% and 86.8% ,
ferent acidic ionic liquids (10% of formaldehyde) and respectively.
Table 1 Effect of different ILs on the acetalization reaction of HCHO with EG *
Entry s HCHO Selection /% ]
Conversion/ % DOX Others’
1 [ BSmim ][ HSO, ] 91.1 86.8 13.2
2 [ PSmim | [ HSO, ] 89.9 80.0 20.0
3 [ Bmim ] [ HSO, ] 22.5 98.0 2.0
4 [ BSpy] [HSO, | 95.2 78.8 21.2
5 [Mim][ HSO, ] 28.3 60. 1 39.9
6 [ BSmim ] [ OTf] 96. 1 92.4 7.6
7 [ BSmim][TsO] 89.8 78.2 21.8
8 [ BSmim] [ CH,S0, ] 85.4 83.0 17.0

a. Reaction conditions; HCHO (30 mmol) , BAIL : HCHO= 1 : 10 (molar ratio) , EG : HCHO=2 : 1 (molar ratio) , reaction

temperature 70 °C, reaction time 4 h; b. Others mainly 1,3 ,6-Trioxocane.

The anions of the ILs also have influence on the
catalytic activity. ILs with CF,SO," as anion appeared
to be superior to those of the corresponding ionic li-
quids with HSO,, TsO™, and CH;SO;" as anion when
possessing the same cation (Table 1, entries 1, 6-8).
[ BSmim | [ OTf] with CF,SO,™ as onion appeared to be
the best catalyst with 96. 1% conversion of formalde-
hyde and 92. 4% selectivity for DOX (Table 1, entry
6). The catalyst activity order is [ BSmim ] [ OTf] >
[ BSmim | [ HSO, ] > [ BSmim ] [ TsO ] > [ BSmim ]
[ CH,S0, ], which is consistent with the sequence of
acidity examined using Hammet method in ethylene
glycol. These result suggested the acidity of ionic li-

quids is important property relevant to its catalytic acti-

vity for acetalization reactions.

According to previous reportsand the reaction
mechanism of acetalization reaction'® , the addition of
the nucleophilic alcohol to the carbonyl group and de-
polymerization of 1,3 ,5-trioxane both are typical acid-
catalyzed reaction. Therefore ILs with strong acidity
can be suitable catalysts for the aimed reaction.

The Brgnsted acidity of the used ILs were evalua-
ted from the determination of the Hammett acidity func-
tions using UV-visible spectroscopy with 4-nitroanline
(pka=0.99) as indicator in ethylene glycol according

1337361 Absorption spectra of 4-nitron-

to the literature
miline for various acidic ILs in ethylene glycol are

shown in Fig. 1 and calculation and comparison of H,
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Fig. 1 Absorption spectra of 4-nitronmiline

for various acidic ILs in ethylene glycol

value of different SO,H- functionalized ILs are listed in
Table 2. The Hammett acidity functions ( H,) is mat-
hematically given by the following equation (1) :
H,=pK(A), +lg([A] /[ AH+].) (1)
According to the calculated H,, values listed in Ta-
ble 2, the order of SO,H-functionalized ILs’ acidity in
ethylene glycol is [ BSmim ] [ OTf] > [ BSmim ]
[HSO, ] > [ BSmim ] [ TsO ] >[ BSmim ] [ CH,SO, ],
[ PSmim ][ HSO, ] > [ BSpy][ HSO, ].
2.2 Sources of formaladehyde

aq

Using [ BSmim ][ OTf] as a catalyst, the sources
of HCHO (i.e.,1,3,5-trioxane, paraformaldehyde,
and formaldehyde solution) were examined under the
same conditions and the results are presented in
Table 3. 1,3 ,5-Trioxane was found to be the best sup-
plier of HCHO for the reaction with the highest conver-
sion of HCHO(96.1% ) and the selectivity for DOX
(92.4% ). When paraformaldehyde was used as the
sources of formaldehyde, 94.4% conversion and 91.2%

Table 2 Calculation and comparison of H, values of different ILs in ethylene glycol

