
CHIMIKA CHRONIKA, NEW SERIES volume 12, NO 3, p.p. 117-168 September (1983) 



i f iR ioB(~~  
CHIMIKA CHRONIKA / NEW SERIES g ~ a u i o u  Z. K ~ Y o % ~  

Published by the Greek Chemists' Association p97-1992)  
27, Kaningos Street, Athens (143, Greece 

MANAGING COMMITEE 
Irene DILARIS, Georgia MARGOMENOU-LEONIDOPOULOU, George PETROUTSOS, 
Panayotis PROUNTZOS, Maria SABATAKOU 

Ex. officio Members: Theodoros ARGIRIOU (Repr. Gen. Secretary of G.C.A.), 
Panayotis PAPADOPOULOS (Treasurer of G.C.A.). 

EDITORS - IN - CHIEF 
I. DILARIS, G. MARGOMENOU - LEONIDOPOULOU 

EDITORIAL ADVISORY BOARD 
N. ALEXANDROU 
Org. Chem., Univ. Salonrca 

A. ANAGNOSTOPOULOS 
Inorg. Chem., Tech. Unrv. Salonrca 

D. BOSKOS 
Org. Chem., Tech., Univ. Salon~ca 

P. CATSOULACOS 
Pharm. Chem., Unrv. Patras 

G.D. COUMOULOS 
Physrcal Chemistry Athens 

C.A. DEMOPOULOS 
Brochemistry, Univ. Athens 

C.E. EFSTATHIOU 
Anal. Chem., Unrv. Athens 

A.E. EVANGELOPOULOS 
Brochemrstry, N.H.R.F., Athens 

S. FILIANOS 
Pharmacagnosy, Univ. Athens 

D.S. GALANOS 
Food Chem.. Univ. Athens 

A.G. GALINOS 
Inorg. Chem., Univ. Patras 

P. GEORGAKOPOULOS 
Pharm. Techn., Unrv. Salon~ca 

I. GEORGATSOS 
B~ochemrstry, Unrv. Salonrca 

M.P. GEORGIADIS 
Org./Med. Chem., Agr. Unrv. Athens 

N. HADJICHRISTIDIS 
Polymer Chem., .Unrv. Athens 

T.P. HADJIIOANNOU 
Anal. Chem.. Unrv. Athens 

E. HADJOUDIS 
Photochem., N.R.C. ,,D*, Athens 

D. JANNAKOUDAKIS 
Phys. Chem., Univ. Salonrca 

N.K. KALFOGLOU 
Polymer Sci.. Univ. Patras 

E. KAMPOURIS 
Polymer. Chem., Tech. Univ. Athens 

V .  KAPOULAS 
Biochemistry, Univ. Ioannina 

M.I. KARAYANNIS 
Anal. Chem., Univ. loannina 

N. KATSANOS 
Phys. Chem., Univ. Patras 

A.KEHAYOGLOU 
Org. Chem. Tech. Univ. Salonica 

D. KIOUSSIS 
Petrochemistry, Univ. Athens 

A. KOSMATOS 
Org. Chem., Univ. Ioonnino 

P. KOUROUNAKIS 
Pharm. Chem., Univ. Salonica 

S.B. LITSAS 
Bioorg. Chem.. Arch. Museum. Athens 

G. MANOUSSAKIS 
Inorg. Chem., Univ. Salonica 

I. MARANGOSIS 
Chem. Mech., Tech Univ. Athens 

I. NIKOKAVOURAS 
Photochem.. N.R.C. ,,D., Athens 

D.N. NICOLAIDES 
Org. Chem., Univ. Salonica 

C.M: PALEOS 
N.R.C. <,Democritosu, Athens 

V. PAPADOPOULOS 
N.R.C. -Democritos* Athens 

G. PAPAGEORGIOU 
Biophysics, N.R.C. CD., Athens 

V.P. PAPAGEORGIOU 
Nat. Products, Tech. Univ. Salonica 

S. PARASKEVAS 
Org. Chem., Univ. Athens 

G. PHOKAS 
Pharmacognosy, Univ. Salonica 

S. PHILIPAKIS 
N.R.C. nDemocritosm. Athens 

G. PNEUMATIKAKIS 
Inorg. Chem., Univ. Athens 

C.N. POLYDOROPOULOS 
Phys/Quantun Chem., Univ. loannina 

K. SANDRIS 
Organic Chem, Tech. Univ. Athens 

M.J. SCOULLOS 
Env./Mar. Chem., Univ. Athens 

C.E. SEKERIS 
Mol. Biology. N.H.R.E, Athens 

G. SKALOS 
Microanalysis Tech. Univ. Athens 
G.A. STALIDIS 
Phys. Chem., Univ. Salonica 

Ch. STASSINOPOULOU 
N.R.C. ~~Democritos~, Athens 

4. STASSINOPOULOS 
4rgo AEBE Athens 

4. STAVROPOULOS 
'nd. Technol.,. G.S.I.S.. Piraeus 

.M. TSANGARIS 
horg. Chem.. Univ. loannina 
G.A. TSATSAS 
Pharm. Chem., Univ. Athens 

4.K. TSOLIS 
Chem. Technol., Univ. Patras 

3. VALCANAS 
7rg. Chem.. Tech. Univ. Athens 

4.G. VARVOGLIS 
3rg. Chem.. Univ. Salonica 

3.S. VASSILIKIOTIS 
4nal. Chem., Univ. Salonica 

L VOLIOTIS 
'nstrum. Analysis, Univ. Patras 

?.K. VOUDOURIS 
'ood Chem., Univ, loannina 

.V. YANNAS 
Mech. Eng.. M.ZI., L1.S.A. 

Correspondence, submission of papers, subscriptions, renewals and changes of address should be sent to Chimika 
Chronika, New Series, 27 Kaningos street, Athens, Greece. The Guide to Authors is published in the first issue of each 
volume, or sent by request. Subscriptions are taken by volume at 500 drachmas for members and 1.000 drachmas for 
Corporations in Greece and 28U.S. dollars to all other countries except Cyprus, where sybscriptions are made on 
request. 
Printed in Greece by ATHANASOPOULOS-PAPADAMIS-ZACHAROPOULOS, G.P. 
76, EMM. BENAKI ATHENS (145) 
YnedBvvo~ dpqcova p TO v6po: IIavayhrq< X a p a ~ t h ~ q ~ ,  K d v t v q  27, A q v a  (147). 



