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Abstract

A new series of N-substituted Procaine sulfonamide derivatives (2-(diethylamino) ethyl 4-
(phenylsulfonamido) benzoate) (3a) was synthesized and their antibacterial activity was
assessed. The 2-(diethylamino) ethyl 4-(phenylsulfonamido) benzoate (3a) was produced by
reacting benzene sulphonyl chloride (2a) with 2-(diethylamino) ethyl 4-aminobenzoate (1a) in
the presence of 10% Na>COs. The parent compound was used further for the synthesis of N-
alkyl/aralkyl-(2-(diethylamino) ethyl 4-(phenylsulfonamido) benzoate) (5ac-ah) by the
interaction of lithium hydride and aralkyl/alkyl halides (5c-h) in polar aprotic media. The
synthesized compounds were subjected against different strains of bacteria containing
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhi, a
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Bacillus subtilis in comparison to conventional Ciprofloxacin to check their antibacterial
activity and it was found that strong activity was shown by the compound 3a against
Salmonella typhi. The derivative 5ac do not show inhibition activity against any bacteria except
S. typhi. While compound 5ae was found to be a strong inhibitor of complete strains of bacteria,
containing Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus
subtilis with MIC values 9.52+1.00, 10.58+£2.96, 11.75+3.42, 8.02+3.29 respectively but
showed moderate inhibition against Salmonella typhi. EI-MS, IR and H-NMR spectral data
was used to confirm the structures of the synthesized sulfonamide derivatives.

Keywords: Procaine, Benzene-sulfonyl chloride, antibacterial activity, Procaine sulfonamide

1. INTRODUCTION
Sulfonamides have been used as drug since 1968 and are among the most commonly prescribed
antibiotics in the world. Sulfonamides are sulfanilamide derivatives that have a SO2NH2 moiety
in their structure[1]. Gram (+ve) and (-ve) bacteria were found to be resistant to the
sulfonamides, which were shown to be effective remedies. Any modification to the ring of the
benzene sulfonamide results in a decrease or loss of activity[2]. Alfred Einhorn synthesized
procaine in 1905, and it was first used as Novocain in medicine[3]. Numerous biochemical and
cellular functions, including DNA methylation[4], oxidative phosphorylation[5], metabolic
structure and function, membrane conductivity[6], and monoamine oxidase activity[7], are
impacted by procaine and its metabolites. Furthermore, it was noted that procaine at high
concentrations (20 mM) prevents bacteria from repairing their DNA[8]. A common local
anesthetic used in neurological treatment is procaine. There have also been several other
documented medical applications of procaine to treat conditions like antibacterial effect[9],
overweight, depressive disorders, inflammatory conditions, and even cancer[10]. Its biological
effect has been well investigated for many years[11]. It reversibly inhibits the conduction of
impulses along excitable membranes, such as nerve axons, that use sodium channels as their
principal source of action potential creation. Clinical applications exist for this activity, which
blocks pain perception in particular body parts[12]. In the form of uncharged molecules,
procaine enters tissues and acts as a cation inside cells[13]. Procaine usually has a short
duration of action and might cause cardiac or neurological damage. In certain instances, it may
even exhibit allergic signs[14]. Sulfonamide are the weak acids and are usually solvable in
basic aqueous medium of solutions[15]. Sulfonamides have many biological activities like
anticancer [16], antiepileptics[17], anti-bacterial [18], anti-viral[19], antifungal[20] and
neurotoxicity actions[21]. Different sulfonamides have been employed in drugs as:
Sulfisoxazole, Sulfamethoxazole anaphylactic shock, hepatitis, serum sickness, interstitial
nephritis, pneumonia[22]. Its side effects caused fever, myocarditis, blood dyscrasia and many
allergic reactions[23]. In a simple method of synthesis of sulfonamides, the alkyl/aralkyl/aryl
amines attack on sulfonyl halides nucleophilically to produce sulfonamides[22] or aryl sulfo
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azides can be reduced to sulfonamides[23]. Literature survey and medicinal importance of
sulfonamides bring us to investigate antibacterial activity of these newly formed molecules
derived from Procaine sulfonamide (3a) and their structures were established by using different
spectral method such as *H-NMR, EI-MS and IR spectral data. For more information see[23-
27].

