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ARTICLE INFO ABSTRACT

Article history: A series of novel pyrazolo[3,4-b]pyridine and pyrimidine functionalized 1,2,3-triazole

Received derivatives 8a-g and 9a-g were prepared starting from 6-trifluoromethylpyridine-
Revised 2(1H)one 2 via selective O-alkylation, followed by cyclisation using hydrazine
Accepted hydrate to obtain _6-(trifluoromethyl)-/H-pyrazolo[3,4-b]pyridin-3-amine 4.

Available online Compound 4 was diazotized followed by reaction with sodium azide, resulted in 3-

azido-6-(trifluoromethyl)-7H-pyrazolo[3,4-b]pyridine 5. Compound 5 was further
cyclized with N-/O- propargylated pyrimidine derivatives under Sharpless conditions
and obtained compounds 6 and 7, respectively. Each set of compounds 6 and 7 were
alkylated with different alkyl halides and obtained respective products 8 and 9. All the
products were screened for cytotoxicity against four human cancer cell lines such as
A549 - Lung (CCL-185), MCF7 - Breast (HTB-22), DU145 - Prostate (HTB-81) and
HeLa - Cervical (CCL-2), compounds 9d, 9e and 9f which showed promising activity
have been identified. The products were also screened for antimicrobial, anti bio-film
and MBC activities. Promising compounds in each case have been identified.
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Cancer is a multifaceted disease that represents one of the leading
causes of mortality in developed countries. Worldwide, one in
eight deaths is due to cancer and it is the second most common
cause of death in the US, exceeded only by heart disease.'
Chemotherapy is the mainstay for cancer treatment, the use of
available chemotherapeutics is often limited due to undesirable
side effects. It is important to identify new agents and new targets
for the treatment of cancer.

Nitrogen heterocycles have received a great deal of attention in
the literature due to their role as active pharmacophores of
historical  significance. Among these heterocyclic systems,
especially those containing pyridine rings are associated with
diverse - pharmacological prog)erties such as anticancer,”’
antimicrobialf"6 anticonvulsant, antiviral,8 anti-HlV,9 antifungal
and  antimycobacterial activities.'” The pyrazolo[3,4-b]pyridine
framework is a key structural fragment of many heterocyclic
compounds showing a broad spectrum of biological activities.''™"?
In the last decade, some heterocycles of this class have been
found to regulate the cardiovascular system and possess
antiviral,"" antileishmanial,'® GSK-3 inhibitor (Fig 1) 7 and
antimicrobial properties.”® Recently, it was found that the
fluorine' or trifluoromethyl***! group at a strategic position of an
organic molecule dramatically alters the properties of molecule in

terms of lipid solubility, oxidative thermal stability, permeability
and oral bioavailability thereby showed an enhancement of
transport mechanism.

During the last two decades, several pyrimidine derivatives have
been developed as chemotherapeutic agents and found wide
clinical applications.””* Some of the promising pyrimidine
derivatives such as Flufenerim,? Primsulfuron-methyl,26
Diflumetorim® and Fluropyrimidol® were identified as
insecticides, herbicides, fungicides, and plant growth regulators,
respectively. The 5-fluorouracil® (Fig 1) and their congeners
Zelon%ot;)l a family of the most potent anticancer and antiviral
rugs ™"

HO

GSK-3 inhibitor
Fig 1. Bioactive compounds based on pyrimidine and pyridine derivatives.

S-Fluorouracil

* Corresponding author. Tel.: +91-40-27193185; fax: +91-40-27160387 ; e-mail: narsaiah @iict.res.in



Based on the importance of the two scaffolds i.e., the
pyrazolo[3,4-b]pyridine and pyrimidine, it was proposed to
conceive both the scaffolds in a single molecule to have
promising activity. The two scaffolds were connected through the
click reaction under Sharpless conditions™ and obtained
pyrazolo[3,4-b]pyridine and pyrimidine functionalized 1,2,3-
triazoles. The products were evaluated for cytotoxic activity
against four human cancer cell lines such as A549 - Lung (CCL-
185), MCF7 - Breast (HTB-22), DU145 - Prostate (HTB-81) and
HelLa - Cervical (CCL-2). The products also screened for
antimicrobial, anti biofilm and MBC activities. The compounds
which showed promising activity in each case have been
identified.
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Scheme 1. Synthesis of 3-azido-6-(trifluoromethyl)-1H-
pyrazolo[3,4-b]pyridine

