Acce pted Manuscrl pt Carbohydrate

RESEARCH

Stereoselective sialylation with O-trifluoroacetylated thiosialosides: Hydrogen bonding
involved?

Nikita M. Podvalnyy, Nelly N. Malysheva, Maria V. Panova, Alexander I. Zinin,
Alexander O. Chizhov, Anna V. Orlova, Leonid O. Kononov

PII: S0008-6215(17)30448-2
DOI: 10.1016/j.carres.2017.09.002
Reference: CAR 7441

To appearin:  Carbohydrate Research

Received Date: 24 June 2017
Revised Date: 5 September 2017
Accepted Date: 5 September 2017

Please cite this article as: N.M. Podvalnyy, N.N. Malysheva, M.V. Panova, A.l. Zinin, A.O. Chizhov, A.V.
Orlova, L.O. Kononov, Stereoselective sialylation with O-trifluoroacetylated thiosialosides: Hydrogen
bonding involved?, Carbohydrate Research (2017), doi: 10.1016/j.carres.2017.09.002.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



http://dx.doi.org/10.1016/j.carres.2017.09.002

RO  OR3 Me _0O_OH RO OR3
SPh 4 NSO —— COOMe
RZO"- Me 0O R<4O:.. o
TFAHN /L7 ~COOMe Qo TFAHN ML 3
R'O )4 R'O X&%
Me o
0

Me Me
— . ) O
12 examples o/B=2:1-15:1
Yield = 38-86% Me~ Me



Stereoselective sialylation withO-trifluoroacetylated thiosialosides:
hydrogen bonding involved?
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N. D. Zelinsky Institute of Organic Chemistry of the Russian Academy of Sciences, Leninsky
prosp., 47, 119991 Moscow, Russian Federation.

Abstract

A series of novel sialyl donors containif@trifluoroacetyl (TFA) groups at various
positions was synthesized. The choice of protecgngups in sialyl donors was based on
hypothesis that variations in ability of differestyl groups to act as hydrogen bond acceptors
would influence the supramolecular structure ottiea mixture (solution structure), hence the
outcome of sialylation. These glycosyl donors wexamined in the model glycosylation of the
primary hydroxyl group of 1,2:3,4-dd-isopropylidenex-D-galactopyranose in comparison with
sialyl donors withouD-TFA groups. The presence GFTFA groups in a sialyl donor strongly
affected the outcome of sialylation. Several sialghors studied showed promising results:
yields of disaccharides can be as high as 86% rmb&dhe stereoselectivities/ up to 15:1).
The results obtained suggest that varying &ylrotecting groups in sialyl donor may result in
dramatic changes in the outcome of sialylationaaitfin further studies are required to dissect the
influence of intermolecular hydrogen bonding anttamolecular substituent effects related to

variations of electron-withdrawing properties dffelient acyl groups.

Keywords: neuraminic acid; glycosylation; sialylatioB:trifluoroacetyl group; supramer

approach; hydrogen bonding.

1. Introduction
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Sialic acid-containing glycoconjugates are presennammalian and avian tissues, in
many bacteria, including pathogenic, and involvedai wide range of biological phenomena
ranging from cell-cell adhesion and mobility to ogenesis and recognition by viruses and
bacteria.[1-5] Sialic acid (mostN-acetylneuraminic acid (Neu5Ac)) residues are lthteother
sugars by a variety of glycosidic linkages, mogtidglly by a(2- 3) anda(2- 6) linkages to
galactose oN-acetylglucosamine, as well a2 - 8) anda(2 - 9) linkages in homopolymers of
Neu5Ac (polysialic acids).[6] The synthesis and themedical investigation of sialic acid-
containing glycoconjugates, oligosaccharides aed #inalogs is very important area of research
aiming at understanding their biological roles aledermining their therapeutic relevance. For
this reason, tremendous efforts have been madedier ®0 develop efficient methods for the
synthesis of sialo-oligosaccharides (see the remmnews[7-19] and selected references not
covered by the reviews[20-37]).

Sialic acids are attached to other carbohydratesnbgns of a glycosylation reaction
called sialylation. Although various approaches stereoselectiven-sialylation have been
suggested and substantial progress in the syntbésislo-oligosaccharides has recently been
achieved, reliable introduction of sialic acid cess into oligosaccharides remains quite a
difficult problem and poor predictability and repdraibility of yield and stereoselectivity are
still typical[38, 39] of the sialylation reactiotseemingly minor changes in the structure of
reactants or in reaction conditions can dramatidgafluence the yield and stereoselectivity. The
reason of this high sensitivity of sialylation ocorge to protecting group pattern of sialyl donor is
currently unknown although various hypotheses Hasen advanced, and several attempts to
rationalize the sialylation outcome were undertakethe last years.[8, 16, 18, 34, 35, 38-47]

Outcome of sialylation, like outcome of other glggation reactions, may depend on the
protecting group pattern in the sialyl donor. T@e and N-protecting groups are beleived to
influence the outcome of a glycosylation reactioraivariety of ways.[8, 18, 19, 43, 47] Firstly,

electron donating or withdrawing effects of theandN-protecting groups may activate (“arm”)



or deactivate (“disarm”) a glycosyl donor, respesity.[48, 49] For sialyl donors this effect is
mostly pronounced for substituents at C-5 (inclgdanotecting groups at N-5)[8, 50, 51] and for
protecting groups at O-4 and O-7[43, 47, 50] that lacated close to the anomeric center, a
notable example[18, 52] being the use oD&-N-(thio)carbonyl-protected sialyl donors, the
efficiency of which is partially attrubuted[52, 53 destabilization of the sialyl cation by
electron-withdrawing oxazolidinone group thus mgkan associative pathwayn&like) more
feasible. Note that electron-withdrawing effectreimote substituents in the side chain of sialic
acids has recently been reported[54] to be sungligilarge; the consequences of this finding
have yet to emerge. Secondly, it was suggestedtmibrmations of both the side chain[55-57]
and pyranose ring[43, 44, 47] of a sialyl donord(dhe sialyl cation formed from it upon its
activation by promoter) may be influenced by proter groups thus modulating the
stereoselectivity. A special case of such influerscéhe formation of extra (un)fused ring(s)
(e.g., 40,5N-oxazolidinone) by ingeniously selecf@otecting groups that would lock the
conformation of the sialyl cation (or at least lirfiexibility of the pyranose ring and the side
chain).[11, 18] Finally, the outcome of sialylatiomay depend on intermolecular interactions
that involve protecting groups in the moleculesiafyl donor and other molecules present in the
reaction solution.[34, 35, 38, 40-42, 47]

We are developing a novel approach to glycosylatinnluding sialylation), which is
based on hypothesis that such intermolecular ictierss of reagents in solutions may lead to
supramolecular aggregation in the reaction mixtgsulting in formation of solutions with
modified structure. Indeed, recent studies[58-@Vfaled that commonly used solutions are not
homogeneous as it is usually assumed.[45] A soldépending on concentration, solvent,
temperature and the presence of other compourdsding impurities, may exist in solutions as
a variety of supramolecular species (“supramerdfernihg in size and structure, which may
have chemical properties considerably differeninfrinose of the parent molecules comprising

supramers.[38-42, 45, 62-70] The supramer apprasashshown to be useful for explanation,



prediction and discovery of a series of unexpepteehomena and allowed the development of
highly efficient and stereoselective glycosylatiogactions with sialyl donors that lead to
formation of Neu-@2 - 3)-Gal[38, 39] and Neua2 - 6)-Gal[39, 42] glycosidic linkages found
in many natural sialo-oligosaccharides of biolobarad medical significance.[38-42, 71]

This supramolecular aggregation may be causedvayiety of intermolecular forces[72]
including (but not limited to[68]) intermolecularytirogen bonding (H-bonding), which can
often be detected by various physical methods.[8846] Indeed, the idea of possibility of
intermolecular H-bonding was instrumental in depelg H-bond mediated acid-base catalyzed
Sn2-type glycosidation[73-77] with trichloroacetimiga and H-bond mediated aglycon delivery
(HAD) methodology for efficient 1,2ts-glycosylation using picolyl or picoloyl protecting
groups[78-80] (as well as other related protecgmogups[81, 82]) on glycosyl donor as H-bond
accepting moieties. An attempt to adapt the forapgroach for sialyl donors was reported to
result in highly stereoselective sialylation, aligh the standard HAD mechanism, clearly, was
not operative in that case since the nitrogen aibpyridine moiety in glycosyl donor molecule
was protonated by an excess of triflic acid under ¢onditions used.[47] Intermolecular H-
bonds involving acetamide groups of sialic acidcdess were reported to reduce the reactivity in
glycosylations between the two sialylated disaddear protection of N(5) of sialic acid as the
N,N-diacetylated derivative dramatically improved tleactivity and yield although this group
was fairly remote from the reacting anomeric ce[84r 35] Enhanced reactivity of
monosaccharidil,N-diacetylsialyl donors is known for quite some tjf{88, 84] this feature was
attributed for the absence of intermolecular H-bogdbetween the molecules of sialyl
donors.[39-41, 85]

Thus, the importance of H-bonding in modulating thiicome of glycosylation may be
considered established. Therefore, a possible apprto design of new glycosyl (including
sialyl) donors with modified properties may rely oggioselective introduction of protecting

groups that differ in their ability to participate H-bonding. In this proof-of-principle study, we



provide evidence that varying acytprotecting groups in sialyl donor and, hence, ntatthn of
intermolecular hydrogen bonding pattern in the tieacsolution, may result in dramatic changes

in the outcome of sialylation.

2. Results and discussion
2.1. Why sialyl donors with different patterns of potecting groups may lead to divergent
sialylation outcome?

The aim of our work is to determine how acyl O-paiing groups with different ability
to form H-bonds can influence the reactivity ofldi@onor and stereoselectivity of sialylation.
For practical reasons a substituent at N-5 needsetghosen and kept identical in all sialyl
donors to be compared. For biological studies, hmdkurally occurringN-acetyl- andN-
glycolyl-substituted sialo-oligosaccharides arewoftequired. Therefore, the use of sialyl donors
with a suitable temporary protection at N-&g(, trifluoroacetyl (TFA) group) is usually
considered reasonable.[71] It is worthy of notd thacetyl group at N-5 of sialic acid residue
can be replaced with various functionalities aflempletion of oligosaccharide assembly by N-
nitrosation and subsequent oxidative deaminatiorthef N-nitrosoN-acetylsialyl glycosides
formed.[54, 86] Furthermoréy-TFA at C-5 of sialic acid monosaccharide blocksia$ only a
convenient protecting group. Considerable influeatéhe nature oN-protecting group in the
sialyl donor on the outcome of glycosylation hasrbdemonstrated,[8, 17-19] and a number of
syntheses of naturally occurring sialyl derivativeas efficiently performed usingN-TFA
protected sialyl donors[71, 87-91] Thus, for ak thialyl donors studied hend; TFA protecting
group was used.

One can envision a number of possible aggregatdtenms in solutions of sialyl donors
due to differences in H-bond donor and acceptoength of various protecting groups.
Trifluoroacetamide proton is the sole strong H-batwhor and may interact with carbonyl

groups of methoxycarbonyl group (C-1 carbon ofisiatid) and acyl protecting groups. Among



many acyl groups, TFA derivatives represent a gpeaise. Carbonyl oxygens Of andN-TFA
groups are rather poor H-bond acceptors in compangith carbonyl oxygens of Ac, Bz or
CO:Me groups.[92-95] For this reason, the possibiityheir participation in H-bonding can be
disregarded (at least in the first approximatidior this reasonQ-TFA derivatives would form
less dense aggregates (loose supramers) in solthiam for exampleO-Ac and O-Bz
derivatives, which are expected to form more tgppiramers (Fig. 1).[45] The exact position of
TFA groups would modulate the fine structure of shpramers formed in the solution of a sialyl
donor and hence its reactivity (which is direciiyked to the looseness of the supramolecular
cluster determined by its fractal dimension[45]) a®lectivity (which depends on accessibility
of different faces of anomeric center in the reagtspecies). Eventually this would lead to a

change in sialylation outcome.

