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Abstract

In this study, a new series of anthracene-9-sulfonyl derivatives incorporated with different heterocyclic moieties were
synthesized and screened for their in vitro anticancer activity against colon carcinoma cell lines (HCT-116), hepatic
carcinoma cell lines (HepG 2) and breast carcinoma cell lines (MCF-7). Among them, compound 4-acetylphenyl anthracene-
9-sulfonate (8) showed selective high cytotoxic activity over colon carcinoma cell lines (HCT-116), also compounds 2-
(anthracen-9-ylsulfonyl)malononitrile  (7), N-(4-fluorophenyl)anthracene-9-sulfonamide (5b) and N-((1H-benzo[d]imidazol-2-
ylmethyl)anthracene-9-sulfonamide (10) showed the significant selective cytotoxic effect over breast carcinoma cell lines
(MCF-7). All the compounds are subjected to explore their safety on normal human skin cell lines (BJ-1), the results revealed
that all the compounds are safe and have insignificant weak cytotoxicity over normal human cells.

Keywords: Anthracene-9-sulfonyl. Anticancer. HCT-116 cells. HepG 2 cells. MCF-7 cells.

1. Introduction

Anthracene is the simplest tricyclic aromatic
compound, consisting of three fused benzene rings.
Anthracene exhibit promising biological activities [1-
4] .Anthracene derivatives have a broad range of
biological activities for example, anti-inflammatory
[5], antibacterial [6-9] ,antifungal [9] and anticancer
activity [10-20]. Also anthracene was reported to be
active against specific skin ailments [21]. Three-ring
system of the anthracene has potential for
overlapping with the DNA base pairs.[22]. Many-
sided chemistry of anthracene provides a suitable
route to synthesis a number of closely related
derivatives [23]. In the present study, we studied the

anticancer activity of synthesized compounds (1-13)
against colon carcinoma cell lines (HCT-116),
hepatic carcinoma cell lines (HepG 2) and breast
carcinoma cell lines (MCF-7).

Experimental Section

Chemistry

All melting points are uncorrected and were taken in
open capillary tubes using Electrothermal apparatus
9100. Elemental microanalyses were carried out at
Microanalytical Unit, Central Services Laboratory,
National Research Centre, Dokki, Cairo, Egypt, using
VarioElementar and were found within £0.4% of the
theoretical values. Infrared spectra were recorded on
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a FT/IR- 4100 Jasco-Japan, Fourier transform,
Infrared spectrometer at cm™ scale using KBr disc
technique at Central Services Laboratory, National
Research Centre, Dokki, Cairo, Egypt. *H NMR and
3C NMR spectra were determined by using a JEOL
AS-500 NMR spectrometer at Central Services
Laboratory, National Research Centre, Dokki, Cairo,
Egypt. Varian Gemini200-Oxford 300 MHz and
Merury Plus-Oxford 400 MHz at Ministry of defense,
Chemical Warfare Department, The Main Chemical
Warfare Laboratories, Cairo, Egypt. Chemical shifts
were expressed in & (ppm) downfield from
tetramethylsilane as an internal standard. The mass
spectra were measured with a GC MSQp1000EX
Shimadzu, Cairo University, Cairo, Egypt, and with a
Finnigan MAT SSQ-7000 mass spectrometer at
Central Services Laboratory, National Research
Centre, Dokki, Cairo, Egypt. Follow up of the
reactions and checking the purity of the compounds
were made by thin layer chromatography on silica
gel-precoated aluminium sheets (Type 60, F 254,
Merck, Darmstadit, Germany) using
chloroform/methanol (20:2, v/v), and the spots were
detected by exposure to UV lamp at A254 nanometer
for few seconds and by iodine vapor.

(Anthracen-9-ylsulfonyl)glycine (2)

To a mixture of 1 (2.76 g, 0.01 mol) and glycine
(0.75 g, 0.01 mol) in dioxane (10 mL), aqueous
saturated sodium carbonate was added drop wise
until pH=7.5-8. After stirring for 0.5 h, the mixture
was acidified with 1N hydrochloric acid and the
precipitated solid was filtered and washed with water
and recrystallized from DMF to give 2.

