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Abstract: Benzoxazoles extensively exist in biologically 
active compounds, natural products, pharmaceuticals and 
functional materials. Thus, facile and green synthesis of 
such valuable compounds from easily available 
substrates will make a contribution to drug, material, and 
fine chemistry. A method for the synthesis of 
benzoxazoles from catechols, aldehydes and ammonium 
acetate is developed using NaIO4 as oxidant under metal- 
and additive-free conditions. A broad range of 
benzoxazoles including some fluorescent whitening 
agents, JTP-426467 and tafamidis analogues are 
synthesized in 56–95% yields with outstanding 
functional group tolerance. Mechanistic investigations 
suggest that an interesting o-iminocyclohexa-diene 
alcohol intermediate is involved in the reaction. These 
salient features of the protocol make it an alternative for 
the synthesis of benzoxazoles. 

Keywords: metal-free; oxidative condensation; 
benzoxazole; catechol; aldehyde 

 

Benzoxazoles are a class of ubiquitous structural 
motifs in biologically active compounds, natural 
products, pharmaceuticals and functional materials 
(Figure 1).[1] For example, tafamidis was approved as 
the first agent for the treatment of cardiomyopathy by 
the U.S. Food and Drug Administration (FDA) in 
2019. Before this, it had been registered as a drug for 
familial amyloid polyneuropathy.[2] Medicinal 
chemistry applications of benzoxazoles also include 
anti-inflammatory drug flunoxaprofen and selective 
antagonist JTP-426467, etc.[3-5] In addition, 
fluorescent whitening agents such as OB, EBF, and 
KCB which contain benzoxazoles have been 
extensively applied in various fields.[6] 

Traditional methods for the synthesis of 
benzoxazoles mainly rely on the following two 
strategies: (1) condensation of 2-aminophenols with 
carboxylic acid derivatives;[7] and (2) intermolecular 

 

Figure 1. Representative Benzoxazole Derivatives. 

coupling of halogenated aromatics with nitrogen-
containing compounds (Scheme 1A).[8] Although 
these methods are well developed and are frequently 
applied,[9] the preparations of amino or halogenated 
substrates involve the explosive nitrification, the 
toxic halogenation, harsh reaction conditions (high 
reaction temperatures, stoichiometric amounts of 
strong acids or bases) and/or transition-metal 
catalysts. These run counter to the requirements of 
modern green chemistry.[10] Therefore, the synthesis 
of such valuable compounds from green and easily 
available substrates under mild reaction conditions is 
highly desirable,[11] which will make a great 
contribution to drug, material, and fine chemistry. 

Catechols are structurally diverse (more than 
300000 compounds containing a catechol component) 
and widely exist in various natural products, 
bioactive molecules, and drugs.[12] This type of 
compounds can be synthesized from phenol by 
oxidation or from glucose via microbial catalysis.[13] 
Thus, the synthesis of complex functional molecules 
by using these green and easily available chemicals 
as substrates is of great significance. In 2015, we 
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Scheme 1. Strategies toward Benzoxazoles 

reported a CuBr catalyzed condensation of catechols 
with amines to construct benzoxazoles.[14] Afterwards, 
other methods for constructing benzoxazoles from 
catechols by Cu or Fe catalysis were also successfully 
developed.[15,16] However, the use of transition metals 
is sometimes toxic and may leave toxic traces of 
metals in the products, especially for the N-
heterocycles, which makes the procedure hard to 
handle. 

With our continuous interest in the synthesis of 
benzoxazoles,[14,17] herein, we describe an efficient 
synthesis of benzoxazoles via oxidative condensation 
of catechols with aldehydes and ammonium acetate 
(NH4OAc, Scheme 1B). The reaction proceeds under 
mild conditions without the assistance of any metal 
and additive, which produces various benzoxazoles in 
totally high to excellent yields with compatibility of 
many sensitive functional groups, such as OH, NHR, 
COOH, and alkynyl groups, as well as drug 
analogues and fluorescent brighteners. Other than the 
known methods,[14-18] this reaction probably proceeds 
via an interesting o-iminocyclohexa-diene alcohol 
intermediate. Therefore, this protocol is highly 
appealing and practical. 

