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Cyano-bridged copper(II)-copper(I), mixed valence polymer, namely {[Cuy(CN)s(CsHsN),]}, (1), was
synthesized and characterized by elemental analysis, IR, thermogravimetric analysis, differential scanning
calorimetric analysis, and single crystal X-ray crystallography. Single crystal X-ray studies show that the
coordination polymer 1 is linked by the cyanide anions with x-/xN:2xC bridging modes to the copper
centers and generate the two-dimensional (2D) layered network. The coordination polymer 1, on
pyrolyzing, yielded copper oxide nanoparticles, which have been characterized by TEM and powder X-
ray diffraction. The catalytic properties of the resulting copper oxide nanoparticles have also been studied
for C-N, C-O, and C-S cross-coupling reactions with aryl halides. The C-N, C-O and C-S coupling
products were obtained in moderate to good yields (66-90%, 72-98%, 50-86%), respectively.

Introduction

During the last few years considerable research efforts have been
made on the design of metal coordination polymers for their
intriguing architectures and potential applications in many fields,
such as catalysis, magnetic devices, separation, molecular
recognition, non-linear optics, hydrogen storage, etc." Among
these metal coordination polymers, copper cyanide systems have
received special interests due to their fascinating structural
frameworks, superior physical and chemical properties, and
potential applications in many fields.> The cyanide group is a
versatile ligand that can act as a mono-dentate as well as a z-,
15-, or y-bridging multi-dentate ligand, while copper possesses
versatile coordination properties and can adopt two-, three-, four-,
five-, or six-coordination to form diverse geometries. The strong
bridging tendency of the cyanide group often assists the
attainment of suitable architectures for extended luminescent
interactions. Therefore, the self-assembly of copper cyanide can
generate long-lived and highly efficient luminescent materials
with variable structures, which sometimes exhibit intriguing
topological architectures.’ Recently, a large number of cyanide-
bridged complexes with intriguing topologies and fascinating
properties have been reported, such as ZnM(CN), (M = Ni, Pd,
P, {[Mn(bpy)(H,0),Fe(CN)s(1-CHsim).H,0},", Zn(CN),’,
Ln,Cus(ina)g(CN)ss4H,0 (Ln = Nd, Eu, Tb, Gd, Sm)’,
Zn[Au(CN),],°,  AgsCo(CN)e’,  [Ag(CN),Mn(L")][Ag(CN),]",
[Cu,Ni(dien)(I-CN)s],"",  Ag(CN),Mn(L*)][Ag(CN),].1.5H,0",
and [Au(CN),Mn(L*)][Au(CN),]. 1.5H,0'". When an auxiliary

4s N-donor ligands are introduced into [CuCN] framework, they
lead to the formation of a variety of coordination networks.'?
Thus, the prospect of [CuCN]-based coordination polymers
through a systematic change of auxiliary N-donor ligands
provides an impetus for further research on polymer
so architectures. Although great attention has been focused to the
coordination polymers particularly copper having nanostructures
with specific morphology have rarely been reported.'* Recently,
CuO has engendered wide attention because of their versatile
properties and potential applications. For example, CuO has been
ss widely used in heterogeneous catalysts, gas
superconductor industry, optical switching devices, solar cells
and lithium ion batteries."*'> Nanostructural CuO might exhibit
special physical and chemical properties that are different from
the bulk materials. Moreover, the size and morphology of CuO
6 will cause a great impact on the properties and potential
applications of materials. With these aspects in mind and in the
quest for some beautiful and fascinating networks herein, we
report the synthesis and structural characterization of cyano-
bridged  mixed-valence  copper  coordination  polymer
{[Cuy(CN)5(CsHsN)4]}, (1) and the CuO nanoparticles obtained
by their thermal treatment. We also discuss the catalytic
properties of the CuO nanoparticles in cross-coupling reactions of
amides, imidazoles, amines, phenol and benzenethiol with aryl
halides.
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All the synthetic manipulations were performed under aerobic
condition. The solvents were dried and distilled before use
following the standard procedures.'® Copper cyanide, ammonia
solution, pyridine, and CuO powder (all Aldrich) were used as
received. Elemental analysis was performed on a Carlo Erba
Model EA-1108 elemental analyzer and data of C, H and N is
within £0.4% of calculated values. IR(KBr) was recorded using
Perkin-Elmer FT-IR spectrophotometer. Electronic and emission
spectra for 1 were obtained on a Perkin Elmer Lambda-35 and
Horiba Jobin Yvon Fluorolog 3 spectrofluorometer, respectively.
The structural characterization of the fired products at 500°C
were done using X-ray diffraction (XRD) measurements using
Bruker D8 Discover X-ray diffractometer, with Cu Ka, radiation
(A = 1.5405 A). For TEM measurements small quantity of the
pyrolyzed product was dispersed in isopropyl alcohol by
sonicating for about 30 min. 5 ml of the suspension was put on
copper grids using a microliter pipette. The TEM measurements
were carried out using a FEI TECNAI G2200 kV transmission
electron microscope. Rietveld analysis of all samples was
performed using the Fullprof program.

