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The complexes [Pt(DMSO)(GT)]-DMSO (1), [Pt(DMSO)(PT)]- 1/2DMSO (2) and [Pd(DMSO)-
(PT)] (3), where DMSO = dimethyl sulfoxide, H,GT = glyoxylic acid thiosemicarbazone and
H,PT = pyruvic acid thiosemicarbazone, have been synthesized and characterized by elemental anal-
ysis, molar electric conductivity, IR, electronic and NMR (*H and 13C) spectra. The single crystal
X-ray diffractioon analysis has revealed for 1 (orthorhombic, Pnma, a = 12.941(3), b = 7.108(2),
¢ = 15.148(3) A, Z = 4) that the doubly deprotonated thiosemicarbazone molecule is coordinated
to Pt(ll) via the carboxylato O, azomethine N and thiolato S atoms forming two condensed five-
membered chelate rings. The fourth coordination site of Pt(Il) is occupied by the S atom of DMSO.
All the atoms of the complex molecule are coplanar except the methyl groups. The O atom of DMSO
is in cis-position towards the thiolato-S atom (point group Cs). A system of hydrogen bonds of the
type N-H---O links the complex molecules between them and with the lattice DMSO molecules.
Similar structures have been deduced for the remaining two complexes on the basis of spectroscopic
data. The three complexes and the ligand H,GT exhibit cytotoxic activity against FAN leukemia cells,

whereas the ligand H,PT is inactive.

Key words: Palladium(Il) and Platinum(I1) Thiosemicarbazonato Complexes, Crystal Structure,

Cytotoxic Activity

Introduction

The thiosemicarbazones (TSCs) are an object of
continuous and multilateral interest not only because
of their structural peculiarities and extremely rich co-
ordination chemistry [1-3], but also due to their
versatile pharmacological properties comprising, for
instance, antimicrobial, antiviral, anticonvulsant and
carcinostatic activity [4—6]. Special attention has
been paid to TSCs derived from N-heterocycles with
o-carbonyl groups. This class of TSCs and the cor-
responding metal complexes exhibit pronounced cyto-
static activity [7—9]. Their mechanism of action con-
sists in hindering the DNA biosynthesis, in which
the inhibition of the enzyme ribonucleotide reductase
plays an important role [9-12]. A systematic study
of the coordination chemistry and cytostatic effect
of Pd(Il) and Pt(Il) complexes of TSCs of 2-form-

yl- and 2-acetylpyridine derivatives was undertaken
during the last decade in the laboratory of one of us
(D. K.-D.) [13,14]. Typical for these chelate com-
plexes is the planar tridentate N,N,S-coordination of
mono-deprotonated TSC ligand (Fig. 1la). Most of
them exhibit in vitro and in vivo antineoplastic activ-
ity [13d, 14a—d, 15]. Such complexes, differing signif-
icantly in their structure from cisplatin and the “classi-
cal” platinum-based cytostatics [16 — 18], are expected
to have a different mechanism of action, a feature
which is favourable for overcoming the cisplatin re-
sistance. Indeed, some representatives appeared to be
active against cisplatin-resistant cells [14c, 15d].
Relatively less studied are platinum metal chelates
with TSCs coordinating in a tridentate O,N,S-man-
ner [19-21]. In continuation of our studies we un-
dertook the synthesis of Pt(Il) and Pd(Il) chelates in-
volving thiosemicarbazonato ligands with a coordi-
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Complex Analysis: found (calcd.) [%]  Colour  An? QTmol~tcm? Table 1. Elemental analyses and
NO  Formula C H N physical properties of the complexes

, [PUGNDMSO)] 1716 316 8.60 sunflower (£005) of H,GT aﬂd_ HzPT. -
-DMSO (16.94) (3.05) (8.46) yellow ' : 2 Molar electric conductivity with stan-
2 [Pt(PT)Y(DMSO)] 17.70  3.22 8.72 lemon 057 (+0.02) dard deviation at 32 °C for DMSO so-
-1/2DMSO (ggg) (g-gg) (182.911?3 g?;:?v; :gtlon(s) (;31; thiocgm[ilg);es 1\/(\)/|7t£1 cor;cinéga-
3 [PAPTIOMSO) (097) (323)  (12.23) yellogvv 0.66 (+:0.03) 10°3 mol - for 1, 2and 3, re:;ecti\}ely.
F o dinate only viathe S and O atoms, has earlier been syn-
| thesized and tested for antibacterial and antitumor ac-
X tivity, but neither the free ligand nor the complex have

R N R 0 CH; shown significant effects [28].

I\I_I\L_X ;_1\',[_5/_ éHq DMSO was considered as an appropriate fourth lig-
/ | / \\O and for the following reasons. Antitumor activity has
N\ S N\ S been registered for some Pt(ll) complexes containing
Y DMSO [29] and other sulfoxide ligands [30]. DMSO
NRR" NH, is a common solvent for NMR spectroscopy, as well
as for biological assays, and such complexes could be
a b conveniently studied in this coordinating solvent with-

Fig. 1. Structural formulae of: a) chelate complexes
of thiosemicarbazones of 2-formyl- and 2-acetylpyridine
(R = H, CH3; R’, R” = H, alkyl; X = CI, Br, mono-
deprotonated S-coordinated additional molecule of the lig-
and; M = Pd, Pt) [13, 14]; b) chelate complexes of glyoxylic
acid thiosemicarbazone (H,GT) and pyruvic acid thiosemi-
carbazone (H,PT), subject of the present work: R=H, M =Pt
— [Pt(DMSO)(GT)]-DMSO (1); R = CH3, M = Pt — [Pt-
(DMSO)(PT)]-1/2DMSO (2); R = CHz, M = Pd — [Pd-
(DMSO)(PT)] (3).