2.2. Synthesis of sialyl donors

The first task was to synthesize a series of sidbyors containingd-TFA groups at
various positions. Different reactivity and steaecailability of hydroxy groups in sialic acid
derivatives allow access to a wide range of pdytidéprotected derivatives by almost routine
manipulation with protecting groups.[96-98] Sialfliosialosides selectively substituted at
oxygen atoms with various acyl, benzylidene, andzikeprotecting groups were synthesized
(Schemes 1-2) in a divergent manner from the neaditessible[99] tetradl. Quite a simple
arsenal of methods used has led to a wide rangmmpounds. In some cases, the reaction
conditions leading to a mixture of two products evémtentionally chosen, and both products
were then used for the synthesis of glycosyl dandhais, tetraoll was converted into fully
acylated derivative® and 3 (Scheme 1) by chloroacetylation with chloroacetithyaride
(CA0) and 2,4,6-collidine in MeCN and benzoylationhw&zClI in pyridine, respectively. In
the benzoylation reaction, produttcontaining free OH-group at C-7 was also obtaiakxhg

with perbenzoat8. Alternatively, tetraoll was converted to 8,@-isopropylidene derivative,



which was then selectively acylated at O-4 to giegivatives6, 7 and 8 with acetyl (Ac),
benzoyl (Bz) or chloroacetyl (CA) groups, respeslv Isopropylidene group was then removed
to form 7,8,9-triols9—11 Reaction of tetracl with PhCH(OMe}) catalyzed by CSA was non-
regioselective and gave a mixture of stereoison®&B€-benzylidene derivatives2 along with
7,9-0-benzylidene acetal4. A mixture of epimeric 8,%-benzylidene acetald2 without
separation of stereoisomers was chloroacetylatedO-@ and the reductive opening of
benzylidene group by BHNMes—AICl; in moist[100] THF was performed to give®benzyl
derivativel5. Regioisomeric 7,9-benzylidene derivativé4 was converted to 4,8-b3-acetyl
and 4,8-bigo-chloroacetyl derivativesl6 and 17. 4-O-Chloroacetyl derivativel8 with
unprotected hydroxyl group at C-8 was also syn#eekiby chloroacetylation of didl4 with
limited amount of CAO. Thus, fully protected sialyl donog& 3, 16, and 17 without O-TFA
groups were prepared along with a number of sekdgtideprotected sialyl derivatives
containing free OH groups at various positions ydad subsequer®D-trifluoroacetylation.

It is important to note thaD-TFA groups should be introduced at the last stagthe
synthesis and aqueous work-up should be minimiaed, especially chromatography on silica
gel is best to be avoided due to reported[101]itglmf O-TFA groups. For this reason, in most
casesO-trifluoroacetylation was effected by trifluoroaeinhydride (TFAO) in the presence
of sodium trifluoroacetate (NaOTFA) as a base[®2] that was then removed from the reaction
mixture by filtration. This method was used for {hreparation of sialyl thioglycosidd®, 20,

21, 22, 23 and 24 containing O-TFA groups. However, treatment of more acid-labile
benzylidene derivatived4 and 18 with TFA,O and NaOTFA gave mixtures of products
apparently due to the cleavage of benzylidene grdtp targefO-TFA derivatives25 and26
containing benzylidene group were cleanly obtaibgdacylation with TFAO in presence of

pyridine[103] followed by aqueous work-up.



2.3. Sialylation of 1,2:3,4-diO-isopropylidene-a-D-galactopyranose with partially O-

trifluoroacetylated sialyl donors

The obtained sialyl donors wit®-TFA-protecting groups were examined in the model
glycosylation reaction with equimolar amotintof 1,2:3,4-diO-isopropylidenes-D-
galactopyranose2{)[104] in comparison with reference sialyl donorghaut O-TFA groups.
Glycosylation reactions were performed at 0.08 &bncentratioh of glycosyl donor and
glycosyl acceptor in MeCN at —£C in the presence of 3A molecular sieves (MS 3&nmwted
by N-iodosuccinimide (NIS) and catalytic triflic acidlfOH). Minimum amount of TfOH
required to initiate the reaction was taken. In ¢vent, different amounts of TfOH had to be
taken in each case to promote reaction (Table garantly due to variations in basicity of acyl
groups used.[41] In those cases wkemFA groups were initially present in the glycosignor,
the mixture of products obtained after work-up wasted with NaOMe in MeOH to cleave all
O-acyl groups and the@-acetylated with Ag0 and Py. Fully protecte@-acylated disaccharide
fraction was isolated by gel permeation chromatolgyaand analyzed b{H NMR spectroscopy
to give anomeric ratio. Individual anomers of ddaarides were then separated by silica gel
chromatography and the disaccharide yield was hgted at this stage.

SinceO-TFA is an electron-withdrawing group, a disarmeftect[48] on the reactivity of
the corresponding sialyl donors is expected. Ind€ed@FA-substituted glycosyl donors, when
examined under identical conditions (NIS-TfOH, MeCMS 3A, —40°C) with glycosyl

acceptor27, required larger amount of TfOH (all other paraengtoeing equal) and longer time

% We intentionally used equimolar amounts of glyd¢amnor and glycosyl acceptor since this experimletiesign
allows an easy monitoring the reaction course amcect estimation of relative reactivity of siajdnors. The use
of excess of a sialyl donor is quite a common fizacin such cases, higher yields of glycosylapooducts are
usually obtained in line with general consensusticompeting elimination from a sialyl donothe main reason
for diminished yields in sialylation.

® This concentration is usually considered as “regjudnd most reported glycosylations were performetthis
concentration (see [68] and references cited therei

* For a discussion on the influence of concentratiomlycosylation outcome, which may be dramatjcige and
unexpectedly complex, see [38], [67], [68].



for reaction completion in comparison with the refeeeO-TFA-free sialyl donors (Table 1).
The yields of disaccharide in glycosylation reaasiovithO-TFA-protected sialyl donors were in
many cases compromised in comparison with the ewéer glycosyl donors. Fully
trifluoacetylated thioglycosidd9 (Table 1, entry 6) gave 38%f a-linked disaccharide8
while tetraO-chloroacetyl and tetr@®-benzoyl derivative® and3 gave 86% and 61%-linked
disaccharide82 and29, respectively (Table 1, entries 1 and 2). The ez in the yield of the
products of sialylation cannot be attributed to teported relatively low stability o®-TFA
groups[101] since the use OfTFA groups for protection of hydroxyls in glycosydnors based
on mannopyranose,[103] arabinofuranose[66] or fyapse[105] did not reveal any
substantial decrease in the yields of glycosylapimducts.

At the same time, it is necessary to note thaptiesence oO-TFA groups in sialyl donor
increases the relative amountoefsomer in the disaccharide fraction in comparigotn almost
all corresponding non-trifluoroacetylated sialylndos with similar pattern of protecting groups
(this is true even for sialyl donors containi@gchloroacetyl (CA) groups that are known[106] to
increasan/f3 ratio; see below).

The presence dD-Bz groups in aN-acetylN-benzoyl-protected sialyl donor has recently
been reported to drastically deteriorate the outcosialylation in CHCI,, B-sialosides being
the major products.[50] It should be noted t@abenzoyl-protectedN-acetylsialyl xanthate has
earlier been used as the glycosyl donor in nigdlrents[107, 108] to give moderate yieldsiof
linked sialosides. For this reason, a series afagyl donors containin@-Bz protecting groups
was compared in this study (Table 1, entries 21®, Fully O-benzoylated thioglycosidd
(Table 1, entry 2) withouD-TFA groups showed the shortest conversion timeng8Q and 61%
isolated yield ofa-linked disaccharide, but low stereoselectivity = 4.6:1). Addition of one

O-TFA-group at O-7 (compoung3, Table 1, entry 10) did not influence stereosaldygt but

® Only traces of glycal, usually formed by competaignination from a sialyl donor, were formed ifistheaction
suggesting alternative pathways of decompositiatefialyl donor.



decreased the product yield. Glycosyl dogarwith threeO-TFA groups in the side chain and
O-Bz group at O-4 (Table 1, entry 9) showed the ktweactivity in the series and somewhat
higher a/p ratio in comparison with those achieved with @ebenzoylated derivativ8. This
results suggest that the nature of substituent4tigOof vital importance for stereoselectivity of
sialylation in accordance with earlier reported[43] results.

For this reason, the influence of acyl group at @4he sialylation outcome with glycosyl
donors containing thre®-TFA groups in the side chain was then studied @abentries 6-9).
Fully trifluoroacetylated thioglycosidd9 (Table 1, entry 6) slowly reacted with glycosyl
acceptor27 to give disaccharid28 with good stereoselectivity( = 9.8:1), albeit in low yield
(38%). Acetyl and benzoyl groups at O-20(and 22, Table 1, entries 7 and 9, respectively)
somewhat increased the yield but compromiseditfeatio as expected.[43] Chloroacetyl (CA)
group is known to increase the reactivity of siatidnors anda/f ratio of glycosylation
products.[106] Indeed, the presence of only onerolketyl group group at O-4 in otherwise
trifluoroacetylated sialyl dond21 (entry 8 in the Table 1) strongly increased boih rteactivity
and stereoselectivity(p = 15.5:1)°

The outcome of sialylation with sialyl donors caniag 7,90-benzylidene group and
various acyl groups at O-4 and O-8 were then coatpaglycosyl donof.6 with acetyl groups
at O-4 and O-8 showed high reactivity but pooresiselectivity ¢/3 = 2.1:1, Table 1, entry 3).
The presence of tw@®-TFA or O-CA groups at O-4 and O-8T and 25, respectively) and
especially their combinatior2§) increased stereoselectivity of sialylation (Tabjentries 4, 12,
13).

Summarizing the data concerni@gTFA andO-CA-substituted sialyl donors, one can see

that the highesti-stereoselectivities of glycosylation were showngbycosyl donors containing

® As one of the Reviewers suggested, CA group atnidgt be a compromise between Ac and TFA groupih (w
respect to the electron-withdrawing propertiesyyauld destabilize the sialyl cation moderateladling to more
S\2-like character of the reaction pathway, hendeigbera-selectivity) without overly reducing reactivityga
observed with TFA group).
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both O-CA andO-TFA groups in the molecule. Glycosyl don@% and26 (Table 1, entries 8
and 13) containingd-TFA andO-CA groups showed higher/3 ratios than the corresponding
thioglycoside<2, 19, and17, 25 with only O-CA or O-TFA groups (Table 1, entries 1, 6 and 4,
12, respectively). Another sialyl dond4 (Table 1, entry 11) with CA group at O-4, TFA greup
at O-7 and O-8 and benzyl group at O-9 has alsevishgery high stereoselectivityal =
12.4:1) in glycosylation reaction. It is importdaatnote that the sialylation outcome in cas@4f
is very similar to that o1 (Table 1, entry 8) so one can conclude that switisin at O-9 does
not influence the sialylation stereoselectivityrsfgantly presumably due to low ability of both

O-benzyl andO-TFA group to participate in H-bonding.

