
RIGHT:
URL:

CITATION:

AUTHOR(S):

ISSUE DATE:

TITLE:Electrochemical intramolecularC[BOND]H amination: synthesis ofbenzoxazoles and benzothiazoles.

Morofuji, Tatsuya; Shimizu, Akihiro; Yoshida, Jun-Ichi

Morofuji, Tatsuya ...[et al]. Electrochemical intramolecular C[BOND]H amination:synthesis of benzoxazoles and benzothiazoles.. Chemistry 2015, 21(8): 3211-3214

2015-01-09

http://hdl.handle.net/2433/198581
This is the peer reviewed version of the following article: Morofuji, T., Shimizu, A. and Yoshida, J.-i. (2015),Electrochemical Intramolecular C[BOND]H Amination: Synthesis of Benzoxazoles and Benzothiazoles. Chem. Eur. J., 21:3211–3214, which has been published in final form at http://dx.doi.org/10.1002/chem.201406398.; 許諾条件により本文ファイルは2016-01-09に公開.; この論文は出版社版でありません。引用の際には出版社版をご確認ご利用ください。;This is not the published version. Please cite only the published version.



COMMUNICATION          

 

 

 

 

Electrochemical Intramolecular C−H Amination: Synthesis of 

Benzoxazoles and Benzothiazoles 

Tatsuya Morofuji, Akihiro Shimizu, and Jun-ichi Yoshida* 

 

Abstract: A new method for metal-free intramolecular C−H 
amination has been developed. Electrochemical oxidation of 2-

pyrimidyloxybenzenes and 2-pyrimidylthiobenzenes, which can be 

easily prepared from phenols and thiophenols, respectively followed 

by the treatment of the resulting pyrimidinium ions with piperidine 

gives 2-aminobenzoxazoles and 2-aminobenzothiazoles, 

respectively. 

C−H amination[1] serves as powerful methods for synthesizing 

nitrogen-containing organic compounds, and a variety of 

transformations have been developed based on transition-

metals,[2] hypervalent iodines,[3] radical species.[4] 

Electrochemical oxidation[5,6] serves as a straightforward method 

for functionalizing C−H bond of aromatic compounds without 

using metal or chemical oxidant.[7] Despite the usefulness of the 

method, it often suffers from overoxidation when the oxidation 

potential of the product is lower than that of the starting 

material,[8] and this is often the case. Therefore, C−H amination 

of aromatic compounds by conventional electrochemical 

oxidation is usually difficult to achieve selectively. To solve the 

problem, we have developed the electrochemical intermolecular 

C−H amination of aromatic compounds via N-arylpyridinium ions 

(Scheme 1a).[9] 
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Scheme 1. Electrochemical C−H amination. (a) Intermolecular approach. (b) 

Intramolecular approach. 

 The key to the success of the method is the intermediacy 

of the electrooxidatively inactive cationic intermediates which 

avoid overoxidation. However, there is another problem, i.e. 

regioselectivity. Sometimes a mixture of regioisomers are 

produced. To solve this problem we envisaged that an 

intramolecularization approach[10] is promising (Scheme 1b). In 

addition, resulting cyclized cationic intermediate could be 

converted to nitrogen containing heteroaromatics. The idea 

works, and we report here the intramolecular electrochemical 

C−H amination that offers an intriguing way of making 

benzoxazoles and benzothiazoles from phenols and thiophenols, 

respectively.[11] 

 We first examined electrochemical oxidation of 2-

phenoxypyridine (1), which can be easily prepared from phenol 

and a halopyridine in one step[12] (Scheme 2). The anodic 

oxidation led to the formation of cyclized pyridinium ion 2, which 

was characterized by NMR. Although treatment of 2 with 

piperidine gave the 2-substituted benzoxazole 3 in 60% yield, 

the synthetic utility of 3 seemed to be limited. 
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Scheme 2. Electrochemical oxidation of 2-phenoxypyridine followed by 

treatment with piperidine. 

 To explore a more useful transformation, we designed a 

transformation using a pyrimidine ring instead of a pyridine ring 

as shown in Scheme 3. The starting 2-pyrimidyloxybenzene (4a) 

was prepared from phenol and 2-bromopyrimidine in one step.12 

The anodic oxidation of 4a gave the cyclized pyrimidinium ion 5a, 

which was characterized by NMR (Figure 1). Treatment of 5a 

with piperidine gave 2-aminobenzoxazole (6a), which constitutes 

a key scaffold in therapeutically important molecules[13,14] in 85% 

yield. The present transformation can be performed on 2.0 mmol 

scale (Table 1, entry 1). 
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Scheme 3. Electrochemical oxidation of 2-pyrimidyloxybenzene followed by 

treatment with piperidine. 
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Figure 1. 1H NMR spectrum of 5a. 

