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Abstract: Pyridine O-galactosides 3, 4, and 2-(4′-fluoroben-
zoyloxy)pyridine derivatives 5 were prepared by simple 
nucleophilic substitution reactions. These nucleosides 
were studied as anti-proliferating agents of human pro-
myelotic leukemia (HL-60) cells. Compound 5a shows the 
highest anti-proliferative activity (77% at 100 μm) among 
the synthesized compounds.
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Introduction
Nucleoside analogues have been explored due to their 
structural similarity to the naturally occurring nucleo-
sides, which are the fundamental building blocks of many 
biological systems. The recent interest in nucleosides as 
biologically active agents stimulates the development 
of novel compounds targeting common cancers [1]. As a 
result, synthetic nucleosides are used in chemotherapy, 
and there is an intertwined relationship between natural 
and synthetic nucleosides [2]. Cytotoxic nucleosides inter-
fere with nucleic acid synthesis, and many of these are 
quite promising agents for cancer therapies with different 
mechanisms of action. In particular, 4-amino-3-fluoro-1-
(β-d-ribofuranosyl)-2(1H)-pyridone inhibits the growth 
of HL-60 lymphoid leukemia cells with IC50  =  1.07 × 10-5 m 

(Figure 1), whereas its 2′-deoxy analogue is active against 
lymphoid leukemia L1210 cells [3–5].

In our previous study [6–8], we reported the synthesis 
and apoptotic activity of pyrimidine, pyrazoline, and pyri-
dine nucleosides. The goal of this work was to synthesize 
new pyridine analogues and to confirm their structures 
by analyzing their NMR properties. The anti-proliferative 
activities in HL-60 leukemia cells of the resultant com-
pounds were studied.

Results and discussion
A series of 2(1H)-pyridone derivatives 1 (Schemes 1–3) was 
synthesized previously in yields of 84–96% [8, 9]. In this 
work, alkylation of a particular compound 1′ with iodoeth-
ane under basic conditions yielded a mixture of N-ethylpyri-
done 2a and 2-ethoxypyridine 2b (Scheme 1). The isomeric 
mixture of 2a and 2b was separated using column chroma-
tography [10–12]. The 1H NMR data obtained for isomers 2a 
and 2b indicate different chemical shifts for the pyridine 
H-5 atom [13–15]. For the N-ethyl isomer, the chemical shift 
of the pyridine H-5 atom is observed at δ 6.53, whereas the 
H-5 signal for the ethoxy isomer 2b is shifted downfield to 
δ 7.76 (see the Supplementary data for 2a and 2b). This dif-
ference in chemical shifts was used to assign the structures 
to O-nucleosides 3, 4, and their O-benzoyl analogues 5 syn-
thesized as part of this work (Schemes 2 and 3).

Treatment of potassium salts of 2-pyridones 1 [6–8] 
with 1-bromo-2,3,4,6-tetra-O-acetyl-α-d-galactopyranoside 
yielded the corresponding acetyl-protected O-β-nucleosides 
3a–e. Deacetylation of products 3a–d under standard 
conditions provided the respective O-β-nucleosides 4a–d 
(Scheme 2). The β-configuration of 3 and 4 is consistent with 
the large spin-spin coupling constant (JH-1″-H-2″ > 7.00  Hz) for 
protons H-1″ and H-2″ in these compounds [8]. The chemi-
cal shift of pyridine H-5 proton of the obtained nucleosides 3 
and 4 is observed in the range of δ 7.65–8.30, which indicates 
the O-substitution (see the Supplementary data Figs. 5–22).

The 2-(4′-fluorobenzoyloxy) analogues 5a–d were 
synthesized as shown in Scheme 3. The reaction of 
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substrates 1 with 4-fluorobenzoyl chloride yielded a 
single isomer 5a–d in each case. The O-substitution in 
5a–d was determined as discussed above. In addition, 
the infrared spectra for 5 show absorption in the range of 
1750–1770 cm-1 for the benzoyl carbonyl group. In the 13C 
NMR spectrum, the characteristic chemical shift for this 
group appears in the region of δ 157.4–158.3 (see the Sup-
plementary data Figs. 23–30).

The effects of pyridine galactosides 3 and 4 and 
their benzoyl analogues 5 as anti-proliferative agents of 
the human promyelotic leukemia (HL-60) cell lines were 
evaluated. The results of the MTT cell proliferation assay 
show that compound 4c has the highest anti-proliferation 
activity among all synthesized nucleosides 3 and 4. Inter-
estingly, non-nucleosides 5a–d were found to have even 
higher anti-proliferation activities than the corresponding 

nucleosides 3 and 4. Interestingly, the non-nucleoside 
analogue 5a shows the highest activity among all synthe-
sized compounds [16–18].

