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Abstmct: 2.4.6Triphenylpyryhn tetr#oroborate(l?P+)-sensitized oxygenation has been carried out 
for scverol arylalkanes in dichkuomethane. Direct evidence for deprownadon of a cation radical was 
obtained, and interesting sttnctwal #ects on the @vtonation &ciency ws observed 

Chemistry of cation radicals generated by photoinduced electron transfer (PET) has attracted considerable 
interest in recent years.1 Although several groups have reported photoinduced or electrochemically induced 
deprotonation of cation radical~,~ there have been few approaches so far to get insight into this important reac- 
tions by examining oxygenation of the cation radicalderived free radicals.~ 

We have recently shown that 2,4,6_triphenylpyrylium tetratluorobomte (TPP+BF4-) is a unique sensitizer 
to generate organic cation radicals in solution. 3 TPF has also been found useful to generate the cation radicals 
of compounds with higher oxidation potentials (~2.0 V/SCP) such as ketones and aldehydes.4 In a pmliminary 
form, we wish to report here our results on TPP+BF4--sensitized electron-transfer oxygenation uf several aryl- 
alkanes in dichloromethane. The present study is based on a combined approach of product studies in the pres- 
ence of oxygen and laser flash photolysis (LFP) to elucidate the nature of deprotonation reactions of the aryl- 
alkane cation radicals. 

1: R==H 
2: R=Ph 

3: X=H 
4: X=Br TPP+ BF,,- 

Typically, irradiation of a dichlorometbane solution of diphenylmethane 1(5x10-2 M) in the presence of 
TPP+ (5x10-3 M) by a ~OCLW high-pressure mercury lamp with a glass cut filter (a360 nm) with bubbling oxy- 
gen for 2.5 h gave benxophenone in 94% yield (100% conversion). Photooxygenation of 1(5x10-2 M) in the 
presence of lower concentration of TPP+ (1x10-3 M) under otherwise the same conditions far 1.5 h gave benxo- 
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Table 1. Results of TPF-8ensitized Oxygenation of Amlkyl Hydrocarbons l-4 in CH$l3,aoxidation 
Potentials in CH3CN. andFluorescence Quenching Pate Constants (4) in CH2Cl2. 

Compound TPP+ 
tM 

1 1x10-3 
1 5x10-3 
2u 5x10-3 
3 6X10-3 

$ 
5x10-3 
5x10-3 

4 5x10-3 

Reaction Conversion ROdUCt oxidation k 
I% Yield/sbb Potenwc /M-l s-1 /k&.&gpl 

1.5 40 benxophenone 76 2.18 1.5x1010 -6.0 
2.5 100 benxophenone 94 
2.5 95 benxophenone 78 2.33 1.3xlO’O -2.5 
2.5 21 fhunenone not&acted 1.79 3.5x1010 -15.0 
2.5 18 fluaenone not detected 
0.8 30 flucaenot~ not detected 
2 95 2-bromofluomnone 65 1.89 3.2x1oto -12.7 

a) All reactions were carried out with a 400-W high-pressure mercury lamp with bubbling oxygen at water- 
running temperature unless otherwise indicated. b) Based on the hydrocarbons consumed. c) V vs. SCE. d) 
Phenol was also obtained in 48% yield e) With tetrabutylammonium perchlorate (0.5 M). f) A 2-kW Xe lamp 
was employed for excitation. 

after laser excitation 
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Figure 1. Transient absorption spectra obtained on 

LFP of TPP+ (6.4x10-5 M) in the presence of 2 
(2.9x10-3 M) in CH2Cl3 under argon. 

Time/p 
Figure 2. Time profiles at 480 and 550 nm. For 

conditions, see the caption of Figure 1. 

phenone in 76 96 yields (based on 1 consumed, 40%) with complete TPP+ bleaching. The results suggest that 
TPP+ actually acts as a catalyst, and ca. 20 times less TPP+ than 1 was consumed. Similar oxygenation was 
also carried out for triphenylmethane 2, fluomne 3, and Zbromofluorene 4, and the results were summarized in 
Table 1. Oxidation potentials in CH3CN and fluorescence quenching rate constants (A$ in CH3Cl3 for l-4 are 
also tabulated in Table 1 together with free energy changes (AC) associated with the electron transfer from l-4 to 
the excited singlet state of TPP, lTPP+*. 

