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DHP: Dihydropyridine

ABC: ATP Binding Cassette

ANOVA: One-Way Analysis of Variance

DMSO: Dimethyl sulfoxide

FT-IR: Fourier Transformation Infra Red

IR: Infra Red

NMR: Nuclear Magnetic Resonance

MDR: Multiple Drug Resistance

MRP: Multiple Drug Resistance-associated Protein
MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide
P-gp: P-glycoprotein

ppm: Part Per Milion

SAR: Structure-Activity Relationship

SD: Standard Deviation

TB: Trypan Blue

TLC: Thin Layer Chromatography

UV: Ultra Violet

QSAR: Quantitative Structure-Activity Relationship
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IR (KBr): v 3194(NH), 3075(CH-aromatic), 2951(CH-aliphatic), 1688,1703(CO),
1343,1513 cm™ (NO,)
"H-NMR (CDCl;, 500Hz): 5 1.23(t,3H,COOCH,CH3, j= 14.25), 1.90-
1.93(m,2H,COOCH,CH,CHy), 2.36(2s,6H,C,-CH; and C¢-CH3), 2.56
(t,2H,COOCH,CH,CH,, j= 15.55), 4.04-4.12(m,4H,COOCH,CH,CH, and
COOCH,CHs), 5.11(s,1H,C4-H), 5.87(brs, |H,NH-DHP), 7.02(d,2H,C; sH-pyridyl, j=
5.95), 7.45(d,2H,C, ¢H-phenyl, j= 8.75), 8.08(d,2H,C3 sH-phenyl, j= 8.75),
8.47(d,2H,C, ¢H-pyridyl, j= 6.00)

MS: (M/z) 466(1), 448(40), 343(100), 329(4), 297(44), 271(4), 196(21), 136(11),
120(58), 106(13), 93(20), 77(6)
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Y Jgo oo ¥ AN-F-0-Y ad> o 5l ooel s au (52) Gligg,S gival Jio Jgdomo
Gace do STy Jgdoee g 95,5 08938 Pl lgie a4y Joibl id Lo Ve 5 (p,5 < /YY) (62)
P s 0 0010 13 59 5 590 9 WSS, Ll i o ol Kl a0 Ar (glos jo cels YT
solizul U alols Jolms 38,5 > pd9,08 Mo 55 oailagdl  ods uses M Lyl o 251,
20,5 LA (L0-130) Jbl ~p 8,15 S e 6 13 (TLC) 536 a0 31,5 5es S s,
590,85 (6,9-b o,Lugs il pads - 51 sl o P> o 0ol Cawd A oS 5 s (RFE4IYY)
abaii 5 0l IR ' H-NMR Mass s cib slo bs, bt o] (obeand JLlo Sules 5
MP=\YA-\A-°C) 5 (LYY c YYVY ME) .o 15 o5l ] gd
IR (KBr): v 3188(NH), 3067(CH-aromatic), 2944(CH-aliphatic), 1699,1688(CO),
1342,1508 cm™ (NO,)
'H-NMR (CDCl3, 500Hz): 6 1.86-1.92(m,2H,COOCH,CH,CHs), 2.34(2s,6H,C,-CH3
and C¢-CH3), 2.47(t,2H,COOCH,CH,CHa, j= 15.65), 3.58(s,3H,COOCH3), 3.99-
4.12(m,2H,COOCH,CH,CH>), 5.78(s,1H,C4-H), 5.89(brs,1H,NH-DHP), 7.16-7.19
(dd,1H,CsH-pyridyl), 7.23(t,1H,C4H-phenyl, j= 8.60), 7.43(d,1 H,CsH-phenyl, j= 7.85),
7.47(t,1H, CsH-phenyl, j= 15.15), 7.53(d,1H,C4sH-pyridyl, j= 1.30), 7.68(d,1H,C;H-
phenyl, j= 7.00), 8.30(s,1H,C,H-pyridyl), 8.40(d,1H,CsH-pyridyl, j= 4.80)

