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Two new ligands containing -N=N- group, 4-((E)-(4-bromophenyl)diazenyl)-2-((E)-(phenylimino)methyl)phenol (L'H 2), 4-((E)-(4-
bromophenyl)diazenyl)-2-((E)-((4-ethylphenyl)imino)methyl)phenol (L*H 3) and their metal complexes were synthesized. The
synthesized metal complexes were performed as catalysts for the chemical fixation of CO, into cyclic carbonates using epoxides which
were used as both substrate and solvent. According to analytical, UV-visible and IR data, the metal complexes are formed by
coordination of the N, O atoms of the ligands and metal:ligand ratio was found to 1:2 for all the complexes. TG and DTA results showed
" complex 4 (Zn(L'),)were

determined by single crystal X-ray diffraction studies. After choosing the best active catalyst (Zn(L'),4), the optimization studies were

that these complexes had good thermal stability. Molecular structures of the ligand (L'H 2) and its Zn

performed by changing various parameters. Ionic Liquid has been found to have a positive effect and showed the best active performance

with (bmim)PF4+ Zn(L'), 4 as binary catalytic system.

Keywords: Schiff Base complexes; azo compounds, catalysts,
carbon dioxide, cyclic carbonate, X-ray crystallography

Introduction

Fossil fuels which give CO, as a by-product are the main sources
of energy despite of new different energy sources such as wind,
sun, geothermal efc.. Fossil fuel burning is the primary source of
CO, emission!. CO, is a renewable source of carbon and
identified to be a naturally abundant, economic, recyclable and
non-toxic C; building block in organic synthesis that can
occasionally replace toxic chemicals® . Due to the great
properties, chemical fixation of CO, becomes more and more
important for decrease of carbon emission day by day*.

The most important carbon dioxide fixation products are cyclic
carbonates which widely used as monomer for polymer synthesis,
aprotic solvents, antifoam additives or plasticizers™'®. Cyclic
carbonates can be synthesized via coupling reaction between CO,
and strained heterocycles, though hard reaction conditions and
often a suitable catalyst should be used''. Therefore, a variety of
catalysts have been developed over the past 35 years for the
synthesis of cyclic carbonates from CO, and epoxides under the
leadership of Inoue and co-workers in the late 1960s'>.

Among the synthesized catalysts such as alkali metal salts,
transition metal complexes, Schiff Bases and ionic liquids, metal
complexes based on transition metal complexes have been of
great interest. We have found out that only a few metals such as
Al, Cr, Co, Mg, Li, Zn, Cu and Cd are effective for coupling of
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CO, and epoxides’. In recent studies, it is mentioned that
transition metals Ni, Rh, Pd and Au can catalyze the same
reaction>. The most distinctive advantages of the metal
complexes are their easy synthesis and good stability against
moisture and air. Metal complexes synthesized from these
mentioned metals and salycyliminederivates have also been
successfully applied as catalysts for this transformation®®. For
this purpose, the suitable ligand design for catalysts has been
shown to be beneficial for the synthesis of cyclic carbonates from
CO, and epoxides.

Among the various ligands, Schiff base ligands have significant
importance because Schiff base ligands are potentially capable of
forming stable complexes with metal ions'*. By attaching donor
atoms of Schiff bases, they can coordinate various metals and
stabilize them in different oxidation states; such complexes are
used as catalysts in many important processes'>'®. The N=N
bonds in azo compounds are good electron/hydrogen acceptors'”.
The molecule bears the azoimine (-N=N-C=N-) functional
group, and is an efficient p-acid system for stabilization of low
oxidation state metal ions'®. Metal complexes of Schiff bases
have been extensively studied at scientific applications as
catalysts due to their attractive chemical and physical properties.
To the best of our knowledge, Schiff base metal complexes
containing azo group have not been used as catalysts for chemical
fixation of carbon dioxide.

Based on this background, we decided to synthesize new Schiff
base metal complexes having azo group with different transition
metals such as Ni, Cu, Co, Zn and Fe in this study. There are
various reported catalytic systems that are used in carbon dioxide
fixation reactions. Our aim was to use azo containing NO-donor
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ligands for the synthesis of cyclic carbonates from CO, and
epoxides and demonstrate that the azo group has got increasing
effect on the catalytic activity. Ni, Cu, Co, Zn and Fe
complexesof azo containing ligands have been prepared and

s characterized. In addition, a Zn complex of azo free form of L'H
(2) ligand13was prepared.These complexes were used as catalysts
in direct synthesis cyclic carbonates from carbon dioxide with
various epoxides. Ligand and complex structures were confirmed
by, FTIR, 'H-, *C- NMR, UV/Vis spectroscopy and mass

10 spectrometry. Single-crystal X-ray analysis were performed for
ligand (L'H 3) and its Zn complex 4 (Zn(L'),). The analytical
data shows that the ratio of metal to ligand in the mononuclear
Schiff Base complexes is 1:2.

1s Result and Discussion

Synthesis and characterization

The Schiff base ligands, L'H 2 and L’H 3 were prepared by the

20 condensation of (E)-5-((4-bromophenyl)diazenyl)-2-
hydroxybenzaldehyde 1 with aniline or 4-ethylaniline,
respectively, (1:1 molar ratio) in EtOH as shown in Scheme 1
The level of the purity of the ligands and the complexes was
checked by T.L.C. on silica gel-coated plates. Zn" 4, Co" 5, Cu'

2516, Ni"" 7 and Fe™ 8 complexes of L'H 2 and Zn" 9, Co™ 10, Cu"
11 and Ni" 12 complexes of L’H 3 were prepared.

(i) HC1/NaNO,_0-5 °C and (ii) Ethanol, 3 h, reflux.

30 Scheme 1 General synthesis of ligands

The ligands are stable at room temperature and soluble in
common organic solvents such as EtOH, MeOH, DMF and
CH,Cl,. The complexes are also stable at room temperature. The
complexes have oxygen and nitrogen atoms as © donors and the

;s metal ions allow m electronic delocalization as shown in
Scheme?2.
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Scheme 2 Proposed structures of metal complexes.

The structures of the complexes were further characterized by
40 FTIR, UV-visible spectra and elemental analyses. The
experimental elemental analyses results of the complexes are in
good harmony with the theoretical values. The data show the
complexation ratio of formulae [M(L),] is 1:2 [Metal : Ligand].
Single crystals of L'H 2 and its Zn complex 4 which are shown in
4s Fig. 1 and Fig. 2 were grown from DMF solutions by slow
evaporation. Although the single crystals of the L’H 3 and the
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other complexes were not isolated, the analytical and
spectroscopic data enables us to predict possible structures as
shown in Scheme 1 and 2.

