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SUMMARY 

Complexes of caffeic and ferulic acids with Cu(I1) , 
Ni(II), Co(I1) and Fe(II1) were prepared in the solid state: 
Kl[Cul(cafH) 1C111 .2CH3OK, K1[Col(cafH) 'C1 1 1 ,  
K1 [Nil(cafH)~CL~l. 2CH30H, Fel(cafH) lC12.2HP; K1[Cul(fer) F1 il , 
K1 [Co(fer) 11 , K1 [Nil(fer) 2C11] . 2CH10H, Fel(fer) $1 1. 
Spectroscopic, magnetic and thermogravimetric results indi- 
cate bis(p-chloro) tetrahedral binuclear structures with a 
catechol-type of coordination. 

Key words: caffeic, ferulic acid complexes, catechol-type 
coordination. 

INTRODUCTION 

3-(3,4-dihydroxypheny1)-propenoic acid (caffeic acid, 

abbr.cafH3)1 and 3-(4-hydroxy-3-methoxypheny1)-propenoic 

acid (ferulic acid, abbr. ferHl)2 are early recognized as 

constituents of different plants and seeds1. 

Both acids can be found in the soil lignins as degrada- 

tive products of vegetation, contributing by consequence to 

the availability of several biotrace metal cations from the 

soil to the plants'. 

Ferulic acid is a precursor of aryl tetralin lignans 

related to anticancer active compounds as the podophyloto- 

Author to whom correspondence should be addressed. 
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xin and its methylated derivatives'. Also the antivirial 

activity of caffeic acid was lately ~nvestigated". 

Phenolic hydroxyl-containing ligands, which are known 

to be present iA the root exudates, may participate in the 

transport processes of metal ions from the surrounding soil 

to the plant roots4b. Of special interest are trans - 3-(3,4- 
dihydroxypheny1)propenoic acid (caffeic acid), which is 

believed to participate in the transport and in the 

reduction of ircm(II1) to iron(I1) in the soil environment, 

and chlorogenic acid[l,3,4,5-tetrahydroxycyclohexanecarbo- 

xylic acid 3-(3,4-dihydroxycinnamate)], which is a precursor 

of caffeic acid. Complexes of 3,4-dihydroxyphenyl deri- 

vatives e . g. copper (11). complexes of chlorogenic acid and 

related compounds4~ have >been investigated by pH-metric and 

spectroscopic methods. preparation of coordination complexes 

of 3,4-dihydroxyphen-ylpropionic acid with copper(II), 

nickel(II), cobalt(I1) and iron(II1) was achieved"'. Cupric 

complexes with 3,4-dihydroxybenzoic acidSb have been studied 

where the bidentate catechol part of the ligand studied pre- 

dominates as the binding site for metal ion although the 

carboxyl group may also participate in the metal ion bind- 

ing leading to creation of the dinuclear species. More con- 
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centrated solutions yield a trimeric complex molecule (Cu3A2) 

with one metal ion bound to four phenolate oxygens and two 

others bound to the respective carboxylates. Phenolic 

ligands are also important as the constituents of more 

complicated humic and fulvic acids, which are the main 

ligands taking part in the transport and accumulation of the 

nutrient ionsSc. 

Considering the chemical and biological importance of 

catechol-like coordination complexess, the preparation in 

the solid state, the characterization and the study of the 

physicochemical properties of several complexes of the above 

ligands with Cu(I1) , Ni (11) , Co(I1) and Fe(II1) was underta- 

ken. 

Earlier work on the caffeic acid coordination is covered 

by the potentiometric titrations of the caffeate-metal- 

proton system 6" and some spectroscopic (absorption, ESR) 

measurements on the complexes formed in solutione. 

It is not evident however, that the complexes formed are 

mononuclear involving only a catechol-type of coordination6, 

or oligonuclear involving both catecholic and carboxylic 

cocrdinatior? especially with Cl*(II), playing the role of 

link between adjoining ligand~"~. 

Infering from analogous behaviour of several dihydroxy 

benzoic acids, the last type of coordination was proposed as 

more probable9-". 

EXPERIMENTAL 

The caffeic (dec.223-225'C) and ferulic (m.p.174'C) acids 

were obtained from Merck Co. and were used without further 

purification; mass spectra: m/e of the molecular ion for 

caffeic acid 180 (calc.180.163), for ferulic acid 194 (calc. 
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194.215). The metal salts MCll(M=Cu, Ni,Co) and MC13.6Hfl 

(M=Fe) used as starting materials for the preparation, were 

pro analysi grade from Fluka. 

Upon refluxing MClr or MC13.6H10 with caffeic or ferulic 

acid in methanolic solution containing equim~lecular amount 

of KOH with a final ratio metal ion:acid:KOH 1:2:2, solid 

coloured complexes (1-8, TABLE I) were obtained. Details for 

the preparation are given in a previous paper concerning 

hydrocaffeic acid5'.~he coloured precipitates were also 

washed with 80% MeOH. Elemental analysis, physicochemical 

and spectroscopic measurements were carried out by published 

The magnetic susceptibilities in the solid state 

were performed at 24'C. The cafHINa.H1O and ferHNa.Hfl salts 

were prepared and characterized as previously5'. 

RESULTS AND DISCUSSION 

Preparative and analytical data, colours and molar con- 

ductivity values are reported in TABLE I. The prepared com- 
plexes are either microcrystalline (2,3,4,8) or powder-like 

( i , 5 , 5 , 7 ) ,  relatively stable in atmospheric conditions (oxy- 

gen, humidity) except for the complexes 1, 5 which gave evi- 

dence of structural changes upon time (see TABLE 11). All 

complexes have a limited solubility in DMSO, DMF and MeOH. 

The molar conductivities of the complexes 1,2,3,5,6,7 in 

both DMSO and MeOH are low for their formulation as 2:l ele- 

ctrolytes. This probably arises from the existing large 

volume anions in the comple~es~~. The complexes 4 and 8 show 
a conductivity which increases with time and this can be 

attributed to the strong donor capacity of the solvent used, 

which leads to displacement of anionic ligands and changes 

the complexes to electrolytes15. 
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Thermogravimetric studies of the prepared complexes in 

the range 35-600•‹C show that the methanol present in 1,3,7 

is completely lost between 60-70bC and is lattice-held. 

In 4, water is lost between 100-llO•‹C and is also lattice- 

held. Complexes 1, ,2, 3 decompose between 200-50O0C with the 

same decomposition pattern possibly indicating analogous 

structures. Similarity in their structures is also indicated 

from the same thermal decomposition pattern of the complexes 

5, 6, 7, which is effected in a relatively narrow tempera- 
ture range between 240-320•‹C. Complexes 4, 8 are decomposed 

in higher temperatures. Complexes 1, 5 have a sudden and 

low temperature (200-220•‹C) decomposition, indicating 

bridged structures. All complexes were decomposed in a ther- 

mogravimetric experiment in the presence of atmospheric oxy- 
/' 

gen and gave as products metal oxides and KC1 until a final 

temperature of 650-700bC. 

The low magnetic moments of the complexes 1 and 5 are 

due to their binuclear structures and are typical for anti- 

ferromagnetic character. Their diffuse reflectance spectra 

clearly indicate distorted tetrahedral stereo~hernistr~'~"~. 

The ' E ~ - - ' T ~  tracsition expected for a d9 system like Cu(I1) 

in a tetrahedral environment is split to more transitions, 

due to Jahn-Teller effect, known also to take place in such 

sy-stems1'. More particularly the distortion of the 

tetrahedron as a flattening around the two-fold axis will 

result in Did symmetry, which retains the d,,,d,, degeneracy, 

splitting of both the ground and excited levels, so that 

either three or four transitions are expected19 name1 y from 

the ground 'Bt to 'E, 'BI and 'A, states as is in our case 

(TABLE 11). The complexes 2 and 6 acquire diffuse 

reflectance spectra "," and magnetic  moment^"^'^ close to 
tetrahedral structures, especially complex 6. 



TABLE 11: Electronic spectra and solid state magnetic moments of the complexes 

Diffuse re•’ lectancea 

Compound CT d-d d f i  

BM 

cm-'. ' at 298 K. %pon keeping the solids ior 4-6 weeks at roam temperature 
in a vacuum desiccator these values are increasing continuously to 2.10 BM. 
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A usual value for the magnetic moment of a tetrahedral 
weak field Ni (11) complex is 4.1 B M ~ ~ .  The values of magnetic 

moments for the complexes 3 and 7 suggest tetrahedral stru- 

ctures. The bands at 14800 and 14285 cm'' in the diffuse 

reflectance spectra of 3 and 7 respectively, satisfactorily 
account for the 'T' (P)+'T~(F) transition. Ln 3 there is a 
splitting due to low symmetry fields The observed y,ff 

values for the complexes 4 and 8 at room temperature are too 

small for high spin S=5/2 complexes (peff =5.9 BM) or too 

large for low spin S=1/2 complexes (petf = 2.0 BM) assuming 

an octahedral d5 system. An intermediate spin state (S=3/2) 

should have pert = 4.0 BM. Both tetrahedral or octahedral 
complexes with A and E terms require higher values than 
those observed1'. The measured values can be explained 

either by antif erromagnetic coupling of the iron(II1) in 

dimeric complexes2*, or by a spin equilibrium between high 

and low spin states1'. An alternative situation can also be 

proposed assuming a square pyramidal structure around iron 

(111) with 'AZ electronic ground state, since a five coor- 
dinated structure is manifested by the stoichiometry of 4, 

or a spin-paired tetrahedral with 6 ~ 1  ground term both with 

large orbital contributionL8.   he last situation seems more 
probable for 4. 

The bands in the diffuse reflectance spectra of the com- 

plexes 4 and 8 are weak, as it *is expected since the ele- 

ctronic transitions of the iron(II1) systems are spin for- 

bidden. There is a considerable masking of the weak bands 

from the strong charge-transfer bands at 21300-26700 cm". It 

is known that in spin equilibrium iron(II1) systems the high 

spin form is characterized by a band at 18000-20000 cm-' and 

the low spin by another one at 14000-16000 cm-' l ' - " .  Only in 

4 the 17900 cm" shoulder demonstrates a high spin system, 
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but in both 4 and 8 the two low spin bands are present at 
14700-15800 cm". The presence of two low spin bands can be 

explained assuming low symmetry pseudo-tetrahedral structure 

in the complexes. No spectroscopic evidence has been noticed 

indicating presence of Fe(I1) in complex=s 4,and 8 owing to 

an oxidation-reduction mechanism sometimes found in analo- 

gous catecholic systems". 

In TABLE 111 some diagnostic ir bands of the prepared 

complexes are reported. The broad band at 3500 cm-' exhibited 

by the complexes 1, 3, 7 is due to lattice methanol. The 

lattice water in cafHlNa.H20,ferHNa.H20 and in 4 is shown by 

the broad strong bands at 3600 and 3570 cm-' respectivelyua". 

In the spectra 1-8 the following relation is observed : 

where L=cafHr or ferH and A is the separation between vaScco2,- 
and v,(cO2): This indicates that the carboxylate group of 

either of caffeic or ferulic acid is not coordinated to the 

metal ions in all prepared ~omplexes"~~~. Complexes 1, 2, 3, 

4, 5, 7, 8 show a medium intensity ir band at 215-257 cm*' 

assignable to the metal-halogen stretching mode associated 

with bridged structures3'. 

The complexes 1-4 show medium intensity band at 470-485 

cm" due to vcn-oal vibration whereas the complexes 5-8 show a 

similar medium intensity band in higher frequencies at 580- 

590 cm-' possibly assignable to the v!l-ocrjr stretch". All com- 

plexes exhibit a strong band at 605-667 cm'' assignable to 

the v(l-opb, stretch". 

In FIG 1 and FIG 2 the titration curves for deprotona- 

tion and coordination reaction in solution of MeOH:H20 9: 1 

for cafH3 and ferH1 respectively are reported. For the 
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coordination reactions the titration was effected in the 

presence of metal cation in the ratio metal to ligand 1:2. 

It can be seen from the potentiometric titration curves that 

the precipitation of the complexes occurs at relatively low 

pH's before the ionization of all carboxylic and phenolic 

protons of the acid ligands takes place. This behaviour of 

cafHl and ferH1 resembles the complexing ability of 3,4-dihy- 

droxybenzoic acid which coordinates to met-a1 ions with a 

catecholic type of bindingi9. 

PIG. 1. : Potentiometric titration curves of the caffeic acid 

and the metal ions in a MeOH:H20 solution (9:l). 

1 Complex precipitation 

L cafH] 

1 cafH3+CuC12 2:l 

2 cafH3+CoClr 2:l 

3 cafH3+ NiCll 2:1 

4 cafH3+FeC11 2:l 
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FIG. 2: Potentiometric titration curves of the ferul ic acid 
and the metal ions in a MeOH:H20 solution (9:l). 

1 Complex precipitation 
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Concluding remarks 

From the overall study it is therefore concluded that 

caffeic and ferulic acids form 1:l complexes with Cu(II), 

Co(II), Ni(I1) and Fe(II1) regardless of the ratio of the 

ligand to metal cation of the preparation mixture except for 

the case of the Co(I1) complex with ferulic acid which is 

formed in the ratio 1:2. An analogous situation was met with 

the complex of hydrocaffeic acid with CO(II)'. In the prepa- 

red 1:l complexes chlorine bridged structures are formed 

with a catechol type of coordination 3. 

A pseudotetrahedral or tetrahedral microsymmetry 

around the metal ion seems to be in prevalence. Owing to the 

difficulty in obtaining convenient monocrystals of the 

prepared complexes, their X-rays structural investigation is 

at present lacking. 



IIEPIAHYH 

CYMIIAOKEZ ENQZEIZ TQN OSEQN KAQEIKOY K A I  QEPOYAIKOY ME 

C u ( I I ) ,  N i  (11) , Co(I1) KAI Fe (111). 

