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IN TRANSITION METAL COMPLEXES WITH
THIOSEMICARBAZIDE-BASED LIGANDS

Goran A. Bogdanovié

"VINCA" Institute of Nuclear Sciences, Laboratory of Theoretical Physics and
Condensed Matter Physics, 11001 Belgrade, P.O.Box 522, Yugoslavia;
e-mail: goranb@vin.bg.ac.yu

Introduction

Transition metal complexes with thiosemicarbazide-based ligands (TSC) have
been studied for a long time because of their interesting structural properties, analytical
applications and biological activities [1-7]. In Scheme 1, the atoms of thiosemicarbazide
fragment are labeled in superscript which is in accordance with IUPAC rules.
Thiosemicarbazide-based compounds belong to a more common class of molecules, which
can be named by adding suffix "semicarbazone" (Scheme I).

The most often, atom X is oxygen or sulphur but it also may

be, for example, selenium [8]. Groups R1 and R2 originate R1- N N R2
from used carbonyl compound but they (R1 and R2) can also \\‘2 3/
represent hydrogen atoms. This class of compounds (shown in H

Scheme 1) can be modified by placing substituents on the
atom X, and thus S-alkyl derivatives of TSC compounds can
be gained. This class of molecules is named isothiosemicar-
bazide-based compounds (ITSC).

ITSC-based compounds, especially metal complexes with this type of ligands,
were thoroughly investigated by Leovac, Gerbeleu and coworkers [9]. Common coordina-
tion mode of ITSC-based ligands is shown in Scheme 2. Transition metal complexes with
ITSC-based ligands show interesting molecular geometry [10-12], rare type of intermolec-
ular interaction [13] and unusual coordination behavior [14]. In some of the cases, this mol-
ecules show possibility to grow 3D supramolecular structure [15]. The ligands of this type
(S-substituted thiosemicarbazide-based ligands) can act as biologically active agents with
antibacterial activity [16,17].

The objective of this talk is to present results of comparative analysis of some
structural characteristics, which have not been systematically analyzed until now.
Although some elements of structural behavior have been noted
in the published papers, they have not been compared with all

Scheme 1

compounds from the same class (TSC or ITSC). And, what is 1/ \ RZ
more important, the reasons for observed characteristics have not }\12 3/

been named or explained. Additionally, some interactions (mutu-

al influences) between selected structural features (like depend- S— C
ence of cis/trans position of S-R group on the N2 protonation)

will be presented in this talk for the first time. Comparative study Scheme 2



is based on all X-ray crystal structures possessing TSC fragment, which were retrieved from
Cambridge Structural Database (CSD) [18]. 1122 compounds possessing N-N-C(S)-N
structural motif were extracted (664 of which being metal complexes).

1. Analysis of electron % delocalisation in ITSC fragment

The major part of comparative study is dedicated to the analysis of electron & delo-
calisation (EPD) in the ITSC fragment. For that purpose, X-ray crystal data were used for
172 ITSC-based compounds with 261 ITSC fragments. Crystal structures were classified in
six groups so that all structures from one group possess the same structural motif defined for
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Scheme 3

that group (shown in the scheme 3). Regarding that the N1-N2-C3-N4 fragment is structural-
ly very similar in all ITSC-compounds, one can observe that arrangement of electron n den-
sity surprisingly vary in rather high degree. For instance, the N2-C3 bond length (although
both atoms always have the same adjacent atoms) can take values from 1.28 to 1.42 A.
Range of values for C3-N3 bond is mainly from 1.26 to 1.44 A.

This interesting structural behaviour was studied through analysis of two structur-
al characteristics of EPD: 1. electron n density arrangement within the NI1-N2-C3-N# frag-
ment and 2. quantity of electron p density in the fragment. Very good agreement of analysed
bond distances inside of groups was observed, as well as regular relation of analysed param-
eters between groups. Also, main influences on both characteristics were detected.
1. Dominant factor acting on electron = density arrangement is protonation of the N2 atom.
Another important factor which acts on electron = density arrangement in different degree
(depending on the group) is the type of the atoms bonded to the N! and N* atoms and their
ability to take part in the n delocalisation of the = electron density from ITSC fragment.
2. Dominant factor which acts on quantity of electron density in the fragment is degree of
ability of the atoms bonded to the N! and N* atoms to receive part of electron p density from
ITSC fragment (or to donate part of its own electron = density to the ITSC fragment).
Influence of protonation of the N2 atom on quantity of electron & density is significantly less
but it also exists. All quoted factors have been quantitatively derived for each group with
good approximation.



2. Structural behaviour of the sulphur atom

Structural behavior of the S atom could be one of the important factors for bioac-
tivity of ITSC-based compounds (as well as TSC compounds), especially metal complexes
with this type of ligand. For that reason different structural properties for S atom and S-alkyl
group in ITSC-based compounds have been studied. It was established that the S atom could
take part in weak C-H...S hydrogen bonds. Orientation of S-alkyl group to the rest of isoth-
iosemicarbazide moiety was analyzed and it was identified that S-alkyl takes coplanar posi-
tion to the rest of ITSC, while some rare exceptions from coplanar position could be
explained by intermolecular interactions of S-alkyl. Direct relation (mutual dependence)
between cis/trans orientation of S-alkyl group (including bond angle geometry) and proto-

nation of the N2 atom was established. Some exceptions are successfully explained with
intermolecular interactions and hydrogen bonds.

3. Metal-TSC ligand distances

Metal-TSC ligand distances were analysed separately for metal complexes with
TSC-based and ITSC-based ligands (Scheme 3). It was established that, (beside the type of
metal atoms), coordination mode and hybridisation state of coordinated atoms are main
influences which causes differences in the metal-ligand distances. The results of this analy-
sis are demonstrated on the Ni complexes, which are the most numerous transition metal
complexes with TSC- and ITSC-based ligands.

4. Chelate rings conformation

All metal complexes with tridentate ITSC-based ligands possess two fused chelate
rings, one of which being six-membered. Metal complexes with tetradentate ITSC ligands
possess three fused chelate rings and two of them are six-membered. It is well known that
six-membered rings are flexible and very often exist as non-planar. To analyse ring-planari-
ty, a very simple rule was used: that summation of angles inside of ring is directly related to
ring planarity. The use of this simple rule as a criteria for ring-planarity gives parameters
which are in excellent agreement to Cromer-Pople parameter Qt (total puckering parame
ter).

All chelate rings are approximately planar. Some exceptions can be explained by
square-pyramidal coordination. In those cases metal atom is somewhat displaced from ring
plane due to requirements of coordination geometry. Generally it can be concluded that
chelate rings show tendency toward planarity. Explanation for this behaviour is probably in
the electron 1 delocalisation through the chelate rings and inter-relation of © systems from
ITSC fragment and six-membered chelate rings if they are presented.

