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Pd-Grafted Functionalized Mesoporous MCM-41: A Novel, Green 

and Heterogeneous NanoCatalyst for the Selective Synthesis of 

Phenols and Anilines from Aryl Halides in Water 
 

Forugh Havasia, Arash Ghorbani-Choghamaranib* and Farzad Nikpoura 

A new type of mesoporous-recoverable catalyst was synthesized by the immobilization of Pd on 
the surface of functionalized mesoporous MCM-41 and used as an efficient, recoverable and 
thermally stable heterogeneous nano catalyst for the synthesis of phenols and anilines from aryl 
halides in water. Nanospherical MCM-41 silica with an average size of 40 nm and pore diameter of 
3 nm was prepared trough sol-gel procedure. The catalyst was characterized by FT-IR, XRD, SEM, 
TEM, TGA, EDS and ICP techniques. MCM-41‐dtz‐Pd showed excellent catalytic activity for the 
synthesis of phenols and anilines under mild reaction conditions. The heterogeneous catalyst 
showed good recyclability and can be reused many times without significant loss of its catalytic 
activity. Also, the EDS results show very low leaching of palladium during the catalytic process 
(about 1%).  

 

1 Introduction 

Over the past several decades “Green Chemistry” has 
demonstrated how fundamental scientific methodologies can 
protect human health and the environment in an economically 
beneficial manner. Significant progress is being made in 
several key research areas, such as catalysis, the design of 
safer chemicals and environmentally benign solvents [1]. The 
application of catalysts to reduced systems toxicity, benign 
and renewable energy systems and reaction efficiency, make 
them as a central focus area for green chemistry research [1, 
2]. In the last few years, immobilization of homogeneous 
catalysts on various solid supports with the advantage of 
catalysts separation and recycling has been widely studied in 
many divergent areas of research [3, 4]. However, 
immobilization of homogeneous catalysts usually, decreases 
the catalytic activity [5, 6]. This drawback can be overcome 
using nanomaterials as ideal heterogeneous supports. Because 
nano-sized catalysts can serve as efficient bridge and fill the 
gap between homogeneous and heterogeneous catalysts [7]. 
Among different nanoparticles, mesoporpus silica, especially 
MCM-41, is commonly employed as a heterogeneous support 
for the immobilization of homogeneous catalysts. MCM-41 
has a hexagonal arrangement of one-dimensional mesopores 
with diameters ranging from 2 to 10 nm [8]. Due to its unique 
properties such as high surface area, homogeneity of the 

pores, good thermal stability, tunable and accessible pores, 
MCM-41 has been a focus for several research areas like 
nanoscience [9], catalysis [10-12] environmental purification 
[13], absorption [14] and drug delivery [15]. The nature of 
MCM-41 pore structure can be used to functionalize via 
reaction with alkoxysilyl compounds and then, incorporation 
of metal complexes into the channel walls [16]. Stepnicka 
[17, 18] and Karimi [19] modified mesoporous silica with 
various N-groups and loaded this support with palladium. The 
resulting material was applied as a catalyst for organic 
synthesis. O-Arylation and N-arylation coupling reactions 
catalyzed by transition-metals are among the most important 
reactions in organic synthesis [20, 21]. Phenols and anilines 
are important building blocks for constructing natural 
products, pharmaceutical and medicinal compounds, as well 
as in polymers and materials [22, 23]. Thus, the development 
of highly efficient methods for the synthesis of these 
compounds under mild reaction conditions has gained 
considerable attention in synthetic chemistry. Also, the 
development of a cheaper system enabling the hydroxylation 
[24, 25] and amination [21, 26] of aryl halides has become an 
important goal. The transition-metal-catalyzed cross-coupling 
reaction of aryl halides with hydroxide salts and aqueous 
ammonia represents a direct, convenient, regioselective and 
relatively atom-economical process to afford phenols and 
anilines [27-29]. The Cu-catalyzed hydroxylation of aryl 
bromides and iodides has been applied to prepare a wide 
range of functionalized phenols [30, 31]. These Cu-catalyzed 
protocols are generally limited to the use of electron deficient 
aryl chlorides coupling partners [32-34], however, the 
analogous Pd-catalyzed process is complementary in this 
regard and potentially capable of transforming a broader 
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scope of aryl halides to phenols and derivatives thereof [29, 
35, 36]. Recently, several efficient palladium/phosphine-
catalysed processes have been developed for selective 
formation of phenols [37] and anilines [38]. In general, the 
activity of homogeneous palladium catalysts such as 
Pd(OAc)2 and PdCl2 is sufficiently high, however, they suffer 
from the drawbacks of difficult separation and recovering 
from the reaction mixture as well as serious environmental 
pollution, which have limited their applications. Development 
of heterogeneous palladium catalysts to overcome the above 
drawbacks has important theoretical and practical significance 
and also is one of the main objectives of green chemistry. 
Thus, solid materials such as polymer materials, carbon, 
zeolite and different types of silica such as amorphous silica, 
mesoporous molecular sieves and solids obtained by co-
condensation of silicate precursors have been used to 
immobilize the palladium catalysts [39-41].  

