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Synthesis of di(methylphenyl)methane over heteropolyacids
(H3PW,040) catalysts

Dingfeng Jin, Zhaoyin Hou*, Yongming Luo, and Xiaoming Zheng

Department of Chemistry, Institute of Catalysis, Zhejiang University, Xixi Campus, Hangzhou, 310028 P. R. China

Received 11 January 2005; accepted 22 February 2005

Catalytic synthesis of di(methylphenyl)methane (CH;C¢H4CH,C¢H4CH3;, DMPMs) from toluene and formaldehyde were

investigated over various solids acids. At 140 °C and toluene/HCHO

mordenite, HX, HY and HZSM-5) is limited, while heteropolyacids (H3;PW,049, H4SiW 5,049 and H3PMo0;,04¢) exhibited higher
activity and DMPMs selectivity. The best yield of DMPMs reached 81.5% (conversion of HCHO nearly 100%). H3PW,04 could
be recovered by simply drying and the recycle-used catalyst remained its activity and structure in five runs.
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1. Introduction

Di(methylphenyl)methane (CH;C¢H4,CH,CsH,CH3
or CH3;PhCH,PhCH;, DMPMs) is an important
chemical and intermediate in the production of spices,
pharmaceutics and dielectric fluid. And diphenylme-
thane dyes (e.g., auramine) are widely used in wool,
paper, leather and silk industries [1].

Typically, DMPMs are produced by the condensa-
tion of xylene with benzyl chloride in the presence of
a Friedel-Crafts catalyst mainly aluminium chloride
or iron chloride, which gives large amount of
by-products such as polymers of benzyl chloride and
several compounds containing three or more benzene
rings [2,3].

CeHs(CH3), + C¢HsCH,Cl

— CH3C¢H4CH,C¢sH4CH3; + HC1 (1)

Several solid acid catalysts relevant to Friedel-Crafts
reactions have been reported in order to replace con-
ventional problematic homogeneous catalysts, such as
montmorillonite supported transition metals [4],
graphite—aluminum—chloride intercalate [5], modified
alumina [6], transition metal cations [7], sulfated zirco-
nia [8], calcined nickel sulfate [9,10], clays [11-15] and
zeolite [16—18]. But these heterogeneous catalysts have
shown drawbacks in lower activity or selectivity, for-
mation of higher amount of polyalkylated products and
drastic reaction conditions [19,20].

Another long-established method is the condensation
of toluene with formaldehyde at low temperature using
concentrated sulfuric acid as catalyst.
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= 5/1, the conversion of HCHO over zeolite (Hf, H-
C¢HsCH; + HCHO
— CH;3;C¢H4CH,C¢H4CH3 + H,O (2)

One problem of this process is that the starting form-
aldehyde is so liable to be polymerized that the reaction
should be carried out at a very low temperature (—40 to
—20 °C), which needs a cooling medium. At the same
time, the reacted mixture must be neutralized to remove
the sulfuric acid. Thus, this condensation method is not
only troublesome to handle but is also low in both
conversion and selectivity [2].

Recently, it was reported that one kind of modified
USY zeolite exhibited significant products shape selec-
tivity at moderate temperature, while the productivity of
desired products is low due to the low HCHO/toluene
ratio in feed (1/60-1/70, mole ratio) and high catalyst/
HCHO ratio (1 g/200 mg) [21]. Heteropolyacids have
enjoyed wide acceptance as active catalysts in both
homogeneous and heterogeneous systems [22-26]. Here
we want to report an environmental friendly synthesis of
di(methylphenyl)methane over heteropolyacids catalyst.

2. Experimental

Toluene and paraformaldehyde were purchased from
Shanghai Chemical Reagents Co. (China) and directly
used without further treatment. Zeolite (Hf, H-morde-
nite, HX, HY, HZSM-5) were kindly supplied by
Huahua Catalysis Co. (Wenzhou, China). A custom-
designed 150 cm? stainless autoclave (Lanzhou, China)
was employed in this study. Before the catalytic reac-
tiOIl, the commercial H3PW12040, H4SiW12040 and
H3;PMo0,04 (Shanghai Chemical Reagents. China)
were pretreated at 250 °C for 3 h; zeolite were pre-
treated at 550 °C for 3 h. A mixture of toluene
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(450 mmol), paraformaldehyde (90 mmol of HCHO)
and nitrobenzene (20 mmol, internal standard) was
poured onto the catalyst (1 g). The resulting suspension
was vigorously stirred with a magnetic stirrer. The
reaction solution was cooled after the specified reaction
time, diluted with ethanol and analyzed using a FID gas
chromatography-mass spectrometry equipped with a
25 m capillary column of a cross-linked 5% phenylm-
ethylsilicone (HP5988A, USA). All products were con-
firmed with the standard mass spectrum in database and
that of the standard products purchased from Addrich.
FT-IR spectra of the fresh and spent H3PW ,04, were
obtained using the KBr method (Nikolet 560, USA).

