


 

Scheme 2. Silver-catalyzed MCRs reactions of arynes with 

isonitriles and nitriles 

 

of new isonitrile-based MCRs, we wonder about the possi-

bility of hetero-MCR to generate products 5 and 6. Depend-

ing on the stoichiometry and inherent reactivity of isonitrile 

and nitrile, aryne intermediate 2 might take Path C or Path 

D. Herein we report on the discovery of new silver catalyzed 

MCRs of arynes with isonitriles and nitriles to generate 4 (n 

= 0) and 5 devoid of its constitutional isomer 6.    

 Our investigation commenced with screening of 

various metal catalysts for maximum yield of an [A+2B] or 

[A+3B] type MCR products. Several catalysts displaying a 

good catalytic activity have been identified among which 

AgSbF6 provided the highest yield of benzocyclobutene-1,2-

diimine 4aa (Table 1). The product 4 (n = 1) incorporating 

three isonitriles was not detected. AgOTf also displayed a 

good catalytic activity in promoting this transformation 

(entry 2), however, AgOAc and AgCO3 were almost inactive 

(entries 3–5), indicating an important counterion effect. 

Other catalysts such as Sm(OTf)3, (CuOTf)2⋅C6H6 were also 

generated product 4aa (55 and 59%, entries 5–6). 

However, Sc(OTf)3, Mg(OTf)2, Zn(OTf)2, AuCl, and InCl3 were 

less effective (entries 7–11). In the absence of a catalyst un-

der otherwise identical conditions, product 4aa was not ob-

served (entry 12).  

 Employing the optimized conditions, we next explored 

the generality of [A+2B] type MCR with isonitriles and 

tetrayne13 1a–f (Scheme 3). Aromatic isonitriles containing 

either an electron-donating methyl (4ab), methoxy (4ac), 

or para-N,N-dimethyl (4ad), or an electron-withdrawing 

carbomethoxy (4ae), nitro (4af) or bromo (4ag) substitu-

ent participated in the reaction, delivering desired benzocy-

clobutene-1,2-diimines in moderate to good (43– 

 

Table 1. Optimization for metal catalyst  

 

a Measured by NMR with an internal standard (CH2Br2). 

Scheme 3. [A+2B] MCR reaction for benzocyclobutene-1,2 

diiminesa 

 

a AgSbF6 (10 mol%), PhNC (5 equiv), toluene, 150 °C, 0.5–5 

h.  

76%) yield. Bulkier isonitriles such as 2- isocyanonaphtha-

lene and 3-isocyanoquinoline provided products 4ah 

(70%) and 4ai (68%) in increased yield. Compared to the 

broad scope of aromatic isonitriles, aliphatic isonitriles14 

did not afford benzo cyclobutene-1,2-diimine products. The 

MCR reactions of different aryne precursors were also ex-

amined. The reaction of tetrayne tethered with a fluorenyl 

moiety afforded product 4be in 70% yield while that with 

ketoarene-tethered triyne provided 4ce in 71% yield. 

Tetraynes with an N-Ts and an ether linker participated in 

the reaction smoothly to generate 4da and 4ee in 61 and 

48% yield. An N-Ts-tethered tetrayne provided product 

4de, the X-ray  

 

Table 2. The influence of nitrile and isonitrile stoichiometry 

on the yield and product distribution  

 

a AgSbF6 (10 mol%), PhCN, PhNC, toluene, 150 °C, 2 h. b 

Measured by NMR with an internal standard (CH2Br2). c 

toluene is replaced with PhCN. 



 

diffraction analysis of which provided additional confirma-

tion for these benzocyclobutene-1,2- diimine structures.15 

Also, an amide-tethered triyne afforded product 4fe in 

slightly lower yield (42%).  

 Once formation of homo-coupled benzocyclobutene-

1,2-diimine 4 was realized efficiently (Path B in Scheme 2), 

we pursued the possibility of generating a hetero-coupled 

aryne-ntrile-isonitrile adduct 5 (Path C in Scheme 2). We 

hypothesized that by controlling the stoichiometry of nitrile 

and isonitrile under the optimized conditions, appropriate 

kinetic and thermodynamic parameters could be found to 

favor the reaction Path C, leading to selective formation of 

adduct 5.  Because of the higher reactivity of isonitrile as a 

nucleophile,24 the incorporation of less reactive nitrile could 

be feasible either with its significantly higher concentration 

compared to that of isonitrile or activating aryne towards 

nitrile. 

