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Abstract: A new Cu(ll) complex, [CulL,(H,O),]-H,O (HL = N-
nicotinoylglycine), has been obtained using N-nicotinoylglycine, copper(Il)
acetate monohydrate and NaOH as raw materials. The structure of the Cu(I)
complex was characterized by elemental analysis and single crystal X-ray
diffraction analysis. The Cu(Il) ion is six-coordinated with two N atoms
from two pyridine groups of L ligand and four O atoms of four coordinated
H,0 molecules. The Cu(Il) complex forms a 2D layered structure and 3D
network structure by the interaction of O-H---O hydrogen bonds. The
catalytic activities of the Cu(Il) complex catalyst for benzyl alcohol
oxidation were determined with molecular oxygen as oxidant.
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INTRODUCTION

For many years, functional metal complexes based on N-heterocyclic and carboxylic
ligands have been one of the hot topics studied and concerned by inorganic chemists
[1 — 5]. During the past decades, many Cu(Il) complexes with N-heterocyclic or
carboxylic ligands have been reported [6 — 10]. And many Cu(Il) complexes have
known to possess diverse intriguing structures and significant properties such as
antibacterial activity [11], catalytic activity [12 — 14], magnetic property [15],
cytotoxicity [16 — 18], electrochemical property [19], and photoluminescent property
[20]. Recently, some transition complexes with bifunctional ligand, N-
nicotinoylglycine, have been reported [21 — 23]. However, the structure and property of
Cu(IT) complex with N-nicotinoylglycine has not been studied. Our group has been
working on the synthesis and properties characterization of metal complexes with
polypodand [24 — 30]. In this paper, we reported a Cu(Il) complex, [Cul,(H,0),]-H,0,
and the catalytic activities of the Cu(Il) complex catalyst for benzyl alcohol oxidation
were determined with molecular oxygen as oxidant.

MATERIALS AND METHODS
Experimental

All chemicals (N-nicotinoylglycine, copper (II) acetate monohydrate, NaOH and
ethanol solvent) used in this work were analytical reagent and used as received. Element
analyses (C, H, and N) were performed using an Elementar Vario IIl EL elemental
analyzer (Elementar, Hanau, Germany). Single-crystal data of the Cu(Il) complex were
collected on a Bruker Smart CCD diffractometer (Bruker, Billerica, MA, USA).

Synthesis of [Cul,(H,0);]-H,O

N-nicotinoylglycine (0.1802 g, 1.0 mmol), NaOH (0.040 g, 1.0 mmol), ethanol (10.0
mL) and H,O (5.0 mL) were added into a 50 mL round flask. Then the mixture solution
was stirred at room temperature for 1 h, and copper(Il) acetate monohydrate (0.1000 g,
0.5 mmol) was added. The reactant mixture was kept at 65 °C for 6 h with stirring. The
blue precipitation was collected by filtration. Yield: 62 %. Anal. Calcd. for
Ci6H26N4CuOy2: C, 36.23; H, 4.91; N, 10.57 %. Found: C, 36.62; H, 4.67; N, 10.37 %. The
blue block crystals of the Cu(Il) complex were obtained by slow evaporation of the
filtrate after 15 days.

Crystal Data and Structure Determination

A single crystal of the Cu(Il) complex (0.13 mm x 0.12 mm x 0.10 mm) was placed on a
Bruker Smart CCD diffractometer equipped with a graphite-monochromated Mo Ko
radiation (A = 0.71073 A) at 293(2) K. 5402 (R, = 0.0469) was independent for the
Cu(Il) complex. The structure was solved by direct method using SHELXL-2014/7
program [31]. The OLEX?2 [32] program was used to refine the structure. Crystal data for

complex: triclinic system, space group P] with a = 7.8201(16) A, b = 8.8852(18) A, ¢ =
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9.0104(18) A, a = 83.11(3)°, f = 65.25(3)°, y = 81.72(3)°, V = 561.4Q)A°, Z = 1
C16H26N4Cu012, Mr = 52995, Dc =1.568 Mg/m3, F(OOO) =275 and ,u(MO KOC) =1.042
mm™. The final R = 0.0875, wR = 0.2523 (w =1/[c°(F,?) + (0.1555P)" + 1.4168P],
where P = (F, + 2Fc2)/3), S =1.115. The maximum and minimum peaks are 1.259 and -
0.795 e/A°, respectively.

