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Introduction

Control of deadly infectious diseases is threat-
ened by emergence of multidrug resistance and 
dissemination of resistant pathogenic microbes. In 
the developing countries, this problem is especial-
ly alarming. Furthermore, increased numbers of 
immunocompromised HIV patients may further 
increase the burden of antimicrobial resistance 
(Nathan, 2004).

As a part of our endeavour towards the devel-
opment of new and effi cient antibacterial and an-
tifungal agents, we have synthesized some novel 
1,3,5-triazines. The advent of 1,3,5-triazines, as-
sociated with diverse biological activities such 
as antimicrobial (Zhou et al., 2008; Srinivas et 
al., 2006), antiprotozoal (Alessandro et al., 2005), 
anticancer (Menicagli et al., 2004), antimalarial, 
(Melato et al., 2008) and antiviral (Xiong et al., 
2008) activity, respectively, accelerated the rate of 
progress in synthesizing new 1,3,5-triazine deriva-
tives. Likewise, 4-amino-2-trifl uoromethyl-benzo-
nitrile is also a useful pharmacophore found in 
the anticancer drug bicalutamide as a structural 
unit. A literature survey revealed that piperazines 
and substituted piperazines are an important fam-
ily of heterocyclic compounds attracting signifi -
cant interest in medicinal chemistry (Kerns et al., 
2003; Ryckebusch et al., 2003; Upadhayaya et al., 

2004). The favourable antimicrobial properties of 
8-hydroxyquinoline prompted us to combine this 
structural component with the s-triazine nucleus 
(Ritu et al., 2010; Block and Beale, 2005; Okide 
et al., 2000).

Material and Methods

Chemicals

2,4,6-Trichloro-1,3,5-triazine and 8-hydroxy-
quinoline were purchased from Sigma Aldrich 
(Mumbai, India). 4-Amino-2-trifl uoromethyl-
benzonitrile was a gift from Ramdev Chemicals 
(Boisar, India). Acetone, tetrahydrofuran, and 
1,4-dioxane of HPLC grade were purchased from 
Rankem (Surat, India). The TLC plates (silica gel 
60 F254) were obtained from Merck (Darmstadt, 
Germany). Substituted piperazine derivatives 
were gifts from Catapharma (Nasik, India), Enzal 
Chemicals Pvt. Ltd. (Mumbai, India), Dr. Prem’s 
Molecules Pvt. Ltd. (Vadodara, India), Ami Or-
ganics Pvt. Ltd. (Surat, India), Modepro India Pvt. 
Ltd. (Mumbai, India), Siddharth Interchem Pvt. 
Ltd. (Ankleshwar, India), and Mahrshee Labora-
tories (Bharuch, India).

Analytical methods and instruments

Melting points were determined in open cap-
illaries on a Veego electronic apparatus VMP-D 
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(Mumbai, India), and are uncorrected. IR spectra 
(4000 – 400 cm–1) of synthesized compounds were 
recorded on a Shimadzu 8400-S FT-IR spectro-
photometer (Shimadzu India Pvt. Ltd., Mumbai, 
India) using KBr pellets. Thin layer chromato-
graphy was performed on object glass slides (2 x 
7.5 cm) coated with silica gel-G, and spots were 
visualized under UV light. NMR spectra were 
recorded on a Varian 400 MHz spectrometer 
(Varian India Pvt. Ltd., Mumbai, India) using 
DMSO (dimethyl sulfoxide) as solvent and TMS 
(tetramethylsilane) as internal standard. Elemen-
tal analyses (C, H, N) were performed using a 
Heraeus Carlo Erba 1180 CHN analyzer (Hanau, 
Germany). All of the novel compounds gave C, 
H, and N analyses within a 0.05 range from the 
theoretical values.

