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Abstract: A new series of complexes was synthesized by template condensation
of malonyl dihydrazide and glyoxa in methanolic medium in the presence of
divalent cobalt, nickel, copper, zinc and cadmium salts, whereby complexes of
the type: [M(CsHgN4O2)X5] where M = Co(ll), Ni(ll), Cu(ll), Zn(l1) and
Cd(ll), and X = ClI, NO3 and OAc, were formed. The complexes were cha-
racterized with the aid of elemental analyses, conductance measurements, mag-
netic susceptibility measurements, and electronic, NMR and infrared spectral
studies. Based on these studies, a six coordinate octahedral geometry is pro-
posed for these complexes. The complexes were tested for their in vitro anti-
bacteria and antifunga activities. The minimum inhibitory concentration shown
by complexes was compared with that of standard drugs.

Keywords. antibacterial; antifungal; macrocyclic complexes; minimum inhibi-
tory concentration.

INTRODUCTION

During the past few decades, a great deal of interest has been devoted to mac-
rocyclic complexes containing oxygen and nitrogen atoms. Macrocyclic com-
plexes are of great interest due to their resemblance to naturally occurring mac-
rocycles and analytical, industrial and medical applications.1=6 Macrocyclic me-
tal complexes of lanthanides, e.g. Gd(Ill), are used as MRI contrast agents.’
Macrocyclic metal chelating agents (DOTA) are useful for detecting tumour le-
sions.® The chemistry of macrocyclic complexes is also important due to their use
as dyes and pigments,® as well as NMR shift reagents.10 Additionally, some mac-
rocyclic complexes have been found to exhibit potential antibacterial activities.11
Prompted by these applications, in the present paper, the syntheses of macrocyc-
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1370 SINGH etal.

lic complexes of Co(Il), Ni(Il), Cu(ll), Zn(ll) and Cd(Il) obtained by template
condensation reaction of malonyl dihydrazide and glyoxal are reported. The com-
plexes were characterized with the aid of IR, NMR and electronic spectral stu-
dies, and magnetic susceptibilities, elemental analysis and molar conductance mea-
surements. These complexes were also tested for their in vitro antibacterial and
antifungal activities.

EXPERIMENTAL
Isolation of the complexes

The complexes were synthesized by the template method, i.e., by condensation of ma-
lonyl dihydrazide and glyoxa in the presence of a divalent metal salt. To a hot stirred me-
thanolic solution (=50 mL) of malonyl dihydrazide (10 mmol ) was added a divalent cobalt,
nickel, copper, zinc or cadmium salt (Cl-, NOz", CH3COO") (10 mmol) dissolved in the mini-
mum quantity of methanol (=20 mL). The resulting solution was boiled under reflux for 0.5 h.
Subsequently, glyoxal (10 mmol) was added to the refluxing mixture and refluxing was con-
tinued for 8-10 h. The mixture was concentrated to half its volume and kept in a desiccator
overnight. The complexes were then filtered, washed with methanol, acetone and ether and
dried in vacuo; yield ~50-60 %. The complexes were soluble in DMF and DM SO, but in-
soluble in other common organic solvents and water. They were found to be thermally stable
up to =225-260 °C, after which they decomposed.

The template condensation of malonyl dihydrazide and glyoxal in the presence of di-
valent cobalt, nickel, copper, zinc and cadmium salts may be represented by the following
scheme:

MeOH
CHgN,O, + CGHL,0, + MX, —>8 on [M(CgHgN,O0) X,] + 2H,0
-1
where M = Co(ll), Ni(Il), Cu(ll), Zn(l1) or Cd(Il) and X = Cl-, NO3 or CH;COO'.
Analytical and physical measurements

The microanalyses for C, H, and N were redlized at SAIF, CDRI, Lucknow. The metal
contents were determined by standard EDTA methods. The electronic spectra (DMF) were
recorded on a Cary 14 spectrophotometer. The magnetic susceptibility measurements were
performed at SAIF, IIT Roorkee. The IR spectra were recorded on an FT-IR spectropho-
tometer (Perkin Elmer) in the range 4000-200 cmr! using the Nujol Mull method at SAIF,
Punjab University, Chandigarh, India. The NMR spectra were recorded on a Bruker NMR
spectrometer (300 MHZz). The conductivity was measured on a digital conductivity meter (HPG
System, G-3001).

