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ABSTRACT. Magnesium, calcium, strontium, and barium complexes of uracil were prepared in a 2:1 ligand to
metal ratio to investigate the ligational character of the uracil (Ura). The modes of chelation were explained
depending on elemental analyses, FT. IR, '"H-NMR spectra as well as scanning electron microscopy. Uracil has two
donation sites either through N, and Cp=0O, or through Nz and C4=0O with the molecular formulas
[M(Ura),(H,0),]Cl, where M = Mg(II), Ca(Il), Sr(I) and Ba(Il) . The morphological surface and particle size of
uracil metal complexes were determined using SEM and TEM. The thermal behaviors of the complexes were studied
by the TGA (DTG) technique. The data obtained agreed well the proposed structures and showed that the complexes
were finally decomposed to the corresponding metal oxide. The thermodynamic parameters are calculated from the
thermal analysis curves using the Coats—Redfern and Horowitz—Metzger methods. The negative values of AS*
deduced the ordered structures of the prepared complexes compared to their starting reactants. Antibacterial activity
of ligands and complexes is evaluated with two types of bacteria Staphylococcus aureus (gram-positive) and
Escherichia coli (gram-negative) by the agar-well diffusion technique using DMSO as a solvent.

KEY WORDS: Uracil, Coordination compounds, Non-isothermal kinetic parameters, Elemental analysis,
Spectral studies, Biological efficiency

INTRODUCTION

Uracil (C4H4N,0O5) is a naturally occurring pyrimidine derivative and one of the four nucleobases
in RNA in which uracil binds to adenine via two hydrogen bonds. 2,4(1H, 3H)-Pyrimidinedione
commonly called through the trivial name uracil. Other names of (Ura) is 2-oxy-4-oxy pyrimidine
or 2,4-dihydroxy pyrimidine or 2,4 pyrimidine diol [1]. Uracil exists in two tautomeric forms as
given in Figure 1, amide tautomer called lactam and imidic acid tautomer called lactim. Both the
tautomeric forms exist predominantly at neutral pH with the lactam structure being the most stable
form [2].

Uracil molecule physisorption on the B40 fullerene surface with a binding distance of 2.38A
is investigated using non-equilibrium Green’s function and density functional theory [3]. C-doped
porous carbon nitrides prepared from uracil mediated molecule with cyanuric acid showed
effective electron hole separation and broaden the light absorption range [4]. The uracil complexes
of several metal ions, such as Fe(III), Co(I1I), Ni(II), Cu(Il), Zn(II), Cd(II), and Pd(II) have been
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reported earlier [5-13]. Literature review reveals that uracil behaves as monobasic bidentate ligand
bonding through Ny and C4)=0 [8]. A number of monomeric metal complexes of uracil have
been reported in the literature in which the chelation of uracil occurs either through Ny and
C=0, or through N3y and C4=0 [9, 10]. However, the polymeric mixed ligand complexes of
uracil or substituted uracil generally involve N(;) and C4=0 in bonding with metal ion [11-13].
The uracil-metal complexes can have square planar and octahedral geometries [3, 4]. Uracil’s
substituted in position five stand out in bioactivity, with various biological activities including
antiviral properties, anticancer, cytotoxic, anti-mycobacterial, and antitumor, to antibacterial [ 14-
23]. In this manuscript we aim to synthesize new Mg(Il), Ca(Il), Sr(II) and Ba(II) complexes of
uracil and report an assessment of their coordination behavior using spectral measurements and
thermal studies. In view of the continuous interest of antimicrobial agents we deemed it
worthwhile to investigate the antimicrobial activity of Mg(Il), Ca(Il), Sr(II) and Ba(Il) uracil
complexes to assess their antimicrobial potential.

OH
N3/4 — 3
o)\;{j HOJ\
I
H
Figure 1. Tautomeric forms of uracil.
EXPERIMENTAL

Chemicals

In this work, the purity of the used chemicals was very high and did not require any additional
purification. Sigma-Aldrich Chemical Company, USA provided uracil, MgCl,.6H,0, CaCl,,
SrCl,.6H,0 and BaCl,.2H,0 chemical compounds.

