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ABSTRACT
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Owing to the driving force of the Ferrier-type rearrangement, the exo-glycals are highly reactive with various alcohols to afford glycosides and
glycoconjugates with exclusive a-configuration. The resulting vinyl group in these glycosylation products can be further elaborated for general
applications, including the synthesis of spiro derivatives and glycosylation of 2-ketoaldonic acids.

Glycosidic bond formation is the prerequisite to incorporate Michael addition to 2-nitrogalactal, recently demonstrated

appropriate glycoforms into various biomolecules. It is well- by Schmidt et al., is another example to utileredeglycal
known thatendeglycals (1,2-unsaturated sugars) are utilized for the synthesis of J, STy antigens, and other glycopep-
as versatile building blocks in chemical glycosylations such tides? Therefore, it is reasonable thexoglycals should be

as the Ferrier reaction and Danishefsky’s glycal assembly also synthetically valuable because these molecules can not
procedure. Both methods have been developed as effectiveonly generate C-glycosidic linkages but also serve as useful

methods to synthesize various glycoconjugates, including glycosyl donors as aforementioneddoeglycals. However,
Lewis and blood group determinants, gangliosides, andthe chemistry ofexaglycals is either rare or tedious in
tumor-associated antigefis, as well as many bioactive  comparison wittendeglycals!® In search of a way to solve

natural products (e.g., forskofirand cyclophellitol®). A this problem, a general and efficient method has been devised

— by our group to preparexoglycals based on a nucleophilic
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addition of sugar lactones and the subsequent dehydration,
which was found to be applicable to various saccharide Table 1. Glycosylations ofexoGlycals2 and 3 with Various

8 (68%)

precursors (includingluco-, galacto-, manne-and fuco- Alcohols
type;) anq stereoselective to give the products Df ( ontry  substrate ~acleophie oroduct (yeld)
configurationt'c Bno__OBn
In our previous study? exoglycosyl esterl (Figure 1) a s « g%/\
reacted with several primary alcohols (e.g., allyl, ethyl, and o Bno Bno - 4 (95%)
BnO O\/\
b 2 O/ BnO—2 S 5 (80%)
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Figure 1. Structures ofxoglycals1-3. o
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benzyl alcohols) to afford unusual glycosides with both O d 2 Meos o Bno‘gﬁ/\
.. . . e BnOo 7 (80%)
and Cglycosidic linkages. However, the yields of such MeOdme °
Michael reactions with more hindered nucleophiles (e.g., B0 Mﬁ?&ﬁ
cyclohexanol) decreased dramatically. Fortunately, we found OH BnoM%Me
that exaglycosyl alcohol2 (85% yield obtained from the e 2 Bno'éoz BnO—5h0
BnO,

reduction ofl) and acetat8 (derived from galactonolactone)
were superior glycosyl donors. Herein we demonstrate that

such exoglycals undergo glycosylation reactions to give oH Bf‘og%/\ OMe
A
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novel glycosides and glycoconjugates with excellent stereo-

BnO
e f 3 BnO O BnO
selectivity. BnO 9 (75%)
BnO Bno/go

(o]

In the presence of BFOEY, exaglycals2 and3 reacted OMe BnO
smoothly with a variety of alcohols ranging from simple to HO Bfgo 50 B"Oome
hindered ones to give exclusivetyglycosidation products HO 08" BnO— oo T" o
4—14 (Table 1). It is noted that all the products containa  ° 2 o Jogn 10029
vinyl group at the anomeric positions as characterized by O)OK t“kﬁw
the chemical shifts in theitH and 3C NMR spectra. BnQ %B" To
Therefore, the glycosylations @fand3 should proceed via Me0,CO— OH Bnogﬁ/\ ~
allylic rearrangement, reminiscent of the Ferrier reaction in 3 \ﬁ?\ MeozcanOo 1 (65%
the glycosylation ofendaglycals. All reactions led to the o ©5%)
same stereochemical outcome at the anomeric centers, N o9
consistent with a nucleophilic attack from the bottom face BnO
of the sugar ring. All product structures were rigorously OH ngo&%/\
determined by DEPT and NOESY spectra in addition to other ' 2 E°C°C7H15 Bn% 12(65%)
spectroscopic propertié$.The three-bond carbon-proton 0COC7Hs 8O OBn\I:OCOC7H15
coupling constant)c 4 (~1.6 Hz), related to the orientation o g%A OCOC7H5
of the H2 and vinyl carbon{CH=), supported the anomeric 3 Bno=owy
configuration of keto-glycosides in solutiéhThe structure FmocNH™ “CO,Me °© 13 (83%)
of 8 was also corroborated by comparison with the reported FrmocNH ™ ~CO,Me
NMR spectral data® BnO _OBn