Conclusions
A new series of pyridine O-galactoside 3, 4, and 4-fluoroben-
zoyl analogues 5 were synthesized. All compounds show 
some anti-proliferative activities, with 5a having the highest 
activity.

N

O
OH

HO

O

HO

F

NH2

N

O

HO

O

HO

F

NH2

Figure 1 Fluoropyridine analogues used against lymphoid 
leukemia.
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Scheme 1 Synthesis of N-ethylpyridone 2a and 2-ethoxypyridine 2b.
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Experimental
All air-sensitive materials were handled under a nitrogen atmosphere. 
Melting points were determined in Pyrex capillaries on a Gallenkamp 
apparatus. Infrared spectra were recorded with a Thermo Nicolet 
Nexus 470 FT-IR spectrometer in potassium bromide disks. 1H NMR 
and 13C NMR spectra were obtained on Varian 200 or 400 instruments. 
Optical rotations were measured with a Perkin-Elmer digital polarimeter 
at 589 nm (sodium D line) in a 1-dm cell. Thin-layer chromatography 
(TLC) was carried out on precoated Merck silica gel F254 plates and 
ultraviolet light was used for visualization. Column chromatography 
was performed using a Merck silica gel. Micro analyses (C, H, and N) 
were performed on a Flash-EA-1112 series analyzer. The reagents were 
purchased from Aldrich and used without further purification.

Synthesis of N-ethylpyridone 2a and  
2-ethoxypyridine 2b

To a solution of 6-phenyl-4-(p-tolyl)-2(1H)pyridone-3-carbonitrile (2.86 
g, 0.01 mol) in aqueous KOH (0.01 mol, 6 mL), a solution of iodoethane 
(0.01 mol, 1.56 mL) in acetone (30 mL) was added. The mixture was 
stirred at room temperature for 2 h, then extracted with dichlorometh-
ane (3 × 20 mL). The extract was dried over anhydrous sodium sulfate, 
filtered, and concentrated under reduced pressure at room tempera-
ture to afford a residue containing 2a and 2b in a 65% total yield. This 
mixture was separated by column chromatography on a silica gel col-
umn using ethyl acetate/hexane (1:2) as an eluent to give the N-ethyl 
derivative 2a and the O-ethyl derivative 2b as pure compounds.

1-Ethyl-2-oxo-6-phenyl-4-(p-tolyl)-1,2-dihydropyridine-
3-carbonitrile (2a) Pale yellow powder; Rf  =  0.24 eluting with 
ethyl acetate/hexane (1:2); yield 24%; mp 280°C; IR: 2202 (CN), 2922 
(aliphatic C-H), 1552 (C = C), 1651 cm-1 (C = O); 1H NMR (DMSO-d6, 400 
MHz): δ 1.25 (t, 3H, CH3, J  =  6.8 Hz), 2.04 (s, 3H, CH3), 4.10 (q, 2H, CH2, 
J  =  6.8 Hz), 6.53 (s, 1H, H-5 pyridine), 7.27 (d, 2H, p-tolyl, J  =  8.0 Hz), 
7.33–7.42 (m, 3H, phenyl), 7.47 (d, 2H, p-tolyl, J  =  8.0 Hz), 7.96 (d, 2H, 
phenyl, J  =  6.8 Hz); 13C NMR (CDCl3, 100 MHz): δ 14.2 (CH3), 21.5 (CH3), 
60.4 (CH2), 99.8 (C-3), 106.7 (C-5), 115.6 (CN), 125.2, 127.3, 128.6, 128.9, 
129.5, 131.4, 136.1, 138.9 (aromatic carbons), 150.7 (C-2), 161.2 (C-6), 
164.1 (C-4); ESI-MS: m/z 315.15 (100%) [M+].