ILs Tonic liquids [1]1/(%) [TH" /(%) H,
BAILI [ BSmim ] [ OTf] 39.7 60.3 0.81
BAIL2 [ BSmim ][ TsO] 42.1 57.9 0.83
BAIL3 [ BSmim ][ HSO, ] 40.2 59.8 0.82
BAIL4 [ Bmim ] [ HSO, ] 99.6 0.4 3.37
BAILS [ BSmim ] [ CH, S0, ] 41.4 58.6 0.85
BAIL6 [ PSmim ] [ HSO, ] 42.3 57.7 0.86
BAIL7 [ BSpy ][ HSO, ] 44.7 55.3 0.90
BAIL8 [ Mim ] [ HSO, ] 98.0 2.0 2.69

- blank 100 0 -
Table 3 The reactions between carbonyl compounds with ethylene glycol
Source of HCHO Cat. HCHO Con. /% Sele. of DOX /%

[ BSmim | [ OTf]

formaldehyde solution

[ BSmim | [ OTf]

1, 3, S5-trioxane

paraformaldehyde [ BSmim | [ OTf]

84.6 86.9
96.1 92.4
94.4 91.2

selectivity could be achieved. For the reaction of using

formaldehyde solution as a formaldehyde source, the

conversion and selectivity were 84.6% and 86.9% ,

respectively.
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Water is the byproduct of the acetalization of for-
maldehyde with ethylene glycol, which inhibits the oc-
currence of hemiacetal reacts with another hydroxyl of
the molecule to form 1, 3-dioxolane.

2.3 Effect of solvent
With the appropriate catalyst [ BSmim ] [ OTf] in

hand, we examined the effect of solvents on acetaliza-
tion of formaldehyde with ethylene glycol and the re-
sults are shown in Table 4. Compared to the polar sol-
vents, reaction performed in nonpolar solvents gave
better results, such as toluene and tetrahydrofuran

(Table 4, entries 2, 3). What’ s more, 97.4% con-

Table 4 Effect of solvent on the acetalization of EG and HCHO *

HCHO Selection/ %
Entry Cat Solvent Comversion/% -~ Othora”
1 [ BSmim][ OTf] None 9. 1 92.4 3.6
2 [ BSmim][ OTf] Toluene 95.7 97.4 2.6
3 [ BSmim ][ OTf] THF 97.4 99.1 0.9
4 [ BSmim ] [ OTf] Dichloromethane 89.0 100 0
5 [ BSmim ] [ OTf] Chloroform 79.5 100 0
6 [ BSmim][ OTf] DMSO 28.7 100 0
7 [ BSmim] [ OTf] DMF 3.7 100 0

a. Reaction condition; HCHO (30 mmol) , BAIL : HCHO=1 :

temperature 70 °C , reaction time 4 h;

b. Others mainly 1,3 ,6-Trioxocane.

version of HCHO and 99. 1% selectivity of DOX could
be achieved in tetrahydrofuran, which performed supe-
rior than in toluene. This may own to better solubility
of tetrahydrofuran with product 1, 3-dioxolane. Never-
theless, compared to the reaction with neat IL ( Table
4, entry 1), 96.1% conversion of HCHO and 92. 4%
selectivity of DOX is a litile inferior to that of the re-
sults in tetrahydrofuran. Considering separation and af-
ter-treatment, we selected to conduct reaction without
solvent, which is more environmentally friendly.
2.4 Influence of reaction conditions

Acetalization is an equilibrium-limited reaction.
Therefore, some reaction variables affect the reaction
time and the extent to reach equilibrium state. Thus
the key reaction variables ( such as catalyst dosage,
mole ratio of ethylene glycol to formaldehyde, tempera-
ture, and reaction time) for acetalization reaction cata-
lyzed by [ BSmim ] [ OTf] was investigated intensively.
The results are shown in Table 5.

The catalyst dosage had a significant effect on the

reaction. When molar percent content of [ BSmim ]

10 (molar ratio) , EG : HCHO=2 : 1 (molar ratio) , reaction

[OTf] to formaldehyde increased from 1% to 10%
(Table 5, entries 1-5) , the conversion of HCHO in-
creased from 37.7% to 96.2% and the selectivity of
DOX increased from 78.0% to 92.4% , respectively.
And a further increase to 15% resulted in decrease in
conversion and selectivity (Table 5, entry 6). Hence,
10% of [ BSmim ][ OTf] to formaldehyde was the opti-
mal catalyst amount.

