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Recent Progress on Research in Mixed-Ligand Copper(I) Complexes
Containing Quinolones and Aromatic Amines
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(Department of Applied Chemistry, South China A gricultural University, Guangzhou 510642, China)

Abstract: The copper(ll) complexes with quinolones and aromatic amines has been flourishing and become an
important research field of bioinorganic chemistry, since the complexes can be used as chemical nucleases, SOD
mimics and antibacterial agents, etc. Based on the studies of authors’ laboratory, the research progress on the
structure, chemical nuclease activity, SOD simulation and antibacterial action of this kind of copper(Il) complexes

is reviewed. Moreover, with these described above as basis, some related suggestions are given.
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Table 1 Mixed-ligand copper(I) complexes containing quinolones and aromatic amines

and their molecular structures in the literatures®

Quinolone generation Ligand

Complex

Geometry

First Nalidixic acid(Nal)

Second Pipemidic acid (PPA)
(A=phen, bipy, bipyam)

Oxolinic acid (oxo)

Flumequine (flmq)

Third Norfloxacin
(nfH, pr-norf,
HNorf, NFA,
Hpr-norf, Nor,
NFLX)

[Cu(Bipy)(Nal)Cl],- H,0®
[Cu(Bipy)(Nal)H,0]NO4*
[Cu(phen)(Nal)H,0]C1®#
[Cu(phen)(Nal)(H;0)INO;-3H,0"
Cu(PPA)(A)CI”!

[Cu(ox0)(A)|NO3 - xH,OM

(A=phen x=1.5; A=bipy x=1)

[Cu(Ox0)(A)]Cl-xH,0M"

(A=phen x=1; A=bipy x=2)

[Cu(oxo)(phen)]Cl1- MeOH!"!

[Cu(oxo)(A)]CIM

(A=bipy, bipyam)

[Cu(flmq)(L)C1] - xH,O"™

(L=bipyam x=1; L=bipy x=2; L=phen x=5)
[Cu(flmq)s(py).]"™

[Cu(nfH)(phen)CI]Cl- 5H,0™!

[Cu(pr-norf)(bipy)Cl"

Cu(Hpr-norf)(phen)CI"

[Cu(NFA)(A)C1]- 5H,0"

(A=pyridine-2-carbaldehyde, thiophene-2-carbaldehyde,
2,2'-bipyridylamine)

[Cu(NFLX)(phen)(H,0)](NOs) - 3H,0!""

[Cu(Nor)(phen)(H,0)](NO,) - 3H,0"

[Cu(Hnor)(phen)(NO3)|(NOs) - 3H,0™

[Cu(HNorf)(NO)(bpy)](NOs) - 2H,0M!

[Cu(NFA)(TBZ)(H,0)](NO5) - (Hy0)o5™

Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

distorted square-pyramidal

Distorted octahedral

Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal

Distorted square-pyramidal
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Ciprofloxacin
(enx, Heip, cip, Hep,
CFL, cfh, cfe, cpf)

Enoxacin (En)
Ofloxacin (oflo, OFL)

Pefloxacin (PFL, PEF)

Sparfloxacin (sflx, sf, SPF)

Cu(NFA)HPB)(H.0)](NO)
Cu(NFA)(Dafo)(C10)]C10,+ 7.5H,0%
Cu(NFA)(5.6-Dione),J:C10,+9.5H,0%
Cu(NFA)Bipy)(H:0)LC10,+ 25,0
Cu(NFA)(tatp)(H,0)](C10,),=*
Cu(NFA)(bipy ( 20)] €104),-2.5H,0%
Cu(NFA)(dppz)(H:0)](C10), - H0™2
Cu(NFA)(5-NO-- phen) H0)](C1022
Cu(A)(enx)(NOy) - xH,0M

(A=phen x=2; A=bipy x=3)
Cu(A)(cnx)Cl - H,0"

(A=phen, bipy)
[Cucip)(bipy)(C1)or(NO3)os|(NOy) - 2H,0™
Cu(phen)(Hcip)(NOs),- H,0™
[Cu(phen)(Cip)|(NOs) - 4H,0!
[CuCl(cfh)(phen)|C1- 2H,0%"
[Cu(Hep)(phen)(H,0),CH;COO~- 4H,0
[Cu(CFL)(A)CI]- SH,019