50
Fig.1 The molecular structure of L'H ligand 2, with atomic numbering

scheme. The thermal ellipsoids are drawn at the 50% probability level.
Dashed lines indicate the intramolecular hydrogen bond.
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ss Fig.2 The molecular structure of complex (Zn(L'),) 4, with atomic
numbering scheme. The thermal ellipsoids are drawn at the 50%
probability level.

In the mass spectrum of the L'H ligand 2, the peak observed at
m/z: 380 can be assigned to the molecular ions [M]". The peaks at
o m/z: 169 and 210 can be attributed to the [C4H;,BrN]" and
[Cy3H(N,O]" fragments, respectively. The [M]" molecular ion
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peak for the L’H ligand 3 is observed at m/z 407. The most
intense peak at m/z: 311 corresponds to [CsH,~N=N-C¢H3—
N=CH-C¢H,- C,Hs]" which results from the loss of a Br atom
and an OH group from the parent ligand. The mass spectra of
ligands are given in Fig. S3 (ESI¥).

The "H NMR spectra of the ligands are shown in Fig. S4 (ESIY).
In the '"H NMR spectra of the L'H 2 and L*H 3 ligands, the
singlets in the 13.93-14.03ppm range can be attributed to the
proton of the first —OH group which is neighboring the
azomethine group'. The 'H NMR resonance of azomethine
proton (CH=N) in ligands are observed at 8.76 and 8.78 ppm for
L'H 2 and L’H 3 respectively. The multiplets of the aromatic
protons were in the region of 8.04-7.15 and 8.11-7.16 ppm for
L'H 2and L?H 3 ligands'®. The quarted signal at 2.73 ppm and the
triplet signal at 1.30 ppm corresponded to —CH, and —CHj,
protons, respectively.

The IR spectra of the ligands and their complexes were studied
and the free Schiff base ligands were compared with that of the
metal complexes in order to determine the linkage of Schiff base
ligands to the metal in the complexes. In the ligands and
complexes spectra, both ligands, [Co(L'),].2H,0 5 and
[Fe(L"),CI(H,0)] 8 exhibit bands at 3409-3425 cm™' and 3075-
3038 cm™ that are assignable to v(OH) and v(Ar-CH)®. In the
complexes, the four coordination sites of metal ions were filled
by two donor nitrogen and oxygen atoms. Therefore, in the
complexes except for [Co(L'),].2H,0 5 and [Fe(L'),CI(H,0)] 8,
the v(OH) vibration disappeared. In the [Co(L"),].2H,0 5 and
[Fe(L"),CI(H,0)] 8 complex spectra, the v(OH) vibrations that
were attributed to the OH groups which were originating from
30 H,O molecules (the presence was confirmed by elemental and
thermal analyses as well). The main bands at 1621-1622 cm™ is
due to the vibration of the azomethine group (-CH=N-) in L'H 2
and L*H 3 ligands®'. The characteristic bands of N=N group were
observed at 1567 cm™ for both ligands. Metal complexes show
significant differences at vibrations as distinct from ligands. After
complexation, the C=N stretching frequencies slightly shifted to
lower wave number region in comparison with free ligands. The
lowering in frequencies of the C=N peak suggests the formation
of metal-ligand bonds. In the ranges of 417-459 and 512-663 cm’
' two complementary bands were assigned to stretching
vibrations v(M-N) and v(M-O) for the complexes®.

The electronic absorption spectral data for complexes were
obtained in DMF solutions at room temperature. There are
absorption bands between 642 and 211 nm for the ligands and
their metal complexes at the UV—visible spectra in DMF. The
chemical shift values (A,,,) were determined by taking the
contrast between the absorption maxima of the metal complexes
and ligands. The spectra of the complexes that show intense
bands in the high-energy region can be assigned to the ligand-to-
metal charge transition (LMCT)?. The bands at A,y 390 and 394
nm were assigned to n—>7* transitions of the azomethine groups
in the L'H 2 and L’H 3 ligands. In the spectra of the complexes,
the bands of the azomethine n—n* transitions shifted to lower
frequencies indicating the involment of the imine nitrogen atom
with the metal ion. The Co"5, 10 complexes show bands at 458-
401 and 552- 639 nm. This indicates tetrahedral geometry for the
Co""5, 10 complexes. In general, due to Jahn-Teller distortion,
square planar Cu"6, 11 complexes give a broad absorption band
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between 600 and 700 nm. Electronic spectra of the Cu" 6, 11

s complexes display bands at 642 and 639 nm® 7. These values

suggest square planar geometry for Cu"" complex.

The observed magnetic moments of the Cu" complexes are 1.9-
2.1 for Cu(L"), 6 and Cu(L?), 11 respectively which confirms that
the Cu" complexes have square-planar geometry. The values of
4.7 and 4.5 B.M. reveal tetrahedral geometry around the Co" ion
2, Magnetic moments measurements of Ni' 7, 12 and Zn" 4, 9
metal complexes show that these complexes are diamagnetic,
indicating the square planar d®- and d'’systems, as expected.
[Fe(L"),CI(H,0)] 8 complex have 4.7 BM value that is equal to
five unpaired electrons.

Thermal behaviors of complexes were studied using TG. and
DTA. The thermal analyses were carried out in order to
demonstrate the existence of water molecules in complexes
[Co(L"),].2H,0 5 and [Fe(L'),CI(H,0)] 8. Thermal curves
obtained for most of the complexes were very similar in
character. The thermograms of complexes are shown in Fig. S5
(ESI4). Except for [Co(L"),].2H,0 5 and [Fe(L'),CI(H,0)] 8
complexes, all the complexes do not show any mass losses up to
200°C, which prove that no water molecules are incorporated in
complexes. The TG curve of [Co(L'),].2H,0 5 consists mainly
of three steps in the range 23 -150, 150-700 and 700-1100°C.
The first estimated mass loss for [Co(L'),].2H,O 5 within the
temperature range of 23-150°C may be attributed to the loss of
absorbed water molecules®®. Some decomposition could be
correlated with proper decomposition products. The last
decomposition step is in air ended with metal oxide formation.
For [Fe(L'),CI(H,O)] 8 complex, the mass loss at 20-150°C
range is assigned to losses of solvent and absorbed water
molecules. Besides, this % 2 of mass loss at the range of 150-
200°C is attributed to the one mol of coordinated water molecule
in the complex. All the other complexes have three
decomposition parts according to the losses of solvent and
absorbed water molecules, decomposition of ligands and metal
oxide formation, respectively. Therefore, these features
confirmed the thermal stability of complex.

