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Abstract: A synthesis of N-substituted 1-alkyl and 1-aryl 3-aminoisoquinolines by cyclocondensation of 2-

acylphenylacetonitriles with aliphatic and aromatic amines using P2O5/SiO2 as catalysts is described. Selectivity, simplic-

ity of operation and easy work-up are some advantages of this method.  
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INTRODUCTION 

Aminoisoquinolines are widely known elements in natu-

ral products as well as in agents with potential therapeutic 

utility.
 
These derivatives possess versatile type of biological 

activities. Among these, 3-amino, 5-amino and 8-amino-

isoquinolines have been studied initially as antimalarials 

[1,2]. On the other hand, 3-amino-4-arylisoquinolines, 3-

amino-4-(p-aminophenyl)-isoquinoline and 3-amino-4-(p-

acetamidophenyl)isoquinoline
 
are well known for their cen-

tral nervous system activity, characterized
 
by general CNS 

depression and anticonvulsant
 
activity [3]. More recently 5-

substituted 1-aminoisoquinolines have been investigated as 

inhibitors of tumor growth [4]. As well, 6-substituted 1-

aminoisoquinolines were studied as Rho-associated protein 

kinase inhibitors (ROKC), implicated in a number of impor-

tant physiological functions including regulation of smooth 

muscle contraction, cytoskeleton re-arrangement, cell migra-

tion and proliferation and inflammatory responses [5].
 
In 

addition, aminoisoquinolines bearing amino functional group 

may be converted to other interesting and useful structural 

units in organic synthesis. 

Several synthetic routes have been described in the litera-

ture to obtain these compounds [6]. However, most of these 

multi-step procedures have significant drawbacks such as 

harsh reaction conditions, difficult work-up, and the use of 

expensive and toxic reagents.  

In particular, few synthetic methods can be found in the 

literature for the preparation of 1-substituted 3-aminoiso-

quinolines [7]. 

Tandel and Biehl have reported the preparation of 1-

substituted 3-aminoisoquinolines from 2-cyanobenzyl-

cyanide with a variety of lithium amides, alkyllithiums and 

phenyllithium in good yields, extending this methodology to 

the preparation of 1,4-disubstituted derivatives [8]. 

 

*Address correspondence to this author at the Laboratorio de Estudio de 

Compuestos Orgánicos, Departamento de Química, Facultad de Ciencias 

Exactas, Universidad Nacional de La Plata, 47 y 115, 1900. La Plata-

Argentina; Tel: +54-221-4243104; E-mail: ascanepa@gmail.com 

More recently, a synthetic route for the preparation of 1,6 

and 1,7-dibromo-3-aminoisoquinolines was devised starting 

from 4-bromo-2-(cyanomethyl)benzonitrile and HBr in di-

chloroacetic acid. These products were used as intermediates 

in the formation of 3-aminoisoquinolines analogs functional-

ized at C (6) or C (7)
 
[9].

 

On the other hand, Zdrojewski and Jonczyk described the 

condensation of 2-cyanomethylbenzaldehydes with amines 

catalyzed by trifluoroacetic (TFA) acid with good yields of 

N-substituted 3-aminoisoquinolines [10].
 

Based on this 

methodology we have synthesized N-substituted 1-alkyl and 

1-aryl 3-aminoisoquinolines 3 via cyclocondensation of 2-

acylphenylacetonitriles 1 with amines in good yields, using 

TFA as catalyst [11] (Scheme 1). 
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Scheme 1. Cyclocondensation of 2-acylphenylacetonitriles 1 with 

amines 2. 

Due to the problem of environmental contamination and 

corrosion of equipment in various processes, it is prudent to 

replace the conventional catalysts with a new type of solid 

acid catalysts which are well-behaved and environmentally 

friendly. 

In the recent years, the use of catalysts and reagents on 

solid supports has been increased because such reagents not 

only simplify purification processes but also help to prevent 

release of reaction residues into the environment.  

