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w-ALCOYLAMINOETHYLESTERS D'_E, L’ACIDE PHENYLTHIO-
ISOBUTYRIQUE. CHIMIE ET ACTIVITE PHARMACODYNAMIQUE

TH. SIATRA-PAPASTAICOUDI, Z. PAPADOPOULOU-DAIPHOTI, G. ) DEMET-
RAKOPOULOS. s

Laboratoires de Pharmacie Chimique et de Pharmacologie Expérimentale de
I'Université d’Athénes-Gréce.

- (Regu le. 19 Mai, 1977)
Resumé

Les auters préparent une série de produits nouveaux, derivés des acides mono, di et
trichloro thioisobutyriques de constitution voisine a celle du clofibrate et étudient leur
activité hépatoprotectrice vis-a-vis des lipides. o '

Terminologie: Dérivés du phenylthioisobutyrique acide.

Introduction

Au cours de recherches expérimentales sur certains dérivés de I’acide
aryloxy-isobutyrique sur la souris, Thorp et Waring’ ont remarqué que ces
substances diminuaient les concentrations au niveau sanguin des lipides totaux et du
cholestérol. : : : I

Le plus actif de ces composés était le clofibrate, c’est-a-dire le
p-chorephénoxy-isobutyrate d’éthyle, qui s’unit avec les cotés anioniques de
Palbumine du sérum, comme les acides gras et la thyroxine.

- CH;
ee @o-_ £~ co00Hs

- clofibrate. _
. : J .
Le mécanisme d’action n’est pas tout a fait élucidé, mais il parait que ce
produit empéche la synthése du cholestérol au niveau du foie et augmente
Iélimination des stérols neutres.’

" Ces recherches nous ont donné I'idée de préparer certasins esters de I’acide
phénylthio-isobutyrique (substitué ou non) avec des aminoalcools, répondant a la
formule générale 1. = -

“La synthése de ces composés peut étre schematisée comme suit: o

X

(cs) = L
Ye SH CH3)2€0 +CHCE3 X s—¢ ~cooH 50Cls,
. _NaOH ! 4 !CH3

i Y@
%

. ~ X N
CHy R CHy )
i i 4
— ’X,,*QS—%—(O(EM\—R&}X,‘5—%-(00(H1(H1N<
CHg CHs Ry,

=@ N €))

ol Xi, Xz, Xs=H ou Cl et -NRiR; =diverses )ilmjnes aliphatiqlies ou
hétérocycliques. -



4 TH. SIATRA-PAPASTAICOUDI, Z, PAPADOPOULOU-DAIPHOTI G. DEMETRAKOPOULOS

Les acides thio-isobutyriques substitués (a) ont été obtenus par la méthode de
Glynn et al° qui consiste A condenser les thiophénols substitués avec ’acétone et le
chloroforme dans un milieu alcalin; ces derniers sont transformés en chlorures (b)’
qui ont été condensés avec des aminoalcools en amino-esters correspondans (1)°.

\

Partie Experimentale

Les points de fusion des substances préparées dans le présent travail ont été
pris dans l’appareil de Biichi et ne sont pas corrigés. Les solvants de cristallisation
étaient purs et anhydres. Les échantillons analytiques, recristalisées plusieurs f01s,
ont été sechés dans ’appareil d’Abderhalden sous vide phosphorique.

Acide p-chlorophényl-thioisobutyrique® (a) Xi=X;=H X;=ClI’

On chauffe dans un ballon 1 partie de p-chlorothiophénol, 5 parties d’acétone
et 1,8 parties d’hydroxyde de sodium. On ajoute ensuite petit a petit, 1,2 partie de
chloroforme et on poursuit ’ébullition pendant 5 heures, apres quoi on élimine par
distillation I’exces d’acétone. Le residu est dissous dans ’eau acidifié a I’aide d’acid
chlorhydrique et entrait au chloroforme. On seche les solutions chloroformiques,
on distille le solvant et on recristallise le residu dans1’acetone. F=101° Rendement
56%.

De la méme maniére ont été preparés les acides suivants:

(a) X;=X,=Cl, X;=H. F=123° (éther de petrole). Rendement 65%.
(a) X;=X>=X3=Cl, F=123° (éther de petrole) Rendement 72%.

Chlorure de P’acide p-chloro-thioisobutyrique® (b) X; =X;=H, X;=CI
"~ 23g (0,1 mole) d’acide p-chloro-thioisobutyrique sont dissous dans 50 ml de
benzéne anhydre et additionnés de 60 g (0,5 mole) de chlorure de thionyle. Le
mélange est chauffé pendant 3 heures et le solvant et ’excés de reactif sont éliminés.
Le residu est un liquide jaunitre huileux.
Rendement en produit brut 61%. "
D’un procédé analogue ont été obtenus les deux autres chlorures, soit:
(b) X;=X,=Cl, X;=H Rendement 60%.
(b) X;=X,=X;=Cl Rendement 65%.
- Les chlorures en question se décomposant par dlstlllatlon méme sous vide
poussé, ont été employés bruts pour ’étape suivante.

Ester de I'acide p-chlorophényl - thioisobutyrique avec le morpholinoéthanol. (1),

Xl-—X3—H X2 1 -NR1 2= -NCHZCHZOCHZCHZ

4g (0,016 mole) de chlorure correspondant [(b), X;=X3;=H, Xz—Cl] sont
dissous dans 25 ml de benzéne anhydre, en refroidissant extérieurement et la
solution obtenue est additionnée, de 4,3 g (0,048 mole) de morpholinoéthanol. Le
mélange est chauffé a I’ébullition pendant 2 heures puis, aprés refroidissement, lavé
a ’eau jusqu’a neutralité, seché sur la sulfate de sodium anhydre et évaporé a sec
sous pression reduite. La masse visquese qui reside est- purifiée par
chromatograpme sur colonne d’alumine.

La base, ainsi obtenue est transfrormée en fumarate et en 1odomethy1ate
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 préparés, figurent au tableau I avecleurs analyses
€t constantes.
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Partie Pharmacologique (*)

Le produits de structure analogue a celle du crofibrate, preparés au cours du
présent travail furent testés pour leur effet éventuel sur I’infiltration 11p1d1que du
foie par des méthodes pharmacologiques chez de rats femelles.” Pour cette
recherche expérimentale nous avons utilisé 100 rats dont les 40 ont servi comme
témoins. Tous vivaient dans les mémes conditions expérimentales durant quinze
jours de suite.

Les animaux ont été repartis en trois groupes.

Les deux groupes étaient des témoins dont I'un (Ta) se nourissait avec la
nourriture habituelle du laboratoire et Pautre (Tb) avec une nourriture de
composition suivante:

Caseine crue ’ : . 25,00g
Farine (fleurs de mais) 45,50g
Huile d’arachides hydrogénée 22,00g
Choléstérol . 3,00g
Chlorure de choline 1,00g
Acide cholique ' .0,50¢g
Acide nicotinique 0,02¢g
Acide ascorbique 0,40g
Carbonate de calcium 0,60g
Phosphate de-potassium dibasique 0,65g
Chlorure de sodium - 0,35g
Sucre ’ ‘ \ 1,00g

La troisieme groupe se nourissait avec la nourriture de composition decrite
ci-dessus dans laquelle chaque substance examinée etait melangée en pourcentage
de 1%.1° L’augmentatlon du poids des animaux ne dependant exclusivement de la
nourriture, mais aussi de ’age et du poids initial des ammaux, C’est le poids du foie
exprimé en pourcentage du pois de animal, qui donne une image représentative
des resultats de cette étude. En effet, dans la plupart des cas, ce pourcentage était
plus élevé chez les animaux traités que chez les témoins (Ta) a cause de la déposition
des lipides dans le foie, due 2 une nourriture trés riche en graisses. En général, les
valeurs voisines de 5g (= 0,5) de foie (100 g de poids d’animal) peuvent €tre
considérées comme évaluables, étant donné que 1’on constate cela dans les deux
groupes d’animaux (tableau II). -

Le degré de linfiltration lipidique dans les altérations du parénchyme
hépatique, a été exprimé d’une maniére arbitraire dans le seul but de rendre
comparables les résultats des expériences. C’est ainsi que le degré 1 désigne
simplement que le cmquleme du lobe hépatique est envahi par de lipides
sudanophiles et ainsi de suite. Le caractére périphérique ou diffus de I'infiltration
lipidique constitue un indice, pouvant servir a décéler sila déposition des lipides est
de nature dégéneratrice ou dépositive simple, étant donné qu’une infiltration
périphérique prononcée, conduit finalement a une infiltration diffuse. C’est la
raison pour laquelle les dlmenswns des gouttelettes de graisse ont aussi été .
determinées, (figure I).

* La biopsie du foie des animaux sacrifiés a été confiée au Laboratoire d’ Anatomie Pathologique
de I’'Hopital “Evangelismos”. Le Professeur Vlachos, directeur de ce Laboratoire, qu’il veuille
trouver ici nos vifs remerciements.
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TABLEAU 11
Poids Poids " Augmentation Poids du foie

) initial final de I’ du poids %  pour 100 gr P
Ref. de ’animal animal de poids d”

Moyenne Moyenne Moyenne animal
Ta © 135¢g 150 g 11,1 4,33 g + 0,18 (20)
Tb 142 g 165 g 15,8 5,6 g = 0,13 (20)
1 115 ¢ 135 ¢ 17,4 51 g = 0,18 (5)
I 140 g 170 g 21,4 4,5 g = 0,09 (5) -0,001
I 120 g 150 g 25.0 52 g * 0,22 (6)
v 135 g 145 g 7.4 6,9 g £ 0,15 (5)
\'% 125 g 155 ¢ 21,4 59 g =+ 0,18 (4)
VI 115 g 135 g 17,4 5,7 g = 0,09 (5)
viI 150 g 170 g 13,8 50g %= 0,15 (4)
A1 160 g 175 ¢ 94 4,6 g = 0,10 (5) - <0,001
IX 150 g 160 g 6,6 53¢g %012 (4) :
X 125 g 155 ¢ 21,4 43 g * 0,18 (4) -<0,001
X1 150 g 160 g 6,6 54 g = 0,15 (5) ’
X1 130 g 150 g 15,3 4,8 g = 0,09 (5) - <0,001
X111 122 g 145 g 18,8 4,9 g = 0,20 (4) - <0,001
X1v 130 g 160 g 23,0 5,6 g = 0,14 (5)
Xv 135 g 160 g 18,5 48 g = 0,15 (5) - <0,001
XVI 130 g 160 g 23,0 53 g = 0,18 (5)

* Mean *+ SEM nombre d’animaux

Le poids des animaux était controlé quotidienement' tout le .long de
Pexpérience (15 jours). Le 16° jour les animaux étaient sacrifi€s et leurs foie était
pesé et examiné attentivement pour y décéler les altérations parenchymatiques
éventuelles.

Résultats. Sur le tableau II sont rapportés le poids des animaux avant et aprés
expérience ainsi que le poids du foie exprimé en pourcentage du p01ds del’animal.

Des preparatlons histologiques de foie ont été colorées a I’hématoxy:
line-éosine ainsi qu’au Sudan IV et examinées histologiquement pour y ‘décéler les
lipides sudanophiles. La quantité de ces derniers a été caractérisée parun Node O a
5. Les dimensions des gouttelettes de grasse et leur distribution 4 la partie centrale
ou périphérique du lobe hépatique ont, aussi été déterminées. Le degré de
‘sudanophilie (0, pour le foie normal, 5 pour linfiltration compléte) ansi que la
diffusion perlpherlque ou centrale de la sudanophilie sont représentés
schématiquement a la figure 1. .

S =N wHO o

L] ) ¥ N T L} T Ll ¥ ¥ L3 1 T T L} e
1234567 89101M112i13141517 T B
FIG.1: Variation de la déposition lipidique selon la structure des substances éxaminées. Les lignes

simples au sommet des colonnes désignent la distribution des lipides 4 la perzpherle et les lignes doubles
Ia diffusion.
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En nous basant aux résultats du tableau II mais surtout sur le degré de la
déposition lipidique, comme ce dernier se présente dans la figure 1, nous pouvons
conclure, que les substances 2,8,10,12, 13 et 15 exercent un certain effet inhibiteur
de Pinfiltration lipidique du foie.

D’apres les résultats de 1’étude pharmacologique il semble que les produits
decrits ci-dessus, dérivés de l'acide thioisobutyrique présentent une action
inhibitriée de l'infiltration lipidique. La présence de soufre dans la molécule ne
change fortement la nature hypocholesterolémiante de la molécule. L’isolement du
produ1t actif ainsi que son actlon quantitative exigent une étude plus approfondie
qu1 est en route. :

Abstract

. Synthesis of new derivatives of phenylthio -isobutyric acid.

This paper deals with the synthesis of w-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 (I) were obtained.

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

Ilepidnyig
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KATI YAIKA XYZKEYAZIAY ATIO ITIOAYBINYAOXAQPIAIO

. AN. SATPEAOZ, = N. ZAATANOZ, A.Z. MEAAIAHZ,

M. MIHAKOAA-XPIZTIANOIIOYAOY xai N.A. OIKONOMOY

“Edoa ‘Opyavixiic Xnueiag, Tufjua Xnuxdv Moyavixdv tig IHoAvtexvixijc ZxoAijc ot Ilavemiotn-
uiov Oeooarovixng.

CEM g otic 28 Noepfoiov 1977)

IepiAnyn

*And tov Tavovdoio péxor xai tov Tovvio tot 1977 delypata Topipwv,
moepylueva &md dudpooa super markets xal Aha rotaotipate The Osooakovinng xal
ovoxevoopéva of doxeto dmd oxhned PVC, nadag xai v dviiotouyn ovoxrevaaoia tovg,
&vokodnrov pt ) pédodo g «Head-space» deplov YQWUATOYQAPIAG YLO TV TEQLEXTL-
®6TNTG ToUg 0 Brvuhoxrweidio (VCM).

Td& amotehéopata thg dvahioems EdeEav &t 98,2% tdv derypdtov Too@ipnmy
meQelyav Ayétego dmod 0,05 ppm VCM xai émopévog Bouoxdtav péoo otd Soua
meguextirdTiTag VCM 1dv to0o@inwy, mtov Exovv meotadt) amd v émtteomy eldindv tijg
E.OK.

Ao TV owa)»von OV avnm:ouxwv devypdrov ovousvaomg meoéxve 8L 76 6%
®v devypdtov mepLeixov Aydtego &md 1,0 ppm VCM xai 95,3% tdv devypdtov Mydtego
amo 3,0 ppm VCM.

*AEoonpeinto eival tO yeyovdg 8t o8 navéva delypa teopinwy dgv aviyveltdnue VCM,
6tav 10 dvtiotouo delypa ovoxrevaoiag meoieixe < 1,0 ppm VCM.

Svvrpfoeig: DMA: N,N-Aedvio-axetapidio, EtOEtL: Avavdviardégag, PVC: ITolvpivuho-
xAweidro, VCM: Bwvuloyhweidio povopegés, E.O.K.: Evpanaixn Oixovouxs Kowdmra.

Eicaywyn

To molvBivvroyrweidio (PVC), mov mogdyetat ug ™ nooen ontvadoug
#Ovewg Amd molvueopd Tod povopegotc degiov Prvvioyxhmowdiov (VCM), yid
v peTotots o8 TeEMKO TEOLOV xatdAAnho yid ovoxrevooia Teo@ipwy HrroEA-
Aeton ot 6guopéveg diegyaoies, dwg Efgavon, xooxivioua, tpootfxn didgpoowv
mooodétwv (compaunding),fAaon (extruction), mieon &vdpeoa o xviivogovg
(calendering) xai poggomoinon © > 3. Stig eindveg 1 »ai 2 divovrar dvriororya.
0 draypdupata ofic mohvpegionot tod VCM xal moapooxeviic goilwv PVC
VL& OVOREVACIO TEOPIUWY.

MohovéTi ol Tagamdvm 6L£anoieg vivovIal o8 OYeTIRA, f)wn)»t‘ag ﬁegptonga—
oteg, T PVC (Qm:wn, compound, £rolpo EOLOV) ®aTaxrEATel 1yxvn ToD deplov
VCM 4, 5, 6, 7, 8,

ToO oxAnEod PVC, TTOD YONOLUOTTOLEITAL OF TEOYROOULOL RALUAKRA YL OVOHREV-
oaoia Teopiuwy, ®veing Ut ™) poey UMWY, eLaldv xai doyslwv, éneEeoydle-
TOL TEQOS TEALKO TTEOLOV XwELg TNV TEOoTHY) TTAACTIROTOLNTOV KOl EXEL OYETLRA
wxon) EhaotixdnTo xai oxhnel) 9. O Adyor wod éréBoalay ™) xofon tov eivar
TEQOTEAVTOS Ol PUOLKES KOl punxavireg idLdTNTéS TOV, HTWE 1) dototy oteyavdta,

o

N ebxokn poggomoinom, N E\hewyn douiig, 7| rodooilduevn diagdveia, 1



10 . . AN, SAGREDOS S.N. ZLATANOS, A.S. MELLIDIS
‘ M. BACOLA-CHRISTIANOPOULOU, N.D. OIKONOMOU

SEauQeTrt) pnyavirt] &vtoyt, To oXerm& YounAd xndotog tagaywyfg tov L0 1

nal N uéyot moiv Aya xodvia moteudpevn wxnen toEndmtéd tov.

‘H gindva Tiig ur toEumdtnrag o0 VCM &hhake otlind petd v yvooti)
dromiotwon 1@dv Viola,”* Maltoni ' * xai &Mwv * . 10 VCM elvar
xnagxvoyévo. To yeyovog adtd dnuoveynoe mpofifuata oty xenoipomoinom
100 PVC ocdv vhxol ocvoxevooiog teo@ipmv, dudtt dmhoyxe 6 nivduvog tig
UETAVOOTEVOEWS TOU ®0HLVOYGVOU VCM 010 cvorevacpévo tedpLuo. ITpaypo-
Tnd, Poédnxe &t 10 VEM pohig ¥On ot émagn pg 10 1o@Lpo aoxilel va
petavootedn meog a0td. Emeldn td towduata s ovoxrevaociog £ovv meglopL-
Gp.évo J'cdxog, 7 ueravéotevon 1o VCM meog 10 TQé(pL].lO pdavel o Eva uéy‘w'co
OQLO ®natl vorsga ghattoverar EEoutiag The ovyxeovng (Swtxvosoog TOU OTNV
dtpdéogaga.’

T m0000Td peTOvVOoTENcENS (migration) ToU VCM 4std 1O YMxrO cuoxeva-
oiag oTo rg(’)cpl,uo yopaiverar ueraEi‘) 0,5- 20%, 10 mooootd 8¢ adtd eivar
ovvag'mon 100 £tdovg ToD TEOPipoV Ral ToT XedVOY snacpng TEOPipov %ai PVC.
‘H taxvmta ustavam:evoewg 0¥ VCM givol ouvéoTTy Tiig CUYHEVTOMoEDS
tov 010 PVC nai tiig Yeguongaociag.’”

o v dvripetdmion tod meopfApatos, mov dnpoveyet yid ™v dnudora
Uyeio | peravdotevon 1o xoutvoydvov VCM é&md 16 dAnd cvorevaoiag otod
oVOREVOOUEVO TEOPLUO KOl YLA TNV TEOOTACA TOU KOTAVOA®TIXOU %OLVOD,

. Yeomiotnruov &mwo Tig TEQLOOATEQES XMOES TEQLOQLOTLXRA BoLa TegLertndTnTag
VCM 1600 011 gurevocio 600 xal otd TQé(pL[.LO 18, 19, 20, 21, 22, 33 (p{vamag I) Ta
OQLa o0t ﬁstovvraL aocpa)cr], 20 31611 T HEYQL THQOL toEmoXoyma netgauata

6ELEav &t | wapuivoydvog dgdon 1ol VCM 8Eagtatat ausoa amd ™
ovyrévipwon tov. ** 2 Ty ‘EMGSa of dvtideon pg o moonyoldueva dmboyet
&mayogevtny SLdtoly yonouorovjoewg o0 PVC odv. eguénty teopinmv.*

"Eneldn) 8&v fitav yvootd &v ta ovoxrevacuéva pg tAnod drd PVC tedpiua
oV ®VHhOQOEOTV othv EMMvixn G&yopd megielxav fij 8y VCM, Seweioaue -
ondmipo va ggevvioovpe ™V megLentindtta o8 VCM 1600 tdv T0pipmv 800
®ol TOU VAHOT CUGHEVACIAS TOVG. -

MINAKAZX I: ITegioptotixe Sota Sid@opmv ywodv yia v mepientixétnra oé VCM ovoxsvamag
xai TEOPilov.

Xdoa Zvorevaoio TobpLpo N
Avdotoaiio XWELE TEQLOQLOUO 0,1 ppm
Bélyo 1,0 ppm 70 ocvlfhtnom 0,05 ppm Ymd ovinnom
Tahhia 3,0 ppm V1o oulnnom 0,05 ppm
Aavia 1,0 ppm ' 0,05 ppm
‘EArBetia XWELG TEQLOQLOUO xmg‘Lg TEQLOQLOUO
‘EAGda drayboevaon anayogevcm
H.IILA. XWELS TEQLOQLOUO " XwQlg TEQLOQLORD

(0 ¥éua Poloretol Yo o’vC'r]t'r]ov])
Ttahio 1,0 ppm 9:o ovlHTnom 0,05 ppm
Meydin Boettovio.  ywelg meglogLond YWELG TEQLOQLONO
*OMavdia 1,0 ppm v1d ovlHTnom 0,05 ppm .
Sovndia XWPELS TEQLOELONO 0,01 ppm é&mo 1.7.78

E.OK. - 1,0 ppm (mEotddnxe) 0,05 ppm (meotddnxe)
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*Enavaokhuan veM

EIK. 1: Audyoauua 0ofjc modvuegiouo?d 100 Bivvioyrwordiov, of uéoo diaomopds, ui ovvz:‘)goﬁ\g
Aerzovpyiag. 1. *Evegyomointis 2. Méco dLaomods xail ved. 3. "Aviideaotigos woAuuegLopod wi
ovveyolic Aertovoyiag. 4. Aoxelo oulhoyfis. 5. "Amoxvtigas 6. Engavrigas ué éugionon deouod
&goa. 7. IMeQuotgogunds xVMvdgog Engdvoewg.

