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General experimental 

All reactions were carried out using distilled solvents. Reactions were monitored by using 

precoated silica TLC plates. Mass spectra were recorded on EI, and ESI (TOF) modes. 

NMR spectra were recorded in 400 MHz spectrometers in CDCl3, DMSO-d6
, 

tetramethylsilane (TMS; δ = 0.00 ppm) served as an internal standard for 
1
H NMR. The 

corresponding residual non-deuterated solvent signal (CDCl3; δ = 77.00 ppm and DMSO-

d6; δ = 39.52 ppm) was used as internal standard for 
13

C NMR. Column chromatography 

was carried out on silica gel 230-400 mesh or 100-200 mesh (Merck), and thin-layer 

chromatography was carried out using SILICA GEL GF-254. Chemicals obtained from 

commercial suppliers were used without further purification.  

 

All benzamide derivatives
[1]

, N-(5-methoxyquinolin-8-yl)benzamide
[2]

, 4-hydroxy-2-alkynoate 

derivatives
[3]

 were prepared according to reported literature procedure. 
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General experimental procedure: 

(a) Experimental procedure for [4+2] annulation/Lactonization of benzamides with 

4-hydroxy-2-alkynoates 

In a 10-mL round-bottom flask, benzamide derivatives 1 (0.2 mmol), 4-hydroxy-2-

alkynoates 2 (0.3 mmol), Co(acac)2 (7.7 mg, 15 mol%), NaOPiv. xH2O (12.4 mg, 50 

mol%) in DCE (1.5 mL) were taken and the reaction mixture was refluxed at 80 °C for 12 

h in open-air. After completion of the reaction (monitored by TLC), the reaction mixture 

was concentrated under vacuum. The crude products were purified on a silica gel column 

using EtOAc/petroleum ether mixture. 

(b) Experimental procedure for the scale-up reaction 

In a 50-mL round-bottom flask, benzamide derivatives 1a (496 mg, 2 mmol), 4-hydroxy-2-

alkynoates 2a (468 mg, 3 mmol), Co(acac)2 (77 mg, 15 mol%), NaOPiv. xH2O (124 mg, 50 

mol%) in DCE (15 mL) were taken and the reaction mixture was refluxed at 80 °C for 12 h in 

oxygen atmosphere. After completion of the reaction (monitored by TLC), the reaction mixture 

was concentrated under vacuum. The crude products were purified on a silica gel column using 

EtOAc/petroleum ether mixture. 

(c) Experimental procedure for removal of auxiliary directing group 

The auxiliary directing group was removed using a slightly modified procedure of previously 

reported method.
4
 

 

The compound 7aa (0.14 mmol) was dissolved in a mixture of CH3CN/H2O (2.0 

mL/0.4 mL) at room temperature. After the addition of CAN (312 mg, 4 equiv), 

the reaction mixture was stirred at 60 
o
C for 12 h. Then the reaction 

mixture was diluted with water (5 mL), extracted with ethyl acetate, washed with 

water, saturated aqueous NaHCO3 and brine. The organic layer was dried over 

anhydrous Na2SO4. After removal of the solvent, the residue was purified on a flash 

column (silica gel) using ethylacetate/petroleum ether mixture to give 

the deprotected product 8aa in 51% yield. 
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 Crystal data for compound 3aa (CCDC 1914826) 

Empirical formula  C22 H16 N2 O3 

Formula weight  356.37 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P -1 

Unit cell dimensions a = 10.149(6) Å                 α = 107.029(7)°. 

b = 12.088(7) Å                 β = 97.099(8)°. 

c = 15.908(9) Å                  γ = 103.463(8)°. 

Volume 1775.7(17) Å3 

Z 4 

Density (calculated) 1.333 Mg/m3 

Absorption coefficient 0.090 mm-1 

F(000) 744 

Crystal size 0.082 x 0.070 x 0.067 mm3 

Theta range for data collection 1.368 to 28.357°. 

Index ranges -13<=h<=13, -16<=k<=16, -21<=l<=21 

Reflections collected 63914 

Independent reflections 8844 [R(int) = 0.0551] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7457 and 0.7049 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8844 / 0 / 491 

Goodness-of-fit on F2 1.010 

Final R indices [I>2sigma(I)] R1 = 0.0508, wR2 = 0.1197 

R indices (all data) R1 = 0.1118, wR2 = 0.1500 

Extinction coefficient n/a 

Largest diff. peak and hole 0.233 and -0.277 e.Å-3 
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Crystal structure for compound 3aa (CCDC 1914826) 
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Characterization data for the products 

1. 1,1-Dimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (3aa). 

Brown solid; Yield – (60 mg, 84%); mp: 239-241 °C; Rf (50% 

EtOAc/petroleum ether) 0.25; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1761, 1672; 
1
H NMR 

(400 MHz, CDCl3):  1.88 (s, 3 H) 1.91 (s, 3 H) 7.39 (dd, J =8.24, 

4.27 Hz, 1 H) 7.66 - 7.75 (m, 3 H) 7.79 - 7.81 (m, 1 H) 7.83 - 7.88 

(m, 1 H) 7.98 (d, J =8.24 Hz, 1 H) 8.23 (dd, J =8.39, 1.37 Hz, 1 H) 

8.64 (d, J =7.93 Hz, 1 H) 8.75 (dd, J =3.97, 1.53 Hz, 1 H); 
13

C 

NMR (100 MHz, CDCl3):  27.0, 82.8, 121.6, 123.7, 126.0, 126.9, 

128.9, 129.5, 129.6, 129.8, 130.1, 130.6, 133.2, 133.4, 136.3, 144.6, 150.8, 162.5, 163.2; 

HRESI-MS (mz): Calculated for C22H16N2O3 (M + H)
+
: 357.1239, found (M + H)

+
: 

357.1237.  

2. 3,3-Dimethyl-4-(quinolin-8-yl)furo[3,4-c]isoquinoline-1,5(3H,4H)-dione (3aa'). White 

solid; Yield – (8.5 mg mg, 12%); mp: >250 °C; Rf (50% 

EtOAc/petroleum ether) 0.4; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1751, 1679; 
1
H NMR 

(400 MHz, CDCl3):  0.81 (s, 3 H) 1.54 (s, 3 H) 7.47 (dd, J= 8.24, 

4.27 Hz, 1 H) 7.59 (t, J= 7.63 Hz, 1 H) 7.73 (t, J= 7.78 Hz, 1 H) 

7.80 - 7.86 (m, 2 H) 8.08 (d, J= 8.24 Hz, 1 H) 8.27 (d, J= 8.24 Hz, 

1 H) 8.39 (d, J= 7.93 Hz, 1 H) 8.70 (d, J= 7.93 Hz, 1 H) 8.84 (d, 

J= 2.75 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  24.6, 82.6, 

100.7, 122.4, 123.3, 124.7, 125.7, 128.1, 128.9, 129.1, 130.8, 131.1, 131.6, 134.0, 136.3, 

144.8, 151.7, 162.6, 163.9, 167.6; HRESI-MS (mz): Calculated for C22H16N2O3 (M + 

H)
+
: 357.1239, found (M + H)

+
: 357.1242. 

