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characterization of novel
phthalhydrazide-functionalized MCM-41 and its
application in the one-pot synthesis of coumarin-
fused triazolopyrimidines†

Sedigheh Akrami, Bahador Karami* and Mahnaz Farahi

Phthalhydrazide-functionalized MCM-41 (P-MCM-41) was prepared and characterized, and its catalytic

activity was evaluated. MCM-41 and 3-chloropropyl trimethylsilyl-MCM-41 (CPS-MCM-41) were

prepared according to methods previously reported in the literature. Then CPS-MCM-41 was reacted

with phthalhydrazide to yield the desired catalyst. The obtained base catalyst was characterized using

SEM, EDX, XRD and FT-IR. No leaching problem was observed after several runs, while the catalyst was

recovered and reused without a loss of reactivity under the described reaction conditions.

Phthalhydrazide-functionalized MCM-41 was employed as a reusable base catalyst for the synthesis of

coumarin-fused triazolopyrimidines via a three-component condensation of 4-hydroxycoumarin, 3-

amino-1H-1,2,4-triazole and aromatic aldehydes.
Introduction

Mesoporous triazolopyrimidine materials have drawn tremen-
dous attention because they can be employed as reusable
catalysts, nano-reactors, and adsorbents.1–4 These many appli-
cations result from the unique three-dimensional structures,
high surface areas, tunable and uniform pore channels and
large volumes of these materials.5 MCM-41 is a well-ordered
mesoporous material with controllable pore sizes and forms
close-packed silica-coated micellar surfactants.6 However, pure
MCM-41 has a low intrinsic acidity and weak hydrogen-bonding
sites.7 Modication and functionalization of the surface of
MCM-41 with organic species such as imidazole, piperazine and
mercaptopyrimidine have been shown to improve its catalytic
activity by increasing its hydrophobicity and providing it with
various properties.8–10 Accordingly, we set out to use phthalhy-
drazide as a donor ligand and mild base for these purposes.

4-Hydroxycoumarin has attracted signicant interest as
a structural subunit of many natural products, pharmaceuticals
and biologically active compounds.11,12 Furthermore, 4-hydrox-
ycoumarin and its derivatives have been used in many chemical
and agricultural applications,13 as well as in the dye and liquid
crystal industries,14,15 because of their conjugated structures.
Also, they can be found in some drugs with potential anti-HIV,16
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bacteriostatic, anticoagulant, spasmolytic, and antifungal
activity with few side effects and little toxicity.17–19

Triazolopyrimidines are among the most important hybrid
heterocycles of pyrimidine as they are structural elements of
various bioactive natural products.20 Also, they are useful
compounds for medicinal chemists.21,22 They have been used as
important and useful starting materials for the synthesis of
other fused heterocyclic systems.23 Triazolopyrimidines have
been used in the synthesis of some herbicidal drugs, such as
penoxsulam, diclosulam, umetsulam, azafenidin, and
oransulan.24,25

Due to these benets, and as a continuation of our previous
work on the applications of heterogeneous catalysts for the
development of new synthetic methodologies,26–30 we here set
Scheme 1 Preparation of phthalhydrazide-MCM-41 (P-MCM-41).
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Scheme 2 Synthesis of coumarin-fused triazolopyrimidines in the
presence of P-MCM-41.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
Ju

ly
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

10
:3

5:
56

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
out to accomplish the following two aims: the preparation of
phthalhydrazide-functionalized MCM-41 (P-MCM-41) as a novel
reusable base catalyst (Scheme 1), and study of the applicability
of this catalyst for the synthesis of coumarin-fused tri-
azolopyrimidines via a novel three-component reaction of 3-
amino-1H-1,2,4-triazole 1, aromatic aldehydes 2, and 4-hydrox-
ycoumarin 3 (Scheme 2).
Experimental

The chemicals used were purchased from Merck and Aldrich
chemical companies. The reactions were monitored by using
thin layer chromatography (TLC) (silica-gel 60 F 254, hex-
ane:EtOAc). Fourier transform infrared (FT-IR) spectra were
recorded on a Shimadzu-470 spectrometer, using KBr pellets.
Melting points were determined on a KRUSS model instrument.
1H NMR and 13C NMR spectra were recorded with a Bruker 400
Ultrashield1, with DMSO-d6 as the solvent and TMS as the
internal standard. X-ray diffraction (XRD) patterns were ob-
tained by using a Philips X Pert Pro X diffractometer operated
with Ni-ltered Cu-Ka radiation. The particle size and
morphology of the samples were studied by carrying out scan-
ning electron microscopy (SEM: KYKY-EM3200) experiments
under an acceleration voltage of 26 kV.
Preparation of MCM-41

