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ABSTRACT

Four metal complexes of new hydroxamic acid, 2,4,6-trioxo-1,3-di-p-tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-
carboxylic acid hydroxamide (3) with Cu(ll), Ni(I1), Co(ll) and Zn(Il) metal ions have been synthesized. The
hydroxamic acid and its metal complexes were characterized by ssimple analytical techniques such as repeated
melting point (M.P.) determination, el emental analysis, running their thin layer chromatography for single spot, and
spectroscopic techniques such as I.R, H-NMR and UV-Vis. (only for metal chelates) spectroscopy. The
antimicrobial activity of the hydroxamic acid and their metal complexes were screened against two species of
bacteria and two species of fungi by Serial Dilution Method. Metal complexes were found more active against both
bacteria aswell asfungi in the antimicrobial screening test.
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INTRODUCTION

Hydroxamic acids show wide spectrum of biologicztivaties and generally have low toxicitigs-2]. Hydroxamic
acids are very well known for their antibactefizgd5], antifungal[6-7], antitumor{8-10], antituberculou§l1] and
antimalarial[12] properties. Hydroxamic acids are inhibitorseazymes such as prostaglandin fynthatas¢13],
peroxidase[14], ureasg15] and matrix metalloproteinagd6]. Cinnamohydroxamic acids have been used for
treatment of the symptoms of asthma and other wiiste airway diseases which inhibit 5-lipoxygenftd. A
number of hydroxamic acid analogues have been shovimhibit DNA (dinucleic acid) synthesis by inaeting
the enzyme ribonucleotide reductase (RNHJ. Naturally occurring hydroxamic acid, 2,4-dihydyex-methoxy-
1,4-benzoxazin-3-one (DIMBOA) is a powerful antifdéo present in maizg19]. Antiradical and antioxidant
properties of hydroxamic acids have also been @bddR20]. Hydroxamic acids play important role in many
chemical, biochemical, pharmaceutical, analyticad andustrial field§21]-[25]. These diverse biological activities
of hydroxamic acids are due to their complexatiompprties towards transition metal id26-27]. Siderophores are
Fe(lll) complexes of naturally occurring hydroxanacids, involved in the processes of iron transpamn the
environment to the living organisnf28-29. Hydroxamic acids after deprotonation acts as riiete ligands and
octahedral complexes are formed through the caatidin of two oxygen atom of the —CONHO- group.sTtyipe
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of coordination has been studied with Cr(Ill), FB(INi(ll), Co(ll) and Zn(ll) ions in the solid aste as well as in
solutions, indicating the formation of octahedmaplexeq30Q].

We report herein the synthesis, structural featares antimicrobial activity of new hydroxamic aci}4,6-trioxo-
1,3-dip-tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxykeid hydroxamided) as well as its metal complexes
4a-d with Cu(ll), Ni(ll), Co(ll) and Zn(ll) metal salts

EXPERIMENTAL SECTION

Reagents and methods

All chemicals used in the present investigationenvefr analytical reagent grade. 1,3- pielylbarbituric acid was
synthesized by previously known method in the latmy. Copper acetate monohydrate, nickel acetatahtydrate,
cobalt acetate tetrahydrate and zinc acetate ditgydvere purchased from E-Merck. Triethyl amine atiyl
chloroformate were purchased from Spectrochem. dkgdamine hydrochloride potassium hydroxide andhdie
ether were obtained from S.D. Fine chemicals lichitadia. All the synthesized compounds were arelyor C, H
and N by elemental analyses, model 1108 (EL-IIF}NMR spectra (400MHz) were recorded JNM ECX- 400P
(Joel, USA) spectrometer using TMS as an intertamaidard. IR absorption spectra were recorded id@%4000
cm® range on a Perkin-Elmer FT-IR spectrometer mod@$l02using KBr pellets. UV-Visible spectra of metal
complexes were recorded in DMSO solvent at roonptgature on Simadzu Spectro Photometer (model6@i)1
Melting points were determined using Buchi M-56@ are uncorrected. These reactions were monitoyetthib
layer chromatography (TLC) on aluminium plates edatvith silica gel 60 f, (Merck). UV radiation and iodine
were used as the visualizing agents.

