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CHIMIKA CHRONIKA, New Series, 1,175-181 (1972) 

 tud de Physicochimique et 
lmmunologique des Liaisons de l'Acide Niflumique-14C 
(acide trifluoromethyl-3-phenyl-amino-2-nicotinique) 

avec des Differentes Proteines 

Ch. T. PLESSAS 
Laboratoire du  metabolisme des medicaments, Universite de Geneve 

Directeur Prof. B. Glasson 

(Received 4-7-72) 

Dans une serie d'experiences, nous avons etudie les liaisons d e  I'acide niflu- 
mique-14C avec des proteines dans differentes conditions experimentales. Nous 
avons trouve que l'acide niflumique se lie totalement aux proteines plasmatiques 
de differentes especes. Les experiences faites in vitro ont montre que I'acide se 
lie avec la prealbumine, l'albumine, l'al-lipoproteine et l'an-lipoproteine. Nous 
avons trouve que 1Omg d'albumine et d'a-globulines se saturent avec 77pg et 85pg 
d'acide niflumique respectivement. Le pH modifie le taux de liaison.'Pour un pH 
de 7,4 ce taux montre un maximum. La constante d'equilibre de I'acide niflumique 
avec l'albumine est egale a 0,65X106L/Mol, tandisque le nombre maximum des 
sites des liaisons est de 2. 

The binding of n i f l ~ m i c - ' ~ C  ac'id 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. lmmunological study has 
shown that the niflumic acid binds with prealbumin, albumin, al-lipoprotein, a2- 
Iipoprotein. A 10mg quantity of albumin and a-globulin is saturated with 77pg and 
85pg of niflumic acid respectively. The pH modifies the percentage of binding 
which is maximized at a pH of 7.4. In the case of albumin it was found that K =  
0.65 X 1 O6 L /M and that the maximum number of the binding sites is equal to 2. 

Introduction 

Le role des proteines plasmatiques dans le transport du medicament se releve de 
plus en plus determinant pour expliquer les modalites de son action. Des lors les phe- 
nomenes de transport du medicament administre sont importante a connaitre. Apres 
resorption, les medicaments sont, en effet, transportes dans le sang sous forme libre ou 
liee aux proteines plasmatiques. Le complexe medicament-proteine joue un role dans 
l'activite pharmacologique du medicament, son excretion, sa concentration dans les dif- 
ferents tissus, sa toxicite et influence, egalement, la vitesse de penetration des medica- 
ments a travers les membranes biologiques. 

Dans ce travail nous.etudions et discutons les liaisons proteiniques de I'acide niflu- 
mique (acide trifluoromkthyl-3-phenyl-amino-2-nicotinie) Son metabolisme a ete etul 
die par plusieurs chercheurs chez differentes especes animales.l12 



Materiel - Methodes - Techniques 

L'acide niflumique marque au carboxyle a ete synthetise3 a partir de l'acide nicotinique-I4C. 
II avait une activite specifique de l'ordre de 16mC/mM et une purete radiochimique superieure 
a 99,9%. 

L'acide niflumique non marque nous a ete fournis par les Laboratoires UPSA, Gennevillieres, 
France. 

L'albumine humaine ainsi que les a-, 6-, y-globulines (albumin human, fraction V 94%, Pentex 
HM0262; a-globulin human, fraction IV 95%, Pentex HM4062; 6-globulin human, fraction 1 1  95%, 
Pentex HM7062, y-globulin human,.fraction 1 1  95% Pentex HM9722) etaient electrophoretiquement 
pures. Une dialyse prealable n'a pas modifie les resultats obtenus. 

Le sang de differentes especes animales a ete preleve par ponction cardiaque et la separa- 
tion du serum par centrifugation. Le serum humain nous a ete fourni par la Banque de Transfusion 
de l'Hopital Cantonal, Geneve. 

Le taux de liaison proteinique a ete determine qualitativement et quantitativement par filtra- 
tion sur gel Sephadex et par dialyse en equilibre. 

Pour la filtratiqn sur gel Sephadex, on a utilise une colonne K 9/30 (Pharmacia Fine Chemicals 
AB, Upsala,.Suede) d'un diametre de 0,9cm et d'une longueur de 30cm. Le volume interieur du 
tube est de 19ml et la quantite approximative du Sephadex G-25 sec est de 59. Le Sephadex etait 
equilibre avec un tampon phosphate MI15  a pH 7,4. Ce meme tampon a servit comme eluant. 
L'eluat etait collecte par des fractions de 2ml et dans chaque fraction on a mesure la radioactivite 
et le taux des proteines. 

Le sac de dialyse est prepare d'une membrane Visking (Visking Dialyserschlauch Type 20132 
ex Serva) d'un diametre de 16mm et d'une epaisseur de 0,02mm. Avant l'emploi, on lave la mem- 
brane dans une solution d'EDTA 1 O-" 1 M pendant une heure et ensuite on rince avec de l'eau 
distillee. Dans le sac, on met lm1 de serum ou d'une solution de fractions proteiniques, 4ml de 
tampon et on le place dans un tube contenant 50ml de tampon. A cause d'une eventuelle prolifera- 
tion de microorganismes, on travaille a 4•‹C. Le temps necessaire pour l'etablissement de I'e- 
quilibre est de 24 heures. Une fois l'equilibre etabli, on mesure la radioactivite de deux phases 
en scintillation liquide. 

L'influence de la concentration du medicament sur le taux de ses liaisons avec l'albumine 
et les a-globulines humaines a ete etudie par dialyse en equilibre. Pour cela 1Omg de fraction pro- 
teinique prealablement dissous dans lm1 de tampon ont ete incubes pendant 4h a 37•‹C avec dif- 
ferentes quantites d'acide niflumique. Ensuite on a procede a la dialyse. 

Le calcul de la constante d'equilibre du medicament avec l'albumine humaine a ete etudie 
en utilisant l'equation de Klotz4 r/(A)=Kn-Kr (r: moles medicament lies/moles proteines totales, 
(A): concentration du medicament non lie, n: nombre maximum des sites des liaisons) et en ad- 
mettant que chaque site n'est pas influencee par l'occupation des autres sites et que chacun a la 

. meme affinite pour l'ion A. Cette equation 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, la valeur de n. 

Pour l'etude de l'influence du pH sur le taux de liaison, on a employe le tampon phosphate 
d'apres?orensen1et le tampon borate d'apres Johnson et Lindsay5 (acide citrique, acide borique, 
acide diethylbarbiturique, potassium dihydrogenophosphate, soude caustique). La methode em- 
ployee est celle de la dialyse en equilibre dans les conditions deja citees. 

Le nombre total de proteines seriques qui se lient avec le produit, a ete demontre par im- 
munoelectrophorese. La technique employee a ete celle decrite par Scheidegger6 et modifiee par 
Plessas7 2ml d'une solution 1,5O/0 d'agar-agar dans un tampon Verona! a pH 8,6 ont ete mis sur 
chaque lame porte-objets (76X26mm). Apres refroidissement de la gelose, on fait une fente et 
deux trous. Dans chaque trou on met 1 p l  de serum. L'intensite du courant est de 3,5mA par lame. 
2 heures sont necessaires pour une migration electrpphoretique sur une longueur de 6cm. Une 
fois l'electrophorese terminee, on verse dans la fente 0,03ml d'antiserum et on place les lames en 
chambre humide. Apres une diffusion d'antiserum de 12 a 24 heures, on rince les lames et ensuite 
on les seche. La coloration des lames a ete faite dans une solution d'Amidoschwarz B. 

L'autoradiographie des lames electrophoretiques a ete effectuee avec des films •áKodak. 
Kodirex, dans des conditions decrites par le fabricant. Le temps d'exposition varie entre 2 et 6 
semaines. 

La radioactivite a ete mesuree par scintillation liquide (Beckman LS 200B), avec le melange 
scintillant ESLA (80g naphtalene, 4g PPO, 50mg POPOP dans 1 litre de xylene-dioxane-ethanol 
v /v /v  51513). 

Le taux de proteines a ete mesure par la methode de Biuret. 



Resultats 

1. Taux de liaison in  vitro 

Nous avons incube des quantites croissantes d'acide niflumique avec du plasma de 
differentes especes animales. Apres incubation (4h a 37•‹C) 1 ml du produit a ete mis sur 
une colonne Sephadex et des fractions de 2ml ont ete recueillies. Dans chaque fraction 
nous avons mesure la radioactivite et le taux de proteines. Le tableau No. 1 donne ces 
resultats. Nous constatons que: 

a) La quasi-totalite de I'acide niflumique est liee aux proteines plasmatiques, sauf 
lors des incubations avec 500 et 1000yg d'acide, conditions dans lesquelles le seuil de 
saturation est atteint; ce dernier se situe aux environs de 200yg d'acide niflumique. Ce 
taux a ete obtenue pour un plasma de rat d'une concentration en proteines de l'ordre 
de 4g%. 

b) L'origine du plasma ne joue pas de role sur le degre de liaison. 

Tableau 1. -Taux de liaison in vitro de I'acide niflumique-l4 C 

Espece Taux de proteines Acide niflumique incube Acide niflumique B / A  
g % , A l J 9  lie B pg  % 

Rat 
Rat 
Rat 
Rat 

Plasma 
humain 

Lapin 
Cobay 
Versatol 

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

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

Tableau II -Concentration de I'acide niflumique lie, incube, 
non lie par rapport a l'albumine humaine (1Omg) et valeurs de (A), de r et de r/(A) 

Acide niflumique Acide niflumique (A) r 
incube yg  

r/ (A) 
lie pg  X 1 0-6Mol/ L X 106L/Mol 
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Fig. 1: Relation entre l'acide niflumique' lie et incube Tampon 
phosphate a pH 7,4. Albumine h ~ m a i ~ e :  10mg. incubation: 
4 h a 37•‹C. Dialyse en equilibre: 24 h. 

A partir des resultats du tableau No. II, on etabli la relation entre r et r/(A) (figure 
No. 2). Par extrapolation, on a calcule que n =2, Kn = 1,29X 10Qd'ou K=  0,651 x I O 6  LIMOI. 

0.5 1.0 1.5 2.0 

Fig. 2: Relation entre r et r/(A) 

L'etude de l'influence ,du pH et de la nature du tampon sur le degre de liaison a 
dernontre 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 employes ne joue pas un grand role en ce qui concerne 
le taux de liaison. 

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

On a etudie l'influence de la concentration de l'acide et du pH sur le degre de 
liaison. Les conditions etaient les memes que dans le cas de l'albumine. La figure No. 4 
donne la relation entre acide niflurnique lie et incube, tandis que la figure No. 5 I'in- 
fluence du pH sur le degre de liaison. 