The leading contenders for environmentally suitable 

processes are reagents adsorbed on different supports. 
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Among them, the use of silica-supported reagents has re-

ceived considerable importance in organic synthesis. Inside 

them, P2O5 adsorbed on silica gel (P2O5/SiO2) has emerged 

as valuable catalysts in various organic transformations in-

cluding
 
nitration of aromatic compounds

 
[12], oxidation of 

sulfides to sulfoxides [13], condensation of indoles with car-

bonyl compounds [14], deprotection of 1,1-diacetates
 
[15], 

tetrahydropyranylation of diols [16], condensation of sul-

fonamides with aldehydes [17], Fries rearrangement [18], 

and many others.
  

On the other hand, HClO4 adsorbed on silica gel 

(HClO4/SiO2) has been used in various organic processes, 

including acetylation of phenols, tioles, alcohols and amines
 

[19], Michel addition [20], per-O-acetylation of carbohy-

drates [21], synthesis de coumarins [22] and Ferrier rear-

rangement
 
[23].

 
 

The extensive use of these catalysts is due to their easy 

preparation and handling in the laboratory. In addition, they 

can be removed from the reaction mixture by simple filtra-

tion. 

In continuation of our investigations on the applications 

of heterogeneous catalyst in organic synthesis [24], and in 

view of the importance of aminoisoquinolines as future 

therapeutic agents, herein we decide to study this method for 

conversion of 2-acylphenylacetonitriles 1 in 3-aminoiso-

quinolines 3 by reaction with amines using P2O5/SiO2 and 

HClO4/SiO2 as catalysts to find the most suitable one. 

RESULTS AND DISCUSSION 

The substrates 1 were prepared following a procedure 

previously reported by our group [25]. P2O5/SiO2 and 

HClO4/SiO2 were prepared according to the literature proce-

dures [26, 27]. 

In order to choose the most effective catalyst we selected 

2-benzoylphenylacetonitrile 1a as a model substrate to ex-

amine the experimental conditions with methylamine in dif-

ferent amounts of catalysts. The reaction was performed by 

heating an ethanolic solution of 2-benzoylphenylacetonitrile 

1c (1mmol) and methylamine (2 mmol) at 45 ºC with the 

catalyst. The mixture was stirred for a certain time and moni-

tored by TLC. 

The results, summarized in Table 1, clearly indicate that 

both catalysts are efficient for the reaction with similar 

yields. Nevertheless, is it noteworthy that when P2O5/SiO2 is 

used the reaction occurred with a minor amount of catalyst 

(10 %). In addition, the reactions show greater selectivity 

with lower formation of by-products. For this reason, we 

have chosen the use of P2O5/SiO2 to perform these reactions. 

With the selected catalyst, we expanded the scope of the 

reaction to various 2-acylphenylacetonitriles 1 and amines 2 

in ethanol as solvent at different temperatures according to 

the properties of amines. The results of the reaction are 

summarized in Table 2.  

As observed in Table 2, the reactions proceeded 

smoothly with various amines in moderate to good yields. 

Similarly, to process using trifluoroacetic acid as catalyst, 

extensive reaction times are required to complete the reac-

tion. The workup procedure is simple. The products 3 were 

isolated by filtration of catalyst followed by evaporation of 

the solvent and purified by column chromatrography. The 

products 3e, 3g, 3i and 3k are known compounds and were 

characterized by comparison of their physical and spectro-

scopic data with those of reported ones. Physical properties 

of 
1
H NMR and 

13
C NMR spectral data and elemental analy-

sis of new compounds 3a-d, 3f, h, j, and 3l are reported in 

the experimental section.  

In conclusion, we have developed an easy and versatile 

method for the synthesis of N-substituted 1-alkyl and 1-aryl 

3-aminoisoquinolines 3 by cyclocondensation of 2-

acylphenylacetonitriles 1 with alkyl and aryl amines 2 using 

P2O5/SiO2 as catalyst. Simplicity of operation and easy work-

up are some advantages of this method. In addition, it is in 

agreement with the green chemistry protocols. 

