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Abstract

Mononuclear Co(III), Ni(II) and Cu(II) coordination compounds of (E)-1-(3,5-di-tert-butyl-2-hydroxybenzylidene)-2-
(phthalazin-1-yl)hydrazine (LH) were prepared and characterized by physicochemical and spectroscopic methods. The
metal-to-ligand ratio was found to be 1:2 in [Co(L),]C1-2H,0 (1) and [Ni(L),]-2H,0 (2), while it is 1:1 in [Cu(L)CI]-2CH;0H
(3). The X-ray crystal structures of LH and complex 1 is are reported. LH shows monobasic behavior, coordinating through
NNO donor atoms. The complexes were investigated for their antimicrobial properties. Complexes 1 and 3 show excellent

antibacterial and antifungal activities, respectively.

Introduction

Microbial drug resistance is an ongoing challenge in medici-
nal chemistry [1, 2]. Association of an organic drug with a
metal atom can enhance the activity of the organic moiety
[3, 4]. Furthermore, coordination compounds with varied
geometries and charge can show targeted interactions with
biomolecules such as DNA, RNA and phospholipids [5]. A
wide range of ligands and their transition metal complexes
show good activities against bacteria including S. aureus,
E. coli, P. putida and B. subtilis [6-8].
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Due to their facile synthesis, structural diversity and good
solubility in common solvents, hydrazones are among the
most widely used ligands for the synthesis of coordination
compounds [9, 10]. The reaction of hydrazones with metal
ions can lead to coordination compounds with interesting
medicinal properties, as observed in benzimidazoles [11]
pyrimidines [12], pyridines [13] and quinazolines [14]. Fur-
thermore, chelation masks the polarity of the metal ion, due
to sharing of its positive charge with the donor atoms. This
increases the lipophilic nature of the metal, so enhancing
the migration of the metal through the lipid layers of the
microorganisms [15].

Hydralazine hydrazones (HH) are widely synthesised
through simple condensation of a carbonyl compound with
the hydrazine group. HHs show a wide range of applica-
tions, in areas from bioscience to materials science [16-20].
The potential coordination sites of HH are the phthalazine
and azomethine nitrogen atoms. The chelating ability of HH
can be extended by placing a suitable donor atom at the
ortho-position of an aromatic carbonyl compound. Salicy-
laldehyde derivatives and their metal complexes have shown
potent inhibition against a number of microbial species [21,
22]. Furthermore, compounds with tertiary-butyl substitu-
ents can show enhanced biological activity [23]. In view
of the above points, we have synthesised transition metal
complexes of a hydrazone obtained from the condensation
of hydralazine hydrochloride with 3,5-di-tert-butylsalicyla-
Idehyde (Scheme 1). The synthesised complexes have been
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Scheme 1 Synthesis of the LH and 1-3

screened for antimicrobial activity. The results of our studies
are reported in this paper.

Experimental
Materials and methods

3,5-Di-tert-butyl-2-hydroxybenzaldehyde and hydralazine
hydrochloride were obtained from Sigma-Aldrich and used
as received. Cobalt(II) chloride hexahydrate and nickel(II)
chloride hexahydrate, copper(Il) chloride dihydrate and sol-
vents were purchased from S. D. Fine chemicals. Solvents
were of reagent grade and used without additional purifi-
cation. Elemental analysis was performed on an Elemen-
tar Analysensysteme GmbH instrument. IR spectra were
recorded in the region of 4000-400 cm™! on a Nicolet
170 SX FTIR spectrometer (KBr disk matrix). 'H and *C
NMR spectra were recorded in DMSO-d4 on a Bruker FT
400 MHz spectrometer with TMS as internal standard. ESI
mass spectral data for the complexes were obtained using a
Waters UPLC-TQD mass spectrometer. UV—Vis absorption
spectra were recorded on a JASCO UV-Vis NIR spectro-
photometer (Model V-670). Thermal studies were carried
out with a TGA7 analyzer (PerkinElmer, USA) in the tem-
perature range 25-1000 °C at a heating rate of 10 °C min™!
in an oxygen atmosphere.