Selective Oxidation of Benzyl Alcohol

Selective oxidation of benzyl alcohol with molecular oxygen was conducted in a 10 mL
stainless-steel high-pressure reactor. In a typical reaction, benzyl alcohol (0.2 mmol,
21.6 mg), 1,4-dioxane (1.5 g) and Cu(Il) complex catalyst (0.01 g) were mixed in a 10
mL stainless steel autoclave. After the reactor was sealed, the system was pumped six
times with pure O, (99.999 %) to remove air prior to reaction. Subsequently, the reactor
was kept in an oil bath at 100-120 °C for 4 h under 3 bar of O, with stirring at 550 rpm.
After the reaction, the Cu(Il) complex catalyst was removed from the solution by
centrifugation at 14000 rpm for 20 minutes. The conversion of benzyl alcohol and the
selectivity of benzaldehyde were determined by a gas chromatography analysis (GC-
6890, Purkinje General instrument Co., Ltd., Beijing, China) equipped with a SE-54
column (0.25 mmx0.25 mmx30 m). The products were identified by comparison with
known standards samples, and an external standard method was used for the qualitative
analysis of the conversion and selectivity. In the recycling experiment, the recovered
Cu(IT) complex catalyst was thoroughly washed with ethanol and then dried at 60 °C for
6 h for the next reaction.

RESULTS AND DISCUSSION
Structural Description of [CuL,(H,0),]-H,O

The molecular structure of [CulL,(H0),]-H,O is illustrated in Figure 1. The 2D layered
structure and 3D network structure of [CuL,(H,0);]-H,O are shown in Figure 2 and
Figure 3, respectively. And the selected bond distances and bond angles are given in
Table 1. As shown in Figure 1, there is one Cu(Il) ion, two L ligands, four coordinated
H,O molecules and one uncoordinated H,O molecule in the fundamental unit of
[CuL,(H,0),]-H,0O, where the COO" group of L ligand do not coordinate to Cu(II) ion.
The Cu(Il) ion is six-coordinated with a distorted octahedron coordination geometry by
four oxygen atoms from four coordinated H,O molecules and two nitrogen atoms from
two pyridine groups of L ligand. The Cu-O bond distances are 2.136(3) A (Cu(1)-O(4)
and Cu(1)-O(4A)) and 2.149(3) A (Cu(1)-O(5) and Cu(1)-O(5A)), and the Cu-N bond
distance is A 2.349(4) A (Cu(1)-N(2) and Cu(1)-N(2A)) (Table 1). The sum of bond
angles around Cul are 360.9° (O(4)-Cu(1)-O(5) 90.05(13)°, O(4A)-Cu(1)-O(5A)
90.05(13)°, O(4A)-Cu(1)-O(5) 89.95(13)°, O(4)-Cu(1)-O(5A) 89.95(13)°), showing that
0(4), O(5), O(5A) and O(4A) locate at the equatorial plane. The Cu(Il) complex forms
a 2D layered structure and 3D network structure by the interaction of O-H---O hydrogen
bonds (Figures 2 and 3).

