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Two copper(Il) complexes, [Cu(L),](ClOy),] and [Cu(L)(bipy)](ClOy),, were prepared and charac-
terized by the spectroscopic and analytic methods, where L is N-butylbenzimidazole and bipy is
2,2"-bipyridine. Single crystals of [Cu(L)(bipy)](ClO,), suitable for X-ray diffraction study were
obtained by slow diffusion of diethyl ether into a DMF solution of the complex and the complex
was found to crystallize as [Cu(L)(bipy)](ClO4),'DMEF. The asymmetric unit contains one [Cu(L)
(bipy)]**, two uncoordinated perchlorates, and one DMF solvate. Coordination geometry around Cu
(I) is distorted square pyramidal with 7 value of 0.31. Thermal properties of the complexes were
examined by thermogravimetric analysis, indicating that the complexes are thermally stable to
310 °C. The metal complexes were screened for their in vitro antibacterial and antifungal activities
Bacillus subtilis and Bacillus cereus (as Gram(+) bacteria), Escherichia coli, Enterobacter aeroge-
nes, and Klebsiella pneumoniae (as Gram(-) bacteria), and Saccharomyces cerevisiae, Candida
utilis, and Candida albicans (as yeasts). The complexes show antibacterial and antifungal activities
against bacteria and yeasts.

Keywords: Cu(Il) complex; Benzimidazole; 2,2'-Bipyridine; X-ray structure; Antimicrobial

1. Introduction

Benzimidazole is a hetero bicyclic aromatic compound containing a phenyl ring fused to an
imidazole ring [1]. Benzimidazole and its derivatives are of wide interest due to their bio-
logical activities and clinical applications [2, 3]. Some benzimidazole compounds have been
reported to show pharmacological activities such as antiviral, antibacterial, antifungal, and

*Email: muhammetkose@ksu.edu.tr

© 2014 Taylor & Francis


mailto:muhammetkose@ksu.edu.tr
http://dx.doi.org/10.1080/00958972.2014.940924

Downloaded by [Institute Of Atmospheric Physics] at 15:17 09 December 2014

2378 M. Kose

021
904
201
896
ae7
882
496
491
482
474
464
402
398
384
380
376
368
381
357
353
333
335
283
4.758

4.739
4.721
3.752
-B52
.TE6
LT47
.728
.723
.T10
691
172
.154
.135
.116
.097
079
-B837
0.735

é
§

Figure 1. '"HNMR spectrum of L.

antimalarial [4-7]. Benzimidazoles are generally synthesized by the condensation of
o-phenylenediamine with carboxaldehydes, carboxylic acids, or their derivatives [8, 9].
N-substituted benzimidazole derivatives are synthesized by reaction with alky/aryl halide in
the presence of base. Several benzimidazole derivatives were synthesized by derivatization
at the N—H group [10-12]. Transition metal complexes of 2,6-bis-(benzimidazol-2-yl)-pyri-
dine (bzimpy) (figure 1) were synthesized and their properties were extensively investigated
[13-18].

The biological activity and pharmacological properties of benzimidazole derivatives have
led us to investigate the coordination behavior of benzimidazole ligands towards transition
metal ions. In this study, two Cu(Il) complexes of an N-butylbenzimidazole ligand (L) were
prepared and characterized by analytical and spectroscopic methods.

2. Experimental

2.1. General methods

All starting materials and organic solvents were purchased from commercial sources and
used as received, unless noted otherwise. IR spectra were performed using KBr pellets on a
Perkin Elmer Paragon 1000PC. CHN analysis was performed using a CE-440 elemental
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analyzer. '"H and '*C NMR spectra were obtained using a Bruker Avance 400. ESI mass
spectra were recorded on a Thermo Fisher Exactive + Triversa Nanomate mass spectrometer.
Electronic spectra from 200 to 900 nm were obtained on a Shimadzu UV-1800 UV-vis
spectrophotometer. Thermal analyses of the complexes were performed on a Perkin Elmer
Pyris Diamond DTA/TG Thermal System under nitrogen at a heating rate of 20 °C min™'.
Data collection and cell refinement for X-ray crystallography were completed using a
Bruker APEX2 CCD diffractometer and data reduction was performed using Bruker

SAINT. SHELXTL was used to solve and refine the structures [19].

