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Abstract: A series of platinum (II) complexes of Schiff bases derived from various salicylaldehydes with ethylenediamine
were synthesized and characterized by ESI-MS, NMR and IR. The results of ESI-MS and NMR spectra data showed that the
separation of hydrogen from hydoxy group and different chemical shifts of typical bondings between ligands and platinum (II)
complexes evidenced for coordination of Pt (II) and tetradentate ligands. The IR spectral studies indicated the binding sites of
the salen ligands with Pt (II). Their photophysical properties studied by UV-vis and luminescent spectroscopies performed the
photoactivity of investigated platinum (II) complexes. The obvious effect of electron-withdrawing and — donoring substituted
groups at the same position of salicyl rings and the impact of methoxy at different position of salicyl rings to their
photophysical properties were studied and compared to complex 1 without substituted group. The obtained complexes were
screened for their in vitro antitumour activities against KB and MCF-7 human cancer cell lines. Complex 4 showed the best
bioactivity for both KB and MCF-7 human cancer cells with ICsy 1.92 uM.
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Schiff bases are considered as a very important class of
organic compounds which have wide applications in many
biological aspects [6]. Schiff base ligands can form quite
stable complexes with many transition metals, with different
oxidation states, coordination numbers and geometries [7].
Schiff base complexes are used as model molecules for
biological oxygen carrier systems. Some of these complexes
have applications in analytical fields [8]. Recently some
tetradentate salicylaldiminato Pt (II) complexes were
synthesized and estimated for their photophysical properties
[9-14] and cytotoxicity [15-18]. Because of tetradentate
salicylaldiminato Pt (II) complexes’ potential in
chemotherapy for various human cancer cell lines, in this
research we continue to study on Pt (II) complexes of
tetradentate salicylaldimine ligands derived from various
salicylaldehydes with ethylenediamine and estimate their
photophysical properties and in vitro cytotoxicity for KB and
MCF-7 human cancer cell lines as well.

1. Introduction

The modern application of transition metal complexes as
chemotherapeutic agents came from the discovery of
cisplatin by Rosenberg et al. in 1965 and this discovery
opened a new gate of metal-based chemotherapeutic agents
which have different kinetics and mechanism of action from
those of conventional organic drugs [1]. Cisplatin,
carboplatin and oxaliplatin approved by FDA are platinum
anticancer drugs that are used in clinic world-wide for the
treatment of various cancers [2]. However, severe side
effects, drug resistance and poor targeted delivery are the
major problems for wider clinical application of these drugs
[3]. Bioinorganic and medicinal chemists are exploring
different strategies to overcome these obstacles, which
includes targeted delivery of clinical drugs [4] and design of
new novel platinum and non-platinum metal complexes
which have different structural features and reactivities [5].
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2. Experimental and Results
2.1. Chemicals and Instrumentation

All chemicals used in the synthesis were of reagent grade
and obtained from commercial companies. Solvents were
purified by standard procedures before using. IR spectra at
4000-400 cm ' were recorded on Perkin-Elmer Spectrum
Two. 'H and "C-NMR were obtained on Bruker Avance 500
at 500 and 150 MHz with TMS as internal standard and
chemical shifts (8) were reported in ppm. ESI-MS was
determined on Agilent 6310 Ion Trap in analytical center of
Vietnam Institute of Chemistry. Reactions were all monitored
by TLC, performed on silica gel plates 60 F254 (Merck,
Germany). Visualization on TLC was achieved by UV lamb.

2.2. Synthesis of Salen Ligands

Generally salen ligands were synthesized following the
published paper [19] by mixing two equivalents of
salicylaldehyde (or derivatives) with one equivalent of
ethylenediamine in ethanol at room temperature that resulted
in yellow colored precipitate of respective salen derivatives.
The precipitate was filtered, washed with cold ethanol and
dried under reduced pressure. Each of the ligand was
characterized by ESI-MS, IR, 'H and *C NMR spectra and
the results are consistent with their structures.

