OCArticle

Reactivity of Triarylphosphine Peroxyl Radical Cations Generated
through the Reaction of Triarylphosphine Radical Cations with
Oxygen

Sachiko Tojo! Shinro Yasui; Mamoru Fujitsukd, and Tetsuro Majima*

The Institute of Scientific and Industrial Research (SANKEN), Osakaesity, Mihogaoka 8-1, Ibaraki,
Osaka 567-0047, Japan, and Laboratory of Biology and Chemistry, Tezukayamersity, Gakuen
Minami 3, Nara 631-8585, Japan

majima@sanken.osaka-u.ac.jp

Receied June 27, 2006

Pulse radiolysis
O
AP MA> AP —— ArP*-0-Oe
in CsHsCN Koz = 107 — 109 M—1 s—1

One-electron oxidation of triarylphosphines §Rr Ar = phenyl and substituted phenyl) in benzonitrile
(PhCN) has been studied using pulse radiolysis technique. One-electron oxidatiosPaiokurred to
yield the radical cation (AP*") which showed an intense absorption with a peak at-3M® nm together
with a broad band at 568600 nm. The addition of molecular oxygenJjQo the phosphorus atom of
ArsP* took place at the second-order rate constant ¢~10° dm?® mol™ s™* to yield the peroxyl
triarylphosphinyl radical cation (APTOCQ). It is found that the electron-releasing substituents on the
para position of the phenyl ring of AP influence the rate constants of the reaction ofPAr with O,

and thato-methyl substituents on the phenyl ring influence the reactivity gPADC".

Introduction POH™), from which deprotonation and further bond dissocia-
tion subsequently occur to give the triarylphosphine oxide

Oxidations of trivalent phosphorus compounds such as . -

i . or . (ArsP=0) as the final stable produg¢flthough the reactivities
phosphines and phosphitesl) gving the l?P oxu?les (LP=0) of LsP*t against various nucleophiles have been widely
as the stable product have been widely investigated from both. ' d with th d I d el hemical
mechanistic and synthetic points. One-electron oxidatiorglef L nvestigated with t € pro uct analyses and electrochemica

o . ) ) : . measurements, the kinetic study has been rarely performed.
occurs initially to give the corresponding radical cations,

- N L
LsP*, as the intermediate in various chemical and electrochemi- 1 "€ re%cgvny of laFI)' asa razdlcal is still uncle?rhalthough |
cal reactions.Because of the presence of an unpaired electron suggested by several groups. Zagumennov et al. have recently

and a positive charge oh™, it is expected that 4P+ exhibits suggeste_d that the higher reactivity of trimesitylphosphine radical
dual reactivities as an electrophile and free radical. In fact, it is Cation With mercaptans rather than with water and alcohols
established from the product analysis thaPt reacts with corresponds to the radical characteshowing an example of

various nucleophiles such as water, methanol, halide anions,the radical reactivity of LP*. The reactivity of AgP* with

and hydroxide anions and bases such as pyriéliie have O has been mvestlggted_by N_eta et al. and us. Neta et al.

recently reported that nucleophilic attack of®toward the pro_posed the mechanlsm in which trlphenylphosphlne rqdlcal

phosphorus atom of AP+ occurs to give the adduct (4r cation reaqts W|th'§)t0 give the peroxyl radical cathn during
the radiolytic reactiod.We have recently found that triarylphos-

*To whom correspondence should be addressed. #d1-6-6879-8495. phlne radical cations (AP'+) undergo radical coupllng with
Fax: +81-6-6879-8499. O during the laser flash photolysis of &t in the presence of

T Osaka University.