Agar diffusion method

The synthesized s-triazinyl derivatives 5a – k 
were examined for antimicrobial activity against 
several bacteria (Staphylococcus aureus MTCC 
96, Bacillus cereus MTCC 619, Escherichia coli 
MTCC 739, Pseudomonas aeruginosa MTCC 741, 
Klebsiella pneumoniae MTCC 109, Salmonella 
typhi MTCC 733, Proteus vulgaris MTCC 1771) 
and fungi (Aspergillus niger MTCC 282, Asper-
gillus fumigatus MTCC 343, Aspergillus clavatus 
MTCC 1323, Candida albicans MTCC 183) using 
the agar diffusion test (Cruickshank et al., 1975). 
The Mueller-Hinton agar media were sterilized 
(autoclaved at 120 °C for 30 min), poured at uni-
form depth of 5 mm, and allowed to solidify. The 
microbial suspension (105 CFU/mL) (0.5 McFar-
land nephelometery standards) was streaked over 
the surface of media using a sterile cotton swab 
to ensure even growth of the organisms. The test 
compounds were dissolved in DMSO to give so-
lutions of 3.12 – 100 μg/mL. Sterile fi lter paper 
discs measuring 6.25 mm in diameter (Whatman 
no. 1 fi lter paper), previously soaked in a known 
concentration of the respective test compound 
in DMSO were placed on the solidifi ed nutri-
ent agar medium that had been inoculated with 
the respective microorganism; then the plates 
were incubated for 24 h at (37 ± 1) °C. A control 
disc impregnated with an equivalent amount of 
DMSO without any sample was also used and 
did not produce any inhibition. Ciprofl oxacin and 
ketoconazole (100 μg/disc) were used as control 
drugs for antibacterial and antifungal activity, re-
spectively. Each assay was performed in triplicate.

To determine the minimum inhibitory con-
centration (MIC), a stock solution of each syn-
thesized compound (100 μg/mL) in DMSO was 
prepared, and graded quantities of the test com-
pounds were incorporated in a specifi ed quantity 
of molten sterile agar, i.e. nutrient agar for evalu-
ation of antibacterial activity and Sabouraud 
dextrose agar for evaluation of antifungal activ-
ity, respectively. The medium containing the test 
compound was poured into a Petri dish at a depth 
of 4 – 5 mm and allowed to solidify under aseptic 
conditions. A suspension of the respective micro-
organism of approximately 105 CFU/mL was pre-
pared and applied to plates with serially diluted 
compounds with concentrations in the range of 
3.12 – 100 μg/mL in DMSO; the plates were incu-
bated at (37 ± 1) °C for 24 h (bacteria) or 48 h 
(fungi). The lowest concentration of a substance 
that prevents the development of visible growth 
is considered to be its MIC value.

4-(4,6-Dichloro-1,3,5-triazin-2-ylamino)-2-
trifl uoromethyl-benzonitrile (1)

To a stirred solution of 2,4,6-trichloro-1,3,5-tri-
azine (10 g, 0.054 mol) in anhydrous THF (150 mL) 
4-amino-2-trifl uoromethyl-benzonitrile (10.09 g, 
0.054 mol) was dropwise added at 0 – 5 °C. The 
resulting reaction mixture was stirred at this tem-
perature for 2 h. Then triethyl amine (5.48 g, 0.054 
mol) was added and stirring was continued for an-
other 5 h. The reaction mixture was then treated 
with crushed ice, followed by neutralization with 
dilute HCl, and fi ltered, dried, and recrystallized 
from acetone to afford 1. – M.p. 259.5 °C (dec.). 
– FT-IR (KBr): ν̄ = 2223 cm–1 (CN).

4-[4-Chloro-6-(quinolin-8-yloxy)-1,3,5-triazin-2-
ylamino]-2-trifl uoromethyl-benzonitrile (3)

To a stirred solution of 8-hydroxyquinoline 
(8 g, 0.055 mol) in anhydrous THF (150 mL) 60% 
NaH (1.32 g, 0.055 mol) was added at room tem-
perature during 1 h, and 1 (18.41 g, 0.055 mol) was 
then added to the mixture. Stirring was continued 
for another 16 h at 45 °C. Progress of the reaction 
was monitored by TLC using toluene/ acetone 
(95:5, v/v) as eluent. The mixture was treated with 
crushed ice, fi ltered, and dried to afford 3 (Xiong 
et al., 2009). – M.p. 267.7 °C (dec.). – FT-IR (KBr): 
ν̄ = 2223 cm–1 (CN), 1255 – 1257 cm–1 (C-O-C).
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General procedure for preparation of 
compounds 5a – 5k

To a solution of 3 (0.01 mol) in 1,4-dioxane 
(30 mL), the respective substituted piperazine de-
rivative was added and the reaction mixture was 
refl uxed for 8 – 10 h. Potassium carbonate (0.01 
mol) was used for neutralization of the reaction 
mixture. Progress of the reaction was monitored 
by TLC using toluene/acetone (95:5, v/v) as elu-
ent. The mixture was then treated with crushed 
ice and neutralized by dilute HCl. The precipitate 
thus obtained was fi ltered off, dried, and recrystal-
lized from THF to afford the desired compounds 
5a – k.

