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Synthesis, Characterization and Antimicrobial
Activity of Novel Hydroxamic Acids of Pyrimidine-
5-Carboxylic Acid and Their Complexes
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Abstract- A series of metal complexes of Cu(ll), Ni(ll) and
Co(ll) have been synthesized with new hydroxamic acids,
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-5-carb
oxylic acid hydroxamide (5) and 1,3-dimethyl-4,6
-dioxo-2-thioxo-1,2,3,4,5,6-hexahydropyrimidine-5-carboxylic
acid hydroxamide (6). During the course of present investigations,
simple analytical and spectroscopic techniques such as repeated
melting point (M.P.) determination, elemental analysis, running
their thin layer chromatography for single spot, I.R., H:-NMR and
UV-Vis. (only for metal chelates) spectral studies were employed
to indentify the purity and structure of hydroxamic acids and their
metal chelates. Free ligands and their metal complexes have been
screened for their antimicrobial activity against various species of
fungi and bacteria.
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I. INTRODUCTION

Hydroxamic acids play important role in many chemical,
biochemical, analytical, pharmaceutical and industrial fields
[1]-[6]. Hydroxamic acids have a wide spectrum of biological
activities and generally have low toxicities [7]. Antibacterial
[8]-[10], antifungal [11], antitumor [12] and
anti-inflammatory activities of hydroxamic acids are due to
their ability to inhibit various enzymes, such as matrix
metalloproteinases [13], urease [14] and proxidase [15].
Anticancer properties of some aliphatic and aromatic
hydroxamic acids have also been studied [16]-[17].
Suberoylanilide hydroxamic acid (SAHA) has been proved
as potent drug for cancer therapy [18]. Recent studies show
that hydroxamic acid derivatives strongly inhibit melanin
synthesis via deactivation of tyrosinase[19]. Antiradical and
antioxidant properties of hydroxamic acids have also been
observed [20]. Biological activities of hydroxamic acids are
due to their complexing properties towards transition metal
ions [21]-[22].
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In view of the above applications, we herein report the
synthesis, structural features and antimicrobial activities of
some new hydroxamic acids viz. 1,3-dimethyl-2,4,6-trioxo-1,
2, 3, 4, 5, 6-hexahydropyrimidine-5- carboxylic acid
hydroxamide (5) and 1, 3- dimethyl- 4, 6-dioxo- 2-thioxo-
1,2,3,4,5,6-hexahydropyrimidine- 5-carboxylic acid
hydroxamide (6) as well as their metal complexes 7a-c &
8a-c with Cu(ll), Ni(ll) and Co(ll) metal salts.

Il. RESULTS AND DISCUSSION

In this present work synthesis of 1,3-
dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydro-pyrimidine-5-c
arboxylic acid hydroxamide (5) and
1,3-dimethyl-4,6-dioxo-2-thioxo-1,2,3,4,5,6-hexahydropyri
midine-5-carboxylic acid hydroxamide (6) were carried out
by adding an aqueous solution of hydroxylamine
hydrochloride and potassium hydroxide drop-wise to a

methanolic solution of ethyl
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydro-pyrimidine
-5-carboxylate 3) and ethyl

1,3-dimethyl-4,6-dioxo-2-thioxo-1,2,3,4,5,6-hexahydropyri
midine-5-carboxylate (4) respectively. The solution was
continuously stirred for 72 hours at room temperature, which
on acidification give crude solid. (Scheme 1). Compounds 5
and 6 on stirring with different metal salts, gave
corresponding metal complexes 7a-c and 8a-c (Scheme 2).
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All the metal chelates obtained were colored solid and stable
at room temperature and insoluble in most of the common

organic solvents. The analytical and spectroscopic data are in

good agreement with theoretical values for the ligands and metal complexes (Table 1)

Tablel. Analytical data and physical properties of the hydroxamic acids 5, 6 and metal complexes 7a-c, 8a-c.

