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Abstract: A series of chiral compounds were designed and synthesized as novel multidrug resistance (MDR) modulators
on the basis of tetrahydroisoquinolines to reverse cancerous MDR on K562 cells and K562/DOX cells by using the MTT
assay. The treatment of K562/DOX cells with 9e, 10a and 10e led to increased intracellular accumulation and decreased
efflux of doxorubicin. The pharmacological effects of these tetrahydroisoquinolines on P-glycoprotein (P-gp) mediated
MDR were much stronger than that of positive control drug verapamil.
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INTRODUCTION

Multidrug Resistance (MDR) has been considered as one
of the major obstacles for successful chemotherapy in pa-
tients with cancers. It is a type of acquired drug resistance of
tumor cells to various kinds of chemotherapic agents with
different structural and mechanical features. Although the
molecular mechanisms leading to MDR include the activa-
tion of transport and detoxification systems, enhancement of
target repair activities, alterations of drug targets, and dis-
regulation of cells death pathways, the over-expression of a
variety of proteins that act as ATP-dependent extrusion
pumps such as P-gp has always been thought to be con-
cerned with this phenomenon [1]. The efflux function of P-
gp can be responsible for the decrease of drug concentrations
in tumor cells, resulting in chemotherapeutic failure [2].
Much work to overcome MDR by influencing transporter
expressions via signal transduction pathways or by direct
transcriptional control has been done and proven unsuccess-
ful in clinical trials. Verapamil [3] was the first and also the
most typical P-gp inhibitor. Tsuruo et al. demonstrated that
this calcium channel blocker possessed potent activity on
reversal of MDR through inhibition of P-gp [4, 5]. Further-
more, a number of other structurally unrelated compounds
such as cyclosporin [3], phenothiazines, antimalarials have
also been demonstrated to be effective P-gp inhibitors. How-
ever, many of these compounds could not enter into clinical
trails due to their unacceptable toxicities for antitumor treat-
ment or nonspecific and weak inhibitory effect on P-gp.
Therefore, many efforts should be devoted to identifying
new kinds of P-gp inhibitors with higher selectivity and
stronger potency.
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Recently, the natural alkaloid tetrandrine [6] was found
to inhibit P-gp, attributing this activity to its bisbenzyliso-
quinoline scaffold. It has been shown that isoquinoline alka-
loid could effectively reverse MDR with low side effects [7,
8]. Based on these observations, many tetrahydroisoquino-
line derivatives were designed and synthesized for the search
of novel calcium channel blockers by simplifying and opti-
mizing bisbenzylisoquinoline alkaloid tetrandrine. Studies
on these novel derivatives have shown that 6,7-dimethoxy-1-
(3,4-dimethoxy)benzyl-2-(N-n-octyl-N’-cyano)guanyl-1,2,3,
4-tetrahydroisoquinoline is more active than verapamil and
dose not have cardiovascular activity [9]. These derivatives
are racemates and the question of the streroselectivity of
transport mediated by P-gp is of relevance [10]. Addition-
ally, according to some fundamental biochemical studies, it
could be speculated that P-gp has multiple substrate-binding
sites and an allosteric regulatory site, although the number of
sites, their chemical selectivities, and their mutual relation-
ships remain uncentain [11]. Based on these facts, we report
a new kind of tetrahydroisoquinoline derivatives containing
N-substituted aminoacetyl groups may further enhance its
bioactivity. In an attempt to develop novel and more potent
P-gp inhibitors, a number of tetrahydroisoquinoline deriva-
tives were designed and synthesized and their structure-
activity relationship against P-gp activity was explored. To
investigate the influence of stereoselectivity on pharmacol-
ogical properties, individual enantiomers of tetrahydropa-
paverine were prepared in comparison with racemate at low
or high substrate concentration. The MDR reversal activities
of the tetrahydroisoquinoline analogues in vitro against
K562/DOX cell line [12], a human leukemia cell line, were
evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) colorimetric assay [13].

