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The oxidation of the ethylenediphosphinetetraacetate anion and its protonated forms by iodine, 
periodate. hydrogen peroxide, and oxygen has been studied in aqueous solution. The oxidation 
by the first three reagents is fast and yields a single product, bis(phosphine oxide), which has been 
isolated and characterized as ethylenebis(phosphinyl)tetraacetic acid. The oxidation by mole­
cular oxygen proceeds considerably more slowly ; in weakly acid solutions its rate is determined 
by the properties of the oxygen rather than by the electronic structure of the various protonated 
substrate species. The inhibiting effect of the phosphonium structures takes place only in strongly 
acid solutions. 

Because of the potential use of ethylenediphosphinetetraacetic acid 1 .2 as a selective 
complexing reagent 3

, its stability towards usual reagents is of importance. The hydro­
lysis of the acid and its anions has been the subject of our previous study4. Another 
reaction of practical importance is oxidation of the trivalmt phosphorus by mble­
cular oxygen or other oxidants. Tertiary phosphipes are usually oxidized to the cor­
responding phosphine oxides as the final productss .6 ; the thermodynamics and kine­
tics of the reaction involved depend not only on the kind of the oxidant , but also 
on the phosphine type concerned, as the substituents at the phosphorus atom affect 
its steric accessibility? as well as the electron densi ty8. For the ethylenediphosphine­
tetraacdate anion, additional complications arise frem the fact that its protonation 
proceeds partly through specits containing quaternized phosphorus 2

• In principle, 
oxidation of a single phosphorus atom giving rise to a phosphine-phosphine oxide 
mixed product should be considered; such partial oxidation, hcwtver, is not very 
likely, since analogous substances, if known at al\9, have been synthesized by other, 
indirect methods. 

In the present work, oxidation of the ethylenediphosphinetetraacetate anion 
(L 4-) and its protonated forms by various chemical agents, viz. iodine, hydrogen 
peroxide, potassium periodate, and molecular oxygen has been studied. The cur­
ves of potentiometric titrations of a Na4 L solution with the first three reagents in 
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various acidity conditions (12 and KI04 in a range from 4M-HCI04 to 2M-NaOH, 
H 20 2 at pH < 7) exhibit a single marked inflection, corresponding to the reacti o ns 

The first reaction has been utilized previously for a quantitative determination '. 
The potentials establish quickly indicating that the reactions proceed rapidly . The 
course of the oxidation was investigated by the' H NM R spectroscopy using a titra­
tion technique: aliquots of a concentrated solution of the oxidant were added to the 
Na4L solution directly in an NMR tube and the spectral changes were monitored. 
The measur~ments were carried out in H 20 to prevent interferences from the rapid 
exchang~ of the acetate protons for deut~rium under certain acidity conditions 2

• 

The pH value was kept constant, since the chemical shifts depend markedly on the 
degree of protonation 2

• A single product of the oxidation was invariably found 
to form without observable intermediates. Typical spectra are shown in Fig. I . 

This product was prepared by oxidation of H4L.2 H Br with hydrogen peroxide, 
and isolated as crystalline ethyl~nebis(phosphinyl)tetraacetic acid, H 4 LO z. Its 
infrared and NMR spectra correspond to the expected structure. A significant 
fe:lture of the infrared spe~trum is the splitting of bands associated with the P= O 
and COOH groups : v(C=O) at 1722 and I 659cm-', v(P= O) at 1 166 and 1115 
em-I, v(OH) at 2750 and 2390-2625cm - l. This indicates a simulateneous exis­

tence, in the solid state, of relatively freeP = O and COOH groups and groups involved 
in a strong hydrogen bonding interaction, probably of the P= O···HO- C type. 
The NMR spectra, except of 31p{' H},are deceptively simple: a detailed inspection of 

the multiplet structure reveals that, in fact , the spectra are second order. H 4L0 2 is 
a tetrabasic acid whose protonation constants fJ'i = [H j L0 2] /[HT [L02], deter­
mined conventionalIy3 at 25°C and I = 0·1 (NaCI04), are log fJ, = 4·70(1), 
log [3z = 8·59(1), log fJ3 = 11·89(1), log fJ4 = 14·15(2). The protons are attached 
consecutively to the carboxyl groups, as follows from the dependence of the 

chemical shifts of the non-labile protons on acidity (Fig. 2). 
The behaviour of the LOi-/L 4- redox system on a platinum electrode was studied 

in solutions of different acidity. Analogously to similar redox systeme which require, 
in addition to the electron transfer, also the oxygen transfer between solvent and sub­
strate, the LOi-/L 4- system is irreversible. The potential that establishes after 
a prolonged time on the bright platinum electrode in the solutions containing equal 
concentrations of the two species at pH < 8 (both anions are deprotonated) is 190 ± 
± 10 mY, against hydrogen electrode. The potential, corrected for the protonation 
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of the two species, increases slight ly on acidification, in agr('tn~tnt with an enhanced 
stabilization of the trivalent phosphorus by protonated carboxyl groups. The above 
potential value is qualitatively consistent with the shape ofthepotentiometrictitraticn 
curves, and places L4

- among reductants of medium strength. For instance, 
ferric and cupric ions are reduced with excess L 4- to give ferrous and cuprous 
complexes of L4

- described previously3; because of its irreversible nature, however, 
the redox equi librium cannot be utilized for a determination of the stabi lity constants 
of extremely stable complexes, which in fact was the init ial aim of this work. 

