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Abstract

This work consists of preparation new compounds using creatinine as a starting material carried
out in four stages, where in the first stage, creatinine reacts with chloroacetyl chloride, leading to
formation compound (1) which enters into the reaction of the second stage with hydrazine hydrate
(99 percent), giving compound (2). In the third stage, aromatic aldehyde is used to prepare Schiff
base compound(3).The resulting Schiff bases are used in ring-closing reactions with glycine,
glycolic acid and thioglycolic acid to yield (4, 5, 6) respectively as final product. The organized
compounds were uniqued by using IR spectroscopic method and 'HNMR. The biological activity
diagnosed for the prepared compounds and showed promising results.

The work aims to study the properties of creatinine derivatives and determine their effectiveness
and biological attributes.
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1. Introduction

Creatinine a product derived either from creatine phosphate in the muscles or directly from
creatine by non-enzymatic catalysis, and is typically created at a persistent ratio by the body[1].
Traditional reference levels for humans are 0.5to1.0 mg/dL (nearly 45-90 umol/L) for females and
0.7 tol.2mg/dL(60-110 umol/L) for male[2], Creatinine level higher than indicate kidney
dysfunction that blood creatinine helps assess the efficiency of kidney function. Recently, many
studies have emerged that confirm the importance of creatinine, as some studies have proven that
it has effective biological advantages[3]. while other studies have shown that it has antioxidant
and anti cancer properties[4]. Creatinine molecule contains a good active group, the amine group,
which reacts with chloroacetyl chloride, the resulting compound reacts with hydrazine hydrate,
forming the primary amine which reacts easily with the aromatic aldehyde to obtain the Schiff
bases. Schiff bases are an important compounds owing to their extremely broad range of biological
apps, straightforwardness of synthesis and chelating properties [5]. Schiff bases are renowned

dating back to 1864 when HugoSchiff stated the condensation of primary amines with carbonyl
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compounds [6]. Currently, this field copes with Schiff base coordination chemistry has extended
immensely. The prominence of Schiffbase have been proven in bioorganicchemistry, biomedical
applications, supramolecular chemistry, catalysis and material science[7]. In this work, cyclo-
addition of Schiff base or hydrazone with glycine, glycolic acid and thioglycolic acid to synthesis
new azolidinone derivatives[8]. Azolidinone is a 5-membered heterocyclic ring having a nitrogen
atom and a carbonyl group in addition to another atom which may be oxygen, nitrogen or sulfur[9].
It shows potential medicinal properties with favourable antibacterial activity[10,11]. Many studies
have studied the properties of this class of compounds, which have proven their therapeutic
potential. These derivatives include a broader range of biological actions such as, antibacterial,
antifungal, hypnoticmusclerelaxant, antagonistic, antiepileptic inflammatory and antimicrobial
properties[12,13,14].
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Scheme 1: Synthetic rote of synthesized compound

2. Experimental part
2.1. Materials and Methods

With no prior purification, all chemicals were taken from Sigma-Aldrich. The SHIMADZU
FTIR-8400 Foureir transform IR spectrophotometer was meticulously adopted with KBr disc in
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the Department of Chemistry, University of Baghdad. IHNMR spectra were documented on Ultra
Sheild 400 MH, with tetramethyl silane as the interior standard and DMSO as solvent.

2.2. Methods of the synthesis of compounds

Compound Synthsis (1) [15]

A mixture of (1g , 0.008mol) creatinine , (0.03 mL) chloroacetylchloride , and few drops of
Et;N in 20mL dry benzne was stirring for 6 hrs at room temperature and after then the mixture
evaporated the solvent and recrystallized from Dioxan.

Synthesis of compound (2) [16]

To a solution of compounds [1] (0.01 mole) in 20 mL absolute ethanol, hydrazine hydrate (0.03
mole, 99 percent, 1.5 mL) was added. Later, refluxation was made to the reaction mixture for 6
hrs, then evaporating solvent, and the created precipitate was recrystallized from Dioxan.
Synthesis of compound (3) [17]

To a solution of aromatic aldehydes (0.01 mole) (benzaldehyde) in manifestation of a scarce
drops of glacial acetic acid, (0.01 mole ) of compound(2) in 15 mL of dry 1,4-dioxane were added.
Refluxation was made to this mixture for 12 hours, evaporating the excess solvent and the created
precipitate was recrystallized from chloroform.