We initially used NH4Cl as the nitrogen source, 
3,5-di-tert-butyl catechol (1a) and benzaldehyde (2a) 
as the test substrates for the optimization of reaction 
conditions. When the reaction was carried out in the 
presence of DDQ and NaOH in ethyl acetate (EA) at 
50 °C for 3 h under nitrogen atmosphere, the desired 
oxidative condensation product (3a) was obtained in 
50% yield (Table 1, entry 1). Other oxidants such as 
NaIO4, K2S2O8, PhI(OAc)2, H2O2, KBrO3, NaIO3, 
Oxone, NaOCl, and Chloramine-T were examined 
(Table 1, entries 2–10), and a respectable yield (80%) 
of the desired product was gained using NaIO4 as 
oxidant (Table 1, entry 2). Scanning on nitrogen 
sources (NH4OAc, HCOONH4, and NH3∙H2O) 
revealed that NH4OAc (Table 1, entry 11) is superior 
to the others. Notably, due to easy decomposition of  

Table 1. Optimization of the Reaction Conditionsa) 

 

Entry Oxidation [NH3] Solvent Yield 
(%)b) 

1 DDQ NH4Cl EA 50 

2 NaIO4 NH4Cl EA 80 (0c) 

3 K2S2O8 NH4Cl EA 53 

4 PhI(OAc)2 NH4Cl EA trace 

5 H2O2 NH4Cl EA trace 

6 KBrO3 NH4Cl EA 20 

7 NaIO3 NH4Cl EA 9 

8 Oxone NH4Cl EA 21 

9 NaOCl NH4Cl EA trace 

10 Chloramin

e-T 

NH4Cl EA 52 

11 NaIO4 NH4OAc EA 84 (92c) 

12 NaIO4 NH4HCO2 EA 37 (56c) 

13 NaIO4 NH3·H2O EA 47 (48c) 

14c) NaIO4 NH4OAc CH3CN 83 

15c) NaIO4 NH4OAc CHCl3 86 

16c) NaIO4 NH4OAc DMF 91 

17c) NaIO4 NH4OAc DCE 82 

18c) NaIO4 NH4OAc THF 90 

19c) NaIO4 NH4OAc dioxane 91 

20c) NaIO4 NH4OAc ether 84 

21c) NaIO4 NH4OAc toluene 69 

22c) NaIO4 NH4OAc hexane 33 

23c) NaIO4 NH4OAc EtOH 52 

24d) NaIO4 NH4OAc EA 70 

25e) NaIO4 NH4OAc EA 87 

26f) NaIO4 NH4OAc EA 63 

27g) NaIO4 NH4OAc EA 40 

28h) NaIO4 NH4OAc EA 58 

29i) NaIO4 NH4OAc EA 88 

30j) NaIO4 NH4OAc EA 82 
a) Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), 

oxidant (0.4 mmol), [NH3] (0.4 mmol) and NaOH 

(0.4mmol) in the solvent (2 mL) at 50 °C under N2 for 3 h. 
b) GC yield using tridecane as an internal standard. c) 

Without NaOH. d) 30 °C. e) 70 °C. f) NaIO4 (0.2 mmol). g) 

NH4OAc (0.2 mmol). h) 2a (0.2 mmol). i) Air. j) O2. 