IIapaa~eu&o8g~av KaL anopovh6q~av argv arepe& ~ a i & a r a a q  

r a  advniio~a twv ozbwv K ~ @ E ' ~ K o ~  KaL [ ~ E ~ O U A L K O U  . W E  C u ( I I ) ,  

N i ( I I ) ,  Co(I1) KaL Fe ( I I1 )  : K2[Cul(cafH)1C11]. ZCHjOH, 

K1 [Col (cafH) tC1l] , Kl[Ni l(cafH) $1 . 2CHPH, Fe 1(cafH) F1 1. 2H P ,  
Kt[Cu2(fer)tC11] , Kl(Co(f  er)^] , K1 [Nit ( fe r )2Cl l ]  . 2CHjOH, 

Fe l ( fe r ) lCl t .  Avaz&prqra an6 r o  A6yo p e r a A i l ~ ~ o d  ~ 6 v r o ~ :  uno- 

~ a r a a r d r q  or0 pl ypa n a p a a ~ e u f i ~  r a  adpnAo~a nou axqpar C Covrar 

elvar 1:l E K T ~ S  an6 rqv neplnrwaq rou aupnA6Kou rou Co(I1) 

PE T O  @EpouilL~6 ozd nou E C V ~ L  1:2. Av&Royq aupn&pL~op& ava- 

~ ~ ~ E T C C L  U T q V  ITEfJlll~w~q TOW U U ~ ~ A ~ K O U  T O U  U ~ P O K ~ ~ ~ E ~ K O ~  0 z f 0 ~  

pe r o  C O ( I I ) ~ .  ~ r r 6  r a  cpaapa roo~on~~ tc ,  p a y v q r ~ ~ c i  KaL a ~ p p o -  

arai+pLK& anoreAgapara aupnepa lvs r a~  6 r ~  a r a  1:l adpnAo~a O L  

S O ~ ~ S  E C V ~ L  T E T P ~ E S P L K ~ S  S L T T U P ~ V L K ~ S  pE Y ~ ~ U P E S  ~AupCou KaL 

PE K ~ T E X O ~ L K O ~  ~ d T l 0 ~  06pTfA~zq. 
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TETRAHYMENA PYRIFORMIS 
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SUMMARY 

Comparison of the acute toxicity of paraquat in mice and in Tetrahymena 
pyriformj; strain E resulted in almost identical values, i.e. LD50=25 mglkg after 
intramuscular injection to mice and EC50=22 ppm for Tetrahymena cultures. The 
paraquat content of lung tissues of mice reached similar levels (16-22 mglkg or ppm) 
24-48 hours after injections. These data together with micrmcopical observations on 
alterations of motility and shapes of the Tetrahymena cells indicate that this system is 
a valuable tool in toxicological studies. 

Key words: Paraquat toxicity, Tetrahymena py13ormi'J; mice 

INTRODUCTION 

Paraquat is the trade name of the dichloride salt of the radical v-dimethyl-4,4'- 

bipyridinium, a powerful herbicide used worldwide as a non-selective, contact 

weedkiller. I t  was originally synthesized in 18821, but its herbicidal properties were 

revealed in 19592. While there is no evidence for deleterious side-effects in normal use 

of paraquat, its accidental ingestion can be lethal2 and a large number of fatal 

intoxications have been-reported during its wide use in farms, plantations and private 

The biochemistry and clinical effects of paraquat poisoning have been extensively 

investigated. The toxicity of paraquat is due to the formation of superoxide free 

radicals4 and singlet oxygen which attack the membrane lipids with the formation of 

lipid peroxides4y5. Cell membrane lipids polymerize as a result of the action of these 

agents and the integrity of cells is lost5-*. This action is profound in the epithelia1 cells 

of types I and II of lung alveoli, which selectively take up paraquat by energy 

dependent mechanisms9-13. The median lethal dose of bra1 paraquat shows 

considerable variation: 50mglkg in mice, 30 mglkg in cats, 200 mglkg in chicken, 70 

mglkg in sheep and 36-54 mglkg in the ox14. I t  seems that this variation is mainly due 
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to the varlable absorption of paraquat from gastro-intestinal tract, ranging between 

10% and 90%15. Therefore, paraquat toxicity by intramuscular injection should show 

much less variation between animal species and was chosen in the present comparative 

study. 

In recent years, there is an internationally incrasing concern towards minimizing 

experimental animals' use in toxicological studies and there is much effort of research 

for the development of in vitro techniques able to substitute animal testing. The use of 

Tetrahymena as a toxicological tool has been well documented many years ago16-23. In 

these applications, apart from the lethal or sublethal effects reflected in the extent of 

inhibition of growth of Tetrahymena cultures, several other parameters such as 

motility and morphological changes of cell shapes or subcellular organelles may give 

valuable information about the mechanism of action or the side-effects of 

dr~~s17,197~0. Thus, especially when the mechanism of action of a drug or other toxic 

material is known or expected on the  basis of toxicological data related to another 

substance of the same family, comparative evaluation of the aforem&tfoned 

parameters may lead to conclusive evaluation of the toxicological properties of the 

new substance. 

In this present study, the intramuscular paraquat toxicity in mice is compared 

with the toxic effects of paraquat on the cells of Tetrahymena cultures, sharing with 

the lung alveolar cells the property of phagocytosis. 

MATERIALS AND METHODS 

Tetrahymena pyriformik strain E, was grown in 2% Difco proteose-peptone (stock 

cultures). Working cultures were prepared by axenic transfer of 0.5 m1 stock culture 

into 200 m1 of a medium containing 2% proteose-peptone, 0.5% dextrose, 0.2% yeast 

extract (Difco) and 2 m1 of 900 mM ~e++-EDTA complex24. The cultures were 

continuously aerated by magnetic stirring at room temperature (22-24OC). For the 

toxicity measurements, portion of working culture at the early stationary phase was 

axenically diluted with growth medium until its optical density (530 nm) was about 

0.500. Then, 3 m1 of this was added to each of 16 test tubes (l.5~18 cm) containing 0.5 

m1 of appropriate paraquat solutions in order to obtain final concnetrations of 0, 8,12, 

18, 27, 40, 60 and 90 ppm (in duplicate). The tubes were left tilted in a rack and their 

optical densities from that of the tubes without paraquat gave the respective 

inhibitions of growth. 

As experimental animals, male mice were used, 15-20 days old and weighing 13-19 

g. The animals were housed two per cage and maintained at room temperature (18- 

210C) with controlled light-dark cycles. Groups of 8 mice were used for each dose of 

intramuscular paraquat injection, in the range of 0 to 90 mglkg body weight.. 
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For measuring the paraquat content in several mice tissues and organs (see below), 

the respective parts dissected from 4 animals were mixed, homogenized and paraquat 

was 

assayed by the method of Calderbank and yuenz5. 

RESULTS AND DISCUSSION 

In order to compare the acute toxicity of paraquat in mice and in Tetrahymena, 

both were intoxicated with equal doses of paraquat, ranging from 8 to 90 mglkg (for 

mice) or ppm (for Tetrahymena cultures). All doses were given to the mice by intra- 

muscular injection of 0.1 m1 per 10 g body weight of appropriate solutions of paraquat 

in saline. Table I summarizes the mortality data 72 hours after paraquat injection. 

After this time, no further deaths occurred &ring the next 10 days. Statistical 

evaluation of these results by the probit analysis method of  itchf field-~ilcoxon~~ is 

illustrated in Fig. L From this, a value of LD50=25 mglkg body weight was calculated. 

TABLE I: Toxicity data of paraquat on mice and Tpyriforrmis 

Paraquat Mice Tetrahymena 
( m g k  -------p---- 

or P P ~ )  Deadltreated Mortality %* Optical density Inhibition % 
- 

0 018 - 0.417 

8 018 26 0.385 7.7 

12 118 10.7 0.335 19.7 

18 218 29.3 0.292 30.0 

27 518 56.6 0.174 58.3 

40 618 80.3 0.107 74.3 

60 818 94.0 0.007 98.3 

90 818 98.8 0.000 100.0 
------------------------------A---- 

* Statistically corrected values according to Litchfield and ~ i l c o x o n ~ ~ .  

The data of the inhibitory action of paraquat on the growth of Tetrahymena cul- 

tures are also summarized in Table I and their statistical evaluation (as above) is illu- 

strated in Fig. 2 From this a median effective concentration EC50=22 ppm (or mglkg) 

was found i.e. equal to the LD50 value of intramuscular paraquat in mice. As a matter 

of fact, this is a simple coincidence of numerical va?lues, albeit useful to indicate how 

comparable may be the toxic effects of a substance to quite different living organisms. 

On the other hand, a more justifiable comparison is possible on the basis of data 

on the paraquat content in tissues and organs of intoxicated mice. As shown in Table 
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PARAQUAT (ppm) 

FIG. 1: Probit diagram of the paraquat toxicity on mice, derived from the data of 
Table I according to Litchfield and ~ilcoxon? 

II, soon after injection of paraquat its concentration gradually increases to several 

tissues being higher in the blood. But at 24 hours after injection the paraquat content 

is highest in the lung (and secondly in the kidneys), this increase continuing for at least 

48 hours (provided that the animal survives). Interestingly, the paraquat concentrations 

in the lungs (see Table 11) are very close to the value of 25 mg/kg, which seems to ,be 

the fatal limit. This indicates that data on the acute toxicity of paraquat (and probably 

of most substances) in Tetrahymena may be quite comparable to the respective toxi- 

city in higher animals and man. The same indication results also by comparing the $0- 

pes of the probit lines of Fig. 1 and 2, which are very close to each other. This permits 

direct correlations of toxicities or potencies26, thus minimizing the number of the 

experimental animals required in toxicological studies. 

Microscopical observations on Tetrahymena cells intoxicated with different para- 

quat concentrations may be summarized as follows: At paraquat concentrations of 8 

ppm the motility of the cells was highly increased; at  16 ppm it was normal, while at 
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FIG. 2: Probid diagram of the toxicity of paraquat on Tetrahymena, derived from the 
data of Table II 

higher concentrations i t  was gradually reduced and at paraquat concentrations of 50 

ppm or higher the cells were very slowly moving with non-directional movement. 

Concomitant with reduced motility was dose-dependent alteration of the shape of 

cells, initially in the posterior part until they became completely spherical. Intere- 

stingly, cells harvested and re-suspended in 1% dextrose solution showed highly 

increased motility even at paraquat concentrations of 50 ppm However, this was 

accompanied by less resistance of the cells to the toxic effects and at paraquat concen- 

trations of 80-90 ppm there was a 100% mortality within 30-60 min. This indicates that 

the paraquat uptake by Tetrahymena cells is faster in 1% dextrose, in accordance with 

older findings supporting that paraquat uptake by lung cells is combined with active 

transport mechanisms? 

Even more interesting are some observations relating paraquat toxic effects with 

the age of Tetrahymena cells. Namely, addition of paraquat to early stationary phase 
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TABLE II: Paraquat concentration in mice tissues. Contents are expressed in ppm (or 

mI31kg). 

Paraquat Tissue Time after paraquat injection 
Dose or 

(mdkg) Organ 4 h  2 4 h  . 4 8 h  7 days 

18 Lung ' 4 12 16 6 

18 Kidneys 5 3 4 3 

18 Liver 2 2 - m 

18 Urine m 3 - m 

18 Blood 6 2 - m 

40 Lung 9 22 m - 
40 Kidneys - 12 - - 
40 Liver 7 5 m - 
40 Urine - 4 - m 

40 Blood 10 7 m 

cells (age: 72 h) caused much less mortality compared to logarithmic phase cells. 

Furthermore, by successive additions of paraquat, 20 ppm every 24 h, stationary phase 

cells survived for at  least 24 h at  paraquat concentrations of 80 ppm. This is also in 

accordance with the fact that paraquat fatal effects depend on the rate of its uptake 

by the target cells of the lung3. 

In conclusion, Tetrahymena cultures are very valuable tool in toxicological 

studies, providing very useful information which at least is helpful in order to reduce 

the number of animal testing. 

~ o y ~ m n ~ ~ & & z q  rqg zo&cdrqzag zoo paraquat U& zovzilrra Kar Tetrahymena pyri- 
formis 
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SUMMARY 

Chemistry and resistance to  fungal attack of the ripe desseded carob 
pod tannins of nine cretan varieties (U-l, U-2, U-3, U-4, U-5 (ungra- 
f ted)  and 9-1, 9-2, 9-3, 9-4 (graf ted)) ,  were studied. The percentage of 
total tannins ranges between 4.2 - ,13.3_%! on desseded carob pod dry 
weight. The carob pods of the ungrafted varieties were richer in tannins 
than those of the grafted varieties.  The main constituents of carob poly- 
phenols were found to  be condensed tannins, The ethyl acetate-soluble 
thioglycolic acid degradation products, of the examined tannins, were 
identified as (t) catechin, ( - )  epicatechin, ( - )  epigallocatechin, ( - )  
epigallocatechin gal late  and (-) epicatechin qal la te  w i t h  exception the 
(-) epicatechin which was not found in the tannins of the U-5 and 9-4 
varieties.  The (+) catechin-3-gallate was detected for the f i r s t  time in 
carob tannins and in fac t  only in the U-4, U-5, 9-2 and 9-4 varieties.  
Strong acid hydrolysis of tannins resulted in the production of delphi- 
nidin, cyanidin and pelargonidin, in a l l  carob varieties apart from the 
l a s t  one, which was not identified in tannins of g-1 variety. The alka- 
l ine treatment o f  tanni ns gave gal l i c  acid, phlorogl ucinol , catechol and 
pyrogallol except the l a s t  two phenols that  were not identified in 9-1 
tannins. The tannins of the nine carob varieties presented different 
resistance to fungal activity. This resistance in most carob tannins was 
similar to  that  of Kmosa tannins. 

Key words? Tannins, carob tannins, carob polyphenols, carob beans, 
tannin degradation, tannase, condensed tannins , (+) catechin, 
( - )  epicatechin, gallocatechin 

INTRODUCTION 

The carob tree (~eratonia  siZiqua L . )  naturally grows on barren 

so i l s  (often unproductive for any other type of crop). in most warm 

regions of the Mediterranean, mainly near the coasts. The species also 

occurs in Phodesia, parts of the USA, Australia, South America and other 
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1,2 par ts  with s i m i l a r  climate t o  t h a t  of Mediterranean countries . 
Greece i s  the  fourth l a r g e s t  carob bean ( f r u i t  of Ceratonia s iZiqua)  

1 producing country (35000 t / a )  i n  the \world . 
Carob f r u i t  consis ts  of about 90% pod and 10% seeds3, The r ipe  

deseeded carob pod of nine cretan carob va r i e t i e s  contains high l eve l s  
6 (6-13% on dry weight) of t o t a l  t a n n i n ~ ~ ' ~ , . ~ i i r s c h  found t h a t  darob pods 

from Portugal,  I t a l y  and Cyprus contained higher tannin amounts (20-27%). 

