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Abstract 

The cytotoxic alkaloid canthin-6-one was synthesized from harmalane in a short sequence (six steps) with good overall yield (18%) 
using a single electron transfer (SET) induced radical cationic hetero [4+2] cycloaddition as high yielding key step. 
© 1999 Published by Elsevier Science Ltd. All rights reserved. 
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As we previously reported, acceptor-substituted 2-vinylindoles undergo single electron transfer induced 

radical cationic hetero [4+2] cycloadditions with I]-acceptor-substituted enamines to give functionalized 

pyrido[l,2-a]indoles.i In this paper we present the total synthesis of the cytotoxic alkaloid canthin-6-onc (7F' .1 

(Scheme 1) using this novel reaction as a key step in the construction of the tetracyclic skeleton of the natural 

product. 5 

Although several syntheses of canthin-6-one (7) have been reported, 4'~ the presented route (Schemc 1) is 

exceptionally short (six synthetic steps) and has a good overall yield (18%) due to the high yielding key step. 

Moreover, it is one of the first electron transfer induced total syntheses of a natural product.~° 

The acceptor substituted 2-vinylindoles for the cycloaddition can be prepared from harmalane (1), which is 

easily available, ii and acyl halides or anhydrides. Iz In our experiments the trifyl substituted harmalanc 

derivative 2a, ~ which was prepared from harmalane (1) and triflic anhydride in presence of triethyl amine in 

CH2C12 at 0°C in 94% yield, turned out to be the best starting material for the following cycloaddition reaction 

(Table 1). This SET induced cycloaddition between 2a and methyl E-3-(N,N-dimethylamino)-acrylate  (3) i~ as 

the dienophile was carried out electrochemically at a potential of 400 mV in CH3CN/CH2CI2 (1/4:0.1 M 

LiCIO4) at room temperature following our previously published general procedure. ~ A ratio of 5:1 between the 
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Scheme 1 

Total synthesis of canthin-6-one (7) from harmalane (1) using a SET induced hetero [4+2] cycloaddition 

Table 1 

Results of the SET induced cycloadditions between harmalane derivatives 2 and dienophile 3 

Diene 2 Acceptor R Product 4 Ratio 2 : 3 Yield of  4 / % 

2a SO2CF3 4a 

2b 

2c 

SO2C6H4CH3 

COCF3 

4b 

4c 

5:1 

2:1 

1:5 

1:2 

1:5 

1:2 

1:10 

1:5 

1:2 

87 

73 

64 

57 

58 

48 

44 

37 

22 

diene 2a and the dienophile 3 gave the best yield (87%) of the cycloaddition product 4a 15 (Table 1). This is one 
of the highest yields reported for this type of cycloaddition reaction. Furthermore, 84% of the residual diene 2a 
was recovered after chromatography. 
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Reductive cleavage of  the trifyl acceptor group with Na/naphthalene in DME at 0°C 16 gave the secondary 

amine 5 ~7 in 60% yield. The latter was oxidized with MnO2 in CH2CI~ at room temperature L8 to give the 

tetracyclic compound 6 ~9 in 74% yield. Compound 6 is also an intermediate of the canthin-6-one synthesis of  

Mitscher  et al. 6 It could be converted to the natural product in 50% yield via acidic ester hydrolysis and 

decarboxylation with Cu/pyridine. 

A short and effective route to the cytotoxic alkaloid canthin-6-one (7) was presented. Starting from the easily 

available harmalane (1) the natural product is synthesized in six synthetic steps in a good overall  yield of  18% 

by a SET induced hetero [4+2] cycloaddition, which was carried out in 87% yield. Compound  6 could also be a 

good precursor for another  alkaloid - 5-hydroxymethylcanthin-6-one 2c - by a reduction of  the ester group. This 

is currently under  investigation in our laboratory. 
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3.0 Hz), 7.15 (1H, t, J = 8.0 Hz), 7.28 (IH, t, J = 8.0 Hz), 7.35 (IH, d, J -- 8.0 Hz), 7.50 (IH, d, J -- 8.0 Hz), 8,09 (1H, br s). 

MS (El, 70 eV) m/z (%) = 316 (82), 247 (51), 183 (100), 167 (8), 156 (581, 154 (62), 128 (22), 115 (14), 69 (911. HRMS: 

calcd. 316.0493 (CI3HnF3N202S), found 316.0491 (M'). UV (MeOH): ~ / n m  = 210, 242, 302, 330 (sh). 

C,H,N-Anal. Cj3HIIF3N202S (316.29): caled. C 49.37, H 3.51, N 8.86, found C 49.71, H 3.85, N 8.51. Ep (Ox.): 870 mV vs. 

Ag/AgNO3 (0.1 M LiCIO4 in CH3CN). 
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J = 13.0 Hz), 7,38 (IH, d, J = 13.0 Hz). MS (El, 70 eV) m/z (%) = 129 (70), 114 (20), 98 (1001, 82 (9), 70 (23), 55 (20). 
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J = 8.0 Hz), 9.00 (1H, s). MS (EI, 70 eV) trdz (%) = 398 (28), 265 (100), 238 (20), 205 (151, 178 (22), 152 (41, 69 (13). 

HRMS: calcd. 398.0548 (CITHI~F.tN204S), found 398.0544 (M+). UV (MeOH): ~ ,  / n m  = 206, 227, 266 (sh), 279, 288, 
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