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Synthesis of Poly-Substituted Oxazoles by a Gold-Catalyzed Acid-

Assisted Regioselective Cyclization 

Qian Wang,[a] Stephanie Hoffmann,[a] Jasmin Schießl,[a] Matthias Rudolph,[a] Frank Rominger,[a] and A. 

Stephen K. Hashmi*[a] 

Abstract: Poly-substituted oxazole derivatives are obtained via a 

regioselective gold-catalyzed reaction of α-alkynylamides and 

alkynoates in the presence of nitriles. The intermediary obtained gold 

carbenes are generated by an alkyne oxidation with a pyridine-N-

oxide. Acidic conditions ensure that only one of the two carbonyl 

oxygen atoms in these intermediates selectively cyclizes to the 

products in excellent yields. 

Introduction 

Poly-substituted oxazoles are important motifs in natural products 
and pharmaceuticals, especially for the purpose of curing allergic 
diseases.[1] Many strategies for the synthesis of oxazoles have 
been established,[2] including the intermolecular reaction of α-
diazo ketones with nitriles.[3] However, these approaches require 
a multi-step synthesis and/or harsh reaction conditions. In 
addition, often toxic metal salts such as mercury(II) compounds 
have to be used.[4] Therefore, the synthesis of poly-substituted 
oxazoles, from simple and commercially available substrates 
under mild reaction conditions, is of high priority. In the recent 
decades, gold complexes were established as powerful soft Lewis 
acids that efficiently activates alkynes towards the addition of 
nucleophiles.[5] Series of transformations such as 1,2-migrations[6] 
or X-H insertions[7] (X=O or N) with α-oxo gold carbenes became 
available. These species can be formed by an oxygen transfer 
from nucleophilic oxygen-atom donor groups onto π-activated 
alkynes.[8] Especially N-oxides in combination with alkynes turned 
out to be suitable alternatives for hazardous α-diazo ketones.[9,10] 
Herein, we report a gold-catalyzed annulation to give 2,4,5-
trisubstituted oxazoles under mild conditions. 

Liming Zhang and co-worker’s ground-breaking synthesis of 
gold carbene intermediates from pyridine-N-oxides and alkynes 
completely avoids the use of diazo reagents (Scheme 1, a).[11] In 
such reactions, the intermediary formed α-oxo gold carbenes are 
intercepted by nitriles,[12] followed by a selective cyclization via the 
carbonyl moiety. The overall reaction offers a desirable [2+2+1] 
annulation as an expansion of the pioneering work of Zhang’s 
group.[13] If the key carbenoid intermediate is derived from α-acyl 
alkynes, two carbonyl moieties are present. As a consequence 
two possible pathways leading to differently substituted oxazoles 
are reasonable. Controlling the selectivity of the reaction in the 
presence of additional functional groups attracted our attention. 

First we decided to use alkynones as test substrates (see the 
Supporting Information for details). The obtained mixture of 
isomeric products gave a hint that other functional groups might 
be feasible to switch the selectivity of the reaction. Inspired by that 
result we discovered that alkynamide derivatives [14] in addition 
with acid and alkynoates[15] (Scheme 1, b) as the starting 
materials deliver single products in perfect selectivity. The solid 
state molecular structure of the desired product 3d is depicted in 
Figure 1. Based on the many applications of amide and ester[16] 
groups in medical compounds,[17] this protocol towards 
polysubstituted oxazoles offers a meaningful synthetic method. 
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Scheme 1. Gold-catalyzed oxidative oxazole synthesis: a) without competing 
carbonyl group, b) with a competing, more nucleophilic group. 

 

Figure 1. Solid-state molecular structure of 3d. 

