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1. Experimental section: 

1.1 General experimental: 

  Melting points were determined with a capillary melting point apparatus and are 

uncorrected. IR spectra were recorded on a JASCO FTIR (model 410) in KBr pellets. ESI-MS 

(positive) was conducted using LC-ESI-Q-TOF micro mass spectrometer (Indian Institute of 

Chemical Biology, Kolkata). The NMR spectra were taken on a Bruker 300/600 DPX 

spectrometer operating at 300/600 MHz for 
1
H and 75/150 MHz for 

13
C, respectively, with 

tetramethylsilane (TMS) as an internal standard and the chemical shifts are reported in δ units. 

Microwave irradiation was performed by using a mono-mode Discover microwave reactor (CEM 

Corp., Matthews, NC, USA). Quinoline derivatives, acetylene derivatives and ω-

bromoacetophenones were purchased from Aldrich Chemical Ltd (USA). Thin-layer 

chromatography was performed on pre-coated silica gel 60 F254 aluminum sheets (E. Merck, 

Germany) using different solvent system. 

1.2 General procedure for the synthesis of furo[3,2-h]quinoliniums 9a–d and 

phenanthroliniums 12a–b: 

  At the outset, furo[3,2-h]quinoline derivatives 7a–b were synthesized according to 

literature procedure.
1
 After that, 3.3 mmol of furo[3,2-h]quinoline derivatives 7a–b or 

phenanthroline (11) and 3.3 mmol ω-bromoacetophenones 8a–c were placed in a round 

bottomed flask (25 mL) and dissolved in minimum amount of DCM. Basic alumina (0.4 g) was 

then added to the solution and the organic solvent was evaporated to dryness under reduced 

pressure. After fitting the flask with a septum the mixture was subjected to irradiation in a 

microwave reactor (CEM, Discover, USA) at 90 °C (180 W) for appropriate amount of time (as 
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monitored by TLC). After completion of the reaction the reaction mixture was cooled and 

chloroform was added to it and the slurry was stirred at room temperature for 10 min. The 

mixture was then filtered through a sintered glass funnel. The filtrate was then evaporated to 

dryness under reduced pressure and the residue was purified by flash chromatography to isolate 

the product 9a–d, 12a–b.  

1.3 General procedure for the synthesis of maleimide derivatives: 

a) A three-necked flask provided with a paddle-type stirrer, a reflux condenser, and a dropping 

funnel are placed and 2 moles of maleic anhydride was dissolved in ethyl ether (50 mL), then 2 

moles of aniline were added through the dropping funnel. The resulting thick suspension is 

stirred at room temperature for 1 hour and is then cooled to 15–20 °C in an ice bath. The 

resulting maleanilic acid is obtained by suction filtration. 

b) 60 mL acetic anhydride and 4g anhydrous sodium acetate were placed in a 250 mL conical 

flask. The maleanilic acid obtained as described above, is added, and the resulting suspension is 

dissolved by swirling and heating on a steam bath for 30 minutes. The reaction mixture is cooled 

almost to room temperature in a cold water bath and is then poured into 1L of ice water. The 

precipitated product is removed by suction filtration, washed three times with ice-cold water and 

once with petroleum ether, and dried.  

1.4 General procedure to synthesize pyrrolo[3’,4’:3,4]pyrrolo[1,2-a]furoquinolines (10a–h) 

and pyrrolo[3’,4’:3,4]pyrrolo[1,2-a]phenanthrolines (14a–g): 

A mixture of 3.3 mmol furo[3,2-h]quinolinium derivatives 9a–d / phenanthroliniums  

12a–b and 3.6 mmol N-phenylmaleimide derivatives (4a–d) / dialkylacetylene diacetates (13a–

http://www.orgsyn.org/orgsyn/chemname.asp?nameID=42874
http://www.orgsyn.org/orgsyn/chemname.asp?nameID=32794
http://www.orgsyn.org/orgsyn/chemname.asp?nameID=32796
http://www.orgsyn.org/orgsyn/chemname.asp?nameID=42874
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b) / monoalkyl acetylene monoacetates (13c–d) were placed in a round bottomed flask (25 mL). 

Then MeCN (50 mL) and DBU (1 mmol) were added and the mixture was stirred for 30 min. 

