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ABSTRACT

In the present investigation, the synthesis and antitubercular and
anticancer screening of 1,2,3- triazine fused thiophenes are aimed at. In
this study, a twelve new bicyclic/tricyclic thiene-1,2,3-triazenes-4-ones
(ADVJS 2a-2l) were synthesized by diazotization reaction with 2-
amino-3-N-substituted carboxamido-4,5- disubstituted thiophenes
(ADVJS -la — 1l). The structures of these newly synthesized
compounds were characterized by IR and *H NMR studies. All the
synthesized compounds were screened for their antitubercular and
anticancer evaluation. From the present study it may be concluded that
synthesized compounds are fruitful in terms of their structural novelty

and marked biological activities.

KEYWORDS: Triazine, Thiophene, Antirubercular, Anticancer,

diazotization reaction.

INTRODUCTION

Tuberculosis (TB) is a contagious disease caused by omnipresent mycobacteria
i.e., Mycobacterium tuberculosis.!! According to 2015 survey of WHO, the world had an
estimated 10.4 million new TB cases. TB is one of the biggest killers striking people in their
most productive years and accounts for 23% of the global TB burden in India alone.” The
researchers have left no stone unturned to discover lead molecules against the disease even
then no new chemical entity has appeared for use in clinical treatment of this disease over the

last four decades.”!

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1148



https://bmcchem.biomedcentral.com/articles/10.1186/s13065-018-0432-3#ref-CR2
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-018-0432-3#ref-CR3
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-018-0432-3#ref-CR5

Saravanan et al. World Journal of Pharmaceutical Research

Cancer, the most debilitating disease, has advanced to such a level that it has become one of
the universal cause of human suffering and death all over the world.**! The huge arsenal of
synthetic, semi-synthetic, and naturally-occurring agents for treating neoplastic diseases
suffers from two major limitations; the first one being the lack of selectivity of conventional
chemotherapeutic agents to cancer tissues, causing unwanted side effects.® The second is the
acquisition of multiple-drug resistance by cancer cells to the available agents that impedes
treatment of various kinds of cancer.l”! Therefore, developing novel molecules to circumvent
multidrug resistances and exhibiting selective toxicity to cancer cells rather than to normal

cells is need of the hour.

The triazine is a six-membered heterocyclic ring, analogous to the benzene ring but with
three carbons replaced by nitrogens. 1,2,3-Triazines are a class of biologically active
compounds that exhibit a broad spectrum of activities, including antibacterial, antifungal,
antiviral, antiproliferative, analgesic and anti-inflammatory properties.[B] 1,2,3-triazine is the
least explored one, till date. But, clinically 1,2,3-triazine derivatives are more acceptable

because of potent efficacy and minimal side effect.!®!

Thiophene and its derivatives have been widely distributed in naturally occurring compounds
and are employed to treat different health hazards. Thiophene derivatives are responsible for
various biological activities such as anti-inflammatory,!®! antipyretic,!**! anti-hypotensivel?,
anti-convulsant,*® anti-viral,*¥ antitumor,*® fungicidal,*® herbicidal,*"! anti-microbiall*®
activities, and act as a plant-growth regulator.™ Some of the thiophene derivatives exhibited

divergences in anti-diabetic and anti-inflammatory activities.’”

In light of this we planned to synthesize a series of new 1,2,3-triazines carrying thiophene
moieties in the hope of obtaining new products of superior biological activity such as

antitubercular and anticancer activity.

MATERIALS AND METHODS

All melting points were taken on an Electrothermal 1A 9100 series digital melting point
apparatus. IR (KBr) were recorded on Perkin-Elmer FT-IR RX-II, H* NMR spectra were
recorded on brucker AMX 400. Elemental analyses were within + 0.4% of their calculated

values.
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SYNTHESIS OF THE COMPOUNDS

Syntheses of 2-amino-3-N-substituted carboxamido-4,5- disubstituted thiophenes (ADVJS -
la-11)

A mixture of required active methylenic ketone, substituted cyano acetanilide/s, ammonium
acetate and glacial acetic acid (2ml) in benzene (80ml) was refluxed for 10hrs in a Dean stark
apparatus with the arrangement of water separation. The reaction mixture was cooled, diluted
with benzene and washed successively with water, 10% sodium carbonate solution and dried
over anhydrous sodium sulphate. The solvent was removed under vacuum. Later, the crude
intermediate was stirred with sulphur in ethanol with the addition of diethylamine drop wise
for 1 hr at 45-50°C, chilled overnight and the solid obtained was filtered washed with ethanol

to yield yellow crystalline products (ADVJS -1 a- 1l).

