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Abstract: A novel series of 4-arylsulfonyl-1,3-oxazoles have been synthesized and characterized by
IR, 1H NMR, 13C NMR spectroscopy, elemental analysis, and chromato-mass-spectrometry. The anti-
cancer activities of all the newly synthesized compounds were evaluated via a single high dose (10 M)
against 59 cancer cell lines (without Melanoma SK-MEL-5) by the National Cancer Institute according
to its screening protocol. Among these compounds, 2-[4-(4-chlorophenyl)sulfonyl-2-phenyl-oxazol-5-
yl]sulfanyl-N-(2,4-dimethoxyphenyl)acetamide exhibited the highest activity against lines SNB75 and
SF-539 of the CNS Cancer subpanel present in Glioblastoma and Gliosarcoma, respectively, exerting a
cytostatic effect. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-oxazol-5-yl]sulfanylacetamide has the
highest anti-proliferative activity against the HOP-92 (carcinoma) of Non-Small Cell Lung Cancer
subpanel, while N-(4-ethoxyphenyl)-2-[2-phenyl-4-(p-tolylsulfonyl)oxazol-5-yl]sulfanyl-acetamide
exhibits cytotoxic activity against NCI-H226 (pleural mesothelioma) the Lung subpanel. The
COMPARE analysis showed that the average graphs of the tested compounds have a weak or slightly
moderate positive correlation with compounds with a known mechanism of antitumor activity,
suggesting its specificity. These compounds demonstrated the anti-cancer activity against different
individual cancer cell lines, which makes it possible to consider it as a leading compound for further in-
depth studies and synthesis of new 4-arylsulfonyl-1,3-derivatives oxazole with antitumor activity.

Keywords: 4-Arylsulfonyl-1,3-oxazoles, Synthesis, Anti-cancer activity, COMPARE correlations.

© 2022 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Chemotherapy is carried out in treating malignant tumor diseases with the help of both
natural and synthetic compounds that have a detrimental effect on the cells of malignant tumors
with a comparatively less negative effect on the patient's organism. Unlike pharmacotherapy,
in which there are only two objects — a pharmacological agent and the patient's organism
exposed to it, three objects are involved in the process of chemotherapy - a pharmacological
agent, a patient's organism, and a clone of malignant tumor cells. The latter's presence
significantly complicates the treatment of the human body due to the development of serious
side effects and the resistance of tumor cells to chemotherapeutic drugs. Therefore, a
continuous search for new molecules with anti-cancer activity is required, among which an
important place belongs to heterocyclic compounds, including 1,3-oxazole derivatives [1-4].

Anti-cancer activity, particularly in human cancer cells, has been described for various
compounds containing a 1,3-oxazole scaffold of natural and synthetic origin [5-13].
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In addition to the structure presented in the above reviews, the following 1,3-oxazole-
containing compounds have been synthesized and their antitumor screening has been
performed: macrolides (phorboxazole A from marine Sponge Phorbas Sp., and its derivatives)
[14], bis(benzoxazole from Streptomyces (UK-1) [15], 2-substituted benzoxazole [16],
indolyloxazoles [17, 18], bis(carbethoxymethylsulfonyl)amine linked bis heterocycles- bis-
oxazoles [19], (2S)-2-amino-3-[4-[(5-amino-2-phenyl-1,3-benzoxazol-7-yl)methoxy]-3,5-
dichloro-~phe-nyl]-propanoic acid (JPH203) [20, 21], N-(dicyclopropylmethyl)-4,5-
dihydrooxazol-2-amine (rilmenidin) [22], oxazoloisoindolinone SLMP53-1 [23, 24], 2-methyl-
4,5-disubstituted oxazole derivatives [25], thio derivatives of combretastatin A-4 [26],
diazonamide DZ-2384 [27], 3-(2-aminooxazol-5-yl)-2H-chromen-2-one derivatives [28], N-
[5-[(5-tert-butyl-1,3-oxazol-2-yl)methylsulfanyl]-1,3-thiazol-2-yl]piperidine-4-carboxamide
(SNS-032) [29], 2-aryl 5-hydroxy benzo[d]oxazoles [30], 3-(benzo[d]oxazol-2-yl)-N,N-
diethyl-2-imino-2H-chromen-7-amines [31], JPH203 [32], 5-(4-fluorophenyl)-N-(naphthalen-
1-yl)oxazol-2-amine (AlIU2008) [33], 1,3-oxazole sulfonamides [34], oxazolo[5,4-
d]pyrimidines [35], oxazolo[4,5-b]pyridines [36], imidazo[2,1-b]oxazoles [37], and other
condensed derivatives of oxazole [38].

These molecules were evaluated in the particular cell lines collectively belonging to
human adenocarcinoma, biliary tract, bladder, breast, cervical, colon, epidermoid, esophageal,
glioma, gastric, leukemia, liver, lung, melanoma, neuroblastoma, oral, ovarian, pancreatic,
prostate, renal cancers.

A range of oxazole derivatives have undergone more extensive in vitro cancer screening
at the US National cancer Institute and the Japan cancer Chemotherapy Center based on panels
of human tumor cell lines developed there. These include the following compounds:
macrocyclic hexaoxazole derivatives (YM-216391) [39], 2-substituted benzoxazoles [40],
oxazole telomestatin derivative [41], imidazo[2,1-b]oxazole derivatives [42], 2-
(benzo[d]oxazol-2-ylamino)-N-(2-chloro-4-fluorophenyl)-4-methyl-6-(3-
nitrophenyl)pyrimidine-5-carboxamide [43], triterpenic C17-[5-methyl-1,3]-oxazoles [44], 2-
phenanthro[9,10-d]Joxazoles [45], 1,3-oxazole-5-sulfonamides [46], 2-substituted 5-
arylsulfonyl-1,3-oxazole-4-carbonitriles  [47], 7-piperazin-substituted [1,3]Joxazolo[4,5-
d]pyrimidines [48], 7-(1,4-diazepan)-substituted [1,3]Joxazolo[4,5-d]pyrimidines [49]. These
data contain much information which is useful for further research.

Taking into account the pronounced antitumor activity of the tested aryloxazoles, we
have synthesized new 4-arylsulfonyl-1,3-oxazoles, hoping they will exhibit a significant
antitumor effect.

2. Materials and Methods

2.1. Chemistry

Starting compounds, A were obtained analogously to the previously described N-(2,2-
dichloro-1-tosylvinyl)benzamide [50]. Alkylating agents RHIg: alkyl iodides, benzyl
bromides, 2-chloro-1-phenylethan-1-ones, 2-chloroacetamides (see below) were provided by
Enamine, Kiev. *H, *C, and **F NMR spectra were acquired on Bruker Avance DRX 500 (500,
126, and 376MHz, respectively) spectrometers in DMSO-ds using the residual solvent signals
as standards. The carbon and hydrogen content was determined by the Pregl gravimetric
method, nitrogen — by the Dumas gasometric method, and sulfur — by the Schoéniger titration
method. Melting points were determined on a Fisher-Johns apparatus.
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2.2. General procedure for preparation of oxazoles D.

One of compounds A (32 mmol) was added in small portions to a suspension of 0.82 g
(3.4 mmol) NaxS9H20 and 0.45 mL (32 mmol) of triethylamine in 10 mL of ethanol while
cooling to 10-15° C. The reaction mixture was stirred for 6 h at room temperature and then
filtered. To the filtrate, 3.0 mmol of one of the following was added: methyl iodide, ethyl
iodide, propyl iodide, isopropyl iodide, isobutyl iodide, benzyl bromide, p-methylbenzyl
bromide,  p-fluorobenzyl  bromide, 2-chloro-1-phenylethan-1-one,  2-chloro-1-(4-
chlorophenyl)ethan-1-one, 2-chloroacetamide, N-substituted 2-chloroacetamide. The reaction
was left to stand for 3 days. The precipitate formed was filtered off and washed with ethanol
and hot water to get product D.

2.2.1. 4-(Benzenesulfonyl)-5-isobutylsulfanyl-2-phenyl-1,3-oxazole (D1).

Yeild: 75%; m.p. 92-93°C. H NMR: & = 0.97 (6H, d, J=6.7 Hz), 1.77 — 2.00 (1H, m),
3.14 (2H, d, J=6.7 Hz), 7.46 — 7.59 (3H, m), 7.63 — 7.71 (2H, m), 7.71 — 7.80 (1H, m), 7.88 —
7.96 (2H, m), 7.96 — 8.05 (2H, m). 3C NMR: § = 21.2, 28.7, 39.8, 40.7, 125.1, 126.2, 127.1,
129.2, 129.7, 131.7, 134.2, 136.7, 140.0, 151.8, 160.9. Anal. Calcd. for C19H10NO3S2, % :
C 61.10; H 5.13; N 3.75; S 17.17. Found, % : C 61.12; H 5.24: N 3.61; S 17.23.

2.2.2. 4-(Benzenesulfonyl)-2-phenyl-5-(4-tolylmethylsulfanyl)-1,3-oxazole (D2).

Yeild: 79%; m.p. 120-121°C. 'H NMR: § = 2.22 (3H, s), 4.47 (2H, s), 7.07 (2H, d,
J=7.6 Hz), 7.25 (2H, d, J=7.5 Hz), 7.48 — 7.67 (5H, m), 7.70 — 7.78 (1H, m), 7.86 (2H, d, J=7.7
Hz), 7.91 (2H, d, J=7.2 Hz). 3C NMR: & = 20.6, 36.6, 125.0, 126.3, 127.1, 128.7, 129.1, 129.2,
129.6, 131.8, 133.7, 134.2, 136.8, 138.0, 139.7, 150.8, 161.3. Anal. Calcd. for C2sH1sNO3Sy,
% : C 65.53; H 4.54; N 3.32; S 15.21. Found, % : C 65.48; H 4.31; N 3.28; S 15.32.

2.2.3. 4-(Benzenesulfonyl)-5-[(4-fluorophenyl)methylsulfanyl]-2-phenyl-1,3-oxazole (D3)

Yeild: 78%; m.p. 159-160°C. *H NMR: & = 4.51 (2H, s), 7.01 — 7.21 (2H, m), 7.37 —
7.47 (2H,m), 7.47—7.68 (5H, m), 7.67 — 7.80 (1H, m), 7.79 — 8.01 (4H, m). 3C NMR: § = 36.0,
115.4 (d, J=21.5 Hz), 124.9, 126.3, 127.1, 129.2, 129.6, 130.8 (d, J=8.3 Hz), 131.8, 133.2 (d,
J=3.0 Hz), 134.2, 138.3, 139.7, 150.5, 161.4, 161.4 (d, J=244.2 Hz). Anal. Calcd. for
CaaH1sFNO3S,, % : C 62.10; H 3.79; N 3.29; S 15.07. Found, %: C 62.05; H 3.82; N 3.15; S
15.01.

2.2.4. 2-[4-(Benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-1-(4-chlorophenyl)ethanone
(D4).