Cetyltrimethylammonium bromide (CTAB) (5 g) was dissolved
in an NH4OH solution (1250 mL, 1.1 M) at room temperature.
Then, tetraethoxysilane (TEOS) (20 mL) was poured into the
solution, stirred for 30 min, and then kept at room temperature
for 72 hours. The solid product was ltered and washed with
water and dried overnight at room temperature. The nal step
involved calcinating the sample at 550 �C for 48 h to remove the
organic template.31
Preparation of 3-chloropropyl trimethylsilyl-MCM-41 (CPS-
MCM-41)

MCM-41 (1 g), 3-chloropropyl trimethoxysilane (5 mmol), and
dry toluene (10mL) were added into a round-bottom ask under
reux with stirring in an argon atmosphere for 24 h. The result
of this reaction was cooled to room temperature, ltered, and
then washed with hot toluene. The subsequent product was
dried overnight under vacuum at 80 �C.32,33
34316 | RSC Adv., 2017, 7, 34315–34320
Immobilization of phthalhydrazide on CPS-MCM-41

CPS-MCM-41 (1 g) was added to a solution of phthalhydrazide
(1.5 mmol) in dry toluene and reuxed for 24 h under an argon
atmosphere. Then the mixture was ltered and washed with hot
ethanol and dried overnight under vacuum to afford
phthalhydrazide-MCM-41 (P-MCM-41) as a white powder.32,33
General procedure for the synthesis of coumarin-fused
triazolopyrimidines 4

A mixture of 3-amino-1H-1,2,4-triazole (1 mmol), aryl aldehyde
(1 mmol), 4-hydroxycoumarin (1 mmol), and P-MCM-41 (0.02 g)
was stirred and heated at 110 �C in a preheated oil bath for 10–
25 min. Aer completion of the reaction as indicated by TLC
(EtOAc/hexane), the mixture was dissolved in hot ethanol, the
catalyst was separated by ltration, and the solvent was
removed under vacuum. The pure product was obtained aer
recrystallization from EtOH. The catalyst was washed with
MeOH, dried at 100 �C for 45 min, and reused in another
reaction.

Compound 4a. IR (KBr) nmax ¼ 3320, 1701, 1600, 1521, 1078
cm�1; 1H NMR (400 MHz, DMSO-d6): d ¼ 9.50 (s, 1H), 8.43 (s,
1H), 7.88 (d, J ¼ 7.2 Hz, 2H), 7.74 (t, J ¼ 7.2 Hz, 1H), 7.65 (t, J ¼
7.2 Hz, 2H), 7.36–7.41 (m, 4H), 5.99 (s, 1H) ppm; 13C NMR (100
MHz, DMSO-d6): d ¼ 159.34, 156.10, 152.66, 149.07, 147.47,
137.01, 129.90, 128.78, 128.42, 125.87, 125.43, 116.89, 116.87,
113.43, 99.03, 58.44 ppm; anal. calcd for C18H12N4O2: C, 68.35;
H, 3.82; N, 17.71. Found: C, 68.36; H, 3.84; N, 17.70.

Compound 4b. IR (KBr) nmax ¼ 3164, 1700, 1608, 1527, 1106
cm�1; 1H NMR (400 MHz, DMSO-d6): d ¼ 9.75 (s, 1H), 8.32 (s,
1H), 7.76 (d, J ¼ 8.4 Hz, 2H), 7.52–7.56 (m, 4H), 7.34–7.37 (m,
2H), 6.05 (s, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): d ¼
161.16, 151.26, 150.22, 149.90, 149.02, 148.01, 132.42, 130.55,
129.78, 128.77, 127.83, 125.52, 124.68, 116.82, 116.75, 112.87,
99.16, 53.09 ppm; anal. calcd for C18H11N5O4: C, 59.84; H, 3.07;
N, 19.38. Found: C, 59.85; H, 3.09; N, 19.37.

