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Photoirradiation of the absorption band of the 10-methylacridinium ion (Avtith visible light in deaerated
CHsCN/H,O (1:1 v/v) containing pivalic acid (BGOOH) and less than 1 equiv of NaOH results in the
selective formation of @ert-butyl-9,10-dihydro-10-methylacridine (AcrHBuThe same product is obtained

in O,-saturated CECN/H,O under visible light irradiation. Photoirradiation of the absorption band of ActHBu

with UV light in deaerated CECN/H,O (1:1 v/v) results in the formation dfert-butyl hydroperoxide
(BUWOOH), accompanied by regeneration of A¢tHhis cycle can be repeated several times. When AcrH

is replaced by the 9-phenyl derivative (AcrBhAcrPh™ acts as an effective photocatalyst for the one-pot
photooxygenation of BCZOOH in the presence of less than 1 equiv of NaOH relative t€B80OH with G

to yield BUOOH and BtOH. The photocatalytic oxygenation mechanism is discussed based on the detection
of radical intermediates by laser flash photolysis and ESR measurements as well as quantum yield determination.

Introduction have been reported using the photosensitized decarboxylation
in the presence of hydrogen donéfs?! the photocatalytic
oxygenation of alkyl groups of RGO via decarboxylation with
oxygen has yet to be explored.

We report herein that pivalic acid (BLOOH) is oxygenated

Alkyl hydroperoxides are important organic oxidants in
organic and biochemical oxidation reactions, playing a key role
in the biochemical oxidation of lipids during oxidative stréss.
The weak G-O bond of alkyl hydroperoxides can easily be |
cleaved by transition metal complexes, leading to the oxygen- With Oz to produce BIOOH by the repeated cycles of the
ation of a variety of substratés® Alkyl hydroperoxides have ph?toreducnon of the 10-methylacridiniun ion (AcrHby
so far been produced by the autoxidation of hydrocarbons with BUCOO™ to produce the Bladduct, Stert-butyl-9,10-dihydro-
oxygen via free radical chain reactiohg? because the direct 10-methylacridine (AcrHBY, and the photooxidation of AcrH-
oxygenation of singlet hydrocarbons with triplet oxygen to BU With Ozin the presence of perchloric acid (HG)Qo yield

produce singlet oxygenated products is spin-forbidden. However, trtbutyl hydroperoxide (BYOOH), accompanied by the re-

the autoxidation of hydrocarbons involving free radicals usually 9eneration of AcrH.22 We have also examined the photo-
affords complex product mixtures, precluding the selective "€duction of AcrH" by a series of fatty acid anions (RCOPD

oxygenation to yield alkyl hydroperoxid@si Alkyl hydrop- to afford AcrI_—|R in detail. When 9-phenyl-10-methylacridinium
eroxides are also obtained by the reactions of metal alkyls with 10N (ACTP") is employed instead of AcrH AcrPh' acts as an
oxygen via metatcarbon cleavage to produce alkyl radicals effective photocatalyst for the oxygenation offBOOH to yleld.
which can react directly with oxyger:*2 Alkyl radicals can Bu‘OOH+ and BIOH. The mechanisms of the photoreduction
also be generated by the anodic oxidation of carboxylate ions ©f ACrH™ by RCOO, the photoox_ldat|or: of AcrHBuith O,
(RCQO,"), that is, the Kolbe reaction (eq 13jn which carbon- and the photocatalytic oxygenation of Bl(DO,H with O, are .
centered radicals are formed via decarboxylation of carboxyl 'ePorted based on the quantum yield analysis and the detection

radicals (RCO®). It is known that %fetgsurri?ri](;ar:t;ntermediates by laser flash photolysis and ESR
_ e . €O |
RCO, — RCG, -R (1) Experimental Section

Materials. Pivalic acid was purchased from Tokyo Kasei
Kogyo Co., Ltd. Acetonitrile (CHCN) and sodium hydroxide

ere purchased from Nacalai Tesque, Inc. Perchloric acid
HCIO4 aq 70%) was purchased from Wako Pure Chemical Ind.,
Ltd. Anhydroust-butyl alcohol was obtained commercially from

