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SUMMARY 

EHMO-SCCC calculations have been used in the analysis of the electronic structure 
and related properties of some iron@) halobisdithiocarbamates. Based on the molecular 
orbital description of complexes and the frontier molecular orbital approach of chemical 
reactivity, a qualitative interpretation of their ability to act as potential catalysts for halogen 
addition reactions to alkenes has been deduced. The extended-Hiickel molecular orbital 
approach has been also used for the consideration of the structure of the tettameric 
halogen0 bridging unit of the corresponding binucleat Fe(II1) d i th idamates  *h can 
be regarded as the active species in the aforesaid homogeneous catalytic reactions. The 
rough features of the shape of the bridging unit are discussed in term of the molecular 
orbital pictures and energy-level mrrelatian diagrams deduced f m  the rule of maxbiza- 
tion of overlap and orbital symmetry Coflsiderations. Finally, the electric field gradient at 
the metal nucleus in the precumr mononuclear complexes has been computed with the 
aid of quantum-chemical calculations and found to be in good agreement with the e m -  
mental values. 

Key words: Binuclear complexes. Bridging unit. Dithiocarbamaates. Mijssbauer spectra. 
Quantum-chemical calculations. Walsh diagrams. 

INTRODUCTION 

~ e c e n t l ~ ,  we reported'-4 on the treatment of iron(II1) halobisdithiocarbamates with 

molecular halogens resulting in the formation of homobinuclear complexes formulated as 
[Fe(R,dtc),X],(p-X' ,), where R = Me, Et, Pri; X = Cl, Br, I, and X' = Br, I. A loose 

dimeric association of the type (R,dtc),FeX-X' -X' S-XFe(R,dtc), has been confirmed 

by spectroscopic, 1,596 magnetic7 and thermoanalytical2~4 studies on these novel com- 
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pounds. In particular, the molecular halogen interacts weakly in an end-to-end fashion 

with the halide ligand of the mononuclear complexes affarding an extended tetrameric 
bridging unit, {X-X' -X' -XI2-, between the two parmagnetic enters. These amclllsions 
are consistent with the X-ray crystal structure determination of a complex of this series 
containing the pyrrolidinyldithiocarbamato ligand.8 Moreover, these binuclear di2lalide- 

bridged i r o n 0  complexes can be regarded as potential carriers of activated molecular 
halogens and hence could be the active species in homogeneous catalytic halogen addifion 
reactions to alkenes in the presence of iron(III) halobisdithiocarbamates.g Actually, we 
have found that under mild conditions (2W) and relatively low catalyst concentrations 
(10-2- 10-3 m01 c a ~ m o l  &me--1) the ironw) halobisdithiocarbamates promote the 
ready addition of molecular halogems to alkenes in CH& solutions affording the corre- 

sponding c& -addition products.9 lhis catalytic effect may be due to dimer formation. 

In order to investigate further the activation of the molecularhalogen in the bridging 
dimem we have carried out a systematic structural study of the tetrameric bridging unit {E 

1-1-112- within the framework of the extended-Hiickel molecular orbital approach 
(EHMO). The simplicity, utility and economy of the EHMO calculations over a wide 
range of geometries has been well-proven in studies of the borane and related systems, as 

well as conventionally coordinated species.10 Furthermore, the EHMO approach, in 
conjunction with the Jahn-Teller theorem, has been shown to be a powerful tool for both 
the prediction and rationalization of cluster structures and the understanding of stereo- 
chemical non-rigidity in solution. 1 1912 It is Walsh's general approach,l3 aided by energy 
levels and orbitals,l4-16 that is used here for the determination of the rough features of the 
shapes of the extended tetrameric halogen0 bridging unit. Consequently, orbital pictures 
and energy level diagrams along with simple physical rationalizations, which make the 
shapes of this bridging unit understandable from a molecular orbital paint of view, are 
presented in this paper. Moreover, an insight concerning the structural and bonding 

properties of the precursor mononuclear complexes farming the magnetic dimers, was 
gained through EHMO calculations. In this mpect, an attempt was h made to calculate 
the electric field gradient (EFG) and quadrupo1e splitting (QS) values for the above five- 
coordinated iron(IIl) dithiocarbamato complexes. 

COMPUTATIONAL DETAILS 

The single electron molecular functions of the [Fe(Etzdtc),X] complexes (X = Cl, 

Br, I) were calculated by means of the LCAO-MO methodl7-19 with self-consistent 
charge and configuration (WO-SCCC) by using option 3 of the FORTICON-8 com- 
puter program.20 In these iterative calculations the "weighted Hij formulaN for the off-di- 
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agonal matrix elements (Hij) was used,21 still a Madelung energy mrrection20.22.23 was 
applied to the diagonal matrix elements, Hii. TIE value of 1.75 was used for the parame- 

ter K, as this value was found by a series of calculations to give the best agreement be- 

tween the experimental and theoretical frequencies of the ligand-field bands of the com- 

plexes studied.24~25 With the exception of the iron 3d orbitals, which were represented 

by double-exponent functions, single-exponent Slater type orbitals for sulphur, carbon, 

nitrogen, and hydrogen were usedP The sulphur d AO's were not included in the basis 
\ 

set of the complexes as their contribution was found to be insignificant. Moreover, the 

single-Slater type orbital exponents for Cl, Br, and I used were 2.033 (3s and 3p), 2.64 

(4s and 4p), and 2.68 (5s and 5p), r e s p e c t i ~ e l y . ~ ~ ~ ~ ~  
The geometries of the [Fe(E$dt~)~Cl], 1, [Fe(E%dt~)~Br], 2, and [Fe(EE2dtc)21], 3, 

complexes were taken from their crystal-structure determinations.27-29 Furthermore, to 

limit the cahhtion time and the basis set, the ethyl groups of the dithiocarbamato ligands 

were substituted by hydrogen atoms, the bondlength value of N-H being 1 .O1 A.30 The 
three complexes were regularized to give approximately ClV symmetries and the cmrdi- 

nate ~ s V s t e m a d o p t e d  was in accordance with the symmetry rules. 

The {I-I-1-112- calculations that underlie the arguments used in this paper were also 
of the extended HDckel type. Both 5s and 5p exponents for I were taken as 1.90; stiU the 
H,, values (ev) were = -22.00 and %=- 10.27. The geometry of the molecule enters 

the calculation through the overlap integrals, which dqpend on the internal interatomic co- 
ordinates. From the dependence of Hij on overlap, it follows that if a change in the 

molecular geometry increases the overlapping between the atomic orbitals involved in a 

particular molecular orbital, this fact will stabilize that MO. In the calculations required for 

this paper, bond lengths were kept f d  at experimental values or reasonable estimates; 

still the bond angles were varied to find the geometry minimizing the total energy, E. 

RESULTS AND DISCUSSION 

Bonding: of the CompIexes. 

The calculated eigenvalues, charge distribution and partial wave analyses of the 

molecular orbitals of main interest for the complexes under investigation, in their param- 

agnetic quartet ground states are listed in Tables 1-111. The occupied valence MO's have 

energies in the range -3 1.55 to -9.13 eV's. There is an efficient mixing of metal and lig- 

and orbitals for all complexes. Moreover, it should be stressed that there is an efficient 
mixing of the 4pz and 3dz2 A03 of the central atom in the 1 lal SOMO's, due to the con- 

tribution of the 4pz A0 in the formation of the Fe-X axial bonds of the complexes. Except 
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- 
for an inversion between the 342 and 34, AO's in 3, there is a large similarity between 

the energy-level schemes of the complexes, the sequence of the predominantly 3d orbitals 
localized mainly on the central atom being 34,  > 3dz2 > 3% > 34, > 3Q.+  

TABLE I. Eigenvalues and Character of the Valence MO's of Main Interest of the [Fe- 
(R2dtc)2C1] Comp1ex.a % 

Charge DistributionC (%) Basis Functions 
X.evelb Eneiggr (eV) 

a The valence molecular orbital listed are only those associated with both the central atom and ligand va- 
lence AO's. b The hig!!eest occupied level is l la*. c Percentage of the MO's total population located on 
the indicated a tom or soup of atom. 

The in-plane 5-bonding of the complexes results mainly from the bonding 4a2, 5a2 

and the antibonding 6a2 and 8a2 MO's having substantial metal and sulphur-ligand char- 

acter. Due to the greater stabitization of both A2 and B2 MO's for 3 as compared to the 

ones of 2 and 1 the following trend of the Fe-S bond strength could be proposed: Fe-S(,) 



> Fe-S(,,) > Fe-S(cl). This is further supported by the two-center energy terms and the 

overlap population values of the compounds under investigaticm (Table IV). This trend is 

TABLE 11. Eigenvalues and Character of the Valence MO's of Main Interest of the [Fe- 
(R2dtc),Br] Complex. a 

Charge DistributionC (%) Basis Functions 
Levelb Energy (eV) 

Fe Fk 4s L Fe Br S 

a,b,c See footnotes, Table 1. 

in accordance with the greater electronegativity of the Cl atom as miparei to those of Br 
and I ones, which in turn m afford to a decrease in the electron population m the Fe-S 

bonds of complex 1. 
Finally* the out-of-plane X-bonding results mainly from the bonding 4b2 and the m- 

tibonding 7b2 MO's for 1 and 2, and the 5b2 a d  9b2 MO's for 3. 
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TABLE UI. Eigenvalues and Character of the Valence MO's of Main Interest of the [Fe- 
(R2dtc)*I] Comp1ex. a 

Charge DistributionC (%) Basis Functions 
Levelb Energy (eV) 

Fe I 4s L Fe I S 

See foptnotes, Table I. The highest occupied level is 9b2. 

Cdculation of the QS and Values. 

Mijssbauer spectral data for some of the halobis(N,N-di~1dithiombamato)iron- 

(111) complexes have been obtained previ0usly .2~~~~~~ There was no systematic vari- 

ation in the isomer shifts (IS) which were all close to 0.64 mmsec-1 (with respect to 

sodium nitropmsside) at room temperature, but the quadruple splitting (QS), although 

independent of R, showed a strong dependence on the nature of X and ranged from 2.4 

to 3.0 mm-sec-'. The constancy of the isomer shift with varying X was explained with 

respect to the inabkty of the halide ligands to act simultaneously as E-donors in these 
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compounds.25 Although the origin of the splitring has been worked out theoretidly and 
it was shown that the abnomally large electric field gradient (Em) in [Fe@dt~)~Cl] 

was mainly caused by covalency eff&,34 no explanation has been given forthe remark- 

able dependence of the QS on the nature of the halide ligand. Huwever, the spectral data 

TABLE IV. Two-Center Energy Terms and Overlap Population for the Coordination 
Bonds of the Compounds under Investigation. 

[Fe(R2dtc)2(31 Fe-S -3.3743 0.2832 
Fe-Cl -4.1009 0.3297 

Dwuw2Br1 Fe-S -3.5281 0.3023 
Fe-Br -3.5847 0.3323 

are consistent with an orientation of the major axis of the EFG parallel to the Fe-X dire0 
tion,35 and hence the regular decrease of splitling from I- to Cl- may be interpreted with 
respect to the contribution due to X-. To this end we have computed the [Fe(R2dtc)2X] 

(X = Cl, Br, I) molecular orbitals (MO) taking into account all the valence electrons. Ac- 

tually, the theoretical values of the quadruple splitting (QS) and asymmetry parameter 

(Q) have been calculated from atomic orbital net populatim, as outlined by de Vries.34 

According to this method, the asymmetry parameter, q = (V,,-V,)/V, can be deduced 
from the resulting V,, and V,,-V,, obtained by summing the 3d and 4p contributions, 

whereas the QS is calculated from QS = 1he.V,,-Q(l+q2/3)~, Q being the nuclear 

quadruple moment of the 57Fe F i  excited nuclear state,36 equal to 0.21+0.03 barn. For 
the core-orthogonalized Slater type orbitals -=r-3=-3d = 32.0 A-3 and (1-3'~~ = 11.6 A-3, 

while the value of 0.32 was used for the Stemheimer factor R3d.37 

However, some unreliability of the results may be caused by the inaccuracy of the 
input parameters, especially the value. Therefore, following Karplus and 

Pople,38 we assumed that this mean distance can be calculated by extending the Slater 
rules to fractional electron populations.39 For a valence electron density P3d on Fe atom 

this gives Z*3d = 1 3.2-0.35(P3d- l), Z*3d being the effective nuclear charge. For a Slater 

3d orbital, ~ 1 - 3 3 ' ~ ~  is now given by ~ r 3 = - 3 ~  = (1/405)Z*33d . 
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I ABLE V. Net Orbital Populatim of the Complexes Studied and Resulting EPG and 
QS.  