In-vitro antibacterial activity

Primary screening. The antibacterial activities of the newly synthesized complexes were
evaluated by the Agar Well Diffusion Assay Technique against two Gram-positive bacteria,
i.e., Bacillus subtilis (MTCC 8509) and Bacillus stearothermophilus (MTCC 8508) and two
Gram-negative bacteria, i.e., Escherichia coli (MTCC 51) and Pseudomonas putida (MTCC
121). The bacterial cultures were maintained on the nutrient agar media by sub-culturing them
on fresh dants after every 4—6 weeks and incubating them at the appropriate temperature for
24 h. All stock cultures were stored at 4 °C. For the evaluation of antimicrobia activity of the
synthesized complexes, a suspension of each test microorganism was prepared. The turbidity
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TETRAAZAMACROCY CLIC COMPLEXES 1371

of each suspension was adjusted to 0.5 McFarland units by suspending the cultures in sterile
distilled water. The size of final inoculum was adjusted to 5x10” CFU ml-1. A volume of 20
ml of agar media was poured into each Petri plate and the plates were swabbed with broth
cultures of the respective micro-organisms and kept for 15 min for adsorption to occur. Using
a punch, ~8 mm diameter wells were bored in the seeded agar plates and a 100 pl volume of
each test compound reconstituted in DM SO was added into the wells. DM SO was used as the
control for al the test complexes. After holding the plates at room temperature for 2 h to allow
diffusion of the compounds into the agar, the plates were incubated at 37 °C for 24 h. Anti-
bacterial activity was determined by measuring the diameter of the inhibition zone. The entire
tests were performed in triplicate and the mean of the diameter of inhibition was calculated.
The antimicrobial activities of the complexes were compared against standard drugs.

Minimum Inhibitory Concentration (MIC). Nutrient broth was adjusted to pH 7.0 for the
determination of the MIC of synthesized complexes.12 The MIC is the lowest concentration of
an antimicrobial agent that prevents the development of visible growth of microorganism after
overnight incubation. The inoculum of the test microorganisms were prepared using 16 h-old
cultures adjusted by reference to the 0.5 McFarland standards (108 cells mi-1).13 These cultu-
res were further diluted up to 10-fold with nutrient broth to obtain an inoculum size of 1.2x107
CFU ml-L. A positive control (containing inoculum but no complex) and a negative control
(containing complex but no inoculum) were also prepared. A stock solution of 4 mg mi-1 of
each compound was prepared in DM SO and further appropriately diluted to obtain final con-
centrations ranging from 250 to 0.03 pug mi-1.1* The requisite quantity of antifungal drug
(cyclohexamide) was added to the broth to obtain its desirable final concentration of 100 pg
mi-1, Separate flasks were taken for each test dilution. To each flask was added 100 pl of
inoculum. Then the appropriately diluted test sample was added to each flask having broth
and microbial inoculum. The contents of the flask were mixed and incubated for 24 to 48 h at
37 °C. The test bacterial cultures were spotted in a predefined pattern by aseptically transfer-
ring 5 pl of each bacterial culture onto the surface of solidified agar-agar plates and incubated
at 37 °C for 24 h for determining the MIC value.

In-vitro antifungal activity

Potato dextrose medium (PDA) was prepared in a flask and sterilized. To check the
growth of bacterial culture in the medium, the requisite quantity of the standard antibiotic
(ampicillin) was added to obtain the desired final concentration of 100 pg ml-1 of the medium.
Test samples were prepared in different concentrations (10, 50 and 100 pg/ml) in dimethyl
sulphoxide and 200 pl of each sample was spread on the PDA media contained in sterilized
Petri plates. Mycelial discs taken from the standard cultures of fungi (Aspergillus flavus and
A. niger) were grown on the PDA medium for 5-7 days. These cultures were used for the
aseptic inoculation in the sterilized Petri dish. Standard cultures inoculated at 28+1 °C were
also used as the control. The efficacy of each sample was determined by measuring the radial
mycelial growth. The radial growth of the colony was measured in two directions at right
angle to each other and the average of two replicates was recorded in each case. The data are
expressed as percent inhibition over the control obtained from the size of colonies. The
percent inhibition was cal culated using the formula:

% Inhibition = 100(C-T)/C

where C isthe diameter of fungus colony in the control plate after incubation for 96 hand T is
the diameter of the fungus colony in the tested plate after the same incubation period.
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1372 SINGH etal.

