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A novel family of Tetra aza macrocyclic Cu(ll) complexes
[CulLxz] where L = N4 donor macrocyclic ligand and X = CI’
NOs* and (CH3COO’) have been synthesized and
characterized by elemental analysis, magnetic moment, IR,
EPR, electronic spectra. The molar conductance
measurements of crown ether complexes of ligand LF and
LG show that complexes are in 1:2 electrolytes in nature
and may be formulated as [Cu(L)]X2 where L=LF & LG.
The biological against different plant pathogenic fungi has
been evaluated. The EPR studies suggest the tetragonal
geometry for all the chloride, nitrate and acetate
complexes with all the seven ligand.
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INTRODUCTION

opper is the third most abundant metallic element in the human body, following iron

and zinc. Though trace amount of copper is essential for life, larger amounts become toxic.
Copper containing enzymes[1]and proteins are widely distributed in both fauna and flora
kingdoms. The accumulation of copper in the liver, kidneys and brain leads to Wilson's
disease that is hereditary shortage of ceruloplasmin. It can be treated by giving EDTA that
form a complex with copper and then is excreted [2]. a great deal of study of copper
complexes has been driven by the hope of modeling biological molecules that contain copper
[3-5]. Plastocycnin occurs in the chloroplasts of green plants and contains one copper atom. It
is used in photosynthesis as an electron carrier [6-7]. They have attracted much attention
because in addition to have antimicrobial and antiviral properties, they have also used in the
treatment of a number of tumors, including Hodgkin's disease [8-9].

EXPERIMENTAL
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Ligand LA

Hot ethanolic solution (50 mL) of diethyloxalate (7.30 g, 0.05 mol) and a hot ethanolic
solution (50 mL) of 1,3-diaminopropane (3.70 g, 0.05 mol) were mixed slowly with constant
stirring. This mixture was refluxed at 80°C (+-5°C) for 6h in the presence of few drops of
concentrated hydrochloric acid. On cooling, white coloured precipitate was formed. It was
filtered, washed with cold EtOH, and dried under vacuum over P4010Yield 78%, m.p. 240°C.

Ligand LB

Hot ethanolic solution (50 mL) of diethyloxalate (7.30 g, 0.05 mol) and a hot ethanolic
solution (50 mL) of 2,6-diaminopyridine (5.46 g, 0.05 mol) were mixed slowly with constant
stirring. This mixture was refluxed at 75°C (+_30C) for 9h in the presence of few drops of
concentrate diydrochloric acid. On cooling, dull white coloured precipitate was formed. It was
filtered, washed with cold EtOH, and dried under vacuum over P4010- Yield 75%, m.p.
269°C.

Ligand LC

Hot ethanolic solution (50 mL) of ethylcinnamate (8.80 g, 0.05 mol) and a hot ethanolic
solution (50 mL) of 1,3-diaminopropane (3.70 g, 0.05 mol) were mixed slowly with constant
stirring. This mixture was refluxed at 72°C for 6h in the presence of few drops of concentrated
hydrochloric acid. On cooling, cream coloured precipitate was formed. It was filtered,washed
with cold EtOH, and dried under vacuum over P4010. Yield 80%, m.p.271°C.

Ligand LD

Hot ethanolic solution (50 mL) of ethylcinnamate (8.80 g, 0.05 mol) and a hot ethanolic
solution (50 mL) of thiourea (3.80 g, 0.05 mol) were mixed slowly with constant stirring. This
mixture was refluxed at 780C for 7h in the presence of few drops of concentrated hydrochloric
acid. On cooling, white coloured precipitate was formed. It was filtered washed with cold
EtOH, and dried under vacuum over P4010Yield 77%, m.p. 2810C.