Compound 4c. IR (KBr) nmax ¼ 3245, 1701, 1598, 1529, 1187
cm�1; 1H NMR (400 MHz, DMSO-d6): d ¼ 9.46 (s, 1H), 8.66 (s,
1H), 8.10 (t, J ¼ 7.6 Hz, 1H), 7.86 (s, 1H), 7.60–7.67 (m, 5H), 7.18
(d, J¼ 7.6 Hz, 1H), 5.98 (s, 1H) ppm; 13C NMR (100 MHz, DMSO-
d6): d ¼ 160.23, 153.21, 152.14, 149.77, 148.23, 147.78, 138.33,
134.53, 130.66, 127.79, 122.33, 120.63, 116.33, 116.21, 112.17,
99.15, 56.74 ppm; anal. calcd for C18H11N5O4: C, 59.84; H, 3.07;
N, 19.38. Found: C, 59.85; H, 3.08; N, 19.39.

Compound 4d. IR (KBr) nmax ¼ 3369, 1702, 1602, 1562, 1108
cm�1; 1H NMR (400 MHz, DMSO-d6): d ¼ 9.82 (s, 1H), 8.61 (s,
1H), 8.48 (d, J ¼ 6.4 Hz, 1H), 8.07 (d, J ¼ 9.6 Hz, 1H), 7.60–7.67
(m, 2H), 7.35 (d, J ¼ 8.4 Hz, 2H), 7.18 (d, J ¼ 8.4 Hz, 2H), 6.08 (s,
1H) ppm; 13C NMR (100 MHz, DMSO-d6): d ¼ 160.01, 152.94,
150.95, 149.76, 147.95, 144.66, 143.46, 130.62, 129.44, 125.85,
123.41, 117.44, 117.35, 112.02, 99.08, 57.49 ppm; anal. calcd for
C18H11N5O4: C, 59.84; H, 3.07; N, 19.38. Found: C, 59.83; H,
3.09; N, 19.40.

Compound 4e. IR (KBr) nmax ¼ 3220, 1729, 1710 cm�1; 1H
NMR (400 MHz, DMSO-d6): d ¼ 9.15 (s, 1H), 8.25 (s, 1H), 7.48–
7.52 (m, 4H), 7.39 (d, J¼ 7.2 Hz, 1H), 7.23 (t, J¼ 7.2 Hz, 2H), 7.00
(d, J ¼ 6.8 Hz, 1H), 6.07 (s, 1H), 2.62 (s, 3H) ppm; 13C NMR (100
This journal is © The Royal Society of Chemistry 2017
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Fig. 1 XRD patterns of (a) MCM-41, (b) CPS-MCM-41, and (c) P-MCM-
41.
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MHz, DMSO-d6): d ¼ 159.89, 153.04, 151.86, 149.60, 148.30,
138.03, 132.38, 130.55, 129.68, 128.59, 128.08, 125.05, 116.65,
116.54, 111.94, 102.18, 98.87, 56.63, 19.01 ppm; anal. calcd for
C19H14N4O2: C, 69.08; H, 4.27; N, 16.96. Found: C, 69.07; H,
4.28; N, 16.97.

Compound 4f. IR (KBr) nmax ¼ 3214, 1732, 1702, 1643 cm�1;
1H NMR (400 MHz, DMSO-d6): d¼ 9.24 (s, 1H), 8.27 (s, 1H), 7.40
(d, J ¼ 8 Hz, 1H), 7.34 (s, 1H), 7.27 (t, J ¼ 8 Hz, 1H), 7.17 (d, J ¼
8 Hz, 1H), 7.02–7.09 (m, 4H), 6.08 (s, 1H), 2.62 (s, 3H) ppm; 13C
NMR (100 MHz, DMSO-d6): d ¼ 160.23, 154.14, 152.77, 148.23,
147.97, 138.34, 137.34, 130.12, 128.73, 128.66, 126.66, 125.33,
124.13, 116.73, 116.62, 112.17, 99.15, 56.74, 24.49 ppm; anal.
calcd for C19H14N4O2: C, 69.08; H, 4.27; N, 16.96. Found: C,
69.08; H, 4.28; N, 16.95.

Compound 4g. IR (KBr) nmax ¼ 3214, 1731, 1693 cm�1; 1H
NMR (400 MHz, DMSO-d6): d ¼ 9.49 (s, 1H), 7.85 (s, 1H), 7.65–
7.69 (m, 4H), 7.09 (d, J¼ 8 Hz, 2H), 7.03 (d, J¼ 8 Hz, 2H), 6.09 (s,
1H), 2.62 (s, 3H) ppm; 13C NMR (100 MHz, DMSO-d6): d ¼
160.02, 153.76, 153.10, 147.99, 146.72, 135.83, 134.62, 128.93,
128.82, 124.29, 123.08, 116.24, 116.17, 112.12, 99.12, 56.66,
24.49 ppm; anal. calcd for C19H14N4O2: C, 69.08; H, 4.27; N,
16.96. Found: C, 69.07; H, 4.27; N, 16.97.

