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Abstract

The hexamethyl tetraazamacrocyclic ligand salt, Me [14]diene. 2HCIO,(L.2HCIO,) has been synthesized by the condensation of

ethylenediamine with acetone in the presence of HCIO, then two isomeric ligands tet-a and tet-b have been isolated from its reduced

form. These ligands produced bimetallic and monometallic nitratozinc(II) complexes with Zn(NO,),.6H,0. The nitratozinc(II) com-
plexes, [(ZnL),(NO,)](CIO,),, [Zn(tet-a)(NO,),] and [Zn(tet-b)(NO,),] underwent axial addition and substitution reactions with KX
(X=SCN, NO,, I or Br) in proper ratio to produce twelve new corresponding monometallic six coordinated octahedral complexes.

The newly prepared complexes have been characterized on the basis of elemental analyses, IR, UV-Vis, and H-NMR spectroscopic,

magnetic and molar conductivity data. Antibacterial activities of the ligands and complexes against different gram positive and gram

negative bacteria have been investigated.

Keywords: Macrocyclic Ligands; Zinc(II) Complexes; Axial Addition and Substitution; Spectroscopic Studies; Antibacterial Activities

Introduction

The fondness for macrocycles over simple unidentate or biden-
tate ligands, in certain cases, has arisen from the greater stability
and inertness of their complexes as well as the often extreme physi-
cal properties that are a result of their strong ligand field, especially
in the case of the aza-macrocycles [1]. The synthesis and character-
ization of tetraaza-macrocyclic complexes have been found to act
as possible models for biochemically important proteins and com-

plexes like vitamin B, , myoglobin, hemoglobin, chlorophyll etc.) to
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provide us an easier approach to the study of fundamental proper-
ties of metal ions encapsulated in a macrocyclic environment [2,3].
Complexes of ligands related to cyclam (fourteen membered tet-
raazamacrocyclic ligands) have been explored for their use in crys-

tal engineering [4], therapeutic reagents [5], chemical sensor, ion

transporter, MRI contrast agents [6] and as catalysts [7]. Among
these applications catalytic activity of these macrocyclic com-
plexes has a major contribution to the green chemistry. Further,
they appear very promising for potential use as antibacterial, an-
tifungal [8], antioxidants [9], antiproliferative [10], antidiabetic
[11] antitumor [12] and anticancer [13] drug. Different zinc(II)
complexes with different macrocyclic ligands are available in the
literature [14-17]. Similarly some studies on present hexamethyl
substituted tetraazmacrocyclic diene ligand L and isomers (tet-a
and tet-b) of its reduced form as well as some of their zinc(II)
complexes are reported [18-21]. But axial addition and substitu-
tion complexes of the concerned ligands have not been reported
so far. So it seems attracting to study whether axial addition and

substitution reaction products on zinc(II) complexes of the con-
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cerned ligands could be prepared. Keeping this in mind, the ligand
salt, hexamethyl tetraazacyclotetradecadiene dihydroperchlorate
(L.2HCIO,) and two isomeric ligands, tet-a and tet-b of its reduced
form were prepared [22,23] (Scheme 1) and nitratozinc(II) com-
plexes of concerned ligands have also been prepared as per our
report (Chart 1) [19]. Axial addition and substitution reactions on
these complexes have been carried out to result twelve addition
and substitution products. In this work we report synthesis, char-
acterization and antibacterial activities of these new axial addition
and substitution reaction products of nitratozinc(Il) complexes of

the concerned ligands.
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Scheme 1: Synthesis of a diene ligand salt L.2HCI04 and isomeric
ligands tet-a and tet-b.

Materials and Methods

Ethylenediamine, HC104,
ny), Zn(NO,),-6H,0 and KX (X= SCN, NO,, I and Br) (Aldrich, USA),

were used as received from commercial sources. The solvents used

sodium borohydride (Merck, Germa-

in the reactions were of AR grade and were obtained from com-
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mercial sources (Merck, Germany). The solvents were dried us-
ing standard literature procedures. Microanalyses (C, H, N) were
performed on a Carlo-Ebra, EA 1108 instrument. Infrared spectra,
as KBr pellets, were recorded in the range 4000 - 400 cm™ on a
Glaxy 7020 A spectrophotometer (Shimazdu Instruments Inc.).
Electronic absorption spectra were recorded on a Shimadzu UV-Vis
265 spectrophotometer. 'H-NMR spectra were measured on a 400
MHz Bruker Instrument at room temperature; chemical shifts are
given in ppm relative to TMS as an internal reference. Conductance
measurements were performed in, CHC13’ DMSO and H,0 solutions,
using a HANNA instrument equipped with a HI 8820N conductiv-
ity cell.

Syntheses
Ligands
The parent ligand salt L.2HCIO, was prepared by the method de-

scribed in literature [22]. On reduction with sodium borohydrate,
this ligand salt L.2HCIO, yielded two isomeric ligands, tet-a and tet-
b. The separation and isolation of the isomers tet-a and tet-b have

been carried out as procedure adopted in the literature [23].