N, N’-Bis (salicylidene) ethylene diimine (salenH,)

Yellow solid product, yield 93%. ESI-MS (m/z) 268.9
[M+H]". IR (KBr, cm™'): 2900 (v, C—H); 2549 (v, O-H);
1636 (v, C=N); 1497 (v, C=C); 1283 (v, C-N); 1199 (v, C-
0); 1042; 856; 742 (3, C-H). "H-NMR (CDCl;, ppm, Hz): &
13.18 (s, 2H, 20H); 8.35 (s, 2H, 2CH=N); 7.28 (dt, J = 8.0;
2.0, 2H, Ar—H); 7.21 (dd, J =7.5; 2.0, 2H, Ar—H); 6.93 (d, J
= 8.0, 2H, Ar—H); 6.84 (dt, J = 7.5; 1.0, 2H, Ar—H); 3.93 (s,
4H, CH,—CH,). “"C-NMR (CDCl;, ppm): & 166.51 (2C,
2C-0); 161.03 (2C, 2C=N); 132.40 (2C, Cy,); 131.49 (2C,
Ca); 118.69 (2C, Cap); 118.67 (2C, Cyp); 116.97 (2C, Cyy);
59.75 (2C, CH,—CHy,).

N, N’-Bis (5-fluorosalicylidene) ethylene diimine (5-
FsalenH;)

Yellow solid product, yield 95%. ESI-MS (m/z) 304.9
[M+H]". IR (KBr, cm™'): 2911 (v, C-H); 2571 (v, O-H);
1634 (v, C=N); 1498 (v, C=C); 1364; 1272 (v, C-N); 1225
(v, C-0); 1041; 828; 782 (3, C—H). '"H-NMR (CDCl;, ppm):
& 12.85 (s, 2H, 20H); 8.30 (s, 2H, 2CH=N); 7.02 (m, 2H,
Ar-H); 6.93 (dd, J = 8.5; 3.0, 2H, Ar—H); 6.89 (dd, J = 8.0;
4.0, 2H, Ar-H); 3.96 (s, 4H, CH,~CH,). >*C-NMR (CDCl;,
ppm): 0 165.58 and 165.56 (2C, 2C-0); 154.60 (2C, 2C=N);
157.25 and 156.48 (2C, 2C-F); 119.65 and 119.47 (2C, Cyu,);
118.48 and 118.43 (2C, C,p); 118.17 and 118.11 (2C, Cyu,);
116.61 and 116.43 (2C, Cy,); 59.71 (2C, CH,—CHy,).

N, N’-Bis (3-methoxysalicylidene) ethylene diimine (3-
MeOsalenH,)

Yellow solid product, yield 91%. ESI-MS (m/z) 329.0
[M+H]". IR (KBr, cm™'): 2921 (v, C-H); 2555 (v, O-H);
1633 (v, C=N); 1470 (v, C=C); 1296 (v, C-N); 1250 (v, C-
0); 1081; 963; 741 (3, C—H). 'H-NMR (CDCl;, ppm): &

13.55 (s, 2H, 20H); 8.32 (s, 2H, 2CH=N); 6.91 (dd, J = 8.0;
1.5, 2H, Ar-H); 6.85 (dd, J=8.0; 1.5, 2H, Ar-H); 6.77 (t, J =
8.0, 2H, Ar-H); 3.95 (s, 4H, CH,—CH,); 3.88 (s, 6H, 2MeO).
BC-NMR (CDCls, ppm): & 166.68 (2C, 2C-0); 151.49 (2C,
2C=N); 148.34 (2C, 2C-OMe); 123.21 (2C, Cyu,); 118.49
(2C, Cyp); 118.06 (2C, Cyp); 114.23 (2C, Cap); 59.50 (2C,
CH,—CH,); 56.11 (2C, 2MeO).