4-[4-(4-Methyl-piperazin-1-yl)-6-(quinolin-
4-yloxy)-1,3,5-triazin-2-ylamino]-2-trifluorome-
thyl-benzonitrile (5a): Yield: 78%. – M.p. 273 °C 
(dec.). – IR (KBr): ν̄ = 3100 – 3300 (-NH), 2221 
(CN), 1255 (C-O-C), 814 cm–1 (s-triazine C-N str.). 
– 1H NMR (400 MHz, DMSO-d6): δ = 8.84 (1H, 
s, -NH), 7.55 – 7.62 (3H, m, quinoline), 7.15 – 7.45 
(6H, m, Ar-H), 3.84 (8H, br s, piperazine), 2.40 
(3H, s, -CH3). – 13C NMR (100 MHz, DMSO-d6): 
δ = 176.21 (C-3, s-triazine, C-N at  piperazine link-
age), 168.99 (C-1, s-triazine, C-O-C at quinoline 
linkage), 164.11 (C-5, s-triazine, C-NH at benzoni-
trile moiety), 149.34 – 113.08 (15C, -Ar. C includ-
ing C-CF3 at 130.50 and CF3 at 125.00), 104.66 
(C-32, CN), 97.08 (C-11, C-CN), 50.35, 46.98 
(4C,  piperazine ring carbon atoms), 14.03 (C-31, 
N-CH3). – C25H21F3N8O (506.48 g/mol): calcd. C 
59.28, H 4.18, N 22.12; found C 59.27, H 4.19, N 
22.10.

4-[4-(4-Ethyl-piperazin-1-yl)-6-(quinolin-
4-yloxy)-1,3,5-triazin-2-ylamino]-2-trifluorome-
thyl-benzonitrile (5b): Yield: 83%. – M.p. 247 °C 
(dec.). – IR (KBr): ν̄ = 3100 – 3300 (-NH), 2223 
(CN), 1255 (C-O-C), 806 cm–1 (s-triazine C-N 
str.). – 1H NMR (400 MHz, DMSO-d6): δ = 8.85 
(1H, s, -NH), 7.56 - 7.63 (3H, m, quinoline), 
7.22 – 7.54 (6H, m, Ar-H), 3.82 (8H, br s, piper-
azine), 2.40 (2H, q, -CH2), 2.13 (3H, t, CH3). – 13C 
NMR (100 MHz, DMSO-d6): δ = 176.58 (C-3, s-
triazine, C-N at  piperazine linkage), 169.36 (C-1, 
s-triazine, C-O-C at quinoline linkage), 163.79 
(C-5, s-triazine, C-NH at benzonitrile moiety), 
150.34 – 113.44 (15C, -Ar. C including C-CF3 at 
129.90 and CF3 at 125.61), 104.99 (C-37, CN), 97.08 
(C-11, C-CN), 51.62, 50.29, 45.68 (4C, piperazine 
ring carbon atoms and 1C at C-31, N-CH2-), 12.39 

(C-32, CH2-CH3). – C26H23F3N8O (520.51 g/mol): 
calcd. C 59.99, H 4.45, N 21.53; found C 59.97, H 
4.44, N 21.53.

[4-[4-(3-Chloro-phenyl)-piperazin-1-yl]-
6-(quinolin-4-yloxy)-1,3,5-triazin-2-ylamino]-
2-trifl uoromethyl-benzonitrile (5c): Yield: 79%. 
– M.p. 262 °C (dec.). – IR (KBr): ν̄ = 3100 – 3300 
(-NH), 2223 (CN), 1257 (C-O-C), 813 cm–1 (s-tri-
azine C-N str.), 754 (C-Cl). – 1H NMR (400 MHz, 
DMSO-d6): δ = 8.86 (1H, s, -NH), 7.71 – 7.78 (3H, 
m, quinoline), 7.13 – 7.40 (10H, m, Ar-H), 3.85 (8H, 
br s, piperazine). – 13C NMR (100 MHz, DMSO-
d6): δ = 176.18 (C-3, s-triazine, C-N at piperazine 
linkage), 169.18 (C-1, s-triazine, C-O-C at quino-
line linkage), 164.21 (C-5, s-triazine, C-NH at ben-
zonitrile moiety), 151.33 – 112.86 (21C, -Ar. C in-
cluding C-CF3 at 130.52 and CF3 at 125.09), 104.86 
(C-38, CN), 98.08 (C-11, C-CN), 47.88, 46.73 (4C, 
piperazine ring carbon atoms). – C30H22ClF3N8O 
(603.00 g/mol): calcd. C 59.76, H 3.68, N 18.58; 
found C 59.75, H 3.66, N 18.59.