In this paper, we report the synthesis and 
characterization of Pd complex supported on dithizone‐
functionalized nanostructured MCM-41 (MCM-41‐dtz‐
Pd), which has been applied as a novel and efficient 
catalyst for the synthesis of phenols and anilines from 
aryl halides in water at room temperature.  
 

2 Results and discussion 
 

In continuation of our recent success in the introduction of 
new catalysts [42-44], herein we report the synthesis of Pd 
complex supported on dithizone‐functionalized 
nanostructured MCM-41 (MCM-41‐dtz‐Pd) as a novel and 
efficient catalyst for the synthesis of phenols and anilines 
from aryl halides in water (Scheme 1). 
 

Scheme 1. Preparation process of MCM-4-dtz-Pd 

2.1 Catalyst characterization 

Pd complexes supported on nanoporous MCM-41 have 
been characterized by FT-IR, TGA, XRD, SEM, TEM, EDS 
and ICP techniques and also by their comparisons with that of 
authentic samples [42-45]. 
Successful functionalization of the mesoporous MCM-41 can 
be inferred from FT-IR technique. FT-IR spectra were 

recorded separately at different stages of the preparation (Fig. 
1). Curve a in Fig. 1 is the spectrum of MCM-41 and curve b 
is the spectrum of MCM-41-nPr-Cl. The absorption band 
presented at 960 cm-1 is attributable to Si–O vibrations [46]. 
Absorption bands at 1228, 1077, 790 and 460 cm-1 are 
assignable to the asymmetric and symmetric stretching 
vibrations of the mesoporous framework (Si–O–Si). The O-H 
stretching vibration bands appeared at 3460 cm-1. The 
presence of the anchored CPTMS group is confirmed by C–H 
stretching vibrations at 2940 and 2847 cm−1 in MCM-41-nPr-
Cl spectra. The curve c shows stretching vibrations at 1640 
cm-1 (C=N), 1425 cm−1 (C=C) and broad band at 3440 cm−1 
(O-H and N–H) for MCM-41‐dtz. Curve d shows the FT-IR 
spectrum after adsorption of Pd on to MCM-41‐dtz. 
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Figure 1. FT-IR spectra of (a) MCM-41 (b) MCM-41-nPr-Cl, (c) 
MCM-41‐dtz, (d) MCM-41‐dtz‐Pd  
 

The X-ray diffraction patterns of MCM-41, MCM-41-nPr-
Cl, MCM-41‐dtz and MCM-41‐dtz‐Pd are shown in Fig. 2. 
These spectra indicate that one-dimensional hexagonal 
mesoporous structure of MCM-41 was obtained. The MCM-
41 pattern exhibits very sharp (100) diffraction peak at 2.46 
2-theta and two additional high order peaks (110 and 200) 
with lower intensities at 4.17 and 4.68 2-theta, respectively 
[47]. The values of d-spacing (100) for XRD pattern of 
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MCM-41, MCM-41-nPr-Cl, MCM-41‐dtz and MCM-41‐dtz‐
Pd were 38.10, 36.53, 35.79 and 35.40 A°, respectively. A 
unit cell parameter, a0 was obtained using the following 
equation: 

�� =
2��	�	�

√3
 

 

All of the samples showed one intense peak (100) and the 
patterns were similar to that of pure silica MCM-41, 
indicating that the functionalized MCM-41 materials contain 
ordered hexagonal arrays of one-dimensional channel 
structure. After the functionalization steps, a considerable 
decrease in the XRD peaks intensity was observed. It should 
be noted that the intensity decrease in the (100) peak for 
functionalized MCM-41 providing further evidence of 
functionalization occurring mainly inside of mesopore 
channels [10]. This phenomenon indicates that MCM-41 
structure unchanged and the Pd complex is well dispersed on 
the inner channel pores. Therefore, it can be concluded that 
the formation of the catalyst has taken place preferentially 
inside the pore system of MCM-41. 
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Figure 2. Low angle XRD patterns of MCM-41, MCM-41-nPr-Cl, 
MCM-41‐dtz and MCM-41‐dtz‐Pd. 