NH4OAc, HCOONH4, and NH3∙H2O to release NH3, 
higher yields without NaOH were observed (48%–92% 
vs 37%–84%, entries 11–13). We then sought to 
study the effect of solvents on the transformation. 
Interestingly, polar solvents such as acetonitrile 
(CH3CN, 83% yield), chloroform (CHCl3, 86% yield), 
N,N-dimethylformamide (DMF, 91% yield), 1,2-
dichloroethane (DCE, 82% yield), tetrahydrofuran 
(THF, 90% yield), 1,4-dioxane (91% yield), and ether 
(84% yield) were proved to be favorable for this 
transformation (Table 1, entries 14–20), which allows 
the reaction to proceed smoothly in a variety of 
solvent environments. Less polar solvents (such as 
toluene and n-hexane) and protic solvents (such as 
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ethanol) were found to have a detrimental effect on 
the transformation (Table 1, entries 21–23). The 
reaction was also influenced by the reaction 
temperature, and no better results were obtained at 
the temperature lower or higher than 50 °C (Table 1, 
entries 24 and 25). Then, we attempted to reduce the 
loading of 2a, NaIO4 and NH4OAc, but lower yields 
of 3a were observed (Table 1, entries 26–28). 
Notably, the reaction provided slightly lower yields 
in air (88%) and O2 (82%) to that in an inert 
atmosphere (Table 1, entries 29 and 30). This good 
compatibility of air and O2 demonstrated the easy 
operation of this condensation reaction. 

With the optimized conditions in hand, we 
investigated the scope and generality of the reaction. 
As shown in Table 2, this metal- and additive-free 
three-component condensation reaction exhibited a 
wide scope of substrates and an outstanding tolerance 
for functional groups, producing various 

benzoxazoles in high to excellent yields, regardless of 
electronic effects and positions of substituents on 
aldehyde skeletons. For aryl aldehydes, electron-
donating benzaldehydes reacted with catechol 1a 
efficiently and delivered the target products (3b-d) in 
excellent yields (92–94%). A variety of important 
electron-withdrawing groups such as F (3e, 91% 
yield), Cl (3f, 92% yield; 3g, 91% yield; 3h, 90% 
yield), Br (3i, 92% yield), I (3j, 88% yield), CN (3k, 
91% yield), CF3 (3l, 87% yield), NO2 (3m, 88% 
yield), and CO2Me (3n, 92% yield) groups were well 
tolerated in this system, enabling further possible 
functionalization at these positions. Notably, sensitive 
hydroxyl (3o, 87% yield; 3p, 65% yield), carboxyl 
(3q, 82% yield) and amine (3r, 85% yield) groups, 
which are easily affected in metal-promoted reactions 
by chelation, were found to be compatible in this 
reaction as well. Alkynyl group that is vulnerable 
under the oxidative conditions was also amenable in  

Table 2. Metal- and Additive-Free Condensation Reactions of Catechols with Various Aldehydes and NH4OAca) 

 
a) Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol), NaIO4 (2.0 equiv) and NH4OAc (2.0 equiv) in the EA (2 mL) at 50 °C 

under N2 for 3 h. Isolated yields. b) 5 mmol scale. c) Using paraformaldehyde as substrate. d) 100 °C. 
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this protocol, giving the product (3s) in excellent 
yield (91%). Besides simple aryl aldehydes, 1- 
naphthaldehyde (3t) and 1,4-benzodioxin-6-
carboxaldehyde (3u) were also good substrates for 
the reaction, which gave the corresponding products 
in 91% and 83% yields, respectively. Expectedly, 
heteroaryl aldehydes, such as furyl (3v, 90% yield), 
thienyl (3w, 88% yield), pyridyl (3x, 74% yield) and 
carbazolyl (3y, 80% yield) were all tolerable in the 
metal-free system. Alkyl aldehydes such as n-hexanal 
(3z, 74% yield), isovaleraldehyde (3aa, 65% yield), 
phenylpropanal (3ab, 75% yield), cyclohexyl 
formaldehyde (3ac, 69% yield), and pivalaldehyde 
(3ad, 95% yield) all gave the desired products in 
good to excellent yields. In addition, the reaction of 
catechol 1a with paraformaldehyde could also furnish 
the desired product (3ae) in 63% yield. 