With EG : HCHO increased from 1.25 : 1 to 2 :
1, the conversion of HCHO was enhanced from 77.7%
t0 96.2% (Table 5, entries 5, 8—10) because the ex-
cess of ethylene glycol makes the equilibrium shifting
towards the products side. However, further increase
of the molar ratio to as high as 2.5 : 1 (Table 5, entry
11) resulted in a decrease in conversion due to the de-
crease in the concentration of catalyst. The selectivity
of DOX also decreased with the further increasing of
EG : HCHO. The most suitable EG : HCHO was
2:1.

The conversion and selectivity was also influenced

by temperature. By raising temperature from 55 to 70 °C
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Table 5 Effect of different reaction conditions using [ BSmim] [ OTf] as catalyst *

Entry IL/CH, 0 EG: CH,0  Temperature Time HCHO Selection/%
(mol/mol) (mol ratio) /C /h Conversion/ % DOX Others”
1 1.0 2:1 70 4 37.7 78.0 22.0
2 2.5 2:1 70 4 60. 6 79. 1 20.9
3 5.0 2:1 70 4 76.5 83.5 16.5
4 7.5 201 70 4 83.5 82.9 17.1
5 10 2:1 70 4 96.2 92.4 7.6
6 15 2:1 70 4 94.3 90. 1 9.9
7 10 1:1 70 4 76.5 94.5 5.5
8 10 1.25: 1 70 4 71.7 95.0 5.0
9 10 1.5:1 70 4 84.1 94.4 5.6
10 10 1.75 ¢ 1 70 4 87.9 93.9 6.1
11 10 2.5:1 70 4 94.3 86.9 13.1
12 10 2:1 55 4 51.0 72.1 27.9
13 10 2:1 60 4 84.1 76.8 23.2
14 10 2:1 65 4 89.8 83.4 16.6
15 10 2:1 75 4 96.5 90.2 9.8
16 10 201 80 4 96.8 90.3 9.7
17 10 2:1 70 0.5 91.1 74.2 25.8
18 10 2:1 70 1 92.4 84.4 15.6
19 10 2:1 70 1.5 92.4 85.7 14.3
20 10 2:1 70 2 94.3 85.9 14.1
21 10 2:1 70 2.5 94.9 86. 1 13.9
22 10 2:1 70 3 95.5 89.2 10.8
23 10 2:1 70 3.5 94.3 90.2 9.8
24 10 2:1 70 4.5 96.2 91.5 8.5
25 10 2:1 70 5 96.7 91.6 8.4

a. HCHO (30 mmol) ; b. Others mainly 1,3,6-Trioxocane.

(Table 5, entries 5, 12—14), both the conversion of
formaldehyde and selectivity for DOX increased drama-
tically. However, a further increase of temperature to 80
C (Table 5, entries 15, 16) , selectivity of 1, 3-dioxo-
lane decreased suddenly due to higher temperature due
to the formation of by-product 1,3,5-trioxocane. Thus,

we chose 70 °C as the optimal temperature.

Effect of reaction time was also examined. As
shown in Table 5, increasing reaction time accelerated
the reaction dramatically. When the reactants were
stirred for 0.5 h, the conversion could reach 91. 1% .
However, the selectivity of 1, 3-dioxolane is just 74%
(Table 5, entry 17). Extending reaction time to 4 h
(Table 5, entry 5), the selectivity could reach
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92.4% . There is no obvious increase in the conversion
and selectivity to further extending reaction time ( Ta-
ble 5, entries 24, 25). Considering conversion and
selectivity, 4 h is the most proper reaction time.
2.5 Reaction mechanism

The acetalization of formaldehyde with ethylene
glycol takes place depending on how easily the formal-
dehyde is protonated. Based on the experimental re-
sults and discussion above, plausible reaction mecha-
nism to the acetalization of formaldehyde with ethylene
glycol in the presence of ionic liquid [ BSmim ] [ OTf]
are depicted in Scheme 2. Acetalization of 1,3,5-tri-
oxane with ethylene glycol is mostly proceeded via a
three-step conversion, that is depolymerization of 1,3,
5-trioxane to product formaldehyde monomer followed
by subsequent nucleophilic addition with ethylene gly-
col to form hemiacetal, and then the hemiacetal reacts
with another hydroxyl of the molecule to form 1,3-diox-

olane and water.

