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Abstract—A simple and green approach to the esterification of p-hydroxybenzoic acid and aliphatic alcohols to
obtain parabens was developed. First, two novel benzothiazole ionic liquids [HBth]H,PW,0,, (IL1) and [HBth]-
H,PMo;,0,4; (IL2) were synthesized with benzothiazole and heteropolyacids as starting materials. The synthe-
sized ionic liquids were characterized by FTIR spectroscopy, TGA, PXRD analysis, and SEM. The application
of IL1 and IL2 as catalysts for the synthesis of parabens was explored. The results showed that the ILs had a high
catalytic activity in the synthesis of parabens, and, at the same time, they could be easily recovered and reused

five times without loss of activity.
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INTRODUCTION

Parabens are internationally recognized broad-spec-
trum high-efficiency food preservatives and bactericide
agents [1]. In the United States, Europe, Japan, Canada,
South Korea, Russia, and other countries, parabens are
allowed to be used in food and widely in soy sauce,
vinegar, and other condiments, preserved products,
baked goods, sauces, beverages, yellow wine, fruits,
and vegetables [2, 3]. Moreover, parabens are also
widely used in medicine and cosmetics [4]. The typical
synthetic approach to parabens involves catalysis with
conc. H,SO,. This method has some disadvantages,
including long reaction time and using of a concentrated
acid, which corrodes and produces corrosive waste
water, thereby harming the environment [5]. Therefore,
more efficient and environmentally friendly catalysts
have been explored in recent years, such as biological
enzymes, sulfamic acid [6, 7], chitosan sulfate [§],
vitamin C [9], and [Hmim]'BF; [10], as well as
ultrasound-assisted synthetic approaches have been
tested [11-13].

Ionic liquids (ILs), one of the most important branches
of green chemistry, are used as excellent solvents and
efficient and reusable catalysts in organic synthesis.

Over the past years, our group has explored efficient,
green, and low-cost catalysts for esterification [6—11].
In continuation to our work on catalytic esterification
[14-16], in the present work we have developed an
efficient and environmentally friendly procedure for the
IL-catalyzed synthesis of paraben compounds.

RESULTS AND DISCUSSION
First, we designed and synthesized two
heteropolyacid—benzothiazole ionic liquids (ILs):

[HBth]H,PW,,0,4, (IL1) and [HBth]H,PMoO,, (IL2)
(Scheme 1).

The novel ionic liquids IL1 and IL2 were prepared
by the reaction of benzothiazole with heteropoly acids
H;PW,,0,4, and HsPMo,,0,4, and characterized by IR
spectroscopy. Figures 1 and 2 present the FTIR spectra
of IL1 and IL2, respectively.

As seen in Figs. 1 and 2, the spectra contain NH
absorption bands near 3510 cm™!, implying that
benzothiazole has reacted with HPAs. The band at
1698 cm™! was assignable to C=N stretching vibrations.
The absorption peaks of the benzene ring were observed
at about 3050 and 1430 cm™', and the absorption
peak of the C—S bond was at about 1260 cm™'. The
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1,2-disubstituted of benzene ring appears at about
800 cm™'. All the above information provided evidence
for the preparation of benzothiazole ionic liquids IL1
and IL2.

The thermal stability of IL1 and IL2 were evaluated
by TGA analysis. Figures 3 and 4 show the TGA curves
of IL1 and IL2, respectively.

As seen from Figs. 3 and 4, the TGA curves showed
three weight loss peaks. The first was observed at
100-120°C and was assignable to a loss of H,O. The
second peak at 310-330°C for IL1 and at 280-300°C
for IL2 was associated with the degradation of the
benzothiazole ring. The third peak at 400-450°C for
IL1 and at 540-560°C for IL2 were assigned to the
degradation of the Keggin core in the HPAs. Comparing
the TGA curves of the two ionic liquids we can see that
the second and third weight losses in IL2 occurred at
higher temperatures than in IL1. The possible reason is
that the P-Mo—O entity in the Keggin frame of IL2 is
thermally more stable than in IL1.
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Fig. 1. FTIR spectrum of IL1.

We also obtained powder XRD patterns of IL1 and
IL2 (see Figs. 5 and 6, respectively).

The XRD powder patters show characteristic peaks of
IL1 and IL2 (20 6°-9°) and benzothiazole (20 25°-33°).
From the intensity of the characteristic peak we can
conclude that crystallinity of IL2 was higher compared
to IL1[17].

