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In vitro Cytotoxicity Activity of Platinum(I) Complexes with Alkyl-branched/Cyclic

Alkoxyacetates as Leaving Ligands
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Abstract: Twelve cisplatin-typed platinium complexes containing alkyl-branched alkoxyacetates and cyclic

alkoxyacetates as leaving groups were prepared and characterized by elemental analysis, infrared, electro-spray

ionization MS and 'H NMR spectroscopy. All compounds were evaluated for their in vitro cytotoxicity against A549

human non-small-cell lung cancer, BEL-7402 human hepatocellular carcinoma and MCF-7 human breast cancer cell

lines, respectively. 5 out of 12 complexes with alkyl-branched alkoxyacetates showed good cytotoxicity against MCF-

7 cell line. Complex 2{cis-(diammine)bis(i-butoxyacetate)platinum(Il)} showed the highest cytotoxicity against all the

three cell lines.

Key words: Pt (I) complexes; anti-tumor activity; alkyl-branched alkoxycarboxylates

Although cisplatin is currently one of the most
extensively used anti-tumor drugs against solid tumors
such as testicular and ovarian cancers!"™, its application
is often limited by the narrow range of activity as well as
significant side effects including nausea, vomiting,
otoxicity and myelotoxitity ¥ "4, Therefore, many new
anti-tumor have  been

platinum-based agents

Wi H 39 .2008-12-30,, Wz Bk H 1 :2009-03-02.,

investigated in order to improve the use of platinum
drugs in chemotherapy. Thanks to the progress in
understanding both the chemical properties and the
mechanism of action of cisplatin, two strategies are
usually adopted to develop new analogues. One is to
alter the carrier ligand to improve the spectrum activity

or efficacy of the platinum drugs ™. Two successful
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examples of this strategy are oxaliplatin and sunpla. aliphatic  chains. Such two platinum complexes

The former, with trans-1R, 2R-diaminocyclohexane as
the carrier ligand, is the first clinically approved
platinum drug showing no cross-resistance in some
cisplatin-resistant cell lines!¥; the latter with(4R, 5R)-
4, 5-bis(aminomethyl)-2-isopropyl-1, 3-dioxolane as the
carrier ligand appeared in the market in Korea in
19991319 The second strategy is the substitution of the
chloride anions of cisplatin by appropriate leaving
groups with well-balanced solubility in both water and
liposome, since the modification is greatly helpful to
transport drugs into target cells and reduce drug-related

[17

toxicities!”"*. In our previous work, we have replaced

the chloride anions with alkoxyacetates containing
the

solubility in both water and liposome, increase activity

linear aliphatic chains, hoping to modulate
and reduce toxicity. The results indicated that most of
the modified platinum complexes exhibited not only
good in vitro cytotoxicities against the selected cell

[23-51 Besides, we

lines but also good aqueous solubility
also tried to investigate the effect of the geometric
configuration of alkoxyacetates on the biological activity

by changing the linear aliphatic chains into branched

(complexes 5 and 6,see Fig.1), have exhibited stronger
in vitro cytotocity than that of cisplatin against SPC-A1
human lung adenocarcinoma and BGC823 human
gastric adenocarcinoma cell lines,

In this study, three different aminines, including
ammonia, (rans-1R, 2R-diaminocyclohexane (DACH)
(4R,5R)-4,5-bis (aminomethyl)-2-isopropyl-1,3-

dioxolane(BAID), were selected as carrier ligands since

and

they have been successfully used to develop the
clinically used platinum drugs in cisplatin (ammonia),
oxaliplatin (DACH), and sunpla (BAID). Based on the
previously findings concerning the platinum complexes
of alkoxyacetates with linear aliphatic chains, we have
designed and synthesized alkoxyacetates containing
alkyl-branched groups and cyclic groups, with the
expectation to prepare the platinum complexes with
higher

complexes including complexes 5 and 6 reported

cytotoxicity and lower toxicity. Twelve
previously have been developed, whose in vitro
cytotoxicity against a panel humane cell lines were
evaluated. The molecular structures of all the com

plexes are shown in Fig.1
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Fig.1

1 Experimental

1.1 Instruments

All the complexes and the ligands i(cyclopentox-
yacetate sodium) and ii (cyclohexoxyacetate sodium)
were characterized by IR(Bruker Vector 22 spectroph-
otometer), 'H NMR (DMSO/TMS, Bruker DRX500

Structures of platinum(Il) complexes 1~12

spectroscopy) and ESI-MS (Finnigan MAT SSQ 710)
All

analytical reagent grade. Cisplatin and trans-1R, 2R-

spectroscopy. reagents and solvents were
diaminocyclohexane both were purchased from Alfa
Aesar.