-C,HsOH
R—NH, 4+ CNCH,COOC,H5 m R —NHCOCH,CN
Substituted Ethyl cyano ) Substituted cyano
amines aceate acetanilide (JSR a- h)

a-h

Ry (0]
;/r CH3COOH/CH3COONH,
R Benzene, refluxed for 8hrs

Methylinic ketone

C Ry C,HsOH T

R—HN/ e R
| | S, (CoHg),NH | R—HN —
2HN>s R, CN

0
R
45-50 C 2
2-Amino-3-N-substituted
carboxanilido-4,5-disubstituted 2-Cyano-2-(methylidene)
thiophes (ADVJS 1a-1h) -N-substituted carboxanilides

Figure No.1 Syntheses of 2-amino-3-N-substituted carboxamido-4,5- disubstituted
thiophenes (ADVJS-1a-11).

Reaction: Where: R = p-anisyl, o-anisyl, m-anisyl,

R1, Rz = -CHg, - (CH2)3, - (CH2)4, - (CH2)s

Synthesis of bicyclic/tricyclic thieno-1,2,3-triazin-4-ones(ADVJS -2 a -2 1)

A mixture of the appropriate parent compound (ADVJS -1a-11) in 30 ml of glacial acetic acid
was warmed until the compound was dissolved. Cooled the mixture to room temperature,
20ml of Conc. HCI was added and cooled to a temp. below 5°C. Then to the above mixture
an ice cold solution of NaNO; (0.03 mole) in water (25ml) was added drop wise with constant
stirring. Temperature was maintained below 5°C. The product obtained was filtered, dried
and washed with methanol to get the desired pure thieno-1,2,3-triazin-4-ones.
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W o
C Ri Nano| ¢ : R
R—HN/ 2| R—HN/ -HCI R—N 1
] . ) L
HNDS R, glacial aceticacid | ¢l—N §” R, N%N S Ry
JSR (1a-1h) 0-5¢ Via Diazonium Chloride (ADVJS 2a-2h)

intermediate
Figure No.2: Synthesis of bicyclic/tricyclic thieno-1,2,3-triazin-4-ones (ADVJS - 2 a-2 I).

Where: R = p-anisyl, o-anisyl, m-anisyl
R1, R2 = -CHgs, - (CHy)3, - (CH2)4, - (CH2)s

Spectral data of the synthesized compounds

3-N-p-anisyl -5,6- pentamethylene thieno[2,3-d][1,2,3]-triazin-4-(3H)-one: ADVJS2d

IR Cm™:3404.47 (-NH-st); 1581 (-NH- bend); 2931 (Ali-CH); 1633 (C=0); 1521 (C=C); 752
(C-S).

2-Amino-3-N-(4-methoxy phenyl)-5,6-pentamethylene thiophene ADVJS1d

H'NMR - CDClI; showed signals at & (ppm) = 8.52(s, 1H, -NH, g); 7.53 (d, 2H, Ar-H, h,k);
6.84 (d, 2H, Ar-H, i,j); 5.36 (s, 2H, NH,, f); 3.78 (s, 3H, -OCHz); 2.81(t, 2H, -CH,-,e); 2.61
(t, 2H, -CHo-, a); 1.83 (s, 2H, -CH,-, d); 1.65 (t, 4H,-CH>,b,c).

3-N-o-anisyl -5,6- pentamethylene thieno[2,3-d][1,2,3]-triazin-4-(3H)-one: ADVJS2h
IR 3054.82cm™(Ar-CH); 2931.91cm™ (Ali-CH); 1688.32cm™ (C=0); 1562.5cm™ (C=C);
1238.70cm™ (C-0); 818.25cm™ (C-N); 710.08cm™ (C-S).