 
Immobilization of Pd complexes on functionalized 

mesoporous MCM-41 can also be inferred from 
thermogravimetric analysis (TGA) diagram. The TGA was 
also used to determine the percentage of chemisorbed organic 
functional groups onto the MCM-41 mesoporous. The TGA 
curves of MCM-41, MCM-41-nPr-Cl, MCM-41‐dtz and 
MCM-41‐dtz‐Pd show the mass loss of the organic materials 
as they decompose upon heating (Fig. 3). According to these 
curves, two weight loss steps were observed. The first mass 
loss occurs at a temperature range of 25-300 °C that is related 
to the loss of physically and chemically adsorbed water and 
organic solvents. The second mass loss occurs at a 
temperature range of 300-780 °C, which is related to the 
thermal decomposition of organochloropropyl fragments and 
organic ligands in the complex. 
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Figure 3. TGA curves of MCM-41 (a), MCM-41-nPr-Cl (b), MCM-
41‐dtz (c) and MCM-41‐dtz‐Pd (d). 
 

The energy dispersive spectrum (EDS) of described 
nanostructured MCM-41 showed that the relative mass 
percents of C, N, O, Si, S, and Pd are 11.06%, 1.79%, 
23.29%, 22.57%, 2.27 and 39.03%, respectively. A typical 
EDS spectrum of MCM-41‐dtz‐Pd was shown in Fig. 4. The 
EDS spectrum at different points of the image confirms the 
presence of Pd in the mesoporous silica matrix. The amount 
of Pd incorporated into the mesoporous silica found to be 
10%, which determined by inductively coupled plasma 
optical emission spectrometry (ICP-OES). 

 
Figure 4. EDS pattern of MCM-41‐dtz‐Pd. 
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Morphological changes were investigated by scanning 
electron microscopy (SEM) of MCM-41 and MCM-41‐dtz‐Pd 
(Fig. 5a, 5b). Fig. 5c and Fig. 5d show transmission electron 
micrographs of representative regions of MCM-41. Highly 
ordered long-range hexagonal arrangement of the pores can 
be clearly observed. The TEM results are in good agreement 
with the XRD. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. SEM image of calcined MCM-41/ MCM-41‐dtz‐Pd (a and 
b), TEM image of calcined MCM-41(c and d). 

2.2 Catalytic studies 

The activity of described catalyst was investigated through 
a reaction of aryl halides with KOH and NH3.H2O for the 
synthesis of phenol and aniline derivatives. Initially, we 
examined the reaction of iodobenzene with KOH in different 
solvents, bases and various catalytic amounts of MCM-41‐
dtz‐Pd (Table 1). Applying 7 mg of MCM-41‐dtz‐Pd and 2 
mmol of KOH as base in 3 mL H2O at room temperature, is 
the best conditions for the hydroxylation of iodobenzene (1.0 
mmol) (Table 1, entry 4). Other bases such as NaOH, K2CO3, 

K3PO4 and different solvents including DMF, DMSO and 
PEG were tested and outcome of the reactions were 
unsatisfactory. Also, the use of higher amount of catalyst (10 
mg) does not effectively improve the yield of reaction (Table 
1, entry 5). During the optimization of the reaction conditions 
for conversion of aryl halides to phenols, we observed that 
hydroxide bases provided optimal results. When 2.0 mmol of 
KOH was used, the phenol product predominates since attack 
on the MCM-41‐dtz‐PdAr(X) species by hydroxide occurs 
much faster than attack by in-situ generated KOAr. Of note, 
when 1.0 mmol KOH is used, the phenol is still the major 
product (Table 2). Interestingly, it was found that in the 
presence of other bases such as K3PO4 or K2CO3, no phenol 
product was isolated, while conversion of the aryl halide to its 
symmetrical diaryl ether derivatives was observed. In this 
case, the rate of phenol formation must be less than the rate of 
diaryl ether formation (Table 2). 
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d) 

c) 
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Table 1. Optimization of the hydroxylation of iodobenzenea 