* Tezukayama University.
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1a, (CgHs)zP

1D, (CeHs)2(2-CHsCeHa)P
1¢, (CHs)2(4-CHsCeHa)P
1d, (2-CHiCsHa):P

1g (3-CHsCgHa)3P

1f, (4-CHsCeHa)sP

1g, (4-CHOCsHz)sP

1h, (2,5-(CH)2CeH3)3P
1i, (3,5-(CH)2CsH3)3P
1j, (2,4,6-(CH)3CeH2)sP
1K, (4-FGsHa)3P

11, (4-CICeHz)P

9,10-dicyanoanthracene as a photosensitizer and BP as a co*

sensitizer in “dry” acetonitrile under aerobic conditions. Cer-
tainly, this reaction gives the peroxyl radical catiorsArOC,
which in fact explains the formation of the observed product
ArsP=0. However, the intermediate &#TOO" has not been
directly observed.Herein, we investigated the kinetics of the
reaction of AgP"* with O, during the pulse radiolysis of AP

in aerobic PhCN. We succeeded in observing the formation of
peroxyl radical cation AP™OO" and elucidated its reaction with
the transient absorption measurement.

Results and Discussion

Formation and Decay of ArsP**. It is established that
radiolysis of various molecules (M) in PhCN causes one electron
oxidation of M via hole trapping to give M radical cation {M.
Although electron is generated initially together with hole during
the pulse radiolysis of a PhCN solution, electron can be stably
trapped by PhCN and does not affect the formation of .M
Ar3P* can be generated during the pulse radiolysis AN
argon-saturated PhCN (egs-3).

PhCN —W\~ hole + ¢ 1)
hole + Ar,P — Ar,P" )

PhCN + e —PhCN"™ 3)
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FIGURE 1. Transient absorption spectra observed at 50 ns, 500 ns, 1
us, and 5us after an electron pulse during the pulse radiolysigfof
(10 mM) in argon-saturated PhCN.

TABLE 1. Absorption Peak (dmax), Reactivities of T (Kgecay (Ar)
and kop), and the Summation of the Hammett's Substituent
Constant (Xo*)

radical Amad Kdecay(Ar)® C
cation (**) (nm) (1PsY (1BM-1sY So°e

la™ 380, 530 4.2 0.65 0
1b+ 380, 550 6.0 0.46 0.39
lct 380, 550 3.6 0.74 0.39
1d+ 380, 550 6.6 2.4 1.17
let 380, 540 3.9 9.3 d
1f* 380, 550 3.9 17 1.17
1g* 380, 600 4.9 19 1.26
1h+ 380, 550 7.4 2.6 d

1ie* 380, 550 4.9 16 d

1j*t —, 600 1.4 13 3.51
1k 380, 540 6.7 1.9 0.36
1+ 380, 560 52 2.2 0.36

aWavelength of thel** transient absorption peaks—" denotes “not
detected”? Apparent decay rate constant according to the first-order rate
equation under Ar atmosphere. Experimental errat ©0%. ¢ Bimolecular
rate constant obtained from the plot of the pseudo-first-order rate constant
vs concentration of © The concentration of £for the Q-saturated PhCN
has been reported to be 8:51073 M in ref 9. 4 Not available® The o
values are taken from ref 10.

of 1f**, although the visible absorption band shifted to longer
wavelength side with an increase of the electron-donating
character obrtho andpara substituents (Supporting Informa-

Figure 1 shows the transient absorption spectra observed aftetion, S1). The longer wavelength shift of the absorption bands

an electron pulse during the pulse radiolysis of grtlyl)-
phosphinelf with the concentrations of 1.8 102 M (M =
mol dm3). The transient absorption spectra exhibited two
absorption bands with the maxima at 380 and 550 nm,
respectively, immediately after an electron pulse. This spectrum
is essentially same as that observed duringytiiadiolysis of
1f in rigid glass ofn-butyl chloride at 77 R and is similar to
that observed during the pulse radiolysis of triphenylphosphine
lain chlorocyclohexané.The absorption spectrum observed
immediately after the electron pulse is assigned fteadical
cation (Lf"). The decay profile of the transient aborptions of
1f+ at 550 nm was analyzed according to the first-order rate
equation, giving the apparent decay rate constarky@fy =
39x 1P s™L

Pulse radiolyses of other 4 were also examined in PhCN.
The observed transient absorption spectra gfPArwith two
peaks at 380 nm and around 58800 nm were similar to that

(5) (@) Yasui, S.; Tojo, S.; Majima, T. Org. Chem2005 70, 1276.
(b) Yasui, S.; Tojo, S.; Majima, TOrg. Biomol. Chem2006 4, 2969.