EXPERIMENTAL 

Thin layer chromatography was performed on Merck pre-

coated silica gel 60 F254 plates and column chromatography 

was carried out using silica gel (Merck 60, 70-230 mesh). 

All reagents were of commercial quality or were purified 

before use. Melting points were determined with a Büchi 

apparatus. NMR spectra were recorded on a Varian Mercury 

200 spectrometer using TMS as the internal standard. 

P2O5/SiO2 and HClO4/SiO2 were prepared according to the 

literature procedures
 
[26, 27]. 

Table 1. Comparative Study for P2O5/SiO2 and HClO4/SiO2 as Catalyst in the Formation of N-methyl-1-phenylisoquinolin-3-amine 

3c 

Catalyst Amount (% w/w) Time (d) Yield 3c (%) 

200 3 10 

100 3 38 

30 3 60 

HClO4/ SiO2 

10 7 - 

30 3 20 

20 3 42 P2O5/SiO2 

10 3 66 
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The starting 2-acylphenylacetonitriles 1 we have ob-

tained via reaction of 2-cyanomethylbenzoylchloride with 

Grignard reagents in the presence of cuprous iodide at –5 ºC
 

[25]. 

General procedure for the preparation of N,1-
substituted isoquinolin-3-amines: The reaction was per-

formed by heating an ethanolic solution of 1 (1mmol), the 

amine 2 (2 mmol) and the catalyst. Different reaction tem-

peratures were necessary depending on the amine employed. 

The progress of reaction was monitored by TLC and carried 

out for several days (up to 5 days). 

The products of these reactions were isolated by filtration 

of catalyst followed by evaporation of the solvent and puri-

fied by column chromatrography on silica gel (70-230 mesh) 

using hexane/ethyl acetate.  

N,1-Dimethylisoquinolin-3-amine (3a). Green solid, 

mp: 80-81 ºC; 
1
H NMR (200 MHz, CDCl3):  2.81 (s, 3H, 

NHCH
3
), 2.91 (s, 3H, CH3), 6.27 (s, 1H, H-4), 7.11 (ddd, 

1H, J= 8.2, 6.9, 1.5 Hz, H-7), 7.32-7.42 (m, 1H, H-6), 7.47 

(d, 1H, J= 8.1 Hz, H-5), 7.82 (d, 1H, J= 8.2 Hz, H-8); 
13

C 

NMR (62.9 MHz):  21.79(CH3), 29.68 (NHCH3), 93.48 (C-

4), 122.25, 122.45, 125.80, 123.08, 130.19, 139.60, 155.61, 

158.38. Anal. calcd. for C11H12N2 : C,76.71; H, 7.02; N, 

16.27; Found: C, 76.39; H, 7.43; N, 16.15. 

N-(n-Butyl)-1-methylisoquinolin-3-amine (3b). Green-

ish yellow solid, mp: 123-124.5 ºC; 
1
H NMR (200 MHz, 

CDCl3):  0.91 (t, 3H, J = 7.2 Hz ,CH2CH2CH2CH3), 1.32-

1.49 (m, 2H, CH2CH2CH2CH3), 1.53-1.70 (dt, 2H, J = 13.0, 

7.8, Hz , CH2CH2CH2CH3), 3.01 (s, 3H, CH3), 3.12 (t, 2H, J 

= 8.4 Hz, CH2CH2CH2CH3), 4.49 (NHCH3), 6.26 (s, 1H, H-

4), 7.13-7.04 (m, 1H, H-7), 7.29-7.40 (m, 1H, H-6), 7.45 (d, 

1H, J= 8.1 Hz, H-5) 7.84 (dd, J = 8.4, 0.8 Hz, 1H, H-8),
 13

C 

NMR (62.9 MHz):  12.85 (CH2CH2CH2CH3), 19.30 

(CH2CH2CH2CH3), 28.41 (CH2CH2CH2CH3), 31.61 

(NHCH3), 41.71(CH2CH2CH2CH3), 92.91, 121.43, 122.78, 

124.87, 125.46, 129.30, 139.46, 154.79, 162.66. Anal. calcd. 

for C14H18N2 : C,78.46; H, 8.47; N, 13.07; Found: C, 78.35; 

H, 8.52; N, 13.11.  

