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Highly efficient metal-free approach to meta- and multiple-

substituted phenols via a simple oxidation of cyclohexenones 

Yu-Feng Liang,
a 

Song Song,
a 

Lingsheng Ai,
a
 Xinwei Li,

a 
and Ning Jiao

a,b
*

A novel and efficient metal-free approach to substituted phenols 

has been disclosed from simple and readily available 

cyclohexenones and cyclohexenones equivalents. Dimethyl 

sulfoxide (DMSO), the simple and common organic reagent, was 

employed as a mild oxidant in this I2-catalysis, which significantly 

tolerates various substituents including some easily oxidizable or 

reducible functionalities. The challenging meta- and multiple-

substituted phenols could be well prepared by this method. The 

metal-free and mild oxidation make this protocol very simple, 

practical, and easily handled.  

Substituted phenols are common and important chemicals and are 

widely applied in the preparation of high-value pharmaceuticals, 

agrochemicals, polymers, biologically active compounds, as well as 

other fine and bulk chemicals.
1
 In the past decades, the 

electrophilic
2
 and nucleophilic

3
 aromatic substitution,  and the C-H 

hydroxylation of arenes,
4
 have been developed for the preparation 

of substituted phenols.
5
 Cyclohexenones and cyclohexanones are 

readily available, stable, easy to handle and widely used as bulk 

materials to prepare other important fine chemicals.
6,7 

Although the 

transition-metal-catalyzed oxidative dehydrogenation
8
 of 

cyclohexanones and cyclohexenones has been disclosed as an 

alternative approach to phenols,
9
 most of these processes have 

been limited to the preparation of simple unsubstituted phenols, 

suffer from high temperature or stong acid employment. The 

classical electrophilic and nucleophilic aromatic substitution could 

hardly afford meta-substituted phenols because of the strong 

ortho/para-directing effect of the hydroxy group. Therefore, the 

efficient synthesis of meta- and multiple-substituted phenols is still 

a desirable and challenging issue. 

Very recently, Stahl and his co-workers made a breakthrough 

on the oxidative dehydrogenation of cyclohexenones and 

cyclohexanones to diverse substituted phenols.
10]

 A Pd-catalyst 

combined with a pyridine ligand was employed in the highly 

efficient oxidative protocols (Scheme 1a). Alternatively, by using 

a general hydrogenation condition, an elegant Pd/C catalyzed 

dehydrogenation of cyclohexenones and cyclohexanones to 

substituted phenols was developed by Liu and co-workers 

(Scheme 1b).
11

 Despite the significance, the active Pd/O2
12

 and 

Pd/H2
13

 catalysis are employed respectively in these protocols 

which might cause the undesirable overoxidation or 

hydrogenation of some functional groups and therefore limit the 

substrate scope. Furthermore, the heavy metal content in some 

fine chemicals and pharmaceutically active ingredients are 

typically strict, which cause a critical and difficult problem in the 

removal of Pd-catalyst from the products.
14

 However, the metal-

free catalysis for meta- and multiple-substituted phenols has 

not been well developed, yet. Therefore, it is still highly desired 

to improve on these shortcomings and discover a metal-free 

strategy for the transformation of cyclohexenones and 

cyclohexanones to substituted phenols. 

I2 (20 mol%),

DMSO (1.0 equiv)

CH3NO2, 100
oC

Pd(TFA)2 (3 mol%), O2 (1 atm)

2-Me2N-pyridine (6 mol%)

p-TsOH (12 mol%)

DMSO, 80 oC

O

R'

OH

R'

Pd/C (5 mol%), H2 (0.2-0.3 atm)

K2CO3 (20 mol%)

DMA, 150 oC

N2 (0.8-0.7 atm)

a)

b)

c)

this work

metal-f ree broad sbstrate scope easily handled

R R

Scheme 1 Catalytic oxidative dehydrogenation of cyclohexenones 

and cyclohexanones to meta- and multiple-substituted phenols. 

    We recently reported an I2/DMSO system for the conversation of 

cyclohexanones, in which catehols were obtained as the products.
15

 

Herein, we present a metal-free I2-catalyzed DMSO oxidative 

transformation of cyclohexenones and cyclohexenones equivalents, 
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in contrast, meta- and multiple-substituted phenols were selectively 

generated (Scheme 1c). The simple and readily available I2 catalyst, 

cheap and common DMSO oxidant, mild and easily handled 

conditions, makes this approach green and practical.  

