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Abstract: In this study, microwave-assisted and conventional syntheses of Ru(III)
and Cu(Il) complexes with 2,4-pyridinedicarboxylic acid (L1), 3,5-
pyridinedicarboxylic acid (L2), and 3,5-pyrazoledicarboxylic acid (L3) have been
studied. A comparative study of microwave and conventional methods was
performed to determine their differences in terms of reaction time, the amount of
solvent, and reaction yield. The reaction time was reduced significantly from
several hours to a few minutes, and high yields were obtained by microwave
method while using considerably less amount of solvent. The synthesized
complexes were characterized by FT-IR, UV-Vis, AAS, 'H-NMR, elemental analyses,
and magnetic susceptibility. These studies showed that copper and ruthenium
complexes have square planar and octahedral geometries, respectively. The metal
complexes of Cu(II) and Ru(III) were easily synthesized upon exposure to
microwave irradiation.
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INTRODUCTION

Organic-inorganic hybrid materials attract considerable attention in recent years because of
their interesting molecular topologies and crystal packing motifs along with potential
applications in many areas, including gas storage, separation, catalysis, magnetism, optics,
as well as electrical conductivity [1]. The functionality of such hybrid materials can be
multiplied by the incorporation of organic and inorganic counterparts into one structural unit
[2,3]. A microwave-assisted inorganic synthesis method is an important technique in green
synthetic chemistry [4]. The technique offers several advantages over conventional
synthesis, especially the synthesis of ruthenium complexes, which typically require many
hours of refluxing in high-boiling solvents to affect a reaction. Similar reactions, when
performed in a microwave reactor, can occur in a matter of minutes [5-7]. The main
advantage of this reactor is the almost instantaneous ‘in-core’ heating of materials in a
homogenous and selective manner [8]. Particularly, the reaction time and energy input are
supposed to be mostly reduced in the reactions that are run for a long time at high
temperatures under conventional conditions [9]. In this work, we present the syntheses of
Cu(Il) and Ru(IIl) having different stabilities as first and second row transition metal
complexes with L1, L2 and L3 ligands (Scheme 1) because they have various side-bonding in
their structures due to carboxylic moieties [10]. Both conventional and microwave methods
were carried out and the obtained results were compared with each other. The complexes
were characterized by analytical and spectroscopic methods.
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Scheme 1. The ligands used in this study (L1, L2, L3).
MATERIALS AND METHODS

Materials

CuCl,.2H,0, RuCl;.xH,0, 2,4-pyridinedicarboxylic acid, 3,5-pyridinedicarboxylic acid, and
3,5-pyrazinedicarboxylic acid were purchased from Sigma Aldrich and used without further
purification. All other chemicals and solvents were commercially available (Merck, Fluka).

Physical measurements

FT-IR spectra were recorded on a Perkin-Elmer Spectrum RX I FT-IR spectrometer as KBr
pellets in the 4000-400 cm™! range. The UV-Vis spectra was determined in DMSO solvent
with a concentration of 1.0x1073 M for the free ligands and their complexes using a Perkin
Elmer Lambda 25 Spectrophotometer with 1 cm quartz cell, in the range 200-800 nm. AAS
analyses were recorded on a Perkin Elmer Analyst 400 spectrometer. The DC magnetic
susceptibilities of powdered samples were measured by a Sherwood Scientific magnetic
susceptibility meter.
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Synthesis of [Cu(L1),] by the Conventional Method (CM)

Copper(II) chloride dihydrate (0.335 g, 2.50 mmol) in MeOH (10 mL) was slowly added to a
solution of L1 acid (0.417 g, 2.50 mmol) in MeOH (40 mL) at room temperature. The mixture
was left for 144 h. The light green solid product which precipitated was filtered off and
washed with acetonitrile (Yield: 48%). M.P.:315-316°C. [Cu(L1),]: 'H-NMR (300 MHz,
DMSO, 25°C): & (ppm) = 13.10 (s, 1H, OH), 8.26 (d, 1H, CH), 8.70 (s, H, CH), 7.58 (d, H,
CH). UV-Vis (DMSO, A__(nm)): L1: 279, L1-Cu: 446. AAS. Calculated (1:2): 15.90%;
Found: 15.18%.

