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Etude Physicochimique et _
Immunologique des Liaisons de I’Acide Niflumique-"C
(acide trifluorométhyl-3-phényl-amino-2-nicotinique)
avec des Différentes Protéines

Ch. T. PLESSAS

Laboratoire du métabolisme des médicaments, Université de Genéve
Directeur Prof. B. Glasson

(Received 4-7-72)

Dans une série d’expériences, nous avons étudié les liaisons de l'acide niflu-
mique-14 C avec des protéines dans différentes conditions expérimentales. Nous
avons trouvé que P'acide niflumique se lie totalement aux protéines plasmatiques
de différentes espéces. Les expériences faites in vitro ont montré que I'acide se
lie avec la préalbumine, I'albumine, I'a;-lipoprotéine et I’as-lipoprotéine. Nous
avons trouvé que 10mg d’albumine et d’a-globulines se saturent avec 77ug et 85ug
d’acide niflumiqué respectivement. Le pH modifie le taux de liaison.” Pour un pH

~ de 7,4 ce taux montre un maximum. La constante d’équilibre de I'acide niflumique
avec Palbumine est égale a-0,65X106L/Mol, tandisque le nombre maximum des
sites des Ilalsons est de 2. : ‘

The bmdmg of niflumic-1 C acid with plasma proteins under different con-
ditions in vitro was studied. It was found that the niflumic acid is completely bound
with plasma proteins from different species of animals. Immunological study has
shown that the niflumic acid binds with prealbumin, albumin, a-lipoprotein, az-
lipoprotein. A 10mg quantity of albumin and a-globulin is saturated with 77ug and
85ug of niflumic acid respectively. The pH modifies the percentage of binding
which is maximized at a pH of 7.4. In the case of d@lbumin it was found that K=
0.65X 108 L/M and that the maximum number of the binding sites is equal to 2.

Introduction

Le rble des protéines plasmatiques dans le transport du médicament se réléve de
pius en plus déterminant pour expliquer les modalités de son action. Dés lors les phé-
nomeénes de transport du médicament administré sont. importante a connaitre. Aprés
résorption, les médicaments sont, en effet, transportés dans le sang sous forme libre ou
liée aux protéines plasmatiques. Le complexe médicament-protéine joue un rdle dans
‘Pactivité pharmacologique du médicament, son excrétion, sa_concentration dans les dif-
férents tissus, sa toxicité et influence, également, la vitesse de pénétration des médica-
ments a travers les membranes biologiques."

Dans ce travail nous.étudions et discutons les liaisons protelnlques de lacnde niflu-
mique (acide trifluorométhyl-3-phényl-amino-2-nicotinique). Son métabolisme a été étu:
dié par plusieurs chercheurs chez différentes espéces animales.’:2 :
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Matériel — Méthodes — Techniques

L’acide niflumique marqué au carboxyle a été synthetlse3 partlr de I'acide nicotinique-14C.
Il avait une activité spécifique de P'ordre de 16mC/mM et une pureté radiochimique supérieure
299,9%.

L’acide nlﬂumlque non marqué nous a été fournis par les Laboratoires UPSA, Gennevillieres,
France. .

L'albumine humaine ainsi que les a-, 8-, y-globulines (albumin human, fraction V 94%, Pentex
HMO262; a-giobulin human, -fraction IV 95%, Pentex HM4062; 8-globulin human, fraction Il 95%,
Pentex HM7062; y-globulin human,.fraction Il 95% Pentex HM9722) étaient électrophorétiquement
pures. Une dlalyse préalable n’a pas modifié les résultats obtenus.

Le sang de différentes espéces animales a été prélevé par ponction cardiaque et la sépara-
tion du sérum par centrifugation. Le sérum humain nous a été fourni par la Banque de Transfusion
de I'Hopital Cantonal, Genéve. }

Le taux de liaison protéinique a été déterminé qualitativement et quantitativement par filtra-
tion sur gel Séphadex et par dialyse en équilibre.

Pour la filtratign sur gel Séphadex, on a utilisé une colonne K 9/30 (Pharmacia Fine Chemicals
AB, Upsala, Suéde) d’un diameétre de 0,9cm et d'une longueur de 30cm. Le volume intérieur du
tube est de 19ml et la quantité approximative du Séphadex G-25 sec est de 5g. Le Séphadex était
équilibré avec un tampon phosphate M/15 & pH 7,4. Ce méme tampon a servit comme éluant.
L’éluat était collecté par des fractlons de 2ml et dans chaque fraction on a mesuré la radioactivité
et le taux des protéines.

Le sac de dialyse est préparé d’'une membrane Visking (Visking Dialyserschiauch Type 20/32
ex Serva) d’un diamétre de 16mm et d’une épaisseur de 0,02mm. Avant I'emploi, on lave la mem-
brane dans une .solution d’EDTA 10-2 4 10-® M pendant une heure et ensuite on rince avec de I'éau’
distillée. Dans le sac, on met 1ml de sérum ou d’une solution de fractions protéiniques, 4ml de
tampon et on le place dans un tube contenant 50ml de tampon. A cause d’une éventuelle proliféra-
tion de microorganismes, on travaille & 4°C. Le temps nécessaire pour ['établissement de I'é-
quilibre est de 24 heures. Une fois I'équilibre établi, on mesure la radioactivité de deux phases
en scintiliation liquide.

L’influence de la concentration du médicament sur le taux de ses liaisons avec l'albumine
et les a-globulines humaines a été étudié par dialyse en équilibre. Pour cela 10mg de fraction pro-
téinique préalablement dissous dans 1ml de tampon ont été incubés pendant 4h 4 37°C avec dif-
férentes quantités d’acide niflumique. Ensuite on-a procédé a la dialyse.

Le calcul de la constante d’équilibre du médicament avec l'albumine humaine a été étudié
en utilisant I'équation de Klotz* r/(A)=Kn-Kr (r: moles médicament liés/moles protéines totales, -
(A): concentration du médicament non lié, n: nombre maximum des sites des liaisons) et en ad-
mettant que chaque site n'est pas influencée par 'occupation des autres sites et que chacun 4 la
méme affinité pour I'ion A, Cette équation est une droite dans le plan des axes rectangulaires r/(A)
et r. Par extrapolation vers I’axe r/(A) on obtient la valeur de Kn et vers I’axe de r, Ia valeur de n.

Pour letude de I'influence du pH sur le taux de liaison, on a employé le tampon phosphate
d’apres. Sorensen et le tampon borate d’aprés Johnson et Lindsay® (acide citrique, acide borique,
acide dlethylbarblturlque potassium dihydrogenophosphate, soude caustique). La méthode em-
ployée est celle de la dialyse en équilibre dans les conditions déja citées.

Le nombre total de protéines sériques qui se lient avec le produit, a ét¢é démontré par im-
munoélectrophorése. La technique employée a été celle décrite par Scheidegger® et modifiée par
Plessas.” 2m! d’une solution 1,5% d’agar-agar dans un tampon Veronal 4 pH 8,6 ont été mis sur
chaque lame porte-objets (76 X 26mm). Aprés refroidissement de la gélose, on fait une fente et
deux trous. Dans chaque’ trou on met 1ul de sérum. L’intensité du courant est de 3,5mA par lame.
2 heures sont nécessaires pour une migration électrophorétique sur une longueur de 6cm. Une
fois I'électrophorése terminée, on verse dans la fente:0,03ml d’antisérum et on place les lames en
chambre humide. Aprés une diffusion d’antisérum de 12 a 24 heures, on rince les lames et ensuite
on les séche. La coloration des lames a été faite dans une solution d’Amidoschwarz B.

L'autoradiographie des lames électrophorétiques a été effectuée avec des films «Kodak»
Kodirex, dans des conditions décrites par le fabricant. Le temps d’exposition varie entre 2 et 6
semaines. .

.La radioactivité a été mesurée par scintillation liquide (Beckman LS 200B), avec le mélange
scintillant. ESLA (80g naphtalene 4g PPO, 50mg POPOP dans 1 litre de xyléne-dioxane-éthanol
V/V/V 5/5/3).

Le taux de protéines a été mesuré par la méthode de Biuret.
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Résultats

1. Taux de liaison in vitro

Nous avons incubé des quantités croissantes d’acide niflumique avec du plasma de
différentes espéces animales. Aprés incubation (4h a 37°C) 1ml du produit a été mis sur
une colonne Séphadex et des fractions de 2ml ont été recueillies. Dans chaque fraction
nous avons mesuré la radioactivité et le taux de protéines. Le tableau No. 1 donne ces
résultats. Nous constatons que:

a) La quasi-totalité de Pacide niflumique est liée aux protéines plasmatiques, sauf
lors des incubations avec 500 et 1000ug d’acide, conditions dans lesquelles le seuil de
saturation est atteint; ce dernier se situe aux environs de 200ug d’acide niflumique. Ce
taux a été obtenue pour un plasma de rat d’'une concentration en protéines de I'ordre
de 49%. -

b) L’origine du plasma ne joue pas de role sur le degré de liaison.

Tableau I. — Taux de liaison in vitro de I’acide niflumique-14 C

Espéce Taux de protéines  Acide niflumique incubé Acide niflumique B/A

g% X ) A ug lié B ug %
Rat 5,8 16 15,2 } 94,9
Rat 5,8 24 23 95,4
Rat 4,0 518 195 37,6
Rat 4,0 1018 220 21,6
Plasma 6,3 69 67 97,6
humain 6,3 119 116 97,7
6,3 219 214 97,6

Lapin 26 25,5 98

Cobay - 26 25,5 98
Versatol 6,9 9 ) 8,6 95,2

2. Liaisons de I'acide niflumique avec I'albumine humaine

On a mesuré l'influence de la concentration de I'acide niflumique, du pH et de la
nature du tampon sur le degré de liaison. Ces mesures permettent de calculer le nombre
maximum de sites des liaisons ainsi que la constante d’équilibre. La figure No. 1 et le
tableau No. Il montrent I'influence de la concentration de I'acide sur le taux de liaison,
Nous constatons que la quantité d’acide liée augmente avec la quantité mise en incuba-
tion jusqu’a la saturation qui se situe vers 80ug d’acide pour 10mg d’albumine.

Tableau It — Concentration de I'acide niflumique lié, incubé,
non lié par rapport & I"albumine humaine (10mg) et valeurs de (A), de r et de r/(A)

Ac?de niflumique Acide niflumique (A) r r/(A)
incubé pg lié ug X 10-6Mol/L X108L/ Mol

20 14,8 0,33 0,36 1,09

45 30,8 0,91 0,75 . 0,82

60,3 37,2 1,49 ’ 0,91 0,61

85 49,8 o227 1,22 0,54

110,3 60,2 ) 3,23 1,47 0,46

165 . 63,1 " 8,56 1,54 0,23

205 74 . 8,44 1,81 0,21
310,3 - 772 15,02 1,89 0,13
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60+ 2
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204

100 200 300 g
T incubés
Fig. 1: Relation entre P'acide niflumique" lié et incubé Tampon
phosphate a pH 7,4. Albumine hrym‘alge: 10mg. Incubation:
- 4 h a87°C. Dialyse en équilibre: 24 h, -

A partir des résultats du tableau No. I, on établi la relation entre r et r/(A) (figure
No. 2). Par extrapolation, on a calculé que n=2, Kn=1,29 X106 d’ou K=0,65X 108 L_/Mol.

6
.| rf(A)xI0
15 4 /

05 1.0 15 20
Fig. 2: Relation entre r etr/(A)

T T

L’étude de: influence du pH et de la nature du tampon sur le degré de liaison a
demontré une grande variation du taux avec un maximum pour un pH de 7,4 (fig. No. 3).
Les deux courbes obtenues sont semblables tant dans leur forme que dans leurs taux de
liaison. La nature des tampons employés ne joue pas un grand rdle en ce qui concerne
le taux de liaison. :

3.'Liaisons de I'acide niflumique avec les a-globulines

On a étudié I'influence de la concentration de l'acide et du pH sur le degré de
liaison. Les conditions étaient les mémes que dans le cas de 'albumine. La figure No. 4
donne la relation entre acide niflumique lié et incubé, tandis que fa figure No. 5 I’in-
fluence du pH sur le degré de liaison.

Nous constatons que la quantité d’acide liée augmente avec la quantité mise en
incubation. La saturation de 10mg d’a-globulines se situe ‘aux environs de 85ug d’acide

niflumique, et que I'influence du pH sur le taux de liaison est moins nette avec, également,
un maximum a pH 7,4.
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5 10 pH 1000 2000 pg. A
incubés
Fig. 3: Variation du degré de liaison Fig. 4: Relation entre 'acide |
en fonction du pH. ] niflumique lié et incubé.
A. Tampon phosphate, B. Tampon borate. Tampon phosphate a pH 7,4.
Albumine 10 mg, Acide niflumique: 55 pg. a-globulines: 10 mg.
Dialyse en.équilibre: 24 h, : Incubation: 4 h. 4 37°C.
Incubation: 4 h. 4 37°C. ) ' _ Dialyse'en équilibre: 24 h.

4. Liaisons de I'acide niflumique avec les 8- et y-globulines

Dans le cas des 8- et y-globulines, ie taux de liaison est de I'ordre de 2% pour les
8-globulines et de I'ordre de 0,5% pour lesy-globulines.

Ces faibles taux indiquent que ces deux fractions ne se lient pas avec 'acide niflu-
mique. . ' .

5. Immunoélectrophorése

L’immunoél‘ectrophorésé, suivie d’a'Utoradiographie (fig. No. 6) a demontré que I'a-
cide niflumique se lie avec la préalbumine, I'albumine et les a;- et a,-lipoprotéines.

| % ud
304
\’
10
T T
5 10 pH
Fig. 5: Influence du pH sur le taux de
liaison

Tampon borate. a-globulines: 10 mg.
Acide niflumique: 55 pg.
Dialyse'en équilibre: 24 h,
Discussion
Dans nos expériences, soit avec du plasma, soit-avec des fractions protéiniques
nous avons maintenu la concentration constante en protéine et fait varier la concentra-
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tion de I'acide niflumique. Nous avons constaté que le taux de liaison diminue lorsque
la.concentration en acide augmente. La quantité de I'acide liée augmente jusqu’a I'at-
teinte d’un seuil de saturation. Davison et Smith® ont constaté avec les salicylates cette
diminution du degré de liaison avec I’augmentation de la concentration.

A B

Fig. 6: Immunoélectrophorése (A) suivie d’autoradiographie (B) de sérum humain
préalablement incubé avec de 'acide niflumigue-14 C.

En général; le seuil de saturation est difficilement atteint, méme si nous employons
un large éventail de concentrations. L’apparition d’un plateau est déja signalée dans la
bibliographie®1° pour d’autres produits.

Pour I'expression et le calcul par extrapolation de K et n, nous avons choisi comme
axes r/(A) et r au lieu de 1/r et 1/{A); dans ce dernier cas, une légére erreur de 1/n
pendant I’extrapolation donne une grande variation dans I’estimation de n.

Dans le cas de I’acide niflumique, la fonction r/(A) = f (r) est linéaire. Pour les sali-
cylates et leurs dérivés, les courbes montrent 'existence de deux sites des liaisons avec
deux types d’interaction médicament-protéines.