SYNTHESIS

Homoveratrylamine 1 and phenylacetic acid 2a-c (3,4-
dimethoxyphenylacetic acid, 3,4-diethoxyphenylacetic acid,

© 2009 Bentham Science Publishers Ltd.
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4-hydroxylphenylacetic acid) provided phenylacetamides 3a-
c (Scheme (1)). The next conversion from 3c to 3d was per-
formed by applying tetrabutylammonium bromide (TBAB)
[14], a liquid-liquid phase transfer catalyst (LL-PTC), which
catalyzed the reaction between benzyl chloride and phenol
3c to afford 3d in an alkaline solution of NaOH and organic
solvents (Scheme (2)). The first step of the reaction is the
yielding of sodium phenoxide (PhO Na®) by reacting phenol
with sodium hydroxide in the aqueous phase. Compound 3d
was provided by treatment of phenoxide with 3c in the or-
ganic solvent. The synthesis of 3,4-dihydroisoquinoline ana-
logues 4a-c was achieved from the corresponding pheny-
lacetamides 3a, 3b and 3d in the presence of the dehydrating
agent phosphory chloride in toluene (Scheme (3)). The imine
double bond in compounds 4a-c provided a prochiral envi-
ronment for the enantio-selective formation. Imines 4a-c
were subsequently reduced by potassium tetrahydroborate
with triethylamine in refluxing methanol for 24 h, affording
tetrahydroisoquinolines 5a-c in over 80% yields.

The carbon atom on the tetrahydroisoquinoline scaffold
of 5a-c, as a stereogenic center, has a particular optical iso-
meric configuration leading to two optically active forms:
(R) and (S). In order to investigate the chiral effects on
pharmacological properties, two optical isomers of tetrahy-
dropapaverine 5a were obtained via chemical resolution us-
ing N-acetyl-L-leucine as a chiral resolution reagent [15].
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The chiral resolution reagent 6 was prepared by acetylation
of commercially available L-leucine with acetic anhydride,
followed by crystallization of the crude product in water
solvent (Scheme (4)). The chemical resolution with racemate
5a and N-acetyl-L-leucine can produce their diastereoisomer
salts with optical active (R)- or (S)-tetrahydropapaverine N-
acetyl-L-leucinate, respectively, which were further purifi-
cated by recrystallization in acetone. The optical active (R)-
or (S)-tetrahydropapaverine N-acetyl-L-leucinate was alka-
linized with agueous ammonia to obtain the individual enan-
tiomer (R)- or (S)-6a in a good yield and an excellent stereo-
selectivity (> 99% as indicated by chiral high performance
liquid chromatography).

The key intermediates 7a-c, (R)-7a, (S)-7a were prepared
by the reaction between the corresponding tetrahydroisoqui-
nolines 5a-c, (R)-5a, (S)-5a and chloroacetyl chloride. Potas-
sium carbonate in the reaction played a role in absorbing the
liberating HCI gas and neutralizing the whole reaction sys-
tem. The final racemates 8a-b, 9a-e, 10a-e were obtained
from the alkylation of corresponding amines (diethylamine,
morpholine, piperazine, pyrrole, N-methylpiperazine). Six
chiral derivatives of tetrahydropapaverine (R)-8a-d, (S)-8a-b
were given by using the same procedure (Scheme (5)). All
target compounds were characterized by 'H NMR, mass
spectra and elemental analyses [16].
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BIOLOGICAL TESTS of all the target compounds in vitro were listed in Table 1.

When tested in combination with doxorubicin against the
K562/DOX cell line at 10 uM, compounds 9e, 10a and 10e
exhibited a well-defined trend in MDR reversal activities.
Compared to the other N-substituted acetyl position tetrahy-

