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Six complexes, [VO(L'-H),]-5H,0 (1), [VO(OH)(L**—H)(H,0)]-H,O (2,3), [VO(OH)
(L**~H)(H,0)]- H,O (4,5), [VO(OH)(L°~H)(H,0)]-H,O (6), were prepared by reacting
different derivatives of 5-phenylazo-6-aminouracil ligands with VOSOy - 5H,0. The infrared
and "H NMR spectra of the complexes have been assigned. Thermogravimetric analyses
(TG, DTG) were also carried out. The data agree quite well with the proposed structures and
show that the complexes were finally decomposed to the corresponding divanadium pentoxide.
The ligands and their vanadyl complexes were screened for antimicrobial activities by the agar-
well diffusion technique using DMSO as solvent. The minimum inhibitory concentration (MIC)
values for 1-4 and 6 were calculated at 30°C for 24-48 h. The activity data show that the
complexes are more potent antimicrobials than the parent ligands.

Keywords: 5-Phenylazo-6-aminouracils-VO>* complexes; IR; Thermal analysis; 'H NMR;
Antimicrobial activity

1. Introduction

A big branch of dyestuffs is the pyrimidine dyes which are used as hypnotic drugs for
the nervous system, in detecting cancer, as chemotherapeutic agents, and are involved in
the structure of nucleic acids in living cells [1-4]. Some pyrimidine derivatives have
biological and pharmacological properties [5-8]. Uracil is a very important class of
pyrimidine that has different medicinal, biological, and industrial applications [9-13] as
well as in azo compound syntheses [14, 15]. Uracils have important applications in
synthesis and its derivatives can be used as coupling components in the dye industry.
Medicinal uses and applications of metal complexes are of increasing clinical and
commercial importance [16-26]. Masoud et al. published a series of papers on the
syntheses of uracil derivative-metal complexes and their biological applications [27-32].
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Figure 1. Structure of 5-phenylazo-6-aminouracils.

The role of vanadium in biological systems [33], such as discovery of the insulin-like
properties of vanadate ions, spurred research into the clinical use of vanadium
compounds as insulin mimics [34]. This work deals with the preparation and
investigation of 5-phenylazo-6-aminouracil complexes with vanadyl ions. We investi-
gate the effect of different derivatives (electron-donating and -accepting groups in
m- and p-positions of 5-phenylazo) upon the mode of chelation of 5-phenylazo-6-
aminouracils (figure 1) and the type of bonding and structures of the obtained
complexes as well as their thermal behavior. Infrared and '"H NMR spectra were
assigned along with the thermal properties of vanadyl complexes. Also, the complexes
were screened for their antimicrobial activities and mode of action.

2. Experimental

2.1. Materials and spectral measurements

All chemicals used were Analar, or of high grade. All organic compounds were
prepared by the usual diazotization process [15].

Elemental analyses were carried out in the microanalysis unit of Cairo University,
Egypt, using CHNS-932 (LECO) and Vario EL elemental analyzers. Vanadium content
and water percentage were determined by thermogravimetric techniques [35]. The
results obtained are in agreement with those calculated for the proposed formulas.
Molar conductances of the complexes (107> mol L") in DMSO were measured at room
temperature using a 4310 conductivity meter. Thermal analyses (TG, DTG) were
carried out using a Shimadzu TGA-50 H computerized thermal analysis system. The
system includes a program which processes data from the thermal analyzer with the
ChromotPac C-R3A. The rate of heating of the samples was kept at 10°C min~".
Sample masses of 1.342, 1.673, and 1.899 mg for 1, 2, and 4, respectively, were analyzed
under N, flow at 20mL min~'. a-Alumina powder was used as DTA standard material.
Infrared spectra of some reactants and the obtained complexes as well as their thermal
products were recorded from KBr discs using a Perkin-Elmer 1430 Infrared
Spectrophotometer. '"H NMR spectra were recorded on a Varian spectrophotometer
Gemini 200 operating at 200 MHz using DMSO-dg4 as solvent and TMS as internal
reference.
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2.2. Synthesis of the vanadyl complexes

A solution (30mL, 1.10 mmol; 1:1 MeOH:NH4OH) of the respective ligand was added
to 10mL, 0.50 mmol (1:1 H,O:MecOH) of vanadyl(IV) sulfate, VOSO,-5H>0O. The
reaction mixtures were stirred for 5-6h and left overnight. The obtained precipitates
were removed by filtration, washed several times with few drops of water, MeOH
(3x1mL), followed by Et,O (3x1mL). Finally, all the obtained complexes were dried
under vacuum over P4Oy.