Yeild: 80%; m.p. 160-161°C. 'H NMR: & = 5.09 (2H, s), 7.38 — 7.57 (3H, m), 7.59 —
7.73 (4H, m), 7.71 — 7.86 (3H, m), 8.00 (2H, d, J=7.6 Hz), 8.07 (2H, d, J=8.2 Hz). *C NMR:
5 =40.0, 124.9, 126.1, 127.2, 129.0, 129.2, 129.7, 130.5, 131.8, 133.7, 134.3, 136.3, 139.0,
139.8, 151.3, 160.9, 192.7. Anal. Calcd. for CosH16CINO4S,, % : C 58.78; H 3.43; Cl 7.54;
N 2.98; S 13.65. Found, % : C 58.82; H 3.47; CI 7.69; N 2.82; S 13.78.

2.2.5. 2-[4-(Benzenesulfonyl)-2-phenyl-1,3-o0xazol-5-yl]sulfanylacetamide (D5).

Yeild: 83%; m.p. 191-192°C. *H NMR: § = 4.00 (2H, s), 7.23 (1H, s), 7.44 — 7.62 (3H,
m), 7.62 — 7.81 (4H, m), 7.92 (2H, d, J=7.3 Hz), 8.02 (2H, d, J=7.7 Hz). *C NMR: § = 35.7,
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125.1,126.2,127.2,129.2,129.7,131.7, 134.3, 135.6, 139.9, 152.1, 160.8, 168.5. Anal. Calcd.
for C17H14N204S2, % : C 54.53; H 3.77; N 7.48; S 17.13. Found, % : C 54.40; H 3.85; N 7.30;
S17.24.

2.2.6. 2-[4-(Benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-cyclohexyl-acetamide
(D6).

Yeild: 83%; m.p. 182-183°C. 'H NMR: & =0.96 — 1.35 (5H, m), 1.40 — 1.83 (5H, m),
3.41-3.64 (1H, m), 3.97 (2H, s), 7.42 — 7.61 (3H, m), 7.61 — 7.71 (2H, m), 7.74 (1H, d, J=7.3
Hz), 7.93 (2H, d, J=7.4 Hz), 7.96 — 8.10 (2H, m). 3C NMR: & = 24.3, 25.1, 32.2, 35.8, 48.1,
125.0,126.2,127.2,129.2,129.7,131.8, 134.3, 136.0, 139.9, 151.9, 160.9, 165.3. Anal. Calcd.
for C23H24N204S2, %: C 60.50; H 5.30; N 6.14; S 14.05. Found, % : C 60.39; H 5.38; N 6.32;
S 14.26.

2.2.7. 2-[4-(Benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
fluorophenyl)acetamide (D7).

Yeild: 86%; m.p. 166-167°C. *H NMR: § = 4.25 (2H, s), 7.15 (2H, t, J=8.8 Hz), 7.44
(2H, t, J=7.5 Hz), 7.52 (1H, t, J=7.3 Hz), 7.57 — 7.70 (4H, m), 7.74 (1H, t, J=7.3 Hz), 7.87 (2H,
d, J=7.5 Hz), 8.02 (2H, d, J=7.7 Hz), 10.62 (LH, 5). *C NMR: & = 36.6, 115.4 (d, J=22.3 Hz),
121.0, 124.9, 126.1, 127.1, 129.1, 129.7, 131.7, 134.3, 135.1, 136.2, 139.8, 151.5, 158.1 (d,
J=240.4 Hz), 161.0, 165.5. Anal. Calcd. for CosH17FN,04S,, %: C 58.96; H 3.66; F 4.05; N
5.98; S 13.69. Found, % : C 58.96; H 3.66; F 4.05; N 5.98; S 13.69.

2.2.8. 2-[4-(Benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
ethoxyphenyl)acetamide (D8).

Yeild: 83%; m.p. 140-141°C. *H NMR: & = 1.29 (3H, t, J=8.1, 4.1 Hz), 3.96 (2H, q,
J=7.1Hz), 4.22 (2H, s), 6.87 (2H, d, J=8.3 Hz), 7.36 — 7.58 (5H, m), 7.59 — 7.69 (2H, m), 7.70
—7.80 (1H, m), 7.88 (2H, d, J=7.6 Hz), 8.02 (2H, d, J=7.7 Hz), 10.25 (1H, s). *C NMR: § =
14.6, 36.7, 63.1, 114.5, 120.7, 120.9, 124.9, 126.2, 127.2, 129.1, 129.7, 131.7, 134.3, 136.2,
139.9, 151.6, 154.7, 161.0, 165.0. Anal. Calcd. for C2sH22N205S2, %: C 60.71; H 4.48; N 5.66;
S 12.97. Found, % : C 60.75; H 4.43; N 5.61; S 12.92.

2.2.9. 2-Phenyl-5-methylsulfanyl-4-(4-tolylsulfonyl)-1,3-oxazole (D9)

Yeild: 73%; m.p. 154-155°C. *H NMR: § = 2.38 (3H, s), 2.72 (3H, s), 7.46 (2H, d,
J=8.0 Hz), 7.50 — 7.60 (3H, m), 7.87 (2H, d, J=8.1 Hz), 7.91 (2H, d, J=7.7 Hz). *C NMR: § =
145, 21.1, 125.2, 126.1, 127.1, 129.2, 130.1, 131.5, 135.4, 137.2, 144.9, 152.7, 160.6. Anal.
Calcd. for C17H15sNO3S2, %: C 59.11; H 4.38; N 4.05; S 18.56. Found, % : C 59.24; H 4.36; N
3.98; S 18.51.

2.2.10. 2-Phenyl-5-propylsulfanyl-4-(4-tolylsulfonyl)-1,3-oxazole (D10)

Yeild: 69%; m.p. 130-131°C. *H NMR: § =0.97 (3H, t, J=7.3 Hz), 1.68 (2H, g, J=7.2
Hz), 2.37 (3H, s), 7.45 (2H, d, J=8.0 Hz), 7.48 — 7.58 (3H, m), 7.82 — 7.95 (6H, m). 3C NMR:
5=12.8,21.1,22.9,34.5,125.1, 126.1, 127.2, 129.2, 130.1, 131.6, 137.2, 137.3, 144.9, 151.3,
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160.9. Anal. Calcd. for C1gH19NO3S;, %: C 61.10; H5.13; N3.75; S 17.17. Found, % : C 61.13;
H 5.10; N 3.78; S 17.12.

2.2.11. 5-Benzylsulfanyl-2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazole (D11).

Yeild: 77%; m.p. 129-130°C (113-115°C[42]). 'H NMR: & = 2.37 (3H, s), 4.51 (2H,
s), 7.18 — 7.33 (3H, m), 7.34 — 7.45 (4H, m), 7.46 — 7.60 (3H, m), 7.75 (2H, d, J=8.1 Hz), 7.90
(2H, d, J=6.9 Hz). 3C NMR: & = 21.1, 36.8, 125.0, 126.3, 127.2, 127.6, 128.6, 128.8, 129.2,
130.1, 131.8, 136.9, 136.9, 138.4, 144.9, 150.3, 161.3. Anal. Calcd. for C23H1sNO3sS,, %: C
65.53; H 4.54; N 3.32; S 15.21. Found, % : C 65.51; H 4.50; N 3.29; S 15.25.

2.2.12. 2-[2-Phenyl-4-(4-tolylsulfonyl)-1,3-oxazol-5-yl]sulfanylacetamide (D12).

Yeild: 78%; m.p. 195-196°C. 'H NMR: & = 2.38 (3H, s), 4.01 (2H, s), 7.31 (1H, s),
7.39 - 7.59 (5H, m), 7.72 (1H, s), 7.84 — 7.99 (4H, m). 3C NMR: 8 = 21.1, 35.7, 125.1, 126.2,
127.3, 129.2, 130.1, 131.7, 136.0, 137.1, 145.0, 151.6, 160.7, 168.5. Anal. Calcd. for
CisH16N204S2, %: C 55.65; H 4.15; N 7.21; S 16.51. Found, % : C 55.60; H 4.11; N 7.25; S
16.50.

2.2.13. N-(4-fluorophenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)1,3-oxazol-5-yl]sulfanyl-acetamide
(D13).

Yeild: 83%; m.p. 216-217°C. *H NMR: & =2.36 (3H, s), 4.22 (2H, s), 6.85 — 7.27 (2H,
m), 7.27 — 7.77 (7TH, m), 7.88 (4H, m), 10.48 (1H, s). *C NMR: & = 21.0, 36.7, 115.4 (d, J=22.3
Hz), 121.0 (d, J=7.7 Hz), 124.9, 126.1, 127.2, 129.1, 130.1, 131.7, 135.0, 136.8, 136.9, 145.0,
150.8, 158.2 (d, J=240.5 Hz), 160.9, 165.5. Anal. Calcd. for CasH19FN204S2, %: C 59.74; H
3.97; N 5.81; S 13.29. Found, % : C 59.72; H 3.91; N 5.87; S 13.25.

2.2.14. N-(4-ethoxyphenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazol-5-yl]sulfanyl-
acetamide (D14).

Yeild: 87%; m.p. 186-187°C. '"H NMR: & = 1.27 (3H, t, J=6.9 Hz), 2.33 (3H, s), 3.95
(2H, g, J=6.9 Hz), 4.27 (2H, s), 6.86 (2H, d, J=8.5 Hz), 7.36 — 7.44 (4H, m), 7.45 — 7.52 (1H,
m), 7.55 (2H, d, J=8.4 Hz), 7.89 (4H, d, J=7.7 Hz), 10.66 (1H, s). ®°C NMR: & = 14.6, 21.1,
36.6, 63.1, 114.4, 120.7, 125.0, 126.2, 127.2, 129.1, 130.1, 131.6, 131.9, 136.7, 137.0, 144.9,
151.1, 154.7, 161.0, 165.1. Anal. Calcd. for C2sH24N205S,, %: C 61.40; H 4.76; N 5.51; S
12.61. Found, C % : 61.38; H 4.75; N 5.55; S 12.63.

2.2.15.  N-(2,4-dimethoxyphenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazol-5-yl]sulfanyl-
acetamide (D15).

Yeild: 80%; m.p. 136-137°C. 'H NMR: § = 2.35 (3H, s), 3.55 — 3.96 (6H, m), 4.26
(2H, s), 6.47 (1H, d, J=8.8 Hz), 6.60 (1H, s), 7.29 — 7.63 (5H, m), 7.72 (1H, d, J=8.7 Hz), 7.78
—8.14 (4H, m), 9.44 (1H, s). 3C NMR: & = 21.5, 36.9, 55.7, 56.1, 99.2, 104.5, 120.4, 123.6,
125.5,126.7, 127.7, 129.6, 130.6, 137.4, 137.4, 145.4, 151.4, 151.6, 157.4, 161.5, 165.9. Anal.
Calcd. for CasH24N206S2, %: C 59.53; H 4.61; N 5.34; S 12.22. Found, % : C 59.52; H 4.65; N
5.37; S 12.20.
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2.2.16. 5-Ethylsulfanyl-4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazole (D16).

