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Dihydroperchlorate salt of a 14-membered tetraazamacrocycle, Mes[14]diene-2HCIO4 (L-2HCIO4) was synthesized by the condensation
of 1,2-diaminopropane with acetone in the presence of a stoichiometric amount of perchloric acid. Lg, one of the three isomers (La, Ls
and Lc: isolated from the reduced product of the ligand salt (L-2HCIO4), on reflux with excess amount of acrylonitrile produced
corresponding white solid product, Lex (trans-N4,N11-bis(2-cyanoethyl) 2,9-C-meso-3,5,7,7,10,12,14,14-tetraazacyclotetradecane). The
reactions of Lex with vanadyl acetylacetonate followed by addition of few drops of vinyl cyanide yielded the pale green product,
[VO(Lex)(acac)](ClO4)2. The axial substitution reactions on [VO(Lsx)(acac)](ClO4)2 with NCS-, NOs~, NOz-, CI, Br- and I~ furnished
different coloured axial substitution products with different geometries. The structural features of the complexes were confirmed using
IR, NMR and UV-Vis spectroscopy, revealing their octahedral geometry. Antibacterial studies showed selective activities against Gram-

positive and Gram-negative bacteria, suggesting potential biomedical applications.
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INTRODUCTION

Macrocyclic compounds have gained significant impor-
tance in the current research world due to the various pharma-
ceutical applications. Moreover, studies on macrocyclic comp-
lexes also prove their unique properties on other aspects [1-7].
In this connection, different metal complexes of the macrocy-
clic ligands have been reported in sliterature [8-10]. Vanadium
complexes, in particular, exhibit promising catalytic and anti-
microbial properties, making them valuable in biomedical
and environmental applications [4-7]. However, syntheses and
characterization of various complexes of the concerned ligands
[11,12] including some vanadium complexes with other macro-
cyclic ligands [13-17] are available in the literature. But the
vanadium complexes with the concerned ligand have not been
reported so far. Therefore, it was of interest to investigate
whether complexes of the concerned ligand could be prepared
using vanadium as metal template. This study explores the
synthesis and characterization of vanadate(V) complexes and

N-pendent cyanoethyl derivative of an octamethyl tetraaza-
macrocyclic chelator (Lgx), evaluating their structural and
biological properties to uncover potential applications.

EXPERIMENTAL

All chemical compounds and solvents used were purch-
ased from Sigma Aldrich and Fluka and were used without
further purification.

Physical measurements: Elemental analyses (CHN) were
performed on a LECO CHNS-932 elemental analyzer (LECO
Corporation, USA). IR spectra were recorded on a Shimadzu
IR 20 spectrophotometer (Shimadzu, Japan) as KBr disks. *H
NMR measurement was carried out on a Bruker AVANCE
400 spectrometer (Bruker AG, Karlsruhe, Germany). Cond-
uctance measurements were conducted on a conductivity
bridge HI-8820 (Hanna Instruments, Italy).

Ligands: Ligand salt, Meg[14]diene-2HCIO, (L-2HCIO,),
was synthesized following a literature method [18]. Three
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isomers La, Lg and Lc of the reduced form of mother ligand
L-2HCIO4, were isolated and the N-pendent ligand Lgx was
also synthesized by adopting literature (Scheme-1) [11,19].
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Scheme-1: Synthesis of N-pendent ligand Lgx

Ligand salt, Lex-2HCIO4: N-pendent ligand Lgx (0.418 g,
1.0 mmol) was suspended in 20 mL of ethanol in a round
bottom flask and a few drops of vinyl cyanide were added. The
reaction mixture was then refluxed for 30 min. Further excess
of 70% HCIOs (3 mmol) was added dropwise into the
solution until pH was 7. The reaction mixture was heated
over water bath for 10 min and kept at room temperature.
After 24 h, a white crystalline product Lex-2HCIOs was
observed. The crystals were separated by filtration, washed
with ethanol followed by ether.

