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The bidentate ligand (5-chloro-2-(2-hydroxynaphthalen-1-yl)methyleneamino)phenyl)(phenyl)methanone) HL, was prepared by
the condensation of 2-naphthaldehyde with 2-amino-5-chlorobenzophenone. The reaction of HL with Cu(OAc)2.H2O afforded
the new complex of composition [(L)2Cu]. The ligand HL binds the CuII centre in bidentate (N,O) fashion being uninegative
anion by the way of phenolic proton dissociation during chelation. The complex was characterized by spectroscopic studies.
X-Ray structures of [(L)2Cu] was determined to confirm the molecular species unequivocally. The photoluminescence proper-
ties of the ligand and complex were studies. Oxidation of benzyl alcohol using the newly synthesized complex as catalyst
has been studied.
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Introduction
The chemistry of transition metal complexes incorporat-

ing Schiff base ligands have been explored considerably dur-
ing the last few decades due to their multifunctional proper-
ties in luminescence1–3, magnetism4–7, catalysis8–10 and
electro-chemistry11,12, host-guest chemistry13, sensors14 and
biological activity15. Schiff bases have been significantly ac-
tive in metal coordination chemistry over the years due to
their facile syntheses. The high affinity for the complexation
of the Schiff base ligands towards the transition metal ions,
especially copper ions, is utilized in preparing their complexes.
The chemistry of copper complexes is of interest due to their
significance in biological and industrial processes16,17. The
copper complexes derived from Schiff base ligands has re-
ceived enormous attention due to their wide application in
the field of catalyst18,19 including asymmetric epoxidations,
oxidation of sulphides and Lewis acid assisted organic trans-
formation. The biological relevance of transition metal com-
plexes containing imine-nitrogen donor ligands and the rich
catalytic activity of copper complexes encouraged us to pre-
pare the CuII complexes of the Schiff base ligands20–27.
Herein, we report the synthesis of the bidentate ligand HL
and its mononuclear bis copper complex [(L)2Cu]. The ligand

and complex have been characterized by spectroscopic tech-
niques. The crystal structure of complex [(L)2Cu]  has been
determined, confirming the molecular structure. The fluores-
cence properties of both the ligand and the complex have
been studied. The catalytic oxidation of benzyl alcohol to
benzaldehyde has been investigated using H2O2 as oxidant.

Experimental
Materials and methods:
The solvents used for all the reactions were of reagent

grade (E. Merck, India) and were purified and dried by re-
ported procedure28. Copper acetate monohydrate was pur-
chased from Sisco Research Laboratories (SRL), India. Mi-
croanalysis (C, H, N) was performed using a Perkin-Elmer
2400 C, H, N, S/O series II elemental analyzer. Infrared spec-
tra were recorded on a Perkin-Elmer L120-00A FT-IR spec-
trometer with the samples prepared as KBr pellets. Electronic
spectra were recorded on a Shimadzu UV-1800 PC spectro-
photometer.

Syntheses of ligands HL:
2-Naphthaldehyde (200 mg, 1.28 mmol) and 2-amino-5-

chlorobenzophenone (296 mg, 1.28 mmol) were heated to
reflux in ethanol (40 ml) for 4 h. The bright yellow solid prod-
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uct was obtained as micro crystals which were collected by
filtration and thoroughly washed with ethanol and diethyl ether
and dried under vacuum. Yield: 370 mg (75%). Anal. Calcd.
C24H16ClNO2 (385): C, 74.71; H, 4.18; N, 3.63. Found: C,
74.81; H, 4.25; N, 3.58%; UV-Vis spectrum (CH3CN) max
(, M–1 cm–1): 385 (695094), 326 (50635); IR: C=N 1621,
C=O 1658; 1H NMR CDCl3:  13.94 (s, -OH, 1H), 9.31 (s,
HC=N, 1H), 8.07 (d, 1H), 7.85 (d, 2H), 7.77–7.68 (q, 2H),
7.58 (d, 2H), 7.48 (t, 4H), 7.38 (d, 2H), 7.00 (d, 1H).