3. 1,1,7-trimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (3ba). 

Brown solid; Yield – (68 mg, 92%); mp: >250 °C; Rf (50% 

EtOAc/petroleum ether) 0.25; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1759, 1671; 
1
H 

NMR (400 MHz, CDCl3):  1.87 (s, 3 H) 1.90 (s, 3 H) 2.57 (s, 3 

H) 7.41 (dd, J= 8.24, 4.27 Hz, 1 H) 7.63 - 7.71 (m, 3 H) 7.81 (dd, 

J=7.32, 1.22 Hz, 1 H) 7.99 (dd, J= 8.24, 1.22 Hz, 1 H) 8.24 (dd, 

J= 8.39, 1.37 Hz, 1 H) 8.46 (s, 1 H) 8.78 (dd, J= 4.27, 1.53 Hz, 1 

H); 
13

C NMR (100 MHz, CDCl3):   21.8, 27.0, 82.7, 121.7, 

123.7, 126.0, 126.0, 127.7, 128.8, 129.0, 129.5, 129.6, 130.5, 133.5, 134.5, 135.6, 136.4, 

140.6, 144.6, 150.7, 162.5, 163.3; HRESI-MS (mz): Calculated for C23H18N2O3 (M + 

H)
+
: 371.1396, found (M + H)

+
: 371.1396. 

4. 1,1,6-Trimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-

c]isoquinoline-3,5-dione (3ca). brown solid; Yield – (68 mg, 

92%); mp: 208-210 °C; Rf (50% EtOAc/petroleum ether) 0.3; 
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Prepared as shown in general experimental procedure (a). IR (Neat, cm
-1

): 1760, 1673; 
1
H NMR (400 MHz, CDCl3):  1.87 (s, 3 H) 1.90 (s, 3 H) 2.93 (s, 3 H) 7.40 (dd, J= 8.24, 

3.97 Hz, 1 H) 7.50 (d, J= 7.63 Hz, 1 H) 7.57 (d, J= 7.63 Hz, 1 H) 7.70 (t, J= 7.78 Hz, 2 

H) 7.80 (d, J= 6.71 Hz, 1 H) 7.98 (d, J=7.93 Hz, 1 H) 8.23 (d, J= 8.24 Hz, 1 H) 8.77 (d, 

J= 2.75 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  24.5, 83.1, 121.7, 122.0, 126.1, 126.8, 

127.0, 129.1, 129.4, 129.7, 131.7, 132.4, 133.4, 133.6, 135.1, 136.4, 147.8, 145.0, 150.8, 

163.1, 163.4; HRESI-MS (mz): Calculated for C23H18N2O3 (M + H)
+
: 371.1396, found 

(M + H)
+
: 371.1395. 

5. 1,1,8-Trimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (3da). 

Brown solid; Yield – (65 mg, 88%); mp: >250 °C; Rf (50% 

EtOAc/petroleum ether) 0.25; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1759, 1670; 
1
H 

NMR (400 MHz, CDCl3):  1.88 (s, 3 H) 1.92 (s, 3 H) 2.61 (s, 3 

H) 7.40 (dd, J= 8.24, 4.27 Hz, 1 H) 7.49 (s, 1 H) 7.54 (d, J= 8.24 

Hz, 1 H) 7.69 (t, J= 7.78 Hz, 1 H) 7.80 (dd, J= 7.32, 1.22 Hz, 1 

H) 7.98 (dd, J= 8.24, 1.22 Hz, 1 H) 8.24 (d, J= 7.32 Hz, 1 H) 

8.53 (d, J= 8.24 Hz, 1 H) 8.76 (dd, J= 3.97, 1.53 Hz, 1 H); 
13

C 

NMR (100 MHz, CDCl3):  22.2, 27.1, 82.8, 121.7, 123.6, 126.0, 126.6, 126.9, 129.0, 

129.5, 129.6, 130.2, 130.6, 131.2, 133.5, 135.1, 136.3, 144.2, 144.7, 150.8, 162.6, 163.3; 

HRESI-MS (mz): Calculated for C23H18N2O3 (M + H)
+
: 371.1396, found (M + H)

+
: 

371.1393. 

6. 8-Methoxy-1,1-dimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-

dione (3ea). Brown solid; Yield – (65 mg, 84%); mp: >250 

°C; Rf (50% EtOAc/petroleum ether) 0.2; Prepared as shown 

in general experimental procedure (a). IR (Neat, cm
-1

): 1760, 

1669; 
1
H NMR (400 MHz, CDCl3):  1.86 (s, 3 H) 1.89 (s, 3 

H) 3.97 (s, 3 H) 7.08 (d, J =2.44 Hz, 1 H) 7.25 - 7.28 (m, 1 H) 

7.38 (dd, J=8.39, 4.12 Hz, 1 H) 7.67 (t, J =7.74 Hz, 1 H) 7.78 

- 7.80 (m, 1 H) 7.97 (d, J= 8.24 Hz, 1 H) 8.22 (dd, J= 8.24, 

1.53 Hz, 1 H) 8.57 (d, J= 8.85 Hz, 1 H) 8.75 (dd, J=3.97, 1.53 

Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  26.9, 55.8, 82.7, 

107.2, 116.7, 121.6, 122.2, 126.0, 127.5, 129.0, 129.4, 129.6, 131.9, 132.8, 133.4, 134.6, 

136.3, 144.7, 150.8, 162.3, 163.2, 163.3; HRESI-MS (mz): Calculated for C23H18N2O4 

(M + H)
+
: 387.1345, found (M + H)

+
: 387.1341. 

