
1. Introduction 
Chalcones  (1)  are  intermediary  compounds  of  the  
biosynthetic  pathway  of  a  very  large  and  widespread  
group  of  plant  constituents  known  collectively  as  
flavonoids [2]. Among the naturally occurring chalcones 
and their synthetic analogs, several compounds displayed 
cytotoxic  (cell  cell  growth  inhibitor)  activity  towards  
cultured tumor cells [3,4]. Recently we have synthesized 
and investigated in vitro antineoplastic activity of several 
synthetic chalcones and cyclic chalcone analogues with 

a variety of substitutions on their cynnamylidene moiety 
possessing in vitro cytotoxic activity against murine and 
human cancer cells [5-7]. Structure and stereochemistry 
of  the  synthesized  compounds  have  been  investigated  
by X-ray and NMR methods [5-9]. Our  results  showed  
that  three  dimentional  shape,  nature  of  the  aromatic  
substituent  and  lipohilicity  of  the  molecules  could  be  
considered  to  contribute  to  the  variation  of  cytotoxic  
properties of the compounds [5-7].

In vivo investigation of the in vitro most active cyclic 
chalcone  derivative,  (E)-2-(4’-methoxybenzylide)-1-
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benzosuberone,  showed  the  compound  to  effectively  
reduce  the  DMBA-induced  expression  of  some  onco/
suppressor genes [10]. This observation led to recognition 
of strong CYP1A inhibitory effect of the compound and 
its structurally related analogues [11].  Investigation  of  
(E)-2-(4’-methoxybenzylide)-1-benzosuberone  and  its  
methyl-substituted analogue showed the compounds to 
modify the cellular thiol status and cause apoptosis in in 
vitro Jurkat cells culture [12]. Investigation of their effects 
on  mitochondrial  function  showed  the  compounds  to  
decrease  the  reduced  glutathione  (GSH)  level  and  to  
inhibit respiration [13].

Ferrocene  is  a  lipophilic,  electron  donating  entity,  
with no hydrogen donor or acceptor properties [14]. The 
ferrous ion can undergo reversible oxidation–reduction 
and  the  nature  of  the  substituents  on  the  ferrocene  
ring has a marked influence on this process [15].  The 
incorporation  of  a  metallocene  into  compounds  with  
medicinal  application  was  rare  prior  to  the  1980’s.  
The  low  cytotoxicity  of  ferrocene,  coupled  with  its  
lipophilicity and its electrochemical behavior, suggested 
that  this  compound  could  yield  interesting  results  if  
incorporated into a known drug [16]. Indeed, there are 
several reported observations on increased efficacy 
of  ferrocene  analogues  of  known  drugs.  Ferrocifen,  
the  ferrocene  analogue  of  tamoxifen,  has  shown  
antiproliferation effects in both hormone-dependent and 
hormone-independent  tumors.  Tamoxifen  and  other  
established chemotherapeutic agents fail to exhibit such 
antiproliferative effects in both hormone-dependent and 
hormone-independent cell lines [17].

Ferrocene possesses immune-stimulatory properties 
[18].  Ferrocene  derivatives  have  been  reported  to  
show antitumor activities [19].  Both  effects  have  been  
reported to be associated with the redox activity of the 
ferrocene moiety [18,19]. Earlier results suggested that 
ferrocene analogues of benzylidene ketones could have 
as  high  cytotoxicity  against  the  P388  leukemia  cells  
as their benzylidene counterparts [20].  On  the  other  
hand,  ferrocene  analogues  of  chalcones  have  been  
reported as effective antiplasmodial agents [21]. Being 
conjugated  molecules,  replacement  of  the  benzylidine  
for a ferrocenemethylene moiety can change the electron 
distribution,  stereochemistry,  reactivity  and  lipophilic  
character  of  the  previously  investigated  benzylidene  
compounds.

Lipophilicity is one of the important physico-chemical 
parameters  characterizing  compounds  related  to  their  
biological activities. Lipophilicity, measured as logP, is a 
key property in quantitative structure activity relationship 
(QSAR) studies. Several methods have been developed 
for  experimental  determination  and  prediction  
(calculation)  of  logP values [22].  In  our  previous  

publications  we  reported  logP  values  of  the  cyclic  
chalcone  analogues  (E)-  and  (Z)-2-(X-benzylidene)-1-
indanones  (1),  -tetralones  (2)  and  -1-benzosuberones  
(3)  determined  by  RP-TLC.  Their  experimental  logP 
values were in the range 2.9 - 5.2 and had characteristic 
differences depending on ring size, configuration and 
substitution pattern of the compounds [23a-c].