Conclusions

1t is reasonable to expect that ITSC (or TSC) fragment takes part in the biological
activity of the molecules which possess this structural part. In that case, it is of exceptional
importance to recognise main influences which act on structural behaviour and to know how
we can modify structural characteristics in thiosemicarbazide fragment. On the basis of the
results quoted in this work, it is possible to predict basic characteristics, such as EPD for
chosen ITSC-based compound even before it is synthesised. Also, composition of molecule
for desired EPD could be predicted (or suggested). With previously established relation



between bioactivity (or some other feature) and EPD, it is possible to perform more selec-
tive molecule structure design. Analyses of other structural characteristic, like possible
intermolecular interactions and conformational behaviour of S-alkyl group, as well as analy-
sis of chelate ring conformation can also help better understanding of molecular structure of
ITSC-based compounds and their structural modification.

This approach to analysis of structural characteristics based on the X-ray crystal
data is also applicable to the other class of molecules (first of all SC- and TSC-based com-
pounds) possessing conjugated = bonds and adequate number of known crystal structures.
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Uvod

Kompleksi prelaznih metala sa ligandima na bazi tiosemikarbazida (TSC)
proucavaju se ve¢ dugo vremena zbog njihovih interesantnih strukturnih osobina, primene
u analiti¢ke svrhe i bioloSke aktivnosti [1-7]. Na shemi 1 atomi iz tiosemikarbazidnog frag—
menta su obeleZeni oznakama u superskriptu koje su u skladu sa [IUPAC—ovim pravilima.
Jedinjenja na bazi tiosemikarbazida pripadaju opstijoj klasi
molekula koji se imenuju dodavanjem sufiksa "semikarbazon"

(shema 1). Atom X je najéesce kiseonik ili sumpor ali takode N R2
s . ’ . 2 3/
moZe biti neki drugi atom kao naprimer atom selena [8]. \N
Grupe R11R2 poti¢u sa karbonilnih jedinja, ali R1 i R2 takode -+
mogu predstavljati i atome vodonika. Ova klasa jedinjenja
(prikazana na shemi 1) moZe biti modifikovana postavljanjem Shema 1
supstituenta na atomu X i na takav nadin se moZe dobiti S—
alkil derivat TSC jedinjenja pri cemu se ova klasa molekula naziva jedinjenjima na
bazi izotiosemikarbazida (ITSC).

Jedinjenja na bazi ITSC a posebno kompleksi metala sa ovim tipom liganada
intenzivno su pru¢avana od strane Leovca, Gerbeleua i njihovih saradnika [9]. Uobi&ajen
natin koordinacije liganada na bazi ITSC prikazan je na shemi 2. Kompleksi prelaznih
metala sa ligandima na bazi ITSC pokazuju interesantnu geometriju molekula [10-12],
redak tip intermolekulskih interakcija [13] i neobino koordinaciono ponasanje [14]. U
nekim primerima ovi molekuli pokazuju moguénost gradenja trodimenzionalnih
supramolekulskih struktura [15]. Ligandi ovog tipa (S-supstituisani ligandi na bazi
tiosemikarbazida) mogu delovati kao bioloski aktivni agensi sa antibakterijskim dejstvom
[16,17].

Cilj ovog predavanja jeste prezentacija rezultata kom—
parativne analize strukturnih karakteristika koje do sada nisu sis—

tematski proucavani. Naime, mada su u predhodno publikovan— 1 v \ 4

im radovi zabeleZeni neki od elemenata strukturnog ponasanja, —R2
oni nikad nisu uporedeni i analizirani za sva jedinjenja iz TSC i Nz

(ili) ITSC klase molekula. Dalje, 3to je jo§ znafajnije, uzroci

opaZenih karakteristika nisu do sada dati ili obja$njeni. Dodatno, S_C

neki od medusobnih uticaja izmedu odabranih strukturnih karak—
Shema 2



teristika (kao $to je zavisnost cis/trans poloZaja S-R grupe od protonovanja N2 atoma azota)
bice prvi put izloZeni na ovom predavanju. Komparativna studija obuhvata sve kristalne
strukture koje poseduju TSC fragment a &iji si kristalogarfski podaci bili dostupni u CSD
banci podataka [18]. Ukupno je bilo izdvojeno 1122 jedinjenja (od toga 664 kompleksa)
koja poseduju N-N-C(S)-N strukturni motiv.

1. Analiza delokalizacije % elektrona u ITSC fragmentu
Najvecéi deo komparativne analize posveéen je analizi delokalizacije p elektrona
(EPD) u ITSC fragmentu. U cilju navedene analize kori¢eni su kristalografski podaci za
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Shema 3

172 jedinjenja na bazi ITSC koja ukupno sadre 261 ITSC fragment. Kristalne strukture su
klasifikovane u Sest grupa tako da sve strukture iz jedne grupe sadr¥e isti strukturni motiv
definisan za tu grupu (grupe su predstavljene na shemi 3). Imajuéi u vidu da je N1-N2-C3-
N# fragment strukturno veoma sli¢an u svim ITSC jedinjenjima, iznenadujuce je da se moZe
opaziti da raspored elektronske gustine varira u fragmentu u znadajnoj meri. Na primer,
duZina N2-C3 veze (iako oba atoma u svim strukturama imaju istu okolinu) mo¥e imati
vrednosti u opsegu od 1.28 do 1.42 A. Opseg vrednosti za C3-N3 vezu je pribliZno od 1.26
do 1.44 A,

Ovo interesantno strukturno ponasanje je istraZivano analizom dve strukturne
karakteristike EPD: 1. raspodele (rasporeda) n elektronske gustine u N1-N2-C3-N# frag—
mentu i 2. koli¢ine m elektronske gustine u fragmentu. Utvrdeno je veoma dobro slaganje
duZina veza u okviru grupa kao i pravilnost odnosa analiziranih parametara izmedu grupa.
Za oba navedene karakteristike utvrdeni su glavni uticaji koji deluju na njih. 1. Dominantni
faktor koji uti¢e na raspodelu = elektronske gustine je protonovanost N2 atoma azota. Drugi
znalajan faktor koji u zavisnosti od grupe deluje u razligitom stepenu jeste tip atoma
vezanih za N1 i N* i njihova sposobnost da ugestvuju u delokalizaciji « elektronske gustine
iz ITSC fragmenta. 2. Dominantni uticaj koji deluje na koli¢inu = elektronske gustine jeste
sposobnost atoma vezanih za N! i N* atome da prime deo 7 elektronske gustine iz ITSC
fragmenta (ili, u drugom slucaju, da daju deo sopstvene w elektronske gustine ITSC frag—
mentu). Uticaj protonovanja N2 atoma na koli¢inu p elektronske gustine je znatajno manji
ali takode postoji. Svi navedeni uticaji su kvantitativno opisani za svaku grupu posebno.



2. Strukfurno pona¥anje atoma sumpora

Strukturno ponasanje atoma sumpora mo¥e biti jedan od zna&ajnijih uticaja na
ispoljavanje bioloske aktivnosti jedinjenja na bazi ITSC (kao i jedinjenja na bazi TSC), a
posebno kompleksa metala sa ligandima ovog tipa. Iz navedenog razloga istra¥ene su
razliite strukturne osobine atoma sumpora i S—alkil grupe u jedinjenjima na bazi ITSC.
Utvdeno je da atom sumpora moZe udestvovati u gradenju slabih C-H...S vodoni¢nih veza.
Analizirana je orjentacija S-alkil grupe prema ostatku ITSC fragmenta, pri &emu je utvdeno
da S-alkil grupa zauzima koplanaran poloZaj prema ostatku fragmenta, dok se retki izuzeci
od ovog ponasanja mogu objasniti intermolekulskim interakcijama S-alkil grupe. Utvrdena
je direktna meduzavisnost izmedu cis/trans poloZaja S-alkil grupe (kao i deformisanosti
uglova oko C3 atoma) i protonovanosti N2 atoma. Izuzeci koji su nadeni su uspeino
objasnjeni preko intermolekulskih interakcija i vodoni&nih veza.

