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Aniline–terephthalaldehyde resin p-toluenesulfonic acid (ATRT) salt was easily prepared by the reaction
of aniline with 1.25 equiv of terephthalaldehyde in the presence of 1.0 equiv of p-toluenesulfonic acid at
75 �C for 24 h in EtOH. ATRT efficiently catalyzed the tetrahydropyranylation of alcohols and deprotection
of tetrahydropyranyl (THP), triethylsilyl (TES), and tert-butyldimethylsilyl (TBDMS) ethers. Deprotection
of dodecyl THP ether and dodecyl TBDMS ether catalyzed by ATRT proceeded faster than those by pyrid-
inium p-toluenesulfonate (PPTS). ATRT was reused without significant loss of activities.

� 2013 Elsevier Ltd. All rights reserved.
Use of solid acid catalysts in organic syntheses and industrial
purposes provides some merits such as simple work-up procedure,
repeated use of the catalyst, and less corrosion of the reaction ves-
sel. A number of strongly acidic resin catalysts such as Amberlyst
15,1 Dowex 50 series,2 Nafion NR50,3 and Nafion SAC-134 have
been developed.5,6 These solid acids have limitations when applied
to compounds involving acid-sensitive groups. On the other hand,
a survey of literature revealed that commercially available weakly
acidic resin catalysts seem to be limited to a few examples such as
poly(4-vinylpyridinium p-toluenesulfonate) (polyPPTS)7 and
Poly(4-vinylpyridinium chloride) (polyPCL).8 In addition, these cat-
alysts are expensive and their frequency of use has been limited.

Aniline–aldehyde resins are one of the important synthetic
polymers.9 Formaldehyde (FA), furfural, and benzaldehyde have
been employed as aldehyde components. For example, aniline–
formaldehyde resins have been prepared by the treatment of
aniline (AN) with formalin in the presence of hydrochloric acid
followed by neutralization with NaOH.10 They are superior to
elasticity, impact resistance, and electric insulation, and have been
employed for electrical insulators.9

We found that aniline–terephthalaldehyde resin p-toluenesul-
fonic acid (ATRT) salt acted as a mild polymeric solid acid catalyst.
The resin can be synthesized from the condensation of AN with
terephthalaldehyde (TPA) in the presence of p-toluenesulfonic acid
(TsOH) by only one step. In this Letter, we wish to report the results
for the synthesis of ATRT. In addition, tetrahydropyranylation of
alcohols and deprotection of tetrahydropyranyl (THP) and silyl
ethers catalyzed by ATRT are described.

First, we prepared aniline–formaldehyde resin p-toluenesul-
fonic acid (AFRT) salt. AN was treated with various amounts of for-
malin in the presence of 1.0 equiv of TsOH at room temperature in
water. Since the produced solids were soluble to hot DMSO and
DMF, the resins were post-cured at 160 �C for 6 h. The results are
summarized in Table 1. Acid density of AFRT was determined by
acid titration. When the ratio of AN:FA is 1.0:1.5, tetrahydropyr-
anylation of 1-dodecanol at room temperature for 8 h in CH3CN
gave dodecyl THP ether (1b) in 91% yield. However, AFRT was par-
tially soluble in hot DMSO and DMF (entry 1).11 When the ratio of
AN:FA is 1.0:3.0, the yield of THP ether 1b decreased (10%)
although it was insoluble in hot DMSO and DMF (entry 4).

We examined the formation of aniline–benzaldehyde resin p-
toluenesulfonic acid (ABRT) salt. However, the reaction of AN with
1.5 equiv of benzaldehyde in the presence of 1.0 equiv of TsOH at
75 �C for 24 h in EtOH did not give the solid.

