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a b s t r a c t

In this research, a new heterogeneous organometallic catalyst was prepared through Cu(II) Immobili-
zation on L-Histidine Functionalized multi-walled carbon nanotubes (MWCNTs@L-His/Cu(II)). Catalyst
was prepared using a simple method and characterized by Fourier transform infrared (FTIR), scanning
electron microscopy (SEM), Transmission electron microscopy (TEM), energy dispersive spectroscopy
(EDS), thermal analysis (TGA), inductively coupled plasma optical emission spectrometry (ICP-OES) and
Brunauer Emmett Teller (BET) techniques. A clean, rapid and efficient synthesis of pyrido[2,3-d:5,6-d0]
dipyrimidine derivatives was accomplished in high to excellent yields and short reaction times via one-
pot three-component condensation reaction of barbituric acid or 1,3-dimethylbarbituric acid, 6-
aminouracil and aromatic aldehydes in the presence of MWCNTs@L-His/Cu(II) under reflux conditions.
This new catalyst can be easily separated from the reaction mixture and recovered several times without
a significant loss of activity.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Multi-walled carbon nanotubes (MWCNTs) have attracted
considerable interests due to their remarkable thermal conductiv-
ity [1,2], mechanical [3,4], and electrical properties [5e7]. In addi-
tion, their excellent chemical and mechanical stability and large
surface area make them an ideal and potentially useful choice for
applications in novel sensors [8], solar cells [9], optics [10], catalysis
[11e13], polymer composites [14], and many others [15]. In recent
years, CNTs has attracted tremendous attention as a catalyst sup-
port material for removing heavy metal ions such as lead [16],
nickel [17], cadmium [18], copper [19], chromium [20] and other
organic pollutants [21]. Without surface modification, most of CNTs
lack sufficient binding sites for anchoring precursor metal ions or
metal nanoparticles, which usually lead to poor dispersion and
aggregation of metal ions, especially at high loading conditions.
Therefore, the graphitic surface of nanotubes must be activated
with functional groups to provide binding sites for coordination
chemistry [22] such as other modified and applicable catalysts
[23e25]. Histidine (2-amino-3-(4-imidazolyl)-propanoic acid) is an
i).
essential amino acid for human growth and repair of tissues and
acts as a neurotransmitter in the central nervous of mammals [26].
The imidazole side chain of histidine can serve as a coordinating
ligand in the metal ions transmission in biological bases and was
detected in the active sites of certain enzymes [27,28]. Immobili-
zation of L-Histidine/Cu(II) on to solid surfaces is the key step for
creating a recoverable and reusable catalyst. The main advantage of
this catalytic system is high surface area and low toxicity, potential
towards applications in various fields such as uses in disciplines
including physics, biomedicine, biotechnology, material science
and catalysts.

Pyridopyrimidine derivatives are an important class of annu-
lated uracils with broad range of biological, medicinal, and phar-
macological properties that have attracted considerable interest in
recent years [29,30]. Numerous reports delineate the antitumor
[31], antiallergic [32], antioxidant [33], antifungal [34], antimicro-
bial [35], antibacterial [36] and antiviral activities [37] of these
compounds.

The synthesis of pyrido[2,3-d:5,6-d0]dipyrimidine is carried out
with various catalysts such as piperidine [38], triethanol amine
[39], Zr(H2SO4)4 [40], SBA-Pr-SO3H [41], PTSA [42] and P2O5 [43].
Some of these protocols have their own merits and demerits, such
as low yields of products, long reaction times, harsh reaction
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conditions and tedious work-ups leading to the generation of toxic
waste. Therefore, a great deal of effort is being directed to devel-
oping an efficient catalytic system for the synthesis of pyrido[2,3-
d:5,6-d']dipyrimidine.

In this article, we decided to investigate the application of L-
Histidine/Cu(II) complex immobilized on MWCNTs surfaces
(MWCNTs@L-His/Cu(II)) as a highly efficient and reusable catalyst
for the synthesis of pyrido[2,3-d:6,5-d']dipyrimidine derivatives via
one-pot three-component condensation reaction of barbituric acid
or 1,3-dimethylbarbituric acid, 6-aminouracil and aromatic alde-
hydes under reflux conditions (Scheme 1).

