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Bisphenols, generally formed by condensation of phenols with carbonyl compounds,
have found several useful applications.1–7 The literature records a number of methods
for synthesis of bisphenols using a variety of catalysts such as mineral acids, bases, mes-
oporous silica, zeolites, and montmorillonite clays.8–13 As useful as they have been,
however, some of these methods have their limitations, such as the corrosive nature of
some of the reagents, the need of an inert atmosphere, harsh reaction conditions or
cumbersome procedures. Despite extensive work on the synthesis of bisphenols, there is
still a need for improvement.
In last few decades, solid acid catalysts have gained much importance in synthetic

chemistry as they are eco-friendly, inexpensive and safe. They offer high efficiency of
conversion under mild conditions.14 In particular, silica-supported perchloric acid
(HClO4-SiO2) is one such system which is employed in a variety of organic transforma-
tions15 such as acylation,16 esterification,17 rearrangements,18 and Michael addition19

among many others.20–31

Herein we describe a convenient and inexpensive method for the preparation of
bisphenols via condensation of phenols with aldehydes or ketones under solvent-free
conditions (Scheme 1). The moisture-stable catalyst (50mg, 0.025mol Hþ)5 was easily
prepared and used for our synthesis of bisphenols. To examine the catalytic activity of
this supported reagent over aqueous HClO4, we carried out a model study with 2,6-
dimethylphenol (1) and formaldehyde (2) using 1mol % of the catalyst at room tem-
perature under solvent-free conditions.
In order to find the optimum quantity of the silica supported perchloric acid, the

reaction of 2,6-dimethylphenol and formaldehyde was carried out under varying
amounts of the catalyst. Silica supported perchloric acid at 2mol % gave an excellent
yield in 4 h as shown in Table 2. The results shown in Table 3 suggest that silica sup-
ported perchloric acid catalyst is an efficient catalyst in terms of both time and yield,
under solvent free conditions.
For optimizing the temperature of the reaction, we carried out a model study with

2,6-dimethylphenol and formaldehyde with 2mol % of the catalyst at three different
temperatures under solvent free conditions (Table 4).
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The reaction of unsubstituted phenol with carbonyls in the presence of the catalyst
under optimum conditions, gave the p,p’-isomer as a major product with negligible
amounts of o,p’-isomers. A series of bisphenols were prepared under our optimized
conditions by reaction of various phenols and aldehydes or ketones using silica sup-
ported perchloric acid as catalyst. The results are summarized in Table 5. In all cases
examined, aldehydes with aromatic, aliphatic or alicyclic groups and cyclic or acyclic
ketones as the carbonyl component, gave the corresponding products in good yields. It
is interesting to note that the reaction of a-naphthol, b-naphthol, 2-hydroxybenzalde-
hyde, 2-aminophenol, 2-hydroxybenzoic acid, 2-nitrophenol did not give any bisphenol
under the reaction conditions.
Recovery and reusability of the catalyst were investigated for the reaction between 2,6-

dimethylphenol and formaldehyde. The catalyst was recovered by simple filtration, dried
and reused for subsequent reactions, without substantial loss in activity. The recovered
catalyst gave yields of 94%, 92%, 90% and 87%, in four consecutive reaction cycles.
In summary, we have found that bisphenols are readily and conveniently produced

from their phenol and carbonyl precursors in very good to excellent yields. The recover-
ability and re-usability of the catalyst and the solvent-free nature of our method make it
an attractive choice in the preparation of this important class of compounds.

Experimental section

All the reagents were purchased from Aldrich, Merck and Alfa Aesar and used without
further purification. 1H and 13C NMR spectra were recorded on a Bruker Avance
instrument for 1H (200/400MHz) and 13C (50/100) NMR using deuterated solvents and
TMS as an internal standard. Mass spectra were obtained on a Thermo-Fisher DSQ II
GCMS instrument. Melting points were recorded in open capillaries and are uncor-
rected. Elemental analysis was measured on a Perkin Elmer 2400 Series II elemental
analyzer. Purification of reaction products was carried out by column chromatography
over silica gel (60-120 mesh size) using light petroleum and ethyl acetate mixtures as

Table 1. Comparison of results of reaction of 2,6-dimethylphenol and formaldehyde under different
catalytic conditions.
Entry Catalyst Time (h) Yield (%)a

1 None 14 0
2 Silica gelb 12 89
3 Aqueous HClO4 (2mol %) 12 89
4 HClO4-SiO2 (2mol %) 4 94
aIsolated yield.
bPre-treated as catalyst.

Scheme 1. Representative preparation of bisphenol.
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eluents. Safety Notes: For safety purposes, all the experiments were performed in a
fume hood, with personal protective equipment, emphasizing good practice. All workers
must be thoroughly trained in the safe use of perchloric acid. These reactions were car-
ried out on a scale of approximately 16mmol.

Preparation of silica supported perchloric acid (HClO4-SiO2) catalyst

Perchloric acid (1.8 g, 12.5mmol as a 70% aq. solution) was added to a suspension of
silica gel (23.5g, 230-400 mesh) in diethyl ether (50ml) with stirring. The mixture was
concentrated and the residue was heated at 100 �C for 72 h under vacuum, to obtain the
catalyst (0.50mmol/g) as a free flowing powder.

