
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 

Supporting Information 
 

© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2006 
 

 
 



 S1

Domino Reaction of Acyclic α,α-Dialkenoylketene (S,S)-Acetals and 
Diamines: Efficient Synthesis of Tetracyclic Thieno[2,3-b]thiopyran 
Fused Imidazo[1,2-a]pyridine/pyrido[1,2-a]pyrimidines  
 

Fushun Liang,* Jiqing Zhang, Jing Tan, and Qun Liu* 
 
Department of Chemistry, Northeast Normal University, Changchun 130024, China 
Fax: +86-431-5098966, E-mail: liangfs112@nenu.edu.cn and liuqun@nenu.edu.cn 
 
 

Supporting Information 
 
 
 
 
 

Table of Contents 

 

 

I. General....................................................................................................................... S2 

II. .Synthesis and the analytical data of the substrates 4 and 2a-2g........................... S2 

III. Synthesis and the analytical data of products 3 ..................................................... S4 

IV. Copies of 1H and 13C NMR spectra for compounds 4, 2a-2g and 3a-3j ............... S8 

V. Copies of 1H NMR spectra for compounds 3c, 3d and 3g by D2O 

 exchange................................................................................................................... S36 

VI. Copies of 1H and 13C NMR spectra for compound 6 ........................................... S39 

 

 

 

 

 
 

 



 S2

I. General 

All reagents were purchased from commercial sources and used without treatment, unless 

otherwise indicated. The products were purified by column chromatography over silica 

gel 300-400 mesh. 1H (500 Hz) and 13C (125 Hz) NMR spectra were recorded at 25 ºC on 

a 500 MHz NMR spectrometer, and TMS as internal standard. IR spectra (KBr) were 

recorded in the range of 400 ~ 4000 cm-1. 

 

II. Synthesis and the analytical data of the substrates 4 and 2a-2g. 

Precursors 2a-2g were synthesized by a two-step reaction starting from 

pentane-2,4-dione in excellent yields according to the literature: (a) Wang, M.; Xu, X.; 

Liu, Q.; Xiong, L.; Yang, B.; Gao, L. Synth. Comm. 2002, 32, 3437–3443. (b) Choi, E. B.; 

K.Youn, I.; Pak, C. S. Synthesis 1991, 15–18. 
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General description for the preparation of 4: To a solution of pentane-2,4-dione 

(10.12 mL, 100 mmol) and anhydrous K2CO3 (30.1 g, 220 mmol) in DMF (150 mL) was 

added CS2 (6.7 mL, 110 mmol) at room temperature. After 30 min, 

1,2,3-tribromopropane was added in one portion to the reaction mixture under ice bath 

and stirred overnight at room temperature. A white solid was obtained after pouring the 

reaction mixture into ice-water (800 mL). The only product was characterized as 

3-(4-bromomethyl-[1,3]dithiolan-2-ylidene)-pentane-2,4-dione 4 with an excellent yield 

of 91%.  

General Procedure for the preparation of 2a-2g: (with 2a as an example): To a 

solution of 4 (295 mg, 1.0 mmol) and benzaldehyde (222.6 mg, 1.0 mmol) in EtOH (10.0 

mL) at 0 ºC was added NaOH (200 mg, 5.0 mmol) in one portion. The reaction mixture 

was stirred at 0 ºC for 10 min, followed by stirring at 25 ºC for 0.5 h. After the starting 

material 4 was consumed as indicated by TLC, the resulting mixture was then poured 
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onto ice-water (250 mL) under stirring. The precipitated solid was collected by filtration, 

washed with water (3 × 30 mL), and dried in vacuo to afford the product 2a as a yellow 

solid. 

1: White solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 2.43 (s, 3H, CH3), 2.46 (s, 

3H, CH3), 3.46-3.50 (m, 2H), 3.57-3.62 (m, 1H), 3.66-3.69 (m, 1H), 4.02 

ppm (m, 1H); IR (KBr, cm-1): ν = 2926, 1619, 1439, 1402, 1269, 1261, 885. 