Nous constatons que la quantite d'acjde liee augmente avec la quantite mise en 
incubation. La saturation de lOmg d'a-globulines se situe aux environs de 85pg d'acide 
niflurnique, et que l'influence du pH sur le taux de liaison est moins nette avec, egalement, 
un maximum a pH 7,4. 
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Fig. 3: Variation du degre de liaison 
en fonction du pH. 
A. Tampon phosphate, B Tampon borate 

Fig. 4: Relation entre l'acide , 

niflumique lie et incube. 
Tampon phosphate a pH 7,4. 

Albumine 10 mg, Acide niflumique: 55 pg. a-globulines: 10 mg. 
Dialyse en equ~libre: 24 h. Incubation: 4 h. a 37" C. 
Incubation: 4 h. a 37•‹C. Dialyse en equilibre: 24 h. 

4. Liaisons de i'acide niflumique avec les 6- et y-globulines 

Dans le cas des 6- et y-globulines, le taux de liaison est de l'ordre de 2% pour les 
6-globulines et de l'ordre de 0,5% pour les y-globulines. 

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

5. lmmunselectrophorese 

L'immunoelectrophorese suivie d'autoradiographie (fig. No. 6) a demontre que I'a- 
cide niflumique se lie avec la prealbumine, l'albumine et les al- et a2-lipoproteines. 

Fig. 5: Influence du pH sur le taux de 
liaison 
Tampon borate. a-globulines: 10 mg. 
Acide niflumique: 55 pg. 
Dialyse en equilibre: 24 h. 

Discussion 

Dans nos experiences, soit avec du plasma, soit avec des fractions proteiniques 
nous avons maintenu la concentration constante en proteine et fait varier la concentra- 



tion de I'acide niflumique. Nous avons constate que le taux de liaison diminue lorsque 
la,concentration en acide augmente. La quantite de I'acide liee augmente-jusqu'a I'at- 
teinte d'un seuil de saturation. Davison et Smith8 ont constate avec les sai~cyiates cette 
diminution du degre de liaison avec I'augmentation de la concentration. 

Fig. 6: Immunoelectrophorese (A) suivie d'autoradiographie (B) de serum humain 
prealablement incube avec de I'acide niflumiaue-l4 C. 

En general, le seuil de saturation est difficilement atteint, meme si nous employons 
un large eventail de concentrations. L'apparition d'un plateau est deja signalee dans la 
bibliographieg~lo pour d'autres produits. 

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

Dans le cas de I'acide niflumique, la fonction r/(A) = f (r) est lineaire. Pour les sali- 
cylates et leurs derives, les courbes montrent l'existence de deux sites des liaisons avec 
deux types d'interaction medicament-proteines. 

Dans nos experiences 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 tres bas: 6,5% et 
a pH 12:18%. L'influence du pH sur le degre de liaison n'est pas toujours la meme. Dans 
le cas des ions chlorures (Carrl1), I'augmentation du pH provoque une diminution du degre 
de liaison, fait qui est le plus frequent et qui s'explique par l'accentuation du caractere 
cationique de la proteine dans des conditions de pH de plus en plus acide. Nous ren- 
controns egalement cette augmentation du taux de liaison entre un pH de 6,4 et 7,6, 
comme dans nos experiences, dans le cas de liaisons avec d'autres anions12 (methylo- 
range). La meme influence du pH se trouve chez les sulfonamides.13 Nous pouvons en 
donner une explication: ces produits sont des electrolytes relativement faibles, et quand 
le pH augmente, i l  se produit une augmentation de la concentration de la forme anionique. 
Les observations faites d'autre part sur les changements de structure des proteines ont 
demontre l'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 I'acide peut donner l'explication du maximum du degre de la liaison a pH 74. 
En ce qui concerne la nature du tampon, nous constatons que le degre ne change pas 
dans les tampons employes, borate et phosphate, qui sont d'ailleurs avec le tampon 
glycinate, les tampons le moins interferant dans les liaisons proteiniques des ions. 

L'influence du pH sur le degre de liaison des a-globulines est moins nette que dans 
le cas de I'albumine. Nous constatons egalement un maximum a pH 7,4. 

L'irnmunoelectrophorese a demontre que I'acide niflumique se lie avec la prealbu- 
mine (albumine riche en tryptophane), I'albumine, l'al-lipoproteine et l'a2-lip.oproteine. 
Clausen,14 a l'aide de I'immunoelectrophorese, trouve que la Lederkyn se lie a la preal- 
bumine, a l'albumine, a l'a-glycoproteine et a l'a2-macroglobuline, tandisque Benakis et 
al.15 trouvent que le doxium se lie avec 9 proteines. 



Eiq oeipav neipaya~wv in vitro EyeheTquq fi ouv6eo1q TOU vi@Aip~ou ocEoq, En~oqyavBEv~oq 
61a 14C &iq TO ~ap605uhiov, pE 6ia@opouq npw~eivaq. EbpEBq o ~ i  TO V L @ A L ~ I K O V  6 th  Cvou~ai 
nAripwq y ~ ~ a  TWV npw~e'ivWv TOU nhaoya~oq  6iaqopwv ei6Wv <&UV. ' A v o o o h o y i ~ ~  ~ E A E T ~  E ~ E L ~ E V  

OTL TO v ~ @ A ~ y i ~ o v  65u Evou~ai  y & ~ a  ~ i j q  npoaA6ouyivqq, ~ f l q  aA6oupivqq, ~ f l q  a l -h l~OnpwT&i~~q  ai 
mq a2-hirIOnpwT~iV~q. nooorq~eq  10 mg tih6ouyivqq  ai a-o@aiplvWv ~0pEvvuvrai p e ~ a  77yg  ai 
85yg av~ioroixwq V L @ A I ~ L K O U  65Eoq. To pH p ~ T a 6 a h h ~ i  TO nooomov ouv6Eoewq  ai TOUTO Aay- 
6avei peyimqv n y j v  eiq pH 7.4. 'H maBepa x q p i ~ q q  ioopponiaq TOU vi@Aipi~oU 05Eoq p ~ ~ a  ~ f l q  
aA6ouyivqq eUpEBq ioq npoq 0,65X I O 6  L/M, EvW o yEyio~oq apieyoq Beoewv ouv6Emwq &@&Bq 
iooq npoq 2. 
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Halogen Ring Monosubstituted Benzoic Acid Hydrazides as Ligands-l 
Preparation and Interpretation of lnfra-red Spectra 

G.E. MANOUSSAKIS, D.A. HARISTOS and C.E. YOUR1 
Laboratory of inorganic Chemistry, University of Thessaloniki, Greece 

(Received 5-7-72) 

Ortho-, meta- and para-halogen (F-, Cl-, Br- and I-) monosubstituted benzoic 
acid hydrazides were prepared and studied. The discussion of the i.r. spectra leads 
to the conclus~on 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 

It is known that the coordination ability of hydrazides and therefor? the formation 
of coordination compounds with metals depends on the donor properties of the hydra- 
zides. 'For this purpose, in recent years, cpnsiderable 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 1 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 
-I 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 impo'rtant 
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-NO2, 3,4-OCH20-, o-OCH3, 
p-OH and p-NH2 substituents. Also Titov et a1536 examined the i.r. spectra and reactivity 
of l8 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 11 5, osmometrically. 

Preparation. The reagents employed in the preparation were analytical grade and used without 
further purification. 



The preparation of halogen ring mono substituted benzoic acid hydrazides were carried out 
,according to the following general method. 

In a 250 ml round bottomed flask, equipped with a reflux condenser, the correspondrng benzorc 
acid (2: 30 mmoles) was mixed with absolute ethyl alcohol (-1 100 mmoles) and 2 ml sulfurrc 
acid 95%.14 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 extractron. The ester produced was obtained by distillatron 
and was further diluted with 50 ml absolute ethyl alcohol. In this soluiron 7 ml ( E 150 mmoles) 
hydrazine hydrate, H2NNH2.H20, (100%) were added and the mixture was refluxed for 5-7 hours. 
The solutron was condensed and cooled; after recrystall~satron from hot water, needle-like whrte 
crystals of hydrazides were obtained. 

The yields and analytical results of the obtained hydrazides are tabulated 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: o-Br (7a), m-Br (7b), p-Br (7c), o-Cl (7d), m-Cl (7e) and p-Cl (7f). 

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. spectka. 
The'yield (Table 1) increases according to series ortho-, meta-, para-. The very low yield 
of 0-1 derivative may be due to a steric effect. 
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Taking into consideration that coordination of hydrazides should occur through one 
of,the structures (a) or (b), it is obvious that 

a b 

the ionic character of C-0 bond which is associated with the position of C=O band in 
the i.r. spectrum, will be very interesting. The position of the carbonyl band (Amide 1)8 
depends upon the electron withdrawing ability 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=O bond vibration, 
appeared in the 1610-1670 cm-' region. This is in agreement with Paul et a1.l The car- 
bony1 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 b ~ n d . ~ ~ b u t  the v(C=O) in the spectra of HBAH remain almost stationary. 

Except of Amide I bands a coupling of vibratibn 6(N-H) and v(C-N) produces two 
clusters of bands which are characterized as Amide II and Amide. Ill bands.9 The 
Amide II bands are displayed around 1550 cm-' and Amide Ill observed in the 1320- 
1350 cm-' region. This is in agr'eemen; with other authors' research on certain ring sub- 
stituted benzoic acid hydrazide~.3~10~11~12 The posltlon of the Amicie II and Ill 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-1 region show generally a sharp: 
:band at 3300 cm-I and a second broad one at 3200 cm-'. The flrst of them IS asslgned to 
assymetrlc N-H vibration, vas (NH2), and the second one to symmetric, vS(NH2) vibration. 
The band which is assigned to <v,-(NH2) vibration is gradually weakened from fluoro 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, gradually becomes weaker from F to I derivatives. 
Possibly this is due to the coupling of structure I. 

The band corresponding to 6(NH2) which should have appeared in this region is usuall) 
less ~ t r o n g . ~  

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 = 345,5 + 0,876 Vas 

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

Yield m.p. % C  % H % N Mol. Weight 
Hydrazides (%) ("C) Calcd. Found Calcd. Found Calcd. Found Calcd. Found 



which has been suggested by Belammy and Williams.13 This equation is valid with an 
average of t 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 Williams for aminocompounds 
is not applicable in the case of hydrazides. 

In the examined HBAH the form of hydrogen bonding which may be responsible for 
.the weakening of vs/NH,) band is shown in structures I, 11, Ill and [V 

In addition to the above mentioned coupling some more hydrogen bonds are possibly 
formed according to the structures V-VII. Structures V and VII 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-). 

'Ahoyovopbva povo~rrapayoya roir irbpa<i6iou ~ o i r  6&v<oi~oir btioq Bq ligands 
l l a p a u ~ c u j  &v 36pu<16iov ~ a i  ippqveia r l v  qaup&mv S1~ep69pou a h l v  

'H napoOoa ipyaoia acpoph &iq T ~ V  n a p a o ~ ~ u f l v  Kai ~ E ~ ~ T Q V  T ~ V  opeo- p&Ta- ~ a i  napa- 
aAoyovop&vwv (F, Cl, Br ~ a i  I )  povonapayhywv TOO 66pa<16iou TOO ~ E V < O ~ K O O  o€,&oq. 

