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Abstract: A simple and proficient method for the synthesis of isoquinoline derivatives via four-component reaction of 

salicylaldehyde, phthalaldehyde, methyl amine and isocyanide under solvent-free conditions at room temperature is reported. 
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Introduction 

Procedures of green chemistry are imperative for 

care for resources and reducing prices [1-3]. The 

creation of extremely economical reactions with a low 

number of synthetic process and short reaction times is 

a chief topic in advanced synthetic chemistry. Over the 

last decade multicomponent reactions (MCRs) are very 

important kind of reaction because of in these reactions 

three or more reactants mixed in one-pot procedure and 

generated a single product [4-10] that in comparison to 

multi-step methods, MCRs are economically useful 

and environmentally secure.  In the multistep reaction 

generally due to multiple stages of separation of 

product generate large amounts of waste that often 

involve the employ of pricey, poisonous or unsafe 

solvents in each step. MCRs are very appealing for 

combinatorial library preparation and they are utilized 

in lead detection of new drugs and agrochemicals [11-

18].  

 

*Corresponding author. Tel.: +98 9123900498; E-mail: 

zshossaini@yahoo.com 

The one-pot preparation of different and complex 

compounds with small heterocycles shows a influential 

instrument in synthetic chemistry [19].  

Also, the isoquinoline skeleton is found in a large 

number of naturally occurring and synthetic 

biologically active heterocyclic compounds [20-25].
 

Continuing our efforts directed towards the simple 

preparation of biologically active target molecules 

through multi-component reactions and our interest in 

isocyanide-based multi-component reactions [26-29], 

we performed the synthesis of
 
isoquinoline derivatives 

4 via the reaction of salicylaldehyde 1, phthaldehyde 2, 

methyl amine 3 and isocyanide 4 under solvent-free 

conditions at room temperature (Scheme 1).  
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Scheme 1: Reaction of phthalaldehyde, isocyanide and 2-hydroxyacetophenone. 

Results and discussion 

The data obtained from elemental analysis, IR, 
1
H 

NMR and 
13

C NMR spectra confirmed all of the 

proposed products. The 
1
H NMR spectrum of 5a 

displayed one singlet at 1.38 ppm for the tert-butyl 

group, two singlet at 2.10 and 2.54 ppm for methyl 

protons, two singlet at 5.30 and 5.85 for CH protons, 

one singlet at 8.74 ppm for NH proton and two set of 

doublet for vicinal methine protons at 4.78 and 5.73 

ppm which appeared as with 
2
JHH of 3.5 Hz. One single 

resonance at δ = 196.2 ppm is observed in the 
13

C 

NMR spectrum of 5a, which is attributed to the 

carbonyl group. A proposed mechanism for the 

formation of compound 5 is shown in Scheme 2. It is 

conceivable that the initial event is the formation of 

acid–base complex 6 from the isocyanide 4 and the 2-

salycilaldehide 1. Complex 5 activates the isocyanide 

functional group sufficiently for further nucleophilic 

attack by in-situ produced isoquinoline to produce 

intermediate 8. Finally, nucleophilic attack of the 

conjugated base of the 2-hydroxyacetophenone 7 on 8 

affords intermediate 9 that converted to 5 by 

cyclization in the presence of piperidine. 
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Scheme 2: Proposed mechanism for the formation of 5. 
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Conclusion 

In conclusion, we have described a new and 

successful strategy for the convenient synthesis of 1,3-

benzoxazine via three-component condensation 

reaction of a salicylaldehyde, phthalaldehyde, methyl 

amine and isocyanide. The method offers few 

advantages including high yields of products and an 

easy experimental work-up procedure. 

Experimental Section 

General  

   Melting points were taken on a Kofler hot stage 

apparatus and are uncorrected. 
1
H, 

13
C and 

31
P NMR 

spectra were obtained with a Bruker FT-500 

spectrometer in CDCl3, and tetramethylsilane (TMS) 

was used as an internal standard or 85% H3PO4 as 

external standard. Mass spectra were recorded with a 

Finnigan Mat TSQ-70 spectrometer. Infrared (IR) 

spectra were acquired on a Nicolet Magna 550-FT 

spectrometer. Elemental analyses were carried out with 

a Perkin-Elmer model 240-C apparatus. The results of 

elemental analyses (C, H, N) were within 0.4 % of 

the calculated values. Acetylenic ester, phenacyl 

bromide or its derivatives and triphenylphosphine were 

obtained from Fluka and were used without further 

purification.  

