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An oxidative methyl esterification of aldehydes was effectively achieved. The trivalent indium reagent,
indium(III) triflate, was revealed to accelerate the reactions in many cases. Aromatic aldehydes with various
substituents were subjected to this method, and each produced the corresponding methyl esters in good to

excellent yields within a relatively short reaction time.
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Methyl esters of carboxylic acids are one of the most funda-
mental chemical components. Methyl ester moieties are con-
veniently utilized as masking units for carboxylates, which,
when left in their unmasked free carboxylate forms, may exert
an untoward influence on molecules upon implementation of
the intended chemical reactions. In the field of chemotherapy,
methyl esters often serve as a prodrug in order to improve
bioavailability. Methyl esters are generally converted to their
active acid form in the body via the function of esterase.

Generally, methyl esters can be synthesized by the conden-
sation reaction of carboxylic acids with methanol in the pres-
ence of an acid or a base, and there are a number of methods
available. We previously reported an efficient method of high-
yielding methyl esterification that is catalyzed by a trivalent
indium reagent under mild reaction conditions.” Likewise,
methyl esters can be practically prepared by treating carbox-
ylic acids in methanol that contains a catalytic amount of
trimethylsilyl chloride.?

Meanwhile, the direct oxidative methyl esterification of
aldehydes has commanded a great deal of interest in the field
of organic synthesis. Although a couple of the esterifying
transformations of aldehydes using metal-based reagents have
been reported, including iridium,> rhenium,® ruthenium,”
rhodium,? palladium,”'” manganese,'” iron,'” copper,”® tin,'¥
and pyridinium dichromate (PDC),’>'®) those heavy/transition
metal oxidants might not be sufficiently environmentally be-
nign. As a consequence, esterification methodologies employ-
ing H,O, and catalytic amounts of metal-based reagents, such
as titanosilicate,'” vanadium pentoxide,'®' iron salt, and zinc
salt,’>?Y have been introduced. However, in many cases, the
reagents are limited by the use of H,O, with the combination
of fourth-row transition elements. Thus, it is worthwhile to de-
velop methodologies that incorporate useful and convenient al-
ternatives for the oxidative methyl esterification of aldehydes.

In recent years, we have studied the usage of trivalent indi-
um reagents,22’23) as well as indium metal-based reagents,** ")
and reported the catalytic application of indium(III) triflate
(In(OTf),) in the one-step chemical transformations. As part
of our ongoing investigations, herein we wish to report the
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details of our study on the efficient oxidative methyl esterifi-
cation of aldehydes using In(OTf),. As the effective oxidant,
Oxone® monopersulfate compound (Oxone), a triple salt of
potassium composed of potassium peroxymonosulfate, which
is a versatile oxidant developed by DuPont, was chosen after a
couple of tentative experiments.

Initially, we attempted the use of para-tolualdehyde as the
starting material for the oxidative chemical transformation, after
consulting the previously reported reaction conditions***?®
(Table 1). Initially, H,0, and ‘BuOO'Bu were selected as the
oxidants, and the reaction mixtures were stirred in the pres-
ence of 10mol % of In(OTf), at room temperature for 40h
in MeOH (Table 1, Entries 1 and 2). However, sterile results
were obtained since the reaction did not proceed, and in-
stead, most of the starting material of para-tolualdehyde was
recovered intact. Seeing the inorganic oxidant in the next
vision, Oxone was subsequently tested for its reaction in the
presence of 10mol % of In(OTf),, as well as other trivalent
indium reagents, such as InCl; and InBr; (Table 1, Entries
3-5). Surprisingly, despite the identical reaction conditions, at
room temperature and for the elongated reaction time of 3d,
only the entry of 10mol % of In(OTf); produced encouraging
results in a 52% yield (Table 1, Entry 5). The result prompted
us to search for more suitable reaction conditions. The reac-
tion was dramatically improved when the temperature was in-
creased to reflux, and the reaction time was also considerably
shortened to a 3h time of completion (Table 1, Entry 6). For
the assurance, the reaction was carried out with Smol % of
In(OTf),, which furnished only a 32% yield (Table 1, Entry 7).
The reaction was also confirmed using 10mol % of Zn(OTf),
and Mg(OTf),, and the result was moderately diminished
yields in both cases (Table 1, Entries 8 and 9). The blank ex-
periment without Lewis acid was then followed, which yielded
56% at reflux and 55% at room temperature based on our
reaction method and isolating procedure (Table 1, Entries 10
and 11).

