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An expedient approach to 1,2-dihydroisoquinoline 

derivatives via Cobalt catalysed 6-endo dig cyclization 

followed by Mannich condensation of  

o-alkynylarylaldimines 

Urvashi,
a
 Gaurav K. Rastogi,

a
  Sandeep K. Ginotra 

b,
 Alka Agarwal 

c 
and Vibha 

Tandon
a,d 

A highly effective 6-endo dig cyclisation of o-alkynylaldimines to 1,2-dihydroisoquinolines has been 

described via direct and nitro Mannich condensation using inexpensive and readily available cobalt 

chloride as catalyst. This strategy provides an effective procedure for the synthesis of substituted 1,2-

dihydroisoquinolines derivatives in moderate to high yields. An addition of pronucleophiles, such as 

nitromethane, acetone and α-hydroxyacetone to o-alkynylarylaldimines have been achieved via 

isoquinolinium intermediate.  

 

 

            

 

 

The isoquinoline, dihydro and tetrahydroisoquinoline  ring systems 

are well known and  found as core nucleus in wide variety of natural 

products and pharmaceutical agents,1 but the fused 1,2-

dihydroisoquinoline systems are of paramount significance as they 

represent biologically active pharmacophores.2 These privileged 

scaffolds are versatile intermediates for the synthesis of therapeutic 

agents   such as Lck kinase,3a JNK inhibitors,3b Rho-kinase,3c PTB-

1B inhibitor,4 anti HIV,5 smooth muscle relaxant 

(papaverine),6  antitumor (saframycin-B),7a topoisomerase I inhibitor 

(indenoisoquinoline),7b and anticancer agents (cribrostatin).7c Over 

the last few years, many efforts were made to construct these N-

heterocyclic scaffolds using different synthetic methodologies.8,9 

Several metal/nonmetal catalyzed reactions  emerged as the efficient 

processes to construct 1,2-dihydroisoquinoline skeleton with broad 

range of functional moieties.10-17 Among the various methods, the 

most common are  functionalization of preformed isoquinoline 

core10 and 6-endo-dig ring closure reactions of 2-(1-alkynyl) arene 

carboxaldehyde imines11-17 (preformed or generated in situ from o-

alkynyl benzaldehydes and amines) in the presence of various 

pronucleophiles, either in the absence of a catalyst or in the presence 

of bond coordinating Lewis acid catalysts.12-16 

 

Especially, silver catalyzed ring closure reactions enjoyed more 

success.12 However, these reactions, except few examples,13 are 

mainly restricted to expensive second and third row transition metals 

(Ag,12 Pd,14 In,15,16a Au16). Thus the development of inexpensive 

metal catalyst is expected. 

Cobalt salts and complexes are well known to have catalytic 

abilities in coordinating with the carbon-carbon multi bond for -

complex and to produce many valuable products through enyne-

coupling18 (Pauson-Khand reaction), Alder-Ene19 and many other 

reactions. The low cost, ability to activate alkyne and alkene at the 

low catalyst loading, under mild conditions and our interest to 

explore the inexpensive metal catalysis20, prompted us to utilize the 

relatively inexpensive cobalt catalyst for the construction of the 1,2-

dihydroisoquinoline skeleton via 6-endo-dig ring cyclization.  

Herein, we wish to report that inexpensive cobalt  (II) chloride 

catalyzes the intramolecular cycloaddition of non-activated o-

alkynylarylaldimines followed by addition of pronucleophile 

(nitromethane, acetone and α-hydroxyacetone) to afford the 

substituted 1,2-dihydroisoquinolines in good yields. To find out the 

optimal reaction condition, we optimized the coupling of (E)-N-

phenyl-1-(2-(phenylethynyl)phenyl)methanimine  
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Table 1. Catalyst and conditions screened for the 6-endo-dig 

cyclization nitro Mannich reactiona 

 

Entry Lewis acids  Solvent Time 

(h) 

Temp 

(°C) 