Percentage Elemental Analysis M.P.
S.No. Compds. Molecular Formula Color c Ll I(—Iizound) N /EC;; \E(i)/il)d
1 5 CrHoN;Os Creamish White (ii'_gg) (ﬁg) ég:gg) 121°C | 85%
2 7a [CU(CrHsNOs)2.2H;0] Green éi:gg) (g:gg) (12?912) u3C | 84%
3 7b [Ni(C7HsN3O)>.2H;0] Light Blue (gg'_ég) é:gg) (igzég) 303C | 76%
4 7c [CO(CrHsNsOs)2.2H;0] Violet (gg'_ﬁ) (gjgg) (ig:g% 346°C | 79%
5 6 CiHoN:04S Light Yellow ég:gg) (g:gg) d?:;g) 94°C 94%
6 8a [Cu(C7HgN304S),.2H,0] Bluish Green (gggg) égg) (iigi) 270°C 71%
7 8b [Ni(CHsN04S)>.2H0] Bluish Green égif?) é:gg) (iiiéi) 30C | 70%
8 8¢ [CO(C7HsN304S)5.2H;0] Purple (38:%) é:gg) diég) 360°C | 75%

Antimicrobial Activity
All the newly synthesized hydroxamic acids 5 and 6 and their
metal chelates 7a-c and 8a-c were tested for their
antimicrobial activity against two bacteria Staphylococcus
aureus and Escherichia Coli and two fungi Aspergillus niger
and Aspergillus flavus .

111. EXPERIMENTAL

Reagents and methods

All chemical used in the present investigation were of
analytical reagent grade. 1,3- Dimethyl barbituric acid and
1,3-dimethyl-2-thiobarbituric acid were purchased from Alfa
aesar Grate Britain. Copper acetate monohydrate, nickle
acetate tetrahydrate and cobalt acetate tetrahydrate were
purchased from E-Merck. Triethyl amine and ethyl
chloroformate  were purchased from  Spectrochem.
Hydroxylamine hydrochloride potassium hydroxide and
diethyl ether were obtained from S.D. fine chemicals limited,
India. All the synthesized compounds were analysed for C, H
and N by elemental analyser, model 1108 (EL-II1). H:-NMR
spectra (400MHz) were recorded on JNM ECX- 400P (Jeol,
USA) spectrometer using TMS as an internal standard. IR
absorption spectra were recorded in the 400-4000 cm™ range
on a Perkin-Elmer FT-IR spectrometer model 2000 using
KBr pallets. UV-Vis. spectra of metal complexes were
recorded in DMSO solvent at room temperature on Simadzu
Spectro Photometer model no. 1601. Melting points were
determined using Buchi M-560 and are uncorrected. These
reactions were monitored by thin layer chromatography
(TLC), on aluminium plates coated with silica gel 60 Fusa
(Merck). UV radiation and iodine were used as the
visualizing agents.

Synthesis of the hydroxamic acids

Synthesis of
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-
5-carboxylic acid hydroxamide (5)

Synthesis of ligand 5 was carried out in two steps as follows:
Step 1: Synthesis of ethyl
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-
5-carboxylate (3).

Ethyl
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimi
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dine-5-carboxylate (3) was synthesized by the reported
method of Kuhne et al [23]. 1,3-Dimethyl barbituric acid (1)
[5g, 0.032 mol.] and triethyl amine [3.69ml, 0.034 mol.] and
dimethyl aminopyridine (DMAP) [0.15g] were dissolved in
20 ml of dichloromethane (DCM) and the solution was
cooled to 0° C. Then ethyl chloroformate [3.33ml, 0.033
mol.] was added drop-wise over half an hour. The mixture
was subsequently stirred for 12 hours at 0°C, then, allowed to
warm to the room temperature for 7 hours. The product is
extracted in chloroform and dried over Na,SO.. Further,
chloroform was evaporated to dryness and crude product was
recrystallised from ethyl alcohol to yield pure 3.

