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Abstract

1-((2-Carbamoylguanidino)(furan-2-ylmethyl)urea was synthesised by coupl-
ing purified furfural with urea. The compound was characterized by GC-MS,
FTIR, and 'H-NMR. The pathogens, Escherichia coli, Salmonella typhi, Sta-
phylococcus aureus and Bacillus subtilis were isolated and screened with dif-
ferent concentrations of 1-((2-carbamoylguanidino)(furan-2-ylmethyl)urea. All
the pathogens were susceptible to the synthesized compound except Bacillus
subtilis. Due to this broad spectrum of activity, 1-((2-Carbamoylguanidin-
o)(furan-2-ylmethyl))urea) can be use for various medicinal purposes and is
therefore encouraged for the development of a novel drug in future.
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1. Introduction

In the last decades, there has been a growing interest in synthesis, researching
and developing new antimicrobial agents from various sources to combat mi-
crobial resistance [1]. Currently, microbial infections have become an important
clinical threat, with significant associated morbidity and mortality which is
mainly due to the development of microbial resistance to the existing antimi-
crobial agents [2]. Microbial resistance to antibiotics is one of the most impor-
tant global health problems, justifying the necessity of innovation; most synergic
radical antimicrobial agents have emerged [1] [3]. The antibiotic resistance prob-
lem is amplified by the ability of bacteria to grow in an adherent state, develop-

ing microbial communities called biofilms, which exhibit a phenotypic resistance,
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ie. tolerance, rendering them to1000-fold more resistant to antibiotic treatments
when compared to their planktonic counterparts [4]. The important hallmarks
of chronic biofilm-based infections are extreme resistance to antibiotics and
many other conventional antimicrobial agents, and an extreme capacity for in-
vading the host defences [5].

Furfural is a heteroaromatic aldehyde (furan-2-carbaldehyde) produced from
a variety of agricultural by-products [6] and is obtained by hydrolysis and dehydra-
tion of pentose carbohydrates contained in lignocellulose [7]. It is a chemical that is
potentially relevant in organic synthesis due to its cheapness and bio-availability 7]
[8]. It is an essential chemical in the synthesis of furan; an intermediate for the
production of pharmaceutical drugs and fine chemicals in the industries (Eseyin
& Steele, 2015). It serves as an agricultural nematocide: it is used to control
plant-parasitic nematodes without adversely affecting the growth and yield of
the plant (Rodriguez-Kabana, Kloepper, Weaver, & Robertson, 1993). Furfural
does not kill the nematodes directly but promotes a bacterial activity that acts as
an antagonist, thus influencing the biological activity of the nematodes (Zeitsch,
2000). Due to low acute and ecological, non-systematic (not absorbed by the
plant) and safe applicability to the soil through water solution, furfural is seen as
a biomass-derived active ingredient in nematocide formulation for agriculture
products (Rodriguez-Kabana et al, 1993).

Furfural has gained attention as a potential chemical for organic synthesis since
its derivatives have outlets in the chemical and pharmaceutical industries [9]. It
has also served as a precursor in the synthesis of the following [10], furfurymaleic
acid [11], 5-(3-nitrophenyl)-4-(2-furyl)-3-buten-2-one [12], nitrofurazone [13],
etc.

Heterocyclic compounds are important to human life because their struc-
tural subunits exist in many natural products such as vitamins, hormones, an-
tibiotics and pigments. Furfural derivatives are the subject of many research
studies due to their widespread potential biological activities such as antimi-
crobial [13], antiviral [14], antioxidant [15], antitumor, antihistaminic and
fungicides [16]. These have rendered furfural derivatives valuable active ingre-
dients of medicine and plant protecting agents. These compounds are useful in
the field of medicine and are used as a starting material for the synthesis of a
new drug [16].