RESULTS AND DISCUSSION

The analytical data show the formula for macrocyclic complexes as:
[M(CsHgN40O2)X2]; where M = Co(ll), Ni(ll), Cu(ll), Zn(ll) or Cd(Il) and X =
= Cl—, NO3~ or CH3COQO~. The tests for the anions were positive only after de-
composition of the complexes, indicating their presence inside the coordination
sphere. All macrocyclic complexes were dark-coloured solids, which were solub-
le in DMF and DM SO. The measurements of molar conductance (conductance
~10-20 S cm? mol—1) in DMSO showed that these chelates are non-electroly-
tes.15 All complexes gave satisfactory elemental analyses results, as shown in
Tablel.

TABLE I. Analytical data of the divalent Co, Ni, Cu, Zn and Cd complexes derived from
malonyl dihydrazide and glyoxal

Found (Calcd.), % MW

No. Complex v C H N Colour gmol™

1 [Co(CsHeNLO,)Cl) 2056 21.09 202 19.63 Light 284
(20.77) (21.12) (2.11) (19.71) brown

2 [Co((CsHeN4O,)(NO3),] 1742 1771 165 24.76 Light 337
(17.50) (17.80) (1.78) (24.92) brown

3 [Co(CsHN,0O,)(0OAC),] 1765 3651 352 16.87 Shinyblack 331
(17.82) (36.62) (3.62) (16.91)

4 [Ni(CsHgN4O,)Cl] 2043 2117 206 1953 Brown 283
(2049) (21.20) (2.12) (19.78)

5 [Ni(CsHgN4O2)(NO3),] 1723 1788 176 24.89 Dak brown 336
(17.26) (17.85) (1.78) (25.00)

6 [Ni(CsHgN4O,)(OAC),] 1751 3273 360 1691 Shinyblack 330
(17.56) (32.72) (3.63) (16.96)

7 [Cu(CsHeNLO,)Cl) 2189 2081 203 1946 Brown 288
(21.87) (20.83) (2.08) (19.44)

8 [CU(CsHN40,)(NO3),] 1841 1751 172 2469 Dark 341
(18.47) (1759) (1.75) (24.63) brown

9 [Cu(CsHgN,4O,)(OAC),] 1885 3221 360 1675 Greyish 335

(18.80) (32.23) (3.58) (16.71)  black

10 [Zn(CsHeN4O,)(OAC),] 1926 3202 355 1664 Ydlowish 337
(19.28) (32.04) (3.56) (16.61) orange

11 [Cd(CsHeN40,)(OAC),] 2845 30.09 323 1398 Reddish 384
(29.16) (28.12) (3.12) (14.58) brown

IR Spectra

In the IR spectrum of malonyl dihydrazide, a pair of bands corresponding to
v(NH>) was present at =3210 and =3270 cm1, but absent in the IR spectra of all
the complexes.16 However, a single broad medium band at 3360-3450 cm1 was
observed in the spectra of all the complexes, which may be assigned to v(NH)
stretching vibrations.17:18 A strong peak at ~1660 cm! in the IR spectrum of
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malonyl dihydrazide is assigned to the >C=0 group of the CONH moiety. This
peak is shifted to lower frequencies (=<1620-1640 cm1) in the spectra of all the
complexes, 19,20 suggesting the coordination of the oxygen of the carbony! group
with the metal. Furthermore, no strong absorption band was observed near 1700
cm1in the IR spectra of the complexes but was observed in the spectrum of gly-
oxal. This indicates the absence of >C=0 groups of the glyoxal moiety in the
complexes. These facts confirm the condensation of carbonyl groups of glyoxa and
the amino groups of malony! dihydrazide.2122 The IR spectra of the complexes
showed a new strong absorption band in the region ~1595-1610 cm—1, which may
be attributed to the v(C=N) group.23-24 These results provide strong evidence for
the formation of the macrocyclic frame.2> The lower value of {C=N) indicates
coordination of the nitrogen of azomethine to the metal.26 The bands present at
~1300-1000 cm1 are assigned to v(C—N) vibration. The bands presents at ~3040
cm1 may be assigned to v(C-H) vibrations of the glyoxal moiety. The IR spectra
of the nitrate complexes display three (N-O) stretching bands at ~1410-1455
cml (vs), #1305-1315cmL (v4) and ~1015-1030 cmr? (v5). The separation of
the two highest frequency bands (w5 — v1) suggest that both the nitrate groups are
coordinated in a unidentate manner.2’ The acetate complexes showed two bands
at ~1630-1640 cm1 (v1) and ~1380-1390 cm1 (v5). These indicate that the ace-
tate group is coordinated in a unidentate manner.?