Next, we conducted the synthesis of ATRT. AN was treated with
various amounts of TPA in the presence of 1.0 equiv of TsOH at
75 �C for 24 h in EtOH. The results are shown in Table 2. Soft mate-
rial was obtained from the case of AN:TPA = 1.0:0.75. When the ra-
tio of AN:TPA is 1.0:1.0, THP ether 1b was obtained in 97% yield
after 2.5 h, but the obtained resin was somewhat wet (entry 1).
When the ratio of AN:TPA is 1.0:1.25, THP ether 1b was obtained
in 98% yield after 2.5 h in CH3CN (entry 2).12 We employed ATRT
(AN:TPA = 1.0:1.25) for the reactions described below. ATRT was
quite insoluble to hot water and hot organic solvents such as hex-
ane, benzene, CH2Cl2, CHCl3, THF, acetone, CH3CN, MeOH, DMSO,
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Table 2
Solubility and activity of ATRT

Entry AN:TPA Solubilitya Acid density (mmol g�1) THP ether 1bb

DMSO DMF Time (h) Yieldc (%)

1 1.0:1.0 — — 1.70 2.5 97
2 1.0:1.25 — — 1.35 2.5 98
3 1.0:1.5 — — 1.05 3 94
4 1.0:2.0 — — 0.65 3 100
5 1.0:2.5 — — 0.24 2.5 95

a Solubility to hot solvents:—(insoluble) < + < ++ (partially soluble).
b Reagents and conditions: 1-dodecanol (1.0 mmol), DHP (1.5 mmol), ATRT (200 mg), CH3CN (5 mL), room temp.
c Isolated yields.

Table 1
Solubility and activity of AFRT

Entry AN:FA Solubilitya Acid density (mmol g�1) THP ether 1bb

DMSO DMF Time (h) Yieldc (%)

1 1.0:1.5 ++ ++ 0.70 8 91
2 1.0:2.0 + + 0.59 8 15
3 1.0:2.5 + + 0.43 8 11
4 1.0:3.0 � � 0.30 8 10

a Solubility to hot solvents:—(insoluble) < + < ++ (partially soluble).
b Reagents and conditions: 1-dodecanol (1.0 mmol), DHP (1.5 mmol), AFRT (200 mg), CH3CN (5 mL), room temp.
c Isolated yields.
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and DMF. ATRT possessed the composition of C1.000H0.875N0.053-

O0.161S0.017, indicating that the amount of salt formation was 32%
per aniline unit.

In order to increase the acid density, further treatment of ATRT
with TsOH at 90 �C for 24 h in water was carried out. The acid den-
sity increased from 1.35 to 1.92 mmol g�1, but the activity of ATRT
for tetrahydropyranylation of 1-dodecanol decreased (6 h, 97%).
The reason is not clear at the present moment.
Table 3
Tetrahydropyranylation of alcohols and deprotection of THP ethers catalyzed by ATRT

Entry Alcohol Pro

Time (h)

1 CH3(CH2)11OH 1a 2.5

2 O

O
HO

2a
7

3 OH
3a

8

4 PhCH2OH 4a 2

5 HO C

C5H11

H

C CH

5a
24

6

OH

O
6a

24

7

HO

C8H17

7a

15

a Reagents and conditions: alcohol (1.0 mmol), DHP (1.5 mmol), ATRT (200 mg), CH3C
b Reagents and conditions: THP ether (1.0 mmol), ATRT (200 mg), MeOH (5 mL), room
c Glycerol was obtained in 91% yield.
d DHP (2.0 mmol), ATRT (400 mg), CH3CN (10 mL) were used.
e CH2CL2 (5 mL) was used.
f MeOH (5 mL)—CH2CL2 (5 mL) was used.
The results of tetrahydropyranylation of alcohols and depro-
tection of THP ethers catalyzed by ATRT are shown in Table 3.
Various alcohols involving acetals, allylic hydroxy, triple bonds,
and conjugated ketones were treated with 3,4-dihydro-2H-pyran
(DHP) in CH3CN to give the corresponding THP ethers in good
to excellent yields. Similarly, various THP ethers were trans-
formed to their corresponding alcohols in MeOH in good to excel-
lent yields.
tectiona Deprotectionb

Yield (%) Time (h) Yield (%)

98 3.5 100

91 8 —c

100 7 90

94 3 87

88 3 81

100d 8 92

90e 7 97f

N (5 mL), room temp.
temp.