2-Ethoxy-6-phenyl-4-(p-tolyl)pyridine-3-carbonitrile (2b) Yellow 
powder, Rf  =  0.78 eluting with ethyl acetate/hexane (1:2); yield 76%; 
mp 257°C; IR: 2217 (CN), 2988 (aliphatic C-H), 1580 cm-1 (C = C); 1H NMR 
(DMSO-d6, 400 MHz): δ 1.45 (t, 3H, CH3, J  =  7.0 Hz), 2.42 (s, 3H, CH3), 
4.63 (q, 2H, CH2, J  =  7.0 Hz), 7.39 (d, 2H, p-tolyl, J  =  8.0 Hz), 7.53–7.55 (m, 
3H, phenyl), 7.65 (d, 2H, p-tolyl, J  =  8.0 Hz), 7.76 (s, 1H, H-5 pyridine), 
8.22–8.25 (m, 2H, phenyl); 13C NMR (CDCl3, 100 MHz): δ 14.5 (CH3), 21.5 
(CH3), 63.4 (CH2), 93.1 (C-3), 113.3 (C-5), 115.7 (CN), 125.5, 127.3, 128.9, 
130.4, 130.7, 136.4, 137.4, 138.7 (aromatic carbons), 156.8 (C-4), 157.8 
(C-6), 164.7 (C-2); ESI-MS: m/z 315 (100%) [M+], 316 (25%) [M+H]+.

General procedure for synthesis of nucleosides 3a–e

To a solution of 4,6-disubstituted-2(1H)-pyridone-3-carbonitrile 1a–e 
(0.01 mol) in aqueous KOH (0.56 g, 0.01 mol) in distilled water (6 mL), 
a solution of 2,3,4,6-tetra-O-acetyl-α-d-galactopyranosyl bromide 

(4.52 g, 0.011 mol) in acetone (30 mL) was added. The mixture was 
stirred at room temperature until the reaction was completed as 
monitored by TLC (4–6 h). Dichloromethane (30 mL) was added, and 
the organic layer was washed with water (2 × 30 mL), then dried over 
anhydrous Na2SO4, filtered, and concentrated under reduced pres-
sure to afford the crude product 3a–e. The residue was purified by 
column chromatography eluting with chloroform/ethyl acetate (1:9) 
to give after crystallization from ethanol the desired nucleoside 3a–e 
in 48–74% yield (Scheme 1).

3-Cyano-4,6-diphenyl-2-(2″,3″,4″,6″-tetra-O-acetyl-β-d-
galactopyranosyloxy)pyridine (3a)  White crystals; yield 68%; 
mp 174–175°C, from ethanol, Rf  =  0.39 hexane/ethyl acetate (6:4), IR: 
1748 (C = O), 2225 cm-1 (CN); [α]25  =  21.8° (c  =  3.2 mg/mL, chloroform); 

1H NMR (CDCl3, 200 MHz): δ 1.88, 2.09, 2.10, 2.22 (4s, 12H, 4 CH3), 4.17–
4.28 (m, 3H, H-5″, H-6″a, H-6″b), 5.21–5.28 (m, 1H, H-4″), 5.51–5.74 
(m, 2H, H-2″, H-3″), 6.29 (d, 1H, H-1″, J  =  8.0 Hz), 7.50–7.70 (m, 8H, 
aromatic), 7.66 (s, 1H, H-5), 8.04–8.09 (m, 2H, aromatic); 13C NMR 
(CDCl3, 75 MHz): δ 20.5, 20.6, 20.6, 20.7 (4 CH3), 61.8 (C-6″), 67.2 (C-5″), 
67.9 (C-3″), 70.9 (C-4″), 71.8 (C-2″), 94.0 (C-5), 94.9 (C-1″), 114.0 (C-3), 
115.4 (CN), 127.3–136.8 (aromatic carbons), 157.2 (C-6), 157.8 (C-2), 162.4 
(C-4), 168.9, 170.2, 170.3, 170.4 (4 C = O). Anal. Calcd for C32H30N2O10 
(602.59): C, 63.78; H, 5.02; N, 4.65. Found: C, 64.20; H, 5.20; N, 4.70.

3-Cyano-6-phenyl-4-(2′-tolyl)-2-(2″,3″,4″,6″-tetra-O-acetyl-β-d-
galactopyranosyloxy) pyridine (3b) White crystals; yield 65%; 
mp 196–197°C, from ethanol; Rf  =  0.43 eluting with hexane/ethyl 
acetate (6:4); IR: 1748 (C = O), 2235 cm-1 (CN); [α]25  =  7.5° (c  =  4.0 mg/
mL, chloroform); 1H NMR (CDCl3, 200 MHz): δ 1.93, 2.04, 2.05, 2.08 (4s, 
12H, 4 CH3), 2.28 (s, 3H, o-CH3), 4.17–4.28 (m, 3H, H-5″, H-6″a, H-6″b), 
5.21–5.28 (m, 1H, H-4″, J  =  3.4 Hz), 5.52 (d, 1H, H-3″, J  =  3.8 Hz), 5.64, 
5.74 (dd, 1H, H-2″, J  =  8.2 Hz), 6.29 (d, 1H, H-1″, J  =  8.2 Hz), 7.26 (s, 
1H, H-2′), 7.32–7.90 (m, 7H, aromatic), 8.07–8.09 (m, 2H, aromatic); 