Synthesis of the hydroxamic acid
Synthesis of 2,4,6-trioxo-1,3-gtolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxyéicid hydroxamide3)

Synthesis of ligan® was carried out in two steps as follows:

Step 1: Synthesis of ethyl 2,4,6-trioxo-1,3-gitolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxgag).

Ethyl 2,4,6-trioxo-1,3-dp-tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carbox@d®) was synthesized by the reported
method of Kuhneet al [31]. 1,3- Dip-tolylbarbituric acid [5g, 0.016 mo], triethyl amine[2.30ml, 0.0168 md.
and dimethyl aminopyridine (DMARD.10g] were dissolved in 20 ml of dichloromethane (DCM3jldhe solution
was cooled to . Then ethyl chloroformatfl.60ml, 0.0165 mdlwas added drop-wise over half an hour. The
mixture was subsequently stirred for 12 hours’@t4nd then, allowed to warm to the room temperagn@ hours.
The product is extracted in chloroform and driegroMaSQO,. Further, chloroform was evaporated to dryness and
the crude product was recrystallised from ethyblad to yield pure compouri2l

Step 2: 2,4,6-trioxo-1,3-dip-tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxykecid hydroxamide3d) from ethyl
2,4,6-trioxo-1,3-dip-tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxgddp).

Synthesis of 2,4,6-trioxo-1,3-gtolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxylacid hydroxamide 3) was
carried out by adopting a method similar to thagadibed by Griffithet al [32]. The mixture of hydroxylamine
hydrochloride[1.87g, 0.026 mo] and aqueous potassium hydroxj@el9g, 0.039 mo] was added drop-wise to a
methanolic solution of ethyl 2,4,6-trioxo-1,34dktolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carbox@ai2) [5g,
0.013 mol]. The solution was stirred at room temperature7@hours and then acidified to pH 5.5 using 5% HCI
solution. After filtration the solvent was removedder vacuumnto yield a crude solid. The crude product was
recrystallised from hot water to yield pure compad@n

Synthesis of metal complexes
Synthesis of Cu(ll), Ni(ll), Co(ll) and 2Zn(ll) congxes of 2,4,6-trioxo-1,3-dd-tolyl-1,2,3,4,5,6-
hexahydropyrimidine-5-carboxylic acid hydroxami@. (

Copper acetate monohydrdfe136g, 0.00068 mdlin cold water was added with stirring to 2,4,@&%0-1,3-dip-

tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxyticid hydroxamide3) [0.50 g, 0.00136 mdlin EtOH (20 ml) in
a round bottom flask. The contents were stirredatoout 6 hours and then reduce to half volume umdeaum.
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Yellowish brown precipitate oda wasappeared after adding petroleum ether. The pratipivas filtered, washed
with small amounts of ED and dried over Cagin a vacuum desiccator.

Similarly, complexes4b of Ni(ll) , 4c of Co(ll) and4d of zn(ll) with 2,4,6-trioxo-1,3-dp-tolyl-1,2,3,4,5,6-
hexahydropyrimidine-5-carboxylic acid hydroxamid®) (vere synthesized by taking nickel acetate tetradtgdr
cobalt acetate tetrahydrate and zinc acetate dibgydespectively.

Infrared Spectra

In the IR spectraTable 1), carbonyl stretching vibrations of hydoxamic aeidhibit a medium sharp, intense band
in the region 1660 ct[33]. This band has shifted towards negative regior63809 crit in the metal complexes
indicating the coordination of the ligand with threetal ion through oxygen of the carbonyl group. Sgmmetric
N-O stretching vibration which obtained in the mwil120 crit in the IR spectra of ligand, have shifted to lower
side in the IR spectra of their metal complexegsesting the coordination of ligand to the metaltiorough oxygen

of the N-O moiety[34]. The presence of water molecules within the coatittn sphere of all metal chelates were
supported by broad bands in the region 3450-328bama 850-800 chdue to stretching and deformation modes
of coordinated water molecules, respectively. Tipgearance of new band in the IR spectra of metlhtds in the
region 551-519 crhis probable due to formation of M-O bor{@§].