N, N’-Bis (4-methoxysalicylidene) ethylene diimine (4-
MeOsalenH,)

Yellow solid product, yield 91%. ESI-MS (m/z) 329.0
[M+H]". IR (KBr, cm™'): 2927 (v, C-H); 2551 (v, O-H);
1620 (v, C=N); 1512 (v, C=C); 1285 (v, C-N); 1223 (v, C-
0); 1114; 964; 852, 800 (5, C—H). '"H-NMR (CDCls, ppm): &
13.68 (s, 2H, 20H); 8.20 (s, 2H, 2CH=N); 7.08 (d, J = 8.5,
2H, Ar-H); 6.41 (d, J = 2.5, 2H, Ar-H); 6.37 (dd, J = 8.5;
2.5, 2H, Ar-H); 3.85 (s, 4H, CH,—CH,); 3.79 (s, 6H, 2MeO).
BC-NMR (CDCls, ppm): & 165.43 (2C, 2C-0); 164.65 (2C,
2C- OMe); 163.53 (2C, 2C=N); 132.71 (2C, C,y); 112.36
(2C, Cu); 106.43 (2C, Cap); 101.16 (2C, Cap); 58.85 (2C,
CH,—CH,); 55.34 (2C, 2MeO).

N, N’-Bis (5-methoxysalicylidene) ethylene diimine (5-
MeOsalenH,)

Yellow solid product, yield 92%. ESI-MS (m/z) 329.0
[M+H]". IR (KBr, cm™'): 2937 (v, C-H); 2572 (v, O-H);
1639 (v, C=N); 1492 (v, C=C); 1276 (v, C-N); 1159 (v, C—
0); 1031; 829; 784 (5, C-H). 'H-NMR (CDCl;, ppm): &
12.68 (s, 2H, 20H); 8.30 (s, 2H, 2CH=N); 6.90 (dd, J = 9.0;
3.0, 2H, Ar-H); 6.87 (d, J=9.0, 2H, Ar—H); 6.73 (d, J= 3.0,
2H, Ar-H); 3.94 (s, 4H, CH,—CH,); 3.75 (s, 6H, 2MeO). *C-
NMR (CDCl;, ppm): & 166.27 (2C, 2C-0); 155.17 (2C,
2C=N); 152.06 (2C, 2C-OMe); 119.56 (2C, C,,); 118.27
(2C, Cyp); 117.70 (2C, Cyp); 114.98 (2C, Cap); 59.85 (2C,
CH,—CH,); 55.95 (2C, 2MeO).

N, N’-Bis (6-methoxysalicylidene) ethylene diimine (6-
MeOsalenH,)

Yellow solid product, yield 91%. ESI-MS (m/z) 329.0
[M+H]". IR (KBr, cm™'): 2937 (v, C-H); 2532 (v, O-H);
1627 (v, C=N); 1462 (v, C=C); 1295 (v, C-N); 1250 (v, C-
0); 1099; 837; 780 (8, C—H); 722. '"H-NMR (CDCl;, ppm): &
14.18 (s, 2H, 20H); 8.80 (s, 2H, 2CH=N); 7.19 (t, J = 8.5,
2H, Ar-H); 6.51 (d, J = 8.5, 2H, Ar-H); 6.25 (d, /= 8.5, 2H,
Ar-H); 3.88 (s, 4H, CH,—CH,); 3.78 (s, 6H, 2MeO). “C-
NMR (CDCl;, ppm): & 163.80 (2C, 2C-0); 162.63 (2C,
2C=N); 159.64 (2C, 2C-OMe); 133.46 (2C, Cyu,); 110.24
(2C, Cay); 108.08 (2C, Cay); 99.78 (2C, Cap); 59.65 (2C,
CH,—CH,); 55.57 (2C, 2MeO).

2.3. Synthesis of Salen Pt (II) Complexes

Pt (II)-salen derivatives were synthesized and
characterized following a general procedure as described
previously [20]. In general, for the synthesis of Pt (II)-salen
derivatives, the respective salen ligand derivatives were
dissolved DMSO and then mixed with equivalent amount of
K,PtCl; (200 mg, 0.48 mmol) in DMSO. Then aqueous
saturated solution of Na,CO; (52 mg, 0.48 mmol) was added.
The reaction mixture was stired continuously and refluxed
for 3 h. After cooling to room temperature the yellow
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precipitate was filtered and washed by distilled water and
cold ethenol, then dried in reduced vacuo to afford a yellow
solid product. The products were isolated, recrystallized from
ethyl ether and characterized by mass spectral (ESI-MS), 'H
and C-NMR, and IR spectra.