2.2. X-ray structures solution and refinement for [Cu(L)(bipy)](CIO,) > DMF

A single crystal of dimensions 0.39 x 0.13 x 0.09 mm® was chosen for the diffraction experi-
ment. X-ray diffraction data were collected at 150(2) K on a Bruker ApexIl CCD diffrac-
tometer using Mo-Ka radiation (y=0.71073 A). The structure was solved by direct
methods and refined on F* using all the reflections [20]. All non-hydrogen atoms were
refined using anisotropic atomic displacement parameters and hydrogens were inserted at

Table 1.  Crystallographic data.

Complex [Cu(L)(bipy)](ClO4),  DMF
Empirical formula C49H44Cl1,Cu NgOg
Formula weight 915.27

Crystal size/color 0.39 x 0.13 x 0.09/green
Crystal system Triclinic

Space group P-1

Unit cell

a(A) 9.4101(6)

b (A) 11.0932(7)

c(A) 20.5323(12)

a(°) 93.8370(10)

Q) 100.1520(10)

7 (°) 95.6090(10)
Volume (A% 2091.9(2)

VA 2

Abs. coeff. (mm ") 0.714

Refl. collected 25,160

Ind. Refl. [Riy] 8574 [0.0335]

Ry, wR, [[>26 ()] 0.0375, 0.0933

Ry, WwR; (all data) 0.0496, 0.1015
CCDC 984,504

Table 2. Selected bond lengths [A] and angles [°] for [Cu(L)(bipy)](ClO4),- DMF.

Cu(1)-N(2) 2.0069(18) Cu(1)-N(6) 1.9885(17)
Cu(1)-NQ3) 1.9625(17) Cu(1)-N(7) 2.2540(19)
Cu(1)-N() 2.0075(18)

N(2)-Cu(1)-N@3) 79.74(7) N(3)-Cu(1)-N(6) 175.75(7)
N(2)-Cu(1)-N(4) 157.03(7) N(3)-Cu(1)-N(7) 106.16(7)
N(2)-Cu(1)-N(6) 99.65(7) N(4)-Cu(1)-N(6) 99.63(7)
N(2)-Cu(1)-N(7) 87.06(7) N(4)-Cu(1)-N(7) 109.13(7)

N@G3)-Cu(1)-N(4) 80.11(7) N(6)-Cu(1)-N(7) 77.97(7)
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calculated positions using a riding model. Details of the crystal data and refinement are tab-
ulated in table 1. Selected bond lengths and angles for the complex are presented in table 2.

2.3. Synthesis of 2,6-bis-(benzimidazol-2-yl)-pyridine (bzimpy)

2,6-Bis-(benzimidazol-2-yl)-pyridine (bzimpy) was synthesized by the literature method
[21]. Yield: 68%. Colorless; NMR: (DMSO as solvent, ppm, 'H) 7.31 (t, 4H, CH aromatic),
7.76(d 4H CH aromatic), 8.16 (t 1H CH aromatic), 8.34 (d 1H CH aromatic). IR (KBr, v,
em™"): 3193, 1601, 1573, 1318, 1278, 1230, 819, 738 cm™'. Mass spect. (ESI): m/z 312
[L+H]" (100%), 334 [L+Na]" (30%).

2.4. Synthesis of L

N-butylation of 2,6-bis(benzimidazol-2'-yl)pyridine (bzimpy) was prepared by a slight vari-
ation of a reported general N-alkylation method [22]. Bzimpy (1.00 g, 3.2 mM) and NaOH
(0.50 g, 12.8 mM) were stirred for 4h at 60 °C. To the stirring solution, 1-bromobutane
(1.30 g, 9.6 mM) was added in excess and stirred for two days at 60 °C. The solvent was
removed on a rotary evaporator to give white—yellow residue. Chloroform (20 mL) was
added to the residue and the precipitated NaBr was removed by filtration. Evaporation of
the chloroform yielded a cream-colored product. Yield: 1.05g, 78% (based on bzimpy).
Elemental analysis data: Anal. (%) calculated for C,7H,9N5 (423.55): C, 76.56; H, 6.90; N,
16.53. Found (%): C, 76.28; H, 6.65; N, 16.37. "HNMR: (CDCl; as solvent, ppm,), 0.71 (t
6H CH3-C), 1.35 (s (sextet) 4H C—CH,—C), 4.73 (t 4H C—CH,—C), 1.72(q (quintet) 4H C—
CHy,-), 7.37-7.47 (t 4H CH aromatic), 7.89(d 4H CH aromatic), 8.06 (t IH CH aromatic),
8.33 (d 1H CH aromatic). >°C NMR (CDCls—ds as solvent, ppm): 13.48, 19.85, 32.12,
44.64 (aliphatic), 110.39, 120.34, 122.71, 123.47, 125.50, 136.31, 138.11, 142.86, 150.57
(aromatic). IR (KBr, v, cmfl): 2956, 2929, 2871, 1595, 1434, 1410, 1571, 1328, 1285,
1249, 1178, 1076, 993, 823, 740, 660, 581 cm'. Mass spect. (ESI): m/z 424 [L+H]"
(100%), 446 [L +Na]" (15%), 847 [(L),+H]" (15%), 869 [(L), + Na]" (10%).

