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Efficient preparation of boehmite silica dopamine
sulfamic acid as novel nanostructured compound
and its application as catalyst in some organic
reactions

Maryam Hajjami", Arash Ghorbani-Choghamarani, Raziyeh Ghafouri-Nejad
and Bahman Tahmasbi

A novel type of boehmite-recoverable nanocatalyst was prepared via immobilization of
dopamine on the surface of boehmite followed by coating with silica, then reaction with
chlorosulfunic acid to obtain boehmite silica dopamine sulfamic acid (boehmite-Si-DSA). This
compound was characterized by FT-IR spectroscopy, TGA, XRD, TEM and SEM techniques.
Boehmite-Si-DSA used as an efficient, recoverable and thermally stable heterogeneous
nanocatalyst for the preparation of 2,3-dihydroquinazolin-4(1H)-one, sulfoxides and disulfides.
The catalyst was recovered by simple filtration and reused for several times without significant

loss of its catalytic efficiency.

1 Introduction

In recent years, supported catalysts on the nanoparticles have
attracted much attention in organic reactions. Because, when the
size of the support is decreased to the nanometer scale, the surface
area is substantially increased and the support can be evenly
dispersed in solution, forming a homogenous emulsion.”> Some
nanomaterial such as magnetic iron oxide,’> mesoporous silica
material,* graphene oxide,’ molecular sieve® and etc. were applied as
support. But preparation of many supports required a lot of time or
N, atmosphere, also mesoporous silica required high temperature for
calcination. While nanoboehmite is rarely employed as a
heterogeneous support. Boehmite is an aluminum oxide hydroxide
(y-AIOOH) particles, has the orthorhombic structure, which the
surface of boehmite nanoparticles covered with hydroxyl groups,
which existence of many hydroxyl groups on the nanoboehmite
surface leads to reaction with dopamine, alkoxysilane and other
reagents which support terminal functional groups available for
immobilization of other substances.” Nanoboechmite has several
advantages, such as non-toxicity, readily available, high dispersion
of the active phases, thermal and mechanical stability and high-
surface-area resulting in high catalysts loading capacity.®’

2,3-Dihydroquinazolinone derivatives are important bicyclic
heterocycles which have been reported to possess a wide range of
biological properties and pharmaceutical activities such as
vasodilating, diuretic, tranquilizing, Antibacterial, antitumor,
antidefibrillatory, antihistaminic, anticonvulsant, anticancer,

This journal is © The Royal Society of Chemistry 2012

antihistaminic, herbicidal activity, plant growth regulation ability
and antihypertensive agents.'®'? In addition, these compounds can
be oxidized to their quinazolin-4(3H)-one analogues, which also are
important pharmacologically active compounds.'> For example,
based Fluorescence property of quinazolinone, 2-(2-hydroxyphenyl)-
4(3H)-quinazolinone was utilized in the detection of metal ions."
Generally, 2,3-dihydroquinazolin-4(1H)-ones were prepared using
the cyclization of carbonyl groups with anthranilamide or one pot
three-component reaction of isatoic anhydride, aldehydes and amines
in the presence of acid catalysts.'> '®

Besides, the oxidation of sulfides to sulfoxides and oxidative
coupling of thiols into disulfides are useful in the synthesis of new
products, which play an important role in various medical and
biological applications.'” ' Some of biologically active sulfoxides
play an important role as therapeutic agents such as antifungal,
antibacterial, antihypertensive and anti-atherosclerotic as well as
psychotropics and vasodilators.'® !° Sulfoxides are also valuable in
the C-C bond formation and molecular rearrangements.20
Additionally, Omeprazole, and the pesticide fipronil are two typical
examples of the extensive application of these intermediates in
pharmaceutical and fine chemical industries.'”" Likewise, disulfide
bond formation is important in peptides, in bioactive molecules as
well as oil sweetening processes.”’ Disulfides are used in synthesis
of organo-sulfur compounds via C-S bond formation and
sulfonylation of enolates and other anions while some disulfides
have been found to be useful as vulcanizing agents for rubber and
elastomers imparting them suitable tensile strength®" ? and they are
also essential moieties of biologically active compounds for peptide
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and protein stabilization anions.® For these reasons, oxidation of
sulfides and thiols has been reported using a variety of reagents in
the presence of different catalyst.!”?® Hydrogen peroxide (with only
H,O0 as a byproduct) has been applied for these transformations as an
inexpensive and environmentally benign oxidant.”