St. Cerc. St. CICBIA 202122 (1) 59



TAl, REN, LIU and WANG

St. Cerc. St. CICBIA 2021 22 (1)

symmetry transformation: -x, -y, -z
Figure 2. 2D layereded structure of [Cul,(H,0),]-H,O

Figure 3. 3D network structure of [Cul,(H,0),]-H>O

Figure 1. The coordination environment of Cu(Il) ion in [Cul ,(H,0),]-H>0,
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Table 1. Selected bond lengths (A) and bond angles (°)
Bond D Bond d
Cu(1)-O(4) 2136(3) | Cu(1)-O(5A) 2.149(3)
Cu(1)-0(5) 2.1493) | Cu(1)-O(4A) 2.136(3)
Cu(1)-N(2) 2349(4) | Cu(1)-N(2A) 2.349(4)
C(8)-0(1) 1.238(5) | C(8)-0(2) 1.262(5)
C(6)-0(3) 1229(5) | C(6)-N(1) 1.335(5)
C(7)-N(1) 1.444(5)
Angle Q) Angle Q)
0(4)-Cu(1)-0(5) 90.05(13) | O(5A)-Cu(1)-N(2) | 89.51(13)
O(4A)-Cu(1)-0(5) | 89.95(13) | O(5)-Cu(1)-N(2) 90.49(13)
N(2)-Cu(1)-N(2A) | 180.0 O(4A)-Cu(1)-N(2A) | 89.54(14)
0O(4A)-Cu(1)-O(5A) | 90.05(13) 0O(4)-Cu(1)-N(2) 89.54(14)
O(4)-Cu(1)-0(5A) | 89.95(13) | O(4)-Cu(1)-N(2A) | 90.46(14)
O(5A)-Cu(1)-0(5) | 180.0 C(6)-N(1)-C(7) 121.4(4)
0(1)-C(8)-0(2) 123.9(4) | O(3)-C(6)-N(1) 121.5(4)
0(3)-C(6)-C(5) 121.2(4)

Catalytic Studies

The catalytic activities of the as-prepared Cu(Il) complex catalyst for benzyl alcohol
oxidation were determined with molecular oxygen as oxidant. The conversions of
benzyl alcohol were 18.8, 33.2, and 55.5 % within 4 h under 3 bar of O, at 100, 110,
and 120 °C, respectively (Table 2, entries 1-3). The selectivities of benzaldehyde were
99.0, 99.0 and 87.7 % at 100, 110 and 120 °C, respectively (Table 2, entries 1-3). The
benzyl alcohol conversion continuously increased with increasing reaction temperature
from 100 to 120 °C. However, the selectivity of benzaldehyde decreased when the
reaction temperature increasing to 120 °C. The highest catalytic activity (yield of 48.7
%) was achieved at 120 °C under 3 bar of O, within 4 h using 1,4-dioxane as solvent for
the catalyst of Cu(Il) complex in the selective oxidation of benzyl alcohol to
benzaldehyde.

The reusability of Cu(Il) complex catalyst in the selective oxidation of benzyl alcohol
was tested at 120 °C under 3 bar of O, within 4 h. The results are summarized in Table
3. The benzyl alcohol conversion, benzaldehyde selectivity, and yield for fresh Cu(II)
complex catalyst were 55.5, 87.7, and 48.7 % at 120 °C within 4 h under 3 bar of O,,
respectively (Table 3, entry 1). The conversions of benzyl alcohol were 53.9, 53.3, and
52.3 % in the second, third, and fourth reaction cycles, respectively. The selectivities
and yields were 88.0 and 87.4, 87.9 % and 46.9, 47.4 and 46.3 % in the second, third,
and fourth reaction cycles, respectively (Table 3, entries 2-4). It has a slight decrease of
the benzyl alcohol conversion in the second, third, and fourth reaction cycles for Cu(Il)
complex, and no loss of benzaldehyde selectivity was detected during four consecutive
cycles for the selective oxidation of benzyl alcohol. This result indicated that the Cu(II)
complex has good stability in the selective oxidation of benzyl alcohol to benzaldehyde.
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Table 2. Catalytic performance of the Cu(ll) complex in the oxidation of benzyl alcohol”

Temperature Conversion Selectivit Yield

Entry Solvent {)o ] (%] (%] y (%]
1 1,4-dioxane 100 18.8 99.0 18.61

2 1,4-dioxane 110 33.2 99.0 32.9

3 1,4-dioxane 120 55.5 87.7 48.7

“Reaction conditions: benzyl alcohol (0.2 mmoL), 1,4-dioxane (1.5 mL), and Cu(Il) complex (0.01 g), 3 bar, 4 h