The far IR spectra show bands in the region ~420-450 cmL. corresponding
to v(M—N) vibrations in all the complexes.2%-31 The presence of aband in all the
complexes in the ~420-450 cm1 region originate from (M—-N) azomethine vibra-
tion modes and support the coordination of azomethine nitrogen with the metal .32
The bands present at =310-315 cm1 in the chloride complexes are due to v(M—
C1).2931 and bands present at ~210-240 cmr® in all the nitrate complexes to
v(M-0).29

NMR Spectra

The 1H-NMR spectrum of the zinc complex showed a broad singlet at 8.6
ppm due to protons of the -CONH moiety.17:33 The singlet at 2.34 ppm may be
due to —CH> protons.19 The singlet in the region of 7.8 ppm may be assigned to
protons of the glyoxal moiety.34

Magnetic measurements and electronic spectra

Cobalt complexes. The magnetic moments of the cobalt complexes were
measured at room temperature and lie in the range 4.85-4.90 ug, which corres-
ponds to 3 unpaired electrons. The solution spectra of the cobalt(ll) complexes
exhibited absorption in the region ca. 81009160 (1), 12500-15700 (v») and
18600-20500 cmr1 (113). The spectra resemble those of complexes reported to be
octahedral.3> Thus, the various bands can be assigned to: 4T1g — 4T2g(F) (1);
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1374 SINGH etal.

4T1g — A2g(F) (12) and 4T1g — 4T14(P) (v3) transitions, respectively. It appears
that the symmetry of these complexes is not idealized Oy, but Dgp. The assign-
ment of the first spin-allowed band seems plausible since the first band appears
approximately at half the energy of the visible band.36 Various ligand field para-
meters, Dq, B, f and % were calculated for the complexes and are listed in
Table Il (malonyl dihydrazide and glyoxal). B for a free cobalt(ll) ionis 971 cmL.
The values of fliein the range 0.606-0.629. These values indicate the presence
of covalent character in the metalHigand “c”’ bond. The value of the v/, ratio
lies between 1.76-1.79, which identify the complexes as possessing a distorted
octahedral structure.3?

TABLE Il. Ligand field parameters of the divalent cobalt and nickel complexes derived from
malonyl dihydrazide and glyoxal

No. Complexes c%ql cr?fl B %  win Tf;'
1 [Co(CsHeNLO,)CI] 1016 588 0.605 39.1 1.78 4.90
2 [Co(CsHeN4O2)(NOs),) 1066 590 0.607 39.3 1.77 4.89
3 [Co(CHN.O)(OAQ), 1071 591 0608 392 178 493
4 [Ni(CsHeN.O,)Cl] 1185 540 0519 481 141 288
5 [Ni(CsHeNJOL)(NOy),] 1190 538 0517 485 141 287
6  [Ni(CHeN,O,)(OAC),] 1195 53 0515 483 140 289