General procedure for preparation of compounds 5: 

To a magnetically stirred mixture of salicylaldehyde 1, 

phthalaldehyde 2, methyl amine 3 after 30 min 

isocyanide 4 (2 mmol) was added slowly. The reaction 

mixture was stirred for 3h. After completion of reaction 

(monitored by TLC), 15 mL H2O was poured to mixture 

of reaction. The reaction mixture was filtered and the 

solid residue was crystallized from ethyl acetate to afford 

5.  

7-(tertbutylamino)-2-isopropenyl-14bH-furo[2,3-

f]isoquino[2,1-c][1,3]benzoxazine-5-carboxylic acid 

(5a):  

pale yellow powder, m.p. 145-147 °C, 0.73 g, yield 

85%. IR (KBr) (νmax/cm
-1

): 1727, 1675, 1548, 1228 cm
-

1
. Anal. Calcd for C27H28N2O3 (428.53): C, 75.68; H, 

6.59; N, 6.54%. Found: C, 75.54; H, 6.46; N, 6.47%. 
1
H NMR (500 MHz, CDCl3): δ 1.38 (9 H, s, Me3C), 

2.10 (3 H, s, Me), 2.54 (3 H, s, Me), 4.78 (1 H, d, 
2
J = 

3.5 Hz, CH), 5.30 (1 H, s, CH), 5.73 (1 H, d, 
2
J = 3.5 

Hz, CH), 5.85 (1 H, s, CH), 6.42 (1 H, d, 
3
JHH = 5.8 Hz, 

CH), 7.54 (1 H, d, 
3
JHH = 7.6 Hz, CH), 7.69 (1 H, t, 

3
JHH = 7.2 Hz,

 
CH), 7.73 (1 H, t, 

3
JHH = 7.2 Hz, CH), 

7.82 (1 H, s, CH), 7.93 (1 H, d, 
3
JHH = 7.5 Hz, CH), 

8.74 (1 H, s, NH), 8.69 (1 H, d, 
3
JHH = 7.5 Hz, CH), 

9.31 (1 H, d, 
3
JHH = 7.6 Hz, CH) ppm. 

13
C NMR (125.7 

MHz, CDCl3):
 
δ 18.6 (Me), 27.3 (Me), 29.5 (Me3C), 

48.7 (C), 52.7 (CH), 78.4 (CH), 107.8 (CH), 110.5 (C), 

112.7 (CH), 114.3 (CH2), 117.6 (C), 121.0 (C), 121.8 

(C), 122.4 (CH), 124.9 (CH), 126.1 (CH), 128.4(CH), 

129.5 (CH), 130.7 (CH), 136.8 (C), 138.2 (C), 154.5 

(C), 157.6 (C), 159.4 (C), 196.2 (C=O). MS, m/z (%): 

428 (M
+
, 10), 371 (88), 299 (68), 129 (100), 57 (86). 

7-(cyclohexylamino)-2-isopropenyl-14bH-furo[2,3-

f]isoquino[2,1-c][1,3]benzoxazine-5-carboxylic acid 

(5b): 

White powder, m.p.152-154 °C, 0.73 g, yield 80%. 