Reagents and conditions: i) Pyridine, DCM, r.t., 4 h ii) Cyanoacetamide,
Na/EtOH, reflux, 6 hiii) Ethyl 2-bromoacetate, K,COs, acetone, reflux, 3 h,
iv) Hydrazine hydrate, 100°C, 4 h v) NaNO,, Conc. HCI, H,O vi) NaN3;, H,O.
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Scheme 2. Synthesis of pyrazolo[3,4-b]pyridine and pyrimidine
functionalized 1,2,3-triazole derivatives 8a-g and 9a-g

Reagents and conditions: i) Cul, THF, r.t., 14 hii) K,COs, Acetone, R-X, r.t.,
4h.

The 3-cyano-6-trifluoromethyl-2(1H) pyridone 2 ** was prepared
by acylation of vinyl ethyl ether in pyridine at room temperature,
followed by reaction with cyanoacetamide in presence of sodium
ethoxide in ethanol. Compound 2 was selectively O-alkylated”
with a-bromoethylacetate in acetone reflux using potassium
carbonate as a base, followed by reaction with hydrazine hydrate
by an efficient method to obtain  6-(trifluoromethyl)-/H-
pyrazolo[3,4-b]pyridin-3-amine 4 in high yield. Compound 4

was diazotized with sodium azide at room temperature as a result
3-azido-6-(trifluoromethyl)-/ H-pyrazolo [3,4-b]pyridine 5 was
formed. The synthetic sequence is depicted in Scheme 1.

The compounds 2-amino-3-prop-2-ynyl-6-trifluoromethyl-3H-
pyrimidin-4-one (A) and 4-prop-2-ynyloxy-6-trifluoromethyl-
pyrimidin-2-ylamine (B) reported®® by us, was further reacted
independently with compound 5 in THF using Cu(l) as catalyst
under Sharpless conditions and obtained exclusively 1,4-
disubstituted pyrazolo[3,4-b]pyridine and pyrimidine
functionalized 1,2,3-triazole derivatives 6 and 7 respectively.
Compounds 6, 7 were further alkylated with different alkyl
halides and obtained exclusively N-alkylated pyrazolo[3,4-
blpyridine and pyrimidine functionalized  1,2,3-triazole
derivatives 8a-g and 9a-g respectively as outlined in Scheme 2.
All the products formed have been tabulated in Table 1.

Compd R Yield (%) M.P(°C)
6 H 71 221223
8a CH:CH,- 91 254-256
8b CH;CH,0C(O)CH,- 89 192-194
8¢ CH,=CH-CH,- 93 240-242
8d HC==C-CH,- 87 217-219
8e CH;(CH,),CH,- 94 140-142
8f CH;(CH,)sCH,- 81 129-131
8g CF5(CF,),CH,CH,- 79 111-113
7 H 73 164-166
9a CH,CH,- 93 181-183
9b CH;CH,0C(O)CH,- 87 145-147
9 CH,=CH-CH,- 91 136-138
9d HC =C-CH,- 83 198-200
%e CH;(CH,),CH,- 93 102-104
of CH;(CH,)sCH,- 85 115-117
9g CF3(CF,);CH,CH,- 89 161-163

Table 1. Physical properties of compounds 6, 7, 8a-g and 9a-g

*isolated yields.

The cytotoxicity of all the synthesized compounds were screened
against four human cancer cell lines namely, A549 - Lung (CCL-
185), MCF7 - Breast (HTB-22), DU145 - Prostate (HTB-81) and
HeLa — Cervical (CCL-2) using MTT assay.”” 5-Fluorouracil was
used as a positive control. ICs, values of the test compounds for
24 h on each cell line was calculated and presented in Table 2.
Most of the compounds were found to show significant
cytotoxicity on all the cell lines. More specifically, compounds 6,
8b, 8d, 8e, 8f and 9b exhibited promising activity against all the
four cell lines with ICs, value of < 21 pM, whereas compound
8a, 8c and 9c showed moderate activity against MCF7 and HeLa
cell lines. Similarly, compound 7, 9a, 9d and 9g also showed
specific activity against A549 and DU145 with ICs, for
compounds 7 and 9a in the range of 22.2 — 28.9 uM, while
compound 9d showed ICs, values of 4.1 and 4.7 uM,
respectively. Among all the compounds, O-alkylated derivatives
9d, 9e and 9f exhibited promising activity against A549 and
DU145 cell lines with ICsy value of < 6.3 pM. The remaining
compounds did not show cytotoxicity up to the concentration of
100 pg/mL.