Because of outstanding functional group tolerance 
and the widespread presence and easy availability of 
aldehydes, this protocol provides a possibility for the 
synthesis of a broad range of functional molecules 
containing benzoxazole skeletons without functional 

group restrictions, which cannot be easily obtained in 
aliphatic amines-involved reactions.[11,14-17] 

Catechols with different substituted groups were 
also synthesized and investigated. 3,5-Disubstituted 
catechols could be well tolerated and gave the desired 
benzoxazole derivatives (3af and 3ag) in 95% and 
91% yield, respectively. Also, 4-(tert-butyl)-5-
methylbenzene-1,2-diol could react with 
benzaldehyde and NH4OAc, affording the 
corresponding benzoxazole 3ah in 85% yield. Mono-
substituted catechols with tert-butyl and methoxy 
were tested and proved to be applicable to this 
reaction (3ai, 87% yield; 3aj, 56% yield). The low 
yield of 3aj may be attributed to its low reactivity and 
stability of 3-methoxycatechol. Unfortunately, 
catechols with electron-withdrawing groups (such as 
p-Br and p-NO2), 1,2,4-trihydroxybenzene and 2-
mecaptophenol were ineffective in this reaction. 

Besides, polyaldehydes such as terephthalaldehyde, 
1,4-naphthalenedicarboxyaldehyde, and benzene-
1,3,5-tricarbaldehyde also showed good reactivity, 
which furnished the corresponding bi- and trimeric 
benzoxazoles in good to high yields (3ak–an,  

 

Scheme 2. Cyclization of Polyaldehydes. a) Yield based on catechols 1; b) Yield based on aldahydes 2. 
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Scheme 3. Synthesis of JTP-426467 and Tafamidis Analogues 

Scheme 2a-c). As far as we know, this is the first 
report for the synthesis of trimeric benzoxazole 
skeletons like 3an. Notably, these structures hold 
special fluorescent properties, which have been 
utilized as fluorescent whitening agents and in the 
preparation of hole-transporting protective layers.[19] 
To further explore the utility of this mild protocol, the 
one-pot condensation reaction was carried out at 
gram scale. As shown in Scheme 2d, the commercial 
fluorescent whitening agent OB (3ao) could be easily 
prepared in 75% yield (1.62 g) at 5 mmol scale using 
4-tert-butyl catechol, NH4OAc and 2,5-
thiophenedicarboxaldehyde as substrates. Notably, 
this procedure avoided the utility of o-aminophenol, 
which requires nitration of phenol and followed 
reduction in its preparation. In addition, the resulted 
iodate was easily recovered due to its insolubility in 
the reaction system. Thus, it is a good alternative to 
the synthesis of fluorescent whitening agent OB. 

Finally, the current methodology was applied to 
synthesize pharmacologically active drug analogues. 
JTP-426467 is a selective antagonist for the 
peroxisome proliferator-activated receptor. When 
catechol 1c was reacted with 2f under the optimized 
conditions, JTP-426467 analog 3ap was obtained in 
77% yield (Scheme 3a). Additionally, tafamidis 
analogues 4a and 4b could also be synthesized by 
oxidation of the corresponding condensation products 
(3ah and 3aq) in 64% and 58% yields, respectively 
(Scheme 3b). The above results well demonstrated 
the synthetic value of this method in organic 
synthesis, as well as chemical and pharmaceutical 
industry. 

