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A Total Synthesis of (+)-lsovelleral. The Absolute Configuration of the Russulaceae 
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(+)-lsovelleral, an antibiotic and antifeedant sesquiterpene dialdehyde from Basidiomycetes, has been synthesised 
via a diastereoselective intramolecular Diels-Alder cyclisation of a chiral intermediate derived from o-ribonolactone. 

Humulene-derived sesquiterpenes with a marasmane, lacta- 
rane, or secolactarane skeleton have been isolated from a 
number of Basidiomycetes.l>2 However, it is known for 
several species that they appear to contain just one sesquiter- 
pene, the very labile velutinal ( l ) ,  esterified with fatty acids.3 
Physical damage of the mushroom induces a rapid enzymatic 
conversion of velutinal, inter aha, to unsaturated dialdehydes, 
e.g. isovelleral (2), with pronounced biological activity 
(antimicrobial, antifeedant) ,2,4 and this may constitute a 
chemical defence system of the fungi.4 We undertook a total 
synthesis of isovelleral (2), because of an expected need for 
structurally and isotopically modified analogues in connection 
with projected biological studies. This should also make 
isotopically labelled velutinal (1) available, since we have 
synthesised the latter from isovelleral.5 Finally, an enantio- 
selective synthesis of isovelleral would definitely establish the 
absolute configuration of this group of sesquiterpenes, many 
of which have been stereochemically correlated with each 
other1 and recently also with isovelleral.6 The absolute 
configuration indicated in the formulae is suggested by ORD 
and CD studies7 and from an X-ray investigation of the related 
antibiotic marasmic acid (3) .8 A close biogenetic relationship 
between (2) and (3) is indicated by their co-occurrence in one 
organism.2 Three syntheses of racemic (3) have been re- 
ported.9a-c 

The synthesis is shown in Scheme 1.t The phosphorane 
from (4) was allowed to react with 2,3-O-isopropylidene-~- 
erythrouronic acid (5)  (from D-ribonic acid y-lactonelo), 
yielding a non-separable mixture of the E- and 2-diene 
carboxylic acids (6a) and (6b) in a ratio of 2 : 3.$ This ratio was 
raised to 19 : 1 by mercury(I1) acetate-catalysed cis-trans- 
isomerisation,l2 and the trans-acid (6a) was isolated via 
chromatography of its methyl ester (7) and subsequent 
alkaline hydrolysis; the overall yield was 60% from (4). 

Reaction of (6a) with 1-chloro-N, N,2-trimethylprop-l-enyl- 
amine (8) in methylene chloride13 gave the acid chloride (9), 
which was converted without isolation to the N-methoxy-N- 
methylamide (10) by the procedure of Weinreb et aZ.14 The 
reaction of (10) with methylcyclopropenyl-lithium (lip in 
ether was followed by a spontaneous intramolecular Diels- 
Alder reaction, which gave the pentacyclic ketone (13) as the 
only isolable product in a yield of 65%. Consequently, the 
cyclisation occurs in the em-fashion with the cyclopropenyl 
group approaching the diene from the a face, and compound 
(13) has the same ring stereostructure as dialdehyde (19), a 
diastereoisomer of isovelleral (2). 

Hydroboration of (13) gave diol (14), which on partial 
acetylation gave monoacetate (15) in 86% yield together 
with a small amount (8%) of diacetate (16). Controlled acid 
hydrolysis of (15), after 92% conversion, afforded triol (17) in 
81% yield [calc. on unrecovered (IS)] and a small amount 
(13%) of diol (14). Subsequent periodate oxidation of (17) 
gave the unstable acetoxydialdehyde (18), which was directly 
subjected to elimination of acetic acid in refluxing pyridine, to 
give the diastereoisomer (19) of isovelleral (2) in a yield of 
55% from triol (17). 

It has been shown earlier16 that isovelleral(2) (neat) can be 
thermally rearranged to the optically active pyrovellerofuran 
(21). However, when attempting to subject (19) to an 
analogous rearrangement, we found that it is possible to attain 
a clean thermal equilibrium between isovelleral (2) and its 