(6) Kira, A.; Thomas, J. KJ. Phys. Chenil974 78, 2094. (b) Kira, A.;
Imamura, M.J. Phys. Cheml1979 83, 2267.

(7) Burrows, H. D.; Greatorex, D.; Kemp, T. J. Phys. Chem1972
76, 20.
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of ArgP* may result from the delocalization of the positive
charge of AsP*. The transient absorption of & disappeared
in the time scale ofis to a few tensus except forlj**. The
Kdecay Values for AgP* were estimated from the single-
exponential fitting of the kinetic traces to be the pseudo-first-
order rate constants &fecay= (4—7) x 10°s71 (Table 1), while
Kdgecay= 1 x 10° s~1for 1j** was much smaller (Figure 2). The
pseudo-first-order decay of 4" corresponds to the dimer-
ization of AP with ArsP to form phosphine dimer radical
cation(AsP—PArs)*".8 The dimerization oflj** with 1j seems
to be suppressed by the steric effects of twmethyl substit-
uents on the phenyl ring dfj.

The pulse radiolysis ofif was examined also in 1,2-
dichloroethane and benzene. The transient absorption observed
in these solvents, although the absorbance was smaller than in
PhCN, showed the maxima at 380 and 550 nm and was assigned
to 1f*. Nevertheless, the decay bf* was much faster in these
solvents than in PhCN and could not be followed precisely.
Therefore, we used PhCN as the solvent to study the formation
and reaction of AP,

(8) Gara, W. B.; Roberts, B. B. Chem. Soc., Perkin Trans.1878
150.
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FIGURE 2. Time profiles of AOD obtained at 550 and 600 nm, 20
assigned tdf* and1j**, respectively, observed after an electron pulse .
during the pulse radiolysis dff and1j (10 mM) in argon-saturated - 19
PhCN. Z 1
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FIGURE 4. (A) Time profilesAOD obtained at 550 nm, assigned to
1f*, observed after an electron pulse during the pulse radiolysi$ of
(10 mM) in argon, air, NO, (4:6), and Q-saturated PhCN. (B) Plot
of pseudo-first-order rate constattda) Vs concentration of ©
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FIGURE 3. Transient absorption spectra observed at 50 ns, 500 ns, 1 Oz or react slowly with Q. Nelsen reported the radical cation
us, and 5us after an electron pulse during the pulse radiolysidfof ~ catalyzed chain oxygenation of alkylated olefins and dienes,
(10 mM) in Oy-saturated PhCN. although the peroxy intermediate was not spectroscopically
: . . detected® As only one example of a kinetic study on the
Since no transient absorption of M~ and 3Ar3P*11 was reactivity of radicgl cations tovf/)ard LHwe have repor)t/ed that
obsesrved n the region of 59.0700 nm, the fornjatlop of '%P'. p-methoxy-substituted stilbene radical cations react wittaO
and®ArsP" is neglected during the pulse radiolysis ofsRrin koz = (1.2-4.5) x 107 M~L st during pulse radiolysis and
PhCN. laser flash photolysi&! The high reactivity of the radical cation

. S : :
Reac.uons of AP with O.. Figure 3 shows the transient o vard Q corresponds to the localization of unpaired electron
absorption spectra observed after an electron pulse during the

. . . . - and positive charge on the- and -olefinic carbons, respec-
pulse radiolysis olf in O,-saturated PhCN, which were similar tivelv. induced ifically by the-methoxvl substituent
to that in argon-saturated PhCN. The time profile of the transient vely, Induced speciicatly by te-methoxy’ substiuent on