1.2 Synthesis of the complexes.

Alkoxyacetates with alkyl-branched groups or
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cyclic groups were prepared in a similar way to that

6 All the compounds were

reported previously
synthesized by a general method as shown in scheme 1.

The processor complex [Pt (A; )] or [Pt(A;,)Cl,] was

prepared according to the literatures *#. Then the
target complexes were synthesized by the reaction of
[Pt(A;.2)(NO3),] with the corresponding sodium alkoxy-

acelate, respectively[m.

RoCH,COONa

AgNO,
PUA, 5)L/PUA,; )Cl, — 3 P(A,,)(NO),

Scheme 1

1.3 Biology

The in witro cytotoxicities of the platinum
compounds against A549 human non-small-cell lung
cancer, BEL-7402 human hepatocellular carcinoma
and MCF-7 human breast cancer cell lines were
screened by the School of Medicine,
In this study,the A549 and Bel-7402

tumor cells were continuously exposed to the tested

Nanjing

University.

compounds 1~12 and the positive references for 24 h
at four different concentrations:40, 20,10 and 5 pg-
mL™, respectively; As for the MCF-7 tumor cells, the
chosen concentrations were 40, 20 and 10 pg-mL™,
respectively. Apoptosis was detected with Annexinv-
FITC+PI dual parameters and the apoptosis incidence
were measured by flow cytometry (FCM). The positive
references were cisplatin in A549 and BEL-7402 cell

P> Pi(A,,)(OCOCH,0R),

or ROCH,COOH+NaOH

General method for the synthesis of platinum (I) complexes

lines, cisplatin and carboplatin in MCF-7 cell lines,
respectively. It is noted that the in vitro cytotoxicity
data of the complexes with cyclic alkyloxyacetates are
not illustrated, because they were hardly sensitive to
the measured tumor cell lines, whereas those with
alkyl-branched alkyloxyacetates are shown below in
5~7 and

results and discussion section (see Table

Fig.2~4).
2 Results and discussion

2.1 Elemental Analysis

The elemental analysis data of the complexes are
presented in Table 1. There is good agreement between
the caculated and found values. Low molar
conductances for the complexes correspond to non-

electrolytes.

Table 1 Elemental Analysis data of the complexes

Elemental analysis(caled.) / %

Complex
C H N

i 42.64(42.86) 6.53(6.47)

ii 46.57(46.75) 7.25(7.19)

1 25.71(25.92) 5.13(5.22) 6.32(6.05)
2 29.08(29.33) 5.89(5.74) 5.91(5.70)
3 32.87(32.62) 5.22(5.48) 5.60(5.43)
4 35.56(35.36) 5.75(5.93) 5.06(5.15)
5 35.17(35.36) 5.86(5.93) 5.34(5.15)
6 37.53(37.82) 6.12(6.35) 5.08(4.90)
7 40.61(40.33) 6.02(6.09) 4.55(4.70)
8 42.14(42.37) 6.59(6.46) 4.62(4.49)
9 36.09(35.82) 6.12(6.01) 4.26(4.64)
10 38.32(38.03) 6.27(6.38) 4.63(4.44)
11 40.56(40.36) 6.38(6.15) 4.11(4.27)
12 42.05(42.16) 6.22(6.49) 4.43(4.10)

22 IR
The IR spectra of the complexes (1 ~12) and the

ligands i and ii are shown in Table 2. The infrared

bands(vyy and dyy) shifts to lower frequencies comparing
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Table 2 Main IR data of the complexes(cm™)