The activity of the synthesized ionic liquids IL1
and IL2 as esterification catalysts was studied by the
example of the synthesis of parabens. The synthesis of
methyl paraben catalyzed by IL1 was selected as a model
reaction to optimize the reaction conditions. The effects
of the catalyst amount and the reaction temperature
and time were assessed. Methanol forms an azeotropic
mixture with water, and, therefore, refluxing was chosen
as the optimal temperature to achieve dehydration and
improve the yield of the ester. The resulting data are
shown in Table 1. As seen from Table 1, the yields of
methyl paraben increased at IL1 concentrations higher
than 10 mol % (Table 1, entries 4-6). However, from the

i
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Fig. 2. FTIR spectrum of IL2.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 56 No. 8 2020



1478 YIN et al.

91 6-
E—4 5 1
= =
5 8- )
’ 2
4 -
7 RN P I T I T SO Y AT W AT N — | 3 —tTr T T
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
T, OC T oC
Fig. 3. TGA curve of IL1. Fig. 4. TGA curve of IL2.
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Fig. 5. Powder XRD pattern of IL1. Fig. 6. Powder XRD pattern of IL2.
Table 1. Optimization of the reaction conditions in the model reaction®
o O
IL1 _CHj;
OH + CH;0OH O
HO HO
Entry no. IL1, mol % Time, h Yield of methyl paraben, %"
1 0 8 31.1
2 1 8 35.6
3 5 6 65.5
4 10 4 93.2
5 15 6 94.0
6 20 6 94.1

4 p-Hydroxybenzoic acid 0.1 mol, methanol 0.4 mol, reflux.
b The yields refer to the pure product after recrystallization.
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Table 2. Synthesis of parabens catalyzed by benzothiazole ionic liquids?

0] O
OH + ROH e (0 R
HO HO
la—1j 2a-2j
Yield, %®
Entry no. R Product no. | Temperature, °C | Time, h mp, °C
IL1 IL2

1 CH; 2a 65 4 93.2 91.6 126-128 (126-127 [21])
2 C,H; 2b 78 4 89.5 89.6 116-118 (116-118 [22])
3 i-C3H, 2¢ 83 4 88.9 88.3 85-87 (84-86 [23])
4 C4Hy 2d 118 5 88.8 87.3 66—67 (68—09 [24])
5 i-C4Hy 2e 108 5 87.6 86.4 7477 (76-78)[25]
6 i-CsHy 2f 133 6 85.1 84.9 58-60 (58-59 [26])
7 i-CgH4 2g 183 6 80.1 79.5 3842 (novel compound)
8 CioHy,; 2h 233 7 79.8 79.2 31-33 (30-34 [27])
9 CioHys 2i 105 8 77.9 77.6 39-41 (36-38 [15])
10 CisHs3 2j 105 8 76.9 76.8 61-63 (6465 [28])

# Reaction conditions: p-hydroxybenzoic acid 0.1 mol, alcohol 0.4 mol, IL 10 mol %.

b The yields refer to the pure products after recrystallization.

perspective of economic benefits, we chose as optimal
reaction conditions 10% mol of IL1 under reflux for 4 h
(Table 1, entry 4).

Under the optimal reaction conditions we synthesized
ten paraben compounds 2a-2j by the reaction of
p-methylbenzoic acid and different alcohols. The results
are shown in Table 2.

As seen from Table 2, ionic liquid IL1 and IL2
exhibited a good catalytic effect in the synthesis of
parabens. This results can be explained not only by
a high acidity of IL1 and IL2 [18], but also by their
ability, due to the Keggin core, to easily adsorb reactants
in the solid bulk and thus make the whole reaction
system a “pseudoliquid phase”. In addition, ILs worked
as phase-transfer catalysts, thereby increasing the yield
of esterification [19, 20].

To substantiate the important role of ionic liquids
IL1 and IL2 in the studied esterification, we employed
other catalysts (conc. H,SO,, chitosan sulfate, ascorbic
acid, and sulfamic acid) to synthesize methyl paraben
and compared their activity with the activity of the ionic
liquids. The results were shown in Table 3. As seen from

Table 3, IL1 and IL2 proved to be the most efficient
catalysts.

The reusability of the catalysts was assessed in the
model synthesis of methyl paraben under the optimal
reaction conditions (p-hydroxybenzoic acid 0.1 mol,
methanol 0.4 mol, IL1 or IL2 10 mol %, reflux 4 h).
The ILs were recovered by filtration and used in the next
reaction after drying. The results after 5 catalytic cycles
are shown in Table 4. As seen from the table, the yield of
methyl-paraben only slightly decreased with increasing
recycle number of ILs. It therefore was concluded that
the two synthesized ILs catalysts have high recyclability.