—_ = = = /= = = =

(A=pyridine-2-carbaldehyde, thiophene-2-carbaldehyde,

2,2'-bipyridylamine)
uy(cfe)y(phen)y(pip)I(NOs) - (CO)S™
“us(cfe)(bpy)a(pip)] - 6H0™
Cu(cpf)(L)CI

[

[

[

(L'=terpyridine derivatives)

[Cu(HCP)(TBZ)](NO),* (H,0)+*

[Cu(HCP)(HPB)](NO5), (H,0),5*

[Cu(CFI )(L)]- H,O®)

(L=5-[(3-chlorophenyl)diazenyl]-4-hydroxy-
1,3-thiazole-2(3H)-thione)

Cuy(En)y(bipy),+2(C10,) - 3(H,0)*

[Cu(Ofloxacin)(phen)(H,0)](NOs) - 2H,0!

[Cu(OFL)(L)CI]-3H,0!

(Ln=tolylpyridine derivatives)

[Cu(oflo)(phen)(H,0)|(NO3)2H,0F"

[Cu(OFL)(L)]- H,0%

(L=5-[(3-chlorophenyl)diazenyl]-4-hydroxy-
1,3-thiazole-2(3H)-thione)

[Cu(PFL)(bpa)Cl]*

[Cu(PFL)(An)Cl]- 5H,0®

(A"=dafo, dione, phen-NO,)

[Cu(PEF)(HIm)Cl]- 2.5H,01

[Cu (PFL )(L)]- H,O®)

(L=5-[(3-chlorophenyl)diazenyl]-4-hydroxy-
1,3-thiazole-2(3H)-thione)

[Cu(sflx)(A)H,0]

(A=phen, bipy, dafo)

Distorted square-pyramidal
Distorted octahedral

Distorted octahedral

Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal
distorted square-pyramidal
Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal
Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal
Distorted square-pyramidal

Distorted octahedral

Distorted square-planar
Distorted square-planar

Distorted tetrahedral

Distorted square-pyramidal
Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

Distorted square-pyramidal

Distorted tetrahedral

Distorted square-pyramidal

Distorted square-pyramidal

Distorted tetrahedral

Distorted square-pyramidal
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Cu(sf)(A)C1# Distorted square-pyramidal
(A=bipy, phen, bipyam)
[Cu(SPF)(A"Cl]- 5H,0% Distorted square-pyramidal
(A"=neoc, bath, dafo, dione, phen-NO,)
[Cu(SPF)(L)CIJ*S Distorted octahedral
(Li=terpyridine derivatives)
Levofloxacin [Cu(Lev)(phen)(H;0)NO;- 2H,01 Distorted square-pyramidal
(Ivx, Lev, LFL) [Cu(lvx)(phen)(H,0)INO; - 2H,0 Distorted square-pyramidal
[Cu(Lev)(bipy)(H:0)C10, - 21LO™ Distorted square-pyramidal
[Cu(LFL)(A)CI]- SH,0% Distorted square-pyramidal
(A=neoc, bath, dafo, dione, phen-NO,)
[Cu(LFL)(A)CI]- SH,0" Distorted square-pyramidal
(A=pyridine-2-carbaldehyde, thiophene-2-carbaldehyde,
2,2'-bipyridylamine)
[Cuy(Ivx)s(phen),Cl,] - 20H,0*! Distorted square-pyramidal
Lomefloxacin (Imx)
[Cus(lvx)s(bipy):CL] - 10.84H,011 Distorted square-pyramidal
[Cu(Imx)(phen)(NO5)| - SH,0! Distorted square-pyramidal
Fourth Moxifloxacin [Cu(moxi)(A),Cl|BF4- yH,0 Distorted square-pyramidal

(moxi, MFL, Mox)

Gatifloxacin (GFL)

(A=py x=2, y=1; A=bipy x=1, y=4; A=phen x=1, y=4)
[Cu(MFL)(L)C1]- 5H,0""

(L=phen, bipy)

[Cu(Mox)(Him)Cl+- H,01,+ 2H,0"

[Cu(GFL)(L)Cl]- 5H,0P!