4-[4-[4-(2,3-Dichloro-phenyl)-piperazin-1-yl]-
6-(quinolin-4-yloxy)-1,3,5-triazin-2-ylamino]-
2-trifl uoromethyl-benzonitrile (5d): Yield: 71%. 
– M.p. >300 °C (dec.). – IR (KBr): ν̄ = 3100 – 3300 
(-NH), 2221 (CN), 1255 (C-O-C), 806 cm–1 (s-tri-
azine C-N str.), 754 (C-Cl). – 1H NMR (400 MHz, 
DMSO-d6): δ = 8.86 (1H, s, -NH), 7.53 – 7.59 (3H, 
m, quinoline), 7.23 – 7.45 (9H, m, Ar-H), 3.83 (8H, 
br s, piperazine). – 13C NMR (100 MHz, DMSO-
d6): δ = 177.00 (C-3, s-triazine, C-N at piperazine 
linkage), 169.27 (C-1, s-triazine, C-O-C at quino-
line linkage), 164.73 (C-5, s-triazine, C-NH at ben-
zonitrile moiety), 152.05 – 111.98 (21C, -Ar. C in-
cluding C-CF3 at 129.88 and CF3 at 125.25), 105.15 
(C-43, CN), 97.59 (C-11, C-CN), 48.13, 46.46 (4C, 
piperazine ring carbon atoms). – C30H21Cl2F3N8O 
(637.44 g/mol): calcd. C 56.53, H 3.32, N 17.58; 
found C 56.51, H 3.31, N 17.57.

4-[4-Piperidin-1-yl-6-(quinolin-4-yloxy)-1,3,5-
triazin-2-ylamino]-2-trifl uoromethyl-benzonitrile 
(5e): Yield: 80%. – M.p. 288 °C (dec.). – IR 
(KBr): ν̄ = 3100 – 3300 (-NH), 2223 (CN), 1256 (C-
O-C), 817 cm–1 (s-triazine C-N str.). – 1H NMR 
(400 MHz, DMSO-d6): δ = 8.87 (1H, s, -NH), 
7.64 – 7.69 (3H, m, quinoline), 7.22 – 7.39 (6H, m, 
Ar-H), 3.91 (4H, t, piperidine), 3.70 (6H, t, pi-
peridine). – 13C NMR (100 MHz, DMSO-d6): δ = 
176.89 (C-3, s-triazine, C-N at piperazine linkage), 
169.16 (C-1, s-triazine, C-O-C at quinoline link-
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age), 163.97 (C-5, s-triazine, C-NH at benzonitrile 
moiety), 151.31 – 112.73 (15C, -Ar. C including 
C-CF3 at 130.83 and CF3 at 125.08), 105.15 (C-31, 
CN), 96.99 (C-11, C-CN), 67.84, 29.85 (5C, C-26 
to C-30, piperidine ring carbon atoms). – C25H20

F3N7O (491.47 g/mol): calcd. C 61.10, H 4.10, N 
19.95; found C 61.11, H 4.09, N 19.93.

4-[4-Morpholin-4-yl-6-(quinolin-4-yloxy)-1,3,5-
triazin-2-ylamino]-2-trifl uoromethyl-benzonitrile 
(5f): Yield: 90%. – M.p. 275 °C (dec.). – IR (KBr): 
ν̄ = 3100 – 3300 (-NH), 2221 (CN), 1375 (morpho-
line C-O-C str.), 1258 (C-O-C), 806 cm–1 (s-tri azine 
C-N str.). – 1H NMR (400 MHz,  DMSO-d6): δ = 
8.84 (1H, s, -NH), 7.56 – 7.62 (3H, m, quinoline), 
7.15 – 7.45 (6H, m, Ar-H), 3.83 (4H, t, morpholine), 
3.85 (4H, t, morpholine). – 13C NMR (100 MHz, 
DMSO-d6): δ = 177.99 (C-3, s-triazine, C-N at pip-
erazine linkage), 169.66 (C-1, s-triazine,  C-O-C at 
quinoline linkage), 164.07 (C-5, s-tri azine, C-NH 
at benzonitrile moiety), 150.31 – 113.93 (15C, 
-Ar. C including C-CF3 at 130.73 and CF3 at 
125.28), 104.86 (C-35, CN), 96.59 (C-11, C-CN), 
67.84, 46.85 (4C, morpholine ring carbon atoms). 
– C24H18F3N7O2 (493.44 g/mol): calcd. C 58.42, H 
3.68, N 19.87; found C 58.40, H 3.69, N 19.85.