The structure-activity relationship studies revealed that the alkyl
(decyl and octyl) chain on the nitrogen promotes cytotoxicity as
observed in compounds 8e, 8f, 9e and 9f against A549 and
DU145 cell lines. Whereas the perfluoroalkyl chain on nitrogen
did not show any activity against MCF7, HeLa cell lines and
decreased activity against A549 and DU145 cell lines compared
to the hydrogen substituent on nitrogen in compounds 6 and 7.
There was an increase in activity, by increasing the n-alkyl chain
length (ethyl-octyl-decyl) (9b, 9e and 9f). From the data, O-
alkylated triazole derivatives were more potent than N-alkylated
triazole derivatives on A549 and DU145 cancer cell lines.
Alternatively, N-alkylated triazole derivatives were more active
than O-alkylated triazole derivatives on MCF7 and HeLa cancer
cell lines. Among all the tested compounds, the compounds 9d,
9e and 9f were considered as promising candidates.

Compounds 6, 8a-g, 7 and 9a-g were also tested for antimicrobial
activity’® against several bacterial organisms: Micrococcus luteus
MTCC 2470, Staphylococcus aureus MTCC 96, Staphylococcus
aureus MLS-16 MTCC 2940, Bacillus subtilis MTCC 121,
Escherichia coli MTCC 739, Pseudomonas aeruginosa MTCC
2453, Klebsiella planticola MTCC 530 and Candida albicans
MTCC 3017 and the results are tabulated in Table 3. O-alkylated
triazole derivatives 7, 9b and 9f showed promising activity (<
15.6 pg/mL) against all the bacterial organisms except Candida
albicans MTCC 3017. These conjugates were further studied for
the bio-film inhibition and minimum bactericidal assays™ ** and
the results were tabulated in Tables 4 and 5. Compounds 7, 9b
and 9f exhibited good bio-film inhibitory activity against
Micrococcus luteus MTCC 2470, Staphylococcus aureus MTCC
96, Staphylococcus aureus MLS-16 MTCC 2940, Pseudomonas
aeruginosa MTCC 2453 and Klebsiella planticola MTCC 530
bacterial strains with ICs, values up to 7.8 + 0.11 pg/mL (except
9b which showed ICsy value of 15.6 + 0.31 pug/mL ). The
compound 9f was found to be more promising with ICs, value of
3.9 + 0.14 pg/mL against Staphylococcus aureus MTCC 96,
Staphylococcus aureus MLS-16 MTCC 2940, Pseudomonas
aeruginosa MTCC 2453 and Klebsiella planticola MTCC 530)
bacterial strains. Minimum bactericidal concentration’ (MBC)
results showed that the compound 7 exhibited significant activity
against Escherichia coli MTCC 739 (7.8 pg/mL), while
compound 9f showed promising activity (7.8 pg/ml) against
Staphylococcus aureus MLS-16 MTCC 2940, and Klebsiella
planticola (MTCC 530) organisms. Compound 9f was found to
be most potent among all the tested compounds.

Table 2. In vitro cytotoxicity of pyrazolo[3,4-b] pyridine and
pyrimidine functionalized 1,2,3-triazole derivatives

ICs0= compound concentration required to inhibit tumor cell
proliferation by 50%.

