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Synthesis of Benzoxazoles via the Copper-Catalyzed 
Hydroamination of Alkynones with 2-Aminophenols
Kohei Oshimoto, Hiroaki Tsuji* and Motoi Kawatsura*

We describe herein the synthetic method of benzoxazole 
derivatives via the copper-catalyzed hydroamination of 
alkynones with 2-aminophenols.  The method produced a wide 
variety of functionalized benzoxazole derivatives in good yields.  
Preliminary mechanistic experiments revealed that the reaction 
would proceed through the copper-catalyzed hydroamination of 
alkynones and the sequential intramolecular cyclization of -
iminoketones/elimination of acetophenone promoted by the 
copper catalyst.   

Benzoxazoles have been proven to be important structural 
units that are found in pharmacologically active compounds1 
and fluorescent materials.2  Therefore, considerable efforts 
have been devoted to the development of efficient methods 
for the synthesis of benzoxazoles.3,4  The major strategies 
accessing to benzoxazoles are as follows: (1) condensation of 
carboxylic acids and its derivatives with 2-aminophenols,5 (2) 
oxidative cyclization of a phenolic Schiff base intermediate,6 
(3) metal-catalyzed oxidative intramolecular C-O coupling of 
2-haloanilides and their analogues,7 (4) metal-catalyzed direct 
C-H arylation reaction.8  However, these synthetic methods 
often require harsh reaction conditions (e.g. high reaction 
temperature,5a,5b,5e,5g the use of acidic activators5b,5d,5e and 
oxidants6a–d,6f,6h–k,6m,6p).  Therefore, developing an efficient 
and versatile method for the synthesis of benzoxazoles is still 
a significant research subject in the field of synthetic organic 
chemistry.  
The transition-metal-catalyzed hydroamination of carbon-
carbon multiple bonds provides a straightforward method for 
the synthesis of a wide variety of functionalized amine 
derivatives.9 In 2003, Yamamoto and co-workers revealed 
that the use of 2-aminophenols in the ruthenium- or 
palladium-catalyzed hydroamination of diynes led to the 

formation of two different benzoxazoles depending on the 
relative size of R1 and R2 (Scheme 1a, eq 1).10  Later, Pan, 
Liang and co-workers achieved the synthesis of benzoxazoles 
via the palladium-catalyzed hydroamination of alkynes with 
2-aminophenols (Scheme 1a, eq 2).11  However, this method 
yields a mixture of two different benzoxazoles due to the low 
regioselectivity during the hydroamination reaction of 
unsymmetrical internal alkynes. On the other hand, we 
recently reported the copper-catalyzed intermolecular 
hydroamination of internal alkynes with anilines and amines, 
providing the corresponding hydroamination products in high 
yields.12 During the course of this study, we have found that 
the reaction of alkynones with 2-aminophenols in the 
presence of a copper catalyst proceeded to give

Scheme 1 a) Examples for the synthesis of benzoxazoles via transition-metal-
catalyzed hydroamination of alkynes with 2-aminophenols.  b) This work
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the 2-substituted benzoxazoles in good yields.13  Herein, we 
present a synthetic method of benzoxazoles via the copper-
catalyzed hydroamination of alkynones with 2-aminophenols 
(Scheme 1b).

We initially examined the reaction of alkynes containing a 
trifluoromethyl group (1) or an ethyl ester group (2) with 2-
amino-4-methylphenol (5a) in the presence of 10 mol% of 
Cu(OTf)2 in o-xylene at 120 ˚C (Table 1, entries 1 and 2).  We 
confirmed the formation of benzoxazole 6aa in moderate 
yields.  These results led us to investigate further 
optimization of the reaction conditions to establish an 
efficient synthetic method of the benzoxazoles.  Replacement 
of the ester group by an acetyl group (3) did not affect the 
reaction efficiency (Entry 3).  Fortunately, the reaction of 
alkynone 4a bearing a benzoyl group with 5a afforded the 
desired product 6aa in 89% isolated yield (Entry 4).  
Furthermore, the loading amount of the catalyst could be 
decreased to 5 mol% without loss of the catalytic 
performance (Entry 5).  Based on 1H NMR analyses of the 
crude reaction mixture, we confirmed the formation of 
acetophenone (Mechanistic details, see: Scheme 3).   We also 
tested the other copper species as the catalysts under the 
same reaction conditions (Entries 6–11).  The catalytic activity 
of Cu(OTf)•toluene was comparable to that of Cu(OTf)2, 
whereas the use of CuCl, CuI, CuTC, CuCl2, and CuBr2 led to 
the decreased yield of 6aa.  The reaction of 4a with 5a at 100 
˚C or 80 ˚C was sluggish, yielding benzoxazole 6aa in low 
yields (Table 1, entries 12 and 13).  When the reaction of 4a 
with 5a was carried out in the absence of Cu(OTf)2, the yield 
of benzoxazole 6aa decreased to 34% yield (Table 1, entry 
14).  We assume that the conjugate addition of 5a to 4a14 

