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Radical Cations with a Sulphur-Phosphorus 2¢-16* Three-electron Bond in Solution
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A transient radical cation with an intramolecular sulphur—phosphorus 20—-10* three-electron bond is generated
during the oxidation of 1-(diethylphosphino)-3-(methyithio)propane 1 in aqueous solution; it shows an optical

absorption at A = 385 nm,

It is well established that one-electron oxidized sulphur atoms
in organic sulphides generally show a high tendency to be
stabilized in S.-.S or S.-.X 20-10* three-electron bonds by
coordination with a second sulphur!-> or heteroatom.é-11

While numerous experimental data are available for
systems with X = halogen, oxygen, nitrogen and selenium,5-11
no experimental reports exist until now on the stabilization
effect of phosphorus in solution. Theoretical calculations
suggest though that cationic species of the type (H;P..SH;)*,
for example, should also exhibit a considerable degree of
thermodynamic stability.12-13 Some evidence is also provided
in solid matrices.14

In this communication we now report on the first
experimental verification of a three-electron bonded,
(S.-.P)*-type radical cation generated intramolecularly in the
‘OH-induced oxidation of 1-(diethylphosphino)-3-(methyl-
thio)propane 1 in aqueous solution. It has been identified on
the basis of time-resolved optical absorption and conductivity
measurements using the radiation chemical technique of pulse
radiolysis.!> As the pK, of 1, with respect to the protonation at
phosphorus, was determined to be =6.8 by titration in
aqueous solution, experiments have been performed with
both the protonated and unprotonated species at pH 4.0 and
8.6, respectively.

Figs. 1 (spectrum) and 2(@) (absorption-time trace) show
optical fingerprints of the transient species obtained upon
pulse radiolysis of an N,O saturated 2 X 10—4 mol dm—3
aqueous solution of 1 at pH 8.6 recorded immediately after the
application of a 1 us pulse. The absorption band with A, =
385 nm is assigned to the radical cation 2 formed according to
Scheme 1, i.e. to a species which contains an intramolecular

20-10* bond between the sulphur and phosphorus atoms. This
assignment is based on the previous information available for
similar intramolecular S.:.S or S.-.X species!:2.7-10 and, with
respect to the essential aspects, this is outlined in the
following.

Simultaneous time-resolved conductivity measurements at
pH 8.6 [Fig. 2(b)] show an increase in conductivity revealing
the formation of an OH-—cation pair with kinetic characteris-
tics which correspond to those of the optically absorbing
transient.
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Fig. 1 Absorption spectrum recorded immediately after a 1 ps pulse in

an irradiated N,O-saturated 2 X 10—4 mol dm—3 aqueous solution of 1
at pH 8.6. (G = 1 equals 0.1 pmol g—1.)
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Fig. 2 Absorption-time traces (at Ams,x = 385 nm) of a pulse-irradiated N,O-saturated 2 X 10~* mol dm~3 aqueous solution of 1 at pH
8.6 (a) and pH 4.0 (c); corresponding conductivity-time traces at pH 8.6 (b) and pH 4.0 (d)
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For protonated phosphorus at pH 4.0, the 385 nm band was
also observed. In this case the growth of the absorption is
somewhat delayed [Fig. 2(c)] and reaches its maximum a few
us after the pulse. The proposed mechanism is displayed in
Scheme 2 and resembles the features of the ‘OH induced
oxidation of the nitrogen analogue, 3-methylthiopropylam-
ine.10 Accordingly, the -OH radical adds to sulphur, and with
the help of the phosphino proton it is subsequently eliminated
as a water molecule. This intramolecular process is respon-
sible for the slight delay in the formation of 2. The lifetime of 2
in acid solution (t;, = 150 ps) is longer than in a basic
environment (t, = 70 us). Time-resolved conductivity
measurements at pH 4.0 [Fig. 2(d)] show practically no signal
change upon the formation of 2. This is in accord with Scheme
2 which indicates that one type of cationic species is just
replaced by another type of cation with similar specific
conductivity.
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Our argument is further supported by the study of solutions
at pH 1.0. In this case elimination of the hydroxyl function
from the adduct 1b does not occur intramolecularly but
instead by reaction with bulk protons (Scheme 3). The resultis
oxidation of the sulphur function to a cationic radical centre
with the phosphine function still being protonated, 3. Further
stabilisation of this species can only occur intermolecularly by
association with another substrate molecule to yield the dimer
sulphur-sulphur three-electron bonded species 4. The tran-
sient optical absorption recorded shortly after the pulse at this
very low pH differs significantly from that at higher pH and
shows a pronounced maximum at 470 nm in full accord with
other intermolecular (S.-.S)* radical cations.!2

Shortening of the bridge between sulphur and phosphorus
to two methylene groups yields an intramolecular radical
cation analogous to 2. In this case sulphur—-phosphorus
interaction leads to a four-membered ring system which is less
favourable with respect to orbital overlap. As has been shown
for related dithia compounds (intramolecular sulphur-sulphur
interaction) such a conformation results in much weaker
three-electron bonds, associated with a considerable red-shift
in the absorption (the optical transition is, in first approxima-
tion, 0 — 0*).1.2.16 The observed Aya., = 480 nm for the
intramolecular (S.-.P)*+ type radical cation from 1-(diethyl-
phosphino)-2-(methylthio)ethane thus also supports our
assignment. (Time-resolved conductivity measurements at pH
4.0 again show no signal change upon the formation of the
intramolecular species.)
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The other alternative possibilities as candidates for the
absorbing transient from 1, namely intermolecular phos-
phorus—phosphorus or sulphur—phosphorus interaction, can
be excluded. Firstly, no effect was seen of the concentration of
1 on the 385 nm absorption. Further, employing triethylphos-
phine alone, an absorption band [almost certainly due to the
intermolecular (P.-.P)* radical cation] is observed at Ap,x =
370 nm. Although this differs only by 15 nm from that of the
proposed species 2, it cannot be due to the latter since it is
generated only at high pH (>7), and there only at high solute
concentration. Finally, experiments conducted with solute
mixtures of diethyl sulphide and triethylphosphine, i.e. with
sulphur and phosphorus in two different molecules, revealed
only one broad band peaking around 490 nm [probably due to
intermolecular (S.-.S)* and, at high pH, possibly also (S.-.P)+
radical cations] but no band around 385 nm.

In conclusion, our pulse radiolysis experiments on the *OH
radical induced oxidation of 1-(diethylphosphino)-3-(methyl-
thio)propane 1 provides a first experimental example of
a transient intramolecular (S.-.P)* 20-1o* three-electron
bonded radical species in solution.
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