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ABSTRACT: A simple method is described for the synthesis of substituted diphenylmethane
derivatives in excellent yields by friedel-craft alkylation reaction under solvent free condition
using molybdenum promoted ZrO, solid acid catalyst at 80°C. The MoQO;/ZrO, catalyst has
been prepared from using impregnation method followed by calcination at 923K for 6 hours
in air atmosphere. This catalyst was characterized by various techniques such as SEM, XRD,
FTIR, UV DRS, and BET surface area. Zirconia has both acidic and basic properties which
can be altered by incorporating suitable promoter atom like Mo which inturn increase the
surface area thereby enhance the surface acidity. Impregnation of Mo ions shows a strong
influence on phase modification of zirconia from thermodynamically more stable monoclinic
to metastable tetragonal phase. Incorporation of promoter Mo will stabilize tetragonal phase
which is active in catalysing reactions. In friedel-craft alkylation MoQO3/ZrO; catalyst was
found to be stable, efficient and environmentally friendly, easily recovered by filtration,
higher yield of product and can be reusable efficiently.

Keywords: Heterogeneous catalyst, MoOs;/ZrO;, Solvent-free condition, friedel-craft
alkylation, green chemistry.

Introduction:

In 1887 Charles Friedel and James Mason Crafts isolated amyl benzene after the treatment of
amyl chloride with AICl; in benzene'.In the last decade, catalysts acting through hydrogen
bond interactions have attracted great interest, and they represent a noteworthy part of the
organ catalyticfield.""VOne of the main families of organ catalytic structure included in this
large group are the thiourea/urea derivatives, and many efforts have been devoted to the
design and synthesis of new ones as appropriate catalysts in a large number of interesting
processes.” In the last few years, we have focused part of our investigation on the
development of new thiourea-catalysed methods. ' TheFriedel-Crafts alkylation reaction has
received the attention of a great number of research groups, becoming an efficient tool for
carbon—carbon bond formation.""Diphenylmethane and its derivatives generally prepared
viaFriedel—Crafts benzylationreactions areindustriallyimportant compounds used as
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pharmaceutical intermediates' " and fine chemicals™*In the fragrance industry

diphenylmethanehas been used as both a fixative and a scenting soap,as a synergist in some
insecticides™*"and as a plastisizer™" fordyes.*" Also, diphenylmethane has been employedto
improve the thermal stability of polyester, and the stabilityand lubricating properties of jet
fuels™"!. Furthermore,the substituted diphenylmethanes have been utilized as solventsfor
pressure-sensitive reaction materials™" " and as insulating taffs, adhesives, and epoxy resin
curing agents in chemicalindustry. Traditionally, diphenylmethane and its derivatives are
preparedviaFriedel-Crafts reactions by using H,SO4, HF, AICl3,FeCls, or
ZnCl,*"Masacidcatalysts. However, all these acidcatalysts are toxic and corrosive and
product isolation is fullofdifficulties, resulting in severe pollution. To overcome
theseproblems, Lewis acids have been supported in different solids,such as MCM-

41 hydroxyapatite (HAP)**, and Fluorapatite (FAP) and have been used as heterogeneous
catalysts for the Friedel-Crafts reaction of benzyl chloride with benzene andits derivatives.
Such heterogeneous catalysts gave rise to good yields of monoalkyl products with reducing
the isolation problems. In spite of the above-mentioned advantages for the use ofsupported
acids, preparations of catalysts are generally tedious,furthermore, these catalysts deactivate
rapidly due to the buildup of coke. Hence, there is still a need to develop an easy-clean
technology more suitable for the synthesis of diphenylmethaneand its derivatives.

