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Synthesis, Characterization and Cytotoxic Activity of New
Platinum(II) Complexes with some Nitrogen Containing
Ligands, Part 1: With B-Carboline Alkaloids

TALAL A.K. AL-ALLAF*, LUAY J. RASHANT, RULA F. KHUZAIE$ and

WAFIQ F. HALASEH**
Department of Chemistry, College of Science
Applied Science University, 11931, Amman, Jordan

New platinum(ll) complexes of the general formula cis-[PtLL'X2},
where L =harmaline, harmine; L’=DMSO, 3,5-dimethylpyrazole,
cyclohexylamine and X; = Cly, OZ(CO)zés—CH2CH2CH2(EH2, C,04 have
been prepared as analogue to so called cisplatin, carboplatin (paraplatin)
and oxaliplatin, respectively. These complexes have becer characterized
physico-chemically and spectroscopically. The cytotoxic activities of these
complexes have been studied against Hep-2, HeLa, RD, L20B, 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 these
results is discussed.

INTRODUCTION
An extensive research, on the synthesis and biological activity on platinum
complexes, was done after the discovery of Rosenberg et al.' that cisplatin, cis-
[Pt(NH3),Cl;], has a potent activity against tumour cells. There have been a large
number of platinum complexes screened thereafter against certain types of tumour
cell lines. Some of these complexes were “already drugs, e.g., carboplatin,

[Pt(NH3)2{OZ(CO)Zé—CHZCHZCHzéIHZ}]Z; others were under filling, e.g.,
oxaliplatin® and still others were under various stages of pre-clinical and clinical
trials®,

As a continuation of our comprehensive investigation on the synthesis of metal
complexes, e.g., platinum complexes with various donating ligands®® and their
biological activity as anti-tumour agents’™'?, we are presenting here the synthesis
and properties of new platinum(Il) complexes of some B-carboline alkaloids
(Scheme 1), and their cytotoxic activities against six tumour cell lines in vitro.

EXPERIMENTAL
The 'H NMR spectra were recorded at Yarmook University, Irbid, Jordan, on
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a Bruker-WH 80 DS spectrometer, using CDCl; or DMSO-dg as solvents with
TMS as an internal standard. IR spectra were recorded on a Perkin-Elmer FT IR
spectrometer using KBr discs in the range 4000-400 cm™'. Analysis of the
complexes was done by Atlantic Microlab., Inc., Norcross, Georgia-30091 (USA).

Preparation of starting materials

. The compounds K,PtCly, harmaline, harmine, cyclohexylamine, 1,1-cyclo-
butyldicarboxylic acid were commercial products (Fluka) and used without
further purification. The compounds 3,5-dimethylpyrazole and cis-

[Pt(DMSO),Cl,] were prepared as described in our previous work®. The com-
plexes [Pt(DMSO0),C,04], [Pt(DMSO)z{OZ(CO)Zé——CHZCHzCHZéHz}] and
cis-[Pt(DMSO)(harmaline)Cl,] were prepared in our laboratories'*.

SCHEME |
THE NEW PLATINUM(1l) COMPLEXES (1-5) PREPARED IN THIS STUDY AND
SCREENED AGAINST SIX TUMOUR CELL LINES
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C3-C4, (Harmaline)
C3=C4, (Harmine)

(1) L =Harmaline, L’ = DMSO, X, = 0(C0),—CH,CH,CH,CH,

(2) L =Hamine, L’ = DMSO, X, = 0(C0),{—CH,CH,CH,CH,
(3) L =Harmaline, L’ = DMSO, X, = C,0,

(4) L = Harmaline, L’ = 3,5-dimethylpyrazole, X = CI~
(5) L =Harmaline, L'= cyclohexylamine, X = CI~

Preparation of the complexes
The platinum complexes (Scheme 1) were prepared as follows:
Cis-[Pt(DMSO)(harmaline) {Oz(CO)zé—CHZCHZCHZEHz}] @/

The complex cis-[Pt(DMSO)z{OZ(CO)Z(E——CHZCHZCHZEHZ}] (1.15 g, 2.3
mmol) was suspended in chloroform (50 mL) and harmeline (0.50 g, 2.3 mmol)
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was added at once and the reaction mixture was heated under reflux for ca. 2 h,
during which time the mixture became a clear yellow solution, then turned turbid.
This was filtered and the small amount of solid remains on the filter paper was
washed with chloroform (25 mL). Chloroform was evaporated until the volume
became ca. 20 mL, then n-hexane was added to the point of turbidity. The yellow
solid thus formed was filtered off, washed with n-hexane and dried under vacuum
for several hours. The product is pure enough for further purposes; nevertheless,
it can be recrystallized from chloroform/n-hexane. The yield is not less than 70%.