To gain an insight into the reaction mechanism, 
several control experiments were carried out (Scheme 
4). Generally, the oxidative condensation of catechols 
proceeds via cyclohexa-3,5-diene-1,2-diones.[11,14,16-

19] And 3,5-di-tert-butyl catechol 1a could be easily 
oxidized to 3,5-di-tert-butylcyclohexa-3,5-diene-1,2-
dione (5) in the presence of NaIO4 (Scheme 4a). 
However, direct reaction of 5 with NH4OAc and 
benzaldehyde gave 3a in 59% yield, with 

concomitantly producing 5,7-di-tert-butyl-2-phenyl-
1H-benzo[d]imidazole (6) in 36% yield. Higher 
loading of NH4OAc and benzaldehyde led to the 
higher selectivity of 6 (63% yield, Scheme 4b). In 
sharp contrast, compound 6 was detected in trace  

 

Scheme 4. Control Experiments 
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Scheme 5. Possible Reaction Mechanism 

(3%) in the reaction system. And the higher loading 
of NH4OAc and benzaldehyde (5 equiv) gave the 
lower yield of 6 (<1%, Scheme 4c). Thus cyclohexa-
3,5-diene-1,2-dione was not the main intermediate. 

To trap the possible intermediate, a reductant 
(NaBH4, 2.2 equiv) was added to the reaction system 
portionwise over a period of 30 minutes (6 times) 
after stirring the reaction mixture for 2 h, and 2-
amino-4,6-di-tert-butylphenol (8) was observed in 
11% yield (Scheme 4d). Therefore, the o-
iminocyclohexa-diene alcohol (7) that was probably 
formed by the condensation of mono-quinone with 
NH4OAc may serve as an intermediate. 
Phenylmethanimine (9) that is formed by the 
condensation of benzaldehyde with NH4OAc was a 
possible intermediate for the reaction,[15a] but it was 
not detected in the reaction system, nor its reduction 
product benzylamine (10, Scheme 4e and f). These 
results suggested that o-iminocyclohexa-diene 
alcohol (7) rather than phenylmethanimine (9) may 
serve as an intermediate for this reaction. Notably, 
this type intermediate is unprecedented in the 
synthesis of benzoxazoles. Radical inhibitors, such as 
2,2,6,6-tetramethylpiperidine N-oxide (TEMPO), 2,6-
di-tert-butyl-4-methylphenol (BHT), 1,1-
diphenylethylene, and isopropyl alcohol, could hardly 
block this reaction, suggesting that the free-radical 
mechanism wasn't involved in this reaction (Scheme 
4g). 

On the basis of the experimental results above and 
literature precedent, a possible mechanism is 
illustrated in Scheme 5. Initially, mono-quinone I is 
formed by oxidation of catechols 1 in the presence of 
NaIO4, which is condensed with NH4OAc to generate 
o-iminocyclohexa-diene alcohol II. Then, the 
nucleophilic attack of II at aldehydes 2 leads to the 
formation of intermediate III. Imine intermediate IV 
is produced by the dehydration of III and followed an 
intramolecular cyclization of IV affords intermediate 
V. Finally, the desired benzoxazole 3 is produced via 
the oxidative dehydrogenation of V. Additionally, the 
reaction may involve a very minor path by the 
condensation of cyclohexa-3,5-diene-1,2-dione VI 
with NH4OAc and aldehydes 2. 

In summary, we have successfully developed an 
method for the synthesis of benzoxazoles using 
catechols, aldehydes, and NH4OAc as the substrates 
under metal- and additive-free conditions. A broad 
range of benzoxazoles, as well as bi-, and trimeric 

benzoxazoles, fluorescent whitening agent OB, JTP-
426467 analog and tafamidis analogues are 
synthesized in 56–95% yields. Due to the very simple 
and mild reaction conditions, this reaction exhibits 
sensitive functional group tolerance. Many functional 
groups, such as NO2, CF3, OH, NHR, COOH, and 
alkynyl groups, furyl, thienyl, pyridyl, and carbazolyl 
are transferred to the desired products. In addition, 
aliphatic aldehydes are also good substrates for the 
reaction. These features cannot be easily achieved for 
other methods. Mechanistically, an interesting o-
iminocyclohexa-diene alcohol intermediate is 
probably involved in the reaction, which avoids 
pollution and safety problems caused by the 
nitrification process. The advantages of this protocol, 
such as green and easily available starting materials, 
mild conditions, outstanding functional groups 
tolerance, scale-up operation and easily recyclable 
iodate, as well as compatibility of drug analogues and 
fluorescent whitening agents, highlight the broad 
applicability of the strategy. Therefore, it provides an 
alternative to the known ones. 

