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Green synthesis of Cu/zirconium silicate nanocomposite by
using Rubia tinctorum leaf extract and its application in the
preparation of N-benzyl-N-arylcyanamides
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XRD, FESEM, BET, EDS, TEM, FT-IR and elemental mapping. TEM micro-
graphs of obtaining biocatalyst revealed mostly spherical particles with an
average diameter of about 15-25 nm on the surface of natural support. The pre-
pared catalyst was used in the N-benzylation of a variety of arylcyanamides
with benzyl bromide and showed high activity and stability for the efficient
synthesis of N-benzylarylcyanamides in good yields. Remarkably, the catalyst
can be easily recovered from the reaction medium and reused up to five runs
without losing its catalytic activity.

Highlights

o Preparation of the Cu/zirconium silicate nanocomposite using Rubia
tinctorum leaf extract.

« The Cu/zirconium silicate nanocomposite was characterized using FT-IR,
XRD, BET, FESEM, TEM, XRD, EDS and elemental mapping.

« Synthesis of N-alkyl-N-arylcyanamides wusing Cu/zirconium silicate
nanocomposite.

« The catalyst can be easily recovered and reused up to five runs without signif-
icant loss of catalytic activity.
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1 | INTRODUCTION

Cyanamides are important and significant class of reac-
tive organic molecules with a broad range of applications
in the organic synthetic and coordination chemistry.' =
Cyanamide and its derivatives are versatile nitrogen-car-
bon-nitrogen (N-C-N) building blocks for the synthesis
of not only guanidine-containing molecules, amidines,
and other nitrogen-containing compounds but also
ambidentate ligands. Besides, cyanamide based com-
pounds are known to have a variety of interesting biolog-
ical activities such as anticancer'® and antiviral.!®

Cyanamides can be considered as one of the bifunc-
tional molecules because of having nucleophilic amino
nitrogen (sp®) atom and an electrophilic nitrile (sp)
group. The high reactivity and unique structure of the
cyanamide units in the different heterocyclizations and
complexations (complex preparation) is dependent on
lone pair electron on the amino nitrogen atom (nucleo-
phile) and triple-bonded carbon atom (electrophile).

Although, a wide range of monosubstituted cyana-
mides (RNHCN) are known as valuable dinitrogen
resource, there is still a dearth of suitable synthetic proce-
dures for the synthesis of disubstituted cyanamides
(RR'NCN).[271 Despite versatile uses of disubstituted
cyanamides, only a limited number of their synthetic
methods have been reported, especially N-alkyl-N-
arylcyanamides as one of disubstituted cyanamides which
received less attention for the lack of convenient and
robust methods of their synthesis.!*”~*! Indeed, N-alkyl--
N-arylcyanamides are an important class of reactive
organic molecules containing amino and cyano groups
that can be broadly used in both organic synthetic and
medicinal chemistry. Thus, there is an essential need to
develop new and convenient synthetic procedures for
the synthesis of N-alkyl-N-arylcyanamides.

Over the past decade, the use of metal nanoparticles
(MNPs) have been developed due to their unique proper-
ties such as high catalytic activity, high surface-to-volume

ratio, low toxicity and cost, simple recovery, recyclability,
high stability, and insolubility in organic solvents.'*~**!
Among various metal NPs, Ag,[14] Pd,[ls] Ni,[16] Aul”
and particularly Cu NPs!*®! have most commonly been
employed as catalyst to catalyze the organic transforma-
tions. To date, a various range of heterogeneous
catalytic systems via the immobilization of metal NPs
on suitable solid supports due to the decrease of their
agglomeration problem and increase of the efficient
organic transformations have been designed, synthesized
and developed.!">*" Thus, noble metal NPs immobilized
on the solid support surface such as zeolite,!*?! Fe;0,,1**
SBA-15,**!  graphene!®! and metal-organic frame-
works!?®! have been applied in the organic catalytic
transformations.