Test ICs, values (in pM)
compds  A549 MCF7 DU145 HeLa
6 9.5+0.19  14.4+0.26 10.5£022  16:120.32
8a - 95.220.58 - 62.3+0.46
8b 1624022 12.24¢046 18.3:0.16  11.4+0.28
8¢ - 20.240.34 - 18.20.31
8d  21.2+0.32 12.420.18 2344032  10.2+0.30
8e  10.1x0.18 11.3x022 1224020  9.4£0.26
8f 143021 15.7+0.18  17.1x0.35  13.4+0.19
8g  68.2+0.54 - 88.840.52 -
7 22.8+0.14 - 28.9+0.48 -
9a  25.4%0.22 - 27.7+0.26 -
9b  1630.16 12.4+0.22 18.2+023  9.8+0.26
9¢ - 19.4+0.24 - 18.4£0.23
9d 4.120.12 - 47+.18 -
9e 57+022  24.7#0.16  6.3+0.21 22.720.11
of 424031 3724031 5.8+0.14  34.320.32
9g  33.7£0.25 - 37.7£0.26 -
4 2244022 58.4+0.42 29.1+033  60.2+0.29
5FU 132011 142009  1.5:0.12 1.340.14

- activity >100 pM, A549 — Lung cancer (ATCC No. CCL-185),
MCF7- Breast cancer (ATCC No. HTB-22), DU145 — Prostate
cancer (ATCC No. HTB-81), HeLa - Cervical cancer (ATCC No.
CCL-2)

Table 3. MIC values of the compounds 7 and 9a-g against several standard strains

Minimum inhibitory concentration (ug/ml)

S. No g(e):;
pnds M.l S.a’ S.d* B.s* B.s* E.c¢ Pd K.p®
1 7 7.8 15.6 15.6 15.6 7.8 7.8 15.6 E
2 9a >250 >250 >250 >250 >250 >250 >250 E
3 9b >250 15.6 7.8 15.6 15.6 15.6 7.8 E
4 9¢ 7.8 >250 >250 >250 >250 >250 >250 E
5 9d >250 >250 >250 >250 >250 >250 >250 E
6 9e >250 >250 >250 >250 >250 >250 >250 E
7 of 15.6 7.8 7.8 15.6 7.8 7.8 7.8 E
8 9¢g >250 >250 >250 >250 >250 >250 >250 R
Ciprofloxacin 0.9 0.9 0.9 0.9 0.9 0.9 0.9 E
Miconazole - - - - - - - 7.8

* Micrococcus luteus MTCC 2470,b Staphylococcus aureus MTCC 96,° Staphylococcus aureus MLS-16 MTCC 2940, 4 Bacillus subtilis MTCC 121,
¢ Escherichia coli MTCC 739, Pseudomonas aeruginosa MTCC 2453,# Klebsiella planticola MTCC 530, " Candida albicans MTCC 3017, 'No activity



Table 4. Anti bio-film activity of compounds 7, 9b and 9f against five different bacterial strains

ICso values in (pug/ml)

S. No. Test Compounds , Staphylococcus Klebsiella Pseudomonas
Micrococcus luteus Staphylococcus aureus ) .
MTCC 2470 MTCC 96 aureus MLS16 planticola aeruginosa
MTCC 2940 MTCC 530 MTCC 2453
1 7 7.8+0.11 7.8+£0.22 7.8+£0.21 7.8+0.34 3.9+0.26
2 9b 7.8+0.22 3.9+0.19 7.8 £0.32 3.9+0.15 15.6 £0.31
3 of 3.9+0.14 7.8 £0.36 3.9+0.18 3.9+0.24 3.9+0.21
Erythromycin (Standard) 0.24 £0.31 0.32+£0.14 0.32 £0.14 0.21 £0.12 0.26 £0.11
Table 5. MBC values of the compounds 7, 9b and 9f against several bacterial strains
5. No. Test Compounds Minimum bactericidal concentration (ug/ml)
Micrococcus Staphylococ S;au]: Z I:)ﬁ)ﬁg’fq Bacillus Escherichia Pseudomonas Klebsiella
luteus MTCC cus aureus 16 MTCC subtilis MTCC coli MTCC aeruginosa planticola
2470 MTCC 96 2040 121 739 MTCC 2453 MTCC 530
1 7 15.6 312 312 31.2 7.8 15.6 31.2
2 9b 15.6 15.6 15.6 15.6 312 15.6 15.6
3 of 15.6 15.6 7.8 31.2 15.6 15.6 7.8
Ciprofloxacin (Standard) 0.58 0.58 1.17 1.17 0.58 0.58 1.17

