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Abstract: We have synthesized four novel derivatives of podophyllotoxin, the chalcone derivatives namely 2-
benzylidene-6,7-dimethoxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one ~ (4a), 2-benzylidene-5,7-dichloro-6-
hydroxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one(4b), and the amino-thiazolyl derivatives namely7,8-
dimethoxy-5-phenyl-4,5-dihydro-naphtha[1,2-d] thiazol-2-yl amine (5a) and 2-amino-6,8-dichloro-5-phenyl-
4,5-dihydro-naphtho[1,2-d] thiazol-7-ol (5b). The aryl tetralin ring system in these compounds were attached to
a fused aminothiazolyl ring or a chalcone ring. Synthesis of the tetralin ring in these podophyllotoxin
derivatives was accomplished by the cyclization of the y-hydroxyketones. These derivatives were evaluated for
the induction of cytotoxicity in mouse mammary carcinoma cells in vitro. All the four compounds exhibited time
dependent cytotoxicity at a concentration of 100uM when assessed by Trypan blue dye exclusion assay on
Ehrlich Ascites Tumor (EAT) cells in vitro.
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I.  Introduction

Breast cancer is the second most prominent cause of death next to lung cancer in women
[1].Chemotherapy with cytotoxic drugs is the preferred treatment modality used in the treatment of various
cancers [2]. There are many FDA (Food and Drug Administration) approved chemotherapeutic drugs used
clinically for breast cancer treatment namely Bevacizumab (Avastin), Paclitaxel, Gefitinib(lressa),
Lapatinib(Tykerb),Canertinib (CI-1033) targeting growth factor receptors [3][4].Studies on a new series of
substituted-1, 3, 4-oxadiazole derivatives and imidazole derivatives in our laboratory have proved to be potent
anti-breast cancer drugs with clinical applications [5][6].

Podophyllotoxin, having 1-phenyl tetrahydronaphthalene system belongs to the large family of natural
products called lignans. Several of its analogs show wide variety of biological activities such as cathartic,
antimitotic, anticancer, antimalarial, virucidal, fungicidal and are efficient antineoplastic drugs etc [7][8]. The
mode of action of podophyllotoxin is by the interference with the microtubule assembly and thus proves to be an
effective inhibitor of cell division[9]. Highly purified podophyllotoxin efficiently suppresses in-vitro and in-vivo
immune responses. Researchers at Sandoz examined the possibility that podophyllumlignans might act as
glycosides which paved the way for introduction of etoposideand teniposide as significant anticancer
drugs[10][11][12]. Literature reveals that thiazole derivatives have a wide range of pharmaceutical activities like
anti-viral, anti-bacterial, anti-cancer, anti-fungal and anti-inflammatory properties that are present in natural and
synthetic products [13]. The 2-amino derivatives of thiazoles possess anti-cancer activity by the inhibition of
kinases [14][15]. The chalcones are also an important class of compounds which are extensively investigated for
a wide range of biological activity like anti-inflammatory [16], antitumor [17] and antibacterial [18]
properties.Our interest in synthesizing the podophyllotoxin derivatives stems from the fact that the
aminothiazolyl derivatives and chalcone derivatives of lignans can add to the therapeutic value of
podophyllotoxin derivatives.Hence we designed the study to synthesize novel derivatives with greater
therapeutic efficacy and evaluate theircytotoxicity and potencyin murine mammary carcinoma cells in an in
vitro system.

Il. Results and discussion
2.1. Chemistry
Synthesis of podophyllotoxin and its derivatives are widely reported in literature. Here in, we report a
new method for the synthesis of the reported derivatives (4a, 4b, 5a, 5b). The scheme of synthesis is shown in
Scheme 1.The central tetralin ring system in these derivatives was constructed by the cyclization of y-hydroxy
ketones (1)
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Scheme 1: General Synthetic route.