[VO(L'-H),]-5H>0 (1): Yield: 323.0mg (91.31%). Color: yellow. Anal. Found
(Calced for CpHogN 19014V, 707.46): C, 37.56 (37.35); H, 4.20 (3.99); N, 19.86 (19.80);
V, 7.10 (7.20).

[VO(OH)(L’—H)(H>0)]-H>0 (2): Yield: 190.0mg (96.16%). Color: yellow. Anal.
Found (Caled for CioH;,NOgV, 395.18): C, 30.56 (30.39): H, 3.30 (3.06); N, 21.86
(21.27); V, 12.11 (12.89).

[VO(OH)(L*~H)(H-0)]-H>0 (3): Yield: 180.0mg (91.09%). Color: red. Anal.
Found (Calced for C;oH[»NgOgV, 395.18): C, 30.56 (30.39); H, 3.30 (3.06); N, 21.86
(21.27); V, 12.11 (12.89).

[VO(OH)(L*~H)(H>0)]-H>0 (4): Yield: 140.0 mg (76.88%). Color: yellow. Anal.
Found (Calcd for C;;H sNsOgV, 364.21): C, 36.59 (36.28); H, 4.20 (4.15); N, 19.49
(19.23); V, 12.90 (13.99).

[VO(OH)(L’—H)(H>0)]-H>0 (5): Yield: 158.0mg (86.76%). Color: yellow. Anal.
Found (Calcd for C;;H;sNsO4xV, 364.21): C, 36.67 (36.28); H, 4.33 (4.15); N, 19.38
(19.23); V, 13.42 (13.99).

[VO(OH)(L°—H)(H-0)]-H>0 (6): Yield: 162.0mg (82.26%). Color: orange. Anal.
Found (Calced for Ci,H5N505V, 392.22): C, 36.89 (36.75); H, 4.02 (3.85); N, 18.10
(17.86); V, 12.61 (12.99).

2.3. Antimicrobial activity

The ligands and corresponding complexes were evaluated for their in-vitro antibacterial
activity against Bacillus subtilis NRRL B-94, Streptococcus aureus NRRL B-313,
Escherichia coli NRRL B-3703, and Pseudomonas aeruginosa NRRI B-32 and
antifungal activity against Aspergillus niger NRRL 599, Aspergillus fluves NRC,
Saccharomyces cervisica NRC, and Candida albicans NRRL 477 by the agar-well
diffusion method [36]. The studied bacteria and fungi were incubated into Nutrient
Broth for 24 h and Malt-Extract Broth for 48 h, respectively. In this method, Nutrient
agar for bacteria and Malt-Extract agar sterilized in a flask and cooled to 50°C was
distributed (50 mL) to sterilized Petri dishes (15cm in diameter) after injecting 0.1 mL
cultures of bacterium or fungus, prepared as mentioned above and allowed to solidify.
The dilution plate method was used to enumerate microorganisms (10° CellsmL™") for
24h [37, 38]. By using a sterilized proper tube (6 mm diameter), wells were dug in the
culture plates. Ligands or complexes dissolved in DMSO were added (100 pmolmL™")
to these wells. The Petri dishes were left at 4°C for 2h and then the plates were
incubated at 30°C for bacteria (18-24 h) and (72 h) for fungi. At the end of the period,
inhibition zones formed on the medium were evaluated as millimeters (mm) diameter.



Downloaded by [Renmin University of China] at 10:30 13 October 2013

4228 A.S. Gaballa et al.

The control samples were DMSO only. The antimicrobial tests were calculated as a
mean of three replicates and the SD was calculated using the software SPSS, version 10
(SPSS, Richmond, USA).