Synthesis of compound (4) [18]

2-aminoaceticacid (0.001 mole) mixed in a round-bottomed flask with Schiff bases
(compound3) (0.001mole)in(10 mL ) dry Benzene. The reaction mixture got heated at 80C° for
(14-16) hrs. Once cooled, the precipitate was collected and recrystallized via ethanol.

Synthesis of compound (5) [19]

Compound3 (0.001 mol), (10 mL) dry Benzene, glycolic acid (0.001 mole) and anhydrous zinc
chloride (0.0016 mole). The mixture got heated at 80C° for (14-16) hrs. Then the mixtureof
reaction pourly discharged onto crushed ice, and the outcome precipitate filtered and recrystallized
from ethanol.

Synthesis of compound (6) [20]

In a round-bottomed flask, Schiff bases (compound3) (0.001 mol) , 2- mercapto acetic acid
( 0.001mole ) was dissolved in(10)mL of dry Benzen, and anhydrous zinc chloride (0.0016 mole)
were put. The mixture got heated at 80 C° for (14-16) hours. We carefully poured the reaction
mixture over crushed ice, which caused a solid to form. We then filtered out this solid, let it dry,
and finally purified it by recrystallizing it from ethanol.

Table 1: Physical properties for the synthesized compounds ( 1-6 )

Yiel
Com Structure Molecular | M.wt d I;’lp Color
pNo. formula | g/mol (%) (°C)
o N
1 [ \ je CeHsN3O2 | 189. 210- :
N)\ ni-docny -ar |l 52 82 1a1p | White
CH,
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biological activity

To test how effective certain materials (1-6) were against various bacteria and fungi, we used a
culture medium called Miiller-Hinton[21]. First, we dissolved the Miiller-Hinton agar and
sterilized it in an autoclave at 121°C for 15 minutes. Once sterilized, we poured it into Petri dishes
and let it solidify. After the agar was ready, we introduced specific microorganisms onto the plates .
Next, we added 0.1 mm of each material to the center of the plates, which had already been
contaminated with bacteria or fungi, to see how well they could inhibit microbial growth. Then
placing plates in an incubator at 37°C—24 hrs for bacteria and 48 hrs for fungi. After incubation,
we observed clear zones around the materials where the microorganisms couldn’t grow. The size
of these zones varied depending on the material and the type of microorganism being tested . All
the results from these experiments are neatly summarized in Table (4).

3. Results and discussion :

In the initial reaction, creatinine reacts with chloraocetyl chlorid to give a creatinine
derivative compound(1). The derivative of creatinine was reacted with hydrazine hydrate to form
acid hydrazide derivative compound ( 2 )which then reacted with aromatic aldeheydes to form
Schiffe bases derivatives compound ( 3). Then, the resulting Schiff bases were given a cyclization
with glycine, glycolic acid, and thioglycolic acid to produce imidazolidine-4-one compound ( 4),
oxazolidine-4- one compound ( 5) and thiazolidine-4-one compound ( 6) respectively . The FITR
of the compounds revealed the appearance of the N-H band, NH2 band, and (C=O) band of
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hydrazide. While, in Schiff bases the existence of C=N bands were revealed, as shown in Table
(2) which includes these bands as well as additional bands.

Table 2 : FT-IR spectral data of synthesized compuonds (1-6) in cm-1

Comp v C-H vc-H |° CI.O v C=0 Sl b
No. v NH aromatic | aliphatic YEUC 1 amide Crea}tmlne other
amide ring
Asym
1 3281 e 2945 1720 1689 1643 %4%1
Sym 2833
NH>
Asym ASym
) 3263 e 2971 1703 1693 1656 3438
Sym 2825 Sym
3368
Asym C=N
3 3277 3089 2911 1716 1686 1661 imine
Sym 2793 1638
Asym N-H
4 3225 3073 2949 1696 1688 1668 3736
Sym 2789
Asym C-0
5 3234 3097 2928 1722 1695 1654 1252
Sym 2842
Asym C-S
6 3289 3105 2932 1708 1683 1663 643
Sym 2795