Yield 

(%)b 

1 CoCl2
 c DCE 24 80 70 

2 CoCl2
 d DCE 08 80 79 

3 CoCl2
e DCE 06 80 90 

4 CoCl2
 e DCE NR RT NR 

5 CoCl2
e DCE 08 50 56 

6 CoCl2
 e EtOH 08 80 52 

7 CoCl2
 e DCM 26 40 67 

8 CoCl2
 e ACN 10 80 54 

9 CoCl2
 e THF 25 80 57 

10 CoCl2
 e DMSO 06 80 65 

11 (NEt3)4CoCl4
c DCE 44 80 63 

12 Co(ac)2
c DCE 48 80 45 

13 AgOTfc DCE 06 80 75 
14 AgNO3

 c DCE 04 80 60 
15 PdCl2

c DCE 20 80 55 
16 PdCl2 (PPh3)2

c DCE 06 80 48 
17 CoCl2

 e +CuIc DCE 08 80 52 
a)The reaction was carried out using 1a (1 equiv.) and nitromethane  

(2 equiv.) in the presence of different Lewis acids in different solvents  

at indicated temperatures; b) Isolated yield; c) 10mol%;  d) 20 mol%;  

e) 30 mol%; NR= no reaction; RT= room temperature. 

1a (generated in situ from 2-(phenylethynyl)benzaldehyde and 

amines) with nitromethane to generate 1-(nitromethyl)-2,3-diphenyl 

1,2-dihydroisoquinoline 2a via 6-endo-dig ring cyclization (Table 1). 

The optimization of reaction condition was carried out with respect 

to different Lewis acids, reaction temperatures and solvents. First, 

we screened different Lewis acids in 1,2-dichloroethane as solvent 

for nitro-Mannich reaction  imine 1a at 80 °C (Table 1, entries 1, 11-

17). In the current transformation, the results showed that CoCl2 and 

AgOTf, in contrast to the reaction timing, were competent catalysts  

to give good yields (Table 1, entries 1 & 13), whereas other Lewis 

acids (AgNO3, PdCl2, PdCl2(PPh3)2) were somewhat inferior (Table 

1, entries14-16). Cobalt is an inexpensive metal and known to 

activate alkynes18-19, prompted us to explore different cobalt 

catalysts, but (NEt3)4CoCl4 and Co(ac)2  were found to be inferior  

than CoCl2 in 1,2-dichloroethane at 80ºC (Table 1, entries 11-12). 

The catalyst loading was found to have significant effect on the 

conversion (Table 1, entries 1-3) of the reaction. Lowering the 

catalyst loading decreases the reaction rate and yield as well. Thus 

30 mol% CoCl2 was found to be optimum for highest conversion of 

1a to 2a in 1,2-dichloroethane at 80°C. Efficiency of the catalyst 

diminished in other solvents such as ethanol, dichloromethane, 

acetonitrile, tetrahydrofuran, and dimethylsulfoxide (Table 1; entries 

6-10).   Reduction in the reaction temperature results in a lower yield 

(56%) whereas, reaction did not proceed at all at r t (Table 1, entries 

4 & 5). The presence of Cu as co-catalyst (10 mol% CuI) afforded 

low conversion of substrate (Table 1, entry 17). 

 

Table 2. Substrate scope of different aldimines (1a-l), with 

nitromethane in the presence of CoCl2.
a    

              
Entry Substrate Time(h) Product Yield (%)b 

1 

1a 

6 

 2a 

90 

2 

1b 

5 

2b 

65 

3 

1c 

7 

2c 

80 

4 

1d 

7 

2d 

62 

5 

1e 

6 

2e 

78 

6 

1f 

5.5 

2f 

66 

7 

1g 

5 

2g 

72 

8 

1h 

6 

2h 

66 

9 

1i 

 
7 

2i 

70 

10 

1j 

5 

2j 

62 
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11 

1k 

5 

2k 

68 

12 

1l 

 

7 

2l 

58 

a) The reaction was carried out using 1a-l (1 equiv.) and nitromethane (2 

equiv.) in the presence of 30 mol% CoCl2 in 1,2-dichloroethane at 80 °C,       

b) Isolated yield. 

The scope of the reaction, determined with respect to variety of 

imines (generated in situ from ortho-arylalkynyl-3-carbaldehydes 

and amines) under the optimized condition (Table 1, entry 3) is 

illustrated in Table 2. Electron poor as well as electron rich imines 

underwent 6-endo-dig cyclization to provide structurally diverse 1,2-

dihydroisoquinoline derivatives in moderate to excellent yields 

(Table 2, entries 6-12). A number of functionalities such as fluorine, 

nitro and methoxy moieties, on o-arylalkynyl-3-carbaldehydes as 

well as on amine part, are compatible with the reaction condition. 