In this present work, we have used MoQOs/ZrO, solid acid catalyst for the synthesis of
diphenylmethane and its derivatives viaFriedel-Crafts benzylation reaction of benzylchloride
with benzene and the corresponding derivatives;respectively. The zirconia support itself
shows very little activity in benzylation of benzene; however its activity increased drastically
because of impregnation of molybdenum salts. These reactions were carried out by using
substituted Benzenes with benzyl chloride, using MoO3/ZrO,as a catalyst.All the reactions
were completed within 1-4 hours and the yields obtained were 90- 100 %. Electron donating
groups were faster giving very good yields. In case of 1, 4- di chlorobenzenethe reaction was
not forwarded.We carried out Friedel-craft alkylationreaction in the presence of 3% of
MoQO3/ZrO; catalyst scheme-1 under various conditions to optimize the reaction conditions
(Table-1). It was found that the maximum yield was obtained in the presence of 3% of
MoO5/ZrO, catalyst under solvent-free condition.

General reaction:MoOs/ZrO,Catalyzed Synthesis of a few substituted diphenylmethane in

friedel craft alkylation shown in scheme-1.
CH,CI

x 3 Wt%MoOy/Zr0, N
’ —R + — R

F Z

1 I

1T (a-1)

Scheme-1
Table-1: Optimization of catalysts and reaction condition

Entry catalyst solvent Reaction Yield (%) *
time (hr.)

1 Mo0O3/ZrO, Acetonitrile 4 90

2 Mo0O3/ZrO, Chloroform 4.5 92

3 Mo0O3/ZrO, DMF 5 85

4 Mo0O3/ZrO, Ethanol 6 85

5 MoO5/Zr0O, DCM 5.5 93

6 MoO;/Zr0O, Neat 3 100
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7 MoO5/ZrO, water 4.5 90
8 V4(0)) Neat 5.5 60
9 MoO; Neat 6 75

*Yield refers to isolated products

EXPERIMENTAL:

Catalyst Preparation:

Zirconium Hydroxide is prepared from aqueous solutions of ZrOCl,.8H,0O and NH,OH, dried
at 120°C 3% wt. of Ammonium heptamolybdate is dissolved in oxalic acid until clear
solution is obtained, to this solution 5g of finely powdered hydrous zirconia is added .Excess
water is evaporated on water bath and the resulting sample was oven dried at 393K for 24 h
and calcined at 923k for 6h in air atmosphere. Pure zirconia was prepared by calcining
hydrous zirconia at 923k for 6h for comparison.

Catalyst characterization:

The powder X-ray diffraction patterns were recorded on XRD 7000 Schimadzu instrument by
using nickel filtered CuK, radiation and scintillation counter detector. The scattered intensity
data were recorded from 26 values scanning range from 10 to 80° by scanning at scan speed
of 2.000 (deg/min), sampling pitch 0.0200 deg and preset time .60 (sec). Debey-Scherrer
equation is used to determine average crystallite size of the particle.

Scanning Electron Microscope (SEM) investigations performed on a Hitachi model SEM-
EDS S3700N scanning electron microscopy at an applied voltage of 15.0 KV.

An FTIR spectrum of the catalyst was recorded on a BRUKEROPTICS model: TENSOR 27
spectrometer at ambient conditions. Self-supporting KBr pellets containing the catalyst
samples were used to scan the spectra.

The BET surface area of the catalyst was determined by N, physisorption at 77 K by taking
0.162 nm” as the area of cross section of the N, molecule .The N, BET surface area of
various samples were determined after H, reduction and subsequent O, uptake measurements.
These samples were of Course evacuated for longer times in order to remove any preadsorbed
O; in the pores of the catalyst particles.

Catalyst activity:

Diphenyl methane is a valuable product in chemical industry which is also known as benzyl
benzene, is used in organic synthesis, the compound is also an intermediate which is used in
the synthesis of benzophenone. Zirconia has both acidic and basic properties. Zirconia’s
acidic and basic properties can be altered by incorporating suitable promoter atom.
Incorporation of promoter atoms like molybdenum, tungsten, iron, alumina and bismuth
enhance the surface acidity. As part of my research program we have developed a simple and
efficient procedure forfriedel-crafts alkylation’s for the synthesis of Diphenylmethanes by
using an efficient catalyst, molybdenum supported zirconia inbenzylation of benzene.
General procedure for the synthesis of a few substituted diphenylmethane in friedel
craft alkylation:

A mixture of benzyl chloride (1 g), benzene/substituted benzenes (excess) and catalyst (0.1g)
was at 80°C in a round bottom flask. The progress of the reaction was monitored by TLC,
after complete conversion of the reactant the catalyst was filtered and the pure compound is
obtained and chromatographed on silica gel column by using the solvent Hexane.In a typical
experiment, substituted benzenes and benzyl chloride were reacted in presence of MoOs3/ZrO;
in solvent free condition as shown in scheme-I. The progress of the reaction was monitored
by thin layer chromatography (TLC).
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Table 1

Catalytic friedel craft alkylation of diphenylmethane using MoQO3/ZrO,

Entry | Reactant Product Reaction Yield
Time (%)
A @ 3hrs 100
B @ lhr 45min | 98
OCH,
OCH,
C @ 2hr 30min | 95
CH,
D ::: CH; 2hrs 93
CH,
E O 2hr 45min 93
Br
F O lhr 30min | 95
Cl
G Q Cl lhr 90
o,
H oL 3hr 15min 92
H,CO
Br
I CH;4 3hr 45min 90
H,C cl
Cl
J H;CO, OCH; 4hrs 92
@ocm
OCH,
K OCHj; OCH; 4hr 20min 90

OCH,

9 O
a &
FF
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Results and discussion:
The X-ray diffraction patterns of ZrO,andmolybdenumpromoted ZrO, samples calcined at
923 K are presented in fig 1.
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Fig .1X-ray diffraction patterns of (a) 3% MoQs/ ZrO; (b) Pure ZrO;

Most of the XRD studies on metal oxide zirconia catalysts revealed the formation of
tetragonal zirconia polymorphs after incorporation of metal atoms. The XRD studies on
hydrous zirconia sample calcined at 923K and compared with metal oxide zirconia sample
calcined at the same temperature. The hydrous zirconia sample exhibited poor crystallinity
with the mixture of monoclinic and tetragonal phases. On the other hand the molybdenum
promoted zirconia sample exhibited prominent lines due to tetragonal phase , indicating that
the impregnated molybdenum ions shows a strong influence on the phase modification of
zirconia from thermodynamically more stable monoclinic to the metastable tetragonal phase.
It was also observed that the molybdenum promoted zirconia shows smaller crystallite sizes
when compared to the unpromoted zirconia. It was confirmed from XRD results that the
incorporated molybdenum atom related the formation of larger crystallite of zirconia and
stabilize them in the metastable tetragonal phase. The unpromoted zirconia normally leads to
the formation of thermodynamically more stable monoclinic forms with larger crystallites.
Both the samples exhibit typical tetragonal phase of zirconia that is observed from the
figure2. Pure ZrO, exhibits mixture of monoclinic and tetragonal phases but incorporation of
promoter atom molybdenum into the zirconia lattice stabilizes the tetragonal phase™. It is
observed that sulphate ion promoted zirconia exhibits smaller crystallite size and more
tetragonal phase because of which it is active in catalysis™ .

In this study both the samples ZrO,and molybdenum promoted ZrO, exhibit only the
tetragonal phase but the average crystallize; size of the samples is almost same. Pure ZrO,and
molybdenum promoted ZrO, do not have the same activity in friedel craft alkylation,
substituted diphenylmethane derivatives in friedel craft alkylation are obtained at 80-85°C in
1hr 30 min - 4.0hours’ time over molybdenum promoted ZrO, where as pure zirconia is
totally inactive. Bismuth, tungsten and selenium promoted catalysts also exhibit tetragonal
phase but the activity is not comparable with that of molybdenum promoted ZrO,catalyst.
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Incorporation of promoter into the zirconia lattice alters the bulk and surface properties of
zirconia. This higher activity ofmolybdenumpromoted ZrO, may be due to lattice defects
created by promoter molybdenum and notable redox properties.