Vanadium complexes

[VO(Lex)(acac)](ClOa)2: The complex was prepared by
direct interaction of ligand salt Lgx-2HCIO,4 with vanadyl salt.
In brief, a suspension of 0.619 g (1.0 mmol) of ligand
Lex-2HCIO, in 20 mL ethanol was added to 20 mL ethanolic

solution of 0.265 g (1.0 mmol) vanadyl acetylacetonate follo-
wed by few drops of vinyl cyanide. While the mixture was
refluxed for 5 h, a pale green product was resulted. After
cooling at room temperature for 1 h, the pale green product,
[VO(Lsx)(acac)](ClO4), was filtered off, washed with ethanol
followed by diethyl ether and dried in a desiccator over silica
gel. Colour: Pale green, m.p.: 240 °C; Anal. calcd. (found) %:
C, 44.44 (44.40); H, 6.77 (6.73); N, 10.72 (10.64). IR (KBr,
cm*l): VN-H, 32095; V(=N, 2253VS; VC-H, 29815; VCHg, 1394W;
ve-c, 11773; VCIOy, 10415, 624m; Vv=0, 983m; VV-N, 522w.
Conductance (ohm cm? mol): 160 (in DMSO); 260 (in H0),
320 (in acetonitrile); *H NMR (8 ppm): For geminal dimethyl,
1.009 (s, equatorial, 6 H), 1.278 (s, axial, 6H); For methyl on
chiral carbon 1.111 (d, equatorial, 6H), 1.350 (d, axial, 6H);
methyl of acetylacetonate ions, 2.677 (s, 3H), 2.808 (s, 3H),
For CHz, CH & NH, 2.509 (s), 2.251 (m), 2.951 (m), 7.296
(m), 8.318 (m), 8.564 (m). 3C NMR (8, ppm): Peripheral
carbons, 15.464, 16.963, 18.180, 19.027, 19.798, 23.192,
24.488, 24.673, 25.259, 25.302, 25.631, 26.352, ring carbons,
42.262, 43.195, 43.828, 45.493, 46.343, 47.292, 48.535, 49.052,
49.593, 49.838, methylene carbons of N-cyanoethyl groups,
56.492, 58.276, 58.792, 60.145, carbons of cyano group,
120.021, 120.720. UV-visible [Amax in nm (emax)]: In DMSO,
268, 247; in water, 343, 268; in acetonitrile: 261. pesr (B.M.):
diamagnetic.

[VO(Lsx)( SCN)](CIO4)2: This complex was synthesized
by the axial substitution reaction on [VO(Lgx)(acac)](ClO4)-.
In brief, [VO(Lgx)(acac)](ClO4), (0.7829 g, 1.0 mmol) and
KSCN (1.94 g, 20.0 mmol) were taken separately in 20 mL
ethanol and mixed in a round bottom flask. Then few drops
of acrylonitrile were also added. The mixture was refluxed
for 4 h and pinkish green precipitate was observed at the
bottom. After cooling, the reaction mixture was filtered off
and then the pinkish green precipitate was washed with a little
ethanol followed by little ether and finally stored in a desic-
cator over silica gel. Colour: Pinkish green. m.p.: 240 °C: 210
°C. Anal. calcd. (found) %: C, 40.44 (40.46); H, 6.19 (6.21);
N, 13.21 (13.24); IR (KBr disc, cm™): vn.n, 3093m; veen,
2247s; ven, 2976m; veng, 1387s; ve.c, 1193m; veio,, 1040m,
626Vs, vv=0, 983Vs, vv.n, 474s. Conductance (ohm* cm? mol2):
165 (in DMSO), 340 (in acetonitrile); *H NMR (8, ppm): For
geminal dimethyl, 1.151 (s, equatorial, 6 H), 1.343 (s, equat-
orial, 6H); for methyl on chiral carbon. 938 (d, equatorial, 6H),
1.216-1.343 (d, axial, 6H); For methylene, methene and NH
protons 2.312(m), 2.776(m), 6.707(m), 7.283(m) and 8.367
(m). UV-visible [Amax in nm (emax)]: In DMSO, 268, 247; in
water, 343, 268; in acetonitrile: 261. per (B.M.): Diamagnetic.