Yield: 85%; M.p. 130-132°C. IR spectrum (KBr, v,
cm™): 3407 (OH), 3044 (NH), 1679 (C=0). *H NMR
(DMSO-dg) &: 4.6 (s, 2H, CH,), 7.1-8.1 (m, 9H, Ar-
H), 9.3 (s, 1H, 1NH, D,0 exchangeable), 13.0 (s, 1H,
10H, D,O exchangeable). **C NMR (DMSO-dg): &
20.5,20.5,48.2,1245,124.7,124.7,126.1, 126.1,
126.1, 126.1, 126.8, 126.8, 131.3, 131.3, 132.6,
170.3. MS: m/z = 315 (10%) (M™); Anal. Calcd. For
C1sH13sNO,S (315.34): C, 60.94; H, 4.16; N, 4.44 %;
found: C, 58.54; H, 5.13; N, 3.99%.

1-(Anthracen-9-ylsulfonyl)-2-thioxoimidazolidin-4-
one (3)

A mixture of 2 (6.3 g, 0.02 mol), acetic anhydride
(6.1 mL, 0.06 mol), anhydrous pyridine (15 mL) and
ammonium thiocyanate (2.2 g, 0.03 mol) was heated
to 110 °C for 1 h. The volatiles were removed and
the residue was suspended in water (100 mL) and
stirred for 1 h. The soild formed was filtered, washed
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with water and recrystallized from DMF/ H,0 to give
3.

Yield: 70%; M.p. 255-257°C. IR spectrum (KBr, v,
cm™): 3222 (NH), 1691 (C=0). "H NMR (DMSO-dg)
8: 4.2 (s, 2H, CH,), 7.3-7.9 (m, 9H, Ar-H), 12.0 (s,
1H, 1NH, D,0 exchangeable). **C NMR (DMSO-ds):
§20.1,20.3,48.5,1242,124.6,124.7,124.9, 126 .2,
126.3, 126.4, 127.1, 127.5, 131.2, 132.6, 137.5,
1745, 175.6. MS: m/z = 356 (9%) (M™); Anal.
Calcd. For C;;H;,N,03S, (356.41): C,57.29; H, 3.39;
N, 7.86%; found: C, 57.03; H, 3.15; N, 7.61%.

(Anthracen-9-ylsulfonyl)glycinoyl chloride (4)

A mixture of compound 2 (0.31 g, 0.001 mol) and an
excess of thionyl chloride (10 mL) was refluxed for 1
h, then the excess thionyl chloride was evaporated.
The solid obtained was collected, washed several
times with dry benzene and recrystallized from
acetone to give 4.

Yield: 60%; M.p. > 300°C. IR spectrum (KBr, v, cm’
1): 3223 (NH), 1689 (C=0). "H NMR (DMSO-ds) &:
4.3 (s, 2H, CH,), 7.5-8.6 (m, 9H, Ar-H), 9.3 (s, 1H,
1NH, D,0 exchangeable). **C NMR (DMSO-dg): &
21.1,21.3,45.6,123.7,123.7, 125.9, 125.8, 125.6,
126.5, 126.8, 129.1, 129.3, 131.3, 131.4, 133.0,
162.5. MS: m/z = 333 (4%) (M), m/z = 335 (6%)
(M¥+2); Anal. Calcd. For C;5H;,CINO;S (333.79):
C, 57.57; H, 3.62; N, 4.20%; found: C, 57.45; H,
3.35; N, 5.13%.

N-(substituted)anthracene-9-sulfonamide 5(a, b)

A mixture of 1 (2.76 g, 0.01 mol) and derivatives of
amines namely: 4-aminoantipyrine and 4-
fluoroaniline (0.01 mol) in absolute ethanol (20 mL)
containing triethylamine (1 mL) was stirred for 3 h at
room temperature. The formed precipitate was
filtered off, washed with water, dried and
recrystallized from ethanol-dioxane mixture to give
5(a, b).

N-(1,5-dimethyl-3-0x0-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)anthracene-9-sulfonamide (5a).
Yield: 80%; M.p. 159-161°C. IR spectrum (KBr, v,
cm™): 3185 (NH), 1692 (C=0). "H NMR (DMSO-ds)
3: 2.2 (s, 3H, CHa), 3.2 (s, 3H, CH; of N-CH3), 7.1-
85 (m, 14H, Ar-H), 9.1 (s, 1H, 1INH, D,0
exchangeable). *C NMR (DMSO-dg):  13.3, 33.9,
1145, 1224, 123.4, 123.9, 124.2, 1245, 124.6,
1248, 127.3, 127.5, 127.6, 127.8, 128.2, 128.6,
129.1, 129.2 ,129.7 , 130.9, 132.1, 132.6 , 133.3,
136.5, 161.6. MS: m/z = 443 (20%) (M™); Anal.
Calcd. For CysHp N;O5S (443.52): C, 67.70; H, 4.77;
N, 9.47%; found: C, 67.52; H, 4.26; N, 9.24%.
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N-(4-fluorophenyl)anthracene-9-sulfonamide (5b).
Yield: 70%; M.p. 244-246°C. IR spectrum (KBr, v,
cm™): 3222 (NH). *H NMR (DMSO-dg) &: 6.8-7.9
(m, 13H, Ar-H), 102 (s, 1H, 1NH, D,O
exchangeable). **C NMR (DMSO-dq): 5 114.3, 1149,
117.2, 117.6, 123.2, 123.4, 123.8, 123.9, 126 .4,
126.5, 126.6, 126.8, 127.3, 127.8, 129.8, 132.0,
132.3, 133.9, 136.8, 156.5. MS: m/z = 351 (89%)
(M™); Anal. Calcd. For C,oH;,FNO,S (351.40): C,
68.36; H, 4.02; N, 3.99%; found: C, 68.26; H, 3.85;
N, 3.70%.