With the optimized reaction conditions in hand, vari-
ous aromatic aldehydes were subjected to this method of
oxidative methyl esterification. Table 2 shows that the reaction
proceeded to give the corresponding methyl esters in good
to excellent yields. In particular, the entry of the aromatic
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Table 1. Reactions of Several Oxidants in the Search for Optimal Conditions
/©/CHO Oxidant, Lewis acid /©/000Me
Me MeOH Me
Entry Oxidant Oxidant amount Lewis acid ~ Lewis acid amount Temp. Time Yield” (%)
1 H,0, 4.0eq In(OTf), 10mol % r.t. 40h Trace?”
2 ‘BuOO'Bu 1.2eq In(OTf), 10mol % r.t. 40h N.R.”
3 Oxone 1.0eq InCl;4 10mol % r.t. 3d Trace”
4 Oxone 1.0eq InBr, 10mol % r.t. 3d Trace”
5 Oxone 1.0eq In(OTY), 10mol % r.t. 3d 52
6 Oxone 1.0eq In(OT®), 10mol % Reflux 3h 82
7 Oxone 1.0eq In(OTf), Smol % Reflux 3h 32
8 Oxone 1.0eq Zn(OTY), 10mol % Reflux 4h 74
9 Oxone 1.0eq Mg(OTY), 10mol % Reflux 4h 58
10 Oxone 1.0eq None — Reflux 3h 56
11 Oxone 1.0eq None — r.t. 3d 55
a) Isolated yields. b) Most of the starting material was recovered intact.
Table 2. Reactions Using Optimized Conditions®
N CHO 10 mol% In(OTf); N COOMe
R R
& Oxone® Monopersulfate F
Compound
MeOH
Entry Starting substrate Product Time (h) Yield” (%)  Entry Starting substrate Product Time (h) Yield” (%)
CHO COOMe
CHO COOMe
1 Jij /©/ 3 82 10 Q 3 70
Me’ Me’ NO, NO,
CHO COOMe oo coom
e
, O o s e L
Me Me
Me. CHO Me. COOMe CHO COOMe
3 \Q/ Q 3 89 12 O 91 15 55
Te e OHC MeOOC
cHo coome CHO COOMe
4 O J©/ 3 82 13 1.5 92
MeO Meo CHO COOMe
cHo COOMe CHO COOMe
5 NCQ NCQ 5 94 14 2 91
OH OH
cHo cooMe CHO COOMe
6 ] /©/ ] 0 3 80 15 2 88
OTBDMS OH
cHO COOMe
/©/<:Ho D/COOMe [ Er [ E(
7 o o 3 73 16 _ _ 3 74
cl CHO cl COOMe CHO COOMe
8 \Q/ \©/ 2.5 78 17 ©/ Q/ 3 53
Cl Cl Ac Ac
cHo CooMe CHO Q/COOME
9 OZN/©/ 02N©/ 3 70 18 3 80
OTs OTs

a) All the reactions were conducted at reflux using 1.0eq of Oxone and 10mol % of In(OTf); in MeOH. b) Isolated yields.
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Table 3. Reactions without Lewis Acid®

X CHO No Lewis acid A COOMe
RT RT
= =

Oxone® Monopersulfate

Compound
MeOH
Entry Starting substrate Product Time (h) Yield” (%)
CHO COOMe
N X
CHO COOMe
. oo,
Ac Ac
CHO COOMe
3 ©/ ©/ 3 89
OTs OTs

a) All the reactions were conducted at reflux using 1.0eq of Oxone without Lewis
acid in MeOH. b) Isolated yields.

aldehyde with electron-donating methoxy group smoothly
furnished the desired product in a good yield (Table 2, Entry
4). Although the cyano derivative required a Sh reaction time,
the resultant yield was very high at 94% (Table 2, Entry 5).
Among the electron-withdrawing substituents, the compounds
possessing nitro groups were converted into the correspond-
ing methyl esters with reduced yields (Table 2, Entries 9 and
10). In the case of 2-naphthaldehyde, terephthalaldehyde, and
isophthalaldehyde as the starting substrates, the reaction also
led to the desired methyl esters in good to acceptable yields
(Table 2, Entries 11-13). We then attempted the reactions in
order to confirm the tolerance of some of the substituents.
Both reactions with vinyl- and acetyl-possessing aromatics
furnished moderate yields (Table 2, Entries 16 and 17). As
for the protecting groups, the base labile tosyl group (Table 2,
Entry 18) was inert and generated a good yield. On the other
hand, the acid labile fert-butyldimethylsilyl (TBDMS) group
was removed giving a free hydroxyl form of the product in
an 88% yield (Table 2, Entry 15), which could have been due
to the sulfate component of Oxone. Consequently, the blank
reaction with substrates having vinyl, acetyl, and tosyl groups
was conducted. Although the reaction with vinyl- and acetyl-
possessing substrates proceeded in the absence of Lewis acid,
the reaction time took longer and the yields became shortened
(Table 3, Entries 1 and 2). Compared with the above result in
Table 2, it is suggestive that In(OTf), as Lewis acid positively
promote this esterification. On the other hand, the reaction
with tosyl-possessing substrate also gave a good yield even
without Lewis acid (Table 3, Entry 3). Therefore, the posi-
tively promoting function of Lewis acid can be performed in
the substrate-dependent manner.

In summary, an oxidative methyl esterification of aldehydes
was effectively achieved. A couple of Lewis acid and oxidant
combinations were investigated. The trivalent indium reagent,
In(OTf),, was revealed to accelerate the reactions in many
cases. Aromatic aldehydes with various substituents were
subjected to this method, and each produced the desired cor-
responding methyl esters in good to excellent yields within
relatively short reaction times. A tolerance of the substituents,
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such as vinyl, acetyl, and tosyl groups, was also revealed. It is
indicated that In(OTf); as Lewis acid positively promote this
esterification in the substrate-dependent manner. The further
investigation on mechanistic insight, as well as the elucidation
of the role and scope of Lewis acid, is ongoing.

General Experimental Procedure The starting alde-
hyde materials (1 mmol) were dissolved in MeOH (5mL),
and Oxone (1 mmol) and 10mol % of In(OTf), were added at
room temperature. The reaction mixture was heated at reflux,
and was monitored for completion by TLC. After the reac-
tion mixture was filtered, the filtrate was condensed using a
rotary evaporator. Flash column chromatography on silica gel
furnished the corresponding products, which were confirmed
by spectroscopy.
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