2. Experimental

2.1. Materials and apparatus

MWCNTs were purchased from Shenzhen Nanotechnologies
China. The Purity of the CNTs was about 90e95% and the diameters
and lengths ranging are between 20 and 40nm and 5e15 mm
respectively. Also, all organic materials were obtained commercially
from the Sigma-Aldrich and Merck and were used without further
purification. FT-IR spectra were obtained as KBr pellets on a Perki-
nElmer 781 spectrophotometer and on an impact 400 Nicolet FT-IR
spectrophotometer. 1HNMR and 13CNMR spectrawere recordedwith
DMSO‑d6 solution and tetramethylsilane as internal standard on a
Bruker DRX-400 spectrometer for (1H) and Bruker DRX-250 spec-
trometer for (13C). Thermogravimetric analysis (TGA) was performed
on a mettle TA4000 system TG-50 at a heating rate of 10 Kmin�1

under N2 atmosphere. Scanning electron microscopy (SEM) images
were obtained on LEO-1455VP equipped with an energy dispersive
X-ray spectroscopy. Transmission electron microscopy (TEM) mi-
crographs were recorded by a Philips CM120 instrument. The energy
dispersive spectrometry (EDS) analysis was studied by XL30, Philips
microscope. All sonication processes were accomplished by an ul-
trasonic bath (UA03MFD, Fungi Ultrasonic) with a frequency of
40 kHz and power of 80W. Elemental analyses of the catalyst with
inductively coupled plasma optical emission spectroscopy (ICP-OES)
were obtained from an ICP-OES simultaneous instrument (VISTA-
PRO). Melting points were measured with a Yanagimoto micro-
melting point apparatus. Brunauer Emmett Teller (BET) analysis
was used to determine the surface area of catalyst by Microtrac BEL
Corp instrument and the purity determination of the substrates and
reaction monitoring were accomplished by TLC on silica-gel Poly-
gram SIL G/UV 254 plates (from Merck Company).

2.2. Preparation of catalyst

2.2.1. Preparation of MWCNTs-OH
Raw MWCNTs (0.2 g) and 100ml methylene chloride were
Scheme 1. Synthesis of pyrido[2,3-d:5,6-d0]dipyrimidine
added into a 250ml flask, and the mixture was dispersed by
ultrasonication for 10min. SDS (0.2 g) being dissolved in 10ml H2O,
10ml acetic acid and KMnO4 solution (0.25 g KMnO4 dissolved in
5ml H2O) were added to the flask. The mixture was stirred vigor-
ously at 25 �C for 24 h. After that, the mixture was filtered and
washed with HCl and methanol and dried in an oven at 85 �C for
8 h.
2.2.2. Preparation of MWCNTs-CPTES
In order to prepare MWCNTs-CPTES, 1 g of MWCNTs-OH was

added to 1ml (5mmol) CPTES (3-chloropropyl-triethoxysilane)
dissolved in 100ml dried toluene and themixturewas dispersed by
ultrasonication. After this stage, the mixture was stirred for 18 h at
60 �C. Obtained MWCNTs-CPTES was washed with toluene and
dried in an oven at 85 �C for 8 h.
2.2.3. Preparation of MWCNTs@L-Histidine
In the next step, MWCNT-CPTES (1 g) was dispersed in 100ml

deionized water followed by sonication for 20min, and then L-
Histidine (2 g) was added to the mixture and stirred at 90 �C for
15 h under N2 atmosphere. The product was separated by filtration
and washed several times with distilled water to remove the un-
attached substrates and dried in an oven at 85 �C for 8 h.
2.2.4. Preparation of MWCNTs@L-His/Cu(II)
In last step of catalyst preparation, MWCNTs@L-His was used as

the support and ligand for entrapment of Cu(II). In this procedure,
the synthesized MWCNTs@L-His (1 g) was dispersed in absolute
ethanol (30ml) for 20min and Cu(NO3)2 3H2O (0.5 g) was added to
the mixture and refluxed for 24 h. Then, the reaction mixture was
cooled to room temperature and the final product was separated
with filtration, washed with ethanol and dried in an oven at 85 �C
for 8 h.
2.3. General procedure for the synthesis of pyrido[2,3-d:5,6-d']
dipyrimidine derivatives using MWCNTs@L-His/Cu(II)

A mixture of barbituric acid or 1,3-dimethylbarbituric acid
(1mmol), aromatic aldehyde (1mmol), 6-aminouracil (1mmol),
and 0.005 g MWCNTs@L-His/Cu(II) was added to 5ml of EtOH. The
reaction mixture was refluxed for required time (as shown in
Table 4) with constant stirring. The progress of the reaction was
monitored by thin layer chromatography (TLC). After completion,
the reaction mixture was allowed to cool to room temperature. The
crude product was dissolved in hot EtOH and filtered for separation
of solid catalyst. Evaporation of filtrate gave the pure product. The
spectroscopic data of products were reported as followed:
derivatives in the presence of MWCNTs@L-His/Cu(II)
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2.3.1. 5-Phenyl-9,10-dihydropyrido[2,3-d:6,5-d']dipyrimidine-
2,4,6,8(1H,3H,5H,7H)-tetraone (1)

mp: >300 �C (lit [38].: >300 �C); IR (KBr, cm�1): 3360, 3161,
1706, 1630; 1H NMR (400MHz, DMSO‑d6): 5.29 (s, 1H, CH), 6.17 (s,
1H, NH), 7.04e7.21 (m, 5H, Ar-H), 10.06 (s, 1H, NH), 10.3 (s, 1H, NH),
10.4 (s, H, NH), 11.07 (s,1H, NH).