Table 4
Deprotection of silyl ethers catalyzed by ATRTa

CH3(CH2)11OR

1

OR

8
O

OR

6

C8H17

7

a, R = H; c, R = TES; d, R = TBDMS; e, R = TBDPS

RO

Entry Substrate Time Yieldb (%)

1 1c 10 min 99
2 1d 1 h 100
3 1e 1 h 0
4 8c 10 min 97
5 8d 3 h 98
6 8e 3 h 0
7c 6c 15 min 98
8c 6d 32 h 100
9c 6e 32 h 0
10d 7c 10 min 99
11d 7d 32 h 99
12d 7e 32 h 0

a Reagents and conditions: silyl ether (1.0 mmol), ATRT (25 mg), MeOH (10 mL),
room temp.

b Isolated yields.
c ATRT (50 mg) was used.
d ATRT (50 mg), MeOH (5 mL)—THF (5 mL) were used.

Table 6
Deprotection of dodecyl THP ether catalyzed by various catalystsa

Entry Catalyst Acid density
(mmol g�1)

Time (h)/
yieldb (%)

Time (h)/
yieldc (%)

1 ATRT 1.35 4/99 5/93
2 PolyPPTS 3.5 8/98 3.5/96
3 PolyPCL 6.5 8/98 3.5/97
4 Montmorillonite

K10
0.65 15/95 60/92

5 Mordenite 0.512 8/98 32/93
6 PPTS — 31/99 24/97

a Reagents and conditions: dodecyl THP ether (1.0 mmol), MeOH (5 mL), room
temp.

b Catalyst (0.17 mmol acidic units) was used.
c Catalyst (50 mg) was used.

Table 7
Deprotection of dodecyl TBDMS ether catalyzed by various catalystsa

Entry Catalyst Acid density
(mmol g�1)

Time (h)/
yieldb (%)

Time (h)/
yieldc (%)

1 ATRT 1.35 1.5/99 2/99
2 PolyPPTS 3.5 2/100 2/97
3 PolyPCL 6.5 2/99 2/99
4 Montmorillonite

K10
0.65 15/98 24/94

5 Mordenite 0.512 15/0 24/0
6 PPTS — 10/97 10/100

a Reagents and conditions: dodecyl TBDMS ether (1.0 mmol), MeOH (10 mL),
room temp.

b Catalyst (0.017 mmol acidic units) was used.
c Catalyst (5 mg) was used.
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Table 4 shows the results of deprotection of various silyl ethers.
Triethylsilyl (TES) and tert-butyldimethylsilyl (TBDMS) ethers
converted into the corresponding alcohols in excellent yields.
TES ethers were more easily cleaved than TBDMS ethers. tert-
Buyldiphenylsilyl (TBDPS) ethers were inert under the employed
conditions. Table 5 shows the results of tetrahydropyranylation
of 1-dodecanol promoted by various catalysts using the amount
which corresponds to 0.10 mmol acidic units or 75 mg. THP ether
1b was isolated in excellent yields from the reactions catalyzed
by ATRT, polyPPTS, polyPCL, and PPTS. The yields decreased in
the cases of Montmorillonite K10 and mordenite due to the pro-
duction of troublesome pyran oligomers (entries 4 and 5). The or-
der of activities of polymeric solid acids was polyPPTS > ATRT >
polyPCL (entries 1–3).

As shown in Table 6, deprotection of THP ether 1b catalyzed by
ATRT proceeded more quickly than those of polyPPTS and polyPCL
when the amount corresponding to 0.17 mmol acidic units of the
catalysts was used. ATRT-catalyzed deprotection of 1b proceeded
more slowly than those of polyPPTS and polyPCL when 50 mg of
the catalysts was employed.