Since replacement of phenyl moieties of biologically 
active compounds for ferrocenyl moieties is a frequently 
used approach in present-day drug research, there is an 
interest in a fast and reliable method for determination of 
lipophilicity of such compounds with predictable higher 
logP values than their phenyl counterparts [24].  In  the 
present work we report the modification of our previously 
applied RP-TLC method optimized for determination of 
logP  of  chalcones and the above mentioned chalcone 
analogues. Details of the modified RP-TLC method 
are  useful  to  determine  logPTLC  value  of  lipophilic  
compounds, which were found to have values as high 
as logP 6, as shown in this paper.

As  a  continuation  of  our  previous  work  on  the  
investigation of the antiproliferative effect of chalcones 
and  their  cyclic  analogues,  here  we  report  on  the  
comparative  P388  cytotoxic  activity  of  some  (E)-
2-benzylidene-1-benzocyclanones  (1-5)  and  their  
ferrocene counterparts (6-10) (Fig. 1). In order to search 
for  the  physico-chemical  characteristics  that  could  be  
related to the observed biological effects, we compared 
stereochemistry,  polarity  of  the  enone  fragment  and  
lipophilic character of the two series of compounds.

2. Experimental procedure

2.1. Materials
(E)-2-phenylmethylene-1-benzocyclanones  (1-5)  and  
their  ferrocenyl  analogues  (6-10)  were  synthesized  
by  base-catalyzed  Claisen-Schmidt  condensation  
as described earlier [5-8,25].  Their  structure  and  
stereochemistry  were  determined  by  X-ray  and  NMR  
methods [5-8,25]. All the compounds were purified by 
column chromatography over Kieselgel 60 with toluene 
or  toluene-ethanol  99:1  (v/v)  as  mobile  phase.  The  
compounds  had  melting  points  in  accord  with  their  
literature  values.  The  purity  of  the  compounds  was  
checked by TLC (silica gel,  toluene or toluene-ethanol  
4:1 (v/v) as mobile phase) and GC (HP 5890 Series II 
gas  chromatograph;  25 m (0.32 mm x  0.17 µm)  HP-5 
capillary column).

The 1H-  and  13C-NMR  spectra  were  recorded  in  
CDCl3  or  DMSO-d6  solution  in  5  mm  tubes  at  room  
temperature, on a Bruker DRX 500 spectrometer at 500 
(1H)  and  125  (13C)  MHz,  with  the  deuterium  signal  of  
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the solvent  as the lock and TMS as internal  standard.  
The  standard  Bruker  microprogram  NOEMULT.AU  
to  generate  NOE  was  used.  DEPT  spectra  were  run  
in  a standard manner,  using only  the  = 135º pulse to 
separate CH/CH3 and CH2 lines phased “up” and “down”, 
respectively.  The  2D-HSC  spectra  were  obtained  by  
using the standard Bruker pulse program HXCO.AU.

Spectral data of 4 and 5: IR (in KBr disc, cm-1): νC=O: 
1667 (4), 1660 (5); γCArH (condensed ring): 737 (4), 734 
(5); γCArH (phenyl):  755  (4),  762  (5); γCArCAr  (phenyl):  
699 (4), 689 (5); νC-O: 1146 (4). 1H-NMR (in CDCl3, δ, 
ppm, δTMS = 0 ppm): CH2, s (2H): 5.31 (4), 4.10 (5); CH 
(olefinic), s (1H): 7.86 (4), 7.78 (5); ArH-5, dd (1H): 8.01 
(4), 8.19 (5); ArH-6, ∼t (1H): 7.04 (4), 7.22 (5); ArH-8, ∼d 
(1H): 6.94 (4), 7.29 (5); ArH-7 and ArH-3’-5’ (phenyl), m 
(4H): ∼7.4 (4); ArH-7 and ArH (phenyl), m (6H): ∼7.4 (5); 
ArH-2’,6’, ∼d, (2H): 7.28 (4).

Compounds  in  the  calibration  set  (Table  1)  have  
been described elsewhere [23a]. Three compounds of 
the validation set (progesterone, diazepam, itraconazol) 
were of pharmacopoeial grade. Prostaglandin E1 ethyl 
ester (PGEE) was generously supplied by Sanofi-
Synthelabo-Chinoin  Pharmaceutical  Works  (Budapest,  
Hungary).  Methanol  was HPLC grade.  Other  reagents  
were of analytical grade.

