Asian Journal of Chemistry Vol. 9, No. 2 (1997), 239-246

Synthesis, Characterization and Cytotoxic Activity of New Plat-
inum(II) Complexes with Some Nitrogen Containing Ligands,
Part (2): With 3,5-Dimethylpyrazole

TALAL A K. AL-ALLAF*!, LUAY J. RASHAN*?, RULA F. KHUZAIE
and
WAFIQ F. HALASEH*

1. Department of Chemistry, College of Science, 2. Department of Biology, College of
Education, University of Mosul, Mosul, Iraq. 3. Faculty of Medical Science, Applied Science
University, 11931, Amman, Jordan, 4. Central Lab., Al-Husien Hospital, Ministry of Health,

Sult, Jordan

New platinum(II) complexes of the general formula cis-
[PtLL'X;], where L = L’ = 3,5-dimethylpyrazole, X = 0.5 C;04 or

- 1

0.5 05(CO),C—CH3CH,;CH,CH; or O(CO)CgH,; and L = 3,5-
dimethylpyrazole, L’ = DMSO, X = Cl, have been prepared as
analogue to so called cisplatin, carboplatin (paraplatin) and ox-
aliplatin; the known, anti-cancer drugs. The complexes obtained
have been characterized physico-chemically and spectroscopically.
The cytotoxic activities of these complexes have been studied
against Hep-2, HeLa, RD, Lyop, BGM and Vero cell lines using the
MTT-colorimetric assay. These activities were compared with
cytotoxic activities of -three reference standards: the cisplatin,
carboplatin and oxaliplatin complexes. The significance of the re-
sults obtained is discussed.

INTRODUCTION

We have presented in part (1) of this work' a brief historical view about the
biological activities of platinum complexes with some nitrogen containing
ligands. In this part, we are presenting the synthesis and properties of new
platinum(II) complexes of 3,5-dimethylpyrazole (Scheme 1), and their cytotoxic
activities against six cell lines in vitro.

EXPERIMENTAL

The 'H and '*C NMR spectra were recorded at the University of Jordan,
Amman, Jordan, on a Bruker-DPX 300 MHz spectrometer, using CDCl; as a
solvent with TMS as an internal standard. IR spectra were recorded on a
Perkin-Elmer FT IR spectrometer using KBr discs in the range 4000400 cm™".
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Preparation of Starting Materials

The compounds K,PtCl,, oxalic acid, cyclohexylcarboxylic acid and
1,1-cyclobutyldicarboxylic acid were commercial products (Fluka) and used without
further purification. The compounds 3,5-dimethylpyrazole and cis-[Pt(DMSO),Cl,]

were prepared as described previously’. The complexes [Pt(DMSO),C,0,],

1
cis-[Pt(DMS0),(OCOCgHy,),] and [Pt(DMSO),{O,(C0O)»C—CH,CH,CH,CH,}]
were prepared in our laboratories’.
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Scheme 1. The new platinum(II) complexes (1-4) prepared in this study and
screened against six tumour cell lines.

Preparation of the Complexes

The new platinum complexes (Scheme 1) were prepared as follows:
Cis-[Pt(Pyrazole),C,04] (1)

The complex cis-[Pt(DMSO),C,0,] (0.44 g, 1.0 mmol) was suspended in a
mixture of 1:1 water/ethanol (20 mL) and 3,5-dimethylpyrazole (0.25 g, 2.6
mmol), was dissolved in ethanol and added to the suspension. The reaction
mixture was heated with stirring until all solid had gone into solution; this step
took about 30 min. The solution was taken to dryness and the solid thus obtained
was washéd several times with ether (to remove the excess pyrazole) and dried
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under vacuum at 80°C for several hours. The product obtained is pure enough
for further purposes. Yield is 0.24 (50%).

I 1
Cis-[Pt(Pyrazole)2{02(C0),C—CH,CH,CH,CH,}] (2)

|
_ The complex [Pt(DMSO),{ 0,(C0O),C—CH,CH,CH,CH,}] (0.5 g, 1.0 mmol)
was suspended in chloroform (20 mL) and 3,5-dimethylpyrazole (0.25 g, 2.6
mmol) was dissolved in chloroform (10 mL) and added to the suspension. The
reaction mixture was gently heated for ca. 30 min with stirring until all solid had
gone into solution. The mixture was filtered through celite and the clear filtrate
was taken to dryness. The residual oil was washed several times with ether and
dried under vacuum at 80°C for several hours to give an off-white solid. The
product obtained is pure enough; nevertheless, it can be recrystallized from
chloroform/ether. Yield is 0.38 g (72%).