Preparations

{[Cuy(CN)s(CsHsN)4l s (1)

Copper cyanide (0.178 g, 2 mmol) was added slowly to a solution
of CH;0H (10 mL), and CH,Cl, (10 mL) containing liquid NHj
(0.1 mL, 6 mmol). The resulting solution was stirred at room
temperature for 6 hours. Slowly, color of the solution changes
from creamy to blue color. The resulting solution was filtered and
layered with pyridine. Dark blue color block shaped crystals
suitable for X-ray studies were obtained after four weeks. Yield:
(0.980 g, 70%). Anal. Calc. for CysHp)NoCuy: C, 42.82; H, 2.85;
N, 17.98. Found: C, 42.93; H, 2.95; N, 18.10. IR(crn'l, nujol):v=
3588, 3350, 3268, 2922, 2854, 2723, 2247, 2137, 2105, 1609,
1462, 1377, 1265, 1243, 1211, 721, 682. UV/Vis: Apay (fdm’
mol™! em™']) = 273(17538). TGA Calcd for (Py)s: 33.8. Found:
31.6 (102-314°C). Calcd for (CN); 11.1. Found: 11.2 (314-
606°C).

X-Ray data collection and structure determination

Crystals suitable for single crystal X-ray analysis for
{[Cuy(CN)s(CsHsN)4]}, (1), were grown from slow diffusion at
room temperature. Preliminary data on the space group and unit
cell dimensions as well as intensity data were collected on X-
calibur S oxford diffractometer using graphite monochromatized
M,-K,, radiation. CrysAlisPro, Agilent Technologies software
packages'’ were used for data collection and data integration for
1. Structure solution and refinement were carried out using the
SHELXTL-PLUS software package.'® The non-hydrogen atoms
were refined with anisotropy thermal parameters. All the
hydrogen atoms were treated using appropriate riding models.
The computer programme PLATON was used for analyzing the
interaction and stacking distances.'® The refinement details for 1
is summarized in Table 1.

General Procedure for C-N Cross-Coupling Reactions
Nitrogen nucleophile (1.2 mmol), aryl iodide (I mmol), CuO
nanoparticles (5 mol %), and KOH (1.5 mmol) were stirred at
110°C in a 1:3 mixture of DMSO/-BuOH (1 mL). The progress
of the reaction was monitored by TLC using EtOAc and hexane
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as eluent. After completion, the reaction mixture was treated with
EtOAc (10 mL) and water (3 mL). The organic layer was
separated, and the aqueous layer was extracted with EtOAc (3 x 5
mL). The combined organic solution was washed with brine (3 x
5 mL) and water (I x 5 mL). Drying (anhydrous Na,SO,) and
evaporation of the solvent yielded a residue, which was purified
on short pad of silica gel using EtOAc and hexane as eluent.
General Procedure for C-O and C-S Cross-Coupling
Reactions

Oxygen or sulfur nucleophile (1 mmol), aryl iodide (1.2 mmol),
CuO nanoparticles (2.5 mol %), and KOH (1.5 mmol) were
stirred at 80-110°C in DMSO (1 mL) under N, atmosphere.
Monitoring of the reaction, workup procedure, and purification of
the C-O and C-S cross-coupled products were performed as
described for the C-N cross-coupling reactions.