* To whom correspondence should be addressed. E-mail: fukuzumi@ Aldrich. 10-Methylacridinium iodide (Acril~) was prepared
chem.eng.osaka-u.ac.jp. by the reaction of acridine with methyl iodide in acetone and
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the photoinduced electron-transfer oxidation of carboxylic acids
also gives carbon-centered radicals via decarboxylafiéh,
because the redox process can be significantly enhanced by th
photoexcitatio#® While several synthetically useful reactions
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was converted to the perchlorate salt (A¢EO,™) by the nm, respectively. The photochemical reaction was monitored
addition of magnesium perchlorate to the iodide salt (Adrbl using a Shimadzu UV-3100PC spectrophotometer. The quantum
and purified by recrystallization from metharf819-Phenyl- yields of the photochemical reactions were determined from an

10-methylacridinium perchlorate (AcrP@10,~) was prepared increase in ACrHBU (Amax = 288 nm, €max = 15000 M

by the reaction of 10-methylacridone with phenylmagnesium cm),25> AcrH" (Amax = 358 NM,emax = 18 000 M~ cm™1),23
bromide in dichloromethane, then the addition of sodium or BUOOH (titration with iodide ion). To avoid the contribution
hydroxide for the hydrolysis and perchloric acid for the of light absorption of the products, only the initial rates were
neutralization, and purified by recrystallization from ethanol  determined for the determination of the quantum yields.
diethyl ether?* 9-tert-Butyl-10-methyl-9,10-dihydroacridine Fluorescence QuenchingQuenching experiments of the
(AcrHBU) was synthesized by the literature metRe&Botassium fluorescence of AcrBl by RCOO  were performed using a
ferrioxalate used as an actinometer was prepared according tdShimadzu RF-5300PC fluorescence spectrophotometer with the
the literature and purified by recrystallization from hot wafer.  excitation wavelength (358 nm in GAN/H,O, 1:1 v/v). The
Deuterated Hz]acetonitrile (CQCN, 99.8%) and deuterated monitoring wavelength was that corresponding to the maximum
[2H]chloroform (CDC}, 99.8%) were purchased from EURI SO-  of the emission band (498 nm in GEN/H;O, 1:1, v/v). The
TOP, CEA, France and used as received. An amount of 40% solutions were deoxygenated by argon purging for 10 min prior

deuterated?H]sodium hydroxide/deuterium oxide (NaOD/D) to the measurements. Relative emission intensities were mea-

was purchased from Cambridge Isotope Laboratories and usedsured for solutions containing AcfH5.0 x 10~ M), RCOOH

as received. (1.0 x 1071 M), and NaOH ((6-1.0) x 1072 M) in CH3CN/
Reaction Procedure A CHsCN/H,O (1:1, viv) solution (50 ~ H20 (1:1, v/v). There was no change in the shape, but there

cm?) containing AcrH (6.8 x 1073 M), pivalic acid (2.0 x was a change in the intensity of the fluorescence spectrum by