I ~ o r r o q  rijq p&Ab~qq TOV napao~&ua(S8&v~wv u6pa<16iwv ~ i v a t  j xpqoiponoiqotq a u ~ O v  cbq 
ligands 6th TOV oy,qpaTlopov oupnAonov KaBcbq ~ a i  j 6~peOvqotq hptopCvov avopyavov o u o ~ q -  
parwv 6€,&16oavayoyij$ 

MEAETC~T~I, 6th cpaoparwv i.r., Q ini6paotq TOO -l &rlaywyt~oO @atvop&vou (A6yo ~ i j q  napou- 
oiaq TOO ahoyovou) bni ~ q q  r r o h t ~ o ~ q ~ o q  TOV 6&opQv ~ a i  K ~ T '  Cnb~raotv j i ~ a v o ~ q q  TOV S p a -  
<[6iwv npoq ouvappoyqv, ~ E B O ~ C V O U  OTL 6uvav~al  vh 6paoouv h $  ligands 6th TQV 60pOv (a), q 
, (b). To oupnbpaopa &K rqq p&A&~qq airrijq & h a t  O T ~  j napouoia TOV aAoyovov cbq l j n o ~ a ~ a o ~ a r G v  
~ E V  &nqp&a<&t 5T'lpCl~TlKQq T ~ V  6pCiotv TQV ti6pa<16iwv ( i ) ~  ~ O T O V  E L ~ V O E T  0 p ~ q  TQV 6qptoupyiav 
npoo8dTwv 6 ~ o p O v  66poyovou. 

'EK Tqq  SEW^, Th @ a ~ p a T a  i . ~ . ,  TWV I ~ ~ & o v  X ~ ~ Q K T ~ ~ I ~ T L K ~ V  <WVOV ~ I O ~ ~ O @ ~ ( S E W ~  

firot: vaS(NH2), vS(NH2), Amide 1, II ~ a i  Ill ' K C ~ Q ~  Cniaqq ~ a i  61' icpappoyqq rijq ~ b o e w q  T ~ V  

Bellamy ~ a i  Willlams ~ E I K V U E T ~ ~  Q unap€,tq ~ v 6 0 -  ~ a i  6tapopta~Ov 6 ~ o p Q v  lj6poyovou (5opai 
I-VII). 

'H K ~ V O V I K ~  &p@aVKJtq cbplopbvwv <WV&V a l l ~ p p ~ @ q ~ & ~ q ,  &iq ~ E P I K ~ ~  ~ E ~ I ~ T ~ ~ ~ E I ~  & ~ p q -  
vcue~a t  &!re 6th rijq c s ~ e p e o ~ q p t ~ i j q  napepno6io~wq E!TE 61a ~ i j q  6qptoupyiaq 6~0pOv 66poyovou. 
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Synthesis and Facile Ring-opening of 5, 6-Dihydro-7H- 
thiazolo [3, 2-a] pyrimidin-7-one and its Quaternary Halide* 
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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, l - b ]  thiazol-5-ium chloride (2),  and the ob- 
served fac~ le  ring-opening reaction which occurs when 2 and 3 are treated with 
amines or alcohols to form amides or esters (6-10) has been reported. The unusual 
ease of the ring-opening of 2 and 3 is discussed. 

Introduction 

The synthesis of 5. 6-dl hydro-7H-thiazolo [3, 2-a] pyrimidin-7-one (3) by reaction of 
2-aminothiazole with ethyl acrylate has been reported.1 We wish to report a new pro- 
cedure for the synthesis of this dihydro-derivat~ve (3) from the corresponding quaternary 
halide (2), which can be readily prepared by fusion of 2-(3-chloropropionyl) aminothia- 
zole 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 rlng- 
opening which occurs when (2) and (3) are treated with amines or alcohols. . 

Treatment of 1, 2, 3, 4-tetrahydro-2-oxopyrimido [2, l -b ]  thiazol-5-ium chloride (2) 
with equimolar KBH4 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.' 

Treatment of quaternary halide (2) wlth so-propylamlne under experimental con- 
ditions, gave a crystalline product the elementary analysis of which confirms the formula 
C9tiI6CIN,OS. The 'H nmr spectrum was consistent wlth the structure 6: 6(DM+SO - d6) 
1.00(6H,d, - CHMe2), 2.57(2H,t, - CH2C0 -), 3.78(1H,m, - NHCHMe2), 4.32(2H,t,=NCH2 -) ,  
6.96 and 7.30 (both 1 H,d, thiazole protons), 8.20 (1 H,d, - CONHCHMe2), 10.02(2H,s, - NHp). 

Addition of deuterium oxide resulted in the slow disappearance of the doublet centred 
at 6 3.78 ppm, and the immediate disappearance of the singlet at 6 10.02 ppm. Attempts 
to isolate the free base 10 from this salt were unsuccessful. A similar reaction between 
2 a'nd diethylamine gave compound 7. Heating 2 in methanol gave the ester 8. Analogous 
reactions have been reported prwiously for benzothiazolium analog.3 Refluxing of 5, 
6-dihydro-7~-thiazolo [3, 2-31 pyrimidin-7-one with 80% iso-propylamine led to a semi- 
solid product for which t.1.c. analysis showed to be a binary mixture. Treatment of this 

* This investigation was supported by a research grant of NATO (SA.5.2. 05bt[507/500]). 
* *  Thanks are due to Mr. M. Kazanis for his experimental assistance. 



mixture with ether, resulted in the isolation of the free base 9 as main component and the 
amino acid 11 as minor component. The structural assignments are based on the nmr 
spectral data. The nmr spectrum of 9 exhibited at 6 (CC14) 1.10 (6H, d, - CHMe2), 2.50 
(2H, t, - CH2C0 -),3 95 (3H. m.=NCH,- -CHMe2), 5.75 and 6.52 (both 1H, d, thiazolrne 
protons), 6.26 (1 W, broad, = NH), 6.98 (1 H, d, - CONHCHMe2). The spectrum in deuterium 
oxide exhibited a similar pattern (with little differences due to solvent effects) for two 
thiazoline ring protons, typical two-triplet A2X2 system, and isopropyl protons, with dis- 
appearance of the s~gnal at 6 6.26 and 6.98 ppm. We could readily convert 9 into 6 with 
saturated anhydrous hydrogen chloride in ether. 

+ Cl -  

N-CH2CH2COR > I I l l  
,-,YlCH2 CH2 COR 

< 
\S-NH!CH2CH2NRRt . \SA, H  2  

- f 4 ;  R = H  R z C H M e 2  6 ;  R  = NHCHMe2 

5 ;  R = R ~ = E ~  Z; R = N E t 2  

8; R  = OMe 

The structure of 11 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 6.82 and 7.16 ppm, both IH, d). Hurd and 
Hayaol prepared this compound (11) 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 10 and 11. 

The precursor haloamide ( l ) ,  by treating with iso-propylamine or diethylamine in 
refluxing ethanol, led exclusively to the corresponding 2-(3-alkylaminopropionyl) amino- 
thiazoles (4 and 53, 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. 



A resonance form having the positive charge on the amide nitrogen, would result in the 
amide carbonyl being more electrophilic, facilitating hydrolysis.3 

Experimental 

Meltlng points were determined in a Buchi 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-Elmer Model 521 Spectrophoto- 
meter, and uv spectra in l - cm  solution cells on a Beckmann DK-1 spectrophotometer. T h ~ n  layer 
chromatography (tlc) was performed on silica gel plates using CHCIB as eluent, and iodine vapor 
as the visual aid. 

2-(3-Chloropropionyl)aminothiazole (1). A solution of 3-chloropropionyl chloride (14g, 0.1 l mole) 
In 25ml of anhydrous ether was added dropwise with vigorous stirring to a mixture of l o g  (0.lOmole) 
of 2-aminoth~azole in 100ml CHCI3 and 11.7g (0.llmole) of sodium carbonate in 75ml of water. 
Stirring was continued 30min after completron of the addition. The solid was removed by filtration 
and washed with water. Recrystall~zation from ethanol to give 15.2g (80%) of the product. mp 
(partial) 175-1764 resolidification and decomposition 265" ( M 2  yield 35%, mp 176-1779; uv hmax 
(ethanol) 271 mp (~9100); ir (KBr) 1682cm-l (amide I band); nmr 6 (DMSO-ds) 2.95 (2H t - COCH2--), 
3.88 (2H, t,-CHzCI), 7 12 and 7 42 (both 1 H, d, thiazole protons), 9.66 ( l  H, broad,- NHCO-): 

Anal. Calcd. for C~H~CINZOS: C, 37.80; H, 3.70; N, 14.70. 
Found: C, 37.68; H, 3.54; N, 14.72. 

1, 2, 3, 4-Tetrahydro-2-oxopyrimido 12, 7-61 thiazol-5-ium chloride (2), was prepared from 
2-(3-chloropropionyl) aminothiazole (7 ) ,  using cond~tions similar to those of Werbel and Battaglia2 
Mp 285-287"(dec), ( i i t . ' , hp  280" and 279-282 ), uv hmax (water) 299m1-1 (&12580), ir (KBr) 1710cm-1 + 
(amide I band); nmr 6 (D20), 3.20 (2H, t,- COCHz-), 4.72 (2H, t, =NCH2-), 7.58 and 7.76 (both lH ,  
d; thiazole protons). I 

Anal. Calcd. for CsH7CIN20S: 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 l mole) in 250ml methanol was added KBH4 (5.4g, 0.lmole) in small portions 
at room temperature. The mixture was refluxed with stirring Phis, after completion of the addition. 
After cool~ng, 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 chloroform solution upon concentration under reduced pressure 
afforded 11.2g ( --. 73%) of the product, mp 200-2054 The analytical sample was recrystallized 



from ethanol, mp 205-206"; uv hmax (water) 300mp (~15500); ir (KBr) 1632cm-l (amide I band); 
nmr 6 (bO) ,  2.75 (2H, t,-COCH2-), 4.28 (2H, t,=NCHz-), 6.92 and 7.22 (both lH,  d, thiazole 
protons). 

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, 0.05molB) and ethyl acrylate (5g, 0.05mole) according to the pro- 
cedure of Hurd and Hayaol; gave 1.59 (-- 10%), mp 205-206"(lit.l mp 195-1979. 

2-Amino-3- [2-(iso-propylaminocarbonyl)ethyl] thiazolium chloride (6). To a suspension 
of the 1, 2, 3, 4-tetrahydro-2-oxopyrimido [2, l -b ]  thiazol-5-ium chloride (2) (3.89, 0.02mole) in 50ml 
ethanol was added 8ml 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 39 (60%) of the product, mp 152-153"; uv (water) 255my 
(~6570); ir :KBr) 1635cm-l (amide I band). 