Then 5 mol % CuCl2 and 5 mol % of either L1, L2 and 3.6 mmol N-phenyl maleimide derivatives 

(4a–d) / dialkyl acetylene diacetates (13a–b) / monoalkyl acetylene monoacetates (13c–d) were 

then added to the reaction mixture and stirred continuously for 3 h at 65 °C. After completion of 

the reaction (monitored by TLC), the reaction mixture was extracted with brine and ethyl acetate. 

The organic layer was evaporated and purified by column chromatography (ethyl 

acetate:hexane). 

2. Spectral data of all new compounds: 

2.1 Spectral data of 10a: Yellow solid. 94% yield; Mp 246–248°C; Rf (20% ethyl acetate–

hexane) 0.35; 
1
HNMR (300 MHz, CDCl3): δ 3.65 (t, J = 8.1 Hz., 1H), 3.84 (s, 3H), 3.89 (m, 1H), 

5.52 (m, 1H), 6.18 (m, 1H), 6.64 (s, 1H), 6.76 (s, 1H), 6.98 (m, 8H), 7.11 (m, 1H), 7.20 (m, 2H), 

7.65 (t, J = 7.5 Hz., 2H), 7.76 (d, J = 7.2 Hz., 1H), 8.48 (d, J = 7.2 Hz., 2H); 
13

CNMR (150 

MHz., CDCl3): δ 47. 2 (CH), 47.4 (CH), 55.5 (CH3), 61.0 (CH), 66.5 (CH), 101.6 (CH), 110.8 

(CH), 114.5 (2CH), 116.0 (C), 119.7 (CH), 124.0 (CH), 124.6 (2CH), 127.6 (2CH), 127.6 (C), 

128.4 (3CH), 128.4 (C), 128.8 (C), 129.3 (C), 129.4 (2CH), 129.6 (2CH), 131.2 (C), 133.1 (C), 

134.4 (CH), 140.6 (C), 157.0 (C), 159.8 (C), 174.9 (C), 176.6 (C), 194.5 (C); HRMS (ESI) m/z 

calcd for C36H25ClN2NaO5
+ 

: [M+Na]
+
 623.1344; found: 623.1353. 

2.2 Spectral data of 10b: Brown solid. 84% yield; Mp 248–250°C; Rf (20% ethyl acetate–

hexane) 0.35; 
1
HNMR (600 MHz, CDCl3): δ 2.24 (s, 3H), 3.64 (m, 1H), 3.85 (m, 4H), 5.50 (d, J 

= 7.8 Hz., 1H), 6.16 (m, 1H), 6.64 (s, 1H), 6.70 (s, 1H), 6.74 (m, 2H), 6.95 (m, 5H), 7.20 (d, J = 

9.0 Hz., 2H), 7.44 (m, 1H), 7.66 (t, J = 7.2 Hz., 2H), 7.78 (t, J = 7.2 Hz., 1H), 8.47 (d, J = 7.2 
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Hz., 2H); 
13

CNMR (150 MHz., CDCl3): δ 21.5 (CH3), 47.2 (CH), 47.4 (CH), 55.5 (CH3), 61.0 

(CH), 66.5 (CH), 101.2 (CH), 110.7 (CH), 114.5 (2CH), 115.7 (C), 119.5 (CH), 124.0 (CH), 

124.5 (2CH), 125.2 (CH), 126.5 (C), 127.5 (2CH), 127.6 (C), 128.1 (CH), 128.7 (C), 129.1 (C), 

129.4 (2CH), 129.6 (2CH), 131.3 (C), 133.1 (C), 134.3 (CH), 138.6 (C), 140.5 (C), 157.3 (C), 

159.7 (C), 174.9 (C), 176.6 (C), 194.5 (C). HRMS (ESI) m/z calcd for C37H27ClN2NaO5
+ 

: 

[M+Na]
+
 637.1501; found: 637.1510. 