The cytotoxicity [17] and MDR reversal activities [18] of
tetrahydroisoquinoline derivatives and their chiral enanti-
omers were evaluated by the MTT colorimetric assay [13]
with the required concentration. The MDR reversal activities
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Table1. Inhibitory Effects of Tetrahydroisoquinoline Compounds on the Proliferation of K562/DOX Cell Line by MTT Assay ( X
+s,n=3)
Compd Conc. 1Cso RF
verapamil 10 2.35 11.7
8a 10 -7.57+0.07 8.08 3.41
8b 20 12.50 +0.02 24.19 1.14
(R)-8a 20 9.80 +0.09 25.12 1.10
(R)-8b 10 3.78 £0.06 2237 1.23
(R)-8¢c 20 -2.69+0.03 15.81 1.74
(R)-8d 10 -4.77£0.04 34.16 0.81
(S)-8a 40 420+0.01 10.70 2.57
(S)-8b 40 531+0.01 40.67 0.68
9a 10 2.96 +0.06 5.00 5.50
9b 10 -15.83+0.05 14.15 1.95
9c 20 0.43+0.12 18.37 1.50
9d 40 -6.82+0.15 3.61 7.62
9e 40 -6.04+0.17 2.08 13.25
10a 10 2.37+0.13 1.70 16.21
10b 10 10.11£0.12 10.97 2.51
10c 2.5 0.90 +0.01 345 7.97
10d 2.5 6.62+0.08 2.60 10.60
10e 2.5 -0.64 £0.06 2.05 13.45

Conc.: concentration (uM).

IR: inhibitory ratio of compounds against K562 cell lines (%).
ICso: half inhibiting concentration (uM).

RF: reversal fold.

droisoquinolines, compounds with morpholine (10a) or di-
ethylamine (10€) group exhibit were more potent. The com-
pound 9e, also containing diethylamine group, showed al-
most the same MDR activity as compound 10e. Considering
their different chemical structures, these results indicated
that morpholine and diethylamine groups displayed an essen-
tial factor in the interaction of compounds with P-gp by pro-
viding an appropriate hydrophilicity which was required by
P-gp substrates for better binding with the amine side-chain.
Furthermore, in comparison to compounds with 3- and 4-
methoxy groups, the substitution of 3- and 4-ethoxy group or
O-CH,-phenyl on the 1-benzyl position played a significant
part to increase the activity of MDR. The optical tetrahydroi-
soquinolines 8a, 8b and their racemates (R)-8a-d, (S)-8a-b,
at the concentrations tested, displayed minimal modulatory
activity.

Hence, the conclusion could be obtained that the phenoxy
and amino-acetyl substituent on tetrahydroisoquinoline can
enhance its interaction with P-gp and prevent its substrate
efflux activity. But the chirality of this series of compounds
was independent of MDR modulation activity. The mode of
interaction with these modified tetrahydroisoquinolines ap-
pears to be quite different, given the broad differences noted
in cytotoxicity, inhibition ratio, half inhibiting concentration
and reversal fold. In summary, the N-substituted tetrahydroi-

soquinolines are considered as very promising modulators of
P-gp function and warrant further exploration.

CONCLUSION

In this work, BNR was applied to the synthesis of several
tetrahydroisoquinoline derivatives. These compounds bear-
ing a quaternary carbon atom were evaluated for their MDR
reversal activities against K562/DOX cell line in vitro. The
results showed that compounds 9e, 10a, and 10e exhibited
higher MDR reversal activities than verapamil. These com-
pounds all belonged to racemate, and among all the tetrahy-
dropapaverine derivatives, both enantiomers and racemates
had the low MDR reversal activities. Further biological
evaluation, structure-activity relationship and mechanistic
studies on this new class of compounds are currently in pro-
gress.
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N(CH,),). MS (ESI, m/z): 471.3 ((M+H]", base peak). Anal. calcd
for CysH34N,Og: C, 66.36; H, 7.28; N, 5.95. Found: C, 66.56; H,
7.30; N, 5.97.

8b: mp: 64-68 °C. 'H NMR (CDCL): J 6.86-6.27 (m, 5H), 5.50,
4.75 (m, 1H, CH), 3.83 (s, 6H, 2xOCH,), 3.81 (s, 6H, 2xOCHj),
3.67 (s, 2H, CH,CO), 3.64-3.33 (m, 2H, PhCH,CH,), 3.12-2.60 (m,
8H, PhCH,, CHCH,, HN(CH,).), 3.09 2.39, 2.29 (d, 4H, N(CH,),),
2.09 (brs, 1H, NH). MS (ESI, m/z): 470.3 ((M+H]", base peak).
Anal. calcd for C,H3sN30s: C, 66.50; H, 7.51; N, 8.95. Found: C,
66.70; H, 7.53; N, 8.98.