HRMS (ESI-TOF): m/z Calcd: 385.0870, Found: 385.9864
[M+H+].

Synthesis of [(L)2Cu] complex:
5 ml methanolic solution of 45 mg (0.247 mmol) Cu(OAc)2.

H2O, 10 ml methanol solution of 200 mg (0.519 mmol) of HL
was added and the mixture was stirred for 2 h. Dark brown
product was precipitated which was collected by filtration and
was washed with petroleum ether and hexane. The precipi-
tate then recrystallized from a dichloromethane-hexane sol-
vent mixture. Yield: 180 mg (73%).  Anal. Calcd.
C48H30Cl2CuN2O4 (833): C, 69.19; H, 3.63; N, 3.36. Found:
C, 69.25; H, 3.67; N, 3.42%; UV-Vis spectrum (CH3CN) max
(, M–1 cm–1): 410 (86712), 316 (127491); IR: C=N 1616,
C=O 1659.

X-Ray structure determination of [(L)2Cu]:
Single crystals of [(L)2Cu] was grown by slow diffusion of

hexane in dichloromethane solution at 25ºC. Data were col-
lected on a Brucker SMART CCD diffractometer using Mo-
K monochromator (= 0.71073). Structure solutions were
performed using Shelx 97 PC version program29. Full matrix
least square refinements on F2 were performed using
SHELXL-97 program30. All the non-hydrogen atoms were re-
fined anisotropically using full-matrix least squares method.
Hydrogen atoms were included for structure factor calcula-
tions after placing them at calculated positions. Atomic coor-
dinates and isotropic thermal parameters of [(L)2Cu] are given
in Table 1.

Procedure for the catalytic oxidation of benzyl alcohol:
To an acetonitrile solution of benzyl alcohol (5 mmol), the

catalyst [(L)2Cu] (4 mol%) or  and 30% H2O2 (5 equiv.) were
added and the mixture was vigorously stirred at 70ºC for 1 h.
The reaction was monitored by TLC. After completion of the

reaction, the mixture was poured into water and the product
was extracted with dichloromethane and dried over Na2SO4.
The solvent was removed and the product was purified by
column chromatography. Yields were determined by weigh-
ing the isolated product. The product was characterized by
IR and 1H NMR spectra.

Results and discussion
Synthesis of ligand and complex:
The HL, ligand was prepared by the condensation reac-

tion of 2-naphthaldehyde with 2-amino-5-chlorobenzo-
phenone in 1:1 M ratio in refluxing ethanol (Scheme 1).

Table 1. Crystallographic data for [(L)2Cu]
Chemical formula C48H30Cl2CuN2O4
Formula weight 833.19
Crystal system Triclinic
Space group P-1
a (Å) 14.7980(7)
b (Å) 10.7176(6)
c (Å) 24.7174(13)
 (deg) 90.013(4)
 (deg) 100.772(4)
 (deg) 89.993(4)
 (Å) 0.71073
V (Å3) 3851.1(4)
F (000) 1832.0
Z 4
T (K) 296
D (mg/m–3) 1.437
 (mm–1) 0.756
R1 (all data) 0.0695
wR2 [I > 2(I)] 0.2252
GOF 0.931

Scheme 1. Synthesis of ligand HL.

The reaction of the HL ligand with Cu(OAc)2.H2O in
methanol afforded brown complex of composition [(L)2Cu]
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(Scheme 2). The complex [(L)2Cu]  was paramagnetic match-
ing with one unpaired electron as expected for CuII metal
ion. The suitable crystal of [(L)2Cu] complex for X-ray stud-
ies were grown from dichloromethane-hexane solvent mix-
ture.

complex (1659 cm–1), that clearly indicating that carbonyl
group did not coordinated. The relevant IR data are collected
in Experimental section. The IR spectra of HL and [(L)2Cu]
are given in Supplementary Information (Figs. S1-S2). The
ligand HL afforded satisfactory 1H NMR spectral data in
CDCl3. The sharp singlet near  13.9 was assigned to phe-
nolic (-OH) proton for the ligand HL. The 1H NMR spectra of
HL showed resonances of proton belonging to the Schiff base
group at  9.32. The 1H NMR spectral features for the aro-
matic protons of the ligand HL matched well with the compo-
sition and structure. The 1H NMR spectra of HL are given in
Supplementary Information (Fig. S3). The electrospray mass
spectrum of HL exhibited the most significant peak at m/z
385.9864 which was consistent with the molecular MH+ ion.