Description of crystal structures

The L'H ligand 3, crystallizes in a monoclinic system with the
space group C.and Z=4. Individually each benzene ring in the
molecule is almost planar. The C3, C12, and C18 atoms deviate
from the each benzene best plane by -0.100(3), 0.016(2), and
0.0065(2) A. All bond lengths and angles in (C1-C6), (C7-C12),
and (C14-C19) benzene rings have normal values; the weighted
average ring bond distances (C-C) are 1.384(4), 1.395(4), and
1.384(4) A, respectively. The whole molecule is not planar and
the P1/P2, P1/P3, and P2/P3 dihedral angles between the planes
of benzene rings, respectively, P1(C1-C6), P2(C7-C12), and
P3(C14-C19) are 4.73(8), 47.85(7), and 45.39(7)°. Besides the
dihedral angle of P4/P5 between the planes of azo and
azomethine groups [P4(C4/N1/N2/CT7) and
P5(C11/C13/N3/C14)] is 23.40(2)°. The two benzene rings along
the N2=N1 displays trans configuration and the torsion angle of
C4-N1-N2-C7 is 179.3(2)°. This angle is reported in literature as

ns 179.80(17)°%7,175.83°% and 178.5(3)°%. The Br-C1, N1=N2, N2-

C7, and N1-C4 bond lengths are seen in Table 1, which are

This journal is © The Royal Society of Chemistry [year]
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values within normal ranges™. in Table 1 for L'H 2 and Table 2 for Zn(L'), 4, respectively.
Selected bond lengths, bond angles and torsion angles are listed

Table 1 Some selected bond lengths [A], bond angles [°] and torsion angles [°] for L'H 2.

Br-Cl 1.897(3) 0-C10 1.334(3)
N2-NI 1.243(3) N2-C7 1.425(3)
C6-C5 1.371(4) C6-C1 1.375(4)
N1-C4 1.426(3) N3-C13 1.282(3)
N3-C14 1.413(3) c13-Cl1 1.455(4)
N1-N2-C7 114.4(2) N2-N1-C4 114.5(2)
CI13-N3-Cl4 121.5(2) C15-C14-N3 118.4(2)
C18-C19-C14 119.7(3) C19-C14-N3 122.12)
N3-C13-C11 120.8(2) C5-C4-N1 125.1(2)
C3-C4-N1 115.3(2) 0-C10-Cl11 121.8(2)
C6-C1-Br 119.3(2) C12-C7-N2 116.6(2)
N2-N1-C4-C5 -6.2(3) C4-N1-N2-C7 179.3(2)
N1-N2-C7-C8 10.5(3) C13-N3-C14-C15 -146.7(2)
C14-N3-C13-C11 -170.7(2) Br-C1-C2-C3 -179.83(19)
C2-C3-C4-N1 -177.12) C8-C9-C10-0 178.9(2)
C9-C10-C11-C13 172.8(2) 0-C10-C11-C13 -6.5(3)
C13-C11-C12-C7 -1712Q2) C10-C11-C13-N3 4703)
N3-C14-C15-C16 -176.8(2) N3-C14-C19-C18 175.5(2)

Table 2 Some selected bond lengths [A], bond angles [°] and torsion angles [°] forZn(L'), 4.

Brl-C3 1.892(2) Zn1-01 1.9265(14)
Zn1-N3 2.0046(16) 01-C10 1.303(2)
NI1-N2 1.246(3) N1-C6 1.432(3)
N2-C7 1.425(3) N3-C13 1.297(2)
N3-Cl4 1.432(3)

01-Zn1-01' 120.43(9)

01-Zn1-N3'! 109.55(6) 01-Zn1-N3 98.16(6)
N3-Zn1-N3 122.69(9) C10-01-Znl 124.25(13)
N2-N1-C6 112.5(2) N1-N2-C7 114.5(2)
C13-N3-Znl 118.73(14) C14-N3-Znl 121.19(12)
C2-C3-Brl 118.76(19)

01-Zn1-01-C10 116.80(16) N3-Zn1-01-C10 -130.68(15)
N3-Zn1-01-C10 -1.64(16) C6-N1-N2-C7 179.20(19)
01-Zn1-N3-C13 2.97(15) O1-Zn1-N3-C13 -123.46(14)
N3-Zn1-N3-C13 122.54(15) 01-Zn1-N3-C14 -179.80(14)
O1'-Zn1-N3-C14 53.77(15) N3'-Zn1-N3-C14 -60.22(13)
Br1-C3-C2-C1 -176.2(2) N2-N1-C6-C1 173.1(2)
N2-N1-C6-C5 -1.5(3) N1-N2-C7-C12 173.4(2)
N1-N2-C7-C8 -7.3(3) C12-C11-C10-01 -178.02(19)
C13-N3-C14-C15 -165.52(19) Zn1-N3-C14-C15 17.3(2)
Zn1-N3-C14-C19 -162.48(15) Zn1-N3-C13-C11 -2.8(3)

Symmetry code: (i: -x, y, -z-3/2)

4|Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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In the L'H ligand 2, a strong O-H...N intramolecular hydrogen
bond is observed (Fig. 1) [O1...N3; 1.845(2) A, O1-HS...N3;
147.00°] (Table 3) which is in good agreement with values in
reported structures as 146.00°' and 147.93°”°. The molecular
packing of the structure is stabilized by a C-H...O intermolecular
hydrogen bond and six weak C-H = interactions between

Table 3 Hydrogen bond geometry (A, °) of compoundsL'H 2 and Zn(L"), 4.

neighboring molecules in the unit cell (Table 3 and Fig. SI
(ESI+)). Moreover analysis of short ring-interactions shows that a

10 considerably Cg...Cg (m... m stacking) interaction is found
between Cg2...Cg2" as 4.631(13) A [Cg2: ring (C7-C12) and
symmetry code (a): X, -y, /2+z].