Zinc(II) complexes

Bimetallic mononitratozinc(II) and monometallic

dinitratozinc(II) complexes
The nitratozinc(Il) complexes; [(ZnL),(NO,)](CIO,),, [Zn(tet-a)
(NO,),] and [Zn(tet-b)(NO,),] were prepared by the method de-

scribed in our previous report [19].

Axial
nitratozinc(II) complexes

ligand addition and substitution products of

Diisothiocyanatozinc(II) complexes

Proper weight (2.0 mmol) of KSCN was dissolved in hot metha-
nol 20 mL and then added to a hot methanolic suspension (20 mL)
of each of the complexes, [(ZnL),(NO,)](CIO,).,, [Zn(tet-a)(NO,),]
and [Zn(tet-b)(NO,),] in the molar ratio of 4:1, 2:1 and 2:1 respec-
tively. The solutions were reduced to 15 mL by heating on a wa-
ter bath, and then allowed to cool while the white product [Zn(L)
(NCS),] (L'=L, tet-a or tet-b) crystallized out which was filtered off,
washed with methanol followed by diethylether, and dried in a des-

iccator over silica gel.

[Zn(L)(NCS),]: For C H,N,S,7Zn (462.01) Anal. calcd. (%): C,
46.79; H, 6.98; N, 18.19; S, 13.88. Found, (%): C, 46.77; H, 6.94;
N, 18.23; S, 13.86. IR(v, cm™): 3157 v(N-H), 2970 v(C-H), 1660
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v(C=N), 1371 v(CH,), 1157 v(C-C), 2061 v(CN), 848 v(CS), 468
8(NCS), 555 v(Zn-N). '"H NMR (8, ppm): For CH,, § = 1.08 (s, equato-
rial, 6 H), 1.14 (s, axial, 6 H), 2.10 (s, equatorial, 6 H); For CH,, CH
and NH, 6§ =2.61 (m), 2.94 (m), 3.22 (m). Molar conductivity (ohm™
cm? mole™): CHCL, 0.

[Zn(tet-a)(NCS),]: For C,;H, NS, Zn (466.04) Anal. calcd. (%):
C,46.39; H,7.79; N, 18.03; S, 13.76. Found (%): C, 46.37; H, 7.70; N,
18.07;S,13.80. IR (v, cm™): 3174 v(N-H), 2968 v(C-H), 1382 v(CH,),
1161 v(C-C), 2058 v(CN), 815 v(CS), 480 §(NCS), 542 v(Zn-N). Mo-
lar conductivity (ohm™ cm? mole™): CHCL,, 0.

[Zn(tet-b)(NCS),]: For C H, NS, Zn (466.04) Anal. Calcd. (%):
C,46.39; H,7.79; N, 18.03; S, 13.76. Found (%): C, 46.37; H, 7.77; N,
18.08; S, 13.81IR (v, cm™): 3185 v(N-H), 2970 v(C-H), 1376 v(CH,),
1165 v(C-C), 2075 v(CN), 817 v(CS), 460 §(NCS), 556 v(Zn-N). 'H
NMR (6, ppm): For CH,, 6 = 1.07 (s, equatorial, 6 H), 1.29 (s, axial,
6 H), 1.11 (d, equatorial, 6 H); For CH,, CH and NH, 6 = 1.65 (m),
2.40 (m), 2.94 (m), 3.06 (m), 3.35 (m). Molar conductivity (ohm™
cm? mole™): CHC13, 0; H,0, 49.

Nitrozinc(II) complexes

The mononitrozinc(Il) perchlorate complex, [ZnL(NO,)](CIO,)
and dinitrozinc(ll) complexes, [Zn(tet-a)(NO,),] and [Zn(tet-b)
(NO,),] were prepared by the procedure adopted for the prepara-
tion of diisothiocyanatozinc(Il) complexes by using KNO, instead
of KSCN.

[ZnL(NO,)(CIO,)]: For C H,N.O.ClZn (491.30) Anal. calcd.
(%): C, 39.11; H, 6.56; N, 14.25. Found (%): C, 39.08; H, 6.50; N,
14.22. IR (v, cm™): 3258 v(N-H), 2970 v(C-H), 1664 v(C=N), 1381
v(CH,), 1159 v(C-C), 1448 v, (NO,), 1321 v (NO,), 845 §(NO,),
1075, 624, v(Cl0,), 528 v(Zn-N). 'H NMR (8, ppm): For CH,, 6 = 1.08
(s, equatorial, 6 H), 1.11 (s, axial, 6 H), 2.09 (s, equatorial, 6 H); For
CH,, CH and NH, § = 2.50 (m), 2.92 (m), 3.24 (m). Molar conductiv-
ity (ohm™ cm?* mole™): CHCL,, 0; DMSO, 64; H,0, 224.

