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Summary

The electrochemical oxidation of triphenylarsine in wet acetonitrile at
platinum electrodes 1s suggested as a procedure for preparing some triphenyl-
arsine oxlde denvatives and the anodic behaviour of Ph; As in presence of suitable
substrates (perchlorates, chlorides and tetrafluoborates) 1s described

Hydroxytriphenylarsomum chloride 1s formed 1in a chemical reaction 1n-
volving triphenylarsine and chlorine radicals ptoduced anodically while in the
other cases Ph, As 1s directly oxidized at the platinum surface In all processes
an hydrolysis reaction due to the wetness of the solvent is also involved.

To account for Ph; AsOBF; formation, ebhmination of hydrogen fluonde
from hydroxytriphenylarsonium tetrafluoborate 1s suggested. (Ph; AsO), HCIO,
1s obtained by a partial reduction of Ph; AsOHCIO, formed in the anodic process
involving Ph; As when perchlorates are used as supporting electiolytes.

Introduction

Triphenylarsine oxide derivatives are usually prepared both by the reaction
of the appropriate acid with the arsine oxide or dihydroxide and by partial
hydrolysis of the dihalides and subsequent reaction with the appropnate silver
salt [1]. Both cases require a preliminary oxidation of triphenylars:ne (Ph; As),
either by hydrogen peroxide or potassium permanganate to obtain the oxide
(Ph; AsO), or by halogens to obtain the dihalides (Ph;AsX,). In this report we
describe a simpler procedure, namely the electrochemical oxidation of Ph; As in
wet acetonitrile 1n presence of suitable reagents.
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The cation (Ph,; AsO).H*, containing a very short hydrogen bond, has been
recently identified [2] and in a previous paper [3] we have shown its participa-
tion 1n an acid—base equilibrium together with the hydroxytnphenylarsonium
cation (Ph;AsOHY), the acid dissociation of which takes place in two steps.

It has been reported [4] that the chloride of Ph; AsOH" is a weak electro-
lyte in acetoniirile solution while the perchlorate, in the same solvent, 1s an 1onic
compound, although 1n the solid state 1ts ionic character 1s almost lost, as in-
dicated by the observed lowering of the perchlorate ion symmetry.

Ph; AsOBF; has been obtained in unsuccessful attempts to prepare Ph; As-
OHBF; [4]; a loss of hydrogen fluoride is claimed to account for its formation.

The electrochemical behaviour of the compounds cited 1s also investigated
both to provide an 1dentification tool and to elucidate some aspects of the acid—
base equilibria involving triphenylarsine oxide.

Results.and discussion

Perchlorate as supporting zlectrolyte

Figure 1 shows a typical cyclic voltammetric curve exhibited from asolution of
Ph;As tn wet (107! A/ H,O) acetonitrile. Only a single anodic peak (1) at +1.25 V can
be ohserved while on the reverse scan three cathodic peaks (2, 3, 4),at —0.30 V,
—0.95 V and —1.29 V respectively, appeared when only peak 1 1s traversed. The
l-defined anodic peaks 5, 6 and 7 may be attributed to the ovidation of the
products of peaks 4, 3 and 2 respectively. The height of peak 1 was linearly con-
centration-dependent

By companson with solutions of H* and H, 1n acetonitrie [5], peaks 2and 7
were 1dentified as corresponding to the reduction of H* and the oxidation of H,
respectively.
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Fig I Cyche voltammetric cunies with platinum electrode ina 2 3 X 1073 3 Ph3 As, 0 1 M NaClOg,
CH3CN solution Scanrate02 vs~!
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Also 1n peaks 3 and 4 hydrogen 1s involved as a product of the reduction
processes. This was checked by carrying out cyclic voltammetric tests on an acid
solution of Ph; AsG. Furthermore, peaks 5 and 6 were exhibited when these tests
were performed on Ph; AsO solutions containing hydrogen gas.

Controlled potential coulometric experiments, carried out on soilutions of
Ph; As1n the concentrafion range 1073 Af to 5 X 1077 M at a potential value of
+1.3 V, showed that 2 moles of electrons are released from each mole of arsine.

Voltammograms performed by a Pt electrode with periodic renewal of the
diffusion layer {6] on the electrolyzed solutions showed three cathodic waves
located at about the same potentials as peaks 2, 3 and 4 of Fig. 1. The height of
the first cathodic wave, previously attnbuted to the reduction of H*, was double
that of the second and the third ones.

When some exhaustively electrolyzed solutions were potentiometrically
titrated by a standard solution of tetrabutylammonium hydroxide, three inflec-
tions were observed indicating that thiee acids of different strength were produced
in the anodic reaction. The amounts of base corresponding to the three equivalence
points were in the same ratio (2/1/1) as the heights of the three cathodic waves.
Furthermore, the total amount of acid species agreed strictly with the moles of
the electrons (2) transferred in the anodic process.