Anthracene-9-sulfonohydrazide (6)

A mixture of 1 (2.76 g, 0.01 mol) and hydrazine
hydrate (0.015 mol) in ethanol (30 mL) was refluxed
for 8 h. The solid formed after cooling was filtered
off and recrystallized from DMF to give 6.

Yield: 65%; M.p. 213-215°C. IR spectrum (KBr, v,
cm™): 3405, 3286 (NH,), 3185 (NH). ‘H NMR
(DMSO-dg) 6: 3.7 (s, 2H, NH,, D,0 exchangeable),
6.9-7.9 (m, 9H, Ar-H), 11.2 (s, 1H, 1NH, D,0
exchangeable). *C NMR (DMSO-dg):  20.2, 20.3,
125.1, 125.8, 125.7, 125.6, 125.4, 127.6, 127.5,
129.8, 129.8, 131.8, 131.9, 134.2. MS: m/z = 272
(19%) (M7); Anal. Calcd. For CyHi,N,0,S
(272.32): C, 61.75; H, 4.44; N, 10.29%; found: C,
61.50; H, 5.10; N, 10.08%.

2-(Anthracen-9-ylsulfonyl)malononitrile (7)

A mixture of 1 (2.76 g, 0.01 mol) and malononitrile
(0.6 g, 0.01 mol) in dry ethanol (20 mL) containing
triethylamine (1 mL) was refluxed for 3 h. The solid
formed was filtered off, washed with water, dried and
recrystallized from DMF/ EtOH to give 7.

Yield: 85%; M.p. > 300°C. IR spectrum (KBr, v, cm’
H: 2261, 2209 (2C=N). *H NMR (DMSO-d;) §: 5.1
(s, 1H, CH), 7.1-8.1 (m, 9H, Ar-H). **C NMR
(DMSO-dg): 6 55.2, 114.5, 1149, 124.2, 1243,
124.6, 124.8, 127.2, 127.3, 1275, 127.6, 128.5,
128.9, 130.6, 131.5, 131.6, 134.9. MS: m/z = 306
(14%) (M™); Anal. Calcd. For C;;H;oN,0,S
(306.34): C, 66.65; H, 3.29; N, 9.14%; found: C,
66.48; H, 3.13; N, 9.05%.

4-Acetylphenyl anthracene-9-sulfonate (8)

A mixture of 1 (2.76 g, 0.01 mol) and p-
hydroxyacetophenone (1.36 g, 0.01 mol) in pyridine
(40 mL) was heated under reflux for 5 h. The mixture
was poured into ice water containing few drops of
HCL. The solid product was filtered and
recrystallized from ethanol to give 8. Yield: 75%;
M.p. 243-245°C. IR spectrum (KBr, v, cm™): 1663
(C=0).'H NMR (DMSO-dg) &: 2.6 (s, 3H, CHy), 7.1-
8.1 (m, 13H, Ar-H). **C NMR (DMSO-dq): 5 27.6,
126.2, 126.3, 126.5, 126.8, 128.3, 128.3, 128.4,
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128.6, 128.7, 128.9, 129.2, 129.5, 129.6, 129.7,
130.6,133.4,133.6,137.8,142.3,147.3,198.1. MS:
m/z = 376 (18%) (M™); Anal. Calcd. For C,,H;50,S
(376.43): C, 70.20; H, 4.28%; found: C, 69.89; H,
4.14%.