2 P //0
za&%/\ “o %{\s=o z%ej/\?=o
| |
0 0
o H 0)\,{ H:HHO OH i H
\i :
) :CZO =0 —>\_,/C=(‘)
o o o oo
oM O/H oM
| | |
0=s 0=s o=
o o o
/
zae?ﬁ/\slzo
H o
H o’ S
/N | [\ H OVH H
HO O—C—OH + 20=S — > HO 0—C—O
Y7 N\— 4
o H
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0 0=s
/] /
% o / g
H
-~
H\?\H/H 9
0—Cc—0 — 20=S§ + H,0
N o_~o J \/E z
) H
on—"f —
0=é ~N N/\/\
a7 \/ 7
o CF,SO;

Scheme 2 Proposed reaction mechanism for the

acetalization of HCHO and EG

2. 6 Reusability of ionic liquid [ BSmim ] [ OTf]
As one of the most effective functionalized ILs,

[ BSmim ][ OTf] was selected to investigate the possi-

bility of reusability. The reaction mixture was cooled
and extracted with diethyl ether (3x10 mL) to remove
unreacted materials and product. The recovered BAILs
was dried in vacuo and refrigerated under nitrogen for
further use.

As itshowninFig. 2 , [ BSmim ] [ OTf ] could be

120

HCHO conversion
EX selectivity of DOX

100 |-

80 -

60 -

40

Conversion and selectivity/%

20 -

Recycle times

Fig. 2 Reusability results of [ BSmim ][ OTf] as catalyst
for the acetalization of HCHO and EG
Reaction conditions; HCHO (30 mmol), BAIL : HCHO=1 : 10
(molar ratio) , EG : HCHO=2 : 1 (molar ratio), 70 °C, 4 h

easily recycled 7 times without obvious decrease in con-
version and selectivity. The decrease of formaldehyde
conversion may be caused by the loss of ionic liquids.
This indicated that [ BSmim ] [ OTf] was high efficient
and recyclable catalyst for the acetalization reaction.
2.7 Acetaliztion of aldehydes (ketones) with alcohol
The reactions of ethylene glycol and methanol with
different kinds of aldehydes ( ketones) were further
employed to investigate the universality of [ BSmim ]
[ OTf] (Table 6). Good results were obtained when u-
sing ethylene glycol and aldehydes (ketones) such as
cyclohexanone, benzaldehyde as reactants ( Table 6,
Entries 1, 2) with respectively 94.4% , 95. 6% con-
versions and 100% selectivity. Reaction of cyclopen-
tanone and chloroacetaldehyde with ethylene glycol
(Table 6, Entries 3, 4). was also investigated and the
conversions were lower than benzaldehyde and cyclo-
hexanone. The results were not as good as that with
ethylene glycol as reactant when methanol were used in

the acetalization reaction ( Table 6, Entries 5, 6).
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Table 6 Acetalization of Aldehydes ( Ketones) with alcohols catalyzed by [ BSmim ][ OTf]*

Entry Alcohols Ketones/Aldehydes Products t/h Con. /% Sele./%"
0
o
1 ol o :| 4 94..4 100
o
0
2 HO/ \OH {}0 j 4 95.6 100
o
0
3 i om Q:O E>< j 4 81.2 100
o
[e) O,
4 o bm c.\)k [ >/\c1 4 90.1 100
H o
OCH,
5 MeOH <:>:0 4 84.5 100
OCH,
OCH,
6 MeOH @zo 4 85.2 100
OCH,

a. Reaction conditions: carbonyl group (30mmol) , reaction temperature 70 °C, reaction time 4 h;

b. Detected by GC-MS. Conversions based on the starting amount of formaldehyde.

3 Conclusions

In conclusion, a series of Brgnsted acidic ILs
were synthesized and used as effective catalysts for the
acetalization of aldehyde alcohol. [ BSmim ][ OTf] was
the best catalyst and can achieve 96.1% conversion of
formaldehyde and 92.4% selectivity of 1,3-dioxolane
under optimal reaction conditions. The ionic liquid
[ BSmim ][ OTf] could be recovered easily and reused
for 7 times without significant loss of catalytic activity.
The source of FA was examined and a plausible reac-
tion mechanism was proposed. The present study pro-
vides an environmentally friendly and high-yielding
synthetic methodology to obtain acetals. The present
study shows that the SO, H-functionalized ILs has a po-

tential application in the formation of 1,3-dioxolane.
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