Table 1 shows that 1 and 2 are reactive to give benxophenone, while 3. a planar analogue of 1, does not 
give any amount of fluorenone. Neither irradiation of 3 in the presence of tetrabutylammonium petchlorate (0.5 
M), which may increase the yield of free radical ions> nor the irmdiadon with a higher light intensity (2-kW Xc 
lamp) atforded fluotenone (columns 5 and 6 in Table 1). It is also noted that, while 3 failed to give fluorenone, a 
2-bromo group greatly accelerates the oxygenation, as is shown by the formation of 2bromofluomnone from 4 
in a modest yield 

In order to obtain direct evidence for PET and for the subsequent deprotonation of the cation radicals, LIP 
of 2 and 3 has been carried out in CHzC12. LPP of TPF (6.4x1@ M) in the presence of 2 (2.9x10-2 M ) with 
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an excimer laser-pumped dye laser (425 nm) under argon, where ca. 50% of tTPP+* was quenehed by 2,6 

exhibitedtmnsientabsuq&mspectmshowninFigum1. Tbeabsorpdonhtmdcentetedat55Omnwithashoul- 
~atca515nmisreadilyassignedtotheabsaptionafwryl~s~),~~reducedspeciesof 
TPp.7 The relatively small but significant absorption at ca. 480 nm together with a lower-intensity band 
s~gfnnca.700mnclrealso~yes~gnedto2+.onthebgsirofthereponedrwulO.l Quiteinmesdn~y, 
tbe480_nmbandwarf~~oymuchmorcnpidlythanthe550_nmband(TPP). ThetimeproElesshown 
in Figme 2 clearly indicate that the 480-m band decays completely within ca. 4 tts while daring that time the 
550-nm band decays only 109b to its original intensity. Tbe observed absorption at the fiat n&on of4so mn is 
auributedtotbeabsapdonofTPP-. Theseresultssupportthattheinitialekc~aaarfer~splacefnnn2to 
Q’PP+*. generating TPP. and 2+*. followed by rapid depmtonation of 2+- to give aiphcmylmethyl radical 5 
though the gtmmd state absorptions of TPP+ and 2 hampered its spectral detection.9 The 480-nm band was 
fwnd to fit nicely first-order kinetics to give a depFotmatio0 rate constant for 2+- in CH2Cl2 to he 5x16 s-l (z = 
2gs). Inviewafthelarge~innacti~tybetween3andotherhydrocarbons,LFPaf3warrelsoper- 
formed. LFP of TPP+ (5.8x10-5 M) in the pmsence of 3 (4.6~10-~ M) in CH2Cl2, where ca. 8096 of tTPP+* 
was quenched by 3, gave the transient spectra (not shown) which exhibits the absorption bands attributed to 
TPP- and fluomne cation radicals 3+- (640 nm). to However, the decays of these two bands am similar to each 
other, and no ev&nce was found that indicates depromnation of 3+-. 

On the basis of the above results, we propose the following mechanism for the product formation with 2 as 
a prototype as shown in Scheme 1. Thus, irradiation of 2 in the pmsence of TPP+ generates 2+-, which depro- 
tonates to afford 5. The tesulting 5 reacts with molecular oxygen to give rise to a triphenylmethylperoxyl radi- 
cal, which further decomposes to give benxophenone and phenol finally.11 A similar mechanism may explain the 
formation of the observed products f&n 1 and 4. 

2 + TPp+ 
hv 

- 2’. + TPP* 

-H+ 
/ 

Ph&* 
4 

__c Ph&OO* e Ph2C=0 + PhOH 

5 
Scheme 1 

The fact that 1,2, and 4 gave the respective carbonyl compounds while 3 failed to affotd fluomnone 
deserves attention in view of their structmes and of the high thermodynamic acidity of 3+* (pKa = -17) and 4+* 
(-17).12 The product and LFP results suggest that 3+* formed is not kinetically acidic enough to undergo depro- 
tonation to affmd the fluorenyl radicaL*f It is also of interest to note that 4+-, which was found to be mactive, 
has the same pKa as 3+*. Apparently, the 2-bromo group in the fluotene skeleton increases tbe kinetic acidity, 
which eventually nsults in the deprotonation. 

In conclusion, we have shown that TIP+ is useful to generate the cation radicals of hydrocarbons whose 
oxidation potentials am relatively high (~2.0 V/IKE) such as 1 and 2. and to follow their subsequent depmtona- 
don. We have also demonstrated that the dtermodynsmic acidity ($a) does not necessarily predict the kinetic 
acidity of the cation radicals as observed in the present PRT~tion-oxygenation sequence in solution. 
Works am now under way to shed more light onto die cation mdical-derived oxygenation reactions. 

R.A. thanks the financial support on this work through the Grants for Promotion of Research from Gunma 
College of Technology and through Grant-in-Aid for Scientific Research (No. 01540444 snd 03303001) f?om 
the Ministry of Education, Science and Cultme.* 
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