The main const i tuents  of carob polyphenols were found t o  be condens- 

ed tannins , containing the  f lavan nucleus7. The major leucoanthocyanins 

of deseeded carob pod a re  highly polymerized leucodelphinidins8. Studies 

on the  tannins of wild strawberry leaves and avocado seeds, support the  

suggestion t h a t  condensed tannins a re  composed of f l  avan-3-01 and 
9,lO flavan-3,4-diol subuni t s  . 

The s t ruc tu re  of condensed tannins has, unt i l  recent ly ,  not been 

f u l l y  inves t igated  due t o  the  lack of s u i t a l b l e  degradation methods, 

Beets e t  a l l 1  and Tamir e t  a l l 2  successful ly  employed th ioglycol ic  ac id  

(TGA) to  degrade the tannins from common heather (~aZZuna vuZgaris) and 

carob pod, respect ively ,  The authors suggested the procedure t o  be 

s u i t a h l e  f o r  the  degradation of condensed tannins i n  general ,  

The tannins ( f r ac t ions ,  s t ruc tu re  e t c )  of d i f f e r e n t  carob va r i e t i e s  

have not been inves t igated  y e t .  Tamir e t  a l l 2  s tudied the  s t ruc tu re  of 

carob condensed tannins but the  authors did not repor t  the  carob var ie ty  

from which tannins were i so la t ed .  

This paper describes the  chemistry and res is tance  to  fungal a t tack 

( a c t i v i t y )  of the  carob tannins of nine cretan va r i e t i e s .  

EXPERIMENTAL 

Carob v a r i e t i e s  

Marakis e t  a15,13 recognized nine cre tan  carob va r i e t i e s :  f ive  un-  

graf ted  "Agries" ( U - l ,  U-2, U-3,  U-4, U-5) and four  graf ted  "Imeres" 

(g-1, 9-2, 9-3, 9-4)-  

Tannin isoZation from r i p e  carob pod 

A 100 g quanti ty of deseeded carob pod of each var ie ty  was lyophi l i -  

zed and subsequently milled i n  a mill bearing a 2 mm s ieve ,  59 g of t h i s  

pod powder were suspended in to  300 m1 of deionized water and autoclaved 

f o r  30 min a t  121'~. The s lu r ry  passed through a cheese c lo th  and i t s  



res idue  resuspended i n  250 m1 o f  de ion ized  w a t e r  and au toc laved  once 

again. Then t h e  two f i l t r a t e s  were mixed ( E A  extract),0,02 g o f  sodium 

p y r o s u l f i t e  was added t o  p reven t  t a n n i n  o x i d a t i o n .  The t o t a l  t a n n i n s  

were i s o l a t e d  f rom EA e x t r a c t  a f t e r  p r e c i p i t a t i o n  w i t h  s a t u r a t e d  

s o l u t i o n  o f  l e a d  acetate,  The p r e c i p i t a t e  was f i l t e r e d  and washed w i t h  

d i s t i l  l e d  wa te r  w i t h  cont inuous a g i t a t i o n .  On g r a d u a l l y  adding Dowex-50W 

(H-form) t o  the  suspension, the  pbft was bound t o  t h e  c a t i o n  exchanger 

and the  f r e e  tannins go i n t o  - s o l u t i o n .  A l i t t l e  e thano l  was added t o  

p reven t  r e p r e c i p i t a t i o n .  

Tannin fractions 

The separa t ion  o f  t h e  s o l u b l e  (So l )  and i n s o l u b l e  ( I n s o l l  and Insol ' )  

f r a c t i o n s  i n  e t h y l  ace ta te  was c a r r i e d  o u t  by  t h e  method o f  Vuataz e t  

a l l 4 .  The remain ing i n  t h e  w a t e r  l a y e r ,  I n s o l l  and Ins012 f r a c t i o n s ,  

were p r e c i p i t a t e d  by s a t u r a t e d  s o l u t i o n  o f  l e a d  a c e t a t e  i n  pH 5.5 and 

8.5, r e s p e c t i v e l y .  The t a n n i n  f r a c t i o n  p r e c i p i t a t e d  by Tween 80 (TPT 
15 f r a c t i o n )  was prepared accord inq  t o  Marakis and Diamantoglou method . 

ThiogZycoZic acid (TGAI degradation o f  con2enseii tannins 

It was made accord ing  t o  B e t t s  e t  a l l 1  and Tamir e t  a l l 2  procedures. 

MineraZ acid hydrolysis 

It was c a r r i e d  o u t  by  2M HC1 16,17 

AZkaZine fusion of  tannins 
18 I t  was made by the  method o f  Roux . 

Ident i f icat ion of the tannin degradation products 
20,21 I t  was made by t h e  methods o f  B lock e t  a l l 9 ,  Harborne , Roux 

and f4aihs2', ~ a t h w a ~ ' ~ ,  Tamir e t  a l l 2 ,  Strumeyer and ~ a l i n ' ~ .  I n  most 

cases, paper chromatography - Whatman No 1 paper was used. 3 mm paoer 

was used f o r  p r e p a r a t i v e  chromatoqraphy o f  a c i d  h y d r o l v s i s  oroducts .  The 

two-dimensional s o l  vent  system was : n-BuOH-HOAc-H20 (BAN, 60: 15: 25) and 

2% AcOH. For  the d e t e c t i o n  o f  anthocyanid ins,  one-dimerlsional chromato- 

grams were developed w i t h  HOQc-HC1-H20 ("Forect: lU 30: : : ! G ) .  

Spectra analyses 

UV and v i s .  s p e c t r a  o f  t h e  compounds were determined i n  EtOH o r  MeOH 

p1 us 0 - 0 1  M h y d r ~ c h l o r i c  acid1'. A1 uminium c h l o r i d e  s h i f t s  were determi-  

ned by t h e  method o f  ~ u r d ' ~ .  IR  spec t ra  o f  t h e  TGA degrada t ion  p roduc ts  

were ob ta ined  u s i n g  the  KBr p e l l e t  technique.  
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Molecular Mass (M) estimation of  the tannins 

I t  was ca r r i ed  out  according t o  the  procedure described by Tamir e t  
12 a1 . 

Relative Astringency fR.A) estimation o f  the carob tannins 
26 I t  was made by the  Bate-Smith method . 

Culture media o f  fungi 

For the  est imation of the  fungal growth, on subs t r a t e s  containing 

tannins as so le  carbon source,  t he  media A and B were used. Medium-A 

composition ( g / l )  : Freeze-dried tannins of each cre tan  carob var ie ty ,  

20; (NH4)$04, 5 ;  K2HP04, 1; MgS04.7H20, 0.5;  KC1, 0.5; ZnS04, 0.01; 

CuS04.5H20, 0.005; b io t in ,  0.04; thiamine, 1; pyridoxine hydrochloride, 

0.5 and n ico t in i c  ac id ,  0.5. The pH was adjusted to  5.5. Medium-B comoo- 

s i t i o n :  As medium A but carob tannins were realaced by Mimosa tannins 

(20 g / l ) .  

The media were s t e r i l i z e d  by autoclavinq (15 min, 121 '~) .  

Batch cul t ivat ion 

Fungal cul tures  were ca r r i ed  ou t  according t o  Marakis and Diamanto- 
15 glou . 
Tannase preparation 

The pur i f ied  tannase was preaared from mycelium e x t r a c t  of  Peni- 

cilZiwn frequentans, grown on the  tannic acid medium, as Yamada e t  a1 27 

28 described , P. frequentans was is01 a ted  from m01 dy carob beans . 
Fungal tannase ac t iv i  tz~ 

-7 

Tannase a c t i v i t y  was determined by the methods of Yamada e t  a lL '  and 
29 Marakis . 

RESULTS A N D  DISCUSSION 

Greece oroduces about 45000 tonns per year of carob beans, the  90% 

of which comes from the i s land Crete. This low carob bean y i e l d  could be 

eas i ly  f ivefolded,  i f  only the  ex i s t ing  unarafted t r ees  were qraf ted  by 
a good qual i ty  carob var ie ty .  

The to t a l  tannin contents (% on carob ood dry weight) and some 

tannin f rac t ions  (% on t o t a l  tannins) of  the nine cretan carob va r i e t i e s  
a re  presented in Table I .  
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The t o t a l  tannin precentage of  the  deseeded carob pod var ies ,  i n  

d i f f e ren t  carob v ' r i e t i e s ,  from 4,4$ (g-1 var ie ty)  t o  13.3% (U-5 varie- 

t y ) .  Ungrafted varietie's were r icher  i n  tannins than graf ted  ones. This 
possibly indicates the  protec t ive  role,  tannins have, f o r  the natural  

TABLE I. Total tannins (% on desseded carob pod dry weight) and t h e i r  
f rac t ions  (% on to ta l  tannins) of nine cretan carob va r i e t i e s .  

Carob 
va r i e t i e s  Unqrafted va r i e t i e s  Grafted va r i e t i e s  

Tannins U-l U-2 ut3 U-4 U-5 g-1 9-2 9-3 9-4 
To ta l t ann ins*  6.7 6.2 5.6 6 . 1 1 3 . 3  4.4 4.7 5 ,2  4.7 

Fraction Sol. 80.4 75.1 60.9 71.8 67.4 67.6 72.3 62.9 66.8 

" TPT 16.9 18.1 17.8 24.5 9.9 7.1 10.1 12.3 7.9 

*Total tannin content of  the deseeded carob pod of carob va r i e t i e s  U-l, 
U-2, U-3, U-4, g-1, 9-2, 9-3, 9-4 has been determined by Marakis e t  a1 
( 1987). 

ND=Not detected. Sol=fraction soluble  in  ethyl aceta te .  Insol l ,  1nsol 2= 
f rac t ions  insoluble i n  ethyl acetate, prec ipi ta ted  by sa tura ted  solut ion 
af lead ace ta t e  in  pH 5.5 and 8.5 respectively.  TpT=fraction precipi ta ted  
by Tween 80. 

"wild" va r i e t i e s ,  agains t  t o  microbial a t tack ( a c t i v i t y )  and herbivo- 
15 res , 

The tannin percentages (4.4-13.3%) of the  most cre tan  carob varie- 

t i e s  a re  s imi la r  to  those reported by Tamir and ~ l u m o t ' ~  and Wllrrsch e t  
6 ,l3', except of WUrsch data,  where a 20-27% percentage was reported. 

The observed f luctuat ion of  the  carob pod tannin contents may be due to  

d i f f e ren t  f ac t s ,  such a s ,  the  carob var ie ty ,  t he  producing country o r  

the  method used for  tannin determination. 

Tannin fractions 

Carob tannins a re  generally divided in to  two arou'ps, according to  

t h e i r  behaviour upon ext rac t ion of  an aqueous solut ion w i t h  ethyl ace- 

t a t e :  a )  Sol f r ac t ion  passing in to  the organic phase and b) Insol l ,  

Ins012 f rac t ions  remaining in the water layer.  The f r ac t ion  Sol i s  2-8 
and 9-19 fo ld  higher than Inso l l  and Ins012 f r ac t ions ,  respectively.  

Grafted va r i e t i e s  a re  generally r i che r  in Inso l l  f rac t ion but poorer in  



218 S. MARAKIS. M. LAMBRAKIS and S. DIAMANTOGLOU 

Insol 2, compared t o  ungrafted v a r i e t i e s .  The very low percentage (0.8%) 
of Ins012 tannins in  the  U-5 var ie ty  and the  absence of this tannin 

f r ac t ion  from 9-4 var ie ty  remains someway enigmatic, In our exploratory 

v i s i t s  in carob t r e e  p lanta t ions ,  we observed t h a t  r a t s  were preferably 

ea t ing the carob beans and t r e e  bark of the U-5 and 9-4 v a r i e t i e s ,  while 

they were avoiding other  adjacent carob v a r i e t i e s .  We estimated t h a t  the  

above preference of the r a t s  was due t o  the  d i f f e r e n t  r e l a t i v e  a s t r i -  

gency (R.A) of the cre tan  carob beans. The R . A  determination of  the nine 

carob v a r i e t i e s  revealed tha t :  a )  The R.A. was generally higher in  the  

ungrafted carob va r i e t i e s  than the graf ted  ones. b) The R , A  value of the  

U-5 and 9-4 va r i e t i e s  was about 4 fo ld  smaller  than the  one of the o ther  

examined carob va r i e t i e s .  This may be due t o  the  highly polymerized 

tannins of  these carob v a r i e t i e s ,  because the more highly the  tannins 
3 1 are  polymerized the  lower the  R.A i s ,  as i t  occurs in  grape tannins . 

This appears t o  be t rue  f o r  the  cre tan  carob tannins ,  s ince  the  M (3400 

and 3700) of the  tannins of the  U-5 and 9-4 va r i e t i e s  i s  higher than the  

o ther  (2600-3000). 

Combining the  pa r t i c ipa t ion  percentages of the  Sol ,  I n s o l l  and 

Insol2 f rac t ions  i n  the t o t a l  carob tannins we conclude t h a t  the un- 

graf ted  va r i e t i e s  U-4 and U-5 present s imi l a r  percentage values t o  the  

grafted va r i e t i e s  9-2 and 9-4, respectively.  

The TPT f rac t ion  consis t ing  of low degree polymerized gal locatechin 

der ivat ives  ( (+ )  catechin-3-gal la te) ,  i s  degraded and used by a few 

fungi with high tanninolyt ic  a b i l i t y  and adaatation t o  tanninous mate- 
15 r i a l s  (environments) . 

The "Agria" (ungrafted v a r i e t i e s )  carob beans a re  r i che r  in  TPT 

frac t ion than the  " Imera" (graf ted  v a r i e t i e s )  carob beans. Perhaps f o r  

t h i s  reason the  fungal growth i s  poorer in EA e x t r a c t  of "Agria" carob 

pods compared to the "Imera", a1 though, both subst ra tes  contained the  
same sugar and tannin amounts. 

Tannin  anaZys i s  

Ripe carob pod tannins,  mainly condensed, a re  composed of flavan-3- 

01 and flavan-3,4-diol subunits  (Table 11)-  (+) Catechin and ( - )  epica- 

techin g a l l a t e  e s t e r s  were found to  be the  ethyl acetate-soluble thio- 

g lycol ic  acid degradation products of  a1 l cretan carob v a r i e t i e s .  Tami r 
e t  a l l Z  iden t i f i ed  ( - )  epicatechin gal l a t e ,  ( - )  epigallocatechin gal l a t e  

and ( - )  epigallocatechin as the products produced by TGA degradation 
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of ethyl ace ta t e  soluble  tannin f r ac t ion .  This led  us t o  conclude t h a t  

carob pod condensed tannins a re  probahly formed from various subunits of  

the above flavan-3-01s and t h e i r  g a l l a t e  e s t e r s .  I t  was the f i r s t  time 

t h a t ,  (+) catechin-3-gal l a t e ,  from r ipe  carob pod, was determined excl u- 
s ive ly  i n  tannins of  the  U-4, g-2/u-5, 9-4 carob va r i e t i e s .  The f i r s t  

i so la t ion  of t h i s  e s t e r  from a p lan t  source ( ~ e r ~ e n i a  species) was reL 
ported by Haslam17. The hydrolysis of (+) catechin-&gal la te ,  by P. fre- 

quentans tannase, gave gal l i c  ac id  and (+) catechin.  