(R)-8a: mp: 140-144 °C. '"H NMR (CDCls): J 6.85-6.47 (m, 5H),
5.67, 5.17,4.75 (m, 1H, CH), 3.84 (s, 6H, 2xOCH3), 3.82 (s, 6H,
2x0CHj;), 3.71 (s, 2H, CH,CO), 3.65 (m, 4H, O(CH,),), 3.47 (m,
2H, PhCH,CHy), 3.21-2.51 (m, 4H, PhCH,, CHCH,), 2.40 (m, 4H,
N(CH,),). MS (ESI, m/z): 471.3 ((M+H]", base peak). Anal. calcd
for CysH34N,O: C, 66.50; H, 7.28; N, 5.95. Found: C, 66.57; H,
7.30; N, 5.98.

(R)-8b: mp: 106-110 °C. 'H NMR (CDCl;): J 6.86-6.27 (m, 5H),
5.50, 4.75 (m, 1H, CH), 3.80 (s, 6H, 2xOCHj;), 3.81 (s, 6H,
2x0CHj;), 3.67 (s, 2H, CH,CO), 3.64-3.33 (m, 2H, PhCH,CH,),
3.12-2.60 (m, 8H, PhCH,, CHCH,, HN(CH>)), 3.09 2.39, 2.29 (d,
4H, N(CH,),), 2.08 (brs, 1H, NH). MS (ESI, m/z): 470.4 ((M+H]",
base peak). Anal. calcd for C,H3sN;Os: C, 66.50; H, 7.51; N, 8.95.
Found: C, 66.72; H, 7.53; N, 8.97.

(R)-8¢c: mp: 135-139 °C. 'H NMR (CDCL): J 6.78-6.18 (m, 5H),
5.60, 5.24, 4.69 (m, 1H, CH), 3.91(s, 6H, 2xOCHj;), 3.81 (s, 6H,
2x0CHj;), 3.60 (s, 2H, CH,CO), 3.39-3.15 (m, 2H, PhCH,CH,),
3.07-2.59 (m, 8H, PhCH,, CHCH,, N(CH)),), 2.35 (d, 4H,
CH:N(CH2),), 2.24 (s, 3H, CH;). MS (ESI, m/z): 484.4 ((M+H]",
base peak). Anal. calcd for C,;H37N;Os: C, 67.06; H, 7.71; N, 8.69.
Found: C, 67.26; H, 7.73; N, 8.72.

(R)-8d: mp: 97-103 °C. 'H NMR (CDCL): J 6.84-6.21 (m, 5H),
5.62, 5.13, 4.74 (m, 1H, CH), 3.87 (s, 6H, 2xOCH3), 3.79 (s, 6H,
2x0CHj;), 3.63 (s, 2H, CH,CO), 3.45-2.59 (m, 6H, PhCH,CH,,
PhCH,, CHCH,), 2.46 (d, J = 9.6 Hz, 4H, N(CH,),), 1.73 (d, J =
9.6 Hz, 4H, (CH,),). MS (ESIL, m/z): 455.3 ((M+H]', base peak).
Anal. calcd for C,sH3N,Os: C, 68.70; H, 7.54; N, 6.16. Found: C,
68.91; H, 7.56; N, 6.18.

(S)-8a: mp: 251-254 °C. 'H NMR (CDCL): d 6.85-6.47 (m, 5H),
5.67, 5.17,4.75 (m, 1H, CH), 3.82 (s, 6H, 2xOCH3), 3.82 (s, 6H,
2x0CHj;), 3.73 (s, 2H, CH,CO), 3.65 (m, 4H, O(CH,),), 3.47 (m,
2H, PhCH,CHy), 3.21-2.51 (m, 4H, PhCH,, CHCH,), 2.40 (m, 4H,
N(CH,),). MS (ESI, m/z): 471.3 ((M+H]", base peak). Anal. calcd
for CysH34N,O6: C, 66.50; H, 7.28; N, 5.95. Found: C, 66.56; H,
7.25;N,5.97.