2.3.2. 5-(3-nitrophenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8 (1H,3,5H,7H)-tetraone (2)

mp: 249e251 �C (lit [44].: 250 �C); IR (KBr, cm�1): 3457, 3197,
1715, 1629, 1524, 1348; 1H NMR (400MHz, DMSO‑d6): 5.36 (s, 1H,
CH), 6.74 (s, 1H, NH), 7.55 (t, J¼ 8 Hz, 1H, Ar-H), 7.63 (d, 1H, Ar-H),
7.88 (s, 1H, Ar-H), 8.03 (d, J¼ 8 Hz, 1H, Ar-H), 10.93 (s, 1H, NH),
10.98 (s, 1H, NH), 11.18 (s, 1H, NH), 14.30 (s,1H, NH).

2.3.3. 5-(4-nitrophenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone (3)

mp: 218e220 �C (lit [41].: 216e218 �C); IR (KBr, cm�1): 3443,
3162, 1704, 1632, 1514, 1348; 1H NMR (400MHz, DMSO‑d6): 5.34 (s,
1H, CH), 6.71 (s, 1H, NH), 7.41 (d, J¼ 8 Hz, 2H, Ar-H), 8.09 (d,
J¼ 8Hz, 2H, Ar-H), 10.9 (s, 2H, 2NH), 11.16 (s, 2H, 2NH).

2.3.4. 5-(2-Chlorophenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8(1H,3H,5H,7 H)-tetraone (4)

mp: >300 �C; IR (KBr, cm�1): 3333, 3194, 1710, 1664, 1289, 1076;
1H NMR (400MHz, DMSO‑d6): 5.27 (s, 1H, CH), 6.55 (s, 1H, NH),
7.19e7.33 (m, 4H, Ar-H), 10.89 (s, 1H, NH), 11.04 (s, 1H, NH), 11.13 (s,
1H, NH), 14.36 (s, 1H, NH); 13C NMR (250MHz, DMSO‑d6): 167.07,
163.10, 155.41,150.35, 149.59, 138.07, 132.96, 130.26, 128.22, 126.93,
90.70, 87.98, 31.68; Anal. Calcd. for C15H10ClN5O4: C, 50.08; H, 2.80;
Cl, 9.85; N, 19.47; O, 17.79. Found: C, 50.12; H, 2.91; Cl, 9.85; N,
19.37; O, 17.68.

2.3.5. 5-(4-chlorophenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8(1H,3H,5H, 7H)-tetraone (5)

mp: 300e302 �C (lit [44].: 300 �C); IR (KBr, cm�1): 3445, 3163,
1703, 1631, 1290, 1093; 1H NMR (400MHz, DMSO‑d6): 5.22 (s, 1H,
CH), 6.66 (s,1H, NH), 7.13 (d, J¼ 8Hz, 2H, Ar-H), 7.27 (d, J¼ 8 Hz, 2H,
Ar-H), 10.85 (s, 2H, 2NH), 11.11 (s, 2H, 2NH).

2.3.6. 5-(4-bromophenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8(1H,3H,5H, 7H)-tetraone (6)

mp: >300 �C (lit [45].: >300 �C); IR (KBr, cm�1): 3346, 3153,
1710, 1628, 1145, 1088; 1H NMR (400MHz, DMSO‑d6): 5.26 (s, 1H,
CH), 6.68 (s, 1H, NH), 7.05 (d, J¼ 8 Hz, 2H, Ar-H), 7.22 (d, J¼ 8Hz,
2H, Ar-H), 10.32 (s, 2H, 2NH), 10.52 (s, 2H, 2NH).

2.3.7. 5-(4-methylphenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8(1H,3H,5H, 7H)-tetraone (7)

mp: >300 �C (lit [44].: >300 �C); IR (KBr, cm�1): 3410, 3198,
1710, 1624; 1H NMR (400MHz, DMSO‑d6): 2.23 (s, 3H, CH3), 5.19
(s,1H, CH), 6.62 (s, 1H, NH), 6.93 (d, J¼ 8Hz, 2H, Ph), 7.02 (d,
J¼ 8Hz, 2H, Ph), 10.48 (s, 1H, 1NH), 10.81 (s, 1H, 1NH), 10.88 (s, 1H,
1NH). 11.06 (s, 1H, 1NH).