Tablel. IR spectral data of hydroxamic acid, 3 andts metal complexes, 4a-d

Compound | w(C=0)cm™ | v(C-N) cm? | v(N-O) cm™ | v(M-0) cm™
3 1660 1349 1120 -
4a 1609 1327 1036 551
4b 1624 1355 1023 519
4c 1626 1384 1023 540
4d 1629 1350 1025 541

H!-NMR Spectra
The hydroxamic aci® shows a one proton singlet &t1.14 due to -N-O proton, probably due to the magnetic
anisotropy of the neighboring carbonyl group, etaoegativity of nitrogen and H- bondifig6]. One proton singlet

in hydroxamic acid3 appearedt 02.49 due to -N-@ proton[37]. Due to proton exchange in,O this signal
disappeared in the spectra indicating the possiloli —OH proton. In the hydroxamic acs] a one proton singlet

due to —G-H proton was obtained 05.26. A multiplet due to six protons of two Hggroups of hydroxamic acid
3 appeared a0 2.01 — 2.09 and another multiplet due to eightgmetof two aromatic rings, At was observed at

07.17 - 7.20 in the hydroxamic ack H'-NMR spectra of metal complexds-d were not taken due to very less
solubility in suitable organic solvents.

UV- Visible Spectra

Cu (II) complex

In the electronic spectra of Cu (Il) complebg, three absorption bands in the region. 13157, 968w 23809 cih
have been observed, which correspond to the transiB;, — °A;g, °Biy — °Byy and’B,g — “E;g suggesting
distorted octahedral geomefi38-4(Q.

Ni (1) complex

The electronic spectra of Ni (lI) compledb, exhibit three bonds in the region 13333, 16129 26833
corresponding to the transitionB,g — “Tog(F), *Azg — *Ti(F), *Asy — *Ti(P) respectively which show an
octahedral geometry for these complepds47.

Co (Il) complex

In the electronic spectra of Co (Il) compléx three absorption bands in the region 12903, 1482520200 crm
were seen, which may correspond to the transffigg— “Toq (F), “T1g— *Asg (F) and'Tyy — *T14(P), respectively,
indicating an octahedral geomefA8-44.
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Zn (1) Complex
No significant absorption was noticed in Zn (l)ntplex, 4d, above 400nm probably due to diamagnetic natude an
completely filled d- orbitals. In the Zn (1) comg only transitions due tm- 1 and n- 1* were seen.

Antimicrobial activity

Synthesized ligan@ and metal chelateda-d were tested for their antimicrobial activity agstirtwo bacteria
Staphylococcus aureus and Escherichia coli and two fungiAspregillus flavus and Aspergillus niger by adopting
Serial Dilution Method[45-4. The micro-organisms were cultured in nutrient rageedium [46] which was
prepared by taking 6.0 gm peptone, 1.50 gm beedetxtl.0 gm dextrose, 3.0 g yeast extract, 1.&0ay (for slant)
in 1 liter distilled water for bacteria and 10.0gppone, 20.0g dextrose, 20.50g agar (for slanf)) iiter distilled
water for fungi. Measured quantities of the testpounds were dissolved in propylene glycol. Fiest was
prepared for primary screening by taking 1ml (20§0p) of seeded broth (obtained by 1:100 dilutidnttee
incubated micro-organism broth culture) in 10 waaned sterilized test tubes and gradual dilupimtess was
continued for all the ten tubes using a fresh pépeach time. All the above sets of tubes wereliatd at 37C for
24 hours for bacteria and at°28for 96 hours for fungi. The Minimum Inhibitory Geentration (MIC) values were
determined at the end of the incubation periodivicsynthesized compounds, found in the primargesting were
further tested for secondary screening by taking(1800ug/ml) of seeded broth against all microaigins.