13C NMR (CDCl3, 75 MHz): δ 20.5, 20.6, 20.6, 20.7 (4 CH3), 21.9 (o-CH3), 
61.8 (C-6″), 67.2 (C-5″), 67.9 (C-3″), 70.9 (C-4″), 71.7 (C-2″), 94.0 (C-1″), 
94.9 (C-5), 114.0 (C-3), 116.5 (CN), 125.2–138.8 (aromatic carbons), 157.8 
(C-6), 158.5 (C-2), 162.0 (C-4), 168.9, 170.2, 170.3, 170.4 (4 C = O). Anal. 
Calcd for C33H32N2O10 (616.61): C, 64.28; H, 5.23; N, 4.54. Found: C, 
64.20; H, 5.14; N, 4.61.

3-Cyano-6-phenyl-4-(thiophen-2′-yl)-2-(2″,3″,4″,6″-tetra-O-
acetyl-β-d-galactopyranosyloxy) pyridine (3c) White crystals; 
yield 68%; mp 216–217°C, from ethanol; Rf  =  0.33 eluting with hex-
ane/ethyl acetate (6:4); IR: 1753 (C = O), 2241  cm-1 (CN); [α]25  =  8.8° 
(c  =  4.0 mg/mL, chloroform); 1H NMR (CDCl3, 200 MHz): δ 1.88, 2.03, 
2.04, 2.22 (4s, 12H, 4 CH3), 4.16–4.23 (m, 3H, H-5″, H-6″a,H-6″b), 
5.19, 5.26 (dd, 1H, H-4″, J  =  3.60 Hz), 5.51 (d, 1H, H-3″, J  =  3.60 Hz), 
5.63, 5.73 (dd, 1H, H-2″, J  =  8.2 Hz), 6.26 (d, 1H, H-1″, J  =  8.20 Hz), 
7.51–7.56 (m, 3H, aromatic), 7.58–7.59 (m, 1H, thienyl, H-4), 7.69 (s, 1H, 
H-5), 7.96–7.98 (m, 1H, thienyl H-3), 8.02–8.07 (m, 2H, aromatic); 13C 
NMR (CDCl3, 75 MHz): δ 20.5, 20.6, 20.8, 20.7 (4 CH3), 61.8 (C-6″), 67.2 
(C-5″), 67.8 (C-3″), 70.9 (C-4″), 71.7 (C-2″), 91.6 (C-1″), 94.9 (C5), 114.1 
(C-3), 114.5 (CN), 127.2–137.2 (aromatic carbons), 148.5 (thienyl C-2), 
157.9 (C-6), 162.9 (C-2), 168.9, 170.2, 170.3, 170.4 (4 C = O). Anal. Calcd 
for C30H28N2O10S (608.62): C, 59.20; H, 4.64; N, 4.60; S, 5.27. Found: C, 
60.6; H, 4.70; N, 4.60; S, 5.30.

3-Cyano-6-(4′-chlorophenyl)-4-(thiophen-2′-yl)-2-(2″,3″,4″,6″-
tetra-O-acetyl-β-d-galactopyranosyloxy)pyridine (3d) White 
crystals; yield 49%; mp 155–156°C, from ethanol; Rf  =  0.63 eluting 
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with hexane/ethyl acetate (6:4); IR: 1760 (C = O), 2230 cm-1 (CN); [α]25  =  
8.7° (c  =  4.0 mg/mL, chloroform); 1H NMR (CDCl3, 200 MHz): δ 1.92, 
2.04, 2.06, 2.23 (4s, 12H, 4CH3), 4.17–4.26 (m, 3H, H-5″, H-6″a,H-6″b), 
5.20, 5.27 (dd, 1H, H-4″, J  =  3.2 Hz), 5.52 (d, 1H, H-3″, J  =  3.40 Hz), 5.64, 
5.73 (dd, 1H, H-2″, J  =  8.20 Hz), 6.23 (d, 1H, H-1″, J  =  8.2 Hz), 7.49–7.53 
(m, 2H, aromatic), 7.56, 7.61 (dd, 1H, J  =  3.4 Hz, aromatic), 7.65 (s, 1H, 
H-5), 7.98–8.02 (m, 3H, aromatic); 13C NMR (CDCl3, 75 MHz): δ 20.5, 
20.6, 20.6, 20.7 (4 CH3), 61.7 (C-6″), 67.1 (C-5″), 67.8 (C-3″), 70.9 (C-4″), 
71.7 (C-2″), 91.9 (C-5), 95.0 (C-1″), 113.9 (C-3), 114.5 (CN), 128.5–137.1 
(aromatic carbons), 156.7 (C-6), 163.1 (C-2), 168.9 (C-4), 168.3, 170.2, 
170.3, 170.4 (4 C = O). Anal. Calcd for C30H27ClN2O10S (643.06): C, 56.03; 
H, 4.23; N, 4.36; S, 4.99. Found: 56.10, H, 4.22; N, 4.35; S, 4.90.