TABLE 11. Tannin analys is  of  

varieties 

Flavan-3-01s and their 

gallate esters: 

(+) Catechin 

(-)  Epicatechin 

(-1 Epigallocatechin 

(-)  Epigallocatechin gallate 

( -1  Epicatechin gallate 

(+) Catechin-3-galLate 

Delphinidin 

Cyanidin 

Pelargonidin 

Other phenols: 

Gallic acid 

Phloroglucinol 

Catechol 

Pyrogallol 

ine Cretan carob v a r i e t i e s .  

I 
Unsrafted varieties I Grafted varieties 
U-l U-2 U-3 U-4 U-5 g-a 9-2 g-3 g-4 

I 

ND=Not Detected 

Both t h i s  r e s u l t  and the s i m i l a r  par t ic ipat ion percentages of the  

Sol,  Inso l l  and Ins012 f r ac t ions ,  i n  the  t o t a l  tannins,  of the  U-4, g-2/ 

U-5, 9-4 v a r i e t i e s ,  mentioned above, support t h a t  the grafted 9-2, 9-4 
va r i e t i e s  or ig inated  from U-4 and U-5 ungrafted ("wild") t r e e s ,  through 

graf t ing .  Has1 am17 reported t h a t  a polymeric proanthocyani di n localized 

i n  t he  roots  of Bergenia species consis ts  e n t i r e l y  of (+) catechin-3- 
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gall a te .  A polymerization scheme (pathway), which resul ts  i n  C-C bonds, 

was proposed. This scheme may be applicable t o  the r ipe  carob tannins 

which are  probably formed from various catechin units in  contras t  to  the 

uniformly b u i l t  Bergenia root tannins. 

The three compounds obtained by 2M HC1 hydrolysis of EA carob 

ex t rac t  tannins were ident i f ied as cyanidin, delphinidin and pelargo- 

nidin. These compounds may be derived from the polymeric catechin, the  

copolymer of catechin and leucoanthocyanidin, o r  the polymeric leucoan- 

t h ~ c y a n i d i n ~ ~ .  The above three anthocyanidins were determined by Tamir 

e t  a1 l2 in  carob tannins. Delphinidin, a highly polymerized compound, 

consists of  the main component of carob leucoanthocyanidins in U-5 and 

9-4 var ie t ies .  The presence of flavan-3-01s and flavan-3,4-diols, in the 

rich in tannins carob pods, was expected, because these phenols (of 

great metabolic significance) occur widely in the higher plants (leaves, 

f r u i t s  e t c )  . 
The products of tannin fusion with KOH were ident i f ied chromatographi- 

cally:  as gal l i c  acid,  phloroglucinol ,catecho1 and pyrogallol . Pyrogal l01 

i s  a lso  produced by g a l l i c  acid d e c a r b ~ x ~ l a t i o n .  Nachtomi and Alumot 33 

did not determine f ree  monomers of phenols in ripe carob beans. We suppo- 

s e  tha t ,  the re la t ively  high amounts of g a l l i c  acid, determined in  the 

nine cretan carob var ie t i e s ,  i s  due to  the enzymic oxidation of the 

f l  avanols. 

The grafted variety g-1 presented a peculiar image with regard t o  

i t s  tannin s t ruc tu re  ( p r o f i l e ) ,  as four tannin monomers ((+) catechin-3- 

ga l l a te ,  pelargonidin, catechol and pyrogallol) were absent from th i s  

carob variety tannins, The f r u i t  character is t ics  of th i s  variety were 
5,13 en t i re ly  d i f fe ren t  compared t o  those of other cretan var ie t ies  . 

Fungal growth on carob tannins 
28 The growth of 37 fungal species, i sola ted from tanninous materials , 

presented s ign i f i can t  d i f ferent ia t ion in media containing tannins of the 

nine cretan var ie t ies  and k%mosa tannins (catechols) as sole  carbon 

sources. So, a limited number of fungal species, w i t h  high tanninolytic 

a b i l i t y ,  presented a low growth in ungrafted variety tannins with exce- 

ption the U-5 variety tannins. On the other hand, a hiaher number of 
funqi grew i n  media containing tannins of grafted carob var ie t ies .  Parti- 

cularly,  media containing tannins of U-5 and 9-4 var ie t ies  supported the 
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growth o f  the most fungal species. I n  these media we a lso  observed the 

r i c h e r  mycel ia l  growth o f  the examined fungi. This may be due t o  low re- 
l a t i v e  astr ingency o r  t o  the absence of ( - )  epicatechin from the tannins 

o f  the U-5 and 9-4 carob var ie t ies .  Because, as r e l a t i v e  experiments 

have indicated, the fungi  : P .  frequentam (Pefr)  and AspergUZus carbonu- 

r ius (AsDT10) , both w i t h  high tann ino l y t i c  a b i l i t y ,  appeared t o  have 

very low mycel i a l '  growth, i n  medium contain ing (-)  epicatechin as carbon 

source, compared t o  ' that  contain ing (+) catechin. It i s  also possible 

that ,  the  absence o f  (-) epicatechin from the U-5 and 9-4 and the low 

l i g n i n  content  o f  these carob v a r i e t i e s  a t t r a c t s  the preference o f  r a t s  

t o  ea t i ng  the f r u i t s  and the t ree  barks of these carqb var ie t ies .  Conse- 

quently, the tannins of the U-5 and 9-4 v a r i e t i e s  are n o t  suggested f o r  

l ea fhe r  tanning. While the tannins o f  U-l, U-2, U-3, U-4 and 9-3 carob 

va r ie t i es  could be used f o r  t h i s  purpose because these tannins ind ica ted 

s im i l a r ,  and i n  some cases, super ior  resistance, t o  microbial  a t tack  i n  

comparison t o  the Mimosa tannins used f o r  l ea the r  tanning today. 
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SUMMARY 

S o l u t i o n  e q u i l i b r i a  o f  t h e  t e r n a r y  s y s t e m s  M + "  ( C o ( I I ) ,  
N i ( I I ) ,  C u ( I I ) ,  Y ( I I I ) ,  L a ( I I I ) ,  C e ( I I I ) ,  U 0 2 ( 1 1 ) ) - N - ( 2 -  
acetamid0)-iminodiacetic a c i d  ( H A D A ) - ~ - ~ O ~ ~  d i -  a n d  t r i c a r -  
b o x y l i c  a l i p h a t i c  a c i d s  ( s u c c i n i c ,  m a l i c ,  t a r t a r i c ,  c i t r i c ,  
H2L o r  H3L) h a v e  b e e n  s t u d i e d  p o t e n t i o m e t r i c a l l y .  F r o m  t h e  
p o t e n t i o m e t r i c  t i t r a t i o n  c u r v e s  t h e  f o r m a t i o n  o f  t h e  1:l:l 
t e r n a r y  c o m p l e x e s  a r e  i n f e r r e d .  T h e  s t a b i l i t y  c o n s t a n t s  o f  
t h e  d i f f e r e n t  b i n a r y  a n d  t e r n a r y  c o m p l e x e s  f o r m e d  i n  s u c h  
s y s t e m s  h a v e  b e e n  d e t e r m i n e d  a t  t = 2 5  + O . l • ‹ C  and  1 ~ = 0 . 1  m 0 1  dm- 3 

( K N 0 3 ) .  I t  i s  d e d u c e d  t h a t  t h e  m i x e d - c o m p l e x  i s  m o r e  s t a b l e  
t h a n  t h e  c o r r e s p o n d i n g  b i n a r y  a l i p h a t i c  a c i d  a n i o n  c o m p l e x .  
T h e  o r d e r  o f  s t a b i l i t y  o f  t h e  b i n a r y  o r  m i x e d  l i g a n d  
c o m p l e x e s  i n  terms o f  n a t u r e  o f  a l i p h a t i c  d i -  a n d  t r i c a r -  
b o x y l a t e  a n i o n s  a n d  m e t a l  i o n  h a s  b e e n  e x a m i n e d  a n d  
d i s c u s s e d .  

Key Words: T e r n a r y  c o m p l e x e s ,  ADA, a l i p h a t i c  a c i d s ,  s t a b i l i t y  
c o n s t a n t s .  

INTRODUCTION 

T h e  c o o r d i n a t i o n  c h e m i s t r y  o f  N - ( 2 - a c e t a m i d o ) - i m i n o  

d i a c e t i c  a c i d  (H2ADA) i s  o f  i n t e r s e t  d u e  t o  i t s  b i o c h e m i c a l  

s i g n i f i c a n c e .  T h u s  H2ADA i s  c o n s i d e r e d  a s  a n  i m p o r t a n t  
- 

c o m p l e x i n g  a g e n t  i n  t h e  f i e l d  o f  m e t a l  i o n  b u f f e r s  s u i t a b l e  

f o r  u s e  i n  b i o c h e m i s t r y  a t  p h y s i o l o g i c a l  p H = 7 . 0 .  
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M o r e o v e r ,  i t  i s  w i d e l y  u s e d  a s  a n  i m p o r t a n t  a n a l y t i c a l  

c h e l a t i n g  a g e n t  f o r  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  o f  s o m e  

m e t a l  ( e s p e c i a l l y  C o ( I I ) ,  C u ( I I ) ,  U ( 1 V )  a n d  B i ( I I 1 ) ) .  

F o r  t h e s e  i m p o r t a n t  a p p l i c a t i o n s  many  i n v e s t i g a t o r s  s t u d i e d  

t h e  b i n a r y  m e t a l  c o m p l e x e s  o f  H ~ A D A ~ - ~ .  On t h e  o t h e r  h a n d  

f e w  p u b l i c a t i o n s . w e r e  p u b l i s h e d  o n  t e r n a r y  m e t a l  c o m p l e x e s  

c o n t a i n i n g  s u c h  c o m p o u n d y ' l O .  A c c o r d i n g l y ,  t h e  w o r k  o f  t h e  

p r e s e n t  a r t i c l e  i s  d e v o t e d  t o  c a r r y  o u t  a  s y s t e m a t i c  p o t e n t -  

i o m e t r i c  s t u d y  o n  t h e  t e r n a r y  s y s t e m :  s o m e  m e t a l  i o n s  M + "  

( C o ( 1 1 1 ,  N i ( I I ) ,  C u ( I I ) ,  Y ( I I I ) ,  L a ( I I X ) ,  C e ( I I I ) ,  U 0 2 ( I I ) ) :  

HADA-l: s o m e  d i -  a n d  t r i c a r b o x y l i c  a l i p h a t i c  a c i d s  ( s u c c i n i c ,  

m a l i c ,  t a r t a r i c ,  c i t r i c ,  H2L o r  H3L).  T h e  f o r m a t i o n  c o n s t a n t s  

o f  t h e  b i n a r y  a n d  t e r n a r y  m e t a l  c o m p l e x e s  h a v e  b e e n  d e t e r -  

m i n e d  a d o p t i n g  t h e  I r v i n g  a n d  R o b s o t t i  t e c h n i q u e 1 ' .  T h e  aim 

o f  t h i s  w o r k  i s  t o  o b t a i n  s o m e  i n f o r m a t i o n  a b o u t  t h e  t e r n a r y  

c o m p l e x  f o r m a t i o n  i n  s u c h  s y s t e m s .  M o r e o v e r ,  s t a b i l - i t y  o f  

t h e  f o r m e d  t e r n a r y  c o m p l e x  i n  r e l a t i o n  t o  t h a t  o f  t h e  c o r r e s -  

p o n d i n g  b i n a r y  c o m p l e x  a s  w e l l  a s , i n  terms o f  n a t u r e  o f  

m e t a l  i o n  a n d  a l i p h a t i c  a c i d  m o i e t y  w a s  e x a m i n e d  a n d  

d i s c u s s e d .  

EXPERIMENTAL 

Materials and solutions 

M a t e 1  s a l t s  ( C o C 1 2 . 6 H 2 0 ,  N i C 1 2 . 6 H 2 0 ,  CuC12 .2H20 ,  YC13, 

L a ( N 0 3 ) 3 . 6 H 2 0 ,  C e ( N 0 3 ) 3 . 6 H 2 0 ,  U 0 2 ( N 0 3 ) 2 . 6 H  2  0 )  were u s e d  a s  

A.R. p r o d u c t s .  S t o c k  s o l u t i o n s  o f  t h e s e  m e t a l  s a l t s  w e r e  

p r e p a r e d  a n d  s t a n d a r d i z e d  a s  r e c o m m e n d e d .  H ADA w a s  a n a l y -  
2  

t i c a l  g r a d e  (BDH) w i t h  p u r i t y  n o t  l e s s  t h a n  98% a n d  w a s  

u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  S i n c e  t h e  s o l u b i l i t y  o f  

t h e  f r e e  a c i d  H ADA i n  p u r e  a q u e o u s  m e d i a  i s  v e r y  s m a l l ,  2  
t h e  m o n o s o d i u m  s a l t  w a s  p r e p a r e d  b y  t i t r a t i o n  o f  H2ADA w i t h  

s t a n d a r d  c a r b o n a t e - f r e e  s o d i u m  h y d r o x i d e  s o l u t i o n .  T h e  

r e q u i r e d  c o n c e n t r a t i o n  w a s  t h e n  o b t a i n e d  b y  a c c u r a t e  

d i l u t i o n .  A l l  a l i p h a t i c  a c i d s  u s e d  w e r e  o f  e x t r a  p u r e  

p r o d u c t s .  O t h e r  c h e m i c a l s  u s e d  (HN03,  NaOH, KC1 a n d  K H  

p h t h a l a t e )  w e r e  o f  a n a l y t i c a l  r e a g e n t  g r a d e .  A l l  s o l u t i o n s  

were p r e p a r e d  u s i n g  C 0 2 - f r e e  d i s t i l l e d  w a t e r .  
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P o t e n t i o m e t r i c  t i t r a t i o n s  

Numerous  t i t r a t i o n s  w i t h  a  r e l a t i v e l y  h i g h  c o n c -  

e n t r a t e d  s t a n d a r d  c a r b o n a t e - f r e e  s o d i u m  h y d r o x i d e  s o l u t i o n  

o f  d i f f e r e n t  M + " - H A D A - ~  a n d / o r  a l i p h a t i c  a c i d  m i x t u r e s  i n  

1:l:l m o l a r  r a t i o  ( 5  X l ~ - ~ m o l  f o r  e a c h )  w e r e  performed 

a t  25  - + O . l • ‹ C .  T h e  c o n s t a n t  t e m p e r a t u r e  w a s  a c h i e v e d  by  

u s i n g  a n  a i r  t h e r m o s t a t  b o x .  A c o n s t a n t  i o n i c  s t r e n g t h  was  

o b t a i n e d  w i t h  0 . 1  m o l  dm-3 KN03 a n d  t o t a l  v o l u m e  w a s  k e p t  

c o n s t a n t  a t  5 0  m l .  p H ' s  w e r e  m e a s u r e d  w i t h  O r i o n  p H - m e t e r  

m o d e l  7 0 1  A ( a c c u r a t e  t o  - + 0 . 0 0 5  pH u n i t ) .  T h e  d i f f e r e n t  

s o l u t i o n s  t i t r a t e d  c a n  b e  r e p r e s e n t e d  a c c o r d i n g  t o  t h e  

f o l l o w i n g  s c h e m e :  

HN03 + a l i p h a t i c  a c i d  ( d ) ;  HN03 c a l i p h a t i c  a c i d  + M f n  ( e ) ;  

HN03 + HADA-l + a l i p h a t i c  a c i d  + M + "  ( P ) .  