2. EXPERIMENTAL

2.1. General

Various alkyl/aryl/aralkyl electrophiles, procaine, benzene sulfonyl chloride, and some
important reagents buy from Sigma Aldrich and Merck. TLC method was used to check the
purity of the synthesized derivatives by using organic solvents i.e.; chloroform and n-hexane
in 3:7 ratios. TLC silica gel plates G-25UV2s4 was used for the visualize the compounds under
UV lamp using ceric sulphate solution. On Gallonkamp equipment using an open capillary
tube, the parent compound melting points and its derivatives were noted and no changes were
found in M.P. of these compounds. A jasco320-A spectrophotometer with its wave number in
cm™ was used to measure

o) N32C03 SO]
O " “S\"Cl pH 8-10
O/\/N\/ + ©/ 0]
stir. at rt.
H,N (1a) (2a) 2-3 hrs
LiH, DMF
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Scheme 1: Synthesis of N-Substituted derivatives of Procaine Sulfonamide
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the infrared spectra with KBr pellets method and JEOL JMS-600H apparatus used to conclude
the mass spectra of all synthesized molecules. On a Bruker spectrometer, the parent compound
and various derivative were individually dissolved in CDCl3-d1, the temperature was kept 25°C
at 400 MHz to take the *H-NMR spectra.

Table 1: Different alkyl/aryl/aralkyl (5c-h)

Compd. No. -R Compd. No. -R

. ‘
(50) cHacHy G0

-
(5d) -CH2-CH2-CH3

(5g)
g

O v

2.2. Procedure for the synthesis of parent compound (3a)

Procaine (2-(diethylamino) ethyl-4-aminobenzoate) 2.13 g (0.00905 mol) added in 50ml round
bottom flask containing 15 mL distilled water. The pH of reaction mixtures between 8 to 10
was kept by the addition of 5ml sodium carbonate. After stirring for at least 25 min then 3.27
grams of benzene sulfonyl Chloride (0.00905 mol) gently introduced in reaction mixture.
Stirring was done continuously for 2-3 hours. Reaction progress was examined with the help
of TLC plate by employing suitable system of solvents and UV lamp. When single spot appears
on TLC plate few drops of hydrochloric acid was added in solution with vigorous hand shaking,
in order to maintain the pH of the reaction mixture between 4 to 6. The product (3a) precipitated
out were collected after filtration and dried. Scheme 1 illustrate the synthesis of 3a compound
(2-(diethylamino) ethyl 4-(phenylsulfonamido) benzoate).
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2.2.1. 2-(diethylamino) ethyl 4-(phenylsulfonamido) benzoate (3a)

Off white gummy solid; M.F: C19H24N204S; M.W: 376.4g/mol; m.p 145°C, Percentage Yield:
85 %); IR stretching (KBr) vmaxcm™: 3400 (N-H), 1346 (S=0), 1290 (Carbon nitrogen group),
1690 (Carbonyl), 1590 (Aromatic alkene group), 1180 (ether group), 2916 (Ar C-H); H-
NMRchemical shift (400 MHz frequency, CDClIs): 6n (ppm) 7.91 (d, J = 9.03, 2H, for H-2 and
H-6) , 7.62 (t, J = 8.05, 2H, H-3 and H-5), 6.71 (t, J = 6.55, 1H, H-4), 7.09 (d, J = 8.25, 2H, H-
2" and H-6"), 7.64 (d, J = 6.88, 2H, for H-3" and H-5), 4.30 (t, J = 6.89, 2H, H-7),3.15 (t, J =
6.89, 2H, H-8), 3.01 (q, J = 7.16, 4H, H-9" & H-11"), 1.02 (t, J = 8.16, 6H, H-10" and H-12");
The EI-MS (m/z) ratio: 378.67 [M+2] ¥, 376.67 [M]*  361.22 [M-CHs]*, 141.25 [M-
C13H19N202]", 86.43 [M-C14H12NO4S]*, 77.01 [M-C13H18N204S]".

2.3. Methodology for the synthesis of derivatives consisting of alkyl/aryl/aralkyl-2-
(diethylamino) ethyl 4-(phenylsulfonamido) benzoate (3ac to 3ah).

0.48 g (0.001275 mol) of 3a was measured and added in a round bottom flask. Reaction media
solvent dimethyl formamide (DMF) 5 mL was added. Then LiH 0.004g (0.50 mmol) was added
in the flask. The electrophiles (0.001275 mol) of alkyl/aryl/aralkyl as shown in table.1 (5c-h)
were added to the flask with continues stirring for 3—4 hours. The compounds purity was
confirmed by TLC until a single spot was appeared. The precipitate was obtained then washed
with water to carry out additional recrystallization.

