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We reported a new 1,3-dipolar cycloaddition reaction of α, β-unsaturated ketones with azides 

through iminium catalysis in DMSO. 
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1,3-Dipolar cycloaddition reaction of α, β-unsaturated ketone 5 

with azide through iminium catalysis has been developed. This 

method could furnish 1,4,5-trisubstituted 1,2,3-triazoles in good 

yields and  high levels of regioselectivities. 

Heterocycles have attracted much attention from scientists 

because of their various biological activities.1 As one of the 10 

most important heteroaromatic compounds, 1,2,3-triazoles 

have exhibited considerably biological and pharmaceutical 

activities.2 As showed in Fig 1, Tazobactam is 

a pharmaceutical drug that inhibits the action of bacterial β-

lactamases.3 Cefatrizine exhibits antibacterial activity.4 Besides, 15 

1,2,3-Triazole moieties are also disclosed as NMDA receptor 

antagonist and IAG-NH inhibitor.5 Therefore, developing 

efficient and practical method to construct 1,2,3-triazole moieties 

is a significant and challenging work. 

The widely used protocol to synthesize 1,2,3-triazole is the 20 

Huisgen 1,3-dipolar cycloaddition.6 Although this method has an 

advantage of simple operation, it provides a mixture of two  

regioisomers. In 2002, Meldal7 and Sharpless8 groups 

independently developed a Cu(I)-catalyzed azide–alkyne 

cycloaddition (CuAAC) method to construct 1,2,3-triazole in an 25 

excellent level of regioselectivity. However, the copper ions are 

potentially toxic for living organisms9 and could induce 

degradation of viruses.10 Therefore, developing novel method to 

overcome these drawbacks is the significant responsibility of 

chemists. In recent years,  Ramachary11, Bressy12 and our group13 30 

independently reported the enamine-catalyzed organocatalytic 

1,3-dipolar cycloaddition of ketones to azides to generate highly 

substituted 1,2,3-triazoles (Scheme 1a).14 This strategy could not 

only provide the 1,2,3-triazoles in high yields and 

regioselectivities, 35 

 

Scheme 1.  Organocatalytic strategies in preparation of 1,2,3-triazoles. 
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Fig 1: Examples of important 1,2,3-triazoles. 

but also avoid to utilize toxic metal catalysts. However, we 40 

realize that these previous works are very restricted to ketones or 

cyclic enone substrates, which have largely limited their 

applications.11,12,13a-b As our continued interests in this area, 

especially in expanding substrate scope and reaction type,13c-e 

herein, we report our recent progress regarding to iminium-45 

catalyzed cycloadditions of azides to α, β-unsaturated ketones, 

which are promoted by an active iminium intermediate (Scheme 

1b).15, 16 

We began our initial investigation by employing α, β-

unsaturated ketone 1a and phenyl azide 2a in the presence of 50 

various amine catalysts, including secondary amines (I-IV), 

primary amine (V) and tertiary amine (VI). The screening results 

indicated that secondary amine III was the best catalyst for this 

reaction (Table 1, entry 3). The primary amine (V), tertiary amine 

(VI) and other secondary amines (I and IV) gave the poor results 55 

(Table 1, entries 1, 4-6). Next we utilized secondary amine III as 

the best catalyst to screen the solvent. Further experimental 

results revealed that the solvent was one of the crucial factors for 

this reaction. For example, when the reaction was conducted in 

DMSO, the solvent gave the positive influence on this reaction 60 

and afforded the desired product 3aa in 55% yield (Table 1, entry 

3). Changing the solvents to toluene and CHCl3, the yields would 

decreased to 48% and 34% respectively (Table 1, entries 8-9). 

However, almost no reaction happened if methanol, THF, 

dioxane and H2O were used as reaction medium (Table 1, entries 65 

10-13). In order to improve the chemical yield, we then changed 

the ratio of 1a:2a. The experimental results shown that the ratio 

of 1a:2a was found to be another crucial factor. When we 

changed the ratio of 1a:2a from 1:1.2 to 1:1.5, the yield would 
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increased from 55% to 68% in the same reaction time (Table 1, 

entry 14). To our delight, if we increased the amount of 2a to 2.0 

equivalents, the yield increased to 84% (Table 1, entry 15). Then 

we conducted the reaction at 100 oC for 48 h using 2.0 

equivalents of 2a. However, the yield slightly decreased to 78% 5 

(Table 1, entry 16), which may be caused by the plausible 

decomposition of 2a. Lowering the catalyst loading to 10 mol%, 

a similar result (82% yield) was observed in a prolonged reaction 

time (Table 1, entry 17). Further reducing the catalyst loading to 

5 mol%, a 75% yield was still achieved after 72 h (Table 1, entry 10 

18). Finally, the best result was obtained in the presence of 10 

mol% of cat. III and 1a:2a = 1.0:2.0 at 80 oC using DMSO as 

solvent (Table 1, entry 17). 