Synthesis of [Cu(L1),] by the Microwave Method (MM)

The ligand (0.022 g, 0.13 mmol) and the metal salt (0.017 g, 0.130 mmol) were mixed
thoroughly in a porcelain capsule. Methanol (5 mL) was added to this mixture and stirred.
The mixture was irradiated for 3 minutes in the microwave oven at 850 W power. The
product was washed with methanol to dissolve any unreacted material, if any, and filtered.
The product was repeatedly washed with methanol and finally dried on air (Yield: 89%).
M.P.:315-316°C. [Cu(L1),]: 'H-NMR (300 MHz, DMSO, 25°C): & (ppm) = 13.10 (s, 1H, OH),
8.26 (d, 1H, CH), 8.70 (s, H, CH), 7.58 (d, H, CH). UV-Vis (DMSO, A__ (nm)): L1: 279, L1-
Cu: 446. AAS. Calculated (1:2): 15.90%; Found: 15.18%.

max

Synthesis of [Cu(L2)Cl,] by the Conventional Method

Copper(II)chloride dihydrate (0.202 g, 1.50 mmol) in MeOH (8 mL) was slowly added at
room temperature to a solution of L2 (0.251 g, 1.50 mmol) in MeOH (90 mL). The mixture
was left at room temperature for 144 h. The turquoise solid product was precipitated in and
washed with acetonitrile (Yield: 41%). M.P.:259-260°C. [Cu(L2)CL,]: !H-NMR (300 MHz,
DMSO, 25°C): & (ppm) = 12.14 (s, 1H, OH), 3.09 (m, 2H, CH,), 2.33 (m, 1H, CH), 2.09 (m,
2H, CH,). UV-Vis (DMSO, A, (nm)): L2: 254, L2-Cu: 654. AAS. Calculated (1:1): 21.05%;
Found: 21.00%.

max

Synthesis of [Cu(L2)CI,] by the Microwave Method

The synthesis was similar to that described for [Cu(L1),]. It used the L2 ligand (0.022 g,
0.13 mmol) and a turquoise solid was obtained (Yield: 82%). M.P.:259-260°C. [Cu(L2)CL]:
!H-NMR (300 MHz, DMSO, 25°C): & (ppm) = 12.14 (s, 1H, OH), 3.09 (m, 2H, CH,), 2.33 (m,
1H, CH), 2.09 (m, 2H, CH,). UV-Vis (DMSO, A__/(nm)): L2: 254, L2-Cu: 654. AAS.
Calculated (1:1): 21.05%; Found: 21.00%.

Synthesis of [Cu(L3),] by the Conventional Method

Copper(II) chloride dihydrate (0.135 g, 1.0 mmol) in MeOH (10 mL) was slowly added, at
room temperature, to a solution of L3 (0.175 g, 1.0 mmol) in MeOH (15 mL). The mixture
was left at room temperature for 144 h. The green solid precipitate was filtered off and
washed with acetonitrile (Yield: 60%). M.P.:>300°C. [Cu(L3),]: H-NMR (300 MHz, DMSO,
25°C): 0 (ppm) = 13.70 (s, 1H, NH), 12.20 (s, 1H, OH), 6.30 (s, 1H, CH) ppm. UV-Vis
(DMSO, A__ (nm)): L3: 257, L3-Cu: 648. AAS. Calculated (1:2): 15.40%; Found: 17.30%.

max
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Synthesis of [Cu(L3),] by the Microwave Method