4-[4-(4-Phenyl-piperazin-1-yl)-6-(quinolin-
4-yloxy)-1,3,5-triazin-2-ylamino]-2-trifluorome-
thyl-benzonitrile (5g): Yield: 81%. – M.p. 256 °C 
(dec.). – IR (KBr): ν̄ = 3100 – 3300 (-NH), 2223 
(CN), 1256 (C-O-C), 815 cm–1 (s-triazine C-N str.). 
– 1H NMR (400 MHz, DMSO-d6): δ = 8.82 (1H, 
s, -NH), 7.57 – 7.60 (3H, m, quinoline), 7.09 – 7.39 
(11H, m, Ar-H), 3.89 (8H, br s, piperazine). – 13C 
NMR (100 MHz, DMSO-d6): δ = 177.36 (C-3, s-
triazine, C-N at piperazine linkage), 169.50 (C-1, 
s-triazine, C-O-C at quinoline linkage), 164.64 
(C-5, s-triazine, C-NH at benzonitrile moiety), 
151.33 – 114.00 (21C, -Ar. C including C-CF3 at 
130.30 and CF3 at 124.89), 105.61 (C-41, CN), 
97.17 (C-11, C-CN), 49.49, 47.89 (4C, piperazine 
ring carbon atoms). – C30H23F3N8O (568.55 g/mol): 
calcd. C 63.38, H 4.08, N 19.71; found C 63.38, H 
4.06, N 19.70.

4-[4-(4-Acetyl-piperazin-1-yl)-6-(quinolin-
4-yloxy)-1,3,5-triazin-2-ylamino]- 2-trifl uoromethyl-
benzonitrile (5h): Yield: 84%. – M.p. 238 °C (dec.). 
– IR (KBr): ν̄ = 3100 – 3300 (-NH), 2223 (CN), 
1700 (-C=O), 1475 (-CH3), 1255 (C-O-C), 819 cm–1 
(s-triazine C-N str.). – 1H NMR (400 MHz, 
 DMSO-d6): δ = 8.80 (1H, s, -NH), 7.60 – 7.66 (3H, 

m, quinoline), 7.13 – 7.30 (6H, m, Ar-H), 3.85 (8H, 
br s, piperazine), 2.39 (3H, S, -CH3). – 13C NMR 
(100 MHz, DMSO-d6): δ = 176.10 (C-3, s-triazine, 
C-N at piperazine linkage), 169.29 (C-1, s-triazine, 
C-O-C at quinoline linkage), 167.49 (C-38, acetyl 
C=O), 164.39 (C-5, s-triazine, C-NH at benzoni-
trile moiety), 150.65 – 112.41 (15C, -Ar. C including 
C-CF3 at 130.03 and CF3 at 125.18), 105.56 (C-32, 
CN), 97.77 (C-11, C-CN), 48.04, 46.45 (4C, piper-
azine ring carbon atoms), 22.32 (C-31, CO-CH3). 
– C26H21F3N8O2 (534.49 g/mol): calcd. C 58.43, H 
3.96, N 20.96; found C 58.41, H 3.95, N 20.95.

4-[4-(4-Isopropyl-piperazin-1-yl)-6-(quinolin-
4-yloxy)-1,3,5-triazin-2-ylamino]-2-trifl uoromethyl-
benzonitrile (5i): Yield: 67%. – M.p. 287 °C (dec.). 
– IR (KBr): ν̄ = 3100 – 3300 (-NH), 2222 (CN), 
1380 (isopropyl), 1257 (C-O-C), 819 cm–1 (s-tri-
azine C-N str.). – 1H NMR (400 MHz,  DMSO-d6): 
δ = 8.83 (1H, s, -NH), 7.67 – 7.70 (3H, m, quino-
line), 7.12 – 7.42 (6H, m, Ar-H), 3.79 (8H, br s, 
piper azine), 2.44 (1H, q, -CH), 2.40 (6H, d, -CH3). 
– 13C NMR (100 MHz, DMSO-d6): δ = 177.11 (C-3, 
s-triazine, C-N at piperazine linkage), 168.96 (C-
1, s-triazine, C-O-C at quinoline linkage), 164.29 
(C-5, s-triazine, C-NH at benzonitrile moiety), 
149.32 – 114.05 (15C, -Ar. C including C-CF3 at 
129.33 and CF3 at 125.48), 105.16 (C-38, CN), 96.97 
(C-11, C-CN), 54.11, 52.88, 46.82 (4C, pi perazine 
ring carbon atoms and 1C at C-31, N-CH-), 21.03 
(2C, 2CH3). – C27H25F3N8O (534.54 g/mol): calcd. 
C 60.67, H 4.71, N 20.96; found C 60.68, H 4.69, 
N 20.96.