MS: (m/z) 452(1), 434(36), 420(2), 343(1), 329(16), 297(31), 270(55), 196(13), 136(8),
120(87), 106(23), 92(100), 77(13), 51(8)
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Y Ji— e ¥ Y-F-0-Y ad> o 5l ooel cws 4 (Sb) gy ,S giel il Jgdomo s
sl 55T ya oo ¥ (5 +IFEY) (BE) Sllig 5T ¥ (s - b1 -F- 200
Do dny (aSly Jslmo 5.933,5 009381 Pl Glgie 4y Joibl 2d (oo Ve 5 ()5 +/Y-Y) (6b)
I s b 0303 5 555 51 590 5 oS, Laul it o o Kile a0 Av slas ;o el YT
osliil L alol> Jobma 03,5 o 35,15 Pl 5 ouiladly g ad yues S5 Ll 0 25Ty
20,5 LAl (R0-790) Jsibl-p 39,57 S e 58 o (TLC) 3L ¥ 31,555l ,S" g, Sl
5 90s0,5 eyods 0,Lugd il msads e il il 60 D 0 codal G 4y S 35 s (R=+/Y+)
59U IR 5 TH-NMR Mass xiw b sl (35, bossi o] (oot il ool o
MpP=\FY-1Y-°C) 4 (AYFIFY cYYAF ME) 0l (5,5 ojll o] gd alais

IR (KBr): v 3272(NH), 3068(CH-aromatic), 2957(CH-aliphatic), 1697(CO), 1348,1524
cm’ (NO,)

'H-NMR (CDCl3, 500Hz): 6 1.23(t,3H,COOCH,CH3, j= 14.20), 1.90-
1.95(m,2H,COOCH,CH,CHs), 2.37(2s,6H,C,-CH; and Cs-CH3),
2.56(t,2H,COOCH,CH,CH,, j= 15.55), 4.06-4.16(m,4H,COOCH,CH,CH, and
COOCH,CH3), 5.11(s,1H,Cs-H), 5.94(brs,1H,NH-DHP), 7.03(d,2H,C; sH-pyridyl, j=
5.95), 7.37(t,1H,CsH-phenyl, j= 15.85), 7.64(d,1H,C¢H-phenyl, j= 7.70),
7.99(d,1H,CsH-phenyl, j=1.30), 8.14(s,1H,C,H-phenyl), 8.47(d,2H,C, ¢H-pyridyl, j=
5.95)

MS: (m/z) 466(1), 448(35), 343(100), 329(4), 297(50), 196(16), 136(9), 120(18),
106(13), 92(12), 77(2), 51(1)
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sl g, =Y Joo (o ¥ (0,5 +/FFY) (32) Sllgs guST -V (Uig o — ! -V 5)
a GRSy Jglomo 5 000,5 035381 Pl lsie @ Jsilion =Y 2d o Ve 5 ()5 <72 Y) (6D)
A o0l 55 555 5l a0 g eSS, Ll o o Kl az 0 A=A+ sles o el YE oo
Jodoes 53,8 Jo 085,15 Lo 43 sailogly 5 0t udes W Loyl 4 STy Do g
790) Jglsl-p 3515 S o 56 0 (TLC) S50 ¥ (3l ,Sgile S b, 3l ookl b alol>
S pgdg o 51 Jsl 68 Pl 40 wodel Cawd 4 oS 5 Lo (RFIFY) w0 5 a5 (10
-NMR Mass riw il lo oy, bawg o] loord JLbo Cales 50 5 20,5 5k 0)lgo
MP=\Y-AYYOC) 5 LVAUVY « AF/0 NE) s (6,65 o3l ] ogd abaii ¢ ols IR §'H

IR (KBr): v 3207(NH), 3089(CH-aromatic), 2976(CH-aliphatic), 1695,1670(CO),
1346,1525 cm™ (NO,)

TH-NMR (CDCls, 500Hz): 5 1.10-1.26(2d,6H,COOCH(CHa),, j= 6.25 , 6.20), 2.02-
2.07(m,2H,COOCH,CH,CH,), 2.34-2.37(2s,6H,C,-CHj3 and C4-CH3),
2.75(t,2H,COOCH,CH,CHo, j= 15.35), 4.04-4.12(m,2H,COOCH,CH,CH,), 4.93-
4.98(m,1H,COOCH(CHs),), 5.09(s,1H,C4-H), 5.72(brs,|H,NH-DHP), 7.04(d,1H,C3H-
pyridyl, j=7.75), 7.09(t,1H,CsH-pyridyl, j= 12.40), 7.35(t,1H,CsH-phenyl, j= 15.85),
7.56(t,1H,C4H-pyridyl, j= 17.00), 7.65(d,1H,CsH-phenyl, j= 7.70), 7.98(d, 1 H,C,H-
phenyl, j=8.20), 8.14(s,1H,C,H- phenyl), 8.50(d,1H,CsH-pyridyl, j= 4.80)