Cis-[Pt(DMSO)(harmine) {Oz(CO)zé—CHZCHZCHzéﬂz}] 2)

The complex cis-[Pt(DMSO)Z{02(C0)26~CH2CH2CH2éH2}] (1.15 g, 2.33
mmol) was added in portions to a hot solution of harmine (0.50 g, 2.35 mmol)
in ethanol (100 mL) and the reaction mixture was heated under reflux for ca. 2 h,
during which time, all the solid had gone into solution, then turned turbid with
some solid. On cooling to room temperature, the off-white solid was filtered off,
washed with small portions of ethanol, then with n-hexane and dried under
vacuum for several hours. The product can be recrystallized from large amount
of ethanol. The yield is not less than 70%.

Cis-[Pt(DMSO)(harmaline)C204] (3)

This was prepared by a similar method to that of complex (1) above, by treating
the complex cis-[Pt(DMSO),C,0,] (1.10 g, 2.5 mmol) with harmaline (0.53 g,
2.5 mmol) in chloroform (100 mL). The yellow product thus precipitated was
filtered off, washed with n-hexane and dried under vacuum for several hours. The
yield is above 70%.

Cis-[Pt(Pyrazole)(harmaline)Cl,] (4)

A solution of 3,5-dimethylpyrazole (0.10 g, 1.0 mmol) in chloroform (10 mL)
was added to a suspension of the complex cis-[Pt(DMSO)(harmaline)Cl,] (0.56 g,
1.0 mmol) in chloroform (20 mL). The reaction mixture was gently heated until
no solid was left. The mixture was filtered through celite and the clear yellow
solution was evaporated until the volume became ca. 5 mL and ether was added
to the point of turbidity and the mixture was left in the refrigerator for overnight.
The solid thus obtained was filtered off, washed several times with ether and dried
under vacuum at 80°C for several hours. The yield is 0.5 g (87%).

Cis-[Pt(CcH i NH;3)(harmaline)Cl,] (5)

This was prepared by a similar method to that of complex (4) above, by treating
the complex cis-[Pt(DMSO)(harmaline)Cl,] (0.56 g, 1.0 mmol) with cyclohexyl-
amine (0.15 g, 1.5 mmol) in chloroform (30 mL). After heating of the mixture
for few minutes, it was taken to dryness and the yellow oil thus obtained was
treated with ether under vigorous stirring until complete solidification. The solid
formed was separated by decantation, washed several times with ether and dried
under vacuum for several hours. The product is pure enough for further purposes,
nevertheless, it can be recrystallized from chloroform/ether. The yield is ca. 50%.
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Biological Methods

(1) Complexes: The five complexes, 1-5 (Scheme 1) were dissolved in 10%
DMSO. Serial dilutions 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 :)xaliplatin was
prepared, characterized and purified (HPLC) in our laboratories'*.

(2) Cell lines: Hep-2 (human carcinoma of larynx), HeLa (human cervical
carcinoma), RD (human embryonal rhabdomyosarcoma), L20B (mouse L-cells
containing human polio-virus receptors”), BGM (African green monkey kidney
cells) were kindly supplied by Dr. M. Abdul-Majeed, Al-Basheer Hospital,
Amman, Jordan. All cells except L20B and Vero cells were maintained in
minimum essential medium (MEM) and supplemented with 5% fetal calf serum
(ICN-Flow Laboratories, UK), L-glutamine and antibiotics (100 units of penicillin
and 100 pg mL™" of streptomycin). L20B 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-diphenyltetra-
zolium bromide) colorimetric assay was performed in a 96-well plate's' 16 The
above cell lines (1 x 10° cells mL™") were seeded in each well with 100 UL 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 puL 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 ICs, (ug mL™') was
calculated using the probit test.

RESULTS AND DISCUSSION

The physical properties of the complexes cis-[PtLL’X,] (Scheme 1) are listed
in Table 1 and their '"H NMR data are listed in Table-2. The reaction. of

CiS-[P((DMSO)2X2], X2 =C|2, C204, Oz(CO)z(E~CH2CH2CH2éH2 with one
mole of the B-carboline alkaloid (harmaline or harmine) affords a good type of
complex intermediates, in which the alkaloid displaces one DMSO molecule and
coordinates with platinum in 2 monodentate fashion via the most reactive donating
site, i.e., N? (Scheme 1). The remaining DMSO molecule in the complex
intermediates (1-3) was identified by its v(S=0) IR absorption band, which
appeared clearly at 1140 cm™, assigning S-bonding with platinum'®. Further
support for this argument, is the proton signal appearing in the 'H NMR spectra
at §=3.3 ppm with 3J('"¥Pt—S—C—'H) =24 Hz, assigning the presence of
DMSO in the complex with S-bonding®. The most interesting feature with the
remaining DMSO in the complex is that the proton chemical shift of NH group
in the alkaloid moiety showed significant downfield shift when measured in
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SCHEME 2
THE SUGGESTED STRUCTURE FOR COMPLEXES 1, 2 AND 3 (BUT WITH
OXALATO GROUP), SHOWING THE HYDROGEN BONDING
BETWEEN O OF DMSO AND H OF NH GROUP

. Pt

. AN
0o—C
0\\3/ I

Hy” \CH;

CDCl, (ca. 8.0 ppm in the free alkaloid and ca. 11.5 ppm in its platinum complex).
This means that DMSO molecule had been intramolecularly interacted with H of
NH group via. its oxygen atom by hydrogen bonding (Scheme 2), just like the
intermolecular interaction occurring between the free alkaloid and DMSO when
the 'H NMR of the latter was measured in DMSO-dg (8(NH) = 12 ppm)°.