X-ray diffraction data for LH and complex 1 were col-
lected on an Oxford Diffraction (Agilent Technologies),
SuperNova X-ray diffractometer equipped with an Oxford
Cryosystems Cobra low-temperature device using Cu-K,
radiation (@ = 1.54184 and 1.54178 A) from a fine-focus
sealed X-ray tube SuperNova Cu X-ray microsource and
focusing mirror optics. The structures were solved by direct
methods and refined against F~ by full-matrix least squares
using the program SHELXTL [24]. The H atoms were
located in a difference map, but those attached to carbon
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atoms were repositioned geometrically. The H atoms were
initially refined with soft restraints on the bond lengths and
angles to regularize their geometry, after which the positions
were refined with riding constraints [25]. All non-hydrogen
atoms were refined anisotropically. Molecular structures
were drawn using ORTEP [26], and all the intermolecular
interactions were visualized using Mercury version 3.9 [27].

Preparation of LH

A solution of hydralazine hydrochloride (0.83 g, 4.26 mmol)
and 3,5-di-tert-butyl-2-hydroxybenzaldehyde (1 g,
4.26 mmol) in methanol (40 mL) was stirred at 60 °C for
6 h. Solvent from the resultant dark solution was removed
under reduced pressure. The pale green residue so obtained
was washed with water, filtered off and recrystallized from
the minimum amount of methanol.

Yield 1.4 g (89%). Anal. calcd. (%) for C,3H,eN,O: C,
73.3; H, 7.5; N, 14.8; found: C, 73.1: H, 7.1; N, 14.6. 'H
NMR (400 MHz, DMSO-d6) &: 12.17 (s, 1H) 11.03 (s, 1H),
8.65 (s, 1H), 8.30 (d, / = 7.2 1H), 8.13 (s, 1H), 7.79-7.71
(m, 3H), 7.33=7.27 (m, 2H) 1.43 (s, 9H) 1.27 (s, 9H) 1*C
NMR (DMSO-d6, 6 ppm): 158.6, 154.3, 146.1, 140.2, 138.0,
135.0, 132.2, 131.8, 126.8, 126.5, 126.4, 126.0, 125.1,
123.6, 118.2, 34.5, 33.8, 31.2, 29.3. FTIR bands (KBr, v/
cm™1): 3416.53 (br), 3348 (m), 2950 (m), 1616 (s), 1594 (s),
1537 (m), 1481 (m), 1026 (m) MS: m/z [M]* 376.

Preparation of the complexes

To a hot solution of LH (0.5 g, 1.3 mmol) in methanol
(30 mL), a solution of the required metal salt (1.5 mmol
CoCl,-6H,0/NiCl,-6H,0/CuCl,-2H,0) in the minimum
amount of methanol was added; the mixture was refluxed
for 3—6 h. The precipitate obtained was filtered off, washed
thoroughly with methanol and dried under vacuum.
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[Co(L),]ICI-3H,0 (1) Yield 0.86 g (71%). Anal. calcd. (%) for
C4HeCICoNgOs: C, 61.4; H, 6.7; N, 12.4; found: C, 61.4:
H, 6.4; N, 12.3. 'H NMR (400 MHz, DMSO-d6) &: 14.77
(s, 1H), 8.97 (br, s, 1H), 8.72-8.61 (m, 2H), 8.06-7.92 (m,
3H), 7.34 (s, 3H), 7.00 (s, 1H) 1.24 (s, 9H) 0.73 (s, 9H)
13C NMR (DMSO-d6, & ppm): 160.6, 150.0, 141.2, 140.8,
135.1, 134.6, 133.8, 127.6, 127.4, 127.1, 123.9, 116.6,
108.4, 108.2, 35.2, 33.9, 31.8, 29.4. FTIR bands (KBr, v/
cm™1): 3438 (br), 2954 (s), 1609 (m), 1589 (m), 1572 (w),
1543 (s), 1524 (s), 1460 (w) 1424 (s), 1169 (s). MS: m/z;
[M] * 809.39 (calculated 809.37 for C,cHs,CoNgO,.

[Ni(L),]-2H,0 (2) Yield 0.82 g (69%). Anal. calcd. (%) for
C4HsgNgNiO,: C, 68.2; H, 6.7; N, 13.8; found: C, 68.1: H,
6.3; N, 13.5. FTIR bands (KBr, v/em™"): 3429 (br), 2954
(s), 1599 (br), 1535 (s), 1477 (w), 1531 (w), 1259 (m),
1171 (s). MS: m/z; [M + H]* 809.36 (calculated 809.38 for
C,6H3,NiN;O,.