A series of novel pyrazolo[3,4-b]pyridine and pyrimidine
functionalized 1,2,3-triazole derivatives 6,7, 8a-g and 9a-g were
prepared and screened for their in vitro cytotoxicity against four
human cancer cell lines as well as their antimicrobial, anti-bio-
film and MBC activities. The compounds 9d, 9e and 9f showed
very good activity among all the compounds against A549 and
DU145 cell lines. O-alkylated triazole derivatives were more
active than N-alkylated triazole derivatives on A549 and DU145
cancer cell lines, whereas N-alkylated triazole derivatives were
more active than O-alkylated triazole derivatives on MCF7 and
HelLa cancer cell lines. From the antimicrobial, anti bio-film and
MBC data, the compound 9f was found to be the most potent
amongst all the tested compounds.

Acknowledgement

Authors are thankful to the Council of Scientific and Industrial
Research (CSIR), New Delhi, India for providing funding
through XII" five year plan project, DITSF, code:CSC-0204.
Authors (P. Nagender, G. Malla Reddy, R. Naresh Kumar, Y.
Poornachandra) are also thankful to CSIR for financial assistance
in the form of senior research fellowship and contingency grant.

References and notes

1. Jemal, A Siegel, R.; Ward, E.; Murray, T.; Xu, J. CA Cancer J.
Clin. 2007, 57, 51.

2. Srivastava, A.; Pandeya, S. N. Int. J. Curr. Pharm. Rev. Res. 2011,
74, 5.

3. Mosaad Sayed Mohamed; Yara Essam El-Deen Awadl.; Salwa
M. El-Hallouty.; Moustafa El-Araby. Open Journal of Medicinal
Chemistry. 2012, 2, 78.

4. Patel, N. B.; Agravat, S. N.; Shaikh, FM. Med. Chem. Res. 2011,
20, 1033.

5. Patel, N. B.; Agravat, S. N. Chem. Heterocycl. Compd. 2009, 45,
1343.

6. El-Emary, T. L; Shawkat A. A. Molecules 2012, 17, 14464.

7. Paronikyan, E. G.; Noravyan, A. S.; Dzhagatspany, 1 A
Nazaryan, I. M.; Paronikyan, R.G. Pharm. Chem. J. 2002, 36, 465.

8. Bernardino, A. M. R.; De Azevedo, A. R.; Pinheiro, L. C. D.;
Borges, J. C.; Carvalho, V. L.; Miranda, M. D.; De Meneses, M.
D. F.; Nascimento, M.; Ferreira, D.; Rebello, M. A. Med.Chem.
Res. 2007, 16, 352.

9. Tucker, T. J.; Sisko, J. T.; Tynebor, R. M.; Williams, T. M;
Felock, P. J.; Flynn, J. A.; Lai, M.; Liang, Y.; McGaughey, G.;
Liu, M.; J. Med. Chem. 2008, 51, 6503.

10.

11.

12.

13.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Mamolo, M. G;; Zampieri, D.; Falagiani, V.; Vio, L.; Fermeglia,
M.; Ferrone, M.; Pricl, S.; Banfi, E.; Scialino, G.; Arkivoc. 2004,
5,231.

Kurumurthy, C.; Veeraswamy, B.; Sambasiva Rao, P.; Santhosh
Kumar, G.; Shanthan Rao, P.; Loka Reddy, V.; Venkateswara
Rao, J.; Narsaiah, B. Bioorg. Med. Chem. Lett. 2014, 24, 746.
Hao, Y.; Xiao-Ping, X.; Chen, T.; LiZhao, L.; Junli, S. Org.
Biomol. Chem. 2012, 10, 724.

Golubev, A. S.; Starostin, G. S.; Ghunikhin, K. S.; Peregudov, A.
S.; Rodygin, K. C.; Rubtsova, S. A.; Slepukhin, P. A.; Kuchin, A.
V.; Chkamokov, N. D. Russ. Chem. Bull. 2011, 60, 733.
Molecules. 2012, 17, 10915.

De Clercq, E. Curr. Opin. Microbiol. 2005, 8, 552.