Net Orbital Populations 

Z component of EFG in 1 0 ~ ~  ~ . r n - ~ .  Asymmetry parameter, q - (V,,-Vyyw,,. C Quadruple 
splitting in mm.sec-l, calculated with Q = 0.21 f 0.03 barn. d~a lues  calculated taking into account only 
the contribution of 3d atomic orbital populations to the EFG. Values in parentheses were calculated 
taking into account the contribution of all iron valence orbitals to the EFG. 

It is important to note that the use of this expression for the CaLculation of <r!>3d 
immediately introduces a small dependence of the calculated QS on the total electron den- 
sity on Fe atom in each complex. As a matter of fact it was shown that this (1-3,~~ elec- 

tron density uxrelatim increases the reliability of the calculated electsic field gradient val- 

ues. Table V gives the net populations of the 3d and 4p atomic orbitals of Fe(II1) along 

with the computed and the experimental QS and Q values of the complexes under iravesti- 

gation. Due to the substantial participation of the 4p AO's in the bonding of the com- 

plexes, the EFG values were calculated either by taking into account or not the 4p atomic 

orbital populations. From the examjnation of these results, a reasonable agreement be- 

tween the calculated and experhental QS and Q values L derived, despite the simplistic 

approach adopted m our calculatio~ls. 



On the basis of the qualitative MO model of molecular shapes and electronic stmc- 

m, formulated by Mulliken and Walsh,13JO it is the energetic behaviour of the HOMO 

on distortion that determines the molecular geometry. Therefore, we attempted to deduce 
the point group to which the 4 2 -  framework belongs by a balance of maximizations of 

overlaps among the AO's in the occupied MO's. To this end-the following geometries 

FIG. 1. Correlation diagram for orbital energies in linear, c&, and frm geome- 
trrtrres. 

were investigated for the tetarneric halogen0 bridging unit; the linear (D+,), and the pla- 

nar with cis (Czv) and tram (C2h) conformers. Fig. l is a correlation diagram represent- 

ing the way the MO energy levels change with symmetric &or Cram bending, compared 
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to those for linear geometry. For the 30-electron system it is not immediately clear from 

this orbital diagram what geometry is preferred. Numerically, however, by weighting the 

calculated energy levels with the number of electrons in each orbital, the linear geometry 

wins out. With hindsight we could argue that on going to the tram planar structure the 
energy gain associated with 2b, and 5ag is canceled out by the rise in energy of 5b, and 

6% and so the energetics are co&olld by 2% In the cis planar all h,, 
6a, and 5b2 rise in energy on distortion, making thus impossible the nonlinear geometry. 

These principal atomic orbitals which make up each of the valence molecular orbitals of 
the model 142- species in linear and bent are shown schematically in Fig. 2. 

tram C, l inear D* c i s  C* 

FIG. 2. The Bp'' ,  3a,+, h,+, and related valence orbitals for the Id anion. * 

Finally, in Fig. 3 the total energy E as a function of angles for the 30-electron system in 
the 142 framework in cis, b-ans and hea r  shapes, is presented. 



FIG. 3. Total energy of the 30-electron system in the Z4-2 &meworkin &, Erans, and 
linear shapes. 

Ground-State Aopzties and Mechanisnts. 

In view of the fact that the nucleophilic substitution reactions occur hough FM0 m- 
teractions, a qualitative interpretation of some important ground-state properties of the 
compounds under investigation could be easily emerge based upon the quantum-chemical 
results. 

It was verified experimentalli that complex 3 reacts with the Iz molecule to give the 

dihalide-bridged iron(II1) dithiocarbamate.~~2~5-7 This is not surprising if we take into 
account the character and energy differences of their frontier MO's. It is evident from 
Table 111, that all SOMO's of the [Fe(EQdtc),I] complex are mainly localized on Fe d 
AO's (d,2, d,,,, and 43  and halogen p AO's (p,, py, and pJ, as well. Moreover, the 

LUMO of this complex did not exhibit any a m a b l e  character of metal or halogen A0 
functions. Therefore, the only short-range allowed interactions between the iodide ligand 
of [Fe(Et2dtc)21] and the I2 molecule should be those between the SOMO's of 3 and the 

HOMO or LUMO of the latter. However, the LUMO of b e  iodine is localized on the s 
and AO's of its atoms; its HOMO being localized on their and p, AO's. Hence, the 

homobinuclear iron@I) complex could be easily derived either through a SOMO-HOMO 
and/or a SOMO-LUMO interaction. Accordingly, a question arises concerning the m- 
ble mechanism of the reaction of [Fe(R2dtc),1] with the molecular iodine. Fig. 4 shows 

all possible orbital interactions. Actually, the SOM03-LUMO interaction could lead to a 
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a-type {Fe(R2dtc)21-12) bond, whereas the SOMO1-HOMO and SOM02-HOMO 

interactions could lead to =-type {Fe(R2dtc)21-12) bonds. Consequently9 through a new 
SOMO3-LUMO, SOM0,-HOMO W o r  S0MO2-HOMO interactions, the dihalide- 
bridged (R@),FeI---I-I---Fe@)2 dimer could be possibly derived. 

FIG.4. Rist order exchange iizteractiom belween the [FefEt2dtc)$] ~ l e x  and the 
iaiinemdecvle: (a) SOMO1-HOMO, @) S O M O ~ O ,  and (c) SOM03- LUMO. 

Within the h e w o r k  of the same quantumchdcal results the catelylic additkm of 
molecular halogens to alkenes in the presence of [pe(Rpdt~)~I] could be also d d e r e d .  

Itwas veritidexperhmtallythatthe blnudeariron(m) complexes reactreadiltywith 

alkenes, such as ethylene and cyclohexene, to afford &-addition products accoKZing to 
the scheme: l a 3  p 9  

[Fe(S2CNR2)21]2.12 + =€=C< -+ 2 [Fe(S2CNR2)21] + >IC-CI< 

The easy addition of the iodirme indicates that this molecule must be activated by its 
association to the [Fe(S2CNR2)21] complex, a process which is a necessary step in the 

addition reactions. Actually, the MuIliken population analysis on the linear tetratomic 



bridging unit {I-I-1-112- showed that the bond order of the central 1-1 bond is only 0.530, 
a fact which is in accordance with the activation of the molecular iodine in the binuclear 

complex. Therefore, we thought that the iron(III) halobisdithiocarbamates could be adive 

mG. 5. W O  interactions &between the tetra-c halogeno bridging unit and the ethy- 
lene mukule: (a) on xy plme, and (b) on yzplane. 

as homogeneous catalysts for halogen addition reactions to olef i .  A catalytic cycle in- 

volving a four-center transition state has already been proposed by The frontier 

MO's interactions between the tetrameric halogeno bridging unit and the ethylene 

molecule, responsible for the formation of the transition state are depicted schematically in 

Fig. 5. However, in this transition state, due to steric hindrances, a direct frontier-con- 

trolled attack of the ethylene molecule to the central 1-1 bond of the linear tetratomic 

bridging unit wuld effectively happen only on the xy plane. This orientation provides the 
best NNHOMO-LWMO overlapping, leading to the formation of the carbon-iodide a- 
bonds. This could lead to an electronic rearrangement in the system followed by a weak- 
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ening of the two terminal Fe14 bonds and the concomitant cleavage of the 1,Zaddition 

p-ct. 

KBANIY)XHMIKH MEAETH THX KATAAYTIKHZ APAZTIKOTHTAZ KAI 
M N  CPAZ:MAMN M~SSBAUER AAO~ONOdIBEJOKAPBAMIAIUN ZYM- 
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ANWENDUNG STATISTISCHER METHODEN ZUR AUSSAGEKRAFT ANALYTI- 

SCHER DATEN IM FALLE DER CHLORIERTEN KOHLENWASSERSTOFFE VON 

UMWELTPROBEN AUS NORDGRIECHENLAND (XANTHI). 

(Received February 25,1988) 

Die Ergebnisse der Korelationskoeffizienten und der berechneten 
Prognoseintervalle von analytischen Daten chlorierter Kohlenwasserstoffe 
aus Umweltproben , am Beispiel eines kleinen Datenkollektivs aus Nord- 
griechenland (Xanthi) , werden berichtet. Hohe korelationen wurden bei 
den iscmeren des Hexachlorocyclohexans (a-, s-, y-HCH) sowie bei Hepta- 
chlor und Heptachloroepid gefunden. Die analytische Daten und das 
Prognoseintervall zeigen eine niedrige Belastung dieser Vmgebung. 

~chlusselworter: Chlorierte Kohlenwasserstoffe , Korelationskoeff izienten 
Prognoseintervall. 

EINLEIrnG 

Die chlorierten Kohlenwasserstoffe sind , wegen ihre Persistenz 
gegenUber biotischen und abiotischen Abbau , global verteilt und Spuren 
einzelner Vertreter sind hrall zu finden (George J.L.et a1.1966). Die 

Aussagekraft von einzelnen Analysenergebnissen ist im allgemein gering. 

Dies ist eine Folge der Tatsache dass die Proberinahme zwar exakt be- 

schrieben und dokumentiert werden kann , die ~dwibeschreib~n~ jedoch 

unvollstanding bleibt , da alle Probenparameter gar nicht erfasst werden 
konnen. D2mzufolge ist eher richtig die Proberinahme als Punktuellen Ein- 

griff in einem dynamischen Vmweltsystem zu betrachten , dessen Bestana- 
teile zwar in geordneter jedoch unbekannter Weise in Wechselwirkung 

miteinanderstehen. 

In diesem Beitrag wird versucht die im Rahmen eines Bioindikations- 

progranuns (Oxynos K. et al 1984) in der GSF gewonnenen Erkentnisse h r  

~ussage&glichkeiten analytische Daten von Umweltproben (tierische Indi- 



kationsorganismen) auf die analytischen Erkentnisse einer kleinen Serie 

von zufallig gxnxxm unweltproben aus der Umgebung Xanthi Nordgriechen- 

land anzuwenden. &er Herkuft , Analytik und Ergebnisse der Xanthi-Pro- 
ben wurde von Guzounis K. et al. (1985) berichtet. 

Einzelne Ergebnisse der Boden und Piniennadelproben werden in Tab. 

1 gegeben. 
Ziel dieser Arbeit ist Modellvorstellungen , wie sie zur ~mwelthr- 

wachung mit Hilfe tierischer Indikatororganismen entwickelt wurde , an- 
zuwenden , um aufzuzeigen ob auch mit Hilfe von stichprobenanalysen 
kleines Umfangs zu klaren Aussagen bezuglich der erwarteten Schadstoff - 

kontaminationen in zukkftigen , analog gxmzm Stichproben gel'angen 

kann. 

STATISTISCHE GRUNDLAm 

Verteilungsform: Aus theoretischen Uberlegungen (expnetielles 

Wachstum in biologischen Akkumulationsprozessen) ist zu erwarten das5 

die Konzentrationen von Schadstoffen in naturlich gewachsenen Proben 

nicht normalverteilt sind. Eine Annaherung zur Normalverteillung ist 

durch eine logarithmische (In) Transformation zu erreichen2. 

Korrelationsparameter: Zur Erkennung von Korrelationsbeziehungen 

scheint es zweck&ssig sowohl die linearen Regressionskoeffizienten als 

auch den Verteilungsfreien Spearmamsche Rho zur Betrachten. 

Lineare ~egression~ : Eine Anzahl von Datenpunkten (xiyi) mit 

i=1,2, ... n, werden einem linearen Zusarmnemhang (y=a+bx) angepasst. 
Der Korrelationskoeffizient ist: 

Eine Zweidimensionale Normalverteilung der Variablen (X , Y) wird vor- 
ausgesetzt. 