Typical procedure for preparation of bisphenols

To a stirred mixture of phenol (16.39mmol) and aldehyde or ketone (16.39mmol) was
added HClO4-SiO2 (640mg, 2mol %) over a period of 15min at 60 �C and the mixture
was further stirred for the appropriate time at the given temperature (Table 4). After
completion of the reaction (TLC), ethyl acetate (50ml) was added and the catalyst was
separated by filtration. The filtrate was concentrated on a rotary evaporator under
reduced pressure to give crude product which was purified by column chromatography
over silica gel to furnish pure bisphenols in good to excellent yields (Table 5). The
structures of known products were confirmed by 1H NMR, mass analysis and

Table 2. Reaction of 2,6-dimethylphenol and formaldehyde under different catalytic conditions.
Entry Catalyst (mol %) Time (h) Yield (%)a

1 1 8 64
2 1.5 12 90
3 2 4 94
4 3 8 88
5 4 10 80
aYields of the pure isolated products.

Table 3. Effect of solvents on the reaction of 2,6-dimethyl phenol and formaldehyde using silica
supported perchloric acid catalyst.
Entry Solvent Time (h) Yield (%)a

1 Methanol 10 84
2 Ethanol 10 88
3 Water 12 82
4 Chloroform 10 85
5 Dichloromethane 10 72
6 Solvent free 4 94
aYields of the pure isolated products.

Table 4. Optimization of temperature using silica supported perchloric acid (2mol %) as catalyst.
Entry Temperature (�C) Time (h) Yield (%)

1 rta 4 94
2 40 6 80
3 60 6 76
aapproximately 30 �C.
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Table 5. Preparation of bisphenols using HClO4-SiO2 catalyst.
Entry Bisphenol Time (h) Yield (%)a mp (0C) lit mpb

3a 4 93 159-60 15832

3b 5 92 123-24 12232

3c 5 84 132-33 12932

3d 4 86 139-40 13732

3e 3.5 88 158-59 15833

3f 4 87 156 15633

3g 4 94 180–182 180–18235

3h 5 91 141 14336

3i 3.5 92 138-40 140.7-14137

3j 4 94 176 176-7738

3k 5 94 159-60 161-6239

(continued)

4 D. SINGH AND P. T. DEOTA



comparison of melting points with those reported in the literature. The data for the
novel compounds are given below.

4-((4-Hydroxy-5-isopropyl-2-methylphenyl)(phenyl)methyl)-2-isopropyl-5-methyl
phenol (3m)

White crystalline solid; mp. 172 �C 1H NMR (400MHz, CDCl3): d 1.06 (d, 12H,
J¼ 6.8HZ, 4CH3), 2.09 (s, 6H, 2CH3), 3.10 (m, 2H, CH), 4.52 (s, 2H, exchangeable
phenolic OH), 5.55 (s, 1H, CH), 6.56 (s, 4H, aromatic), 7.02-7.29 (5H, aromatic). 13C
NMR (100MHz, CDCl3): 19.09 (1C, CH3), 22.47, 22.72 (2C, 2CH3), 26.80 (1C, CH),
49.24 (1C, CH), 117.01, 125.92, 127.48, 128.10, 129.49, 130.90, 134.54, 134.77, 143.79,
150.56 (10C, aromatic). HRMS (MþH): Calcd for C27H32O2 389.2481. Found 389.2478.
Anal. Calcd for C27H32O2: C, 83.46; H, 8.30. Found: C, 83.42; H, 8.24.

4-(1-(4-Hydroxy-5-isopropyl-2-methylphenyl) butyl)-2-isopropyl-5-
methylphenol (3n)

White crystalline solid; mp. 165 �C 1H NMR (400MHz, CDCl3): d 0.96 (t, 3H,
J¼ 3.6HZ), 1.23 (d, 6H, J¼ 6.8HZ, 2CH3), 1.33 (d, 6H, 2CH3), 1.37 (m, 2H, CH2), 1.86
(m, 2H, CH2), 2.20 (s, 6H, 2CH3), 3.12 (m, 2H, CH2), 4.11 (t, 1H, J¼ 7.6HZ) , 4.53
(s, 2H, exchangeable phenolic OH), 6.52 (s, 2H, aromatic), 6.99 (s, 2H, aromatic). 13C
NMR (100MHz, CDCl3): 14.17, 19.06, 21.20 (3C, methyl), 22.77, 26.78 (2C, CH2),

Table 5. Continued.
Entry Bisphenol Time (h) Yield (%)a mp (0C) lit mpb

3l 4.5 86 181-82 181-822

3m 5 92 172

3n 6 94 165-66

aYields refer to the pure isolated products.
bReferences of known compounds in the literature.
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38.62, 41.11 (2C, CH), 116.89, 125.18, 131.14, 134.27, 135.41, 150.05 (6C, aromatic).
HRMS (MþH): Calcd for C24H32O2 353.2481. Found 353.2480.
Anal. Calcd for C24H32O2: C, 81.77, H, 9.15; Found: C, 81.74; H, 9.12.
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