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A B S T R A C T

We have found that the combination of Oxone® with an organoiodine compound, i.e., 2-iodobenzoic acid (2-IB),
selectively yields p-quinones from monomethoxyarenes under mild conditions. In this reaction system, an or-
ganoiodine compound is immediately oxidized by Oxone® to generate cyclic hypervalent iodine (III) species in
situ, which serves as the specific mediator for the selective p-quinone synthesis, preventing o-quinone formation.

1. Introduction

Quinones have attracted attention in the fields of pharmacology
[1–6] and materials chemistry [7–11] as a useful synthetic intermediate
[12]. In quinone synthesis, developing the appropriate strategy and
selective oxidation reaction is important because structural isomers, p-
and o-quinones, are both possible products. Classically, inorganic oxi-
dants, such as potassium nitrosodisulfonate (Fremy’s salt), cerium (IV)
ammonium nitrate (CAN), pyridinium chlorochromate (PCC), and
silver(II) oxide, have been used [13–15]. In terms of developing the
green chemistry process, safer and more practical metal-free oxidation
methods are strongly desired in recent years. Some organic oxidants,
such as phenyliodine(III) bis(trifluoroacetate) (PIFA) and 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), have now become popular in
this regard [14]. Typically, the synthesis of p-quinones is achieved by
conversion of 1,4-dioxygenated arenes [16] and phenols [17] by using
PIFA, a hypervalent iodine oxidant (Scheme 1a). Although phenols are
more readily available than 1,4-dioxygenated arenes, p-quinone yields
are relatively low because of the production of o-quinone byproducts
(Scheme 1b). Conversely, p-quinone synthesis from 1,4-dioxygenated
arenes gives relatively high yields, while some additional steps are re-
quired to prepare p-methoxy phenols and 1,4-dimethoxyarenes.
Oxone®, an inexpensive, commercially available, and stable sulfate
mixture (2KHSO5/KHSO4/K2SO4), has recently attracted attention as a
green inorganic oxidant and various useful reactions using Oxone® have
already been developed [18]. p-Quinone syntheses from 4-methox-
yphenols [19,20] and 1,4-dimethoxyarenes [21,22] using a combina-
tion of Oxone® and an organoiodine catalyst have also been reported.

On the other hand, synthesis of p-quinones from

monomethoxyarenes is difficult to realize due to the selectivity pro-
blems during ring oxygenation. Several methods for the conversion of
monomethoxyarenes using organometallic catalysts [23–31] have been
reported to form a mixture of p- and o-quinones (Scheme 1c). Depro-
tection of the methoxy group is required to regenerate the highly re-
active phenol moiety for the multi-step synthesis to p-quinones from
monomethoxyarenes.

Therefore, the new synthetic strategy for selective formation of p-
quinones from monomethoxyarenes is advantageous in terms of the
process chemistry. However, the reported method using KHSO5 in
combination with Fe-porphyrin as the catalyst for the oxidation of 1-
methoxynaphthalene 1 [31] is known to yield a desired p-quinone 2
with a similar yield of an undesired o-quinone 3 contaminant (Scheme
2).

In this study, we demonstrate a new, selective p-quinone synthesis
from monomethoxyarenes using Oxone® in the presence of an orga-
noiodine compound under mild conditions (Scheme 3).

2. Experimental

2.1. General information

1H and 13C NMR spectra were recorded on an ECS 400 NMR spec-
trometer (JEOL Ltd., Tokyo, Japan) at 400MHz and 100MHz, respec-
tively, using CDCl3 as a solvent. Chemical shifts (δ) are reported in ppm
relative to tetramethylsilane as an internal standard. Coupling con-
stants (J) are reported in Hertz and multiplicity reported according to
the following convention: singlet (s), doublet (d), double doublet (dd),
triplet (t), triple doublet (td), quartet (q), broad singlet (brs), and

https://doi.org/10.1016/j.cattod.2019.08.060
Received 22 May 2019; Received in revised form 28 August 2019; Accepted 29 August 2019

⁎ Corresponding authors.
E-mail addresses: hchina7a@fc.ritsumei.ac.jp (H. China), td1203@ph.ritsumei.ac.jp (T. Dohi).

Catalysis Today xxx (xxxx) xxx–xxx

0920-5861/ © 2019 Elsevier B.V. All rights reserved.