2 Results and discussion

2.1 Catalyst preparation

The boehmite-Si-DSA was prepared by the concise route outlined in
Scheme 1. Initially, boehmite nanoparticles have been prepared on
addition of NaOH to the solution of AI(NO;);.9H,0 as the source of
aluminum at room temperature. After coating of boehmite
nanoparticles with silica using tetracthyl orthosilicate (TEOS), the
silanol groups were functionalized with dopamine. Ultimately, the
functionalization of terminal amines with chlorosulfunic acid led to
the boehmite dopamine sulfamic acid (boehmite-Si-DSA). The
crystalline structure of synthesized samples was examined by X-ray
diffraction using GBC-Difftech MMA diffractometer. The nickel
filtered Cu Ko (A= 1.54A°) radiation was used at acceleration
voltage of 35 kV and current of 34.2 mA. The diffraction angle was
scanned from 1° to 80°, 20 at a rate of 1°/min. Fourier transform
infrared spectroscopy (FTIR) analyses were carried in KBr on FTIR,
spectrophotometer (Bruker, Germany) Vertex 70 in the range of
400-4000 cm™'. A thermogravimetric analysis (TGA) was carried
out (PerkinElmer Pyris Diamond, UXK.) from an ambient
temperature to 840 °C and at N, atmosphere, using a ramp rate of
10°C/min. TEM analysis of catalyst was recorded using a Zeiss-
EMI10C-80KV TEM. Also the catalyst morphology was examined
by measuring SEM and EDX study with accelerating voltage of 10
kV were using FESEM-TESCAN MIRA3.

TEOS, NH;, PEG

H,O/EtOH, rt, 38 h

Dopamine
EtOH, 1t, 24 h
“o—Nod
O AIFO=5i-0
AN Nz
~Al—0_ O 0
{ oNo-s!
7 \S‘\’ CISO;H
wAl—Q O D0 —
/> C{ s / n-hexane, 2 h
4 O—Al-0-gj~
\s5 /5 s
v}A;fo =

Scheme 1. Synthesis of boehmite-Si-DSA.

2.2 Catalyst characterization

The size and morphology of boehmite nanoparticles and boehmite-
Si-DSA were obtained by SEM and TEM. As shown in Figure 1, the
particle sizes of boehmite-Si-DSA were about 86 and 30 nm in the
long and short dimension respectively. Also, the SEM image of the
boehmite and boehmite-silica showed that particles have a regular
geometric shape in comparison with nanoboehmite (Figure 2).

This journal is © The Royal Society of Chemistry 2013
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Figure 2. SEM image of boechmite-Si-DSA (a) and boehmite (b).

The XRD patterns of boehmite nanoparticles (red line) and
boehmite-Si-DSA (green line) are shown in Figure 3. As seen in
Figure 3, the boehmite phase was identified from the XRD patterns
by the peak positions at 14.40 (0 2 0), 28.41 (1 2 0), 38.55 (0 3 1),
46.45(131),49.55(051),51.94(200),56.02(151),5935(08
0), 65.04 (23 1), 65.56 (0 0 2), 68.09 (1 7 1), and 72.38 (2 5 1),
which all the peaks can be confirmed the crystallization of boehmite
with an orthorhombic structures.® ** Also sharp peaks around 26=20-
30 in boehmite-Si-DSA XRD pattern, which is typical for dopamine
and in boehmite itself can’t be seen >
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Figure 3. The XRD pattern of boehmite (red line) and boehmite-Si-
DSA (green line).

The TGA was used to determine the percent of functional groups
chemisorbed onto the surface of boehmite nanoparticles. Figure 4
shows the TGA curves for bare boehmite nanoparticles (black
curve), boehmite coated with silica (boehmite-silica) (red curve),
boehmite functionalized with dopamine (boehmite-Si-dopamine)
(blue curve) and boehmite-Si-DSA (green curve). The initial weight
loss at below 110 °C in the all samples, was caused by the removal
of the adsorbed water, as well as the endothermic weight loss at 300
°C is attributed to water loss from structural hydroxyl groups in the
precursor.” In the profile of boehmite-Si-DSA, organic groups have
been reported to desorb at temperatures above 250 °C (about 85%).
Meanwhile, weight loss about 45% from 250 to 650 °C is occurred
for boehmite-Si-dopamine. On the basis of this result, the well
grafting of dopamine sulfamic acid on the boehmite nanoparticles is
verified. Thermal stability of the catalyst was also determined, since
synthesis of many organic compound were usually carried out at
high temperature. As shown in Figure 4, boehmite-Si-DSA catalyst
was stable even at 220 °C.
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Figure 4. TGA diagram of (black line) boehmite nanoparticles, (red
line) boehmite-silica, (blue line) boehmite-Si-dopamine and
boehmite-Si-DSA (green line).

The FT-IR spectrum for boehmite nanoparticles (a), boehmite-silica
(b), boehmite-Si-dopamine (c) and boehmite-Si-DSA (c) are shown
in figure 5.