4-[4-(4-Pyr id in-2-y l -p iperazin-1-y l ) -6- 
(quinolin-4-yloxy)-1,3,5-triazin-2-ylamino]-2-
trifl uoromethyl-benzonitrile (5j): Yield: 80%. 
– M.p. 291 °C (dec.). – IR (KBr): ν̄ = 3100 – 3300 
(-NH), 2223 (CN), 1256 (C-O-C), 806 cm–1 (s-
triazine C-N str.). – 1H NMR (400 MHz, DM-
SO-d6): δ = 8.84 (1H, s, -NH), 7.60 – 7.64 (4H, m, 
3H of quinoline and 1H of pyridyl), 7.19 – 7.35 
(9H, m, Ar-H), 3.84 (8H, br s, piperazine). – 13C 
NMR (100 MHz, DMSO-d6): δ = 176.48 (C-3, s-
triazine, C-N at piperazine linkage), 169.68 (C-1, 
s-triazine, C-O-C at quinoline linkage), 164.79 
(C-5, s-triazine, C-NH at benzonitrile moiety), 
161.49 (C-31, N-C at piperazine-pyridine link-
age), 151.03 – 110.98 (19C, -Ar. C including C-CF3 
at 130.02 and CF3 at 125.36), 104.08 (C-37, CN), 
96.67 (C-11, C-CN), 47.98, 46.71 (4C, piperazine 
ring carbon atoms). – C29H22F3N9O (569.54 g/mol): 
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calcd. C 61.16, H 3.89, N 22.13; found C 61.17, H 
3.89, N 22.15.

4-[4-(4-Pyr imidin-2-y l -p iperazin-1-y l) -
6-(quinolin-4-yloxy)-1,3,5-triazin-2-ylamino]-2-tri-
fl uoromethyl-benzonitrile (5k): Yield: 85%. – M.p. 
283 °C (dec.). – IR (KBr): ν̄ = 3100 – 3300 (-NH), 
2222 (CN), 1255 (C-O-C), 806 cm–1 (s-triazine C-N 
str.). – 1H NMR (400 MHz, DMSO-d6) δ = 8.90 
(1H, s, -NH), 7.98 – 8.05 (5H, m, 3H of quinoline 
and 2H of pyrimidyl), 7.27 – 7.35 (7H, m, Ar-H), 
3.84 (8H, br s, piperazine). – 13C NMR (100 MHz, 
DMSO-d6) δ = 177.01 (C-3, s-triazine, C-N at pip-
erazine linkage), 169.78 (C-1, s-triazine,  C-O-C at 
quinoline linkage), 164.09 (C-5, s-tri azine, C-NH 
at benzonitrile moiety), 160.59 (C-31, N-C at 
piperazine-pyridine linkage), 157.57 (2C, C-33 
and C-35), 150.93 – 111.78 (16C, -Ar. C includ-
ing C-CF3 at 130.34 and CF3 at 125.16), 105.33 
(C-37, CN), 97.37 (C-11, C-CN), 47.98, 46.71 (4C, 
piperazine ring carbon atoms). – C28H21F3N10O 
(570.53 g/mol): calcd. C 58.95, H 3.71, N 24.55; 
found C 58.93, H 3.70, N 24.56.

Results and Discussion

Compounds 5a – 5k were synthesized according 
to Fig. 1. Nucleophilic substitution of one chlo-
rine atom produced 4-(4,6-dichloro-1,3,5-triazin-
2-ylamino)-2-trifl uoromethyl-benzonitrile (1) in 
good yield from 2,4,6-trichloro-1,3,5-triazine 
and 4-amino-2-tri fl uoromethyl-benzonitrile. The 
disubstituted s-triazine intermediate 3 was ob-
tained in good yield by the reaction between 1 
and 8-hydroxyquinoline in the presence of 60% 
NaH at 45 – 50 °C. Condensation of 3 with ap-
propriate piperazine and piperidine substituents 
(Fig. 2) in 1,4-dioxane at 70 – 80 °C provided 
the target compounds 5a – 5k. A C3N3 stretching 
band in the s-triazine ring was observed between 
810 – 820 cm–1. Compound 4-(4,6-dichloro-1,3,5-tri-
azin-2-ylamino)-2-trifl uoromethyl-benzonitrile (1) 
displayed an absorption band at 2220 – 2224 cm–1, 

confi rming the presence of a cyano group, and 
a strong band near 3250 cm–1, due to the pres-
ence of an –NH group. Moreover, a character-