Compound 4h. IR (KBr) nmax ¼ 3106, 1728, 1708 cm�1; 1H
NMR (400 MHz, DMSO-d6): d ¼ 10.91 (s, 1H), 8.25 (s, 1H), 7.86
(s, 1H), 7.61–7.63 (m, 4H), 7.32 (d, J ¼ 8.8 Hz, 1H), 7.04 (d, J ¼
8.8 Hz, 1H), 5.34 (s, 1H) ppm; 13C NMR (100 MHz, DMSO-d6):
d ¼ 161.78, 153.05, 151.14, 149.86, 148.22, 136.16, 133.30,
132.19, 131.98, 129.00, 128.32, 126.07, 125.32, 116.14, 116.03,
112.02, 98.91, 56.02 ppm; anal. calcd for C18H10Cl2N4O2: C,
56.13; H, 2.62; N, 14.55. Found: C, 56.12; H, 2.63; N, 14.56.

Results and discussion

P-MCM-41 was prepared and several characterization tech-
niques were utilized to determine the structure of the synthe-
sized catalyst. The XRD patterns of the MCM-41 and
functionalized MCM-41 are shown in Fig. 1. The powder X-ray
diffractograms exhibited three peaks indicative of an ordered
hexagonal MCM-41 structure (Fig. 1a).34 Compared to the main
peak from MCM-41, that of CPS-MCM-41 was slightly less
intense (Fig. 1b) and that of P-MCM-41 was much less intense
(Fig. 1c), and there was also a shi towards a larger diffraction
angle. These results were due to the decreased order of the
mesoporous sample resulting from the incorporation of 3-
chloropropyl trimethoxysilane and phthalhydrazide into the
framework of the MCM-41 and a decrease in the pore size.34

Nevertheless, the XRD results showed that the mesoporous
hexagonal channels were still present aer modication.

The EDX spectra of CPS-MCM-41 (Fig. 2a) and P-MCM-41
(Fig. 2b) conrmed them to include chlorine and nitrogen,
and hence indicated that 3-chloropropyl trimethoxysilane and
phthalhydrazide graed successfully on the mesoporous silica.

The morphology of the P-MCM-41 nanocatalyst was investi-
gated by acquiring a scanning electron microscopy (SEM) image
of it, as shown in Fig. 3. Spherical nanoparticles with a narrow
distribution of diameters averaging approximately 49 nm were
observed in this image.
This journal is © The Royal Society of Chemistry 2017
Fig. 4 shows FT-IR spectra of MCM-41, CPT-MCM-41, P-
MCM-41, and phthalhydrazide. Characteristic asymmetric and
symmetric Si–O–Si stretching vibrations at 1083 cm�1 and 806
cm�1 along with a Si–OH vibration at 958 cm�1 and bending Si–
O–Si band at 460 cm�1 were observed for MCM-41. The bands at
about 3450 cm�1 and 1642 cm�1 were related to H-bonded
hydroxyl stretching and adsorbed water bending vibrations.
Aer modication of MCM-41 with 3-chloropropyl trimethox-
ysilane, new bands appeared at 2934 and 2840 cm�1, which
corresponded to aliphatic C–H vibrations. In addition, bands at
3164 cm�1, 1660 cm�1 and 3016 cm�1 appeared, corresponding
to N–H, carbonyl, and aromatic C–H groups, respectively, and
these bands hence provided evidence for the presence of
phthalhydrazide on the surface of the graed materials.

Aer characterizing the MCM-41 catalyst and its derivatives,
we investigated the use of phthalhydrazide-functionalized MCM-
41 in the synthesis of coumarin-fused triazolopyrimidines for the
ultimate purpose of developing novel applications of the catalyst.
RSC Adv., 2017, 7, 34315–34320 | 34317
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Fig. 2 (a) EDX spectrum of CPS-MCM-41. (b) EDX spectrum of P-
MCM-41.

Fig. 3 SEM image of phthalhydrazide-functionalized MCM-41.

Fig. 4 FT-IR spectra of MCM-41, CPS-MCM-41, phthalhydrazide, and
P-MCM-41.