2.3 Spectral data of 10c: Yellow solid. 91% yield; Mp 246–247°C; Rf (20% ethyl acetate–

hexane) 0.33; 
1
HNMR (300 MHz, CDCl3): δ 2.29 (s, 6H), 3.63 (d, J = 8.1 Hz., 1H), 3.88 (m, 

1H), 5.50 (d, J = 8.4 Hz., 1H), 6.17 (m, 1H), 6.64 (s, 1H), 6.75 (s, 1H), 6.96 (m, 7H), 7.18 (m, 

3H), 7.61 (m, 2H), 7.74 (m, 1H), 8.47 (d, J = 7.2 Hz., 2H); 
13

CNMR (75 MHz., CDCl3): δ 19.5 

(CH3), 19.8 (CH3), 47.2 (CH), 47.4 (CH), 61.0 (CH), 66.6 (CH), 101.5 (CH), 110.8 (CH), 116.0 

(C), 119.7 (CH), 123.7 (CH), 124.0 (CH), 124.5 (2CH), 127.2 (CH), 127.3 (C), 127.6 (CH), 

127.8 (C), 128.4 (2CH), 128.7 (C), 128.9 (C), 129.3 (2CH), 129.4 (2CH), 129.6 (C), 130.3 (CH), 

131.2 (C), 133.2 (C), 134.3 (CH), 137.9 (C), 140.6 (C), 157.0 (C), 174.8 (C), 176.6 (C), 194.5 

(C). HRMS (ESI) m/z calcd for C37H27ClN2NaO4
+ 

: [M+Na]
+
 621.1552; found: 621.1567. 

2.4 Spectral data of 10d: Yellow solid. 89% yield; Mp 237–238°C; Rf (20% ethyl acetate–

hexane) 0.36; 
1
HNMR (300 MHz, CDCl3): δ 2.29 (s, 6H), 2.40 (s, 3H), 3.76 (m, 1H), 3.98 (m, 

1H), 4.50 (d, J = 6.0 Hz., 1H), 4.41 (m, 1H), 7.17 (s, 1H), 7.25 (m, 5H), 7.43 (m, 1H), 7.52 (m, 

2H), 7.79 (d, J = 8.7 Hz., 1H), 7.85 (s, 1H), 7.90 (d, J = 8.1 Hz., 2H), 8.02 (d, J = 7.5 Hz., 2H), 

8.67 (d, J = 8.4 Hz., 1H); 
13

CNMR (75 MHz., CDCl3): δ 14.1 (CH3), 19.5 (CH3), 19.8 (CH3), 

37.9 (CH), 40.7 (CH), 50.7 (CH), 53.7 (CH), 101.8 (CH), 120.3 (CH), 122.0 (CH), 123.2 (C), 

124.3 (CH), 125.2 (2CH), 126.1 (C), 127.8 (CH), 128.3 (2CH), 128.9 (2CH), 129.1 (C), 129.3 

(CH), 129.4 (2CH), 129.8 (C), 129.9 (CH), 133.6 (C), 134.8 (CH), 136.2 (C), 137.5 (C), 137.7 



S6 
 

(C), 144.7 (C), 148.0 (C), 155.9 (C), 157.7 (C), 175.3 (C), 178.6 (C), 197.4 (C). HRMS (ESI) 

m/z calcd for C38H29ClN2NaO4
+ 

: [M+Na]
+
 635.1708; found: 635.1723. 

2.5 Spectral data of 10e: Yellow solid. 89% yield; Mp 233–235°C; Rf (20% ethyl acetate–

hexane) 0.33; 
1
HNMR (300 MHz, CDCl3): δ 2.65 (s, 6H), 3.64 (m, 1H), 3.82 (m, 1H), 5.48 (d, J 

= 8.1 Hz., 1H), 6.18 (m, 1H), 6.56 (s, 1H), 6.75 (s, 1H), 6.99 (m, 6H), 7.17 (m, 4H), 7.60 (d, J = 

8.4 Hz., 2H), 8.40 (d, J = 8.4 Hz., 2H); 
13

CNMR (150 MHz., CDCl3): δ 19.6 (CH3), 19.8 (CH3), 

47.1 (CH), 47.2 (CH), 61.1 (CH), 66.2 (CH), 101.7 (CH), 111.0 (CH), 120.4 (C), 123.7 (C), 

124.3 (CH), 124.5 (CH), 125.2 (CH), 127.8 (CH), 128.3 (CH), 128.7 (C), 128.8 (C), 128.9 (CH), 

129.0 (2CH), 129.1 (2CH), 129.6 (C), 129.8 (C), 129.9 (C), 130.3 (C), 130.4 (CH), 130.9 (CH), 

131.6 (CH), 134.9 (CH), 137.5 (C), 140.3 (C), 155.3 (C), 157.8 (C), 175.1 (C), 178.3 (C), 196.6 

(C); HRMS (ESI) m/z calcd for C37H26Cl2N2NaO4
+ 

: [M+Na]
+
 655.1162; found: 655.1174. 