3. Metal-TSC ligand rastojanje

Analizirana su metal-TSC ligand rastojanja i to odvojeno za komplekse sa lig—
andima na bazi TSC i komplekse sa ligandima na bazi ITSC. Utvrdenc je da su pored vrste
metala, koordinaciona geometrija i hibridizacija koordinovanih atora najvazniji uticaji koji
prouzrokuju razlike u rastojanjima izmedu atoma metala i liganada. Rezultati ove analize su
prezentovani na kompleksima nikla kao najbrojnijim kompleksima sa ligandima na bazi
TSCiITSC.

4. Konformacija helatnih prstenova

Svi kompleksi metala sa tridentatnim ligandima na bazi ITSC sadr¥e dva spojena
helatna prstena od kojih je jedan ¥esto¢lani. Kompleksi metala sa tetradentatnim ligandima
na bazi ITSC sadr¥e tri spojena helatna prstena od kojih su dva Sesto¢lana. Poznato je da su
SestoClani prstenovi fleksibilni i da Gesto zauzimaju neplanarnu formu. U svrhu analize pla—
narnosti Sesto€lanih prstenova koridéena je jednostavno pravilo da je zbir uglova u prstenu
u direktnoj zavisnosti od planarnosti prstena. Kori3¢enje navedenog pravila kao kriterijuma
planarnosti prstena je u odlinom slaganju sa Kromer-Poplovim parametrom Qt, ali je znat
no jednostavnije i lakse za koriéenje.

Izraunato je da su helatni prstenovi pribliZno planarni. Izuzeci od planarnosti koji
postoje mogu se objasniti kvadratno—piramidalnom koordinacijom u tim slu¢ajevima. U
navedenim slu¢ajevima atom metala je pomeren iz ravni prstena usled zahteva geometrije
koordinacije oko metala. Uopite refeno mo¥e se zakljuditi da helatni prstenovi pokazuju
tendenciju zauzimanja planarne forme. Objasnjenje za ovakvo ponasanje je verovatno u
delokalizaciji = elektrona preko prstenova i meduzavisnosti 7 sisterma iz ITSC fragmenta i
SestoClanih helatnih prstenova ako su oni prisutni.

ZakljuXci

Za oekivati je da ITSC (ili TSC) fragment uCestvuje u ispoljavanju bioloske aktivnosti
molekula koji sadrZe ovaj strukturni deo. U tom slu¢aju od izvanredne vaZnosti je prepoz—
nati glavne uticaje koji deluju na strukturno ponasanje, kao i znati kako mo¥emo modifiko—
vati strukturne karkteristike u TSC fragmentu. Na osnovu rezultata koji su navedeni u ovom
radu moguce je predvideti takve fundametalne karakteristike kao &to je EPD za odabrano
Jedinjenje na bazi ITSC, i to pre nego §to ono bude sintetisano. U drugom slu¢aju moguée
Je predvideti (ili sugerisati) sastav molekula za Zeljeni EPD. Uz predhodno utvrden odnos



izmedu stepena bioaktivnosti (ili neke druge osobine) i EPD moguée je primeniti selek—
tivnije i efikasnije modifikacije molekulske strukture a u cilju postizanja Zeljenih osobina.
Analiza i drugih strukturnih karakteristika, kao §to su moguce intermolekulske interakcije i
konformacija S-alkil grupe, kao i analiza konformacije helatnih prstenova takode mogu biti
od pomo¢i za bolje razumevanje molekulske strukture jedinjenja na bazi ITSC i njihovih
strukturnih razlika.

Ovakav pristup analizi strukturnih karakteristika zasnovan na kristalografskim
podacima je takode primenljiv i na druge klase molekula (pre svega jedinjenja na bazi SC i
TSC) koja poseduju konjugovane n veze i adekvatan broj poznatih kristalnih struktura.
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NEUTRON DIFFRACTION AND ITS APPLICATION TO
MATERIALS SCIENCE RESEARCH

Roland Tellgren

Dept. of Materials Chemistry, The Angstrom Laboratory, Uppsala University, Sweden;
rte@mkem.uu.se

X-ray and neutron diffraction is the basis for information and understanding of
materials on the atomic level. X-ray diffraction is and has always been the main source.
However for some special problems, neutrons can give important additional information or
in some cases even new and unique information. This is especially true for magnetic mate-
rials. The lecture will point out the main differences between x-rays and neutrons and give
examples of structural studies in materials science research where neutrons have contributed
a lot to a better understanding of the structure and of the properties.
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ANALYSIS OF THE INTERMOLECULAR CONTACTS IN THE STRUCTURES
OF THE 3,5-DIMETHYL-1-THIOCARBOXAMIDEPYRAZOLE AND TRIS(3,5-
DlMETHYL—1-THIOCARBOXAMIDEPYRAZOLATO)COBALT(HI);
COMPARISON WITH THE RESULTS OBTAINED FROM DATABASE STUDY

Z. D. Tomié8, Z. JacimovicP, G. Gister®, V. M. Leovac® S D, Zaric®

2 "VINCA" Institute of Nuclear Sciences, Laboratory of Theoretical Physics and Condensed
Matter Physics, 11000 Beograd, P.O. Box. 522, Yugoslavia; bFacuIty of Metallurgy and
Technology, Cetinjski put bb., Podgorica, Yugoslavia; € Institute of Mineralogy and
Crystallography, University of Wien, Wien, Austria; d Faculty of Sciences, University of

Novi Sad, Trg Dositeja Obradoviéa 3, 21000 Novi Sad, Yugoslavia; ®Faculty of Chemistry,
University of Belgrade, P.O.Box 158, 11001 Belgrade
e-mail: zorant@vin.bg.ac.yu

Pyrazolyl moiety has been widely used for the complexation of transition metals.
This is partly because the size and the rigidity of the ligand, assosiated with the presence of
different substituents make it a promising target, in attempts to use the properties of the lig-
and to control the way of assossiation of molecules. This has stimulated research of the char-
acteristics of the intermolecular contacts in both the organic and coordination compounds
containing this fragment.