Table 3. Recyclability of Cu(Il) complex in the oxidation of benzyl alcohol”

Entry Solvent Conversion [%] Selectivity [%] Yield [%]
fresh 1,4-dioxane 55.5 87.7 48.7
run 1 1,4-dioxane 53.9 88.0 46.9
run 2 1,4-dioxane 53.3 87.4 47.4
run 3 1,4-dioxane 52.3 87.9 46.3

“Reaction conditions: benzyl alcohol (0.2 mmoL), 1,4-dioxane (1.5 mL), and Cu-complex (0.01 g), 3 bar, 120 °C, 4 h

CONCLUSIONS

A new Cu(Il) complex, [CuL,(H,0),]-H,0, was successfully synthesized and structural
characterized. The catalytic activities of the Cu(Il) complex catalyst for benzyl alcohol
oxidation were tested with molecular oxygen as oxidant.

ACKNOWLEDGMENTS

This project was supported by the National Natural Science Foundation of China (No.
21171132), the Natural Science Foundation of Shandong (ZR2017LB025 and
ZR2014BL003), the project of Shandong Province Higher Educational Science and
Technology Program (J14LCO01) and Science Foundation of Weifang.

SUPPLEMENTARY MATERIALS
Crystallographic data for the structure reported in this paper has been deposited with the

Cambridge Crystallographic Data Centre as supplementary publication No. CCDC
1946980. Copy of the data can be obtained free of charge on application to CCDC, 12

Union Road, Cambridge CB2 1EZ, UK (Fax: +44-1223-336-033; E-Mail:

deposit@ccdc.cam.ac.uk).

REFERENCES

1. Hameury, S., De Frémont, P., Braunstein, P.: Metal complexes with oxygen-functionalized NHC
ligands: synthesis and applications, Chemical Society Reviews, 2017, 46, 632-733;

2. Hazari, D., Jana, S.K., Puschmann, H., Zangrando, E., Dalai, S.: Three new coordination polymers

of zinc(IT) and cadmium(IT) with dicarboxylate and bipyridine ligands: synthesis, structure and
luminescence study, Journal of Inorganic and Organometallic Polymers and Materials, 2015, 25,
1151-1159;

62 St. Cerc. St. CICBIA 2021 22 (1)



SYNTHESIS, CRYSTAL STRUCTURE AND CATALYTIC ACTIVITY OF A CU(Il) COMPLEX
WITH N-NICOTINOYLGLYCINE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Li, Y., Zou, X.Z., Qiu, W.D., You, A., Zhang, Z.M., Feng, A.S., Chen, X.L.: Design and synthesis
of porous 3D MOFs hybrid functional materials encapsulating macrocyclic metal complexes,
Inorganic Chemistry Communications, 2018, 94, 114-118;

Van Hilst, Q.V.C., Lagesse, N.R., Preston, D., Crowley, J.D.: Functional metal complexes from
CuAAC "click" bidentate and tridentate pyridyl-1,2,3-triazole ligands, Dalton Transactions, 2018,
47, 997-1002;

Meng, C.X., Li, D.S., Zhao, J., Fu, F., Zhang, X.N., Tang, L., Wang, Y.Y.: A novel cd"
coordination polymer with helical units and mix-connected network topology constructed form 2-
propyl-4,5-imidazoledicarboxylate and N-donor co-ligands, Inorganic Chemistry Communications,
2009, 12, 793-795;

Domotor, O., May, N.V., Pelivan, K., Kiss, T., Keppler, B.K., Kowol, C.R., Enyedy, E.A.: A
comparative study of alpha-N-pyridyl thiosemicarbazones: Spectroscopic properties, solution
stability and copper(IT) complexation, Inorganica Chimica Acta, 2018, 472, 264-275;