Nickel complexes. The magnetic moment of the nickel complexes at room
temperature lie in the range 2.91-2.95 ug showing an octahedral environment
around the Ni(ll) ion in all complexes. The solution spectra of the Ni(ll) com-
plexes exhibited a well-discernable band with a shoulder on the low energy side.
The other two bands generally observed in the region at ca. 16570-17240 cnvL (1),
and 26860-28000 cm1 (13) are assigned to 3Azg — 3T1g(F) (12) and 3Azg —
- 3Tlg(P) (v3) trangitions, respectively. The first two bands result from the split-
ting of one band, 14, are in the range ~9700-10000 and 11800-12440 cm2,
which can be assigned to 3B1g — 3Eg and 3B1g — 3Byg transitions, respectively,
assuming the effective symmetry to be D4, (component of 3T2g in Op symmet-
ry).36 The intense higher energy band at ca. 34000 cm1 may be due to a n—n*
transition of the (C=N) group. The various bands do not follow any regular pat-
tern and seem to be anion independent. The spectra are consistent with the distor-
ted octahedral nature of these complexes. Various ligand field parameters, Dq, B,
S and % were calculated for the complexes and are listed in Table |1 (malonyl
dihydrazide and glyoxal). B for a free nickel(11) ion is 1040 cm—L. The values of
A lie in the range 0.509-0.519. These values indicate the presence of covalent
character in the metal-igand “c“ bond. The value of the v»/v; ratio lies between
1.37-1.41 and shows that the complexes possess a distorted octahedral struc-
ture.37
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Copper complexes. The magnetic moment of the copper complexes liein the
range 1.77-1.82 ug. The electronic spectra of the copper complexes exhibit
bands in the region ca. 17780-19000 cm~1 with a shoulder on the low energy
side at ~14600-16000 cm—2, which show that these complexes have a distorted
octahedral geometry.3536 Assuming tetragonal distortion in the molecule, the d-or-
bital energy level sequence for these complexes may be: x2 —y2 > 72 > xy> xz >
yz and the shoulder can be assigned to: 2 — x2 — y2 (?B1g — 2Bg) and the broad
band contains both xy — x? — y? (?B1g — 2Eg) and xz, yz — x* — y? (°Byg —
— 2Apg) transitions:38 The band separation of the spectra of the complexesiis of
the order 2500 cm—L, which is consistent with the proposed geometry of the com-
plexes.35 Therefore, it may be concluded that all the complexes formed by the
macrocycles with Cu(ll) metals are distorted octahedral.

Biological results and discussion

In this study, all the chemically synthesized complexes were evaluated against
Gram-positive and Gram-negative bacteria. The MIC vaues of the synthetic
complexes were determined by the method given by Andrews39. Standard anti-
biotics, namely streptomycin and chloramphenicol, were used for comparison
with the antibacterial activities exhibited by these complexes. All the complexes
of the tested series possessed some antibacterial activity against Gram-positive
bacteria as well as Gram-negative bacteria (Table 1Il). In the whole series,
complexes 1 and 5 were found to be most effective against al the tested bacterial
strains, showing zone of growth inhibition in the range from 46.2—49.2 mm

TABLE Ill. In-vitro antibacterial activity of the complexes determined by the agar well dif-
fusion method for a concentration of 100 pg ml™ (A — Bacillus subtilis (MTCC 8509),
B — Bacillus stearothermophilus (MTCC 8508), C — Escherichia coli (MTCC 51), D — Pseu-
domonas putida (MTCC 121))

Diameter of zone of growth inhibition®, mm

No. Complex A B C D
1 [Co(CsHeN,O,)Cl,] 48.2 46.2 49.2 47.3
2 [Co((CsHeN4O,)(NO3),] 133 16.2 29.6 28.1
3 [Co(CsHeN4O,)(OAC),] 113 15.6 9.9 115
4 [Ni(CsHeN4O,)Cl] 10.3 19.2 16.5 21.4
5 [Ni(CsHeN4O,)(NO,),] 36.3 37.1 38.2 36.2
6 [Ni(CsHeN4O,)(OAC),] 10.4 12.3 215 19.2
7 [Cu(CsHeN4O,)Cl,] 137 24.8 26.4 232
8 [Cu(CsHeN4O,)(NO5),] 15.4 135 14.8 21.4
9 [Cu(CsHeN4O,)(OAC),] 21.2 27.3 234 21.7
10 [ZN(CsHeN4O5) (OAC),] 10.3 19.2 12.4 13.9
11 [Cd(CsHeN,O,)(OAC)] 28.8 21.4 21.9 23.3
Chloramphenicol® 64.2 77.2 65.4 71.2
Streptomycin® 63.2 77.2 79.4 82.2

3Mean of three replicates; "standard drugs

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




1376 SINGH etal.

and 36.2-38.2 mm, respectively. Complexes 9 and 11 exhibited good activity
against al the tested bacterial strains with a zone of inhibition in the range from
21.2—

—27.3 mm and 21.4-28.8 mm, respectively. Complex 2 showed the highest zone
of inhibition (29.6 and 28.1 mm) against E. coli and P. putida, respectively.
Complex 7 showed the highest zone of inhibition 23.2—26.4 mm against B. sub-
tilis, E. coli and P. putida (Table 111).

