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Abstract

A new series of copper(ll) complexes have been synthesized with macrocyclic ligands having three different donating atoms in the
macrocyclic ring. It has been shown that the stereochemistry of complexes is dependent on the coordinated anions. These complexes are
characterized by various physicochemical techniques, viz. elemental analysis, molar conductance, magnetic susceptibility measurements,
IR, electronic,'H NMR and EPR spectral studies. Cyclic voltammetric behavior of the complexes has also been discussed. The observed
anisotropiag-values indicate that the chloro and acetato complexes are six-coordinate tetragonal. Whereas the sulfato and nitrato complexes
are found to have five-coordinate square-pyramidal and four-coordinate square-planar geometry, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction complexes with Iy, N2O> and NS, donor 12-membered
macrocyclic ligands.
Nature prefers macrocyclic derivatives for many fun-
damental biological functions such as photosynthesis and )
transport of oxygen in mammalian and other respiratory 2~ EXperimental
systemd1]. Hence the synthesis and studies of model sys- .
tems are important which show important properties such as Al the chemicals used were of AnalaR grade, and pro-

thermodynamic, kinetic stabilitj2], electron transfer and ~ cured from Fluka and Sigma Aldrich. Metal salts were pur-
magnetic interaction between metal centi@ These are chased from E. Merk and used as received. All solvents were

effected by the ring size, coordination sites and electronic US€d Of spectroscopic grade.
effect [4] at aromatic ring of the ligand system. Since the

late 1980s, the study of copper(ll) complexes has attractedqg Synthesis of diamines
considerable attention due to relevance of copper(ll) in

biological systemd5]. There have been several attempts 1,2-Di(o-aminophenoxy)ethanéig. 19, 1,2-di-amin-
to model the active center of biological molecules that in- ophenylamino)ethaneFig. 1t and 1,2-di¢-aminophenyl-
cludes copper atom on their structure such as haemocyanmthio)ethaneIfig. 19 were prepared and characterized by the

or other biological proteinf5]. In view of the above appli-  yrocedure as reported earl[ei. All these diamine are used
cations, it is highly desirable to synthesize and characterizes,, e preparation of macrocyclic ligands.

the copper(ll) complexes with such ligands. In this paper
we report the synthesis and characterization of copper(ll) 3.1 Characterization of diamines

+ Corresponding author. 1,2-Di(o-aminophenoxy)ethane, mp 130-r& IH
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chemistryrajiv@hotmail.com (R. Kumar). (2H, m), s 4.0 (4H, O—CH). 1,2-Di(0-aminophenylamino)
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Fig. 1. Structure of diamines.

ethane, mp 135-13€. 'H NMR (CDCl) § 7.1 (2H, m),
8 6.7 (2H, d),s 6.6 (2H, m),s 6.3 (2H, d),s 3.0 (4H,
NH-CH,). 1,2-Di(o-aminophenylthio)ethane, mp 76.1H
NMR (CDCl3) § 7.2 (2H, d),8 7.1 (2H, m),§ 6.6 (2H, m),
8 6.3 (2H, d),8 2.8 (4H, S-CH).

3.2. Preparation of macrocyclic ligands

2,3-Diphenyl-1,4-diaza-7,10-dioxo-5,6:11,12-dibenzole,
k]-cyclododeca-1,3-dieneffD-]ane (L1) (Fig. 23, 2,3-
diphenyl-1,4,7,10-tetraaza-5,6:11,12-dibenzo[e,k]-cyclodo-
deca-1,3-diene[N ane (Lp) (Fig. 2b and 2,3-diphenyl-1,4-
diazo-7,10-dithia-5,6:11,12-dibenzo[e k]-cyclododeca-1,3-

Ph Ph

SN

(c)

diene[NoSpJane [Lg] (Fig. 29 containing aromatic head,
and lateral units macrocyclic ligands were prepared by the
procedure as reported earligi.

To an ethanolic solution (25ml) of benzil (0.005mol,
1.05g) an EtOH solution of (25 ml) of 1,2-d{aminophen-
oxy)ethane or 1,2-difaminophenylamino)ethane or 1,2-
di(o-amino phenyl thio)ethane (0.005mol) was added in
presence of few drops-1 ml of conc. HCI. The resulting
solution was refluxed for 5—7 h. The resulting solution was
concentrated to half of its volume under reduced pressure
and kept overnight. The white/white off crystals formed,
which were filtered, washed with EtOH and dried under
vacuum over Oqp.

