
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Cadmium(II) and Mercury(II) Complexes in Ternary Systems with
Cytidine and Diamines or Triamines
L. Lomozika; R. Bregier-Jarzebowskaa; A. Gasowskaa

a Faculty of Chemistry, A. Mickiewicz University, Poznan, Poland

Online publication date: 15 September 2010

To cite this Article Lomozik, L. , Bregier-Jarzebowska, R. and Gasowska, A.(2003) 'Cadmium(II) and Mercury(II)
Complexes in Ternary Systems with Cytidine and Diamines or Triamines', Journal of Coordination Chemistry, 56: 3, 203
— 213
To link to this Article: DOI: 10.1080/0095897031000068987
URL: http://dx.doi.org/10.1080/0095897031000068987

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/0095897031000068987
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. Coord. Chem., 2003, Vol. 56, No. 3, pp. 203–213

CADMIUM(II) AND MERCURY(II) COMPLEXES

IN TERNARY SYSTEMS WITH CYTIDINE

AND DIAMINES OR TRIAMINES
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Faculty of Chemistry, A. Mickiewicz University, Grunwaldzka 6, 60-780 Poznan, Poland
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The mode of coordination of complexes formed in the systems Cd(II) or Hg(II)/cytidine/di- or triamine is pro-
posed on the basis of equilibrium and spectroscopic studies. Mercury(II) binds much more strongly to cytidine
and polyamine (PA) than cadmium. It was found from equilibrium and 13C NMR studies that in the Hg(II)
and Cd(II)/Cyd/di- or triamine complexes, metallation mainly involves the N(3) atom of the pyrimidine base
of the nucleoside and �NHx

þ groups from PA. In MLL0 complexes of both metals with diamines, all avail-
able donor nitrogen atoms of the polyamine are involved in coordination. In analogous systems with tria-
mines, interaction of all nitrogen atoms is observed for Cd(II) systems as well as in the Hg(Cyd)(2,3-tri)
species. Only two nitrogen atoms of the polyamine coordinate in ternary Hg(II) complexes with dien, 3,3-
tri and Spd.

Keywords: Hg(II); Cd(II); complexes; cytidine; polyamines

INTRODUCTION

Metal ions significantly affect biological functions of particular components of
chemical systems in living organisms [1–3]. Metal complexes are involved in almost
all biological processes taking place at the molecular level, including those with nucleic
acids, their constituents (nucleosides, nucleotides, free bases), proteins [4,5], and poly-
amines [6–10]. Reactions of metal ions with these bioligands have long been subject to
considerable interest [11–16]. The interactions of biogenic amines, e.g. putrescine (Put),
spermidine (Spd) or spermine (Spm) with nucleic acids are particularly important in
genetic information transfer processes [7,8,17]. Metal ions are believed to affect the
character of non-covalent interactions among bioligands. The stability and character
of complexes with polyamines depend mainly on the metal ion type: hard ions like
alkali earths interact mainly with hard oxygen atoms, e.g. those from phosphate
groups, while soft ions such as transition metals interact mainly with nitrogen atoms
of purine or pyrimidine bases [18–21]. Such metals as zinc and cadmium are
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characterised by weaker complex forming ability than typical transition metals making
strong bonds with bioligands [22–24].
Much attention has been paid to the interaction of toxic metal ions such as

cadmium(II) or mercury(II) [25–28], with nucleic acids, because of possible distortions
of the DNA structure, which could lead to a permanent change in gene expression and
consequently to neoplasmic changes [25]. It has been established that the complexation
ability of nucleosides changes in the series Guo>Ado�Cyd>Urd�Thd [29–31]. As
indicated by the results of a study of the interaction of cytidine with a number of
metal ions [11,32–37], the preferred site of coordination of this ligand is the heterocyclic
N(3) nitrogen atom of the pyrimidine ring [32,38–43].
The paper reports results of potentiometric and spectroscopic investigations of tern-

ary systems of Hg(II) and Cd(II) ions with cytidine and di-or triamines. The studies are
a continuation of our earlier work on complexation in binary systems of Hg(II) and
Cd(II) ions with polyamines, nucleosides and nucleotides [44].