After completion of the electrolyses a product was recovered, as described
1n the experimental section. It was 1dentified as hydroxytriphenylarsonium per-
chlorate (Ph; AsOHCIO, ) by melting point (163°), elemental analysis and IR
spectra [4].

Voltammetric tests carried cut 1n acetoniirie solutions of this product
allowed gave two cathodic waves located at potential values corresponding to
peaks 3 and 4 of Fig. 1. This finding agrees well with the electrochemical beha-
viour of the Ph; AsOH™ prepared following Harris and Inglis’s procedure [1].

On the basis of these results we can formulate reaction 1 for the anodic
process This accounts for the first two inflections observed in the potentio-

Ph;As + H,O~ Ph;AsOH™ + H™ + 2e~ (1)

metric titration alone. The third inflection in the titration curve can be explained
if the hydroxytriphenylarsonium cation undergoes two subsequent acid dissocia
fions according to the equilibria 2 and 3. This behaviour was checked 1n our

2Ph; AsOH" = Ph; AsO---H---OAsPh3; + H' (2)
Ph; AsO---H--OAsPh3; = 2Ph;AsO + H” (3)

electrochemical study in which the values of the two acid dissociation constants
were also given [3].

The triphenylarsine oxide derivative containing a very short hydrogen bond
involved 1n these acid—base equilibria evidently originates from the neutralization
reaction 4. The Ph; AsO, obtained when Ph; AsOH” 1s neutralized, reacts with

Ph;AsO + Ph; AsOH* - (Ph;AsO),H"* (4)

the excess of this cation present in the titrated solution.

In a simlar way two cathodic waves are observed in the voltammetric
experiments carried out on Ph; AsOH" solutions; the hydrogen 10ns released 1n
the first acid dissociation of the hydroxytiriphenylarsomum cation are reduced
at less negative potentials than the H* released i1n the second dissociation reaction.



In order to confurm this view some Ph; As solutions were exhaustively
electrohzed at +1.3 V (anodic process 1 in Fig. 1) and subsequently electrolyzed
at —1.0 V (cathodic process 3 in Fig. 1). While in the anodic process 2 moles of
electrons per mole of Ph; As were involved, as mentioned above (reaction 1), 1n
the cathodic process only 1.5 moles of electrons were spent, corresponding to the
reactions shown 1n egn. 5.

2H" + 2¢~ — H, (peak 2) (5)
2Ph; AsOH™ + 1e” - (Ph;AsO),H™ + “2H. (peak 3)

2Ph; AsOH" + 2H" + 3e™ — (Ph;AsO).H" + 3/2H;

Furthermore, acid—base titrations carried out on these electrolyzed solu-
tions show that only 0.5 hydrogen 1ons per mole of initial Ph; As were present, as
would be expected from the neutralization reaction 6.

(Ph_‘;;‘\SO): H*"+OH - 2Ph3 AsO + H-_»O (6)

The product obtaned after completion of these two subsequent electrolyses,
recovered as described in the experimental section, was 1dentified as (Ph; AsO),
HCIO, by melting point [7] (210°), elemental analysis, and IR spectra [2].
Cyclic voltammograms recorded on acetomtrile solutions of this recovered product
show the cathodic peak 1 alone. Moreover, controlled-potential coulometric
experiments performed at —1.4 V indicatad that 1 mole of electrons per mole of
(Ph3AsO)-HCIO,; (mol. wt. 745) was involived in the cathodic reaction and
simultaneously evolution of hydrogen gas was observed. After completion of
these electrolyses triphenvlarsine oside was the only product recovered 1n the
solutions.

Perchlorate as supporting electrolyte in presence of chloride ons

When cychic voltammetric tests were carried out on 0.1 A TBAP/aceto-
nitnle solutions, 1n which the concentration of chloride ions was varied from
1072 M to 107* M, an anodic peak located at +0.72 V was observed in accord
with a previous study [8].

Although the oxidation of triphenylarsine occurs at a more positive poten-
tial value (E, = +1.25 V), an anodic process (peak 1) preceding the oxidation
of the chlonde 1ons (peak 2) was observed when Ph; As was added to these solu-
tions. This peak (see Fig. 2) was located at +0.42 V and 1ts height linearly increased
with Ph; As concentration

The voltammetric picture reported 1n Fig. 2 was obtained by employing a
freshly-cleaned Pt electrode, when the electrode was allowed to stand in the
solution all the oxadation peaks shifted toward more anodic potential, probably
owing to the poisoning effect of either the chlonde ions or of the arsenic com-
pounds on the electrode surface.