Step 2: Synthesis of 1,3-dimethyl- 2,4,6-trioxo-
1,2,3,4,5,6-hexahydropyrimidine-5-carboxylic acid
hydroxamide (5) from ethyl 1,3- dimethy 1-2,4,6-

trioxo-1,2,3,4,5,6-hexahydropyrimidine-5-carboxylate (3).
Synthesis of 1,3-dimethy 1-2,4,6-trioxo- 1,2,3,4,5,
6-hexahydopyrimidine- 5-carboxylic acid hydroxamide (5)
was carried out by adopting a method similar to that
described by Griffith et al [24]. The mixture of
hydroxylamine hydrochloride [3.08g, 0.044 mol] and
aqueous potassium hydroxide [3.70g, 0.066 mol] was added
drop-wise to a methanolic solution of ethyl 1,3-dimethy
I-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-5-carboxylat
e (3) [5g, 0.022 mol]. The solution was stirred at room
temperature for 72 hours and then acidified to pH 5.5 using
5% HCI solution. After filtration the solvent was removed in
vacuo to yield a solid. The crude product was recrystallised
from hot water to yield pure compound 5.

Synthesis of 1,3-dimethyl- 4,6-dioxo-2- thioxo-1,2,3,4,5 ,6-
hexahydropyrimidine-5-carboxylic acid hydroxamide (6)
The synthesis of 6 was carried out in two steps starting from
1,3-dimethyl-2-thiobarbituric acid (2) by a similar method as
described for the synthesis of 5.

Synthesis of metal chelates

Synthesis of Cu(ll), Ni(ll) and Co(ll) chelates of
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1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-
5-carboxylic acid hydroxamide (5).

Copper acetate monohydrate [0.232g, 0.00115 mol.] in cold
water was added with stirring to
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-
5-carboxylic acid hydroxamide (5) [0.50 g, 0.0023 mol.] in
EtOH (20 ml) in a round bottom flask. The contents were
stirred for about 4 hours and then 1ml glacial acetic acid was
added and further stirred for 2 hours until a green precipitate
of 7a appeared. The precipitate was filtered, washed with
small amounts of Et,O and dried over CaCl; in a vacuum
desiccator.

Similarly, complexes 7b of Ni(ll) and 7c of Co(ll) with
1,3-dimethyl-2,4,6-trioxo-1,2,3,4,5,6-hexahydropyrimidine-
5-carboxylic acid hydroxamide (5) were synthesized by
taking nickle acetate tetrahydrate and cobalt acetate
tetrahydrate, respectively.

Synthesis of Cu(ll), Ni(ll) and Co(ll) chelates of
1,3-dimethyl-4,6-dioxo-2-thioxo-1,2,3,4,5,6-hexahydropyri

midine-5-carboxylic acid hydroxamide (6).

Copper acetate monohydrate [0.216g, 0.00108 mol.] in cold
water was added with stirring to 1,3-
dimethyl-4,6-dioxo-2-thioxo-1,2,3,4,5,6-hexahydropyrimidi
ne-5-carboxylic acid hydroxamide (6) [0.50 g, 0.00216 mol.]
in EtOH (20 ml) in a round bottom flask. The content was
stirred for about 4 hours and then 1ml glacial acetic acid was
added and further stirred for 2 hours until a bluish green
precipitate of 8a appeared. The precipitate was filtered,
washed with small amounts of Et,O and dried over CaCl,ina
vacuum desiccator.

Similarly, complexes 8b of Ni(ll) and 8c of Co(ll) with
1,3-dimethyl-4,6-dioxo-2-thioxo-1,2,3,4,5,6-hexahydropyri

midine-5-carboxylic acid hydroxamide (6) were synthesized
by taking nickle acetate tetrahydrate and cobalt acetate
tetrahydrate, respectively.