The FT-IR spectrum of the boehmite nanoparticles shows two strong
bands at 3086 and 3308 cm™' which incorporates the contributions
from both symmetrical and asymmetrical modes of the O-H bonds
which are attached to the surface boehmite nanoparticles.® 7 ®

This journal is © The Royal Society of Chemistry 2013
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Several peaks in FT-IR spectrum of boehmite nanoparticles at 477,
613 and 735 cm™! can be attributed to the characteristic absorption of
Al-O bonds.” Also, the nitrate impurity vibration at 1650 cm ™' and
the vibrations of hydrogen bands OH...OH by two strong absorption
bands at 1164 and 1069 cm™ were observed in FT-IR spectrum [7,
34]. In the 1072 and 770 cm™' spectral region of the FT-IR spectra
(Figure Sb-d): an overlap of the asymmetric and symmetric
stretching vibration of the Si-O-Si bonds with Al-O and OH...OH
stretching vibration leads to band broading.*® In the FT-IR spectra of
boehmite-Si-dopamine (Figure 5c), The presence of the anchored
dopamine groups are confirmed by C—H stretching vibrations that
appear at 2961 cm™' and also N-H stretching vibration modes as a
broad band that appear at 3080-3343 cm™'. Also, vibrations in the
range of 1100-1600 cm’! are attributed to the aromatic ring, C-C, C-
O and C-N. Reaction of boehmite-Si-dopamine with chlorosufonic
acid produces boehmite-Si-DSA in which the presence of SO;H
moiety is asserted with 938-1220 cm ' bands in FT-IR spectra. Also,
vibrations in the range of 3000-3400 cm™ are attributed to the SO;-H

groups.
VvV \/

Transmittance [%]

) T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure 5. FT-IR spectra of (a) boehmite nanoparticles, (b) boehmite-
silica, (c) boehmite-Si-dopamine and (d) boehmite-Si-DSA.

The energy dispersive X-ray spectrum (EDX) of boehmite-Si-DSA
in Figure 6 displayed that the mass percent of C, N, O, Si and Al are
17.0, 4.7, 52.3, 10.4 and 15.6, respectively and the Si/Al ratio is
0.67. Also to determine the amount of acid in catalyst according to
the literature,® the 0.1 g of catalyst was added to an aqueous
NaCl solution (1 mol/L, 10 mL) with an initial PH 6.89. The
mixture was stirred for 30 min wuntil the PH of solution
decreased to 2.62 that indicating an ion exchange between sulfamic
acid protons and sodium ions and this is equal to a loading of 0.53
mmol.g”! of sulfamic acid group.
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Figure 6. EDX spectra of boehmite-Si-DSA

2.3 Catalytic study

Herein we examined the catalytic activity of boehmite-Si-DSA
in some organic reactions such as synthesis of 2,3-
dihydroquinazolin-4(1H)-one derivatives, oxidation of sulfides
and oxidative coupling thiols into sulfoxides and disulfides
respectively. Synthesis of 2,3-dihydroquinazolin-4(1H)-one
derivatives using cyclocondensation reaction of aldehydes and
anthranilamide in the present of boehmite-Si-DSA was shown

in Scheme 2.
(0]
Rf} " 2 Boehmite-Si-DSA N
7 NH, Ethanol, Reflux

Scheme 2. boehmite-Si-DSA catalyzed the synthesis of 2,3-
dihydroquinazolin-4(1H)-one derivatives.

Q

The reaction condition for the synthesis of 2,3-
dihydroquinazolin-4(1H)-one derivatives was optimized by
cyclocondensation reaction of anthranilamide and 4-
chlorobenzaldehyde in the presence of different amounts of
boehmite-Si-DSA (Table 1, entries 1-6) and in various solvents
such as Acetonitrile, Acetone, Ethyl acetate, n-hexane and
Dichloromethane were used (Table 1, entries 6-11). As shown
in Table 1, the best results were obtained in ethanol using 0.03
gr of boehmite-Si-DSA (Table 1, entry 6).

Table 1. Optimization for the synthesis of 2,3-
dihydroquinazolin-4(1H)-one conditions for the
cyclocondensation of 4-chlorobenzaldehyde and anthranilamide
as a model compound at 80 °C for 150 min.