Complex Vou Vg, By, Ve Ve Ve, Vho Vnoy
i 1 596
i 1 602
1 3420 3286 1609 2972,2873 1609 602 422
2 3485 3285 1619 2974,2870 1640 603 434
3 3420 3263 1639 2960,2 869 1639 605 436
4 3446 3292 1612 2934,2855 1639 599 438
5 3443 3239 1631 2934,2858 1631 610 440
6 3434 3244 1629 2934,2860 1629 615 441
7 3445 3234 1640 2936,2 869 1640 617 439
8 3442 3210 1634 2932,2856 1634 614 440
9 3441 3227 1636 2971,2876 1636 606 440
10 3441 3215 1628 2972,2873 1628 612 440
11 3421 3224 1646 2933,2871 1646 613 443
12 3445 3224 1646 2933,2855 1646 610 440

with the free amino groups demonstrate that they are
coordinated with platinum through nitrogen atoms. A
strong C=0 absorption appears in a range of 1 630~
1 650 cm™, which proves that the carboxylate anion is
combined with the metal atom in each case ™. The
values of Ay

v_...-) of the complexes 1~12

€00 (Vasf €00~ 7. co00

are in the range of 223~273 em™,which is greater than

Av ., of the coresponding sodium carboxylates so we

may suggest that the carboxylate group is monodentate
coordinated through oxygen atoms.
2.3 'HNMR

As listed in Table 3, '"H NMR spectral peaks of all
compounds are compatible to the related molecular

structures given in Fig.1

Table 3 'H NMR data of the complexes (ppm)

Complex Carrier ligand

Leaving group

5 1.04~1.92(m, 8H, CH, of DACH),
2.34(m, 2H, CH of DACH)

1.00~1.72(m, 8H, CH, of cyclopentyl),
3.25~3.27(m, 1H, CH of cyclopentyl),
3.82(s, 2H, -CH,CO0")

0.98~1.81(m, 10H, CH, of cyclohexyl),
3.22~3.25(m, 1H, CH of cyclohexyl),
3.78(s, 2H, —CH,CO0")

0.98~1.13(m, 6H, ~CH(CH,),),
3.47~3.50(m, 2H, ~CH(CH),),
3.84(s, 4H, ~CH,CO0")

0.99~1.36(m, 18H, —C(CHs)s),
3.62~3.85(m, 4H, -CH,COO")

3.47~3.50(m, 2H, 2CH of cyclopentyl),

(
(
1.42~1.56(m, 16H, 8CH, of cyclopentyl),
(
3.79~3.91(s, 4H, ~CH,C00")

1.16~1.82(m, 20H, CH, of cyclohexyl),
3.28(m, 2H, 2CH of cyclohexyl),
3.60~3.89(s, 4H, -CH,COO")
1.02~1.06(m, 12H, —CH(CH,),),
3.57~3.85(s, 4H, —-CH,CO0"),

3.51(m, 4H, —-CH(CHs),)
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Continued Table 3

6 1.02~1.94(m, 8H, CH, of DACH),
2.35(m, 2H, CH of DACH)

7 1.03~1.96(m, 8H, CH, of DACH),
2.36(m, 2H, CH of DACH)

8 1.00~2.08(m, 8H, CIH, of DACH),
2.33(m, 2H, CH of DACH)

9 0.87~0.89(m, 6H, —CH(CH3),)
1.75~1.76(m, 1H, ~CH(CH,),)
2.64~2.83 (m, 4H, ~CH,NH,
4.51(m, 1H, ~O(CH)0-),

4.71~4.80(m, 2H, 2CH of ~CHCH,NH,)

10 0.88~0.89(m, 6H, —~CH(CH,),),
1.75~1.76(m, 1H, ~CH(CH,)y),
2.68~2.81(m, 4H, ~CH,NH,),
4.51~4.52(m, 1H, ~O(CH)0-),
4.70~4.80(m, 2H, 2CH of~CHCH,NH,)

11 0.88~0.90(m, 6H, ~CH(CH),)
1.56~1.63 (m, 1H, ~CH(CH,),),
2.65~3.24(m, 4H, ~CH,NH,),
4.52~471(m, 1H, ~O(CH)0-),
4.79~4.81(m, 2H, 2CH of ~CHCH,NH,)

