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C-Aryl Glycosides via Tandem Intramolecular Benzyne  —Furan Cycloadditions.
Total Synthesis of Vineomycinone B, Methyl Ester
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The vineomycins are a group of glycosidic antibiotics that were OH Benzyne-furan
. . HO. z cycloaddmon
isolated from a culture dbtreptomyces matensigmeusand found
to be active against Gram-positive bacteria and sarcoma-180 solidye" Me OH % M
tumors in micet Acid-catalyzed methanolysis of vineomycin B g
furnished the aglycone vineomycinongBethyl ester ). Bearing O OH GO Me Benzyne- furan S' OPMP
an olivose residue appended to one ring of the anthrarufin tore, Vineomycinone B, methyl ester (1) cyeloadditon
is a representative member of t@earyl glycoside family of natural Mitsunobu /| Me_OBn
products? A (3R)-hydroxyisovaleryl side chain adorns the opposite OBn Br ) ;]\/QL
side of the core, making vineomycinone, Bnethyl ester an BnO. - N/ B 07’/\}‘\ OPMP
intriguing target of modest complexity. Indeed, the structuré of — y mﬁ/’f‘\/’io Br
coupled with its potential anticancer activity has rendered vine- ° H O witsunobu™
omycinone B methyl ester the object of a number of investigations, 3
four of which have culminated in total syntheseBespite these 60 ©Bn Br on o) Me OBn
successes, there remains ample opportunity for the development " \Si/\/\OH . Br]@i * ho ;\AL
of new chemistries. 7 Mo HT o HO Br A oPMP
In the context of an interest i@-aryl glycoside antibiotics, we = Br 6

recently developed a general entry to the four major classes of this _ L ) "
family of natural product$.The strategy features the ring opening Figure 1. Retrosynthesis of vineomycinone Enethy! ester ).
of cycloadducts that are obtained from Dielslder cycloadditions Scheme 1 @
of substituted benzynes with glycosyl furans. Having established o 0Bn
the basic elements of the approach, we turned to the task of applylngB"O\[\/l BnO A~ BnO~ \Si/v/ e
it to the syntheses of naturally occurrif@aryl glycosides as an oo M;(Oj'\lf; Metfc)j\é
obligatory test of its true utility. We now report the application of S PP
this methodology to a facile synthesis of vineomycinonerthyl 9
ester (). a8 Reaction conditions: (a) 3-lithiofuran, THF78°C; HCI, EtOH then

The two substituents oth are unsymmetrically positioned on NaCNBI—b, HCI, 50°C, _80%? (b) LDA, THF,—78°C; Me;Si(Cl)CH=CH,

) . . . 70%; (c) 9-BBN, THF; HO,, NaOH, 94%.

the anthrarufin nucleus. Hence, the major challenge is controlling
the regioselectivity in the DietsAlder reactions that would heating with NaCNBH in ethanolic HCI to form glycosylfuras
simultaneously assemble the aromatic framework and introduce thejn 809 overall yield® Regioselective metalatié#’ of 8 followed
carbohydrate and aliphatic residues. We had previously developedyy trapping with chlorodimethylvinylsilane furnished the vinyl
a practical solution to this problem by using disposable silicon  sjlane9, which was subjected to hydroboration/oxidatitmdeliver
tethers to link the reacting benzyne and furan moieftlé3n the furan 4 in 66% yield over two steps.
basis of that advance, a novel and highly convergent strategy Turning to the synthesis of furas 3-methyl-3-butenol was first
eventuated for prepariry(Figure 1). The synthesis features tandem protected as its PMP ether and subjected to Sharpless asymmetric
intramolecular benzynefuran cycloadditions originating from the  gihydroxylation conditions to afford didl1in 93% yield over two
key intermediate3 to generate the bisoxabenzonorbornadi2ire steps (96% ee) (SchemeZJhe primary tosylate derived frofi
a single operatior: The conversion of into 1 requires cleavage  as cyclized by deprotonation withBuLi to give an intermediate
of the silicon tethers, ring opening of the bisoxabenzonorbornene epoxide that underwent facile opening in situ with 3-lithiofuran in
core, global removal of the oxygen protecting groups, and adjust- the presence of BFOE to provide the tertiary alcohdl2in 76%
ment of the oxidation level in the alkyl side chain. The cycloaddition yerall yield.O-Benzylation of the hydroxyl group ifi2 gave13,
precursor3 would be prepared by iterative Mitsunobu coupling of = regjoselective bromination of which with NBS furnished bromide

tetrabromohydroquinones) with the silicon-substituted furar 14in 86% yield over two step¥.The furyl bromide was subjected
and 6, both of which would be derived from readily available o metat-halogen exchange, and the resulting anion was trapped
starting materials. with chlorodimethylvinylsilane to afford the vinylsilarié in 87%

