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In tro ducti on

Can cer, as one of the big gest health haz ard for man kind, is
still un der a wide re search all over the world. De spite the
dra matic de vel op ment of antitumor drugs, the can cer death
rate has im proved rarely. Cisplatin is con sid ered as a par ent 
com pound in the group of metal-based anticancer agents.
Clin i cal ap pli ca tions of cisplatin are, how ever, re stricted
due to the ac quired cell re sis tance af ter con tin u ous treat -
ment and sig nif i cant side ef fects. From cur rently im por tant
plat i num-based anticancer agents, cisplatin, carboplatin,
oxaliplatin, nedaplatin and lobaplatin are of rea son able in -
ter est [1].

Ex cept the plat i num co or di na tion com pounds, there is
also much in ter est in the syn the sis and de sign ing of pal la -
dium drugs that can have in creased phar ma co log i cal ac tion 
with a de creased spec trum of side ef fects. As an ex am ple,
in ves ti ga tion car ried out on trans-pal la dium(II) com plexes
with chloroquine, which has been used as an antimalarial
and anti-in flam ma tory drug, showed that co or di na tion of
the ligand to the pal la dium(II) atom in creased the
antitumor ac tiv ity against four can cer cell lines [2].
Cytotoxicity of halogenated de riv a tives of quinolin-8-ol
(XQs) has re cently been in ves ti gated. The cytotoxicity of
XQs was en hanced by the ad di tion of cop per or zinc and it
is be lieved that these lig ands serve as ionophores [3].

Keep ing in mind all these prom is ing re sults of pal la -
dium(II) com plexes and XQ lig ands, we de cided to pre pare 
square-pla nar com plexes of Pd(II) with these lig ands with
the aim to en hance their anticancer ac tiv ity com par ing to
lig ands it self. In this pa per we de scribe the struc tures of
four neu tral com plexes of Pd(II) with XQ lig ands:
[Pd(CQ)2] (1) [4] (CQ = 5-chloro-7-iodo-quinolin-8-ol,
clioquinol), [Pd(dClQ)2] (2) (dClQ = 5,7-dichloro-
 quinolin-8-ol), [Pd(dBrQ)2] (3) (dBrQ = 5,7-dibromo-
 quinolin-8-ol) and [Pd(dIQ)2] (4) (dIQ = 5,7-diiodo-
 quinolin-8-ol), as well as two ionic NH2(CH3)2

[Pd(CQ)Cl2] (5) and HCQ[Pd(CQ)Cl2]•2H2O (6) [5] co or -
di na tion com pounds.

Re sults and dis cus si on

The struc tures of com plexes 1 – 4 (Fig. 1), are formed by
neu tral [Pd(XQ)2] mol e cules with two XQ mol e cules
bidentately co or di nated to Pd(II) atom by ox y gen atom af -
ter deprotonation of XQ phe no lic part and ni tro gen atom of
XQ pyridine part. There are two in de pend ent [Pd(dClQ)2]
mol e cules in the struc ture of 2. One of them is centro -
symmetric with the Pd(II) atom oc cu py ing the cen ter of
sym me try, while the sec ond one is pseudo centro symmetric 
with the Pd(II) ly ing in a gen eral po si tion; the struc tures of

1, 3 and 4 are all centrosymmetric. The val ues of Pd–O and
Pd–N dis tances (1.995(3) C and 1.990(3) C for 1; 2.002(6)
C and 1.992(5) C in av er age, re spec tively for 2; 2.001(2) C
and 1.993(3) C, re spec tively for 3; 1.985(9) C and
2.010(10) C, re spec tively for 4) are slightly lon ger com par -
ing to the pre vi ously stud ied square-pla nar com plexes of
CQ con tain ing Ni(II) (1.851(2) C and 1.883(2) C, re spec -
tively) [6], and Cu(II) (1.919(6) C and 1.974(15) C, re -
spec tively) [7]. An in crease of M–O and M–N dis tances (M 
= Ni, Cu and Pd) in the se quence Ni < Cu < Pd can be ex -
plained by an in creas ing co va lent ra dius of these met als in
the same se quence. Square-pla nar ge om e try around Pd(II)
cen tral at oms in the pre pared com plexes is more de formed
than in the pre vi ously stud ied Ni and Cu com plexes as the
val ues of N–Pd–O an gles (83.6(1)° in 1; 83.6(2)° and
83.2(2)° in 2; 83.31(9)° in 3 and 83.7(4)° in 4) are lower
than the cor re spond ing N–M–O val ues (87.04(10)° for Ni,
and 86.31° and 83.88° for Cu com plexes) [6, 7].

Fig ure 1. Struc tures of com plexes 1 – 4 (top) and com plex
an ion of 5 and 6 (bottom).
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The mo lec u lar struc tures of the two ionic Pd(II) co or di -
na tion com pound (5 and 6) (Fig. 1) con sist of dis crete
cis-[PdCl2(CQ)]- an ions in which the cen tral Pd(II) atom
has a dis torted square-pla nar con fig u ra tion with Pd–Cl dis -
tances of 2.2842(8) and 2.2997(7) C in 5 and 2.271(1) and
2.311(1) C in 6, and with Pd–O and Pd–N dis tances of
2.013(2) and 2.014(2) C, re spec tively in 5 and 2.035(3)
and 2.009(4) C, re spec tively  in 6. The neg a tive charge of
these an ions is bal anced by the pres ence of
dimethylammonium cat ion or protonated mol e cule of CQ
(HCQ+) in 5 or 6, re spec tively. The struc ture of 6 also in -
volves two non-co or di nated wa ter mol e cules. 