5 ~peam's Rhc : ~pearman-s Rang-Korrelations-Koeffizient ist ein 

Mass fur den Zusammenhang von Rangreihen und wird als: 
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deffiniert. 

n: Anzahl der Rangplatzpaare (Xi , Yi) 
Di=Rangplatzdifferenz 

-1dr <I s' 
rs= 1 bedeutet vollstandige Ubereinstirronung der Rangreihen. 

rs=-I bedeutet vollstandige tjbereinstimnung der Rangreihen in umgekehrte 

Reihenfolge. 

Das ~rognoseintervall~ : Ausgehend von einer normalverteilten Grund- 

gesamtheit ,die durch eine Stichprobe von n Einzelnwerten mit den Kenn- 

daten X (Mittelwert) und S (Standardabweichung) charakterisiert ist , 
wird nach dem Mittelwert ( G )  einer zweiten Stichprobe des Umfangs m ge- 
fragt. Diese Frage f&t zu dem Begriff des Prognoseintervalls , das als 
derjenige Konzentrationsbereich definiert ist in dem der Mittelwert (F) 
mit einer bestirmnten statistischen Sicherheit (S%) liegen soll. 

Dabei ist t bzw t (S% f-n-l ) die Schranke der t-Verteilung fur f=n-I 
I - 

F'reiheitsgre und S% Sicherheit zweiseitiger Fragestellung.Die Prognose- 

intervalle sind von Bedeutung , wenn man aus einer gegebenen Menge von 
(i 

Daten , auf weitere Werte , die bei zukunftigen Nessungen anfallen , 
schliessen kann. Voraussetzung fur die Anwendung des Prognoseintervalls 

ist die Normalverteilung der Werte oder zumindenstens eine annahernde 

Normalverteilung. 

ERGEBNISSE UND DISKUSSION 

Die statistische Auswertung der Analysendaten der a.us Nordgriechen- 
3 land stammenden Umweltproben bezweckt einerseits die Aufdeckung von 

Korrelationsbeziehungen zwischen den verschiedenen ~lorkohlenwasser- 

stoffen in einer Matrix und anderseits mit Hilfe der Prognoseintervalle 



Tabelle I: ~ontaminationshohe untersuchter Boden (B) und Piniennadelproben (N) (in ng/g) . 
D 

B1 B2 B3 B5 B6 B7 B9 B1O 1 B1 2 B1 3 

HCB 
a-HCH 
s-HCH 
Y-HCH 
HC 
HE 
Md. 
Die1 
DDE 

HCB 0,8 3,5 1,0 0,8 0,6 3,l 0,3 0,2 1,6 
2-HCH 4,O 20,O 6,O 3,8 1,5 10,7 6,2 8,5 5,5 
QLHCH 1,O 4,5 1,O 1,4 0,4 1,6 nn 0,2 0,5 
y-HG4 0,2 11,5 5,O 3,O 0,5 3,5 0,l 0,2 0,5 
HC 0,8 5,5 1,6 0,3 0,3 1,O 0,3 0,5 0,6 
HE 0,5 2,0 0,6 0,3 0,3 0,5 0,3 0,3 0,5 
Md.  1,2 3,O 1,5 0,5 0,4 0,3 3,O 0,5 1,2 
Die1 0,2 1,6 0,5 0,5 0,3 1,O 0,s Oll '0,8 
DDE 1,2 2,8 1,7 1,5 0,4 7,8 4,5 0,9 2,5 
PCBs 3,3 17,O 10,5 4,O 20,O 5,8 15,4 4,O 42,O 
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eine Voraussage zu wagen bezuglich der bei zuk&tigen Messungen zu er- 

wartenden CKW-Konzenntrationen. Die Analysenergebnisse fur die Matrix 

"Boden" und "~iniennadel" sind der Tabelle 1 zu entnehmen. Cer Lineare 

und der Spearmansche Korrelationskoeffizient werden in der Tabelle 2 

aufgelistet. 

TAESLLE 11: Linearer und Spannanscher Korrelationskoeffizient der 
Piniennadelproben aus Nordgriechenland. 

Lineare 

Koeffizient 

0,62 

0,64 

0,64 

0,57 

0,86 

0,79 

0,74 

0,89 

0,94 

0,93 

0,88 

0,88 

0,78 

0,52 

0,99 

0,26 

0,09 

Spermansche 

Koeffizient 

0,38 

0,87 

0,82 

0,90 

0,78 

0,32 

0,27 

0,87 

0,80 

0,93 

0,67 

0,83 

0,52 

0,35 

0,93 

0,87 

0,57 

n: Anzahl der Korrelierenden Paare. 

S: Singnifikanter zusannnenhang auf den S%-Niveau 

Aus der Tabelle 2 geht hervor dass nur vereinzeln hohe Korrelatio- 

nen vorliegen und zwar auf das 95% Signifikanzniveau. Die kFchtete 

hohe Korrelation innerhalb der HCH-Gruppe ist durch die Anwendung des 

technischen Lindans leicht erklarbar. Ebenfalls verstandlich ist der Zu- 

sarrorienhang zwischen Heptachlor und seines Metaboliten Heptachlorepxids. 



Eine interessante Korrelation , die zu Trendbeobachtungen und Uberwa- 
chungszwecken geeignet scheint , ist der Zusammenhang zwischen der HCH- 
Gruppen und des HC/H~-paares. Bei spateren Messungen mussten ahnlich 

hohe Korrelationen gefunden werden , wenn unveranderliche der sich pa- 

rallel ver$derte Kontamination gemessen wird. Eine StOrrung der Korre- 

lation wurde auf nicht parallele ~eranderungen in der W e l t  deuten. 

Die fehlenden Korrelationsbeziehungen , besonders bei der Matrix "Boden" 
konnen nur mit den insgesamt sehr niedrigen Chlorkohlenwasserstoff- 

konzentrationen in den Matrizen "~iniennadel" und "Boden" erklart werden. 

Diese lagen meistens nahe den Nachweisgrenzen des analytischen Verfah- 

rens und waren somit mit grosser Unsicherheit behaftet.Die berechnete 

Prognoseintervalle der oben gennanten Matrizes werden in der Tabelle 3 

aufgezeigt. 

Sie werden nach einer logarithmischen Transformation der Konzentra- 

tion ( c 4  Inc ) fur jeden CKW nach der Gleichung ( 3 ) , f Ur m=9 bzw m=14 

Piniennadel-und Bodenprokn entsprechend und S=95%, berechnet. 
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Die Brauchbakeit der logarithmischen Transformation zur Annahmng der 

Verteilungsfom der Werte an die Normalverteilung , wird in der Abbildung 
1 anhand eines Beispiels demonstriert. Dass diese Transformation zweck- 

r&ssig ist , wurd.e bei wesentlich grosserem Anzahl von Proben bei ver- 
2 

schiedenen mtrizes gezeigt . 
TABELLE 111: : Prognoseintervallgrenzen ( Pfin, P- ) fUl 

ii~iniennadeln" und "Boden" 

Transformiente Werte Delogarothmierte Werte 

(C+lnC) (Cdin ng/g) 

Matrix Piniennadel Boden Piniennadel Boden 

CKW min ',in 'max min min 'max 

HG3 -1,12 0,92 -2,ll 0,21 0,33 2,50 0,12 1,23 

a-HCH 1,Ol 2,53 -3,62 -1,62 2,74 12,59 0,03 0,20 

s-HCH -1,19 0,97 -2,88 -0,56 OI3O 2,64 OIO6 0157 

Y-HCH -1,28 2,04 -2,15 -0,43 0,28 7,71 0,12 0,65 

HC -1,32 0,72 - - 0,27 2,05 - - 

HE -II39 -0109 - - 0125 Of91 - - 

Aldrin -0,97 0,85 - - 0,38 2,34 - - 
Dieldrin -1,66 0,12 -2,94 0,02 0,19 1,13 0,05 1,02 

DDE -0,31 Ir55 0,14 II28 0,73 4,71 II15 3,60 

PCBS 1,33 3,19 -1,91 1,69 3,78 24,29 0,15 5,42 

Die berechneten Prcgnoseintervallgrenzen fur "~iniennadel" und 

"Boden" zeigen einerseits dass die jetzige Belastung mit CKW gering ist , 
anderseits dass zukunftige Messungen nahe an den Nachweisgrenzen der CKW 

zu erwarten sind. fi die Uberwachungswecken istnotwendig aus dem selben 
# 

Gebiet zehn Proben zu nehmen , die In-Werte der gemessenen Konzentratio- 
nen zu bilden , den arithmetischen Mittelwert (7) daraus zu berechnen und 
mit den in der Tabelle 3 angegebenen Intervallen zu vergleichen. Liegen 

diese Werte innerhalb Pmin und P- SO hat auf das Signifikanzniveau von 

95% keine veranderng stattgefunden. Der begrundete Verdacht auf eine 

signifikante veranderng liegt vor wenn y a u s s x t ~ ~ b  des Intervalls Pmin 

bis P- sich befindet. In diesem Fall ist es notwendig durch weitere 
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umfangreichere Messungen den angezeigten Trend zu erharten. 

Es scheint also G l i c h  , nach der beschriebenen Vorgehenweise , an- 
hand von zufallig gewonnenen Proben bqrenzten Wangs (n=10-20) aussa- 

gekraftige Prognoseintervalle je Matrix und Schadstoff anzugeben , M t  

deren Hilfe neue Messungen entweder als Konform zu den alten oder als 

Signifikant unterschiedlich zu klassifizieren sind. 
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SUMMARY 

Murine BALB/c myeloma cells (clone P3Y-63.Ag8 653) were used to 
study binding kinetics of Gerardia savaglia lectin. The fluorescein 
isothiocyanate labelled lectin stained the surface of these cells forming 
a speckled-type pattern. Using iodinated Gerardia lectin, a dose-response 
binding curve was obtained with a tendency towards saturation of binding 
sites at lectin concentration of 1.5 n ~ / 1 0 ~  cells. The constructed Scat- 
chard plot was consistent with a complex system containing one ligand 
and two classes of binding sites. Binding of iodinated Gerardia lectin 
to mouse myeloma cells was inhibitable by mannose or by unlabelled 
Gerardia lectin. Another mannose-specific lectin, concanvalin A, also 
displaced the iodinated Gerardia lectin to the level of 56% of the 
maximal binding, while the addition of Lens eul inaris  lectin had an 
opposite effect and increased binding of 1 2 5 ~ - ~ ~ ~  to nearly 200% of the 
initial value. This positive cooperativity is CO-nsistent with receptor 
rearrangements and the accessibility of new ligands for Gerardia lectin 
induced by the exposure of mouse myeloma cells to Lens cztlinaris lectin. 

KEY WORDS 

Gerar.dia savaglia lectin - Binding kinetics - Positive and negative 

cooperativi ty - Mouse myel oma cells 



92 M~tUPERLOVIc, LJ.HAJDUKgVIC!D.BUGARSKI ,S. POZNANOVIC, Z. KLJAJIC, M.J.GASIC 

INTRODUCTION 

The coral Gerardia savagZia contains a lectin which was recently 

isolated and characterised'. The Gerardia savagZia lectin (GSL) is a 

glycoprotein M, 32 kD, composed of two polypeptide chains. It shows 

specificity for D-mannose, as determined by haemagg lu t ina t ion- inh ib i t ion ,  

requires ca2+ ions for ful l activity and precipitates erythrocytes from 

humans (A,B,O), sheep, rabbit and carp. The lectin exhibited some 

peculiar features toward mammal ian cel ls2. 
z 

A presumably B-lymphocyte activator, it caused proliferative response 

of spleen cells only in the presence of some other B-lymphocyte mitogens 

as lipopolysaccharide, but neither alone nor in combination with 

T-lymphocyte mitogens like Concanavalin A. It was also found that GSL 

binds to plasma and nuclear membranes of various cells, forming a 

characteristic speckled-type of patterns3. Additionally, binding of the 

lectin to nuclear envelope of isolated nuclei had inhibitory effect on 

mRNA efflux from nuclei and on NTPase activity2. 