CHIMIKA CHRONIKA, NEW SERIES 

CONTENTS 
Chemistry, biochemistry and nutritional aspects of natural phospono-compounds I. Glycero- 
phosphonolipids (a review in English) 
by S. K.  Mastronicolis and V. M. Kapoulas ........................................ 
Kinetic study of the oxidation of ring monosubstituted aroylhydrazines by copper (11) 
chloride. Application of the Hammet equation (in English) 
by D. A. Haristos ............................................................... 
On the inhibition effect of triphenylarsine oxide on the polarographic reduction of cations in 
aqueous methanolic and methanolic solutions (in German) 

.......................................... by J. Markopoulos and D. Jannakoudakis 

The reaction course and kinetics of the catalytic wave of thioglycolic acid (mercaptoacetic 
acid) (in English) 
by Ana Medved .................................................................. 
Short papers 
Synthesis and use of new, fible-reactive dyes suitable for transfer-printing nylon (in English) 
by D.V. Borovas ................................................................. 155 

Occurence of prostaglandins in tetrahymena pyriformis (in English) 
by V. M. Kapoulas and P.B. Marioleas ............................................ 161 

Note 
Antitumor activity of platinum (11) and palladium (11) complexes of S-2-aminoethyl-D,L- 
penicillamine 
by S. Mylonas, A. Valavanidis. V. Voukouvalidis and M. Polyssiou ................... 165 

September 1983 Volume 12, No 3 



RE VIE W 

Chimika Chronika. New Series, 12. 119-128 (1983) 

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

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 Ioannina, Ioannina 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. 11. Metabolism, biosynthesis and transport of C-P 
compounds. III. 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 
organisms: 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 : Aminoalkyt phosphonic acids, ZAminoethyI 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 Cytidyldiphosphate; CMP Cytidyl-monophosphate; p,Ala P-Phosphono- 
alanine; PE Phosphatidyl ethanolamine; PC Phosphatidyl choke.  

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-aminoethyl-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 
1.1. C-P compounds as components of glycerolipids. 
1.2. C-P compounds as components of sphingolipids. 
1.3. C-P compounds associated with proteins. 

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

111. Function of C-P compounds. 
111.1. Studies on phosphonic acid Antibiotics or Drugs as inhibitors of 

bacteria cell wall synthesis. 
111.2. Studies on the use of synthetic phosphonic analogs of naturally occurring 

substances as herbicides or pesticides. 
111.3. 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 tissues4. Its 
concentration was higher in heart and muscle than in liver or brain. The di- 
stributidn 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 liver5 and of beef brain6. Hasegawa et have found a high 
accumulation of AEP in bovine liver lipids, mainly as DG- AEP (the phosphonate 
analog cif 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- 
AEP9. 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 'O have found AEP bound to glycerol. 
They applied the 70% ethanol extract of Anthopleuva 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 
laboratory1' 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 
dianthusI2 and Taelia felind3, and in the coral Zoanthus sociatuJ4, the 70% 
ethanol extract was found to contain free AEP accompanied by a sphingolipid 
containing AEP. 

Mollusca 

The marine bivalbe Mytilus edulis (blue Mussel) or Venus mercenariaI3 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 '3,'5, (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 16 .  

Terrestrial Molluscs ": In the garden slugs Lehmannia 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 51% of the total phosphonate is acid soluble, some 32% bound to 
lipid and 17% to the ~residualn 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 in a molecular 
ratio of approx. 13:l had been isolated from this species 18. 

The presence in Tetrahymena of a glyceryl monoether phosphatidyl-AEP was 
established by 'Thompson 28, 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 28. 
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Later Chacko and ~ a n a h a n ~ ~  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 the <<PE-fractionn 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. 

Later Sugita and Hori 31, 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%), stparic (52,7%), and oleic 
(22,096). The next year, 1972, ~ a m a r i ~ ~ ~ ~ s t u d i e d  the intracellular distribution of 
AEP, in T. Pyriformis (GL) and found that the mitochondria contain 19% of AEP. 

In addition to AEP, another phosphonic acid, 3-phosphonoalanine (P,Ala) 
was found in Tetrahymena, but this was absent from the lipids of Tetrahymena; it 
was present in the free foram and. inKthe ins01uble.residue~~. 

In 1970 Kennedy and Thompsbn3' h'aire found that approximately 60% of the 
phospholipids from the meinbrane shkaih 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 43 characterized phosphonolipids from Parameciurn 
tetraurelia cells and cilia (strains 51s and d 4  95). In whole cell lipids they identified 
the following classes of phospholipids: the l-alkyl-2-acyl-glyceryl and the 1,Zdia- 
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 
occu.rred in cilia glycerophospholipid fatty acids. 

One year later (1980) the same examine the fatty acid positional 
distributions 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 
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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 A2 from porcine pancreas in the presence 
of Sodium tetraborate in order to prevent acyl migration. Saturated acids were 
found predominantly at C-l of diacyl phospholipids, while polyunsaturated fatty 
acids were mainly at C-2, particularly in the alkyl acyl species. An exception was 
y-linolenate, which was *a major acid found esterified to C-l 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 y-linolenate, that 
esterifies this acid to the glycerophospholipids. 

Mycobactevia and Fucacae 

In 1970 Sarma et al.41 have shown the occurrence of phosphonolipids in 
Mycobactevium tubevculosis H37RV, M. phlei (N.C.T.C.) and Mycobactevium 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 l'. 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. tubevculosis H37Rv 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. tubevculosis H 37Rv. On the contrary, 
while in M. tuberculosis HrRv the phosphonolipid content is very low. Myco- 
bacterium 607 and M. phlei contain relatively higher amounts of phosphonolipids. 
Liem and ~ a u r ~ ~  studied the structure, percentage and composition of sulphuryl, 
sulfonyl and phosphonyl glycosyl ester diglycerides in three Fucacae (Pelvetia 
canaliculata, Fucus vesiculosus, F. Sevvatus). 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 36 

but there is some disagreement over the details of the biosynthetic pathway. 
H o r i g u ~ h i ~ ~ , ~ , ~ ~  has demonstrated a soluble pathway, in which doubly labeled 
phosphoenolpyruvate is converted to free AEP having the same I4c/ 3 2 ~  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 20*50328,51. 

