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Abstract

A new N-acetylsulfanilylation series of uridine have been synthesized in good yield using direct
acylation method and afforded the 5’-0-N-acetylsulfanilyluridine. In order to obtain newer prod-
ucts, the 5’-0-N-acetylsulfanilyluridine derivative was further transformed to a series of 2’,3’-di-0-
acyl derivatives containing a wide variety of functionalities in a single molecular framework. The
chemical structures of the newly synthesized compounds were confirmed on the basis of their
FTIR, tH-NMR spectroscopy, physicochemical properties and elemental analysis. All the synthe-
sized uridine derivatives were tested for their in vitro antibacterial activity against six human pa-
thogenic bacterial strains and for comparison standard antibiotic Ampicillin was also determined.
The study revealed that the selectively acylated derivatives 5’-0-N-acetylsulfanilyl-2’,3’-di-0-lau-
royluridine and 5’-0-N-acetylsulfanilyl-2’,3’-di-O-pivaloyluridine showed highest inhibition against
Staphylococcus aureus and Bacillus cereus, respectively. We also observed that the introduction of
hexanoyl, decanoyl, lauroyl, myristoyl and pivaloyl groups, the antibacterial functionality of the
compound uridine increases. Another noteworthy observation was that the uridine derivatives
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were found comparatively more effective against Gram-positive microorganisms than those of
Gram-negative microorganisms. In addition, the test chemicals were also tested for cytotoxicity by
brine shrimp lethality bioassay and compounds showed different rate mortality with different
concentrations.
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1. Introduction

Nucleosides are glycosylamines consisting of a nucleobase (i.e., nitrogeneous base) which g-glycosidic bonded
to a sugar (ribose or deoxyribose) and the nitrogen-containing compound is either a pyrimidine base (cytosine,
thymine or uracil) or a purine base (adenine or guanine). When nucleoside attached with one or more phosphate
groups at the C-5'is called a nucleotide. Nucleotide derivatives are necessary for life, as they are building blocks
of nucleic acids and have thousands of other roles in cell metabolism and regulation. Nucleosides are required
for DNA and RNA synthesis, and the nucleoside adenosine has a function in a variety of signaling processes [1].
In medicine, several nucleoside analogues are used as antiviral or anticancer agents [2].

Uridine (1) (Figure 1) is a molecule (known as nucleoside) that is formed when uracil is attached to a ribose
ring via S-N;-glycosidic bond. Uridine is one of the four basic components of robonucleic acid (RNA). Upon
digestion of foods containing RNA, uridine is released from RNA and is absorbed intact in the gut. Uridine is
found in sugarcane, tomatos, broccoli, liver, pancreas etc. Uridine has anti depression activity, asthmatic airway
inflammation, hepatocyte proliferation [3] [4].

Infectious diseases worldwide have been known to be a cause of morbidity, disability and mortality. Ap-
proximately 15 million people die each year due to infectious diseases-nearly all live in developing countries [5].
Indiscriminate and unconcerned use of antibiotics has led to increased microbial resistance. Consequently, new-
er agents have been brought in at increased economic costs to the patient but they too have become inefficacious
in due course and pose worldwide a great threat to human health. So, noble, emerging and re-emerging infec-
tious diseases have become a focus for the development of new cost-effective drug in both developed and de-
veloping countries. So, the finding of new drug is very important for the treatment.

Selective acylation is very important in the field of nucleoside chemistry because of its usefulness for the
synthesis of biologically active products. During the last few years, many workers have investigated selective
acylation and alkylation of hydroxyl groups of the carbohydrate moieties of nucleosides and nucleotides using
various methods [6]-[8]. Different methods for acylation of carbohydrates and nucleosides have so far been de-
veloped and employed successfully [9] [10]. Of these, direct method has been found to be the most encouraging
method for acylation of carbohydrates and nucleosides [11].

From literature survey revealed that a large number of biologically active compounds possess aromatic and he-
teroaromatic nucleus and acyl substituents [12] [13]. It is also known that, if an active nucleus is linked to another
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Figure 1. Uridine (1).
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nucleus, the resulting molecule may possess greater potential for biological activity [14]. The benzene and subs-
tituted benzene nuclei play important role as common denominator of various biological activities [15]. Results
of an ongoing research work on selective acylation of carbohydrates [16] [17] and nucleosides [18] [19] and also
evaluation of antimicrobial activities reveal that in many cases the combination of two or more aromatic or he-
teroaromatic nuclei [14]. It is also found that nitrogen, sulfur and halogen containing substitution products
showed marked antimicrobial activities i.e., enhance the biological activity of the parent compound [20]-[25].

Encouraged by literature reports and our own findings, we synthesized a series of uridine derivatives (Scheme
1) deliberately incorporating a wide variety of probable biologically active components to the ribose moiety.
Antibacterial screening of these compounds was carried out using a variety of bacterial strains and cytotoxicity
test was also performed by brine shrimp lethality bioassay and the results are reported here as first time.

2. Results and Discussion
2.1. Chemistry

The objective of the present research work reported in this paper was to perform regioselective N-acetylsulfani-
lylation of uridine (1) using the direct method (Scheme 1). A number of rarely used acylating agents were em-
ployed for this purpose (Scheme 2 and Table 1) and the physicochemical properties of the synthesized com-
pounds were presented in the (Table 2). The structure of the acylated products were ascertained by analyzing
their FTIR and *H-NMR spectra [29]-[31]. In continuation of a project going on the carbohydrate and protein
chemistry laboratory, we intended to prepare a series of uridine derivatives for use as test compounds for bio-
logical evaluation. Keeping this objective in mind, we thus prepared a set of derivatives containing a wide va-
riety of substituents in a single molecular framework. The reaction pathways have been summarized in the
Scheme 1 and Scheme 2 and Table 1.
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Scheme 1. Synthesis of 5'-O-N-acetylsulfanilyluridine (2).
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Scheme 2. Synthesis of 2',3'-di-O-acylated uridine derivatives (3-14).
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Table 1. Synthesized of uridine derivatives (2-14).