[VO(Lex)(NO3)](ClOa4)2: [VO(Lex)(acac)](ClO4), (0.7829 g,
1.0 mmol) was refluxed with KNO3 (0.4044 g, 4.0 mmol) in
40 mL ethanol in presence of acrylonitrile for 4 h. The mixture
was filtered off after cooling to remove the residue. The filt-
rate was then heated on a water bath till completely dried up.
The dry light green coloured product [VO(Lgx)(NO3)](ClO4)2
was washed with a little ethanol followed by little ether and
finally stored in a desiccator over silica gel. Colour: Light
green. m.p.: 260 °C; Anal. calcd. (found) %: C, 38.61 (38.60);
H, 6.17 (6.16); N, 13.14 (13.13). IR (KBr disc, cm™): vn.u,
3244w, ve=n, 2241s; ven, 2973W; ven,, 1384w, vec, 1162m;
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veio,, 1046w, 625vs, vy=o, 984s, vv.n, 488w. Conductance
(ohm™t ¢cm? mol™): 181 (in DMSO), 275 (in H,0). UV-visible
[Amax In NM (emax)]: IN DMSO, 306. et (B.M): Diamagnetic.

[VO(Lex)(ChH](CIO4)2: [VO(Lsx)(acac)](ClO4), (0.7829 g,
1.0 mmol) and KCI (0.8935 g, 12.0 mmol) were taken sepa-
rately in 20 mL ethanol and mixed, followed by addition of
few drops of acrylonitrile. The mixture was refluxed for 2 h.
After cooling, the mixture was filtered off and washed with
ethanol. The filtrate was then heated on a water bath till
completely dried up. The dry light green coloured product
[VOLex(CH](ClO4)2 was washed with a little ethanol follo-
wed by little ether and finally stored in a desiccator over silica
gel. Colour: Light green, m.p.: 200 °C; Anal. calcd. (found) %:
C, 40.03 (40.07); H, 6.39 (6.43); N, 11.67 (11.69). IR (KBr
disc, cm™): v, 3018wW; ve=n, 2241S; ven, 2992wW; v,
1386vs; vc.c, 1180s; veio,, 1103s, 6245, vv=0, 987vs, vv., 513s.
Conductance (ochm* cm? mol™): 151 (in DMSO), 270 (in H,0).
UV-visible [Amax In nM (emax)]: 327 (in DMSO); 318 (in
water). pesr (B.M): Diamagnetic.

[VO(Lsx)(NO2)](ClO4)2, [VO(Lex)(Br)](ClO4). and
[VO(Lex)(1)](ClO4)2: The axial substitution complexes such as
[VO(Lex)(NO2)](ClO4)2, [VO(Lex)(BN)](ClO4). and [VO(Lex)-
(D](CIO4)2 were synthesized by following the above procedure
by using required amount of NaNO,, KBr and Kl respectively
instead of KCI.

[VO(Lex)(NO2)](ClO4)2: Colour: Brown, m.p.: 210 °C;
Anal. calcd. (found) %: C, 39.46 (39.43); H, 6.30 (6.27); N,
13.43 (13.42). IR (KBr disc, cm™): vn.n, 3279W; ve=n, 2246s;
VeH, 2974m; VCHg, 1383s; vec, 1174w, VClOy; 1088w, 624vs,
Vv=0, 9795, vyv.n, 492w. Conductance (ohm=* cm? mol2): 199
(in DMSO). UV-visible [Amax in nNm (gmax)]: In DMSO, 363.
efr (B.M): Diamagnetic.