 
 

 

2a: Yellow solid, m.p. 198 ºC. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ  2.49 (s, 3H), 

6.96 (s, 1H), 7.33 (d, J = 8.0 Hz, 4H), 7.38 (d, J = 16.0 Hz, 1H), 7.52 (m, 5H), 7.77 (d, J 

= 16.0 Hz, 2H); IR (KBr, cm-1) IR (KBr, cm-1): ν = 

1628, 1572, 1539, 1543, 1370, 1304, 1169. Anal. calcd 

for C23H18OS2: C, 70.74; H, 4.65; Found: C, 70.78; H, 

4.62. 

 
2b: Yellow solid, m.p. 192 ºC. 1H NMR (600 MHz, CDCl3, 293 K, TMS): δ = 2.49 (s, 

3H), 6.96 (s, 1H), 7.29 (d, J = 8.0 Hz, 4H), 7.29 

(d, J = 16.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 4H), 

7.69 (d, J = 16.0 Hz, 2H); IR (KBr, cm-1): ν = 

1740, 1628, 1560, 1491, 1455, 1370, 1224, 

1093. 

 
2c: Yellow solid, m.p. 186 ºC. 1H NMR (600 MHz, CDCl3, 293 K, TMS): δ = 2.48 (s, 

3H), 6.94 (s, 1H), 6.98 (m, 4H), 7.23 (d, J = 16.0 

Hz, 2H), 7.50 (m, 4H), 7.68 (d, J = 16.0 Hz, 2H); 

IR (KBr, cm-1): ν = 3068, 1629, 1576, 1544, 1508, 

1451, 1418, 1230. 

 

 

2d: Yellow solid, m.p. 190 ºC. 1H NMR (400 MHz, CDCl3, 293 K, TMS): δ = 2.35 (s, 6H, 

2 × Me), 2.46 (s, 3H), 6.90 (s, 1H), 7.12 (d, J = 8.0 Hz, 4H), 7.29 (d, J = 16.0 Hz, 2H), 
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7.43 (d, J = 8.0 Hz, 4H), 7.75 (d, J = 16.0 Hz, 2H); 

IR (KBr, cm-1): ν = 3070, 1630, 1595, 1517, 1441, 

1412,1341, 1224. 

 

2e: Yellow solid, m.p. 188 ºC. 1H NMR (600 MHz, CDCl3, 293 K, TMS): δ = 2.46 (s, 

3H), 3.82 (s, 6H, 2 × OMe), 6.84 (d, J = 8.0 Hz, 4H), 6.89 (s, 1H), 7.22 (d, J = 16.0 Hz, 

2H), 7.48-7.49 (d , J = 6.0 Hz, 4H), 7.73 (d, 

J = 16.0 Hz, 2H); IR (KBr, cm-1): ν = 3058, 

2928, 2837, 1624, 1604, 1567, 1511, 1449, 

1366, 1255. Anal. calcd for C25H22O4S2: C, 

66.64; H, 4.92; Found: C, 66.81; H, 4.88. 

 
2f: Yellow solid, m.p. 183 ºC. 1H NMR (600 MHz, CDCl3, 293 K, TMS): δ = 2.50 (s, 3H), 

6.98 (s, 1H), 7.20 (m, 2H), 7.50 (m, 2H), 7.62 (m, 2H), 

7.70 (d, J = 16.0 Hz, 2H), 7.70 (d, J = 16.0 Hz, 2H), 

8.52 (m, 2H); IR (KBr, cm-1): ν = 3400, 3024, 1633, 

1575, 1538, 1462, 1364, 1293, 1227. 

 
 
2g: Yellow solid, m.p. 180 ºC. 1H NMR (400 MHz, CDCl3, 293 K, TMS): δ = 2.45 (s, 

3H), 6.45 (m, 2H), 6.64 (m, 2H), 6.89 (s, 1H), 7.18 (d, J 

= 16.0 Hz, 2H), 7.42 (m, 2H), 7.50 (d, J = 16.0 Hz, 2H); 

IR (KBr, cm-1): ν = 3399, 2170, 1678, 1628, 1549, 1448, 

1364, 1289. 