Yeild: 72%; m.p. 121-122°C. *H NMR: &= 1.34 (3H, t, J=7.3 Hz), 3.24 (2H, q, J=7.2
Hz), 7.40 — 7.60 (5H, m), 7.91 (2H, d, J=7.2 Hz), 8.07 (2H, dd, J=8.5, 5.2 Hz). *C NMR: § =
15.5,27.6,117.4 (d, J=23.0 Hz), 125.5, 126.6, 129.6, 130.9(d, J=9.9 Hz), 132.1, 136.7(d, J=2.8
Hz), 137.3, 152.1, 161.5, 165.6 (d, J=253.6 Hz). °F NMR: & = -104.3. Anal. Calcd. for
C17H14FNO3S2, %: C 56.18; H 3.88; N 3.85; S 17.65. Found, % : C 56.13; H 3.90; N 3.82; S
17.60.

2.2.17. 5-[(4-Fluorophenyl)methylsulfanyl]-4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazole
(D17).

Yeild: 79%; m.p. 113-114°C. *H NMR: § = 4.49 (2H, s), 7.08 (2H, t, J=8.6 Hz), 7.35
—7.50 (4H, m), 7.49 — 7.68 (3H, m), 7.84 — 7.96 (2H, m), 7.95 — 8.03 (2H, m). 3C NMR: § =
36.5, 115.8 (d, J=21.6 Hz), 117.4 (d, J=23.0 Hz), 125.4, 126.7, 129.7, 130.9 (d, J=10.1 Hz),
131.2 (d, J=8.3 Hz), 132.3, 133.6, 136.5, 138.7, 150.9, 161.9 (d, J=244.2 Hz), 161.9, 165.7 (d,
J=253.9 Hz). Anal. Calcd. for C22HisF2NOsS,, %: C 59.58; H 3.41; N 3.16; S 14.46. Found, %
: C 59.55; H 3.38; N 3.19; S 14.48.

2.2.18. 1-(4-Chlorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-
ethanone (D18).

Yeild: 82%; m.p. 157-158°C. *H NMR: & = 5.03 (2H, d, J=3.4 Hz), 7.36 — 7.57 (5H,
m), 7.62 (2H, d, J=6.3 Hz), 7.80 (2H, d, J=7.6 Hz), 7.96 — 8.18 (4H, m). 3C NMR: § = 40.4,
117.5 (d, J=22.9 Hz), 125.3, 126.6, 129.5, 129.6, 130.9, 131.0, 132.2, 134.1, 136.6 (d, J=3.3
Hz), 136.7, 139.4, 151.7, 161.4, 165.7 (d, J=253.7 Hz), 193.1. Anal. Calcd. for
Ca23H1sCIFNO4S,, %: C 56.61; H 3.10; CI 7.27; N 2.87; S 13.14. Found, % : C 56.63; H 3.08;
Cl17.25; N 2.90; S 13.10.

2.2.19. 2-[4-(4-Fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide (D19).

Yeild: 85%; m.p. 198-199°C. *H NMR: &=4.01 (2H, s), 7.25 (1H, s), 7.41 — 7.63 (5H,
m), 7.71 (1H, s), 7.92 (2H, d, J=7.3 Hz), 8.02 — 8.16 (2H, m). 3C NMR: & = 35.7, 117.0 (d,
J=23.1 Hz), 125.0, 126.2, 129.2, 130.4 (d, J=9.9 Hz), 131.7, 135.6, 136.2, 152.0, 160.8, 165.2
(d, J=253.8 Hz), 168.4. 1°F NMR: § = -104.2. Anal. Calcd. for C17H13FN204S, %: C 52.03;
H 3.34; N 7.14; S 16.34. Found, % : C 52.01; H 3.31; N 7.10; S 16.39.

2.2.20. N-(4-fluorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-
acetamide (D20).

Yeild: 89%; m.p. 215-216°C. 'H NMR: § = 4.22 (2H, d, J=2.4 Hz), 7.06 — 7.27 (2H,
m), 7.34 — 7.57 (5H, m), 7.54 — 7.67 (2H, m), 7.87 (2H, d, J=7.7 Hz), 8.08 (2H, dd, J=8.8, 5.2
Hz), 10.49 (1H, t, J=6.3 Hz). 13C NMR: § = 36.7, 115.4 (d, J=22.3 Hz), 117.0 (d, J=23.0 Hz),
120.9 (d, J=7.8 Hz), 124.9, 126.1, 129.1, 130.5 (d, J=10.0 Hz), 131.7, 135.0, 136.1, 136.3,
151.4, 158.1 (d, J=240.1 Hz), 161.1, 165.2 (d, J=253.8 Hz), 165.4. °F NMR: § = -119.2, -
104.1. Anal. Calcd. for C23H16F2N204S>, %: C 56.78; H 3.31; N 5.76; S 13.18. Found, % : C
56.80; H 3.27; N 5.80; S 13.15.
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2.2.21. N-(4-ethoxyphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-
acetamide (D21).

Yeild: 91%: m.p. 187-188°C. *H NMR: & = 1.29 (3H, t, J=6.9 Hz), 3.97 (2H, q, J=6.8
Hz), 4.20 (2H, s), 6.87 (2H, d, J=8.6 Hz), 7.29 — 7.70 (6H, m), 7.89 (2H, d, J=7.7 Hz), 8.07
(2H, dd, J=8.6, 5.1 Hz), 10.35 (1H, s). 3C NMR: § = 14.6, 36.6, 63.1, 114.4, 117.0 (d, J=23.0
Hz), 120.7, 124.9, 126.2, 129.1, 130.4, 130.5, 131.7, 131.8, 136.1, 151.6, 154.7, 161.0, 164.9,
165.2 (d, J=253.7 Hz). °F NMR: & = -104.12. Anal. Calcd. for C2sH21FN20sS2, %: C 58.58;
H4.13; N5.47; S 12.51. Found, % : C 58.55; H 4.17; N 5.50; S 12.53.

2.2.22. N-(3,5-dimethylphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-0xazol-5-
yl]sulfanyl-acetamide (D22).

Yeild: 86%; m.p. 228-229°C. *H NMR: § = 2.21 (6H, s), 4.19 (2H, s), 6.70 (1H, s),
7.18 (2H, s), 7.39 — 7.51 (4H, m), 7.49 — 7.61 (1H, m), 7.88 (2H, d, J=7.7 Hz), 8.08 (2H, dd,
J=8.7, 5.2 Hz), 10.22 (1H, s). ®C NMR: § = 21.0, 36.8, 116.9, 117.0 (d, J=22.3 Hz), 124.9,
125.2, 126.2, 129.1, 130.5 (d, J=10.1 Hz), 131.8, 136.1, 137.8, 138.4, 151.3, 161.0, 165.0 (d,
J=193.5 Hz), 165.4, 166.2. F NMR: & = -104.12. Anal. Calcd. for CasH21FN204S;, %: C
60.47; H 4.26; N 5.64; S 12.91. Found, % : C 60.45; H 4.29; N 5.66; S 12.88.

2.2.23. 2-[4-(4-Chlorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(2,4-
dimethoxyphenyl)-acetamide (D23).

Yeild: 90%; m.p. 185-186°C. *H NMR: & = 3.69 (3H, s), 3.71 (3H, s), 4.24 (2H, s),
6.44 (1H, d, J=7.7 Hz), 6.57 (1H, s), 7.37 — 7.55 (3H, m), 7.56 — 7.76 (3H, m), 7.89 (1H, d,
J=7.6 Hz), 7.96 (1H, d, J=8.2 Hz), 9.40 (1H, s). 3C NMR: & = 36.4, 55.3, 55.6, 98.8, 104.0,
119.8,123.3,124.9,126.3,129.1, 129.9, 131.8, 136.2, 138.6, 139.3, 151.2, 151.7, 157.0, 161.2,
165.4. Anal. Calcd. for C2sH21CIN206S,, %: C 55.09; H 3.88; Cl1 6.50; N 5.14; S 11.77. Found,
% : C 55.05; H 3.90; Cl 6.53; N 5.15; S 11.72.

2.2.24. 4-(4-Bromophenyl)sulfonyl-5-methylsulfanyl-2-phenyl-1,3-oxazole (D24).

Yeild: 70%; m.p. 153-154°C. *H NMR: & =2.74 (3H, s), 7.47 — 7.60 (3H, m), 7.80 —
7.98 (6H, m). B.C NMR: 6 =14.4,125.1, 126.2, 128.4, 129.0, 129.2, 131.6, 132.9, 134.4, 139.2,
153.6, 160.7. Anal. Calcd. for C16H12BrNOsS2, %: C 46.84; H 2.95; Br 19.47; N 3.41; S 15.63.
Found, % : C 46.82; H 2.98; Br 19.41; N 3.45; S 15.60.

2.2.25. 4-(4-Bromophenyl)sulfonyl-5-isopropylsulfanyl-2-phenyl-1,3-oxazole (D25).

Yeild: 68%; m.p. 138-139°C. 'H NMR: & = 1.36 (6H, s), 3.66 — 4.14 (1H, m), 7.13 —
8.24 (9H, m). 3C NMR: & = 23.8, 39.8, 125.5, 126.8, 129.0, 129.7, 129.8, 132.3, 133.3, 139.2,
139.5, 150.9, 162.1. Anal. Calcd. for C1gH16BrNOsSz, %: C 49.32; H 3.68; Br 18.23; N 3.20;
S 14.63. Found, % : C 49.30; H 3.65; Br 18.27; N 3.17; S 14.65.

2.2.26. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-1-phenyl-ethanone
(D26).

Yeild: 85%; m.p. 143-144°C. 'H NMR: & =5.14 (2H, s), 7.38 — 7.47 (2H, m), 7.47 —
7.52 (1H, m), 7.53 - 7.62 (2H, m), 7.70 (1H, t, J=7.3 Hz), 7.77 (2H, d, J=7.6 Hz), 7.86 (2H, d,
J=8.4 Hz), 7.93 (2H, d, J=8.2 Hz), 8.07 (2H, d, J=7.7 Hz). C NMR: & = 40.5, 125.3, 126.5,
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126.6, 129.0, 129.3, 129.6, 132.2, 133.3, 134.4, 135.4, 136.2, 139.5, 152.3, 161.4, 193.9. Anal.
Calcd. for C23H16BrNO4S2, %: C 53.70; H 3.14; Br 15.53; N 2.72; S 12.47. Found, % : C 53.68;
H 3.17; Br 15.54; N 2.69; S 12.50.

2.2.27. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide (D27).

Yeild: 87%; m.p. 223-224°C. *H NMR: §=4.02 (2H, s), 7.32 (1H, s), 7.48 — 7.61 (3H,
m), 7.75 (1H, s), 7.83 — 8.00 (6H, m). 3C NMR: § = 35.7, 125.0, 126.2, 128.5, 129.2, 129.2,
131.8,132.9, 135.2, 139.1, 152.5, 160.9, 168.5. Anal. Calcd. for C17H13BrN204S2, %: C 45.04;
H 2.89; Br 17.63; N 6.18; S 14.15. Found, % : C 45.07; H 2.91; Br 17.65; N 6.15; S 14.14.