2-Amino-3-N-(3-methoxy phenyl)-5,6-dimethyl thiophene ADVJS 1i

H' NMR- in CDCl; showed signals at & (ppm) = 8.44(d, 1H, Ar-H, €); 8.29 (s, 1H,-NH, d);
7.02(m, 2H, Ar-H, f,h); 6.89(d, 1H, Ar-H, g); 5.95 (br, 2H, NH;, c); 3.89 (s, 3H, -OCHj3);
2.33(s, 3H, -CHa, b); 2.20 (s, 3H, -CHs, a).

2-Amino-3-N-(3-methoxy phenyl)-5,6-trimethylene thiophene ADVJS 1j
H! NMR - CDCl; showed signals at 6 (ppm) =7.50 (d, 1H, Ar-H, c¢); 7.34 (d, 1H, -Ar-H, f);
7.21(t, 1H,-Ar-H, d); 7.10(t, 1H, -Ar-H, e); 3.91 (s, 3H, -OCHj3); 2.65 (s, 6H, CHs, a,b).

3-N-p-anisyl -5,6-dimethyl thieno[2,3-d][1,2,3]-triazin-4-(3H)-one: ADVJS 2a
H! NMR- CDCl; showed signals at & (ppm) = 7.50 (d,2H, Ar-H, c,f); 7.04 (d, 2H,- Ar-H,
d,e); 3.87 (s, 3H, -OCHj3); 2.55 (s, 6H, CH3, a,b).

WWW.Wjpr.net Vol 9, Issue 2, 2020. 1151




Saravanan et al. World Journal of Pharmaceutical Research

3-N-o-anisyl -5,6-tetramethylene thieno[2,3-d][1,2,3]-triazin-4-(3H)-one: ADVJS 29

H' NMR-CDCl; showed signals at & (ppm) = 7.49 (m, 1H, Ar-H, e); 7.37 (d, 1H,- Ar-H, h);
7.10(m, 2H, Ar-H, f,g); 3.81 (s, 3H, -OCHj3); 3.07(d, 2H, -CH,-, d); 2.91 (t, 2H, -CH,-, a);
1.90 (m, 4H, -CHo-, b,c).

BIOLOGICAL ACTIVITY

In Vitro anti-tubercular activity evaluation®

The anti-tubercular activity was assessed against Mycobacteria Tuberculosis H37Rv using
the tube dilution method. This methodology is nontoxic, uses a thermally- stable reagent. All
the synthesized compounds were dissolved, separately, in dimethyl sulphoxide(DMSO) to
prepare a stock solution containing 1000 pg/mL. The successive concentrations like 50, 100,
200 and 500 pg/mL so on were prepared in a similar manner up to 6 dilutions. A sweep of
Mycobacterial tuberculosis H37Rv strain culture was discharged with the help of 22 S.G.W.
nichrome wire loop with a 3mm external diameter, into a sterile distilled bijou bottle
containing six 3mm glass beads and 4 ml distilled water.

All the newly synthesized 1,2,3-Triazenes, were assayed in vitro for anti tubercular activity
against Mycobacteria Tuberculosis H37Rv using the tube dilution method, using isoniazid
and rifampicin as a reference standard. This methodology is nontoxic, uses a thermally stable
reagent. All the synthesized compounds were dissolved, 10 mg of each, separately in
dimethyl sulphoxide to prepare a stock solution containing 1000 pg/mL. The successive
concentrations like 10, 20, 40,60,100 and 150 pg/mL were prepared up to 6 dilutions. A
sweep of Mycobacterial tuberculosis H37Rv strain culture was discharged with the help of
nichrome wire loop with a 3mm external diameter, into a sterile distilled bijou bottle
containing six 3mm glass beads and 4 ml distilled water. The bottle was shaken with the help
of a mechanical shaker for 2 min. Using nichrome wire loopful of the suspension was
inoculated on the surface of each of Lowenstein-Jensen medium containing test compounds.
Lowenstein-Jensen medium containing Isoniazide standard drug as well as control was also
inoculated with Mycobacterial tuberculosis H37Rv strain. The medium inoculated were
incubated at 37°C for six weeks. The presence or absence of growth of organism was
observed after six weeks. The MIC (minimal inhibitory concentration) was defined as the

lowest drug concentration, which prevented the microbial growth.
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IN-VITRO ANTI-CANCER ACTIVITY#