 

 

III. Synthesis and the analytical data of products 3 

3a: white soild. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.72 (s, 1.5 H, Me), 1.73 

(s, 1.5 H, Me), 2.33 (broad, NH, 1H), 2.64 (m, 1 H), 2.74 (m, 2 H), 3.07 (m, NCH2, 2 H), 

3.26 (m, NCH2, 2 H), 3.40 (m, 1 H), 4.53 (m, 1 H), 4.85 (m, 1 H), 7.27 (m, 1 H), 7.36 (m, 

7H), 7.58 (m, 2H); 13C NMR (125 MHz, CDCl3): δ = 24.5, 24.8, 28.4, 28.6, 43.3, 43.0, 

SS
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46.8, 46.9, 47.0, 49.6, 55.6, 78.4, 78.5, 127.3, 127.7, 128.1, 128.6, 129.0, 129.3, 132.0, 

132.1, 135.4, 135.5, 137.9, 137.9, 139.2, 141.5, 151.9, 152.0, 190.3, 190.4. IR (KBr, 

cm-1): ν = 3433, 3030, 2927, 1659, 1453, 1401, 762, 698. MS (EI): calcd m/z 432.13, 

found 433.1 [(M+1)]+; Anal. calcd for C25H24N2OS2: C, 69.41; H, 5.59; N, 6.48; Found: 

C, 69.67; H, 5.39; N, 6.52. 

3b: white solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.70 (s, 1.5 H, Me), 1.72 
(s, 1.5 H, Me), 2.32 (broad, NH, 1H), 2.54 (m, 1 H), 2.70 (m, 2 H), 3.02 (m, NCH2, 2 H), 
3.24 (m, NCH2, 2 H), 3.38 (m, 1 H), 4.47 (m, 1 H), 4.81 (m, 1 H), 7.36 (m, 6H), 7.51 (m, 
2H); 13C NMR (125 MHz, CDCl3): δ = 24. 5, 24.7, 28.4, 43.3, 43.9, 46.6, 48.7, 54.8, 78.4, 
78.5, 128.7, 129.0, 129.5, 131.9, 132.0, 132.9, 134.8, 135.1, 135.2, 136.3, 136.4, 139.4, 
140.1, 151.4, 189.9, 190.0. IR (KBr, cm-1): ν = 3294, 2967, 2885, 1648, 1490, 1431, 1401, 
1090, 1013, 842. MS (EI): calcd m/z 500.06, found 501.1 [(M+1)]+; Anal. calcd for 
C25H22Cl2N2OS2: C, 59.87; H, 4.42; N, 5.59; Found: C, 60.03; H, 4.39; N, 5.65. 
3c: light red solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.71 (s, 1.5 H, Me), 

1.73 (s, 1.5 H, Me), 2.33 (broad, NH, 1H, disappeared after D2O was added), 2.58 (m, 1 

H), 2.70 (m, 1H), 2.76 (m, 1H), 3.04 (m, NCH2, 2H), 3.23 (m, NCH2, 2H), 3.40 (m, 1 H), 

4.49 (m, 1 H), 4.85 (m, 1 H), 7.06 (m, 4H), 7.41 (m, 2H), 7.54 (m, 2H); 13C NMR (125 

MHz, CDCl3): δ = 24.3, 28.1, 42.9, 43. 6, 46.6, 48.5, 54.6, 78.2, 114.9, 115.1, 115.9, 

116.0, 128.9, 128.9, 129.1, 129.2, 131.6, 133.4, 134.9, 136.9, 139.0, 151.3, 160.8, 161.6, 

162.8, 163.6, 189.9; IR (KBr, cm-1): ν = 3294, 2969, 2886, 1648, 1509, 1456, 1225, 1157, 

835. MS (EI): calcd m/z 468.11, found 469.1 [(M+1)]+; Anal. calcd for C25H22F2N2OS2: C, 

64.08; H, 4.73; N, 5.98; Found: C, 64.21; H, 4.71; N, 5.86. 

3d: light red solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.71 (s, 1.5H, Me), 

1.74 (s, 1.5H, Me), 2.32 (broad, NH, 1H, disappeared after D2O was added), 2.36 (s, 2 × 

ArMe, 6 H), 2.61 (m, 1 H), 2.74 (m, 2 H), 3.02 (m, NCH2, 2 H), 3.26 (m, NCH2, 2 H), 

3.36 (m, 1 H), 4.50 (m, 1 H), 4.82 (m, 1 H), 7.20 (m, 4H), 7.32 (m, 2H), 7.46 (m, 2H); 
13C NMR (125 MHz, CDCl3): δ = 21.1, 21.2, 21.2, 24.4, 24.6, 28.2, 28.4, 43.1, 43.7, 46.7, 