- D-H..A® D-H H..A D..A D-H...A Symmetry

L'H2 O1-HS8...N3 0.82 1.845 2.572(3) 147.00 X, Y, Z

Zn(L"), 4 C16-H16...Brl 0.93 2.863 3.692(3) 149.00 Vatx, Yoty,-1+4z
C19-H19...01 0.93 2.572 3.458(3) 159.00 X, -y, Yotz
C-H...n

L'H2 C3-H2.. RI 0.93 2.867 3.573(2) 133.65 X, -y, -Vatz
C6-H3...R1 0.93 2782 3.4712) 131.72 x, 1-y, Yotz
C9-H6...R2 0.93 2.837 3.480(2) 127.25 X, -y, -Vatz
C12-H7...R2 0.93 2.984 3.573(2) 130.34 X, 1=y, Vatz
C15-H9...R3 0.93 2.754 3.474(3) 134.83 X, 1-y, -Vatz
C18-HI2...R3 0.93 2.805 3.534(3) 135.94 X, -y, Vatz

Zn(L"), 4 Cl15-H15...R4 0.93 2.691 3.496(2) 145.36 X, Y, Yz

2

2

3

3

0

S

0

s

® D: Donor, A: Acceptor, [R1: (C1-C6), R2: (C7-C12), R3: (C14-C19) rings for L'H 2] and [R4: (Zn1/O1/N3/C10-C13) ring for Zn(L"), 4].

The asymmetric unit of complex (Zn(L'),) 4 contains one-half
molecule with other half generated by an inversion centre which
lies at the midpoint of Znl atom [symmetry code: -X, y, -z-3/2].
The Zn1 atom of complex (Zn(L'),) 4 coordination geometry can
be described as a distorted tetrahedral arrangement and Znl atom
forms two six-membered chelate rings related to each other by
the twofold rotation axis passing through Znl. The dihedral angle
of between these chelate rings is approximately 80.14(6)°, and the
Zn1-01 and Zn1-N3 distances are 1.9265(14) and 2.0046(16) A,
close to normal values®. The defined planes A(Zn1/O1/N3/C10-
C13), B(C7-C12), C(Br/N1/N2/C1-C7), and D(N3/C14-C19) are
almost planar; the maximum deviations from their best planes are
0.021(2), -0.011(2), -0.064(2) and -0.002(3) A for atoms N3,
C12, N1, and C16. The dihedral angles between these planes are
1.17(9), 15.36(7), 16.07(8), 14.49(9), 15.04(10), and 17.61(9)°,
respectively, for A/B, A/C, A/D, B/C, B/D, and C/D. In the
complex (Zn(L'),) the two benzene rings of (C1-C6) and (C7-
C12) adop a trans configuration with respect to N1=N2 double
bond and the torsion angle of C6-N1-N2-C7 is 179.20(19)°. The
molecules are linked by C-H...Br and C-H...O hydrogen bonds
forming a three-dimensional network (Table 3 and Fig.S2
(ESI+)). Besides a weak C-H...w interaction are present in the

40 unit cell and listed in Table 3.

Catalytic studies

The carboxylation of epichlorohydrin with CO, into
corresponding cyclic carbonate (4-(chloromethyl)-1,3-dioxolan-
45 2-one) in the presence of 0.1% complexes were conducted in a
batch-wise operation under various conditions as shown in Table
4. The coupling of carbon dioxide and various epoxides catalyzed
by complexes investigated under different reaction
conditions (Table 4, entries 1-9). Catalytic experiments were
so carried out at optimized conditions, which were determined at our
previous studies®* . Five different types of organic bases were
used as co-catalysts. Also, two different types of ionic liquids
(IL) as catalysts were investigated. One is the 1-Butyl-3-
methylimidazolium iodide ((bmim)I) and the other one is 1-
ss Butyl-3-methylimidazolium hexafluorophosphate ((bmim)PFy).

were

This journal is © The Royal Society of Chemistry [year]
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Table 4 Synthesis of ECHC (4-(chloromethyl)-1,3-dioxalan-2-one) from ECH (2-(chloromethyl)oxirane) and CO,catalyzed by metal complexes.

0.1 %, Zn(L"), (CAT.), 0.2 % DMAP

{

O o]
I 4 Co, ¢
cl 2h, 100°C, 1.6 MPa
Cl
Entry Cat. Yield® Selectivity* TON® TOF® (h™)
(%) (%) 5
Blank Zn(L"), 4 3.0 92.0 30 15
1 Zn(L"), 4 62.1 98.2 621 311
2 Zn(L%),9 51.4 99.3 514 257
3 Cu(L", 6 48.0 97.4 480 240
4 Cu(L’), 11 50.6 97.4 506 253 0
5 Ni(L",7 54.5 98.4 545 273
6 Ni(L?), 12 493 98.6 493 247
7 [Co(L"),].2H,0 5 27.9 98.5 279 140
8 Co(L*),10 55.7 98.9 557 279
9 [Fe(L"),CI(H,0)] 8 52.1 97.2 521 261

15

20

Reaction conditions: Cat.(4.5x10°mol), epichlorohydrin (4.5x10?mol),DMAP (9x10°mol), CO, (1.6 MPa), 100 °C, 2 h.
dCat.(4.5x10mol), epichlorohydrin (4.5x10?mol), CO, (1.6 MPa), 100 °C, 2 h.

%Yield and selectivity of epichlorohydrin to corresponding cyclic carbonate were determined by GC.

"Moles of cyclic carbonate produced per mole of catalyst.

“The rates expressed in terms of the turnover frequency {TOF [mol of product (mol of catalyst h)']=turnovers/h}

25 (Zn(L"),)bearing phenylimino group and DMAP showed best
catalytic activity and selectivity (yield: 62.1% and selectivity:
98.2%) for the coupling of CO, and epichlorohydrin as substrate

The complexes, when used 4-dimethylamino pyridine (DMAP) as
co-catalyst, showed highest catalytic activity and selectivity for
the conversion of CO, into cyclic carbonates using the epoxide

derivatives which served as substrate and solvent. The complex 4 (Fig. 3).

£
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S
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[} .
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o 40 M-I = -
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) == A8 WS EF B S EET W B8
T) 0 'Adl T T T T — T T T _|7
> \Z v Q N NZ Q \Z Q NS
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NP R R R I U A VAR
v AS % C O < ) \,\/\ ® '1,(>\
N W
\(Jo\” {(z\»” = yield (%)
m selectivity (%)
Catalysts

*7Zn(L"), 4 (4.5x10”mol), epichlorohydrin (4.5x10mol), CO, (1.6 MPa), 100 °C, 2 h.
Fig. 3The effects of catalysts for the formation of epichlorohydrin to corresponding cyclic carbonate at the same catalytic conditions.