Zirconium silicate is well known via a number of
applications in different fields such as nuclear reactor
components, surface cleaning, food and other medical
industries.?”! Moreover, zirconium silicate was consid-
ered as an adsorbent for the removal of different organic
and inorganic pollutants and some heavy metal
ions,®?°! but there is no report of its use as a support.
Zirconium silicate is generally constructed via
electric/thermal fusion of the zirconium oxide (ZrO,)
and silicon oxide (SiO,) used as a platform for the immo-
bilization of the diverse MNPs. Zirconium silicate can be
used widely as a natural, novel and environmentally
benign support to catalyze the organic synthetic transfor-
mations for its porous structure, excellent chemical stabil-
ity, high temperature resistance, inexpensive, low toxicity
and very low solubility in different solvents.!>-3!

Nowadays, green chemistry approaches encouraged
researchers towards the green synthesis of nanoparticles
by using biological synthetic methods to avoid the toxic
and hazardous substances, organic solvents and use of
expensive and toxic reducing agents which commonly
used in physicochemical methods.*'* A large number
of MNPs immobilized on solid support surface were suc-
cessfully synthesized by using different plant extracts as

FIGURE 1 Image of the Rubia tinctorum plant
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reducing and capping agents in simple, eco-friendly and
cost effective routs against the conventional physical
and chemical methods.!3"-4!

Rubia tinctorum from Rubiaceae family is a medicinal
plant of southern and west Asia used in traditional med-
icine as antibacterial, antioxidant and anti inflammatary
drug (especially its roots and rhizomes) (Figure 1). The
results obtained by phytochemical screening for R
tinctorum revealed the presence of Alkaloids, Phenol,
Cardiac glycosides, Flavonoids, Terpenes, Tanins,
Ratenges, Coumarines and Essensial oils.[*'**! According
the literature surveys the presence of certain bioactive
compounds isolated from the roots of Rubia such as flavo-
noid glycosides, anthraquinone derivatives as glycosides
(ruberythric acid, lucidin primveroside) and aglycones
(alizarin, lucidin, purpurin), 1-hydroxy-2 methyl-9,10-
anthraquinone (II), 1,3,6-trihydroxy-2-methyl-9,10-anthra-
quinone 3-O-(6’-O-acetyl)-alpha-L-thamnosyl (1-2)beta-D-
glucoside (III),1,3,6-trihydroxy-2methl-9,10-anthraqueinone-
3-O-a lpha-Lrhamnosyl (1-2)-beta-D-glucoside (IV), 1,3,6-
trihydrozy-2-methyl-9,10anthraquinone ~ —3-O-(6-O-acetyl)-
beta-Dglucoside (V), 2-carbomethyoxy-3prenyl-1, 4-naphtho-
hydroquinonedi-beta-Dglucoside  (VI) and rubimallin
(VID).[447]

In continuation of our attempts to develop the novel
heterogeneous catalysts based on different plant extracts,
herein, the Rubia tinctorum leaf extract was used for the
preparation of the Cu/zirconium silicate nanocomposite
which its catalytic activity was investigated in the N-
benzylation of wide variety of arylcyanamides with ben-
zyl bromide for the convenient synthesis of N-
benzylarylcyanamides in good to excellent yields
(Scheme 1). Until now, there is no report on the synthesis
of the N-benzylarylcyanamides using biosynthesized
Cu/zirconium silicate nanocomposite.

2 | RESULTS AND DISCUSSION

2.1 | Preparation and characterization of
the cu/zirconium silicate nanocomposite

Rubia tinctorum roots and rhizomes have been used in
folk medicine for its bioactive constituents. In this work,
Rubia tinctorum leaf extract was used as an effective
reducing and stabilizing agent for the synthesis of metal
NPs without addition of any other external reducing

Ar—E—CEN + PhCH,Br Cwzirconium silicate Ar\N’CHZPh

MeCN, 75 °C |
CN

SCHEME 1 N-Benzylation of arylcyanamides using Cu/
zirconium silicate nanocomposite

