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Abstract The reactions of cisplatin with nizatidine

and ranitidine were studied in D2O at pD 7.4 and

298 K by means of 1H NMR spectroscopy. The sec-

ond order rate constants, k2, for the reaction of cis-

platin with nizatidine is (2.71� 0.11)�10�4 M�1 s�1,

and for the reaction with ranitidine (6.72� 0.17)�
10�4 M�1 s�1. The reactions of nizatidine and raniti-

dine were also studied with other Pd(II) and Pt(II)

complexes. The set of the complexes was selected

because of their difference in reactivity, steric hin-

drance, and binding properties.

Keywords Cisplatin; Ranitidine; Nizatidine; NMR
spectroscopy.

Introduction

Ranitidine, {2-[5-(dimethylaminomethyl)furfuryl-

thio]ethyl}-N0-methyl-2-nitro-1,1-ethenediamine, and

nizatidine, [2-[[2-[(dimethylaminomethyl)-1,3-thia-

zol-4-yl]methylsulfanyl]ethyl]-N0-methyl-2-nitroeth-

ane-1,1-diamine], are widely used in medicine as the

most effective antiulcer agents [1, 3]. It is generally

accepted that these molecules are effective as an H2-

receptor antagonist in the treatment of gastric and

duodenal ulcers. Nizatidine and ranitidine each con-

tain the N-ethyl-N0-methylnitroethenediamine moie-

ty. This functionality has been shown to undergo

rapid tautomerization in solution. The crystal struc-

ture of nizatidine and many of its spectroscopic

properties have been reported [4].

Cimetidine, ranitidine, and nizatidine could act

as effective ligands towards metal ions with very

strong coordination ability. Moreover, these mole-

cules could act as bidentate ligands, forming five

membered rings through the imidazolic nitrogen

and the sulfur atom, or as tridentate ligands by

coordination through the imidazolic nitrogen, the

sulfur atom, and the nitrile group. The composite

structure of these ligands induces an equilibrium be-

tween different conformations, that are well charac-

terized by IR, X-ray [4, 5], and NMR spectroscopy

[6, 7]. The most extensively studied ligand is cimet-

idine. Probably this could be ascribed to the fact

that cimetidine was the first one introduced on the

market. The coordination properties of cimetidine,

famotidine, and ranitidine towards Pt(II) ions have

been studied by different methods [8]. Also, recently

a very nice paper on the interactions of Pd(II) and

Pt(II) with cimetidine has been published [8]. The

crystal structure of a Pt-cimetidine compound shows

two molecules of cimetidine coordinated to the met-

al trough thioether sulfur and imidazolic nitrogen,

whereas spectroscopic studies in solution for Pd-ci-

metidine reveal that the ratio of the metal to cimetidine
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Science, University of Kragujevac, Radoja Domanovića 12,
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is 1:1 with identical coordination environments [8].

It has also been published that PdCl2 reacts with

famotidine, nizatidine, and ranitidine and form yel-

low colored water soluble complexes. Moreover,

PdCl2 has been proposed as suitable analytical re-

agent for the determination of nizatidine in pharma-

ceutical analyses [9, 10].

Our work has been focused on the interactions

between Pd(II) and Pt(II) complexes with different

sulfur- and nitrogen-bonding ligands including bio-

molecules. With the objective to extend our earlier

work [11–15] and to gain further insight into struc-

ture-reactivity relationships, we have now performed

and we report here a detailed study on the complex-

formation of Pd(II) and Pt(II) with ranitidine and

nizatidine. The reactions were studied in aqueous

solutions by means of 1H NMR techniques. It was

envisaged that this study could throw more light

on the interactions of platinum anti-tumor com-

plexes with nitrogen- and sulfur-donor nucleophiles.

Figure 1 shows the structures of the investigated

complexes and ligands.

Results and discussion

1H NMR spectroscopy was used to investigate

the kinetics of the reactions of cisplatin, cis-[PtCl2-

(NH3)2], with nizatidine and ranitidine (1:1, molar

ratio) in aqueous solution at pD 7.4 and 298 K.

In both reactions there is only one product and the

yield is almost 100%. The ligands are coordinated

bidentate via the heteroatom in the ring (O1 in raniti-

dine and N1 in nizatidine) and S11 from the chain.