As evidence supporting this latter pathway has been considered the observation 
that when Tetvahymena is grown in the presence of 3 2 ~ ,  the specific activity of the 
lipid-bound AEP after 1 h 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 phosphatidylcholine is apparently transferred to form aminoethylphosphono- 
lipid 28.51 

In 1966 Liang and Rosenberg l8  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 19, 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 l8  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 'l. 
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 ratz4. 

In contrast, it was shown experimentally, that a chicken kidney microsomal 
fraction which synthesizes phospholipid and serine-ethanolamine phosphodiester 25, 
could synthesize the respective phosphonatecontaining 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 ~ a p o u l a ' ~  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 26. 

Smith and ~ a w ~ '  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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PnAla was found in phospholipid even though DG-PnAla 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 R ~ s e n b e r g ~ ~  have shown that extracts of BaciIIus ceveus can 
convert AEP into phosphono-acetaldehyde and inorganic phosphate. Also Robert 
et have shown that cell-free preparations of Tetvahymena catalyze the 
breakdown of both AEP and PnAla. 

Generally with AEP addition the amount of the phosphonolipid is doubled at 
the expense of phosphatidyl ethanolamine 39. However when the cells are giown 
with 3-aminopropylphosphonate, which is isosteric with ethanolamine phosphate, 
it replaces the latter in phosphatidylethanolamine without altering the phospholipid 
composition 40, 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 DC-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 incorportated 
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 198 1 Smith and Giegel 36 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 ~etuah~mena~' .~? 

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 cphosphatidylcholine>>, in place of 
choline phosphate, might be expected to affect AEP biosynthesis if AEP is formed 
at the lipid 
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Summary 

The kinetics of the oxidation of haldgeno, nitro and methoxy ring monosubstituted 
aroylhydrazines by copper(I1) chloride was studied 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(1I) 
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 k~.mol- '  whereas the 
values for the p-substituted aroylhydrazines are almost the same varing between 91.6 and 
96.2 k~.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-NO2 
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(I1) ions 
and influences the electron transfer rate negligibly. 

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

Abbreviations : XBH : ring monosubstituted aroylhydrazines (X = F, Cl, Br, 
I, NO2 and OCH3 in o-, m- or p- position. 

Introduction 

The redox system of the benzoylhydrazine and the copper(I1) 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(I1) chloride. The aroylhydrazines have 
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the general formula: X-C6H4C(0)NHNH2 where X indicates &Cl, Br, I, NO2 
and OCH3 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 water3A. The solutions of the aroyl- 
hydrazines were prepared in triple distilled water and were deairated by continuous 
argon bubbling. The copper(I1) chloride solutions were prepared from Merck pro 
analysi CuC12. 2H20, recrystallized from water. The copper(I1) solutions were 
checked iodometrically. The potassium chloride solution for constant ionic strength 
was prepared from Merck pro analysi KC1. The buffer solutions (pH range 3.8-5.6) 
were prepared by mixing the appropriate quantities of CH3COOH and MOH 
solutions5. The CH3COOH became free of reductive agents by distillation in the 
presence of KMn04. The pH measurements were carried out in a Beckman 
Research pH-meter. 

The rate of the reaction was followed with a Car1 Zeiss PMQ I1 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 the n* -- n excitation state of the system 6. Measurements were 
also carried out by using a stopped flow spectrophotometer equipped with a 
Durrum logarithmic amplifier Model D 13 1 .  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 1 X 10-~- 1 X 10" M for the CuC12 and 
1 X 10 '~  - I X I O - ~  M for the aroylhydrazines. The concentrations of the aroyl- 
hydrazines used for the determination of the rate constants were 4 X 105  - 8 X 10-5 
whereas the concentrations of CuC12 were 5 to 10 times higher. For comparable 
results the measurements of optical density vs time were taken in the pH range of 
4.70-530 at a-constant ionic strength of 1.25 X I O - ~  M. 

The standard solutions of the aroylhydrazines were practically unchanged 
during the experiments '. 
Preparation of aroylhydrazines 

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

* M.p. in parentheses are from bibliography. 
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The m.p. were taken with a Biichi, Apparat nach Dr Tottoli, Pat. 320,338 
equipped with 3 0 0 ' ~  thermometer of f l '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 : 

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

X-C6H4-CONHNH2+ 4CuC12 + H20 - X-C6H4-COOH + N2+ 4CuCl-k 4HC1 
(2) 

The study of the reaction products at higher temperatures (80-100•‹C) showed 
an increase of the ratio N2:NH3. On the other hand, the concentration of the 
produced Cu(1) 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 ~owe11 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(I1) and Cu(1) 
salts but no quantitative change of the Cu(I1) to Cu(1) ions is reported23. 

Kinetics of the reaction 

The application of the isolation method 24 showed that the main reaction is of 
the first order for either the aroylhydrazine or the copper(I1) 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(tI1) 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. 

Calculatiovr of the rate constants 

Calculations of the k/mol-'IS-' values are achieved by application of the second 
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order reaction integrated rate expression ', whexe k = k '  + k,[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 1 0 j  S-' at 60•‹C, 
(12.4 f 0.6) X 10-'s-' at  50•‹C, (5.2 0.3) X 10%-' at140•‹c and(l.l f 0.1) X 1 0 - ~  
S-' at 25 'C. The assumed activation energy is 79.9 f 1.7 k~,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 k,/s7' of the oxidation of aroylhydrazines and 
the E, values of the reaction. Temperature range 25-60•‹C, I = 1.25 X 10-' M. 

Temp. o- m- P- 

Aroylhydra- 'C k,.lo5 E, k,.105 E, ka.lO' E, 
zine s -' kJ.mo1-' S ' k~.mol-'  S-' kJ.mol-' 

50 11.2 28.2 16.1 
F-BH 40 3.3 100.4 9.7 90.4 5.1 96.2 

25 0.5 1.7 0.8 

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 

*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 1 0 - ~ -  
1.625 X 10~ '  M with KC125. 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 salr 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(I1) ions takes place. 