 The following reaction mechanism seems to be reasonable 

(Scheme 4). One electron oxidation of 4a gives the 

corresponding radical cation. The subsequent intramolecular 

attack of the nitrogen atom of the pyrimidine ring followed by 

one-electron oxidation and extrusion of a proton gives cyclized 

cationic intermediate 5a. In the next step, the attack of piperidine 

to the carbon next to the positively charged nitrogen atom of 5a 

followed by the ring opening and the attack of another molecule 

of piperidine on the resulting imine gives 2-aminobenzoxazole 

(6a). Because the oxidation potential of 6a (0.88 V vs 

Ag/AgNO3) is much lower than that of 4a (1.57 V vs Ag/AgNO3), 

intermediacy of the cationic species 5, which is 

electrooxidatively inactive under the conditions, would be critical 

for the success of the reaction.  
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Scheme 4. A mechanism of electrochemical intramolecular C−H amination 

and the subsequent chemical reaction with piperidine. 

As shown in Table 1, the present method is applicable to 

various substituted 2-pyrimidyloxybenzenes to give the 

corresponding 2-aminobenzoxazoles in good yields. o- and p-

Ethoxycarbonyl-substituted phenol derivatives 4b and 4c gave 

the corresponding 2-aminobenzoxazoles 6b and 6c, respectively 

(entries 2 and 3). The reaction of m-methoxycarbonyl-

substituted phenol derivative 4d gave a mixture of two 

regioisomers 6da and 6db (entry 4). The benzylic C-H group 

was not affected as shown in entry 5. The transformation is 

compatible with various functional groups such as halogen, 

trifluoromethyl, cyano, and ketone carbonyl groups (entries 5–

12). 

 
Table 1: Synthesis of 2-aminobenzoxazoles by electrochemical intramolecular 

C−H amination.[a] 

entry starting material product 

electr

icity 

(F) 

yield 

(%)[b] 

1 

O

N

N

4a
 

N

O
NH2

6a
 

2.5 
85 

92[c] 

2 
O

N

N

EtO O

4b
 

N

O
NH2

OEtO

6b
 

2.5 74 

3 

O

N

N

EtO

O 4c
 

N

O
NH2EtO

O 6c
 

2.5 89 

4[d] 

O

N

N
MeO

O

4d
 

N

O
NH2

MeO

O a

b
6da+6db

 

3.0 80 

(a/b= 
1/1.0) 

5[d,e] 
O

N

N

4e
 

N

O
NH2

6e
 

2.5 48 

6 

O

N

N

F
4f

 

N

O
NH2

F
6f

 

2.5 99 

7[d] 

O

N

N

Cl
4g

 

N

O
NH2

Cl
6g

 

2.5 82 

8[d] 

O

N

N

Br
4h

 

N

O
NH2

Br
6h

 

4.0 68 

9[d] 

O

N

N

F3C
4i

 

N

O
NH2

F3C
6i

 

2.5 76 

10 

O

N

N

NC
4j

 

N

O
NH2

NC
6j

 

2.5 78 

11 

O

N

N

O
4k

 

N

O
NH2

O 6k
 

2.5 88 

12 

O

N

N

Ph

O 4l
 

N

O
NH2Ph

O 6l
 

2.5 98 

[a] Compound 4 (0.2 mmol) was oxidized electrochemically in the presence of 

0.6 mmol of K2CO3 in a 0.3 M solution of LiClO4 in CH3CN in an H-type divided 

cell under constant current conditions at room temperature unless otherwise 

stated, and the resulting solution was treated with piperidine (2.0 mmol) at 70 
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ºC. [b] Isolated yields. [c] The transformation was performed on 2.0 mmol 

scale. [d] 1.0 M solution of LiClO4 was used. [e] The electrolysis was carried 

out at 50 ºC. 

 
Table 2: Synthesis of 2-aminobenzothiazoles by electrochemical 

intramolecular C−H amination.[a] 

S

N

N

anodic oxidation

divided cell

carbon fel anode

LiClO4/CH3CN, K2CO3

N

S
NH2

1.