On the contrary, this phenomenon was not observed in the complex cis-
[Pt(alkaloid)(DMSO)Cl,] in which 8(NH) = 8.5 ppm (in CDCl3)"*. This may be
due to the fact that carboxylato group in complexes 1-3 influences the complex
to have the cis-isomer with smaller N—Pt—S bond angle compared to that when
Cl, is used instead of carboxylato group, i.e., more freedom for the Cl,-complex
to have larger N—Pt—S bond angle and in turn makes the distance between O
atom of DMSO and H of NH larger, and hence weakening the hydrogen bond
thereafter.

However, the remaining DMSO in the complexes 1, 2 and 3 could well be
displaced by a stronger ligand, i.e., pyrazole or cyclohexylamine to give the final
complexes cis-[PtLL’Cl,], such as complexes 4 and 5 (Scheme 1), which can be
prepared from cis-[Pt(harmaline)(DMSO)CI,] and pyrazole or cyclohexylamine,
respectively. The total displacement of DMSO was confirmed by the complete
disappearance of both the S==0 absorption band in the IR spectra and the CH;
signals of DMSO in the '"H NMR spectra of the resulting complexes 4 and 5.

The 3(NH) value of the alkaloid in complexes 4 and § is fairly smaller (ca.
10.8 ppm) than that of complexes 1, 2 and 3 (ca. 11.5 ppm) and larger than that
of the free alkaloid (ca. 8.5 ppm), and this may be due to some intramolecular
interaction between the NH group of the alkaloids and the other ligand in the
complex.

The purity of some selected complexes, i.e., 1 and 2, was checked by HPLC,
using Spheresorb, 5 ODS, 5 microns, 25 X 4.6 cm at a wavelength of 254 nm.
Both the solvent and the mobile phase used were methanol, at a flow rate of | mL
min~'. Both complexes (concentration ca. 10 mg%) gave a single line with very
close retention times of ca. 2.4 min.

|
N7\ ﬁf
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Cytotoxicity evaluations

All the new complexes prepared were already purified before testing for
cytotoxicity by recrystallization from chloroform/n-hexane. Their cytotoxic ac-
tivities against different cell lines are shown in Table-3. It appears that all
complexes showed no cytotoxic activities against all the cell lines used at
concentration <10 pg mL~" with the exception of complex 4. Furthermore, all the
complexes including the reference standards showed no activity against L20B
cell line. Complex 4 exhibited a moderate cytotoxic activity against Hep-2, HeLa

-and Vero cells (ICs, values were 1.7, 5.5 and 8.5 g mL™, respectively). This
activity is almost certainly approaching to that of cisplatin against the same cell
lines (ICsq values were 1.8, 5.5 and 8.0 ug mL™", respectively). On the other hand,
the ICs, values of carboplatin against all the cell lines used were > 10 ug mL™,
whereas oxaliplatin showed an ICs; values of 8.0 and 9.0 ug mL™" against Hep-2
and HeLa cells respectively and > 10 ug mL™ against the remaining cell lines.

TABLE-3
CYTOTOXIC ACTIVITIES OF PLATINUM(1l) COMPLEXES WITH STANDARD REF-
ERENCES AGAINST DIFFERENT TUMOUR CELL LINES

ICso (ug mL™")

Complex

Hep-2 HeLa RD L20B BGM Vero
1 >10 >10 >10 >10 >10 >10
2 >10 >10 >10 >10 >10 >10
3 >10 >10 >10 >10 >10 >10
4 1.7 5.5 8.0 >10 >10 8.5
5 >10 >10 >10 >10 >10 >10
Cisplatin 1.8 55 >10 >10 >10 8.0
Carboplatin >10 >10 >10 >10 >10 >10
Oxaliplatin 8 9.0 >10 >10 >10 >10

Preliminary, it is notable that the complex 4, cis-[Pt(harmaline)(pyrazole)Cl,],
which is analogous to cisplatin, cis-[PtNH;)Cl,], is the most promising complex
among the rest of complexes (1-3 and 5), which showed almost no activity at the
concentration used. The activity of complex 4 may be attributed to the nature of
the organic ligand (pyrazole). Yet, further in vivo studies are necessary to confirm
these activities in the animal models.
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