Pure ZI‘OQSEM 0f3%M003/ ZI’Oz

Pure ZrO,SEM of 3%Mo0s/ Z1rO,

Fig.2 SEM of ZrO; and MoO3/ ZrO,

In fig.2 SEM photographs of both the catalysts are given. There is no much difference in
SEM photographs of ZrO,and molybdenum promoted ZrO, catalysts indicating small change
in structure of ZrO,by incorporating Mo atom. It is observed that particles are uniformly
distributed all over the surface and are spherical in shape. This result is in agreement with
XRD results of both the catalysts having tetragonal phase with almost same crystallite size.
Higher activity for molybdenum promoted ZrO, catalyst is due to uniform distribution of
spherical particles all over the zirconia lattice and creating lattice defects by changing surface
and bulk properties to the small extent. Average crystallite size of the pure zirconia is 101.66
nm and MoO3/ZrO; is 97.73 nm.Incorporation of promoter atom in to the lattice of zirconia
decreases the particle size which is observed from SEM photographs.
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Fig.3: A. IR ofpureZirconia B. IRofMo0O3/ZrO,

After calcination at 923K ,the FTIR spectrum exhibits two shoulders at 1096 and 901 cm ™
the 3460 cm ' band intensity corresponding to stretching vibration of hydroxyl groups
decreased strongly and better resolved bands are observed clearly at 783, 557 cm ' which are
characteristic of crystalline zirconia. From this it is concluded that, because of calcination,

condensation of hydroxyl groups of Zr(OH), occurred, leading to a crystallized sample of the
species.

2
35.798 m¥/g 38.060 m“/g
40 -
35 - mZr02
30 -
Z2r02 Mo03/zr02

Fig 4: Surface area of ZrQ;and MoQO3/ZrO;,

The specific surface area of the sample calcined at 923K for 6 hours, shows that the presence
of MoOs/ ZrO,, strongly influences the surface area in comparison with the pure ZrO, The
specific surface area of MoOj3/ ZrO, samples are much larger than that of pure ZrOscalcined
at the same temperature showing that increase in surface area increases surface acidity of the
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catalyst.It is observed from the fig 4. Surface area of purezirconia was found to be 35.798
m?/g and molybdenum promoted zirconia was 38.060m”/g it indicates that incorporation of
molybdenum into the lattice of zirconia increases the surface area increasing the surface
acidity and decreases the average particle size.

yield (%
100 -

80 -
60 -
40 -

20 -~

1 2 3 45 6 7 8 9 10
Run

Figure 5: Yield comparison bar chart

FigureS Catalytic activity of 3% MoOs3/ZrO;in 10 cycles for Friedel-craft
alkylationfurthermore, structural elucidation of MoQOs/ZrO,was performed in detail using X-
ray diffraction (XRD) technique after use for five runs. XRD results for the catalyst (Figure
6) showed an ordered meso structure in large domains with no distinct defects observed for
these reaction conditions. Three well-resolved diffraction peaks in the 20 range of 0.8-20
were observed for MoOs/ZrO, as an organic— inorganic hybrid material. However, the
ordered structure of MoOs/ZrO,remained intact, as supported by the XRD results. The
patterns feature distinct Bragg peaks in the 26 range of 20-500, which can be indexed to (1 0
0), (1 1 0), and (2 0 0) reflections of a two-dimensional hexagonal structure of
MoOs/ZrO;material. The presence of these peaks indicates that the crystallographic ordering
of the mesopores in MoO3/ZrO,was retained after its use as a catalyst in five runs.

Fig .6 : X-ray diffraction patterns of (a) 3% MoO3/ ZrO; (b) Pure ZrO,
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Characterization of diphenylmethane: Spectral data

Diphenylmethane (IIla):IR (KBr, cm'l): 3462, 2970, 1742, 1371, 1225, 907, 697.'HNMR
(CDCl3,400MHz) 6= 4.5 (s, 2 H), 7.7 (m, 6H), 7.9 (m, 4H).