Results and Discussion 

When alkynamide 1a was treated with 3,5-dibromopyridine N-
oxide (1.5 equiv.) in the presence of [IPrAuCl]/AgNTf2 in 
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acetonitrile as solvent we still got a mixture of products 3a and 4a 
(Table 1, entry 1). However, to our surprise, only  
Table 1. Optimization of the reaction conditions.[a] 

 

Entry Catalyst Acid Temp.  3a/4a(%)[b]  

1 [IPrAuCl]/AgNTf2 - 80 oC  26/17 

2 [IPrAuCl]/AgNTf2 MsOH 80 oC 51/0 

3 [IPrAuCl]/AgNTf2 MsOH 50 oC 54/0 

4 [IPrAuCl]/AgNTf2 MsOH 50 oC 35/0 

5  [IPrAuCl]/AgNTf2 MsOH 50 oC 65/0 

6 [IPrAuCl]/AgNTf2 MsOH 50 oC 50/0 

7 [IPrAuCl]/AgNTf2 MsOH 50 oC 21/0 

8 [PPh3AuCl]/AgNTf2 MsOH 50 oC 22/0 

9 KAuBr4 MsOH  50 oC trace 

10 [SPhosAuCl]/AgNTf2 MsOH 50 oC 31/0 

11 [Cy3PAuCl]/AgNTf2 MsOH 50 oC 30/0 

12 [IPrAuCl]/AgNTf2 TsOH 50 oC 55/0 

13 [IPrAuCl]/AgNTf2 TfOH 50 oC 58/0 

14 [IPrAuCl]/AgOTf MsOH 50 oC 53/0 

15 [IPrAuCl]/AgSbF6 MsOH 50 oC 51/0 

16 [IPrAuCl]/AgNTf2 MsOH 50 oC 76 (72 )[d]/0 

17 [IPrAuCl]/AgNTf2 MsOH 
(0.2 eq.) 

50 oC 37/0 

18 [IPrAuCl]/AgNTf2 Zn(OTf)2 

(2 eq.) 
50 oC 11/0 

19 [IPrAuCl]/AgNTf2 Sc(OTf)3 

(2 eq.) 
50 oC trace 

20 AgNTf2 MsOH 50 oC n.d. 

[a] Unless otherwise noted, the reactions were carried out on a 0.1 mmol scale, 
[Au] (5 mol%), [Ag] (5 mol%), acid (2 equiv.) in 1 mL of CH3CN with 1.5 equiv 
N-oxides overnight, entry 1-3 (2c), entry 4 (2a), entry 5 (2b), entry 6 (2d), entry 
7 (2e), entry 8-20 (2b). [b] Yield was determined by 1H NMR analysis using 
1,3,5-trimethoxybenzene as the internal standard. Isolated yield of product in 
parentheses. [c] 2b 2 equiv. [d] Isolated yield. 

polysubstituted oxazole 3a was obtained in 51% yield with MsOH 
(2 equiv) as an additive under the same conditions (Table 1, entry 
2). Encouraged by this result, we further optimized the conditions. 
At first, different N-oxides were tested at 50 oC (Table 1, entry 3-
7). 3,5-Dichloropyridine N-oxide 2b was the best oxidant while 
quinoline N-oxide 2e reached only 21 % yield. A small screening 
of other gold catalysts did not improve the yield (Table 1, entry 8-

11). Even KAuBr4 could not catalyze this reaction (Table 1, entry 
9). TsOH and TfOH as additives were also effective leading to a 
single product 3a in 55 % and 58 % respectively (Table 1, entry 
12 and 13). A testing of different silver salts revealed only a minor 
effect of the counter ion onto the reaction (Table 1, entry 14 and 
15). Increasing the amount of pyridine N-oxide to two equivalents 
significantly increased the yield to 76% (Table 1, entry 16). We 
also tested 0.2 equiv. MsOH as additives resulting in 37% yield 
(Table 1, entry 17). Other Lewis acids such as Zn(OTf)2 and 
Sc(OTf)3 as additives showed only poor activities (Table 1, entry 
18 and 19). A control experiment demonstrated that the role of 
gold was pivotal for the reaction (Table 1, entry 20). 

