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Abstract

The palladium(0)-catalyzed C-N bond formation and palladium(II)-catalyzed
oxidative cyclization provide an efficient route to a series of
2,6-dioxygenated carbazole alkaloids including the first total synthesis
of the phytoalexin carbalexin C.
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Characteristic
Spectroscopic Data of the 2,6-Dioxy-genated Carbazole Alkaloids
1-5 and 9
            

Glycozolidine (1):
light yellow solid; mp 158-161 ˚C. ¹H NMR
(500 MHz, CDCl3): δ = 2.35
(s, 3 H), 3.88 (s, 3 H), 3.91 (s, 3 H), 6.78 (s, 1 H), 6.95 (dd, J = 8.7, 2.5
Hz, 1 H), 7.23 (d, J = 8.7
Hz, 1 H), 7.44 (d, J = 2.5
Hz, 1 H), 7.70 (br s, 1 H), 7.74 (s, 1 H). ¹³C
NMR and DEPT (125 MHz, CDCl3): δ = 16.70
(CH3), 55.47 (CH3), 56.03 (CH3),
92.42 (CH), 102.51 (CH), 110.88 (CH), 112.95 (CH), 116.20 (C), 118.94
(C), 121.37 (CH), 123.98 (C), 134.13 (C), 140.00 (C), 153.84 (C),
157.42 (C). Anal. Calcd (%) for C15H15NO2: C,
74.67; H, 6.27; N, 5.81. Found: C, 74.81; H, 6.33; N, 5.71.
Glycozolidal
(2): yellow solid; mp 188-193 ˚C. ¹H
NMR (500 MHz, CDCl3): δ = 3.90
(s, 3 H), 3.98 (s, 3 H), 6.83 (s, 1 H), 7.00 (dd, J = 8.7,
2.5 Hz, 1 H), 7.28 (d, J = 8.7
Hz, 1 H), 7.49 (d, J = 2.5
Hz, 1 H), 8.12 (br s, 1 H), 8.52 (s, 1 H), 10.47 (s, 1 H). ¹³C
NMR and DEPT (125 MHz, CDCl3): δ = 55.83
(CH3), 55.92 (CH3), 92.35 (CH), 103.14 (CH), 111.34
(CH), 114.64 (CH), 117.47 (C), 118.76 (C), 121.85 (CH), 124.34 (C),
134.42 (C), 145.51 (C), 154.84 (C), 161.51 (C), 189.44 (CHO). Anal.
Calcd (%) for C15H13NO3: C,
70.58; H, 5.13; N, 5.49. Found: C, 70.71; H, 5.29; N, 5.39.
2,6-Dihydroxy-3-methylcarbazole
(9): colorless solid; mp >250 ˚C
(decomp.). ¹H NMR (500 MHz, acetone-d
            6): δ = 2.35
(s, 3 H), 6.84 (dd, J = 8.5,
2.4 Hz, 1 H), 6.93 (s, 1 H), 7.23 (d, J = 8.5
Hz, 1 H), 7.40 (d, J = 2.4
Hz, 1 H), 7.70 (s, 1 H), 7.80 (br s, 1 H), 8.21 (br s, 1 H), 9.65
(br s, 1 H). ¹³C NMR and DEPT
(125 MHz, acetone-d
            6): δ = 16.65 (CH3),
96.84 (C), 96.89 (CH), 105.02 (CH), 111.40 (CH), 113.44 (CH), 116.90
(C), 122.08 (CH), 125.15 (C), 135.08 (C), 141.76 (C), 151.47 (C),
155.48 (C).
Glycozolidol (3):
yellow solid; mp 245-250 ˚C. ¹H
NMR (500 MHz, DMSO-d
            6): δ = 2.22
(s, 3 H), 3.82 (s, 3 H), 6.72 (dd, J = 8.5,
2.4 Hz, 1 H), 6.84 (s, 1 H), 7.16 (d, J = 8.5
Hz, 1 H), 7.23 (d, J = 2.4
Hz, 1 H), 7.65 (s, 1 H), 8.75 (br s, 1 H), 10.60 (br s, 1 H). ¹³C
NMR and DEPT (125 MHz, DMSO-d
            6): δ = 16.62