1-Methyl-N-phenylisoquinolin-3-amine (3c). Yellow 

solid, mp: 63-64 ºC;
 1

H NMR (200 MHz , CDCl3):  2.86 (s, 

3H, NHCH3), 6.63(s, 1H), 6.98 (brs, 1H, NH), 7.07 (s, 1H, 

H-4), 7.22-7.40 (m, 5H), 7.44-7.57 (m, 2H), 7.94 (dd, 1H, 

J=8.4, 0.9 Hz, H-8). 
13

C NMR (62.9 MHz):  22.29, 97.75, 

119.98, 122.58, 123.51, 123.62, 125.97, 126.17, 129.63, 

130.40, 139.03, 141.36, 150.71, 158.89. Anal. calcd. for 

C16H14N2 : C, 82.02; H, 6.02; N, 11.96; Found: C, 82.15; H, 

6.09; N, 11.77. 

1-Methyl-N-(4-methylphenyl)isoquinolin-3-amine 

(3d). Yellow solid, mp: 88-89 ºC;
 1

H NMR (200 MHz , 

CDCl3):  2.34 (s, 3H, C6H4CH3) 2.85, (s, 3H, NHCH3), 6.56 

(s, 1H, NH), 6.97 (s, 1H, H-4), 7.11-7.29 (m, 5H), 7.41-7.53 

(m, 2H), 7.92 (dd, 1H, J=8.4, 0.8 Hz, H-8). 
13

C NMR (62.9 

MHz):  20.98, 22.06, 97.00, 120.71, 123.11, 126.00, 

130.24, 130.39, 132.41,139.46, 138.56, 151.41, 158.82. 

Anal. calcd. for C16H14N2 : C, 82.22; H, 6.49; N, 11.28; 

Found: C, 82.22; H, 6.36; N, 11.61.  

1-Ethyl-N-(4-methylphenyl)isoquinolin-3-amine (3f). 

Red solid, mp: 42-43 ºC; 
1
H NMR (200 MHz , CDCl3):  

1.35 (t, 3H, J = 7.6 Hz, CH3CH2), 2.27 (s, 3 H, C6H4CH3), 

3.15 (q, 2H, J = 7.6 Hz, CH3CH2), 6.49 (s, 1H, NH), 6.90 (s, 

1H, H-4), 7.04 – 7.22 (m, 5H), 7.29 – 7.49 (m, 2H), 7.90 (dd, 

1H, J = 8.4, 0.9 Hz, H-8). 
13

C NMR (62.9 MHz, CDCl3):  

13.86, 21,05, 28.33, 97.11, 120.77, 122.41, 123.34, 125.57, 

126.27, 130.13, 130.20, 132.43, 138.65, 139.49, 151.40, 

163.35. Anal. calcd. for C18H18N2 : C, 82.41; H, 6.92; N, 

10.68; Found: C, 82.36; H, 6.97; N, 10.65.  

N-(n-Butyl)-1-phenylisoquinolin-3-amine (3h). Orange 

solid, mp: 80-81 ºC; 
1
H NMR (200 MHz , CDCl3):  0.95 (t, 

3H, J = 7.3 Hz, CH2CH2CH2CH3), 1.36-146 (m, 2H, 

CH2CH2CH2CH3), 1.58-65 (m, 2H, CH2CH2CH2CH3), 2.99 

Table 2. Synthesis of 1, N-substituted 3-isoquinolin 3-amines using P2O5/SiO2 as catalyst 

Mp (ºC) 
Entry R

1 
R

2
 

Temperature 

(ºC) 

Time 

(d) 

Yield (%) 

3 
Found/Lit. [11]

 