3-Cyano-6-phenyl-4-(4′-trifluoromethylphenyl)-2-(2″,3″,4″,6″-
tetra-O-acetyl-β-d-galactopyranosyloxy)pyridine (3e) White 
crystals; yield 71%; mp 155–156°C, from ethanol; Rf  =  0.63 eluting 
with hexane/ethyl acetate (6:4); IR: 1743 (C = O), 2353 cm-1 (CN); [α]25  =  
14.4° (c  =  8.0 mg/mL, chloroform); 1H NMR (CDCl3, 200 MHz): δ 1.87, 
2.04, 2.05, 2.20 (m, 12H, 4 CH3), 4.17–4.25 (m, 3H, H-5″, H-6″a, H-6″b), 
5.26, 5.27 (dd, 1H, H-3″, J  =  3.4 Hz), 5.52 (d, 1H, H-4″, J  =  2.6 Hz), 5.64, 
5.73 (dd, 1H, H-2″, J  =  8.2 Hz), 6.28 (d, 1H, H-1″, J  =  8.2 Hz), 7.52–7.55 
(m, 3H, aromatic), 7.60 (s, 1H, H-5), 7.78–7.80 (m, 4H, aromatic), 8.04–
8.08 (m, 2H, aromatic); 13C NMR (CDCl3, 75 MHz): δ 20.5, 20.5, 20.6, 
20.7 (4CH3), 61.8 (C-6″), 67.2 (C-5″), 67.8 (C-3″), 70.9 (C-4″), 71.8 (C-2″), 
94.0 (C-1″), 95.0(C-5), 115.0 (C-3), 115.2 (CN), 126.1 (CF3), 127.3–136.5 
(aromatic carbons), 155.6 (C-6), 158.4 (C-2), 162.0 (C-4), 168.9, 170.2, 
170.3, 170.4 (4 C = O). Anal. Calcd for C33H29F3N2O10 (670.59): C, 59.11; H, 
4.36; N, 4.18. Found: C, 60.1; H, 4.38; N, 4.12.

General procedure for nucleoside deacetylation

Acetylated nucleoside 3a–d (0.5 g) was dissolved in a 20-mL mixture 
of MeOH/H2O/Et3N (1:1:1), and the solution was allowed to stand at 
room temperature until the reaction was completed as monitored by 
TLC (2% MeOH in CH2Cl2). The solvent was removed under reduced 
pressure, and the residue was purified by column chromatography 
eluting with 2% methanol in CH2Cl2 to give a white crystalline product 
4a–d.

3-Cyano-4,6-diphenyl-2-(β-d-galactopyranosyloxy)pyridine 
(4a) White crystals; yield 43%; mp 219°C, from methanol; Rf  =  0.16 
eluting with CH2Cl2; IR: 2241 (CN), 3430 cm-1 (sugar-OH); [α]25  =  61° 
(c  =  7.36 mg/mL, methanol); 1H NMR (DMSO-d6, 200 MHz): δ 3.24–
3.67 (m, 6H, H-2″, H-3″, H-4″, H-5″, H-6″a, H-6″b), 4.59–5.45 (4OH, 
exchangeable with D2O), 6.15 (d, 1H, H-1″, J  =  8.0 Hz), 7.51–7.59 (m, 
6H, aromatic), 7.73–7.77 (m, 2H, aromatic), 7.88 (s, 1H, H-5), 8.22–8.27 
(m, 2H, aromatic); 13C NMR (DMSO-d6, 75 MHz]): δ 60.4 (C-6″), 68.2 
(C-5″), 69.9 (C-3″), 73.5 (C-4″), 76.4 (C-2″), 90.5 (C-1″), 97.3 (C-5), 113.2 
(C-3), 115.4 (CN), 127.6–136.5 (aromatic carbons), 148.3 (C-6), 157.5 
(C-2), 163.7(C-4). Anal. Calcd for C24H22N2O6 (434.44): C, 66.35; H, 5.10; 
N, 6.45. Found: C, 66.29; H, 5.03; N, 6.47.