We will present here the main structural characteristics of the 3,5-dimethyl-1- thio-
carboxamidepyrazole and the same compound coordinated to Co in the tris-(3,5-dimethyl-
1-thiocarboxamidepyrazolato)Cobalt(111). The speciall attention is given to the analysis of
the intermolecular contacts. Packing of organic compound is determined by the presence of
strong -S....H and -N...H hydrogen bonds as was expected on the basis of the structure of the
isolated molecule. However the mutual position of the pyrazole rings suggest the possibili-
ty for the interaction between two rings. This has prompted us to perform the analysis of
the intermolecular geometry in the pyrazolyl containing compounds using the data stored in
CDB (Cambridge Structure Data Bank). The characteristics of the intermolecular contacts
between the pyrazole rings will be analysed. The influence of the coordination of the mole-
cules on their capacities for the intermolecular contacts will be disccused by comparasion
of the relevant parameters in the structures of 3,5-dimethyl-1- thiocarboxamidepyrazole and
tris-(3,5-dimethyl-1-thiocarboxanﬁdepyrazolato)CobaIt(III).
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ANALIZA INTERMOLEKULSKIH KONTAKATA U 3,5-DIMETIL-1-TIOKARBOK -
SAMID PIRAZOLU I TRIS(3,5- DIMETIL-1- TIOKARBOKSAMIDPIRAZOLATO)
KOBALTA(III); POREDJENIJE SA REZULTATIMA DOBIVENIM ANALIZOM REL
EVANTNIH PARAMETARA U STRUKTURAMA ORGANSKIH MOLEKULA KOJI
SADRZE PIRAZOLNI PRSTEN

Z.D. Tomit®, Z. Jacimovicb, G. Gister®, V. M. Leovac® S D. Zaric®

4|nstitut za nuklearne nauke "VINCA ", Laboratorija za teorijsku fiziku i fiziku kondenzo—
vane materije 11001, Beograd, p.p. 522, Jugoslavija; bTehnolosko-metalurski fakultet,
Cetinjski put bb, 81000 Podgorica, Jugoslavija; Institut za metalurgiju i kristalografiju,
Univerzitet u Be¢u, Be¢, Austrija; dprirodno-matematicki fakultet, Univerzitet u Novom

Sadu, Trg Dositeja Obradoviéa 3, 21000 Novi Sad, Jugoslavija,*Hemijski Fakultet,
Univerzitet u Beogradu, P.O.Box 158, 11001 Beograd
e-mail: zorant@vin.bg.ac.yu

Jedinjenja koja sadrZe pirazolni prsten se koriste za kompleksiranje prelaznih
metala. Jedan od razloga za to je $to kombinacija rigidnosti pirazolnog prstena i prisustva
razlicitih substituenata &ini ove molekule pogodnim za predvidjanje nagina njihove inter—
molekulske interakcije. Ove &injenice su stimulisale istra¥ivanje natina uredjivanja ovih
molekula u &vrstom stanju, kako u organskim tako i u koordinacionim jedinjenjima.
IzloZi¢emo osnovne karakteristike struktura 3,5-dimetil—1-tiokarboksamid pirazola i tris—
(3,5-dimetil-1-tiokarboksamidpirazolato)kobalta(IlI) sa posebnim osvrtom na nadin nji—
hove asocijacije u kristalu. Pakovanje molekula je odredjeno prisustvom jakih —S...H i —
N...H vodoni¢nih veza §to se i o&ekivalo na osnovu strukture slobodnih molekula.

Medjutim, medjusobni poloZaji pirazolnih prstenova sugeri$u moguénost posto—
janja interakcije izmedju njih. Radi provere koliko je opaZena geometrija bitna za
razumevanje intermolekulskih interakcija u sli¢nim strukturama izvr$ena je analiza odgo—
varaju¢ih geometrijskih parametara na osnovu podataka koji se nalaze u Banci kristalnih
struktura (Cambridge Structure Data Bank). U ovom radu ¢e biti izlo¥eni rezultati koji se
odnose na postojanje i u¢estalost nevezivnih interakcija izmedju pirazolnih prstenova kao i
na njihovu prirodu. Uticaj koji koordinacija molekula ima na njegove intermolekulske kon—
takte analiziran je poredjenjem odgovarajuéih parametara u strukturama 3,5-dimetil—1—
tiokarboksamid pirazola i tris—(3,5-dimetil —1— tiokarboksamidpirazolato)kobalta(I1I).
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CRYSTAL STRUCTURE OF MAGNESIUM SALT OF 12-
TUNGSTOPHOSPHORIC ACID, MGHPW 1,04 - 10 H,O

U. B. Mio¥®, Z. P. Nedi¢8, N. BonjakoviéPaviovié®P, A. Spasojevié-de BireD,
N.-E. Ghermani®¢, A Kremenovicbd

@ Faculty of Physical Chemistry, University of Belgrade, P.O.Box 137, 11001 Belgrade,
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b sPMS, UMR 8580 CNRS, Ecole Centrale Paris, Grande Voie des Vignes, 92295
Chatenay-Malabry, France

¢ Laboratoire de Physique Pharmaceutique UMR CNRS 8612, Univerisite Paris XI,
Faculte de Pharmacie, 5, Rue Jean-Baptiste Clement, 92296 Chatenay-Malabry cedex,
France

d Laboratory for Crystallography, Faculty of Mining and Geology, Pusina 7, 11000
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Magnesium salts of 12-tungstophosphoric acid (MgHWPA-nH,0) exhibit some specific
features in relation to other earth-alkali salts of this acid. Salts of heteropolyacids are clas-
sified in two groups, "small-weak" and "big-strong" cations [1]. Mg2+ ion radius is very

close to Li%, and therefore some of its characteristics are similar to the Li-salt, although it
belongs to earth-alkaline elements. Therefore, it is interesting to investigate the crystal struc
ture of MgHWPA.

Structure of MgHWPA - 10 H,O has been solved from the monocrystal data obtained on a

Bruker CCD diffractometer. Crystal data: MgHPW1,04¢ -10H,0, Mr = 3118.5, monoclin-

ic P21/c, Z =4, F(000) = 5421.5, px=495¢g cm'3, 1Mo Kat) =33.033 mm~!, dimensions:
0.20 x 0.16 x 0.15 mm, T = 298 K, unit cell parameters: a = 9.868(2), b = 21.980(5), ¢ =

19.289(2) A, o =y = 90°, B = 90.63(1)°, V =4183.5(3) A3, 122667 measured reflections,
12066 independent reflections, mean redundancy 6.4, R1= 4.83 % for 10179 observed

reflections with Fo>4s(Fo), refinement on F2 for all reflections and 583 refined parameters,
GOF = 1.25. Structure is composed of Keggin's anions, Mg(OH,)g complexes, water mol-

ecules, hydronium and dioxonium cations which are statistically distributed between
Keggin's ions and Mg(OH;)g complexes.

[1] E.Ukshe, L.S.Leonova, A.l.Korosteleva, Solid State Ionics, 36(1989)219.



KRISTALNA STRUKTURA MAGNEZIJUMOVE SOLI 12-VOL.-
FRAMFOSFOROVE KISELINE, MGHPW 50,49 - 10 H,0

U. B. Mio¥®, Z. P. Nedi6®, N. Bolfnjakovié-Paviovic®b, A_ Spasojevié-de Bireb,
N.-E. Ghermani®€, A Kremenovicb:d

4 Fakultet za F, izi¢ku-hemiju, Univerzitet u Beogradu, PO.Box 137, 11001 Beograd,
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Chatenay-Malabry, France

€ Laboratoire de Physique Pharmaceutiqgue UMR CNRS 861 2, Univerisite Paris XI,
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Magnezijumove soli 12-volframfosforove kiseline (MgHWPA—nHZO) pokazuju neke
specifi¢ne osobine u odnosu na ostale zemnoalkalne soli ove kiseline. Soli heteropolikiseli—
na su podeljene u dve grupe, "malih—slabih" i “velikih—jakih" katjona [1]. Jonski radijusi

MgZ* i Li* su bliski, zbog Cega su i neke od njihovih karakteristika sline, i pored toga &to
je Mg zemnoalkalni element. Zbog toga je interesantno ispitati kristalnu strukturu
MgHWPA.