Urea is an important nitrogen-containing compound that has proved to be
useful substances in drug research in recent years [13] [17]. Some urea deriva-
tives possess valuable antituberculosis, antibacterial and anticonvulsant proper-
ties [18]. Thioureas can be used in the control of plant pathogens like Penicillum
expansum and Fusarium oxysporum [19]. Urea is a raw material for the produc-
tion of two main classes of chemical substances; urea-formaldehyde resins and
urea melamine-formaldehyde which are used in marine plywood. It has the
highest nitrogen content of all the nitrogenous fertilizer commonly used in

agriculture [20]. Emmanuel ef al [21] reported for the first time the antifungal
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activity of 2-aminooxazole thiourea derivatives against Botrytis cinerea.

Synthetic medicinal chemistry, with the skill, wisdom and effort has proven to
be a major endeavour not only confined to the laboratories of universities in
general, but also to the bulkdrug industry in particular [22]. Biological activity of
a compound is a function of the structure [23]. Minor changes may cause promi-
nent implication overactivity. Replacement of one group by the other in a spe-
cific location in the molecule may sometimes completely reverse the action of
the compound [24]. The probable points of differences amongst the antibiotics
may be physical, chemical, pharmacological properties, antibacterial spectra and
mechanism of action [25]. In view of these data, we have undertaken the synthe-
sis, characterization and antimicrobial evaluation of 1-((2-Carbamoylguanidi-
no)(furan-2-ylmethyl)urea. The unique fact about this paper is that the bioactiv-
ity of this furfural derivative, 1-((2-Carbamoylguanidino)(furan-2-ylmethyl)urea

has not been reported in the literature.

2. Materials and Methods

FTIR 8400S Fourier Transform Infrared spectrophotometer was used to identify
the functional groups, Gas Chromatography/Mass Spectrometer-QP2010 PLUS
SHIMADZU was used for molecular formula/mass identification, Nuclear Mag-
netic Resonance(Agilent-NMR-VNMRS400) was used for structural elucida-
tion, Vacuum Pump (TKS-70), for vacuum distillation of furfural and Digital
Melting Point Electrothermal IA9300X1, for melting point determination.
Furfural was bought from a chemical store and purified by vacuum distillation.
Other chemicals such as urea, ethanol, and sodium hydroxide were of Analar
grade and used without further purification. Thin-layer chromatography (TLC)
was carried out using a Merck pre-coated silica gel plate (10 x 10 cm); the Rf
value was obtained using a solvent mixture of n-hexane and ethyl acetate in a
ratio of 2:3. The chromatogram was visualized using an ultraviolet lamp at 256

nm.

2.1. Synthesis of
1-((2-Carbamoylguanidino)(furan-2-ylmethyl))urea

The furfural used in this study was bought from a chemical store. The deteri-
orated furfural was purified by vacuum distillation at the temperature of 65°C to
80°C. The procedure adopted in the synthesis of 1-((2-Carbamoylguanidino)(fu-
ran-2-ylmethyl)urea was earlier reported by Orie et al [26]. The purified furfural
(40 mL, 0.48 mol), urea (40 g, 0.63 mol) and distilled water (9 mL) were placed
in a flat-bottomed flask (250 mL) and the mixture heated in a water bath at a
temperature of 60°C for 1 hour, 40 minutes with vigorous stirring. Thereafter,
NaOH (2 mL of 20% of solution) was added and the heating continued for 20
minutes. The mixture was cooled in an ice bath and the resulting brown precipi-
tate filtered, washed with n-hexane, recrystallized from methanol and the crystal

dried in an oven at 50°C.
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Synthesis of 1-((2-Carbamoylguanidino)(furan-2-ylmethyl))urea.
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2.2. Pathogen Isolation

The test pathogens (Escherichia coli, Salmonella typhi, Staphylococcus aureus
and Bacillus subtilis) that were used for the antimicrobial screen were isolated
from clinical samples obtained from Beracah Hospitals, Rukpokwu, Port Har-

court, Rivers State.