2.3.8. 5-(4-methoxyphenyl)-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8(1H,3H, 5H,7H)-tetraone (8)

mp: 278e280 �C (lit [41].: 277e278 �C); IR (KBr, cm�1): 3423,
3207, 3071, 1728, 1676; 1H NMR (400MHz, DMSO‑d6): 3.69 (s, 1H,
CH), 3.87 (s, 3H, OCH3), 7.05 (d, J¼ 8Hz, 2H, Ph), 8.24 (s, 1H, NH),
8.35 (d, J¼ 8Hz, 2H, Ph), 11.17 (s, 2H, 2NH), 11.29 (s, 2H, 2NH).

2.3.9. 5-(2-hydroxy-5-nitrophenyl)-9,10-dihydropyrido[2,3-d:6,5-
d']dipyrimidine-2,4,6,8 (1H,3H,5H,7H)-tetraone (9)

mp: >300 �C; IR (KBr, cm�1): 3378, 3211, 1724, 1646, 1524, 1335;
1H NMR (400MHz, DMSO‑d6): 4.92 (s, 1H, CH), 6.59 (s, 1H, OH), 7.2
(s, 1H, NH), 7.22 (s, 1H, NH), 7. 9 (s, 1H, Ph), 8.03 (d, 1H, Ar-H), 8.05
(d, 1H, Ar-H), 10.05 (s, 1H, 1NH), 10.99 (s, 1H, 1NH), 11.89 (s, 1H,
1NH); 13C NMR (250MHz, DMSO‑d6): 163.60, 163.27, 154.42, 152.11,
150.55, 149.94, 144.25, 126.87, 124.64, 123.70, 116.99, 89.73, 86.74,
27.15; Anal. Calcd. for C17H14N6O6: C, 51.26; H, 3.54; N, 21.10; O,
24.10. Found: C, 51.36; H, 3.44; N, 21.13; O, 24.21.

2.3.10. 5,5'-(1,4-phenylene)bis(9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8 (1H,3H,5H,7H)-tetrone) (10)

mp: >300 �C (lit [46].: >300 �C); IR (KBr, cm�1): 3460, 3204,
1706, 1627; 1H NMR (400MHz, DMSO‑d6): 5.2 (s, 1H, CH), 6.6 (s, 1H,
NH), 6.97 (s, 1H, Ar-H), 10.78 (s, 1H,1NH), 10.86 (s, 1H,1NH) 11.04 (s,
1H, 1NH), 14.24 (s, 1H, 1NH).

2.3.11. 1,3-Dimethyl-5-phenyl-9,10-dihydropyrido[2,3-d:6,5-d']
dipyrimidine-2,4,6,8 (1H,3H,5H,7H)-tetraone (11)

mp: >300 �C (lit [38].: >300 �C); IR (KBr, cm�1): 3416, 3169,
1736, 1645; 1H NMR (400MHz, DMSO‑d6): 3.1 (s, 3H, CH3), 3.19 (s,
3H, CH3), 4.4 (s, 1H, CH), 6.18 (s, 1H, NH), 6.8e7.2 (5H, m, Ar-H),
10.06 (s, 1H, NH), 10.08 (s, 1H, NH).

2.3.12. 1,3-dimethyl-5-(3-nitrophenyl)-9,10-dihydropyrido[2,3-
d:6,5-d']dipyrimidine-2,4,6,8 (1H,3H,5H,7H)-tetraone (12)

mp: >300 �C; IR (KBr, cm�1): 3378, 3204,1706, 1630, 1524, 1349;
1H NMR (400MHz, DMSO‑d6): 3.5 (s, 6H, 2CH3), 5.49 (s, 1H, CH),
6.90 (s, 1H, NH), 7. 5 (t, J¼ 8 Hz, 2H, Ar-H), 7.7 (s, 1H, Ar-H), 8.01 (d,
J¼ 8Hz, 1H, Ar-H), 11.01 (s, 1H, 1NH), 11.32 (s, 1H, 1NH); 13C NMR
(250MHz, DMSO‑d6): 167.22, 165.82, 156.45, 151.29, 149.61, 148.22,
142.84,134.42,129.78,121.40, 91.14, 86.74, 33.57, 28.68; Anal. Calcd.
for C17H14N6O6: C, 51.26; H, 3.54; N, 21.10; O, 24.10. Found: C, 51.36;
H, 3.44; N, 21.13; O, 24.21.

