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Base-Mediated Regioselective [3+2] Annulation of Ketenimines 
and Isocyanides: Efficient Synthesis of 1,4,5-Trisubstituted 

lmidazoles 

Jinxiong Cai,a Haijie Bai,a Yuan Wang,a Xianxiu Xu,b Haiming Xie,*a and Jun Liu*a

A novel base-mediated regioselective [3+2] annulation of active 

methylene isocyanides with ketenimines has been developed. In 

the presence of t-BuOK, a wide range of ketenimines readily react 

with active methylene isocyanides in DMF at 40 °C to afford 1,4,5-

trisubstituted imidazoles efficiently.  

Isocyanides are versatile and powerful building blocks in the 

construction of heterocycles.1 In this context, the active 

methylene isocyanides are usually viewed as the formal 1,3-

dipoles to participate in the annulation with various activated 

double or triple bonds to produce a wide range of nitrogen-

containing five-membered heterocycles.2 For example, the Van 

Leusen reaction of active methylene isocyanides with 

aldehydes or imines has been widely described to form 

oxazoles and imidazoles.3 For comparison, however, the 

annulation of active methylene isocyanides with cumulated 

double bond to obtain valuable heterocycles has been scarcely 

investigated. Only a few examples have been reported on the 

reactions of active methylene isocyanides with isocyanates,4a 

isothiocyanates4b and isoselenocyanates4c under basic 

conditions (Scheme 1a). In 2014, Zhao et al. reported a 

cyclization of allenoates with activated isocyanides for the 
synthesis of 3H or 1H pyrroles (Scheme 1b).5 The annulation 

of active methylene isocyanides with carbon disulfide also can 

take place to afford thiazole derivatives (Scheme 1c).6 

Whereas no examples of [3+2] annulation of active methylene 

isocyanides with ketenimines7 have been disclosed up to now.8  

The imidazole motif is a key structural unit found in various 

functional molecules, from naturally occurring bioactive 

compounds to manmade artificial drugs.9 Furthermore,  

Scheme 1. Annulation of activated methylene isocyanides with  

cumulated double bond 
 

imidazoles are also widespread in catalysis and coordination 

chemistry.10 As a result of this important subunit, a range of 

methods for the formation of imidazoles have been 

reported,11 including the reactions of active methylene 

isocyanides with carbon-nitrogen multiple bond.3c,d Although 

much progress has been achieved in this area, the 

development of new methodologies for regioselective 

synthesis of functionalized imidazoles is still desirable. In this 

work, we report a novel annulation of active methylene 

isocyanides with ketenimines12 for the synthesis of 1,4,5-

trisubstituted imidazoles under basic conditions (Scheme 1d). 

In the present research, the annulation of ethyl 3-((4-

methoxyphenyl)imino)-2-methylacrylate 1a and ethyl 

isocyanoacetate 2a was employed to screen the reaction 

conditions (Table 1). When 1a was treated with 1.2 equiv of 

2a,  
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1.0 equiv of NaOH in DMF at room temperature, the desired 

Table 1 Optimization of Reaction Conditionsa 

 

Entry Base (equiv) Solvent 
Temp 

(°C) 

Time 

(h) 

3aa 

(%)b 

1 NaOH (1.0) DMF rt 0.5 54 

2 EtONa (1.0) DMF rt 0.5 58 

3 
t-BuONa 

(1.0) 
DMF rt 0.5 71 

4 t-BuOK (1.0) DMF rt 0.5 83 

5 DBU (1.0) DMF rt 0.5 43 

6 Ag2CO3 (1.0) DMF rt 12 trace 

7 K2CO3 (1.0) DMF rt 0.5 41 

8 Cs2CO3 (1.0) DMF rt 12 trace 

9 t-BuOK (1.0) DCM rt 12 trace 

10 t-BuOK (1.0) 1,4-dioxane rt 0.5 49 

11 t-BuOK (1.0) DMSO rt 0.5 58 

12 t-BuOK (1.0) THF rt 0.5 70 

13 t-BuOK (1.0) CH3OH rt 12 trace 

14 t-BuOK (1.0) C2H5OH rt 12 23 

15 t-BuOK (1.0) CH3CN rt 0.5 74 

16 t-BuOK (1.0) DMF 40 0.5 86 

17 t-BuOK (1.0) DMF 60 0.5 82 

18 t-BuOK (1.0) DMF 80 0.5 77 

19 t-BuOK (0.5) DMF 40 0.5 75 

20 t-BuOK (1.5) DMF 40 0.5 62 

21 - DMF 40 0.5 0 

aReaction conditions, unless otherwise noted: 1a (0.3 mmol), 2a 
(0.36 mmol), base (0.3 mmol), solvent (2.0 mL). bIsolated yield. 

product 3aa was obtained in 54% yield (entry 1). For 

comparison, t-BuOK (entry 4) was more effective base than 

EtONa (entry 2), t-BuONa (entry 3), DBU (entry 5), Ag2CO3 

(entry 6), K2CO3 (entry 7), and Cs2CO3 (entry 8). We then 

turned our attention to screen different solvents (entries 

9−15). The results indicated that DMF was the best choice 

(entry 4). Among the reaction temperatures examined, it 

turned out that the reaction at 40 °C gave the best result 

(entries 16−18). In addition, it was found that lower product 

yields of 3aa were obtained by decreasing or increasing t-BuOK 

loadings (entries 19 and 20). Control experiment verified the 

requirement of t-BuOK (entry 21). 