2.6 Spectral data of 10f: Brown solid. 85% yield; Mp 234–236°C; Rf (20% ethyl acetate–

hexane) 0.34; 
1
HNMR (300 MHz, CDCl3): δ 2.26 (s, 3H), 2.30 (s, 3H), 3.80 (m, 1H), 3.98 (m, 

1H), 4.41 (d, J = 8.1 Hz., 1H), 4.65 (m, 1H), 7.16 (m, 3H), 7.29 (s, 1H), 7.50 (m, 7H), 7.85 (s, 

1H), 7.98 (m, 4H), 8.67 (d, J = 8.4 Hz., 1H); HRMS (ESI) m/z calcd for C37H27ClN2NaO4
+ 

: 

[M+Na]
+
 621.1552; found: 621.1558. 

2.7 Spectral data of 10g: Yellow solid. 87% yield; Mp 241–243°C; Rf (20% ethyl acetate–

hexane) 0.35; 
1
HNMR (300 MHz, CDCl3): δ 2.26 (s, 3H), 2.30 (s, 3H), 2.39 (s, 3H), 3.80 (m, 

1H), 3.98 (m, 1H), 4.40 (m, 1H), 4.64 (m, 1H), 7.11 (s, 1H), 7.29 (m, 5H), 7.50 (m, 2H), 7.60 

(m, 1H), 7.68 (m, 1H), 7.77 (m, 1H), 7.88 (m, 3H), 8.03 (d, J = 7.5 Hz., 2H), 8.66 (d, J = 8.4 Hz., 

1H); HRMS (ESI) m/z calcd for C38H29ClN2NaO4
+ 

: [M+Na]
+
 635.1708; found: 635.1719. 
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2.8 Spectral data of 10h: Yellow solid. 89% yield; Mp 244–246°C; Rf (20% ethyl acetate–

hexane) 0.36; 
1
HNMR (300 MHz, CDCl3): δ 2.26 (s, 3H), 2.30 (s, 3H), 2.42 (s, 3H), 3.77 (m, 

1H), 3.94 (m, 1H), 4.39 (m, 1H), 4.64 (m, 1H), 7.16 (m, 3H), 7.47 (m, 4H), 7.69 (d, J = 8.4 Hz., 

1H), 7.82 (m, 7H), 8.66 (d, J = 8.4 Hz., 1H); 
13

CNMR (150 MHz., CDCl3): δ 14.3 (CH3), 20.4 

(CH3), 21.7 (CH3), 41.4 (CH), 42.8 (CH), 53.4 (CH), 54.5 (CH), 101.8 (CH), 120.3 (CH), 121.8 

(CH). 122.1 (CH), 123.2 (C), 125.3 (2CH), 125.8 (CH), 126.2 (C), 126.3 (CH), 128.3 (2CH), 

128.9 (2CH), 129.1 (C), 129.4 (CH), 129.9 (C), 131.0 (CH), 131.5 (C), 133.6 (C), 134.8 (CH), 

135.0 (CH), 136.7 (C), 138.2 (C), 138.5 (C), 144.7 (C), 148.1 (C), 157.7 (C), 175.3 (C), 178.2 

(C), 197.0 (C). HRMS (ESI) m/z calcd for C38H29ClN2NaO4
+ 

: [M+Na]
+
 635.1714; found: 

635.1729. 