3. Conclusions

Several sialyl donors studied showed promising ltesyields ofa-linked disaccharides
can be as high as 86% as can be the stereosdlesti@/3 up to 15:1, Table 1). The results
obtained suggest that varying a€Hprotecting groups in sialyl donor may result iramatic
changes in the outcome of sialylation althoughhierrtstudies are clearly required to dissect the
influence of intermolecular hydrogen bonding anttamolecular substituent effects related to
variations of electron-withdrawing properties offelient acyl protecting groups. The presence
of O-TFA groups in a sialyl donor strongly affected th@come of sialylation. The found high
stereoselectivity of sever@-TFA-substituted sialyl donors and synergetic dffefdO-TFA and
O-CA protecting groups in sialic acid thioglycosideisould be considered when developing

oligosaccharide assembling strategies.

4. Experimental

4.1. General methods
The reactions were performed with the use of comiakreagents. Solvents for reactions

were distilled and purified before the use accaydia the standard procedures. MeCN for
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glycosylation reactions was distilled over(2 and then over CaHand stored over molecular
sieves (MS) 3A. Powdered MS 4A (Fluka) were actidabefore the reactions by heating at
~220 °C in high vacuum for 6 h. Column chromatogsawas performed on silica gel 60 (40-63
um, Merck). Gel permeation chromatography was peréadl in toluene on a column (400x20
mm) packed with Bio Beads S-X3 gel (200-400 mesb;Rad) using a differential refractive
index detector (Knauer). TLC was carried out onc8ilGel 60 ks, plates (Merck), spots were
visualized under UV light and by heating plategmafinmersion in a 1:10 (v/v) mixture of 85%
aqueous kPO, and 95% EtOHH, °C and™®F NMR spectra of solutions in CD£IDMSO-ds

or acetonads were recorded on a Bruker AVANCE-600 instrumentoara Bruker AM-300
instrument. ThéH chemical shifts are given relative to the sigsfahe residual CHGI( 7.27),
DMSO-ds (5 2.50) or acetonals (5 2.05), the™C chemical shifts were measured relative to the
signal of CDC} (5 77.0), DMSOeds (5 39.51) or acetonals (529.92). The'*F chemical shifts
are given relative to the external signal of GH®@I0.0). Assignments of the signals in the NMR
spectra were performed using 2D-spectroscopy (COB3QC, HMBC) and DEPT-135
experiments’H and *C NMR data for compound-26 are listed in Tables 2—4 (main chain
carbons and protons) and data for all signalsengkperimental. The copies of NMR spectra of
previously unknown compounds can be found in th@p&mentary data section. High
resolution mass spectra (electrospray ionizati@l) &vere were measured in a positive mode on
a Bruker micrOTOF Il mass spectrometer for 2 °1 solutions in MeCN. Optical rotations
were measured using a PU-07 automatic digital po&ter (Russia) or a JASCO P-2000

automatic digital polarimeter (Japan).

4.2. Methyl (phenyl 3,5-dideoxy-2-thio-4,7,8,9-tefr-O-chloroacetyl-5-trifluoroacetamido-D-
glycero-f-D-galacto-nonulopyranosid)onate (2)
Tetraol1:MeOH (6.57 g, 13.1 mmol) was co-concentrated withQN (2x50 mL), the residue

was driedin vacuo, dissolved in anhydrous MeCN (100 mL), 2,4,6-ciaie (17.3 mL, 131

12



mmol) was added, the mixture was cooled ttCQ(ice—water bath), and chloroacetic anhydride
(13.5 g, 79 mmol) was added. The reaction mixtuas stirred at OC for 30 min, then allowed
to warm to ~20°C and stirred for 4 h. ¥ (5 mL) was added, the mixture was concentrated
under reduced pressure, the residue was distrithéegeen toluene (150 mL) and® (250
mL), organic layer was separated, the aqueous lagerextracted with toluene (3x30 mL), and
the combined extracts were washed with saturateécasg KHSQ (200 mL). At this stage,
EtOAc (50 mL) was added to the separating funngdrewvent precipitation of the product from
toluene. The organic layer was further washed Wwitd (2x400 mL) and saturated aqueous
NaHCQ; (100 mL), and water (100 mL), additional extrantowith toluene—EtOAc mixture
(3:1, 2x30 mL) were performed from each aqueousrlayhe combined organic extract was
filtered through the mixture of powdered anhydrdigsSO, and silica gel (~1:1 v/v, ~15 mm
layer), solids were washed with toluene—EtOAc mmt(8:1, 50 mL), the combined filtrate was
concentrated under reduced pressure, and drigdcuo. The residue was dissolved in &,

(50 mL), then BEO (150 mL) was slowly added followed by light pééuam (150 mL). The
precipitate formed was filtered off and washed vithO—light petroleum mixture (1:3, 20 mL)

to give2 (colorless crystalls, 8.877 g, 87%).

[a]p?* -108.3 ¢ 1.0, CHC}). HR ESI MS: foundm/z 791.0208 [M + NH]*. Calcd for
CaeHaoClaFaN201,S: 791.0220'H NMR (600 MHz, CDCY, 8, ppm,J, Hz): 2.22 (dd, 1H, H-3a,
Js0.3613.9,J324 11.0), 2.82 (dd, 1H, H-33¢.3213.9,J3¢.4 4.8), 3.67 (s, 3H, OMe), 3.93 (d, 1H,
CHCI, J 14.7), 3.97 (d, 1H, CHCI) 14.7), 4.04 (d, 1H, CHCl 15.0), 4.08 (d, 1H, CHCD
15.0), 4.08 (d, 1H, CHCl 15.6), 4.13 (d, 1H, CHCl 15.6), 4.13 (d, 1H, CHCl 14.4), 4.16
(d, 1H, CHCI,J 14.4), 4.18 (dd, 1H, H-9dga 6512.6,J02,58.4), 4.23 (ddd, 1H, H-T5 4 11.0,56
10.7,Jsn1 10.3), 4.61 (dd, 1H, H-9gp,0212.6,Jop5 1.5), 4.93 (dd, 1H, H-6lg5 10.7,Js7 1.9),
5.09 (ddd, 1H, H-8J5028.4,J57 2.2, Jsep 1.5), 5.52 (dd, 1H, H-7}75 2.2, J76 1.9), 5.66 (ddd,
1H, H-4,343411.0,J45 11.0,d4 364.8), 7.19 (d, 1H, NHJuy 5 10.3), 7.37-7.40 (m, 2H, Ph), 7.42-

7.45 (m, 3H, Ph)**C NMR (151 MHz, CDGJ, 5, ppm,J, Hz): 37.2 (C-3), 40.3, 40.4 (2C), 40.7
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(CH.CI), 49.9 (C-5), 53.0 (OMe), 63.3 (C-9), 70.2, 70334, C-7), 71.7 (C-6), 74.1 (C-8), 88.5
(C-2), 115.3 (g, COCF Jc £ 287.7), 127.9, 129.4, 130.4, 136.2 (Ph), 158.C@CF, Jc r 38.7),
166.4, 166.9, 167.6 (2C) (COGEl), 167.9 (COOMe)*F NMR (282 MHz, CDG, 8, ppm):

-76.62.

4.3. Methyl (phenyl 3,5-dideoxy-2-thio-4,7,8,9-te&r-O-benzoyl-5-trifluoroacetamido-D-
glycero-f-D-galacto-nonulopyranosid)onate (3) and methyl (phenyl 3,54ideoxy-2-thio-
4,8,9-tri-O-benzoyl-5-trifluoroacetamido-D-glycer o-f#-D-galacto-nonulopyranosid)onate (4)
Tetraol1-MeOH (200 mg, 0.398 mmol) was coconcentrated wit#CM, the residue was dried
in vacuo, dissolved in pyridine (4 mL), cooled to°0C (ice—water bath), and benzoyl chloride
(285 L, 2.45 mmol) was added. The reaction mixture wased for 1.5 h, then MeOH (500
pL) was added dropwise. The mixture was stirred3f@min, then concentrated under reduced
pressure and co-concentrated with toluene (2 mhg fesidue was dissolved in &, (~30
mL), washed with water (40 mL), 1 M KHQ®30 mL), and saturated aqueous NaHG8D
mL). An additional extraction (2x10 mL) was perfad from each aqueous layer. The
combined organic extract was filtered through agotteool plug, concentrated under reduced
pressure, and drieid vacuo. The residue was dissolved in the mixture of beazd0 mL) and
CH.CI; (2 mL), the solution was applied onto a columnhvgilica gel (column volume 45 mL,
eluent benzene- 20% EtOAc in benzene). The fractions eluted weslected to give3

(colorless foam, 112.8 mg, 32%) at(colorless foam, 204 mg, 68%).

4.3.1. Datafor 3

R: 0.65 (benzene—acetone 9:1]4** -50.8 € 2.0, CHC}). HR ESI MS: foundwz 908.1954 [M
+ NaJ'. Calcd for GeHssFsNNaO,S: 908.1959'H NMR (300 MHz, CDC}, 8, ppm, J, Hz):
2.36 (dd, 1H, H-3aJ)33,3¢13.6,J32411.7), 3.01 (dd, 1H, H-3E3¢3213.6,J3¢.44.8), 3.65 (s, 3H,

OMe), 4.36 (ddd, 1H, H-Ss 6 10.5,J5.4 10.3,J5 nn 9.5), 4.54 (dd, 1H, H-9da 0512.1,J0s.58.4),
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4.97 (dd, 1H, H-98J0p.0212.1,J05 5 2.6), 5.19 (dd, 1H, H-6ls 5 10.5,J: 7 2.4), 5.55 (ddd, 1H, H-
8, Js.028.4,Js.% 2.6,J572.2), 5.98 (ddd, 1H, H-4l43,11.7,J45 10.3,J43¢4.8), 6.06 (dd, 1H, H-
7,3762.4,3;82.2), 7.08-7.13 (m, 2H, Ph), 7.19-7.24 (m, 2H,,AL36-7.63 (m, 14H, NH, Ph),
7.87-8.10 (m, 8H, PhY3C NMR (75 MHz, CDC}, 8, ppm,J, Hz): 37.8 (C-3), 50.6 (C-5), 52.7
(OMe), 63.2 (C-9), 69.5 (C-4), 70.0 (C-7), 72.5%-73.4 (C-8), 88.9 (C-2), 115.4 (q, £Bcr
287.5), 128.2, 128.5, 128.6, 129.2, 129.6, 12%9,0, 132.9, 133.3, 133.5, 133.7, 136.1 (Ph),
157.6 (g, COCE Jc - 38.0), 165.3, 165.8, 166.3, 166.7 (COPh), 168QQ®!e).**F NMR (282

MHz, CDCk, 3, ppm): —76.18.

4.3.2. Data for 4

Rf 0.45 (benzene—acetone 8:i)4** -124.8 ¢ 1.0, CHC}). HR ESI MS: foundn/z 804.1699
[M + Na]". Calcd for GgHssFsNNaOL,S: 804.1697*H NMR (300 MHz, CDCY, 8, ppm,J, Hz):
2.41 (dd, 1H, H-3a)34,3¢13.6,J32.4 11.6), 2.93 (dd, 1H, H-363¢,3413.6,J3044.8), 3.52 (s, 3H,
OMe), 3.93 (d, 1H, OH-7Jon 7 7.0), 4.18 (ddd, 1H, H-Ty 04 7.0,J78 4.8,J76 1.5), 4.43 (ddd,
1H, H-5,J56 10.3,J5.4 10.3,J5n 8.4), 4.67 (dd, 1H, H-9&pa0p12.1,J0486.6), 4.71 (dd, 1H, H-
6, Js5 10.3,Js7 1.5), 4.95 (dd, 1H, H-9hlop 94 12.1,Jop6 2.2), 5.44 (ddd, 1H, H-8lg 0, 6.6,Js7
4.8,Jg 9 2.2), 5.93 (ddd, 1H, H-43,11.6,J45 10.3,J43¢4.8), 7.09-7.22 (m, 3H, Ph), 7.34-7.63
(m, 12H, NH, Ph), 7.91-8.06 (m, 6H, PAJC NMR (75 MHz, CDC}4, §, ppm,J, Hz): 37.7 (C-
3), 52.2 (C-5), 52.7 (OMe), 63.2 (C-9), 68.9, 6614, C-7), 73.2, 73.4 (C-6, C-8), 89.3 (C-2),
115.4 (q, CE, Jcr 287.5), 128.3, 128.4, 128.7, 129.1, 129.5, 12828,9, 132.9, 133.2, 134.0,
135.7 (Ph), 159.1 (g, COGRcr 38.2), 165.9, 166.1, 167.4 (COPh), 168.1 (COONME)NMR

(282 MHz, CDC}, 5, ppm): —75.78.

