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CHEMISTRY, BIOCHEMISTRY AND NUTRITIONAL ASPECTS OF
NATURAL PHOSPHONO-COMPOUNDS.
I. GLYCERO-PHOSPHONOLIPIDS

SOFIA K. MASTRONICOLIS, and VASSILIOS M. KAPOULAS
Dept. of Food Chemistry, National University of Athens, 13 Navarinou str., Athens 144,
Dept. of Biochemistry School of Science, University of loannina, loannina Greece

(Received January 17, 1983)

Summary

To date the research on the existence of natural aminoalkyl phosphonic acids has
proceeded in 3 directions. I. Research on the existence and structural characterization of
C-P compounds in living organisms. II. Metabolism, biosynthesis and transport of C-P
compounds. HI. Function of C-P compounds i) as antibiotics ii) as pesticides iii) on
membrane potentials.

This is the first review of a series of reviews related to all the above topics, describing
present knowledge on the naturally occuring phosphono-analogs of glycerolipids including-
the natural aminoalkyl phosphonic acids and some general metabolic aspects of phosphono-
coumpounds.

.~ The presence of glycero-phosphono-lipids has been reported mainly in the following
org‘aﬁisms: 1) Higher mammals (in human tissues as brain, heart, muscle, liver etc., also in
bovine bile and milk, 2) Coelenterata 3) Mollusca 4) Protozoa and 5) Mycobacteria and
Fucacae.

Key words : Aminoalkyl phosphonic acids, 2-Aminoethyl phosphonate, Glycerophosphonolipids,
Coelenterata, Mollusca, Protozoa, Mycobacteria and Fucacae, N,N,N, Trimethyl aminoethyl phos-
phonate.

Abbreviations and Terminology : AEP 2-Aminoethylphosphonate; DG-AEP
Diglyceride-AEP; TMAEP N,N.N, Trimethyl-AEP; CTP Cytidyl-triphosphate;
CDP Cytidyl-diphosphate; CMP Cytidyl-monophosphate; p,Ala B-Phosphono-
alanine; PE Phosphatidyl ethanolamine; PC Phosphatidyl choline.

Introduction

Phospholipids are essential components of membrane structures. There may be
a similar role for natural phosphonolipids. Since the C-P bond is highly resistant to
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hydrolysis by acids or bases, and to the action of snake venom phospho-
diesterases ! an important biological advantage might be conferred by the presence
of phosphonolipids in membranes. In the gastrovascular cavity of sea anemones,
into which many hydrolytic enzymes are released, cell membranes may benefit from
this stability. The major phosphonate is 2—aminoethy1—phosphonate (AEP), an
analog of ethanolaminephosphate.

The presence of AEP in proteolytic enzymes from sea anemones suggests that
substances with C-P bonds may provide groups similar to phosphate but which are
stable to the action of other enzymes in the gastrovascular cavity. Similar reasoning
may be applicable in the case of surface structures of ciliates which are found in the
phosphatase-rich environment of the rumen.

Since there is ready incorporation of dietary amino-phosphonic acids into lipids
in mammalian organisms, the determination of the sites and of the extent of
deposition of these substances, as well as the possible effects on membrane
functions will be of considerable interest. This may be of particular importance in
cases where the chief dietary sources are marine or dairy products.

It is of particular interest to marine biology that C-P compounds are major
constituents in three phyla and that they are synthesized by phytoplankton, the
base of the food chains in the ocean. This observation forces a reevaluation of the
phosphorus cycle in the sea. Since the utilization of AEP by bacteria may be
inhibited by orthophosphate ?, the fraction of the total phosphorus which becomes
incorporated into C-P compounds only slowly may be returned to the cycle.

To date, naturally occurring lipids and proteins with a direct carbon to phos-
phorus bond have been discovered in a wide variety of organisms ranging from
bacteria to mammals.

The research on the existence and destiny of natural aminoalkyl phosphonic
acids has proceeded in 3 directions.

I. Research on the existence and structural characterization of C-P compounds
in living organisms
I.1. C-P compounds as components of glycerolipids.
1.2. C-P compounds as components of sphingolipids.
I.3. C-P compounds associated with proteins.

II. Biosynthesis, Metabolism and Transport of C-P compounds.

III. Function of C-P compounds.
III.1. Studies on phosphonic acid Antibiotics or Drugs as inhibitors of
bacteria cell wall synthesis.
IT1.2. Studies on the use of synthetic phosphonic analogs of naturally occurring
substances as herbicides or pesticides.
II1.3. Influence of C-P compounds on membrane potentials.

We have undertaken the task to review present knowledge related to all the
above topics in a series of reviews following the mentioned tentative classification.
This is the first review of the series describing present knowledge on the naturally
occurring phosphono analogs of glycerolipids (subclass 1.1. above), including the
natural aminoalkyl phosphonic acids and some general metabolic aspects of
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phosphono compounds. The latter are unavoidably connected with all kinds of
research in the field of natural phosphono compounds.

Natural occurrence of glycerophosphonolipids

The full extent of the distribution of glycero-phosphonocompounds in nature
remains to be established. To date the presence of glycero-phosphonolipids has
been reported mainly in the following organisms :

Higher Mammals

Alhadeff et al.® have discovered that AEP is present in both, lipid and
proteinaceous fractions of human brain of a 38 year-old caucasian male who died
as a result of a crushing chest injury. The brain was removed, frozen and stored for
3 years prior to extraction.

One year later Alhadeff et al. have discovered AEP in 4 human tissues*. Its
concentration was higher in heart and muscle than in liver or brain. The di-
stribution of AEP between polar and non polar fractions was examined and found
considerably different. The higher concentration was found in the protein rich
fraction.

- Also it was discovered that AEP is present in both, lipid and proteinaceous
fractions of goat liver® and of beef brain® Hasegawa et al.” have found a high
accumulation of AEP in bovine liver lipids, mainly as DG- AEP (the phosphonate
analog of phosphatidylethanolamine). Namely, in the phospholipid fraction, 96%
of total phosphonolipids was detected as DG-AEP and only 2,6% was found as the
phosphonate analog of phosphatidyl-choline. The presence of TMAEP in the acid
hydrolysates of the lipid fraction (and of the nonlipid fraction) was demonstrated
by T.L.C. The authors suggested that AEP may also exist as the phosphonate
analogs of ceramide phosphorylethanolamine, (sphingoethanolamine) and sphingo-
myelin. Significant differences in the distribution of AEP were observed among the
non lipid fractions of mitochondria, microsomes and soluble cytoplasm.

AEP was also isolated from bovine bile, where it may exist as a phosphonic acid
analog of taurocholic acid. On another hand, bovine gall bladder bile was found to
contain three species of phosphonolipids DG-AEP, DG-TMAEP and ceramide-
AEP?, These results suggest that AEP originating from rumen protozoa may also
exist in many tissues, secretions and excreta of all kinds of ruminants, indicating a
need for an investigation of the physiological role of AEP in ruminants with special
interest the enterohepatic circulation®,

Coelenterata

Several different sea anemones as well as corals, have been examined. The
results of early investigations of lipids of the sea anemones were somewhat
conflicting. Kittredge, Roberts and Simonsen !° have found AEP bound to glycerol.
They applied the 70% ethanol extract of Anthopleura elegantissima to a mixed bed
ion exchange resin and isolated the free glycerol ester of the AEP. The compound
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was not isolated in sufficient quantity for confirmation of its structure as a glyceryl-
AEP and it was not known at that time which hydroxyl of glycerol is bonded to
AEP. But one year later (1963) in another report from workers of the same
laboratory !! it was reported that the lipids extracted from the same sea anemone
with Chloroform methanol were fractioned, with quite divergent results from those
reported earlier. Namely a sphingolipid containing AEP was isolated and shown to
be ceramide AEP.

In the rest of coelenterata studied so far, i.e. in the anemones Metridium
dianthus'? and Taelia felz'na”, and in the coral Zoanthus sociatus_”, the 70%
ethanol extract was found to contain free AEP accompanied by a sphingolipid
containing AEP.

Mollusca
13

The marine bivalbe Mytilus edulis (blue Mussel) or Venus mercenaria’> was
found to contain AEP (5g per 53-64 g fresh animals), and most of the phosphonate
compounds could be extracted by aqueous ethanol.

Fresh-water bivalves were studied and found to contain AEP !>, (free and in
the form of phosphonosphingolipids); the animals were Corbicula sandai, C.
Japonica, Unio biwal, Inversidens hirasei, Anodonta lauta restata and Cristaria
phicata. Similar findings were reported for gastropods 'S,

Terrestrial Molluscs!”: In the garden slugs LeAmannia poirieri and Limus flavus
about 16% of the phosphonate is in the free, acid-extractable state; some 23% is
bound to chloroform-soluble lipid, and the remainder is in the lipid free residue of
the acid extract with lipid solvent. On the other hand in the garden snail Helix
aspersa about 519 of the total phosphonate is acid soluble, some 32% bound to
lipid and 17% to the «residual» material, but glycerolipids were not detected. The
biosynthetic pattern suggests that in both terrestrial molluscs the soluble (free) AEP
is the precursor of the bound form. This is in contrast with the biosynthetic pattern
in Tetrahymena, where phosphonoenolpyruvate seems to be the precursor of the
carbon atoms of bound AEP (see below).

Protozoa

In Tetrahymena pyriformis the phosphonic acids are present in free form and
bound to lipid. The presence of glyceryl-AEP had been demonstrated in the
products of alkaline hydrolysis of Tetrahymena lipids and a pure cephalin fraction,
consisting of phosphatidylethanolamine and its phosphonic analog ina molecular
ratio of approx. 13:1 had been isolated from this species 8.

The presence in Tetrahymena of a glyceryl mionoether phosphatidyl-AEP was
established by Thompson %, who found that Tetrahymena membranes contain two
major phospholipid fractions tentatively named PE and PC fractions. The choline
lipids . (PC fraction)- are rich in glyceryl ether analogs of lecithin, and the PE
fraction is in fact a mixture of four types. (PE, DG-AEP, and the glyceryl ether of
both). Thompson studied the formation of these lipids from a number of radio-
active precursors and the most active ones were palmitic and acetic acid, and
chimyl alcohol %.
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Later Chacko and Hanahan? synthesized the monoether analog of DG-AEP
and confirmed the presence of both, the diacyl and alkyl akyl analogs in
Tetrahymena.

According to more accurate studies the «PE-fraction» of Tetrahymena
contains 30-70% phosphono analogs. In the latter the percentage of the glyceryl
ether form varies between 30%% and 55%46, whereas the phosphoanalogs consists
100% of the diester form. e )

Later Sugita and Hori?, isolated DG-AEP from Tetrahymena pyriformis. The
molar ratio of phosphorus to fatty acid in the isolated lipid was 1,00:1,97. Gas
liquid chromatography showed mainly palmitic (13,2%), stearic (52,7%), and oleic
(22,0%). The next year, 1972, Tamari 3§ studied the intracellular distribution of
AEP, in T. Pyriformis (GL) and found that the mitochondria contain 199 of AEP.

In addition to AEP, another phosphonic acid, 3-phosphonoalanine (P,Ala)
was found in Tetrahymena, but this was absent from the hplds of Tetrahymena; it
was present in the free form and in” 1ﬁsoluble residue ¥

In 1970 Kennedy and Thompson ‘have found that approxxmately 60% of the
phospholipids from the membrane sheath of T. pyriformis cilia contain AEP in
more than twice the concentration found in total cellular lipids. The resistance of
these lipids to hydrolytic enzymes suggests that they increase the stability of the
surface membranes.