Compound no Ri=R; Compound no Ri=R;
2 H 9 CHs(CH2)1,CO-
3 CH4CO- 10 (CH3)sCCO-
4 CH3(CH,)sCO- 11 CgHsCO-
5 CH3(CH,)4CO- 12 3-Cl.C¢H4CO-
6 CH3(CH,)sCO- 13 4-Cl.C¢H4CO-
7 CH3(CHy)1,CO- 14 2,6-di.Cl.CsH;CO-
8 CH3(CH,)1,CO-

Table 2. Physicochemical properties of the synthesized of uridine derivatives (2-14).

Compound no RT (h) Ry Yield (%) Physical State
2 8 0.5 61 needles, m.p. 210°C - 212°C
3 7 0.5 71 semi solid
4 6 0.52 68 pasty mass
5 6 0.51 63 thick syrup
6 6 0.5 63 syrup
7 6.5 0.52 60 needles, m.p. 74°C - 75°C
8 7 0.53 58 needles, m.p. 65°C - 70°C
9 6 0.51 65 needles, m.p. 58°C - 60°C
10 6.5 0.5 70 pasty mass
11 6.5 0.51 66 needles, m.p. 138°C - 140°C
12 6 0.52 63 needles, m.p. 123°C - 125°C
13 6.5 0.5 60 needles, m.p. 128°C - 130°C
14 6 0.52 65 thick syrupy

2.2. Spectral Characterization

Our initial effort was to react uridine (1) with equivalent amount of N-acetylsulfanilyl chloride and triethylamine
in anhydrous dichloromethane at room temperature, followed by removal of solvent and silica gel column
chromatographic purification, furnished the N-acetylsulfanilyl derivative (2). The IR spectrum of compound 2
showed absorption bands at: 1740 cm * (-CO stretching), 3510 cm* (-OH stretching), 3360 cm * (-NH stret-
ching) and 1365 cm™* (-SO, stretching). In its "H-NMR spectrum displayed two two-proton doublets at &5 7.78
(2H, J =8.8 Hz) and &7.68 (2H, J = 8.8 Hz) corresponding to the aromatic ring protons, one one-proton singlet
at 6 7.53 (-NH), one three-proton singlet at 6 2.22 (CH;CON-) thereby suggesting the introduction of one N-
acetylsulfanilyl (4-acetamidobenzenesulfonyl) group in the molecule. Also, the C-5' proton was deshielded con-
siderably to 65.77 (1H, dd, J = 2.2 and 12.2 Hz, 5'a) and 5.73 (1H, J = 2.2 and 12.3 Hz, 5'b) from its usual value,
suggested the introduction of the N-acetylsulfanilyl group at position 5. Complete analysis of the IR and
'H-NMR spectra of this compound was in agreement with the structure accorded as 5'-O-N-acetylsulfanilyluri-
dine (2).

The structure of compound (2) was further confirmed by preparation of its acetyl derivatives (3). Thus, acety-
lation of compound 2 with acetic anhydride, followed by removal of solvent and purification by silica gel col-
umn chromatography, provided the tri-O-acetyl derevative (3). Complete analysis of the rest of the IR and
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'H-NMR spectra was in supported the structure ascertained as 5'-O-N-acetylsulfanilyl-2',3"-di-O-acetyluridine
(3). Thus, pentanoylation of compound 2 in CH,CI,/Et;N using silica gel chromatographic purification afforded
the pentanoyl derivative (4). In its "H-NMR spectrum, the resonance peaks three four-proton multiplets at 6 2.42
{2 X CH3(CH2)2CH200'} and ¢ 1.64 {2 X CH3CH2CH20H2CO-} and ¢ 1.42 {2 X CH3CH2(CH2)2CO-} and one
six-proton multiplet at 6 0.89 {2 x CH;(CH,);CO-} showed the presence of two pentanoyl groups in the mole-
cule. Thus, complete analysis of the IR and *H-NMR spectra established the structure of this compound as
5'-O-N-acetylsulfanilyl-2',3'-di-O-pentanoyluridine (4). Reaction of compound 2 with hexanoyl chloride as usual
method, provided the hexanoyl derivative (5). The *H-NMR spectrum displayed characteristics two four-proton
multiplets at 6 2.38 and J 1.63, an eight-proton multiplet at 6 1.29 and one six-proton multiplet at 6 0.95 show-
ing the attachment of two hexanoyl groups in the compound. The rest of the IR and *H-NMR spectra enabled us
to assign the structure of the hexanoyl derivative as 5'-O-N-acetylsulfanilyl-2',3'-di-O-hexanoyluridine (5).

We then treated compound 2 with decanoyl chloride in anhydrous CH,Cl,/EtsN, we obtained the 2',3'-di-O-
decanoy! derivative (6). Complete analysis of the IR and *H-NMR spectra was consistent with the structure of
the compound assigned as 5'-O-N-acetylsulfanilyl-2',3'-di-O-decanoyluridine (6). The N-acetylsulfanilyl deriva-
tive (2) was then subjected to lauroylation using same method and obtained in good yield as needless. It’s
'"H-NMR spectrum displayed two four-proton multiplets at 2.37, § 1.64, a thirty two-proton multiplet at § 1.24
and a nine-proton multiplet at ¢ 0.87, therefore, indicating the presence of two lauroyl groups. So, analysis of
rest of the IR and *H-NMR spectra, the structure of the lauroyl derivative was assigned as 5'-O-N-acetylsulfa-
nilyl-2',3'-di-O-lauroyluridine (7). The diol (2) reacted with myristoyl chloride in anhydrous dichloromethane
and triethylamine followed by removal of solvent and chromatographic purification, it yielded the myristate (8).
As same analysis of the IR and *H-NMR spectra of the compound 9 was in agreement with the structure estab-
lished as 5'-O-N-acetylsulfanilyl-2',3'-di-O-palmitoyluridine (9).