Under the optimized reaction conditions, we explored different 
N-substituted alkynamides 1 as precursor for polysubstituted 
oxazoles (Table 2). First, different substituents on the benzene 
core connected to the alkyne were examined. The effect of either 
electron-donating substituents like methyl- and methoxy-groups 
(3b and 3c) or electron-withdrawing substituents like -F, -Cl, or -
CF3 (3d, 3e, 3f) were only minor with yields ranging from 64% to 
75%. An only moderate effect of the substitution pattern onto the 
reaction was also observed for differently substituted benzylic 
moieties at the amide. Most of the products were gained in 
moderate yields (3g-3k) except of the electron-deficient 
trifluoromethyl-substituted 3l, which was obtained in only 61 %. 
Notably, thiophene- and furan-substituted alkyneamides also 
performed well in this reaction (3m and 3n). Moreover, an N-
methyl amide derivative converted to the corresponding product 
3o in 53 % yield. 

Table 2. Scope of the reaction from N-substituted alkynylamides.[a] 
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[a] 1 (0.1 mmol), [Au] (5 mol%), [Ag] (5 mol%), acid (2 equiv.), N-oxides (2 
equiv.), 1 mL CH3CN, 50 oC, overnight, yield of isolated product. [b] 80 oC, 16 
h, MsOH (2 equiv.). 

 

Table 3. Scope of the reaction for alkynoate starting materials.[a] 
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[a] 1 (0.2 mmol), [Au] (5 mol%), [Ag] (5 mol%), N-oxide (1.5 equiv), 1 mL CH3CN, 
80 oC, 3 h, yield of isolated product.  

To our delight, alkynoates also reacted selectively. 
Noteworthy, even in the absence of an acid, a selective 
incorporation of the oxygen derived from the N-oxide was 
observed while the ester group remained in the final product 
(Table 3). 8-Ethylquinoline N-oxide (2f) was the best among the 
examined oxidants (see the Supporting Information for details). 
Phenylbenzoates bearing either electron-donating or electron-
withdrawing groups afforded the corresponding products in 
excellent yield and perfect selectivity (6a-6f). Even with the strong 
electron-withdrawing effect of a nitro group, 6g was still formed in 
85 % yield. Furthermore, an alkyl alkynoate 5h afforded product 
6h in 93 % yield.  

Table 4. Scope of the reaction for various nitriles.[a] 
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9ab 70% 9bb 77% 9cc 83% 9dc 87%

9id 71%9hd 69%

9ed 63%

9gd 68%9fd 73%  
[a] 7 (0.1 mmol), [Au] (5 mol%), [Ag] (5 mol%) yield of isolated product. [b] 8 (1 
mL), 2b 2 equiv, 50 oC, overnight. [c] 8 (1 mL), 2f 1.5 equiv, 80 oC, 3 h. [d] 8 3 
equiv., toluene (0.5 mL), 2f 1.5 equiv, 80 oC, 3 h. 

Next, we evaluated different nitriles in the reaction (Table 4). 
When propionitrile and isobutyronitrile were used as the reaction 
solvent, the proposed oxazoles were obtained in moderate to 
good yields (9a–9d). For expensive nitriles or nitriles with a high 
melting point, a different procedure was considered. With only 
three equivalents of benzonitrile in 0.5 mL toluene as the solvent 
(alkynoate concentration 0.4 M), 5a performed an acceptable 
yield (9e, 63%) and the remaining benzonitrile could be recovered. 

Other nitriles were also used under the same reaction conditions. 
4-Methoxybenzonitrile and 4-chlorobenzonitrile, led to a moderate 
yield of the desired products (9f and 9g) which improves the 
diversity for an aryl substituent in the 2-position of the obtained 
oxazoles. Phenylacetonitrile and hexanenitrile also reacted with 
ethyl phenylpropiolate to generate 9h and 9i in good yield.  