Struktura MgHWPA - 10 H7O0 je resena iz podataka sa monokristala dobijenih na Bruker

CCD difraktometru. Kristalni podaci: MgHPW 2040 ‘10H»0, Mr = 3118.5, monoklinian
P2,/c,Z= 4, F(000) = 5421.5, px=495g cm_3, (Mo Ka) = 33.033 mm_l, dimenzije: 0.20
x 0.16 x 0.15 mm, T = 298 K, parametri jedinicne éelije: a = 9.868(2), b = 21.980(5), ¢ =

19.289(2) A, o = Y =909 B = 90.63(1)°, v =4183.5(3) A3, 122667 izmerenih refleksija,
12066 nezavisnih refleksija, srednji broj ponovljenih merenja 6.4, R1= 4.83 % za 10179

izmerenih refleksija za koje je Fo>4o(Fo), uta¥njavanje na osnovu F2 za sve refleksije 1 583
utatnjenih parametara, GOF = 1.25. Struktura se sastoji od Keggin—ovih anjona,
Mg(OH;)g kompleksa, molekula vode, hidronijum i dioksonijum katjona koji su statisticki
raspodeljeni izmedu Keggin—ovih jona i Mg(OH,)g kompleksa.

[1] E.Ukshe, L.S.Leonova, A.lKorosteleva, Solid State lonics, 36(1989)219.
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SUPRAMOLECULAR STRUCTURE OF AQUANITRATO(PYRI-
DOXAL 3—METHYLISOTHIOSEMICARBAZONE)COPPER(II)—
NITRATE

Goran A. Bogdanovié®, Violeta S. Jevtovicb, Vakadin M. Leovach

a"VINCA" Institute of Nuclear Sciences, Laboratory of Theoretical Physics and

Condensed Matter Physics, 11001, Belgrade, P.O.Box 522, Yugoslavia; b]nstitute of
Chemistry, Faculty of Sciences, University of Novi Sad, 21000 Novi Sad, Yugoslavia;
e-mail: goranb@rt270.vin.bg.ac.yu

In the title complex, [Cu(HzL)(HZO)NO3]NO3 (HyL = pyridoxal 3-methylisoth-
iosemicarbazone), the copper ion is in a square-pyramidal enviroment, with the basal plane
being defined by the tridentate ONN isothiosemicarbazone and one HyO molecule. Apical
coordination site is occupied by the NO3 group with bond between Cu and the O atom sig-
nificantly longer than the other bonds in the coordination sphere. The Cu atom is displaced
from the equatorial plane towards the apically coordinated NO3 group by 0.202(1) A. All
non-hydrogen atoms from the equatorial HjL ligand are approximately coplanar except for
the OH group from the -CHy-OH group, which is almost orthogonally directed out of the

coordination plane.

The existence of numerous strong intermolecular hydrogen bonds, weak C-Hes+Q
and C-Heeer interactions leads to a 3D supramolecular structure. Intermolecular C-Hessrr
interaction exists between neighbouring layers of molecules in such way that each pyridine
ring takes part in the interaction as a m-acceptor. The distance between the hydrogen atom
directed to the pyridine and the center of the aromatic ring is 2.69(3) A. The crystal packing
consists of layers which are oriented in the direction of equatorial plane of the complex or
in other words they are parallel to the y axis.

X-ray single-crystal data were collected on an Enraf-Nonius CAD-4 diffractome-
ter using graphite-monochromated Mo-Ko radiation. A gaussian-type absorption correction
based on the crystal morphology was applied. The structure was solved by heavy-atom and
difference-Fourier methods, and refined by full matrix least-squares using SHELXL97 pro
gram to a final R = 0.0335 for 2853 reflections with 1 > 261,

Crystallographic data: C1oH6CuNgOgS, triclinic, space group P-1, a = 7.945(3) A, b =
9.262(3) A, ¢ = 1L701(3) A, a= 85.13(2) °, B=189.34(3)°, y=80.35(3)°, V = 845.8(5)
/0\3, Z=2,Dc=1.806 Mg.m“3, n(MoKa) = 1.477 mm'l, Mo Ka radiation, A = 0.71073 A.
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SUPRAMOLEKULSKA STRUKTURA AKVANITRATO(PIRIDOK-
SAL 3-METILIZOTIOSEMIKARBAZON)BAKAR(II)-NITRATA

Goran A. Bogdanovié®, Violeta S. Jevtovicb, Vukadin M. Leovac?

4 Institut za nuklearne nauke "VINCA", Laboratorija za teorijsku fiziku i fiziku konden—

zovane materije, 11001, Beograd, p. p. 522, Jugoslavija; b prirodno-matematicki fakultet,
Univerzitet u Novom Sadu, Trg Dositeja Obradoviéa 3, 21000 Novi Sad, Jugoslavija;
e-mail: goranb@rt270.vin.bg.ac.yu ‘

U navedenom kompleksu, [Cu(H,L)(HyO)NO3INO3 (H,L = piridoksal 3-metili—
zotiosemikarbazon), jon bakra se nalazi u kvadratno-piramidalnom okruZenju sa baznom

ravni definsanom tridentatnim ONN izotiosemikarbazonom i jednim molekulom vode.
Apikalno koordinaciono mesto je zauzeto jednom NOj3 grupom sa vezom izmedu Cu i O

atoma koja je zna¢ajno duZa od ostalih veza u koordinacionoj sferi. Atom bakra je pomeren
iz ekvatorijalne ravni prema apikalno koordinovanoj NOj3 grupi za 0.202(1) A. Svi
nevodoni¢ni atomi iz ekvatorijalnog H,L liganda su pribli¥no u istoj ravni osim hidroksilne
grupe iz ~CH»~OH fragmenta koja je skoro u normalnom poloZaju u odnosu na koordna

cionu ravan.

Prisustvo velikog broja intermolekulskih vodoniénih veza, slabih C-HeeeO i
C-Heeer interakcija dovelo je do gradenja 3D supramolekulske strukture. Intermolekulska
C-He+er interakcije ostvaruju se izmedu molekula u susednim slojevima na takav na&in da
svaki piridinski prsten udestvuje u interakciji kao m-akceptor. Rastoianje izmedu atoma
vodonika koji je usmeren prema piridinu i centra ovog aromati&nog prstena iznosi 2.69(3)
A. Kristalno pakovanje se sastoji od slojeva koji su orjentisani kao i ekvatorijalne ravni
kompleksa ili drugagije opisano pruZaju se paralelno prema y osi.