 To verify these hypotheses, we first examined the 

impact of the stoichiometry of nitrile and isonitrile on the 

product distribution and yield (Table 2). With less than 5 

equivalents of nitrile, hetero-coupled product 5ag and a  

 

Scheme 4. Aryne-nitrile-isonitrile hetero-coupling to 

generate 3H-indol-3-imine and 3-iminoisoindolin-2-ol 

 

a AgSbF6 (10 mol%), ArNC (3 equiv), RCN (solvent), 150 °C, 

0.5–2 h. 

homo-coupled product 4aa was obtained in low yield and 

selectivity (entries 1-4). When 5 equivalents of nitrile and  

isonitrile were employed, a good total yield of products 4aa 

and 5ag was observed with a 10:1 ratio (entry 5). 

Ultimately, by running the reaction in nitrile as the solvent 

with 3–5 equivalents of isonitrile, excellent yield and 

selectivity for the aryne-nitrile-isonitrile coupled product 

5ag was realized (entries 6 and 7). With large excess of 

nitrile, the small difference in isonitrile stoichiometry (3 

equiv vs 5 equiv) did not cause a significant difference for 

yield and selectivity. Surprisingly, even in nitrile solvent, the 

formation of nitrile homo-coupled quinazoloine 3aa was 

observed only to a very minor extent. 

 With the optimized conditions in hand, we next ex-

plored the aryne-nitrile-isonitrile cross condensation 

different combinations of substrates, nitriles and isonitriles 

to generate 3-iminoisoindolin-2-ol and 3H-indol-3-imine25 

depending on the structure of nitrile (Scheme 4). When 

sterically unhindered nitriles such as acetonitrile or 

propionitrile were used, the expected product 3H-indol-3-

imines were not obtained. instead 3-iminoisoindolin-2-ol 

5aa–5ae and 5fd were obtained in moderate yields (36–
55%). Based on extensive experimentations, we conclude 

that these products are derived from 3H-indol-3-imines via 

hydration by adventitious water in the reaction medium. On 

the contrary, sterically more hindered isobutyronitrile 

provided 3H-indol-3-imine 5af (48%). This difference 

between methyl/ethyl versus isopropyl is due to the 

increased steric bulkiness of the isopropyl group, which 

disfavors the conversion the sp2-hybridized imine to the sp3-

hybridized hemiaminal moiety. We suspect that other 

substituents that can electronically stabilize an imine26 

should also provide 3H-indol-3-imine products without 

hydration. Indeed, the reactions with benzonitrile provided 

3H-indol-3-imines 5ag–5ak with improved yield. The 

reaction of N-Ts-tethered tetrayne with benzoisonitrile and 

para-toluene isonitrile provided 3H-indol-3-imines 5dg 

and 5dh in 40% and 36% yield, respectively.  Triyne 

containing a phenyl amide tether provided 3-

iminoisoindolin-2-ol 5fd in 43% yield in propionitrile,  

 

Scheme 5. Transformations of a benzocyclobutene-1,2-

diimine  

 

Conditions: a) 12 N HCl (10 equiv), THF:H2O (4:1), 0 °C, 30 

min. b) m-CPBA (5 equiv), CH2Cl2, 0 °C, 6 h. c) H2O2 (4 equiv), 

Na2CO3 (4 equiv), THF:H2O (4:1), 10 min. d) NaBH4 (5 

equiv), THF/MeOH, rt, 5 h. e) RONa (3 equiv), ROH, THF:H2O 

(4:1), rt, 1 h. f) PhSH (2 equiv), NaHCO3 (2 equiv), THF:H2O 

(4:1), rt, 5 h. 

 





 

 

5 

isonitrile complex IN2 than nitrile complex IN7. In the 

second selectivity-determining step, the predominant 

formation of isonitrile complex IN12 from IN8 steers the 

overall reaction to proceed toward the formation of 3H-

indol-3-imines and 3-iminoisoindolin-2-ols. The different 

types of aryne-based MCRs render a broad substrate scope 

for all three components and show excellent regio- and 

pathway selectivity to generate novel molecular 

structures.26  
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