Based on the above results, we propose a mechanism as 
shown in Scheme 2. Alkynylamide 1a undergoes a protonation 
leading to intermediate I. After that, in the presence of gold and 
N-oxide, an α-oxo gold carbene intermediate II is generated. Then 
the gold carbene intermediate II is captured by the nitrile to 
produce intermediate III. With the assistance of acid, the 
nucleophilicity of the amide decreases which promotes the ketone 
to react with the nitrile leading to the formation of intermediate IV. 
Furthermore, the final product 3a is obtained by the loss of a 
proton. 
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Scheme 2. Proposed mechanism. 

Conclusions 

In conclusion, we have developed a one-step synthesis for 
polysubstituted oxazoles from alkynylamide derivatives and 
alkynoates. Acid as an additive was essential to give a selective 
reaction in the case of amides while esters reacted selectively 
even in the absence of an acid. The obtained products might 
serve as versatile building blocks as they represent substructures 
of biologically active compounds. The methodology could be 
useful for the synthesis of biologically or pharmaceutically active 
compounds. Further studies to expand the synthetic scope of this 
reaction are ongoing in our laboratories. 

Experimental Section 

Alkynamide 1 (0.10mmol), [IPrAuCl]/AgNTf2 (0.005 mmol), N-oxide (0.15 
mmol), and MsOH (0.20mmol) were mixed in nitriles (1 mL). The resulting 
mixture was heated in a closed flask at 50oC for 12 h. Then the solvent 
was removed under vacuum to give a residue, which was purified by silica 
gel chromatography (petroleum ether/ethyl acetate = 8:1) to yield the 
corresponding products 3.  

Acknowledgments  

10.1002/ejoc.201900699

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



COMMUNICATION   

 
 
 
 

Q.W. is grateful for the fellowships from China Scholarship 
Council (CSC). The authors thank Umicore AG&Co. KG 
for the generous donation of gold salts. 

Keywords: alkynes • gold • carbene • oxazoles • N-oxides  

[1]    a) P. Wipf, Chem. Rev. 1995, 95, 2115–2134; b) B. Clapham, A. J. 

Sutherland, J. Org. Chem. 2001, 66, 9033–9037; c) N. Chatani, T. 

Fukuyama, H. Tatamidani, F. Kakiuchi, S. Murai, J. Org. Chem. 2000, 65, 

4039–4047; d) M. J. Don, C. C. Shen, Y. L. Lin, W. J. Syu, Y. H. Ding, C. 

M. Sun, J. Nat. Prod. 2005, 68, 1066–1070; e) F. W. Lin, A. G. Damu, T. 

S. Wu, J. Nat. Prod. 2006, 69, 93–96. 

[2]     a) A. Thalhammer, J. Mecinović, C. J. Schofield, Tetrahedron Lett. 2009, 

50, 1045-1047; b) J. Zhang, P.-Y. Coqueron, M. A. Ciufolini, 

Heterocycles. 2011, 82, 949–980; c) I. Cano, E. Alvarez, M. C. Nicasio, 

P. J. Perez, J. Am. Chem. Soc. 2011, 133, 191–193; d) H. -F. Jiang, H. 

-W. Huang, H. Cao, C.-R. Qi, Org. Lett. 2010, 12, 5561–5563; e) C. Wan, 

L. Gao, Q. Wang, J. Zhang, Z. Wang, Org. Lett. 2010, 12, 3902–3905; f) 

P.-S. Lai, M. S. Taylor, Synthesis. 2010, 1449–1452. 

[3]      a) K. J. Doyle, C. J. Moody, Tetrahedron. 1994, 50, 3761–3772; d) T. Ye, 

M. A. McKervey, Chem. Rev. 1994, 94, 1091–1160; c) H. M. L. Davies, 

R. E. J. Beckwith, Chem. Rev. 2003, 103, 2861–2903; b) M. Austeri, 

D.Rix, W. Zeghida, J. Lacour, Org. Lett. 2011, 13, 1394–1397.  

[4]      J.C. Lee, I.-G. Song, Tetrahedron Lett. 2000, 41, 5891–5894. 