2.3.1. 2-(diethylamino) ethyl 4-(N-ethylphenylsulfonamido) benzoate (5ac)

Off white powder; M.F: C21H28N204S; M.W: 404.53 g/mol; m.p 151°C, Percent Yield: 81%;
stretching frequency vmax IR (KBr) in cm™: 1342 (S=0), 1279 (Caron-Nitrogen bond), 1684
(C=0), 1587 (aromatic alkene functional group), 1176 (C-O-C ether group), 2910 (C-H), H-
NMRchemical shift (400 MHz frequency, CDCls): on (ppm) 7.89 (d, J = 8.02, 2H, H-2 and H-
6), 6.98 (t, J =8.02 ,2H, H-3 and H-5), 8.71 (t, J = 7.53, 1H, H-4), 6.71 (d, J = 8.19, 2H, H-2
and H-6"), 7.68 (d, J = 6.87, 2H, H-3" and H-5"), 4.30 (t, J = 6 .88, 2H, H-7"), 3.15 (t, J = 6.88,
2H, H-8"), 3.01 (q, J = 7.15, 4H, H-9" and H-11"), 1.03 (t, J = 7.15, 6H, for H-10" & H-12"),
3.25(q,J=8.11, 2H, H-1"), 2.15 (t, J = 7.16, 3H, H-2"""); The EI-MS (m/z) ratio: 406.76
[M+2]*, 404.76 [M]" , 141.03 [M-CisH23N202]", 86.43 [M-C1sH16NO4S]", 77.01 [M-
C15H22N204S]".

2.3.2. 2-(diethylamino) ethyl 4-(N-propyl phenyl sulfonamido) benzoate (5ad)

Light brown powder; Molecular Formula: C22H30N204S; Molecular weight: 418.55g/mol;
Yield: 85%;m.p 155°C, stretching frequency vmax IR (KBr) in cm™: 1278 (Carbon nitrogen
bond), 1683 (carbonyl group), 1175 (Ether functional group), 2909 (C-H), 1586 (aromatic
alkene), 1341 (Sulphonyl group); *H-NMRchemical shift (400 MHz frequency, CDCls): (ppm)
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on 7.81 (d, J = 8.03, 2H, H-2 and H-6), 7.62 (t, J = 8.05, 2H, H-3 andH-5), 7.71 (t, J = 7.54,
1H, H-4), 6.73 (d, J = 8.2, 2H, H-2" and H-6"), 7.68 (d, J = 7.89, 2H, H-3" and H-57), 4.30 (t, J
=6.89, 2H, H-7"), 3.15 (t, J = 6.89, 2H, H-8"), 3.01 (g, J = 7.14, 4H, H-9" and H-11"), 1.02 (t,
J=6.14,6H, H-100 & H-12"),3.21 (9, J = 8.11, 2H, H-1"""), 1.57 (t, J = 6.16, 3H, H-2""),, 1.96
(t, J = 7.67, 3H, H-3"""); The EI-MS (m/z) ratio: 420.77 [M+2]*, 418.77 [M]", 141.45 [M-
C16H25N202]+, 86.4 [M-C17H13NO4S]+, 77.01 [M-Clst5NzO4S]+

2.3.3. 2-(diethylamino) ethyl 4-(N-benzylphenylsulfonamido) benzoate (5ae)

Greenish solid; M.F: C26H30N204; M.W: 466.60 g/mol; Yield: 75%; m.p 159°C, stretching
frequency vmax IR (KBr) in cm™: 1286 (Carbon nitrogen bond), 1682 (carbonyl group), 1177
(ether group), 2909(C-H), 1589 (aromatic alkene functional group), 1344 (S=0); !H-
NMRchemical shift (400 MHz frequency, CDCIs): (ppm) 61 7.91 (d, J = 8.01, 2H, H-2 and H-
6), 7.62 (t, J =8.01, 2H, H-3 and H-5), 7.71 (t, J = 7.54, 1H, H-4), 6.71 (d, J = 8.19, 2H, H-2
and H-6"), 7.68 (d, J = 6.88, 2H, H-3" and H-5"), 4.35 (t, J = 6.89, 2H, H-7"), 3.16 (t, J = 6.99,
2H, H-8), 3.08 (g, J = 7.15, 4H, H-9" and H-11"), 1.07 (t, J = 7.16, 6H, for H-10" & H-12°),
7.29(d,J=7.16,2H,H-2"""and H-6 "), 7.40 (t, J=7.72, 2H, H-3""" & for H-5"), 7.30 (t, J
=7.73,1H,H-4""),2.80 (s, 2H, H-7"""), 3.50 ( t, J = 6.92, 2H, H-8 ); The EI-MS (m/z) ratio:
468.23 [M+2]", 466.23 [M]", 141.43 [M-C20H25N202]", 86.43 [M-C19H23NO4S]*, 77.01 [M-
C20H25N204S]".