Cis-[Pt(Pyrazole)(DMSO)Cl,] (3)

The complex cis-[Pt(DMSO),Cl,] (1.1 g, 2.6 mmol) was suspended in DMSO
(7 mL) and 3,5-dimethylpyrazole (0.25 g, 2.6 mmol), was dissolved in DMSO
(5 mL) and added to the suspension. The reaction mixture was gently heated for
few minutes until all solid went into solution. After cooling to room temperature,
0.1IN HCI was added until the solution became turbid. The product was extracted
from the mixture with chloroform (ca. 100 mL) and the extr-.:t was dried over
anhydrous Na,SO,. Evaporation of all chloroform left an oily material; it was
washed several times with ether and dried under vacuum. The 'H and 'C NMR
spectra of the product comprise the presence of two complexes with 70% and
30% proportions; identified the latter were to be the cis- and trans- isomers of
the complex [Pt(DMSO)(Pyrazole)Cl,]. The product was recrystallized several
times from chloroform/n-hexane until removal of all the trans- isomer.

Cis-[Pt(Pyrazole),{O(CO)CgHyy}2] (4)

The complex cis-[Pt{DMSO),{O(CO)C¢H,;},] (0.6 g, 1.0 mmol) was dis-
solved in chloroform (15 mL) and 3,5-dimethylpyrazole (0.25 g, 2.6 mmol) was
dissolved in chloroform (5 mL) and added to the above solution. The reaction
mixture was allowed to stand at ambient temperature for ca. 30 min; then all
chloroform was evaporated until dryness to leave an oily material, which was
washed with small portions of ether and dried under vacuum. The 'H and '>C
NMR spectra of the product comprise the presence of two complexes with 88%
and 12% proportions. The latter was identified to be the cis and trans- isomers
of the complex [Pt(pyrazole),{O(CO)C¢H,;},]. The product was purified by
extraction of the mixture several times with n-hexane (ca. 200 mL), in which all
the trans- isomer had gone into solution, while the cis- isomer remained as
insoluble solid. This was collected by filtration and dried under vacuum at 80°C
for several hours. Yield is 0.3 g (50%). )
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Biological Methods

(1) Complexes: The four complexes, 1-4 (Scheme 1) were dissolved in 10%
DMSO. Three serial dilptions of 0.1, 1.0 and 10.0 pg/mL were used and millipore
(0.2 nm) filtered under laminar flow conditions.

Reference standards (cisplatin and carboplatin) were purchased from Bristol
Myers (USA) and oxaliplatin was perpared, characterized and purified (HPLC)
in our laboratories’. 7

(2) Cell lines: Hep-2 (human carcinoma of larynx), HeLa (human cervical
carcinoma), RD (human embryonal rhabdomyosarcoma), Loz (mouse L-cells
containing human polio-virus receptors*), BGM (African green monkey kidney
cells) and Vero (African green monkey kidney cells) were kindly supplied by
Dr. M. Abdul-Majeed, Al-Basheer Hospital, Amman, Jordan. All cells except
L,og and Vero cells were maintained in Minimum Essential Medium (MEM)
and supplementecd with 5% fetal calf serum (ICN-Flow Laboratories, UK),
L-glutamine and antibiotics (100 units of penicillin and 100 pg mL™' of
streptomycin). L,g cells were maintained in Dulbecco’s MEM (DMEM) (Sigma
Chemical Co., USA) and supplemented with 10% fetal calf serum and antibiotics.
Whereas Vero cells were maintained in Medium-199 (Sigma Chemicals Co.,
USA) and supplemented with 5% fetal calf serum and antibiotics.

(3) Cytotoxicity tests: MTT  (3-[4,5-dimethylthiazol-2-yl}-2,5-diphenyl-
tetrazolium bromide) colorimetric assay was performed in a 96-well plate> . The
above cell lines (1 x 10® cells mL™") were seeded in each well with 100 pL of
growth medium and 10% fetal calf serum and antibiotics. After overnight
incubation (37°C, 5% CO,), 10 UL of the sample solution was added to each well
and incubated for 72 h. Then 10 uL of MTT (5 mg mL™") was added to each well
and the plates were incubated for a further 4 h. Later, 25 L of 10% SDS-0.01
M HCI solution was added to each well. The optical density was recorded using
a microplate reader at 540 nm. Three separate sets of controls containing the
solvents (10% DMSO) were used in each plate. The ICsy (ug mL™") was
calculated using the probit test.

