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Abstract


Six new angucyclinone aza-analogues containing an embedded shikimic acid moiety have been prepared by a synthetic sequence involving the construction of their tetracyclic framework by a regiocontrolled hetero-Diels–Alder reaction of shikimic acid derived 1-azadiene 7- and 2-haloquinones.
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Selected Physical and Spectroscopic Data
Compound 1b: yellow oil (1.51 g, 95%); [α]D
          20 +9.0 (c 4.45). 1H NMR (400 MHz, CDCl3): δ = 6.83 (1 H, br s, H-6), 4.69 (1 H, br s, H-1), 4.06–4.05 (2 H, m, H-2 + H-3), 3.75 (3 H, s, CO2CH3), 2.55 (1 H, br d, J = 16.4 Hz, H-4), 2.30 (1 H, br d, J = 16.8 Hz, H-4), 1.37 [6 H, s, C(CH3)2], 0.85 [9 H, s, SiC(CH3)3], 0.08 (3 H, s, SiCH3), 0.06 (3 H, s, SiCH3). 13C NMR (100 MHz, CDCl3): δ = 166.8 (CO2CH3), 134.4 (C-6), 129.0 (C-5), 109.2 [C(CH3)2], 76.7 (C-2), 72.2 (C-1), 68.5 (C-3), 51.7 (CO2
          CH3), 29.3 (C-4), 27.8 [C(CH3)2], 25.9 [C(CH3)2], 25.6 [SiC(CH3)3], –4.9 (SiCH3), –5.0 (SiCH3).
Compound 5: colorless oil (0.82 g, 95%); [α]D
          20 +54.2 (c 5.17). 1H NMR (400 MHz, CDCl3): δ = 5.80 (1 H, br s, H-6), 4.65 (1 H, br s, H-1), 4.07–3.97 (3 H, m, CH
          2OH + H-3), 3.92–3.87 (1 H, m, H-2), 2.24 (1 H, dd, J = 4.0, 16.0 Hz, H-4), 2.02 (1 H, dd, J = 8.0, 16.0 Hz, H-4), 1.45 [3 H, s, C(CH3)2], 1.38 [3 H, s, C(CH3)2], 0.88 [9 H, s, SiC(CH3)3], 0.10 (3 H, s, SiCH3), 0.10 (3 H, s, SiCH3). 13C NMR (100 MHz, CDCl3): δ = 140.1 (C-6), 118.7 (C-5), 108.9 [C(CH3)2], 78.7 (C-2), 72.9 (C-1), 69.9 (C-3), 66.2 (CH2OH), 30.3 (C-4), 28.3 [C(CH3)2], 26.2 [C(CH3)2], 25.9 [SiC(CH3)3], 18.2 [SiC(CH3)3], –4.3 (SiCH3), –4.6 (SiCH3).
Compound 6: white solid (0.47 g, 77%); mp 70.5–71.0 °C; [α]D
          20 +23.0 (c 3.92). 1H NMR (400 MHz, CDCl3): δ = 6.93 (1 H, s, CH=N), 5.75 (1 H, d, J = 2.6 Hz, H-6), 4.75 (1 H, t, J = 4.6 Hz, H-1), 4.04 (1 H, t, J = 6.6 Hz, H-2), 3.93–3.88 (1 H, m, H-3), 2.86 [6 H, s, N(CH3)2], 2.71 (1 H, dd, J = 4.4, 17.2 Hz, H-4), 2.21 (1 H, dd, J = 7.9, 17.2 Hz, H-4), 1.44 [3 H, s, C(CH3)2], 1.39 [3 H, s, C(CH3)2], 0.88 [9 H, s, SiC(CH3)3], 0.09 (3 H, s, SiCH3), 0.07 (3 H, s, SiCH3). 13C NMR (100 MHz, CDCl3): δ = 137.5 (C-5), 134.6 (CH=N), 122.6 (C-6), 108.8 [C(CH3)2], 78.8 (C-2), 73.3 (C-1), 69.8 (C-3), 42.7 [N(CH3)2], 29.8 (C-4), 28.2 [C(CH3)2], 26.1 [C(CH3)2], 25.8 [SiC(CH3)3], 18.4 [SiC(CH3)3], –4.6 (SiCH3), –4.7 (SiCH3).