12 0.88~0.89(m, 6H, ~CH(CH;),)
1.17(m, 1H, ~CH(CHy),)
2.64~2.81(m, 4H, ~CH,NH))
4.51(m, 1H, ~O(CH)0-),
4.70~4.80(m, 2H, 2CH of ~CHCH,NH,)

1.02~1.11(s, 18H, ~C(CH,),),
3.47~3.78(s, 4H, ~CH,CO0")

1.03~1.96(m, 16H, CH, of cyclopentyl),
3.49~3.62(m, 2H, —CH of cyclopentyl),
3.62~3.95(s, 4H, —-CH,COO")

1.00~2.08(m, 20H, CH, of cyclohexyl),
3.15~3.27(m, 2H, CH of cyclohexyl),
3.54~3.88(s, 4H, —-CH,COO")

1.05~1.06(m, 12H, ~CH(CH,),).
3.10~3.59 (m, 2H, ~OCH(CH,),),
3.59~3.08(s, 4H, ~CH,CO0")

1.07~1.12(m, 18H, —~C(CH,)y),
3.58~3.82 (s, 4H, ~CH,C00)

1.16~1.46(m, 16H, CH, of cyclopentyl),
3.50~3.57 (m, 2H, 2CH of cyclohexyl),
3.85~3.95(s, 4H, —-CH,COO")

1.16~1.82(m, 20H, CH, of cyclohexyl),
3.09~3.28 (m, 2H, 2CH of cyclopentyl),
3.45~3.91(s, 4H, -CH,COO")
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Fig.2 Cell death percentages of A549 human non-small-
cell lung cancer cell after being treated with
complex 1, 2, 5, 6, 9, 10, respectively. Cisplatin
as positive contrast, cells without any drugs

as negative contrast.
2.4 ESI-MS

As for the ESI-MS spectra, most of them give [M+
Nal* peaks, several of them aslo give [M+H]"and [M-X+

CH;0HJ*(X=ROCH,COO") peaks. Ligands i and ii show
[M-Na|™ peaks. The data agree well with their molecular
formula wights.

2.4 Anti-tumor cytotoxicity

The results of the in vitro cytotoxicity of some of
the complexes are given in Table 5~7 and Fig.2 ~4,
respectively.

From the biological results, it can be concluded
that MCF-7 human breast cancer cell line is more
sensitive to the active complexes tested than A549 and
BEL-7402 cell lines. Some active complexes exhibit
good cytotoxicity against MCF-7 cell line. Particularly,
complex 2 shows the potent cytotoxicity against all the
tested cell lines.

As shown in Fig.4, complexes 1 and 2 are more

effective than cisplatin at almost all concentrations
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tested against MCF-7 cell line,with one exception that
at the concentration of 20 g -mL™" cisplatin is more
effective than complex 2. Compared with carboplatin,
they show comparable cytotoxities against MCF-7 cell
line at lower concentrations but the cytotoxicities
increase faster than complexes 1 and 2. Complexes 5
and 10 are less effective than carboplatin at higher
concentrations and approach the cytotoxity of
carboplatin at lower concentrations, and approach that
of cisplatin at all concentrations. It is noticed that
complex 9 is more effective than cisplatin at higher
concentrations and is close to that of cisplatin at lower
concentrations, but it displays lower cytotoxicity than
carboplatin at all concentrations. Different from other
compounds, complex 6 hardly shows cytotoxicity.

It can be seen in Fig.2 that the order of the

cytotoxicities of the compounds against A549 cell line

is cisplatin>2, 1>9, 10>5, 6. Complexes 5 and 6 have a
little cytotoxicity, while the biological activity of
complex 2 exceeds cisplatin in the concentration of
5 g mL™ for A549 cell line.

As for BEL-7402 cell line, it can be concluded
from Fig.3 that the cytotoxicity order is cisplatin>2>1>
9>10>5, 6. Complex 2 displays higher cytotoxicity than
cisplatin in lower cencentration and approaches that of
cisplatin at higher concentrations.