Our next effort was to treat compound 2 with unimolecular amount of pivaloyl chloride in anhydrous
CH,CI,/Et3N by silica gel chromatography furnished the pivaloyl derivative (10). The downfield shift of H-2'
proton to ¢ 5.31 (1H, m) and H-3' proton to § 5.10 (1H, m) from their precursor diol (2) ¢ values showed the at-
tachment of the pivaloyl groups at positions 2' and 3'. The rest of the IR and *H-NMR spectra was compatible
with the structure assigned as 5'-O-N-acetylsulfanilyl-2',3'-di-O-pivaloyluridine (10). Benzoylation of the
N-acetylsulfanilyl derivative (2) with benzoyl chloride and further purification procedure provided the benzoyl
derivative (11) in good yields. In its "H-NMR spectrum, the aromatic proton peaks at § 8.10 (4H, m), 5 7.66 (2H,
m), 6 7.49 (4H, m) corresponded to two benzoyl groups present in the compound. Complete analysis of the IR
and *H-NMR spectrum suggested that the structure of this compound may be assigned as 5'-O-N-acetylsulfa-
nilyl-2',3'-di-O-benzoyluridine (11).

Encouraged by the results obtained so far, we then used 3-chlorobenzoyl chloride as the next acylating agent.
Treatment of compound 2 with 3-chlorobenzoyl chloride and silica gel chromatographic purification, furnished
the 2',3'-substitution product (12). In its *H-NMR spectrum, the peaks at 6 7.92 (2H, J = 7.5 Hz), § 7.90 (2H, s),
07.79 (2H,J =7.7 Hz) and ¢ 7.48 (2H, J = 7.6 Hz) corresponded to eight aromatic protons and were due to the
presence of two 3-chlorobenzoyl groups. By complete analysis of the IR and *H-NMR spectra, the structure of
the compound was ascertained as 5'-O-N-acetylsulfanilyl-2',3'-di-O-(3-chlorobenzoyl)uridine (12). After similar
solvent removal and chromatographic techniques, the 4-chlorobenzoyl derivative (13) was isolated in good yield.
In its *"H-NMR spectrum showed the deshielding of H-2' and H-3' protons from their precursor compound (2)
and the resonance of other protons in their anticipated positions confirmed the structure of this compound as
5'-O-N-acetylsulfanilyl-2',3'-di-O-(4-chlorobenzoyl)uridine (13).

Final confirmation of the structure of the compound 2 was provided by preparation of its 2,6-di-O-benzoyl
derivative (14). The "H-NMR spectrum displayed a six proton multiplet at ¢ 7.46 (6H, Ar-H) corresponded to
two 2,6-dichlorobenzoyl groups present in the compound. The H-2' and H-3' protons resonated at ¢ 5.49 (1H, J
=5.1 Hz) and 65.35 (1H, m) shifted downfield from their precursor compound (2), which were indicative of the
attachment of the 2,6-dochlorobenzoyl groups at 2' and 3' positions. Complete analysis of the IR and *H-NMR
spectrum was in accord with the structure of this compound assigned as 5'-O-N-acetylsulfanilyl-2',3'-di-O-
(2,6-dichlorobenzoyl)uridine (14).

Thus, selective acylation of uridine (1) with a number of acylating agents by using the direct method was car-
ried out successfully. The study was found to be very promising since in all the cases, a single monosubstitution
product was isolated reasonably high yields. Furthermore, the N-acetylsulfanilyl acylation product was con-
verted into a series of acyl derivatives (3-14). These newly synthesized products may be used as important pre-
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cursors for the modification of the uridine molecule at different positions. All the acylation products of uridine
(1) and their derivatives have been employed for determining their antibacterial activity against a number of
human pathogens and cytotoxicity activity by brine shrimp lethality bioassay.

2.3. Antibacterial Activities

The antibacterial screening results in (Table 3) and (Figure 2) showed that, in case of Gram-positive organism,
5'-O-N-acetylsulfanilyl-2',3'-di-O-lauroyluridine (7) exhibited the highest activity (14.0 mm), whereas 5'-O-N-

Compound-8 Compound-7 Compound-6 Compound-5

/)

@ (b)

Figure 2. (a) Growth of inhibition zone observed against Gram-positive S. aureus by two test chemicals 7 and 8 and (b)
against Gram-negative S. typhi by test chemicals 5 and 6.

Table 3. Antibacterial activity of synthesized uridine derivatives with standard antibiotic.

Zone of inhibition (mm) at 200 pg dw/disc

Compound No. Gram + Ve bacteria Gram — Ve bacteria
B. cereus B. megaterium S. aureus E. coli S. typhi S. paratyphi

2 NF NF NF NF NF NF
3 NF NF NF NF NF NF
4 54 NF 7 NF 8 7
5 45 6 6 10 ‘13 12
6 NF 5 6 NF "10 9
7 NF NF "14 NF NF NF
8 "10 55 "12 8 6 7
9 NF 11 5 6 NF 8
10 ‘12 ‘10 4 NF 5.5 NF
11 NF NF NF NF NF NF
12 8 NF NF NF 4 5
13 NF NF NF NF NF NF
14 7 NF NF NF NF NF

“Ampicillin 14 “12 “19 16 20 “18

N.B: “ = marked inhibition, ™ = standard antibiotic, NF = not found, dw = dry weight.