Procurement of cancer cell lines

The HT-29 (human colorectal adenocarcinoma) cell line was initially procured from the
National Centre for Cell Sciences (NCCS), Pune, India, and maintained in DMEM. The cell
line was cultured in 25 cm? tissue culture flask with DMEM supplemented with 10% FBS, L-
glutamine, sodium bicarbonate and antibiotic solution containing: penicillin (100 U/ml),
streptomycin (100 pg/ml). Cultured cell line was kept at 37°C in a humidified 5%
CO; incubator (VWR, USA). Two-day-old confluent monolayer of cells were trypsinized and
the cells were suspended in 10% growth medium, 100 pl cell suspension (5 x 10* cells/well)
was seeded in 96-well tissue culture plate and incubated at 37°C in a humidified 5%
CO; incubator for 24 h. The viability of cells was evaluated by direct observation of cells by
Inverted phase contrast microscope and followed by MTT assay method.

MTT Viability assay

The cytotoxic potential of the most active derivatives (as mentioned in the above section)
was evaluated by MTT (3,4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide)
assay which is based on the reduction of the yellow colored water-soluble tetrazolium dye
MTT by the mitochondrial lactate dehydrogenase formed by the live cells to the formazan
crystals, which display purple color upon dissolution into the suitable solvent. The intensity
of the purple color is directly proportional to the number of viable cells and can be
measured by spectrophotometer at 570 nm. The HT-29 cells were treated with different
concentrations of these derivatives (12.5, 25, 50 and 100 pg/ml) for 24 h and observed for
anticancer activity by MTT assay using ELISA reader. Anticancer efficacy of selected
synthesized compounds was measured in terms of percentage of growth inhibition by using
following formula:

% of inhibition = [Absorbance of sample/Absorbance of control] X 100

RESULTS AND DISCUSSION

Synthesis

The synthesis of Syntheses of 2-amino-3-N-substituted carboxamido-4,5- disubstituted
thiophenes (ADVJS -1 a — 1 1) and bicyclic/tricyclic thieno-1,2,3-triazin-4-ones(ADVJS - 2a -
2l) is shown in [Figure 1 and 2]. All synthesized compounds subjected for physical melting
point determination data shown in [Table 1] and the structure of selected synthesized

compounds was confirmed by IR and *H NMR spectral data.
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Anti-tubercular activity

The results of anti-tubercular activity are shown in table No.2. The synthesized derivative of
1,2,3-triazines with dose range from 10 to 150 pg/ml tested against M. tuberculosis Hs7Rv.
ADVJS 2a (3-N-p-anisyl -5,6-dimethyl thieno [2,3-d][1,2,3]-triazin-4-(3H)-one) and
ADVJS2d (3-N-p-anisyl -5,6- pentamethylene thieno [2,3-d][1,2,3]-triazin-4-(3H)-one) with

p-tolyl substituent and showed better activity over other synthesized compounds.

Anticancer activity

The results of anticancer activity are shown in table No.3. The 1,2,3-triazine synthesized
derivative at concentration 12.5, 25, 50 and 100 pg/ml were tested against HT-29 (human
colorectal adenocarcinoma) cell line by MTT viability assay. The newly synthesized triazines
ADVJS -2a to 2d with p- tolyl substituent at R showed better anti cancer activity followed by
the compounds ADVJS -2e to 2h with o- tolyl substituent at R and ADVJS -2i to 2| with m-
tolyl substituent at R (Table No.3).

CONCLUSION

This study indicates that the anti-tubercular and anti-cancer activities of the synthesized
1,2,3- triazines compounds can be attributed to the presence of o-tolyl substituent in triazines.
The findings of this work should be helpful to medicinal chemists involved in further drug

development in this field.
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Table No.1 Physical data of the new bicyclic/tricyclic Thieno 1,2,3 — triazine- 4- ones
(ADVJS 2a-2l).

