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w-ALCOYEAMINOETHYLESTERS DE L'ACIDE PHENYLTHIO- 
ISOBUTYRIQUE. CHIMIE ET ACTIVPTE PIPARMACODPNAMIQUE 

TH. SUTRA-PAPASTAICOUDI, Z .  PAPADOPOULOU-DAIPHOTI, G. DEMET- 
RAKOPOULOS 
Laboratoires de Pharmacie Chimique et de Pharmacologie Experimentale de 
l'universite d'Athenes-Grece. 
(Recu le 19 Mai, 1977) 

Resume 

Les auters preparent une serie de produits nouveaux, derives des acides mono, di et 
trichloro thioisobutyriques de constitution voisine a celle du clofibrate et etudient leur 
activite hepatoprotectrice vis-a-vis des lipides. 

Terminologie: Derives du phenylthioisobutyrique acide. 

Introduction 

Au cours de recherches experimentales sur certains derives de l'acide 
aryloxy-isobutyrique sur la souris, Thorp et Waring7 ont remarque que ces 
substances diminuaient les concentrations au niveau sanguin des lipides totaux et du 
cholesterol. 

Le plus acti•’ de ces composes etait le clofibrate, c'est-&-dire le 
p-chorephenoxy-isobutyrate d'ethyle, qui s'unit avec les cotes anioniques de 
l'albumine du serum, comme les acides gras et la thyroxine. 

clofibrate 

Le mecanisme d'action n'est pas tout & fait elucide, *ais il parait que ce 
produit empeche la synthese du cholesterol au niveau du foie et augmente 
Pelimination des sterols  neutre^.^ 

Ces recherches nous ont donne l'idee de preparer certqins esters de l'acide 
phenylthio-isobutyriqlue (substitue ou non) avec des aminoalcools, repondant a Ia 
formule generale 1. 

-La synthese de ces composes peut etre schematisee comme2 suit: 

ou Xi, Xz, X3=H ou Cl et -NIGR2 =diverses amines aliphatiques ou 
heterocycliques. 



Les acides thio-isobutyriques substitues (a) ont ete obtenus par la methode de 
Glynn et  al5 qui consiste a condenser les thiophenols substitues avec l'acetone et le 
chloroforme dans un milieu alcalin; ces derniers sont transformes en chlorures (b)5 
qui ont ete condenses avec des aminoalcools en amino-esters correspondans (I)6. 

Partie Experimentale 

Les points de fusion des substances preparees dans le present travail ont ete 
pris dans l'appareil de Buchi et ne sont pas corriges. Les solvants de cristallisation 
etaient purs et anhydres. Les echantillons analytiques, recristalisees plusieurs fois, 
ont ete seches dans l'appareil d7Abderhalden sous vide phosphorique. 

Acide p-chlorophenyl-thioisobu~ique5 (a) XI =X3 =H X =Cl 

On chauffe dans un ballon 1 partie de p-chlorothiophenol, 5 parties d'acetone 
et 1,8 parties d'hydroxyde de sodium. On ajoute ensuite petit a petit, 1,2 partie de 
chloroforme et on poursuit l'ebullition pendant 5 heures, apres quoi on elimine par 
distillation l'exces d'acetone. Le residu est dissous dans l'eau acidifie a l'aide d'acid 
chlorhydrique et entrait au chloroforme. On seche les solutions chloroformiques, 
on distille le solvant et on recristallise le residu dans l'acetone. F= 101" Rendement 
56%. 

De la meme maniere ont ete prepares les acides suivants: 
(a) XI=XZ=CI, X3=H. F=123" (ether de petrole). Rendement 65%. 
(a) XI=XZ=X~=C~,  F= 123" (ether de petrole) Rendement 72%. 

Chlorure de l'acide p-chloro-thioisobutyrique6 (b) XI =X3 =H, XZ =Cl 
23g (0,l mole) d'acide p-chloro-thioisobutyrique sont dissous dans 50 ml de 

benzene anhydre et additionnes de 60 g (0,s mole) de chlorure de thionyle. Le 
melange est chauffe pendant 3 heures et le solvant et l'exces de reactif sont elimines. 
Le residu est un liquide jaunatre huileux. 

Rendement en produit brut 61%. 
D'un procede analogue ont ete obtenus les deux autres chlorures, soit: 

(b) XI =X2=C1, X3=H Rendement 60%. 
(b) XI =X2 =X3 = Cl Rendement 65%. 

Les chlorures en question se decomposant par distillation, meme sous vide 
pousse, ont ete employes bruts pour l'etape suivante. 

Ester de l'acide p-chlorophenyl - thioisobutyrique avecle morpholinoethanol. (1), 

Xi =X3 =H, X2 =Cl, -NRi R2 = -NCHzCHzOCHzCHz 
4g (0,016 mole) de chlorure correspondant [(b), XI =X3 =H, X2 =Cl] sont 

dissous dans 25 ml de benzene anhydre, en refroidissant exterieurement et la 
solution obtenue est additionnee, de 4,3 g (0,048 mole) de morpholinoethanol. Le 
melange est chauffe a l'ebullition pendant 2 heures puis, apres refroidissement, lave 
a l'eau jusqu'a neutralite, seche sur la sulfate de sodium anhydre et evapore a sec 
sous pression reduite. La masse visquese qui reside est purifiee par 
chromatographie sur colonne d'alumine. 

La base, ainsi obtenue est transfrormee en fumarate et en iodomethylate, 
suivant la technique bien connue de preparation de sels d'addition des amines avec 
les acides ainsi que de sels d'ammonium quaternaires. 

Les bases et leurs sels ainsi prepares, figurent au tableau 1 avec leurs analyses 
et constantes. 



w. ALCOYLAMINOETHYLESTERS DE L'ACIDE PHENYLTHIO-ISOBUTYRIQUE. CHIMIE ET 
ACTIVITE PHARMACODYNAMIQUE 
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6 TH. SUTRA-PAPASTAICOUDI, Z. pApADOPOULOU-DAIPHOTI, G. DEMETRAKOPOULOS, 

Partie Pharmacologique (*) 

Le produits de structure analogue a celle du crofibrate, prepares au cours du 
present travail furent testes pour leur effet eventuel sur B'infiltration lipidique du 
foie par des methodes phannacobgiques chez de rats femelles? Pour cette 
recherche experimentale nous avons utilise 100 rats dont les 40 ont servi comme 
temoins. Tous vivaient dans les memes conditions experimentales durant quinze 
jours de suite. 

Les animaux ont ete repartis en trois groupes. 
Les deux groupes etaient des temoins dont l'un (Ta) se nourissait avec la 

nourriture habituelle du laboratoire et l'autre (Tb) avec une nourriture de 
composition suivante: 

Caseine crue 25,OOg 
Farine (fleurs de mais) 45,508 
Huile d'arachides hydrogenee 22,OOg 
Cholesterol 3,oog 
Chlorure de choline LOog 
Acide cholique 0,50g 
Acide nicotinique 0,02g 
Acide ascorbique 0,4og 
Carbonate de calcium @,6og 
Phosphate de-potassium dibasique 0,6% 
Chlorure de sodium 0,3% 
Sucre LOOg 

La troisieme groupe se nourissait avec la nourriture de composition decrite 
ci-dessus dans laquelle chaque substance examinee etait melangee en pourcentage 
de l%.1• ‹  L'augmentation du poids des animaux ne dependant exclusivement de la 
nourriture, mais aussi de l'age et du poids initial des animaux, c'est le poids du foie 
exprime en pourcentage du pois de l'animal, qui donne une image representative 
des resultats de cette etude. En effet, dans la plupart des cas, ce pourcentage etait 
plus eleve chez les animaux traites que chez les temoins (Ta) a cause de la deposition 
des lipides dans le foie, due a une nourriture tres riche en graisses. En general, les 
valeurs voisines de 5g (& 0,5) de foie (100 g de poids d'animal) peuvent Etre 
considerees comme evaluables, etant donne que l'on constate cela dans les deux 
groupes d'animaux (tableau BI). 

Le degre de l'infiltration lipidique dans les alterations du parenchyme 
hepatique, a ete exprime d'une maniere arbitraire dans le seul but de rendre 
comparables les resultats des experiences. C'est ainsi que le degre 1 designe 
simplement que le cinquieme du lobe hepatique est envahi par de lipides 
sudanophiles et ainsi de suite. Le caractere peripherique ou diffus de l'infiltration 
lipidique constitue un indice, pouvant servir a deceler si la deposition des lipides est 
de nature degeneratrice ou depositive simple, etant donne qu'une infiltration 
peripherique prononcee, conduit finalement a une infiltration diffuse. C'est la 
raison pour laquelle les dimensions des gouttelettes de graisse ont aussi ete 
determinees, (figure 1). 

-- 

* La biopsie du foie des animaux sacrifies a ete confiee au Laboratoire d'Anatomie Pathologique 
de 1'Hopital "Evangelismos". Le Professeur Vlachos, directeur de ce Laboratoire, qu'il veuille 
trouver ici nos vifs remerciements. 
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ACTIWTE PHARMACODYNAMIQUE 

TABLEAU II 

Poids Poids Augmentation Poids du foie 
initial final de 1' du poids % pour 100 gr P 

Ref. de I'animal animal de poids d' 
Moyenne Moyenne Moyenne animal 

XI 
XII 
XII1 

XVI 

* Mean I SEM nombre d'animaux 

Le poids des animaux etait controle quotidienementl' tout le long de 
l'experience (15 jours). Le 16" jour les animaux etaient sacrifies et leurs foie etait 
pese et examine attentivement pour y deceler les alterations parenchymatiques 
eventuelles. 

Resultats. Sur le tableau II sont rapportes le poids des animaux avant et apres 
l'experience ainsi que le poids du foie exprime en pourcentage du poids de l'animal. 

Des preparations histologiques de foie ont ete colorees a l'hematoxy. 
line -eosine ainsi qu'au Sudan IV et examinees histologiquement pour y deceler les 
lipides sudanophiles. La quantite de ces derniers a ete caracterisee par un No de O a 
5. Les dimensions des gouttelettes de grasse et leur distribution a la partie centrale 
ou peripherique du lobe hepatique ont, aussi ete determinees. Le degre de 
sudanophilie (O, pour le foie normal, 5 pour l'infiltration complete) ansi que la 
diffusion peripherique ou centrale de la sudanophilie sont representes 
schematiquement a la figure 1. 

FIG.l: Variation de la deposition lipidique selon la structure des substances examinees. Les lignes 
simples au sommet des colonnes designent la distribution des lipides a la peripherie et leslignes doubles 
la diffusion. 
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En nous basant aux resultats du tableau II mais surtout sur le degre de la 
deposition lipidkjue, comme ce dernier se presente dans la figure 1, nous pouvons 
conclure, que les substances 2,8,10,12,13 et 15 exercent un certain effet inhibiteur 
de l'infiltration lipidique du foie. 

D'apres les resultats de l'etude pharmacologique il semble que les produits 
decrits ci-dessus, derives de l'acide thioisobutyrique presentent une action 
inhibitriee de l'infiltration lipidique. La presence de soufre dans la molecule ne 
change fortement la nature hypocholesterolemiante de la molecule. L'isolement du 
produit actif ainsi que son action quantitative exigent une etude plus approfondie 
qui est en route. 

Abstract 

Synthesis of new derivatives of phenylthio -isobutyric acid. 
This paper deals with the synthesis of o-alcoylamino ethylesters of the 

substituted on the nucleus phenylthio-isobutyric acid. 
These derivatives were prepared from thiophenols, substituted on the nucleus 

by one, two or three atoms of chlorine, which by reaction with acetone and 
chloroform, in alkaline medium, were converted to the corresponding acids. From 
the chlorides of these acides, by reaction with different aminoalcohols the final 
products of general formula (1) were obtained. 

The pharmacological study of the compounds prepared showed an inhibitory 
activity on the lipoid filtration in liver. 

Bibliographie 
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IIPOZAIOPIZMOZ BINYAOXAflPIAIOY ZE TPOcPIMA 
KAI YAIKA ZYZKEYAZIAZ AIIO IIOAYBINYAOXAflPIAIO 

A.N. ZATPEAOP, P.N. ZAATANOZ, A.Z. MEAAIAHX, 
M. MIIAKOAA-XPETIANOnOYAOY xai N.A. OIKONOMOY 
"E6ea ' O e y a v ~ ~ e  Xqp~iaq, Tpma Xqpt~6.5~ Mqxav~~6.5~  @g I ' I O A U Z E X V L X ~ ~ ~ ~ ~ ~ O A ~ ~ ~  zo t7ITavm~q-  
piou O~ooaAovixqg. 
('Eh+ph oozis 28 No~p&iou 1977) 

T b  xohufi~vuho~hoeiG~o (PVC), zoir nae6yaza~ pi: z4 poerp4 ~qz~vh8oug  
x6vaog 15x6 xohupee~oyb zoG povoy~~oGg &eeiou f i~vuho~ho~~Giou (VCM), y ~ &  
v& paaaqaxq ok T E ~ L X ~  xeo'ibv xaz&hhqho y ~ h  ouoxeuaoia z~orpiyov bxofidrh- 
A E ~ L  ad be~op6ves G~aeyaoieg, Bxog Efieavoq, xooxiv~oya, xeooihjxq G~&rpo@ov 
xeoo86aov (compaunding),Ehaoq (extruction), xieoq &v&peoa ai: xuhivGeoug 
(calendering) xai poerpoxoiqoq 3. Zzig aixbvas 1 xai 2 Givovza~ &vziozo~xa 
zir G~aye6pyaza eofjg nohups~~oyo6 zoG VCM xai xaeaoxeufjg rp6hhov PVC 
YL& auox~uaoia teorpipov. 

Mohov6~~ oi xa@ax&vo ~ L E Q ~ ~ C J ~ E ~  yivovta~ 0 8  oxaa~xh bqqhi:g 8eepoxea- 
oias, zi, PVC (eqtivq, compound, iizo~po xeo'ibv) x a z a x ~ a z ~ i  Ixvq TOG &eeiou 
vCM.~. 5. 6.  7. 8. 9 
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rIINAKAZ I: ZI&@~o@rm~xdr Beia &dqo@wv ~w@cSv y~dr m)v X E Q L E X Z L X ~ T ~ T ~  02 VCM f fuux~vaffhs  
xai tpoqipou. 

XoSea Xvcsxsvaoia T~6qxp0 

A d o ~ ~ a h i a  x w ~ i s  ~ E Q L O Q L O ~ ~  %I  PPm 
BBhy~o 1,O ppm dxb csvc?j~qq 0,05 ppm dxb c ~ u c ? j ~ q q  
rahhia 3,O ppm dxb m < ? j ~ q q  0,05 ppm 
Aavia 1,0 PPm 0,05 ppm 
'Ehfmia X ~ Q L S  ~ E Q L O Q L I S ~ ~  xw& x s e ~ o e ~ o p b  
'Ehh6r6a &xcty6eevoq ixscaybeevq 
H.rI.A. x w ~ i ~  R E Q L O Q L U ~ ~  xoeis ~ ~ Q L O Q L O ~ ~  

( ~ b  iYBpa P e i m s ~ a ~  6x6 6vr ; i l~qq)  
' I~ah ia  1,0 ppm 6x6 ovcljzqq O,O5 ppm 
Msy6rhq B ~ s r c a v i a  x w e i ~  xeeroe~apb xoeis n e ~ ~ o ~ ~ a p b  
'OhhavXa 1,O ppm dxb o v c ? j ~ q q  O,05 ppm 
Xovqsia xo& n e e ~ o e ~ o p b  0,01 ppm 6x0 1.7.78 
E.O.K. 1,0 ppm (x~otdrthps) 0,05 ppm (xeot6rhxe) 



VCM IN FOODS AND PVC PACKAGING 

A~iypaza ~eocpipwv x&~6qxav hxb G~hcpoea super markets xai Ghha 
.ita.tao-cfipa-ca zijg O~ooahovixqg. 'H 8 e ~ y p a ~ o h q ~ i a  ~ ~ L Y E  p ~ &  cpoe& %&@E pfiva 
Bxi EEL pijvq, hxb abv ' Iavou&~~o ptxp ~ b v  'Ioziv~o zoi7 1977. Zuvoh~xh 
$E~.c&o.tqxav 107 8 ~ i y p a ~ a  ouox~uaoiag xai hv~irno~xwv T Q O ( P ~ ~ O V .  '0 xeoo8~- 
o ~ ~ a p b g  TOG VCM o-cb ze6qp~po xai ozb 6h~xb ouoxeucxoiag iiy~ve pE ~ f i  p66080 
T ~ S  <<Head-space,, heeiou ~@wpa~oyeacpiag. 92 

25 

'Axb ~ f i v  6Et~aoq ZOG 6h~xoG ouox~uaoiag Z ~ V  8e~ypdL~wv x ~ o k x u ~ $ ~  %L 
82 G~iyyata (noooozb 76,6%) xe~~eixciv ~ L ~ ~ T E Q O  hxb 1,O ppm VCM (xivaxag 
11) xai Exoptvwg p~~o.it6zav p6oa ozig xeo8~ayeacpEg xo6 q o z e i v o v ~ a ~  6x6 ~ f i v  
E.O.K. 'Anb a d d ,  42 6~iypCtXK (3toooo~b 39,2%) xee~~ixav  ~ L Y ~ T E Q O  h b  0,l 
ppm VCM. M6vov 25 8~iypa.ca (xooomb 23,4%) ii8e~Eav x e ~ ~ ~ x t ~ x 6 ~ q m  oE 
VCM ~ E Y C ~ ~ ~ T E Q ' Y ~  hxb 1,o ppm. ' A ~ ~ o q p e i o ~ o  E ~ V ~ L  Tb ~ E Y O V ~ ~  8x1 p h 0  5 
8eiypa'~a (xoooo~b 4,7%) xee~~ixav  xee~oo6~eeo hxb 3,O ppm VCM xai Z ~ L  
pe~ox6~av EEw hxb ~ i g  qo8~ayeacpEg no6 xeoteivov~a~ o ~ f i  rahhia. 
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IIINAKAZ 11: 'AvdLvmq BLVVLOXLWQLB~OV (VCM) u2 ~ e d q ~ p a  x ~ I  02 PVC- uvux~vauia. 
TABLE 11: Determination of  Vinylchloride (VCM) in foods and packaging of  PVC. 