[5]      a) A. S. K. Hashmi, Chem. Rev. 2007, 107, 3180–3211; b) A. Fürstner, P. 

W. Davies, Angew. Chem., Int. Ed. 2007, 46, 3410–3449; Angew. Chem. 

2007, 119, 3478–3519; c) Z. Li, C. Brouwer, C. He, Chem. Rev. 2008, 

108, 3239–3265; d) A. S. K. Hashmi, M. Rudolph, Chem. Soc. Rev. 2008, 

37, 1766–1775;  e) J. Xiao, X. Li, Angew. Chem. Int. Ed. 2011, 50, 7226–

7236; Angew. Chem. 2011, 123, 7364–7375; f) H. Jin, B. Tian, X. Song, 

J. Xie, M. Rudolph, F. Rominger, A. S. K. Hashmi, Angew.Chem. Int. Ed. 

2016, 55, 12688–12692; Angew. Chem. 2016, 128, 12880–12884; g) H. 

Jin, L. Huang, J. Xie, M. Rudolph, F. Rominger, A. S. K. Hashmi, Angew. 

Chem. Int. Ed. 2016, 55, 794–797; Angew. Chem. 2016, 128, 804–808. 

[6]     P. Nösel, L. N. dos Santos Comprido, T. Lauterbach, M. Rudolph, F. 

Rominger, A. S. K. Hashmi, J. Am. Chem. Soc. 2013, 135, 15662-15666; 

b) A. S. K. Hashmi, T. Wang, S. Shi, M. Rudolph, J. Org. Chem. 2012, 

77, 7761-7767; c) T. Lauterbach, S. Gatzweiler, P. Nösel, M. Rudolph, F. 

Rominger, A. S. K. Hashmi, Adv. Synth. Catal. 2013, 355, 2481–2487. 

[7]      a) L. Ye, W. He, L. Zhang, J. Am. Chem. Soc. 2010, 132, 8550–8551; b) 

L. Ye, L. Cui, G. Zhang, L. Zhang, J. Am. Chem. Soc. 2010, 132, 3258–

3259; c) L. Ye, W. He, L. Zhang, Angew. Chem., Int. Ed. 2011, 50, 3236–

3239; Angew. Chem. 2011, 123, 3294–3297. 

[8]     a) H. -S. Yeom, S. Shin, Acc. Chem. Res. 2014, 47, 966–977; b) T. Wang, 

S. Shi, M. M. Hansmann, E. Rettenmeier, M. Rudolph, A. S. K. Hashmi, 

Angew. Chem. Int. Ed. 2014, 53, 3715–3719; Angew. Chem. 2014, 126, 

3789 – 3793; c) H. S. Yeom, Y. Lee, J. E. Lee, S. Shin, Org. Biomol. 

Chem. 2009, 7, 4744–4752; d) A. M. Jadhav, S. Bhunia, H. Y. Liao, R. 

S. Liu, J. Am. Chem. Soc. 2011, 133, 1769–1771; e) L. Cui, Y. Peng, L. 

Zhang, J. Am. Chem. Soc. 2009, 131, 8394–8395; f)  T. T. Tidwell, 

Synthesis. 1990, 857–870. 

[9]     a) J. P. Weyrauch, A. S. K. Hashmi, A. Schuster, T. Hengst, S.Schetter, 

A. Littmann, M. Rudolph, M. Hamzic, J. Visus, F. Rominger, W. Frey, J. 

W. Bats, Chem. Eur. J. 2010, 16, 956–963; b) A. S. K. Hashmi, J. P. 

Weyrauch, W. Frey, J. W. Bats, Org. Lett. 2004, 6, 4391–4394; c) A. S. 

K. Hashmi, M. Rudolph, S. Schymura, J. Visus, W. Frey, Eur. J. Org. 

Chem. 2006, 2006, 4905–4909. 

[10]    a) G. Li, L. Zhang, Angew. Chem., Int. Ed. 2007, 46, 5156–5159; Angew. 