The FTIR spectrum of compound [ 1] showed the appearance of significant characteristic stretching
bands at (3281 cm -1 ), which corresponded to v(NH), (1689 cm-1 ) due to v(C=0) amide, (648
cm -1 ) due to v(C-Cl), (1720 cm-1 ) due to v(C=0) cyclic amide and (2945, 2833 cm-1 ) due to
v(C-H) aliphatic. It has been observed that the v (NH>) band for starting material creatinine has
disappeared. Compound [2] have been found to have FTIR spectra where the (C-Cl) band has
disappeared, the appearance of absorption in the (3438,3368 cm™) due to v(NH>) band. Compound
[3] significant characteristic bands at (3089 cm™) ownig to aromatic group and ( 1638 cm™) which
corresponded to v( C=N) imine group. Compounds [4,5,6]showed disappeared of significant
characteristic for v( C=N) imine group. Compound [5] showed the appearance of absorption in the
(1252 cm™)due to the v(C- O) band While Compound [6] appearance of significant at ( 648 cm™)
due to the v(C- S) band.

The THNMR spectra of compounds [1,2,3, and 4] revealed signals at 6 (2.04 — 2.76 ppm) due to
(s,3H, N-CH3), other signals at 6 (2.80 — 3.31ppm) due to (s,2H, CH3-N-CH>») of imidazoline ring,
signals at § (2.03-2.4) due to (m,1H,C=0-CH) of amide and signal at & (6.3ppm) due to(s,1H,
N=CH) of Schiff bases[22], also signal at 6 (4.21—4.36 ppm) to (s,1H, NH-C=0), at 6 ( 2.47ppm)
due to (d,2H, -NH>) . These signals and others are revealed in table (3), and showed in Figures
(1,2).
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Table 3: 1H-NMR of some new prepared compounds

C(I)\In;po Compound structure 1H-NMR spectral data (5 ppm )
o 1H-NMR (400 MHz, DMSO):
7\“&\ o §2.25 (m, 2H, CH2C=0) amide
1 N NH-C~CH, -C1 0 2.75 (s,3H,N-CH3)of imidazolin ring

6 3.29 (s,2H,CH2-C=0)imidazolin ring
§ 436 (s,IH,NH)
1H-NMR (400 MHz, DMSO):
o N 0 2.3 (m, 2H, CH2C=0) amide
Z_ N2 5 2.47 (d,2H, -NH2)
2 N NH-C-CH>-NHNH, | 57 57 (5,3H,N-CH3)imidazoline ring
0 2.80(s,2H,CH2-C=0imidazoline ring
§4.21 (s ,IH,NH)
§4.15-4.18 (m,1H,NH)
1H-NMR (400 MHz, DMSO):
§ 2.1 (m, 2H, CH2C=0) amide
6 2.76(s,3H,N-CH3)imidazoline ring
3 )\ - 0 3.31(s,2H,CH2-C=0)imidazoline ring
N - CHz—NN:C@ § 4.12- 4.14(m,1H, NHN=CH-Ph)
CH H 04.32 (s,1H, NH) amide
3 8 6.3 (s,IHN=CH-ph) of Schiff bases
5 8.15-8.39 (m,5H,Ar-H.)
0 2.03 (m, 2H, CH2C=0) amide
0 2.04 (s,3H,N-CH3)imidazolin ring
§2.50 (s,1H,N-CH-Ar)
Z_ N H 5 2.92 (s,2H,CH2-C=0) imidazolin ring
4 i-c- cnz_NH—N—é_O §2.99(s,2H,CH2-C=0) imidazolidin ring
(‘H3 0 4.26 (s ,1H, NH) amide
oM 5 4.31- 4.18(m, 1 H, NH-N)
04.33(q,1H,C-NH) imidazolidin ring
§7.21-7.63 (dd,5H,Ar-H.)

