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Abstract: Alcoholswere found to be oxidized to the corresponding
carboxylic acids in the presence of catalytic lithium bromide under
photoirradiation.
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Oxidation reactions are the foundation of synthetic chem-
istry, and have been the subject of study by many re-
searchers. However, these reactions substantially
involved the use of large quantities of heavy metals and
complex organic compounds, which generate large
amounts of waste, and were not at al environmentally
benign.! In the course of our study of photooxidation, we
have found that 4-tert-butyl toluene was oxidized directly
to 4-tert-butyl benzoic acid in the presence of catalytic
lithium bromide in an oxygen atmosphere under irradia-
tion by ahigh-pressure mercury lamp.2 Thisisthefirst re-
port on the generality of aerobic photooxidation reactions
in synthetic organic chemistry with alkali metal halides,®
and we believe this new type of reaction to be of great
interest. We further observed through experiments to
expand the applications of this reaction that an oxidation
reaction also proceeds using the aliphatic alcohol 1-dode-
canol (1) asthetest substrate, affording 1-dodecanoic acid
(2, Scheme 1). In this letter we report in detail on our in-
vestigation of the generality of this reaction.*
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Scheme 1

Table 1 shows the results of astudy of reaction conditions
conducted with 1 as test substrate under the conditions of
6-hour external irradiation by a 400 W high-pressure
mercury lamp® in an oxygen atmosphere.® Among the al-
kali metal halides and solvents examined, only LiBr and
ethyl acetate were found to most efficiently afford the
corresponding carboxylic acid 2. We were surprised to
find, however, reduction in the yield of 2 regardless of
increases or decreases in the amount of LiBr used, and
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obtained the best results from our tests when using 0.3
equivaents of LiBr. The observation that no oxidation
proceeded without either irradiation of UV or the addition
of LiBr shows the necessity of both for this reaction. Fur-
thermore, from the fact that yields of the target substance
were reduced substantially when conducting the reaction
under the flow of argon, we can assume that the actual
oxidant in this reaction is molecular oxygen.

Tablel Study of Reaction Conditions of Aerobic Photooxidation

MX, hv (400 W) o]
N oH 0, (balloon) \(\/)ikOH
1 (50 mg) solvent (5 mL), 6 h 2
Entry MX Equiv Solvent Yield of 2 (%)?
1 LiBr 0.1 EtOAC 66
2 LiBr 0.2 EtOAC 76
3 LiBr 0.3 EtOAC 82
4 LiBr 04 EtOAC 63
5 LiBr 0.5 EtOAC 7
6 LiBr 1.0 EtOAcC Trace
7 LiBr 0.3 Acetone 0
8 LiBr 0.3 MeCN 0
9 LiBr 0.3 THF Trace
10 LiBr 0.3 Benzene 12
11 LiBr 0.3 H,O 0
12 LiCl 0.3 EtOAC 0
13 NaBr 0.3 EtOAc 0
14 KBr 0.3 EtOAC 0

aAll yields are for pure, isolated products.
b A total yield of 86% of dodecanyl dodecanoate was obtained.

Table 2 shows the generality of this oxidation reaction
using a variety of alcohols.” Both benzyl and aliphatic
alcohals, in general, afford the corresponding carboxylic
acids in good yields, athough there is a difference in
reaction times (entries 1-5). Aliphatic secondary alco-
hols, in general, were less reactive than primary alcohals.
For example, only 20% of 4-tert-butylcyclohexanone (12)
was obtained and 59% of starting material was recovered
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Table2 Aerobic Photooxidation for Various Alcohol Substrates
LiBr (0.3 equiv), hv (400 W)

O,-balloon
substrate product
(50 mg) EtOAc (5 mL)
Entry Substrate t(h) Product Yield (%)
1 6 e} 82
o s
1 o OH
2
2 15 75
9 9
3 4
3 oH 2 o] 83
X©)L B
5
6
o 89

8

82
@°
10

24 12

aAll yields are for pure, isolated products.
b A total yield of 59% of 11 was recovered.

even after 24 hours reaction time when using 4-tert-butyl-
cyclohexanal (11, entry 6).

The reaction mechanism has not been clearly understood;
however, we present here a supposed mechanism
(Scheme 2). In Scheme 2 is shown a path of this oxida
tion, which is postulated by considering both the necessity
of the catalytic amount of LiBr and of molecular oxygen
in thisreaction. The pale yellow coloration of the suspen-
sion suggests that bromine is generated in situ from lithi-
um bromide under UV irradiation.® We believe that the
radical species 13 is generated by abstraction of a hydro-
gen radical with abromo radical, formed under irradiation
from bromine. Theradical speciestraps molecular oxygen
to afford peroxy radical species 14, which subsequently
transforms to a carboxylic acid via hydroperoxide 15.

Thisnew form of oxidation reaction isinteresting in keep-
ing with the notion of green chemistry due to non-use of
heavy metals, waste reduction, use of molecular oxygen,
inexpensive acquisition of reagents, and possible solvent
recovery.
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Scheme 2 Possible path of the aerobic photooxidation of acohols
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(5) We bdlieve an effective wavelength of light is 365 nm.

(6) Whenusing primary a cohol assubstrate, atypical procedure
follows: asolution (5 mL) of the substrate (50 mg) and LiBr
(0.3 equiv) in dry EtOAc was stirred and irradiated at r.t.
with a400 W high-pressure mercury lamp externally for the
indicated time. Thereaction mixture was concentrated under
reduced pressure, and 1% NaOH aq solution was added. The
aqueous solution was washed with Et,O, and then acidified
with 2 N HCI ag solution, which was extracted with Et,O.
The organic layer was washed with brine and dried over
N&a,SO,, and concentrated under reduced pressure. The
product was pure without further purification.

When using secondary acohol as substrate, atypical
procedurefollows: asolution (5 mL) of the substrate (50 mg)
and LiBr (0.3 equiv) indry EtOAc wasstirred and irradiated
at r.t. with a400 W high-pressure mercury lamp externally
for the indicated time. The reaction mixture was
concentrated under reduced pressure, and 1% NaOH aqg
solution was added. The agueous solution was washed with
Et,O and the organic layer was concentrated, and theresidue
was purified by preparative TLC. The agueous layer was
then acidified with 2 N HCI ag solution and extracted with
Et,O the same as in the former cases.

(7) Cataytic bromineoxidized1to 2in59% yield under similar
conditions.
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