EXPERIMENTAL

Ethylenediamine (en) and 1,8-diamino-4-azaoctane (spermidine, Spd) were purchased
from Merck, 1,3-diaminopropane (tn) and 1,4-diaminobutane (putrescine, Put) –
from Sigma, diethylenetriamine (dien), 1,6-diamino-3-azahexane (2,3-tri), 1,7-dia-
mino-4-azaheptane (3,3-tri) – from Aldrich. The appropriate polyamine nitrates were
prepared by dissolving an appropriate amount of free amine and addition of an equi-
molar amount of HNO3. The white precipitate obtained was recrystallised, washed with
methanol and dried in desiccator over P4O10 or in air. Cytidine (Cyd) was bought from
Sigma. Its nitrate was prepared in the same way as nucleoside hydrochlorides described
earlier [35]. In all measurements polyamines and nucleosides were used as nitrate salts.
The ligands were subjected to elemental analysis and results were in agreement with
theoretically calculated values (� 0.5%). Hg(NO3)2 �H2O was purchased from
Aldrich and Cd(NO3)2 � 4H2O from Merck. The concentration of Hg(II) ions was deter-
mined by a precipitation titration with NaC1 solution using diphenylcarbazone as indi-
cator, while the concentration of Cd(II) ions was determined complexometrically using
EDTA and pyrocatechol violet as indicator. Potentiometric studies were performed
on a DTS Radiometer 800 Multi-Titration system with a GK-2401C electrode
calibrated in terms of hydrogen ion concentration [45]. The concentration of the ligands
in the titrated systems varied from 1.3� 10� 3 to 3.4� 10� 3M, the concentration
of metal ions from 1.3� 10� 3 to 1.7� 10� 3M and the ratio of M:L:L0 (L¼Cyd,
L0 ¼ polyamine) in the samples studied was 1 : 1 : 1 and 1 : 2 : 2. Potentiometric titrations
were performed at ionic strength �¼ 0.1M (KNO3), at 20� 1	 C under helium, using
CO2-free NaOH solution. Calculations were performed using 100–150 points for
each run taking into account only that part of the titration curve obtained when
there was no precipitate in the solution. Selection of models and determination of pro-
tonation constants of ligands as well as stability constants of complexes were made
using the SUPERQUAD program [46], whereas the distribution of particular forms
was calculated by the HALTAFALL program [47]. Selection and verification of
models was performed as described earlier [48]. Samples for 13C NMR were prepared
by dissolving appropriate amounts of the ligands and metal nitrates in D2O and adjust-
ing the pH by addition of NaOD and DNO3, correcting pH-readings (a Mera-Tronik
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pH meter N517) according to the formula pD¼ pH readingsþ 0.40 [49]. The concentra-
tion of ligands in samples for NMR studies was 0.1M and the metal ion to ligand ratio
varied from 1:10 :10 to 1:100 :100. 13CNMR spectra were recorded Varian Gemini-
300VT and Varian Unity 300 NMR spectrometers in the range 20–170 ppm, using
dioxane as internal standard.

The ligands studied
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RESULTS AND DISCUSSION

Computer analysis of the pH titration data was performed taking into regard the earlier
determined protonation constants of the ligands and equilibrium constants for forma-
tion of hydroxocomplexes Hg(OH)þ, Hg(OH)82, Cd(OH)

þ and Cd(OH)82 [44]. As con-
cluded earlier [44,50], no reduction of Hg(II) to Hg(I) was observed.

Hg(II)/Cyd//PA systems

Table I presents stability constants (log �) of mixed complexes of Hg(II) with Cyd and
di-or triamines and formation constants, logKe.
As observed earlier in binary systems of mercury(II) ions with diamines [44], and also