t New compounds were chromatographically homogenous and gave 
analytical and spectroscopic data in accordance with their assigned 
structures. 
I The phosphonium bromide (4) was prepared from l-bromomethyl- 
4,4-dimethylcyclopentene11 and triphenylphosphine. 
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Scheme 1. Reagents and conditions: i, (4), tetrahydrofuran (THF), BunLi (2 mol equiv.), 2 "C, then -70 "C, (5 )  (1 mol equiv.), 15 
min, reflux, 2 h; ii, H ~ ( O A C ) ~  (3 mol%), MeOH, 22 "C, 60 h, then zinc dust (10 mol%), 10 min; iii, diazomethane, ether, then LC, silica gel, 
CH2C12, 60% from (4); iv, NaOH, MeOH-H20, 97%; v, CH;?C12, 2 min, 22 "C, then MeONHMe-HCl, 2 "C, Et3N, -+ 22 "C, 0.5 h, 85%; vi, 
Et20,  -70 "C, then (0.5 h) -+ 22 "C, 68%; vii BH3.THF, THF, 22 "C, 6 h, then NaOH in H20 ,  H202, 22 "C, 0.5 h, 77%; viii, pyridine, 
dimethylaminopyridine (DMAP), CH2CI2, Ac20, -70 -+ 22 "C, 1 h, 86%; ix, H2S04 (0.2 M) in MeOH-H20 (4 : l ) ,  22 "C, 20 h, 75%, and 
(15), 8%; x, NaI04, EtOH, 22 "C, 0.5 h; xi, pyridine, reflux, 0.5 h, 55% from (17); xii, mesitylene, reflux, 0.5 h [ratio (19): (2) 
ca. 3 : 21, LC, silica gel, EtOAc-hexane, then (19) is recycled, 71% after five cycles. 

diastereoisomer (19) (ratio 1 : 1). 0 Heating of (19) in refluxing 
mesitylene for 0.5 h [40% conversion to (2)], chromatographic 
separation, and recycling of unchanged (19) afforded iso- 
velleral (2) in a good yield.7 

9 The electrocyclic nature of this isomerisation and intermediacy of 
(20) has been verified, inter alia, by interception of the intermediate 

7 (+)-Isovelleral(2): synthetic, m.p. 99-101 "C, [a]D25 +278" (c 0.4, 
CHCI,); isolated (from Lactarius vellereus), m.p. 101-103 "c ,  

CHCI,); spectra of synthetic and isolated samples were identical. 
Diastereoisomer (19): synthetic, m.p. 72.5-74.5 "C, [ a ] ~ ~ ~  -67" 
(c 0.7, CH2Cl2); sample from isomerisation of isolated (2), m.p. 
68-70 "c ,  [a]D25 -79" (c 1.0, CH2C12); the spectra of these samples 
were identical. 

(20). 17 

+251" ( C  1.0, CHCl3); lit.18 m.p. 105-106 "c, +293" (C 0.4, 

Reaction of acid chloride (9) with methylcyclopropenyl- 
lithium in ether gave a mixture of both the em-products (22) 
and (13) in a ratio of ca. 10: 1 (combined yield: go/). Our 
interpretation of the different stereochemical behaviour of (9) 
and (10) is that the former gives a ketone before the cyclisation 
step, while the latter gives the Diels-Alder product via sp3 
complex (12). Cyclopropenes were early recognised as reac- 
tive dienophiles,lg and this property is further enhanced in 
cyclopropenyl ketones, which are also very reactive Michael 
acceptors. The delicate balance between cyclisation and 
Michael addition is illustrated by the analogous reaction 
between 2-methylcycloprop-1-enyl-lithium and E-N-methoxy- 
N-methylhepta-4,6-dieneamide which gave mainly the pro- 
duct (25) from Michael addition of liberated MeONHMe to an 
intermediate cyclopropenyl ketone, but only traces of Diels- 
Alder product. The conformational restraint imposed on (12) 
by the ketal ring should favour its cyclisation. A comparable 
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diastereoselectivity was recently demonstrated in a model 
study of intramolecular Diels-Alder cyclisations of carbohy- 
drate-derived chiral nonatrienes.20 

The stereochemical assignments were corroborated by 
X-ray crystallography of (23) {m.p. 173-178 "C (decomp.); 
[aID25 -222" (c 5 ,  CDC13)} obtained by hydrolysis of (n), and 
of (24) {m.p. 190-192 "C; [aID25 +90.6" (c 2.5, MeOH)}, 
obtained from (22) via acid hydrolysis and borohydride 
reduction.21 

The total synthesis of (+)-isovelleral also constitutes a 
formal total synthesis of (+)-velutinal.5 Furthermore, it 
establishes that the absolute configuration of the Russulaceae 
sesquiterpenes derived from velutinal is in accordance with 
that suggested for marasmic acid.738722 I} 

Financial support from The Swedish Natural Science 
Research Council is gratefully acknowledged. 

Received, 6th March 1990; Corn. 0101 001 D 

11 Note added in proof. A total synthesis of racemic isovelleral has 
been published (S. K. Thompson and C. H. Heathcock, J .  Org. 
Chem., 1990,55,3004). 
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