[Pt (IT) (salen)] (1): Yellow solid, yield 67.5%. ESI-MS
(m/z) 462.1 [M+H]". IR (KBr, cm'): 3022 (v, C-H); 1621 (v,
C=N); 1530 (v, C=C); 1439; 1309; 1192 (v, C-N); 1127 (v,
C-0); 1081; 846; 742 (3, C-H); 611 (Pt-0); 417 (Pt-N). 'H-
NMR (DMSO-d;;, ppm): 8.54 (s, 2H, 2CH=N); 7.50 (d, J =
7.5 Hz, 2H, Ar-H); 7.43 (t, J= 7.0, 2H, Ar-H); 6.91 (d, J =
8.5, 2H, Ar-H); 6.61 (t, J = 7.0, 2H, Ar-H); 3.82 (s, 4H,
CH,-CH,). C-NMR (DMSO-d;, ppm): & 162.45 (2C,
2C-0); 155.98 (2C, 2C=N); 133.70 (2C, Cy,); 133.48 (2C,
Ca); 122.28 (2C, Cap); 120.94 (2C, Cay); 11548 (2C, Cyy);
60.92 (2C, CH,—CHy,).

[Pt (IT) (5-Fsalen)] (2): Yellow solid, yield 68.5%. ESI-MS
(m/z) 497.9 [M+H]". IR (KBr, cm'): 3019 (v, C-H); 1612 (v,
C=N); 1545 (v, C=C); 1472; 1313; 1221 (v, C-N); 1127 (v,
C-0); 1021; 971; 807 (8, C-H); 618 (Pt-0); 434 (Pt-N). 'H-
NMR (DMSO-ds, ppm): 8.22 (s, 2H, 2CH=N); 7.27 (m, 2H,
Ar-H); 7.18 (dd, J = 9.0; 3.5 Hz, 2H, Ar-H); 6.91 (dd, J =
9.5; 4.5, 2H, Ar-H); 4.46 (s, 4H, CH,—CH,). C-NMR
(DMSO-dy, ppm): 6 162.62 (2C, 2C—-0); 157.98 (2C, 2C=N);
153.83 and 151.98 (2C, 2C-F); 123.25 and 123.06 (2C, Cyu,);
120.24 and 120.18 (2C, Cy,); 118.43 and 118.36 (2C, Cyu,);
117.18 and 117.00 (2C, Cy,); 60.49 (2C, CH,—CH,).

[Pt (I) (3-MeOsalen)] (3): Yellow solid, yield 66.0%. ESI-
MS (m/z) 522.0 [M+H]". IR (KBr, cm'): 3011 (v, C-H);
1604 (v, C=N); 1548 (v, C=C); 1466; 1325; 1247 (v, C-N);
1126 (v, C-0); 1031; 977; 733 (8, C—H); 631 (Pt—0); 433
(Pt=N). 'H-NMR (DMSO-d,, ppm): 8.52 (s, 2H, 2CH=N);
7.08 (dd, J = 8.0; 1.5, 2H, Ar-H); 7.04 (dd, J = 8.0; 1.5, 2H,
Ar-H); 6.55 (t, J = 8.0, 2H, Ar-H); 3.81 (s, 4H, CH,—CH,);
3.77 (s, 6H, 2 MeO). *C-NMR (DMSO-d,, ppm): & 156.00
(2C, 2C-0); 153.53 (2C, 2C=N); 151.32 (2C, 2C-OMe);
124.89 (2C, Cyuy); 121.83 (2C, Cpy); 114.51 (2C, Cy,); 113.33
(2C, Cuy); 60.92 (2C, CH,—CH,); 55.18 (2C, 2 MeO).

[Pt (II) (4-MeOsalen)] (4): Light yellow solid, yield
65.5%. ESI-MS (m/z) 522.0 [M+H]". IR (KBr, cm"): 3020
(v, C-H); 1600 (v, C=N); 1533 (v, C=C); 1456; 1317; 1228

(v, C-N); 1124 (v, C-0); 1025; 980; 828; (3, C-H); 625
(Pt—0); 432 (Pt-N). '"H-NMR (DMSO-d;, ppm): 8.02 (s, 2H,
2CH=N); 7.22 (d, J = 9.0, 2H, Ar-H); 6.44 (d, J = 2.5, 2H,
Ar-H); 6.25 (dd, J = 9.0; 2.0, 2H, Ar-H); 4.32 (s, 4H, CH,—
CH,); 3.73 (s, 6H, 2 MeO). *C-NMR (DMSO-d,, ppm): &
165.41 (2C, 2C-OMe); 163.13 (2C, 2C-0); 161.81 (2C,
2C=N); 136.03 (2C, Cn,); 113.48 (2C, Cya,); 107.37 (2C, Ca,);
100.75 (2C, Cay); 60.53 (2C, CH,—CH,); 55.39 (2C, 2 MeO).