The synthesis was similar to that described for [Cu(L1),]. It used the L3 (0.023 g, 0.13
mmol) ligand and a green-colored solid were obtained (Yield: 86%). M.P.:>300°C.
[Cu(L3),]: *H-NMR (300 MHz, DMSO, 25°C): & (ppm) = 13.70 (s, 1H, NH), 12.20 (s, 1H,
OH), 6.30 (s, 1H, CH). UV-Vis (DMSO, A__ (nm)): L3: 257, L3-Cu: 648. AAS. Calculated
(1:2): 15.40%; Found: 17.30%.

max

Synthesis of [Ru(L1),(H,0)CI] by the Conventional Method

RuCl;.xH,0 (0.016 g, 0.08 mmol) in MeOH (12 mL) was slowly added at room temperature
to a solution of L1 (0.013 g, 0.08 mmol) and NaOH (0.016 g, 0.04 mmol) in H,0 (10 mL).
The mixture was left at room temperature for one month [11]. The green solid product
which precipitated was filtered off and isolated from the methanolic solution (Yield: 62%).
M.P.:310°C. [Ru(L1),(H,0)CI]: *H-NMR (300 MHz, DMSO, 25°C): & (ppm) = 12.74 (s, 1H,
OH), 9.24 (s, 1H, CH), 8.59 (s, 1H, CH). UV-Vis (DMSO, A__ (nm)): L1: 279, L1-Ru: 447,
AAS. Calculated (1:2): 20.74%; Found: 21.05%.

max

Synthesis of [Ru(L1),(H,0)CI] by the Microwave Method

RuCl;.xH,0 (0.016 g, 0.08 mmol), L1 (0.013 g, 0.08 mmol) and ethylene glycol (2 mL) was
mixed in a porcelain capsule, and they were dissolved in an ultrasonic mixer. The mixture
was irradiated for 20 seconds in the microwave oven with a power of 850W. The capsule was
cooled under tap water. Acetone (1.5 mL) was added into the solution and the mixture was
stirred in 10 minutes. The solution was evaporated and the green product was recrystallized
from ethanol (Yield: 76%). M.P.:310°C. [Ru(L1),(H,0)CI]: *H-NMR (300 MHz, DMSO, 25°C):
d (ppm) = 12.74 (s, 1H, OH), 9.24 (s, 1H, CH), 8.59 (s, 1H, CH). UV-Vis (DMSO, A__ (nm)):
L1: 279, L1-Ru: 447, AAS. Calculated (1:2): 20.74%; Found: 21.05%.

Synthesis of [Ru(L2),(H,0)CI] by the Conventional Method

RuCl;.xH,0 (0.021 g, 0.10 mmol) in MeOH (15 mL) was slowly added, at room temperature,
to a solution of L2 (0.017 g, 0.10 mmol) and NaOH (0.082 g, 2 mmol) in H,0 (10 mL). The
mixture was left at room temperature for one month. The green solid product was filtered
off and isolated from the methanolic solution (Yield: 65%). M.P.:>300°C. [Ru(L2),(H,0)CI]:
'H-NMR (300 MHz, DMSO, 25°C): & (ppm) = 12.74 (s, 1H, OH), 9.48 (d, 1H, CH), 8.93 (s,
1H, CH), 8.12 (d, 1, CH). UV-Vis (DMSO, A__ (nm)): L2: 254, L2-Ru: 385, AAS. Calculated
(1:2): 20.74%; Found: 19.82%.

max

Synthesis of [Ru(L2),(H,0)CI] by the Microwave Method

RuCl;.xH,0 (0.021 g, 0.10 mmol), L2 (0.017 g, 0.10 mmol) and MeOH (15 mL) were added
in a porcelain capsule, and they were dissolved in the ultrasonic mixer. The mixture was
irradiated for 5 minutes in the microwave oven with a power of 850 W. The capsule was
cooled under tap water. The solution was evaporated and the green product was washed
with petroleum ether and recrystallized from acetone (Yield: 78%). M.P.:>300°C.
[Ru(L2),(H,0)CI]: *H-NMR (300 MHz, DMSO, 25°C): & (ppm) = 12.74 (s, 1H, OH), 9.48 (d,
1H, CH), 8.93 (s, 1H, CH), 8.12 (d, 1, CH). UV-Vis (DMSO, A__ (nm)): L2: 254, L2-Ru: 385,
AAS. Calculated (1:2): 20.74%; Found: 19.82%.