No E80g zpeorpipv 
Kind of foods 

'Iavoube~og 1977 ( P E $ ~ O V ~ Q L O ~  1977 M ~ Q T L O ~  1977 
January 1977 February 1977 March 1977 

Pvox~uaoia T~6eorp~po P u o x ~ ~ ~ a o i a  T Q ~ Q X ~ O  Zuau~aoLa Te6eorp1po , 
Packaging Food Packaging Food Packaging Food 

1 'Eha~6Aa80 (Ohve 011) 
2 'Eha~6Aa80 (Ohve 011) 
3 'Eha~6Aa80 (Ohve Od) 
4 'Eha~6Aa8o (Ohve 011) 
5 Bap$ax&alo &nopa@yaelvwpdvo 

(Cotton seed 011) 
6 Bappaxiha~o (nselixal BpapiAa~o) 

(Cotton seed 011) 
7 Mayalelxb hinog ir8eoyovwpEvo 

(Cookmg fat hydrogemzed) 
8 Mayale~xb hinog (Cookmg fat) 
9 Mayapxb hinog &nb 0noQih~Ea xai 

&eapGBhalo 
(Cookmg fat of plant 011s) 

10 Maysupb hhog &nb &&h80 
(Co,okmg fat of ohve od) 

11 Bovmeo yahaxzog huwpbo 
(melt butter) 

12 Boirmeo TaMiag (Butter French type) 
13 XuNg no~zoxahloi! (Orange julce) 
14 Xupbg $irowov (Cheny p c e )  
15 Xupbg h a ~ v ~ o i i  (Lemon ju~ce) 
16 Xah$h~ Maxa8owxbg (Greek spenahty) 
17 M o v a 6 ~ 8 a  dxou Tahhiag (Mustard) 
18 Xupbg h~povloi! (Lemon juse) 
19 MALL (Honey) 
20 KavdMa (Cmnamon) 
21 Ma~hdnl (Machlep~) 
22 Kouxovv6e~a (Pme seeds) 
23 M b r a  (Peppemnt) 
24 (Phapo.5~1. (Llme-tree flower) 
25 Piyavq (Ongan) 

I I ~ O T E L V ~ ~ E V E S  n ~ o 8 ~ a y ~ a r p i s  E.O.K.120-12-1976 
Guide lines of E.E.C.120-12-1976 1,O 0,05 1,0 0.05 1,0 0,05 
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No EBog zeoqipmv 
Kind of foods 

'Aneih~og 1977 Mbiog 1977 '106~105 1977 
April 1977 May 1977 June 1977 

Zucmauaoia T$qpo ?hoxavaoia Te(HPrpo Zucmeuaoia Tp5qxpo 
Packaging Food Packaging Food Packaging Food 

'Eha~6ha6o (Ohve Oil) 
'EhalBaGo (Olive 011) 
'EAar6ha60 (Olive 011) 
'EAar6ha6o (Ohve 011) 
Bapflaxihalo tmopaeyaervwpho 
(Cotton seed Od) 
'Ehadha6o (neerixe~ ZqoapB),alo) 
(Cotton seed Oil) 
Mayaq~xb hinog 6Seoyovwpho 
(Cooking fat hydrogenized) 
Mayelerxb hinog (Cooking fat) 
Mayerelxb hinog tmb onoeihala xai 
BeaxrSdAaro 
(Cooking fat of plant Ods) 
Mayaierxb hixoq Ehal6ha60 
(Fokmg fat of ohve Oil) 
B o u ~ e o  y6hax~og huopbo 
(melt butter) 
BoGzveo raMiag (Butter French type) 
Xupbg noezoxahmii (Orange p c e )  
Xupbg Pdo~vou (Cherry jmce) 
Xupbg h~pov~oii (Lemon julce) 
Xahprig MaxeGovrnbg (Greek speciahty) 
Moum6~6a mjnou rahhiag (Mustard) 
Xupbg hepovroii (Lemon ju~ce) 
M0.1 (Honey) 
KavtAAa (Cmnamon) 
M a ~ h b l  (Machlepi) 
Kovxouv6~~a (Pme seeds) 
MBma (Peppermint) 
OXapo6el (Lime-tree flower) 
Piyaq (Ongan) 

II~ot.~~v6pavag xeo6~ayeapes E.O.K.120-12-1976 
Guide l i e s  of E.E.C.120-12-1976 1 ,o 0,05 1,O 0,05 1,0 0,05 

'p.a. =Mfi Bvr~ve6a~po (no detectable), "Oero &v~xvdoeog (detection limit) = 0,01 ppm 
" BAhe eixi)Ya 3a  xai 36 
*" Bhdne eix6va 4a xai 4P 
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Tb T E ? L E U T ~ ~ O  eijeqpa pCig E V ~ ~ Q Q ~ V E L  v& xdllrovpe mjv x~i)'Eaoq h ,  &v 
x a 8 ~ ~ ~ 0 6 i j  8~eijvG5 ab Be10 -COG 1,O ppm VCM mb b h ~ x b  ouox~vaoiag, 6& 
bn&& fi Eyy13qoq BZL ab a~6cp~p0  8iX E ~ V ~ L  hnahhayp6vo &xb & V L X V E ~ O L ~ G I  no021 
(< 0,Olppm) VCM xai  b o g  v& pfi etval &vayxaiog 6 x a 6 o e ~ o y b ~  b ~ i o v  xa i  fi 
&vi~vevofi aov (TT& a~6cp~pa .  

'H pi608og x e o o 6 ~ o ~ ~ o p o G  paoioaqne oafiv <<Head-space>> d 6 p o  Xewpaao- 
yeacpia? 

'A~xtj zfjg p~8c58ov 
Tb x ~ b g  &v&hvoq 6eiypa, &qoG I;uy~o@ ok cp~aki6~0 Evioeog, 8 ~ a h I 3 ~ ~ a ~ ' o E  

N,N-GL pe6vho-ax~m yi6~0, xo6 ~ E Q L ~ X E L  G~a~8vha~i%i@cx o&v E ~ O T E Q L ~ ~  standard 
xa i  x o p ~ ~ t i Q x a ~  & E Q O O T E Y ~ ~ .  Tb  G~&hupa 8 e ~ p o o a a a ~ i a a ~  YL& a+ ExiaevEq 
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iooeeoniag &be~ag xai dyeijg cp&oeog xai ozq ovvbxe~a yb d ~ ~ y y a  & E Q ~ V  

n a i p ~ z a ~  Ernb zijv- Erbe~a cp&oq 6e~opbvog iiyxog xai neoo6~0eiLeza~ zb VCJha 
&ee~o~ewpazoyeacp~x6g. 

> t 

'Avz~G~aomjQia 
N, N - Aip~6vAo-axezcqd6~0 (DMA) cczur Synthese,, Merck. 
A~ai6vAaifii~aq (EtOEt) <<pro Analyse,, Merck. 
Kai oi 660 6~ahCzeg 6hv E ~ L T Q ~ J G E T ~ L  pb t i s  ouv6ijxeg zijg ye9680u vh 

xaeovo~&~ouv  ozb t i ~ e ~ o ~ e o y a z o y ~ b r p y y a  xo~vcphg (peaks) ozbv ~ e 6 v o  xaza- 
xeazfioewg (R) zoG VCM. . 

B~vvAo~Ao~iSio (VCM), xa6a~6zqzag tovh&x~ozov 99,9%, Esso-Pappas, 
Oeooahovixq . 
2vax~vi.q xai 6~yava  

'Ak~soq ~ p p a z o y ~ d q o q  Hewlett Packard yovzbho 5830 A yh ?iv~xvevzij 
iov~opoG cph6yag (FID). Zvy&&xe~p~iag * 0,2 mg. O~~poorhzqqph xhbypa y~ir  
zfiv ozeekwoq z6v cp~aA~6iwv Evboewg. 

Mayvqnxcis &vaG~vzrjqaq ph 6~epa~v6pevq nhbxa. Mayvrlzhxia &vaG&& 
( T E ~  xahvyybva yh yvahi fi nohvz~z~acp6oeoa~6vhbv~o (PTFE). @~aA@ea 
Evko~oq ~ 6 v  50 ml E&X& & ~ Q L O  ~ewpazoyeacpia. 

I7dpaza y~ir  zh cp~ahi6ia Evboewg &nb o~h~xovxaovzoo6x fi povzuhoxaov- 
too6x, En~xahvyybva pi: Teflon xai ovyxecr.co6ywa &nb ozecpdrvq &hovy~viov 
(Bordelkappen). TavhA~~q ei6~xbg YL& nwp'dLz~opa xai &cpaieeoq nwy&zwv &n6 
'G& cp~ahi6~a. Xv'~iyy&q &.@ov Hamilton z6v 1,2 xai 5 d. 

I7~bzvna 6iaAv'paza 
A rdAvpa I (EtOEt/DMA) 

T6 cp~ahi8~0 Evboewg ~ E @ < E Z ~ L  yb DMA nseixov 1 cm x&zw Ern6 z6 xeihog 
zov, I;vyifeza~ xai yb p&oq zfiv nvxv6zq~& zov p ~ i o x e z a ~  6 6 ~ x 0 ~  TOG DMA. T6 
cp~ahi8~0 xheiveza~ &eeooz~y6g xai  neoozi-ikza~ pb o6eiyya z6oq noo6zqza 
6~a~6vha~66ecx, &oze v& neox6qq 6~6hvya ovyxevz~hoswg tijg zdrgewg 1,O mg 
EtOEt/ml DMA. 'An6 a6z6 n a i p e z a ~  p5 o6g~yya &xe$eiag 1 m1 xai  
& ~ a ~ h v e z a ~  ob byxop~ze~xfi cp~dhq z6v 100 m1 y k ~ e ~  zijg xa~ayijg p6 DMA. 
'An6 z6 zehevzalo G~&huya naievovza~ pb o~cphv~o 10 m1 xai Erea~hvovza~ n & h ~  
06 dyxoyez~~xfi rp~dhq z6v 100 ml, ~ ~ X Q L  tijg ~ a ~ a y i j g ,  yb DMA. " E ~ L  neox6n.c~~ 
z6 ne6zvno 6~dlhvpa I ovyxevz~ho~(2)~ zijg z&&wg 1,O - 10.' mg EtOEt/ml DMA. 

A lda~pc~  11 (VCM/E~OE~/DMA) 
T6 cp~ahi6t.o Evboewg ~ E ~ I L E Z C I L  yb DMA ~ E Q ~ X O U  1 cm x&zo b 6  z6 ~eihog 

tov, <vyi<ezat. xai yb p & q  zfiv nvxv6zqz& zov -ihohoyi<eza~ ijYxog ZOG DMA. 
T6 cp~ahi6~0 xh~ivezat. & E Q O ( T Z E ~ ~ ~  xai neoozi6e'~ai pb o6e~yya z6oq noo6zqza 
~ L ~ L ~ v ~ ~ L ~ S Q C X ,  boze v& q o x 8 q q  G~&hvya ovyxevaehoewg zijg z&Eewg 1,O mg 
EtOEt/ml DMA. Zzfi ouvbxe~a n ~ o o z i 6 e z a ~  p6 o6e~yya t6oq noo6zqza VCM, 
&oza v& neox8qq G~&hvpa o v y x ~ v z ~ h o e w ~  zijg a&EEog 1,O mg VCM/ml DMA (fi 
fd6vq zijg o6e~yyag v6 pfi @v6i<eza~ ozfp dyefi cphoq). 'An6 z6 Gt.&hvya a6z6 
n a i p m a i  pb o6eiyya &xp$eiag l ml xai & ~ c x ~ h v e z a ~  ob 6yxopeze~xfi cp~6hq z6v 
100 ml, ybxei zijg xaeayijs, p5 DMA. 

I 'An6 26 z ~ h ~ u z a i o  6~&hvpa n a i p o v a a ~  p6 a~cphv~o 10 m1 xai &ea~hvovza~  
ob 6yx.opez~~xfi.cp&hq t k v  100 ml, ybxet. zijg xaeayijs, yb DMA. " E z ~ L  ~ Q O ~ ~ ~ Z E L  
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T~dr z6v ~ Q O G ~ L O Q L ~ ~ ~  aoG ouvzeheoafj F bh~xoG ouoxeuaoiag tuyil;ovta~ 
0,5 g, n e o o z i 6 ~ v z a ~  5 ml n ~ 6 z u n o u  6~aA6yazog I1 xa i  &nohou6eiza~ 4 
n ~ o q y 0 6 y ~ v q  6 ~ e ~ y a o i a .  

k~dr z6v n ~ o o 6 ~ 0 ~ i o y 6  TOG ouvz~h~ozf j  F d v a ~  &naeahqzeg zouhdrx~ozov 3 
peaef io~~g y~dl zfiv Eyybqoq zijg Enavoihy~~y6aqzq.  
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EIK. 3: <<Head-space)) i i~~~o~ewparoypaq$pata:  (a)  O~trhqs Eha~ohdtGou &nb PVC (nivaxa~ 11, No 
4, Miret~os 1977). ( P )  'Eha~ohixGou ovoxevaophov 03 rp~ixhq &xb PVC (nivaxa~ 11, No 4, Mdrer~og 
1977). Zuvthjxeg &eeiou x~wpatoyearpias: Ph. oeh. 8. 

EIK. 4: <<Head-space* d~~~o~@wpa~oyeap$para :  (a)  O~ahqs &xopa~ya~~vwp~vou  papPax~Lalov 
Erxb PVC (xivaxag 11, No 5, M ~ Q T L O S  1977). ( B )  'Anopaeya@~vwpivou Pappaxehaiou moxeuaop8- 
YOU oB rp~bhq &xi) PVC (nivaxas 11, NO 5, M ~ Q T L O S  1977). Zuvthjxeg &eeiov xewyazoyeacpia~: ph. 
oeh. 8. 
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Abstract 

Determination of Vkyl Chloride in Foods and Packaging of Polyvinyl Chloride 
In the period of: January till June 1977 samples of foodstuffs and the 

corresponding packaging made-of PVC, bought from-various super markets and 
other shops in Thessaloniki Greece, have been analyzed in order to determine its 
contents in Vinyl Chloride. 

A 98.2% of the foodstuffs samples contained less than 0.05 ppm VCM and 
filled the E.E.C. guide lines for VCM. 

This is due, that the VCM content of foodstuffs is dependpd $n the VCM 
concentration of the packaging material and the time of &@tact between 
foodstuffs and packaging. 

The analysis of the packaging showed that a 76.6% of the samples contained 
less than 1.0 ppm VCM, limit proposed from E.E.C., and only a 4.7% of the 
samples exceed the French guide line of 3.0 ppm for VCM. 

It is worth mentioned, that VCM was not detected in any foodstuff, when 
the corresponding packaging contained S 1.0 ppm VCM. 

The above results encourage us to propose, that in the case the limit of 1.0 
ppm VCM would be adapted internationally, then could be a guarantee of a 
foodstuff free of detectable amounts (<0.01 ppm) of VCM, thus, it is not 
necessary of specify concentration limits for VCM in foodstuffs. 

Key words: Head-space chromatography, VCM guide lines, VCM detection limit, olive oil, 
cotton seed oil, cooking fat, butter, honey, orange juice, lemon juice, peppqrmint. 

Abbreviations: DMA: N,N-Dimethyl acetamide EtOEt: Diethyl ether PVC: Polyvinyl chloride 
VCM: Vinyl chloride monomer E.E.C.: European Economic Community. 
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BESTIMMUNG DER KOMPLEXBILDUNGS - UND DEI$ DIS- 
SOZIATIONSKONSTANTEN DES IONENPAARES 1-NITRO-2- 
NAPHTHOL - PIPERIDIN IN WASSER - DIOXAN-LOSUNGEN 
DURCH SPEKTROPHO'$'OMETRISCHE UND KONDUKTOMET- 
RISCHE MESSUNGEN 

D. JANNAKOUDAKIS, E. 'SHEODORIDOU und I. MOUMTZIS 
Institut fur Physikalische Chemie der Universitat Thessaloniki, Thessaloniki, Griechenland 
(Erhalten am 13 Dezember 1977) 

Zusammenfassung 

Es wird die Wechselwirkung zwischen dem 1-Nitro-2-naphthol und dem Piperidin in 
Wasser-30%- und 50% v/v-Dioxan Losungen untersucht. Das sich zwischen dem 
Nitronaphthol und dem Piperidin durch Protonenubergang bildende 1:1 Ionenpaar wird in 
diesen Losungsmitteln wegen hoher Dielektrizitatskonstante zum Teil in freie Ionen 
dissoziiert. Mit einer Kombination von spektrophotometrischen und konduktometrischen 
Daten werden zwei Gleichungen gestaltet, von denen die erste der FUOSSschen 
keitfahigkeitsgleichung ahnelt und durch ein Naherungsverfahren die graphische Ermittlung 
der Dissoziationskonstante des Ionenpaares in freie Ionen ermoglicht, wahrend die zweite 
die graphische Bestimmung sowie der Bildungskonstante des KompIexes als auch seiner 
Dissoziationskonstante erlaubt. So werden die Bildungs- bzw. Dissoziationskonstanten des 
Systems 1-Nitro-2-naphthol-Piperidin in den erwahnten Wasser-Dioxan-Losungen mit 
einer befriedigenden statistischen Genauigkeit ermittelt. 

Abkurzungen: 1N2N = 1-Nitro-2-naphthol, DK = Dielektrizitaskonstante (Symbol EDK), E = 
molarer Extinktionskoeffizient, PDA-Komplexe = Protonen-Donator-Acceptor-Komplexe. 

Einfuhrung 

Im Rahmen einer fruheren Publikation1 wurde die Wechselwirkung zwischen 
den isomeren Nitronaphtholen und dem Piperidin in Losungsmitteln kleiner 
Dielektrizitatskonstante spektrophotometrisch untersucht und wurden die 
Gleichgewichtskonstanten der sich bildenden Ionenpaare der Form 1 : 1 berechnet, 
welche praktisch keine Dissoziation in freie Ionen in diesen Losungsmitteln 
aufweisen. Dasselbe Verhalten wird auch in Wasser-Dioxan-Gemischen mit einem 
Wassergehalt bis 10% v/v beobachtet.' Die Erhohung jedoch des Wassergehaltes 
dieser Systeme hat die Erscheinung von hoheren keitfahigkeitswerten zur Folge, 
welche der Anwesenheit von freien Ionen infolge einer Dissoziation der 
Ionenpaare zuzuschreiben sind. In diesem Fall ware die Bestimmung der 
Gleichgewichtskonstante der sich durch Protonenubergang bildenden Komplexe 
(PDA-Komplexe) nur durch eine Kombination von spektrophotometrischen und 
konduktometrischen Messungen moglich, weil das Ionenpaar und das freie 
Nitronaphtholion imselben Spektralbereich ein Absorptionsmaximum 
aufweis er^.^,^ 
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Die Wechselwirkung beispielsweise zwischen dem 1-Nitro-2-naphthol und 
dem Piperidin kann in Wasser-Dioxan-Gemischen mit hohem Wassergehalt zu 
folgenden Gleichgewichten Anlass geben: 

Ist C1 die Gleichgewichtskonzentration des Protonendonators, C2 diejenige 
des Protonenacceptors, C3 die des Ionenpaares, C4 die des Donatoranions, Cs die 
des Acceptorkations und 'C6 die Hydroxylionenkonzentration, dann gelten fur die 
Gleichgewichtskontanten folgende Beziehungen: 

wobei f den mittleren ionischen Aktivitatskoeffizienten darstellt. Die Dissoziation 
des Nitronaphthols wird nicht berucksichtigt (pK= 6 in einer Wasser-Methanol- 
Losung von einem 20% v/v Methanolgehalt.) 