IR (KBr) (νmax/cm
-1

): 1728, 1685, 1487, 1348, 1257, 

1129 cm
-1

. Anal. Calcd for C29H30N2O3 (454.56): C, 

76.63; H, 6.65; N, 6.16%. Found: C, 76.74; H, 6.72; N, 

6.25%. 
1
H NMR (500 MHz, CDCl3): δ 1.35 (2 H, m, 

CH2), 1.43 (2 H, m, CH2), 1.48 (2 H, m, CH2), 1.65 (2 

H, m, CH2), 1.84 (2 H, m, CH2), 2.14 (3 H, s, Me), 

2.52 (3 H, s, Me), 3.80 (1 H, m, N-CH), 4.82 (1 H, d, 
2
J = 3.0 Hz, CH), 5.25 (1 H, s, CH), 5.70 (1 H, d, 

2
J = 

3.0 Hz, CH), 5.82 (1 H, s, CH), 6.45 (1 H, d, 
3
JHH = 6.0 

Hz, CH), 7.49 (1 H, d, 
3
JHH = 7.6 Hz, CH), 7.65 (1 H, t, 

3
JHH = 7.3 Hz,

 
CH), 7.68 (1 H, t, 

3
JHH = 7.3 Hz,

 
CH), 

7.78 (1 H, s, CH), 7.86 (1 H, d, 
3
JHH = 7.5 Hz, CH), 

8.65 (1 H, d, 
3
JHH = 7.5 Hz, CH), 8.78 (1 H, s, NH), 

9.27 (1 H, d, 
3
JHH = 7.6 Hz, CH) ppm. 

13
C NMR (125.7 

MHz, CDCl3):
 
δ 18.8 (Me), 24.5 (CH2), 24.7 (CH2), 

25.6 (CH2), 27.6 (Me), 33.4 (CH2), 33.7 (CH2), 48.7 

(CH), 53.4 (CH), 80.2 (CH), 108.0 (CH), 112.2 (C), 

113.4 (CH), 115.0 (CH2), 118.5 (C), 121.4 (C), 122.0 

(C), 122.8 (CH), 125.0 (CH), 126.7 (CH), 128.7 (CH), 

130.4 (CH), 131.2 (CH), 137.4 (C), 139.0 (C), 155.0 

(C), 158.3 (C), 160.2 (C), 194.0 (C=O). MS, m/z (%): 

454 (M
+
, 15), 371 (54), 325 (78), 129 (100), 81 (48). 

7-(1,1,3,3-tetramethylbutylamino)-2-isopropenyl-

14bH-furo[2,3-f]isoquino[2,1-c][1,3]benzoxazine-5-

carboxylic acid (5c):  

Yellow crystals, m.p. 162-164 °C, 0.77 g, yield 80%. 

IR (KBr) (νmax/cm
-1

): 1735, 1674, 1528, 1457, 1364, 

1229 cm
-1

. Anal. Calcd for C31H36N2O3 (484.64): C, 

76.83; H, 7.49; N, 5.78%. Found: C, 76.92; H, 7.56; N, 

5.84%. 
1
H NMR (500 MHz, CDCl3): δ 1.03  (9 H, s, 

CMe3),  1.55 (3 H, s, Me), 1.62 (3 H, s, Me), 1.83 (2 H, 

s, CH2), 2.17 (3 H, s, Me), 2.48 (3 H, s, Me), 4.75 (1 H, 

d, 
2
J = 2.7 Hz, CH), 5.32 (1 H, s, CH), 5.74 (1 H, d, 

2
J 

= 2.7 Hz, CH), 5.93 (1 H, s, CH), 6.57 (1 H, d, 
3
JHH = 

5.5 Hz, CH), 7.53 (1 H, d, 
3
JHH = 7.4 Hz, CH), 7.72 (1 

H, t, 
3
JHH = 7.2 Hz,

 
CH), 7.78 (1 H, t, 

3
JHH = 7.3 Hz,

 

CH), 7.82 (1 H, s, CH), 7.90 (1 H, d, 
3
JHH = 7.4 Hz, 
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CH), 8.72 (1 H, d, 
3
JHH = 7.6 Hz, CH), 8.83 (1 H, s, 

NH), 9.28 (1H, d, 
3
JHH = 7.6 Hz, CH) ppm. 