101 M), NaOH (6.8 x 102 M), and a magnetic stirrer in a the addition of NaOH. The SterfVolmer relationship (eq 2)
pear-shaped flask was deaerated by vacuum degassing three
times. The solution was then irradiated with a xenon lamp I/l =1+ Kg [RCOO ] (2)
through a filter cutting off the light ofi < 360 nm at room
temperature. The product (AcrHBwas isolated by filtration  \as obtained for the ratio of the emission intensities in the
after evaporating C(CN. In the case of AcrPhcatalyzed — apsence and presence of an electron dongt) (and the
photooxygenation of BCOOH with a CRCN/D;O (1:1, v/v) concentrations of the quenchers [RCQOThe fluorescence
solution (0.6 cr) containing AcrPh (2.0 x 1072 M), pivalic lifetime 7 of AcrH* is 37 ns and that of AcrPhis 1.5 ns?4
acid (5.0x 10°2 M) and NaOD (3.0x 102 M) in an NMR The observed quenching rate constakig= Ksyz~ 1) were
tube sealed with a rubber septum were saturated witthyO  obtained from the SterAVolmer constantsKsy and the
bubbling with GQ through a stainless steel needle for 5 min.  fluorescence lifetimes.
The solution was then irradiated with a mercury lamp through ~ ESR MeasurementsAn Op-saturated CECN/H.O (1:1, viv)
the filter cutting off the light of A < 300 nm at room solution of AcrPH (5.0 x 102 M), pivalic acid (1.0 M), and
temperature. The irradiated solution was analyzed periodically NaOH (5.0 x 101 M) was irradiated at 243 K with a high-
by IH NMR spectroscopy. ThéH NMR measurements were  pressure mercury lamp (USH-1005D) through a water filter
performed using a JEOL JMN-AL300 (300 MHz) NMR focusing at the sample cell in the ESR cavity. The ESR spectra
spectrometer’H NMR (300 MHz, CB;CN/D,O, 1:1, v/v): were taken on a JEOL JES-RE1XE and were recorded under
pivalic acidd 1.11 (s, 9H);tert-butyl hydroperoxide:d 1.21 nonsaturating microwave power conditions. The magnitude of
(s, 9H);tert-butyl alcohol: 6 1.21 (s, 9H)H NMR (300 MHz, the modulation was chosen to optimize the resolution and the
CDsCN): 9+tert-butyl-9,10-dihydro-10-methylacriding) 0.72 signal-to-noise ratio (S/N) of the observed spectra. Jhalues
(s, 9H), 3.33 (s, 3H), 3.59 (s, 1H), 6-8.3 (m, 8H);tert-butyl were calibrated using an Mh marker.
hydroperoxide: 6 1.16 (s, 9H);tert-butyl alcohol: 6 1.19 (s, Laser Flash Photolysis. The measurements of transient
9H). The amount of hydroperoxide was determined by titration absorption spectra in the AcrPiphotosensitized reactions of
with iodide ion?” The aliquots of the product mixture in GH pivalic acid in the presence of Qvere performed as follows.
CN were treated with excess Nal, and the amoungofdrmed An Op-saturated CECN/HO (1:1, v/v) solution containing
was determined by the UWis absorption spectrumigax = pivalic acid (1.0x 1071 M), NaOH (6.0x 1072 M), and AcrH"
361 NM,emax= 2.5 x 10* ML cm )27 using a Hewlett-Packard ~ or AcrPht (5.6 x 107> M) was excited by an Nd:YAG laser
8453 diode array spectrophotometer with a quartz cuvette (path(Continuum, SLII-10, 46 ns fwhm) ath = 355 nm with the
length= 10 mm) at 298 K. power of 30 mJ/pulse. Transient absorption spectra were
Quantum Yield Determination. A standard actinometer ~Measured by using a continuous Xe lamp (150 W) and an
(potassium ferrioxalat®) was used for the quantum yield [NGaAs-PIN photodiode (Hamamatsu 2949) as the probe light
determination of photoreduction of ActHoy BUCOO~ and and detector, respectively. The output from the photodiodes and
the formation of B#OOH by the AcrPh-photosensitized & Photomultiplier tube was recorded with a digitizing oscil-
oxygenation of BICOOH with oxygen. Typically, a square '0Scope (Tektronix, TDS3032, 300 MHz).
quartz cuvette (10 mm i.d.) which contained a 4CiNI/H,O . .
(1:1, v/v) solution (3.0 c#) of AcrH™ (5.7 x 1074 M), pivalic Results and Discussion
acid (4.0x 107t M), and NaOH (1.0x 102to 1.0x 1071 M) Photoreduction of 10-Methylacridinium lon by Bu!COO~
was irradiated with monochromatized light/of= 358 nm from under Visible Light Irradiation. Irradiation of the absorption
a Shimadzu RF-5300PC fluorescence spectrophotometer. Undeband gmax = 358 nm) of AcrH™ (1.0 x 1074 M) in CH3CN/
the conditions of actinometry experiments, all of the actinom- H,O (1:1, v/v) containing pivalic acid (BGOOH, 0.10 M) and
eters, AcrH and AcrPH absorbed essentially all the incident NaOH (3.0x 102 M) resulted in the increase in the absorbance
light. The light intensity of monochromatized light df= 358 at 288 nm, accompanied by the decrease in the absorbance due
nm was determined as 1.961078 einstein s and that ofl = to AcrH* with a clean isosbestic point at 328 nm as shown in
288 nm was 3.93 107? einstein s with the slit width of 20 Figure 1.
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Figure 1. Absorption spectral change observed in the photoreduction
of AcrH* (1.0 x 10~* M) by pivalic acid (1.0x 10~ M) in the presence

of NaOH (3.0x 1072 M) in deaerated CKCN/H,O (1:1, v/v) under
photoirradiation of monochromatized light #f= 358 nm at 298 K.
The irradiation time interval is 1 min.
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Figure 2. Stern-Volmer plots for the fluorescence quenching of