2.2.28. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-cyclohexyl-
acetamide (D28).

Yeild: 69%; m.p. 231-232°C. 'H NMR: & = 0.88 — 1.37 (5H, m), 1.43 — 1.84 (5H, m),
3.50 (1H, s), 3.96 (2H, s), 7.47 — 7.63 (3H, m), 7.83 — 7.99 (7H, m). 1¥*C NMR: & =24.3, 25.1,
32.2, 35.8, 48.1, 118.9, 125.0, 126.3, 128.5, 129.2, 131.8, 132.9, 135.6, 139.1, 152.2, 161.0,
165.3. Anal. Calcd. for C23H23BrN204S;, %: C51.59; H4.33; Br14.92; N5.23; S11.98. Found,
% : C51.55; H4.31; Br14.95; N5.22; S 12.01.

2.2.29. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-fluorophenyl)-
acetamide (D29).

Yeild: 92%; m.p. 244-245°C. '"H NMR: & =4.23 (2H, s), 7.15 (2H, t, J=8.7 Hz), 7.45
(2H, t, J=7.6 Hz), 7.50 — 7.67 (3H, m), 7.79 — 7.89 (4H, m), 7.92 (2H, d, J=8.4 Hz), 10.49 (1H,
s). BCNMR: § =37.2, 115.8 (d, J=22.5 Hz), 121.4, 121.5, 125.4, 126.7, 129.0, 129.6, 132.3,
133.3, 135.5 (d, J=2.5 Hz), 136.4, 139.5, 152.3, 157.5, 161.6, 165.9. °F NMR: & = -119.13.
Anal. Calcd. for C2sH16BrFN204S;, %: C 50.46; H 2.95; Br 14.60; F 3.47; N 5.12; S 11.71.
Found, % : C 50.44; H 2.97; Br 14.58; F 3.45; N 5.16; S 11.75.

2.2.30. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
ethoxyphenyl)-acetamide (D30).

Yeild: 89%; m.p. 227-228°C. *H NMR: & =1.29 (3H, t, J=7.0 Hz), 3.98 (2H, d, J=7.4
Hz), 4.19 (2H, s), 6.87 (2H, d, J=8.3 Hz), 7.39 - 7.52 (4H, m), 7.51 - 7.60 (1H, m), 7.79 - 7.85
(2H, m), 7.86 — 8.08 (4H, m), 10.23 (1H, s). °C NMR: 6 = 14.7, 36.7, 63.1, 114.5, 120.7, 124.9,
126.2,128.5,129.1,129.2, 131.6, 131.8, 132.9, 135.9, 139.0, 151.9, 154.8, 161.1, 164.9. Anal.
Calcd. for C25H21BrN20OsS,, %: C 52.36; H 3.69; Br 13.93; N 4.88; S 11.18. Found, % : C
52.34; H 3.71; Br 13.95; N 4.84; S 11.20.

2.2.31. 2-[4-(4-Bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(2,4-
dimethoxyphenyl)acetamide (D31).

Yeild: 82%; m.p. 182-183°C. 'H NMR: & = 3.72 (3H, s), 3.74 (3H, s), 4.27 (2H, s),
6.47 (1H, dd, J=8.8, 2.6 Hz), 6.60 (1H, d, J=2.6 Hz), 7.42 — 7.52 (2H, m), 7.51 — 7.60 (1H, m),
7.70 (1H, d, J=8.8 Hz), 7.80 (2H, d, J=8.2 Hz), 7.87 — 7.96 (4H, m), 9.42 (1H, s). 3C NMR: 5
= 36.4, 55.3, 55.6, 98.8, 104.0, 119.8, 123.2, 125.0, 126.3, 128.5, 129.1, 131.8, 132.8, 136.2,
139.0, 151.2, 151.7, 157.0, 161.2, 165.4. Anal. Calcd. for CsH21BrN206S,, %: C 50.94; H
3.59; Br 13.55; N 4.75; S 10.88. Found, % : C 50.96; H 3.57; Br 13.51; N 4.77; S 10.91.
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2.2.32. 4-(Benzenesulfonyl)-5-methylsulfanyl-2-(4-tolyl)-1,3-oxazole (D32).

Yeild: 68%; m.p. 155-156°C (157-159°C[42]). *"H NMR: & =2.34 (3H, s), 2.71 (3H,
S), 7.23 - 7.44 (2H, m), 7.64 — 7.70 (2H, m), 7.70 — 7.76 (1H, m), 7.79 (2H, d, J=7.9 Hz), 7.99
(2H, d, J=7.6 Hz). ®*C NMR: & = 14.5, 21.1, 122.5, 126.1, 127.1, 128.3, 129.7, 134.2, 134.9,
140.1, 141.7,152.7, 160.9. Anal. Calcd. for C17H1sNO3Sy, %: C 59.11; H 4.38; N 4.05; S 18.56.
Found, % : C 59.07; H 4.40; N 4.08; S 18.51.

2.2.33. 2-[4-(Benzenesulfonyl)-2-(4-tolyl)-1,3-oxazol-5-yl]sulfanylacetamide (D33).

Yeild: 77%; m.p. 217-218°C. *H NMR: & = 2.36 (3H, s), 3.98 (2H, s), 7.23 (1H, s),
7.34 (2H, d, J=7.8 Hz), 7.60 — 7.72 (3H, m), 7.71 — 7.77 (1H, m), 7.81 (2H, d, J=7.8 Hz), 8.01
(2H, d, J=7.7 Hz). 3C NMR: § = 21.1, 35.7, 122.4, 126.2, 127.2, 129.7, 129.8, 134.3, 135.5,
139.9, 141.9, 151.7, 161.0, 168.5. Anal. Calcd. for C1sH1sN204S2, %: C 55.65; H 4.15; N 7.21;
S 16.51. Found, % : C 55.66; H 4.11; N 7.25; S 16.47.

2.3. In vitro anti-cancer screening of the tested compounds

2.3.1. One dose full NCI 60 cell panel assay

Synthesized compounds were submitted to the National Cancer Institute NCI,
Bethesda, Maryland, U.S.A., under the Developmental Therapeutic Program DTP. The cell
line panel engaged a total of 60 different human tumor cell lines derived from nine cancer
types, including lung, colon, melanoma, renal, ovarian, brain, leukemia, breast, and prostate.

Primary in vitro one-dose anti-cancer screening was initiated by cell inoculating of each
60-panel line into a series of standard 96-well microtiter plates at 5000-40000 cells/well in
RPMI 1640 medium containing 5% fetal bovine serum and 2 mM L-glutamine (day 0), and
then preincubated in the absence of drug at 37 °C and 5% CO_ for 24 h. Test compounds were
then added to the plates at one concentration of 10> M (day 1) followed by incubation for a
further 48 h under the same conditions. Then the media were removed, and the cells were fixed
in situ, washed, and dried (day 3). The sulforhodamine B assay was used for cell density
determination based on the measurement of cellular protein content. After an incubation period,
cell monolayers were fixed with 10% (wt/vol) trichloroacetic acid and stained for 30 min, after
which the excess dye was removed by repeated washing with 1% (vol/vol) acetic acid. The
bound stain was resolubilized in 10 mM Tris base solution and measured
spectrophotometrically on automated microplate readers for OD determination at 510 nm.

2.3.2. NCI 60 cell panel COMPARE correlations.

Compounds having similar activity profiles often have similar mechanisms of action
and resistance. To measure the degree of similarity between novel compounds and known
drugs in the NCI databases, a method has been developed using the Pearson correlation
coefficient (PCC) as a  comparison criterion (COMPARE analysis)
[https://dtp.cancer.gov/databases_tools/docs/compare/compare_methodology.htm#specon].
The graph of mean values for compounds was subsequently used to run the COMPARE
algorithm from the Developmental Therapeutics Program, NCI, and calculate the correlation
coefficient with respect to compounds from the standard agent database with a known
mechanism of action. The following scale of interpretation of pair correlation coefficients was
used [51]: insignificant (0.00-0.30), weak (0.30-0.50), moderate (0.50-0.70), high (0.70-0.90)
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and a very high (0.9-1.0) connection with a standard drug. Accordingly, pairwise correlation
coefficients greater than 0.3 were used as a threshold to assess whether seeded compounds and
standard agents could have a similar mechanism of action.

3. Results and Discussion

N-((1-Arylsulfonyl)-2,2-dichlorovinyl)amides are known to undergo the 1,3-oxazole
ring closure under the action of sodium hydrogen sulfide [52].

In the present work, we exploited an improved version of this method using a sodium
sulfide with a triethylamine mixture instead of sodium hydrogen sulfide (Scheme 1). This
avoids the hydrogen sulfide gas evolution during the transformation of the starting enamides
A into thioketene intermediate B. These later cyclize in the presence of triethylamine to give
ammonium 1,3-oxazole-5-thiolates C, which was not isolated but were used in ethanol solution
for the production of the final compounds D. This way, a series of 1,3-oxazoles D with different
SAIk, SCH>Ar, SCH2COAr, SCH.CONHR groups at C5 ring atom was obtained for anti-
cancer testing.
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Scheme 1. Preparation of 1,3-oxazoles D.
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3.1.The one-dose assay.

The individual cell lines showed a distinctive sensitivity against synthesized
compounds. Seventeen compounds (D2, D3, D5, D8-D12, D15, D16, D21-D23, D25, D27,
D29, D30) have had low toxicity with growth inhibition of the tested cell lines less than 50%.
Seven compounds (D1, D4, D6, D7, D17, D19, D28) inhibited growth at 51-60% from one to
three cell lines which are A498, HOP-92, T-47D, SNB-75, SR, NCI-226, SF-539, UACC-62,
and HCT-116. Compounds D13, D14, D21, D23, D27, and D29 showed significant inhibition
(>70%), but each only for some cell lines belonging to CNS, Lung, Ovarian, Renal, or Colon
cancer. These compounds are shown in Table 1.

Table 1. One dose of anti-cancer screening data of the most active compounds against NCI-60 human tumor

cell lines.
Compound Cancer cell subpanel
P Lung CNS Ovarian Renal Colon
HOP-92
D13 (79)
D14 NCI-H226 SF-539 HCT-116
(121) (82) (76)
SF-539 HCT-116
D21 (93) (78)
SNB75 (102)
D23 NCI-226 (98) SF-539 (100) RXF393 (84)
D27 HOP-92 (95) SNB-75 (90) - 786-0 (74)
D29 HOP-62 (72) U251 (77) | OVCAR-8(71) | 786-0(79)

The compounds added at a concentration (1-10"° M), and the culture incubated for 48 h. The number
reported for the one-dose assay is growth inhibition (%) relative to the no-drug control, and relative to the time
zero number of cells. This allows detection of both growth inhibition (values between 0 and 100) and lethality
(values more than 100). A value of 200 means all cells are dead. The percentage of growth inhibition of

compounds is shown in parentheses.