Anal. Calcd. for CgH16CIN30S: 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 condit~ons similar 
to those described above for iso-propylamtde (6), 3.89 (0.02mole) quaternary halide (2) and 8ml 
d~ethylamine, afforded 1.9g (36%) of the product, mp 139-140" (ethanol-ether); uv hmax (water) 
256mp (~6650); ir (KBr) 1632cm-I (amide i band); nmr 6 (DMSO-d6), 1.18 (6H, t,-NCH2CH3), 2.78 

-t 
(2H, t. CH2CO-),,3.12 (4H, q- NCH~CHJ), 4.26 (2H, t,=NCHz-), 6.98 and 7.42 (both 1 H, d, thiazole 
protons), 9.61 (2H, broad, -NHz). I 

Anal. Calcd. for CloH1&IN30S: C, 45.53; H, 6.88; N, 15.93. 
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, l -b ]  thiazol-5-ium chloride:(2) (3.89. 0.02mole) in 50ml 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 glve 2.79 (63%) of the product, 
mp 131-132"; uv kmax (water) 254mv (~6700); ir (K,cr) 1728cm-l (C=O); nmr 6 (DMSO-d~), 2.82 

(2H, t,-CH2CO-), 3.58 (3H, S,-CH3), 4.31 (2H, I,= ~JcH~-J, 6.95 and 7.38 (both 1H, d, thiazole 
protons), 10.12 (2H, broad, -'NH2). I 

Anal. Calcd. for C7HllCIN202S: C, 37.75; H, 4.98; N, 12.58. 
Found: C, 37.64; H, 5.05; N, 12.47. 

2-lmino-3-[2-(iso-propylaminocarbonyl) ethyl] thiazoline (g), 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) (3.089, 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 ( E  84%) of the product,9, mp 
72-75: The analytical sample was recrystallized from ether-n-pentane, mp 78-79"; uv hmax (water) 
254my (~6550); ir (KBr) 1632cm-l (amide I band). 

Anal. Calcd. for C9HI5N30S: C, 50.68; H, 7.09; N, 19.70. 
Found: C, 50.52; H, 7.05; N: 19.57. 

The solid which was separated by filtration of ehter was recrystallized from water to glve a pure 
sample of 2-amino-3-(2-carboxyethyl)+thiazolium betaine hydrate (Il),.mp 170" (dec); nmr 6 (D20), 
2.66 (2H, t,- CH2CO-), 4.21 (2H, t,= NCH2-), 6.82 and 7.16 (both 1 H, d, thiazole protons). 

I 
Anal. Calcd. for C6H10N203S: 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 intoits hydrochloride salt (6) by treatment of an ether solution 
wrth a saturated solut~on of anhydrous hydrogen chloride In ether 
Sample of l 1  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 Haya0.I 

2-lmino-3- [2-(diethylaminocarbonyl) ethyl] thiazoline (10) and 2-amino-3-(2-carboxyethyl) 
thiazolium betaine hydrate (1 1). Using conditions similar to those described above for the iso- 



propylamino-derivative ( g ) ,  3.08g (0.02mole) tetrahydro-derivative (3) and 50ml diethylamme (80%) 
yielded 39 (66%) of l 0  as an oil; uv Amax (water) 254mp (~6570); ir (film) 1630cm-I (amide I band): 
nmr 6 (CC14), 1.08 (6H, t,-NCH2CH3), 2.65 (2H, t,-CH2CO-), 3.29 (4H, q,- NCH2CH3), 3.95 (2H, t, 
= NCH2-), 5.89 ( l  H, broad,= NH), 5.56 and 6.58 (both IH ,  d, thiazoline protons). 
Aso afforded a pure sample of 11, mp. 170" (dec). 
For elemental analysis, a small amount of 10 was c,onverted into its hydrochloride salt (7). 

2-(3-iso-Propylaminopropionyl) aminothiazole (4). A solution of 2-(3-chloropropionyl) amino- 
thiazole'(1) (3.8g, 0.02mole) and 8ml 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 chloroform extracts were evaporated at reduced pressure. 
Recrystall~zat~on of the res~due from ether-ether petroleum gave 3.69 ( r 86%) of the product, 
mp 79-80" uv hmax (water) 270mp (~9200) Ir (Kt30 1688cm ' (amide I band), nmr 6 (CCIa), 1.12 
(6H, d, - CHMen), 2.45-3.08 (7H, m, - NHCOCH2CH2NHCH), 6.83 and 7.33 (both 1 H d thiazole 
protons). 

Anal. Calcd. for C9H15N30S; C, 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 solut~on of anhydrous hydrogen chloride in ether. Recrystallization from ethanolether 
gave a pure sample; mp 225-2267 

2-(3-Diethylaminopropiony/)aminothiazole (5). Using conditions s~rnilar to those described 
above for 4, 3.89 (0.02mole) of the 2-(3-chloropropionyl)aminothiazole (7)  and 8ml diethylamine 
yielded 3.79 ( ~ 8 1 % )  of the product, mp 53-55", The analytical sample was recrystallrzed from 
ether-ether petroleum, mp 56-57" uv hmax (water) 2 6 9 m ~  (~9640); ir (KBr) 1675cm ' (am~de I band) 
nmr 6 (CC14) 1.10 (6H, t - NCHZCH~), 2 45 ( lH,  S,- NHCO-), 2.55-2.94 (8H, m,- COCH2CH2NCH2- 1, 
6.82 and 7.30 (both l H, d, thiazole protons). 

Anal. Calcd. for CI0Hl7N30S: 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 solut~on w ~ t h  
a saturated solution of anhydrous hydrogen chloride in ether. Recrystallization from ethanol-ether 
gave a pure sample, mp 154-1554 

Eiq T ~ V  napoOoav bpyaoiav pehert i~at a@' dvoq q ouv8eokq ~ q q  5. 6-61~6po-7H-8&1a<oho- 
[3, 2-a] nuplpt61v-7-ovrlq (3). &K TOO &VTIOTO~XOU TET~PTOTC~YOU~ ahaT0~ (2) TO onoiov AapBav~ ra~  
~ u ~ o h w q  61a T O & W ~  TOU 2- ( 3-~hwp0np0ni0vuho) ap~v08e~a7,ohiou ( I ) ,  a+' b~dpou  rj bni6paotq 
ap~vOv f j  hh~oohov  bni T ~ V  ET&POKUKAIKOV TOUTWV nup f i v~v .  

'H pS8060q ouvf3Soewq, q onoia o u v i o ~ a ~ a ~  ~ i q  rrjv dni6pao1v KBH4 bni TOU T E T ~ P T O T ~ ~ O U ~  
a h a ~ o q  2 b v ~ o q  p&8avohqq, bnep~cpei, 4 q  npoq ~ f l v  Smo6oo1v, E V ~ V T ~  naha~o~&paq  p&Oo6ou, rj bnoia 
o u v i o ~ a ~ a l  &iq ~ r j v  an' ~Deeiaq bni6pao1v ~K~UAIKOO ai8~hECSTbp0q bni TOO 2-ap1vot3&1a<ohio~. 

'H ~ni6pao1q ap1v4v ij ah~oohQv bni T ~ V  ~ T E P O K U K ~ I K W V  nupflvwv 2 Kat 3 h 6 q y q o ~ v  ciq 
TOV qqpa-r~opov vSwv ayl6iwv ~ a i  &mSpwv (6-10) T ~ V  OKO~WV q 601117 ~a8wpiot3q Qaoparomo- 
nlKOq. 

'H d K 0 h 0 ~  q a o l q  TOO 6aKTUhi0~ &iq TOV 6p161~0~  ij i p 1 6 1 ~ 0 ~  ~ E O ~ O V ,  hno6i6e~a1 Eiq piav 
~ V ~ I ~ ~ E O O V  n p w ~ o v ~ w p ~ v q v  p0pQflv O U V T O V I ~ ~ O ~  &iq TQV bn0iav TO ~ E T L K O V  QOPT~OV E U P ~ ~ K E T C ~ I  

dni TOO dp161~0U U < ~ T O U .  
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N-Bou-ruho-o~orrohay~-~oviou ~ a i  M~iypa~oq  ahoU y s r a  NoBaAyivqq 
r. M A P r n M E N O Y  - AEnN lAOnOYAOY ~ a i  K.T. MAKPH 

'Epyao~rjpiov @uol~r)q E.M. I~OAUT&XV&~OU, 
' E n i a ~ r ~ p o v i ~ d v  fpa@&iov @ a p p a ~ & u r ~ ~ G j v  MEAETOV 'ABav. A l a ~ o u  38, 'Aeijvai 

(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- 
pos~ t~on  of (C) Buscopan compos~tum [m~xture of the (B) w ~ t h  (A) novalgln] weFe 
examined by derivatograph. From the derivatograms which have been taken, the 
followrng conclusions have been drawn: a. If the (B) stays in a damp and warm" 
place for about three months, it decomposes, losrng werght 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. 

Ata TOO napaywyoypaqou 1~pcuvfl8qoav: a. Q o r a 8 ~ p o ~ q q  ro i l  (B) 6pwytou- 
xou N-Bou~uho-o~onohapywviou ~ a i  6. Q nooo~tnq  oumaotq TOO (F)  Buscopan 
compositum pciypa~oq rqq ( A )  vo6ahyivqq ~ a i  TOO ( B ) .  'EK T ~ V  A ~ Q ~ & V T W V  napa- 
ywyoypaQqpa~wv ouv6yov~a i  TU a~ohou9a.  1. O T ~  TO ( B )  p e ~ a  napapovtjv ciq 
9eppov ~ t a i  uypov ~ O p o v  D q i o ~ a ~ a i  6n~Ac tav  6apouq &wq 130•‹C 13.8% & v a v ~ t  
2.4% ~ i j q  1-10 ahhotw9eioqq olioiaq ~ a i  2. OTI CK TOIJ napaywyoypa@jpa~oq TOO ( r )  
66vaTat va -unohoyto8q 17 Cni ~ o i q  % ouv8eorq a u ~ o 0  ciq (A )  ~ a i  ( B ) .  TOOTO 
EXEI i6tatT&pav oqpaoiav 6th TOV 61axwptopov TOIJ ( r )  bmtq 6bv C n t ~ u y ~ a v s ~ a ~  
61' ahhwv pe966wv. 