Kristalografski podaci prikupljeni su na Enraf-Nonius CAD-4 difraktometru uz
koriS¢enje monohromatskog Mo—Ka zragenja. Primenjen je tip korekcije apsorpcije zasno—
van na morfologiji kristala. Struktura je reSena metodom teSkog atoma i diferentnom
Furijeovom sintezom, a utatnjena je metodom najmanjih kvadrata pune matrice
korid¢enjem programa SHELXL97 do finalnog R = 0.0335 za 2853 refleksija koje zadovol
javaju uslov [ > 201,

Kristalografski podaci: C1oH16CuNgOgS, triklini&ni sistem, prostorna grupa P-1, a =

7.945(3) A, b=9.262(3) A, ¢=11.701(3) &, o= 85.13(2)°, B=89.34(3)°, = 80.35(3)

°, V= 845.8(5) A3, Z = 2, Dc = 1.806 Mg.m™3, m(MoKa) = 1.477 mm~1» Mo Ko zragenje,
A=0.71073 A.
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CRYSTAL AND MOLECULAR STRUCTURE OF Z-FORM OF
UNSATURATED ESTERS OF C-GLYCOSIDES AT 173 K

Agnell Kapor3, Dicter Zobel?, Marianna StrumpelD, Ljilja Torovié®, Mirjana Popsavin®

9Faculty of Sciences, University of Novi Sad, Trg D.Obradoviéa 4, 21000 Novi Sad,
Yugoslavia, binstitute Jur Kristallographie, Freie Universitat, Berlin, Takustrasse 6, D-
14195 Berlin, Germany

e-mail: akapor@uns.ns.ac.yu

The critical problem in the synthesis of all pyrazole-related C-nucleosides was the
confirmation of the existence of B-configuration at the anomeric position (atom C4). As the
intermediate in the process of the syntheses, the mixture of the corresponding Z and E unsat-
urated esters in 85 % combined yield was prepared. Z-isomer crystallize from CH;Cl,

- hexane to give white crystalline needles (m.p. 114-115 °C).

The compound C3H,7NOg titled: Methyl Z-4,7-anhydro-5-benzamido-6,8-di-O-
benzoyl-2,3,5-trideoxy-D-allo-oct-2-enoate crystallize in the orthorhombic system, acentric
space group P212;2;, with the unit cell parameters a=5.1297(13) A, b=19.667(5) A,

c=25.871(6) A, V=2610.08(5) A3, z=4, Mr=529.53, Dx=1.348 Mg'm3, pn=0.10 mm-!.
14271 independent reflections were collected with CCD detector on STOE diffractometer
(MoKa) at T=173 K. The crystal structure was solved by the direct methods, on the basis
0f 2727 reflections using program SHELXS86 and refined by SHELXL9S to the final R fac-
tor R = 0.0435 for 1993 (I >o(1)) independent reflections and 423 parameters. The X-ray
diffraction analysis, unambiguously confirmed its structure providing a proof that all inter-
mediates generated by the multistep sequences retained required f-configuration at the
anomeric position.




KRISTALNA I MOLEKULSKA STRUKTURA Z FORME
NEZASICENOG ESTRA C-GLUKOZIDA NA 173 K

Agnell Kapor®, Dieter Zobel?, Marianna Strampelb, Liilja Torovic?, Mirjana Popsavin®

2Prirodno-matematicki fakultet, Trg D.Obradoviéa 4, 21000 Novi Sad, Jugoslavia,

blnstitute fur Kristallographie, Freie Universitat, Berlin, Takustrasse 6, D-14195 Berlin,
Germany
e-mail: akapor@uns.ns.ac.yu

Sutinski problem u sintezi pirazolskih derivata C—nukleczida je bilo potvdivanje
postojanja B-konfiguracije na atomu C4. Kao meduprodukt pri preparaciji dobijena je
me3avina Z i E-forme odgovarajuéeg nezasi¢enog estra u odnosu 2:1, a u prinosu 85 %, Z—
izomer kristalise iz CH;,Cl, — heksana i daje beli kristalni talog. Prekristalizacijom su dobi—

Jene sitne bele iglice (m.p. 114-115 °C) od kojih je izdvojen monokristal dimenzija
0,09x0,15x0,05 mm.

Jedinjenje C30Hp7NOg: Metil Z-4,7-anhidro—5-benzamido—6,8—di-O—benzoil—
2,3,5-trideoksi—D-alo—okta—2—enoat kristalise u ortorombi¢nom kristalnom sistemu, pros—
torna grupa P2;22; sa parametrima jedini¢ne éelije: a=5,1297(13) A, b=19,667(5) A,

c=25.871(6) A, V=2610,08(5) A3, Z=4, Mr=529.53, Dx=1,348 Mgm™3, 1=0,10 mm~1.
Intenzitet 14271 refleksije je izmeren CCD kamerom na difraktometru STOE (MoKa) na
T=173 K, Kristalna struktura je reSena direktnim metodama na osnovu 2727 refleksija
kori§¢enjem programa SHELXS86 i utaénjena programom SHELXJ.98 do kona¢nog R fak—
tora R = 0,0435 za 1993 (I >20(1)) nezavisnih refleksija i 423 parametra. Analiza geometri—
je je potvrdila da meduprodukt dobijen u procesu viSefazne sinteze novih derivata zadr¥ava
B~konfiguraciju na anomernoj poziciji na atomu C4.

20



AN ANALYSIS OF THE STRUCTURE-ACTIVITY RELATIONSHIPS
IN SOME ANDROSTANES AND ANDROSTENES

S. Stankovi¢®, D. Lazar®, 0. Markovié3, K. Penov Gali®, Lj. Medié Mijafevic?,
M.Sakatb, E. PurendicP, R. Rovaevic®

4 Department of Physics; b Department of Chemistry; © Department of Biology, University
of Novi Sad, Trg Dositeja Obradovica 4-6, 21000 Novi Sad
e-mail: dlazar@im.ns.ac.yu

In the study of some synthetic estranes and androstanes with potentional antiestrogenic and
antiandrogenic properties a number of androgenic compounds were syntesized, structuraly
analysed and tested for biologic effects.

As a part of our study, the influence of molecule flexibility and substituents on the struc
ture-activity relationships were examined.

In this paper our attention was directed toward the influence of the structure differences in
the 3b,17B-dihydroxy-5-androstenes and 3B,17B-dihydroxy-androstanes with different
16- and 17-substituents on their biolocal activity.

The crystal structures of the compounds were determined by the single crystal X-ray dif-

fraction methods. The energy minimum structures were obtained by the molecular-
mechanics calculations.
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ANALIZA VEZE IZMEDPU STRUKTURE I BIOLOSKE AKTIVNOSTI
U NEKIM ANDROSTENIMA I ANDROSTANIMA

S. Stankovié®, D. Lazar®, O. Markovié®, K. Penov Gakib, Lj. Medis-Mija¥ovic, M.
Sakaxb, E. PurendicP, R. Kovalevit®

a Katedra za fiziku; Y Katedra za hemiju; € Katedra za biologiju, Prirodno-matematicki
fakultet, Univerzitet u Novom Sadu, Trg Dositeja Obradoviéa 4-6, 21000 Novi Sad
e-mail: dlazar@im.ns.ac.yu

U cilju prougavanja nekih sinteti¢kih estrana i androstana sa potencijalnim antiestrogenim i
antiandrogenim osobinama, brojna androgena jedinjenja su sintetizovana, strukturalno anal
izirana i testirana na biolosku aktivnost.