(CH3), 55.24 (CH3), 92.51 (CH), 104.11 (CH), 110.83
(CH), 112.93 (CH), 115.18 (C), 116.56 (C), 121.08 (CH), 123.28 (C),
133.52 (C), 140.26 (C), 150.30 (C), 156.60 (C). Anal. Calcd (%)
for C14H13NO2: C, 73.99; H, 5.77;
N, 6.16. Found: C, 73.74; H, 5.89; N, 6.17.
Carbalexin
C (4): light yellow solid; mp 187-191 ˚C. ¹H NMR
(500 MHz, CDCl3): δ = 2.39
(s, 3 H), 3.90 (s, 3 H), 6.81 (s, 1 H), 6.94 (dd, J = 8.7,
2.5 Hz, 1 H), 7.24 (d, J = 8.7 Hz,
1 H), 7.43 (d, J = 2.5
Hz, 1 H), 7.70 (br s, 1 H), 7.73 (s, 1 H), 7.89 (br s, 1 H). ¹³C
NMR and DEPT (125 MHz, CDCl3): δ = 16.14
(CH3), 56.07 (CH3), 96.52 (CH), 102.71 (CH),
110.88 (CH), 113.20 (CH), 116.03 (C), 117.40 (C), 121.70 (CH), 123.97
(C), 134.36 (C), 140.15 (C), 153.16 (C), 153.89 (C). Anal. Calcd
(%) for C14H13NO2: C,
73.99; H, 5.77; N, 6.16. Found: C, 73.32; H, 5.97; N, 6.26.
Lansine
(5): yellow solid; mp 202-204 ˚C. ¹H
NMR (500 MHz, CDCl3): δ = 3.91
(s, 3 H), 6.82 (s, 1 H), 7.02 (dd, J = 8.7,
2.4 Hz, 1 H), 7.28 (d, J = 8.7
Hz, 1 H), 7.47 (d, J = 2.4
Hz, 1 H), 8.11 (br s, 1 H), 8.12 (s, 1 H), 9.91 (s, 1 H), 11.43
(s, 1 H). ¹³C NMR and DEPT (125 MHz,
CDCl3): δ = 56.01
(CH3), 96.79 (CH), 103.36 (CH), 111.41 (CH), 114.48 (CH),
115.30 (C), 117.81 (C), 123.96 (C), 127.49 (CH), 134.68 (C), 146.11
(C), 154.96 (C), 161.10 (C), 195.12 (CHO). Anal. Calcd (%)
for C14H11NO3: C, 69.70; H, 4.60;
N, 5.81. Found: C, 69.75; H, 4.70; N, 5.69.
[bookmark: RG16809ST-26]26  Synthesis of 3-(tert-butyldiphenylsilyloxy)-4-methyl-aniline
(13): 1. commercial 2-methyl-5-nitrophenol
(1.0 equiv), t-BuPh2SiCl (1.5
equiv), imidazole (2 equiv), DMF, r.t., 4 h; 2. 10% Pd/C,
H2 (5 bar), CH2Cl2, r.t., 24 h
(100% overall yield).

          

[bookmark: RG16809ST-27]27  
            
Experimental Procedure
for the Palladium(II)-Catalyzed Oxidative Cyclization
            The
diarylamine 14 (132 mg, 283 µmol),
Pd(OAc)2 (6.3 mg, 28 µmol), Cu(OAc)2 (128
mg, 705 µmol), and AcOH (1.5 mL) were heated in a 10 mL
microwave vessel for 2 h at 130 ˚C. Removal of
the solvent in vacuum and flash chro-matography (PE-EtOAc,
15:1) of the crude product on Celite/silica gel provided O-tert-butyldiphenylsilylcarba-lexin
C (15; 100 mg, 76%) as a yellow
oil. ¹³C NMR and DEPT (125 MHz, CDCl3): δ = 17.70
(CH3), 19.61 (C), 26.50 (3 CH3), 56.02 (CH3),
100.55 (CH), 102.55 (CH), 110.71 (CH), 113.03 (CH), 117.07 (C),
120.70 (C), 121.30 (CH), 123.73 (C), 127.84 (4 CH), 129.86 (2 CH),
132.91 (2 C), 134.23 (C), 135.45 (4 CH), 139.39 (C), 152.96 (C),
153.69 (C).
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