Thus, compound D23 exhibits the highest activity against lines SNB75 and SF-539 of
the CNS Cancer subpanel present in Glioblastoma and Gliosarcoma, respectively, exerting a
cytostatic effect. Compound D27 has the highest anti-proliferative activity against the HOP-92
(carcinoma) Non-Small Cell Lung Cancer subpanel, while D14 exhibits cytotoxic activity
against NCI-H226 (pleural mesothelioma) in the Lung subpanel. These compounds were
analyzed to elucidate possible molecular action mechanisms when compared with standard
drugs with established mechanisms.

Structure-activity analysis shows that halogenation of the p-tolyl group (compound
D21) eliminated the cytotoxicity of D14 relative to the NCI-H226 line and the replacement of
N-(4-ethoxyphenyl) in D21 with N-(2,4-dimethoxyphenyl) (D23) restored only anti-
proliferative activity against NCI-H226, close to cytostatic. The last substitution was also
accompanied by the appearance of cytostatic activity D23 against the SNB75 line. In general,
the functionalization of 4-arylsulfonyl-1,3-oxazoles with different substituents only changed
the sensitivity of a small number of different cell lines of the 5 indicated subpanels.

3.2. COMPARE correlations.

The results of a comparative analysis of the similarity of the tested parameters of
antitumor activity of compounds D14, D23, D27, and D29 with known standard antitumor
agents present in the NCI public databases are shown in Table 2.
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Table 2. Standard agent COMPARE correlations for compounds D14, D23 and D27

. Correlation .
Compound Correlating drug coefficient Reported Mechanism(s)
Glso
Intercalates DNA and stimulates DNA
D14 Morpholinodoxorubicin 054 topoisomerase I-induced cleavage at specific

DNA sites [53]. Its active microsomal
metabolites alkylate DNA [54]

Inhibits estrogen sulfotransferase, a progesterone-
D23 4-Nitroestrone 3-methyl ether 0.50 induced secretory endometrial enzyme that
affects estrogen receptor levels [55]

Tamoxifen reduces DNA synthesis by inhibiting
Nitroestrone the binding of estradiol to estrogen receptors, as
D27 . 0.48 well as acting on a number of signal proteins
Tamoxifen - L .
(calmodulin, protein kinase C, phospholipase C,
phosphoinositide kinase, P-glycoprotein) [56]

TGl

Bleomycin causes oxidative damage to DNA,
D14 Bleomycin 0.34 leading to single-strand and double-strand breaks
and G2 cell cycle arrest [57]

Ftorafur inhibits thymidylate synthase during the

D23 Bll:torafur_ 0.47 pyrimidine pathway involved in DNA synthesis
eomycin [58]
Dihydrolenperone inhibits the growth of lung
D27 Dihydrolenperone 0.50 cancer cells [59]. The mechanism of molecular
action is not found in the available literature.
LCso
D14 Bleomycin 0.34 See above

Mitoxantrone intercalates into and crosslinks
DNA, thereby disrupting DNA and RNA

D23 DHAD (mitoxantrone) 0.51 replication. This agent also binds to
topoisomerase 11, resulting in DNA strand breaks
and inhibition of DNA repair [60]

Diaziquone selectively alkylates and crosslinks
D27 DHAD 0.47 DNA at the 5'-GNC-3' sequence, inhibiting DNA
Diaziquone (AZQ) ' replication, inducing apoptosis, and inhibiting

tumor cell proliferation [61]

All test compound vectors have a weak positive correlation with standard compounds,
with the exception of compounds D14 and D23, whose LCso correlates moderately with
morpholino doxorubicin and mitoxantrone, respectively, in the lower part of the range.

The results obtained suggest that the above mechanisms of anti-cancer action of the
standard compounds are not the main ones for the tested compounds. In addition, the high
selectivity of the synthesized compounds with respect to individual cell lines most likely
indicates their effect on specific molecular mechanisms inherent or playing a leading role only
in the life cycle of these lines.

Tumors exhibit genetic and epigenetic heterogeneity, hence the need to study a panel
of cell lines for each type of cancer to capture this heterogeneity and variability in drug
response. However, there is also some heterogeneity between different cell lines in each
subpanel of the NCI-60 panel [62].

Tumor heterogeneity is an important factor in the development of drug resistance
because chemotherapy can select a drug-resistant subpopulation, leading to cancer treatment
failure. Among a heterogeneous population of tumor cell lines, there may be only individual
lines that are resistant to chemotherapy drugs indicated for the treatment of a particular tumor.
Then compounds that are able to suppress resistant cell lines can help solve this problem.

From this point of view, compounds with a highly selective activity for even one cell
line are of interest for further testing in tumor models that have developed resistance to specific
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drugs against a heterogeneous population of cell lines of a particular tumor after determining
the appropriate resistance line.

4. Conclusions

The novel series of 4-arylsulfonyl-1,3-oxazoles have been synthesized in good yields

and displayed different anti-cancer activities. Among their compounds, D14, D23 and D27 had
the most activity. These compounds demonstrated the anti-cancer activity against different
individual cancer cell lines. This makes it possible to consider it a leading compound for further
in-depth studies and synthesis of new 4-arylsulfonyl-1,3-derivatives oxazole with antitumor
activity.

Funding

Acknowledgments

Conflicts of Interest

References

1.

Ali, I; Lone, M.N.; Al-Othman, Z.A.; Al-Warthan, A.; Sanagi, M.M. Heterocyclic scaffolds: centrality in
anti-cancer drug development. Curr. Drug Targets. 2015, 16, 711-34,
https://doi.org/10.2174/1389450116666150309115922.

Kumar, D.; Kumar, N.M.; Sundaree, S.; Johnson, E.O.; Shah, K. An expeditious synthesis and anti-cancer
activity of novel 4-(3-indolyl)oxazoles. Eur. J. Med. Chem. 2010, 45, 1244-1249,
https://doi.org/10.1016/j.ejmech.2009.12.024.

Chiacchio, M.A.; Lanza, G.; Chiacchio, U.; Giofre, S.V.; Romeo, R.; lannazzo, D.; Legnani, L. Oxazole-
based compounds as anticancer agents. Curr. Med. Chem. 2019, 26, 7337-7371,
https://doi.org/10.1097/CAD.0000000000000653.

Zhirnov, V.V.; Velihina, Y.S.; Mitiukhin, O.P.; Brovarets, V.S. Intrinsic drug potential of oxazolo[5,4-
d]pyrimidines and oxazolo[4,5-d]pyrimidines. Chem. Biol. Drug. Des. 2021, 98, 561-581,
https://doi.org/10.1111/cbdd.13911.

Joshi, S.; Bisht, A.S.; Juyal, D. Systematic scientific study of 1,3-oxazole derivatives as a useful lead for
pharmaceuticals: a review. Pharm. Innov. J. 2017, 6, 109-117. https://dx.doi.org/10.22271/tpi.

Zhang, H-Z.; Zhao, Z-L.; Zhou, C-H. Recent advance in oxazole-based medicinal chemistry. Eur. J. Med.
Chem. 2018, 144, 444-492, https://doi.org/10.1016/j.ejmech.2017.12.044.

Kakkar, S.; Narasimhan, B. A comprehensive review on biological activities of oxazole derivatives. BMC.
2019, 13, 16, https://doi.org/10.1186/s13065-019-0531-9.

Tandon, R.; Singh, I.; Luxami, V.; Tandon, N.; Paul, K. Recent advances and developments of in vitro
evaluation of heterocyclic moieties on cancer cell lines. Chem. Rec. 2019, 19, 362-393,
https://doi.org/10.1002/tcr.201800024.

Yan, X.; Wen, J.; Zhou, L.; Fan, L.; Wang, X.; Xu, Z. Current scenario of 1,3-oxazole derivatives for anti-
cancer activity. Curr. Top. Med. Chem. 2020, 20, 1916-1937,
https://doi.org/10.2174/1568026620666200624161151.

https://biointerfaceresearch.com/ 13 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/
https://doi.org/10.2174/1389450116666150309115922
https://doi.org/10.1016/j.ejmech.2009.12.024
https://doi.org/10.1097/CAD.0000000000000653
https://doi.org/10.1111/cbdd.13911
https://dx.doi.org/10.22271/tpi
https://doi.org/10.1016/j.ejmech.2017.12.044
https://doi.org/10.1186/s13065-019-0531-9
https://doi.org/10.1002/tcr.201800024
https://doi.org/10.2174/1568026620666200624161151

https://doi.org/10.33263/BRIAC133.300

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Kamal, U.; Javed, N.M.; Arun, K. Biological potential of benzoxazole derivatives: an updated review. Asian
J. Pharm. Clin. Res. 2020; 13, 28-41, https://doi.org/10.22159/ajpcr.2020.v13i8.37958.

Constantinescu, T.; Lungu, C.N. Anticancer Activity of Natural and Synthetic Chalcones. Int. J. Mol. Sci.
2021, 22, 11306, https://doi.org/10.3390/ijms222111306.

Guerrero-Pepinosa, N.Y.; Cardona-Trujillo, M.C.; Garzon-Castafio, S.C.; Veloza, L.A. Sepulveda-Arias J.C.
Antiproliferative activity of thiazole and oxazole derivatives: A systematic review of in vitro and in vivo
studies. Biomed. Pharmacother. 2021, 38, 111495, https://doi.org/10.1016/j.biopha.2021.111495.
Kulkarni, S.; Kaur, K.; Jaitak, V. Recent Developments in Oxazole Derivatives as Anticancer Agents:
Review on Synthetic Strategies, Mechanism of Action and SAR studies. Anti-cancer Agents Med. Chem.
2021, https://doi.org/10.2174/187152062166621091509542.

Uckun, F.M.; Forsyth, C.J. Anticancer activity of synthetic analogues of the phorboxazoles. Bioorganic &
Medicinal Chemistry Letters. 2001, 11, 1181-1183. https://doi.org/10.1016/s0960-894x(01)00191-3.
Jacob, M.R.; Kumar, M.B.; Reynolds, K.S.M. Synthesis and evaluation of anti-cancer benzoxazoles and
benzimidazoles related to UK-1. Bioorg. Med. Chem. 2002, 10, 3997-4004, https://doi.org/10.1016/S0968-
0896(02)00327-9.

Jauhari, P.K.; Bhavani, A.; Varalwar, S.; Singhal, K.; Raj, P. Synthesis of some novel 2-substituted
benzoxazoles as anti-cancer, antifungal, and antimicrobial agents. Med. Chem. Res. 2008, 17, 412-424,
https://doi.org/10.1007/s00044-007-9076-x.

Kumar, D.; Jain S.K. A Comprehensive review of N-heterocycles as cytotoxic agents. Curr. Med. Chem.
2016, 23, 4338-4394, https://doi.org/10.2174/0929867323666160809093930.