2.2. Methods
2.2.1. Determination of logP by the RP-TLC method
RP-TLC  determination  of  the  logP  of  the  chalcone  
and  ferrocene  analogs  was  performed  on  20×20  cm  
plates  pre-coated  with  0.25  mm  layers  of  silanized  
silica gel 60F254 (Merck, Germany; #5747). Before use, 
the  plates  were  washed  with  methanol  (ascending  
development)  and  dried.  The  samples  were  dissolved  
in  1:1  methanol-chloroform  (c=2  mg  mL-1)  and  these  
solutions  (2  µL;  4  µg  compound)  were  spotted  on  the  

plate. Methanol-water, 65+35 (v/v), was used as mobile 
phase.  After  development  the  plates  were  dried  and  
the  chromatograms  were  assessed  visually  under  UV  
illumination (λ=254 nm) and after spraying with iodine.
The logP values of compounds were calculated by use 
of  the  calibration  equation.  Each  logPTLC  value  is  an  
average from four parallel measurements.

2.2.2. Cytotoxicity screens
The in vitro cytotoxicity screens was undertaken using the 
protocol described before [26].  Statistical  comparisons 
were made by u-test (p = 0.05).

3. Results and discussion
Cytotoxicity testing results of compounds 1-10 towards 
murine P388 cells (Table 1) showed the corresponding 
phenyl and ferrocenyl compounds to possess cytotoxicity 
of the same degree with statistically different (p = 0.05) 
IC50  values for  the 1/6, 3/8  and 4/9  pairs.  Comparison 
of  the  tetralone  (2  and  7)  derivatives  with  those  of  
the  corresponding  4-chromanones  (4  and  9)  and  
thiochroman-4-ones  (5  and  10)  showed  a  somewhat  
lower  cytotoxicity  in  the  phenyl  series  (2,4  and  5)  but  
a moderately higher cytotoxicity in the ferrocenyl series 
(7,9 and 10). Change in size of the cycloalkanone ring of 
2 and 7 caused a decrease of cytotoxicity in the phenyl 
series  (1  and  3)  and  an  increased  cytotoxicity  in  the  
ferrocenyl (6 and 8) series. Thus, compounds 2, 6 and 9 
were found to be the most active derivatives in the two 
series (Table 1).

Earlier,  steric  structures  of  compounds  1-3 [9] 

and 6-10 [25]  were  investigated  in  detail  showing that  
respective phenyl and ferrocene analogues adopt similar 
conformations. It was found that the five-membered 1 

Figure 1. Structure of the investigated compounds.
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is  almost  perfectly  planar  while  in  2  and  3  the  planes  
of  the  enone  and  the  phenyl  moieties  deviate  from  
planarity [9]. Investigation of transmission of substituent 
effects in the three series lead to the same conclusions 
[27a,b].  Our  results  were  found  to  be  in  accordance  
with  the  previously  published  X-ray  investigation  
results  of  1 [28]  and  2 [29].  The  similar  IR  and  NMR  
data  of  1-3  and  6-8  indicated  similar  conformation  of  
the  conjugated  moieties  of  the  respective  compounds  
[25].  Similar  results  were  obtained  by  comparing  the  
stereochemistry of some (E)-2-ferrocenemethylene- and 
(E,E)-2,5-diferrocenemethylene-1-cycloalkanones  as  
well as their benzylidene analogues [30].  Comparison  
of  X-ray  crystal  data  of  the  pyrone  derivative  4 [31] 
and its substituted analogues [8]  with  those  of  (E)-2-
benzylide-1-tetralone (2) [8, 29] indicated similar spatial 
structure of the enone moieties in the two series [8]. 
Comparison  of  the  1H  and  13C  NMR  data  of  4  and  5 
(see Experimental)  with  those of  the analogous 9  and 
10 [25] indicates similar conformation of the respective 
phenyl  (4,5)  and  ferrocenyl  (9,10)  compounds,  with  a  
non-planar cinnamoyl moiety.

On comparison of the IR νC=O frequencies of 
the  two series  we can see that  the  frequencies  of  the  
benzylidene  ketones  (1-5)  are  4-7  cm-1  higher  than  
those of the respective ferrocene (6-10) ones (Table 1). 
The lower νC=O frequency of 6-10 is due to the higher 
mass of the ferrocene moiety and the higher degree of 
conjugation of the compounds [25].