4.4. Methyl (phenyl 3,5-dideoxy-2-thio-8,99-isopropylidene-5-trifluoroacetamido-D-

glycero-f-D-galacto-nonulopyranosid)onate (5)
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To the solution of tetraol-MeOH (1.0 g, 1.99 mmol) in anhydrous MeCN (20 mL}2-2
dimethoxypropane (0.46 mL, 3.74 mmol) was addebbviaed by (1I5-(+)-10-camphorsulfonic
acid (CSA) (36 mg, 0.154 mmol). The reaction migtwas stirred for 30 min, then NED.25
mL) was added. The reaction mixture was concemtrededryness under reduced pressure, the
residue was dissolved in GEl, (50 mL), washed with brine (100 mL), additionakrextions
with CH,CI, were performed from the aqueous layer (2x20 mhge Tombined organic extract
was filtered through cotton wool plug, concentrate@der reduced pressure, and diredacuo.
The residue was purified by silica gel chromatogyafeluent 25% acetone in toluene) to dgbve
(colorless foam, 850 mg, 84%).

R 0.35 (toluene—acetone 2:1y]pH>° -142.5 ¢ 2.0, CHCh). HR ESI MS: foundnwz 532.1220

[M + Na]*. Calcd for GiHo6FsNNaQsS: 532.1229'H NMR (300 MHz, CDC}, 8, ppm,J, Hz):
1.38 (s, 3H, Me), 1.40 (s, 3H, Me), 2.11 (dd, 1H3#]Jsa3613.6,J32411.7), 2.79 (dd, 1H, H-3e,
Jae.3a13.6,J30.44.4), 3.48 (ddd, 1H, H-T7 04 8.8,J75 8.0,J76 1.5), 3.51 (s, 3H, OMe), 3.80 (d,
1H, OH-4,Jo4.4 6.6), 3.91 (d, 1H, OH-Tox 7 8.8), 3.98 (d, 2H, H-9a, H-9Bg 5 5.9), 3.99 (ddd,
1H, H-5,J56 10.3,J54 10.0,J5.n1 9.0), 4.13 (dt, 1H, H-8J56 5.9, J5.7 8.0), 4.30 (dddd, 1H, H-4,
Ji3211.7,345 10.0,ds01 6.6, Ja 3¢ 4.4), 4.53 (dd, 1H, H-6Js 5 10.3,J6.7 1.5), 7.26-7.39 (m, 4H,
NH, Ph), 7.52-7.54 (m, 2H, PR’C NMR (75 MHz, CDCJ, 5, ppm,J, Hz): 25.4, 26.4 (Me),
40.9 (C-3), 52.6 (OMe), 53.7 (C-5), 66.3 (C-4),B{C-9), 70.7 (C-7), 71.5 (C-6), 74.2 (C-8),
90.0 (C-2), 109.2 (CM#, 115.7 (q, CE Jcr 287.0), 128.7, 129.3, 129.7, 136.1 (Ph), 158.8 (q,

COCF;, Jc £ 37.6), 168.9 (COOMe}°F NMR (282 MHz, CDG, §, ppm): —76.22.

4.5. Methyl (phenyl 3,5-dideoxy-2-thio-40-acetyl-8,9O-isopropylidene-5-
trifluoroacetamido-D- glycer o-#-D-galacto-nonulopyranosid)onate (6)
Isopropylidene derivatived (200 mg, 0.393 mmol) was dissolved in anhydrous@#l and

2,4,6-collidine (208uL, 1.57 mmol) was added followed by Az (75 uL, 1.57 mmol). The

reaction mixture was stirred for 1h at ~20, then another portion of A0 (75uL, 1.57 mmol)
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was added, and the reaction mixture was kept férh1The reaction mixture was diluted with
CH.CI, (50 mL), washed with water (75 mL), 1 M KH$(0 mL), and saturated aqueous
NaHCG; (50 mL). An additional extraction with GBI, (10 mL) was performed from each
aqueous layer. The combined organic extract wderdd through cotton wool plug and
concentrated under reduced pressure. The residaepurdfied by silica gel chromatography
(column volume 70 mL, eluent benzene 10% acetone in benzene) to giwvé¢colorless foam,

209.8 mg, 97%).

R 0.39 (benzene—EtOAc 4.2:08)](* -162.1 ¢ 2.0, CHC}). HR ESI MS: foundnwz 574.1326
[M + NaJ*. Calcd for GaHogFsNNaQyS: 574.1329'H NMR (300 MHz, CDC}, 8, ppm,J, Hz):
1.42 (s, 3H, Me), 1.43 (s, 3H, Me), 2.10 (s, 3H,MK), 2.24 (dd, 1H, H-3a)33,3¢ 13.9, J3a 4
12.1), 2.83 (dd, 1H, H-3&3¢,3213.9,J3¢.45.1), 3.32 (d, 1H, OHJon 7 8.1), 3.46 (s, 3H, OMe),
3.53 (td, 1H, H-7J7.0n 8.1,J75 8.1,J76 1.5), 3.93 (dd, 1H, H-9aga 05 8.8, Jeas 6.6), 4.04 (dd,
1H, H-9b,Je,928.8,Jop,55.1), 4.14 (ddd, 1H, H-8g78.1,J5646.6,Js.9 5.1), 4.24 (ddd, 1H, H-5,
Js.611.0,J5.4 10.3,J5,n1 8.8), 4.55 (dd, 1H, H-6l5 11.0,J67 1.5), 5.63 (ddd, 1H, H-4,3,12.1,
Jus 10.3,J43¢ 5.1), 7.28-7.42 (m, 4H, NH, Ph), 7.54-7.57 (m, 2). **C NMR (75 MHz,
CDCls, 8, ppm,J, Hz): 20.7 (COMe), 25.4, 26.7 (Me), 37.8 (C-3), 5(C55), 52.4 (OMe), 66.8
(C-9), 68.3 (C-4), 70.1 (C-7), 71.9 (C-6), 74.38§;-89.6 (C-2), 109.1 (CMg 115.5 (q, CK
JoF 287.5), 128.7, 129.0, 129.8, 136.3 (Ph), 158.50QCH, Jc r 38.0), 167.8, 171.8 (COMe,

COOMe). NMR™F (282 MHz, CDJ, §, ppm): —76.63.

4.6. Methyl (phenyl 3,5-dideoxy-2-thio-49-benzoyl-8,90-isopropylidene-5-
trifluoroacetamido-D- glycer o-#-D-galacto-nonulopyranosid)onate (7)

Isopropylidene derivativé (165.3 mg, 0.324 mmol) was dissolved in anhydrogrsdme (3.0
mL), cooled to O C (ice-water bath), and benzoyl chloride (89 0.335 mmol) was added. The
reaction mixture was stirred for 30 min at C, then another portion of benzoyl chloride (24

0.206 mmol) was added. The mixture was stirre@fbrh at C until complete consumption of
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the starting material was detected by TLC. MeOHD({b) was added dropwise and the mixture
was stirred for 30 min, then concentrated undeuced pressure and co-concentrated with
toluene (2 mL). The residue was dissolved in,Chl (~40 mL), washed with water, 1 M
KHSO,, and saturated aqueous NaHG80 mL each). An additional extraction (2x10 mLasw
performed from each aqueous layer. The combinednicgextract was filtered through cotton
wool plug, concentrated under reduced pressuregdaedin vacuo. The residue was purified by
silica gel chromatography (column volume 50 mL eelubenzene- 20% acetone in benzene)
to give7 (colorless foam, 171.0 mg, 86%).

R: 0.44 (benzene—EtOAc 4.2:08)]p?° -141.0 ¢ 2.0, CHC}). HR ESI MS: foundwz 636.1481
[M + Na]*. Calcd for GgHagFsNNaQyS: 636.1486'H NMR (300 MHz, CDC}, 8, ppm,J, Hz):
1.41 (s, 3H, Me), 1.42 (s, 3H, Me), 2.39 (dd, 1H3#]Jsa 3613.9,J32411.7), 2.99 (dd, 1H, H-3e,
Jae.3a13.9,J36.45.1), 3.39 (d, 1H, OHlon 7 8.1), 3.48 (s, 3H, OMe), 3.57 (ddd ~td, 1H, H} /on
8.1,J758.1,J;6 1.5), 3.97 (dd, 1H, H-9aga 98.8,Joa 5 6.6), 4.04 (dd, 1H, H-9Klgp 628.8,Jop s
5.1), 4.15 (ddd, 1H, H-8ls7 8.1,J502 6.6, Js.0 5.1), 4.38 (td, 1H, H-5J5 6 10.3,J54 10.3, 5.1
8.8), 4.62 (dd, 1H, H-6Js5 10.3,Js7 1.5), 5.84 (ddd, 1H, H-4ls32 11.7,ds5 10.3,Js 3¢ 5.1),
7.28-7.33 (m, 3H, Ph), 7.37-7.46 (m, 3H, Ph, NH3577.62 (m, 3H, Ph), 7.98-8.00 (m, 2H, Ph).
3C NMR (75 MHz, CDC}, 8, ppm,J, Hz): 25.4, 26.7 (Me), 38.0 (C-3), 51.8 (C-5), 5&3Me),
66.9 (C-9), 69.0 (C-4), 70.3 (C-7), 72.2 (C-6),474C-8), 89.6 (C-2), 109.1 (CME 115.5 (q,
CFs, Jor 287.0), 128.5, 128.6, 128.7, 129.0, 129.8, 13836.3 (Ph), 158.6 (g, COGFJcr

38.0), 167.2, 168.0 (COMe, COOM&JF NMR (282 MHz, CDGJ, 3, ppm): —75.82.

4.7. Methyl (phenyl 3,5-dideoxy-2-thio-4©-chloroacetyl-8,9-O-isopropylidene-5-
trifluoroacetamido-D- glycer o-#-D-galacto-nonulopyranosid)onate (8)

To the solution of isopropylidene derivativg€254.3 mg, 0.499 mmol) in anhydrous £Hp (5.0
mL) 2,4,6-collidine (145uL, 1.10 mmol) was added. The solution was cooled-30 °C

(acetone—dry ice bath), and the solution of chloetia anhydride (94 mg, 0.55 mmol) in
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anhydrous ChCl; (2.5 mL) was added dropwise while stirring. Thacteon mixture was stirred
at —30°C for 30 min, until complete consumption of thertstg material (TLC monitoring).
Saturated aqueous NaHg@ mL) was added, and the mixture was well shaked then
allowed to warm to ~20C, diluted with CHCI, (40 mL), washed with water (70 mL), 1 M
KHSO, (50 mL), and saturated aqueous NaHC& mL). An additional extraction with GBI,
(2x10 mL) was performed from each aqueous layee. ddmbined organic extract was filtered
through cotton wool plug, concentrated under redymessure, and dried vacuo. The residue
was purified by silica gel chromatography (colunoivme 50 mL, eluent 5% acetone in benzene

- 20% acetone in benzene) to g&&olorless foam, 273.4 mg, 93%).

