
pozorovala existencia dvoch nevýrazných maxím pri

hodnotách 135° a 163°, kým v prípade uhla  N–H···F(BF3
–)

sa maximálna poèetnosÙ pozorovala v rozsahu uhlov
130-150°.

Následné experimentálne štúdium sústavy Cu(II) - L–L
- BF4

– viedlo k príprave a charakterizácii nových zlúèenín
[Cu(men)2(BF4)2] (1), [Cu(bmen)2(BF4)2] (2) a
[{Cu(OH)(H2O)(tmen)}2](BF4)2 (3). 

Výsledky monokryštálovej štruktúrnej analýzy
zlúèeniny 1 ukázali, že jej kryštálová štruktúra  je tvorená
molekulami [Cu(men)2(BF4)2], v ktorých atóm Cu(II) je
koordinovaný deformovane oktaedricky v tvare 4+2
dvoma molekulami chelátového liganda men v
ekvatoriálnej rovine (priemerná hodnota Cu-N je
2,0243(12) C), kým axiálne polohy obsadzujú
monodentátne BF4

– ligandy (Cu-F je 2,5091(11) C) (Obr.
3). Kryštálová štruktúra 1 je stabilizovaná intra-
a intermolekulovými vodíkovými väzbami typu N-H···F
[9].  Výsledky sa diskutujú v prednáške.
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In tro ducti on

Can cer is one of the ma jor causes of death in many coun -
tries of the world. Cisplatin, as one of the lead ing
metal-based drugs, is widely used in treat ment of can cer,
be ing es pe cially ef fec tive against gen i to uri nary tu mours.
Sig nif i cant side ef fects and drug re sis tance, how ever, have
lim ited its clin i cal ap pli ca tions. This per turb ing news mo ti -
vates us and many oth ers to con sider how to pro tect our -
selves against can cer and as a con se quence there is an
in crease in the de sign of new and more ef fec tive drugs to
com bat these dis eases.

There are sev eral ways how to in crease the ef fi ciency of 
metal or ganic drugs. One of them is to pre pare a new drug
in the form of a com plex con tain ing bi o log i cally ac tive
metal as a cen tral atom and bi o log i cally ac tive lig ands
which have ad e quate che lat ing prop er ties and fa vour able
tox ic ity pro files. This is gen er ally true of the 8-hydro -
xyquinoline drug class. 

One ex am ple is 5-chloro-7-iodo-quinolin-8-ol (clio -
quinol, CQ). CQ, a chelator of cop per, zinc, and iron, has
been used for many years as an antimicrobial agent. It was
first pre pared in Ger many in the early part of the last cen -
tury and was widely used as an an ti bi otic for the treat ment
of di ar rhea and skin in fec tion.  Re cently, clioquinol is pro -

duc ing very en cour ag ing re sults in the treat ment of Alz hei -
mer’s dis ease [1]. Its bi o log i cal ef fects are most likely as -
cribed to complexation of spe cific metal ions, such as
cop per(II) and zinc(II), crit i cally as so ci ated with pro tein
ag gre ga tion and de gen er a tion pro cesses in the brain [2].
CQ also showed ef fi cacy in an an i mal model of Par kin -
son’s dis ease [3]. More over, it has been found that CQ is
toxic against can cer cells and in hib its the growth of tu -
mours [4]. An other ex am ple of anticancer ac tive com -
pounds of this type are bis-8-hydroxyquinoline sub sti tuted
benzylamines, namely JLK 1472 and JLK 1486. Cytotoxic
ac tiv ity of these com pounds was in ves ti gated on some hu -
man can cer cell lines and it has been found that many can -
cer cell lines are sen si tive to both drugs. [5]

In ter est ing bi o log i cal ac tiv ity of 8-hydroxyquinoline 
de riv a tives (XQ) led us to an idea to pre pare square-pla nar
com plexes of Ni(II), Pd(II) and Pt(II) with these lig ands,
which should mimic cisplatin. From the dif fer ent types of
syn the ses we pre pared 6 com pounds in the form of
monocrystals suit able for X-ray data col lec tion so far. Af -
ter con firm ing the pres ence of re spec tive lig ands by in fra -
red spec tros copy and es ti mat ing com po si tion of these
com plexes by el e men tal anal y sis, we stud ied the struc tures
of these com pounds. In this pa per we de scribe the prep a ra -
tion and crys tal struc tures of fol low ing com plexes:
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[Ni(CQ)2] (1), NH2(CH3)2[Ni(CQ)3]·DMF·H2O (2)
[Pd(CQ)2] (3), NH2(CH3)2[Pd(CQ)Cl2] (4),
HCQ[Pd(CQ)Cl2]·H2O (5) and [Pd(dIQ)2] (6), where dIQ
= 5,7-diiodo-quinolin-8-ol, which we ex pect to have an in -
creased bi o log i cal ac tiv ity. 