N'-isonicotinoylanthracene-9-sulfonohydrazide (9)
A mixture of 1 (2.76 g, 0.01 mol) and isonicotinic
hydrazide (1.37 g, 0.01 mol) in absolute ethanol (20
mL) containing triethylamine (1 mL) was stirred for 3
h at room temperature. The formed precipitate was
filtered, washed with water, dried and recrystallized
from DMF to give 9. Yield: 85%; M.p. 164-166°C.
IR spectrum (KBr, v, cm™): 3100, 3045 (2NH), 1661
(C=0). 'H NMR (DMSO-ds) &: 6.8-7.9 (m, 13H, Ar-
H), 9.1, 11.3 (2s, 2H, 2NH, D,0 exchangeable). **C
NMR (DMSO-dg): & 121.5, 121.6, 124.3, 124.4,
1245, 124.6, 127.2, 127.3, 1275, 127.6, 127.8,
127.9, 129.1, 131.3, 131.5, 136.5, 139.3, 149.7,
149.8, 165.8. MS: m/z = 377 (8%) (M™); Anal.
Calcd. For CyoH15N3;0,S(377.42): C, 63.65; H, 4.01;
N, 11.13%; found: C, 63.48; H, 4.65; N, 10.89%.

N-((1H-benzo[d]imidazol-2-yl)methyl)anthracene-9-
sulfonamide (10)

Solution of 4 (0.33 g, 0.001 mol) in dry benzene (20
mL) and o-phenylenediamine (0.10 g, 0.001 mol)
were refluxed for 30 min. The solid obtained was
filtered and washed with cold water and then
recrystallized from ethanol-dioxane mixture to give
10.

Yield: 85%; M.p. 198-200°C. IR spectrum (KBr, v,
cm™): 3288, 3200 (2NH). "H NMR (DMSO-dg) 8: 4.1
(s,2H, CH,), 6.9-8.1 (m, 13H, Ar-H), 10.5, 12.1 (2s,
2H, 2NH, D,0 exchangeable). **C NMR (DMSO-dy):
0 432, 116.3, 116.5, 122.2, 122.6, 124.2, 124.3,
1245, 124.6, 127.3, 127.4, 127.6, 127.8, 127.9,
128.0, 129.3, 131.6, 131.7, 136.5, 137.4, 137.8,
142.5. MS: m/z = 387 (8%) (M™); Anal. Calcd. For
C,,H17N30,S (387.46): C, 68.20; H, 4.42; N, 10.85%;
found: C, 68.09; H, 4.20; N, 10.74%.

N,N'-(1,4-phenylene)bis(2-(anthracene-9-
sulfonamido)acetamide) (11)

Solution of 4 (0.66 g, 0.002 mol) in dry benzene (20
mL) and benzene-1,4-diamine (0.10 g, 0.001 mol)
were refluxed for 30 min. The solid obtained was
filtered and washed with cold water then
recrystallized from DMF to give 11.

Yield: 70%; M.p. 105-107°C. IR spectrum (KBr, v,
cm™): 3225, 3200, 3190, 3150 (4NH), 1687, 1675
(2C=0). 'H NMR (DMSO-ds) 8: 4.1 (s, 4H, 2CH,),
7.1-8.9 (m, 22H, Ar-H), 9.5, 10.0 (2s, 2H, 2NH, D,0
exchangeable). *C NMR (DMSO-de): & 43.5, 44.1,
122.3, 1224, 1225, 122.7, 123.3, 123.4, 1235,
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123.6, 123.7, 123.8, 123.9, 1241, 126.1, 126.2,
126.3, 126.3, 126.4, 126.5, 126.5, 126.7, 128.1,
128.4, 128.4, 128.6, 129.7, 129.8, 133.2, 133.6,
132.7, 132.7, 134.2, 134.2, 136.8, 136.9, 167.5,
167.5. MS: m/z =702 (29%) (M™); Anal. Calcd. For
CagH3oN,OgS, (702.80): C,64.94; H, 4.30; N, 7.97%);
found: C, 64.82; H, 4.17; N, 7.83%.

N,N*-([1,1'-biphenyl]-4,4'-diyl)bis(2-(anthracene-9-
sulfonamido)acetamide) (12)

Solution of 4 (0.66 g, 0.002 mol) in dry benzene (20
mL) and benzidine (0.18 g, 0.001 mol) were refluxed
for 30 min. The solid obtained was filtered and
washed with cold water and then recrystallized from
DMF to give 12.