Krishna, A.M.S.; Gandham, H. B.; Valluru, K. R.; Rao, N.S. K.; Sridhar, G.; Battula, V. R. Design, synthesis
and anti-cancer activity of arylketo alkyne derivatives of 7-azaindole-oxazole. Chem. Data Coll. 2021, 34,
100743, https://doi.org/10.1016/j.cdc.2021.100743.

Premanumari, C.; Muralikrishna, A.; Padmaja, A.; Padmavathi, V.; Park, S.; Kim, T.; Peddy, C.D. Synthesis,
antimicrobial and anti-cancer activities of amido sulfonamido methane linked bis heterocycles. Arab. J.
Chem. 2014, 7, 385-395, https://doi.org/10.1016/j.arabjc.2013.10.024.

Cormerais, H.; Giuliano, S.; LeFloch, R.; Front, B.; Durivault, J.; Tambutté, E.; Massard, P.A.; de la Ballina,
L.R.; Endou, H.; Wempe, M.F.; Palacin, M.; Parks, S.K.; Pouyssegur, J. Genetic Disruption of the
Multifunctional CD98/LAT1 Complex Demonstrates the Key Role of Essential Amino Acid Transport in
the Control of mTORC1 and Tumor Growth. Cancer Res. 2016, 76, 4481-4492,
https://doi.org/10.1158/0008-5472.

Okanishi, H.; Ohgaki, R.; Okuda, S.; Endou, H.; Kana, Y. Proteomics and phosphoproteomics reveal key
regulators associated with cytostatic effect of amino acid transporter LAT1 inhibitor. Cancer Sci. 2021, 112,
871-883, https://doi.org/10.1111/cas.14756.

Vucicevic, J.; Srdic-Rajic, T.; Pieroni, M.; Laurila, J.M.; Perovic, V.; Tassini, S.; Azzali, E.; Costantino, G.;
Glisic, S.; Agbaba, D.; Scheinin, M.; Nikolic, K.; Radi, M.; Veljkovic, N. A combined ligand- and structure-
based approach for the identification of rilmenidine-derived compounds which synergize the antitumor
effects of doxorubicin. Bioorg. Med. Chem. 2016, 24, 3174-3183,
https://doi.org/10.1016/j.bmc.2016.05.043.

Soares, J.; Raimundo, L.; Pereira, N.A.L.; Monteiro, A.; Gomes, S.; Bessa, C.; Pereira, C.; Queiroz, G.;
Bisio, A.; Fernandes, J.; Gomes, C.; Reis, F.; Gongalves, J.; Inga, A.; Santos, M.M.M.; Saraiva, L.
Reactivation of wild-type and mutant p53 by tryptophanolderived oxazoloisoindolinone SLMP53-1, a novel
anticancer small-molecule. Oncotarget. 2016, 7, 4326-4343, https://doi.org/10.18632/oncotarget.6775.
Barcherini, V.; Almeida, J.; Lopes, E.; Wang, M.; Silva, D.; Mori, M.; Santos, M.M.M. Potency and
selectivity optimization of tryptophanol-derived oxazoloisoindolinones: novel p53 activators in human
colorectal cancer. Chem. Med. Chem. 2021, 16, 250-258, https://doi.org/10.1002/cmdc.202000522.
Romagnoli, R.; Baraldi, P.G.; Prencipe, F.; Oliva, P.; Baraldi, S.; Salvador, M.K.; Lopez-Cara, L.C.;
Brancale, A.; Ferla, S.; Hamel, E.; Ronca, R.; Bortolozzi, R.; Mariotto, E.; Porcu, E.; Basso, G.; Viola, G.
Synthesis and biological evaluation of 2-methyl-4,5-disubstituted oxazoles as a novel class of highly potent
antitubulin agents. Sci Rep. 2017, 7, 46356, https://doi.org/10.1038/srep46356.

Stefanski, T.; Mikstacka, R.; Kurczab, R.; Dutkiewicz, Z.; Kuciniska, M.; Murias, M.; Zielinska-Przyjemska,
M.; Cichocki, M.; Teubert, A.; Kaczmarek, M.; Hogendorf, A.; Sobiak, S. Design, synthesis, and biological
evaluation of novel combretastatin A-4 thio derivatives as microtubule targeting agents. Eur. J. Med. Chem.
2018, 144, 797-816, https://doi.org/10.1016/j.ejmech.2017.11.050.

https://biointerfaceresearch.com/ 14 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/
https://doi.org/10.22159/ajpcr.2020.v13i8.37958
https://doi.org/10.3390/ijms222111306
https://doi.org/10.1016/j.biopha.2021.111495
https://doi.org/10.2174/187152062166621091509542
https://doi.org/10.1016/s0960-894x(01)00191-3
https://doi.org/10.1016/S0968-0896(02)00327-9
https://doi.org/10.1016/S0968-0896(02)00327-9
https://doi.org/10.1007/s00044-007-9076-x
https://doi.org/10.2174/0929867323666160809093930
https://doi.org/10.1016/j.cdc.2021.100743
https://doi.org/10.1016/j.arabjc.2013.10.024
https://doi.org/10.1158/0008-5472
https://doi.org/10.1111/cas.14756
https://doi.org/10.1016/j.bmc.2016.05.043
https://doi.org/10.18632/oncotarget.6775
https://doi.org/10.1002/cmdc.202000522
https://doi.org/10.1038/srep46356
https://doi.org/10.1016/j.ejmech.2017.11.050

https://doi.org/10.33263/BRIAC133.300

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

3r.

38.

39.

40.

41.

42,

43.

Bernier, C.; Soliman, A.; Gravel, M.; Dankner, M.; Savage, P.; Petrecca, K.; Park, M.; Siegel, P.M. Shore
GC, Roulston A. DZ-2384 has a superior preclinical profile to taxanes for the treatment of triple-negative
breast cancer and is synergistic with anti-CTLA-4 immunotherapy. Anti-cancer Drugs. 2018, 29, 774-785,
https://doi.org/10.1097/cad.0000000000000653.

Kakkar, S.; Kumar, S.; Lim, S.M.; Ramasamy, K.; Mani, V.; Shah, S.A.A.; Narasimhan, B. Design, synthesis
and biological evaluation of 3-(2-aminooxazol-5-yl)-2H-chromen-2-one derivatives. Chem. Cent. J. 2018,
12, 130, https://doi.org/10.1186/s13065-018-0499-x.

Kang, M.A.; Kim, W.; Jo, H.R.; Shin, Y.J.; Kim, M.H.; Jeong, J.H. Anticancer and radiosensitizing effects
of the cyclin-dependent kinase inhibitors, AT7519 and SNS-032, on cervical cancer. Int. J. Oncol. 2018, 53,
703-712, https://doi.org/10.3892/ij0.2018.4424.

Tangellamudi, N.D.; Shinde, S.B.; Pooladanda, V.; Godugu, C.; Balasubramanian, S. Facile synthesis of
2-aryl 5-hydroxy benzo[d]oxazoles and their in vitro anti-proliferative effects on various cancer cell lines.
Bioorg. Med. Chem. Lett. 2018, 28, 3639-3647, https://doi.org/10.1016/j.bmcl.2018.10.038.

Makowska, A.; Wolff, L.; Saczewski, F.; Bednarski, P.J.; Kornicka, A. Synthesis and cytotoxic evaluation
of benzoxazole/benzothiazole-2-imino-coumarin hybrids and their coumarin analogues as potential anti-
cancer agents. Pharmazie. 2019, 74, 648-657, https://doi.org/10.1691/ph.2019.9664.

Muto, Y.; Furihata, T.; Kaneko, M.; Higuchi, K.; Okunushi, K.; Morio, H.; Reien, Y.; Uesato, M.;
Matsubara, H.; Anzai, N. Different response profiles of gastrointestinal cancer cells to an L-type amino acid
transporter inhibitor, JPH203. Anticancer Res. 2019, 39, 159-165,
https://doi.org/10.21873/anticanres.13092.

Kim, H.J.; Ryu, H.; Choi, H.K.; Song, J.Y.; Hwang, S.G.; Ahn J. Anti-leukemic activity of AIU2008 in
FLT3-ITD-positive  acute  myeloid leukemia.  Anticancer = Res. 2021, 41, 731-737,
https://doi.org/10.21873/anticanres.14824.

Sisco, E.; Barnes, K.L. Design, Synthesis, and Biological Evaluation of Novel 1,3-Oxazole Sulfonamides as
Tubulin  Polymerization Inhibitors. ACS Med. Chem. Lett. 2021, 12, 1030-1037,
https://doi.org/10.1021/acsmedchemlett.1c00219.

Zeng, Y. ; Nie, L.; Bozorov, K.; Ruzi, Z.; Song, B.; Zhao, J.; Aisa, H. A. 2-substituted tricyclic oxazolo[5,4-
d]pyrimidine library: Design, synthesis, and cytotoxicity activity. J. Heter. Chem. 2022, 59, 555-568,
https://doi.org/10.1002/jhet.4401.

Karatas, E.; Foto, E.; Ertan-Bolelli, T.; Yalcin-Ozkat, G.; Yilmaz, S.; Ataei, S.; Zilifdar, F.; Yildiz, I.
Discovery of 5-(or 6)-benzoxazoles and oxazolo[4,5-b]pyridines as novel candidate antitumor agents
targeting hTopo lio. Bioorg. Chem. 2021, 112, July, 104913, https://doi.org/10.1016/j.bioorg.2021.104913.
Syed, T.; Asiri, Y.l.; Shaheen S. Synthesis and Anticancer Assessment of Various Amide Derivatives of
Imidazo[2,1-b]Oxazoles as Anticancer Agents. Polycycl. Arom. Comp. 2022, in press,
https://doi.org/10.1080/10406638.2022.2030766.

Katariya, K. D.; Vennapu, D. R.; Shah, S. R. Synthesis and molecular docking study of new 1,3-oxazole
clubbed pyridyl-pyrazolines as anti-cancer and antimicrobial agents. J. Molec. Struct. 2021, 123215, 2021,
130036, https://doi.org/10.1016/j.molstruc.2021.130036.

Sohda, K.; Nagai, K.; Yamori, T.; Suzuki, K.; Tanaka, A. YM-216391, a novel cytotoxic cyclic peptide from
Streptomyces nobilis. |I. Fermentation, Isolation and Biological Activities. J. Antibiot. 2005, 58, 27-31,
https://doi.org/10.1038/ja.2005.2.

Rida, S.M.; Ashour, F.A.; EI-Hawash, S.A.M.; EISemary, M.M.; Badr, M.H.; Shalaby, M.A. Synthesis of
some novel benzoxazole derivatives as anti-cancer, anti-HIV-1 and antimicrobial agents. Eur. J. Med. Chem.
2005, 40, 949-959, https://doi.org/10.1016/j.ejmech.2005.03.023.