Results and discussion
Synthesis

The new cyano-bridged coordination polymer
{[Cuy(CN)s(CsHsN)4]}, (1), was obtained in significant yield by
the reaction of the CuCN with liquid NHj; in 1:3 stoichio-metric
ratio in a mixture of dichloromethane and methanol (1:1v/v)
under stirring conditions at RT and then layered with pyridine
(Scheme 1). Complex 1 is air stable solid, insoluble in water and
other common organic solvents but soluble in dimethyl sulfoxide
and do not show any signs of decomposition in solution upon
exposure to air for days. The elemental analysis was consistent
with their chemical formula.

CuCN + Liquid NH;
Pyridine

U Cuy(CsHsN)4(CN)s 3 (1)

Scheme 1. Synthetic routes for the coordination polymer 1.

Spectroscopy

The IR spectrum of the complex 1 showed a strong peak at 2137
em’, and 2105 cm™', which may be assigned to the bridging
cyanide groups and higher than that of terminal cyanide ion
(approx. 2050 cm™) (See S1, supporting material). Concerning
the two peaks in the IR spectrum, it probably arises from the
contribution of Cu' and Cu" bridging modes.
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Description of Crystal Structure

One X-ray structure emerged in the current study. A refinement
detail for 1 is summarized in Table 1, and selected bond lengths
and angles are presented in Tables 2. Complex 1 crystallizes in

s the monoclinic space group C2/c. The X-ray structure of 1 is
depicted in Fig. 1. Complex 1 has an infinite two-dimensional
architecture with three crystallographically independent Cu atoms
bridged by cyanide groups in the symmetric unit. There are three
kinds of coordination modes for the Cu atoms: the first

10 monovalent Cu atom (Cul) is coordinated by two (z5,77)-cyanide
[N(1)-C(1)= 1.145(3) A, C(3)-N(3) = 1.137(3) A] atoms, one «'-
pyridyl rings [Cu(1)-N(5) = 2.101(2) A] and one copper metal
Cu(1)-Cu(1)*'= 2.6525(5) exhibits a distorted

Fig. 1 The asymmetrical unit of 1 is on the left. The right diagram shows
15 the 2D polymeric framework of 1.
tetrahedral coordination environment, whereas the second
divalent Cu atom (Cu2) is coordinated by three (16,7%)-cyanide
[N(1)-C(1)=1.145(3) A, C(3)-N(3) = 1.137(3) A] atoms, and two
«'-pyridyl rings [Cu(2)-N(4)= 2.0328(18)A] and exhibits
20 distorted square bipyramidal coordination environment. The
remaining third Cu atom (Cu3) display distorted trigonal planar
geometry consisting of three cyanides in (z5,7°)-manner [N(2)-
C(2)= 1.134(4) A, C(3)-N(3)= 1.137(3) A]. All Cu-N and Cu-C
bond distances are in the range of 1.929(2) to 2.143(3) A and
25 1.921(2) to 2.475(2) A, respectively and comparable to the values
reported in literature.'” The alternating linkages of the six Cu
atoms and six cyanide groups form an 18-membered hexagonal
repeating unit [Cus(CN)g] in the lattice (Fig. 2). The approximate
size of 18-membered hexagonal rings is 9.425 x11.875 A? based
30 on the metal-metal distances, respectively.
Cul

Cu3

Cu2 Cul

Fig. 2 Layered structure of the 1 showing the 18-membered hexagonal
rings viewed along the c-axis.
The copper atoms are bridged by the cyanide ligands to afford a
two dimensional (2-D) layered network (Fig. 3a). Within the
35 framework of 1, hexagonal channels are present (Fig. 3b).
PLATON analysis shows that the number of void grid points is 0
and percentage filled space are 62.9%. Unit cell contains no
residual solvent accessible void.
In DMSO solution, complex 1 exhibited an intense absorption
40 band in the range of 273 nm (See S2, supporting material), which

(b)

Fig. 3 (a) 2-D layered network of 1, and (b) Spacefill model of 1 showing
the channels in the 2D framework.