()
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acetylsulfanilyl-2',3'-di-O-pivaloyluridine (10) showed lowest inhibition (4.0 mm) against the same organism,
Staphylococcus aureus. The inhibition by compound 8 in case of Bacillus cereus (10.0 mm), Staphylococcus
aureus (12.0 mm), by 9 in case of Bacillus magaterium (11.0 mm), and by 10 in case of Bacillus cereus (12.0
mm), Bacillus magaterium (10.0 mm) were very significant. But compound 2, 3, 11 and 13 were unable to show
any inhibition against all tested Gram-positive microorganisms. The results in Table 2 revealed that that the test
chemical 5 was highly active towards the growth of all the Gram-negative bacteria. The inhibitions of growth of
bacteria were very remarkable in many cases which was in conformity with our previous work [32]-[35]. Of the
test chemicals 6, 8, 9, and 12 were very effective towards the inhibition of growth of maximum Gram-negative
bacterial strains used. In general, it has been observed that antibacterial results of the selectively acylated uridine
derivatives obtained by using various acylating agents follow the order for Gram-positive organisms: 7 > 10 >
9 > 8 >4 >5 and Gram-negative bacteria follow the order:5>6 >8>9> 10> 12.

From the results we observed that the introduction of some specific functionalities in the test chemicals im-
proved their antibacterial activities. In this series the presence of hexanoyl, lauroyl, myristoyl, palmitoyl, piva-
loyl and 3-chlorobenzoyl groups might be responsible for the enhancement of the antibacterial capacity of the
test chemicals. The results reported in Table 3 revealed that the hydrophobicity is the primary contributor to an-
tibacterial activity. Here the hydrophobicity of the molecules increased gradually from compound 4 to 9. The
hydrophobicity of materials is an important parameter with respect to such bioactivity as toxicity or alteration of
membrane integrity, because it is directly related to membrane permeation [36]. Hunt [37] also proposed that the
potency of aliphatic alcohols is directly related to their lipid solubility through the hydrophobic interaction be-
tween alkyl chains from alcohols and lipid regions in the membrane. We believe that a similar hydrophobic in-
teraction might occur between the acyl chains of uridine accumulated in the lipid like nature of the bacteria
membranes. As a consequence of their hydrophabic interaction, bacteria lose their membrane permeability, ul-
timately causing death of the bacteria [36]-[38].

2.4. Cytotoxicity Test by Brine Shrimp Lethality Assay

The brine shrimp lethality assay is considered a useful tool for assessment of toxicity. It is based on the ability to
kill laboratory-cultured Artemia nauplii brine shrimp. The assay is considered a useful tool for preliminary as-
sessment of toxicity and it has been used for the detection of fungal toxins, plant extract toxicity, cyanobacteria
toxins and cytotoxicity testing of dental materials. The cytotoxic activity of the acylated derivatives of uridine
(Scheme 1 and Scheme 2) in the brine shrimp lethality bioassay is presented in (Figure 3) and shows the per-
centage of mortality of shrimps at 24 hrs. The number of survived nauplii in each vial was counted for every
concentration of each compound and the results were noted. However, some compounds showed a significant
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Figure 3. Graph of concentration (g/ml) versus percentage of brine shrimp mortality of the tested compounds.
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cytotoxicity activity in the brine shrimp lethality bioassay indicating that these compounds are biologically ac-
tive. The compounds showed different rate mortality with different concentrations.

It is evident from the results of brine shrimp lethality testing that the test compounds 4, 5, 8, 13 and 14
showed highest levels of toxicity indicating its higher mortality. The mortality of brine shrimp was found to in-
crease with the increase of concentrations of compounds. The 24 hours LDs, value of compound 2 showed
51.3369, and 43.9389, 62.8891, 63.0692, 50.3787, 51.3369, 43.9389, 50.1332, 51.3369, 55.7344, 54.3787,
68.7442, 69.0568 for compounds 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 14 respectively. To our knowledge, this is
the first report on cytotoxic study of the newly synthesized uridine derivatives by brine shrimp lethality.

3. Conclusion

In the present investigation, we synthesized and characterized a novel series of uridine derivatives and their
antibacterial & cytotoxic activities assayed successfully. Simplicity and feasible reaction condition, good yield
and safety are the key characteristics of this procedure. From the antibacterial results, we observed that com-
pound 8, 9 and 10 were very sensitive towards all of both Gram-positive and Gram-negative bacterial organisms.
Antibacterial activity of the new synthesized compounds bearing benzene and various acyl moieties revealed
that some tested compounds showed good to moderate activities against selected human pathogenic strains. It
has been suggested that the presence of some particular functional groups/atoms in the test compounds enhanced
their sensitivities towards the growth of bacteria and also cytotoxic activities.

4. Experimental
4.1. General

All reagents used were commercially available (Sigma-Aldrich) and were used as received, unless otherwise
specified. FTIR spectra were recorded by CHCI; techniques at the Chemistry Department, University of Chit-
tagong, Bangladesh, with an IR Affinity Fourier Transform Infrared Spectrophotometer (SHIMADZU). 'H-
NMR (400 MHz) spectra were recorded for solutions in CDCl; using TMS as internal standard with a Bruker
DPX-400 spectrometer at the Bangladesh Council of Scientific and Industrial Research (BCSIR) Laboratories,
Dhaka, Bangladesh. Evaporations were carried out under reduced pressure using VV-1 type vacuum rotary
evaporator (Germany) with a bath temperature below 40°C. Melting points were determined on an electro-
thermal melting point apparatus (England) and are uncorrected. Column chromatography was performed with
silica gel Ggo. Thin layer chromatography (t.I.c) was performed on Kieselgel GF,s4 and spots were detected by
spraying the plates with 1% H,SO, and heating at 150°C - 200°C until coloration took place.