. . the phenyl ring of stilbene radical cations. On the basis of the
absorption at 550 nm (Figure 4) showsﬁthat the decayfof product analysis, there are several reports on the reactivity of
was accelerated t0 Heecay= 2.3 x 107 s7L. The Kyecay Value

d ded h trati 5w 10-3 M for th radical cations toward £ Addition reactions of radical cations
Oeper; € i %n Phecconcen ra It(')n th@ﬁf.f ¢ qtrh e of aromatic compounds, such as aryl-substituted cyclopropanes

2-saturate B, suggesting tha reacts with Q and cyclobutanes, and aromatic alkenes, witth@ve been re-
bimolecularly. The second-order rate constaks,) for the

. A ported to yield the corresponding peroxyl radical cations by sev-
r'\iz_if?? i(rjlfgh CVI\\IJIth Oz (eq 4) was calculated to be 1.7 10° eral groups with assumption ofcl-distonic radical cation¥> 18

Mizuno et al. investigated the formation of 1,4-radical cations
of 1,w-bis(diarylethenyl)alkanes and its trapping by molecular
oxygen?®® Fukuzumi et al. reported that 1,4-dimer radical cation

. ) of aromatic alkene reacts with,@o produce the 1,6-peroxyl
Pulse radiolyses of other & in Oy-saturated PhCN were

; . > . radical catio® and that Q adds toa-methylstyrene radical
examined. The results are summarized in Table 1. The reaction Ofcation to give the peroxyl radical cation, which may transform
tris(p-anisyl)phosphine radical catioid™) with O, was found 5 the more stable dioxetane radical cattdokumaru et al.
to occur akoy = 1.9 x 10° M~1s71. Theko, values were similar

to those for the reactions of carbon-centered radicals such as 13y Nelsen, S. FAcc. Chem. Re€.987, 20, 269.
para-substituted benzyl radicals with.8 The finding thatl** (14) (a) Tojo, S.; Morishima, K.; Ishida, A.; Majima, T.; Takamuku, S.
reacts with Q at the rate constant ¢, = 16B—10° M~1s71 J. Org. Chem.1995 60, 4684. (b) Majima, T.; Tojo, S.; Ishida, A.;

; i ; : - Takamuku, SJ. Org. Chem.1996 61, 7793. (c) Majima, T.; Tojo, S.;
is surprising because radical cations generally do not react with Ishida, A.; Takamuku, SJ. Phys. Chem996 100, 13615. (d) Hara, M.

Samori, S.; Xichen, C.; Fujitsuka, M.; Majima, J. Org. Chem2005 70,
(9) Fukuzumi, S,; Imahori, H.: Yamada, H.; El-Khouly, M. E.; Fujitsuka,  4370.

1" + 0, — (1f-0)"F (4)

M.: Ito, O.; Guldi, D. M.J. Am. Chem. So2001, 123 2571. (15) Mizuno, K.; Tamai, T.; Hashida, I.; Otsuji, Y.; Kuriyama, Y.;
(10) Dincturk, S.; Jackson, R. A.; Townson, M.; Agirbas, H. B.; Tokumaru, K.J. Org. Chem1994 59, 7329.

Billingham, N. C.; Mach, GJ. Chem. Soc., Perkin Trans.1®81, 1121. (16) Fujita, M.; Shindo, A.; Ishida, A.; Majima, T.; Takamuku, S.;
(11) (a) Sakaguchi, Y.; Hayashi, lEhem. Phys. Lettl995,245 591. Fukuzumi, S.Bull. Chem. Soc. Jprl99§ 69, 743.

(b) Sakaguchi, Y.; Hayashi, H. Phys. Chem. 2004 108 3421. (17) Suga, K.; Okubo, K.; Fukuzumi, 8. Phys. Chem. 2003 107,
(12) (a) Maillard, B.; Ingold, K. U.; Scaiano, J. @. Am. Chem. Soc. 43309.

