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Synthesis of the spiroacetal parts of spirofungin A and B
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Abstract

The C9-C20 spiroacetal parts of spirofungin A and B, antifungal antibiotics 8tvaptomyces violaceusniger
Tl 4113, were synthesized simultaneously fr@aditronellyl bromide and ()-epoxy alcohol via alkyne—lactone
coupling reaction and diastereomeric separation. © 2000 Elsevier Science Ltd. All rights reserved.
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Spirofungin A and B were isolated from the culture extractStwéptomyces violaceusnigéi 4113
as new polyketide-type antibiotics (Fig. 1)These compounds showed various antifungal activities
especially against yeastsThe relative configuration of them quite resembles reveromyct ah,
inhibitor of the mitogenic activity of epidermal growth factor (EGF), except C18 position: spirofungins
lack succinate residue and have methyl group insteashaftyl group. As homologues of promising
anticancer agents reveromycins, total synthesis and structure confirmation of spirofungins are to be
expected. For the total synthesis of spirofungins, we planned that the whole structures were disconnected
to a core spiroacetal part and two side chains. Here we describe the synthesis of the spiroacetal cores of
spirofungin A and B.
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Fig. 1.

Our synthetic plan is shown in Scheme 1. We assumed the absolute configurations of the spiroacetal
cores of spirofungin AX) and B @) to be (1R,12515518519R) and (1R,12515518R,199), respec-
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tively, by analogy to reveromycin AAs our targetd and2 were expected to be normally separable due

to the diastereomeric nature, we planned to synthesize these cores as a diastereomeric mixture from a
coupling reaction of a racemic part [J-3] and an optically active counterpas)(* The racemic alkyne

( )-3 was to be prepared from the known epoxy alcoho)-6 according to the literature® and the
lactone4 could be converted fron-citronellyl bromide 6).
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Scheme 1. Retrosynthetic plan for spirofungin A and B

Synthesis of the alkyne part [{-3] started from ( )-5 (Scheme 2). The epoxy ring was substituted
with methyl grou and the resulting 1,2- and 1,3-diols were converged to a single trjef§ after the
removal of benzyl group. The vicinal diol part was selectively protected as dioxolane’doegade ( )-

8. The remaining hydroxy group was converted to the desired alkynedvia Corey—Fuchs methddl.
The yield from ( )-5 was 40% in six steps.
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Scheme 2. Synthesis of racemic alkyne part. (a) (i) MeMgl, Cul, THR8 20°C (86%, 1,3-/1,2-diol=3.5/1); (ii) H Pd-C,
EtOH. (b) 3-Pentanone, TsOH, rt (83%, two steps). (c) (i) Dess—Martin oxidation, 0°C; {¥) EBL, Zn, CH,Cl, (70%, two
steps); (iii)n-BuLi, THF, 78°C (81%)

The asymmetric center of the lactone pait\Was derived from $-citronellyl bromide 6) (Scheme
3).2 The double bond 06 was cleaved to give bromoaldehy8&® Dehydrobromination of to form
the olefin witht-BuOK was successful only after conversion to the corresponding trityl etBerlf the
cases of ethylene acetal a@gD’-xylenedioxy acetal 09, undesired-butoxy ether formation competed.
After the double bond was oxidized with Og@nd cleaved with Nal@ the resulting aldehyde was
coupled with Wittig reagent (RP=CHCO;Me) to afford unsaturated esté®. The ester group was
reduced and the formed hydroxy group was protected as benzyl ether. Then, removal of trityl group
and Jones oxidation gave carboxylic adid. This was subjected to thermodynamically controlled
iodolactonization to givel5. Undesiredcis-isomer was easily separated by silica gel chromatography.
Finally, the iodo group was removed to give the lactddg ]p +84° (c 1.0,i-Pr,0)}. The yield from6
was 19% in 14 steps.

As the required segments were prepared, coupling reaction was examined. Alkynyl anion derived from
( )-3 was treated with the lactone (#)to afford the desired alkynyl ketorib in 78% yield (Scheme
4). Since direct reduction of the triple bond to single bond was unsuccessful (giving a complex mixture),
we did this reduction step by step. Treatmentl6fwith hydrogen in the presence of Lindlar catalyst
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Scheme 3. Synthesis of lactone part [#){a) (i) MCPBA, CHCE; (ii) NalO,4, THF/H;O. (b) (i) NaBH,, MeOH,; (ii) TrCl,
pyridine, DMAP, DMF (74% fron®). (c) t-BuOK, DMSO, pentane (95%). (d) (i) OsONMO, THF-H,O; (i) NalO, (pH 6);

(iii) methyl (triphenylphosphoranylidene)acetate, toluene (78#+95/5; and 20% ol 1); (iv) separation (Si@column). (e)

(i) DIBAL, THF; (ii) BnBr, NaH, THF (93%). (f) (i) 1 M HCI aq.—THF; (ii) Jones oxidation (70%). (g) (3} ICH3CN, 0°C; (ii)
separation (Sig) (42%). (h) 6-Bu)s;SnH, toluene (quant.)

gave enond?. Spiroacetalization from this enone also failed in the formation of a tricyclic compound by
the initial 1,4-addition of the primary hydroxy group to the enone moiety followed by spiroacetalization
with the remaining secondary hydroxy group. Thus, the double bond was further hydrogenated over
Pd-BaSQ catalyst. In this reaction, acetal exchange with MeOH occurred to form monocyclic #8etal
Finally, treatment with TSOH afforded the desired spiroacetdisind2,12 which were easily separated

by silica gel column chromatography: tRe of 1 was 0.71 while that o2 was 0.43 (Si@ coated TLC,
hexane:EtOAc=1:1). The stereochemistryl@nd2 was confirmed byH-H COSY, HMQC and NOE
experiments. The total yields were 6.7% foand 3.4% for2 from (S)-citronellyl bromide. Preparation

of other side chain parts and total synthesis of spirofungin A and B are in progress.

Et . )
18 spirofungin A core (1) + spirofungin B core (2)

Scheme 4. Synthesis of spiroacetal parts of spirofungin A and B-BaiLi, Et;O, 20°C, 30 min, then (+% (78%). (b) H,
Lindlar cat., MeOH (quant.). (c) 5l Pd-BaSQ@, MeOH (quant.). (d) TsOH, CHglrt 24 h (45% forl and 23% for2)
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