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 |6
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Interestingly, excluding complex Zn(L'), 4, the activities of
catalysts were significantly low. Lots of parameters such as
solubility of complexes in epoxide, polarity, biphasic reaction
s media, differences between catalysts and substrates could play a
role for this phenomenon.

Synthesis of cyclic carbonates from other epoxides and CO,

10 The above results indicate that complex Zn(L'), 4 is an efficient
catalyst for the cycloaddition of CO, to ECH. For investigation of
the efficiency of the catalytic system, different epoxides
(epichlorohydrin (ECH), 1,2-epoxybutane (EB), Propylene oxide

(PO), styrene oxide (SO) and cyclohexene oxide (CHO)) were
s used as both solvent and substrate under optimized reaction
conditions. As shown in Table 5, epichlorohydrin was found to be
the most reactive epoxide, while cyclohexene oxide exhibited the
lowest activity of the epoxides surveyed. This result may be due
to more electron donating substituents linked to C,-atom of these
20 epoxides (EB, SO, PO and CHO) which could be coordinated to
the metal centre and was responsible for the catalyst poisoning™.
The results of optimization conditions such as reaction
temperature, epoxide, time and CO, pressure were very similar
for both homogeneous and heterogeneous systems that were
25 previously reported®.

Table 5The comparison of various epoxides to corresponding cyclic carbonates at the same catalytic conditions with Zn(L'), 4 catalyst

Yield® Selectivity® Yield® Selectivity®
Entry Product (%) %) Entry Product (%) (%)
7 i '
o//\ o\
o ° 24
1 \\<\ 33 99.0 4 : 95.8
Ph
//O )O|\ 35
? /\o Q o]
2 kﬁ 62.1 98.2 5 0.6 725
cl
7) 40
O/K
[¢]
3 4.2 73.2
45

*Yield and selectivity of epichlorohydrin to corresponding Epichlorohydrin carbonate were determined by GC.
"Reaction conditions: epoxides (4.5-10mol), catalyst: Zn(L'), (4.5-10”mol), DMAP (9-10mol), 100°C, 1.6 MPa and 2 h.

50

Influence of bases on the ECHC (4-(chloromethyl)-1,3-
dioxolan-2-one) synthesis

We also evaluated the effect of co-catalyst on the catalytic
ss performance (Fig. 4). For this purpose, organic bases (DMAP (4-
(dimethylamino)pyridine), = CH3;CN  (acetonitrile), CsHsN
(pyridine), NEt; (triethylamine) and PPhs(triphenylphosphine))
were used as co-catalyst. Interestingly, the use of CH3CN resulted
in the yield of 1.3%, and the yield remarkably increased up to
6 62.1% when DMAP was used as the base in high selectivity’’.

Pyridine based co-catalyst systems (CsHsN and DMAP) were
found to be effective bases. Especially, DMAP which has N-
dimethyl amino moiety showed the best activity.The catalytic
efficiencies of these co-catalysts were found to be in the

os following order: CH3CN < PPh; <NEt; <CsHsN < DMAP.
Similar effect was observed in our previous papers*’. Blank
reaction was made to determine the effect of co-catalyst (Table 4,
Blank run). Consequently, the necessity of base was observed as
shown in Fig. 4.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 |7
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Fig. 4 Conversionand selectivity of 2-(chloromethyl)oxirane as effect the transformation of base at the same catalytic conditions with Zn(L'),4 catalyst.

10 4h. It is observed that the cycloaddition reaction proceeds rapidly
within the first 2 h, reaching an ECHC yield of 62.1%. Following
an increase in time from 0.5 to 4h, ECHC yield increased sharply

s Since the Zn(L"), 4 showed good catalytic activity, the effects of ~ from 29.5 to 65.5% (Fig. 5). On this basis, the experiments to
reaction parameters (temperature, CO, pressure, and time) were assess other reaction parameters were performed for 2h.
examined using this catalytic system. Firstly, the effect of s
reaction time on the ECHC yield was investigated. Fig. 5 shows
that the ECHC yield increased with reaction time up to a period

Optimization Studies

< 100 - %
S
Fy
> 80
)
O
9
[7] 60 .
_‘g T=100°C
= p(CO,) =1.6 MPa
s atmyicld (%)
2 el selectivity (%)
=

20 T T T 1

0 1 2 3 4
Time (h)

Fig. 5 Conversion and selectivity of ECH as a function of time with Zn(L'), 4 as catalyst.

from 11.9 to 91.8%. With increase of temperature from 125 to
The results shown in Fig. 6 clearly show that temperature has a 25 150°C, ECHC yield slowly increased from 91.8 to 93.9% (Fig.

20 strong effect on the ECH conversion. When catalytic reactions 13). This temperature and conversion relationship is attributed to
were conducted at 75, 100, 125, and 150°C, the ECH conversions higher reactivity at a higher temperature. These types of catalysts
were 11.9, 62.1, 91.8, and 93.9%, respectively. With increase of were found to be more reactive at high temperatures. As a result,

temperature from 75 to 125°C, ECHC yield increased sharply the temperature is required for these catalysts (Fig. 6).

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 |8
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Fig. 6 Conversion and selectivity of ECH as a function of temperature with Zn(L'"), 4 as catalyst.

The effects of CO, pressure were also investigated. As shown in 15 between ECH and catalysts, resulting in a decrease in ECH
s Fig. 7, in the low-pressure range (0.5-1.6 MPa), there has been a conversion. Thus, the best EC yield could be achieved at 1.6
rise in ECHC yield (from 32.4% to 62.1%) with an increase in MPa. According to the literature, this can be explained

initial CO, pressure. But, further rise of pressure to 4 MPa results qualitatively by the effect of pressure on the concentration of
in moderate decrease in ECHC yield (from 62.1% to 38.6%). CO2 and epoxide in the two phases in the reaction systems*'. The
Similar effects of CO, pressure on catalytic activity were 20 upper phase is the vapour phase, and bottom phase is the liquid
10 observed in our previous reports *2. In a catalytic reaction system, phase. The reaction took place mainly in the liquid phase because
a higher CO, pressure can effectively increase the solubility of the catalyst was dispersed in the liquid phase. When the pressure
CO, in ECH, enabling the reaction equilibrium to shift toward was higher than 4 MPa, the CO, concentration was too high and
carbonate formation. However, when CO, pressure reached 4 inhibited the contact of ECH with the catalyst by a dilution
MPa, this high CO, pressure may have retarded the interaction s effect*'™*.
100 4 M

S
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] 60 - apmoYield (%)
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©

c

© 40 -

©

2

>
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Pressure (MPa)

Fig. 7 Conversion and selectivity of ECH as a function of pressure with Zn(L'), 4as catalyst.
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investigated. One is the (bmim)I (1-butyl-3-methylimidazolium
10 iodide) and the other one 1is (bmim)PFs (1-butyl-3-
methylimidazolium hegzafluorophosphate). The best active
complex compound (Zn(L"), 4) and ionic liquide’s ((bmim)I and

Synthesis of cyclic carbonates from EB and CO, catalyzed by
metal complexes and ionic liquids.