2.3.4. 2-(diethylamino) ethyl 4-(N-(4-bromobenzyl) phenylsulfonamido) benzoate (5af)

Light Yellow powder; Molecular Formula: CzsH29BrN204S; Molecular weight: 544.49g/mol;
Yield: 81%; m.p 163°C, stretching frequency vmax IR (KBr) in cm™: 1293 (Carbon nitrogen
bond), 1696 (Carbonyl group), 1184 (ether group), 2920 (C-H), 1598 (aromatic alkene), 1350
(S=0); *H-NMRchemical shift (400 MHz frequency, CDCls): (ppm) 5n 8.12 (d, J = 8.02, 2H,
H-2 and H-6), 8.62 (t, J = 8.99 ,2H, H-3 and H-5), 7.71 (t, J = 7.53 ,1H, H-4), 6.73 (d, J = 8.20,
2H, H-2" and H-6"), 7.68 (d, J = 6.89, 2H, H-3" and H-5"), 4.30 (t, J = 6.88, 2H, H-7"), 3.15 (t,
J=6.89, 2H, H-8"), 3.08 (g, J=7.19, 4H, H-9 and H-11"), 1.02 (t, J = 7.15, 6H, H-10" and H-
127),7.18(d, J=6.96, 2H, for H-2" & H-6" "), 7.92 (t,J =5.90, 2H, H-3" "~ and H-5 "), 2.80
(t, J =6.98, 2H, H-7"7"), 3.51 (t, J = 6.96, 2H, for H-8 ); The EI-MS (m/z) ratio: 546.87
[M+2]*, 544.87 [M]*, 464.23 [M-Br]", 141.32 [M-CxH24BrN2O2]", 86.43 [M-
C21H17BI’NO4S]+, 77.01 [M-C20H24 BI‘N204S]+

2.3.5. 2-(diethylamino) ethyl 4-(N-(4-methoxybenzyl) phenylsulfonamido) benzoate (3ag)

Yellowish Powder; M.F: Cu7H32N20sS; M.W: 496.62 g/mol; Yield: 80%; m.p 164°C,
stretching frequency vmax IR (KBr) in cm™: 1280 (Carbon nitrogen bong), 1682 (Carbonyl
group), 1173 (ether group), 2908 (C-H), 1583 (aromatic alkene functional group), 1341 (S=0);
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!H-NMRchemical shift (400 MHz frequency, CDCls): (ppm) 81 7.93 (d, J = 8.03, 2H, H-2 and
H-6), 7.62 (t, J = 8.02 ,2H, H-3 and H-5), 7.74 (t, J = 7.54, 1H, H-4), 6.71 (d, J = 8.20, 2H, H-
2" and H-6"), 7.69 (d, J = 6.89, 2H, H-3" and H-5), 4.29 (t, J = 6.89, 2H, H-7"), 3.17 (t,J =
6.88, 2H, H-8"), 3.01 (g, J = 7.16, 4H, H-9" and H-11"), 1.08 (t, J =7.19, 6H, H-10" and for
H-12%), 7.27 (d,J=7.67,2H, H-2"""and H-6"""), 6.99 (t, J = 7.66, 2H, H-3"~ & H-5""), 2.87
(t,J=7.16, 2H, H-7"""), 3.47 (t, J = 7.15, 2H, H-8"""). The EI-MS (m/z) ratio: 498.31 [M+2] *,
496.33 [M]" 86.41 [M-C23H23NOsS] ¥, 141.34 [M-C21H27N203S] ¥, 77.01 [M-C21H27 N2OsS] *

2.3.6. 2-(diethylamino) ethyl 4-(N-(4-fluorobenzyl) phenylsulfonamido) benzoate (5ah)