2.9 Spectral data of 14a : Yellow solid. 81% yield; Mp 242–243°C; Rf (20% ethyl acetate–

hexane) 0.31; 
1
HNMR (300 MHz, CDCl3): δ 2.26 (s, 6H), 3.65 (m, 1H), 3.74 (m, 1H), 5.94 (m, 

1H), 6.18 (m, 1H), 6.54 (m, 1H), 7.00 (m, 3H), 7.07 (m, 2H), 7.19 (m, 2H), 7.64 (m, 4H), 7.85 

(m, 1H), 8.33 (m, 2H); 
13

CNMR (75 MHz., CDCl3): δ 19.5 (CH3), 19.7 (CH3), 46.9 (CH), 47.5 

(CH), 63.4 (CH), 67.0 (CH), 116.9 (CH), 120.4 (CH), 121.1 (C), 121.6 (CH), 123.7 (CH), 126.4 

(CH), 126.9 (CH), 127.3 (CH), 128.2 (C), 128.7 (2CH), 128.8 (2CH), 129.1 (C), 129.4 (C), 

130.2 (CH), 132.9 (CH), 134.6 (C), 136.0 (CH), 137.7 (C), 137.9 (C), 138.5 (C), 145.3 (CH), 

175.7 (C), 176.9 (C), 196.6 (C); HRMS (ESI) m/z calcd for C32H25N3NaO3
+
 : [M+Na]

+
 522.1788 

found: 522.1799. 

2.10 Spectral data of 14b : Yellow solid. 83% yield; Mp 240–243°C; Rf (20% ethyl acetate–

hexane) 0.32; 
1
HNMR (300 MHz, CDCl3): δ 3.65 (m, 1H), 3.74 (m, 1H), 3.81 (m, 3H), 5.94 (m, 

1H), 6.18 (m, 1H), 6.54 (m, 1H), 6.95 (m, 3H), 7.07 (m, 2H), 7.19 (m, 3H), 7.62 (m, 4H), 7.86 

(m, 1H), 8.33 (m, 2H); 
13

CNMR (75 MHz., CDCl3): δ 46.8 (CH), 47.5 (CH), 55.4 (CH3),  63.5 
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(CH), 67.0 (CH), 114.4 (2CH), 117.0 (CH), 120.4 (CH), 121.1 (C), 121.6 (CH), 124.2 (C), 126.4 

(CH), 127.0 (CH), 127.6 (2CH), 128.8 (2CH), 128.9 (2CH), 129.5 (C), 133.0 (CH), 134.6 (C), 

136.0 (CH), 137.9 (C), 138.5 (C), 145.4 (CH), 159.6 (C), 175.7 (C), 177.0 (C), 196.6 (C). HRMS 

(ESI) m/z calcd for C31H23N3NaO4
+
 : [M+Na]

+
 524.1581 found: 524.1596 

2.11 Spectral data of 14c : Brown solid. 88% yield; Mp 248–250°C; Rf (20% ethyl acetate–

hexane) 0.32; 
1
HNMR (300 MHz, CDCl3): δ 3.65 (t, J = 8.1 Hz., 1H), 3.82 (m, 4H), 5.46 (m, 

1H), 6.20 (m, 1H), 6.52 (s, 1H), 6.76 (s, 1H), 6.98 (m, 3H), 7.06 (m, 3H), 7.18 (m, 3H), 7.70 (d, 

J = 8.4 Hz., 1H), 8.30 (m, 1H), 8.53 (s, 1H); 
13

CNMR (75 MHz., CDCl3): δ 47.0 (2CH), 55.5 

(CH3), 61.1 (CH), 66.4 (CH), 101.8 (CH), 111.2 (CH), 114.5 (2CH), 116.1 (C), 119.7 (CH), 

123.8 (C), 124.0 (CH), 124.5 (2CH), 127.6 (2CH), 128.4 (2CH), 128.8 (CH), 129.2 (C), 131.3 

(CH), 132.9 (C), 134.3 (C), 139.1 (C), 140.5 (C), 157.1 (C), 159.8 (C), 174.6 (C), 176.5 (C), 

192.7 (C). HRMS (ESI) m/z calcd for C31H21Cl2N3NaO4
+ 

: [M+Na]
+
 592.0801; found: 592.0808. 