3-Cyano-6-phenyl-4-(2′-tolyl)-2-(β-d-galactopyranosyloxy)pyri-
dine (4b) White crystals; yield 57%; mp 192°C, from methanol; Rf  =  
0.21 eluting with CH2Cl2; IR: 2354 (CN), 3439 cm-1 (sugar-OH); [α]25  =  
223.8° (c  =  8.4 mg/mL, methanol); 1H NMR (DMSO-d6, 200 MHz): δ 
3.26–3.75 (m, 6H, H-2″, H-3″, H-4″, H-5″, H-6″a, H-6″b), 2.41 (s, 3H, 
CH3), 4.65–5.28 (4OH, exchangeable with D2O), 6.13 (d, 1H, H-1″, J  =  

7.80 Hz), 7.39–7.57 (m, 7H, aromatic), 7.86 (s, 1H, H-5), 8.26–8.28 (m, 
2H, aromatic); 13C NMR (DMSO-d6, 75 MHz): δ 61.0 (C-6″), 68.8 (C-5″), 
70.6 (C-3″), 74.2 (C-4″), 77.1 (C-2″), 93.4 (C-1″), 97.8 (C-5), 115.4 (C-3), 
115.7 (CN), 126.4–139.0 (aromatic carbons), 157.5 (C-6), 157.9 (C-2), 163.7 
(C-4). Anal. Calcd for C25H24N2O6 (448.47): C, 66.95; H, 5.39; N, 6.25. 
Found: C, 66.88; H, 5.41; N, 6.19.

3-Cyano-6-phenyl-4-(thiophen-2′-yl)-2-(β-d-galactopyranosyloxy)
pyridine (4c) White crystals; yield 47%; mp 195°C, from methanol; 
Rf  =  0.29 eluting with CH2Cl2; IR: 2234 (CN), 3438  cm-1 (sugar-OH); 
[α]25  =  104.4° (c  =  8 mg/mL, methanol); 1H NMR (DMSO-d6, 200 MHz): δ 
3.25–3.68 (m, 6H, H-2″ H-3″, H-4″, H-5″, H-6″a,H-6″b), 4.59–5.45 (4 OH, 
exchangeable with D2O), 6.13 (d, 1H, H-1″, J  =  7.8 Hz), 7.33–7.37 (m, 1H, 
thienyl H-3), 7.55–7.59 (m, 3H, aromatic), 7.97–8.01 (m, 3H, aromatic), 
8.23–8.27 (m, 2H, aromatic); 13C NMR (DMSO-d6, 75 MHz): δ 60.5 (C-6″), 
69.6 (C-5″), 72.8 (C-3″), 76.9 (C-4″), 78.0 (C-2″), 96.8 (C-1″), 90.4 (C-5), 113.2 
(C-3), 115.3 (CN), 127.6–136.5 (aromatic carbons), 148.3(C-6), 157.4 (C-2), 
163.5 (C-4). Anal. Calcd forC22H20N2O6S (440.10): C, 59.99; H, 4.58; N, 6.36; 
S, 7.28. Found: C, 60.01; H, 4.61; N, 6.29; S, 7.29.

3-Cyano-6-(4 ′-chlorophenyl)-4-(thiophen-2″-yl)-2-(β-d-
galactopyranosyloxy)pyridine (4d) White crystals; yield 77%; 
mp 180°C, from methanol; Rf  =  0.51 eluting with CH2Cl2; IR: 2230 
(CN), 3443 cm-1 (sugar-OH); [α]25  =  300° (c  =  8.4 mg/mL, methanol); 
1H NMR (DMSO-d6, 200 MHz): δ 3.49–3.73 (m, 6H, H-2″, H-3″, H-4″, 
H-5″, H-6″a, H-6″b), 4.65–5.30 (4OH, exchangeable with D2O), 6.09 
(d, 1H, H-1″, J  =  8.2 Hz), 7.29, 7.34 (dd, 1H, J  =  4.0 Hz), 7.57 (d, 2H, J  =  
8.6 Hz), 7.91–7.97 (m, 2H, thienyl H-2, 3), 7.99 (s, 1H, H-5), 8.23 (d, 2H, 
J  =  8.8 Hz); 13C NMR (DMSO-d6, 75 MHz): δ 60.4 (C-6″), 68.2 (C-5″), 
69.9 (C-3″), 73.5(C-4″), 76.5 (C-2″), 90.7 (C-1″), 97.4 (C5), 113.3(C-3), 115.4 
(CN), 128.7–136.4 (aromatic carbons), 148.5 (C-6), 156.1 (C-2), 163.6 
(C-4). Anal. Calcd for C22H19ClN2O6S (474.07): C, 55.64; H, 4.03; N, 5.90; 
S, 6.75. Found: C, 55.63; H, 3.98; N, 5.87; S, 6.72.

