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Gold(I)-Catalyzed 6-endo-dig Azide-Yne Cyclization: an Efficient 
Access to 2H-1,3-Oxazines 
Geoffroy Hervé Lonca,a Ciputra Tejo,b Hui Ling Chan,b Shunsuke Chiba,*b and Fabien Gagosz*a,c 

Denitrogenative 6-endo-dig azide-yne cyclization of a-
propargyloxy-b-haloalkylazides was enabled by gold catalysis, thus 
providing 2H-1,3-oxazines. This rare cyclization mode in gold-
catalyzed reactions of azide-yne substrates was demonstrated to 
be facilitated and controlled by electronic and resonance effect of 
the alkyne substituents. Molecular transformations of as-prepared 
2H-1,3-oxazines were also investigated.  

 Gold catalysis is capable of enhancing molecular 
complexity through activation and functionalization of carbon-
carbon unsaturated bonds.1 This remarkable ability originates 
from the p-Lewis acidic properties of electrophilic gold 
complexes and various nucleophilic functionalization modes of 
carbon p-systems have been disclosed over the past ten years. 
For example, gold-mediated reactions of alkynes with azides 
have been developed as one of the most promising methods 
for the synthesis of nitrogen-containing molecules.2 In such a 
type of process, the nucleophilic addition of the internal 
nitrogen atom of the azido moiety onto the electrophilically 
activated alkyne-gold complex enables the simultaneous 
construction of a C-N bond and a C-Au bond to initially form an 
organogold intermediate A (Scheme 1a).3 Subsequently, by 
taking advantage of the electron-donor character of the 
resulting vinyl-gold moiety, expulsion of dinitrogen proceeds 
to generate a new intermediate B, which can be depicted as an 
a-imino gold carbene species.  This key intermediate B can 
then evolve and be further functionalized in the following 
different reaction pathways. The group of Toste demonstrated 
in his pioneering work in the field2j that homopropargylazides 

could be converted into pyrroles following a gold(I)-catalyzed 
5-endo-dig cyclization followed by a 1,2-H or group shift onto 
the resulting a-imino gold carbene intermediate (Scheme 1b). 

 
Scheme 1. Gold-mediated reactions of alkynes with azides 

 Later on, the groups of ours and Zhang disclosed another 
way to functionalize a-imino gold carbenes derived from 2-
alkynyl arylazides by reacting them with carbon and oxygen 
nucleophiles. This led to the development of an expedient 
synthesis of functionalized indole derivatives (Scheme 1c).2f,g 
More recently, the same general principle of the reactivity was 
exploited by different groups to access various N-containing 
heterocycles such as indoles,2d oxindoles,2b pyrroles,2a,c 
indoloquinolines2e and carbolines.2d It is worth noting that the 
so far reported gold-mediated azide-yne cyclizations are, 
however, almost exclusively proceeding in a 5-endo-dig mode 
thus leading to the construction of 5-membered ring nitrogen-
heterocycles.4,5  
 Zhang’s seminal studies on gold-catalyzed intermolecular 
oxidation reactions of internal alkynes revealed that electronic 
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effects of the alkyne substituents, namely resonance 
stabilization and inductive effect, could help in controlling and 
enhancing the regioselectivity of the transformation.6 Given 
the mechanistic similarities between the two processes 
(formation of a-oxo gold carbene intermediates / a-imino gold 
carbene intermediates), we reasoned that a proper installation 
of such electronic properties on the alkyne substituents might 
be essential to realize the kinetically disfavoured azide-yne 
cyclization mode.  We recently reported a protocol to produce 
a-alkoxy-b-haloalkylazides by a fluoro- or bromoalkoxylation 
of vinyl azides in the presence of respectively Selectfluor®7 or 
TBCO8 (Scheme 2a).9 We became interested in exploring the 
reactivity of a-propargyloxy-b-haloalkylazides 1, and more 
specifically in the possibility to perform 6-endo-dig azide-yne 
cyclizations by means of gold catalysis (Scheme 2b). We 
considered that such a type of cyclization should be facilitated 
in the present case by: 1) the presence of the oxygen atom in 1 
that would polarize the C≡C bond by inductive effect, thus 
rendering the alkyne carbon distal to the oxygen atom more 
electrophilic, and 2) the presence of R1 substituents that could 
stabilize by resonance the resulting d+ charge at the distal 
alkyne carbon (e. g. R1= aryl, alkenyl). Additionally, the 
presence of substituents on the carbon atom linking the azido 
and alkynyloxy moieites was expected to induce a Thorpe-
Ingold effect that would enhance the rate of cyclization.10 The 
development of this chemistry for synthesis of 2H-1,3-oxazines 
2 and their molecular transformations are described herein. 