Yield: 65%; M.p. 209-211°C. IR spectrum (KBr, v,
cm™): 3083, 3033, 3000, 2920 (4NH), 1691, 1687
(2C=0). 'H NMR (DMSO-ds) &: 4.3 (s, 4H, 2CH,),
6.9-8.4 (m, 26H, Ar-H), 8.9, 11.0 (2s, 2H, 2NH, D,0
exchangeable). "*C NMR (DMSO-d): 5 44.4 ,44.5 ,
118.2, 118.3, 118.3, 118.5, 124.2, 124.3, 124.5,
1245, 124.6, 124.6, 124.7, 124.9, 127.1, 127.1,
127.3, 1274, 127.4, 1275, 127.6, 127.6, 127.7,
127.8, 127.8, 127.8, 127.9, 127.9, 128.1, 128.1,
129.4, 129.6 , 131.5, 131.6, 131.7, 131.7, 135.6,
135.7,135.8,135.8,138.2,139.2,169.1, 169.2. MS:
m/iz = 779 (35%) (M7+1); Anal. Calcd. For
Cu4H34N4O6S, (778.90): C,67.85; H, 4.40; N, 7.19%;
found: C, 67.74; H, 4.28; N, 7.09%.

2-(Anthracene-9-sulfonamido)-N-(4-
sulfamoylphenyl)acetamide (13)

Solution of 4 (0.33 g, 0.001 mol) in dry benzene (20
mL) and 4-aminobenzenesulfonamide (0.17 g, 0.001
mol) were refluxed for 30 min. The solid obtained
was filtered and washed with cold water then
recrystallized from dioxane to give 13.

Yield: 70%; M.p. 210-212°C. IR spectrum (KBr, v,
cm™): 3405, 3286 (NH,), 3185, 3100 (2NH), 1691
(C=0). 'H NMR (DMSO-dg) &: 4.1 (s, 2H, CH,), 6.8
(s, 2H, NH,, D,O exchangeable), 6.9-7.8 (m, 13H,
Ar-H), 9.2, 10.1 (2s, 2H, 2NH, D,0 exchangeable).
13C NMR (DMSO-dg): 6 45.2,118.2, 118.6, 124.2,
124.3, 124.6, 124.7, 127.2, 127.4, 127.6, 127.8,
128.1, 128.8, 129.3, 129.4, 129.9, 133.2, 133.5,
135.6, 137.2, 141.5, 169.3. MS: m/z = 469 (26%)
(M™); Anal. Calcd. For C,,H;gN;05S, (469.53): C,
56.28; H, 4.08; N, 8.95%; found: C, 56.08; H, 3.99;
N, 8.65%.

Pharmacology (Cell lines):

Colon carcinoma cell lines (HCT-116), hepatic
carcinomacell lines (HepG 2), breast carcinoma cell
lines (MCF-7) and BJ-1 “A telomerase-immortalized
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normal foreskin fibroblast cell line were obtained
from Karolinska Center, Department of Oncology
and Pathology, Karolinska Institute and Hospital,
Stockholm, Sweden.

Cell viability assay:

Procedure was done accordingto [24], the cells were
seeded at concentration of 10x10° cells per well in
case of HepG 2 and MCF-7 , 20x10° cells/well in
case of HCT-116 cell lines and 40 x10° cells/well in
a fresh complete growth medium in case of BJ-1
using 96-well microtiter plastic plates at 37 °C for 24
hours under 5% CO, in a water jacketed carbon
dioxide incubator. DMSO was used as negative
control, Doxorubicin as positive control. After 48
hours’ incubation, the medium was aspirated and
then MTT salt were added to each well and incubated
for further four hours at 37 °C under 5% CO,. To stop
the reaction and dissolve the formed crystals, 10%
sodium dodecyl sulphate (SDS) was added to each
well and incubated owernight at 37 °C. The
absorbance was measured using a microplate multi-
well reader at 595 nm and a reference wave length of
690 nm. Cell viability was assessed according to the
mitochondrial- dependent reduction of yellow MTT
(3-(4, 5-dimethylthiazol-2-yl)-2, 5- diphenyl
tetrazolium bromide) to purple formazan.

Results and discussion

Chemistry

Anthracene-9-sulfonyl chloride 1 synthesized as the
reported method [25]. Acylation of glycine with
compound 1 in the presence of aqueous saturated
sodium carbonate gave Compound 2 according to the
method [26]. (Scheme 1). *H NMR for compound 2
confirmed the proposed structure due to the
appearance of asinglet at 9.3 and 13.0 due to NH and
OH in compound 2, respectively. Treatment of the
latter compound with ammonium thiocyanate and
acetic anhydride in the presence of anhydrous
pyridine led to the formation of compound 3
according to the method [26]. Also compound 2
reacted with acetic anhydride and thionyl chloride to
give compound 4 as the reported method [27].
(Scheme 1). Characteristic IR bands provide
significant indication for the formation of compounds
3 and 4, for example the disappearance of (OH)
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indicates the formation of compounds 3 and 4.
Compounds (5a, b), 6, 7 and 9 prepared by the
reaction of compound 1 with 4-aminoantipyrine, 4-
fluoroaniline, hydrazene hydrate, malononitrile and
isonicotinic hydrazide, respectively, according to

