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Abstract: A series of quinoxalines variously substituted, namely 3-arylthiomethyl-1,6-dimethylquinoxalin-2-ones (6a-f), 

3-arylthiomethyl-1-benzyl-7-trifluoromethylquinoxalin-2-ones (8a-g) and 2-arylthiomethyl-3-benzyloxy-6-trifluoro-

methylquinoxalines (10a,b,e-h), were synthesized and compared with previous arylphenoxymethylquinoxalines (1a-f, 2a-

f and 3a-b). The purpose was to verify whether the replacement of oxygen with sulphur atom and the insertion of different 

substituents on the phenyl side chain were able to improve the capability to inhibit the Pgp pump and restore the antipro-

liferative activity of clinically useful drugs, such as doxorubicin (Doxo), vincristine (VCR) and etoposide (VP16), in drug-

resistant human nasopharyngeal carcinoma KB cells (KB
wt

, KB
MDR

, KB
7D

 and KB
V20C

). Furthermore, 2,3-bis(aryloxy-

methyl)-6-trifluoromethylquinoxalines (13a-c) were designed with the objective to evaluate the capability of the double 

side chain to potentiate the antiproliferative activity of the drugs tested. Biological assays showed that title compounds 

were, in general, endowed with good activity as Pgp inhibitors. In particular compound 3a, bearing 2-CONHPh substitu-

ent on phenoxymethyl side chain, resulted the most effective, while the double side chain (compound 13c) gives the abil-

ity to inhibit a different MRP pump (a membrane glycoprotein named mrp). Furthermore, we can conclude that replace-

ment of oxygen with sulphur atom did not improve the biological activity.
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INTRODUCTION 

 A significant problem in anticancer chemotherapy is re-
lated to the development of resistance to a broad range of 
unrelated antiproliferative agents [1-2]. Tumor cell lines ex-
perimentally selected for resistance to one specific agent 
often displayed cross-resistance to other drugs [3-4]. The 
overexpression of drug transport proteins is one of the 
known mechanisms for this multidrug resistance (MDR) [5-
6]. A series of multidrug resistance-related proteins (MRP) 
have been recently discovered. MRP are energy-dependent 
efflux pumps, localized at the cell surface, that can transport 
a broad range of structurally unrelated compounds out of the 
cell.  

 Among the MRP, P-glycoprotein (Pgp) is known to be 
expressed in virtually every type of tissue [7-8] and numer-
ous studies have demonstrated that it is often overexpressed 
in tumor cells from patients undergoing chemotherapy [9-
11]. Furthermore, Pgp pump is involved in blood-intestine 
and blood-brain barriers. Although its physiological role is 
not completely known, recent studies have shown that the - 
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Pgp inhibition seems to be not essential for viability or fertil-
ity on mice [12]. 

 Some MDR modulators as verapamil and cyclosporin 
analogues have been evaluated in clinical trials [13-18], but 
their lack of selectivity in antagonizing Pgp pump increased 
systemic toxicity of the drugs due to inhibition of MRP1 
(which is not overexpressed in tumors). More interesting 
results have been obtained with newer inhibitors as XR9576 
and LY335979 which have demonstrated improved Pgp se-
lectivity [19-20].  

 On the ground of the observation reported by Smith et al.
that 3-phenoxymethylquinoxalin-2-one derivatives selectively 
antagonize the P-glycoprotein (Pgp) [21] to the detriment of 
MRP-1, we recently designed two series of 1,6-dimethyl-3-
phenoxymethylquinoxalin-2-ones (1a-f) and 1-benzyl-3-phe-
noxymethyl-7-trifluoromethylquinoxalin-2-ones (2a-f), and a 
series of 3-benzyloxy-2-phenoxymethyl-6-trifluoromethyl-
quinoxalines (3a-b) (Fig. 1) and evaluated whether they were 
able to potentiate the antiproliferative activity of doxorubicin 
(Doxo), vincristine (VCR) and etoposide (VP16) in human 
tumor derived cell lines related to the overexpression of the 
MRP [22].  

 We concluded that in vitro data showed that those series 
of quinoxalines and quinoxalin-2-ones were able to potenti-
ate the antiproliferative activity of Doxo and VCR in drug-
resistant human nasopharyngeal carcinoma KB

MDR
 and 

KB
V20C

. Compound (3a) turned out to be the most potent 
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quinoxaline derivative [22]. On the contrary, 3a was ineffec-
tive in potentiating the antiproliferative activity of etoposide 
in KB

7D
 cells. The latter result is likely due to the fact 

that the KB
7D

 subclone has a different MRP from that of the 
KB

V20C
 subclone bearing the MDR phenotype. 

 Based on these premises, we have now prepared a new 
series of quinoxalines variously substituted and modified in 
order to improve the SAR (structure activity relationship) 
analysis (Fig. 2). 3-Arylthiomethyl-1,6-dimethylquinoxalin-
2-ones (6a-f), 3-arylthiomethyl-1-benzyl-7-trifluoromethyl-
quinoxalin-2-ones (8a-g) and 2-arylthiomethyl-3-benzyloxy-
6-trifluoromethylquinoxalines (10a,b,e-h) were designed 
with the aim of verifying whether the replacement of oxygen 
with sulphur atom was able to potentiate the biological activ-
ity. These new derivatives keep the most interesting substitu-
ents on the phenyl side chain of the previous series 
(CONHPh, COOCH3 and OCH3) or bear new substituents in 
order to extend the casuistry by introduction of either an 
halogen (Cl), a potent electron-drawing group (CF3) or an 
alkyl group (CH(CH3)2). Furthermore, the phenyl side chain 
was also substituted with either 2-naphthyl or 2-pyrimidyl 
rings in order to evaluate both the steric hindrance and the 
effect of the nitrogen atoms, respectively, on the biological 
activity.  

 Finally, 2,3-bis(aryloxymethyl)-6-trifluoromethylquino-
xalines (13a-c) were designed with the objective to evaluate 
the capability of the double side chain to potentiate the anti-
proliferative activity of the drugs tested. 

CHEMISTRY 

 In Scheme (1) is reported the procedure used for the syn-
thesis of 3-arylthiomethyl-1,6-dimethylquinoxalin-2-ones 
(6a-f). The known 3-bromomethyl-1,6-dimethylquinoxalin-
2-one (4) [22] was condensed with the appropriate thiophe-

nol (5a,b,d,f) in a heterogenic mixture of chloroform and 
water and in presence of NaOH and benzyltriethylammo-
nium chloride, to afford in good yield (58-87%) the 3-
arylthiomethyl-1,6-dimethylquinoxalin-2-one derivatives (6a,
b,d,f). Compounds (6c,e) were in turn obtained by condensa-
tion of 4 with 5c,e in anhydrous DMF and KOH or Cs2CO3,

respectively (95 and 40% yield).  