max
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RESULTS AND DISCUSSION

The results of the elemental analyses and magnetic susceptibility values of the obtained
compounds are given in Table 1. The complexes are air-stable, have higher melting points,
and are insoluble in H,O and most of the organic solvents except for DMSO and DMF. The
elemental analysis and atomic absorption data of the complexes indicated a 1:2 metal:
ligand ratio for all the complexes except for [Cu(L2)Cl], (1:1). As shown in Table 1,
elemental analyses and AAS results for both microwave and conventional methods are in
agreement with theoretical data. Our proposed structural formulas are given in Schemes 2
and 3.

Fourier Transform Infrared Spectra

The main FT-IR data of the free ligands and their complexes are summarized in Table 2. All
complexes containing H,O or -OH groups exhibited characteristic absorption bands in the
range 3390-3462 cm. The FT-IR spectra of the ligands L1, L2, and L3 displayed absorption
bands at 3092-3111 cm™, 1704-1721 cm™, and 1604-1702 cm are assigned to u(O-H),
u(C=0), and u(C=N), respectively [12]. The spectra of the ligands exhibited broad medium
intensity bands in the range 3092-3111 cm™ which were assigned to the intramolecular H-
bonding vibration (O-H...C). In the spectra of the complexes, these bands disappeared (Figs.
1 and 2), indicating the deprotonation of these groups on coordination with the metal
atoms. In the ligands, the bands at 1704-1721 cm and 1257-1277 cm™! can be assigned to
the u(C=0) and u(C-N) bond vibrations. In the metal complexes, these bands displaced
variations in the frequencies because of coordination of oxygen and nitrogen to the metals.

In all the complexes, the bands at 682-693 cm™!, 728-766 cmt, 408-475 cm™ and 472-519
cm! can be attributed to the u(Ru-O) and u(Ru-N), u(Cu-N) and u(Cu-O) bonds
respectively [13, 14]. In addition, the appearance of bands in the region of 395-486 cm-!
were due to u(M-Cl) vibrations [15].

Magnetic Susceptibility Measurements

The magnetic susceptibility values of the ruthenium(III) and copper(II) complexes with L1,
L2, and L3 ligands were measured at 298 K. Ruthenium(III) complexes were measured as
antiferromagnetic while all other copper(Il) complexes were paramagnetic for bearing
unpaired electrons. The Ru(IIl) complexes displayed antiferromagnetic property, which
involves o interactions between the half-filled, e, orbitals of Ru3* ions [16,17]. The effective
magnetic moments (u) derived from the Curie-law fit were 1.78, 1.83 and 1.96 B.M,,
respectively. These results agree well with the theoretical effective magnetic moment for
Cu(II), 1.73 B.M. and they are comparable with the similar type of complexes in the
literature [18,19].

Page 107



Ay and Yildiz, JOTCSA, 3(2), 103-116. Research article

Table 1. Analytical data and physical properties of Ru(III) and Cu(II) complexes.

Analytical Data Found %

Compounds (Calculated %)
Conventional M C H N H (BM)
Method
[Cu(L1),] 15.18 37.17 2.93 5.91 1.78
(15.90) (35.97) (2.39) (5.99)
[Cu(L2)CL,] 21.00 26.38 3.05 4.16 1.83
(21.05) (27.50) (2.96) (4.65)
[Cu(L3),] 17.30 27.79 3.21 12.14 1.96
(15.40) (26.84) (2.79) (12.53)
[Ru(L1),(H,0)CI] 21.05 24.11 2.99 4.23 N/A
(20.74) (25.19) (2.10)  (4.20)
[Ru(L2),(H,0)CI] 19.82 24.81 3.22 3.84 N/A

(20.74) (25.19) (2.10)  (4.20)