The structure of the catalysts in the course of
the reusability experiments was monitored by SEM
(Figs. 7 and 8). As seen from the figures, the surface
of fresh ionic liquids (Figs. 7a and 8a) was uneven, so
they had higher catalytic activities. After three catalytic
cycles, the surface changed only slightly (Figs. 7d and
8d), but they still preserved their activity. However, after
the fourth run (Figs. 7e and 8e), the surface underwent
stronger changes, which slightly decreased the catalytic
activity.
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Table 3. Comparison of catalyst activities in the synthesis of methyl paraben®

O O
OH + CH;OH Catalyst O/CH3
HO HO
Entry no. Catalyst, mol % Time, h Yield of methyl paraben, %
1 IL1 (10) 4 93.2
2 IL2 (10) 4 91.6
3 Sulfuric acid (50) 4 80.4
4 Chitosan sulfate (40) 8 80.8
5 Ascorbic acid(40) 6 82.3
6 Sulfamic acid(30) 6 82.9
 Reaction conditions: p-hydroxybenzoic acid 0.1 mol, methanol 0.4 mol, reflux.
® The yields refer to the pure product after recrystallization.
Table 4. Reusability of IL1 and IL2 in the synthesis of methyl paraben?
Number of cycle Fresh 1 2 3 4 5
IL1 93.2 89.9 88.6 87.4 83.6 80.3
Yield, %P
IL2 91.6 89.4 88.0 87.4 86.7 85.7

 Reaction conditions: p-hydroxybenzoic acid 0.1 mol, methanol 0.4 mol, IL 10 mol %, reflux 4 h.
® The yields refer to the pure product after recrystallization.

Fig. 7. SEM images of IL1 of (a) before use and after (b) 1, Fig. 8. SEM images of IL2 of (a) before use and after (b) 1,
(c) 2, (d) 3, (e) 4, and (f) 5 catalytic cycles. (c) 2, (d) 3, (e) 4, and (f) 5 catalytic cycles.
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EXPERIMENTAL

Materials and methods. All chemicals were of
analytical grade and used without further purification.
The melting points were determined in an open glass
capillary and are uncorrected. The IR spectra (400—
4000 cm™!) were recorded on a Bruker Vector-22 FTIR
spectrometer for samples prepared as KBr pellets. The
powder XRD patterns were obtained on a Bruker D8
Quest diffractometer. The TGA analysis was performed
on a TA Discovery instrument in flowing N, with a
heating rate of 10 min .The SEM images were obtained
on a FEI Philips Verios 460 microscope. The C, H,
O analyses were performed with a Fisons EA 1108
(CHNSO) elemental analyzer.

Synthesis of ionic liquids IL1 and IL2 (general
procedure). A solution of heteropolyacid (H;PW,,0,, or
HsPMo,,0,;) (1 mmol) in ethanol (20 mL) was cooled
to 0-5°C, and then a solution of benzothiazole (1 mmol)
in ethanol (5 mL) was added dropwise, the mixture
was stirred at room temperature until completion of the
reaction (by TLC) ,filtered. The solid was washed with
ethyl acetate and dried to obtain the target product.

[HBth]H,PW,0,, (IL1). Yellow powder, yield
70.4%, mp > 250°C. IR spectrum (KBr), v, cm™": 3516
Vv(N-H), 3086 v(=C-H), 1698 v(C=N), 1430 v(aromatic
C-H), 1216 v(C-S), 795 y(1,2-Ph—H).

[HBth|H,PMo0O,; (IL2). White powder, yield
71.2%, mp > 250°C. IR spectrum (KBr), v, cm™": 3502
v(N-H), 3065 v(=C-H), 1697 v(C=N), 1431 v(aromatic
C-H), 1262 v(C-S), 809 y(1,2-Ph—H).

Synthesis of paraben compounds 2a-2h (gene-
ral procedure). A mixture of p-hydroxybenzoic acid
(10 mmol), alcohol 1a—1g, and IL.1 or IL2 was refluxed
until completion of the reaction (by TLC). The alcohol
was evaporated, and the residue was extracted with
ethyl acetate (3 x 10 mL). The organic phases were
combined, dried, and concentrated. The precipitate
was recrystallized from methanol to obtain the target
product.