[Cu(L)CI]-CH;0H (3) Yield 0.67 g (75%). Anal. calcd. (%) for
C,5H;35CICuN,O;: C, 55.7; H, 6.5; N, 10.4; found: C, 55.6:
H, 6.2; N, 10.1. FTIR bands (KBr, v/cm_l): 3446 (br), 2954
(s), 1610 (m), 1590 (m), 1542 (s), 1422 (m), 1171 (s). MS:
m/z; [M=CI]* 438.16 (calculated 438.15 for C,;H,;,CuN,O).

Fig. 1 ORTEP projection of
LH showing 30% probability
ellipsoids

Antibacterial activity

The susceptibilities of the test organisms to these compounds
were assessed using broth dilution assays, as minimum
inhibitory concentration (MIC). Assays were performed
in triplicate. S. aureus Microbial Type Culture Collection
(MTCC) 12598, S. mutans MTCC 25175, E. coli MTCC
443 and P. aeruginosa MTCC 25668 were selected for the
study. All the bacteria were previously subcultured in brain
heart infusion (BHI) media, and its sterility was assessed at
35 °C for 48 h prior to testing of the vehicles.

Broth dilution method

The minimum inhibitory concentration was carried out by
serial dilution. A 200 pl aliquot of BHI broth was added
to ten microtitre tubes (2 ml). A 200 pl aliquot of the test
compound (100 pl/ml) was added to first and second tubes
and then was serially diluted from the second tube up to the
ninth. The optical density of the bacterial culture (CFU) was
adjusted to 0.5 Mcfarland standards, and 50 pl of bacterial
suspension was added to each tube, except for the negative
control, such that the first and last tubes served as positive
and negative control, respectively. The lowest concentration
of test compound showing growth inhibition was recorded
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as the MIC. The standard antibiotic ciprofloxacin (10 ug/ml)
was used as the reference.

Antifungal activity

The fungi Aspergillus fumigatus (MTCC13073), Aspergil-
lus flavus MTCC 2017), Candida albicans MTCC 2011)
and Aspergillus niger and other microorganisms used
were obtained from the Dr. Prabhakar Kore Basic Science
Research Centre, KLE University, Belagavi, India. The MIC
of each test compound against the isolates was determined
using microdilution techniques, in accordance with the CLSI
method. A sterile 200 pl sample of BHI media was added
to each tube. The first tube acted as positive control and the
tenth as negative control. A 200 pl aliquot of test compound
with 100 pg/ml concentration was added to the first tube
and serially diluted. A 20 pl aliquot (10*~10° cfu) of culture
was added to each tube. The standard antifungal flucona-
zole (10 pg/ml) was used as the reference. The tubes were
observed after 48 h for the change in turbidity at 600 nm.
The final range of the concentration of the test compounds
was between 0.2 and 100 pg/mL.

Fig.2 ORTEP projection of
1 showing 30% probability
ellipsoid

c27
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Results and discussion

The proligand LH was synthesized in good yield. Single
crystals of LH suitable for X-ray diffraction studies were
obtained by slow evaporation of a methanolic solution, while
crystals of complex 1 were obtained by vapor diffusion tech-
nique (diethyl ether/methanol). Efforts to grow crystals of
complexes 2 and 3 were unsuccessful. In complex 1, the
Co(II) ion has undergone oxidation to Co(III).

X-ray diffraction and spectroscopic studies

ORTEP diagrams of LH and complex 1 are depicted in
Figs. 1 and 2 along with atom numbering schemes. The crys-
tal structure refinement data for both compounds are com-
piled in Table 1, and selected bond lengths and angles are
given in Table 2. Free LH crystallizes in the monoclinic sys-
tem in space group P121/n1. There are two molecules in the
asymmetric unit which are related only by pseudo-symmetry.
A bond distance of 1.293 (1) A between C(1)-N(1) indicates
double-bond nature. The bond lengths for N(1A)-N(2A),
C(8A)-N(2A) and C(8A)-N(3A) are 1.370 (1), 1.371 (1)

C34

C35
C37

C36

C397 (cas



Transition Metal Chemistry (2018) 43:65-72 69
Itar zﬁlrecr%s;z:ni?f fi?‘:he Ly  Empirical formula Cy; Hyg N,O C,5 HsoCICON,O, 5,
and 1 Formula weight 376.49 882.41

Temperature 100(2) K 100(2) K

Wavelength 1.54178 A 1.54178 A

Crystal system Monoclinic Orthorhombic

Space group P21/n Pbcn

alA 11.88270(10) a=38.9963(9) A

blA 16.6222(2) b=11.5934(3) A

c/A 20.5141(2) ¢ =21.0289(5) A

al® 90 90

pl° 90.9210(10) 90

y/° 90 90

Volume 4051.35(7) A 9507.1(4) A®

z 8 8

Density (calculated) 1.235 Mg/m® 1.233 Mg/m®

Absorption coefficient 0.609 mm™! 3.714 mm™"