4.2. Synthesis

4.2.1. Synthesis of 5'-0-N-Acetylsulfanilyluridine Derivative (2)

A suspension of uridine (1) (500 mg, 2.048 mmol) mixed with anhydrous dichloromethane (3 ml) and triethyla-
mine (0.15 ml) which was treated with N-acetyl sulfanilyl chloride (0.703 mg). The reaction mixture was stirred
at room temperature for 8 hrs. The progress of the reaction was monitored by T.l.c (methanol-chloroform, 1:12)
which showed complete conversion of the starting material into faster moving product. Purification by passage
through a silica gel column chromatography with methanol-chloroform (1:12) furnished the titled compound (2)
as a white crystalline solid. Recrystallization from chloroform-hexane gave the 5'-O-N-acetylsulfanilyluridine

).

4.2.2. 5'-0-N-Acetylsulfanilyluridine (2)

FTIR (v/em™): 1740 (C=0), 3510 (-OH), 3360 (-NH), 1365 (-SO,). ‘H-NMR (CDCls) d: 9.10 (1H, s, -NH), 7.78
(2H, d, J = 8.8 Hz, Ar-H), 7.76 (1H, d, J = 7.8 Hz, H-6), 7.68 (2H, d, J = 8.8 Hz, Ar-H), 7.53 (1H, s, -NH), 5.89
(1H, d, J = 5.5 Hz, H-1"), 5.81 (1H, s, 2'-OH), 5.77 (1H, dd, J = 2.2 and 12.2 Hz, H-5'a), 5.73 (1H, dd, J = 2.2
and 12.3 Hz, H-5'b), 5.66 (1H, d, J = 8.1 Hz, H-5), 5.42 (1H, s, 3-OH), 4.42 (1H, dd, J = 2.2 and 5.4 Hz, H-4"),
4.20 (1H, d, J = 5.6 Hz, H-2"), 4.13 (1H, dd, J = 7.4 and 5.4 Hz, H-3'), 2.22 (3H, s, CH3CON-). Anal. Calcd: C,
46.26; H, 4.31% for C;7H;909N3S (425). Found: C, 46.36; H, 4.35%.

4.2.3. General Procedure for the Synthesis of 5'-0-N-Acetylsulfanilyluridine Derivatives (3 - 14)
A stirred and cooled (O°C) solution of the 5'-O-N-acetylsulfanilyluridine (2) (100 mg, 0.226 mmol) in anhydr-
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ous dichloromethane (3 ml) and triethylamine (0.15 ml) were separately treated with acetic anhydride (Ac,0)
(0.084 ml), pentanoyl chloride (0.13 ml), hexanoyl chloride (0.15 ml), decanoyl chloride (0.23 ml), lauroyl chlo-
ride (0.25 ml), myristoyl chloride (0.31 ml), palmitoyl chloride (0.34 ml), pivaloyl chloride (0.14 ml), benzoyl
chloride (0.08 ml), 3-chlorobenzoyl chloride (0.13 ml), 4-chlorobenzoyl chloride (0.15 ml), and 2,6-di-chloro-
benzoyl chloride (0.14 ml) respectively. The reaction mixture was stirred at room temperature for 8 hrs. The
progress of the reaction was monitored by T.l.c (methanol-chloroform, 1:16) which showed complete conver-
sion of the starting material into faster moving product (R; = 0.50). Excess reagent was destroyed by the addition
of a few pieces of ice and the reaction mixture was extracted with chloroform (CHCI5) (3 x 10 ml). The com-
bined organic extract was washed successively with dilute hydrochloric acid (HCI), saturated aqueous sodium
hydrogen carbonate (NaHCQO3) solution and water (H,O). The organic layer was dried magnesium sulfate
(MgSOy), filtered, and the filtrate was evaporated off. The resulting syrupy residue was passed through silica gel
column chromatography and eluted with methanol-chloroform (1:16) to afford compounds 2',3'-di-O-acetyl de-
rivative 3, 4,5, 6,7, 8,9, 10, 11, 12, 13 and 14, respectively.

4.2.4. 5'-0-N-Acetylsulfanilyl-2,3'-di-0-Acetyluridine (3)

FTIR (vlem™%): 1768, 1760, 1684 (C = 0), 3322 (-NH), 1362 (-SO,). *H-NMR (CDCl;) d: 9.08 (1H, s, -NH),
7.70 (2H, d, J = 8.7 Hz, Ar-H), 7.68 (1H, d, J = 7.8 Hz, H-6), 7.62 (2H, d, J = 8.8 Hz, Ar-H), 7.51 (1H, s, -NH),
5.79 (1H, d, J = 5.5 Hz, H-1'), 5.69 (1H, dd, J = 2.2 and 12.2 Hz, H-5'), 5.65 (1H, d, J = 2.1 and 12.3Hz, H-5'),
5.61 (1H, d, J = 8.0 Hz, H-5), 5.13 (1H, d, J = 5.5 Hz, H-2"), 5.05 (1H, dd, J = 7.3 and 5.2 Hz, H-3'), 4.44 (1H,
m, H-4"), 2.22 (3H, s, CH3CON-), 2.11, 2.03 (2 x 3H, 2 x s, 2 x CH3CO-). Anal. Calcd: C, 48.0; H, 4.38% for
C,1H»3011N3S (509) Found: C, 48.06; H, 4.42%.