 The 3-arylthiomethyl-1-benzyl-7-trifluoromethylquino-
xalin-2-ones (8a-g) and 2-arylthiomethyl-3-benzyloxy-6-
trifluoromethylquinoxaline (10a,b,e-h) were obtained in 34-
96% of yield by condensation of the known 1-benzyl-3-
bromomethyl-7-trifluoromethylquinoxalin-2-one (7) and 2-
benzyloxy-3-bromomethyl-7-trifluromethylquinoxaline (9)
[22] with the appropriate thiophenol (5a-f) or 5a,b,e-h re-
spectively, in a heterogenic mixture of chloroform and water 
and in presence of NaOH and benzyltriethylammonium chlo-

ride (Schemes 2-3).  

 Finally, 2,3-bis(aryloxymethyl)-6-trifluoromethylquino-
xaline (13a-c) were prepared (67-77 yield) reacting the 
known 2,3-bis(bromomethyl)-6-trifluoromethylquinoxaline 
(11) [23] with the appropriate phenol (12a-c) in a hetero-
genic mixture of chloroform and water and in presence of 

NaOH and benzyltriethylammonium chloride (Scheme 4). 

BIOLOGICAL ASSAYS 

 Test compounds were evaluated in vitro against the 
doxorubicin-resistant nasopharyngeal carcinoma cell line 
(KB

MDR
) obtained by transfection of wild type (KB

wt
) cells 

with a retroviral vector carrying the human MDR-1 gene and 
maintained under uninterrupted treatment with doxorubicin 
[24-25]. Compounds (13a-c) were also evaluated against 
(KB

wt
), KB

V20C
, and KB

7D
. KB

V20C
 cell line were obtained 

under uninterrupted treatment with vincristine. These cells 

Fig. (1). Chemical structures of quinoxalinones and quinoxalines previously synthesized:  

1,6-dimethyl-3-phenoxymethylquinoxalin-2-ones (1a-f), 1-benzyl-3-phenoxymethyl-7-trifluoromethylquinoxalin-2-ones (2a-f), and 3-

benzyloxy-2-phenoxymethyl-6-trifluoromethylquinoxalines (3a-b). 
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possess an MDR phenotype [26-27], related to the over-
expression of the MDR-1 gene. KB

7D
 cell lines were ob-

tained under uninterrupted treatment with etoposide, a topoi-
somerase II inhibitor in clinical use [28]. Their drug-
resistance is due to the over-expression of a MRP gene, 
which codes for a membrane glycoprotein (mrp). These cells 
also express altered levels of topoisomerase II. 

 The antiproliferative activity of the reference drugs along 
with the reference compound of the precedent series (3a) and 

a selected new derivative 13c in wt and drug-resistant sub-
clones are shown in Table 1.

RESULTS AND DISCUSSION 

 The reference compound 3-benzyloxy-6-trifluoromethyl-
2-(2-benzamidephenoxymethyl) quinoxaline (3a), the refer-
ence drug (Doxorubicin), and the new series 3-arylthio-me-
thyl-1,6-dimethylquinoxalin-2-ones (6a-f), 3-arylthio-methyl-
1-benzyl-7-trifluoromethylquinoxalin-2-ones (8a-g), 2-aryl-

Fig. (2). Chemical structures of the new series of quinoxaline deivatives synthesized:  

3-arylthiomethyl-1,6-dimethylquinoxalin-2-ones (6a-f), 3-arylthiomethyl-1-benzyl-7-trifluoromethylquinoxalin-2-ones (8a-g), 2-

arylthiomethyl-3-benzyloxy-6-trifluoromethylquinoxalines (10a,b,e-h) and 2,3-bis(aryloxymethyl)-6-trifluoromethylquinoxalines (13a-c). 
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Scheme (1). Synthesis of 3-arylthiomethyl-1,6-dimethylquinoxalin-2-ones (6a-f).

Scheme (2). Synthesis of 3-arylthiomethyl-1-benzyl-7-trifluoromethylquinoxalin-2-ones (8a-g).
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Scheme (3). Synthesis of 2-arylthiomethyl-3-benzyloxy-6-trifluoromethylquinoxaline (10a,b,e-h).

Scheme (4). Synthesis of 2,3-bis(aryloxymethyl)-6-trifluoromethylquinoxaline (13a-c).

thiomethyl-3-benzyloxy-6-trifluoromethylquinoxaline (10a,
b,e-h) and 2,3-bis(aryloxymethyl)-6-trifluoromethyl-quino-
xaline (13a-c) were tested for antiproliferative activity 
against KB

MDR
 cells. As showed in Table 2, when doxorubi-

cin is used in combination with 100 M of 6b or 8f, (which 
were devoid of cytotoxicity against KB

MDR
 cells) it turns out 

to be 30- and 40-fold more potent than when used alone, 
respectively, even if reference compound (3a) resulted more 
potent (120-fold). Interestingly, derivative (6d) exhibited the 
same potency at 10 M concentration, very likely as a con-
sequence of the synergism of the Pgp inhibition and cytotox-
icity (CC50 = 32 M). Other compounds (10a,b,e), although 

more cytotoxic than 6d (CC50 = 4.5-7 M), proved to be 
ineffective in potentiating the antiproliferative activity of 
doxorubicin putting in evidence their inability in the Pgp 
inhibition. 

 A few mono-arylthiomethyl derivatives (8a) as well as 
the above 10a,b,e and unexpectedly, all the bis-aryloxy-
methyl derivatives (13a-c) were totally unable to affect cell 
proliferation at concentration of 1 M.

 All the compounds were further evaluated in order to 
verify if they were effective against the drug resistant KB
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and KB
7D
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Table 1. Antiproliferative activity of Vincristine, Etoposide, Doxorubicin, 3a and 13c Against KB
WT

 Nasopharyngeal Carcinoma 

Cells and KB
MDR

, KB
V20C

 and KB
7D

 Subclones 

a
CC50 [ M]Compds 

KB
wt

 KB
MDR

 KB
V20C

 KB
7D

Vincristine 0.003 ± 0.0009 - - 0.2 ± 0.03  

Etoposide 2.2 ± 0.6 - >100 - 

Doxorubicin 0.2 ± 0.07 2.4 ± 0.6  - - 

3a >100 >100 >100 >100 

13c >100 >100 95 ± 5 >100 

aCompound concentration required to reduce cell proliferation by 50%, as determined by the MTT method, under conditions allowing untreated controls to undergo at least three 

consecutive rounds of multiplication. Data represent mean values (±SD) for three independent determinations. 

Table 2. Antiproliferative Activity, in KB
MDR

 Cells, of the Reference Compound 3a, Quinoxalin-2-ones (6a-f, and 8a-g) and Quinox-

alines (10a,b,e-h and 13a-c), Alone and in Combination with Doxorubicin

a
[CC50]

Doxorubicin in Combination With Test Compds 
*
TC alone 

*
TC 1 M

*
TC 10 M

*
TC 100 M

Doxorubicin 2.4 - - - 

3a >100 0.5 0.08 (30) <0.02 (>100) 

6a 20 0.5 0.2 - 

6b >100 0.6 0.9 0.08 (30) 

6c 25 1.3 0.7 - 

6d 32 0.6 0.06 (40) - 

6e 15 1.0 0.1 - 

6f 34 0.6 0.2 - 

8a 41 2.2 2.2 - 

8b 12 0.7 - - 

8c 31 0.5 0.5 - 

8d 89 0.6 0.7 - 

8e 38 2.0 0.6 - 

8f >100 0.6 0.5 0.06 (40) 

8g 13 0.3 - - 

10a 5.5 2.2 - - 

10b 7 2.8 - - 

10e 4.5 2.1 - - 

10f 60 0.6 0.2 - 

10g 33 0.7 0.5 - 

10h 27 0.7 0.5 - 



200    Medicinal Chemistry, 2008, Vol. 4, No. 3 Carta et al. 

(Table 2. Contd….) 

a
[CC50]

Doxorubicin in Combination With Test Compds 
*
TC alone 

*
TC 1 M

*
TC 10 M

*
TC 100 M

13a 26 7.0 - - 

13b 30 8.5 - - 

13c >100 8.5   

aCompound concentration required to reduce cell proliferation by 50%, as determined by the MTT method, under conditions allowing untreated controls to undergo at least three 

consecutive rounds of multiplication. Data represent mean values for three independent determinations. Variation among triplicate samples was less than 15%. 
*
TC = Test compounds. 

