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ABSTRACT

Eight aza-chalcones L, and eight new platinum(IV) complexes C, , with
aza-chalcones were synthesized. The complexes have been characterized
by elemental anaylsis, IR spectra, electronic spectrum and *H NMR. The
cytotoxicity wastested by MTT assays and compared with the cytotoxicity
of cisplatinum. The results indicate that the complexes C, , and C, ; have
cytotoxicity against tested A-549 cell line; moreover, the cytotoxicity of
complexes C, approached cisplatinum. The complexes C,, C, and C_ have
cytotoxicity against tested Hela cell line, but the cytotoxicity of these com-
plexesislower than cisplatinum. Most of the coorespounding ligands have
no cytotoxicity against tested two cell lines, and the cytotoxicity of all
ligandsislower than complexes.The results suggest that the cytotoxicity of
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all complexesagainst A-549 cell lineisbetter than against Helacell line.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Cigplatiniswidey applied inthetrestment of avari-
oustypesof cancer such asgerm cell tumors, ovarian,
lung, hed and neck, bladder carcinomas, etc™3. How-
ever, it has severe side effects such as nephrotoxicity,
nausea, ototoxi city, neurotoxicity and myelotoxicity in
low dose. In addition to these, the therapeutic efficacy
isalsolimited by resistant tumor cell sub-populations.
To overcome these disadvantages, people have ex-
plored to prepare many new platinum complexesand
studied their anti-tumor activity in recent decades. Sev-

eral Pt(IV) complexeshave been synthesi zed recently
and shown high activtity invitroandin clinical test-
ingt®. Pt(1V) complexesare anew classof platinum
complexesthat exhibitslesstoxicity thancisplatin. This
kind of complex has some advantagessuch asalowing
oral administration, reduced toxicity, decreaseinthe
amount of thecomplex that islost or deectivated on the
path to the target cell and alow cross-resistance to
cisplatini9l,

Chalconeisakind of natural organic compound
whichiswidely in plantssuch asliquorice, safflower
and so on. Themoleculeof chaconesisflexible; it can
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Scheme1: Thesynthesisof aza-chalcones

be combined with many biological receiver. So that,
thiskind of compounds havemany biological activities,
such as, antitumor activity, anti-HIV activity, anti anti-
bacteria activity, antioxidant activity, etc®,

It containspyridinyl in the structure of aza-chal-
cone, theN atom of pyridinyl has strong coordination
ability with variousmetal ions. Medvecky et al.*¢ re-
ported that aza-chal cone has higher cytotoxic. Based
on the abovereasons, eight platinum(lV) complexes
were synthesized, anticancer activity invitrowereaso
studiedin the present work.

RESULTSAND DISSCUSION

Synthesisand spectr oscopic data of aza-chalcones

All reagentsand solventswere of anaytical grade.

2-Acetyl pyridine (2.10 mmol) and aromatic alde-
hyde(2.00 mmol) was added to water with irring, then
the sodium carbonate sol ution was added to the mix-
ture. Thereactionswerefollowed by thinlayer chro-
matography (TLC). After completion of thereaction,
the productswere purified by column chromatography
onsilicagel (200-300 mesh, eluted with amixture of
petroleum ether and ethyl acetate) (Scheme 1).

Theyields of aza-chalcones L, ;were shown in
TABLE 1.

Thedataof NMR, IR and M S spectrafor the new
compoundsareprovided asfollows:
L ,: yellow solid; '"H NMR (600 MHz, CDCl,), 5: 6.97-
7.07 (m, 2H, CH-CH), 7.27-7.30 (m, 2H, Ph-H), 7.34
(d, 1H, =13 Hz, CH=CH), 7.40-7.46 (m, 3H, Ph-H),
7.68-7.74(m, 1H, Py-H), 7.78-7.82 (m, 2H, Py-H), 8.13
(d, 1H, J=13 Hz, CH=CH), 8.69 (d, 1H, Py-H); **C
NMR, &: 122.81, 124.60, 126.80, 127.35, 127.47,
128.85, 129.22, 136.18, 137.05, 142.10, 144.78,
148.75,154.16,189.30; IR (KBr), v__ : 1660, 1577,989

cm’; m/z (ESI) caled. for C H,,NO[M+Na]* 258.1.