Dans nos expériences avec un tampon borate, nous constatons une variation du
taux de liaison, et un maximum pour un pH de 7,4. A pH 3, ce taux est trés bas: 6,5% et
a pH 12:18%. L’influence du pH sur le degré de liaison n’est pas toujours la méme. Dans
le cas des ions chlorures (Carr!?), 'augmentation du pH provoque une diminution du degré
de liaison, fait qui est le plus fréquent et qui s’explique par I’accentuation du caractere
cationique de la protéine dans des conditions de pH de plus en plus acide. Nous ren-
controns également cette augmentation du taux de liaison entre un pH de 6,4 et 7,6,
comme dans nos expériences, dans le cas de liaisons avec d’autres anions!2 (methylo-
range). La méme influence du pH se trouve chez les sulfonamides.!® ‘Nous pouvons en
donner une explication: ces produits sont des électrolytes relativement faibles, et quand
le pH augmente, il se produit une augmentation de la concentration de la forme anionique.
Les observations faites d’autre part sur les changements de structure des protéines ont
demontré I'apparition d’autres groupes lorsque la valeur du pH est proche de 7. L’ap-
parition de nouveaux groupes et I'augmentation de la concentration de la forme anio-
nique de l'acide peut donner I'explication du maximum du degré de la liaison'a pH 7,4.
En ce qui concerne la nature du tampon, nous constatons que le degré ne change pas
dans les tampons employés, borate et phosphate, qui sont d’ailleurs avec le tampon
glycinate, les tampons le moins interférant dans les liaisons protéiniques des ions.

L’influence du pH sur le degré de liaison des a-globulines est moins nette que dans
le cas de 'albuminé. Nous constatons également un maximum a pH 7,4.

L’'immunoélectrophorése a demontré que Pacide niflumique se lie avec la préalbu-
mine (albumine riche en tryptophane), Falbumine, I'aq-lipoprotéine et I'ay-lipoprotéine.
Clausen,’4 a I'aide de I'immunoélectrophorése, trouve que la Lederkyn se lie a la préal-
bumine, a I'albumine, a I'a-glycoprotéine et & I'a,-macroglobuline, tandisque Benakis et
al.’s trouvent que le doxium se lie avec:9 protéines.
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MEPIAHWIX

Suoikoxnuiky kai &voooloy ki) peéTn TG cUvBEoewg To0 VigAipikol 6€éog peTe Siapdpev
TMPWTEIVRV

Eig oeipav netpapdrwy in' vitro EpueAeTiON # cOvSeoI Tol VIPAILIKOT OEEOG, s‘:mcnpaveévmq
B " C egig T kapBoEUAlov, HE dlapopoug mpwTeivag. Eupédn 6T1 TO VigApikdv OEL Evodtal
MANPWG HETA T@V MPWTEivdV To0 MAdouatog dtadpodpwy eidmv {mwv. ’Avoco)\oymn HEAETN Edetev
6TL TO VIPALUIKOV 05U £volTal PeTd TG NMpoaABoupivng, ThHG dABoupivng, TG a-AmonpwIeivng Kai
G az-Amonpwrteivng. Moodtnteg 10 mg dABoupivng kai a-ogalpivdv KopEvvuvTal HETA 771g Kai
85ug avTioToiXxwg VIPALULIKOT 0EE0g. TO pH peTaBAAAel TO Mooootov ouvdéoewq Kal Tolto Aap-
" 8avet peyiotnyv TipAyv eig pH 7.4. ‘H otabepd XNHIKAG icopporiag Tol VigpAlUikoU 05E0G UETA TRAQ
AaABoupivng elpédn Ton nipog 0,65 X108 L/M, évd 6 péylotog Aploudg Béoswy ouvdéoewg eUpédn
{oog mpog 2.
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Halogen Ring Mohosubstituted Benzoic Acid Hydrazides as Ligands-I
Preparation and Interpretation of Infra-red Spectra

G.E. MANQUSSAKIS, D.A. HARISTOS and C.E. YOURI
" Laboratory of Inorganic Chemistry, University of Thessaloniki, Greece

(Received 5-7-72)

Ortho-, meta- and para-halogen (F-, Cl-, Br- and |-) monosubstituted benzoic
acid hydrazides were prepared and studied. The discussion of the i.r. spectra leads
to the conclusion that the influence of halogen atoms on the donor properties. of
hydrazides are not significant but they favour additional possibilities for intra- and
inter-molecular hydrogen bonding.

introduction

[t is known that the coordination ability of hydrazides and therefore the formation
of coordmatlon compounds with metals depends on the donor propertles ‘of the hydra-

. zides. For this purpose, in recent years, considerable interest has been paid in the re-
lative donor properties of oxygen and nitrogen atoms of simple benzoic acid hydrazides
or their ring substituted products :2. The donor properties of ring substituted benzoic
acid hydrazides should depend on the nature and the position of the substituents.

The halogen ring substituted products are more interesting because of the strong -
-1 inductive effect which is induced by the halogen atoms. From this point of view it
seems to be worth the contribution of this paper which deals with the preparation and
study of twelve halogen ring monosubstituted benzoic acid hydrazides (HBAH) namely:
Fluoro-, chloro-, bromo- and iodo- derivatives in ortho-, meta- and para-position. The .
prepared HBAH are to be used as ligands for the formation of a series of new coordi-
nation compounds as well as for the investigation of the mechanism of some important
inorganic redox reactions.

As far as we know systematic work on i.r. spectral data of hydrazides has been done '
by Prevorsek3 on some aliphatic and aromatic hydrazides of carboxylic acids, by Arnold
and Schiele4 on ring substituted benzoic acid hydrazides with p- NO,, 3,4-OCH,0-, 0-OCHs,
p-OH and p-NH, substituents. Also Titov et als:5-examined the i.r. spectra and reactxv:ty
of 18 aliphatic and aromatic hydrazides, among them the m-Cl, p-Cl and p-Br derivatives.
Therefore the investigation of the i.r. spectra of the prepared HBAH seems to be useful.

Experimental

Measurements. The i.r. spectra (KBr discs) were recorded on a Perkin-Elmer Infrared spectro-
photometer 257. The MW determination was carried on a Perkin-Elmer Molecular weight apparatus
- model 115, osmometrically.

‘Preparation. The reagents employed in the preparation were énalytical grade and used without
further purification. .
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The preparation of halogen ring mono substituted benzoic acid hydrazides were carried out
.according to the following general method.

In a 250 mi round bottomed flask, equipped with a reflux condenser, the corresponding benzoic
acid (~ 30 mmoles) was mixed with absolute ethyl alcohol (~1000 mmoles) and 2 ml sulfuric
acid 95%.'* The mixture was refluxed for a certain period of time about 18, 14 and 8 hours for o-,
m- and p- substituted: products respectively. The produced ethyl ester was separated as an oil by
addition of a sufficient quantity of water to obtain full separation.

Dlethylether was used further for extraction. The ester produced was obtained by distillation
and was further diluted with 50 ml absolute ethyl alcohol. In this solution =~ 7 mi ( =~ 150 mmoles)

hydrazine hydrate, HoNNH2.H20, (100%) were added and the mixture was refluxed for 5-7 hours.
The solution was condensed and cooled; after recrystallisation from hot water, needle-like white
crystals of hydrazides were obtained.

The ytelds and analytlcal results of the obtained hydrazides are tabulaied in Table 1.

Discussion

From the prepared twelve HBAH the ortho-, meta- and para-, fluoro and iodo com-
pounds are new. The rest of them are known compounds prepared by several authors,
namely: 0-Br (7a), m-Br (7b), p-Br (7¢), o-Cl (7d), m-Cl (7e) and p-CI (7).

The process of preparation in this work for the known and new derivatives is an
improved method in comparison to those described by the above mentioned authors.
The method used is generally applicable at least for HBAH.

The compounds produced were identified by elemental analysis and their i.r. spectra.
Theryield (Table 1) increases according to series ortho-, meta-, para-. The very low yield
of o-l derivative may be due to a steric effect.
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Taking mto consideration that coordination of hydrazides should occur through one
of the structures (a) or (b) it is obvious that

XCGH4C —NH —NH2 T XCegHsC = N— NH2

I | ]
oM OH M

a b

the ionic character of C-O bond which is associated with the position of C=0 band in
the i.r. spectrum, will be very interesting. The position of the carbonyl band (Amide 1)®
depends upon the electron withdrawing abmty of the halogen atom and the degree of
hydrogen bonding.
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Two bands of different strength, which should be assigned to C=0 bond vibration,
appeared in the 1610-1670 cm~1 region. This is in agreement with Paul et al.! The car-
bony! frequencies in the i.r. spectra of the studied compounds should be higher than those
of the parent hydrazide and the shifts should be associated to the dipole moment of the
C-X bond.8%but the v(C=0) in the spectra of HBAH remain almost stationary.

Except of Amide | bands a coupling of vibration &(N-H) and v(C-N) produces two
clusters of bands which are characterized as Amide Il and Amide.lll bands.® The
Amide I! bands are displayed around 1550 cm™' and Amide Ill observed in the 1320-
1350 cm~1 region. This is in agreement.with other authors’ research on certain ring sub-
stituted benzoic acid hydrazides.3,10,11,12 The position of the Amide [l and Iil bands in
the spectra of the examined HBAH remain almost unchanged. The interpretation of bands .
around 1500-1650 cm~! should be done very carefully, because the substituted aromatic
ring4 also absorbs in this region.

The infrared spectra of HBAH in the 3200-3310 cm~ .region show generally a sharp

‘band at 3300 cm! and a second broad one at 3200 cm~'. The first of them is assigned to

assymetric N-H vibration, Vas (NH>), ‘and the second one to symmetric, vg(NH,) vibration.
The band which is assigned to vs(NHz) vibration is gradually weakened from fiuoro to
iodo hydrazides in the spectra of all o-derivatives. This may be possibly assigned to a
steric effect. Also in o-derivatives the band: in the 2800-3000 cm~' region, which is due
to N-H bond vibration of amide group, graduaily becomes weaker from F to | derivatives.
Possibly this is due to the coupling of structure I.

0 0 / H H—N
“NN—N <H C—N\ > N——N< | o \N
S
; X i A | l
m v
CONHNH, °
O....H /c
“ - H/\ A NN
A
HY * H

v - VI

The band corresponding to 6(NH2) which should have appeared in this region is usually
less strong.?

The existence of hydrogen bonds in hydrazides but not in halogen derivatives, has

been shown by other authors either by deuteration of the amino group hydrogen or by
application of the equation:

vs = 3455 + 0,876 vag

Table 1. — Analytical data for the prepared new benzoic acid hydrazides

Yield m.p. % G ’ % H . % N Mol. Weight
Hydrazides (%) (°C) . Calcd. Found Calcd. Found Calcd. Found Caled. Found
o-FBAH 14 72— 73 5454 5482 454 493 18.18 . 18.41 1541 154.6

m-FBAH 18 - 138.5—139 5454 5424 454 432 - 1818 1865 154.1 154.6
p-FBAH 20 - 1595—161 5454 5471 454 473 18.18 18.04 1541 168.7
o-1BAH 6 194 —195 32,06 31.33 267 . 274 1068 10.44 2621 240.1
m-iBAH 36 145 —146 32.06 3172 -267 275 1068 1070 262.1 270.8
p-iBAH 42 164 —165 - 32.06 29.72 267 272 1068 10.02 2621 278.6
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which has been suggested by Belammy and Williams.'® This equation is valid with an
average of = 4.8 cm~?! in aminocompounds with no hydrogen bond. Application of this
equation in our results gave a difference of = 30 cm™?, which gives evidence of the exis-
tence of hydrogen bonds. The obtained data concerning the series of o-, m- and p- deri-
vatives are not regular. The obtained results and the data of literature lead to the
conclusion that the equation suggested by Belammy and Wllllams for aminocompounds
is not applicable in the case of hydrazides.

In the examined HBAH the form of hydrogen bonding which may be re_sponsible for
_the weakening of vg{NH,) band is shown in structures I, Il, lif and IV '

In addition to the above mentioned coupling some more hydrogen bonds are possnbly
formed according to the structures V-VII. Structures V and VIl are more pronounced
in the case of p-derivatives. This phenomenon is confirmed as well, by the obtained
higher molecular weight values for all p-derivatives (fluoro-, chloro-, bromo- and iodo-).

NEPIAHWIZ

‘Aloyovopéva povomrapdywya Tol USpaliSiou Tol 6gvioikol 6Eog ‘rfot; ligands . .
Nopaoxkeun) T6v B8palidiny kai éppnveic TQY paopdrwy bmepliBpou awTiY

‘H mapoloa &pyacia adopd eiq THV MAPACKEUNV Kal HEAETNV TdV OpBo- peTa- Kai mapa-
aroyovopévwy (F, Ci, Brkal 1) povonapaywywy tol Udpalldiou Tod Bevioikod 6&Eog.

Tkomodg TNG HEAETNG TV MapackeuacBéviwy Udpalidinv eivat 1 XpNoLUONoNGIq alT®V ®G
ligands 314 TOV OXNUATIOUOV CUMNMAGKWY KAB®mG Kai 1) dlepelivnowg wptopevwv avopyavwv cuoTn-
pHaTwv 0&eldoavaywyng.

MeAetaral, dia pacudtwy i.r., i Enidpaciq 100 -l énaywyikod patvopévou (Adyw Tig Mapou-
ciag To0 dhoydvou) £&mi TG MOAIKOTNTOG TMV SECHMV KAl KAT &MEKTacty N ikavétng Tdv Udpa-
Z1diwv mpdg cuvappoyryv, dedopévou 6Tt dUvavtal va dpacouv wq ligands did tdv douwv (a), N
(b) To oupnépaopa éxk Thig pe)\emq auTig eival 8t ) mapoucia T@V AAOYSVWY (G- (mokaTacTaTmy
BV ErMmpedldel ONUAVTIK®G THY 8pdcty T@v uapaClalwv wg otV elvoel Suwg TV dnuloupyiav
MPocBETWY Secu®dv USpoysdvou.

’EK Thg Bécewg, eic Ta ¢dopata i.r., T®V MAEOV XAPAKTNPIOTIKOV vawv AanoppopNoEWS
ftot: Vas NH,), vs(NH2), Amide I, tl kal IH. Kaewq grniong kai 31’ épappoyfg THG OXECEWS TOV
Bellamy kai Williams deikvietat 1) Onap&ic &vdo- kal SLApoplakdV SecHDV uépoyovou (dopai
1-Vi1).

‘H un KGVOV[KI’] EHPAVIOIC WPLopEévwy ZwviHv AnoppodPnoewg, elq LEPLKAG TIEPUTTWOELG EpUN-
veyeTal eiTe di1d THG OTEPEOXNKIKAG NMapepnodicewg eite did TRAg dnutoupyiag deopdv UEpoyovou.
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Synthesis and Facile Ring-opening of 5, 6-Dihydro-7H-
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The synthesis of 5, 6-dihydro-7H-thiazolo [3, 2-a} pyrimidin-7-one (3) from the
1, 2, 3, 4-tetrahydro-2-oxopyrimido [2, 1-b] thiazol-5~ium chloride (2), and the ob-
served facile ring-opening reaction which occurs when 2 -and 3 are treated with
amines or alcohols to form amides or esters (6-70) has been reported. The unusual
ease of the ring-opening of 2 and 3 is discussed. ’

Introduction

The synthesis of 5, 6-dihydro-7H-thiazolo [3, 2-a] pyrimidin-7-one (3) by reaction of
2-aminothiazole with ethyl acrylate has been reported.! We wish to report a new pro-
cedure for the synthesis of this dihydro-derivative (3) from the corresponding quaternary
halide (2), which can be readily prepared by fusion of 2-(3-chloropropionyl) aminothia-
zole (7).2 We also describe here the details of the synthesis and spectral characteristics
of the quaternary halide (2) and dihydro-derivative (3) and the observed facile ring-
opening which occurs when (2) and (3) are treated with amines or alcohols.