Ma, X.W., Dong, J., Zhang, J.X., Wu, W.F., Ran, H., Zhang, P.Y.: Two novel metal coordination
polymers: anticancer activity in human angioneoplasm cells, Chinese Journal of Structural
Chemistry, 2019, 38, 1146-1151;

Antonijevi¢-Nikoli¢, M., Anti¢-Stankovié, J., Drazi¢, B., Tanaskovi¢, S.: New macrocyclic Cu(Il)
complex with bridge terephthalate: synthesis, spectral properties, in vitro cytotoxic and
antimicrobial activity, Journal of Moecular Structure, 2019, 1184, 41-48;

Zeng, R.H., Peng, G., Qiu, Y.C., Zheng, S.R., Li, W.S., Zhang, W.X., Deng, H., Cai, Y.P.:
Synthesis, crystal structures and properties of Ln(III)~Cu(I)-Na(I) and Ln(IIT)-Ag(I)
heterometallic coordination polymers, CrystEngComm, 2011, 13,3910-3919;

Feng, X., Shi, X.G., Wang, L.Y., Xie, CZ., Sun, Q.Q., Lei, P.P.: End-to-end dicyanamido-bridged
heteronuclear Cu(II)/Na(I) coordination polymers: synthesis, electrochemical, and magnetic
properties, Synthesis and Reactivity in Inorganic Metal-Organic and Nano-Metal Chemistry, 2010,
40, 905-911;

Aktan, E., Gunduzalp, A.B., Ozmen, U.O.: Structural, physicochemical characterization,
theoretical studies of carboxamides and their Cu(Il), Zn(IT) complexes having antibacterial
activities against E. Coli, Journal of Moecular Structure, 2017, 1128, 775-784;

Godhani, D.R., Nakuru, H.D., Parmar, D.K., Mehta, J.P., Desai, N.C.: Zeolite-Y immobilized
Metallo-ligand complexes: a novel heterogenous catalysts for selective oxidation, Inorganic
Chemistry Communications, 2016, 72, 105-116;

Nfor, E.N., Majoumo-Mbe, F., Ndifon, P.T., Duke, E.O., Mainsah, E.N., Offiong, O.E., Eno, E.A.:
Synthesis, crystal structure, and magnetic properties of bis(aqua)[p-(terepthalato-ko,ko")]
copper(IT) monohydrate [Cu(CgO,4)(OH,),]-H,0, Journal of Solid State Chemistry, 2013, 201,
133-136;

Wu, Y.P., Li, D.S., Duan, Y.P., Bai, L., Zhao, J.: Two new Cu(II) complexes constructed by
mixed-organic tectonics: structures, magnetic properties and photocatalytic degradation of organic
dyes, Inorganic Chemistry Communications, 2013, 36, 137-140;

Anwar, M.U., Al-Harrasi, A., Pilkington, M., Gavey, E.L., Rawson, J.M.: A linear tetranuclear
Cu(IT) complex exhibiting both ferro and antiferromagnetic couplings: synthesis, characterization
and magneto-structural studies, Polyhedron, 2019, 165, 63-67,

Tai, X.S., Guo, H.M., Guo, Q.Q.: Synthesis, Crystal structure and antitumor activity of a novel
Zn(IT) complex with 2-(nicotinoyloxy)acetic acid ligand, Chinese Journal of Structural Chemistry,
2018, 37, 1052-1056 ;

Kesavan, M.P., Vinoth Kumar, G.G., Dhaveethu Raja, J., Anitha, K., Karthikeyan, S., Rajesh, J.:
DNA interaction, antimicrobial, antioxidant and anticancer studies on Cu(Il) complexes of
Luotonin A, Journal of Photochemistry and Photobiology B-Biology, 2017, 167, 20-28;

Hu, J.Y., Guo, Y., Zhao, J.A., Zhang, J.S. : In vitro antitumor activity of novel benzimidazole-
based Cu(Il) complexes, Bioorganic & Medicinal Chemistry, 2017, 25, 5733-5742;