We initiated this dehydrogenative aromatization with the model 

reaction of 3-phenylcyclohexenone 1a. Inspired by recent 

development of DMSO oxidative reactions,
16-18

 we envisioned that 

oxidation of cyclohexenones to phenols could be accessed by DMSO 

oxidant. It was very interesting to obtain the expected 3-

phenylphenol product 2a in 5 % yield when NBS was employed as 

catalyst in the presence of only 1.0 equiv of DMSO in CH3NO2 at 100 
o
C (entry 1). The efficiency was significantly improved by the 

employment of NIS as catalyst, whereas NCS failed to produce the 

desired product (entries 2-3). In contrast, the reaction did not work 

in the presence of TBAB, KI or TBAI (entries 4-6). To our delight, the 

yield of 2a could be improved to 92% when I2 was employed as the 

catalyst (entry 7). Solvent screening demonstrated that the choice 

of solvent is crucial for this transformation. When DMF, dioxane, 

toluene or DMSO was employed as the solvent, the product was 

formed in lower yields (entries 8-11). It is noteworthy that this 

transformation underwent well under Ar atmosphere (entry 12). In 

contrast, the reaction failed to give 2a in the absence of I2 catalyst 

(entry 13).  

Table 1 Optimization of the reaction conditions
a
 

 
Entry Cat. (20 mol%) Solvent Yield/%

b
 

1 NBS CH3NO2 5 

2 NIS CH3NO2 85 

3 NCS CH3NO2 0 

4 TBAB CH3NO2 0 

5 KI CH3NO2 0 

6 TBAI CH3NO2 0 

7 I2 CH3NO2 92 

8 I2 DMF trace 

9 I2 dioxane 75 

10 I2 toluene 30 

11 I2 DMSO 24 

12
c
 I2 CH3NO2 90 

13 -- CH3NO2 0 
a
 Reaction conditions: 1a (0.5 mmol), catalyst (0.1 mmol), 

Solvent (1 mL), stirred at 100 
o
C under air for 24 h. 

b
 Isolated 

yields. 
c
 The reaction was carried out under Ar (1 atm).  

The optimized reaction conditions proved to be effective with 

a number 3-arylcyclohexenones for the preparation of meta-aryl 

substituted phenols (Scheme 2). The substrates with electron-

donating and electron-withdrawing groups at the aromatic ring 

performed well with this reaction, affording the desired 

products 2b-2g in good to excellent yields. Furthermore, 3-

naphthyl and 3-thiophene substituted cyclohexenones were also 

suitable substrates for this protocol (2h-2i). From a practical 

perspective, the simple conditions, broad substrate scope, and 

easy operation would make this strategy extremely attractive in 

the development of efficient approaches to meta-phenols. 

O OHI2 (20 mol%)

DMSO (1.0 equiv)

Ar Ar

CH3NO2, 100
oC, 24 h

OH

Ph

2a, 92%

OH

OH

2h, 92%

OH

2i, 82%

S

1a-1i 2a-2i

2b, R = 4-CH3, 94%
2c, R = 4-OCH3, 95%
2d, R = 4-Cl, 94%
2e, R = 4-COOCH3, 87%
2f, R = 4-CN, 90%
2g, R = 3-OCH3, 86%

R

 

Scheme 2 Metal-free oxidative process for the preparation of meta-
substituted phenols.  
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Scheme 3 Metal-free oxidative process for the preparation of 
diverse substituted phenols.  

 

   As the reaction conditions are mild, we subsequently expected 

that various substituted cyclohexenones would be applicable. To 

our delight, we could indeed show that a wide range of 

functional groups are tolerated under the reaction conditions 

(Scheme 3). The outcome of the dehydrogenation was not 

significantly affected by varying the position of the same 
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substituent, for instance a phenyl group on the 2-

cyclohexenones. Carvone, a widely used spice, could also be 

transformed to the corresponding phenol 2p in good yield. 3,5-

Diarylphenols 2q and 2r were obtained in excellent yield from 

the corresponding 3,5-diarylcyclohexenones. Moreover, ester, 

thiophene and pyridine moieties in products 2s-2u were all 

compatible with this transformation. 

 

Scheme 4 Metal-free oxidative process for oxidation or 

reduction sensitive substrates. 