Microwave Method

[Cu(L1),] 15.18  37.17 2.93 5.91 1.78
(15.90) (35.97) (2.39)  (5.99)

[Cu(L2)Cl,] 21.00  26.38 3.05 4.16 1.83
(21.05) (27.50) (2.96)  (4.65)

[Cu(L3),] 17.30  27.79 3.21 12.14 1.96
(15.40) (26.84) (2.79) (12.53)

[Ru(L1),(H,0)CI] 21.05  24.11 2.99 4.23 N/A
(20.74) (25.19)  (2.10)  (4.20)

[Ru(L2),(H,0)CI] 19.82  24.81 3.22 3.84 N/A

(20.74) (25.19) (2.10)  (4.20)

UV-Visible Spectra

All the Ru(IIT) and Cu(II) complexes showed the characteristic d___. (L) MLCT bands in the
region of 370-700 nm, in addition to the ligand n-n* (L) bands at 279 nm for L1, at 254
nm for L2 and at 257 nm for L3. The UV-Vis absorption spectra of Ru(III) complexes with
L1, L2, and Cu(II) complexes with L1, L2 and L3 ligands were given in Figs. 3 and 4. All
complexes showed the expected absorption bands at the main peaks appearing at A__ =
446, 648 and 654 nm for Cu(II) [20,21], 379, 447 nm and 382, 385 nm for Ru(III),
respectively [22]. These bands may be attributed for the metal to ligand charge transfer

(MLCT) transitions.
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Table 2. FT-IR spectral data of the ligands and their metal complexes (cm1).

Compounds u(OH) u(C=0) u(C=N) u(C-N) u(M-N) u(M-0) u(M-CIl)

L1 3105 1704 1611 1257 N/A N/A N/A
L2 3092 1721 1604 1267 N/A N/A N/A
L3 3111 1714 1702 1277 N/A N/A N/A
Microwave
method
[Cu(L1),] 3396 1725 1635 1257 422 472 N/A
[Cu(L2)CL,] 3390 1720 1640 1281 475 546 395
[Cu(L3),] 3462 1722 1648 1290 408 519 N/A
[Ru(L1),(H,0)CI] 3441 1729 1636 1248 766 690 473
[Ru(L2),(H,0)CI] 3429 1730 1652 1288 736 690 470
Conventional
Method
[Cu(L2)Cl,] 3390 1725 1635 1257 422 472 N/A
[Cu(L1),] 3396 1720 1640 1281 475 546 395
[Cu(L3),] 3462 1722 1648 1290 408 519 N/A
[Ru(L1),(H,0)CI] 3441 1729 1636 1248 766 690 473
[Ru(L2),(H,0)CI] 3429 1730 1652 1288 736 690 470

Table 3. Comparison between conventional method (CM) and microwave method (MM).

Compounds Yield (%) Solvent (mlL) Time

CM MM CM MM CM MM
(days) (min)
6 3

[Cu(L1),] 48 89 50 5
[Cu(L2)Cl,] 41 82 100 5 6 3
[Cu(L3),] 60 86 25 5 6 3

[Ru(L1),(H,0)Cl] 62 76 25 2 30 1/3
[Ru(L2),(H,0)Cl] 65 78 30 15 30 5
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Figure 3. UV-Vis Spectra of compounds L1, L2, L3 and their Cu(II) complexes using
microwave (top) and conventional methods (bottom).
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Figure 4. UV-Vis Spectra of compounds L1, L2, and their Ru(III) complexes using microwave (top)
and conventional methods (bottom).
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1H-NMR and 13C-NMR