RESULTS AND DISCUSSION

The physical properties of the pyrazole ligand and its complexes [PtLL’X,]
(Scheme 1) are listed in Table-1 and their 'H and '*C NMR data are listed in
Tables 2 and 3, respectively. —

Reaction of CiS-[P((DMSO)ZX2], X=0.5 C204, 0.5 O;_(CO)zC—CH2CH2CH2CH2,
O(CO)-Cg¢H,; with two moles of 3,5-dimethylpyrazole (L) leads to a complete
displacement of DMSO and affords set of complexes of the general formula
[PtL,X,]. In the case where X = Cl, the reaction leads to the formation of a mixture
of several complexes and attempts to identify them were unsuccessful, while the
reaction of cis-[Pt(DMSO),Cl,] with one mole of the pyrazole ligand leads to the
formation of a mixture of both, the cis- and trans- isomers with 70% and 30%
proportions, respectively. The remaining DMSO molecule in [Pt(DMSO)LCI,]
was identified by IR and 'H and '*C NMR spectroscopy (Tables 1-3).

In the case where X = O(CO)—CgH/,, the reaction again leads to the formation
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of both, the cis- and trans- isomers with 88% and 12% proportions, respectively.
Removal of the trans-isomer out of the products 3 and 4 (Scheme 1) was carried
out by the successive crystallization of the product as mentioned in the experimen-

tal part.

IR Spectra

The routine IR spectral measurements were carried out using KBr discs. The
spectral data of the free ligand were recorded for comparison with those of the
complexes prepared. Some characteristic bands due to N—H, C=C, C=N
stretching frequencics of the free ligand were shifted to either higher or lower
values, i.e., no systematic variations, assigning a coordination of the ligand with
platinum (Table-1). Other band appearing at ca. 1710 cm™ for complexes 1, 2
and 4 is clearly attributed to v(C==0) of the carboxylato groups. Additional bands
due to other functional group’s stretching frequencies were also observed.

NMR Spectra

The 'H NMR spectral data of the free pyrazole showed one single signal for
the two methyl groups, i.e., they have the same environments, due to the fact that
this moiety exists in the following two tautomeric forms:

4 4
HC —X7 - CH, —-——*mciﬁs’- CH,
1 /2 1 2
N— N N—N
H H

M @)

Similarly, the '3C NMR spectral data of this ligand showed single signal for
the carbon atom of both methyl groups, as well as single signal for carbon-3
and-5, again because both methyl groups and both carbon-3 and-S have the same
environments.

Upon coordination with platinum, most possibly, via the quaternary mnitrogen
of the ligand (nitrogen atom bearing no hydrogen), the two tautomeric forms
become one and hence the two methyl groups will then have two different
environments. This is clear from the '"H NMR spectral data of all the complexes
prepared (Table-2), in which two characteristic signals for both methyl groups
were shown and the broad signal of the NH groups of the free ligand was shifted
downfield by 1.5-4.5 ppm, upon coordination. This significant shift of the NH
group was occured due to an inductive effect caused by the coordination of the
adjacent nitrogen with platinum.

Similar results were observed with the '*C NMR spectral data, in which the
methyl groups showed two well defined signals and C-3 and C-5, also, showed
‘two differentiated signals upon coordination (Table-3). The higher chemical shift
value obtained is assigned to the methyl group attached to the nitrogen atom
coordinated to platinum. Other carbon atoms of the pyrazole moiety and of the
carboxylato groups are also recorded and assigned’ (Table-3).



Asian J. Chem.

244 Al-Allaf er al.

“Ajeandadsar ‘sjeuss 1ordnnu pue jo3utenb oqdin 99[3uts 105 oxe w ‘b 4 ‘s uoneIAS1qqY 1USA]OS © SB DD SuIst ‘SN Ul WOl PlaJumo(

(HID W L0Z-8T'] (HD s O1°€l HDSSL'S  (HE) S 8Y'€ “(HE) S00°E (-suva)
(HID w 01'Z-0¢'1 — — (HD s 06'¥1 (HDsOLS (HE)S €47 “(HE) S 8TT (-s19)
04T (H9) s S6°¢ (HD s LO'1T (HDs06'S (HE)S6Y'T “(HE) S0TT (-supa1) ¢
$HT (H9) s 05°€ (HDsoLTI (HDs06'S (HE)SEST(HE) SOI'T (-s19) ¢
ZHO'S=[‘(H¥10LT(HT) bozT (HD s 0Tl (HDs08S (HE)SOV'T ‘(HE) S8TT z
(HD) S 08°€1 (HDSSL'S  (HE)SSET(HY SHTT I

(HD s 0£°01 (HDs08'S (H9) s LTT puedi 2014

srelAxoqey (HOSMdge)E (D) (HN)® (HOX® (FHDXQ punoduios

OSWA (1) puediy ajozeskdjAyiounp-g*¢ () puesr]