Experimental Section 

General experimental procedure for the synthesis of 
benzoxazoles: An oven-dried 25 mL Schlenk tube, which 
was equipped with a magnetic stir bar and charged with 
catechol 1 (0.2 mmol), NH4OAc (0.4 mmol), and NaIO4 
(0.4 mmol), was evacuated and backfilled with N2 three 
times. Then, premixed solution of EA (2 mL) and aldehyde 
2 (0.4 mmol) were added. The reaction mixture was stirred 
at 50 ºC for 3 h and monitored by GC or GC-MS. Upon 
completion, the reaction mixture was diluted with EtOAc 
and washed with H2O. The organic layer was dried with 
anhydrous Na2SO4, filtered, and concentrated in vacuo. 
The crude product was purified by column 
chromatography on silica gel with petroleum ether / ethyl 
acetate to afford the corresponding benzoxazole 3. 

Acknowledgements 

Financial support from the NSF of China (grant nos. 21878072, 
21706058, and 21573065), the Natural Science Foundation of 
Hunan Province (grant no. 2020JJ2011), and the China 
Postdoctoral Science Foundation (grant no. 2019M662774) is 
much appreciated. 

References 

[1] a) T. Eicher and S. Hauptmann, The Chemistry of 

Heterocycles, Wiley-VCH: Weinheim, 2003; b) A. R. 

Katritzky, A. F. Pozharskii, Handbook of Heterocyclic 

Chemistry, 2nd edn., Pergamon, Oxford, 2000; c) I. J. 

Turchi and M. J. S. Dewar, Chem. Rev. 1975, 75, 389; 

d) I. J. Turchi, Ind. Eng. Chem. Prod. Res. Dev. 1981, 

20, 32; e) M. O. Chaney, P. V. Demarco, N. D. Jones 

and J. L. Occolowitz, J. Am. Chem. Soc. 1974, 96, 

1932; f) M. Yang, X. Yang, H. Sun and A. Li, Angew. 

Chem. 2016, 128, 2901; g) X. Zhang, X. Fang, M. Xu, 

Y. Lei, Z. Wu and X. Hu, Angew. Chem. 2019, 131, 

7927; h) P.-F. Wei, M.-Z. Qi, Z.-P. Wang, S.-Y. Ding, 

W. Yu, Q. Liu, L.-K. Wang, H.-Z. Wang, W.-K. An 

10.1002/adsc.202100249

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 7 

and W. Wang, J. Am. Chem. Soc. 2018, 140, 4623; i) I. 

Nagao, T. Ishizaka and H. Kawanami, Green Chem. 

2016, 18, 3494; j) Y. Sato, M. Yamada, S. Yoshida, T. 

Soneda, M. Ishikawa, T. Nizato, K. Suzuki and F. 

Konno, J. Med. Chem. 1998, 41, 3015. 

[2] a) L. J. Scott, Drugs 2014, 74, 1371; b) S. Yuan, B. Yu 

and H.-M. Liu, Eur. J. Med. Chem. 2020, 112667; c) A. 

Corazza, G. Verona, C. A. Waudby, P. P. Mangione, R. 

Bingham, I. Uings, D. Canetti, P. Nocerino, G. W. 

Taylor, M. B. Pepys, J. Christodoulou and V. Bellotti, J. 

Med. Chem. 2019, 62, 8274; d) M. Kandula, 

Compositions and Methods for the Treatment of 

Familial Amyloid Polyneuropathy, 2015, 

US20150126567; e) J. W. Kelly, E. T. Powers and H. 

Razavi, Compositions and Methods for Stabilizing 

Transthyretin and Inhibiting Transthyretin Misfolding, 

2004, WO2004056315; f) M. L. Müller, J. Butler and B. 