AcrH* (5.0 x 1078 M) by RCOO  in deaerated CKCN/H,O (1:1, v/v)
at 298 K.
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The isolated product was identified aste9tbutyl-9,10-
dihydro-10-methylacridine (AcrHB)by the'H NMR spectrum
and the elemental analysis (eq 3). Afee3 hphotoirradiation

Suga et al.

TABLE 1: Yields of AcrHR, Rate Constants of
Photoinduced Electron Transfer g), Rate Constants of
Formation of AcrHR (Kgbe), and Limiting Quantum Yields
(P)

RCOO™  vyield of AcTHR, % kg, M™1s71b kype M~ts12 P%7

R=H 84 2.9x 10° 28x 10° 3.3
C:Hs 90 6.5x 10° 58x 10° 10
CH(CHs)2 90 11x 100 1.1x10° 22
C(CHy)s 92 2.0x 10° 21x 10 32
011H23 85 3.0x 103 3.0x 109 14
CisHaz 87 3.8x 10° 3.6x 10° 16

aThe experimental error is within 10%The experimental error is
within 5%.

with a xenon lamp through a filter cutting off the light df<
360 nm at room temperature, AcrHBwas afforded in 95%
yield. The same product was obtained ip-€aturated CECN/
H,0. Thus, Q has no effect on the photoreduction of AcrHBu
by BUCOO . The photoreduction of AcrHby a series of fatty
acid anions also proceeds to yield AcrHR. The yields of AcrHR
are listed in Table 1.

H_ Buf
A hv
N N
CHj3 CHjz

Irradiation of the absorption band of ActHresult in
fluorescence at 498 nm in GBN/HO (1:1, v/v)2428 The
fluorescence of the singlet excited state of Acrf#AcrH™") is
guenched efficiently by a variety of aromatic electron donors
via electron transfer from aromatic electron donors to
IACrH™.2428.29The fluorescence dfAcrH™ is also quenched
efficiently by various fatty acid anions (RCO® including
Bu!COO . The quenching rate constarkg were determined
from the slopes of the SterrVolmer plot and the fluorescence
lifetime of AcrH™" (Figure 2). Thek, values are listed in Table
1.

The quantum yields®) of the photoreduction of AcriH by
RCOO in CH3CN/HO (1:1, v/v) were determined from the
rate of formation of AcrHBlunder irradiation of monochro-
matized light ofimax = 358 nm (see the Experimental Section).
The @ values increase with an increase in concentration of
RCOO to reach a limiting value®..) as shown in Figure 3a.
Such dependence @b on the concentration of RCOOQis

(@) o020 (b) 150
BU'COOH HCOOH
0.15 |
100 - C,HsCOOH
C,1H3COOH T
0.10 11023 1
© )
50 | (CH3),CHCOOH
0.05 - (CH,),CHCOOH C11H,3COOH
C,HsCOOH Bu’COOH
0 0 1 ]
0 0.01 0.02 0 50 100 150 200
[RCOOT], M [RCOOT, M

Figure 3. (a) Dependence of the quantum yiefH)(on the [RCOQ] concentration for the photoreduction of Acthby RCOOH (0.10 M) in the
presence of NaOH in deaerated LHN/H,0 (1:1, v/v). (b) Plots ofd~ vs [RCOO] for the photoreduction of Acrtiby RCOCO" in deaerated