Preparation of y-hydroxy ketones was achieved using the procedure developed in our laboratory [19].
The tetralone (2) was prepared from y-hydroxy ketones by the cyclization of y-hydroxy ketones (1) using p-
toluene sulphonic acid in nitromethane. The cyclization reaction was faster with the y-hydroxy ketones having
dimethoxy groups on the 3-phenyl ring (1a) compared to the 3-phenyl ring having chloro and hydroxyl groups
(2a).

The chalcone derivatives, 2-benzylidene-6, 7-dimethoxy-4-phenyl-3, 4-dihydro-2H-naphthalen-1-one
(4a) and 2-benzylidene-5, 7-dichloro-6-hydroxy-4-phenyl-3, 4-dihydro-2H-naphthalen-1-one (4b) were prepared
by reaction of tetralones with benzaldehyde in basic medium at room temperature. The chalcone derivatives
were isolated as solids in high yields.

Two more derivatives of podophyllotoxin,  7,8-dimethoxy-5-phenyl-4,5-dihydro-naphtha[1,2-d]
thiazol-2-yl amine (5a) and 2-amino-6,8-dichloro-5-phenyl-4,5-dihydro-naphtho[1,2-d] thiazol-7-ol (5b) were
prepared from tetralone (2). Bromination of tetralone (2) was performed using NBS in acetonitrile. 2-bromo
derivative (3) was obtained as the exclusive product. The formation of dibromo derivative was reduced using
lesser equivalents of NBS compared to the tetralone. The bromo derivatives (3a and 3b) were then treated with
thiourea to prepare the aminothiazolyl derivatives (5a and 5b).

I11. Materials and methods
3.1. Cell line:

EAT (Ehrlich Ascites Tumor) cells were cultured in 8-week-old Swiss albino mice, which is a
preferred model for mouse mammary carcinoma. The EAT cells were isolated from the peritoneal cavity of the
tumor bearing mice and 5 x 10° cells were transplanted into 8-week-old Swiss albino mice. The animal was
sacrificed on the 12" day and the cells along with the ascites were isolated, centrifuged and cells pelleted which
was further diluted with sterile PBS in the ratio of 1:6.Swiss albino mice (6-8 weeks old) were obtained from
the animal house, Department of Studies in Zoology, University of Mysore, Mysore,Karnataka, India. The
animal experiments were approved by the institutional animal care and use committee. The culture medium used
throughout these experiments was RPMI 1640, containing 10% fetal bovine serum (FBS), and 100 mg/ml
penicillin streptomycin (Invitrogen).Ehrlich Ascites Tumor cells/mouse mammary carcinoma cells are being
maintained in our laboratory by in vivo transplantation as an ascites tumor model. Other chemicals and reagents
used were of analytical grade.

3.2. Test compound preparation:

All the test compounds were dissolved in Dimethyl Sulfoxide (DMSO) (0.1%) solvent and filter
sterilized using a 0.22um syringe filter for use in experiments. In control samples, equimolar concentration of
DMSO was added as vehicle to rule out its cytotoxic effect.

3.3. Trypan Blue Dye Exclusion assay to assess preliminary cytotoxicity
About 5 x 10°EAT cells were seeded in each of the 6 well culture plates with 2ml complete RPMI 1640
medium. After 16h, the media was freshly replaced with complete medium containing 100uM of the derivatives
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of podophyllotoxin and incubated for different intervals of time namely 45min, 1.5h, 3h and 6hat 37°C with 5%
CO,in a humidified incubator. The semi adherent cell suspension was harvested by centrifugationat 2500 x g for
5 min and washed with sterile PBS. The cell pellet was then re-suspended in sterile PBS. About 10uL of the cell
suspension was stained with 980 pL of sterile PBS and 10 pL of 1X trypan blue dye. From this about 10 pL of
the suspension was placed on a haemocytometer and the viable cells were counted at each time interval. The
percentage of viable cells was normalized to untreated cells and agraph of percentage of cell viability v/s time
was plotted using GraphPad Prism 7.0.