Infrared Spectra

In the IR spectra (Table 2), carbonyl stretching vibrations of
hydoxamic acids exhibit a medium sharp intensity band in the
region 1685-1660 cm* [25]. This band has shifted towards
negative region 1660-1601 cm™ in the metal complexes
indicating the coordination of the ligand with the metal ion
through oxygen of the carbonyl group. The symmetric N-O
stretching vibrations, obtained in the region 1120-1100 cm!
in the IR spectra of ligands, have shifted to lower side by
45-30 cm™ in the IR spectra of their metal complexes
suggesting the coordination of ligand to the metal ion through
oxygen of the N-O moiety [26]. The presence of water
molecules within coordination sphere of all chelates were
supported by broad bands in the region 3550-3290 cm™* and
850-802 cm™ due to stretching and deformation modes of
coordinated water molecules, respectively. The appearance
of new band in the IR spectra of metal chelates in the region
550-520 cm™ is probable due to formation of M-O bonds
[27].

H-NMR Spectra

The hydroxamic acids 5 and 6 show a one proton singlet at
0 1.26and 1.74 respectively due to -NH-O proton, probably
due to magnetic anisotropy of the neighboring carbonyl
group, electronegativity of nitrogen and H- bonding [28].0ne
proton singlet in hydroxamic acids 5 and 6 at 0 2.18and 2.48
are due to —-N-OH protons [29]. Due to proton exchange in
D0 this signal disappeared in the spectra indicating the
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possibility of —OH proton. Six proton multiplet for two —CHs

group protons of hydroxamic acids 5 and 6 appear at 03.09-
3.20 and 3.32-3.43, respectively. The hydroxamic acids 5 and

6 show a one proton singlet due to —Cs-H proton at 04.27
and 5.25, respectively. H:-NMR of metal complexes 7a-c and
8a-c were not taken due to very less solubility in common
organic solvents.

Table 2. IR spectral data of hydroxamic acids 5, 6 and
their metal complexes 7a-c and 8a-c.

g [wcorm [ 160 [0 [ e [0
5 1685 1332 | 1103 - -
7a 1647 1325 | 1043 - 520
7b 1660 1316 | 1049 - 535
7c 1630 1313 | 1042 - 522
6 1664 1360 | 1117 o .
8a 1629 1350 | 1025 1287 541
8b 1602 1379 | 1061 1273 523
8 1627 1379 | 1060 1263 514

UV- vis. Spectra

In the electronic spectra of Cu(ll) complexes 7a and 8a, three
absorption bands in the region. 13888-15338, 15625-18867
and 20408-24096 cm™ have been observed [30] which
correspond to the transitions 2Big — 2Asg, ?B1g — 2Byg and
’Bijg — 2Eig suggesting distorted octahedral geometry
[31]-[33]. The electronic spectra of Ni(ll) complexes 7b and
8b exhibit three bonds in the region 12987, 15151-16129 and
21739 corresponding to the transitions 3Azg — 2Tog(F), 2Azg
— 3Ti(F), %Az — 3Tig(P) respectively which show an
octahedral geometry for these complexes [34]-[35]. In the
electronic spectra of Co(ll) complexes 7c and 8c three
absorption bands in the region 12987-13157, 14814-15334
and 17543-18518 cm™ were seen [36] which may correspond
to the transition “T1g— *T24(F), *T1g — *Azg (F) and *T1g —
4T14(P), respectively, indicating an octahedral geometry.
Antimicrobial activity