The carboxylation of epoxybutane with CO, into corresponding (bmim)PF¢) were used together as binary catalytic system and

s cyclic carbonate (4-ethyl-1,3-dioxolan-2-one) in the presence of their activities were investigated. Ionic liquids, metal complexes
0.1% catalyst system was conducted in a batch-wise operation s and the binary catalytic system were compared for each catalytic
under various conditions as shown in Table 6, entries 1-5. In this condition (Fig. 8).

study, two different types of ionic liquids (IL) as catalysts were

Table6 Synthesis of EBHC (4-ethyl-1,3-dioxolan-2-one) from EB (2-ethyloxirane) and CO, catalyzed by metal complexes and ionic liquids.

O
o) 0.1 %, Zn(L'),, 0.1 % IL O//<O
+  CO, >
2h, 100°C, 1.6 MPa
20
Entry Cat. Yield® Selectivity* TON® TOF® (h™)
(%) (%)
1 Zn(L"), 4 62.1¢ 98.2 621 311
2 (bmim)I 85.0 97.0 85.0 43
3 (bmim)PF, 83.6 99.0 83.6 41.8 2
4 (bmim)I+Zn(L'), 4 89.7 91.8 89.7 44.9
5 (bmim)PFs+Zn(L'), 4 94.3 94.6 94.3 47.2

Reaction conditions: Cat.(4.5x10”mol), IL(4.5x10°mol), 1,2- epoxybutane (4.5x10”mol), CO, (1.6 MPa), 100 °C, 2 h.
30 %Cat.(4.5x10”mol), 1,2- epoxybutane (4.5x10mol), DMAP (9x10°mol),CO, (1.6 MPa), 100 °C, 2 h.

*Yield and selectivity of epoxybutaneto corresponding epoxybutane carbonate were determined by GC.

"Moles of cyclic carbonate produced per mole of catalyst.

“The rates expressed in terms of the turnover frequency {TOF [mol of product (mol of catalyst h)']=turnovers/h}

: ———————m Yield (%)

Yield and Selectivity (%)

Q‘<Q° Qq’ Qq’ | Selectivity (%)
& N
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Fig. 8 The effects of catalysts for the formation of epoxybutane to corresponding cyclic carbonate at the same catalytic conditions.

The (bmim)PFs+ Zn(L'), 4 as binary catalytic system showed the
best catalytic activity and selectivity (yield: 94.3% and
selectivity: 94.6%) for the coupling of CO, and epoxybutane
(Table 6, entry 5).The similar Salen type Zn(Il) complex which
has not involved the azo-moieties 13 has been prepared and tested
at the same catalytic conditions to see the effectiveness of the
azo-moieties. The %43.2 yield was achieved with 97.9%
selectivity. This result shows that, azo-moiety has positive affect
to the catalytic system.

Experimental

Materials and measurements

All solvents were of reagent grade. The metal salts
[Zn(CH;COO),H,0, Cu(CH;CO0),H,0, Ni(Cl),.6H,0,
Co(CH;3C00),.4H,0, Fe(Cl);.6H,0],p-bromoaniline, aniline, 4-
ethylaniline and salicylaldehyde were obtained from Fluka.

Elemental analyses were carried out by The Scientific and
Technological Research Center of Inénii University. IR spectra
were obtained using KBr discs (4000—400 cm™) on a Shimadzu

8300 FTIR spectrophotometer. The electronic spectra in the 200—
900 nm range were obtained using DMF on a Hithachi U-3900
25 spectrophotometer. Magnetic measurements were carried out by
the Gouy method using MnCl, as calibrant. ESI mass spectra
were recorded on a ESI/MS Tandem mass spectrometry. 'H and
BC NMR spectra were recorded on a Varian AS-400 MHz
instrument and Bruker 600 MhzUIltrashield TM in CDCls.

s The diffraction data for suitable single crystals of L'H 3 ligand
and its Zn" complex 4 (Zn(L'"),) were collected using a Bruker
APEX-II CCD diffractometer equipped with a MoK, radiation
source (A=0.71073A at 296 K). /20 scan mode was employed
for data collection. The structures were solved by SHELXS-97 **

ssand refined with SHELXL-97 *° software package. All non-
hydrogen atoms were assigned anisotropic displacement
parameters and refined positional constraints. The H atoms were
placed in geometrically idealized positions, with C-H distances of
0.93 A (aromatic) for L'H2 and Zn(L'), 4, and 0.82 A (hydroxyl)

wfor L'H 2. Details of the data collection parameters and
crystallographic information for L'H and Zn(L'), are given in
Table 7.

Table 7 Crystal data and structure refinements for ligand (L'H 2) and complex (Zn(L'), 4).

Properties LH2 Zn(L'), 4
Empirical Formula C9H3BrN;O C;3H¢Br,NgO»2Zn
Formula weight 379.23 823.84

Crystal system Monoclinic Monoclinic
Space group Ce C2/c

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

6 range for data collection
Limiting indices

Reflections collected
Unique reflections
Completeness to theta

Max. and min. Transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>26(1)]

R indices (all data)

a=37.4840(11) A
b=7.0935(2) A
c=6.2089(2) A
B=97.497(2)°

a=34.9897(7) A
b=28.3586(2) A
c=11.8489(3) A
B =105.3030(10)°

1636.79(8) A® 3342.52(13) A®
4 8

1.539 Mg/m® 1.637 Mg/m®
2.522 mm’! 3.171 mm’
764 1648

0.45 x 0.23 x 0.04 mm 0.45x0.25 x 0.10 mm
2.19-26.37° 2.41-30.27°
-46<h< 46 -49<h<47
8<k<38 Al <k<11-
7<1<7 16<1<16
9427 19157

2858 [R(int) = 0.0323]