3.4. Statistics

All experiments were performed in triplicates. Wherever appropriate, the data are expressed as the
mean + SEM and means were compared using one-way analysis of variance. Statistical significance of
differences between controls, compound treated cells was determined by Dunnet’s test. For all tests, P<0.05 was
considered statistically significant.

V. Results

The 'H-NMR of the product, 2-benzylidene-6,7-dimethoxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-
one, 4a exhibited a multiplet in the region between & 3.243 -3.301 and 3.36-3.41 corresponding to C; protons. A
singlet was observed at $3.76 and 3.98 corresponding to methoxy protons at Cqand C; carbon atoms. A doublet
of a doublet was observed at 6 4.25-4.28 due to C, protons. The aromatic protons were observed in the region of
8 6.43 to 8 7.72. A singlet in the region & 7.82 is due to the benzylideneproton. The'H-NMR of the product 7,8-
dimethoxy-5-phenyl-4,5-dihydro-naphtha[1,2-d] thiazol-2-yl amine (5a)) showed a multiplet in the region of &
2.97 -3.0 and 3.16-3.22 due to C,4 protons. The singlets at & 3.71 and & 3.94 are due to methoxy protons at C;
and Cg. A doublet of a doublet was observed at 8 4.22-4.28 due to Cs protons. A broad peak at 8 5.3 is due to the
corresponding to the amino group of the amino-thiazolyl ring. Aromatic protons are observed at in the region of
of 8 6.4 to & 7.36. The H, *C NMR and data of all compounds are in complete agreement with assigned
structure and the details are included in the experimental section.

In this study, we synthesized four novel podophyllotoxin derivatives having chalcone ring or an amino
thiazolyl ring attached to the central lignin ring (4a, 4b, 5a, 5b).
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Fig 1: Structure of the compounds.

4.1. The novel derivatives of podophyllotoxin induced time dependent cell death

The cytotoxicity of podophyllotoxin derivatives was assessed in vitro on EAT cells by Trypan blue dye
exclusion method. The number of viable cells was compared with the number of dead cells after treatment in a
time dependent manner. The time kinetics of the drug showed cytotoxicity in treated cells in a time dependent
manner as compared with the vehicle (0.1% DMSO) treated control. The treatment was given at a time intervals
of 45 min, 1.5h, 3h and 6h wherein the maximum cytotoxicity was seen in the 6™ hour. The percentage viability
of the cells treated with 4a, 4b, 5a, 5b at the 6™ hour is 42.90%, 41.17%, 50% and 20.58% respectively as
compared to the control as shown in fig 2.
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Fig 2:Cytotoxicity of EAT cells as assessed by Trypan blue dye exclusion assayin vitro: Cells (5 x 10%)were
treated with podophyllotoxin derivatives (100uM) along with control for 45 mins, 1.5h, 3h and 6h intervals. The
cells were harvested, washed with PBS and counted after adding trypan blue dye. The viable cells were counted
and thepercentage viability was calculated.Data are presented as the mean + SEM of three independent
experiments; **P<0.01.

V. Experimental Section
All reagents were purchased from catalogue suppliers and were used without further purification.
Melting and boiling points were determined using melting and boiling point apparatus (Campbell Electronics,
Mumbai, India)."H NMR and **C NMR spectra were recorded on a Bruker 400 MHz advance Ultrashield NMR
spectrometer 400.23 and 100.64 respectively and referenced to CDCl3. TLC was performed on Silica gel 60
F254 (Merck) layer using hexane: ethyl acetate (3:1 v/v) as eluents.

5.1. General procedure for the synthesis of 4-phenyl-3,4-dihydro-2H-naphthalen-1-ones, 2a and 2b:

To a stirred solution of 4-hydroxy-4-phenyl-butan-1-one, 1aand 1b (5 mmol) in nitromethane (10 mL)
under nitrogen atmosphere was added p-toluene sulphonic acid monohydrate (0.5 mmol). The reaction mixture
was heated to a 70°C and maintained at the same temperature for 3 hours. TLC monitoring of the reaction
mixture showed the absence of starting material. After the completion of the reaction, water wash (20 mL) was
given to the reaction mixture and the organic phase was separated. The organic layer was evaporated to get the
crude product. This was purified by column chromatography on silica gel using hexane/ethyl acetate as the
eluent (90:10) to afford the product.