 
Scheme 2. Synthesis and reactivity of a-propargyloxy-b-haloalkylazides 1 

 With the above working hypothesis, we started our 
investigations by studying the reactivity of a-propargyloxy-b-
fluoroalkylazide 1a (R1 = Ph)11 in the presence of various gold(I) 
catalysts (Table 1). Substrate 1a was first treated in CDCl312 at 
23 °C with a series of three different gold complexes: 
[Ph3PAu(NCCH3)]SbF6 (entry 1), [IPrAu(NCCH3)]SbF6 (entry 2) 
and [XPhosAu(NCCH3)]SbF6 (entry 3). While these complexes 
were all able to produce 2H-1,3-oxazine 2a via the desired 6-
endo-dig azide-yne cyclization, [XPhosAu(NCCH3)]SbF6 
exhibited a far superior reactivity. In that case, a full 
conversion was reached within 5 h to afford 2a in 80% yield. 
Further screening of biarylphosphine based complexes 
revealed that the use of the more sterically demanding Me4t-

BuXPhos ligand could improve both the reaction rate and the 
yield of 2a (1.5h, 88% yield, entry 5). A final significant 
improvement was achieved by replacing the SbF6– counter-
anion in the gold complex with the more coordinating NTf2–. 
This led to a dramatic acceleration of the reaction: completion 
was obtained after only 20 min without altering the yield of 2a 
(entries 6 and 7). It is worth noting that in no case traces of a 
triazole product possibly formed by an intramolecular azide-
alkyne [3+2]-cycloaddition could be detected.13 

Table 1 Optimization of the reaction conditions 

 
Entry Au catalysts Cat. 

[mol%] 
Time 
[h] 

Yield 
[%][a] 

1 [Ph3PAu(NCCH3)]SbF6 4 24 10 
2 [IPrAu(NCCH3)]SbF6 4 24 <5 
3 [XPhosAu(NCCH3)]SbF6 4 5 80 
4 [t-BuXPhosAu(NCCH3)]SbF6 4 3 88 
5 [Me4t-BuXPhosAu(NCCH3)]SbF6 4 1.5 88 
6 [Me4t-BuXPhosAu]NTf2 4 0.2 88 
7 [Me4t-BuXPhosAu]NTf2 3 0.3 89[b] 

a 1H NMR yields based on an internal standard. b Isolated yield. 

 2H-1,3-Oxazines are potentially useful scaffolds in synthetic 
and medicinal chemistry,14,15 while their application is 
currently limited due to the fact that they are sensitive to 
acidic and thermal conditions and that only a few routes 
therefore exist to access them.  Inspired by the 
unprecedented 6-endo-dig azide-yne cyclization for the 
construction of 2H-1,3-oxazine 2a (Table 1), we further 
investigated the scope of the transformation (Scheme 3). The 
nature of the alkyne terminus was first examined. As seen in 
Scheme 3, the transformation could be applied without 
noticeable yield deterioration (71-96%) to various aryl groups 
as R1 (2b-2h) with reaction time ranging from 5 min to 2.5 h. 
Substrates possessing electron-deficient aryl groups (2g and 
2h) tend to require a longer reaction time than those with 
electron-rich (hetero)aryl groups (for 2b-2e).  This observation 
suggests that the activation of the alkyne moiety by the gold 
catalyst (see mechanistic proposal, Scheme 2) can be the rate-
determining step of the transformation. The present 6-endo-
dig azide-yne cyclization also proceeded smoothly with ene-
yne systems (for 2i and 2j), whereas a substitution by an alkyl 
group was detrimental to the reaction probably due to a lack 
of resonance stabilization effect (for 2k). Ynamide 1l was found 
to be a privilege type of substrate for the transformation as 
the corresponding 1,3-oxazine 2l was obtained in excellent 
yield and short reaction time. With regard to the nature of 
substituent R2, a sterically more demanding 1-naphthyl group 
was tolerated although a drop in yield was observed (for 2m), 
whereas an alkyl group was shown to severely impact the 
process efficiency (for 2n). Installation of a methyl group at the 
propargylic position (R3) did not decrease the chemical yield 
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(for 2o) (that is a 2-step yield form the corresponding 
propargylic alcohol) albeit a longer reaction time was required 
for completion. 
 We next attempted to cyclize a-propargyloxy-b-
bromoalkylazide 1p. The reaction proved to be more difficult 
potentially due to the redox compatibility between C(sp3)–Br 
bond and gold(I) complexes.16 However, the use of 
[XPhosAu]NTf2 as the catalyst at a slightly higher loading (10 
mol%) resulted in the formation of the corresponding 2H-1,3-
oxazine 2p (Scheme 4).  Due to the instability, 2p was 
converted into the corresponding acetal 3p through sequential 
treatment with MeOH for isolation.  