Measurements

The elemental analyses of carbon, hydrogen and nitrogen contents were performed by the
microanalysis unit at Cairo University, Egypt, using a Perkin Elmer CHN 2400 (USA). The molar
conductivity using Jenway 4010 conductivity meter was measured regarding the freshly prepared
uracil complex dissolved in dimethyl sulfoxide solvent with concentration 10° M. The infrared
spectra were recorded on a Bruker FT-IR Spectrophotometer (4000400 cm™). "H-NMR
measurements were performed on a Bruker DRX-250 spectrometer. Samples were dissolved in
dimethyl sulfoxide-ds with TMS as internal reference. The thermal studies TG-50H were carried
out on a Shimadzu thermogravimetric analyzer under static air till 800 °C. Scanning electron
microscopy (SEM) images were taken in Quanta FEG 250 equipment.

Anti-bacterial activities experiment.
Disc diffusion technique was used to evaluate the antibacterial activity of synthesized compounds
against test bacteria strains based on measurement of disc inhibition clear zone (mm). Kanamycin

and Ampicillin were used as positive reference standard drugs against positive-gram and negative-
gram testes strains respectively.
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Method of synthesis

Uracil (2 mmol, 0.1120 g) in each case was dissolved in methanol/H>O (20 mL) and the whole
was heated to reflux at 75 °C for 30 min. To this solution, 1 mmol each of MgCl, (0.0952 g),
CaCl; (0.1109 g) SrCl, (0.1585) or BaCl; (0.2082 g) in hot ethanol (10 mL) was added and the
mixture was heated to reflux for 3 h, resulting in a clear solution. From this solution, the metal
complexes were precipitated by raising the pH to 5-6 by adding dropwise 0.2 M sodium
hydroxide. The fine precipitates were heated on a water bath for ca. 15 min to increase their
particle size. They were then filtered off, washed with ethanol and diethyl ether successively and
dried in an oven at 50 °C. The physical and chemical properties of the synthesized metal
complexes were confirmed as follows:

[Mg(C,H;N>0;):(H0),] Cl>. Color: white; m. p. > 300 °C; Yield: 80%; 'H NMR (DMSO-ds and
CDCl;s mixture, 600 MHz): & = 2.94 (s, 4H, 2H,0), 5.22 (d, 4H, J = 7.8 Hz, Cs-H), 7.14 (d, 4H, J
= 7.8 Hz, C¢-H), 10.62 (s, 2H, N;-H), 10.69 (s, 2H, N»-H). *C NMR (DMSO-ds and CDCl;
mixture, 150 MHz): 8 = 100.44 (Cs), 143.26 (Cs), 151.95 (C»-0), 163.49 (C4-0). Anal. calcd. for
CsHi1,CbMgN4Og (355.41): C, 27.04; H, 3.40; Cl, 19.95; N, 15.76; found C, 26.87; H, 3.31; Cl,
19.78; N, 15.71; Am = 69 S cm? mol ™.

[Ca(C4HN>0:)>(H>0),] Cl>. Color: white; m. p. > 300 °C; Yeild: 76%; '"H NMR (DMSO-ds and
CDCl; mixture, 600 MHz): & = 3.01 (s, 4H, 2H,0), 5.51 (d, 4H, J = 7.8 Hz, Cs-H), 7.14 (d, 4H, J
= 7.8 Hz, C¢-H), 10.71 (s, 2H, Ni-H), 10.81 (s, 2H, N»-H). 3C NMR (DMSO-d¢ and CDCl;
mixture, 150 MHz): § =101.11 (Cs), 142.45 (Cs), 151.43 (C»-0), 162.85 (C4-0). Anal. calcd. for
CsHiz CaClN4Og (371.18): C, 25.89 H, 3.26; Cl, 19.10; N, 15.09; found C, 25.73 H, 3.15; Cl,
18.86; N, 14.78; Am = 63 S cm? mol ™.