Fur die Anfangskonzentrationen Cl0 des Protonendonators und CzO des 
Protonenacceptors gelten die Gleichungen: 

Die optische Dichte einer Losung - wobei sich Komplex und freie Anionen im 
Gleichgewicht befinden - beim Absorptiosmaximum (La,) des Komplexes, welches 
mit dem des freien Anions zusammenfallt, ware dann: 

Der molare Extinktionskoeffizient des freien Anions ist fur dasselbe 
Losungsmittel wegen identischer Anordnung des chromophoren Systems dem 
jenigen des Honenpaares gleich3 und dementsprechend ist: 

D = €(C3 + C4). , (7) 

Der Extinktionskoeffizient E ist durch Messungen der optischen Dichte stark 
alkalischer Wasser-Dioxan-Losungen des Nitronaphthols zu berechnen. 

Zur Erhaltung der Elektroneutralitat muss allerdings 

c4+ C6 = C5 (8) 
sein. Ist nun kl die spezifische Leitfahigkeit einer Losung des Nitronaphthols unter 
einer Konzentration Cl0 und k2 die spezifische Leitfahigkeit derselben Losung nach 
Piperidinzugabe unter einer Konzentration Go •á Cl0 - so dass die Konzentration 
des Nitronaphthols praktisch unverandert bleibt - dann gilt folgende Beziehung: 

1080(kz - ki) = 1800 k = c4h + C56 + Cs&, C%' 
wobei b, A, ki den ionischen Leitfahigkeiten der Anionen, der Kationen und der 
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Hydroxylionen der Reihe nach entsprechen. 
Mit (8) und (9) folgt: 

1000k= C4(h+ 15) + C6(15+ k )  (Io) 
Aber ,$ + 1s = As ist die Aquivalentleitfahigkeit des Komplexes und 15 + 12 = 

A6 diejenige des Amins, also: 

1000k = C4As + C6h6. (11) 
Aus den Gln. (I), (2) und (3) folgt fur die Gleichgewichtskonzentration der 

Hydroxylionen: 

Damit nimmt die Beziehung (11) folgende Form: 

Nach 'ONSAGER fur verdunnte elektrolytische Losungen und fur 
Ionenstarke der Losung praktisch gleich der Konzentration C4 gilt: 

As = A5O - (aA5O + b) E 4  

und & = &jO - + b) c 4 .  

(14) 
(15) 

Nach Einsetzung der Werte AS und Ag aus den Gln. (14) und (15) in die 61. 
(13) folgt: 

K3As0 K3A6O 
1000K=C4 (AsOt - ) - a f i ( A s o +  - 

CIKIKZ CiKiKz 
) - b \ r C ( 1 +  L ) ]  (16) 

CiKiKz 

Mit der Annahme, dass die Donatorkonzentration CI praktisch konstant 
bleibt - weil der Donator im Uberschuss gegen den Acceptor vorliegt - wird 

eine Konstante, Damit wird G1. (16) zu: 

Ao* - a GA0* - b \rC4 (1 + 
K 3  j l  CiKiKz 

(18) 

Die Dissoziationskonstante K3 des Piperidins wurde PH-metrisch ermittelt 
und betragt in Wasser-Dioxan-Losungen von einem 30% und 50% v/v 
Wassergehalt entsprechend 5. 10-5 und 2.10-4. Andererseits ist zu erwarten, dass die 
Komplexbildungskonstante KI in diesen Eosungssystemen grosser als 1 .103 ist, weil 
schon in einer Wasser-Dioxan-Losung mit Wassergehalt 10% v/v der KI - Wert 
dieser Ordnung ist.' Ausserdem ist die Dissoziationskonstante KZ des Komplexes 
ungefahr 1 .10-3, was aus dem Vergleich mit analogen Ionenpaaren des Piperidins in 
Losungsmitteln anlicher DK •’olgt?? Wurde nun die Protonendonator- 
Anfangskonzentration Ci0 (=Cl) l.10'3 M gewahlt, so ware der Term K~/CIKIKZ 
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innerhalb der Messgenauigkeit gegen 1 zu vernachlassigen. Damit nimmt Gl. (18) 
folgende Form: 

.* - ( a h *  + h ) a ]  (1 9) 
oder 1000 k = C4 (&* - ~ \ / @ 4 ) ,  (20) 
wobei A = &* + b ist. 

D 
Sei nun c4* = C3 + C4 = - 

E 
(21) 

und y der Dissoziationsgrad des Ionenpaares, dann wird: 

C4 = yC4*undC3 = (1-y).C4*. ' 
(22) 

Aus den Gln. (20) und (22) und der Beziehung der Aquivalentleitfahigkeit 

folgt fur den Dissoziationsgrad y: 

oder 
L 

A* 
Y =  

&* F (z) ' 
wobei F (z) die FUOSSsche Funktions 

z = 
A(Cq*A*)'" 

(& *)3/2 
ist. 

Mit (2), (8), (22) und (25) folgt: 

Der Term f2G ist sehr klein und wird gegen 1 vernachlassigt. Dann ist: 

F ( 4 -  - 1 1 C4* A* f2  n - -  + -. 
A* Ao* K2(AO*)' F ( 4  . (28) 

Aufgrund der Gleichung (28) und des von FUOSS5 beschriebenen 
Naherungsverfahrenssind die Werte von Ao* und Kz graphisch zu ermitteln. 

Aus den Gln. (I), (2), (4), (5) (21) und (22) schliesslich folgt: 

Diese Gleichung ermoglicht die graphische Ermittlung der Werte von Kl und 
K2. 

In der vorliegenden Arbeit wird die Wechselwirkung zwischen dem IN2N 
und dem Piperidin untersucht und werden die Komplexbildungskonstante und die 
Dissoziationskonstante des sich in Wasser-30% und 50% viv -Dioxan-Losungen 



BILDUNGS - UND DISSOZIATIONS KONSTANTEN VON IONENPAAREN 25 

bildenden 1:l Ionengaares mit derartiger Genauigkeit bestimmt, die von der 
Kombination der spektrophotometrischen und Leitfahigkeits-Messungen erlaubt 
ist, solange es keine andere .Methode fur die Bestimmung dieser Konstanten bei 
analogen Systemen gibt. 

Experimentelles 

Die Messungen der optischen Dichte der Losungen bei konstanter 
Wellenlange wurden mit einem Spektrophotometer "Acta-5" der Fa. Beckman 
durchgefuhrt. Ein Haake-Ultrathermostat (NBS) hielt die verwendeten 
Quarzkuvetten - von einer Schichtdicke 1 cm - bei konstanter Temperatur (25 
it 0,Ol0C). 

Die Letfahigkeitsmessungen erfolgten mittels einer Messbrucke der Fa. 
Beckman, RC-18, mit einer Messgenauigkeit 0,1% im Bereich der 
Versuchswiderstande. Die verwendete Leitfahigkeitszelle war der Form der Abb. 
1, um ihre Thermostatisierung und den gleichzeitigen Umlauf der Losung durch die 

Abb. 1. Die Meszelle. 

Elektroden mittels eines Magnetruhrers zu ermoglichen. Durch diesen 
Losungsumlauf wurde die Adsorption der Molekeln oder Ionen auf die Elektroden 
vermieden, die zum selben Zweck aus glattem Platin bestanden. Die Zellkonstante 
wurde nach der Methode von Johnes und Bradshaw6 bestimmt und gleich 2,41.10-2 
cm-I gefunden. Ein Haake-Thermostat NB 22 - mit Erzol gefullt - hielt die 
Messzelle mit der Losung bei konstanter Temperatur (25 * O,Ol•‹C). 

Obwohl das 1N2N eine betrachtliche Absorption bei des Komplexes 
aufweist, wurde es im Oberschuss bezuglich des Piperidins (von Ci0 = 10.CZ0 bis Ci0 
= 100.CzO) verwendet und seine Absorption wurde stets bei den Berechnungen 
berucksichtigt. Im Gegensatz dazu zeigt das Piperidin bei des Komplexes keine 
deutliche Absorption. Die Verwendung jedoch eines Piperidin-Uberschusses im 
Vergleich zum 1N2N fuhr nicht zu stabilen und reproduzierbaren Leitfahigkeits- 
messungen - infolge starker COz-Absorption -, auch wenn die Versuche in einem 
Handschuhkasten unter Stickstoffatmosphare stattfanden. Trotzdem wurde das 
ganze Versuchsverfahren - von der Praparation der Losungen bis zum Ausfullen 
der Messzelle - im Handschuhkasten unter Stickstoffatmosphare durchgefuhrt. 

Das 1N2N war von der Fa. Ferak, Berlin und wurde aus einer Mischung von 
Benzol und Petrolather 1 : 1 umkristallisiert (Sp. = 103•‹C). Das Piperidin, "puriss 
p.a." der Fa. Fluka, wurde durch Trocknen mit KOH und fraktionierte Destillation 
(Kp. = 106•‹C) weitergereinigt. Das Dioxan der Fa. Carlo Erba (puro) wurde durch 
Sieden uber Na-Metall und weitere Stufendestillation gereinigt.7 Das verwendete 
Wasser war von konduktometrischer Reinheit. 
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Zur Messung der DK der verwendeten Wasser-Dioxan-Losungen bei 25•‹C 
diente ein Dipolmeter DM-01 der Fa. WTW, versehen mit den Zellen MFL 2/S 
zum DK-Bereich 7 - 21 und MFL 3/S zum DK-Bereich 21 - 90, wahrend die 
Messung der Viskositatskoeffizienten derselben Losungen bei 25•‹C mit einem 
Viskosimeter nach Ubbelhode erfolgte. Die erhaltenen DK- und q-Werte der 
erwahnten Losungsmittel, aus denen die Konstanten a und b der Gl. (19) bei 25•‹C - 
aufgrund der bekannten Beziehungen, a = 8,2.10s/(~D~T)3/2 und b = 
82,5/q(~DKT)l/~ - berechnet wurden, sind wie folgt: 

Bestimmung des ~eitfahi~keits~ararnetirs li, * und der Dissoziationskonstante Kz 

Die Bestimmung des Parameters &* und der Dissoziationskonstante K2 des 
Komplexes 1N2N - Piperidin in Wasser-30% und -50% v/v -Dioxan-Losungen 
wird aufgrund der 61. 28 und mittels eines Approximationsverfahrens5 
ermoglicht. Aus der A*, $1 D/E -Darstellung erhalt man durch Extrapolation die 
Aquivalentleitfahigkeit in unendlicher Verdunnung, welche den ersten 
Naherungswert von A,* darstellt. Damit wird der erste Naherungswert von z (Gl. 
26) berechnet und mittels des tabelliertens Wertes von F(z) der Dissoziationsgrad y 
(Gl. 25) in erster Naherung bestimmt. Mit diesem y-Wert und aufgrund der 
DEBYE-HuCKELschen Grenzgleichung 

log f = - B wobei B = 1,826.106/(~~~T)3/2,  

ist der mittlere ionische Aktivitatskoeffizient •’ auch in erster Naheiung zu 
berechnen. Damit sind alle Grossen fur die Darstellung F (z)/ A* als Funktion von 
G* A* f2/F(z) bekannt (Gl. 28). Der Schnittpunkt der so erhaltenen Geraden mit 
der Ordinate ergibt Ao* in zweiter Naherung. Dieses Verfahren wird bis zur 
Konstanz von Ao* wiederholt und aus der Steigung der letzten Naherungsgeraden 
werden schliesslich die Dissoziationskonstanten K2 des Komplexes fur die zu 
untersuchende Wasser-Dioxan-Losungen ermittelt. 

Tabelle I gibt eine Zusammenstellung der gemessenen Werte der optischen 
Dichte - bei Am, (436 nm) des Komplexes - und der spezifischen Leitfahigkeit k2 
von Wasser-30% und 50% v/v -Dioxan-Losungen des 1N2N und des Piperidins, 
sowie der errechneten Werte der Aquivalentleitfahigkeit und der letzten 
Naherungswerte der Darstellungen y = F (z) / A* und X = C4* A* f2/F(z). In der 
gleichen Tabelle werden auch die optischen Dichten D angegeben, welche die 
Differenzen der Absorption des freien 1N2N (im Gleichgewicht) von der 
gemessenen optischen Dichte D darstellen. Als Konzentration vom freien 1N2N 
wird die Differenz der Anfangskonzentrationen von 1N2N und Piperidin unter der 
Annahme betrachtet, dass naherungsweise das ganze Piperidin ins Komplex 
umgewandelt ist. Dabei werden auch die Werte der spezifischen Leitfahigkeit, k~ 
der Losungen des reinen 1N2N - welche die Mittelwerte von zehn Messungen 
darstellen -, sowie die molaren Extinktionskoeffizienten E angegeben, die durch 
Messungen der optischen Dichte von stark alkalischen Wasser-Dioxan-Losungen 
des 1N2N bei La, des Komplexes berechnet wurden. 
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TABELLE P :  Werte von D, D', kz, A *, y undxfurssystem 1N2N-Piperidin in Wasser-30% und50% 
v/v-Dioxan-Losungen bei 25•‹C. 

Aus den Daten der Tab. I und aufgrund der 61. (28) ergibt sich die 
Darstellung der Abb.2. Aus dem Ordinatenabschnitt und der Steigung der 
erhaltenen Geraden werden folgende Werte fur den Leitfahigkeitsparameter Ao* 
und die Dissoziationskonstante RZ ermittelt: 

Fur die Wasser-Dioxan-Losungen von 30 Vol. %-igem Wassergehalt: 

Ao* = 33,83(* 0,5%) und X2 = 4,4.10-4(14,5%). 

Fiir die Wasser-Dioxan-Losungen von 50 Vol. %-igem Wassergehalt: 

&,T =- 34,24(& 0,2%) und H(z = 8,4.10-4 (* 3,0%). 
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Abb. 2. Darstellung von F@) / A als Funktion von A ' ~ 4  *f /F(=) fur Wasser-Dioxan-Losungen von 
1N2N - Piperidin mit einem Wassergehalt: a) 30% v/v und b) 50% v/v, bei 25•‹C. 

Bestimmung der Komplexbildungskonstan te KI und der Dissoziationskonstante Kz 

In der Tabelle II sind die aufgrund der GI. (25) berechnet ita Werte des 
Dissoziationsgrades y des Ionenpaares, sowie die Werte der Darste %I ungen 

y' = (f2yCZ0/1-y) - f2y D/€ undx' = (PyD/€) / (CI" - D/&) fur die Wasser-30% 1 

und 50% v/v-Dioxan-Losungen des 1N2N und des Piperidins zusammengestellt. 

TABELLE 11: Werte von y, y' und X' furs System 1N2N - Piperidin in Wasser - 30% und 50% 
v/v-Dioxan-Losungen bei 25•‹C. 7 

Aus den Werten der Tab. I1 und aufgrund der GI. (29) ergibt sich das 
Diagramm der Abb. 3. Aus der Steigung und dem Ordinatenabschnitt der so 
erhaltenen Geraden ergeben sich folgende Werte fur die Bildungskonstante KI und 
die Dissoziationskonstante K2 des Ionenpaares: 

Fur die Wasser-Dioxan-Losungen von 30 VoL %-igem Wassergehalt: 

Mi = l,2.103 Motl.lit (& 20%), K2 = 5,O. 1Q-4Mol.lir1 ( I 2%). 
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Fur die Wasser-Dioxan-Losungen von 50 Vol.%-igem Wassergehalt: 
KI = 2,7.103Mol-'.M (I25%),  KZ = 9,8.10-4Mol.lit-' (f 1%). 

Aufgrund der erhaltenen Werte von KI und KZ und der bereits erwahnten 
Werte von K3 wird der Wert der Darstellung K~/CIKIK~ der G1. (18) ermittelt, 
welcher fur beide Wassergelhalte der verwendeten Wasser-Dioxan-Lossungen 0,08 
betragt. Die Wiederholung der Berechnungen mit dem neuen Wert 1,08 fur die 
Darstellung 1 -t K ~ C I K ~ K ~  der GI. (18) anstatt des Wertes 1 fuhrt zu A,* -, KZ - . 

und &-Werten, die innerhalb des statistischen Fehierbereichs mit den bereits 
erwahnten Werten gut ubereinstimmen. Dies bestatigt ailerdings die Annahme, 
welche die Beziehung (18) betrifft und in der Einfuhrung .-- , erwahnt wurde. 

Abb. 3. Darstellung von (2 ycz0 / 1 - y) - 2 D / E als Funktion von (2 y D / E) / (CI" - D / E) fur 
Wasser-Dioxan-Losungen von 1NZN- Piperidin mit einem Wassergeha1t:a) 30% v/v und b) 50% v/v, 
bei 25•‹C. 

Die sich mittels der @In. (28) und (29) ergebenen Kz-Werte fur die 
Djssoziation des Ionenpaares 1N2N-Piperidin in Wasser-Dioxan-Losungen von 
einem 30 Vol. %-igen Wassergehalt stimmen gut uberein, wahrend im Falle der 
Losungen mit einem 50 Vol. %-igen Wassergehalt einen kleinen Unterschied 
miteinander aufweisen. Jedoch sind die aus der Gl. (29) ermittelten Kz-Werte von 
grosserer statistischer Genauigkeit als diejenigen aus der GI. (28). 

Die hohen Werte der Bildungskonstanten Mi des Ionenpaares in Wasser 30% 
und 50%-Dioxan-Losungen sind allerdings aus dem Vergleich mit den 
entsprechenden Werten in Wasser-Dioxan-Losungen mit kleinerem Wassergehalt 
(1% bis 10% V/V) ZU erwarten.' Die statistische Genauigkeit der MI -Werte ist 
schliesslich als befriedigend zu schatzen, wie es sich aus dem'Vergleich mit analogen 
Systemen3 ergibt, bei deren Untersuchung auch die spektrophotometrische 
Methode in Verbindung mit Leitfahigkeitsmessungen verwendet wurden. 

Abstract 

Determination of the Stability and Dissociation Constants of the Ion Pair between 
1-Nitro-2-naphthol - Piperidine in Water-Dioxane-Mixtures by spec- 
trophotometric and conductometric Measurements 

The interaction between 1-nitro-2-naphthol and piperidine in water-30% 
and 50% VIV -dioxane mixtures is studied. The 1:l ion pair, formed by Proton 
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transfer from nitronaphthol to piperidine, is partly dissociated to free ions in the 
above solvents, because of their high dielectric constant. By means of a combination 
of spectrophotometric and conductometric data two equations are formed; the first 
of them is similar to the Fuoss conductance equation and permits the graphical 
determination of the dissociation constant of the ion pair into free ions by a method 
of successive approximations, while the second allows the graphical determination 
of both, the stability constant and the dissociation constant of the complex. In that 
way the stability and dissociation constants of the system 1-nitro-2-naphthol- 
piperidine in the above mentioned water-dioxane mixtures are obtained with a 
satisfactory statistical accuracy. 