Table 1. Crystallographic data for 1.

Empirical Formula C,5Hy0NoCuy
FW 700.66
crystal system Monoclinic
space group C2/c
a, A 20.3823(13)
b, A 10.5171(4)
c, A 15.1002(9)
o, deg 90.00
B, deg 120.961(8)
v, deg 90.00
v, A’ 2775.7(3)
z 4
deate, g cm™ 1.677
u, mm’' 3.055
T,K 293 (2)
R;all 0.0419
R, [I>20()] 0.0333
wR, 0.0839
WwR; [1> 20(1)] 0.0796
GoF 1.064

can be ascribed to a metal-to-ligand charge-transfer transition at
4s room temperature. Complex 1 is found to be luminescent at room
temperature in DMSO solution. Complex 1 showed strong
luminescence behaviour, having an excitation peak 273 nm,
produces two broad emission peak centered at 360 nm and
651nm, respectively (See S3, supporting material). We have also
so performed solid-state luminescence of complex 1 (See S4,
supporting material), which indicated that complex 1 is stable in
solution and no decomposition of the framework occurs.
Luminescence response for this complex is red-shifted and due to
metal-to-ligand charge-transfer (Cu—CN, MLCT), similar to
ss those of other cyano metal complexes.'

Thermal and Differential scanning calorimetry
Thermogravimetric analysis (TGA) and Differential scanning
calorimetry (DSC) were carried out on complex 1. Mass losses,
temperature ranges, and interpretations are presented in the
¢ experimental section. The representative TGA and DSC curve for
complex 1 is shown in Fig. 4. The TGA traces revealed smooth
loss of cyanide and pyridine, occurring in multiple stages, but
always leaving copper oxide. This process began at temperatures
as low as 100°C and as high as 450°C, but typically commenced
os around 100-878°C. The thermogram indicates that the pyridyl
and cyano groups are removed sequentially, probably with the
first being removed easily and the remainder more slowly as this
decomposition correlates with a wide temperature range for the

This journal is © The Royal Society of Chemistry [year]
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loss of these groups in the TGA. Based upon TGA mass percent 3 electron microscopy (TEM) were employed and Rietveld

values, transformation of 1 is suggested: refinement was used to analyze phase composition and structural

{[Cuy(CN);5(CsHs5N)4]},+ O, — CuO + N, +CO, +H,0 (1) parameters. We have performed pyrolysis experiments in air at

The increase in weight from 550 to 750°C is observed from the 500°C for 10h. On pyrolyzing, complex 1, was converted to pure
s thermogravimetric curves of the complex 1 due to the presence of copper oxide. Fig. 5 displays the observed (blue) and fitted (red)

residual copper which was finally oxidized to CuO under an air 35 diffraction patterns with their differences (gray).

atmosphere. The DSC curve for complex 1 is characterized by

two exothermic peaks located at 201°C and 606°C, attributed to (JCPDS No. e : Complex1
the loss of pyridyl and cyanide ligands from the complex and its 089-2530) =i
10 subsequent vaporization, respectively. -E
110 ————————————————— 10 3
100 —o—TGA [0 < P——
3 904 e DSC |[_10 ;: . . . .
= 801 L-20 £
E,J 70 [ 30 : " 10 20 30 40 50 &0
Z 60] [ 40 §D 26 [degree]
= 50 - S .
--50 5 Fig. 5. Rietveld fitted powder XRD patterns CuO sample obtained from
401 L _60 the complex 1, fired at 500°C for 10 h.
301 [ 70 20 Structural refinement of the XRD data reveals that the CuO
sample is crystallized in the nearly single phase Base-centered

100 200 300 400 500 600 700 800 900

0, 40 monoclinic crystal structure (space group C2/c). The
Temperature( C)

crystallographic parameters obtained from the refinements are
Fig. 4 TGA and DSC profiles of {[Cus(CN)s(CsHsN)s]}n (1) recorded listed in table 3.