Based on the comparison of the cell death
percentage, the structure of the amino ligand is very
important to cylotoxic activity. In general, the order of
cytotoxicity of the complexes is ammonia>(4R, 5R)-4,
5-Bis (aminomethyl)-2-isopropyl-1, 3-dioxolane> trans-
1R, 2R-diaminocyclohexane, when the leaving group is
the same. However, there are some exceptions, for

example, 10>2 in the concentration of 20 g -mL™" for

Table 4 ESI-MS spectral data of the complexes

Complex [M+Nal* [M+H]* [M=X+CH;OHJ* [M=Na]
i 143(100%)
ji 157(100%)
1 486(100%) —

2 514(100%) —
3 538(100%) —
4 565(100%) 418(65%)
5 566(100%) 544(36%) 458(34%)
6 594(88%) 572(60%) 472(100%)
7 618(100%) 596(70%)
8 646(100%) 624(80%)
9 626(100%) 517(70%)
10 654(100%) 532(65%)
11 679(100%) —
12 706(100%) —
Table 5 Cell death percentages of A549 tumor cell at four different concentrations
Cell death / %
5 pgeml’! 10 pg-mL™” 20 pg-ml™? 40 pg-mlL™?
Cisplatin 2.13 10.65 45.18 57.16
1 0.75 3.27 32.38 46.26
2 8.05 3.44 6.61 42.64
5 1.08 0.84 0.47 0.69
6 0.58 0.34 0.19 0.44
9 2.44 3.64 9.04 24.49
10 2.95 4.55 10.7 25.87

Negative contrast

0.25
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Table 6 Cell death percentages of Bel-7402 tumor cell at four different concentrations
Cell death / %
5 pgeml™? 10 pg-mL™! 20 pg-ml™! 40 pg-mlL™?
Cisplatin 20.43 42.78 60.49 66.3
1 6.41 11.82 18.87 39.52
2 26.06 31.44 39.14 55.72
5 0.29 0.66 1.56 1.02
6 0.70 0.34 1.02 0.65
9 0.60 3.32 6.32 6.36
10 1.33 1.69 1.98 4.94
Negative contrast 0.21
Table 7 Cell death percentages of MCF-7 tumor cell at three different concentrations
Cell death / %
10 pg-mL™’ 20 pg-ml 40 pg-mlL™!
Cisplatin 20.75 17.62 28.7
Carboplatin 18.92 24.73 46.78
1 17.68 24.54 32.19
2 16.16 14.43 33.78
5 14.84 14.48 12.49
6 1.88 4.82 0.46
9 15.25 15.34 40.08
10 13.74 15.44 19.38
Negative contrast 1.92
60 507 SNegative
SNegative 45 g(‘pnlras_l
50+ 98?5';)[]‘.:3:1 40 Cisplatin
o1 35 ECarboplatin
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Fig.3 Cell death percentages of BEL-7402 human
hepatocellular carcinoma cancer cell after
being treated with complex 1, 2, 5, 6, 9, 10,
respectively. Cisplatin as positive contrast,

cells without any drugs as negative contrast
MCF-7 cell line.

The cytotoxicity of the complexes is also related to
the leaving group. As concluded from all the three cell
lines, nearly all complexes with isopropoxyacetate as
leaving groups show higher cytotoxicity than those with
t-butoxyacetate.

As concluded from the findings of the complexes of

0 10 20 40
Concentration / (ug'mL")

Fig.4 Cell death percentages of MCF-7 human
breast cancer cell after being treated with
complex 1, 2, 5, 6, 9, 10, respectively.
Cisplatin as positive contrast, cells without

any drugs as negative contrast

alkoxyacetates with linear aliphatic chains we reported
previously, the cytotoxicity of the complexes with short
linear aliphatic chains are higher than those with long
ones against the A549 human non-small-cell lung
cancer cell line. It seems also true for the complexes
characteristics of alkoxyacetates with alkyl-branched

groups in this study, because the complexes with ¢-
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butoxyacetate acetate as leaving groups display lower
cytotoxicity than those with isopropoxyacetate in the
A549 human non-small-cell lung cancer cell line. As
for the complexes with cyclic alkyloxyacetates, they are
nearly inactive.

In conclusion, the majority of the complexes with
alkyl-branched
cytotoxicity against MCF-7 cell line. Among these

alkyloxyacetates  exhibit  good

compounds, complex 2 shows the highest cytotoxicity
against all the three cell lines. In particular, it shows
better activity than cisplatin in MCF-7 cell line,
indicating it is worthwhile to be further studied.