nated c-carboxylic group, as an attempt to design a
novel group of “non-classical” cytostatic metal com-
plexes. Such complexes should resemble the above
mentioned chelates, the N atom in o-position rela-
tive to the azomethine group being replaced by an-
other electronegative funtion, the carboxylato group.
Non-ionic complexes should be formed if the fourth
coordination site is occupied by an electroneutral lig-
and instead of a halide anion. We selected the most
simple carboxylato-thiosemicarbazonato ligands, gly-
oxylic acid thiosemicarbazone (H,GT) and pyruvic
acid thiosemicarbazone (H,PT), and, as a counter lig-
and, a dimethyl sulfoxide (DMSQ) molecule (Fig. 1b).
The coordination chemistry of H,GT is still poorly
studied [22], and no platinum and palladium com-
plexes with this ligand can be found in the litera-
ture. Transition metal complexes of H,PT in which
the ligand acts as a tridentate O,N,S-chelator are well
known [23-27], and among them the Cu(ll) deriva-
tive has shown in vitro and in vivo antitumor activ-
ity [25a, b]. A Pt(I1) chelate of H,PT, with 1 : 2 metal-
to-ligand ratio, in which the ligand is supposed to coor-

out the risk of changing their composition due to ligand
exchange with the solvent.

Here we report the synthesis, characterization and
preliminary evaluation of the cytotoxic effect of the
following complexes: [Pt(DMSO)(GT)]-DMSO (1),
[Pt(DMSO)(PT)]- 1/2DMSO (2) and [Pd(DMSO)(PT)]
(3) (Fig. 1b).

Results and Discussion

The complexes were synthesized by reacting the
starting metal compounds (cis-[Pt(DMSO),Cl,] or
PdClI, dissolved in DMSO) with an alkalized DMSO -
water solution of the corresponding thiosemicarbazone
ligand, followed by recrystallization in the presence of
DMSO. Analytical results and some physical proper-
ties of the complexes are listed in Table 1. The ele-
mental analyses revealed that both Pt(I1) derivatives (1
and 2) contain more than one molecule of DMSO per
metal atom, and are consistent with a ratio complex
species — solvate DMSO of 1:1and 2: 1, for 1 and 2,
respectively. In the Pd(I1) compound (3), however, the
ratio metal —- DMSO is 1:1, i.e. it does not contain
solvate DMSO molecules. All the complexes are yel-
low crystalline solids, soluble in DMSO and N, N-di-
methylformamide, and practically insoluble in water.
They are stable under usual conditions, but upon heat-
ing they decompose without melting up to 300 °C. The
molar electric conductivity (Am) values measured in
DMSO (Table 1) are typical for non-electrolytes [31]
and show that the complexes have non-ionic nature and
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do not undergo dissociation. Attempts to isolate the
corresponding Pd(11) complex of H,GT in an analyt-
ically pure state were unsuccessful.

Crystal structure of complex 1

The results of the X-ray crystallography con-
firmed that the crystals of 1 consist of complex
species [Pt(DMSO)(GT)] and solvate (lattice) DMSO
molecules in a 1:1 ratio. The molecular structure
of 1 is presented in Fig. 2, and selected geomet-
ric parameters are collected in Table 2. The dou-
bly deprotonated H,GT molecule is coordinated to
Pt(Il) via the carboxylato oxygen, azomethine nitro-
gen and thiolato sulfur atom and forms two planar
condensed five-membered metalla-cycles. A sulfur-
bound DMSO molecule complements the coordina-
tion tetragon of Pt(Il). The S-O bond of the coordi-
nated DMSO and the Pt-S bond of the chelate lig-
and are cis-positioned. All the atoms of the com-
plex molecule, except the methyl groups, are copla-
nar; point group Cs. The geometry of the coordina-
tion node in 1 is very close to that in the bicyclic
chelate Pt(Il) and Pd(Il) complexes of the TSCs of
pyridine a-carbonyl derivatives [13,14] mentioned
above. The same could be said about the geometric pa-
rameters of the thiosemicarbazonato fragments. Thus,

s5.40 O

“cC C4)
-124.6° cl)(3)
S(1)

Fig 2. ORTEP drawing for the molecu-
lar structure of [Pt(DMSQ)(GT)]- DMSO
(1) with the atom labelling. Thermal el-
lipsoids are at 50% probability level.
Insert: Newman projection along the
S(2)-Pt bond.

Table 2. Selected bond lengths (A), bond angles and torsion
angles (deg) for 1.

P-O(1) 2.061(3) O()—C@D)-0) 124.9(4)
Pt-N(1) 1.983(3) C(1)-O(1)-Pt 111.8(2)
Pt-S(1) 2.2517(10)  O(1)-C(1)-C(2) 115.4(3)
Pt-S(2) 22127(9)  C(1)-C(2)-N(1) 116.6(3)
0(1)-C(1) 1.305(5) C(2)-C(1)-0(2) 119.7(3)
0(2)-C(1) 1.219(5) C(2)-N(1)-N(2) 121.8(3)
C(1)-C(2) 1.515(5) C(2)-N(1)-Pt 114.2(3)
C(2)-N(1) 1.291(5) N(1)-N(2)-C(3) 111.3(3)
N(1)-N(2) 1.362(5) N(2)-N(1)-Pt 124.02)
N(2)-C(3) 1.324(5) N(2)-C(3)-N(3) 117.7(3)
C(3)-N(3) 1.334(5) N(2)-C(3)-S(1) 125.5(3)
C(3)-S(1) 1.771(4) N(3)-C(3)-S(1) 116.8(3)
0(3)-5(2) 1.477(3) C(3)-S(1)-Pt 94.88(13)
S(2)-C(4) 1.769(3) C(4)-S(2)-Pt 108.86(10)
0(4)-S(3) 1.506(3) C(4)-S(2)-C(4") 102.3(2)
S(3)-C(5) 1.786(3) C(4)-S(2)~(03) 108.92(12)
N(1)-Pt-O(1) 81.99(12) 0(3)-S(2)-Pt 117.86(11)
N(1)-Pt=S(1)  84.35(9) C(5)-S(3)-C(5") 96.7(2)
N(1)-Pt=S(2) 177.78(9) C(5)-S(3)-0(4) 106.83(13)