Please cite this article as: Hideyasu China, et al., Catalysis Today, https://doi.org/10.1016/j.cattod.2019.08.060

http://www.sciencedirect.com/science/journal/09205861
https://www.elsevier.com/locate/cattod
https://doi.org/10.1016/j.cattod.2019.08.060
https://doi.org/10.1016/j.cattod.2019.08.060
mailto:hchina7a@fc.ritsumei.ac.jp
mailto:td1203@ph.ritsumei.ac.jp
https://doi.org/10.1016/j.cattod.2019.08.060


multiplet (m). Data are reported as follows: Chemical shift (number of
protons, multiplicity, coupling constants). qNMR analysis was per-
formed with 40 s of reduction delay time, 6 ppm of offset value, and
6 ppm of sweep value in the presence of 1,4-dinitrobenzene as an in-
ternal standard in CDCl3. Substrates 7a [32], 7b [33], 10a [34], and
10b [35,36] were prepared from 1,2-naphthalenediol, 1,3-naphthale-
nediol, 1,7-naphthalenediol, and 5-amino-1-naphthol, respectively.

2.2. Optimization of reaction conditions for p-quinone synthesis

To a suspension of 1-methoxynaphthalene 1 (0.1 mmol, 15.8 mg),
organoiodine catalyst (1.0 equiv., 0.10 of IBX, IBA, or 2-IB), Oxone®,
and 1,4-dinitrobenzene (0.05 mmol, 8.4 mg) as an internal standard in
MeCN (1.25 mL) was added water (1.25mL). If necessary, V2O5 (10mol
%, 0.01mmol, 1.8 mg) and/or 10M H2O2 (5.0 equiv., 0.50 mol, 50 μL)
were added to the mixture. After the mixture was stirred at room
temperature, the organic layer was extracted with CDCl3 (2.5 mL). The
yields of 2 were determined by qNMR analysis of the extracts.

2.3. Effect of the water content

1,3-Dimethoxybenzene 5 (0.1 mmol, 13.8mg), 2-IB (1.0 equiv.,
0.1 mmol, 24.8 mg), Oxone® (0.3 mmol, 184mg), and 1,4-dini-
trobenzene (0.05mmol, 8.4mg) as an internal standard was suspended
by addition of a mixed solvent of MeCN/water (various ratio, total
volume: 1.0mL). After the mixture was stirred at room temperature for
1.5 h, the organic layer was extracted with CDCl3 (1 mL). The yields of
6 were determined by qNMR analysis of the extracts.

2.4. General procedure for the synthesis of p-quinones in the presence of
Oxone® and 2-IB

To a suspension of anisole derivative (1.0 mmol), 2-IB (1.0 mmol,
248mg), and Oxone® (3.0 mmol, 1.844 g) in MeCN (4mL) was added
water (6mL). The mixture was stirred at room temperature until
complete consumption of the starting material (confirmed by TLC
analysis). Then, the insoluble material was removed by filtration with
CH2Cl2 and then the organic layer was extracted with CH2Cl2 (50mL) at
twice. The extract was washed with a saturated NaHCO3 aqueous so-
lution (100mL) and then filtered through filter paper for dehydration.
After the solvent was removed by evaporation, the desired product was
purified by flash silica gel chromatography with appropriate solvent.

2: 1H NMR (400MHz, CDCl3) : δ 6.98 (2H, s), 7.76 (2H, m), 8.08
(2H, m) ppm. 13C NMR (100MHz, CDCl3) : δ 126.4, 131.9, 133.9,
138.7, 185.0 ppm. [37]

3: 1H NMR (400MHz, CDCl3) : δ 6.45 (1H, d, J =10.1 Hz), 7.38
(1H, d, J =7.8 Hz), 7.46 (1H, d, J =10.1 Hz), 7.52 (1H, td, J=7.8,
0.9 Hz), 7.67 (1H, td, J=7.8, 1.4 Hz), 8.12 (1H, dd, J=7.8, 1.4 Hz)
ppm. 13C NMR (100MHz, CDCl3) : δ 127.9, 129.9, 130.2, 130.9, 131.6,
134.8, 135.9, 145.4, 178.9, 180.9 ppm. [38]

6: 1H NMR (400MHz, CDCl3) : δ 3.85 (3H, s), 5.96 (1H, s), 6.73 (2H,
s) ppm. 13C NMR (100MHz, CDCl3) : δ 56.3, 107.7, 134.5, 137.3, 158.6,
181.8, 187.5 ppm. [37]