2.3. DMSO Solubility Screen

This was done to determine the concentrations of DMSO (ranging from 10%v/v
to 100%v/v) that best dissolves test compounds/agents to be used for the screen.
To carry out this screen, 0.1 g of each synthesized agent was suspended in 100
mL of the different concentrations of DMSO at room temperature with conti-
nuous agitation for 12 hours. After the incubation period, the observed solubility

patterns were recorded.

2.4. Toxicity Screen

This screen was carried out to determine the concentrations of DMSO (amongst
those that achieved the best agent solubility) that did not show any inhibition
pattern on the test microbial pathogens. The well-in-agar diffusion method was
used to carry out this screen, where 10 pL of these different DMSO concentra-
tions were introduced into wells (5 mm diameter) dug into Mueller Hinton agar
plates inoculated with the different test pathogens (10° cells). After the introduc-
tion, the plates were incubated at 37°C for 24 hours. After incubation, observed
zones of inhibition for the different DMSO concentrations screened, for the dif-
ferent test pathogens were recorded, with their average inhibition being deter-
mined. The DMSO concentration with the best solubility pattern on the antimi-
crobial test agents and also non-toxic to the test pathogens was used as the sol-
vent for preparing the different concentrations of the antimicrobial test agents in
order to determine their Minimum Inhibition Concentration (MIC) and Mini-

mum Bactericidal Concentration (MBC)

2.5. Antimicrobial Test Agent Preparation

Different concentrations (100 mg-L™", 10 mg-L™", 1 mg-L™}, 0.1 mg-L™", 0.01 mg-L™,
and 0.001 mg-L™") of the antimicrobial test agents (Sample A) were prepared us-
ing serial dilution method with 50%v/v DMSO contained in different sterile test
tubes and labeled appropriately.
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2.6. Minimum Inhibitory Concentration (MIC) Screen

This screen was done to determine the least concentration of the test agents that
is capable of inhibiting the growth of each microbial test pathogens. The screen
was also carried out using the well-in-agar diffusion method. For each test pa-
thogen that was screened, a cell concentration of 10° cells was first inoculated
into Mueller Hinton agar plates, after which wells (5 mm diameter) were dug
and filled (10 pL) with the different concentrations of each of the test agent. The
plates were then incubated for 12 - 24 hours at 37°C. After incubation, the ob-
served zones of inhibition for each concentration of each test agent on each test
pathogen were recorded. MIC concentration was then determined by looking
out for that particular minimum concentration of the test agent that was capable

of inhibiting the growth of a given test pathogen.

2.7. Minimum Bactericidal Concentration (MBC) Screen

This screen was carried out to determine the least concentration of the test
agents that is capable of inhibiting the growth of each microbial test pathogen by
killing their cells. For each microbial pathogen, 0.1 mL of the cells (10°) was in-
troduced into test tubes containing 5 mL of the different concentrations of the
different samples and incubated for 24 hours at 37°C. After incubation, a loopful
of the incubated concentrations was spread onto the surface of freshly prepared
Mueller Hinton agar plates and further incubated 37°C for 24 hours. After incu-
bation, the minimum concentration of each sample that showed cell death (de-
termined by the absence of visible colonies on Mueller Hinton agar plates after

incubation) for a given pathogen, was considered the MBC.

3. Results and Discussion

Table 1 shows the physio-chemical properties, FTIR and NMR results of 1-((2-
Carbamoylguanidino)(furan-2-ylmethyl))urea), these results are in line with Em-
manuel ef al. and Orie et al

From the results presented in Table 2, it was extrapolated that 1-((2-Carbam-
oylguanidino)(furan-2-ylmethyl))urea) has an antibacterial activity on all the
test pathogens with the exception of Bacillus subtilis, given that all concentra-
tions showed no inhibition zones on the pathogen (Table 2).

The efficacy of this activity on the different test pathogens varied as indicated
by their MIC readings (Table 2). The sample showed the most activity on Sal/-
momellatyphibecause it is the organism with the least concentration of the sam-
ple (0.001 mg-L™") as its MIC. The second most susceptible pathogen to the sam-
ple was Escherichia coli (0.01 mg-L™"), while the least susceptible pathogen was
Staphylococcus aureus (1.0 mg-L™"). Bacillus subtilis was not inhibited by the
agent.