Lipophilicity  of  compounds  4-10  was  studied  by  a  
slight modification of the previously optimized RP-TLC 
method used for determination of logP of chalcones and 
some cyclic chalcone analogues [23a-c].  For  the  RP-

TLC logP  determination  a  calibration  curve (  logP  =  a 
RM  +  b ) was set up using the previously selected set 
of compounds (calibration set) with known logPSF values 
(Fig. 1) [23a].  Based  on  the  results  of  four  parallel  
chromatographic  runs of  compounds of  the calibration 
set, the following calibration equation was obtained:

logP  =  4.721 RM  +  1.795     
(n  =  6; r2  =  0.9959; s  = 0.049; F  =  972)              

 (1)

Afterwards,  the  optimized  chromatographic  system 
was validated for logP measurements. For this reason, 
four  drug molecules of  known logP  values (diazepam, 
progesterone,  PGEE  and  itraconazol)  were  tested.  
Comparison of their logPTLC values obtained in this study 
with their logPSF data measured by shake-flask method 
showed excellent agreement (Table 2).

Further  on,  these four  compounds have also  been 
involved  into  the  calibration  set.  This  produced  the  
following  calibration  equation,  based  on  four  parallel  
experiments:

logP  =  4.7927 RM  +  1.7897     
(n  = 10; r2 = 0.9992; s  = 0.042   F= 10 017)            

 (2)

Eq. 2  was  used  for  the  logPTLC  determination  of  
compounds 4-10.  The  logPTLC  data  obtained  by  our  
optimized and validated RP-TLC method are collected 
in Table 1.

The  logPTLC  data  can  provide  a  good  basis  for  
evaluation  of  structure-lipophilicity  relationship  of  the  
examined  compounds.  Comparison  of  the  logPTLC 
value of the (E)-2-benzylidene-1-tetralone (2)  with that 
of its oxygen (4) and sulfur (5) analogues showed that 
replacement  of  a  ring  carbon  atom for  oxygen  slightly  
decreased (∆ logP = -0.16) while for sulfur substantially 
increased (∆logPTLC = 0.44) the lipophilicity in the phenyl 
series.  Such  a  comparison  of  logP  value  of  7  with  
the  respective  9  and  10  indicated  a  higher  decrease  
(∆logPTLC = -0.29) for 9 and a lower increase (∆logPTLC  
=  0.44)  for  10  of  the  logPTLC  values  of  the  respective  
ferrocene analogues (Table 1).

Table 2. LogPSF   and  l ogPTLC  values  of   the   compounds  of  the  
     validation set.

Compound               logPSF         logPTLC       ∆logP   

Diazepam       2.77               2.70  0.07

Progesterone         3.54               3.45  0.09

PGEE                     4.08               4.02  0.06

Itraconazol         5.66               5.50  0.16

Table  1. In  vitro  IC50  values  (µM)  against  P388  murine  leukemia  cells,  νC=O  IR  frequencies  (in  0.05  M  CHCl3  solution)  and  logPTLC  values  

       of compounds 1-10.

Compound-       IC50    νC=O            logPTLC        Compound-           IC50   νC=O            logPTLC

1                  65.9±3.5       1696               3.63±0.06*   6              9.9±0.3       1690              4.62±0.15
2                13.8±1.0       1667               4.14±0.04*   7            22.5±5.4       1661              5.23±0.04
3                21.0±0.3       1663               4.48±0.05*   8            15.3±0.6       1659              5.36±0.05
4                32.3±1.8       1673               3.98±0.02   9            10.7±2.6       1668              4.79±0.05
5                19.9±4.7       1663               4.43±0.04   10            17.0±0.5       1656              5.35±0.06

*See [23a]
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Comparison of the logPTLC values of the corresponding 
phenyl  (1-5)  and  ferrocenyl  derivatives  (6-10)  showed  
similar  relative  values  in  both  series  having  the  
ferrocene  analogues  some  higher  lipophilicity  in  each  
pair. The average of difference in the logPTLC values of 
the ferrocenyl  and the respective phenyl  derivatives is  
0.94 logP unit, which is similar to the reported difference 
(1.15  logP  unit)  between  the  logP  value  of  ferrocene  
(logP 3.28) and benzene (logP 2.13) [24].

