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Photochemical Reduction of 1,2-Diketones in the Presence of LiO
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1,2-Diketones, camphorquinone and 1-phenyl-1,2-propanedione, are converted to the corregponding
hydroxyketones in moderate to good vyields by Ji@alyzed photochemical reactions in deoxygenated
alcoholic media. The reduction yield for 1-phenyl-1,2-propanedione is considerably increased by addition of
water or triethylamine
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Introduction such as such as baker’s ydastarbonyl reductasg, Zn-
salt-EtOH® HI,' TiCl3,'® and Tik.® However, the search
Photochemical reactions mediated by semiconducting pafor an alternative method without the problem of over-
ticles have drawn a great amount of interest in solar energyeduction is still worthwhile. This work demonstrates that
conversion and storagehotochemical clean-up of organic the photochemical reactions of 1,2-diketones in the presence
pollutants? and functional group transformation of organic of TiO. give the corresponding-hydroxyketones in mode-
compounds.TiO; is the most studied semiconductor due torate to good yields, while without the catalyst photoirradi-
its uv-vis absorption and chemical stabilityadiation of  ation results in mostly decomposition products.
TiO, promotes one electron from the valence band to the
conduction band. A reactant that receives the electron from Results and Discussion
TiO, conduction band is reduced, while a reactant that
donates an electron to the hole of FiGalence band is The photochemical reactions of camphorquinone in the
oxidized. Though numerous examples of photo-oxidation opresence as well as in the absence of;Vi@d four
organic substrates catalyzed by Tiave been reported, the isomeric (x)a-hydroxycamphors, which exhibit different
photocatalytic reductions are less frequently encounteredharacteristicH NMR peaks: the BOH protons of 2-endo-,
presumably due to low reducing power of the conductior2-exo-, 3-endo- and 3-exo-hydroxycamphor appedB27
electron. However, this makes the reduction process morgs), 3.58 (s), 4.28 (d] = 5 Hz), and 3.72 (s), respective-
selective and suitable for organic synthesis. The-tia-  1y.2%2217 The yield and ratio of each isomer were easily
lyzed photochemical reduction of pyruvate to lactatganic  determined from the integration values of the corresponding
nitro-> and nitroso-compouni$o amines, bis(2-dipyridyl)- peaks and were found to be comparable with those deter-
disulfide to 2-mercaptopyridineand aldehydes to alcohbls mined from'H NMR spectra of crude product mixture using
have been reported. Here, we report the -Tflalyzed the external standard. The results are summarized in Table 1.
photochemical reduction of 1,2-diketonesrthydroxyketones.
The 1,2-diketones used in this work are (£)-camphorquinon:

1 and 1-phenyl-1,2-propanedior® which are prototype o} o
1,2-diketones and widely used as photosensitizers in phott OH
polymerization reactions due to facile cleavage of the com OH
pounds by direct photochemical reactiéns. 5endo 2-ex0
o) 00
ph—l1 e 0 0
0O OH
1 2
OH
a-Hydroxyketones are versatile organic intermediates an 3-endo 3-ex0

a variety of methods have been developed for their prepa-

ration%6 Non-photochemical reduction of 1,2-diketones to Table 1 shows clearly that camphorquinone has low

a-hydroxyketones has been accomplished by various methogidotochemical reactivity in deoxygenated alcoholic media
under direct irradiation and the yields of the reduction
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Table 1 Product distribution obtained from photochemical reduction of (+)-camphorquinone®(CPQ)

Reaction . Conversion of Yields of a-hydroxycamphor, %
Entry Solvent . TiO2
time, h CPQ, % 3-endo 2-endo  3-exo 2-exo  Total
1 CHsOH 24 no 91 9 12 2 1 24
2 4:1 CHOH:HO 24 no 93 17 18 2 1 38
3 CHsOH 2 yes 95 30 37 10 6 83
4 2-PrOH 2 yes 97 19 26 6 9 60
5 4:1 CHOH:HO 2 yes 100 46 35 1 2 84
6 9:1 2-PrOH:HO 2 yes 98 37 34 1 1 73

aYields were calculated froftd NMR spectra using the integral values of the correspondiH@+Cpeaks of the isomeriz-hydroxycamphors’

Table 2 Product distribution obtained from photochemical reduction of 1-phenyl-1,2-propanediorie(PPD)