Based on the MIC values shown by these complexes againgt all the bacterial
strains, complex 1 was found to be most effective by showing a MIC of 4 pg mi—1
for E. coli, which is equal to the MIC shown by the standard antibiotic chloram-
phenicol and streptomycin against the same bacterial strain. Complex 1 aso exhi-
bited MIC values in the range from 4 to 8 pg mi—1 for the other bacterial strains.
In the whole series, the MIC value of complex 5 was found to be 16 pug mi—2 for
E. coli and 32 ug mi—1 for B. subtilis, B. stearothermophilus and P. putida.
Complex 11 showed an MIC of 64 ug ml—1 for B. subtilis (Table IV).

TABLE IV. Minimum inhibitory concentration (MIC) shown by the complexes against the
test bacteria determined by agar dilution assay (A — Bacillus subtilis (MTCC 8509),
B — Bacillus stearothermophilus (MTCC 8508), C — Escherichia coli (MTCC 51), D — Pseu-
domonas putida (MTCC 121))

MIC/ pg mi™
No. Complex A B C D
1 [Co(CsHeN4O,)Cl) 4 8 4 8
2 [Co((CsHeN4O2)(NO5)4] >128 >128 64 64
3 [Co(CsHN4O,)(OAC),] >128 >128 >128 >128
4 [Ni(CsHeN40,)Cl5] >250 >250 >250 >250
5 [Ni(CsHeN4O,)(NO3),] 32 3?2 16 32
6 [Ni(CsHeN4O,)(OAC),] >250 >250 128 >128
7 [Cu(CsHeN4O,)Cl5] >250 >128 >128 >128
8 [Cu(CsHNLO.)(NO3),] >250 >250 >250 >128
9 [Cu(CsHN,LO,)(OAC),] >128 128 >128 >128
10 [Zn(CsHeN40,)(OAC),] >250 >250 >250 >250
11 [Cd(CsHeN4O,)(OAC),] 64 >128 >128 >128
Chloramphenicol® 2 2 4 2
Streptomycin® 2 2 4 4
Standard drugs

The antifungal activities of al the complexes were determined against two
funga strains, i.e., A. flavus and A. niger, and then compared with the standard
antifungal drug cyclohexamide (Table V). In the whole series, complex 1 showed
the highest percentage inhibition (4143 %) against both fungal strains but none
of the tested complex restricted fungal growth excellently. However, of al the
tested complexes, complex 5 showed nearly 30-31 % inhibition of mycelial growth
against both fungal strainsi.e., A. flavus and A. niger, whereas complexes 10 and
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TETRAAZAMACROCY CLIC COMPLEXES 1377

11 showed nearly 15-24 % inhibition of mycelial growth against A. flavus and A.
niger (Table V).

TABLE V. Antifungal activities of the complexes against the fungal strains for a concen-
tration of 100 pg mi™*

N Compl Inhibition, %
o ompiex Aspergillus flavus Aspergillus niger
1 [Co(CsHeN4O,)Cl5] 43.29 41.18
2 [Co((CsHgN40O,)(NO3),] 10.69 11.07
3 [Co(CsHeNLO,)(OAC),] 11.68 15.31
4 [Ni(CsHgN4O,)Cl5] 10.52 14.49
5 [Ni(CsHgN40,)(NOs),] 30.66 31.42
6 [Ni(CsHsN4O,)(OAC),] 12.33 10.66
7 [Cu(CsHeN4O,)Cl5] 19.33 10.33
8 [Cu(CsHeN4O2)(NOs),) 13.81 10.20
9 [Cu(CsHgN4O,) (OAC),] 16.77 12.62
10 [ZNn(CsHgN40,)(OAC),] 15.33 18.71
11 [Cd(CsHeNLO,)(OAC),] 23.77 16.66
Cyclohexamide® 87.34 89.91
3Standard drug

CONCLUSIONS

Based on elemental analyses, conductivity and magnetic measurements, and
electronic, IR and NMR spectral studies, the structure shown in Fig. 1 may be
proposed for al the synthesized complexes.

