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ABSTRACT

A Pd/C-catalyzed deoxygenation method of phenolic hydroxyl groups via aryl triflates or mesylates using Mg metal in MeOH at room temperature
was developed. The addition of NH 4OAc dramatically affects the reactivity and reaction rate. This method is particularly attractive to provide
an environmentally benign and widely applicable removal method of phenolic alcohols under quite mild reaction conditions.

Many phenolic moiety-containing organic compounds are
well-known as biologically and functionally important
compounds and phenolic hydroxyl groups frequently play
an important role in expressing those activities.1 Therefore,
the development of a simple, efficient, and chemoselective
method of deoxygenation of phenol derivatives is quite
important to prepare the corresponding nonphenolic deriva-
tives as reference compounds and/or biologically active
natural or new synthetic molecules such as angelicin,2

vancomycin,3 and so on. Since a phenolic hydroxyl group
is a quite poor leaving group, it should be activated prior to
the deoxygenation. While a few direct deoxygenation
methods of phenol derivatives have been reported,4 such
conventional procedures require, a vast amount (5-10 equiv)
of the reagents,4a-c leading to low yields,4a and are limited
to the phenolic hydroxyl group of fused aromatics.4b,c The
conversion of the phenolic hydroxyl group to the corre-
sponding sulfonate,2,5,6,7isourea,5,8 dimethyl thiocarbamate,5

aryl ether,9 5-phenyltetrazolyl ether,10 and phosphate ester11

is employed for activation as a substrate of reductive
deoxygenation. Nevertheless, these conventional methods still
include disadvantages such as lack of stability of the activated
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starting materials,6g requirement of an environmentally
harmful phosphine ligand, and/or a vast amount of a metal-
reducing catalyst or reagent, and so on.

In the course of our investigations to develop new Pd/C-
catalyzed synthetic reactions, we have found that Mg metal
is a particularly effective and mild reagent for the hetero-
geneous Pd/C-catalyzed traceless deoxygenation of aryltri-
flates12 to arenes in MeOH.13

Initially, we examined 10% Pd/C-catalyzed deoxygenation
of 3,4,5-trimethoxyphenyl triflate (1) with 1.2 equiv of Mg
metal14 in MeOH under Ar atmosphere. Amazingly, the
corresponding 1,2,3-trimethoxybenzene (2) was obtained in
100% conversion yield (by1H NMR) at room temperature
while the use of 0.5 equiv of Mg metal reduced the
conversion yield to ca. 50% (Table 1, entry 2), and the

reaction did not proceed without Mg metal (entry 1) or 10%
Pd/C as a catalyst (entry 4). In contrast, the addition of Zn15

or Fe powder, Al or Ni turnings, was not effective for the
reaction (entries 5-8). It should be noted that the reaction
is entirely solvent-specific and the use of MeOH as a solvent
is quite essential for the progress of this reaction (compare
entry 3 with entries 9-12).

Optimization studies produced remarkable enhancement
in the reactivity, primarily as a result of the acceleration effect
of the addition of NH4OAc as an additive.16 The use of
ammonium salts generally gave the essential effect (Table
2, entries 2, 3, and 5) while NaOAc rather decreased the

conversion ratios (entry 4).17 Thus, the reaction in the
presence of 1.0 equiv of NH4OAc could be completed within
only 0.5 h at room temperature (entry 3) although the
completion of the reaction required 12 h without NH4OAc
(entry 1).

These optimized reaction conditions18 are generally ap-
plicable toward diverse aryl triflates with both electron-
donating and -withdrawing groups in 83-99% isolated yields
of the corresponding arene products (Table 3).
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(18) General Procedure for Reductive Cleavage of Various Aryl
Triflates. After two vacuum/Ar cycles to remove air from the reaction tube,
the mixture of the aryl triflate (0.5 mmol), 10% Pd/C (10 wt % of the aryl
triflate), magnesium metal (14.6 mg, 0.6 mmol), and ammonium acetate
(38.6 mg, 0.5 mmol) in MeOH (1 mL) was stirred at ordinary pressure
(balloon) and at temperature (ca. 20°C) for the appropriate time (see Table
3). The reaction mixture was filtrated using a membrane filter (Millipore,
Millex-LH, 0.45 µm), and the filtrate was partitioned between ether (10
mL) and water (10 mL). The aqueous layer was extracted with ether (10
mL × 3), and then combined organic layers were washed with brine (10
mL), dried with anhydrous MgSO4, filtered, and concentrated under reduced
pressure.

Table 1. Pd/C-Catalyzed Reductive Cleavage of
3,4,5-Trimethoxyphenyl Triflate (1) Using Various Metals and
Solvents

entry metal solvent time (h) 1/2a

1 none MeOH 24 100:0
2 Mg (0.5 equiv) MeOH 24 55:45
3 Mg MeOH 12 0:100
4b Mg MeOH 24 100:0
5 Zn MeOH 24 100:0
6 Al MeOH 24 100:0
7 Fe MeOH 24 100:0
8 Ni MeOH 24 100:0
9 Mg H2O 24 100:0

10 Mg EtOH 24 100:0
11 Mg iPrOH 24 100:0
12 Mg THF 24 100:0

a Determined by1H NMR. b Without 10% Pd/C.

