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Abstract
ligands were designed and synthesized. All complexes were characterized by IR, 'H NMR and ESI-MS spectra. The

A class of novel platinum(II) complexes with 2-methyl-2-substituted phenoxypropanoic acids as leaving

in vitro antiproliferative activities were tested by MTT assay against three human cancer cell lines, indicating that
the complexes showed selective cytotoxicity to human gastric cancer cell lines (SGC-7901) with only weak antipro-
liferative activities were observed against human hepatocellular carcinoma cell line (HepG2) and human non-small

cell lung cancer cell line (A549).
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Platinum( II) complexes such as cisplatin, carbo-
platin and oxaliplatin ( Figure 1), are metal-based
drugs which are widely used in clinic for cancer thera-

11721 Unfortunately, their clinical applications are

pies
restricted due to drug resistance, limited spectrum of
tumors and severe side-effects, including nephrotoxici-
ty, neurotoxicity, ototoxicity and gastrointestinal toxici-

[3-4]
ty

design have emerged during the past years, and thou-

. As a consequence, new concepts of drug

sands of platinum complexes have been synthesized
and evaluated as potential antitumor agents"”™®. For
example, great efforts have been made to combine
platinum-based drugs with some other active pharma-
cophores so that a synergic action can be achieved
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against the tumor cells”™"*.

Clofibrate ( Figure 1) has been widely used in
lowering blood lipid levels. Recent studies revealed
that cutting down blood lipid levels into a suitable
range might decrease the risk of cancers'” "', Thus,
by taking advantage of its acid part (i. e. 2-methyl-2-
( 4-chlorophenoxy ) propanoic acid moiety ), we
designed and synthesized a class of platinum(1l) com-
plexes with 2-methyl-2-substituted phenoxypropanoic
acids as leaving ligands ( Figure 1) . It is anticipated
that the newly synthesized complexes could retain the
antiproliferative activity of cisplatin and carboplatin.
Besides, the introduction of the acid moiety would

exert the lipid-lowering effect which could conse-
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quently benefit the cancer therapy.
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Figure 1 Chemical structures of clofibrate, cisplatin, carboplatin and oxaliplatin

1 Chemistry

1.1 Materials and measurements

All reagents and chemicals were of analytical
grade and used without further purification. Potassium
tetrachloroplatinate ( IT) was purchased from Boyuan
Pharmaceutical Co., Ltd. Structures of the products
were determined by Nicolet IR200 FT-IR spectrome-
ter, Bruker 500 MHz spectrometer and Bruker Esquire
ESI-MS instrument.
1.2 Synthesis of complexes 19

Ligands HL,-HL, as well as platinum(II) com-
plexes 19 were synthesized following the procedure
shown in Schemes 1-2. Generally, substituted phenols
were treated with acetone in the presence of NaOH to
give the corresponding ligands, respectively. For the
synthesis of the complexes, ammonia reacted with
K,PtCl, and KI to give the important intermediate
amino-Ptl,, which was treated with AgNO, and ligands
HL,-HL, to afford the final products.

R R

/|\ .. NaOH/(CH;),CO /|®—0 COOH
=/ X

— CHCl3, dilute HCI

HL; R=0-CH;; HL4 R=0-OCH;3; HL; R=0-Cl

HL, R=m-CH;; HLs R=m-OCH;; HLg R=p-Cl

HL3; R=p-CH;; HLg R=p-OCH;; HLg R= p-C(CHjy)s

Scheme 1 Synthesis of the ligands HL, -HL,

H3;N 1

NH; - Hy0 bl AgNO;

K,Ptcl, + Kl ————= P
H;N

R R
Pt —
R

1 R=0-CH; 4 R=0-OCH; 7 R=0-Cl
2 R=m-CH; 5 R=m-OCH; 8 R=p-Cl
3 R=p-CH; 6 R=p-OCH; 9 R=p-C(CH;);

Scheme 2 Synthesis of complexes 1-9

The synthesized platinum ( 1I) complexes were character-
ized by elemental analysis, IR,' H NMR, and ESI-MS spec-
tra. In the IR spectra, the N-H stretching vibrations appeared
between 2 962 and 3 449 cm ™', which shifted to lower frequen-

cies than those of free amines. Because of the coordination of

the carboxylate ligands, the v, ( C-O) vibration of the comple-
xes shifted from near 1 700 em ™" of free acid to lower frequen-
cies. As for the ESI-MS spectra, complex 9 shows 100% of
[M-1]" peaks, while the others show 100% of [ M + Na] * or
[M +K] " peaks that have three isotope peaks respectively, due
to the existence of the isotopes Pt (33%), Pt (34%) , and
Pt (25%)."'H NMR spectra are compatible to the chemical
structures of the corresponding complexes.
1.2.1  General synthetic procedure of HL,-HL, To a
solution of sodium hydroxide (20 g) dissolved in 100 mL ace-
tone was added a solution of corresponding substituted phenol
(0.1 mol) in 100 ml acetone. The mixture was stirred for
0.5 h under reflux . Then mixture of chloroform/acetone
(10 mL/40 mL) was added dropwise and kept refluxing for
another 3.5 h. The formed yellow deposits were obtained by
filtration, recrystallised from hexamethylene to give the product.