Entry Solvent Reaction TIOL TEA" Conv. of PPD, Yields of products, %

time, h % 3 & 5 6° 7 6+7
1 CH:OH 3 none 95 33 11 7 1 ¢ 1
2 9:1 CHOH:H,O 3 none 94 22 5 16 1 ¢ 1
3 CH:OH 2 TEA 85 52 5 d 7 d 7
4 CH,OH 2 TiO, 82 13 2 14 16 3 19
5 9:1 CHOH:H,O 2 TiO, 95 8 1 7 45 6 51
6 CHOH 2 TIO/TEA® 94 d d d 56 4 60

2Yields were calculated fromH NMR spectra using the integral values of the corresponding peaks of each pt@iumentration of TEA
(triethylamine) was 0.5 MS3, benzoic acid4, 2-hydroxyacetophenoné; 3,4-dihydroxy3,4-diphenyl-2,5-hexanedior;1-hydroxy-1-phenyl-2-
propanone?, 2-hydroxy-1-phenyl-1-propanorfenot detected in NMR spectra.

of camphorquinone: the presence of i@t only speeds up o o

the reaction, but also increases the yieldsodfydroxy-

camphors 2-4 fold. The Table also indicates that endo Ph OH Ph CHOH  HiC
hydroxycamphors are formed much more favorably than ex 3 4

products, but there is little selectivity between 2 and 3 posi 5
tions. Methanol solvent gives better yields ashydroxy-

. . . H O O H
camphor than isopropanol. The addition of water increase
Ph#““‘CHg, Ph4“—+CH3
OH OH

O OHPh O
CHs
Ph OH

the photochemical reactivity of camphorquinone and the
yields of reduction products for both direct and Fata-
lyzed photochemical reactions of the diketone. 6 7
The easy access to enddiydroxycamphor adds some
value to the photocatalytic reduction of camphorquinonewater depressed the photodecomposition both in the pre-
When carbonyl group of the 7,7-dimethyl-bicyclo[2.2.1]- sence and absence of Ej@vhich was also observed in the
heptane ring system is reduced with hydride-type reducinghotoirradiation of camphorquinorie The best yield ofr-
agent such as NaBHf the exo-alcohol is usually obtained hydroxyketone$-7 was obtained in the presence of Ti®
as a major product, due to the steric effect of 7-methymethanol containing 0.5 M triethylamine (TEA). The high
group. preference for 1-hydroxy-1-phenyl-2-propandhever 2-
Photoirradiation of 1-phenyl-1,2-propanedi@was found  hydroxy-1-phenyl-1-propanong is noteworthy: the regio-
to produce a mixture of benzoic acig),(2-hydroxyaceto- selectivity of 14 : 1 was obtained in Ti@atalyzed photo-
phenone 4), 3,4-dihydroxy-3,4-diphenyl-2,5-hexanedione reaction in methanol/TEA medium. The selectivity ois
(5), 1-hydroxy-1-phenyl-2-propanoné)( and 2-hydroxy-1- much higher than that reported in the chemical reduction of
phenyl-1-propanone7). Each product3-7 was separated 2 by Zn-salt-EtOH? HI,** or TiCk.!® The reduction o
from the reaction mixture and characterized firmly by com-with baker’s yeast®“or Til,!® was reported to givé as a
parison with authentic sample and’t NMR spectra and  major product.
elemental analysis. The yields for the photochemical reduc- To check the possibility of further reductionahydroxy-
tion of 1-phenyl-1,2-propanedioriz under various condi- ketonesg-hydroxycamphors, 1-hydroxy-1-phenyl-2-propanone
tions are summarized in Table 2. 6, and 2-hydroxy-1-phenyl-1-propanonsvere subjected to
It is evident from Table 2 that in the absence of,TiO the TiQ-catalyzed photochemical reduction: most of the
photocleavage of 1-phenyl-1,2-propanedione leading to thetarting materials were recovered and the corresponding diol
formation of3 and4 is the main pathway and the reduction products were not detected. This indicates that the reduction
to a-hydroxyketone$-7 is almost negligible. Addition of potential of thea-hydroxyketones is well above the conduc-
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Experimental Section
TiO2

TiOy(e™, h™)