49.2, 55.1, 55.1, 78.1, 78.3, 127.3, 127.7, 129.0, 129.7, 131.8, 131.9, 134.7, 134.7, 135.3, 

135.4, 136.6, 136.6, 138.3, 138.6, 138.9, 151.8, 151.9, 190.3, 190.4; IR (KBr, cm-1): ν = 

3440, 2970, 1658, 1453, 815. MS (EI): calcd m/z 460.16, found 461.2 [(M+1)]+; Anal. 

calcd for C27H28N2OS2: C, 70.40; H, 6.13; N, 6.08; Found: C, 70.66; H, 6.09; N, 6.21. 

3e: yellow solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.70 (s, 1.5 H, Me), 1.73 
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(s, 1.5 H, Me), 2.27 (broad, NH, 1H), 2.61 (m, 1 H), 2.74 (m, 2 H), 3.02 (m, NCH2, 2 H), 

3.26 (m, NCH2, 2 H), 3.38 (m, 1 H), 3.82 (s, 2 × OMe, 6 H), 4.46 (m, 1 H), 4.80 (m, 1 H), 

6.90 (m, 4H), 7.35 (m, 2H), 7.48 (m, 2H); 13C NMR (125 MHz, CDCl3): δ = 24.4, 24.7, 

28.2, 28.4, 43.0, 43.7, 46.8, 48.8, 48.8, 54.8, 54.8, 55.2, 55.3, 78.0, 78.2, 113.6, 114.3, 

128.5, 128.6, 128.8, 129.6, 1229.6, 131.7, 131.8, 133.4, 135.2, 135.3, 138.8, 151.8, 151.9, 

185.5, 159.7, 190.3, 190.4; IR (KBr, cm-1): ν = 3298, 2932, 2834, 1659, 1610, 1512, 

1456, 1250, 1176, 1034, 830. MS (EI): calcd m/z 492.15, found 493.2 [(M+1)]+; Anal. 

calcd for C27H28N2O3S2: C, 65.83; H, 5.73; N, 5.69; Found: C, 66.02; H, 5.70; N, 5.79. 

3f: red solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.74 (s, Me), 1.77 (s, Me), 
2.37 (broad, NH, 1H), 2.75 (m, 1H), 2.80 (m, 2H), 3.12 (m, 2H), 3.42 (m, 3H), 4.64 (m, 
1H), 5.01 (m, 1 H), 7.23 (m, 1H), 7.28 (m, 1H), 7.40 (m, 1H), 7.52 (m, 1H), 7.72 (m, 2H), 
8.64 (m, 2 H); 13C NMR (125 MHz, CDCl3): δ = 24.1, 24.3, 28.1, 28.2, 43.2, 44.0, 45.2, 
50.7, 57.9, 58.0, 78.6, 78.7, 122.0, 122.1, 122.5, 122.4, 122.5, 123.2, 131.8, 131.9, 135.3, 
136.4, 137.1, 138.5, 138.6, 149.2, 149.6, 150.7, 150.9, 156.9, 160.2, 189.8, 189.9; IR 
(KBr, cm-1): ν = 3431, 2924, 2854, 1659, 1589, 1456. 
3g: red solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.68 (s, 1.5 H, Me), 1.70 (s, 
1.5 H, Me), 2.34 (broad, NH, 1H, disappeared after D2O was added), 2.73 (m, 3 H), 3.12 
(m, NCH2, 2 H), 3.26 (m, 3 H), 4.56 (m, 1 H), 4.88 (m, 1 H), 6.30 (m, 1 H), 6.37 (m, 3H), 
7.41 (m, 2H); 13C NMR (125 MHz, CDCl3): δ = 23.8, 24.0, 28.0, 28.2, 41.7, 42.9, 43.7, 
44.4, 50.6, 77.8, 77.8, 106.6, 108.2, 110.0, 110.6, 131.4, 131.5, 134.3, 138.7, 138.7, 142.1, 
142.9, 150.2, 150.6, 150.7, 154.8, 189.7; IR (KBr, cm-1): ν = 3309, 2971, 2359, 1660, 
1456, 1011, 738. 
3h: light red solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.48 (m, 1 H), 1.62 (m, 