X-Ray structure of [(L)2Cu]:
Suitable crystals of [(L)2Cu] was grown by slow diffusion

of hexane into dichloromethane solution. The X-ray struc-
ture of [(L)2Cu]  was determined and described below. The
perspective view of [(L)2Cu] complex is shown in Fig. 2. Se-
lected bond parameters of [(L)2Cu]  complex is listed in Table
1 and Table 2, respectively. In the [(L)2Cu] complex, the Cu
centre is coordinated by two phenolato oxygens (O1 or Oph),

Scheme 2. Synthesis of [(L)2Cu] complex.

Fig. 1. UV-Vis spectra of the ligand HL and complex in acetonitrile.

Fig. 2. ORTEP and atom-numbering scheme for [(L)2Cu] complex.
Hydrogen atoms are omitted for clarity.

The C=N of [(L)2Cu]  complex appear in the lower range
(1616 cm–1) compared to the ligand signifying the coordina-
tion to the metal centre. The C=O band of the ligand (~1658
cm–1) almost remain similar after the formation of the [(L)2Cu]

The synthesized ligand and complex were well charac-
terized by IR, 1H NMR, HRMS (ESI-TOF) techniques (Figs.
S1-S7)

Characterization:
The UV-Vis spectra of [(L)2Cu] is distinctly different from

the ligand HL the lowest energy absorption appeared near
385 nm and 410 nm, respectively31. Representative UV-Vis
spectra of HL and [(L)2Cu]  are shown in Fig. 1. Spectral
data are given in the Experimental section.
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two imine nitrogen (Nim). The central CuII ion in this complex
is four-coordinate and is slightly distorted square planar ge-
ometry. The asymmetric unit of [(L)2Cu] complex consist of
half molecule where CuII occupies the special position. The
Cu-O and Cu-Nim distances are 1.873(2) Å and 1.297(4) Å
and consistent with the coordination of phenolato oxygen to
CuII square planar31.

Selective oxidation of benzyl alcohol:
Selective oxidation of benzyl alcohols to the benzalde-

hyde is a significant and widely used reaction in laboratory
scale organic synthesis as well as in large scale in chemical
industry32–35. The complex [(L)2Cu] have been scrutinized
for the per oxidative oxidation of benzyl alcohol with H2O2
(30%) as the oxidant in aqueous acetonitrile mixture [eq. (1)].

The ligand HL exhibited moderate intensity emission near
500 nm upon excitation at 385 nm. The peak at 595 nm is
arises due to the excited state intramolecular proton transfer
(ESIPT) followed by excited state intramolecular charge trans-
fer (ESICT) from the phenol -OH to the imine nitrogen atom
(Scheme 3)36–38.

On the other hand, [(L)2Cu] complex exhibited quenched

Table 2. Selected bond distances (Å) and angles (deg) for [(L)2Cu]
Distances
Cu1-N1 1.981(4) C10-C11 1.428(7)
Cu1-N2 1.977(5) C25-C34 1.397(8)
Cu1-O1 1.880(3) C34-C35 1.406(7)
Cu1-O2 1.875(3) N1-C11 1.306(6)
O1-C1 1.301(6) N1-C12 1.449(7)
O2-C25 1.309(6) N2-C35 1.309(6)
C1-C10 1.396(8) N2-C36 1.447(7)
Angles
O1-Cu1-N1 90.6(2) Cu1-N1-C11 125.6(3)
O1-Cu1-N2 89.9(2) Cu1-N1-C12 120.4(3)
O2-Cu1-N1 88.9(2) C1-C10-C11 120.9(4)
O2-Cu1-N2 90.7(2) N1-C11-C10 126.7(5)
Cu1-O1-C1 130.6(4) N2-C35-C34 127.3(4)

The reaction has been optimized by varying the relative
proportions of hydrogen peroxide with respect to the catalyst
and also by varying the reaction time and temperature. The
isolated yield of the benzaldehyde after one hour of reaction
time was 60% using [(L)2Cu] catalyst.