EIK. 2: Awdyoauua pofis mapaoxeviic puAdwv PVC yid ovoxsvaoia 1oo@iuwv.l. ®iltgo. 2. Aoxsio
Cuyloewg xal mpoodixng PVC. 3. Aoxelo mooodfung Hyeod Bondnuixot péoov yid thv dwopdxguv-
an Vo %xevo tot VCM. 4. Aoyeio mpoodung dhadntixol péoov. 5. *Avopuxtiigag ué adyyeovn
amoudxouvon twokottwv VCM 0d Ehattwpévn micon. 6. Aoxeio xaunhiis wiéoewg yid cviloyn) Tod
compound. 7. Mayvijteg dmopaxQivosmg HetarMx®dv viixetuévav. 8. Zvoxevy) EMdoewg (Extruder-
«umovTivéCax). 9. Zuoxeut] mEQLOTREQPOUEVOV XVAIVOQwV YLi TNV magaymyh Vilhev (Kalender,
«xohGvdeay). 10. Puvduotig maxovg poihov. 11. ToaBnxtixol Yuxtixol xGAvdgor. 12. TvimTind
eUAhov o¢ géhhovs.

’AnoteAéopata

Acglypoto toogipmv mdodnxav amxd duGgopa super markets xai diha
xotaotipoto g Oeooarovixng. “H derypatolio Eyive pid god #dde pvvo
émi €EL pfjves, GO tOv Tavovdoro uéxor toOv Tovvio 10D 1977. Zuvohnd
gEerdotnrov 107 delypata ovorevaciog xal dvriotoywv Teogipwv. ‘O mEocdL-
0pLopHOg ToD VCM 0710 TeOQpLUo ®al 010 VALXO ovoxevaociag Eyive ue ) uédodo
tiic «Head-space» degiov yowpatoygoagiog. & & & 25 ’

*Amo v éEétaot) ToU VAol cuonevaciog Tdv derypudtwv meoérvipe 3T
82 deilypata (woocoatd 76,6%) mepLeiyov Arydrtego dmd 1,0 ppm VCM (mivasog
II) »ai émopévas Boltoxdtay péoa oTig TEOdLYQAWMES OV ITEOTEIVOVTAL &ITd TV
E.OK. Ao a0td, 42 delyuata (wooootd 39,2%) mepieiyov Arydtego dmd 0,1
ppm VCM. Mévov 25 deiyuata (mooootd 23,4%) EdeiEav megiextindtnta of
VCM peyoriteon dmd 1,0 ppm. *Afwonusioto eivon 10 yeyovog &t poévo 5
delyuata (wooootd 4,7%) megieiyav weQLoobtego &md 3,0 ppm VCM xai Etou
Botondtav EEw Gmod Tig mEodioryeapis mov meoteivovial ot Fakhia.
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IIINAKAS II: ‘Avdivors BivvioyAweidiov (VCM) ot tobpiue xai oé PVC- ovoxevaoia.
TABLE II: Determination of Vinylchloride (VCM) in foods and packaging of PVC.

No Eidog toopipev “Tavovdgog 1977 PePoovagiog 1977 Mégoriog 1977
Kind of foods January 1977 February 1977 March 1977
Svoxevacia Tobpuo Zvonevaoia Tebpuo Zvoxevacia Tebpipo |
Packaging  Food Packaging  Food Packaging  Food
1 ’Ehaérado (Olive Oil) 0.8 po* 0,50 pa. <01 wo.
2 ’Elawdrado (Olive Oil) . 0,3 pa. — — 0,31 w.a.
3 ’Ehatbrado (Olive Oil) — — - — 0,75 p.o.
4 *Ehoudhodo (Olive Oil) 0,7 pa. 9,37 0,05 136" patt
5 Bapfaxéhaio dnopagyaQivopévo .
(Cotton seed Oil) 0,6 p.a. 048 .o 26%** . 0,02***
6 Bapfaxéhaio (mwepLéyel Znoapéhao) -
(Cotton seed Oil) . <0,1 p.o. 0,42 po. 17,6 0,03
7 Mayeigud Amog ¥8goyovopévo
(Cooking fat hydrogenized) . <0,1 B0 -<0,1 B 0,16 B
8 Moyeiguxd Aimwog (Cooking fat) 0,5 p.o. <0,1 . 7,40 0,04
9 Mayewguxd Aimog dmd omwogéhona xai
doaytdéhato
(Cooking fat of plant Oils) 0,9 pce. <0,1 p.oe. <0,1 NIN.%
10 Mayeixd Aimog dmd EAahado , .
(Cooking fat of olive oil) 0,4 p.. <0,1 p.a. 1 <01 o,
11 Bovtugo ydhaxtos Avouévo ' .
(melt butter) — — — — . - <01 pa.
12 Bovtwgo T'odriag (Butter French type) — — — — 13,3 0,13
13 Xwvpds mogroxarod (Orange juice) — — — — <0,1 p.a
14 Xvpodg poowvov (Cherry juice) 0,1 pce. 041 - po. — —
15 Xwvudg hepoviod (Lemon juice) — — 0,56 n.o.
16 XoaABag Maxedovixdg (Greek speciality) — — — — 2,88 pa
17 Movotdgda timov Takhiag (Mustard) 0,7 po. 0,17 p.ce.
18 Xwudg hepoviod (Lemon juice) <0,1 W, 0,4 n.a. — _—
19, Méh (Honey) 10 0,2 <0,1 TN <0,1 W.a.
20 Koavého (Cinnamon) <0,1 na. <0,1 n.a. 0,22 pa.
21 Moxhém (Machlepi) — — — — 2,05 p.o.
22 Kowvxrovvégia (Pine seeds) — — — — 0,14 p.a.
23 Mévto (Peppermint) — — — — <0,1 n.o.
24 dlapotor (Lime-tree flower) 0,4 R <0,1 TN <0,1 TR A

25 Piyavn (Origan) — — — — _ _

Tgotewvdueves npodaypogés E.0.K./20-12-1976 .
Guide lines of E.E.C./20-12-1976 1,0 0,05 1,0 0,05 1,0 - 0,05
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No Eidog tgopipwv ‘ *Amoikiog 1977 Méiog 1977 *Todviog 1977

Kind of foods . Apiil 1977 May 1977 June 1977
Svonevacla Tobpuo Suorsvacia Todguwo Svoxevacia Toed@uuo

Packaging  Food Packaging  Food Packaging  Food
1 "Ehawérado (Olive Oil) <0,1 n.a. 0,6 w.a. 0,82 w.a.
2 ’Elawbhado (Olive Oil) 0,3 p.a. 0,4 w.a. <0,1 w.a.
3 ‘Ehudhado (Olive Oil) 0,3 n.a. <0,1 W.a. . 0,2 pa.
4 “Ehat6rado (Olive Oil) 1,7 - .. 1,2 0,01 <0,1 pa.

5 Bapfaxéhawo &mopagyagivautvo .
{(Cotton seed Oil) 2,4 pa. <0,1 wa. 51 - 0,02
6

*Ehadhado (mepiéyer Enoapéiaio) 3,7 n.a. 42 0,03 <0,1 p.o.
(Cotton seed Oil) .
7 Mayagird hizog Hdgoyovwpévo

-(Cooking fat hydrogenized) <0,1 pa. <0,1 L.a. 40,31 ..
8 Mayeud Aimog (Cooking fat) 34 0,07 37 0,03 1,8 0,01
9 . Mayeipd Aimog &nd omopéhaia xai

aoaydédato

(Cooking fat of plant Oils) 1,2 0,04 0,7 ta. <0,1 p.a.
10 Mayetpind Aimog &iid Ehaérado - .

" (Cooking fat of olive Oil) . <0,1 na. <0,1 p.a. 0,6 pa.

11 Bodmgo ydhaxtos Avopévo

(melt butter) ) <0,1 n.a. <0,1 pa. 0,3 .
12 Bodtueo Fakhiag (Butter French type) 04 pa. 2,2 0,02 0,6 n.a.
13 Xvpdg mogtoxahod (Orange juice) <0,1 w.a. <0,1 B, — —
14 Xupog fiowvov (Cherry juice) — — — — — —
15 Xupdc hepoviod (Lemon juice) — — <0,1 n.a. — —
16 XahBag Maxedovinos (Greek speciality) <0,1 n.a. 11 0,03 0,6 n.a.
17 Movotdeda wimov Tokhiag (Mustard) 1,0 wa. <0,1 w.a. 1,4 Lo
18 Xupdg Aepoviot (Lemon juice) — — — — — —
19 Méh (Honey) <0,1 pn.a. 0,2 wa. <0,1 pa.
20 Kavéha (Cinnamon) 0,2 n.a. <0,1 pa. — =
21 Mayhém (Machlepi) ’ 3,5 w.a. — —_— — —
22 Kovxouvvéoia (Pine seeds) 2,6 n.a. — — — -
23 Mévta (Peppermint) ’ - <0,1 p.a. <0,1 pa. 0,23 p.a.
24 ®hapodor (Lime-tree flower) — —_ — — — —
25 Piyavn (Origan) — — 0,7 n.a. 1,2 n.Q.

TTpotewvbpeves moodiayeagés E.Q.K./20-12-1976
Guide lines of E.E.C./20-12-1976 1,0 0,05 1,0 0,05 1,0 0,05

ua. —Mﬁ avtxvsumuo (no detectable), "Opio dviyvedoeng (detection hmnt) = 0,01 ppm
** Bhéme eixéva 3a xai 3p
*** BMéne einbva 4a xal 48
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Ao v €Eéroon tdv dviiotolov derypndtov tooginwv, 92 deiyporta
(mocooTd 86%) dev mepielyav dviyxveiopeg woodtnteg VEM (Soto dviyvedosws
VCM: 0,01 ppm), 13 deiypota (tocooto 12,2%) neoieiyav 0,01-0,05 ppm VCM
%ol povo 2 delypata (mooootd 1,8%) megieiyav weproodtepo amd 0,05 - ppm
VCM. “Etot, ouvolnd 10 98,2% tdv derypndtaov teoginmv foloxdtav néoa ot
OQLOL nsgtemmomrag VCM t®dv togipmv, mov Exouvv mootodi dmd thnv
gmroorn) - eidundv tijs E.O.K.

*A&loonueioTo elvar 1o ysyovog 8T &v nai 6gLopéva delypata ovoxngvaoi-
og (No 4 defoovapiov, No 5, 6 xoal 8 Maptiov) mogovoiooav oxeTind peyain
negtemmémta ot VCM (9—26 ppm), 1) weprextindmia o8 VCM t®v dvtiotol-
Xov rgocptpluw Ogv VmepéPn ta 0,05 ppm. ADTO aocpa)»(bg dpelhetar oTO STL 1
ptatowoccnevon a&agtarat ®nvpiwg &mo Tov xedvo émagiis Teoplpov 1ol BAroT
OUOREVOOTLOG."

Svunepaonpata

T mooootd 76,6% TdV éswudm)v o*uouevaoﬁag va wepLéym AMyotepo artd
1,0 ppm VCM, &oto mov ngotaﬁnue amo 'mv E.O.K., sivai okl (XELO)\.O’YO
anorskwua xal Oeiyver 6t 10 PVC, syxcogto K s&mtsgmov TTOV xgnmp_onom-
Onxre dmo v eMw]vmn Bropmyavio ugene» Vo etye naga%eua(rm ROTO TO PEYLOTO
TTOOOOTO TOU U rexvo)»oyu.a (eix. 1 »ai 2), M) 6moia eivou oé ﬁeon va 0 axakka&n
&md 1o xoQuvoyévo VCM. 1.3, 5,26, 27 "AEoonpeioTo givol 1O yeyovog 8L uévo 0
4,5% t®dV 68Lyua1:uw Esnsgaos 0 6010 T@V Fahlxdv mpodiaygagdv, tav 3,0
pm, YLd-TO DALRO CUOREVACIOG.

*ATo 1a dvalvTind dedopéva -r:ng negl,smmommg T®V TRoQipwY ot VCM,
npoénvPe dtL 98,2% Tddv 68wp.a1:u)v nTav ueoa 010 6010 TV 0,05 ppm VCM 100
sootdimxe and v E.O.K. "Av %ol 1000010 23%1dV delypdtwy cvorgvaotag
mepLelxe meQuoodtepo amd 1,0 ppm VCM, pévo ot 1,8% 1tdv derypdtov
teoipwv magateidnxre megientindtnro. VCM peyordteon émd 0,05 ppm.

AY10 dopardg dpethetal otd 8T 1) epLerTindTnTa TV TROYINWY 0 VCM
glval ouvaemon Tig oUYREVIQMOEWS ToU VCM 1ot DArot ovoxevaoiag ol o
xe0vou €mogig.

Téhog onuav-r:mo givan 1O yeyovog 8t ot xavéva detypa Teopipmv v
aviyvevdnue VCM Stav 10 dviiotoryo 68L’yua ovoxevaoiog megleixe < 1,0ppm
VCM.

TO 1elevtaio svgm.la nag avﬂaggvvat va xowovue v wedtaon dt, &v
xaﬁl,sgom‘}n 6Lsﬁvmg 0 OQI.O toU 1,0 ppm VCM o016 HAnd ov(mava(nag, da
VGEEN N &yydmom ST 1O ‘[:QOCpl.p.O 9 elva anaMayusvo and awxveumua OGO
(< 0 Olppm) VCM xal Towg va pf gival dvayraiog & nadooiopog 6glwv 1ol 1

Gviyvevon tov otd tEdPLuQ.

M#é£0ob6o¢ avaivoewe VCM .
‘H pédodog mpoodoplopnot fooiotnre otnv «Head-space» dépLo yowpato-
yoopia.®

Aoxn Tiis usﬂééov
TO oG dvdluon 68wua aq)ov Cuyrod ot praiidio & sveoswg, SdrolveTol o2

N,N-dwpedvro-aretopnidro, wov megiéyel darduiardéea oav EéomtepLnd standard
xal mopotieton degooteyds. TO dudhupa deguootateital yid v Eniteven
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iooppomiag déolag xoal Vyohis pdoswg xal orf]-ovvéxsl,a ue overyyo deptwv
Taigvetol Ao ThV- déprar PAom OpLopévog Gyrog xal mpoodiopiletor 1 VCM
BGEQLOYQWUOTOYQAPLUADG.

"Avridgoonigia

N, N - Awedvio- axera,uzéto (DMA) «zur Synthese» Merck.

ALaLﬂv}tatﬁeQag (EtOEt) «pro Analyse» Merck.

Kai oi &to 6La)w1:sg dgv SJ'I:L‘EQSJ'IIS‘E(IL pe 1:Lg ovvﬁﬁusg rﬁg plsﬁoéov VoL
nagovcnaf;ovv 010 GEQLoxemuaToyRapnua uogmpsg (peaks) otov ypdvo rato-
xoatfioewg (Ry) 100 VCM. .

Buwvloyrwegidio (VCM), xaﬁa@omtag tovkaxw'cov 99,9%, Esso Pappas
Ogocohovinn.

Svoxevec xai. Boyava

AegLog xoouaroyodpos Hewlett Packard poviého 5830 A ug awxvsvtn
Lovatov cp)»oyag (FID). ZvyogomgLBSLag * 0,2 mg. Oeouoordrnsus J'I:)»S’Ypla yii
TNV oTeQéwor TV @roldinv eveoemg

. Mayvyrxog avaésvm@ag ue deoporvopevn mhdna. Mayvnrama avaéev-
oews nahvpuévo pe yuail 7| mohuterpagidogooardurévio (PTFE). Pialidia
évéoews 1dv 50 ml eidina v déglo yowuatoyoagio.

Houora yio tor @ralidia gvéoeme dmd oihxovroovtoovx | Bovtvlonoov-
T00UX, -Emnoahvupuéva ug Teflon xal ovyrpoarzodpeva dmd otepdvn drovuviov
(Bordelkappen). TavdAies €idués yid moudtiopo xoi dpaigeon toudtov dmd
Té Quaridia. Zvoryyes deoiwv Hamilton tdv 1,2 xal 5 ml.

IToorvma dadvpara
Avddvpa T (EtOEt/D]VIA )

Té (pta?»této 8V8080)g yew.terat ue DMA sepimov 1 cm ®dtw &mtd 16 yethog
Tov, CuyiCetou xal pé Bdon tv murvéTd Tov Beloretarl 6 &yxog tod DMA. Té
chaM(SLo xhelvetar depooteyds nai moootidetar ué ovoryyo téon moodTNTO
droudvhaudépa, dote vé& weoxvyn didhvpa ovyrevipodosws Tiig TEswe 1,0 mg
EtOEt/ml DMA. "Ané odté moigvetar pé ovguyyo GxowPeiag 1 ml xad
doaidvetor of dynopueTtount] QuaAn tv 100 ml uéyou tiic xooayic ué DMA.
A6 16 TehevTaio didhvpa aigvovtol pué orpdvio 10 ml nai dooudvoviol TéAL -
ot dyropetoixn @udAn Tdv 100 ml, péyol tiig yapayiic, ué DMA. Etol Teoxittel
16 mebdTVTo Sidhupa I ovyrevigdoewg Tiig TaEewg 1,0- 10° mg EtOEt/ml DMA.

AvdAvpo IT (VCM/EtOEt/DMA)

T6 @uoidio évéoewe yeuiCetor pé DMA mepimov 1 cm #éto 4w 16 yethog
tov, TuyiCetan kol pé fdon v TurvétnTd Tov dmoroyiletal dyxog 1ot DMA.
TS @uahidio #heivetor dsgoorsyd)g nolk ngooriﬁewuué oveLyyo Téon ToodTNTA
duuvhardéga, dote vé :rcgomnp'r] Sudivpa ovyxewgu)osu)g g ta&ewg 1,0 mg
EtOEt/ml DMA. Z11 ovvéyela ngoowf}etat ué ovouyya téon moodinto VCM,
Hote va nQoxmpn 6La7mua cmynevrgmoewg ‘l:'r]g tdEemg 1,0 mg VCM/ml DMA (n
Bs)»ovn Thic ovpuryyag va uf udiletar otiv Byeh @don). ’Améd 16 diahvpa odTéd
maigvetal p_é migwya &u@n[ﬁ&(ag 1 ml xai dgordvetar o dynoueToird Lain TdHV
100 ml, p_stL Thig ooy, ué DMA.

‘ ’Amé 16 tehevtaio 6ta)mua J'E(thVOV‘EaL né m(p(m/to 10 ml nad (lQat(DVOV’I:(lt
¢ OynOUETQLT (pLaM] iy 100 ml, ustL g xoeayfic, ué DMA. "Etot mporimtel
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¥

0 ngotvno diédAvpa II pé ovyrevrpwoelg T T¢Eewg 1,0- 103 mg’ VCM/ml
DMA =xai 1,0-10° mg EtOEt/ml"DMA.

Snusioon: “‘H mogaoxrev t@v medtumwv dahvpdtov meémet vé yiveton of dmaywyo.
Kdabe 15 fiuépeg meémer vd magaoxevdiovial véa mebtuma diahvpaza.

Sovijres degiov yowuaroyoagiag

ZriiAn yowuaroyoagias: YoAIPdVog cwiivas uirovs 4m xal E0wTEQLRS
duvapéroov 2mm, pé yémoua 15% UCON LB 550X zai 85% Chromosorb W-HP
(100-120 mesh). ‘H évegyomoinom Tiig otiing yivetar ototg 160°C 16 Aydtego
éni 12 doeg. Osguoxpaaia orifing: 60°C. Metd 3,5 doeg Aertovgylag, 1) oThin:
mpénel va Yeouovi] otovg 175°C 16 Aydtego éni 15 min. yid v Exhovon to?
DMA. Osgpuoxpaacia cvoriuatog eiocodov: 150°C. "Aviyvevtijs ioviouo? gAdyag
(FID). @Ogpuoxpacio aviyvevtij: 150°C. Péoov dégto: "Almwto ~ 20 ml / min.
‘Aédota aviyvevri]: “Ydpoydévo / “Aégoag = 20/28 ml/min. Abyos xoévov
xatoxpatjoews 100 VCM pé dvagogd t6v EtOEt: 0,7.

Evvrsleamg &ogﬂwaea)g F

T'ué Tév mocoTLnd ngooﬁtogwuo 100 VCM o¢ 6tacpoga TeoOPLUA ®al VARG
ovoxsva(nag glvon anagamn:o vé yonowomom M €vag ovvreheotig drogddoe-
-wg F, wov £Eaptdtal &md tig ididmnteg 10U EEetalduevov DAxoD.

T4 16V meoadiogLopd 1ol cuvteheoti) F évag Ttooginov xonolpomoLeital
oGV ETYTY 0Vol0. TEOYPLUO CUOREVACUEVO Of BoXETO dLtagoeTLxoT VALZOD And
PVC. Té v mpoodiogiopnd tod ouvvieheoti) F €vog Dol ovoxevaociog

_xonoLpomoLElTaL oGy TEdTUTIN 0voia YAk cvorevaoiog dwé PVC drmallayuévo
teheiwg amd VCM.

T4 tov Eheyyo T ®atolnroTnTog €vag Teopinoy odv mtedTumng ovolag,
Cuyilovrol 5g otd @Lalidio évéoewg, Tpootidetalr 1 ml DMA xai tonatiCovral
degooteyds. Metd amd poyvntxy &vadevon év Jeoud yiveral deppootdTnon
gl 30 min.gtovg 70°C. Z1f ovvéxewa, &md thv déora @don tol @Laidiov
maigvovral pé ovguyye aegiov 2 ml xai degloxowpoatoypagovvial. “Av dév
gugpaviodolv xopueéc (peaks) otic meployég v VCM nai EtOEt, 16 t0é¢pLuo
a0td pwoeel va xonowomoti yud tév meoodiogiond toU ouviekeoti F.

T4 tév Eheyyo tiig ®atolnioTntog vYMxoU ovorevaciog odv medtumng
ovoiag, Cvyilovriar 0,5 g, mpootideviar 5 ml DMA xai émavahapPdavetal 1)
ngonyovuevn degyaoio.

T tév ngoofnogwué 100 ouvieheotd F &vog tgocpmov CuyitovtaL otd
pLaridio 5g medtumng ovoiag, nQom:LﬁsraL 1 ml J'EQO’I:’UJ‘EO’U 6La)wp.a1:og 11,
nu)uau@ovrat owaﬁsvoth nayvnTirdg &v veoud xai Yeguootatotvrol &l 30
min. c'covg 70°C.