for Hg(II)/nucleoside/diamine systems, an untypical enhancement of the stability of
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complexes with increasing size of the PA ring is observed (Table I). This is related to the
mercury ion tendency to form linear complexes, which favour large chelate structures
with smaller ring strain [37]. A comparison of the equilibrium constants (logKe) of
the parent and ternary complexes suggests the involvement of two donor nitrogen
atoms of the diamine. For instance, in the system involving Hg(II) and en ({N2} chro-
mophore): Hgþ enÐHg(en), log �1¼ logKe¼ 13.85 [44], while in the ternary system
Hg(II), en and Cyd, the equilibrium constant for the heteroligand complex formation:
Hg(Cyd)þ enÐHg(Cyd)(en), logKe¼ log�Hg(Cyd)(en)� log �Hg(Cyd)¼ 11.72 (Table I).
Undoubtedly, elimination of one of the amine nitrogen donor atoms from coordination
would lead to a greater decrease in logKe, as has been found for the formation of
Hg(Hen) with monodentate amine coordination (logKe¼ 6.66,) [44]. The difference
in the equilibrium constant of formation of Hg(en) and Hg(Cyd)(en), (2.13 logKe

units) suggests lower efficiency of interaction in the mixed complex. The involvement
of the two nitrogen atoms of the diamine in metal binding in mixed complexes has
been confirmed by 13CNMR (Table II).
For example, at pH 6.0 and 10.0, at which the dominant species are Hg(Cyd)(tn) and

Hg(Cyd)(tn)(OH), respectively, NMR shifts of the diamine carbon atom signals (0.090
ppm for C(1), 0.940 ppm for C(2) and 0.197 ppm for C(1), 2.284 ppm for C(2) in both
species, respectively, Table II) indicate the involvement of both nitrogen atoms in coor-
dination. Shifts in signal positions assigned to carbon atoms C(2) and C(4) in the vici-
nity of N(3) of the nucleoside molecule in Hg(Cyd)(tn) are 0.408 and 0.543 ppm and in
Hg(Cyd)(tn)(OH) 0.214 and 0.456 ppm (Table II), pointing to the involvement of the
endocyclic N(3) atom in coordination. An analogous pattern of changes is observed
in other ternary systems with diamines (Table II), which, with regard to the results
of the equilibrium study, indicates the formation of {N3} chromophores with the invol-
vement of two diamine donor nitrogen atoms and N(3) from the Cyd molecule. MLL0

type mixed complexes (M¼metal, L¼ nucleoside, L0 ¼ polyamine) are formed at pH
from 
 4.5 for en and 
 5.0 for tn and Put, whereas the hydroxocomplexes from
pH
 5.5 for en and 
 7.0 for tn and Put. Figure 1a presents exemplary distributions
of the complex forms in the ternary system involving Hg(II) ions with Put and Cyd.

TABLE I Overall stability constants (log �) and equilibrium constants (log Ke)
for complexes in Hg(II)/Cyd/di- or triamine ternary systems

Equilibrium log � log Ke

Hg(Cyd)þenÐHg(Cyd)(en) 18.43 (11) 11.72
Hg(Cyd)þenþH2O Ð Hg(Cyd)(en)(OH)þHþ 11.07 (8)
Hg(Cyd)þtnÐHg(Cyd)(tn) 19.55 (8) 12.84
Hg(Cyd)þtnþH2OÐHg(Cyd)(tn)(OH)þHþ 11.07 (8)
Hg(Cyd)þPutÐHg(Cyd)(Put) 20.50 (16) 13.79
Hg(Cyd)þPutþH2OÐHg(Cyd)(Put)(OH)þHþ 11.36 (16)

Hg(Cyd)þdienÐHg(Cyd)(dien) 22.08 (5) 15.37
Hg(Cyd)þHdienÐHg(Cyd)(Hdien) 27.47 (5) 10.80
Hg(Cyd)þdienþH2OÐHg(Cyd)(dien)(OH)þHþ 14.21 (6)
Hg(Cyd)þ2,3-triÐHg(Cyd)(2,3-tri) 28.59 (6) 21.88
Hg(Cyd)þH2,3-triÐHg(Cyd)(H2,3-tri) 33.95 (9) 16.84
Hg(Cyd)þH22,3-triÐHg(Cyd)(H22,3-tri) 39.34 (7) 12.91
Hg(Cyd)þ3,3-triÐHg(Cyd)(3,3-tri) 23.28 (4) 16.57
Hg(Cyd)þ3,3-triþH2OÐHg(Cyd)(3,3-tri)(OH)þHþ 12.52 (11)
Hg(Cyd)þSpdÐHg(Cyd)(Spd) 21.62 (6) 14.91
Hg(Cyd)þHSpdÐHg(Cyd)(HSpd) 29.12 (9) 11.55
Hg(Cyd)þSpdþH2OÐHg(Cyd)(Spd)(OH)þHþ 11.40 (7)
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Hg(II)/Cyd/triamines