2. piperidine

R R

7 8
 

entry starting material product 

electr

icity 

(F) 

yield 

(%)[b] 

1[c,d] 

S

N

N

7a
 

N

S
NH2

8a
 

2.5 73 

2 

S

N

N

EtO

O 7b
 

N

S
NH2EtO

O 8b
 

4.0 68 

3 

S

N

N

F
7c

 

N

S
NH2

F
8c

 

2.5 72 

4[c,d] 

S

N

N

F3C
7d

 

N

S
NH2

F3C
8d

 

2.5 84 

5[c] 

S

N

N

NC
7e

 

N

S
NH2

NC
8e

 

2.5 75 

6 

S

N

N

Ph

O 7f
 

N

S
NH2Ph

O 8f
 

2.5 80 

[a] Compound 7 (0.2 mmol) was oxidized electrochemically in the presence of 

0.6 mmol of K2CO3 in a 0.3 M solution of LiClO4 in CH3CN in an H-type divided 

cell under constant current conditions at room temperature unless otherwise 

stated, and the resulting solution was treated with piperidines (2.0 mmol) at 70 

ºC. [b] Isolated yields. [c] 1.0 M solution of LiClO4 was used. [d] The 

electrolysis was carried out at 50 ºC. 

 

 Next, we examined the reaction of 2-

pyrimidylthiobenzenes 7, which were prepared from thiophenols 

and a halopyrimidine or from aryl halides and 2-pyrimidinethiol in 

one step.[15] Electrochemical oxidation of 7 and the subsequent 

chemical reaction with piperidine gave 2-aminobenzothiazoles 8, 

which also serve as an intriguing motif in medicinal chemistry.[16] 

The results are summarized in Table 2. Notably, 2-

aminobenzothiazoles are often used as precursors of 2-

aminothiophenols, which are important intermediates for 

synthesis of bioactive molecules.[17] 

The most popular protocols for synthesizing benzoxazoles 

and benzothiazoles involve the condensation of 2-aminophenol 

and 2-aminothiophenol, respectively, with either a carboxylic 

acid or aldehyde followed by intramolecular cyclization.[18] 

Although protocols based on cyclization using C−H 
functionalization have also been developed,[19] most of them 

involve intramolecular C−O or C−S coupling, and therefore 
aniline derivatives are required as starting materials. 

In contrast, only a few examples that employ 

intramolecular C−H amination (C−N coupling) of substrates 
derived from phenols for constructing benzoxazoles have been 

reported. In 2011, Punniyamurthy and coworkers reported 

copper catalyzed intramolecular C−H amination of bisaryloxime 
ether to give 2-arylbenzoxazoles.[11] Although the method is 

useful for synthesizing 2-arylbenzoxazoles, multistep 

preparation of starting bisaryloxime ethers is required. In 

addition, the method cannot be applied to the synthesis of 

benzothiazoles. To the best of our knowledge, no example 

employs intramolecular C−H amination of thiophenol derivatives 
for constructing benzothiazoles. The present electrochemical 

transformation serves as a simple and powerful route to 

benzoxazoles and benzothiazoles via intramolecular C−H 
amination. 

In conclusion, we have developed a powerful method for 

intramolecular C−H amination of aromatic compounds using the 

electrochemical method. The present method provides metal- 

and chemical-oxidant-free routes to the benzoxazoles and 

benzothiazoles having a variety of functionality. Currently, we 

are working to expand the scope of the present method for the 

synthesis of other nitrogen containing heterocyclic compounds. 

Experimental Section 

The anodic oxidation was carried out using an H-type divided cell (4G 

glass filter) equipped with a carbon felt anode (Nippon Carbon JF-20-P7, 

ca. 160 mg, dried at 300 °C/1 mmHg for 4 h before use) and a platinum 

plate cathode (20 mm × 20 mm). In the anodic chamber was placed a 

solution of 4 (0.20 mmol) and K2CO3 (0.60 mmol) in LiClO4/CH3CN (0.3 

M or 1.0 M, 10.0 mL). In the cathodic chamber were placed 

trifluoromethanesulfonic acid (150 µL) and LiClO4/CH3CN (0.3 M or 1.0 M, 

10.0 mL). The constant current electrolysis (8.0 mA) was carried out at 

room temperature or at 50 °C with magnetic stirring. After the electrolysis 

(2.5 − 4.0 F), piperidine (200 µL, 2.0 mmol) was added to the anodic 

solution. The resulting solution in the anodic chamber was transferred to 

a round-bottom flask and was heated at 70 °C with stirring for 3 h. After 

removal of the solvent under reduced pressure, H2O (20 mL) and ethyl 

acetate (10 mL) were added. The mixture was extracted with ethyl 

acetate/hexane (2/1) (20 mL x 3), and the combined extracts were 

washed with water (20 mL) and brine (20 mL), and was dried over 

Na2SO4. After removal of the solvent under reduced pressure, the crude 

product was purified with flash chromatography or preparative GPC to 

obtain 6. 
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