Preparation of4 commenced by adding 3-lithiofuran to the yield. Subsequent hydroboration and oxidation of the vinyl moiety
known lactone74¢ to afford a mixture of lactols, which were in 55 pefore delivered the furdh
equilibrium with the open chain keto-alcohol (Scheme 1). This  The assembly oB then proceeded uneventfully (Scheme 3).
mixture was treated directly with ethanolic HCI to furnish an  a|conhol 6 and the monoprotected pherd'! underwent Mitsunobu
intermediate ethyl acetal that was stereoselectively reduced uponcoypling employing DIAD and PRfto furnish the aryl ethet7in

T Present address: GlaxoSmithKline, 5 Moore Drive, Research Triangle Park, 75% y_ie_ld' _Removal of the silyl protecting group utilizing
NC 27709. HFepyridine in THF released the phenbB that was then coupled
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aReaction conditions: (g)-MeO—CgH,OH, DIAD, PPh, THF, 98%;
(b) AD-Mix a, H2O, t-BuOH, 95%, 96% ee; (c) TsCl, &, DMAP,
CH.Cly; (d) n-BuLi, —78 °C; 3-lithiofuran, BR-OEbL, THF, —78°C, 76%
(2 steps); (e) KH, DMF, OC; BnBr, 100%; (f) NBS, DMF, 0C, 86%; (g)
n-BuLi, THF, —78 °C; Me;Si(Cl)CH=CH,, 87%; (h) 9-BBN, THF; HO;,
NaOH, 96%.

Scheme 3 @
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aReaction conditions: (&, DIAD, PPhs, THF, 75%; (b) HFpy, THF,
0°C, 85%; (c)4, DIAD, PPh, THF, 85%.
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aReaction conditions: (a) 3.0 equiv ofBulLi, ether,—20°C, 85%; (b)
KOH, DMF/H20 (10:1); HCI, EtOH, 70C, 34%,; (c) CAN, CHCN, H.0O,
—15 °C, 74%; (d) IBX, EtOAc, 80°C; NaClQ®, NaHPO, 2-methyl-2-
butene t-BuOH, HO, 70%; (e) BBg, CH.Cl, —78 °C; MeOH, HCI, rt,
71%.

with furan4 via a second Mitsunobu reaction to deliv&m 72%
yield over two steps.

With the Diels-Alder precursoB in hand, the stage was set for

the pivotal domino benzynrefuran cycloaddition. Gratifyingly,
dropwise addition of-BuLi (0.23 M, 3.0 equiv) to a solution of
tetrabromide8 in Et,0 at—20 °C afforded biscycloaddition product

2 in 85% yield as a mixture of diastereomers (Scheme 4). After

20 with IBX generated an aldehyde intermediate, which was
transformed into aci@1 in 70% vyield by reaction with NaCl©
Global deprotection of the benzyl groups with BBollowed by
workup with methanolic hydrogen chloride provided synthetic
vineomycinone B methyl ester {) in 71% yield. The synthetic
material thus obtained gavel and'3C NMR spectra identical to
those of an authentic sample.

In summary, a novel and highly convergent synthesis of
vineomycinone Bmethyl ester1) has been completed by a process
that required 16 steps, the same length as the shortest previous
synthesis of1,%® in the longest linear sequence. The synthesis
features the first application of our strategy for using silicon tethers
as disposable linkers to control the regiochemistry in Diélkler
reactions of substituted benzynes and furans. Such constructions
enable the rapid assembly of the glycosyl-substituted aromatic cores
of complex C-aryl glycoside antibiotics from simple starting
materials. Other applications of this strategy are in progress and
will be reported in due course.
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then required removal of the various protecting groups and
adjustment of the oxidation level of the aliphatic side chain. The
PMP group was thus cleaved under oxidative conditions with CAN
to give alcohol20 in 74% yield. Subsequent oxidation of alcohol
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