Ri [a]p?® -141.3 ¢ 1.0, CHC}). HR ESI MS: foundm/z 608.0939 [M + Na]. Calcd for
Co3H27CIFsNNaG;S: 608.0939'H NMR (300 MHz, CDC}, §, ppm,J, Hz): 1.41 (s, 3H, Me),
1.42 (s, 3H, Me), 2.27 (dd, 1H, H-3%a3¢13.9,J34411.7), 2.89 (dd, 1H, H-363¢.3213.9,J3¢ 4
5.1), 3.28 (d, 1H, OHJon - 8.8), 3.46 (s, 3H, OMe), 3.51 (ddd, 1H, H¥7 o1 8.8,J7,8 8.1,J76
1.5), 3.98 (dd, 1H, H-9aly, 0»8.8, J0a86.6), 4.02 (dd, 1H, H-9Klg, 928.8,Jop g 5.1), 4.09 (s, 2H,
CH.CI), 4.12 (ddd, 1H, H-8J)s7 8.1, Js.0a 6.6, Jg.0p 5.1), 4.31 (ddd ~td, 1H, H-F56 10.3,J54
10.3,Js5n4 9.5), 4.58 (dd, 1H, H-6)s5 10.3,Js7 1.5), 5.65 (ddd, 1H, H-4l33,11.7,J45 10.3,
Jsze5.1), 7.03 (d, 1H, NHJuhs 9.5), 7.28-7.43 (m, 3H, Ph), 7.54-7.56 (m, 2H,.Pf{¢ NMR
(75 MHz, CDC#4, 8, ppm,J, Hz): 25.4, 26.7 (Me), 37.6 (C-3), 40.4 (gl), 51.0 (C-5), 52.5
(OMe), 66.9 (C-9), 70.3 (C-7), 70.4 (C-4), 71.8 -74.2 (C-8), 89.4 (C-2), 109.3 (CMe
115.5 (q, CE, Jcr 287.0), 128.7, 128.8, 129.9, 136.3 (Ph), 158.4C@QCHK, Jcr 38.0), 167.7,

168.0 (COCHCI, COOMe). NMR'F (282 MHz, CD{, 8, ppm): —76.56.

4.8. General procedure for removal of isopropylidea group

To the solution of isopropylidene derivatige 7 or 8 in CH,Cl, (4.5 mL per 0.1 mmol), 90%

aqueous TFA (0.45 mL per 0.1 mmol, freshly prepavess added at OC (ice—water bath). The
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reaction mixture was stirred at’C@ for 30 min. Spots with large;Ralues were usually detected
on TLC (apparently, they correspond to the prodattS-trifluoroacetylation). The mixture was
allowed to warm to ~20C, and co-concentrated with toluene (2 mL per Omiofh The residue
was applied onto a column with silica gel and tbkimn was kept for ~15 min without elution
(to degrade undesirable O-TFA products), and tHate@& with CHCIl, - 60% acetone in

CH,ClI, to give the desired triol (74% f& 86% for10, 95% for11l).

4.8.1. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-acetyl-5-trifluoroacetamido-D-glycero-4-
D-galacto-nonulopyranosid)onate (9)

R 0.30 (CHC}-acetone 1:1)0]p?® -141.5 ¢ 1.0, CHC}). HR ESI MS: foundwz 534.1011 [M
+ NaJ'". Calcd for GoH24FsNNaQyS: 534.1016H NMR (300 MHz, acetones, 8, ppm,J, Hz):
2.00 (s, 3H, COMe), 2.13 (dd, 1H, H-3Ba3613.6,J324 11.7), 2.77 (dd, 1H, H-3ge 3413.6,
Jse44.8), 3.44-3.46 (m, 7H, H-7, H-8, H-9a, H-9b, O} 1 (ddd, 1H, H-5)5¢ 10.6,J5,4 10.3,
Jsnn7.7), 4.88 (dd, 1H, H-6ls5 10.6,J57 1.1), 5.49 (ddd, 1H, H-4,3,11.7,J45 10.3, J3¢4.8),
7.31-7.44 (m, 3H, Ph), 7.62-7.69 (m, 2H, Ph), §&81H, NH,J\us 7.7).°C NMR (75 MHz,
acetoneds 5, ppm, J, Hz): 20.9 (COMe), 38.6 (C-3), 51.0 (C-5), 52.6 (O\e4.8 (C-9), 70.0
(C-4), 70.6 (C-8), 71.0 (C-7), 72.3 (C-6), 90.52-117.1 (g, CF Jcr 288.0), 129.7, 130.4,
130.8, 137.5 (Ph), 158.2 (g, CO$Bc r 36.5), 168.5, 170.6 (COMe, COOMéJF NMR (282

MHz, acetoneds 8, ppm): —77.15.

4.8.2. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-benzoyl-5-trifluoroacetamido-D-glycero-
[-D-galacto-nonulopyranosid)onate (10)

R 0.40 (CHCk-acetone 1:1).0f]p** —109.2 ¢ 1.0, CHC4). HR ESI MS: foundn/z 596.1173 [M
+ NaJ'. Calcd for GsHagFsNNaGyS: 596.1173. NMRH (300 MHz, DMSO#s, 8, ppm,J, Hz):
2.20 (dd, 1HH-3a, J3a3¢13.5,J324 11.4), 2.83 (dd, 1H, H-33¢3213.5,J364 4.7), 3.37 (s, 3H,

OMe), 3.40-3.72 (m, 4H, H-7, H-8, H-9a, H-9b), 4882 (m, 2H, H-5, OH), 4.55 (d, 1H, OH,
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J5.1), 4.63 (d, 1H, OHJ) 7.6), 4.83 (d, 1H, H-6Js5 10.6), 5.52 (ddd, 1H, H-4,3,11.4,)s5
10.5,J4.3¢4.7), 7.34-7.46 (m, 3H, Ph), 7.49-7.56 (m, 2H,,A$0-7.70 (m, 3H, Ph), 7.86-7.92
(m, 2H, Ph), 9.67 (d, 1H, NHnn 9.2). NMR¥C (75 MHz, DMSOdg, 8, ppm,J, Hz): 37.3 (C-
3), 49.3 (C-5), 52.1 (OMe), 63.5 (C-9), 68.6, 6@87, C-8), 70.6 (C-4), 71.2 (C-6), 89.4 (C-2),
115.8 (q, CE, Jcr 288.0), 128.7, 128.9, 129.1, 129.2, 129.47, 129183.6, 136.1 (Ph), 156.7
(g, COCR, Jcr 36.0), 165.2, 167.2 (COPh, COOMe). NMiR (282 MHz, DMSOdg, 5, ppm):

—-75.23.

4.8.3. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-chloroacetyl-5-trifluoroacetamido-D-
glycero-f-D-galacto-nonulopyranosid)onate (11)

Rf 0.53 (CHCh-acetone 1:1).0]]p*° -106.7 ¢ 0.83, CHCY). HR ESI MS: foundn/z 568.0632
[M + NaJ*. Calcd for GoH23CIFsNNaG,S: 568.0626'H NMR (600 MHz, acetones, 5, ppm,J,
Hz): 2.18 (dd, 1H, H-3a)sa3¢13.8,J30411.9), 2.83 (dd, 1H, H-33¢3213.8,J3044.8), 3.47 (s,
3H, OMe), 3.62 (ddd ~t, 1H, H-37014 9.1,J;58.6,J76 1.4), 3.66-3.83 (m, 6H, H-8, H-9a, H-9b,
OH), 4.21 (d, 1H, CHCWchci.chcl 14.8), 4.27 (d, 1H, CH'Clchciche 14.8), 4.42-4.49 (m, 1H,
H-5), 4.90 (dd, 1H, H-6Js5 10.6,Js7 1.4), 5.60 (ddd, 1H, H-4l4 32 11.9,Js5 10.3, Js 3¢ 4.8),
7.35-7.42 (m, 3H, Ph), 7.65-7.68 (m, 2H, Ph), 8(B8 s, 1H, NH).*C NMR (151 MHz,
acetoneds, 5, ppm,J, Hz): 38.4 (C-3), 41.5 (CKCI), 50.9 (C-5), 52.7 (OMe), 64.9 (C-9), 70.6
(C-7), 71.0 (C-8), 72.0 (C-4), 72.4 (C-6), 90.42-117.1 (q, CE Jcr 288.0), 129.8, 130.5,
130.7, 137.4 (Ph), 158.3 (q, NHCOLRBcr 37.0), 167.7 (COCKCI), 168.4 (COOMe)°F

NMR (282 MHz, acetonek, 8, ppm): —76.28.

4.9. Methyl (phenyl 3,5-dideoxy-2-thio-8,99-benzylidene-5-trifluoroacetamido-D-glycero-
p-D-galacto-nonulopyranosid)onate (12) and methyl (phenyl 3,8ideoxy-2-thio-7,90-

benzylidene-5-trifluoroacetamido-Dglycero-#-D-galacto-nonulopyranosid)onate (14)
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To the solution of tetraoll-MeOH (2.0 g, 3.99 mmol) in anhydrous MeCN (80 mL)
benzaldehyde dimethyl acetal (1.28 mL, 8.53 mmodsvadded followed by §-(+)-10-
camphorsulfonic acid (CSA) (78 mg, 0.335). The tieacmixture was stirred for 48 h, then
NEt; (100puL) was added. The reaction mixture was concentratetbr reduced pressure, dried
in vacuo, the residue was purified by silica gel chromaapéuy (column volume 80 mL, eluent
benzene-CkCl—acetone 50:50:4- 50:50:25), the fractions were collected to gz (white

foam, 0.7511 g, 34%) aridl (white foam, 1.4692 g, 66%).

4.9.1. Data for 12 (mixture of stereoisomers)

R 0.22 (benzene-Gi8l—acetone 1:1:0.4). HR ESI MS: founulz 580.1226 [M + Na]. Calcd
for CosHasFsNNaQsS: 580.1223H NMR (300 MHz, CROD, 8, ppm,J, Hz): 2.02 (ddd, 3H)
13.7,J 11.6,J 2.2), 2.70 (dd, 3HJ 13.7,J 4.6), 3.31 (br. s., 2H), 3.66-3.81 (m, 3H), 3.934
(m, 7H), 4.15-4.31 (m, 7H), 4.52-4.68 (m, 3H), 51 2H), 5.90 (s, 1H), 7.13-7.22 (m, 2H),
7.28-7.52 (m, 23H), 7.53-7.60 (m, 3HJC NMR (75 MHz, CROD, 5, ppm,J, Hz): 42.2, 53.2,
54.4, 67.4, 67.7, 69.3, 70.9, 71.5, 73.2, 73.5%,786.9, 91.2, 105.0, 105.8, 117.7 Jgr 287.5),
27.7, 128.0, 129.4, 130.0, 130.3, 130.6, 130.9,113137.5, 138.9, 139.8, 159.8 (,r 37.0),

170.7, 170.8'F NMR (282 MHz, CROD, 5, ppm): -76.01, —=76.07.