Fluorescence spectral:
The photoluminescence properties of the ligand HL and

Fig. 3. Emission spectra of HL and HL2, [(L)2Cu] in CH3CN.

Scheme 3. Possible emission mechanism of HL to Cu2+.

(1)

the [(L)2Cu] complex were investigated in acetonitrile
(Fig. 3).
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emission at 500 nm in acetonitrile. Coordination of Cu2+ in-
volving the imine nitrogen atom inhibits the ESIPT which re-
sulted in decrease in the emission at 500 nm.

Conclusions
In summary, we have successfully synthesized and char-

acterized Schiff base copper(II) complex incorporating N,O
donor ligand. The structure of the complex [(L)2Cu] was con-
firmed by X-ray crystallography. As application, the synthe-
sized [(L)2Cu] complex have been used as catalyst in the
oxidation of benzyl alcohol to benzaldehyde. In addition we
have also examined the fluorescence properties of the ligand
and complex. The ligand exhibited photoluminescence prop-
erty due to the excited state intramolecular proton transfer
(ESIPT).

Acknowledgments
SD thanks the DST-INSPIRE (New Delhi) for research

fellowship and S. P. P thanks the DST-SERB (New Delhi) for
research fellowship. The necessary laboratory and
infrastructural facility are provided by the Department of
Chemistry, Jadavpur University.

Appendix A. Supporting Information (ESI)
X-Ray crystallographic file in CIF format for [(L)2Cu] com-

plex; CCDC reference number 1815667. Figs. S1-S4 is pro-
vided as electronic supplementary materials in Supporting
Information.

Notes
Inorganic Chemistry Section, Department of Chemistry,

Jadavpur University, Kolkata 700032, India. E-mail:
kajalrajak@gmail.com, sankubengal@gmail.com

References
1. H. Achira, Y. Hoga, I. Yoshikawa, T. Mutai, K. Matsumura and

H. Houjou, Polyhedron, 2016, 113, 123.
2. Z. P. Zheng, Q. Wei, W. X. Yin, L. T. Wan, X. Huang, Y. Yu and

Y. P. Cai, RSC Adv., 2015, 5, 27682.
3. A. E. Vaughn, D. B. Bassil, C. L. Barnes, S. A. Tucker and P. B.

Duval, J. Am. Chem. Soc., 2006, 128, 10656.
4. F. X. Shen, W. Huang, X. C. Huang, S. Peng and D. Y. Wu,

Transition Met. Chem., 2015, 40, 681.
5. D. N. Woodruff, R. E. P. Winpenny and  R. A. Layfield, Chem.

Rev., 2013, 113, 5110.
6. D. Y. Wu, O. Sato, Y. Einaga and C. Y. Duan, Angew. Chem.,

2009, 48, 1475.
7. R. Ruamps, L. J. Batchelor, R. Maurice, N. Gogoi, P. Jimenez-

Lozano, N. Guihery, C. de Graaf, A.-L. Barra, J.-P. Sutter and T.
Mallah, Chem. Eur. J., 2013, 19, 950.

8. K. C. Gupta and A. K. Sutar, Coord. Chem. Rev., 2008, 252,
1420.

9. R. Drozdzak, B. Allaert, N. Ledoux, I. Dragutan, V. Dragutan
and F. Verpoort, Coord. Chem. Rev., 2005, 249, 3055.

10. E. Tsuchida and K. Oyaizu, Coord. Chem. Rev., 2003,
237, 213.

11. B. Sarkar, S. Konar, C. J. Gomez-Garcia and A. Ghosh,
Inorg. Chem., 2008, 47, 11611.

12. F. C. Frederick, W. M. Coleman and L. T. Taylor, Inorg.
Chem., 1983, 22, 792.

13. T. Kitazawa, S. Nishikiori, R. Kuroda and T. Iwamoto, J.
Chem. Soc., Dalton Trans., 1994, 1029.

14. D. N. Dybtsev, H. Chun, S. H. Yoon, D. Kim and K. Kim, J.
Am. Chem. Soc., 2004, 126, 32.

15. L. Pan, M. B. Sander, X. Y. Huang, J. Li, M. Smith, E.
Bittner, B. Bochrath and J. K. Johnson, J. Am. Chem.
Soc., 2004, 126, 1308.