Brownish amorphous powder; M.F: CasH20FN204S; M.W:484.59 g/mol; Yield: 75%; m.p
160°C, stretching frequency vmax IR (KBr) in cm™:1292 (Carbon nitrogen bond), 1691
(Carbonyl group), 1183 (ether group), 2918 (C-H), 1593 (aromatic alkene functional group),
1352 (S=0); 'H-NMRchemical shift (400 MHz frequency, CDCls): &n (ppm) 7.91 (d, J = 8.03,
2H, H-2 and H-6), 7.62 (t, J = 8.03 ,2H, H-3 and H-5), 7.71 (t, J = 7.54 ,1H, H-4), 6.71 (d, J =
8.21, 2H, H-2" and H-6"), 7.68 (d, J = 6.89, 2H, for H-3" and H-57), 4.30 (t, J = 6.87, 2H, H-
77), 3.15 (t, J = 6.89, 2H, H-8), 3.01 (q, J = 7.16, 4H, for H-9" and H-11"), 1.02 (t, J = 7.16,
6H, H-10" and H-127), 7.18 (d, J=7.17, 2H, for H-2"" & H-6"""), 6.94 (t, J = 6.99, 2H, for H-
37& H-57), 3.83 (s, 1H, for H-4"77), 3.80 (t, J = 6.0, 2H, H-7""), 4.50 (t, J = 6.02, 2H, H-
8""); The EI-MS (m/z) ratio: 486.33 [M+2]", 484.33 [M]" 141.20 [M-C20H24FN20O2]", 86.4
[M-C21H17FNQ4S]*, 77.01 [M-C2oH24 FN204S]*

)

.

m/z: 77.01

10°

5 I
'H’ —— ‘\ /\/N\/ 12° > 'VN\./ 12°
m/z: 86.43

m/z: 141.25 m/z: 376.67

10

o

0 o
N
11

m/z: 361.22

Figure 1: Mass Fragmentation of 2-(diethylamino) ethyl 4-(phenylsulfonamido) benzoate
(33)
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2.4. Antibacterial Assays

In a sterile 96-well microplate, the produced derivatives' anti-bacterial activity was assessed
under aseptic circumstances. Gram (+ve) bacteria including Staphylococcus aureus & Bacillus
subtilis as well as gram (-ve) bacteria like Escherichia coli, Salmonella typhi & Pseudomonas
aeruginosa were all tested against these compound. This method is based on a specific principle
that shows as the population of microorganisms grow, increase the broth medium's absorbance.
Because of this, the derivatives were first diluted before being pumped into wells. Ager was
used for the growth of bacterial culture supplement. These new bacterial cultures were
examined additionally by dilution with nutrient broth then put into the wells (180 L) at 37°C
temperature was maintained for 24 hours during incubation. With the use of a microplate reader
instrument, the absorbance between 0.12 and 0.19 was maintained at 540 nm in order to observe
the zone of inhibition. The well-volume microplates were precisely maintained at 200 L. The
estimated absorbance was 540 nm, and the disparity between the samples and the absorbance
test reflects the progress of the bacteria.

3. RESULTS AND DISCUSSION

The synthesis of a number of procaine sulfonamide derivatives was the main goal of the current
study. The parent compound (3a) was synthesized by reacting (2a) benzene sulphonyl chloride
with (1a) procaine (2-(diethylamino) ethyl-4-aminobenzoate). When procaine sulfonamide
was combined with alkyl or aryl halides, N-alkyl/aryl/aralkyl substituted sulfonamide
derivatives were produced. The compounds were found as powder and crystals form, and
advanced spectral methods like EI-MS, THNMR and IR were used to check their structure.

Escherichia coli, Salmonella typhi and Pseudomonas aeruginosa were among the five bacterial
strains used to test the compound's anti-microbial properties, while Staphylococcus aureus and
Bacillus subtilis were among the two gramme (+) strains.