Substituent effect 

In the chelate complex which is formed after mixing of the reactants26, more 
favorable is the 0 - Cu(I1) bond27,28 and the electron is transferred by the n* 
antibonding orbital of the C - 0 bond. Thus if any factor could affect the fractional 

FIG.  1 : The reaction rate constants k,/s-' of the oxidation of aroylhydrazines by copper(Z1) 
chloride as a function of the Hammett's parameters a (Fig. la) and Brown's parameters a+ 
(Fig. 116). 
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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 2-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 ~ a m m e t t ~ ~  and Brown 30 parameters correlated with the k ,  values of the 
temperature of 40•‹C (Fig. la and Ib). It is apparent from both diagrams (expect 
for the strongly deviated m-F-BH and p-NO2-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 oxygen3'. 

In conclusion the substituents act rather upon the ability of the aroylhydrazine 
to coordinate with the Cu(I1) 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-NO2-BH can be attributed to the 

resonance structure -0 2N = a C ( 0 ) N H N H 2  in whiih the donor ability of the 

carbonyl group has been strongly decreased32. 

M~hszTjeq~s ps zq pi0080 zqq cpaoparocporop~zp@ q ~ t v q t t ~ ~ j  zqq oe~i8o-  
oqq ~ E K ~ O K Z ~  p 0 ~ 0 i j 7 ~ o ~ a z ~ ~ z q p ~ v o v  OTOV 7~upTjva apoijhoij8pa~tvhv. Zav O@L- 
8071~6 X ~ ~ B L ~ O ~ C O ~ ~ ~ ~ K E  xhoptolj~oq ~ a h ~ 6 q  (11). 01 apoijhoii6pa~iv~q nou 
X P ~ G ~ ~ O ~ C O ~ T ~ ~ ~ K ( ] I V  eivat Ot F, Cl, Br, I, NO2 Kat OCH3 ~ O V O ~ ~ C O K ~ ' T & O T ~ ~ ~ V E ~  

0 E  0-, pi Kat 7C- 0k0q. H p&hk'Cq @LVE CTE ~ E P ~ O K P C ~ ~ ~ <  ~ E T O I ~ ~  25 Kat 60 'C K f X  CTE 

7 ~ ~ p t o ~ T j  pH 4.40 - 5.60 PE rq xpqotponoiqoq o t t ~ h v  puep to~ t~hv .  
H avri6paoq sivmt 7~phzqq zatqq z600 yea ztq apoijhoij8pa<iv~q 600 Kat yta 

TOV ~hoptodxo x a h ~ 6  (11) Kal. a~ohou0si To ~ T ) X G ~ V E C T ~ ~  pE~acp0pbq E V ~ G  

I ~ ~ E K T ~ O V ~ O U .  H ra~ljzqra zqq avzi6paoqq ~hazzhv~za t  ypappt~b p& zqv alj5qcsq 
zqq ouy~ivzpwoqq rov d m o v  u6poy6vou. Ot ztpiq zqq ~vipystaq ~vepyonoiqoqq 
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Zusammenfassung 

Es wird .uber die inhibierende Wirkung von Triphenylarsinoxid (TAsO) auf die 
polarographische Reduktion von cd2'-, zn2'- und Co 2'-10nen in wasserig-methanolischen 
und methanolischen Losungen berichtet. In wasserig-methanolischen Losungen war die 
Wirkung des Inhibitors starker als in methanolischen Losungen. Die grosste inhibierende 
Wirkung des Triphenylarsinoxids wurde bei der Reduktion von zn2+- und CO 2'-~onen in 
H20/MeOH Losungen bei einem Potentialbereich zwischen -1,O und -1,3 V beobachtet. Die 
Wirkung von TAsO auf die Reduktion der Cd 2'-10nen war vernachlassigbar klein. 

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

Abbveviations : TAsO: Triphenylarsinoxid, TPO: Triphenylphosphinoxid. 

Einleitung 

In fruheren Arbeiten hatten wir das eigenartige polarographische Verhalten 
von Triphenylarsinoxid (TAsO) festgestellt. Es konnte namlich bewiesen werden, 
dass sich diese grenzflachenaktive Substanz, besonders im Vergleich mit anderen 
ahnlichen grenzflachenaktiven Stoffen, bei einem Potentialbereich von ungefahr 
-1,O Volt in wasserig-methanolischen und methanolischen Losungen sowohl als ein 
reiner Depolarisator, bei Anwesenheit von Protonendonatoren in der Losung, als 
auch als ein Inhibitor von Elektrodenvorgangen verhalt. Demzufolge, und wegen 
des ofteren Gebrauchs dieser Stoffe als Inhibitoren von Elektrodenprozessen, 
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wurde dann spater in einer vergleichbaren Weise die Wirkung dieser Substanzen 
auf die polarographische Reduktion von Kationen untersucht3. 

Die Ergebnisse dieser fruheren Arbeiten uber TAsO und die sehr wenigen 
Informationen, die in der Literatur uber die inhibierende Wirkung dieser Substanz 
auf die Elektroreduktion von Kationen zu finden sind, veranlassten uns, das 
Verhalten dieses Inhibitors auf die polarographische Reduktion von cd2+-, ~n 2+- 

und Co 2+-~onen an der .Hg-Tropfelektrode in wasserig-methanolischen und metha- 
nolischen Losungen eingehender zu untersuchen. 

Experimentelles und Ergebnisse 

Der experimentelle Teil dieser Untersuchung wurde in einer fruheren Arbeit 
ausfuhrlich beschrieben 3. Alle Messungen wurden bei einer Temperatur von 25 'C 
durchgefuhrt. 