Entry Solvent Catalyst (mg) Yielde (%)*
1 Ethanol 5 35
2 Ethanol 10 46
3 Ethanol 15 58
4 Ethanol 20 80
5 Ethanol 25 89
6 Ethanol 30 97
7 Acetonitrile 30 75

This journal is © The Royal Society of Chemistry 2013
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8 Acetone 30 35

9 Ethyl acetate 30 76

10 n-hexane 30 62

11 Dichloromethane 30 57
*Isolated yield.

After the obtimumization of the reaction condition, the various
aldehydes including aromatic aldehydes (Table 2, entries 1-13),
aliphatic aldehydes (Table 2, entries 15 and 16) and alylic
aldehyde (Table 2, entry 14) have been described in optimum
condition and the products were obtained in good to excellent
yields (Table 2). The experimental procedure is very simple and
convenient, and has the ability to tolerate a variety of aldehydes
contain electron-donating (Table 2, entries 2-5) and electron-
withdrawing (Table 2, entries 6-11) functional groups. Also,
terephthaldehyde and isophthaldehyde (Table 2, entries 12 and
13) were successfully employed to prepare the corresponding
products in excellent yields. Therefore, the results revealed that
this methodology is effective for a wide range of aldehydes.

J. Name., 2013, 00, 1-3 | 4
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Table 2. Synthesis of 2,3-dihydroquinazolin-4(1H)-ones Also, we tested the catalytic activity of boehmite-Si-DSA in the

catalyzed by boehmite-Si-DSA in ethanol and at 80 °C. oxidation of sulfides to sulfoxides and oxidative coupling of
thiols into disulfides using H,O, (Scheme 3). In order to choose

. Yiel .
T Melt . .. . L
1me elting o e rence the reaction condition, we examined the oxidation of

Entry Product

Published on 19 January 2016. Downloaded by National University of Singapore on 20/01/2016 07:41:19.

(min) (%) point (°C) methylphenyl sulfide as a model compound in the presence of
18} different amounts of boehmite-Si-DSA (Table 3, entries 1-7)
NH and in various solvents (Table 3, entries 7-14). As shown in
1 60 96 219-221 [13] Table 3, the best.r.esults .for sulfoxidation were fou.nd under
NH solvent-free condition using 0.03 g of boehmite-Si-DSA at
room temperature (Table 3, entry 6). The optimum reaction
0, conditions for the oxidative coupling of thiols were found to be
NH 0.003 g of catalyst in ethanol at room temperature.
Me O
2 N:H ( ) 30 98 224-226 [35] /S\ Boehmite-Si-DSA i
H,0, , Solvent-Free, r.t. 1 2
o)
NH
3 >—@0Me 45 98 177-179  [13] o
NH R-SH Boehmite-Si-DSA RS—SR
Q NH H202 . Ethanol, r.t.
4 >—©—0Et 50 97 163-165 [13]
NH
Scheme 3. The oxidation of sulfides into sulfoxides and
Q NH PMe oxidative coupling of thiols into disulfides using H,O, in the
5 >_©70Me 60 96 212-215 [35] presence of boehmite-Si-DSA.
NH
O Table 3. Optimization of the reaction conditions for the
NH oxidation of methylphenyl sulfide (1 mmol) as a model
6 L—@a 150 97 199200  [16] compound.
: Entry Solvent Catalyst (mg) Time (min) Yield
o} Br (%)
NH 1 Solvent-Free 0 20 >
7 75 98 174-176 [35] 2 Solvent-Free 10 20 40
NH 3 Solvent-Free 15 20 51
4 Solvent-Free 20 20 65
q NH NO2 5 Solvent-Free 25 20 78
8 >_© 155 94 214-216 [13] 6 Solvent-Free 30 20 98
NH 7 Solvent-Free 40 20 95
5 8 Dichloromethane 30 285 94
NH 9 Acetone 30 275 95
9 >—@Br 110 95 197-199 [16,35] 10 n-hexane 30 420 95
NH 11 Acetonitrile 30 120 93
ON 12 Water 30 95 97
RN 13 Ethanol 30 60 98
10 @ 190 93 181183  [13] 14 Ethylacetate 30 600 94
NH Isolated yield, ” No reaction.
O . . .. . )
NH In obtained optimum condition, the wide range of sulfides and
11 >——®*F 105 97 195-197 [13,35] thiols with different functional groups were converted to their
NH

corresponding products in the present of boehmite-Si-DSA as

o 0 catalyst at room temperature under solvent-free condition. The

NH HN products were obtained in high to excellent yields in a short

12 C;NM@ 3098 244-246 [16] reaction time. The result of this study was shown in table 4 and
u 5. These oxidizing systems allowed the chemoselective

O N Z oxidation of 2-(phenylthio)ethanol, 2-(methylthio)ethanol and

13 m 55 92 200-203 [35] 2-mercaptoethanol to the corresponding sulfoxides and
disulfide. Interestingly primary hydroxyl groups in these

substrates remained intact during the oxidation reactions (Table

Q NH 4, entries 3, 4 and Table 5, entry 3). The all products were

14 § >_\~ 50 95 175-178 [35] obtained in high to excgller.lt yields without any.byproducts
NH such as sulfone (for oxidation of sulfides) or thiosulfinates,

disulfoxides, sulfinyl sulfones or disulfones (for the oxidative

*Isolated yield.
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coupling of thiols). Therefore, the results revealed that this
methodology is effective for a wide range of sulfides.