Fig. 1. Schematic diagram for the synthesis of the target fl uorinated s-triazinyl piperazines.
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istic band appeared at 1255 cm–1 corresponding 
to the C-O-C linkage, while disappearance of 
the –OH peak at 3610 cm–1, belonging to 8-hy-
droxyquinoline, gave correction to the formation 
of intermediate 3. Absence of a C-Cl stretch-
ing band at 700 – 760 cm–1 confi rmed the forma-

tion of the fi nal products by condensation of 
the piperazines and the s-triazine ring as all the 
chlorine atoms of the s-triazine ring were substi-
tuted by 4-amino-2-trifl uoromethyl-benzonitrile, 
8-hydro xyquinoline, and piperazines. The synthe-
sis of 5a – 5k was confi rmed on the basis of NMR 
spectra. The piperazine proton gave a signal at 
3.79 – 3.89 ppm, the –NH group at 8.80 – 8.87 ppm, 
and the proton of the quinoline moiety resonated 
at 7.53 – 7.78 ppm. 13C NMR spectra contained sig-
nals in the range 176.10 – 177.99, 168.96 – 169.78, 
and 163.79 – 164.79 ppm. The carbon atoms of 
the piperazine ring gave signals in the range of 
46 – 50 ppm. The carbon atom of the CN group 
appeared to resonate around 105 ppm.

The antibacterial activity assays of the synthe-
sized compounds 5a – 5k (Table I) revealed that 
attachment of N-methyl piperazine or N-ethyl 
piperazine to s-triazine resulted in moderate ac-
tivity against all of the bacterial strains tested. The 
N-ethyl piperazine-bearing compound 5b had a 
more potent inhibitory effect than the N-methyl 
piperazine-bearing compound 5a. Compounds 5c 
and 5d, bearing halogen atom(s) in the phenyl ring 
of the piperazine moiety, had strong inhibitory ac-
tivity against S. typhi, B. cereus, and P. vulgaris. 
Compound 5e, bearing a piperidine substituent, 

Fig. 2. Bases coupled to compound 3.
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Table I. In vitro antibacterial activity.

Compounda Zone of inhibition [mm (MIC in μg/mL)]

Gram (+) Gram (–)

S. aureus B. cereus E. coli P. 
aeruginosa

K. 
pneumoniae

S. typhi P. vulgaris

5a (N-Methyl piperazine) 19 (100) 20 (100) 17 (100) 18 (100) 22 (50) 20 (100) 19 (100)
5b (N-Ethyl piperazine) 21 (100) 20 (100) 21 (100) 19 (100) 21 (100) 21 (100) 22 (50)
5c [1-(3-Chlorophenyl) 
piperazine]

24 (25) 25 (6.25) 24 (25) 24 (25) 25 (12.5) 25 (6.25) 23 (25)

5d [1-(2,3-Dichlorophenyl) 
piperazine]

25 (12.5) 26 (6.25) 25 (12.5) 24 (25) 24 (25) 24 (12.5) 25 (6.25)

5e (Piperidine) 21 (100) 23 (25) 27 (6.25) 17 (100) 22 (50) 19 (100) 16 (100)
5f (Morpholine) 19 (100) 18 (100) 22 (100) 17 (100) 27 (6.25) 19 (100) 17 (100)
5g (N-Phenyl piperazine) 21 (100) 18 (100) 22 (100) 17 (100) 21 (100) 17 (100) 16 (100)
5h (N-Acetyl piperazine) 23 (50) 20 (100) 28 (6.25) 20 (50) 27 (6.25) 22 (50) 21 (100)
5i (N-Isopropyl piperazine) 24 (25) 21 (50) 23 (50) 21 (50) 23 (25) 21 (100) 22 (50)
5j [1-(2-Pyridyl) piperazine] 26 (6.25) 23 (25) 25 (12.5) 27 (6.25) 27 (6.25) 23 (25) 21 (100)
5k [1-(2-Pyrimidyl) 
 piperazine]

26 (6.25) 24 (12.5) 24 (25) 25 (12.5) 25 (12.5) 25 (6.25) 24 (12.5)