4. Conclusions
Cyclic  chalcone  analogues  (2-5)  and  their  ferrocenyl  
counterparts  (6-10)  were  synthesized  and  their  logP 
and  P388  cytotoxities  were  investigated.  Comparison  
of  conjugation  and  stereochemistry  of  the  respective  
derivatives  showed  similar  characteristics  with  ones  
with some higher degree of conjugation in the ferrocenyl 
series. Comparison of logP of the ferrocenyl derivatives 
determined  by  a  validated  RP-TLC  method  showed  

the  ferrocenyl  derivatives  to  have  higher  logPTLC. 
These  results  demonstrate  that  the  differences  in  
three-dimentional  shape,  conjugation  and  lipophilicity  
not to have a strong influence on the P388 cytotoxicity 
of  the  investigated  phenyl  (1-5)  and  ferrocenyl  (6-10) 
enones.  Further  investigations  in  this  direction  would  
be  useful  in  identifying  the  target  of  action  for  these  
compounds and, ultimately, the design of more effective 
antitumor drugs.

Acknowledgements
This  study  was  supported  by  the  University  of  Pécs  
Faculty  of  Medicine  Research  Fund  (AOK-KA 34039-
12/2009) and the Hungarian Scientific Research Fund 
(OTKA  K-68887).The  authors  expresses  their  special  
thanks  to  Dr.  Ron  Hicks  (California  State  University)  
for providing reference sample of compound 10 as well 
as  to  Ms.  Rene LeClerk  (University  of  Alberta)  for  her  
excellent technical assistance.

(a)  I.  Kron,  Z.  Pudychová-Chovanová,  B.  Veliká,  
J. Guzy, P. Perjési, Monatsh. Chem. 143, 13 (2012); 
(b) V. Zsoldos-Mády, O. Ozohanics,   A. Csámpai, 
V.  Kudar,  D.  Frigyes,  P.  Sohár,  J.  Organomet.  
Chem. 694, 4185 (2009)
J.B. Harborne,  In:  V.  Cody,  E.  Middleton  Jr.,  
E. Harborne (Eds.), Plant flavonoids in Biology 
and  Medicine:  Biochemical,  pharmacological  and  
structure-activity  relationships  (Alan  R.  Liss.  Inc.,  
New York, 1986) 15
J.R.  Dimmock,  D.W.  Elias,  M.A.  Beazely,  
N.M. Kandepu, Curr. Med. Chem. 6, 1125 (1999)
M.L. Go, X. Wu, X.L. Liu, Curr. Med. Chem. 12, 483 
(2005)
J.R.  Dimmock,  N.M.  Kandepu,  A.J.  Nazarali,  
T.P.  Kowalchuk,  N.  Motaganahalli,  J.W.  Quail,  
P.  Mykytiuk,  G.F.  Audette,  L.  Prasad,  P.  Perjési,  
T.M. Allen, C.L. Santos, J. Szydlowski, E. De Clercq, 
J. Balzarini, J. Med. Chem. 42, 1358 (1999)
J.R.  Dimmock,  G.A.  Zello,  E.O.  Oloo,  J.W.  Quail,  
H-B. Kraatz, P. Perjési, K. Takács-Novák, F. Aradi, 
T.M.  Allen,  C.L.  Santos,  J.  Balzarini,  E.  DeClerq,  
J.P. Stables, J. Med. Chem. 45, 3103 (2002)
P.  Perjési,  U.  Das,  E.  De  Clercq,  J.  Balzarini,  
M. Kawase, H. Sakagami, J.P. Stables, T. Loránd, 
Zs. Rozmer, J.R. Dimmock, Eur. J. Med. Chem. 43, 
839 (2008)
A.  Valkonen,  K.  Laihia,  E.  Kolehmainen,  
R.  Kauppinen,  P.  Perjési,  Struct.  Chem.  23,  209  