Treatment of 1, 2, 3, 4-tetrahydro-2-oxopyrimido [2, 1-b] thiazol-5-ium chloride (2)
with equimolar KBH; in refluxing methanol, resulted in the isolation of a halogen-free
compound. The spectra (nmr, ir and uv) and the elementary analysis confirm the proposed
structure (3). Sample of 5, 6-dihydro-7H-thiazolo [3. 2-a] pyrimidin-7-one was prepared
for comparison by a previously published method.1

Treatment of quaternary halide (2) with iso-propylamine under experimental con-
ditions; gave a crystalline product the elementary analysis of which confirms the formula
CoH16CIN;OS. The 'H nmr spectrum was consistent with the structure 6: 6(DM+SO —ds)
1.00(6H,d, — CHMey), 2.57(2H,t, — CH>CO —), 3.78(1H,m, — NHCHMe;), 4.32(2H,t,=NCH;, —),
6.96 and 7.30 (both 1H,d, thiazole protons), 8.20 (1H,d, ~ CONHCHMe;), 10.02(2H,s, —NH5).

Addition of deuterium oxide resulted in the slow disappearance of the doublet centred
at & 3,78 ppm, and the immediate disappearance of the singlet at 5 10.02 ppm. Attempts
to isolate the free base 70 from this salt were unsuccessful. A similar reaction between
2 and diethylamine gave compound 7. Heating 2 in methanol gave the ester 8. Analogous
reactions have been reported praviously for benzothiazolium analog.? Refluxing of 5,
6-dihydro-7H-thiazolo [3, 2-a] pyrimidin-7-one with 80% iso-propylamine led to a semi-
solid product for which t.l.c. analysis showed to be a binary mixture. Treatment of this

*  This investigation was supported by a research grant of NATO (SA.5.2. 05b [507 /500]).
** Thanks are due to Mr. M. Kazanis for his experimental assistance.
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" mixture with ether, resulted in the isolation of the free base 9 as main component and the
amino acid 77 as minor component. - The structural assignments are based on the nmr
spectral data. The nmr spectrum of 9 exhibited at & (CCly) 1.10 (6H, d, ,CHMez), 2.50
(2H, t, = CH-CO —),3.95 (3H. m.=NCH,— . — CHMeQ) 5.75 and 6.52 (both 1H, d, thiazoline
protons), 6.26 (1H, broad, —NH) '6.98 (1H, d, — CONHCHMe;). The spectrum in deuterium
oxide exhibited a similar pattern (with little differences due to solvent effects) for two
thiazoline ring protons, typical two-triplet A>X, system, and isopropyl protons, with dis-
appearance of the signal at  6.26 and 6.98 ppm. We could readily convert 9 into 6 with
saturated anhydrous hydrogen chloride in ether.

ci~
+
N : N
i e —> [ —> |\
™~ /\NHCCHZCHQCI s/\N/\o NN
H
1 2 \5[
4+ CI7
N~ CHpCH72COR N- CH2 CHy COR
i s | == L.
s/\\NHccuzcnzNRR’ NN NH, s
4; rR=H &= CHMeg 6, R = NHCHMej 9; R = NHCHMej
5; R=R=Et 7; R = NEta 10; R = NEtq
+
8, R = OMe N -
: [| ~CHacHac00
N a

The structure of 77 was assigned in the light of the spectra of the corresponding
protonated derivatives (6-8). The nmr spectrum in deuterium oxide revealed the pre-
sence, for ring protons, a thiazole pattern (& 6.82 and 7.16 ppm, both 1H, d). Hurd and
Hayao! prepared this compound (77) by reaction of 2-aminothiazole either with propiolac-
tone or 3-bromopropionic acid, and assigned the same structure by uv spectra.

A similar reaction between 3 and diethylamine gave the corresponding thiazole
derivatives 70and 77.:

The precursor haloamide (7), by treating with iso-propylamine or diethylamine in
refluxing ethanol, led exclusively to the corresponding 2-(3-alkylaminopropionyl) amino-
thiazoles (4 and 5), which the spectra (see Experimental section) are useful in distinguish-
ing between the structures of 2- and 3-derivatives of 2-aminothiazole.

The unusual ease of the ring opening of the quaternary halide (2) and dihydro-
derivative (3) under such mild hydrolytic conditions can be explained through the reson-
ance forms a, b and c.
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A resonance form having the positive charge on the amide nitrogen, would result in the
~amide carbonyl being more electrophilic, facilitating hydrolysis.?

Experimental -

Melting points were determined in a Biichi capillary melting point apparatus and are un-

corrected. Nmr spectra were determined on a Varian Associates A-60 instrument using TMS as

- internal or external standard. Ir spectra were recorded on a Perkin-Eimer Model 521 Spectrophoto-

meter, and uv spectra in 1-cm solution cells on a Beckmann DK-1 spectrophotometer. Thin layer

chromatography (tic) was performed on silica gel plates using CHCI; as eluent, and iodine vapor
as the visual aid.

2-(3-Chloropropionyl)aminothiazole (1). A solution of 3-chloropropionyl chioride (1 4g, 0.11mole)
in 25ml of anhydrous ether was added dropwise with vigorous stirring to a mixture of 10g (0.10mole)
of 2-aminothiazole in 100ml CHCIlz and 11.7g (0.11mole) of sodium carbonate in 75ml of water.
Stirring was continued 30min after completion of the addition. The solid was removed by filtration
and washed with water. Recrystallization from ethanol to give 15.2g (80%) of the product. mp.
(partial) 175-176° resolidification and decomposition 265° (lit.2 yield 35%, mp 176-1779; uv Amax
(ethanol) 271mu (£9100); ir (KBr) 1682cm-1 (amide | band); nmr & (DMSO-dg) 2.95 (2H. t. — COCHZ—) ’
3.88 (2H, t,— CHCl), 7.12 and 7.42 (both 1H, d, thiazole protons), 9.66 (1H, broad, — '\IHCO—)
“"Anal. Calcd. for CsH7CIN,OS: C, 37.80; H, 3.70; N, 14.70.
Found: C, 37.68; H, 3.54; N, 14.72.

1, 2; 3, 4-Tetrahydrb—2—oxopyrimido [2, 1-b] thiazol-5-ium chloride (2), was prepared from.
2-(3-chloropropionyl) aminothiazole (7), using conditions similar to those of Werbel and Battaglia?
Mp 285-287° (dec), (lit.!,> mp 280° and 279-282); uv Amax (water) 299myu (€12580); ir (KBr) 1710cm-1

. +
(amide | band); nmr & (Dz0), 3.20 (2H, t,— COCH,—), 4.72 (2H, t,=NCH,—), 7.58 and 7.76 (both 1H,
d; thiazole protons). , o .
Anal, Calcd. for CgH7CINL,OS: C, 37.80; H, 3.70; N, 14.70.
Found: C,37.71: H, 3.49: N, 14.58.

5, 6-Dihydro-7H-thiazolo [3, 2-a] pyrimidin-7-one (3). To a stirred suspension of the quater-
nary halid (2} (19g. 0.1mole) in 250m| methano! was added KBH,4 (5.4g, 0.1mole) in smali portions
at room temperature. The mixture was refluxed with stirring 2hrs, after completion of the addition.
After cooling, 25ml of water was added and the mixture was evaporated under reduced pressure
at a bath temperature not higher than 40°. The residue was taken up. in chloroform, .decolorized
with charcoal, and filtered. The chiloroform solution upon concentration under reduced pressure
afforded 11.2g ( ~ 73%) of the product, mp 200-205°. The analytical sample was recrystallized.
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from ethanol, mp 205-206% uv Amax (water) 300mp (€15500); ir (KBr) 1632cm-* (amide | band);
nmr & (D20), 2.75 (2H, 't, —COCH,—), 4.28 (2H, t,=NCH,—), 6.92 and 7.22 (both 1H, d, thiazole
protons). : ) ' . o
Anal. Calcd. for CsHsN20S: C, 46.73; H, 3.92; N, 18.17.
Found: C, 46.75; H, 4.05; N, 18.26.

Sample of 5, 6-dihydro-7H-thiazolo [3, 2-a] pyrimidin-7-one (3), was preapred for compa-
rison from 2-aminothiazole (5g, 0.05mol€) and ethyl acrylate (5g, 005mo|e) according to the pro-
_cedure of Hurd and Hayao'; gave 1.5g (=~ 10%), mp 205-206° (lit.! mp 195-197°).

2-Amino-3- [2-(iso-propylaminocarbonyl)ethyl] thiazolium chloride (6) To a suspension
of the 1, 2, 3, 4-tetrahydro-2-oxopyrimido [2, 1-b] thiazol-5- -ium chloride (2) (3.8g, 0.02mole) in 50mi
ethanol was added 8mi iso-propylamine and the. mixture was heated under reflux for 5hrs. The
mixture was- evaporated to dryness under reduced pressure and the residue was recrystallized
twice from ethanol-ether, to give 3g (60%) of the product, mp 152-153°% uv Amdx (water) 255mu
(£6570); ir :KBr) 1635¢m-* (amide | band). ) .
Anal. Calcd. for CoHsCIN3OS: C, 43.28; H, 6.46; N, 16.83.
Found: C, 43.17; H, 6.36; N, 17.00.

2-Amino-3- [2-(diethylaminocarbonyl).ethyl] thiazolium chloride (7). Using conditions similar
to those described above for iso-propylamide (6), 3.8g (0.02mole) quaternary halide (2) and 8ml
diethylamine, afforded 1.9g (36%) of the product, mp 139-140° (ethanol-ether); uy 7\max (water)
256mu (£6650); ir (KBr) 1632cm-~1 (amide i band): nmr & (DMSO de), 1.18 (6H, t,—NCH,CH-), 2.78

(2H,-t. - CHZCO ),8.12 (4H, g— NCH,CHjs), 4.26 (2H, t—NCHz——) 6.98 and 7.42 (both 1H, d, thlazole
protons), 9.61 (2H, broad, —NH>).
Anal. Calcd. for C1oH1sCIN;OS: C; 45, 53; H, 688 N, 15.98.
Found: C, 45.48; H, 6.93; N, 15.83.

2-Amino-3- [(2-methoxycarbonyl) ethyl] thiazolium chloride (8). A solution of the 1, 2, 3,

. 4-tetrahydro-2-oxopyrimido [2, 1-b] thiazol-5-ium chloride:(2) (3.8g. 0.02mole) in 50m! methanol
was heated under reflux for 5hrs. The mixture was evaporated to dryness under reduced pressure

and the residue was recrystallized three times from ethanol-ether to give 2.7g (63%) .of the.product,
mp 131-132% uv Nmax (water) 254mu (£6700); ir (K%_r) 1728cm-" (C=0); nmr & (DMSO-ds), 2.82

(2H, t,—CH,CO—), 3.58 (3H, s,—CHj), 4.31 (2H, t,= CH2 —), 6.95 and 7.38 (both 1H, d, thiazole
protons), 10.12 (2H, broad, —NH,).
Anal. Calcd. for C;H{1CIN0,S: C,37.75; H, 4.98; N, 12.58.
Found: C, 37.64; H, 5.05; N, 12.47.

2-Imino-3-[2-(iso-propylaminocarbonyl) ethyl] thiazoline (9), and 2-amino-3-(2-carboxy-
ethyl) thiazolium betaine hydrate (11). A solution of 5, 6-dihydro-7H-thiazolo [3, 2-a] pyrimidin-
'7-one (3) (3.08g, 0.02mole) in 50ml iso- propylamine (80%) was heated under reflux for 6hrs. The-.
mixture was evaporated to dryness under reduced pressure and. the residue was triturated with
ether and filtered. The ether solution was evaporated to yield 3.6g (~ 84%) of the product.9 mp
72-75°. The analytical sample was recrystallized from ether-n-pentane, mp 78-79°% uv Apax (water)
254mu (£6550); ir (KBr) 1632cm-1 (amide | band).
Anal. Calcd. for CoH1sN30S: C, 50 68; H, 7.09; N, 1970
Found: G, 560.52; H, 7.05; N;19.57.

The solid which was separated by filtration of ehter was recrystallized from water to give a pure
sample of 2-amino-3-(27carboxyethy!)+thiazo|ium betaine hydrate (77),.mp 170° (dec); nmr & (D20),
2.66 (2H, t,— CHZCO——),V4.21 (2H, t,= II\I—CHZ—), 6.82 and 7.16 (both 1H, d, thiazole protons).
Anal. Calcd. for CgH1gN203S: C, 37.87; H, 5.30; N, 14.74.
Found: 'C, 37.88; H, 5.29; N, 14.85.
A small amount of 9 was converted into its hydrochloride salt (6) by treatment of an ether solution

with a saturated solution of anhydrous hydrogen chloride in ether.
Sample of 11-was prepared for comparison from 2-aminothiazole and 3-bromopropionic acid in the
presence of an equivalent quantity of aqueous sodium hydroxide according to the procedure of Hurd

and Hayao.!

2-Imino-3- [2-(diethylaminocarbonyl) ei‘hyl ] thiazoline (10) and 2-amino—3-(2-carboxyethyl)
thiazolium betaine hydrate (11). Using conditions similar to those described above, for the iso-
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propylamino-derivative.(9), 3.08g (0.02mole) tetrahydro-derivative (3) and 50ml diethylamine (80%)
yielded 3g (66%) of 10 as an oil; uv Amax (water) 254mu (€6570); ir (film) 1630cm-1 (amide | band):
nmr 3 (CCly), 1.08 (6H, t,— NCH,CHs), 2.65 (2H, t,— CH,CO—), 3.29 (4H, g,— NCH,CHjs), 3.95 (2H, t,
=NCH,—), 5.89 (1H, broad,=NH), 5.56 and 6.58 (both 1H d, thiazoline protons). '

Aso afforded a pure sample of 77, mp. 170° (dec).

For eiemental analysis, a smail amount of 10 was converted into its hydrochloride salt (7)

2-(3-iso-Propylaminopropiony!) aminothiazole (4). A solution of 2-(3-chloropropionyl) amino-
thiazole' (7) (3.8g, 0.02mole) and 8mi iso-propylamine in 60ml| ethanol was heated under reflux for
3hrs. The mixture was evaporated to dryness under reduced pressure and the residue was tri-
turated with a solution of 2.76g (0.02mole) of potassium carbonate in a small volume of water and

extracted with chloroform. The chioroform extracts were evaporated at reduced pressure.
Recrystallization of the residue from ether-ether petroleum gave 3.6g ( ~ 86%) of the product,

mp 79-80° uv Amax (water) 270mp (€9200)- ir (KBr) 1688cm ' (amide | band); nmr & (CCls), 1.12
(6H, d,— CHMez) 2.45-3.08 (7H, m,- NHCOCH,CH,NHCH), 6.83 and 7.33 (both 1H. d. thiazole
protons). '
Anal. Calcd. for CgH45N30S; €, 50.68; H, 7.09; N, 19.70
Found: C, 50.48; H, 7.05; N, 19.51.

A small amount of 4 was converted into its hydrochloride salt by treatment of an ether solution with
a saturated solution of anhydrous hydrogen chloride in ether. Recrystallization from ethanolether
gave a pure sample; mp 225-226°.

2-(3-Diethylaminopropiony!)aminothiazole (5). Using conditions similar. to those described
above for .4, 3.8g (0.02mole) of the 2-(3-chloropropionyl)aminothiazole (1) and 8mi diethylamine
yielded 3.7g ( =~ 81%) of the product, mp 53-55°. The.analytical sample was recrystallized from
“ether-ether petroleum, mp 56-57° uv Amax (water) 269mu (£9640); ir (KBr) 1675cm ' (amide | band)
nmr & (CCls) 1.10 (6H, t.— NCH2CHs), 2.45 (1H, s,— NHCO—), 2.55—2.94 (8H, m,~ COCH,CH,NCH,—),
6.82 and 7.30 (both 1H, d, thiazole protons). o
Anal. Calcd. for C19H17N30S: C, 52.84; H, 7.54; N, 18.48.
Found: C, 52.76; H, 7.40; N, 18.56.