CHsCN/H0 (1:1, viv).
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expressed as a linear correlation betwdert and [RCOO] ! 2.5
(eq 4). The linear plots ob~! vs [RCOO]~! are shown

dl= (Dmfl[l + (KobJRCOof])fl] ) 2.0 [ lAcrHBu' TAcrH*‘

iy
o

in Figure 3b. The rate constantgs = Kond7) Of the reactions
of TAcrH*" with RCOO™ and the limiting quantum yieldsi{.)
were determined from the slopes and the corresponding
intercepts of the linear plots in Figure 3b. Tkgsand®d., values
are listed in Table 1. Thekys values obtained from the
dependence ob on the RCOO concentration agree well with 0.5
the k; values obtained independently by the fluorescence
guenching ofAcrH™ by BWUCOO™ (Table 1). Such agreement .
suggests that the photoreduction of A¢rbly RCOO™ proceeds %50 300 350 400  a50 500
via the reaction ofAcrH*" with RCOO". Wavelength, nm

Since alkyl radicals are generated by the electron-transfer
oxidation of RCOO (eq 1)!3 via decarboxylation of carboxyl Figure 4. Absorption spectral change observed in the photooxidation

radicals (RCOG), the photoreduction of Acrelby RCOO™ ma of AcrHBU! (1.0 x 10* M) with O, in the presence of HCI{(1.2 x

roceed( via (Sl)ectrog transfer from RCOCDE)/ IACTH* toy 1071 M) in Oz -saturated CECN/H,O (1:1, v/v) under photoirradiation
P . . . . . with monochromatized light of = 288 nm at 298 K. The irradiation
generate the geminate radical pair (AtfRICOQO) in which time interval is 3 min.

RCOQO undergoes facile decarboxylatiéh!®followed by the
radical coupling in the geminate radical pair (AcR) in the
solvent cage to yield AcrHR selectively (Scheme 1). The radical 03 -
coupling reaction may be fast enough to avoid the reaction of ’ o
R* with O,, because @does not affect the photoreduction of
AcrH™ by RCOO (vide supra). The electrostatic attraction
between RCOO and AcrH" certainly helps to promote forma-
tion of the tight ion pair and the subsequent reaction without
incorporation of Q. = o
Photooxidation of AcrHBu! with O, under UV Irradiation.
Photoirradiation of the absorption bantl,{x = 288 nm) of

Absorbance
5

0.2

AcrHBU (1.0 x 1074 M) in O-saturated CECN/H,O (1:1, V/v) 0r

containing HCIQ results in the regeneration of Acttas shown

in Figure 4. The oxygenated products were identified as AcrH

andtert-butyl hydroperoxide (BOH) as shown in eq 5; see 0 , , . ,

the Experimental Section. 0 0.5 1.0 1.5 2.0 25

10* [AcrHBu'], M
H_ Bu!

hv A Figure 5. Dependence of the quantum yiel#) on the concentration
| I R | +/ + BuOOH (5) of AcrHBLU for the photooxidation of AcrHBwith O in the presence
N N of HCIO4 (1.2 x 1071 M) in O-saturated CECN/H,O (1:1, v/v) at

CHs CHs 298 K.

The quantum yield®) of the formation of AcrH increases
linearly with increasing concentration of AcrHBas shown in both of which combine in the cage to yield B@OH. The
Figure 5. On the other hand, tlde value is constant at a fixed escaped H® from the cage reacts with AcrHBto produce
concentration of AcrHBUirrespective of the change in HCJO ~ Bu'OOH and AcrH. Electron transfer from Acrtto O, in the
concentration (Figure 6). The rate of photooxidation of AcrHBu presence of His known to occur efficiently to produce AcrH

with O, remains the same when,®aturated CKCN/H,O accompanied by the regeneration of $#® the radical chain

(1:1, viv) is replaced by the air-saturated solvent (see Supportingprocess (Scheme 2). In such a case, the rate of formation of

Information S1). AcrH* is given by eq 6, wheré, is the rate constant of the
The linear increase in th@ value with increasing concentra-

tion of AcrHBU and the invariantd value with the change in d[AcrH )/dt = kp[HOZ’][AcrHBut] (6)

concentrations of HCI@and Q indicate that the photooxidation

of AcrHBU! with O, proceeds via a radical chain process where reaction of AcrHBUwith HO,". The rate of formation and decay
the rate-determining chain propagation step is the reaction of of HO,® is given by eq 7, whertn is the light intensity absorbed
AcrHBU' with HO,* as shown in Scheme 2 (vide infra). The by AcrHBU and®y is the quantum yield of formation of HO

photoinduced electron transfer frobAcrHBU™ to O; in the in the photoinduced electron transfer frétcrHBU" to 0,.3°
presence of Hresults in the formation of AcrHBU and HGQ, Under steady-state conditions, the #@oncentration is given
SCHEME 1