2.5. Preparation of [Cu(L),]/(CIOy,]

Cu(Cl0Oy4),°6H,0 (0.37 g, 1 mM) in MeOH (10 mL) was added to a refluxing solution of
the ligand (0.84 g, 2 mM) in MeOH (50 mL). The reaction solution was refluxed for 4 h and
cooled to room temperature. Green precipitate formed was collected and washed with
diethyl ether (20 mL). Single crystals of the complex were obtained via the vapor diffusion
method (DMF-diethyl ether); but, due to their small size and very weak diffraction, the
data-set was not collected. Yield: 0.86 g, 78% (based on Cu®") Color: green. m.p. decom-
pose 310-320°C. Elemental analysis data: Anal (%) calculated for Cs4Hs3CuCl,Og
(1108.55): C, 58.45; H, 5.23; N, 12.63. Found (%): C, 57.97; H, 5.17; N, 12.52. IR (KBr,
v, ecmY): 2960, 2871, 2868, 1601, 1571, 1515, 1481, 1462, 1416, 1333, 1201, 1073, 911,
864, 808, 743, 692, 620, 567, 494, 482, 468, 432, 399 cm™'. Mass spect. (ESI): m/z 1008
(65%2) [Cu(L),;](ClO,)", 585(20%) [Cu(L)(ClO,)]", 486(35%) [Cu(L)]", 454(100%) [Cu
Ly]™.

*Caution: Perchlorate salts of metal complexes are potentially explosive and must be
handled with care.
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2.6. Preparation of [Cu(L)(bipy)](CIO,),

Cu(Cl0y4),°6H,0 (0.37 g, 1 mM) in MeOH (10 mL) was added to a refluxing solution of L
(0.42 g, 1 mM) in MeOH (50 mL). When addition was completed, the green solution was
refluxed for 2h and then 2,2'-bipyridine (bipy) (0.16 g, 1 mM) was added. The reaction
mixture was further refluxed for 4 h and cooled to room temperature. Green precipitate was
collected and washed with MeOH (20 mL) and diethyl ether (20 mL). Single crystals suit-
able for X-ray diffraction study were grown by diffusion of diethyl ether into a DMF solu-
tion of the complex. Yield: 0.66 g, 77% (based on Cu*"). Color: green. m.p. 310-320°C
(decomp.). Elemental analysis data: Anal (%) calculated for C5;H;,CuCl,N-Og (842.18): C,
52.77; H, 4.43; N, 11.64. Found (%): C, 52.37; H, 4.21; N, 11.43. IR (KBr, v, cm™"): 2960,
2930, 2871, 1599, 1572, 1483, 1433, 1332, 1198, 1133, 1088, 1008, 918, 867, 749, 660,
622, 481, 427. Mass spect. (ESI): m/z 742.69 (35%), [Cu(L)(bipy)](CIO,)", 321(100%) [Cu
(L)]*", 486(10%) [Cu(L)]".

2.7. Biological properties

The growth in antimicrobial activities of the complexes were tested against five bacteria
(Bacillus subtilis IMG22, Bacillus cereus EU, Klebsiella pneumoniaee FMC 5, Escherichia
coli DM, and Enterobacter aerogenes (Clinic izolate)) and three yeasts (Candida albicans
ATCC 1023, Candida utilis NRRL-Y-900, and Saccharomyces cerevisiae WET 136). These
micro-organisms were provided from the Microbiology Laboratory Culture Collection,
Department of Biology, Kahramanmaras Siit¢ii Imam University, Turkey.