N
C==0 X N H
|
C=o/x N/ H
\ Fig. 1. Structure of the synthesized complexes (M =
E = Co(ll), Ni(ll), Cu(ll), Zn(I1) or Cd(ll) and X = CI’,

NO;s or CH3COO_)

However, none of the synthesized macrocyclic metal complexes showed
good antibacterial and antifungd activities againgt all the bacteria and fungal
strains, but some of the complexes, such as 1 and 5, were found to be most ef-
fective against various bacterial and fungal strains. It is suggested that chela-
tion/coordination reduces the polarity of the metal ion, mainly because of the par-
tial sharing of its positive charge with a donor group within the whole chelate
ring system.® This process of chelation thus increases the lipophilic nature of the
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1378 SINGH etal.

central metal atom, which in turn, favours its permeation through the lipoid layer
of the membrane, thus causing the metal complex to cross the bacterial mem-
brane more effectively, thus increasing the activity of the complexes. In addition
to this, many other factors, such as solubility, dipole moment and conductivity,
which are influenced by the metal ion may be the possible reasons for the anti-
bacterial activities of these metal complexes.40 It was also observed that some
moieties, such as azomethine linkage or heteroaromatic nucleus introduced into
such compounds exhibit extensive biological activities that may be responsible
for the increase in hydrophobic character and liposolubility of the molecules in
crossing the cell membrane of the microorganism and enhance the biological uti-
lization ratio and activity of the complexes.4!
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1Department of Chemistry, National Institute of Technology, Kurukshetra-136 119 u 2Department of
Biotechnology, Kurukshetra University, Kurukshetra-136 119, India

IIpuMeHOM TeMITaTHE KOHIEH3ALMOHE MeToze Mojasehu ol MaloHWIAMXUApa3uaa U IIIH-
OKcalla y MeTaHoJy Kao pactBapady y npucyctsy comu Co(ll), Ni(Il), Cu(ll), Zn(I1) u Cd(ll) jona
cuntern3oBanu ¢y HOBH KoMmiuieken [M(CsHgN4Oo)Xo]-trna (M = HekH 0f1 HaBEICHHX jOHA Me-
taia; X = CI7, NOy” u OAC’). 3a kapakTepu3alijy OBHX KOMIUIEKCa YIIOTPEOIbEHH Cy elIeMEHTapHa
MHKpOaHaJIN3a, MarHeTHa M KOHAYKTOMETpHjcKa Mepema. [loper Tora, 3a KapakTepH3alujy KOMII-
nekca ynorpebbeHa je enekrporcka, NMR u nadpa npeena cnekrpockonuja. Ha 6a3u oBux nzy-
YaBama 3a JJ0OOMBEHE KOMILIEKCE NPETIOCTAaBIbEHA je OKTaenapcka reomerpuja. IIpukasanu cy pe-
3yATaTd iN Vitro ncnnTHBama aHTHOAKTEPHjCKE U aHTH(YHraTHEe aKTHBHOCTH M30JIOBAHHX KOMII-
JeKca.

(MTpumusbero 29. janyapa, pesuanpano 28. anpria 2010)

REFERENCES

1. D.P.Singh, R. Kumar, V. Mdlik, P. Tyagi, Transition Met. Chem. 32 (2007) 1051
2. L. F. Lindoy, The Chemistry of Macrocyclic Ligand Complexes, Cambridge University
Press, Cambridge, 1989