Ligand LE

Hot ethanolic solution (30 mL) of thiodiglycolic acid (7.50 g, 0.05 mol) and a hot
ethanolic solution (30 mL) of thiourea (3.80 g, 0.05 mol) were mixed slowly with constant
stirring. This mixture was refluxed at 68°C for 6h in the presence of few drops of concentrated
hydrochloric acid. On cooling, pale white coloured precipitate was formed. It was filtered,
washed with cold EtOH, and dried under vacuum over P4010Yield 69%, m.p. 2670C.

Ligand LF and LG (Crown ether)

Ligand LF and LG purchased from Sigma Eldrich and used as such without any further
purification.
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Fig. 1 : Ligand LA Fig. 2 : Ligand LB
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SYNTHESIS OF COMPLEXES

A hot ethanolic solution (20 mL) of the ligand L (0.002 mol; L = LA: 0.512¢g; LB:0.652g;
LC: 0.816g; LD: 0.824g and LE: 0.760g) and hot ethanolic solution (20 mL)of corresponding
Cu(l) salt (0.001 mol) (CuCl2.2H20), Cu(NO3)2.3H,0, CuSO4 5H20 and
Cu(CH3C00)2.2H20) were mixed together with constant stirring. The mixture was refluxed
for 4-9h at 65-80°C. On cooling, coloured complex was precipitated out. It was filtered,
washed with cold EtOH and dried under vacuum over P4010, recrystallized and purity was
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checked by TLC method, yield 55-71%. Hot aqueous solution (10mL) of ligand (0.002 mol;
LF:0.052g; LG:0.052g) and corresponding Cu(II) salt (0.001 mol) were mixed with constant
stirring. The mixture was refluxed for 10h at 40°C. On cooling, coloured complex was
precipitated out, which was filtered, washed with cold EtOH and dried under vaccum over
P4010.

RESULTS AND DISCUSSION

the basis of elemental analysis the complexes were found to possess the general
compositions CuLX, (where L=LA, LB, LC, LD and LE, X = Cl', NO3; and CH;COOQO"). The
room temperature molar conductance measurement indicates that all the complexes are non-
electrolyte in nature. Thus these complexes may be formulated as [Cu(L)X2] (where L = LA,
LB, LC, LD and LE, X = CI', NO; and CH;COOQO") [Table 1].Where as molar conductance
measurements of crown ether complexes of ligand LF and LG shows that complexes are 1:2
electrolyte in nature and may be formulated as [Cu (L)]X2 (where L=LF, LG).

Table 1: Molar conductance and elemental analysis of the complexes

Complexes MW. | Ablr Coloor | Yield % [MP.('C) Elemental analyzes ¥ Found
amn | Cond 0 (Calenlatedt4)
lem’ mel-1
Co C H N
TCofLAICL] ] [ Newsaim | 68 86 [ 1630 | 3058 | 400 1441
Cu CoHNi0CL bie (1637) | (G049 | @09 [143])
TC0 (LAINOs)] £4 08 |Opaline preen| 42 /| 144 | W | 347 1598
oyl N0y (1441 | Q703 | G40 (1397)
[CulA)CH,COON] | 438 03 Orafrd i 7 | WM 38’4 | 4; 1170
CuC B N05, biue (1461} | (836 | (300 (1279)
[Cu(LBICL] 4l 0f Phirozi il 3| 1385 | 33 | 2 1814
CuC, H N0, (1338 | G644 | @I (1820
[Ca (LEYNOL] 4 07 Shiry g0 280 ) 1151 | 3240 | 99 I
L N purple (1245) | (248) | (195 {2179
[CoLBCH:C00)]) | 308 5 Hile bz 6l 300 | 1288 | 4244 | 321 1646
Cu CoeHi0s5: (1260) | (#2350 | 313 (15.34)
[ColLCICL] i ] Shiny i B0 [ UM | 5286 | 595 1023
Cu CH RO, bz (L7 | (330 | (A9 {10.31)
[Ca LCHNO,L] 4 g Aquamarize | 80 300 | 1072 | 4841 [ 330 1400
Cu CHN,0, 1074y | [830) | 1537 (14.09)
[CoLCYCH:C00, | 30 03 Sea B a7 | loss | s@ | 632 940
Cu GBS, FIeen (1085 | (3695 | (544 [B.4%)
[CofLDCL) H7 4 Nilgribie [ 70 300 | 161 | 4380 | 373 1017
e (1170 | (@388) | (3.46) (104)