Table 7 shows the results of deprotection of TBDMS ether 1d
catalyzed by various catalysts. The reactions were completed with-
in 1.5–2 h for polymeric solid acids (entries 1–3). It is noteworthy
Table 5
Tetrahydropyranylation of 1-dodecanol catalyzed by various catalystsa

Entry Catalyst Acid density
(mmol g�1)

Time (h)/
yieldb (%)

Time (h)/
yieldc (%)

1 ATRT 1.35 5/97 5/97
2 PolyPPTS 3.5 4/100 2.5/98
3 PolyPCL 6.5 24/92 8/91
4 Montmorillonite

K10
0.65 1.5/81d 2/88d

5 Mordenite 0.512 1.5/75d 3/83d

6 PPTS — 3/100 2/95

a Reagents and conditions: 1-dodecanol (1.0 mmol), DHP (1.5 mmol), CH3CN
(5 mL), room temp.

b Catalyst (0.10 mmol acidic units) was used.
c Catalyst (75 mg) was used.
d Pyran oligomers were produced.
that polymeric solid acids involving ATRT were more active than
PPTS for the deprotection of THP ether 1b and TBDMS ether 1d (en-
tries 1–3 in Table 6 and entries 1–3 in Table 7). This may be due to
the hydrophobic effect of polymers.13

In order to check the reusability of ATRT, the catalyst was re-
moved by filtration and employed for the next experiment. ATRT
was recycled without significant loss of activities (Table 8).

IR spectrum of ATRT showed characteristic absorptions at
3422 cm�1 owing to the small amount of the hydroxy group,
1699 cm�1 owing to the aromatic CHO group, 2972, 2926, 2869,
2733, 2612, 1577 cm�1 owing to the NH3

+ group, and 3054, 3024,
1607, 1509, 836 (sh), 814, 781 (sh) cm�1 owing to the benzene
ring. The hydroxy group might be generated by the reaction be-
tween the formyl group and the benzene ring of aniline.5b The
absorptions at 836 (sh), 814, and 781 (sh) were assigned to out-
of-plane carbon–hydrogen vibration for one, two, and three adja-
cent hydrogen atoms of the benzene ring, respectively. Figure 1
shows the XRD pattern of ATRT. The broad diffraction peaks
Table 8
Recycle experiments using ATRT

Entry Yieldsa (%)

1st 2nd 3rd 4th 5th

1b 98 97 92 97 97
2c 100 95 93 95 94
3d 99 96 92 99 95

a Isolated yields.
b Reagents and conditions: 1-dodecanol (1.0 mmol), DHP (1.5 mmol), ATRT

(200 mg), CH3CN (5 mL), room temp, 2.5 h.
c Reagents and conditions: dodecyl THP ether (1.0 mmol), ATRT (200 mg), MeOH

(5 mL), room temp, 4 h.
d Reagents and conditions: dodecyl TBDMS ether (1.0 mmol), ATRT (25 mg),

MeOH (10 mL), room temp, 1.5 h.



Figure 1. The XRD pattern of ATRT.
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Figure 2. Plausible structure of ATRT.
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(2h = 5–40 and 40–60�) can be attributed to the amorphous struc-
ture. There are numerous investigations on the structure of ani-
line–formaldehyde resins9 and aniline–furfural resins.14b–d It was
difficult to determine the structure because ATRT was quite insol-
uble to water and organic solvents. The plausible structure of ATRT
is shown in Figure 2.14

In conclusion, we synthesized ATRT from the condensation be-
tween AN and TPA in the presence of TsOH, and applied it to the
mild polymeric solid acid catalyst. ATRT efficiently catalyzed the
tetrahydropyranylation of alcohols and deprotection of THP, TES,
and TBDMS ethers. It is worth pointing out that (1) preparation
of the catalyst is quite easy, (2) the catalyst can be recycled, and
(3) the work-up procedure is remarkably simple. Continuing stud-
ies on other derivatives of ATRT are now in progress.
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