O(1)-Pt-S(1) 166.34(8)
O(1)-Pt-S(2)  95.79(8)
S(1)-Pt-S(2)  97.87(4)

O(1)-Pt-S(2)-0(3) 180
C(4)-S(2)-Pt-O(1)  55.38(11)
C(4)-S(2)-Pt-S(1) —124.62(11)

for instance the bond lengths Pt-O(1), Pt-N(1) and
Pt-S(1) in 1 are 2.061, 1.983 and 2.252 A, respec-
tively, vs. 2.056, 1.958 and 2.253 A for Pt—N(pyridine),
Pt-N and Pt-S, respectively, in the Pt(ll) complex of
2-acetyl pyridine thiosemicarbazone [14d]. X-ray crys-
tallographic data on the free ligand H,GT were not
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Table 3. Geometry of hydrogen bonding and stacking interactions of 1%:P:¢,
D-H--A D-H H--A DA Z/D-H---A
N(3)-H(31)--- O(4)! 0.75(5) A 2.18(5) A 2.889(5) A 159(5)°
N(3)-H(32)--- O(3)'i 0.67(5) A 2.30(5) A 2.953(5) A 168(5)°
Cgl — Cg1™ Cgl — CglVv Cgl — Cg2" Cg2 — Cg2™ Cg2 — Pt" Distance Planel-Plane2
3.683(1) A 3.683(1) A 3.992(1) A 3.963(1) A 3.555(1) A 3.554(1) A

a Symmetry transformations used to generate equivalent atoms:' x+1,y, z 1 x+1/2,y, —z+3/2; i x, 1+y,z V x, 2+y,z ° Cgland
Cg2 refer to the centroids Pt-S(1)-C(3)-N(2)-N(1) and Pt=O(1)-C(1)-C(2)-N(1), respectively; © Planel and Plane2 refer to Pt-S(1)-C(3)-
N(2)-N(1)-C(2)-C(1)-0(1) and Pt""-S(1)""-C(3)"-N(2)"'-N(1)"-C(2)""-C(1)""-O(21)"", respectively.

Fig. 3. View of the unit cell of [Pt(DMSO)(GT)]-DMSO (1)
with the hydrogen bonds indicated with dashed lines.

found in the literature. A comparison is however pos-
sible with the X-ray structure data available for the
crystals HoPT - 1/3H,0 [32]. Thus, the C(3)-S(1) bond
is ca. 0.086 A longer, whereas the N(2)-C(3) bond
is ca. 0.036 A shorter than the corresponding bond
lengths in H,PT -1/3H,0*, and this conforms with the
expected change in bond orders in the thiolato and
thione forms of a thiosemicarbazone.

Crystal structures of sulfoxide complexes of Pt(ll)
have been thoroughly studied by Rochon et al. [33],
as well as by other workers [34—39]; Pd(Il) sul-
foxide complexes are also well characterised struc-
turally [40-42]. The comparison shows that the bond

*In the present work pyruvic acid thiosemicarbazone was pre-
pared as described by Timken et al. [24], where the compound is
formulated as a hemihydrate, i.e. HyPT-1/2H,0. In the X-ray crys-
tallographic paper of Antosyak et al. [32], however, the single crys-
tal of pyruvic acid thiosemicarbazone is assigned the composition
H2PT-1/3H,0.

3.554(1) A

Fig. 4. View of the packing of the [Pt(DMSO)(GT)]- DMSO
(1) molecules along the a axis, showing the z-7 stacking in-
teractions.

lengths and angles of the coordinated DMSO in 1
have normal values. The dihedral angle between the
coordination plane and the Pt-S-O-plane varies con-
siderably in Pt(ll) sulfoxide complexes [33—-39]. It
seems, however, that when the sulfoxide is coor-
dinated in cis-position relative to a bulky ligand,
then the S-O bond lies approximately in the coor-
dination plane [33b,c, f, 35,36, 39]. In complex 1 the
S-0O bond lies exactly in the coordination plane, and
the two methyl groups of DMSO are in gauche po-
sitions with respect to the Pt-O(1) bond (torsion an-
gles O(1)-Pt-S(2)-C(4) and O(1)-Pt-S(2)-C(4°): 55.4
and —55.4°, respectively). The geometry of the non-
coordinated DMSO molecule is close to that of the free
crystalline DMSO [43]. The S-O bond is by 0.029 A
longer as compared to the coordinated molecule, which
is a typical feature for S-coordinated DMSO [40].

The packing of the molecules of 1 is highlighted in
Figs 3 and 4. The centrosymmetric unit cell contains
four complex molecules and four DMSO molecules
connected by a system of hydrogen bonds. The flat
chelate rings are stacked in parallel planes. Two kinds
of hydrogen bonds (N-H - - - O) are formed. The shorter
bond links the amino hydrogen with the oxygen atom
of a non-coordinated DMSO molecule, and the longer
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Table 4. 'H NMR spectroscopic
data for HyGT, HaPT -1/2H,0
and their complexes.

@ Notations: br — broad, s — sin-
glet, ssd — singlet with 19pt satel-
lite doublet; P inaccurate integra-
tion due to the very close position of
the signal with that of the solvent;
¢ the low-frequency component of
the 195pt satellite doublet is partially
overlapped by the signal of the water
from the solvent; ¢ the 9Pt satel-
lite is poorly resolved; © originating
from the coordinated (CHz),SO after
exchange with the solvent.

