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The aspergillides A, B and C (1-3) are three 14-membered mac-
rolides isolated the last year from a strain of the marine-derived
fungus Aspergillus ostianus cultivated in a bromine-modified med-
ium."? The structures of these new compounds were determined
by analyses of their 1D and 2D NMR spectra and reported to be
as depicted in Figure 1. Their absolute configurations were eluci-
dated by means of the modified Mosher’s method as well as with
the aid of chemical conversions. Macrolides 1-3 were found to
show cytotoxic activities in the micromolar range against mouse
lymphocytic leukaemia cells (L1210).

The structures of these natural lactones show some unusual fea-
tures which deserve comment. In a literature perusal, we have
found only two examples of naturally occurring, very recently iso-
lated 14-membered macrolides that possess a tetrahydropyran
ring not forming part of a hemiacetal or acetal moiety.>* This
and the aforementioned bioactivities prompted us to initiate the
total synthesis of these compounds.

In the beginning of this year, Uenishi et al. published a synthesis
of a compound having structure 1, then assumed to correspond to
aspergillide A.°> However, these authors found that their synthetic
compound had spectral properties identical with those reported
for aspergillide B. The latter compound was thus reassigned struc-
ture 1, which led to the need of a new structure assignment for
aspergillide A. Still more recently, Kuwahara et al. published a syn-
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thesis of aspergillide C and confirmed it to have structure 3. Struc-
ture 2 therefore does not correspond to any natural compound
isolated so far.”

In the present manuscript, we wish to publish our own synthe-
sis of aspergillide B, now known to have structure 1.” The retrosyn-
thetic concept is depicted in Scheme 1. Hydrolytic opening of the
lactone ring gives the protected seco acid 4. Inverse cross metath-
esis (CRM) yields the known alcohol 5% and tetrahydropyran 6. We
planned to obtain 6 by means of an anomeric Mukaiyama-type
alkylation of a suitable lactol derivative prepared through reduc-
tion of lactone 7. The latter was to be obtained by functional mod-
ification of 8, in turn derived from 9 through a metal-catalyzed
double bond migration. Following this, inverse asymmetric allyla-
tion to aldehyde 10 and oxidative retro-cleavage of the olefinic
bond finally led to the known compound 11.°

Figure 1. Structures of the aspergillides A-C as reported in the initial publication.
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Scheme 1. Retrosynthetic analysis of aspergillide B (1).

Scheme 2 shows the details of the synthesis. Alcohol 11° was
benzylated to 12 under mild, nonbasic conditions.!® Ozonolytic
cleavage of the olefinic bond yielded aldehyde 10, which was first
purified and then subjected to Brown’s asymmetric allylbora-
tion.!! This gave homoallyl alcohol 13 in a very high diastereo-
meric purity (dr>95:5 by NMR), which was subsequently
protected as its triethylsilyl derivative 9. Isomerization of the ter-
minal olefinic bond to the internal position was achieved by
means of the catalytic method of Wipf et al.'> With the aid of this
procedure, compound 9 was converted into its isomer 8 in high
yield.’®> Compound 8 was obtained as a ~9:1 E/Z mixture!*!>
which proved to be difficult to separate and was thus carried as
such until the last step of the synthesis. Cleavage of the two silyl
groups and selective oxidation of the primary alcohol with
PhI(OAc),/TEMPO'® afforded d-lactone 7. Reduction of 7 (DIBAL)
followed by acetylative quenching yielded the acetylated lactol
15 as a mixture of stereoisomers,!” which were not separated.
The mixture was subsequently treated with the trimethylsilyl
enolate of tert-butyl thioacetate'® in the presence of BFs-etherate
and TMSOTf.!® This furnished the trans-2,6-disubstituted?° tetra-
hydropyran 16 in 55% yield, accompanied by its epimer at C-3
(21%, not depicted in Scheme 2). Alkaline hydrolysis of 16 pro-
vided acid 6 in high yield.

Treatment of 6 with 5 equiv of olefinic alcohol 5 in the presence
of 20% of ruthenium catalyst 18 caused cross metathesis?' and
afforded hydroxy acid 4 in 89% yield as a 7:3 E/Z mixture. Macrol-
actonization was performed on the mixture by means of the Yam-
aguchi procedure?? and gave a separable mixture of (E)- and (2)-17.
Cleavage of the benzyl group in the former was performed with
DDQ?? in wet CH,Cl, and yielded lactone 1, which showed physical
and spectral properties®* identical to those published for aspergil-
lide B.'®

In summary, the cytotoxic macrolide aspergillide B has been
synthesized in a stereoselective way. As recently reported by
Hande and Uenishi, its actual structure has been found to be 1
(Fig. 1), the structure initially and erroneously proposed for asper-
gillide A.
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Scheme 2. Reagents and conditions: (a) BnBr, Ag,0, Et,0, rt, 3d (83%); (b) Os,
CH,Cl,, —80 °C, 30 min, then PhsP, rt, 2 h (78%); (c) allylBIpc, from (—)-DIP-Cl and
allylmagnesium bromide, Et,0, —90°C, 2 h (dr >95:5); (d) TESOTf, EtsN, CH,Cl,
—80°C, 2 h (77% overall from 10); (e) cat. 18 (5% molar), N-trityl allylamine, EtNiPr,,
CH,Cl,, 4, 16 h (96%, E/Z 9:1); (f) TBAF, THF, rt, 16 h (98%); (g) PhI(OAc),, TEMPO
(cat.), 0°C, 16 h (84%); (h) DIBAL, CHxCl,, —80 °C, 2 h, then addition of Ac,0, py,
DMAP, 14 h (93%); (i) CH,=C(OTMS)StBu, 4 A MS, BFs-Et,0, TMSOTf, MeCN, 16 h,
—18°C(55%); (j) NaOH, aq MeOH, rt, 16 h (94%); (k) 5 (5 equiv), cat. 18 (20% molar),
CH,Cl,, 4, 6 h (89%, E/Z 7:3); (1) Cl3CsH,COCI, EtsN, THF, rt, 1.5 h, then DMAP,
toluene, 50 °C, 6 h (57%); (m) DDQ, CH,Cl»/H,0 10:1, rt, 20 h (51%). Abbreviations:
Bn, benzyl; TPS, tert-butyldiphenylsilyl; TES, triethylsilyl.
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