[Zn(tet-a)(NO,),]: For C,,H, N.O,Zn (441.88) Anal. calcd.(%):
C,43.49; H, 8.21; N, 19.02. Found (%): C, 43.52; H, 8.18; N, 19.07.
IR (v, cm™): 3186 v(N-H), 2968 v(C-H), 1375 v(CH,), 1184 v(C-C),
1460 v, (NO,), 1332 v (NO,), 817 §(NO,), 525 v(Zn-N). Molar
conductivity (ohm™ cm* mole™): CHCI,, 0; DMSO, 48; H,0, 181.
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[Zn(tet-b)(NO,),]: For C, H, N,0,Zn (441.88) Anal. calcd.(%):
C, 43.49; H, 8.21; N, 19.02. Found(%): C, 43.46; H, 8.18; N, 19.06.
IR(v, cm™): 3154 v(N-H), 2947 v(C-H), 1354 v(CH,), 1184 v(C-C),
1460 v, (NO,), 1354 v__(NO,), 845 5(NO,), 540 v(Zn-N). 'H-NMR
(6, ppm): For CH,, & = 1.07 (s, equatorial, 6 H), 1.27 (s, axial, 6 H),
1.11 (d, equatorial, 6 H); For CH,, CH and NH, & = 2.41 (m), 2.94 (m),

3.35 (m). Molar conductivity (ohm™ cm? mole™): CHCL,, 0; H,0, 35.

sym

Diiodidozinc(II) complexes

Diiodido complexes, [ZnLL], [Zn(tet-a)l,] and [Zn(tet-b)I,] were
afforded by following the procedure adopted for the preparation of
diisothiocyanatozinc(Il) complexes by using KBr instead of KSCN.

[ZnLL]: For C H,,N,I,Zn (599.65) Anal. calcd. (%): C, 32.05; H,
5.38; N, 9.34. Found (%): C, 32.06; H,5.41; N, 9.37 IR (v, cm™): 3180
v(N-H), 2966 v(C-H), 1668 v(C=N), 1373 v(CH,), 1160 v(C-C), 530
v(Zn-N) Molar conductivity (ohm™ cm? mole™): CHCI, 0; DMSO,

90; H,0, 280.

[Zn(tet-a)L]: For C, ,H, N,1.Zn (603.68) Anal. calcd. (%): C,
31.83; H, 6.01; N, 9.28. Found (%): C, 31.80; H, 5.98; N, 9.26. IR(v,
cm™): 3120 v(N-H), 2962 v(C-H), 1376 v(CH,), 1182 v(C-C), (Zn-N)
540 v."H NMR (8, ppm): For CH,, § = 1.15 (s, equatorial, 6 H), 1.28
(s, axial, 6 H), 1.13 (d, equatorial, 6 H); For CH,, CH and NH, § = 2.58
(m), 2.86 (m), 5.72 (m), 6.51 (m). Molar conductivity (ohm™ cm?
mole™): CHCL,, 0; DMSO, 84; H,0, 282.

[Zn(tet-b)L]: For C H,N,L7n (603.68) Anal. calcd. (%): C,
31.83; H, 6.01; N, 9.28. Found (%): C, 31.79; H, 6.04; N, 9.29 IR (v,
em™): 3121 v(N-H), 2962 v(C-H), 1371 v(CH,), 1084 v(C-C), 545
v(Zn-N). Molar conductivity (ohm™ cm?® mole™): CHCI,, 0; DMSO,
95; H,0, 286.

Dibromidozinc(II) complexes

Dibromido complexes, [ZnLBr,].2H,0, [Zn(tet-a)Br,].2H,0 and
[Zn(tet-b)1,].2H,0 were furnished by the procedure adopted for
the preparation of diisothiocyanatozinc(Il) complexes by using
KBr instead of KSCN.

[ZnLBr,].2H,0: For C,,N,H, 0,Br,Zn (541.68) Anal. calcd. (%):
C, 35.48; H, 6.70; N, 10.34. Found (%): C, 35.44; H, 6.73; N, 10.31
IR (v, em™): 3199 v(N-H), 2970 v(C-H), 1662 v(C=N), 1373 v(CH,),
1159 v(C-C), 570, 1652 v(H,0), 3447 v(OH), 548 v(Zn-N). Molar
conductivity (ohm™ cm? mole™): CHCL,, 0; H,0, 191.
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[Zn(tet-a)Br,].2H,0: For C NH, OBr,Zn (545.71) Anal
calcd.: C,35.21; H, 7.39; N, 10.27. Found: C, 35.25; H, 7.36 N, 10.25
IR (v, cm™): 3153 v(N-H), 2966 v(C-H), 1375 v(CH,), 1182, v(C-C),
563, 1620 v(H,0), 3430 v(OH), 552 v(Zn-N). 'H NMR (6, ppm): For
CH,, 6 =1.07 (s, equatorial, 6 H), 1.16 (s, axial, 6 H), 1.12 (d, equa-
torial, 6 H); For CH,, CH and NH, 8 = 2.55 (m), 2.91 (m), 5.73 (m),
6.52 (m). Molar conductivity (ohm™ cm? mole™): CHCL,, 0; DMSO,
36; H,0, 241.