Key-words: nitronaphthol, piperidine, ion pair, spectrophotometric and conductometric 
measurements, stability constant, dissociation constant. 
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11. Tufprene, No xazah6you 1253, BS oupxohupe~8g. 
12. Algil, No xazah6you 1222, AS oupxohupe~kg. 
13. Absafil, No xazah6you 1221, ABS oupxohu ye& 
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6 ~ a x a  xai  b&b bE6, Merck. O E L O ~ E L L X ~  Y~ZQLO,  Merck. 'Iudsofixo xdds <<pro 
Analyse,,, Merck. "ApvAo 6saAvz6, Merck. T ~ z ~ a x A w ~ d ~ 8 ~ a x ~ < < p r o  Analyse,,, 
Merck. XAwqoqb~p~o <<pro Analyse,,, Merck. '0&xb d@, Merck. 
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Abstract 

Contribution to the determination of the Unsaturation of Polymere by the 
Iodometric Method 

The unsaturation of various commercial Polybutadienes, copolymers of 
Butadiene-Styrene (BS) and Acrylnitrile-Butadiene-Styrene (ABS) as well as a 
temolvmer (EPDM) has been determined iodometricallv. Carbon tetrachloride. 
chiordform ind mixiure of chloroform and acetic acid weri used as solvents and the 
Wijs reagent as the addition reagent. 

The results of the iodemetric method were checked in some cases with the UV 
spectrophotometry and NMR spectroscopy, with satisfactory results. 

The iodemetric method gives reliable and reproducable results, it is simple 
and quick and it doesn't need expensive equipments. It could be recommended for 
routine analysis of unsaturated polymers and for analytical control during their 
industrial production, provided that no interfering substances are present. 

Key words: Wijs reagent, iodine value, polybutadiene, butadiene-styrene copolymer, 
acrylnitrile-butadiene-styrene copolymer, terpolymer, NMR spectroscopy, UV spectrophotometry. 

Abbreviations: AS = Acrylnitrile-styrene copolymer, ABS = Acrylnitrile-butadiene-styrene 
copolymer, BN = Butadiene-nitrile copolymer, BS = Butadiene-styrene copolymer, EPDM = 
Terpolymer of ethylene, propylene, and a diene with the residual unsaturated portion of the diene in the 
side chain, NMR = Nuclear Magnetic Resonance, PS = Polystyrene, UV = Ultraviolet. 
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Summary 

Cation-motion vibrational bands have been observed in the far infrared spectra of 
ionomers based on styrene-methacrylic acid copolymers, PSMA. The bands reflect the 
cation-site forces and state of aggregation. At low cation-site concentration the 
cation-motion band frequency varies with mass and charge of the cation. As the cation-site 
concentration increases, but the cation remains the same, a lower frequency band due to ion 
motion in higher order ion aggregates is observed. Since the anionic site vibrations do not 
change as the aggregate band appears, the low frequency reflects increased intercationic 
repulsions and an increase of vibrational reduced mass. 

Key words: Infrared and Far Infrared Spectroscopy, Polymers, Ionomers, Ionic Interactions. 

Introduction 

Ionomers are ion-containing polymers, generally copolymers, in which 
typically the ionizable H+ ions of acidic side groups are replaced by metal cations. 
They have been studied and found to exhibit macroscopic properties 
which have led to important materials applications. Most studies have been 
performed on polymers prepared by copolymerizing an olefin, such as ethylene (E), 
butadiene (B), or styrene (S), with a carboxylic acid, such as acrylic acid (AA) or 
methacrylic acid (MA). This study concerns ionomers based on polystyrenemethac- 
rylic acid (PSMA). 

The copolymer> on which ionomers are based tend to exhibit 
hydrogen-bonded association between plysically adjacent carboxylic acid groups, 
and replacement of the H+ ions leads to formation of at least M+ -CO2- ion pairs. The 
possibility exists of forming higher order ionic domains as the concentration of ionic 
groups increases. The formation of such domains in ionomers can lead to 
microphase separation with a dispersed ionic phase too small to scatter visible light 
but large enough to significantly affect the mechanical and rheological properties of 
the materials. Such formation has been widely postulated to explain the 
composition dependence of these properties. 

'Department of Chemistry, Brown University, Providence, Rhode Island 02912 
**Inorganic Chemistry Laboratory, University of Athens, Navarinou 13A, Athens, Greece 
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Although there is general agreement that ionicpolymers of this type feature a 
state of aggregation of ions and ionic sites dispersed in amorphous 
hydrocarbon-like media, several models have been proposed to describe the 
morphology of the ionomers and no direct observations of the postulated ionic 
domain have been reported. Based on our previous s t ~ d i e s ~ ~ . ~ ~  of alkali metal 
ionomers of polyethylene methacrylic acid (PEMA), in which their far-infrared 
spectra were used to observe cation-motion vibrations, we have probed the 
cation-site interactions in. several ionomers as a function of cation and ion-site 
concentration. 

Experimental 

Polystyrene methacrylic acid (PSMA) ionomers, of the form below, where 

MfK is Li,+ Na,+ CS+ or Ba,", were prepared by titrating (under nitrogen) 3-5% 
solutions of the acid (unionized) form of the PSMA copolymers12 by standard 
solutions of the appropriate metal hydroxide in methanol to a phenolphthalein 
endpoint. For copolymers having an acid content greater than l%, a 10% by volume 
solution of methanol in benzene was used as a solvent. The neutralized solutions 
were then freeze dried, vacuum dried at temperatures ca. 20•‹C above T, and 
molded into films under pressure. The materials and their spectra are labelled by a 
number giving the concentration of the methacrylic acid comonomer in mole % 
followed by letters (H, Na, Li, CS, Ba) in parentheses indicating acidic or metal 
neutralized copolymer, followed by a letter 1 orh indicatinglow (50,000-70,000) or 
high (ca 400,000) molecular weight respectively. For example, 4,6 (Na)h is the 
sodium-form ionomer of the PSMA copolymer in Which 4.6 mole percent of the 
comonomer molecules are methacrylic acid and the molecular weight is about 
400,000. Table I gives the acid concentrations of the samples studied in mole %, 
n/m ratio and in terms of carbon atoms between acid groups for the PSMA 
ionomers. The degree of replacement of carboxylic hydrogens by M+K was 
99-100% in the samples studied. This (Table I) can be ascertained from the mid 
infrared spectra of the ionomers. 

TABLE I. 

PSMA Mole % acid n/m number of carbon atoms 
between acid groups 

0.6 0.6 166 333 

3.7 3.7 26 53 

3.8 3.8 25 5 1 

4.6 4.6 2 1 43 

6.2 6.2 15 31 

8.2 8.2 11 23 
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The films were compressed between two sheets of PTFE at 120•‹C in a 
stainless steel mold to obtain films of a suitable thicknessfor far infrared studies and 
annealed by cooling them in the mold at the rate of 1•‹/min before the infrared 
measurements were made. This heating and annealing was also done to relieve 
strain introduced during preparation and to remove residual surface water. Since 
the method of ionomer formation is a :non-aqueous solution neutralization, little 
bulk water is expected to be present. 

The far infrared spectra in the region 50-450 cm-' of 0.05-0.20 mm thick films 
of PSMA ionomers were recorded with a Digilab FTS-14 Fourier tran_sform far 
infrared spectrometer at ambient tempetature. Each spectrum was recorded several 
times with a reproducibility of 1% in absorbance. Mid infrared spectra in the region 
600-3700 cm-' were recorded with a Digilab FTS-15B Fourier transform 
spectrometer and each trace represents the average of 64 scans completed in less 
than two minutes. All spectra were obtained with ca. 2 cm-' resolution. 

Dehydration experiments were performed on the films prepared in the above 
manner and allowed to take up water from the atmosphere over a long period of 
time. The films were mounted on a brass support inside a specially designed variable 
temperature cell fitted with KBr windows. This cell permitted us to vary the 
temperature from 20" to 240•‹C continuously and to control and measure T within 
1•‹C. The entire cell could be evacuated prior to or during the heating process. 
Spectra of a given film were taken at ambient temperatures, 70" and 130"-140•‹C 
and at various times during the dehydration process. The cell was always free of air . 

and liberated water vapor due to continuous pumping through the evacuation port. 

FIG.  1: ~ a r  infrared spectra (50-450 cm-') of low molecular weight PSMA ionomers and the unionized 

form of the low molecular weight copolymer. 
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FIG.  2: Far infrared specrta spectra s a of  high molecular 

concentrations o f  carboxylic groups. 

weight PSMA ionomers with varying 

Spectral Results 

a. Far Infrared Spectra 
The far infrared spectra (50-450 cm-') of the low molecular weight PSMA 

ionomers containing CS+, Baf2, Naf, and Li+ and the un-ionized form of the low 
molecular weight copolymer are shown in Figure 1. A dominant feature appears in 
the CS,+ Ba,+' and Na+ ionomer spectra which is not present in the spectra of either 
the Lif ionomer or the un-ionized formin the region below 300 cm:' This feature is 
a broad, well defined band which shifts from 250A5 cm-' for the Na+ ionomer to 
185+5 cm-' for Ba+*, to 11 .5~5  cm-' for CS+. The frequency variation of these bands 
which are due to cation-site vibrations, is accounted for mainly by the changes in 
mass and charge of the cations. On this basis, the cation motion band in the Li+ 
ionomer should appear in the 500 cm-' region, but the absorption due to other 
modes of the copolymer is too intense in that region of the spectrum for the Li+ ion 
motion band to be observed. Since these bands shift strongly with cation mass 
charge, they are assigned to cation motion in the aniomic field of the copolymer. 

In Figure 2 are shown the spectra of a series of Na+-form PSMA ionomers in 
which the anionic-group (ionic) concentration is varied. As this concentration 
increases a band appears ca. 170 cm-' on the low frequency side of the main 
Na+-motion band. In the band structure observed between 150 and 300 cm-' there 
are three bands. The one at about 250 cm-' is the primary cation motion band and 
since it is present at low ionic concentration it is assigned to the vibration of an 
aggregate involving few ions (low order multiplet). The middle of the three bands at 
ca 220 cm-' is a weak internal mode of the polymer. The 170 cm-' band is assigned to 
the vibrations of aggregates involving many cations and anionic sites close together. 
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This is entirely consistent with the formation of higher aggregates or clusters, 
because the oscillations of cations in such ion domains should have both a larger 
effective mass and lower effective force field (since the cation-anion site attraction 
becomes increasingly screened). Thus, the vibrational frequency becomes lower 
than that of smaller cation-site oscillators, which is consistent with a previous 
obser~a t ion~~ that in solution the ion motion frequencies for simple ion pairs is 
higher than that for higher aggregates. 

Another important band appears at 405 cm-' in all the PSMA ionomer 
spectra. This band has approximately the same intesity in all the samples studied, 
after suitable corrections are made to account for varying sample thicknesses. This 
observation suggests that the band is due to a vibration along the polymer backbone 
which is independent of the ion content of the polymer. There are two reasonable 
assignments for this band. It may be assigned to an out-of-plane bend of the 
benzene ring, which is analogous to the one occurring at 405 cm-' in polystyrene. It 
could also be assigned to a C-C-C bend along the polymer backbone. In straight 
chain alkanes the C-C-C band is observed in the frequency range 350-450 cm-'. 46 

The constancy of the 405 cm-' band is significant in light of the appearance of 
another band observed in the 400 cm-' region, appearing at 387 cm-' in the Li+ 
ionomer, 386 cm-' in Na', 387 cm-' in Ba+', and 381 cm-' in CS+. The fact that the 
band, which is absent in the acid form, shifts slightly to lower frequency as the cation 
mass increases and, more importantly, increases in intensity as the ion 
concentration increases (see Figure 2) suggests that the vibration giving rise to this 
band is associated with the anion site and is weakly dependent upon the nature of 
the cation. Two vibrational modes, clearly coupled, which meet this criteria are 
C-C-0 and the 0 -C-0  bending motions, both modes of the carboxylate group. 

FIG.  3:  Mid infrared spectra of  some high molecular weight ionomers in hydrated, partially hydrated 

and dehydrated form. 
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b. Mid Infrared Spectra 
Several interesting features are seen in the mid infrared (&ure 3) spectra. 

The 1700 cm-' band which is characteristic of unionized -COOH groups is absent 
from all ionomer spectra. Instead a band in the 1560-1570 cm-' region is observed 
even in the case of low (0.6 mole %) ionic concentration. This band has been 
attributed''. l5 to the asymmetric stretch of the -COO- group while a weak band at 
1410 cm-' corresponds to the symmetric stretch and is not easily observed. The 
1700 cm-' band is distinctly present in the unionized copolymer spectra and the 
1560 cm-' band is absent. This indicates that the ionomers were completely 
(99-100%) neutralized. 

Dehydration of the ionomer films causes the suppression of the water bands 
in the 3100-3700 cm-' region (symmetric and asymmetric 0 - H  stretch, the 1650 
cm-' region (water bending vibration), and the ca. 650 cm" region (torsional 
vibrations). Otherwise the spectra of the ionomer films do not change significantly 
even when heated to 130"-140•‹C. 

Moreover, we have found that films with a high mole percent of ionic groups 
tend to take up much more water than films with a low percentage of ionic groups. 
This is consistent with Eisenberg7s observations that below 6 mole per cent the 
uptake of water is ca 1 molecule per carboxylic group, whereas, at higher ionic 
concentrations, it is between 3-6 molecules per carboxylic group. 

Discussion 

It is clear from the interpretation of the far infrared data that as the 
concentration of ionic sites increases the cation finds itself in more than one kind of 
environment. If at very low ionic site concentrations the soduim ion and the 
carboxylate ion form low order multiplets involving 1-4 cations plus anionic sites, 
the vibration of the cations in the force field of the anions and the hydrocarbon 
backbone give rise to the band at ca 250 cm:' With increasing ionic concentration, 
and much the same way as occurs in solution, higher aggregates are formed. 

Whether the higher order aggregate band at 170 cm-' should be assigned to 
vibrating clusters4' or <<ion drops>>, as defined by H01liday~~ or other specific higher 
order aggregates cannot be asserted from our results. This is true dispite the fact 
that it might be attractive to assign the 170 cm-' band to vibrating ion drops because 
it is observed even for low (3.8 and 4.6 mole %) ion concentrations. Rheological, 
small angle X-ray scattering and time-temperature superposition evidence for 
clutering is apparent at ionic concentrations greater than 6 mole per cent for PSMA 
ionomers. However, our spectroscopic method may be more sensitive in detecting 
the existence of clusters than the above techniques and it detects them as they form 
and increase in concentration even before they become important rheologically. 

Within the vibrating higher order aggregate repulsions between mobile 
cations tend to alter the force field felt by the cation and cause low frequency ion 
motion vibrations. Interactions between cations adjacent to the carboxylate sites 
and these sites themselves are not greatly affected by this aggregation since the 
carboxylate band in the 400 cm-' region is not shifted. 

The principal driving force for the formation of ion aggregates is the low 
dielectric constant of the backbone since the interionic attraction per cation changes 
little as aggregation proceeds. Whenever distances between ions are small enough, 
this driving force causes higher aggregates to be formed. The spectroscopic 
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evidence, therefore, is consistent with the p ropo~i t ion~~  that at low ionic 
concentrations small ion aggregates are formed, but at higher concentrations 
clustering of such aggregates to form ionic domains predominates. 
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xohvpe~~oyoG ozveohiou xui y ~ 6 u x ~ u h ~ x o G  6E6og. Oi zu~viag a6zbg . 

&vz~xuaonzei<ovv aig 8uv&y&~g yeauZ$ xua~tllraog xai ye~aov~x6v 6y&6ov xui y ~ d  
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xohupee~xfi yf ia~u.  TL& xapq?& ovyxevzeho~~g iovz~x6v i)y&8ov otb ' I o v o ~ E Q ~ ~ ,  
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Summary 

The results of magnetic susceptibility variation with temperature studies for 3d metal 
chloride and perchlorate complexes with quinoxaline 1,4-dioxide (N, N-qxOz) are discussed 
in some detail. N,N-qxOz may function either as a terminal or as a bridging ligand of two 
types, viz.: bridging through one of the N - 0  oxygens(M-0:M bridges, designated as L,) or 
acting as bidentate bridging, with each of the N-0 oxygens coordinating to a different metal 
ion (~Lo). Three of the complexes (with CrC13, Cu(C104)~ (4:l complex) and FeC13) are 
monomeric; the former two are magnetically normal high-spin compounds, but the FeC13 
complex shows a low ambient temperature magnetic moment (5.26 kB), and its magnetic 
behaviour may be interpreted in terms of either high-low (S=5/2-S=%) or 
high-intermediate [S = 5/2-S = 312) spin equilibria. The rest of the complexes studied are bi- 
or poly-nuclear. Among these, the NiClz and MnClz complexes, which involve chloro- and 
both oLo and chlorobridges, respectively, are magnetically normal high-spin compounds. All 
the other complexes (with CoCIz, CuClz, cr3+, ~ n ' + ,  Fe2+, ~ e ~ + ,  CO'+ and ~ i ~ +  
perchlorates, as well as a 3:2 complex with Cu(C104)~ contain M-(Lo)z-M bridges and their 
magnetic behaviour is suggestive of spin-spin interactions, occur&g by a superexchange 
mechanism, operating via the orbitals of fie bridging oxygen atoms. The two polynuclear 
cu2+ complexes comprise, in addition to cu-(Lo)~-Cb bridges, metal ions involvetl in 
bridging of the Cu-oLo-Cu type, and show dramatically smaller y , ~  decreases with 
temperature, relative to those observed in exclusively Cu-(Lo)z-Cu-bridged compounds. 

Key  Words: Quinpxaline 1,4-dioxide; 3d metal complexes; antiferromagnetic exchange; 
spin-state equilibria; monomeric complexes; polynuclear ligand-bridged complexes. 