CH,
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Figure (2): 1H-NMR spectrum for compound [4]

Biological activity

The synthetic compounds(1-6) demonstrated different biological effects against the gram-
positive Streptococus aureus, Bacillus and gram-negative bacteria Escherchia coli, Klebsiella with
(Amoxicillin) as standard as well as type of fungi Candida albicons in contrast to the
standard(Fluconazole drug)[23]. As seen in the results, compound (5) has the highest activity
against Streptococcus aureus. While,compounds (2,4) showed the highest activity against Bacillus.
compounds (4,5) showed highest effect against Escherichia coli, and Klebsiella.As for Candida
albicans, compounds (1,5,6) have shown their strong effectiveness against this type of fungus.
While, compound ( 3 ) showed moderate activity against all type of bacteria and fungi, as shown
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in table 4 and Figures (3).
Table 4: Biological activities of prepared compounds

Comp. no Streptococcus | Bacillus Escherichia | Klebsiella | Candida
(+ve) (+ve) coli (-ve) (-ve) ( fungus)

1 12 6 — 5 25

2 16 27 12 12 9

3 11 8 8 6 14

4 8 27 25 24 -

5 25 13 22 21 27

6 10 9 e 25
Amoxicillin 18 25 20 /R —
Fluconazole |  ———— | | e | o 30

Conc. (0.01 g/ml)
Inhibition zone was measured in (mm )
(DMSO) used as solvent

Figure (3): Biological activities of prepared compounds

4. CONCLUSIONS

In the present research, new Creatinine derivative (1,2) and Schiff bases (3) were used to
synthesize imidazolidine-4-one(4), oxazolidine-4-one(S), thiazolidine-4-one(6) compounds. The
identification of these novel compounds was centered on spectrum datum (FT-IR and 1H-NMR).
Additionally, The biological activity test was conducted, which included antibacterial and
antifungal properties, and it was found that the compound (4,5) have activity against gram-positive
bacteria  Streptocccus  aureus, Bacillus and  gram-negative bacteria  Escherchia
coli, Klebsiella. While, compound (1,5,6 ) showed antifungal activity. So the biological activity
of creatinine derivatives was confirmed by this study.

REFERENCES
1- Nakano, M., Uemura, O., Honda, M., Ito, T., Nakajima, Y., & Saitoh, S. (2017). Development

2049



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

of tandem mass spectrometry-based creatinine measurement using dried blood spot for newborn
mass screening. Pediatric Research, 82(2), 237-243.

2- Hahn, R. G., Yanase, F., Zdolsek, J. H., Tosif, S. H., Bellomo, R., & Weinberg, L. (2022).
Serum creatinine levels and Nephrocheck® values with and without correction for urine
dilution-A multicenter observational study. Frontiers in Medicine, 9, 847129

3- Khalaf, M. L., Abdo, A. W., Kandil, F., & Adnan, A. N. (2012). Knoevenagel condensation of
some S-substituted furan-2-carboxaldehyde with creatinine and their antimicrobial
Screening. Int J Chem Tech Res, 4(4), 1268-1275.

4- Mach, T., Qi, A., Bouganim, N., and Trinh, E. 2022. Targeted cancer therapies causing
elevations in serum creatinine through tubular secretion inhibition: A case report and review of
the literature. Canadian Journal of Kidney Health and Disease, 9, pp. 1-8

5- Ceramella, J., lacopetta, D., Catalano, A., Cirillo, F., Lappano, R. and Sinicropi, M.S., 2022. A
review on the antimicrobial activity of Schiff bases: Data collection and recent
studies. Antibiotics, 11(2), p.191.

6- Mahmood, A. A. (2022). Green synthesis of Schiff bases: a review study. Iraqgi Journal of
Pharmacy, 18(2), 180-193.

7- Rao, D.P., Gautam, A.K.,Verma, A. and Gautam, Y., 2024. Schiff bases and their possible
therapeutic applications: A review. Results in Chemistry, p.101941.

8- Kalaf, M.I. and Hashim, O.S., 2015. Synthesis & characterization of some 1, 3, 4-oxa diazole
derivatives & new cyclic imides from creatinine. Iraqi Journal of Science, 56(2A), pp.921-941.