4.9.2. Data for 14

Ri 0.47 (benzene—-Gi8l—acetone 1:1:0.4)a]p?* -119.3 ¢ 1.0, acetone). HR ESI MS: found
m/z 580.1227 [M + Na]. Calcd for GsHasFsNNaQsS: 580.1223'H NMR (300 MHz, acetone-
de, 5, ppm,J, Hz): 2.01 (dd, 1H, H-3aka3¢13.9,330411.7), 2.73 (dd, 1H, H-3836.313.9,Jse 4
4.4),3.36 (s, 3H, OMe), 3.64 (dd, 1H, H-984 05 10.6,J02 5 10.3), 3.79 (dd, 1H, H-T759.5,J7¢
1.5), 4.06 (dddd, 1H, H-8 62 10.3,J57 9.5, J5.9 5.0, Jg on1 5.0), 4.27-4.38 (M, 4H, H-4, H-5, H-

9b, OH-8), 4.68 (d, 1H, OH-doyi4 4.4), 4.91 (dd, 1H, H-6ls 5 10.1,Js7 1.5), 5.46 (s, 1H, CH),
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7.31-7.39 (m, 6H, Ph), 7.59-7.65 (m, 4H, Ph), §631H, NH,J\. 5 8.4).°C NMR (75 MHz,
acetoneds, 8, ppm,J, Hz): 42.2 (C-3), 52.4 (OMe), 53.6 (C-5), 61.0 (G-87.3 (C-4), 70.6 (C-
6), 72.4 (C-9), 80.2 (C-7), 91.3 (C-2), 101.6 (CHI7.3 (g, CE, Jcr 288.0), 127.2, 128.6,
129.2, 129.7, 130.1, 130.4, 137.0, 139.4 (Ph),2L&8. COCE, Jc r 36.0), 168.5 (COOMe)F

NMR (282 MHz, acetonek, 5, ppm): —76.86.

4.10. Methyl (phenyl 3,5-dideoxy-2-thio-4,8-dB-acetyl-7,90-benzylidene-5-
trifluoroacetamido-D- glycer o-f-D-galacto-nonulopyranosid)onate (16)

To the solution of benzylidene derivatitd (81.1 mg, 0.145 mmol) in anhydrous pyridine (2.5
mL), Ac,O (1.48 mL) was added in one portion, and the métuas stirred for 30 min, then
DMAP (5.0 mg, 0.041 mmol) was added. The reactioxture was stirred for 40 min, then
concentrated under reduced pressure (bath tempeiAGC) and co-concentrated with toluene
(2x3 mL). The residue was purified by silica getarthatography (column volume 30 mL, eluent

benzene—acetone 100:5) to giM&(colorless foam, 80.8 mg, 86.6%).

R 0.55 (benzene—EtOAc 20:1j]p** -111.0 ¢ 2.0, CHC}). HR ESI MS: foundnz 664.1430
[M + Na]*. Calcd for GgHsoFsNNaO,S: 664.1435"H NMR (300 MHz, CDC}, 8, ppm,J, Hz):
2.03 (s, 3H, Me), 2.07 (s, 3H, Me), 2.19 (dd, 1H3#]J34 3¢13.6,J3a.412.1), 2.74 (dd, 1H, H-3e,
J36,3a13.6,J3044.8), 3.41 (s, 3H, OMe), 3.60 (dd, 1H, H-g, 0, 10.6,J0259.5), 3.90 (dd, 1H,
H-7,3,89.9,J,6 1.5), 4.51 (ddd, 1H, H-Sls ¢ 10.3,J54 10.0,J5 n1 8.8), 4.61 (dd, 1H, H-6ls5
10.3,J571.5), 4.72 (dd, 1H, H-9gp 0210.6,J0p85.3), 5.16 (ddd, 1H, H-8579.9,J5029.5,J5.06
5.3), 5.48 (s, 1H, CH), 5.56 (ddd, 1H, H¥#3,12.1,J45 10.0,J4.3¢4.8), 6.75 (d, 1H, NHJxp 5
8.8), 7.31-7.39 (m, 8H, Ph), 7.57-7.61 (m, 2H, Pfg.NMR (75 MHz, CDC}, 8, ppm,J, Hz):
20.7, 20.9 (COMe), 37.7 (C-3), 50.3 (C-5), 52.4 (©M63.1 (C-8), 67.8 (C-9), 68.5 (C-4), 70.4
(C-6), 76.4 (C-7), 89.7 (C-2), 101.6 (CH), 115.6 @i, Jc r 288.0), 126.3, 128.1, 128.9, 129.0,
129.2, 129.9, 134.2, 137.0 (Ph), 157.5 (q, CQQEF 37.5), 167.3 (COOMe), 169.7, 171.4

(COMe).**F NMR (282 MHz, CDGJ, 8, ppm): —76.57.
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4.11. Methyl (phenyl 3,5-dideoxy-2-thio-49-chloroacetyl-7,9O-benzylidene-5-
trifluoroacetamido-D- glycer o-f-D-galacto-nonulopyranosid)onate (18)

To the suspension of benzylidene derivativie(127.5 mg, 0.223 mmol) in anhydrous £Hp
(3.0 mL) 2,4,6-collidine (93uL, 0.686 mmol) was added. The solution was cooted10°C
(acetone—dry ice bath), and the solution of chloetia anhydride (59 mg, 0.343 mmol) in
anhydrous CKECI, (1.0 mL) was added dropwise while stirring. Conldissolution of the
starting material was observed at this stage. €hetion mixture was stirred at —1G for 1 h
until complete consumption of the starting matef@LC monitoring). Saturated aqueous
NaHCG; (5 mL) was added, and the mixture was well shadhthen allowed to warm to ~20
°C, diluted with CHCI, (40 mL), washed with water, 1 M KH3Oand saturated aqueous
NaHCG; (50 mL each). An additional extraction with €, (2x10 mL) was performed from
each aqueous layer. The combined organic extrast filtered through cotton wool plug,
concentrated under reduced pressure, and drieacuo. The residue was purified by silica gel
chromatography (column volume 50 mL, eluent 5% EtQOA benzene- 30% EtOAc in

benzene) to givé8 (colorless foam, 115.7 mg, 80%).

R: 0.60 (benzene—EtOAc 6:19]p*° -142.6 ¢ 1.0, CHC}). HR ESI MS: foundwz 656.0938 [M
+ NaJ". Calcd for G/H,7CIFsNNaG,S: 656.0939'H NMR (300 MHz, CDC}, 8, ppm, J, Hz):
1.82 (d, 1H, OH-8Jon85.5), 2.24 (dd, 1H, H-3a343¢13.9,334411.7), 2.76 (dd, 1H, H-36z¢ 34
13.9,J3¢,45.0), 3.53 (dd, 1H, H-9aly, 0p10.8,J0a510.3), 3.61 (s, 3H, OMe), 3.62 (dd, 1H, H-7,
J189.2,J762.2), 3.98 (dddd, 1H, H-8,0210.3,J579.2,Js.01 5.5,J8.00 5.3), 4.04 (s, 2H, CiTI),
4.30 (dd, 1H, H-9bJop 0410.8,Jep8 5.3), 4.52 (ddd, 1H, H-5s 6 10.3,J54 10.0,J5 n 9.5), 4.67
(dd, 1H, H-6,Js5 10.3,J57 2.2), 5.38 (s, 1H, CH), 5.71 (ddd, 1H, HM 2, 11.7,J45 10.0,J4 3¢
5.0), 6.80 (d, 1H, NHJHs 9.5), 7.33-7.40 (m, 6H, Ph), 7.50-7.55 (m, 4H,.Pf¢ NMR (75
MHz, CDCk, 8, ppm,J, Hz): 37.0 (C-3), 40.4 (CKLI), 49.7 (C-5), 52.8 (OMe), 60.4 (C-8), 70.2

(C-6), 70.8 (C-9), 71.1 (C-4), 78.8 (C-7), 87.9 Z-101.3 (CH), 115.5 (g, GFJcr 288.5),
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126.2,128.1, 128.9, 129.1,129.4,129.5, 134.9,118Ph), 157.4 (q,_COGF):r 38.0), 167.7,

168.1 (COCHCI, COOMe).**F NMR (282 MHz, CDQ, §, ppm): —76.47.

4.12. Methyl (phenyl 3,5-dideoxy-2-thio-4,8-d®-chloroacetyl-7,90-benzylidene-5-
trifluoroacetamido-D- glycer o-f-D-galacto-nonulopyranosid)onate (17)

To the suspension of benzylidene derivativie(101.6 mg, 0.182 mmol) in anhydrous £CHp
(3.0 mL) 2,4,6-collidine (14%HL, 1.093 mmol) was added. The solution was coae@l°C (ice—
water bath), and the solution of chloroacetic amiohd (59 mg, 0.547 mmol) in anhydrous
CH.Cl; (1.0 mL) was added dropwise while stirring. Conplelissolution of the starting
material was observed at this stage. The reactigture was stirred at OC for 30 min, then
allowed to warm to ~20C, stirred at 20 C for 30 min, and then kept at 2C8for 48 h
(complete consumption of the starting material wdesected by TLC). Saturated aqueous
NaHCO; (5 mL) was added, and the mixture was well shakidoted with CHCI, (40 mL),
washed with water, 1 M KHSQand saturated aqueous NaHO®@0 mL each). An additional
extraction with CHCI, (2x10 mL) was performed from each aqueous laybe Tombined
organic extract was filtered through cotton woalgylconcentrated under reduced pressure, and
driedin vacuo. The residue was purified by silica gel chromaapiuy (column volume 50 mL,
eluent 1% EtOAc in benzens 10% EtOAc in benzene) to giv& (colorless foam, 122.9 mg,

95%).

Rf 0.47 (benzene—EtOAc 10:10]p*° -147.6 ¢ 2.0, CHC4). HR ESI MS: foundn/z 732.0654
[M + Na]*. Calcd for GgH2gCloFsNNaOS: 732.0655'H NMR (300 MHz, CDC}, 8, ppm, J,

Hz): 2.23 (dd, 1H, H-3al323¢13.9,d30412.1), 2.78 (dd, 1H, H-363¢.3213.9,J3¢.45.0), 3.49 (s,
3H, OMe), 3.68 (dd, 1H, H-9dy, 0p10.8,J02610.3), 3.99 (dd, 1H, H-T;59.5,J76 1.5), 4.00 (s,
2H, CHCI), 4.05 (s, 2H, CkCl), 4.60-4.72 (m, 3H, H-5, H-6, H-9b), 5.30 (ddd, H-8, Js 04
10.3,J879.5,J5.05 5.3), 5.49 (s, 1H, CH), 5.68 (ddd, 1H, H¥43212.1,d45 10.0,d43¢5.0), 6.77
(d, 1H, NH, Juns 8.1), 7.33-7.42 (m, 8H, Ph), 7.52-7.55 (m, 2H,.PAT NMR (75 MHz,
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CDCl, 8, ppm,J, Hz): 37.3 (C-3), 40.4, 40.7 (CGBI), 49.8 (C-5), 52.6 (OMe), 64.2 (C-8), 67.5
(C-9), 70.7 (C-6), 70.8 (C-4), 76.7 (C-7), 89.2 ZL-101.8 (CH), 115.5 (g, GFJcr 288.5),
126.2, 128.2, 129.1, 129.2, 129.4, 129.6, 134.8,8.8h), 157.5 (q. COGFJcr 37.6), 166.4,

167.2, 167.9 (COCHTI, COOMe)*F NMR (282 MHz, CDGJ, 8, ppm): —=76.55.