Photochemical Reactions of 1 and. A reaction mixture
of 0.200 g of diketone with or without 0.100 g of ZiO
DH = alcohols, water, amines (Degussa P-25) in 50 mL of appropriate solvent was added
into a water-jacketed 26500 mm Pyrex vessel and was
irradiated with 350 nm mercury lamp using RPR-100 photo-

TiOy(e’, h*) + DH — TiOa(e)) + D'+ H”

+
—£ . _HT, oo chemical reactor. The solution was continuously purged with
. N, gas and 28C water was circulated through the jacket.
8 After the reaction, Ti@ was removed by centrifuge, the
solvent was evaporated off under reduced pressure and the
Ht OHO residue was vacuum-dried to give crude products. A certain
—'—u— amount of the crude product was dissolved in GDCI

together with a specific amount of an external standard,
dimerize benzophenone fdrand 4-methoxybenzophenone #piand
—“—'—)—“~ 'H NMR spectra were taken. Based on the peak integration
and the added amount of the standard material, the yield and
Scheme 1 TiO.-catalyzed photochemical reduction of 1,2- molar. ratlc? of the products were determined.
diketone. The electrons jeare provided from conduction electron ~ Purification of Photoreaction Products of 1 The crude
of hole-trapped. solid residue obtained from the photoirradiation of camphor-
guinonel was subjected to column chromatography eluting
with 3: 2 n-hexane : ethyl acetate to provide a mixture of
tion band energy of Ti§(-0.85 eWs SCE)? isomeric (x)a-hydroxycamphors separated from the un-

Based on the data in Table 1 and 2, we can speculate theacted starting material and other byproducts. The four
mechanism for the photochemical reaction of 1,2-diketonessomerica-hydroxycamphors were identified from different
(Scheme 1). characteristicH NMR peaks of the -BOH protons.%12.17

In the presence of TEYmost of irradiated light is absorb- and their molar ratios were determined from the integral
ed by TiQ, generating conduction electron)and hole (H values of the corresponding peaks.
pair. Alcohols, water, and amines (abbreviated as DH) are Separation and Identification of Photoreaction Pro-
good electron donors and trap holes giving surface-bound @ucts of 2 The crude residue of the reaction producg of
radical and adsorbed proton, and thus prevent electron-holgas treated with methanol, and undissolved material was
recombinatior?® The reduction of 1,2-diketone proceets filtered, and then recrystallized from methanol to give 3,4-
single conduction electron transfer followed by proton trans-dihydroxy-3,4-diphenyl-2,5-hexanedioeThe filtrate ob-
fer giving ketyl radicaB. Further reduction of the radic®@l  tained from the treatment of the crude residue with methanol
to a-hydroxyketone by another electron-proton transferwas concentrated to dryness and was triturated with hot
competes with the dimerization. Because of molecular gechexane. Filtration of the undissolved material followed by
metry, the ketyl radical from camphorquinohés hard to  recrystallization yielded benzoic acdd The hexane filtrate
dimerize. Apparently, water and TEA suppresses the dimeriwas concentrated and subjected to silica gel column chromato-
zation, presumably because they are better hole scavengenmaphy eluting with 9 : 1 chloroform : ethyl acetate to get 2-
than alcohol$! hydroxyacetophenond, 1-hydroxy-1-phenyl-2-propanone

For direct photochemical reaction, it is believed that the6,1° and 2-hydroxy-1-phenyl-1-propanoé® as separate
triplet state of the diketones is involved in the reaction. Thdractions.
triplet state either undergoes the homolytic cleavage of C-C Data for5: mp 126-128C; *H NMR (CDCk, 250 MHz)&
bond between the two carbonyl groups or abstracts hydrogeh26 (s, 3H, Ch), 5.50 (s, 1H, OH, exchangeable witf(1),
atom from solvent forming ketyl radical which dimerizes or 6.96-7.23 (m, 5H, Ph); MS (El) m/z 255 (M-@ED)". Anal.
transforms toa-hydroxyketone through another hydrogen Calcd for GgH1s04: C, 72.47; H, 6.08. Found: C, 72.24; H,
atom abstraction. 6.16.
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It was reported that the effect of amine on the,TiO
catalyzed photoreduction depends on substrates: the
reduction of pyruvateand benzalhedy8decomes more
effective in the presence of triethanolamine and diisoprop-
ylamine, respectively, while the reduction of nitro-
compound¥is retarded by diisopropylamine.