As in the diamine ternary systems, all triamines studied form MLL0 heteroligand com-
plexes with Hg ions and cytidine. Close values of the equilibrium constants for
Hg(Cyd)(Put) as well as Hg(Cyd)(dien), Hg(Cyd)(3,3-tri) and Hg(Cyd)(Spd) complexes,
Table I, suggest that only two polyamine donor nitrogen atoms undergo effective
metallation, while the third deprotonated amine group remains outside the inner coor-
dination sphere. Moreover, e.g. the formation constant for spermidine reaction with
Hg(Cyd), (logKe¼ 14.91, Table I) is similar to that of Hg(HSpd) complex formation,
in which only two amine nitrogen atoms are involved in coordination
(HgþHSpdÐHg(HSpd); logKe¼ log �HgSpd� log �HSpd¼ 14.46 [44].
The above mode of polyamine interaction has been confirmed by 13C NMR studies.

For instance, in the system Hg(II)/Cyd/Spd, shifts of the signals from C(1), C(2), C(3),
C(4), C(5), C(6) and C(7) atoms at pH9.0 (at which the dominant species is
Hg(Cyd)(Spd)) are 0.156, 0.095, 0.092, 0.016, 0.046, 0.144 and 0.078 ppm, respectively
(Table II), indicating the involvement of two terminal nitrogen atoms in coordination.
The value of logKe¼ 21.88 for the complex Hg(Cyd)(2,3-tri) is significantly higher than
for other triamines (Table I) and indicates a different coordination mode, with involve-
ment of three donor nitrogen atoms; this corresponds to the shift pattern of 13CNMR
signals assigned to all carbons atoms neighbouring nitrogen atoms of the triamine [C(1)
0.359 ppm, C(2) 0.548 ppm, C(3) 0.161 ppm, C(4) 0.605 ppm, C(5) 0.304 ppm]. The
above observations confirm the significant influence of structural factors (polyamine
chain length) on the mode of coordination in the complexes studied [36,51].
Analysis of the equilibrium (Table I) and spectroscopic (Table II) results suggests that

in monoprotonated complexes with dien, Spd as well as in the species Hg(Cyd)(H22,3-
tri), only one triamine donor nitrogen atom is engaged in metallation. This follows from
the value of the equilibrium constant for formation of the species Hg(Cyd)(HSpd)
(logKe¼ 11.55), lower by 3.36 logKe units relative to that of the complex Hg(Cyd)
(Spd) (logKe¼ 14.91, {N3} chromophore; Table I).

FIGURE 1 Distribution diagrams for the systems (a) Hg(II)/Cyd/Put: 1.H2(Put), 2.H(Put), 3.H(Cyd),
4.Hg(OH)þ, 5.Hg(OH)2, 6.Hg(Put), 7.Hg(HPut)2, 8.Hg(Cyd), 9.Hg(Cyd)2, 10.Hg(Cyd)(OH),
11.Hg(Cyd)(Put), 12.Hg(Cyd)(Put)(OH), 13.Hg2þ CCyd¼ 1.33� 10� 3M, CPut¼ 1.33� 10� 3M,
CHg

2þ
¼ 1.35� 10� 3M; (b) Hg(II)/Cyd/Spd: 1.H3(Spd), 2.H2(Spd), 3.H(Spd), 4.H(Cyd), 5.Hg(OH)þ,

6.Hg(OH)2, 7.Hg(HSpd), 8.Hg(Spd), 9.Hg(Cyd), 10.Hg(Cyd)2, 11.Hg(Cyd)(OH), 12.Hg(Cyd)(HSpd), 13.Hg
(Cyd)(Spd),14.Hg(Cyd)(Spd)(OH) CCyd¼ 1.34� 10� 3M, CSpd¼ 1.38� 10� 3M, Cþ2