3.1. Chemistry

This is a two-step synthesis in which the reactants are converted to parent molecules, 2-
(diethylamino) ethyl 4-(phenylsulfonamido) benzoate (3a), and the parent molecule was then
coupled up with appropriate electrophiles to generate the derivatives. The spectroscopic
findings, which were described in the experimental section, provided excellent evidence for
the molecular configurations of all the produced molecules. In EI-MS spectra, the
synthesized molecule 3a exhibited the [M]+ peak at m/z 376.67 as shown in figure 1. The
occurrence of functional groups in the compound was established by the various bands in the
infrared spectra of this compound (3a). Stretching of the S=O functional group was showing at
1346 cm-1. On the other hand, a carbonyl (C=0) stretching peak was revealed at 1180 cm_
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Similar to this, aromatic ring (C=C) stretching in IR spectra exhibited a distinct band at 1590
cm, and carbon nitrogen stretching was occurred at 1290 in units per centi meter. All bands
above clearly demonstrated how these groups can be found in molecules. The presence of the
procaine moiety and benzene ring in the parent compound (3a) was confirmed by proton NMR
spectrum signals that showed both upfield and downfield. Due to the presence of sulfonyl
group's electron-withdrawing effect on the aromatic ring, proton NMR spectra of compound
displayed (3a) signals chemical shifts data in (ppm) of 7.91 (d, J = 9.03, for two H, H-2 and H-
6), proton present at three & four position 7.62 (t, J = 8.05, 2H, H-3 and H-5), and for proton
at position 6.71 (t, J = 6.55, one H, H-4) that appeared downfield. Presence of procaine benzene
moiety coupled to electronegative atoms, such as oxygen and nitrogen, was confirmed by
additional downfield signals in ppm at 7.09 (d, J = 8.25, two H, one is H-2" and other H-6")
and value 7.65 represent doublet having J value = 6.88 for two proton H-3™ and H-5". In the
spectra upfield shift, signals at 4.30 (t, J = 6.89, 2H, H-7"), 3.15 (t, J = 6.89, 2H, H-8"), 3.01 (q,
J=17.16,4H, H-9 and H-11"), and 1.02 (t, J = 8.16, 6H, H-10" and H-12") verified the presence
of the aliphatic region of procaine. The chemical structure of 3a, which was named as 2-
(diethylamino) ethyl 4-(phenylsulfonamido) benzoate, was supported by all of the spectrum
data. Similarly, as mentioned in the experimental section, *H-NMR, IR, and mass spectrum
data confirmed the structures of all synthesised compounds.

3.2. Antibacterial Activity

Five strains of bacteria were subjected to antibacterial investigation, with Ciprofloxacin serving
as standard drug. Against five bacterial strains, all of the synthesized complexes demonstrated
high to normal antibacterial action. Strong activity was shown by the compound 3a against
Salmonella typhi. The derivative 5ac do not show inhibition activity against any bacteria except
S. typhi. While compound 5ae was found to be a strong inhibitor of complete bacterial strains,
comprising Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas
aeruginosa, having MIC values 11.75+3.42, 8.02+£3.29, 9.52+1.00, 10.58+2.96 respectively.
While this compound 5ae shows moderate inhibition against Salmonella typhi. Except for
Staphylococcus aureus, which had a MIC value of 16.81+2.50, compound 5ad showed no
inhibitory action against all of the bacterial strains. Only Salmonella typhi demonstrated
inhibitory action for compound 5ac, and it was discovered to be inactive for all other strains.
With the exception of Pseudomonas aeruginosa, compound 5af demonstrated modest
inhibitory activity. All compounds MIC values are given in table-02.
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Table-02. MIC value & %age inhibition of antibacterial action
S. typhi (-) E. coli (-) P. aeruginosa (-) B. subtilis (+) S. aureus (+)

Com | Percen | Minim | Percen | Minim | Percen | Minimu | Percen | Minimu | Percen | Minimu

poun |t um t um t m t m t m

d Inhibit | inhibit | inhibiti | inhibit | Inhibiti | inhibito | Inhibiti | Inhibito | Inhibiti | inhibito
ion ory on ory on ry conc. | on ry conc. | on ry conc.

conc. conc.

3a 7453+ | 10.32+ | 72.14+ | 1442+ | 67.14+ | 12.58+2. | 59.32+ | 12.46+5. | 63.66+ | 15.17+1.
1.06 2.13 1.42 3.20 1.98 09 3.05 01 3.44 14

5ac 60.54+ | 13.36+ | 57.53+ | - 28.94+ | 53.32+ | - 56.56+ | -
2.33 3.65 1.49 6.00 251 1.54

5ad 4758+ | 42.52+ | 21.04t | _ 39.28+ | _ 56.70+ | 16.81+2.
2.00 2.43 2.48 2.32 3.80 50

5ae 82.73+ | 12,94+ | 78.94+ | 9.52+1. | 75.76t | 10.58+2. | 68.77+ | 8.02+3.2 | 72.46+ | 11.75%3.
2.25 5.00 2.42 00 1.70 96 251 9 3.15 42

5af 76.94+ | 10.23+ | 76.16x | 11.44+ |53.14+ | 19.57+2. | 57.05+ | 14.77+0. | 62.01+ | 12.06+1.
2.79 1.31 1.36 1.60 3.68 98 1.95 54 141 35