( ) Fold increase in susceptibility to Doxorubicin.

were not able to potentiate the antiproliferative activity of 
vincristine and etoposide at the cytotoxic concentration (data 
not reported). On the contrary, as summarized in Tables 3

and 4, compounds (13a-c), which bear a double side chain, 
were in general active against KB

V20C
 and KB

7D
 cells. In 

particular derivative (13c), which was devoid of cytotoxicity, 
turns out to be most potent of the series resulting only 
slightly less effective than reference compound (3a) against 
KB

V20C
.

 Furthermore, it also emerged for its capability, although 
not high potency, to potentiate the antiproliferative activity 
of etoposide, very likely as a consequence of the membrane 
glycoprotein (mrp) inhibition. 

CONCLUSIONS 

 In the light of the above, and previous [22] results, we 
can conclude that 2(3)-aryl-thio(oxy)-methylquinoxalines 
are, in general, endowed with good activity as Pgp inhibitors. 
Cell-based antitumor assays showed that the 2-CONHPh 
substituent on the phenyl side chain (compounds 3a and 13c)
remains the most effective and when a double side chain 
containing this group (13c) is linked on both 2 and 3 posi-

tions, the derivative obtained acquires the ability to inhibit 
mrp pump and partially retains the capacity to inhibit the Pgp 
pump. Besides 2-pyrimidyl and 2-COOCH3-phenyl side 
chains (compounds 6b and 8f) also showed a fair activity 
while all the other substituents, with the sole exception of 
two OCH3 groups on the phenyl side chain (6d) were not 
effective. It is possible to conclude that for these series of 
quinoxalines N-phenyl-carboxamide and methyl carboxylate 
on the phenyl side chain are more effectives than halogen, 
methoxy, trifloromethyl or alkyl groups. On the other hand, 
the synergism of cytotoxicity and Pgp pump inhibition 
shown from 6d put in evidence that two OCH3 groups at the 
3 and 4 position of the phenyl side chain are more effective 
of the single OCH3 group at the 4 position (compound 6e)
which is evidently devoid of effectiveness against Pgp pump, 
thus although the cytotoxicity 6e is higher than 6d. For these 
reasons further modifications of the carbonyl moiety at 2 
position of phenyl side chain of the quinoxaline derivatives 
can be considered as a new strategy to optimize the Pgp 
pump inhibition and activity. Furthermore, the simultaneous 
introduction of two (or more) methoxy (or alkoxy) groups 
and 2-carbonylic derivative groups on the phenyl side chain 
of the quinoxaline could improve the antiproliferative activ-

Table 3. Antiproliferative Activity, in KB
V20C

 Cells, of the Reference Compound 3a and bis-aryloxymethyl Derivatives (13a-c), 

Alone and in Combination with Vincristine 

a
[CC50]

Vincristine in Combination With Test Compds 
*
TC alone 

*
TC 0.8 M

*
TC 4 M

*
TC 20 M

Vincristine 0.2    

3a >100 0.09 0.01 (20) 0.004 (50) 

13a 41 0.2 0.1 0.02 

13b 70 0.2 0.07 0.05 

13c >100 0.1 0.03 (7) 0.006 (33) 

aCompound concentration required to reduce cell proliferation by 50%, as determined by the MTT method, under conditions allowing untreated controls to undergo at least three 

consecutive rounds of multiplication. Data represent mean values for three independent determinations. Variation among triplicate samples was less than 15%. 
*
TC = Test compounds. 

( ) Fold increase in susceptibility to Vincristine. 
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ity of this class of compounds when utilized in combination 
with doxorubicin against doxorubicin-resistant tumor cell 
lines. 

 Finally, the replacement of oxygen with sulphur atom did 
not improve the biological activity. 

EXPERIMENTAL SECTION 

Chemistry 

 Melting points were determined by a Kofler hot stage or 
Digital Electrothermal apparatus, and are uncorrected. IR 
spectra were recorded as nujol mulls on a Perkin Elmer 781 
spectrophotometer and are expressed in cm

-1
. UV spectra are 

qualitative and were recorded in nm for ethanol solution with 
a Perkin-Elmer Lambda 5 spectrophotometer. 

1
H NMR spec-

tra were recorded on a Varian XL-200 (200 MHz) instru-
ment, using TMS as internal standard. The chemical shift 
values are reported in ppm ( ) and coupling constants (J) in 
Hertz (Hz). Signal multiplicities are represented by: s (sin-
glet), d (doublet), dd (double doublet) and m (multiplet). MS 
spectra were performed on combined Liquid Chromato-
graph-Agilent 1100 series Mass Selective Detector (MSD). 
Column chromatography was performed on silica gel (Merck 
60, 70–230 mesh). The Rf values, and the progress of the 
reactions, were measured on aluminium TLC plates of silica 
gel 60 F254 (Merck, 0.2 mm) with the indicated eluent. 
Light petroleum refers to the fraction with bp 40-60 °C. The 
analytical results for C, H, N, were within ± 0.4 % of the 
theoretical values. 

Intermediates 

 Quinoxalin-2-one intermediates 3-bromomethyl-1,6-di-
methylquinoxalin-2-one (4) and 1-benzyl-3-bromomethyl-7-
trifluoromethylquinoxalin-2-one (7) were prepared following 
the procedure previously described by us [22]. Quinoxaline 
intermediate 2,3-bis(bromomethyl)-6-trifluoromethylquino-
xaline (11) was prepared following the procedure reported 
by Krajewski et al. [23]. Thiophenols (5a-h), phenols (12a-

c) and benzyltriethylammonium chloride were commercially 
available. 

General Procedure for Preparation of 3-arylthiomethyl-

1,6-dimethylquinoxalin-2-ones (6a,b,d,f)  

 To a mechanically vigorously stirred solution of 1.12 
mmol of 3-bromomethyl-1,6-dimethylquinoxalin-2-one (4)
and 1.12 mmol of the appropriate thiophenol (5a,b,d,f) in 10 
mL of chloroform, 1.7 mmol of NaOH and 0.112 mmol of 
benzyltriethylammonium chloride in 10 mL of water were 
added. After complete addition, the temperature of the het-
erogenic mixture was rised to 50 °C and the stirring contin-
ued for an additional 10 h. On cooling at room temperature, 
the chloroform layer was separated and the aqueous solution 
was extracted with chloroform. After combining the chloro-
form extracts, the resulting solution was washed with a satu-
rated aqueous solution of NaCl and dried on anhydrous so-
dium sulfate. On evaporation of liquor mothers, the solid 
obtained was crystallized from diethyl ether. Melting points, 
yields, analytical and spectroscopical data are reported be-
low. 