Introduction 

Recent work at these laboratories2 established that quinoxaline l-oxide 
( N - ~ x o ) , ~ , ~  phenazine 5-oxide (N-ph~o) ' ,~ and phenazine 5,lO-dioxide 
(N,N-phz0~)',~ may function either as unidentate 0-bonding or, in the case of the 
mono-N-oxides, N-bonding terminal ligands or as bridging groups. Two types of 
bridging are possible, i.e., bridging through a single N-0  oxygen or function of the 
ligand as bidentate, bridging, as shown in (I) and (11), respectively (Z=N or NO; 
X=a second diazine N-oxide or a different ligand, e.g., Cl; for simplicity only the 



pyrazine fragment of the ligand is shown). Several 3d metal complexes ( I v I = C ~ ~ ~ ,  
Co2+, Ni2+ or Cu2+) with the preceding ligands, involving bridging of type (I), have 

been' found to exhibit subnormal, for high-spin, configurations, ambient 
temperature magnetic mornen t~ .~-~  This magnetic behaviour was a t t r i b ~ t e d ~ , ~ , ~ - ~  to 
spin-spin coupling between adjacent metal ions, by a mechanism involving 
magnetic superexchange via the orbitals of the bridging atoms?-12 On the other 
hand, the Fe(II1) chloride and perchlorate complexes with N-qxO, which are not 
characterized by bridging of type (I), were also found to exhibit subnormal, for 
high-spin Fe3+, room temperature magnetic  moment^.^.^ These ferric complexes 
were considered as involving spin-free (S = 5/2)-spin-paired (S =?h) equilibria, by 
analogy to other Fe(II1) complexes with aromatic amine N-oxides, for which 
spin-state equilibria of this type were established by means of magnetic studies at 
300-80" K and Mossbauer spectra.13,14 

.More recently we synthesized and characterized 3d metal chloride and 
perchlorate complexes with quinoxaline 1,4-dioxide ( N , N - q ~ 0 2 ) . ~ ~ , ~ ~  AS quite a 
few of these compounds show low ambient temperature magnetic moments, it was 
felt that studies of the variations of their magnetic susceptibilities with temperature 
were worthwhile. These studies, which were previously rather briefly dealt with,",16 
are discussed in some detail in the present paper, along with a brief presentation of 
the structural and spectral features of the N,N-qx02 3d metal c o m p l e x e ~ . ~ ~ , ~ ~  

Results and Discussion 

Spectral Evidence and Likely Structures 
Table I shows the most likely structural types of the complexes under study; 

these structures were previously proposed on the basis of the overall spectral and 
magnetic e v i d e n ~ e . ' ~ , ~ ~  Bridging of types (I) and (11) is designated as LO and OLO, 
respectively, while L stands for terminal N,N-qxOz ligands. The presence of 
N,N-qxOz groups coordinated through only one of the N - 0  oxygens in all of the 
complexes under discussion is favoured by the available ir evidence. In fact, each of 
the YN-o bands of the free ligand (1287, 1230 crn-l)15-17 appear split in the spectra of 
the metal complexes, with one component showing slight frequency shifts and one 
or more components exhibiting substantial negative YN-o frequency shifts (by 16-60 
cm-1).15,16 These features suggest that, at least part of the N,N-qxO2 ligands, involve 
two dissimilar N-0 bonds, owing to coordination through only one of the available 
ligand s i t e ~ . l ~ , ~ ~  The presence of both coordinated and ionic perchlorate in the 
M(C1O4), complexes was demonstrated by clearcut splittings of the v3 and v4(C104) 
modes and ir-active vl and v2(C1O4)  absorption^.'^,^^,^^ Tentative metal-ligand 
stretching mode assignments (Table 11) allowed distinctions between monomeric 
and bi- or poly-nuclear structures, with bridging N,N-qxO2 and/or chloro 20 

l i g a n d ~ . ~ ~ , ~ ~  These assignments could not be used for distinction between bridging of 
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type (I) or (11) for the N,N-qxO2 ligands, however. Conclusions regarding this 
aspect of bridging had to be based on the combined far-ir and magnetic evidence 
(vide infra). The frequencies of the YM-o (aqua, N,N-qxO2 or perchlorato) and VM-C, 

bands suggest that most of the complexes are hexa~oordinated.~'-~~ Exceptions are 
the CoC12 and the three Cu(I1) complexes, which appear to be penta~oordinated.'~ 
With respect to the presence of water, only the MnCl2 and the 4:1 Cu(C104)2 
complexes are water-free. The rest of the metal perchlorate complexes and those 
with Cr3+ and Fe3+ chlorides seem to contain both aqualigands and lattice water, as 
indicated by two types of v o ~   band^,^^,^^ viz.: one relatively sharp maximum at 
3500-3300 cm-', corresponding to the aqua ligandZ1 and a much weaker very broad 
continuous absorption at 3600-3200 cm", suggestive of several maxima and 
compatible with the presence of lattice water.25 The NiCl2 complex shows only a 
relatively sharp band at 3300 cm-', and contains exclusively coordinated water; 
whereas the Co2+, Cu2+ and Zn2+ chloride complexes show only the weak, very 
broad absorption at 3600-3200 cm-', which is suggestive of the exclusive presence 
of lattice water.15 Finally, electronic spectral data are in agreement with conclusions 
drawn from the location of the metal-ligand ir bands, favouring coordination 
number five for the CoC12 and the three Cu(I1) complexes26 and coordination 
number six for the rest of the 3d metal c ~ m p l e x e s . ~ ~ ~ ' ~  

Magnetic Evidence 
Only a few of the complexes show normal ambient temperature magnetic 

moments2' for high-spin 3d metal  ion^.'^^'^ Among the metal chloride complexes, 
those with Cr3+(4.04 yB), Mn2+(5.92 yB) and Ni2+(3.40 yB) seem magnetically 
normal, whilst those with Fe3+(5.26 yB), Co2+(4.12 yB) and Cu2+(1.04 yB) show 
clearly low y,ff values. In the case of the metal perchlorate complexes, the only 
compounds with normal room temperature magnetic moments are the 4:l  Cu2+ 
complex (1.82 yB) and the Fe2+ compound (5.47 pB). The rest of the perchlorate 
complexes are either clearly magnetically subnormal (Cr3+ 2.54 yB,Fe3+ 2.50 yB) 
or show magnetic moments significantly lower than the normal values (Mn2+ 5.60 
yB, Co2+ 4.41 yB, Ni2+ 2.57 yB, 3:2 Cu2+ complex 1.54 yB). Table I11 gives the 
variations of the magnetic susceptibilities of the three magnetically subnormal 
metal chloride complexes. The Fe3+ complex shows a peff decrease of 0.33 yB in the 

,315-81•‹K range, while the moments of the Co2+ and Cu2+ complexes decrease by 
0.08 and 0.16 pB, respectively, at 297-143OK. As far as the Cr3+, Mn2+ and Ni2+ 
chloride complexes are concerned, their magnetic moments are temperature- 
independent: Thus, measurements at 143OK afforded the following yeff values for 
these compounds (yB): Cr3+ 4.01; Mn2+ 5.92; Ni2+ 3.39. TableIVshows theresults 
of magnetic susceptibility studies, at various temperatures, for the metal 
perchlorate complexes. The two M(II1) perchlorate complexes (M =Cr, Fe) show 
pee decreases of 0.33-0.38 yB at 297-143"K, while in the case of the M(I1) 
complexes. (M=Mn, Fe, CO, Ni), there is a trend of increase of the magnitude of 
Ayeff in passing from Mn(I1) to Ni(II), in the same temperature range. Regarding 
the two Cu(I1) perchlorate compounds, the monomeric 4:l  complex has a 
practically temperature-independent magnetic moment, whilst that of the 3:2 
complex decreases by 0.29 pB in the 29582•‹K range. It is quite noteworthy that the 
Ayeff of the latter Cu(I1) complex is just about equal to that observed for the Fe(I1) 
perchlorate compound (0.18 vs. 0.19 yB) at 297-143"K, and significantly lower 
than the corresponding A~n,ff values (0.23 and 0.27 yB) determined for the Co(I1) 
and Ni(I1) perchlorate analogues. 

The anomalous paramagnetism of most of the preceding complexes (Tables 
IIIJV) is caused either - by magnetic exchange between adjacent metal ions in bi- or 
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poly-nuclear N-oxide-bridged structures9-l' or by spin-state equilibria, arising by 
the presence of two almost-equienergetic ground In most of the cases 
under investigation, the anomalous magnetic behaviour is due to the former 
c a u ~ e . l ~ , ~ ~  Among the two possible types of N,N-qxOz bridging (i.e.,(I) and (II)), 
(I), which involves bridging through a single N-0  oxygen of the ligand, seems to 
predominate. In fact, Cu(II), Cr(II1) and Fe(II1) bi- or poly-nuclear compounds, 

TABLE I .  Structural Formulae Proposed for N,N-9x02 Complexese with Metal Chlorides and 
perchlora t e ~ . " ~ ' ~ ~ )  

Metal Chloride Complexes 

Metal Perchlorate Complexes 
[(HzO) ( O ~ C ~ ~ ) Z L C ~ ( L ~ ) ~ C ~ L ( O C ~ ~ ~ ) ~ ( O H Z ) ]  (C104)~.6HzO 
[(HzO) (03C10)LzFe(Lo)zFeLz(OC103) (OHz)] (C104)4.8HzO 
[(HzO) (03ClO)LzM(Lo)zMLz(OCl03) (OHz)] (C104)2.10Hzo (M=Mn, Fe, CO, Ni, Zn) 
[cuL4(Oc103)] (c104) 

- - pp 
involving bridging through a single oxygen atom or through two oxygen atoms from 
two different ligand molecules, are almost invariably magnetically s u b n ~ r m a l . ~ - ' ~ ~ ~ ~ -  

The same type of bridging may also bring about antiferromagnetic interactions in 
Mn(II), Fe(II), Co(I1) or Ni(I1) however, these interactions 
are weaker than those observed with Cu(II), Cr(II1) or -Fe(III), and in many 
occasions oxygen-bridged M(I1) complexes (M =Mn through Ni) are characterized 
by normal ambient temperature magnetic moments, showing indications of 
spin-spin coupling only at lower  temperature^.^-'^,^^-^^ The general trend Tor 
oxygen-bridged compounds of the metal ions under study is an increase of spin-spin 
inter-actions along the series Mn2+(Fe2+(Co2C(Ni2+(Cr3+7~e3+(( C U ~ + . ( ~ ~ , ~ ~ ~ ~ ~ )  Th e 
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TABLE I1 Metal-Ligand Stretching Mode Tentative Assignments forN,N-9x02 Complexes with Metal 
Chlorides and Perchlorates.(*) 

Metal Chloride Complexes 
V~-o(N.N-qxOl) vM-C1 

448(t) 343,337,311(t) 
320(t),270(b) 259,223(t),204(b) 
430(t) 356,320,311(t) 
375(t),307(b) 281,258,249(t) 
328(t) 254,228(t),208,191(b) 
445(t)376(b) 326,307,274(t) 
331,32O(t),276(b) 258,246(t),209(b) 

Metal Perchlorate Complexes 
V ~ - ~ ( ~ , ~ - q ~ ~ d  v ~ - o ( O ~ O ~ )  

- 
448m(t),342m(b) 338m 
332m,32lm(t),270m(b) 302mw 
330m(t),270m(b) 305mw 
426m,42lm(t),337mw(b) 321mw 
340msh,322m(t), 
282m,274m(b) 309m 
344m,323m,b(t), 
290m,283m(b) 307m 
423ms(t) 341s 
404s(t),303m(b) 342s 
320m(t),270m(b) 306m,sh 

" In cm-'; designations: (t): terminal; (b) : bridging ligand 

TABLE 111. Magnetic Susceptibility Variation with Temperaturefor3dMetal Chloride Complexes with 
N,N-~XOZ. * 

666, 0.88. 

* Each set of three numbers shpws the temperature ("K), 1 0 ~ ~ ~  'Or (cgs units) and mee(t.(yB). 
L =N,N-qxOz. 

Note: Measurements at 297 and 143•‹K. indicate that the CrCh, MnC12 and NiC12 
complexes are characterized by practically temperature-independent magnetic 
moments (see text). 

substantially larger spin-spin coupling effects observed with Cu(I1) compounds may 
be attributed to the fact that the magnetic exchange coupling constant J is quite 
large for CU2+ and dramatically smaller for the rest of the metal ions of interest." 
Bridging of type (II)(with each of the N,N-qxO2 oxygens attached to a different 
metal ion), on the other hand, would be unlikely to give rise to subnormal b e  values 
for the metalions in the Cr-Ni series, and, perhaps, even Cu(I1). In fact, polynuclear 
3d metal complexes with aromatic 1 ,4-dia~ines~~"~ and their N-oxides and 
N , N - d i o ~ i d e s ~ - ~ . ~ ~ , ~ ~  with bridging of type (11) (including the MnC12-N,N-qx02 
complex) appear to be usually characterized by normal, for high-spin 
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TABLE IV. Magnetic Susceptibility Variation with Temperature for 3d Metal 
Perchlora te Complexes with N,N-9x02. * 

- 

* Each set of three numbers shows the temperature ("K), 1 0 6 ~ ~ " " '  (cgs units) 
and p,ff(pB). L =N,N-qxO2. 

configurations, ambient temperature magnetic moments. Some exceptions are the 
Fe(I1) halide 1:2 complexes with pyrazine (y,ff of 4.4-4.7 yB),(36)and the 1:l CuBrz 
complex with 2,3-dimethylquinoxaline (bff  of 1.55 pB).(37) At lower temperatures, 
the effects of spin-spin interaction become evident, as shown by numerous studies 
of magnetic susceptibility variation with temperature for linear polynuclear Cu(I1) 
complexes with d i a ~ o l e ~ ~ , ~ ~  or 1,5-naphthyridine 1,5-di0xide~~ 
bridging ligands. Antiferromagnetic exchange occurs, in Cu(I1) complexes with 
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type (11) bridging, despite the relatively large separation (6.7-13 A) between the 
magnetic centers in the linear chains, via a n  pathway mechanism, involving overlap 
of the n and X* orbitals of the heterocyclic ligand with the symmetric and 
antisymmetric combinations of the metal  orbital^."^,^^ 

In light of the preceding discussion, the magnetic behaviour of the Mn2*, Fe2+, 
Co2+ and Ni2+ perchlorate complexes (Table IV and Figure 1) can be attributed to 
bridging of type (I). In fact, these complexes generate 1/XA vs. T plots with similar 

features to those reported for binuclear CM -bridged 2:l complexes of MC12 

(M=Mn,Fe,Co,Ni) with the macrocyclic tezdkis-~chiff base (desig~ated as L'), 
derived by condensation of two molecules of 5-methylisophthalaldehyde and two 
molecules of 1,3-diamin0propane.~O A quite large Weiss constant (6*%7") is 
observed for the Ni(C104)2 - N,N-qxO2 complex, as was also the case (G=-125") 
with 2NiC12.L'.(30) Th&A value at 143•‹K for the new Ni(C104)~ complex(Fig. 1) may ' 
b e  indicative of a tendency for deviation from Curie-Weiss behaviour at lower 
temperatures, as was also observed with 2NiC12.L' at temperatures below 120•‹K.(30) 
The Weiss constants for the Co2+, Fe2+ and Mn2+ perchlorate complexes with 
N,N-qx02 are -21•‹,-12" and -5", respectively (comparing to -62", -42" and -7" for 
the corresponding 2MClz.L' comple~es .~~)  The trends observed in Fig. 1 indicate 
that the antiferromagnetic interactions between the two metal ions in the binuclear 
metal (11) perchlorate complexes increase as we pass from manganese to nickel.30 

FIG.  1: Plots o f  I /XA vs. 
1,4-dioxide. 

temperature for CO, Ni) complexes with quinoxaline 

~ddi t iona l  support to the .formulation of these complexes as binuclear, involving 
spin-spin coupling arising from type (I) bridging, is provided by the fact that the y,ff 
values of these compounds show significant decreases with decreasing temperature. 
Magnetically dilute octahedral Mn2+ and Ni2* (as we1 as Cr3+ and Fe3+) compounds 
are characterized by essentially temperature-independent magnetic m o r n e n t ~ . ~ ~ , ~ ~ -  
'l (Such a behaviour is exhibited by the Cr3+, Mn2+ and Ni2+ chloride complexes 
under study (vide supra)). Whereas in bi- or poly-nuclear Mn2+ or Ni2+ compounds, 
the effects of spin-spin coupling are usually detectable during magnetic 
susceptibility studies at lower t e m p e r . a t u ~ - e s . ~ ~ ~ ~ ~ - ~ ~ ~ ' ~ ~ ~ ~  In the case of octahedra1 Fe2+ 
and Co2+ compounds, which involve triplet ground states and large orbital 
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contribution, considerable variation of the magnetic moments with temperature in 
either direction (i.e., decrease or increase with decreasing temperature) is 
possible even in magnetically normal c o m p l e x e ~ . ~ ~ , ~ ~ . ~ ~  Thus, the p,ff decreases 
observed for the Fe2+ and Co2+ perchlorate complexes under study can be 
considered as indicative of spin-spin coupling, only in conjunction with the similar 
behaviour of the Mn2+ and Ni2+ analogues. 

Plots of b~ and X* vs. temperature (figure 2) for the Cu2+ complexes, show 
' 

the expected normal paramagnetic behaviour (6 = 0") for the 4: 1 Cu(C104)2 
complex. In the plots for the two 3:2 Cu2+ chloride and perchlorate complexes, bff 
decreases with decreasing temperature are observed. However, neither the A~(err C 
nor the antiferromagnetic exchange for these Cu(I1) complexes are substantially 
larger than those observed for the Mn(I1) through Ni(I1) perchlorate complexes 
with N,N-qxO2. If the two 3:2 Cu(I1) complexes contained N,N-qxO2 ligands 
involved exclusively in bridging of type (I), they would be expected to show quite 
larger A ~ E  values than those ~ b t a i n e d , ( ~ , " - ~ ~ , ~ ~ )  and certainly dramatically larger 
than those determined for the M(C1O4)2 complexes (M =Mn,Fe ,c~ ,Ni ) .~~  It should 
be mentioned here that not all of the N-oxide-bridged Cu(I1) complexes exhibit low 
room temperature magnetic moments? Thus, the 1:1 CuCh-4-nitroquinoline 
N-oxide binuclear complex shows a h e  of 2.08 pB at 299OK and 1.98 pB at 4.2•‹K.(57) 

FIG.  2:  Plots o f  XA and vs. temperature for Cu(II) chloride and perchlorate complexes with 
quinoxaline 1,4-dioxide. 