the method [28]. (Scheme 2).
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Scheme 2. Synthesis of anthracene-9-sulfonyl
derivatives 5-9
Also compound 8 prepared by the reaction of

compound 1 with p-hydroxyacetophenone as the
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reported method. [29]. (Scheme 2). *H NMR for
compounds (5a, b) and 6 confirmed the proposed
structure due to the appearance of a singlet at 9.1,
10.2 and 11.2 due to NH, respectively. IR spectrum
of compound 7 showed band at 2261, 2209 due to the
presence of (2C=N). Also the appearance of the
characteristic band at 1663 and 1661 due to the
presence of (C=0) in compounds 8 and 9,
4  with o-
phenylenediamines gave compound 10 as reported
method [27] where 2NH proton resonated at 10.5 and

12.1 ppm. (Scheme 3). Treatment of acid chloride 4

respectively.  Condensation  of

with benzene-1,4-diamine and/or benzidine gave the
corresponding derivatives 11 and 12 according to the
method. [27]. (Scheme 3).

H

O

o [o]

Il \ ]
O=S—NH N $=0

I
. HN
w‘
o

‘ 0
SO,NH,
SO,NH,
NH,
oo 8/ "
NH, H,N

SO,NHCH,COCI

/
{
> HN" S0
lIN*C\\
; :
“
NH N 20
=% U D
[} k\‘lH
2
i
! R,

Scheme 3. Synthesis of anthracene-9-sulfonyl derivatives 10-13
Confirmation of the synthesized compounds 11 and
12 was done using *H NMR spectroscopic data. For
example appearance of a multipletat 7.1-8.9 and 6.9-
8.4 due to 22H and 26H of Ar-H in compounds 11
and 12, respectively. When acid chloride 4 was
treated with sulfanilamide, it gave the corresponding
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Table 1: In vitro cytotoxicity percent of 14 _ safe and have insignificant weak cytotoxicity over
compounds, at concentration 100 pg/ml. the result is

an average of 3 replicate. normal human cells. Compounds 7, 5b, 10, and 8

Compounds  HepG2 HCT-116  MCF-7 which possessed high cytotoxic activity over 70%
1 3.8% 34.2% 64.1% were further screened at different concentrations at
2 3.5% 31.8% 45.9% their corresponding cell line ranged from (100-12.5
3 12.9% 53.3% 68.8% ppm) to calculate their LCs, values as shown in
4 9.6% 8.3% 59.7% Figure 2 & 3.

%2 4.8% 23.9% 63.4% From Figures 2 & 3, compounds 7, 5b, and 10
5b 29% 25% 89.8% showed significant potentiality in a dose-dependent
6 10.7% 43.2% 37.5% manner with LCs, 34.7+£0.4, 49.6+0.7 and 20%.06,
! 3.5% 34.3% 93.4% respectively. Where, Doxorubicin LCs, on MCF-7 =
8 3.5% 2% 43.4% 26.1(+1.3). While compound 8 showed LCs, 68+1.2
9 40.7% 36.1% 46.2% on colon HCT-116 cell lines Figure 3. While,
10 6.51% 40.8% 856% Doxorubicin LCsy = 37.6(x1.5).

11 17.9% 2.6% 15.7%

12 20.8% 7.9% 39.3% 1

13 5.6% 39% 57.7% -

Doxorubicin  99.5% 98% 99%

Cytotoxic activity %

60 1
o Lt HHH
sulfanilamide 13 as reported method [27]. (Scheme 20 II i

3). Characteristic IR bands provide significant .

o <
—

Compounds Number

M HepG
j T-116
PN

11 =
127 Pt

=~

indication for the formation of compound, the

Joxorubian

appearance of the characteristic band at 3405, 3286
due to the presence of (NH,) in compound 13.