Chemistry
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SCHEME 2 Proposed mechanism for green synthesis of Cu NPs
using Rubia tinctorum leaf extract

agents. For further monitoring, in a typical synthesis of
Cu/zirconium silicate nanocomposite, first Cu nanoparti-
cles were separately synthesized using Rubia tinctorum
leaf extract. The plant extract composed of compounds
with potential antioxidant activity conversion ability of
Cu”* ions to Cu® (Scheme 2). The preparation of the Cu
NPs on the surface of zirconium silicate as an inexpensive
and stable support was carried out using the Rubia
tinctorum leaf extract as capping and stabilizer source.
The UV spectrum of extract (Figure 2) shows bands at
365 nm (band I) and 251 nm (band II) assigned to the
cinnamoyl and benzoyl systems of phenolics compounds,
Figure 2. As the UV-Vis spectra of monitored NPs
showed significant changes in the absorbance maxima
due to surface Plasmon resonance of formed Cu NPs.
The color of the mixture changed into dark after 6 min
at 575 nm indicating the successful green reaction. The
nanoparticles obtained by this method are quite stable
with no significant variance in the shape, position and
symmetry of the absorption peak even after 25 days.
Furthermore, the FT-IR of Cu NPs shows the interac-
tion between CuCl,.2H,O and involved sites of

25,
CuNPs
e g sl
29 Plant extract :: f _:n I:n
E 15 4 c: 15 days
«® d: 25 davs
£ a
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-
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FIGURE 2 UV-Vis spectrum of the plant extract and green
synthesized Cu NPs
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FIGURE 3 FT-IR spectrum of biosynthesized Cu NPs

phytochemicals to synthesis of Cu NPs. The main peaks
at 3500, 1715 and 1512 cm™! represent the OH functional
groups, carbonyl group (C=0) and stretching C=C

aromatic ring vibrations, respectively undergoes the phy-
tochemicals adsorbed on nanosurface (Figure 3).

The green synthesized Cu NPs on the surface of zirco-
nium silicate nanocomposite has been proved using XRD,
FT-IR, BET, FESEM, EDX, TEM and elemental mapping
characterization methods.

The FT-IR analysis of zirconium silicate and
Cu/zirconium silicate nanocomposite are shown in
Figure 4a and b, respectively. The analysis has carried
out to confirm the constant position of surficial func-
tional groups of the zirconium silicate, even after the
immobilization of the Cu NPs in the adsorption process.
Figure 4 showed the characteristic bands at around
3425 cm™' and 1624 cm™' corresponding to the
stretching and bending vibrations of -OH functional

Transmittance (%)

Vﬁw{

Wavenumber (crm?)

Intensity (u)

Cu (200)

b)
(a)

I
3900 3400 2900 2400 1900 1400 0

FIGURE 4 FT-IR spectra of the
zirconium silicate (a) and Cu/zirconium
silicate nanocomposite (b)

400

-50 - 26 (degree)

" . D FIGURE 5 XRD pattern of the
biosynthesized Cu/zirconium silicate
nanocomposite
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FIGURE 6 FESEM images of the Cu/zirconium silicate nanocomposite

groups of adsorbed water in the sample, respectively.
The characteristic adsorption peaks at about 429-591,
640 and 776 cm™' were assigned to the metal-oxygen
bonding in the Si-O and Zr-O forms.***! The absorp-
tion bands of the Cu-O bonds have been overlapped by
the same frequency regions of Si-O and Zr-O in the nat-
ural support.

The crystal structures of the Cu NPs immobilized on
zirconium silicate was studied by XRD analysis
(Figure 5). In this Figure, sharp and strong peaks at
20 = 21.0, 26.8, 28.7 and 55° are several characteristic
peaks of the matrix of zirconium silicate.'**! The observed
XRD peaks at 50.1° and 68.2° are assigned to (200) and
(220) planes of the face-centered cubic (fec) Cu crystals,
respectively, which are in a good agreement with the
reported XRD pattern of Cu NPs (JCPDS No.04-0836).1°"!