A small amount of 5 was converted into its hydrochloride salt by treatment of an ether solution with
a saturated solution of anhydrous hydrogen chloride in ether. Recrystallization from ethanol-ether
gave a pure sample, mp 154-155°

MEPIAHWIXZ

" ZivBeoig kol suxo)\og ox&otg Tol Saxktilov TG 5, 6-81uSpo-7H-Bz10foro-(3,2-x) Tl'Upl-
piSiv- 7-ovig &G Kol Tol 'rETotp'ro'rotyoug adTig GAaTog

Ei¢ ThHv mapodcav spyaolav UeAeTaTAL ag’ évog 1 olveeolq ThG 5. 6- B1udpo-7H-Belaloro-
[3, 2-a] muptudiv-7-ovng (3) €k Tol avTioToixou TeTaptotayols GAatog (2) TO onoiov AauBavetat
gUKOAWG Bla THEEWG TOU 2-(3-XAWPOTIPOTOVUAD) apivoBetaloiiou (1) ad’ £tépou R &nidpaociq
Auv@v | GAKOOA®V £TtH T@V. ETEPOKUKAIK@DY TOUTWY MUPHVMV.

‘H uébBodog cuvesosu)q 1 ornola cuvictatal €ig v &nidpaciv KBH, €ni 100 TeTapTotayodq
dAatoq 2 évTog UeBavoAng, UmepTepel, wg Mpog THv anédooty, EvavTt tahalotépag puedddou, N énoia
cuviotatatl gig TV ar’ elbeiaqg Enidpacty dkpuAlkol aiBuAecTtépog &mi ToU 2-auivobetaloAiou.

‘H &nidpactg auivav | AAKOOA@V £Mi T@MV ETEPOKUKAIKQV TMUPRVwY 2 kai 3.wdnynoev eig
TOV OXnUaTIoNOV véwv Audiwv kal eéotépwv {(6-10) TtV Omoiwv | dou) kabwpicln ¢acuatooko-
TIK®G,.

’ ‘H elikohog oxaoig tol dakTtuAiou eig Tov AUIdLIKOV fj iudikov deoudv, anodidetal €ig piav
EVBLAUECOV TIPWTOVIWUEVIY HoPPNV CuvToviouol eig THv dmoiav To BeTikdv dopTiov £lpiokeTtal
€Ml Tou audikol alwtou.
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MeAétn d1a To0 Mapaywyoypddou Tol Bpwutolxou
N-B8ouTuAo-okomoAduuwviou Kai Meiypatog avtou petd NoBaAyivng

r. MAPIFQMENOY - AEQNIAOMNOYAQY «kai K.I'. MAKPH

’Epyaotnpiov Quoikiic E.M. MoAutexveiou,
’.Emorr;uovmév Fpageiov Gapuakeutikv MeAetwy *Abav. Atdkou 38, *Abfvai

(Received 7-7-72)

Study by derivatograph of N-butyl scopolammonium bromide and its mix-
ture with novalgin '

) The stability of (B) N-butyl scopolammonium bromide and the quantitative com-

position of (C) Buscopan compositum [mixture of the (B) with (A) novalgin] wete

examined by derivatograph. From the derivatograms which have been taken, the

following conclusions have been drawn: a. If the (B) stays in a damp and warm~
place for about three months, it decomposes, losing weight up to 130°C 13.8%

instead of 2.4% of the non decomposed sample. b. From the derivatogram of the

mixture, its percent content in (A) and (B) can be calculated. This is particularly

important for the separation of the mixture which cannot be achieved by other

methods.

Ala Tol rapaywyoypdgou npeuvAbnoav: a. i otabepdtng Tou (B) Bpwulol-
xou N-Boutulo-okomoAaupwviou kal 8. 1) mocotiki ouotaoclg tod () Buscopan -
compositum peiypatog g (A) voBakyivng kai tol (B). Ek t@v Arl¢eévTwy Tapa-
ywyoypadnudtwy ocuvdayovtatl ta akéiouba: 1. 6t 10 (B) HETA Mapapoviyv eig
Bepudv Kkai Uypov xmpov Udiotatar anwAeiav Bdpoug Ewg 130°C 13.8% Evavti
2.4% TRQ Wi AAAowwBeiong oloiag kal 2. 811 €k Tou mapaywyoypagipatog tou (M)
duvatal va -umoAoylo6f n émi Toig % ouveecig autod eig (A) kai (B). Tolto
gxel dlaltépav onpaciav 31d tov dtaxwplopdoy tol (M) datig dev émtuyxavetat
B dA\wv PeBddwv. :

Eiocaywyn

Katd ta teAeutala £Tn eUpIioKel ouvex®g augavouévny epapuoynv 1 HEBodog Thg
ouvBéToy BepHikig Availoewg Sié Tod Mapaywyoypdgou (Derivatograph) Thg omoiag
Ta dnoteAéopata eival avanapaywytkd.’»2

At TAg Bepuikig dAvailoeswg napéxovtal al KATwbl SuvaToTNTES :

1. ‘O TpoodLoPIoNdE MOCoT HiKPOTEPOU ToU 0.5% ioouepodg eiq GAAO.3

2. ‘H XapaKTNpLoTIKOTNG TV KAUTUAQV, TAG 6Tolag 5idel £kdotn oloia.

3. ‘O ToOOoTIKOC TIPOCSIOPIONOG TAG HMETABOANRG TOU BEPUIKOU TEPLEXOUEVOU WG Kal TAG
TaxUTnTog METABOANG B8Apoug ék TRHg dvaAoyiag Twv EuBad®v T®V Emdaveidyv Twv
TETAYUEVWV TOV KAUMUA®V alT®V TIpog TO néyeBog Twv dpaivouévwy.58,7

‘H kaBapdTng TMV UTd YEAETNV olowwv THg (A) voBaAyivng kdi (B) 8pwpiolxou
N-BouTuAo-oKomoAaupuwviou (Mg kal GAwv TV OUCLWV), TWV TIAPACKEUAGOUEVWY OUV-
BETIKDG KAl XPNOLUOTIOIOUNEVY BG PapudKwy, didetal amd té ouvodeuovta tautag:
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deAtia TautéTNToG. “OuWwg TPOKEIUEVOU IEPT TOU HEIYHATOS TOUTWY XPNOLHOTIOIOUMEVOU
g dapuakov, He Thv ovopaaiav (") Buscopan compositum 8&v Exel KATAOTRH EPLKTOQ
6 Mo0O0TIKOG TIPOOBLOPIoONOG AVAAUCEWS TOT Mefypatog TV 500 CUCTATIK®V B1a XNMIKAG
neBodou Kkai 3l xpwuatoypadiag Aentiig oToiBdd0g. TO mapaywyoypdgnua ox. 5 Sid
OUYKPIOEWG TIPOG Ta TOV OUCTATIKOV Tou delkviel TOV TOCOTIKOV EAeyyov Told (IM)..
"Eniong d1d 1ol mapaywyoypddou EAéyxetal 1 otabepdtng tol (B). ‘Qg yvwotov Td
Pdpuaka UoioTavtar GAAOLGOOELG, Adyw TAG EMBPAcEWS GUOIKDY MAPAYSVIWV QOG- TLX.
TG Uypaoiag, Beppokpaciag, pH, 0fuydvou Tig drpoodaipag, MIKPOBiaKig dpdoews.
To mapaywyoypddnua ox. 4 .deikviel Ty eikéva Tol arMolwBévTog deiypartog, evd 16
0X. 3 T00 uf) AAAOLWBEVTOC TOLOUTOU. ' ' -

Metpaporrikdy pépog

“OAat al katwtépw avaypapSuevat MEPAPATIKAL HETPROEIG éMogenoav eig Tov Mapaywyo-
ypagov No. 879644 (Derivatograph System F. Paulik, J. Paulik, L. Erdey). Al 6epuikal dtepyacial
EYEVOVTO €ig TV dTHéodaAlpav kal THv ATHOCPAIPIKAY THEGLY Tol ’Epyaoctnpiou 8vidg xwveutn-
piwv &k AsukoxpUoou. Al TAPAPETPOL, MG A £KAOYT To0 KATAAAAOU XWPNTIKGTNTOG XWVEUTNPioU
€K AeUkoxXpUooU &K TAG Oelpdg TV 50mg &wg 5g, &Tiva ouvodelouv THY GUGKEURY, 1 TTOCOTNG TOT.
Xpnotponomndnoopévou deiyparog Thg ovoiag, 1 Taxlimg AvVUPGoENS TAG Bepuokpagiag, 1 eval-
ofnola 314 TV peTaBoAnv Bapoug, Bia ThHv BladOpIKAY HETABOARY 8dpoug kai TV METABOARV
Tol BepHikol TMepiexouévou, gneAéynoav ToladTtal ®OTe TA AMOTEAEOUATA TRV TEIPAUATIKDV e-
TPNoEWY VA MANCIAZouV Katd TO duvaTov TPOG Ta BBAIOYpadikda Sedousva: Y. O onueiov THEEWG.
ToUTo 316 ai neipapatikal cuveikal cuoxeTifovtal oTevdTata HE TRV KIVATIKAYV TOV QUOLK®OV
KOl XNUIKOV PETATPOTIDYV TOV EKONAOUMEVOV KATA v Béppavoly TRG oloiag, mapdTNEoupévng
TIOAAGKIG Bladopds Bepuokpaciag mAsov tov 100°C xata v £k3HAWOoLY Tol idiou datvouévou
THG alTig oloiag Mo SlaPOPETIKAG MELPAMATIKAG CUVORKAG.8 '

100 e a0, “w }‘ = 0 r
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:>!

|
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I
nn1|
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|
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|

Zx. 1. NMapaywyoypddnua voBaAyivng @q EAPBN Umd THS GUOKEURS UE TuxoUoag napaueIpoug
(The derivatogram of novalgin as it was recorded by chancy parameters)

Ta KUpla XOPAKTNPLOTIKA TV 3pacTIk®Y oUoldv, T@v Oroiwv EéARdBnoav Ta Saypauuata

EXOUV G KATWOL: )

1. (A) 1-q:alvu)\o-2,3-6mseu)\o-s-nupa(:oAévn-4-useu)\quocou)\qaovm()v VATPIOV, KPUOTOAAWOET-
oa pe Ev uopov Udatog (kotvai ovopaciai: voBaAyivn, psBaumupévn kAm.): MB. 351.36 -
(C13H16N3Na048.H20). Meploxr onpeiou MEewg elg TPIX0EIdEG owAnvapiov Anebeioa £k Mg
818Al0ypagiag 217%-221°C pé dpxopévny Staomacty, Und TO |KPOOKOTIOV 224%228°C Pé ApxXo-
uévnv Sidornactv.® Meplox onueiou TREEwG elpeBeion Tap’ AUAV £ig TPIKOEISES CWANVAPLOV
222°-226°C.

2. (B) Bpwutooxov N-8outuho-okorioAappwviov (Buscopan): M.B. 440.4 (Cyy H30BrNO,). Inueiov
TEEWG Andbev &k TRG BiBAIoypadiag 142%-144°C.10 Evpebiv nap’ AUV €ig TPLX0eIOEQ CWAN-
vaptov 147%-151°C. ) . )

Awx myv ouciav (B) éaigBnoav duo mapaywyoypadfiuata (ox. 3 kai GX. 4). TO napaywyo-
Ypadnua ox. 3 EAneen euBLg (G HaG Exopnyndn i ouoia, To 3¢ Napaywyoypddnua ox. 4 petd
ndpodov mepinou 3 pnvdv kal napapovily Tig idiag oloiag eig Bepuov Kai Uypov Xdpov. )

3. (I') Metyua (Buscopan compositum) £§ 26.4mg tfig oloiag (A) kal 1mg Thg oloiag (B). TodTo
®EpeTal G 5100kEVAOHA, OUVBUGZoV THYV AvaiynTikhv Spdoty TAg (A) Kkai TIV OTIACHOAUTIKNV
TAG (B) . Mapaywyoypddnud To0 pelypatog naptota to ox. 5.
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Ix. 2. Awdypapja voBahyivng ué émideyeioag mapapsTpoug
(The diagram of novalgin when the parameters were selected)
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2X. 3. Atdypaupd 8pwputouxou N-BouTtulo-

okornoAaupwviou (The diagram of N-butyl

scopolammonium bromide)

_ Aa Tiv odoidy (A) &KkTdg Tol napaywyoypadipatog tol ANGBEVTOG KATSMY KataAAfAou éru-
Noyfic TV TapauéTpwy (ox. 2) &ARGOn kai Etepov nopaywyoypaenua (ox. 1) pe Tuxoucruc
TapapETPoUg, Gvagepouévag eig ToOV nivaka I. ‘Qg Seikviel O OX. T ] GMOPAKPUVOLG TOd KPUGTAA-
Aikod (8atoq yivetar eig 200>-330°C ug dnmAstayv 8dpoug 5.5%. To napaywyoypdprua ox. 1 3idetat

Snwg areTunddn Untd Tob napaywyoypuqmu

“OAa Ta UnéAoina napaywyoypadnuata MeTedEpon-

oav €K Tol. kataypadikod xapTtou TG ouokeuflg u& ouviestayuévag, Bepuokpaciav kal £mi-Toig

£KaTOV peTaBoANV 8dpoug;: usmGo)\nv Bepltkol MEPLEXOUEVOU Kal TaxUTnTa UeTaBOARG ‘Bapoug.

Al napdueTpoi TV ﬂSpoIJC\TlKO.)V veTpricewv 31’ 8Aa Ta deiypata avaypaqmvral €ig TOV aKo-

AouBov mivaka:
Miva€ I-
AUE. *Ap1oudg Mogdtg - Taxutng avugo- Evatwtobnoia

Napaywyoypagnpatrog ouvoiag eig mg oewg Beppokp. TGeigmg DTA DTG

1 1390 9°/min. 200 1/30  1/30

2 199 v 6°/min. 100 1/20  1/20

3 250 6°/ min. 200 1,20 1,20

.4, 248 6°/ min. 100 1/20  1/20

5 230 6%/ min. 200 1/20  1/20
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bromide after its stay for about three

| >x. 5. Alaypapua too Meiypartog (Buscopan compositum)
months in a warm and damp place)

(The diagram of the mixture, Buscopan compositum)
*Amoreléopara — ZulATnoig — Zuptrep&o pora

ToO diaypappa ox. 2 detkviet 6T 1] EvdoBepUik) Kopudr) eig Toug 150°C dvTioToixXel
gig Vv petaBoArv ToU BepHikol TEPIEXOUEVOU KATA THV ATIOUAKPUVOLY TOD KPUOTAAAIKOD
0datog e anwAetav B8apoug Tiig ovoiag 5.6% kai peyiotnv TaxUTnTa AnwAesiag €ig Toug
146°C. Ev ouvexeia 1 &vBoBeppikh kopudn &ig Tolg 232°C, 1} omoia avTioToixXel &ig TO
onuelov T&ewg TG ouoiag, elpioketal eig KaAT)V ocupdwyviav pE TO avaypapouevoy eig
TV BiBAoypadiav.® Eig Thv neploxnyv Tol onueiou TAEewg dpxifel EEMOEPUOG HETABOAR
ME KOPUBNV £ig ToUG 240°C kai & olyxpovov dnwAetav Bapoug. ‘H Taxling METABOARG
T00 B8Apoug AMOKTA TV MeyioTnv Tiufv éniong eic Toug 240°C. ‘H petaBoAn alitn avri-
ototxel elg 0EeldwTiknv didonacty Thg ovoiag. *H didomaatg alitn cuvexifetal, UElOUPEVOU
Sl1apK®G ToU BApoug, HEXPL AT POUG ATIAVOPAKWOEWS TAUTNG.