Table 4. Oxidation of sulfides into sulfoxides using H,O, in the
presence of boehmite-Si-DSA at room temperature.
Entry Product Time (min) Yield (%)*

1 E>S=O 5 83

2 / \ S 25 80
O
D
3 S 30 80
Hy,C¢” " OH
P
4 ©/S\/\OH 10 80
/\/\S/\/\
5 I 55 85
D
S OCH
6 H3C/ \/\"/ 3 10 98
O
(0]
[
7 ™~ 45 98
H,C
8 65 98

Il
(CH3(CHy)10)2S

9 ﬁ 100 98
(0]
(0]

10

g 15 91
PN
0
||
11 ©/S\ 20 98
*Isolated yield.

Table 5. Oxidative coupling of sulfides into disulfides using
H,0, in the presence of boehmite-Si-DSA at room temperature.

Time Yield Melting

(min) (%) point(°C)

Entry Product

S—S

1 0 s 9 e
S—S

2 Br@ Qm 120 98 8587  [17]

3 oSs~OH 20 95 Ol [17]
H;C N S—S N. C
Y \WJ
_N N__~
4 10 97 160-163 [36]

CH; CH;

This journal is © The Royal Society of Chemistry 2013
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HOOC.__S-
5 SUTTcoon 0 97 ol [17]
S—S
6 ©/ @ 20 98 55-56 4]
_N N~
COOH COOH
S—S
7 120 97  267-269 [17]
NH, NH,
S—S
8 ©/ \© 15 96 85-87 [17]
“Isolated yield.

In another study, to better clarify the importance of Boehmite
as support, we functionalized MCM-41 mesoporous with
dopamine sulfamic acid and also supported dopamine sulfamic
acid on silica as new catalysts and examined the reactions at the
same conditions. First of all we prepared MCM-41-Si-DSA. In
this light mesoporous Si-MCM-41 was prepared according to
the literature procedure.’’ Deionized water was added to 2 M
NaOH and cetyltrimethylammoniumbromide (CTAB) as a
surfactant template and stirred intense at 80 °C, after
clarification tetracthylorthosilicate (TEOS) was added slowly
and continuously. After 2 h stirring, the synthetic solution
obtained with molar composition TEOS/CTAB/NaOH/H,O0:
60/3.0/1.0/1. After cooling to room temperature, the resulting
solid was gathered by filtration, washed with deionized water,
and dried at 343 K. Then followed by calcination at 823 K for 5
h with rate of 2°C/min to remove the residual surfactant. Then
dopamine (1.5 g) was added to the 1 g of Si-MCM-4lin
ethanol. The reaction mixture was stirred at room temperature
for 24 h. Then, the dopamine-Si-MCM-41 was separated by
simple filtration and washed with ethanol and dried at room
temperature. Chlorosulfunic acid (0.75 mL) was added drop
wise over a period of 30 min to the obtained dopamine-Si-
MCM-41 (0.5 g) in n-hexane (5 mL) and the mixture was
stirred for 5 h at room temperature. Then, the final product was
filtered and washed by dry n-hexane, ethanol to remove the
unattached substrates. The product (MCM-41-DSA) dried at
room temperature.

In another effort, we immobilized sulfamic acid on silica in the
absence of boehmite. The procedures are the same as that
reported in 4.1. Preparation of the boehmite-DSA but without
the first step related to boehmite synthesis. Then we examined
the synthesis of 2-(4-methylphenyl)-2,3-dihydroquinazolin-
4(1H)-one and oxidation of methylphenyl sulfide using
mesoporous catalyst (MCM-41-DSA) and Si-DSA at the same
condition of boehmite-DSA. The results are presented in table
6.

Table 6. Immobilization of sulfamic acid on defferent supports

Time Yield
Entry Substrate Catalyst (min) (%)°
4-
1 methylbenzal MEM-41- 30 (200) 38 (65)
DSA
dehyde
4-
2 methylbenzal Si-DSA 30 (200) 25 (60)
dehyde
4- .
3 methylbenzal bochmite- 30 98®
DSA
dehyde
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methylphenyl MCM-41- N
4 sulfide DSA 20 (180)  42(92)
methylphenyl . .
> sulfide Si-DSA 20 (150) 30 (95)
methylphenyl boehmite-
6 sulfide DSA 20 98

 Purification by preparative TLC. ° Isolated yield.
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kinds of reactions. More importance, in compared than other
catalyst, boehmite-Si-DSA has been easily prepared using cheap and
commercially materials in short time, and can be reused for 5 times
without any significant loss of activity.