Ph

Fig. 2. Structure of macrocyclic ligands.
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3.3. Characterization of macrocyclic ligands

439

Leeds Northrup Conductivity Bridge 4995. IR spectra were
recorded on a Perkin Elmer 137 instrument as KBr pellets.

These ligands are characterized on the basis of elementallhe electronic spectra of the complexes were recorded on

analysis,'H NMR and infrared spectra.

e Yield 71%, mp 172C. Found: C, 80.0; H, 5.0; N, 6.2.
CogH2oN205 calculated: C, 80.4; H, 5.3; N, 6.7%H
NMR: § 7.2—-7.3 (10H, m)§ 7.1 (2H, m),§ 7.0 (2H, d),8
6.9 (2H, d),s 6.6 (2H, m),s 4.0 (4H, O—CH) for ligand
Ls.

e Yield 67%, mp 179C. Found: C, 80.1; H, 5.3; N, 13.1.
CogH24N4 calculated: C, 80.7; H, 5.8; N, 13.4%H
NMR: § 7.2-7.4 (10H, m)§ 7.1 (2H, m),§ 6.9 (2H, d),8
6.7 (2H, d),s 6.6 (2H, m), 3.0 (4H, NH-Ch) for ligand
2.

e Yield 70%, mp 182C. Found: C, 74; H, 4.3; N, 6.0.
CagH2oN,S, calculated: C, 76.6; H, 4.9; N, 6.2%H
NMR: § 7.2-7.24 (10H, m)§ 7.27(2H, d),8 7.1 (2H, m),
8 6.9 (2H, d),8 6.6 (2H, m),s 4.0 (4H, m, S—CH) for
ligand 3.

3.4. Preparation of the complexes

A hot EtOH, solution (25ml) of the corresponding
hydrated copper(ll) salt CuxnH>O, 0.005mol (where
X = CI=, CH3COO~, NOs~ and (1/2)S@%") was added
to a hot EtOH solution (25ml) of the corresponding lig-
and (0.005mol). The mixture was refluxed on water bath
at 80°C for 5—7h. On cooling, a colored precipitate was
formed. It was filtered, washed with EtOH and dried over
P4010 under vacuum.

4. Physical measurements

Magnetic susceptibility measurements were carried out

a CAHN 2000 Faraday balance using Hg[Co(CHNS)
(xg = 1644 x 108gcm™3 at 28°C) as the calibrant.

a Shimadzu UV mini-1240 spectrophotometer in DMF so-
lution. C, H and N analysis were carried out on a carl-Ebra
1106 elemental analyzer. Nitrogen contents was determined
by the Kjeldahl's method!H NMR spectra were recorded
on a Bruker Avance 300 spectrometer at 100 kHz modu-
lation at room temperature. EPR spectra were recorded at
room temperature on a varion E-4 EPR spectrometer at
~9.1 GHz and 100 kHz field modulation and phase sensitive
detections by using DPPH as marker. The copper content in
the complexes was determined gravimetrically as CuSCN.
Cyclic voltammograms of the copper(ll) complexes in
MeCN at 300K were recorded by using a BAS electro-
chemical analyses. The electrolyte cell contains a reference
Ag/AgCI electrode, Pt wire as auxiliary electrode. Unless
otherwise stated all potentials were referred to Ag/AgCI.

5. Results and discussion

All the complexes are found to have the composition
CuLX>2-nH>0O (where L= Ligand Ly, Ly, or L3, and X=
Cl—, CH;COO~, NOz~ and (1/2)S@?"). Chloro, acetato
and sulfato complexes of Cu(ll) show molar conductances in
the range of 0—2@~1 cn? mol~1 (Table 1 corresponding to
non-electrolytes whereas, the nitrato complexes were found
to be 1:2 electrolytes. Therefore, these complexes may be
formulated as [Cu(L)X], [Cu(L)SO4] and [Cu(L)](NGs)2,
respectively.