7. 8-Fluoro-1,1-dimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-

dione (3fa). Brown solid; Yield – (67.5 mg, 90%); mp: 219-

221 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as 

shown in general experimental procedure (a). IR (Neat, cm
-1

): 

1761, 1674; 
1
H NMR (400 MHz, CDCl3):  1.86 (s, 3 H) 1.89 

(s, 3 H) 7.33 - 7.44 (m, 3 H) 7.68 (t, J= 7.40 Hz, 1 H) 7.79 (dd, 
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J= 7.33, 1.26 Hz, 1 H) 7.99 (dd, J= 8.27, 1.33 Hz, 1 H) 8.23 (dd, J= 8.34, 1.64 Hz, 1 H) 

8.66 (dd, J= 8.91, 5.75 Hz, 1 H) 8.75 (dd, J= 4.23, 1.71 Hz, 1 H); 
13

C NMR (100 MHz, 

CDCl3):  26.8, 26.9, 82.7, 109.5 (d, JC-F = 23.3 Hz), 117.9 (d, JC-F = 22.5 Hz), 121.8, 

125.3 (d, JC-F = 2.0 Hz), 126.0, 128.2, 129.0, 129.5, 129.6, 132.2 (d, JC-F = 9.6 Hz), 

133.0, 133.9 (d, JC-F = 9.8 Hz), 134.0 (d, JC-F = 3.6 Hz), 136.4, 144.5, 150.8, 161.9, 

162.8, 165.5 (d, JC-F = 254.0 Hz); HRESI-MS (mz): Calculated for C22H15FN2O3 (M + 

H)
+
: 375.1145, found (M + H)

+
: 375.1145. 

8. 8-Iodo-1,1-dimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione 

(3ga). Pale Brown solid; Yield – (81 mg, 84%); mp: 250-252 

°C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as shown 

in general experimental procedure (a). IR (Neat, cm
-1

): 1762, 

1673; 
1
H NMR (400 MHz, CDCl3):  1.87 (s, 3 H) 1.90 (s, 3 H) 

7.40 (dd, J= 8.21, 4.17 Hz, 1 H) 7.69 (t, J= 7.77 Hz, 1 H) 7.79 

(dd, J= 7.33, 1.26 Hz, 1 H) 7.97 - 8.06 (m, 3 H) 8.23 (dd, J= 

8.34, 1.52 Hz, 1 H) 8.32 (d, J= 8.46 Hz, 1 H) 8.74 (dd, J= 4.17, 

1.52 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  27.0, 27.1, 82.7, 

101.2, 121.7, 126.0, 128.0, 128.0, 129.0, 129.5, 129.6, 131.6, 132.0, 132.5, 133.0, 133.4, 

136.4, 138.7, 144.4, 150.8, 162.3, 162.7; HRESI-MS (mz): Calculated for C22H15IN2O3 

(M + H)
+
: 483.0206, found (M + H)

+
: 483.0208. 

9. 1,1-Dimethyl-3,5-dioxo-4-(quinolin-8-yl)-1,3,4,5-tetrahydrofuro[3,4-c]isoquinoline-8-

carbonitrile (3ha). White solid; Yield – (60 mg, 79%); mp: 

250 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as 

shown in general experimental procedure (a). IR (Neat, cm
-1

): 

2233, 1762, 1674; 
1
H NMR (400 MHz, DMSO-d6):  1.84 (s, 

6 H) 7.56 (dd, J= 8.27, 4.23 Hz, 1 H) 7.74 (t, J= 7.83 Hz, 1 H) 

7.91 (dd, J= 7.33, 1.26 Hz, 1 H) 8.16 (td, J=9.03, 1.26 Hz, 2 H) 

8.48 - 8.53 (m, 2 H) 8.64 (s, 1 H) 8.75 (dd, J= 4.23, 1.58 Hz, 1 

H); 
13

C NMR (100 MHz, DMSO-d6):  26.1, 26.5, 83.6, 

116.7, 118.0, 122.3, 126.3, 127.9, 128.7, 129.3, 129.8, 130.0, 130.1, 130.6, 130.7, 132.8, 

133.0, 133.8, 136.8, 144.1, 151.2, 161.1, 162.5; HRESI-MS (mz): Calculated for 

C23H15N3O3 (M + H)
+
: 382.1192, found (M + H)

+
: 382.1195. 

10. 1,1-Dimethyl-4-(quinolin-8-yl)-8-(trifluoromethyl)-1,4-dihydrofuro[3,4-

c]isoquinoline-3,5-dione (3ia). White solid; Yield – (68 mg, 

82%); mp: 238-240 °C; Rf (5% EtOAc/DCM) 0.3; Prepared as 

shown in general experimental procedure (a). IR (Neat, cm
-1

): 

1766, 1679; 
1
H NMR (400 MHz, CDCl3):  1.94 (s, 3 H) 1.95 

(s, 3 H) 7.42 (dd, J= 8.34, 4.17 Hz, 1 H) 7.70 (t, J= 7.77 Hz, 1 

H) 7.81 (dd, J=7.33, 1.26 Hz, 1 H) 7.93 - 7.95 (m, 2 H) 8.01 

(dd, J= 8.34, 1.14 Hz, 1 H) 8.24 (dd, J= 8.34, 1.52 Hz, 1 H) 

8.73 - 8.78 (m, 2 H); 
13

C NMR (100 MHz, CDCl3):  27.0, 
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27.1, 82.7, 120.6 (q, JC-F = 7.5 Hz) 121.8, 123.3 (q, JC-F = 271.0 Hz), 125.8 (q, JC-F = 6.2 

Hz), 125.9, 128.4, 129.0, 129.4, 129.7, 130.4, 131.2, 131.7, 132.8, 133.9, 135.0 (q, JC-F = 

32.4 Hz), 136.3, 144.4, 150.8, 161.7, 162.6 ; HRESI-MS (mz): Calculated for 

C23H15F3N2O3 (M + H)
+
: 425.1113, found (M + H)

+
: 425.1112. 

11. 1,1-Dimethyl-3,5-dioxo-4-(quinolin-8-yl)-1,3,4,5-tetrahydrofuro[3,4-c]isoquinoline-8-

carbaldehyde (3ja). Brown solid; Yield – (58 mg, 75%); 

mp: >250 °C; Rf (50% EtOAc/petroleum ether) 0.25; 

Prepared as shown in general experimental procedure (a). IR 

(Neat, cm
-1

): 1761, 1705, 1671; 
1
H NMR (400 MHz, 

CDCl3):  1.96 (s, 3 H) 1.93 (s, 3 H) 7.43 (dd, J= 8.27, 4.23 

Hz, 1 H) 7.68 (t, J= 7.60 Hz, 1 H) 7.80 - 7.82 (m, 1 H) 8.02 

(d, J= 8.21 Hz, 1 H) 8.16 - 8.26 (m, 3 H) 8.76 - 8.81 (m, 2 

H) 10.27 (s, 1 H); 
13

C NMR (100 MHz, CDCl3):  27.1, 

27.1, 82.9, 121.8, 124.6, 126.0, 128.1, 129.0, 129.5, 129.7, 130.6, 131.8, 132.6, 132.8, 

134.6, 136.5, 139.1, 144.3, 150.8, 161.9, 162.7, 191.1; HRESI-MS (mz): Calculated for 

C23H16N2O4 (M + H)
+
: 385.1188, found (M + H)

+
: 385.1186. 