13
C NMR 

(125.7 MHz, CDCl3):
 
δ 19.2 (Me), 28.3 (Me), 29.7 (C), 

31.6 (CMe3), 31.9 (2 Me), 50.4 (C), 51.2 (CH), 55.0 

(CH2), 81.4 (CH), 108.6 (CH), 112.5 (C), 113.7 (CH), 

115.4 (CH2), 119.2 (C), 121.8 (C), 122.5 (C), 123.0 

(CH), 125.6 (CH), 127.2 (CH), 129.3 (CH), 130.8 

(CH), 131.7 (CH), 137.6 (C), 139.4 (C), 155.3 (C), 

159.2 (C), 160.6 (C), 196.7 (C=O). MS, m/z (%): 484 

(M
+
, 10), 371 (62), 129 (100), 113 (52). 

7-(2-ethoxy-2-oxoethylamino)-2-isopropenyl-14bH-

furo[2,3-f]isoquino[2,1-c][1,3]benzoxazine-5-

carboxylic acid (5d): 

Yellow powder, m.p. 158-160 °C, 0.69 g, yield 75%. 

IR (KBr) (νmax/cm
-1

): 1732, 1683, 1565, 1434, 1358, 

1235 cm
-1

. Anal. Calcd for C27H26N2O3 (458.51): C, 

70.73; H, 5.72; N, 6.11%. Found: C, 70.65; H, 5.67; N, 

6.02%. 
1
H NMR (500 MHz, CDCl3): δ 1.31 (3 H, t, 

3
J 

= 7.4 Hz, Me),  2.14 (3 H, s, Me), 2.50 (3 H, s, Me), 

4.20 (2 H, s, CH2), 4.25 (2 H, q, 
3
J = 7.3 Hz, CH2O), 

4.75 (1 H, d, 
2
J = 2.8 Hz, CH), 5.34 (1 H, s, CH), 5.75 

(1 H, d, 
2
J = 2.8 Hz, CH), 5.87 (1 H, s, CH), 6.62 (1 H, 

d, 
3
JHH = 5.6 Hz, CH), 7.58 (1 H, d, 

3
JHH = 7.5 Hz, CH), 

7.74 (1 H, t, 
3
JHH = 7.4 Hz,

 
CH), 7.82 (1 H, t, 

3
JHH = 7.5 

Hz,
 
CH), 7.87 (1 H, s, CH), 7.95 (1 H, d, 

3
JHH = 7.5 Hz, 

CH), 8.75 (1 H, d, 
3
JHH = 7.5 Hz, CH), 8.85 (1 H, s, 

NH), 9.24 (1H, d, 
3
JHH = 7.6 Hz, CH) ppm. 

13
C NMR 

(125.7 MHz, CDCl3):
 
δ 14.1 (Me), 18.5 (Me), 28.4 

(Me), 50.2 (CH2), 51.7 (CH), 60.7 (CH2O), 81.6 (CH), 

108.5 (CH), 112.7 (C), 114.0 (CH), 115.8 (CH2), 119.6 

(C), 122.4 (C), 122.8 (C), 123.7 (CH), 126.3 (CH), 

127.8 (CH), 129.6 (CH), 131.2 (CH), 132.3 (CH), 

138.0 (C), 139.7 (C), 155.6 (C), 159.8 (C), 159.4 (C), 

167.2 (C=O), 195.2 (C=O). MS, m/z (%): 458 (M
+
, 

10), 329 (58), 129 (100), 43 (86). 

7-(2,6-dimethylphenylamino)-2-isopropenyl-14bH-

furo[2,3-f]isoquino[2,1-c][1,3]benzoxazine-5-

carboxylic acid (5e): 

Yellow powder, m.p. 164-166 °C, 0.79 g, yield 83%. 