MS: (m/2) 462 (3), 420(3), 343(3), 196(5), 136(5), 120(100), 106(13), 93(10), 78(2)
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Y Jo Hae ¥ YF-0-Y al> o 5l saal ews 4 (5€) Sligis S giel Jugpgn! Joloe 4
J_&J.I—‘).u 9=V Jo—o Lo ¥ o(p,5 - /FEY) (3b) SLgs g1 =Y (g - JFY- 0 )
any STy Jodome 5 93,5 03938l Pl lsie 4 Jsibisn -V 2l (oo V0 9 (5 + /YY) (6b)

Ol 00l 18 e 5l 590 g eSS, Lyl i yo ol Kl a0 A= sles jo celn YT Cuse
Jsdone 00308 > 85,15 Do 53 000legdly 5 0t s W Lyl 4 STy oo e
~140) Jglsl-p, 8915 S mie 56,0 (TLC) S50 Y 81,5 55leg S o) 5l eolicisl b alol>
1 gy 51 Jsl 68 Lo 58 cosal Cawd 0 S 5 G (REF 1Y) 0005 Lalls- (10
-NMR Mass xiw el glo (29, bawgs o] (oloord JLbo Cales 50 5 9,5 sk 0)ligo

@p=\1£-115°C) 5 (AI¥NA SYIY ME) s 6,5 o3l o] wogd abaii 5 4l IR §'H

IR (KBr): v 3208(NH), 3087(CH-aromatic), 2979(CH-aliphatic), 1695(CO), 1347,1522
cm (NO,)

'H-NMR (CDCl3, S00Hz): 6 1.11-1.26(2d,6H,COOCH(CHj3),, j= 6.25 , 6.25), 1.88-
1.94(m,2H,COOCH,CH,CH,), 2.35-2.38(2s,6H,C,-CH3 and C¢-CH3),
2.58(t,2H,COOCH,CH,CH,, j= 15.45), 4.01-4.11(m,2H,COOCH,CH,CH,), 4.94-
4.99(m,1H,COOCH(CH3)»), 5.10(s,1H,Cs-H), 5.80(brs,1H,NH-DHP), 7.18-
7.21(dd,1H,CsH-pyridyl), 7.37(t,1H,CsH-phenyl, j= 15.80), 7.41(d,1H,CsH —phenyl, j=
7.75), 7.64(d,1H,C4H-pyridyl, j= 7.70), 7.99 (d,1H,CsH-phenyl, j= 9.30),
8.14(s,1H,C,H-phenyl), 8.37(s,1H,C,H-pyridyl), 8.43(d,1H,CsH-pyridyl, j= 4.70)

MS: (m/z) 480(2),461(46), 447(3), 343(10), 329(1), 297(100), 196(25), 136(15),
120(40), 106(26), 92(77), 77(10), 51(6)
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IR (KBr): v 3196(NH), 3076(CH-aromatic), 2971(CH-aliphatic), 1701,1674(CO),
1346,1511 cm™ (NO,)

'H-NMR (CDCl3, 500Hz): 6 1.12-1.24(2d,6H,COOCH(CH3),, j= 6.25 , 6.25), 1.88-
1.94(m,2H,COOCH,CH,CH>), 2.34-2.36(2s,6H,C,-CHj3 and C¢-CH3),
2.56(t,2H,COOCH,CH,CH,, j= 15.50), 4.03-4.09(m,2H,COOCH,CH,CH>), 4.95-
4.98(m,1H,COOCH(CHj3),), 5.10(s,1H,C4-H), 5.86(brs,|H,NH-DHP), 7.02(d,2H,C; sH-
pyridyl, j=5.85), 7.45(d,2H,C, sH-phenyl, j= 8.75), 8.07(d,2H,C; sH-phenyl, j= 8.75),
8.47(d,2H,C, ¢H-pyridyl, j= 5.95)