2.4. Determination of minimal inhibitory concentration (MIC)

Nutrient and Malt-Extract agar are employed as basal medium for the growth of
bacteria and fungi, respectively, during the test of 1, 2, 3, 4, and 6. The culture medium
(20 mL) was poured into Petri dishes (9 mm in diameter) and maintained at 45°C until
the samples were incorporated into the agar. The samples were added as 1 mL using an
automatic micropipette while constantly stirring to assure a uniform distribution. Each
sample was tested at 25, 50, 75, 100, 125, 150, 175, and 200 pmolmL ™" in DMSO. The
different bacterial strains were layered to place 30 pL over the surface of the solidified
culture medium containing a sample. After the bacteria were absorbed into the agar, the
plates were incubated at 30°C for 2448 h. Bacterial growth was monitored visually and
the MIC was determined [39, 40].

2.5. Effect of the antimicrobial agent on protein and nucleic acids

The effect of different concentrations of 1 on the growth rate and some biochemical
activities was studied. Immediately after incubating the flasks with B. Subtilis NRRL
B-94, cells were harvested during the middle logarithmic phase; the active compound
was applied in a concentration of the 1/8, 1/4, and 1/2 MIC in three replicates.
Subsequently, the flasks were shaken using a rotary shaker at 120 rpm at 30°C. Samples
were withdrawn at the onset of the experiment and after incubation periods of 10, 30,
50, 70, 90, 120, 150, and 180 min. The bacterial cells were subjected to the following
determinations: acid soluble phosphorus compounds, total lipids, total protein, and
nucleic acid [41-46].

3. Results and discussion

3.1. Synthesis of the vanadyl complexes

Vanadyl complexes 1-6 were obtained during the reaction of vanadyl(IV) sulfate,
VOSO,-5H,0 with 5-phenylazo-6-aminouracils (L'—L®). The complexes were
obtained in good yields (76-96%). The structures of complexes were verified by
microanalyses, spectroscopic methods, and confirmed by thermal analysis (TG,
DTG). The V content was determined by the gravimetric procedure [35]. The VO**
complexes are 1:1 stoichiometry except for 1, where it is 1:2. The 5-phenylazo-6-
aminouracil ligands under investigation may exist in five tautomeric forms as shown
in scheme 1. L? did not show the tautomeric hydrazone peak and L'® showed the
hydrazone-imine form [15].
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Scheme 1. Tautomeric forms of 5-phenylazo-6-aminouracil derivatives.

3.2. Conductance

The molar conductivities (Am) in DMSO at 25°C are in the range 2.44—
5.130hm~ ' ecm?mol ™', indicating the presence of non-electrolytes [47, 48].

3.3. Vibrational spectra

3.3.1. [VO(L'-H),] - 5H,O (1). The IR spectrum of 1, as summarized in table 1,
shows the following features. Broad bands at 3416 and 3410cm™' in 5-(4-
carboxyphenylazo)-6-aminouracil, L', and its vanadyl complex (1) are due to
v(—NH,) and v(O—H) of water with hydrogen bonds of the type N-H---O or N-—
H---N[28, 29, 49-51]. The observed band at 3166cm™" corresponding to v(N—H) in
the spectrum of L' is strongly affected on complexation to VO>* with only one band at
3211 cm™" due to V-O interaction [50]. Absorptions of free carboxyl, (C=0), observed
at 1729 and 1708 cm™" in the spectrum of free L' are red shifted on complexation to
VO>* with different degrees. Only one strong absorption is observed at 1717cm™". The
strong absorption of the aromatic ketones, w(C=0), at 1631 cm ™" is slightly blue shifted
on complexation and observed at 1641 cm™', typical of V-O bonding to carboxyl [51].
The absorption at 1416cm ™" due to v(N=N) of L' is observed in the same region on
complexation (1414cm™"), indicating the absence of V—-azo bonding [49-53]. The
v(V=0) is very strong at 918 and 851cm™'. In the lower frequency spectral region
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Table 1. IR frequencies (cm~™') and assignments for 5-(4-carboxphenylazo)-
6-aminouracil, L', and 1.