Peaks -1 and 6 in Fig. 2 were 1dentififed as due to the HCI oxidation and reduc-
tion respectively, by comparison with the pure compound. Moreover, peaks 3 and
7 could be attributed to Ph; AsOHCI oxidation and reduction respectively by
carrying out cyclic voltammetric tests on solution of a sample of this compound
prepared according to ref. 4. Finally, the anodic peaks 9 and 8 are due to the
oxidation of H, 1n presence of chlonde ions and in presence of Ph; AsO together
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Fig 2 Cyclc voltammetnic curies with platinum electrodein (=) $ 0 X 1073 U Phj\s, 12X 1077 M
n-BugNC1, 0 2 ¥ n BugNCIOj, CH3CN solution ( --) 9 X 1077 v n-BujgNCl, 0 2 M n BuaNClO,,
CH3CN solution Scanrate 02 v s~}

with Cl™ respectively; a check was also made 1n this case by voltammetric tests,
The cathodic peak 5 1s associated with the oxidation of Cl™ 1ons (peak 2) 1n a
catho-anodic process.

The appearance of peaks 6 and 7 after peak 1 1s tiavetsed (heavy sohid line
mn Fig 2)indicates that hydrogen chloride and hydroxytriphenylarsonium
chloride are formed in the first ocxidation step

Controlled-potential coulometric experiments carried out at +0.45 V showed
that two moles of electrons per mole of Ph;As were involved in this anodic process
On the basis of these findings reaction scheme 7 can be suggested.

2Cl~ - 2CI1° + 2e-
2CIl° + Ph; As + H,0 - Ph; AsOHCI + HCl (7)

This view 15 supported by the results obtained by carrying out preparative
electrolyses 1n Ph; As/acetonitrile solution in which LiCI9); was employed as
supporting electrolyte and LiCl as substratum. (In these experiments the hithium
salts were preferred to facilitate recovery of the anodic product). In fact a
product, recovered as described in the experimental section, was 1dentified as
Ph; AsOHCI by m.p. (170°) and IR spectra [4]. In addition its polarographic
behaviour (two cathodic wave with E,, values of —1.5 V and —2.70 V respective-
ly) was the same as that exhibited by the compound when chemically prepared

4].
(4] To account for the shift towards less positive potentials of the chlonde oxi-
dation in presence of Ph; As it must be admitted that the chemical reaction
following the charge transfer in reaction 7 is faster than the radical dimerization
to produce chlorine.
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Fig 3 Voltammogram obtamned ina 2 Xx1073 ¥/ Ph3as, 01 37 Et3NBF; CH3CN solution Plaunum
worhing electrode with pertodic renewal ot the ditfusion laver

It can be remarked that in the reducticn of hydiosytriphenylarsonium
chloride a single wave is observed unlike th2 behaviour of corresponding perchlor-
ate This can be explained by taking into account the lowering of the i1onic char-
acter of these salts by replacing the perchlorate 1on with the stronger base chloride
Consequently the lower proton activity, due to lesser amounts of free Ph; AsOH?,
prevents the formation of (Ph, AsO).H~

Tetrafluoroborate as supporting electrolyte

Voltammetric tests performed on Ph;As in wet (107! M H,O) acetonitnle
solutions with Et;NBF, as supporting electiolyte showed an anodic wave (see
Fig 3) located at the same potential value (£,, = +1 05 V) as when the supporting
electrolyte was NaClO, . No information could be gained by cyclic voltammertry
because all cathodic peaks associated with the anodic one were ill-defined and
poorly-reproducible. However, controlled-potential coulometric experiments at
+1.3 V indicated that two moles of electrons per mole of Ph;As are released.
The oxidation product recovered from the exhaustively-electrolyzed solution,
as described in the experimental section, was 1dentified as Ph; AsOBF; by elemen-
tal analyses, m.p. (230°) and IR spectra [4].

Furthermore, the polarographic picture obtained 1n an acetonitrile solution
of the recovered product (see Fig. 4) agreed exactly with that exhibited by a
solution of a pure sample of Ph; AsOBF; prepared according to ref. 4.

To account for these findings reaction mechanism 8 1s suggested. Clearly,
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Fig 1 Polarogram obtained ina 6 X 10~3 A7 Ph3AsOBF3,0 1 M EtgNBF;, CH3CN solution DME with
mechanical control of the drop time

Ph3As —+ Ph;As™ * + e~ (8)
PhyAs™ " + H,O + 2BF; » Ph; AsOHBF,; + HBF, +e"
Ph; AsOHBF, - Ph;AsOBF; + HF

Ph;As + H,O + 2BF; - Ph3;AsOBF; + HF + HBF; + 2¢~

hydrogen fluoride is eliminated from the tetrafluoroborate compound which 1s
presurmably formed as an intermeciate. The ill-defined and poorly-reproducible
peaks obtamed 1n the cyclic voltammetric tests can be explained by the fact that
the HF formed in the electrochemical pathway produces a poisoning effect on
the platinum surface.