1114

Compound, Chemical shift (6, ppm),  Assignment Coupling constant

solvent multiplicity and relative (J, Hz) for the 195pt
intensity? satellite doublet

H,GT, 7.29s1H HC=N

DMSO-dg 8.29s 1H, 8.66 s 1H NH;
11.93s1H,12.47s 1H NH, COOH

1, 253sP (CH3),S0 non-coordinated

DMSO-dg 3.43 ssd 6H (CH3)2S0 coordinated 3J(Pt-H3C) = 16
7.36 ssd 1H HC=N 3J(Pt-HC=N) = 61
8.42 s br 2H NH;

1, 2.59s 6H (CH3)2S0 non-coordinated

DMF-d; 3.54 ssd° 6H (CH3)2S0 coordinated 3J(Pt-H3C) = 18
7.37 ssd 1H HC=N 3J(Pt-HC=N) = 62
8.55s br 2H NH»

H2PT-1/2H,0, 2.07s3H H3CC=N

DMSO-dg 8.64s1H,8.70s 1H NH;
10.70 s 1H, 12.06 s 1H NH, COOH

2, 212s3H H3CC=N

DMSO-dg 254 P (CH3)2S0 non-coordinated
3.42 ssd 6H (CH3)2S0 coordinated 3J(Pt-H3C) = 15
8.22 s br 2H NH;

2, 2.17 ssdd 3H H3CC=N 4J(Pt-H3C) ~ 6

DMF-d; 2.58' s 3H (CH3)2S0 non-coordinated
3.52 ssd® 6H (CH3)2S0 coordinated 3J(Pt-H3C) = 18
8.31sbr2H NH»

3 2,025 3H H3CC=N

DMSO-dg 25450 (CH3)2S0 non-coordinated ®
7.97sbr2H NH;

one the other amino hydrogen with the oxygen atom
of a coordinated DMSO molecule. There are also
m-m stacking interactions between the chelate rings
with an inter-planar distance of 3.554 A. Geometric
parameters of the hydrogen bonding and stacking in-
teractions of 1 are collected in Table 3.

NMR spectra

'H NMR spectra. *H NMR spectroscopic data for
the ligands and their complexes are summarized in
Table 4. The spectra of H,GT and of complex 1 in
two different solvents are illustrated in Fig. 5. The
assignment of the signals is based on 'H NMR data
of thiosemicarbazones of pyruvic acid [44] and other
carbonyl compounds [45], chelate Pt(I1) and Pd(ll)
thiosemicarbazonato complexes [13], as well as Pt(Il)
sulfoxide complexes [29b, 33f,38,46]. The assign-
ment of the protons bound to nitrogen and oxygen was
confirmed by D,0O exchange. The NH, protons in the
spectra of the free ligands give two separate signals, as
should be expected due to the restricted rotation around
the HoN-C bond. In the spectra of the complexes,
however, a common broad signal appears, which sug-

gests that upon complexation the rotational barrier
about the corresponding bond decreases. A similar reg-
ularity has been described for some Hg(ll) thiosemi-
carbazonato complexes [45a]. No signals assignable
to NH and COOH protons are found in the spectra of
complexes, which indicates that in all three cases the
ligands act as doubly deprotonated species. The vicinal
spin-spin coupling in complex 1 between the azome-
thine proton and the %Pt nucleus is clearly manifested
(3J(Pt-HC=N) values are 61 and 62 Hz in DMSO-dg
and DMF-d>, respectively). The CHj signal of the TSC
ligand in the spectrm of 2 in DMF-d; shows poorly re-
solved 9Pt satellites (*J(Pt-H3C) ~ 6 Hz).

The methyl proton signals of DMSO deserve spe-
cial attention. The spectra of the Pt(ll) complexes 1
and 2 exhibit two kinds of DMSO signals: singlets
at 2.53-2.59 ppm, closely situated to the signal of
DMSO-ds of the solvent, and singlets with 9Pt satel-
lites at 3.42—3.54 ppm. The first kind of signals is as-
signed to the non-coordinate (solvate) DMSO, and the
second to the coordinated DMSO. The signal at 2.53 -
2.59 ppm is so nearly positioned to the low-field side of
the DMSO-ds quintet, that accurate integration could
not be achieved (see Fig. 5). For this reason the spec-
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a *
CH=
COOH, NH
NH2 JL\
U |
13.00 12.00 11.00 1000 9.00 800 7.00 3.40 3.00 260 220
&, ppm
b e}
* )
=
CH= j a
B
]
3J(PLHC=N) = 61 Hz Jod
— | = 5 5€
2]
= [rpEE————m /
»»/\\Mwﬂw Jﬂ_x- O [3.60 3.20 | *
7.60 7.15 JL T 8| | UPtHsC)=16Hz
13.00 12.00 11.00 10.00 9.00 800 7.00 3.40 3.00 260 220
3, ppm
(o
CH=
6 * r‘__"_\ . 1
2 S Fig. 5. *H NMR spectra
3J(Pt—HC:N):62sz 3 g (250.13 MHz) with assign-
— - A7 LB - ments: a) HyGT in DMSO-dg;
58 . s b) [Pt(DMSO)(GT)]-DMSO (1)
JUUJL NH2 — = o in DMSO-dg; ¢) [Pt(DMSO)-
R 3J(Pt-HsC) = 18 Hz e (GT)]-DMSO (1) in DMF-ds.
7.60 7.15 * The signals due to the solvents
E—————— L_..UJL — A AN are markec_i with as:terisks. In
13.00 12.00 11.00 10.00 9.00 8.00 7.00 3.40 3.00 2.60 2.20 the expansions the signals with

3, ppm

tra of 1 and 2 were also recorded in DMF-d, and
the correct integration gave 6H for the protons of
non-coordinated DMSO in 1, as required by the stoi-
chiometry and confirmed by X-ray diffraction. In the
case of 2, the integral of the signal in question cor-
responds to 3H, and thus the ratio between the com-
plex molecules and the non-coordinated DMSO is 2 : 1,
in accordance with the elemental analysis. The cou-
pling constants 3J(Pt-CH3(DMSO0)) of 1 and 2 lie in
the range of 15-18 Hz, and are by ca. 5 Hz smaller
than the typical values for other Pt(1l) DMSO com-
plexes [29b, 33f, 38, 46]. Distinct from 1 and 2, in the
spectrum of the Pd(Il) complex 3, only one DMSO

195p¢ satellites are shown.

signal is observed, a singlet at 2.54 ppm. It is well
known [47] that the Pd(ll) complexes are kinetically
much more labile than Pt(Il) species. Thus, the fast
exchange of the coordinated DMSO with DMSO-dg
molecules of the solvent makes the observation of its
signal impossible at ambient temperature.