[Sr(C4HN>03)>(H>0),] Cls. Color: white; m. p. > 300 °C; Yield: 73%; 'H NMR (DMSO-ds and
CDCl; mixture, 600 MHz): & = 3.08 (s, 4H, 2H,0), 5.49 (d, 4H, J = 9.0 Hz, Cs-H), 7.15 (d, 4H, J
= 7.8 Hz, C¢-H), 10.72 (s, 2H, N;-H), 10.82 (s, 2H, N»-H). '3C NMR (DMSO-d¢ and CDCl;
mixture, 150 MHz): 8 = 101.22 (Cs), 142.51 (Cs), 151.42 (C,-0), 162.88 (C4-0). Anal. calcd. for
CgH12CloN4O6Sr (418.73): C, 22.95 H, 2.89; Cl, 16.93; N, 13.38; found C, 22.85 H, 2.80; Cl,
16.82; N, 13.24; A, = 66 S cm? mol ™.

[Ba(C4H;N>0:),(H>0),] Cl>. Color: white; m. p. > 300 °C; Yield: 79%; '"H NMR (DMSO-ds and
CDCl; mixture, 600 MHz): 8 = 3.00 (s, 4H, 2H,0), 5.51 (d, 4H, J = 7.8 Hz, Cs-H), 7.14 (d, 4H, J
= 7.8 Hz, C¢-H), 10.71 (s, 2H, N;-H), 10.81 (s, 2H, N,-H). *C NMR (DMSO-ds and CDCl;
mixture, 150 MHz): § =101.18 (Cs), 142.44 (Cs), 151.45 (C»-0), 162.89 (C4-0). Anal. calcd. for
CgHi,» BaClN4Oq (468.43): C, 20.51 H, 2.58; Cl, 15.14; N, 11.96; found C, 20.27 H, 2.41; Cl,
14.98; N, 11.77; Am = 71 S cm? mol ™.

RESULTS AND DISCUSSION
Elemental and conductance data

The new synthesized chelates of Mg(Il), Ca(Il), Sr(II) and Ba(Il) with uracil was prepared by
adding equimolar amounts of salts MgCl,, CaCl,, SrCl, and BaCl; to uracil. The structures of the
ligand and the complexes were established from their IR, 'H-NMR spectra, elemental analyses,
and magnetic susceptibility measurements. The complexes are intensely colored stable solids, and
the high molar conductance value for the complexes Mg(Il), Ca(Il), Sr(Il) and Ba(II) are 69, 63,
66 and 71 ohm™ cm? mol’!, respectively, at ambient temperature indicating electrolytic in nature.
It is clearly from the conductance data that these complexes have an ionic nature, and they are of
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the electrolyte type. Interestingly, the conductance measurements of the resulted complexes
confirm the proposed general formulae as suggested that two chloride ions outside the
coordination sphere depending upon elemental analyses. The results of the elemental analysis
(Table 1) of the uracil and its metals complexes are in good agreement with those calculated for
the suggested formula and agree with a 1:2 metal to ligand stoichiometry for all the complexes.

Table 1. Elemental analysis and physico-analytical data for uracil and its metal complexes.

Complexes . o Found (calced.), % Am
MWIt)/(MF) Yield% |m.p./°C |Color C i N al (@ L.cmmol™)
C4HaN202 (Ura) - 42.86 | 3.60 | 24.99 --

112.09 >300 [white | (42.86)|(3.60)| (24.99) 17.94
[Mg(Ura),(H20):]Ch 27.04 | 3.40 | 15.76 | 19.95

335.41/ 80 >300 |white |(26.87)|(3.31)|(15.71) | (19.78) 69.0
(CsH12C12MgN4Op)

[Ca(Ura)(H:0):]CL 25.89 | 3.23 | 15.09 | 19.10

371.18/ (CsHixCaCLN4Os) 76 >300 |white |(25.73)|(3.15)| (14.78) | (18.86) 63.0
[St(Ura)>(H20):]CL 2295 | 2.89 | 1338 | 16.93

418.73/ (CsHCLN:OsST)| 73 >300 |white | (22.85)](2.80)| (13.24) | (16.82) 66.0
[Ba(Ura)(H:0):]CL 2051 | 2.58 | 11.96 | 15.14

468.43/ 79 >300 |white |(20.27)|(2.41)| (11.77) | (14.98) 71.0
(CsHi2 BaCI2N4Og)