Table 2. Effect of Additive on the Pd/C-Catalyzed Reductive
Cleavage of 3,4,5-Trimethoxyphenyl Triflate (1)

entry additive time (h) 1/2/3a

1 none 12 0:100:0
2 NH4OAc (0.01 equiv) 6 0:100:0
3 NH4OAc 0.5 0:100:0
4 NaOAc 24 73:22:6
5 NH4Cl 1 0:100:0

a Determined by1H NMR.
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Methyl 3-methoxybenzoate derived from the correspond-
ing triflate was accessed in excellent yield (92%) while the
reaction required slightly longer reaction time (2.5 h) and
3.0 equiv of NH4OAc as an additive (entry 11). In the case
of 4-trifluoromethylphenyl triflate (entry 12) and 4-fluo-
rophenyl triflate (entry 13), the reactions were performed
without NH4OAc and the formation of deoxygenated prod-
ucts was determined by GC/MS (100% conversion, respec-
tively) because of the volatile nature of the corresponding
products.

Moreover, it is noted that the present Pd/C-catalyzed
reduction reaction using a Mg-MeOH combination of aryl
triflates can be applicable to aryl mesylates (Table 4).

Although the reduction of a methane sulfonyloxy (MsO)
group from the corresponding aryl mesylate is quite difficult
in the absence of NH4OAc (entry 3), the addition of 1.0 equiv
of NH4OAc should lead reduction of mesylates and a similar
protocol allows for triflates to be compatible with the method

(entry 4). Slow and poor conversions were frequently
observed with aryl mesylates, which can be overcome by
using greater amounts of Mg metal (2.4 equiv for entries 5,

Table 3. Pd/C-Catalyzed Reductive Cleavage of Various Aryl
Triflates

a Isolated yield.b 3.0 equiv of NH4OAc was used, and the reaction
completed within 2.5 h.c Reaction was performed without NH4OAc and
determined by GC/MS because of the low boiling point of the products.

Table 5. Determination of the Hydrogen Source

entry solvent H or D

1 CH3OH H (89)
2 CD3OH H (80)
3 CH3OD D (86)
4 CD3OD D (76)

Table 4. Pd/C-Catalyzed Reductive Cleavage of Aryl
Mesylates or Tosylates

a Isolated yield.b 65% of the starting substrate was remained intact, and
35% of the hydrogenolysis product, 4-hydroxyphenyl acetic acid methyl
ester, was produced. Determined by1H NMR. c 86% of the starting substrate
was remained unchanged. Determined by1H NMR. d 2% of the starting
substrate was remained unchanged. Determined by1H NMR. e The low
isolated yield of the product is due to the volatile nature.
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6, and 8-11) and NH4OAc (3.0-30 equiv). On the other
hand, the present method was not applicable to aryl tosylate,
regardless of the addition of NH4OAc (entries 1 and 2).

Since the present method did not require the use of
hydrogen gas, the hydrogen incorporated to the substrate
should result from MeOH. To clarify the hydrogen source,
the reductive elimination of the MsO group was carried out
using three types of deuterated methanols as a solvent.
According to a comparison between entries 2 and 3 in Table
5, it is apparent that the deuterium (hydrogen) source of these
reactions is the acidic deuterium of deuterated methanols.

We believe that the present reductive deoxygenation
proceeds through the pathway outlined in Scheme 1. Initial

single electron transfer (SET) to the palladium (0)-activated
benzene ring from Mg metal as a single electron donor should

afford an anion radical, which may convert to the traceless
benzene ring by the subsequent elimination of the (trifluoro)-
methane sulfonic anion to give the reduced arene product
via an aryl radical intermediate. Since the initial SET may
proceed toward the electron-poor aromatic ring of the tosyl
group rather than the phenolic ring in the case of aryl
tosylates, the reduction is entirely blocked (Table 4, entries
1 and 2).

In conclusion, we have developed a Pd/C-catalyzed
deoxygenation method of phenolic hydroxyl groups via aryl
triflates or mesylates using Mg metal in MeOH at room
temperature. The addition of NH4OAc dramatically affects
the reactivity and reaction rate. Current efforts are aimed at
further elucidating the mechanism and the effect of NH4-
OAc. The present method may be characterized by its
environmentally benign nature (ligandless and heterogeneous
catalyst), wide applicability, simple procedure (simple filtra-
tion to remove Pd/C and general extraction of the filtrate
without requiring further purification), easy availability of
reagents (stable and commercially available 10% Pd/C, Mg
turning for Grignard reaction can be used without any
pretreatment), and mild reaction conditions (room temper-
ature). Therefore, the method is promising as a general,
practical, and traceless deoxygenation process in the field
of synthetic organic chemistry and industry.

Supporting Information Available: Spectroscopic data
and experimental details. This material is available free of
charge via the Internet at http://pubs.acs.org.
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Scheme 1. Plausible Reaction Mechanism
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