Compound 10: orange oil (30%). 1H NMR (400 MHz, CDCl3): δ = 8.76 (1 H, s, H-6), 7.07 (1 H, d, J = 10.4 Hz, H-9), 7.00 (1 H, d, J = 10.4 Hz, H-10), 6.32 (1 H, d, J = 5.8 Hz, H-13c), 4.36 (2 H, d, J = 4.6 Hz, H-3a + H-4), 3.18 (1 H, d, J = 15.0 Hz, H-5), 2.84 (1 H, d, J = 12.0 Hz, H-5), 1.51 [3 H, s, C(CH3)2], 1.26 [3 H, s, C(CH3)2], 0.70 [9 H, s, SiC(CH3)3], 0.07 (3 H, s, SiCH3), 0.02 (3 H, s, SiCH3). 13C NMR (100 MHz, CDCl3): δ = 186.5 (C-7), 183.2 (C-10), 154.9 (C-5), 147.4 (C-6a), 143.9 (C-12b), 139.9 (C-4a), 136.9 (C-8)*, 136.4 (C-9)*, 126.3 (C-10a), 109.2 (C-11), 76.4 (C-2), 70.0 (C-1), 67.9 (C-3), 31.3 (C-4), 27.1 [C(CH3)2], 25.5 [(CH3)3CSi], 24.9 [C(CH3)2], 17.8 [(CH3)3
          C], –4.8 (CH3Si), –4.9 (CH3Si); (*) interchangeable signals. HRMS (ES+): m/z calcd for [C17H25N2O3]+: 305.1865; found: 305.1871.
Compound 11a: purple oil (30%). 1H NMR (400 MHz, CDCl3): δ = 8.13 (1 H, d, J = 7.6 Hz, H-12), 7.98 (1 H, d, J = 7.6 Hz, H-9), 7.70 (1 H, dd, J = 7.1, 7.5 Hz, H-10), 7.60 (1 H, dd, J = 7.4, 7.5 Hz, H-11), 6.86 (1 H, br s, H-7), 6.02 (1 H, d, J = 3.8 Hz, H-6), 4.23 (2 H, m, H-13c + H-4), 4.00 (1 H, dd, J = 4.5, 4.7 Hz, H-3a), 3.96 (1 H, d, J = 8.7 Hz, H-13b), 2.56 (1 H, dd, J = 4.5, 14.1 Hz, H-5), 2.07 (1 H, dd, J = 4.0, 14.1 Hz, H-5), 1.79 [3 H, s, C(CH3)2], 1.33 [3 H, s, C(CH3)2], 0.88 [9 H, s, (CH3)3CSi], 0.08 [6 H, s, (CH3)2Si]. 13C NMR (100 MHz, CDCl3): δ = 182.7 (C-12), 180.6 (C-7), 139.7 (C-6a), 134.5 (C-8), 133.5 (C-7a), 131.9 (C-10), 130.1 (C-11a), 126.6 (C-11), 125.6 (C-9), 119.8 (C-5), 112.7 (C-4a), 110.0 (C-12a), 109.1 [C(CH3)2], 79.9 (C-2), 79.8 (C-1), 68.9 (C-3), 36.7 (C-12b), 36.0 (C-4), 28.0 [C(CH3)2], 26.2 [C(CH3)2], 25.8 [(CH3)3C], 18.1 [(CH3)3
          CSi], –4.75 (CH3Si), –4.78 (CH3Si). HRMS m/z calcd for C26H33NO5Si [M + H]+: 467.2128; found: 466.2049.