2.3.13. 5-(2-chlorophenyl)-1,3-dimethyl-9,10-dihydropyrido[2,3-
d:6,5-d']dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone (13)

mp: >300 �C (lit [43].: mp: >300 �C); IR (KBr, cm�1): 3347, 3206,
1725, 1630, 1236, 1142; 1H NMR (400MHz, DMSO‑d6): 3.4 (s, 6H,
2CH3), 5.24 (s, 1H, CH), 6.48 (s, 1H, NH), 7.2e7.4 (m, 4H, Ar-H), 10.1
(s, 1H, 1NH), 10.9 (s, 1H, 1NH).

2.3.14. 1,3-Dimethyl-5-(4-methylphenyl)-9,10-dihydropyrido[2,3-
d:6,5-d']dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone (14)

mp: >300 �C (lit [38].: mp: >300 �C); IR (KBr, cm�1): 3357, 3159,
1707, 1628, 1387; 1H NMR (400MHz, DMSO‑d6): 2.22 (s, 3H, CH3),
2.48 (s, 6H, 2CH3), 5.2 (s, 1H, CH), 6.7 (s, 1H, NH), 6.93 (d, 2H, Ar-H),
6.98 (d, J¼ 8 Hz, 2H, Ar-H), 10.27 (s, 1H, 1NH), 10.48 (s, 1H, 1NH).

2.3.15. 10-(4-(1,3-dimethyl-2,4,6,8-tetraoxo-1,2,3,4,5,6,7,8,9,10-
decahydropyrido[2,3-d:6,5-d']dipyrimidin-5-yl)phenyl)-1,3-
dimethyl-5,10-dihydropyrido[3,2-d:5,6-d']dipyrimidine-
2,4,6,8(1H,3H,7H,9H)-tetraone (15)

mp: >300 �C; IR (KBr, cm�1): 3352, 3160, 1706, 1628; 1H NMR
(400MHz, DMSO‑d6): 5.23 (s, 1H, CH), 6.63 (s, 1H, NH), 6.87 (s, 2H,
Ar-H), 10.25 (s, 1H, NH), 10.45 (s, 1H, NH); 13C NMR (250MHz,
DMSO‑d6): 165.82,161.00,150.19,148.15,134.18,129.60, 74.57, 37.21,
32.45, 29.44; Anal. Calcd. for C28H24N10O8: C, 53.50; H, 3.85; N,
22.28; O, 20.36. Found: C, 53.61; H, 3.91; N, 22.19; O, 20.24.

3. Results and discussion

3.1. Characterization of the prepared catalyst

The process for the preparation of MWCNTs@L-His/Cu(II) is
schematically described in Scheme 2. At first, MWCNTs were
functionalized by L-histidine groups in several steps and then, the



Scheme 2. Preparation of MWCNTs@L-His/Cu(II)

H. Saeidiroshan, L. Moradi / Journal of Organometallic Chemistry 893 (2019) 1e104
MWCNTs@L-His/Cu(II) was easily prepared by the reaction of
MWCNTs@L-His with Cu(NO3)2$3H2O. After successful preparation
of the MWCNTs@L-His/Cu(II), the prepared catalyst was analyzed
using Fourier transform infrared (FTIR), thermo-gravimetric anal-
ysis (TGA), scanning electron microscopy (SEM), Transmission
electron microscopy (TEM), inductively coupled plasma optical
emission spectrometry (ICP-OES) and energy-dispersive X-ray
spectroscopy (EDS) techniques.

Fig. 1a-e shows the FTIR spectrum of raw MWCNTs, MWCNTs-
OH, MWCNT-CPTES, MWCNTs@L-His and MWCNTs@L-His/Cu(II)
respectively. The absorption bands of the stretching vibrations of
C¼C in the structure of raw carbon nanotubes (Fig. 1a), are not
observed because the raw nanotubes are totally symmetric and
Fig. 1. FT-IR spectra of (a) raw MWCNTs, (b) MWCNTs-OH (c) MWCNTs-CPTES, (d)
MWCNTs@L-His, (e) MWCNTs@L-His/Cu(II).
vibrations had the least change in the dipole moment of C-C bands.
Fig. 1b shows the FTIR spectrum of MWCNTs-OH. The bands
observed at 3423 cm�1 and 2922 cm�1 could be attributed to the
stretching vibration of O-H and C-H respectively. Finally, the C¼C
and C-O vibration bands in the 1633 cm�1 and 1112 cm�1 region
were found in the FTIR spectra of MWCNT-OH. FTIR spectrum of
MWCNT-CPTES is shown in Fig .1c. The bands at 1117, 1040 and
691 cm�1 assigned to the Si-C, Si-O and C-Cl stretching vibrations
respectively. Fig. 1d shows the FTIR spectrum of the MWCNTs@L-
His.The absorption bands at 3443 cm�1 are from the stretching
vibration of O-H that recorded together with the N-H absorption
bands. The peak of bending absorption of carboxylate (COO�) group
appears at 1628 cm�1. The bands appeared at 1108 and 1622 cm�1