Table 7. Comparison results of boehmite-Si-DSA  with other
catalysts

As shown in table 6, in the synthesis of 2-(4-methylphenyl)-Entry ~ Substrate Catalyst Time Yield TOF Ref.
2,3-dihydroquinazolin-4(1H)-one, after 30 min the reaction did (min) (%)" (min ")
not completed and the yields of 38% in the presence of MCM-
41-].D.SA. and 25% in thc? presence of Si-DSA Obtaineq by 1 4 2. 180 91 005 [38]
purification with preparative TLC. Even after a longer time, hyib 1d holi
200 min, reaction did not completed and product purification methylbenzald morpho 1noe.:
performed by preparative TLC. In the oxidation of chyde thanesu.lfom
methylphenyl sulfide, similar behavior occurred, but with much c acid
more time (8 x compared to boehmite-DSA) the reaction have
been completed. 2 4- p-SAC 20 92 4.6 [39]
methylbenzald
2.4 Recyclability of the catalyst ehyde
In order to examine ability of the catalyst recycling, the
reusability of the boehmite-Si-DSA was examined for the 3 4- ZiCly. 15 97 323 [40]
oxidation of methylphenyl sulfide and synthesis of 2-(4- methylbenzald
chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one. For this issue, ehyde
after the completion of the reaction, the mixture was filtered
and washed with ethylacetate to remove the residual product. 4 4- [hnmp][HS 28 75 0.54 [41]
The recovered catalyst was dried and subjected to the next methylbenzald 04]
without any significant activation. As shown in figure 7, the chyde
catalyst can be reused up to 5 runs without any significant loss
of activity. TI.1e average isolated yield for several successive 4 bochmite-Si- 30 98  2.05 This work
runs was obtained in 96 and 97%, for methylphenyl sulfoxide
and 2-(4-chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one, methylbenzald  DSA
respectively. chyde
6  methyl(phenyl) Ru(TMP)( 100 90 4.5 [20]
sulfane CO)
7  methyl(phenyl) SiO,—2- 150 86 0.38 [42]
° 100 sulfane ImSiO,—2-
S 90 Im
3]
> 80
- 8  methyl(phenyl) Mn(I)- 32 95 297 [43]
o 70
= sulfane salphen
o 60
2 50 9  methyl(phenyl) boehmite-Si- 20 98  3.08 This work
1 2 3 4 5 sulfane DSA
Run number 10 naphthalene-2- Fe@SBA-15 10 95 9.5 [44]
Fig 7. The recycling experiment of boehmite-DSA in oxidation of thiol
methylphenyl sulfide (green column) and synthesis of 2-(4- .
chlorophenyl)-2,3-dihydroquinazolin-4(1H)-one (red column). 1T nap hthz.ilene-2 ) mckel. § 93 078 [43]
thiol nanoparticle
2.5 Comparison of the catalyst g
In order to describe the catalytic activity of boehmite-Si-DSA, we 12 naphthalene-2- bochmite-Si- 5 97 122 This work

compared the results of the synthesis of 2-(p-tolyl)-2,3-
dihydroquinazolin-4(1H)-one (Table 2, entry 2) and also oxidation

thiol DSA

of methyl(phenyl)sulfide (Table 4, entry 11) and oxidative coupling
of naphthalene-2-thiol (Table 5, entry 1) in the presence of this
catalyst with the previous methods in the literatures. This catalyst
afford good reaction time and higher yield than other catalysts
(Table 7). Also comparison of activity based on turnover frequency
(TOF) showed excellent results for boehmite-Si-DSA in all three

This journal is © The Royal Society of Chemistry 2013

3 Conclusions

In summary, we have demonstrated that boehmite-DSA can be used
as a green, efficient and reusable nanocatalyst for the synthesis of a
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wide range of 2,3-dihydroquinazolin-4(1H)-one derivatives in
ethanol under reflux condition. Also, oxidation of sulfides to
sulfoxides and oxidative coupling of thiols into disulfides was
reported at room temperature in the present of boehmite-DSA as an
efficient nanocatalyst. The advantages of these protocol are the use
of a commercially available, eco-friendly, cheap and chemically
stable materials, the simple methodology, practicability, easy work
up and high products yields. The product separation and catalyst
recycling are easy by simple filtration. The catalyst can be reused for
5 times without any significant loss of activity.

4 Experimental

4.1. Preparation of the boehmite-DSA

The solutions of 6.490 g NaOH in 50 ml of distilled water was
added to solutions of 20 g AI(NO3);-9H,0 in 30 ml distilled
water as drop to drop under vigorous stirring. The resulting
milky mixture was subjected to mixing in the ultrasonic bath
for 3 h at 25 °C. The resulted nanoboehmite was filtered and
washed by distilled water and were kept in the oven at 220 °C
for 4 h.