It was here attempted to investigate interaction of this lectin 

with BALB/c myeloma cell line by a quantitative binding study. The 

applied clone P3X-63.Ag8 6534 is rountinely used for fusion with anti- 

body-forming cells to obtain hybrid cell lines producing monoclonal 

antibodies, and therefore represents a constantly available pool of 

cells for binding studies. 

EXPERIMENTAL 

Materia Zs 

Gerardia savagZia lectin was isolated from the anthozoan Gerardia 

savagZia (Bert. ; Hexacoral l ia, Gerardi idae) which was collected in the 

bay of Kotor, processed as previously descri bed2y3, and finally purified 

on Sepharose 66-mannose affinity column. Concanaval in A (Con A) and Lens 

cuZinaris (LCA) lectin were prepared according to described methods5y6. 
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Iodobeads were purchased from Pierce, lZ51 ( N ~ I )  carrier-free from 

Amersham International, Dulbecco's modified eagle's medium (DMEM) from 

Gibco, and bovine serum a1 bumin (BSA) , foetal bovine serum (FBS) , 
sodium pyruvate, L-glutamine, HEPES, fluorescein isothiocyanate (FITC) 

(isomer 1) and D-mannose were from Sigma Chemical Co. These and a1 l 

other chemicals applied were p.a. grade. 

Conjugation o f  GSL wi th  FITC and Zectin fZuorescence nricroscopy 

Lectin was conjugated with FITC according to the procedure used for 

immunoglobulin labelling7 and subsequently purified by gel filtration 

(Sephadex 6-25). This preparation (F/P=2) was used for staining of 

P3X-63.Ag8 653 cells which was performed by incubation of 105 cells in 

25 ul of GSL-FITC solution (lectin concentration 40 ug/ml) at 4OC for 
4 / 

30 min. The stained and rinsed cells were analysed under an Option, 

Standard IFD microscope (Car1 Zeiss) equipped with epifluorescence 

optics. The specificity of binding was proved by complete inhibition of 

staining after the addition of 200 mM mannose into the incubation medium. 

CeZZ culture 

The P3X-63.Ag8 653 myeloma cells were grown in DMEM medium supple- 

mented with 10% FBS, 2 mM L-glutamine, l00 mM HEPES and 1 mM sodium 

pyruvate at 37'~ in a humidified atmosphere of 7% CO2 in-air. Cells 

were mainained in continuous culture not exceeding the density of 

2 . 5 ~ 1 0 ~  cel ls/ml . The cell viability was determined with trypanblue and 
was greater than 95% at the time of collecting the cells. 

Iodination of  Gerardia savagZia Zecf in  

GSL was labelled using iodobeads. Briefly, eight iodobeads were 

soaked in 400 ul of 20 mM Tris-HC1 buffer, pH 7.2, containing 150 mM 
/ 

NaCl and 1 mM ca2', and ~ n ~ +  (Tris buffered saline -TBS). Upon the 

addition of 10 ,ul (2 mCi), the reaction mixture was incubated 



for five minutes with occasional shaking, followed by the addition of 

1 m1 lectin solution containing 2 mg of GSL and further 15-min incubation. 

Eventually, labelled protein was separated on Sephadex 6-25 column. The 

specific activity of the obtained preparation was 107 Bq/mg. 

The procedure for GSL iodination did not affect its agglutinating 

activity for rabbit erythrocytes, as determined by haemagglutination 

assay before and after iodination. 

Binding assay 

Gerardia lectin was dissolved in TBS supplemented with 0,5% BSA and 

filtered through a 0.22 um sterile filter. Initial lectin concentration 
/ 

was 1 mg/ml. From this solution, 12 dilutions were made ranging from 

10-750 ug GSL/ml. . 
/ 

Iodinated GSL was also diluted by TBS to the concentration of 10 ug / 
GSL or 5.10~ cpm/ml. P3X-63 cells were resuspended in TBS to the concen- 

tration of 107 cells/ml or as specified. 

Binding assays were performed in polystyrene test tubes (12x75 mm) 

which were preincubated overnight with 0.5 m1 1% BSA solution and rinsed. 

Equal volumes (100 ul) of GSL dilutions, solutions of 1 2 5 ~ - ~ ~ ~  and 
/ 

of cell suspension were added to test tubes and the assay mixture was 

incubated at room temperature for one hour and shaken occasionally. 

Supernatant fluid was separated by brief centrifugation (1000 rpm, 5 min) 

and 50 ul aliquots were taken for counting. Pellets were rinsed three 
/ 

times in TBS and the bound activity counted using a Gammachem 4800 

counter (Biodata). 

The nonspecific binding of 1 2 5 ~ - ~ ~ ~  was determined in the presence of 

200 mM D-mannose under the same experimental conditions. It amounted to 

approximately 10% and was substracted from the total bound activity. All 

incubations were made in triplicate. 
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RESULTS 

The binding of Gerardia lectin to P3X-63.Ag8 653 cells was visualised 

by staining the cells with fluorescein-labelled GSL. The applied lectin 

concentration did not produce a noticeable agglutination of the cells, 

but a speckled-type of staining pattern was evident (Fig. 1). 

FIG. 1: Single  d i r e c t  i m n o f l u o r e s c e n c e  mLcroscopy of  P3X-63.Ag8 653 
c e l l s  wi th  fZuorescein isothLocyanate-ZabeZZed Gerardia Zectin. 
magnification: X 252. 

The addition of 100 mM D-mannose completely abolished the fluorescence. 

Binding characteristics of Gerardia lectin were more closely investi- 

gated by means of 125~-labelled lectin. The influence of cell density 

on lZ51-~S~ binding is illustrated in Fig. 2A. Lectin binding increased 

with the increase of cell number, so that cell density for subsequent 

studies was adjusted to the convenient 106 cells per total assay volume 

of 300 ,ul. 



96 M:CUPERLOVIC, LJ. HAJDUKnVIC,D.BUGARSKI ,S. POZNANOVIC Z.KLJAJIC, M.J.GASIc 

number of celfs/assay 
Q01 405 41 

I-GSL firnow assay) 

FIG. 2: Speci f ic  binding 1 2 5 ~ - ~ ~ ~  t o  P3X-63.Ag8 653 ceZZs as a function 
of ceZZ density (A) and Zectin concentration ( B ) .  Assay voZurne 300 u Z ,  
incubation time 60 min a t  room temperature. / 

A dose-response curve for GSL binding at very low lectin concentra- 

tions (0.001-0.067 nmol/assay) is shown in Fig. 28. 

For the study of specific binding at a higher saturation of binding 

sites, labelled GSL was combined with untreated lectin to acquire total 

lectin concentration of reaction mixture ranging from 0.03-1.6 nmol/assay. 

The obtained pattern (Fig. 3) was that of a saturable specific binding 

with the indication of saturation of binding sites at the highest 

concentrations of the examined lectin. This binding was analysed by 

Scatchard plot (Fig. 4). The obtained curvilinear graph indicated a 

complex system containing one l igand and more, possibly two, classes of 

binding parameters8, it could be calculated that the number of high 

affinity binding sites, saturable at low lectin concentrations, amounted 

to approximately 106 per cell, while that of low affinity binding sites 

was one order of magnitude greater. The corresponding affinity constants 

would be near 101•‹~-' for low lectin concentrations and high-affinity 
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bindings s i t e s ,  and about 20 times lower f o r  higher l e c t i n  concentrations 

near sa tura t ion values. 

B (neto) 
(nMx103) 

Q1 Total adbed 10 GSL bmonDr/106 cells ) 2P 

FIG.  3: Binding (B1 o f  GSL t o  P3X-63.Ag8 653 ceZZs. CeZZs were incubated 
w i t h  GSL + 1 2 5 ~ - ~ ~ ~ .  Assay cond i t i ons  a s  i n  Fig.  2. 

FIG.  4: Scatchard p l o t  o f  GSI, binding t o  P3X-63.Ag8 653 
per 300 ,uZ o f  incubat ion  medium. L e c t i n  concentra t ions  

c e l l s .  106 c e l l s  
a s  i n  F i g .  5 .  



The interaction of GSL with the sites present at the surface of 

P3X-63 cells was mannose-inhibitable. Bound Iz51-~sL was also efficiently 

displaced by higher concentrations of untreated Gerardia lectin, and the 

obtained displacement curve had smooth sigmoidal shape (Fig. 5). 

1 

91 1 10 
GSL added f m / 1 0 6  cellsI 

FIG. 5: DispZacement of 1 2 5 ~ - ~ ~ ~  by increasing doses of GSL. 1 2 5 ~ - ~ ~ ~  
concentration was constant and amounted t o  0.03 n m o ~ / l 0 ~  ceZZs. 

Competition for binding of GSL with other mannose-specific lectins was 

also investigated. lZ51-~S~ was combined with GSL, Con A or LCA and 

then used for binding assay, as described. While the concentration of 

lZ51-~sL was constant (2 ug/assay), each of the added lectins was 
/ 

tested in four serial dilutions from 135-J6.9 ug/assay. All four con- 
/ 

centrations corresponded to the level of inhibitory lectin that gave a 

lower plateau of GSL-displacement curve. Accordingly, the addition of 

GSL reduced binding of lZ51-~sL to 26% on average of the value obtained 

with iodinated lectin only (Fig. 6). The addition of Con A also had an 

inhibitory effect and reduced 1 2 5 ~ - ~ ~ ~  binding to 56% on average of 
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Added lectin (,ug/assay) 

FIG:6: E f f e c t s  o f  t h e  added Z e c t i n  G S L a ,  Con A m  , and LCA a on 
t h e  b ind ing  o f  1 2 5 ~ - ~ ~ ~  t o  P3X-63.Ag8 653 c e l l s .  Assay cond i t i ons  a s  
described i n  Fig.  2. 1 2 5 ~ - ~ ~ ~  concentra t ion  was 2 ug / tube .  

/ 

maximal values. I n h i b i t o r y  e f f e c t s  o f  a l l  f o u r  d i l u t i o n s  o f  these  two 

l e c t i n s  (GSL and Con A) were s i m i l a r ,  w i t h  i n s i g n i f i c a n t  i n c r e a s e  o f  

1 2 5 ~ - b i n d i n g  a t  s e r i a l  d i l u t i o n s  o f  t h e  added l e c t i n s .  The a d d i t i o n  o f  

LCA, however, had a  s t r i k i n g l y  d i f f e r e n t  e f f e c t  on 1 2 5 ~ - ~ ~ ~  b ind ing .  As 

shown i n  F ig.  6, a f t e r  combin ing 1 2 5 ~ - ~ ~ ~  and LCA, b i n d i n g  o f  t h e  

i o d i n a t e d  l e c t i n  was inc reased  t o  164-244% o f  s t a r t i n g  va lue,  and was 

d i r e c t 1  y p r o p o r t i o n a l  t o  t h e  concen t ramon o f  t h e  added LCA. 