6. IR spectra
There is no absorption bands at 3380-3400 and

1640-1720cm?! in the IR spectra of the ligands show
the absence of free amino (-MHand kenotic (>€O)

Molar conductance measurements were carried out on agroup. This indicates that complete condensation takes

Table 1
Analytical data of copper(ll) complexes

Complexes Yield mp  Molar Color Elemental analysis calculated (found) (%)

(%) (°C) conductance

(@ ten? mol1) Cu c H N

[Cu(L1)(CH3COO)], CuCszH28N206 40 210 7.00 Dark blue  10.58 (10.25) 64.05 (63.75) 4.70 (4.35) 4.67 (4.52)
[Cu(L1)(Cl2)], CuCagH2oN205Clo 42 235 13.00 Blue 11.50 (11.26) 60.82 (60.61) 4.00 (3.75) 5.06 (4.82)
[Cu(Ly)I(NO3)2, CuGgH22oN40s 47 217 205 Blue 10.49 (10.21) 55.50 (55.21) 3.65 (3.26) 9.25 (8.72)
[Cu(L1)SQy], CuCrgH22N206S 50 219 19 Light blue  10.99 (10.71) 58.18 (57.71) 3.84 (3.51) 4.85 (4.35)
[Cu(L2)(CH3COO)], CuCsaH3zoN404 55 235 6.00 Green 10.62 (10.52) 64.26 (63.99) 5.05 (4.91) 9.37 (9.17)
[Cu(L2)(Cl,)], CuCzgH24N4Clo 58 238 8.00 Dark green 11.53 (11.21) 61.04 (60.96) 4.39 (4.21) 10.17 (9.88)
[Cu(L2)I(NO3)2, CuGgH24N606 61 240 210 Light green 10.52 (10.26) 55.68 (55.28) 4.00 (3.72) 13.91(12.96)
[Cu(L2)(SQy)], CuCrgH24N404S 63 221 11.0 Green 11.03 (10.90) 58.38 (57.91) 4.20 (4.01) 9.73 (9.62)
[Cu(L3)(CH3COO)], CuCsaH28N2$,04 52 240 17 Shiny blue  10.05 (9.75) 60.79 (60.61) 4.46 (4.11) 4.43(4.10)
[Cu(L3)(Cl,)], CuCgH22N2S,Cl, 57 219 11 Light blue  10.86 (10.62) 57.48 (57.40) 3.78 (3.52) 4.80 (4.53)
[Cu(L3)](NO3)2, CuGgH22N4S,06 68 241 215 Sky blue 9.95 (9.82) 52.71 (52.30) 3.47 (31.16) 8.78 (8.52)
[Cu(L3)(SQy], CuCrgH22N2S3044 61 250 16 Blue 10.41 (10.32) 55.12 (54.91) 3.63 (3.22) 4.60 (4.31)
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place between the NHand >GO In the IR spectrum  8.1. Acetato and chloro copper(Il) complexes
of (Lo) a sharp band is appeared at 3320¢ncorre-
sponding tov(NH) group. New characteristic band due to All the complexes show two characteristic bands in range
(>C=N) in the ligands are appeared at 1627)(L1628 of 13,899-15,600 and 16,722-18,860¢cmThese may be
(L2) and 1607 cm?® (Lg). The position of this band is  assigned t&Big — 2A1g and ?Byg — 2Ey transitions,
shifted to lower frequency in the complexes as com- respectively{13] according to tetragonal geometry.
pared to free macrocyclic ligands, suggesting that the
coordination takes place through the nitrogenv¢C=N) 8.2. Nitrato complexes
group|8].
Nitrato complexes of all ligands display three elec-

6.1. Bands due to anions tronic spectral bands in the range of 15,600-16,920,

18,832-18,867 and 31,526-33,783¢mindicating four-

IR spectra of nitrato complexes show sharp absorption c00rdinated square-planar geomettg] (Fig. 3).
bands at 1382 (1), 1380 (Lo) and 1384 cm?' (L3) corre-
sponding to free nitrate grouj®]. The sulfato complexes 83 Sulfato complexes
show bands at 1180-1120s] and 760—-690 cmt (v,4) cor- ) )
responding to unidentate natuf£0]. Acetato complexes Sulfato complexes all ligands show electronic bands at
exhibit bands at 1565-1557v1) and 14101420 crit 8500 and 10,100cmt corresponding to five-coordinate
(v2). This indicates unidentate nature of acetate group Sduare-pyramidal geometry.
[11].

9. EPR spectra

7. Magnetic moments The EPR spectrum of copper(ll) complexes provides in-
formation about hyperfine and super hyperfine structures. It

is very important to understand the metal ion environment
in the complexes, i.e. the geometry, nature of the donat-

All the complexes show magnetic moments in the range
of 1.90-2.00 B.M. indicating monomeric nature of the com-

plexes. ing atoms from the ligands and degree of covalency of the
copper(ll)-ligands bonds.
8. Electronic spectra 9.1. Chloro and acetato complexes

Electronic spectra of six coordinate copper(ll) complexes All the complexes show anisotropic EPR spectra
have either @y or C4y Symmetry, and thegand by level (Figs. 4—7 characteristic to a tetragonal geometry for cop-
of the 2D free ion term will split in to By, A1g, Bog and per(ll) complexes.