8: 1H NMR (400MHz, CDCl3) : δ 3.92 (3H, s), 6.19 (1H, s), 7.69-
7.79(2H, m), 8.08 (1H, dd, J=7.3, 1.8 Hz), 8.13 (1H, dd, J=7.3,
1.4 Hz) ppm. 13C NMR (100MHz, CDCl3) : δ 56.4, 109.9, 126.2, 126.7,
131.0, 132.0, 133.4, 134.4, 160.4, 180.1, 184.8 ppm. [39]

9: 1H NMR (400MHz, CDCl3) : δ 4.03 (3H, s), 5.99 (1H, s), 7.59 (1H,
td, J=7.8, 1.4 Hz), 7.70 (1H, td, J=7.8, 1.4 Hz), 7.87 (1H, dd,
J=7.8, 0.9 Hz), 8.13 (1H, dd, J=7.8, 0.9 Hz) ppm. 13C NMR
(100MHz, CDCl3) : δ 56.8, 103.1, 124.8, 129.1, 130.4, 131.6, 132.0,
135.0, 168.7, 179.4 ppm. [40]

11a: 1H NMR (400MHz, CDCl3) : δ 3.95 (3H, s), 6.92 (1H, s), 6.93
(1H, s), 7.21 (1H, dd, J=8.7, 2.8 Hz), 7.48 (1H, d, J =2.8 Hz), 8.01
(1H, d, J =8.7 Hz) ppm. 13C NMR (100MHz, CDCl3) : δ 55.9, 109.6,
120.5, 125.4, 128.9, 133.9, 138.2, 139.0, 164.1, 184.1, 185.1 ppm.
[41]

11b: 1H NMR (400MHz, CDCl3) : δ 2.30 (3H, s), 6.91 (1H, d, J
=10.1 Hz), 6.95 (1H, d, J =10.6 Hz), 7.72(1H, t, J =8.0 Hz), 7.81 (1H,
dd, J=7.8, 1.4 Hz), 9.07 (1H, dd, J=8.2, 0.9 Hz), 11.85 (1H, brs)
ppm. 13C NMR (100MHz, CDCl3) : δ 25.7, 115.9, 121.9, 126.0, 132.1,
135.7, 137.9, 139.9, 141.3, 169.9, 184.4, 189.0 ppm. [42]

14a: 1H NMR (400MHz, CDCl3) : δ 2.07 (3H, d, J =1.4 Hz), 3.82
(3H, s), 5.93 (1H, s), 6.56 (1H, q, J =1.4 Hz) ppm. 13C NMR (100MHz,

Scheme 1. General method of p-quinone synthesis from phenols and anisoles.

Scheme 2. p-Quinone synthesis from a monomethoxyarene using a combina-
tion of Fe catalyst with persulfate oxidant.

Scheme 3. p-Quinone synthesis from methoxyarenes using Oxone® and an or-
ganoiodine catalyst.

Scheme 4. Oxidation of 1-methoxynaphthalene 1 using Oxone®.
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CDCl3) : δ 15.8, 56.3, 107.6, 131.3, 146.9, 158.7, 182.2, 187.7 ppm.
[43]

14b: 1H NMR (400MHz, CDCl3) : δ 1.96 (3H, s), 4.03 (3H, s), 6.60
(1H, d, J =10.5 Hz), 6.69 (1H, d, J =10.1 Hz) ppm. 13C NMR
(100MHz, CDCl3) : δ 8.7, 60.9, 129.0, 134.7, 136.3, 155.7, 183.3,
188.3 ppm. [44]

14c: 1H NMR (400MHz, CDCl3) : δ 2.07 (3H, d, J =1.8 Hz), 3.83
(3H, s), 5.93 (1H, d, J =2.3 Hz), 6.54 (1H, m) ppm. 13C NMR
(100MHz, CDCl3) : δ 15.5, 56.3, 107.3, 133.8, 143.6, 158.8, 182.4,
187.5 ppm. [45]

14d: 1H NMR (400MHz, CDCl3) : δ 3.83 (6H, s), 5.86 (2H, s) ppm.
13C NMR (100MHz, CDCl3) : δ 56.5, 107.4, 157.3, 176.7, 186.9 ppm.
[46]

14e: 1H NMR (400MHz, CDCl3) : δ 2.04 (3H, d, J =1.4 Hz), 4.00
(3H, s), 4.02 (3H, s), 6.44 (1H, q, J =1.7 Hz) ppm. 13C NMR (100MHz,
CDCl3) : δ 15.5, 61.2, 61.3, 131.2, 144.0, 144.8, 145.0, 184.2,
184.4 ppm. [47]