MS: (m/z) 480(2), 462(39), 448(2), 420(10), 434(4), 392 (8), 375(2), 297(46), 271(18),
196(19), 136(8), 120(30), 106(8), 92(24), 77(8), 51(5)
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P s 0l 0010 13 59 5l 190 g S, Ll o o ol Kl az o Ar (glos jo cels YT
o3lizal Ly alol> Jolome 3,8 o 539,05 Pl 5 oilendl g b posed S Ll o STy
323,5 GAllS (10-7190) Jyibl-p s 15 5 e 35,3 (TLC) 536 Y il Sl 5 g, §
5 920,85 (6,9-b o,Lugs il padg - 51 il g0 Pl o 0ol Cawd A oS 5 e (R4 /YY)
abaii 50U IR ' H-NMR Mass s cinb gl bs, dawsi o] mbeand Jllo Sules 5o

MP=\\FVVAC) 3 (AYSID YV ME) o 5,5 o3lal T gd

IR (KBr): v 3206(NH), 3081(CH-aromatic), 2979(CH-aliphatic), 1692(CO), 1342,1522
cm™ (NO,)
'H-NMR (CDCl3, 500Hz): 6 1.23(t,3H,COOCH,CHj3, j= 14.15), 1.90-
1.93(m,2H,COOCH,CH,CH), 2.34-2.38(2s,6H,C>-CH3 and C¢-CH3),
2.57(t,2H,COOCH,CH,CH,, j= 15.40), 4.04-4.11(m,4H,COOCH,CH,CH, and
COOCH,CH3), 5.11(s,1H,C4-H), 5.91(brs,1H,NH-DHP), 7.20(t,1H,CsH-pyridyl),
7.37(t,1H,CsH-phenyl, j= 15.80), 7.41(d,1H,C¢H-phenyl, j= 7.70), 7.64(d,1H,C4H-
pyridyl, j=7.55), 7.99(d,1H,C4sH-phenyl, j= 7.85), 8.13(s,1H,C,H-phenyl),
8.37(s,1H,CoH-pyridyl), 8.44(d,1H,C¢H-pyridyl)

MS: (M/z) 466(2), 447(45), 420(3), 343(44), 329(6), 297(91), 196(29), 136(13),
120(25), 106(21), 92(56), 78(8), 51(5)
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5 9z, 00558 P> olyie & Jyibl 2 o Ve 5 (o, <)) (6d) apamlly SY- o]
S8 59 5l 590 g I8, Loyl yo ol Kl ax o Ae glos jo cels YE oo 4y 2iSTg Jolore
0s,F e pybe S Do o suilogdly 5 0 e S Lyl o STy Do peens s o0l
J$l =p 1395 Sy o 568 40 (TLC) 56 @Y B1555log,S b, 5l eoliswl b alol> Jgloe
podg o 5l sl (o > 50 wodal Cews 4 S 5 Lo (REITY) o 5 alls (L0-7.90)
s hb sle by bwg o ple b sl coles 0 59005 (g5 b ojlugs ]
VPYOC) 5 (NI ) YHF ME) 0 g5 o3l ] gd alais 5 0l IR s H-NMR Mass
mp=16A
IR (KBr): v 3423(NH), 3081(CH-aromatic), 2979(CH-aliphatic), 1700(CO), 1375,1501
cm (NO,)
'H-NMR (CDCl3, 500Hz): 6 1.92-1.98(m,2H,COOCH,CH,CH>), 2.25-2.26(2s,6H,C,-
CHj3 and C¢-CH3), 2.63(t,2H,COOCH,CH,CHa,, j=15.40), 3.68(s,3H,N-CH3), 4.08-
4.16(m,2H,COOCH,CH,CH,), 4.21(s,3H,COOCH3), 5.14(s,1H,C4-H), 7.19-
7.21(dd,1H,CsH-pyridyl), 7.45(d,1H,C4H-pyridyl, j= 7.75), 7.95(s,1H,H-Imidazole),