CO, H_ Bu'

N
I +/ + BUlCOO- —M» (AcrH" BUlCOO) . (ActH" Bu'") ——» | |
N N

CHy CHy
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Figure 6. Dependence of the quantum yiel#) on the concentration
of HCIO, for the photooxidation of AcrHBU(1.0 x 1074 M) with O,
in O,-saturated CBCN/H,O (1:1, v/v) at 298 K.

SCHEME 2

hv
AcrHBu' —» AcrHBuU" 7—» AcrHBuU™ + HO,'

H*, O. .
? J—HOQ AcrH*
AcrH* + Bu" Bu'OOH
HO,'
AcrH* X HO, X AcrHBU!
H*, O, AcrH’ Bu'OOH

by eq 8. Then, the quantum yield of formation of Acrtk
derived from eqgs 6 and 8 as given by eq 9.

d[HO,J/dt = dgln — 2k [HO,? (7)
[HO,] = (@gln/2k)" ®)
P = k(Dg/2kIn)AcrHBU' (9)

According to eq 9, the value is proportional to [AcrHB{I
andIn~Y2 The linear correlation betweeh and [AcrHBU] is
experimentally verified as shown in Figure 5. The linear
correlation betweerd andIn~12is also confirmed as shown
in Figure 7.

Thus, it is confirmed that the photooxidation of AcrHBvith
O, proceeds via a radical chain process, initiated by photo-
induced electron transfer from AcrHBto O, (Scheme 2).
Another radical chain process via thermal electron transfer from
AcrHBU! to BUOCO, followed by the C-C bond cleavage to
produce Bl (Scheme 3) might also be operative in the

SCHEME 3

Bul0O" AcrHBU! + H*

O, Buf Bu/OOH + AcrH*
photooxidation reaction. Although electron transfer from AcrH-
But to BUOCO is endergonic judging from the higher one-
electron oxidation potential of AcrHB(E,x = 0.86 V vs SCE
(saturated calomel electrod®))han the one-electron reduction
potential of BLOO" (Ereq = 0.50 V vs SCE}! the presence of

the proton may make it possible for the reaction to proceed.

Suga et al.
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Figure 7. Plot of quantum yield vén—'2 for the photooxidation of
AcrHBU! (1.0 x 10~4 M) with oxygen in the presence of HC}@1.2
x 101 M) in CHsCN/H:0 (1:1, Vv).
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Figure 8. Time profiles of the disappearance of the reactant, pivalic
acid ©), and formation of the products, EDOH () and BUOH (a),
in the photocatalytic oxygenation of pivalic acid (1010 M) in
the presence of AcrPh(2.0 x 10-2 M) and NaOH (3.0x 102 M) in
Os-saturated CBCN/H,O (1:1 v/v) under photoirradiation with a
mercury lamp through the filter cutting off the light #f< 300 nm at
298 K. The amounts of the reactant and products are given as percents
in reference to the initial amount of pivalic acid.

Photocatalytic Oxygenation of BUCOO~ with O,. As
described above, the photoreduction of Atrby BUCOO™
under visible light irradiation affords AcrHBw@and the photo-
oxidation of AcrHBLU with O, in the presence of HClQunder
UV light irradiation yields BYOOH, accompanied by the
regeneration of Acri.. This cycle can be repeated to oxygenate
BU'COO™ with O,, yielding BUOOH and CQ. However, the
facile radical coupling between Bwand AcrH has precluded
the oxygenation of Buwith O, (Scheme 1). When AcrHis
replaced by 9-phenyl-10-methylacridinium ion (AcrPhthe
bulky phenyl group can prevent the radical coupling between
Bu* and AcrPh In such a case, photoirradiation of the
absorption band of AcrPh(2.0 x 102 M) in an Oy-saturated
CH3CN/H,0 (1:1, v/v) solution containing pivalic acid (50
1072 M) and NaOH (3.0x 1072 M) gave BUOOH as a major
product in addition tdert-butyl alcohol (BOH), as shown in
eq 10%2 Figure 8 shows the time course of the photocatalytic