25 under an air flow. Table 3. Rietveld refined parameters and Base-centred monoclinic

Table 2. Selected bond lengths (A), and Bond angles (°) for 1. distortion of CuO sample.
Cu(1)-C(1) 1.921(2) Samples Complex 1
Cu(1)-N(3) 1.929(2) Space Group C2/c
Cu(1)-N(5) 2.101(2) a[A] 4.7267277
Cu(1)-c(1" 2.475(2) b[A] 3.4680945
Cu(1)-Cu(1)" 2.6525(5) c[A] 5.1769531
Cu2)-N(1)? 1.9790(17) V[A7] 83.69595
Cu(2)-N(1) 1.9790(17) Rexp (%) 9.20
Cu(2)-N@#)”? 2.0328(18) R, (%) 485
Cu(2)-N(4) 2.0328(18) Ry (%) 6.15
Cu(2)-C(2) 1.909(3) ss The positions of the peaks are in good agreement with literature
CuN) 2.143(3) values. Fig. 6 shows the TEM images, SAED patterns and
Cu(3)-C(3) 1.9386(19) ) . . ) .
CuB)-CQ) 1.909(3) histogram illustrating the morphology, lattice planes and size
N(1)-C(1) 1.145(3) distribution of the CuO NPs obtained from complex 1. Fig. 6a,
N(2)-C(23‘ 1.134(4) shows the flower like morphology of CuO (50-70 nm) derived
NG)-CO 1.137(3) so from complex 1. This size is in close approximation to the
N(4)-C(8) 1.322(3) o . ) .
N(@)-C(4) 132703) crystallite size of 71 nm derived from Scherrers’ equation. These
N(5)-C(13) 1.307(4) flowers are composed of connected petals of particle size varies
N(5)-C(9) 1.319(4) from 6 to 16 nm and the peak centred at about 10 nm as shown in
I;(T)'g“(?'z(? 100.93(5) the histogram (inset Fig. 6b). SAED pattern indicates the
CEI;_CEEI;_NE3; }gg?%g; ss crystalline character exhibiting presence of (020), (111) and (110)
N@3)-Cu(1)-N(5) 106.03(9) planes for the CuO nanocrystals (Fig. 6b).
c(y-Cu(1)-C(1)" 107.00(7) .
N@)-Cu)N(1) 89.38(7)
N@)™-Cu(2)-N(4) 158.14(11)
C(2)-Cu(3)-C(3) 122.76(6)
C(3)-Cu(3)-C(3) 114.47(12)
C(-N(D-Cu(2) 177.50(18)
C()NQ@)-Cu(2) 180.0
C(3)-N(3)-Cu(l) 170.92)
N(D-C(1)-Cu(1) 167.45(19)
N(3)-C(3)-Cu(3) 170.8(2)
N(2)-C(2)-Cu(3) 180.0
Solid state pyrolysis and Surface morphology Fig. 6. TEM images of flower like CuO nanocrystals derived

from complex 1 (a), SAED pattern showing different planes (b)
and inset shows statistical representation for size distribution of
o flower like nanoparticles in the sample.

