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Dioxodimethyl macrocyclic ligand (A) has been used for se-
lective extraction of platinum (II) from aqueous metal ion mix-
ture. This is achieved by utilizing unique complexation properties
of macrocyclic ligand (A) in the presence of sodium thiosulphate
and showed very good results for the extraction of Pt (11) .

Coordination complexes containing macrocyclic lig-
ands play significant role in biological systems, yet
chemical behaviour and sequestering properties are
still poorly explored'”. Recently world-wide clinical
use of antitumour Pt complexes {like cisplatin, cis -
[PU"(NH1)>Cl5]}® calls for the development of selec-
tive and efficient sesquestering agents of Pt, since the
Pt drugs tend to adhere to biomolecules (e.g. nucleic
acids, proteins), which may raise a serious problem of

accumulation and may disturb excretory system™'".

Here, we report selective removal of cisplatin from
aqueous metal ion mixtures by a lipophilic dioxodi-
methylmacrocyclic derivative (Ay) dissolved in or-
ganic solvents. The underlying principle is the unique
chelating behaviour of the dioxomacrocycle that pos-
sess the dual ligand functions of macrocyclic poly-
amine containing amide ligands''. The dioxodimeth-
ylmacrocyclic ligand (A) encloses metal ions (like
cyclam) with simultaneous deprotonation of two am-
ides (like tripeptides) to yield square planar 1:1 com-
plexes [M"L]" with Cu", Ni", Co", or Pd" (ref. 12), in
neutral to alkaline pH. It has been discovered'® that
tripeptides bind with Pt" whereby the deprotonation of
peptide nitrogens occurs more favourably below pH
2.5 than with other metal peptides, e.g. Pd", pH2.-3.5;
Cu", pH 5-6.5; or Ni"", pH 8-9. From the fact that
Pt", like Pd", Cu", or Ni", forms square planar com-
plexes with tripeptides and furthermore its ionic ra-
dius is similar. Keeping these points in view, it was
considered that a similar dioxodimethylmacrocyclic
ligand should form complex with Pt",

Experimental

During these studies, we isolated a diamagnetic 1:1
Pt"-dioxodimethylmacrocyclic complex as whitish
needles. The isolation of a Pt macrocyclic complex
having doubly deprotonated amide coordination was
carried out. The synthetic procedure of macrocyclic
complex (B) is as follows: To a red brown solution of
K.Pt"Cl; (419 mg, 1 mmol) and dioxodimethylmacro-
cycle (A) (228 mg, 1 mmol) in water (10 ml) was
added Na,S,0:.5H,O (496 mg, 2 mmol) and the
mixture (pH ~ 9.0) was allowed to stand at ~ 40°C for
overnight. The resulting yellow solution (pH ~7) was
subjected to anion exchange Amberlite IRA-400
chromatography with water. The eluant was concen-
trated to about 5 ml and kept in refrigerator for over-
night to obtain white needles of macrocyclic complex
(B) in more than 70% yield. Satisfactory elemental
analysis results were obtained. The compound is dia-
magnetic'’ . The IR spectra in (KBr pellet), 1595 cm™
for C=0, indicate the presence of deprotonated am-
ides. The C=0 for the free ligand (A) occurs at 1675
cm” and for the deprotonated nickel complex °[Ni"L]"
at 1586 cm™. UV (in Hy0); Apay. 244 nm (9384). The
Ni" complex [Ni"L]” has Apa. 246 nm (sh.~7028),
while the free ligand has no such absorption. The
slow complexation was accelerated by the addition of
reducing agents such as Na,S,0;, without which
complexation did not occur. The Pt complex (B) was
obtained in a similar manner starting from cisplatin,
which can be monitored easily by the appearance of
the characteristic UV absorption peak at 244 nm. The
complex (B) can be rapidly dissociated into the free
ligand (A) and Pt" in 1molar HCI aqueous solution.