F(000) 1616 3736

Crystal size 0.30 x 0.14 x 0.08 mm* 0.20 x 0.06 x 0.05 mm*

Theta range for data collection 3.42°-74.49° 2.27°-74.49°

Range h —14to 11 —48 to 43

Range k —20t0 20 —14t0 14

Range [ —25t024 26 to 26

Reflections collected 18,011 26,080

Refinement method Full-matrix least squares on F2 Full-matrix least squares on F?

Data/restraints/parameters 8263/0/533 9710/0/566

Goodness of fit on F2 1.035 1.009

Final R indices [/ > 2sigma(I)]
R indices (all data)
CCDC

R1 =0.0353, wR2 = 0.0992
R1 =0.0390, wR2 = 0.1025
1,570,625

R1 =0.0490, wR2 =0.1109
R1=0.0735, wR2 =0.1224
1,570,623

and 1.300 (1) A, respectively [16], suggesting a single bond
between endocyclic nitrogen atoms N(1A) and N(2A), and
C(8A)-N(2A) with a double bond between C(8A)-N(3A).
These values support the location of the acidic proton to
endocyclic nitrogen N(2A) (Fig. S1). In LH, N(2A)-H(2A)
is involved in intermolecular hydrogen bonding with N(1A)
to form a dimer (Fig. S2). An intramolecular hydrogen bond
is found between the phenolic OH and azomethine nitrogen,
[O(1A)---H(1C)-N(4A)]. The phenolic oxygen is involved in
C-H---O type interactions, O(1A)--C1A-H(1A) and O(1A)--
C(21A)-H(21A). The plane of the phthalazine ring makes
an angle of 14.9° (2) with that of the phenyl ring (Fig. S3).
Complex 1 crystallizes in the orthorhombic system
in space group Pbcn. The structure has dimerized; it is a
monochloride salt. One molecule is present in the asym-
metric unit. There is an additional well ordered and fully
occupied diethyl ether solvate molecule located on a two-
fold axis, making the overall structure a hemi-diethyl ether
solvate (packing diagram, Fig. S4). The chloride anion is
slightly disordered with an occupancy ratio of 92.9:7.1. The

disorder appears to be a result of the potential H-bonding
interactions.

In complex 1, LH acts as a monobasic ligand, coordinat-
ing through the phthalazine N(2A), azomethine N(4A) and
phenolic O(1A) atoms to form a CoN,O, octahedral configu-
ration. The average Co-N [1.891(2) 1&] and Co-0O [1.881(5)
A] bond lengths are in the same ranges as those found in
similar octahedral Co(IIl) systems [28, 29] and consider-
ably shorter than the equivalent bond lengths to Co(II). The
bond distance of 1.299 (1) A between C(1)-N(1) indicates
double-bond nature. The bond lengths of 1.366 (1), 1.331
(1) and 1.348 (1) A for N(1A)-N(2A), C(8A)-N(2A) and
C(8A)-N(3A), respectively, suggest a single bond between
the endocyclic nitrogen atoms N(1A) and N(2A), with more
of a double-bond character for C(8A)-N(2A). This indicates
that the imine proton is shifted from endocyclic N2A to exo-
cyclic N3A during complexation. A classical hydrogen bond
is observed between the imine proton (H3) and chloride
counterion [N3-H3---Cl] (Fig S5). The angle between the
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Table 2 Selected bond lengths of LH and 1

Bond lengths [A] Bond angles [°]

