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Abstract: The first asymmetric synthesis of the naturally occurring (+)-Kotanin is 
described. The key steps involve the intramolecular oxidative coupling of the cyanocuprate 
intermediate and the Fries rearrangement. The absolute configuration of (+)-Kotanin was 
assigned as aS by CD spectroscopic method. (~) 1997 Elsevier Science Ltd 

In 1971, the fungal metabolites Kotanin 1 and demethylkotanin 2 were isolated as the first 
enantiomerically pure 8,8'-bicoumarins from Aspergillus clavatus by Btichi and coworkers 1. Several 
years later, Cutler and coworkers 2 isolated another optically active 8,8'-bicoumarin named as Orlandin 
3 from Aspergillus niger. Since then other two groups of optically active bicoumarins, i.e., Desertorins 3 
and Isokotanins 4 were isolated from EmericeUa desertorum and Aspergillus Alliaceus, respectively. 
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Wheat coleoptile and chick bioassays indicated that the biological activity of Orlandin 3 in plants, 
and of Kotanin 1 in chick, is intimately associated with the 7,7'-hydroxyl groups. Orlandin 3 was 
nontoxic to day-old cockerels but significantly inhibited wheat coleoptile growth. Kotanin 1 was 
inactive in the coleoptile elongation but toxic to chicks 2. This result indicated that the bicoumarin 
structure offers an interesting model to determine functional group activity in plant and animal 
bioassays. 

The optical activity of those bicoumarins was caused by the restricted rotation around the 
carbon--carbon single bond connecting the two aryl monomers. Although racemic Kotanin was 
synthesized by Biichi et al.l a, the stereochemistry of it still remained unsolved for over twenty years. 
As a continuation of our efforts in this area, we report here the first asymmetric synthesis of the 
naturally occurring (+)-Kotanin, in which the asymmetric intramolecular oxidative coupling of the 
cyanocuprate intermediate of 8 developed by Lipshutz's group 5 and the Fries rearrangement of 15 
were employed as the key steps. The absolute configuration of (+)-Kotanin was assigned as aS based 
on the comparison of the CD Cotton effects of the intermediate 16 with that of the known compound 6. 

As shown in Scheme 1, 1,4-di-O-benzyl-L-threitol 47 was converted to its monosilyl ether 5. 
Mitsunobu reaction of 5 with 2-bromo-3-methoxy-5-methylphenol 8 gave 6 in 85% yield. Cleavage of 
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the silyl ether of 6 with n-Bu4NF in THF gave 7 in 91% yield, which was followed by treatment with 
2-bromo-3-methoxy-5-methylphenol again to afford 89 in 54% yield. Treatment of 8 with n-BuLi 
followed by addition of CuCN-TMEDA (1:3) led to formation in situ of a higher order cyanocuprate 
intermediate, which transformed to 910 upon exposure to dry oxygen at -78°C in 60% yield. Catalytic 
hydrogenation of 9 gave the threitol 10 in 90% yield. The threitol 10 was converted to the ditosylate 
11 in 92% yield, which upon treatment with NaI gave the diiodide 12 in 96% yield. Reduction of 
12 by activated zinc powder in ethanol provided the biphenol 13 in 80%. The enantiomeric excess 
of 13 was determined to be 82% by the examination of the IH NMR spectra of its corresponding 
(S)-Mosher's ester 14. The enantiomerically pure 1311 was obtained by recrystallization from ethyl 
acetate and hexane. 
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Reagents and conditions: a. TBDMSCI, imidazole, DMF, r.t, 24 h, 84%; b. 2-bromo-3-methoxy-5-methylphenol, DEAD, n- 
Bu3P, THF, r.t, 24 h, 85%; e. n-BuiNF, THF, 2 h, 91%; d., 2-bromo-3-methoxy-5-n~thylphenol, DEAD, n-Bu3P, THF, r.t, 42 h, 
54%; e. n-BuLi, THF, -78"C, 1 h; CuCN-TMEDA(i :3), -78"C---~ -40"C, I h; dry 02, -78°C, 4 h, 60%; f. 10% Pd/C, H2, EtOAc, 12 h, 
90%; g. TsCI, py., 0 °C, 8 h, 92%; h. Nal, acetone, reflux, 3 h, 96%; i. activated Za powder, EtOH, reflux, 1 h, 80%; j. (S)-w 
methoxy-0t-(trifluoromethyl)phenylaeetyl chloride, 4-DMAP, EhN, CH2CI2, r.t, 24 h, 90%. 

Scheme 1. 

Subsequently, our efforts were made to complete the synthesis of 1 (Scheme 2). 
The diacetate 15, generated from 13 on treatment with acetic anhydride in pyridine, underwent 

Fries rearrangement promoted by TiCI4 as Lewis acid to afford 1612 in 68% yield. The dicarbonate 
17 prepared from 16 and methyl chloroformate in pyridine, was subjected to treatment of t-BuOK 
in t-BuOH to afford the desired cyclized product 18. Then the crude 18 was directly methylated 
with NaH/HMPAJ(CH3)2SO4 to give the naturally occurring (+)-Kotanin 113 [[or]2° D +38.4 (c 0.44, 
CHCI3); lit. lh [0t]23D +40.0 (c 1.65, CHCI3)] in 42% yield. 

The CD Cotton effects of (+)-2,2'-dihydroxy-3,3'-diacetyl-4,4'-dimethyl-6,6'-dimethoxybiphenyl 
16 were in accordance with that of (aS)-(+)-2,2'-dihydroxy-3,3'-diacetyl-4,4',6,6'- 
tetramethoxybiphenyl 19, which exhibits positive first and negative second Cotton effects at the ILa 
transition region 6. Accordingly, the absolute configuration of the biaryls 9, 10, 11, 12, 13, 15, 16, 
17, 18 and the naturally occurring (+)-Kotanin 1 were all assigned as aS. This assignment was also 
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Reagents and conditions: a. (CH3CO)20, py., 2 h, 93%; b. TiCI4, benzene, reflux, 4 h, 68%; ¢. CICOOMe, py., 4-DMAP, 50 
°C, 8 h, 85%; d. t-BuOK, t-BuOH, 60°C, 2 h; e. Hal-I, HMPA, ft.; (CH3)2SO4, HMPA, r.t., 20 rain, 42% (17-41). 

Scheme 2. 

in agreement with Lipshutz's conclusion 5 that the (2S,3S)-tetraether generally induced the formation 
of (aS)-biaryl in the coupling process (8--9). 

The absolute configuration of the naturally occurring (+)-Isokotanin A, which belongs to 6,6'- 
bicoumarins, was determined to be aR by us 14, but that of the naturally occurring (+)-Kotanin, which 
was belong to 8,8'-bicoumarins, was established as aS. The biosynthetic passway of (+)-Isokotanin A 
and (+)-Kotanin remains as an interesting issue. 

In summary, we have accomplished the first asymmetric synthesis of the naturally occurring (+)- 
Kotanin and assigned its absolute configuration as aS by CD spectra. 
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