Eizuru, Y. Antivir. Chem. Chemother. 2003, 14, 299.
Witherington, J.; Bordas, V.; Garland, S. L.; Hickey, M. B.; Ife R.
J.; John, L.; Saunders, M.; Smith, D. G.; Ward, R. W. Bioorg.
Med. Chem. Lett. 2003, 13, 1577.

Mellol, H.; Echevarria, A.; Bernardino, A. M. R.; Canto-
Cavalheiro, M.; Leon, L. L. J. Med. Chem. 2004, 47, 5427.

Tarik, E. S. A. Eur. J. Med. Chem. 2009, 44, 4385.

Hertel, L. W.; Kroin, J. S.; Misner, J. W.; Tustin, J. M. J. Org.
Chem. 1988, 53, 2406.

Filler, R.; Organofluorine Compounds in Medicinal Chemistry
and Biomedical Applications, Studies in Organic Chemistry. 1993,
48, 362.

Chae, J.; Konno, T.; Ishihara, T.; Yamanaka, H. Chem. Lett. 2004,
33,314.

Jain, K. S.; Chitre, T. S.; Miniyar, P. B.; Kathiravan, M. K,;
Bendre, V. S.; Veer, V. S.; Shahane, S. R.; Shishoo, C. J. Current
science. 2006, 90, 6.

Horton, T. M. Clin. Cancer Res. 2005, 11, 1884.

Ambrus, J. L.; Stadler, I.; Kulaylat, M.; Koreshi, A.; Akhtar, S. J.
Med. Chem. 1996, 27, 21.

Fujii, K.; Nakamoto, Y.; Jpn. Kokai Tokkyo Koho JP 1149759.
1999; Chem. Abstr. 1999,130, 209720 g.

Meyer, W.; Forey, W. Eur. Pat. Appl EP 72347 (Ciba-Geigy.
Basle; Feb. 1983); Chem. Abstr. 1983, 98, 215616q.

Fujii, K.; Fukuda. Y.; Yamanaka Y.; Jpn. Kokai Tokyo koho JP
04235976. 1992; Chem. Abstr. 1993, 118, 38944d.

Benefiel, R. L.; Belg. 815245 ( Eli Lilly; 20 Nov. 1974; applic. 20
May 1974). Chem. Abstr. 1975, 8, 97354t.

Cox, R. A. Quart. Rev. 1968, 22, 934.

S. Raic-Malic, D. Sverduzic, T. Gazivoda, A. Marunovic, A.
Hergold-Brundic, A. Nagl, J. Balzarini, E. De Clereq, M. Mintas,
J. Med. Chem. 2000, 43, 4806.

Douglas, K.T. Med. Res. Rev. 1987, 7, 441.

Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B.
Angew. Chem. 2002, 41, 2596.

Tornoe, C. W.; Christensen, C.; Meldal, M. J. Org. Chem. 2002,
67,3057.



34.

35.

36.

37.

38.

39.

40.

Langa, R.W.; Wenk, P.F. Helv. Chim. Acta. 1988, 71.

Reddy, A. C. S;; Narsaiah, B.; Venkataratnam, R. V.; J. Fluorine
Chem. 1996, 78, 21.

Nagender, P.; Malla Reddy, G.; Naresh Kumar, R.; Chandrashekar
Reddy, A.; Lokka Reddy, V.; Rajesh, P.; Venkateswara Rao, J.;
Narsaiah, B. Lett.Drug Design Discovery 2013, 10, 865.
Mosmann, T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J.
Immunol. Methods 1983, 65, 55.

Amsterdam, D. Susceptibility testing of antimicrobials in liquid
media. In: Loman, V. (Ed.) Antibiotics in Laboratory Medicine, 4t
Edition, Williams and Wilkins, Baltimore, MD, 1996, 52—-111.
Furlani, R. E.; Yeagley, A. A.; Melander, C. Eur. J. Med. Chem.
2013, 62: 59.

National Committee for Clinical Laboratory Standards, NCCLS.
Methods for dilution antimicrobial susceptibility tests for bacteria
that grow aerobically; approved standard fifth edition, NCCLS:
Wayne, PA, 2000.