12. 8-Acetyl-1,1-dimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione 

(3ka). white solid; Yield – (62 mg, 78%); mp: >250 °C; Rf 

(50% EtOAc/petroleum ether) 0.2; Prepared as shown in 

general experimental procedure (a). IR (Neat, cm
-1

): 1762, 

1673; 
1
H NMR (400 MHz, DMSO-d6):  1.86 (s, 6 H) 2.79 

(s, 3 H) 7.56 (dd, J= 8.21, 4.17 Hz, 1 H) 7.75 (t, J= 7.83 Hz, 

1 H) 7.91 (d, J= 7.20 Hz, 1 H) 8.15 (d, J= 8.08 Hz, 1 H) 8.28 

- 8.30 (m, 2 H) 8.48 – 8.53 (m, 1 H) 8.75 (d, J= 2.91 Hz, 1 

H); 
13

C NMR (100 MHz, DMSO-d6):  26.5, 26.9, 27.6, 

83.3, 122.3, 124.1, 126.4, 127.3, 128.7, 129.1, 129.7, 129.9, 130.2, 130.4, 130.8, 133.2, 

134.8, 136.9, 140.9, 144.2, 151.2, 161.5, 162.7, 198.4 ; HRESI-MS (mz): Calculated for 

C24H18N2O4 (M + H)
+
: 399.1345, found (M + H)

+
: 399.1346. 

13. 1,1-Dimethyl-4-(quinolin-8-yl)-1,4-dihydrobenzo[g]furo[3,4-c]isoquinoline-3,5-dione 

(3la). Pale Brown solid; Yield – (75 mg, 92%); mp: >250 °C; 

Rf (50% EtOAc/petroleum ether) 0.3; Prepared as shown in 

general experimental procedure (a). IR (Neat, cm
-1

): 1757, 

1672; 
1
H NMR (400 MHz, CDCl3):  1.98 (s, 3 H) 2.01 (s, 3 

H) 7.41 (dd, J= 8.21, 4.17 Hz, 1 H) 7.65 - 7.74 (m, 3 H) 7.85 

(d, J= 7.20 Hz, 1 H) 8.00 (d, J= 8.21 Hz, 1 H) 8.08 (d, J= 8.34 

Hz, 1 H) 8.14 (d, J= 8.08 Hz, 1 H) 8.17 (s, 1 H) 8.25 (d, J= 

7.96 Hz, 1 H) 8.76 (d, J= 4.04 Hz, 1 H) 9.22 (s, 1 H); 
13

C NMR 

(100 MHz, CDCl3):  27.1, 82.8, 121.6, 123.4, 125.7, 126.0, 



Muniraj, Anil, Prabhu/Organic chemistry/IISc 
 

S-11 

 

126.5, 127.8, 128.2, 129.0, 129.2, 129.4, 129.8, 129.8, 132.3, 133.0, 133.5, 135.0, 135.8, 

136.4, 144.8, 150.7, 163.1, 163.5; HRESI-MS (mz): Calculated for C26H18N2O3 (M + 

H)
+
: 407.1396, found (M + H)

+
: 407.1396. 

14. 1,1-Dimethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-b]thieno[3,2-d]pyridine-3,5-

dione (3ma). Brown solid; Yield – (65 mg, 90%); mp: >250 °C; 

Rf (50% EtOAc/petroleum ether) 0.2; Prepared as shown in 

general experimental procedure (a). IR (Neat, cm
-1

): 1761, 1663; 
1
H NMR (400 MHz, CDCl3):  1.81 (s, 3 H) 1.85 (s, 3 H) 7.39 - 

7.42 (m, 2 H) 7.69 (t, J=7.77 Hz, 1 H) 7.82 (dd, J=7.33, 1.26 Hz, 

1 H) 7.95 - 8.01 (m, 2 H) 8.23 (dd, J=8.34, 1.52 Hz, 1 H) 8.77 

(dd, J=4.17, 1.64 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  26.9, 

82.1, 121.7, 121.9, 125.9, 127.9, 129.0, 129.6, 129.7, 132.7, 134.2, 135.9, 136.3, 136.6, 

137.2, 144.6, 150.9, 158.6, 163.0; HRESI-MS (mz): Calculated for C20H14N2O3S (M + 

H)
+
: 363.0803, found (M + H)

+
: 363.0804. 

15. 1,1-Diethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (4ab). Pale 

Brown solid; Yield – (62 mg, 81%); mp: 178-181 °C; Rf (50% 

EtOAc/petroleum ether) 0.25; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1757, 1674; 
1
H NMR 

(400 MHz, CDCl3):  0.78 (t, J= 7.32 Hz, 3 H) 0.89 (t, J= 7.17 Hz, 

3 H) 2.16 - 2.36 (m, 4 H) 7.37 (dd, J= 8.24, 3.97 Hz, 1 H) 7.68 - 

7.73 (m, 3 H) 7.81 - 7.87 (m, 2 H) 7.97 (d, J= 8.24 Hz, 1 H) 8.21 

(d, J= 8.24 Hz, 1 H) 8.63 - 8.67(m, 2 H); 
13

C NMR (100 MHz, 

CDCl3):  7.4, 7.6, 31.1, 31.4, 88.5, 121.6, 123.2, 125.9, 128.6, 

128.9, 129.1, 129.3, 129.5, 129.8, 130.4, 130.6, 131.0, 133.3, 133.4, 

136.1, 144.5, 150.5, 162.6, 164.0 ; HRESI-MS (mz): Calculated for C24H20N2O3 (M + 

H)
+
: 385.1552, found (M + H)

+
: 385.1554. 