Compound 11b: purple oil (20%). 1H NMR (400 MHz, CDCl3): δ = 7.88 (1 H, d, J = 7.5 Hz, H-12), 7.60 (1 H, t, J = 7.8 Hz, H-11), 7.28 (1 H, d, J = 8.4 Hz, H-10), 6.04 (1 H, s, H-6), 4.27 (1 H, br s, H-7), 4.10 (1 H, d, J = 3.8 Hz, H-6), 4.00 (1 H, m, H-4 + H-13c), 3.86 (1 H, d, J = 8.8 Hz, H-13b), 2.68 [6 H, s, (CH3)2N], 2.51 (1 H, dd, J = 3.8, 14.0 Hz, H-4), 2.40 [3 H, s, (CO2CH3)], 2.11 (1 H, dd, J = 3.2, 14.0 Hz, H-4), 1.58 [3 H, s, C(CH3)2], 1.25 [3 H, s, C(CH3)2], 0.91 [9 H, s, (CH3)3CSi], 0.10 (3 H, s, CH3Si), –0.003 (3 H, s, CH3Si). 13C NMR (100 MHz, CDCl3): δ = 181.8 (C-12), 180.3 (C-7), 169.7 [CO2CH3], 148.4 (C-8), 144.2 (C-6a), 134.9 (C-11a), 133.0 (C-10), 128.8 (C-9), 124.6 (C-11), 123.5 (C-7a), 119.2 (C-12a), 119.1 (C-5), 115.9 (C-4a), 109.2 (C-13), 80.2 (C-2)*, 79.9 (C-1)*, 68.7 (C-3), 36.3 (C-12b), 36.2 (C-4), 27.7 [C(CH3)2], 26.3 [C(CH3)2], 25.8 [(CH3)3CSi], 21.2 (C-24), 18.0 [(CH3)3
          CSi], –4.8 (CH3Si), –4.9 (CH3Si); (*) interchangeable signals. HRMS m/z calcd for C30H40N2O7Si [M + H]+: 568.2605; found: 524.2104 [M – NMe2]+.
Compound 11c: purple oil (48%). 1H NMR (400 MHz, CDCl3): δ = 12.63 (1 H, s, 9-OH), 7.46–7.45 (2 H, m, H-11 + H-12), 7.16 (1 H, dd, J = 2.4, 8.0 Hz, H-10), 6.08 (1 H, s, H-6), 4.27 (1 H, d, J =3.9 Hz, H-4), 4.09 (1 H, dd, J = 8.6, 5.0 Hz, H-6), 4.00 (1 H, dd, J =3.9, 5.0 Hz, H-3a), 3.87 (1 H, d, J = 8.6 Hz, H-13b), 2.68 [6 H, s, (CH3)2N], 2.57 (1 H, dd, J = 3.9, 13.9 Hz, H-4), 2.13 (1 H, dd, J = 3.9, 13.9 Hz, H-4), 1.75 [3 H, s, C(CH3)2], 1.59 [3 H, s, C(CH3)2], 0.84 [9 H, s, (CH3)3CSi], 0.11 [6 H, s, (CH3)2Si]. 13C NMR (100 MHz, CDCl3): δ = 188.1 (C-12), 180.4 (C-7), 160.1 (C-8), 146.6 (C-6a), 134.3 (C-10), 133.1 (C-11a), 123.7 (C-9), 119.1 (C-5), 118.3 (C-11), 116.4 (C-12a), 115.5 (C-4a), 114.7 (C-7a), 109.3 (C-13), 80.2 (C-1), 79.8 (C-2), 68.8 (C-3), 36.3 (C-4), 35.8 (C-12b), 27.9 [C(CH3)2], 26.1 [C(CH3)2], 25.8 [(CH3)3CSi], 18.0 [(CH3)3
          CSi], –4.8 [(CH3)2Si]. HRMS m/z calcd for C28H38N2O6Si [M + H]+: 526.2499; found: 482.2041 [M – NMe2]+.