1H-NMR spectra were consistent with the proposed structures. The 'H-NMR spectral data of
the ligands and their corresponding Cu(II) and Ru(III) complexes were recorded in DMSO by
employing TMS as an internal standard. The 'H-NMR spectra of the ligands (L1, L2, and L3)
exhibited aromatic signals at & 8.13-9.30, & 8.59-9.08 and & 6.3 ppm, respectively. The
protons of -OH groups of the ligands gave signals at & 12.14-13.2 ppm. In the spectra of
their metal complexes, these intension signals were reduced. The 'H-NMR spectrum is
shown in Fig. S1 (Supporting Information). These results showed that the chelation of the
ligand moiety is via one of the carboxyl groups. In the spectra of the L3 ligand and its Cu(II)
complex, the -NH proton signals appeared at & 13.70 ppm, indicating the bonding of the
other nitrogen atom [9]. !3C-NMR spectral data for the complexes could not be obtained
since they have paramagnetic character. Comparison of the microwave and conventional
methods were given in Table 3. For the microwave assisted synthesis, 0-5 minutes were
required for the reactions to complete. While using the conventional method, the reaction
time was six days for the Cu(II) complexes and 30 days for Ru(III) complexes. The product
yields were less in the conventional method as compared to that of the obtained complexes
by the microwave synthesis. For the microwave synthesis, between 2-15 mL of solvent was
consumed in the reactions, while this amount was 25-30 mL in the conventional method.
Although [Cu(L1),] was synthesized in 48% yield by the conventional method, the reaction
occurred in a few minutes by 89% yield by microwave method.

CONCLUSION

Herein, ruthenium(III) and copper(lI) complexes were obtained by both microwave and
conventional methods and were characterized by UV-Visible, FT-IR, 'H-NMR, AAS, elemental
analysis, and magnetic susceptibility techniques. Single crystals of the synthesized
compounds could not be isolated from any solution; thus no definite structure may be
described. Assuming the analytical data and spectral studies, the ligands coordinated to the
copper(Il) and ruthenium(III) metals in a bidentate manner as square planar and octahedral
geometry, respectively. We compared these methods in terms of the reaction time, amount
of solvent, and reaction yield. The salient features of microwave method include the simple
reaction set-up, mild reaction conditions, and short reaction times. Because of these
advantages, the method is more efficient and environmentally friendly for the synthesis of
the related metal complexes.

ACKNOWLEDGEMENTS

This present work was supported by the Research Unit of Cukurova University (Grant No.
FEF 2007 BAP17).

Page 112



Ay and Yildiz, JOTCSA, 3(2), 103-116. Research article

REFERENCES

[1] Lan A, Han L, Yuan D, Jiang F, Hong M. A blue luminescent inorganic-organic hybrid with infinite
[Cd3(p3-0H)2(u2-Cl)2] connectivity. Inorganic Chemistry Communications. 2007 Sep;10(9):993-6.
DOI: 10.1016/j.inoche.2007.05.009.

[2] Liu Y, Li Y-X, Zhang S-W, Ji H-M, Cao R-G, Liu S-X. Organic-inorganic hybrid based on the
molybdenum tellurite. Journal of Molecular Structure. 2009 Mar;921(1-3):114-7. DOI:
10.1016/j.molstruc.2008.12.058.

[3] Wu L, Ma H, Han Z, Li C. Synthesis, structure and property of a new inorganic-organic hybrid
compound [Cu(phen)2][Cu(phen)H20]2[M0o5P2023]-3.5H20. Solid State Sciences. 2009
Jan;11(1):43-8. DOI: 10.1016/j.solidstatesciences.2008.05.016.

[4] Ellsworth JM, Smith MD, zur Loye H-C. Improved synthesis of 4,4’-bipyridine-2-carboxylic acid
and its use in the construction of novel metal and mixed-metal coordination polymers. Solid State
Sciences. 2008 Dec;10(12):1822-34. DOI: 10.1016/j.solidstatesciences.2008.03.014.

[5] Wang R, Lu X, Yu X, Shi L, Sun Y. Acid-catalyzed solvent-free synthesis of 2-arylbenzimidazoles
under microwave irradiation. Journal of Molecular Catalysis A: Chemical. 2007 Apr;266(1-
2):198-201. DOI: 10.1016/j.molcata.2006.04.071.