RESULTS AND DISCUSSION 

R e p r e s e n t a t i v e  t y p i c a l  t i t r a t i o n  c u r v e s  o b t a i n e d  a c c o r -  

d i n g  t o  t h e  s e q u e n c e  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n  

a r e  d i s p l a y e d  i n  F i g .  1. I t  i s  e v i d e n t  t h a t  t h e  d i f f e r e n t  

1:l b i n a r y  [ M ( A D A ) ] " - ~  c o m p l e x e s  a r e  f o r m e d  a t  l o w  p H ' s  

(pH 2 . 8 - 3 . 6 ) .  T h i s  i s  a c h i e v e d  f r o m  t h e  a p p e a r e d  d ivergence  

o f  t h e  1:l b i n a r y  M + " - H A D A - '  t i t r a t i o n  c u r v e  f r o m  t h a t  o f  

t h e  c o r r e s p o n d i n g  f r e e  ( H A D A ) - ~  s o l u t i o n .  T h i s  b e h a v i o r  

s t r o n g l y  s u g g e s t  t h a t  t h e  l i g a n d  ( H A D A ) - I  i s  c h a r a c t e r i z e d  

by  h i g h  t e n d e n c y  t o  f o r m  m e t a l  c o m p l e x e s .  I n  t h i s  r e s p e c t  

it i s  w o r t h y  t o  i n d i c a t e  t h a t  b i n a r y  c o m p l e x  s o l u t i o n s  

Y ( I I I ) ,  C o ( I I ) ,  N i ( I I ) ,  C u ( I I ) ,  L a ( I 1 1 1 ,  C e ( I 1 1 1 ,  U 0 2 ( I I . )  

w i t h  ( H A D A ) - l  s h o w  p r e c i p i t a t i o n  a t  h i g h  p H ' s  ( 6 - 1 0 . 4 0 )  

d e p e n d i n g  on  t h e  n a t u r e  o f  m e t a l  i o n .  T h i s  c a n  b e  l i k e l y  

a s c r i b e d  t o  t h e  b e h a v i o u r  t h a t  s u c h  c o m p l e x e s  u n d e r g o  hydro- 

l y s i s  r e a c t i o n  w h e r e  h y d r o x o  c o m p l e x e s  a r e  p r o b a b l y  f o r m e d .  

A c c o r d i n g l y  i n  s u c h  c a s e s  a  f u r t h e r  s t u d y  w a s  n o t  p o s s i b l e  

b e y o n d  t h e  p r e c i p i t a t i o n  p o i n t .  M o r e o v e r ,  e x c e p t  i n  c a s e  

o f  C u ( I 1 )  t h e  t i t r a t i o n  c u r v e s  o f  t h e  d i f f e r e n t  1:l 
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E T + " - ( H A D A ) - ~  c o m p l e x  s o l u t i o n s  d o  n o t  show. a n y  b u f f e r  z o n e s  

a t  h i g h  p H ' s  ( u p  t o  - 1 0 )  d e n o t i n g  n o  p o s s i b i l i t y  f o r  t h e  

d e p r o t p n a t i o n  o f  t h e  a m i d e  p r o t o n  i n  t h e  f o r m e d  [ M ( A D A ) I " - ~  

c o m p l e x 5 '  7 .  

0.8 1.6 2.4 3.2 4.0 4.8 56  6 .4  

ml added,  NoOH 

FIG 1: T i t r a t i o n  c u r v e s  f o r  [ C o ( I I ) - A D A - t a r t a r i c  a c i d ]  a t  

25'C a n d  = 0 . 1  m 0 1  dm-3 KN03 w i t h  0 . 2 0 6 2  m 0 1  dm' 
3  

ElaOH. 

a )  9 . 5 4  X 1 0 - ~  m 0 1  dm-3 HH03 + 0 . 1  m 0 1  dm-3 KN03 

b )  S o l u t i o n  ( a )  + 5 . 0  X 1 0 - 3  m 0 1  dm-3 A D A  

c )  S o l u t i o n  ( b )  + 5 . 0  X 1 0 - ~  m 0 1  dm-3 C o ( I 1 )  

d )  S o l u t i o n  ( a )  + 5 . 0  X 1 0 - ~  m 0 1  dm-3 t a r t a r i c  a c i d  

e )  S o l u t i o n  ( d )  + 5 . 0  X 1 0 - ~  m 0 1  dm-3 C o ( I 1 )  

f )  S o l u t i o n  ( e )  + 5 . 0  X 1 0 - ~  m 0 1  dm-3 A D A .  

E x a m i n a t i o n  o f  t h e  d i f f e r e n t  t i t r a t i o n  c u r v e s  o f  t h e  examined 

b i n a r y  M + " - a l i p h a t i c  a c i d s  c o m p l e x e s  r e v e a l s  t h a t  t h e  pH a t  

w h i c h  t h e  b i n a r y  c o m p l e x  i s  f o r m e d  l a r g e l y  d e p e n d s  o n  b o t h  

t h e  n a t u r e  o f  a l i p h a t i c  a c i d  a n d  m e t a l  i o n .  G e n e r a l l y ,  f o r  

t h e  s a m e  m e t a l  i o n -  a l i p h a t i c  a c i d  a n i o n  c o m p l e x ,  t h e  pH a t  
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w h i c h  c o m p l e x  f o r m a t i o n  s t a r t s  i s  i n c r e a s e d  a s  t h e  a l i p h a t i c  

a c i d  a n i o n  i s  c h a n g e d  i n  t h e  d i r e c t i o n :  c i t r a t e  a t a r t a r a t e  + 

m a l a t e  + s u c c i n a t e .  T h i s  d o n a t e s  l o w  t e n d e n c y  o f  a l i p h a t i c  

a c i d  a n i o n  t o w a r d s  c o m p l e x  f o r m a t i o n  i n  t h e  s a m e  s e q u e n c e .  

T h i s  s u g g e s t i o n  i s  s u b s t a n t i a t e d  b y  t h e  o b s e r v e d  d e c r e a s e  i n  

t h e  m a g n i t u d e  o f  h o r i z o n t a l  d i s p l a c e m e n t  o f  c u r v e  e f r o m  d  

i n  t h e  s a m e  d i r e c t i o n .  W i t h  r e s p e c t  t o  t h e  n a t u r e  o f  m e t a l  

i o n ,  o n e  o b s e r v e s  t h a t  w i t h  t h e  same a l i p h a t i c  a c i d  a n i o n ,  

b i n a r y  c o m p l e x  f o r m a t i o n  w i t h  m e t a l  i o n s  Y ( I I I ) ,  C u ( I I ) ,  

U 0 2 ( I I ) ,  b e g i n s  a t  p H ' s  l o w e r  t h a n  t h a t  w i t h  t h e  o t h e r  metal  

i o n s  a p p l i e d  ( C o ( I I ) ,  N i ( I I ) ,  L a ( I I I ) ,  C e ( I I 1 ) ) .  H o w e v e r ,  

M + " - s u c c i n i c  a c i d  c o m p l e x  s o l u t i o n s  ( e x c e p t  i n  c a s e  o f  

U 0 2 ( I I ) )  a s  well a s  L a ( I I I ) ,  C e ( I T . 1 ) - t a r t a r i c  c o m p l e x  

s o l u t i o n s  show p r e c i p i t a t i o n  a t  l o w  p H ' s  ( 3 . 5  a n d  4 .5  

r e s p e c t i v e l y ) .  O t h e r  b i n a r y  M + " - a l i p h a t i c  a c i d  c o m p l e x  

s o l u t i o n s  u n d e r  i n v e s t i g a t i o n  d o  n o t  show p r e c i p i t a t i o n  u p  

t o  pH g 6 .  H o w e v e r ,  i n  a l l  c a s e s  c a l c u l a t i o n s  c o u l d  n o t  b e  

p o s s i b l e  b e y o n d  t h e  p r e c i p i t a t i o n  p o i n t .  

The  t i t r a t i o n  c u r v e s  o f  t h e  d i f f e r e n t  i n v e s t i g a t e d  

1:l:l t e r n a r y  c o m p l e x e s  a r e  s t r o n g l y  o v e r l a p  w i t h  t h e  

c o r r e s p o n d i n g  o n e s  o f  t h e  [ M ( A D A )  s o l u t i o n s  a t  l o w  p H 1 s .  

G e n e r a l l y ,  a b o v e  c e r t a i n  pH v a l u e  w h i c h  i s  l a r g e l y  dependent 

on  t h e  n a t u r e  o f  b o t h  a l i p h a t i c  a c i d  a n d  m e t a l  i o n ,  a  d i v e r -  

g e n c e  o f  t h e  t e r n a r y  t i t r a t i o n  c u r v e  f r o m  t h a t  o f  t h e  c o r r e s -  

p o n d i n g  [ M ( A D A ) ] ~ - ~  o n e  i s  o c c u r e d .  T h i s  s h o w s  t h e  coordin-  

a t i o n  o f  a l i p h a t i c  a c i d  a n i o n  w i t h  t h e  b i n a r y  [M(ADA) I n - 2  

c o m p l e x  i n  s t e p w i s e  m a n n e r  a s  r e p r e s e n t e d  by  t h e  f o l l o w i n g  

e q u a t i o n :  

M ( A D A )  n - 2  + H ~ L  o r  H ~ L  ~ M ( A D A )  ( L )  n-4 o r  M ( A D A ) ( L )  "-' 
A c c o r d i n g l y ,  i t  may b e  a s s u m e d  t h a t  a l i p h a t i c  a c i d  

a n i o n  w o u l d  c o m b i n e  w i t h  [M(ADA) l n U 2  b i n a r y  c o m p l e x  s p e c i e s  

i n  t e r n a r y  s y s t e m s  a s  i t  d o e s  w i t h  [ M ( H ~ O ) ~ ] + "  i n  a  b i n a r y  

s y s t e m .  T h e  h o r i z o n t a l  d i s t a n c e  b e t w e e n  c u r v e s  c  a n d  f  was 

m e a s u r e d  a n d  u s e d  f o r  t h e  c a l c u l a t i o n  'of R m i x  ( a v e r a g e  number 

o f  t h e  s e c o n d a r y  l i g a n d  a l i p h a t i c  a c i d  a n i o n s  a t t a c h e d  p e r  
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[ M ( A D A ) ] ~ - ~ .  T h e  e q u a t i o n  u s e d  f o r  t h e  c a l c u l a t i o n  o f  firnix 
11 

w a s  t h e  s a m e  a s  i n  t h e  o r i g i n a l  p a p e r  . 

Here T; i s  t h e  c o n c e n t r a t i o n  o f  [ M ( A D A ) I " - ~  w h i c h  i s  e q u a l  

t o  t h e  c o n c e n t r a t i o n  o f  M + "  u s e d ;  Y = n u m b e r  o f  d i s s o c i a b l e  

p r o t o n s  o f  a l i p h a t i c  a c i d  (Y = 2 i n  c a s e  o f  s u c c i n i c ,  m a l i c ,  

t a r t a r i c  a n d  3 i n  c a s e  o f  c i t r i c  a c i d ) ;  V, = o r i g i n a l  v o l u m e  

( 5 0  m l ) ;  V C ,  V f  a r e  t h e  v o l u m e  o f  a l k a l i  c o n s u m e d  t o  r e a c h  

t h e  s a m e  pH v a l u e  i n  c u r v e s  c a n d  f .  A l l  o t h e r  s y m b o l s h a v e  

t h e i r  u s u a l  m e a n i n g s 1 ' .  iiH f o r  t h e  s e c o n d a r y  l i g a n d ,  

a l i p h a t i c  a c i d ,  a t  d i f f e r e n t  pH v a l u e s  were a v a i l a b l e  f r o m  

d e t e r m i n a t i o n  o f  t h e  a l i p h a t i c  a c i d s  f o r m a t i o n  c o n s t a n t s  

v a l u e s  a s  d e s c r i b e d  l a t e r .  F r o m  t h e  v a l u e s  o f  f i m i x  S o  

o b t a i n e d ,  f r e e  s e c o n d a r y  l i g a n d  e x p o n e n t ,  pL-mix w a s  c a l c u -  

l a t e d  u s i n g  t h e  e q u a t i o n :  

H B y  = s e c o n d  a n d  t h r i d  f o r m a t i o n  c o n s t a n t  v a l u e s  f o r  t h e  

a p p l y i n g  a l i p h a t i c  a c i d s .  

B = t h e  pH m e t e r  r e a d i n g .  