 
Scheme 3 Substrate scope.a The reaction was conducted on 0.2 mmol scale. b [t-
BuXPhosAu(NCCH3)]SbF6 (3 mol%) was used as the catalyst. c The synthesis was 
conducted in 2-steps way from the corresponding vinyl azide and propargyl 
alcohol via alkoxyfluorination and gold(I)-catalyzed azide-yne cyclization (see ESI 
for more details). d 5 mol% of [(Me4t-BuXPhos)Au(NCCH3)SbF6 was used as the 
catalyst. 

 
Scheme 4 The reaction of azide 1p 

 Having developed a new efficient method for the 
construction of 2H-1,3-oxazines 2, we then focused our 
attention on exploring their molecular transformations.  The 
electrophilic bromination of 2a by TBCO led to an interesting 
ring-opening process and stereoselectively afforded 4-formyl-
4-bromo-2-azadiene 4a in 72% yield (Scheme 5a).17,18,19  The 
capability of the brominative ring-opening of 1,3-oxazines 3 in 

producing multi-functionalized 4-formyl-4-bromo-2-azadienes 
4 was demonstrated through the preparation of compounds 
4b, 4h, and 4i (Scheme 5b).  The treatment of 4a with DBU 
resulted in an imine-enamine tautomerization that furnished 
bisenamine 5a (Scheme 5c).20 An elongation of the p-
conjugation in 4a was enabled by reaction with a stabilized 
phosphonium ylide that delivered 2-aza-triene 6a in excellent 
yield (Scheme 5c). 

 
Scheme 5 Molecular transformations of 2H-1,3-oxazine 2a 

 It was also found that the treatment of 1,3-oxazines 2 with 
PhIO (4 equiv) in the presence of a catalytic amount of TsOH 
resulted in an unprecedented and intriguing oxygenative ring-
contraction that delivered oxazolones 7 (Scheme 6a).21 Based 
on the Plattner’s study on oxidative cleavage of aryl epoxides 
by PhIO,22 a tentative mechanistic proposal is depicted in 
Scheme 6b. 2H-1,3-Oxazine 2 might initially be oxidized by 
PhIO to produce epoxide I,23 which is further electrophilically 
activated in the presence of PhIO and a proton to afford 
epoxide-l3-iodane II. Formation of oxonium intermediate III 
with ring-opening of the epoxide may induce a ring-
contraction to give IV, which is then transformed into 
spirocyclic intermediate VII. Finally, elimination of PhI and 
formaldehyde affords oxazolone 7. 
 In summary, we have developed a gold-catalyzed 
denitrogenative 6-endo-dig azide-yne cyclization of a-
propargyloxy-b-haloalkylazides that allows the synthesis of 2H-
1,3-oxazines. Unique molecular transformations of these 
relatively unusual products were also demonstrated. We 
anticipate that the implementation of this rare 6-endo-dig 
azide-yne cyclization mode could light the path to further 
development of other unprecedented gold-catalyzed 
cyclizations. 
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Scheme 6 PhIO-mediated ring-contraction of 2H-1,3-oxazines 2.  a Cu(OTf)2 (20 
mol%) was used instead of TsOH in DMF as a solvent. 
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