KaTh Th TE~EUTU~U  ET^ & iJp i (~K&l  O U V E X W ~  C ~ U ~ U V O ~ & V Q V  &$ClppoyflV l\ p66060q T ~ S  

C S U V ~ ~ T O ~  6 e p p i ~ q q  a v a h u o ~ w q  6 t h  TOU napaywyoypa$ou  (Derivatograph) ~ q q  onoiaq 
TU a n o ~ e h & o p a ~ a  eivat a v a n a p a y w y ~ ~ a . 1 ~ 2  

Ath TUC 6~ppLKqq avahuoewq ~ ~ ~ E X O V T ~ ~  ai K ~ T W ~ L  ~ U V ~ T O T T ) T E ~ :  

1. '0 npoo l i t op~opoq  noooU ~ L K ~ O T & P O U  TOU .0.5% ioopepoi iq  eiq aAAo.3 
2. 'H X ~ ~ U K T ~ ~ ~ ~ T L K O T ~ ~ $  TQV KClpnuhQv, Thq 0TI0iCtq 6 i 6 a  ~ K ~ C J T Q  0boiCL4 
3. '0 ~ O ~ O T ~ K O ~  npoo6:optopoq Tqq p e ~ a 6 o A q q  TOO ~ E ~ ~ L K O U  ~ E ~ ~ & X O ~ & V O U  (i)~ K U ~  Tqq 

T ~ X U T ~ T O ~  p e ~ a 6 o A q q  Bapouq &K ~ f j q  avahoy iaq  T ~ V  &pBa60v TQV &nt$av&~Qv TUV 
T&TUY~&VWV TQV K ( X ~ T [ U ) \ ~ V  UUTWV npbq  TO p 6 y e 6 0 ~  T ~ V  $ u L v o ~ & v ~ v . ~ ~ ~ ~ '  

'H ~ a 6 a p o ~ ~ q  TWV uno peA&rqv ouotWv ~ q q  ( A )  voBaAyivqq ~ a i  (B) BpwptoOxou 
N-Bou~uho-o~onohappwviou ( w q  ~ a i  ohwv TWV OUOLWV), TQV napao~&ua<op&vwv  ouv- 
6eTtKLilq ~ a i  ~ p q o t p o n o ~ o u p & v w v  wq $ a p p a ~ w v ,  6 i 6 e ~ a ~  a n 0  TU OUVO~EUOVTU ~ a u ~ a q  











Ai p&Tpfi~&lq 61a TOC i lapay~yoypa4)ou GY&VOVTO &iq TO 'EPYUOT~~P~OV KOlTClGpClT0- 
hoyiaq TOC E.M. n o h u ~ ~ ~ v e i o u  uno TQV 6 ~ u B u v o ~ v  TOG ~a9qyqroO I. nanamapa~iou, TOV 

orroiov &uxap~oroDp&v B~ppQq. 'Enioqq ~ K @ ~ U < O V T U ~  ~ O x a p ~ o r i a ~  ciq TOV &nlp&hqrr)v  TO^ 
i6iou 'Epyamqpiou K. K. O~o6wptlrov 6th TQV BoiB~lav,  TQV onoiav ptlq napdox~ ~ a r h  
TI)V &KT&~EOLV TQV ~ E T P ~ ~ O E W V .  T&h0< & u x u ~ L ( T ~ o ~ ~ ~ ~ & v  T~)V C$UP~UKEUTLKQV 6~opqxaviav 
Norma Hellas A.E. 6th T ~ V  xopqyqolv T ~ V  O U ~ M ~ V ,  airlveq Bxpqo~porroujBqoav &iq TQV 

napoOoav &p&uvav. 
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. Zur Addition von I -Naphthylisscyanat an 4-Hydroxycumarin 

A. METALLlDlS 

Aus dem Laboratorium fur Organische Chemie der Universitat Patras, Griechenland 

(Received 14-7-72) 

Bei der Umsetzung von 4-Hydroxycumarin bzw. ihr Derivaten mit 1-Naphthy- 
lisocyanat erhalt man 3-Carboxy-(N-a-naphtylamid0)-4-hydroxycumarinen, in guten 
Ausbeuten, 4-Hydroxycarbostyril reagiert mit 1-Naphthylisocyanat zu 3-Carboxy- 
(N-a-naphthylamido) -4- hydroxy-2-0x0-l,2-dihydro-chinolin im Gegensatz zu Phe- 
nylisocyanat welches 2,4-Dioxo-3,3-bis-(carboxanilido)-1,2,3,4-tetrahydrochinolin 
liefert. 

Treatment of 1-Napthylisocyanate with 4-hydroxycoumarin and 4-hydroxy-2- 
0x0-l,2-dehydro-chinolin provided3-carboxy-(N-a-napthylamido)-4-hydroxycoumarin 
and 3-carboxy-(N-a-naphthylamido)-4-hydroxy-2-oxo-l,2-dehydrochinolin respec- 
tively. Instead, the reaction of phenylisocyanate with 4-hydroxy-2-0x0-1, 2-dehydro- 
chinolin gives, according to an earlier report, 2, 4-Dioxo-3, 3-bis-(carboxyani1ido)-1, 
2, 3, 4-tetrahydro-chinolin derivatives. 

Einleitung 

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

4-Hydroxycumarin, das als Ausgangsstoff fur die Synthesen solcher Arzneimittel 
dient, war bischer relativ schwer zuganglich. E. Ziegler und H. Junek2 erarbeiteten die 
letzten Jahre ein neues Verfahren, das 3-substituierte 4-Hydroxycumarinderivaten in guten 
Ausbeuten liefert. D. Molho3 synthetisierte 3-Carboxanilido-4-hydroxycumarinderivaten, 
die, nach dem selben Autor, als ausgezeichnete Bactericide und Fungicide verwendet 
werden. Die von uns4 durchgefuhrte 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 I-Naphthylisocyanat bzw. i, 5-Naphthyldiisocyanat um. 

4-Hydroxycumarin 1 reagiert mit 1-Naphthylisocyanat im Molverhaltnis 1 :I, wobei 3- 
Carboxy-(N-a-naphthylamid0)-4-hydroxycumarin3 entsteht. Unter denselben Bedingungen 
erhalt man aus 6-Phenyl-4-hydroxycumarin 2 das 3-Carboxy-(N-a-naphthylamid0)-4- 
hydroxy-6-phenyl-cumarin 4. Auch 5, 6-Benzo-4-hydroxycumarin 5 biltet durch eine glatte 
Additionsreaktion mit I-Naphthylisocyanat das3-Carboxy-(N-a-naphthylamid0)-4-hydroxy- 
5,6-benzocumarin 6. Durch Umsetzung von 4-Hydroxycumarin mit 1,5-Naphthyldiisocyanat 
im Molverhaltnis 2 : l  entseht in glatter Reaktion 1,5-Dicarboxy-(N-a-naphthylamid0)-3, 
3'-bis-(4-hydroxymumarin) 7. 



Formelbild I 

Bei der Umsetzung von4-Hydroxycarbostyril8 mit I-Naphthylisocyanat im Bombenrohr 
bei 180•‹erhalt man nach der Aufarbeitung, als Hauptprodukt das 3-Carboxy-(N-a-naphthy- 
lamido)-4-hydroxy-2-0x0-I, 2-dihydrochinolin 9 und aus der ath. Mutterlauge von 9 ein 
Nebenprodukt (5%),  welchesauf Grund seiner Analyse und IR-SpektrumsdieStruktureines 
1, 3-Dicarboxy-(N-a-naphthylamido)-4-hydroxy-2-0~0-1, 2-dihydro-chinolins 10 aufweist. 

Experimentelles 

Allgemeine Vorschrift zur Darstellung der Verbindungen 3,4,6, 7 
Zu 29 CHydroxycumarin bzw. ihr Derivaten g ~ b t  man 6,5 ml I-Naphthylisocyanat und erhitzt 

30 Min auf 170•‹zum Sieden Das abgekuhlte Umsetzungsprodukt wird mit abs. Ather angerieben 
und aus Dioxan bzw. Butanol ~mkristall isiert. 



Formelbild II 

1. 3-Carboxy-(N-a-naphthy1amido)-4-hydroxy-carn (3) 
Ausb. 3,7 g (90% d. Th.), Schmp. 183-185" 

C20H13N04 Ber. C 72,50 H 3,95 N 4,23 
Gef. C 72,61 H 3,72 N 4,08 

2. 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-6-phenycumarin (4 ) .  
Ausb 3 2 g (93% d. Th.), Schmp. 170" 

C26H17N04 Ber. C 76,65 H 4,20 N 3,44 
Gef. C 76,43 H 4,32 N 3,51 

3. 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-5,6-benzocumarin (6). 

Ausb. 1,6 g (89% d. Th.), Schmp. 177-1 79" 
Cz4H15N04 Ber. C 75,58 H 3,97 N 3,67 

Gef. C 75,43 H 3,72 N 3,59 

4. 1,5-Dicarboxy-(N-a-naphthylamido)-3,3'-bis-(4-hydroxycumarin) (7). 
Ausb. 2 g (60% d. Th.), Schmp. 240" 

C30H20N208 Ber. C 67,16 H 3,76 N 6,22 
Gef. C 67,03 H 3,57 N 5,31 

3 g 4-Hydroxycarbostyril und 6,s 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. 2653 Ausb. 5 g (80% d.Th.). 

C20H14N203 Ber. C 72,73 H 4,27 N 8,48 
Gef. C 72,67 H 4,19 N 8,27 



Die ath. Mutterlauge von 3-Carboxy-(N-a-naphthylamido)-4-hydroxy-2-0~0-1,2-dihydro-chinolin 
(9) wird abgedunstet und der gelbe Ruckstand aus eine Mischung von Benzol: Petrolather um- 
kristallisiert. Schm. 110"; Ausb. 0,5 g (5% d. Th.). 

C3,H2,N304 Ber. C 74,54 H 4,24 N 8,41 
Gef. C 74,31 H 4,13 N 8,57 

Diskussion der Ergebnisse . 

An Hand der durchgefuhrten Analysen und der IR-spektroskopischen Befunde wurden 
die Strukturen der dargestellten Additionsprodukte bestatigt. So finden sich fur 3 
(in KBr) bei 3000-2600~m-~ und 1900cm-I NH bzw. assozierte OH-Schwingungen, bei 
1680cm-I absorbiert die C=O Gruppe, wahrend bei 1600 und 1550cm-I die C=C- 
Doppelbindung und der Aromat aufscheinen. Das Auftreten einer starken Wasserstoff- 
brucke zwischen OH- und Carboxy-(N-a-naphthylamid0)-gruppe, welche das IR-Spektrum 
anzeigt, ist anscheinend auch der Grund fur die sehr geringe Laugenloslichkeit der dar- 
gestellten Produkte. 

Die Struktur von 3-Carbo~y-(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-l, die Carbonylbande bei 1639cm-1 und die des 
Aromats bei 1550cm-l. Die schwere Laugenloslichkeit der Verbindung ist auf Grund der 
gebildeten Wasserstoffbrucke zwischen der benachbarten OH- und Carboxy-gruppe 
zuruckzufuhren. 

Das IR-Spektrum der Verbindung 10 zeigt eine assozierte NH bzw. OH- Bande bei 
3500-3020cm-1, ihr Carbonylb,ande absorbiert bei 1630cm-I der aromat bei 1540cm-I 
und schliesslich das charakteristis6he Strukturelement > N-C-NH-R bei 1740cm-l. 