I OH

Solvent, base, rt

MCM-41-dtz-Pd

 

Entry Cat. (mg) Solvent (1:1) Base  Time (h) Yield (%)b 

1 0 H2O KOH 72 0 
2 4 H2O KOH 30 78 
3 5 H2O KOH 28 85 
4 7 H2O KOH 24 95 
5 10 H2O KOH 24 96 
6 7 DMSO/H2O KOH 20 75 
7 7 PEG KOH 35 50 
8 7 DMF KOH 35 55 
9 7 DMSO KOH 35 57 

10 7 H2O NaOH 28 80 
11 7 H2O K2CO3 40 <1 
12 7 H2O K3PO4 40 <1 
13c 7 H2O KOH 21 70 

a Reaction conditions: PhI (1.0 mmol), Base (2.0mmol), 
b Isolated Yield. c Solution at 80 °C. 
 

 

 
 

The results of hydroxylation of various aryl halides 
have been summarized in Table 3. 
 

 

 

 

 

 

 

 

Table 3. Synthesis of phenols from aryl halides in the 
presence of MCM-41‐dtz‐Pd 

X OH

R RKOH, H2O, rt

MCM-41-dtz-Pd 

1 2  

Entry Aryl halide 1 Time (h) 
Yield 2 
(%) a,b 

Mp (°C) 
[Ref.]

1 

 

24 95 40 [48]

2 

 

27 87 54-56[35]

3 

 

24 84 35-36 [48]

4 

 

28 88 40[48]

5 

 

23 95 113-115 [33]

6 

 

25 85 110-113 [33]

7 

 

30 77 32-34 [48]

8 

 

25 80 35-36 [48]

9 

 

26 78 94-96 [33]

10 

 

33 60 40 [48]

11 

 

25 88 113-115 [33]

12 

 

28 70 110-113 [33]

13 

 

36 64 54-56[35]

a All products were identified and characterized by 
comparison of their physical and spectral data with those 
of authentic samples. b Isolated yield. 

 

 

Table 2. Phenol formation vs symmetric diaryl ether formation 

 

Entry Base Time (h) phenol Ether 

1 
KOH 

 (2 mmol) 
24 95% 5% 

2 
KOH  

(1 mmol) 
28 80% 20% 

3 
K2CO3 

(2 mmol) 
40 <1% 99% 

 

OI OH

H2O, base, rt

MCM-41-dtz-Pd

+

Page 5 of 9 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

After successful synthesis of a wide range of phenols in 
excellent yields, we explored the use of described catalytic 
system for the synthesis of aniline derivatives from aryl 
halides and NH3.H2O. The preliminary investigation was the 
screening of solvent, base and different amounts of catalyst 
on the outcome of the reaction of iodobenzene with NH3.H2O 
(Table 4).  

 

Table 4. Optimization of different parameters for the  
amination of iodobenzene with NH3.H2O a 

I NH2

Solvent, base, rt

MCM-41-dtz-Pd

NH3.H2O (10 equiv.)

 

Entry Cat. (mg) Solvent Base  Time (h) Yield (%)b 

1 0 H2O K2CO3 72 0 
2 4 H2O K2CO3 15 80 
3 5 H2O K2CO3 14 85 
4 7 H2O K2CO3 12 93 
5 10 H2O K2CO3 13 92 
6 7 H2O KOH 14 70 
7c 7 H2O K2CO3 17 85 
8d 7 H2O K2CO3 20 70 
9 7 DMSO/H2O K2CO3 16 78 
10 7 PEG K2CO3 20 60 
11 7 DMF K2CO3 18 55 
12 7 DMSO K2CO3 19 60 
13 7 H2O Et3N 30 52 
14 7 H2O nPr3N 30 45 
15 7 DMSO/H2O Et3N 30 50 
16e 7 H2O K2CO3 10 90 

a Reaction conditions: PhI (1.0 mmol), Base (1.5 mmol), 
b Isolated yield. c NH3.H2O= 8 equiv. d NH3.H2O= 5 equiv. e 

Temperature= 80 °C. 
 