[Pt (IT) (5-MeOsalen)] (5): Yellow solid, yield 67.5%. ESI-
MS (m/z) 522.0 [M+H]". IR (KBr, cm'): 3002 (v, C—H);
1607 (v, C=N); 1539 (v, C=C); 1474; 1299; 1220 (v, C-N);
1148 (v, C-0); 1033; 928; 829 (8, C-H); 613 (Pt—0); 427
(Pt-N). '"H-NMR (DMSO-d;,, ppm): 8.47 (s, 2H, 2CH=N);
7.14 (dd, J = 9.5; 3.5, 2H, Ar-H); 7.00 (d, J = 3.0, 2H, Ar—
H); 6.84 (d, J=9.5, 2H, Ar-H); 3.80 (s, 4H, CH,—~CH,); 3.69
(s, 6H, 2 MeO). *C-NMR (DMSO-d,, ppm): & 157.73 (2C,
2C-0); 155.41 (2C, 2C=N); 149.23 (2C, 2C-OMe); 123.22
(2C, Cap); 121.67 (2C, Ca,); 120.85 (2C, Cy,); 113.81 (2C,
Ca); 60.95 (2C, CH,~CH,); 55.53 (2C, 2 MeO).

[Pt (IT) (6-MeOsalen)] (6): Yellow solid, yield 67.0%. ESI-
MS (m/z) 522.0 [M+H]". IR (KBr, cm'): 3006 (v, C—H);
1607 (v, C=N); 1545 (v, C=C); 1455; 1317; 1254 (v, C-N);
1106 (v, C-0); 1040; 778 (5, C-H); 623 (Pt—0); 434 (Pt-N).
'H-NMR (DMSO-d,, ppm): 8.77 (s, 2H, 2CH=N); 7.29 (t, J
= 8.0, 2H, Ar-H); 6.51 (d, J = 3.5, 2H, Ar-H); 6.20 (d, J =
8.0, 2H, Ar-H); 3.82 (s, 10H, CH,—CH, and 2 MeO). "*C-
NMR (DMSO-dg, ppm): & 163.21 (2C, 2C-0); 159.36 (2C,
2C=N); 149.78 (2C, 2C-OMe); 132.83 (2C, Cu); 114.25
(2C, Cap); 112.43 (2C, Cay); 96.98 (2C, Ca); 61.58 (2C,
CH,~CH,); 55.84 (2C, 2 MeO).

2.4. Photophysical Properties

The UV-Visible absorption spectra of investigated
platinum (II) complexes were recorded in DCM
(dichlorometane) solutions (2 x 107> M) on Perkin Elmer
Lambda UV-35 spectrophotometer. The luminescent spectra
of the solutions were measured on Horiba Fluorolog
spectrofluorometer at room temperature. The received
photophysical data were collected in Table 1.

Table 1. Photophysical data of investigated Pt (II) complexes with salen ligands.

)\fabs (nm) (S, M_l cm_l)

Complex p— n—n* MLCT Aem ()‘-exc) (nm)
1 317 (20, 415) 342 (24, 840) 422 (9,200) 549 (422)
2 292 (11, 045) 350 (5, 055) 429 (6, 720) 572 (429)
3 300 (24, 210) 362 (5, 930) 424 (8, 405) 561 (424)
4 305 (29, 615) 368 (9, 975) 398 (6, 960) 525 (398)
5 320 (14, 130) 360 (10, 980) 446 (8, 740) 601 (446)
6 325 (19, 725) 358 (15, 050) 410 (5, 585) 545 (410)