Compound 12a: red oil (25%). 1H NMR (400 MHz, CDCl3): δ = 12.90 (2 H, s, 9-OH + 11-OH), 8.85 (1 H, s, H-6), 7.36 (2 H, s, H-10 + H-11), 6.55 (1 H, d, J = 6.0 Hz, H-13c), 4.14-4.09 (2 H, m, H-3a + H-4), 3.24 (1 H, dd, J = 2.3, 16.0 Hz, H-5), 2.89 (1 H, dd, J = 3.0, 16.3 Hz, H-5), 1.39 [3 H, s, C(CH3)2], 1.23 [3 H, s, C(CH3)2], 0.8 [9 H, s, (CH3)3CSi], 0.11 [6 H, s, (CH3)2Si]. 13C NMR (100 MHz, CDCl3): δ = δ: 188.4 (C-12), 185.1 (C-7), 158.2 (C-8)*, 157.9 (C-11), 155.8 (C-5), 148.9 (12b), 145.0 (C-6a), 137.2 (C-4a), 130.3 (C-9)#, 129.4 (C-10)#, 128.0 (C-12a), 113.2 (C-7a)+, 112.4 (C-11a)+, 109.2 [C(CH3)2], 76.6 (C-2), 70.6 (C-3), 68.0 (C-1), 31.5 (C-4), 25.7 [(CH3)3C], 25.5 [C(CH3)2], 24.9 [C(CH3)2], 17.9 [(CH3)3
          CSi], –4.9 [(CH3)2Si], –4.8 [(CH3)2Si]; (#)(+) interchangeable signals. HRMS m/z calcd for C26H31NO7Si [M + H]+: 497.1870; found: 498.1978.
Compound 12b: orange oil (16%). 1H NMR (400 MHz, CDCl3): δ = 8.82 (1 H, s H-6), 8.36–8.34 (1 H, m, H-12), 8.32–8.31 (1 H, m, H-9), 7.84–7.80 (2 H, m, H-10 + H-11), 6.51 (1 H, d, J = 6.1 Hz, H-13c), 4.40–4.37 (2 H, m, H-3a + H-4), 3.23 (1 H, d, J = 16.0 Hz, H-5), 2.87 (1 H, dd, J = 3.0, 16.0 Hz, H-5), 1.55 [3 H, s, C(CH3)2], 1.27 [3 H, s, C(CH3)2], 0.71 [9 H, s, (CH3)3CSi], 0.03 (3 H, s, CH3Si), –0.02 (3 H, s, CH3Si). 13C NMR (100 MHz, CDCl3): δ = 184.5 (C-7), 181.7 (C-12), 155.3 (C-5), 149.0 (C-6a), 144.7 (C-12b), 136.6 (C-4a), 134.5 (C-9)*, 134.2 (C-10)*, 134.1 (C-11a), 132.4 (C-7a), 128.0 (C-12a), 127.6 (C-8), 127.3 (C-11), 109.1 [C(CH3)2], 76.6 (C-2), 70.6 (C-1), 68.1 (C-3), 31.4 (C-4), 27.1 [C(CH3)2], 25.5 [(CH3)3CSi], 25.0 [C(CH3)2],17.8 [(CH3)3
          CSi), –4.8 (CH3Si), –4.9 (CH3Si); (*) interchangeable signals. HRMS m/z calcd for C26H31NO5Si [M + H]+): 465.1971; found: 466.2058. 









	
[bookmark: JR000-17]17 
          Synthesis of (3aR,4R,11cR)-4-[(tert-Butyldimethylsilyl)oxy]-2,2-dimethyl-3a,4,5,11c-tetrahydro-[1,3]dioxolo[4,5-k]-phenanthridine-8,11-dione (10)
Azadiene 6 (100 mg, 0.50 mmol) was added to a solution of benzoquinone 7b (54 mg, 0.50 mmol) in anhydrous MeCN (10 mL) and NaHCO3 (42 mg, 0.50 mmol). The mixture was heated to reflux for 72 h. Removal of the solvent under reduced pressure resulted in a residue that was purified by column chromatography (eluent: CH2Cl2–EtOAc, polarity gradient, 0–100%) to give 35 mg (30% yield) of tetrahydrophenanthridine-8,1-dione 10, as an orange oil 
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