The presence of chloride ions as hydrated ions reported by qualitative reaction is in good
agreement with molar conductivity data. The thermal nature of the complexes has been obtained
by TGA analysis. The formation of uracil complexes frameworks and bidentate ON donor nature
of the uracil with metal ions for the formation of complexes were obtained from characteristic
band positions in FTIR and "HNMR, thermal and elemental analysis. These data of the metal
complexes suggest that metal to ligand ratio of the metal complexes 1:2 stoichiometry of the types
of [M(Ura)>(H20),]Cl> where M is Mg(II), Ca(Il), Sr(II) or Ba(II) as shown in Figure 2.

l \|/N| NT

~ where M = Mg(II), Ca(II), Sr(II) or Ba(Il) |
Figure 2. The structures of the coordination complexes.
Infrared spectra of uracil complexes.

Important IR frequencies of uracil and its complexes are given in Table 2 while their spectra are
shown in Figure 3. Several absorption bands in the 3000-3400 ¢cm™! region may be attributed to
-NH and -OH stretching modes. The v(O-H) band at 3086, 3092, 3094 and 3091 cm™ in the
magnesium(1I), calcium(Il), Strontium(Il) and barium(II) complexes, respectively, indicate the
presence of water or the OH group. The infrared spectrum of the free ligand shows a strong broad
band at 1675 cm’! characteristic of (C@4)=0) and a shoulder at 1774 cm™! corresponding to (C2=0),
which are practically overlapped. Two weak/medium bands are observed at 3335 and 3265 cm™,
which may be assigned to (N(3)-H) and (N(1)-H) stretching vibrations, respectively. The v(C=0)
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of the free ligand is observed at 1675 cm™, while the corresponding vibrations in the metal
complexes are observed in the range of 1629-1645 cm™. A shift of 30-45 cm! to lower frequencies
is observed for the carbonyl band after coordination with the metal ions, clearly indicating the
coordination of the carbonyl group to the metal ions. The disappearance of the absorption band at
3335 cm™! (N3)-H in the complex spectra indicates that the N atom is bound to the metal ions.
The complex spectra show an absorption band in the range of 1629-1645 cm™. This band is not
observed in the spectrum of the free ligand and may be attributed to the stretching motion
associated with the C=N bond resulting from the transformation of the ligand from the keto form
to the enol form upon complexation.

Table 2. Important IR spectral data of uracil complexes.

Assignments Uracil Mg(II) Ca(I) Sr(II) Ba(Il)
v(OH), H-0 -- 3086 3092 3094 3359
v (Noy—H) 3265 2920 2934 2930 2920
3 (N3 —H) 1418 1402 1398 1411 1417
v (C — H), aromatic 3210 2736 2854 2854 2851
v(C=0) 1774 1722 1727 1723 2731
v(C4=0) 1675 1629 1639 1635 1645
v(C=N) 1564 1501 1514 1505 1455
v(C=N), (C-0) 1239 1224 1227 1217 1224
vIM-0) - 536 532 540 535
v(M-0) - 426 416 422 416

The observation of such a band in the complex spectra support the assumption that uracil is
coordinated with the metal ions as a bidentate ligand through one oxygen atom of the carbonyl
group and the N3, atom. This coordination mode is also supported by the observation of two weak
bands in the ranges of 540-532 and 416-426 cm!, which are attributed to M-N and M-O stretching
modes, respectively. These two bands are not observed in the spectrum of the free ligand [24-28].
According to the forgoing discussion and based on the proposed molecular formulas, the probable
structures of the Mg(Il), Ca(Il), Sr(Il), and Ba(II) complexes are in octahedral geometries as
shown in Figure 2 [29-31].
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Figure 3. FTIR spectrum of uracil free ligand (a), Mg(II) (b), Ca(Il) (c), Sr(I) (d) and Ba(II) (e)

complexes.