1983 105 5095. (b) Tokumura, K.; Ozaki, T.; Nosaka, H.; Saigusa, E. Y .; (18) Tsuchiya, M.; Ebbesen, T. W.; Nishimura, Y.; Sakuragi, H.;

Itoh, M. J. Am. Chem. S0d991, 113 4974. Tokumaru, K.Chem. Lett1987 2121.
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FIGURE 5. Optimized structure and spin distribution bf* obtained
by the density functional theory at UB3LYP/6-31G* level.

95 1g (30CH,)
1f (3CH,) @®
9.0
*o“ L
3 851 1k (3@/6'11 (3cn
8O G oo, CHy)
°
15 T T T :
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>0

FIGURE 6. Plot of logko, vs Zo* for variouspara-substituted AsP+
in Ox-saturated PhCN.

reported the interaction between stilbene radical cations with
0,.18 However, factors controlling the reactivities of radical
cations toward @are not clear. Thég, values of free benzyl
radical and1f* are found to be two orders larger than those

for stilbene radical cation, suggesting that an unpaired electron

is completely localized on the phosphorus atom inPAT. It

has been reported that the unpaired electron should be localize
on the phosphorus atom af*.1° The optimized structure of
1f** calculated using the density functional theory is shown in
Figure 5, indicating that the unpaired electroridf is localized

on the phosphorus atom. The localization of the unpaired
electron on the phosphorus atom was confirmed for ajPAr

by the theoretical calculation.

For the bimolecular reaction of free benzyl radical with O
the electronic effect gbara substituents on the phenyl ring has
been observed dib,.*? The similar remarkablpara substituent
effect on theko, value forla™—1e™ was found, while almost
the sameko, value, (1.7+ 0.2) x 10° M~1 s71, was obtained
for 1f*, 1g™*, and 1j**. As shown in Figure 6, a linear
correlation was found for the plot &b, againstzo®, which is
the summation of the Hammett’s substituent constaa® for
the para substituents on the phenyl rings ofsRt Theo* scale
has been defined for the homolytic cleavage of dibenzylmercury
as a measure of the spin density developing on the benzyl carbo
atom at the transition state. Thg; value forlc™ was slightly
smaller than that expected froRuv*. It is suggested that the

structural and electronic properties may change slightly between

1c* and otherd*™ (1a™, 1f*, 1g™, 1k*", and1l*") which have
one and threpara-substituted phenyl groups on the phosphorus
atom of1°*, respectively.

The HOMO of ArP is the nonbonding orbital (n-orbital) of
the phosphorus atoi{.Therefore, an electron is removed from

(19) Berclaz, T.; Geoffroy, MMol. Phys.1975 30, 549.
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FIGURE 7. (A) Transient absorption spectra observed at 50 ns, 500
ns, and Sus after an electron pulse during the pulse radiolysigjof
(10 mM) in O-saturated PhCN. (B) Time profiles &fOD obtained at
550 nm during the pulse radiolysis 3jfin argon- or @-saturated PhCN.

the n-orbital of the phosphorus. Since the positive charge of
the phosphorus atom is more delocalized it and1g™ than

in other AP because of the-electron conjugation including
the phenyl rings, th&o, values ofif** and1g* are larger than
that of 1a*.

Alternatively, AsP* could undergo radical coupling with the
superoxide radical anion ¢©) generated by the electron
transfer from PhCN to O,. In this case, the decay of &+
would follow the second-order kinetics. However, the decay of
ArsP* was analyzed by the pseudo-first-order kinetics. Thus,

Claking into account the fact that the concentration ef Os

lower than that of PhCN (approximately 1x 1075 M)
generated initially during pulse radiolysis, the pseudo-first-order
rate constant is predicted to be smaller thah <0, assuming
that the second-order rate constant is diffusion-limited. This
value is not consistent with the observiesh of 10°—107 s71,
indicating that the radical coupling betweensRr and Q*~

can be eliminated from the A" decay mechanism.

The present work is the first example to clarify that the
reactivity of APt toward Q is controlled predominantly by
the electron density of the phosphorus atom.