L .. yellow solid; *H NMR (600 MHz, CDCl,), 5: 3.79
(s, 3H, OCH,), 6.88 (d, 2H, Ph-H), 7.42-7.44 (m,
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Scheme2: Thesynthesisof aza-chalconeplatinum(l V) complexes

1H, Py-H), 7.64 (d, 2H, Ph-H), 7.80-7.83 (m, 1H,
Py-H), 7.87 (d, J=16 Hz, 1H, CH=CH), 8.14-8.17
(m, 2H, 1CH=CH and 1Py-H), 8.69 (d, 1H, Py-H);
13C NMR, 8: 55.37, 114.33, 118.49, 121.03, 122.84,
126.75, 127.38, 127.92, 130.66, 137.01, 144.67,
148.77,154.41,161.74,189.31; IR (KBr), v.__: 1663,
1598, 1565, 1257, 1029, 986 cm-%; m/z (ESI) calcd.
for C.H_NO, [M+Na]* 262.1.

15" 13
L: dight yellow solid; *"H NMR (600 MHz, CDCl,), 6:
7.28-7.51 (m, 4H, Ph-H), 7.85 (d, J=13 Hz, 1H,
CH=CH), 7.89-7.91 (m, 1H, Py-H), 8.19 (d, J=13
Hz, 1H, CH=CH), 8.28-8.37 (m, 2H, Py-H), 8.73-
8.74 (m, 1H, Py-H); B*CNMR, é: 123.0, 123.3, 126.8,
127.0, 128.1, 130.2, 131.2, 133.4, 135.7, 137.3,
140.2, 148.6, 153.8, 188.8; IR (KBr), v__: 1672,
1602, 1578, 1027, 996 cm*; m/z (ESI) calcd. for
C,H, CINO[M+Na]* 266.1.

14" "10
Synthesis spectroscopic data of aza-chalcone
platinum(lV) complexes

Synthesisof aza-chalconeplatinum(l'V) complexes

All reagentsand solventswereof anaytica grade.

The aza-chal cone platinum(lV) complexes have
been prepared by the reaction of K PtCl_ with aza-
chal cones: adding aza-chal conesand K ,PtCl  to aso-
lution of water and ethanol, then themixturewas stirred
at 40°C. Thereactionswerefollowed by thinlayer chro-
matography (TLC). After completion of thereaction,
the productswere separated by centrifugal effect, then
washed with the mixture of water-ethanol, and dried
under vacuum condition (Scheme2).

Elemnetal analysis

The elementa analysis showed that all the com-
plexeswere of high purity (TABLE 2). Thereisgood
agreement between cacul ated and found valuesfor the
complexes.
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TABLE 1: Theyieldsof aza-chalconesL

TABLE 2: Elemental analyssvaluesof platinum(lV) complexes

Product R Time, - Yidd, ) b oc \ pocitit
h %
Ly, GCgHsCH=CH 5 83  86-88
L, 4-CH4CqH, 6 79 8486 84.8-85.3"
Ly 2-OCHCeH, 6 76  180-182
L, 4-OCHCeH, 45 83  84-86 84.6-852%
3,4 150.3-
Ls O0,CH,CeHa 4 80 150151 o i
158.2-
Le  4-NO,CH, 05 97 156158 g
L, 2-CICeH, 5 85  92-96
102.2-
Lg 4-CICgH, 5 89 100-102 o,

IR spectraand electronic spectrum

Aslistedin TABLE 3, the IR spectraof the com-
plexesaresmilar; themain bandswith tentativeassgn-
ments are listed in Table. The bands of v, , v._,and
Ve INthese complexes shift to lower frequencies
than the corresponding aza-chal cones. Thusit indicates
that the aza-chal cones are coordinated with platinum.

Pyridinyl indifferent ligandshave strong absorption
peaks at 240-260 nm. Aftre coordinated with plati-
num, theabsorption peaks of complexeshave gppeared
at 263-265 nm. That means the absorption peaksred
shift by ca. 5-25 nm for the complexes compared with
ligands. That meansthepyridinyl inligandsiscoordi-
nated with platinum.

