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Abstract – The total synthesis of 4-quinolone alkaloids, haplacutines B and C, 

has been achieved. The synthetic highlights are chemoselective construction of a 

2-alkyl-4-quinolone skeleton via intramolecular base-promoted cyclocondensation 

of ortho-alkylamidoacetophenone and stereoselective elongation of the dienol side 

chain via the Stille coupling.

Haplacutines A (1)–F (6) are 4-quinolone alkaloids which were isolated from a crude ethyl acetate extract 

of the aerial parts of Haplophyllum acutifolium collected at a location 40 km west of Mashhad, Iran 

(Figure 1).1 In general, Haplophyllum species are distributed from the Mediterranean region of Europe 

and Africa to the Eastern parts of Siberia. The extracts containing these compounds are often used as 

traditional medicines as analgesics, antispasmodics, diuretics, sedatives, and topical agents against skin 

diseases, in some areas.1,2 Haplacutine E (5) and the known 4-quinolone alkaloid acutine (7),2,3 which has 

identified from the same extract along with the other haplacutines, showed moderate anti-plasmodium 

activity with IC50 values of 2.17 ± 0.22 μM and 3.79 ± 0.24 μM, respectively,1 although no significant 

biological activity of the other haplacutines has been reported so far. 

 

 
Figure 1. Structures of haplacutines A (1)–F (6) and acutine (7) 
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Haplacutine C (3).4 

IR (neat) 3378, 3278, 2962, 2923, 2854, 1735, 1635, 1596, 1511 cm-1; 1H NMR (300 MHz, CD3CN) δ = 

0.98 (t, J = 7.5 Hz, 3H), 1.87 (m, 2H), 2.08 (m, 2H), 2.68 (m, 2H), 3.25 (br s, 1H), 4.11 (m, 1H), 5.60 (dd, 

J = 15.1, 6.6 Hz, 1H), 5.73 (dt, J = 15.1, 6.6 Hz, 1H), 5.98 (s, 1H), 6.03 (dd, J = 15.1, 10.6 Hz, 1H), 6.18 

(dd, J = 15.1, 10.6 Hz, 1H), 7.28 (dd, J = 8.0, 7.4 Hz, 1H), 7.46 (d, J = 8.4 Hz, 1H), 7.59 (dd, J = 8.4, 7.4 

Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H), 9.94 (br s, 1H); 13C NMR (150 MHz, CD3CN) δ = 13.8, 26.3, 30.8, 

36.8, 71.6, 108.9, 118.6, 124.0, 125.9, 126.0, 129.7, 131.3, 132.6, 134.8, 137.3, 141.3, 154.8, 178.9; 

HRMS-ESI: m/z [M+Na]+ calcd for C18H21NO2Na: 306.1465, found: 306.1463. 

 

(Z)-4-(Tributylstannyl)but-3-en-1-yl methanesulfonate (31). 

A mixture of 30 (0.13 g, 0.36 mmol), triethylamine (0.15 mL, 1.1 mmol), and methanesulfonyl chloride 

(40 μL, 0.52 mmol) in CH2Cl2 (3.6 mL) was stirred at room temperature for 12 h. After the addition of 

H2O (10 mL) at 0 °C, the mixture was extracted with CHCl3 (10 mL × 3). The organic layer was dried 

over Na2SO4 and concentrated in vacuo. The residue was purified by silica gel column chromatography 

(hexane/CHCl3 = 1/1) to afford 31 (0.15 g, 94%) as a colorless oil. 

IR (neat) 2954, 2923, 2584, 1596, 1457, 1357 cm-1; 1H NMR (300 MHz, CDCl3) δ = 0.83–0.98 (m, 15H), 

1.31 (tq, J = 7.2, 7.2 Hz, 6H), 1.44–1.57 (m, 6H), 2.49 (m, 2H), 3.00 (s, 3H), 4.24 (t, J = 6.9 Hz, 2H), 

6.05 (dd, J = 12.6, 1.1 Hz, 1H), 6.46 (dt, J = 12.6, 6.9 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ = 10.9 (× 3), 

14.3 (× 3), 27.9 (× 3), 29.8 (× 3), 37.0, 38.1, 69.7, 134.4, 142.4; HRMS-ESI: m/z [M+Na]+ calcd for 

C17H36O3SSnNa: 463.1305, found: 463.1296. 

 

(Z)-But-1-enyltributylstannane (27). 

A mixture of 31 (0.12 g, 0.28 mmol) and LiAlH4 (1.0 M in THF, 0.42 mL, 0.42 mmol) in THF (2.7 mL) 

was stirred under reflux condition for 30 min. After the addition of excess amounts of Na2SO4•10H2O at 

0 °C, the mixture was stirred at the same temperature for 30 min. The resulting insoluble solid was 

removed by filtration and the filtrate was concentrated in vacuo. The residue was purified by silica gel 

column chromatography (hexane) to afford 27 (0.090 g, 93%) as a colorless liquid. 

IR (neat) 2962, 2923, 2854, 1596, 1457, 1373 cm-1; 1H NMR (300 MHz, CDCl3) δ = 0.79–0.94 (m, 15H), 

0.99 (t, J = 7.3 Hz, 3H), 1.31 (tq, J = 7.2, 7.2 Hz, 6H), 1.43–1.62 (m, 6H), 2.03 (dq, J = 7.3, 7.1 Hz, 2H), 

5.74 (d, J = 12.3 Hz, 1H), 6.50 (dt, J = 12.3, 7.1 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ = 10.4 (× 3), 13.9 

(× 3), 14.6, 27.5 (× 3), 29.4 (× 3), 30.5, 127.2, 150.9; HRMS-ESI: m/z [M+Na]+ calcd for C16H34SnNa: 

369.1580, found: 369.1578. 
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