2.5. In vitro Cytotoxicity Assay

The cytotoxicity of studied Pt (II) complexes was
estimated by using MTT assay as described previously [21].
In brief, human epidermoid carcinoma cells (KB) or breast
cancer cells (MCF-7) were cultured and maintained in
DMEM which was added with 10% FBS (Fetal Bovine

Serum) and 1% penicillin streptomycin at 37°C in humidified
atmosphere with 5% CO, and 95% air. Testing samples of Pt
(IT) complexes were dissolved in DMSO to give various
concentrations of 0—128 pg/ml. Approximately 10,000 cancer
cells were seeded into each well of a 96 well micro titer plate
and incubated 24 h. Then 10 pL solution containing various
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concentrations of different Pt (II)-salen complexes and 190
uL DMEM solution containing cancer cells were added into
each wells and incubated for additional 72 h under standard
growing condition. The cell viability was analyzed by using
MTT assay based on the absorbance of the lysates at 540 nm
on Genios TECAN spectrophotometter. The percent viable
cells were plotted as a function of concentration to determine
the ICsy values. The each experiment was carried out
triplicate. The obtained ICsy values of studied complexes
were presented in Table 2.

3. Discussion

3.1. Synthesis and Characterization

0 /\
Z EtOH N
OH >
/" \  i» -2H,0 /~
HoN NH, \ OH H
=X/

Table 2. The in vitro cytotoxcity of Pt (II) complexes with salen ligands.

1Cso (uM)
Complex
KB MCEF-7
1 3.15 [20] 13.45 [20]
2 8.05 8.05
3 5.37 7.68
4 1.92 1.92
5 2.88 3.26
6 7.68 25.53
Ellipticine 1.14 2.03

—
ot

—/R

Figure 1. Synthesis of salen ligands and complexes.

Table 3. Salen ligands and their Platinum (1) complexes.

R Ligand Complex

H SalenH, [Pt (1) (salen)] (1)

5-F 5-FsalenH2 [Pt (II) (5-Fsalen)] (2)
3-MeO 3-MeOsalenH, [Pt (IT) (3-MeOsalen)] (3)
4-MeO 4-MeOsalenH, [Pt (IT) (4-MeOsalen)] (4)
5-MeO 5-MeOsalenH, [Pt (II) (5-MeOsalen)] (5)
6-MeO 6-MeOsalenH, [Pt (I1) (6-MeQOsalen)] (6)

Firstly, the N, N’-bis (salicylidene)-1, 2-ethylenediimine
ligands were synthesized in high yields (91-95%). The
commercial 1, 2-ethylenediamine was reacted with two
equivalents of salicylaldehydes in ethanol as solvent at room
temperature. The productive precipitates were collected and
washed by cold ethanol to afford yellowish solids. Their ESI-
MS spectra received were in good agreement with their
suggested formula weights. The bands at about 2532-2619
cm ' in the IR spectra of ligands can be assigned to the O—H
stretching frequencies. The vibration band of C=N was
appeared in the frequencies of 1577-1639 cm'. The
characteristic bands found at about 1261-1296 and 1159-
1250 cm ™' can belong to C—N and C—O stretching vibrations
respectively (Table 4). In 'H-NMR spectra recorded in
CDCl;, the typical signals at about 12.68-14.18 ppm can be
assigned to the OH proton peaks. The signals at 8.20-8.80
ppm can assure the ligand formulation bonding CH=N. The
proton peaks of ethylene were found at 3.85-3.96 ppm. The
substituted groups at salicylidene moiety afforded the
characteristic signals in '"H-NMR. The proton signals of
salicyl ring with fluoro at 5-position observed at 6.89-7.02

ppm were in multilets. The proton signals of MeO groups of
MeOsalenH, ligands were appeared as a singlet in the field of
3.75-3.88 ppm (Table 5). C-NMR spectra showed the
characteristic peaks at about 156.00-166.68 ppm for C—O,
151.49-163.53 ppm for C=N and 58.85-59.85 ppm for
CH,CH, carbon signals. All carbon peaks of salicyl ring with
fluoro at 5-positon were appeared in double ones. The carbon
signals of MeO groups of MeOsalenH, ligands were at about
55.34-56.11 ppm (Table 6).