13C NMR spectra. 2*C NMR spectroscopic data for
the ligands and complexes are collected in Table 5; the
spectra of H,PT -1/2H,0 and its complexes 2 and 3 are
depicted in Fig. 6. The assignments are in agreement
with the data for other chelate thiosemicarbazonato
complexes [13b,d, 14d,45] and for Pt(Il) sulfoxide
complexes [33f,37]. DEPT technique was applied to
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Compound CHs (CH3)2SO C=N

non-coordinated

(CH3)2SO
coordinated

COOH
(COO-M)

c=s
(C-5-M)

Table 5. 13C NMR chemical
shifts (6, ppm) for DMSO-dg so-

H,GT
1 40.5
HpPT-1/2H,0  12.2
2 15.0
3 15.4

131.6
142.3
138.8
152.5
154.1

45.6

40.4
40.42

45.6

164.3
174.6
164.9
174.0
172.2

179.5
181.8
179.9
179.0
177.6

lutions of HoGT, HoPT-1/2H,0
and their complexes.

@ QOriginating from the coordinated
DMSO after exchange with the sol-
vent.

CHg

41 40 39 38

100 75 50 25 0

5, ppm

200 175 150 125

DMSO

CHg

coord. DMSO

100 75 50 25 0
5, ppm

125

175

200

*

CHg

DMSO

)

75 50 25 0

150 125 100

175

200

8, ppm
Fig. 6. 13C{H} NMR spectra (62.89 MHz) in

DMSO-dg solutions with assignments: a) H,PT-1/2H,0;
b) [Pt(DMSO)(PT)]- 1/2DMSO (2); c) [Pd(DMSO)(PT)] (3).
The signal of the solvent, marked with asterisk, is given
in the expansions. The arrows in the expansions show the
signals of non-coordinated DMSO (see the text and Table 5).

confirm the assignments of the signals of CH and CH3
carbon atoms. The signal of the coordinated DMSO
appears in the spectra of the Pt(Il) complexes 1 and 2
at 45.6 ppm. Such a signal was not observed in the
spectrum of the Pd(I1) complex 3. The expansion of
the signal of the solvent (DMSO-dg) revealed an addi-
tional signal (at 40.5, 40.4 and 40.4 ppm for 1, 2and 3,
respectively) closely situated to the lowest-frequency
component of the septet (Fig. 6). These signals cor-
respond to free (non-coordinated) DMSO, and in the
case of the Pt(ll) complexes are due to the solvate
DMSO molecules. Because of the higher kinetic labil-
ity, the coordinated DMSO in the Pd(Il) complex 3 un-
dergoes much faster exchange with the solvent, com-
pared to the Pt(11) complexes. Thus, within the time of
the NMR experiment, the coordinated DMSO is almost
completely replaced by DMSO-dg, and the liberated
DMSO gives rise to the signal at 40.4 ppm. As far as
the signal of the coordinatad DMSO-dg is concerned,
its intensity should be distributed over seven lines and,
under the given conditions, such a signal should easily
be masked by the noise of the spectrum.

Infrared spectra

The assignment of the most important bands
in the IR spectra of the ligands and their com-
plexes is based on the data for H,GT [19,22] and
HyPT-1/2H,0 [25b,28a,44] and their metal com-
plexes, chelate Pt(Il) and Pd(ll) complexes with
tridentate thiosemicarbazonato ligands [13,14], free
DMSO [48,49] and its complexes with Pt(Il) and
Pd(Il) [33f, 36 —38, 40, 46]. Selected IR spectroscopic
data for H,GT, H,PT-1/2H,0 and the new complexes
are presented in Table 6. The OH stretching bands
of the carboxylic group in the free ligands have low
intensity, appear at quite low wave numbers and are
split into several components. All these features are
characteristic for systems with strong hydrogen bond-
ing [50], and have been observed by us for other com-
pounds, too [51]. Indeed, X-ray crystallographic study
of HoPT -1/3H,0 crystals [32] has revealed the COOH
groups to form very short H-bonds.
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Compound Assignment Table 6. Selected IR bands (v,
H.GT 1 HoPT-1/2H,0 2 3 cm~1) for HoGT, HoPT -1/2H,0
3431 m? v(H20) and their complexes in Csl.
3408s
3330 m 3361 m 3294 m 3360 sh 3329 m v(NH,), v(NH) # Notations: br — broad, ¢ — complex,
3288 m 3316m  3209m 3321lm  3276sh m —medium, s —strong, sh - shoulder,
3181m 3234m  3135sh 3179’5 3177 m w —weak, 6 —bending, v - stretching;
3190 m b see the text for an alternative assign-
3014 w 3012w 3003w 3020m  3019m  v(CH), v(CHa) ment.
2918 w 3000 m 2992 w
2912'm 2912 w
2800-2400 2800-2400 v(OH) of H-bonded
w, br, ¢ w, br, ¢ COOH
1706 s 1733s v(C=0) of COOH
1702 m
1666 s 1671s 1663 s Vas(COO) of COO-M
1636 s 1648 s 1626 5 1651's 1650 sh v(C=N),
1601 m 1632's 1611 sh 1605 m 1607 m 8(NHy), §(NH)
15255 1585 w 1516 5 1520 m 1522's
1515s 1492's 1488 m 1497 s 1506 m
1398 m 1402 m 1398 m Vvs(COO) of COO-M
1127 m 1122 s 1123s v(SO) of coord.
(CH3),S0P
841 m 801 m v(C=S) of HN-C=S
776 m 773 m 779 m v(C-S) of N=C-S-M
414 w 415w 420 w v(M-N)