To daypappa ox. 3 deikviel 6t i (B) &wg Toug 130°C xdvetl 2.4% Tol Bdpoug Tng.
Kata tv dnwAeiav aotiv ToU Bdpoug dév mapoucidfovtal kopudai eig Thv DTA kai
DTG, éetypa 6ni d&v petaBAAAeTaAl TO BEPUIKOV TiEPLEXOMEVOY Kal 8Tt 1} TaxUTng HeTa-
BOAfg ToU Bapoug elvay, mepimou, | adTh d1a ™V neploxrv ano 50° Ewg 130°C. ‘H.&vdo-
Beputkn) Kopudn eig Toug 150°C avtioTolxel ig TO onueiov ™Eewg TAHG oloiag, Todto &¢
CUMGWVEL Kai K& TRV BiBAloypadiav.10 ’Ev cuvexeia 1) didonaoctq g ouaciag 1y dpxouévn
€ig’ Tolg 167°C kal ouvexlGopévn uéxpl Tolg 220°C napoucidZer 300 KOtAiag KUMATOC.
Adtat avTioTolXolv eig dUo dtadoxtkdg avTidpdcelq Siaondoews THe oloiag, HE UEPLKRV
KAAuytv. Thg piag aviidpdaocewg 1y peyiorn taxitng diaondoewg eival eig Toug 175°C
Kal ThG &€tépag eig toug 180°C. ‘H 8¢ ocuvoAkn anwAela Bdpoug avépxetal gig 22.5%.
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‘H pia avtidpaolg édeiretar, mbavov, eig didonactv 1ol -TETAPTOTAYOUS BpWHIOUXOU

dAatog ToU duuwviou eig TpiToTayR Apivnv kai dAkuAoBpwpidiov, 6rep amootdler. ‘H

ETépa avtidpaolg evdexopévwg ddeileTar gig didomaov Miapaywyou Tod Tporaviou. ‘O

TAPNG TOCOTLKOG TIPOCDLOPIONOG TV EKAUOUEVWY Gepiwv B8V KATEOTN JuvaTog, Adyw

ur} dtabéoswg To0 TeAeuTaiou TUToU apaywyoypdgou.’! Ei¢ Tolg 220°C dpxetat 1) 60&el-

BwTIKA dldomaoiq Thg ouciag pé peyiotnv TaxutnTa 100 OEeldouuévou mpoidvrog eig
264°C. ‘H anéota&ic Toi dEeidouuévou mpoidvTog 0uvsx1C8Tal MEXPU TIANPOUG PNTIVO-

MO OEWG TOU UTIOAEIHUATOG,.

To duaypapua ox. 4 detkviel 61t /) (B) Ewg Toug 120°C xdavel 12.8% Tol 8Gpoug g,

HE peylotnyv taxuinta eig Toug 100°C kai pe Evdobeppikilv Kopudnyv eig v idiav Bepo-
kpaoiav T@wv 100°C. ‘H anwAeta altn avtiotoixel €ig t© dnoppodnbév mocdv Uypaociag.
’Ev ouvexeia napouacidetal Ev3oBepikr) Kopudn eig Toug 130°C p& peyiotnv taxitra
peTaBoAng B8dpouq €miong elg toug 130°C kai anwAstav 8dpoug 1%. Qg elvar yvwoTdv
oi opyavikol £otépeq nmapoucia Uypaciag diaon@vTal Bpadéwg €ic Ta oUTTATIKA TwV.
Oltw 16 Bpwuiodxov N-BouTuAo-okoTIOAQUUGVIOV TIapoudia Thg anoppodnBeiong Uypa-
oiaq diaomndtat £ig TNV AvTioTolXov AAKOSANV Kal TO TPOTILKOV 0&U. TO OEU TolTO THKETAL .
elg 117%118°C Und tautdxpovov dtdoTacty.!?2 ‘ENopévig 1O 1% AvTIOTOLXEL eig arwAsiav
€K TV Tpoidvtwv diaomdoews Tol 6&€og. Eig v Teploxiv auTiV TV BEPUOKPATLDVY,
@G TPdG TV METABOANV Tol Bdapouq kal v Taxutnta THG METABOANG ToUTOU, BEV mapé-
XETal MANPNG dKpiBeia Adyw TAG HEPLKAG KAAUWEWS elg TG HETABOAAG KATA THV &Tmo-
HaKpuVOLY TG UypPaciag Kai TV TPOoIGVTWY SlacTdoeEws Tou 0EE0G. .
‘H évdoBepuikn kopudi) eig Tolg 153°C avTioToixel i 1O onueiov THEswe TAG ouoiag.
Touto oupdwvel niepinou P 10 TMg BiBAloypadiag.’ *Ek TolTou deikvistal, Tubavov, 6T
1) ovoia, EKTOG ToU EAaxioTou nocootol Tol £0TEPOG, TO OTIoToV HLlEoTIAodN Kal THS arop-
podfioewg Tig Uypaoiag; obdepiav GAANV HeTaBoAfv UMECTN, AGYyw TOV CUVEBNK®Y, pEXPL
NG Beppokpaciag Tautng. 'Ev ouvexeia ano toug 153°C apyxidet R diacnaocig 100 Set-
yHatog, Mé€ peyiotnv taxutnra dnopakpldvoewg Tol SlaoTiwiévou TPOoIdvTog eig Tolg
180°C kal anwAciav 8apoug Kata TIOAU peyaAutépav, TAG Ao TO Mi) UTOCTAV. TV &ri-
dpaocly ThGg BepuotnTog Kal ThAG Uypaciag katd Tiv Tapapoviy, delypa. oX. 3. ‘H kata
TIOAU peyaAuTtépa. dnwAela Bdpoug detkvieTal Kal €k ToU £uBadol Thg Slapoptkic UeTa-
BOAflq Bapoug, TO orolov eival Aouykpitwg peyalltepov Tol AvTioToixou To0 OX. 3.
’Emtiong detkvuovTat kai £8@ dUo Kothiat kKUPatog i yevouevar avtiAnrral £ig v peta-
BoANV TG. Al kotAiat altat AvTioToLlxolv €ig TAg 800 SLadoxIKaG AvVTISPAcElS S1aoTIACEWS
TAG oloiag, ME peptkny KAAupty. Katd tdg avTidpdoelg taltag S&v naparnpeitat £5wm-
Beplog ueTaBoAr Tol -Bepuikol Tieplexopévou. ‘ETopévwg KATd v S1domacty i ouoia
anootddet Giveu 0EeIBWOEWS.

To didypappa ox. 5 dekviel 6Tt 1 EvdoBeplki KopudT) eig Toug 158°C AvTioTOIXET
elg v peTaBoAnv Tol Beppikol TIEPLEXONEVOU KATA THY AMOUAKPUVOLY TOU KPUOTAAALKOD
0datog. ‘H anwAesia 8apouq Tig olciag 1 dviioTolxoloa gig v peTaBoAnv Tavtny cival
5.2%. Ald ouyKkpicewg p& TRV avtictoixov petaBoAnv eig ™yv (A), oOX. 2, cuurnepaivetal

" mAfpwg { ovotaocg Thg (). *Emiong 1O &uBaddv TAg Sl1adoplKiGg peTaBoAng Bdapoug
KOTa TAV AMOoPAKpuvoly To0 KpuoTaAAikoD Udatog eival KT TIOAU HkpdTEPOV TOU AVTL-
oToixou ToU OX. 2, Adyw ToU &mi mAgov Bdpoug Thig (B) oloiag, ox. 3. ’EK TAQ EAATTOCEWS
TOU BGpoug eig TO pelypa katd 1.68% amd 167%220°C, évd Thg (A), ox. 2, sig Thv idiav
Javiywoav Thg Beppokpaociag anwAeta Bapoug 0.92% kai thg (B), ox. 3, dnwAsla 8apoug
21.6%, UnoAoyileTat mepimou A dvaloyia T®v dUo cuUCTATIK®V £ig TO pelyua. *Ev cuvexeia
1] &vd0BepuIKN KopudT sig Tolg 230°C, 1 AvTioToxolod eig T6-onpeiov THEEwS Eugavi-
CeTal MEMAATUOUEVN, e cadi v Enidpaocty ThHg 0EedwTikig Slaondoews Tig (B). Kata
YV OEeidwTikny didomacty dnd 220%262°C éudavifetar dnwAeia Bapoug eig THY (A)
0X. 2, 24.7%, €iq v (B) ox. 3, 11.5% kal €ig 10 pelypa ox. 5, 16.5%. *EE autold ouvayerat
BTL i TAV meploxfv alThV TV Gsppokpacidv T andAsla BApoug Tol peityuarog -eivat
TIOAU ULKPOTEPA AMd TRV AVTIOTOIX0U0AV KEXWPIOUEVWS &i¢ T& ouoTatikd. TolTo dUvatat
va €Enyndn &k ThHg Bepuikig AAANAeTudpAoewe TOV CUCTATIKAOV. Kai Tod 61aq>opsnKo.J
pnxaviopou OEEIBWTIKAC Btaonaoswc; ToU pelyparog TouTwy.
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. Zur Addition von 1-Naphthylisocyanat an 4-Hydroxycumarin

A. METALLIDIS
Aus dem-Laboratorium fiir Organische _Che)nie der Universitat Patras, Griechenland

(Received 14-7-72)

Bei der Umsetzung von 4-Hydroxycumarin bzw. ihr Derivaten mit 1-Naphthy-
lisocyanat erhéit man 3-Carboxy-(N-a-naphtylamido)-4-hydroxycumarinen in guten
Ausbeuten, 4-Hydroxycarbostyril reagiert mit 1-Naphthylisocyanat zu 3-Carboxy-
(N-a-naphthylamidoy -4- hydroxy-2-oxo-1,2-dihydro-chinolin im Gegensatz zu Phe-
nylisocyanat welches 2,4-Dioxo-3,3-bis-(carboxanilido)-1,2,3,4-tetrahydrochinolin
I|efert

Treatment of 1- Napthyllsocyanate with 4-hydroxycoumarin and 4-hydroxy-2-
oxo-1,2-dehydro-chinolin provided 3-carboxy-(N-a-napthylamido)-4-hydroxycoumarin
and 3-carboxy-(N-a-naphthylamido)-4-hydroxy-2-oxo-1,2-dehydrochinolin  respec-
tively. Instead, the reaction of phenylisocyanate with 4-hydroxy-2-oxo-1, 2-dehydro-
chinolin gives, according to an earlier report, 2, 4-Dioxo-3, 3-bis-(carboxyanilido)-1,
2, 3, 4-tetrahydro-chinolin derivatives.

Einleitung

Das erstmals von R. Anschitz! synthetisierte 4-Hydroxycumarin hat in den letzten
Jahren als Ausgangsstoff zur Herstellung einiger Antlcoagulantla und rodenticider Wirk-
stoffe eine gewisse Bedeutung erlangt.

4-Hydroxycumarin, das als Ausgangsstoff fir die Synthesen solcher Arzneimittel
dient, war bischer relativ schwer zugénglich. E. Ziegler und H.Junek? erarbeiteten die
letzten Jahre ein neues Verfahren, das 3-substituierte 4-Hydroxycumarinderivaten in guten
Ausbeuten liefert. D. Molho® synthetisierte 3-Carboxanilido-4-hydroxycumarinderivaten,
die, nach dem selben Autor, als ausgezeichnete Bactericide und Fungicide verwendet
werden. Die von uns* durchgefiihrte Synthese, durch Addition von Phenylisocyanat an
4-Hydroxycumarin, lieferte in guter Ausbeute (80% d. Th.) 3-Carboxanilido-4-hydroxy-

. cumarinderivaten.

Da wir uns interesierten 3-Carboxysubstituierte-4-hydroxycumarine zu synthetisieren,
um spater ihre bactericide bzw. fungicide Eigenschaften zu untersuchen, setzten wir 4-
Hydroxycumarine mit 1-Naphthylisocyanat bzw. 1, 5-Naphthyldiisocyanat um.

4-Hydroxycumarin 7 reagiert mit 1-Naphthylisocyanat im Molverhélinis 1:1, wobei 3-
Carboxy-(N-a-naphthylamido)-4-hydroxycumarin 3 entsteht. Unter denselben Bedingungen
erhalt man aus 6-Phenyl-4-hydroxycumarin 2 das 3-Carboxy-(N-a-naphthylamido)-4-
hydroxy-6-phenyl-cumarin 4. Auch 5, 6-Benzo-4-hydroxycumarin 5 biltet durch eine glatte
Additionsreaktion mit 1-Naphthylisocyanat das 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-
5, 6-benzocumarin 6. Durch Umsetzung von 4-Hydroxycumarin mit 1, 5-Naphthyldiisocyanat
im Molverhaltnis 2:1 entseht in glatter Reaktion 1,5- charboxy—(N a-naphthylamido)-3,
3'-bis-(4- hydroxymumarln) 7.
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Bei der Umsetzung von 4-Hydroxycarbostyril 8 mit 1-Naphthylisocyanat im Bombenrohr
bei 180° erhalt man nach der Aufarbeitung, als Hauptprodukt das 3-Carboxy-(N-a-naphthy-
lamido)-4-hydroxy-2-oxo-1, 2-dihydrochinolin 9 und aus der ath. Mutterlauge von 9 ein
Nebenprodukt (5% ), welches auf Grund seiner Analyse und IR-Spektrums die Struktur eines
1, 3-Dicarboxy-(N-a-naphthylamido)-4-hydroxy-2-oxo-1, 2-dihydro-chinolins 70 aufweist.

Experimentelles

Allgemeine vVorschrift zur Darstellung der Verbindungen 3,4, 6,7

Zu 2g 4-Hydroxycumarin bzw. ihr Derivaten gibt man 6,5 ml 1—Naphthylisoéyanat und erhitzt
30 Min. auf 170° zum Sieden. Das abgekiihlte Umsetzungsprodukt wird mit abs. Ather angerieben
und aus Dioxan bzw. Butanol umkristallisiert.
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. 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-cumarin (3) '
Ausb. 3,7 g (90% d. Th.), Schmp. 183-185°

Cqu13NO4 Ber. C 72,50 H 3,95 N 4,23
Gef. C 7261 H 3,72 N 4,08

. 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-6-phenylcumarin (4).
Ausb. 3.2 g (93% d. Th.), Schmp. 170°
CosH17NO4 Ber. C 76,65 H 4,20- N 3,44
Gef. C 76,43 H 4,32 N 3,51

. 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-5, 6-benzocumarin (6).
Ausb. 1,6 g (89% d.-Th.), Schmp. 177-179° ~
Co4H1sNO4 Ber. C 75,58 H 3,97 N 3,67
s Gef. C 75,43 H 372 N 3,59

. 1,6-Dicarboxy-(N-a-naphthylamido)-3,3'-bis-(4-hydroxycumarin) (7).
Ausb. 2 g (60% d: Th.), Schmp. 240°
CgngoNan Ber. C 67,16 H 3,76 N 6,22
Gef. C 67,03 H 3,57 N 531

. 3-Carboxy—(N-a-naphthy/amido)—4-hydroXy—2-oxo—1,2-dihydro—chino/in (9).

3 g 4-Hydroxycarbostyril und 6,5 ml 1-Naphthylisocyanat werden in einem Bombenrohr 10 Stdn.
auf 210° erhitzt. Nach dem Erkalten nimmt man den inhalt des Rohres in Ather auf und saugt
ab. Aus Butanol umkristallisiert; Schmp. 265°, Ausb. 5 g (80% d.Th.).
020H14N203 Ber. C 72,73 H 4,27 N 8,48
: Gef. C 72,67 H 419 N 8,27
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6. 1,3-Dicarboxy-(N-a-naphthylamido)-4-hydroxy-2-oxo-1,2-dihydro-chinolin (10).