4.2.5. 5'-0-N-Acetylsulfanilyl-2',3'-di-O-Pentanoyluridine (4)

FTIR (vlem™): 1738 (C = 0), 3360 (-NH), 1358 (-SO,). *H-NMR (CDCl,) d: 8.49 (1H, s, -NH), 7.92 (2H, d, J =
8.7 Hz, Ar-H), 7.49 (1H, d, J = 7.9 Hz, H-6), 7.47 (2H, d, J = 8.7 Hz, Ar-H), 7.35 (1H, s, -NH), 6.18 (1H, d, J =
5.6 Hz, H-1", 5.72 (1H, dd, J = 2.2 and 12.2 Hz, H-5'a), 5.63 (1H, dd, J = 2.1 and 12.2 Hz, H-5'b), 5.48 (1H, d, J
= 7.8 Hz, H-5), 452 (1H, d, J = 5.2 Hz, H-2"), 4.48 (1H, dd, J = 7.7 and 5.6 Hz H-3'), 4.43 (1H, m, H-4"), 2.42
{4H, m, 2 X CH3(CH2)20H2CO-}, 2.26 (3H, S, CH3CON-), 1.64 (4H,m, 2% CH3CH20H2CH2CO-), 1.42 {4H, m,
2 X CH3CH2(CH2)200'}, 0.88 {6H, m, 2 x CH3(CH2)3CO-} Anal. Calcd: C, 53.20; H, 5.75% for C,7H35041N35S
(593). Found: C, 53.26; H, 5.77%.

4.2.6. 5'-0-N-Acetylsulfanilyl-2',3'-di-O-Hexanoyluridine (5)

FTIR (Wem™): 1778, 1710 (C = O), 3320 (-NH), 1365 (-50,). *H-NMR (CDCl) 5: 8.8 (1H, s, -NH), 7.97 (2H, d,
J=8.8Hz, Ar-H), 7.50 (1H, d, J = 7.8 Hz, H-6), 7.48 (2H, d, J = 8.8 Hz, Ar-H), 7.36 (1H, s, -NH), 6.16 (1H, d, J =
5.7 Hz, H-1'), 5.70 (1H, dd, J = 2.2 and 12.2 Hz, H-5'), 5.66 (1H, dd, J = 2.1 and 12.0 Hz, H-5'b), 5.49 ( 1H, d, J =
7.8 Hz, H-5), 453 (1H, d, J = 5.2 Hz, H-2'), 4.49 (1H, dd, J = 7.8 and 5.6 Hz H-3), 4.46 (1H, m, H-4", 2.38 {4H,
m, 2 X CH3(CH2)3CH2CO-}, 2.31 (3H, S, CchON'), 1.63 {4H, m, 2 X CH3(CH2)20H20H2CO-}, 1.29 {8H, m, 2 X
CH3(CH2)2CH2CH2CO'}, 0.95 {GH, m, 2 X CH3(CH2)4CO'} Anal. Calcd: C, 54.63; H, 6.12% for CygH39011N3S
(621). Found: C, 54.66; H, 6.17%.

4.2.7. 5'-0-N-Acetylsulfanilyl-2', 3'-di-O-Decanoyluridine (6)

FTIR (v/em™): 1720, 1685 (C = O), 3368 (-NH), 1351 (-SO,). *H-NMR (CDCls) d: 8.98 (2H, s, -NH), 7.76
(2H, d, J =8.7 Hz, Ar-H), 7.73 (1H, d, J = 7.7 Hz, H-6), 7.64 (2H, d, J = 8.8 Hz, Ar-H), 7.54 (1H, s,-NH), 5.79
(1H, m, H-1", 5.68 (2H, m, H-5a" and H-5'b), 5.61 ( 1H, d, J = 8.2 Hz, H-5), 5.10 (1H, m, H-2"), 4.93 (1H, m,
H-3", 4.63 (1H, m, H-4"), 2.34 {4H, m, 2 x CH3(CH,);CH,CO-}, 2.20 (3H, s, CH;CON-), 1.64 {4H, m, 2 x
CH3(CH2)GCH2CH200'}, 1.25 {24H, m, 2 x CH3(CH2)GCH2CH200-}, 0.89 {6H, m, 2 x CH3(CH2)gCO'} Anal.
Calcd: C, 59.28; H, 7.34% for C47H55011N5S (733) Found: C, 59.37; H, 7.38%.

4.2.8. 5'-0-N-Acetylsulfanilyl-2',3'-di-O0-Lauroyluridine (7)

FTIR (vicm™%): 1708 (C = 0), 3355 (-NH), 1360 (-SO,). *H-NMR (CDCls) §: 8.92 (1H, s, -NH), 7.78 (2H, m,
Ar-H), 7.71 (1H, d, J = 7.8 Hz, H-6), 7.68 (2H, m, Ar-H), 7.55 (1H, s, -NH), 5.72 (1H, m, H-1"), 5.53 (1H, m,
H-5'a), 5.50 (1H, m, H-5'b), 5.48 (1H, d, J = 8.1 Hz, H-5), 5.13 (1H, d, J = 5.6 Hz, H-2"), 4.95 (1H, m, H-3)),
472 (1H, m, H-4"), 2.37 {4H, m, 2 x CH;(CH,)¢CH,CO-}, 2.22 (3H, s, CH;CON-), 1.64 {4H, m, 2 x
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CH3(CH2)gCH2CHZCO'}, 1.24 {32H, m, 2 x CHg(CHg)gCHgCHgCO-}, 0.87 {6H, m, 2 x CHg(CHg)locO'}. Anal.
Calcd: C, 61.11; H, 7.83% for C41He301:N5S (789). Found: C, 61.16; H, 7.91%.