Table 1 Optimization of the reaction conditionsa

Entry Catalyst (g) Solvent T (�C) Yieldb (%)

1 — — 25 —
2 — — 80 10
3 Phthalhydrazide (5 mol%) — 80 5
4 Phthalhydrazide (10 mol%) — 80 5
5 P-MCM-41 (0.003) 80 50
6 P-MCM-41 (0.005) — 80 55
7 P-MCM-41 (0.01) — 80 65
8 P-MCM-41 (0.02) — 80 75
9 P-MCM-41 (0.03) — 80 70
10 P-MCM-41 (0.02) MeOH (5 mL) 65 75
11 P-MCM-41 (0.02) H2O (5 mL) 100 65
12 P-MCM-41 (0.02) CHCl3 (5 mL) 60 63
13 P-MCM-41 (0.02) CH3CN (5 mL) 80 72
14 P-MCM-41 (0.02) — 90 80
15 P-MCM-41 (0.02) — 100 80
16 P-MCM-41 (0.02) — 110 95
17 P-MCM-41 (0.02) — 120 95

a Reaction conditions: 3-amino-1H-1,2,4-triazole (1 mmol),
benzaldehyde (1 mmol), 4-hydroxycoumarin (1 mmol), 2 h. b Isolated
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To determine suitable conditions, a reaction between 3-amino-
1H-1,2,4-triazole, benzaldehyde, and 4-hydroxycoumarin was
selected as a model reaction. By screening loading of the catalyst
and considering the effect of the solvent and temperature on the
reaction rate, it was found that as little as 0.02 g of P-MCM-41 was
sufficient to produce the desired product at 110 �C under solvent-
free conditions (Table 1).

With the optimized reaction conditions in hand, we inves-
tigated the scope of this reaction with a wide range of aromatic
aldehydes (Table 2).

Although the detailed mechanism of the reaction was not
very clear, a possible mechanism was proposed, as shown in
Scheme 3. According to this proposal, the reaction proceeds via
yields.

34318 | RSC Adv., 2017, 7, 34315–34320 This journal is © The Royal Society of Chemistry 2017
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Table 2 P-MCM-41-catalyzed preparation of coumarin-fused
triazolopyrimidinesa

Entry Productb Mp (�C) Yieldc (%)

1 221–222 95

2 177–179 90

3 205–207 91

4 211–212 94

5 263–265 87

6 199–201 98

7 235–237 89

8 281–283 85

a Reaction conditions: 3-amino-1H-1,2,4-triazole (1 mmol),
arylaldehydes (1 mmol), 4-hydroxycoumarin (1 mmol), and P-MCM-41
(0.02 g), 110 �C. b All products are novel and fully characterized by
elemental analysis, FT-IR, 1H NMR and 13C NMR spectroscopy.
c Isolated yield.

Scheme 3 Proposedmechanism for the synthesis of 4 in the presence
of P-MCM-41 as a catalyst.

Fig. 5 Reusability of the P-MCM-41 catalyst in the reaction of 3-
amino-1H-1,2,4-triazole, benzaldehyde and 4-hydroxycoumarin.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

0 
Ju

ly
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

10
:3

5:
56

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
the Knoevenagel condensation of an aromatic aldehyde and 4-
hydroxycoumarin to produce 5 in the presence of P-MCM-41 as
a mild base catalyst. Compound 5 can then be attacked by 3-
amino-1H-1,2,4-triazole to form intermediate 6 through
a Michael addition. Finally, according to the proposed
This journal is © The Royal Society of Chemistry 2017
mechanism, the product is obtained aer intramolecular
cyclization and then dehydration of 7.

Because the recoverability and recycling of the catalyst are
important issues from both practical and economical view-
points, we next investigated the reusability of P-MCM-41 in the
reaction of 3-amino-1H-1,2,4-triazole, benzaldehyde and 4-
hydroxycoumarin under the optimized reaction conditions. P-
MCM-41 was successfully regenerated from the model reac-
tion by washing it with MeOH and drying it at 120 �C. The result
showed that the catalyst can be recovered and reused in six
reaction cycles with only a gradual decrease of the reaction yield
(Fig. 5).

Conclusions

In summary, we prepared and characterized P-MCM-41, and
applied this catalyst to the reaction between 4-
RSC Adv., 2017, 7, 34315–34320 | 34319
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hydroxycoumarin, various aromatic aldehydes and 3-amino-1H-
1,2,4-triazole to synthesize coumarin-fused triazolopyrimidine
derivatives. The development of a new practical approach to
novel useful heterocycles, the high yields of the products, the
solvent-free reaction conditions and the short reaction times
are the main advantages of this method. In addition, the cata-
lyst could be recovered and reused at least six times with no
decrease in its activity.
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