Crystallographically independent molecule A of LH

O1A-C23A 1.360(1) N3A-N4A-C9A 110.65(8)
N4A-N3A  1.397(1) N4A-N3A-C8A- 114.63(7)
N4A-CO9A  1.291(1) N2A-N1A-C1A- 117.18(8)
N3A-C8A  1.300(1) N1A-N2A-C8A 126.34(8)
NIA-N2A  1.370(1) O1A-C23A-C18A 119.98(8)
NI1A-C1A  1.293(1) O1A-C23A-C10A 119.53(8)
N2A-C8A  1.371(1) C18A-C23A-C10A 120.49(8)
Crystallographically independent molecule B of LH
01B-C23B  1.360(1) N3B-N4B-C9B 111.28(8)
N4B-N3B 1.396(1) N4B-N3B-C8B 114.42(7)
N4B-C9B 1.292(1) N2B-N1B-C1B 117.10(8)
N3B-C8B 1.302(1) N1B-N2B-C8B 126.56(8)
N1B-N2B 1.370(1) 01B-C23B-C18B 119.99(8)
N1B-C1B 1.292(1) 01B-C23B-C10B 119.45(8)
N2B-C8B 1.371(1) C(18B)-C(23B)-C(10B)  120.56(8)
Coordination compound 1
Co(1)-N(8) 1.869(2) N(8)-Co(1)-N(4) 177.28(10)
Co(1)-N(4) 1.873(2) N(8)-Co(1)-0(2) 94.04(8)
Co(1)-0(2) 1.8741(18) N(4)—-Co(1)-0(2) 87.1009)
Co(1)-O(1) 1.8876(18) N(8)-Co(1)-O(1) 88.49(9)
Co(1)-N(1) 1.910(2) N(4)-Co(1)-0O(1) 94.00(9)
Co(1)-N(5) 1.913(2) 0(2)-Co(1)-0(1) 89.26(8)
O(1)-C(23) 1.317(3) N(8)-Co(1)-N(1) 94.59(9)
N(@3)-N(4) 1.383(3) N(4)-Co(1)-N(1) 82.94(9)
N#)-C(9) 1.288(3) 0O(2)-Co(1)-N(1) 89.42(9)
N@3)-C(8) 1.348(3) O(1)-Co(1)-N(1) 176.72(9)
N(1)-N(@2) 1.365(3) N(8)-Co(1)-N(5) 82.87(9)
N(@2)-C(8) 1.331(3) N(4)-Co(1)-N(5) 95.9009)
0O(2)-Co(1)-N(5) 176.34(9)
O(1)-Co(1)-N(5) 92.61(9)
N(2)-Co(1)-N(5) 88.87(9)
C(23)-0(1)-Co(1) 126.46(16)
C(46)-0(2)-Co(1) 125.76(16)

planes of the phthalazine and pyridine rings is decreased to
8.27° (7) on complexation.

The IR spectrum of free LH shows bands at 3416 and
3348 cm™!, assignable to v(OH) and v(NH), respectively.
Participation of the phenolic group in coordination is con-
firmed by the observed shift in the (C-O) stretching fre-
quency to higher wavenumbers [30]. Deprotonation of the
phenolic OH is confirmed by 'H NMR and single-crystal
XRD studies. Strong bands at 1616 and 1594 cm™' can be
assigned to (C=N) and (C=N ring) groups, respectively,
which are shifted to lower energies on coordination of LH
to the metal.

The "H NMR spectrum of the LH is shown in Fig. S6.
The signals at 12.17, 11.03 and 8.65 ppm are assigned to
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Table 3 Antibacterial activity, measured as minimum inhibitory con-
centration (MIC), of the ligand and its coordination compounds

Compound Minimum inhibitory concentration (pg/ml)

P. aeruginosa  S. mutans  S. aureus  E. coli
LH 1.56 12.5 25 6.25
1 1.56 3.125 6.25 1.56
2 25 3.125 25 6.25
3 6.25 25 3.125 1.56
Ciprofloxacin  1.56 12.5 3.125 3.125

Table 4 Antifungal activity, measured as minimum inhibitory con-
centration (MIC), of the ligand and its coordination compounds

Compound Minimum inhibitory concentration (pg/ml)

A. flavus  A.fumigatus A.niger C. albicans
LH 50 100 50 50
1 25 50 25 25
2 50 20 50 12.5
3 12.5 12.5 6.25 12.5
Fluconazole 6.25 12.5 6.25 6.25

the imine proton [N(2A)H], phenolic proton [O(1A)H] and
azomethine proton (C(9A)H), respectively. The signals in
the ranges of 7.71-8.65 and 7.27-7.33 ppm are assigned
to the aromatic protons of the phthalazine ring and salic-
ylaldehyde, respectively. The tertiary-butyl groups are
observed as singlets at 1.27 and 1.43 ppm. The absence of
a signal from a phenolic proton in the spectrum of com-
plex 1 confirms deprotonation and hence coordination of
phenolic OH (Fig. S7). The downfield shift of the NH
proton (14.37 ppm) can be accounted for by transfer of the
proton from endocyclic nitrogen N2A to exocyclic nitro-
gen N3A, which is involved in hydrogen bonding with the
chloride ion. In general, all of the protons are deshielded
upon complexation of LH, indicating sharing of electron
density with the metal center.