1-benzyl-4-methoxybenzene (IIIb):IR (KBr, cm'l): 3458, 2970, 1740, 1368, 1215, 1033,
698."HNMR (CDCl3,400MHz) 6= 3.9(s, 3 H), 4.1 (s, 2 H), 7.1-7.4(m, 9H).
1-benzyl-4-methylbenzene (Illc):IR (KBr, cm'l): 3461, 2969, 1742, 1371, 1225, 907,
726."HNMR (CDCl3,400MHz) 6= 2.4 (s, 3 H), 4.0(s, 2 H), 7.1-7.3 (m, 9H).

2-benzyl-1, 4-dimethylbenzene (II1d):IR (KBr, cm'l): 3461, 2969, 1742, 1371, 1225, 906,
729."HNMR (CDCl3,400MHz) 6= 2.3 (s, 3 H), 2.4 (s, 3 H), 4.1(s, 2 H), 7.1-7.5(m, 8H).
1-benzyl-4-bromobenzene (Ille):IR (KBr, cm'l): 3344, 2970, 1740, 1369, 1215,
899.'"HNMR (CDCl3,400MHz) 6= 3.95(s, 2 H), 7.1-7.6(m, 9H).

1-benzyl-4-chlorobenzene (IIIf):IR (KBr, cm'l):3451, 2969, 1742, 1371, 1224, and
1024."HNMR (CDCl5,400MHz) 6= 4.6(s, 2 H), 7.1-7.5(m, 9H).

1-benzyl-2, 4-dichlorobenzene (I1Ig):IR (KBr, cm'l): 3452, 3003, 2970, 1740, 1369, 1215,
and 1024."HNMR (CDCl3,400MHz) 6= 4.1(s, 2 H), 7.1-7.4(m, 8H).
1-benzyl-4-bromo-2-methoxybenzene (IITh):IR (KBr, crn'l): 3458, 2970, 1740, 1486, 1368,
1231, 1029, 803, 697. "HNMR (CDCl3,400MHz) 6= 3.8 (s, 3 H), 3.9(s, 2 H), 6.7(d, 2H), 7.1-
7.3(m, 6H).

2-benzyl-4-chloro-1-methylbenzene (Illi):IR (KBr, crn'l): 3449, 2969, 1742, 1371, 1224,
and 1024."HNMR (CDCl3,400MHz) 6= 2.4 (s, 3 H), 4.1(s, 2 H), 6.9-7.4(m, 8H).

1-benzyl-2, 4-dimethoxybenzene (IIIj):IR (KBr, cm'l):3447, 2969, 1741, 1371, 1224,
1024.'"HNMR (CDCl3, 400MHz) 6= 3.85 (s, 6 H), 4.1(s, 2 H), 6.5-6.6(m, 3H), 7.1-7.3(m,
SH).

1-benzyl-2, 3, 4-trimethoxybenzene (IIIk):IR (KBr, crn'l): 3461, 3008, 2970, 1741, 1370,
1225, 906, 726. '"HNMR (CDCl5, 400MHz) 6= 3.75 (s, 3 H), 3.80 (s, 3 H), 3.95 (s, 3 H),
4.00(s, 2 H), 6.80 (d, 1 H), 7.1 (t, 2 H), 7.3(m, 4H).

Conclusion:

The following conclusions can be drawn from the above study

1. Promoted catalyst will have higher surface area and higher acidity compared to ZrO,
Incorporation of promoter molybdenum oxide will stabilizes tetragonal phase which is active
in catalyzing the reactions.

2. Mo03/ZrO, catalyst is environmentally friendly, easy to prepare, water tolerant and can be
recycled.

3. Zirconia shows very little activity in benzylation of benzene, however its catalytic activity
increased drastically because of impregnating molybdenum oxide in to the lattice of
Zirconia, higher activity of molybdenum promoted ZrO,catalyst is due uniform distribution
of spherical particles all over the zirconia lattice and creating lattice defects by changing
surface and bulk properties.

4. A Green heterogeneous catalyst is developed for benzylationof benzenes to obtain
diphenylmethanes in good to excellent yields.

5.Metal oxide solid acid supported zirconia catalysts like Se,W,Bi,Mo,Al Fe, and Zn are
much more promising for various organic reactions of practical significance and are expected
to gain great interesting the coming years.
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