Die ath. Mutterlauge von 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-2-oxo-1,2-dihydro-chinolin
(9) wird abgedunstet und der gelbe Rickstand aus eine Mischung von Benzol: Petrolather um-
kristallisiert. Schm. 110°% Ausb. 0,5 g (5% d. Th.).
C31H21N3O4 Ber. C 74,54 H 4,24 N 841
Gef. C 74,31 H 4,13 N 8,57

Diskussion der Ergebnisse

An Hand der durchgeflihrten Analysen und der [R-spektroskopischen Befunde wurden
die Strukturen der dargesteliten Additionsprodukie bestéitigt. So finden sich fiir 3
(in KBr) bei 3000-2600cm~1 und 1900cm~? NH bzw. assozierte OH-Schwingungen, bei
1680cm~! absorbiert die C=0 Gruppe, wahrend bei 1600 und 1550cm~! die C=C-
Doppelbindung und der Aromat aufscheinen. Das Auftreten einer starken Wasserstoff-
_briicke zwischen OH- und Carboxy-(N-a-naphthylamido)-gruppe, welche das IR-Spektrum
anzeigt, ist anscheinend auch der Grund fiir die sehr geringe Laugenléslichkeit der dar-
gestellten Produkte. ‘

Die Struktur von 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-2-oxo-1,2-dihydrochi-
nolin 9 kommt im IR-Spektrum zum Ausdruck durch die Absorbtion der NH bzw. OH-
assoziierte Bande bei 3260-3020cm=~1, die Carbonylbande bei 1639cm~1! und die des
Aromats bei 1550cm~1. Die schwere Laugenldslichkeit der Verbindung ist auf Grund der
gebildeten Wasserstoffbricke zwischen der benachbarten OH- und Carboxy-gruppe
zurlickzufiihren.

Das IR-Spektrum der Verbmdung 70 zeigt eine assozierte NH bzw. OH- Bande bei
3500-3020cm~1, ihr Carbonylbande absorbiert bei 1630cm~! der aromat bei 1540cm™1
und schliesslich das charakteristische Strukturelement > N—ﬁ—NH-R bei 1740cm™1,

i O

Es soll hier betont werden, dass man bei der Umsetzung von 4-Hydroxycarbostyril
mit 1-Naphthylisocyanat fast ausschliesslich 3-monosubstituierte 4-Hydroxycarbostyrile
erhalt. Das geschieht im Gegensatz zu den des Phenylisocyanats, wobei es sich aus-
schliesslich 2,4-Diox0o-3,3-bis- -(carboxanilido)-1,2,3,4-tetrahydrochinoline® bilden. Diese
Erscheinung Iz'isst sich wahrscheinlich durch die Stereochemie des 1-Naphthylisocyanats
erklaren.

Der Nationalen Griechischen Forschungsstlftung bin ich fiir die Forderung der Arbelt
Herrn Prof. D. Theodoropoulos flir wertvolle Diskussionen zu grossem Dank verpflichtet.

NEPIAHWIZ
*AvTi8péaeig Tpoodixng Tol 1-vapBuloicokuavixod t’:cr'réﬁog émi TQv 4-08pofuxoupopividy

AU emdpacews 1-vadBuloicokuavikol £0TEPOG £l TRV - 4-USpoEu-Koupapivdy Aap8dvovrat
3-kapBoEu-(N-a-vapBuAauido) -4-udpogu-koupapival eig¢ kaAnv damodoowv. 'H 4-U5p0Eu-2-0Eo0-1,
2-31i8po-KIvoAivn AvTidpd petd Told 1- VClq)GUAOlOOKUClVlKOU E0TEPOQ napaxouoa mv 3-kapBogu-
(N-a-vadpBurauido) -4-8poEu-2-080-1,2-5108po-kIvoAivn &v AvTiBEcel MpPoC TOV loOKUAVIKAVY par-
vUAeaTEpa, 80TIG 3idet 2,4-51080-3,3-3ig- ( kapBoEuaviAido) -1, 2, 3, 4-teTpaiSpoKLvoAivn.

Literatur

. R. Anschiitz, R. Anspach, R. Fresenius und R. Claus, Ann. Chem. 367,196 (1909).
. E. Ziegler und H. Junek, Mh. Chem. 96, 29 (1955).

. D. Molho, Franzés. Pat. 1 216 966, April 1960; Chem. Abstr. 55, 17656 (1961).

A. Metallidis, H. Junek und E. Ziegler, Mh. Chem. 101, 88 (1970).

E. Ziegler, H. Junek, A. Metallidis und H. Binder, Mh. Chem 98, 2242 (1967).

SIS

202



CHIMIKA CHRONIKA, New Series, 1, 203-209 (1972)

Uber die AUtoxydation von Hydrochinon
in Alkalischen Losungen Mittels Luftsauerstoff

SPYRIDON PARASKEWAS
Laboratorium fir Organische Chemie der Uniiversitat Athen .

(Received '77-7-72)

Bei der Aufnahme von E.S.R.-Spektren des Hydrochinons in verschiedenen
alkalischen Lésungen wurde die bekannte Anderung der Lésungsfarbe von hell-
gelb zu dunkelrot beobachtet. Eine Bearbeitung der Lésung, um die fiir die rote
Farbe schuldige Substanz zu identifizieren zeigte dass sie aus dem Alkalimetalisalz
M>CsH,04 des 2,5-Dihydroxybenzochinons (1,4) besteht, welcher durch weitere
Bearbeitung mit HCI das 2,5-Dihydroxy-benzochinon (1,4)gab. Die Verbindung wurde
durch I.R.-Spektren im Vergleich zu autentischer Substanz sowie durch eine Elemen-
taranalyse bestimmt. Viele Methoden fiir die Herstellung der Verbindung sind in
der Fachliteratur beschrieben, aber eine solche durch Autoxydation des Hydro-
chinons in alkalischen Ldsungen mittels Luftsauerstoff ist bis jetzt noch nicht
erwdhnt. Nach unseren Versuchen haben wir gezeigt, dass die Autoxydation desto
schneller [4uft je konzentrierter die alkalische Lésungen sind. Die Reaktion lauft’
unter Entstehung von freien Radikalen ab, deren Spektren innerhalb von 16 Studen
beobachtet haben. In weiteren Versuchen mit A!kahkarbonatlosungen, bekamen
wir Humins&uren, deren genane Struktur noch nicht bekannt ist.

While taking E.P.R. spectra of alkali solutions of hydroquinone, we observed
the well known change in color from light yellow to deep red-brown. Further treat-
ment of the red-brown solution with n-propanol and ethyl acetate, showed that it
contained the dipotassium salt (disodium) of 2,5-dihydroxy-benzoquinone (1,4)
(M2CeH204). When treated with hydrochloric acid, this salt liberates the free 2,5-
dihydroxy-benzoquinone (1,4), which was identified by elemental analysis and |.R.
spectra. These experiments show that, in alkaline solutions, the autoxidation of
hydroquinone is fast. The detection of free-radicals over an observation period of
16 hrs suggests that the reaction proceeds by a free-radical mechanism. When
alkali carbonate is used instead of alkali, humic acids of unknown structure are
formed.

Bei der Aufnahme von E.S.R.-Spektren des Hydrochinons in verschiedenen alkali-
schen Lésungen wurde die bekannte Anderung der Lésungsfarbe von hellgelb zu dun--
kelrot beobachtet. Um: die fiir die rote Farbe schuldige Substanz zu identifizieren,
wurde es bei der weiteren.Bearbeitung der Lésung gezeigt, dass sie aus dem Alkalisalz
(M2CeH20,, M= Alkalimetall) des 2,5-Dihydroxy-benzochinons-(1,4) hauptsachlich besteht.
Eine weitere Einwirkung von HCI gab das 2,5-Dihydroxy-benzochinon (1,4). Die Verbin-
dung wurde durch [.R.-Spektren im Vergleich zu autentischer Substanz, sowie durch
eine Elementaranalyse identifiziert;

Die.Verbindung wurde bereit mehrfach hergestellt und beschrleben So soll sie sich
nach Mylius' und Kehrmann? bei der Hydrolyse von 2,5-Diaminochinon, oder bei der
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Hydrolyse von Diiminoresorcin,? oder von 2—Hydrqu—5-Ani|ihchinon und von den enspre-
chenden Produkten bilden.* Nach Scholl und Dahll® wurde durch Enwirkung von 4 Mol
Kaliumferricyanid auf 1 Mol Purpurin in verdiinnter Kalilauge bei 15°C hergestelit.
Injlingster Zeit erhielten allerdings Brecht und Rogers® das 2,5-Dihydroxybenzochinon
(1,4) bei der Oxydation von Salicylsaure in einer 25% NaOH-LOsung nach Zugabe von
kieinen H,O,-Portionen innerhalb von drei Tagen. Eine gute Herstellungsmethode be-
schreiben Jones und Shonle,” die die oben genannte Verbindung durch Bearbeitung des
Hydrochinons in konz. NaOH-L&sung nach Zugabe von konz. H,0, (30%) bei einer Tem-
peratur von 50°C erhielten. Zuerst entsteht ein orangeroter Niederschlag des Na,CgH20,-
Salzes, der durch weitere Bearbeitung mit ‘HC! gelbe Kristalle von 25-Dihydroxy-
benzochinon (1,4) gab (Schmp. 212°-214°), Die Reaktion 1&uft nach dem Schema:

ONa ONa
(o]
+ 3H202 NaOH Lsg + 4H20
(o]
ONa : ONaga OH
(o]
+ HCI
— NaCl
(o]
HO

Eine Herstellung der Verbindung durch Autoxydation des Hydrochinons in élk‘alischen
Loésungen mittels Luftsauerstoff ist-bis jetzt in der Fachliteratur noch nicht beschrieben.
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Abb. 1.— pH-Messungen bei verschiedenen alkalischen Losungen
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Herstellung und Reaktionsverlauf

Bei der Autoxydation von Hydrochinon in verschiedenen wéssrigen alkalischen
Lésungen wie NaOH,KOH,K,CO; mittels Luftsauerstoff erhielten wir das selbe Produkt.
Die Ausbeute an 2,5-Dihydroxy-benzochinon (1,4) war grésser, wenn das Hydrochinon
mit hochkonzentrierten KOH und NaOH, sowie K,COj3; Losungen in Beriihrung kam.

Nach unseren Beobachtungen lauft die Autoxydation desto schneller je konzentrierter
die wassrigen Ldsungen sind pH-Messungen haben es gezeigt (Abb. 1). Eine K>COs-
Losung mit anfanglichen pH=11 stabilisiert sich innerhaib 35min und Iauft dann parallel
zur t-Achse, im Gegensatz zu verdiinnteren K,CQOs-Ldsungen (11) und (11l).

Nach eine Arbeit von Ashwort und Dixon? welche die E.S.R.-Spektren von Semi-
chinonen in hochkonzentrierten alkalischen L&ésungen untersucht haben, kdnnen wir
eine analog verlaufende Reaktion fiir die Herstellung von 2,5-Dihydroxy-benzochinon
(1,4) unter Entstehung von freien Radikalen zur Diskussion stellen. Ein Beweis dafir
sind die erhaltenen E.S.R.-Spekiren wahrend der Ablauf der Reaktion, die innerhalb von
16 Stunden beobachtet wurde. Zuerst oxydiert sich Hydrochinon in alkalischem Medium
mit Luftsauerstoff bei Zimmertemperatur zu p-Benzochinon:

— *®
OH o) OH 1o1° o o
° ° - -
©0H02 .ﬂ:::uoder;© o ©_e ©_e @
OH ° OH .ot ol o
- -9 -

Diese Reaktion ist der erste Schritt flr die Entstehung von 2,5-Dihydroxy-benzo-
chinon (1,4). Das entstehende p-Benzochinon erkennt man sehr leicht an seiner gelben
Farbe, sowie an dem entsprechenden Maximum (bei etwa 575um) seines UV-Sichtbaren
Spektrums. Gleichweitig lauft eine parallele Reaktion: :

+ 2n0° 22, +°2
@ --2He> —2H

Das p-Benzochinon wirkt auf! ein, und schliesslich entsteht 2,5-Dihydroxy-benzo-
chinon (1,4)

/

\6\

lOl

(] ol (o] 10}
o O
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Diese Reaktionen decken sich mit unserer bisherigen Erfahrungen {iber die Ent-
stehung von freien Radikalen in alkalischen Lésungen zusammen. Bei der reversiblen
Oxydation des Hydrochinons zu Chinon tritt als Zwischenprodukt ein radikalisches Semi-
chinon auf.? Dieses Radikal kann in Form seines Anions verhaltnismissig stabil sein,
sodass es bei hinreichend hohen pH-Werten (wie es in unseren Versuchen der Fall ist)
in merklicher Menge im.Gleichgewicht mit Hydrochinon existiert.

In weiteren Versuchen mit anderen alkalischen Lésungen (Tab. 1, 2 ist es-uns nicht
gelungen, das 2,5-Dihydroxy-benzochinon (1,4) herzustellen. Dazu bekamen wir Humin-
sduren, deren Elementaranalysen,‘sQwie die charakteristische braunschwarze Farbe-
mit den Ergebnissen von Eller und Koch?® {ibereinstimmen. Diese Herstellungsmethode
ist seit langem bekannt und ist sehr charakteristisch und einfach.

Die genaue Struktur der HuminsAuren ist noch nicht bekannt, besonderes wenn
diese aus Hydrochinon hergestellt sind. Verschiedene Strukturen sind vorgeschlagen,
wie: :

Wir nehmen an, dass die Struktur (A) wahrscheinlicher als (B) ist, Eine 1.R.-spektro-
"skopische Untersuchung zeigte keine -C-O-C- Athergruppe deren Absorption fiir die
Struktur (B) sehr charakteristisch sein miisste. Die Ausbeute an Huminsaure war grosser
beim Behandeln mit wéassrigen Alkalikarbonatldsungen als mit wassrigen Erdalkallhydo-
xydidsungen..

2gr. Hydrochinon geldst ' 2 gr Hydrochinon gel&st
in 100ccm Losung von: in 100ccm Losung von:
Wassrige . Wissrigé
Lésung von: Produkt Ausbeute Lésung von: Produkt Ausbeute
.20% Nap,C0O3; Huminsiure 80% - 20% Ba(OH). Humins&ure 20%
20% KCO3;  Huminséure 85% 20% Sr(OH), Huminséure 20%
20% Li;CO3 Huminsaure 60% - 20% Ca(OH), Huminsdure 12%
Tab. 1 ’ Tab. 2
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- Eigenschaften und spektroskopische Untersuchungen

Die hergestellte Verbindung hat eine gelbe Farbe. Bei der Schmelzpunktbestimmung,
haben wir beobachtet, dass sie oberhalb von 170°C sublimiert und weiter auf den noch
kalteren Flache des Schmelzpunktrdhrchens als eine orangerote Substanz kondensiert.
Obwohl in der Literatur Gber zwei Modifikationen — eine stabile und eine metastabile —
erwidhnt -ist, Brecht und Rogers® sowie andere Autoren erwahnen dafiir .gar nichts.
Ausserdem scheint es, dass die orangerote Modifikation die stabilere gegeniiber der
gelben sein muss. Als Beweis dafiir gilt es, dass die gelbe Substanz, in Alkoho! sowie
in Aceton mit orangeroten Farbe sich 1&st. Um eine bessere Auskunft liber die zwei Modi-
fikationen zu erhalten, haben wir eine 1.R.-Spektroskopische Untersuchung durchgefiihrt.
Die zwei 1.R.-Spektren, die in KBr-Pillen aufgenommen wurden, 'sind in der Abb. 2 ange-
geben. Unsere Substanz erhalt ein chinoides System, sowie einen typischen p-dihydro-
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Abb. 2: L.R.-Spekirum des 2,5-Dihydroxy-benzochinons (1,4)

xyaromatischen Charakter. Beim ersten Blick scheinen die zwei Spektren identisch zu
sein. Nun aus dem Absorptionsbereich der OH-Valenzschwingung tritt ein gewisser Unter-
schied vor, weil Intensitat und Lage der OH-Schwingung fiir die zwei Modifikationen ver-
schieden sind. Die orangerote Modifikation zeigt eine starke OH-Valenzschwingung, die
bei 3200cm™~1 liegt. Wir nehmen an, dass eine Intermolekulare H-Bindung mit einer C=0
Gruppe vorhanden ist, sodass die Formel nach Abb. 2a vorkommt. Ausserdem die Lage der
C=0 Gruppe, die bei 1699cm~1, unterstiizt unsere Vermutungen. Eine schwache Frequenz
bei 2600cm~1 ist charakteristisch flir Verbindungen mit chelierter Hydroxylgruppe.!
Fiir die gelbe Modifikation die Verschiebung der Lage der OH-Valenzschwingung, lies

uns vermuten, dass Assoziationskrafte zwischen der OH- und der C=0Q — Gruppe vor-
treten.