The obtained boehmite nanoparticles (1 g) was dispersed in
water (10 mL) and ethanol (50 mL) by sonication for 30 min.
Under continuous stirring, PEG (5.36 g), ammonia solution (10
mL) and TEOS (2 mL) were respectively added into the
suspension, and continuously reacted for 38 h at room
temperature. Then, the product (boehmite-silica) was filtered
and washed with ethanol and distilled water, the obtained
boehmite-silica was dried at room temperature.

The obtained boehmite-silica (1 g) was dispersed in 25 mL
ethanol, and solution by ultrasonic bath for 30 min, and then
dopamine (1.5 gr) was added to the reaction mixture. The
reaction mixture was stirred at room temperature for 24 h.
Then, the nanoparticles was separated by simple filtration and
washed with ethanol. The obtained boehmite-Si-dopamine was
dried at room temperature.

The obtained boehmite-Si-dopamine (0.5 g) were dispersed in
dry n-hexane (5 mL) by ultrasonic bath for 20 min.
Subsequently, chlorosulfunic acid (0.75 mL) was added drop
wise over a period of 30 min and the mixture was stirred for 2h
at room temperature. Then, the final product was filtered and
washed by dry n-hexane, ethanol and n-hexane respectively to
remove the unattached substrates. The product (boechmite-DSA)
dried at room temperature and stored in a refrigerator to use.

4.2 General procedure for the
dihydroquinazolin-4(1H)-ones derivatives

synthesis of 2,3-

A mixture of boehmite-Si-DSA (0.03 g), anthranilamide (1 mmol)
and aldehyde (1 mmol) was stirred at 80 °C in ethanol (2 mL). The
progress was monitored by TLC. After completion of the reaction,
the reaction mixture was cooled to room temperature. CH,Cl, (2 x5
mL) was added and the catalyst was separated using simple
filtration. CH,Cl, was evaporated and all products was recrystalized
in ethanol for further purification.

4.3 General procedure for the oxidation of sulfides to sulfoxides
using H,0; in the presence of boehmite-Si-DSA

A mixture of sulfide (1 mmol), H,O, (0.4 mL) and boehmite-Si-
DSA (0.03 g) was stirred at room temperature under solvent-free
condition and the progress of the reaction was monitored by TLC.
After completion of the reaction, catalyst was separated using

This journal is © The Royal Society of Chemistry 2013
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simple filtration and washed with ethyl acetate, and next, the
product was extracted with ethyl acetate. The organic layer was
dried over anhydrous Na,SO, (1.5 g). Finally, the organic solvents
were evaporated, and products were obtained in good to high yield.

4.4 General procedure for the oxidative coupling of thiols into
disulfides using H,O, in the presence of boehmite-Si-DSA

Boehmite-Si-DSA (0.03 g) was added to a mixture of thiol (1
mmol) and H,0, (0.4 mL) in ethanol (5 mL). Then the mixture was
stirred for the appropriate time at room temperature. The progress
was monitored by TLC. After completion of the reaction, the catalyst
was separated by simple filtration and the mixture was washed with
ethyl acetate. The product was extracted with ethyl acetate. The
organic layer was dried over anhydrous Na,SO,4 (1.5 g). In some
cases, the product was recrystallized from ethanol for further
purification and products were obtained in good to high yield.

4.5 Selected Spectral data

2-(4-Methylphenyl)-2,3-dihydroquinazolin-4(1H)-one (Table 2,
entry 2):

Mp: 224-226 °C. IR (KBr) em™: 3313, 1658, 1611, 1439. '"H NMR
(400 MHz, DMSO-dy): 8= 8.20 (s, 1H), 7.63-7.60 (d, J=7.5, 1H),
7.40-7.37 (d, J=7.5, 2H), 7.25-7.13 (m, 3H), 7.03 (s, 1H), 6.74-6.63
(m, 2H), 5.71 (s, 1H), 2.50-2.43 (s, 3H) ppm.

2-(4-Ethoxyphenyl)-2,3-dihydoquinazolin-4(1H)-one (Table 2,
entry 4):

Mp: 163-165 °C. IR (KBr) em™: 3301, 1650, 1613, 1443. '"H NMR
(400 MHz, DMSO-dq): &= 7.96-7.95 (b, 1H), 7.51-7.49 (m, 2H),
7.34 (s, 1H), 7.25 (s, 1H), 6.94-6.89 (m, 3H), 6.67-6.66 (m, 1H),
5.84 (s, 1H), 5.75 (s, 1H), 4.08-4.06 (q, J=4, 2H), 1.47-1.45 (s, 3H)
ppm.