In order to study the nature and morphology of the product, the
techniques such as X-ray diffraction (XRD), and transmission

4 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Catalytic application of the oxide

nanoparticles

copper

The copper oxide nanoparticles were examined as catalysts in the
cross-coupling reactions of benzamide, hexanoamide, aniline,
imidazole, phenol, and benzenethiol with various aryl halides in
accordance with the previously reported methods by
Punniyamurthy et al.?’. The C-N cross-coupling reactions were
carried out in air, while the C-S and C-O cross-couplings gave the
best results in nitrogen atmosphere. In our current observation,

10 we have found that the resulting CuO nanoparticles showed lower

2

2

o

0

o

catalytic activity than commercial CuO nanoparticles for these
reactions. We have found nearly the similar activities as
previously reported by Punniyamurthy et al.** that iodobenzene
exhibited greater reactivity as compared to aryl bromides and aryl
chlorides. Under these conditions, bromohalides and
chlorohalides gave a low yield (<5%). In our studies, we have not
isolated any homocoupled biaryl product. We have also found
that no reaction occurred in the absence of copper oxide
nanoparticles.

Table 4. CuO Nanoparticles Catalyzed Amidation of Aryl iodides.”

S.No. Amide Aryl halide Time Product Yield
()] (%)
1. o 70
o e 1 O
©)KNH
) 60
0 . o NO,
O)\HI /O/ 24 | /©/
H
ON
3 45
[0}
1 OCH;
SRR A
CH3f NH
4 o ‘ 90
M)LNIIZ O/ 24 o /@
M)LNH
60
5 POy /©/ 24
NH, o
ON WLNH/Q/
6 50

o 1

CH 0

OCH;§
i /©/
M)L.\ul

*CuO nanoparticles (5 mol %), amide (1.2 mmol), aryl iodide (1 mmol),
and KOH (1.5 mmol) were stirred at 110°C in a 1:3 mixture of DMSO/t-
BuOH (1 mL) for 24h.

Reactions of Amides, and Imidazoles

Benzamide, and hexanoamide were tested as starting materials
for C-N cross-coupling reactions with aryl iodides (Table 4). The
yield of the cross-coupled products was 45-90%. During the
course of experiment, it has been observed that 4-nitro-1-
iodobenzene showed greater reactivity compared to 4-methoxy-1-

30 iodobenzene. These reactions have been carried out in KOH as a

w
s

4

=3

4

o

base to obtain moderate to good yield. As a consequence of these
results, we further examined the reactions of substituted aryl
iodides with imidazoles (Table 5). We have found that imidazole,
2-methylimidazole, and aniline underwent efficiently to give
cross-coupled products up to 66-90% yield.

Reactions of Phenols

Phenol was tested as starting material for C-O cross-coupling
reactions with various aryl iodides. We first checked the reaction
of the phenol with iodobenzene. It was observed that iodobenzene
efficiently coupled to give the C-O cross-coupled products in 72-
98% vyield (Table 6). The scope of this system was further
examined with bromobenzene or chlorobenzene by varying the
catalyst concentration (2.5 mol% to 5 mol%) and the temperature
(110-130°C). We have found that low yield (<5%) of the cross-
coupled products were obtained. We also examined the influence
of aryl iodides having 3-NO,, 4-NO,, 4-Me, 2-OMe, 4-OMe
substituents with phenol. We found that the reactions proceed to
give the C-O cross-coupled products in 72-98% yield.

Table 5. CuO Nanoparticles Catalyzed reaction of imidazole and aniline
with Aryl iodides.”

S.No.Substrate  Aryl iodide TimeProduct Yield
() (%)
1. N : 24 ﬁN “ 90
[/> /©/ N ?
B oo
2. [N} L 24 /—,ﬂ 85
| )—on /@ Na N NO,
N ON Y
CH,
3. N 24 66
Iy S N
N N 3
H N
4, [N} 24 N/i\N@*OCH 88
I OCH; § 3
‘ )—cH, Y
B
CHy
5. 24 80
6 90

. 24
1
O~ O O
NH NO,
ON

CuO nanoparticles (5 mol %), substrate (1.2 mmol), aryl iodide (1
mmol), and KOH (1.5 mmol) were stirred at 110°C in a 1:3 mixture of
DMSO/t-BuOH (1 mL) for 24h.