*Ané thv déora pdon atovovtal pé ovoryyo degiwv 2 ml xal aegwxgmua-
toypogoivratl. ‘O ovviekeotig dloplhoewg F dmoloyiletar dmd tv &Elomon
(D: ‘ '

A}

. m; - E, : -
F=—- (1)
mp - E1 - .
6movm; = mg VCM 1ot mebdrumov drahduotog 11
m, = mg EtOEt 109 medtumov drodvuatog II
~E; = ’Empdveia 100 VCM 016 degloxomuatoyodgnua
E, = Emgavera 100 EtOEt otd depLoxowpotoyodgnuo
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T 16v meoodiogiopd Tov ovvreheothi F UMxoU ovoxevaotag fuyitovran
0,5 g, ngoouﬁevrm 5 ml mebtumov” drahdpatog II xal &xohovdeitan 7
ngonyouuew] diepyaoia.

6 tév ngoo&togwuo 10U ovvreheoti| F elval dmagoaitntes Tovhdyiotov 3
uet@oels yLé Ty éyyimon tiig Emavaknypudmrag.

Ipoodiogiouds 1o VCM oé 'L'Qoqnya

Zvyitovtar 5g toogiuov 016 @LaAidio, ngoouﬁsran 1 ml medtumov
6L(1)\.U[J.(X.‘EO§ I, no)p.au?;ovrat, dvadetovron payvntinds &v deoud »ol Jeopuoota-
TotvToL &mi 30 min. o-covg 70°C.

=m ouvaxaua amd Thv GégLa cpdcrq 10T @uahdiov aipvovton ué oloLyyo
asgmw 2 ml %ot aegtoxgmpatoygacpouvmv.

‘0 ngoo&ogtouog ‘YWE’L‘GL 2-3 @opéc ot 1810 delypa xal i moodmmto 1o
VCM tmohloyiletar &méd v &Elowon (2):

> - B )
. 1 - EBo
8mov Bvew = Bdoog VCM oé ppm (mg/kg) .
m; = g delyparog
m; = mg EtOEt
E: = Emgdvera 100 VCM 016 deoLoxowpotoyedenuo
E, = ’Emgébveo. tov EtOEt oté deoloxowuatoyodpnua

Oi ovgwysg Hamilton eopootatoivial o1é muoLavtiolo TouldyLotov £ml
15 min. ototg 70°C.

‘0 ﬁsguootom]g xol 16 nugwwmgto ngsnsu vé, Bgummvmt ®OVTG OTOV
GEQLOYOWUATOYQAPO.

ITpoodiogiouds 1ot VCM 0é VALxéd ovoxsvacnag arné PVC

*Agnd 16 tgoqnuo dparoeitar émo 16 6oxsw ovoxeuamag, 6 doxeto
xadopiletor xohd ®atl Eva Tufjuo tov xk6Beton of wxed xoupdTia.

Zvyttovron 0,5g delynatog 016 @rakidio, mpootidevioar 5 ml medTuTOUV
SLOLMJp.arog I, nmp.au?;ovrat dvadevoviar poyvnTixde év teoud xal deguoota-
Tovvtor émi 30 min. oroug 70°C.

=t ovvsxswt anéd thv déola cpa(m To0 cptahétov moaigvovial ué cooryyo
degiwv 2 ml xoi 4eQLOYOWUATOYQOPOTVIAL.

‘O meoodrogoude yivetar 2-3 gogés 0td idLo delypa. xal f woodmTo TOY
VCM (mg/kg=ppm) Wroloyiletar dnd tiv €Elowon (2).
“Ogto aviyvevoews VCM: 0,01 ppm.

«Head—space» asgwxgwyaroygawnyaw

Ztic elxdvee 3 nai 4 divovior odv mogadelynuoata Td «Headspace»
asgmoxgwuatoygacpnp.ata avolioemv Ehatorddou (nw 11, No 4) %>o ATOPOQYOL-
i mep.evov Baupaxeraiov (mv. IL, No 5) xadag xal tdv dvtiotorywv PLOADV
CUOXEVACLOG.
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EIK. 3: «Head-space» aegwxgwyaroyga(pnyara. (o) CIJLa)»ng ghatorédov dmd PVC (nivaxag II, No
4, Méomiog 1977). (B) "Erarorédov o*uousuaop.evov a¢ pudAn &no PVC (rivaxog II No 4, Mdgriog
1977). Zvvﬂnusg deplov yowpatoygapiag: BA. oeh. 8.
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EIK 4 «Head-space» dggmxga)yamygatpnya-m (o) @LEAng dmopagyagtvouévov Bapﬁauskmov

ano PVC (mvomag 11, No 5, Méetiog 1977). (B) Amopagyaguvmpévoy Bauﬁauekatov ovcueuaoue-

vou o& quain éano PVC (mvomag II, No 5, Méptiog 1977). Zuviijreg deolov yonuatoyapiac: BA.
oeh. 8. .
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Abstract

Determination of Vinyl 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 dependéd 6n the VCM
concentration of the packaging material and the time of coiitact 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 < 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, peppgrmint.

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 DER DIS-
SOZIATIONSKONSTANTEN DES IONENPAARES 1-NITRO-2-
NAPHTHOL - PIPERIDIN IN WASSER - DIOXAN-LOSUNGEN
DURCH SPEKTROPHOTOMETRISCHE UND KONDUKTOMET-
RISCHE MESSUNGEN

D. JANNAKOUDAKIS, E. PTHEODORIDOU und I. MOUMTZIS
Institut fiir Physikalische Chemie der Universitit 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 Lo&sungen untersucht. Das sich zwischen dem
Nitronaphthol und dém Piperidin durch Protoneniibergang bildende 1:1 Ionenpaar wird in
diesen Losungsmitteln wegen hoher Dielektrizititskonstante zum Teil in freie Ionen
dissoziiert. Mit einer Kombination von spektrophotometrischen und konduktometrischen
Daten werden zwei Gleichungen gestaltet, von denen die erste der FUOSSschen
Leitfdhigkeitsgleichung dhnelt und durch ein Nidherungsverfahren die graphische Ermittlung
der Dissoziationskonstante des Ionenpaares in freie Tonen ermdglicht, wihrend die zweite
die graphische Bestimmung sowie der Bildungskonstante des Komplexes als auch seiner
Dissoziationskonstante erlaubt. So werden die Bildungs- bzw. Dissoziationskonstanten des
Systems 1-Nitro-Z-naphthol-Piperidin in den erwdhnten Wasser-Dioxan-LOsungen mit
einer befriedigenden statistischen Genauigkeit ermittelt.

Abkiirzungen: IN2N = 1-Nitro-2-naphthol, DK = Dielektrizitdskonstante (Symbol epx), € =
molarer Extinktionskoeffizient, PDA-Komplexe = Protonen-Donator-Acceptor-Komplexe.

Einfithrung

Im Rahmen einer fritheren Publikation® wurde die Wechselwirkung zwischen
den isomeren Nitronaphtholen und dem Piperidin in Losungsmitteln kleiner
Dielektrizitdtskonstante 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 héheren Leitfdhigkeitswerten zur Foige,
welche der Anwesenheit von freien lonen infolge einer Dissoziation der
Ionenpaare zuzuschreiben sind. In diesem Fall wire die Bestimmung der
Gleichgewichtskonstante der sich durch Protoneniibergang bildenden Komplexe
(PD A-Komplexe) nur durch eine Kombination von spektrophotometrischen und
konduktometrischen Messungen moglich, weil das Ionenpaar und das freie
" Nitronaphtholion imselben Spektralbereich ein  Absorptionsmaximum
aufweisen.??
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‘ Die Wechselwirkung beispielsweise zwischen dem 1-Nitro-2-naphthol und
* dem Piperidin kann in Wasser-Dioxan-Gemischen m1t hohem Wassergehalt zu
: folgenden Gleichgewichten Anlass geben:

Ist C; die Gleichgewichtskonzentration des Protonendonators, C, diejenige
des Protonenacceptors, Cs die des lonenpaares, C, di¢ des Donatoranions, Cs die
des Acceptorkations und Cs die Hydroxylionenkonzentration, dann gelten fiir die
Gleichgewichtskontanten folgende Beziehungen:

Cs C.Csf? CsCef? :
Ki C.GC (1) » K Cs (2) » Ks G (3)
wobei f den mittleren ionischen Aktivitidtskoeffizienten darstellt. Die Dissoziation
des Nitronaphthols wird nicht beriicksichtigt (pK= 6 in einer Wasser-Methanol-
Losung von einem 20% v/v Meéthanolgehalt.)

Fiir die Anfangskonzentrationen C;° des Protonendonators und C;° des

Protonenacceptors gelten die Gleichungen:

C]_n = C1 +.C3 + C4 , . (4)

Czo - CZ, + C3 + Cs . o ; (5)

Die optische Dichte einer Losung - wobei sich Komplex und freie Anionen im

Gleichgewicht befinden - beim Absorptiosmaximum (Anax) des Komplexes, welches
mit dem An.: des freien Anions zusammenfillt, wire dann:

D = &GC; + ,.Cs. (6)

Der molare Extinktionskoeffizient des freien Anions ist fiir dasselbe
. Losungsmittel wegen identischer Anordnung des chromophoren Systems dem
Jenigen des Ionenpaares gleich® und dementsprechend ist: '

= 8(C3 + C4) p (7)

Der Extinktionskoeffizient € ist durch Messungen der optischen Dichte stark
alkalischer Wasser-Dioxan-Losungen des Nitronaphthols zu berechnen.
Zur Erhaltung der Elektroneutralitdt muss allerdings

Ci+Cs=GCs : ®)
sein. Ist nun k; die spezifische Leitfdhigkeit einer Losung des Nitronaphthols unter
einer Konzentration C;° und k; die spezifische Leitfahigkeit derselben Losung nach
Piperidinzugabe unter einer Konzentration C,° « C;° - so dass die Konzentration
des Nitronaphthols praktisch unveréndert bleibt - dann gilt folgende Beziehung:.

- 1000(1(2 - k1) = 10001( = C4l.1 + Csk + Cok, : . (9)

wobei L, k, k den ionischen Leitfdhigkeiten der Anionen, der Kationen und der
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- Hydroxylionen der Reihe nach entsprechen.
Mit (8) und (9) folgt:

1000k =Ca(L+ 5) + Cs (5 + k) ’ (10)
Aber L + k = Asistdie Aqu1valent1e1tfah1gkelt des Komplexesund k + k =
As diejenige des Amins, also:
1000k = C,As+ CsAs. , (11)
Aus den Gln. (1), (2) und (3) folgt fiir die Gleichgewichtskonzentration der
Hydroxylionen:

CiKs
Cs = . 12
° CKK; (12)
Damit nimmt die Beziehung (11) folgende Form:
Ks ,
1000k = Ci (As + Ae). : (13
4 (As CKE, 6) (13)

Nach ONSAGER fiir verdiinnte elektrolytische Losungen und fiir
Ionenstéirke der Losung prakftisch gleich der Konzentration C, gilt:

=AL-(aAL +b)V C, , : (14)
und A6 A& - (aAs® + b) VC. (15)

Nach Einsetzung der Werte As und A6 aus den Gln. (14) und (15) in die GI.
(13) folgt:

’ K3A60 K3A6° . K3 C
1000K = [A°+ -aV G (A + VG + J 16
G| ok )V e MY 0 ] 09

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

KsA¢®

AL + = A’ : ) 17
’ CiKiK: ‘ - an
" eine Konstante, Damit wird Gl. (16) zu:
. K
1000k = Cs |A* - aVCiA* -bNCo (1 + ——— ) (18)
: CiKiK;

BN

Die Dissoziationskonstante K3 des Piperidins wurde pH-metrisch ermittelt
und betrdgt in Wasser- Dloxan-Losungen von einem 30% und 50% v/v
Wassergehalt entsprechend 5.107° und 2.10"*. Andererseits ist zu erwarten, dass die
Komplexbﬂdungskonstante K; in diesen Losungssysteren grosser als 1. 103 ist, weil
schon in einer Wasser-Dloxan -Losung mit Wassergehalt 10% v/v der K, - Wert
diéser Ordnung ist.! Ausserdem ist die Dissoziationskonstante K, des Komplexes
ungefihr 1.1073, was aus dem Vergleich mit analogen Tonenpaaren des Piperidins in
Losungsmltteln dnlicher DK folgt? Wiirde nun die Protonendonator-
Anfangskonzentration C;° (2C;) 1.10° M gewihlt, so wire der Term Ks/C:K: K>
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innerhalb der Messgenaulgkelt gegen 1 zu vernachldssigen. Damit nimmt Gl. (18)

folgende Form:
1000k = C4[Ao* (aAs* +b) ] ' (19)
oder - . 1000k = Ca4 (A.* - AVC.), , (20)
wobei A = aA,* + b ist.
D
Sei nun R C4* = C3 + C4 _—— - (21)
£
und y der Dissoziationsgrad des Ionenpaares, dann wird:
Ci=vyCi*und G =(1-v).C*. ° 22)
Aus den Gln. (20) und (22) und der Beziehung der Aquivalentleitfihigkeit
1000 k
A= ——— (23)
. Cox :
folgt fiir den Dissoziationsgrad v:
’ A* : ’
v= A C *\1/2 (24)
a1+ A 4*)
oder
A* ,
= — 25
Y AT @) (25)
wobei F (z) die FUOSSsche Funktion® und
A(C4* A*)1/2 :
zZ= — 26
( Ao* _)3/2 . ( )
ist. )
Mit (2), (8), (22) und (25) folgt:
F (2) 1 CA*
= 1 + 2C) + . 27
A* Ao ( ) Ka(Ao)? F (2) @7
Der Term fCs ist sehr klein und wird gegen 1 vernachlissigt. Dann ist:
F() . 1 ' AN -
@ _ + L= : (28)
A~ Ao Ka(Ao*)? F (z)

Aufgrund der Gleichung (28) und des von FUOSS’ beschriebenen
Naherungsverfahrenssmd die Werte von A.* und K> graphisch zu ermltteln

Aus den Gln. (1), (2), (4), (5) (21) und (22) schliesslich folgt:
D Iig
PyCe -y — =K, + 1 . _fDfe
1 -Y v A K1 C]o-D/S

Diese Gleichung ermdglicht die graphische Ermittlung der Werte von K; und

(29)

K.

: 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% v/v -Dioxan-Lésungen
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bildenden 1:1 Yonenpaares mit derartiger Genauigkeit bestimmt, die von der
Kombination der spektrophotometrischen und Leitfdhigkeits-Messungen erlaubt
ist, solange es keine andere Methode fiir dle Bestimmung dieser Konstanten bei
analogen Systemen gibt.

Experimentelles

Die Messungen der -optischen Dichte der Losungen bei konstanter
Wellenlédnge wurden mit einem Spektrophotometer “Acta-5" der Fa. Beckman
durchgefithrt. Ein Haake-Ultrathermostat (NBS) hielt die verwendeten
(_)‘—uarzkuvetten - von einer Schichtdicke 1 cm - bei konstanter Temperatur (25

0,01°C).

. Die Letfahlgkeltsmessungen erfolgten mittels einer Messbriicke der Fa.
Beckman, RC-18, mit einer Messgenauigkeit O,1% im Bereich der
Versuchswidersti«indé. Die verwendete Leitf'aihigkeitszelle war der Form der Abb.
1, um ihre Thermostatisierung und den gleichzeitigen Umlauf der Losung durch die

Abb. 1. Die MeBzelle.

Elektroden mittels eines Magnetrithrers zu ermoglichen. Durch diesen
Losungsumlauf wurde die Adsorption der Molekeln oder Jonen auf die Elektroden
vermieden, die zum selben Zweck aus glattem Platin bestanden. Die Zellkonstante
wurde nach der Methode von Johnes und Bradshaw® bestimmt und gleich 2,41.10
cm® gefunden. Ein Haake-Thermostat NB 22 - mit Erzol gefiillt - hielt die
Messzelle mit der Losung bei konstanter Temperatur (25 X 0,01°C).

Obwohl das 1IN2N eine betrichtliche Absorption bei Anx des Komplexes
aufweist, wurde es im Uberschuss beziiglich des Piperidins (von C;° = 10.C;°bis C,°
= 100.C,°) verwendet und seine Absorption wurde stets bei den Berechnungen
beriicksichtigt. Im Gegensatz dazu zeigt das Piperidin bei Amax des Komplexes keine
deutliche Absorption. Die Verwendung jedoch eines Piperidin-Uberschusses im
Vergleich zum 1N2N fuhr nicht zu stabilen und reproduzierbaren Leitf4dhigkeits-
messungen - infolge starker CO,-Absorption -, auch wenn die Versuche in einem
Handschuhkasten unter Stickstoffatmosphire stattfanden. Trotzdem wurde das
ganze Versuchsverfahren - von der Priiparation der Losungen bis zum Ausfiillen
der Messzelle - im Handschuhkasten unter Stickstoffatmosphére durchgeftihrt.

Das 1N2N war von der Fa. Ferak, Berlin und wurde aus einer Mischung von
Benzol und Petroliather 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 iiber Na-Metall und weitere Stufendestillation gereinigt.” 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, wihrend die
Messung der Viskositdtskoeffizienten derselben Losungen bei 25°C mit einem
Viskosimeter nach Ubbelhode erfolgte. Die erhaltenen DK- und n-Werte der
erwihnten Losungsmittel, aus denen die Konstanten aund b der Gl. (19) bei 25°C -
aufgrund der bekannten Bezichungen, a = 8,2.10°/(epxT)** und b =
82,5/m(epxT)'? - berechnet wurden, sind wie folgt:

% V/fV H,O €px n(cp) a b
30 17,88 1,904 2,1077 59,3453

50 33,93 1,901 0,8063 43,1482

Bestimmung des Lei tféibig]ieitsparémetérs Ao * und der Dissoziationskonstante K .

Die Bestimmung des Parameters A.* und der Dissoziationskonstante K des
Komplexes 1N2N - P1per1d1n in Wasser-30% und -50% v/v -Dioxan- Losungen
wird aufgrund der Gl. (28) und mittels eines Approximationsverfahrens’

-ermoéglicht. Aus der A*, V D/e -Darstellung erhilt man durch Extrapolation die
Aquivalentleitfihigkeit in unendlicher Verdiinnung, welche den ersten
Niherungswert von A,* darstellt. Damit wird der erste Ndherungswert von z (Gl
26) berechnet und mittels des tabellierten® Wertes von F(z) der Dissoziationsgrad y
(Gl. 25) in erster Ndherung bestimmt. Mit diesem y-Wert und aufgrund der
DEBYE-HUCKELschen Grenzgleichung

log f = - BV yD/e, wobei B = 1,826.10%/(epxT)*?,

ist der mittlere ionische Aktivitdtskoeffizient f auch in erster Nédhefung zu
berechnen. Damit sind alle Grossen fiir die Darstellung F (z)/ A* als Funktion von
C.* A* £/F(z) bekannt (Gl. 28). Der Schnittpunkt der so erhaltenen Geraden mit
der Ordinate ergibt A,* in zweiter Nidherung. Dieses Verfahren wird bis zur
Konstanz von A,* wiederholt und aus der Steigung der letzten Naherungsgeraden
werden schliesslich die Dissoziationskonstanten X, des Komplexes fiir die zu
untersuchende Wasser-Dioxan-Lésungen ermittelt.

Tabelle I gibt eine Zusammenstellung der gemessenen Werte der optischen
Dichte - bei Amax (436 nm) des Komplexes - und der spezifischen Leitfahigkeit ko
von Wasser-30% und 50% v/v -Dioxan-Lésungen des 1N2N und des Piperidins,
sowie der errechneten Werte der Agquivalentleitfdhigkeit und der letzten
Niherungswerte der Darstellungen y = F (z) / A* und x = C;* A* f2/F(z). In der
gleichen Tabelle werden auch die optischen Dichten D angegeben, welche die
Differenzen der Absorption des freien IN2N (im Gleichgewicht) von der
gemessenen optischen Dichte D darstellen. Als Konzentration vom freien IN2N

, wird die Differenz der Anfangskonzentrationen von 1N2N und Piperidin unter der
Annahme betrachtet, dass ndherungsweise das ganze Piperidin ins. Komplex
umgewandelt ist. Dabei werden auch die Werte der spezifischen Leitfdhigkeit, ki
der Losungen des reinen 1N2N - welche die Mittelwerte von zehn Messungen
darstellen -, sowie die molaren Extinktionskoeffizienten & angegeben, die durch
Messungen der optischen Dichte von stark alkalischen Wasser-Dioxan-Losungen
des IN2N bei Amax des Komplexes berechnet wurden.
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TABELLE I: Werte von D, D', k2, A*, y und x fiirs System 1N2N— Piperidin in Wasser -30% und 50%
v/v-Dioxan-Losungen bei 25°C.

30% v/v H20

Cr° 1.10*Mol lit* - g
k1 1,483.10° mho.cm™
e 4010 Mol™ lit.em™ :
°.10° D D’ k2.10° A y.102 x.10*
Mol/lit mho/cm
2 0,322 0,052 1,91 32,93 2,995 4,010
3 0,360 0,091 2,20 31,60 3,108 6,608
.4 0,394 0,126 2,46 31,09 3,149 8,871
5 0,429 0,162 2,72 30,62 3,189 11,099
6 0,463 0,197 2,97 30,27 3,218 13,206
7 0,493 0,228 3,18 29,85 3,257 14,943
8 0,523 0,259 3,38 29,43 3,298 16,594
9 0,554 0,292 3,61 29,21 3,317 18,441
10 0,588 0,327 3,83 28,78 3,361 20,211
12 0,662 0,402 431 28,20 3,419 23,988

50% v/v H20

ce 1.10Mol lit™*
k1 , 4,200.10°5 mho.cm™
g 3970 Mol Llit.cm™
C2°.10° D D k2.10° A* y.10% x.10*
" Mol/lit mho/cm
1 0,349 0,028 - 4,44 34,03 . 2,922 2,360
2 0,376 0,056 4,67 33,32 2,978 4,594
3 0,413 0,094 4,98 32,94 3,006 7,570 -
4 0,452 0,134 5,30 32,59 3,032 10,619
5 0,483 0,166 5,55 32,29 3,056 12,983
6 0,517 0,201 5,82 32,00 3,080 .15,517
7 0,544 0,229 6,03 -31,73 3,104 17,489
8 0,580 0,266 6,31 31,49 3,124 20,099
9 0,616 0,303 6,58 31,18 3,151 - 22,596
10 0,648 0,335 6,81 30,93 3,174 24,723
12 0,717 0,406 7,32 30,51 3,212 29,385

Aus den Daten der Tab. I und aufgrund der Gl. (28) ergibt sich die
Darstellung der Abb.2. Aus dem Ordinatenabschnitt und der Steigung der
erhaltenen Geraden werden folgende Werte fiir den Leitfihigkeitsparameter A,*
und die Dissoziationskonstante K, ermittelt: )

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

Ao = 33,83(£ 0,5%) und Ko = 4,4.10%(£4,5%).
Fiir die Wasser-Dioxan-Lsungen von 50 Vol. %-igem Wassergehalt:
As* = 34,24(% 0,2%) und K> = 8,4.10* (£ 3,0%).
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30% v/v H,O

CLATE2 iou
F(2)

Abb. 2. Darstellung von F(z) / A* als Funktion von A*Cy 2/ F(z) fiir Wasser-Dioxan-Ldsungen von
IN2N — Piperidin mit einem Wassergehalt: a) 30% v/v und b) 50% v/v, bei 25°C.