2-Methyl-2-( o-tolyloxy ) propanoic acid ( HL,) . Yield
32.21%. White powder. 'H NMR ( CDCL,, 300 MHz) &: 1. 61
(s,6H, C(CH;),, 2.24(s, 3H, PhCH;), 6. 81-7.25( m, 4H,
Ar-H) ; ESI-MS: m/z[ M - H] = =193(100% ).

2-Methyl-2-( m-tolyloxy) propanoic acid ( HL,) . Yield
25.62%. Yellow powder. 'H NMR ( CDCl,, 500 MHz) &: 1. 58
(s,6H, C(CH,),, 2.32(s, 3H, PhCH,), 6. 73-7.25 (m, 4H,
Ar-H) ; ESI-MS: m/z[ M - H] = =193(100%).

2-Methyl-2-( p-tolyloxy ) propanoic acid ( HL;) . Yield
23.76% . White powder. 'H NMR ( CDCl,, 500 MHz) &: 1.57
(s,6H, C(CH,),, 2.30(s, 3H, PhCH,), 6. 83-7.25(m, 4H,
Ar-H) ; ESI-MS: m/z[ M —H] = =193(100% ).

2-Methyl-2-( 2'-methoxyphenoxy) propanoic acid ( HL,).
Yield 37. 33%. White powder. '"H NMR ( CDCl,, 500 MHz) &:
1.51(s, 6H, C(CH,),, 3.89 (s, 3H, OCH;), 6.90-7.26( m,
4H, Ar-H) ; ESI-MS: m/z| M - H] ~ =209(100%) .

2-Methyl-2-(3'-methoxyphenoxy) propanoic acid ( HL;).
Yield 35. 04%. Yellow liquid. '"H NMR ( CDCI,, 500 MHz) &:
1.61(s, 6H, C(CH,),, 3.75(s, 3H, OCH,), 6.49-7.25( m,
4H, Ar-H) ; ESI-MS: m/z[ M - H] = =209(100%).

2-Methyl-2-(4'-methoxyphenoxy) propanoic acid ( HLg) .
Yield 25. 43%. White powder. '"H NMR ( CDCl,, 500 MHz) &:
1.54(s, 6H, C(CH,),, 3. 74 (s, 3H, OCH,), 6. 80-7.25( m,
4H, Ar-H) ; ESI-MS: m/z[ M - H] ~ =209(100% ) .

2-Methyl-2-( 2’-chlorophenoxy) propanoic acid ( HL,).
Yield 26. 06% . Yellow powder. ' H NMR ( CDCl,, 500 MHz)
5:1.63(s,6H, C(CH;),, 7.05-7.42( m, 4H, Ar-H) ; ESI-MS:
m/z[ M +Na] * =237(100%).

2-Methyl-2-(4’-chlorophenoxy) propanoic acid ( HLg).
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Yield 31.00% . Yellow powder. ' H NMR ( CDCI,, 500 MHz)
8:1.59(s,6H, C(CH,),, 6. 87-7.25( m, 4H, Ar-H) ; ESI-MS:
m/z[ M + Na] © =237(100%).

2-Methyl-2-(4'-tert-butylphenoxy) propanoic acid ( HL,) .
Yield 34. 66% . White powder. 'H NMR ( CDCl,, 500 MHz) &:
1.29(s,9H, C(CH,) ), 1. 58(s,6H, C(CH,) ,, 6. 86-7. 29(m,
4H, Ar-H) ; ESI-MS: m/z[ M - H] ~ =235(100%) .
1.2.2  General synthetic procedure of complexes 1-9  The
intermediate cis-| Pt( NH;),1,] (1 mmol) was suspended in
100 mL of distilled water to which silver nitrate (2 mmol) was
added. The mixture was stirred for 24 h at 40 ° C in the
dark. After that, the deposit was filtrated off and the filtrate was
treated with corresponding ligand (2 mmol) mixed with NaOH
(2 mmol) in 15 mL of distilled water and stirred for 12 h at
35 °C. The formed solid product was obtained by filtration as
white powder.