O—H-., ) H-O

N {-0 Abb. 2a

207



Eine spektroskopische Untersuchung der zwei Modifikationen im UV-sichtbarem
Bereich, gab uns nlcht die erwunschte Konsequenzen. Die Untersuchungen setzen sich
fort.

Die Reaktion des Hydrochmons in alkalischen Ldsungen mittels Luftsauerstoff, die
innerhalb 16 Studen verfolgt wurde, verursacht starke E.S.R. Signale. Die am Anfang der
Reaktion beobachtete gelbe Farbe bedeutet, dass ein echtes Semichinon vorliegt. Eine
starke Hyperfeinstruktur (H.F.S.) muss von der Phenylringprotonen herrithren. Mann-
beobachtet eine 5-Linien H.F.S., die bei der Alkalimetaliverbindungen auftritt (Abb. 3a).
Am Ende der Reaktion zeigt die auftretende braunrote Farbe schwache E.S.R. Signale
(Abb. 3b) sowie eine Abdampfung der Intensit&t.!2

Abb. 3a Abb. 3b
Beschreibung der Versuche

Versuch 1. Hydrochinon und festes KOH (Bzw. NaOH) werden in einem weithalsigen Erlenmeyer-
kolben miteinander gemischt, mit CCl, libergossen und etwa einen Monat an die freie Luft stehen
gelassen. Anschliessend bleibt eine schlammartige rotbraune Substanz Ubrig, die auf verschiedene
Oberflicheteilen eine goldene Farbe zeigt.

Die Verwendung der I.R.-Spektroskopie erlaubt uns die goldene Farbe dem Chinhydron zu-
zuschreiben. Die schlammartige Substanz wird in Wasser mit rubinrote Farbe gel6st und die Lésung
mit einer Mischung aus Essigester und n-Propanol (Vol. 1:1) in einem Scheidetricher extrahiert.
Es scheiden sich zwei Schichten.aus. Die obere hat die rubinrote Farbe und die untere ist dlartig
mit einer dunkelbraunen Farbe. Die rubinrote Schicht wird unter Vakuum konzentriert, wobei ein
ziegelroter Niederschlag, der durch weitere Bearbeitung mit verd. HCI, das 2,5-Dihydroxy-benzo-
chinon (1,4) ausscheidet: .

Anal: Ber. C = 51,42% O = 45,72% H = 2,86%

Gef, C =51,22% O = 45,52% H = 3,26% Ausbeute 65%

Die o6lartige Substanz; wird mit HC| bearbeitet. Es féllt ein brauner flocklger Nlederschlag

aus, der als Humins&ure bestlmmt ist.10

Versuch 2. Ein Teil der schlammartlgen rotbraunen Substanz wird mit Dimethylformamid bear-
beitet. Es fallt ein brauner Niederschiag aus, der durch Filtration abgetrennt wird. Eine Untersuchung
des Produktes zeigt, dass-es sich um Huminsdure handelt.'® Das Filtrat wird unter Vakuum kon-

zentriert und wieder derselbe, ziegelroter Niederschlag wie im Versuch 1 erhalten, der mit verd.
HCI das 2,5-Dihydroxy-benzochinon (1,4) erneut gibt. Ausbeute 65%.

Weitere Versuche mit NaOH, Na;CO,;, K>COas, Ba(OH),, Sr(OH),, Ca(OH),, werden wie bei
den Versuchen 1 und 2 durchgefiihrt.

Ausbeute: NaOH 65%, Ba(OH), 10%, Sr(OH); 7%.

Fur: NapCOs, K2CO3, Ca(OH); istes uns nicht gelungen, das 2,5-Dihydroxy-benzochinon
(1,4) herzustellen. Das.Ca(OH)z hydrolysiert sich sehr schwer und die Humins@ureausbeute ist auch
wening.

Die E.S.R.- Spektren wurden mit einem VARIAN Apparat Model “Fieldial-Mark 1.U.-4502 E.P.R.”
aufgenommen. Diel.R.-Spektren wurden mit einem PERKIN-ELMER Apparat, Model 137 Infracord
ebenfalls aufgenommen. Die pH-Werte wurden mit elnem METROHM Apparat Model E396B ge-
messen.
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MEPIAHWIZ

Mepi Tiig adrofe1dhoswg Tiig UpokIvéVNG ék Tol dTpoodoipitkol &EPog EvTog GAKOAIKGY
StoAvpdrwv '

Kata thv Afjyly $aopdtwy HAEKTPOTIAPANAYVNTIKOT GUVTOVIOHOU TAG UdpoKLvovng eig dia-
dopa GAKaAIKA SLAAUHATA, TAPETNPENON 1) YvwoTh dAAayf Tol Xpdpatog Tod SiaAUpaTog and Tou
avolktol KLTpivou, mpog 8aBu kaoTaveépubpov.

Mia mepartépw katepyadia Tol SlAAUHATOG TIPOG napa)\a6nv Kal Tautonoincty Tou Kaota-
vepUBpou npoidvTog anédelgev 6Tt TodTO, AMOTEAETTAL €K TOU UET’ AAKAALMETAAAOU @AaTOG MaCeHzO4
The 2,5-51dpoEuBeviokivovng (1,4), TO Omoiov év ouvexeig 5id karepyaciaq HEB’ UBpOXAWPLKOU
oEgog didel TV 2,5-51i8poguBeviokivovny (1,4).

‘H TauTomoinoig TAG Evioewg EyEveTo BACEL OTOLXEIAKNG AVAAUTEWS, MG Kai 3" UneplBpou
dAopaToC v OUyKpioel Tipdg TPSTUMOV TotauTnyv. *ApkeTal HéBoSol TTapadgkeuiq avapépovTal eig
™V BiBAoypadiav, MARV Spwg oldepia Tolautn sival yvwoTh €k Thg alTo&edwoewg TG Udpo-
Kivévng d1a tol dtpoodalpikol dEuydvou Kai pévov, ev‘roq AAKANIK@V SLaAUETWY.

’EK TMV YEVOUEVWYV TIEIPAUATWY AMedeixBn 6Tt, N auToEeidwolg Xwpel TaxUTepOV £ig MUKVA
dAkaAika SaAdpata, wq Kai & 6Tt /) AvTiBpaoic Xwpel d1d TOV EVIAUESWS OXNHATILOMEVWY EAEU-
Bépwv pLLOV.

Atd THV TPOTEIVOUEVTV TIOpEidV TAG AvTIdpdoews ouvnyopet i AviXveuolq T@v EAeubEpwy
pi@v Kata TV didpkelav 16wpou mapatnpioews.

”AElov 1Blaitépag mpoooxig elvat &ti, Katd THY XpT]OlLlOT[OlT]OlV dlaAupdtwy TV avepa-
KIKWV GAATWV TOV dAkaAiwv AauBdvovtal Xouutka 6&éa, tol Hopiou T@V OTMoiwv 1 XNUIKN oUVTAgIQ
dev elvat EnakplBdg YVwoTh, 18id eig TV MepMTWolV Tod OXNUATIONOT aUT@OV EK THG UBPOKIVOVNG.
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It is found that the reaction between Cr2+(aq) and isonicotinic acid proceeds
through formation of an intermediate complex, which reacts further by a bimolecular
reaction or decomposes back to the original species. The rates of formation and
further reaction of the complex, as well as its formation constant and spectrum were
determined in 2M HCIO; by a combination of spectrophotometric measurements,-
potentiometric analysis and chromatography. At low hydrogen ion concentrations
there is a drastic change in the spectrum of the reaction mixture and an acceleration
of the reaction. It is concluded that in the first stage of the reaction there is a partial
transfer of an electron from chromous to isonicotinic acid and it is suggested that
this transfer is more extensive if the complex formed is not protonated. The non-
protonated form is also kinetically more reactive.

Introduction

Aqueous chromous jon reacts with N-alkylpyridinium ions to yield 1,1’-dialkyl-1,1’,
4,4'-tetrahydrodipyridyls.” A dimeric species, probably 6,6-tetrahydrobipyridyl, is also
formed in the reaction of Cr2*¥(aq) with nicotinamide salts.2

The aim of this work is to study the mechanism of the reaction of Cr2*(aq) in per-
chloric acid media, with 4-pyridine-carboxylic acid (isonicotinic, abbreviated in this
paper as INA).

The system chosen ailows investigation of several aspects of the interaction between
reducing metal ions and organic molecules. One such aspect is the extent of ion-radical-
formation. It is known? that simple free radicals can be formed by reduction of pyridine
derivatives, and it is of interest to see how the metal ion affects their formation and sub-
sequent reactions and how the metal ion itself is affected. Evidence for a radical-like
intermediate was obtained previously using chromous and maleic acid.? The relative
easiness by which the pyridine ring is reduced should offer a good chance for a ciear
characterization of a similar intermediate in the case of isonicotinic acid.

Pyridine derivatives have been used as ligands of Co(lll)5> and Ru(Ill)é in studies of
reduction by chromous ion. . In order to obtain a better understanding of the role these
ligands play in the electron transfer process it is necessary, in our opinion, to examine
their behavior towards Cr?*(aq), in the absence of the oxidizing metal jon center.
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Isonicotinic acid can also be viewed as a simple model of biologically important

- ligands containing heterocyclic rings and carboxylate groups. In undertaking the present

investigation it was therefore hoped that some basic aspects of the interaction of the metal
ions with such systems might be revealed.

It is conceivable that under the mild biological conditions such aspects are not
obvious, and that under the strongly acidic and reducing conditions of our experiments

. they would be “magnified”” and become prevalent, so that their study would be facilitated.

Experimental ,

Materials: Chromium (VI) trioxide is added to an'aqueous perchloric acid solution and it is reduced
to the monomeric Cr(H0)3+ by hydrogen peroxide. Excess peroxide is destroyed by bringing the
solution to boil under reflux. Chromic is subsequently reduced electrolytically to Cr(ll) on a mer-
cury cathode. The anode region, containing perchloric acid, is separated from the cathode region
by sintered glass.

The experiments were conducted in an argon atmosphere. Traces of oxygen were removed
from the blanketing gas by passing through successive traps containing Cr2+(aq) or V2+(aq) and
Zn amalgam. All other reagents were of analytical grade. Isonicotinic and nicotinic acids were
obtained from Koch-Light Labs.

Reaction mixtures: A known volume of the metal ion solution is added to a known volume of
deaerated solution of the organic acid, in a spectrophotometer celi under a stream of argon. The
cells are closed tightly and are further seaied with paraffine. Spectra were taken using a Cary 14
spectrophotometer.

Analysis: Determination of the fairly strong reducing species remaining in the solution at various
times was done by quenching with excess Fe(lll) and titrating the Fe(ll) produced potentiometrically
with 0.02M Ce(1V).

The Dowex-50W resin used for chromatographic separatlon of the chromium species was
purified by the following procedure. The resin is mixed thoroughly with 3M HCI and rinsed with
water to pH."5.jThen it is treated with warm (~80°C) NaOH 0.8M and H,0, (without removing the
NaOH) until it is bleached. The rinsing 'is repeated and finally the hydrogen form is obtained by
washing 2-3 times with 2M HCIO,. The resin treated in this way was stored in 0.TM HCIO,;. On
elution it does not give impurities absorbing in the visible or the near UV.

Results

Preliminary observations: Upon mixing the solutions of Cr2+(aq) and isonicotinic acid (INA)-
in excess, there is a change in color from light blue to orange.. The spectrum of the mixture
changes with time (Fig. 1), until finally, after a few days, it becomes identical to that of
the monomer Cr3*(aq). It is noteworthy that the absorption around 400nm reaches a
maximum value and then decreases steadily to the value for Cr3*(aq). The maximum around
580 nm becomes detectable only at relatively longer times. Throughout the reaction the
contribution of CrZ*(aq) to the absorption is negligible.

At lower hydrogen ion concentrations the absorption in the visible is more |ntense
and a new maximum appears at about 530 nm decreasing rapidly with time-(Fig. 2). More-
over, the final product does-not have the spectrum of the Cr3+(aq) monomer. A more ab-
sorbing species seems to be present.

Under the conditions of our experiments nicotinic acid did not react with Cr2*(aqg).
lon exchange separation: Separation of the chromium-containing products was per-
formed at various times after mixing. In strongly acidic solutions, the only Cr(lll) species
detected was the aqueous monomer. Chromatographic separation was also done after
exposing the reaction mixture to air. Since oxidation of Cr2+(aq) by air yields? (CrOCr)4+, the
amount o6f the dimer formed can be used to obtain a rough estimate of unreacted Cr(ll).
Thus, it is found that considerable chromous is left, well after the maximum absorption is
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Wavelength nm ————

Fig. 1. Reaction of Cr?+(aq) with isonicotinic acid in 2 M HCIO,. [Cr2*]ly = 6 X 10-3 M, [INA]y =
0.031 M, 5 cm path. Spectra were taken at different times after mixing: (1) 15 min, (2) 18
min, (3) 34 min, (4) 2 hrs and 12 min, (5) 13 hrs and 42 min. )

reached' and that some chromous persists even several days after mixing. There was no
_indication, however, of other Cr(lll) species. There was no indication in particular of any
stable or inert complex between Cr(lll) and INA, or the products of reduction of INA.

Kinetics: The course of the reaction was followed both spectrophotometrically and by
determination of Cr(ll) at different times. The chromatographic results indicate that the
increased absorption at 400 nm is rather due to an easily oxidizable intermediate and not
to a Cr(lll) complex. It is, therefore, very likely that the Fe(lil)-Ce(IV) method of analysis
meéasures not only Cr2t(aq), but also any other chromium species capable of reducing
Fe(lll). Accordingly, the analytically determined concentration is represented by [Red]
rather than by [Cr27],

For times longer than the time required to reach maximum absorption, the data for
[Red] vs, time fit kinetics pseudo-second order in [Red] (Fig. 3).

. Similar results are obtained from the spectrophotometric data. Slnce in strongly
acidic solutions only monomeric Cr3t(aq) is formed and Cr2t(aq) does not absorb appreci-
ably, the absorbance observed at different times is the sum of the absorbance due to
Cr3*(aq) and of the absorbance due to the intermediate species.

N
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Fig. 2. Reaction of Cr2+(aq) with isonicotinic acid in 0.03 M HCIO,. [Cr2], = 7 X 10-3 M. [INA], =
= 0.04 M, 5 om cell. Spectra were taken at different times after mixing: (1) 1 min, (2) 27 min,
(3) 1hr 30 min, (4) 4hrs 30 min.