[VO(Lex)(Br)](ClOa)2: Colour: Deep green, m.p.: 220
°C; Anal. calcd. (found) %: C, 37.70 (37.66); H, 6.02 (6.00);
N, 10.99 (10.95). IR (KBr disc, cm™): vn.p, 3181W; veen,
2242m; VC-H, 2976W; VCHg, 1383m; Ve-c, 1177m; VCIOy; 1046m,
6268, vv=0, 9833, vv-n, 498w. Conductance (ohm* cm? mol2):
196 (in DMSO0), 287 (in H20). UV-visible [Amax in nM (gmax)]:
246 (in DMSO0); 325 (in water). pesr (B.M): Diamagnetic.

[VO(Lex)(1)](ClO4)2: Colour: Yellow, m.p.: 230 °C;
Anal. calcd. (found) %: C, 35.52 (35.50); H, 5.67 (5.65); N,
10.36 (10.35). IR (KBr disc, cm™): vn.n, 3151w; v, 2246s;
Ve, 2972W; veng, 1382vs; ve.c, 1175m; veio,, 1045m, 626s,
vv=0, 976m, vy.n, 459m. Conductance (ohm cm? mol™): 170
(in DMSO0), 252 (in H20), 330 (in acetonitrile). UV-visible
[Amax in NM (emax)]: 367 (in DMSO), 296; 297 (in water); 359,
291 (in acetonitrile). perr (B.M): Diamagnetic.

Antibacterial studies: Antibacterial activities of the N-
pendent derivative Lgx and its vanadate(\V) complexes were
investigated against selected bacteria as per standard methods
described in our published report [11].

RESULTS AND DISCUSSION

Isomeric ligand Lg [18] and its N-pendent derivative Lgx
[11] (Scheme-1) were synthesized and characterized according

to our previous study. The molecular structure of N-pendent
ligand Lex was also confirmed as per earlier report [12].
[VO(Lex)(acac)](ClOa4)2: The ligand salt Lgx-2HCIO4
produced a pale green solid product [VO(Lgx)(acac)](ClO4)2
by the reaction with oxovanadyl(IV) acetylacetonate in ethanol
where vanadium was in its +V oxidation state, though in
starting salt vanadium was in its +IV oxidation state. It is to be
noted that the ligand Lgx does not undergo complexation with
vanadyl salt in its free state other than salt form. The IR spect-
rum of the complex exhibits vn-n, Vc-H, Verg, Ve-c and vv=o
stretching bands at 3209 cm™?, 2981 cm™?, 1394 cm™?, 1177
cm and 983 cm respectively, which are at the expected
regions. Moreover, the complex exhibits additional stretching
frequencies at 1041 cm™ and 624 cm™* which demonstrates
the presence of ClO, group in ionic state. Appearance of the
band at 2253 cm™ is an indication of the presence of C=N
group of cyanoethyl group [20]. The molar conductivity value
of the complex, 160 ohm™ cm?mol in DMSO and 260 ohm*
cm? mol in water indicates that the complex is 1:2 elect-
rolyte as expected for the assigned formula [21]. The colour
remained intact in these solvents. However, the molar cond-
uctance value of 320 ohm=! cm? mol in acetonitrile of the
complex corresponding to 1:3 electrolytes explores that CHsCN
might force acac™ ion out of coordination sphere as per egn. 1:

[VO(L,, )(acac)](CIO, ), —SHeN N
[VO(Lgy,)(CH,CN)](acac)(CIO,),

The electronic spectrum of acetylacetonato oxovanadate(V)
diperchlorate complex did not display any d-d band as expec-
ted for d° system. However, the bands at 247-343 nm can be
assigned to charge transfer bands. *H NMR spectrum of
[VO(Lsx)(acac)](ClO4)2 shows two singlets at 1.009 ppm and
1.278 ppm each corresponding to 6H and are assigned to
equatorial and axial components of two gem-dimethyl pairs.
The spectrum further exhibits two doublets at 1.111 ppm and
1.350 ppm each corresponding to 6H, which may arise out of
two equatorial and two axial methyl groups respectively which
are pairwise equivalent. So, [VO(Lsx)(acac)](ClO4). should
therefore have two equatorially oriented methyl groups and
two axially oriented chiral methyl groups. However, appear-
ance of two singlets at 2.677 and 2.208 ppm each corres-
ponding to 3H and one singlet at 2.509 ppm corresponding to
1H can be accounted for two methyl protons and one CH
proton of one acetylacetonate ion respectively. The spectrum
further exhibits some downfield multiplets at 2.251, 2.951,
7.296, 8.318 and 8.564 ppm etc. due to CH,, CH and NH
protons. So, a diequatorial-diaxial assignment is made for
this complex as its corresponding ligand Lgx. The *C NMR
spectrum of [VO(Lex)(acac)](ClOa4), displays 24 signals,
which is just the same as the total numbers of the carbons.
Though the symmetrical diaxial-diequatorial arrangement has
already been assigned on the basis of its *H NMR spectrum,
but appearance of 24 signals for 24 carbons can be accounted
for distortion in the molecule. The first eight peaks at 15-26
ppm can be assigned to the eight carbons of peripheral methyl
groups. Next 10 peaks at 42-50 ppm are due to the ring carbons
C2, Cs, Cs, Cs C7, Cg, C10, C12, C1z and Ci4. Another four peaks
at 56-61 ppm can be accounted for the four-methylene carbons
of cyanoethyl branches. However, the peak at 120.021 ppm
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and 120.720 ppm can be assigned to cyano carbons which are
expected to be highly deshielded. Complex [VO(Lgx)(acac)]-
(ClO4)2 was found to be diamagnetic as expected for octa-
hedral vanadate(V) complexes having d° system. Thus, based
on the above evidences, the structure of [VO(Lgx)(acac)]-
(ClQ4)2 can be assigned to as follows:

V (C1Oy),

[VO(LBx)(aCB.C)] (C|O4)2

Axial substitution products of [VO(Lsx)(acac)](ClO4).:
The axial substitution products [VO(Lgx)(NCS)](CIO4), [VO-
(Lex)(NO3)](ClO4)2 [VO(Lex)(CN](CIO4)2, [VO(Lex)(NO2)]-
(ClO4)2; [VO(Lex)(BN](CIO4)2 and [VO(Lex)(1)](CIO4), were
synthesized by the interaction of [VO(Legx)(acac)](ClO)2
with KSCN, KNO3, NaNO,, KCI, KBr and KI respectively.
Infrared spectra of these complexes Show vn-H, Vc-H, VcHs,

ve-c, Vv=o and vcio, Stretching bands at the expected regions.

These complexes therefore exhibit ve—x band at 2250-2247
cm? for -C=N moiety of cyano-ethyl group. Again in case of
[VO(Lex)(NCS)](CIO4); appearance of sharp ven band at
2045 cm™ is a good indication of N-bonded thiocyanate
group [22]. The concerned complex displays vcs band at 766
cm and des) band at 504 cm* which do not correspond to
the ligand in this region and are therefore assigned for fully
N-bonded thiocyanate group [22,23]. Therefore, this complex
can be identified as isothiocyanato complex. However, the
complex [VO(Lex)(NO2)](ClO.), exhibits the vasym (NO-) and
veym (NO2) bands at 1458 cm and 1383 cm™ respectively
indicating that the complex to be a N- bonded nitro complex
[24]. Appearance of band at 827 cm™ can be attributed to
dno, frequency. In addition, [VO(Lex)(NOs)] (ClO.)2 reveals

aband at 1384 cm* which demonstrates the presence of vo,

band and splitting of this band into two bands at 1458 and
1334 cm™! with a separation of 124 cm™ of this complex,
explores the unidentate mode of coordination of NOs~ion [25].
Since IR spectra of these halo complexes, [VO(Lgx)(X)]-
(ClO4)2 (X= CI/Br/I") could not be run below 400 cm so the
IR stretch due to vm-cier Which is supposed to appear around
260 cm?, that could not be detected. Absence of vacac bands
in the region 1517-1500 cm™* demonstrate that the acac group
is substituted completely by CI/Br/I- group.