Antimicrobial activities of the complexes were determined using hollow agar, as
described below. The bacteria were first incubated at 37+ 0.1 °C for 24 h in nutrient broth
(Difco), and the yeasts were incubated in sabouraud dextrose broth (Difco) at 25+0.1°C
for 24 h. The cultures of the bacteria and yeast were injected into Petri dishes (9 cm) in the
amount of 0.1 mL (Mc Farland OD: 0.5, 1.5 x 10® bacteria/mL and 1.5 x 10° yeast/mL).
Then, Mueller Hinton agar and sabouraud dextrose agar (sterilized in a flask and cooled to
45-50 °C) were homogeneously distributed onto the sterilized Petri dishes in the amount of
25 mL. Subsequently, the complex 70 microliters (700 pg) in MeOH was pipetted into the
hollow agar. In addition, blank paper disks treated with antibacterial ampicillin (10 pg) and
antifungal nystatin 100U were used as positive controls. The plates combined with the disks
were left at 4 °C for 2 h; the plates injected with yeast were incubated at 25+ 0.1 °C for 24
h, and those injected with bacteria were incubated at 37 =0.1 °C for 24 h. After 24 h, inhibi-
tion zones appearing around the disks were measured and recorded in mm [23, 24].

2.8. Determination of minimal inhibitory concentration

A micro-dilution broth susceptibility assay was used, as recommended by NCCLS, for
determination of the minimal inhibitory concentration (MIC) of the complex. All tests were
performed in Mueller Hinton broth (MHB) supplemented with Tween 80 detergent (final
concentration of 0.5% (v/v)), with the exception of the yeasts (sabouraud dextrose broth
(SDB) + Tween 80). Bacterial strains were cultured overnight at 37 °C in MHB, and the
yeasts were cultured overnight at 25 °C in SDB. Geometric dilutions ranging from 100 to
800 pg mL™" of the complexes were prepared including one growth control (MHB + Tween
80) and one sterility control (MHB + Tween 80 + test oil). Test tubes were incubated under
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normal atmospheric conditions at 37 °C for 24 h for bacteria and at 25 °C for 48 h for the
yeasts. The microbial growth was determined by turbidimetric methods.

3. Results and discussion

3.1. Synthesis of L

2,6-Bis(benzimidazole-2'-yl)pyridine (bzimpy) was prepared by the reaction of 2,6-pyri-
dinedicarboxylic acid with o-phenylenediamine in syrupy phosphoric acid at 230 °C [21].
L was synthesized by the reaction of I-bromobutane and bzimpy in the presence of a
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Figure 2. '3C NMR spectrum of L.
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Figure 3. ESI mass spectrum of L.

base (NaOH) in THF. Synthesis of L is illustrated in scheme 1. L is stable at room
temperature without decomposition and is soluble in most common organic solvents but
insoluble in water. "H and '>*CNMR spectra of the ligand are presented in figures 1 and
2, respectively. In the 'HNMR spectrum, aromatic protons are observed at J 7.28-8.02
ppm as multiplets. A doublet at 6 8.33 ppm and a triplet at 6 8.06 ppm in 2: 1 ratio were
assigned to pyridine protons. Benzene ring protons were observed at ¢ 7.28-7.89 ppm.
Aliphatic protons were observed at d 0.71-4.73 as multiplets. In '>C NMR spectrum of
the ligand, aliphatic C shifts were 0 13.48-44.64 ppm. Aromatic carbon shifts were J
110-151 ppm. Both 'H and '*C NMR spectra of the ligand showed that there was no
significant organic impurity in the sample.

The ESI spectrum of L in MeOH is given in figure 3 and showed signals at m/z 424
(100%) and 446(15%) assigned to [L]JH" and [L]Na", respectively. There are two higher
mass peaks at m/z 847(15%) and 869(10%) assigned to [(L), + H]" and [(L), + Na]", respec-
tively.

N-butylation of benzimidazole ring was further confirmed by IR spectroscopy. In the
spectrum of bzimpy, a broad band at 3193 cm™' assigned to v(N-H) was observed. This
band disappeared in the spectrum of L and a new band at 2960-2930 cm ™' assigned to
v(C-H)(alkyl) was formed. The v(C=N) vibration was observed for both bzimpy and L at
1601 and 1595 cm™', respectively.

3.2. Synthesis of [Cu(L),](CIO,),] and [Cu(L)(bipy)](CIO,),

[Cu(L),](ClO4),] was obtained by 2:1 (L:Cu) reaction of L and Cu(ClO,), 6H,O in
MeOH. The reaction of one equivalent of L with one equivalent of Cu(ClO4),-6H,0 in the
presence of one equivalent of 2,2"-bipyridine (bipy) results in a mononuclear complex [Cu
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(L)(bipy)](ClO4),. Both complexes are soluble in MeOH, EtOH, acetonitrile, DMF, and
DMSO, slightly soluble in chloroform and dichloromethane and not soluble in water and
diethyl ether. The elemental analysis data are in agreement with calculated values.