Hg ¼ 1.33� 10� 3M.
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Shifts of signals assigned to carbon atoms in the neighbourhood of the terminal
nitrogen atom Nc (the longer fragment of the chain) in the monofunctional complexes
of asymmetric amines are much greater than the others, suggesting the participation of
this nitrogen atom in coordination. Moreover, in all ternary systems described, the
nitrogen atom N(3) of the pyrimidine ring of the cytidine molecule takes part in coor-
dination as indicated by shifts of 13C NMR signals of carbon atoms in the neighbour-
hood of the donor (Table II).
In systems with dien and 2,3-tri the mixed complexes start forming at pH
 3, while in

systems with 3,3-tri and Spd they start appearing at pH
 5.0, a consequence of the
greater basicity of long-chain amines. Figure 1b presents exemplary distribution
curves of the complex species forming in the system Hg(II)/Cyd/Spd.

FIGURE 2 Distribution diagrams for the systems (a) Cd(II)/Cyd/Put: 1.H2(Put), 2.H(Put), 3.H(Cyd),
4.Cd(OHþ), 5.Cd(OH)2, 6.Cd(Put), 7.Cd(Put)2, 8.Cd(HPut)2, 9.Cd(HCyd), 10.Cd(Cyd), 11.Cd(Cyd)(HPut),
12.Cd2þCCyd¼ 2.82� 10� 3M, CPut¼ 2.64� 10� 3M, CCd

2þ
¼ 1.29� 10� 4M; (b) Cd(II)/Cyd/Spd: 1.H3(Spd),

2.H2(Spd), 3.H(Spd), 4.H(Cyd), 5.Cd(OH)þ, 6.Cd(OH)2, 7.Cd(Spd), 8.Cd(Spd)2, 9.Cd(HSpd)2,
10.Cd(HCyd), 11.Cd(Cyd), 12.Cd(Cyd)(H2Spd), 13.Cd2þ CCyd¼ 2.70� 10� 3M, CSpd¼ 2.70� 10� 3M,
Ccd2þ¼ 1.27� 10� 3M.

TABLE III Overall stability constants (log �) and equilibrium constants
(logKe) of complexes in Cd(II)/Cyd/di- or triamine ternary systems

Equlibrium log� log Ke

Cd(Cyd)þenÐCd(Cyd)(en) 8.43 (11) 6.00
Cd(Cyd)þHtnÐCd(Cyd)(Htn) 16.93 (12) 3.92
Cd(Cyd)þHPutÐCd(Cyd)(HPut) 16.88 (7) 3.90

Cd(Cyd)þdienÐCd(Cyd)(dien) 11.30 (2) 8.87
Cd(Cyd)þHdienÐCd(Cyd)(Hdien) 18.14 (7) 5.75
Cd(Cyd)þH2dienÐCd(Cyd)(H2dien) 25.42 (2) 3.82
Cd(Cyd)þ2,3-triÐCd(Cyd)(2,3-tri) 10.54 (5) 8.11
Cd(Cyd)þ3,3-triÐCd(Cyd)(3,3-tri) 9.71 (7) 7.28
Cd(Cyd)þH23,3-triÐCd(Cyd)(H23,3-tri) 26.28 (10) 3.33
Cd(Cyd)þH2SpdÐCd(Cyd)(H2Spd) 26.74 (11) 3.53
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The system Cd(II)/Cyd/PA

Table III lists stability constants (log �) of mixed-ligand complexes of Cd(II) with Cyd
and di-or triamines and equilibrium constants for complex formation.