Im Bereich der polarographischen Reduktion von ~d 2+-~onen (E = -595 mV) 
in reinem Methanol zeigte das TAsO - sogar bei hohen Konzentrationen dieser 
grenzflachenaktiven Substanz ( 5 -  10" M) im Vergleich mit der entsprechenden 
Depolarisator-Konzentration in der Losung (10" M) - keine inhibierende Wirkung. 
Verschiebungen dagegen der polarographischen Reduktionskurve des Depolarisators 
der Grossenordnung von 5 mV, in Losungen mit 20 Vol-% H 2 0  und bei einer 
funffachen Konzentration des Inhibitors (5. 1 0 - ~  M) im Vergleich mit der 
entsprechenden Depolarisator-Konzentration reichen auch nicht aus, um eine 
inhibierende Wirkung von TAsO in wasserig-methanolischen Losungen bei diesem 
Potentialbereich zu begrunden. Diese Ergebnisse lassen sich sehr gut mit Hilfe der 
Resultate, erklaren4, die man aus Kapazitatsmessungen in ahnlichen Losungssyste- 
men erhalten konnte. 

Relativ schwach erscheint die Wirkung dieser grenzflachenaktiven Substanz auf 
die polarographische Reduktion der zn2+-Ionen (E 1/2=-1030 mV) in reinem 
Methanol. Auch in diesem Fall kann die beobachtete Verschiebung der Re- 
duktionsfiellen von 10 mV, bei einer funffachen Konzentration des Inhibitors 
(5. 10" M) im Vergleich mit der Depolarisator-Konzentration in der Losung, keine 
nennenswerte inhibierende Wirkung begrunden. Anhand der Kapazitatsmessun- 
gen und der Messungen des Bedeckungsgrades O sollte eigentlich in diesem Fall die 
Wirkung des Inhibitors etwas grosser sein, was man aber in reinem Methanol nicht 
feststellen konnte. 

Eine starkere Wirkung zeigt dagegen der Inhibitor auf die polarographische 
Reduktion desselben Depolarisators in wasserig-methanolischen Losungen. Die 
Adsorptionsfahigkeit von TAsO auf der Elektrodenoberflache steigt namlich mit 
steigender H20-Konzentration in der Losung, was man auch schon bei anderen 
Inhibitoren festgestellt hat46, und demzufolge ist die Wirkung dieser grenz- 
flachenaktiven Substanz in H20/MeOH-Losungen grosser als in   einem Methanol. 
Eine solche Wirkung ware eigentlich, anhand Hauptadsorptionsbereichs von 
TAsO und des Bedeckungsgrades O der Elektrodenoberflache bei diesem Potential- 
bereich zu erwarten. 
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Aus den entsprechenden Halbstufenpotentialverschiebungen AE wird deutli- 
ch, dass die Wirkung des Inhibitors mit steigender H20-Konzentration in der 
Losung starker wird. Diese Wirkung wird aber erst ab eine H20-Konzentration 
von 20 Vol-% deutlich. Bis zu dieser H20-Konzentration kann die Wirkung des 
Wassers auf die I4albstufenpotentialverschiebung AE ll2 als sehr klein und konstant 
angesehen werden. Bei noch hoheren Wasser-Konzentrationen verlaufen die 
Halbstufenpotentialverschiebungen annahernd linear mit der H 20-Konzentration 
in der Losung, wie man auch aus Abb. 1 deutlich erkennen kann. 
Eine ahnliche lineare Abhangigkeit konnte auch bei Anwesenheit von Triphenyl- 
phosphinoxid (TPO) in der Losung beobachtet werden. Auch diese Abhangigkeit 
wird graphisch in Abb. 1 dargestellt. 

Abb. 1 : Abhangigkeit der Halbstufenpotentialverschiebungen AE1/2. bei der Reduktion von 
2n2+-lonen in wasserig-methanolischen Losungen, von der H20-Konzentration in der Losung 
und bei Anwesenheit von U) TAsO ( I .  I O - ~  M), b) TPO ( I .  1 0 ~ ~  M). 

Weitere Informationen, bezuglich der inhibierenden Wirkung von TAsO, 
konnten bei der polarographischen Reduktion von ~n 2'-~onen in wasserig- 
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 wasserig-methanolischen 
Losungen mit 30 Vol-% H 2 0  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 ZnSOd. 7 H 2 0  (10-3 M) in H20/MeOH-Losungen mit 
30% v / v  H 2 0  U) ohne Inhibitor, b) l o J  M, C) 2 .  I O - ~  M, 4 4 .  10-3 M e) 1 0 ~ ~  M TAsO. 

wachsender Inhibitor-Konzentration in der Losung, als auch durch die gleichzeitige 
Abnahme der Grenzstromstarke der Reduktionswellen zum Ausdruck. Bei grosseren 
Konzentrationen des Inhibitors beobachten wir infolge der Einwirkung der 
grenzflachenaktiven 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 grosseren Konzentrationen des Inhibitors ubergeht, auch eine 
gleichzeitige Abnahme der Steigung der Reduktionswellen festgestellt werden, die 
auf die Zunahme der Irreversibilitat des entsprechenden Elektrodenvorgangs 
deutet. 

Es s d l  an diesem Punkt er-mahnt werden, dass bei der Untersuchung- derselben 
Systeme in Losungen mit kleineren H20-Konzentrationen, wie z.B. bei 20 Vol-% 
H 2 0 ,  keine Abnahme der Grenzstromstarke, sogar bis zu einer vierfach grosseren 
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 wasserig-methanolischen Losungen die Wirkung von TAsO erst bei grosseren 
H 20-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 2 0 ,  wie erwartet, 
als ein relativ starker Inhibitor aufweist. 

Im Bereich der polarographischen Reduktion der co2'-1onen (E ,,F ca.-1200 
mV) zeigte das TAsO sowohl in methanolischen, als auch in wasseng-me- 
thanolischen Losungen eine starke inhibierende Wirkung. Bei diesem Potential- 
bereich befindet sich namlich der Inhibitor innerhalb seines Hauptadsorptions- 
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bereichs auf der Elektrode und der Bedeckungsgrad O der Elektrodenoberflache ist 
gleichzeitig bei diesem Potentialbereich relativ gross4. Es ware also eine starke 
Wirkung zu erwarten. 

In Abb. 3 werden als Beispiel die polarographischen Kurven des Depolarisators 
in wasserig-methanolischen Losungen mit 30 Vol-% H 2 0  und bei verschiedenen 
Inhibitor-Konzentration wiedergegeben. 

Abb. 3 : Stromspannungskuwen von C O ( N O ~ ) ~ *  6 H 2 0  ( 0 , 9  1 0 - ~  M) in H20/MeOH-Losungen 
mit 30% v/v H 2 0  U) ohne Inhibitor, b) 2 . 1 0 - ~  M, C) 4 .  I O - ~  M,  d) 10'~ M TAsO. 