Thermal decomposition studies (TGA)

The results of thermogravimetric analyses of uracil and its complexes are given in Table 3. The
thermograms were performed in the range of 30—-700 °C at a heating rate of 10 °C/min in nitrogen
atmosphere. They displayed an agreement in weight loss between their consequences achieved
from the thermal decomposition and the considered values, supporting the results of elemental
analysis, and confirming the proposed formulae as shown in Figure 2. The free ligand completely
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decomposes in one step at approximately 320 °C, indicating its pure organic structure. The
thermal decomposition for [Mg(CsHsN>0,)>(H,0),]Cl, complex exhibits three degradation steps
as shown in Fig. 4b. The Mg(II) complex loss upon heating two coordinated water molecules in
the first stage at maximum temperature 100 °C is accompanied by weight loss (7.98%). The
second step of decomposition occurs at maxima temperature 300 °C is accompanied by weight
loss (28.92%) corresponding to the loss of Cl, + HCN. The third step of decomposition occurs at
maxima temperature of 500 °C and is accompanied by a weight loss (49.91%) corresponding to
the loss of 2NCOH + CO + C,H, + HNCH then the final thermal decomposition product obtained
is MgO. [Ca(C4HsN>0,),(H,0),]Cl, was stable up to 80 °C and its decomposition started at 80 °C
and finally completed at 800 °C. The TG temperatures of 80-260 °C, 260-500 °C, 500-800 °C,
caused by loss of H,O molecule, CI~, NCOH and breakdown of the uracil ligand molecule, the
remaining mass seems likely to correspond to CaO. The overall estimated weight loss amounts to
81.07 % (calc. 80.00%). TGA curve of [ Sr(C4HsN,0,), (H20):]Cl, complex shows no weight loss
up to 50 °C. Thereafter, it loses two water molecules between 50 and 200 °C indicating that these
are coordinated water. The second step of decomposition occurs at in the temperature range 200—
300 °C is accompanied by weight loss (31.05%) corresponding to the loss of Cl, + 2NO. Lastly,
the remaining bonded hydrazide ligand is removed from the complex in the range 300-495 °C
then the final thermal decomposition product obtained is SrO + 0.5C. The decomposition reactions
of [Ba(C4HsN,0,),(H20)]Cl; occur in three step from 50 °C to 800 °C. In this complex, the first
decomposition step proceeds at a temperature between 50 °C and 200 °C with a weight loss
ranging from of 7.69%, associated with the loss of the two coordinated water content. The second
step of decomposition occurs at in the temperature range 200—400 °C is accompanied by weight
loss (27.79 %) corresponding to the loss of Cl, + NO. The third step of decomposition occurs at
in the temperature range 400-800°C and is accompanied by a weight loss (37.97%)
corresponding to the loss of C;H, + NO + 2HNCH + CO + H; + O, then the final thermal
decomposition product obtained is BaO + 0.5C.

Table 3. Thermal decomposition of the uracil ligand and their metal complexes.

1 0,
Compound Steps ;I;ln;g(oc) (;X:llght I(ZZSZI( %) Lost species
C4HaN>0> (Ura) Onestep | 350 99.6 100 C4HaN202
112.09
CsHi12C.MgN4Os 1% step 100 -300 | 7.98 7.91 2H,0
33541 2% step 300-500 | 28.92 | 28.16 Cla+HCN
3"step 500—-800 | 49.91 | 49.84 2NCOH + CO + C>H, +HNCH
Residue 12.02 | 11.98 MgO
CsHiz CaCLN4Og 1% step 80 —260 9.70 9.68 2H,0
371.18 2" step 260 -500 | 30.44 | 30.51 Cl + NCOH
3"step 500—-800 | 40.93 | 40.81 C>Hz + HCN + NCOH + NHCH
Residue 18.33 | 18.42 +CO
CaO+C
CsH12CLN4OeSr 1% step 50 -200 8.6 8.67 2H>0
418.73 24 step 200-300 | 31.05 | 31.11 Cl +2NO
3step 300-800 | 34.4 3435 C2Hz + 2HNCH + CO + H2 + O2
Residue 2545 | 2536 SrO+0.5C
CsHi2 BaClN4Os 1% step 50 -200 7.69 7.73 2H0
468.43 2% step 200-400 | 27.79 | 27.75 Clh +NO
3step 400-800 | 30.74 | 31.00 C>H2+NO +2HNCH + CO + Ha
Residue 3337 | 33.42 + 02
BaO +0.5C
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The kinetic studies