Cd(II)/Cyd/diamine

In ternary systems of cadmium (II) ions with Cyd and diamines, MLL0 forms only with
en. The other diamines studied prefer formation of monoprotonated complexes. In the
complex Cd(Cyd)(en), two amine donor nitrogen atoms and N(3) from cytidine ring
take part in coordination ({N3} chromophore), as can be concluded from the value
for the equilibrium constant for Cd(Cyd)(en) formation: Cd(Cyd)þ enÐCd(Cyd)(en);
logKe¼ log �Cd(Cyd)(en)� log �Cd(Cyd)¼ 6.0 and logKe¼ 5.31 for the complex Cd(en),
for which bidentate interaction has been established [44]. Much lower values for mono-
protonated mixed complexes: 3.92 and 3.90 for Cd(Cyd)(Htn) and Cd(Cyd)(HPut),
respectively, Table III, confirm the bidentate character of en in the heteroligand
complex.
Complexes of cadmium(II) with Cyd and diamines start forming from pH
 7.0, and

their maximum concentrations occur at pH
 9.0 for Cd(Cyd)(en) and Cd(Cyd)(Htn)
and at pH
 9.5 for the monoprotonated complex with Put. Figure 2a presents distri-
bution curves of complex species forming in the ternary system involving Cd(II),
cytidine and putrescine.
Similar to the binary system Cd(II)/Cyd [44], in the above ternary Cd(II)/Cyd/dia-

mine systems metallation was found to involve N(3) atom from the cytidine ring
with formation of {N3} chromophores with en and {N2} chromophores with tn and
Put, as indicated by 13C NMR results. Shifts of the C(2) and C(4) carbon atom signals
near N(3) are (at pH
 6) 0.062 and 0.336 ppm, 0.328 and 0.350 ppm, 0.328 and 0.342
ppm, for the systems with en, tn, and Put, respectively (Table IV) and are significantly
greater than shifts of the C(5) and C(6) signals.

Cd(II)/Cyd/triamines

As indicated by the results of the equilibrium study, cadmium(II) ions in ternary
systems with cytidine, dien, 2,3-tri and 3,3-tri form MLL0 mixed-ligand complexes.
Stability constants (log �1) of the complexes and equilibrium constants of formation,
Table III, are higher than corresponding values determined for the Cd(Cyd)(en)
complex (for which the two diamine nitrogen atoms were found to be involved in
coordination; this indicates that with triamines the third donor nitrogen atom
from the triamine is also involved in coordination. Confirmation of this mode of
coordination lies in the similarity of the equilibrium constants for the
Cd(Cyd)(PA) heteroligand complexes (logKe¼ 8.87, 8.11 and 7.28 for systems with
dien, 2,3-tri and 3,3-tri, respectively) with those for the Cd(dien), Cd(2,3-tri) and
Cd(3,3-tri) parent complexes (logKe¼ 7.68, 7.44 and 6.90, respectively). In the
latter three complexes, three amine nitrogen atoms are involved in coordination
[44]. This mode interactions has been clearly confirmed by spectroscopy (Table IV).
For instance, the shifts of the 13C NMR carbon signals for the asymmetric triamine
2,3-tri are C(1) 0.655; C(2) 0.142; C(3) 0.693; C(4) 0.653 and C(5) 0.324 ppm, and
point to changes in the vicinity of the nitrogen atoms Na, Nb and Nc; this further
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suggests the participation of all donor atoms of PA in the interactions. In the
system Hg(II)/Cyd/diamine (or triamine) as well as Cd(II)/Cyd/diamine and
Cd(II)/Cyd/triamine, the endocyclic nitrogen atom from the pyrimidine ring is
involved in metallation, leading to {N4} chromophore formation. For instance, in
the Cd(Cyd)(dien) complex, 13CNMR carbon atom signal shifts (at pH 9.2 0.106
ppm and 0.152 ppm for C(2) and C(4), respectively), point to the involvement
of N(3). In the protonated complex Cd(Cyd)(Hdien) a N(3) atom from Cyd
(Table IV) as well as two nitrogen atoms from the triamine take part in coordina-
tion. This follows from the value for the equilibrium constant for formation of
Cd(Cyd)(Hdien), logKe¼ 5.75 (Table III), being much lower than that for the species
Cd(Cyd)(dien), with three nitrogen atoms from dien in the inner coordination sphere
(logKe¼ 8.87). In the diprotonated complexes Cd(Cyd)(H2dien), Cd(Cyd)(H23,3-tri)
and Cd(Cyd)(H2Spd), the equilibrium constants (log Ke) values are 3.82, 3.33, and
3.53, respectively, (Table III) unambiguously indicate the involvement of only one
nitrogen atom of the triamine. Shifts of signals assigned to the carbon atom C(1)
and C(2) of the asymmetric amine are 0.036 and 0.050 ppm, respectively (Table IV),
for the Cd(Cyd)(H2Spd) and suggest that the Na nitrogen atom of spermidine
takes part in coordination. The relatively small but systematic shifts can be
explained by the low concentrations of the complexes studied. The appearance
of precipitates in the ternary systems makes it impossible to prepare samples of
higher concentration for NMR studies. As follows from the distribution curves of
species, the protonated complexes start forming from pH 3.5 in the system with
dien and from pH 6.0 in the systems with 3,3-tri and Spd, while MLL0 complexes
start forming from pH
 7. The diprotonated complex Cd(Cyd)(H2Spd) reaches
maximum concentration at pH
 9.0 and begins to decompose above pH 10.0
(Figure 2b).