(L=phen, bipy)

[Cu(GFL)(L)]- H,O®)
(L=5-[(3-chlorophenyl)diazenyl]-4-hydroxy-
1,3-thiazole-2(3H)-thione)

Distorted square-pyramidal

Distorted octahedral

Distorted square-pyramidal

Distorted tetrahedral
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Scheme 1 Molecular structures of quinolones in Table 1
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tlpy
py=pyridine, HIm=imidazole, bipy=2,2’-bipyridine, bipyam=2,2"-dipyridylamine, phen=1,10-phenanthroline, pa=pyridine-2-carboxaldehyde,

ta=thiazole-2-carboxaldehyde, phen-NO,=5-nitro-1,10-phenanthroline, dione=1,10-phenanthroline-5,6-dione, neoc=2,9-dimethyl-1,10-
phenanthroline, dafo=4,5-diazofluorene-9-ketone, HPB=2-(2"-pyridyl) benzimidazole, TBZ=2-(2'-thiazolyl) benzimidazole, LH=
5-[(3-chlorophenyl)diazenyl]-4-hydroxy-1,3-thiazole-2(3H)-thione, bath=2,9-dimethyl-4,7-Diphenyl-1,10-phenanthroline, tatp=1,4,8.9-
tetranitrogen, dppz=dipyrido[3,2-a;2’,3"-c|phenazine, trpy=4'-R-2,2":6",2"-terpyridine (R=3-chlorophenyl, 4-chlorophenyl, 4-fluorophenyl,

3-bromophenyl, 4-bromophenyl, 4-methoxyphenyl, benzaldehyde, 3-pyridyl, 2-pyridyl, anthracene-9-yl, thiophene-2-yl, 3-benzyloxyphenyl,
4-benzyloxyphenyl, 4-tolyl), tlpy=4-(4-R1-3-R2)-2-(furan-2-yl)-6-P-tolylpyridine (R=F, R;=H; R=H, R,=F, Cl, Br, CH;, OCH;, OCH,PH)

Scheme 2 Molecular structure of aromatic amines in Table 1
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Fig.7 Molecular structure for complex
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Fig.10  Molecular structure of compound [Cu(Cip)(phen)]*
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Fig.17 Molecular structure of complex [Cu(Lev) (bipy)
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Fig.18 Dimers of Cu(lvx)(bipy)Cl complexes®
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Fig.19  Molecular structure of the complex
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Fig.20  Electrophoretic separations of pUC19 DNA (300

pem-L™) induced by series of copper complexes
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Lane 1: ADNA/EcoRI+Hindlll. Maker, 3, Lane 2: supercoiled
DNA, Lane 3: supercoiled DNA with ascorbate/H,0,, Lane4:
complex, Lane 5: complex+DMSO (0.4 mol-L™), Lane 6:
complex+tert-butyl alcohol (0.4 mol-1.™"), Lane 7: complex+
sodium formate (0.4 mol-L™), Lane 8: complex+IK (0.4 mol-
L™, Lane 9: complex+NaN; (20 pmol - L™), Lane 10: complex+
2,2,6,6-tetramethyl-4-piperidone (0.4 mol-L™), Lane 11:
complex+DABCO (0.4 mol-L™), Lane 12: complex+SOD (15
units), Lane 13: complex+tiron (10 wmol - L.™"), Lane 14: complex
+neocuproine (120 wmol-L™), Lane 15: complex+methyl green
(2.5 pL of a 0.01 mg-mL™ solution), Lane 16: complex+dis
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Fig.21 (a) Electrophoresis of pUC18 plasmid tread with
12 pmol - L' [Cu(Nor)(phen)(H,0)](NO5)- 3H,0
(4) and 12 pwmol-L™ ascorbate-H,0, in the
presence of potential inhibitors; (b) Electrophor-
esis of pUCI8 plasmid tread with 12 pmol-L™
[Cu(Nor)(phen)(H,0)](NO;)-3H,0 (5) and 12
pmol - L™ ascorbate/H,0, in the presence of

potential inhibitors!™!
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