 1,6-dimethyl-3-((naphtalen-2-ylthio)methyl)quinoxalin-

2-one (6a) was obtained in 58% yield; m. p. 168-169 °C 
(diethyl ether); TLC (diethyl ether-light petroleum 4:6): Rf

0.61; UV (EtOH): max 210, 226, 284, 352 nm; 
1
H NMR 

(CDCl3):  7.98 (1H, s, H-5), 7.79-7.38 (7H, m, 7 naphthyl-
H), 7.34 (1H, d, J = 8.2 Hz, H-7), 7.20 (1H, d, J = 8.2 Hz, H-
8), 4.48 (2H, s, CH2), 3.70 (3H, s, N-CH3), 2.42 (3H, s, C6-
CH3). LC/MS: 347 (M+H); Anal. Calcd. For C21H18N2OS 
(C,H,N): C, 72.80; H, 5.24; N, 8.09. Found C, 72.43; H, 
5.49; N, 7.80. 

 1,6-dimethyl-3-((pyrimidin-2-ylthio)methyl)quinoxalin-

2-one (6b) was obtained in 87% yield; m. p. 212-214 °C 
(diethyl ether); TLC (dichlorometane-acetone 8:2): Rf 0.80; 
UV (EtOH): max 208, 236, 286, 352 nm; 

1
H NMR (CDCl3): 

 8.53 (2H, m, H-4’ + H-6’), 7.67 (1H, s, H-5), 7.37 (1H, d, J
= 8.6 Hz, H-7), 7.20 (1H, d, J = 8.6 Hz, H-8), 6.97 (1H, m, 
H-5’), 4.76 (2H, s, CH2), 3.71 (3H, s, N-CH3), 2.43 (3H, s, 
C6-CH3). LC/MS: 299 (M+H); Anal. Calcd. For C15H14N4OS 
(C,H,N): C, 60.38; H, 4.73; N, 18.78. Found C, 60.04; H, 
4.98; N, 18.42.  

Table 4. Antiproliferative Activity, in KB
7D

 Cells, of the Reference Compound 3a and bis-aryloxymethyl Derivatives (13a-c), Alone 

and in Combination with Etoposide 

a
[CC50]

Etoposide in Combination With Test Compds 
*
TC alone 

*
TC 0.8 M

*
TC 4 M

*
TC 20 M

Etoposide >100    

3a >100 >100 >100 >100 

13a 35 >100 >100 56 

13b 16 >100 >100 - 

13c 95 >100 64 35 (>3) 

aCompound concentration required to reduce cell proliferation by 50%, as determined by the MTT method, under conditions allowing untreated controls to undergo at least three 

consecutive rounds of multiplication. Data represent mean values for three independent determinations. Variation among triplicate samples was less than 15%. 
*
TC = Test compounds. 

( ) Fold increase in susceptibility to Etoposide. 
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 1,6-dimethyl-3-((3,4-dimethoxyphenylthio)methyl)qui-

noxalin-2-one (6d) was obtained in 63% yield; m. p. 107-
108 °C (diethyl ether); TLC (diethyl ether-light petroleum 
8:2): Rf 0.29; UV (EtOH): max 210, 234, 288, 356 nm; 

1
H

NMR (CDCl3):  7.55 (1H, d, J = 1.6 Hz, H-5), 7.37 (1H, dd, 
J = 8.2 and 1.6 Hz, H-7), 7.20 (1H, d, J = 8.2 Hz, H-8), 7.07 
(1H, dd, J = 8.4 and 2.0 Hz, H-6’), 7.02 (1H, d, J = 2.0 Hz, 
H-2’), 6.77 (1H, d, J = 8.4 Hz, H-5’), 4.27 (2H, s, CH2), 3.85 
(3H, s, O-CH3), 3.79 (3H, s, O-CH3), 3.71 (3H, s, N-CH3), 
2.44 (3H, s, C6-CH3). LC/MS: 357 (M+H); Anal. Calcd. For
C19H20N2O3S (C,H,N): C, 64.02; H, 5.66; N, 7.86. Found C, 
64.30; H, 5.78; N, 8.03.  

 1,6-dimethyl-3-((2-carboxymethylphenylthio)methyl) 

quinoxalin-2-one (6f) was obtained in 76% yield; m. p. 130-
131 °C (diethyl ether); TLC (diethyl ether-light petroleum 
8:2): Rf 0.46; UV (EtOH): max 208, 230, 292, 344 nm; 

1
H

NMR (CDCl3):  7.92 (1H, dd, J = 8.0 and 1.6 Hz, H-7), 
7.79 (1H, d, J = 8.0 Hz, H-8), 7.65 (1H, d, J = 1.6 Hz, H-5), 
7.52-7.05 (4H, m, H-3’ + H-4’ + H-5’ + H-6’), 4.44 (2H, s, 
CH2), 3.89 (3H, s, O-CH3), 3.70 (3H, s, N-CH3), 2.44 (3H, s, 
C6-CH3). LC/MS: 355 (M+H); Anal. Calcd. For C19H18 

N2O3S (C,H,N): C, 64.39; H, 5.12; N, 7.90. Found C, 64.11; 
H, 5.04; N, 8.21.  

Preparation of 1,6-dimethyl-3-((3,4-dichlorophenylthio) 

methyl)quinoxalin-2-one (6c) 

 To a stirred mixture of 2.7 mmol of KOH and 2.24 mmol 
of 3,4-dichlorothiophenol in 10 mL of DMF anhydrous, 
stirred at room temperature for 30 min, 2.24 mmol of 3-
bromomethyl-1,6-dimethylquinoxalin-2-one (4) were added 
and the stirring was continued for 24 h. The reaction mixture 
was then diluted with water (100 mL) and the crude precipi-
tate obtained was collected by filtration, washed and crystal-
lized (diethyl ether) to afford the desired 6c in 95% of yield. 
M. p. 137-138 °C; TLC (diethyl ether-light petroleum 8:2): 
Rf 0.56; UV (EtOH): max 204, 232, 260, 288, 352 nm; 

1
H

NMR (CDCl3):  8.02 (1H, s, H-5), 7.64-7.60 (2H, m, H-7 + 
H-8), 7.39 (1H, dd, J = 8.8 and 1.8 Hz, H-6’), 7.31 (1H, s, H-
2’), 7.21 (1H, d, J = 8.8 Hz, H-5’), 4.25 (2H, s, CH2), 3.71 
(3H, s, N-CH3), 2.45 (3H, s, C6-CH3). LC/MS: 366 (M+H); 
Anal. Calcd. For C17H14Cl2N2OS (C,H,Cl,N): C, 55.90; H, 
3.86; Cl, 19.41; N, 7.67. Found C, 55.63; H, 4.11; Cl, 19.11; 
N, 7.50.  