Reactions of Benzenethiol

Benzenethiol was tested as starting material for C-S cross-
coupling reactions of various aryl iodides (Table 7). We have
examined the reaction of benzenethiol with aryl iodides having 4-
NO,, 4-Br, 4-Me, and 4-OMe substituents. Benzenethiol
efficiently coupled with aryl iodides having 4-NO,, 4-Br, 4-Me,
and 4-OMe substituents to give 50-86% yield of the C-S cross-
coupled products.

Mechanism

The greater reactivity of the aryl iodide having an electron-
withdrawing group compared to aryl iodide having an electron-

This journal is © The Royal Society of Chemistry [year]
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donating group indicates that the reactions proceed via oxidative
addition followed by a reductive elimination process. These
reactions are heterogeneous, and no leaching of the metal species
was observed during the course of our reactions. As described in

s Fig. 7, the catalysis may be occurring on the surface of the CuO
nanoparticles. The DMSO-stabilized CuO nanoparticles may
react with aryl halide to give an intermediate (i). Then the excess
positive charge developed on an intermediate (i) should be shared
by surface of the CuO nanoparticles cluster (ii) and finally it may

10 react with nucleophile to give an intermediate (iii) that can
complete the catalytic cycle by reductive elimination of the
desired cross-coupled product.

oS X 15
" 9CuO nano® A
ArNu i iy
(i) Oxidation
reductive addition
elimination
) Nu=RNH RO, RS’
Nu X=C1,Br,I %
Ar s
\0\ d—q \O o a /
@ CuO nano® 9CuO nane®
0O Qg @ 20
(iii) (ii)
KX<H:0 NuH+KOH

25 Fig. 7. Proposed reaction mechanism for CuO-nanoparticle-catalyzed
cross-coupling reactions.

Table 6. CuO Nanoparticles Catalyzed Cross Coupling of phenol with

Aryl iodides.®
1 CuO nanoparticles
Q O/ LSequivKOH ©/ \O
OH + Y-
DMsO, 11°C
Y=NO,, CH3, OCH;
S.No.  Aryliodide Time Product Yield
(h) (%)
90

U @f@

3 24 o 88
H3C©—1 /©/ \@
H;C
4 24 OCH; 72
OCH;
X :
5 24

: ,o\© 88
CH,O

°CuO nanoparticles (2.5 mol %), phenol (1 mmol), aryl iodide (1.2
30 mmol), and KOH (1.5 mmol) were stirred at 110°C in DMSO (1 mL)
under N, atmosphere for 24h.

Table 7. CuO Nanoparticles
benzenethiol with Aryl iodides.*

1 CuO nanoparticles
1.5 equiv KOH
SH + Y
DMSO, 80°C

Catalyzed C-S Cross-Coupling of

OG-

Y=NO,, CHjy, Br, OCH;

Aryliodide Time Product Yield
(b) (%)

1 S
JogEIpoac I
0N ON
S.
L oy

JO o oD e
SO T e

4CuO nanoparticles (2.5 mol %), thiophenol (1 mmol), aryl iodide (1.2
mmol), and KOH (1.5 mmol) were stirred at 80 °C in DMSO (1 mL) under
N, atmosphere for 24h.

S.No. Substrate

0 96

Conclusions

35 In this paper, we have reported a 2-D layered coordination
network in which Cu(Il) and Cu(I) centers are linked via CN
bridges. On pyrolyzing, this complex gave copper oxide
nanoparticles. In addition, TGA/DSC analysis, and PXRD data
evidenced the occurrence of a clean vaporization process without

40 premature side decompositions, and of a clear PXRD pattern
dominated by the loss of the cyanide and pyridyl groups. We
have also described a simple, and general procedure for the cross-
coupling of nitrogen, oxygen, and sulfur nucleophiles with aryl
iodides catalyzed by CuO nanoparticles in moderate to good

ss yields. The work towards development of mixed valance
coordination polymers containing various nitrogen donor ligands
and their catalytic properties is in progress in our laboratory.
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