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L-(+)-Noviose, the sugar component of the antibiotic novobiocin, was synthesized from readily available non-carbohydrate starting materials
relying on stoichiometric and asymmetric processes by two independent methods, comprising six and nine steps, in 27 and 20% overall

yields, respectively.

L-(+)-Noviose () is the sugar component of novobiocR) (
and coumermycin 3), two naturally occurring coumarin
glycosides originally produced from a number $trepto-
mycesspecies (Figure I)Known for its antibiotic properties

processe$The relevance of coumarin antibiotics as inhibi-
tors of DNA gyrase and topoisomerase IV has been amply
documented.

Although there are nearly 10 reported syntheses—9f (

for many years, novobiocin has elicited considerable interestor (+)-noviose, dating as far back as 19G#he majority of
as a potential anticancer agent recently, due to its inhibitory these utilize carbohydrate precursors as starting materials that

effect on Hsp-90 (heat shock protefnan important chap-
erone protein in a variety of physiologically important
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contain the C2—Cgis-diol group at the outsét i~k As

such, the main challenge becomes the manipulation of
existing functional groups in the starting aldose carbon
framework by chain extension, cleavage, branching, and
hydroxyl protection/deprotection protocols to achieve the
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Scheme 1. Synthesis of Unsaturated LactoBie
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Figure 1. Structure of-(+)-noviose and of antibiotics novobiocin
and coumermycin A

desired substitution and stereochemical pattern in the in-
tended noviose. A chemoenzymatic route to unnaturd (
noviose starts witimeso-2,2-dimethylcyclopent-4-ene-1,3-
diol which is desymmetrized via the monoacefdtén the

1. (+)-IpceBCH2CH=CH>,
-100 °C, then Me OH,
NaOH/MH202, 0°C to rt

the requisite reagent in combination with equimolar;BH

Scheme 2. Alternative Synthesis of Unsaturated Lactdhe
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. X . (72%, >92% ee) C0O,Bn MeOH (75 mM),
most recent synthesis;—f-pantolactone is utilized as a COzBn 2. Mel, Ag2O, MeCN reflux
starting chiron already containinggamdimethyl substitution o 72% MeO 00%
and the correctly configured C4 hydroxyl group of)¢ N
noviose®? 10

In spite of these diverse approaches, the practical synthesis 1. MeMgBr, Et20,
of noviose merits further attention especially involving 2_;ﬁy:|g side, Nat.
principles of asymmetric €C bond formation and catalysis COsBn  DMPU/THF, C (5 mol %),
from readily available non-carbohydrate starting materials. _0ctort j\ CHCl2 (1 mM)
We describe herein two alternative and expedient routes to MeO™ | T e 87%
(—=)- or (+)-noviose that can be adapted to the synthesis of
unnatural analogues (Schemes3). In both approaches, 1
protection/deprotection manipulations are circumvented. PCC, CHLl2
Central to the first approach (Scheme 1) is the enantiose- /L/j 65°C, sealed tube_ N
lective catalytic desymmetrization of the readily available peo” > 65% Mes™ YC| '\Fl,'ﬁs
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Scheme 3. Final Steps toward-(+)-Noviose
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78% yield (Scheme 1).Substoichiometric (50 mol %) or
catalytic (20 mol %) §)-B-Me-CBS was ineffective, often
leading to non-reproducible enantioselectivity levels. Re-

cently, Corey and co-workers reported the desymmetrization

of diketonel with 10 mol % of §)-Bf'Bu-CBS @) in
combination with catecholborane and in the presend¢df
diethylaniline (DEA)X In the presence of 20 mol % of
catalystA, catecholborane, and diethylaniline, ketdeas

obtained in 70% vyield and the same enantioselectivity as

reported by Corey (9493}.

Conversion to the methyl ethé&? was followed by a
Sc(OTfk-promoted Baeyer—Villiger reactidhto give the
lactone?7. A Saegusa oxidatidfhon the preformed trimeth-
ylsilyl enol ketene intermediate in the presence of Pd(QAc)
led the unsaturated lactor®&in 63% yield for three steps.

We also describe an alternative method to the lac®ne
which relies on the venerable asymmetric Brown allylation
reactio® (Scheme 2). Freshly distilled benzyl glyoxyl&e

was converted to the desired homoallylic alcohol intermediate

in 72% yield and>92% ee following the Brown procedufe
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perform the final dihydroxylation/reduction sequence (Scheme
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Gratifyingly, catalytic dihydroxylation ofl4 as a mixture yield. Noteworthy, Corey’s CBS and Brown’s reagents are
of lactol anomers, performed in the presence of 10-fold molar commercially available in both enantiomeric forms, allowing
excess of water, gave enantiopurét)-noviose (1)in 55% the expedient syntheses 6{+)-noviose or its antipode.
yield starting from8.24
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