[6] Cortijo M, Delgado-Martinez P, Gonzalez-Prieto R, Herrero S, Jiménez-Aparicio R, Perles ], et al.
Microwave and solvothermal methods for the synthesis of nickel and ruthenium complexes with 9-
anthracene carboxylate ligand. Inorganica Chimica Acta. 2015 Jan;424:176-85. DOI:
10.1016/j.ica.2014.07.063.

[7] Bui HTB, Ha QTK, Oh WK, Vo DD, Chau YNT, Tu CTK, et al. Microwave assisted synthesis and
cytotoxic activity evaluations of new benzimidazole derivatives. Tetrahedron Letters. 2016
Feb;57(8):887-91. DOI: 10.1016/j.tetlet.2016.01.042.

[8] Anderson T3, Scott JR, Millett F, Durham B. Decarboxylation of 2,2'-Bipyridinyl-4,4*-dicarboxylic
Acid Diethyl Ester during Microwave Synthesis of the Corresponding Trichelated Ruthenium Complex.
Inorganic Chemistry. 2006 May;45(10):3843-5. DOI: 10.1021/ic060008v.

[9] Singh RV, Chaudhary P, Chauhan S, Swami M. Microwave-assisted synthesis, characterization and
biological activities of organotin (IV) complexes with some thio Schiff bases. Spectrochimica Acta
Part A: Molecular and Biomolecular  Spectroscopy. 2009 Mar;72(2):260-8. DOI:
10.1016/j.saa.2008.09.017.

[10] Shaabani A, Maleki-Moghaddam R, Maleki A, Rezayan AH. Microwave assisted synthesis of
metal-free phthalocyanine and metallophthalocyanines. Dyes and Pigments. 2007 Jan;74(2):279-82.
DOI: 10.1016/j.dyepig.2006.02.005.

[11] McDonald FC, Applefield RC, Halkides CJ], Reibenspies JH, Hancock RD. A thermodynamic and
crystallographic study of complexes of the highly preorganized ligand 8-hydroxyquinoline-2-
carboxylic acid. Inorganica Chimica Acta. 2008 May;361(7):1937-46. DOI:
10.1016/j.ica.2007.10.004.

Page 113



Ay and Yildiz, JOTCSA, 3(2), 103-116. Research article

[12] Sharma K, Singh R, Fahmi N, Singh RV. Microwave assisted synthesis, characterization and
biological evaluation of palladium and platinum complexes with azomethines. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy. 2010 Jan;75(1):422-7. DOI: 10.1016/j.saa.2009.10.052.

[13] Refat MS, El-Korashy SA, Kumar DN, Ahmed AS. Syntheses and characterization of Ru(III) with
chelating containing ONNO donor quadridentate Schiff bases. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy. 2008 Sep;70(4):898-906. DOI: 10.1016/j.saa.2007.10.005.

[14] Chandra S, Jain D, Sharma AK. EPR, mass, electronic, IR spectroscopic and thermal studies of
bimetallic copper(1l) complexes with tetradentate ligand, 1,4-diformyl piperazine bis(carbohydrazone).
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. 2009 Jan;71(5):1712-9. DOI:
10.1016/j.saa.2008.06.028.

[15] Mohanan K, Kumari BS, Rijulal G. Microwave assisted synthesis, spectroscopic, thermal, and
antifungal studies of some lanthanide(III) complexes with a heterocyclic bishydrazone. Journal of Rare
Earths. 2008 Feb;26(1):16-21. DOI: 10.1016/S1002-0721(08)60028-9.

[16] Jolly WL. Modern inorganic chemistry. New York: McGraw-Hill; 1984. 610 p. ISBN: 978-0-07-
032760-3.

[17] Yildiz E, Bozkurt G. Synthesis of Ru(III) and Al(III) Complexes Containing Anthraquinone Moiety
and Interactions of the UV Radiations. Asian Journal of Chemistry. 2009;5:4047-53. URL:
http://search.proquest.com/openview/48f867dd7f5c02e0bb7ca95a21886989/1?pq-origsite=gscholar.