Preparation of 1,6-dimethyl-3-((4-methoxyphenylthio) 

methyl)quinoxalin-2-one (6e) 

 A mixture of 1.12 mmol of 3-bromomethyl-1,6-dime-
thylquinoxalin-2-one (4), 1.12 mmol of 3,4-dichlorothio-
phenol (5e) and 1.12 mmol of CsHCO3 in 8 mL of anhy-
drous DMF, was stirred at 70 °C for 2.5 h. were added and 
the stirring was continued for 24 h. On cooling at room tem-
perature, the reaction mixture was then diluted with water 
(80 mL) and the crude precipitate obtained was collected by 
filtration, washed and crystallized (acetone) to afford the 
desired 6e in 40% of yield. M. p. 101-102 °C; TLC (light 
petroleum-ethyl acetate 7:3): Rf 0.26; UV (EtOH): max 208, 
232, 286, 356 nm; 

1
H NMR (CDCl3):  7.53 (1H, s, H-5), 

7.41 (2H, d, J = 8.8 Hz, H-3’ + H-5’), 7.30 (1H, dd, J = 8.4 
and 1.8 Hz, H-7), 7.19 (1H, d, J = 8.4 Hz, H-8), 6.80 (2H, d, 
J = 8.8 Hz, H-2’ + H-6’), 4.25 (2H, s, CH2), 3.78 (3H, s, O-

CH3), 3.71 (3H, s, N-CH3), 2.45 (3H, s, C6-CH3). LC/MS: 
327 (M+H); Anal. Calcd. For C18H18N2O2S (C,H,N): C, 

66.23; H, 5.56; N, 8.58. Found C, 66.62; H, 5.24; N, 8.88.  

General Procedure for Preparation of 3-arylthiomethyl-

1-benzyl-7-trifluoromethylquinoxalin-2-ones (8a-g) and 

2-arylthiomethyl-3-benzyloxy-6-trifluoromethylquinoxa-

lines (10a,b,e-h) 

 To a mechanically vigorously stirred mixture of equimo-
lar amounts of 1-benzyl-3-bromomethyl-7-trifluoromethyl-
quinoxalin-2-one (7) and the appropriate thiophenol (5a-f)
(0.75 mmol), or of 2-benzyloxy-3-bromomethyl-7-trifluro-
methylquinoxaline (9) with 5a,b,e-h, in chloroform (10 mL), 
a solution of 1.12 mmol of NaOH and 0.075 mmol of ben-
zyltriethylammonium chloride in 10 mL of water was added 
dropwise. The reaction mixture was then heated to 50 °C and 
the stirring continued for 8-22 h, as reported below. On cool-
ing at room temperature, the chloroformic component was 
separated and the aqueous solution was extracted with chlo-
roform (3 X 20 mL). The chloroform extracts were com-
bined and washed with a saturated aqueous solution of NaCl 
and dried on anhydrous sodium sulfate. On evaporation of 
liquor mothers, the crude solid obtained was purified by 
chromatography on silica gel column or by crystallization 
(methanol). Reaction times, melting points, yields, analytical 

and spectroscopical data are reported below.  

 1-benzyl-7-trifluoromethyl-3-((naphtalen-2-ylthio)me-

thyl)quinoxalin-2-one (8a) was obtained in 79% yield by 
chromatography (eluent: 9:1 mixture of light petroleum/ethyl 
acetate) after 12 h under reflux; m. p. 129-130 °C (metha-
nol); TLC (light petroleum/ethyl acetate 9:1): Rf 0.28; UV 
(EtOH): max 219, 250, 281, 344 nm; 

1
H NMR (CDCl3): 

7.98 (1H, s, H-1’), 7.87-7.70 (2H, m, H-5 + H-8), 7.56-7.38 
(2H, m, H-6 + 1 benzyl-H), 7.32-7.22 (10 aromatic H), 5.51 
(2H, s, N-CH2), 4.53 (2H, s, S-CH2). LC/MS: 477 (M+H); 
Anal. Calcd. For C27H19F3N2OS + 1 H2O (C,H,N): C, 65.58; 

H, 4.28; N, 5.66. Found C, 65.48; H, 4.24; N, 5.49.  

 1-benzyl-7-trifluoromethyl-3-((pyrimidin-2-ylthio)me-

thyl)quinoxalin-2-one (8b) was obtained in 79% yield after 
12 h under reflux; m. p. 183-184 °C (methanol); TLC (chlo-
roform/methanol 95:5): Rf 0.81; UV (EtOH): max 208, 234, 
279, 341 nm; 

1
H NMR (CDCl3):  8.54 (2H, m, H-4’ + H-

6’), 7.95 (1H, d, J = 8.2 Hz, H-5), 7.53 (1H, s, H-8), 7.50 
(1H, d, J = 8.2 Hz, H-6), 7.34-25 (5H, m, 5 benzyl-H), 6.98 
(1H, m, H-5’), 5.53 (2H, s, N-CH2), 4.82 (2H, s, S-CH2). 
LC/MS: 429 (M+H); Anal. Calcd. For C21H15F3N4OS 
(C,H,N): C, 58.87; H, 3.53; N, 13.08. Found C, 59.20; H, 

3.41; N, 13.32.  

1-benzyl-7-trifluoromethyl-3-((3,4-dichlorophenylthio)me-

thyl)quinoxalin-2-one (8c) was obtained in  34% yield after 
20 h under reflux; m. p. 75-76 °C (diethyl ether); TLC (light 
petroleum-ethyl acetate 9:1): Rf 0.27; UV (EtOH): max 206, 
232, 272, 344 nm; 

1
H NMR (CDCl3):  7.92 (1H, d, J = 8.2 

Hz, H-5), 7.65-7.58 (2H, m, 2 aromatic-H), 7.53 (1H, s, H-
8), 7.40-7.15 (7H, m, H-6 + 6 aromatic-H), 5.52 (2H, s, N-
CH2), 4.41 (2H, s, S-CH2). LC/MS: 495, 497 and 499 
(M+H), 517, 519 and 521 (M+Na), 533, 535 and 537 
(M+K+H); Anal. Calcd. For C23H15Cl2F3N2OS (C,H,Cl,N): 
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C, 55.77; H, 3.05; Cl, 14.31; N, 5.66. Found C, 55.40; H, 
3.21; Cl, 14.60 N, 5.41.  

 1-benzyl-7-trifluoromethyl-3-((3,4-dimethoxyphenyl-
thio)methyl)quinoxalin-2-one (8d) was obtained in 58% 
yield after 10 h under reflux; m. p. 131-132 °C (methanol); 
TLC (light petroleum-ethyl acetate 9:1): Rf 0.06; UV 
(EtOH): max 208, 230, 281, 345 nm; 

1
H NMR (CDCl3): 

7.83 (1H, d, J = 8.0 Hz, H-5), 7.53 (1H, s, H-8), 7.50 (1H, d, 
J = 8.0 Hz, H-6), 7.40-7.15 (5H, m, 5 benzyl-H), 7.06 (1H, 
d, J = 8.2 Hz, H-6’), 7.01(1H, s, H-2’), 6.75 (1H, d, J = 8.2 
Hz, H-5’),5.52 (2H, s, N-CH2), 4.33 (2H, s, S-CH2), 3.85 
(3H, s, O-CH3), 3.76 (3H, s, O-CH3). LC/MS: 487 (M+H); 
Anal. Calcd. For C25H21F3N2O3S (C,H,N): C, 61.72; H, 4.35; 
N, 5.76. Found C, 61.70; H, 4.41; N, 5.83.  