Unsubstituted or unactivated aldimine 1a provided product 2a in 

90% yield (Table 2, entry 1). However, imine 1b, 1e having electron 

withdrawing p-fluorophenyl substituent at R3 afforded the required 

product 2b and 2e in 65 to 78% yields, respectively (Table 2, entries 

2 & 5).The  imines 1f-k having electron withdrawing group at R1 

afforded required products in moderate  yields (62 to 72%, Table 2, 

entries 6-11). Electron donating methoxy group at R1 afforded  

desired product 2l comparatively in lower yield (58%, Table 2, entry 

12). Electron donating, - CH3 group at R3 gave better yield than 

electron withdrawing F group at R3 (Table 2, entry 2 vs 3). The 

presence of p-methoxyphenyl group at alkyne (R2) does not have 

much effect on conversion of 1 to the desired product 2, thus giving 

almost similar yields (Table 2, entries 7,8,10,11,12). Under the 

optimized condition, the reaction of 1a with nitroethane in the 

presence of 30 mol% CoCl2 afforded the desired product 3 in 65% 

yield, as mixture of diastereomers with excellent diastereomeric ratio 

(19:1) (Scheme 1). 

Scheme 1. Addition of nitroethane to (E)-N-phenyl-1-(2-

(phenylethynyl)phenyl )methanimine (1a) in the presence of CoCl2.
a 

 

 

a)The reaction was carried out using 1a (1 equiv.) and nitroethane (2 equiv.) 

in the presence of 30 mol% CoCl2 in 1,2-dichloroethane at 80°C. 

A plausible mechanism for the cobalt (II) chloride catalysed 

nitromethane addition via 6-endo dig cyclisation of o-

alkynylaldimines is proposed in the Scheme 3. To gain the insight of 

the proposed catalytic system, we examined the reaction of 1a with 

CoCl2 (1equiv.) in the presence of TfOH in DCE at 80°C to get the 

isoquinolinium triflate salt (10) in 98% yield which was then treated 

with nitromethane (Scheme 2). 

Scheme 2. Isoquinolinium salta
  

 
a) The reaction was carried out using  1a in the presence of 30 mol% CoCl2 
in 1,2-dichloroethane at 80°C for 4h. 10 was treated with nitromethane for 

2h. 

Delightfully, the anticipated 1,2-dihydroisoquinoline product 2a was 

obtained in 60% yield. This result indicates that catalytic cycle 

begins with the activation of carbon-carbon triple bond of o-

alkynylaldimines (1a) by the -coordination of the Cobalt salt to 

form a complex 5, followed by cyclisation to produce  cobalt 

isoquinolinium intermediate 6. Cobalt complex 6 generates 

intermediate 7 upon reacting with pronucleophile, aci-nitro methane 

8 formed by  tautomerisation of  nitromethane 9. Cobalt (II) salt was 

then regenerated and obtained 1,2-dihydro-isoquinoline product 2a. 

 

Scheme 3: Plausible mechanism for CoCl2 catalysed nitromethane 

addition to 1a. 

To further extend the scope of CoCl2 catalysed 6-endo-dig 

cyclization. We screened other pronucleophiles such as acetone, 

hydroxy acetone and 3-hydroxy-2-butanone for the reaction. 

Gratifyingly, the one pot tandem transformation of ortho-

arylalkynyl-3-carbaldehydes, anilines and ketone with anhydrous 

cobalt chloride (30 mol%) in the combination with catalytic amount 

of L-Proline (10 mol%) in ethanol at 60 °C gave good  yields of 1,2 

dihydroisoquinoline derivatives (14a-k) and reactions were 

completed in 4-16 h. The reaction scope is summarized in Table 3. 