Re sults and dis cus si on

From the re sults of X-ray struc tural anal y sis of 1, 3 and 6
we can state that these three com plexes are isostructural
mo lec u lar com pounds. Cen tral at oms are co or di nated by
two trans-ar ranged mol e cules of XQ lig ands in a square
pla nar ge om e try (Fig. 1). The lig ands are co or di nated by
ni tro gen at oms of pyridine part and ox y gen at oms of phe -
no lic part af ter hydroxyl group deprotonation of re spec tive
lig ands with M–O dis tances (Ni–O = 1.851(2) C and Pd–O
= 1.988(4) C in av er age) slightly shorter than M–N ones
(Ni–N = 1.882(2) and Pd–N = 2.004(8) C in av er age) and
with the dis tances around the Ni atom shorter than around
the Pd atom. 

Sim i lar dif fer ences be tween M–O and M–N dis tances
have been ob served in [Cu(CQ)2] and [Zn(CQ)2(H2O)]·
THF·0.5H2O [2] as well as in Ni com plexes with dif fer ent
quinolines [6, 7]. In ad di tion, each nickel and pal la dium at -
oms in 1, 3 and 6 form long-range in ter ac tions on both
sides of the mo lec u lar plane with the car bon at oms of the

ar o matic rings of con tig u ous mol e cules. The dis tances be -
tween par al lel mean planes of [M(XQ)2] mol e cules range
be tween 3.336 and 3.401 C,  and the dis tances be tween
cen troids of the ar o matic rings and Ni and Pd at oms span
be tween 3.401 and 3.477 C (cor re spond ing val ues for the
[Cu(CQ)2] com plex [2] are 3.316 and 3.407 C, re spec -
tively). Such in ter ac tions give rise to stacks of mol e cules.
More over the M at oms (Ni or Pd) and two ad ja cent cen -
troids lie in per fect lines which make an gles with the
[M(XQ)2] planes of 78.8, 77.6 and 76.1° for 1, 3 and 6, re -
spec tively (Fig. 2) (76.2° in the [Cu(CQ)2] com plex [2]). 
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Fig ure 1. Struc ture of [Ni(CQ)2] (1), [Pd(CQ)2] (3) and
[Pd(dIQ)2] (6) com plexes. Fig ure 2. Stack ing of the mol e cules in [Ni(CQ)2] (1), [Pd(CQ)2]

(3) and [Pd(dIQ)2] (6) com plexes.

Fig ure 3. Struc tures of NH2(CH3)2[PdCl2(CQ)] (4) (left) and HCQ[Pd(CQ)Cl2]·H2O (5) (right).
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Štúdium magnetických vlastností koordinaèných zlúèenín
predstavuje v súèasnosti jeden z hlavných smerov
výskumu v koordinaènej chémii. Záujem o štúdium
magnetických vlastností koordinaèných zlúèenín je
motivovaný jednak snahou pochopiÙ súvis medzi
štruktúrou, zložením a magnetickými vlastnosÙami látok,
jednak potenciálnymi aplikaènými možnosÙami. Jednu
skupinu látok zaujímavých z magnetického h¾adiska
predstavujú také koordinaèné zlúèeniny, v ktorých sa
striedajú centrálne atómy s rôznym spinom, ktoré v prípade 
jednorozmerných (1D) látok sa nazývajú alternujúce
reÙazce. Alternujúce reÙazce je možné chemicky realizovaÙ
dvoma spôsobmi: (1) paramagnetické centrálne atómy
v reÙazci sú rovnaké, ale sú pospájané striedavo dvoma
rozdielnymi mostíkovými molekulami alebo iónmi
(alternujú sa mostíky), alebo (2) v reÙazci sa striedajú rôzne 
centrálne atómy (alternujú spiny magnetických iónov),
ktoré sú pospájané rovnakými mostíkovými molekulami
alebo iónmi. Pre druhú možnosÙ  v prípade striedania

centrálnych atómov so spinom S1 = 1/2 a s väèšou
hodnotou spinu, napr. S2 = 1 existuje predpoveï, že pri
dostatoène nízkej teplote T, to je pri teplote nižšej ako je
hodnota  konštanty výmennej interakcie J (T < J), sa takáto
látka bude chovaÙ ako látka s feromagnetickou interakciou
napriek tomu, že interakcia bude antiferomagnetická.
Teoreticky sa študovali takéto systémy s centrálnymi
atómami Cu(II) a Ni(II) a existuje teda predpoveï tvaru
teplotnej závislosti magnetickej sus cep ti bil ity na teplote
[1]. Z uvedeného sa javí zaujímavé pripraviÙ Cu-Ni
heterobimetalické látky s uvedenou kombináciou spinov a
charakterizovaÙ ich spektrálnymi metódami, urèiÙ ich
kryštálové štruktúry a následne študovaÙ ich magnetické
vlastnosti a tie porovnaÙ s teoretickou predpoveïou. 

Analýzou údajov z Cambridgeskej kryštalografickej
databázy (CSD) [2] a Databázy anorganických kryštá -
lových štruktúr (ICSD) [3] sa zistilo, že v súèasnosti je
popísaných celkove 253 heterobimetalických zlúèenín na
báze medi a niklu s vyriešenou kryštálovou štruktúrou.
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Fig ure 4. Struc ture of [Ni(CQ)3]
- com plex an ion (left) and NH2(CH3)2

+  cat ion along with solvated mol e cules of  DMF and H2O (right).