Bestimmung der Komplexbildungskonstante K; und der Dissbzia tionskonstante K

In der Tabelle II sind die aufgrund der Gl. (25) berechneten Werte des
Dissoziationsgrades y des Ionenpaares, sowie die Werte der Darstellungen

y' = (ByC*/1-y) -2y D/eund x’ = (f2yD/e) / (C:° - D/¢) fiir die Wasser-30% -
und 50% v/v-Dioxan-L6sungen des 1IN2N und des Piperidins zusammengestellt.

]

TABELLE II: Werte von v, y’ und x’ fiirs SystemrlNZN — Piperidin in Wasser — -30%und 50%

v/v-Dioxan-Losungen bei 25°C. 1
30% viv HoO 50% v/v HO

C°.10° ¥ y.10*  x.10°  C10° ¥ y.10*  x.10°
Mol/lit g Mol/lit

3 0951 5074 1,998 2 0,981 9,882 1,361

4 0939 5212 2,708 3 0972 9,787 2,265

5 0,927 5234 3419 4 0,964 9,908 ~ 3213

6 0918 5420 4,103 5 0,956 9,930 3,959

7 0,908 5472 4,686 6 0,948 9,872 4773

8 0897 5424 5247 7 0,941 9,995 5420

9 0,890 5572 5871 8 0,934 10,022 6,285

10 0,879 5454 6,501 9 0,927 10,003 7,146

12 0,865 5,580 7,384 10 0,920 9,973 - 7,885

~ 12 0,909 10,206 9,558

Aus den Werten der Tab. II und aufgrund der Gl. (29) ergibt sich das
Diagramm der Abb. 3. Aus der Steigung und dem Ordinatenabschnitt der so
erhaltenen Geraden ergeben sich folgende Werte fiir die Bildungskonstante X; und
die Dissoziationskonstante K, des Ionenpaares: '

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

K: = 1,2.10° Mol lit (% 20%), K» = 5,0.10“Mol.lit" ( £ 2%).
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Fir die Wasser-Dioxan-Losungen von 50 Vol.%-igem Wassergehalt
Ki = 2,7.10°Mol lit (£ 25%), K> = 9,8.10*Mol.lit" (£ 1%).

. Aufgrund der erhaltenen Werte von K; und K; und der bereits erwidhnten
Werte von Ks wird der Wert der Darstellung Ks/C,K K, der Gl. (18) ermittelt,
welcher fiir beide Wassergehalte der verwendeten Wasser-Dioxan-Lossungen 0,08
betrigt. Die Wiederholung der Berechnungen mit dem neuen Wert 1,08 fiir die
Darstellung 1 + Ks/CiKiK: der Gl. (18) anstatt des Wertes 1 fiihrt zu A,* -, Kz -
und Ki-Werten, die innerhalb des statistischen Fehlerbereichs mit den bereits
erwihnten Werten gut iibereinstimmen. Dies bestiitigt allerdlngs die Annahme,

welche die Beziehung (18) betrifft und in der Einfiihrung - - erwdhnt wurde.
o
B (<] W ro! O—O—O—Cr
e 50% v/v HQ
Pt
2 sf
W
] 30% v/v HO
——
4 [ 41 I 1 1
2 8 10
fiY /E 102 .
®-0

Abb. 3. Darstellung von (£yC2°/ 1 - y) — £y D / & als Funktion von (fyD /&) / (C1°— D / ¢) fiir
Wasstr-Dioxan-Losungen von 1N2N — Piperidin mit einem Wassergehalt: a) 30% v/v und b) 50% v/v,
bei 25°C. A

Die sich mittels der Gln. (28) und (29) ergebenen K,-Werte fiir die
Dissoziation des Ionenpaares 1N2N-Piperidin in Wasser-Dioxan- Losungen von
einem 30 Vol. %-igen Wassergehalt stimmen gut iiberein, wihrend im Falle der
Losungen mit einem 50 Vol. %-igen Wassergehalt einen kleinen Unterschied
mitejinander aufweisen. Jedoch sind die aus der Gl. (29) ermittelten K,-Werte von
grosserer statistischer Genatuigkeit als diejenigen aus der Gl. (28).

Die hohen Werte der Bildungskonstanten K, des Ionenpaaresin Wasser 30%
und 50%-Dioxan-Losungen sind allerdings aus dem Vergleich mit den
entsprechenden Werten in Wasser—Dioxan-Lésungen mit kleinerem Wassergehalt
(1% bis 10% v/v) zu erwarten.! Die statistische Genauigkeit der K; -Werte ist
schliesslich als befriedigend zu schitzen, wie es sich aus dem Vergleich mit analogen
Systemen® ergibt, bei deren Untersuchung auch die spektrophotometrische
Methode in Verbindung mit Leitfihigkeitsmessungen 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 p1per1d1ne in water-30%
and 50% v/v -dioxane mixtures is studied. The 1:1 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 systemn 1-nitro-2-naphthol —
piperidine in the above mientioned 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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FewENTIRd omors)»souara ot uaﬁaga no)»v[iovmétswa ®ol TTOAMVUEQT] -OYETIRAL.
XopnAov uogwmov Bdgovgs xal 6t yta TV &védivon BS ovpmolvpeedv xotokin-
Aotegn elvar 1| paocuotopmTopetouxl uédodos.
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Ta tehevtaia xeovia &yl xonowpmomomd) § NMR goopatooxonio otV
TOLOTLXY] KOl TOOOTLXTY) Gvdhvon dxrbdoeotwy ohvpuep®dv,® ovumolupuee®vi®!! kai
tegmolvuep®v (EPDM).”? ‘H NMR péBodog #yxer 10 mheovénwtnua va divn
mAngogogieg yid i) dopr) xal TV yeopetrpia Tol molvpueeoTs, yeetdieTrol Suwg
molvdamova Boyova xol elvar dVoxolo vd dpoguoodii &md Zoyaomola
Broumyovixdv povéddwv ot dvoldoeg goutivag. *Aviideta, M iwdouetoinn
uédodog Y& pmogovoe va épaguoodt &mwd Spolodfmote EQyoaotiolo, SLoTL
ofjueoa dratideviar ot Eumdolo dxrouPh diakdpota Wijs™ xodag xal xatdiin-
oL xai @invol dvoiitec.

’AnoteAéopata xai ov{fmon

I'a v &Eétaon tiig ®atodnlémrog Tiig pedédov yonowpomoridnxray
delypota Eumoondv morvfoutadieviov ®ai CUMTOAVUEQDY oV Thodnxav &wd
dudpopeg Etorpeies. ‘Qg dvrdoaotiolo meootxune yonoinomoidnxe Sidlvpa
Wijs 10U éumoplov.

"Agyra €Eetdotnxe 1) drodutdrnTa TdV derypdtav of cuvideig gyaoctnot-
axovg drahiteg, Ao v omoia diamiotddnxe &L koTtdAAnlor Suahteg ftav 6
TeTQaylwodvioaxag, TO ¥hmEoedouo xai uiyuo xhmeogoguiov-6Eixot dEéoc.

I'd tov Eleyyo tijc Axpiferag tiic uedédov xai v Emidoaon TdV
moagandve diaiut®dv otolg mEoodlogLiouevous dotduovs imdiov dialéytnxe
cav medtumn ovota 1O oxovarévio (2,6,10,15,19,23 -EEoapeduvro- 2,6,10,14,
18,22 -ewxooutetpacEaévio) xai moodiogiotnxe 6 doLdude imdiov tov of
avtovg, pug xobévo avidodoems 1 doa ot Yeguoxgacia dwpatiov (miv. I).

ITINAKAZ I: ITgoobiogiouos 1ot doiduol iwdiov tof oxovaieviov oé Sidpopovs Sialvtec.

: HMooémta *Aouduog . : ¢
AvardTng deilynatog imdiov
(g) (®zwonTixds: 370,7)

0,0812 - 363,8

0,0794 368,4
Teroaylwodvioaxog 0,0712 369,0

0,0682 370,1

0,0612 370,5 .

0,0850 361,2
Xhweopoouio 0,0730 365,7

0,0620 368,1 -
XrhwQopdoto-dEixd 0,0735 365,4
BBV (1:1) ’ 0,0676 : 366,2

0,0615 367,8

*Amd Tig TuEg ToU mivaxa I wpoxdmrel &1L ) dxeifera Tob ngooﬁtogtt_,éue:
vov aoudpod imdiov elvar, rwg meouuévape,” ovvaomon tiig nooé'm'cag 00
delyparoc dvaliosws. T v meplmtwon tob tsrgax‘)»mgéwﬁgo\ma, x0i Y10
moodémra delypatog th TéEems 0,06-0,07g, 6 doidnog imdiov o0 mEoadLogl-
omxe givar moaxtixd & FewonTinds. 10 YAwEopoomo *ai 00 piypa )’(,)»mgo—
@oouiov-dExod 6Efog, Y& moodtnTes deryndrov Tiig idiag tdEews, Exouue
amoxnlioelc &md T péyiotn T ~ 1%. '
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Mg fdon 16 megamdve avolvTind 6860usva £Eetdomue ot ovvéXELa n
&ropeotdTnTa TOV 6swuarwv Ztovg mivoreg mov dxoroviotv divovion ‘YL(I
wée Jco)muegeg ol droaieg TLueg aQuf}plov iwdiov mévte ngoo&ogwuwv 1 péom
T Tov, %ol 1 ®OTAMnAn mEQLOXN Bang mov Poédnue yd tO delypo
owa)woswg

10 slmogmon no)mﬁomaétewa xgnmuonomﬁ’quav ®¢ drahvteg 6 TeTEO-
yhowodvigoxas xal 1O yhweopdomwo (wiv. II).

Z1ov wivoxo I wogatneodpe &t ol dorduol iwdiov ot teTtpaxhwedvigaxa
givol Ehaped ByYnhdtegol &mrd Tovg dviioTouyovg ot YhwgopodeuLo, Fewpodue 6
ToV¢ modTove Gxouéoregovs &v AGfouvpe U SyYn O dmoteléopato TOD
oxovoleviov (miv. I). "Extog &md 10 Ubepol BR153A, T drwéhoura molvpovta-
Siévia EdelEav nai otove dvo Stahites megiexTivdTnTa 08 fovtadiévio peyolo-
1egn &md 98%. “H ratafvdion iljpotog, o ovpfaivel xatd v weoohixn Tod
Srodvpatoc Wijs fi roxd v dudorela Tiig dviidodoews, dév dvonohever v
Tithod6tnon xal, Brwwg delyvouv 1o drotehéopata, dev donel dovnTin émidoa-
on* otdv meoodiogitéuevo dotdpd twdiov.

‘H &ropeotdtnta 100 molvpovtadieviov Ubepol BR153A (miv. IT) mooo-
dioplomne xol ng NMR gaoparooxornic,” dmd thv Omolo mooéxvype BTL 1)
TeQLEXTIXOTTA Tov of 1,4- nal 1,2- Sopn fitav 58,7% wai 18,6% dvtiotoiya,
67])»(16’?] CUVOALXT| negtsmmémra ot Pouvtadiévio 77,3%. ‘H tehevtaie TLum
CUPTiTTEL oxeﬁov pe 1:7] dvtioToym Ing Lu)60u€1:gmng p.sﬁo&ov ot Yhwgopdouto
(77,2%) »al oup@VEL ixovomomTixd ug T dvtiotolyn ot teteaxlwedvigaxa
(78,7%).

‘O ngooétogwptog 0T agu‘}uov iwdiov Tov okscptvmxov TEQIOAVUEQOTG
Intolan 140A #¥dwoe, dmwg meouuévape,™? xam])»sg TUES (er 1), Mg ovvnﬁn
NMR owa)mon (gix. 1) d&v frav duvatdv v TEoodLogLoTi) i dnoEEsTSTNTE TOV,
$Eautiog uN &mogrovg ebouodmoiog thg pedddov yid v meplmrwon TOV
TEQIOAVUEQMV ue younhn megiextindTnTO dLeviov.

0 oL 0s 0.£ 0.¢ 0.8 04 orx 08
@) M1 .

EIK. 1: ®ddoua NMR 107 SAe@ivixot tepmoivuepodc Intolan 140A
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‘O mEoodLopLopds ToT &otduod imdiov Tdv mévte devyudtwv oupmolupe-
Q(D’V ﬁovwétsw.ov O‘I:'UQO)\.LO’U (th 11T) & sywe ®Uplwg 0¢ YAweopoouLo, dLdTL Sha
T 6swua-m m:ow dwahuta ¢° adtéd. B¢ Tola detynata ngooﬁtogw'mxe 6 &otuog
iwdiov xal ot tetgax)»mgavﬁgaxa Ol agu‘)uou. iwdiov 1dv tedevtalmy 6ewua-
Twv 0tovs dU0 attovg 6La)»v-csg CVUPWVOTV mowonomnxa Enueiwtéov &L 1O
molvoTueoMo Edwoe nai o'covg dvo Bta)wreg TTQOKRTLHA AUEANTEES TIUES &Qu?}p.ou
twdiov (~1,5), medyua mov onuaiver 8t 16 povoyrwolotyo iddLo dtv diver pg
no)»v(rwgo)»to 1 ovptolyuepf] poutadieviov-grvgoriov dviidpdoews voxoTa-
otdoems.’

Ta drotehéopota 1o Lm(‘)ouetgmov ngoo&togwuov Tig drogeoTédmTOG
Tv BS ouu:rco)musng ovyxitmxav u¢ to owu(nmxa thic NMR pedddov,>0
thsxmpe 8¢ o1 M lwdopeTorxd) usﬁo&og givar o edalodnt nal xata)»kn)»otsgn
vy BS ovumolvueot wxois meotentindmrag ot fovtadiévio, dmwg 1o Osstyrol
SD (miv. IV »ai €ix. 2). Ta BS cvumolvpeef) Tufprene xai Cariflex TR1102 (gix.
2), ug¢ meorentindtTa ot fovtadiévio > 50%, Edwoav xal ug tig dvo peddédovg
amotedéopata Tov cupgwvotv (miv. IV).

‘H rcooom-m 07 o-wgohov T®dv BS ovpnokvueng, OV WUTOQEL v
'vnokoytom gupeoa Gmo 16 Bovta&wwo pe ™ Pofdea 'cng iwdopetoiniis
pnedddov, av ﬁemg’nﬂ‘n aueAntéa ) ToobmTa ToT uovouegovg 7oV d&v tolvpegi-
otnxe xa0®dg xnal TuyOV «:n:gom‘}stoc» ovyrpldnxe né sxswn OV nQoo&ogwmus
ne (paouatocp(otouetgmn usﬁoéo (uiv. IV). Z& 8ha T 6swuata 7 PacpaToPw-
‘CO[.LG‘I:QL’X/I] T} 108 oTvEoriov Arav xaunkotsgn (0,7-4%) &md v &viotoum
uun Thg twdouetorxriig ueﬁoéov I'é Tov suusoo 7e00dLOELOUO TOTV GTUQOALOU
&vog BS ovuno)»vuegoﬁg un 6Lavy('f)g Stahvtot ot x?»o)gocpogmo 1 twdoueToLrt
uédodog ¥ pmogovoe enouevcog vaL xgnmuonomﬁn A&vti g dueong maouato-
cpwtouergwmg uedddov,?® ug mavonomrma anorsksouata

‘0 Lméouetgmog Jrgooétogwuog thig drogeotdtntag v ABS ovuno)mue—

0@V (nw V) &ywve ot plypa x?»oogocpogw,ov 8Ewnov oEsog 3¢ x)»(ogocpogmo i
tetgakagavﬁgaua ta delypata frov adidhuta. Td v dastiotwon &v xatd
v moodnxn povoxrweotxov iwdlov otd ABS ocuvpmolupeof) cupfaivn
aviidoaon droxataotdosns, yonowomordnxe ol medtuny ovota 1o Algil (AS
ovumolvpepés). ‘O aordnog iwdiov avtod Peédnxne ol wxods (2,3), medyua
oV onuaiver 6t T uovox)w)gtoﬁxo todo ng AS i) ABS ovpmo)wuagﬁ ngammd
d¢v diver ownégaoetg vroxataotdoens. [ag’ dha adtd otovg uno)»oywuovg 'mg
dxopeototnrog (% Bovrafnswo) tdv ABS ovumolvpepdv Mgy O’ oxpn o
dordpog imdiov tot Algil.

© ‘H éxropeotdmra xal 1) ovvdeon 1o mohvpepots Novodur PM (miv. V)
ngoo&togéo'mxe xol ué NMR gaouatooxormic, &md v 6moia Teotxv e Tt 1
meQLEXTIXOTNTA TOV 0f Povtadiévio (14,8%) ovupvel ixavomomTind ue éxeivn
T L(D50].L8'CQLWY]Q usm‘)oéov (15,6%).

Ao Td naganowm om:ore)»eouara :Tl:QOM.UTI:‘IZeL ot M wo&ous-cgmn usﬁo&og
TTEOCOLOQLOUOT  THG axogeo-:o-m-:ag svog no)wuegovg diver aELonwm nol
snava)»nwma amoteléopata. T -cnv épaouoyn g dratidevran onuega 010
éumooto axoLpi 6La)»vuata Wijs »at d&v xgswttov-cou ondvior 6La)»v1:8g ‘H
Lméousrgmn usﬂo&og elvar an)»n, ygnyogn nal pmogz—:t va xgnmuonomi‘h] dveta
o owoc)woug eovtivag, 160 YL Tov Eheyyo voc tehxoD mQoi6VTOg 800 %ol
HATA 'mv Oidonera T®V 6wscpogcov OrepyaoLdv -mg Btom]xowmng TOV TTALQO.OKEV-
g, ot ovvdvaopd PéPara pé Ghheg uedddovg Gtav elvar dmogaitnro.
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ITINAKAZ III: IToooTixog mEoodiogiouds tiic Gx0Q0eoTétnTos §UmopLx®dv ovumolvucodv Bovtadieviov-otvgodiov ué v iwdouctoixn) uédodo

"EptoQuxd ITeguoxn *Agudpol twdlov
Bvopa Atohdtg Bagdv &nQateg TIpEG néon % BoutodLévio™ % Ztuéhio* ™
delyparog (2 TEVTE U
Qo0dLoQLOP@V
Emu-Pulver 120FD  X\wgogdouio 0,2214-0,2387 42- 44 43 0,9 99,1
Teroayxrwedvioarag 0,2040-0,2855 18,3- 18,5 18,5 3,9 96,1
Osstyrol SD
Xhwgopbdouto 0,2236-0,2968 17,9- 18,4 18,1 3,8 96,2
Fosta Tuf-Flex XAweopdeuto 0,2105-0,2843 32,3- 33,3 32,8 7,0 93,0
Tergoyrwedvioanag 0,0925-0,1230 255,0-259,0 256,0 54,5 45,5
Tufprene
XA0EopOouIo 0,090 -0,112 254,2-256,7 255,4 54,4 45,6
»»Tétgakagdvﬁéauag 0,060 -0,080 327,3-330,1 328,8 70,0 30,0
Cariflex TR1102 . <
KA0QOPOQULO 0,060 -0,080 329,4-332,8 331,9 70,7 29,3
Tergakagdvﬁgaxdg 0,20 -0,30 1,5- 1,6 1,6
ITohvotuedého . -
Xhweopbope 0,20 -0,30 1,4- 1,5 1,5

* % Bovtadiévio

E

péon ) dovd. twdiov X 0,213
** “Yrohoyitpevo Eupeoa &md to fovtadiévio

8¢

IOVHdIVX ‘N'V ‘THVIVVAW X'V



TIINAKAS IV: Suyxoitixd: drotedéopara moootixod meoobiogiouod T GxopeotémTas Eumogix@y oupmoAvuEQdY Bovtabieviov-oTveodiov ué v iwSoUETOLXY, PaoUaTOPWTOUE- E
Totxn) xai NMR uédodo o
M
"Eunogixd . Iodouetgurt] uédodog - DAGUATOPWTOUETOLRT p.éﬁoéogs NMR p.éﬁoéogg’lo E
Svoua AvahiTng % Bovtadiévio % Ztugbho*  Avaritng % Ztugbho AvohiTng % Boutodiévio % Ztvohio %
delyuotog vl
£
Emu-Pulver 120FD Xhwopdouo 0,9 99,1 XAwopbouLo _ 97,0 Agvuteglo- wo** 100,0 O
. xAwQopoéouo ™
Tetpaxhwedviganas 3,9 96,1 a
Osstyrol SD >
X wQopdopuo 3,8 96,2 XAw0opbopuo 92,2 AgvteQLo- w.a. 100,0 ]
xhwopdoulo %
vl
Fosta Tuf-Flex*** Xhwgopdoulo 7,0 93,0 — — — — — ﬂ
. - Qo
Teroaxhwedvioaxrag 54,5 45,5 Teroayhw- 54,5 45,5 'g

. bviooxag
Tufprene ﬁ
Xhwoopdouto 54,4 45,6 Xhweogpdeuo 44,4 o
Terpaxhwedviooxrag 70,0 30,0 9
Cariflex TR1102 N E
XhwgopoouLo 70,7 29,3 XhwopbopLo 28,6 AgvteQLo- 70,5 29,5 =]
xhwoogpbouLo g
Z

* “Yrmohoyttduevo Eupeso amd td Bovtadiévio

po. = pf &vixvedopo
v Adv Edwoe dwowyeg dubhupa

6¢
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Osstyrol SD

Cariflex TR1102

VN P

20" 8.0 7.0 6.0 5.0 %0 30 20. 1.0 0
: PPM (6)

* EIK. 2: ®douata NMR t@v BS ovumolvueodv Osstyrol SD xai Cariflex TR1102.

Ieipapatixod pépog

Ta& gdopato drepuddovg Thotmxrav pé PaouaTo@TOUETEOo VeEQLDddOoVE-
6gatrot Unicam SP 800B.

Ta pdopato NMR o ovyvérnieg 60 xai 90 Mc/s ndodnroav dviiotouya pe
" NMR gaopatdpetpa Varian T60 xai Perkin Elmer R32, ug éowteotxd mpdtumo
terpapedvro-cthdvio (TMS).