Molar conductivity values, 151-199 ohm cm? mol*in
DMSO solution of these complexes indicate that the complex
to be of 1:2 electrolyte as expected for the formulae assigned.
The molar conductivity values 330-340 ohm ¢cm? mol in
acetonitrile of [VO(Lex)(NCS)](ClO4)2 and [VO(Lex)(D]-

(Cl0Oa), demonstrate that these complexes are 1:3 electrolytes
which explores that CH3CN might force NCS7/I ion out of
coordination sphere as per the following equations:

[VO(L, )(NC9)I(CIO, ), —F—>
[VO(Lgx)(CH,CN)I(SCN)(CIO, ),

[VO(Lg,)(DI(CIO,), ——
[VO(Lgx)(CH,CN)I(1)(CIO,),

Moreover, the molar conductivity values 270-287 ohm
cm? mol-t in water of [VO(Lsx)(Br)](ClO4); and [VO(Lgx)-
(D](CIO4); also correspond to 1:3 electrolyte which explores
that H,O might force Br/I- ion out of coordination sphere as
per the following equation:

[VO(L,, )(Br/](CIO,), —2—
[VO(L gy )(H,01(BI/1)(CIO,),

The vanadate(V) complexes are diamagnetic as expected
for d° configuration. Thus, these diamagnetic vanadate(V)
complexes do not show any d-d bands and their spectra are
dominated only by charge transfer bands. Such as, in these
complexes the charge transfer bands are observed at 246-367
nm in DMSO, 297-325 nm in water and 291-359 nm in
acetonitrile [21].

The 'H NMR spectrum of [VO(Lex)(NCS)](CIO.), dis-
plays one doublet at 0.938 ppm and an overlapped signal at
1.151-1.343 ppm with an integration of 18 protons. The doub-
let at 0.938 ppm corresponding to six protons can be assigned
to two equatorial methyl protons on two chiral carbons, while
the overlapped signal of 18H at 1.151-1.343 ppm can be
resolved into two singlets at 1.151 and 1.343 ppm each of 6H
and a doublet of 6H at about 1.216-1.343 ppm. The singlets
at 1.151 and 1.343 ppm can be accounted for equatorial and
axial components of gem-dimethyl groups whereas the over-
lapped doublet of 6H can be assigned to two axially oriented
methyl protons on two chiral carbons. Symmetrically, this
requires the four methyls on four chiral carbons to be pair-
wise equivalent. The downfield multiplets at 2.312, 2.776,
6.707, 7.283 and 8.367 ppm can be accounted for methylene,
methene and NH protons. Thus, a diequatorial-diaxial orien-
tation of the chiral methyls can be assigned as assigned for its
parent complex [VO(Lgx)(acac)](ClOa4),. This gives evidence
that the axial substitution takes place without change of confor-
mation and configuration of the ligand of the mother complex
[11]. So based on these evidences, the structures, Str. 2 to Str.
7 (Fig. 1) can be assigned for the axial substitution products
of [VO(Lgx)(acac)](ClO4)..