The model reaction was carried out in the presence of 
different solvents, bases and different amounts of 
reactants and catalyst. The best results were obtained 
with iodobenzene (1.0 mmol), NH3.H2O (10 equiv.) and 
K2CO3 (1.5 mmol) in the presence catalytic amounts of 
MCM-41‐dtz‐Pd (7 mg) in H2O as solvent at room 
temperature (Table 4, entry 4). After optimizing the 
reaction conditions, the coupling reaction of various aryl 
halides with NH3.H2O has been performed. Results have 
been summarized in Table 5. As shown in Table 5, all of 
the examined aryl halides reacted with aqueous ammonia to 
afford the corresponding anilines with good to excellent 
yields. On the other hand, aryl halides bearing electron-
donating substituents were less effective. In addition, the 
reactivity of aryl chlorides decreased dramatically in the 
present system.  

 
 
 
 
 
 

 
Table 5. Preparation of aniline derivatives from aryl 
halides in the presence of catalytic amounts of MCM-41‐
dtz‐Pd 

X NH2

RR

K2CO3, H2O, rt

MCM-41-dtz-Pd 

1 3

NH3.H2O (10 equiv.)

 

Entry Aryl halide 1 Time (h) 
Yield 3 
(%) a,b 

Mp (°C)
[Ref.]

1 

 

12 93 yellow oil [48]

2 

I

MeO  

15 88 56-59[26]

3 

 

13 85 42-44 [48]

4 

 

15 85 yellow oil [48]

5 

 

11 95 146-149 [26]

6 

 

13 88 83-85 [48]

7 

 

18 72 yellow oil [48]

8 

 

14 80 42-44 [48]

9 

 

15 80 48-50 [48]

10 

 

20 70 yellow oil [48]

11 

 

15 75 146-149 [26]

12 

 

17 63 83-85 [48]

13 

 

23 60 56-59[26]

a All of the products were identified and characterized by 
comparison of their physical and spectral data with those 
of authentic samples. b Isolated yield. 
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Finally, the reusability of the MCM-41-dtz-Pd was 
investigated. Fig. 6 shows the yield of five consecutive cycles 
for the preparation of phenol (a) and aniline (b) from 
iodobenzene. After the reaction completion, the catalyst was 
recovered, washed with ethanol and water, and then reused in 
the next run. The catalyst has been observed to be reusable for 
at least five times without a detectable catalytic leaching or an 
appreciable change in its activity (Fig. 6). High and 
reproducible catalytic activity and significantly low leaching 
of Pd (during catalytic reaction) from MCM-41 functionalised 
with dithizone (dtz) ligand was observed (only about 1%), the 
amount of Pd in the five recovery determined by EDS 
spectrum. Based on EDS measurement mas relative quntity of 
Pd has been determined for unreacted catalyst, which was 
39.03% and after fifth run that was 33.89%. Also, the nature 
of the recovered catalyst was investigated by FT-IR (Fig. 7) 
and XRD pattern (Fig. 8). FT-IR and XRD pattern of 
recovered catalyst indicates that the catalyst can be recycled 
five times without any significant change in its structure or 
mesoporousity of silicate parent. 

Figure 6. Reusability of MCM-41‐dtz‐Pd in the hydroxylation 
of iodobenzene (columns a) and the amination of iodobenzene 
with NH3.H2O (columns b) 
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Figure 7. FT-IR spectra of (a) MCM-41‐dtz‐Pd (b) recovered MCM-
41‐dtz‐Pd. 
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Figure 8. Low angle XRD patterns of (a) MCM-41‐dtz‐Pd and (b) 
recovered MCM-41‐dtz‐Pd. 
 

3 Conclusions 
 

In summary, we have developed a simple and efficient 
palladium-catalyzed method for the synthesis of phenol and 
aniline derivatives from aryl halides at “Room Temperature” 
in ‘Water”. A novel Pd complex supported on dithizone‐
functionalized nanostructured MCM-41 has been prepared 
through sequential grafting of several organic molecules 
under mild reaction conditions trough Sol-gel synthesis. This 
study showed particle size of approximately 25 to 60 nm for 
the mesoporous catalyst. The cataysthas high thermal and 
chemical stability and is an efficient and recyclable catalyst 
for the reaction of a wide variety of aryl halides with KOH 
and NH3.H2O. The ease of preparation, long shelf life, simple 
separation from the reaction mixture, stability toward air and 
compatibility with a wide variety of coupling reactions make 
it an ideal green heterogeneous catalyst. Moreover, the 
catalyst could be reused for several cycles without significant 
loss of stability and activity. These advantages make the 
process valuable from the synthetic and environmental points 
of view. 
 

