
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

1 
A

ug
us

t 2
02

2.
 D

ow
nl

oa
de

d 
on

 3
/5

/2
02

6 
5:

14
:1

2 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Gold-catalyzed s
aDepartment of Chemistry, Zhejiang Unive

maozhenjun@zju.edu.cn
bCollege of Biosystems Engineering and Foo

310058, China

† Electronic supplementary information (
and crystallographic data in CIF
https://doi.org/10.1039/d2ra04559a

Cite this: RSC Adv., 2022, 12, 24857

Received 22nd July 2022
Accepted 25th August 2022

DOI: 10.1039/d2ra04559a

rsc.li/rsc-advances

© 2022 The Author(s). Published by
ynthesis of oxazoles from alkynyl
triazenes and dioxazoles†

Zhenjun Mao *a and Hao Zengb

A gold-catalyzed regioselective [3 + 2] cycloaddition of alkynyl triazenes with 1,2,4-dioxazoles was

developed. The triazene group in the products could be replaced to obtain iodo-oxazoles, providing

potential transformations to diverse oxazole structures. This protocol features readily available starting

materials, mild reaction conditions and scalability. A plausible mechanism involving a nitrene transfer

process was proposed.
Introduction

Oxazoles are a ubiquitous structural motif, which is widely
found in a broad range of drugs, natural products, functional
materials, agrochemicals and ligands (Scheme 1a).1 The pres-
ence of the oxazole moiety in these molecules plays important
roles in respective processes. For example, the oxazole struc-
tures in drug molecules could mimic biological interactions,
providing increased metabolic stability.2 Considering the
signicance of this type of aromatic ve-membered nitrogen-
containing heterocycle, the construction of oxazole skeletons
has attracted considerable attention.3 Typically, amine and
carbonyl analogs are classical synthons for the construction of
oxazoles,4 and these methods mostly rely on bimolecular
cycloaddition processes. Despite recent advances, the explora-
tion of modular and practical routes to trisubstituted oxazoles
with structural diversity is less explored,5 and thus remains
understudied.

The alkynyl triazene is a novel type of electron-rich alkynes,
whose structure bears a triazenyl group attached to the triple
bond directly. Originally prepared and demonstrated as yna-
mide analogs by Severin and co-workers,6 the alkynyl triazenes
have received considerable attentions in organic synthesis,
especially in the construction of heterocycles and biologically
valuable skeletons.7 Typically, a variety of elegant works have
been successively reported by Severin and Cramer,8 and Cui.9

The versatility of triazenyl group was subsequently realized by
the diverse transformations of products in these reactions, thus
representing modular, efficient and practical methods toward
promising structures. However, compared to the ynamide,10 the
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agship of electron-rich alkynes, alkynyl triazenes show vast
space to be explored. In this context, we presented intense
interests in the development of novel reactions based on alkynyl
triazenes. Previously, Liu and Wan independently revealed an
Au-catalyzed and a Tf2NH-promoted synthesis of oxazoles from
ynamides and dioxazoles (Scheme 1b).11 Based on these studies,
we envisioned that alkynyl triazenes and dioxazoles might
undergo a regioselective [3 + 2] cycloaddition to assemble oxa-
zoles as well, and more importantly, the electron-donating and
transformable properties of triazenyl group could realize the
further derivations of products for accessing diverse fully
substituted oxazoles. To this end, we attempt to explore the
reaction under gold-catalysis, due to the multi-advantages, such
as high efficiency and excellent reactive selectivity.12 Herein, we
report a gold-catalyzed synthesis of oxazoles from alkynyl tri-
azenes and dioxazoles (Scheme 1c). It is noteworthy that the
expected transformations of triazenyl group in the oxazole
products are difficult. To our delight, iodination of the oxazole
product could be successfully realized, demonstrating the
Scheme 1 Representative biological oxazoles and synthesis of
oxazoles.
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potential for the further derivatization. This protocol features
readily available starting materials, high regioselectivity, mild
reaction conditions.
Results and discussion

We successfully prepared the alkynyl triazene 1a and dioxane 2a
as the model substrates to investigate our hypothesis. The
optimizations were listed as Table 1. Initially, numerous gold
catalysts, such as AuCl, PPh3AuCl, IPrAuCl and XPhosAuCl,
were tested, and no distinct products formed, due to scarce
consumption of both starting materials (entries 1–4). Then we
tried to replace the chlorine in these catalysts to other anions.
For PPh3AuCl, adding AgOTf or AgNTf2 could yield a new
product successfully, albeit in low yields (entries 5–6). NMR
spectroscopy, mass spectrometry as well as the X-ray crystal
analysis13 showed that 3a was a 3-triazenyl-2,5-diphenyloxazole,
indicating that a regioselective [3 + 2] cycloaddition occurred.
The similar replacement was used in IPrAuCl, XPhosAuCl and
JohnPhosAuCl, and to our delight, the yields of 3a were signif-
icantly increased (entries 7–12). Of note, using JohnPhosAuCl in
combination of AgOTf could furnish 3a in a satisfactory 81%
Table 1 Reaction optimizationsa

Entry 2 Catalyst Solvent Yieldb (%)