3a Methyl Methyl 45 1.5 83 80-81 

3b Methyl n-Butyl 80 2 80 123-124.5 

3c Methyl Phenyl 80 4 59 63-64 

3d Methyl p-Tolyl 80 5 58 88-89 

3e Ethyl Methyl 45 2 63 97-98/97-98 

3f Ethyl p-Tolyl 80 5 53 42-43 

3g Phenyl Methyl 45 5 67 142-143/142-144 

3h Phenyl n-Butyl 80 5 60 164-166 

3i Phenyl Phenyl 80 5 48 88-90/89-90 

3j Phenyl p-Cl-phenyl 80 5 38 192-193 

3k Benzyl Methyl 45 5 63 117-118/115-117 

3l Benzyl p-Cl-phenyl 80 5 30 152-155 
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(s, 3H, CH3), 3.01 (t, 2H, J = 7.1 Hz, CH2CH2CH2CH3), 6.15 

(s, 1H, H-4), 6.78 (1H, NH), 7.24 (td, 1H, J = 7.3 Hz, 7.2, 

0.9, H-7), 7.39-7.48 (m, 3H, H-6, Ph), 7.51-7.72 (m, 4H), 

7.78 (d, 1H, J = 7.1 Hz, H-8). .
13

C NMR (62.9 MHz, CD-

Cl3):  13.01 (CH2CH2CH2CH3), 19.89 (CH2CH2CH2CH3), 

28.47 (CH2CH2CH2CH3), 32.11 (NHCH3), 41.54 

(CH2CH2CH2CH3), 92.91, 120.99, 122.40, 123.38, 126.01, 

126.78, 129.13, 130.27, 132.88, 139.49, 154.30, 161.57. 

Anal. calcd. For C19H20N2 : C, 82.57; H, 7.29; N, 10.14; 

Found: C, 82.57; H, 7.29; N, 10.14.  

N-(4-Chlorophenyl)-1-phenylisoquinolin-3-amine (3j). 

Brownish yellow solid, mp: 192-193 ºC; 
1
H NMR (200 MHz 

, CDCl3):  6.88 (s, 1H, H-4), 7.11 (ddd, 1H, J = 7.1, 8.2, 0.9 

Hz, H-7), 7.15-7.25 (m, 4H), 7.30-7.48 (m, 4H), 7.57-7.70 

(m, 3H), 7.81 (dd, 1H, J = 8.2, 0.9 Hz, H-8) .
13

C NMR (62.9 

MHz, CDCl3):  97.6, 119.8, 123.0, 123.5, 123.8, 124.22, 

127.15, 128.32, 129.36, 129.87, 130.77, 130.80, 131.99, 

138.16, 140.11, 151.22, 160.99. Anal. calcd. For C21H15ClN2 

: C, 76.24; H, 4.57; Cl, 10.72; N, 8.47; Found: C, 76.54; H, 

4.50; Cl, 10.54 N, 8.32.  

1-Benzyl-N-(4-chlorophenyl)isoquinolin-3-amine (3l). 

Yellow solid, mp: 152-155 ºC; 
1
H NMR (200 MHz, CDCl3): 

 4.48 (s, 2H, CH2C6H5) ), 6.61 (s, 1H, H-4), 6.91 (s, 1H, 
NH), 6.95-7.04 (m, 2H), 7.07-7.25 (m, 6H), 7.30-7.52 (m, 

3H), 7.84 (dd, 1H, J = 7.6, 1.1 Hz), 7.92 (d, 1H, J= 8.2 Hz, 

H-8).
13

C NMR (62.9 MHz, CDCl3):  41.52, 99.14, 116.45, 

120.78, 121.05, 121.73, 124.18, 126.05, 128.47, 129.06, 

129.33, 130.46, 130.83, 132.09, 139.93, 139.60, 150.34, 

160.17 . Anal. calcd. For C22H17ClN2 : C,76.63; H, 4.97; Cl, 

10.28; N, 8.12; Found: C, 76.64; H, 4.93; Cl, 10.09 N, 8.32. 
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