Acknowledgments: We are grateful to the National
Natural Science Foundation of China (20471027) for the financial
aid to this research. Dr. Zhu also wants to thank China
Postdoctoral Research Fund (1107040063). This work is also
supported by Nanjing University Graduate Students Innovation
Funding(2006C1.09).

References:

[1] ODwyer P ], Steveson J, Johnson S W. Cisplatin: Chemistry
and Biochemistry of a Leading Anticancer Drug. Zurich:
Verlag Helvetica Chimica Acta, Wiley 1999.31

[2] Weiss R B, Christian M C. Drugs, 1993,46:360~377

[3] Jamieson E R, Lippard S J. Chem. Rev., 1999,99:2467 ~

2498

[4] Ho Y P, To K K W, Au-Yeung S C F et al. J. Med. Chem.,
2001,44:2065~2068

[5] Von Hoff D D, Schilsky R, Reichert C M et al. Cancer Treat.
Rev., 1979,63:1527~1531

[6] Daugaard G, Abildgaard U. Cancer Chemother. Pharmacol.,
1989.25:1~9

[7] Hambley T W. Coord. Chem. Rev., 1997,166:181~223

[8] Pasini A, Zunino F. Angew. Chem. Int. Ed. Engl., 1987,26:
615~624

[9] Kelland L R, Sharp S'Y, O_Neill C F, et al. J. Inorg. Biochem.,
1999.77:111~115

[10]Lee Y A, Chung Y K, Sohn Y S. J. Inorg. Biochem., 1997,68:

289~294

[11]Kim Y S, Song R, Kim D H et al. Bioorg. Med. Chem., 2003,
11:1753~1760

[12]Song R, Kim Y S, Sohn Y S. Tetrahedron Lett., 2003,44:1537
~1540

[13]Sasanelli R, Boccarelli A, Giordano D et al. J. Med. Chem.,
2007,50:3434~3441

[14]Wong E, Giandomenico C M. Chem. Rev., 1999,99:2451 ~
2466

[15]WANG Lian-Hong(FHE£L), LIU Yun(X|  Z%), GOU Shao-
Hua (7) > #8), et al. Chemistry (Huaxue Tongbao), 2003,66
(12):828~836

[16]Kim D K, Kim G, Gam J, et al. J. Med. Chem., 1994,37:1471
~1485

[17]Calvert A H, Harland S J, Newell D R. Cancer Chemother.
Pharmacol., 1982,9:140~147

[18]Foster B J, Clagett-Carr K, Leyland-Jones B, et al. Cancer
Treat. Rev., 1985,12:43~49

[19]Carter S K, Canetta R, Rozencweig M. Cancer Treat. Rev.,
1985,12:145~152

[20]Canetta R, Rosencweig M, Carter S K. Cancer Treat. Rev.,
1985,12:125~136

[21]MacLean D S, Khokhar A R, Perez-Soler R. Neutron. Cancer
Biother. Radiopharm., 2000,15:253~259

[22]Kishimoto S, Miyazawa K, Terakawa Y. Jpn. J. Cancer. Res.,
2000,91:1326~1340

[23]Wang L. H, Gou S H, Chen Y ], et al. Bioorg. Med. Chem.,
Lett., 2005,15:3417~3422

[24]Cui K, Wang L H, Gou S H et al. Bioorg. Med. Chem. Leltt.,
2006,16:2937~2942

[25]Liu X, Shen H, Gou S H, et al. Bioorg. Med. Chem. Lett.,
2007,17:3831~3834

[26]TONG Tai-Feng(#4 K #), LIU Xia(X] ), GOU Shao-Hua
(#j D 48), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2008,24(6):856~860

[27]Srinivas P, Manojit P, Koteswar R Y. Tetrahedron, 2003,59:
7915~7920

[28]Dhara S C. Indian J. Chem., 1970,8:193~194

[29]Vollano J F, Al-Baker S, Dabrowiak J C, et al. J. Med. Chem.,
1987,30:716~719

[30]Khokhar A R, Krakoff I H, Hacker M P, et al. Inorg. Chim.
Acta, 1985,108:63~66