Sr. No. Comp.No. R R.,R> M.P.(°C)
1 ADVJS-2a p-anisyl -CH; 166
2 ADVJS-2b p-anisyl -(CH,)s- 138
3 ADVJS-2c p-anisyl -(CH,),- 160 .
4 ADVIS2d | p-anisyl | -(CHp)s- 143 | Triazines were
5 ADVJS 2¢ | o-anisyl “CH, 110 w?t;hed only
6 ADVJS -2f o-anisyl -(CHy)s- 178 methanol to
7 ADVJS -2¢g o-anisyl -(CH,),- 140 get pure
8 ADVJS -2h o-anisyl -(CH,)s- 152 compounds
9 ADVIS -2i m-anisyl -CHj; 108
10 ADVJS -2j m-anisyl -(CH,)s- 140
11 ADVJS -2k m-anisyl -(CH,),- 126
12 ADVJS -2l m-anisyl -(CHy)s- 136
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Saravanan et al. World Journal of Pharmaceutical Research

Table No. 2: Anti-tubercular activity of synthesized 1,2,3-Triazines derivatives.

MIC values (ng/ml) of
SI.No | Compound Mycobacterium tuberculosis Hz;Rv

01 ADVJS -2a 80
02 ADVJS -2b 60
03 ADVJS -2¢ 20
04 ADVJS -2d 80
05 ADVJS -2e 150
06 ADVJS -2f 100
07 ADVJS -29g 100
08 ADVJS -2h 120
09 ADVJS -2i 150
10 ADVJS -2j 150
11 ADVJS -2k 100
12 ADVJS -2I 120

Isoniazid 0.25

Table No. 3: Anti-cancer activity of synthesized 1,2,3-triazines derivatives.

sample Code Concentration | Absorbance | Percentage of
b (UG/ML) (540 NM) Viability
Control 0.6495

125 0.4886 75.22+0.78

25 0.4572 70.3920.97

ADVIS -2 50 03956 | 60.90+0.393
100 0.312 48.03+0.156

125 0.4943 76.10+0.596

25 0.4017 61.84+0.511

ADVIS -2b 50 0.3602 55.45+0.466
100 0.3193 49.16+0.438

125 0.4989 76.8120.332

25 0.4836 74.45+0.485

ADVJS -2¢ 50 0.4043 62.24+0.831
100 0.3035 46.72+0.256

125 0.4235 65.20+0.031

25 0.3569 54.94+0.615

ADVIS -2d 50 03083 | 47.46%0.825
100 0.2393 36.84+0.250

125 0.4137 63.69+0.01

25 0.3178 48.92+0.61

ADVIS -2¢ 50 0.30854 47.50+0.54

100 0.2863 44.08+0.16

125 0.4411 67.9120.98

25 0.4308 66.32+0.46

ADVIS -2f 50 0.4217 59.010.66

100 0.3833 43.40+0.74

125 0.4525 69.68+0.61

ADVJS -2g 25 0.4232 65.15+0.37

50 0.3695 56.88+0.53
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100 0.3601 44.59+0.24

12.5 0.4117 63.38+£0.09

25 0.3886 59.83+0.39

ADVIS -2 50 0.3787 58.30+0.95
100 0.3038 46.77+0.19

12.5 0.3412 52.53+0.75

. 25 0.3064 47.17+0.98

ADVIS -2i 50 0.2819 43.400.74
100 0.2692 41.44+0.71

12.5 0.3867 59.53+0.62

. 25 0.3401 52.36+0.64

ADVIS -2] 50 0.2948 45.38+0.06
100 0.2877 44.29+0.12

12.5 0.4089 62.95+0.01

25 0.3763 57.93+0.45

ADVIS -2k 50 0.3622 55.76+0.38
100 0.3026 46.58+0.44

12.5 0.2984 45.93+0.31

25 0.2878 44.31+0.85

ADVIS 2| 50 0.2687 41.37+0.48
100 0.2597 39.98+0.35
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