4 Experimental 

4.1. Material and physical measurements 

The cationic surfactant cetyltrimethylammonium bromide 
(CTAB, 98%), tetraethyl orthosilicate (TEOS, 98%), sodium 
hydroxide, aryl halide and solvents were purchased from 
Merck and Aldrich chemical companies and used without 
further purification. Catalyst was characterized by XRD 
patterns, which were collected on a Scintag PAD V X-Ray 
diffractometer using a Co radiation source with a wavelength 
λ = 1.78897 Å, 40 kV. The particle morphology was 
examined by measuring SEM using FESEM-TESCAN 
MIRA3. TEM analysis of the catalyst was recorded using a 
Zeiss-EM10C TEM. IR spectra were recorded as KBr pellets 
on a VRTEX 70 model BRUKER FT-IR spectrophotometer. 
NMR spectra were recorded with a Bruker AVANCE DPX-
300 (300 MHz for 1H). Chemical shifts are given in ppm (δ) 
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relative to internal TMS and coupling constants J are reported 
in Hz. Mass spectra were recorded with an Agilent-5975C 
inert XL MSD mass spectrometer operating at an ionization 
potential of 70 eV. TGA was carried out on Shimadzu DTG-
60 instrument. The content of Pd was measured by 
inductively coupled plasma-optical emission spectrometry 
(ICP-OES). Melting points were measured with an 
Electrothermal 9100 apparatus. 

4.2 Preparation of mesoporous silica‐‐‐‐anchored MCM-41‐‐‐‐
dtz‐‐‐‐Pd 

Mesoporous Si-MCM-41 was prepared trough Sol-gel 
synthesis according to the literature method with slight 
variations [49]. The synthesis procedures of Si-MCM-41 were 
as follows: 3.5 mL of NaOH (2 M) solution was mixed with 
480 mL of deionized water, then 1.0 g of 
cetyltrimethylammonium bromide (CTAB) was added to the 
solution with stirring and heating at 80 °C, when the solution 
became homogeneous, 5 mL of TEOS was dropped in slowly, 
giving rise to a white slurry, after 2 h stirring, the resulting 
product was filtered, washed with deionized water and dried 
at 70 °C followed by calcination at 550°C for 5 h with rate of 
2 °C min-1 to remove the residual surfactants. This 
mesoporous material is designated as Si-MCM-41. 
Functionalization of MCM-41 was performed by refluxing 
4.8 g of Si-MCM-41 with 5.0 g of 3-
chloropropyltrimethoxysilane (CPTMS) in n-hexane (96 mL) 
under nitrogen atmosphere for 24 h. The resulting solid 
MCM-41-(CH2)3-Cl was filtered and washed with n-hexane 
for several times and dried under vacuum. Then, MCM-41-
(CH2)3-Cl (3 g) and dithizone (7.0 mmol) were added to a 100 
mL round‐bottomed flask containing DMF (20 mL) equipped 
with a magnetic stirrer bar. The reaction mixture was stirred 
for 30 h at 100 °C, filtered, washed thoroughly with ethanol 
and dried in vacuum for 12 h. The MCM-41-dtz (3.0 g) was 
treated with ethanol (50 mL) for 30 min. An ethanolic 
solution of Pd(OAc)2 (1.2 g) was added and the resulting 
mixture was refluxed for 15 h. The resulting black solid 
impregnated with the metal complex was filtered and washed 
with ethanol to obtain MCM-41‐dtz‐Pd. 