Rhoads and Kaneshiro* characterized phosphonolipids from Paramecium
tetraurelia cells and cilia (strains 51s and d4 95). In whole cell lipids they identified
the following classes of phospholipids: the 1-alkyl-2-acyl-glyceryl and the 1,2-dia-
cylglyceryl forms of AEP, phosphoryl ethanolamine and phosphorylcholine,
cardiolipin, ceramide- AEP, 5 other spingolipids, phosphatidylserine, phosphatidyl-
inositol, and lyso derivatives of the major glycerophospholipids. Cilia lipids were
rich in ether lipids, phosphonolipids and sphingolipids. Total lipids per cell
decreased with culture age, changes in the neutral lipid fraction accounting for the
major decrease. Phospholipid class distributions changed also with culture age.
Namely the PE and PC contents of the cells was decreased, while the DG-AEP
content remained relatively constant and, therefore, the ratio of phosphonolipids to
total phospholipids was increased. All species of fatty acids observed in total lipids
from cells and cilia were also present in the glycerophospholipids. Total lipids from
cilia contained a greater percentage of polyunsaturated fatty acid than those from
whole cells. Whole cells and cilia glycero-phosphonolipids contained up to 93%
eicosatetraenoic plus eicosapentaenoic fatty acids. The enrichment of phosphonoli-
pids in cilia accounted for most of the polyunsaturated fatty acid enrichment of
cilia lipids. The fatty acid composition of all the major glycerophospholipid classes
of whole cells were changed dramatically with culture age, while only small changes
occurred in cilia glycerophospholipid fatty acids.

One year later (1980) the same group* examine the fatty acid positional
distributioris and the fatty acid compositions of diacyl and alkyl acyl analogs of the
3 major glycerophospholipids of Paramecium. PC, PE and DG-AEP were
separated into diacyl and alkyl acyl species by T.L.C. after phospholipace C
digestion and acetylation. As in Tetrahymena, PC and DG-AEP of Paramecium

45,46
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were predominantly in the alkyl acyl form, whereas PE was predominantly in the
diacyl form. Complete and efficient hydrolyses of all 3 major glycerophospholipids
were accomplished with phospholipase A, from porcine pancreas in the presence
of Sodium tetraborate in order to prevent acyl migration. Saturated acids were
found predominantly at C-1 of diacyl phospholipids, while polyunsaturated fatty
acids were mainly at C-2, particularly in the alkyl acyl species. An exception was
v-linolenate, which was-a major acid found esterified to C-1 in all 3 diacyl
phospholipids. Identification of this acid at that position supports the idea that in
some ciliates there may be an acyltransferase, specific for fy-linolenate, that
esterifies this acid to the glycerophospholipids.

Mycobacteria and Fucacae

In 1970 Sarma et al.*' have shown the occurrence of phosphonolipids in
Mycobacterium tuberculosis H Ry, M. phlei (N.C.T.C.) and Mycobacterium 607
(A.T.C.C.). The cells were grown on-modified medium, and then were harvested
and the lipids extracted by the method of Folch et al. The lipids were
chromatographed on silicic acid according to the method of Rouser!!. The
phospholipids were dissolved in chloroform and stored at -20°C. Of the 3 strains
studied, M. phlei contains the smallest amount of phosphatides while the virulent
pathogenic M. tuberculosis H R, contains a relatively high percentage of them.
The other saprophytic strain, 607, contains a higher amount of phospholipids as
compared to M. phlei, but less than that of M. ruberculosis H 3;R . On the contrary,

while in M. tuberculosis H R, the phosphonolipid content is very low. Myco-
bacterium 607 and M. phlei contain relatively higher amounts of phosphonolipids.
Liem and Laur*? studied the structure, percentage and composition of sulphuryl,
sulfonyl and phosphony] glycosyl ester diglycerides in three Fucacae (Pelvetia
canaliculata, Fucus vesiculosus, F. Serratus). They found that the mono and
polyester glycosyl sulfates or phosphate diglycerides account for a group of polar
lipids which is found in large amounts. These polar lipids were shown to have
complex structures, most of them unknown in the present nomenclature.

Aspects of AEP and glycerophosphonolipid metabolism

Todate it is generally accepted that AEP is formed from phosphoenolpyruvate
but there is some disagreement over the details of the biosynthetic pathway.
Horiguchi *®4 has demonstrated a soluble pathway, in which doubly labeled
phosphoenolpyruvate is converted to free AEP having the same '“C/ 3P ratio as
the starting material, through phosphonopyruvate and phosphonoacetaldehyde as
intermediates. Alternatively, phosphoenolpyruvate reacts with phosphatidyl-choline,
using the phosphatidic acid portion of the lipid to give lipid bound intermediates
and aminoethylphosphonolipid directly 2*-%-283!,

As evidence supporting this latter pathway has been considered the observation
that when Tetrahymena is grown in the presence of 3P, the specific activity of the
lipid-bound AEP after 1h is considerably greater than that of the protein-bound or
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even of the soluble AEP, and only after much longer times do these latter specific
activities approach that of the lipid-bound AEP?*¥. In addition, when Tetra-
hymena is labeled with either palmitate or chimyl alcohol, the diglyceride backbone
of pl;;)gphatidyl'choline is apparently transferred to form aminoethylphosphono-
lipid 23!,

In 1966 Liang and Rosenberg '® had presented evidence for the existence of a
pathway in Tetrahymena, whereby DG-AEP can be synthesized. This pathway
does not differ from that described for the ‘synthesis of phosphatidyl choline or
ethanolamine !°, except that the phosphonate, rather than the ester phosphate of
the base is utilized. The reactions involved can be represented as :

CTP + AEP — CMP-AEP + pyrophosphate
CMP - AEP + diglyceride — «AEP-Cephalin» + CMP

While it was later realized'® that, taken separately, the various pieces of
evidence could not provide absolute proof, they were mutually supporting in that
they comprised a complete pathway with a well established precedent. However,
one important aspect of the above results which should not be overlooked is that
the above pathway may serve merely as a salvage mechanism for the recovery of
any free AEP that may arise as a result of the breakdown of some of the lipids or
of other insoluble components®. In addition, it was recognized that the described
pathway is not at all specific for AEP. It is likely that AEP is simply used, as
ethanolamine phosphate would be, by the usual phospholipids- synthesizing system,
which in other species has been shown to lack specificity with respect to the base 2!
Although AEP has not been tested in such experiments, there were indications that
the mammalian systems cannot reject AEP as a source of phospholipid bases. Such
indications were provided by reports on the occurrence of AEP-containing lipids in
ruminants which harbor protozoa 22.23 and by the findings that administered AEP is
incorporated into the brain lipids of the rat?,

In contrast, it was shown experimentally, that a chicken kidney microsomal
fraction which synthesizes phospholipid and serine-ethanolamine phosphodiester %,
could synthesize the respective phosphonate-containing lipid and diester analogs
when incubated with CMP-AEP rather than with CDP-ethanolamine as substrate.
However it was still necessary to isolate the pure lipid without the contaminating
PE.

The thin-layer chromatographic separation of phosphono and phospho-lipid
analogs was later achieved by Kapoula?® with the use of several novel solvent
combinations, i.e. mixtures of chloroform with high proportions of 85-92% acetic
acid, to which up to 5% methanol may be added when separation of phosphatidyl
serine from lysophosphatidyl ethanolamine, phosphatidyl inositol and basic
phospholipids is desirable .

Smith and Law?* have provided the first evidence for the in vivo uptake by
Tetrahymena of AEP and for its incorporation into DG-AEP, as well as for the
conversion of Pn Ala to AEP, although these experiments do not indicate whether
this conversion occurs at the phospholipid level or in the free form. No labeled
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P ,Ala was found in phospholipid even though DG-P; Ala had been suggested as
an intermediate in DG-AEP biosynthesis. The authors suggested that the phospho-
nic acid metabolism perhaps takes place in a specialized compartment within the
cell and that there is not general exchange with cellular pools during the biosynthe-
sis of phosphonolipids. When phosphonic acids are supplied from outside the cell,
they may be transported to this special location for both incorporation into lipids
and for degradation in the case of P Ala,

La Nauze and Rosenberg’? have shown that extracts of Bacillus cereus can
convert AEP into phosphono-acetaldehyde and 1norgamc phosphate. Also Robert
et al.’* have shown that cell-free preparations of Tetrahymena catalyze the
breakdown of both AEP and P Ala.

Generally with AEP addition the amount of the phosphonolipid is doubled at
the expense of phosphatidyl ethanolamine®. However when the cells are grown
with 3-aminopropylphosphonate, which is isosteric with ethanolamine phosphate,
it replaces the latter in phosphatidylethanolamine without altering the phospholipid
composition®’, e:g. in both these experiments the level of the phosphatidylcholine
was not affected. These results suggested that the pathways for the biosynthesis of
PE and DG-AEP from ethanolamine phosphate and AEP, through CDP-
ethanolamine and CMP-AEP respectively, utilize different enzymes. However, a
control mechanism is apparently present which. provides a minimum level of
phosphonolipid in the cell. In 1972 Bjerre had shown that TMAEP is incorpq.rtated
into the phosphatidyl choline fraction of rat liver both in vivo and in vitro3®
although the effect of the overall phospholipid composition was not determined.

In 1981 Smith and Giegel*® have used the phosphonic acid analog of choline
phosphate, TMAEP, in Tetrahymena to determine the relationship of phosphatidyl

" choline biosynthetic pathways to those of the other two phospholipids, despite that
TMAEP does not occur in Tetrahymena30 3

The results were that, up to 60% of the choline phosphate in PC was replaced
by the phosphonic acid. Also there was an increase in the relative amount of
quaternary ammonium-containing lipid (PC plus TMAEP-lipid) at the expense of
PE and no effect, of the TMAEP, on either AEP-lipid levels or on de novo AEP-
synthesis.

. The incorporation of TMAEP into the «phosphatidylcholine», in place of
choliné phosphate, might be expected to affect AEP biosynthesis if AEP is‘formed
at the lipid level’.

Hepidnyn

IIept TV QUOIKOY PwoPoVIKOY evddaewy and Ty nAevpd tne Xnuetac tne Bloynueiag
xar g Awtpoprc.
I TAvkepopwopovoAinoeidt].

TOUVOMKG orjpuepo. 1 Epevva Yo TV Vmopfn Kol OMMOcid TOV QUOIKGOV
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QEOoEOVo-EVHOEDY, dNA. TOV EVOOE®Y TOL PEPVOLV GTO UOPLO TOVG TOV CRAEVIO
ko eEapeTikd avlektikd deopud dvOpaka pooedpov (C-P), éxer avontuybei oe 3
kotevfiveelg : .