16. 4'-(Quinolin-8-yl)-3'H-spiro[cyclobutane-1,1'-furo[3,4-c]isoquinoline]-3',5'(4'H)-

dione (4ac). Pale yellow solid; Yield – (69 mg, 94%); mp: 220-

222 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as shown 

in general experimental procedure (a). IR (Neat, cm
-1

): 1763, 

1671; 
1
H NMR (400 MHz, CDCl3):  2.23 - 2.33 (m, 1 H) 2.42 - 

2.54 (m, 1 H) 2.79 (qd, J= 9.26, 4.27 Hz, 2 H) 3.04 - 3.17 (m, 2 

H) 7.40 (dd, J= 8.24, 4.27 Hz, 1 H) 7.66 - 7.70 (m, 1 H) 7.73 - 

7.77 (m, 2 H) 7.91 (t, J= 7.32 Hz, 1 H) 7.97 – 8.03 (m, 2 H) 8.22 - 

8.24 (m, 1 H) 8.65 (d, J= 7.93 Hz, 1 H) 8.77 (dd, J= 3.97, 1.22 

Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  13.8, 32.8, 32.9, 85.8, 

121.6, 123.0, 126.0, 126.8, 128.8, 129.0, 129.5, 129.6, 129.8, 130.6, 130.7, 131.6, 133.3, 

133.4, 136.3, 144.6, 150.8, 162.4, 163.0; HRESI-MS (mz): Calculated for C23H16N2O3 

(M + H)
+
: 369.1239, found (M + H)

+
: 369.1241. 
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17. 4'-(Quinolin-8-yl)-3'H-spiro[cyclopentane-1,1'-furo[3,4-c]isoquinoline]-3',5'(4'H)-

dione (4ad). Pale Brown solid; Yield – (68 mg, 89%); mp: 241-

243 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as shown 

in general experimental procedure (a). IR (Neat, cm
-1

): 1764, 

1674; 
1
H NMR (400 MHz, CDCl3):  2.03 - 2.17 (m, 6 H) 2.45 - 

2.55 (m, 2 H) 7.39 (dd, J= 8.24, 3.97 Hz, 1 H) 7.63 - 7.72 (m, 3 

H) 7.77 - 7.84 (m, 2 H) 7.96 – 7.98 (m, 1 H) 8.22 (dd, J= 8.55, 

1.53 Hz, 1 H) 8.64 (d, J= 7.93 Hz, 1 H) 8.76 (dd, J= 4.27, 1.53 

Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  25.3, 25.4, 38.4, 38.5, 

92.8, 121.6, 123.3, 125.9, 127.2, 128.8, 129.0, 129.5, 129.5, 129.7, 

130.3, 130.6, 132.0, 133.1, 133.4, 136.3, 144.6, 150.8, 162.5, 163.2; HRESI-MS (mz): 

Calculated for C24H18N2O3 (M + H)
+
: 383.1396, found (M + H)

+
: 383.1394. 

18. 4'-(quinolin-8-yl)-3'H-spiro[cyclohexane-1,1'-furo[3,4-c]isoquinoline]-3',5'(4'H)-

dione (4ae). White solid; Yield – (66 mg, 83%); mp: >250 °C; Rf 

(50% EtOAc/petroleum ether) 0.25; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1760, 1672; 
1
H 

NMR (400 MHz, CDCl3):   1.41 - 1.48 (m, 1 H) 1.84 - 2.04 (m, 

7 H) 2.29 - 2.37 (m, 2 H) 7.39 (dd, J= 8.24, 4.27 Hz, 1 H) 7.66 - 

7.72 (m, 2 H) 7.77 - 7.79 (m, 1 H) 7.82 - 7.87 (m, 2 H) 7.98 (d, J= 

7.93 Hz, 1 H) 8.22 (dd, J= 8.39, 1.37 Hz, 1 H) 8.64 (d, J= 7.93 

Hz, 1 H) 8.75 (dd, J= 3.97, 1.53 Hz, 1 H); 
13

C NMR (100 MHz, 

CDCl3):  22.2, 24.7, 84.5, 121.6, 123.8, 125.9, 127.1, 128.9, 

129.0, 129.4, 129.5, 129.6, 130.4, 130.6, 133.0, 133.5, 135.1, 136.2, 144.7, 150.7, 162.5, 

163.3; HRESI-MS (mz): Calculated for C25H20N2O3 (M + H)
+
: 397.1552, found (M + 

H)
+
: 397.1555. 

19. 4'-(Quinolin-8-yl)-3'H-spiro[cycloheptane-1,1'-furo[3,4-c]isoquinoline]-3',5'(4'H)-

dione (4af). Pale Brown solid; Yield – (66 mg, 80%); mp: 244-

246 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as shown 

in general experimental procedure (a). IR (Neat, cm
-1

): 1759, 

1671; 
1
H NMR (400 MHz, CDCl3):   1.69 - 1.88 (m, 6 H) 2.00 - 

2.13 (m, 4 H) 2.40 - 2.47 (m, 2 H) 7.38 (dd, J= 8.39, 4.12 Hz, 1 

H) 7.65 - 7.72 (m, 2 H) 7.77 - 7.86 (m, 3 H) 7.97 (d, J= 8.24 Hz, 1 

H) 8.22 (d, J= 8.24 Hz, 1 H) 8.63 (d, J= 7.93 Hz, 1 H) 8.75 (d, J= 

3.66 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  22.8, 22.8, 27.4, 

27.4, 39.3, 87.5, 121.6, 123.9, 125.9, 126.1, 129.0, 129.4, 129.5, 

130.2, 130.6, 133.0, 133.5, 136.3, 136.8, 144.7, 150.7, 162.4, 163.5; HRESI-MS (mz): 

Calculated for C26H22N2O3 (M + H)
+
: 411.1709, found (M + H)

+
: 411.1712. 
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20. 1-Ethyl-1-methyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione 

(4ag)-Diastereomer-I: White solid; Yield – (38 mg, 51%); mp: 

203-205 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as 

shown in general experimental procedure (a). IR (Neat, cm
-1

): 

1760, 1672; 
1
H NMR (400 MHz, CDCl3):   0.91 (t, J= 7.32 Hz, 

3 H) 1.86 (s, 3 H) 2.27 (qq, J= 14.61, 7.36 Hz, 2 H) 7.37 (dd, J= 

8.24, 4.27 Hz, 1 H) 7.68 - 7.73 (m, 3 H) 7.82 - 7.86 (m, 2 H) 7.97 

(d, J= 7.93 Hz, 1 H) 8.21 (d, J= 7.63 Hz, 1 H) 8.63 - 8.67 (m, 2 

H); 
13

C NMR (100 MHz, CDCl3):  7.7, 25.8, 32.3, 85.4, 121.6, 

123.5, 125.9, 128.2, 128.8, 128.9, 129.3, 129.5, 129.7, 130.3, 

130.6, 133.1, 133.2, 133.4, 136.2, 144.6, 150.6, 162.7, 163.7; HRESI-MS (mz): 

Calculated for C23H18N2O3 (M + H)
+
: 371.1396, found (M + H)

+
: 371.1396. 

Diastereomer-II: Brown solid; Yield – (30 mg, 40%); mp: 166-168 °C; Rf (50% 

EtOAc/petroleum ether) 0.2; Prepared as shown in general experimental procedure (a). 