Second-order rate constants, k2, for the first coordi-

nation were obtained from Eq. (1).

k2t ¼ x=a0ða0 � xÞ ð1Þ
where x is the amount of the product and a0 the

initial concentration of the complex [16]. Calcula-

tions were performed by relative integration (esti-

mated error is 5%) of suitable proton signals, H3,

H6, and H10 for nizatidine, and H3, H4, H6, and

H10 for ranitidine (see Fig. 1) of both reaction prod-

ucts and starting materials during the reaction. A

plot of the right hand side of Eq. (1) versus reaction

time results in a straight line passing through the

origin, as shown as an example for the reaction of

cisplatin and ranitidine in Fig. 2. The value of k2

was obtained from the slope of this line. The second

order rate constant, k2, for the reaction of cisplatin

with nizatidine, at pD 7.4 and 298 K, is (2.71�
0.11)�10�4 M�1 s�1, and k2 for cisplatin with ra-

nitidine, at pD 7.4 and 298 K, is (6.72� 0.17)�
10�4 M�1 s�1.

Ranitidine is a better nucleophile than nizatidine.

On the other hand, ranitidine and nizatidine cannot

be compared with respect to their nucleophilicity
Fig. 1 Structures of the investigated complexes and ligands
along with the adopted abbreviations
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with the other sulfur containing ligands, such as glu-

tathione, L-methionine, or L-cysteine in the reactions

with cisplatin [17, 18]. The steric hindrance cannot

be the main reason for the lower nucleophilicity of

ranitidine and nizatidine, but could be explained by

coordination over oxygen from the heterocyclic ring

in the case of ranitidine, and by coordination via

nitrogen from the heterocyclic ring in the case of

nizatidine.

The effect of cimetidine, which is of very simi-

lar nucleophilicity as nizatidine and ranitidine on

patients treated with cisplatin has been published

[17, 18]. However, the results are in disagreement.

In one paper [19] it has been concluded that the

administration of cisplatin together with cimetidine

and verapamil prevents nephrotoxicity. In the other

one [20], it has been found that the administration of

cisplatin with cimetidine increased nephrotoxicity

and decreased antitumor activity in mice.

Figure 3 shows the time course of the reac-

tion between cisplatin and nizatidine. The peak for

the free nizatidine H3 is at �¼ 7.42 ppm and for

the coordinated nizatidine the peak H3� is at �¼
7.76 ppm. However, during the reaction the peak at

�¼ 7.76 ppm, which corresponds to the product, in-

creased in intensity, while the peak for the free niza-

tidine (�¼ 7.42 ppm) decreased in intensity.

The 1H NMR spectrum for the reaction of cisplat-

in and ranitidine is shown in Fig. 4. The peaks for

the free ranitidine are H3 at �¼ 6.69, H4 at 6.40, H6

Fig. 3 1H NMR spectra of the reaction of cisplatin (30 mM) with nizatidine (30 mM) where H3 is the signal for the free
nizatidine and H3� is the signal for the coordinated nizatidine

Fig. 2 Determination of second-order rate constants for the
reaction of cisplatin (30 mM) with ranitidine (30 mM) at pD
7.4 and 298 K
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Fig. 4 1H NMR spectra of the reactions of [PdCl(dien)]þ (a) and cisplatin (b) with ranitidine

Table 1 1H NMR chemical shifts=ppm of coordinated ligands at pD 7.4 and 298 K. The peaks for the free nizatidine are H3 at
7.61, H6, and H10 at 3.95, and for ranitidine H3 at 6.66, H4 at 6.38, H6 at 4.34, and H10 at 3.84 ppm

Complex Nizatidine Ranitidine

H3� H6� H10� H3� H4� H6� H10�

[PdCl(dien)]þ s 7.64 s 3.97 d 6.68 d 6.40 s 4.36 s 3.85
s 7.76 s 3.98 d 6.42 s 3.88

[PtCl(dien)]þ s 7.63 s 4.41 s 4.31 d 6.77 d 6.70 s 4.37 s 4.38
s 7.75 s 4.46 s 4.33 s 4.58 s 4.42

[PdCl(terpy)]þ s 7.68 s 3.95 d 6.69 d 6.40 s 4.38 s 3.86
s 7.80 s 3.98

[PdCl(bpma)]þ s 7.65 s 4.41 s 3.92 d 6.68 d 6.40 s 4.41 s 3.86
s 4.50 d 6.42 s 4.50

[PdCl2(en)] s 7.76 s 3.97 d 6.76 d 6.70 s 4.59 s 3.86
s 7.93 s 3.99
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at 4.34, and H10 at 3.86 ppm, and the new peaks for

the coordinated ranitidine are H3� at �¼ 6.75, H4�
at 6.69, H6� at 4.36, and H10� at 2.81 ppm.