I I 
0 

Es soll hier betont werden, dass man bei der Umsetzung von 4-Hydroxycarbostyril 
mit 1-Naphthylisocyanat fast ausschIiesslich 3-monosubstituierte 4-Hydroxycarbostyrile 
erhalt. Das geschieht im Gegensatz zu den des Phenylisocyanats, wobei es sich aus- 
schliesslich 2,4-Dioxo-3,3-bis-(carboxani1ido)-1 ,2,3,4-tetrahydrochinoline5 bilden. Diese 
Erscheinung lasst sich wahrscheinlich durch die Stereochemie des 1-Naphthylisocyanats 
erklaren. 

Der Nationalen Griechischen Forschungsstiftung bin ich fur die Forderung der Arbeit, 
Herrn Prof. D. Theodoropoulos fur wertvolle Diskussionen zu grossem Dank verpflichtet. 

Ai' Eni6paaewq ~ - V ~ @ ~ U ~ O ~ ~ O K U ~ V ~ K O U  Eo~dpoq T ~ V  4-b6pOc~-~O~papivWV hap6avov~ai  
3-~apsocu-( N-a-va@BuAapi60) -4-u6pocu-~ouyapivai eiq ~ a h o v  ano6ooiv. H 4-udpocu-2-060-1, 
2 - ~ I U ~ ~ O - K I V O A ~ V ~ ~  avT16pa y & ~ a  TOU I - v ~ @ ~ u A o ~ ~ o K u ~ v ~ K o U  &CIT&pOq napdxouoa T ~ v  3-Kap60cu- 
(N-a-va@8uhayi6o)-4-~6po~u-2-o~0-1,2-6iu6po-~ivohivq Ev av~i8Eoci npoq TOV i o o ~ u a v ~ ~ o v  Qai- 
vuheordpa, OOTiq 6i6ei 2,4-6toc0-3,3-61<-( ~ a p 6 0 ~ ~ a V i h i 6 0 ) - 1 ,  2, 3 , 4 - ~ & ~ p a U 6 p 0 ~ 1 ~ 0 h i ~ ~ .  
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Uber die Autoxydation von Hydrochinon 
in Alkalischen Losungen Mittels Luftsauerstoff 

SPYRIDON PARASKEWAS 
Laboratorium fur Organische Chemie der Un'iversitat Athen 

(Received 17-7-72) 

Bei der Aufnahme von E.S.R.-Spektren des Hydrochinons in verschiedenen 
alkalischen Losungen wurde die bekannte Anderung der Losungsfarbe von hell- 
gelb zu dunkelrot beobachtet. Eine Bearbeitung der Losung, um die fur die rote 
Farbe schuldige Substanz zu identifizieren zeigte dass sie aus dem Alkalimetallsalz 
M2C6H204 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 IR-Spektren im Vergleich zu autentischer Substanz sowie durch eine Elemen- 
taranalyse bestimmt. Viele Methoden fur die Herstellung der Verbindung sind in 
der Fachliteratur beschrieben, aber eine solche durch Autoxydation des Hydro- 
chinons in alkalischen Losungen mittels Luftsauerstoff ist bis jetzt noch nicht 
erwahnt. Nach unseren Versuchen haben wir gezeigt, dass die Autoxydation desto 
schneller lauft je konzentrierter die alkalische Losungen sind. Die Reaktion lauft 
unter Entstehung von freien Radikalen ab, deren Spektren innerhalb von 16 Studen 
beobachtet haben. In weiteren Versuchen mit Alkalikarbonatlosungen, bekamen 
wir Huminsauren, 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) 
(M2CsH204). When treated with hydrochloric acid, this salt liberates the free 2,5- 
dihydroxy-benzoquinone (1,4), which was identified by elemental analysis and I.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 Losungen wurde die bekannte Anderung der Losungsfarbe von hellgelb zu dun- 
kelrot beobachtet. Um die fur die rote Farbe schuldige Substanz zu identifizieren, 
wurde es bei der weiteren Bearbeitung der Losung gezeigt, dass sie aus dem Alkalisalz 
(M&H204, M =Alkalimetall) des 2,5-Dihydroxy-benzochinons-(I ,4) hauptsachlich besteht. 
Eine weitere Einwirkung von HCI gab das 2,5-Dihydroxy-benzochinon (1,4). Die Verbin- 
dung wurde durch 1.R.-Spektren im Vergleich zu autentischer Substanz, sowie durch 
eine Elementaranalyse identifiziert. 

Die Verbindung wurde bereit mehrfach hergestellt und beschrieben. So soll sie sich 
nach Myliusl und Kehrmann2 bei der Hydrolyse von 2,5-Diaminochinon, oder bei der 



Hydrolyse von Diiminoresorcin,3 oder von 2-Hydroxyd-Anilinchinon und von den enspre- 
chenden Produkten bilden.4 Nach Scholl und Dahl15 wurde durch Enwirkung von 4 Mol 
Kaliumferricyanid auf 1 Mol Purpurin in verdunnter Kalilauge bei 15•‹C hergestellt. 

In jungster Zeit erhielten allerdings Brecht und Rogers6 das2,5-Dihydroxybenzochinon 
(1,4) bei der Oxydation von Salicylsaure in einer 25% NaOH-Losung nach Zugabe von 
kleinen H202-Portionen innerhalb von drei Tagen. Eine gute Herstellungsmethode be- 
schreiben Jones und S h ~ n l e , ~  die die oben genannte Verbindung durch Bearbeitung des 
Hydrochinons in konz. NaOH-Losung nach Zugabe von konz. H202 (30%) bei einer Tem- 
peratur von 50•‹C erhielten. Zuerst entsteht ein orangeroter Niederschlag des Na2C6H204- 
Salzes, der durch weitere Bearbeitung mit HCI gelbe Kristalle von 2,5-Dihydroxy- 
benzochinon (1,4) gab (Schmp. 212"-214") Die Reaktion lauft nach dem Schema: 

0 Na ONa 

ONa 

Eine Herstellung der Verbindung durch Autoxydation des Hydrochinons in alkalischen 
Losungen mittels Luftsauerstoff ist-bis jetzt in der Fachliteratur noch nicht beschrieben. 

I I I I 

25 50 75 100 200 t [min] - 

Abb. 1. - pH-Messungen bei verschiedenen alkalischen Losungen 



Herstellung und Reaktionsverlauf 

Bei der Autoxydation von Hydrochinon in verschiedenen wassrigen alkalischen 
Losungen wie NaOH,KOH,K2C03 mittels Luftsauerstoff erhielten wir das selbe Produkt. 
Die Ausbeute an 2,5-Dihydroxy-benzochinon (1,4) war grosser, wenn das Hydrochinon 
mit hochkonzentrierten KOH und NaOH, sowie K2C03 Losungen in Beruhrung kam. 

Nach unseren Beobachtungen Iauft die Autoxydation desto schneller je konzentrierter 
die wassrigen Losungen sind pH-Messungen haben es gezeigt (Abb. 1). Eine K2C03- 
Losung mit anfanglichen pH = 11 stabilisiert sich innerhalb 35min und Iauft dann parallel 
zur t-Achse, im Gegensatz zu verdunnteren K2C03-Losungen (11) und (111). 

Nach eine Arbeit von Ashwort und D i x ~ n , ~  welche die E.S.R.-Spektren von Semi- 
chinonen in hochkonzentrierten alkalischen Losungen untersucht haben, konnen wir 
eine analog verlaufende Reaktion fur die Herstellung von 2,5-Dihydroxy-benzochinon 
(1,4) unter Entstehung von freien Radikalen zur Diskussion stellen. Ein Beweis dafur 
sind die erhaltenen E.S.R.-Spektren 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: 

Diese Reaktion ist der erste Schritt fur 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 575ym) seines UV-Sichtbaren 
Spektrums. Gleichweitig Iauft eine parallele Reaktion: 

lai Pie , 

Q + 2HoQ%oHQ H,~@O+# 

0, W s  U, 0, (I)  

Das p-Benzochinon wirkt auf1 ein, und schliesslich entsteht 2,5-Dihydroxy-benzo- 
chinon (1,4) 



Diese Reaktionen decken sich mit unserer bisherigen Erfahrungen uber die Ent- 
stehung von freien Radikalen in alkalischen Losungen zusammen. Bei der reversiblen 
Oxydation des Hydrochinons zu Chinon tritt als Zwischenprodukt ein radikalisches Semi- 
chinon auf.g Dieses Radikal kann in Form seines Anions verhaltnismassig 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 Losungen (Tab. 1, 2) ist es.uns nicht 
gelungen, das 2,5-Dihydroxy-benzochinon (1,4) herzustellen. Dazu bekamen wir Humin- 
sauren, deren Elementaranalysen, sowie die charakteristische braunschwarze Farbe- 
mit den Ergebnissen von Eller und Koch10 ubereinstimmen. 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-0-C- Athergruppe deren Absorption fur die 
Struktur (B) sehr charakteristisch sein musste. Die Ausbeute an Huminsaure war grosser 
beim Behandeln mit wassrigen Alkalikarbonatlosungen als mit wassrigen Erdalkalihydo- 
xydlosungen. 

2gr. Hydrochinon gelost 
in 100ccm Losung von: 

2 gr Hydrochinon gelost 
in 100ccm Losung von: 

Wassrige Wassrige 
Losung von: Produkt Ausbeute Losung von: Produkt Ausbeute 

20% Na2C03 Huminsaure 80% 20% Ba(OH)2 Huminsaure 20% 

20% K2C03 Huminsaure 85% 20% Sr(OH)2 Huminsaure 20% 

20% Li2C03 Huminsaure 60% 20% Ca(OH)2 Huminsaure 12% 

Tab. 1 Tab. 2 



Eigenschaften und spektroskopische untersuch;ngen 

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 Schmelzpunktrohrchens als eine orangerote Substanz kondensiert. 
%wohl in der Literatur uber zwei Modifikationen -eine stabile und eine metastabile - 
erwahnt ist, Brecht und RogersG sowie andere Autoren erwahnen dafur gar nichts. 
Ausserdem scheint es, dass die orangerote Modifikation die stabilere gegenuber der 
gelben sein muss. Als Beweis dafur gilt es, dass die gelbe Substanz, in Alkohol sowie 
in Aceton mit orangeroten Farbe sich lost. Um eine bessere Auskunft uber die zwei Modi- 
fikationen zu erhalten, haben wir eine 1.R.-Spektroskopische Untersuchung durchgefuhrt. 
Die zwei 1.R.-Spektren, die in KBr-Pillen aufgenommen wurden, sind in der Abb. 2 anpe- 
geben. Unsere Substanz erhalt ein chinoides System, sowie einen typischen p-dihydro- 

Abb. 2: 1.R.-Spektrum 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 fur die zwei Modifikationen ver- 
schieden sind. Die orangerote Modifikation zeigt eine starke OH-Valenzschwingung, die 
bei 3200cm-J liegt. Wir nehmen an, dass eine intermolekulare H-Bindung mit einer C=O 
Gruppe vorhanden ist, sodass die Formel nach Abb. 2a vorkommt. Ausserdem die Lage der 
C= 0 Gruppe, die bei 1699cm-I, unterstuzt unsere Vermutungen. Eine schwache Frequenz 
bei 2600cm-I ist charakteristisch fur Verbindungen mit chelierter Hydroxylgruppe.11 
Fur die gelbe Modifikation die Verschiebung der Lage der OH-Valenzschwingung, lies 
uns vermuten, dass Assoziationskrafte zwischen der OH- und der C=O -Gruppe vor- 
treten. 