2.12 Spectral data of 14d : Brown solid. 89% yield; Mp 231–233°C; Rf (20% ethyl acetate–

hexane) 0.34; 
1
HNMR (600 MHz, CDCl3): δ 3.69 (s, 3H), 3.78 (s, 3H), 7.36 (m, 1H), 7.45 (t, J = 

8.4 Hz., 2H), 7.51 (t, J = 7.8 Hz., 1H), 7.57 (m, 2H), 7.67 (m, 2H), 7.90 (m, 1H), 8.14 (t, J = 8.7 

Hz., 2H), 8.57 (d, J = 9.6 Hz., 1H); 
13

CNMR (150 MHz., CDCl3): δ 52.1 (CH3), 52.6 (CH3), 

103.9 (C), 120.8 (CH), 121.8 (CH), 125.4 (CH), 126.1 (2C), 126.7 (CH), 126.8 (CH), 128.1 (C), 

128.8 (2CH), 129.3 (C), 129.8 (2CH), 130.3 (C), 133.2 (CH), 135.8 (C), 136.0 (C), 136.3 (CH), 

137.5 (C), 146.4 (CH), 163.9 (C), 165.9 (C), 184.6 (C). HRMS (ESI) m/z calcd for 

C26H18N2NaO4
+ 

: [M+Na]
+
 461.1108; found: 461.1103. 

2.13 Spectral data of 14e : Brown solid. 91% yield; Mp 233–234°C; Rf (20% ethyl acetate–

hexane) 0.33; 
1
HNMR (300 MHz, CDCl3): δ 1.06 (t, J = 7.2 Hz., 3H), 1.38 (t, J = 7.2 Hz., 3H), 
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3.72 (m, 1H), 3.88 (m, 1H), 4.38 (m, 2H),  7.33 (m, 1H), 7.51 (t, J = 7.4 Hz., 2H), 7.60 (m, 1H), 

7.69 (d, J = 9.3 Hz., 1H), 7.83 (m, 2H), 8.01 (m, 1H), 8.17 (d, J = 7.8 Hz., 3H), 8.57 (d, J = 9.3 

Hz., 1H); 
13

CNMR (75 MHz., CDCl3): δ 13.6 (CH3), 14.3 (CH3), 60.4 (CH2), 61.4 (CH2), 104.0 

(C), 120.2 (CH), 122.5 (CH), 125.3 (CH), 125.6 (C), 126.8 (C), 126.0 (CH), 126.7 (CH), 127.7 

(C), 128.1 (2CH), 129.0 (C), 130.0 (2CH), 130.7 (C), 132.2 (CH), 135.9 (CH), 137.3 (C), 137.4 

(C), 137.9 (C), 145.7 (CH), 163.5 (C), 165.5 (C), 184.4 (C). HRMS (ESI) m/z calcd for 

C28H22N2NO5
+ 

: [M+Na]
+
 489.1421; found: 489.1437. 

2.14 Spectral data of 14f : Brown solid. 92% yield; Mp 236–238°C; Rf (20% ethyl acetate–

hexane) 0.32; 
1
HNMR (300 MHz, CDCl3): δ 1.42 (t, J = 7.2 Hz., 3H), 4.41 (m, 2H),  7.36 (m, 

1H), 7.57 (m, 3H), 7.65 (d, J = 7.2 Hz., 1H), 7.72 (d, J = 9.3 Hz., 1H), 7.81 (d, J = 8.7 Hz., 1H), 

7.89 (d, J = 8.7 Hz., 1H), 8.22 (m, 4H), 8.59 (d, J = 9.3 Hz., 1H); 
13

CNMR (75 MHz., CDCl3): δ 

14.5 (CH3), 60.0 (CH2), 106.1 (C), 119.9 (CH), 121.7 (CH), 122.4 (CH), 124.9 (CH), 125.4 (C), 

125.7 (CH), 126.5 (CH), 127.6 (C), 128.3 (2CH), 129.5 (C), 130.2 (2CH), 132.4 (CH), 132.7 

(C), 135.7 (CH), 137.5 (C), 138.0 (C), 138.7 (C), 146.1 (CH), 164.6 (C), 185.2 (C); HRMS (ESI) 

m/z calcd for C25H18N2NaO3
+ 

: [M+Na]
+
 417.1210; found: 417.1223. 