DISCUSSION 

I n  t h e  p resen t  study, b i n d i n g  c h a r a c t e r i s t i c s  o f  Gerardia savagl ia  

l e c t i n  were examined u s i n g  a  mouse myeloma c e l l  l i n e .   his c l o n e  o f  B 

lymphocytes does n o t  express immunoglobul in-heavy o r  l i g h t  cha ins  and 

i s  o f t e n  used f o r  f u s i o n  w i t h  an t ibody- fo rming  c e l l s .  P3X-63.Ag 8 653 



cells can be successfully maintained as a continuous culture under 

standard conditions which represents a convenient model for binding 

experiments. GSL binds to the surface of these cells forming a chara- 

cteristic speckled-type pattern. Similar staining patterns were obtained 

with two other mannose-specific lectins (Con A-FITC and LCA-FITC) when 

incubated wtth mouse myeloma cells under the same conditions (results 

not presented in this report). However, in spite of this superficial 

similarity, lectin isolated from the coral Gerardia savagZia has some 

peculiar characteristics. Namely, most lectins from lower eukaryotes 

are D-galactose-specific, but the Gerardia lectin recognises D-mannose 

and, with a 50-fold lower affinity, ~ - ~ l u c o s e ~ .  This monosaccharide 

specificity is comparable with the specificity of Con A and, in addition, 

both lectins require ca2+ for full activity. However, the affinity of 

GSL for more complex structures appeared to be different from that of 

Con A. Thus, haemagg lu t i na t i on - i nh i b i t i on  experiments indicated that 

D-Mandl -> 2D-Man disaccharides are most powerful inhibitors of GSL 

activity. When used as a ligand in lectin affinity chromatography', GSL 

was incapable to retain choriogonadotrophin, alfa-fetoprotein and several 

ot'her glycoproteins that have complex N-l inked 01 igosaccharide chains 

containing 3-mannosyl core (our unpublished data). A1 l these glyco- 

proteins were completely or partially retained by Con A and LCA when 

these lectins were used as ligands9. The histochemical examination of 

various tissue sections with GSL-FITC conjugate gave distinct staining 

patterns3. More detailed investigations showed that, in vitro, lectin 

binds to a glycoprotein present in the nucelar envelope and such binding 

had an inhibitory effect on mRNA translocation system of isolated nuclei 

from CV-1 monkey kidney cells2. 

The presented results are consistent with a complex pattern of 

receptors for GSL exposed on the surface of mouse myeloma cells. This 

type of binding kinetics and non-linear Scatchard plots had also been 

observed for-a number of other lectins and  cell^^^,^^, and were explained 
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by t h e  m u l t i p l i c i t y  o f  b i n d i n g  s i t e s  w i t h  d i f f e r e n t  a f f i n i t i e s ,  o r  by  

n e g a t i v e  c o o p e r a t i v e  s i t e - s i t e  i n t e r a c t i o n s  among a  homogenous p o p u l a t i o n  

o f  r e c e p t o r s  which have h i g h  a f f i n i t y  when unoccupied, b u t  s w i t c h  t o  a  

l o w - a f f i n i t y  con fo rmat ion  as occupancy increases.  I n  most e q u i l i b r i u m  o r  

k i n e t i c  exper iments t h e  n e g a t i v e  c o o p e r a t i v i t y  model can n o t  be d i s t i n -  

gu ished f rom t h a t  o f  l ow and h i g h - a f f i n i t y  recep to rs ,  and o u r  system i s  

n o t  t h e  excep t ion .  

The whole p o p u l a t i o n  o f  r e c e p t o r s  f o r  GSL on P3X-63 c e l l s  approached 

s a t u r a t i o n  a t  l e c t i n  c o n c e n t r a t i o n  o f  40-50 ug/106 c e l l s .  I t  can-be 
/ 

argued, though, t h a t  under t h e  exper imenta l  c o n d i t i o n s  used, some amount 

o f  l e c t i n  was i n t e r n a l i s e d  o r  degraded and t h a t  such e f f e c t s  i n f l u e n c e d  

s a t u r a b i l i t y  o f  GSL b ind ing .  T h i s  poss i  b i  Tity w i l l  be more c l o s e l y  

examined, b u t  t h e  f a c t  t h a t  GSL b i n d i n g  i s  a b o l i s h e d  by a  s p e c i f i c  

hap ten ic  sugar i n d i c a t e d  t h a t  it was p redominan t l y  a  c e l l  sur face-mediated 

phenomenon. 

The i n t e r a c t i o n  o f  GSL w i t h  a l l  s i t e s  p resen t  a t  t h e  s u r f a c e  o f  

P3X-63 c e l l s  i s  mannose- inh ib i tab le.  Labe l led  l i g a n d  i s  a l s o  d i s p l a c e d  

by  u n l a b e l l e d  GSL, g i v i n g  a  d isp lacement  cu rve  o f  smooth s igmo ida l  shape 

t h a t  reached lower  p l a t e a u  when G S L / ~ ~ ~ I - G S L  mo la r  r a t i o  exceeded 10. 

The o t h e r  two examined mannose-speci f ic  l e c t i n s  had v e r y  pronounced 

e f f e c t s  on n e g a t i v e  (Con A) and p o s i t i v e  (LCA) c o o p e r a t i v i t y  o f  GSL 

b i n d i n g  t o  P3X-63 c e l l s .  Therefore,  t h e  a d d i t i o n  o f  Con A  t o  1 2 5 ~ - ~ ~ ~  i n  

mo la r  r a t i o s  co r respond ing  t o  a  lower  p l a t e a u  o f  t h e  GSL d isp lacement  

cu rve  r e s u l t e d  i n  t h e  i n h i b i t i o n  o f  1 2 5 ~ - ~ ~ ~  b i n d i n g  which was comparable 

t o  i n h i b i t i o n  ob ta ined  by t h e  a d d i t i o n  o f  u n l a b e l l e d  GSL. T h i s  would 

t e n t a t i v e l y  i m p l y  a  c o m p e t i t i o n  between GSL and.Con A  f o r  t h e  same 

b i n d i n g  s i t e s  which would f u l f i l  t h e  b i n d i n g  requi rements o f  b o t h  . 

l e c t i n s ,  i .e.  c o n t a i n  3-Man-core and exposed mannose ( o r  p r e f e r e n t i a l l y  

2-Man) res idues .  

The e f f e c t  o f  ano ther  mannose-speci f ic  l e c t i n ,  LCA, on 1 2 5 ~ - ~ ~ ~  

b i n d i n g  t o  P3X-63 c e l l s  i n d i c a t e d  a  more complex r e l a t i o n s h i p .  The 



a d d i t i o n  o f  LCA to .  1 2 5 ~ - ~ ~ ~  r e s u l t e d  i n  tremendous inc rease  o f  1 2 5 ~ - ~ ~ ~  

b i n d i n g  t o  P3X-63 c e l l s  which was p o s i t i v e l y  dependent o n  LCA concen- 

t r a t i o n  w i t h i n  t h e  range o f  5  t o  40 LCA/GSL mo la r  r a t i o .  An e x p l a n t i o n  

o f  t h i s  e f f e c t  should be sought i n  t h e  c l a s s i c a l  concept  o f  p o s i t i v e  

c o o p e r a t i v i t y  o f  b i n d i n g ,  which connects p o s i t i v e  c o o p e r a t i v i t y  w i t h  t h e  

exposure o f  new b i n d i n g  s i t e s  o r  w i t h  inc reased  a f f i n i t y  o f  e x i s t i n g  

s i t e s .  I n  many ce lTs,  exposure t o  l e c t i n s  c rea te6  c y t o s k e l e t a l  r e a r -  

rangement~  o f  r e c e p t o r s  which can r e s u l t  i n  h i g h e r  l o c a l  d e n s i t y  o f  

r e c e p t o r s  o r  exposure o f  n e x t  b i n d i n g  s i t e s  and t h e i r  i nc reased  acces- 

s i b i l i t y  t o  ano ther  l i gand .  C r o s s - l i n k i n g  and r e o r g a n i z a t i o n  o f  head- 

groups were a l s o  envisaged as p o s s i b l e  cause o f  p o s i t i v e  c o o p e r a t i v i t y  

i n  a model membrane t r e a t e d  w i t h  l e c t i n s 1 2 .  The m i t o g e n i c  e f f e c t  o f  GSL 

on mur ine sp leen lymphocytes can be expressed o n l y  when l e c t i n  i s  

a p p l i e d  i n  combinat ion w i t h  ano ther  mitogen2, which a l s o  suggests t h a t  

s p a t i a l  rearrangement i n  t h e  p lane  o f  t h e  plasma membrane i s  necessary 

f o r  t h e  a c c e s s i b i l i t y  o f  new l i g a n d s  and maximal b i n d i n g  o f  Gerardia 

l e c t i n ,  f o l l o w e d  by m i t o g e n i c  response o f  t h e  c e l l s .  Other  exp lana t ions  

o f  t h e  ob ta ined  e f f e c t s  o f  LCA on GSL b i n d i n g  a r e  a l s o  pcrssible, such as 

b r i d g i n g  o f  LCA between c e l l  membrane g l y c o p r o t e i n s  ang GSL, o r  

p e n e t r a t i o n  o f  Gerardia l e c t i n  th rough  t h e  c e l l  membrane a f t e r  i t s  

exposure t o  LCA. S tud ies  t o  e l u c i d a t e  some o f  these p o s s i b i l i t i e s  and 

r e l a t i o n s h i p s  o f  mannose-speci f ic  l e c t i n s  and r e c e p t o r s  on t h e  sur face  

o f  P3X-63.Ag 8 653 c e l l s  a r e  i n  progress.  
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INTRODUCTION 

Les derives du benzomorphane (methanobenzazocine) 1 con- 
stituent une categorie d'analgesiques centraux. L'intergt de 

ce groupe de composes, qui a donne des medicaments interes- 

sants (phenazocine, pentazocine e.t.c.) et dont la recherche 

continue intensement 1'2'3, se situe au fait que certains de 

ces membres presentent une separation complete de l'activite 
4 

analgesique de l'accoutumance . 
Dans les molecules des benzomorphanes l'atome de l'azote 

partic'ipe au cycle azocinique. Le present memoire decrit la 

synthese de quelques methanobenzocyclooctenamines 2 qui sont 

isosteres aux benzomorphanes et ont l'originalite de posseder 

l'atome de l'azote en posltion exocycllque (Schema 1). 

La synthese de derives amines 2 a ete realisee, suivant le 
schema I I ,  par l'actlon d'un derive dihalogene 5'o' sur les 

Y 2  



methyl-1-tetralones-2 7,8, Q . Plus precisement, nous faisons 

rgagir le bis (bromomethyl) acetate d'8thylei0 avec les methyl- 

-1-tbtralones-2 en prgsence d'hydrure de sodium; ils se 

forment les cetoesters insatures 4, qui par chauffage dans le 

t-BuOH en presence de Triton-B, subissent une cyclisation 

intramoleculaire du type Michael et fournissent les c&toesters 

polycycliques 3; la saponification de ces cetoesters donne les 
cetoacides 6 correspondants, qui par chauffage avec le 

chlorure de thionyle sont transformes en chlorures 2 .  
L' application de la &action de C ' u r t l u s  sur ces derniers  

permet d'abuutir aux aminocetones 2. 
L'etude au RMN des cetoacides 6 et des amines 2 nous arnGne 

a la conclusion que ces compos& sont des melanges des diaste- 

reoisomeres (double absorption du groupement methyle en posi- 
t i n n  51 



ISOSTERES DU BENZOMORPHANE 

Partie Experi ment ale 

Les points de fusion ont ete pris dans un appareil de Buchi 

et ne sont pas corriges. Les microanalyses ont ete effectuees 

par le Service Centrale de Microanalyse du C.N.R.S. et sont 

conformes aux valeurs theoriques a f0,4 % .Les spectres RMN-'H 
ont ete enregistres sur un appareil Varian-FT-80A en utilisant 

le CDCls comme solvant et la TMC comme reference interne. Les 

spectres IR ont ete enregistres sur un spectrophotometre 

Perkin-Elmer 177. 

, Dans une solution de 8,3g (0,043 mole) de methoxy-7, 

methyl-1,tetralone-2 dans 40ml de DMF anhydre. on ajoute sous 

atmosphere d'azote, agitation et refroidissement,2g(0,046mole) 

d'hydrure de sodium a 55% dans l'huile minerale prealablement. 

lave dans du benzene anhydre. On agite pendant 20min a la tem- 

perature diante, puis sous refroidissement, ajoute en une 

seule fois 12.6s (0,046 mole) de bis (bromomethyl) acetate 

d'ethyle. Apres deux heures d'agitation a la temperature ambi- 

ante, on refroidit de nouveau et y ajoute par petites quanti- 

tes 2g(0,046 mole) d'hydrure de sodium a 55%. On chauffe vers 

1 2 0 ~ ~  pendant 2h (toujours sous courant di  azote) . Apres 

refroidissement le melange est verse dans un exces d'eau et de 

glace et extrait A l'ether. La couche etheree est lavee a 

l'eau. sechee sur Na2301 et evaporee. Le residu est distille 

sous pression reduite et on recueille 1a.fraction liquide qui 

Passe vers 120-170•‹~/0,~3mmHg, soit 12.2s. Cette fraction 

contient surtoQt l'ester insature liquide 4b(accompagne parfois 

par de petites quantites d'ester tricyclique 2) IR(fi1rn) cm-*: 

v(C-O) cetone et ester (mal separes) 1710, v(C=C) 1620, *H-RMN 

(CDCl3) 6 ppm: 1,06-1,23(t.3H.~3CHz0) 1,44(s,3H,~3-1) 2.47- 

3.25 (m. 6H, 2xCHz cyc lohexaniques, Bz-C-CH2) 3.78 (S. 3H.CH30) 

3.84-4.00 (q, 2H.OCJ2CHa) 5.35 (d, lH, Jgem- 0,8Hz,=CH) 6,04(d. 1H. 