[Zn(tet-b)Br,].2H,0: For C, N, H, O,Br,Zn (545.71) Anal. calcd.
(%): C, 35.21; H, 7.39; N, 10.27. Found: C, 35.19; H, 7.35; N, 10.29.
IR (v, cm™): 3121 v(N-H), 2968 v(C-H), 1371 v(CH,), 1180 v(C-C),
1636 v(H,0), 3465 v(OH), 540 v(Zn-N). 'H NMR (8, ppm): For CH,,
6 =1.08 (s, equatorial, 6 H), 1.26 (s, axial, 6 H), 1.12 (d, equatorial,
6 H); For CH,, CH and NH, & = 2.45 (m), 2.92 (m), 3.08 (m), 3.37 (m).
Molar conductivity (chm™ cm? mole™): CHCL,, 0; H,0, 85.

Antibacterial activities

Antibacterial activities of the ligands and their complexes
against selected gram-positive and gram-negative bacteria were
investigated by the disc diffusion method. Paper discs (6 mm in di-
ameter) and Petri plates (70 mm in diameter) were used through-
out the experiment. Pour plates were made with sterilized melted
nutrient agar NA (45°C), and after solidification of the pour plates,
the test organisms (suspension in DMSO) were spread uniformly
over the pour plate with sterilized glass rod separately. The paper
discs, after soaking with test chemicals (1, 1.5, 2 and 2.5 mg/mL
in DMSO), were placed at the center of the inoculated pour plate.
A control plate was also maintained in each case with DMSO. The
plates firstly were kept for four hours at low temperature (4°C)
and the test chemicals diffused from the disc to the surrounding
medium by this time. The plates were then incubated at (35 *
2)°C for the growth of the test organisms, and were observed at
24 hours and 48 hours intervals. But the activity did not differ be-
tween 24 hours and 48 hours intervals. The activity was expressed
in terms of zone of inhibition in mm. Test was repeated three times
at 24-hours intervals for statistical analysis. As it was observed that
activity of the compounds started at a concentration 2.5 mg/mL,

so activity of all compounds were reported at this concentration.

Results and Discussion

The concerned hexamethyltetraazamacrocyclic ligand salt
L.2HCIO, has been prepared and isomeric ligands of its re-
duced form, tet-a and tet-b have been isolated as per procedure
adopted in the literature [22,23] (Scheme 1). The bimetallic
mononitratozinc(II) complex of L, [(ZnL),(NO,)](ClO,), and mono-
metallic dinitratozinc(II) complexes of tet-a and tet-b, [Zn(tet-a)
(NO,),] and [Zn(tet-b)(NO,),] have been prepared and charac-
terized by different analytical data as well as by X-ray crystallog-
raphy (Figure 1 and 2) as per our earlier report [18,19]. These
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nitratozinc(II) complexes undergo axial ligand addition and substi-
tution reactions to give a variety of trans-derivatives on reactions
with KX (X=SCN, NO,, I or Br) in proper ratio. These newly pre-
pared compounds have been characterized by different analytical
and spectroscopic techniques. All zinc(Il) complexes were found
white as expected and the melting points were above 250°C. The
stereo-chemistries of these complexes have been determined on
the basis of 'H-NMR as well as on the basis that axial addition and
substitution take place without change of configuration and con-
formation of ligands of the original zinc(II) complexes [19-21,24].
Since infrared spectra of these complexes could not be run at a
range lower than 400 cm™, so some IR bands due to metal-ligands
(axial) stretch could not be recorded. However, conductance value
0 ohm'cm?mole? of these complexes in chloroform supported
the formation of six coordinate non-electrolytic complexes. These
zinc(II) complexes are found to be diamagnetic as expected for the
presence of paired electrons in their d!° system. The electronic
spectra of these complexes do not exhibit any d-d band as expected

for their d'° system.

Figure 1: X-ray structure of [(ZnL),(NO,)](CIO,),.

Figure 2: X-ray structure of [Zn(tet-a)(NO,),].
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Ligands
The parent ligand L and two isomeric ligands, tet-a and tet-b

were prepared and characterized as per literature [22,23].
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Isothiocyanatozinc(II) complexes

Evaporation of the chloroform extracts of the products produced
by the reactions of bimetallic [(ZnL),(NO,)](Cl0,), and monometal-
lic [Zn(tet-a)(NO,),] and [Zn(tet-b)(NO,),] with KCNS in the proper
ratio yielded white solid products [Zn(L)(NCS),], [Zn(tet-a)(NCS),]
and [Zn(tet-b)(NCS),] respectively. The infrared spectra of these
isothiocyanato complexes show characteristic bands for v(NH) at
3157-3185 cm’, v(C-C) at 1157-1165 cm™, v(C-H) at 2968-2970
cm?, v(Zn-N) at 542-556 cm™and v(C=N) at 1660 cm™ in case of
[Zn(L)(NCS),]. Absence of v(NO,) bands and presence of v(NCS)

46

Zinc(II) complexes

Bimetallic mononitratozinc(II) and monometallic

dinitratozinc(II) complexes

The nitratozinc(II) complexes [(ZnL),(NO,)](CIO,),, [Zn(tet-a)
(NO,),] and [Zn(tet-b)(NO,),] were prepared and characterized as
Structures [, II, and III (Chart 1) by the method described in our

previous report [19].