Eg level, respectively Thus the three spin allowed transi- g-Tensor values have been calculated by Kneiibuhl's
tions are expected in the visible and IR region. But only few method and results are presentedable 2

complexes are known in which such bands are resolved ei- g-Tensor values of copper(ll) complexes can be used to
ther by Gaussian analysis or single crystal polarization stud- derive the ground state. In an elongated octahedron the 3d
ies. These bands may be assigned to following transitions:unpaired electrons for copper(ll) ions lies ipd,> orbital

?Big — %A1g (d2_,2 — d2), 2B1g > 2By (d2_ 2 — (°B; as ground state). Thg-values were given by =

dy) and?Big — 2Eg (d2_,2 — dhdy;) in order of in- 2(1—4xAq1) andg, = 2(1 — A/A). In a compressed oc-
creasing energy. The energy level sequence will depend ontahedron, on the other hand, the 3d unpaired electron lies in
the amount of distortion due to ligand field and Jahn-Teller the d- orbital (2A1g ground state). Thg-values were given

effect[12]. by gy =2 andg, = 2(1 — 31/A3) whereAs, Ap and Az
Table 2

Ligand field (cnT!) parameters of acetate and chloro copper(ll) complexes

Complex g gL Giso A AL Asso G o? B2
[Cu(L1)(CH3COOY] 221 2.08 212 175 76 109 2.6 0.79 0.91
[Cu(L1)(Cl2)] 2.20 2.06 2.10 177 74 108 3.3 0.80 0.90
[Cu(L2)(CH3COOY] 219 2.05 2.09 170 68 102 3.8 0.69 0.96
[Cu(L2)(ClL)] 211 2.06 2.09 166 67 100 3.8 0.72 0.99
[Cu(L3)(CH3COOY] 217 2.07 2.10 168 65 99.0 24 0.73 0.93

[Cu(Ls)(CL)] 2.15 2.05 2.08 165 72 103 3.0 0.78 0.98
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Fig. 3. Suggested structure of copper(ll) complexes.
are d2_,2 — Oy, d2_,2 — Ox, dy; and d2_,2 — d2 ular orbital coefficientsr bonding ¢2) ando bonding ¢2),

excitation energy, respectively, ands the spin orbit cou-  are calculated16]. «? and g2 values indicate that there is a
pling constanf14]. From the observeg-values itis evident  substantial interaction in-planebonding whereas in-plane

that the unpaired electron lies predominantly in_d- or- m bonding is almost ionic.
bital. Different EPR parameters are calculated and given in
Table 2 9.3. EPR spectra of sulfato complexes
9.2. Nitrato complexes Since the IR spectra of these complexes show monoden-
tate behavior of sulfato group, a five coordinated geometry
The EPR spectra of [Cu(L)](N§)> complexes Fig. 8 may be assigned to these complexes. The two configurations

were also recorded as polycrystalline sample and in DMSO, square-pyramidal and trigonal bipyramidal are characterized
which suggests that the complexes have square-planar geby ground state d_ . and dz, respectivelyf17]. EPR spec-
ometry. Related data are listedTable 3 tra of copper(ll) Fig. 9 provide a very good basis for dis-

The results also indicate that the exchange couplings aretinguish between these two general states. For systems with
not effective in nitrato complexes of all liganfib]. Molec- g3 > g2 > g1 the ratio of g2 — g1/g3 — g2) (here after
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Fig. 4. (A) EPR spectrum of [Cu@)Cl5], (B) [Cu(L2)Cl>] and (C) [Cu(Lg)Cly], v = 9.38 GHz.

=—2.106

Fig. 5. EPR spectrum
[Cu(L2)(CH3COOY].