Jgem-0,8Hz,=CH) 6,57-7,08(m, 3H. aromatiques). 

Le produit distille est melange avec 30ml de t-BuOH et 2ml 

de Triton-B(en solution 40% dans le methanol) et chauffe au 

bain-marie pendant 8h.. Le melange est verse dans un exces 

d'eau et de glace et extrait a l'ether. La couche ether4e est 

lavee a l'eau, sBchee sur NazSOd et evapor&e. Le residu cri- 

stallise dans le n-pentane. 

Rdt : 45% par rapport a la tetralone, ~ = 1 0 9 ~ ~  (ether) 

~~(nujol) cm-': v(C-O) cetone 1710. v(C=O) ester 1700, 'H-RMN 

(CDC13) 6ppm:0,88-1,27(t,3H.CHz~3) 1,45(s,3H,CH3-5) 1.77-3.65 

(m,10H.H-6.H-7.H-8,H-9,H-10.-C0z~Hz) 3,77(s,3H.C330) 6.43-7.10 

(m.3H, aromatiques) .Analyse : (CisHzzOd) % Calc. :C=71,49 H-7.35 

% Tr.:C-71.52 H-7.31. 

En utilisant la meme methode nous avons synthetise le ce- 

toester (X=H) IF: 1 0 3 ~ ~  (ether) Rdt : 42%1 dont la structure 

est confirmee par son analyse elementaire et ses donees spec- 

trales qui sont proches a celles de l'ester S.  

Acide hexahydro-5,6,7,8,9,10, metttoxy-3, methyl-5, 0x0-11 , 
methane-5,Q-benzocyclooct~necarboxylique-7. 6b. 

La saponification du cetoester (4,6g) avec une solution 

de soude (7s) dans 50ml d'ethanol 95O pendant 8h a 60•‹c, sui- 

vie d'evaporation de l'ethanol en exces, addition de l'eau et 

acidification avec de l'acide chlorhydrique dilue, fournit le 

cetoacide @ qui cristallise dans un melange ether-n-pentane. 

Rdt:92%. ~:188OC, ~~(nujol)cm-*: v(C=O) carboxyle 1680, v(C-O) 

cetone 1710. 'H-RMN (CDCls) 6ppm : 1,43 (-s,3H,%~) 1.92-2.83 

(m. 6H.H-8.H-6 .H-7 ,H-9) 3,22-3.66 (d: 2H,H-10) 3.71 (S. 3H.CH30) 

6.50-6,85(rn,3H,aromatiques) 10,67(s,lH,COzH,disparait avec D2O) 

Analyse : (CiaHiIisO4) %Calc.:C=70,12 H=6,51 %Tr.:C=70,07 H-6,56 

En travaillant de la m h e  facon nous avons synthetise le 

cetoacide Q (X-H) [F: 165O~ (ethanol 95O) . Rdt : 94%1 dont la  

structure est confirmee par son analyse elknentaire et ses 

donnees spectrales qui sont proches a celles de l'acide a. 
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Hexahydro-5,6,7,8,9,10, methoxy-3, methyl-5, 0x0-11, methane-5, 

9-benzocyclooctenamine-7, HC1. 2. 

5g (0,0182 mole) de cetoacide @ sont transformes en chlo- 

rure par chauffage avec 13ml de SOC 12 vers 70•‹-80•‹c. Apres 

Blimination du SOClz sous pression reduite a l'aide 

benzene anhydre, le residu est dissous dans 30ml 

anhydre. Cette soluti-on acetonique est ajoutee tres 

(en 6 min), s6us vive agitation et refroidissement. 

solution de 5,91g (0,091 mole) de NaNa dans 25ml 

melange est agite pendant 15min vers OOC et pendant 

aussi de 

d' acetone 

lentement 

dans une 

d'eau. Le 

20min a la 

temperature ambiante, puis extrait au benzene. La couche benze- 

nique est laveee A l'eau et sechee tres bien sur NazSOa. Apres 

avoir evapore le benzene sous pression r&uite, on ajoute du 

toluene anhydre et chauffe vers 95•‹-1000~. Apres decomposition 

de l'azide et refroidissement, on ajoute 5ml d'acide chlorhy- 

drique 1/1 et le melange est agite fortement pendant 10min. On 

Bvapore le solvant et cristal lise le residu dans 1' ether. Rdt 

par rapport au cetoacide : 78%, F: 201-202~~ (ethanol. abs .- 
1 ether). IR(nuj~l)cm-~: v(C=O) cetone 1710, H-RMN (DMSO- do) 

Gppm: 1,33(-sP3H,~3) 1.74-2,62(m,5H.H-6,H-8,H-9) 2.67-2.88 

(m. 1H.H-7) 2.91-3.24(-d, 2H.H-10) 6,75-7,17(rn,3H, aromatiques) 

8,26(br.s,3~.~~3+,disparait avec DzO). Analyse : (CISHXJNO~C~) 

%Calc.:C=63,94 H=7.10 N=4,97 C1=12,61 %Tr.:C="64,07 H-7.14 

N-A,91 Cl-12.34. 

En utilisant la meme methode nous avons prepare le chlo- 

rhydrate de 1' amine & (X=H) F: 238Oc (dec.) Rdt :65% dont la 

structure est confirmee par son analyse elementaire et ses 

donnees spectrales qui sont proches a celles de l'amine a. 

SOMMA 1 RE 

Nous decrivons la synthese de derives amines isost&res du 
benzornorphane, en faisant reagir les methyl-1-tetralones-2 
avec le bis (bromomethyl) acetate d'ethyle et transformation 
du groupement ester du cetoester intermediaire en groupement 
amine avec la reaction du Curtius. 
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INTRODUCTION 

The biological role of the selenium is well documented1", so that its 
determination in biological materials to become, already qlong time ago, 

a necessity for the Clinical Pathology of the Veterinary Dept. at the Uni- 
versi ty of Thessaloni ki . 

However, applying3y4 methods previously publ ished5-'l, it was noticed 

that the determination of selenium suffers mainly with respect to the re- 

producibility. Thus, it was thought, that it could be formulated a new a- 

nalytical scheme by modification and combination of certain stages used in 
the above methods. 

Key words: Selenium; fluorometric determination; wet digestion; biologi- 
cal material S. 

EXPERIMENTAL 

Apparatus 

1.  Fluorometer. A Zeiss fluorometer, model PMQ I1 was used throughout 
the work. The excitation source was a mercury lamp of St 41 model and the 
cuvette receiver of ZEM 4 model in a B arrangement. 365 nm was chosen as 
excitation wavelength, while 520 nm as emission using in combination an 
excitation filter F 56. 

2. Thermostated digestion shelf. The shelf was equipped with a contact 
thermometer allowing variation +ZOc, as well as with a heat regulator pro- 

ducing a rate of temperature increase of about 75O~/h. 
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All reagents used were of E.Merck of p.a. grade, except i f  i t  i so the r -  

wise s t a ted  i n  the t e x t ,  while the "pure" water was obtained by single d i -  

s t i l l a t i o n  followed by de-ionization. 

1. Digestion acid mixture. This mixture was prepared of concentrated 

n i t r i c ,  perchloric and s u l f u r i c  acids in a volume r a t i o  2+2+1 respectively.  

2. Cresol red indicator.  O.lg cresol red was dissolved in 10 m1 of alka- 

l i n e  warm water and the resul ted solution was di luted up t o  500 ml. 3. Am- 

monium hydroxide'. A 7M solut ion was prepared by di lut ion of about 535 m1 

ammonium hydroxide 25%,-d=0.91, up t o  11. 4 .  Disodium ethylenedini t r i lo-  

t e t r a c e t a t e  dihydrate (EDTA, T i t r ip lex  111). A solution of 1.5% was used. 

5.  Sulfur ic  acid solution. A solution of 14% was used. 6. Cyclohexane. The 

cyclohexane was d i s t i l l e d  before i t s  use in  a glass  apparatus. 7 .  2,3-Dia- 

minonaphthalene (DAN) solut ion.  0.1 g of 99% purity DAN, supplied from Al- 

drich Co., was dissolved in  10 m1 of 14% s u l f u r i c  acid solution (reagent 5) 

The dissolut ion was taking place under continuous and vigorous s t i r r i n g  f o r  

about 2 min in a volumetric cylinder of 25 m1 closed by i t s  grounded stop- 

per. In the same cyl inder ,  10 m1 of cyclohexane (reagent 6 )  were added;then 

the  content was s t i r r e d  again fo r  about 2 min and was l e f t  to  s tay fo r  a- 

bout 10 min. The useful aqueous layer can be taken eas i ly  by a piston pi-  
pe t t e .  The solution and i t s  exctraction were made j u s t  before the use of 

the reagent. 8. Stock selenium solution of about 1 g11 as se leni tes .  0.3513 

g selenium dioxide was dissolved in about 50 m1 water and a f t e r  the dissolu- 

t ion was completed, i t  was di luted u p  to  250 m1 . The l a t t e r  was t i t r a t e d  

iodometrically12 t o  determine accurately i t s  concentration; i t  was remade 

monthly. In the present work the selenium dioxide was purified by sublima- 

tion13 before i t s  use. Work standard selenium solutions of 10, 25 and 50 

ug/1 were prepared by successive di lut ions  of the above stock solution and 

they were kept in the darkness; they were remade weekly. 

Procedure 

1. A weighed o r  pipetted sample [e.g. 2 m1 whole blood, 1 g of a l f a l f a  

meal o r  of l i v e r  wet t i s sue)  as well as cer ta in  volume of a standard solu- 

t ion are  placed respectively in Kjeldahl f l a sks  (usually of 100 ml). I t  i s  
noted t h a t  especially biological samples should not contain more than 300 

ng of selenium and t h a t  those par ts  of the sample stuck on the  f lask neck 

should be transferred t o  the bulb by means of water (usually 2-3 ml). The 
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determination of the moisture in sol id samples i s  carried out separate1 y 

according to  established thermal procedures. E 5 m1 of the digestion mix- 
ture (reagent l) are added down walls of the f lask and the whole content 

i s  allowed t o  stay for  a t  l e a s t  l h. 3. Then, the flask i s  heated in the 

digestion shelf t o  gradually increase the temperature to about 210•‹c, a t  

the previously mentioned rate .  2. The f lask along with i t s  content i s  a l -  
lowed to  stay a t  the above temperature for  about 10 h .  After th i s  period 

of time, the digestion i s  completed and from the acid mixture, only the 
sulfuric acid remains in the digest. 5. The f lask i s  allowed to cool to  

room temperature. Then, 3 drops of water and conce~utively 5 drops of con- 
centrated hydrochloric acid are added directly t o  the bottom of the flask. 