Wavenumbers® (cm')

L! 1 Assignments®
3416, mbr 3410, mbr v(O—H); H,O
v(—NH,)
3166, mbr 3211, s v(N—H)
3013-2800, br 2971, s v(C—H)
2802, s
1729, s - V(C=0); free COOH
1708, sh 1717, s v(C=0); COO-V
1631, vs 1641, s v(C=0), keto groups
8(H,0)
1543, s 1536, s v(C=N)
1481, m 1414, vs V(N=N)
1416, m 1380, m C—H deformation
v(C=C)
1256, vs 1256, w v(C—-0); COO™
1214, m v(C—N)
1172, w v(C-C)
1102, w 918, s C—H bend
851, m v(V=0)
769, m 3(COC)
662, s v(V-0)
529,w v(V-0)

“m, medium; s, strong; vs, very strong; w, weak; br, broad.
by, stretching; s, symmetric; as, asymmetric; §, bending.

B OH N
HN
\ 2 o HN
A,
/ \
H NH O/ \o \N \ >:O
NH

- HO

Figure 2. Structure of 1.

bands for symmetric and asymmetric vibrational motion of v(V-0), two bands are
observed at 662 and 529 cm™' [50]. The proposed structure of 1 is shown in figure 2.

3.3.2. [VO(OH)(L* *~H)(H,0)] - H,O (2-5). IR spectra of 2 and 3, table 2, show the
following features. Medium to very strong bands at 3224 and 3433 cm ™" are assigned to
v(O—H) of coordinated H,O and OH . The v(N-H) of imides in the uracil ring at 3160
and 3127 cm ™" in spectra of L* and L? are blue shifted to 3181 and 3171 in spectra of 2
and 3, respectively. These data indicate the absence of imide, V-N interaction, and the
presence of imine, V-N interaction. The v(C=0) bands of aromatic ketones in free L?
and L at 1727 and 1737 cm ™", respectively, slightly blue shift on complexation to VO**
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Figure 3. Structure of 2-5.

(1740 cm™") for both complexes. These data verify the absence of V-O interaction. The
observed strong to medium bands at 1431 and 1470 cm ™" due to W(N=N) of free L* and
L3 red shift on complexation to 1413 and 1417cm™', respectively, indicating the
presence of V—azo bonding [49-53]. In IR spectra of 4 and 5 (table 2), similar features
are observed for both complexes. The observed strong to medium bands at 1460 and
1457cm ™" due to v(N=N) of free L* and LS red shift on complexation to 1411 cm™",
indicating the presence of V—azo bonding [50-53].

The v(V=0) is observed between 919 and 819 cm ™' for 2-5. For u(V-0), two bands
are observed at 663 and 518 cm™! for 2, 688 and 519cm™! for 3, and between 675 and
505cm™" for 4 and 5 [50]. These data are from V—-O interaction of H,O or OH™ groups.
The v(V—N) band is observed at 450, 433, 421, and 418cm~! in spectra of 2-5,
respectively. The proposed structures for 2-5 are shown in figure 3.

3.3.3. [VO(OH)(L*—H)(H,0)] - H,O (6). The infrared spectrum of the V-L°® com-
plex [VO(OH)(L°~H)(H,0)] - H,O (6) shows two bands at 3568 and 3496cm ™', due
to v(O-H) of coordinated OH or H»O in the complex [50, 54] (table 3). The band at
3331cm ™! is due to v(N—H) of coordinated 5-(4-acetylphenylazo)-6-aminouracil and
in the same region as free ligand (3326cm™'). The v(—NH) of aminouracil ring in free
LS at 3159cm™' is strongly affected on complexation to VO* with the presence of
only one band at higher value, 3198cm™'. Thus, the imino nitrogen, N3, and
carbonyl oxygen, C4=0, are chelating sites [50-53]. Bands at 1718, 1705, 1693, 1630,
and 1593cm™" due to different v(C=0) in free L® (carbonyl of acetyl and aromatic
ketones) are strongly affected on complexation with two bands observed at 1702 and
1649cm™". The very strong 1649cm~' band was assigned to vw(C=0) of the
coordinated aminouracil. The absorption at 1475cm™' due to v(N=N) of the free
ligand, L®, is observed in the same region on complexation (1476cm™"), suggesting
the absence of V-azo bonding [50-53]. The vibrational modes of v(C-C), v(C-N),
3(CH), §(OH), and §(NH) suggest that the oxygen, O4, and nitrogen, N3, are centers
for complexation [49, 52, 53]. The presence of bands at 653, 604, 531, and 459 cm ™!
are due to v(V-0) and v(V-N), respectively [49—51], and the proposed structure is
illustrated by figure 4.
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Table 3. IR frequencies (cm™') and assignments for 5-(4-acetylpheny-
lazo)-6-aminouracil, L°, and 6.