 1-benzyl-7-trifluoromethyl-3-((4-methoxyphenylthio) 
methyl)quinoxalin-2-one (8e) was obtained in 52% yield 
after 9 h under reflux; m. p. 114-115 °C (acetone); TLC 
(light petroleum-ethyl acetate 9:1): Rf 0.17; UV (EtOH): max

204, 229, 280, 346 nm; 
1
H NMR (CDCl3):  7.82 (1H, d, J = 

8.4 Hz, H-5), 7.51 (1H, s, H-8), 7.49 (1H, d, J = 8.4 Hz, H-
6), 7.41-7.23 (7H, m, 7 aromatic-H), 6.80 (2H, d, J = 8.0 Hz, 
H-3’ + H-5’), 5.51 (2H, s, N-CH2), 4.29 (2H, s, S-CH2), 3.77 
(3H, s, O-CH3). LC/MS: 457 (M+H); Anal. Calcd. For
C24H19F3N2O2S (C,H,N): C, 63.15; H, 4.20; N, 6.14. Found
C, 61.40; H, 4.38; N, 5.89.  

 1-benzyl-7-trifluoromethyl-3-((2-carboxymethylphenyl-

thio)methyl)quinoxalin-2-one (8f) was obtained in 50% 
yield by chromatography (eluent: 9:1 mixture of light petro-
leum/ethyl acetate) after 22 h under reflux; m. p. 49-50 °C 
(diethyl ether); TLC (light petroleum-ethyl acetate 9:1): Rf

0.14; UV (EtOH): max 208, 240, 284, 340 nm; 
1
H NMR 

(CDCl3):  7.94 (1H, d, J = 8.1 Hz, H-5), 7.76 (1H, d, J = 8.1 
Hz, H-3’), 7.53 (1H, s, H-8), 7.50 (1H, d, J = 8.1 Hz, H-6), 
7.35-7.17 (8H, m, 8 aromatic-H), 5.52 (2H, s, N-CH2), 4.51 
(2H, s, S-CH2), 3.90 (3H, s, O-CH3). LC/MS: 485 (M+H); 
Anal. Calcd. For C25H19F3N2O3S (C,H,N): C, 61.98; H, 3.95; 
N, 5.78. Found C, 61.70; H, 4.08; N, 5.59.  

 1-benzyl-7-trifluoromethyl-3-((4-isopropylphenylthio) 

methyl)quinoxalin-2-one (8g) was obtained in 57% yield 
after 8 h under reflux; m. p. 102-103 °C (methanol); TLC 
(light petroleum-ethyl acetate 9:1): Rf 0.33; UV (EtOH): max

207, 228, 249, 280, 346 nm; 
1
H NMR (CDCl3):  7.84 (1H, 

d, J = 8.2 Hz, H-5), 7.52 (1H, s, H-8), 7.49 (1H, d, J = 8.2 
Hz, H-6), 7.40 (2H, d, J = 8.4 Hz, H-2’ + H-6’), 7.36-7.26 
(5H, m, 5 benzyl-H), 7.13 (2H, d, J = 8.4 Hz, H-3’ + H-5’), 
5.52 (2H, s, N-CH2), 4.38 (2H, s, S-CH2), 2.86 (1H, m, 
CH(CH3)2), 1.21 (6H, d, J = 6.8 Hz, CH(CH3)2). LC/MS: 
469 (M+H); Anal. Calcd. For C26H23F3N2OS + 1 H2O
(C,H,N): C, 64.18; H, 5.18; N, 5.76. Found C, 64.09; H, 
5.21; N, 5.71.  

 3-benzyloxy-6-trifluoromethyl-2-((naphtalen-2-ylthio) 
methyl)quinoxaline (10a) was obtained in 50% yield by 
chromatography (eluent: 95:5 mixture of light petrole-
um/ethyl acetate) after 13 h under reflux; m. p. 99-100 °C 
(diethyl ether); TLC (light petroleum/ethyl acetate 9:1): Rf

0.51; UV (EtOH): max 208, 223, 244, 281, 333 nm; 
1
H NMR 

(CDCl3):  8.13 (1H, s, H-1’), 7.98 (1H, d, J = 8.6 Hz, H-8), 
7.90 (1H, s, H-5), 7.80-7.36 (12H, m, H-7 + 11 aromatic-H), 
5.56 (2H, s, O-CH2), 4.52 (2H, s, S-CH2). LC/MS: 477 

(M+H); Anal. Calcd. For C27H19F3N2OS (C,H,N): C, 68.05; 
H, 4.02; N, 5.88. Found C, 68.36; H, 3.99; N, 5.96.  

 3-benzyloxy-6-trifluoromethyl-2-((pyrimidin-2-ylthio) 

methyl)quinoxaline (10b) was obtained in 95% yield after 
14 h under reflux; m. p. 134-135 °C (methanol); TLC (chlo-
roform/methanol 95:5): Rf 0.85; UV (EtOH): max 208, 245, 
279, 325 nm; 

1
H NMR (CDCl3):  8.46 (2H, m, H-4’ + H-

6’), 8.14 (1H, s, H-5), 8.08 (1H, d, J = 8.4 Hz, H-8), 7.72 
(1H, d, J = 8.4 Hz, H-7), 7.50-7.36 (5H, m, 5 benzyl-H), 
6.93 (1H, m, H-5’), 5.59 (2H, s, O-CH2), 4.83 (2H, s, S-
CH2). LC/MS: 429 (M+H); Anal. Calcd. For C21H15F3N4OS 
(C,H,N): C, 58.87; H, 3.53; N, 13.08. Found C, 58.80; H, 
3.61; N, 13.31.  

 3-benzyloxy-6-trifluoromethyl-2-((4-methoxyphenyl-

thio)methyl)quinoxaline (10e) was obtained in 96% yield 
after 10 h under reflux; m. p. 104-105 °C (acetone); TLC 
(light petroleum-ethyl acetate 9:1): Rf 0.47; UV (EtOH): max

205, 228, 245, 330 nm; 
1
H NMR (CDCl3):  8.13 (1H, s, H-

5), 7.97 (1H, d, J = 8.4 Hz, H-8), 7.71 (1H, d, J = 8.4 Hz, H-
7), 7.53-7.22 (7H, m, 7 aromatic-H), 6.72 (2H, d, J = 8.6 Hz, 
H-3’ + H-5’), 5.56 (2H, s, O-CH2), 4.29 (2H, s, S-CH2), 3.75 
(3H, s, O-CH3). LC/MS: 457 (M+H); Anal. Calcd. For
C24H19F3N2O2S (C,H,N): C, 63.15; H, 4.20; N, 6.14. Found
C, 63.50; H, 3.98; N, 6.02.  