[18] Dong Y-B, Smith MD, zur Loye H-C. Synthesis and characterization of a novel copper(II)-silver(I)
mixed-metal coordination polymer: Ag[Cu(2-pyrazinecarboxylate)2](H20)(NO3). Solid State Sciences.
2000 May;2(3):335-41. DOI: 10.1016/51293-2558(00)00139-4.

[19] Driessen WL, Chang L, Finazzo C, Gorter S, Rehorst D, Reedijk J, et al. Two pyrazolato-bridged,
linear trinuclear Cu(II) complexes. Crystal structures and magnetic properties. Inorganica Chimica
Acta. 2003 Jul;350:25-31. DOI: 10.1016/S0020-1693(02)01509-8.

[20] Serbest K, Degirmencioglu I, Unver Y, Er M, Kantar C, Sancak K. Microwave-assisted synthesis and
characterization and theoretical calculations of the first example of free and metallophthalocyanines
from salen type Schiff base derivative bearing thiophen and triazole heterocyclic rings. Journal of
Organometallic Chemistry. 2007 Dec;692(25):5646-54. DOI: 10.1016/j.jorganchem.2007.09.026.

[21] Kufelnicki A, Wozniczka M, Checinska L, Miernicka M, Budzisz E. Synthesis and structure of novel
copper(Il) complexes with pyrazole derived ligands and metal-ligand interaction in solution.
Polyhedron. 2007 Jul;26(12):2589-96. DOI: 10.1016/j.poly.2006.12.043.

[22] Mizushima K, Nakaura M, Park S-B, Nishiyama H, Monjushiro H, Harada K, et al. Ruthenium(1II)
complexes with the tetradentate 6,6’-bis(oxazolinyl or benzimidazolyl)-2,2’-bipyridine ligand:
synthesis, electrochemical properties, and catalytic reactivities. Inorganica Chimica Acta. 1997
Sep;261(2):175-80. DOI: 10.1016/50020-1693(97)05479-0.

Page 114



Ay and Yildiz, JOTCSA, 3(2), 103-116. Research article

DIKARBOKSILIK ASIT GRUPLARI ICEREN Cu(II)/Ru(III)
KOMPLEKSLERININ KONVANSiYONEI: VE MIKRODALGA DESTEKLI
SENTEZ VE KARAKTERIZASYONLARI

Oz: Bu calismada, 2,4-piridindikarboksilik asit (L1), 3,5- piridindikarboksilik asit (L2) ve
3,5-pirazoldikarboksilik asit (L3) ligandlar kullanilarak konvansiyonel ve mikrodalga
yontemleri ile Ru(III) ve Cu(II) metal kompleksleri sentezlenmistir. Mikrodalga ve
konvansiyonel yontemlerinin kiyaslanmasi icin yapilan bu calismada yontemlerin birbirlerine
gore farkhliklari, tepkime slresi, ¢ozlici miktari ve verim acisindan dederlendirilmistir.
Tepkime siresi uzun saatlerden birkag dakikaya kadar Onemli derecede azaltilmistir.
Mikrodalga ydntemi ile gok daha az ¢dzlcl kullaniimasi sonucunda yutksek verimlerde
kompleksler elde edilmistir. Sentezlenen komplekslerin yapilari FT-IR, UV-Vis, AAS, 1H-NMR,
elementel analiz ve manyetik duyarliik teknikleri ile karakterize edilmistir. Analiz sonuglari
bakir ve rutenyum komplekslerinin sirasiyla kare diizlem ve dlzgin sekizylzli geometrilere
sahip oldugunu gostermistir. Cu(II) ve Ru(III) metal kompleksleri mikrodalga isinina maruz
birakilarak kolay bir sekilde sentezlenmistir.

Anahtar Kelimeler: Mikrodalga sentez, Inorganik-organik hibrit, Rutenyum(III) ve
Bakir(II) kompleksleri.
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