InBeam SE
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FIGURE 7 EDS
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spectrum of the Cu/zirconium silicate
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FESEM and TEM analysis were used to study the
surface morphology, structure and size of the particles.
FESEM images of the biologically synthesized

Cu/zirconium silicate nanocomposite are shown in
Figure 6. The micrographs depicted the uniformly distri-
bution of the Cu NPs as spherical particles on the surface

Mame =Grid 53 Ka HTA50AY 12420 Name =Grid CuKa MT 150K 1212 nA
Cu

m Mame =Grd ZrLa NT150KY 1212nd MName =Gnd C O .‘ilcuf)-.lir HIISO0KV 1242,
s COSiCuCuzr

FIGURE 8 Elemental mapping of the Cu/zirconium silicate nanocomposite
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of zirconium silicate matrix with a good combination
between this material.

The distributions of the elements in the
biosynthesized catalyst were analyzed using EDS spec-
trum and elemental mapping images. The EDS spectrum
can be confirmed the coexistence of Si, O, Zr, C, and Cu
elements in the newly Cu/zirconium silicate nanostruc-
ture indicating their chemical composition in the catalyst
(Figure 7). As shown in Figure 8, the elemental mapping
images of the Cu/zirconium silicate nanocomposite were
confirmed the distribution of the Cu NPs on the surface
of zirconium silicate matrix.

The TEM images of the Cu/zirconium silicate nano-
composite at different magnifications are shown in
Figure 9. The obtained nanoparticles are made up of
spherical morphology with an identical-nanometer size.
Based on the results of the above-mentioned analyses
from the prepared catalyst, it is entirely confirmed that
Cu NPs were exactly immobilized on the zirconium sili-
cate surface.

The surface area of the Cu/zirconium silicate nano-
composite was determined by BET (Brunauer-Emmett—
Teller). The N, adsorption-desorption isotherm and
Barrett-Joyner-Halenda (BJH) pore size distribution plot
of the Cu/zirconium silicate nanocomposite is shown in
Figure 10. The BET surface area, average pore diameter
and total pore volume of the Cu/zirconium silicate

FIGURE 9 TEM images of the Cu/zirconium silicate nanocomposite

Chemistry
nanocomposite are 5.2929 m* g', 2528 nm and
33.447 x 107> cm® g~ ", respectively.

2.2 | Preparation of the N-benzyl-N-
arylcyanamides

The catalytic activity of green synthesized Cu/zirconium
silicate nanocomposite was evaluated for the synthesis
of the N-benzyl-N-arylcyanamides via reaction of
arylcyanamides with benzyl bromide.

Initially, we studied the reaction of
4-bromophenylcyanamide with benzyl bromide in the
presence of various amount of the Cu/zirconium silicate
nanocomposite. The corresponding product (N-benzyl-
N-(4-bromophenyl)cyanamide) was not detected in the
absence of catalyst (Table 1, entry 1), even when reaction
time was prolonged to 6 hr. Among various solvents
tested, MeCN was most effective in the synthesis of the
corresponding product. The effect of temperature was
also investigated. The control reaction confirmed that
the best yields were obtained when reaction was carried
out in MeCN at 75 °C in the presence of 0.05 g of the
Cu/zirconium silicate nanocomposite (Table 1, entry 4).
Nevertheless, longer reaction times were required when
reaction was carried out at room temperature or 0.03 g
of the catalysts (Table 1, entries 2 and 3).
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FIGURE 10 The BET analysis of the Cu/zirconium silicate
nanocomposite

With the optimized conditions defined, the N-
benzylation of various arylcyanamides containing both
electron-releasing and electron-withdrawing groups with
benzyl bromide was also investigated to study the effects
of the substituents. As seen in Table 2, arylcyanamides
bearing electron-donating and electron-withdrawing sub-
stituents gave corresponding products in good to excel-
lent yields.