8.41(s,1H,C,H-pyridyl), 8.45(d,1H,CsH-pyridyl, j= 3.30), 8.45(brs, 1 H,NH-DHP)
MS: (m/z) 438(33), 329(21), 297(41), 272(7), 120(29), 106(25), 92(50), 51(4)
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S8 590 5l 590 5 I8, Loyl yo ol Kl ax o Ar (glos jo celes Y oo 4y 2iSTg Jolore
0s)S e pybe S o o suilogdly 5 0 et S Lyl o STy Do pesns s o0l
Jgl —p 189,05 Sy o 518 40 (TLC) 56 @Y 81,5 55log,S b, 5l eolswl b alol> Jgloe
podg o= 5l sl (o > 50 wodal Cewd 4 oS 5 Lo (RE+IVF) o 5 alls (L0-7.90)
s ik sle by, bwg o ple b sl coles 50 50005 g5k ojlugs ]
VOYC) 5 (LAIFA « AIY M) o 6,5 o3l )] Lgd alaii g al IR ' H-NMR Mass
(mp=0-
IR (KBr): v 3423(NH), 3185(CH-aromatic), 2947(CH-aliphatic), 1703,1667(CO),
1374,1508 cm™ (NO,)
'H-NMR (CDCl3, 500Hz): 6 2.07-2.10 (m,2H,COOCH,CH,CHa, j= 15.00), 2.25- 2.27
(2s,6H,C,-CH3 and C4-CH3), 2.77 (t,2H,COOCH,CH,CHo,, j= 14.10), 3.68(s,3H,N-
CH3), 4.11-4.18(m,2H,COOCH,CH,CH,), 4.20(s,3H,COOCH3), 5.13(s,1H,Cs-H),
7.07(d,1H,CsH-pyridyl, j= 7.80), 7.10(d,1H,C;H-pyridyl, j= 4.90), 7.57(t,1H,C4H-
pyridyl, j=17.15), 7.94(s,1H,H-Imidazole), 8.22(brs,1 H,NH-DHP), 8.50(d,1 H,CsH-

pyridyl, j=4.00)
MS: (m/z) 438(6), 329(21), 120(100), 93(10), 78(5), 51(2)
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STy sl 5 0085 03538l Pl lyie  J5ibl 5l s Ve 5 (o5 <)) (6d) smally,s
O -3 0310 108 165 51 190 g WSME) daul ) o ol Kl ax o e gles jo el YT o
L alols Jsdoe 00,5 J 30 IS I 50 oslagdly 5 0 o S Ll 4o iy o>
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Mp=\#8VFAC) 5 (LVIAY YY/E M) 0 6,5 o5l T gd abais 5 als IR
IR (KBr): v 3438(NH), 3081(CH-aromatic), 2933(CH-aliphatic), 1698,1674(CO),
1373,1500 cm™ (NO,)
"H-NMR (CDCl3, 500Hz): 6 1.24(t,3H,COOCH,CH3, j= 14.25), 1.93-
1.98(m,2H,COOCH,CH,CH>), 2.27(s,6H,C,-CH3 and Cs-CH3),
2.63(t,2H,COOCH,CH,CH,, j= 15.45), 4.10-4.16 (m,4H,COOCH,CH,CH, and
COOCH,CH3), 4.22(s,3H,N-CH3), 5.14(s,1H,C4-H), 7.19-7.21(dd,1H,CsH-pyridyl),
7.44(d,1H,C4H-pyridyl, j= 7.85), 7.95(s,1H,H-Imidazole), 8.41(s,1H,C,H-pyridyl),

8.44(d,1H,CsH-pyridyl, j= 3.40)
MS: (M/z) 452 (46), 329(6), 297(33), 273(2), 196(11), 120(15), 106(13), 92(22), 51(2)
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L alols Jslome ayo,S o 135,05 Pl 55 osilogdly 5 0d peied M Lyl,is jo STy Pl
(7.0-7.30) Jglsl-p, 35 IS S, =ie 518 10 (TLC) S50 4 81,5 55leg S g, 5l eoliiul
0,Lgs 51 mgdg i 51 sl (60 > 0 ol s 0 iS5 s (REIVO) 0 5 DI
MP=\YEVYAC) 5 (VAN VY 1Y M) 0 6,5 o5l T gd abais 5 als IR
IR (KBr): v 3423(NH), 3081(CH-aromatic), 2924(CH-aliphatic), 1701(CO), 1376,1501
cm (NO,)
'H-NMR (CDCl3, 500Hz): 6 1.93-1.99(m,2H,COOCH,CH,CH>), 2.26(s,6H,C,-CH3
and C¢-CH3), 2.61 (t,2H,COOCH,CH,CH,, j= 15.50), 3.68(s,3H,N-CH3), 4.07-4.17
(m,2H,COOCH,CH,CH,), 4.21(s,3H,COOCH3), 5.14(s,1H,C4-H), 7.06(d,2H,C; sH-
pyridyl, j= 6.00), 7.95(s,1H,H-Imidazole),8.25(brs,1H,NH-DHP), 8.49(d,2H,C, ¢H-