Synthesized ligands 5,6 and metal chelates 7a-c, 8a-c were
tested for their antimicrobial activity against two bacteria
Staphylococcus aureus and Escherichia coli and two fungi
Aspergillus niger and Aspregillus flavus by adopting Serial
Dilution Method [37-38]. The micro-organisms were
cultured in nutrient agar medium [38] which was prepared by
taking 6.0 gm peptone, 1.50 gm beef extract, 1.0 gm dextrose,
3.0 g yeast extract, 1.50 g agar (for slant) in 1 liter distilled
water for bacteria and 10.0g peptone, 20.0g dextrose, 20.50g
agar (for slant) in 1 liter distilled water for fungi.
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Measured quantities of the test compounds were dissolved in
propylene glycol. First set was prepared for primary
screening by taking 1ml (1500ug/ml) of seeded broth
(obtained by 1:100 dilution of the incubated micro-organism
broth culture) in 10 well cleaned sterilized test tubes and
gradual dilution process was continued for all the ten tubes
using a fresh pipette each time. All the above sets of tubes
were incubated at 37°C for 24 hours for bacteria and at 28°C
for 96 hours for fungi. The Minimum Inhibitory
Concentration (MIC) values were determined at the end of
incubation period. Active synthesized compounds, found in
the primary screening were further tested for secondary
screening by taking 1ml (1000ug/ml) of seeded broth against
all microorganisms.

The experimental results of MIC values show moderate
activity of all the compounds against both bacteria and fungi
(Table 3). Further, it has been found that the metal
complexes were more active than hydroxamic acids. Among
the metal complexes 8a was found most active against both
bacteria and fungi.

Table 3. The minimum inhibitory concentration (ug/ml)
MIC values of hydroxamic acids 5, 6 and their metal
complexes 7a-c, 8a-c.

Bacteria Fungi
S.N | Compound [ staphylococcus | Escherichia | Aspergillus | Aspergillus
aureus coli niger flavus
1 5 325 500 500 500
2 7a 250 162 162 125
3 b 250 325 325 325
4 7c 500 250 325 325
5 6 325 250 250 325
6 8a 162 125 125 125
7 8b 250 250 250 250
8 8c 325 325 325 250

IV. CONCLUSION

Six new metal chelates, 7a-c and 8a-c with ligands 5 and 6
have been synthesized and characterized. All the synthesized
hydoxamic acids and their metal chelates were screened for
antimicrobial activity. A comparative study of the MIC
values of the ligands and the complexes show that complexes
exhibit higher antimicrobial activity than free ligands.

V.ACKNOWLEDGEMENT

One of the authors Ms. Rashmi Tomar is grateful to UGC,
Bahadur Shah Zafar Marg, New Delhi, for providing
fellowship.

REFERENCES

1. Borland G, Murphy G & Ager A, J. Bio-Chem, 274 (1999) 2810

2. Pilkul S, Dunham K L M, De B, Natchus M G, Analtosio M V, Mc
phail S J, Snider C E, Taiwo Y O, Chen L Y, Dunaway C M, Gu F &
Mieling G E, J. Med. Chem. 42 (1999) 87

3. Bttomley K M, Johnson W H & Waltor D S, J. Enzy. Inhibition 13
(1998) 79

4.  Vogel K W & Druckhammer D G, J. Am. Chem. Soc. 120 (1998)
3275

5. Chittaria P, Jadhav V R, Ganesh K N & Rajappa S, J. Chem. Soc.
Perkin Trans. 1 (1998) 1319

6. Holmen B A, Tejedor M | & Casey W H, Langmuir 13 (1997) 2197

7. Fazary AE, Khalil M M, Fahmy A & Tantawy T A, Medical Journal
of Islamic Academy of Science 14:3 (2001) 109

8. [8] Jahangirian H, Harson J, Silong S, Yusof N Z, Shameli K,
Eissazadeh S, Moghaddam R R, Mahdavi B & Jafarzade M,Journal of
Medicinal plants Research 5:19 (2011) 4826

Retrieval Number: K15850431114/14©BEIESP

Journal Website: www.ijitee.org

43

10.

11.

13.

14.

15.

16.

18.

19.

20.

21.
22.

23.