14f: 1H NMR (400MHz, CDCl3) : δ 1.99-2.05 (9H, m), 6.55-6.57

(1H, q, J =1.5 Hz) ppm. 13C NMR (100MHz, CDCl3) : δ 12.1, 12.4,
15.9, 133.1, 140.7, 140.9, 145.3, 187.4, 187.9 ppm. [48]

2.5. p-Quinone synthesis using catalytic amounts of 2-IB

The modified procedure instead using catalytic amounts of 2-IB
(0.05 mmol (5mol%), 12.4 mg or 0.20mmol (20mol%), 49.6 mg) for
the reactions of substrates 13c and 13d (1 mmol) gave corresponding p-
quinones 14c and 14d in the indicated yields shown in Scheme 8.

3. Result and discussion

3.1. Optimization of reaction conditions

Oxone® can oxidize monomethoxyarene without any additive to
give a low yield of p-quinone. Indeed, when utilizing Oxone® for the
oxidation of 1-methoxynaphthalene 1 without any additive, 2-carbox-
ycinnamic acid 4 was generated as the main product via the

Table 1
Optimization of the reaction conditions for p-quinone synthesis by oxidation of methoxynaphthalene 1 using Oxone® and an organoiodine compound.

Entry Conditionsb Time (h) Yield (%)

1a Oxone (4) 23 14e

2 IBX (1), Oxone (10) 0.5 3d

3 IBA (1), Oxone (10) 3 46d

4 2-IB (1), Oxone (10) 0.5 40d

5 2-IB (1), Oxone (3) 3.0 44d (39) e

6 2-IB (1), Oxone (3)c 3.0 44d (43) e

7 2-IB (1), Oxone (3), H2O2 (5) 3.0 45d

8 2-IB (1), Oxone (3), H2O2 (5),
V2O5 (0.1)

1.0 39d

9 2-IB (1), Oxone (10), H2O2 (5),
V2O5 (0.1)

0.5 60d,f

a See ref. [53].
b The numerals in parentheses are the equivalent of a reagent.
c A solution consisting of MeCN/H2O (2/3) was used for the reaction.
d NMR yields.
e Isolated yield.
f Isolated yield of byproduct 4 was below 3%.

Fig. 1. Effect of (a) water content and (b) temperature for p-quinone synthesis from 1,3-dimethoxybenzne 5.
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intermediate o-quinone 3 (Scheme 4) [49].
On the other hand, some hypervalent iodine oxidants generated by

treatment with Oxone® are known to preferentially produce p-quinones
from phenols over o-quinone formations [19–22]. Thus, we expected
that the combination of Oxone® and a hypervalent iodine oxidant as a
mediator would provide an efficient synthesis of p-quinones. At first,
various combinations were examined for the oxidation of 1-methox-
ynaphthalene 1 (Table 1). The combination of Oxone® and cyclic hy-
pervalent iodine oxidants, such as 2-iodoxybenzoic acid (IBX) and 2-
iodosobenzoic acid (IBA), gave the target p-naphthoquinone 2 in low-

to-moderate yields (entries 2 and 3), while no products were obtained
without Oxone®. Interestingly, IBA showed higher activity than pen-
tavalent IBX, which is in marked contrast to the fact that oxidation
power of IBX is generally higher than that of IBA. This result can be
explained by the influence of the solubility of the hypervalent iodine
oxidants in MeCN/H2O (1/1) mixture. Indeed, the use of 2-iodobenzoic
acid (2-IB), having relatively high solubility in water, smoothly gen-
erated IBA in the presence of Oxone®, resulting in improvement of the
reaction rate (entry 4). Furthermore, the amount of Oxone® could be
reduced by extending the reaction time (entries 5 and 6). Although
addition of H2O2 and/or V2O5 increased the yield (entries 7–9), they
were not an important factor in reducing the amount of Oxone® re-
quired. Due to their roles in the p-quinone-forming process to work
collaboratively with IBA generated from 2-IB by Oxone®, it seems that
the peroxo-vanadium species produced by the activation of V2O5 with
H2O2 would show strong oxidizing ability towards a variety of organic
substrates [50–53]. To our delight, the production of 2-carbox-
ycinnamic acid 4 was suppressed to below 3% by using 2-IB in the
Oxone® oxidation system (entry 9), whereas this byproduct was the
main product (64% yield) in the absence of 2-IB (see Scheme 4) [49].
Notably, only p-naphthoquinone 2 was selectively obtained under our
conditions and the structural isomer, o-naphthoquinone 3, was not
detected at all. The results shown in Table 1 indicate that the combi-
nation of Oxone® and a hypervalent iodine precursor, 2-IB, for selective
p-quinone synthesis is superior to Oxone® itself.