IR (KBr) (νmax/cm
-1

): 1734, 1684, 1576, 1425 1374, 

1247, 1129 cm
-1

. Anal. Calcd for C31H28N2O3 (476.57): 

C, 78.13; H, 5.92; N, 5.88%. Found: C, 78.24; H, 6.04; 

N, 5.94%. 
1
H NMR (500 MHz, CDCl3): δ  2.10 (3 H, s, 

Me), 2.24 (3 H, s, CH3), 2.27 (3 H, s, CH3), 2.52 (3 H, 

s, Me), 4.80 (1 H, d, 
2
J = 2.6 Hz, CH), 5.28 (1 H, s, 

CH), 5.78 (1 H, d, 
2
J = 2.6 Hz, CH), 5.83 (1 H, s, CH), 

6.48 (1 H, d, 
3
JHH = 5.5 Hz, CH), 7.43 (1 H, d, 

3
JHH = 

7.4 Hz, CH), 7.46 (1 H, d, 
3
JHH = 7.5 Hz, CH), 7.57 (1 

H, t, 
3
JHH = 7.3 Hz,

 
CH), 7.64 (1 H, t, 

3
JHH = 7.2 Hz, 

CH), 7.66 (2 H, d, 
3
JHH = 7.4 Hz, 2 CH), 7.78 (1 H, s, 

CH), 7.82 (1 H, d, 
3
JHH = 7.4 Hz, CH), 8.82 (1 H, s, 

NH), 8.92 (1 H, d, 
3
JHH = 7.6 Hz, CH), 9.27 (1 H, d, 

3
JHH = 7.6 Hz, CH) ppm. 

13
C NMR (125.7 MHz, 

CDCl3):
 
δ 18.3 (Me), 18.5 (Me), 18.7 (Me), 27.5 (Me), 

53.0 (CH), 78.6 (CH), 108.2 (CH), 110.7 (C), 113.4 

(CH), 114.8 (CH2), 118.4 (C), 121.5 (C), 122.3 (C), 

122.7 (CH), 125.4 (CH), 126.6 (CH), 127.3 (2 C), 

128.5 (CH), 129.2 (2 CH), 130.2 (CH), 130.7 (CH), 

134.0 (CH), 137.2 (C), 138.4 (C), 154.6 (C), 155.2 (C), 

157.8 (C), 159.8 (C), 196.5 (C=O). MS, m/z (%): 476 

(M
+
, 15), 347 (68), 129 (100), 43 (86). 

7-(benzylamino)-2-isopropenyl-14bH-furo[2,3-

f]isoquino[2,1-c][1,3]benzoxazine-5-carboxylic acid 

(5f): 

Yellow powder, m.p. 174-176 °C, 0.72 g, yield 78%. 

IR (KBr) (νmax/cm
-1

): 1735, 1678, 1556, 1367 1284 cm
-

1
. Anal. Calcd for C30H26N2O3 (462.55): C, 77.90; H, 

5.67; N, 6.06%. Found: C, 77.84; H, 5.73; N, 6.14%. 
1
H NMR (500 MHz, CDCl3): δ 2.15 (3 H, s, Me), 2.58 

(3 H, s, Me), 4.71 (2 H, s, CH2), 4.83 (1 H, d, 
2
J = 2.8 

Hz, CH), 5.32 (1 H, s, CH), 5.76 (1 H, d, 
2
J = 2.8 Hz, 

CH), 5.87 (1 H, s, CH), 6.52 (1 H, d, 
3
JHH = 5.4 Hz, 

CH), 7.25 (2 H, t, 
3
JHH = 7.8 Hz, 2 CH), 7.45 (1 H, t, 

3
JHH = 7.4 Hz, CH), 7.58 (1 H, d, 

3
JHH = 7.5 Hz, CH), 

7.64 (2 H, d, 
3
JHH = 7.6 Hz, 2 CH), 7.74 (1 H, t, 

3
JHH = 

7.4 Hz,
 
CH), 7.75 (1 H, t, 

3
JHH = 7.6 Hz, CH), 7.80 (1 

H, s, CH), 7.95 (1 H, d, 
3
JHH = 7.5 Hz, CH), 8.78 (1 H, 

s, NH), 8.94 (1 H, d, 
3
JHH = 7.5 Hz, CH), 9.35 (1 H, d, 

3
JHH = 7.5 Hz, CH) ppm. 

13
C NMR (125.7 MHz, 

CDCl3):
 
δ 19.2 (Me), 28.4 (Me), 51.9 (CH2), 53.4 

(CH), 79.0 (CH), 108.4 (CH), 111.2 (C), 112.8 (CH), 

114.7 (CH2), 118.3 (C), 122.0 (C), 122.7 (C), 123.4 

(CH), 125.4 (CH), 126.7 (CH), 128.2 (2 CH), 128.6 

(CH), 129.1 (2 CH), 130.4 (CH), 131.2 (CH), 134.0 

(CH), 137.0 (C), 138.5 (C), 139.3 (C), 154.6 (C), 158.3 

(C), 158.8 (C), 197.3 (C=O). 