In ad di tion, each struc ture is sta bi lized by long-range
in ter ac tions. In 1, 3 and 4 the in ter ac tions are on both sides
of the mo lec u lar plane be tween the car bon at oms of the ar -
o matic rings of con tig u ous mol e cules and Pd(II) at oms.
The Pd(II) at oms and two ad ja cent cen troids of ar o matic
rings lie in the per fect lines, thus the co or di na tion num ber
of Pd at oms in all three com plexes can be con sid ered as 4 +
2 with an elon gated tetragonal bipyramidal co or di na tion
poly he dron (Fig. 2). Long-range in ter ac tions in 2 are dif -
fer ent, as the struc ture of this com plex con sists of two in de -
pend ent [Pd(dClQ)2] mol e cules. These two mol e cules are

in ter con nected by p-p in ter ac tions, which oc cur be tween
the phe no lic parts of ad ja cent dClQ lig ands and pyridine
and phe no lic parts of an other two dClQ mol e cules. An in fi -
nite neu tral chain par al lel with [010] is formed by stack ing
of [Pd(dClQ)2] mol e cules (Fig 2).

There are two kinds of p-p in ter ac tions in 5, where a
cou ple of an ions is aligned an a log i cally to an align ment in
a graph ite, i.e. cen troid of one phenyl ring is ex actly above

the C5 atom of the ad ja cent phenyl ring. Up per an ion of
this pair is over lapped with an other an ion in such a way that 
cen troid of the pyridine ring is ex actly be neath the cen troid
of the C1–C2 bond and thus par al lel dis placed stack ing of
anions is formed (Fig. 3).

p-p in ter ac tions in 6 oc cur be tween the phe no lic parts
of the com plex an ion and the cat ion. More over, the Pd(II)

in ter acts with ad ja cent cat ion and pos si ble h6 semi co or di -
na tion of phenyl ring of the cat ion could be con sid ered.
Thus the co or di na tion num ber of Pd(II) atom can be con -
sid ered as 4+1 with a tetragonal py ram i dal co or di na tion
poly he dron. Due to these intermolecular con tacts the cat -
ions and an ions are linked to form a chain par al lel with
[010] (Fig. 3).

Sta bil ity of the struc ture of 5 is also en hanced by a sys -
tem of hy dro gen bonds which in volves both of the hy dro -
gen at oms bonded to the ni tro gen atom in dimethyl -
am mo nium cat ion and a neu tral in fi nite chain nearly par al -
lel with [100] is formed (Fig. 4). Both un co or di nated wa ter
mol e cules in 6 in ter con nect the HCQ+ cat ions via hy dro gen 
bonds into a plane parallel with (100) (Fig. 4).
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In tro ducti on

The mo lec u lar struc tures of five-co or di nated [Cu(L)2X]Y
com plexes (L = 1,10-phenantroline (phen) or 2,2’-bipy -
ridine (bpy), X and Y = 1- an ions) show an ex ten sive vari -
abil ity rang ing from trigonal bipyramid (TBP) to square
py ram i dal (TEP) stereochemistries, with ma jor ity com -
plexes dis play ing a struc ture, which is in the range of these
two ex tremes [1]. In our pre vi ous work we have pre pared
and stud ied com plexes with X = N(CN)2

– and ONC(CN)2
–

with the aim to char ac ter ize the shape of co or di na tion poly -
he dra (SCP) around the Cu at oms [2, 3]. The ob tained re -
sults showed that the pre ferred SCP for com pounds with
phen is close to TBP, whereas for SCP bpy com pounds is
close to TEP.  

Tricyanomethanide (tcm) an ion C(CN)3
– can co or di -

nate sim i larly as N(CN)2
– and ONC(CN)2

– an ions [4].
There fore we de cided to pre pare com plexes of gen eral
[Cu(L)2tcm]Y for mula (L = phen or bpy and Y = ClO4

–,
NO3

–, Br– and Cl–) and thus to con tinue in our pre vi ous
work deal ing with the SCP. In this pa per we de scribe struc -

tures of ten ionic co or di na tion com pounds, which can be
di vided into three groups: a) [Cu(L)2tcm]tcm: [Cu(phen)2

tcm]tcm (1) and [Cu(bpy)2tcm]tcm (2); b) [Cu(L)2tcm]
ClO4: [Cu(bpy)2tcm]ClO4 (3), K[Cu(phen)2tcm]3tcm
(ClO4)3 (4) and [Cu(phen)2tcm] [Cu(phen)2H2O]tcm
(ClO4)2·H2O (5) and c) [Cu(L)2Y]tcm: [Cu(phen)2NO3]tcm 
(6), [Cu(phen)2Cl]tcm·H2O (7), [Cu(bpy)2Cl]tcm (8),
[Cu(phen)2Br]tcm·0,5H2O·0,5EtOH (9) and [Cu(bpy)2Cl]
tcm·H2O (10).

Re sults and dis cus si on

Com plexes 1 and 2 (Fig. 1) be long to the first group. Their
struc tures are formed by [Cu(L)2tcm]+ cat ions and non-co -
or di nat ing tcm an ions. The struc ture of the cat ions con sists
of two phen or bpy mol e cules and one tcm an ion co or di -
nated to a cop per(II) atom.

The sec ond group con sists of com plexes 3 - 5 (Fig. 2),
which con tain the same cat ions as the pre vi ous group, how -
ever to bal ance their pos i tive charge, ClO4 in 3 or ClO4 and
tcm an ions in 4 and 5 are used. More over, struc ture of 4

Fig ure 4. Hy dro gen bonds (dashed lines) in 5 (left) and 6 (right).