In this multicomponent reaction, activated and non-activated (Table 

3, entries 1-8) imines (generated in situ from 2-

alkynylbenzaldehydes 11 and anilines 12) that bearing the electron 

withdrawing and electron donating group at imine nitrogen atom 

leads to  1,2 dihydroisoquinoline derivatives in good to excellent 

yields (64-89%). For example, p-toluidine 12a reacted with 2-

alkynylbenzaldehyde 11a or 11b and acetone to give the  

corresponding product 14a or 14b in excellent yields (88-89%, Table 

3, entries 1 & 2). However, p-hydroxy aniline 12b gave 64% yield 
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(Table 3, entry 3). On the other hand, all the other anilines mono/di-

substituted with electron withdrawing groups gave almost similar  

Table 3. Reaction of different substituted 2-arylalkynyl-

benzaldehyde (11a-g), aniline (12a-g) and proneucleophile 

(13a) in presence of CoCl2 and L-Proline.a,b 

 

Entry 
Substrate  

11 

Substrate 

12 

Product  

14 

Yield 

(%)c 

1 

11a 
12a 

14a 

88 

2 

11b 
12a 

14b 

89 

3 

11c 
12b 

14c 

64 

4 

11b 
12c 

14d 

78 

5 

11c 
12d 

14e 

79 

6 

11a 12e 
14f 

68 

7 

11d 
12f 

14g 

82 

8 

11d 
12d 

14h 

81 

9 

11a 
12g 

14i 

77 

10 

11a 
12a 

14j 

51 

11 

11a 
12a 

14k 

56 

a) The reaction was carried out using 2-aryl-(1-alkynyl)benzaldehyde (1 

equiv.) and aniline (1 equiv.), ketone (5 equiv.) in the presence of 30 

mol% CoCl2 and 10% L-proline in ethanol at 60°C, b) L-Proline-

catalysed reactions gave racemic products, c) Isolated yields based on 

2-aryl-(1-alkynyl)benzaldehyde. 

yields (68-82%, Table 3, entries 4-9). It was observed that 

substitution (F and OMe) at R1 in 2-alkynylbenzaldehyde 11 have no 

effect on the outcome of the reaction and gave similar yields (Table 

3, entries 1 vs 2). Whereas on replacing the acetone with non-

symmetric ketone such as hydroxyl acetone (13b) and 3-hydroxy-2-

butanone (13c), the reaction of 2-alkynylbenzaldehyde 11a with p-

toluidine (12a) proceeded in a highly regioselective manner and 

afforded only one isomer of corresponding 1,2-dihydroisoquinoline 

14j  & 14k in  51% & 56% yields, respectively (Table 3, entries 9 & 

10). The structure of 1-(2-(2-chloro-4-fluorophenyl)-7-fluoro-3-(4-

methoxyphenyl)-1,2-dihydroisoquinolin -1-yl)propan-2-one (14i) 

was unambigously confirmed by X-ray diffraction analysis of single 

crystal (Fig. 1).  

 

 

 

 

 

 

 

 

Fig.1. X-Ray crystallographic ORTEP illustration of 1,2-
dihydroisoquinoline 14i. 

The plausible mechanism of the cobalt chloride catalysed 

cyclization and tandem addition via three component reaction is 
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shown in Scheme 4. It is proposed that the current 

transformation is proceeded via dual activation of electrophile 

and nucleophile by a metal and enamine catalyst respectively. 

The imine 15 (generated in situ from 2-alkynylbenzadehyde 

and aniline) formed cyclised isoquinolinium intermediate 16 by 

intramolecular attack of the nitrogen atom on the electron 

deficient alkyne (activated via the coordination of the triple 

bond with cobalt chloride). Subsequently isoquinolinium 

intermediate 16 attacked by the enamine 22 (generated by the 

reaction of L-proline and acetone) to generate 17 which upon 

hydrolysis results in regeneration of L-proline and intermediate 

18, releasing  1,2-dihydroisoquinoline and cobalt chloride at the 

final stage. 

 
Scheme 4. The possible mechanism of the cobalt chloride 

catalysed tandem addition and cyclisation of 2-aryl-(1-alkynyl) 

benzaldehyde. 

  

Conclusions 
In summary, we have developed a cost effective CoCl2 based 

reaction system for direct addition of nitromethane to imine to 

synthesize highly functionalized 1,2-dihydroisoquino-

line derivatives in good to excellent  yields. We have also 

shown that one pot combination of CoCl2 and L-proline is 

highly effective for the synthesis of 1,2-dihydroisoquinolines 

via multicomponent reactions of 2-alkynylbenzal-dehyde, 

amines and different ketones. A plausible mechanism for both 

reactions, based on direct addition and/or the dual activation 

concept, with/without L-proline as co-catalyst is proposed. The 

investigation to uncover the related transformations and 

application to natural products synthesis are in progress in our 

laboratory. 
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