Agiyuaro moAvueodiv

. Budene, No xarahéyov™ 3211, molvBouvtadiévio.

. Intene 45NF, No xatordéyov 3211, molvBovtadiéveo.

. Ubepol BR100, No »atordyov 3211, mohvBovtadiévio.

. Ubepol BR150, No »ataiéyov 3211, mohvBovtadiévio.

. Ubepol BR153A, No xataldyov 3211, molvBovtadiévio.

. Intolan 140A, No xatahdyov 3411, dhe@vind TEQIOAVUEQEC.
. Emu-Pulver 120FD, No xatoléyov 1223, BS ovuwrolvueéc.
. Fosta Tuf-Flex, No »atahdyov 1223, BS cvumolvpepée.

. Osstyrol SD, No xataAéyov 1223, BS cvumolvpegéc.

. Cariflex TR1102, No xatahdyov 1253, BS cvumorvpepés.

P
SOV WN M=
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11. Tufprene, No xotaléyov 1253, BS ovpmolvpegés.

12. Algil, No zoatardyov 1222, AS ovurohvpegéc.

13. Absafil, No xatahdyov 1221, ABS cupmolvpeés.

14. Editon CRX13, No x»ataidyov 1221, ABS cvpmolvpegés.
15. Novodur PM, No xatoléyov 1221, ABS cupmoluvpegés.

16. Restiran SP/11304, No xatohdéyov 1221, ABS ocvpmorvpeés.

‘Avtidpaotiiota

Ata;tvya Wijs, didkvpa 0,2N uovox)»wgtovxov iwdiov ot tstgax)»wgow-
Yoara xat 6EnO 68V, Merck. @&oﬂeemo vdtpto, Merck. Twdtolyo #dit «pro
Analyse», Merck. "Auvio dtadvtd, Merck. Tergaylwodvioaxag «pro Analyse»,
Merck. XAwoopdouto «pro Analyse», Merck. *O&uxo 65V, Merck.

HgooéLogtayog to0 dotduov iwdiov
To meodg dvdhuon Bewua xoﬁsrat ot p.wcga xop.p.aua RO vaLCeraL ot
cpta)\n Erlenmeyer t@v 250 1) 300 ml us eouvgtouevo aopa. Tie v ﬂ:ooor'r]ra

Y

100 delynarog dvalvosmg maigvetow B Bym i dxdhovdn dviiotovyio:

’Avapevouevog Hoodmto
doLduog deiynorog
iwdiov g
0 - 100 0,20 - 0,30
100 - 150 0,15 - 0,20
150 -.300 0,08 - 0,15 |
>300 - 0,06 - 0,08

ITgootideton 1 &vayxroaio mocdmta drohvty (20-40 ml), mpocoQudTeETaL
x&Betog YPurtioag xoi 1O detymo dvadedetor payvnTirde év Geopd péyoL
drolvoewg.

*Axohovdel mooodMxy 25 ml Swahdpartos Wijs, 7| @LéAn nopatiCetal xai
tomodeteital o oxotelvd uépog &mi 1 doa. Katd thv mgoodixn tod diakdpotog
Wijs oymuatiCetar itnua, 10 6moto Spwg d&v dvoxohevel THv TiThodoTOM.

“H diegyocia yud 1OV meoodiogtopd toT dorduot imdiov cuvexiletor uetd
xatd T yvowotd.?

‘Yno/loywydg rﬁg o’mogea‘rdm»rag ToAvueQovs

H a%ogeoromta ot p.ovaéeg Bovtadieviov £vog nokvﬁovraétswov il evog
OVUTOAUPEQODG TTOV TTEQLEYEL Bovtaétewo vroloyiletol &md TV TOQUXAT®
¢Elowon:

M,

% Bovutadiévio .= Gorduog twdiov X
M.
mov  M; = pooaxd Paoog Povtadieviov
M: = pograxd Bdoog iwdiov
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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
terpolymer (EPDM) has been determined iodometrically. Carbon tetrachloride,
chloroform and mixture of chloroform and acetic acid were 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

Jonomers 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 widely'** 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 copolymers on which ionomers are based tend to exhibit
hydrogen-bonded association between plysically adjacent carboxyhc acid groups,
and replacement of the H" ions leads to formation of at least M*-CO, ion pairs. The
p0551b111ty 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 thationic polymers 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 studies”®** 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
QHB
m +K
(w;(&ﬂn—( CHyG= )y + ()M
Fo- .

M**is Li,* Na,* Cs* or Ba,*?, were prepared by titrating (under nitrogen) 3-5%
solutions of the acid (unionized) form of the PSMA copolymers'? by standard
solutions of the appropriate metal hydroxide in methanol to a phenolphthalein
endpoint. For copolymers having an acid content greater than 1%, 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 indicating low (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*™ was
99-100% in the samples studied. This (Table I) can be ascertained from the mid
infrared spectra of the ionomers.

TABLE 1.
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 51
4.6 4.6 21 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 preparatlon 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 transform far
infrared spectrometer at ambient tempetature. Each spectrum was recorded several
times with a reproduc1b111ty of 1% in absorbance. Mid infrared spectra in the région
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.

PSMA lonomers

Absorbance —»

374LiN

T7(H)L

1
4
100 200 300, 00

FIG. 1: Far in}rared spectra (50-450 cm’? ) of low molecular weight PSMA ionomers and the unionized ‘

form of the lIow molecular weight copolymer.
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FIG. 2: Far infrared specrta spectra s a of high molecular weight PSMA - Na* jonomers with varying

concentrations of carboxylic groups.

Spectral Results

a. Far Infrared Spectra .

The far infrared spectra (50-450 cm™) of the low molecular weight PSMA
ionomers containing Cs*, Ba*2, Na*, 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 Li* ionomer or the un-ionized form in the region below 300 cm. This feature is
a broad, well defined band which shifts from 250+5 cm™ for the Na* ionomer to
185%5 cm™ for Ba*?,t0 115+ 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
observation* 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™. *¢

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*2, 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-0O and the O-C-O bending motions, both modes of the carboxylate group.

’ T%

0,6(Na)h A »

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 (Flgure 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!® ** to the asymmetric stretch of the -COOQO- 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 O- 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 Eisenberg’s 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 clusters*® or «ion drops», as defined by Holliday*’ 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 smce 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 proposition* 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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'Summary

The results of magnetic susceptibility variation with temperature studies for 3d metal
chloride and perchlorate complexes with quinoxaline 1,4-dioxide (N, N-qxO>) are discussed
in some detail. N,N-qxO; may function either as a terminal or as a bridging ligand of two
types, viz.: bridging through one of the N-O oxygens(M-O-M bridges, designated as L) or
acting as bidentate bridging, with each of the N-O oxygens coordinating to a different metal
ion (¢Lo). Three of the complexes (with CrCls, Cu(ClO.)2 (4:1 complex) and FeCls) are
monomeric; the former two are magnetically normal high-spin compounds, but the FeCl;
complex shows a low ambient temperature magnetic moment (5.26 uB), and its magnetic
behaviour may be interpreted in terms of either high-low (S=5/2-S=1%) or
high-intermediate [S=5/2-S=13/2) spin equilibria. The rest of the complexes studied are bi-
or poly-nuclear. Among these, the NiCl, and MnCl, complexes, which involve chloro- and .
both ¢Lo and chlorobridges, respectively, are magnetlcally normal high-spin compounds All
the. other complexes (with CoCl,, CuCl,, Cr’*, Mn?*, Fe**, Fe**, Co** and Ni**
perchlorates, as well as a 3:2 complex with Cu(ClO4)z oontaln M- (Lo)z-M bridges and their
magnetic behaviour is suggestlve of spin-spin interactions, occurring by a superexchange
mechanism, operating via the orbitals of the bridging oxygen atoms. The two polynuclear
Cu®** compléxes comprise, .in addition to Cu-(Lo),-Cu bridges, metal ions involved in
bridging of the Cu-oLo-Cu type, and show  dramatically smaller p.z decreases with
temperature, relative to those observed in exclusively Cu-(Lo)2-Cu-bridged compounds.

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

Introduction

Recent work ‘at these laboratones established that qulnoxahne 1-oxide
(N-qu),3 * phenazine S5-oxide (N-phzO)** and phenazine 5,10-dioxide
(N,N-phzO.)"# 'may function either as unidentate O-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.c., bridging through a single N-O oxygen or function of the
ligand as bidentate, bridging, as shown in (I) and (II), respectively (Z=N or NO;
X=a second djazine N-oxide or a different ligand, e.g., Cl; for simplicity only the



54 D.E. CHASAN, L.L. PYTLEWSi(l, C. OWENS, N.M. KARAYANNIS

pyrazine fragment of the ligand is shown). Several 3d metal complexes (M =Cr*",
Co®*, Ni** or Cu*") with the preceding ligands, involving bridging of type (), have

N |
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M M :
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been" found to exhibit subnormal, for high-spin, configurations, ambient
temperature magnetic moments.>® This magnetic behaviour was attributed®**# to
spin-spin coupling between adjacent metal ions, by a mechanism involving -
magnetic superexchange via the orbitals of the bridging atoms.”'? On the other
hand, the Fe(III) chloride and perchlorate complexes with N-gqxO, which are not
characterized by bridging of type (I), were also found to exhibit.subnormal, for
high-spin Fe**, room temperature magnetic moments.>* These ferric complexes
were considered as involving spin-free (S =5/2)-spin-paired (S =15) equilibria, by
analogy to other Fe(IIl) complexes with aromatic amine N-oxides, for which
spin-state equilibria of this type were estabhshed by means of magnetic studles at
300-80° K and Mdssbauer spectra.’!

‘More recently we synthesized and characterlzed 3d metal chloride and
perchlorate complexes with quinoxaline 1,4-dioxide (N,N-gx0,).'%'¢ 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,'>
are discussed in some detail in the present paper, along with a brief presentation of
the structural and spectral features of the N,N-qxO, 3d metal complexes.'**¢

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 evidence.''® Bridging of types (I) and (II) is designated as Lo and oL,
respectively, while L stands for terminal N,N-qxO, ligands. The presence of
N,N-gxO; groups coordinated through only one of the N-O oxygens in all of the
complexes under discussion is favoured by the available ir evidence. In fact, each of
the vn.o bands of the free ligand (1287, 1230 cm™)™>!” appear split in the spectra of
the metal complexes, with one component showing slight frequency shifts and one
or more components exhibiting substantial negative vn.o frequency shifts (by 16-60
cm™).'>1® These features suggest that, at least part of the N,N-gxO, ligands, involve
two dissimilar N-O bonds, owing to coordination through only one of the available
ligand sites.>® The presence of both coordinated and ionic perchlorate in the
M(ClQ4)n complexes was demonstrated by clearcut splittings of the v; and v4(ClOx)
modes and ir-active v; and v2(ClO4) absorptions.'®'®'® Tentative metal- -ligand
stretching mode assignments (Table II) allowed distinctions between monomeric
and bi- or poly-nuclear structures, with bridging N,N-qxO, and/or chloro %°
ligands.'>'® These assignments could not be used for distinction between bridging of



QUINOXALINE DIOXIDE METAL COMPLEXES: PARAMAGNETISM 55

type (I) or (II) for the N,N-qxO- 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 vm.o (aqua, N,N-gxO; or perchlorato) and vm.a
bands suggest that most of the complexes are hexacoordinated.*’** Exceptions are
the CoCl; and the three Cu(II) complexes, which appear to be pentacoordinated.?*
With respect to the presence of water, only the MnCl, and the 4:1 Cu(ClO.).
complexes are water-free. The rest of the metal perchlorate complexes and those
with Cr** and Fe?** chlorides seem to contain both aqua ligands and lattice water, as
indicated by two types of vom bands,'>'® viz.: one relatively sharp maximum at
3500-3300 em™, corresponding to the aqua ligand** and a much weaker very broad
continuous absorption at 3600-3200 cm™, suggestive of several maxima and
compatible with the presence of lattice water.”® The NiCl, complex shows only a
relatively sharp band at 3300 cm™, and contains exclusively coordinated water;
_whereas the Co®*, Cu®* and Zn*" chloride complexes show only the weak, very
broad absorption at 3600-3200 cm™, which is suggestive of the exclusive presence
of lattice water.” 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 CoCl, and the three Cu(II) complexes26 and coordlnatlon
number six for the rest of the 3d metal complexes.!>®

Magnetic Evidence

Only a few of the complexes show normal ambient temperature magnetic
moments®’ for high-spin 3d metal ions.>'® Among the metal chloride complexes,
those with Cr**(4.04 uB), Mn**(5.92 uB) and Ni**(3.40 uB) seem magnetically
normal, whilst those with Fe**(5.26 uB), Co?*(4.12 uB) and Cu®*(1.04 uB) show .
clearly low e values. In the case of the metal perchlorate complexes, the only
compounds with normal room temperature magnetic moments are the 4:1 Cu®*
complex (1.82 uB) and the Fe** compound (5.47 uB). The rest of the perchlorate
complexes are either clearly magnetically subnormal (Cr** 2.54 uB,Fe** 2.50 uB)
or show magnetic moments significantly lower than the normal values (Mn?* 5.60
uB, Co** 4.41 uB, Ni** 2.57 uB, 3:2 Cu®** complex 1.54 uB). Table III gives the
variations of the magnetic susceptibilities of the three magnetically subnormal
metal chloride complexes. The Fe** complex shows a ue decrease of 0.33 uB in the
- 315-81°K range, while the moments of the Co®>* and Cu** complexes decrease by
0.08 and 0.16 uB, respectively, at 297-143°K. As far as the Cr**, Mn?* and Ni**
chloride complexes are concerned, their magnetic moments are temperature-
independent: Thus, measurements at 143°K afforded the following ues values for
these compounds (uB): Cr** 4.01; Mn?* 5.92; Ni** 3.39. Table IV shows the results
of magnetic susceptibility studies, at various temperatures, for the metal
perchlorate complexes. The two M(III) perchlorate complexes (M =Cr, Fe) show
Uer decreases of 0.33-0.38 uB at 297-143°K, while in the case of the M(II)
complexes. (M=Mn, Fe, Co, Ni), there is a trend of increase of the magnitude of
Al in passing from Mn(II) to Ni(II), in the same temperature range. Regarding
the two Cu(Il) perchlorate compounds, the monomeric 4:1 complex has a
practically temperature-independent magnetic moment, whilst that of the 3:2
complex decreases by 0.29 uB in the 295-82°K range. It is quite noteworthy that the
Auet of the latter Cu(IT) complex is just about equal to that observed for the Fe(II)
perchlorate compound (0.18 vs. 0.19 uB) at 297-143°K, and significantly lower
than the corresponding Ay.x values (0.23 and 0.27 uB) determined for the Co(II)
and Ni(II) perchlorate analogues.

The anomalous paramagnetism of most of the preceding complexes (Tables
III,IV) is caused either by magnetic exchange between adjacent metalions in bi- or
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poly-nuclear N-oxide-bridged structures®'* or by spin-state equilibria, arising by
the presence of two almost-equienergetic ground states.”**’ In most of the cases
under investigation, the anomalous magnetic behaviour is due to the former
cause.'®®* Among the two possible types of N,N-qxO, bridging (i.e.,(I) and (II)),
(I), which involves bridging through a single N-O oxygen of the ligand, seems to
predominate. In fact, Cu(II), Cr(IIl) and Fe(III) bi- or poly-nuclear compounds,

TABLE 1. Structural Formulae Proposed for N,N-gxO: Complexes with Metal Chlorides and
Perchlorates.*>19

Metal Chloride Complexes
[CrCIL(OH2)2].H20
[FeClsL2(OH2)].6H20

—,_\‘ I /q\' /l.— r E . —
m ™
c{/l \CI/I \c| E?@
' o ? -] I . |i
4 ) a
CIO qu St T 8H0
:':) é)@ l./ \T — \m
cl\l/ca\nld/c: CN)
L/I \cx/!\z. ; . J
- M= Mn or Zn - ° o
L L
uzg I P l o ::>T"::;?‘ <CI
NI i 3‘0 4,0
cl/l \CI/I \ouz \L/ 0\ _a
- N e N Na

: Metal Perchlorate Complexes
(H20) (O3CIO)2LCr(Lo)2CrL(OC103)2(0H2)] (C104)2.6H20
(H20) (03ClO)LsFe(Lo)2Fel2(0OClO3) (OH2)] (Cl04)4.8H20
(H;0) (03CI0)LM(Lo)2ML2(OCIO3) (OH)] (ClO4)2.10H20.(M=Mn, Fe, Co, Ni, Zn)
CuL4(OC103)] (C104) .

H.0 H,0  Hy0 H,0
L He 2 2
1% °\ | | / <
L— c,l_,\ o \ /Cu —okg—  {Cl04)4-16nH0
04010 "L l oaclc! Lo
050! o0

involving bridging through a single oxygen atom or through two oxygen atoms from
two different ligand molecules, are almost invariably magnetically subnormal .*127
2 The samie type of bridging may also bring about antiferromagnetic interactions in
Mn(II), Fe(II), Co(II) or Ni(II) compounds;”*123%3 however, these interactions
are weaker than those -observed with Cu(Il), Cr(III) or Fe(IIl), and in many
occasions oxygen-bridged M(IT) complexes (M =Mn through Ni) are characterized
by normal ambient temperature magnetic moments, showing indications of
spin-spin coupling only at lower temperatures.”'>?” % The general trend for
oxygen-bridged compounds of the metal ions under study is an increase of spin- spin
interactions along the series Mn**(Fe?*(Co?*(Ni**(Cr’** ,Fe**((- Cu**.0"?>39 The



QUINOXALINE DIOXIDE METAL COMPLEXES: PARAMAGNETISM 57

TABLE 11 Metal-Ligand Stretching Mode Tentative Assignments forN N-gxO2 Complexes with Metal
Chlorides and Perchlorates.(*) :

Metal Chloride Complexes

M™ YM-Q®IUR) VM. O(NN-gx03) M-Cl
ot o 493 448(t) 343,337,311(1)
Mn?* _— 320(1t),270(b) 259,223(1),204(b)
Fe* 500 . 430(t) 356,320,311(t)
Co?* - 375(t),307(b) 281,258,249(t)
NiZ* 435 328(t) 254,228(1),208,191(b)
cu?* — 445(t)376(b) 326,307,274(t)
zn?t —_— 331,320(t),276(b) 258 246(t) 209(b)
Metal Perchlorate Complexes

M= M-0G®)  VM-O®MN-gx0p) YM-O(0CiO3)
ot 496s 448m(t),342m(b) 338m
Mn>* 413s 332m,321m(t),270m(b)- 302mw
Fe** - 418s 330m(t),270m(b) - '305mw
Ee3+ 495s 426m,421m(t),337mw(b) 321mw
Co?* . 426s 340msh,322m(t),

‘ 282m,274m(b) 309m
Ni2* 431s 344m,323m,b(t),

290m,283m(b) 307m

Cu?t(4:1) — 423ms(t) 341s
Cu2+(3 2)  452ms 404s(t),303m(b) 342s
Zn? 422s,sh . 320m(t),270m(b) 306m sh : -

*In cm™; designations: (t): terminal; (b): bridging ligand

TABLE III. Magnetic Susceptibility Variation with Temperature for 3d Metal Chloride Complexes with
N,N- -LjX 02.*

FeCl3L2.7H20

315.1, 10883, 5.26; 296.8, 11553, 5.26; 278.8., 12222, 5.24; 260.0, 13018, 5.22;
241.7, 13896, 5.21; 223.5, 14942, 5.19; 205.1, 16114, 5.16; 187.6, 17539. 5.15;
169.5, 19258, 5.13; 152.1, 21184, 5.10; 134.4, 23828, 5.08; 117.1, 27144, 5.06;
99.9, 31554, 5.04; 813 37216 4.93.

CoClyL2.4H20

297.0, 7015, 4.12; 203.0, 10167, 408 1770 11436, 4.06; 159.0, 12790, 4.05;
143.0, 14151 4.04.

(CuCh),L3.2H20

297.0, 454, 1.04; 203.0, 583, 0.98; 177.0, 628, 0.95; 159.0, 652, 0.91; 143.0,
666, 0.88.

* Each set of three numbers shows the temperature (°K), 106)(;,\ °r (cgs units) and mesr(uB).
~ L=N,N-gxOa.
Note: Measurements at 297 and 143°K. indicate that the CrCls, MnCl, and NiCl,
complexes are characterized by practically temperature-independent magnetic.
-moments (see text).

substantially larger spin-spin coupling effects observed with Cu(II) compounds may
be attributed to the fact that the magnetic exchange coupling constant J is quite
large for Cu** and dramatically smaller for the rest of the metal ions of interest.”
Bridging of type (II)(with each of the N,N-gxO, oxygens attached to a different
‘metal ion), on the other hand, would be unlikely to give rise to subnormal pes values
for the metal ions in the Cr-Ni series, and, perhaps, even Cu(II). In fact, polynuclear
3d metal compleéxes with aromatic 1,4-diazines**’ and their N-oxides and
N,N-dioxides*?®*** with bridging of type (II) (including the MnCl,-N,N-gxO,
- complex) appear to be usually characterized by normal, for high-spin



58 D.E. CHASAN, L.L. PYTLEWSKI, C. OWENS, N.M. KARAYANNIS

TABLE 1V. Magnetic Susceptibility Variation with Temperature for 3d Metal
Perchlorate Complexes with N,N-gxO:.”

CI'(CIO4)3L2.4H20
297.0, 2702, 2.54; 203.0, 3451, 2.38; 177.0, 3822, 2.33; 159.0, 4011, 2.28;
143.0, 4251, 2.21

MIl(ClO4)2L3 6H20 .
297.0, 13138, 5.60; 203.0, 18703, 5.54; 177.0, 21142, 5.49; 159.0, 23364, 5.47,
143.0, 25641, 5.44

Fe(ClO4)2L3.6H20
297.0, 12506, 5.47;203.0,17923,5.42;177.0, 20137, 5:36; 159.0, 22008, 5.31;
143.0, 24132, 5.28.