can be assigned to the vibration of C-N and C¼N in imidazolium
rings, respectively. The infrared spectrum of the MWCNTs@L-His/
Cu(II) shows changes in the positions of some bands compare to
those of in MWCNTs@L-His, (suggesting the coordination with
copper atoms). The carboxylate and amine bands have major
changes in this step. The infrared spectrum of the MWCNTs@L-His/
Cu(II) complex exhibits Cu-O and Cu-N stretching bands at 974 and
450 cm�1, respectively (Fig. 1e). These results confirm the intro-
duction of carboxylate and nitrogen of amino groups of L-Histidine
to Cu(II) ions through coordination mode.

The morphology of pristine MWCNTs and MWCNTs@L-His/
Cu(II) were characterized by scanning electron microscopy (SEM)
and transmission electron microscopy (TEM) in Fig. 2. The SEM
image of raw MWCNTs shows that the tube surfaces are clear and
smooth (Fig. 2a). Obviously diameter dimensions of MWCNTs@L-
His/Cu(II) are increased, while the length of the nanotubes
remained constant (Fig. 2b). All above mentioned changes in
morphology demonstrated that the L-His/Cu(II) chemically
attached on MWCNTs surfaces. Also TEM images of catalyst (Fig. 2e
and f) clearly demonstrate the deposition of Cu on CNT surfaces
(black spots) comparewith rawMWCNTs with highly pure surfaces
(Fig. 2c and d).

The thermal stability of MWCNTs@L-His/Cu(II) was analyzed by
Thermogravimetric analysis (TGA), which can be used for quanti-
tative degradation of the sample and estimation of the function-
alization percentage of MWCNTs (Fig. 3). Fig. 3a displays the TGA
curve of the raw MWCNTs. As can be seen, there is no weight loss
between 50 and 800 �C. The weight loss about 5% between 50 and
150 �C was from removal the H2O absorbed on CNT surfaces; also
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Fig. 2. SEM images of raw MWCNTs (a), MWCNTs@L-His/Cu(II) (b) and TEM images of raw MWCNTs (c, d) and catalyst (e,f).

Fig. 3. TGA graph of (a) raw MWCNTs (b) MWCNTs@L-His/Cu(II)
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14% weight loss at 150e600 �C in TGA graph of MWCNTs@L-His/
Cu(II) is mainly related to the decomposition of covalently
bonded organic groups grafted to theMWCNTs surfaces (b in Fig. 3(.

Results from BET analysis (Table 1) show that the functionali-
zation procedure increases the specific surface area of pristine
MWCNTs. In fact, functionalization treatment opening up the tube
end caps and generates defects on the sidewalls of nanotubes, as
well as debundling of CNTs [47e49]. Also total pore volume of
catalyst is lower than raw sample due to attachment of L-Histidi-
ne@Cu(II) on CNT surfaces. As a result, surface area has been
increased after modification and the access to the CNT surfaces and
also immobilized organometallic groups was possible easily.

The elemental compositions of the raw MWCNTs and
MWCNTs@L-His/Cu(II) were studied by energy dispersive spec-
troscopy (EDS) (Fig. 4). The results show the presence of C, H, O, N,
Si and Cu in the prepared catalyst structure, which confirmed that
the L-His/Cu(II) complex was immobilized on MWCNTs surfaces
(Fig. 4a). Also, to support the mentioned observation, the
MWCNTs@L-His/Cu(II) was subjected to inductively coupled
plasma (ICP) analyzer. ICP analysis indicated the presence of Cu in
the catalyst and the content of Cu was estimated to be 1.1% W.
3.2. Optimization of reaction conditions

The preparedMWCNTs@L-His/Cu(II) was used as heterogeneous
catalysts for the synthesis of pyrido[2,3-d:6,5-d']dipyrimidines via
the one-pot three-component condensation of barbituric acid (or
1,3-dimethylbarbituric acid), 6-aminouracil and aromatic alde-
hydes under reflux conditions. To optimize the reaction conditions,
barbituric acid, 6-aminouracil and P-Clorobenzaldehyde were
selected as a model reaction. To determine the optimal solvent, the



Table 1
BET surface area of MWCNTs and MWCNTs@L-His/Cu(II)

Entry Sample Surface area(m2g�1) Total pore volume (cm3/g)

1 Raw MWCNT 46.68 0.62
2 MWCNTs@L-His/Cu(II) 87.47 0.36

Fig. 4. EDS patterns of (a) raw MWCNTs and (b) MWCNTs@L-His/Cu(II)

Table 3
The optimization of MWCNTs@L-His/Cu(II) amount.a.