1 H), 1.71 (s, 1.5 H, Me), 1.74 (s, 1.5 H, Me), 1.84 (broad, NH, 1H), 2.36 (m, 1 H), 2.45 

(m, 1 H), 2.61 (m, 1 H), 2.86 (m, 1 H), 3.05 (m, 1 H), 3.22 (m, 2 H), 3.36 (m, 1 H), 4.55 

(m, 1 H), 4.86 (m, 1 H), 7.28 (m, 1 H), 7.38 (m, 5 H), 7.45 (m, 2H), 7.55 (m, 2 H); 13C 

NMR (125 MHz, CDCl3): δ = 27.5, 40.4, 40.9, 40.9, 46.6, 46.7, 49.4, 49.5, 58.1, 71.2, 

71.3, 109.8, 127.0, 127.5, 127.9, 128.0, 128.2, 128.7, 129.0, 132.3, 132.4, 134.8, 134.9, 

137.8, 138.9, 141.3, 151.0, 151.1, 190.1, 190.2; IR (KBr, cm-1): ν = 3324, 3029, 2930, 

2826, 1656, 1451, 1199, 978, 896; MS (EI): calcd m/z 446.15, found 447.2 [(M+1)]+; 

Anal. calcd for C26H26N2OS2: C, 69.92; H, 5.87; N, 6.27; Found: C, 70.19; H, 5.75; N, 

6.12. 

3i: white solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.46 (m, 2 H), 1.69 (s, 1.5 
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H, Me), 1.72 (s, 1.5 H, Me), 1.82 (broad, NH, 1H), 2.32 (m, 1 H), 2.40 (m, 1 H), 2.60 (m, 

1 H), 2.86 (m, 1 H), 3.02 (m, 1 H), 3.20 (m, 2 H), 3.30 (m, 1 H), 4.51 (m, 1 H), 4.82 (m, 1 

H), 7.33 (m, 6 H), 7.48 (m, 2 H); 13C NMR (125 MHz, CDCl3): δ = 27.7, 40.5, 41.1, 46.6, 

46.7, 48.8, 48.9, 57.5, 71.4, 71.5, 128.6, 129.1, 129.4, 132.4, 132.6, 132.9, 134.7, 134.7, 

134.8, 136.4, 136.4, 139.2, 140.0, 150.8, 151.0, 190.0, 190.0; IR (KBr, cm-1): ν = 3333, 

2927, 1659, 1488, 1454, 823. MS (EI): calcd m/z 514.07, found 515.1 [(M+1)]+; Anal. 

calcd for C26H24Cl2N2OS2: C, 60.58; H, 4.69; N, 5.43; Found: C, 60.85; H, 4.64; N, 5.62. 

3j: red solid. 1H NMR (500 MHz, CDCl3, 293 K, TMS): δ = 1.45 (m, 2H), 1.74 (m, 3H, 

Me), 2.33 (broad, NH, 1H), 2.43 (s, 1H), 2.58 (m, 1H), 2.86 (m, 1H), 3.12 (m, 1H), 3.25 

(m, 4H), 4.54 (m, 1H), 4.84 (m, 1H), 7.07 (m, 4H), 7.41 (m, 2H), 7.52 (s, 2H); 13C NMR 

(125 MHz, CDCl3): δ = 27.5, 40.2, 40.9, 46.6, 46.7, 48.5, 48.7, 57.4, 71.3, 115.0, 115.1, 

115.9, 116.1 129.2, 129.3, 129.5, 132.2, 132.3, 133.5, 134.6, 136.8, 151.0, 161.7, 163.7, 

188.9, 189.9; IR (KBr, cm-1): ν = 3445, 2926, 1660, 1509, 1455, 1226, 835. MS (EI): 

calcd m/z 482.13, found 483.1 [(M+1)]+; Anal. calcd for C26H24F2N2OS2: C, 64.71; H, 

5.01; N, 5.80; Found: C, 64.93; H, 4.97; N, 5.89. 
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IV. Copies of 1H and 13C NMR spectra for compounds 4, 2a – 2g and 3a – 3j. 
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V. Copies of 1H NMR spectra for compounds 3c, 3d and 3g by D2O exchange. 
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VI. Copies of 1H NMR spectra for compound 6 
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