QONO2 ONO2
\(‘.m\ e W[.,m
oy, a0 ot o
N N N

N/
AN
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Str. III

and v(CN) bands demonstrate that the NO,” groups are substituted
completely by NCS groups. Additionally in case of [(ZnL),(NO,)]
(CIo,).,

NCS ion has taken place to form a monometallic complex from a

simultaneous substitution of NO, ion and addition of
bimetallic complex. Evidence in favor of co-ordination of NCS™ ion
through N-atoms comes from the infrared spectra of these com-
plexes. As per literature [26], since zinc is an element of 1% transi-
tion series, it is expected that NCS group in these complexes, will
be bonded through the nitrogen atom of thiocyanate group. Ap-
pearance of sharp v(CN) band in the region of 2058-2075 cm™ in

the present complexes is a good indication of N-bonded thiocya-
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nate group [25,26]. The present complexes also displays v , bands
at 815 - 846 cm™ and 8 ycs) bands at 460 - 480 cm® which do not
correspond to ligand in this region and are therefore assigned for
fully N-bonded thiocyanate group [26-30]. Therefore, these com-
plexes can be identified as isothiocyanato complexes. Molar con-
ductivity value of 0 ohm*cm? mole?! in chloroform indicates that
these complexes are non electrolytic in nature, i.e. the anions are
in the coordination sphere as expected for six coordinated octahe-
dral diisothiocyanatozinc(II) complexes. The *H-NMR spectrum of
[ZnL(NCS),] exhibits three singlets at 1.08 ppm, 1.14 ppm and 2.10
ppm corresponding to 6H each. These singlets can be assigned to
equatorial and axial components of gem dimethyl groups and equa-
torial methyl protons on double bonded sp? carbons. Appearance
of multiplets at 2.61, 2.94 and 3.22 ppm can be accounted for CH,
CH and NH protons. The spectral pattern is similar to its mother
complex, [(ZnL),(NO,)](CIO,), This proves that axial addition and
substitution take place without change of configuration and con-
formation of ligand of original mother complex. The '"H-NMR spec-
trum of the diisothiocyanotozinc(II) complex of tet-b, [Zn(tet-b)
(NCS),] displays two singlets. The singlets at 1.07 ppm and 1.29

NCS

yEEED

NCS

47
ppm each corresponding to six protons can be assigned to equato-
rial and axial components of the gem-dimethyl groups respectively.
The spectrum further reveals one doublet at 1.10 ppm correspond-
ing to 6H, which can be assigned to equatorially oriented methyl
protons on C; and C,, chiral carbons. The spectrum also shows
some downfield multiplets at 1.65, 2.40, 2.94, 3.06 and 3.35 ppm
due to CH,, CH and NH protons. Regarding stereochemistry of this
complex, a di-equatorial orientation of chiral methyls has been as-
signed as Structure [V of chart 2, which is a trans-III type of struc-
ture and most stable one [31] having the same stereochemistry of
its mother complex, [Zn(tet-b)(NO,),]. The spectral pattern of this
complex is similar to the corresponding dichloridocobalt(III) com-
plex [32] and the same assignment has also been made for the cor-
responding six coordinated cobalt(III) complexes. However stereo-
chemistry of other complex [Zn(tet-a)(NCS),] (Structure V, Chart 2)
has been assigned as its mother complex based on the fact as men-
tioned earlier regarding axial substitution [19-21,24]. Based on the
above evidences, the following structures, IV, V, and VI (Chart 1)
can be assigned for [Zn(L)(NCS),], [Zn(tet-a)(NCS),] and [Zn(tet-b)
(NCS),] respectively.

NCS

\{.m\
L

!.. PRt

j\l N N N. N N
( N/ j ( N/ N/ j
Zn Zn Zn
AN AN N
JRPA T RPN
NCS ] NCS ] NCS ]
Str. IV Str. vV Str. VI
Chart 2
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Nitro complexes

Reactions of [(ZnL)(NO,),](CIO,),, [Zn(tet-a)(NO,),] and
[Zn(tet-b)(NO,),] with KNO, in methanolic solution resulted white
mass in each case, which after extraction with chloroform and
evaporation of solvent afforded white solid products [ZnL(NO,)
(CI0,)], [Zn(tet-a)(NO,),] and [Zn(tet-b)(NO,),] respectively. In-
frared spectra of these complexes show v(N-H), v(C-H), v(CH,),
v(C-C) and v(Zn-N) stretching bands at the expected regions.
asym[NOZ) andv__(NO,) bands
at 1448 - 1460 cm™ and 1321 - 1354 cm! respectively. Appearance
of bands at 817 - 845 cm™ can be attributed to 6,

spectrum of [ZnL(NO,)(CIO,)] exhibits additional bands at 1075

cm™ and 624 cm™ which demonstrates the presence of ClO, group.