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

Die Reaktion des Hydrochinons in alkalischen Losungen 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 herruhren. Mann 
beobachtet eine 5-Linien H.F.S., die bei der Alkalimetallverbindungen auftritt (Abb. 3a). 
Am Ende der Reaktion zeigt die auftretende braunrote Farbe schwache E.S.R. Signale 
(Abb. 3b) sowie eine Abdampfung der Inten~itat. '~ 

Beschreibung der Versuche 

Versuch I .  Hydrochinon und festes KOH (Bzw. NaOH) werden in einem weithalsigen Erlenmeyer- 
kolben miteinander gemischt, mit CC14 ubergossen und etwa einen Monat an die freie Luft stehen 
gelassen. Anschliessend bleibt eine schlammartige rotbraune Substanz ubrig, die auf verschiedene 
Oberflacheteilen eine goldene Farbe zeigt. 

Die Verwendung der 1.R.-Spektroskopie erlaubt uns die goldene Farbe dem Chinhydron zu- 
zuschreiben. Die schlammartige Substanz wird in Wasser mit rubinrote Farbe gelost und die Losung 
mit einer Mischung aus Essigester und n-Propanol (Vol. 1 : l )  in einem Scheidetricher extrahiert. 
Es scheiden sich zwei Schichten aus. Die obere hat die rubinrote Farbe und die untere ist olartig 
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% 0 = 45,72% H = 2,86% 
Gef. C = 51,22% 0 = 45,52% H = 3,26% Ausbeute 65% 

Die olartige Substanz wird mit HCI bearbeitet. Es fallt ein brauner flockiger Niederschlag 
aus, der als Huminsaure bestimmt ist.lo 

Versuch 2. Ein Teil der schlammartigen rotbraunen Substanz wird mit Dimethylformamid bear- 
beitet. Es fallt ein brauner Niederschlag aus, der durch Filtration abgetrennt wird. Eine Untersuchung 
des Produktes zeigt, dass es sich um Huminsaure handelt.10 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, Na2C03, K2C03, Ba(OH)2, ST(OH)~, C~(OH)Z, werden wie bei 
den Versuchen 1 und 2 durchgefuhrt. 

Ausbeute: NaOH 65%, Ba(OH)2 10%, Sr(0H)z 7%. 
Fur: Na2C03, K2CO3, C~(OH)Z ist es uns nicht gelungen, das2,5-Dihydroxy-benzochinon 

(1,4) herzustellen. Das C~(OH)Z hydrolysiert sich sehr schwer und die Huminsaureausbeute ist auch 
wening. 

Die E.S.R.-Spektren wurden mit einem VARIAN Apparat, Model "Fieldial-Mark LU.-4502 E.P.R." 
aufgenommen. Die'1.R.-Spektren wurden mit einem PERKIN-ELMER Apparat, Model 137 lnfracord 
ebenfalls aufgenommen. Die pH-Werte wurden mit einem METROHM Apparat, Model E396B ge- 
messen. 



K a ~ a  T ~ V  Aqtpiv Qaoparwv i j h e ~ r p o n a p a p a y v q ~ i ~ o u  O U V T O V ~ ~ ~ O U  rqq u6po~~vovqq  eiq 6ia- 
Qopa a h ~ a h i ~ a  6 iahupa~a ,  naperqptjeq q yvworq ahhayq TOU xpbparoq rou 6iahupa~Oq ano rou 
UVOLKTOU K L T ~ ~ V O U ,  npoq BaBu K ~ O T ~ V & ~ U ~ ~ O V .  

Mia nepairdpw ~ a r e p y a o i a  TOU 61ahuparoq npoq napaha6ijv Kai rauronoiqoiv Tou Kaora- 
vepuepou npoiov~oq anE6eiq~v O r i  rouro, anowheirai &K rou PET' ah~ahiperahhou aharoq M2C6H204 
rqq 2,5-6iu6po~u6&v<o~ivovqq (1,4), TO onoiov Ev ouv&x&ia 6ia ~arepyaoiaq  peB' u 6 p o ~ h w p i ~ o u  
o~Eo$ 6i6ei T ~ V  ~ , ~ - ~ ~ u ~ ~ o ~ u ~ & v < o K L v o v ~ v  (1,4). 

'H rauronoiqoiq rqq EvWoewq EYEVETO s a m i  oroixeia~nq avahuoewq, <I)$ Kai 61' iinspu8pou 
Qaoparoq &V ouy~pioei  npoq nporunov roiaurqv. ' A ~ K E T ~ ~  pbBo601 napao~euqq  avaQEpovrai &iq 
rijv BishioypaQiav, nhov opwq ob6epia ~ o i a u r q  eivai yvworq &K rqq a b T O c & i 6 b ~ & ~ q  rfjq ii6po- 
K L V O V ~ ~  6ia TOU ~ T ~ O U @ Q L ~ ~ K O U  O ~ U Y O V O U  Kai ~ O V O V ,  &VTOS ahKahlKWv 6iahuparwv. 

'EK TWV Y E V O ~ E V W V  neipaparwv ans6eixeq OTI, fl a u ~ o ~ e i 6 w o i q  xwpei raxu~epov  eiq n u ~ v a  
a h ~ a h i ~ a  6iahupara, <I)$ Kai r o  ori q avri6paoiq xwpei 6ia T&V Cv6tapEowq q q p a ~ i < o @ v w v  6Aw- 
8Epwv pi<Wv. 

Aia TQV npore~vop&vqv nopeiav rqq avri6paoewq ouvqyopei ij avixveuoiq TWV EheueEpwv 
pi<Wv ~ a r a  TQV 6 i a p ~ a a v  16wpou naparqpijoewq. 

"A<iov i6iairEpaq npoooxqq eivai O r i ,  ~ a r a  T ~ V  ~pqoiponoiqoiv 6iahUpa~wv TWV avepa- 
K L K W V  aharwv TOV ah~ahiwv hapsavovrai X O U ~ L K ~  oSEa, TOU p0pi0u rojv onoiwv q xqpi~ i j  auvra<iq 
6Ev eivai Ena~pisWq yvwmij, i6ia eiq TQV nepinrwoiv rou qqpariol.ioU aurWv EK rtiq UOpo~ivovqq. 
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It is found that the reaction between Crh(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 HC104 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 ion reacts with N-alkylpyridinium ions to yield 1,l'-dialkyl-l,l', 
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 known3 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.4 The relatwe 
easiness by which the pyridine ring is reduced should offer a good chance for a clear 
characterization of a similar intermediate in the case of isonicotinic acid. 

Pyridine derivatives have been used as ligands of CO(III)~ and R~(111)~ 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 Cr2+(aq), in the absence of the oxidizing metal ion center. 



lsonicotinic 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 bask 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) triox~de is added to anlaqueous perchloric acid solution and it is reduced 
to the monomeric Cr(H20)F by hydrogen peroxrde. Excess peroxide is destroyed by bringing the 
solution to boil under reflux. Chromic is subsequently reduced electrolytically to Cr(l1) 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. lsonicotinic and nicotinic ac~ds were 
obtamed 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 cell under a stream of argon. The 
cells are closed tightly and are further sealed 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(1ll) and titrating the Fe(1l) produced potentiometrically 
with 0.02M Ce(lV). 

The Dowex-50W resin used for chromatographic separation of the chromium species was 
purified by the following procedure. The resin is mixed thoroughly with 3M HCI and rinsed with 
water to pH5. Then it is treated with warm (-80•‹C) NaOH 0.8M and H202 (without removing the 
NaOH) until i t  is bleached. The rinsing is repeated and finally the hydrogen form is obtained by 
washing 2-3 times with 2M HC1O4. The resin treated in this way was stored In 0.1 M HCI04. On 
elution it does not give impurities absorbmg in the visible or the near GV. 

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. l ) ,  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 thevalue for Cqr3*(aq). The maximum around 
580 nm becomes detectable only at relatively longer times. Throughout the reaction the 
contribution of Cr2+(aq) to the absorption is negligible. 

At lower hydrogen ion concentrations the absorption in the visible is more intense 
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+(aq). 
Ion 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 Cr'+(aq) by air yields7 (CrOCr)4+, the 
amount of 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 



Wavelength n m  - 
F I ~ .  1. React~on of Cr2+(aq) with isonicotinic acid in 2 M HC104. [Cr2+lo = 6 X 10-3 M, [INAIo = 

0.031 M, 5 cm path. Spectra were taken at different tlmes 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(lll)-Ce(lV) method of analysis 
measures not only Cr2+(aq), but also any other chromium species capable of reducing 
Fe(lll). Accordingly, the analytically determined concentration is represented by [Red] 
rather than by [Cr2-1. 

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. Since in strongly 
acidic solutions only monomeric Cr3+(aq) is formed and CrZ+(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. 
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Fig. 2. Reaction of Cr2+(aq) with isonicotinic acid in 0.03 M HC104. [Cp-l,, = 7 X 10-3 M. [INA],, = 
= 0.04 M, 5 cm cell. Spectra were taken at different times after mixing: (1) 1 min, (2) 27 min. 
(3) 1 hr 30 mm, (4) 4hrs 30 min. 

Aobs = k r 3 +  f Aint 
Alnt can therefore be calculated from the measured quantities and the known8 values 
for ccr3+, using the equation: 

Aint = Aobs - ~ c r 3 -  ([Cr2+I0 - [Red]) 

Fig. 4 is a plot of- I vs. time, at two wavelengths. Similar lines are obtained at other 
Aint 

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 
HC1O4 concentrations. The results are summarized in Table I, which includes the slopes 
and the intercepts of the corresponding straight lines. 



The data in Table I and Fig. 4 reveal that for a given HCIO, concentration the slope is 
independent of [INAIo and [Cr2+1o, whereas the intercept is larger at lower [INAJo and lower 
[cr2+Io. On the contrary, the slope is strongly affected by the HCIO, concentration; in fact, 
the results indicate a term proportional to [H+]-2. 

Time (h rs l  -----c 

Fig. 3. Pseudo-second order plot for the second stage of the Cr?+ - INA reaction. [Red] = all 
species reducing Fe(ll1); [Cr2+Io = 6 X 10-3 M; [INAIo = 0.031 M; [HCIO4]o = 2 M. 