(S)-8b: mp: 70-73 °C. 'H NMR (CDCl;): § 6.86-6.27 (m, 5H),
5.50, 4.75 (m, 1H, CH), 3.80 (s, 6H, 2xOCHj;), 3.81 (s, 6H,
2x0CHj;), 3.67 (s, 2H, CH,CO), 3.64-3.33 (m, 2H, PhCH,CH,),
3.12-2.60 (m, 8H, PhCH,, CHCH,, HN(CH,),), 3.09 2.39, 2.29 (d,
4H, N(CH,),), 2.09 (brs, 1H, NH). MS (ESI, m/z): 470.3 ((M+H]’,
base peak). Anal. calcd for C,H3sN;Os: C, 66.50; H, 7.51; N, 8.95.
Found: C, 66.70; H, 7.53; N, 8.98.

9a: mp: 134-137 °C. 'H NMR (CDCL): J 6.84-6.25 (m, 5H), 5.64,
5.20, 473 (m, 1H, CH), 4.03 (m, 4H, 2xOCH,), 3.86 (s, 3H,
OCHs), 3.80 (s, 3H, OCHj;), 3.67 (m, 4H, O(CH,),), 3.64-3.39 (m,
2H, PhCH,CH,), 3.19 (s, 2H, CH,CO), 3.06-2.61 (m, 4H, PhCH,,
CHCHy), 2.37 (m, 4H, N(CH,),), 1.40 (m, 6H, 2xCHj3). MS (ESI,
m/z): 499.4 ([M+H]+, base peak). Anal. caled for CosH3sN,Og: C,
67.54; H,7.68; N, 5.62. Found: C, 67.65; H, 7.71; N, 5.64.

9b: mp: 96-100 °C. '"H NMR (CDCL): 6 6.83-6.24 (m, 5H), 5.64,
5.30, 472 (m, 1H, CH), 4.05 (m, 4H, 2xOCH,), 3.85 (s, 3H,
OCHs), 3.80 (s, 3H, OCHj;), 3.64-3.33 (m, 2H, PhCH,CH,), 3.12-
2.60 (m, 8H, PhCH,, CHCH,, HN(CH,),), 3.18 (s, 2H, CH,CO),
2.39, 2.29 (d, 4H, N(CH,),), 2.12 (brs, 1H, NH), 1.42 (m, 6H,
2xCH,). MS (ESI, m/z): 498.4 ((M+H]', base peak). Anal. calcd
for CsH3oN30s: C, 67.58; H, 7.90; N, 8.44. Found: C, 67.79; H,
7.92; N, 8.47.

9c: mp: 89-92 °C. 'H NMR (CDCL): 6 6.84-6.23 (m, 5H), 5.65,
5.34, 474 (m, 1H, CH), 4.05 (m, 4H, 2xOCH,), 3.85 (s, 3H,
OCHs), 3.63 (s, 3H, OCH3), 3.48 (s, 2H, CH,CO), 3.40-2.59 (m,
8H, PhCH,CH,, CHCH,, N(CH,),), 2.39, 2.29 (d, 6H, PhCH,,
CH;N(CHy,)2), 2.30 (s, 3H, CH3), 1.42 (m, 6H, 2xCH;). MS (ESI,
m/z): 512.4 ([M+H]+, base peak). Anal. caled for CyHyN3Os: C,
68.08; H, 8.08; N, 8.21. Found: C, 68.28; H, 8.10; N, 8.19.