IR spectra of the complexes are similar, and bands at 2960—2871 cm ™' can be attributed
to aliphatic v(C—H). The v(C=N) vibrations for [Cu(L),](ClO4),] and [Cu(L)(bipy)](ClO,4),
were observed at 1599 and 1601 cm™', respectively. Two strong stretches at 1073620 and
1088622 cm™' were assigned to vs and v, of perchlorate for [Cu(L),](ClO4),] and [Cu(L)
(bipy)](ClOy,),, respectively.
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In ESI mass spectra of the complexes, signals due to single and doubly charged ions
were observed for both complexes. In the mass spectra of [Cu(L),](ClO,),] (figure 4), the
signal at m/z 1008 (65%) was assigned to the singly charged complex cation [Cu(L),]
(ClO4)". Additionally, the signal at m/z 454 (100%) was assigned to the doubly charged
complex cation [Cu(L),]"%. Mass spectrum fragmentations of [Cu(L),](C1O,), are assigned
in scheme 2. Mass spectrum of [Cu(L)(bipy)](ClO,4), showed signals at 742.69(35%), 321
(100%), and 486(10%) assigned to [Cu(L)(bipy)](ClO4)", [Cu(L)]*’, and [Cu(L)]",
respectively.

UV-vis absorption spectra of the complexes were investigated from 200 to 800 nm in
MeOH (107 M). Bands at 400343 nm can be attributed to n—z* transitions of the azome-
thine (C=N) groups. The bands at 344-270 nm may be assigned to z—z* transitions of aro-
matic rings. There are also absorption band shoulders for both complexes at 400-413 nm
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Figure 5. TGA-DTA curves for [Cu(L),](ClO4),].
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Figure 7. Perspective view of [Cu(L)(bipy)]*"; hydrogens, DMF and perchlorate ions are omitted for clarity.

assigned to M — L charge transition. No d—d transitions were observed for the complexes
at this concentration.

Thermal studies of the complexes were performed under nitrogen from 20 to 1000 °C.
TGA-DTA curves for complexes are shown in figures 5 and 6. Decompositions of the com-
plexes resemble each other, starting at 310 °C. Main weight losses were from 340 to
460 °C. Then, weights of the samples decreased slightly to 1000 °C. For both complexes,
all organic moieties decompose at 1000 °C leaving the CuO as the final decomposition
product.

3.3. Molecular structure of [Cu(L)(bipy)](CIO 4, DMF

Single crystals suitable for X-ray diffraction were obtained by slow diffusion of diethyl
ether into a DMF solution of the complex and the complex was found to crystallize as [Cu
(L)(bipy)](C10,4)," DMF. Perspective view of [Cu(L)(bipy)]*" is shown in figure 7. The com-
plex crystallizes in the triclinic crystal system, P-1 space group with unit cell parameters a
=9.4101(6), b=11.0932(7), ¢=20.5323(12) A, a=93.8370(10), B=100.1520(10), y=
95.6090(10)°, ¥=2091.9(2) A*, and Z=2 (final refinement value R=0.0375). The asym-
metric unit contains one complex cation [Cu(L)(bipy)]**, two uncoordinated perchlorates,
and one DMF solvate.

A geometry parameter 7, 7= (f—a)/60 where f and a are the two largest angles (6> a),
provides a measure of the degree of square pyramidal (SP) versus trigonal bipyramidal
geometry. For an ideal SP, 7 is zero and for an ideal trigonal bipyramid z becomes 1.0 [25].
In [Cu(L)(bipy)](ClO4), DMF, the largest angles within N2, N3, N4, and N6 are f=175.75
(7)° for N3—Cul-N6 and a=157.03(7)° for N2—Cul-N4. Thus, 7 is (175.75-157.03)/60 =
0.31. This indicates that the geometry around Cu(Il) is distorted SP. Four nitrogens (N2,
N3, N4 and N6) are located at the equatorial plane and N7 of bipy is located at the axial
position. Cul-N(7) (axial position) distance of 2.2540(19) A is longer than Cul-N dis-
tances at the equatorial plane (table 2). Moreover, there is a weak interaction between cop-
per and O(6) of a perchlorate at 3.125 A, respectively; dramatically longer than those of
Cu—N bond distances.