Entry Catalyst (g) Time (min) Yield (%)b

1 e 120 Trace
2 0.001 120 62
3 0.003 120 80
4 0.005 60 95
5 0.006 60 95
6 0.01 50 95

a Reaction conditions: barbituric acid (1mmol), P-Clorobenzaldehyde (1mmol),
6-aminouracil (1mmol), in EtOH under reflux conditions.

b Isolated yield.
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reaction was tested in various solvents such as H2O, EtOH, CH3CN
and DMF in reflux conditions. Also the reaction was tested under
solvent-free conditions. As shown in Table 2 (entry 2), the yield of
reaction in EtOH and H2O was more than the other solvents. This
outcome shows that polar solvents were better than other solvents
(with lower polarity) due to higher solubility of reactants and also
more stability of intermediates in EtOH (through the reaction
procedure). On the other hand, solvent-free reaction (at 100 �C)
caused to decrease the yield of product after long time.
Table 2
Optimization of solvent in synthesis of pyrido[2,3-d:6,5-d']dipyrimidinesa.

Entry Solvent Time(min) Yieldb (%)

1 H2O 60 80
2 EtOH 60 95
3 Solvent freec 120 60
4 CH3CN 180 63
5 DMF 180 54

a Reaction conditions: barbituric acid (1mmol), P-Clorobenzaldehyde (1mmol),
6-aminouracil (1mmol), MWCNTs@L-His/Cu(II) (0.005 g).

b Isolated yield.
c Temperature: 100 �C.
Optimization of catalyst amount was investigated using model
reaction in the presence of various amount of catalyst. According to
the results depicted in Table 3, the best yield was obtained when
0.005 g of MWCNTs@L-His/Cu(II) was used (entry 4). Increasing the
amount of catalyst did not have any effect on the product yield of
reaction (entry 5, 6).

In order to determine the optimum temperature, multicompo-
nent reaction was carried out in various temperatures. As can be
seen, increasing of the reaction temperature (r.t. to reflux), greatly
increased the rate and yield of product (Table 4, entry 5). Therefore,
the best result was obtained using 0.005 g of MWCNTs@L-His/Cu(II)
as catalyst under reflux conditions to afford the product after
60min with yield of 95%.

After the optimization of reaction conditions, a series of pyrido
[2,3-d:6,5-d']dipyrimidine derivatives were synthesized by the
condensation of barbituric acid or 1,3-dimethylbarbituric acid, 6-
aminouracil and different aldehydes using MWCNTs@L-His/Cu(II)
in optimized conditions (Table 5). As shown in Table 5, the aro-
matic aldehydes containing electron-withdrawing groups reacted
rapidly and gave higher yields, while electron-rich substituted
groups on the benzene ring required longer reaction times and got
lower yields. Furthermore, the structures of reaction products were
supported by 1H NMR, 13C NMR and FTIR techniques.

Reusability of catalyst was studied for estimation the efficiency
and activity of MWCNTs@L-His/Cu(II) in the synthesis of pyrido
[2,3-d:5,6-d']dipyrimidine derivatives. After completion of the re-
action, the crude product was dissolved in hot EtOH and then the
mixture was filtered for removing the solid catalyst. The catalyst
was isolated by simple filtration, washed exhaustively with ethanol
and distilled water and dried at 85 �C under vacuum for 8 h.
Recycled catalyst was used to similar reaction and reused for 6
Table 4
Temperature optimization for the synthesis of pyrido[2,3-d:5,6-d']dipyrimidine
derivatives.a.

Entry Temperature (�C) Time(min) Yieldb (%)

1 r.t 180 trace
2 40 180 35
3 50 120 60
4 65 120 84
5 78 60 95

a Reaction conditions: barbituric acid (1mmol), P-Clorobenzaldehyde (1mmol),
6-aminouracil (1mmol), MWCNTs@L-His/Cu(II) (0.005 g) in EtOH.

b Isolated yield.



Table 5
Synthesis of pyrido[2,3-d:5,6-d']dipyrimidine derivatives catalyzed by MWCNTs@L-His/Cu(II)a.