4.13. Methyl (phenyl 3,5-dideoxy-2-thio-49-chloroacetyl-9-O-benzyl-5-trifluoroacetamido-
D-glycero-f-D-galacto-nonulopyranosid)onate (15)

To the solution of benzylidene derivati¥@ (117.1 mg, 0.210 mmol) in anhydrous £Hp (3.0
mL) 2,4,6-collidine (11QuL, 0.831 mmol) was added. The solution was coobted40°C (ice—
water bath), and the solution of chloroacetic amiojgd(43.1 mg, 0.547 mmol) in GBI, (1.0
mL) was added dropwise while stirring. The reactoiiture was stirred at —4T for 30 min,
then another portion of solution of chloroacetitwaride (10.0 mg, 0.127 mmol) in GEl,
(300 uL) was added, and the reaction mixture was stiated40°C for additional 30 min until
complete consumption of the starting material (Ta@nitoring). Saturated aqueous NaHJ®
mL) was added, and the mixture was well shakemitetil with CHCI, (40 mL), washed with
water, 1 M KHSQ, and saturated aqueous NaH{80 mL each). An additional extraction with
CH.Cl; (2x10 mL) was performed from each aqueous laylee. dombined organic extract was
filtered through cotton wool plug, concentrated emdeduced pressure, and dri@dvacuo to
give crudel3 (light yellow foam, 139 mg). This product was dissal in freshly distilled
anhydrous THF (5.2 mL), cooled to°CQ (ice-water bath), and BHNMes (61 mg, 0.840 mmol)
was added followed by Algi168 mg, 1.26 mmol), then,B (3.8uL, 0.210 mmol) was added
via a syringe. The mixture was stirred at® for 30 min and at ~20C for 3h, then another
portion of HO (4 yuL) was added. The mixture was stirred for additict&a min, then diluted
with EtOAc (40 mL), washed with saturated aqueoasifO3 (50 mL; Al(OHj precipitated at
this stage), and #0 (15 mL). The combined aqueous layer was extraaitil EtOAc (3x20

mL), the combined organic extract was washed walkew(15 mL), filtered through cotton wool
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plug, concentrated under reduced pressure, andidnacuo. The residue was purified by silica
gel chromatography (column volume 50 mL, eluent Zeee—CHCIl,—acetone 25:25:1-

benzene-ChkCl—acetone 25:25:10) to givé (colorless foam, 89.8 mg, 67% fralR).

Rf 0.27 (benzene—EtOAc 6:19]p** -112.7 € 1.0, CHC}). HR ESI MS: foundn/z 658.1092 [M
+ NaJ'. Calcd for G7HosCIFsNNaQyS: 658.1096°H NMR (300 MHz, CDC}, &, ppm, J, Hz):
2.11 (dd, 1H, H-3a)333¢13.6,J32.4 11.7), 2.75 (dd, 1H, H-33¢3413.6,J5¢44.8), 3.20 (d, 1H,
OH-8,Jong 4.4), 3.41 (s, 3H, OMe), 3.49 (dd, 1H, H-9&,0,9.5,J0a86.6), 3.52 (ddd, 1H, H-7,
J7.019.5,J788.4,J761.1), 3.61 (d, 1H, OH-Ton 7 9.5), 3.73 (dd, 1H, H-9Hlgy 649.5,Jop 8 2.9),
3.92 (dddd, 1H, H-8Js7 8.4,J5.064 6.6, Js 01 4.4, Js.00 2.9), 3.98 (d, 1H, CHCUchcicra 14.7),
4.05 (d, 1H, CH'ClJcrcicHel 14.7), 4.41 (ddd, 1H, H-S56 10.6,J54 10.3,J5n1 9.5), 4.51 (s,
1H, CHPh), 4.74 (dd, 1H, H-6Js5 10.6,Js7 1.1), 5.56 (ddd, 1H, H-4l,3,11.7,d45 10.3,J4 3¢
4.8), 7.28-7.38 (m, 8H, Ph), 7.50-7.53 (m, 3H, N#H).'°C NMR (75 MHz, CDGC}, 8, ppm,J,
Hz): 37.6 (C-3), 40.4 (CKTI), 50.6 (C-5), 52.5 (OMe), 68.7 (C-8), 69.3 (G-7).5 (C-4), 71.3
(C-6), 71.6 (C-9), 73.3_(C4Ph), 89.5 (C-2), 115.6 (q, GFJcr 287.5), 127.7, 127.7, 128.3,
128.8, 129.4, 129.6, 135.7, 137.8 (Ph), 158.4 @QC&s, Jcr 38.0), 167.3, 167.9 (COGHI,

COOMe).**F NMR (282 MHz, CDGJ, 8, ppm): —76.65.

4.14. General procedure foiO-trifluoroacetylation of triols

The starting material was dried vacuo (0.1 Torr, 1 h) dissolved in TH® (1.6 mL per 0.1
mmol), then sodium trifluoroacetate (11.8 mg pdr @dmol, freshly driedn vacuo (0.1 Torr, 1
h) at 80°C) was added. The mixture was stirred at room teatpes (~20°C) until complete
consumption of the starting material (TLC monitglin The reaction mixture was
coconcentrated with anhydrous benzene (2x10 mLOgkermmol) and with anhydrous CCI
(2x10 mL per 0.1 mmol) under reduced pressure,réiselue was triturated with anhydrous
benzene or with anhydrous GGB mL per 0.1 mmol), than the extract was filtetetbugh a
PTFE microfilter (Iso-Disk, 0.45m, 13 mm, Supelco). The solids were washed withstieent
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(3%x2 mL per 0.1 mmol), and the combined filtrateswancentrated under reduced pressure, the
residue was drieth vacuo to give trifluoroacetylated product (90% 0, 87% for21, and 89%
for 22). The obtained trifluoroacetylated thiosialosidesre used in the sialylation reactions

without further purification.

4.14.1. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-acetyl-7,8,9-tri-O-trifloroacetyl-5-
trifluoroacetamido-D-glycer o-5-D-gal acto-nonul opyranosid)onate (20)

Rf 0.59 (benzene—EtOAc 10:1]p*® -105.2 ¢ 1.0, CHC4). HR ESI MS: foundn/z 838.0229
[M + K]*. Calcd for GeH21F12KNO1,S: 838.0224'H NMR (300 MHz, CDCY, 8, ppm,J, Hz):
2.14 (s, 3H, Me), 2.25 (dd, 1H, H-3%a3e14.1,J344 11.7), 2.78 (dd, 1H, H-36¢.3214.1,J3¢ 4
5.0), 3.74 (s, 3H, OMe), 4.13 (ddd, 1H, HJs 10.5,J54 10.3,J5n4 9.5), 4.28 (dd, 1H, H-9a,
Joaob12.5,J0a8 9.2), 4.74 (dd, 1H, H-9hlep 02 12.5,Job g 2.4), 4.81 (dd, 1H, H-6)s5 10.5,Js 7
2.4), 4.98 (ddd, 1H, H-8J5 04 9.2,Js7 1.8, Jg.0» 2.4), 5.54 (dd, 1H, H-7};5 1.8, 3,6 2.4), 5.77
(ddd, 1H, H-4,J43411.7,J45 10.3,J43¢5.0), 7.12 (d, 1H, NHJ\n5 9.5), 7.35-7.46 (m, 5H, Ph).
3¢ NMR (75 MHz, CDG}, 8, ppm,J, Hz): 20.6 (COMe), 37.2 (C-3), 50.2 (C-5), 53.1 (OMe
63.9 (C-9), 67.9 (C-4), 71.7, 71.7 (2 C, C-6, C7M,4 (C-8), 88.1 (C-2), 114.0 (q, &Pcr
285.3), 114.1 (q, GFJcr 284.7), 114.2 (9, GF Jcr 285.3), 115.2 (g, GFJcr 288.0), 127.5,
129.6, 130.8, 136.0 (Ph), 156.2 (q, OCQGCKkr 43.7), 156.4 (q, OCOGFJcr 43.7), 158.0 (q,
NHCOCR;, Jcr 38.7), 167.7, 172.2 (COMe, COOMéEJE NMR (282 MHz, CDQ, 5, ppm):

—77.05, -75.94, -75.76, —75.25.

4.14.2. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-chloroacetyl-7,8,9-tri-O-trifloroacetyl-5-
trifluoroacetamido-D-glycer o-45-D-gal acto-nonul opyranosid)onate (21)

R 0.68 (benzene—EtOAc 9:1n]p?° -97.9 € 2.0, CHC4). HR ESI MS: foundwz 760.0276 [M
+ NaJ'". Calcd for GgHaoCIF1,NNaOL,S: 760.0272H NMR (300 MHz, CDCY4, 8, ppm,J, Hz):

2.28 (dd, 1H, H-3a)sa3¢13.9,J304 11.7), 2.84 (dd, 1H, H-36%¢3213.9,J3644.8), 3.76 (s, 3H,
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OMe), 4.07 (d, 1H, CHCWcheicrel 15.4), 4.12 (d, 1H, CH'Clicrcicre 15.4), 4.17 (ddd, 1H,
H-5, J5.6 10.6,J54 10.3,J5n1 9.9), 4.27 (dd, 1H, H-9dlpa 05 12.5,J0a89.2), 4.72 (dd, 1H, H-9b,
Job.9a12.5,Jop.g 2.6), 4.87 (dd, 1H, H-6ls5 10.6,Js7 2.2), 5.02 (ddd, 1H, H-85649.2,J57 1.8,
Jg.ob 2.6), 5.56 (dd, 1H, H-T; 5 1.8,J76 2.2), 5.83 (ddd, 1H, H-4l43511.7,J45 10.3,J4 3. 4.8),
6.98 (d, 1H, NHJnus 9.9), 7.37-7.46 (m, 5H, PhY’C NMR (75 MHz, CDC}, 8, ppm,J, Hz):
36.9 (C-3), 40.3 (CkCI), 49.9 (C-5), 53.2 (OMe), 63.8 (C-9), 70.0 (G-8).5 (C-6), 71.6 (C-7),
75.1 (C-8), 87.9 (C-2), 114.0 (q, €Bcr 285.3), 114.1 (q, GFJcr 285.3), 114.2 (q, GFJcr
285.3), 115.1 (q, G Jcr 288), 127.2, 129.7, 131.0, 136.0 (Ph), 156.2 @OCR, Jc r 43.7),
156.3 (g, QCOCK Jcr 44.2), 156.8 (g, OCOGFJc 44.2), 158.0 (g, NHCOGF Jc 39.3),
167.5 (COOMe), 168.5 (COGBI). **F NMR (282 MHz, CDGJ, 8, ppm): —76.87, —75.88,

—=75.73, -75.19.

4.14.3. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-benzoyl-7,8,9-tri-O-trifloroacetyl-5-
trifluoroacetamido-D-glycer o-5-D-galacto-nonul opyranosid)onate (22)

R: 0.79 (benzene—EtOAc 9:1n]p?% -89.3 € 1.0, CHC}). HR ESI MS: foundwz 884.0639 [M
+ NaJ'. Calcd for GiH»3F1,NNaO,,S: 884.0642H NMR (300 MHz, CDCY, 5, ppm, J, Hz):
2.45 (dd, 1H, H-3a)sa3614.1,J32411.7), 2.95 (dd, 1H, H-3g¢ 3014.1,J36.45.0), 3.80 (s, 3H,
OMe), 4.29 (dd, 1H, H-9aa 0512.5,J9259.2), 4.34 (ddd, 1H, H-Fg ¢ 10.3,J5.4 10.3,J5 x4 9.5),
4.71 (dd, 1H, H-9bJop 0a12.5,J0p.5 2.6), 4.83 (ddd, 1H, H-8g929.2,J5 7 1.8,J5.05 2.6), 4.90 (dd,
1H, H-6,Js5 10.3,Js7 2.2), 5.62 (dd, 1H, H-7J75 1.8,J;6 2.2), 6.20 (ddd, 1H, H-4l 5, 11.7,
Jus 10.3,J43¢ 5.0), 7.25-7.42 (m, 6H, NH, Ph), 7.50-7.55 (m, B), 7.62-7.72 (m, 1H, Ph),
7.99-8.03 (m, 2H, Ph{3C NMR (75 MHz, CDC}, §, ppm,J, Hz): 37.2 (C-3), 50.1 (C-5), 53.2
(OMe), 63.8 (C-9), 68.8 (C-4), 71.6 (C-7), 71.8G%-75.5 (C-8), 87.8 (C-2), 114.0 (4, £Bcr
285.3), 114.1 (q, G Jcr 285.8), 114.2 (g, GFJcr 285.3), 115.1 (9, GFJcr 287.5), 127.3,

127.8, 129.1, 129.6, 129.9, 130.8, 134.6, 136.0, (P56.2 (g, OCOCE Jor 43.1), 156.5 (q,
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OCOCR, Jcr 44.8), 157.0 (g, OCOGF Jcr 44.2), 158.1 (q, NHCOGF Jor 38.7), 167.8

(COPh, COOMe)'F NMR (282 MHz, CDQ, 8, ppm): —77.28, —=75.89, -75.72, -75.17.