Then a series of Pt (II) complexes were prepared in
moderate yields (65.5-68.5%) between synthetic salen
ligands and K,PtCl, in mild condition [Figure 1]. Their ESI-
MS spectra were suitable to their proposed molecular
formulations (Table 3). In IR spectra, the characteristic peaks
of ligands were found at 1600-1621 cm™ for C=N, 1192-
1254 cm™ for C—N and 1106-1248 cm™ for C—O stretching
vibrations. The vibrations of these bongdings were shifted to
higher fields in coordination. New vibrations of Pt-N and Pt—
O for the coordination between Pt (II) and tetradentate salen
ligands were observed at 611-631 and 417-434 cm’
respectively (Table 4).

Table 4. Main IR absorption of ligands and Pt (II) complexes (cm™).

Compound Vo-1) (cm™) V=N (ecm™) VN (ecm™) V-0 (cm™) Vpt-N) (cm™) Vet-0) (cm™)
SalenH, 2549 1636 1283 1199 - -

5-FsalenH2 2571 1634 1272 1225 -

3-MeOsalenH, 2555 1633 1296 1250 -
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Compound V- (em™) e (em™) Uy (em™) V-0 (cm™) ey (em ™) Upi-o) (em™)
4-MeOsalenH, 2551 1620 1285 1223 - -
5-MeOsalenH, 2571 1639 1276 1159 - -
6-MeOsalenH, 2531 1627 1295 1250 § .

1 = 1621 1192 1127 611 417
2 o 1612 1221 1127 618 434
3 = 1604 1247 1126 631 433
4 = 1600 1228 1124 625 432
5 = 1607 1220 1148 613 427
6 = 1607 1254 1106 623 434

In '"H-NMR spectra of Pt (II) complexes recorded in DMSO-dj, there were no signal for OH groups in low field showing
that the separation of H in coordination. Other typical proton signals were found in a singlet at 8.02-8.77 ppm for CH=N and a
singlet at 3.80-4.46 ppm for CH,CH, groups. The protons of complex 2 salicyl ring with fluoro at 5-position was observed in
multilets. The proton peaks of MeO group in [Pt (II) MeOsalen] complexes were appeared as a singlet at 3.69-3.82 ppm (Table

5).
Table 5. Typical 'H-NMR signals of salen ligands and Pt (II) complexes (ppm).

Compound 6 on) (ppm) (cu-x) (ppm) O (cHacnz) (ppm) Se0) (Ppm)
SalenH, 13.18 8.35 3.93 -
5-FsalenH2 12.85 8.30 3.96 -
3-MeOsalenH, 13.55 8.32 3.95 3.88
4-MeOsalenH, 13.68 8.20 3.85 3.79
5-MeOsalenH, 12.68 8.30 3.94 3.75
6-MeOsalenH, 14.18 8.80 3.88 3.78
1 - 8.54 3.82 -
2 - 8.22 4.46 -
3 - 8.52 3.81 3.77
4 - 8.02 432 3.73
5 - 8.47 3.80 3.69
6 - 8.77 3.82 3.82

In PC-NMR spectra, the typical carbon signals presentating for C—O were found at 156.00-163.21 ppm, C=N at 153.53-
161.81 and CH,CH, at 60.49-61.58 ppm. Other carbon signals of salicylidene moiety with fluoro at 5-position in complex 2
were observed as double peaks at about 117.00-153.83 ppm. The carbon signals of MeO groups in [Pt (II)(MeOsalen)]

complexes were appeared at 55.18-55.84 ppm (Table 6).

Table 6. Typical *C-NMR signals of salen ligands and Pt (II) complexes (ppm).

Compound d(on) (ppm) dcn-n) (ppm) dcnzcmz) (ppm) Sveo) (PPM)
SalenH, 166.51 161.03 59.75 -
5-FsalenH2 165.58 and 165.56 154.60 59.71 -
3-MeOsalenH, 166.68 151.49 59.50 56.11
4-MeOsalenH, 165.43 163.53 58.85 55.34
5-MeOsalenH, 166.27 155.17 59.85 55.95
6-MeOsalenH, 163.80 162.63 59.65 55.57
1 162.45 155.98 60.92 -

2 162.62 157.98 60.49 -

3 156.00 153.53 60.92 55.18
4 163.13 161.81 60.53 55.39
5 157.73 155.41 60.95 55.53
6 163.21 159.36 61.58 55.84

3.2. Photophysical Properties

The photophysical data of Pt (IT) complexes in dilute DCM
solutions were presented in Table 1.