Pharmacology Fig 1: Anticancer activity of novel compounds
According to our results, all the compounds gave

weak cytotoxic effects on the hepatic cell lines

(HepG 2) ranged from 3.5-40.7%. While compound 8 : \ =

showed selective high cytotoxic activity (72%) over ki 3

coloncarcinomacell lines (HCT-116), while the rest S bl :

of the compounds had weak to moderate activity ;

ranged from 2.6- 53.3%. For breast carcinoma cell

lines (MCF-7), compounds 7, 5b, and 10 showed the g cm..m

significant selective cytotoxic effect with 93.4, 89.8 it

and 85.6% respectively as shown in Table 1 & Fig 2: Compounds 7, 5b and 10 cytotoxic activities over breast
Figure 1. All the compounds are subjected to explore carcinoma cell lines (MCF-7) at different concentrations, the result is an
their safety on normal human skin cell lines (BJ-1), average of 3 replicate.

the results revealed that all the compounds (1-13) are

Egypt. J. Chem. 63, No. 11 (2020)
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HCT-116

cytotoxk
mctivity %

100 5

concentrations

Fig 3: Compound 8 cytotoxic activity over colon carcinoma
cell lines (HCT-116) at different concentrations, the result
is an average of 3 replicate.

Conclusion

The purpose of the present work is the synthesis of
new anthracene-9-sulfonyl derivatives, which are
projected to show potent anticancer activity. Thus,
the parent anthracene-9-sulfonyl chloride 1 was
subjected to a series of various reactions to get the
target compounds. In vitro cytotoxic evaluation of all
the nowel anthracene-9-sulfonyl derivatives against
colon carcinoma cell lines (HCT-116), hepatic
carcinoma cell lines (HepG 2) and breast carcinoma
cell lines (MCF-7). The activity profile revealed that
the compounds containing p-acetyl phenyl-sulfonate,
cyano group, p-flurophenyl and benzimidazole ring
have exerted a highly potent activity.

Conflict of interests: The authors declare that they
have no conflict of interest

References

1. Boopathy, M., et al., Synthesis and evaluation of
polyacrylamides derived from polycyclic pendant
naphthalene, indole, and phenothiazine based
chalcone moiety as potent antimicrobial agents.
Polymers for Advanced Technologies, 2017.
28(6): p. 717-727.

Egypt. J. Chem. 63, No. 11 (2020)

. Debbab, A,, etal., New Anthracene Derivatives —

Structure Elucidation and Antimicrobial Activity.
European Journal of Organic Chemistry, 2012.
2012(7): p. 1351-1359.

. Kouam, S.F., et al., Prenylated anthronoid

antioxidants from the stem bark of Harungana
madagascariensis. Phytochemistry, 2005. 66(10):
p. 1174-1179.

. Mullowney, M.W., et al., Diaza-anthracene

Antibiotics from a Freshwater-Derived
Actinomycete with Selective Antibacterial Activity
toward Mycobacterium tuberculosis. ACS
Infectious Diseases, 2015. 1(4): p. 168-174.

. Maryanoff, B.E. and M.J. Costanzo, Inhibitors of

proteases and amide hydrolases that employ an
alpha-ketoheterocycle as a key enabling
functionality. Bioorg Med Chem, 2008. 16(4): p.
1562-95.

. Bondock, S., W. Fadaly, and M.A. Metwally,

Enaminonitrile in  heterocyclic synthesis:
synthesis and antimicrobial evaluation of some
new pyrazole, isoxazole and pyrimidine
derivativesincorporating a benzothiazole moiety.
Eur J Med Chem, 2009. 44(12): p. 4813-8.

. Kim, M.-G., E.-Y. Jeong, and H.-S. Lee,

Antimicrobial effects of anthracene and its
derivatives againstintestinal bacteria. Journal of
the Korean Society for Applied Biological
Chemistry, 2009. 52(4): p. 327-330.

. Staneva, D., etal., Synthesis, characterization and

in vitro antimicrobial activity of a new fluorescent
tris-benzo[de]anthracen-7-one and its Cu(ll)
complex. Tetrahedron, 2016. 72.



4224 Walaa S. G. Elserwy et.al.

9. Prakash, G., etal., The effect of anthracene-based
chalcone derivatives in the resazurin dye
reduction assay mechanisms for the investigation
of Gram-positive and Gram-negative bacterial
and fungal infection. New Journal of Chemistry,
2018.42(2): p. 1037-1045.

10.Bindu, PJ., K.M. Mahadevan, and T.R.
Ravikumar Naik, An efficient one-pot synthesis
and photoinduced DNA cleavage studies of 2-
chloro-3-(5-aryl-4,5-dihydroisoxazol-3-
yDguinolines. Bioorganic &amp; medicinal
chemistry letters, 2012. 22(19): p. 6095-6098.

