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Abstract A metal and catalyst free 1,3-dipolar cycloaddition reaction of azomethine imines with internal alkynes have been 

developed. Various N,N-bicyclic pyrazolidinones could be prepared quickly under microwave irradiation in moderate to excellent 

yields (up to 96%). A wide range of azomethine imines and electron-deficient internal alkynes were applicable to this reaction. In 

addition, gram-scale reaction could be achieved and fully substituted pyrazole can be obtained by easy transformation of N,N-bicyclic 

pyrazolidinone. This environment friendly dipolar cycloaddition is remarkable for its simplicity in conditions and wide structural 

diversity. 
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Pyrazolidinone heterocycles can be found in plenty of bioactive compounds possessing a wide range of activities.
1
 For example, 

tetrahydropyrazolo[1,2-a]pyrazolones have been studied as analogues of penicillin and cephalosporin antibiotics (Figure 1).
2
 

Given the significant importance of pyrazolidinones and their derivatives in drug discovery, the development of efficient 

synthesis of pyrazolidinone derivatives, especially N,N-bicyclic pyrazolidinones, has attracted considerable attention and thus 

great efforts have been paid to this field. 
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Figure 1. Examples of bioactive compounds bearing N,N-bicyclic pyrazolidinone framework.  

Among a variety of reported approaches, 1,3-dipolar cycloaddition of azomethine imines with alkynes is one of the most 

useful and straightforward tool for the assembly of N,N-bicyclic pyrazolidinone derivatives (Figure 2).
3-9

 Dorn and Otto firstly 

reported their synthesis of N,N-bicyclic pyrazolidinones as early as 1968, albeit mixtures of regioisomers were always obtained 

in their work.
4
 Since then, many elegant approaches using Copper as catalyst have been achieved by Fu, Pale, Sommer, 

Maruoka, Mizuno, Kobayashi, Arai, and others, even in asymmetric version with excellent enantioseletive control (eq a).
5
 

However, besides the employment of metal catalyst, all the methods are limited to the use of terminal alkynes. Later, Ishihara 

group reported a convenient 1,3-dipolar cycloaddition of azomethine imines with internal alkynes using copper as Lewis acid 

catalyst (eq b).
6
 Although good yields and enantiocontrol have been reached, this protocol suffered the use of special internal 

alkynes which required the incorporation of electron-withdrawing groups at γ-positions for activation and amide moieties for 

coordination with copper. From the point of view of green chemistry, thermal 1,3-dipolar cycloaddition is a good choice in 

order to avoid the use of metal or catalyst. Back group disclosed an example of thermal 1,3-dipolar cycloaddition of azomethine 

imine with electron-deficient acetylenic sulfone, but in poor yield (32%, eq c).
7
 Yu and co-workers developed an efficient [3+2] 

cycloaddition of azomethine imines with alkynyl Fischer carbene complexes. However, a further oxidative demetalation was 

required to deliver N,N-bicyclic pyrazolidinones (eq d).
8
 Practical and direct methods for the construction of these molecules 

are extremely desirable. To the best of our knowledge, there is no method available for the direct catalyst-free 1,3-dipolar 

cycloaddition of azomethine imines with simple internal electron-deficient alkynes.
10,11

 Here, we report our development of a 

thermal 1,3-dipolar cycloaddition of azomethine imines with internal alkynes under microwave irradiation affording 

N,N-bicyclic pyrazolidinones.  



  

 

 

 

Figure 2. Synthesis strategies through dipolar cycloaddition of azomethine imines with alkynes. 

 

As part of our continuous efforts on phosphine-catalyzed construction of heterocycles with ynones through in situ generation of 

α-nucleophile, our group intended to develop a phosphine-catalyzed [3+3] annulation of azomethine imine with ynone.
12,13

 We 

conducted the reaction of azomethine imine 1a and ynone 2a in the presence of tributylphosphine in PhCF3 at 130 
o
C for 30 

minutes under microwave irradiation. To our surprise, what we obtained is not the desired [3+3] cycloaddition product but [3+2] 

annulation product 3a (Table 1, entry 1). Furthermore, blank experiment without catalyst gave similar yield in comparison with 

the reaction under the catalysis of tributylphosphine (entry 2). We reasoned that a thermal 1,3-dipolar cyclization reaction 

occurred. Single-crystal X-ray diffraction analysis confirmed the structure of annulation product 3a.
14

 To our delight, PhCF3 as 

solvent led to significant increase on yield (86%, entry 3). Higher concentration also gave better result in terms of yield (91%, 

entry 4). However, either lower reaction temperature or decreased amount of ynone resulted in dramatically reduced yields 



  

 

(entries 5, 6). In the absence of microwave irradiation, only 9% yield could be obtained by conventional heating (entry 7). 