 

   It is noteworthy that under this simple and mild conditions, 

highly oxidation or reduction sensitive substrates with sulfide, 

vinyl, or allyl substituent afforded the corresponding phenols 

2v-2x in moderate to good yields, which are not obtained by the 

Pd/O2
10 

or Pd/H2
11

 catalysis (Scheme 4).   

 

entry substrate (3) product (4) yield

4a, 82%1

3

5

OO OHHO

O

O

Ph

HO

HO

Ph 4c, 90%

O OH
4e, 66%a

4b, 87%2 OO OHHO

COOCH3

H3COOC

COOCH3

H3COOC

4
O

O

4d, 26%
OH

OH

Me Me

 
Scheme 5 Metal-free oxidative process for the preparation of 

phenols from cyclohexenones equivalents. Reaction conditions: 3 

(0.5 mmol), I2 (20 mol%), DMSO (1 mL) was stirred at 80 
o
C for 12 h. 

a 
1-iodonaphthalen-2-ol (19%) was also obtained. 

To further examine the scope and limitations of the reaction, we 

tested various cyclohexenones equivalents (Scheme 5). Interestingly, 

cyclohexanediones smoothly underwent the dehydrogenative 

aromatization to afford the corresponding benzenediols 4a-4d with 

DMSO as the oxidant and solvent.
19

 When 2-tetralone was 

employed as the substrate, a moderate yield was obtained for the 

2-naphthol 4e. The further iodination at the electron-rich α-position 

also occurred affording 1-iodonaphthalen-2-ol in 19% yield.
18a

 Note 

that the iodination is not a problematic side reaction in other 

substrates. 

Br Br

OH

Br

OH

O

Me

PhB(OH)2

Suzuki coupling

30%

Suzuki coupling

62%

I2 (20 mol%), DMSO

CH3NO2, 100
oC, 24 h

p-TolB(OH)2

86%

OH

Me

LH antagonist precursor

8 7

5

ref . 18

6

Pd-cat. Pd-cat.

 

Scheme 6 Synthesis of 3-(4’-methylphenyl)-5-phenylphenol. 

It should be mentioned that this protocol establishes more 

efficient and concise synthetic methodologies. For example, 3-

(4’-methylphenyl)-5-phenylphenol 7, the precursor of O-

terphenylcarbamate which was identified as a potent antagonist 

for the human luteinizing hormone (LH) receptor, was prepared 

by traditional Suzuki coupling methods starting from 3,5-

dibromophenol 5 through two steps with low total yield.
20

 By 

the present simple metal-free protocol, 7 could be prepared 

from  readily available 8 in 86% yield (Scheme 6). Notably, the 

boring and strictly Pd-catalyst removal is avoided by the current 

method.
10a

 

 

    We next applied the present method to the diversification 

with bioactive molecul as the substrate. Remarkably, nitisibone 

9, a drug used to slow the effects of hereditary tyrosinemia type 

1,
21

 was proved to be competent to aromatize to afford phenol 

product 10 in 72% yield at 60 
o
C(eq . 1).

22
 This protocol could be 

readily scalable, and when the transformation was scaled up to 

10 mmol with a gram scale, the phenol product 2a was isolated 

in 90% yield (eq. 2). 

 

    A possible reaction pathway is proposed for this 

dehydrogenative aromatization (Scheme 7). Initially, 

cyclohexenone undergoes keto-enol tautomerization to form A,  

followed by electrophilic iodization to afford α-iodo 

cyclohexenone B. The subsequent HI elimination took place to 

form cyclohexadienone intermediate C,
23

 which should quickly 

tautomerize to the phenol product. Then HI could be oxidized by 

DMSO
17,18

 to complete the catalytic cycle.
24
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Scheme 7 Proposed reaction mechanism. 

Conclusions 

In conclusion, we have demonstrated a novel and efficient metal-

free oxidation of cyclohexenones and cyclohexenones equivalents 

to substituted phenols. Various substituents including some easily 

oxidizable or reducible functionalities such as sulfide, vinyl, or allyl 

group could be tolerated in this mild DMSO oxidation. The 

challenging meta-substituted phenols could be well prepared. The 

mild metal-free I2-catalysis makes this protocol very simple, 

practical and easily handled. Further studies of DMSO as an oxidant 

or an oxygen source are ongoing in our group. 
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The simple and readily available I2 catalyst, cheap and common DMSO oxidant could be employed for the transformation of 

cyclohexenones to meta- and multiple-substituted phenols with various functional substituents tolerated. 
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