Experimental

Chemicals and reagents

All chemicals were reagent grade (C. Erba and Schuchardt). Reagent grade
acetonitrile was purified by distilling repeatedly from phosphorus pentoxide [9]
In order to obtain a solvent containing water 1n a concentration level of about
107" M, small weighed amounts of water were added to the distilled acetonitrile
and the mixture stored under nitrogen. The content of water was tested by Karl
Fischer titration.

Et,NBF. was prepared by neutrahzing HBF, with Et;NOH. All supporting
electrolytes (NaClO,, TBAP, Et;NBF;, n-Bu;NCI, LiClO; and LiCl) were re-
crystallized and dried in a vacuum oven.

Triphenylarsine was used without further purification because thin layer
chromatographic tests and the melting point had proved 1ts purity. Triphenyl-
arsine oxide was crystallized from benzene [10].
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Stock solutions of anhydrous perchloric acid in acetonitrile were prepared
by oxidizing hydrogen gas dissolved in TBAP/acetonitrile solutions [5].

Apparatus and procedure

All experiments were carried out at 25 + 0.1° 1n H-shaped cells with cathodic
and anodic compartments separated by sintered glass disks. All potentials are
referred to a silver—0.1 A silver nitrate electrode 1n acetonitrile medium. In the
voltammetric measurements the working electrodes were either platinum spheres
with periodic renewal of the diffusion layer [6] or stationary platinum sphere
microelectrodes. Polarograms were performed by a DME with mechanical control
of the drop time. Coulometric and preparative electrolyses were carried out by
employing platinum foils as working electrodes and a large mercury pool as
counters

Further experimental details and all electrochemical and spectiophotomeinc
instrumentation have been described in a prev.ous paper [11]

Acid—base titrations were performed with standard solutions of n-Bu, NOH
in acetonitrile and the end point detection was made potentiometrically by
using a general purpose Beckmann glass electrode.

Electrochemitcal preparations

Ph3;AsOHCIO,. 100 mlof 5X 1072 A Ph,;As, 0.1 A7 H.O, 1 M NaClC,
acetonitrie solution were electrolyzed under nitrogen atmosphere at +1.3 V vs.
Ag/0.1 M AgT™ acetonitirile electrode 1n a two-compartment cell. With a platinum
working electrode (approximate area 40 cm? ) the electrolysis time was about
3 h. After completion of the electrolysis the solvent was evaporated under
vacuum at low temperatwe and the residual sohd was shaken with CHCI; to
separate the insoluble Na(lO, . By adding ether to the filtrate white crystals
were obtained. They were recrystallized from chloroform—ether. Analytical and
physical data were consistent with previous results [4]

{Ph3;As0),HCIO,. 100 mlof 5X 10°° M Ph;As, 0.1 M H,O, 1 41 NaClO,
acetonitrnle solution deaerated with nitrogen were electroly zed first at +1.30 V
and subsequently at —1.00 V vs. Ag/0.1 M Ag" acetonitrile electrode in a two-
compartment cell About 3 h was required to complete these electrolyses (area
of Pt electrode about 40 cm?). At the end of the electrolyses the acetonitrile
solution was evaporated under vacuum at low temperature. In order to separate
the insoluble NaClO;, the oxidation product was extracted with CHCIl;, the
resulting solution, treated with ether, gave a white precipitate which was re-
crystallized from ethanol—ether. All analy tical and physical data were consistent
with published results {2, 7].

Ph;AsOHCl 100 mlof 5 X 107% M Ph;As, 0.1 A LiCl, 0.1 M H.O, 0.75 M
L1ClO; acetonitrile solution were electrolyzed at +0.45 V vs. Ag/0.1 M Ag* aceto-
nitrile electrode i a two-compartment cell under nitrogen. The electrolysis was
completed in about 3 h (electrode surface: about 40 cm? ); the solvent was
evaporated under vacuum at low temperature and the product was extracted
from the residual solid with chloroform. White crystals were obtained by adding
ether to the chloroform solution. Recrystallization was made from chloroform—
ether. Analytical and physical data agreed well with those reported previously

[4}].
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Ph;AsOBF;. 100 mlof 5 X 10°? M Ph,As, 01 A H,O, 1 M Et;NBF,

acetonitrile solution were electrolyzed at +1.3 V vs. Ag/0.1 M Ag™ acetonitrile
electrode in a two compartment cell under mitrogen atmosphere. (Electrolysis
time: about 3 h with a 40 cm? working electrode). The exhaustively electrolyzed
solution was evaporated under vacuum at low temperature and the residual
supporting electr-lyte was separated from the ovudation product by shaking with
CHCl,.

When ether was added to the chloroform solution, white erystals were ob-

tained which were recrystallized from chloroform—ether. All analytical and
physical data were consistent with data given by Harris and Inglis {4].
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