2-(3,4-Dimethoxyphenyl)-2,3-dihydoquinazolin-4(1H)-one (Table
2, entry 5):

Mp: 212-215 °C. IR (KBr) em™: 3335, 1671, 1610, 1436. '"H NMR
(400 MHz, DMSO-dg): 8= 8.20 (s, 1H), 7.65-7.63 (d, J=7.6, 1H),
7.29-7.25 (t, J=0.8, 1H), 7.16 (d, J=1.6, 1H), 7.03-6.96 (m, 2H), 6.94
(s, 1H), 6.79-6.78 (d, J=8, 1H), 6.73-6.68 (t, J=1.2, 1H), 5.71 (s,
1H), 3.78 (s, 3H), 3.76 (s, 3H) ppm.

2-(4-Chlorophenyl)-2,3-dihydoquinazolin-4(1H)-one (Table 2,
entry 6):

Mp: 199-200 °C. IR (KBr) em’': 3309, 1655, 1611, 1435. '"H NMR
(400 MHz, DMSO-dg): 8= 8.30 (s, 1H), 7.60-7.41 (m, 5H), 7.25-
7.19 (t, J=7.5, 1H), 7.11 (s, 1H), 6.76-6.64 (m, 2H), 5.76 (s, 1H)

2-(4-Bromophenyl)-2,3-dihydoquinazolin-4(1H)-one (Table 2,
entry 9):

Mp: 197-199 °C. IR (KBr) em: 3310, 1656, 1608, 1433. '"H NMR
(400 MHz, DMSO-dy): 8;= 8.18-8.15 (m, 1H), 7.79-7.77 (m, 1H),
7.62-7.60 (m, 3H), 7.48-7.45 (m, 2H), 7.29-7.23 (m, 1H), 6.78-6.73
(d, /=19.2, 1H), 6.70-6.67 (m, 1H), 5.77 (s, H) ppm.

Tetrahydrothiophene 1-oxide (Table 4, entry 1): '"H NMR (400

MHz, CDCLy): § = 2.26 (t, J= 7.6 Hz, 2H), 3.05 (t, J= 7.6 Hz, 2H)
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2-((Methylsulfinyl)methyl)furan (Table 4, entry 2): "H NMR (400
MHz, CDCl;): 6 = 2.58 (s, 3H), 4.06 (d, J= 14 Hz,1H), 4.15 (d, J=
14 Hz,1H), 6.43 (d, /=3.2 Hz,1H), 7.14-7.57 (m, 2H) ppm.

Methyl(p-tolyl)sulfane (Table 4, entry 7): '"H NMR (400 MHz,
CDCl;): 6 =2.23 (s, 3H), 2.56 (s, 3H), 7.18 (d, J= 3.2 Hz, 2H), 7.40
(d, J=3.2 Hz, 2H) ppm.

1-(Propylsulfinyl)propane (Table 4, entry 10): 'H NMR (400
MHz, CDCl;): 6 = 1.12 (t, J= 6 Hz, 6H), 1.85-1.94 (m, 4H), 2.64-
2.96 (m, 4H) ppm.

1,2-di(naphthalen-2-yl)disulfane (Table S, entry 1): "H NMR (400
MHz, CDCly): & = 7.48 (m, 4H), 7.64 (m, 2H), 7.75 (m, 2H), 7.80
(m, 4H), 8.1 (s, 2H) ppm.

1,2-bis(4-bromophenyl)disulfane (Table 5, entry 2): 'H NMR
(400 MHz, CDCly): 6 = 7.34 (d, J= 8.2 Hz, 4H), 7.43 (t, J= 8.2 Hz,
4H) ppm.

2,2'-Disulfanediyldiethanol (Table 5, entry 3): 'H NMR (400
MHz, CDCl;): 8 = 2.59 (br, 2H), 2.90 (t, J= 5.6 Hz, 4H), 3.92 (t, J=
5.6 Hz, 4H) ppm.

1,2-bis(4,6-dimethylpyrimidin-2-yl)disulfane (Table 5, entry 4):
'H NMR (400 MHz, CDCl,): & = 2.39 (s, 12H), 6.75 (s, 2H) ppm.
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Graphical Abstract

Efficient preparation of boehmite silica dopamine
sulfamic acid as novel nanostructured compound and
its application as catalyst in some organic reactions

Maryam Hajjami’, Arash Ghorbani-Choghamarani, Raziyeh

Ghafouri-nejad and Bahman Tahmasbi

-

Nanoboehmite was prepared in water at room temperature using commercially materials
and applied as support for preparation of new catalyst.

Page 10 of 10
View Article Online

DOI: 10.1039/C5NJ03546E


http://dx.doi.org/10.1039/c5nj03546e