The kinetic and thermodynamic parameters; the energy of activation (E), the pre-exponential
factor (Z), the enthalpy of activation (AH*), the entropy of activation (AS*) and the Gibbs energy
change (AG™), together with the correlation coefficient (r) for the non-isothermal decomposition
of the metal complexes, were determined by the Coats—Redfern integral method [32] and the
Horowitz—Metzer (HM) approximation method [33]. The entropy, (AS™), enthalpy, (AH") and the
free energy change of activation, (AG"), were evaluated using the following equations:

AS* = 2.303[log(Ah/KT)|R 1)
AS* = E* —RT )
AG* = AH* — TAS" 3)

The evaluated kinetic parameters for the metal complexes based on the Coats—Redfern and
Horowitz—Metzger equations are listed in Table 4. The activation energy of the complexes is
expected to increase with increasing thermal stability of complexes. Hence, the E* values for
CgH2CluMgN4Og and CsHijCLN4OgSr complexes are much higher than the other complexes,
which indicate the higher thermal stability of CsHi>Cl,MgN4Og and CsH;2CLL.N4O6Sr complexes.
The complexes show negative entropy values which indicate that the complexes under study have
more ordered structures than the reactants and the reaction rates are slower than normal.

Table 4. Kinetic parameters determined using the Coats—Redfern (CR) and Horowitz—Metzger (HM).

Parameter
E* A AS* x 10? AH* AG*
Compound Method | (1 o1m1) | x 10° | g.moltk~1) | x 10* x 10* !
(s (J.mol™) | (J.mol™)
CsHi2ClaMgN4Os | CR 2.87*10° 6.18 -0.1883 28.4 27.7 0.9987
HM 1.93*10° 0.90 -0.2076 2.40 1.63 0.9968
CsHi2 CaClaN4Os | CR 3.43*10° 6.41 -0.1874 0.11 0.55 0.9975
HM 0.12*10° 0.78 -0.1875 19.0 18.3 0.9962
CsH12C12N4O6Sr CR 3.08*10% 7.56 -0.1849 2.81 2.21 0.9975
HM 23.6*10* 0.29 -0.2172 0.02 0.22 0.9895
CsHi2 BaClaN4Os | CR 2.47%10° 6.63 -0.1862 0.02 0.58 0.9956
HM 9.68%10° 0.56 -0.2109 0.069 0.018 0.9816

'H NMR spectra

The 'H NMR spectral data uracil and its metal complexes in DMSO are summarized in Table 5.
The spectra reveal a characteristic signal for the aromatic proton in its expected region of 7.00-
8.00 ppm. The N(1)—H signal is located at 11.02 ppm in the spectrum of the free ligand, while the
corresponding signals in the spectra of the Mg(II), Ca(Il), Sr(Il) and Ba(Il) complexes are
observed at 10.62, 10.71, 10.72, 10.71 and 10.82 ppm, respectively. The N(3)-H signal in the
free ligand spectrum (11.52 ppm) is absent in the spectra of the complexes, which is consistent
with the suggestion that uracil reacted with the metal ions through its enol form. The "HNMR
spectra of Mg(II), Ca(Il), Sr(II) and Ba(Il) complexes in DMSO-ds exhibit the O-H proton signal
at 9: 2.94 ppm, 3.01 ppm and 3.08 ppm and 3.00 ppm, due to the presence of water molecules in
the complexes. On comparing main signals of uracil with its complexes, it was observed that all
the signals of the free uracil were present in the spectra of the complexes with chemical shift upon
binding with Mg(II), Ca(II), Sr(II) and Ba(II).
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Table 5. 'H NMR chemical shifts (ppm) for uracil and its metal complexes.