I.  Amopdveon and {wikolg 16ToUg OTOL gupickovial cuvdedeptiveg e yAv-
kepoAToeld 1 coryyolimoeldn 1 mpoTeiveg.

II. MetoBoriopdc-Brocivlecn Kal HETOPOPE TV POOOSVO-EVOGEWV.

III. Apdon TovV GOOEOVO-EVOOEMV.

(i) ¢ GLOTATIKA TOV OVTLBLOTIK®OV, d16T1 avacTEAOLY TNV AVATTLEN TV Baktnpi-
Srov (ii) @g dpaotikd cvototikd oe {ilovioktéva (iii) otn petafolrri g dragpopdg
Sduvapikob péoa otig kuttapikéc pepppdvec. o '

H napovco epyoacia eivar 1o nmphto Gpbpo avackOmnong and pio Celpd
dpbpov mov Ba karvyouvy 6ho to medio, KoL AVAPEPETAL GTA POCPSVO-YAVKEPO-
Mrogdn] kabag kol 68 pepikéc yevikég andyelg yio o petaforiopd Tovg. Méypr
ofjpepo. cuvavt@viol oTa avatepo Onhaoctikd, 6nwg dvBporog, Bodt, katoika
KA kabdg katl oto ydia. ‘Eniong ota pAeoapiSopdpa tpntélma, ota BokTipla
kaOhg kot oe pohdxio kol kviSé{ma.
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PLICATION OF THE HAMMETT EQUATION
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Summary

The kinetics of the oxidation of halogeno,, nitro and methoxy ring monosubstituted
aroylhydrazines by copper(II) chloride was studled spectrophotometrically at temperatures
between 25 and 60 °C and pH range 4.40 to 5.60.

The main reaction is of first order for both the aroylhydrazine and for the copper(II)
chloride. The second order reaction rate is inversely dependent on the hydrogen ion con-
centration. The energy of activation ranges between 79.5 and 110.0 kJ. mol~! whereas the
values for the p-substituted aroylhydrazines are almost the same varing between 91.6 and
96.2 kJ.mol™!. The application of the Hammett equation showed that the reaction rate
exhibits a small dependence on the substituent (p =-0.10) and that the m-F and p-NO,
substituted aroylhydrazines deviate appreciably. Generally, the reaction seems to be favored
by substituents acting as electron donors. In conclusion, the substituents act rather upon the
ability of the aroylhydrazines in forming coordination compounds with the Cu(Il) ions
and influences the electron transfer rate negligibly.

Key words : redox system, ring monosubstitited aroylhydrazines, reaction rate, inductive effect,
resonance effect, Hammett equation. .

Abbreviations : XBH : ring monosubstituted aroylhydrazines (X = F, Cl, Br,
I, NO, and OCH3; in o-, m-"or p- position.

Introduction

The redox system of the benzoylhydrazine and the copper(II) chloride has been
investigated in a previous paper.!. Further insight on the mechanism of the reaction
was considered as efficient by introducing substituent groups to the benzene ring 2.
In the present paper we report the influence of the inductive and the resonance
effects of eighteen substituents upon the kinetics of the oxidation of the arising ring
monosubstituted aroylhydrazines by copper(Il) chloride. The aroylhydrazines have



130 D.A. HARISTOS

the general formula: X-C¢H,C(O)NHNH, where X indicates E;-Cl, Br, I, NO,
and OCH; in o-, m- or p-position.

Experimental

Reagents and instruments

The aroylhydrazines were prepared from the corresponding aromatic acids by
adding the appropriate. amount of hydrazine hydrate to their ethylesters and
purified by recrystallization from warm water®*, The solutions of the aroyl-
hydrazines were prepared in triple distilled water and were deairated by continuous
argon bubbling. The copper(II) chloride solutions were prepared from Merck pro
analysi CuCl,- 2H,0, recrystallized from water. The copper(II) solutions were
checked iodometrically. The potassium chloride solution for constant ionic strength
was prepared from Merck pro analysi KCl. The buffer solutions (pH range 3.8-5.6)
were prepared by mixing the appropriate quantities of CH;COOH and KOH
solutions . The CH ;COOH became free of reductive agents by distillation in the
presence of KMnO,. The pH measurements were carried out in a Beckman
Research pH-meter.

The rate of the reaction was followed with a Carl Zeiss PMQ II spectro-
photometer equipped with a temperature standardizing system. The measurements
of optical density vs time at constant wave lengths were scanned between 260 and
240 nm where is theé m* — 7 excitation state of the system ®. Measurements were
also carried out by using a stopped flow spectrophotometer equipped with a
Durrum logarithmic amplifier Model D 131. The reaction rate measurements were
taken in the temperature range of 25-60 °C.

The identification and the determination or the reaction products were carried
out in solutions of.initial concentrations 1X 1071 X 102 M for the CuCl, and
1X103-1X10"* M for the aroylhydrazines. The concentrations of the aroyl-
hydrazines used for the determination of the rate constants were 4 X 10°—8 X 107
whereas the concentrations of CuCl, were 5 to 10 times higher. For comparable
results the measurements of optical density vs time were taken in the pH range of
4.70-5.30 .at a-constant ionic strength of 1.25X 1072 M.

The standard solutlons of the aroylhydrazmes were practically unchanged
during the experiments’.

Preparation of aroylhydrazines .
The prepared aroylhydrazines and ‘the corresponding m.p. are as follows* :

0-F:72-73 (70)°C%; m-F:138.5-139°C% p-F:159.5-161°C* o-Cl:116-117 (109-

110)°C?% m-Cl:156-157 (154-156)°C'0: p-Cl:162.5-164 (163)°C!!; o-Br:148.5-150
(153)°C'%; m-Br:153-155 (151)°C";p-Br:165 (164)°C'; o-I: 194-195°C% m-I:

* M.p. in parentheses are from bibliography.
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145-146 (140-142)°C"3; p-1:164-165 (168-169)°C'6; 0-NO:119-121 (123)°C'7;
m-NO,:150.5-152 (152)°C8; p-NO ,:208-210 (210)°C'®; 0-OCH ;:92.5-94°C;
m-OCH 3:89-91°C%®; p-OCH 5:133.5-135 (136)°C?'.

The m.p. were taken with a Biichi, Apparat nach Dr Tottoli, Pat. 320,338
equipped with 300°C thermometer of .1 °C accuracy.

Results and discussion

Stoichiometry of the reaction
The identity of the reaction products as well as their molar ratio showed that
the main reaction follows the one electron path :

X-C¢H ,~CONHNH ,+ CuCl,+ H,0 —
1
— X-C¢H,~COOH + 5 N, + NH,CI + CuCl 0)]

It is also evident that, to a very small extent, the reaction follows the four electron
mechanism :

X~-C¢H4~CONHNH,+4CuCl,+ H,0 — X~-C¢H4,~COOH + N, +4CuCl + 4HCI
, )
The study of the reaction products at higher temperatures (80-100°C) showed
an increase of the ratio N,:NHj;. On the other hand, the concentration of the
produced Cu(I) tends towards the estimated value according to equation (2). This is
in accordance to the mechanism of the oxidation of hydrazine as given by Cahn
and Powell 22,
~ Reaction (2) was also found to have taken place during oxidation of aroyl-
hydrazines in the presence of oxygen. This reaction is catalysed by Cu(II) and Cu(I)
salts but no quantitative change of the Cu(II) to Cu(l) ions is reported?.

Kinetics of the reaction

The application of the isolation method ?* showed that the main reaction is of
the first order for either the aroylhydrazine or the copper(Il) chloride. Besides, the
reaction rate is inversibly dependent on the H* concentration in the pH range of
4.4-5.6. At higher pH values the reaction rate increases irregularly while the
hydrolyzation products of the Cu¢II) ions become more complicated. At pH values
lower than 4.4, the reaction rate decreases quickly and near a pH value of 4.0 no
reaction kinetics are assentially observed. The overall rate low as well as the related
equations are those of the benzoylhydrazine.

Calculations of the rate comstants
Calculations of the k/mol 'Is™! values are achieved by application of the second
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order reaction integrated rate expression !, where k =k’ + ku[H+]'], k” is the rate
constant of the acid independent path and k, is the rate constant of the acid
dependent path. Experimentally, no evidence has been found for an acid dependent
path.

The k, values of the benzoylhydrazine are (3.1 % 0.4) X 107 s at 60°C,
(12.4 £ 0.6) X 1055 at 50°C, (5.2+0.3) X 105s™" at|40°C and (1.1 £0.1) X 107
s~ at 25°C. The assumed activation energy is 79.9 £ 1.7 kJ.mol "', The determined
k, values of the oxidation reaction of the aroylhydrazines mentioned and the
corresponding E, values are given in the Table I

TABLE I : The reaction rate constants ku/s'l of the oxidation of aroylhydrazines and
the E, values of the reaction. Temperature range 25-60°C, I =1.25X 1072 M.

Temp. o- m- p-
Aroylhydra- °C  kgl10° Eq ko103 Eq ko103 E,
zine ! kJ.mol ™! s kimol?. s kJmol’!
50 112 28.2, 16.1
F-BH 40 3.3 100.4 9.7 90.4 5.1 96.2
25 0.5 ‘ 17 0.8
50 345 17.6 15.9
CI-BH 40 11.2 93.3 4.6 109.2 5.1 95.8
25 1.9 0.6 0.8
50 * 178 17.3
Br-BH 40 4.8 1092 - 5.7 94.6
25 0.6 0.9
60 * 34.8 48.1
50 13.2 17.3
I-BH 40 4.7 86.6 5.8 91.6
25 0.9 1.0
60 17.6 45.4 24.8
O,N-BH 50 5.0 110.0 15.4 967 85 94.6
40 1.4 ‘ 4.9 2.8
60 16.5 35.1 53.2
CH; 50 5.9 14.6 18.6
40 2.0 92.5 5.7 79.5 6.1 93.7
25 —_ 1.2 1.0

*Precipitate is formed after mixing.
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Influence of the ionic strength

The influence of the ionic strength was examined in the range of 0.75 X 102~
1.625 X 107" M with KCl%. Reaction rate measurements were carried out at a
temperature range of 25-60°C and at a pH range of 4.74-5.25. It was observed that
the rate constant values decrease slowly as the salt concentration increases and that
the differences are slightly reduced as the acceptor ability of the substituent
increases. This infirms the former conclusion that a reaction of the polar form of
the -aroylhydrazine with the copper(II) ions takes place.

Substituent effect

In the chelate complex which is formed after mixing of the reactants % more
favorable is the 0 - Cu(II) bond??® and the electron is transferred by the m*
antibonding orbital of the C-O bond. Thus if any factor could affect the fractional

m-F
-4.0 - é
P-OCH4 m-OCH,; p-Br p|
o : ;dp_ m-Br "“'bNOQ
: p-F P‘CT’""‘-?
xd e mCl °
o P-NO,
2 (1 a}
-5.0
T g T T
-0.5 0.0 0.5
(o}
mF
-4.0 °
P-OCH;3 m-0C Ha‘P—l No
hd —0-0_ @ _p-Br mBr m-NO2
P 0 ? ,° [- X [}
; H pCi m-—| wcl
(-]
g’ P-NO,
: (1)
-5.0 4
T T T
~0.5 0.0 0.5
ot

FIG. 1 : The reaction rate constants kq/s & “of the oxidation of aroylhydrazines by copper(Il)
chloride as a function of the Hammett's parameters o (Fig. la) and Brown’s parameters G
(Fig. Ib).
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charge of the oxygen, this factor could also affect, somehow, the reaction rate.
From this point of view considerable factors could be the inductive and the
resonance effects of the substituents.

As “is ‘obvious from Table I the k, values of the p-XBH (except that of
p-NO,-BH) are almost the same whereas the differences among the corresponding
E , values are minimized. Both, k, and E, values of the p-XBH are considerably
higher than those of the benzoylhydrazine. This suggests that the contribution of
the resonance effect of the substituent at p-position is more significant than that of
the inductive effect.