Methyl paraben (2a). White solid, mp 126-128°C
(126-127°C [21]). IR spectrum (KBr), v, cm™': 3292
v(O-H), 3037 v(Ph-H), 2958 v(C-H), 1679 v(C=0),
1593, 1514, 1438 v(C-H,,pm), 1278 v(C-0O-C), 850
v(1,4-Ph—H).

Ethyl paraben (2b). White solid, mp 116-118°C
(116-118°C [22]). IR spectrum (KBr), v, cm™": 3212

v(O-H), 2977 v(C-H), 1680 v(C=0), 1605, 1445
V(C-H,yp), 1295 v(C-O-C), 844 y(1,4-Ph-H).

Isopropyl paraben (2¢). White solid, mp 85-87°C
(84-86°C [23]). IR spectrum (KBr), v, cm™': 3400
v(O-H), 2987 v(C-H), 1690 v(C=0), 1587, 1502, 1446
V(C—H,,,m), 1285 v(C-0-C), 853 y(1,4-Ph—H).

Butyl paraben (2d). White solid, mp 66-67°C
(68-69°C [24]). IR spectrum (KBr), v, cm!: 3381
v(O-H), 2949, 2975 v(C-H), 1681 v(C=0), 1587, 1502,
1454 v(C—H,,op) 1285 v(C-0-C), 844 y(1,4-Ph—H).

Isobutyl paraben (2e). White solid, mp 74-77°C
(76-78°C [25]). IR spectrum (KBr), v, cm™': 3241
v(O-H), 2959, 2884 v(C-H), 1680 v(C=0), 1596, 1511,
1454 v(C—H,,op), 1285 v(C-0-C), 853 y(1,4-Ph—H).

Isopentyl paraben (2f). White solid, mp 58-60°C
(58-59°C [26]). IR spectrum (KBr), v, cm™': 3260
v(O-H), 2950 v(C-H), 1680 v(C=0), 1596, 1511, 1454
V(C—H,om), 1285 v(C-0-C), 853 y(1,4-Ph—H).

Isooctyl paraben (2g). White solid, mp 38—42°C. IR
spectrum (KBr), v, cm™': 3485 v(O-H), 2958 v(C-H),
1718 v(C=0), 1633, 1554, 1489 v(C-H,,,,,), 1239 v(C—
0-C), 834 y(1,4-Ph-H). Found, %: C 71.95; H 8.90;
0O 19.21. Cy5H,,0;. Calculated, %: C 71.97; H 8.86;
0 19.17.

Decyl paraben (2h). White solid, mp 31-33°C (30—
34°C [27]). IR spectrum (KBr), v, cm™': 3485 v(O-H),
2940 v(C-H), 1718 v(C=0), 1587, 1445 v(C-H,o1),
1267 v(C—O-C), 853 y(1,4-Ph-H).

Synthesis of dodecyl paraben (2i) and hexadecyl
paraben 2j (general procedure). p-Hydroxybenzoic
acid (0.1 mol), toluene (10 mL) and IL1 or IL2 were
added in succession to alcohol dodecyl or hexadecyl
(0.11 mol). The mixture was refluxed until completion
of the reaction (by TLC). The solvent was evaporated,
and the residue was extracted with ethyl acetate
(3 x 10 mL). The organic phases were combined, dried,
and concentrated. The precipitate was recrystallized
from methanol to obtain the target product.

Dodecyl paraben (2i). White solid, mp 39-41°C
(36-38°C [15]). IR spectrum (KBr), v, cm™': 3390
v(O-H), 2945, 2911 v(C-H), 1688 v(C=0), 1595, 1511,
1465 v(C—H,,p), 1275 v(C-0-C), 852 y(1,4-Ph—H).

Hexadecyl paraben (2j). White solid, mp 61-63°C
(64-65°C [28]). IR spectrum (KBr), v, cm™': 3391
v(O-H), 2921 v(C-H), 1690 v(C=0), 1596, 1511, 1465
V(C—H,op), 1261 v(C-0-C), 862 y(1,4-Ph—H).
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CONCLUSIONS

In summary, we have developed a practical, useful
and green method for synthesis of parabens using the
ionic liquids [HBth]H,PW,0,,and [HBth]|H,PMo,,0,,
as catalysts. The catalysts could be reused 5 times
without significant loss of activity. lonic liquids showed
the best activities compared with the reported catalysts.
In future experiments, we plan to test ionic liquids in
other esterifications, in view of their high efficiency,
reusability, economy, and environmental friendliness.
Additionally, studies to extend the substrate scope are in
progress at our laboratory.
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