Wavenumbers® (cm')

L® 6 Assignments®
3568, m v(O—H); OH™
3496, m v(O—H); H,O
3326, m 3331, m v(—NH,)
3159, m 3198, m v (=NH)
3012, m 3085, m v (Ar C—H)
3009, m
2800, m 2798, m
v (Aliph. C—H)
1718, s 1702, s v (C=0)
1705, s
1693, s
1630, s
1598, s
1649, vs v (C=0); CO-V
8(H,0)
1545, s 1542, s v (C=N)
1475, m 1476, m v (N=N)
C—H deformation
1415, m 1415, s v (C=0)
v (C—N)
1358, m 1253, vs
1220, vs
1210, w
1175, w 1174, w v (C—C), C—H bend
1140, w and §,(H,0)
1090, w 8(O—H); OH™
917, m v (V=0)
827, m 836, w
8(COC)
653, m v (V=0)
604, w v (V=0)
531, w
459, w v (V=N)
414, m 8(0=V-0)
“m, medium; s, strong; vs, very strong; w, weak; br, broad.
by, stretching; s, symmetric; as, asymmetric; §, bending.
— OH, —
COCH3

7

LTo=oeezz

\

Figure 4. Structure of 6.

- H,0

4233



Downloaded by [Renmin University of China] at 10:30 13 October 2013

4234 A.S. Gaballa et al.

3.4. 'H NMR spectra

3.4.1. [VO(L'-H),]+5H,0 (1). Deuterated DMSO provided adequate solubility [55]
for recording '"H NMR signals of L' and 1 (table 4). Signals at 14.11 and 12.94 ppm
corresponding to tautomeric hydrazone, -NH, and —COOH were not observed,
confirming the coordination of L' to VO** via carboxyl. Signals at 10.42 and 7.93 ppm
are —N1H and tautomeric imine, -NH, respectively, in the expected region of the free
ligand, L', so the presence of form II (scheme 1) is assigned [15, 56-59]. Disappearance
of -N3H (ligand at 11.00 ppm) and appearance of two new broad signals at 5.21 and
5.05 ppm could be assigned to -N3H and ~OH,. This low field shift might be attributed
to hydrogen bonding between -N3H and ~OH, in form II.

3.4.2. [VO(OH)(L*“>—H)(H,0)]-H,O (2-5). There are some general features in 'H
NMR spectra of 2-5 (table 4). Broad signals corresponding to the tautomeric
hydrazones observed in spectra of L®-L® were not observed in the corresponding
complexes. The protons of -N3H and N1H are observed in the expected region with
very small differences in their chemical shifts. Broad signals of tautomeric imine protons
were observed at 8.41, 8.20, 8.29, and 8.33 ppm for 2-5, respectively. New broad signals
at 3.49, 3.52, 5.04, and 5.00 ppm in 2-5, respectively, are assigned to coordinated OH,
and OH (see the '"H NMR spectrum of 2, figure 5). These observations confirm the
coordination of 5-phenylazo-6-aminouracils, L>-L% to VO>' via nitrogens of
deprotonated hydrazone and tautomeric imine. The other two coordination sites on
VO>* are occupied with OH™ and H,O.

3.4.3. [VO(OH)(L—H)(H,0)]+-H,O (6). Broad signals at 14.08, 11.04, and 7.94 ppm
corresponding to tautomeric hydrazone, -N3H, and tautomeric imine protons in free
LS were not observed in the "H NMR spectrum of 6 (table 4). New broad signals are
observed at 7.85 and 5.11 ppm corresponding to —NH, and OH, respectively,
confirming the coordination of L® to VO?>' via deprotonated N3 and carbonyl
oxygen, C4=0. The signal of N1H is observed in the expected region at 10.44 and a new
broad signal at 7.85 ppm corresponds to -N6H,. So, the presence of form I is assigned
[56-60]. The appearance of a new broad signal at 5.11 ppm is assigned to coordinated —
OH and —OH, protons.