Figure 7A shows the transient absorption spectra observed
after an electron pulse during the pulse radiolysis of trimesi-
tylphosphinelj in Op-saturated PhCN. The transient absorption
of 1j** observed at 50 ns after an electron pulse was similar to
that in argon-saturated PhCN. The transient absorptidij*of
with a peak at 600 nm decayed in the time scale of a few

"hundreds nanoseconds and shifted to the shorter wavelength side

to have a peak at 570 nm. The similar spectral change has been
also observed for the reaction of 1,1-dianisylethylene dimer
radical cation with @, where the dimer radical cation having a
peak at 490 nm reacts with,@ give the peroxyl radical cation
with a peak at 500 nr#f In the presence of oxygen, the transient
absorption at 550 nm decayed within 100 ns, accompanied by
the formation of new absorption as shown in Figure 7B.

(20) Culcasi, M.; Berchadsky, Y.; Grounchi, G.; Tordo,JPOrg. Chem.
1991, 56, 3537.
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Therefore, the observed absorption spectrum with a peak at 570

nm can be reasonably assigned to the peroxyl radical cation of
1j ((2,4,6-(CH)3CsH2)sPOO) (eq 5)

1j"" 4+ 0,— (2,4,6-(CH),C;H,),P OO (5)
and (2,4,6-(CH)3CsH2)sPTOO" was found to be very stable
species with a lifetime of longer than 148 estimated from the
decay profile of the transient absorption. The transient absorption

spectral changes fdd" and1h*™ with ano-methyl substituent
were similar to those observed fbjr™ (Supporting Information,
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S2). For example, the absorption spectrum with a peak at 560FIGURE 8. Transient absorption spectra observed at 50 ns, 500 ns, 1

nm, assigned to the corresponding peroxy radical cation, wa
observed at 100 ns after an electron pulse during the pulse
radiolysis of1d in PhCN under @ atmosphere.

Reaction of ArsPTOO". A transient absorption of AP*-
OO was not observed during the bimolecular reaction gPAr
having no o-methyl substituent with & suggesting that a
lifetime of these peroxy radical cations is very short. The
reaction of AgP* with O, gives the corresponding phosphine
oxide (ArP=0) as the final product in nearly quantitative yield
through the formation and decomposition ofsRrOC". Neta
et al. proposed that BR*OC" has no significant absorbance at
A >300 nm and that a chain reaction occurs involving the
electron transfer from AP to ArPTOO(eq 6) during the
y-radiolysis of AgP in CH,Cl,.*

Ar,P OO0 + Ar,P— Ar,P"O0™ + Ar,P*  (6)

Peroxyl radicals oxidize organic compounds by a mechanism
involving either electron transfer or hydrogen atom and oxygen
atom transfer. The electron transfer from organic compounds
to peroxy radical can occur in a halogenated peroxyl radical in
polar solvent such as water and alcofoDn the other hand,
tert-butylperoxy radicals reacts rapidly witla to givet-BuOOP-
Phs.22 Similarly, ArsPTOO" may not only act as a one-electron
oxidant. Thus, another possible mechanism is oxidation g Ar
involving oxygen atom transfer from APTOC" to ArsP to give
ArsPTO* and AsP=0 (eq 7) followed by electron transfer from
ArsP to AP0 to give APt and AsP=0 (eq 8)*2

Ar;P OO0 + Ar,P— [Ar,P OOPAr,] —
Ar,P*O"+ Ar,P=0 (7)

Ar PO’ + Ar,P— Ar,P=0 + Ar,P" (8)
Equation 7 is similar to that suggested for the reaction of
tert-butylperoxyl radical (RO with a trivalent phosphorus
atom through the four-coordinate phosphoranyl radicatfPAr
OOPAR), which undergoes thg scission to give the oxidation
products, AsP=0 and AgP*O". Generally, the oxyl radicals
(RO) are stronger oxidants than the corresponding peroxyl
radicals (ROG).22 The oxyl radical cations (APTO*) are also

SHS and 5us after an electron pulse during the pulse radiolysi4fof

(10 mM) and MeOH (200 mM) in argon-saturated PhCN.

reported that the oxygen atom transfer occurs from cumylperoxy
radical to AgP to give cumyl oxy radical and AP=0O rather
than the electron transfer from /& to cumylperoxy radica®

In the case of AP having noo-methyl, the absorption
spectrum of AsP** was observed even at 18 after an electron
pulse during the pulse radiolysis of & at high concentrations
in O,-saturated PhCN. This absorption corresponds tAr
regenerated via eq 8.