'H NMR

The chemica shift of thecomplexeswaslisted as
follows
C,: red solid; *H NMR (600 MHz, d,-DMSO), &:
6.97-7.07 (m, 4H, CH-CH), 7.27-7.30 (m, 4H, Ph-
H), 7.34 (d, 2H, J=16 Hz, CH=CH), 7.40-7.46 (m,
6H, Ph-H), 7.68-7.74 (m, 2H, Py-H), 7.78-7.82 (m,
4H, Py-H), 8.13(d, 2H, J=16 Hz, CH=CH), 8.69 (d,
2H, Py-H). C,: brown solid; *H NMR (600 MHz, d.-
DMSO0), 6: 3.23 (s, 6H, 2CH,), 6.93 (d, 4H, 4Ph-H),
7.62(d, J=16 Hz, 2H, 2CH=CH), 7.68-7.71 (m, 2H,
2Py-H), 7.81 (d, 4H, 4Ph-H), 8.04-8.07 (m, 2H, 2Py-
H), 8.16 (d, J=16 Hz, 2H, 2CH=CH), 8.23 (d, 2H,
2Py-H), 8.81 (d, 2H, 2Py-H).
C,: red solid; '"H NMR (600 MHz, d.-DMSO), &:
3.91(s, 6H, 2CH,), 7.46-7.49 m, 2H, 2Ph-H), 7.50-
7.53(m, 2H, 2Ph-H), 7.75-7.77 (m, 2H, 2Py-H), 7.78
(d, =16 Hz, 2H, 2CH=CH), 7.84 (d, 2H, 2Ph-H),

BIOCHEMISTRY (mm—

Mf. of Found. (Calcd.)/%

Complexes R .I
complexes c H N
_ 4753 367 344
“ CH=CHCAHs PULIC  4757) (322) (347)
4574 376 359
© A CHCare PLIC 45.97) (3.32) (3.59)
4205 347 337
Cs 2-OCHsCeHs  PY(L3)Cl»2H,0 (42.30) (352) (3.29)
4229 341 332
C 4-0CHCH PULICs  4230) (352) (3.29)
4188 304 329
Co  340CHCH: PLICKHO  (ren Joe (35
4043 307 657
Cs 4-NOCeHs  Pt(Lg)ClyCoHsOH (40.40) (2.92) (6.28)
4208 313 332
G 2-ClCeH,4 Pt(L7)ClsCoHsOH (42.08) (3.30) (3.16)
Cs 4CICH,  PHLCICHOH gor 309 341

(42.05) (3.30) (3.16)

8.02(d, 2H, 2Ph-H), 813-8.15(m, 2H, 2Py-H), 8.24-
8.25 (m, 2H, 2Py-H), 8.30 (d, J=16 Hz, 2H,
2CH=CH), 8.81 (d, 2H, 2Py-H).

C,: yellow solid; 3.83 (s, 6H, 2CH,), 6.93(d, 4H, 4Ph-
H), 7.62 (d, J=16 Hz, 2H, 2CH=CH), 7.68-7.71 (m,
2H, 2Py-H), 7.81(d, 4H, 4Ph-H), 8.04-8.07 (m, 2H,
2Py-H), 8.16 (d, J=16 Hz, 2H, 2CH=CH), 8.23 (d,
2H, 2Py-H), 8.81 (d, 2H, 2Py-H).

C..dark red solid; *H NMR (600 MHz, d -DM SO),
8: 6.12 (s, 4H, 2CH,), 7.64 (d, J=16 Hz, 2H,
2CH=CH), 7.70 (s, 2H, 2Ph-H), 7.73-7.75 (m, 2H,
2Py-H), 7.81 (d, J=16 Hz, 2H, 2CH=CH), 8.01 (d,
2H, 2Ph-H), 8.07 (d, 2H, 2Ph-H), 8.12 (d, 2H, 2Py-
H), 8.23-8.25 (m, 2H, 2Py-H), 8.80 (m, 2H, 2Py-H).
C,dark yellow solid; '"H NMR (600MHz, d.-DMS0),
3: 7.73-7.75 (m, 2H, 2Py-H), 7.96 (d, J=16 Hz, 2H,
2CH=CH), 8.07-8.10 (m, 2H, 2Py-H), 8.13 (d, 4H,
4Ph-H), 8.15 (d, 2H, 2Py-H), 8.31 (d, 4H, 4Ph-H),
8.44 (d, 2H, J=16 Hz, 2CH=CH).