An attempt for the better evaluation of the influence of the inductive and the
resonance effects of the substituents upon the reaction rate was afforted by means
of the Hammett? and Brown*® parameters correlated with the k, values of the
temperature of 40°C (Fig. la and 1b). It is apparent from both diagrams (expect
for the strongly deviated m-F-BH and p-NO,-BH) that the dependence of the
reaction rate on the substituent is small. Indeed, the value of p of the Hammett’s
equation is p =-0.10. Note, the correlation coefficient for the Brown parameters is
higher than that of the Hammett’s (r = 0.924 and r = 0.816 respectively). Thus the
reaction seems to be favored by substituents which act as donors and which
enhance the electron charge of the carbonyl oxygen®.

In conclusion the substituents act rather upon the ability of the aroylhydrazine
to coordinate with the Cu(Il) ions whereas the contribution to the electron transfer
rate is, possibly, negligible. The observed deviation of the m-F-BH can be
attributed to transmolecular hydrogen bonds or even to a possible change of the
reaction mechanism. The deviation of the p-NO,-BH can be attributed to the

resonance structure “O,N = (T»-C(O)NHNH , in which the donor ability of the

carbonyl group has been strongly decreased .

Mepidnym

Kwnrics; pedétn e oleidwonc povovmoxateatnuévev atov nuptiva apobroidpalivddv.
Egapuoyn e eliowonc Hammett,

Mehetinke pe ) HéB0do ™G PACUOTOPOTOUETPIOG N KIvnTiKY TNg ofeidw-
ong dexkaokTd povobmokaTteSTNUEVEDY GToV Tuprive apobrobdpalvdv. Zav ofel-
dotikd ypnowornotidnke yroprodyog yarkdg (II). Ov apotroddpaliveg mov
xpnoworotidnkav eivar ot F, Cl, Br, I, NO, ka1 OCH; povovmoxatestnuéveg
Gt 0-, U= Kot - 0£co1. H perétn éywve oe Beppokpacics petakd 25 ko 60 °C xat ot
neptoy] pH 4.40 - 5.60 pe ™ xpnoiponoinon ofikdv pulcTIKGY.

H avtidpaon eivor tpotng 16Eng 1600 ya T apovrotdpalivec 660 kat yio
tov yropodyo yorikéd (II) xor okohovbeli 1o pnyoviopd petagopds evég
niextpoviov. H taydtnta tng aviidpaons ehattdvetor ypappkd pe tmv adénon
NG CLYKEVTPOOTG TOV OVTIOV LdpoYSvov. Ot Tiuég TG evEpYELag gvepyomoinong
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¢ avtidpoong kopaivovrol peta&d 79.5 kot 110.0 kJ.mol™' evd otig n- apoitidoi-
Spalivec eivar mapomdifioleg kopavouevee petald 91.6 kot 96.2 kJ.mol™.

H egappoyr g eEicwong Hammett £5e1€e 611 1 enidpacn Tov vrokaTooTATN
oV TaydINTa TS avtidpaong eival pukpr) (p = -0.10) n 8¢ avridpaon evvoeital
and VTOKATOCTATEC SOTEC MAEKTpOViV. '

I'evikd ovumepaiveral 6T1 ot vrokKATAOTATEG EMNpediovy Kuplwg THV 1KOVE-
TNTA CLVAPHOYNG TV apobrobdpalvdv pe To tWovto yarkot (II) evd n enidpact
TOVG OTO UNYavVicpd PETOQopds Tov miektpoviov eivor apsintéo.
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UBER DIE INHIBIERENDE WIRKUNG VON TRIPHENYLARSIN-
OXID AUF DIE POLAROGRAPHISCHE REDUKTION VON KA-
TIONEN IN WASSER-METHANOLISCHEN UND METHANOLISCHEN
LOSUNGEN
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Thessaloniki, Griechenland
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Thessaloniki, Griechenland

(Received November 5, 1982)

Zusammenfassung

Es wird {iber die inhibierende Wirkung von Triphenylarsinoxid (TAsO) auf die
polarographische Reduktion von Cd?*~, Zn %'~ und Co % -Ionen in wésserig-methanolischen
und methanolischen Loésungen berichtet. In wisserig-methanolischen Losungen war die
Wirkung des Inhibitors stirker als in methanolischen Losungen. Die grosste inhibierende
Wirkung des Triphenylarsinoxids wurde bei der Reduktion von Zn?'~ und Co?*~Ionen.in
H,0/MeOH Losungen bei einem Potentialbereich zwischen -1,0 und -1,3 V beobachtet. Die
Wirkung 'von TAsO auf die Reduktion der Cd #_Jonen war vernachlissigbar klein.

Key Words : Polarography, Electroreduction, Inhibitors, Absorption Potential, Halfwave Poten-
tial, Triphenylarsine Oxide.

Abbreviations : TAsO: Triphenylarsinoxid, TPO: Triphenylphosphinoxid.

Einleitung

In friiheren Arbeiten'? hatten wir das eigenartige polarographische Verhalten
von: Triphenylarsinoxid (TAsO) festgestellt. Es konnte nidmlich bewiesen werden,
dass sich diese grenzflichenaktive Substanz, besonders im Vergleich mit anderen
dhnlichen grenzflichenaktiven Stoffen, bei einem Potentialbereich von ungefihr
-1,0 Volt in wisserig-methanolischen und methanolischen Lésungen sowohl als ein
reiner Depolarisator, bei Anwesenheit von Protonendonatoren in der Losung, als
auch als ein Inhibitor von Elektrodenvorgingen verhilt. Demzufolge, und wegen
des ofteren Gebrauchs dieser Stoffe als Inhibitoren von Elektrodenprozessen,
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wurde dann spéter in einer vergleichbaren Weise die Wirkung dieser Substanzen
auf die polarographische Reduktion von Kationen untersucht?.

Die Ergebnisse dieser fritheren Arbeiten iiber TAsO "2 und die sehr wenigen
Informationen, die in der Literatur iiber die inhibierende Wirkung dieser Substanz
auf die Elektroreduktion von Kationen zu finden sind, veranlassten uns, das
Verhalten dieses Inhibitors auf die polarographische Reduktion von Cd?% -, Zn %~
und Co %*~Ionen an der Hg-Tropfelektrode in wisserig-methanolischen und metha-
nolischen Losungen eingehender zu untersuchen.

Experimentelles und Ergebnisse

Der experimentelle Teil dieser Untersuchung wurde in einer fritheren Arbeit
ausfiihrlich beschrieben®. Alle Messungen wurden bei einer Temperatur von 25°C
durchgefiihrt. , '

Im Bereich der polarographischen Reduktion von Cd 2+:—Ionen (E )y =-595 mV)
in reinem Methanol zeigte das TAsO - sogar bei hohen Konzentrationen dieser
grenzflichenaktiven Substanz (5-107 M) im Vergleich mit der entsprechenden
Depolarisator-Konzentration in der Lésung (10 M) - keine inhibierende Wirkung.
Verschiebungen dagegen der polarographischen Reduktionskurve des Depolarisators
der Grossenordnung von 5 mV, in Losungen mit 20 Vol-% H,O und bei einer
fiinffachen Konzentration des Inhibitors (5- 102 M) im Vergleich mit der
entsprechenden Depolarisator-Konzentration reichen auch nicht aus, um eine
inhibierende Wirkung von TAsO in wisserig-methanolischen Losungen bei diesem
Potentialbereich zu begriinden. Diese Ergebnisse lassen sich sehr gut mit Hilfe der
Resultate, erklidren, die man aus Kapazititsmessungen in dhnlichen Losungssyste-
men erhalten konnte.

Relativ schwach erscheint die Wirkung dieser grenzfldchenaktiven Substanz auf
die polarographische Reduktion der Zn%-Ionen (E;,=-1030 mV) in reinem
Methanol. Auch in diesem Fall kann die beobachtete Verschiebung der Re-
duktionswéllen von 10 mV, bei einer fiinffachen Konzentration des Inhibitors
(5- 10~ M) im Vergleich mit der Depolarisator-Konzentration in der Losung, keine
nennenswerte inhibierende Wirkung begriinden. Anhand der Kapazitdtsmessun-
gen und der Messungen des Bedeckungsgrades @ sollte eigentlich in diesem Fall die
Wirkung des Inhibitors etwas grosser sein, was man aber in reinem Methanol nicht
feststellen konnte.

Eine stirkere Wirkung zeigt dagegen der Inhibitor auf die polarographische °
Reduktion desselben Depolarisators in wisserig-methanolischen Lésungen. Die
Adsorptionsfahigkeit von TAsO auf der Elektrodenoberfliche steigt ndmlich mit
steigender H ,0-Konzentration in der Lésung, was man auch schon bei anderen
Inhibitoren festgestelit hat*®, und demzufolge ist die Wirkung dieser grenz-
flaichenaktiven Substanz in H,O/MeOH-L6sungen grosser als in reinem Methanol.
Eine solche Wirkung wire eigentlich, anhand Hauptadsorptionsbereichs von
TAsO und des Bedeckungsgrades ® der Elektrodenoberfliche bei diesem Potential-
bereich® zu erwarten.



INHIBIERENDE WIRKUNG VON TRIPHENYLARSINOXID 139

Aus den entsprechenden Halbstufenpotentialverschiebungen AE ,/, wird deutli-
ch, dass die Wirkung des Inhibitors mit steigender H,O-Konzentration in der
Losung stirker wird. Diese Wirkung wird aber erst ab eine H,0O-Konzentration
von 20 Vol-% deutlich. Bis zu dieser H,0-Konzentration kann die Wirkung des
Wassers auf die Halbstufenpotentialverschiebung AE ;,, als sehr klein und konstant
angeschen werden. Bei noch hoéheren Wasser-Konzentrationen verlaufen die
Halbstufenpotentialverschiebungen anndhernd linear mit der H ,O-Konzentration
in der Losung, wie man auch aus Abb. I deutlich erkennen kann.

Eine dhnliche lineare Abhingigkeit' konnte auch bei Anwesenheit von Triphenyl-
phosphinoxid (TPO) in der Losung beobachtet werden. Auch diese Abhingigkeit
wird graphisch in Abb. 1 dargestellt.
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Abb: 1 : Abhingigkeit der Halbstufenpotentialverschiebungen AE ;5 bei der Reduktion von
Zn?*-Ionen in wdsserig-methanolischen Losungen, von der H 0-Konzentration in der Lésung
und bei Anwesenheit von a) TAsO (1-107 M), &) TPO (1-107 M).