Im Gegensatz zur Abb. 2 konnte in diesem Fail bei grosseren Konzentrationen des 
Inhibitors (Abb. 3d) keine Teilung oder Abnahme der- Hohe der einfachen Stufe 
des Depolarisators beobachtet werden. Wie aber aus der obigen Abbildung durch 
die Verschiebung der Kurven deutlich zu erkennen ist, verhalt sich das TAsO in 
diesem Fall - in H20/MeOH-Losungen, bei diesem Potentialbereich und bei den 
angegebenen H 2 0 -  und TAsO-Konzentrationen - als ein relativ starker Inhibitor 
des untersuchten Elektrodenprozesses. 

Ein ahnliches 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 grosser zu 
sein als im Fall der Reduktion der zn2'-1onen im selben Losungssystem. 

Man kann also zusammenfassend annehmen, dass das TAsO, besonders in 
wasserig-methanolischen Losungen mit hohen H20-Konzentrationen, bei einem 
Potentialbereich zwischen Ca. -1,O 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 und Methanolic Solutions 

Data of the inhibition effect of triphenylarsine oxide (TAsO) on the polaro- 
graphic reduction of Cd2+, Zn2' and Co 2' 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 Zn2' and Co2' ions in H20/MeOH solutions at a 
potential range between -1,O and -1,3 volts. The action of TAsO on the reduction of 
the cd2' ions was negligible. 

M[Ehs~6zai q napspno6iozi~fi 6p6oq zou Tpicpaivuhoapoivok~i6iou (TAsO) 
~ a z 6  zqv nohapoypacpi~q avaywyq ~ w v  i6vzwv cd2', zn2+ K a i  co2' OE u6a~0- 
p ~ 8 a v o h i ~ 6  K a i  pE8avohiKa GiahUpa~a. 

H 6p60q ~ o u  napspno6iozq q ~ a v  i o x u p 6 ~ ~ p q  OE u6azop~8avohi~d GiahUpaza 
an6 6 , ~ i  (JE SiahUpa~a pE ~ a 8 a p q  pE8av6hq. H pEyah6TEpq 7tap~p7t0~1OTiK~ 
6phoq ~ o u  Tpicpaivuhoap0ivok~i6iou n a p a ~ q p q e q ~ ~  K ~ T &  q v  avayoyq zov 
i6vzwv Zn 2+ K a i  CO 2+ OE u6azop~8avohi~ci 6iahUpa~a OE pia ~ E ~ L O X ~  6uvapi~oU 
p ~ ~ a k U  -1,O K ~ L  - 1,3 V. H 6p60q ~ o u  TAsO Kat6 zqv avaywyq ~ w v  i6vzwv cd2'  
q ~ a v  a p ~ h q ~ i a .  
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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) 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 Co2', Co3+ and Ni2'. 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 added3. 

From the works presented in the literature4353677 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 
c) the catalytic reduction wave 

a)According to literature data, the anodic wave is caused by a reaction of Hg 
with the -SH group : 
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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 4,536,7. 

c) 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 3+ or ~i *+ (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 3assumes 
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 Mairanovskij3, 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 proc-ess have not yet been 
clarified, numerous investigators continued to investigate the reaction course of the 
catalytic waves of mercapto-compounds 8,9,'0,",'2. In 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(I1) or Ni(I1). 

In this work a new theory of catalytic hydrogen waves is presented based upon 
a previously established mechanism of hydrogen evolution 13.  The experimental 
measurements in favor of the theory are D.C. polarograms recorded in systems 
containing thioglycolic acid and LiC1, 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% 
HN03, 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-l, t = 5,37 
S, in 10-' 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 25OC (+ 0,2O) 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 l 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. 

FIG. I : A polarographic wave of 4 .10-~  SHCHzCOOH in 10-2 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 2COOH, but 
upon the ratio of the SHCH2COOH and LiCl concentrations, as well as the first 
completely developed wave. 

By the addition of Ni(I1) amino complexes in the solution, the first wave is 
increased, i.e. a -catalytic hydrogen wave. is formed (Figure 2). 

0 -0.5 -1,0 -1.5 -2.0 - 2 . 5  -3.0 
V o l t s  v s .  S . C . E .  

FIG. 2 : A olarographic wave of 2.10-~ M SHCHICOOH + 10'~ M LiCl + 1 0 - ~  M Ni2++ P f buffer 10- M NH4Cl -F 10-' M NH3. 

The wave preceding the catalytic wave is a reduction wave of Ni(I1) 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 h-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 LiCI. 

The advantage in measuring the difference 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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J 
0  -0 .2  -0 ,4  -0.6 -0 ,8  -1,0 -1,2 -1.4 -1,6 -1.8 -2,O 

V o l t s  v s .  S.C.E. 

FIG. 3 : Interfacial tension measurements corresponding the polarographic waves shown on 
Figures I. and 2. 
a) I O - ~  M LiCI 
b) 4.10.~ M SHCH2COOH 4- ~ o - ~ M  LiCl 
c) 2. I O - ~  M SHCH2COOH 4- J O - ~ M  LiCl-k10-~ M Ni2+ 4- buffer 10-' M NH3 + 

C 1 0-'M N U ~ C I  

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 Kulera have shown a similar modification of the electro- 
capillary curves by measuring the drop weight4 (.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 3)$ is present in the solution, whereas in the absence of N ~ ( N H ~ ) ? ,  a 
tendency of decreasing surface tension is observed. 
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FIG. 4 : Arrangement of particles at the sufface of the mercury electrode : 
a) solutions in the absence of Ni2+ 
b) solutions in the presence of Ni2+ 

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'  ions 1 3 .  

In the first step, the thioglycolic acid is receiving two electrons from the 
electrode : 

SHCH 2COOH + 2e -- SHCH2COO'+ H -  (1) 

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  (2) 

Reaction (2) is proceding in the aqueous layer, adhering the surface of the 
electrode, and it is accompanied by a release of energy. Tlie energy released enables 
the formation of a prewave. Therefore, the reduction wave observed at -1,6 V is a 
prewave, and the second uncompletely developed wave at -2,2 V is the wave of the 
hydride ion. 