Magnetic Moment

Magnetic moments of all the complexes at room temperature lie in the range 1.93 to
2.04B.M, [Table2], corresponding to one unpaired electron. There should be some correlation
between the magnitude of orbital contribution and the coordination geometry but in practice it
is not observed, presumably because of distortion and other variables like covalent character.
Some of these complexes may be considered to have tetragonal geometries with planar



Acta Ciencia Indica, Vol. XLIII C, No. 2 (2017) 227

coordination of the ligand around Cu?" ion and the anions occupying the axial positions and
six coordinate octahedral geometry.

Table 2 : Electronic spectra of the complexes

Complexes Aresee(CT )
[Cu(LA)Cl:] 10526,15986,26247
[CulLA)IO:)] 10542,17212,28736

[Cu(LA)CH,CO0]

10672,16318,24038

[CalLB)CT]

[CufLA)YNO:):)

10430,16000,23255

10460, 22088

[Cu(LE}CH, CO),]

[CuLCYCl:]

104668,16667,26308

10183,17322 24376

[CalLCYNO,),]

[CulLCHCH; CO0);]

10885 15432 24358

11210,13889 25562

[Cu(LD)CL,]

[CoLD)NO:):]

10718, 18422, 27119

15432 20120

[CuLD)(CH,C00),]
[CuLEICL:]
[Ca(LENINC, )]

[CulLE)CH:COO)]

10905,16110,27933

LOG4E, 16000

1597217183

11792 18622 27397

Infra red Spectra

A comparative study of the spectra of the ligand and their complexes show that all the
ligand behave as octahedral [10-14] coordinating through nitrogen atom of the —-NH groups.

IR Spectral Bands Due to Anions
IR spectra of nitrate complexes

The IR spectra of nitrate complexes of the ligands LA, LB, LC, LD, and LE show
absorption bands in the region of 1423-1438 (v5) va (NO,), 1307-1347(v1), vs (NO,) and 811-
830 cm™' (v2) v(NO). This indicates that both the nitrate groups are coordinated to the
centrally located copper(Il) metal ion in an unidentate fashion [15-19]. In case of the nitrate
complex of ligand LG shows bands at 1382 cm' indicates that nitrate complex is
uncoordinated where as appearance of band at 510cm™" strengthens the fact that metal and
oxygen lie in the same environment.

IR spectra of chloride complexes

Infra red spectra of of Cu (II) chloride complexes of crown ether, with ligand LF display
bands at 3448 cm ', 3000 cm ', 986 cm ' of v(N-H),v(C-H) aliphatic and alkyl ether
respectively and in complex of ligand LG bands appear at 3319cm™,988 cm™ of v(C-H)
aliphatic and alkyl ether respectively. Shifting of bands gives strong support to the formation
of complexes.
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However, an IR spectrum of ligand LF shows a band at 411cm ™' supports that metal is
coordinated with nitrogen. There is not any band is found at 307 32lcm™ indicatesthat
chloride is uncoordinated. Where as in ligand LG appearance of band at 257 cm ' gives sturdy
fact that metal is coordinated metal in the same environment.