Table 1: Optimization of the reaction conditions.a  

N
H

I II III IV V

N
H

VI

N

N
H

COOH

N3
Cat.I-VI (20 mol%) Ph N

NN

1a 2a

+

O

Ph O

N
H

Solvent, 80OC, 48h

NH2

3aa

 
Entry Cat. Solvent t/h Yieldb(%) 

1 I DMSO 48 11 

2 II DMSO 48 43 
3 III DMSO 48 55 

4 IV DMSO 48 21 

5 V DMSO 48 38 
6 VI DMSO 48 22 

7 III DMF 48 52 

8 III Toluene 48 48 
9 III CHCl3 48 34 

10 III MeOH 48 <5 

11 III THF 48 <5 
12 III Dixoane 48 <5 

13 III H2O 48 <5 

14c III DMSO 48 68 
15d III DMSO 48 84 

16e III DMSO 48 78 

17d,f III DMSO 72 82 
18d,g III DMSO 72 75 

a Reaction conditions: A mixture of 1a (0.10 mmol), 2a (0.12 mmol) and 15 

catalyst (20 mol%) in the solvent (0.3 mL) was stirred at 80 oC for 48h. b 
Isolated yield. c 1a:2a = 1.0:1.5. d 1a:2a = 1.0:2.0. e 1a:2a = 1.0:2.0 at 100 
oC. f 10 mol% catalyst used. g 5 mol% catalyst used. 

With the optimized reaction conditions in hand, we then 

investigated the scope of α, β-unsaturated ketones 1 and azide 2a. 20 

As summarized in table 2, the reaction is general for aromatic α, 

β-unsaturated ketones 1a-j, no matter what the substitution 

patterns are electron-donating or electron-withdrawing properties, 

the corresponding products were obtained in good to high yields 

(Table 2, 3aa-3ja, 77-89%). It is noteworthy that heterocyclic 25 

rings such as furan and thiophene rings were also tolerated in 

substrates, affording the desired products in high yields (Table 2, 

3ka-3la, 84-87%). Notably, for less reactive α, β-unsaturated 

alkyl ketones 1m and 1n, good yields were also obtained (Table 2, 

3ma-3na, 75-72%). Pleasingly, chalcone 1o was also found to be 30 

a suitable partner to afford the corresponding product 3oa in 74% 

yield.  

Encouraged by above results, the generality of azides was then 

evaluated. As shown in table 3, the aromatic azides, including 

electron-donating groups and electron-withdrawing groups were 35 

Table 2: Scope of α, β-unsaturated ketones.
a 

R1

Cat.III (10 mol%)

Ph N
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+R2
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O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
N

NPh

O

N
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Br
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O S

N
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O
Ph

3aa, 82% yield 3da, 81% yield3ba, 84% yield

3fa, 78% yield

3ka, 84% yield

3ca, 85% yield

3ea, 77% yield 3ga, 87% yield

3la, 87% yield

3ma, 75% yield 3na, 72% yield 3oa, 74% yield

PhN3

N
N

NPh

O

O2N

3ha, 85% yield

N
N

NPh

O

3ia, 89% yield

N
N

NPh

O

3ja, 81% yield

Cl MeO
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a Reaction conditions: A mixture of 1a-o (0.10 mmol), 2a (0.20 mmol) 

and III (10 mol%) in DMSO (0.3 mL) was stirred at 80 oC for 72h. 

Table 3: Scope of azides.
a 40 

Ph

Cat.III (10 mol%)
R N
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+

O
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N

N
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3ag, 75% yield
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a Reaction conditions: A mixture of 1a (0.10 mmol), 2b-o (0.2 mmol) and 

III (10 mol%) in DMSO (0.3 mL) was stirred at 80 oC for 72h. 

all tolerated for this reaction, giving the desired products in high 

yields (Table 3, 3ab-3ak, 74-89%). To our delight, naphthalene 

ring and heterocyclic ring also exhibited high reactivities to 5 

afford the corresponding product 3al and 3ao in 81% and 75% 

yields respectively. In addition, when alkyl azides 2m and 2n 

were used as the substrates, the reactions also proceeded 

smoothly to give the desired products in high yields (Table 3, 

3am-3an, 85-89%). The configuration was assigned 10 

unambiguously by X-ray analysis on the triazole derivative of 

3da (See Table 2).17 

 
Scheme 2.  Plausible mechanism.  

As showed in scheme 2, a plausible mechanism is proposed to 15 

explain the reaction process. First of all, α, β-unsaturated ketone 

1a reacts with catalyst III to form the iminium intermediate A, 

which could be transferred to dienamine intermediate B. Then 

1,3-dipolar cycloaddition reaction takes place between iminium 

intermediate A and azide 2a to form the intermediate C, which 20 

release the catalyst III to generate the intermediate D. 

Susequently, an aerobic oxidation of intermediate D generates the 

final product 3aa.  

In summary, an iminium-catalyzed 1,3-dipolar cycloaddition of 

azide to α, β-unsaturated ketone has been developed. The reaction 25 

is catalyzed by a simple and cheap catalyst to give substituted 

1,2,3-triazoles in high yields and excellent levels of 

regioselectivities. Considering the ready availability of the 

starting materials (α, β-unsaturated ketones) and the operational 

simplicity, we believe that this method will have a broad use. 30 

Further mechanistic and applications of this reaction are ongoing 

in our group, and more results will be reported in due course. 
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