The magnetic properties of this compound, which has also a ferromagnetic 
exchange integra1,57.58 have been attributed, by different research groups, to either a 
chloro-(instead of N-oxide-) bridged binuclear structure59 or the effects of the 
electron-withdrawing ability of the NO2 substituent (in an N-oxide-bridged 
str~cture).~' Another compound showing a room temperature magnetic moment of 
1.90 pB is the 2:l pyridine N-oxide-Cu(N03)~ complex, which is binuclear with 
both terminal and bridging N-oxide ligands61 This complex exhibits very weak 
spin-spin coupling, and is the first authenticated example of exchange-coupled Cu2+ 
ions with a triplet ground state.62 Apart from the preceding and a few more 
exceptions, the N-oxide-bridged Cu(I1) chloride, bromide or carboxylate 
complexes exhibit subnormal ambient temperature magnetic  moment^.^,'^,^^.^^ The 
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extent of the magnetic exchange in these compounds is variable, depending on the 
magnitude of the Cu-Cu atom separation, the geometry of the complex and the 
nephelauxetic effects of the anionic groups and, in the case of high ligand to Cu 
ratios, the terminal N-oxide l i g a n d ~ . ~ ' , ~ ~  In most of the reported cases, the magnetic 
moments of compounds of this type undergo large decreases with decreasing 
temperature (i.e., at least 0.50 and occasionally more than 1.00 yB at 300-80•‹K).9 
However, several of the Cu(I1) complexes with quinoxaline or phenazine 
OXideS4,6,7,~s,~6 and the 1:l CuBr2-2,2'-bipyridine N,N-dioxide (N,N-bipy02) 
complex10 show much smaller Abff  values (0.15-0.30 pB) over the same 
temperature range. Among the structures proposed for the latter complexes, 
structural types involving alternation between bridging of types (I) and (11) are 
included4,6,7,10,15,16 (e.g.,-C~-(L~)~-Cu-((oLo)- sequences; in the case of N,N- 
bipy02, bridging of type (U) can occur if the ligand remains in the 
trans-configuration upon coordinationlO). Structures of this kind would be 
consistent with the magnetic evidence. In fact, such a system would involve widely 
differing exchange-coupling constant J values between type (I)- and type 
(11)-bridged adjacent Cu2+ Thus, whereas bridging of type (I) results in -J 
values varying between 60 and 2500 with bridging of type (11) -J is in most 
cases smaller than 10 cm''; (40-45) only in Cu2+ complexes with some sterically 

FIG.  3:  Plots of ,U,H vs. temperature for Cr(C104)3, Fe(C104)3, FeCI3 and CoCI2 complexes with 
quinoxaline 1,4-dioxide. 

hindered ligands, involved in type (11) bridging, have -J values of 50-200 cm-' been 
r e p ~ r t e d . ~ ' , ~ ~  The combined effects of alternating bridges of types (I) and (11) may, 
therefore, account for the relatively small Abff  values obtained for the two 3:2 Cu2+ 
complexes.64 

Figure 3 shows the b e  variations with temperature for the rest of the 
magnetically anomalous complexes studied. In the case of the CoC12 complex, the 
peff of 4.12 pB is below the range of values (4.20-4.60 yB), predicted and observed 
for high-spin pentacoordinated Co2+ c o m m ~ u n d s . ~ ~  The overall electronegativity 
and nucleophilic reactivity of the 03Cl2 donor set, which makes up the inner 
coordination sphere of the complex, are heavily in favour of a high-spin 
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c~nfiguration,~~ so that spin-state equilibria can be ruled out.15 The yeff shows very 
slight decrease with decreasing temperature. Nevertheless, the moments of 
magnetically normal high-spin pentacoordinated Co2+ compounds have reportedly 
the tendency to increase as the temperature decreases.49 Hence, the Ap,ff for the 
CoClz-N N-qx02 complex may be interpreted in terms of spin-spin coupling, 
arising by bridging of type (I). Bridgingof this type seems also likely for the Cr3+ and 
Fe3+ perchlorate complexes, which show yeff variations with temperature very 
similar to one another and to various 0x0-or hydroxo-bridged Cr3+ and Fe3+ 
compounds, having high-spin hexacoordinatedtonfigurations and characterized by 
ambient temperature magnetic moments below 3.50 pB.(11368-70) Regarding the Fe3+ 
perchlorate complex, which shows a moment of only 2.50 pB at 297' K, it should be 
mentioned that spin-state equilibria are common in aromatic amine N-oxide ferric 

' c ~ m p l e x e s . ~ ~ ' ~ ~ ~ ~ , ~ ~  It is not easy to distinguish between spin-spin coupling and 
spin-state equilibria for this complex and it is also possible that both contribute to its 
anomalous paramagnetism. However, in view of the similarity in magnetic 
behaviour between this compound and the Cr3+ perchlorate analogue, we are 
tempted to conclude that spin-spin coupling, arising by bridging of type (I), is the 
major contributor to the magnetic properties of the Fe3+ perchlorate complex. It 
should be noted, in this connection, that room temperature magnetic moments of as 
low as 1.87 yB have reported for high-spin Fe3+ in binuclear 0x0-bridged 
complexes, involving spin-spin coupling.70 

Finally, the FeC13 complex shows a yeff of 5.26 yB at 297"K, decreasing by 0.33 
pB in the 315431•‹K range. Spectral evidence for this compound suggests that it is 
monomeric and similar to the magnetically normal Cr3+ analogue.15 Furthermore, 
binuclear ferric complexes with room temperature moments of 4.90-5.40 pB show 
p , ~  decreases of more than 1.00 yB over the same temperature range.68,72 Hence, it 
seems more likely that the anomalous magnetic properties of the FeC13 complex are 
due to either high-low (S = 5/2-S = 95, 6 A ~  - 2T2 ground states)13,14,73-76 or 
high-intermediate (S = 5/2-S = 3/2, 'AA1 - 4 T ~  ground  state^)^^,^^ spin equilibria. By 
assuming peff values of 5.92,3.80 and 2.30 yB for the high-,intermediate- and 
low-spin states, respectively, the high-spin isomer would decrease from 75% to 
64% in the former, and from 64% to 48% in the latter case, as the temperature 
decreases from 3 15" to 81•‹K.75 For high-low spin equilibria, the energy separation 
E between the zero-point levels of the two ground states was determined to be ca. 
-340 cm-' at 315-150•‹K, by fitting the experimental data in the appropriate E/c 
curve(c is the one-electron spin-orbit coupling constant) in y,ff vs. kT/I; plots 
(assumptions: <=370 cm-'; g(the spectroscopic factor applicable to the 'T2 
state)=2.0; k calculated to be 0.7)73,74 This would indicate that the high-spin 6 A ~  
state is the lowest lying. Nevertheless, serious doubt as to high-low spin equilibria 
arises from the experimental data at 150-81•‹K, which do not fit the calculated yeff 
vs. kT/c plots satisfactorily (at least not as well as previously reported data for 
compounds characterized by spin-state equilibria of this type).73-75 Even when 
interactions with the 'T1 state and configurational mixing near the crossoxer point 
are taken into account, an E/I; value of -1.5, corresponding to E=-555 cm-', is 
obtained for the new complex at 81.3"K. On the other hand, the experimental 
results seem to be in much better agreement, over the whole 315431•‹K range, with 
data reported for tris-(4-morpholinecarbodithioato-S, S') Fe(II1) solvates 
([Fe(mcd)s].X) with X=water, toluene, chloroform or CH2C12, which reportedly 
involve the rather uncommon high-intermediate spin type of e q ~ i l i b r i a . ~ ~ , ~ ~  In fact, 
the variation of  ye^ with temperature for the FeC13-N,N-qxOz complex is strikingly 
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similar to that observed with [Fe(mcd)3].H~O.(~~' Solvent hydrogen-bonding to 
ligand sulfur atoms is thought to cause the production of a low-lying 
intermediate-spin ground state in theFe3+ -mcd s~lvates.~' As already mentioned,15 
a similar situation, i.e., H-bonding to N,N-qx02 oxygen atoms, is possible for the 
new FeCL complex, which contains lattice water. Although an intermediate-spin 
ground state is ruled out by ligand-field theory for purely Oh d5 config~rations,~~ it is 
possible in low-symmetry hexacoordinated ferric compounds.80 It is also 
noteworthy that, quite recently, high-low and high-intermediate spin equilibria 
were considered as alternative possibilities for a number of tris- 
(dialkylmonothiocarbamato) Fe (111) ~helates. '~ The evidence presented for the 
FeC13 -N,N-qx02 complex seems to favour high-intermediate spin equilibria; 
however, further magnetic studies at temperatures below 80•‹K would be required 
for an unambiguous characterization of the type of spin-state equilibria for this 
compound. 

Experimental 

N,N-qxO2 was prepared by the method of McIlwain.'l The preparations and 
characterization of the metal chloride and perchlorate complexes were previously 
described.15,16 Magnetic susceptibility studies at 315430•‹K were performed by 
Professor A.B.P.Lever's laboratory, York University, Toronto, Ontario, Canada, 
by using a fully automated magnetic susceptibility system, which was described in 
the literat~re.~' Similar studies at 297-143•‹K were performed at these laboratories 
by the Faraday method, in conjunction with a CahnMagnetic Susceptibility System, 
Type 7600. Pascal's constants were used for diamagnetic corrections, and for the 
Cu2' compounds the correction for the temperature independent paramagnetic 
contribution was effected by assuming the validity of the usual correction (60x 10'6 
cgs units). 



ozipxhoxa p ~ t h  NiC12 xai MnC12, t h  bnoia xaeaxqei<ovta~ & n 8 a v  naeouoiav 
M-CL-M q xai M-,L,-M yeque6v, E ~ L  ~ ~ ~ ~ ' G L x Q s  bpahai Evcbae~~. 'Ev6 zh 
odynhoxa pxh  CoC12, CuC12, M(C104), (M=Cr3+, Mn2+, Fe2+, Fe3+, Co2", Ni2+ 
n=2 4 3),  xai3hs xai CV 3:2 odpnhoxov p ~ t h  C U ( C ~ O ~ ) ~ ,  x~g~hapP&vouv 
yerp4eag to5 tzinov M-(L,)z-M ?cc$ L_i payvqt~xfi tow5 ~ U ~ J C E Q L ~ O Q ~  ECG 61aqb- 
eovg 6 ~ ~ p o x ~ a o i a g  (80-300•‹K). eiva~ n~o~pav8g  &vhpahog. T h  6-60 xohupeeij 
odpxhoxa xahxoc xaeaxzqgil;ovtcr~ &nb zfiv nagouoiav tbaov Cu-(L,)z-Cu, 
6oov nai Cu-,L,-Cu yacpuQ6v xai 6~1xvziovv nohi, p~xeozk~av &h&t.czwo~v t 8 v  
payvqz~x6v TOY Q O X ~ Y ,  &v ~ X ~ E L  xgbg &vdrhoya 61- 4 nohu-pegij odynhoxa 
~ahx05  ~ ~ e ~ h a p P a v o v t a  & n o n h ~ ~ o t ~ x Q ~  yeqljea~ ZOG t1.5xov CU-(L,)z-CU. 
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Chimika Chronika, New Series, 8, 67-76 (1979) 

IIAPAZKEYH OEEIAIflN TOY APrIAAIOY AIA THX TEXNIKHI: 
THX KPYOSHPANZEflZ KAI THX Z Y M B A T m  S H P A N Z E n Z  
KAI AIAaOPAI A Y T n N  AI10  AIIOrVEnZ TIMflN MEPIKnN Q?YZI- 
K n N  M E r E B f l N  

KQNXTANTINOZ M .  ZIHHTANOZ, AHMHTPIOZ N .  MHAKOITANNAKKX, AAEZANAPOX 
O.  KAAIAKOZ 
"E6ea r&wxjiS xa1 'Avoeyhov Xqpxfjg TqvoAoyias zoG 'Ae~atozd~iov ITavm~qpiov O~auaAo- 
vlxfq, O ~ a a d o v l x ~ ,  'EIZ;L&. 
('EL+& l v  2 Maiov 1978) 



68 K. Z ~ H T A N O Z ,  A. M~AKOTIANNAKID, A. KAAIAKOZ 

'H hapfidlvovoa xheav xa66hou &vai6eao~g Gdvaza~ v& naeamai3 j  6nb  
toG xcnwzkew oxtjpaaog: 

2AlC13.6HzO + 3(N&)~C03 + 2Al(OH)3 -F G W C 1  + 3COz + 9Hz0 

"H nqxaq aoG 6 6 ~ 0 @ ~ 6 i ~ u  aoG &ey~hhiou hnahhdlooeaa~ Ex a8v Cl-, W+ 
xai'  COS' 6 i  Exnhdoehg zqg afi xeqo~pono~ t joe~  & n ~ o ~ q p 6 v o v  d6aaot. 

nebg  aoGao x e q o ~ p o n o ~ e i z a ~  E % ~ L X ~  p~pf i~dlvq  (Cellulose dialyzer zoG 
oi'xov Arthur Thomas, No 3787 F 77 O.D. 3,5/8 in), Evabg aijg 6noiag z i6eaa~ ab 
odoaqpa nqxzijg-pqae~xoii 6~ah13paz0~, ab odvohov 66 Evdg hovaeoG 65 &xeoza- 
yp6vou d6azog. Th  n~oavacpq6kvaa i6vaa E5k~xovaa~ a06 ouoatjpaaog nebs 'cb 
&xeoaaypkvov d6oe  61h 6~an~6dcrews pkoq zijg pepfiedlvqg. 

W &?day? aoG &neozaypkvou d6aaog Enavahapfidlveaa~ pkxe~g 8a0u 4 
ei6~xjl &vzi6eao~g a8v Cl-, eig ab d6oe  68xzqv a-ir$h, yivg &evqz~xlj. 'H 
G~a&xaoia adzq &na~aeZ nohi)v X Q ~ V O V .  A L ~  aadzqg 6Ev &nopaxedvol(^zcr~ 
xooo t~x6g  a& CO3' lcai N&+. 

AL& aqv x ~ u o ~ t j ~ ~ l l r o ~ v  'cijg Ennhu8eioqg nqxaijg x ~ q o ~ p o n o ~ ~ i a a ~  ouoxeuq 
zoG Oixou Thermovac Ind. CRP adnou FD-1, eig aqv 6noiav n ~ o o q ~ p 6 o 6 q o a v  
eig xazahhtjhoug 66oe~g e i6~xh  6e~poL;edyq (Thermistor A-41915 No 408), 
6~avoyei)g 6e~poL;euyQv xa i  ~ ~ A E ~ E @ ~ ~ ~ E Z Q O V  X E Q L O X ~ ~ ~  6 e @ p o x ~ a o ~ 8 v  +40 Eog 
-80•‹C zoG oi'xou Yellow Spring. 

'H 6 e e p o x ~ a o i a  a6v 6e~ypdLawv flhkyxeao ovvex6g zfi X Q ~ ~ L ~ O X O L ~ ~ ~ E L  

xazaygaqxxoG zoG oi'xov Hewlett-Packard. OBaw xclztoaq 6uvazfi 4 naeaxo- 
ho66qo~g zijg noeeiag aijs x ~ u o ~ q ~ d l v o e o g  z6v Ge~ypdlaov. 

Eig %qv Eix. 1. n a ~ 6 x ~ z a ~  x a y d h q  p~aafiohijg aijg 6eepoxeaoiag a6v 
6e~ypaaov ouvaealjoe~ zoG ~ ~ 6 v o u .  . 
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O E Q ~ L X ~ ~  x a q  yaoia 
A h q  yiveaa~ 61h 6koeog z6v Ge~ypdlzov Evzbg E ~ ~ L X ~ V  cp~ah6v (Borosilica- 

te) xai aono6~zfioeog a6a6v xaz6x~v size Evabg 6ee poozcrz~xoG ohpazog aijg 
ouoxeuijg neooG~oe~opoG E ~ ~ L X ~ V  hc~cpave~ii)~ xaah B.E.T., zoG o'ixou Strohlein, 
~ E Q L O X ~ ~ S  ~ E Q ~ O X Q ~ O L ~ V  50-35O0C, e'ize Evzbg ~ ~ E X T Q L X O G  xh~Pdlvou ZOG O~)XOU 

Thermolyne type 1400 G~aozdloeov 4" X 4" X 6". Eig &pcpozkeag ahg n e ~ ~ n z h o e ~ ~  
4 6kepavo~g yiveaa~ eig Cltp6ocpa~e~llr &Ghaou. 

I I Q O O ~ L O ~ L O ~ ~ S  ~ o a  ~"YXOV TGV X ~ Q W V  

'0 n ~ o o 8 ~ 0 ~ ~ o p b g  toG 6yxou Z ~ V  n6eov, h g  xai aijg xatavopijg adzhv, 
~ I V E ' G ~ L  G L ~  zoG Porosimeter 60.000 psi zoG o'ixou Arninco. 



70 K. XIIIHTANOX, A. MIlAKOrIANNAKHX, A.  KAAIAKOX 
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IIINAI 11: ITEqapanxZr 6~6op6va 2ni m pzapokijg m E ~ B L X T ~ ~  2m~)aveiq B~aq6pmv 6&~Bimv 
tot7 dey~AAiov (B) uuva~nju&~ njg 6~epoxeauia5 njg &eptxijs xaz~eyauiaq xai rot7 X Q ~ V O V  

a / a  A ~ 6 r e n e ~ a  150•‹C 180•‹C 200•‹C 250•‹C 300•‹C 
f k e p ~ n f j ~  na-  

.ceeyaoiaq 
min 

EIK. 2. M~zaPoAlj &iBtxfjs Zn~qav~iag d&~Bimv to6 &ytAAiov (A) xai (B) u v v a ~ n j u ~ ~  e g  
+&~poxpauiag 6~~prxijg xaz~eyauiag 



72 K. ZEIHT-ANOZ, A. MIIAKOITANNAKHZ, A. KAAIAKOI: 

'O~EIBLOY TOG 159 0,88 - 0,47 0,41 

irey~hhiov (A) 566 1,48 - 0,86 0,62 

' O E E ~ ~ L O Y  ZOG 188 3,48 2,13 1,20 0,15 

&~y~hhiou  (B) 748 6,57 4,30 1,70 0,57 

M.M.  ~ " b i ~ i n :  Quart. Rev. Chem. Soc. 9, 101 (1969), Chem. Rev. 60, 235 (1960) 

'Ex z6v &nozeheop&~ov zijg nae06oqg E ~ y a o i a ~  xazacpaiv~za~ &L .J1 
6~ap6erpoolg ~ i j g  6opfjg zfjg nqxzijg ZOG ~ ~ Q O E E L ~ ~ O I J  TOG &ey~hhiou, zb 6noiov 
n a @ a o x e u & ~ ~ z a ~  xa6' 6v z ~ 6 n o v  &ventljx@q, &EaezEzal Exzbg z6v &hhov (zlpijg 
pH, ouyxevze~oao5&zo5 pez&hhou xzh.) xa i  bnb a06 ze6nou Exnh6oeog abzijg 
nebg &nop&xevvo~v xazaxeazou p6vov i6vzwv, &g xai  Ex zijg cpuyoxevzeijoeog. 

'Ex a6v T L C ( ~ Y  z6v ~ L V .  I, I1 xa i  111, &g xa i  Ex zi3v 6~ay~appdrzov t 6 v  Eix. 
5 xai  6, neox6nze~ ~ T L  z& 6Eei6~a TOG &ey~hhiov, z& 6xoi.a naeaoxev&l;ovza~ 6% 
tijg i6iag nqxzijg &hh& p8 6lacpoeez~xo9g ze6noug '@~e&voecog, 6qha6il &v' Evbg 
p2v 61& xpoEq~&voeog,  &cpY E T ~ Q O V  62 GL& oupfiaz~xijg &pivoeog, Exovv 
6~acpo~ono~qp6va  he~op6va  rpuo~x& xaeax tqe~oa~n& xai  z~p&g cpuo~x6v peye- 
66v.  QGzo, 6 ~ i y p a z a  nqxzijg neoocp&zog Eqeav66vaa zb &v eig nue~avzi le~ov 
xa i  zb ~ E ~ O V  61& xpuoEq~&voawg, 6hiyov 8~acp6eouv peza56 zov &g nebg z4v 
~ i 8 ~ x f i v  En~cpdlve~av xa i  ~ f i v  n~oo~ocpqz~xf iv  ix~llr6zqza. 