THIOGLYCOLIC,ACID-CATALYTIC WAVE KINETICS 151 

The catalyzed evolution of hydrogen discernable as the increased wave at -1,6V, 
is formed by the intermediately deposited NiO : 

N ~ ( N H ~ ) T + ~ ~  + Ni0+4NH3 (3) 

The elementary NiO is further effective by a reaction involving two electrons : 

The alternative arrangement of particles with opposite charges, Ni 2+ 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 : 

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 I4 : 

where the symbols have the following significance : 
I = current density 
n = the number of electrons tranferred effectively af the electrode i.e. 1 electron 

X 2/3 surface = 0,4 electrons 
C =the SHCH2COOH concentration of the solution 
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. 
c L,+ = concentration of the supporting electrolyte, LiCI, effective for the activation 

energy. 
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The velocity constant for the first wave of thioglycolic acid is 5.10'~ cm.s-l, as 
calculated by the above expression. This value is comparable with literature data 15. 

Conclusion 

The interpretation of the reaction course of the <<catalytic hydrogen wave,, i.e. 
the d3rdicka 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 HC1 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 diagrammss, but are displaying 
additional effects of the tangentially proceeding electrode reaction steps. 
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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 
prope~ties 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 ', 
epoxides2, chloralkyl 3, a,&unsaturated acy13, 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 transfer-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 11. By varying the R*, 
R 3  and R4 substituents of the azo-dye, one can produce yellow, orange or red 
shades, while anthraquinone dyes of the formula I1 are blues. 

NHCH(CH ) 
3 2 

-.-CH COOCH :*.=.a 'l 2 2 

3 2 

I 2 
5 

Preparation of the coupling components of the formula III. A modification of BASF 
pi*ocess5 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 IV. 

A mixture of one Mole of the appropriate diazonium component, 100 m1 water, 
and 30 m1 30% HCI solution, was cooled to O•‹C. A 30% solution containing one 
Mole of sodium nitrite was then added, and the reaction mixture was kept at 
0-5OC 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 5OC 
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 HCl, the dye was reprecipitated, filtered, washed with 
water and dried. Yields up to 95% were obtained. 

Synthesis of anthraquinone acid dyes of the formuIa 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 



FIBRE-REACTIVE DYES FOR NYLON 157 

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 m1 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 HCl solating, and the 
precipitated acid dye was filtered off, washed with water, and dried. The yield was 
25%. 

General Procedure for the preparation of cyanomethyl active esters. 

A mixture of 0,2 Mole of acid dye, 60 m1 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 10% 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: 

l. Azo-dyes of formula I 
a) R  I = CH2CH 2CN, R2= H, R3= R 4 =  Cl, hue yellow. 

calc. C  = 54,82% H  = 3,6396 N  = 16,8296 
found C  = 5433% H  = 4,01% N  = 17,02% 

b) R I = C H 3 ,  R 2 = R 3 = H ,  R4=NO2,  hue orange. 
calc. C  = 57,13% H  = 5,3596 N  = 19,59% 
found C  = 56,98% H  = 5,12% N  = 19,39% 

c) R I = C H 3 ,  R2=C1, R F H ,  P 4 = N 0 2 ,  hue red. 
calc. C  = 52,65% H  = 3,63% N  = 18,05% 
found C  = 52,43% H  = 3,97% N = 18,07% 

2. Anthraquinone dyes of formula 11. 
a) R  = H, hue blue. 

calc. C  = 66,83% H  = 5,07% N  = 11,1396 
found C  = 66,48% H  = 5,39% N  = 11,41% 
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b) R5=CH3,  hue blue 
calc. C = 6730% H = 5,40% N = 10,73% 
found C = 67,3496 H = 5,0396 N = 10,49% 

Evidence of reaction with nylon. 

Two kinds of evidence were used to prove reaction of the dyes with nylon : 
I )  Nylon dyed with conventional disperse, or acid dyes, can be stripped by boiling 

solvents such as, propanol, chlorobenzene, or aqueous 15% 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 
I I 

D-N-CH 2COOCH 2CN + NH 2-nylon - D-N-CH 2CO-NH-nylon + WOCH 2CN 

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 substrata 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, addition81 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 aminoend groups of polyamides, 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. 
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The possible presence of prostaglandins (PG) in Tetvahymena pyvifoumis 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 1963*. Although these fatty acids were not unequivocaIly 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 OLC, 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. pyuiformis, strain W ,  were prepared as previously 
described3 in 2% 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 106 cells/ml), fhe culture:: were cooled quickly to 4OC 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 m1 of 0.9% NaCl and extracted with 10 volumes of ethanokether, 3:1 (v/v14. 

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-m1 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:l (v/v). The aqueous layers were 
acidified to pH 3 with O.lN HCl and extracted with ethyl acetate. The extracts were 
neutralized with l N NH40H, evaporated to dryness in vacuo and redissolved in 
0.5 m1 of benzene:ethylacetate, 60:40 (v/v). The resulting solutions were then 
fractionated on a 0.6 X 3 cm silicic acid chromatographic column5, eluted with 
benzene:ethyl acetate:mRhanol 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 ( I4c) prostaglandins (Amersham, 160 Ci/mmole). 

Derivatives for GLC analysis were prepared according to Albro and ~ i s h b e i n ~  
as follows: PGE methoximes were prepared by treatment of the PGE fractions with 
0.3 m1 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 m1 of a mixture of 
trimethylsilylimidazole (TSIM) (2 parts) and bis (trimethylsilyl) trifluoroacetamide 
(BSTFA) (l part). GLC analysis was then performed on an OV.l column 
(6ft X 1/8 ' ' id .)  using an Aerograph 200 apparatus with flame ionization detector. 

Radioimmunoassays were carried out as described by Dray et al. using 
antisera (M-anti-PGE ,, M-anti-PGE2, L-antiPGF2,) 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 2 PGE l 

Cell mass 

Growth medium 

Cell homogenate: 

0 min 

l min 

3 min 

5 min 

12 min 

50 min 

* Results are expressed in pg per 8 X lo7 cells, or per 100 m1 growth medium. In  
situ levels are average values f 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 h 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% KCl. 