Table [.-Effect of [INA] and [HC104] on the slopes and intercepts 

1 
of the-vs. t ~me  lines ( 400 nm) 

Aint 

1Cr2+1o IINAIo [HC104]0 Intercept Slope 
( ~ ~ 1 0 3 )  ( ~ ~ 1 0 2 )  

Run 1 3.7 1 .O 1.2 12 2 
Run 2 8.6 5.0 l .2 1 2 
Run 3 7.1 3.6 0.71 2 34 

The kinetics of formation of the intermediate were studied by the method of initial 
rates. From the data obtained potentiometrically it is found that in a mixture containing 
0.03 M INA and 2 M HC104, the reaction is initially first order in [Cr2+], with a pseudo- 
first order rate constant of k = 3 x 10-3 S-'. 

Mechanism. It is suggested that the first stage in the reaction involves formation of a 
complex between Cr2+ and INA, -resulting in increased absorption around 400 nm. During 
the second stage, the equilibrium: 

kl 
Cr2+ + INA Cr - INA 

k-1 



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

k2 
Cr - INA + Cr - INA+ Products (2) 

In strongly acidic solutions the only chromium product in (2) is Cr(H20)63+. By Cr - INA 
we symbolize the intermediate complex, to be specified further on the basis of the evi- 
dence obtained. At equilibrium: 

k [Cr - INA] K=;= 
and in excess INA: k-I [Cr2+] [INA] 

(3) 

[Cr - INA] = K' [Cr2+] (4) 
where K' = K [INA]. 

The potentiometrically determined reductant is given by the equation: 

1 [Red] = [Cr2+l + [Cr - INA] = (1 ++ [Cr - INA] 
K (5) 

After the establishment of the equilibrium, reaction (2) is the rate determining step 
and the rate law derived gives: 

1 - 1 
= k2t 

[Cr - INAI [Cr - INAIo 

0 2 4, 6 8 10 12 14 16 

Time (hrsl- 

Fig. 4. Pseudo-second order plot of the absorbance due to the intermediate formed in the reaction 
between Cr2+(aq) and INA. [Cr2+Io = 6 X 10 M; [INAIo = 0.031 M; [HC104]0 = 2 M; 1 cm 
path. 



440 520 600 

Wavelength n m - 
Fig. 5. Spectrum of the intermediate complex formed in the reaction.between Cr2+(aq) and INA In 

2 M HCIO~. 

Experimentally we determine the slope k' of the line: 

and the slope k" and intercept - of the line: 
(Aintlo 

1 - l + kVt 
(Aint) (Aintlo 

Combination of (4) - (8) gives: 



Formation constant and spectrum of the intermediate complex 

Equations (g), (10) and (11) can be used to calculate K', k2 and E. At [HCIO4lo=2M 
and [INAIo =0.031M, the values of K' and kz calculated from the data at various wave- 
lengths are, within experimental error, the same, namely K'= 1.8 * 0.1 and kz = (9 f 0.5) 
X 10-3 I mol-l S-'. 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 kl = 0.1 I mol-1 S-' and using equation (3) K_,  = 1.7 X 1 0-3 S-l. The values 
obtained using the spectrophotometric data and the absorptwities of Fig. 5 are, wlthin 
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 reported9 to be - E x  = 0.90 V in pH= 1.85 and - E x  = 1.25 V 
in pH=6.18. Complete transfer of an electron from CrZ+(aq) to INA in one step is there- 
fore thermodynamically unfavorable since the potential of the CP+ - Cr3+ couple, relative 
to sce IS only E0=0.66 V. It 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"J, IS not reduced by CrZ+(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 tZg -+ eg 
multiplicity-allowed transitions. The partial transfer of the electron can be thought to 
cause an increase of the energy level of the antibonding eg orbitals and a corresponding 
shift to shorter wavelengths. 

The lability is also intermediate between that of Cr(ll) and that of Cr(lll) species. 
Hydrogen ions compete with the metal ion for the carboxyl 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 + W 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. 

Acknowledgment 

The authors wish to thank Mrs S. Philipakopoulou for laboratory assistance and Mr. 
0. Kanaginis for performing some of the preliminary experiments. 



h p ~ l ~ h  O U O T ~ T ~ K ~ .  'EyCve~o np006loptopbq T ~ V  T ~ X U T I ~ T W V  O X ~ J I C ~ T ~ ( S ~ O O  Kai Il&palT&pCO a v ~ t 6 p a -  
oewq TOO oupnho~ou, Oq &nioqq ~ a i  rijq oraeepaq ioopponiaq ~ a i  TOO Qaopa~oq  au~oO,  6th ouv- 
6uaopoU Q ~ ~ ~ U T O Q ~ T O ~ & T ~ ~ K ~ I V  pe~prjacwv, T I O T E V ~ L O ~ E T ~ L K ~ ~  dvahuoewq ~ a i  xpwpa~oypaQiaq. 
Eiq ~ E T I K Q ~  plicpaq o u y ~ c v ~ p h o s q  ~ ~ ~ O ~ O V ~ ~ V T W V  n a p a ~ q p e i ~ a ~  6pao~lKfi pe~a6oh.i) TOO ~ a o p a -  
 TO^ TOU p iypa~oq avrt6paoewq ~ a i  bn~~r5xuvoq ~ i j q  dv~t6paocwq. E u v a y e ~ a ~ ,  or1 ~ a ~ a  ~ f i v  I7phTqv 
$601~ TqC, ~ V T L ~ P ~ ( S E O ~  y i v e ~ a l  p&plKfi p&TaQoph fih&KTp~viOu &K TOO ~ O V T O ~  610e~voOq x p ~ p i 0 ~  
npoq TO i o o v l ~ o ~ l v l ~ 6 v  0613, Qaive~al ,  66, OTI r) peraQopa a i i ~ q  eival nhCov b ~ r e ~ a p b v ~ l ,  o ~ a v  TO 

~ q p a ~ l < o p c v o v  oirpnho~ov 6bv eival npw~ovtwpdvov. 'H p.i) npw~ovlwpbvq popQf) civat &niorlq 
K L V ~ T L K ~ ~  nhLov &vepyoq. 
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Preparation and Controls of 
99mTc-Su l fu r  Colloid for Liver Scanning 
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A rapid technique for the preparation of 99m~c-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 200-600my 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 shor t  half Ilfe, l o w  y-energy (140 
KeV), and absence of P particles 

These properties make 99mTc a quite suitable radioisotope for medicinal use. So a 
great many efforts have been made to prepare it in the most suitable form f o i  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 methods were developed; firstly1 hydrogen 
sulfide was used, wlth satisfactory results, but the toxicity and the difficulty of uslng this gas, were 
problems to be faced. 

In another method attimonyz sulfide was used instead of H2S. Recently 99mTc-sulfur colloid 
has been prepared by the use of sodium thiosulfate in acidic s o l u t ~ o n . ~ . ~ , ~  

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

Materials and methods 
a) Reagents 

The following solutions have been used: 
1. Sodium perrhenate (NaRe04), as a carrier 0.5% 
2. Hydrochloric acid 1.5 N 
3. Sodium thiosulfate ( N ~ z S Z O ~ )  0.8% 
4. Gelatin 1.35% 
5. Sodium citrate brought at pH 11 by NaOH 
Al l  solutions were made by the use of pyrogen free distilled water and were filtered through 

millipore filters. They were sterilized i n  an autoclave heated to 120•‹C for 30 min. Vessels were 
also sterilized. 



b) Preparation of the colloid. 
In a sealed vial, containing the gelatin and l m l  of sodium perrhenate solution, 4.5ml of so- 

d ~ u m  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 boiling water bath for 10 min., shaken from time to time. Afterwards it is cooled under 
running water and 4ml of the above o l u t i o n  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 nientioned concentrations of the reagents after making a series 

of experiments in which we used soveral concentrations of gelatin, hydrochloric acid (0.5-2N). and 
sodium thiosulfate (0.8-2%). 

The heating time was also varisd from 5-15 min. 
The best results were obtained ~v i th  the above mentioned concentrations and heating time. 

Radiochemistry:The descending paper chromatographic technique In methyl alcohol-water (85:15) 
on Whatman No. 1 and a running time of 2h is used for the radiochemical purity control. The ex- 
pected Rf values are 0.00 for the main chem~cal form (99mTc - sulfur colloid) and 0.65-0.70 for the 
impurity (99mTc0;) if any.3 



The chromatographic strippaper is cut into two parts, one being the 99mTc-sulfur colloid 
lnltlal spot extended lcm from both sides of the center of the spot and the other being the Impurities 
In the remaining part of the strip-paper extended Icm beyond the liquid front (Fig. 1). These two 
pieces are measured with a single channel analyzer using a well-type Nal (TI) crystal and the per- 
centage of 99mTc-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: 0.2p, 0 .45~,  0 . 8 ~  and 1 . 2 ~ .  An aliquot from the sample of 99mTc-sulfur 
colloid was obtained and measured on a y-ray counter. After that, similar al~quots 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 

1. 200- 4 5 0 m p  30% 
11. 450 - 800mp 30% 

111 .  800 - 1.200mp 15% 
IV. lower than 200my 25% 

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

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

Fig. 2: Examination of g3mlk sulfur colloid by electron microscope. Magnification X45.000. 
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Animal Scanning: After the confirmation of the particle size 0f.~9mTc-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- 
vlson of Dr. Vr. Samaras). We injected endovenously [in the ear vein) a certain dose of 
'99m~c-sulfur colloid in rabbits. After 30 min we took the whole body scanning of the 
an~mal. As it is shown in Fig. 3 an excellent liver scanning was obtained. No traces of 
99mTc 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 radioanalytical chemi- 
cal results. 

The 9gmTc-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. 

Fig. 3: Liver scanning on rabbit. On the left side some lines appear due to the presence of 99mTc 
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 9gmTc-sulfur colloid. E-X- 
amination of the particles' size by electron microscopy and ultraf~ltrat~on, has proved 
their size to be 200-600mp. 

This part~cle size makes ggmTc-sulfur colloid very suitable for liver scanning. This 
has also been confirmed by biolog~cal experiments in rabbits. 

We have no knowledge of any complaint from the hospitals during a period of more 
than 6 months. 
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Eiq T ~ V  napoOoav bpyaaiav neptypaQerai yb9060q ~ a x e i a q  n a p a o ~ e u i ) ~  ~ohAoetBoUq 6ta- 
~ U ~ ~ T O S  99mTc-9~iou. 'H &v hoyw yd906oq &X&[ liqqhjv paBtevepyov ano6oow. kyyi<oucla Ta opta 
TOO 99,9%. To ybye9oq TOV napayoy~vwv ~ohhoet6Ov y q ~ u h o v  ~uyaiverat  y e ~ a t u  T ~ V  200-600my. 
'H noto~qq  TOU napayoybvou ~ohhoet6oUq 6tahuya~oq  TO^ 99mTc-9eiou & A & ~ x E T ~ L  ~ a i  6ta mtv- 
9qpoypaQljya-roq q n a ~ o q  eiq K O V ~ K ~ O U ~ .  
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