Although the combination of H2O2 (5 equiv) and V2O5 (0.1 equiv)
gave the p-quinone 2 in 60% yield (entry 9), the use of excess amounts
of Oxone® (10 equiv) is not suitable for practical use. Similarly, the use
of H2O2 (5 equiv) (entry 7) appeared to provide no significant ad-
vantage over the conditions without H2O2 (entries 5 and 6).
Comparison of the isolated yields of p-quinone 2 in entries 5 and 6
suggested that the MeCN/H2O (2/3) medium was relatively better than
MeCN/H2O (1/1). This result was also ascertained by the investigation
of the influence on water content in MeCN for the oxidation of 1,3-
dimethoxybenzene 5 to 2-methoxybenzoquinone 6 (Fig. 1a). Further-
more, using a smaller proportion of MeCN is desirable because p-qui-
nones are sometimes azeotroped when removing the solvents under
reduced pressure during isolation. Thus, metal-free conditions with the
combination of Oxone® and 2-IB in MeCN/H2O (2/3) medium (entry 6)
were used for experiments to test the substrate scope. The oxidation
reaction did not proceed at all in the absence of water, suggesting that

Scheme 5. Plausible reaction mechanism for the p-selective oxygenation.

Scheme 6. 1,2 versus 1,3-dimethoxynaphthalenes.

Scheme 7. Functional groups in the naphthalene ring.
a)Yield BRSM (63% conversion)

Scheme 8. The reactions of dimethoxybenzene isomers.
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water plays an important role in the reaction mechanism. Indeed, water
was required for generation of IBA, which is in accord with the present
oxidation reaction to produce IBA. The use of MeOH, 2,2,2-tri-
fluoroethanol (TFE), or hexafluoro-2-propanol (HFIP), instead of water
was not beneficial for the oxidation reaction. After optimization of

reaction temperature, the reaction at 40 °C resulted in the best yield of
the oxidation product (Fig. 1b).

A proposed reaction mechanism for the p-selective oxygenation
using 2-IB and Oxone® system is shown in Scheme 5. 2-IB was initially
in-situ transformed into IBA by the reaction with Oxone® in the presence
of water. IBA can then react with 1-methoxynaphtalene 1 at the 4-po-
sition to generate Int-2 rather than at the 2-position for giving Int-3,
which controlled the regioselective oxidation. Indeed, IBA is known to
react with anisole regioselectively at the para-position to form diary-
liodonium(III) salt [54–61]. The resulting Int-2 was converted into p-
naphthoquinone 2 in the presence of Oxone® and water.

3.2. Substrate scope

Several 1-methoxynaphthalene derivatives with electron-donating
groups were examined as substrates in our metal catalyst-free oxida-
tion. 1,3-Dimethoxynaphthalene 7a and 1,2-dimethoxynaphthalene 7b
could both produce 2-methoxy-1,4-naphthoquinone 8 in 70% and 7%
yields, respectively (Scheme 6). The low yield of p-quinone in the latter
case would suggest that the quinone-forming reaction is relatively faster
than the oxygenation of the aromatic ring, which is probably the rate-
determining step. The generation of o-quinone 9 by oxygenation of the
ortho aromatic position was suppressed during the oxidation of 1,3-di-
methoxynaphthalene 7a.

The oxidation of functionalized 1,7-dimethoxynaphthalene 10a af-
forded 6-methoxy-1,4-naphthoquinone 11a in 52% yield (Scheme 7).
This yield is over twice that of the oxidation using Oxone® as the sole
oxidant (25%) [49]. Oxidation of 1-acetamide-5-methoxynaphthalene
10b produced 5-acetamido-1,4-naphthoquinone 11b in 71% yield
based on recovery of the starting material (BRSM).

Next, the reactions of monocyclic anisole derivatives were in-
vestigated. The oxidations of 1,3-dimethoxybenzene 5 for 1.5 h and 1,2-
dimethoxybenzene 12 for 3 h gave the corresponding p-quinone 6 in
52% and 37% yields, respectively (Scheme 8). The higher productivity
for the former case appears to be the same as that observed for the

Table 2
Screening of different anisole derivatives as substrates.