pyridyl, j= 6.00)
MS: (m/z) 455(2), 438(100), 329(37), 297(28), 120(26), 106(11), 93(11), 51(2)
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IR (KBr): v 3428(NH), 3081(CH-aromatic), 2978(CH-aliphatic), 1700,1671(CO),
1373,1508 cm™ (NO,)

'H-NMR (CDCl;, 500Hz): ¢ 1.17-1.24(2d,6H,COOCH(CHj3),, j= 6.20, 6.30), 2.07-2.10
(m,2H,COOCH,CH,CHa, j= 14.85), 2.27-2.28(25,6H,C,-CH; and Ce-CH3),
2.78(t,2H,COOCH,CH,CH,), 4.14-4.17(m,2H,COOCH,CH,CH,), 4.22(s,3H,N-CHj3), 5.01-
5.03(m,1H,COOCH(CHj3),), 5.10(s,1H,C4-H), 7.08(d,1H,CsH-pyridyl, j= 8.25),
7.10(d,1H,C;H-pyridyl, j= 4.70), 7.57(t,1H,C4sH-pyridyl, j= 13.55), 7.95(s,1H,H-Imidazole),
8.50(d,1H,CsH-pyridyl, j= 4.10)

MS: (m/z) 466(12), 196(2), 136(3), 120(100), 106(4), 92(6), 78(2)
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Synthesis of new asymmetrical derivatives of 1,4- Dihydropyridines
with pyridyl and alkyl esters in C; and Cs situations and evaluation of
their biologic effects

R. Miri, K. Javidnia, O. R. Firuzi, E. Mansourabadi
Dep. of Medicinal Chemistry, Faculty of Pharmacy, Shiraz University of Medical
Sciences, Shiraz, Iran

Cancer is one of the leading causes of death in the world. However, the incidence
and mortality of cancer differs among racial and ethnic groups. For the treatment of
cancer, methods such as surgery, radiotherapy and chemotherapy are used and
chemotherapy is the most common treatment. Resistance to cytotoxic drugs remains an
obstacle in the successful therapy of various cancers. Therefore, several investigations
have been focused on finding agents which reveres multiple drug resistance (MDR).
1,4-Dihydropyridines (DHPs) are one of the major classes of calcium channel blockers,
and it has been shown that these agents are a new class of drug resistance reversers in
cancer treatment. For the time being, researchers are trying to use drugs to have the
most effects on neoplastic cells and minimum side effects on normal cells.

In this study, the new asymmetrical derivatives of DHPs (14 compounds) were
designed and synthesized by a modified Hanstzch reaction, in which different aryl and
alkyl esters in C; and Cs of the DHP ring respectively. In addition nitro imidazolyl and
nitro phenyl moiety are substituted at Cs position of dihydropyridine ring. The
compounds were purified by preparative thin layer chromatography and identified by
mass spectroscopy, IR and 'H-NMR.

The intrinsic cytotoxicity was evaluated on 4 cell lines (Hela, Raji, MCF-7, LS-180)
and the results compared with doxorubicin as positive control. The range of their ICs
was between 6.4-88.9 uM. The compounds 7g and 7h were the best cytotoxic drugs in
all cell lines. Furthermore, their Ca*" channel antagonist activity has been measured by
using high K" concentration in guinea-pig ileal longitudinal smooth muscle as their
potential adverse effects that in this section, compound 7d had the highest Ca’" channel
antagonist activity. According to the results, the MDR reversal activity of these

compounds will be examine in the resistance cancer cell lines in future.

Key word: DHPs, Cytotoxic activity, Ca’" channel blocker
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