4.2.9. 5'-0-N-Acetylsulfanilyl-2',3'-di-O-Myristoyluridine (8)

FTIR (vlem): 1720 C = 0), 3370 (-NH), 1368 (-SO,). *H-NMR (CDCl;) d: 8.01 (2H, d, J = 8.7 Hz, Ar-H),
7.52 (1H, d, J = 7.8 Hz, H-6), 7.47 (2H, m, Ar-H), 7.32 (2H, s, -NH), 6.18 (1H, d, J = 5.8 Hz, H-1'), 6.15 (1H, m,
H-5'a), 5.80 (1H, m, H-5'b), 5.51 (1H, d, J = 7.7 Hz, H-5), 5.48 (1H, d, J = 5.3 Hz, H-2'), 5.38 (1H, m, H-3"),
4.47 (1H, dd, J = 2.2 and 5.4 Hz, H-4"), 2.34 {4H, m, 2 x CH3(CH,);;CH,CO-}, 2.30 (3H, s, CH;CON-), 1.29
{44H, m, 2 x CH3(CH,);;CH,CO-}, 0.87 {6H, m, 2 x CH3(CH,);»,CO-}. Anal. Calcd: C, 62.72; H, 8.25% for
CusH71011N3S (845). Found: C, 62.79; H, 8.29%.

4.2.10. 5'-0-N-Acetylsulfanilyl-2',3'-di-O-Palmitoyluridine (9)

FTIR (v/em™): 1718, 1680 (C = O), 3366 (-NH), 1358 (-SO,). *H-NMR (CDCl,) 4: 8.78 (1H, s, -NH), 7.75 (2H,
d, J = 8.8 Hz, Ar-H), 7.68 (1H, m,H-6), 7.61 (2H, m, Ar-H), 7.53 (1H, s, -NH), 5.73 (1H, m, H-1%), 5.51 (2H, m,
H-5'a and H-5'b), 5.47 (1H, d, J = 8.1 Hz, H-5), 5.22 (1H, d, J = 5.5 Hz, H-2'), 5.01 (1H, m, H-3"), 4.90 (1H, m,
H-4", 2.30 {4H, m, 2 x CH3(CH,),3CH,CO-}, 2.23 (3H, s, CH3CON-), 1.22{52H, m, 2 x CH3(CH,),;3CH,CO-},
0.89 {9H, m, 3 x CH3(CH,)14CO-}. Anal. Calcd: C, 64.12; H, 8.62% for CygH;g01:N3S (901). Found: C, 64.19;
H, 8.71%.

4.2.11. 5'-0-N-Acetylsulfanilyl-2',3'-di-O-Pivaloyluridine (10)
FTIR (v/em™): 1740 (C = 0), 3350 (-NH), 1366 (-SO,). "H-NMR (CDCl,) 6: 9.01 (1H, s, -NH), 7.77 (2H, d, J =
8.8 Hz, Ar-H), 7.73 (1H, d, J = 7.8 Hz, H-6), 7.63 (2H, d, J = 8.8 Hz, Ar-H), 7.54 (1H, s, -NH), 5.80 (1H, d, J =
5.4 Hz, H-1"), 5.68 (1H, m, H-5'a), 5.59 (1H, m, H-5'b), 5.49 (1H, d, J = 8.2 Hz, H-5), 5.31 (1H, m, H-2", 5.10
(1H, m, H-3", 4.88 (1H,, m, H-4"), 2.20 (3H, s, CH3CON-), 1.21 {18H, s, 2 x (CH3);CCO-}. Anal. Calcd: C,
53.20; H, 5.75% for Cy7H35011N3S (593) Found: C, 53.26; H, 5.81%.

4.2.12. 5'-0-N-Acetylsulfanilyl-2',3'-di-0-Benzoyluridine (11)

FTIR (v/em™): 1685 (C = O), 3369 (-NH), 1349 (-SO,). 'H-NMR (CDCls) 6: 8.9 ( 1H, s, -NH), 8.10 (4H, m,
Ar-H), 7.88 (2H, d, J = 8.7 Hz, Ar-H), 7.71 (1H, d, J = 7.8 Hz, H-6), 7.66 (2H, m, Ar-H), 7.52 (2H, m, Ar-H),
7.49 (4H, m, Ar-H), 7.42 (1H, s, -NH), 5.78 (1H, d, J = 5.5 Hz, H-1"), 5.57 (2H, m, H-5'a and H-5'b), 5.47 (1H,
d, J = 7.8 Hz, H-5), 5.13 (1H, d, J = 5.6 Hz, H-2', 4.88 (1H, m, H-3), 456 (1H, m, H-4), 2.22 (3H, s,
CH3CON-). Anal. Calcd: C, 57.32; H, 4.16% for C3;H,70;N3S (633). Found: C, 57.37; H, 4.18%.

4.2.13. 5'-0-N-Acetylsulfanilyl-2',3'-di-0-(3-Chlorobenzoyl)Uridine (12)

FTIR (v/cm™): 1738 (C = 0), 3348 (-NH), 1360 (-SO,). *H-NMR (CDCls) §: 8.10 ( 1H, s, -NH), 7.92 (2H, d, J
= 7.7 Hz, Ar-H), 7.90 (2H, s, Ar-H), 7.83 (1H, d, J = 7.6 Hz, H-6), 7.79 (2H, d, J = 7.7 Hz, Ar-H), 7.58 (2H, d, J
=8.8 Hz, Ar-H), 7.49 (2H, d, J = 8.8 Hz, Ar -H), 7.48 (2H, t, J = 7.6 Hz, Ar -H), 7.42 (1H, s, -NH), 6.19 (1H, d,
J = 6.5 Hz, H-1", 5.58 (1H, m, H-5'3), 5.83 (1H, m, H-5'b), 5.79 (1H, d, J = 7.8 Hz, H-5), 4.78 (1H, d, J =5.2
Hz, H-2"), 4.72 (1H, dd, J = 7.6 and 5.5 Hz, H-3"), 4.36 (1H, m, H-4"), 2.12 (3H, s, CH;CON-). Anal. Calcd: C,
51.81; H, 3.48% for C31H25011N38C|2 (702) Found: C, 51.88; H, 3.53%.