The proposed mechanism for the N-benzylation of
arylcyanamides using Cu/zirconium silicate nanocom-
posite in MeCN at 75 °C is shown in Scheme 3. The Lewis
acidity of the Cu/zirconium silicate nanocomposite prob-
ably has an important role in the N-benzylation of

TABLE 1 Optimization of reaction conditions in the preparation
of the N-benzyl-N-(4-bromophenyl)cyanamide

Catalyst Temperature/ Yield
Entry (g) Solvent °C Time (%)
1 0.0 MeCN 75 6h 0.0
2 0.03 MeCN 75 175 min 78
3 0.05 MeCN r.t. 210 min 73
4 0.05 MeCN 75 160 min 87
5 0.05 MeCN  Reflux 160 min 87
6 0.05 EtOH 75 3h 75
7 0.07 MeCN 75 160 min 87

Reaction conditions: 1.0 equiv of 4-bromophenylcyanamide, 1.0 equiv of ben-
zyl bromide, catalyst and solvent (7.0 ml).
bIsolated yield.

arylcyanamides. It was proposed that the activation of
the C-Br bond of benzyl bromide using Cu/zirconium sil-
icate nanocomposite allows to the formation of N-
benzyl-N-arylcyanamides via an Sy2-type mechanism in
aprotic solvent of MeCN with nucleophilic attack of the
arylcyanamides.

After completion of the reaction, the solvent was con-
centrated and obtained products were purified by recrys-
tallization from EtOH/H,O mixture and characterized
by melting points, CHN, FT-IR, 'H NMR and >C NMR.
Elimination of one strong and sharp absorption band
belonged to the NH stretching band in the FT-IR spec-
trum confirmed formation of the N-benzyl-N-
arylcyanamides. Also, the appearance of one single peak
around & 4.5-5.5 in the '"H NMR and 52-58 ppm in the
1>C NMR spectra corresponding to the CH, group in N-
benzyl-N-arylcyanamides confirmed the preparation of
the product.

3 | CATALYST RECYCLABILITY

The recyclability and reusability of the Cu/zirconium sil-
icate nanocomposite for the synthesis of N-benzyl-N-
arylcyanamides was investigated under the optimized
reaction conditions (Figure 11). The recyclability of the
novel catalyst can be obtained from the -efficient
stabilization of the Cu/zirconium silicate. After comple-
tion of the N-benzylation reaction, the catalyst was
isolated by a simple filtration and washed with ethanol
and dried to be reused for the next run. According to
the recycling process results, the catalyst can be reused
five times without any additional activation treatment.
Besides, the morphology, size, and structure stability of
recycled Cu/zirconium silicate nanocomposite was
confirmed by EDS, FESEM and TEM techniques
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TABLE 2 Synthesis of the N-benzyl-N-arylcyanamides using Cu/zirconium silicate nanocomposite at 75 °C*

Entry Substrate Product
1 I\@\ I
N'CN N/Cﬁzph
H CN
2 BI'\@\ Br:
N’CN N/CHzph
H CN
@\ Br N/CHzPh
N,CN N
H
4 Cl Cl
4 -CH,Ph
N CN \ 2
H CN
5 OzN\©\ 02N
N\ NCHZPh
H CN
6 CI\QCI Cl Cl
N/CN N’CHzph
H CN
Cl N/CN 1 N -CH,Ph
H CN
8 e! L
NCN N/CHZPh
H CN
9

Meo\©\
N/CN
H

Time (min)

160

160

160

175

200

175

175

130

130

Yield (%)°

86

87

87

88

84

86

88

94

92

#Reaction conditions: benzyl bromide (1.0 mmol), arylcyanamide (1.0 mmol), Cu/zirconium silicate nanocomposite (0.05 g), MeCN (7.0 ml), 75 °C.

*Isolated yield.