Ciprofl oxacin (100 μg/disc) 29 ( 3) 29 ( 3) 32 ( 3) 33 ( 3) 33 ( 3) 30 ( 3) 31 ( 3)
DMSO - - - - - - -

The MIC values were evaluated at the concentration range of 3.12 – 100 μg/mL. Each value is the mean of three 
independent experiments.
a Compounds 5a – 5k were tested at 100 μg/disc concentration in the radial diffusion assay.
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was most effective against E. coli, whereas, the 
morpholine-bearing compound 5f showed higher 
activity against K. pneumoniae. The compound, 
bearing an N-acetyl piperazine substituent (5h), 
showed good activity against E. coli and K. pneu-
moniae. The compounds 5j and 5k, containing the 
N-pyridyl piperazine and N-pyrimidyl piperazine 
moiety, respectively, proved most highly potent 
against most of the bacterial strains. Particularly, 
compound 5j showed excellent inhibitory activity 
against S. aureus, P. aeruginosa, and K. pneumo-
niae, and compound 5k showed strong inhibition 
against S. aureus and S. typhi.

All the fi nal 5a – 5j compounds showed good to 
moderate inhibition of A. niger, A. fumigatus, A. 
clavatus, and C. albicans (Table II). Compound 
5f displayed good activity against A. niger. Com-
pounds 5d and 5k were active against A. fumiga-
tus, whereas compounds 5h and 5j showed greater 
potency against A. clavatus and C. albicans, re-
spectively.

From the bioassay it is clear that the intro-
duction of an appropriate substituent on the s-
triazine ring would lead to more active antimi-

crobial derivatives. The variation of antimicrobial 
activity is related to the tested microorganisms as 
well as to the chemical structure of the test com-
pounds. In the present study, higher potency has 
been observed with the fi nal compounds bearing 
piperazine bases with halogen atom(s), methyl 
linker, and pyridine or pyrimidine ring contain-
ing nitrogen heteroatom(s). The fl uorine atom is 
also found to enhance the biological activities of 
the compounds. Therefore, it was concluded that 
there exists ample scope for further study on 
this class of compounds with appropriate struc-
tural modifi cation; for example the position of 
the hydroxy group at position 8 of the quinoline 
ring can be altered to the active position 4 of the 
quinoline ring as well as piperazine bases with a 
halogen atom like fl uorine can be used. 4-Amino-
2-tri fl uoromethyl-benzonitrile may be replaced 
by its non-fl uorinated analogue 4-amino-benzoni-
trile in order to study the infl uence of presence 
and absence of the trifl uoromethyl group on the 
biological profi le of the resultant compounds. The 
study is currently under investigation and the re-
sults will be published in due course.

Table II. In vitro antifungal activity.

Compounda Zone of inhibition in [mm (MIC in μg/mL)]

A. niger A. fumigatus A. clavatus C. albicans

5a (N-Methyl piperazine) 19 (100) 20 (50) 18 (100) 21 (100)
5b (N-Ethyl piperazine) 21 (50) 20 (50) 21 (50) 21 (100)
5c [1-(3-Chlorophenyl) piperazine] 23 (25) 23 (25) 24 (12.5) 25 (12.5)
5d [1-(2,3-Dichlorophenyl) piperazine] 23 (25) 25 (6.25) 25 (6.25) 25 (12.5)
5e (Piperidine) 23 (25) 21 (50) 21 (50) 23 (25)
5f (Morpholine) 26 (6.25) 20 (50) 23 (25) 23 (25)
5g (N-Phenyl piperazine) 20 (100) 18 (100) 20 (100) 22 (50)
5h (N-Acetyl piperazine) 24 (12.5) 23 (25) 27 (6.25) 19 (100)
5i (N-Isopropyl piperazine) 21 (50) 21 (50) 21 (50) 21 (100)
5j [1-(2-Pyridyl) piperazine] 24 (12.5) 24 (12.5) 22 (50) 28 (6.25)
5k [1-(2-Pyrimidyl) piperazine] 24 (12.5) 25 (6.25) 24 (12.5) 26 (6.25)
Ketoconazole (100 μg/disc) 30 (6.25) 29 ( 3) 31 ( 3) 33 ( 3)
DMSO - - - -

The MIC values were evaluated at the concentration range of 3.12 – 100 μg/mL. Each value is the mean of three 
independent experiments.
a Compounds 5a – 5k were tested at 100 μg/disc concentration in the radial diffusion assay.
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