 
4.3 General experimental procedures for O-arylation  

4.3.1 Hydroxylation of iodobenzene catalyzed by MCM-

41‐‐‐‐dtz‐‐‐‐Pd 
The prepared catalyst (7 mg) was added to a mixture of 

iodobenzene (1.0 mmol), KOH (2.0 mmol) and H2O (3.0 mL) 
at room temperature. The progress of the reaction was 
monitored by TLC. The reaction mixture was stirred for 24 h. 
After completion of the reaction, 10 ml of ethyl acetate and 2 
ml of aq. HCl (6 M HCl) were added to reaction mixture. The 
mixture were stirred for 30 min, then filtered and washed with 
5 mL of ethyl acetate. The catalyst was separated and washed 
with ethanol and water, vacuum dried and stored for 
subsequent runs. Gathered aqueous phases were extracted 
with ethyl acetate for three times. The organic layer was dried 
over MgSO4 and then evaporated under reduced pressure. The 
crude residue was purified by column chromatography on 
silica gel using n-hexane/EtOAc (80/20), afforded the phenol 

in good yield. Reaction product was characterized by IR, 1H 
NMR and MS spectrometry.  

 
Selected spectroscopy data 

Phenol (Table 3, entries 1, 4 and 10): White solid, mp. 40 °C 
[48].1H NMR (300 MHz, CDCl3): δ (ppm) 7.23 (t, J = 8.4 Hz, 
2H), 6.92 (t, J = 7.5 Hz, 1H), 6.82 (d, J = 7.5 Hz, 2H), 5.10 (s, 
1H); EI-MS (70eV): m/z = 94 (M+). 
 
4-Nitrophenol (Table 3, entries 5 and 11): Yellow solid, mp. 
113-115°C [33].1H NMR (300 MHz, CDCl3): δ (ppm) 8.17 (d, 
J = 9.0 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 6.11 (s, 1H); EI-
MS (70eV): m/z = 139 (M+). 
 
4-Methoxyphenol (Table 3, entries 2 and 13): white solid, mp. 
54-56 °C [35].1H NMR (300 MHz, CDCl3): δ (ppm) 6.80-6.75 
(m, 4H), 4.56 (brs, 1H), 3.76 (s, 3H); EI-MS (70eV): m/z = 
124 (M+). 
4.4 General experimental procedures for N-arylation 

4.4.1 Amination of iodobenzene catalyzed by MCM-41‐‐‐‐
dtz‐‐‐‐Pd 

Iodobenzene (1.0 mmol) was added to a stirring mixture 
of catalyst (7 mg) in H2O (2.0 mL). Then, NH3.H2O (10 
equiv.) and K2CO3 (1.5 mmol) were added and stirred at 
room temperature. Monitoring of the reaction with TLC 
analysis shown the reaction was completed 12 h. After the 
completion of the reaction, 10 ml of ethyl acetate was added 
to reaction mixture, then filtered and washed with 5 mL of 
ethyl acetate. The catalyst was separated and washed with 
ethanol and water, vacuum dried and stored for subsequent 
runs. Gathered aqueous phases were extracted with ethyl 
acetate for three times. The organic layer was dried over 
MgSO4 and then evaporated under reduced pressure. The 
crude residue was purified by column chromatography on 
silica gel using n-hexane/EtOAc (70/30), afforded the aniline 
in good yield. Reaction product was characterized by IR, 1H 
NMR and MS spectrometry.  

 
Selected spectroscopy data 

Aniline (Table 5, entries 1, 4 and 10): Yellow oil [48]. 1H 
NMR (300 MHz, CDCl3): δ (ppm) 7.12 (t, J = 10.0 Hz, 2H), 
6.73 (t, J = 10.0 Hz, 1H), 6.63 (d, J = 11.2 Hz, 2H), 3.53 (s, 
2H); EI-MS (70eV): m/z = 93 (M+). 
 
p-Toluidine (Table 5, entries 3 and 8): White solid, mp. 42-44 
°C [48].1H NMR (300 MHz, CDCl3): δ (ppm) 7.00 (d, J = 8.1 
Hz, 2H), 6.63 (d, J = 8.1 Hz, 2H), 3.41 (s, 2H), 2.26 (s, 3H); 
EI-MS (70eV): m/z = 107 (M+). 
 
4-Nitroaniline (Table 5, entries 5 and 11): yellow solid, mp. 
146-149 °C [26].1H NMR (300 MHz, CDCl3): δ (ppm) 8.07 
(d, J = 9.0 Hz, 2H), 6.63 (d, J = 9.0 Hz, 2H), 4.37 (s, 2H); EI-
MS (70eV): m/z = 138 (M+). 
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