PN Th
“ N S +5
Br—CHPh  ANHCN Bre---3C{~ =~ NHCN ™
- MeCN 7 A
. oo H | H Ar N+ HBr
AL © !
— HIIIIIIIIIIIIIIII PhHZC Ar
Cu/zirconium —
silicate Cu/zirconium Cu/zirconium
silicate silicate

SCHEME 3 Mechanism of the N-benzylation of arylcyanamides by Cu/zirconium silicate nanocomposite

(Figure 12-14). The EDS, FESEM and TEM analysis
after the 5™ recycle shows no substantial change in
morphological characteristics and chemical compositions
of the Cu/zirconium silicate nanocomposite. Thus, the
as-synthesized nanocatalyst can be used successfully in
consecutive reactions without remarkable loss in its
catalytic performance.

4 | CONCLUSIONS

In the present study, a facile, efficient and direct synthesis of
the various N-benzyl-N-arylcyanamides was accomplished
via a copper-catalyzed reaction of arylcyanamides with
benzyl bromide at 75 °C in MeCN. For the first time, the
Cu/zirconium silicate nanocomposite was synthesized
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FIGURE 11 Reusability of the
nanocomposite for the synthesis of N-benzyl-N-(4-bromophenyl)
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FIGURE 12 EDS spectrum of recycled Cu/zirconium silicate
nanocomposite

via reduction of Cu®* ions to Cu’ in the presence of Rubia
tinctorum leaf extract as a reducing and stabilizing agent
as well as immobilization of the Cu NPs on the natural
zirconium silicate surface. Indeed, we have successfully

2D L y

SEM HV: 15.0 kV WO: 4.83 mm
SEM MAG: 75.0 kx Det: InBaam SE
View field: 2.77 pm  Date{midiy): 02128117 RMRC

MIRA3 TESCAN SEM HV: 15.0 kV

developed an efficient method for the N-benzylation of
arylcyanamides using Cu/zirconium silicate nanocompos-
ite as a novel heterogeneous catalyst. This protocol
showed a series of significant advantages such as opera-
tional simplicity, use of Rubia tinctorum leaf extract as a
green source, mild reaction conditions, high product
yields and thermal stability, easy availability, easy prepa-
ration and recyclability of the catalyst. The biosynthesized
catalyst was easily recovered from the reaction mixture
and reused with no obvious loss of its catalytic activity
up to five consecutive runs.

5 | EXPERIMENTAL

5.1 | Instruments and reagents

All the reagents, materials and solvents were used with-
out further purification in this research and purchased
from the Aldrich and Merck chemical companies. Prod-
ucts can be characterized using different spectroscopic
techniques (e.g. FT-IR, 'H and "*C NMR), Melting point
and elemental analysis. The '"H and *C NMR spectra
were recorded on a Bruker (Avance DRX 300 and
400 MHz) instruments (CDCl; or DMSO-ds with TMS
as the standard). FT-IR spectra of the synthesized samples
were recorded on a Perkin-Elmer 781 spectrophotometer
using pressed KBr pellets, in the 400-4000 cm ™ range.
The elemental analysis (C, H and N) was carried out on
Perkin-Elmer 240c analyzer. Melting points can be deter-
mined in open capillary tubes with a BUCHI 510 melting
point apparatus. Due to determination of the substrates
purity and reaction progress, TLC was performed with
SIL G/UV 254 silica gel plates. The crystallinity of the

WO: £.82 mm
Deot: InBoam SE
View fiald: 1.38 ym  Date(midiy): 0212817 RMRC

MIRA3 TESCAN|
SEM MAO: 150 kx

FIGURE 13 FESEM images of recycled Cu/zirconium silicate nanocomposite
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FIGURE 14 TEM images of recycled Cu/zirconium silicate nanocomposite

nanostructures was performed on a Philips powder dif-
fractometer type PW 1373 goniometer (using Cu Ka radi-
ation =0.15406 nm). The shape and size of
nanostructures were determined by a field emission scan-
ning electron microscopy (SEM micrographs) on a
Hitachi S-4700 instrument and also transmission electron
microscopy (TEM micrographs) were carried out with a
Philips EM-208 microscope operating at an accelerating
voltage of 90 kV. The EDS (Energy Dispersive X-ray Spec-
troscopy) data of the prepared catalyst was performed in
FESEM. The Brunauer-Emmett-Teller (BET) specific
surface areas (SBET) and the porosity of the sample was
evaluated on the basis of nitrogen adsorption isotherms
measured at 77 K using a BELSORP-max nitrogen
adsorption apparatus (Japan Inc.). The sample was
degassed at 150 °C before nitrogen adsorption measure-
ments. The desorption isotherm was used to determine
the pore size distribution using the Barret-Joyner-
Halender (BJH) method.