C.:brownsolid; *H NMR (600MHz, d.-DMS0), 5. 7.28-
7.51 (m, 8H, Ph-H), 7.85 (d, J=16 Hz, 2H, CH=CH),
7.89-7.91(m, 2H, Py-H),8.19(d, Jx16 Hz, 2H, CH=CH),
8.28-8.37 (m, 4H, Py-H), 8.73-8.74 (m, 2H, Py-H).
C,.dark yelow solid; *H NMR (600 MHz, d -DMS0),
§: 7.50-7.52 (m, 2H, 2Py-H), 7.55 (d, 4H, 4Ph-H),
7.70-7.72 (m, 2H, 2Py-H), 7.87 (d, J=16 Hz, 2H,
2CH=CH), 7.88 (d, 4H, 4Ph-H), 7.95 (d, 2H, 2Py-
H), 8.13 (d, 2H, 2Py-H), 8.29 (d, J=16 Hz, 2H,
2CH=CH).

Cytotoxic studies
Aslistedin TABLE 4, thecomplexesC ,andC_,
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TABLE 3: ThelR spectrumdataof Pt(1V) complexes

Ymax
Entry R Compounds
Py C=0 HC=CH

C: 1625 1706 1066
1 CH=CHC¢Hs

Ly 1577 1660 993

G, 1631 1709 1044
2 4-CH3CgH,

L, 1595 1662 995

Cs 1626 1702 1044
3 2-OCH3CgH4

L 1598 1663 986

C, 1604 1706 1031
4 4-OCH3C¢H,

L, 1598 1663 986

Cs 1613 1693 1035
5 3,4-O,CH,CgH4

Ls 1595 1661 990

Ce 1634 1713 1048
6 4-NO,CeH,

Le 1605 1668 991

C; 1641 1705 1040
7 2-CICgH,

L, 1602 1672 993

Cg 1614 1702 1052
8 4-CICgH,4

Lg 1587 1667 990

TABLE 4: Thecytotoxicity of Pt(1V) complexesor coorespo-
ndingligandstoA-549 and Helacells

Entry Compounds | Coo(BM) (x 5)
A-549 Hela
1 CDDP 19.41+5.67 20.01+£1.36
C 39.48+8.01 87.38+3.11
2 L, 68.23+6.23 308.37+£9.38
C, 43.67+3.03 129.59+4.06
3 L, 249.46+25.56 203.43+0.67
(09 39.46+2.93 43.38+2.29
4 L 190.66+17.34 237.42+20.66
Cy 79.35+3.38 53.28+2.39
> Ly 262.95+19.35 175.89+8.82
Cs 42.46+6.67 48.92+1.86
® Ls 81.3849.15 259.06+4.66
Cs 21.70+1.87 39.18+0.08
! Le 45.19+2.99 200.60+8.00
C,; 45.16+3.17 110.88+4.57
8 L, 149.58+30.39 586.84+19.40
Cs 41.82+6.68 90.48+1.87
’ Lg 255.95+19.53 530.21+10.57

have cytotoxicity against A-549 with lower IC_, value

—— Regdular Peper

(<50 uM), however, complex C, haveno cytotoxicity
agangtA-549withahigher IC, value(79.35+3.38 uM).
ComplexesC,, C, and C_ havecytotoxicity aganst Hela
cell line with lower IC_ value (43.38+2.29 uM,
48.92+1.86 uM and 39.18+0.08 uM), but the other
fivecomplexes(C,, C,, C,, C, and C,) haveno cyto-
toxicity againgt Helawith ahigher IC_ value(>50 uM).
Complex C_ hasthe best cytotoxicity among theeight
complexesagaingt tested carcinomacell lineswith I1C_
valueof 21.70+1.87 uM and 39.18+0.08 uM, more-
over, thecytotoxicity of C, against A-549 approached
cisplatinum (IC_,=19.41+5.67 uM). The correspond-
ing ligand L has cytotoxicity against A-549 cell line
with IC_, value of 45.19+2.99 uM, but has no cyto-
toxicity against Helacell linewith ahigher IC_ (>50
uM). The other corresponding ligands have no cyto-
toxicity against bothA-549 and Helacell lines (IC, >50
uM). Compared with corresponding ligands L, -, the
complexesC_ , have better cytotoxicity against both
A-549 andHelacdll lines.