Table 3

EPR spectra data copper(ll) nitrato complexes
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of copper(ll) complexes in aqueous solution (A) [JG(k], (B) [Cu(L1)(CH3COO)], (C) [Cu(L2)Cly], and (D)

Complex g Giso Ay AL Aiso G B2

[Cu(L1)](NO)s 2.10 2.02 2.09 158 55 89.3 5.43 0.58 078 1.95
[Cu(L2)(NO)s 212 2.05 2.07 145 58 87.0 436 0.62 0.85 1.99
[Cu(L1)](NO)s 2.16 2.03 2.07 149 65 93.0 4.50 0.68 0.90 2.00
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Fig. 6. EPR spectrum of copper(ll) complexes in forezen solution (77K) (A) [©@L], (B) [Cu(L1)(CH3COO)], (C) [Cu(Ly)Cl;], (D)
[Cu(L2)(CH3COOY], (E) [Cu(L3)Cl2], (F), [Cu(L3)(CH3COO)]. Scan mang. 150 mTy = 100 kHz, microwave frequency 9.51-9.54.
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Fig. 7. (A) EPR spectrum of [Cug)(CH3COO)], and (B) [Cu(L) (CH3COO)]. v = 9.49 GHz.

called the parametdR) is a very useful for this purpose. If  the reduction potential was observed with change in macro-
the ground state is githe value oRis greater than 1. Onthe  cyclic chelate ring size in the presence of unsaturated macro-
other hand, for the ground state being predominanty @ cyclic cavity. If we compare two macrocyclic rings one of
the value ofR is less than 1. The complexes under study them was containing saturated ring and other has unsaturated
show the value oR (Table 4 less than 1, thus indicating ring then the metal ion present in the saturated macrocyclic
five-coordinate trigonal bipyramidal geometry. ring is oxidized first. This may be influenced from the fact
that the change in ring size did not affect the first oxidation

10. Cyclic voltammetry Table 4

EPR spectra data of copper(ll) sulfato complexes

The synthesized macrocyclic ligands and their complexes
have two dissimilar saturated and unsaturatedNyO, and
N2S, macrocyclic cavity. The reduction of the metal ion was [Cu(L1)SO] 2.11 2.06 2.01 0.50
effected in the presence of unsaturated macrocyclic cavity [Cu(L2) SQi] 218 213 2.06 0.58
and first its reduction start. It was observed that the change in[cu(l'3) SQ 215 212 208 0-55

Complex g3 02 a1 R
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Fig. 8. (A) EPR spectrum of [Cu@)](NO3)2, DMSO solution 300K. (B) EPR spectrum of [Cy{l{(NO3)2, DMSO solution 17 K.

potential of the metal ion. This indicates that small changes This statement is also supported by the appearance of a
in the electronic and structural co-ordination environment, Cu(ll)/Cu(l) stripping wave at-0.78V to —0.65 Ag/AgCl
affect the redox potential of the complexes. on the return oxidative sweep. For [Cujl?t, the Cu(l)

The redox of the metal complexes was studied in the redox couple is anodic ally shifted by 0.35V and appeared
potential range-1.20t0o—1.80. CI- < MeCOO™ complexes at—1.10V to 0.96 Ag/AgCI. The significantly greater case
of L1, L2 and Lz show a reversible Cu(ll)/Cu(l) in the range  of reduction can be attributed to the more Cu—N bonds of the
of —1.40 to—1.475V versus Ag/AgCl during the reverse complexes relative to those of [Cu(]>" and [Cu(lg)]?".
sweep potential at-1.65 V. Most of the complexes have highek £y = Epc — Epa)

This region shows oxidation waves of the complexes. values. It is due to the differences between the original
Coulometric studies confirmed that each reduction is as- complex and the reduced species. After the second reduc-
sociated with a single electron transfer process. When thetion the complexes may under go ligand replacement re-
potential is swept below-1.65V, an irreversible wave at action and form new species. Due to this the oxidation
—1.790V was found and the Cu(ll)/Cu(l) couple also be- peak is not related to the corresponding reduction peak of
come irreversible. This behavior, consistent with that of the the original complexes. Hence, these reduction processes
copper(ll) complexes of all 12-membered different donating are not reversible. The same interpretation holds good for
macrocyclic complexefl8]. It is attributed to the electro-  the redox process of the complexes in the anodic potential
chemical demetalation of the complexes. region.
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Fig. 9. (A) EPR spectrum of [Cug)SOy], (B) [Cu(L2)SO4] and (C) [Cu(lz)SOy]. v = 9.38 GHz.

Complexes [Cu(k)]?t give two distinct irreversible re-  are also due to SSPL, New Delhi, for recording magnetic
dox couples in the oxidative sweep. The first,4e0.94 V moment and RSIC I.I.T. Bombay for recording EPR spectra.
versus Ag/AgCl, was attributed to the oxidation involving
the >NH lone pairs. The second appears+dt18V ver-
sus Ag/AgCI. It may be assigned to the Cu(lll)/Cu(ll) redox References
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