Prolonged reaction time failed to give significant improvement on yield (entry 8). This indicates microwave irradiation is 

essential to this transformation.
15

  

 

Table 1 

Optimization Studiesa,b
 

 

 

Entry Solvent T (
o
C) Yield [%] 

1
c 

toluene 130, MW 26 

2 toluene 130, MW 28 

3
c
 PhCF3 130, MW 86 

4
d
 PhCF3 130, MW 91(86)

e
 

5
d
 PhCF3 100, MW 10 

6
d,f

 PhCF3 130, MW 51  

7
d,g

 PhCF3 130, conventional heating 9 

8
d,h

 PhCF3 130, conventional heating 13 

  
a 
Unless otherwise noted, reaction was performed with 0.1 mmol of 1a and 0.2 mmol of 2a in 1.0 mL of solvent irradiated by microwave for 30 minutes.  

b 
Yield determined by 

1
H NMR with CH2Br2 as internal standard.  

c 
In the presence of 30 mol% of PBu3.  

d 
Performed with 0.2 mmol of 1a and 0.4 mmol of 2a in 1.0 mL of solvent.  

e 
Isolated yield.  

f 
Performed with 0.2 mmol of 1a and 0.22 mmol of 2a in 1.0 mL of solvent.  

g 
Heated at 130 

o
C for 30 minutes by conventional heating.  

h 
Heated at 130 

o
C for 5 hours by conventional heating. 

 

As we have identified the optimal reaction conditions for the dipolar cycloaddition, we then examined generality of 

substrates. As shown in Table 2, azomethine imines derived from aromatic and heteroaromatic aldehydes can provide 

corresponding products in moderate to excellent yields ranging from 53% to 93%. With respect to substituted pyrazolidinone 

ring of the dipole, the reaction gave compound 3h in slightly decreased yield (60%) even at higher reaction temperature, 

probably due to steric reason. Product 3i bearing alkenyl group could be successfully obtained under the current conditions 

(62%). Aliphatic aldehyde derived azomethine imine was then submitted to this procedure affording compound 3j in relatively 



  

 

low yield (39%) because of the poor reactivity. 

 

Table 2 

Examination of Substrate Scopea,b 

 
a 
Unless otherwise noted, reaction was performed with 0.2 mmol of 1 and 0.4 mmol of 2 in 1.0 mL of PhCF3 irradiated by microwave for 30 minutes.  

b 
Isolated yield.  

c 
Irradiated by microwave at 140 

o
C for 30 minutes.  

Next, we examined the substrate scope of electron-deficient alkynes. As shown in Table 3, all the tested alkynes provided 

moderate to excellent yields of N,N-bicyclic pyrazolidinones. Aromatic ynones bearing electron-donating or 

electron-withdrawing groups as well as ynone bearing longer chain can react with azomethine imine smoothly affording 

desired N,N-bicyclic pyrazolidinones in moderate to good yields (56-93% yields). 2-Furyl-substituted ynone was a good 

candidate for this dipolar cycloaddition giving excellent yield (96%). Ynone bearing aliphatic substitution on both terminals 

gave compound 3p in good yield (84%). Products 3r and 3s could be obtained when 4-phenylbut-3-yn-2-one and 



  

 

1,3-diphenylprop-2-yn-1-one were submitted to this system.
16

 Methyl phenylpropargylate and phenylpropiolaldehyde are both 

successful substrates affording corresponding products in 85% and 66% yields respectively. Ethyl 2-butynoate and dimethyl 

acetylenedicarboxylate can also be tolerated in this process. 

Table 3 

Examination of Substrate Scopea,b 

 

a 
Unless otherwise noted, reaction was performed with 0.2 mmol of 1 and 0.4 mmol of 2 in 1.0 mL of PhCF3 irradiated by microwave for 30 minutes.  

b 
Isolated yield.  

c 
Irradiated by microwave at 140 

o
C for 30 minutes. 

This procedure could be easily scaled up for further biomedical research. As shown in scheme 1, treatment of 1b and 2b at 

130 
o
C for 50 min under Microwave irradiation provided 1.63 g of N,N-bicyclic pyrazolidinone 3f.  

 



  

 

Scheme 1. Gram-scale reaction 

    As we have shown the generality of this methodology for various N,N-cyclic azomethine imines, we tried to expand to 

C,N-cyclic azomethine imines (Scheme 2). However, no reaction occurred when pyridine derived C,N-cyclic azomethine imine 

4 and ynone 2a were treated under the current conditions. We also tested unactivated alkyne 5 in order to further extend the 

substrate scope, but low conversion was observed even at higher temperature. Since we failed to afford desired products from 

C,N-cyclic azomethine imine or unactivated alkyne, we can see the limitations of this process. 

 
Scheme 2. Limitations of substrate scope 

 

To further demonstrate the utility of this process, we tested the aromatization reaction by oxidized with CAN. The desired 

fully substituted pyrazole 6 could be obtained through oxidative aromatization along with ring opening.  

 

Scheme 3. Transformation of N,N-bicyclic pyrazolidinone 

 

In conclusion, we have developed a catalyst-free 1,3-dipolar cycloaddition of azomethine imines with internal alkynes. Various 

N,N-bicyclic pyrazolidinones could be prepared under microwave irradiation in moderate to excellent yields (up to 96%). This 



  

 

process has shown significant potential for inexpensive, rapid and easy access to pharmacologically relevant molecules and 

could be easily scaled up for further biomedical research. Fully substituted pyrazole can be obtained by easy transformation of 

N,N-bicyclic pyrazolidinone.  
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Highlights 

 A metal and catalyst free 1,3-dipolar cycloaddition has been developed. 

 Gram-scale reaction could be achieved. 

 Fully substituted pyrazole can be obtained by easy transformation.  
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