26.37 993 %

0.9059 and 0.3966

Full-matrix least-squares on F?
2858/0/217

1.008

R;=0.0289, wR,=0.0626
R;=0.0334, wR,=0.0643

4951 [R(int)=0.0322]

3027 99.0 %

0.7422 and 0.3295

Full-matrix least-squares on F*
4951/07/222

1.018

R;=0.0380, wR,=0.0832
R;=0.0729, wR, = 0.0945

This journal is © The Royal Society of Chemistry [year]
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Apmax Z.Ild Apmm 0.343 and -0.184 e. A-3

0.662 and -0.515 A

[

G

Selected bond lengths, bond angles and torsion angles are listed
in Table 1 for L'H 2 and Table 2 for Zn(L'), 4, respectively.
Hydrogen bonding geometries of L'H 2 and Zn(L'), 4 are shown
in Table 3. The ORTEP* drawings of the molecule indicating
atom numbering scheme with thermal ellipsoids at %50
probability are given in Fig. 1 for L'H 2 and Fig.4 for Zn(L"), 4.
The PARST* and PLATON*® programs were used for
geometrical calculation and conformational features of the
molecules. Further experimental details have been deposited as
supplementary material at the Cambridge Crystallographic Data
Centre CCDC 1035285-1035286.

The yields of epoxides to corresponding cyclic carbonates were
determined by GC (Agilent 7820A) with HP-5 MS column.

Synthesis of
hydroxybenzaldehyde 1

(E)-5-((4-bromophenyl)diazenyl)-2-

(E)-5-((4-bromophenyl)diazenyl)-2-hydroxybenzaldehyde 1 was
prepared according to the reported procedure™®.

Synthesis of 4-((E)-(4-bromophenyl)diazenyl)-2-((E)-
(phenylimino)methyl)phenol 2 (L'H)

4-((E)-(4-bromophenyl)diazenyl)-2-((E)-(phenylimino)methyl)
phenol 2 (L'H) (Scheme 1) was synthesized as follow; 10 mmol
(3.05 2) of (E)-5-((4-bromophenyl)diazenyl)-2-
hydroxybenzaldehyde 1 and 10 mmol (0.93 g) of aniline were
condensed by refluxing in 70 cm® of absolute ethanol for 3 h. The
solution was left at room temperature. 4-((E)-(4-
bromophenyl)diazenyl)-2-((E)-(phenylimino)methyl)phenol 2
was obtained as orange micro crystals; the micro crystals were
filtered off, washed with 10 cm® of absolute ethanol and then
recrystallized from DMF. Yield: 7.8 g (79%). Anal. Calcd. (%)
for CoH4BrN;O (M= 380.24): C 60.00, H 3.69, N 11.05. Found
(%): C 60.02, H 3.71, N 11.05. FT-IR (cm’, KBr): 3434 (s),
3075 (s), 1621 (s), 1567 (s). UV-Vis (A, nm): 224, 277, 335, 390.
'H NMR (400 MHz, CDCl38ppm): 13.93 (bs, 1H), 8.76 (s, 1H),
8.04 (m, 2H), 7.79 (m, 2H), 7.66 (m, 2H), 7.47 (m, 2H), 7.34 (m,
3H), 7.15 (d, J = 88 Hz, 1H). *C NMR (101 MHz,
CDCl3dppm): 164.4, 162.0, 151.3, 147.7, 145.4, 132.3, 129.6,
128.2, 127.5, 127.4, 124.8, 124.1, 121.2, 1189, 118.3. MS m/z:
380 [M]".

Synthesis  of  4-((E)-(4-bromophenyl)diazenyl)-2-((E)-((4-
ethylphenyl)imino)methyl) phenol 3 (L’H)

10 mmol (3.05 g) of (E)-5-((4-bromophenyl)diazenyl)-2-
hydroxybenzaldehyde 1 and 10 mmol (1.21 g) of 4-ethylaniline
were condensed by refluxing in 50 cm® of absolute EtOH for 3 h.
The solution was left at room temperature. The product was
obtained as orange micro crystals; the micro crystals were filtered
off, washed with 10 cm’ of absolute ethanol and dried in air.
Yield: 8.2 g (75%). Anal. Calcd. (%) forC, H;sBrN;O @s=

S

=y
o

S

a

S

ss 408.30): C 61.70, H 4.41, N 10.28. Found (%): C 61.78, H 4.44,

N 10.29. FT-IR (cnr, KBr): 3445 (s), 3055 (s), 1622 (s), 1567
(s). UV-Vis (A, nm): 234, 292, 346, 394. '"H NMR (600 MHz,
CDClL8ppm): 14.03 (s, 1H), 8.78 (s, 1H), 8.11 — 8.01 (m, 2H),
7.83 = 7.75 (m, 2H), 7.70 — 7.62 (m, 2H), 7.29 (m, 4H), 7.16 (d, J
=8.7 Hz, 1H), 2.73 (q, J = 7.6 Hz, 2H), 1.30 (t, J = 7.6 Hz, 3H).
C NMR (101 MHz, CDClidppm): 164.52, 160.98, 151.38,
14537, 145.21, 143.91, 132.30, 128.97, 128.03, 127.31, 124.75,
124.10,121.13, 119.02, 118.28, 28.50, 15.56. MS m/z: 407 [M]".

Synthesis of (E)-2-((phenylimino)methyl)phenol13

(E)-2-((phenylimino)methyl)phenol 13 was prepared according to
the literature™”.

25 mL 2-hydroxybenzaldehyde (508.5 mg, 2.00mmol) solution in
methanol was added aniline (186.3 mg, 2 mmol) in methanol (5
mL) and refluxed for 8 hours. The solution was concentrated on
air by removing solvent for two days and crystallized to give (E)-
2-((phenylimino)methyl)phenol 13 as a yellow needle crystals.
Yield: 5.5 g (83%). Anal. Calcd. (%) for C3H;1NO (M= 197.2):
C 79.16, H 5.62, N 7.10. Found (%): C 78.93, H 5.71, N 7.05.
FT-IR (cm’', KBr): 3430 (s), 3060 (s), 1600 (s),. UV-Vis (A,
nm): 275, 339, 393.

General procedure for the synthesis of metal complexes

L'H 2 and L’H 3 ligands (20 mmol) dissolved in 200 cm’
absolute EtOH was mixed with 10 mmol metal salts in 10
cm’EtOH. The stirred mixture was refluxed for 24 h, then
evaporated to 15-20 c¢m® in vacuum and left to cool to room
temperature. The compounds were precipitated after adding 5
cm® EtOH. The products were filtered in vacuum, washed with a
small amount of MeOH and water. Zn(L"), 4 recrystallized from
DMEF. The products are soluble in solvents such as CHCl;, DMF
and DMSO.