Heidecker, Eur. J. Heart Fail. 2020, 22, 39. 

[3] a) A. D. Rodríguez, C. Ramírez, I. I. Rodríguez and E. 

González, Org. Lett. 1999, 1, 527; b) D. W. Dunwell, D. 

Evans and T. A. Hicks, J. Med. Chem. 1975, 18, 1158; 

c) S. Pedrazzini, W. Zanoboni-Muciaccia and A. 

Forgione, J. Chromatogr. 1987, 413, 338. 

[4] J. Nishiu, M. Ito, Y. Ishida, M. Kakutani, T. Shibata, M. 

Matsushita and M. Shindo, Diabetes Obes. Metab. 

2006, 8, 508. 

[5] a) C. Hohmann, K. Schneider, C. Bruntner, E. Irran, G. 

Nicholson, A. T. Bull, A. L. Jones, R. Brown, J. E. 

Stach and M. Goodfellow, W. Beil, M. Krämer, J. F. 

Imhoff, R. D. Süssmuth and H.-P. Fiedler. J. Antibiot. 

2009, 62, 99; b) M.-J. Don, C.-C. Shen, Y.-L. Lin, W.-J. 

Syu, Y.-H. Ding and C.-M. Sun, J. Nat. Prod. 2005, 68, 

1066. 

[6] a) I. H. Leaver and B. Milligan, Dyes and Pigments 

1984, 5, 109; b) L.-F. Cheng and F.-S. Chen, Chemical 

Engineer 2006, 12; c) H. Frischkorn, U. Pintschovius 

and E. Schinzel, Liebigs Ann. Chem. 1983, 1983, 931; 

d) T. Toeda and K. Yamada, Actinic radiation-curable 

inkjet ink and image forming method, 2019, 

US10323155B2; e) G.-Z. Ge. Y. Zhou, Dyestuffs and 

Coloration 2011, 48, 39. 

[7] a) M. Terashima, A facile synthesis of 2-substituted 

benzoxazoles, 1982; b) Y.-X. Chen, L.-F. Qian, W. 

Zhang and B. Han, Angew. Chem. Int. Ed. 2008, 47, 

9330; c) Y. Kawashita, N. Nakamichi, H. Kawabata 

and M. Hayashi, Org. lett. 2003, 5, 3713; d) A. 

Khalafi-Nezhad and F. Panahi, ACS Catal. 2014, 4, 

1686; e) P. Srivastava, P. N. Tripathi, P. Sharma, S. N. 

Rai, S. P. Singh, R. K. Srivastava, S. Shankar and S. K. 

Shrivastava, Eur. J. Med. Chem. 2019, 163, 116. 

[8] a) G. Altenhoff and F. Glorius, Adv. Synth. Catal. 2004, 

346, 1661; b) J. Bonnamour and C. Bolm, Org. Lett. 

2008, 10, 2665; c) G. Evindar and R. A. Batey, J. Org. 

Chem. 2006, 71, 1802; d) R. D. Viirre, G. Evindar and 

R. A. Batey, J. Org. Chem. 2008, 73, 3452. 

[9] a) H. A. N. Le, L. H. Nguyen, Q. N. B. Nguyen, H. T. 

Nguyen, K. Q. Nguyen, P. H. Tran, Catal. Commun. 

2020, 145, 106120; b) T. Gieshoff, A. Kehl, D. 

Schollmeyer, K. D. Moeller, S. R. Waldvogel, Chem. 

Commun. 2017, 53, 2974; c) M. Mogharabi-Manzari, 

M. Kiani, S. Aryanejad, S. Imanparast, M. Amini, M. A. 

Faramarzi, Adv. Synth. Catal. 2018, 360, 3563; d) Y.-X. 

Chen, L.-F. Qian, W. Zhang, B. Han, Angew. Chem. Int. 

Ed. 2008, 47, 9330. 