As shown in Table I, when cell homogenates are incubated a t  37OC, 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 levils within 3-4 min. A specific quick stimulation of the PGFh 
biosynthesis is a possible explanation for the observed difference between PGE2 
and PGF2,. However, since PGF2, is a metabolite of PGE2, most probably the 
observed accumulation of PGF2, is the result of both, reduction of PGE2 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-BSTFA6 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 PGFh ,  PGE2 and PGE l (in order of 
decreasing concentration). 

The usual problems in estimating the in 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 3 .  

These effects were minimized by quick cooling the culture to 2-4OC in a dry ice- 
acetone bath 3, but as an additional cross-check, 10-m1 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 Tetiaahymena pyriformis was 
unequivocally demonstrated by two methods, gas liquid chromatography and 
radioimmunoassay. The levels of prostaglandins E 1 ,  E 2  and F2a, in pg/100-m1 
culture (8 X lo7  cells), were found 210 f 40, 270 f 60 and 380 f 160 respectively 
for the cell mass, and 3300 k 200, 4000 .+: 500 and 2100 f 300 respectively for the 
growth medium. Cell homogenates incubated at 37OC 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 F2a 
shows a 12-fold increase within 1 min, suggesting a very active endoperoxide 
cleavage under these conditions. 

'Ynaptq npoazayAavhzvhv aqv Tetvahymena pyvifovmis 

H dnaptq npoomyhav6tvhv 070 npoz6cwo Tetrahymena pyriformis ano- 
& E ~ X @ ~ K E  PE 6 ~ 0  p&@660~<, O ~ E P ~ O X P O ~ C I ' C O ~ P C ~ C ~ ~ C ~  K a t  P C ~ ~ ~ O - ~ V O O O ~ O ~ ~ K ~ <  p&'Cpq- 
OEZ< (RIA). Ta ~nins6a  zov npoozayhav6tvhv E 1, E 2 K ~ I  F 2, OE pg av& 100 m1 
uahhtipy&ta< (8 X lo7  ~6zzapa )  p p i 8 q ~ a v  210 f ,40,  270 f 60  at 380 f 160 
avzio~otxa o ~ q v  ~ u z z a p t ~ ~ j  p&@, evh 20 pioo av6nzuerg p p i e q ~ s  ~ n i o q q  va 
n ~ p t i x ~ t  ztq napan&vo npoozayhavSiv&< o& &dn&Sa 3300 f 200, 4000 f 500,  at 

2100 f 300 avziozotxa. 
Enhaoq ozouq 37 'C opoysvono~pivov ~ u d p o v  n p o ~ a h s i  an6zopq a65qoq 

zov ouy~&vepho&wv npoozayhav6tvhv, nou Enavip~ovzat o z a 6 t a ~ 6  oza Kavo- 
V I K ~  TOU< E~i~ESC1 (q Kat K&T@ ~1x6 auz&) pi(3~1 O& 3-4 min. EtSt~6zepa, 11 
ouy~ivtpwoq zq< npoozayhav6ivq< F2= aur;&vazat 12 (pop& pioa o' iva henz6, 
np&ypa nou anozshei ~ v ~ E L S ~  6 ~ t  K&ZW an6 ~ t <  OUV@T~KE< auzi< ~ ~ S & V E T ~ Z  noh6 
Spaozt~& 11 6t&CTnCXoq T 6 N  E V & O ~ ~ ~ E ~ O ~ E ~ ~ ~ W V .  
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In two previous papers we explained the synthesis and interpretation of the 
structure of Pt(I1) and Pd(I1) 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(I1) and Pd(I1) complexes of S-2-Aminoethyl-L-Cysteine and S-2- 
Aminoethyl-D, L-Penicillamine hudrochloric salts 

COOH COOH 
I 

CH-NH 2.HCL &H-NH 2 . ~ ~ 1  
I 

CH 2-S-CH 2 CH 2NH 2 CH 3' & & C H  CH JVH I 

CH : 
The complexes were prepared using a general method in the ratio 1:1 (amino 

acid:metal) and described in our paper2. 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 wascarried out in the laboratory of the 
Institute Jules Bordet, Brussels, in association with the U.S. National Cancer 
Institute, Bethesda, Maryland. 



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 each test and control 
group was 6 or 5. The animals were inoculated intraperitonealy with diluted ascitic 

TABLE I : Summary of screening data for antitumor activity of the Pt(I1) and Pd(I1) 
complexes in mice. 

dose tumor 
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.HCl)PtC12 ,, >> M 100 8.2 9.0 109 

m v M 50 8.2 8.8 107 
m M 25 8.2 8.3 101 
n ,, M 12,s 8.2 8.0 97 
n m M 6.25 8.2 7.9 96 

D M 3.12 8.2 7.9 96 

(S-Zaminoethyl- suspen- P388 F 200 10.0 9.5 95 
L-cysteine.HCl)PdC12 sion * F 100 10.0 9.5 95 

n D F 50 10.0 10.0 100 

(S-2-aminoethyl- Suspen- 
D,L-penicillamine.HCl)PtCl2 sion 

,> 
> 

>> 

suspen- 
sion 

,, 

>> 

solu- 
tion 

>> 

>> 

(S-2-aminoethyl- suspen- P388 F 200 10.0 9.0 90 
D,L-penicillamine.HCl)PdCl2 sion ,, F 100 10.0 10.0 100 

F 50 10.0 10.0 100 



ANTITUMOR ACTIVITY OF R(II) AND W(II) COMPLEXES 167 

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(I1) complexes and saline for the Pt(I1) c exes. A total of 3 injections 
were given at 4-day intervals. Toxicity was evalu as survival 5 days after the 
first injection. Substances are judged as being active if the % 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(I1) complexes for 
both ligands showed no activity, b) The (S-2-aminoethyl-L-cysteine.HC1)PtC12 
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.HCl)PtC12 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 Pt(I1) and Pd(I1) 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 (11) and Palladium (11) 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-12 10 lymphoid leukaemia or 
P388 lymphocytic leukaemia in male or female mice. One of the complexes with 
Pt(I1) showed strong antitumor activity in female mice by doubling their lifespan. 
The Pd(I1) complexes showed no activity. 
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