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Aerobic Oxidation of Benzyl- and Allylic
Alcohols under Visible Light Irradiation
of a Fluorescent Lamp in the Presence of
Catalytic Iodine
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Benzyl alcohols and allylic alcohols were found to be oxidized
to the corresponding aldehydes in the presence of a catalytic
amount of iodine under irradiation of a fluorescent lamp.
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Aldehydes are important intermediates for many chemical
products, and synthetic methods of these compounds have
been developed from the viewpoint of both oxidation and re-
duction for a long time. Although a variety of methods for
oxidation of alcohols to aldehydes, especially, have been ex-
tensively developed, these methods are sometimes problem-
atic because many reagents or heavy metals of environmen-
tally high impact are required.” Regarding benzylic alcohols
and allylic alcohols, in contrast to the simple alkanol, they
have proved to be effectively oxidized to the corresponding
aldehydes or ketones with active MnO,; however, there are
some problems due to variation of the activity of MnO, ac-
cording to the way of pretreatment and the requirement of a
large amount. Swern oxidation, which is a typical oxidation
using no heavy metals, has been used as a mild synthetic
method of aldehydes from alcohols; however, this procedure
is tedious, and halogenated solvents of environmentally high
impact and a large amount of several reagents such as DMSO
and oxalyl chloride, which are not suitable for a large-scale
reaction, are required. On the other hand, recently, catalytic
oxidation processes with molecular oxygen, which has re-
ceived much attention as an ultimate oxidant and generate lit-
tle waste, have been reported by many researchers.” ' With
this background in mind, we have previously reported oxida-
tion of benzylic alcohols and allylic alcohols to provide the
corresponding benzaldehydes and ¢, S-unsaturated aldehydes
with a stoichiometric amount of iodine under UV-irradiation
conditions.'? In the course of our further study of this reac-
tion condition, we have found that this oxidation proceeds
even under irradiation of visible light irradiated from a gen-
eral-purpose fluorescent lamp in the presence of catalytic io-
dine.”* !9 In this letter, we report our study of the scope and
limitations of this new non-metal oxidation method (Chart
1).

Table 1 shows the results of a study of reaction conditions
conducted with 4-tert-butylbenzylalcohol (1) as a test sub-
strate under the conditions of 10- or 24-h external irradiation
by a general-purpose fluorescent lamp in the presence of a
catalytic amount of iodine in an oxygen atmosphere.'”'¥
Among the solvents examined, ethyl acetate was found to
most efficiently afford 4-tert-butylbenzaldehyde (2) (entries
1—5). We were surprised to find that the yield of 2 was grad-
ually reduced when the amount of iodine was increased (en-
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hv (fluorescent lamp)
cat. I, Op-balloon

R—CH,0H R—CHO
R = Aryl or Vinyl
Chart 1
Table 1. Study of Reaction Conditions of Aerobic Photooxidation
OH
hv
/@2 (fluorescent lamp) CHO
I, , Op-balloon
Wego——Not
1(0.3mmoly solvent (5 ml) Bu 2
Entry 1, (eq) Solvent t (h) Yield of 2 (%)”
1 0.1 Acetone 10 36
2 0.1 CH,CN 10 Trace
3 0.1 Hexane 10 Trace
4 0.1 iPr,0 10 18
5 0.1 EtOAc 10 61
6 0.1 EtOAc 24 87
7 0.1 EtOAc 24 o»
8 0.1 EtOAc 24 Trace®
9 0.2 EtOAc 10 58
10 0.3 EtOAc 10 37
11 0.4 EtOAc 10 Trace
12 — EtOAc 24 0

a) The yields are for pure, isolated products.
the dark.

b) The reaction was carried out in
¢) The reaction was carried out in Ar atmosphere.

tries 5, 9—11). The reason is not clear yet; however, we be-
lieve that decrease of the transmission of light due to an in-
crease of the dissolving iodine is cause. That no oxidation
proceeded without either irradiation by a fluorescent lamp or
the addition of iodine shows the necessity of both for this re-
action (entries 7, 12). Furthermore, from the fact that yields
of the target substance were reduced substantially when con-
ducting the reaction under the flow of argon, we can assume
that the actual oxidant in this reaction is molecular oxygen
(entry 8).

Table 2 shows the scope and limitations of this oxidation
reaction using a variety of alcohols. Benzyl alcohols, in gen-
eral, afford the corresponding benzaldehydes in high yields
regardless of an electron-donating group or electron-with-
drawing group at the aromatic nucleus, and primary or sec-
ondary alcohols; however, the reactivity of 5 was found to be
different from others'” (entries 1—7). Cinnamyl alcohol
(15), which is an allylic alcohol, afforded cinnamaldehyde
(16) in 56% yield due to generation of several unidentified
by-products. On the other hand, 3-pyridinemethanol (17),
which is a heterocyclic alcohol, afforded the corresponding
aldehyde 18 in a trace amount and most of 17 was recovered.
Furthermore, dodecanol (19), an aliphatic alcohol, was in-
tact, and the starting material was recovered quantitatively
(entry 10).

Chart 2 shows a possible path of this oxidation, which is
postulated by considering the necessity of continuous irradia-
tion,”” a catalytic amount of iodine and molecular oxygen in
this reaction. The radical species 20 is thought to be gener-
ated by abstraction of a hydrogen radical with an iodo radi-
cal, formed by irradiation of iodine (Egs. 1, 2). lodine, then,
was formed by aerobic photo-oxidation of hydrogen iodide,
which is generated in Eq. 2 (Eq. 3). Aldehyde 21 was af-
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Table 2. Aerobic Photooxidation for Various Alcohol Substrates

hv (fluorescent lamp)

substrate I, (0.1 iv.), Op-ball
> (0.1 equiv.), O,-balloon product

(0.3 mmol) " Etoac (5 ml), 24 h
Entry Substrate Product (yield %)®
| /@/\OH /©/CHO .
'Bu 1 Bu 2 37
oH CHO
2 87
MeO 3 MeO
; SO ©
cl 5 cl 6
CHO
4 o7 LSO, @
MeO,C 7 MeO,C 8
CHO
s O 0T
O,N 9 o,N 10
CHO
OH
¢ .
I S e
13 14
x . CHO
3 @MOH @/\/ (56)
15 16
cHO
9 (jﬂ OH O/ (Trace)”
Q 17 CN> 18
_9
10 g OH
19

a) The yields are for pure, isolated products. b) Most of 17 was recovered.
c) The starting material 19 was recovered quantitatively.

L, e 2. ™

.
|le — Ar-CHOH

Ar-CH,OH  + + HI 2
20
hv
2HI + 120, —— I3 +H,0 (3)
20 + Ip — Ar-CHO+HI+ |e 4)

21
Chart 2. Plausible Path of the Aerobic Photo-oxidation of Alcohols

forded by abstraction of a hydrogen radical with iodine (Eq.
4).2Y In the case of 17, pyridine ring is assumed to trap a hy-
drogen iodide, and the subsequent reaction, therefore, did not
proceed.
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In conclusion, this new method for the preparation of ben-
zaldehydes and o, f-unsaturated aldehydes is convenient in
the viewpoint of using visible light irradiated from a general-
purpose fluorescent lamp instead of UV light from a high-
pressure mercury lamp, and is thought to be environmentally
benign, due to all the factors of the use of molecular oxygen
as terminal oxidant, EtOAc of environmentally low impact as
solvent, catalytic amount of iodine and no metals. The study
of scale-up of this reaction is now in progress in our labora-
tory.
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