Chem. 2007, 119, 5248–5251; b) P. W. Davies, S. J. C. Albrecht, Angew. 

Chem., Int. Ed. 2009, 48, 8372–8375; Angew. Chem. 2009, 121, 8522–

8525; c) H. S. Yeom,; Y. Lee, J. Jeong, E. So, S. Hwang, J. E. Lee, S. S. 

Lee, S. Shin, Angew. Chem., Int. Ed. 2010, 49, 1611–1614; Angew. 

Chem. 2010, 122, 1655–1658; d) S. Ghorpade, M.-D. Su, R.-S. Liu, 

Angew. Chem. Int. Ed. 2013, 52, 4229 –4234; Angew. Chem. 2013, 125, 

4323–4328; e) S. N. Karad, R.-S. Liu, Angew. Chem. Int. Ed. 2014, 53, 

5444 –5448; Angew. Chem. 2014, 126, 5548–5552. 

[11]    a) L. Zhang, Acc. Chem. Res. 2014, 47, 877–888; b) H. Chen, L. Zhang, 

Angew. Chem. Int. Ed. 2015, 54, 11775–11779; Angew. Chem. 2015, 

127, 11941–11945; c) Z. Zheng, L. Zhang, Org. Chem. Front. 2015, 2, 

1556-1560; d) Y. Wang, L. Zhang, Synthesis. 2015, 47, 289-30. 

[12]    For examples of gold catalysis using nitriles as substrates, see: R. S. 

Ramón, N. Marion, S. P. Nolan, Chem. Eur. J. 2009, 15, 8695–8697; b) 

N. Ibrahim, A. S. K. Hashmi, F. Rominger, Adv. Synth. Catal. 2011, 353, 

461–468; c) S. N. Karad, R.-S. Liu, Angew. Chem. Int. Ed. 2014, 53, 

9072 –9076; Angew. Chem. 2014, 126, 9218–9222. 

[13]    W. He, C. Li, L. Zhang, J. Am. Chem. Soc. 2011, 133, 8482–8485. 

[14]    a) L. Huang, Q. Wang, W. Wu, H. Jiang, Adv. Synth. Catal. 2014, 356, 

1949–1954; b) L. Huang, Q. Wang, W. Wu, H. Jiang, J. Org. Chem. 2014, 

79, 7734−7739. 

[15]    L. Huang, Q. Wang, X. Liu, H. Jiang, Angew. Chem. Int. Ed. 2012, 51, 

5696 –5700. 

[16] Recently a publication also basing on oxidative gold-caalysis with 

alkynylcarboxylates, appeared: A. Yu. Dubovtsev, D. V. Dar’in, V. Yu. 

Kukushkin, Adv. Synth. Catal. 2019, 10.1002/adsc.201900097. But this 

paper does not obtain any results on the use of the corresponding 

amides instead of the esters. 

[17]    a) A. J. Reynolds, A. J. Scott, C. I. Turner, M. S. Sherburn, J. Am. Chem. 

Soc. 2003, 125, 12108–12109; b) C. Mang, S. Jakupovic, S. Schunk, H. 

Ambrosi, O. Schwarz, J. Jakupovic, J. Comb. Chem. 2006, 8, 268–274; 

c) Y. Hanaki, R. C. Yanagita, T. Sugahara, M. Aida, H. Tokuda, N. Suzuki, 

K. Irie, Bioscience, Biotechnology, and Biochemistry. 2015, 79, 888-895.

10.1002/ejoc.201900699

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



COMMUNICATION   

 
 
 
 

 

COMMUNICATION 

Poly-substituted oxazole derivatives are obtained via a regioselective gold-catalyzed 
reaction of α-alkynylamides and alkynoates in the presence of nitriles. The 
intermediary obtained gold carbenes are generated by an alkyne oxidation with a 
pyridine-N-oxide. Acidic conditions ensure that only one of the two carbonyl oxygen 
atoms in these intermediates selectively cyclizes to the products in excellent yields. 
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