5.1.1.6, 7-Dimethoxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one,2a

Yellow solid, yield (78%), m.p; 135°C. '"H-NMR (CDCl,): & 2.24 -2.26 (m, 1H), 2.41-2.56 (m, 3H),
3.71 (s, 3H), 3.84 (s, 1H), 4.21-4.24 (dd, J = 5.6 Hz, 1H), 6.4 (s, 1H), 7.07-7.10 (d, 2H), 7.20-7.24 (dd, 2H),
7.24-7.31 (dd, 2H), 7.57 (s, 1H). ®*C-NMR (CDCly): & 32.61, 36.16, 45.34, 56.37, 56.45, 108.71, 111.45,
111.71, 126.71, 126.72, 127.23, 128.95, 129.04, 141.31, 144.06, 148.64, 154, 197.52;

5.1.2.5, 7-Dichloro-6-hydroxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one, 2b

Yellow solid, yield (61%). m.p. 146°C. 'H-NMR (CDCly): § 2.17 -2.23 (m, 1H), 2.39-2.47 (m, 1H),
2.58-2.76 (m, 2H), 4.18-4.21 (dd, J = 4.4 Hz, 1H), 6.96-6.98 (d, 1H), 7.0 (s, 1H), 7.36-7.39 (t, 1H), 7.45-7.49
(m, 1H), 8.10-8.12 (dd, 1H). *C-NMR (CDCls): 5 32.16, 36.99, 121.86, 127.88, 127.99, 128.71, 129.77, 133.04,
134.42,137.51, 145.48, 147.32, 198;

5.2. General procedure for the synthesis of 2-bromo-4-phenyl-3,4-dihydro-2H-naphthalen-1-ones, 3a and
3b:A solution of 4-phenyl-3,4-dihydro-2H-naphthalen-1-one, (4 mmol) in acetonitrile (50 mL) was mixed with
p-toluene sulphonic acid (6 mmol) and heated to 65°C. At 65°C, N-bromosuccinimide (4 mmol) was slowly
added in lots over a period of 1 hour. The reaction mixture was stirred for 4-5 h at the same temperature. The
reaction mixture after completion was diluted with ethyl acetate (100 mL) and washed with water (2 x 50mL).
The ethyl acetate layer was separated and ethyl acetate evaporated to give crude product. The crude product was
recrystallized from ethanol to give a light brown solid, (0.98 g, 68%).
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5.2.1.2-bromo-6,7-dimethoxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one, (3a):

Light brown solid, yield (68%),m.p. 160°C. *H-NMR (CDCl,): & 2.66 -2.67 (m, 2H), 3.68 (s, 1H), 3.93 (s, 1H)
4.45-4.49 (dd, 1H), 4.73-4.75 (dd, 1H), 6.30 (s, 1H), 7.18-7.20 (dd, 2H), 7.30-7.38 (m, 3H), 7.59 (s, 1H). *C-
NMR (CDCly): 6 41.7, 42.9, 49.6, 56.4, 56.5, 109.7, 111.17, 111.38, 123.72, 127.24, 127.80, 127.96, 128.97,
129.08, 129.58, 141.20, 148.95, 154.71, 189.93.

5.2.2. 2-bromo-5,7-dichloro-6-hydroxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one, (3b):
Light brown solid, yield (65%), m.p. 171°C. *H-NMR (CDCl5): & 2.60 -2.63 (m, 2H), 4.45-4.48 (dd,1H), 4.75-
4.77 (dd, 1H), 7.109 (s, 3H), 7.38-7.47 (dd, 1H), 7.51-7.52 (dd, 1H), 8.14-8.16 (dd,1H).