Table 1 Optimization of reaction conditionsa

entry X [Cu] yield of 6aa (%)b

1 CF3 (1) Cu(OTf)2 (10 mol%) 55c

2 CO2Et (2) Cu(OTf)2 (10 mol%) 51c

3 COMe (3) Cu(OTf)2 (10 mol%) 54
4 COPh (4a) Cu(OTf)2 (10 mol%) 89
5 COPh (4a) Cu(OTf)2 (5 mol%) 91
6 COPh (4a) CuOTf•tol (5 mol%) 87
7 COPh (4a) CuCl (5 mol%) 82c

8 COPh (4a) CuI (5 mol%) 80c

9 COPh (4a) CuTC (5 mol%) 77c

10 COPh (4a) CuCl2 (5 mol%) 72c

11 COPh (4a) CuBr2 (5 mol%) 85c

12d COPh (4a) Cu(OTf)2 (5 mol%) 26
13e COPh (4a) Cu(OTf)2 (5 mol%) 7
14 COPh (4a) – 34

aReaction conditions: 1–4a (0.3 mmol), 5a (0.36 mmol), Cu(OTf)2 (0.015 mmol) 
in o-xylene (0.6 mL) at 120 ˚C for 19 h.  bIsolated yield.  cNMR yield (CH2Br2 was 
used as an internal standard).  dat 100 ˚C.  eat 80 ˚C.  

followed by the intramolecular cyclization would occur to 
give 6aa.   

With the optimized reaction conditions in hand, several 2-
aminophenol derivatives 5 were employed for the reaction 
with alkynone 4a (Table 2). Acetophenone generated from 
the catalysis (See, Scheme 3 for details) was reduced with 
NaBH4 in some cases, because the benzoxazoles 6 and 
acetophenone were inseparable by preparative tin-layer 
chromatography.  2-Aminophenol (5b) was reacted with 
alkynone 4a under the optimized reaction conditions to give 
benzoxazole 6ab in 82% yield, and the reaction could be 
scaled up without any loss of the catalytic performance 
(Table 2, entries 1 and 2).  2-Aminophenols having methyl 
groups at the 5, 3, or 6 position underwent the reaction to 
give the corresponding benzoxazoles 6ac–ae in 67–95% yields 
(Entries 3–5).  Electron-donating and -deficient substituents 
(OMe, CF3) did not affect the reaction efficiency, furnishing 
6af and 6ag in 84% and 76% yield, respectively (Entries 6 and 
7).  The reaction of alkynone 4a with o-aminophenols 5h–k 
bearing chloro and bromo atoms afforded 6ah–ak in 74–83% 
yields (Entries 8–11).  We observed a small amount of 
debrominated product 6ab in the reactions of 5j and 5k.15 
When aminophenol 5l having a phenyl substituent at the 4 
position on the phenyl ring was used, desired product 6al was 
obtained in 57% yield (Table 3, entry 12).  

We next investigated the reaction of the alkynones 4 
bearing various substituents with 2-amino-4-methylphenol 
(5a) using the copper catalyst system (Table 3).  We obtained 
the desired benzoxazoles 6 as a mixture with 

Table 2 Scope of 2-aminophenols 5a

entry 5 R 6 yield (%)c

1b 5b H 6ab 82
2b,d 5b H 6ab 79
3b 5c 5-Me 6ac 73
4 5d 3-Me 6ad 95
5b 5e 6-Me 6ae 67
6 5f 4-CF3 6af 84
7 5g 4-MeO 6ag 76
8b 5h 5-Cl 6ah 82
9b 5i 4-Cl 6ai 83
10b 5j 5-Br 6aj 76e

11b 5k 4-Br 6ak 74
12b 5l 4-Ph 6al 57

aReaction conditions: 4a (0.3 mmol), 5 (0.36 mmol), Cu(OTf)2 (0.015 mmol) in o-
xylene (0.6 mL) at 120 ˚C for 19 h. bReaction conditions: 4a (0.3 mmol), 5 (0.36 
mmol), Cu(OTf)2 (0.015 mmol) in o-xylene (0.6 mL) at 120 ˚C for 19 h, then 
NaBH4 in MeOH was added to the resulting mixture at room temperature. 

cIsolated yield. d1 mmol of 4a was used.  eAs a 90:10 mixture of 6aj:6ab.  
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a small amount of 6aa in some cases.16 The effect of a wide 
variety of para-substituents on their phenyl rings was 
evaluated (Table 3, entries 1–9).  The reaction of alkynones 
4b–e bearing electro-donating (Me, t-Bu, MeO) and -
withdrawing (CF3) substituents with 5a proceeded to give the 
corresponding benzoxazoles 6ba–ea in 50–76% yields (Entries 
1–4).  The reaction of alkynone 4g bearing a fluoro 
substituent on the phenyl ring afforded benzoxazole 6ga in 
74% yield (Entry 6).   When the reaction of alkynone 4h 
having a bromo atom was conducted under the reaction 
conditions, the desired product 6ha was obtained in 69% 
yield as a 86 : 14 mixture of 6ha : 6aa (Entry 7).  The use of 
cyano, acetyl, and ester group-substituted alkynones 4f, 4i, 
and 4j resulted in diminished yields (Entries 5, 8, 9).  Various 
meta- and ortho-substituents on the phenyl ring were 
tolerated under the reaction conditions to give the 
benzoxazoles 6ka–na in 65–82% yields (Entries 10–13).  The 
reaction of alkynones 4o and 4p resulted in low yields 
(Entries 14 and 15).  The present method could be applicable 
to the reaction of alkynones 4q and 4r having alkyl groups, 
furnishing the desired benzoxazoles 6qa and 6ra in 82% and 