Moreover the complexes exhibit the v

sym

frequency. The

The splitting of band at 1075 cm™ is an indication of coordination
of Cl0,. Presence of v(Zn-N) band at 432 - 443 cm™ and other bands
in the proper region support the complexes to be N-bonded nitro
complexes. Molar conductivity value 0 ohm*cm?mole™ of the com-
plexes in chloroform indicates that the complexes are nonelectro-
lyte in nature. However for the complexes [(ZnL)(NO,)(ClO )] and
[Zn(tet-a)(NO,),], conductance values of 48 & 64 ohm™cm’mole™
in DMSO and 181 & 224 ohmcm?mole™ in water corresponding
to 1:1 [33] and 1:2 electrolytes respectively are probably due to
the replacement of nitrite ion by DMSO and H,0O from the coordi-
nation sphere respectively. Thus 1:1 electrolytes in DMSO can be
assigned for equilibrium between original octahedral complexes
with square pyramidal [ZnL(DMSO)](NO,)(ClO,) and [Zn(tet-a)
(DMSO)](NO,),; or with octahedral [ZnL(DMSO0),](NO,)(CIO,) and
[Zn(tet-a)(DMSO0),](NO,), complexes respectively. But it is more
likely to assign a square pyramidal [ZnL(DMSO)](NO,)(CIO,) and
[Zn(tet-a)(DMSO)](NO,),. Since for the formation of octahedral
geometry, two big DMSO molecules should be incorporated into
the cavity which is also not favorable, so only square pyramidal
[ZnL(DMSO0)](NO,)(CIO,) or [Zn(tet-a)(DMSO)](NO,), (expression
01 and 02) structure is comparatively favorable. These replace-

ment reactions can be expressed by the expressions 01 and 02:

DMSO

[ZnL(ND,)I(C104)] _‘=“[an[2).\150] (NO,) (Cloy) anvnee (01)
[Zntet-a)(NO,) ] M0 e [Zn(tet-a)(DMSO)(NO))z e -(02)

The other option is that DMSO may force one of the coun-
ter ions to come out from the coordination site to form a square

pyramidal complex which can be expressed by the expressions

48
03 and 04. This option is more favorable for solvent DMSO as it
does not entertain the incorporation of a big molecule like DMSO:

DMS0
— - [Zml(NOp)@O) T (03)

—DMS0____ o [Zn(tet-a)(NO,)]NO;

[ZnL(NO2)(C104)]
[Zn(tet-a)(NO,),]

However, the 1:2 electrolytic behavor of these complexes
can be accounted for conversion of them into diaqua species of
the same geometry as expressed by the expressions 05 and 06:

H,0

e [7nL(H;0)](NOJ)(CO,)

— 0 [Zagea 03100,

[ZnL(NO)(CI04)]
[Zn(tet-a)(NO,),]

Again the conductance value 35 ohm*cm?mole? of [Zn(tet-b)
(NO,),] in water also corresponds to that of nonelectrolytes. The
'H-NMR spectrum of [ZnL(NO,)(CIO,)] shows the same spectral
pattern like parent complex [(ZnL)(NO,),](ClO,),. This observa-
tion is quite reasonable since the axial addition and substitution
take place without change of configuration and conformation of li-
gand of original complex. Thus the 'H-NMR spectrum of [ZnL(NO,)
(CIO,) shows four sharp methyl singlets at 1.08 ppm, 1.11 ppm,
2.09 ppm and 2.50 ppm. The singlet corresponding to six protons
at 1.08 ppm can be assigned to a pair of equatorial methyls of the
gem-dimethyl groups and the one at 1.11 ppm can be assigned
for a pair of axial methyls (6H) of the gem-dimethyl groups. The
singlet at 2.09 ppm can be assigned to two equatorially oriented
imine methyls at C, and C,,. However, the singlet at 2.50 ppm cor-
responding to four protons can be assigned to the peak arising out
of methylene protons at C, and C,,. The spectrum further exhibits
multiplets at 2.65 ppm, 2.92 ppm and 3.24 ppm which may be at-
tributed to other CH, and NH protons. The spectral pattern is same
as parent complex [(ZnL),(NO,)](CIO,), [19]. The 'H-NMR spec-
trum of [Zn(tet-b)(NO,),] displays two singlets due to axial and
equatorial components of gem dimethyl protons, one doublet for
equatorially oriented two methyl protons on two chiral carbons
and multiplets for CH, CH and NH protons. This spectral pattern is
similar to original complex [Zn(tet-b)(NO,),] and its corresponding
isothiocyanato complex [Zn(tet-b)(NCS),]. Thus the same stereo-
chemistry (trans-III form, stable N-isomer) has been assigned to
this derivative. Thus the structures VII, VIII and IX (Chart 3) can
be assigned for [ZnL(NO,)(CIO,)], [Zn(tet-a)(NO,),] and [Zn(tet-b)
(NO,),] respectively.
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Diiodidozinc(II) complexes