 3-benzyloxy-6-trifluoromethyl-2-((2-carboxymethylphe-

nylthio)methyl)quinoxaline (10f) was obtained in 92% 
yield after 10 h under reflux; m. p. 113-114 °C (acetone); 
TLC (light petroleum-ethyl acetate 9:1): Rf 0.38; UV 
(EtOH): max 208, 224, 246, 328 nm; 

1
H NMR (CDCl3): 

8.13 (1H, s, H-5), 8.06 (1H, d, J = 8.1 Hz, H-8), 7.91 (1H, d, 
J = 8.1 Hz, H-7), 7.75 (3H, m, 3 aromatic-H), 7.51-7.14 (6H, 
m, 6 aromatic-H), 5.61 (2H, s, O-CH2), 4.50 (2H, s, S-CH2), 
3.88 (3H, s, O-CH3). LC/MS: 485 (M+H); Anal. Calcd. For
C25H19F3N2O3S (C,H,N): C, 61.98; H, 3.95; N, 5.78. Found
C, 62.11; H, 3.90; N, 5.70.  

 3-benzyloxy-6-trifluoromethyl-2-((4-isopropylphenyl-

thio)methyl)quinoxaline (10g) was obtained in 96% yield 
by chromatography (mixture of light petroleum ethyl acetate 
9:1) after 12 h under reflux; m. p. 60-61 °C (diethyl ether); 
TLC (light petroleum-ethyl acetate 9:1): Rf 0.63; UV 
(EtOH): max 205, 245, 335 nm; 

1
H NMR (CDCl3):  8.13 

(1H, s, H-5), 7.98 (1H, d, J = 8.6 Hz, H-8), 7.70 (1H, d, J = 
8.6 Hz, H-7), 7.55-7.25 (7H, m, H-2’ + H-6’ + 5 benzyl-H), 
7.07 (2H, d, J = 8.4 Hz, H-3’ + H-5’), 5.56 (2H, s, O-CH2), 
4.38 (2H, s, S-CH2), 2.86 (1H, m, CH(CH3)2), 1.20 (6H, d, J
= 6.8 Hz, CH(CH3)2). LC/MS: 469 (M+H); Anal. Calcd. For
C26H23F3N2O2S (C,H,N): C, 66.65; H, 4.95; N, 5.98. Found
C, 66.83; H, 5.07; N, 5.74.  

 3-benzyloxy-6-trifluoromethyl-2-((3-trifluoromethyl-
phenylthio)methyl)quinoxaline (10h) was obtained in 76% 
yield after 8 h under reflux; m. p. 61-62 °C (methanol); TLC 
(light petroleum-ethyl acetate 9:1): Rf 0.40; UV (EtOH): max

207, 246, 327 nm; 
1
H NMR (CDCl3):  8.13 (1H, s, H-5), 

8.01 (1H, d, J = 8.6 Hz, H-8), 7.79 (1H, s, H-2’), 7.73 (1H,
d, J = 8.6 Hz, H-7), 7.58-7.25 (8H, m, + H-4’ H-5’ + H-6’ + 
5 benzyl-H), 5.60 (2H, s, O-CH2), 4.46 (2H, s, S-CH2). 
LC/MS: 495 (M+H); Anal. Calcd. For C24H16F6N2OS + 1 
H2O (C,H,N): C, 56.25; H, 3.54; N, 5.47. Found C, 56.18; H, 
3.58; N, 5.36.  
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General Procedure for Preparation of 2,3-bis(aryloxy-

methyl)-6-trifluoromethylquinoxalines (13a-c) 

 To a mechanically vigorously stirred mixture of 2,3-
bis(bromomethyl)-6-trifluoromethylquinoxaline (11) (1.0 
mmol) and the appropriate phenol (12a-c) (4.0 mmol) in 
chloroform (15 mL), a solution of 4 mmol of NaOH and 0.2 
mmol of benzyltriethylammonium chloride in 15 mL of wa-
ter was added dropwise. The reaction mixture was then 
heated to 70 °C and the stirring continued for 12 h. On cool-
ing at room temperature the crude solid, if present, was col-
lected by filtration, washed with water dried and crystallized 
(diethyl ether or methanol). The chloroformic component 
was separated and the aqueous solution was extracted with 
chloroform (3 X 20 mL). The chloroform extracts were 
combined and washed with a saturated aqueous solution of 
NaCl and dried on anhydrous sodium sulfate. On evaporation 
of liquor mothers, the crude solid obtained was purified by 
crystallization. Melting points, yields, analytical and spectro-
scopical data are reported below.  

 2,3-bis(phenoxymethyl)-6-trifluoromethylquinoxaline 

(13a) was obtained in 70% yield; m. p. 40-42 °C (diethyl 
ether); TLC (light petroleum-ethyl acetate 9:1): Rf 0.35; UV 
(EtOH): max 210, 268, 301 nm; 

1
H NMR (CDCl3):  8.45 

(1H, s, H-5), 8.25 (1H, d, J = 8.8 Hz, H-8), 7.96 (1H, d, J = 
8.8 Hz, H-7), 7.30-7.23 (4H, m, 4 aromatic-H), 7.03-.93 (6H, 
m, 6 aromatic-H), 5.58 (4H, s, 2 CH2). LC/MS: 411 (M+H); 
Anal. Calcd. For C23H17F3N2O2 (C,H,N): C, 67.31; H, 4.18; 
N, 6.83. Found C, 67.50; H, 4.09; N, 6.70.  

 2,3-bis(4-methoxyphenoxymethyl)-6-trifluoromethyl-
quinoxaline (13b) was obtained in 77% yield; m. p. 93-94 
°C (diethyl ether); TLC (light petroleum-ethyl acetate 9:1): 
Rf 0.28; UV (EtOH): max 219, 271, 304 nm; 

1
H NMR (CD-

Cl3):  8.46 (1H, s, H-5), 8.26 (1H, d, J = 8.8 Hz, H-8), 7.96 
(1H, d, J = 8.8 Hz, H-7), 6.95 (4H, dd, J = 7.0 and 2.4 Hz, 
H-2’ + H-6’ + H-2’’ + H-6’’ +), 6.80 (4H, dd, J = 7.0 and 2.4 
Hz, H-3’ + H-5’ + H-3’’ + H-5’’ +), 5.52 (4H, s, 2 CH2), 
3.76 (6H, s, 2 CH3). LC/MS: 471 (M+H); Anal. Calcd. For
C25H21F3N2O4 (C,H,N): C, 63.83; H, 4.50; N, 5.95. Found C, 
64.02; H, 4.44; N, 6.04.  

 2,3-bis(2-benzamidephenoxymethyl)-6-trifluoromethyl-

quinoxaline (13c) was obtained in 67% yield; m. p. 208-209 
°C (methanol).; TLC (chloroform/methanol 98:2): Rf 0.79; 
UV (EtOH): max 204, 236, 272 nm; 

1
H NMR (CDCl3): 

10.00 (2H, s, 2 NH), 8.20 (3H, m, H-5 + 2 aromatic-H), 8.01 
(1H, d, J = 9.0 Hz, H-8), 7.88 (1H, d, J = 9.0 Hz, H-7), 7.55-
7.08 (16H, m, 16 aromatic-H), 5.75 (2H, s, CH2O), 5.73 (2H, 
s, CH2O). LC/MS: 649 (M+H); Anal. Calcd. For
C37H27F3N4O4 (C,H,N): C, 68.51; H, 4.20; N, 8.64. Found C, 
68.38; H, 4.24; N, 6.81.  

