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Abstract:

A series of 1-substitutedformamidino 3-formamidinothiocarbamides (5a-¢) derivatives of
biological interest have been synthesized by refluxing the cyanoguanidine(1) with different
thiourea in acetone medium for 10 hr, leading to the formation of a diverse range of substituted
compounds. Structural characterization of the synthesized derivatives was performed using
IR, 'H NMR & mass spectrum and mass spectroscopy. The antimicrobial activity of the
compounds was evaluated against a range of bacterial and fungal strains, including both
Gram-positive and Gram-negative bacteria, as well as common pathogenic fungi. The results
revealed significant antimicrobial activity for several of the synthesized compounds, with
certain derivatives exhibiting enhanced potency compared to standard antibiotics. These
findings indicate that substituted thiocarbamides represent a promising class of compounds
for further development as therapeutic agents targeting microbial infections.
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Introduction:

Thiocarbamides, commonly known as thioureas, are important organosulfur compounds that
have attracted significant attention due to their diverse chemical reactivity and broad spectrum of
biological activities. Structurally, thiourea contains amino (—-NHz), imino (=NH), and thiol (—SH)
functional groups, all of which contribute to its ability to interact with various biological targets [1,2].
These functional groups also provide key sites for chemical modification, making thioureas attractive
scaffolds for the design of biologically active compounds.

Numerous Thiourea represent privileged structures in medicinal chemistry. The importance of
thiocarbamide derivatives in medicine is widely recognized, and research into simple and efficient
techniques for the synthesis of molecules with heterocyclic rings has opened up a new dimension,

allowing for the development of synthetic routes with the potential for use in the creation of
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medications [3,4].Indeed, these moieties constitute a common framework of a variety of drugs and
bioactive compounds endowed with therapeutic and pharmacological properties [5], including
antibacterial , antifungal , antioxidant , antiparasitic , anticancer , and anti-HIV activities [6-15]. The
ability to tailor the thiourea framework through the introduction of various functional groups further
enhances their potential in medicinal chemistry.

Dicyandiamide is a versatile bifunctional molecule containing both a cyano group (—~CN) and
a basic formamidino group. Its unique structure enables it to act as a reactive intermediate in the
synthesis of nitrogen-rich heterocycles and heteroatom-containing frameworks [16]. The combination
of dicyandiamide with thiourea under acidic conditions offers a route to the synthesis of formamidino-
thiocarbamidine derivatives, compounds that contain both the thiocarbamide and formamidine
moieties—functionalities known to influence antimicrobial properties.

Recent studies have highlighted the importance of structural modifications in improving the
efficacy and specificity of bioactive molecules. In particular, the introduction of formamidino
substituents into thiourea frameworks can lead to enhanced biological performance and improved
binding affinity toward microbial targets [17,18].

In light of these findings, the present study aims to synthesize a novel series of N-substituted
formamidinothiocarbamidine hydrochloride derivatives (5a—e) through the reaction of dicyandiamide
with various substituted thioureas in the presence of dilute hydrochloric acid. The synthesized
compounds were characterized by infrared (IR) spectroscopy, proton nuclear magnetic resonance
("1H-NMR), elemental analysis, and mass spectrometry. Furthermore, their antibacterial activities
were evaluated against selected Gram-positive and Gram-negative bacterial strains to assess their
potential as new antimicrobial agents.

Experimental

The melting points of all the synthesized compounds were recorded using hot paraffin bath and
are uncorrected, the carbon and hydrogen analysis was carried out on Carlo-Ebra-1106 analyzer,
nitrogen estimation was carried out on ColmanN-analyser-29. IR spectra were recorded on Perkin-
Elmer spectrometer in the range 4000-400 cm-1 in KBr pellets. PMR spectra were recorded on Bruker
AC-300F spectrometer with TMS as internal standard using CDC13 and DMSO-d6 as solvent. The
FAB mass spectra were recorded on a Joel SX 102/Da-600 mass spectrometer/ Data System using
Argon. The accelerating voltage was 10kV and spectra were recorded at room temperature by using
mnitro benzyl alcohol as a matrix. The purity of the compounds was checked on Silica Gel-G plates by
TLC with layer thickness of 0.3 mm. All chemicals used were of AR grade.

i) Synthesis of Phenylformamidino-3-formamidinothiocarbainide, hydrochloride (5b):

Dicyandiamide (1) was reacted with phenylthiourea (4b) in the presence of aqueous
hydrochloric acid, using acetone as the solvent. The reaction mixture was heated on a water bath. As
the mixture boiled, the initially undissolved dicyandiamide gradually dissolved, and a new solid
product began to precipitate. The product was collected by filtration while still hot and then
recrystallized from aqueous ethanol, yielding compound (5b) with a melting point of 182°C

(decomposes).
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ii) Interaction of Dicyandiamide with Phenylthiourea in the Presence of Hydrogen Chloride Gas
in an Acetone-Ether Medium:

Dicyandiamide (1) was reacted with phenylthiourea (4b) in a mixed solvent system comprising
acetone and ether in a 1:1 ratio. The solid reactants were suspended in this solvent mixture, and dry
hydrogen chloride gas was passed through the suspension for 10 minutes. Following this, the reaction
mixture was heated under reflux on a water bath. As the mixture boiled, the previously undissolved
dicyandiamide gradually dissolved, and a new solid product began to form. This product was filtered
while hot and subsequently purified by recrystallization from aqueous ethanol, yielding compound (5b)
with a melting point of 181°C (decomposes).