11.Al-Dosari, M.S,, et al., Synthesis and anticancer
activity of some novel trifluoromethylquinolines
carrying a biologically active
benzenesulfonamide moiety. European journal of

medicinal chemistry, 2013. 69: p. 373-383.

12.Sankaran, M., et al., Synthesis, antioxidant and
toxicological study of novel pyrimido quinoline
derivatives from 4-hydroxy-3-acyl quinolin-2-one.
Bioorganic & medicinal chemistry letters, 2010.
20: p. 7147-51.

13.Zagotto, G., et al., New 1,4-Anthracene-9,10-
dione Derivatives as Potential Anticancer Agents.
Farmaco (Societa chimica italiana : 1989), 2000.
55: p. 1-5.

14.Ghorab, M.M., M.S. Bashandy, and M.S. Alsaid,
Novel thiophene derivatives with sulfonamide,
isoxazole, benzothiazole, quinoline and
anthracene moieties as potential anticancer

agents. Acta Pharm, 2014. 64(4): p. 419-31.

15.lyengar, B.S., etal., 1,4-Disubstituted Anthracene

Antitumor Journal of Medicinal

Chemistry, 1997. 40(23): p. 3734-3738.

Agents.

Egypt. J. Chem. 63, No. 11 (2020)

16.Choi, E.J. and G.H. Kim, Anticancer mechanism
of equol in 7,12-dimethylbenz(a)anthracene-
treated animals. IntJ Oncol, 2011. 39(3): p. 747-
54.

17.Pavitha, P., et al., Synthesis, structural,

spectroscopic, anti-cancer and molecular docking
2-[(Anthracene-9-
ylmethylene)amino]-2-methylpropane-1,3-diol
using XRD, FTIR, NMR, UV-Vis spectra and
DFT. Journal of Molecular Structure, 2017. 1147:
p. 406-426.

studies on novel

18.Wunz, T.P., et al., DNA binding by antitumor
anthracene derivatives. J Med Chem, 1990.

33(6): p. 1549-53.

19.Sadeghi-Aliabadi, H., M. Tabarzadi, and A
Zarghi, Synthesis and cytotoxic evaluation of two
novel anthraquinone derivatives. Farmaco, 2004.
59(8): p. 645-9.

20.Xie, S.-Q., et al.,, HL-37, a novel anthracene
derivative, induces Ca2+-mediated apoptosis in
human breast cancer cells. Toxicology, 2008.
254(1): p. 68-74.

21.Pittillo, R.F. and C. Woolley, Pseudourea, 2,2'-
bis-(2-thio-,
dihydrochloride) dihydrate: microbiological

(9,10-anthrylenedimethylene)

assay and tissue distribution studies in mice.
Applied microbiology, 1969. 18(3): p. 519-521.

22.Becker, H.-C. and B. Nordén, DNA Binding Mode

and Sequence Specificity of
Piperazinylcarbonyloxyethyl Derivatives of
Anthracene and Pyrene. Journal of the American
Chemical Society, 1999. 121(51): p. 11947-

11952.



NOVEL ANTHRACENE-9-SULFONYL DERIVATIVES AS ANTICANCER AGENTS

4225

23.Wilson, W.D., et al., Interaction of unfused
tricyclicaromatic cations with DNA: a new class
of intercalators. Biochemistry, 1989. 28(5): p.
1984-1992.

24.Moustafa, S.M.A,, etal., Screening of some plants
in Egypt for their Cytotoxicity against four human
cancer cell lines. International Journal of
PharmTech Research, 2014. 6: p. 1074-1084.

25.Smiles, S. and J. Stewart, CCll.—m-
Dithiobenzoic acid. Journal of the Chemical
Society, Transactions, 1921. 119(0): p. 1792-
1798.

26.Mandour, A. and E. Kassem, Synthesis of N-
(coumarin sulfonyl) thiohydantoin and hydantoin
derivatives. Afinidad: Revista de quimica teorica
y aplicada, 2000. 57(489): p. 344-348.

27.Bedair, AH., et al, Preparation of 4-
aminophenylacetic acid derivatives with
promising antimicrobial activity. Acta Pharm,
2006. 56(3): p. 273-84.

28.El-Sawy, E., et al., Synthesis and molecular
docking of novel non-cytotoxic anti-angiogenic
sulfonyl  coumarin  derivatives  against
hepatocellular carcinoma cellsin vitro. Journal of
Applied Pharmaceutical Science, 2017. 7: p. 049-
066.

29.Fathalla, O., Synthesis of some new thiouracil
derivatives with expected biological activity.
2001.

Egypt. J. Chem. 63, No. 11 (2020)