[10] a) Y. C. Teo, S. N. Riduan and Y. G. Zhang, Green 

Chem. 2013, 15, 2365; b) D. Xu, W. Wang, C. Miao, Q. 

Zhang, C. Xia and W. Sun, Green Chem. 2013, 15, 

2975; c) M. M. Guru, M. A. Ali and T. Punniyamurthy, 

Org. Lett. 2011, 13, 1194; d) P. Saha, T. Ramana, N. 

Purkait, M. A. Ali, R. Paul and T. Punniyamurthy, J. 

Org. Chem. 2009, 74, 8719. 

[11] a) S. Gao, L. Gao, H. Meng, M. Luo, X. Zeng, Chem. 

Commun. 2017, 53, 9886; b) K. V. N. Esguerra, W. Xu 

and J.-P. Lumb, Chem. 2017, 2, 533; c) K. V. N. 

Esguerra and J.-P. Lumb, ACS Catal. 2017, 7, 3477. 

[12] a) J. H. P. Tyman, Synthetic and natural phenols, 

Elsevier: New York, 1996; b) B. A. Barner, Catechol, 

in Encyclopedia of Reagents for Organic Synthesis; 

John Wiley and Sons: New York, 2004; c) Y.-F. Liang, 

X. Li, X. Wang, M. Zou, C. Tang, Y. Liang, S. Song 

and N. Jiao, J. Am. Chem. Soc. 2016, 138, 12271. 

[13] a) K. M. Draths and J. W. Frost, J. Am. Chem. Soc. 

1995, 117, 2395; b) W. Li, D. Xie and J. W. Frost, J. 

Am. Chem. Soc. 2005, 127, 2874; c) N. Taneja and R. 

K. Peddinti, Eur. J. Org. Chem. 2017, 2017, 5306. 

[14] X. Chen, F. Ji, Y. Zhao, Y. Liu, Y. Zhou, T. Chen and 

S.-F. Yin, Adv. Synth. Catal. 2015, 357, 2924. 

[15] a) H. Sharghi, J. Aboonajmi and M. Aberi, J. Org. 

Chem. 2020, 85, 6567; b) M. W. B. McCulloch, F. 

Berrue, B. Haltli, R. G. Kerr, J. Nat. Prod. 2011, 74, 

2250-2256. 

[16] a) X. Meng, Y. Wang, Y. Wang, B. Chen, Z. Jing, G. 

Chen and P. Zhao, J. Org. Chem. 2017, 82, 6922; b) H. 

Sharghi, J. Aboonajmi, M. Aberi and M. Shekouhy, 

Adv. Synth. Catal. 2020, 362, 1064. 

[17] L. Liu, L.-W. Qian, S. Wu, J. Dong, Q. Xu, Y. Zhou 

and S.-F. Yin, Org. Lett. 2017, 19, 2849. 

[18] H. Yuan, W.-J. Yoo, H. Miyamura and S. Kobayashi, 

J. Am. Chem. Soc. 2012, 134, 13970. 

[19] a) K. Nagai, T. Suzuki, H. G. Li, Electrophotographic 

photoconductors, image forming process and apparatus, 

and process cartridge for image forming apparatus 

using the electrophotographic photoconductor, 2012, 

WO 2012015075; b) H. Frischkorn, U. Pintschovius, 

and E. Schinzel, Liebigs Ann. Chem. 1982, 8, 1423. 

 

10.1002/adsc.202100249

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 8 

UPDATE    

Metal-Free Oxidative Condensation of 
Catechols, Aldehydes and NH4OAc towards 
Benzoxazoles 

 

 

Adv. Synth. Catal. Year, Volume, Page – Page 

Shaofeng Wu,a Dan Zhou,a Furong Geng,a Jianyu 
Dong,*b Lebin Su,a Yongbo Zhou,*a Shuang-Feng 
Yina 

 

10.1002/adsc.202100249

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.