BIOLOGICAL ASSAYS 

Compounds 

 Test compounds were solubilised in DMSO at 100 mM 
and then diluted into culture medium. 

Cell Lines 

 Cell lines were purchased from American Type Culture 
Collection (ATCC). Solid tumor-derived cells were grown in 

RPMI-1640 medium supplemented with 10% FCS, 100 
units/mL penicillin G and 100 g/mL streptomycin. Cell 
cultures were incubated at 37 °C in a humidified, 5% CO2
atmosphere. The absence of mycoplasma contamination was 
checked periodically by the Hoechst staining method.  

Antiproliferative Assays 

 Activity against solid-tumour-derived cell lines was 
evaluated in exponentially growing cultures seeded at 10

5

cells/mL and allowed to adhere for 16 hrs to culture plates 
before addition of the drugs. Cell viability was determined 
after 96 hrs at 37 °C by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) method [29]. 

REFERENCES  

[1] Biedler, J.L.; Riehm, H. Cancer Res., 1970, 30, 1174.  

[2] Dano, K. Cancer Chemother. Rep., 1972, 56, 701.  
[3] Riordan, J.R. Pharmacol. Ther., 1985, 28, 51. 

[4] Shen, D.W.; Cardarelli, C.; Hwang, J.; Corawell, M.; Richert, N.; 
Ishii, S.; Pastan, I.; Gottesman, M.M. J. Biol. Chem., 1986, 261,

7762. 
[5] Endicott, J.A.; Ling, V. Annu. Rev. Biochem., 1989, 58, 137. 

[6] Gottesman, M.M.; Pastan, I. Annu. Rev. Biochem., 1993, 62, 385. 
[7] Thiebaut, F.; Tsuruo, T.; Hamanda, H., Gottesman, M.M.; Pastan, 

I.; Willingham, M.C. Proc. Natl. Acad. Sci. USA, 1987, 84, 7735. 
[8] Zaman, G.J.; Versantvoort, C.H.; EiJdems, E.W.; de Haas, M.; 

Smith, A.J.; Broxterman, H.J., Mulder, N.H.; de Vries, E.G.; Baas, 
F: Cancer Res., 1993, 53, 1747. 

[9] Leith, C.P.; Kopecky, K.J.; Chen, J.M.; Eijderms, L.; Slovak, M.L.; 
McConnell, T.S.; Head, DR.; Weck, J.; Grever, M.R. Blood, 1999,

94, 1086. 
[10] Van der Kolk, D.M.; de Vries, E.G.; van Putten, W.J.; Verdonck, 

L.F.; Ossenkoppele, G.J.; Verhoef, G.E.; Vellenga, E. Clin. Cancer 
Res., 2000, 6, 3205. 

[11] Martin, C.; Walker, J.; Rothnie, A.; Callaghan, R. Br. J. Cancer,
2003, 89, 1581. 

[12] Schinkel, A.H.; Smith, J.J.; van Tellingen, O.; Beijnen, J.H.; 
Wagenaar, E.; van Deemter, L., Mol, C.A.; van der Valk, M.A.; 

Robanus-Maandag, E.G.; te Riele, H.P.; Berns, A.J.M.; Borst, P. 
Cell, 1994, 77, 41. 

[13] Versantvoort, C.H.; Schuurhuis, G.P.; Pinedo, H.M.; Eekman, 
C.A.; Kuiper, C.M.; Lankelma, J.; Broxterman, H.J.; Br. J. Cancer,

1993, 68, 939.
[14] Cole, S.P.; Sparks, K.E.; Fraser, K.; loE, d.w.; Grant, C.E.; Wilson, 

G.M.; Deeley, R.G. Cancer Res., 1994, 54, 5902. 
[15] Takeda, Y.; Nishio, K.; Niitani, H.; Saijo, N. Int. J. Cancer, 1994,

57, 229. 
[16] Breuniger, L.M.; Paul, S.; Gaughan, K.; Miki, T.; Chan, A.; Aaron-

son, S.A.; Krugh, G.D. Cancer Res., 1995, 55, 5342. 
[17] Barrand, M.A.; Rhodes, T.; Center, M.S.; Twentyman, P.R. Eur. J.

Cancer 1993, 3, 408. 
[18] van der Graaf, W.T.; de Vries, E.G.; Timmer-Bossha, H.; Meer-

esma, G.J.; Mesander, G.; Vellenga, E.; Mulder, N.H. Cancer Res.,
1994, 54, 5368. 

[19] Roe, M.H.; Folkes, A.; Ashworth, P.; Brumwell, J.; Chima, L.; 
Hunjan, S.; Pretswell, I.; Dangerfield, W.; Ryder, H.; Charlton, P. 

Bioorg. Med. Chem. Lett., 1999, 9, 595. 
[20] Dantzig, A.H.; Shepard, R.L.; Law, K.L.; Tabas, L.; Pratt, S.; 

Gillespie, J.S.; Binkley, S.N.; Kuhfeld, M.T.; Starling, J.J.; Wrigh-
ton, S.A. J Pharmacol. Exp. Ther., 1999, 290, 854. 

[21] Lawrence, D.S.; Copper, J.E.; Smith, C.D. J. Med. Chem., 2001,
44, 594. 

[22] Carta, A.; Loriga, M.; Piras, S.; Paglietti, G.; La Colla, P.; Busone-
ra, B.; Collu, G.; Loddo, R. Med. Chem., 2006, 2, 113. 

[23] Krajewski, J.J.; Kotz, P.J.; Traxler, S.S. J. Agr. Food Chem., 1971,
19, 298. 

[24] Endicott, J.A.; Ling, V. Annu. Rev. Biochem., 1989, 58, 137. 
[25] Twentyman, P.R. Drug News Perspect., 1993, 6, 647. 

[26] Pastan, I.; Gottesman, M.M.; Ueda, K.; Lovelace, E.; Rutherford, 
A. V.; Willngham, M.C. Proc. Natl. Acad. Sci. USA, 1988, 85,

4486. 



2(3)-Aryl-thio(oxy)-methylquinoxaline Derivatives Medicinal Chemistry, 2008, Vol. 4 No. 3    205

[27] Chen, H.X.; Bamberger, U.; Heckel, A.; Guo, X.; Cheng, Y.C. 

Cancer Res., 1993, 53, 1974. 
[28] Gaj, C.L.; Anyanwutaku, I.; Chang, Y.H.; Cheng, Y.C. Biochem.

Pharmacol., 1998, 55, 1199. 

[29] Pauwels, R.; Balzarini, J.; Baba, M.; Snoeck, R.; Schols, D.; Her-

dewijn, P.; Desmyster, J.; De Clercq, E. J. Virol. Methods, 1988,
20, 309. 

Received: 05 September, 2007 Revised: 06 November, 2007 Accepted: 06 November, 2007 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