Nakum, K., Jadeja, R.N.: Synthesis, characterization, and electrochemical study of a mononuclear
Cu(Il) complex with a 4-acyl pyrazolone ligand, Zeitschrift fiir Naturforschung B, 2018, 73,
713-718;

Xu, Y., Qiang, L.S., Fan, R.Q., Wang, P., Yang, Y.L.: Study on the structure and
photoluminescent properties of mono-Zn (IT) and di-Cu (I) complexes constructed from nitrogen
heterocyclic ring ligand, Spectroscopy and Spectral Analysis, 2016, 36, 996-1000;

St. Cerc. St. CICBIA 202122 (1) 63



TAl, REN, LIU and WANG

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Tai, X.S., Wang, X., Li, P.F.: Synthesis, crystal structure and luminescent property of a Cd(Il)
coordination polymer with a N-nicotinoylglycine ligand, Crystals, 2017, 7, 33,
doi:10.3390/cryst7020033;

Zhang, Y.C.: Synthesis, crystal structure, and fluorescent property of a Zn(II) complex with a N-
nicotinoylglycine ligand, Crystals, 2017, 7, 151, doi:10.3390/cryst7060151;

Wang, X., Chen, B.Q., He, M.: Synthesis, crystal structure of a novel Mn(Il) complex with
nicotinoyl-glycine, Crystals, 2017, 7, 3, doi:10.3390/cryst7010003;

Tai, X.S., Zhou, X.J., Liu, L.L.: Synthesis, crystal structure and antitumor activity of a Na(I)
coordination polymer based on 2-propyl-4,5-imidazoledicarboxylic acid and 1,10-phenanthroline
ligands, Chinese Journal of Structural Chemistry, 2019, 38, 1079-1085;

Zhou, X.J., Guo, X.L., Liu, L.L., Shi, Z., Pang, Y., Tai, X.S.: Synthesis, crystal structures, and
magnetic properties of three cobalt (II) coordination polymers constructed from 3,5-
pyridinedicarboxylic acid or 3,4-pyridinedicarboxylic acid ligands, Crystals, 2019, 9, 166,
doi:10.3390/cryst9030166;

Tai, X.S., Wang, X.: Synthesis, structural characterization and antitumor activity of a Ca(II)
coordination polymer based on 4-formyl-1,3-benzenedisulfonate-2-furoic acid hydrazide ligands,
Crystallography Reports, 2017, 62, 242-245;

Tai, X.S., Wang, X., You, H.Y.: Synthesis, crystal structure and antitumor activity of a new Zn(II)
complex based on N-acetyl-L-phenylalanine and 1,10-phenanthroline, Chinese Journal of
Structural Chemistry, 2016, 35, 586-590;

Tai, X.S., Meng, Q.G., Liu, L.L.: Synthesis, crystal structure and spectroscopic analysis of a new
sodium coordination polymer, Open Chemistry, 2016, 14, 274-278;

Liu, L.L., Tai, X.S., Zhou, X.J.: Au>"/Au’ supported on chromium(III) terephthalate metal organic
framework (MIL-101) as an efficient heterogeneous catalystfor three-component coupling
synthesis of propargylamines, Materials, 2017, 10, 99, doi:10.3390/mal0020099;

Liu, L.L., Tai, X.S., Zhou, X.J., Hou, J.X., Zhang, Z.H.: Bimetallic Au-Ni alloy nanoparticles in a
metaleorganic framework (MIL-101) as efficient heterogeneous catalysts for selective oxidation of
benzyl alcohol into benzaldehyde, Journal of Alloys and Compounds, 2019, 790, 326-336;
Sheldrick, G.M.: SHELXT-Integrated space-group and crystal-structure determination, Acta
Crystallographica, 2015, A71, 3-8;

Dolomanov, O.V., Bourhis, L.J., Gildea, R.J., Howard, J.A.K., Puschmann, H.: OLEX2: a
complete structure solution, refinement and analysis program, Journal of Applied Crystallography,
2009, 42, 339-341.

64

St. Cerc. St. CICBIA 2021 22 (1)