Entry Substrate Product Time Yield

1 13a 14a 1 h 59%

2 13b 14b 2 h 68%

3 13c 14c 1 h 82%

4 13d 14d 1 h 90%

5 13e 14e 1 h 52%

6 13f 14f 1 h 60%

Scheme 9. Catalytic activity of 2-IB in the p-quinone synthesis.
a) 20 mol% of 2-IB

Scheme 10. Plausible catalytic cycle for the p-quinone synthesis.
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naphthalenes (see Scheme 6), with the corresponding o-quinone com-
petitively produced from the ortho-dimethoxy aromatics. Nonetheless,
the oxidation of 1,2-dimethoxybenzene 12 using Oxone® without any
additive did not produce the same product 6 [62]. The results of further
investigation using various substituted anisoles 13a-f as substrates are
shown in Table 2. Comparison between 1,3-dimethoxybenzene 5 and
the methyl-substituted derivatives 13a-c on the reaction (entries 1–3)
suggested the positive effect of the electron-donating group on the yield
of the corresponding p-quinones 14a-c. This comparison also showed
that oxygenation of the 5-methyl isomer 13c was more productive than
those of the 6-methyl isomer 13a and the 2-methyl isomer 13b (entries
1–3). Thus, methoxyarene 13c having an electron-donating methyl
group at the ortho position of the reaction site increased the reactivity
for oxidation to afford the quinone product 14c in a higher yield. The
oxidation of 1,3,5-trimethoxybenzene 13d using the combination of
Oxone® and 2-IB gave the corresponding quinone 14d in 90% yield
(entry 4), whereas the treatment of the substrate 13d with phenyliodine
(III) bis(trifluoroacetate) (PIFA) in the absence of Oxone® alternatively
formed phenyl(2,4,6-trimethoxyphenyl)iodonium(III) trifluoroacetate
salt in 79% yield without producing the p-quinone 14d [16]. These
results clearly support the superiority of 2-IB as a mediator in the p-
quinone synthesis using Oxone®. The oxidations of 1,3,5-trisubstituted
benzenes 13c and 13d affording the corresponding p-quinones in high
yields (entries 3 and 4, respectively) proved the utility of the p-quinone
synthesis for 3,5-difunctionalized anisoles. On the other hand, the
oxidations of 2,3,5-trifunctionalized anisoles, 13e and 13f, gave the
corresponding p-quinones 14e and 14f in moderate yields (entries 5 and
6, respectively). The yield of p-quinone 14e was relatively lower than
that having multiple methyl groups 14f due to the partial formation of
the corresponding o-quinone by the presence of the methoxy group at
the 2-position, despite the enhancement of electron density of the
aromatic ring.

3.3. Catalytic function

Finally, the catalytic activity of 2-IB was investigated (Scheme 9). At
5mol% loading of 2-IB, the oxidation reaction of 3,5-dimethoxytoluene
13c and trimethoxybenzene 13d proceeded to successfully give 2-
methoxy-6-methyl-1,4-benzoquinone 14c and 2,6-dimethoxybenzene
14d in 62% and 86% yields, respectively. This result indicates that 2-IB
possesses good catalytic function. Plausible catalytic cycle of the pre-
sent reaction is shown in Scheme 10 [63–65]. 2-IB was first oxidized by
Oxone® in the presence of water to generate IBA, which reacted with
substrates affording the iodonium(III) intermediate [54]. Subsequently,
this reaction intermediate was further oxidized by Oxone® to give
quinone along with the regeneration of 2-IB. 2-IB was reactivated into
IBA through the re-oxidation with Oxone® in an aqueous solution
during the p-quinone formation. The details of this unique catalytic
system are under investigation with further optimization of the catalyst
structure.

4. Conclusions

In summary, we have established a new metal-catalyst-free direct p-
quinone synthesis system from monomethoxyarenes using the combi-
nation of Oxone® and hypervalent iodine compound at room tem-
perature in an aqueous medium. The cyclic hypervalent iodine(III)
compound, IBA, generated from the corresponding organoiodine com-
pound, 2-IB, by in-situ oxidation with Oxone® was shown to mediate
site-selective oxygenation as a specific catalytic species. Thus, this
methodology is an attractive metal-catalyst-free oxidation system for
the selective p-quinone synthesis from monomethoxyarenes, which
cannot be achieved without the present system. The use of the easily
available organocatalyst as a replacement of metal oxidants is also the
significant advantage of our reaction system.
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