Deo naseg istra¥ivanja odnosio se na uticaj fleksibilnosti molekula i substituenata na vezu
izmedu strukture i bioloke aktivnosti ovih jedinjenja.

U ovom radu je naa paZnja bila usmerena na 3p,17B-dihidroksi-5-androstene i 33,173
dihidroksi—androstane sa razli¢itim 16— and 17-substituenata na njihovu bioloSku aktivnost.

Kristalne strukture jedinjenja su odredene difrakcijom X-zraka na monokristalu. Strukture

molekula u energetskom minimumu su dobijene pomoc¢u molekularno-mehani¢kih
proraduna. ’
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POLYMERIC COPPER (II) COMPLEX WITH
1,10-PHENANTROLINE AND TEREPHTHALATE IONS

J. Rogan3, D. Poleti®, Lj. Karanoviéb

@ Faculty of Technology and Metallurgy, Karnegijeva 4, Belgrade; b Faculty of Mining
and Geology, Pusina 7, Belgrade;
e-mail: rogan@elab.tmf.bg.ac.yu

This work presents continuation of our studies on synthesis and characterisation of ternary

transition metal complexes with terephthalate ion (tphtz‘) and some aromatic diamines, as
1,10-phenantroline (phen). Although some mononuclear tpht-complexes are known [1],
polymeric complexes, with tpht ion acting as bridging ligand, are more encountered [2,3].
The obtained complex is isostructural with previously described compounds with the gen-
eral formula [M(tpht)(phen)(H,O)]n, M=Co, Zn, [2,3]. In the title compound, two crystal-

lographically different, but chemically identical tpht ions with monodentately coordinated
COO groups exist, and both of them act as bridging ligands forming zigzag chains. Cu(ll)
ions are in deformed trigonal bipyramidal environment consisting of two N atoms from
phen, two O atoms from different tpht ligands and one O atom from coordinated H»O mol

ecule.In the series of isostructural Co, Cu and Zn complexes, the mean bond distances in the
coordination polyhedra increase in the order: Cu < Co = Zn. This is accompanied by the
similar changes in the unit cell volumes, which increase as follows: Cu < Co < Zn.

Crystal data: C20H14CUN205, Mr = 425.87, triclinic system, space group P-1,
a=9.0073(5), b=10.5572(6), c=11.5540(6)A, a=1 14.343(1), B=92.942(1), y=114.516(1)°,
V=877.38(8) A3, Z=2, F(000)=434, p,=1.612 g em™3, p=1.281 mm-!, 5108 measured
reflections, R1=0.0286 for 4357 reflections with 1>20(1), wR2=0.G839 (refinement on F2)
for all reflections and 309 refined parameters, with (Dr)ax=0.390, (Dr),;n=-0.348 ¢ A-3.

Since the crystal has a regular shape, it was possible to index its faces and to search differ-
ent ways of correction for adsorption and its influence on the results of the structure analy-
sis. It was obtained that agreement factors decrease in the order: no correction > correction
for lamina " SADABS > 'face indexing'+SADABS = ellipsoid = 'face indexing'. However,
none correction had a significant influence on atomic coordinates and its displacement
parameters, or on precision of the results, probably because of small p value.

[1]J. Rogan, D. Poleti, Lj. Karanovié, G. Bogdanovié, A. Spasojevié-de Bire, D. M.
Petrovi¢, Polyhedron, 19, (2000),1415-1421.

[2] D. Sun, R. Cao, Y. Liang, Q. Shi, W. So, M. Hong, J. Chem. Soc., Dalton Trans.,
(2001), 2335-2340.

[3] Lj. Karanovi¢, D. Poleti, J. Rogan, G. A. Bogdanovié, A. Spascjevi¢-de Bire, Acta
Cryst., C58, (2002), 275-279.
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POLIMERNI BAKAR(IT) KOMPLEKS SA l,lO—FENANTROLINOM I
TEREFTALAT-JONIMA
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Ovaj rad predstavlja nastavak istraZivanja iz oblasti sinteze i karakterizacije tern—

ermnih kompleksa prelaznih metala sa tereftalat—jonom (tphtz_) i nekim aromati¢nim
diaminima, kao $to je 1,10—fenantrolin (phen). lako su poznati neki mononuklearni tpht—
—kompleksi [1], mnogo je vise polimernih supstanci, gde se tpht—jon pona3a kao mostovni
ligand [2,3]. Dobijeni kompleks je izostrukturan sa ranije opisanim jedinjenjima formule
[M(tpht)(phen)(H,O)]In, M = Co, Zn, [2,3]. U jedinjenju postoje dva kristalografski nezav—
isna, ali hemijski identi&na tpht—jona i oba imaju ulogu mosta sa monodentatno koordini—
ranim COO-grupama, tako da nastaju cik—cak lanci. Cu(ll)-joni se nalaze u veoma
deformisanom trigonalno-bipiramidalnom okruZenju koje &ine dva atoma N iz phen, dva
atoma O iz razlicitih tpht-liganada i jedan atom O iz koordiniranog molekula HO.
U pomenutom nizu izostrukturnih kompleksa Co, Cu i Zn prose€na duZina veza u koordi—
nacionom poliedru raste slede¢im redom: Cu < Co = Zn, §to je praceno i sli¢nom promenom
zapremine jediniéne Celije, koja raste u nizu Cu < Co < Zn.
Kristalografski podaci: CogHj4CuN,Og, Mr = 425,87, triklini¢ni sistem, prostorna grupa

P-1, a=9,0073(5), b=10,5572(6), c=11,5540(6)A, o=114,343(1), B=92,942(1), y=114,516(1)
°, V=877,38(8)A3, Z=2, F(000)=434, p,=1,612 g cm™3, p=1,281 mm™!, 5108 izmerenih

refleksija, R1=0,0286 za 4357 refleksija sa I>20(I), wR2=0,0839 (ucadnjavanje pomoéu F 2)
za sve refleksije 1 309 utaénjavanih  parametara; (Dr)max=0,390,
(Dr)min=—0,348 ¢ A-3. Poito je kristal bio pravilnog oblika, bilo j¢ moguée indicirati nje—
gove pljosni, tako da su ispitane razli¢ite moguénosti korekcije za apsorpciju i njihov uticaj
na rezultate strukturne analize. Dobijeno je da faktori slaganja opadaju u nizu: bez korekci-
je > > korekcija za ploicu = SADABS > 'face indexing'+SADABS = elipsoid = 'face
indexing'. Medjutim, nijedna korekcija nije imala zna&ajniji uticaj na koordinate atoma i
njihove parametre pomeranja niti na preciznost dobijenih rezultata. Moguée objasnjenje leZi
u maloj vrednosti p.

[1]J. Rogan, D. Poleti, Lj. Karanovié, G. Bogdanovi¢, A. Spasojevié—de Bire, D. M.
Petrovié, Polyhedron, 19, (2000),1415-1421.

[2] D. Sun, R. Cao, Y. Liang, Q. Shi, W. So, M. Hong, J. Chem. Soc., Dalton Trans.,
(2001), 2335-2340.