Aobs = Agr3+ t Ajnt

Ajnt can therefore be calculated from the measured quantltles and the known?8 values
for SCr3+ using the equation:

Aint = Aobs — g3~ ([Cret]y — [Red])

Fig 4- is a plot of

vs. time, at two wavelengths Similar lmes are obtained at other
int
wavelengths The straight lines are consistent with the second order plot obtained in-

dependently from the data of the potentiometric titration.
Results similar to those depicted in Fig. 4 were also obtained with other INA and
HCIO4 concentrations. The results are summarized in Table I, which includes the slopes
_and the intercepts of the corresponding straight lines.
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- The.data in Tabte | and Fig. 4 reveal that for a given HCI0, concentration the slope is
independent of [INA], and [Cr2*]o, whereas the intercept is larger at lower [INA], and lower
[Cr2t]e. On the contrary, the slope is strongly affected by the HCIO, concentration: in fact,

the results indicate a term proportional to [H] 2.

300
T 200
-| ®
. 14
|
|
—
T
- @
14
| —
100
[o]e.
o] 2. 4 6 8 10 12 14
# Time (hrs) ———
Fig. 3 Pseudo-second order plot for the second stage of the Cr2+ — INA reaction. [Red] = all

. species reducing Fe(IH); [Cr2*]g = 6 X 10-3 M; [INA], = 0.031 M;[HCIO4]o =2 M.

Table L—Effect of [INA] and IHC|04] on the slopes and intercepts

of the A1 vs. time lines (400 nm)
nt
[Cr3+}y - 1INAJ, - [HCIO4]0 Intercept Slope
(MX10%)  (MX102)
Run 1 .. 37 1.0- 12 12 2.
Run 2 8.6 5.0 1.2 1 2
Run 3 7.1 . 36 - .- 0.71 2 34

The Kinetics of formation of the intermediate were studied by the method of initial
rates. From the data obtained potentlometrlca!ly it is found that in a mixture containing
0.03 M INA and 2 M HCIOQ,, the reaction is initially first order in [Cr2*], with a pseudo-
first order rate constant of k = 3 X 1073571,

Discussion

Mechanism. It is suggested that the first stage in the reactidn involves fdrmation of a

complex between Cr2* and INA, resulting in increased absorptlon around 400-nm. Durmg
the second stage, the equmbrlum .

. k1 .

Crzt + INA = Cr — INA o (1)

-1
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has already been established and the complex intermediate reacts further according to
.the equation:

ko
Cr — INA + Cr — INA—> Products (2)

In strongly acidic solutions the only chromium product in (2) is Cr(H20)3+ By Cr—INA
we symbolize the intermediate complex, to be specified further on the basns of the evi-
dence obtained. At equilibrium:

k¢ [Cr—INA] . ¢

K -_ —
and in excess INA: " k- [Cr2*] [INA] )
[Cr — INA] = K’ [Cr?*] )

where K’ = K [INA].
The potentiometrically determlned reductant is given by the equation:

[Red] = [Cr2*] + [Cr — INA] = (1 —I———) [Cr — INA] (5)

After the establlshment of the equilibrium, reaction (2) is the rate determining step
-and the rate law derived gives:
’ 1 1

[Cr— INA] ~ [or — INAs _ fet ©

450nm

410nm

Aint

Time (hrs)————»
Flg 4. Pseudo- second order plot of the absorbance due to the intermediate formed in the reaction

between Cr2+(aq) and INA. [Cr2+]g = 6 X 10°3 M;[INA]p = 0.031 M; [HCIO4]o = 2 M; 1 cm
path.
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600

Fig. 5. Spectrum'of the intermediate compliex formed in the reaction-between Cr2+(aq) and INA in

2 M HCIO,.

Experimentally we determine the slope k' of the line:
1 1

— — = k't
[Red] [Red]o
and the slope k” and intercept. L —of the line:
. (Aint)o ;
LR 4

(Ain) ~ (Ainto
Combination of (4) - (8) gives: o

o o ke
1+K’
k? = k2
€
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1 1
(Aintlo eK'[Cr*]o

Formation constant and spectrum of the intermediate complex

Equations (9), (10) and (11) can be used to calculate K’, k» and . At[HCIOs]o=2M
and [INA]o =0.031M, the values of K’ and k, calculated from the data at various wave-
lengths are, within experimental error, the same, namely K'=1.8+=0.1 and k.=(9=0.5)
X 1073 | mol~' s~1. In this respect, the calculations are self-consistent. The spectrum
of the intermediate is shown in Fig. 5.

From the experimentally determined pseudo-first order rate constant of formation
it is found that ky=0.1 1 mol~1 s~ and using equation (3) K _ ,=1.7X1073s7". The values
obtained using the spectrophotometric data and the absorptlwtles of Fig. 5 are, within
experimental error, the same. This provides additional support for the assumptions
implied in the proposed mechanism.

On the structure of the intermediate complex

The first polarographic reduction potential of isonicotinic acid, relative to the satu-
rated calomel electrode, is reported® to be —E»,=0.90 V in pH=1.85-and —Ey%=1.25V
in pH=6.18. Complete transfer of an electron from Cr2*(aq) to INA in one step is there-
fore thermodynamically unfavorable since the potential of the Cr2* — Cr3* couple, relative
to'sce is only E°=0.66 V. [t should then be concluded that in the intermediate complex
the transfer is incomplete and that the combined effect of two such transfers (reaction
(2)) is necessary for net reaction. It is of interest in this respect that nicotinic acid, which
is not reduced polarographically', is not reduced by Cr2*(aq) either. )

The other properties of the intermediate are also consistent with the idea of a partial
electron transfer to the ligand. The spectrum in the visible is possibly due to t,g— €g
multiplicity-allowed transitions. The partial transfer of the electron can be thought to
cause an increase of the energy level of the antibonding eq orbitals and a correspondlng
shift to shorter wavelengths.

The lability is also intermediate between that of Cr(il) and that of Cr(lll) species.

~ Hydrogen ions compete with the metal ion for the carboxy! site, but they can also
influence the reaction by adding on nitrogen. A detailed investigation of hydrogen ion
dependence has not yet been done. From the results obtained so far, however, it seems
that the non-protonated form is kinetically more reactive than the protonated one. In fact,
the different spectra at t — o obtained at low and high acid suggest two distinct paths
for the bimolecular reaction. Moreover, the appearance of the second peak in low acid
and the increased absorption seem to imply that the ion-radical character of the inter-
mediate complex is enhanced, or, in other terminology, that back-bonding is stronger.
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MEPIAHWIZ

ZXNPoTIoROG CUPTIAGKOU Kal KiviTikn €ig Tnv dvTiSpactv petafy Cr2t(aq)
kai {covikoTivikoD 6E€og v

EUpédn 611 1) avtidpaoiq petagl Cr2+(aq) kai i0oviKoTvikoD 0EE0G Xwpel PEow OXNUATIoHol
OGUUIMAGKOU, TO Ormolov.-avTIdpd nepalTépw dId diuoplakig avTtidpdoewg | amocuvTifetal Tpodg T&
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ApXlK& OUCTATIKA. *EYEVETO TIPOGBIOPIOHOG TOV TAXUTIATWY OXNMATIONOU Kai NMepalTépw avTidpd-
oewg ToU CUWMAGKOU, WG £riong kai TRg oTadepdg icopportiag kai Tol ¢douatog adTod, dia ouv-
Suaopol PATUATOPWTOUETPIKDY HMETPHOEWY, MOTEVOIOPETPIKTG AVAAUCEWG Kai XpwHaToypadiag.
Eig OXeTIK®G WKPAG OUYKEVTIPWOELS UBPOYOVIOVTWY TtapaTnpeital SpacTikn UETaBoAn Tol ddoua-
To¢ ToU piypatog aviidpdoews Kai EMTAXUVolq Thg avTidpdosewsg. ZuvayeTal, 8TL Kata THv.PWTNY
$aotv TAg dvridpdoewg yivetal pepikn peTadopd f]}\axrpoviou &Kk ToU i6vTog dioBevoig xpwpiou
TPOCG TO (OOVIKOTIVIKOV OEU, cpmvsrm 8¢, 6T 1 uetadopda altn eivar mAéov éxtetapévn, dtav T
oxnuatiZopevov ouurmAokov S&v elval MpwToviwpévov. ‘H Ur} MpwToviwpévn popdr) ewm éniong
KIVITIK®G TTIAEOV €vepYOQ.
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A rapid technique for the preparation of 99mTc-sulfur colloid is described.
The method has a high radioactivity purity yield, more than 99.8 percent. Also the
particle size of the colloidal solution is within the 200-600mu range. The quality is ,
tested by liver scanning in rabbits.

_Introduction

One of the most useful radioactive isotopes for labeling organic and inorganic com-

pounds has proved to be 99MTc. It'is characterized by short half life, low v- energy (140
KeV), and absence of 8 particles.

These properties make.®MTc a quite suitable radioisotope for medlcmal use. So a
great many efforts have been made to prepare it in the most suitable form for adminis-
tration to human beings. ’

Due to the continuously increasing demand for 99mTc in colloidal form in the hospitals
of our country, we were obliged to look for a prompt method of preparing it.

Experimental

For the preparation of 99MTc-sulfur colloid several met'hoéjs were developed; firstiy1 hydrogen
sulfide was used, with satisfacfory results, but the toxicity and the difficulty of using this gas, were

problems to be faced.

In another method antimony? sulfide was used instead of H,S. Recently 9MTc-sulfur colloid
"has been prepared by the use of sodium thiosulfate in acidic solution.34-5

In our method, described below, we too make use of sodium thiosulfate.

Materials and methods

a) Reagents
The following solutions have been used:
. Sodium perrhenate (NaReQy), as a carrier 0.5%

2. Hydrochloric acid 1.5N
3. Sodium thiosulfate (Na,S,03) 0.8%
4. Gelatin 1.35%

5. Sodium citrate brought at pH 11 by NaOH )

All solutions were made by the use of pyrogen free distilled water and were filtered through
millipore filters. They were sterilized in an autoclave heated to 120°C for 30 mln Vessels were
also sterilized.
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b) Preparation of the colloid.

In a sealed vial, containing the gelatln and 1ml of sodium perrhenate solution, 4.5ml of so-
dium pertechnetate in saline solution are added. Sodium pertechnetate is obtained by elution of
99Mo-generator with 0.9% sodium chloride.

The proper aliquots of sodium thiosulfate and hydrochloric acid are then added. The vial is
heated in a bdiling water bath for 10 min., shaken from time to time. Afterwards it is cooled under
running water and 4ml of the above solution of sodium citrate (pH11) are added.

The final solution is of a bright brown colour and its pH = 5-5.5.

We came to use the above mentioned concentrations of the reagents after making a series
of experiments in which we used snveral concentrations of gelatin, hydrochloric acrd (0.5-2N), and
sodium thiosulfate (0.8-2%).

The heating time was also variad from 5-15 min.

The best results were obtained with the above mentioned concentrations and heating time.
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Fig. 1: Radiochemical purity control of %9MTc-sulfur colloid.

Radiochemistry:The descending paper chromatographic technique in methyl alcohol-water (85:15)
on Whatman No. 1 and a running time of 2h is used forthe radiochemical purity control. The ex-
pected Rf values are 0.00 for the main chemical form (9§m-|- - sulfur colloid) and 0.65-0.70 for the
impurity (#*MTcO,) if any.3
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The chromatographic strip-paper is cut into two parts, one being the %MTg-sulfur colloid
initial spot extended 1cm from both sides of the center of the spot and the other being the impurities
in the remaining part of the strip-paper extended tcm beyond the liquid front (Fig. 1). These two
‘pieces are measured with a single channel analyzer using a well-type Nal (T!) crystal and the per-
centage of ®MTc-sulfure colloid is then calculated. The radiochemical purity revealed is more than
99.8 percent.

* Examination of the particle size

The examination of the particle size of 99MTc-sulfur colloid was done in two different
ways:

a) By filtration through millipore filters of different porosities and b) by electron
‘microscopy.

a) the filtration through millipore filters is based on the detection of the colloidal
particles according to the porosity of the filters and the colloidal micelles. The millipore
filters used were: 0.2, 0.45, 0.8u and 1.2u. An aliquot from the sample of 99mTc¢-sulfur
colloid was obtained and measured on a y-ray counter. After that, similar aliquots of the
sample were passed through the millipore filters of the above mentioned porosities.

- The results are shown in Table I. .

Table I.
Size of Micelles - % of Micelles
I.200— 450 mu 30%
1. 450 = 800mu 30%
1. 800 —1.200mu 15%
IV. lower than 200mu 25%

These results were obtained by the method mentioned above for the production of
the 99mTc sulfur colloid. Quite similar resuits but with a lower percentage on the range
between 200-800mpu were obtained using hydrochloric acid 2N.

b) The electron microscopy observations confirmed the results obtained by filtration
(Fig. 2). Itis very well shown that the most coIIondaI particles have a range of size between
200-600mp.

Fig. 2: Examination of mMTc -sulfur colloid by electron microscope. Magnification X 45.000.
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Animal Scanning: After the confirmation of the particle size of %*MTc-sulfur colloid by
the two above mentioned methods, we decided to test its quality by scanning it in animals.
(The scannings were performed in the Anticancer Hospital of Athens, under the super-
vision of Dr. Vr. Samaras). We injected endovenously (in the ear vein) a certain dose of
99mTc-sulfur colloid in rabbits. After 30 min we took the whole body scanning of the
animal. As it is shown in Fig. 3 an excelient liver scanning was obtained. No traces of
99mT¢ were found in the animal’s lungs, or in other organs. An hour after the injection
some traces of radioactivity began to be detected in the bladder.

The whole biological picture is in complete agreement with the radloanalyhcal chemi-
cal results.

The 99mTc-sulfur colloid is now produced regularly for the hospitals. The routine’
control of the particle size is done by filtration only, through the millipore filters.

F|g 3: Liver scanning on rabbit. On the left side some lines appear due to the presence of 9°MT¢
_in the bladder

Conclusions

Our aim was to obtain a non-toxic product in high yield and with proper particle size
for liver scanning. Indeed our yield has reached 99:5-99.7% in ssmTc-sulfur colioid. Ex-
amination of the particles’ size by electron microscopy and ultrafiltration, has proved
their size to be 200-600m.

This particle size makes 99mTc¢-sulfur colloid very suitable for liver scanning. ‘This
has also been confirmed by biological experiments in rabbits.

We have no knowledge of any complaint from the hospitals during a period of more
than 6 months.

222.



Acknowledgements

The authors wish to express their thanks to Mrs. E. Georgiadoﬁ for her very expert .
assistance. Thanks are also extended to Mr. B. Galatis, of the Lab. of Gen. Botany Univ.
of Athens, for the electron microscopy measurements.

NEPIAHWIZ
MNapaywyn kei “Eleyxog KoAroetdoug M Tc-Ociou

Eig v mapoloav épyaciav meplypdgetal pébodoq taxeiag mapaokeung koAAoELSolg Sla-
AUpatog 29MTc-Beiou. ‘H &v Adyw péBodog Exet UYNANRV padlevepyodv dandédoaty, gyyifouoca Ta dpla
ToU 99,9%. To péyebog TV TapayouEvwy KOAAOEID@V UNKUAWY Kupaivetal HETA&u T@v 200-600myL.
‘H ToLdéTNG Tol Tapayouévou koAAoeldodq SlaAlpatog tol MTce-Beiou EAgyxeTal kai 1 omiv-
onpoypadnuatog finatoq €ig kovikAoug. :
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