Synthesis of 3-cyano-4,6-diaryl-2-(4′-fluorobenzoyloxy)
pyridines 5a–d

To a solution of 4,6-disubstituted-2(1H)-pyridone-3-carbonitrile 1 (5.0 
mmol) in a mixed solvent of dry acetonitrile (50 mL) and pyridine (2 
mL), a solution of 4-fluorobenzoyl chloride (10.0 mmol) in dry ace-
tonitrile (10.0 mL) was added gradually with stirring at room tem-
perature until the reaction was completed as judged by TLC (30 min). 
The solvent was removed under reduced pressure, and the solid 
residue was washed with water (2 × 20 mL). The product was purified 
by column chromatography eluting with hexane/ethyl acetate (6:4) 
or 0.5% CH3OH in CH2Cl2, then crystallized from a solvent indicated 
below to give the desired compound 5a–d (Scheme 3).

[3-Cyano-6-phenyl-4-(thiophen-2′-yl)pyridin-2-yl]4-fluoroben-
zoate (5a) White crystals; yield 62%; mp 180°C, from ethanol; Rf  =  
0.85 eluting with hexane/ethyl acetate (6:4), IR: 1580 (C = C), 1770 
(C = O), 2230 cm-1 (CN); 1H NMR (DMSO-d6, 200 MHz): δ 7.35 (t, 1H, thie-
nyl H-4, J  =  4.0 Hz), 7.46–7.62 (m, 5H, aromatic), 8.11 (d, 1H, thienyl 
H-5, J  =  5.0 Hz), 8.14 (d, 1H, thienyl H-3, J  =  3.8 Hz), 8.24 (s, 1H, H-5 
pyridine), 8.25–8.33 (m, 4H); 13C NMR (DMSO-d6, 75 MHz): δ 95.4 (C-3), 
104.5 (C-5), 116.9 (CN), 117.4 (C-3″), 125.8 (C-1″), 126.7 (C-4′), 127.8 (C-3, 
2-thienyl), 128.7 (C-4, 2-thienyl), 128.9 (C-5, 2-thienyl), 131.2 (C-3′), 131.5 
(C-2″), 131.9 (C-2, 2-thienyl), 132.2 (C-1′), 136.3 (C-4), 148.5 (C-6), 157.9 
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(C = O) ,162.4 (C-F), 168.9 (C-2). Anal. Calcd for C23H13FN2O2S (400.43): C, 
68.99; H, 3.27; N, 7.00; S, 8.01. Found: C, 68.90; H, 3.25; N, 6.99; S, 7.90.

[3-Cyano-6-(4′-chlorophenyl)-4-(thiophen-2″-yl)pyridin-2-yl]4-
fluorobenzoate (5b) White crystals; yield 65%; mp 185°C, from eth-
anol; Rf  =  0.86 in 0.5% CH3OH in CH2Cl2, IR: 1592 (C = C), 1754 (C = O), 
2240 cm-1 (CN); 1H NMR (DMSO-d6, 200 MHz): δ 7.33 (t, 1H, thienyl H-4, 
J  =  4.0 Hz), 7.46–7.59 (m, 4H), 8.02 (d, 1H, J  =  5.0 Hz), 8.12 (d, 1H, J  =  
5.0 Hz), 8.14 (s, 1H, H-5 pyridine), 8.21–8.33 (m, 4H); 13C NMR (DMSO-
d6, 75 MHz): δ 96.8 (C-3), 116.5 (C-5), 117 (CN), 117.4 (C-3″), 123.7 (C-1″), 
128.9 (C-3, 2-thienyl), 129.1 (C-4, 2-thienyl), 129.5 (C-5, 2-thienyl), 131.5 
(C-2′), 132.2 (C-3′), 133.3 (C-2″), 133.5 (C-4′), 134.3 (C-1′), 135.7 (C-5), 136.6 
(C-4), 148.4 (C-6), 157.4 (C = O), 159.7 (C-F), 162.6 (C-2). Anal. Calcd for 
C23H12ClFN2O2S (434.87): C, 63.52; H, 2.78; N, 6.44; S, 7.36. Found: C, 
63.02; H, 2.73; N, 6.45; S, 7.40.