5.3. General procedure for the synthesis of chalcone derivatives 4a, 4b

Benzaldehyde (0.0025 moles) was stirred with a solution of 4-phenyl-3,4-dihydro-2H-naphthalen-1-
one (0.0025 moles) in ethanol at room temperature. NaOH (0.50 moles) was added and the reaction mixture
stirred at the same temperature for 10 hours. After completion, the reaction mixture was acidified with 20% HCI
to pH= 4 and then extracted with ethyl acetate (50 mL). The ethyl acetate layer was evaporated to give a solid
which was purified by column chromatography on silica gel using hexane/ethyl acetate (80: 20) as the eluent to
give the product.

5.3.1.2-benzylidene-6,7-dimethoxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one (4a)

pale yellow solid, yield (72 %). m.p.: 172°C. *H-NMR (CDCly): & 3.243 -3.301 (m, 1H), 3.36-3.41 (m, 1H),
3.76 (s,3H), 3.98 (s, 3H), 4.25-4.28 (dd, 1H), 6.43 (s, 1H), 7.11-7.13 (d, 2H), 7.16-7.18 (d, 2H),7.233 -7.32 (m,
6H), 7.72 (s,1H), 7.83 ( s5,1H). *C-NMR (CDCl5): 5 36.16, 45.28, 56.41,56.58,109.9, 110.93, 127.38, 128.68,
128.76, 129.09, 129.89, 134.07, 136.22, 137.49,140.73, 143.72, 148.95, 154.14, 187.25.
5.3.2.2-benzylidene-5,7-dichloro-6-hydroxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one (4b)

Cream coloured solid. Yield (70%), m.p.182°C."H-NMR (CDCl5): & 3.26 -3.28 (m, 1H), 3.37-3.41 (m, 1H),
4.17-4.22 (dd, 1H), 6.98-7.0 (S, 3H), 7.26-7.49 (m, 7H), 7.88-7.91 (s, 1H),8.21-8.24 (d, 1H); *C-NMR (CDCls):
& 35.57 4420 121.7,128.3,128.4, 128.88, 128.97, 129.03, 130.07,133,7, 134.2, 135.80, 136.87, 138.81,
144.57,147.21,187.82.

5.4. General procedure for the synthesis of amino-thiazolyl derivatives 5a, 5b

Thiourea (0.0015 moles) was added to stirred solution of 2-bromo--4-phenyl-3,4-dihydro-2H-naphthalen-1-ones
3a, 3b (0.0015 moles) in DMF (10 mL) at room temperature. The reaction mixture was stirred at the same
temperature for 10 h. After completion, the reaction mixture was poured into water (150 mL) and extracted with
ethyl acetate (50 mL). The organic layer after separation was stripped to get a solid which was recrystallized
from 10% ethanol to afford the product.

5.4.1. 7,8-dimethoxy-5-phenyl-4,5-dihydro-naphtha[1,2-d] thiazol-2-yl amine (5a)

Cream coloured solid, yield (80%), m.p. 106°C. *H-NMR (CDCls): & 2.97 -3.03 (m, 1H), 3.16-3.22 (m, 1H),
3.71 (s, 3H), 3.94 (s, 3H), 4.22-4.28 (dd, 1H), 5.3 (br, 2H), 6.4 (s, 1H), 7.16-7.36 (m, 6H). *C-NMR (CDCls): &
31.01, 45.4, 45.34, 56.36, 56.57, 106.98, 112.6, 116.3, 124.7, 127.3, 128.7, 129.02, 129.71, 144.44, 144.72,
148.38, 148.48, 166.73.