IR (Neat, cm
-1

): 1760, 1672; 
1
H NMR (400 MHz, CDCl3):   0.82 (t, J= 7.32 Hz, 3 H) 

1.89 (s, 3 H) 2.16 - 2.24 (m, 1 H) 2.27 - 2.36 (m, 1 H) 7.40 (dd, J= 8.24, 4.27 Hz, 1 H) 

7.67 - 7.74 (m, 3 H) 7.79 - 7.86 (m, 2 H) 7.98 (d, J= 7.93 Hz, 1 H) 8.22 - 8.24 (m, 1 H) 

8.64 (d, J= 7.63 Hz, 1 H) 8.76 (d, J= 2.75 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  7.9, 

25.8, 32.1, 85.5, 121.7, 123.5, 126.0, 127.6, 128.7, 129.0, 129.5, 129.5, 129.9, 130.2, 

130.6, 133.3, 133.6, 136.4, 144.6, 150.8, 162.6, 163.5; HRESI-MS (mz): Calculated for 

C23H18N2O3 (M + H)
+
: 371.1396, found (M + H)

+
: 371.1399. 

21. 1-Isopropyl-1-methyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione 

(4ah)-Diastereomer-I: White solid; Yield – (47 mg, 61%); mp: 

202-204 °C; Rf (50% EtOAc/petroleum ether) 0.25; Prepared as 

shown in general experimental procedure (a). IR (Neat, cm
-1

): 

1759, 1673; 
1
H NMR (400 MHz, CDCl3):  0.87 (d, J= 6.71 Hz, 

3 H) 1.26 (d, J=6.71 Hz, 3 H) 1.86 (s, 3 H) 2.54 (dt, J= 13.66, 

6.75 Hz, 1 H) 7.36 (dd, J= 8.39, 4.12 Hz, 1 H) 7.68 - 7.76 (m, 3 

H) 7.82 (d, J=7.32 Hz, 1 H) 7.87 (d, J=7.02 Hz, 1 H) 7.97 (d, J= 

8.24 Hz, 1 H) 8.20 (d, J= 8.24 Hz, 1 H) 8.63 - 8.35 (m, 2 H); 
13

C 

NMR (100 MHz): δ 16.8, 17.1, 23.9, 35.8, 87.2, 121.6, 123.7, 125.9, 127.7, 128.8, 128.9, 

129.2, 129.5, 129.7, 130.2, 130.6, 133.2, 133.3, 134.4, 136.1, 144.5, 150.5, 162.7, 164.1; 

HRESI-MS (mz): Calculated for C24H20N2O3 (M + H)
+
: 385.1552, found (M + H)

+
: 

385.1553. Diastereomer-II: Pale brown solid; Yield – (20 mg, 26%); mp: 178-180 °C; 

Rf (50% EtOAc/petroleum ether) 0.2; Prepared as shown in general experimental 

procedure (a). IR (Neat, cm
-1

): 1760, 1673; 
1
H NMR (400 MHz, CDCl3):  0.73 (d, J= 

6.71 Hz, 3 H) 1.27 (d, J= 7.02 Hz, 3 H) 1.90 (s, 3 H) 2.48 - 2.59 (m, 1 H) 7.40 (dd, J= 

8.24, 4.27 Hz, 1 H) 7.67 - 7.85 (m, 5 H) 7.98 (d, J= 7.93 Hz, 1 H) 8.23 (d, J= 8.54 Hz, 1 

H) 8.64 (d, J= 7.93 Hz, 1 H) 8.76 (d, J= 3.97 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  

16.8, 17.0, 24.1, 35.5, 87.2, 121.7, 123.7, 126.0, 127.0, 128.7, 129.0, 129.5, 129.6, 129.9, 
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130.2, 130.6, 133.2, 134.8, 136.4, 144.6, 150.8, 162.5, 163.8; HRESI-MS (mz): 

Calculated for C24H20N2O3 (M + H)
+
: 385.1552, found (M + H)

+
: 385.1553. 

22. 1-Methyl-4-(quinolin-8-yl)-1-(thiophen-2-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-

dione (4ai)-diastereomer-I: Pale yellow solid; Yield – (40 mg, 

47%); mp: 200-202 °C; Rf (50% EtOAc/petroleum ether) 0.25; 

Prepared as shown in general experimental procedure (a). IR 

(Neat, cm
-1

): 1766, 1675; 
1
H NMR (400 MHz, CDCl3):  2.33 (s, 

3 H) 7.02 (s, 1 H) 7.39 (d, J= 4.27 Hz, 2 H) 7.45 (d, J= 7.02 Hz, 1 

H) 7.67 - 7.73 (m, 3 H) 7.91 (d, J= 7.02 Hz, 1 H) 7.99 (d, J= 7.93 

Hz, 1 H) 8.22 (d, J= 8.24 Hz, 1 H) 8.62 (d, J= 7.02 Hz, 1 H) 8.77 

(s, 1 H); 
13

C NMR (100 MHz, CDCl3):  26.3, 81.6, 121.7, 

124.3, 125.9, 127.2, 127.5, 127.5, 128.0, 128.9, 129.0, 129.4, 

129.6, 129.8, 130.1, 130.3, 133.0, 133.2, 133.2, 136.3, 142.7, 144.8, 150.8, 162.7, 162.9; 

HRESI-MS (mz): Calculated for C25H16N2O3S (M + H)
+
: 425.0960, found (M + H)

+
: 

425.0959. Diastereomer-II: Brown solid; Yield – (32 mg, 38%); mp: 176-178 °C; Rf 

(50% EtOAc/petroleum ether) 0.2; Prepared as shown in general experimental procedure 

(a). IR (Neat, cm
-1

): 1766, 1675; 
1
H NMR (400 MHz, CDCl3):  2.35 (s, 3 H) 6.99 - 7.01 

(m, 1 H) 7.16 (d, J= 2.75 Hz, 1 H) 7.37 (d, J= 4.58 Hz, 1 H) 7.41 - 7.45 (m, 2 H) 7.66 - 

7.73 (m, 3 H) 7.87 (d, J= 7.02 Hz, 1 H) 8.01 (d, J= 7.93 Hz, 1 H) 8.26 (d, J= 8.24 Hz, 1 

H) 8.63 (d, J= 7.02 Hz, 1 H) 8.81 (d, J= 2.75 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  

26.7, 81.8, 121.7, 124.5, 126.1, 127.1, 127.2, 127.5, 127.6, 128.0, 128.9, 129.1, 129.6, 

129.7, 129.9, 130.2, 130.3, 133.1, 133.5, 136.5, 142.7, 144.5, 150.8, 162.7; HRESI-MS 

(mz): Calculated for C25H16N2O3S (M + H)
+
: 425.0960, found (M + H)

+
: 425.0956. 