The oxidation of the L 4- anion by molecular oxygen, the major product of which 
i s also LOj:-, 

has quite a specific character. The oxidation rate is critically pH-depend ent (Fig. 3), 
but this dependence does not correlate with the structure of the substrate, in parti­
cular, with the electron density at the phosphorus atoms of the various protonated 
species. On the other hand, the increasing oxidation rate up to pH about 1·5 cor­
responds with the change in the oxidation-reduction potentials of oxygen and the 
rate constants of its reactions 10 , 11; only in strongly acid solutions the decrease of the 
reaction rate can be explained as to be caused by protonation of the phosphorus 
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FIG. 

Changes in the IH NMR spectrum of L 4 -

during its oxidation by iodine (pH 8'0). 
Mola r ratio 12 /L4

-: aD, b 0'7, C 1'4, d 2·1 

FIG. 2 

Dependence of the chemica l shifts of the 
non labile protons in H4 L02 on acidity. 1 
P(O)CH2 COO, 2 P(O)CH2 CH2 P(O) 
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atoms 2
. The course of the ox.idation by oxygen appears to be complicated by ad­

ditional processes, detectable particula rly if the oxidation itselr is slow. Similarly 

as for tributylphosphine 12
, a compet iti ve reacti on is t1~e hydrolysi s or tl~e P- Cl-12 • 

. COO bonds, whose mechani sm is presumably 

In agreeme nt with t h is concept, glycolate and secondary phosphine oxides were 

detected by TLC and 1 H NMR in the ox idation products at pH 6. A comparison 

with the rate of hydrolysis of the substrate under anaerobic conditions4
, which is 

negligible at pH 6, also supports the concept of an oxidized intermediate, which is 

readily hydrolytically cleaved , 

EXPERIMENT AL 

The procedures for the sy nthesis of Na4L and H4L.2 H Hr. mea surement of the spectra, and detcr ­
m inat ion of th ~ proLOnation constants have been reported previou sly 1 - 3 . A PH M 64 instrument 
in conjunction with th e system of a P 101 bright platinum elec trode and a K 40 1 saturated calo­
mel electrode (Radiom~ter, Copenhagen) was employed fo r the potentiometric meas urements. The 
oxidation by molecular oxygen was monitored a t 25°C by sa turating O'005M-Na 4 L, in Britton­
- Robinson buffers or in HCI04 or NaOH solutions, with oxygen gas freed from CO2 and satu rated 

with solvent vapours. Samples were withdrawn for the iodometric determina ti o n of the loss of 
triva len t ph osphorus. T he final producted was subjected to TLC (Lucefol Quick, Ka va l ier; solvent: 
n-BuOH + MeOH + 5% NH3 I : I : I, detection with iodine) a nd 1 H NMR investigat ion . 

FIG. 3 

The course of oxidation of L 4 - by oxygen 
for vario us ac idi ties. 1 reacted P(llI) (per 
cent) in 10 min, 2 half-life of the substrate 
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Syntiz ?sis of ethylenebis(pllUsplzinyl)tetraacetic acid (H4 L02): To a stirred and cocI:d solution 
of 2'0 g of H4L.2 HBr in 10 ml of water was added 5 ml of 30% H 20 2. The solution was vacuum­
-evolp:lrated to dryness and repeatedly evaporated with small amounts of water. Crystallization 
from 80% acetic acid and drying at 80°C jO'2 kPa afforded 1·3 g (90%) of white crystals, rn.p . 
222- 223°C, soluble in water and methanol and sparingly soluble in ethanol and acetone. 
For CloHI6010P2 (358'2) cal culated: 33'53% C, 4'50% H, 17'29% P, a lkalimetric equivalent 
89·55; found: 33'43% C, 4·47% H, 17 '38% P, alkalirnetric equivalent 89·72. IR spectrum, crn - I 

(KBr disk and hexachlorobutadiene): 470 m, 607 w, 710 w, 744 rn, 807 w, 862 s, 916 s, 1021 w, 
I 115 vs v(P= O ... HO), I 166 vs v(P= O), 1225 s COOH, 129 1 vs COOH, 1400 m, 1421 s 
()(CH 2), 1 659 vs v(O= C- OH ... O= P), I 722 vs v(C= O), 2385-2752 rnb v(OH ... O= P) + 
+ v(OH), 2 928-2 996 w v(CH2). NMR spectrum (ppm, 15 scale, °20): 1 H: 2·48,4 H, distorted 
doublet, P(0)CH2CH2P(0); 3·40, 8 H, "filled-in-doublet", P(0)CH2COO; 13CC H}: 18·62 m, 
P(0)CH2CH2P(0); 36'14 d, P(0)CH2COO; 180·95 s, COO; 31p: 48 ·89 distorted quintet; 
Jlp{lH}: 48 .88s. 
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