1 2a AuCl DCM 0
2 2a PPh3AuCl DCM 0
3 2a IPrAuCl DCM Trace
4 2a XPhosAuCl DCM 0
5 2a PPh3AuCl/AgOTf DCM 24
6 2a PPh3AuCl/AgNTf2 DCM 22
7 2a IPrAuCl/AgOTf DCM 72
8 2a IPrAuCl/AgNTf2 DCM 67
9 2a XPhosAuCl/AgOTf DCM 76
10 2a XPhosAuCl/AgNTf2 DCM 76
11 2a JohnPhosAuCl/AgOTf DCM 81
12 2a JohnPhosAuCl/AgNTf2 DCM 78
13 2a AgOTf DCM Trace
14 2a ZnOTf DCM Trace
15 2a None DCM 0
16 2a JohnPhosAuCl/AgOTf DCE 66
17 2a JohnPhosAuCl/AgOTf THF 19
18 2a JohnPhosAuCl/AgOTf MeCN 20
19 2a JohnPhosAuCl/AgOTf Toluene 23
20 2b JohnPhosAuCl/AgOTf DCM 0
21 2c JohnPhosAuCl/AgOTf DCM 0

a Reaction conditions: 1a (0.2 mmol), 2 (0.24 mmol), catalyst (5 mol%),
solvent (2 mL), rt, 24 h, argon. b Yield refers to isolated product. DCM,
dichloromethane; DCE, 1,2-dichloroethane; THF, tetrahydrofuran.

24858 | RSC Adv., 2022, 12, 24857–24860
yield (entry 11). The utilize of AgOTf or Zn(OTf)2, or without any
catalyst could suppress the reaction completely (entries 13–15).
Subsequently, a solvent survey showed that the DCE was effec-
tive as well, giving the corresponding 3a in 66% yield (entry 16),
whist the use of THF, MeCN or toluene led to the inefficient
reactions (entries 17–19).

Finally, when replaced 2a with 2b or 2c, the reaction would
completely suppressed (entries 20–21), demonstrating the
exclusive reactivity of 2a in this oxazole synthesis process.

Having the optimized reaction conditions in hand, we next
set out to study the substrate scope of alkynyl triazenes and
dioxazoles (Scheme 2). For the alkynyl triazene component, the
substitution at the b-position of the alkyne was rst screened.
Benzene rings bearing the bromo, methyl, uoro or methoxy in
different positions were compatible with this reaction, resulting
in corresponding oxazole products in good yields (3b–3e). The
functional groups and substituted position did not show
signicant inuence to the yield. Furthermore, terminal 2-
naphthyl and 3-thiophenyl substituted alkynyl triazenes were
proved suitable to access oxazole 3f and 3g in 75% and 80%
yields, respectively. Unfortunately, aliphatic substituted alkynyl
Scheme 2 Substrate scope. a reaction conditions: JohnPhosAuCl
(5 mol%) and AgOTf (5 mol%) were mixed in DCM (1 mL) for 15 min.
Then 1a (0.2 mmol) and 2 (0.24 mmol) in DCM (1 mL) were added at rt
under argon. Yield refers to isolated product.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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triazene was not compatible under the current reaction condi-
tions (3h). The variation of triazenyl group was also studied. For
example, dimethyl amine derived and tetrahydropyrrole derived
alkynyl triazenes were participated well in this cycloaddition,
leading to the products in slightly lower yields (3i and 3j). The
oxazoles derived from several aromatic acids including 2-methyl
benzoic acid, 4-chlorobenzoic acid and 2-naphthoic acid
provided the corresponding oxazole products in satisfactory
yields (3k–3m). Notably, cinnamic acid derived dioxazole was
well tolerated with this process to furnish oxazole 3n in 85%
yield.

To demonstrate the scalability of this cycloaddition, a 5 mol
scale reaction was performed to give the oxazole 3a in 78% yield
(Scheme 3a). Next, we studied the synthetic transformation of
triazenyl group. According to the reported methods, we
attempted to use acid to remove the triazenyl group to form the
cation, which could be captured by various nucleophilic
reagents.8,9 Unfortunately, all these attempts were failed, prob-
ably due to the instability of 3-oxazole cation to trigger the ring
opening. To our delight, heating 3a in CH3I at high temperature
could obtain a 3-iodo oxazole in moderate yield, which provide
an opportunity to further derivation via coupling reactions.14

On the basis of the reaction results and literature,8a,11a

a plausible reaction mechanism was depicted in Scheme 4.
First, the gold catalyst coordinates to alkynyl triazenes 1 to form
the complex A or A0, which is regioselectively attacked by diox-
azole 2 at the carbon adjacent to the triazenyl group due to the
polarity of the triple bond, resulting in the intermediate B.
Subsequently, B transforms to the gold carbene species C along
with the elimination of acetone via a ring fragmentation. Next
an intramolecular nucleophilic cyclization occurs between acyl
oxygen and gold carbene to form the intermediate D, which
collapses to the product 3 and the gold catalyst, thus completing
the catalytic cycle.
Scheme 3 Gram scale experiment and transformations.

© 2022 The Author(s). Published by the Royal Society of Chemistry
Conclusions

In conclusion, we have developed a gold-catalyzed synthesis of
fully-substituted oxazoles from alkynyl triazenes and dioxa-
zoles. This protocol features readily available starting materials,
mild reaction conditions and scalability. The triazene moiety in
products could be transformed to iodo-oxazole derivative. A
plausible mechanism involving a nitrene transfer process was
proposed.
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