T h e  s e c o n d  a c i d  d i s s o c i a t i o n  c o n s t a n t  v a l u e  pK f o r  
a 2 

t h e  m o n o  s o d i u m  s a l t  o f  N-(2-acetamid0)-jminodiacetic a c i d  

( H A D A ) - l ,  h a s  b e e n  d e t e r m i n e d  u n d e r  i d e n t i c a l  c o n d i t i o n s  

f r o m  t h e  t i t r a t i o n  c u r v e s  a  a n d  b  u s i n g  t h e  I r v i n g - R o s s o t t i  

f o r m u l a t e 1 ' .  T h e  o b t a i n e d  v a l u e  ( 6 . 5 1 )  i s  i n  a g r e e m e n t  w i t h  

t h e  c o r r e s p o n d i n g  l i t e r a t u r e  o n e 1 2 .  T h e  a c i d  d i s s o c i a t i o n  

c o n s t a n t  v a l u e s  o f  a l i p h a t i c  a c i d s  h a v e  b e e n  d e t e r m i n e d  

f r o m  t h e  t i t r a t i o n  c u r v e s  a  a n d  d .  T h e  o b t a i n e d  v a l u e s  a r e  
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i n  g o o d  a g r e e m e n t  w i t h  t h e  c o r r e s p o n d i n g  o n e s  r e p o r t e d  i n  

t h e  l i t e r a t u r e l 3 .  T h e  f o r m a t i o n  c o n s t a n t s  o f  t h e  d i f f e r e n t  

b i n a r y  c o m p l e x e s  M(ADA) n - 2  a n d  ML n - 2  o r  M L  n - 3  w e r e  

d e t e r m i n e d .  T h i s  w a s  made  by a p p l y i n g  t h e  o r i g i n a l  equa t ions  

o f  I r v i n g  a n d  ~ o s s o t t i ' '  t o  t h e  b i n a r y  c o m p l e x  s o l u t i o n  

s y s t e m s  ( c u r v e s  b ,  c ' a n d  d ,  e  f o r  [ M ( A D A ) ] " - ~  a n d  [ M L ] " - ~  o r  
M M [ M L ] " ' ~  r e s p e c t i v e l y ) .  T h e  d i f f e r e n t  l o g  K H ( A D A ) ,  l o g  K M L  

M ( A D A )  v a l u e s  were o b t a i n e d  f r o m  t h e  c o r r e s -  a n d  l o g  K ~ ( ~ ~ ~ )  ( L )  
p o n d i n g  e x p e r i m e n t a l  f o r m a t i o n  c u r v e s  m a k i n g  u s e  o f  t h e  

a v e r a g e  v a l u e  a n d  s t r i a g h t  l i n e  m e t h o d s .  T h e  v a l u e s  ob ta ined  

a l o n g  w i t h  t h e  e r r o r  a s  o b t a i n e d  by  a p p l y i n g  t h e  l e a s t - s q u a r e s  

m e t h o d  a r e  l i s t e d  i n  T a b l e s  1 , 2 .  

TABLE 1: F o r m a t i o n  c o n s t a n t  v a l u e s  o f  t h e  d i f f e r e n t  

[ M ( A D A ) ] " - 2  c o m p l e x e s  a t  Z S • ‹ C  a n d  p = 0 . 1  m 0 1  

KN03. 

l o g  K 
M (ADA) Mean 

i-  A v e r a g e  v a l u e  m e t h o d ,  ii- S t r a i g h t  l i n e  m e t h o d .  



M.M.A. HAMED, 1.1. AHMED, M.R. MAHMOUD 



POTENTIOMETRIC STUDIES ON SOME TERNARY COMLEXES 233 

T h e  s t a b i l i t y  o f  t h e  t e r n a r y  c o m p l e x  o n  b e i n g  c o m p a r e d  

t o  t h a t  o f  t h e  c o r r e s p o n d i n g  b i n a r y  a l i p h a t i c  a c i d  a n i o n  

c o m p l e x  i s  e x p r e s s e d  + n  t e r m s  o f  A l o g  K ( c f .  T a b l e  3 ) .  

E x a m i n a t i o n  o f  T a b l e s ( 2 , 3 )  c l e a r l y  i n d i c a t e s  t h a t  t h e  formation 

c o n s t a n t  c o r r e s p o n d i n g  t o  t h e  a s s o c i a t i o n  o f  a l i p h a t i c  a c i d  

a n i o n  w i t h  [ M ( A D A ) I " - ~  i s  h i g h e r  t h a n  t h a t  c o r r e s p o n d i n g  t o  

t h e  r e a c t i o n  o f  t h e  s a m e  a l i p h a t i c  a c i d  a n i o n  w i t h  [ M ( H ~ o ) ~ ] *  

i . e  t h e  f o r m e r  h a s  h i g h e r  s t a b i l i t y  r e l a t i v e  t o  t h e  l a t t e r  

o n e   log K i s  p o s i t i v e ) .  T h i s  b e h a v i o u r  c a n  b e  l i k e l y  

a s c r i b e d  t o  t h e  p r e s e n c e  o f  t w o  e x t r a  f i v e  membered  c h e l a t e  

r i n g s  i n  t h e  t e r n a r y  c o m p l e x  a s  a  r e s u l t  o f  t h e  coord ina t ion  

o f  t h e  p r i m a r y  N,O,O t r i d e n t a t e  ( A D A ) - ~  l i g a n d  o n  c o m p a r e d  

t o  t h a t  i n  t h e  c o r r e s p o n d i n q  1:1 b i n a r y  [ M L ] " - ~  o r  [MLlnm3 

c o m p l e x  w h e r e  e a c h  o f  t h e  s u c c i n a t e ,  m a l a t e ,  t a r t a r a t e  forms 

o n e ,  s e v e n  membered  c h e l a t e  r i n g  w h i l e  c i t r a t e  i o n  f o r m s  

t w o ,  s e v e n  membered  c h e l a t e .  

TABLE 3: A l o g  K v a l u e s  f o r  t h e  d i f f e r e n t  [ M ( A D A )  a n d  

[M(ADA) ( L ) l n q 5  t e r n a r y  c o m p l e x e s  a n d  t h e  c o r r e s -  

p o n d i n g  [ M L ] " - ~  o r  [ M L  b i n a r y  c o m p l e x e s .  

A l i p h a t i c  A l o g  K 

a c i d  Y(II1)  Co(I1) Ni ( I1)  Cu(I1) La( I I1)  Ce( I I1)  U02(II) 

C i t r i c  a c i d  +0.70 4 . 7 4  +0.54 +0.61 +1).59 4-0.61 +0.63 

S u c c i n i c  a c i d  - - - - - - +0.51 

Malic  a c i d  +0.67 i1.16 +0.81 +0.50 +0.21 +0.14 +0.44 

T a r t a r i c  a c i d  +0.57 +1.33 +1.13 +0.50 - - +€).l1 



234 M.M.A. HAMED, LI. AHMED, M.R. MAHMOUD 

W i t h  r e s p e c t  t o  t h e  e f f e c t  o f  t h e  d i -  a n d  t r i c a r b o x y l a t e  

a l i p h a t i c  a c i d  m o i e t y  o n  t h e  s t a b i l i t y  o f  t h e  f o r m e d  b i n a r y  

o r  t e r n a r y  c o m p l e x e s  o f  t h e  s a m e  m e t a l  i o n ,  o n e  c a n  d e d u c e  

t h e  f o l l o w i n g  s t a b i l i t y  o r d e r :  c i t r a t e  i o n  (pKal  = 3 . 1 3 ,  

pKa2 = 4 . 7 6 ,  pKa3 = 6 . 4 0 )  .> s u c c i n a t e  i o n  (pKal  = 4 . 2 1 ,  

pi< = 5 . 6 4 )  > m a l a t e  i o n  (pK = 3 . 4 0 ,  pK = 5 . 0 5 )  , 
a 2 l a 2 

t a r t a r a t e  i o n  (pKa = 3 . 0 4 ,  pKa = 4 . 3 7 ) 1 3 .  T h e  r e m a r k a b l y  
1 2  

h i g h  s t a b i l i t y  o f  t h e  b i n a r y  o r  t e r n a r y  c o m p l e x  c o n t a i n i n g  

t h e  t r i c a r b o x y l a t e  c i t r a t e  i o n  c a n  b e  a s c r i b e d  t o  $ h e  

b e h a v i o u r  t h a t  t h i s  l i g a n d  a c t  a s  g o o d  U - d o n o r  o n  c o m p a r e d  

t o  t h e  d i c a r b o x y l a t e  s u c c i n a t e  o r  m a l a t e  o r  t a r t a r a t e  i o n s .  

F u r t h e r m o r e ,  t h e  t r i c a r b o x y l a t e  c i t r a t e  i o n  h a s  h i g h  t endency  

t o  a c t  a s  0 - , 0 - , 0 - -  t ~ r i d e n t a t e  l i g a n d  l e a d i n g  t o  f o r m a t i o n  o f  

t w o  m e t a l  c h e l a t e d  r i n g s  ( b o t h  a r e  s e v e n  m e m b e r e d ) .  T h e  

o b s e r v e d  d e c r e a s e  i n  s t a b i l i t y  o f  t h e  s a m e  m e t a l  i o n  b i n a r y  

o r  t e r n a r y  c o m p l e x  a s  t h e  n a t u r e  o f  t h e  d i c a r b o x y l a t e  

a l i p h a t i c  a c i d  m o i e t y  i s  c h a n g e d  a l o n g  t h e  s e q u e n c e ,  

s u c c i n a t e  -+ m a l a t e  + t a r t a r a t e  i s  i n  a c c o r d a n c e  w i t h  t h e  

d e c r e a s e  i n  b a s i c i t y  o f  s u c h  i o n s  i n  t h e  s a m e  d i r e c t i o n  i . e  

b e h a v e  a s  w e a k  a - d o n o r  a l o n g  t h e  s a m e  s e q u e n c e .  Fur the rmore ,  

c a r f u e l  e x a m i n a t i o n  o f  t h e  s a m e  A D A  a n d / o r  a l i p h a t i c  a c i d  

a n i o n  m e t a l  c o m p l e x  i n t e r m s  o f  n a t u r e  o f  t h e  c o o r d i n a t e d  

m e t a l  i o n  r e v e a l s  t h a t  t h e  s t a b i l i t y  o f  s u c h  c o m p l e x e s  

f o l l o w s  t h e  o r d e r  Y ( I I 1 )  > C u ( 1 I )  > N i ( I 1 )  > C o ( I 1 )  ( f o r  

d - t r a n s i t i o n  m e t a l  i o n s )  a n d  t h e  o r d e r  U 0 2 ( I I )  > C e ( I I 1 )  > 

La (111) ( f o r  t h e  i n n e r  t r a n s i t i o n  m e t a l  i o n s ) .  T h i s  behav iour  

i s  i n  a c c o r d a n c e  w i t h  t h e -  u s u a l  o r d e r  o f  s u c h  m e t a l  i o n s  

c o m p l e x e s  1 4 - 1 6  
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PROTEIN-RICH DIET DECREASES RESISTANCE OF MICE TO PARAQUAT 

POISONING 
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SUMMARY 

The influence of dietary protein on the resistance of mice to paraquat poisoning 
was studied by intramuscular injection of paraquat solutions to mice fed for 7 days 
with high- or low-protein diets (400 and 50 glkg respectively). Paraquat doses up to 
200 mglkg body weight, increasing by a geometrical factoi of 2, were used in two 
initial experiments with total number of 40 mice in each. In a final experiment with 
134 animals, paraquat doses up to 90 mglkg body weight were increasing by a 
geometrical factor of 1.5. Deaths of animals kept on the protein-rich diet were 
completed within 48 hours after injection, but within 72 hours in animals kept on low- 
protein diet. The respective L D ~ o  values were 18 mglkg and 25 mglkg, this difference 
being statistically significant at the 95% probability level (pq0.05). Possible explanations 
of the above effects are discussed. 

Key words: Dietary protein, paraquat, poisoning, mice 

INTRODUCTION 

Paraquat (/l'-dimethyl-4,4'-bipyridinium ion) is a powerful herbicide used world- 

wide in farms, plantations and private gardns as a non-selective contact weedkiller. 

Some countries limit the use of paraquat due to the harmful and often lethal effects 

of intoxication! 

The toxicity of paraquat is due to the formation of super@de free radicals2 and 

singlet oxygen which attack the membrane lipids with formation of lipid hydropero- 

xides23. The biochemistry and clinical effects of paraquat intoxication in humans and 

animals are well documented in the medical literature? This is due to the wealth of 

data relating to chemical reactions based on the aforementioned free radicals5 and to 

many case reports describing irreversible respiratory failure following ingestion or 

inhalation of paraquat6. 

Absorption of paraquat from gastrointestinal tract shows considerable variation 
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(10-90%) and about 90% of the absorbed amount is excreted in the urine within 48-72 

hours7. Also, considerable variation has been shown regarding the resistance of animal 

species against paraquat lethal effects8. Thus, the following LD50 values were 

estimated: Mice 150 mglkg, cat 30 mglkg, chicken 200 mglkg, sheep 70 mglkg and ox 

36-54 mg/kg8. 

Several studies have shown that the toxic effects of paraquat depend on the pre- 

sence of oxygen/9-13 although in order to prevent the development of superoxide free 

radicals total exclusion of segments of the lung from external ventilation is requiredl'? 

On the other hand, dietary factors are known to influence the toxic effects of 

most herbicides and insecticides, especially of the chlorinated hydrocarbons, either by 

increasing or by decreasing the resistance of the animal organisms15-25. In most cases, 

low protein diets (or even starvation) decrease the toxicity due to lowering of the rates 

of production of toxic metabolites. The opposite effect was observed in dogs 

intoxicated with c h l ~ r o f o r r n ~ ~ - ~ ~ ,  while DDT intoxication did not seem to be 

influenced by the protein content of the food15. 

In the present work the dependence of paraquat toxicity on mice from the protein 

content of their diet was investigated. 

MATERIALS AND METHODS 

Male mice (souris) 15-20 days old and weighting 13-19 g were used in this study. 

They were reproduced and grown in the animal house of the Laboratory of 

Experimental Pharmacology, School of Medicine, University of Athens. 

Low-protein and high-protein feeds, with the respective compositions given in 

Table I, were purchased form Zootrophiki Co. (Athens, Greece). 

The animals were housed two per cage and maintained at room temperature (18- 

21•‹C) with controlled light-dark cycles (12 hours each). 

In each series of experiments, the total number of animals was divided into two 

equal groups (one for &ch type of diet), and each group was subdivided into subgroups 

with equal number of animal for each dose of paraquat. The animals of the first group 

were fed for 7 days with low-protein diet and those of the second group were fed with 

high-protein diet for the same period of time. Then, the animals were intoxicated by 

intramuscular injection of 0.1 m1 per 10 g body weight of appropriate solutions of 

paraquat in saline, corresponding to doses up to 200 mglkg body weight in two 

preliminary series of experiments, or up to 90 mglkg body weight in the final series of 

experiments. Namely: 

In two series of initial experiments using 40 mice in each series, doses of 0, 25, 50, 

100 and 200 mg paraquat were administered to subgroups of 4 animals. These doses 
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TABLE I: Composition of low- and high-protein diets of experimental animals. 