cis-Bis( amine) bis(2-methyl-2 ( o-tolyloxy) propionato-x0)
platinum ( II) (1): Yield 74% . White powder. IR ( KBr,
em™'):3262(br),2 986,1 630, 1 492, 1 388, 1 352, 1 242,
1 155,752; 'H NMR( DMSO-dy, 500 MHz) &: 1. 35-1. 46 ( m;
12H;2C( CH;),); 2.09-2. 11 ( m, 6H, 2PhCH,), 4. 46-5.45
(m,6H, NH;), 6.64-7. 12(m, 8H, Ar-H) ; ESI-MS: m/z[ M +
Na] * =638(100%).

cis-Bis( amine) bis(2-methyl-2( m-tolyloxy) propionato-x0)
platinum ( II) (2): Yield 49% . White powder. IR ( KBr,
em™"):3 263 (br), 2 987, 1 630, 1 387, 1 353, 1 153, 777;
"H NMR ( DMSO- d,, 500 MHz) &: 1.23-1.44 (m; 12H; 2C
(CH;),); 2.20-2.23 (m, 6H, 2PhCH,), 4. 444.85 ( m, 6H,
NH,), 6. 58-7. 08(m, 8H, Ar-H); ESI-MS: m/z[ M + Na] * =
638(100%).

cis-Bis( amine) bis(2-methyl-2 ( p-tolyloxy) propionato-x0)
platinum ( II) (3): Yield 65% . White powder. IR ( KBr,
em™"):3238(br),2 987,1 630, 1 509, 1 386, 1 352, 1 237,
1 155,813; 'H NMR ( DMSO-d,, 500 MHz) &: 1.23-1.42(m,
12H,2C(CH,),) ;2. 01-2. 20( m, 6H, PhCH;) , 4. 414. 81 ( m,
6H, NH,), 6. 66-7. 03( m, 8H, Ar-H) ; ESI-MS: m/z[ M + Na] *
=638(100%).

cis-Bis( amine) bis ( 2-methyl-2-( 2'-methoxyphenoxy) pro-
pionato-x0) platinum (II) (4): Yield 49% . White powder. IR
(KBr,em™'):3275(br), 2 983, 1 636, 1 499, 1 387, 1 350,
1254,1 151,1 026, 747; ' H NMR ( DMSO-d,, 500 MHz) &:
1.12-1.47(m, 12H,2C(CH;),) ;3. 65-3. 92(m, 6H, 20CH,),
4.53-5.21(m, 6H, NH;), 6. 67-6. 91 (m, 8H, Ar-H) ; ESI-MS:
m/z[ M + Na] © =670(100% ).

cis-Bis( amine) bis ( 2-methyl-2-( 3'-methoxyphenoxy) pro-
pionato-«0) platinum ( II) (5): Yield 43% . White powder. IR
(KBr,em™'):3262(br), 2 989, 1 628, 1 488, 1 388, 1 352,
1200, 1 148, 1 043, 845;"' H NMR ( DMSO-d,, 500 MHz) &:
1. 16-1. 53(m, 12H,2C(CH;),) ;3. 61-3. 83(m, 6H, 20CH,),
4.51-5.01(m, 6H, NH,), 655-7. 03 ( m, 8H, Ar-H) ; ESI-MS:
m/z[ M + Na] © =670(100%).

cis-Bis( amine) bis ( 2-methyl-2-( 4'-methoxyphenoxy) pro-
pionato-x0) platinum (II) (6): Yield 63% . White powder. IR

(KBr,em™'):3 254(br), 2 987,1 629, 1 505, 1 387, 1 354,
1230,1 155,1 036, 836, ' H NMR ( DMSO-d,, 500 MHz) &:
1. 12-1.59(m, 12H,2C( CH,) ,) ; 3. 65-3. 91(m, 6H, 20CH,),
4.53-5.01(m, 6H, NH;), 6. 71-6. 83( m, 8H, Ar-H) ; ESI-MS:
m/z[ M + Na] * =670(100%).

cis-Bis( amine) bis ( 2-methyl-2-( 2'-chlorophenoxy) propi-
onato-«0) platinum (II) (7): Yield 63% . White powder. IR
(KBr,em™'):3265(br), 2 990, 1 633, 1 477, 1 352, 1 285,
1 151,752; ' H NMR ( DMSO-d,) &: 1.23-1.41(m, 12H, 2C
(CH;),); 4.34-5.54(m, 6H, NH,), 6. 67-7.23 (m, 8H, Ar-
H) ; ESI-MS: m/z[ M + Na] * =679(100%) .