Entry R0 R Product Time (min) Yieldb (%) TONc TOFd (min�1)

1 H H 70 92 17,300 14,828

2 H 3-NO2 65 93 16,909 15,608

3 H 4-NO2 60 93 16,909 16,909

4 H 2-Cl 65 90 16,364 15,105

5 H 4-Cl 60 95 17,273 17,273

6 H 4-Br 60 91 16,545 16,545

7 H 4-Me 80 85 15,454 11,591

8 H 4-OMe 75 89 16,182 12,946

9 H 2-OH, 5-NO2 65 90 16,364 15,105

(continued on next page)
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Fig. 5. Reusability of MWCNTs@L-His/Cu(II) in the synthesis of pyrido[2,3-d:6,5-d']
dipyrimidines.

Table 6
Comparison of the catalytic efficiency of MWCNTs@L-His/Cu(II) with other catalysts
for the synthesis of dihydropyrido[2,3-d:5,6-d']dipyrimidine.a.

Entry Catalyst Conditions Time (h) Yieldb(%)

1 Piperidine H2O/60 �C/US 1 87 [34]
2 Triethanolamine H2O/80 �C/reflux 3 86 [35]
3 SBA-pr-SO3H Solvent free/140 �C 1.5 90 [37]
4 SBA-15-SO3H Solvent free/120 �C 0.5 96 [40]
5 Cu(NO3)2 3H2O EtOH/reflux 3 44
6 MWCNTs EtOH/Reflux 10 38
7 MWCNTs@L-Histidine EtOH/Reflux 5 62
8 MWCNTs@L-His/Cu(II) EtOH/Reflux 1 92

a Reaction conditions for the synthesis of dihydropyrido[2,3-d:5,6-d0]dipyr-
imidine-2,4,6,8 (1H, 3H,5H,7H)-tetraone.

b Isolated yield.

Table 5 (continued )

Entry R0 R Product Time (min) Yieldb (%) TONc TOFd (min�1)

10 H 4-CHO 67 91 16,545 14,816

11 CH3 H 75 80 14,545 11,636

12 CH3 3-NO2 70 83 14,727 12,623

13 CH3 2-Cl 70 82 14,909 12,779

14 CH3 4-Me 85 78 13,636 9625

15 CH3 4-CHO 75 80 14,545 11,636

a Reaction conditions: barbituric acids (1mmol), benzaldehyde derivatives (1mmol), 6-aminouracil (1mmol), MWCNTs@L-His/Cu(II) (0.005 g) in EtOH under reflux
conditions.

b Isolated yield.
c TON (turn over number): mole of product/mole of catalyst.
d TOF (turn over frequency): mol of product/mol of catalyst per min.
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times (Fig. 5). It was observed that there was no significant loss of
catalytic activity of prepared catalyst. In addition, turn over fre-
quency (TOF) and turnover number (TON) values (depicted in
Table 5) clearly exhibited high efficiency (due to high turnover



Scheme 3. Proposed mechanism for the synthesis of pyrido[2,3-d:5,6-d']dipyrimidine derivatives.
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frequencies) and great stability (high turnover numbers) of syn-
thesized organometallic catalyst.

The results of this study were compared with some literature
reports in order to better display the utility of MWCNTs@L-His/
Cu(II) in synthesis of pyrido[2,3-d:6,5-d0]dipyrimidines (Table 6).
As can be seen, the MWCNTs@L-His/Cu(II) had some advantages
compare with others such as short reaction time with high yield of
product, easy workup and reusability of catalyst.
3.3. The proposed reaction mechanism

A plausible mechanism for the synthesis of pyrido[2,3-d:5,6-d']
dipyrimidines catalyzed by MWCNTs@L-His/Cu(II) is shown in
Scheme 3. In first step, barbituric acid reacts with aromatic alde-
hyde in the presence of MWCNTs@L-His/Cu(II) to form standard
Knoevenagel condensation product I. In fact, Cu(II) as a Lewis acid,
can increase the electrophilicity of carbonyl group in aryl aldehyde
as well as activation of C-H of barbituric acid. After that, the for-
mation of intermediate II occurred from Michael-type addition of
6-aminouracil to product I in the presence of catalyst. Proton
transformation in intermediate II resulted the intermediate III and
Ultimately, after cyclization and water removal from intermediate
III, pyrido[2,3-d:5,6-d']dipyrimidine derivative was obtained in
high yield after short reaction time and releases the catalyst for the
next run.
4. Conclusions

In conclusion, we introduced MWCNTs@L-His/Cu(II) catalyst as
a highly active heterogeneous catalyst for the synthesis of pyrido
[2,3-d:5,6-d0]dipyrimidine derivatives under reflux conditions.
Eventually, this new catalyst has important advantages including
easy separation of products, recyclable and reusable without sig-
nificant loss of activity. Also, high yield of products, short reaction
times and the avoidance of toxic organic solvents are some of the
important features of this protocol.
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