3.5. Thermal analysis

To confirm the proposed structures for the complexes, thermogravimetric analyses
TGA and DTG are measured under nitrogen. The thermal data for 1, 2, and 4 are
summarized in table 5. The decomposition reactions of [VO(L'—H),]- SH>O (1) occur
in five steps from 127°C to 406°C. The first step of decomposition proceeds with a
weight loss of 13.50% at 127°C, associated with the loss of lattice water (calculated
12.43%). The second, third, fourth, and fifth steps of decomposition proceed at
maximum temperatures of 182, 214, 365, and 406°C, respectively, attributed to the loss
of C,H gN;(Og 5 of L'. The total weight loss associated with these steps (75.03%) is in
good agreement with the calculated value of 74.79%.
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Figure 5. 'H NMR spectrum of [VO(OH)(L*—H)(H,0)]- H,O (2).

Table 5. Maximum temperature values for decomposition along with the species lost in each step of the
decomposition of the complexes.

% Weight loss

Complex Decomposition Tmax (°C) Lost species Found Calcd

[VO(L'=H),] - 5H,0 (1) First step 127 5H,0 13.50 12.43
Second step 182
Third step 214
Fourth step 365
Fifth step 406 CZQH]gNmO(,_S 75.03 74.79
Total loss 88.53 87.22
Residue VO, 5 11.47 12.78
[VO(OH)(L*~H)(H,0)]-H,O (2)  First step 55 H,O 5.20 4.56
Second step 184 H,O 4.90 4.56
Third step 220
Fourth step 318
Fifth step 460 C0HgNGO5 5 65.68 67.87
Total loss 75.78 76.99
Residue VO, 5 24.22 23.01
[VO(OH)(L*~H)(H,0)]-H,O (4)  First step 77 H,O 5.00 4.95
Second step 188 H,O 5.00 4.95
Third step 222
Fourth step 305
Fifth step 446 C10HgNgO3 5 65.94 65.13
Total loss 75.94 75.03
Residue VO, 5 24.06 24.97

Decomposition of [VO(OH)(L>—H)(H,0)]- H,O (2) also occurred in five steps.
Lattice water is lost at 55°C with 5.20% weight loss (calculated 4.56%). The second step
of decomposition proceeded at 184°C, associated with the weight loss of 4.90% from
the loss of one coordinated water molecule (calculated 4.56%). The third, fourth, and
fifth degradation steps were observed as three consequent decomposition peaks at 220,



Downloaded by [Renmin University of China] at 10:30 13 October 2013

5-Phenylazo-6-aminouracil-vanadyl complexes 4237

TGA DTG
% mgimin
4{0.20
{0.20
q0.10
q0.0
J-0a0
4-0.20
-0.30
TGA DTG
% mgfimin
100 {0.10
400
g0
+-0.10
uu L i 1 " A L
0.0 200 g 400 600
Temp (C)
TGA DTG
% mgfmin
1030
100
n.20
4 0.10
Bl {00
4{-0.10
{-0.20
0.0 L L
00 200 400 600

Temp [[DC)
Figure 6. Thermogravimetric (TG) and derivative (DTG) of 1, 2, and 4.

318, and 460°C. The total weight loss value for the three steps was 65.68% associated
with the loss of C;oHgN¢Os 5 (coordinated ligand, L?), which agrees with the theoretical
value of 67.87%.

The decomposition reactions of [VO(OH)(L*~H)(H,0)]- H,O (4) occurred in five
steps in a similar manner to 2 (table 5 and figure 6).