Zn(L"Y), (4): Yield: 6.8 g (83%). Anal. Caled. (%) for
C;3H,6Br,NgO,Zn (M= 823,84): C 55.43, H 3.15, N 10.19. Found
(%): C55.40, H3.18, N 10.20. FT-IR (cm’’, KBr): 3038 (s), 1607
(s), 1585 (s), 528 (w), 422 (w). UV-Vis (A, nm): 283, 333, 399,
457.

[Co(LY),].2H,0 (5): Yield: 6.1 g (72%). Anal. Calcd. (%) for
CssH3Br;NgO,Co (M= 853.42): C 53.48, H 3.54, and N 9.85.
Found (%): C 53.04, H 3.15, N 9.70. FT-IR (cm™, KBr): 3412 (s),
3038 (s), 1613 (s), 1585 (s), 594 (w), 418 (w). UV-Vis (A, nm):
237,279, 348, 366, 458, 552.

Cu(LY), (6): Yield: 6.7 g (81%). Anal. Caled. (%) for
CisHBroNgO,Cu (M= 822,01): C 55.74, H 3.45, N 10.22.
Found (%): C 55.52, H 3.19, N 10.22. FT-IR (cm™, KBr): 3041
(s), 1602 (s), 1528 (s), 599 (w), 457 (w). UV-Vis (A, nm): 236,
275, 335, 366, 425, 642.

s Ni(LY), (7): Yield: 6.5 g (79%). Anal. Caled. (%) for

CisHa6BraNgO,Ni (M= 817,15): C 55.25, H 3.22, N 10.18. Found
(%): C 55.85, H3.21, N 10.28. FT-IR (cm™', KBr): 3048 (s), 1601

12|Journal Name, [year], [vol], 00—00
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(s), 1595 (s), S15 (w), 459 (w).
539.

[Fe(L"),CI(H,0)] (8): Yield: 7.4 g (85%). Anal. Calcd. (%) for
C38H28Br2N603C0 (M: 86777) C 5246, H 327, N 9.58. Found
(%): C 52.60, H 3.25, N 9.68. FT-IR (cm™', KBr): 3403 (s), 3056
(s), 1607 (s), 1599 (s), 589 (w), 425 (w). UV-Vis (A, nm): 270,
330, 350, 375, 610.

Zn(L%, (9): Yield: 7.6 g (87%). Anal. Caled. (%) for
C4H;34Br,NqO,Zn (M= 879,95): C 57.29, H 3.90, N 9.52. Found
(%): C 57.33, H 3.92, N 9.55. FT-IR (cm™', KBr): 3058 (s), 1609
(s), 1579 (s), 587 (w), 418 (w). UV-Vis (A, nm): 276, 359, 414,
507.

Co(L?, (10): Yield: 6.5 g (75%). Anal. Calcd. (%) for
C42H34BI'2N602C0 (M: 87350) C 5760, H 392, N 9.60. Found
(%): C 57.75, H 3.92, N 9.62. FT-IR (cm™', KBr): 3062 (s), 1602
(s), 1576 (s), 610 (w), 420 (w). UV-Vis (A, nm): 235, 280, 348,
366, 545.

Cu(L), (11): Yield: 7.5 g (85%). Anal. Caled. (%) for
C4H;34Br,NcO,Cu (M= 878.11): C 57.21, H 3.95, N 9.23. Found
(%): C 57.45, H 3.90, N 9.37. FT-IR (cm™', KBr): 3057 (s), 1592
(s), 1575 (s), 663 (w), 420 (w). UV-Vis (A, nm): 237, 279, 346,
363, 401, 639.

Ni(L»), (12): Yield: 7.6 g (87%). Anal. Calcd. (%) for
C4,H;34Br,NcO,Ni (M= 873.26): C 57.70, H 3.95, N 12.59. Found
(%): C 57.77, H 3.92, N 9.62. FT-IR (cm™', KBr): 3035 (s), 1603
(s), 1594 (s), 512 (w), 417 (w). UV-Vis (A, nm): 234, 292, 346,
394.

UV-Vis (A, nm): 283, 375, 490,

Zn(4), (14): Yield: 3.7 g (82). Anal. Caled. (%) for
CysHpoN,O,Zn (M= 457.83): C 68.21, H 4.40, N 6.12. Found
(%): C 67.97, H 4.42, N 6.62. FT-IR (cm', KBr): 3033 (s), 1603
(s), 1596 (s), 515 (w), 413 (w). UV-Vis (A, nm): 234, 293, 341,
394.

General procedure for the cycloaddition of epoxides to CO,

A 50 cm’ stainless pressure reactor was charged with all of
complexes (4.5:10°mol), epoxide (4.5-10%mol), and 4-
dimethylaminopyridine (DMAP) (9-10mol). The reaction vessel
was placed under a constant pressure of carbon dioxide for 2 min
to allow the system to equilibrate and CO, was charged into the
autoclave with desired pressure then heated to the desired
temperature. The pressure was kept constant during the reaction.
The vessel was then cooled to 5-10 °C in an ice bath after the
expiration of the desired time of reaction. The pressure was
released, then, the excess gases were vented. The yields of
epoxides to corresponding cyclic carbonates were determined by
GC (Agilent 7820A).

Conclusions

In this study we have reported the synthesis and characterization
of two novel ligands containing -N=N- group, and their metal
complexes. In addition, a Zn complex of azo free form of L'H
ligand 13 was prepared. The catalytic activity of the prepared
metal complexes has been examined for the chemical fixation of
CO, to corresponding cyclic carbonates with epoxides. Best
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active catalyst has found to be Zn(L'"), 4 which was characterized
by single crystal X-ray analysis. Different parameters have been
investigated using this active complex as catalyst. From the
comparison of all these complexes, azo group has positive effect
to the catalytic activity. Catalytic studies are summarized as
below:

1-Best active epoxide is found to be ECH,

2-Best active co-catalyst as base is found to be DMAP,

3-Best CO, atmosphere pressure is found to be 1.6 MPa,

4-125 °C is required for the catalytic conversion,

5-2 hours reaction time is enough for the coupling,

6-Ionic Liquid has been found to have a positive effect and
showed the best active performance with (bmim)PF¢+ Zn(L"),4as
binary catalytic system.

7- Azo moiety increased the activity.
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