4.2.14. 5'-0-N-Acetylsulfanilyl-2',3'-di-0-(4-Chlorobenzoyl)Uridine (13)

FTIR (v/cm™): 1680 (C = 0), 3357 (-NH), 1362 (-SO,). *H-NMR (CDCls) §: 8.87 (1H, s, -NH), 8.03 (4H, m,
Ar-H), 7.96 (2H, d, J = 8.8 Hz, Ar-H), 7.86 (1H, d, J = 7.7 Hz, H-6), 7.47 (2H, d, J = 8.6 Hz, Ar -H), 7.46 (4H,
m, Ar-H), 7.39 (1H, s, -NH), 6.23 (1H, d, J = 5.5 Hz, H-1'), 5.81 (1H, m, H-5'a), 5.62 (1H, dd, J = 2.1 and 12.2
Hz, H-5'b), 5.37 (1H, m, H-5), 478 (1H, m, H-2"), 472 (1H, m, H-3"), 4.62 (1H, m, H-4), 2.17 (3H, s,
CH3CON-) Anal. Calcd: C, 51.81; H, 3.48% for C31H25011N3SC|2 (702) Found: C, 51.89; H, 3.55%.

4.2.15. 5'-0-N-Acetylsulfanilyl-2',3'-di-0-(2,6-Dichlorobenzoyl)Uridine (14)

FTIR (v/em™): 1735 (C = 0), 3335 (-NH), 1349 (-SO,). 'H-NMR (CDCl;) 6: 8.0 (2H, d, J = 8.8 Hz, Ar-H), 7.50
(1H, d, J = 7.8 Hz, H-6), 7.46 (6H, m, Ar -H), 7.42 (2H, m, Ar-H), 7.33 (1H, s, -NH), 6.29 (1H, d, J = 5.2 Hz,
H-1%, 6.13 (1H, m, H-5'a), 5.82 (1H, m, H-5'b), 5.53 (1H, d, J = 7.6 Hz, H-5), 5.49 (1H, d, J = 5.1 Hz, H-2),
535 (1H, m, H-3), 4.42 (1H, m, H-4"), 2.12 (3H, s, CH3;CON-). Anal. Calcd: C, 47.27; H, 2.92% for
C31H23011N3SCly, (771). Found: C, 47.33; H, 2.97%.
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4.3. Antibacterial Screening Studies

4.3.1. Test Microorganisms

Test tube cultures of bacterial pathogens were obtained from the Microbiology Laboratory, Department of Mi-

crobiology, University of Chittagong. The synthesized test compounds (Scheme 1 and Scheme 2) were sub-

jected to antibacterial screening against three Gram-positive and three Gram-negative bacterial strains (Table 4).
Nutrient Agar (NA) media was used throughout the study (Table 5). In all cases, a 2% solution (in CHCI5) of

the chemicals was used.

4.3.2. Antibacterial Activity Assay

The in vitro antibacterial spectrum of the synthesized chemicals were done by disc diffusion method [26] with
little modification [27]. Sterilized paper discs of 4 mm in diameter and Petri dishes of 150 mm in diameter were
used throughout the experiment. The autoclaved Mueller-Hinton agar medium, cooled to 45°C, was poured into
sterilized Petri dishes to a depth of 3 to 4 mm and after solidification of the agar medium the plates were trans-
ferred to an incubator at 37°C for 15 to 20 minutes to dry off the moisture that developed on the agar surface.
The plates were inoculated with the standard bacterial suspensions (as McFarland 0.5 standard) followed by
spread plate method and allowed to dry for three to five minutes. Dried and sterilized filter paper discs were
treated separately with 50 pg dry weight/disc from 2% solution (in CHCI5) of each test chemical using a micro-
pipette, dried in air under aseptic condition and were placed at equidistance in a circle on the seeded plate. A
control plate was also maintained in each case without any test chemical. These plates were kept for 4 - 6 hours
at low temperature (4°C - 6°C) and the test chemicals diffused from disc to the surrounding medium. The plates
were then incubated at 35°C £ 2°C for 24 hours to allow maximum growth of the microorganisms. The antibac-
terial activity of the test agent was determined by measuring the mean diameter of zone of inhibitions (in milli-
meter). Each experiment was repeated thrice. All the results were compared with the standard antibacterial anti-
biotic Ampicillin (20 pg/disc, BEXIMCO Pharm. Bangladesh Ltd.).

4.4. Cytotoxic Activity by Brine Shrimp Lethality Bioassay

Brine shrimp lethality assay of the acylated derivatives of uridine was performed according to McLaughlin et al.
method [28]. The tested compounds were dissolved in DMSO and prepared 20, 40, 80 and 160 pl by adding

Table 4. List of used bacteria.

Types of bacteria Name of tested bacteria Strain no.
Bacillus cereus BTCC 19
Gram + Ve Bacillus megaterium BTCC 18
Staphylococcus aureus ATCC 6538
Escherichia coli ATCC 25922
Gram — Ve Salmonella typhi AE 14612
Salmonella paratyphi AE 146313

Table 5. The composition of Nutrient Agar (NA) media.

Sl no. Name of ingredients Amounts (g/or ml)
1 Beef extract 059
2 Peptone 109
3 Agar 15¢
4 NaCl 109
5 Distilled water 1000 mL

Final pH 7.0 with 5N NaOH
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NaCl solution to each vial up to 1 ml volume which were designated as type-A, B, C and D, respectively. Three
sets of experiment were done for each concentration and 10 brine shrimps nauplii were placed in each vial. A
control experiment was performed in a vial containing 10 nauplii in 1 ml seawater. After 24 hrs of incubation at
RT, the vials were observed using a magnifying glass and the number of survivors in each vial was counted and
noted. No deaths were found in the controls. From the data, the average percentage of mortality of nauplii was
calculated for each concentration.
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