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ABSTRACT
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(-)-3-DHS (-)-quinic acid (—)-KDN

(-)-3-Dehydroshikimic acid (3-DHS, 4), a C;-building block now available in large quantity from corn syrup, has been converted into the sialic
acid (-)-KDN (3) as well as its C-7- and C-8-epimers. (-)-Quinic acid can be used for the same purpose.

Sialic acids, representative examples of which include most invariably a pivotal step used in constructing the full
Neu5Ac (1) and (+)-KDN (2), are abundant in nature and carbon framework of the target sialic acid involves formation
play pivotal roles in many significant biological events, of the C-1/C-2, C-2/C-3, or C-3/C-4 bond, with the last of
including cell-to-cell recognitioAd? As such, these com- these processes being biomimetic in nature and the most
pounds have been the subject of intense scrutiny, and therecommon variation. For example, Wong has shéfi{that

has been an accompanying effort to develop effective condensation ob- or L-mannose with sodium pyruvate in
syntheses of theft as well as certain analogues.
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the presence of sialic acid aldolase (NeuAc aldolase) result
in an aldol condensation with accompanying formation of Scheme 1
KDN (2) or its enantiomer 3), respectively. Effective
chemical variations on this approa®gi which involve O
construction of the C-3/C-4 bond and the conjoining of a COWH COMe
three- and a six-carbon building block (the so-called+3 z SA i IRTERS
6" approach), often employ a synthetic equivalent for the ﬁ
rather intractable pyruvate anion. 0" >"o

While being enormously useful, these approaches preclude OH OH
ready construction of sialic acids that vary in the nature and 4 5
stereochemistry of substituents at the C-7 and C-8 positions:
Since these sites are now recognized as having significant
potential in the development of sialic acid analogues with DHS. Thus, thérans-diol moiety associated with the readily
therapeutit¢ and/or diagnosticutility, we detail herein new  derived methyl ester5,? of (—)-3-DHS, was protected as
and relevant methodology. In particular, we report the first the so-called “dispoke” aceté? (79%) using the procedures
example of a “7+ 2" approach to sialic acids wherein the developed by Ley and co-worketsAlternately (Scheme
C-1 to C-7 fragment is obtained from the abundant chiron 2), the readily derived methyl este8,'* of commercially
(—)-3-dehydroshikimic acid [(—)-3-DHS o#]® and the
remaining two carbons are derived from the commercially
available ylide (triphenylphosphoranylidene)acetaldehyde

[PhsP=C(H)CHO]. This approach results in the installation Scheme 2
of aA’-double bond within the sialic acid framework, which P HQ, COMe
can be manipulated in various ways to construct, for example, HQ, COAR
stereochemically novel analogues 6f){KDN (3) as detailed - e -

. ’ HO = O O
below. Furthermore, since we have recently demonstrated . 5.
that (—)-3-DHS can be converted into appropriate derivatives HO* OH 57% O%Q

of (+)-3-DHS? the work detailed here allows for access to ©
both the natural and non-natural enantiomeric forms of a MeOH, H* . ggf

. T . 90%
wide-range of sialic acids.
PCC, pyridine
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The opening stages of our approach are shown in Scheme ? AcO, DMAP
1, which outlines the first of two distinct and simple methods
for the synthesis of a suitably protected foré;,of (—)-3-

67% (from 9)
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by reductive workup with dimethyl sulfide. Presumably, tion by sequential treatment with 95:5 v/v trifluoroacetic acid
the corresponding keto-aldehyde is the first-formed pro- (TFA)/water (to cleave the bis-acetal unit) and then aqueous
duct of this process but the highly electrophilic ketone sodium hydroxide (to saponify the C-1 ester) thus affording,
carbonyl is trapped by the tethered C-6 hydroxyl to give the after treatment with an acidic resin,epi-(—)-KDN (7-epi-
observed cyclic hemi-acetaP (63%), which was obtained  3) (76%), the!H and 13C NMR spectral data for which
as a single anomer. In the next and second pivotal stepmatched those report&dor the enantiomer. Application of
of the synthesis, the associated aldehyde was reacted, ovethe same deprotection regime to isomérafforded 8-epi-
16 h at 18°C, with (triphenylphosphoranylidene)ace- (—)-KDN (8-epi-3) (69%). These free sialic acids were
taldehyde in a Wittig reaction to give theS-unsaturated  independently subjected to sequential reaction with AG 50W-
aldehydel 3 (78%), incorporating the nine-carbon framework X8 cation ion-exchange resin in methanol and then acetic
associated with most sialic acids, including those being anhydride in the presence of DMAP and pyridine. In this
targeted here. manner the lipophilic derivative7 (56% from15) and18
1,2-Reduction of compounti3 was best effected using  (50% from16) were obtained, each of which was subjected
the Luche reager, viz. NaBH/CeChk-7H,0, with 2,6-  to full spectroscopic characterization.
lutidine present as a buffering agent. Buffering was necessary (—)-KDN itself could be obtained (Scheme 4) by photo-
to ensure that the reaction medium did not become 100 acidicig erization of enal3to its chromatographically separable
since, under suph conditions, Fhe sub§trate and/or product(z)_isomerlg (100% at 42% conversion) followed by Luche
decompo_se rapldly_. Th_e resultlng_ aIthc_aIcohlal (50%) reductiont? to give the corresponding allylic alcohol (39%).
was subjected tais dlhydr_oxylanon using the UpJohn In contrast to the observations of Kishand Danishefskyp
proceduré’ and a ca. 1:1 mixture of triols5 and16 (68% concerning the stereoselectivity of osmium tetroxide-medi-

combined yield) was obtained. These products could be ted oxidation of allylic alcohols and alkenylpyranosides
separated by careful flash chromatographic techniques, anqa y yipy '

the more mobile onelb) was subjected to global deprotec-
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cis dihydroxylation of the latter compound using the previ-
ously employed UpJohn conditiddselectively afforded the
illustrated triol 20 (42%), representing a protected form of
(—)-KDN, as the major product of reaction. Stepwise
deprotection of compoung0 then afforded (—)-KDN (3),
which was fully characterized as the readily derived per-
acetylated methyl est@1{42% over three steps, mp 160
102°C, [o]p + 26.2 (c0.18, CHCY), lit.%> mp 100—104°C
(for ent-21), lit* [a]p + 26.3 (c1.14, CHC})}, the'H and
13C NMR data for which matched those recoréefr the
(+)-enantiomer.
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