9- Kaminskyy, D.V. and Lesyk, R.B., 2010. Structure—anticancer activity relationships among 4-
azolidinone-3-carboxylic acids derivatives. Biopolymers and Cell.

10- Ali, R.A., Al-Tamimi, E.O. and Abdul-Wadood, S., 2023. Synthesis and Identification of New
Azolidine-4-one Derived from Creatinine and Study their Anticancer and Antioxidant
Eftects. Iraqi Journal of Science, pp.6104-6118.

11- Foti, C.,Piperno, A., Scala, A. and Giuffre, O., 2021. Oxazolidinone antibiotics: chemical,
biological and analytical aspects. Molecules, 26(14), p.4280.

12- Dewangan, S., Rawat, V. and Singh Thakur, A.,2024. Imidazolidinones Derivatives As
Pioneering AnticancerAgents: Unraveling Insights Through synthesis And Structure -Activity
Exploration. ChemistrySelect, 9(23), p.e202401379.

13- Foti,C., Piperno, A., Scala, A. and Giuffre, O., 2021. Oxazolidinone antibiotics: chemical,
biological and analytical aspects. Molecules, 26(14), p.4280.

14- Gharge, S., Alegaon, S.G., Ranade, S.D., Khatib, N.A., Kavalapure, R.S., Kumar, B.P., Vinod,
D. and Bavage, N.B., 2024. Design, synthesis of new 2, 4-thiazolidinediones: In-silico, in-vivo
anti-diabetic and anti-inflammatory evaluation. European Journal of Medicinal Chemistry
Reports, 11,p.100151.

15- Azeez, H.J. and Bahram, R., 2017, September. Synthesis and spectroscopic identification of a
new series of 2-iminothia-zolidin-4-one compounds from aromatic heterocyclic primary
amines. In AIP Conference Proceedings (Vol. 1888, No. 1). AIP Publishing.

16- Al-Haidari, A.S. and Al-Tamimi, E.O., 2021. Synthesis of new derivatives of 1, 3, 4-
thiadiazole and1, 3, 4-oxadiazole on cyclic imides and studying their antioxidant. Eurasian
Chemical Communications, 3(7), pp.508-517.

17- Bhattacharyya, N.K., Dutta, D. and Biswas, J., 2021. A review on synthesis and biological
activity of Schiff Bases. Indian Journal of Chemistry-Section B (IJC-B), 60(11), pp.1478-1489.

18- Muhiebes, R. and AL-Tamimi, E.O., 2021. Synthesis and Characterization of New Oxo-
Aztedine, Imidazoldine and Thiazolidine Rings on Creatinine and Evaluation of their Biological
Activity. Indian Journal of Forensic Medicine & Toxicology, 15(4), pp.1405-1411.

2050



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

19- Vivek, G. and Pandurangan, A. (2014). Synthesis, characterization, and antimicrobial activity
of 4-oxo-oxazolidine derivatives. World Journal of Pharmacy and Pharmaceutical Science,
3(11), 541-549.

20- Rabeaa, M.M., Khalaf, M.1. and Kandil, F.A., 2024. Modification, Characterization of New
Thiazolidinone and Oxazolidinone Derived from Levofloxacin and Evaluation of Anti-
oxidant. Ibn AL-Haitham Journal For Pure and Applied Sciences, 37(1), pp.283-297.

21- Balouiri, M., Sadiki, M. and Ibnsouda, S.K., 2016. Methods for in vitro evaluating
antimicrobial activity: A review. Journal of pharmaceutical analysis, 6(2), pp.71-79.

22-Pavia, D.L., Lampman, G.M., Kriz, G.S. and Vyvyan, J.R., 2015. Introduction to spectroscopy.

23- Ali, R.A., Al-Tamimi, E.O. and Wadood, S.A., 2024. SYNTHESIS, CHARACTERIZATION
AND STUDY THE BIOLOGICAL ACTIVITIES OF NEW HETEOCYCLIC COMPOUNDS
CONTAINIG CREATININE: Iragi Journal of Market Research and Consumer
Protection, 16(1)), pp.146-154.

2051