5ag 64.94+ | 17.01+ | 71.13+ | 14.02+ |55.06t | 17.67+4. | 57.32+ | 15.74+4. | 59.59+ | 16.06+3.
1.36 1.83 241 5.00 2.31 62 1.15 70 2.64 34

5ah | 53.50+ | 17.51+ |52.15+ | 16.41+ |45.85+ | 53.65+ | 15.45+4, | 63.39+ | 12.1545.
1.55 3.00 4.60 1.20 2.48 3.59 71 4.34 00

Cipro | 91.84+ | 9.21+2. | 90.56+ | 8.92+1. | 89.65+ | 9.02+0.1 | 90.94+ | 8.03+£0.3 | 92.06+ | 8.37+£1.0

floxac | 0.05 00 1.47 67 1.11 4 1.06 3 2.34 4

in

4. CONCLUSION

Procaine sulfonamide and its derivatives were synthesized in the current study. The procaine
drug and benzene sulphonyl chloride were combined to create the primary compound. Na2COs,
was utilized as a catalyst in this reaction to keep the pH in the range of 8 to 10. The reaction
was conducted by stirring for three to four hours at room temperature. These procaine
sulfonamide derivatives were made by reacting 2-(diethylamino) ethyl 4-(phenylsulfonamido)
benzoate along with various alkyl/aryl halides in the occurrence of lithium hydroxide plus
dimethylformamide. Well-yielding manufactured compounds exposed to additional analysis
utilising IR, EI-MS and 'H-NMR, spectroscopy. It was found that the produced compounds
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have important clinical applications. They exhibit strong anti-microbial properties and have
demonstrated applications in biological research and pharmaceutical sectors.
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The data that support the findings of this study are available from the corresponding author
upon reasonable request.

FUNDING DETAILS

This study did not get any financial provision.

CONFLICTS OF INTEREST
No authors have reported any competing interest.

Authors Contribution

Conceptualization: Sajid Mahmood and Jalal Hatem Hussein Bayati
Methodology: Amimah Ashraf and Iqra Yaseen

Investigation: Sajid Mahmood and Khursid Ayub

Writing-Original draft preparation: Amimah Ashraf and Hassan Bilal
Writing-review and editing: Muhammad Waheed Rasheed and Amina Ashgar
Supervision: Sajid Mahmood

All authors have agreed to the published version of the manuscript.

REFERENCES

1. Caddick, S. and H.D. Bush, Synthesis of functionalized sulfonamides via 1, 3-dipolar
cycloaddition of pentafluorophenyl vinylsulfonate. Organic Letters, 2003. 5(14): p.
2489-2492.

2. Seydel, J., E. Kruger-Thiemer, and E. Wempe, Beziehungen zwischen der
antibakteriellen Wirkung und den Infrarot-(IR-) Absorptionsbanden von
Sulfanilamiden. Zeitschrift fir Naturforschung B, 1960. 15(10): p. 628-641.

3. Ungurianu, A., et al., The radioprotective effect of procaine and procaine-derived
product Gerovital H3 in lymphocytes from young and aged individuals. Oxidative
Medicine and Cellular Longevity, 2020. 2020.

4. Villar-Garea, A., et al., Procaine is a DNA-demethylating agent with growth-inhibitory
effects in human cancer cells. Cancer research, 2003. 63(16): p. 4984-4989.

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com



. Power System Technology

Y’ I1SSN:1000-3673

Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024

5. Bai, F., R. Michel, and P. Rossignol, Effects of procaine on the oxidative
phosphorylation of brain mitochondria from senescent rats. Mechanisms of ageing and
development, 1984. 26(2-3): p. 277-282.

6. Blaustein, M.P. and D.E. Goldman, Competitive action of calcium and procaine on
lobster axon: a study of the mechanism of action of certain local anesthetics. The
Journal of General Physiology, 1966. 49(5): p. 1043-1063.

7. MacFarlane, M.D., Procaine HCI (Gerovital H3): a weak, reversible, fully competitive
inhibitor of monoamine oxidase, in Biology of Aging and Development. 1975,
Springer. p. 213-218.

8. Nair, C. and D. Pradhan, Effect of procaine hydrochloride on DNA repair in Escherichia
coli. Chemico-Biological Interactions, 1975. 11(3): p. 173-178.