FG(CIO4)3L3 5H20
297.0, 2600, 2.50; 203.0, 3318 2.33;177.0,3524,2.24;159.0,3681,2.17; 143.0,
3882, 2.12

CO(CIO4)2L3 6H,0O
297.0, 8110, 4.41; 203.0, 11494, 4.34; 177.0, 12988, 4.31;
159.0, 14082, 4.25; 143.0, 15152, 4.18

NI(CIO4)2L3 6H,0O
297.0, 2756, 2.57; 203.0, 3636, 2.44; 177.0, 4032, 2.40; 159.0, 4348,2.36; 143.0,
4566, 2.30

Cu(ClO,).Ls

296.7, 1379, 1.82; 278.5, 1478, 1.82; 259.0, 1575, 1.82; 241.5, 1672, 1.81;
2232, 1793, 1.80: 204.8, 1967, 1.80; 187.5, 2139, 1.80; 169.5, 2361, 1.80;
152.1, 2634, 1.80; 134.5, 2956, 1.79; 117.3, 3353, 1.78; 100.4, 3927, 1.78;
81.9, 4724, 1.77

(CH(CIO4)2)2L3 10H,O

295.1, 995, 1.54; 287.5, 1012, 153 269.7, 1065, 1.52; 251.0, 1117, 1.50;
233.6, 1169 148 2150 1238, 1.47; 197.5, 1307, 144 1800 1414, 1.43;
162.1, 1518, 1.41; 144.9, 1639, 1.38; 127.4, 1777, 1.35; 111.0, 1930, 1.31;
93.6, 2173, 1.28; 82.1, 2342, 1.25.

* Each set of three numbers shows the temperature (°K), 10%2>" (cgs units)
and Meff(MB) L—N N- qXOZ -

configurations, ambient temperature magnetic moments. Some exceptions are the
Fe(II) halide 1:2 complexes with pyrazine (ues of 4.4-4.7 uB),®® and the 1:1 CuBr,
complex with 2,3-dimethylquinoxaline (pes of 1.55 uB). G 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(II)
complexes with diazine,*** diazole**** or 1,5-naphthyridine 1,5- dioxide*

bridging ligands. Antiferromagnetic exchange occurs, in Cu(II) c_ornplexes with
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type (I1) bridging, despite the relatively large separation (6.7-13 &) between the
magnetic centers in the linear chains, via a m pathway mechanism, involving overlap
of the m and m* orbitals of the heterocyclic ligand with the symmetric and
antisymmetric combinations of the metal orbitals.**

Inlight of the preceding discussion, the magnetic behaviour of the Mn?*, Fe?*,
Co** and Ni** perchlorate complexes (Table IV and Figure 1) can be attributed to
bridging of type (I). In fact, these complexes generate 1/X4 vs. T plots with similar

features to those reported for binuclear M;)M -bridged 2:1 complexes of MCl,

(M =Mn,Fe,Co,Ni) with the macrocyclic tetrakis-Schiff base (designated as L),
derived by condensation of two molecules of 5-methylisophthalaldehyde and two
molecules of 1,3-diaminopropane.®® A quite large Weiss constant (§=-87°) is
observed for the Ni(ClO,): - N,N-gqxO, complex, as was also the case (§=-125°)
with 2NiCl,.L’.¢? TheX s value at 143°K for the new Ni(ClO4), complex(Fig. 1) may* -
be indicative of a tendency for deviation from Curie-Weiss behaviour at lower
temperatures, as was also observed with 2NiCl,.L’ at temperatures below 120°K.%
The Weiss constants for the Co®*, Fe** and Mn?* perchlorate complexes with
N,N-qxO, are -21°,-12° and -5°, respectively (comparing to -62°, -42° and -7° for
the corresponding 2MCL.L’ complexes.>’) The trends observed in Fig. 1 indicate
that the antiferromagnetic interactions between the two metal ions in the binuclear -
metal (IT) perchlorate complexes increase as we pass from manganese to nickel.>

M{CI04)5L3-6H0

@ Ni
A Co

300 OFe

© Mn
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FIG. 1: Plots of 1/xa vs. temperature for M(CIO4 )2 (M=Man, Fe, Co Nz) complexes with quinoxaline . .

1,4-dioxide.

Additional support to the formulation of these compléxes as binuclear, involving
spin-spin coupling arising from type (I) bridging, is provided by the fact that the pes
values of these compounds show significant decreases with decreasing temperature.

Magnetically dilute octahedral Mn** and Ni** (as well as Cr** and Fe**) compounds
are characterized by essent1a11y temperature-independent magnetic moments.?’-*¢-

°! (Such a behaviour is exhibited by the Cr’”, Mn?* and Ni** chloride complexes
under study (vide supra)) Whereas in bi- or poly-nuclear Mn** or Ni** compounds,

the effects of spin-spin coupling are wusually detectable during magnetic
susceptibility studies at lower temperatures.'>***>>% In the case of octahedral Fe**
and Co** 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., oz decrease or increase with decreasing temperature) is
possible even in magnetically normal complexes.*”**5 Thus, the p.s decreases
observed for the Fe** and Co®>' perchlorate complexes under study can be
considered as indicative of spin-spin coupling, only in conjunction w1th the similar
behaviour of the Mn?* and Ni** analogues.

Plots of per and X, vs. temperature (figure 2) for the Cu?* complexes, show
the expected normal paramagnetic behaviour (8=0°) for the 4:1 Cu(ClO.),
complex. In the plots for the two 3:2 Cu®* chloride and perchlorate complexes, et
decreases with' decreasing temperature are observed. However, neither the Aps
nor the antiferromagnetic exchange for these Cu(Il) complexes are substantially
larger than those observed for the Mn(II) through Ni(II) perchlorate complexes
with N,N-qx0O,. If the two 3:2 Cu(II) complexes contained N,N-qxO; ligands
involved exclusively in bridging of type (I), they would be expected to show quite
larger A values than those obtained,®?%-*1*9 and certainly dramatically larger
than those determined for the M(ClO,), complexes (M =Mn,Fe,Co,Ni).* It should
be mentioned here that not all of the N-oxide-bridged Cu(Il) complexes exhibit low
room temperature magnetic moments.” Thus, the 1:1 CuCl,-4-nitroquinoline
N-oxide binuclear complex shows a pieg: of 2.08 uB at 299°K and 1.98 uB at 4.2°K.©7
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FIG. 2: Plots of ya and pesr vs. temperature for Cu(Il) chloride and percblorate complexes with
quinoxaline 1,4-dioxide.

The magnetic properties of this compound, which has also a ferromagnetic
exchange integral,”® have been attributed, by different research groups, to either a
chloro-(instead of N-oxide-) bridged binuclear structure®® or the effects of the
electron-withdrawing ability of the NO, substituent (in an N-oxide-bridged
structure).*® Another compound showing a room temperature magnetic moment of
1.90 uB is the 2:1 pyridine N-oxide-Cu(N03)2 complex, which is binuclear with -
both terminal and bridgmg N-oxide ligands.®® This complex exhibits very weak
spm spin coupling, and is the first authenticated example of exchange-coupled Cu®*

ions with a triplet ground state.®? Apart from the preceding and a few more
exceptions, the N-oxide-bridged Cu(II) chloride, bromide or carboxylate
complexes exhibit subnormal ambient temperature magnetic moments.>'%*-¢ 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 ligands.*** 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 uB at 300-80°K).°
However, several of the Cu(Il) complexes with quinoxaline or phenazine
oxides*®7>1¢ and the 1:1 CuBr,-2,2’-bipyridine N,N-dioxide (N,N-bipyO.)
complex'® show much smaller Apex values (0.15-0.30 uB) over the same
temperature range. Among the structures proposed for the latter complexes,
structural types involving alternation between bridging of types (I) and (II) are
included*®"1%151¢ (e.g.,-Cu-(Lg)2-Cu-((oLo)- sequences; in the case of N N-
bipyO., bridging of type (II) can occur if the ligand remains in the
trans-configuration upon coordination’®). 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
(II)-bridged adjacent Cu?* ions.**** Thus, whereas bridging of type (I) results in -J
values varying between 60 and 2500 cm™,*® with bridging of type (II) -J is in most
cases smaller than 10 cm™; “**) only in Cu?* complexes with some sterically
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FIG. 3: Plots of peit vs. temperature for Cr(ClO4)3, Fe(ClOg4)3, FeCls and CoClz complexes with
quinoxaline 1,4-dioxide.

hindered ligands, involved in type (II) bridging, have -J values of 50-200 cm™ been
reported.*>** The combined effects of alternating bridges of types (I) and (II) may,
therefore, account for the relatively small A .« values obtained for the two 3:2 Cu?*
complexes.® '

Figure 3 shows the px variations with temperature for the rest of the
magnetically anomalous complexes studied. In the case of the CoCl, complex, the
et Of 4.12 pB is below the range of values (4.20-4.60 uB), predicted and observed
for high-spin pentacoordinated Co** commounds.®® The overall electronegativity
and nucleophilic reactivity of  the Os;Cl, donor set, which makes up the inner .
coordination sphere of the complex, are heavily in favour of a high-spin
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configuration,” so that spin-state equilibria can be ruled out.” The pex shows very
slight decrease with decreasing temperature. Nevertheless, the moments of
magnetically normal high-spin pentacoordinated Co®* compounds have reportedly
the tendency to increase as the temperature decreases.* Hence, the Apeg for the
CoCl-N N-qxO, complex may be interpreted in terms of spin-spin coupling,
arising by bridging of type (I). Bridging of this type seems also likely for the Cr** and
Fe** perchlorate complexes, which show pes variations with temperature very -
* similar to one another and to various oxo-or hydroxo-bridged Cr’* and Fe**
compounds, having high-spin hexacoordinated'configurations and characterized by
- ambient temperature magnetic moments below 3.50 uB.**%%79 Regarding the Fe**
° perchlorate complex, which shows a moment of only 2.50 uB at 297° K, itshould be
¢ mentioned that spin-state equilibria are common in aromatic amine N-oxide ferric
" complexes.>’>*7 Tt 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 Cr** perchlorate analogue, we are
tempted to conclude that spin-spin coupling, arising by bridging of type (1), is the
major contributor to the magnetic properties of the Fe** perchlorate complex. It
should be noted, in this connection, that room temperature magnetic moments of as
low as 1.87 pB have reported for high-spin Fe** in binuclear oxo-bridged
complexes, involving spin-spin coupling.”

Finally, the FeCl; complex shows a e of 5.26uB at 297°K, decreasing by 0.33
uB in the 315-81°K range. Spectral evidence for this compound suggests that it is
monomeric and similar to the magnetically normal Cr** analogue.’ Furthermore,
binuclear ferric complexes with room temperature moments of 4.90-5.40 uB show
et decreases of more than 1.00 uB over the same temperature range.®®”> Hence, it
seems more likely that the anomalous magnetic properties of the FeCls complex are
due to either high-low (S=5/2-S=15, %A, - ?T, ground states)>**”>7 or
high-intermediate (S=5/2-S=3/2, °A, - *T1 ground states)”””® spin equilibria. By
assuming pesr values of 5.92,3.80 and 2.30 uB for the high-,intermediate- and
low-spin states, respectively, the high-spin isomer would decrease from 75% to
64% 1n the former, and from 64% to 48% in the latter case, as the temperature
decreases from 315° to 81°K.”* 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 ecm™ 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 pes vs. KT/ plots
(assumptions: {=370 cm™; g(the spectroscopic factor applicable to the *T
state) =2.0; k calculated to be 0.7)”>7* This would indicate that the high-spin 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 ps
vs. kT/C plots satisfactorily (at least not as well as previously reported data for
compounds characterized by spin-state equilibria of this type).”””® Even when
interactions with the *T; state and configurational mixing near the crossover point
are taken into account, an E/C 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 315-81°K range, with
data reported for tris-(4-morpholinecarbodithioato-S, S°) Fe(IIl) solvates
([Fe(med);].X) with X=water, toluene, chloroform or CH:Cl;,"which reportedly
involve the rather uncommon high-intermediate spin type of equilibria.””’”® In fact,
the variation of . with temperature for the FeCl;-N,N-qxO; complex is strikingly
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similar to that observed with [Fe(mcd);].H.0.7® Solvent hydrogen-bonding to
ligand sulfur atoms is thought to cause the production of a low-lying
intermediate-spin ground state in the Fe’* -mcd solvates.” As already mentioned,™
a similar situation, i.e., H-bonding to N,N-gqxO, oxygen atoms, is possible for the
new FeCls complex, which contains lattice water. Although an intermediate-spin
ground state is ruled out by ligand-field theory for purely Oy, d° configurations,” it is
possible in low-symmetry hexacoordinated ferric compounds.®® 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 (IIT) chelates.”® The evidence presented for the
FeCl; -N,N-qxO, 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-qxO; was prepared by the method of McIlwain.* The preparations and
charactenzat]on of the ‘metal chloride and perchlorate complexes were previously
described.'>'® Magnetic susceptibility studies at 315-80°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 literature.®? Similar studies at 297-143°K were performed at these laboratories
by the Faraday method, in conjunction with a Cahn Magnetic Susceptibility System,
Type 7600. Pascal’s constants were used for diamagnetic corrections, and for the
Cu®* compounds the correction for the temperature independent paramagnetic
contribution was effected by assuming the validity of the usual correction (60x 10
cgs units).

IepiAnync ‘
Mayvnuxwg avama}.a obumloxa Tov 1 4-AL0§&5LOU (1714 Kwogaﬂ.wng UETA
OTOLYE(WV UETATTTDOEWG,

‘H nagovoo 6nuocnev(ng J[SQL)»OLMﬁOWEL Kenroua@n ovlfmouv Tiig eméga—
oewg T@V dhhay®dv tiig Feouonpaocios énl tdv uoyvntndv idlotitmv oupmidnmv
107 1,4-8108e1diov tiig nivoEaiivng (N,N-qx0,) petd yAwoLolvywv xol dmegyhm-
QU®V GAGTWV TM®V orouxa(oov ueran-cd)oso)g rﬁg ng(btng oag&g. To N,N-gxO;
dvvaral vo oupmeglpepdi) €lte dog om@oztog vﬂ:o%atam:a-mg glte va oyxnuotion
yscpvgocg usragv &vo yertovir®v xatdviwv. Eig v tehevtaiav megintooty dvo
TUIOL yecpvav givar duvoroi: M-O-M (§§ M-L,-M) 8mov tO N,N- qxoz oynuoti-
CeL deopdv uetd 600 YELTOVIRDV ROTLOVIOV UEoW HWOVOV EVOg dtopov dEvydvou
wal M-L,~-M, Smov dp.cpétega 10 0Evydva 1ol VmorATAOTATOV oYNuUaTiiovy
deouots, EHOOTOV PETO 6Lacpoee'mcov %auovrog Tota éx t@dV ue)»e'covuevwv
ovunkouwv (ustoz CrCls, 10 4:1 cmwc)»o%ov UeTa Cu(CIO4)2 %Ol MS‘IZ(I FeCls) eivau
HOVOLEQT]: -1& Yo modta SE oOT®OV glval HayvnTLAddg OUaAG, Ev® TO ovuﬂ:xoxov
700 FeCly xaQaanLCEtaL 4o xaunkwtegav 00 ovvnﬁovg uayvmmnv QOTI:T]V
(5.26 uB) eig ﬁe@uoxeaoww 6wuauou nol M &v yEVEL LoyvNTLHY) CUUTTEQLPOQE
Tov dUvaral vo dmododi| eig Looggomow TV Tnov S=5/2 —S=1/2 "r‘] S=5/2
— S$=3/2. Ta vmbrouma odumhono eivor Oi- 7| mohv-pepd). EE adtdv td
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obumhoxa petd NiCl, nai MnCls, Té 6moio yopantmeitovral Gndanv magovoiov
M-CL-M #j %xoi M-.Lo-M yepuodv, elvatr payvntinds duoral vioets. Evd 1o
ovpmioxa petd CoClz, CuCly, M(ClO.), (M=Cr**, Mn**, Fe?*, Fe’*, Co®*, Ni**
n=2 4 3), xadwg xai & 3:2 ovumhoxov uetd Cu(ClOs), meguhaupdvouv
vepvgag Tod Timov M-(Lo)-M xal % poyvntxd tovg oupmegupod elg dtagpd-
povg Seppoxgactag (80-300°K). eivar mpogavdg dvidpohrog. Td S0 morvuept
obumhoxa Yool yogoxtneitoviar &mwd v magousiav téoov Cu-(Lo).-Cu,:
8oov noi Cu-.Lo-Cu yeguo®dv xal deunviouv mold uxgotégay EAGTTOOW TMV
LoyVNTROY TV QOTT®dV, &v oxfoel EOg dvdroyo Si- f| mohu-pegli ovpmhoxa
xohxod meguhauBdvovia dmoxiewstinds yegiag tol timov Cu-(Lo)-Cu.
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ITAPAZKEYH OEEIAION TOY APITAAIOY AIA THX TEXNIKHX
THE KPYOEHPANIEQX KAI THE YMBATIKHE EHPANZIEQX
KAI ATA®OPAI AYTQON AIIO ATIOWEQXE TIMON MEPIKOQN ®YXI-
KON MET'EOQN

KQNSTANTINOZ M. SIITHTANOS, AHMHTPIOZ‘. N. MIIAKOFIANNAKPE AAEEANAPOZ
0. KAATAKOZ

”Eéga T'evixdjs xai "Avogydvov Xnymng Teyvoroyiag tov AQLm:orslsLov Havemammov @eaaa).o-
vixng, Oeooaiovixn, ‘Erldg.
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" Elg mv éoyaoiav tavv nagaoxevdiovial 6Eeidia toh dyLhhiov dié tig pet6dov
g xEUoEnedvoens ®ol Tiig ovufotixkils Enpdvoemg éx Tijg idlag mmxtiic 1800Eediov ToD
dgyiihiov.

To ®atd tov tgonov 10OV Tapasxevatouevov SEeldLov ToD Gyt hiov © U(pL(I‘L’G.’L'G.L
Beguunv xategyaciov, Hmd dopdgovg cuviixas diagxeios xal deppoxpaciag, péxot
v 900°C. Eig 10 dudgpogo meoidvra tiig Peouixiic xategyaocioag tot 6Eediav T0oD
dgywhhiov meoadiopitovrol ) eiduxt) Emipdvera, TO TOQEMOES KOl 1) XATAVOUT) THY TOQWV,
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’Ex 'mg ovyxgtosmg adTdV dratiotoital Gt al ‘I?Lp.aL tﬁg eidxig émpavelag, To
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Eig v Eix. 1. nagexetat naww)m uetaﬁo)»ng g ﬁeguougamag oV
deLyndiav ouvaQTiost Tod YEOVov.

BEPMOKPALIA, *C
Y .
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Ocouixn xaﬂ:gya(na

Amn yiveTon dud ﬁsoewg oV 6swp,amw svrog OBV QLOADV (Boros1hca-
te). ol TomodeThoeng avTdV kaTémV eite Eviog ﬁsguoorarmov OMOUOTOS TS
ovoxreviig TEOOBLOQLOYOD EIDLRDY & emcpavemmv »wotd B.E.T., ToU otxov Strohlein,
weLoyfic Seguongaoi®dv 50-350°C, eite évtog flentoLrod %Mﬁavov 0T ol®ov
Thermolyne type 1400 diaotdoewy 4” X 4”7 X 6". Eig GUQOTEQUS TAS TTEQLITTMOELG
1| Béopavolg yiveron eig drpudopaigav afdrtov.

MMpoodiogiouds eidixijc emq)av&ag

‘0 ngooﬁtogtouog Tiig eiduuiic smcpavstag wotd. B.E.T. yiveton dua
xgnomonomoemg ov(mevng Area-Meter 10U oixov Strohlein F.C.A., dw0 TiQoo-
poghoeng deplov &tdtov eig tijv Yeguoxgaoiav tév 77,6°K, fito Tijg vygonom-
OEMG TOV.

ITpoodiogiouog tov Byxov TV TOPWY
‘O 1Eo0dLoELOUOE TOT Jyrou TV TOQWV, MG ®al TG *kaTAVOuUiiG avTRV,
yivetor dud ol Porosimeter 60.000 psi tol oixov Aminco.

ITpoodiopiouos tijs mpoogopnTixnfic ixavétnTos tv 6Eetdiwv T0U GoyiAriov

‘H mtpoopopntind] iravdtng 1dv taguorevooéviov detypdtov tot oEeL-
Sdiov tol doyliov yiveror Tf yonowomowoer dhloeivng &€ dhxoohudv
Solvpdrov adtiic dwogdowv cuyreviphoemv eig depuoxnpaciav 30°C. TTpdg
T0UTO YENoLpomoLEiTaL Yepuootatoupevov Tdoaxtoov tod oixov Edmund Biih-
ler Tomov ST1 »al gaocporowtduetpov Spectronic 20 tod oirov Bausch and
Lomb. -

ITz1papatiki d1adikacia

Merd Tv Exmhvoiv ™g 1) anuen Veplotato puyorévronowy émi 45’ eig 3800
oTEOYAS Ava AemTOV €ig puydrevrgov Tov oirov Martin Christ, type UJ3 mpog
dmopdnouvoly pégoug tot Uyeod.

Mezd T (’xm')xvow oD fmsgnstuévov VYQOD uégog on’nﬁg ﬁcpiorarat &’
svﬁstag Engavow ug J'I:’UQI,OWI"I]QLOV 80°C &mi 30 h nai v ovveyeig eig Tovg 110°C
&ri 60 h, évd o stsgov usgog adtic tidetan wEog ngvoEnQowow IMeog TotTo 1)
TR POyETAL raxsmg gig Tovg -30°C nad &v ovvsxsta tideTon :r:Qog vaoEnQow-
owv, dnradi meodg EEGYVwoLy o oxnuauoﬂsvtog mdyov, OO ovvﬁnnag HEVOD
0,4 Torr. ‘H 6La9n8|,a g xQUOEnQavoewg fto 90 h. Eig 10 ngomovra t'r]g
ovuﬁarmng uev uedédov Enpdvosme 1 ovyxsverOLg gig m:egea oVOTATLRA 1)TO
10,1% w/w, &v® 'mg ngvo’éngowoswg wapéuevey &v mooootov 4,7% émi mhéov
Uﬁon:og Al eidral Empdveiol TV Bswuatmv 8vgsﬁ“r|0av toatL weog 159 ol 188
m’.g? dvrotolyws. "Axrorotdwg :chog naﬁogtouov TV Be)\ucn'wv ovvﬁnxmv
Jeounig %atsgyamag v OESLSL(DV ué xoLeioLov v peyiomyv eldinny émpd-
velav duohovieitol 1| nototégm dladiraoion.