3. Results

3.1. Condensation of toluene with paraformaldehyde over
solid acids catalysts

Several products were detected in the reaction mix-
ture and the assignment of these products (see figure 1)

1-a

S0

were based on the GC-MS analysis of these peaks for
the corresponding molecular ions with those of the
standard database and that of the standard products
purchased from Addrich. As it was expected that
di(methylphenyl)methane in the ortho—ortho’ (2-a),
ortho—para’ (2-b) and para—para’ (2-¢) positional isomers
were detected in the reaction mixture. Some amount of
4-methylbenzyl alcohol (1-a), 2-methylbenzyl alcohol (1-
b) and three-ring products (3-r) were also detected.
Conversion and selectivity of DMPMs synthesis
from toluene and paraformaldehyde over various solid
acids are summarized in table 1. It can be found
that no reaction happened on Al,O3. Zeolite (Hf,
H-modernite, HX, HY and HZSM-5) had very low
activity and the main products are the intermediate
(1-a and 1-b, methylbenzyl alcohol). Heteropolyacids
(H3PW12040, H4SiW12040 and H3PM012040) exhibited
high activity and DMPMs selectivity in the conden-
sation of toluene and HCHO. The conversion of
HCHO and total yield of DMPMs over H3PW;,04,

CH,OH

1-b

OO

OO OO

2-c

3r

Figure 1. Chemical species referred in this paper.

Table 1
Conversion and selectivity of DMPMs from toluene and paraformaldehyde with various solid acids

Catalyst (1 gram) Conversion (mol%)  total Yield of DMPMs (mol%) TON ? Selectivity (mol%)
2-a 2-b 2-c 3-r (I-a)+ (I-b)

ALO; 0.0 - - - - - - -
Hp (Si/A1=10) 11.3 9.5 6.7 8.9 42.1 33.1 0 16.0
H-mordenite (Si/Al=19) 0.2 <0.1 0.2 9.2 23.5 15.2 0 52.1
HX (Si/A1=3.0) 0.2 <0.1 0.0 10.2 24.1 18.3 0 47.5
HY (Si/A1=12.0) 5.4 2.3 3.8 15.0 13.0 13.8 0 58.3
HZSM-5(Si/Al=25) 1.3 0.4 1.8 8.3 12.1 10.9 0 78.8
H3;PW 1,04 88.9 77.9 76.8 1.2 39.1 474 114 0.9
H;PMo,,04 44.0 39.6 24.1 9.4 359 447 6.9 3.1
H,4SiW 1,04 74.0 62.1 47.8 6.3 31.8 458 138 2.4

Reaction conditions: toluene 450 mmol, paraformaldehyde 90 mmol, catalyst 1.0 g, reaction temperature 141°C and 4 h.
*TON = (mole of reacted HCHO)/(mole of protons in catalyst), and the amount of proton in zeolite was estimated from the composition (Si/Al ratio).
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reached to 88.9% and 77.9%, respectively. Among the
desired products, the mole ratio of ortho—ortho” (2-a),
ortho—para’ (2-b) and para—para’ (2-c) isomers was 1.2/
39.1/47.4, and both the seclectivity and the yield of
para—parda’ (2-¢) isomer are higher than that of tradi-
tional AICl;, H,SO, catalysts and recently reported
USY catalyst [21].

As it was reported that the condensation between
toluene and HCHO to DMPMs involves two consecu-
tive electrophilic attacks to an aromatic ring with an
ortho—para directing substituent, both of these attacks
need to be catalyzed by acid catalysts, and only strong
acid sites are active [21,27]. In table 1, the calculated
TON (turnover numbers, defined as (mole of reacted
HCHO)/(mole of protons in catalyst)) indicates that the
catalytic activity decrease in the order of
H3PW ;040 > H4SiW 5,04 > H3PMO,049 > HB >
HY, which follows well with their acidity. In this case,
the poor activity of Al,O;, H-mordenite, HX and the
lower activity of Hf, HY zeolite are reasonable. It can
also be found from the reaction equation (equation (2))
that H,O formed during the reaction, and the formed
water had strong poisoning effect to active sites of zeo-
lite, which might also decrease their activity. The higher
actiVity of H3PW12040, H4SiW12040 and H3PM012040
for the condensation between toluene and paraformal-
dehyde could be firstly attributed to their strong acidity
in organic solution. At the same time the formed water
would dissolve in the bulk structure of the heteropoly
anions and exhibited no influence on its activity (this
property was also defined as water-tolerant ability)
[22-24].