6. The flask i s  revolved by means of the hands, slowly along i t s  elongated 

axis in such a way, so that  the liquid digest to come into contact with t h e  
ent i re  inner bulb area and lower neck of the f lask.  7. The flask i s  loose- 

ly  covered by i t s  plast ic  stopper; i t  i s  heated to about 45 '~  by immersion 

in a thermostated bath and allowed to stay for  about 30 min, in order to 
convert oxidized selenium ent i re ly  into selenites.  g. The flask i s  removed 

from the bath. Then, 5 m1 of water and 2-3 drops of the indicator (reagent 

2) a re  added to the digest. Swirling the content of the flask continuously, 
ammonium hydroxide solution (reagent 3) i s  added using a burette, t i l l  the 

indicator color change from pale red to l igh t  yellow (usually 6-7 ml) . 9. 
To the resulted content of the f lask,  5 m1 or EDTA solution (reagent 4)and 

1.5 m1 of DAN solution (reagent 7 )  are added in sequence and then the 

flask i s  placed in the thermostated bath warmed u p  under the same con- 
ditions as those of the stage 7 ,  to get the piazselenol. 10. The f lask i s  

cooled down using flowing tap water and then a calculated amount of water 

(usually 2-3 ml) i s  added to  obtain a 20 m 1  solution. Then, 10 m1 of cyclo- 

hexane (reagent 6) are added, the flask i s  waterproofed by i t s  stopper and 

i t  i s  strongly shaked for  a t  l eas t  2 min according to  the usual extraction 
technique. The flask i s  preferentially placed i n  darkness and i t  i s  allo- 

wed to  stay for  a t  l eas t  15 min. 11. Most of the cyclohexane layer i s  ta-  

ken off by a piston pipette; the lowest part of t h i s  layer i s  discharged 

to get r id  of the possible water residues and the r e s t  of the cyclohexane 

i s  transferred to a stoppered tube. This extract stays for  about 2 h 

preferentially in darkness and then i t  i s  ready to  be measured fluorometri- 

cally. 
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ResuZts and discussion 

The most c r i t i ca l  points of the selenium analysis in general and more 

specifically in biological materials, are essentially the f6110wing: The 
possible selenium losses in a l l  of the stages up to  the end of the diges- 

tion and the factors affecting the determination u p  to the final stage of 
the measurement. 

Thus, the method that  has been formulated, took into account prin- 

cipal ly these two cr i t ica l  points and i t  was based on a series of eva- 

luations, some of which were considered not to require verifica- 

tions. 

On the other hand, as i t  refers  to  the resul ts  shown in the tables, 

these are the mean values from five independent analyses of the same sam- 

ple', expect i f  i t  i s  otherwise stated. I t  i s  also noted, that  the devia- 

tions among the independent measurements never exceeded 2.5%. 

1. Seteniwrr Zosses during the digestion. In the wet digestion process of 

biological materials, charring appears ussually as an intermediate stage 

before the digestion to be completed, followed by vigorous oxidation cau- 
sed by the acid mixture. B u t  as  both charring and vigorous oxidation, a t  

l eas t  during the wet digestion with nitric-perchloric acids, can lead t o  
significant selenium losses8J4, i t  i s  pointed out that  the grecautions 

taken t o  avoid these losses during digestion, are not necessary as f a r  as 

mainly no charring takes place. 8 

Thus i t  seemed, that the charring during such a digestion could be 

avoided by adjustment of the digestion conditions generally and especial- 

l y  the qualitative and the quantitative comoosi tionof the acid mixture,the 

order of the acid addition and mainly the ra te  of the temperature increa- 

se a t  l eas t  a t  the c r i t ica l  stages. 

The above assessments led us to  the proposed digestion procedure, the 

application of which was tested in a series of experiments using standard 

solutions only. As i t  was confirmed by the resu l t s ,  tha t  are not pre- 

sented, the digestion for  a period of about 15 h ,  a t  a temperature 
of about 250'~ does not lead essent ial ly to  selenium losses. On the con- 

t rary,  the resul ts  were lower than expected, when the temperature was i n -  

creased to  about 290'~. However, the l a t t e r  i r regular i ty  could most of 

the times be overcome, i f  a f t e r  the stage 4 of the procedure, the neck of 

the f lask was thoroughly rinsed by water in order any residue to be tran- 

sferred to the flask bulb, while other times the above rinsing was impro- 
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ving only the recovery. This l a s t  finding was considered as strong evide- 

nce, that  the volat i le  oxidized selenium forms a t  the relatively elevated 

temperature, find themselves on the upper parts of the inner walls of the 

flask neck, leading unavoidably to selenium loss .' 
Taking into account the above findings, the temperature during the 

digestion i s  not allowed to exceed 2 1 0 ~ ~ ,  so that  not only to  ex is t  a wi- 

de sefety margin to avoid selenium losses, but a t  the same time t o  ensure 

complete essentially removal of n i t r i c  and perchloric acids from the di- 
gest ,  leaving i t  in a medium of sulfuric acid. 

On the other hand, experiments were carried out in biological samples, 

in order to search, i f  the proposed digestion procedure could cause char- 

ring. As i t  was found, there was no indication of charring, a t  l eas t  mac- 
roscopically, so that  to  consider favorable the ent ire  of the suggested 

digestion conditions. 
2. Ctecrninq of the qZassware. As i t  was noticed during preliminary expe- 

riments, the more times the glassware was used, not only the higher but 

also the more abnormal the blank values were, although a l l  of the glass- 

were before i t s  use was carefully cleaned by the usual procedures. 
8 Similar abnormalities were noticed by Grant as a resul t  of some uni- 

denti f ied substances present in the laboratory space. 

As i t  was considered, the observed abnormalities were possibly due to 

glassware contamination by fluorescent substances remaining from previous 
analyses, not possible to remove completely even af te r  careful cleaning, 

so tha t  to  be suggested the decomposition of these substances. To verify 

the above, indicative analyses were carried out a f t e r  cleaning a l l  of the 

glassware by persistent and prolonged heating a l l  of the glassware into a 

strong acid medium. As i t  was confirmed, these abnormalities did not ap- 

pear again. 

3. Recovery i n  biologicaZ materiats. Two series  of various biological ma- 
t e r i a l s  were analysed, adding i n  one only of these ser ies ,  known amounts 

of selenium. 

The relat ive resul ts  in table I show that  the recoveries vary only 

between 98.9% and 100.7%;a strong evidence certainly that  the resul ts  ob- 

tained by the proposed method could be considered accurate. 
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TABLE I .  Recovery of Added Seilenites i n  Various Biological Materials  Ap- 
plying the  Proposed Analysis Scheme. 

Sample Selenium concentration found, ng/g Recovery, % 
No addi t ion  Addition of 100 ng 

Barley seeds,  No 23 35.0 133.8 99.1 
I1 11 " 58 24.5 125.3 100.6 
11 I1 

" 102 33.2 131.8 98.9 

Alfa l fa  meal, " 152 77.8 179.1 100.7 
I t  I1 " 187 103.7 203.1 99.7 
I, I t  " 201 83.6 182.7 99.5 

Sheep wool, " 815 101.5 200.9 99.7 
I I  l 1  " 832 132.0 229.5 98.9 

4 .  RqwoducibiZity of the results.  The reproducibi l i ty  of the  r e s u l t s  t a -  

ken by the  proposed analyt ica l  scheme, was examined by performing 11 de- 

terminationsof the  same sample e i t h e r  in  a standard solut ion o r  i n  a bio- 

logical  mater ia l .  

The selenium content found in  a standard s e l e n i t e  solut ion of 250 ng 
and the  resul ted  s t a t i s t i c a l  da ta  were a s  follows: 

Found, ng 249.3, 252.0, 246.8, 254.0, 250.4, 247.6, 248 .0, 250.8, 246.3, 

252.4 

Mean value,  2 =250.09, n = l l ,  Relative Standard Deviation, RSD=1.074% 

Standard Error of the  Meam, SEM, U m=a/ n=+0.81021 

Relative Standard Error,  RSE, U/ n/i=0.00324 

On the  o the r  hand, the  selenium content i n  an a l f a l f a  leaves sample 

and the  resul ted  s t a t i s t i c a l  d a t a ,  were as follows; 9 

Found, ng 153.4, 151.6, 153.8, 151.0, 154.0, 153.0, 154.8, 150.4, 153.0, 
151.0, 149.4 

Mean value,  2=152.31 n = l l  RSD=l. 127% 

SEM=+0.51759 RSE=0.00340 

The above f in f ings  show among the  o thers  t h a t  the  RSB i n  both cases 
a r e  l e s s  than 2%. 

5.  SeZeniwn determinations i n  bioZogicaZ materials. The formulation of the  

proposed analyt ica l  scheme was applied i n  various biological  materials ,for 

indica t ive  only purpose. The obtained r e s u l t s  a re  shown in t ab le  11. 
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TABLE 11. Selenium Determination i n  a Variety of Biological Materials  
According t o  the Proposed Analysis Scheme. 

-- 

Sample Selenium concentration + tslfi  *,** 
Sheep whole blood, sample No 315 68.3 + 1.2 * 

I 1  I t  11 " " 338 \ 51,O + 0.9 * 
I 1  I t  I t  

" " 381 93.8 t 1.6 * 
Sheep l i v e r ,  " " 507 336.5 + 5.2 ** 

I 1  I 1  " " 521 234,l  2 3.6 ** 
I t  I 

" " 555 282.7 + 4.4 ** 
Soya meal, " " 302 317,Z + 4.9 ** 

I 1  11 
" " 310 286,6 + 4.5 ** 

I 1  11 " " 332 330,6 + 5.1 ** 
Corn seeds " " 167 21.2 + 0.4 ** 

I 1  I1 " " 174 14.5 + 0.3 ** 
I 1  I 1  " " 181 17.8 + 0.3 ** 

* ng/ml , ** ng/g dry mat ter .  The resul t s  a re  the  mean values of n=5 inde- 

pendent determinations w i t h  a confidence level  of 95%. 

CONCLUSIONS 

The selenium determination,  according to  the  proposed analyt ica l  sche- 

me, has given notably accura te  and reproducible r e s u l t s  f o r  a va r i e ty  of 

biological  materials .  The digestion procedure a s  well as the  order of the  
reagent addi t ion ,  along with the  precautions taken throughout the  work, 

were respbnsible f o r  the  above r e s u l t s .  

We a r e  gra teful  t o  the  Clinical  Pathology of Veterinary Department, 
Ar i s to t e l i an  Universi ty of Thessaloni ki f o r  the  f a c i l i t i e s  offered to'car- 

ry out  the  experiments. 
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SUMMARY 

IMPROVED PROCEDURE FOR THE FLUOROMETRIC DETERMINATION OF SELENIUM IN BIO: 

LOGICAL MATERIALS 

A .  AYIANNIDIS* and A. VOuLGAROPOULOS** 

* Chemistry Lab. of Veterinary Dept., Ar i s to t e l i an  Universi ty of Thessa- 
lon ik i .  

** Analytical Chemistry Lab. of Chemistry Dept., Ar i s to t e l i an  Univerity 

of Thessaloni k i .  

An analys is  scheme f o r  the  determination of selenium in biological  ma- 
t e r i a l  S has been developed. The thermostated wet d iges t ion of the  sample, 
ca r r i ed  out i n  Kjeldhal f l a s k s  by a mixture of n i t r i c  - perch lo r i r  - sul -  
u r i c  ac ids  a s  well a s  the  sample preparation a re  described.  The Relative 

SD o f ' t h e  r e s u l t s  taken according t o  the  suggested method, i s  not more 
than 2% f o r  amounts up t o  about 300ng. The method was tes ted  indicat ively  
in various bioloqicctl mater ia ls .  
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Derives de la rimantadine 

Dans le present travail nous decrivons la synthese de la N-[(dimethylaminoethoxy) 
acetyll-a-methyl-adamantane-1-methylamine 1 et de la N-(dimethylaminoacety1)-a- 
methyladamantane-1-methylamine 2. Les derives ci-dessus ont ete transformes en sels 
de bromure d'ammonium quaaternaire qui ont ete testes pour leur activite 
antibacterienne. 

KEYWORDS 

Quaternary ammonium salts of rimantadine derivatives. Antibacterial activity. 