Table-3: Magnetic moment of the complexes

Complenes Heir (BML)
[Cu{L_A)C1:] 105
[CuL AN D] [T
[CuLANCHCOO):] 200
[Co{LBICL] 201
[CuLANNO):] 193
[CuLB)}CH:COO):] 105
[Ca{LC)CL:] 200
OO0, 107
[CuLCHCHCOO):] 104
[Cn{LDCL:] 204
[CuL D0} 106
[CwLDWCHCO0):] 3.04
[C{LEXCE] 201
[CuLENFIO:):] 108
[Cu{LEMCH,CO0),] 202
[Cu{lF)Clz] 104
[Co{LGHCL:] 198
[CuLGHND:):] 195

IR spectra of acetate complexes

According to Nakamoto [20] the IR spectral bands corresponding to va (COO") and
vs(COO") are present at 1560 cm™' and 1416 cm ™' for free acetate ion. The separation between
them is 144 cm™'. In the unidentate complex, v(C=0) is higher than va(COO") and v(C O) is
lower than vs(COO"). Thus separation between the two v(C 0) is much larger (~150-250cm™)
in unidentate complexes than in the free ion i.e. 144 cm'. But in bidentate complexes the
separation between the two v(C O) is smaller (< 50 cm™) than that of the free ion. The IR
spectra of acetate complexes under study, of ligands LA, LB, LC, LD and LE show bands in
the region 1560-1590 cm ', v(C=0), 1385-1405 cm ', v(C O). The difference between these
two bands A = 158-241cm’', which suggests that the acetate group is, coordinated to the
copper ion, in unidentate manner. [21-23].

Electronic Spectra

The electronic spectra of six-coordinate Cu(ll) complexes have either D4h or C4v
symmetry. The ground state in an octahedral field is the 2Eg. According Hathaway|[24], very
few regular octahedral Cu(II) complexes exist. In an octahedral field if the Eg and T2g
separation varies from 13000 to 18000 cm-1 results distortions. Because of Jahn-Teller effect
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operating on the 2Eg ground term of an octahedron, distortions will occur. It is useful to
define a tetragonality factor T (where T = in-plane Cu-L distance/ mean out-of-plane Cu-L
distance). In general T may be less than one or greater than one. Thus due to distortions a
several absorption bands may be expected in these regions. The Eg and T2g levels of the 2D
free ion term will split into Blg, Alg, B2g and Eg levels respectively. Thus three spin-allowed
transitions are expected in the visible and near IR region in Cu(II) complexes. The energy
level sequence will depend on the amount of tetragonal distortion due to ligand- field and the
Jahn-Teller effect [25-26]. The electronic spectra of tetragonal complexes show bands in range
of 13,400-13,800 and 18,500-18,900 cm™'which can be assigned to 2B1g— 2Alg and 2B1g—
Eg transitions respectively. 2B1g— 2B2g is usually not observed as a separate band in the
tetragonal field [27]. The splitting of the Eg state is a measure of the planar and axial field.

Table-4: EPR spectra of the complexes

Complaxes el g (L G

[CulANL] 2.1760 20519 2.0932 33011
[CofLAWHO:): 22402 21345 2.1897 1.7859
[CofLANCH: COO):] 22191 21248 2.1562 1.7556
[CaflB)ClL] 2.1156 20430 2.0672 1.6883
[CuLB)(O;);] 2.1687 210686 2.1020 24582
[CufLB)(CH:CO0):] 2.1480 20596 2.0891 14832
[CuLC)CL] 21402 20563 2.0873 26500
[CuL.C)N0:):] 21142 20522 2079 2.1877
[CaLCHCHyODO)] 21913 20406 1.0968 3 8568
[CoLD)CL] 2.1220 210530 2.0760 23019
[CoL.D¥MO,)] 2.0008 20400 2.0665 2.0000
[CoLDMCH:COO):] 2.1810 20580 2.0920 31206
[CulE)CL] 21722 20776 21081 22180
[CoLEWR0:):] 2.2086 210882 21283 23650
[CoLE}CH,CO0,] 2.1634 20638 2.0970 25611
[Co{LF)Cl;] - - 1.812 -