When dissolved in DCM, Pt (IT) complexes gave yellow
solutions and exhibited UV-Visible absorption spectra with
Amax at about 292-446 nm of three bands. Two bands at 292-
325 and 342-368 nm could featured for high-energy intra-
ligand absorption of 7—n and n—n transitions respectively
and a low-energy metal-to-ligand charge transfer (MLCT)
absorption must be at 398-446 nm probably (Figure 2).

Compared to complex 1, both electron-withdrawing and -
donoring substituted groups at S-position of salicyl rings of
complex 2 and 5 respectively shifted MLCT absorption
bands to longer wavelengths. Methoxy group at different
position of salicyl rings also perform obvious impact to
MLCT absorption wavelengths of investigated complexes.
Methoxy group at 3 or 5-position shifted wavelength to
longer range while methoxy at 4 or 6-position moved the
wavelength to shoter band (Table 1).
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Figure 2. UV-Visible absorption spectra.
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Figure 3. Emission spectra of Pt (II) complexes.

The emission spectra in solution of these complexes
exhibited A, at about 525-601 nm. The substituted group of
fluoro at salicyl ring 5-position may shift emission spectra of
complex 2 to red region. Methoxy group at different

positions of salicyl ring could also affect to Pt (II) complexes’

emission wavelengths. Methoxy group at 3- or 5-position of
salicyl ring could shift emission band to red range and
methoxy group at salicyl ring 4- or 6- postion must shift
emission band to blue region (Figure 3).

3.3. In Vitro Cytotoxicity

In order to observe possible structure-activity relationships,
the in vitro cytotoxicity of obtained platinum (II) complexes
was evaluated against two human cancer cell lines of KB and
MCF-7. The ICs, values (the concentration that inhibited in
50% the cellular proliferation) was presented in Table 2. It
was noted that all investigated platinum (II) complexes have
antiproliferative effectivity with low ICsy values (< 50 uM).
The effect of the substituted groups of studied ligands to
complexes’ cytotoxicity was quite obvious. In details,
electron donoring methoxy at salicyl ring 5-position in
complex 5 gave better activity than electron withdrawing
fluoro in complex 2. The methoxy at different position of
salicylidene moiety also showed the different effect on both

human cancer cell lines. Methoxy at 4- or 5-position afforded
the better results the one at 3- or 6-position. Compared to the
standard anticancer compound, complex 4 gave the
anticancer activity with 1Cso = 1.92 uM for both KB and
MCF-7 similar to the activity of standard ellipticine, ICs, =
1.14 uM for KB and 2.03 for MCF-7. It can be seen that the
in vitro cytotoxicity of this series of platinum (II) complexes
increases in the sequence 2 <6 <3 <1 <5 <4 for BK and 6
<1<2<3<5<4 for MCF-7 cancer cell lines.

4. Conclusions

In this study, a series of platinum (II) complexes with
salen ligands were synthesized and characterized by ESI-MS,
IR and NMR spectroscopies. The photophysical properties
estimated by UV-Visible absorption and emission spectra
show that electron-withdrawing or -donoring substituted
groups at 5-position of salicyl rings shifted MLCT absorption
and emission bands to longer wavelengths. Methoxy group at
different position of salicyl rings also perform obvious effect
to MLCT absorption and emission wavelengths of
investigated complexes. Methoxy group at 3 or 5-position
shifted wavelength to longer range while methoxy at 4 or 6-
position moved the wavelength to shoter one. The biological
activity of all complexes were examined against human
cancer cell lines of KB and MCF-7, the results showed that
all complexes have influenced KB and MCF-7 cell lines with
low ICs, values (< 50 uM). Complex 4 gave the best activity
for both KB and MCF-7 with IC5=1.92 uM which was
similar to the cytotoxicity of standard anticancer compound,
ellipticine, 1.14 and 2.03 uM respectively.
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