25.
26.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Agarwal H, Agarwal O P, Karnawat R, Sharma | K & Verma P S,
International Journal of Applied Biology and Pharmaceutical
Technology 1-3 (2010) 1293

Aliyu A O & Wabueze J N, International J. of Physical Science 2 (7)
(2008) 167

Sonika S, Neeraj S, Der Chemica Sinica, 4(3) (2013) 117

Elford H L, Wampler G L, Riet B V, Cancer Res. 39 (1971) 844
Botos I, Scapozza L, Zhang D, Liotta L A & Meyer E F, Proc. Nat.
Acad. Sci. USA 93 (1996) 2749

Arnold M, Brown D A, Deeg O, Errington W, Haase W, Herlihy K,
Kemp T J, Nimir H & Wemer R, Inorg. Chem. 37 (1998) 2920
TamSSC,LeeDH S, Wang E 'Y, Munroe DG & Lau C Y, J. Biol.
Chem. 270 (1995) 13948.

Bruce P, Kennedy B J Proc Am., Asso Cancer Res. 11 (1970) 63
Moore E C, Cancer Res. 29 (1969) 291

Pal D & Saha S, Review article, J. Adv. Pharm. Tech. Res. 3(2) (2013)
98

Baek HS, Rho H'S, Yoo JW, Aha S M, LeeJ Y, Lee J, Kim M K,
KimDK & Chang | S, Bull Karean Chem Soc. 29/1 (2008) 43
Koncic M Z., Barbaric M, Perkovic V, Zorc B, Molecules, 16 (2011)
6232

Raymond K N, Coord. Chem. Rev., 105, (1990) 135
Crumbliss AL, Handbook of Microbial Iron Chelate;
Winkelmann, CRC Press, New York, 1991

Kuhne M, Gallay J J, U.S. Patent Appl. No.4,670,441 (1987)
Griffith D, Lyssenko K, Jensen P, Kruger P E & Marmion C J, J.
Chem. Soc., Dalton Trans., 956 (2005)

Mathis F, Bull. Soc. Chem. D-9 (1953) 22

Pinchas S. and Lavtichat I, Infra red spectra of Labelled compounds
(Academic Press, New York) (1971)

Bentley F F, Somothsen L D & Rojek A L, Infra red spectra and
characteristic Frequencies 700-300 cm-1 (Inter science Publisher,
London) (1968)

Aliyu A O, Current Res. Chem. (2) 2 (2010) 41

Mikhaylinchenko S, Eur. J. Chem. 1(4) (2010) 304

Carlin R L, Trans. Met. Chem. 4 (1968) 211

Saxena G C & Srivastava V' S, J. Ind. Chem. Soc 64 (1987) 633
Saxena G C, and Srivastava V'S, J. Ind. Chem. Soc., 64 (1987) 633
Chaudhary G L, Mithilesh K, & Sharma T, J. Ind. Chem. Soc., 67
(1990) 340

Carlin R L, Trans. Met. Chem., 4 (1968) 211

Patel R K & Patel R N, J. Ind. Chem. Soc., 67 (1990) 238
Poppalardo R, Phill. Mag. 4 (1959) 219

Burden K I, Introduction to microbiology (Mc Millan New York)
(1968)

Sharma R C, Giri P P, Kumar D & Neelam, J. Chem. Pharm. Res.,
4(4) (2012) 1969

Ed. G.

Ms. Rashmi Tomar is doing research since last six years .
Her research areas are Organometallic chemistry,
Hydroxamic acids chemistry and Transition Metal
Complex Synthesis.

Mr. Bhawani Shankar is a chemist working in the field of
Organic  Synthesis, Drug design, Organometallic
chemistry, Hydroxamic acids chemistry and Transition
Metal Complex Synthesis.

Dr. Rakesh Kumar is a well known researcher working in

the area of Organic Synthesis, Drug design,
. Organometallic  chemistry and Hydroxamic acids
[ chemistry.

Dr. Madhu Godhara is an eminent personality having a
vast experience of research in the fields of Transition
Metal Complex Synthesis, Water and Soil chemistry and
Hydroxamic acids chemistry

Dr. Vijay Kumar Sharma is working in research area of
nanotechnology, Spectroscopy
and Optical Sensors.

Exploring Innovation


http://www.ijitee.org/