The reactions of nizatidine and ranitidine have

been also studied with the other Pd(II) and Pt(II)

complexes. The set of the complexes was selected

because of their difference in reactivity, steric hin-

drance, and binding properties (structures are shown

in Fig. 1). The 1H NMR spectra of some studied

Pd(II) and Pt(II) complexes are shown in Fig. 4.

In the reactions with the other monofunctional

Pd(II) and Pt(II) complexes, such as [PdCl(dien)]þ,

[PdCl(terpy)]þ, [PdCl(Me4dien)]þ, [PdCl(bpma)]þ,

and [PtCl(dien)]þ with ranitidine and nizatidine,

there were two reaction paths. In one product the

ligands coordinated via heteroatom from the ring

(O1 from ranitidine and N1 from nizatidine) and

in the other product the ligands coordinated via

S11 from the chain (thioether sulfur). In the reac-

tions of [PdCl2(en)] with the two nucleophiles the

yields were very small and hydrolyses of the li-

gands were observed. The chemical shifts for the

complexes and the coordinated ligands are pre-

sented in Table 1.

Only with the [PdCl(Me4dien)]þ complex there

occurred no reactions, which could be explained

by steric hindrance of the complex and the nucleo-

philes as well.

Conclusion

This study demonstrated that ranitidine and nizati-

dine coordinate to cisplatin. The reactions were slow,

but ranitidine is a better nucleophile than nizatidine.

The lower nucleophilicity of these ligands could be

explained by coordination over oxygen from the het-

erocyclic ring in the case of ranitidine, and by coor-

dination via nitrogen from the heterocyclic ring in

the case of nizatidine.

Experimental

The complexes, [PdCl(dien)]Cl, [PdCl(bpma)]Cl �H2O,
[PdCl(terpy)]Cl � 3H2O, [PdCl2(en)], and [PtCl(dien)]Cl,
(where dien is diethylenetriamine, bpma is bis(2-pyridyl-
methyl)amine, terpy is 2,20:60,200-terpyridine, and en is ethy-
lendiamine) were prepared according to a literature method
[21–23]. Chemical analysis, UV-Vis, and 1H NMR spectral
data were in good agreement with those obtained in previ-
ous preparations. Cisplatin, cis-[PtCl2(NH3)2], was purchased
from Aldrich. The nucleophiles, ranitidine and nizatidine, were

obtained from Acros Organics, and 99.9% D2O (Deutero
GmbH) are commercially available and used as received.
All other chemicals were of the highest purity commercially
available and were used without further purification.

The NMR spectra were acquired on a Varian Gemini-200
spectrometer. The measurements were performed with a
commercial 5 mm Bruker broadband probe. All chemical
shifts are referenced to TSP (trimethylsilylpropionic acid)
in D2O.

1H NMR measurements of the reaction of the complexes
with nizatidine or ranitidine were done on a freshly prepared
sample of the reactants. A 60 mM solution of the complex was
prepared in 300�m3 D2O approximately 10 min prior to the
start of the kinetic experiment and put in an ultrasonic bath
until complete dissolution (2–5 min). 300�m3 of a solution of
60 mM ranitidine or nizatidine in D2O was added to the solu-
tion of the complex to initiate the reaction. NMR spectra were
recorded at 298 K over a period of several weeks until com-
pletion of the reaction was reached.

For the kinetic measurements the reactions of cis-
[PtCl2(NH3)2] (30 mM) and nizatidine or ranitidine (in equi-
molar amount) were followed at 298 K and at pH 7.4.
Spectra were recorded subsequently every 15 min automat-
ically. The pH was measured with an inoLab SenTix+ Mic pH
Microelectrode. Meter readings were corrected for the deute-
rium isotope effect by adding 0.4 units to the display readout
(pD¼ pHþ 0.4). The pD was adjusted with 0.01–0.05M solu-
tions of NaOD and DCl. No buffer was used to prevent in-
creased activation of the complexes due to coordination of
phosphate [24], or interfering signals in the observed peak
area. All pD measurements were performed at 298 K. The
pH meter was calibrated with Fischer-certified buffer solutions
of pH 4.00, 7.00, and 11.00.
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15. Bugar�ccić �ZZD, Nandibewoor ST, Hamza MS, Heinemann

F, van Eldik R (2006) Dalton Trans:2984
16. Laidler KJ (1987) Chemical Kinetics, 3rd edn. Harper

and Row, New York, p 22

17. Jerremalm E, Wallin I, Yachnin J, Ehresson H (2006) Eu J
Pharm Sci 28:278
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22. Karkalić R, Bugar�ccić �ZZD (2000) Monatsh Chem 131:819
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