Components Low-protein diet High-protein diet 
-------------------A- --------- 

Cane sugar 700 100 

Molass 100 200 

Skimmed milk 100 40 

Corn oil 40 500 

Soyabean meal - 100 

Wheat flour - 40 

Minerals 40 20 

Vitamins , 20 

Protein (g1100 g) 5 40 

Fat (g1100 g) 4 7 

Carbohydrate (g1100 g) 70 37 

Energy (KJl100 g) 1400 1550 
................................... 
correspond to 0.1 m1 per 10 g body weight of the following solutions of paraquat in 

saline: 0, 25, 5.0, 10.0 and 20.0 mglml i.e. prepared by consecutive dilutions of the 

latter with an equal volume of saline solution (dilution factor 2). 

In the final series of experiments using a total number of 134 mice, with subgroups 

of 8 animals the doses were 0, 8, 12  18, 27, 40, 60 and 90 mg paraquat per kg body 

weight (corresponding to solutions of 0, 0.8, 12 1.8, 27, 4.0, 6.0 and 9.0 mglml; dilution 

factor 1.5). 

Estimation of median lethal doses (LD50) and statistical evaluations of the results 

were made by the probit analysis method of Litchfield and ~ i l c o x o n ~ ~ .  Briefly, the 

method involves plotting the probability units ("probits") of % effect (mortality) 

against the logarithms of doses ("logits"). A straight line, best fitting to "observed" 

values -especially the indermediate ones- defines the "expected" (theoretical) values 

for each dose, including those corresponding to (observed) 0% or 100% mortality. For 

the latter, "corrected observed" values are then found from a Table. A nomograph 

connecting the expected value and the difference between each observed (or 

corrected) effect and the corresponding expected effect gives the chi-square 

contribution of each point. The sum of chf-squares is multiplied by the average 

number of animals per subgroup and divided by the degrees of freedom (number of 

doses minus 2); this value being lower than a critical chi-square value, the data are not 
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significantly heterogeneous, and the LD50 is read from the line of the graph as the 

dose for 50% effect (mortality). Another two nomographs facilitate the calculations of 

the confidence limits of LD50 and of slopes of lines, as well as of the tests for 

parallelism of two lines and for relative potencies. 

RESULTS 

Initially, two series of preliminary experiments were performed using a total 

number of 40 mice in each series and paraquat doses up to 200 mglkg body weight, as 

mentioned above. The results of the second series of these initial experiments (Table 

11) indicated that under these conditions the LD50 values are of the order of 25 mglkg, 

but animals fed with a low-protein diet seemed to be more resistant to paraquat 

poisoning. This is especially evident by comparing the number and the rate of deaths 

at the doses of 50 and 100 mglkg. 

TABLE IL Mortality data of preliminary experiments (Number of deathsltotal number 

of animals). 

Dietary Time Paraquat doses (mglkg) 
protein (h) 0 25 50 100 200 

---------------------P------------ 

40% 0 014 014 014 014 014 

24 014 214 214 414 414 

48 014 214 414 414 414 

72 014 314 414 414 414 

5% 0 014 014 014 014 014 

24 014 214 114 314 414 

48 014 214 314 314 414 

72 014 214 414 314 414 

Based on these observations, the final series of experiments was performed with a 

2-fold number of animals per subgroup in combination with 8 paraquat doses between 

0 and 90 mglkg (see Materials and Methods). 

Table 111 summarizes the mortality data at 24, 48 and 72 hours after intramuscular 

injection of paraquat. After this time, no further deaths occurred during the next 10 

days. From these data it is evident that both, the rate and total number of deaths were 

lower in the animals fed with a low-protein diet. In accordance to these qualitative ob- 

servations, statistical evaluation of these results by the probit analysis method of 

p itch field-~ilcoxon~~ showed that LD50 values 72 hours after intoxication were 18 
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TABLE III: Composition of low- and high-protein diets of experimental animals. 

Dietary , Time Paraquat doses (mglkg) 
protein (h) 0 8 12 18 27 40 60 90 

----------------P----------------- 

mglkg and 25 mglkg for mice fed with a protein-rich and low-protein diet respective- 

ly (see Fig. 1). This difference was statistically significant at the 95% probability level 

(~<0.05). 

DISCUSSION 

The results described above clearly indicate that in mice kept on a high-protein 

diet the resistance to paraquat poisoning is iower in comparison to mice fed with a 

low-protein diet- Expressed in terms of LD50 values, which were found 18 mglkg and 

25 mglkg respectively (72 h after intoxication), this difference is statistically signifi- 

cant at the level of p=0.05 in a series of experiments using 8 animals per dose of para- 

quat. 

However, taking into account that the same trend was also shown in another two 

series of initial experiments (Table II), as well as the significantly lower rate of morta- 

lity of mice fed with the low-protein diet, observed in all the series of experiments, it 

may be concluded with certainty that dietary protein exerts an enhancing effect on 

the toxicity of paraquat. 

Several possible mechanisms may be speculated for the above effects of dietary 

protein. First, a possible metabolite of paraquat, the 4-carboxy-l-methylpyridilium 

chloride, is more active in all toxic effects of paraqua$. Thus, an increase of enzyme 

synthesis due to high levels of dietary protein may enhance the paraquat toxicity. On 

the other hand, and increased NADPH production concomitant with increased biosyn- 

thetic activity, may enhance the rate of paraquat reduction followed by its re-oxida- 

tion combined with the formation of"superoxide free radicals. Finally, an increase of 

cellular activity due to high levels of dietary protein may enhance the rate of paraquat 
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FIG. 1: Logit probit diagrams of the dose-effect data of Table 111 corresponding to 
mortality of mice fed with high-protein diet 48-72 h after intoxication (upper lineJ or 
fed with low-protein diet 48 h (lower line) and 72 h (iniddle line) after intoxication 
with paraquat. Triangles and circles indicate the observed (or statistically corrected) 
values corresponding to the lines indicated by arrows, The respective LD50 valrfes are 
directly estimated as the paraquat doses corresponding to 50% mortality 

uptake by cells, thus enhancing its toxic effects. Relevant to this are the finding of 

Rose et a127 indicating that paraquat uptake by lung cells is combined with active 

transport mechanisms. 
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ABSTRACT 

The sila-analogue of the antihistaminic drug 2-[2-(1-(4-chloropheny1)-l- 
phenylethoxy}-ethyl]-l-methylpyrrolidine ("clemastine") from the class of benz-hydryl 
ethers and some of its derivatives of type 5 are prepared by successive substitution of 
the two chlorine atoms in dichloro-methyl-phenylsilane, as shown in scheme 1. 
Hydrolysis of these compounds in the presence of hydrochloric acid results in the 
formation of the corresponding disiloxanes. The new compounds and their precursors 
are characterized by elemental analyses, IH-NMR and mass-spectra. 

Key words: Silapharmaka, 2-[2-{(4-Chlorophenyl-methyl-phenyl)-silyloxy}-ethyl]-l- 
methylpyrrolidine, Hydrolysis, IH-NMR, Mass spectra. 

INTRODUCTION 
It is generally known that no organosilicon compounds have been detected in 

living matter till now due to lack of in vivo processes to build up Si-C or Si-H bonds. 
However, such compounds, prepared in the laboratory, can exhibit biological activity 

when applied orallyl. In recent years a large number of organosilicon compounds, 
having structures analogous to those of well known drugs have been synthesized and 
therapeutically or prophylactically used. In most cases the sila-pharmacon and its 
carbon analogue showed essential equivalence in biological activity and toxicity, but 
significant differences were found in their pharmacokinetic parameters2-5. In fact, a 

shorter duration of activity and lower toxicity were found for the silicon compounds 
as a consequence of their hydrolysis in the body fluids. 
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Compounds containing Si-0-C units readily undergo hydrolytic decomposition. 

Thus, replacement of a carbon atom in the C-0-C unit of drugs by silicon could be 
useful in cases where a sila-pharmacon with a short duration of action is desired. 
With respect to this point, extensive investigations have been carried out by 
Wannagat and coworkers6.7 in the field of sila-benzhydrylethers of type I. 

Comparative pharmacological tests have shown that the silicon compounds ex- 
hibid strong histaminolytic and anticholinergic effects but only for a short period of 
15-30 minutes. 

The present paper deals with the synthesis and characterization of silicon ana- 
logues of the antihistaminic drug 2-[2-(l-(4-chlo~ophenyl)-l-phenyl-ethoxy)-ethyl]-l- 
methylpyrrolidine ("clemastine"), from benzhydrylethers I. Additionally, the be- 
haviour of these compounds upon hydrolysis is described. 

EXPERIMENTAL 

Materials 
Reactions involving organometallic reagents were carried out under dry nitrogen 

with the usual precautions for the rigorous exclusion of moisture and air. Diethyl 
ether used as solvent was dried by refluxing over lithium tetrahydro-alumininate and 
distilled from it immediately prior to its use. Petroleum ether (bp 400 C) was dried 
and stored over metallic sodium. Chloro-dimethylamino-methyl-phenylsilane (2), 
chloro-(4-chloropheny1)-methyl-phenylsilane (4a), chloro-methyl-diphenylsilane (4b) 

and chloro-methyl-(4-methylpheny1)-phenylsilane (4c) were prepared by the litera- 
ture methodsg-11. 4-Chlorophenylmagnesium bromide and 4-methylphenyl-magne- 
sium bromide were prepared from Grignard grade magnesium and 4-chlorobro- 
mobenzene and 4-bromotoluene respectively. Dichloro-methyl-phenylsilane, chloro- 
methyl-diphenylsilane, 4-chlorobromobenzene, 4-bromo-toluene, dimethylamine and 
2-(2-hydroxyethy1)-l-methylpyrrolidine were obtained commercially. 
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General techniques 
Infrared spectra were recorded on a Perkin-Elmer 467 spectrophotometer, while 

mass spectra were obtained using a V.G. TS-250 spectrometer. Proton NMR were 
run on a Bruker AW 80 spectrometer. Proton resonances are given in ppm 
downfield from internal tetramethylsilane and were obtained using CDC13 as solvent. 

Microanalyses for C, H and N were performed on a Perkin-Elmer 240 B elemental 
analyzer. Molecular weights were determined by mass spectroscopic studies. A 
Blichi GKR-51 apparatus was used for kugelrohr distillation of viscous products. All 
boiling points reported here are uncorrected. 

(4-chloropheny1)-dimethylamino-methyl-phenane (3a) 
a) From chloro-dimethylamino-methyl-phenylsjlane (2): 

A solution of chloro-dimethylamino-methyl-phenylsilane (35.9 g, 180 mmol) in 
50 m1 ether was added dropwise at 00 C (ice cooling) during 30 min to a stirred 
etheral solution of 4-chlorophenylmagnesium bromide [prepared from 4-chloro- 
bromobenzene (36 g, 187 mmol) and excess of magnesium in 150 m1 ether]. The re- 
action mixture was stirred for 1 h and then refluxed for an additional 2 h. The precip- 
itated magnesium salts were filtered off and the ether solution was concentrated 
yielding a yellow oil which after fractional distillation under vacuum (0.1 Torr) gave 
the product as a colorless liquid (27.3 g, 55%). 

b) From ch1oro-(4-ch1orophenyl)-methyl-phenylsilane (4a): 
0.18 m01 of 4-chlorophenylmagnesium bromide, prepared from 36 g 4-bromo- 

chlorobenzene and excess of magnesium in 150 m1 ether, was added dropwise to a 
cooled (00 C) solution of dichloro-methyl-phenylsilane (100 m1 of a solution contain- 
ing 37.5 g, 0.18 mol) in ether. After stirring at 00 C for 1 h and refluxing for a 2 h 
period, the reaction mixture was worked-up as described above yielding 34.5 g (69%) 
chloro-methyl-(4-chloropheny1)-phenylsilane. A solution of 20 g (75 mmoles) of the 
freshly distilled product, dissolved in 150 m1 petroleum ether (b.p. 400 C), was intro- 
duced into a two-necked, round-bottomed 250 m1 flask equipped with a gas inlet, 
magnetic stirrer and addition funnel. After cooling at 00 C gaseous dimethylamine 
was passed through the solution over a 20 min period in the course of which 
dimethylammonium hydrochloride precipitated. The resulting mixture was stirred 
for 2 h at room temperature and then was refluxed for 30 min. After removing the 
salt by filtration under nitrogen the solvent was evaporated under reduced pressure 
and the residue purified by fractional distillation to yield 17.4 g (84%) of the highly 
sensitive oil, b.p. 1400 C/O. 1 Torr. 
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1H NMR (CDC13): -52 (S, 3H; SiCH3), 2.54 (S, 6H; N(CH3)2), 7.2-7.6 (m, 9H; 

c& + cfjH4). 
MS (EI, 70 eV): rn/z (%)= 275 (M+, 15), 260 (73,231 (41), 216 (loo), 197 (37), 

154 (22), 105 (31), 78 (g), 69 (70), 5 1 (9). 
Anal. calc. for Cl5Hl8NC1Si: C, 65.31; H, 6.57; N, 5.07. Found: C, 65.64, H, 6.76; 

N, 4.89. 

Dimethylamino-methyl-(4-methylpheny1)-phenylse (34  
A solution of 35.9 g (0.18 mol) of chloro-dirnethylamino-methyl-phenylsilane in 

50 m1 ether was added dropwise at 00 C during 30 min to a stirred equimolar solu- 
tion of 4-methylphenylmagnesium bromide. The reaction mixture was worked up as 
described above yielding 22.9 g (~WO) of the sensitive colorless liquid, b.p. 1240 Cl0.1 
Torr. 

1H NMR (CDC13): 6=0.60 (S, 3H; SiCH3), 2.35 (S, 3H; Ph-CH3), 2.60 (S, 6H; 

N(CH3h), 7.0-7.8 (m, 9H; C6H5 + C6H4). 

MS (EI, 70 eV): m/z (%)= 255 (M+, 22), 240 (66), 211 (48), 196 (100), 163 (44, 
120 (20), 105 (23), 78 (12). 