The complex, [(ZnL),(NO,)](ClO,),in the ratio of 1:4 and [Zn(tet-
a)(NO,),] and [Zn(tet-b)(NO,),] in the ratio of 1:2 on reaction with
KI gave white mass and extraction of these products with chloro-
form and evaporation of solvent produced white products [ZnLI,]
[Zn(tet-a)l,] and [Zn(tet-b)L,] respectively. Infrared spectra of these
complexes exhibit v(N-H), v(C-H), v(CH,), v(C-C) and v(Zn-N)
bands at expected region. Since the IR spectra could not be run
below 400 cm™, Zn-I stretch could not be detected for these com-
plexes. Molar conductivity value 0 ohmcm?mole? of these com-
plexes in chloroform support the non-electrolytic nature of theses
complexes, i.e. both the iodide ions are coordinated to zinc(II) ions.
However the conductance values of 90, 84 & 95 ohm”'cm?mole™ in
DMSO and 280, 282 & 286 ohm'cm?mole? in water corresponding
to 1:1 [33] and 1:2 electrolytes respectively are probably due to
conversion of octahedral species [ZnL'l,] (L'= L, tet-a or tet-b) to
square pyradimidal species [ZnL'I]I (L'= L, tet-a or tet-b) (expres-
sion 07) in DMSO and conversion of diiodido derivatives [ZnL'L] to
diaqua species [ZnL'(H,0),]I, (expression 08) in H,0 respectively.

These conversions can be expressed by the following expressions

07 and 08 as discussed in earlier section:

DMS0
[ZnL'l3)
Hz0
[ZnL'l4] ® [ZnL'(Hz0):2]k
(L' =L tet-a or tet-b)

- [ZnL]1

The 'H-NMR spectrum of [Zn(tet-a)l,] displays two singlets
at 1.15 and 1.28 ppm each corresponding to 6H which can be ac-
counted for equatorial and axial components of gem- dimethyl
protons. The spectrum further exhibits one doublet at 1.13 ppm
corresponding to 6H which can be attributed to equatorially ori-
entated two methyl protons on two chiral carbons. Thus a diequto-
rial orientation of chiral methyl has been assigned like the original
mother complex [Zn(tet-a)(NO,),] which also proves the retention
of configuration and conformation of ligands in substitution prod-
ucts [20,21,24]. The spectrum also provides some downfield mul-
tiplets due to CH,, CH and NH protons. So on the basis of the above
discussion the following structures X, XI and XII (Chart 4) can be
proposed for [ZnLl] [Zn(tet-a)l,] and [Zn(tet-b)],] complexes re-
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Dibromidozinc(II) complexes

The complexes [ZnLBr,]-2H,0, [Zn(teta)Br,]-2H,0 and [Zn(teta)
Br,]-2H,0, were resulted by the reactions of KBr with [(ZnL),(NO,)]
(C10,), [Zn(tet-a)(NO,),] and [Zn(tet-b)(NO,),] respectively. The
infrared spectra of these complexes exhibit all characteristic bands
due to v(N-H), v(C-H), v(CH,), v(C-C) and v(Zn-N) stretching
bands in the proper positions. The IR spectra of these complexes
also exhibit v(H,0) bands at 1620-1652 cm™ and v(OH) bands at
3430 - 3465 cm* which indicates the presence of lattice water [30].
Since the IR spectra could not be run below 400 cm!, Zn-Br stretch
could not be detected for these complexes. Molar conductivity
value 0 ohm’cm?mole? of these complexes in chloroform indicates
that the complexes are nonelectrolytes in nature. However the con-
ductance values of 191 and 241 ohmcm?mole™ of [ZnLBr,].2H,0
and [Zn(tet-a)Br,].2H,0 in water corresponding to 1:2 electrolyte
can be accounted for the replacement of bromide ions by H,0 mol-

ecules from the coordination sphere (expression-09):

H,0

= [Znl"(H:0)s]Brs v (09)

[Znl"Br,].2H;0
(L" =L or tet-a)

Again the conductance value of 36 ohm’cm?mole? of the

complex [Zn(tet-a)Br,]-2H,0 in DMSO also supports its non-
electrolytic nature as expected. However, the conductance
value of 85 ohm”cm?mole? of this complex corresponding
to 1:1 electrolyte can be attributed to equilibrium between

its present form and its diaqua species as per expression-10:

H;0

6: [Zn(tet-b)(Hz0)z 1Bry -

[Zn(tet-b)Bry] 2H,0 oo (10)

The "H-NMR spectra of [Zn(tet-a)Br,] and [Zn(tet-b)Br,] show
the similar spectral pattern like their original mother complex,
[Zn(tet-a)(NO,),] and [Zn(tet-b)(NO,),] respectively [19,20]. From
the afore mentioned evidences, the following structures XIII, XIV
and XV (Chart 5) have been assigned to [ZnLBr,]-2H,0, [Zn(tet-a)
Br,]-2H,0 and [Zn(tet-b)Br,]-2H,0 respectively.