A couple of strong bands, assigned to v45(COQ)
and vs(COO), appear in the spectra of the complexes
(1671-1663 cm~! and 1402-1398 cm~!, respec-
tively), as should be expected for a coordinated car-
boxylate group [19,22]. The thioamide band, which
has considerable v(C=S) character, undergoes a sig-
nificant low-frequency shift (22 -65 cm 1) upon com-
plexation, as it is typical for the TSC complexes
containing thiolato-coordinated sulfur [13,14,22b].
It is known [40,46] that compared to the free
molecule, the v(SO) stretching band of sulfur-
coordinated DMSO appears at higher frequency, a typ-
ical range for Pt(I1) and Pd(I1) complexes being 1115-
1150 cm 1 [33f, 36— 38, 40, 46], although a value of as
high as 1195 cm 1 has also been reported [52]. For the
spectra of the new complexes the bands at 1127, 1122
and 1123 cm~%, for 1, 2 and 3, respectively, might be
assigned to v(SO) vibrations of the sulfur-coordinated
DMSO. Such an assignment is however somewhat un-
certain because in the spectra of the free ligands there
is also a band in this interval. An alternative assign-
ment of these vibrations to the bands at 1180, 1153
and 1174 cm~%, for 1, 2 and 3, respectively, should
not be ruled out. In the IR spectrum of free DMSO
in the solid state, the v(SO) vibrations appear at 1037

and 1026 cm~1 [49a], so that the corresponding bands
of the non-coordinated (solvate) DMSO in 1 and 2
should be expected near this range. Their assignment
is however obstructed because of the overlapping with
the rocking bands of the CH3 groups. The bands in the
range of 420—414 cm—1, which have no correspond-
ing band in the spectra of the free ligands, could be as-
cribed to metal-nitrogen stretching vibrations [13, 14].
Some other extra bands which appear in the interval
of 400—355 cm~! could tentatively be attributed to
the metal-sulfur stretching vibrations (of the TSC and
DMSO ligand) [13, 14, 46].

The close resemblance in the NMR as well as IR
spectra of the three complexes suggests that all they
share the same molecular structure pattern.

Electronic spectra

Because of solubility limitations, DMSO was the
only suitable solvent for recording the spectra of the
complexes in the UV and visible region. For this rea-
son the range above 38000 cm ! remained inaccessi-
ble for investigation. The electronic spectral data for
the ligands and complexes are collected in Table 7. The
intense bands with maxima in the interval of 34000 -
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Table 7. Electronic spectral data for HyGT, H,PT-1/2H,0
and their complexes in DMSO solutions: wave numbers (v,
cm~1) and molar extinction coefficients (e, I mol~tem~1).

Compound Vv (g)
HoGT 32260 (10700)
1 30960 (14200), 25500 (500)

33000 (14100), 31500 sh? (10800)
31700 (17100), 30600 sh (15100), 25500 (800)
3 34000 (16000), 28400 sh (2700), 22600 sh (140)

@ sh — shoulder.

HzPT-l/ZHzo
2

30600 are due to intraligand transitions, and are ex-
pected to mask some of the d-d bands of the metal
chromophores. It is not excluded, however, that the
weaker bands with maxima at 25500 cm —* for 1 and 2
and at 22600 cm~* for 3 are due to d-d transitions. If
s0, most probably these are transitions to the lowest-
energy levels (correlating with some of the 3Eg, 3Ayg,
SBlg triplets for D4, Symmetry), strongly influenced by
spin-orbit coupling [53]. The intensity of the shoulder
observed in the spectrum of 3 at 28400 cm ~* suggests
charge-transfer or a combination of d-d and charge-
transfer transitions [13a, 14b].

Cytotoxic effects

The sensitivity of FAN leukemia cells to the ligands
and complexes was determined after 72 h incubation
with the compounds. Cisplatin (cis-[Pt(NH3)2Cl>])
was used as a positive control under the same con-
ditions. The quantitative comparison of the effects of
the compounds was made on the basis of the ICsq and
ECso values, representing the concentrations causing
growth inhibitory and high cytotoxic cell damaging
effects, respectively. The results are presented in Ta-
ble 8. The effect of the free ligands differs dramat-
ically: HoGT inhibits very strongly the cell growth
(being only twice less active than cisplatin), whereas
H,PT-1/2H,0 does not show any activity in concen-
trations up to 400 umol I~2. Since aldehydes are more
reactive and toxic than ketones, such a difference leads
us to suggest that under physiological conditions these
thiosemicarbazones undergo hydrolysis to the corre-
sponding carbonyl compounds.

All three new complexes do exhibit cytotoxic ef-
fects, but differ considerably in their activity. It should
be noted that the complexes 2 and 3, which originate
from the cytostaticaly inactive ligand appeared more
active than 1, derived from the strongly active ligand.
The most active is the Pt(Il) complex 2, showing an
ICso value ca. 5 times lower than that of its Pd(ll)
analogue 3, and about 13 times lower than that of the

Table 8. Growth-inhibitory (ICs?) and cytotoxic (ECsoP) ef-
fect of HoGT, HoPT-1/2H,0 and their complexes in F4N
leukemia cells after 72 h of drug exposure.