With the exception of Bacillus subtilis, the sample has a bactericidal action on
the test pathogens, but also at varied concentrations. For Escherichia coli, con-

centrations that are above 0.1 mg-L™" will bring about the death of cells. For Sta-
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phylococcus aureus, concentrations below 1.0 mg-L™" will bring about the death
of cells, while for Salmonella typhi, concentrations that are below 0.1 mg-L™" will
bring about the death of cells. Table 3 shows Minimum Bactericidal Concentra-
tion (MBC) of CFM on Test Pathogens. The compound CFM exhibited both
bactericidal and bacteriostatic properties when screened on the pathogens. Bac-
tericidal mode of inhibition was observed with Escherichia coli and Salmonella

typhi, while bacteriostatic mode of inhibition was observed with Bacillus subtilis.

Table 1. Structural elucidation of the 1-((2-Carbamoylguanidino)(furan-2-ylmethyl))urea).

1) Physico-Chemical Molecul Melti P, t
) YSIC_O ermica © e:cu - ¢ .mg REF value Colour erc.en 36¢ Solubility
Properties of CFU weight point yield
240.10 108 - 110 0.74 Brown 60% DMSO
Actual f
2) FTIR Spectra ~ Wave Number ctudl range o Functional
N i Wave Number Inference
Results (cm™) obtained N Group
Values (cm™) [11]
\ .
1532.87 C=N— Imine
/
Q
1666.55 1678.04 _C. Amide
HoN" ~NH,
3464.27 3500 - 3300 -NH, Amine
(o]
1446.0 1466.8 D— Furan
3) NMR Spectra C Chemical shift 'H Chemical shift Inference
154.20, 142.50,
7.55, 6.70, 6.177 Furan
110.7, 106.09
157.92 5.7 Amide
160.152 - Imine
50.6 6.23 Methane
40.0 3.47 DMSO
- 2.466 Amine

Table 2. Activity of 1-((2-Carbamoylguanidino)(furan-2-ylmethyl))urea) on test patho-
gens.

Concentrations (g-L™!)/Inhibition diameter (mm)
S/No. Pathogens

100 mgL™" 10mgl? 1mgL' 0.1mgL" 0.0l mgL™" 0.001 mgL™"

1 E. coli 14.6 12.1 114 9.0 *8.5 0
2 S. aureus 8.7 8.0 *7.5 0 0 0
3 S. typhi 11.9 10.8 10.1 8.0 6.0 *5.5
4 B. subtilis 0 0 0 0 0 0

Well diameter: 5 mm; * = Minimum Inhibitory Concentration (MIC).

DOI: 10.4236/ajac.2020.117022

285 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2020.117022

C. Donlawson et al.

Table 3. Minimum Bactericidal Concentration (MBC) of 1-((2-Carbamoylguanidino)(fu-
ran-2-ylmethyl))urea) on test pathogens.

Concentrations (g-L™!)/Inhibition diameter (mm)

S/No Pathogens
100 mgL™" 10mgl? 1mgL' 0.1mgL" 0.0l mgL™" 0.001 mgL™"

1 E. coli - - - *_ + +
2 S. aureus - - * + + +
3 S. typhi - - - *_ + +
4 B. subtilis + + + + + +

*Minimum Bactericidal Concentration (MBC).

4. Conclusion

1-((2-Carbamoylguanidino)(furan-2-ylmethyl))urea) possesses a broad spectrum
of antimicrobial activities and thus, a potential candidate for a prospective anti-
microbial treatment. Due to this broad spectrum of activity, 1-((2-Carbamoyl-
guanidino)(furan-2-ylmethyl))urea) can be used for various medicinal purposes
and is therefore encouraged. The presence of bioactive moieties and pharmaco-
logical activities proved the potency of furfural derivatives in the development of

novel drug in the future.
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