5.4.2. 2-amino-6,8-dichloro-5-phenyl-4,5-dihydro-naphtho[1,2-d] thiazol-7-ol (5b)

Off-white coloured solid, yield (82%), m.p.120°C. *H-NMR (CDCls): 6 2.97 -3.01 (m, 1H), 3.17-3.21 (m, 1H),
4.22-4.24 (dd, 1H), 5.3 (br, 2H), 6.88-6.90 (dd, 1H), 7.07 (s, 2H),7.127 -7.246 (m, 1H), 7.167-7.313 (m,1H),
7.76-7.78 ( dd, 1H). ®C-NMR (CDCl5): & 31.01, 45.4, 45.34, 56.36, 56.57, 106.98, 112.6, 116.3, 124.7, 127.3,
128.7,129.02, 129.71, 144.44, 144,72, 148.38, 148.48, 166.73.

VI. Discussion and Conclusion

In the current study we have synthesized chalcone and aminothiazole derivatives of podophyllotoxin
and evaluated their potential as cytotoxic agents on murine mammary carcinoma cells. Thefour derivatives of
podophyllotoxin namely the chalcone derivatives, 2-benzylidene-6, 7-dimethoxy-4-phenyl-3, 4-dihydro-2H-
naphthalen-1-one (4a) and 2-benzylidene-5, 7-dichloro-6-hydroxy-4-phenyl-3, 4-dihydro-2H-naphthalen-1-one
(4b) and aminothiazolyl derivatives, 7,8-dimethoxy-5-phenyl-4,5-dihydro-naphtha[1,2-d] thiazol-2-yl amine
(5a) and 2-amino-6,8-dichloro-5-phenyl-4,5-dihydro-naphtho[1,2-d] thiazol-7-ol (5b) were synthesized and
compared for their ability to induce cytotoxicity. Recent reports on podophyllotoxin derivatives suggest that
they can be potential anti-tumor drugs by the induction of apoptosis and inhibiting tumor angiogenesis [20][18].
The in vitro cell based cytotoxicity assay is a useful and reliable method to demonstrate the activity of
chemotherapeutic drugs and also gives a prior knowledge of the efficacy of various agents before using in invivo
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and clinical trials [21].The Ehrlich Ascites tumor is a murine mammary adenocarcinoma which grows in mice
by intra peritoneal passages. The ascitic form of the tumor is the chosen experimental model to evaluate the
influence of various drugs on its proliferation and host interaction against the cancer cells [22].Hence we used
the Ehrlich Ascites Tumor cells for in vitroexperiments. In order to assess the toxicity of the compounds and
evaluate their base-line metabolic effects on the cell [23], the trypan blue dye exclusion method of testing the
cytotoxicity of these novel drugs in vitroon murine mammary carcinoma (EAT) cells was done.

The data presented in this paper reflects mainly on the in vitro ability of6,7-dimethoxy-4-phenyl
substituted compounds(4a,5a)and5,7-dichloro-6-hydroxy-4-phenyl substituted compounds (4b,5b) to inhibit
both growth and proliferation of mouse mammary carcinoma cells.Our in vitro experiments suggested that both
5,7-dichloro-6-hydroxy-4-phenyl  substituted compounds (4b,5b) and 6,7-dimethoxy-4-phenyl substituted
compounds (4a,5a) showed superior cytotoxicity in EAT cells in a time dependent manner.

In conclusion, we have synthesized four novel derivatives of podophyllotoxin namely 2-benzylidene-
6,7-dimethoxy-4-phenyl-3,4-dihydro-2H-naphthalen-1-one(4a),2-benzylidene-5,7-dichloro-6-hydroxy-4-
phenyl-3,4-dihydro-2H-naphthalen-1-one(4b),7,8-dimethoxy-5-phenyl-4,5-dihydro-naphtha[1,2-d] thiazol-2-yI
amine (5a)and2-amino-6,8-dichloro-5-phenyl-4,5-dihydro-naphtho[1,2-d] thiazol-7-ol (5b) in moderate to good
yields. They were further characterized by *H, *C NMR. Our preliminary assessment shows that theyare
promising cytotoxic candidates that can be further explored for anti-tumor assessment. Further confirmatory
studies on different cell based and in-vivo models are essential to understand their potential as anti-tumor agents
in different cancers.
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