Since no absorption spectrum of reproducedPAr was
observed for the reactions dé**, 1h**, and1j*, theo-methyl
substituents prevent the formation of dimeric radical cation
ArsPTOOPAr3z. Consequently, the correspondingsRrOC
with o-methyl substituents have long enough lifetimes for the
spectroscopic detection. This result shows the steric inhibition
by o-methyl substituents on the radical attack. In fact, the yield
of ArsP=0 from the reaction ob-methyl-substituted AP"*
with O, was considerably lowe

It is found that AgP"* reacts with @ much faster than with
methanol, which is explained by considerable localization of
the lone-pair electron on the phosphorus atom but not much
localization of the positive charge on the phosphorus atom of
ArgPt. Such properties of APt are different from those of
other various radical cations which react with methanol at the
diffusion-controlled rate. Figure 8 shows the transient absorption
spectra observed after an electron pulse during the pulse
radiolysis of1f in the presence of methanol with the concentra-
tions of 2.0x 10~1 M. This spectrum was in good agreement
with those ofl1f* in the absence of methanol. The yield idf
** in PhCN decreased with the addition of methanol, although
the decay rate off*" in the presence of methanol was similar
to that of 1f* in the absence of methanol. Therefore, the rate
constant for the addition reaction dff** with methanol is
suggested to be slower thanx110” M~ s71in PhCN.

Conclusions

The ArsP* exhibited two absorption bands in the 35000
and 506-600 nm regions immediately after an electron pulse
in PhCN. In the presence of ;Othe addition of Q@ to the
phosphorus atom of AP* takes place at the rate constant of

stronger oxidants than the corresponding peroxyl radical cations1y7—10® M1 s to yield the triarylphosphine peroxyl radical

(ArsPtO0).2* Therefore, the oxyl radical cations should readily
oxidize ArP via eq 8 to produce AP™. Fukuzumi et al.

(21) (a) Alfassi, Z. B.; Mosseri, S.; Neta, B. Phys. Chem1987, 91,
3383. (b) Schoneich, C.; Aced, A.; Asmus, K. D.Am. Chem. S0d.991],
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reaction of AgP™ with O,. The positive charge of the
phosphorus atom is delocalized in 3R because of the
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m-electrons conjugation of the aromatic ring, while an unpaired pulsed-power supply synchronized with the electron pulse. The
electron is localized on the phosphorus atom of;PAf. monitor light was passed through an iris with a diameter of 0.2 cm
Therefore, the rate constants ofsBrt with O, are larger than and sent into the sample solution at a perpendicular intersection to
that of AP with methanol. The present study has shown that the electron pulse. The monitor light passing through the sample
ArsP+ exhibits a free-radical character rather than a cationic Was focused on the entrance slit of a monochromator and detected
character for the phosphorus atomsATOC" undergoes the with a photomultlpller tubg. The transient absorptlpn spectra were
radical attack to AP, producing a dimeric radical cation /- measured using a photodiode array with a gated image intensifier

; = . as a detector.
OOPArs as the key intermediate in which one phosphorus atom  Theoretical Calculations. Optimized structures of AP+ were

has an unpaired electron and other one has positive chargeestimated by density functional theory at the UB3LYP/6-31G* level,
o-Methyl substituents on the phenyl ring of #& lowers the as the most stable one with the absence of the imaginary frequencies
reactivity toward peroxyl radical cation 4#"OC to form the among various equilibrated structures.
dimeric radical cation AfP*OOPArs3.
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