9d: mp: 170-173 °C. '"H NMR (CDCL): J 6.87-6.25 (m, 5H), 5.60,
5.10, 4.81 (m, 1H, CH), 4.05 (m, 4H, 2xOCH,), 3.88 (s, 3H,
OCHs), 3.86 (s, 3H, OCHs;), 3.62 (s, 2H, CH,CO), 3.31 (m, 2H,
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PhCH,CH,), 3.13-2.64 (m, 4H, PhCH,, CHCH,), 2.46 (d, J = 9.6
Hz, 4H, N(CH,),), 1.73 (d, J = 9.6 Hz, 4H, (CH,),), 1.46 (m, 6H,
2xCH,). MS (ESI, m/z): 483.4 ((M+H]', base peak). Anal. calcd
for CpsH3sN,Os: C, 69.68; H, 7.94; N, 5.80. Found: C, 69.90; H,
797;N, 5.77.

9e: mp: 80-84 °C. 'H NMR (CDCL): § 6.83-6.20 (m, 5H), 5.62,
5.38, 476 (m, 1H, CH), 4.03 (m, 4H, 2xOCH,), 3.88 (s, 3H,
OCHs), 3.86 (s, 3H, OCHs;), 3.62 (s, 2H, CH,CO), 3.12 (m, 2H,
PhCH,CHy,), 3.09-2.68 (m, 4H, PhCH,, CHCH,), 2.63 (m, J = 6.9
Hz, 4H, N(CH,),), 1.41 (m, 6H, 2xCH3), 1.03 (t, J = 6.9 Hz, 6H,
2xCH,). MS (ESI, m/z): 485.4 ((M+H]', base peak). Anal. calcd
for CysH4N,Os: C, 69.39; H, 8.32; N, 5.78. Found: C, 69.60; H,
8.35; N, 5.80.

10a: mp: 155-158 °C. 'H NMR (CDCL): § 7.40-7.34 (m, 5H),
7.11-6.84 (m, 2H), 6.60 (d, J = 8.4 Hz, 2H), 6.50 (d, J = 8.4 Hz,
2H), 4.99 (d, 2H, OCH,), 5.65, 5.18, 4.75 (m, 1H, CH), 3.85 (s, 3H,
OCH,), 3.66 (s, 2H, CH,CO), 3.60 (s, 3H, OCHj3), 3.48 (m, 4H,
O(CH,),), 3.04-2.80 (m, 4H, PhCH,CH,, CHCH), 2.60 (m, 2H,
PhCH,), 2.40 (m, 4H, N(CH,),). MS (ESIL, m/z): 517.3 ((M+H],
base peak). Anal. calcd for C;;H36N,Os: C, 72.07; H, 7.02; N, 5.42.
Found: C, 72.29; H, 6.98; N, 5.39.

10b: mp: 118-122 °C. 'H NMR (CDCl;): § 7.39-7.35 (m, 5H),
7.10-6.83 (m, 2H), 6.59 (d, J = 8.4 Hz, 2H), 6.26 (d, J = 8.4 Hz,
2H), 5.02 (d, 2H, OCH,), 5.66, 5.28, 4.72 (m, 1H, CH), 3.83 (s, 3H,
OCH,), 3.74 (s, 2H, CH,CO), 3.60 (s, 3H, OCHj;), 3.43-2.82 (m,
8H, PhCH,CH,, CHCH,, HN(CH,),), 2.65 (m, 2H, PhCH,), 2.25
(m, 4H, N(CH,),), 2.02 (brs, 1H, NH). MS (ESI, m/z): 516.4
([M+H]+, base peak). Anal. caled for C;H;N;04: C, 72.21; H,
7.23;N, 8.15. Found: C, 72.45; H, 7.19; N, 8.13.

10c: mp: 128-131 °C. 'H NMR (CDCL): J 7.40-7.35 (m, 5H),
7.10-6.83 (m, 2H), 6.60 (d, J = 8.4 Hz, 2H), 6.35 (d, J = 8.4 Hz,
2H), 5.04 (d, 2H, OCH,), 5.85, 5.57,4.78 (m, 1H, CH), 3.60 (s, 2H,
CH,CO), 3.48 (s, 3H, OCHs;), 3.60 (s, 3H, OCHj;), 3.43-2.82 (m,
8H, PhCH,CH,, CHCH_, N(CH,),), 2.65 (m, 2H, PhCH,), 2.84 (m,
4H, CH;N(CHy),), 2.61 (s, 3H, CH;). MS (ESI, m/z): 530.4
([M+H]+, base peak). Anal. caled for C;H3N;04: C, 72.56; H,
7.42;N, 7.93. Found: C, 72.79; H, 7.40; N, 7.95.