The carbons C8, C9 and C23, which are observed at
158.6, 146.1 and 154.3 ppm, respectively, in the '*C NMR
spectrum of the free proligand, are shifted to 160.6 141.2
and 150.0 ppm in the spectrum of complex 1, indicat-
ing coordination of LH through the phthalazine nitrogen,
azomethine nitrogen and phenolic oxygen atoms.

Electronic spectra of the complexes are shown in Fig. S8.
The Co(IIT) complex shows a charge transfer band at 457 nm,
which may also obscure the d—d transitions [31]. The Ni(II)
complex shows a charge transfer band at 460 nm and fea-
tures at 969 and 732 nm assignable to >A,g — *T,g(F) and
3A,g — 3T,g(F) d—d transitions, respectively. These tran-
sitions indicate an octahedral geometry around the Ni(II)
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atom. The Cu(II) complex shows a medium intensity broad-
band around 611 nm assigned to the *T, — °E transition in
a tetrahedral geometry [32].

Thermal studies

Thermograms of the complexes are given in Figs.
S16-S18. Their decomposition processes include two
steps. In the first, there is loss of solvent/counter anions,
followed by decomposition of the ligand in the second
step. For complex 1, an initial weight loss of 5.9% below
90 °C is assigned to the loss of three lattice water mole-
cules (calc. 6.01%). The chloride ion was lost between 255
and 310 °C (expt. 3.90%, calc. 4.08%). This is followed
by loss of two ligand molecules, leaving behind the metal
oxide. For complex 2, a weight loss of 4.32% (calc. 4.26%)
occurred below 95 °C and corresponds to the loss of two
lattice water molecules. The ligand part decomposed above
200 °C (expt. 86.01%, calc. 88.90%). For copper complex
3, a weight loss below 70 °C is assigned to the loss of two
lattice methanol molecules (expt. 11.50%, calc. 11.92%).
This is followed by loss of chloride between 210 and
250 °C. Finally, the ligand decomposed above 280 °C and
a plateau above 750 °C is attributed to the metal oxide.

Antibacterial and antifungal activities

The antimicrobial activities of the synthesised compounds
were evaluated using the broth dilution method in tripli-
cate experiments [33]. The MIC values are reported in
pg/ml. The antibacterial activity was tested against gram-
positive S. aureus and S. mutans and gram-negative E.
coli and P. aeruginosa, using ciprofloxacin as a standard.
Antifungal activity was tested against A. flavus, A. niger,
C. albicans and A. fumigatus using fluconazole as refer-
ence. The data obtained are summarized in Tables 3 and 4.

Free LH showed activity against P. aeruginosa; how-
ever, against the rest of the species its activity is modest.
The cationic Co(IIT) complex showed excellent inhibition
against all the bacterial species and was more effective

against gram-negative bacteria, which may be due to more
effective electrostatic interactions. Complex 2 showed bet-
ter inactivation of S. aureus, a pathogenic gram-positive
bacterium. Complex 3 is highly toxic against E. coli com-
pared to the standard ciprofloxacin.

Free LH has low activities against the fungal strains used;
however, its activity was enhanced upon metal association.
Antifungal activities with MIC 50 pg/ml were observed for
all of the complexes. In particular, the copper complex (3)
showed excellent activity comparable to fluconazole [34].

Conclusions

A new ligand (E)-1-(3,5-di-tert-butyl-2-hydroxybenzylidene)-
2-(phthalazin-1-yl)hydrazine and its complexes [Co(L),]
Cl-2H,0 (1), [Ni(L),]-H,O (2) and [Cu(L)CI1]-2CH;0H (3)
have been prepared and characterized. LH shows monobasic,
NNO tridentate behavior in these complexes. Complexes 1
and 2 have 1:2 metal-to-ligand ratio and distorted octahedral
geometries, whereas complex 3 has a 1:1 metal-to-ligand
ratio and tetrahedral geometry (Fig. 3). The complex 1 shows
excellent activity against gram-negative bacteria, while com-
plex 3 shows excellent antifungal activity.

Supplementary data

CCDC 1570625 and 1570623 contain the supplementary
crystallographic data for the LH and 1, respectively. These
data can be obtained free of charge via http://www.ccdc.
cam.ac.uk/conts/retrieving.html or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cam-
bridge CB2 1EZ, UK fax: (044) 1223-336- 033; or e-mail:
deposit@ccdc.cam.ac.uk.
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