Weitere Informationen, beziiglich der inhibierenden Wirkung von TAsO,
konnten bei der polarographischen Reduktion von ZnZ-Ionen in wisserig-
methanolischen Losungen und bei verschiedenen Inhibitor-Konzentrationen in der
Losung erhalten werden. In Abb. 2 werden als Beispiel die polarographischen
Reduktionskurven des obengenannten Depolarisators in wisserig-methanolischen
Losungen mit 30 Vol-% H,O bei verschiedenen Konzentrationen des Inhibitors
wiedergegeben. : ;
Wie es aus der obigen Abbildung deutlich wird, kommt die inhibierende Wirkung
von TAsO in diesem Fall sowohl durch die Verschiebung der Kurven mit
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Abb, 2 : Stromspannungskurven von ZnSO 4 7H >0 '(I0'3 M) in H ,0/MeOH-Lésungen mit
30% v/v H>0 a) ohne Inhibitor, b) 107> M, ¢) 2-107° M, d) 4- 107 M, ¢ 107 M TAso.

wachsender Inhibitor-Konzentration in der Lésung, als auch durch die gleichzeitige
- Abnahme der Grenzstromstarke der Reduktionswellen zum Ausdruck. Bei grésseren
Konzentrationen des Inhibitors beobachten wir infolge der Einwirkung der
grenzflichenaktiven Substanz sogar eine Teilung der einfachen Stufe des De-
polarisators in zwei Wellen (Abb. 2e). Schliesslich kann aus der obigen Abbildung,
je mehr man zu grésseren Konzentrationen des Inhibitors iibergeht, auch eine
gleichzeitige Abnahme der Steigung der Reduktionswellen festgestellt werden, die

. auf die Zunahme der Irreversibilitit des entsprechenden Elektrodenvorgangs
deutet. :

Es soll an diesem Punkt erwihnt werden, dass bei der Untersuchung derselben
Systeme in Lésungen mit kleineren H ,0-Konzentrationen, wie z.B. bei 20 Vol-%
H,0, keine Abnahme der Grenzstromstérke, sogar bis zu einer vierfach grésseren
Konzentration des Inhibitors (4- 10~ M) als diejenige des Depolarisators, bemerkt
werden konnte. Auch in diesem Fall kann man also mit Sicherheit behaupten, dass
in wisserig-methanolischen Losungen die Wirkung von TAsO erst bei grosseren
H ,0-Konzentrationen stark zum Ausdruck kommt.

Man konnte also annehmen, dass sich das TAsO bei diesem Potentialbereich
erst bei einem grosseren Wassergehalt der Losung als 20 Vol-% H,0, wie erwartet,
als ein relativ starker Inhibitor aufweist. M ' ,

Im Bereich der polarographischen Reduktion der Co?-Ionen (E ;7= ca.-1200
mV) zeigte das TAsO sowohl in methanolischen, als auch in wisserig-me-
thanolischen Losungen eine starke inhibierende Wirkung. Bei diesem Potential-
bereich befindet sich ndmlich der Inhibitor innerhalb seines Hauptadsorptions-
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bereichs auf der Elektrode und der Bedeckungsgrad ® der Elektrodenoberfliche ist
gleichzeitig bei diesem Potentialbereich relativ gross®. Es wire also eine starke
Wirkung zu erwarten.

In Abb. 3 werden als Beispiel die polarographischen Kurven des Depolarisators
in wisserig-methanolischen Lésungen mit 30 Vol-% H,0 und bei verschiedenen
Inhibitor-Konzentration ‘wiedergegeben.

12 4

i(pA) ——

0 A2 14 6 18 20
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Abb. 3 : Stromspannungskurven von Co(NO 3) y» 6H ;0 (09" 1 03 M ) in H ;,0/MeOH-Lisungen
mit 309% v/v H,0 a) ohne Inhibitor, b) 2:10° M, ¢) 4-10° M, d) 107 M TAsO.

Im Gegensatz zur Abb. 2 konnte in diesem Fall bei grosseren Konzentrationen des
Inhibitors (Abb. 3d) keine Teilung oder Abnahme der Héhe der einfachen Stufe
des Depolarisators beobachtet werden. Wie aber aus der obigen Abbildung durch
die Verschiebung der Kurven deutlich zu erkennen ist, verhilt sich das TAsO in
diesem Fall - in H,0/MeOH-Losungen, bei diesem Potentialbereich und bei den
angegebenen H,0- und TAsO-Konzentrationen ~ als ein relativ starker Inhibitor
des untersuchten Elektrodenprozesses.

Ein &dhnliches Verhalten zeigt TAsO auf die polarographische Reduktion
desselben Depolarisators in reinem Methanol. Auch in diesem Fall konnte anhand



142 J. MARKOPOULOS, D. JANNAKOUDAKIS

der entsprechenden polarographischen Kurven eine starke inhibierende Wirkung
beobachtet werden. Die Wirkung des Inhibitors scheint in diesem Fall grésser zu
sein als im Fall der Reduktion der Zn?%-Ionen im selben Losungssystem.

Man kann also zusammenfassend annehmen, dass das TAsO, besonders in-
wisserig-methanolischen Losungen mit hohen H,O-Konzentrationen, bei einem
Potentialbereich zwischen ca. -1,0 und -1,3 Volt eine relativ grosse inhibierende
Wirkung auf die polarographische Reduktion der obengenannten zweiwertigen
Kationen aufweist.

Summary

On the Inhibition Effect of Triphenylarsine Oxide on the Polarographic Reduction of
Cations in Aqueous Methanolic and Methanolic Solutions

Data of the inhibition effect of triphenylarsine oxide (TAsO) on the polaro-
graphic reduction of Cd?, Zn? and Co? ions in aqueous-methanolic and
methanolic solutions are reported.

The action of the inhibitor was always stronger in aqueous-methanolic than in
methanolic solutions. The greatest inhibition effect of triphenylarsine oxide was
obtained for the reduction of Zn?* and Co?" ions in H,0/MeQH solutions at a
potential range between -1,0 and -1,3 volts. The action of TAsO on the reduction of
the Cd?* ions was negligible.

IMepiinyn

Melétn e mapsumodiotixsic dpdoews tov Tpipavvioapovolerdiov kard v nodapo-
ypagIks avaywyy Ketidviwv ce vdatoucbavolikd kar pebavolikd dwalbuara.

Meletdtar  nopepnodiotikyy dpdon tov Tpipaivuroapoivolediov (TAsO)
Katd TV ToAopoypaplky avayeyl tev 1éviov Cd¥, Zn? ku Co? os vdoto-
pebavorikd kot pebovorikd Siahdporo.

H dpdomn tov napepmodioty frav 1oxvpdTepT o€ vdatopsbavorikd Stoddpata
and 6,1t oe daddpato pe kabapr peBoavéoin. H peyoldtepn mapspnodiotiki
Spdon tov Tprporvvroopoivoleldiov mapatnprbnke katd tnv avayoyn Tev
W6vtov Zn? kat Co?* e viatopeBavorikd Stodbpata ot pia Teployy Suvaptkod
petald -1,0 kon -1,3 V. H 8pdon tov TAsO katd v avayoyd tov 1évtov Cd?*
Hrov opeAntéa. '
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Summary

The polarographic investigation of the catalytic hydrogen wave of thioglycolic acid
presented in this work has enabled the interpretation of the course of the electrode reaction
and the calculation of the velocity constant of the reaction. At the surface of the electrode a
simultaneous reaction of the H* and Ni(NH 3)2" ions occurs, whereby the resulting
interfacial tension effects are causing an increase of the current.

-~ Key words: Thioglycolic Acid, Catalytic Wave Kinetics.

Introduction

Many organic compounds containing the -SH group are showing a «catalytical
hydrogen wave» when polarographic measurements are carried out in buffered
solutions containing amino-complexes of Co?*, Co> and Ni?. The catalytic
effect was discovered by Brdicka ', and was subsequently applied for qualitative
and quantitative measurements of organic compounds containing the -SH group.
Similar effects with other organic.compounds were also observed, and the ability to
cause a catalytic hydrogen evolution was connected with the presence of unshared
-electron pairs at nitrogen, sulfur, phosphorus, arsenic and other atoms, to which a
proton can be added?.

From the works presented in the literature it is possible to quote the
following polarographic characteristics of thioglycolic acid. The thioglycolic acid
can react at the Hg-electrode by receiving or giving electrons, and accordingly the
measurements might show three kinds of polarograms :

a) the anodic oxidation wave

b) the cathodic reduction wave

¢) the catalytic reduction wave

a)According to literature data, the anodic wave is caused by a reaction of Hg
with the -SH group :

4,5,6,7
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RSH+Hg —~ RSHg+H" +e¢

b) The cathodic wave is a result of the hydrogen ion reduction from
thioglycolic acid i.e. from its carboxylic group and the -SH group, depending upon
the pH of the solution*>¢7,

¢) The catalytic hydrogen wave of thioglycolic acid results as an increased
reduction wave, when measurements are performed with solutions containing
amino-complexes of Co?", Co* or Ni?* (Brdicka solutions). Based upon many
experimental investigations (Literature review in 3.) a theory of the catalytical
hydrogen evolution was developed. The theory proposed by Mairanovskij *assumes
the same reaction course of the catalytic hydrogen wave for sulfur containing
compounds as for nitrogen containing organic bases, i.e. a reaction in 3 steps :

— A protonation of the catalyst

— The electron transfer upon the protonated catalyst

- The release of a molecule of hydrogen from two reduced protonated «onium»
cations, in a second order reaction.

However, according to the statement of Mairanovskij?, the available experi-
mental evidence was not sufficient to draw final conclusions about the reduction
process of hydrogen, catalysed by compounds containing the -SH group.

Because several aspects of the mechanism of this process have not yet been
clarified, numerous investigators continued to investigate the reaction course of the
catalytic waves of mercapto-compounds 8.9.10.1L12 1 their papers the investigators
assume that catalytically active centers are formed by adsorption of organic
catalysts on deposited Co, or the formation of complexes with Co(II) or Ni(II).

In this work a new theory of catalytic hydrogen waves is presented based upon
a previously established mechanism of hydrogen evolution '*, The experimental
measurements in favor of the theory are D.C. polarograms recorded in systems
containing thioglycolic acid and LiCl, with or without Ni-amine complexes
(Brdicka solutions), and electrocapillary curves recorded by a modified technique
in this solutions.

Experimental

The polarograms were recorded by a polarograph PO 4 «Radiometer»
Kopenhagen. Because reactions proceeding at the surface of the Hg-electrode were
investigated, the purification of mercury was performed with special care. It was
cleansed chemically by boiling small portions of Hg with 20% NaOH, washing with
water, whereupon the Hg was dispersed through a 2 m column containing hot 10%
HNO 3, collected again and washed thoroughly with water. The principal puri-
fication was the distillation. The triply distilled mercury had a light colour and did
not form ring sediments on glass containers.

The Hg-electrode had the following characteristics: m = 1,39 mg.s™, t =537
s, in 1077 M KCl, at a potential of 0 Volts vs. S.C.E.
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The water used for the preparation of solutions was triply distilled. All
chemicals were of analytical grade pyrity. The measurements were performed at
constant temperature of 25°C (% 0,2°) by immersion of the polarographic cell and
the reference electrode (S.C.E.) in a thermostat.

Results

For the polarographic measurements LiCl was used as supporting electrolyte,
because the Li* ion, having a very negative reduction potential (-2,9 V vs. S.C.E.)
enabled the observation of polarographic waves in a greater potential span.

In thioglycolic acid solutions containing LiCl as supporting electrolyte, two
waves are formed, the first wave of thioglycolic acid at -1,6 V and the second at
2,2 V.

The first figure 1 is showing both waves in comparison with the residual current
recorded in a solution of pure LiCl of the same concentration. It will be noted that
the residual current does not show any wave just preceding the rapid increase of
the Li* reduction current.

Current

RS TR AT NS0 TN ST T NN N S T S N NS TR N T AU T N SO A N
-0,5 -1.0 -1,5 -2.0 -25
Volfs vs. S.C.E.

FIG. 1 : 4 polarographic wave of 4.10* SHCH ;COOH in 10 M LiCL in comparison with
the supporting electrolyte,

Numerous scientific works are mentioning the first wave, whereas the' second
wave was unnoticed. The second wave has a noncompletely developed form
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because of the overlapping with the Li* reduction wave. Therefore, the height of
such a wave does not depend solely upon the concentration of SHCH ,COOH, but
upen the ratio of the SHCH ,COOH and LiCl concentrations, as well as the first
completely developed wave.