2.15 Spectral data of 14g : Yellow solid. 90% yield; Mp 240–242°C; Rf (20% ethyl acetate–

hexane) 0.33; 
1
HNMR (300 MHz, CDCl3): δ 3.93 (s, 3H), 7.36 (m, 1H), 7.57 (m, 3H), 7.65 (d, J 

= 7.2 Hz., 1H), 7.73 (d, J = 9.3 Hz., 1H), 7.81 (d, J = 8.7 Hz., 1H), 7.89 (d, J = 8.4 Hz., 1H), 8.22 

(m, 4H), 8.58 (d, J = 9.3 Hz., 1H); 
13

CNMR (75 MHz., CDCl3): δ 51.3 (CH3), 105.7 (C), 119.8 

(CH), 121.7 (CH), 122.4 (CH), 125.0 (CH), 125.4 (C), 125.8 (CH), 126.5 (CH), 127.6 (C), 128.3 

(2CH), 129.4 (C), 130.2 (2CH), 132.4 (CH), 132.7 (C), 135.7 (CH), 137.4 (C), 138.0 (C), 138.7 

(C), 146.1 (CH), 165.0 (C), 185.2 (C); HRMS (ESI) m/z calcd for C24H16N2NaO3
+ 

: [M+Na]
+
 

403.1053; found: 403.1058. 
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2.16 Crystal data for 10a: C36H25N2O5Cl, M=601.03 , monoclinic, P21/c, a=15.687(2), 

b=19.297(2), c=9.848(1)Å, β=99.478(8)°,V=2940.5(7)Å
3
,  Z=4, Dc=1.358 g cm

-3
, µ=0.178mm

-1
, 

F(000)=1248, λ(MoKα) = 0.71073 Å, reddish block,  crystal size: 0.7 x 0.25 x 0.19 mm, 37123 

reflections measured (Rint=0.0477), 3620 unique reflections, wR(F
2
) = 0.155 for all data and 

conventional R = 0.041 for 2932 F-values with I>2(I), (/)max=0.000, S=0.617 for all data and 

398 parameters,  ρmax, min (e/Å
3
) = 0.214, -0.197. Crystal data for 13f: C28H22N2O5, M=466.48 , 

monoclinic, P21/c, a=11.9766(8), b=17.281(1), c=11.6975(8)Å, β=109.484(3)°,V=2282.4(3)Å
3
,  

Z=4, Dc=1.358 g cm
-3

, µ=0.094mm
-1

, F(000)=976, λ(MoKα) = 0.71073 Å, yellowish block,  

crystal size: 0.17 x 0.11 x 0.09 mm, 25248 reflections measured (Rint=0.0552), 3534 unique 

reflections, wR(F
2
) = 0.1976 for all data and conventional R = 0.0501 for 2741 F-values with 

I>2(I), (/)max=0.000, S=1.504 for all data and 319 parameters,  ρmax, min (e/Å
3
) = 0.267, -

0.351.Unit cell determinations and intensity data collections for both the compounds were 

performed on a Bruker KAPPA APEXII CCD diffractometer at 296(2) K. Structure solution by 

direct methods and refinements by full-matrix-least-squares methods on F
2
. Programs: APEX2 

(Bruker AXS Inc., Madision, Wisconsin,  USA) for data collection, SAINT (Bruker AXS Inc., 

Madision, Wisconsin,  USA) for cell refinement and data reduction, SHELXTL (Bruker AXS 

Inc.,  Madision, Wisconsin,  USA) for structure determination, refinements and molecular 

graphics calculations. CCDC Numbers: 937560  (for compound 10a) and 937561 (for compound 

14e) contain the supplementary crystallographic data for this paper. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 
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3. Copies of NMR spectra of all new compounds: 

1
H NMR of 10a: 
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13
C NMR of 10a: 
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1
H NMR of 10b: 
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13
C NMR of 10b: 
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1
H NMR of 10c: 
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13
C NMR of 10c: 
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1
H NMR of 10d: 
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Extension of 
1
H NMR of 10d: 
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13
C NMR of 10d: 
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1
H NMR of 10e: 
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13
C NMR of 10e: 
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1
H NMR of 10f: 
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1
H NMR of 10g: 

 

 



S24 
 

1
H NMR of 10h: 
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13
C NMR of 10h: 
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1
H NMR of 14a: 
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13
C NMR of 14a: 
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1
H NMR of 14b: 
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13
C NMR of 14b: 
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1
H NMR of 14c: 
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13
C NMR of 14c: 
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1
H NMR of 14d: 
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13
C NMR of 14d: 
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1
H NMR of 14e: 
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13
C NMR of 14e: 
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1
H NMR of 14f: 
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13
C NMR of 14f: 
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1
H NMR of 14g: 
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13
C NMR of 14g: 

 