10d: mp: 143-146 °C. 'H NMR (CDCl;): § 7.31-7.26 (m, 5H),
7.07-6.84 (m, 2H), 6.58 (d, J = 8.4 Hz, 2H), 6.24 (d, J = 8.4 Hz,
2H), 5.03 (s, 2H, OCHy,), 5.60, 5.10, 4.73 (m, 1H, CH), 3.85 (s, 3H,
OCH,), 3.72 (s, 2H, CH,CO), 3.60 (s, 3H, OCHj;), 3.45-2.77 (m,

[17]
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4H, CHCH,, PhCH,CH,), 2.66 (m, 2H, PhCH,), 2.46 (d, N(CH,),),
1.73 (d, 4H, (CH,),). MS (ESI, m/z): 501.4 ((M+H]", base peak).
Anal. calcd for C3;H3¢N,O4: C, 74.37; H, 7.25; N, 5.60. Found: C,
74.59; H, 7.22; N, 5.55.

10e: mp: 81-84 °C. '"H NMR (CDCl;): § 7.40-7.31 (m, 5H), 7.10-
6.84 (m, 2H), 6.61 (d, J = 8.4 Hz, 2H), 6.27 (d, J = 8.4 Hz, 2H),
5.03 (s, 2H, OCH,), 5.62, 5.35, 4.75 (m, 1H, CH), 3.85 (s, 3H,
OCHs), 3.77 (s, 2H, CH,CO), 3.58 (s, 3H, OCH;), 3.21-2.83 (m,
4H, CHCH,, PhCH,CH), 2.72 (m, 2H, PhCH,), 2.52 (m, J = 6.9
Hz, 4H, N(CH,),), 1.01 (t, J = 6.9 Hz, 6H, 2xCH3;). MS (ESI, m/z):
503.4 ([M+H]+, base peak). Anal. calcd for C;;H3sN,Oq4: C, 74.07;
H, 7.62; N, 5.57. Found: C, 74.31; H, 7.65; N, 5.55.

Cytotoxicity was assessed by the MTT assay which was performed
in K562 and K562/DOX cells. The cells were harvested during
logarithmic growth phase and seeded into 96-well culture plates at
a density of 5x10* cells/mL. Doxorubicin was added alone or with
anticancer agents or verapamil in a final volume of 160 uL per well
at 37 °C in a humidified atmosphere of 5% CO, incubator. In the
assays of cytotoxic evaluation, cells were incubated in growth me-
dium for 24 h, and were exposed to various anticancer drugs con-
centrations. After treatment of 40 pL of test compounds solution
for 48 h, 20 pL of freshly prepared MTT (5 mg/mL in PBS solu-
tion) was added to the wells and incubated for 4 h at 37 °C.

In the assays of drug resistant modulation evaluation, the cells were
then cultured for 48 h in the presence of test compounds with or
without verapamil. Verapamil, used as the positive control, were
added to the wells with the final concentrations of 10 uM, After
treatment of 20 pL of test compounds solution for 48 h, 20 puL of
MTT solution was added. Then cells were centrifuged for 15 min at
3500 rpm, 160 pL of medium was carefully removed, and 150 pL
of DMSO was added until no particulate matter was visible. The
cytotoxic effects of drugs were determined according to the OD
values using a microplate reader at absorption wavelength of 570
nm. The inhibition ratio (IR) of tumor growth was calculated using
the following equation: IR= (1-OD,;/OD,,) x 100%. Where OD,; is
the average OD values treated with the test compounds and the
OD,, is the average OD values without the test compounds. The
concentrations required to inhibit growth by ICs, values were cal-
culated from the cytotoxicity curves using Bliss’s software.