INTRODUCTION 

Il est connu que plusieurs derives adamantaniques presentent une activite 
antivirale et antimicrobienne('-6). Parmi ceux ci la a-methyladamantane-l- 
methylamine I (rimantadine)(') et la [(dimethylamino)-2-ethoxyl-1, acetamide 
II (tromantadine)('a3) possedent une activite antivirale considerable et 
presentent une analogie structurale avec les derives 1 et 2 que nous avons 
synthetises. (Schema 1) 

Afin d'obtenir une meilleure activite antibacterienne nous avons 
transforme les derives 1 et 2 en sels d'ammonium en les faisant 
reagir avec des bromures d'alkyles d'un poids moleculaire relativement eleve. 
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PARTIE-CHIMIQUE 

La synthese de la N-[(dimethylaminoethoxy)-acetyl]-a-methyl-adamantane- 
1-methylamine 1 et de la N-(dimethy1aminoacetyl)-a-methyl-adamantane-1- 
methylamine 2. figure dans le schema 1. Comme produit de depart nous avons 
employe l'oxime d'adamantyl-1-methyketone 4(',') dont la reduction fournit la 
a-methyl-adamantane-1-methylamine 5(') qui avec l'action du chlorure de 
chloracetyle se transforme en N-(chloracety1)-a-methyladamantane-1- 
methanamine 6. Ce chloracetamide 6 reagit d'une part avec le dimethyla- 
minoethanol sode et fournit l'ether 1, et d'autre part avec la dimethylamine et 
fournit l'amide 2. Le traitement des composes 1 et 2 avec des bromures 
d'alkyles d'un poids moleculaire eleve conduit aux sels d'ammonium 
quaternaire correspontants. La structure des produits 6 1 et 2 a ete confirmee 
par des analyses elementaires satisfaisantes ainsi que par la spectroscopie 1.R 
et RMN. Les constantes physiques des sels d'ammonium quaternaires sont 
donnes, dans les tableaux 1 et II. 

Les points de fusion des produits prepares dans'le present travail ont ete 
determines dans les tubes capillaires de l'appa~eil de Buchi et ils ne sont pas 
corriges. Les analyses elementaires ont ete realisees par le Centre de 
Microanalyse du C.N.R.S (France) et sont conformes aux valeurs theorique 5 
+0,4%. Les spectres IR ont ete obtenus avec le specktrophotometre Perkin- 
Elmer 177 et les spectres RMN avec le spectrophotemetre Varian FT-80A dans 
CDCL en utilisant le TMS comme reference interne. L'adamantyl-l- 
methylcetone 3 a ete preparee en utilisant la methode des H, Stetter et E. 
Rau~cher(~) L'adamantyl-1-methylcetoxime 4 a ete synthetisee selon les 
procedes classiques('). La syntese de la a-methyladamantane-1-methylamine 5 
(rimantadine) a ete effectuee par reduction de l'oxime precedente avec le 
LiA1H4('). 

N-(chloracety1)-a-methyladamantane-1-methanamine 6 
'Dans une solution de 533 g (0,0308 mole) de a-methyladamantane-1 

methylamine 5 dans 50 ml de chloroforme on ajoute une suspension de 3,6 g 
(0,034 mole) de carbonate de sodium dans 5 ml d'eau, puis a goutte a goutte 
et sous agitation vigoureuse 3,84 g (0,034 mole) de chlorure de chloracetyle. 
Apres addition, on poursuit l'agitation pendant 1/2 h, on separe la couche 
chloroformique et on extrait une fois la couche aqueuse au chloroforme. Les 
couches chloroformiques unies sont lavees 5 l'eau, sechees sur NazS04 et 

** , - 
evaporees. 

On obtient un produit huileux qui se cristallise apres refroidissement Rdt: 
6,5 g (82%). 



F = 110-1 12 '~ .  
IR(Nujol), v(NH) 3280 cm-', v(C=O) 1650 cm-'. RMN (CDCL) Sbpm): 1,10 
(d, 3H, J = 6Hz, CHKH), 1,25-2,32(m, 16H CHsCH, adamantaniques-H), 4,08 
(s, 2H, C32Cl). 

N-[(dimethylaminoethoxy) acetyll-a-methyl-adamantane-1-methylamine-1 
On chauffe jusqu a dissolution complete du sodium 1,53 g (0,017 mole) de 

dimethylaminoethanol et 0,3 g (0,017 gratom) de sodium dans 80 ml de xylene 
anhydre. Apres refroidissement on y ajoute goutte a goutte et sous agitation 
4 g (0,015 mole) de N-(chloracety1)-a-'methyladamantane-1- methanamine 6 
en solution dans 80 ml de xylene anhydre. Le melange est porte a l'ebullition 
pendant 20h, apres quoi on y ajoute de l'eau, il separe la couche organique et 
extrait la couche aqueuse a l'ether. 

Les couches organiques unies sont lavees a l'eau puis extraites au HC1 h 
5%. La couche aqueuse est alcalinisee avec du carbonate de sodium et extraite 
deux fois 5 l'ether. Les couches etherees unies sont lavees 5 l'eau, sechees sur 
Na804 et evaporees. On obtient 2 g de produit huileux soit un rendement de 
41% IR (Nujol), v(NH) 3310 cm-', v(C=O) 1660 cm-'. RMN (CDC13) S(ppm) 
1,05(d, 3H, J=6Hz, CE3 CH), 1,30-2,50 (cornplex m, 18H, CHsCH, C&N, 
adamantaniques'-H), 2,15 (s, 6H, (CH3)2N), 3,10 (t, 2H, J=7Hz, OCH~CHIN), 
?,65 (s, 2H, COCJ&O). 
Methode generale de preparation des sels de bromure d'ammonium quaternai- 
re 1' 

On porte pendant 10h 5 l'ebullition une solution acetonique de 0,009 mole 
de base 1 et de 0,018 mole de bromure d'alkyle. Apres evaporation de l'acetone 
on recristallise dans un melange acetone anhydre-ether anhydre. 

Rendement 80% 
Les constantes physiques des sels prepares sont donnees dans le tableau 1. 

Tableau 1 
N-(dimethylaminoacetyl)-a-methyl-adamantane-l-methylam~e-2 

On agite un melange de 10 ml d'une solution ethanolique de dimethyla- 
mine et d'une solution de 3 g (0,012 mole) du chloracetamide 6 dans 30 ml 
d'ethanol pendant 5 jours. Le melange est par la suite chauffe legerement 
pendant 1 heure et evapore jusqu' a sec sous pression reduite. On ajoute de 
l'eau et on extrait a l'ether. La couche etheree est par la suite extraite 5 l'acide 
chlorhydrique 6 5%. On alcalinise les couches aqueuses avec du Na2C03 et 
on extrait a l'ether. On lave a l'eau les couches etherees unies, les seche sur Na2S04 
et les evapore. Le residu cristallise par refroidissement. Rdt: 3 g (96%) 
F = 55-58'~ (n-hexane). IR (Nujol), v(NH) 3310 cm-', 
V(C=O) 1670 cm-' RMN(CDCL) Gppm 1,05 (d, 3H, J=6Hz, CHXH), 1,30-2,25 
(m, 16H, CH3 CH, adamantaniques -H), 2,30(s, 6H, (c&)~N) 2,94 (s, 2H, 
Cg2 CO) 3,45-4,00 (br s, lH, NH). La base 2 est transformee en sels 
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d'ammonium quaternaire en utilisant la meme methode que pour la base 1. 
Les analyses et les constantes physiques de ces sels sont donnees dans le 
tableau II. 

Tableau II 
Etude dePaactivite antibacterienne 

Nous avons controle les substances synthetisees par leur activite 
antibacterienne in vitro sur quatres especes differentes: Staphylococcus aureus 
(ATCC No 9144), Streptococcus faecalis (ATCC No 10541) et Escheriehia coli 
(CCM No 5172), Pseudomonas aeruginosa (CCM No 1960). 

Nous avons utilise la methode de concentration minimum inhibitrice 
(mg/ml) (CMI) (la plus petite concentration de substance donnant une 
inhibition de la croissance)(,,,. La concentration finale des bacteries etait de 
l'ordre de IO5, l'observation, des resultats etant effectuee apres 18-24 h 
d'incubation la temperature de 37 '~ .  Les resultats sont resumes dans le 
tableau III. 

Tableau III 
Particulierement pour les sels d'ammonium quaternaire des substances 1 

et 2 nous observons une augmentation de l'activite proportionelle au nombre 
des atomes du carbone du groupement alkyle. L'activite etait plus importante 
pour les cocci Gram possibifs (st. aurens et str. faecalis). 

SUMMARY 
Riman tadine deriva tives 

In this paper the synthesis of rimantadine derivatives is described. 
Actually the quaternary ammonium bromides of N-[(dimethylaminoethoxy) 
acetyll-a-methyl-l-adamantanemethylamine 1 and N-(dimethylaminoacety1)- 
a-methyl-l- adamantanemethylamine, 2 have been synthesized. The above 
mentioned products exhibit an antibacterial activity, especially agains Gram- 
possitive grains, which increases acording to the number of the alkyl group's 
carbon atoms of the quaternary ammonium. 



BIBLIOGRAPHIE 

1. Aldrich P. Hermann E. Meier W. Paulshock M. Prichard W. Snyder J. et 
Watts: J. Med. Chem 14 535 (1971). 

2. Scherm A. et Peteri D. Ger offen 2, 316, 839: Chem Abstr., 82 16618 m 
(1975). 

3. Scherm A. et Peteri D. Ger Offen 1,941,218: Chem. Abstr., 74 99516 K 
(1971). 

4. Antoniadou-Vysas A. Foscolos G. et chytirogou-Ladas A.: Eur. J. Med. 
Chem 21 73 (1966). 

5. Garoufalias S. Vyzas A. Fytas G. Foscolos G.B. et Chytiroglou-Ladas A: 
An. Pharm. Fr. 4697(1988). 

6. Drugs of the future Vol. 8 No 3, p. 167 (1984). 
7. Hamilton W.A (1971) Membrane active antibacterial compounds. In 

inhibition and Destruction of the Microbial Ce11 p. 77-93 London: 
' Academic Press. 

8. Hugo W.B. (1965) Some aspects of he action of Cationic Surface-active 
agents on microbial cells with special reference to they- action on enzymes. 
Surface Activity and the Microbial cell. SC1 Monograph 19, p 67-82 
London: Society of Chemical Industry. 

9. Stetter H. et Rausher E.: Ber 93 II 2054 (1960). 
10. National Committee for clinical Laboratory Standards (1983) Standard 

methods for dilution antimicrobial susceptibility tests for bacteria that 
grow aerobically. M7-T. National Commitee for clinical Laboratory 
Standards, Villanova, Pa. 



124 SPYROULA GAROUFALIAS, EVANGELOS COSTAKIS 

TABLEAU 1: Sels d'ammonium quaternaire de N-E(dimethy1aminoethoxy)- 
acetyll-a-methyl-adamantane-1-methylamine 1. 

Formule 1 

* Pecrystailisation dans i'acetone-ether. 

TABLEAU II: Sels d'ammonium quaternaire de N-(dirnethylaminoacety1)-a- 
methyl-adamantane- 1-methylamine 2. 

c.; Formule 2 

n FOC* Formule brute 

3 157-180 C22H41N202Br 

6 167-169 C25H47N202Br 

7 168-170 C26H49N202Br 

Analyses 

Analyses 

C H 
Calc% Tr% Calc% Tr% 

59,31 59,23 9,28 9,25 

61,58 61,43 9,72 9,66 

62,25 61,80 9,85 9,68 

n FOC* Formule brute 

TABLEAU III: Activite antibacterienne 

' C  H 
Calc% Tr% Calc% Tr% 

I 

11 114-116 C ~ S H ~ ~ N ~ O B ~  65,47 65,25 10,40 10,45 

Produit 
teste 

l(n=3) 
1 (n=6) 
1 (n=7) 
1 (n=8) 
1 (n=9) 
2(n=7) 
2(n=9) 

* Recrystallisation dans l'acetone-ether. 

Concentation minimum inhibitrice CM1 (mg/ml) 

Staphylococcus 
aureus 

200 
25 
6,25 
6,25 
1,5 

12,5 
3,1 

Escherichia 
coli 

>200 
>200 
>200 

50 
50 
50 
50 

Streptococcus 
faecalis 

200 
100 
100 
25 
6,25 
12,5 
6,25 

Pseudom. 
aerugin. 

>200 
>200 
>200 

100 
50 

>50 
50 
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