SHXATINOD IDWNNLLVTd 4O (zH ) SINVLISNOD DNITNOD NOLOYd-WNNILLY 1d ANV «(wdd @) SIAIHS TVYIIWIHD NOLOYd
[Acgt:A AR

‘spueq Jop[noys ‘ys ‘Suons ‘s ‘WnIpaw ‘w ‘peoiq ‘q :eiep Y[ 104 °q

"OSINA P2IRUIPIo0d Jo (O==S)A 01 paudisse pueq Suong o
"pauleIqo dIom SasA[eue [eIuswIld KI0108jshes ‘e

I¥L 096 “9LOT ‘10T1 ‘OTET ‘0TH!1 S 9¢ST SPeSt W LILT wovie 017-90¢ amm (s)y
018 °9T01 “TT11 ‘;0€T1 ‘00TI “€6T1 ‘911 S 98yl S T8S1 - q ‘w GBI PLI-P91 Aawm-go (1) ¢
008 “STOI ‘0STI ‘612 ‘SOET ‘Ol ¥I S LEST S86ST W GTLI W OETE “OTE 8S1-8¥1 AYM-JO [4
018 ‘TLOT ‘S611 ‘0T ‘S80I S 8¢S S08S1 SYOL1 W LETE “POTE 00¢< AYM-JO I
€68 ‘0€01 ‘PSTT “bOET ‘vl S98p1 Us ‘s ¢'€651 - q ‘w 00TE 201-001 aNym-JJO  puediy 2014
(s19g10)A (N=D)A (O>=Dn (0=D)A (H—NA (22qQ)
30 dw 10[0D) - punoduto)

(|- w2)) spueq Y1 pa1%ales

«SIXTTINOD (IDWNNILLVd ¥O SALLIAdOdd TVIISAHd

[-4T4VL



Vol. 9, No. 2 (1997) Pt(Il) complexes with 3,5-dimethylpyrazole 245

TABLE-3
CARBON-13 NMR DATA, &(ppm)* AND J(HZ) FOR PLATINUN(il) COMPLEXES

Ligand (L) Ligand (L") .
. ] Carboxylate
Compund 3,5-dimethylpyrazole DMSO
8CH;) &CH) 8C—CHy) 8(CHs) 2)('%pr-s-Pc) 8C0) O (others)
Free ligand  12.1 104.0 1443
1 11.0, 106.0 144.0, 170.0
13.7 150.5
2 11.0, 165.4 143.6, 179.0 16.9 (CHy),
13.7 150.1 30.1 (CHp),,
40.9 (C)
3 (cis-) 11.0, 106.1 143.0. 448 48.0
14.7 150.2
3 (trans-) 11.0, 106.6 143.0, 43.7 46.5
14.2 151.0
4(cll\'-)b 1.1, 105.1 143.5, — — 183.2 46.7 (C-1),
13.7 149.5 30.5(€-2),
26.2 (C-3),
26.4 (C-4)

a. Downfield from internal TMS using CDClj3 as a solvent.
b. Signal to noise ratio is not sufficient to assign the trans isomer.

Cytotoxicity evaluations:

The cytotoxic activities of these complexes against the different cell lines used
in the present study, compared with the reference standards are illustrated in
Table-4. It is evident that all of the complexes showed no cytotoxic activities
against all cell lines at the concentrations used, except complex 2. This complex
showed moderate activity against one cell line only, i.e., Hep-2; its ICsy value
was 2.1 ug mL™". However, this activity is somewhat significant when compared

TABLE-4
CYTOTOXIC ACTIVITIES OF PLATINUM(II) COMPLEXES WITH STANDARD
REFERENCES AGAINST DIFFERENT TUMOUR CELL LINES

ICso (g mL™")

Complex

‘ Hep-2 HeLa RD Laos BGM Vero
1 >10 >10 >10 >10 >10 >10
2 2.1 >10 >10 >10 >10 >10
3 (cis-) >10 >10 >10 >10 >10 >10
4 (cis-) - >10 >10 >10 >10 >10 85
Cisplatin 1.8 55 >10 >10 >10 8.0
Carboplatin >10 >10 >10 >10 >i0 >10

Oxaliplatin 8 9.0 >10 >10 >10 >10
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with the ICs; value of reference standards (cisplatin, carboplatin and oxaliplatin;
their ICs, values were 1.8, > 10 and 8.0 pg mL ™, respectively) against the same
cell line.

It is obvious that the moderate activity exhibited by complex 2 only against
Hep-2 in comparison with the remaining complexes could be attributed to the
nature of the complex itself. Yet, further invivo tests in animal models are
necessary to confirm this activity.
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