[CalGHL] - - 1843 -

[CoLGHII0:):] - - 1845 -

Electronic spectra of chloride, nitrate and acetate Cu(ll) complexes

The electronic spectra of the chloride and acetate complexes with all the five ligands LA,
LB, LC, LD and LE and with LA, LB and LC ligands complexes show three bands in range of
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10183-11792 cm', 13889-18622 cm ' and 22988-28736 cm ' corresponds to tetragonal
geometry, which can be assigned to 2B1g—2Alg, 2B1g— 2B2g and 2B1g—2Eg transitions,
respectively. In all cases the transition 2B1g—2B2g is usually not observed as a separate band
in the tetragonal field [28]. The bands above 25,000cm™ in some cases, may be due to charge
transfer bands [Table2] which could arise from the transfer of an electron from an orbital
largely belonging to a central atom. The splitting of the 2Eg state is a measure of the planar
and axial field. Since the planar field as well as axial field is constant in all the present
complexes, the difference in the position of the bands may be due to axial field only (lower
symmetry). In the copper(Il) complexes 2B2g — 2Alg transition is shifted to higher energies
in the order: CI' <NO; < CH;COO [29].

Table-5: Bonding coefficient parameters of the complexes

Complaxes 4 K @ B
[CufLA)CL] 0.7261 06484 06404 L1181
[CafLANND):] 1.2404 07886 0.7886 13729
[CufLANCH,COO),] 1.0920 0.7330 0.7330 14398
[CafLB)C1:] 0.6191 05247 0.5247 1.1794
[CulLB)NO:})] 0.7857

[CulLB)CH:CO0)] 0.7827 0.6073 0.6073 1.2888
[CufLC)CL,] 0.7302 0.6217 0.6217 11745
[CufLCYMO5)] 0.7014 05121 0.5121 13700
[CufLCYCHC00):] 0.6003 048314 0.6314 11083
[Cu{LD)CL] 0.7462 05819 0.5819 12823
[CafLDHNO)] 0.8057

[Cu{LDNCH;COO)] 0.7933 0.6612 0.6612 13005
[CulLE)XCL:] - 06426 0.6426
[CaLEYNO:):] L0873

[CufLE}CH.COO)] 0.8261 06750 0.6750 12238

Antifungal screening

The antifungal [30-35]activity of Cu(Il) complexes was checked, by the agar plate
technique [36] for the Aspergillus-niger and Aspergillus-glaucus fungi. The compounds were
directly mixed to the medium in different concentrations. The fungus was placed in
themedium with the help of an inoculum needle. The pattri-dishes were wrapped in polythene
sheets, containing some drops of EtOH and kept in incubator at 35 + 2°C for 66-75 h. The
growth of fungus was measured by the recording the diameter of fungal colony. The following
relation was used to calculate the fungal growth inhibition.Fungal growth inhibition % = (A-
B) x 100/A Where: A = diameter of fungal colony in control plate. B = diameter of fungal
colony in test plate. The Cu(ll) complexes show fungal growth inhibition in the order:
LA<LB<LC<LE<LD, The results of antifungal activity are shown in Table-6 100% growth of
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fungus which is represented as *, 50% growth by- **, less than 50% growth by-*** and noble
inhibition by-****,

Table-6: Antifungal activity of the Cu(II) complexes

Complezes Fungal growth mhibition in %
A niger A glancns

[CuA)CL] :

[ColLA)NO:] =
[CuLE)CL] s nxs
[CULE)NO:)]
[Cu{LC)CLy rr xe
[CuLCYI0),] *ht Tree
[CulLD)CL]
[CuLD)0:] e rrre
[CulEXL] e #h
[COLENO:)]

ConcLusion

the basis of elemental analysis, molar conductance measurements, magnetic

susceptibility, IR, electronic and EPR spectral studies and the subsequent discussion given
above the following structures [Figs. 9-14] has been assigned for the copper(Il) complexes.
X =CI', NOs; and CH;COO

Fig. 9. Complexes with ligand LA Fig. 10. Complexes with ligand LB
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