By the addition of Ni(II) amino complexes in ‘the solution, the first wave is
increased, i.e. a «catalytic hydrogen wave» is formed (Figure 2).

Current
~N
=
>
—
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0 -05 -1,0 -15 -2.0 -2,5 -3,0
Volts vs. S.C.E.

FIG. 2 : A polarographic wave of 2.10* M SHCH ;COOH + 107 M LiCl + 10 M Ni*'+
+ buffer 10 M NH,ClI+ 107 M NH;.

The wave preceding the catalytic wave is a reduction wave of Ni(II) with a
maximum caused by a diproportionation reaction.

In the solution corresponding to the first and second figure, interfacial tension
measurements were also carried out. The usual technique of drop - time
measurements of the Hg-electrode was modified, inasmuch as two capillaries of
different diameters have been used for measurements, connected in A-shape. The
difference of the drop-time of the two capillaries vs. potential is shown on Figure 3.,
in comparison with the electrocapillary curve recorded by the same technique in the
solution of the supporting electrolyte LiCl.

The advantage in measuring the différence of the drop time is based upon the
fact, that the force causing the surface tension can be resolved in two components,
the perpendicular and the tangential component, when reaction steps are occurring
tangential with the electrode surface.(Figure 4),

When measuring the surface tension conventionally, the effects upon the
perpendicular forces are predominant, i.e. the forces arising from the charging of
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FIG. 3 : Interfacial tension measurements corresponding the polarographic waves shown on

Figures 1. and 2.

@) 107 M Licl

b) 4.10% M SHCH,COOH + 107°M LiCl

¢) 2.10% M SHCH,COOH+ 10°M LiCI+10% M Ni** + buffer 10 M NH; +
+107'M NH (CI

the electric double layer. In contrast, when measuring the difference of the drop
time, the effects upon the perpendicular component are minimized, because both
electrodes have the same potential, and the effects of the tangentially transferred
charges are revealed.

Therefore maxima appear upon the electrocapillary curves at potentials
corresponding to catalytical waves, to maxima of the first kind, or similar processes
involving a rearrangement of charged particles upon the electrode surface.

Heyrovsky and Kudera have shown a similar modification of the electro-
capillary curves by measuring the drop weight* («Principles of Polarography» p.
23). They have also observed secondary maxima upon such electrocapillary curves.

The measurements of the tangential surface tension shown in this work, bring
to light an increase of the surface tension at potentials of the catalytic wave, when
Ni(NH ;) > is present in the solution, whereas in the absence of Ni(NH3)%, a
tendency of decreasing surface tension is observed.
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FIG. 4 : Arrangement of particles at the surface of the mercury electrode :
a) solutions in the absence of Ni?*
b) solutions in the presence of Ni?*

The reaction course

The two waves of thioglycolic acid described in this work, are interpreted by a
reaction course generally accepted for the electrode reaction of H* jons'*.
In the first step, the thioglycolic acid is receiving two electrons from the

electrode :
SHCH ,COOH + 2¢ — SHCH ,COO+ H" D

thereby forming hydride ions, stabilized by the formation of LiH. The hydride ion
is in turn acting spontaneously with H* ions; resulting in the evolution of
hydrogen :

H*+H — H, 2

‘Reaction (2) is proceding in the aqueous layer, adhering the surface of the
electrode, and it is accompanied by a release of energy. The energy released enables
the formation of a prewave. Therefore, the reduction wave observed at -1,6 Vis a
prewave, and the second uncompletely developed wave at -2,2 V is the wave of the
hydride ion.
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The catalyzed evolution of hydrogen discernable as the increased wave at -1,6V,
is formed by the intermediately deposited Ni®

Ni(NH 3)2* 4+ 2e — Ni°+4NH; 3)
The elementary Ni° is further effective by a reaction involving two electrons :
Ni°+H* Ni*+H" (4)

The alternative arrangement of particles with opposite charges, Ni*and H™, at
the surface of the electrode, causes the increase of the Hg drop, which is therefore.
able of conducting a greater current,

The above described reaction. course offers interpretation for the formation of
the hydrogen wave at more positive potentials, i.e. the energy component of the
catalytic effect, whereas the increase of the current is a consequence of the
secondary effect upon the substrate (Hg-electrode). The effect upon the surface
tension of the substrate is shown on Figure 3. curve c¢). in the form of the small
maximum at the potential of -1,6 V.

Kinetics

The kinetic law in accordance with the described reaction course is based on a
reaction of the second order :

H*+H — H,

The velocity of the whole electrode process is controlled by the formation of
molecular hydrogen from the hydrogen and the hydride ion.

The velocity constant was calculated by an expression derived in a previous
work "

nF
- ————— (E- E.10,05921 o+
I=nFk,C.10 23Tz o bs o0

where the symbols have the following significance :

I = current density

n = the number of electrons tranferred effectively at the electrode i.e. 1 electron
X 2/3 surface = 0,4 electrons

C  =the -SHCH,COOH concentration of the solutlon

k. = the velocity constant corresponding to the half-wave potential of the thio-
glycolic acid wave.

E, ='the half-wave potential of the thioglycolic acid reduction

E =the half-wave potential of the small uncompletely developed wave.

¢+ = concentration of the supporting electrolyte, LiCl, effective for the activation
energy.
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The velocity constant for the first wave of thioglycolic acid is 5.10 cm.s™, as

calculated by the above expression. This value is comparable with literature data !5,

Conclusion

The interpretation of the reaction course of the «catalytic hydrogen wave» i.e.
the «Brdicka reaction» presented in this work, might offer aid in different
applications of such reactions, e.g. for diagnostic purposes, therapeutic or pre-
parative purpose. The velocity constant of the reduction reaction is smaller than
the velocity constant of HCI by two orders of value, in accordance with the degree
of dissociation of the acid.

The described technique of the surface tension measurement, represents an
excellent tool in studying reactions proceeding stepwise, tangentially to electrode
surfaces. The condition for reproducible results is a specially clean surface of
mercury. The diagramms of the difference of drop time vs. potential are similar
with the conventional drop time vs. potential diagramms 8 but are displaying
additional effects of the tangentially proceeding electrode reaction steps.

Iepitnyn

H nopefa avtidpacns kar 1 KIVHTIKH TOVL KOTAALTIKOD KUUATOG TO
BeroyAvkoldikod okéog.

H rolapoypoagik épevvo tov kataAvTikod kbpatog vdpoyoévov tov Beto-
yAvkoAkol oféo¢ mov mapovoldleton o avt v epyacia xkabiotd tkovy v
gpunveio g mopeiag Tng avtidpaong niektpodiov kabhg kot Tov LIOAOYIOUS
¢ otabepdg taydTntag avtidpaong. Tnv empdvela tov mMiektpodiov -Hg
AapBdvet ydpa pla avbdppnty avidpaon tov Wéviev H ke Ni(NH 5), érov 1o
anotehéopata TG EXISpaong NG SlEmMPAVEINKTG TAONG TPoKalodv avEnon tov
peOUATOG,.
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Introduction

Sublimation Transfer Printing, is a process where, selected sublimable dyestuffs,
originally printed on paper, are transferred to suitable fabric held in contact with
the paper, and raised to temperature from 150° to 220°C. It is possible to obtain
the -contact and heat required, with a hot-iron or a hot-press. Transfer times of 30
to 60 seconds are normally required, and excellent quality prints are usually
obtained. .. , ‘

Since 1968, when this Sublimation Transfer Printing was commercially de-
veloped, there has been a dramatic and almost universal interest in this process,
‘because of its simplicity and certain other advantages over the conventional textile
printing.

Hitherto, the most successful application of this process, has been on polyesters
and acetates. Polyamides give intense, bright prints, but the wash fastness
properties of the print is in general unsatisfactory. To improve this various reactive
dyes have been introduced, which give dye-fibre grafting during the transfer
process, and give prints with very high wash fastness. Dyes bearing azide groups L
epoxides ?, chloralkyl ®, a,B-unsaturated acyl 3, have been used, but the problem has
been partially only solved. Difficulties have been encountered with the production
of reds and blues, with adequate transferability 4 and consequently new suggestion
are of significant importance.

The present study describes the synthesis of some new sublimable disperse dyes,
bearing the cyanomethylester group as reactive group, and the potentiality of using
them as fiber-reactive dyes, for trmansfer-printing nylon.
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Experimental Part

Dyes belonging to two main classes were synthesized. Azo-dyes of the general
formula I, and anthraquinone dyes of the general formula II. By varying the R,
R; and R, substituents of the azo-dye, one can produce yellow, orange or red
shades, while anthraquinone dyes of the formula II are blues.

NHCH(CH )

R

i1
Bu'@' N=N@ -N-CH COOCH N
" 2 2
K

3 2 NHgHCOOCB CN
2

5

I

II

Preparation of the coupling components of the formula 111.. A modification of BASF

process® was used for this purpose.

Two Moles of monoalkyl aniline, and one Mole of monochloroacetic acid, were
heated in an oil bath, for three hours at 100°C and then four hours at 115°C. The
reaction mixture was taken in water and the pH was adjusted to 10 with dilute
sodium hydroxide solution. The unreacted monoalkylaniline was extracted with
ether, the pH of alkylaniline acetic acid solution was adjusted to 7 with dilute HCI
solution, and titrated in a small sample with N/1 diazotided p-nitroaniline
solution. The coupling component solution was then used directly for azo-dye
synthesis. The yield was almost quantitative.

Synthesis of acid azo-dyes of the general formula 1V.

A mixture of one Mole of the appropriate diazonium component, 100 ml water,
and 30 ml 309 HCI solution, was cooled to 0°C. A 309% solution containing one
Mole of sodium nitrite was then added, and the reaction mixture was kept at
0-5°C for one hour. After diazotization was completed, any excess of sodium
nitrite was destroyed by the addition of small amount of sulfamic acid. The
diazonium solution was then clarified and slowly added to a precooled to 5°C
solution, containing 1,05 Moles of coupling component. The reaction mixture was
then stirred at 5-10°C for three hours, the precipitated acid dye was redissolved by
addition of 10% sodium hydroxide solution, and clarified from Celite. By careful
acidification with dilute HCI, the dye was reprecipitated, filtered, washed with
water and dried. Yields up to 959 were obtained.

Synthesis of anthraquinone acid dyes of the formula V.

To a mixture of 0,0375 Moles quinizarin and 0,0135 Moles leucoquinizarin,
water was added to a volume of 75 ml. Then there were added, 36 g isopropanol
and the mixture was heated to 40°C, with stirring. After addition of 0,055 Mole
isopropylamine, 0,055 Mole glycine or alanine, and 0,055 Moles sodium hydroxide,
the reaction mixture was brought slowly to boiling, and kept refluxing for eight
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hours. 1,25 g sodium perborate was then added and the mixture was kept at boil
for another two hours. The hot mixture was poured into 500 ml water, made
alkaline with sodium carbonate, and the insoluble material was filtered off. The
clear filtrate was then carefully acidified to pH 2 with dilute HCI solating, and the
precipitated acid dye was filtered off, washed with water, and dried. The yield was
25%. :

0 NH-CH(CH )

32
?1 a
R - -N=N-@ ~-N—CH COQH
2 3 2

& Nu-gucoOH
R

III Iv 5

v

General Procedure for the preparation of cyanomethiyl active esters.