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




TETRAAZAMACROCY CLIC COMPLEXES 1379

3. W. Mg, Y. Tian, S. Zhang, J. Wu, Transition Met. Chem.,31 (2006) 97
4. Current Trends and Future Perspectives, K. Gloe, Ed., Springer, Amsterdam, 2005
5. Coordination Chemistry of Macrocyclic Compounds, E. C. Constable, Ed., Oxford Uni-
versity Press, Oxford, 1999
6. D.P. Singh, R. Kumar, V. Mdlik, P. Tyagi, J. Enzym. Inhib. Med. Chem. 22 (2007) 177
7. Magnetic Resonance Imaging of the Body, A. D. Watson, S. M. Rockladge, Eds., Raven
Press, New Y ork, 1992
8. C. Kosmas, D. Snook, C. S. Gooden, N. S. Courtenay-Luck, M. J. McCall, F. Claude, C.
F. Meares, A. A. Epenetos, Cancer Res. 52 (1992) 904
9. J. Seto, S. Tamura, N. Asai, N. Kishii, Y. Kijima, N. Matsuzawa,, Pure Appl. Chem. 68
(1996) 1429
10. W. Dong, R Yang, L. Yan, Indian J. Chem. 40A (2001) 202
11. D.P. Singh, R. Kumar, P. Tyagi, Transition Met. Chem. 31 (2006) 970
12. D. Greenwood, R. Slack, J. Peutherer, Medical Microbiology: A Guide to Microbial
Infections: Pathogenesis, Immunity, in Laboratory Diagnosis and Controal, 15" ed., ELST
Publishers, Edinburgh, 1997
13. J. McFarland, J. Am. Med. Assoc. 14 (1907) 1176
14. NCCLS, Method for dilution antimicrobial susceptibility test for bacteria that grow
aerobically, in Approved Sandards, 5" ed., M7-A5, National Committee for Clinical
Laboratory Standards, Villanova, PA, 2000
15. S. Chandra, S. D. Sharma, Transition Met. Chem. 27 (2002) 732
16. R.N. Prasad, M. Mathur, A. Upadhyay, J. Indian Chem. Soc. 84 (2007) 1202
17. T. A. Khan, M. A. Rather, N. Jahan, S. P. Varkey, M. Shakir, Transition Met. Chem. 23
(1998) 283
18. A.K. Singh, A. Panwar, R. Singh, S. Beniwal, Transition Met. Chem. 28 (2003) 160
19. D. L. Pavia, G. M. Lampman, G. S. Kriz, Introduction to Spectroscopy, Harcourt College
Publishers, New Y ork, 2001
20. N. Nishat, Rahis-ud-din, M. M. Hag, K. S. Siddigi, Transition Met. Chem. 28 (2003) 948
21. R.N. Prasad, M. Mathur, J. Indian. Chem. Soc. 83 (2006) 1208
22. Q. Zeng, J. Sun, S. Gou, K. Zhou, J. Fang, H. Chen, Transition Met. Chem. 23 (1998) 371
23. A. K. Singh, R. Singh, P. Saxena, Transition Met. Chem. 29 (2004) 867
24. L. K. Gupta, S. Chandra, Transition Met. Chem. 31 (2006) 368
25. A. K. Mohamed, K. S. Islam, S. S Hasan, M. Shakir, Transition Met. Chem. 24 (1999)
198
26. C. Lodeiro, R. Bastida, E. Bertolo, A. Macias, R. Rodriguez, Transition Met. Chem. 28
(2003) 388
27. @) S. Chandra, L. K. Gupta, Spectrochim. Acta A 60 (2004) 2767; b) M. Shakir, S. P.
Varkey, P. S. Hameed, Polyhedron 12 (1993) 2775
28. K. Nakamoto, Infrared & Raman Spectra of Inorganic & Coordination Compounds Part
B, 5" ed., Wiley Interscience, New Y ork, 1997
29. M. Shakir, K. S. Isam, A. K. Mohamed, M. Shagufta, S. S. Hasan, Transition Met. Chem.
24 (1999) 577
30. M. Shakir, S. P. Varkey, Polyhedron 14 (1995) 1117
31. F.M. A. M. Aqgra, Transition Met. Chem. 24 (1999) 337
32. S. Chandra, R. Kumar, Transition Met. Chem. 29 (2004) 269
33. Z. A. Siddiqi, S. M. Shadab, Indian J. Chem. 43A (2004) 2274

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS



1380 SINGH etal.

34.
35.
36.
37.

38.
39.
40.
41.

42,

M. Boghagi, S. Mohebi, J. Mol. Catal. Chem. 179 (2002) 41

B. Rana, D. P. Singh, P. Singh, M. P. Tectia, Transition Met. Chem. 6 (1981) 36

B. P. Lever, Inorganic Electronic Spectroscopy, Elsevier, Amsterdam, 1984

D. N. Sathyanarayana, Electronic Absorption Spectroscopy and Related Techniques, 1%
ed., Universities Press, New Delhi, 2001

A. B. P. Lever, E. Mantovani, Inorg. Chem. 10 (1971) 817

JM. Andrews, J. Antimicrob. Chemother. 48 (2001) 5

N. Raman, S. R. Johnson, A. Sakthivel, J. Coord. Chem. 62 (2009) 691

Z. H. Chohan, M. U. Hassan, K. M. Khan, C. T. Supuran, J. Enzym. Inhib. Med. Chem.
20 (2005) 183

K. Singh, D. P. Singh, M. S. Barwa, P. Tyagi, Y. Mirza, J. Enzym. Inhib. Med. Chem. 21
(2006) 749.

D.
V.
A.

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