[3-Cyano-6-(4′-methoxyphenyl)-4-(4″-pyridinyl)pyridin-2-yl]4-
fluorobenzoate (5c) White crystals; yield 65%; mp 222°C, from 
ethanol; Rf  =  0.63 eluting with hexane/ethyl acetate (6:4), IR: 1590 
(C = C), 1750 (C = O), 2233  cm-1 (CN); 1H NMR (DMSO-d6, 200 MHz): δ 
3.84 (s, 3H, OCH3), 7.09 (d, 1H, J  =  8.6 Hz), 7.47–7.57 (m, 2H), 7.81–7.84 
(m, 4H), 8.22–8.32 (m, 4H), 8.85 (d, 2H, J  =  8.6 Hz); 13C NMR (DMSO-
d6, 75 MHz): δ 55.5 (OCH3), 114.5, 114.6, 116.5, 117.0 (CN), 118, 123.2, 
124.0, 129.0, 132.2, 133.3, 133.5, 150.2, 150.4, 154.0, 158.1, 158.2, 161.0, 
162.0. Anal. Calcd for C24H13ClFN3O2 (429.83): C, 67.06; H, 3.05; N, 9.78. 
Found: C, 67.02; H, 3.01; N, 9.76.

[3-Cyano-4-(3′,4′-dimethoxyphenyl-6-(4″-methoxyphenyl)
pyridin-2-yl]4-fluorobenzoate (5d) White crystals; yield 72%; mp 
197°C, from ethanol; Rf  =  0.8 eluting with 0.5% CH3OH in CH2Cl2; IR: 
1600 (C = C), 1768 (C = O), 2215 cm-1 (CN), 1H NMR (DMSO-d6, 200 MHz): 
δ 3.82, 3.84, 3.86 (3s, 9H, OCH3), 7.06 (d, 1H, J  =  8.60 Hz), 7.16 (d, 2H, 
J  =  8.60 Hz), 7.42–7.54 (m, 4H), 8.16–8.32 (m, 5H); 13C NMR (DMSO-d6, 
75 MHz): δ 55.4, 55.6, 55.7 (3 OCH3), 98.9 (C-5), 111.8 (C-1), 112.3, 114.4 
(C-3′), 116.9, 117.9 (C-5′), 121.7 (CN), 123.9, 127.2, 128.2, 129.5 (C-6′), 133.2, 
133.4, 148.8, 150.2, 150.8, 156.0, 158.3, 159.2, 161.8, 162.7. Anal. Calcd 
for C28H21FN2O5 (484.48): C, 69.42; H, 4.37; N, 5.78. Found: C, 69.20; H, 
4.36; N, 5.80.

Reagents, tissue culture, and culture conditions

All compounds tested were dissolved in DMSO (200-mm solutions) 
and subsequently diluted in the culture media before treatment of 
the culture cells. Human promyelotic leukemia HL-60 cells were 
obtained from the American Type Culture Collection and Roche 
Molecular Biochemical, USA. Cells were grown in DMEM medium 
(GIBCO-BRL) supplemented with 20% fetal calf serum (GIBCO-BRL). 
The cells were maintained at 37°C in a 5% CO2 incubator. After reach-
ing confluence, the cells were sub-cultured into 96-well plates, 
allowed to grow for 24 h, and treated with various concentrations of 
compounds 3, 4, and 5.

MTT cell proliferation assay [16–18] Cells were plated in 96-well 
plates at a density 4 × 103 cells/well/100 μL of the appropriate cul-
ture medium and treated with compounds 3–5 at concentrations of 
100 and 200 μm for 24 h. In parallel, cells were treated with 0.1% 
of DMSO as a control. A MTT [3-(4′,5′-dimethylthiazol-2′-yl)-2,5-
diphenyltetrazolium bromide] assay was performed according to the 
manufacturer’s instructions provided by Roche. After adding MTT, 
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Figure 2 Cell viability of HL-60, treated with different doses (100 
and 200 μm) of compounds 3, 4, and 5 for 24 h at 37°C, using MTT 
cell proliferation assay.

the yellow mixture was incubated for 1–4 h, followed by spectropho-
tometric measurements at 450 nm in the 96-well plates. Absorbance 
is directly proportional to the number of living cells in culture. The 
results are given in Figure 2.
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