23. 1-Ethyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (4aj)-

Diastereomer-I: White solid; Yield – (15 mg, 21%); mp: >250 °C; 

Rf (50% EtOAc/petroleum ether) 0.3; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1762, 1672; 
1
H NMR 

(400 MHz, CDCl3):   1.07 (t, J= 7.32 Hz, 3 H) 1.99 - 2.10 (m, 1 

H) 2.40 – 2.50 (m, 1 H) 5.60 (dd, J= 6.71, 3.05 Hz, 1 H) 7.39 (dd, 

J= 8.39, 4.12 Hz, 1 H) 7.68 - 7.75 (m, 3 H) 7.81 - 7.86  (m, 2 H) 

7.97 – 7.99 (m, 1 H) 8.23 (dd, J= 8.24, 1.53 Hz, 1 H) 8.62 (d, J= 

7.93 Hz, 1 H) 8.72 (dd, J= 4.12, 1.68 Hz, 1 H); 
13

C NMR (100 

MHz, CDCl3):  8.3, 27.4, 78.8, 121.7, 123.2, 126.0, 128.1, 128.6, 

129.0, 129.4, 129.5, 130.1, 130.4, 130.5, 130.6, 133.2, 133.3, 136.2, 144.6, 150.7, 162.6, 

164.3; HRESI-MS (mz): Calculated for C22H16N2O3 (M + H)
+
: 357.1239, found (M + 

H)
+
: 357.1237. Diastereomer-II: Brown solid; Yield – (35 mg, 49%); mp: 247-249 °C; 

Rf (50% EtOAc/petroleum ether) 0.25; Prepared as shown in general experimental 

procedure (a). IR (Neat, cm
-1

): 1760, 1672; 
1
H NMR (100 MHz, CDCl3):  1.02 (t, J= 

7.32 Hz, 3 H) 1.90 – 2.01 (m, 1 H) 2.44 (ddd, J=14.65, 7.32, 3.05 Hz, 1 H) 5.60 (dd, J= 

7.17, 2.90 Hz, 1 H) 7.39 (dd, J= 8.24, 4.27 Hz, 1 H) 7.67 - 7.74 (m, 3 H) 7.80 - 7.85 (m, 2 

H) 7.98 - 8.00 (m, 1 H) 8.23 (dd, J= 8.24, 1.22 Hz, 1 H) 8.61 (d, J= 7.93 Hz, 1 H) 8.76 
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(dd, J= 4.12, 1.37 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  8.6, 27.4, 79.0, 121.7, 

123.4, 126.0, 127.7, 128.4, 129.0, 129.6, 129.7, 130.2, 130.4, 130.6, 133.2, 133.4, 136.5, 

144.6, 150.9, 162.6, 164.2 ; HRESI-MS (mz): Calculated for C22H16N2O3 (M + H)
+
: 

357.1239, found (M + H)
+
: 357.1241. 

24. 1,1-Diphenyl-4-(quinolin-8-yl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (4ak): 

Brown solid; Yield – (34 mg, 35%); mp: >250 °C; Rf (50% 

EtOAc/petroleum ether) 0.3; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1767, 1674; 
1
H NMR 

(400 MHz, CDCl3):  7.39 - 7.51 (m, 12 H) 7.58 - 7.65 (m, 2 H) 

7.73 (t, J= 7.78 Hz, 1 H) 7.90 - 7.92 (m, 1 H) 8.00 (d, J= 8.24 Hz, 1 

H) 8.26 (d, J= 7.93 Hz, 1 H) 8.59 (dd, J= 6.71, 2.75 Hz, 1 H) 8.79 

(d, J= 2.75 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  89.8, 121.7, 

125.5, 126.0, 128.5, 128.5, 128.7, 129.0, 129.0, 129.1, 129.5, 

129.8, 130.1, 132.9, 132.9, 133.1, 136.4, 138.1, 138.7, 144.5, 

150.7, 162.7, 163.6; HRESI-MS (mz): Calculated for C32H20N2O3 (M + H)
+
: 481.1552, 

found (M + H)
+
: 481.1550. 

25. 3,3-Diphenyl-4-(quinolin-8-yl)furo[3,4-c]isoquinoline-1,5(3H,4H)-dione (4ak'): White 

solid; Yield – (55 mg, 57%); mp: >250 °C; Rf (50% 

EtOAc/petroleum ether) 0.35; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1755, 1683; 
1
H NMR 

(400 MHz, CDCl3):  6.49 - 6.52 (m, 4 H) 6.64 (td, J= 5.49, 3.05 

Hz, 1 H) 7.14 (dd, J= 8.24, 4.27 Hz, 1 H) 7.30 (t, J= 7.78 Hz, 1 H) 

7.36 - 7.46 (m, 6 H) 7.65 (t, J= 7.63 Hz, 1 H) 7.77 (d, J= 8.24 Hz, 

1 H) 7.89 – 8.02 (m, 2 H) 8.30 (d, J= 3.05 Hz, 1 H) 8.43 (d, J= 

7.93 Hz, 1 H) 8.81 (d, J= 8.24 Hz, 1 H); 
13

C NMR (100 MHz, 

CDCl3):  89.5, 102.5, 121.4, 123.7, 125.2, 125.2, 126.7, 127.7, 

128.2, 128.4, 128.4, 128.6, 129.1, 129.2, 129.7, 130.2, 130.4, 131.2, 133.4, 133.6, 134.1, 

135.2, 137.9, 144.3, 150.8, 160.4, 164.1, 168.0; HRESI-MS (mz): Calculated for 

C32H20N2O3 (M + H)
+
: 481.1552, found (M + H)

+
: 481.1555. 

26. 4-(2-(4,5-Dihydrooxazol-2-yl)phenyl)-1,1-dimethyl-1,4-dihydrofuro[3,4-

c]isoquinoline-3,5-dione (5aa): White solid; Yield – (25 mg, 33%); mp: 153-155 °C; Rf 

(50% EtOAc/petroleum ether) 0.25; Prepared as shown in 

general experimental procedure (a). IR (Neat, cm
-1

): 1760, 1672, 

1638; 
1
H NMR (400 MHz, CDCl3):  1.84 (s, 3 H) 1.89 (s, 3 H) 

3.71 (t, J= 9.46 Hz, 2 H) 4.11 (t, J= 9.46 Hz, 2 H) 7.38 (d, J= 

7.93 Hz, 1 H) 7.57 (t, J= 7.48 Hz, 1 H) 7.63 (t, J= 7.02 Hz, 1 H) 

7.69 - 7.72 (m, 2 H) 7.83 - 7.86 (m, 1 H) 8.12 (d, J= 7.32 Hz, 1 

H) 8.60 (d, J= 7.93 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  

26.7. 27.3. 55.4. 66.5. 82.8. 123.6, 125.9, 126.7, 128.8, 129.3, 129.6, 129.9, 130.0, 130.4, 
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130.7, 131.7, 133.1, 135.0, 135.1, 161.5, 162.7, 163.5; HRESI-MS (mz): Calculated for 

C22H18N2O4 (M + H)
+
: 375.1345, found (M + H)

+
: 375.1343. 