3.2. Time course of condensation between toluene and
HCHO catalyzed by H3PW 504

The conversion of HCHO and the selectivity of all
detected products at different reaction time at 140 °C
are shown in figure 2. It was found that the conversion
of HCHO increased with the reaction time, nearly 100%
conversion was attained after 5 h and the best yield of
DMPMs reached 81.5%. While the selectivity of
DMPMs (total of two-rings products) decreased slightly
as the amount of consecutive three-rings products
increased with the reaction time. As it was expected that
the selectivity of intermediated product (1-a) decreased
with the reaction time.

3.3. Effect of the amount of H;PW ;504

Figure 3 shows the relationship between the amount
of H;PW,04 and the selectivity of detected products.
It can be found that the conversion of HCHO increased
from 82% to 100% with the added amounts of catalysts
increased from 0.5 to 2.5 g. While the selectivity of
DMPMs decreased and the selectivity of three-rings
products increased with increased amount of catalyst.
That is, higher amount of catalyst is helpful for the
conversion of HCHO, but it will catalyze the consecu-
tive reaction of desired product.

3.4. Effect of reaction temperature

Figure 4 shows the effect of reaction temperature on
the activity of H3PW;,04 catalyzed condensation
between toluene and HCHO. The conversion of HCHO
increased quickly from 36.2% to 88.9% with the reac-
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Figure 2. Time course of the condensation between toluene and HCHO using H3PW,04¢ (O) conversion of HCHO, (OJ) selectivity of DMPMs,
() selectivity of three-rings product and (M) selectivity of benzyl alcohol. Reaction conditions: toluene 450 mmol, paraformaldehyde 90 mmol,

catalyst 1.0 g, reaction temperature 140 °C.
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Figure 3. Effects of the added amount of H;PW;,04q catalyst (O) conversion of HCHO, () selectivity of DMPMs, () selectivity of three-rings
product and (m) selectivity of benzyl alcohol. Reaction conditions: toluene 450 mmol, paraformaldehyde 90 mmol, reaction temperature 140 °C,4 h.

tion temperature raised from 100 to 140 °C, and then
increased slightly. While the selectivity of DMPMs
decreased with the reaction temperature and the selec-
tivity of three-rings products increased at higher tem-
perature.

3.5. Reactivity of recycled H3sPW ;504

The activities of recycled H3PW;,04 are summarized
in table 2. When the reaction was repeated using
recycled H3;PW ;04 (by simply drying the slurry

=y
(]
Q

H;PW,049 at 100 °C in air), the conversion of HCHO
and the yield of DMPMs decreased slightly from 88.9%
and 77.9% to 66.4% and 61.9%, respectively. While it
should be noted that the amount of remained catalyst
during these cycles decreased from 1.0 to 0.47 g after the
fifth run due to the adherent of H;PW,04 on the wall
of recycled equipment. Compared with the activity of
fresh H3PW{,04¢ in the same amount (0.5 g in figure 3),
we think that H3PW,04 could remain its activity at
least in five cycles, FT-IR analysis indicated that the
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Figure 4. Condensation between toluene and HCHO at different temperatures using H;PW,049 (O) conversion of HCHO, (0J) selectivity of
DMPMs, () selectivity of three-rings product and (W) selectivity of benzyl alcohol. Reaction conditions: toluene 450 mmol, paraformaldehyde

90 mmol, catalyst 1.0 g, 4 h.
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Table 2
Conversion and selectivity of DMPMs from toluene and paraformaldehyde with recycle used H3PW,04

Runs Conversion (mol%) total Yield of DMPMs (mol%) Selectivity (mol%)

2-a 2-b 2-c 3-r (1-a)+(1-b)
Ist (1.00 g) 88.9 77.9 1.2 39.1 474 114 0.9
2nd 80.8 66.7 1.0 36.5 45.2 15.6 1.8
3rd 78.5 65.3 1.1 37.7 444 14.7 2.2
4th 70.7 64.7 1.1 40.7 49.7 8.2 0.4
5th (0.47 g) 66.4 61.9 1.1 44 4 47.8 6.5 0.3

Reaction conditions: toluene 450 mmol, paraformaldehyde 90 mmol, reaction temperature 140 °C and 4 h.

main Keggin structure of the spent catalyst was com-
pletely remained after the fifth runs at 140 °C (figure 5).

4. Conclusions

In this paper, we found that heteropolyacids
(H3PW,04¢) exhibited a high activity and selectivity for
the production of DMPMs via condensation of toluene
with formaldehyde. The best yield of DMPMs reached
81.5% at 140 °C, toluene/HCHO = 5/1, 5 h. And the
most important is that this kind of catalysts could be
used in recycle without loss of its structure and activity.
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Figure 5. IR spectrum of H3PW,04 before and after five round
recycles (a) fresh H3PW 5,049, (b) spent H;PW504.
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