Nakamura, T.; Okabe, S.; Yoshida, H.; lida, K.; Ma, Y.; Sasaki, S.; Yamori, T.; Shin-Ya, K.; Nakano, I.;
Nagasawa, K.; Seimiya, H. Targeting glioma stem cells in vivo by a G-quadruplex-stabilizing synthetic
macrocyclic hexaoxazole. Sci. Rep. 2017, 7, 3605, https://doi.org/10.1038/s41598-017-03785-8.
Abdel-Maksoud, M.S.; Ammar, U.M.; El-Gamal, M.l.; Gamal EI-Din, M.M.; Mersal, K.I.; Ali, EM.H.;
Yoo, K.H.; Lee, K.T.; Oh, C.H. Design, synthesis, and anti-cancer activity of imidazo[2,1-b]oxazole-based
RAF kinase inhibitors. Bioorg Chem. 2019, 93, 103349, https://doi.org/10.1016/j.bioorg.2019.103349.
Chikhale, R.; Thorat, S.; Choudhary, R.K.; Gadewal, N.; Khedekar, P. Design, synthesis and anti-cancer
studies of novel aminobenzazolyl pyrimidines as tyrosine kinase inhibitors. Bioorg. Chem. 2018, 77, 84-100,
https://doi.org/10.1016/j.bioorg.2018.01.008.

https://biointerfaceresearch.com/ 15 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/
https://doi.org/10.1097/cad.0000000000000653
https://doi.org/10.1186/s13065-018-0499-x
https://doi.org/10.3892/ijo.2018.4424
https://doi.org/10.1016/j.bmcl.2018.10.038
https://doi.org/10.1691/ph.2019.9664
https://doi.org/10.21873/anticanres.13092
https://doi.org/10.21873/anticanres.14824
https://doi.org/10.1021/acsmedchemlett.1c00219
https://doi.org/10.1002/jhet.4401
https://doi.org/10.1016/j.bioorg.2021.104913
https://doi.org/10.1080/10406638.2022.2030766
https://doi.org/10.1016/j.molstruc.2021.130036
https://doi.org/10.1038/ja.2005.2
https://doi.org/10.1016/j.ejmech.2005.03.023
https://doi.org/10.1038/s41598-017-03785-8
https://doi.org/10.1016/j.bioorg.2019.103349
https://doi.org/10.1016/j.bioorg.2018.01.008

https://doi.org/10.33263/BRIAC133.300

44,

45,

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Khusnutdinova, E.F.; Petrova, A.V.; Lobov, A.N.; Kukovinets, O.S.; Baev, D.S.; Kazakova, O.B. Synthesis
of C17-[5-methyl-1,3]-oxazoles by N-propargylation of triterpenic acids and evaluation of their cytotoxic
activity. Nat. Prod. Res. 2020, 28, 1-9, https://doi.org/10.1080/14786419.2020.1744139.

Singh, I.; Rani, R.; Luxami, V.; Paul, K. Synthesis of 5-(4-(1H-phenanthro[9,10-d]imidazol-2-
yl)benzylidene)thiazolidine-2,4-dione as promising DNA and serum albumin-binding agents and evaluation
of antitumor activity. Eur. J. Med. Chem. 2019, 166, 267-280, https://doi.org/10.1016/j.ejmech.2019.01.053.
Kachaeva, M.V.; Pilyo, S.G.; Demydchuk, B.A.; Prokopenko, V.M.; Zhirnov, V.V.; Brovarets V.S. 4-
Cyano-1,3-oxazole-5-sulfonamides as Novel Promising Anticancer Lead Compounds. Int. J. Curr. Res.
2018, 10, 69410-69425, http://www.journalcra.com/article/4-cyano-13-oxazole-5-sulfonamides-novel-
promising-anticancer-lead-compounds.

Kachaeva, M.V.; Pilyo, S.G.; Zhirnov, V.V.; Brovarets V.S. Synthesis, characterization, and in vitro anti-
cancer evaluation of 2-substituted 5-arylsulfonyl-1,3-oxazole-4-carbonitriles. Med. Chem. Res. 2019, 28,
71-80, https://link.springer.com/article/10.1007/s00044-018-2265-y.

Velihina, Y.S.; Kachaeva, M.V.; Pilyo, S.G.; Mitiukhin, O.P.; Zhirnov, V.V.; Brovarets, V.S. Synthesis,
Characterization, and In Vitro Anticancer Evaluation of 7-(1,4-Diazepan)-substituted [1,3]Joxazolo[4,5-
d]pyrimidines. Chem. Res. J. 2018, 3, 81-93,
https://www.researchgate.net/publication/333732106_Synthesis_Characterization_and_In_Vitro_Anticanc
er_Evaluation_of _7-14-Diazepan-_substituted 13oxazolo45-dpyrimidines.

Velihina, Ye.S.; Kachaeva, M.V.; Pilyo, S.G.; Mitiukhin, O.P.; Zhirnov, V.V.; Brovarets, V.S. Synthesis,
Characterization, and In Vitro Anticancer Evaluation of 7-(1,4-Diazepan)-substituted [1,3]Joxazolo[4,5-
d]pyrimidines. Chem. Res. J. 2018, 3, 81-93, https://doi.org/10.1007/s00044-058-2265-y.

Chervonyi, V.A.; Kharchenko, A.V.; Drach, B.S. Aryl 1-benzamido-2,2-dichlorovinyl sulfones. J. Org.
Chem. USSR (English Translation). 1988, 24, 401. (Old Russian Journal, issue not available in Internet,
available in offline library).

Mukaka, M.M. Statistics corner: A guide to appropriate use of correlation coefficient in medical research.
Malawi Med. J. 2012, 24, 69-71, PMID: 23638278,
https://www.ajol.info/index.php/mmj/article/view/81576.

Babii, S.B.; Zyabrev, V.S.; Drach, B.S. Conversion of N-(1-arylsulfonyl-2,2-dichloroethenyl)carboxamides
into derivatives of 4,5dimercaptooxazoles. Russ. J. Org. Chem. 2001, 37, 1149-1152,
https://doi.org/10.1023/A:1013196415680.

Wassermann, K.; Markovits, J.; Jaxel C.; Capranico, G.; Kohn, K.W.; Pommier, Y. Effects of morpholinyl
doxorubicins, doxorubicin, and actinomycin D on mammalian DNA topoisomerases | and Il. Mol.
Pharmacol. 1990, 38, 38-45, PMID: 2164630, https://pubmed.ncbi.nlm.nih.gov/2164630/.

Lau, D.H.; Duran, G.E.; Sikic, B.l. Characterization of covalent DNA binding of morpholino and
cyanomorpholino  derivatives of doxorubicin. J. Natl. Cancer Inst. 1992, 84, 1587-92,
https://doi.org/10.1093/jnci/84.20.1587.

Rozhin, J.; Ludwig, E.H.; Corombos, J.; Odden, D.; Horwitz, J.P.; Hughes, R.; Hughes, D.E.; Wilson, E.;
Brooks, S.C. Effects of 4-nitroestrone 3-methyl ether on dimethylbenz(a)anthracene-induced mammary
tumors. Cancer Res. 1983, 43, 2611-2617, https://doi.org/0008-5472/83/0043-0000%$02.00.

Shagufta, Irshad A. Tamoxifen a pioneering drug: An update on the therapeutic potential of tamoxifen
derivatives. Eur. J. Med. Chem. 2018, 143, 515-531, https://doi.org/10.1016/j.ejmech.2017.11.056.

Brandt, J.P.; Gerriets, V. Bleomycin [Updated 2021 Sep 5]. In:StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing, 2022 Jan, https://www.ncbi.nlm.nih.gov./books/NBK555895/.

Kohne, C.H.; Peters, G.J. UFT: mechanism of drug action. Oncology (Williston Park). 2000, 14, 13-18,
PMID:11098484, https://pubmed.nchi.nIm.nih.gov/11098484/.

Johnson, B.E.; Parker, R.; Tsai, C.M.; Baltz, J.; Miller, M.J.; Shoemaker, R.; Phelps, R.; Bastian, A.; Stocker,
J.; Phares, J. et al. Phase I trial of dihydrolenperone in lung cancer patients: a novel compound with in vitro
activity against lung cancer. Clinical Trial Invest New Drugs. 1993, 11, 29-37,
https://doi.org/10.1007/BF00873907.

Evison, B.J.; Sleebs, B.E.; Watson, K.G.; Phillips, D.R.; Cutts, S.M. Mitoxantrone, More than Just Another
Topoisomerase Il Poison. Med. Res. Rev. 2016, 36, 248-299, https://doi.org/10.1002/med.21364.

Hurley, L.H. DNA and its associated processes as targets for cancer therapy. Nat. Rev. Cancer, 2002, 2, 188-
200, https://doi.org/10.1038/nrc749.

Gillet, J.P.; Calcagno, A.M.; Varma, S.; Marino, M.; Green, L.J.; Vora, M.1.; Patel, C.; Orina, J.N.; Eliseeva,
T.A.; Singal, V.; Padmanabhan, R.; Davidson, B.; Ganapathi, R.; Sood, A.K.; Rueda, B.R.; Ambudkar, S.V.;

https://biointerfaceresearch.com/ 16 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/
https://doi.org/10.1080/14786419.2020.1744139
https://doi.org/10.1016/j.ejmech.2019.01.053
http://www.journalcra.com/article/4-cyano-13-oxazole-5-sulfonamides-novel-promising-anticancer-lead-compounds
http://www.journalcra.com/article/4-cyano-13-oxazole-5-sulfonamides-novel-promising-anticancer-lead-compounds
https://link.springer.com/article/10.1007/s00044-018-2265-y
https://www.researchgate.net/publication/333732106_Synthesis_Characterization_and_In_Vitro_Anticancer_Evaluation_of_7-14-Diazepan-_substituted_13oxazolo45-dpyrimidines
https://www.researchgate.net/publication/333732106_Synthesis_Characterization_and_In_Vitro_Anticancer_Evaluation_of_7-14-Diazepan-_substituted_13oxazolo45-dpyrimidines
https://doi.org/10.1007/s00044-058-2265-y
https://www.ajol.info/index.php/mmj/article/view/81576
https://doi.org/10.1023/A:1013196415680
https://pubmed.ncbi.nlm.nih.gov/2164630/
https://doi.org/10.1093/jnci/84.20.1587
https://doi.org/0008-5472/83/0043-0000$02.00
https://doi.org/10.1016/j.ejmech.2017.11.056
https://www.ncbi.nlm.nih.gov./books/NBK555895/
https://pubmed.ncbi.nlm.nih.gov/11098484/
https://doi.org/10.1007/BF00873907
https://doi.org/10.1002/med.21364
https://doi.org/10.1038/nrc749

https://doi.org/10.33263/BRIAC133.300

Gottesmana, M.M. Redefining the relevance of established cancer cell lines to the study of mechanisms of
clinical anti-cancer drug resistance. Proc. Natl. Acad. Sci. USA. 2011, 108, 18708-18713,
https://doi.org/10.1073/pnas.1111840108.

https://biointerfaceresearch.com/ 17 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/
https://doi.org/10.1073/pnas.1111840108

https://doi.org/10.33263/BRIAC133.300

Supplementary Material

.50 dmso

N 0O NNNCOONINTMAQR NS QN ! oo © o TNoanmy ® 0w
25880 aaaaRNRNRNE3838eennhnin NS LR S @
NNNNNNNNNNNNNNNNNNNNNNNNNNN g PR e 333
NN NN oooootee

NV [ =SS /

NNNNN

VA T T T T T T T T T T T T T T
8.a1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.0 4.5 4.0

60 55
f1 (Ma)

Figure S1. *H NMR spectrum of 4-(benzenesulfonyl)-5-isobutylsulfanyl-2-phenyl-1,3-oxazole (D1).