Acknowledgments

This work was supported by the Grant No. 3 T09A 151 19 of the Polish State
Committee for Scientific Research.

References

[1] M. Cohen, Biochemistry 2, 623 (1963).
[2] S. Ebashi, J. Biochem. 50, 236 (1961).
[3] W. Hasselbach and M. Makinose, Biochemistry 2, 333 (1961).
[4] M.M.C.A. Castro, J. Inorg. Biochem. 28, 319 (1986).
[5] G.Borghensani,F.Pulidori,M.Remelli,R.PurrelloandE.Rizzarelli,J.Chem.Soc.,DaltonTrans.2095(1990).
[6] V. Zappia and A.E. Pegg (Eds.), Progress in Polyamine Research, (Plenum Press, New York, 1988).
[7] L. Lomozik, Metal Complexes with Polyamines, in G. Berthon (Ed.), Handbook of Metal-Ligand

Interactions in Biological Fluids, Bioinorganic Chemistry, (Marcel Dekker, New York, 1995), V. I. p. 686.
[8] C.W. Tabor and H. Tabor, Ann. Rev. Biochem. 53, 749 (1984).
[9] S.S. Cohen, Introduction to the Polyamines. (Prentice-Hall, Inc., Englewood Cliffs, New York, 1971).
[10] U. Bachrach, Function of Naturally Occurring Polyamines, (Academic Press, New York, 1973).
[11] S. Sanchez-Cortes, M. Molina, J.V. Garcia-Ramos and P. Carmona, J. Raman Spectrosc. 22, 819 (1991).
[12] H. Pezzano and F. Podo, Chem. Rev. 80, 365 (1980).
[13] H. Diebler, F. Secco and M. Venturi, Bioph. Chem. 234, 3257 (1959).
[14] J. Shack, R.J. Jenkins and J.M. Thompselt, J. Biol. Chem. 203, 373 (1953).
[15] G.L. Eichhorn, Nature 194, 474 (1962).
[16] Ch.H. Chang and L.G. Marzilli, J. Am. Chem. Soc. 96, 3656 (1974).

212 L. LOMOZIK et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



[17] D.M. Templeton and B. Sarkar, Can. J. Chem. 63, 3112 (1985).
[18] H. Sigel, Eur. J. Biochem. 165, 65 (1987).
[19] R.B. Martin and H. Sigel, Comments Inorg. Chem. 6, 285 (1988).
[20] Y. Kinjo, L. Ji, N.A. Corfu and H. Sigel, Inorg. Chem. 31, 5588 (1992).
[21] A. Terron, Comments Inorg. Chem. 14, 63 (1993).
[22] B. Castro, J. Pereira, P. Gameiro and J.L.F.C. Lima, J. Inorg, Biochem. 45, 53 (1992).
[23] R. Tauler, J.F. Cid and E. Casassas, J. Inorg. Biochem. 39, 277 (1990).
[24] H. Sigel, S.S. Massoud and R. Tribolet, J. Am. Chem. Soc. 110, 6857 (1988).
[25] G. De Munno, S. Mauro, T. Pizzino and D. Viterbo, J. Chem, Soc., Dalton Trans. 1113 (1993).
[26] Y. Katono, Y. Inou and R. Chújô, Polym. J. 9, 471 (1977).
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