'H G~acpoeh 6pog aihq xa6iozaza~ 6hovBv peyahvz6ea 61' adEfioeog tijg 
6 e ~ p o x ~ a o i a g  zijg 6 e ~ p ~ x i j g  xazeeyaoiag pdxe~g 6 ~ i o u  ~ 1 ~ 6 5 .  'Ex ZOG 6~ayedLp- 
pazoS zijg Eix. 2 cpaivezal 6 t ~  4 peyiozq En~cpdrve~a hapfiavezal peaa@ zijg 
~ E ~ L O X ~ ~ S  ~ E Q ~ O X Q ~ ~ L ~ V  150-300•‹C. n6eav  ~ f l g  J ~ ; E @ L O X ~ ~ ~  z a 6 z q ~  fi E L ~ L X ~  
En~rp6ve~a EhazzoGza~ ouvex6g, xa i  toiko n ~ 6 c r ~ 6 g  xa i  hbyq 6 e ~ p ~ x i j ~  xoxxo- 
ouv86oeog (sintering) zoG bh~xoG. IIeoo6z~ Ex aoG 6~aye6ppazog zo6zov 
cpaiveza~ ~ T L  Ex zoG n a e a o x ~ w & o p a ~ q  (A) zoG 6 5 ~ ~ 6 i o u  ZOG &ey~hhiov 
hapfi&veza~ n a ~ a o x e 6 a o p a  p8 p~yiozqv E ~ ~ L X ? ) V  En~cpdlv~~av xaz6n~v 6~@plxijg 
xazeeyaoiag eig z06g 250•‹C (S(~)=566m'.g-'), Ex 62 zoG (B) eig zo6g 200•‹C 
(S(*, =748 m2.g1) dni fipioeov. 
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Abstract 

Preparation of  Aluminum oxides by freeze drying and conventional drying 
techniques, and their differences in relation to the values of certain physical 
characteristics. 

In the present work aluminum-oxides are prepared by the freeze drying and 
conventional drying techniques using the same aluminum hydroxide. These 
aluminum oxides undergo thermal treatments under various temperature and time 
conditions. In the products of the thermal treatments, the specific surface, porosity 
and pore size distribution, as well as the adsorptive capacity of alizarin from ethyl 
alcohol solutions are determined. 

The comparison of the values of these physical characteristics shows that the 
aluminum oxide prepared by the freeze drying techinque has higher specific 
surface area and adsorptive capacity, and different pore size distribution as well, 
than the aluminum oxide prepared by the conventional drying technique. 

Key Words: Aluminum oxide, Freeze drying, Thermal treatment, Specific surface, Porosity, 
Adsorptive capacity. 
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Summary 

In the present communication, the synthesis and mass spectra of 3-deoxy-3-halogen0 
derivative$ of D-glucose and D-glucitol are described. 

The effect of the halogen atom on the fragmentation pathways of these derivatives, as 
well as, the dependence of the fragmentation pathways of halogeno-sugars on the position of 
the halogen substituent are discussed. 

Key words: glucose, glucitol, halogen0 derivatives, mass spectrometry. 

Introduction 

As part of an investigation of the chemical and biological properties of 
nucleosides containing deoxyhalogenohexopyranoses' the effect of the halogen 
atom on the fragmentation pathways of 6-deoxy-6-halogeno-a-D-glucopyranose 
tetra-acetates in electron impact (EI) mass spectrometry has been described.' We 
now report an extension of this investigation to hexose derivatives containing 
halogen atoms bcated on secondary positions. 

A mass spectrum of 1,2,4,6-tetra-0-acetyl-3-deoxy-3-fluoro-p-D- 
gluocopyranose (I,X=F) has already been de~cribed;~ the bromo-analogue 
(I,X=Br) and the chloro-analogue (I,X= Cl) have now been investigated together 
with 3-bromo-3-deoxy-D-glucitol (11, X=Br, R=H) and its penta-acetate (11, 
X=Br, R =Ac), 3-chloro-3-deoxy-D-glucitol (11, X= Cl, R =H) and its 
penta-acetate (11, X=Cl, R=Ac) and additionally, 3-fluoro-3-deoxy-D-glucitol 
(11, X=F, R=H). 

(Formulae I and I1 hereabouts) 
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Treatment of 3-chloro-3-deoxy-D-gluocose4 with pyridine-acetic anhydride 
gave the crystalline p-tetra-acetate (19%) and 73% of a syrupy tetra-acetate 
containing the a-and p-forms in the ratio 4:l. Likewise, acetylation of 
3-bromo-3-deoxy-D-glucose4 gave 27% of the crystalline p-tetra-acetate and 54% 
of syrupy tetra-acetate containing the a-and p-forms in the ratio 2:l. 

In the fragmentation of 1,2,4,6-tetra-0-acetyl-3-deoxy-3-fluoro-p-D- 
glucopyranose3 on E1 mass spectrometry, the cleavage of the C-C- bond in the 
grouping C-C (F) is significantly inhibited by the fluorine substituent. 

In parallel with observations on other hexopyranose  derivative^^,^ there is a 
loss of the substituent attached to C-3 in 1,2,4,6-tetrauacetyl-3-chloro-3-deoxy- 
p-D-glucopyranose. This process is reflected in the mass spectrum by the 
prominence of the ions of the c series m/e 157, 115 (100%) and 73 (20%) and b 
series m/e 242, 200 (30%), 158 (17%), 140 (25%) and 98 (75%) (see fig. 1 for 
designation of fragmentation pathways). No molecular ion is evident but loss 

FIG. 1. Fragmentation pathways for tetra-acetates of 3-bromo- and 3-dhloro-3-deoxy-,S-D- 
glucopyranose (cf. Scheme 3, ref. 2). Intensities (in parentheses) are-relative to that of the peaks at m/e 
115 (chloro-derivative) and m/e 81 (bromo-derivative) as 100%. 

Designation of pathways (e.g.A,B, etc.) and ions (e.g. al, bl, etc.) follows the system used by 
Kochetkov and chizhov.' 
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therefrom of either Ac' or AcO' (a series) gives peaks at m/e 323/325* and 
307/309 respectively (Figure 1). In constrast to the 3-fluoro derivative, no further 
peaks of the a series are present in the spectrum of the chloro analogue, possibly a 
result of the preferred loss of Cl ' from ions m/e 323/325 to give m/e 288/290 
(-0.9%) and of HC1 from al to give m/e 2711273. The pair of ions (m/e 293/295) 
corresponding to loss of -CH20Ac from C-5 (d series) can be seen in the spectrum. 
Also discernible is a small peak (m/e 33 1) resulting from the loss of Cl c from the 
molecular ion. 

In the spectrum of 1, 2, 4, 6 -tetra-0-acetyl-3-bromo-3-deoxy-~-D- 
glucopyranose, the peak, m/e 33 1, resulting from the loss of Br - from the molecular 
ion is substantial and the subsequent loss of ketene (to give m/e 289) and then acetic 
acid (to give m/e 229) can be seen. Of the four 6-deoxy-6-halogeno-a-D- 
gluocopyranose tetra-acetates, only the iodo derivative lost atomic halogen from 
the molecular ion1 and the observations reported herein again illustrate the greater 
tendency for loss of a substituent attached to C-3 in hexopyranose derivatives. The 
first ions of the a, b, c, and d series, m/e 351, 242, 157, and 337 respectively, are 
present in the spectrum of-the 3-bromo-derivative; in this respect and in the 
subsequent fragmentation of these ions, the bromo-analogue closely resembles the 
chloro- and fluoro-derivatives .3 

The fragmentation pathways of the penta-acetates of 3-bromo- and 
3-chloro-3-deoxy-D-glucitol are similar to that of the 3-fluoro-anal~gue.~ The 
salient features (Table I) can be illustrated by reference to the spectrum of the 
bromo-compound. 

The peak at highest mass in the spectrum results from the loss of CH3C02* 
from the molecular ion. All the ions from the primary fragmentationss between 
adjacent carbon atoms are present in the spectrum, although as for the 
3-fluoro-derivative, the cleavage of the C-C bond in the C-C (Br) group is 
inhibited. The spectra of the chloro and bromo derivatives each show a peak 
corresponding to loss of halogen radical from the molecular ion. 

TABLE I: Principal fragmentation pathways for the molecular ion and primary fragments of 
penta-acetates of 3-deoxy-3-halogeno-D-glucitols (Relative intensjties in parentheses). 

Halogen Cl Br Origin of ion 

Halogen-containing ions 
351(1) 395(1) M- AcO 
337(8) 381(3.5) Cz-Cz or CS-G cleavage 
265(15) 309(13) C2-C3 or C4-CS cleavage 
235(20) 279(10) 5C IY fragment-AcO-CHzCO 
193(I) 237(I) C344 cleavage 
163(15) 207(10) 4C IY fragment-AcO-CHzCO 

Ions resulting from loss of Halogen 
375(1.5) 375(0.8) M-Cl or Br 
315(4) 315(30) 375-AcOH 
217(12) 217(8) C3-C4 cleavage 
145(100) 145(100) C4-CS cleavage 
115(55) 115(22) 3C IY fragment-AcO-CHzCO 
103(52) 103(52) 145-CHzCO 
73(16) 73(14) 115-CHzCO 

' Ions containin chlorine and bromine each give rise to two peaks due to the presence of the pairs of isotopes B 35Cl, 3 7 ~ ~  and Br, * ' ~ r .  When only one component ion is referred to, it is that containing 3 s ~ ~  or 7 9 ~ r .  
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Mass spectra of the 3-deoxy-3-halogeno-D-glucitols could be interpreted by 
analogy with the scheme reported for 1,6-dibromo-l,6-dideoxyhexitols? Thus, 
cleavage of C-C bonds within the carbon chain produced primary fragments (Figure 
2) of low abundance which yielded more abundant ions by further losses of H20 
(Table 11). Molecular ions were absent. Possible ambiguity in the assignement of 
some of the fragments in the mass spectrum of 3-deoxy-3-fluoro-D-glucitol caused 
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C H l O R  CHZOR CHaOR CH,OR CHzOR CH-OR 

I 
H COR 

I 
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I- 
HCOR 

I 
HCOR 

I 
HCHOR 

I 
CHIOR 

I 
X C H  
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I + 
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FIG. 2. Primary fragments formed from 3-deoxy-3-halogenohexitols (R =H) and theirpenta-acetates 
/R =Ac) by cleavage of C-C bonds in the polyol chain. For m/e values, see Tables I and II. 

TABLE 11: Ions in the mass spectra of 3-deoxy-3-halogeno-D-glucitols. (Relative intensities in 
parentheses.) 

Halogen F Cl Br Origin of ion 

Halogen-con taining ions 
153(0.5) 169(0.2) 213(0.2) C5-G or Cl-C2 cleavage 
135(18) 151(13) 195(8) SC 1' fragment-H20 
123(0.5) 139(0.5) 183(0.5) C2-C3 or C4-C5 cleavage 
105(19) 121(20) 165(12) 4C 1' fragment-H20 
93(0.7) 109(1) 153(-) C3-C4 cleavage 
75(22) 91(14)~ 135(5) 3C IY fragment-H20 

Ions resulting from the loss of halogen 
91(9) 91(3)~ 91(9) C3-6  cleavage 

73(100) 73(100) 73(100) 3C IY fragment-H20 
61(36) 61(66) 61(60) CeCs or C2-C3 cleavage 
43(34) 43(85) 43(80) 2C fragment-H20 

a Since these ions have the same integral m/e values, the contribution Of the 3s~-containing ion to the 
total intensity of m/e 91 (17%) was assessed by relating it to the corresponding 37Cl-containing ion at 
m/e 93. 

by the absence of halogen isotopes was resolved by examining the spectrum of the 
0-deuterated analogue formed by exchange with CH30D. The number of hydroxyl 
groups in a fragment corresponded to the increase in m/e value following 
deuteration.7 In contrast to the corresponding penta-acetates, there was neither 
marked inhibition of cleavage of the C-C bond in the grouping C-C (halogen =X) 
nor loss of X from the, molecular ions of the chloro- and bromo- derivatives. 
Variable thermal loss of HX was evident, particularly from the bromo-derivative, as 
a g h t  be expected from the presence of five unprotected hydroxyl groups. 
Nevertheless, the mass spectra show that it is not necessary to protect the hydroxyl 
groups in order to obtain useful structural information. 
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TABLE 111. Data on 3-deoxy-3-halogeno-D-glucitols and their penta-acetates 

Eeld M.p. or b p  Formula 
% 

Analysis 
Found Calc. 

glucitol 
1,2,4,5,6-Penta-0-ace- 99 b.p. 192"l C16H23C1010 C,46.8;H,5.6;C1,8.5. C,46.8;H,5.6;Cl,8.5. 
tvl-3-chloro-3-deoxv- 0.1 Ton 

glucitol (decamp.) 
1,2,4,5,6-Penta-0-ace- 98 b.p.188"/ C16H23Br010 C,41.7;H,4.9;Br,18.2. C,42.2;H,5.1;Br,17.6 
tyl-3-bromo-3-deoxy- 0.1 Tom 

Thus, since the fragmentation pathways of halogeno-sugars are significantly 
dependent on the position of the halogen substituent, mass spectrometry may be 
used to deduce the location of such substituents. 

Experimental 

Column chromatography was performed on Kieselgel (Merck, 7734) except 
where stated otherwise. N.m.r, spectra were recorded with a perkin-klmer R-10 
spectrometer on approximately 10% solutions in CDC13, using TMS as internal 
standard. Mass spectra were recorded with an AEI-MS12 instrument operating at 
an ionizing potential of 70eV, trap current of 100 yamp with direct introduction of 
samples into the ion source at 100" (for acetates) or 140" (for deoxyhalogenohex- 
itols). The ion m/e 43 gave the strongest signal in the mass spectra of acetates, but 
the next most intense ion was most conveniently used as the base peak (100% 
relative intensity). 

1,2,4,6-Tetra-0-acetyl-3-chloro-(and bromo-)-3-deoxy-P-D-gluocopyranose. 
A solution of 3-deoxy-3-chloro-D-glucose4 (200 mg) in pyridine (2.5 ml) 

containing acetic anhydride (2 ml) was kept at room remperature for 5h. After 
several distillations of toluene from the reaction mixture, the residue was eluted 
from kieselgel with light petroleum (b.p. 40-60")-ether (2:l). On trituration with 
ether the product partially crystallized. Recrystallization of this material (69 mg, 
19%) from light petroleum (b.p. 40-60")-ether gave 1,2,4,6-tetra-0-acetyl-3- 
chloro-3-deoxy-0-D-glucopyranose, m.p. 119-120" [ a ] ~ ~ ~  +Io (c 0.5, chloroform) 
(Found: C, 45.5; H, 5.2; Cl, 9.4. C14H19C109 calc.:C, 45.8; H, 5.2; Cl, 9.7%). 
Concentration of the mother liquors gave a syrupy mixture of the a- and 
p-tetra-acetates (268 mg, 73%), [ a ] ~ ' ~  +59O [c 1.1, chloroform) with an a:p ratio of 
4: 1, as calculated from the ratio of peak areas of H-I of the a- and P- anomers in the 
n.m.r. spectrum of the anomeric mixture: a 3.74 (d, J1,24 Hz, aH-I), 4.35 (d, 
Ji3z8H~,PH-I). 

Using the method described above, 3-bromo-3-deoxy-D-glucose4 was 
converted into 1,2,4,6-tetra-O-acetyl-3-bromo-3-deoxy-~ucopyranose 
(27%), m.p. 112", [ a ] ~ ' ~  +loo (c 0.5, chloroform) (Found C, 40.9; H,4.4; Br, 19.3. 
C14H19Br09 calc.: C,40.8; H,4.6; Br,19.5%). The syrupy mixture of the a- and 
p-tetra-acetates (182 mg, 54%) had [aIDz5 +44" (c 1.6, chloroform) and an a:p ratio 
of 2:1, as determined by n.m.r. spectroscopy: a 3.75 (d, J1,z 4Hz, aH-I), 4.37 
(d,J1,28Hz, pH-I). 
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3-Chloro-and 3-bromo-3-deoxy-D-glucitol and their penta-acetates. 
The deoxyhalogenoglucitols were prepared by reduction of the parent sugars 

with sodium borohydride and were acetylated with pyridine-acetic anhydride, by 
procedures analogous to those described for the preparation of 3-deoxy-3-fluoro- 
D-glucitol and its penta-a~etate.~ The data on the products are given in Table 111. 
Yields of the deoxyhalogenohexitols and their penta-acetates refer to the parent 
halogenohexoses and polyols respectively. 

Zth&.wq xciZ 2vyx~inx l j  MEA-kq Z C ~ Y  @(TG;U&ZWY Mhf'Tl~, 3-Aeo&~-3- 
dAoyovo;napydywv D-TAvxdf;rlq x d  D-TAvxizdAq~. 

2 . ~ 4 ~  Eeyaoia adzq n~eiyeacpovzai fl o6vfleoq xai t2 r  cphopaza yaG6v 
naeayhyov D-yhvx6l;qg xai D-yhvxi.c6hqg, bnoxazsozqp6vov pb dhoy6vo o-cb 
C3. 

2ul;yzeim~ fl Eni6~aoq ZOG dhoy6vou nhvm ozodg pqxm~opodg oxho~og 
xi3v n a ~ a y h y o v  a h b ,  xafliog Enioqg xai fl EEJt~zqoq zi3v pqxwiop6v oxho~mg 
dhoyovona~ayhyov oaxxheov, hnb zfi 66oq zoG dhoy6vou ozb ~ 6 ~ 1 0  zoG 
oaxxhQou. 
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Resume 

Les auteurs preparent des esters et amides de l'acide dimethyl-3,5-isolique -4, en 
faisant reagir le chlorure de ce dernier sur des alcoylaminoalcools et des N,N- 
alcoylethylene (ou propylene) diamines. Les composes synthetises ont ete soumis a un 
screening pharmacologique. 