CONCLUSION

Inour present work, severa Pt(1V) complexeshave
been synthesized from aza-chal conesand K PtCl , and
characterized the structure by e emental analysis, H
NMR, IR spectraand el ectronic spectra. Theresults
showed that all the complexeswereof high purity. The
cytotoxicity of thecomplexeswastestedby MTT as-
says. Theresults showed that complexeshaveactivity
against A-549 cell linewith lower I1C_, (<50 uM) ex-
cept complex C, with IC_ value of 79.35+3.38 uM.
Thecomplex C,, C,and C, haveactivity against Hela
cell line with IC_, values of 43.38+2.29 uM,
48.92+1.86 uM and 39.18+0.08 pM.

EXPERIMENTAL PROTOCOLS

I nstrumentation and measur ement

Elementd anaysesweredetermined onan EA-1110
elemental anayzer. Molar conductancesat room tem-
perature were measured in 10 mol/L DMF solutions
usingaDFS-1 type conductivity meter. The IR spectra
wererecorded using KBr pelletsand a PerkineElmer
M odel-683 spectrophotometer. The el ectronic spec-
train DM SO were measured on an UV-3400 Toshniwal

e, BIOCHEMISTRY
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spectrophotometer. The'H NMR spectrawere mea-
sured on aBruker AV-400 NMR spectrometer in dim-
ethyl sulfoxide-d6 with solvent pesksasreferences, and
inchloroformwith TMSasinternal standard. ESIMS
datawere measured with Thermo Finnigan-LCQ. The
thermd analysiswasconducted using RI-GAKU 8150
meter (Ar, 10°Cmin*, Al,O,). Theoptica density (OD)
at 570 nm was measured on amicropl ate spectropho-
tometer (Bio-Rad Model 680, USA).

Cdl culture

Two different human carcinomacell lineswereused
for cytotoxicity determination: A-549 (human lung ad-
enocarcinomacel line) and Hela(human cervica can-
cer cell line). They were obtained from theAmerican
Type Culture Collection (ATCC) and werecultured in
RPM I-1640mediumsupplemented with 10% fetal bo-
vineserum, 100 U/ml of penicillin and 100 mg/ml of
streptomycin. Cellswere maintained at 37Cin ahu-
midified atmosphereof 5% CO, inair.

Cytotoxicity analysis

The cellsharvested from exponential phasewere
seeded equivaently into a96-well plate, complexes
werethen added to thewellsto achievefinal concen-
trations. Control wellswere prepared by addition of
culturemedium. Wellscontaining culturemediumwith-
out cellswere used asblanks. The plateswereincu-
bated at 37°C in a 5% CO, incubator for 48 h. The
MTT assay was performed as described by
Mosmann*&l, Upon compl etion of theincubation, stock
MTT dyesolution (20 ml, 5 mg/ml) wasadded to each
well. After 4 hincubation, 2-propanol (100 ml) was
addedto solubilizetheMTT formazan. TheOD of each
well wasthen measured on amicroplate spectropho-
tometer at awavelength of 570 nm. The SRB assay
was performed as previously described®. Upon
completion of theincubation, thecd Iswerefixedin 10%
trichloroaceticacid (100 ml) for 30 minat 4°C, washed
fivetimesintap water and stained with0.1% SRB in
1% acetic acid (100 ml) for 15 min. The cellswere
washed four timesin 1% aceticacidand air-dried. The
stain was solubilized in 10 mM unbuffered Trisbase
(100 ml) and OD was measured at 540 nm as above.
ThelC,, valuewasdetermined from plot of % viability
againgt dose of compounds added.
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