With the optimized conditions in hand, the substrates scope 

was then investigated. Overall, a number of 1,4,5-

trisubstituted imidazoles were successfully prepared with 

moderate to excellent yields within 0.5 h by the reactions of 

ethyl isocyanoacetate 2a or tosylmethylisocyanide 2b with a 

wide range of ketenimines 1 (Scheme 2). First, substituents 

(R1)  

Scheme 2 Synthesis of 1,4,5-trisubstituted imidazoles 

 

on the nitrogen atom of ketenimines were investigated 

(3aa−3ra, 3ab−3hb). Aryl substrates 1 with electron-donating 

groups showed better reactivity than those with electron-

withdrawing groups. Various kinds of functional groups, such 

as OMe, Me, t-Bu, NO2, F, Cl, Br, I, CF3, OCF3, CN, CO2Et, and 

Ph, were well tolerated. Naphthyl, and pyridyl substrates were 

also productive, delivering imidazoles in good yields (3oa and 

3hb). According to 1H and 13C NMR spectroscopy data of 3la, 

3ma, and 3oa, the diastereoisomers were detected and the 

diastereomeric ratios were determined by 1H NMR spectra. 

Substrates with cyclohexyl, ethyl or isopropyl on the nitrogen 

atom of ketenimines could be used to generate the 

corresponding products in good yields (3pa−3ra). It was 

Page 2 of 5ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
8 

M
ar

ch
 2

01
9.

 D
ow

nl
oa

de
d 

by
 E

as
t C

ar
ol

in
a 

U
ni

ve
rs

ity
 o

n 
3/

8/
20

19
 8

:5
7:

07
 A

M
. 

View Article Online
DOI: 10.1039/C9CC01257E

http://dx.doi.org/10.1039/c9cc01257e


Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name .,  2013, 00 , 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

noteworthy that when R1 was tert-butyl substituent, no 

reaction was observed by TLC monitoring due to, probably, the 

steric hindrance of the bulky tertiary butyl group. 

Furthermore, substituents (R2 and R3) on the carbon atom of 

ketenimines were also investigated. When the ketenimines 

included aryl, methyl, ethyl, CO2Et, and 9H-xanthen-9-yl 

substituents, the reaction proceeded and gave the desired 

products 3sa−3ua, 3ib−3kb in good yields. The ester groups of 

isocyanoacetates were also investigated with the final imidazole 

products obtained smoothly (3ac, 3ad). Furthermore, it was 

proved that benzylisocyanide 2e could also react well with 1a 

to give 3ae. The molecular structure of 3fb was successfully 

confirmed by X-ray crystallographic analysis.13   

To further demonstrate the practical usefulness of the 

method, a gram-scale reaction was performed with ethyl 

isocyanoacetate 2a and ketenimine 1a. Under the optimized 

reaction conditions, the reaction could proceed smoothly, 

affording the desired product 3aa in 72% yield (eq 1).  

On the above preliminary results, as well as literature 

precedent, a possible mechanistic pathway is proposed in 

Scheme 3. Initially, base-mediated deprotonation of ethyl 2-

isocyanoacetate 2a generates the active carbanionic 

intermediate A,14 which undergoes nucleophilic addition to the 

central carbon of ketenimine to form intermediate B.7d 

Subsequently, a 5-endo-dig cyclization of B takes place to form 

intermediate C,15 followed by protonation to give intermediate 

D. Finally, isomerization of D through 1,3-H shift takes place to 

produce imidazole product 3. It should be noted that the 

annulation of active methylene isocyanides with ketenimine 

only occurs on the C=N double bond of ketenimine with high 

regioselectivity.16 The products obtained via intermediate C' 

have not been detected in this transformation.17 However, a 

concerted [3+2]-cycloaddition18 of base-activated 2a with 

ketenimines cannot be excluded.  

In summary, we have developed a novel base-mediated 

annulation between active methylene isocyanides and 

ketenimines for the efficient and straightforward synthesis of 

1,4,5-trisubstituted imidazole derivatives. The annulation  

Scheme 3 The Putative Reaction mechanism 

reaction features broad substrate scope, good functional 

group compatibility, operational simplicity, and high 

regioselectivity. Moreover, the present annulation is amenable 

to gram-scale synthesis. Further studies on the annulation of 

isocyanides with cumulenes are ongoing in our group.   

This work was supported by Special fund of key technology 

research and development projects (20180201097GX) 

(20180201099GX) (20180201096GX), Jilin province science and 

technology department. Key Subject Construction of Physical 

Chemistry of Northeast Normal University. The R&D Program 

of power batteries with low temperature and high energy, 

Science and Technology Bureau of Changchun (19SS013). 

National Key R&D Program of China (2016YFB0100500).   
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A novel base-mediated regioselective [3+2] annulation of active methylene 
isocyanides with ketenimines has been developed. 
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