A comparison of this method (ii) with the earlier described procedure (i) showed that the same
product, having an identical melting point of approximately 182°C (decomposes), was obtained in both
cases. However, method (ii) provided a higher yield of the final product. A proposed reaction
mechanism for the formation of compound (5b) is illustrated in Scheme-I. Using this procedure, other
analogous compounds (5c—) were also synthesized and are summarized in Table-1

Similarly, other compounds 1,3-diformamidinothiocarbamides (5a), 1-methylformamidino 3-
formamidinothiocarbamides (5c), 1-ethylformamidino 3-formamidinothiocarbamides (5d), and 1-
allylformamidino 3-formamidinothiocarbamides (5c—e) were synthesized by the above-mentioned
method.

Table 1: Physicochemical Properties of Formamidino-3-formamidinothiocarbamide

Hydrochloride Derivatives

Sr. Formamidino-3-formamidino Yield Melting Point
No. | thiocarbamide, hydrochloride (%) ‘o)
1 -H (5a) 67 156
-Methyl ( 5c¢) 53 242
2 -Ethyl (5d) 62 178
3 -Allyl (5e) 69 169

Scheme-I
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Where R = -H. -phenyl. -methyl. -ethyl and -allyl.
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Result and Discussion:
Spectral Analysis

The infrared (IR) spectrum of Phenylformamidino-3-formamidinothiocarbainide
hydrochloride was recorded using KBr pellets and is presented on Plate No. IR-2.1. The spectrum
clearly shows characteristic absorption bands corresponding to the following functional group
vibrations: N-H stretching (v-NH), aromatic C—H stretching (v-C— H(Ar)), carbonyl (v-C=0), imine
(v-C=N), and the vibrations associated with the thiourea moiety (v-RC-N and vRC-S). These
absorptions are correlated and summarized in Table 2.

The proton magnetic resonance (PMR) spectrum of the compound was recorded in DMSO-ds
and CDCIs The spectrum clearly displays distinct signals: —-NH protons resonate in the & 9.5-8.6 ppm
range, while aromatic protons appear in the & 7.77-7.01 ppm region.

The FAB mass spectrum of Phenylformamidino-3-formamidinothiocarbainide hydrochloride
was obtained at room temperature using meta-nitrobenzyl alcohol as the matrix. This spectrum is
illustrated and reproduced on Plate No. Mass—2.1. The molecular ion peak (M") along with various
fragment ion peaks were observed, supporting a proposed fragmentation pattern of the molecule. Based
on the combined physical properties and detailed spectral data, the structure of the compound was
conclusively identified as Phenylformamidino-3formamidinothiocarbainide hydrochloride.

Table 2: IR Spectral Data of Formamidino-3-formamidinothiocarbamide Derivatives

Absorption observed (cm™) Assignment Absorption expected(cm™)
3382.1 N - H stretching 3500-3000
2924.6 C - H(Ar) stretching 3150-3000
1614.8 C = N stretching 1750-1450
1576.0 > C = NH (imino) grouping 1789-1471
1308.6 C - N stretching 1340-1250
1072.4 N> C =S grouping 1200-1050
753.5 C - S stretching 800-600
Biological Activity

All synthesized compounds were evaluated for their antimicrobial activity using the disc
diffusion method [15]. The pathogens used in this study were all human pathogens. Sterile Whatman
filter paper No. 1 discs (5 mm in diameter) were prepared by autoclaving, then soaked in the test
compound solutions and placed on sterile filter paper to remove excess liquid. A 0.1 ml aliquot of the
microbial inoculum was uniformly spread over the surface of nutrient agar plates using a sterile glass
spreader.

Discs impregnated with Gentamycin (20 pg/ml) and Ciprofloxacin (20 pg/ml), both obtained
from Glaxo India Ltd. and GlaxoSmithKline respectively, served as positive controls for antibacterial
testing. A disc treated with dimethyl sulphoxide (DMSO) alone was used as a solvent control. The test
compounds were dissolved in DMSO at a concentration of 1 mg/ml. For antifungal screening,

Fluconazole (20 ng/ml) was used as the reference standard. After incubation at 37°C for 24 hours, the
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zones of inhibition around each disc were measured in millimeters to assess the antimicrobial activity
of the test compounds.

The results indicate that the synthesized compounds exhibited significant antimicrobial activity
against the tested organisms. Their efficacy was evaluated using the disc diffusion method against
various human pathogens. Antimicrobial potency was determined based on the presence or absence of
inhibition zones and the measured diameters of these zones, as shown in Table 3. According to the
data, all compounds demonstrated activity against Sa/monella typhi, Escherichia coli, and Aspergillus
niger. However, certain compounds—specifically 5a and 5b— were found to be inactive against
Pseudomonas aeruginosa, Staphylococcus aureus, and Candida albicans.

Table 3: Antimicrobial Activity of Synthesized Compounds

Compounds Inhibition zone in mm
S. typhi E. coli P. aeruginosa | S. aurues | A. nigar | c. albicanes
S5a 8 8 -ve -ve 9 -ve
5b 10 9 -ve 8 12 10
Sc 9 9 7 7 10 10
5d 9 8 9 9 9 9
Se 10 9 10 9 12 12
DMSO - - - - - -
Fluconazole - - - - 12 12
Ciprofloxacin 10 9 10 9 - -
Conclusion:

In this study, a series of novel substituted thiocarbamides and their derivatives were
successfully synthesized and structurally characterized. The synthesized compounds exhibited
promising antimicrobial activity, with several derivatives demonstrating significant inhibition against
both Gram-positive and Gram-negative bacterial strains, as well as selected fungal pathogens.
Structure-activity relationship (SAR) analysis indicated that the presence and position of electron-
withdrawing or electron-donating substituents played a crucial role in enhancing biological activity.
Overall, the findings suggest that substituted thiocarbamides represent a valuable scaffold for the
development of new antimicrobial agents, warranting further investigation and optimization for
potential therapeutic applications.
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