The cross-coupling of acetawas relatively clean in Me., OH Bnoﬁ@
comparison with the reaction of alcoh®l which might be K 3 BrOl  Me  14(70%)

FmocNH” ~CO,Me L
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peaks among HX6 3.89), H6a ¢ 3.50), and H6bd 3.65). The datathus ~ &ccompanied by sma amountsX0%) of the rearrange

verified that theC-vinyl group is located at th-position. product 15 and the self-coupling product6 (Figure 2).
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glycosylation reactions. Glycopeptid&8 and14 mimic the
essential core structure of Bntigent® The vinyl-containing

OBn products5—14 are ready for further transformations. For
Bnoé&(\ instance, compound was subjected to ozonolysis and
BnO BnO A followed by the treatment of M& to generate aldehyds3
BnO O (80% vyield from6, Figure 2). This aldehyde provides a good
ngo&‘}=> 16 opportunity for conjugation with biomolecules and attach-
OBn ment to solid supports. In addition to metathé8ispmpound
o 4 was also subjected to ozonolysis and a subsequent reductive
K(NH amination to afford a novel spiro molecul® (70% vyield
O-P-0-P-0 lN/&O from 4). Our method can be considered a way to achieve
- o o-glycosylation reactions of 2-ketoaldonic acids (e.g., sialic
1o HO OH acid$! and KDO) because the vinyl group in the products

can be converted to an ester via the intermediacy of aldehyde.
17 (o and B isomers) For example, disaccharide es?&was obtained by oxidation
of 18 with Ag-O in MeOH.

In conclusion, this report represents the first investigation

Bn@ ~O8n to apply the Ferrier reaction for the glycosidic bond formation
18. R = CHO BnO N~ Ph of exaglycals. The glycosylation ofxaglycals is success-
o) Q20 R = CO,Me B”Oo\) 19 fully established to prepare various glycosides and glyco-
720 conjugates with the enhanced reactivity. The efficient
glycosylations, even with hindered alcohol substrates, usually
Figure 2. Structures of compoundss—20. complete withn 1 h at 0°C. All functional groups on the

sugar ring remain intact, contrary to the analogous reactions
of endeglycals in which two chiral centers at C2 and C3
Nevertheless, under the same condition, in our hands theare always missing. The glycosylation product contains a
glycosylation of15 with cyclohexanol in the presence of vinyl group that can be further elaborated for general
BF;-OEt; only afforded a low yield €15%) of glycosylation purposes, such as in the preparation of spiro derivatives and
product5, in contrast to the high yielding (80%) reaction of glycosides of 2-ketoaldonic acid conjugates. At this stage,
2 (entry b of Table 1). This example demonstrated that the the latter application provides the products with O-glycosidic
Ferrier-type rearrangement greatly facilitated the glycosy- linkage in the axial position that is the same as KDO-
lations of theexoglycal alcohol2, in comparison with an  containing glycosides but opposite to sialosides. It is possible
analogous mixed ketalizatidf. to obtain the other stereochemical outcome by manipulating
Our current method is applicable to the synthesis of factors such as neighboring group participation and solvent
disaccharides (e.g6—11), glycolipids (e.g.,12), and gly- effect. The investigation is currently in progress.
copeptides (e.g.13 and 14) having quaternary anomeric ) )
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