cis-Bis( amine) bis ( 2-methyl-2-( 4'-chlorophenoxy) propi-
onato-x0) platinum ( II) (8): Yield 73% . White powder. IR
(KBr,em™'):3 238(br), 2 989, 1 630, 1 490, 1 352, 1 240,
1 155,828; 'H NMR( DMSO-d,, 500 MHz) &: 1. 33-1.45(m,
12H,2C(CH,),); 4.45-5. 44 (m, 6H, NH;), 6.79-7.25 (m,
8H, Ar-H) ; ESI-MS: m/z[ M + Na] * =679(100% ) .

cis-Bis(.amine) bis( 2-methyl-2-(4'-tert-butylphenoxy) pro-
pionato-x0) platinum ( II) (9): Yield 67% . White powder. IR
(KBr,em™'):3262(br), 2 962, 1 624, 1 509, 1 395, 1 357,
1239,1 153, 836; ' H NMR ( DMSO-d,, 500 MHz) &: 1. 13-
1. 17(m, 18H,2C( CH;) 5); 1. 32-1. 41(m, 12H, 2C( CH;) ,) ;
4.45-5.15(m, 6H, NH;) , 6. 64-7. 22( m, 8H, Ar-H) ; ESI-MS:
m/zl M-C ,H,,0;] ©* =464(100%).

2 Cytotoxicity assay

The 1Cs, values of all complexes were determined
by the MTT assay'""".

For in witro cytotoxicity study, compounds 1-9
were determined for their cytotoxic effect on HepG2
SGC-7901

(human gastric cancer) and A549 (‘human non-small

( human hepatocellular  carcinoma ),
cell lung cancer) cell lines. Cisplatin, oxaliplatin and
carboplatin were chosen as positive controls, respec-
tively. The results are shown in Table 1. It can be
found that the complexes show potent cytotoxicity
against SGC-7901 cell lines while only weak antipro-
liferative activities were observed against HepG2 and
A549 cell lines, indicating a cytoloxic setectivity of
the complexes possess. The cytotoxicity of complex 8,
which showed the highest activity against SGC-7901
with an ICy, value of 27. 04 pwmol/L, is in magnitude
at the same order as oxaliplatin, better than carbopla-
tin. However, all of the complexes were less active
than cisplatin. Analysis of structure-activity relation-
ship (SAR) revealed that the position of the substitu-
ents of ligands has important influence on the cytotox-
icity. The  para  position-substituted  complexes
(i. e. complexes 3, 6,8 and 9) showed better activity

than ortho and meta position-substituted comple-
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xes. As far as the substituents are concerned, Cl seems
superior to the others. All of the complexes showed
potent cytotoxicity against SGC-7901 cell lines while
only complexes 5 and 9 showed positive effect on
HepG-2 cell lines and complexes 1,3 and 8 on A549
cell lines. Such selective activity is interesting, but the
mechanism leading to the selectivity is unclear and
need further investigation.

Table 1 In vitro cytotoxicity of all complexes against human tumor cell

lines (x 5, n=3)

1Cs, ( pumol/L)

Compd.

HepG2 SGC-7901 A549
1 >100 39.93 £3.772  72.81 £10.44
2 > 100 46.94 +£5.382 > 100
3 >100 35.72 £2.325 66.71 +£8.01
4 >100 40.45 +5.039 >100
5 63. 15 +£8.99 41.59 +£2.488 > 100
6 >100 52.01 +8.393 >100
7 >100 43.48 +4.207 >100
8 > 100 27.04 £5.701  52.71 £14.05
9 52.10 +8.04 37.65 +3.162 >100
Oxaliplatin 1.68 23.25 135. 06
Carboplatin 120. 07 54.31 >100
Cisplatin 3.88 4.39 35.5

3 Conclusion

A class of novel platinum(II) complexes with 2-
methyl-2-substituted phenoxypropanoic acids as leav-
ing ligands were designed and synthesized. All com-
plexes were characterized by elemental analysis, IR,
'"H NMR, and ESI-MS spectra. The in vitro antiprolif-
erative activities were tested by MTT assay against
three human cancer cell lines, indicating that the
complexes show selective cytotoxicity against human
gastric cancer cell lines (SGC-7901) while only weak
antiproliferative activities were observed against
human hepatocellular carcinoma cell line ( HepG2)
and human non-small cell lung cancer cell line
(A549) . The structure-activity relationship ( SAR)
analysis reveales that the para position of the benzene
ring is optimal for structural modification, and Cl

seems superior to the other substituents.
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