Radical Cation Diels-Alder Cycloadditions
by Visible Light Photocatalysis
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Visible Light Photocatalysis
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Development of a robust protocol for radical cation Diels-Alder
cycloadditions using visible-light photocatalysis

O Low catalyst loading (up to 0.5 mol%).

@® Short reaction times (up to 1 h)

© Conducted under open atmosphere (no need of artificial co-oxidant).

Large scale solar cycloaddition!

Application to the Total Synthesis
of Heitzamide A.

Access to electronically mismatched Diels-Alder cycloadditions
between electron-rich coupling partners (otherwise difficult!).
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Unsuccessful Substrates

Large-scale solar cveloaddition (Table 2, entry 4). A 250 mL
round-bottom flask was charged with 2.01 g (13.6 mmol) frans-
anethole, 31 mg (0.013 mmol) Ru(bpz);{BArF)., 4.1 mL (41.0
mmaol) isoprene, and 250 mL CH:Cl;. The reaction was stirred in a
laboratory window for 2 h, The reaction mixture was concentrated
and passed through a short pad of silica with EtOAc. The solvent
was removed by rotary evaporation to afford 2.79 g (12.9 mmol, 95%
yield, dr =10:1) of analytically pure evcloadduct.




Catalysts Synthesis

2. 2°-Bipyrazine (bpz). Chloropyrazine (5.0 g, 43.7 mmaol), PA(PPh; )y (1.5 g, 1.3 mmaol), tetrabutylammonium bromide (14,0
g, 43.4 mmol), K-CO; (2005 g, 148.3 mmol) and DMF {42 mL) were placed together in a 250 mL round-bottomed flask. The
reaction was heated to 140 °C, open to the atmosphere, After 16 h, the reaction was cooled to ambient temperature and
filtered through celite. The filter pad was rinsed with CH,Cl;, and the filtrate was washed with water (400 mL), The aqueous
phase was extracted 3 tmes with CHaCls, The combined organmie layvers were washed 3 times with water, dred over MgS0,
and concentrated by rotary evaporation. Flash column chromatography (1:1 hexanes/ethyl acetate) gave the crude product,
which was triturated with MeOH to afford 1.46 g (9.23 mmol, 42 % yield) of a pale yellow solid. All spectroscopic data were
consistent with previously reported values,'”

Ru{bpz)y( BArF):. A solution of tris{bipyrizylruthenium(11) dichloride' (430 mg, .70 mmaol) in 30 mL water was placed in
a 100 mL round-bottomed flask. Sodium (tetrakis[(3,5-trifluoromethyl)phenyl]borate)'” (1.36 g, 1.53 mmol) dissolved in
methanol {10 mL) was added to the reaction mixture followed by water (10 mL). The resulting heterogeneous suspension
was filtered through a fritted glass funnel. The collected solids were dissolved in 1:1 acetone:CH:Cl; and purified by alumina
flash column chromatography using CH-Cls as the eluent, Upon concentration by rotary evaporation, the crude product was
recrystallized from CH,Cli:benzene to afford 820 mg (0.356 mmol, 51 % vield) of an orange solid. IR {(neat) 3000, 2090,
1653, 1265 em™. "H NMR: (500 MHz, CD:CN) 6 9.8 (d, ] = 1.3 Hz, 6H), 8.6 (d, ] = 3.2 Hz, 6H), 7.8 (dd, J = 3.2, 1.3 Hz,
6H), 7.7 (m, 16H), 7.7 (s, 8H). "C NMR: (125 MHz, CD:CN) & 162.7 (g, ] = 50.5 Hz), 151.3, 149.8, 148.1, 146.5, 135.7,
13000 (g, J=31.6 Hz), 1255 (g. ] = 124.44 Hz), 118.7.
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Synthetic Studies on Heitziamide A
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Previous work: [2+2]
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