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Gangliosides (sialic acid-containing glycosphingolipids) are 0(2,3)Sialylgalactose
known to be involved in intra- and intercellular cell signalirdy. HOOHHO ¢ HO OH
For example, GM3 binds to epidermal growth factor receptor z &o »
(EGFR) and inhibits EGFR-dependent cell proliferatiohmong AcHN{ Q77 x oH R ‘
the four known human sialidases (neuraminidds$esU2, NEU3, HO OH on (X=0:em4 (1_)
sialidase (X = CF,) : CFy-linked GM4 (2)

and NEU4 but not NEU1 cleave the glycosidic linkage of sialic )
acid in ganglioside$*5 Plasma membrane-associated sialidase Figure 1. Structure of GM4 ) andCFx-linked GM4 @).
(NEU3) seems to play a critical role in cell survival because it is

upregulated in human cancer cells and tisSuetowever, the HOOHHozc IHO 2 F}"'«yopﬁozc e
physiological roles of gangliosides are still not fully clarified, partly AGHNMOR =>A0HN @Qj A e OR
bgqause rapid metabolls_m_of gangliosides makes biological research HOoH F g3 OH pbor F F

difficult. For example, sialidases hydrolyze GM3 and GM# to 3 (R=MP) o
lactosylceramide and galactosylceramidehich show different POnp o \ECha'F’,g"e T.S.
biological activities® Therefore, chemically and biologically stable AchHN =~ = i i s o

\

ganglioside analogues would be very useful as probes for research P© '"t;\o

5 . 8 ! PO - kY /\ -4 POM—_
to elucidate the roles of these gangliosides in normal and cancer Hooc P - Oop « /EJJP
4 (P=BOM) OF —~OtMs

cells. a-Difluorophosphonate derivatives are excellent nonhydro- oP x[Fo

lyzable phosphate ester mimics, and the difluoromethylene group % X ’J"'/ﬂo /‘vﬂ/

is now recognized as bioisosteric to an oxygen aldrherefore, O%H go op P,é g’,éoR

we envisioned the synthesis of difluoromethylene-link@F£ RO OF 11l (X = CF>) 11 (X = CF»)
linked) a(2,3)sialylgalactose (Figure 1) as a core structure of 5(X=CF)

sialidase-resistant ganglioside mimi€yecause the((2,3)sialyl- Figure 2. Strategy for the stereocontrolled synthesi<C#b-sialoside.
galactose structure is a key structure of not only GM3 and GM4,

but also most other gangliosides. converted to the desire@F,-a(2,3)sialylgalactose uni8 in a

Various C-glycoside compounds, in which the oxygen atom of stereocontrolled manner.
the glycosidic linkage is replaced by a carbon atom, have already The precursor for the IrelaneClaisen rearrangemer®t was

been synthesized as hydrolytically stable glycoside miritsit prepared by condensation 4% with 8, which was prepared from
efficient and stereoselective synthesis@stialoside is difficult, 65 as shown in Scheme 1. Irelan@laisen rearrangement &f
because the anomeric position of the sialosi@&’)(is a tetra- proceeded smoothly even at ambient temperature on treatment with
substituted carbon cent&To our knowledge, only two method- | HMDS and TMSCI in THE. After treatment with TMS
ologies for the stereoselective synthesis of Ginked a(2,3)- diazomethane, methyl estd possessing a-CF.-sialoside linkage
sialylgalactose have been developgdnd synthesis oEF,-linked was obtained as a single isomer in 86% yield. The strong HMBC

a(2,3)sialylgalactose has not been reported. Linhardt and co-workers g rejation betweem3-H and 1-C indicated that the Cetra-
have reported a convergent and stereoselective synthe€lstof ¢ ptityted carbon center has the desirestereochemistry.
(OH)_-Ilnked (1(2_,3)S|alylgalactose derlvatlves based_ on.the Sml To achieve stereocontrolled introduction of a C2 hydroxyl group
mediated coupling reactié#-4of the S|alylsglfone derlvatl\_/e with into the galactose unif,0 was converted to the conformationally
]ngmﬂgggygfe tﬁ;ﬁ%&?‘ég‘fm I?ee(l::a(:zgsi’(?).s;ryslga\?;ect?));zn::ﬁrlle;g- tranS+iyed Ia_ctonell. After removal (_)fp—methoxybenzyliq_ene_ acetal,

’ protection of the 6-OH group with TBS, and saponification of the

linked a(2,3)sialylgalactose. However, this was unsuccessful, . . ' -
o . methyl ester, the desired lactoh# was obtained in good yield by
probably due to the steric hindrance aroundhglycoside carbon treatment with carbodiimide (Scheme 2). Although attempts at

linkage®® Therefore, for the synthesis of tf@F,-linked o.(2,3)- hvdroborati idation ofl ol

sialylgalactose unit, a new strategy was required. Herein we report Iy ro grta Kf)'ndotrhe?(c)j)% Z'On lai we(;jel un;uccests .ur,].we v;/gre

a convergent and highly stereoselective method for the constructionP €8S€d 1o Tind that dinydroxylation using a stoichiometric
amount of Os@proceeded in a completely stereoselective manner

of the CF,-linked o(2,3)sialylgalactose unit, and the conversion of . ; ’ . .
z (2.3)sialylg to afford the desired didl2. Regio- and stereoselective reduction

this unit to theCF,-linked analogue of ganglioside GM2)(*¢ . .
As shown in Figure 2, we planned to construct the key-C2 of the C3-hydroxyl group was successfully achieved by radical

CF, bond via Irelane-Claisen rearrangement of the edter!” We reduction of the cyclic thiocarbonate. Namely, treatmerit2ivith
anticipated that rearrangement would occur fromdHace of the  thiophosgene, followed by AIBN and BBnH, gavel3as a single
anomeric center@2') through the chairlike transition statie after isomer. Hydrogenolysis of the four BOM groups, together with

formation of the Z)-silyl enolate. The resulting produttould be removal of the TBS group, afforded the key 4-methoxypheéfy-
linked a(2,3)sialylgalactose lactone urid. The stereochemical

 Synthetic Organic Chemistry Laboratory, RIKEN. assignment of the_ newly formed chiral carbon _centers',(_CZ,
* Miyagi Cancer Center Research Institute and CREST. and C3) was confirmed by X-ray crystallographic analysid 4f
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sialylgalactose unit was confirmed to be suitable as a glycosyl donor
for the synthesis of a GM4 analogue. This new strategy based on
Ireland—Claisen rearrangement should be applicable not only for
the synthesis oCF,-sialylgalactose but also for the construction
of various other (un)substitute@-sialoside units, which are
expected to be useful for the synthesis of novel ganglioside-
mimicking molecules. Synthesis of larger gangliosides, such as a

6 P F 7 8 e . ) i >
'V GM3, and biological experiments usingF,-linked ganglioside
oo analogues are currently under way.
MP
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aReaction conditions: (a) GBr;, HMPT, THF, rt, 4 h, 76% (see ref
19); (b) conc. HCI, MeOHCHyCl, (4:1), rt, 92%; (c) (4-OMe)Ph-
CH(OMe),, TsOH, CHCN, rt; (d) TBAF, THF, rt, 74% (two steps);
(e) EDGHCI, DMAP, 4, CH,Cly, 1t, 72%; (f) LHMDS, TMSCI, THF,
—78°C then rt; (g) TMSCHN, ELO—MeOH (1:1), 86% (two steps).
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Finally, synthesis of2 was completed by methanolysis and
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