Compound 1Cs0, umol -1 ECso, umol -1
H,GT 3.0+0.8 9.1+15

1 122+12 219+29
H,PT-1/2H,0 > 400 > 400

2 95+2.0 16+ 1

3 50+8 143 +5
cis-[Pt(NH3)>Cl2] 1.4+06 > 10

@ Drug concentration reducing the number of viable cells by 50%;
b drug concentration causing the appearance of 50% dead cells.

platinum complex 1. The ICs value of complex 2 is
roughly 7 times higher than that of cisplatin in the par-
allel experiment.

The analysis of the growth curves revealed a signif-
icant difference between the new complexes and cis-
platin. Thus, for all three complexes (as well as for
the free ligands) the number of living cells progres-
sively decreases with the compounds’ concentration,
whereas cisplatin shows a clear concentration interval
of its cytostatic effect. The difference between highly
toxic (ECsp) and growth inhibitory (ICsp) concentra-
tions of the new complexes is about 2 —3 times, while
for cisplatin it is more than 7 times. This feature should
be attributed to the presumptive difference [14c, 15] in
the mechanism of cytotoxic action of the novel com-
plexes and cisplatin. The contrast between the high cy-
totoxicity of complex 2 and the inactivity of the above
mentioned Pt(ll) bis-chelate of the same ligand [28]
is noteworthy and demonstrates the importance of the
structural factor.

The new class of cytotoxic DMSO containing
thiosemicarbazonato complexes deserves further atten-
tion with respect to the spectrum of activity, as well as
the biochemical mechanisms of action.

Experimental Section

Sarting materials

K,PtCly, PdCly, glyoxylic acid monohydrate, pyruvic
acid, DMSO and the remaining reagents and solvents were
commercial products (purum or pro analysi) used without
purification. Prior to use, thiosemicarbazide was purified
with charcoal and recrystallized from water. Thiosemicar-
bazide hydrochloride was prepared according to Timken et
al. [24].

H,GT was obtained from glyoxylic acid monohydrate
and thiosemicarbazide in water [54,55] with 95% vyield.
M. p.: 166-168 °C (decomp.); literature m.p.: 165 °C (de-
comp.) [54], 169-171 °C (decomp.) [55]). HoPT-1/2H,0
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was prepared from pyruvic acid and thiosemicarbazide hy-
drochloride in water [24] with 80% yield. M. p.: 189 -190°C
(decomp.); literature m. p.: 189 °C [54].

cis[Pt(DMS0),Cl,] was prepared following Price et
al. [46]: A slight excess of DMSO (molar ratio 3:1), dis-
solved in water, was mixed with a filtered aqueous so-
lution of K,PtCly, and the reaction mixture was left at
r.t. overnight. The yellow needles obtained were filtered,
washed with water, ethanol and diethyl ether and dried
in vacuo. Yield: 85%. M.p.: 218—-222 °C (decomp.). In-
frared bands: v(S=0): 1156, 1133 cm™1, v(Pt-S): 450
(sh), 431 cm~1; literature: v(S=0): 1157, 1134 cm™1,
v(Pt=S): 450, 430 cm~1 [46].

Synthesis of the complexes

[Pt(DMSO)(GT)] -DMSO (1). 0.16 g (1.09 mmol) of
HoGT was dissolved in DMSO (2 ml); water (1 ml) was
added, and the solution was alkalized with aqueous KOH
to pH 4-5. This solution was added to a solution of 0.37 g
(0.88 mmol) cis-[Pt(DMSO),Cl;] in DMSO (3 ml); the re-
action mixture was left at r.t. for 1 h, and then diluted with
water to 70 ml, to produce a dark yellow precipitate. The
reaction mixture was left in a refrigerator overnight; the pre-
cipitate was filtered and washed with water and ethanol to
give 0.27 g (62%) of crude product which was then purified
as follows. The product was dissolved in DMSO (5 ml), the
solution was filtered, the filter washed with methanol (10 ml)
and the solution diluted with the same solvent (total volume
of methanol 21 ml). Benzene (32 ml) and n-hexane (45 ml)
were added and the solution left in a refrigerator overnight.
The precipitate was filtered and washed with ethanol and
diethyl ether. The product obtained (0.21 g) was again dis-
solved in DMSO (4.5 ml), filtered through a sintered glass
filter and the filter washed with DMSO (0.5 ml). Ethanol
(14 ml) was added to the filtrate, and yellow crystals began to
appear. Cyclohexane (6 ml) was added, and the solution left
in a refrigerator overnight. The crystals were filtered, washed
with ethanol and diethyl ether and dried in vacuo over P,Os.
Final yield of recrystallized product 0.13 g (30%). Well-
shaped crystals for X-ray diffraction analysis were obtained
by dissolving a sample (ca. 0.03 g) of the recrystallized prod-
uct in DMSO (1.5 ml), filtering the solution, washing the fil-
ter with DMSO (1 ml) and adding n-propanol (2.5 ml). The
solution was left in a refrigerator, and after 1 week the yel-
low prismatic crystals were collected on a filter and dried as
above.

[Pt(DMSO)(PT)] - 1/2DMSO (2). 0.16 g (0.94 mmol) of
H,PT-1/2H,0 was dissolved in DMSO (2.5 ml); water
(1.5 ml) was added, and the pH adjusted to 5-6 (KOH).
The solution obtained was added to a solution of 0.31 g
(0.73 mmol) of cis-[Pt(DMSQ),Cl,] in DMSO (4 ml); the
reaction mixture was left at r.t. for 0.5 h, diluted with

water to 110 ml and left in a refrigerator overnight. The
orange-yellow precipitate was filtered and washed with wa-
ter, methanol (2 ml) and diethyl ether. Yield: 0.28 g (81%).
The crude product was dissolved in DMSO (1.7 ml), the solu-
tion was filtered, and the filter washed with the same solvent
(1.5 ml). Methanol (4.5 ml), diethyl ether (3 ml) and cyclo-
hexane (2 ml) were added to the filtrate, which was left in a
refrigerator for 2 days. The yellow fine needles were filtered
through a sintered glass filter, washed with diethyl ether and
cyclohexane and dried in vacuo over P,Os. Yield of recrys-
tallized product: 0.17 g (49%).

