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Abstract: Stereoselective synthesis of (-)-betaenone C through intramolecular 
Diels-Alder reaction has trade pssible to provide pertinent intermediates 
for the biosynthetic study of betaenones. 

(-)-Betaenone C (1) isolated from the culture filtrate of Phoma betae Fr., 

causal fungus of leaf spot disease on sugar beet, has arrong betaenones the highest 

phytotoxic activity to the host plant and inhibits completely in vivo RNA and protein -- 

synthesis of starfish gastrula 1) . Since the fungus also produces aphidicolin and its 

analogues which markedly inhibit in vivo CNA synthesis of sea urchin and Hela -- 

cells2), the roles of betaenones in the fungal pathogenicity are of interest3). Very 

recently, biosynthetic study on betaenones strongly suggest that betaenone B (16) is 

derived fran probetaenone I (&), which in fact was obtained by adding ancymidol, a potent 

p-450 inhibitor, into the culture medium 4) . Probetaenone I (2b) would be derived fran - 

presumed trienone & through the biological intramolecular Diels-Alder reaction5). 

Recent synthetic approach 6) for betaenones and stemphyloxins') prompted us tostudy 

the total synthesis of betaenone C (1) according to the retro synthesis involving 

intramolecular Diels-Alder reaction of the trienone 3a as shown in Scheme 1. - 

The trienone &may be devided into the three segments, A (41, B (2) and C (5). 

'Ihe segment C (6) is knox~~ -pounda). F&al synthesis of (-)-betaenone C (1) has been 

cxxnpleted as shown in Scheme 2. 

OR' OR' 

2a R1=CH3. R2=Oi& 

& R’=H, R’=H 

Scheme 1 
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'l& starting n-eterial, (-)-2-msthylbutyric acid, was prepared by the Evans' procedure 

using prolinol as a chiral auxiliary 9) . The acid was immediately treated with LiAlH4, and 
resultant alcohol was oxidized to (-)-2-methylbutanal. The Wittig reaction of (-)-2 

methylbutanal With (o+arbcmethoxy-ethylidene)-triphenyl phosphorane and subsequent 

reduction (4.3 equiv of LiAlH4 in ether, -55 'C, overnight) yielded (2E, 4R)-2,4d.imethyl- 

2-hexen-l-cl (49.4 %, 80.7 % ee), which was converted to (2E, 4R)-2,4dimethylhexanal (4) 

by oxidation (2.0 equiv of PCC in CH2C12, O-C- rt, 30 min). The aldehyde 4 was imn&iately 

us& for subsequent reaction because of very volatile nature. 

Sesment B (2) was prepared starting from an epxide 1 which was obtained by sharpless 

oxidation of neroll"). Reduction of 1 (4.25 equiv of LiAlH4 in THF, -40 t, 6hr, rt, 

overnight) yielded a dial (80 %), which was ozonized and then decomposed with peracetic acid 

to give a lactone (90 %). The lactone was protected with silyl group (1.5 eguiv of 

TBDMsCl, 3.15 equiv of imidazole in DMF, rt, overnight) to give a silylated 0cmpMvld c 'I) (60 

%). Alkylation of S (2.3 Bquiv of M31 and 2.3 eguiv of LBA in THF, -4Ot) afforded a 

diasterecmeric mixture (73 %I of 2 and its C-2 epimer in a ratio of 2:3, ti& were 

separated easily by medium pressure liguid chrcmatcgraphy (GIG column). ?he stereochemistry 

ofzwas confirmed by the NOE experi.mentsin'HNMR spectrum. The epimer was easily 

converted to 2 by treatment with LDA in more than 60 % yield. Reduction (1.3 equiv of 

LiAlH4 in TIT?, -50 t, 1.5 hr) .of the lactcne 2 gave a diol 10 (91 %), which was protected 

with trityl chloride (2 equiv in pyridine, rt, 36 hr) and then MDK!l12) (1.70 eguiv in i- 

Pr2NBt, rt, 24 hr) to yield a trityl ether 1_L (85 %). By removal of the silyl group (2 

equiv of n-Bu4NF in THF, O"C, 3.5 hr)13), and subsequent treatment with diphenyl disulfide 

(1.56 equiv in pyridine, rt, 24 hr) and n-Bu3P (1.55 equiv), the trityl ether fiwas 

converted to a phenyl sulfide (2, 83 %), which was oxidized with m-chloroperbenzoic acid 

(2 equiv in CH2Cl2, -20 -lO*C, 14 hr) to give segment B (2, 99.7 %). 

The Kocienski-Lythgce-Julia condensaticn (1.1 equiv of BuLi, -75 C, IO min) '4) of 

segment A (4, 1.3 equiv) with segment B (2, 1 eguiv) afforded adducts, which were treated 

with acetic anhydride (1 eguiv) and then sodium amalgam (5 %) to give diene (13, 59.4 %)15)- 

By removal of the protective trityl group (sio2 in benzene, rt, 36 hr)16) and Swern oxidation 

with oxalyl chloride (5.18 equiv, tMS0, -55-C, 20 min)17), the diene Ewas transformed 

to aldehyde 14") (79 %). - The Wittig-Homer reaction of the aldehyde 14 (1 equiv) With - 

segment C (5, 4 equiv) (E&i, -3-4 t, 40 hr) afforded trienone g (46.8 %) along with the 

4-Z isomer (7.8 %). 

me intramolecular Diels-Alder reaction of the trienones 3a in t0luene was carried - 

out in a sealed tube heating at 115T for 36 hr to yield cycloadducts 3 (40-5 %). 'lhough 

the adduct &contains abcRlt 20 % 12-epimer18), 110 other diaste?Sdmm has-been 

detected"). mg four possible transition states involving cycloaddition reaction cn 

the basis of molecular model, the one leading to the product & is most favorable because 

of absence of severe non lpnded atuns interaction. ~ydihydroxylation (1 equivofOsO4 in 

pyridine-ether, -3OT, rt, 3 hr, 66.1 % ) and subsequent oxidation (4.4 equiv of pee and 



1 WC, 36hr 
* 

1) AlC13, Nal 

Z)AlCl~, EtSH 

I5 

Scheme 2 



4554 

5.8 equiv of A&Na in CH2Cl2, r-t, 1 hr, 65.3 %), the adduct 2agave, beside minor amount of 

12-epimer (5 %), a ketolg (22.3 %) after chrcunatcg-raphic vification. The ketols, [cc]if 

35.4"(c 0.08, EXOH), was identical with those of the derivative II, [a:3~~42.1* (c 0.08, 

BtOH), from betaenone B1) (I&) in the spectral data and behavior cn TLC. Removal of MEM 

group (23.5 equiv of AlC13, 23.5 ezluiv of NaI in CX3CN-CH2Cl2, -2O'C, 30 min, 91.7 %) and 

further deprotection of methyl group (3.3 eguiv of AlC13, BtSH, -8 %, 4 hr) furnished 

betaenone B (16, 34 %) which is identical with natural sample in all respects. 

Since bataenone B (16) has baen converted to betaenone C (I_), the present synthesis means 

a formal total synthesis of (-)-1. 'Ihis synthesis also has made possible to synthesize 

probetaenone I (2&l and its precursor, trienone 3&, which would be useful for 

incorporation study in the biosynthesis of betaenones 5'. 

Acknowledgement: We are indebted to Professor H. Shirahama, Department of Chemistry, 

Hokkaido University, for molecular mechanics calculation18). 
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