Assignments S, 4H, 2H.O C5-H C6—-H N1-H N2 -H
Uracil -- 5.47 7.40 10.82 11.02
CsHi12Cl2MgN4Os 2.94 5.22 7.14 10.62 10.69
CsHi2 CaCl2N4Os 3.01 5.51 7.14 10.71 10.81
CsH12C1aN4O6Sr 3.08 5.49 7.15 10.72 10.82
CsHi2 BaCl:N4Os 3.00 5.51 7.14 10.71 10.81

SEM and TEM investigations

To study the surface morphology of our synthesized complexes, Mg(1I), Ca(Il), Sr(II) and Ba(II),
transmission electron microscopy (TEM) and scanning electron microscopy (SEM) were utilized.
The SEM micrograph of Mg(Il) displays flattered morphology with small sized grains scattered
on solid matrix and gives the appearance of river base like structure. The SEM of Ca(Il) complex
indicated tubular rods like morphology. The micrographs of Sr(Il) complex indicated that the
presence of well-defined crystals free from any shadow of the metal ion on their external surface
had a twisted fiber and grass like morphology. The SEM micrograph of Ba(II) complex displays
agglomerated morphology with small sized grains scattered in homogenous matrix and gives the
appearance of coral-like structure. Images of TEM for [Mg(Ura):(H20),]Cla,
[Ca(Ura),(H20),]Cl,, [Sr(Ura)>(H,0),]Cl, and [Ba(Ura),(H,0):]Cl, complexes are shown in
Figure 4 and refer to the formation of spherical black spots with particle sizes starting from a few
nanometers to several hundred.

100 nm

Figure 4. TEM images of (a) Mg(II), (b) Ca(Il), (c) Sr(II) and (d) Ba(II), complexes.
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Biological evaluation

For uracil complexity, the antibacterial activities against Gram-positive bacteria (S. aureus) and
Gram-negative bacteria (E. coli) are presented in Table 6. The inhibition zone diameters (in mm)
for the Ampicillin against gram-positive bacteria (S. aureus) and gram-negative bacteria (£. coli)
give 15.66 and 0 mm, respectively, but the Kanamycin drug against (S. aureus) and (E. coli) gave
0 and 12, respectively. The in vitro antibacterial activities of the synthesized uracil complexes
under investigation were tested against two bacterial strains, i.e. Gram-positive bacteria (S.
aureus) and Gram-negative bacteria (£. coli). Compound CgH;2CaClN4Os, CsHi2ClLN4OgSr,
CsH12BaCl:N4Og are the most active substance among the tested samples against the following
gram-positive bacteria E. coli. Compound CgH;,CaClN4Og (2) was the most active substance
among the tested samples against the following gram-positive bacteria S. aureus (7 mm) and was
more potent than the reference drug. Moreover, its antibacterial activity was significant against
gram-negative bacteria E. coli, with an inhibition zone of 6 mm comparing to the other
compounds. The synthesized compounds CsH;,Cl,MgN,O¢ showed no activity against Gram-
positive bacteria (S. aureus) and Gram-negative bacteria (£. coli), and the antibacterial activity
seemed to be dependent on the nature of basic skeleton of the molecules [34,35].

Table 6. Antibacterial activities for the uracil and its complexes.

Inhibition zone (mm)* antibacterial activity (1 mg/mL)

Compounds Gram-positive Gram-negative

Staphylococcus aureus Escherichia coli
Control: DMSO 0 0
Ampicillin 15.66 0
Kanamycin 0 12
uracil 0 0
CsHi2Cl:MgN4Os 0 0
CsHi12CaClN4Os 7 6
CsH12ClN4OeSr 6 0
CsHj2 BaCl:N4Os 6 6

*The values (average of triplicate) are diameter of zone of inhibition at 1 mg/mL.

CONCLUSION

Four new Mg(Il), Ca(Il), Sr(Il), and Ba(Il) complexes with uracil ligand were synthesized and
characterized by physicochemical and spectroscopic techniques. In all the complexes uracil is
coordinated with the metal ions as a bidentate ligand through one oxygen atom of the carbonyl
group and the Ny atom. The presence of coordinated or non-coordinated water in metal
complexes was confirmed by thermal and IR data. The TGA curves of all the compounds were
similar in character and the parameters such as E*, AS* AH*, and AG* were calculated. The
complexes were screened for their antibacterial activities, and CsH;2CaCl2NsOg, CsH12C12N4OsSt,
CgH,BaCLLN4O complexes exhibited antimicrobial activities against various bacterial compared
with standard drugs.
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