160.86
151.83
28.68
21.22

_-40.73
~39.82

A T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (mp)

Figure S2. 3C NMR spectrum of 4-(benzenesulfonyl)-5-isobutylsulfanyl-2-phenyl-1,3-oxazole (D1).
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Figure S3. 'H NMR spectrum of 4-(benzenesulfonyl)-2-phenyl-5-(4-tolylmethylsulfanyl)-1,3-oxazole (D2).
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Figure S4. C NMR spectrum of 4-(benzenesulfonyl)-2-phenyl-5-(4-tolylmethylsulfanyl)-
1,3-oxazole (D2).
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Figure S5. *H NMR spectrum of 4-(benzenesulfonyl)-5-[(4-fluorophenyl)methylsulfanyl]-2-phenyl-1,3-oxazole
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Figure S6. 3C NMR spectrum of 4-(benzenesulfonyl)-5-[(4-fluorophenyl)methylsulfanyl]-2-phenyl-1,3-

oxazole (D3).
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Figure S7. *H NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-1-(4-
chlorophenyl)ethanone (D4).
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Figure S8. 3C NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-1-(4-
chlorophenyl)ethanone (D4).
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Figure S9. *H NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide (D5)
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Figure S10. 3C NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-o0xazol-5-yl]sulfanylacetamide (D5).
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Figure S11. *H NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-cyclohexyl-
acetamide (D6)
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Figure S12. 13C NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-0xazol-5-yl]sulfanyl-N-cyclohexyl-
acetamide (D6).
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Figure S13. *H NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-0xazol-5-yl]sulfanyl-N-(4-
fluorophenyl)acetamide (D7).
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Figure S14. 3C NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
fluorophenyl)acetamide (D7).
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Figure S15. *H NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-0xazol-5-yl]sulfanyl-N-(4-
ethoxyphenyl)acetamide (D8).
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Figure S16. 3C NMR spectrum of 2-[4-(benzenesulfonyl)-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
ethoxyphenyl)acetamide (D8).
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Figure S17. *H NMR spectrum of 2-phenyl-5-methylsulfanyl-4-(4-tolylsulfonyl)-1,3-oxazole (D9).
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Figure S18. *C NMR spectrum of 2-phenyl-5-methylsulfanyl-4-(4-tolylsulfonyl)-1,3-oxazole (D9).
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Figure S19. *H NMR spectrum of 2-phenyl-5-propylsulfanyl-4-(4-tolylsulfonyl)-1,3-oxazole (D10).
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Figure S20. 3C NMR spectrum of 2-phenyl-5-propylsulfanyl-4-(4-tolylsulfonyl)-1,3-oxazole (D10).
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Figure S21. *H NMR spectrum of 5-benzylsulfanyl-2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazole (D11).
2 T E‘ 8 &
CHy
N j
No
/
o S\\©
|
|
‘ ' ‘
|
|
7 T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ma)

Figure S22. 3C NMR spectrum of 5-benzylsulfanyl-2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazole (D11).
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Figure S23. *H NMR spectrum of 2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-0xazol-5-yl]sulfanylacetamide (D12).
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Figure S24. 3C NMR spectrum of 2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-0xazol-5-yl]sulfanylacetamide (D12).
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Figure S25. *H NMR spectrum of N-(4-fluorophenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)1,3-oxazol-5-yl]sulfanyl-
acetamide (D13).
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Figure S26. 3C NMR spectrum of N-(4-fluorophenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)1,3-oxazol-5-yl]sulfanyl-
acetamide (D13).
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Figure S27. *H NMR spectrum of N-(4-ethoxyphenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazol-5-
yl]sulfanyl-acetamide (D14).
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Figure S28. 3C NMR spectrum of N-(4-ethoxyphenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-0xazol-5-
yl]sulfanyl-acetamide (D14).
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Figure S29. 'H NMR spectrum of N-(2,4-dimethoxyphenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazol-5-
yl]sulfanyl-acetamide (D15).

8 ¢ &8 38 ¢ IR BRABEIRG 2 - n o

AR R NN SoaNgmmo s o aR @ o

g 9 2 22 3 o0 2393999 S E B8 s ]

v VN Y [ \

CHy
O\j
5\0
s
/ R
o $ "\@\
~
o
° \
CHy
|
| ! ! | | J | | ‘
|

nl ' ' im ' l ‘ ” " " o TR B i

v e v T 4 e v Ax -
T T T T T T T T T T T T T T T T T ’
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ma)
Figure S30. 3C NMR spectrum of N-(2,4-dimethoxyphenyl)-2-[2-phenyl-4-(4-tolylsulfonyl)-1,3-oxazol-5-
yl]sulfanyl-acetamide (D15).
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Figure S31. 'H NMR spectrum of 5-ethylsulfanyl-4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazole (D16).
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Figure S32. 3C NMR spectrum of 5-ethylsulfanyl-4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazole (D16).
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Figure S33. F NMR spectrum of 5-ethylsulfanyl-4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazole (D16).
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Figure S34. *H NMR spectrum of 5-[(4-fluorophenyl)methylsulfanyl]-4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-
oxazole (D17).
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Figure S35. *C NMR spectrum of 5-[(4-fluorophenyl)methylsulfanyl]-4-(4-fluorophenyl)sulfonyl-2-phenyl-
1,3-oxazole (D17).
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Figure S36. *H NMR spectrum of 1-(4-chlorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-0xazol-5-
yl]sulfanyl-ethanone (D18).
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Figure S37. 3C NMR spectrum of 1-(4-chlorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-
yl]sulfanyl-ethanone (D18).
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Figure S38. *H NMR spectrum of 2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide
(D19).
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Figure S39. 3C NMR spectrum of 2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide
(D19).
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Figure S40. *F NMR spectrum of 2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide
(D19).
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Figure S41. 'H NMR spectrum of N-(4-fluorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-
yl]sulfanyl-acetamide (D20).
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Figure S42. 13C NMR spectrum of N-(4-fluorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-
yl]sulfanyl-acetamide (D20).
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Figure S43. °F NMR spectrum of N-(4-fluorophenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-
yl]sulfanyl-acetamide (D20).
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Figure S44. *H NMR spectrum of N-(4-ethoxyphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-

yl]sulfanyl-acetamide (D21).

https://biointerfaceresearch.com/ 39 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.300

NEEE 0 g MgEEenNN STEE
R88T R @ 98K IYNAS RIA 3 g g
] <+ A dooad0Y SNS T Q © e
8888 53 AEAA8388 8347 3 8 g
A NNV TN

T T T T T T T T T T T T T T T T T T

.80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (M)
Figure S45. 3C NMR spectrum of N-(4-ethoxyphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-
yl]sulfanyl-acetamide (D21).
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Figure S46. *°F NMR spectrum of N-(4-ethoxyphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-
yl]sulfanyl-acetamide (D21).
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Figure S47. *H NMR spectrum of N-(3,5-dimethylphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-
5-yl]sulfanyl-acetamide (D22).
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Figure S48. 3C NMR spectrum of N-(3,5-dimethylphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-
5-yl]sulfanyl-acetamide (D22).
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Figure S49. F NMR spectrum of N-(3,5-dimethylphenyl)-2-[4-(4-fluorophenyl)sulfonyl-2-phenyl-1,3-oxazol-
5-yl]sulfanyl-acetamide (D22).
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Figure S50. *H NMR spectrum of 2-[4-(4-chlorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(2,4-
dimethoxyphenyl)-acetamide (D23).
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Figure S51. 3C NMR spectrum of 2-[4-(4-chlorophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(2,4-
dimethoxyphenyl)-acetamide (D23).
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Figure S52. 'H NMR spectrum of 4-(4-bromophenyl)sulfonyl-5-methylsulfanyl-2-phenyl-1,3-oxazole (D24).
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Figure S53. 3C NMR spectrum of 4-(4-bromophenyl)sulfonyl-5-methylsulfanyl-2-phenyl-1,3-oxazole (D24).
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Figure S54. 3C NMR spectrum of 4-(4-bromophenyl)sulfonyl-5-isopropylsulfanyl-2-phenyl-1,3-oxazole
(D25).
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Figure S55. *H NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-1-phenyl-
ethanone (D26).
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Figure S56. *C NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-1-phenyl-
ethanone (D26).
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Figure S57. *H NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide
(D27).
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Figure S58. 3C NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanylacetamide
(D27).
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Figure S59. *H NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-

cyclohexyl-acetamide (D28).
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Figure S60. *C NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-
cyclohexyl-acetamide (D28).

https://biointerfaceresearch.com/ 47 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.300

©
°
o}
@
b
o a
<= Mo ROUTN—LOa®MNNDONN® o o
=] QRRRRROONMNNN YT A o 0
= NNNRNNNNN NNNNNNKN < o

a4

c

=
A T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.
f1 (mp)

Figure S61. *H NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
fluorophenyl)-acetamide (D29).
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Figure S62. 3C NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
fluorophenyl)-acetamide (D29).
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Figure S63. °F NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
fluorophenyl)-acetamide (D29).
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Figure S64. *H NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
ethoxyphenyl)-acetamide (D30).

https://biointerfaceresearch.com/ 49 of 53


https://doi.org/10.33263/BRIAC133.300
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.300

— 164.94
— 161.10

— 114.46
63.08
36.69
14.66

T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ma)

Figure S65. *C NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(4-
ethoxyphenyl)-acetamide (D30).
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Figure S66. *H NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(2,4-
dimethoxyphenyl)-acetamide (D31).
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Figure S67. 3C NMR spectrum of 2-[4-(4-bromophenyl)sulfonyl-2-phenyl-1,3-oxazol-5-yl]sulfanyl-N-(2,4-
dimethoxyphenyl)-acetamide (D31).
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Figure S68. *H NMR spectrum of 4-(benzenesulfonyl)-5-methylsulfanyl-2-(4-tolyl)-1,3-oxazole (D32).
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Figure S69. 3C NMR spectrum of 4-(benzenesulfonyl)-5-methylsulfanyl-2-(4-tolyl)-1,3-oxazole (D32).
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Figure S70. *H NMR spectrum of 2-[4-(benzenesulfonyl)-2-(4-tolyl)-1,3-oxazol-5-yl]sulfanylacetamide (D33).
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Figure S71. 3C NMR spectrum of 2-[4-(benzenesulfonyl)-2-(4-tolyl)-1,3-0xazol-5-yl]sulfanylacetamide (D33).
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