Antibacterial activities: The antibacterial activities of
N-pendent ligand Lgx and its vanadate(v) complexes were
carried out against some selected Gram-positive and Gram-
negative bacteria. Table-1 shows that the ligands are ineffec-
tive in all cases as similar to previous study [11], but most of
the vanadate(V) complexes of Lgx exhibit remarkable anti-
bacterial activity except few of them with no activity against
some bacteria such as [VO(Lgx)(acac)](ClO4) against E. coli
and S. typhi; [VO(Lex)(CI)](ClO4), against S. aureus and M.
luteus etc. while compared with positive control. However,
[VO(Lsx)(CI](ClOa4), against B. cereus and [VO(Lgx)(NCS)]-
(ClO4), against M. luteus & S. typhi and [VO(Lsx)-(1)]-
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Fig. 1. Axial substitution products of [VO(Lex)(acac)](ClOa)2
TABLE-1
ANTIBACTERIAL ACTIVITIES OF VANADATE(V) COMPLEXES
Inhibition zones in diameter (mm)
Sample No. Compounds Gram-positive bacteria Gram-negative bacteria
B. cereus S. aureus M. luteus E. coli S. typhi
Ligand Lex 0 0 0 0 0
1 [VO(Lgx)(acac)](ClOa4)2 17 8 14 0 0
2 [VO(Lex)(NCS)](ClO4)2 0 6 24 14 29
3 [VO(Lex)(C)](CIO4)2 21 0 0 6 16
4 [VO(Lex)(Br)](ClO4)2 15 7 0 13 14
5 [VO(Lex)(1)](ClOa)2 24 18 14 0 0
6 [VO(Lex)(NO2)](ClOa)2 0 0 9 20 0
7 [VO(Lex)(NO3)](ClOa)2 0 17 0 0 12
PC Chloramphenicol 25 25 26 24 30
NC DMSO 0 0 0 0 0
(ClO4)2 B. cereus against exhibit mentionable antibacterial Conclusion

activities. As seen from the results (Table-1), the synthesized
complexes show different activities against different bacteria.
However, no definite trend can be made at this stage. So, more
studies are warranted. It is observed that antibacterial activities
of solvent DMSO as negative control, chloramphenicol (stan-
dard antibiotic) as positive control and non-coordinated metal
salt were also done for the comparison. The result reveals that
DMSO (negative control) was inactive against all bacteria,
whereas chloramphenicol (positive control) were highly active
against all bacteria. It has been observed that the metal salt
shows some activities against all bacteria, but the activities
shown by the complexes are not due to the metal ions. As the
complexes are very much stable, there is no possibility of
dissociation of complexes to release metal ions [26]. As a
whole, the antibacterial activity patterns suggest that the nature
of axial ligands modulates the biological interactions of vana-
dium complexes. Further investigation into these interactions
and their mechanisms is warranted to optimize their potential
applications.

This study reveals that the N-pendent ligand Lgx under-
goes facile complexation when reacts with vanadyl(1V) acetyl-
acetonate salt to produce octahedral complex, [VO(Lsx)(acac)]-
(ClO4)2. In this complex, vanadium is in +5 oxidation state.
Though, in our previous studies with different ligands except
one other N-pendent ligand (which gave vanadate(V) complex)
vanadyl(1V) complexes have been synthesized with the same
salt and same procedure, but in this case, vanadate(V) compl-
exes were synthesized in the open air which gives inference
that though tetraaza macrocyclic ligands without N-pendent
groups afford vanadyl(1V) complexes with vanadyl(1V) salts,
but N-pendent ligands produce the vanadate(V) complexes
with the same salt and same experimental condition. Moreover
acetylacetonatooxovanadate(V) diperchlorate complex, [VO-
(Lex)(acac)](ClOa4), of the cyanoethyl derivative ligand, Lgx
undergoes axial substitution reactions with NCS-, I, Br—, CI,
NO3~and NO; in the ratio of 1:4-1:24 to form octahedral mono-
isothiocyanato, monoiodido, monobromido, monochlorido,
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mononitro, mononitrato derivatives. The stereochemistry of
the synthesized derivatives was determined on *H NMR spectra
as well as on the basis that axial substitution products retain
the same stereochemistry (i.e. axial and equatorial conforma-
tion of the CHj; groups on the chiral carbons of the ligands of
the mother complex remains the same in their derivatives).
Another important observation is that although only one axial
ligand is ultimately incorporated in these reactions, the reac-
tions do not proceed unless an excess typically 4 to 24 equiva-
lents of the axial ligand is present. This study demonstrates the
potential of vanadate(V) complexes with macrocyclic ligands
for antimicrobial applications. The findings highlight the infl-
uence of axial ligands on biological activity and open avenues
for further research into their catalytic and therapeutic prop-
erties.
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