RESULTS AND DISCUSSION

In this present work synthesis of 2,4,6-trioxo-tljg-tolyl-1,2,3,4,5,6-hexahydropyrimidine-5-carboxylecid
hydroxamide §) was carried out by adding an aqueous solution wdrdxylamine hydrochloride and potassium
hydroxide drop-wise to a methanolic solution ofyeth,4,6-trioxo-1,3-dip-tolyl-1,2,3,4,5,6-hexahydropyrimidine-
5-carboxylate Z). The solution was continuously stirred for 72 tsat room temperature, which on acidification
gave crude compourigl (Scheme I).Compound3 on stirring with different metal salts, gave cepending metal
complexedla-d (Scheme II).

Step 1
o %} o Step 2
Ar (|)| Ar y; P f ﬁ
AN C N ~ Ar C
N ~C< N OEt N ~
)\ cl OEt )\ NH,-OH.HCI N NH—OH
—_—
Et;N )\
o [i] () 3! (@) ll\l o KOH fe) 'i‘ o
Ar Ar Ar
1 2 3
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r
)\ _ MZsar A,
O N o M+2
l \ / \
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4a: M*2=Cu? 4c:M*2=Co?
4b: M*™2 = Ni*? 4d : M*2 = zZn*?

Ar- = “@‘CW

Scheme Il
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All the metal complexes obtained were solid anttlstat room temperature and insoluble in most efdbmmon
organic solvents. The spectroscopic and analytiatd(Table 2) are in good agreement with theoretical values for

the ligand and metal complexes
Table 2. Analytical data and physical properties othe hydroxamic acid, 3 and metal complexes, 4a-d

Percentage Elemental Analysis

S.No. | Compound Molecular Formula Color Calc./ (Foud) M.P./D.T. (°C) | Yield (%)
C H N
1 3 CioH17N30s Dark Pink 62.12 4.63 11.44 156'C 85%

61.90) | (452 | (11.28)

. 54.87 4.33 10.10
0,
2 4a [Cu(CgH16N305),.2H0] | Yellowish Brown (53.27) (4.30) (9.90) 248C 71%

56.22 4.39 10.13

) ) ) .
3 4b [Ni(C19H16N30s)2.2H,0] Light Pink (54.70) (4.25) (10.10) 270°C 70%
) 55.20 4.35 10.16
0,
4 4c [COo(CigH16N305)2.2H;0] Pink (54.70) (4.25) (10.20) 327C 75%
5 4d [ZNn(C1oH16N30s)2.2H,0] Brown 54.67 4.32 10.07 310°c 70%

(53.80) | (4.30)| (9.89)

Antimicrobial Activity

The newly synthesized hydroxamic addand its metal chelateta-d were tested for their antimicrobial activity
against two bacteri&aphyl ococcus aureus and Escherichia Coli and two fungiAspergillus Niger and Aspergillus
flavus. The experimental results BfIC values(Table 3) show moderate activity of all the compounds agdioth
bacteria and fungi. Further, it has been found tiatmetal complexes were more active than hydraxawid. This
increased antimicrobial activity of the complexascampared to the hydroxamic acid is probably duthé fact
that chelation increases the lipophilicity of thrarplexes, which subsequently enhances the pemetridiough the
lipid layer of the cell membrane and restricts Hert multiplicity of the microorganism46]. Among the metal
complexes, Cu (II) completa was found most active against both bacteria andifurhe higher antimicrobial
activity of Cu (Il) complex may be due to highealstity constant of copper complexes.

Table 3. The minimum inhibitory concentration (ug/m) MIC values of hydroxamic acid, 3and metal complexes, 4a-d

S.No.| Compound Bacteria Fungi
Staphylococcus aureus | Escherichiacoli | Aspergillusniger | Aspergillusflavus
1 3 32t 32t 25C 32t
2 4a 12t 12t 25C 25C
3 4b 325 500 500 325
4 4c 500 250 250 325
5 4d 500 250 250 250
CONCLUSION

Four new metal chelateda-d with ligand3 have been synthesized and characterized. Octdlywnetries have
been proposed for the prepared metal complexesh&simed hydroxamic acid and its metal chelate®wereened
for antimicrobial activity against two species @fcberia and two species of fungi. A comparativagtof the MIC
values of the ligand and its complexes show thatpiexes exhibit higher antimicrobial activity thémee ligand.
Among the metal complexes, Cu(ll) complda,was found most active against both bacteria andifu
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