[PA(DMSO)(PT)] (3). 0.21 g (1.18 mmol) PdCl, was dis-
solved in DMSO (12 ml) upon heating (70-80 °C) and the
solution was filtered. 0.26 g (1.53 mmol) of HyPT-1/2H,0
was dissolved in DMSO (2 ml), than water (3 ml) was added,
the solution was alkalized to pH 8-9 (KOH) and added to
the solution of PdCl, at 30—35 °C. After 15 min the solution
was gradually diluted with water to 100 ml. The yellow pre-
cipitate obtained was filtered and washed with water, ethanol
and diethyl ether. Yield: 0.35 g (86%). The product was dis-
solved in DMSO (7 ml) and the turbid solution was filtered
through three-fold dense filter paper. The filters were washed
with DMSO (10 ml) and ethanol (30 ml), then cyclohexane
(15 ml) was added and the filtrate was left in a refrigerator
overnight. The yellow precipitate was filtered, washed with
ethanol and diethyl ether and dried in vacuo over P,Os. Yield
of purified product: 0.19 g (47%). Upon heating the com-
plexes 1—3 decompose, but do not melt up to 300 °C.

X-ray crystallography

The crystal of 1 was mounted on a glass fibber and flash-
frozen to 100 K (Oxford Cryosystem-Cryostream Cooler).
Preliminary examination and intensity data collection were
carried out using a KM4-CCD diffractometer and graphite-
monochromated Mo-K, radiation generated from a diffrac-
tion X-ray tube operating at 50 kV and 35 mA. The data
were corrected for Lorentz and polarization effects. Ab-
sorption corrections were performed for the intensity data
(Tmin = 0.137 and Tmnax = 0.385) [56]. The images were
indexed, integrated, and scaled using the CrysAlis data re-
duction package [56]. The structure was solved by direct
methods (SHELXS97) and refined by the full-matrix least-
squares method on all F2 data (SHELXL97) [57]. All hydro-
gen atoms were found in a AF map and were refined. Crystal
data and details of data collection and refinement procedure
are collected in Table 9.

Analyses and spectra

Melting points (uncorrected) were determined with a
Boetius heating-plate microscope. Electric conductivities
were measured at 32 °C in DMSO (Fluka, puriss. p.a.,
A=1-108Q"1 cm1) using a Hydromat conductivity-
meter. — The elemental analyses were performed according
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Table 9. Crystal data and structure refinement for com-

plex 1*.

Empirical formula C7H15N304PtS;3

M 496.48

T [K] 100(2)

A [A] 0.71073

Crystal system orthorhombic

Space group Pnma (No. 62)

a[Al 12.941(3)

b [A] 7.108(2)

c[A] 15.148(3)

V [A3] 1393.4(6)

z 4

Dealcd [g cm73] 2.367

u [mm~1] 10.528

F(000) 944

Crystal size [mm] 0.09 x 0.08 x 0.05

6 Range for data collection [deg] 3.12-26.00

Limiting indices h,k;| —14 <h< 15,
—-8<k<8,
—-17<1<18

Reflections collected 14925

Independent reflections 1479

Rint 0.0491

Data / parameters 1479 /137

Goodness-of-fit (F2) 1.159

Final Rindices (I > 2o (1))
R Indices (all data)
Extinction coefficient 0.00099(7)

Largest diff. peak/hole [e.A—3] 0.733/—0.907

* Crystallographic data for the structure have been deposited with the
Cambridge Crystallographic Data Centre, CCDC-293648. Copies of
the data can be obtained free of charge on application to The Di-
rector, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: int.
code +(1223)336-033; e-mail for inquiry: fileserv@ccdc.cam.ac.uk).

Ry = 0.0154, wR, = 0.0320
Ry = 0.0167, wR; = 0.0325

to standard microanalytical procedures (Faculty of Chem-
istry, St. Clement Ochridsky University of Sofia, and Fac-
ulty of Chemistry, Wroctaw University). — NMR spectra
were registered on a Bruker DRX-250 spectrometer oper-
ating at 250.13 MHz for the 1H spectra and at 62.89 MHz
for the 13C{1H} spectra. DMSO-dg and N, N-dimethylform-

amide-d; were used as solvents and tetramethylsilane as in-
ternal standard. — Infrared spectra were recorded in the solid
state as Csl disks (4000-150 cm~1) and as nujol mulls
(4000-400 cm~1) on a Bruker IFS 113 spectrophotometer,
the different modes of sampling giving no significant differ-
ences. — Electronic spectra in DMSO solutions were regis-
tered using JASCO V-570 or Beckman DU-650 spectropho-
tometers.

Cytotoxicity studies

Mouse erythroleukemic (MEL) cells, clone F4N [58]
were cultured in Dulbeco’s modified Eagle medium (Gibco,
Grand Island, NY) supplemented with 10% calf serum, under
5% CO, atmosphere at 37 °C, and passed every day at a con-
centration of 5- 10° cells/ml. The compounds were dissolved
immediately before use in DMSO to obtain stock solutions of
different concentrations. The final concentration of DMSO
in the medium was 1% and did not affect the cell growth.
Exponentially growing cells (0.5 - 10°% cells/ml) were incu-
bated in triplicate with increasing concentrations of the test
compounds in 96-well microtiter plates. After 72 h of drug
treatment the cells were counted haemocytometrically. The
number of dead cells was determined by staining with trypan
blue. The arithmetic mean and standard deviation of at least
three determinations were calculated. The 50% growth in-
hibitory concentration (1Csg) was defined as the drug concen-
tration required to reduce the number of living cells by 50%,
compared to untreated control, and the 50% effective con-
centration (ECsg) — as the drug concentration causing the ap-
pearance of 50% dead cells, compared to initial amount of
cells.
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