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Abstract: Syringolides 1 (1) and 2 (2) in optically pure forms were prepared from the chiral

butenolide 9, which in turn was obtained from tri-n-butylstannylfuran (8). Attempts are also

being made towards the synthesis of sesquiterpenoid lactones making use of 3-methyl-4-

trimethylsilylfuran (17) as a pivotal precursor.

Syringolide 1 (1) and syringolide 2 (2) are microbial elicitors produced through the action of a avirulence

gene (avrD) of Pseudomonas syringae pv. tomato. These unusual metabolites function as speci®c

molecular signal molecules that are able to induce hypersensitive defence response in soybean plants. [1]

Scheme 1 indicates the biogenetic association between the syringolides and their relevant metabolites,

namely secosyrin 1 (3), secosyrin 2 (4), syributin 1 (5) and syributin 2 (6). It is certain now that the

syringolides would experience a retro-Claisen cleavage reaction to furnish the secosyrins, which in turn

would lead to the syributins by way of a retro-Michael reaction and a subsequent 1,3-acyl migration.

The intriguing tricyclic frameworks of 1 and 2 have made them target molecules in hot pursuits, as can

be shown by the fact that the total synthesis of 1 and 2 have been recorded in the literature for no less than

seven times since 1995 [2±8]. Due to the popularity of syringolides, attention had also been placed on

secosyrin and syributins and their syntheses were also reported [5,9]. Noteworthy is that most of the

literature methods leading to syringolides nonetheless suffered the same low yield problem as a result of

the ®nal cyclization step. For this reason, we devised our own program [10] directed to the preparation of

1 and 2 after we had secured a convenient and ef®cient entry to secosyrin 1 (3), secosyrin 2 (4), syributin 1

(5) and syributin 2 (6) [11]. Our general strategy to be engaged in the synthesis of compounds 1, 2, 3, 4, 5
and 6, as well as a related molecule sphydrofuran (7) is depicted in Scheme 1. As can be seen, 3-tri-n-

butylstannylfuran (8) [11,12] was utilized to assemble the chiral butenolide 9, whose acetonide protecting

group was removed before being allowed to undergo a triethylamine-induced intramolecular Michael

cyclization to provide a diastereomeric mixture 10 and 11. [11] The (R,S,R)-diastereomer 11 eventually

led to 3 and 4 via routine functional group transformations, while the (S,S,R)-isomer served as the starting

material for sphydrofuran (7) and its furan metabolite 12. [11] The syributins were obtained from

butenolide 9 in a more straightforward manner. [11] Scheme 2 illustrates our own synthesis of

syringolides 1 and 2 [10]. The introduction of an a-keto group to 9 in the quest of 13 and 14 was

accomplished by adopting an elegant procedure elaborated by Jefford and co-workers [13], which was

used previously by Honda in his own syringolide synthesis [5]. After much experimentation, we ®nally

uncovered that 10% HF in MeOH ef®ciently converted 13 and 14 to 1 and 2, respectively [10].

In order to prepare 1 and 2 in good yields, a very short silica gel column and ¯ash chromatographic

conditions were eminently essential due to the instability of the syringolides on silica gel. Indeed, when

longer chromatographic time was used during the puri®cation of 13, the known side-product 15 [5±7] was

instead isolated in 60% yield (Scheme 3) [10]. To our surprise, the acetal in 15 was able to open and

cyclize again in the presence of pTsOH, furnishing 1 in a relatively good yield [10]. This maneuver

therefore offers an alternative synthetic route for both 1 and 2.
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Our use of furans as precursor has also been applied to the synthesis of sesquiterpenoid lactones, of

which 11,13-dihydrotubiferin (16) is a good example [14]. The synthetic pathway directing to 16 is

illustrated in Scheme 4. 3-Methyl-4-trimethylsilylfuran (17) was chosen as the starting material for the

synthetic program.
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The 3,4-disubstituted furan 17 was prepared through a Diels±Alder and retro-Diels±Alder route by

starting from 4-phenyloxazole and 1-trimethylsilyl-1-propyne. The trimethylsilyl group of 17 was

expected to lead to an ipso-mode electrophilic aromatic substitution because of the silicon b-directing

effect [15]. By employing our own silicon-boron protocol for the preparation of 3,4-disubstituted furans

[16], furan 17 was accordingly converted through boroxine 18±19. The methyl enol ether 19 was

hydrolyzed to form the ketoester 20, which smoothly went through two consecutive alkylation steps,

furnishing 22. We found that the keto group of 22 must be reduced before the standard Friedel±Crafts

acylation procedure. Thus, sodium borohydride reduction was followed by subsequent saponi®cation and

acylation. The resulting hydroxyketone 24 was oxidized to afford the cyclohexane-1,3-dione 25, which

was selectively protected to provide 26. A Wacker oxidation process transformed the alkene 26 to the

diketone 27, which was subjected to an aldol cyclization condition to lead to the desired tricyclic 28,

whose ABC ring skeleton matches that of 16. Catalytic hydrogenation of 28 over the Adams platinum
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catalyst afforded 29, which will be a pivotal intermediate in our synthetic assault toward 11,13-

dihydrotubiferin (16). In our original design, the furan ring of 29 will serve as a latent lactone

functionality [17]. A unique feature of our synthetic plan is the construction of B Ring and A Ring in the

presence of the furan ring. This C Ring ! BC Ring ! ABC Ring approach is exempli®ed by the two

cyclization steps as shown in Scheme 4, i.e. hydroxyester 23 to hydroxyketone 24, as well as diketone 27
to enone 28. To our best knowledge, most of the literature synthetic methods [18] for furanoeudesmanes

have concentrated mainly on the initial construction of A Ring and/or B Ring before either the furan ring

or lactone ring (Ring C) construction.

The total synthesis of 16 is still in progress, and so are several other sesquiterpenoid furanoeudesmanes

[19].
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