[3] Lj. Karanovi¢, D. Poleti, J. Rogan, G. A. Bogdanovié, A. Spasojevié—de Bire, Acta
Cryst., C58, (2002), 275-279.
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CRYSTAL STRUCTURE OF [Fe(TSCPx-H)(T SCPx-2H)|-4H,0
(TSCPx = PYRIDOXAL THIOSEMICARBAZONE)
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The monocrystals of the title compound were obtained in the reaction of the
metanolic solution of [Fe(TSCPx-H);]CI-5H5O and water solution cf NHj3. The crystal

structure consists of neutral complex molecules and water molecules. The coordination
around Fe(l11l) is distorted octahedral. The both ligands are tridentate and bonded to the
metal ion through sulfur, nitrogen and oxygen atoms. One of the ligands is coordinated as a
monoanion, while the other one 1is dianione. The crystal structure is
stabilized by hydrogen bonds and =-stacking interactions.

Crystallographic data: C; g Hjg Fe Ng Og S, triclinic crystal system, space group
P -1, a = 1L117(4) A, b = 11191(4) A, ¢ = 12.164(4) A, a= 115.712),
B =102.72(4)°, y = 99.76(4)°, V = 1268.2(7) A3, Z = 2, D, = 1586 Mg/m3, MoKa - radia-
tion, p(MoKa)= 0.819 mm'l, A = 0.71073 A, Enraf-Nonius CAD-4 diffractometer. The

structure was solved using SIR92 program and refined using SHELXL97 program to final
R =0.0728 for 3195 (I > 401) independent reflections.
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KRISTALNA STRUKTURA [Fe(TSCPx-H)(TSCPx-2H)]-4H,0
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Monokristali naslovljenog kompleksa su dobijeni reakcijcm metanolnog rastvo—
ra [Fe(TSCPx-H),]Cl SH5O i vodenog rastvora NH3. Kristalna struktura se sastoji od neu—

tralnih molekula kompleksa i molekula vode. Fe(Ill) jon se nalazi u deformisanom
oktaedarskom okruZenju. Tridentatni ligandi su koordinovani za atom gvozda posredstvom
atoma kiseonika, sumpora i azota. Jedan od molekula liganda je koordinovan kao monoan—
jon dok je drugi u dianjonskom obliku. Kristalna struktura je stabilizovana
vodoniénim vezama i "r — stacking" interakcijama.

Kristalografski podaci: CjgHygFe NgOgS, triklini¢i kristalni sistem, prostorna
grupa P =1, a = 1L.117(4)A, b = 11.191(4) A, ¢ = 12.164(4) A, o= 115.712)°,
B=102.72(4)°, y = 99.76(4)°, V = 1268.2(7) R3,z=2, D= 1586 Mg/m3, MoKa zradenje,

p(MoKo)= 0.819 mm~1, 1= 0.71073 A, Enraf-Nonius CAD-4 difraktometar. Struktura je
refena programom SIR92 i utaénjena programom SHELIXL97 do kona¢nog R = 0.0728 za
3195 (I > 4c1) nezavisnih refleksija.
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CRYSTAL STRUCTURE OF NOBLEITE, CaBgOg(OH),'3H,0,
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Nobleite is a hydrous calcium hexaborate. It was first described in 1958 from borate deposit
in the Death Valley area, California. Some crystallographic data were published in 1961 [1],
but crystal structure was not known yet.

The plate-like single crystal (average size: 0.183 mm) was selected for the structure analy-
sis. Data were collected at room temperature (25 °C) on a Bruker AXS four-circle diffrac-
tometer equipped with CCD 1000K area detector (A = 0.71073 R). The structure was solved
by Patterson method and refined by full-matrix least-squares on F 2, Hydrogen atoms were
found in difference Fourier maps and were refined isotropically.
In the nobleite structure (Fig. 1), Ca is surrounded by three HyO molecules and six O atoms

from hexaborate polyanion with formula [B609(OH)2]2‘, which consists of three BOy4-

tetrahedra and three BO3-coordination triangles. The H5O molecules coordinate Ca making

a planar coordination triangle. Six additional O atoms are situated in the plane nearly per-
pendicular to the triangle and they are a part of BOy-tetrahedra and BO5-triangles. Those

BOy-tetrahedra and BOj-triangles form puckered layers parallel to (001). The layers are
linked by normal to weak hydrogen bonds.

Table 1. Crystal data and some details of the structure refinement for nobleite.
Tabela 1. Kristalni podaci i neki detalji utaénjavanja strukture nobleita

Crystal system, space group (No.) Monoclinic, P21/n (14)
AR 9.8486(8)

B (A) 8.0240(7)

c(A) 14.244(1)

B (0) 108.136(2)

V (A3 1069.7(2)

Z 4

Dy (g cm™) 2.092

m (mm-1) 0.669
Goodness-of-fit, S 0.938

R indices EI > 20(1)] R1 =0.0324 wR2 = 0.0604
R indices (all data) R1 =0.0540 wR2 = 0.0645

[1]R. C. Erd, J. F. McAllister, A. C. Vlisidis, Am. Mineral., 46 (1961), 560-571.
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KRISTALNA STRUKTURA NOBLEITA, CaB0g(OH), 3H,0
1Z PISKANJE
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Nobleit je mineral iz grupe hidratisanih heksaborata kalcijuma. Prvi put je opisan
jo§ 1958. godine iz leZista u Dolini smrti u Kaliforniji. Osnovni kristalografski podaci o
nobleitu objavljeni su 1961. [1], ali do sada nije bila poznata njegova kristalna struktura.

Za analizu je odabran tabliast monokristal veli¢ine 0,34x0,18x0,04 mm. Podaci
su sakupljeni na EetvorokruZznom difraktometru Bruker AXS sa CCD 1000K detektorom (25

°C; A =0.71073 A). Struktura je reSena Patersonovom metodom i utaénjena metodom naj—
manjeg kvadrata F 2. Atomi vodonika nadjeni su na diferentnoj Furijeovoj mapi i utaénjeni
izotropno. Kristalni i eksperimentalni podaci, kao i rezultati utaénjavanja, prikazani su u
tabeli 1.

U strukturi nobleita (slika 1) atom Ca je okruZen sa tri molekula H20 i $est atoma

O iz heksaboratnog polianjona [B609(OH)2]2', koji se sastoji od tri BOy— tetraedra i tri
BOs-trougla. Molekuli vode formiraju sa kalcijumum planarni trougao. Preostalih est
atoma O smeSteno je u ravni skoro normalnoj na taj trougao i deo su BOy4 -tetraedra i

BOj3-trouglova koji formiraju nabrane slojeve paralelne ravni (001). Slojevi su medjusob

no vezani vodoniénim vezama.

Slika 1. Struktura nobleita (BO3-trouglovi su 3rafirani)
Fig. 1. Nobleite structure (BO5-triangles are shaded)
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TETRAGONAL DISTORTION INDUCED BY MAGNETIC ORDER-
ING IN CoyZnj_,O (x=1, 0.9, 0.83, 0.75)
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CoxZn_,O samples were synthesized by sintering of the appropriate mixtures of

CoO0 and ZnO in the inert atmosphere, at temperature of 1650 K during 8 hours. Neutron
diffraction patt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>