Anal. calc. for Cl6HZ1NSi: C, 75.23; H, 8.28; N, 5.48. Found: C, 75.95; H, 8.43; N, 

5.30. 

a) From (4-chloropheny1)-dimethylamino-methyl-phenyile (3a): 
2-(2-hydroxyethy1)-l-methylpyrrolidine (5.17 g, 40 mmol) was added to a stirred 

solution of 9.1 g (40 mmol) (4-chloropheny1)-dimethylamino-methyl-phenyse in 
150 m1 petroleum ether. Gaseous dimethylamine was formed immediately and was 
removed by a stream of dry nitrogen. The mixture was stirred overnight under 
nitrogen atmosphere and then refluxed until no evolution of dimethylamine 
occurred. Removal of the solvent in the rotary evaporation produced a brownish- 
yellow residue which was purified by Kugelrohr distillation. Yield 12.8 g (89%). 

b) From chloro-(4-chloropheny1)-methyl-phenylsilane (4a): 

Into a two-necked, round-bottomed 500 m1 flask equipped with a nitrogen inlet, 
magnetic stirrer and addition funnel was introduced a solution of 15.5 g (120 mmol) 
2-(2-hydroxyethy1)-l-methylpyrrolidine in 300 m1 petroleum ether. Chloro-(4- 
chlorophenyl)-methyl-phenylsilane (10.7 g, 40 mmol) in petroleum ether (50 ml) was 
added, dropwise through the addition funnel, under nitrogen, to the stirred mixture 
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over a period of 30 min. A grayish-white precipitate was formed irhmediately. After 
the completion of the addition, the mixture was refluxed for 2 h and then suction 
filtered. The filtrate was distilled and the residue p d ~ e d  by Kugelrohr distillation to 
afford 4.3 g (30%) of 2-[2-(-j4-chlo1opl~e11yl)-n;ethyl-phenylsilyl0xy)-ethyl]-l- 
methylpyrrolidine, b.p. 1890 C/O. 1 Torr. 

1H NMR (CDC13): 6=0.62 (S, 3H; SiCH3), 1.4-2.2 [m, 6H; C-CH2-CH2-C (ring) + 
C-CH2-C (chain)], 2.22 (S, 3H; NCH3), 2.82-3.15 (m, 3H, >CH-N + N-CH2-C), 3.72 (t, 
2H, 0-CH2-C), 7.2-7.6 (m, 9H, C6H5 + C6H4). 

MS (EI, 70 eV): m/z (%)= 360 (M+, 3), 230 (S), 84 (loo), 82 (7), 70 (6), 55 (3), 42 

(13). 
Anal. calc. for C20H2@C10Si: C, 66.73; H, 7.28; N, 3.89. Found: C, 66.48; H, 7.09, 

N, 4.00. 

2-[2-(&phenyl-mefi-YI-sily1oxy)-ethyl]-1-eylpoe (56) 

Using procedure a) described above for the preparation of Sa, 2-[2-(di-phenyl- 
methyl-sily1oxy)-ethyl]-l-met~lpyrrolidine (12.8 g, 95%), b.p. 1630 C/ 0.1 Torr, was 
prepared from dirnethylamino-diphenyl-methylsilane (10.0 g 41.4 moles)  and 2-(2- 
hydroxyethy1)-l-methylpyrrolidine (5.35 g, 41.4 mmoles) in 150 m1 petroleum ether. 

1~ NMR (CDC13): &OS8 (S, 3H; SiCH3), 1.2-2.3 [m, 6H; C-CH2-CH2-C (ring) + 
C-CH2-C (chain)], 2.21 (S, 3H; NCH3), 2.79-3.18 (m, 3H; >CH-N + N-CH2-C), 3.76 (t, 
2H; 0-CH2-C), 7.2-7.6 (m, 10H; C6H5). 

MS (EI, 70 eV): m/z (%)= 325 (M+, 10), 310 (8), 197 (S), 84 (loo), 77 (7), 70 (10), 
55 (6), 42 (25). 

Anal. calc. for C20H27NOSi: C, 73.80; H, 8.36; N, 4.30. Found: C, 73.44; H, 8.18; 

N, 4.10. 

2 - [ 2 - { m e t h y l - ( 4 - m e t h y l p h e ~ 1 y l ) - p h e n y l - s ~ e  (54 
Using the same procedure as for 5a, the title compound was prepared from 

dimethylamino-methyl-(4-chlorophenyl)-phenylsilane (3c) (10.0 g, 39 mmoles) and 2- 
(2-hydroxyethy1)-l-methylpyrrolidine (5.0 g, 49 mmol) in petroleum ether. The yield 
of colorless oil was 12.2 g (W%), b.p. 1680 ClO.1 T3m 

lH NMR (CDC13): 6=0.52 (S, 3H; SiCH3), 1.30-2.10 [m, 6H; C-CH2-CH2-C (ring) 
+ C-CH2-C (chain)], 2.20 (S, 3H; Ph-CH3), 230 (S, 3H; NCH3), 2.77-3.20 (m, 3H; 
>CH-N + N-CH2-C), 3.70 (t, 2H, 0-CH2-C), 7.0-7.6 (m, 9H; C6H5 + C6H4). 

MS (EI, 70 eV): m/z (%)= 339 (M+, 8), 325 (12), 212 (4), 84 (loo), 91 (14), 77 (1 1). 
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Anal. calc. for C21H29NOSi: C, 74.28; H, 8.61; N, 4.12. Found: C, 73.95; H, 8.50; 

N, 4.30. 

HyCiroJysis 
. Small amounts of compounds 5, dissolved in 50 m1 ether, were treated with 4-5 

m1 diluted hydrochloric acid and the aqueous phase was separated and extracted with 
50 m1 of ether. The combinated ether phases were washed with 50 m1 of water an 
dried over anhydrous sodium sulfate. After removal of the solvent under reduced 
pressure, the residue was identified by NMR spectroscopy as the corresponding 
disiloxme. 

RESULTS AND DISCUSSION 

Synthesis 

Due to the high reactivity of the Si-C1 bond, chlorosilanes possess a high potence 
in synthetic applications of which nucleophilic substitution is practically unlimited. 
Under suitable conditions successive substitution of the two chlorine atoms is 
possible in the case of dichlorosilanes. Therefore, dichloro-methyl-phenylsilane was 
employed for the synthesis of sila-clemastine and its derivatives. 

The synthesis of compounds 5a-5c was relatively straightforward and followed 
established procedures (scheme 1). The first route involves Grignard reaction of 
dichloro-methyl-phenylsilane with p-chlorophenylmagnesium bromide to introduce 

the aryl group (reaction d) followed by treatment of the intermediate 4 with 242- 
hydroxyethy1)-l-methylpyrrolidine to introduce the ethoxyamine substituent 
(reaction f). The disadvantage of this short procedure was the unsatisfactory yield 
due the formation of hydrochloric acid during the second step, although pyridine or 
excess of 2-(2-hydroxyethy1)-l-methylpyrrolidine was used in order to trap this 

byproduct. 
This problem could be bypassed using a more elegant and convenient method for 

the formation of the Si-0 bond, namely the alcoholic cleavage of the Si-N bond in 
silylamines 3. These were easily obtained by treatment of compounds 4 with 

gaseous dimethylamine in excellent yields, or, allternatively, by partial aminolysis of 
dichloro-methyl-phenylsilane (reaction a) and subsequent Grignard reaction of 
intermediates 2 (reaction b). The attractive feature of this latter route to 3 was the 
use of chloro-dimethylamino-methyl-phenylsilane (2) as the common precursor for 
the preparation of all products of type 5. However, partial aminolysis of Si-C1 bond 
in dichlorosilanes demands low temperatures in order to invoke the cleavage of the 



SILA-SUBSTITUTED ANTIHISTAMINIC DRUGS 25 1 

second Si-Cl bond. Therefore, treatment of dichloro-methyl-pneny~suane with 
dimethylamine was done at -300 C in ether solution. On the other hand no 
precautions were required during thz subsequent introduction of the p-substituted 
phenyl group. 

Scheme 1 
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In summary, among the routes to obtain the sila-analogues 5a-c of the 
antihystaminic drug 2-[2-{1-(4-chlorophenyl)-l-phenylethoxy]-ethyl]-l-methyl- 
pyrrolidine the sequence 1+2+3+5 seemed to be the more advantageous one. 

Some of the compounds depicted in scheme 1 (3b, 4a-c) have been described 
previously1Ol 11. They were characterized by comparison of their physical data with 
the reported values. The novel compounds 3a, 3c and 5a-c were obtained as 
colorless oils and were stored under nitrogen. Further investigations involving 
determination of the antihistaminic potency of the prepared sila-pharmaca are in 
progress. 

The infrared spectra of the compounds were generally dominated by strong 
absorptions assigned to the aryl groups and to the heterocyclic ring. Worth 
menthioning were the characteristic peak at 1250 cm-1 for the G(Si-CH3) vibration12 
and the very strong absorption at 1100 cm-1 attributed to the G(Si-0) vibrationl3. 

The 1H NMR spectra of the products were diagnostically of major importance, 
due the presence of various resonances of characteristic chemical shifts, as can be 
exemplary demonstated by the spectrum of 5a (figure 1): 

I ' " ' l " " ~ " ' . l " " l " "  " " I " '  
9-0 8.0 7.0 6.0 5.0 a0 3.0 

Figure 1: 1H NMR spectrum of 5a 
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In the remarkably simple mass spectra of compounds 5a-c the molecular ion 

peak is quite small, but clearly present in all cases. Although there are some 
differences in relative intensities between the spectra of 5a-c, the base peak in all 
the compounds are located at m/e=84, corresponding to the [CH3-N-CH2-CH2- 

CH]+ ion. No peaks are observed at m/e=(M-M), but the characteristic ions 
[RR'R"Si]+ occur at m/e= 230 and 197 for 5a and 5b respectivelly. 

Hydrolysis 
In contrast to their highly moisture sensitive precursors of type 3 or 4 

compounds 5a-c were unusually stable to hydrolysis. Investigation of the possibility 
of hydrolysing 5b was carried out using aqueous diethyl ether or tetrahydrofurane, 
but, after stirring for 12 hours, the starting material did not decompose to a 
considerable extent. However, the cleavage of the Si-0 bond readily occured in the 

presence of strong acids e.g. HC1, whereby the primarily formed silanol underwent 
condensation to the corresponding disiloxane (scheme 2): 

The isolated disiloxane was identified by comparison of its 1H NMR data with these 

of the original compound prepared by condensation of the di-methylamino derivanve 
3b with diphenyl-methyl-silanol. 
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C. Sikalidis in page 172 of the 3/93 issue were not 

completed. The omittebnumber of them, 13-17 are 
as follows: 

13. Garagounis K., SapropeJic Mud Productton 
after Peat Processing with Thermal Mineral 
Water, p. 55, Final Research Report, General 
Secretariat of Research and Technology, At- 
hens (1988) (In Greek). 

14. Cifeni R., Atti XXXVI Congr. Naz. Ass. Med. 
Ital. Talass. e Ter. Fisica, Vol. 11, Perugia- 
Chianciano (1959) (In Italian). 

15. Angelidis Z. and Mitrakas M., Preliminary 
Study of Pikrolimnis's Mineral Water and 
Mud, Intemal report, Hellenic Association of 
Municipalities and Communities of Curative 
Springs and Spas (1987). 

16. Valsamaras D. and Gavriilidis G., Hydrologi- 
cal Report on Lisbori's and Thermi's ofLesbos 
Thermal Mineral Springs Protection, Internal 
reports, Hellenic Association of Municipalities 
and Communities of Curative Springs and 
Spas (1990). 

17. Agostini G., Atti XLII Congr. Naz. Ass. Med. 
Ital. Idrocl. Talass. e Ter. Fisica, p. 279, Acqui 
(197 l )  (In Italian). 
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Macehia 
For 4,000 years * steeped ih the history of Greece 

Anstotle, the tutor of Alexander the 

Great, was born m Staglra m Macedonla 

m 384 BC Together wlth Plato, he 1s 

regalded as one of the greatest 

philosophers the world has known 

Ar~stotie was a true academ~c, concerned 

wlth Physlcs, Astronomy, Rhetoric, 

Literature, Poht~cal Sclence and Hlstory, 

His teachings lald the foundation for 

modern sclentlfic th&ght 

Thessaloniki, tlie heart of Macedonia, is a 

modern city with 1,000,000 inhabitant2 

It is strategically located at the crossroads 

of Europe with Asia. Having spread the 

Word at Philippi, the Apostle Paul 

continued his2eachings in Thessaloniki. 

Its important monuments from antiquity and 

byzantium up to the present, provide " 

testimony to the role that the city has played 

as the second capital of Heilenism. 

Alexander was born m 356 BC In Pella, 

Macedonla, establ~shed by his father 

Ph~llp~ 11, as the centre of Hellenism 

Nurtured on the thoughts of 11;s tutor, 

Anstotle, he'rose to fame as a bnlhant 

mll~tary leader He mfluenceLI the course 

of h~story, nghtfull$ earmng hls tltle as 

Alexander the Great In 335 BC he b&ame 
Commander m Chlef of ali the Greeks 

By the tlme of his death m 323 BC he had 

created an enormous emp~re, stretclung 

from the shores bf the Adrlatlc to Indla, and 
from'the Caucasus Mountams to Empt He 

Thls 16 pomted star of Verg~na was 

uncovered durmg the archaeologlcal 

excavations at Verglna Thls symbol of the 
Greek Macedonian Dynasty decorated the 

golden tomb of Phlhp I1 The Star of 

g Vergma, extracted from the sod of 
Macedonla, has smce become the symbol 
of Hellenism 

spread the Greek:spirit far and wide among. 4.000 years:* Post-Myceniiean ceramic relics Wund in Assiros and Mycenaean 

natidns ivho wo:shipped him as a god. awards found in Grevena dare back 4.m yem,  evidence of Macedonia's role at 
the vortex of GreeK hjsrow. Even jn myrhology Macedon, myrhical founder ol rhe 
Mxcedonian race, is the son ol'Aeolos {god of the winds). Throughour rhe years 
Macedonia contributed to the founrain'of knowledge oolrhe AncIenr Greeks. In the 
5111 century RCDemokrifos, farher ofArornic ~lreor:. iivedand workedin Avdm . .. 

This statue of Aphrodlte came. tdhg1it 

durmg archaeologlcal digs at the anclenb 

sacred clty of D~on  D~on, at the foot of 

Mt Olympqs,.was the most hportant 

spmtual slte for the Northern Grqeks, 

playmg the same role m thelr hves as that 

of the oracle at Delph~ 

, E  E C E 
C h o s e n  b y ' t h e  G o d s  