5.2 | Preparation of Rubia tinctorum leaf
extract

50 g of dried root powdered of the plant was added to
300 mL double distillated water and well mixed using
magnetic heating stirrer at 70 °C for 30 min then filtered
to obtain the extract. The obtained extract was kept at
refrigerator to use further.

5.3 | Biosynthesis of Cu NPs using Rubia
tinctorum leaf extract

In a 250 mL conical flask, 10 mL solution of CuCl,.2H,0O
5 mM was mixed with 100 mL of the aqueous plant
extract along with vigorous shaking until gradually
changing the color of the mixture during 6 min indicating
the formation of Cu nanoparticles. The mixture then fil-
tered and centrifuged at 7000 rpm for 30 min and
obtained precipitation washed with absolute ethanol to
remove possible impurities.

5.4 | Preparation of the zirconium silicate

The natural zirconium silicate used in this study origi-
nated from Isfahan area, Iran.

5.5 | Biosynthesis of the Cu/zirconium
silicate nanocomposite using Rubia
tinctorum leaf extract

For green synthesis of the Cu/zirconium silicate nano-
composite, a mixture containing 1.0 g of the zirconium
silicate matrix and 80 mL of Rubia tinctorum leaf extract
were stirred for 25 min at room temperature. Then, the
50 mL of 0.08 M CuCl,.2H,0 aqueous solution was grad-
ually added into the above solution and refluxed for 4 hr
at 100 °C. After ending the reaction, the obtained
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Cu/zirconium silicate nanocomposite was filtered and
collected by filtration, washed with distilled water three
times to remove unreacted copper salts and then dried
in an oven at 85 °C for 5 hr.

5.6 | General procedure for the
N-benzylation of arylcyanamides using
cu/zirconium silicate nanocomposite

A mixture of arylcyanamide (1.0 mmol), benzyl bromide
(1.0 mmol), Cu/zirconium silicate (0.05 g) in MeCN
(7.0 mL) was taken in a flask and stirred at 75 °C for
the appropriate times. The progress of the N-benzylation
reaction was monitored by thin-layer chromatography
(TLC). After completion of the reaction, the heteroge-
neous catalyst was recovered using of (filtration,
the resulting extract was concentrated, washed with
water and ethanol, then dried to give pure
N-benzylarylcyanamides in good yields. All the synthe-
sized products were known and characterized by using
'H NMR, >C NMR, FT-IR, CHN analyses and melting
points.m The catalyst was easily recovered by filtration,
thoroughly washed with ethanol (3 X 5 mL), dried in
room temperature and reused up to successive runs.

5.7 | Spectral data of new N-benzyl-N-
arylcyanamides

5.7.1 | N-benzyl-N-(4-bromophenyl)
cyanamide

M.p. = 73-75 °C; FT-IR (KBr, cm™") 3032, 2218, 1586,
1490, 1471, 1454, 1391, 1329, 1313, 1279, 1225, 1174,
1125, 1080, 1000, 821, 810, 777, 730, 696; 'H NMR
(300 MHz, DMSO-dy) 6y = 7.55 (d, J = 7.4 Hz, 2H),
7.40-7.33 (m, 5H), 7.16 (d, J = 7.4 Hz, 2H), 4.95 (s, 2H);
13C NMR (75 MHz, DMSO-dg) 8¢ = 139.5, 135.1, 132.9,
129.3, 128.7, 128.3, 118.4, 115.8, 113.6, 52.5; Anal. Calcd
for C;4,H;;N,Br: C, 58.56; H, 3.86; N, 9.76. Found: C,
58.64; H, 3.93; N, 9.69.
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