3.6. Antimicrobial activity

The new ligands and metal complexes were evaluated for in vitro antibacterial activity
against P. aeruginosa, E. coli, B. subtilis, and St. aureus and in vitro antifungal activity
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against C. albicans, S. cervisiea, A. flavus, and A. niger by using agar-well diffusion. The
complexes are more toxic than the ligands. Complexes 1 and 6 are much more active as
antimicrobial agents than the other complexes; 1 shows the highest antimicrobial
activity against all microorganisms. The highest inhibition occurred for 1 against
P. aeruginosa NRRI1 B-32 (as gram negative bacteria) (table 6). Most complexes have
antifungal effect except 5. Complex 1 showed the best activity against P. aeruginosa
NRRI B-32 (22.66£0.09mm) and the lowest against B. subtilis NRRL B-94
(17.63 £0.03mm). All complexes show antibacterial activities against B. subtilis
NRRL B-94, St. aureus NRRL B-313, P. aereuguinosa NRRL B-32, and E. coli
NRRL B-3703. Inhibition zone results were dependant on the type of ligand and the
position of chelation with vanadyl [61, 62].

Antimicrobial activities are also reported as minimum inhibitory concentration
(MIC) values, defined as the lowest concentration of an antimicrobial that visibly
inhibits growth of the bacteria after overnight incubation. Minimum inhibitory
concentrations (MIC) of 50.00 pmolmL ™" were observed in all microorganisms tested
except 2, for which the MIC against St. aureus NRRL B-313, B. subtilis NRRL B-94,
A. flavus, and A. niger NRRL599 was 150.00 ymolmL~'. Complex 1 exhibited
antimicrobial activities better than other complexes. The variation in the effectiveness
of different complexes against different organisms depend either on differences in the
permeability of the cells of the microbes or on difference in ribosome’s of the
microbes [63-65].

The impact of different concentrations of 1 on the biosynthesis of acid-soluble
phosphorus, intracellular lipids, proteins, and nucleic acids (RNA and DNA) in the
cells of B. subtilis NRRL B-94 was studied (figures 7-11). Complex 1 had a drastic effect
on the biosynthesis of acid-soluble phosphorus, intracellular lipids, and proteins in cells
of B. Subtilis. The complex affects the synthesis of DNA or RNA, or can bind to DNA
or RNA so that their messages cannot be read. This complex is unselective, however,
affecting animal and bacterial cells alike, and thus has no therapeutic applications. The
mode of action involves the formation of hydrogen bonds through nitrogen in
interference with the active contents of the cell constituents, resulting in interference
with the normal cell process [65-68]. Inhibition growth may be due to the effect of the
biosynthesis of phospholipids and proteins in cell membrane.

4. Conclusion

Different types of vanadyl-5-phenylazo-6-aminouracil complexes were synthesized by
the reaction of 5-phenylazo-6-aminouracil ligands with VO** jons. When 5-(4-
carboxyphenylazo)-6-aminouracil was used as ligand with the carboxyl, -COOH, in
p-position of the benzene ring, coordination with VO** took place through carboxyl
group and VO**—L! was isolated with 1:2 molar ratio. Complexes 2-5 were isolated in
1:1, VO**—L molar ratios. The presence of electron-accepting, -NO, or electron
donating, -CHj3 groups in m- or p-positions of the benzene ring have no effect on the
chelating mode (2-5) and one type of bonding was observed. When the substituent was
—COCHj; at the p-position of the benzene ring, another type of coordination was
observed in 6. Similar thermal degradation was observed for 2 and 4. Antibacterial and
antifungal studies confirmed that ligands are biologically active and their vanadyl
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Figure 7. Effect of different concentrations of 1 on the biosynthesis of protein in cells of B. subtilis NRRL
B-94.
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Figure 8. Effect of different concentration of 1 on total lipid content in cells of B. subtilis NRRL B-94.
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Figure 9. Effect of different concentrations of 1 on acid-soluble phosphorus content in cells of B. subtilis
NRRL B-9%4.
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Figure 10. Effect of different concentrations of 1 on RNA content in cells of B. subtilis NRRL B-94.
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Figure 11. Effect of different concentrations of 1 on DNA content in cells of B. subtilis NRRL B-94.

complexes show enhanced activity. The same behavior has been observed on similar
systems containing VO*>* [67, 68]. The examined complexes show significant differences
for their antimicrobial activities in comparison with the corresponding free ligands.

Supplementary material

The table containing the minimum inhibition concentration (MIC, pmolmL~") of 1, 2,
3, 4, and 6 against some microorganisms has been deposited as a supplementary data.
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