Antibacterial activities

Studies on antibacterial activities of the metal complexes of
different macrocyclic ligands [34-37] as well as with concerned li-
gands [19-21] have been reported in the literature. Antibacterial
activities against different gram positive and gram negative bacte-
ria of some zinc(II) complexes have also been reported [19]. But
axial substitution and addition products of zinc(II) complexes with
concerned macrocycles L, tet-a and tet-b have not been studied so

far. So, it was interesting to examine whether these addition and
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substitution complexes show any such activity or not. In this con-
text, antibacterial activities of these ligands and axial substitution
and addition products of some nitratozinc(II) complexes have been
carried out against two important gram-positive bacteria Bacillus
cereus and Bacillus megaterium and five gram-negative bacteria,
Salmonella typhi, Escherichia coli, Shigella sonnei, Klebsiella pneu-
monia, Pseudomonas aeruginosa. To test the minimum concentra-
tion, at which the antibacterial activity starts, the antibacterial ac-
tivities were carried out at the concentration of 1, 1.5, 2, 2.5 mg/mL.
However, these compounds were found to start showing activity
from concentration 2.5 mg/mL as our earlier reports [19]. So, the

whole antibacterial study was performed at this concentration al-

51
though our other earlier studies [20,34-36] were carried out at the
concentration of 1 mg/mL. The results (Table 1 and 2) reveal that,
the ligands are ineffective against all bacteria, but all of its complex-
es exhibit mentionable antibacterial activity as our previous stud-
ies [19,20,34-36]. Both mononitrozinc(Il) complex of diene ligand
L and diiodidozinc(II) of tet-a show a promising activity (Table 1),
against concerned gram positive bacteria but diiodidozinc(II) com-
plex of tet-a is totally ineffective against gram negative bacteria S.
sonnei, K. pneumonia and P, aeruginosa (Table 2). Dibromido com-
plex of L exhibits good activity against B. megaterium but ineffec-
tive against B. cereus, on the other hand dibromidozinc(II) complex

of tet-a reveals no activity against both gram positive bacteria but

[ Br o T Br ] — Br ]
L i, | A di, | At
N N N N N N
in .2H- 4n 2H-0 in 2H-0
SN 20 TN AN :
Br ] Br ] Br ]
Str. XIII Str. XIV Str. XV
Chart 5

Table 1: Antibacterial activity of the compounds against gram positive bacteria.

Inhibition zone of the compounds (mm)
Name of the compounds
B. megaterium B. cereus

L.2HCIO, 0 0
tet-a 0 0
tet-b 0 0
[ZnL(NCS),] 8 9
[Zn(tet-a)(NCS),] 11 15
[Zn(tet-b)(NCS),] 6 0
[ZnL(NO,)](ClO,) 24 22
[Zn(tet-a)(NO,),] 8 8
[Zn(tet-b)(NO,),] 10 11
[ZnLL] 16 11
[Zn(tet-a)l,] 21 20
[Zn(tet-b)L, ] 4 4
[ZnLBr,].2H,0 21 0
[Zn(tet-a)Br,].2H,0 0 0
[Zn(tet-b)Br,].2H,0 11 0
Zn(NO,),.6H,0 4 3
Ampicillin (Standard) 32 34
DMSO (Control) 0 0
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Table 2: Antibacterial activities of the compounds against gram negative bacteria.

Inhibition zone of the compounds (mm)

Name of the compounds

S.typhi | E.coli |S. sonnei | K. pneumonia | P. aeruginosa
L.2HCIO, 0 0 0 0 0
tet-a 0 0 0 0 0
tet-b 0 0 0 0 0
[ZnL(NCS),] 15 12 8 10 17
[Zn(tet-a)(NCS),] 11 16 10
[Zn(tet-b)(NCS),] 0 9 6 7
[ZnL(NO,)](ClO,) 11 7 14
[Zn(tet-a)(NO,),] 12 14 12 16 10
[Zn(tet-b)(NO,),] 0 0 10 8 0
[ZnL1)] 11 15 10 11
[Zn(tet-a)l] 10 16 0 0 11
[Zn(tet-b)L,] 0 11 12 14 13
[ZnLBr,].2H,0 15 12 10 10 9
[Zn(tet-a)Br,].2H,0 16 12 10 9 10
[Zn(tet-b)Br,].2H,0 0 0 18 21 20
Zn(NO,),.6H,0 4 4 4 3
Ampicillin(Standard) 25 28 30 31 27
DMSO (Control) 0 0 0 0 0

show activity against all gram negative bacteria.

Here though ligands are ineffective against both gram positive
and gram negative bacteria but their metal complexes are effective,
this phenomenon can be explained by the chelation theory [37].
Generally, the activity of the complexes are increased by the chela-
tion. It can be assumed that, prohibition of the respiratory system
and blocking the protein synthesis system to protect the growth of
the bacteria by the complexes [38] can be responsible for antibac-

terial activity of the complexes.

Conclusion

This study reveals that the bimetallic nitrato complex
[(ZnL),(NO,](CIO,), of diene ligand L, undergoes simultaneous axi-
al addition and substitution reactions with KSCN, KNO,, KI and KBr
to result monometallic axial addition and substitution products,
[ZnLX (Cl0,),].xH,0 (X= NCS, NO, I or Br; m=2 or 1; n=0 or 1, x=0
or 2), whereas monometallic dinitrato complexes of tet-a and tet-b
undergo only axial substitution reactions with the same reagents to

produce monometallic axial substitution products, [ZnL’X,].xH,0

(L* = tet-a or tet-b; x=0 or 2). Regarding antibacterial activity, no
complex was found to exhibit activity at a concentration below 2.5
mg/mL. The antibacterial activity was found to increase on coordi-

nation which can be explained by the chelation therapy.
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