hv, NaOH

Ph
S
|+,
N

1
CHs

BulCOOH + O, Bu'OOH + CO, (10)
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Figure 9. (a) Transient absorption spectra observed by photoexcitation of-@atGrated CECN/H,O (1:1, v/v) solution of AcrPh (5.0 x 1075
M), BU'COOH (5.0x 107 M), and NaOH (3.0x 107! M) at 400 ns after laser excitation at 298 K. (b) Decay time profile of absorbance at 480

nm. The inset shows the second-order plot.
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Figure 10. ESR spectrum observed under photoirradiation of an O
saturated CECN/H.O (1:1, v/v) solution of AcrPh (5.0 x 1072 M)
containing pivalic acid (1.0 M) and NaOH (50 107 M) at 243 K.
The arrows denote the center of each signal due t@8uand AcrPh
The asterisk denotes an Rfmarker.

reaction. After the photochemical reaction for 8 h, the yield of
BUu'tOOH was 46%. Thus, AcrPhacts as a photocatalyst for
the photoinduced oxygenation of pivalic acid with oxygen,
although the concentration of AcrPluecreases at prolonged
photoirradiatior?

Photoexcitation of the absorption band of ActRitso results
in fluorescence at 508 nm in GAN/H,O (1:1, v/v)?428 The
fluorescence of the singlet excited state of ActRHAcrPh™)
is also known to be quenched efficiently by a variety of aromatic
electron donors via electron transfer from aromatic electron
donors to'AcrPh™.2428 The fluorescence ofAcrPh™ is also
quenched by B€OO . The quenching rate constargwere
determined as 1.4 10° M~1s71, from the slopes of the Stern
Volmer plots and the lifetime of the singlet excited state,
1AcrPh™ (see Supporting Information, S2).

The occurrence of photoinduced electron transfer from
BUu'COO™ to AcrPh™" is confirmed by laser flash photolysis
experiments. Laser flash excitation (355 nm from an Nd:YAG
laser) of AcrPH (5.0 x 1073 M) in O,-saturated CECN/H,O
(1:1 v/v) solution containing BCOOH (5.0 x 10-! M) and
NaOH (3.0 x 107! M) affords transient absorption bands at
Amax = 480 nm due to AcrPt?*3*as shown in Figure 9a.

The decay rate constant of AcrRh the reaction system was
determined from the second-order plot as £.901°°M-1 s,
which is close to the diffusion-limited rate constdnt®
BUu'COQO or Bu* has not been detected in the wavelength region
in Figure 9. The second-order decay rate constant of AcrPh
which agrees with the diffusion-limited rate constant, indicates

SCHEME 4
x1/2
1/20,
( Bu'OOH
u (AcrPh*)
AcrPh’  + Bul0O’ TAcrPh**
Bu'COOH
+0; - BuCoO~
_H+
AcrPh® + Bul’ (Achh' BulcoO’ )
-CO, /
AcrPh’  + BulCOO
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that the geminate radical ion pair after the decarboxylation References and Notes
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Bu'lOC, which was detected successfully by ESR. Aa- O
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was irradiated by a high-pressure mercury lamp at 243 K. The

resulting ESR spectrum consists of two isotropic signalg at
= 2.0150 and ay = 2.0025 (Figure 10). The former signal is
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via the following radical chain decomposition of the hydro-
peroxide3® The bimolecular reaction of BOO" gives 2 equiv
of BU'O*, accompanied by the evolution o, BU!O* abstracts
hydrogen from B#DOH to produce B¥H, accompanied by
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Summary

The photoreduction of Acriiby RCOO™ under visible light
irradiation affords AcrHR via photoinduced electron transfer
from RCOO" to 'AcrH™™, followed by the decarboxylation of
RCOQO and the radical coupling with AcrHIn the case of R
= BU, the photooxidation of AcrHBwvith O, in the presence
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