(2012)
P. Perjési, T. Nusser, Gy. Tarczay, P. Sohár, J. Mol. 
Struct. 479, 13 (1999)
P. Perjési, Zs. Bayer, I. Ember, Anticancer Res. 20, 
475 (2000)
K. Monostory,  V.  Tamási,  L.  Vereczkey,  P.  Perjési,  
Toxicology 184, 203 (2003)
Zs. Rozmer, T. Berki, P. Perjési, Toxicol. in Vitro 20, 
1354 (2006)
P.  Perjési,  J.  Kubalkova,  Z.  Chovanova,  
M. Marekova, Zs. Rozmer, K. Fodor, Z. Chavkova, 
V. Tomeckova, J. Guzy, Pharmazie 63, 899 (2008)
C.  Hansch,  A.  Leo,  Substituent  Constants  for  
Correlation Analysis in Chemistry and Biology (John 
Wiley and Sons, New York, 1979)
W.Y.  Liu,  T.  Xie,  Y.M.  Liang,  W.M.  Liu,  Y.X.  Ma,  
J. Organometallic Chem. 627, 93 (2001)
C. Biot, Curr. Med. Chem. - Anti-Infective Agents 3, 
135 (2004)
S.  Top,  A.  Vessières,  C.  Cabestaing,  et  al. 
J. Organometallic Chem. 500, 637 (2001)
R.  Kovjazin,  T.  Eldar,  M.  Patya,  A.  Vanichkin,  
H.M.  Lander,  A.  Novogrodsky,  FASEB  J.  17,  467  
(2003)
E.  Hillard,  A.  Vessieres,  F.  Le  Bideau,  D.  Plazuk,  
D. Spera, M. Huche, G. Jaouen, Chem. Med. Chem. 
1, 551 (2006)
S.V. Lindeman, R.E. Bozak, R.J. Hicks, S. Husebye, 
Acta Chem. Scand. 51, 966 (1997)

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Comparison of structure, logP and P388 cytotoxicity 
of some phenyl and ferrocenyl cyclic chalcone analogues. 

Application of RP-TLC for logP determination of the ferrocenyl analogues¥

1504



X. Wu, E. R.T. Tiekink, I. Kostetski, N. Kocherginsky, 
A. L.C. Tan, S. B. Khoo, P. Wilairat, M.-L. Go, Eur. 
J. Pharm. Sci. 27, 175 (2006)
M.S. Tute, Lipophilicity: A History. In: R. Mannhold, 
H.  Kubiny,  H.  Timmerman  (Eds.)  Methods  and  
Principles in Medicinal Chemistry, Vol. 4 - V. Pliska, 
B.  Testa,  H.  van  de  Waterbeemd,  Lipophilicity  in  
Drug Action and Toxicology (VHC Publishers, Inc., 
Weinheim, FRG, 1996) 7-26 
(a)  K.  Takács-Novák,  P.  Perjési,  J.  Vámos,  
JPC-J.  Planar  Chrom.  14,  42  (2001);  
(b) P. Perjési, M. Takács, E. Ősz, Z. Pintér, 
J.  Vámos,  K.  Takács-Novák,  J.  Chromatogr.  
Sci.  43,  289  (2005);  (c)  Zs.  Rozmer.  P.  Perjési,  
K. Takács-Novák, J. Planar Chrom. – Modern TLC 
19, 124 (2006)
M.H.  Abraham,  N.  Benjelloun-Dakhama,  
J.M.R.  Gola,  W.E.  Jr.  Acree,  W.S.  Cain,  
J.E. Cometto-Muniz, New J. Chem. 24, 825 (2000)

P.  Sohár,  P.  Perjési,  K.W.  Törnroos,  S.  Husebye,  
A.  Vértes,  Gy.  Vankó,  R.E.  Bozak,  J.  Mol.  Struct.  
524, 297 (2000)
O.A. Phillips, L.A. Nelson, E.E. Knaus, T.M. Allen, 
R. Fathi-Afshar, Drug Des. Deliv. 4, 121 (1989)
(a) P. Perjési, A. Perjessy, E. Kolehmainen, E. Ősz, 
M. Samalikova, E. Virtanen, J. Mol Struct. 697, 41 
(2004); (b) P. Perjési, J. Linnanto, E. Kolehmainen, 
E. Ősz, E. Virtanen, J. Mol. Struct. 740, 81 (2005)
A.  Hoser,  Z.  Kaluski,  H.  Maluszynska,  V.D.  Orlov,  
Acta Crystallogr. B36, 1256 (1980)
Z.  Kaluski,  E.  Skrzypczak-Jankun,  V.D.  Orlov,  
I.A.  Borovoi,  Bull.  Acad.  Pol.  Sci.,  Ser.  Sci.  Chim.  
26, 869 (1978)
P.  Sohár,  A.  Csámpai,  P.  Perjési,  Arkivok  (V),114  
(2003)
A.  Katrusiak,  M.  Ratajczak-Sitarz,  Z.  Kaluski,  
V.D.Orlov, Acta Crystallogr. C43, 103 (1987)

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

P. Perjési et al.

1505