A mixture of 0,2 Mole of acid dye, 60 ml dry ethyl acetate, 0,24 Mole
triethylamine, and 0,35 Mole chloroacetonitrile, was refluxed for ten hours. After
evaporation of the solvent, the solid residue thus obtained, was washed with water,
then stirred in a 109 sodium carbonate solution, and filtered off. This was repeated
till the sodium carbonate washing remained colourless, and TLC chromatography
showed no starting material. The cyanomethylester was then filtered, washed with
water and dried in vacuum. Yields up to 75% were usually obtained. Samples for
analysis were prepared by recrystallization from small amount of ethyl acetate.

The structure of the new dyes were very easily veryfied by NMR spectroscopy,
since the a to carbonyl group protons, as well as the protons of cyanomethyl
group, have characteristic absorption bands.

The following dye-active esters were synthesize:
1. Azo-dyes of formula I
a) R{=CH,CH,CN, R,=H, R~R,=Cl, hue yellow.
calc. C=5482% H=3,63% N=16,82%
found C=154,53% H=4,01% N=17,02%
b) R,=CH3;, R=R3=H, R,=NO,, hue orange.
cale. C=57,13% H=535% N=19,59%
found C=156,98% H=5,12% N =19,39%
¢) Ri=CH;, Ry,=Cl, R+—=H, P,=NO,, hue red.
calc. C=152,65 H=3,63% N =18,05%
found C=15243% H=397% N=18,07%
2. Anthraquinone dyes of formula II.
a) Rs=H, hue blue.
calc. C=6683% H=15,07% N=11,13%
found C=66,480 H=539% N=1141%
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b) Rs=CHj, hue blue
calec. C=6750% H=3540% N=10,73%
found C= 67,34% H=35,03% N= 10,49%

Evidence of reaction with nylon.

Two kinds of evidence were used to prove reaction of the dyes with nylon® :

1) Nylon dyed with conventional disperse, or acid dyes, can be stripped by boiling
solvents such as, propanol, chlorobenzene, or aqueous 159% pyridine. On the
contrary, nylon dyed with fibrereactive dyes, can not be stripped.

2) If nylon fibre, dyed with disperse dyes, is dissolved in 70% formic acid, and the
resulting solution poured into propanol, the polymer is precipitated off, and the
dye appears in the liquid phase. If, however, nylon dyed with fibre-reactive dyes
is treated the same way, the dye remains associated with the precipitated nylon,
even though it is readily soluble in propanol.

Transfer printing.

Nylon 6.6 was used as substrate to transfer printing.

The dyes were dissolved in acetone to give a saturated solution, and the solution
was applied to filter paper. The filter paper was dried in the air and used as
printing paper . , ’

Each printing paper was placed in contact with the nylon substrate, and pressed
with a hot iron at 200°C, for 45 seconds. The hot iron was in contact with the
printing paper, and not with nylon.

After removing the filter paper, the substrate was left coloured with the dye
used, in bright shades. The coloured substrate was then cut in equal pieces, and
each piece was subjected to dry heat fixing by a hot at 180 °C iron, the fixing time
ranging from piece to piece from zero to two minutes.

When the fabric-samples were tested for dye-nylon reaction, by the tests
described above, both tests showed the followings :

Almost no reaction for samples without dry-heat fixing, and gradual increase of
chemically bunded dye, with increasing fixing times.

At two-minutes fixing time, only small amount of the dyestuff could be stripped
from nylon.

When test No. 2 was applied, almost all color followed the precipitated
polymer.

When, instead of nylon, polyester or polyacrylic substrates were used, the bright
colored samples were completely stripped in boiling aqueous pyridine, even after
dry-heat treatment of the samples for several minutes.

Kind of chemical bond.

The only functional group in polyamides that can react with an active ester, is
the amine end-groups, and consequently the dye-fibre grafting can be understood
according to the following scheme :
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R R
| | :
D-N-CH ,COOCH ,CN + NH ,-nylon — D-N-CH ,CO-NH-nylon + HOCH ,CN

where D stands for the colored molecule.

The extend of dye-fibre grafting, reaches a maximum value, as a consequence of
the limited end-groups of nylon. Additional dye is not chemically bonded, and
therefore can be easily extracted with boiling propanol, or aqueous 15% pyridine.

Conclusion

Special, cyanomethylester bearing, disperse dyes, have a considerable potential
for use as reactive, transfer-printing dyes, in particular for nylon substrates. They
can also be used as regular disperse dyes, for any hydrophobic fibre, as polyester,
acetates, acrylics, or blends. For the determination of the optimum condition for
dye-transfer, as well as fixing, additional research work is in progress.

Abstracts

The preparation of some new reactive disperse dyes, which can be used for
transfer-printing, is described. The dyes, azo and anthraquinone, bear the cyano-
methylester group, which can react with amino-end groups of polyamldes and give
non-extractable, dry-heat-transfered- prints.

On hydrophobic fibres without functional groups, they behave like conventional
disperse dyes.

Key Words : Disperse dyes, cyanomethyl ester, sublimation, amino-end group.

Iepidnyn

Néa, avtidpdvia pe ty iva, ypdpata, ypHoipe othy Tonofagiky tov NdiAov ue
eédyvaan.

Ileprypdgetar n obvBeon ko yprion vEwv ypopdtev diaomopds, to onoia
@époLy 010 POPLO Toug TOV evepYd Kvavouebuieotépa.

Ta ypdpate ovtd avrjkovy oe dvo ketnyopieg. Aloypdpate Tov tHmov I kot
avBpakivévng tov timou II. Me xatdAinin emloyr TOV LIOKOTAOTATOV TOV
ypoudtov tov tonov I, givor duvatdv va moapayBovv kitpiveg, moptokoiri kot
kokKkveg amoypooelg. Ta ypopato tov tomov II sivar pmhe.

Me efdyvoon, 1o véa YpoOpoTa, pmopodv va peTamepfolv amd dinbntikd
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xapti 010 omoio &yovv mpoopopnbel, oe vedopato and vipogofeg tves. Tovto
gmtuyydverar otav, 1o yapti, oe ema@n pe 10 VEOoUA-LTOoTPLUL, OeppovOsl
atovg 200°C enmi 45-60 devtepdienta. "‘Otav 10 0QUOUO-LVTOCTPOUE €ivol ard
Ndbrov kot petd Tnv ekTOMOON axoiovdyoel Enpr Béppuavon otovg 180°C, emt-
TUYXAvoVTOl eKTUNMOELS oT0Bepés 0T0 TADOLUO Kol 0Tovg Beppod opyavikovg
Stohdtec. Aev ovpfaivel to 810 pe Ta KOWVE Y pdATE S10TOPAS Ta OTola EVKOA
ekyvAilovrat.

H otabepémra avtr] amnodidetar o0to OYNUATIOHO adikod BSgopov. TOv
xphpoToc pe T erebBepeg apvouddeg Tov Toivopdiov.
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IN TETRAHYMENA PYRIFORMIS

VASSILIOS M. KAPOULAS and PANAGIOTIS B. MARIOLEAS
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The possible presence of prostaglandins (PG) in Tetrahymena pyriformis as a
means to counteract the effects of catecholamines has been long ago in question .
On the other hand, the presence in Tetrahymena of polyunsaturated fatty acids of
the C-20 series, that is a prerequisite for PG biosynthesis, has been demonstrated

" since 19632 Although these fatty acids were not unequivocally characterized, we
were prompted to undertake the task to investigate whether prostaglandins do
really occur in Tetrahymena. Convincing positive evidence was first obtained by
gas-liquid chromatography (GLC). However, owing to the minute amounts of PG
detected by GLC, these finding were cross-checked by radioimmunoassay (RIA)
methods which, apart from their absolute specificity, are advantageous for the
quantitation of minute amounts of prostaglandins.

Methods

Cultures (100 ml) of T. pyriformis, strain W, were prepared as previously
described® in 29 proteose-pentone (Difco), 0.5% dextrose, 0.2% yeast extract
(Difco) and 1% (v/v) of 90 pM ferrum-EDTA. At the age of 72 h after innoculation
(cell density: 0.8 X 109 cells/ml), the cultures were cooled quickly to 4°C in a dry
ice-acetone bath, and the cells harvested by centrifugation at 750 xg (5 min) in a
refrigerated centrifuge. The cells were washed free of medium by resuspension in
ice~-cold 0.9% NaCl followed by centrifugation as above. They were then suspended
in 3 ml of 0.99% NaCl and extracted with 10 volumes of ethanol:ether, 3:1 (v/v)*

The culture media remaining after spunning down the cells, were centrifuged at
3,000 xg (10 min) to remove any residual cells and then, 10-ml aliquots were
extracted as above.
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The ether extracts were evaporated to dryness in vacuo and the dry residues
were distributed in carbon tetrachloride: water, 1:1 (v/v). The aqueous layers were
acidified to pH 3 with 0.1N HCI and extracted with ethyl acetate. The extracts were
neutralized with 1 N NH 4OH, evaporated to dryness in vacuo and redissolved in
0.5 ml of benzene:ethylacetate, 60:40 (v/v). The resulting solutions were then
fractionated on a 0.6 X 3 cm silicic acid chromatographic column 5‘, eluted with
benzene:ethyl acetate:methanol 60:40:0 (5 ml), 60:40:2 (12 ml) and 60:40:20 (5 ml).
The first solvent mixture eluted the PGA, PGB and undesirable lipids. PGE and
PGF were then eluted with the second and third solvent mixture respectively. The
performance of the column was tested prior to each series of experiments with
radioactive ( '%C) prostaglandins (Amersham, 160 Ci/mmole).

Derivatives for GLC analysis were prepared according to Albro and Fishbein ¢
as follows: PGE methoximes were prepared by treatment of the PGE fractions with
" 0.3 ml of methoxamine hydrochloride in pyridine for 2h. The resulting methoximes,
as well as the PGF fractions were treated with diazomethane in methanol:ether, 1:9
~ (v/v). The methylesters so obtained were converted to the corresponding tri-
methylsilyl derivatives by treatment for 20 min with 0.1 ml of a mixture of
trimethylsilylimidazole (TSIM) (2 parts) and bis (trimethylsilyl) trifluoroacetamide
(BSTFA) (1 part). GLC analysis was then performed on an OV.l column
(6ft X 1/8” i.d.) using an Aerograph 200 apparatus with flame ionization detector.

Radioimmunoassays were carried out as described by Dray er al.’ using
antisera (M-anti-PGE ;, M-anti-PGE,, L-antiPGF,,) provided by the Institute
Pasteur (Paris, France). Radioactive (carbon-14) prostaglandins (160 Ci/mmole)
were purchased from Amersham. Nonradioactive prostaglandins were an offer
from the Upjohn Company (Kalamazoo, Michigan).