Table 3 Scope of alkynones 4a

entry 4 R 6 yield (%)c

1b 4b 4-MeC6H4 6ba 76d

2b 4c 4-t-BuC6H4 6ca 56
3b 4d 4-MeOC6H4 6da 66
4b 4e 4-CF3C6H4 6ea 50
5b 4f 4-CNC6H4 6fa 26
6 4g 4-FC6H4 6ga 74e

7b 4h 4-BrC6H4 6ha 69f

8 4i 4-AcC6H4 6ia 23
9b 4j 4-CO2EtC6H4 6ja 19
10 4k 3-MeC6H4 6ka 82g

11b 4l 3-MeOC6H4 6la 68
12b 4m 3-CF3C6H4 6ma 65h

13 4n 2-MeC6H4 6na 70
14 4o 1-Naphthyl 6oa 15
15b 4p 2-thienyl 6pa 30i

16 4q Cyclohexyl 6qa 82j

17 4r PhCH2CH2 6ra 62
18 4s H 6sa –

aReaction conditions: 4 (0.3 mmol), 5a (0.36 mmol), Cu(OTf)2 (0.015 mmol) in o-
xylene (0.6 mL) at 120 ˚C for 19 h.  bReaction conditions: 4a (0.3 mmol), 5 (0.36 
mmol), Cu(OTf)2 (0.015 mmol) in o-xylene (0.6 mL) at 120 ˚C for 19 h, then 
NaBH4 in MeOH was added to the resulting mixture at room temperature. 

cIsolated yield. dAs a 90 : 10 mixture of 6ba : 6aa. eAs a 74 : 26 mixture of 6ga : 
6aa (determined by a GC-MS analysis). fAs a 87 : 13 mixture of 6ha : 6aa. gAs a 
95 : 5 mixture of 6ka : 6aa. hAs a 92 : 8 mixture of 6ma : 6aa. iAs a 99 : 1 mixture 
of 6pa : 6aa. jAs a 93 : 7 mixture of 6qa : 6aa. 

62% yield, respectively (Entries 16 and 17). Unfortunately, 
the desired product was not formed by the reaction of 
alkynone 4s bearing a terminal alkyne group (Entry 18).

We examined the preliminary mechanistic experiments to 
elucidate the reaction mechanism of the present copper 
catalysis (Scheme 2).  The reaction of alkynone 4a with o-
anisidine was conducted under the optimized reaction 
conditions to give hydroamination product 7 in 66% yield 
(Scheme 2a).  On the other hand, the yield of 7 decreased to 
7% without use of the copper catalyst.  These results show 
that the hydroamination process would proceed by the 
copper catalysis.  When hydroamination product 8 was 
subjected to the catalyst system, benzoxazole 6ab was 
obtained in 69% yield (Scheme 2b).  Although the 
transformation of 8 to 6ab proceeded in the absence of the 
copper catalyst, 6ab was formed in diminished yield.  These 
results imply that the transformation of 8 to 6ab may be 
promoted by the copper catalyst.  

Based on the results of the preliminary mechanistic 
experiments and previously proposed mechanism for the 
synthesis of benzoxazoles via the transition-metal-catalyzed 
hydroamination of the alkynes,10,11 we show the possible 
reaction pathway of the present copper catalysis in Scheme 
3. Initially, the copper-catalyzed hydroamination of alkynone 
4a with 2-aminophenol 5b occurs to give hydroamination 
product A. The subsequent tautomerization of A produces -
iminoketone B. The intramolecular cyclization of B, which 
seems to proceed via intermediate C, followed by the retro-
Mannich-type reaction of intermediate D would occur to give 
benzoxazole 6ab along with the formation of acetophenone.  

Scheme 2 Preliminary mechanistic experiments
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Scheme 3 Proposed reaction pathway

Conclusions
We have developed the synthetic method of benzoxazole 
derivatives via the copper-catalyzed hydroamination of 
alkynones with 2-aminophenols.  The method can be 
applicable to the synthesis of a wide range of functionalized 
benzoxazole derivatives in good yields.  Preliminary 
mechanistic experiments showed that the copper catalyst 
would be involved in the hydroamination of alkynones with 
2-aminophenos and the sequential intramolecular cyclization 
of -iminoketones/elimination of acetophenone processes.  
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