There is evidence of 7z—= stacking interactions in the structure. One imidazole ring (N4—
C17-N5-C18—C23) is stacked with C7-C8-C9 edge of a neighboring molecule under sym-
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Figure 8. 7 interactions within the structure. Hydrogens, DMF and perchlorate ions are omitted for clarity.

Figure 9. Packing plot for the complex showing z— interactions within the structure. Hydrogens are omitted for
clarity.

metry operation of —x+1, y, and z; C7 and C17 is separated by a distance of 3.217 A
(figure 8). Molecular packing of the complex is determined by z—7 and CH(aromatic)...
OClO; weak hydrogen bond type interactions as shown in figure 9.
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The mononuclear complexes of L with CuCl,-2H,0 and Cu(NOs),-3H,O were previ-
ously prepared in our group [26]. It is informative to compare crystal structures of reported
[Cu(L)Cl,]-2MeOH and [Cu(L)(NOj3),] with [Cu(L)(bipy)](ClO4),-DMF. In the structures
of both published complexes ([Cu(L)Cl,].2MeOH and [Cu(L)(NOs3),]) and [Cu(L)(bipy)]
(ClOy4), DMF, the Cu(Il) ions are five-coordinate with distorted square-pyramidal geometry
and they have similar Cu-donor distances. Trigonality indices (z) are 0.105 and 0.0023 for
[Cu(L)CL,]-2MeOH and [Cu(L)(NOs),], respectively [26]. In the structures of [Cu(L)
Cl,]-2MeOH and [Cu(L)(NOs),], chloride and nitrate coordinate.

3.4. Antimicrobial activity studies

Antimicrobial properties of the complexes were investigated against the bacteria and yeasts
(B. subtilis and B. cereus (as Gram(+) bacteria); E. coli, E. aerogenes, and K. pneumoniae
(as Gram(-) bacteria); and S. cerevisiae, C. utilis, and C. albicans (as yeasts). The diffusion
agar technique was used to determine the antimicrobial activity of the complexes. The
results of the microbial screening of the complexes are given in table 3.

The complexes show activity against all tested bacteria compared with Ampicillin 10 ug
under identical experimental conditions. Both complexes exhibit similar antimicrobial activ-
ity against bacteria and yeasts studied. The effect of the complexes on K. Pneumonia is less
than the other bacteria studied. The complexes are also active against yeasts used in this
study (S. cerevisiae, C. utilis, and C. albicans). The complexes show considerable anti-
fungal activity against S. cerevisiae, C. utilis, and C. albicans compared with Nystatin
100U (antifungal). The complexes are more effective on S. cerevisiae than C. utilis and C.
albicans under identical experimental conditions.

MIC values indicated that both complexes are active at low concentration against bacteria
and yeasts studied (table 4). However, antibacterial and antifungal activities of the com-
plexes are much less than Ampicillin (standard antibiotic) and Nystatin (antifungal) (table
4). Both complexes showed the lowest MIC value of 200 pgmL ™" against B. subtilis, B.
cereus, E. coli, E. aerogenes, and S. cerevisiae. [Cu(L),](ClOy), exhibits higher activity
against K. pneumonia, C. utilis, and S. cerevisiae than [Cu(L)(bipy)](ClO4),-DMF under
identical experimental conditions. Both complexes were more effective on E. coli and
B. subtilis than simple CuCl, and Cu(ClO,), salts (table 4).

4. Conclusion

Two copper(Il) complexes of a benzimidazole ligand (L) were synthesized and character-
ized by spectroscopic and analytic methods. Molecular structure of [Cu(L)(bipy)](ClO4),
was determined by single-crystal X-ray diffraction. The complexes were screened for
in vitro antibacterial and antifungal activity of B. subtilis and B. cereus (as Gram(+) bacte-
ria); E. coli, E. aerogenes, and K. pneumoniae (as Gram(—) bacteria); and S. cerevisiae, C.
utilis, and C. albicans (as yeasts). The complexes show moderate antibacterial and anti-
fungal activities against bacteria and yeasts used.
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Supplementary material

Crystallographic data have been deposited with the Cambridge Crystallographic Data
Center, CSD reference for [Cu(L)(bipy)](ClO4),*DMF is 984504. Copies of this information
can be obtained from The Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(Fax: +44 1223 335033; Email deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
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