Mépog &€ éndortov delyparog* ﬁsgpawetat gl ’I]p.L(DQO’V eig Tovg 150, 200,
250, 300, 400, 500, 600, 700, 800 »al 900°C évtog tov ngoavacpsgﬁewog
nMdeov VIO oﬂyxgovov SuaBifaoy depiov &fdrov. "Emeidn to deiyua (B)

* A ouwcl)p.ww ovp,BoMﬁovraL O‘g'sl.fnov to¥ d&igythhiov ngosgxop.avov én TNRTIG 5!.(1
ovpBarixiic Enodvoswng adtig e (A) xai 8ud xouoEnpdvoemg ug (B).
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TIINAE I: Heipauatixd debouéva éni tijc ustafolriis tis sibixijs émpaveias dvapdpwv 6Ee1diwv Tod
doyirriov (A) xai (B) ovvagrioet tijc depuoxpacias tiis Jsouxils xarspyaoias oia yoovixny
Sudoxsiay 307

a/o Ogpuongacio Yegui- Sea) S®)

%iig uazségyacnag g gl
1 150 368 500
2 200 . 502 748 . ‘
3 250 566 682
4 300 435 622
5 400 " 410 506
6 500 380 426
7 600 353 376
8 700 307 336
9 800 247 282
10 900 : 203 179

g€dwoev vwnkotegag TLAG atémng gmipaveiog, vnoﬁdMetm mg Feouunnv
nm:egyamav gig Tdg ﬁeguongaomg 150, 180, 200, 250 »ai 300°C eig didgpopa
xgovma 6L0Lo1:np.a1:a xal ovyrexoLpévaog éni 5, 10, 15 20, 25, 30, 40, 60, 90, 150
woi 210’ evrog EOLUDV PLAADV (Borosmcate) TS Strohlein 970 TovTdYEOVOV
dwaPipaoty degiov dtdtov. ‘H mpodg Feguirtv rategyaoiav yonowpomomdeioa
moodmg YMxol fito 0,11 g &xdotote, 1| 62 eidnl) Emgdvela TdV derypdrov
TOUTOV PETA TNV Qg Evw- xotepyaciov yivetar Evidg @V adtdv grahdv. Ta
Mgdévro dmoteréoporo magéyovral gig Tovg Iiv. I xal II. "Ex 1@V TLudv T
iv. I xareonsvdoﬁn OLdyoappo MST(IBO)\.'F]Q Thg elduxtig Empavelog ovvagr’r’]os:l,
'mg {'}sgp,oxgamag thg Feouunig non:sgyamag (Em 2). Anokovﬁwg &v Exaotov
&n TV &wuam)v dropdiheTar etg TOQWOLUETONOLY TTEOG ngooétogtouov (o]}
peyétovug xal g ratavopdic Tdv tépwv. Ta Angdévia dmotehéopata mogéyxov-
o €ig tov Hiv. III »ai eig ta draypdupata t@v Eix. 3 xal 4.
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TIINAE II: ITewpopatixd Sedouéva éni tijg petaforijs tijs eidixijc Empaveiag dtapdowv SEediwv
T00 doyiAdiov (B) ovvagmijoei tils deguoxpacios tijs Jeouxfis xaregyaoias xai 0l xdévov

Os¢ppoxpooio Feguuxiic xatepyaoiog

o/a Aigorea 150°C 180°C 200°C 250°C 300°C
ﬁsgumﬁg’ o~ - . .

wevecles  ¥m, Sm, o m e, ey
1 5 .181 274 428 646 585
2 10 209 588 - 672 685 626
3 15 305 695 745 684 634
4 20 339 724 674 721 600
5 25 358 689 691 669 631
6 30 500 697 748 682 622
7 40 609 676 729 672 595
8 60 652 733 692 664 602
9 90 631 634 691 646 623
10 150 631 669 692 663 562
11 210 690 687 694 606 554

- X
- I\

/A

350

g1

7

N N

150

S, ™

100

0 100 20 300 400 500 00 0 0o %00
OEPMOKPALIA, *¢

EIK. 2. Merafol) eiduiic émpaveias 6&ediwv tob doylriov (A) xai (B) ovvagrijost T
deouoxgaocios deouixijc xaregyaoiog
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IIINAE III: Heagopatixd Sedouéva émi 100 mopddovs* Sevyudtwv 6Eeadiov Tod doyilAiov &ig Td
Adyiota xai péyiora. tic eibixijc émipaveiog .

‘OMxOV Maxgomo- Moaxgomo- Megomo-
moe®Mdeg 0MHdeg Q@Mdeg 96364:3;
(105-2.10°A) (2.10%-2.10%4) (2.10%-354)

Eldog S e €ma €ma eme
delyparog _mz.g'1 R cc.g'1 c(:.g'1 cc.g'1 cc.g"1
*OEeidlov 0P 159 0,88 — 047 0,41
&oyihhiov (A) 566 1,48 — 0,86 0,62
*OEeidov totT 188 3,48 2,13 1,20 0,15

&oyiihiov (B) 748 6,57 4,30 1,70 0,57

* M.M. D'ubinin: Quart. Rev. Chem. Soc. 9, 101 (1969), Chem. Rev. 60, 235 (1960)

Ipoogpopntixn Ixavorns

‘O - 1EOGdLOQLOUOS TS TEOCEOPNTIXTIG (XaVOTNTOG TMV TAQACKEVAOTEV-
TV deryudtmv ot 6Eewdiov toT doyhhiov yivetar pg dhCapivnv € aldavoir-
%@V Srodvpdrov did xonoiwomomoews Yvwotiic mewgapatixiic texvixiic.’. Ta
Medévro dmoreléopato gig Yeppoxgaociav 30°C, Umxd pooepnv diaygopudtoy,
nagéyovtal eig tag Eix. 5 nal 6. ‘ :

Sv{nmoig ’

’Ex tdv dmoteheopdtov Thg magovons éoyocias xotagalveror 8tu 1)
Sropdopwoig Tig dopig Tiig mtnxtiic Tov ¥dgoEeldiov ol doyiliiov, TO dmwoiov
rogaoxevdletan xad’ 8v tebémov dvertiydn, éEagtdtal éxtog TV EMwv (TLpfig
pH, ovyxeviphoewe Bhatog petéhhov xTh.) xal H70 10T TeémoV ExmhioEws AdTHS
QOGS AITOUAKQUVOLY ROTARQOTOVUEVOV LOVIWV, MG XAl €X TTiG PUYOREVTQOEWS.

Ex t@v Tipdv té@v M. I I kol I, dg xol éx 1édv duaygappudtov tdv Eix.
5 xal 6, weoxvtel Gt T 6Eeidia ToT doyihhiov, 10 dmoia maQaoxevdLovTal éx
thg dlog mnuthig BANG ue dLopoeeTivovg tEdmovs Enedvoews, dradT &g’ Evog
uév il ®QUOENEdvoews, @’ £tégov 8¢ dud ocvpPatixiis Enpdvoews, Exouv
SL0.oQOTTOLNUEVA MOLOUEVA PUOLXA YOQUHTNOLOTLR %Al TLUAS QUOLRDY UEYE-

- Bev. Otto, delypoto mnxtiis mEoopdtug Engaviévia 10 v eig mugLavtiglov
xal 10 €regov S10 nEUOENE&voEws, OMiyov dLapégouv petakd twv Mg TEOg TV
elduv émupdvelav xal v mEocQogNTRV ixavdinta.

H duogpogd Suwg attn xadiototar 6hovev peyahvtépa dU° avEnoewg Tiig
Yeouoxpooiog Tiig Feouixiic xatepyacias uéxois 6oiov Tvds. "Ex 1ot duayody-
uatoc ¢ Eix. 2 qoalvetan &t ) peylomn émipdveia hapPdavetor petokd tig
mepLoyiic deouoxpacidv 150-300°C. Mégav Tiijg megLoxiic tavmg 1 elduxm
gmupdvera EhattolTon ouvey®ds, ol ToUto mLdavds kol Aoyw Feouixiis xoxxo-
ocuvdéoewg (sintering) To¥ UVhxoU. IIgocétt &x to¥ Sraypdupatos TOUTOV
paivetar 8tL &x ToU mogaoxevdopatog (A) tol 6Eewdiov toT doyiliiov
hapfdverol magaoxedaopo pe peyiotny eldxny émipdveiay xatémiy Feouixig
roteQyaociag elg Tovg 250°C (Say=566m?.g™), éx 8¢ 10U (B) eig tovg 200°C
(Sey=748 m*.g") &mi fulwgov.
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D = AIAMETPOE TOPON (microns)
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ALd ovyrQicews TOV TLP®V ToT OMHOT TOoEWAOUG T@V diayooupdToy Tdiv
OEeldiwv 10U doyihhiov (A) woi (B) (Iliv. III) goiveran &t 1o 0D (B) givan
pueyoldtegov 100 (A) natd 290% mepimov.

’AEoonuetwtov éxiong Tuyxdver TO yeyovog Thg ueydAng Ttwufis Tod
m;gd)léovg (e = 6,57 cc.g™) 100 delyuatog ut eiduunyv émpdveiov Sy = 748
m?*.g?.

’EE Shov t@v dvotéow raliotatol éngpavic 1| onuaocio g xQuoEnedvoe-
g €ig TNV apdePwoLy ToT PoXQOTOQMAOVG-PECOTOQHO0V G TOD TO.QUOREVALO-
pévov OEewdiov tov AQywhhiov. Eig &t dwood TO oyijuo tdV mHowv TOT
TOQOOAREVATOUEVOV DAROT, ug xoLTHELOV TV VotéonoLy xatd TV &rtoouumieoly
(Eixn. 3, 4), paiveror 8tL ®voLogxel 1O 10U. pehavodoyeraxot (ink bottle).**678

’Ex 1év hAapfoavopévev iom‘}éguu)v nQooropﬁoa(ug de;ainng (Eix. 5,6)
V7o TV 6EeLdiwv TOoT aQyLMLov (A) »al (B), mg %ol TV avum:otxmv ngotovmw
Thg Feomxiis xon:sgyaol,ag ovTOV (skaxtora nol usyl,ora elduni|c dmpaveiag xoi
nogwéovg) ngommrel, o3| TIQOGEOYOY uevn noootng £IVOL TTOAD usya)mrega eig
0 6Eeidla tod THmOU (B) &v oxeoa p,s 0 -ToV THTmOU (A) Totto eivan
své‘)exousvov va dgethetal i TO yeYOovog OtL TOoOV n uémn emcpowema Soov noi
10 moe®ddeg TMV oEeLSLmV T0D aQyLMLov 100 Ttomov (B) elvow nowdt oA
ueyoritega v dvriotoiywv ueyeddv tdv 6Eeldiwv tod dgyhhiov Tob THmov
(A). "Exiong 10 yeyovos totto & divato évdexouévag va dmodod) nal eig v
dLGpogov dEUTNTO TTiS EMpavEias TAV TAQUOXEVAOUGTWV ToT O0Eeldiov ToD
doywhiov (3) (pHe) %ol meoidvrog Feouniis xoategyasios avtot 8, 9 xal 8,8
avtiotoiyws, pHe) »al mpoidvtog Feguintic rategyoaoiog avtot 9, 3 »ai 9, 2
dvtiotoixwe, elg O EhdiyLotov nal péyiotov Tiig eiduniic émipoveiog).

Svpnepaopara

Td ovumepdopata to dmota mpoxdmTovy €% Tiig magovong éoyaciag eig
8,11 dpood Tt 8Eeldia tob doyhhiov, Td dmoia magaoxrevatovion dud Tig 1i6n
dvagsttvydeiong uetédov, ratdmv nouoknedvoewg, év oyfoel u T 6Eeidia Tod
doyuhhiov, to o6mola mopaoxevdloviar dut thg idlag nedédov dAhd notdmy
~ ovpBotriic (Yeouuxtic) Enodvoewg Tod H80EeLdiov ToT AyidAiov, elvor T
axnéhovto: :

.1 ”Exovv payakvrsgav eldunv emcpowuav n omoio. EyxeL 1:'r|v ueyiomv
nm]v mg smg TO FTQOLOV rng Beomurtis nateyaoiag eig Tovg 200°C xoi dudoneray
fiwoetag deag.

2) TO moeddeg adt@v eival wohd NHENUévov, 1| 8¢ megroyy) peyédoug T@v
wéowv pueydin (10%-35 A)

3) ‘H mooogopntiri| TV ixavétng ue weooopovuévnv odoiov v dhLa-
oivnv eivar mohd usyakvtega 7

Téhog dvogépetan N magatignots St tdoov 1) Exmhvoig Sl Thig uedddov
g damidioews péow ths neppodvng Goov xnai 1 guyorévignolg Tot ¥dQoEELd(-
ov 1ol dgythhiov petd ™V ExmAvoiv tov xol TEO TS TomoVeTOEDS TOV TEOC
®QUOEN QOVOLY EmLOQOTV EVVOIRAG €IS TV LAUGQPWOLY TRV TLUDY TV TEOAVHL-
peedéviov Quokdv peyeddv.
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Abstract ' , ' , g

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 aluminumr-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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AND D-GLUCITOL

8

J. KIBURIS*, A.B. FOSTER**, M. JARMAN™*** and 'J.H. WESTWOOD**

* Department of Biological Chemistry, Medical School, University of Athens, Greece.

** Chester Beatty Reseatcb Instztute Institute of Cancer Research: Royal Cancer Hospital, London
‘SW3, England {

*** Biology of Human Cancer Umt, Ludwig Institute for Cancer Research at the Institute of Cancer
Recearch.

(Recewed April 6, 1977)

Summary.

In the present communication, the synthesis'and mass spectra of 3-deoxy-3-halogeno
derivatives 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, glucltol halogeno denvatlves 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 fragmentauon pathways of 6-deoxy-6-halogeno-o-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 located on secondary positions.

A  mass spectrum of 1,2,4,6-tetra-O-acetyl-3-deoxy-3-fluoro-p-D-
gluocopyranose (LX=F) has already been described;® 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 (II, X=Br, R=H) and its penta-acetate (II,
X=Br, R=Ac), 3-chloro-3-deoxy-D-glucitol (II,. X=Cl, R=H) and its

_ penta-acetate (II, X=Cl, R=Ac) and additionally, 3-fluoro- 3 deoxy—D glucitol
(I, X=F, R=H).

(Formulae I and I hereabouts)

CH,OR

CH,OH

- - . HCOR

HCOR

HCOR

|
.:CH,OR
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Treatment of 3-chloro-3-deoxy-D-gluocose* with pyridine-acetic anhydride
gave the crystalline B-tetra-acetate (19%) and 73% of a syrupy tetra-acetate
containing the a-and B-forms in the ratio 4:1. Likewise, acetylation of
3-bromo-3-deoxy-D-glucose* gave 27% of the crystalline -tetra-acetate and 54%
of syrupy tetra-acetate containing the a-and p-forms in the ratio 2:1.

In the fragmentation of 1,2,4,6-tetra-O-acetyl-3-deoxy-3-fluoro-p-D-
glucopyranose on EI 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 derivatives® there is a
loss of the substituent attached to C-3in 1,2,4,6- tetra-o-acetyl -3-chloro-3-deoxy-
B-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. T for
designation of fragmentation pathways). No molecular ion is evident but loss

f g =820, 4, m/e 11 (s,Cl )
‘mle 235( 0.4 Br)

CH,0Ac
d;,mze 293( |.c1)
) / m/se 337( 0.2,Br)
[AcO:!
= mie 323(0.2Cl)
OAc! b mie 367( 0.03,8r)
by, mie 242 (63,C1:0,6Br) CH.0Ac 'A/
.
. 8 ) OAc .
-CH,CO ~AcO* ~a,,mie 307(2,CI)
————p
AcL A mie 351( 0.48r)
b,,m/e 200(25,Cl) OAc
c
-AcOH .
. .
AcO=CH~CH=CH~OA¢
By, mve 192( 23,C1) ¢,,mye 157(72,C1:2,8r) mie 331(0.3,Cl2,8r)
-CH,CO ]
2 -CH,CO -CH,CO
bs,mie 140(25,C1) C2,mie 115(100,Cl:45,Br) mie 289(0.3Ci:4,8r)
‘
-CH,CO -CH,CO ~AcOH
bs,mie 98 (70,Cl) c,mie 73( 20,C1) mie 229(13.Cls 60,Br)

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

Designation of pathways (e.g.A,B, etc.) and ions (e.g. a1, b1, 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 respectlvely (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 HCl from a, to give m/e 271/273. The pair of ions (m/e 293/295)
corresponding to loss of -CH>OAc from C-5 (d series) can be seen in the spectrum.
Also discernible is a small peak (m/e 331) resulting from the loss of Cl~ from the
molecular ion.

In the spectrum of 1, 2, 4, 6 -tetra-0O-acetyl-3-bromo-3-deoxy-f-D-
glucopyranose, the peak, m/e 331, 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 ion' 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, ¢, 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.?

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-analogue.® 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 CH;CO,*
from the molecular ion. All the ions from the primary fragmentations® 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 intensities in parentheses).

Halogen Cl Br Origin of ion
Halogen-containing ions
351(1) 395(1) M-AcO
337(8) 381(3.5) C2-C3 or Cs5-Cs cleavage
265(15) 309(13) C2-C3 or C4-Cs cleavage
235(20) 279(10) 5C T fragment-AcO-CH2CO
193(1) 237(1) C3-C4 cleavage

163(15) 207(10) 4C T fragment-AcO-CH;CO
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 T fragment-AcO-CH>CO
103(52) 103(52) 145-CH,CO
73(16) 73(14) 115-CH;CO

Ions oontalm g chlorme and bromine each give rise to two peaks due to the presence of the pairs of 1sotopes
35C1 7Cl and 81Br. When only one component ion is referred to, it is that containing *Cl or Br.
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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-1,6-dideoxyhexitols.” Thus,
cleavage of C-Cbonds within the carbon chain produced primary fragments (Figure
2) of low abundance which yielded more abundant ions by further losses of H.O
(Table II). 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

CH:0R CH:OR CH,OR CH20R chH=bn - cH=0R
HCOR HCOR H(I:OH HCOR HCHOR CH,OR
X CH XCH . XCH )?=CH CH,OR
HCOR HCOHJ Hc=6r )

HCOR ne=8n

CH,0R

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

TABLE 1I: Ions in the mass spectra of 3-deoxy-3-halogeno-D-glucitols. (Relative intensities in
parentheses.)

Halogen F Cl Br Origin of ion

o

153(0.5) 169(0.2) 213(0.2) Cs-GCs or C1-Cz cleavage
135(18) 151(13) 195(8) 5C T’ fragment-H;O
123(0.5) = 139(0.5) 183(0.5) C2-Cs or Cs-Cs cleavage
105(19) 121(20) 165(12) 4C T fragment-H,0

93(0.7)  109(1) 153(-) C3-C4 cleavage

75(22) 91(14)*  135(5) 3C I fragment-H,0

Ions resulting from the loss of halogen

91(9) 91(3)* 91(9) C3-C4 cleavage
73(100) 73(100)  73(100) 3C Y fragment-H,O
61(36) 61(66) 61(60) C4-Cs or C2-C3 cleavage
43(34) . 43(85) . 43(80) 2C I fragment-H,O

Halogen-containing ions

a Since these ions have the same integral m/e values, the contribution of the **Cl-containing ion to the
total intensity of m/e 91 (17%) was assessed by relating it to the corresponding 3 Cl-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 CH;OD. The number of hydroxyl
groups in- a fragment corresponded to the increase in m/e value following.
deuteration.” 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
might 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 III. Data on 3-deoxy-3-halogeno-D-glucitols and their penta-acetates

- o ] Analysis

Compouiid Yield M.p. or b.p. Formula Found Cale.
oo % »

3-Chloro-3-deoxy-D- » 91 m.p. 114-115° CeH13Cl05 C,35.7;H,6.8;C1,17.8 C,36.0;H,6.5;C1,17.8.

glucitol .

1,2,4,5,6-Penta-O-ace- 99  b.p. 192°/ C16H23CI010 _C,46.8;H,5.6;C1,8.5. C,46.8;H,5.6;C1,8.5.

tyl-3-chloro-3-deoxy- -0.1 Torr )

-D-glucitol

3-Bromo-3-deoxy-D- 59 m.p.125-127° CeH13BrOs5 C,29.7;H,5.6;Br,33.2. C,29.4;H,5.3;Br,32.7. )

glucitol (decomp.) »

1,2,4,5,6-Penta-O-ace- 98  b.p.188°%/ C16H23BrO19 C41.7;H,4.9;Br,18.2. C,42.2;H,5.1;Br,17.6

tyl-3-bromo-3-deoxy- 0.1 Torr .

-D-glucitol

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-Elmer R-10
spectrometer on approximately 10% solutions in CDCls, 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 pamp 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-f-D-gluocopyranose.

A solution of 3-deoxy-3-chloro-D-glucose* (200 mg) in pyridine (2.5 ml)
containing acetic anhydride (2 ml) was kept at room remperature for Sh. After
several distillations of toluene from the reaction mixture, the residue was eluted
from kieselgel with light petroleum (b.p. 40-60°)-ether (2:1). 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-B-D-glucopyranose, m.p. 119-120° [a]p** +1I° (c 0.5, chloroform)
(Found: C, 45.5; H, 5.2; Cl, 9.4. C1sH1sCIOs calc.:C, 45.8; H, 5.2; Cl, 9.7%).
Concentration of the mother liquors gave a syrupy mixture of the o- and
[-tetra-acetates (268 mg, 73%), [a]o*® +59° [c LI, chloroform) with an a:f ratio of
4:1, as calculated from the ratio of peak areas of H-I of the @~ and - anomersin the
n.m.r. spectrum of the anomeric mixture: © 3.74 (d, J..4 Hz, aH-I), 4.35 (d,
J,28Hz,fH-I). ’

Using the method described above, 3-bromo-3-deoxy-D-glucose* was
converted into - 1,2,4,6-tetra-O-acetyl-3-bromo-3-deoxy-f-D-glucopyranose
(27%), m.p. 112°, [a]p** +10° (¢ 0.5, chloroform) (Found C, 40.9; H,4.4; Br, 19.3.
Ci1aH1sBrOs calc.: C,40.8; H,4.6; Br,19.5%). The syrupy mixture of the a- and
B-tetra-acetates (182 mg, 54%) had [a]p® +44° (c L6, chloroform) and an a3 ratio
of 2:1, as determined by n.m.r. spectroscopy: T 3.75 (d, Ji2 4Hz; aH-I), 4.37
(d,J:28Hz, BH-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-acetate.® The data on the products are given in Table III.
Yields of the deoxyhalogenohexitols and their penta-acetates refer to the parent
halogenohiexoses and polyols respectively.
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Résumé

Les auteurs préparent des esters et amides de I’acide diméthyl-3,5-isolique -4, en
faisant réagir le chlorure de ce dernier sur des alcoylaminoalcools et des N,N-
alcoylethylene (ou propyléne) diamines. Les composés synthétisés ont été soumis & un
~ screening pharmacologique.