9. Harvery, J.G., H.A. Kaiin, and V.K. Sugiaman, Comparison of 3% Mepivacaine and
2% Procaine in Local Anesthetics as Antibacterial Activity on the Growth of
Porphyromonas Gingivalis. Journal of International Dental and Medical Research,
2023. 16(3): p. 1076-1083.

10.  Zhang, Z., et al., Determination of local anesthetics in human plasma by liquid-liquid-
liquid microextraction coupled with high performance liquid chromatography. Chinese
Journal of Analytical Chemistry, 2006. 34(2): p. 165-169.

11.  Al-Saadi, A.A,, et al., Sensitive SERS detection and characterization of procaine in
aqueous media by reduced gold nanoparticles. Sensors and Actuators B: Chemical,
2020. 304: p. 127057.

12. Wang, C.Y,, et al., Differential pulse adsorption voltammetry for determination of
procaine hydrochloride at a pumice modified carbon paste electrode in pharmaceutical
preparations and urine. Journal of pharmaceutical and biomedical analysis, 2002. 30(1):
p. 131-139.

13. Shuang, S. and M.M. Choi, Retention behaviour and fluorimetric detection of procaine
hydrochloride using carboxymethyl-f-cyclodextrin as an additive in reversed-phase
liquid chromatography. Journal of Chromatography A, 2001. 919(2): p. 321-329.

14.  Sagmiller, B., et al., Identification of illicit drugs by a combination of liquid
chromatography and surface-enhanced Raman scattering spectroscopy. Journal of
molecular structure, 2003. 661: p. 279-290.

15. Lehr, D., Clinical toxicity of sulfonamides. Annals of the New York Academy of
Sciences, 1957. 69(3): p. 417-447.

16. Bendjeddou, A., et al., Antibacterial activity and global reactivity descriptors of some
newly synthesized unsymmetrical sulfamides. Oriental Journal of Chemistry, 2016.
32(2): p. 799-806.

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com



- \» Power System Technology

Y ISSN:1000-3673

Received: 16-01-2024 Revised: 12-02-2024 Accepted: 07-03-2024

17. Ezabadi, I.R., et al., Sulfonamide-1, 2, 4-triazole derivatives as antifungal and
antibacterial agents: Synthesis, biological evaluation, lipophilicity, and conformational
studies. Bioorganic & Medicinal Chemistry, 2008. 16(3): p. 1150-1161.

18.  Supuran, C.T., etal., Carbonic anhydrase inhibitors: sulfonamides as antitumor agents?
Bioorganic & medicinal chemistry, 2001. 9(3): p. 703-714.

19. Taci¢, A., et al., Antimicrobial sulfonamide drugs. Advanced technologies, 2017. 6(1):
p. 58-71.

20. Carta, F., A. Scozzafava, and C.T. Supuran, Sulfonamides: a patent review (2008—
2012). Expert opinion on therapeutic patents, 2012. 22(7): p. 747-758.

21.  Siddiqui, N., et al., Synthesis and anticonvulsant activity of sulfonamide derivatives-
hydrophobic domain. Bioorganic & medicinal chemistry letters, 2007. 17(1): p. 255-
259.

22. Yang, S.S. and J.K. Guillory, Polymorphism in sulfonamides. Journal of
pharmaceutical sciences, 1972. 61(1): p. 26-40.

23.  Strom, B.L., et al., Absence of cross-reactivity between sulfonamide antibiotics and
sulfonamide nonantibiotics. New England Journal of Medicine, 2003. 349(17): p. 1628-
1635.

24. Mahboob, A., Rasheed, M. W., Bayati, J. H. H., & Hanif, I. (2023). Computation of Several
Banhatti and Reven Invariants of Silicon Carbides. Baghdad Science Journal, 20(3
(Suppl.)), 1099-1099.

25. Mahboob, A., Rasheed, M. W., Bayati, J. H. H., Hanif, I., & Alam, S. M. (2024). Bi-
Distance Approach to Determine the Topological Invariants of Silicon
Carbide. Baghdad Science Journal, 21(1), 0174-0174.

26. Alam, S. M., Nigar, N., Bayati, J. H. H., Rasheed, M. W., & Mahboob, A. (2023). Analysis
of Various Invariants in Ortho and Para Network. NeuroQuantology, 21(6), 1216.

27. Alsulami, S. H., & Bayati, J. H. (2022). Covid-19 infection structure analysis based on
minimum spanning tree visualization in the kingdom of Saudi Arabia regions. Journal
of Chemistry, 2022.

Volume 48 Issue 1 (March 2024)
https://powertechjournal.com