7-(2-nitrophenylamino)-2-isopropenyl-14bH-furo[2,3-

f]isoquino[2,1-c][1,3] benzoxazine-5-carboxylic acid 

(5g): 

Yellow powder, m.p. 158-160 °C, 0.32 g, yield 65%. 

IR (KBr) (νmax/cm
-1

): 1738, 1656, 1587, 1447 1364, 

1337, 1295 cm
-1

. Anal. Calcd for C29H23N3O5 (493.51): 

C, 70.58; H, 4.70; N, 8.51%. Found: C, 70.62; H, 7.76; 

N, 8.57%. 
1
H NMR (500 MHz, CDCl3): δ  2.12 (3 H, s, 

Me), 2.54 (3 H, s, Me), 4.78 (1 H, d, 
2
J = 3.2 Hz, CH), 

5.17 (1 H, s, CH), 5.72 (1 H, d, 
2
J = 3.2 Hz, CH), 5.76 

(1 H, s, CH), 6.52 (1 H, d, 
3
JHH = 6.2 Hz, CH), 7.45 (2 

H, d, 
3
JHH = 7.5 Hz, 2 CH), 7.48 (1 H, d, 

3
JHH = 7.5 Hz, 

CH), 7.62 (1 H, t, 
3
JHH = 7.4 Hz,

 
CH), 7.65 (1 H, t, 

3
JHH 

= 7.5 Hz, CH), 7.72 (2 H, d, 
3
JHH = 7.4 Hz, 2 CH), 7.75 
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(1 H, s, CH), 7.82 (1 H, d, 
3
JHH = 7.4 Hz, CH), 8.75 (1 

H, s, NH), 8.87 (1 H, d, 
3
JHH = 7.5 Hz, CH), 9.25 (1 H, 

d, 
3
JHH = 7.8 Hz, CH) ppm. 

13
C NMR (125.7 MHz, 

CDCl3):
 
δ 18.5 (Me), 27.8 (Me), 52.6 (CH), 78.7 (CH), 

108.6 (CH), 111.2 (C), 113.6 (CH), 115.2 (CH2), 118.7 

(C), 122.0 (C), 123.4 (C), 123.6 (CH), 125.7 (CH), 

127.2 (CH), 127.8 (2 C), 128.6 (CH), 129.5 (2 CH), 

130.4 (CH), 131.2 (CH), 133.8 (CH), 137.5 (C), 139.2 

(C), 154.7 (C), 155.6 (C), 158.2 (C), 160.0 (C), 195.7 

(C=O).  

References 

[1] Li, C. J.; Chan, T. H. Comprehensive Organic 

Reactions in Aqueous Media; John Wiley & Sons, 

2007. 

[2] Chanda, A.; Fokin, V. V. Chem. Rev. 2009, 109, 

725. 

[3] Breslow, R. Acc. Chem. Res. 1991, 24, 159. 

[4] Dömling, A. Comb. Chem. High Throughput 

Screen. 1998, 1, 1. 

[5] Dömling, A.; Ugi, I. Angew. Chem., Int. Ed. 2000, 

39, 3169. 

[6] Weber, L. Drug Discovery Today 2002, 7, 143. 

[7] Zhu, J., Bienayme, H., Eds.; Wiley-VCH: 

Weinheim, 2005. 

[8] Wipf, P.; Kendall, C. Chem. Eur. J. 2002, 8, 1779. 

[9] Balme, G.; Bossharth, E.; Monteiro, N. Eur. J. Org. 

Chem. 2003, 4101. 

[10] Jacobi von Wangelin, A.; Neumann, H.; Gordes, 

D.; Klaus, S.; Strubing, D.; Beller, M. Chem.–Eur. J. 