Introduction

Des travaux effectués dans le domaine de I'isoxazole ont révélé que des
composés contenant ce noyau possédent des actions biologiques.! Selon la
littérature, des isoxazoles substitués présentent une des activités suivantes:
Antiandrogéne,? antimicrobienne,’ antiinflammatoire, antipyrétique, analgésique,
anticonvulsive*® et antidiabétique.® Particuli¢rement, certains des esters et des
amides de I’acide bisubstitué-3,5 isoxazolique—4 exercent une action antimicrobi-
enne,’” antiarythmique et anesthemque locale.®

Le présent travail concerne la synthése de quelques dlalcoylammoalcoyl
esters et amides de I’acide diméthyl-3,5-isoxazolique-4. D’une maniére générale
tous les dérivés ont été synthétisés en faisant réagir I’alcoylaminoethanol (ou
propanol) ou alcoylaminoethyl (ou propyl) amine, appropriée avec le chlorure de
I’acide diméthyl-3,5-isoxazolique-4. Selon la littérature, on obtient ce dernier, en
utilisant comme matiére premiére I’ester éthylique de l’acide diacétylacétique’
que l'on fait réagir avec le chlorhydrate d’hydroxylamine'® pour obtenir
I’éthylester de I’acide diméthyl-3,5-isoxazolique’’ qui subit une saponification
avec une solution d’hydroxide de potassium pour donner I’acide correspondant;'!
ce dernier est transformé en son chlorure & ’aide de chlorure de thionyle'™
(Schéma I).

CH,\C C,COOC,H, CH, COOC,Hs cH, COOH
) L cH H,NOH HCI V LOH™
' o __Co ) N N CH 2HCI 7N
0%~ ™ CH, ~o Hy : N0 CH,
1 ) 2 ’ 3
2 .
CH cocl ' -, CH Cox—(CHan~NT }
$0C1s 1 HX=(CHzln—NZ i L X (CHaI S
4 \ 7 N\
N )\
o Cta Mo XCH:

X:0.NH mn:2p3
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- S
c#° - .
CH3 “X-C H—(C_ H2)n" N<,§
N DR
o} CHy
TABLEAU I. '
No X R n Nt Base libre HCL IR Absorption Analyse
Rdt% , E°c/mmHg F°C F°C c=0cm™ NHem'?
1 0 H 1 -N(CH,), 75 140-4/10 20 212-4 1725 CHNC1
2 0 H 1 -N(GH), 76 158-60/12 — 185-7 1725 CHNCI
3 (6] H 1 -N ) 76 —_ 61-2* 166-7 1720 CHN
4 (o] H 1 N O 73 70-1* 175-6 1720 CHN
- P
5 O H 1 -N f ‘ 82 170-2/10 54-5* 153-4 1723 CHN
Z -
§
6 O |H 1 N 88 —_— 65-6* 145-7 1720 CHN
. N\ .
7 (6] H 1 -N CH, 87 208-10/25 50-1* 146-8 1725 CHN
j —— .
/ \ ‘
8 (o] H 1 -N: N—CH, 74 210-12/25 63-5** 238-40*** 1725 CHN
s
9- O H 1 -N N—CZHS 76 226-8/25 — 231-3*** 1720 CHNCI1
A\
10 6] H 1 -N I\J—C‘,H.', 70 236-8/20 — 249-51** 1725 CHNCI1
S R i
1 0 CH, 1 -N(CH;), 75 136-8/10 — 201-3 1725 CHNCI
12 0 H 1 -N(»-CH,), 90 200-4/25 — 102-4 1725 CHNCI
3. 0 H 1 -N(-G,H,), 85 182-6/20 — 135-5 1725 CHNCl
4 0 H 2 -N(CH), 75 174-6/25 — 160-2 1725 CHNCI
15 O H 2 -N(C,H,); 87 190-2/25 — 136-8 1725 CHNCI
16 (o] b‘ H 2 -] 84 212-4/25 — 152-4 1725 CHNCI -
B / | »
17 o] H 2 SN 92 246-8/25 — 162-4 1720 CHNCI
18 NH H 1 -N(CH}), 76 _ 74-6* 1723 1650 3300 CHN
19 NH H 1 -N(C,H;), 85 198-200/10 — 104-6 1650 3300 CHNC1
20 NH H 1 -I‘{__B 72 _— 76-8** 103-5 1650 3300 CHN
s :
21 NH H 1 -N: > 98 e 71-2** 150-2 1650 3300 CHN
NH H 1 —N\_"l 98 —_— 87-9** 89-91 1650 3300 CHN

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

*** Bis-HCIL
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‘ TABLEAU DES ANALYSES

| Formule Analyse
No moléculaire ) C% H% - N% Cl%
Calc. Tr. Calc. Tr. Calc. Tr. Calc; Tr.
1 C,H;,CIN,O, 48.55 48.45' 690  6.90 11.40 11.40 14.40 14.50
-2 C«,ZHZI'CINZO_., 52.10 52.10 7.65 " 7.60 .10.10 16.25 12.80 12.95
3 CiHyN 0 61.85 . 62.00 8.00 8.15 11.10  11.10 — —
4  CHN,O, 56.65 56.75 7.15 7.30 ) 11.00 11.00 — —_
5  CpHN,O, 60.50 60.60 7.60 7.55 11.75 11.70 —_ —
6 C,H/ N0, ) 63.40 63.45 5.75 5.90 11.25 11.30 —_— —
7 C,H;, N, 05 63.15 63.10 8.35 8.55 10.50 10.55 —_— —
8  C,H;uN;O, 58.40 58.30 7.90 . 8.00 15.75 '\15.70 _— . -
9 C,H,CLN,O, 47.45 47.50 - 7.15 7.35 11.85 12.00 20.05 19.90
10 t CsH,,CLLN;O, _ 50.25 50.30. ] 7.65 7.80 11.00 11.05 18.55 18.70
11 C,H,CIN,O, 50.30 50.25 7.30 7.20 10.65 10.85 13.50 13.80
12 C,;H,CIN,O, 57.75 57,90 8.80 8.95 ' 8.40 8.50 10.65 - 10.70
13 C,H,;CIN,O, 55.20 55.40 8.25 8.30 9.20 9.15 11.65 11.45
14 = C;H,,CIN,O, 50.30 50.30 7.30 7.35 10.65 10.55 13.50  13.70
15 C;H,;CINO, ' 53.70 53.75 8.06 T 175 9.95 9.60 - 12.20 12.40
16 C,H,,CIN,O, 55.55 55.50 7.65 7.55 9.25 920  11.70 11.90
17  C,H,;,CIN,O, 56.65 56.50 .- 5.80 6.00 9.45 9.60 11.95 12.00
18  C,H;;N;0, 56.90 56.85 8.00 - 8.30 19.90 19.80 — —
19 C,H,CIN;O, 52,25 52.20 8.05 8.20 15.25 15.30 —_ —
20 C,HGN;O, 56.90 56.80 7.55 7.70 16.60 16.45 — —
21  Ci;HuN,0, 62.10  62.20 8.40 8.50 16.70 16.70 — —
22 C,,H;(N,0; 60.70 60.80 8.05 820, .17.70 17.60  — —

Les composés synthétisés ont été soumis 4 un screening pharmacologique
destiné a révéler leur toxicité et leurs éventuelles activités biologiques.
- La toxicité aigiie des produits étudiés varie de 200 a 800 mg/kg chez la
souris par voie intra péritonéale. _
Par-ailleurs, des essais, réalisés chez la souris, n’ont révélé aucune action
stimulante ou sédative,’® analgésique,'* antihistaminique et anticholinergique,’
adréanolytique'® et spasmolytique musculotrope'” que 1’on pourrait caractériser
comme importante. -
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Partie Expérimentale

Les points de fusion qui ont été obtenus a I’aide d’un appareil de Biichi ne
sont pas corrigés. Les spectres IR ont été enregistrés sur un appareil Beckmann
IR-4.

Les analyses élementaires ont été effectuées au Laboratoire de Microanaly-
se de la Société CIBA (Basel, Suisse) que nous remercions vivement. Les résultats
obtenus sont conformes aux valeurs theonques avec une approximation de *
0,3%. -

Chlorure de T’amide dLmethyI -3,5 1soxazo]1que -4 (1). :

On l’'obtient en faisant réagir 14 g ‘@acide correspondant avec 50 ml de
SOCl, a reflux pendant 3h. L’excés de chlorure de thioxyle est éliminé sous
pression réduite et le résidu est séché en ajoutant 3 fois du benzéne anhydre que
I’on distille ensuite (formation d’un mélange azéotropique). On élimine totale--
ment le solvant et distille le résidu. On obtient le chlorure avec rendement de 86%

(13,7 g).
Eb, 90-92° (litter, Eb, 507)12

Dialcoylaminoalcoyl esters et amides de I’acide diméthyl-3,5 isoxazolique-4 (2).

On mélange une solution de 1,25 mole de dialcoylaminoethanol (ou
propanol) ou dialcoylaminoethyl (ou propyl) amine approprié 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
préparé ci-dessus que nous avons dissous dans 50 ml d’éther anhydre. L’addition
se fait lentement et sous agitation (1 heure env.). On lave a I’eau la couche
chloroformique, seéche sur sulfate de sodium et évapore le solvant. Selon le
produit, la purification se réalise par distillation ou par recristallisation.

Ces produits, qui posseédent une fonction basique, sont par la suite
transformés en leurs chlorhydrates qui sont recnstalhses dans un mélange
éther-éthanol absolu (Tableau ).

Abstract

Synthesis and pharmacological activity of isoxazole derivatives.

- 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- dlmethyl -4- 1soxazolecarbony1 chloride. A preliminary

.pharmacological evaluation is given.

- Key words: 3,5- Dlmethyi 4-isoxazolecarboxylic acid. 3,5-Dimethyl- 4-1soxazolecarbony1 chlo-
-rlde Dialkylaminoalkylesters, amides. Pharmacological evaluation.
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SYNTHESE DE N-DIALCOYL CARBAMOYL METHYL BENZAMIDES

DEMETRIOS LAMBROU
Laboratoire de Pharmacie Chimique de I’Université d’Athénes, 104 rue Solonos, Athénes (144) Gréce.
(Regu le 22 Mars, 1978)

Résumé

Les auteurs décrivent la synthese d’un certain nombre de composés nouveaux, dérivés
de ’alcoxy-2 méthoxy-3 N-dialcoyl carbamoyl méthyl benzamides.
Terminologie: Synthése de nouveaux N-dialcoyl carbamoyl méthyl benzamides

Introduction

Nous avons entrepris ce travail dans I’espoir de synthétiser des produits qui
possédent une action calmante et tranquillisante 4 la fois, mais qui ne sont pas de
somniféres.

G. Cronheim, J.T. Gourzis et IL.M. Tockes' ont décrit un tel produit, le
triméthoxy 3,4,5-benzoylglycine diéthylamide pourvu d’une action phar-
macologique particuliérement intense; cette action, se maniféste avec une
tranquillité qui est caractérisée par un sommeil normal et sans action sur les muscles
squélétiques aprées le reveil.

Par ailleurs, il faut signaler que des travaux concernant la synthése et I'étude
d’une varieté d’amides des acides triméthoxy-benzoique et triméthoxycinnamique
avec certaines amines de série hétérocyclique ont été déja réalisés>® et que des
transformations au niveau du groupement acyl et de I’azote amidique ont donné 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 poussé a synthétiser une série de nouveaux composés
de formule générale 1.

CONHCH,CON LY
OR /
OCHg

R= CHy,CoHg ,CaHsm .
- e’
NG = N(CHg) , N(Catig), s N CaH7 £, N >,N o N:j

Ce travail se trouve dans le cadre de recherche de notre Laboratoire qui
concerne la synthése des amides et des esters des acides alcoxy-2' méthoxy-3
benzoigues.*?

La préparation des produits obtenus, dont ’étude pharmacologique se trouve
au stade de réalisation, a été réalisée en trois étapes (Schéma I) selon le brevet
Americain No 2,956,08113 que nous avons modifié afin d’obtenir de meilleurs
résultats.
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Schéma 1

La premiére étape comprend la synthése des esters éthyliques des alcoxy-2
méthoxy-3 benzoyl glycine (III) en faisant réagir I’éthyl ester de glycine, avec les
chlorures des acides alcoxy-2 méthoxy-3 benzoiques (II). La deuxiéme éEtape
comprend la transformation des esters en leurs hydrazides (IV) et la troisi¢éme la
transformation des hydrazides en azides a l’aide de ’acide nitreux; ces derniers
réagissent avec les amines secondaires pour donner les N-(dialcoyl corbamoyl
méthyl) alcoxy-2 méthoxy-3 benzamides (I).

Partie experimentale

Les points de fusion qui ont été pris a 'aide d’un appareil de Biichi, ne sont
pas corrigés. Les analyses élémentaires ont été réalisées dans les Laboratoires de
CIBA A. G. Basel (Suisse) que nous remercions et les résultats se trouvent dans les
limites de ==0,4% par rapport aux valeurs théoriques. Les spectres IR ont été
enregistrés sur un appareil Beckman IR-4 ét deux de résonance magnétique
nucléaire sur un appareil Varian A60. ’

Afin de préparer les dérivés de I’acide alcoxy-2 méthoxy-3 benzoique, nous
avons utilisé comme matiére premiére la vanilline. Les derivés substitués en
position ortho sont synthétisés a partir de o-vanilline que l’on soumet a une
alcoylation en présence d’un agent basique soit a 'aide d’un dialcoylsulfate (derivés
méthoxy et éthoxy) soit a ’aide d’un halogénure d’alcoyle (derivé propoxy). Les
aldehydes obtenus sont ensuite oxydés par le permarignate de potassium en acides,
dont nous avons préparé les chlorures en les faisant réagir avec chlorure de
thionyle."” :

N-(alcoxy-2 méthoxy-3 benzoyl)-glycinéthyl ester (III)

Dans une suspension de 0,02 mole de chlorhydrate de glycinéthylester dans
100 ml de chloroforme on ajoute 0,04 mole de triéthylamine. I>ans la solution
obtenue on ajoute 0,02 mole de chlorure d’acide alcoxy-2 méthoxy-3 benzoique en
solution dans 50 ml de chloroforme. Le mélange est chauffé a reflux pendant 3-4h.
On élimine le solvant sous pression réduite, triture le résidu dans1’éther et filtre afin
de séparer le sel de ’amine insoluble. La solution limpide éthérée est traitée deux
fois par une solution de bicarbonate de sodium & 10%, lavée deux fois a I’eau et
séchée (Na,SO.). Aprés filtration et élimination du solvant on obtient un résidu
huileux qui crystallise dans ’éther du pétrole.

On trouve ci-dessous les produits préparés avec leurs analyses, rendements et
constantes physiques.
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" a) N-(diméthoxy-2,3 benzoy]) g]ycmethy]ester
© Rdt:'93%, F:60-62° C.
Ci3Hyi7NOs: Calc. %: C. 58,42 H: 6,41 N: 5,24
(267,26) -  Tr. %: 58,43 6,53 5,29

b) N-(éthoxy-2 méthoxy-3 benzoyl)- glycinéthylester.
Rdt.: 70%, F:54-56° C
C14H19N05Z Calc. %: C: 59,77 H: 6,81 N: 4,98
(281,29) Tr. %: 59,57 6,62 4,82

¢) N-(n-propoxy-2 méthoxy-3 benzoyl)-glycinéthylester.
Rdt.: 66%, F:52-54° C
C15sH21NOs Calc. %: C: 61,01 H: 7,17 N: 4,71
(295,32) Tr. %: 61,02 7,25 4,84

N-(alcoxy-2 méthoxy-3 benzoyl)-glycine hydrazide (IV).

Dans une solution de 0,01 mole de N-(alcoxy-2 méthoxy-3 benzoyl)-
glycinéthylester dans 40 ml d’éthanol absolu on ajoute 0,014 mole d’hydrate

d’hydrazine et I’ensemble est laissé au repos pendant une nuit. On évapore la moitié

du solvant et l'hydrazide qui précipite est filtré, lavé a I’éther et seché. On
recristallise dans €thanol abs./éther anhydre

On trouve ci-dessous les produits préparés avecleurs rendements, analyses et
constantes physiques.

a) N-(diméthoxy-2,3 benzoyl)-glycine hydrazide
Rdt.: 94%, F:108-110° C.
C1:H15sN304: Calc. %:. - C: 52,17 H: 5,95 N: 16,59
(253,25) Tr. %: 52,44 6,18 16,68

b) N-(éthoxy-2 méthoxy-3 benzoyl)-glycine hydrazide
Rdt.: 92%, F:80-82° C.
C12H17N:04 Calc. %: C: 53,95 H: 640 N: 15,71
(267,30) Tr. %: 54,12 6,52 15,52

¢) N-(n-propoxy-2 méthoxy-3 benzoyl)-glycine hydrazide
Rdt.: 81%, F:143-145° C.
Ci3H1sN30, Calc. %: C: 55,50 H: 6,81 N: 14,94
(265,30) Tr. %: 55,35 6,85 14,79

N-(dialcoyl carbamoylméthyl)-alcoxy-2 méthoxy-3 benzamides (I)

Dans une suspension de 0,016 mole d’hydrazide (IV) dans 15-20 ml d’eau,
refroidie dans un mélange glace-sel, on ajoute sous agitation mécanique 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 maniére a maintenir la température inférieure a 3° C.
Apres I’addition, on continue I’agitation pendant 1/2h toujours a froid, sépare la
couche chloroformique, tandis que la couche agueuse est extraite une fois au
chloroforme. Les couches chloroformiques unies sont traitées deux fois par une
solution de bicarbonate de sodium a 10% et lavées deux fois a ’eau. Apres avoir
séché (Na,SO.) on élimine le solvant jusqu’a 50 ml env. Dans cette solution on
ajoute 0,032 mole d’amine, le ballon est fermé et le mélange est laissé au repos
pendant une nuit. On élimine alors le solvant et recristallise le résidu solide dans un
mélange éthanol/n-pentane.
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Les produits obtenus sont mentionnés dans le tableau I, avec leurs
rendements, leurs analyses et leurs constantes physiques.

CONHCH,CON ()
OR ’
OCHj
Analyse
No R N<} Rd% FC _  Formule ce% H% N %
* " Moleculaire
) Calc. Tr. Cale. Tr. Calc. Tr.

1 CHs -N(CH3)2 71 114-116  C13H18N204 58,63 58,43 6,81 6,79 10,52 10,70
2 CHs -N(C2Hs)2 60 - 102-104  C15H22N204 61,221 61,31 7,52 7,61 9,52 9,44
3 CH3 -N C3H7-i 72 162-164 C17H26N204 66,33 66,32 8,13 8,14 8,69 8,71,
4 CHs NC> 83 148-150  C16H22N204 62,74 62,61 7,23 7,28 9,14 9,11
5 CHs : 63 156-158  C15H20N205 58,42 58,53 6,54 6,57 9,09 9,21
6 CH3 1@ 56 148-150  C15H20N204 61,63 61,56 6,89 6,66 9,58 9,68
7 CzHs -N(CH3)2 60 98100  Ci4H20N204 59,99 60,08 1,19 7,12 9,97 10,10
8  C2Hs -N(C2Hs)2 53 58-60  C16H24N204 62,31 62,10 7,84 7,82 9,09 9,28
9 C2Hs IO 80 7072  C17H24N204 63,72 63,92 7,53 7,28 8,76 8,77
10 C2Hs -@ 62 118120 Ci6Hz22N205 59,62 59,76 688 690 8,69 8,55
11 CHs PG 89 126-128  C16H22N204 62,73 62,94 724 116 9,14 9,09
12 C3H7 -N(CHs)2 62 106-108  C15H22N204 61,21 60,77 1,53 7,40 9,51 9,75
' 8,74

13 C3H7 -N(C2H5s)2 74 72-74 C17H26N204 63,33 63,20 8,13 7,23 8,69

Etude spectrale IR et NMR

a) N-(Alcoxy-2 méthoxy-3 benzoyl)- glycmetbyl esters (III) .
IR (Nujol) cm” 3345 (-NH-COPh), 1745 (-CO-OC;Hs), 1640(-CONH-).

NMR (CDCL)® 4,10-4,50(m, -CHy- COOCHzCHg) 8,83(bs, -NH-), 1,
33(t,-CHs) et 3,94 (s, —OCH;) ppm.

b) N-(Alcoxy-2 methoxy—3 benzoyl)-glycine bydraz1des av)
IR(Nujol)em™ 3320-3400(-NH-COPh), 3330-3320(-NH-), 3520 3580(-
NH.), 1640-1655(-NHCO-Ph), 1635-1680(-CONH-N-)
- NMR(CDCl)d 4,10-4,43(m,-CH;-), 8,92(bs,-NH-C=), 8,45(bs,-NH-N-),
3,8(bs,-NH>) et 3,94 (s -OCH:) ppm.

¢) N-(Dialcoyl carbamoylméthyl)-alcoxy-2 méthoxy-3 benzamides (I)
IR(Nujol)em™ 3340-3360(-NH-COPh), 1630-1650 (-NHCO-Ph), 1660-
1680 (-CON<)
NMR(CDCl;)d 4,32(m,-CH>-), 9,20-9,25 (bs -NH-)et3, 94(s -OCHa) ppm
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Abstract

N-Dialkyl Carbamoylmethyl benzamides

Reaction of glycine ethyl ester with 2-alkoxy-3- methoxy-benzoyl chlorides
(IT) gave the esters (IIT), 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 carbamoylmethyl)-2-
alkoxy-3-methoxy-benzamides (I) were obtained in high yields.

HepiAnyic
N-AraAxvro xagﬁauovlousﬁvlo ﬁsvé‘am&a

ELg 'cnv éoyooiav avthv meprypdpeTon M ovvﬂscng véwv ﬁstauLSLmv 00
vevinoU tomov (LR-CHs, C;Hs, C;Hy-1). Td mooidévia adta édieinooy eig tola
otddio wol eig vohag dmoddoers.

Eic v mohmv @bowv magaoxevdloviar ol N-(2-éixogv-3-uedobv
Bevioiho)-yhvrivardureotégeg (1) éx TV Gvriotoiywv 2-dAxoEv-3-pedoku-
Beviotroylwordimwv (I1) pt v énidpaocwv 100 aidvieotégog Tig YAvnivng. 'Ex
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td &vtictoua 8IS, Td Omolo petd deuteotaydv duvdv didouv td Tehnd
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T ngomov-ca Todta nagsonevaoﬁnoav S va vmofindolv eig
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