Introduction 

Des travaux effectues dans le domaine de l'isoxazole ont revele que des 
composes contenant ce noyau possedent des actions biologiques.' Selon la 
litterature, des isoxazoles substitues presentent une des activites suivantes: 
Antiandr~gene,~ antimi~robienne,~ antiinflammatoire, antipyretique, analgesique, 
anticonv~lsive~,~ et antidiabetiq~e.~ Particulierement, certains des esters et des 
amides de l'acide bisubstitue-3,5 isoxazolique-4 exercent une action antirnicrobi- 
enne,7 antiarythmique et anesthesique 10cale.~ 

Le present travail concerne la synthese de quelques dialcoylaminoalcoyl 
esters et amides de l'acide dimethyl-3,5-isoxazolique-4. D'une maniere generale 
tous les derives ont ete synthetises en faisant reagir l'alcoylaminoethanol (ou 
propanol) ou alcoylaminoethyl (ou propyl) amine, appropriee avec le chlorure de 
l'acide dimethyl-3,5-isoxazolique-4. Selon la litterature, on obtient ce dernier, en 
utilisant comme matiere premiere l'ester ethylique de l'acide diacetylacetique9 
que l'on fait reagir avec le chlorhydrate d'hydroxylamine1•‹ pour obtenir 
l'ethylester de l'acide dimethyl-3,5-isoxazolique" qui subit une saponification 
avec une solution d'hydroxide de potassium pour donner l'acide correspondant;" 
ce dernier est transforme en son chlorure a l'aide de chlorure de thionyle12 
(Schema 1). 

CH,, , COOC,H, CH, COOC?H, 
C - C H  

CH, COOH 

\ H2NOH HCI 
0•‹', CH, NQcH3 N5cH, 
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TABLEAU 1. 

No X R n -N<j Base libre HCL A IR Absorption Analyse 

~ d t %  E"c1mmHg FC Fdc C=OCIII" N H C ~ "  

n 
-N CH, 
U 

n 
-N N-CH, u 

11 O CH, 1 -N(CHJ2 75 136-8110 - 201-3 1725 

12 O H 1 -N(n-C,H,), 90 200-4125 102-4 1725 

13 O H 1 -N(i-GH7)2 85 182-6120 - 135-5 1725 

14 O H 2 -N(CH3), 75 174-6125 - 160-2 1725 

CHNCl 

CHNCl 

CHN 

CHN 

CHN 

CHN * 

CHN 

CHN 

CHNCl 

CHNCl 

CHNCl 

CHNCl 

CHNCl 

CHNCl 

84 212-4125 152-4 1725 CHNCl 

-1 

1 7 0 H  2 92 246-8125 - 162-4 1720 CHNCl 

18 NH H 1 -N(CHJ2 76 - 74-6' 172-3 1650 3300 CHN 

19 NH H 1 -N(GHs), 85 198-200110 - 104-6 1650 3300 CHNCI 

76-8" 103;5 1650 3300 CHN 

- 71-2.' 150-2 1650 3300 CHN 

22 NH H 1 - s a  98 - 87-9" 89-91 1650 3300 CHN 

* Recristallise dans Pentane. 
" Recrystallise dans ether-pentane. 

"* Bis-Ha. 
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TABLEAU DES ANALYSES 

1 Formule Analyse 

No moleculaire C% H% N% 

Calc. TI. Calc. Tr. Calc. Tr. Calc. Tr. 

Les composes synthetises ont ete soumis a un screening pharmacologique 
destine a reveler leur toxicite et leurs eventuelles activites biologiques. 

La toxicite aigue des produits etudies varie de 200 a 800 mg/kg chez la 
souris par voie intra peritoneale. 

Par ailleurs, des essais, realises chez la souris, n'ont revele aucune action 
stimulante ou sedative,13 analgesique,14 antihistaminique et anticholinergique,15 
adreanolytique16 et spasmolytique musculotrope17 que l'on pourrait caracteriser 
comme importante. 
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Partie Experimentale 

Les points de fusion qui ont ete obtenus a l'aide d'un appareil de Buchi ne 
sont pas corriges. Les spectres IR ont ete enregistres sur un appareil Beckmann 
IR-4. 

Les analyses elementaires'ont ete effectuees au Laboratoire de Microanaly- 
se de la Societe CIBA (Basel, Suisse) que nous remercions vivement. Les resultats 
obtenus sont conformes aux valeurs theoriques avec une approximation de I 
0,3%. 

Chlorure de 'l'amide dimethyl-3,5 isoxazolique-4 (1). 
On l'obtient en faisant reagir 14 g d'acide correspondant avec 50 ml de 

SOC12 a reflux pendant 3h. L'exces de chlorure de thioxyle est elimine sous 
pression reduite et le residu est seche en ajoutant 3 fois du benzene anhydre que 
1'011 distille ensuite (formation d'un melange azeotropique). On elimine totale- 
ment le solvant et distille le residu. On obtient le chlorure avec rendement de 86% 
(13,7 g). 

Eb12 90-92" (litter, Ebz 503" 

Dialcoylaminoalcoyl esters et amides de l'acide dimethyl-3,s isoxazolique-4 (2). 
On melange une solution de 1,25 mole de dialcoylaminoethanol (ou 

propanol) ou dialcoylaminoethyl (ou propyl) amine approprie dans 70 ml de 
chloroforme avec une solution de 1,25 m mole de carbonate de sodium dans 15 ml 
d'eau. Dans la solution ainsi obtenue on additionne 1'25 m mole de chlorure 
prepare ci-dessus que nous avons dissous dans 50 ml d'ether anhydre. L'addition 
se fait lentement et sous agitation (1 heure env.). On lave a l'eau la couche 
chlorofonnique, seche sur sulfate de sodium et evapore le solvant. Selon le 
produit, la 'purification se realise par distillation ou par recristallisation. 

Ces produits, qui possedent une fonction basique, sont par la suite 
transformes en leurs chlorhydrates qui sont recristallises dans un melange 
ether-ethanol absolu (Tableau 1). 

Abstract 

Syn thesis and pharmacological activity of isoxazole deriva tives. 
A series of esters and amides of the 3,5-dimethyl-4-isoxazolecarboxylic acid 

is reported. The products were obtained by reaction of the proper dialkylaminoal- 
kylalcool or amine with 3,5-dimethyl-4-isoxazolecarbonyl chloride. A preliminary 
pharmacological evaluation is given. 

Key words: 3,5-~imeth~~-4-isoxazolecarbox~lic acid. 3,5-Dimethyl-4-isoxazolecarbonyl chlo- 
ride: Dialkylaminoalkylesters, amides. Pharmacological evaluation. 
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SYNTHESE D E  N-DJALCOYL CARBAMOYL METHYL BENZAMIDES 

DEMETRIOS LAMBROU 
Laboratoire de Pharmacie Chimique de l'Universite d'Athenes, 104 rue Solonos, Athenes (144) Grece. 
(Recu le 22 Mars, 1978) 

Resume 

Les auteurs decrivent la synthese d'un certain nombre de composes nouveaux, deriyes 
de l'alcoxy-2 methoxy-3 N-dialcoyl carbamoyl methyl benzamides. 

Terminologie: Synthese de nouveaux N-dialcoyl carbamoyl methyl benzamides 

Introduction 

Nous avons entrepris ce travail dans l'espoir de synthetiser des produits qui 
possedent une action calmante et tranquillisante a la fois, mais qui ne sont pas de 
somniferes. 

G. Cronheim, J.T. Gourzis et I.M. Tockesl ont decrit un tel produit, le 
trimethoxy 3,4,5-benzoylglycine diethylamide pourvu d'une action phar- 
macologique particulierement intense; cette action, se manifeste avec une 
tranquillite qui est caracterisee par un sommeil normal et sans action sur les muscles 
squeletiques apres le reveil. 

Par ailleurs, il faut signaler que des travaux concernant la synthese et l'etude 
d'une variete d'amides des acides trimethoxy-benzoique et trimethoxycinnamique 
avec certaines amines de serie heterocyclique ont ete deja et que des 
transformations au niveau du groupement acyl et de l'azote arnidique ont donne des 
produits avec une action sur le C.N.S." 

Ces travaux et aussi la relation structurale qui existe entre les amides et les 
esters carbamidiques nous ont pousse a synthetiser une serie de nouveaux composes 
de formule generale 1. 

Ce travail se trouve dans le cadre de recherche de notre Laboratoire qui 
concerne la synthese des amides et des estqs des acides alcoxy-2 methoxy-3 
benzoiques." 

La preparation des produits obtenus, dont l'etude pharmacologique se trouve 
au stade de realisation, a ete realisee en trois etapes (Schema 1) selon le brevet 
Americain No 2,956,08113 que nous avons modifie afin d'obtenir de meilleurs 
resultats. 
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Schema 1 

La premiere etape comprend la synthese des esters ethyliques des alcoxy-2 
methoxy-3 benzoyl glycine (III) en faisant reagir l'ethyl ester de glycine, avec les 
chlorures des acides alcoxy-2 methoxy-3 benzoiques (II). La deuxieme etape 
comprend la transformation des esters en leurs hydrazides (IV) et la troisieme la 
transformation des hydrazides en azides a l'aide de l'acide nitreux; ces derniers 
reagissent avec les amines secondaires pour donner les N-(dialcoyl corbamoyl 
methyl) alcoxy-2 methoxy-3 benzamides (1). 

Partie experimentale , 

Les points de fusion qui ont ete pris a l'aide d'un appareil de Buchi, ne sont 
pas corriges. Les analyses elementaires ont ete realisees dans les Laboratoires de 
CIBA A. G. Base1 (Suisse) que nous remercions et les resultats se trouvent dansles 
limites de *0,4% par rapport aux valeurs theoriques. Les spectres IR ont ete 
enregistres sur un appareil Beckman IR-4 et deux de resonance magnetique 
nucleaire sur un appareil Varian A60. 

Afin de preparer les derives de l'acide alcoxy-2 methoxy-3 benzoique, nous 
avons utilise comme matiere premiere la vanilline. Les derives substitues en 
position ortho sont synthetises a partir de O-vanilline que l'on soumet a une 
alcoylation en presence d'un agent basique soit a l'aide d'un dialcoyl sulfate (derives 
methoxy et ethoxy) soit a l'aide d'un halogenure d'alcoyle (derive propoxy). Les 
aldehydes obtenus sont ensuite oxydes par le permaagnate de potassium en acides, 
dont nous avons prepare les chlorures en les faisant reagir avec chlorure de 
thionyle.12 

N-(alcoxy-2 methoxy-3 benzoy1)-glycinethyl ester (III) 
Dans une suspension de 0,02 mole de chlorhydrate de glycinethylester dans 

100 ml de chloroforme on ajoute 0,04 mole de triethylamine. Dans la solution 
obtenue on ajoute 0,02 mole de chlorure d'acide alcoxy-2 methoxy-3 benzoique en 
solution dans 50 ml de chloroforme. Le melange est chauffe a reflux pendant 3-4h. 
On elimine le solvant sous pression reduite, triture le residu dans l'ether et filtre afin 
de separer le sel de l'ahine insoluble. La solution limpide etheree est traitee deux 
fois par une solution de bicarbonate de sodium a IO%, lavee deux fois a l'eau et 
sechee (Na2S04). Apres filtration et elimination du solvant on obtient un residu 
huileux qui crystallise dans l'ether du petrole. 

On trouve ci-dessous les produits prepares avec leurs analyses, rendements et 
constantes physiques. 
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a) N-(dimefhoxy-2,3 benzoy1)- glycinethylester. 
Rdt.: 93%' F:60-62" C. 
Ci3Hi7NOs: Calc. %: C: 58,42 H: 6,41 N: 5,24 
(267,26) Tr. %: 58,43 6,53 5,29 

b) N-(ethoxy-2 methoxy-3 benzoy1)- glycinethylester. 
Rdt.: 70%, F:54-56" C 
CI~HWNOS: Calc. %: C: 59,77 H: 6,81 N: 4,98 
(281'29) Tr. %: 59,57 6,62 4,82 

e) N-(n-propoxy-2 methoxy-3 benzoy1)-glycinethylester. 
Rdt.: 66%, F52-54" C 
CisH2iNOs Calc. %: C: 61'01 H: 7,17 N: 4,71 
(295,32) Tr. %: 61'02 7,25 4,84 

N-(alcoxy-2 methoxy-3 benzoy1)-glycine hydrazide (IV). 
Dans une solution de 0,01 mole de N-(alcoxy-2 methoxy-3 benzoy1)- 

glycinethylester dans 40 ml d'ethanol absolu on ajoute 0,014 mole d'hydrate 
d'hydrazine et l'ensemble est laisse au repos pendant une nuit. On evapore la moitie 
du solvant et l'hydrazide qui precipite est filtre, lave a l'ether et seche. On 
recristallise dans ethanol abs./ether anhydre. 

On trouve ci-dessous les produits prepares avec leurs rendements, analyses et 
constantes physiques. 

a) N-(dimethoxy-2,3 benzoy1)-glycine hydrazide 
Rdt.: 94%, F:108-110" C. 
CiiHi5N304: Calc. %: C: 52,17 H: 5,95 N: 16,59 
(253'25) Tr. %: 52,44 6,18 16,68 

b) N-(ethoxy-2 methoxy-3 benzoy1)-glycine hydrazide 
Rdt.: 92%, F:80-82" C. 
CizH17N304 Calc. %: C: 53,95 H: 6,40 N: 15,71 
(267,30) Tr. %: 54,12 6'52 15,52 

c) N-(n-propoxy-2 methoxy-3 benzoy1)-glycine hydrazide 
Rdt.: 81%, F:143-145" C. 

. C13H19N304 Calc. %: C: 55,50 H: 6,81 N: 14'94 
(265,30) Tr. %: 55,35 6,85 14,79 

N-(dialcoyl carbamoylmethy1)-alcoxy-2 methoxy-3 benzamides (1) 
Dans une suspension de 0,016 mole d'hydrazide (IV) dans 15-20 ml d'eau, 

refroidie dans un melange glace-sel, on ajoute sous agitation mecanique 3 ml de 
HCL 6N puis 50 ml de chloroforme. On ajoute alors, toujours sous agitation et 
refroidessement 0,017 mole de nitrate de sodium en solution dans 3 ml d'eau. 

L'addition se fait de maniere a maintenir la temperature inferieure a 3" C. 
Apres l'addition, on continue l'agitation pendant 1/2h toujours a froid, separe la 
couche chloroformique, tandis que la couche agueuse est extraite une fois au 
chloroforme. Les couches chloroformiques unies sont traitees deux fois par une 
solution de bicarbonate de sodium a 10% et lavees deux fois a l'eau. Apres avoir 
seche (Na~S04) on elimine le solvant jusqu'a 50 ml env. Dans cette solution on 
ajoute 0,032 mole d'amine, le ballon est ferme et le melange est laisse au repos 
pendant une nuit. On elimine alors le solvant et recristallise le residu solide dans un 
melange ethanolh-pentane. 
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Les produits obtenus sont mentionnes dans le tableau 1, avec leurs 
rendements, leurs analyses et leurs constantes physiques. 

Analyse 

No R - ~ < . , j  Rtd % F T  Formule C% H %  N% 
' Moleculaire 

Calc. TI. Calc. TI. Calc. Tr. 

Etude spectrale IR et NMR 

a) N-(Alcoxy-2 methoxy-3 benzoyl)- glyculethyl esters (III) 
IR (Nujol) cm-' 3345 (-NH-COPh), 1745 (-CO-OCZHS), 1640(-CONH-). 

NMR (CDC13)6 4,lO-4,50(m, -CHZ-COOCHZCH~), 8,83(bs, -NH-), 1, 
33(t,-CH3) et 3,94 (s,-OCH3) ppm. 

b) N-(Alcoxy-2 methoxy-3 benzoyl)-glycine hydrazides (N) 
IR(Nujo1)cm-' 3320-3400(-NH-COPh), 3330-3320(-NH-), 3520-3580(- 

NHz), 1640-1655(-NHCO-Ph), 1635-1680(-CONH-N-) 
NMR(CDC13)G 4,lO-4,43(m,-CH*-), 8,92(bs,-NH-C=), 8,45(bs,-NH-N-), 

3,8(bs,-NHz) et 3,94 (s,-OCH3) ppm. 

c) N-(Dialcoyl carbamoylmethy1)-alcoxy-2 methoxy-3 benzamides (1) 
IR(Nujo1)cm-' 3340-3360(-NH-COPh), 1630-1650 (-NHCO-Ph), 1660- 

1680 (-CON<) 

- 

~ ~ ( ~ ~ ~ 1 3 ) 6 4 , 3 2 ( m , - ~ ~ ~ - ) ,  9,20-9,25 (bs,-NH-) et 3,94(s,-OC&) ppm. 
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Abstract 

N-Dialkyl Carbamoylmethyl benzamides 
Reaction of glycine ethyl ester with 2-alkoxy-3-methoxy-benzoyl chlorides 

(II) gave the esters (III), which were earily converted to derivatives (IV) with 
hydrazine hydrate. 

Reaction of (IV) with Sodium nitrite in the presence of acid gave the azides 
which with secondary amines, the final products N-(dialkyl carbamoylmethy1)-2- 
alkoxy-3-methoxy-benzamides (1) were obtained in high yields. 

N-A eaAxvAo xa~/3apovAop~6vAo /3~vtaplbia 
Eic z T ) ~  E~yaoiav a6~T)v nee~yeciqma~ fi ( S ~ Y ~ E O L S  VEWV f i~v<ap~6 iov  ZOG 

yev~nou & c o u  (1,R-CH3, C2H5, C3H7-q). Ta n ~ o i 6 v ~ a  a6za Ehfjcp8qoav eic zeia 
oZ&6~a na i  eic nahac &no66ae~c. 

Eig zT)v n@Ozqv cp&o~v n a ~ a o n ~ u & < o v ~ a ~  oi. N-(2-6hno~w-3-p~60~u 
fi~v~oUho)-yhvx~va~6vh~oaE~~g (III) 6% ~ 6 v  &vz~otoixov 2-6hxo~u-3-p~6oEu- 
P ~ v ~ o U h o ~ h o ~ ~ 8 i o v  (II) pE z T ) ~  E n i 6 ~ a o ~ v  zou ai&uheo~E~oc tijc yhvnivqg. 'En 
z6v E u ~ E p v  (III), 61' E ~ L ~ Q & ( S E O S  Ev6B~ov 66@a&~qs, hapPhvovza~ Z& 

& V T ~ U T O L X ~  N-(2-6hxoEu-3- pe60&~ fi~v~o2iho)-yhun~~u6~a~i6~a (IV) a& 6nola 61,' 
&vz~be&oeoc peza v~z~O60wc vazeiou eic &$LVOV n~@~fi&hhov, p ~ ~ a z g E n o v z a ~  E ~ S  
za  &v-ciozoixa ol;i&a, z& h o i a  peza ~ E V T E Q O T ~ W V  O1p~vWv 6i6ouv Z& Z E ~ L ~ C ~  

N-(&ahnuho n a ~ f i a p o u h o p ~ ~ u h o ) - 2 - 6 h n o ~ u - 3 - ~  (1). 
Tir ngoi6vza za ika  na~eoneu&a6qoav 61a va 6noPhq60Uv ~ i c  

cpaepanohoy~n~v Ehayxov, 0 c  f i@ep~oz~na na i  Z O Z L X T ) ~  ba~o8qz~nT)v  6 ~ 6 o l v .  
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