2003, 9, 4286. 

[11] (a) Dömling, A.; Ugi, I. Angew. Chem., Int. Ed. 

2000, 39, 3168. (b) Ugi, I.; Dömling, A. Endeavour 

1994, 18, 115. (c) Heck, S.; Dömling, A. Synlett 2000, 

424. 

[12] (a) Ganem, B. Acc. Chem. Res. 2009, 42, 463; (b) 

Dömling, A.; Ugi, I. Angew. Chem. Int. Ed. 2000, 39, 

3169. 

[13] (a) Shaabani, A.; Maleki, A.; Rezayan, A. H.; 

Sarvary, A. J. Mol. Divers. 2011, 15, 41; (b) Altug, C.; 

Burnett, A. K.; Caner, E.; D€ur€ust, Y.; Elliott, M. C.; 

Glanville, R. P. J.; Guy, C.; Westwell, A. D. 

Tetrahedron 2011, 67, 9522. 

[14] Rostami-Charati, F.; Hajinasiri, R.; Sayyed 

Alangi, S. Z.;  Afshari Sharif Abad, S. Chem. Papers, 

2016, 70, 907. 

[15] Sajjadi-Ghotbabadi, H.; Javanshir, Sh.; Rostami-

Charati, F.; Catal. Lett. 2016,146, 338. 

[16] Soleimani, A.; Asadi, J.; Rostami-Charati, F.; 

Gharaei R. Comb. Chem. High Throughput Screen. 

2015, 18, 505.  

[17] Rostami-Charati, F.; Hossaini, Z. S.; 

Sheikholeslami-Farahani, F.; Azizi, Z.; Siadati. S. A. 

Comb. Chem. High Throughput Screen. 2015, 18, 872. 

[18] (a) Elinson, M. N.; Ilovaisky, A. I.; Merkulova, V. 

M.; Belyakov, P. A.; Chizhov, A. O. Tetrahedron 

2010, 66, 4043-4048; (b) Dekamin, M. G.; Mokhtari, 

Z. Tetrahedron 2012, 68, 922-930; (c) Dekamin, M. 

G.; Mokhtari, Z.; Karimi, Z. Sci. Iran. Trans. C: Chem. 

Chem. Eng. 2011, 18, 1356-1364. 

[19] Weber, L. Curr. Med. Chem. 2002, 9, 2085. 

[20] Bentley, K. W. The Isoquinoline Alkaloids; 

Pergamon Press: London, 1965. 

[21] Bentley, K. W. Nat. Prod. Rep. 2001, 18, 148. 

[22] Michael, J. P. Nat. Prod. Rep. 2002, 19, 742. 

[23] Scott, J. D.; Williams, R. M. Chem. Rev. 2002, 

102, 1669. 

[24] Hansch, C. P.; Sammes, G.; Taylor, J. B. 

Comprehensive Medicinal Chemistry; Pergamon Press: 

Oxford, 1990. 

[25] Rostami Charati, F.; Hossaini, Z. S.; Hosseini-

Tabatabaei, M. R. J.  Heterocycl. Chem., 2012, 49, 

154. 

[26] Alvarez-Builla, J.;  Vaquero, J. J.; Barluenga, J.; 

Alajarín, R.; Burgos, C. Modern Heterocycl. Chem.  

2011, 3, 1527. 

[27] Shaabani, A.; Soleimani, E.; Maleki, A. Monatsh. 

Chem. 2007, 138, 73. 

[28] Shaabani, A.; Soleimani, E.; Darvishi, M. 

Monatsh. Chem. 2007, 138, 43. 

[29] a) Shaabani, A.; Soleimani, E.; Moghimi-Rad, J. 

Tetrahedron Letters, 2008, 49, 1277; b) Shaabani, A.; 

Soleimani, E.; Moghimi-Rad, J. Tetrahedron Lett. 

2007, 48, 4743. 

 

http://scicurve.com/paper/25924658
http://scicurve.com/paper/25924658
http://scicurve.com/paper/25924658