16. L. Que (Jr.) and W. B. Tolman, Angew. Chem., 2002, 114,
1160.

17. B. Dede, I. Ozmen and F. Karipcin, Polyhedron, 2009, 28,
3967.

18. M. Fujita, Y. J. Kwon, S. Washizu and K. Ogura, J. Am.
Chem. Soc., 1994, 116, 1151.

19. (a) Z. H. Chohan and S. K. A. Shorazi, Synth. React.
Inorg. Metal-Org. Chem., 1999, 29, 105; (b) R. Parrey and
A. A. Hashmi, Mor. J. Chem., 2015, 3, 147.

20. R. Lontie, "Copper Proteins and Copper Enzymes", CRC
Press, Boca Raton, 1984, 3.

21. G. Evano, N. Blanchard and M. Toumi, Chem. Rev., 2008,
108, 3054.

22. I. Bertini, "Bioinorganic Chemistry", University Science
Books, Mill Valley, 1994.

23. E. I. Solomon, M. J. Baldwin and M. D. Lowery, Chem.
Rev., 1992, 92, 521.

24. J. March, "Advanced Organic Chemistry", John Wiley,
New York, 1992.

25. M. Hudlicky, "Advanced Organic Chemistry", ACS, Wash-
ington, DC, 1990.

26. A. Rezaeifard, M. Jafarpour, A. Naeimi and R. Haddad,
Green Chem., 2012, 14, 3386.

27. J. U. Ahmad, P. J. Figiel, M. T. Räisänen, M. Leskelä and
T. Repo, Appl. Catal. A: Gen., 2009, 371, 17.

28. K. K. Sarker, S. Saha Halder, D. Banerjee, T. K. Mondal,
A. R. Paital, P. K. Nand, P. Raghavaiah and C. Sinha ,

JICS-7



J. Indian Chem. Soc., Vol. 95, September 2018

1084

Inorg. Chim. Acta, 2010, 363, 2955.
29. G. M. Sheldrick, Acta Crystallogr., Sect. A, Found. Crystallogr.,

2008, 64, 112.
30. G. M. Sheldrick, SHELEXL-97, 1997.
31. S. P. Parua, P. Mondal, P. Pattanayak and S. Chattopadhyay,

Polyhedron, 2015, 89, 142.
32. A. Antinolo, F. C. Hermosilla, V. Cadierno, J. Alvarez and

Otero, Chem.Cat.Chem, 2012, 4123.
33. B. Singaram, M. V. Rangaishenvi and H. C. Brown, J. Org.

Chem., 1991, 56, 1543.
34. A. Abad, C. Almela, A. Corma and H. Garcia, Tetrahedron,

2006, 62, 6666.
35. R. R. Fernandesa, J. Lasri, M. F. C. Guedes da Silva, J. A.

L. Silva, F. J. J. R. Silva and A. J. L. Pombeiro, J. Mol.
Catal. A: Chem., 2011, 351, 10.

36. S. Basu Roy, A. Maity and K. K. Rajak, Inorg. Chem.
Commun., 2017, 76, 81.

37. S. Goswami, S. Maity, A. C. Maity, A. K. Das, B. Pakhira,
K. Khanra, N. Bhattacharyya and S. Sarkar, RSC Adv.,
2015, 5, 5735.

38. A. Jana, B. Das, S. K. Mandal, S. Mabhai, A. R. Khuda-
Bukhshe and S. Dey, New J. Chem., 2016, 40, 5976.