TABLE I : Prostaglandin Levels in Cells, Growth Media and Cell Homogenates of
Tetrahymena*

PGF,, PGE, PGE;
Cell mass - 380160 270 £ 60 210+ 40
Growth medium 2,100 £ 300 4,000 £ 500 3,300 & 200
Cell homogenate:
0 min 270 410 —
| min ' 3,200 480 —
3 min 880 195 —_
5 min 445 170 —
12 min 460 170 —
50 min 325 150 —

* Results are expressed in pg per 8 X 107 cells, or per 100 ml grOWth medium. In
situ levels are average values & SD from 11 assays. Results for cell homogenate
are from one representative experiment.
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Interestingly, the growth media of Tetrahymena cultures were found to
contain PGE , and PGF ,, in concentrations much higher than in the cells, whereas
sterilized plain medium gave negative results. These prostaglandins are slowly
excreted from cells to medium during their growth, since negligible amounts of PGs
were found in the media of cells collected by centrifugation and resuspended in
fresh growth medium or in 0.9% KCI. '

As shown in Table I, when cell homogenates are incubated at 37°C, show a
sudden increase of the PG levels. This is especially pronounced in the case of
PGF ,, showing an almost 12-fold increase within one minute, followed by gradual
decrease to normal levcls within 3-4 min. A specific quick stimulation of the PGF 5,
biosynthesis is a possible explanation for the observed difference between PGE ,
and PGF,,. However, since PGF,, is a metabolite of PGE ,, most probably the
observed accumulation of PGF,, is the result of both, reduction of PGE, and
increased endoperoxide activity and cleavage.

Results and Discussion

The identification of PGs in Tetrahymena by GLC method has created serious
problems due to artefacts formed during derivatization, in concentrations similar
or greater than those of the PG-derivatives. Among several methods tried, it was
shown that the preparation of the trimethylsilyl derivatives by treatment with
TSIM-BSTFA ¢ was advantageous: in avoiding all the above problems. Using this
technique it was shown unequivocally that prostaglandins E and F are -present in
Tetrahymena.

However, since GLC analysis gives no information about the components of
the PGE and PGF fractions, this investigation was continued by RIA. As shown in
Table I, Tetrahymena cells contain PGF,,, PGE, and PGE; (in order of
decreasing concentration).

The usual problems in estimating the iz situ levels of PGs are more pronounced
in this case, because in Tetrahymena cells extensive lipolysis (and apparently
several other enzymic activities) appear soon after changing the growth conditions >
These effects were minimized by quick cooling the culture to 2-4°C in a dry ice-
acetone bath®, but as an additional cross-check, 10-ml aliquots of cultures (cells
plus medium) were directly extracted, and the total PG concentrations were
assayed. When the sums of PG concentrations in the cells and in the medium were
much higher than their total amount determined directly, as above, the results were
rejected. Values depicted in Table I were verified by this procedure.
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Abstract

The occurrence of prostaglandins in the protozoon Tefrahymena pyriformis was
unequivocally demonstrated by two methods, gas liquid chromatography and
radioimmunoassay. The levels of prostaglandins E, E; and F,,, in pg/100-ml
culture (8 X 107 cells), were found 210 & 40, 270 & 60 and 380 % 160 respectively
for the cell mass, and 3300 & 200, 4000 % 500 and 2100 =% 300 respectively for the
growth medium. Cell homogenates incubated at 37°C show a rapid increase of
prostaglandin concentrations, followed by gradual decrease to normal levels or
below them within 3-4 min. Especially, the concentration of prostaglandin F,
shows a 12-fold increase within 1 min, suggesting a very active endoperoxide
cleavage under these conditions.

Hepidnyn

"Yrapln mpocraylavoivav otyv Tetrahymena pyriformis

H Vnoapén npootayrovdivov oto mpotélwo Tetrahymena pyriformis amo-
deiyOnke pe dvo pebodoug, agploypopatoypaeic Kot padlo-ovoooroyikés petpi-
ceic (RIA). Ta enineda tov mpootayravdivov Eq, E, kot F,, og pg avd 100 ml
kadhépyeog (8 X 107 wottapa) Bpédnxov 210 + 40, 270 60 xou 380+ 160
avtiotolya otnv kuttapiky pdla, evéd To péco avdntuéng Ppébnke emiong va
ePLEYEL TIC TapATdve Tpootayravdives oe emimedo 3300 & 200, 4000 £ 500- kou
2100 3 300 avrictolye.

Endeaon otovg 37°C opoyevonothuévev kuttdpwv tpokakrel andtoun adénon
TOV  CLYKEVIPOOE®MV TPOCTAYAAVELVOV, TOL ENOVEPYOVTOL OTUdAKE OTA KAVO-
vikg ‘toug eminedo (| xar kdte and avtd) péoa oe 3-4 min. Eidikétepa, 1
cvykévipwon tng npootayravdivng F,, avEdvetal 12 popég péoa 6° éva Aento,
npdypo mov amoterel EvdeiEn 6T kdtw and Tig cuvBkeg avtég avEdvetot ToAD
dpacTikd n didomoacn ToOV 8\’805?{8[50&81&0)\’.
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In two previous papers |2 we explained the synthesis and interpretation of the
structure of Pt(II) and Pd(II) complexes with amino acid derivatives. The rational
for the synthesis of these complexes was to elucidate as far as possible the:
relationship structure-biological activity and to try to find a new group of
compounds with strong anticancer activity.

This communication is to report the preliminary results of the in vivo screening
of the Pt(II) and Pd(II) complexes of S-2-Aminoethyl- L-Cysteme and S-2-
Aminoethyl-D, L-Penicillamine hudrochloric salts

COOH COOH

CH-NH ,HCL CH-NH »HCl

CH,—S-CH,CH,NH, CH 37 ds-cn ,CH.NH,
CH;

The complexes were prepared using a general method in the ratio I:I (amino
acid:metal) and described in our paper? The structure of the complexes was
studied by elemental analysis (C, H and N), infrared and "H NMR spectra. From
the spectroscopic data it was concluded that the amino acid derivatives behave as
bidentate ligands, being bound to the metals via the sulphur atom and the amino
group near the carboxylic group. There are also spectral evidence of a possible
equilibrium between the uncoordinated carboxylic group and the electrostatic form
of COO™... M (M =Pt or Pd)2

The screening of the four complexes was. carried out in the laboratory of the
Institute Jules Bordet, Brussels, in association with the U.S. National Cancer
Institute, Bethesda, Maryland.
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The screening was in accordance with the screening protocol (Instruction 14.
Screening Data Summary, Interpretation and Outline of Current Screen and
Revisions, June 1980) for L-1210 lymphoid leukaemia or P388 lymphocytic
leukaemia in male or female mice. The number of animals in ¢ach test and control
group was 6 or 5. The animals were inoculated intraperitonealy with diluted ascitic

TABLE 1 : Summary ‘of scréening data for antitumor -activity of the Pt(Ii) and Pd4(I)

complexes in mice.

dose tfumor
solu- test sex range evaluation %
Substance tested bility  system mg/Kg days survival T/C
contr.  test.
(S-2-aminoethyl- Solution L-1210 M 200 8.2 9.3 113
L-cysteine. HC)PtCl , » » M 100 8.2 9.0 109
» » M 50 8.2 8.8 107
» » M 25 8.2 8.3 101
» » M 12,5 8.2 8.0 97
» » M 6.25 8.2 7.9 96
» » M 3.12 8.2 7.9 96
(8-2-aminoethyl- suspen- P388 F 200 10.0 9.5 95
L-cysteine. HC)PdCl , sion » F 100 10.0 9.5 95
» » F 50 10.0 10.0 100
(S-2-aminoethyl- Suspen- L-1210 M 200 8.2 12.0 146
D,L-penicillamine HC)PtCl, sion » M 100 82 103 125
» » M 50 8.2 9.0 109
» » M 25 8.2 9.0 109
» » M 12,5 8.2 8.8 107
» » M 6.25 8.2 8.2 100
» » M 312 82 8.0 97
suspen- L-1210 F 200 8.2 16.3 198
sion
» » F 100 8.2 11.4 139
» » F 50 8.2 10.8 131
» » F 25 8.2 10.0 121
solu-
tion » F 12.5 8.2 9.4 114
» » F 6.25 8.2 9.4 114
» » F 312 8.2 8.4 102
(S-2-aminoethyl- suspen- P388 F 200 10.0 9.0 90
D,L-penicillamine HCI)PdCI, sion » F 100 10.0 10.0 100
» F 50 10.0 10.0 100
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fluid containing 105 cells of the L-1210 or P388. On the next day, the animals were
injected i.p. with a suspension of the compounds tested. The vehicle was Klucel for
the Pd(II) complexes and saline for the Pt(II) complexes. A total of 3 injections
were given at 4-day intervals. Toxicity was evaluated as survival 5 days after the
first injection. Substances are judged as being active if the 9 T/C is 125 (or
increase of lifespan of the animals by 25%).

From the data given in Table I it can be seen that, a) the Pd(IT) complexes for
both ligands showed no activity, b) The (S-2-aminoethyl-L-cysteine. HCI)PtCl,
complex showed minimal activity for higher doses in L-1210 and no activity for
lower ones, and c) the (S-2-aminoethyl-D, L-penicillamine. HCI)PtCl, is a strong
antitumor agent. In male mice the % T/C for doses of 200 mg/Kg is 146 and
_decreases substantially for lower doses, whereas in female mice the % T/C is 198
(almost doubled the lifespan of the leukaemic mice) for the dose of 200 mg/Kg
respectively.

This is, in our opinion, a very promissing result and we will continue our
investigation of similar and new complexes with PY(II) and Pd(II) and amino acid
derivatives, having in mind to elucidate the connection between features of the
chemical structure of the complexes and antitumor activity.

Abstract

Platinum (II) and Palladium (II) complexes of S-2-aminoethyl-L-cysteine and S-
2-aminoethyl-D, L-penicillamine were screened in association with the U:S.
National Cancer Institute, Bethesda, Maryland, for L-1210 lymphoid leukaemia or
P388 lymphocytic leukaemia in male or female mice. One of the complexes with
Pt(II) showed strong antitumor activity in female mice by doubling their lifespan.
The Pd(II) complexes showed no activity.

Iepidnym
Avtikaprivikyj opdon twv ovuniéxwv PHII) kar Pd(Il)

Zopmhoka Pt(I1) ko PA(II) pe S-2-apivoarBuvro-L-kvoteivny ko S-2-apivoaibu-
r0-D, L-neviktAhapivn dokipdodnkav, oe cuvvepyacio pe to EOvikd Ivotitovto
Yyeiog tov HITA, oe L-1210 Avpogoeidr] Aegvyapia 1 P388 Avpgpokvttapikr
Agvyoupia oe apoevikolg kol Bnivkolg movtikods. "'Eva and ta oOpmioko pe
Pt(I) £3eike woyvpry avtikapkivikt dpdon o Onivké movtikia Simkaciilovrag
™ Sdpkera Lorig toug. Ta ovpmroka PA(II) dev mapouvciocav aviikapKlviKy
dpdon. '




168 S.MYLONAS, A.VALAVANIDIS, V.VOUKOUVALIDIS, M.POLYSSIOU

References

1. S. Mylonas, A, Valavanidis, V. Voukouvalidis and M. Polyssiou: Platinum (II) and Palla-
dium(II) complexes with amino acid derivatives. Synthesis, interpretation of IR and H
NMR spectra and conformational implications, Inorganica Chimica Acta, 55, 125 (1981).

2. 8. Mylonas, A. Valavanidis, V. Voukouvalidis and M. Polyssiou: Synthesis of S-2-ami-
noethyl-L-cysteine and S=2-aminoethyl-D, L-penicillamine complexes with Pt(II) and
Pd(I). Interpretation of IR and H NMR spectra and conformational implications,
Inorganica Chimica Acta, 66 (I), 25 (1982). '

Acknowledgement

We would like to thank Dr O.C.Yoder and his associates in the Institute Jules
Bordet, Brussels-Belgium, for the screening of the compounds. and the scientists in
the National Cancer Institute, Bethesda, MD, USA, for their cooperation.