27.  4-(2-(4,5-Dihydrooxazol-2-yl)phenyl)-3,3-dimethylfuro[3,4-c]isoquinoline 

1,5(3H,4H)-dionee (5aa'): Brown solid; Yield – (38 mg, 51%); mp: 219-221 °C; Rf (50% 

EtOAc/petroleum ether) 0.4; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1751, 1678, 1634; 
1
H NMR (400 MHz, CDCl3):  1.20 (s, 3 H) 1.49 (s, 3 H) 3.76 

(t, J= 9.16 Hz, 2 H) 4.13 (t, J= 9.00 Hz, 2 H) 7.40 (d, J= 7.93 Hz, 

1 H) 7.57 (t, J= 7.48 Hz, 1 H) 7.63 - 7.69 (m, 2 H) 7.82 (t, J= 

7.63 Hz, 1 H) 8.20 (d, J= 6.71 Hz, 1 H) 8.36 (d, J= 7.93 Hz, 1 H) 

8.65 (d, J= 7.93 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3): 24.5, 

26.7, 55.3, 67.1, 82.6, 100.8, 123.2, 124.8, 127.4, 127.9, 128.7, 

130.5, 131.2, 131.4, 131.5, 131.7, 133.9, 135.0, 161.1, 162.0, 

164.2, 167.7; HRESI-MS (mz): Calculated for C22H18N2O4 (M + H)
+
: 375.1345, found 

(M + H)
+
: 375.1341. 

28. 1,1-Dimethyl-4-(pyridin-2-ylmethyl)-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione 

(5ba): White solid; Yield – (36 mg, 56%); mp: 187-189 °C; Rf (50% 

EtOAc/petroleum ether) 0.4; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1754, 1666; 
1
H NMR 

(400 MHz, CDCl3):  1.87 (s, 6 H) 5.93 (s, 2 H) 5.93 (s, 2 H) 7.09 - 

7.13 (m, 1 H) 7.27 - 7.28 (m, 1 H)  7.61 (t, J= 7.17 Hz, 1 H) 7.67 - 

7.72 (m, 2 H) 7.80 - 7.84 (m, 1 H) 8.45 (br. s., 1 H) 8.60 (d, J= 7.93 

Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  27.0, 46.4, 83.0, 121.5, 

122.1, 123.6, 125.7, 128.4, 129.5, 129.8, 130.4, 133.1, 135.9, 136.4, 

149.4, 156.1, 162.3, 164.3; HRESI-MS (mz): Calculated for C19H16N2O3 (M + H)
+
: 

321.1239, found (M + H)
+
: 321.1241. 

29. 3,3-Dimethyl-4-(methyl(pyridin-2-yl)amino)furo[3,4-c]isoquinoline-1,5(3H,4H)-

dione (5ca): White solid; Yield – (25 mg, 37%); mp: 178-180 °C; 

Rf (50% EtOAc/petroleum ether) 0.4; Prepared as shown in general 

experimental procedure (a). IR (Neat, cm
-1

): 1761, 1680, 1595; 
1
H 

NMR (400 MHz, CDCl3):  1.87 (s, 1 H) 1.88 (s, 1 H) 3.59 (s, 3 H) 

6.51 (d, J= 8.59 Hz, 1 H) 6.69 - 6.72 (m, 1 H) 7.48 - 7.52 (m, 1 H) 

7.70 - 7.74 (m, 2 H) 7.84 - 7.88 (m, 1 H) 8.11 (d, J= 4.80 Hz, 1 H) 

8.61 (dd, J= 7.96, 0.63 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  

26.9, 27.1, 82.7, 105.8, 115.0, 123.9, 126.4, 129.5, 129.6, 129.9, 

130.6, 135.5, 136.9, 137.8, 148.0, 157.4, 161.1, 161.8; HRESI-MS (mz): Calculated for 

C19H17N3O3 (M + H)
+
: 336.1348, found (M + H)

+
: 336.1348. 

30.  4-(5-Methoxyquinolin-8-yl)-3,3-dimethylfuro[3,4-c]isoquinoline-1,5(3H,4H)-dione 

(7aa): White solid; Yield – (69 mg, 89%); mp: >250 °C; Rf 

(50% EtOAc/petroleum ether) 0.25; Prepared as shown in 
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general experimental procedure (a). IR (Neat, cm
-1

): 1760, 1671; 
1
H NMR (400 MHz, 

CDCl3):  1.92 (s, 3 H) 1.89 (s, 3 H) 4.08 (s, 3 H) 6.98 (d, J= 8.34 Hz, 1 H) 7.38 (dd, J= 

8.40, 4.23 Hz, 1 H) 7.68 – 7.74 (m, 3 H) 7.83 - 7.87 (m, 1 H) 8.61 - 8.65 (m, 2 H) 8.74 

(dd, J= 4.11, 1.45 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3):  27.1, 55.9, 82.7, 103.5, 

120.7, 121.4, 123.6, 125.7, 128.9, 129.4, 129.7, 130.1, 130.6, 131.3, 133.1, 135.1, 145.1, 

150.9, 155.9, 162.8, 163.3; HRESI-MS (mz): Calculated for C23H18N2O4 (M + H)
+
: 

387.1345, found (M + H)
+
: 387.1346. 

31. 1,1-Dimethyl-1,4-dihydrofuro[3,4-c]isoquinoline-3,5-dione (8aa): White solid; Yield – 

(16.5 mg, 51%); mp: 210-212 °C; Rf (50% EtOAc/petroleum ether) 

0.6; Prepared as shown in experimental procedure (c). IR (Neat, cm
-1

): 

3236, 1765, 1670; 
1
H NMR (400 MHz, CDCl3):  1.85 (s, 6 H) 7.65 

(d, J= 8.24 Hz, 1 H) 7.70 - 7.74 (m, 1 H) 7.82 - 7.86 (m, 1 H) 8.63 - 

8.65 (m, 1 H) 9.95 (br. s., 1 H); 
13

C NMR (100 MHz, CDCl3): 26.8, 

85.4, 123.7, 124.8, 128.9, 129.9, 130.2, 130.4, 133.6, 135.0, 162.5, 

164.4; HRESI-MS (mz): Calculated for C13H11NO3 (M + H)
+
: 

230.0817, found (M + H)
+
: 230.0814. 
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