The complexation of Pt" with the macrocyclic li-
gand (A) led us to perform Pt extraction experiments
using a lipophilic ligand (A,)"”*". In a typical extrac-
tion experiment, aqueous solution of (A) (10 ml, pH
7.5) containing 2 mmoles of Pt" (either as K5PtCly or
cisplatin) and 20 mmoles of a reductant was shaken
for 3 h by an automatic shaker (330 strokes/min)three
times each with 10 ml of a CH,Cl; solution containing
2 mmoles of (Ayp). The aqueous solution and CH,Cl,
solution were analysed for Pt" by atomic absorption
spectrophotometry. The results obtained are given in
Table 1.
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Table 1—Dioxodimethylmacrocyclic-mediated extraction of Pt" in shakeout tests with CH.Cl, for a 1 h period in an automatic shaker
(330 strokes/min). three times at 35°C

Aqueous layer (1) Conc. of Y% Metal” % Metal’

Metal ion pH Additive (Ap) in remaining extracted

Run (1.5 mM) (15 mM) CH-Cly in aqueous into CH-Cls

(mM) layer (1) layer

| Pt (NH:),Cls 7.2 None 0 95 l

2 Pt(NI;).Cly 7.3 Nu,S,0; 0 100 0

3 It (NI I;JgCl; 1.2 Nﬂ_-S_l()_t 3 0 95

4 Pt (NH:):Cl, 32 Nu,S,0, 3 25 75

5 Pt (NH;3):Cl, 53 Nu,S,0; 3 25 70

6 Pt (NH4).Cls 7.1 Na:S:0. 0.75 5 105

7 Pt (NH;).Cls 7.1 Ascorbic acid 3 50 45

8 Pt{NH)Cl, 7 NaBH, 3 65 35

9 Pt{NH;)Cl, 7 Glutathione 3 35 70

10 Pt (NH3)-Cl, 7 Na,S-0; 3 65 52
KiCly 34 (Pr) 63 (P1)

11 CuCls 7 NasS.0, 3 89 (Cu) 9 (Cu)
NiSOy 57 (Ni) 42 (Ni)
K-PiCly 19 (P1) 84 (P1)

12 CuCl, 3.2 Nu-S:0; 3 89 (Cu) 8 (Cu)
NiSO, 93 (Ni) 12 (Ni)

12 PTHGIY™) e N,S,04 3 12 85

*All the values have +5% errors

Results and discussion

Table 1 data clearly show that platinum (II) ion in
cisplatin can be effectively transferred into the or-
ganic layer by lipophilic carrier (Ay) only in the pres-
cnce of reducing agents. It is clear that Pt" transfer
occurs by the formation of CH.Cl-soluble Pi'-
dioxodimethylmacrocycle (Ay) complex, which can
be confirmed by an absorption peak at 244 nm in
CH,Cl, layer. Moreover, Pt"" can be selectively ex-
tracted at pH 3.5 from a mixture of Pt"', Cu", and Ni"

using the reported system'. This may be due to the
tavourable deprotonation of amide nitrogens in
forming complex than in forming other metal-
dioxodimethylmacrocyciic  complexes where the
deprotonation was observed to be at higher pH: Cu",
pH 5-6; Ni"", pH 8-9. It has been observed in Run 13.
Tablel, that Pt" ion is transferred from the aqueous
solution'® to the CH->Cl, solution containing dioxodi-
methylmacrocycle (Ay). It is assumed that Pl
macrocyclic complex (B) should be thermodynuami-



NOTES

cally stable. This may suggest that the macrocyclic
ligands (A) are potentially useful as a drug for excre-
tion of Pt" which is accumulated as Pt"-peptide com-
plexes. Platinum (II) complexed with a ten-fold ex-
cess of adenine, guanine, thymine, or cytosine can
also be extracted (more than 50%) with macrocycle
(Ap) at pH 7, indicating that nucleic acid bound Pt"
can be removed by this method. Ultimately, it is to be
noted that the lipophilic macrocyclic analogue (Ay)
with reduced amides, is ineffective for selective ex-
traction of Pt

The selectivity of (A) for Pt" also demonstrates the
potential usefulness of such type of macrocycles in
analytical applications.
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