4.15. General procedure for trifluoroacetylation ofcompounds containing one or two OH
groups

The starting material was driéa vacuo (0.1 Torr, 1 h), dissolved in anhydrous £Hp (1.5 mL

per 0.1 mmol), then TFAO (1.5 mL per 0.1 mmol) was added followed by sodiu
trifluoroacetate (15.0 mg per 0.1 mmol, freshlyedrin vacuo (0.1 Torr, 1 h) at 80C) was
added. The mixture was stirred at room temperdt26 °C) until complete consumption of the
starting material (TLC monitoring). The reactionxtore was further processed as described
above in section 4.14 to give trifluoroacetylatedduct (94% for23, quantitative for24).The
obtained trifluoroacetylated thiosialosides weredus the sialylation reactions without further

purification.

4.15.1. Data for methyl (phenyl 3,5-dideoxy-2-thio-4,8,9-O-tri-O-benzoyl-7-O-trifloroacetyl-5-
trifluoroacetamido-D-glycer 0-5-D-galacto-nonul opyranosid)onate (23)

Rf 0.77 (benzene—EtOAc 8:1x]p*® —96.1 € 1.97, CHCY). HR ESI MS: foundn/z 900.1519
[M + Na]*. Calcd for GiHssFsNNaOL,.S: 900.1520'H NMR (300 MHz, CDCY, 8, ppm,J, Hz):
2.43 (dd, 1H, H-3a)32.3¢13.9,J32.4 11.7), 3.01 (dd, 1H, H-3a¢ 3213.9,J3044.8), 3.67 (s, 3H,
OMe), 4.37 (dd, 1H, H-9aa 0512.5,J9258.8), 4.40 (ddd, 1H, H-Fg ¢ 10.6,J5 4 10.3,J5 n11 9.5),
4.82 (dd, 1H, H-9bJ9p.6212.5,J9p.5 2.4), 5.09 (dd, 1H, H-6ls 5 10.6,Js7 2.2), 5.42 (ddd, 1H, H-
8, J5.028.8,J57 1.8,J5.0p 2.4), 5.81 (dd, 1H, H-T751.8,J76 2.2), 6.02 (ddd, 1H, H-4l, 3. 11.7,
Jus 10.3,34304.8), 7.04-7.09 (m, 1H, Ph), 7.15-7.20 (m, 2H,,Ph34 (d, 1H, NHJuns 9.5),
7.37-7.65 (m, 11H, Ph), 7.87-7.90 (m, 2H, Ph), BIH (m, 4H, Ph)*C NMR (75 MHz,
CDCls, 8, ppm,J, Hz): 37.6 (C-3), 50.4 (C-5), 52.9 (OMe), 62.5 (G-69.2 (C-4), 72.1 (C-6),

73.0 (C-8), 73.8 (C-7), 88.8 (C-2), 114.4 (q,sCk: 285.8), 115.2 (q, GF Jc r 288.0), 127.9,
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128.3, 128.6, 128.8, 129.0, 129.3, 129.5, 129.9,82129.9, 130.1, 133.1, 133.7, 134.1, 136.1
(Ph), 156.7 (q, OCOGFJc  43.7), 158.0 (4, NHCOGFJc r 38.7), 165.6, 166.3, 167.3, 167.9

(COPh, COOMe,)**F NMR (282 MHz, CDGJ, §, ppm): —77.04, -75.14.

4.15.2. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-chloroacetyl-7,8-di-O-trifloroacetyl-9-
O-benzyl-5-trifluor oacetami do-D-glycer o--D-gal acto-nonul opyranosid)onate (24)

R: 0.60 (benzene—EtOAc 10:1n]p*° —62.3 € 0.5, CHC}). HR ESI MS: foundwz 850.0741
[M + Na]*. Calcd for GiH27CIFNNaO,:S: 850.0742H NMR (300 MHz, CDC4, 5, ppm, J,
Hz): 2.22 (dd, 1H, H-3al323¢13.9,J30411.7), 2.80 (dd, 1H, H-365¢3213.9,J3¢.45.1), 3.57 (dd,
1H, H-9a,J6a.0511.4,J6a57.3), 3.63 (s, 3H, OMe), 3.92 (dd, 1H, H-Ik, 6a11.4,Jop 5 3.3), 4.03
(s, 2H, CHCI), 4.17 (ddd, 1H, H-5)56 10.6,J54 10.6,J5x1 9.5), 4.31 (d, 1H, CHPRcrpn.chen
11.7), 4.36 (d, 1H, CH'PHcipn.chenll.7), 4.86 (dd, 1H, H-6s5 10.6,J67 2.6), 5.36 (ddd, 1H,
H-8, Js.0a 7.3, Js.7 3.3, Js.0p 3.3), 5.56 (ddd, 1H, H-T7 5 3.3, J76 2.6), 5.64 (ddd, 1H, H-4l, 34
11.7,J45 10.6,d43¢5.1), 6.79 (d, 1H, NHJuns 9.5), 7.21-7.23 (m, 2H, Ph), 7.30-7.37 (m, 6H,
Ph), 7.43-7.46 (m, 2H, Ph}3C NMR (75 MHz, CDC}, &, ppm, J, Hz): 37.1 (C-3), 40.2
(CH,CI), 50.3 (C-5), 52.9 (OMe), 66.7 (C-9), 70.1 (G-21.3 (C-6), 72.1 (C-7), 73.3 (GPh),
75.8 (C-8), 88.6 (C-2), 114.2 (q, §Bcr 285.8), 119.0 (q, GFJcr 288), 127.5, 127.9, 128.4,
129.4, 129.5, 130.4, 135.7, 137.1 (Ph), 156.3 @QGFR, Jcr 44.2), 156.4 (q, OCOGFJcr
44.2), 157.9 (q, NHCOGFJc r 38.2), 167.2, 167.9 (COGBI, COOMe).>F NMR (282 MHz,

CDCls, §, ppm): -76.76, —=75.67, —75.35.

4.16. General procedure for trifluoroacetylation of compounds containing benzylidene

group

The starting material was dried vacuo (0.1 Torr, 1 h), dissolved in anhydrous £H}, the
solution was cooled to TC, then pyridine (33iL per 0.1 mmol for derivatives with one hydroxy

group, 48uL per 0.1 mmol of diol) followed by TFA (28 uL per 0.1 mmol for derivatives
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with one hydroxy group, 4fiL per 0.1 mmol of diol) was added. The mixture wased at CC

until complete consumption of the starting mateffdlC monitoring). The reaction mixture was
coconcentrated with anhydrous toluene (2x5 mL p&rrdmol), the residue was dissolved in
benzene (~50 mL per 0.1 mmol), the solution washedswith water (2x~50 mL per 0.1 mmol).
The organic layer was filtered through cotton wphlg, concentrated under reduced pressure
and driedin vacuo to give desired trifluoroacetyl derivative (98% 6, quantitative for26).

The obtained trifluoroacetylated thiosialosides evetilized in the sialylation reactions without

further purification.

4.16.1. Data for methyl (phenyl 3,5-dideoxy-2-thio-4,8-di-O-trifluoroacetyl-7,9-O-benzylidene-5-
trifluoroacetamido-D-glycer o-5-D-gal acto-nonul opyranosid)onate (25)

Rf 0.74 (benzene—EtOAc 9:10]p>’ —88.5 € 0.5, CHC4). HR ESI MS: foundwz 772.0873 [M

+ NH,]*. Calcd for GgH2gFoN2010S: 772.0869'H NMR (300 MHz, CDC}, 8, ppm,J, Hz): 2.27
(dd, 1H, H-3aJ32 3613.8,J32,411.7), 2.79 (dd, 1H, H-35¢3213.8,J5044.8), 3.55 (s, 3H, OMe),
3.77 (dd, 1H, H-9aJ94,0p10.6,J92,89.5), 4.06 (dd, 1H, H-7;59.5,J762.2), 4.61 (ddd, 1H, H-5,
J5.610.3,J5.49.9,J5.n1 8.8), 4.66 (dd, 1H, H-9gp 6410.6,J0 5 5.3), 4.69 (dd, 1H, H-6ls 5 10.3,
J6.72.2), 5.39 (ddd~td, 1H, H-8579.5,J5029.5,Js.055.3), 5.52 (s, 1H, CH), 5.68 (ddd, 1H, H-4,
J43a11.7,3459.9,04 3¢4.8), 6.48 (d, 1H, NHJn 5 8.8), 7.33-7.43 (m, 8H, Ph), 7.53-7.56 (m, 2H,
Ph). **C NMR (75 MHz, CDC4, 8, ppm, J, Hz): 36.6 (C-3), 40.3 (CHLI), 49.6 (C-5), 52.8
(OMe), 66.0 (C-8), 66.7 (C-9), 70.2 (C-6), 72.84%;-75.8 (C-7), 88.7 (C-2), 101.9 (CH), 110.7-
118.1 (m, 3xCOCH§, 126.2, 128.3, 128.9, 129.3, 129.4, 129.9, 13438.1 (Ph), 154.4-159.0

(m, 3xCOCR), 167.1 (COOMe)'*F NMR (282 MHz, CDQ, 8, ppm): —75.76, -77.52, -75.37.

4.16.1. Data for methyl (phenyl 3,5-dideoxy-2-thio-4-O-chloroacetyl-8-O-trifloroacetyl-7,9-O-

benzylidene-5-trifluor oacetami do-D-glycer o-5-D-gal acto-nonul opyranosid)onate (26)
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R 0.58 (benzene—EtOAC 9:1)1][;23 -99.4 € 1.0, CHC}). HR ESI' MS: foundn/z 752.0656 [M
+ NaJ'". Calcd for GgH26CIFsNNaO,S: 752.0762H NMR (300 MHz, CDCJ4, 8, ppm,J, Hz):
2.21 (dd, 1H, H-3a)323¢13.9,J32412.1), 2.78 (dd, 1H, H-3g¢ 3213.9,J3645.1), 3.47 (s, 3H,
OMe), 3.76 (dd, 1H, H-9alga 0510.6,J0259.5), 4.04 (s, 2H, C¥I), 4.06 (dd, 1H, H-7J;5 9.9,
J761.5), 4.60 (ddd, 1H, H-8ls 10.3,J5.4 9.9, Js nvt 8.4), 4.61 (dd, 1H, H-6Js5 10.3,J5.7 1.5),
4.68 (dd, 1H, H-9bJep 0210.6,Jep.55.1), 5.39 (ddd, 1H, H-&857 9.9, J5.649.5,Js.95 5.1), 5.53 (s,
1H, CH), 5.73 (ddd, 1H, H-4l4 3212.1,J4.5 9.9, J4 3¢5.1), 6.91 (d, 1H, NHJnus 8.4), 7.31-7.42
(m, 8H, Ph), 7.55-7.58 (m, 2H, PHJC NMR (75 MHz, CDC}, 5, ppm,J, Hz): 37.3 (C-3), 40.3
(CH,CI), 49.7 (C-5), 52.6 (OMe), 66.2 (C-8), 66.6 (G-B).4 (C-6), 70.7 (C-4), 75.8 (C-7), 89.3
(C-2), 101.8 (CH), 114.2 (g, OCOGFJcr 285.8), 115.5 (q, NHCOGFJc r 288.0), 126.2,
128.2, 129.1, 129.2, 129.4, 129.6, 134.6, 136.3, (P56.3 (q, OCOCE Jcr 43.1), 157.7 (q,
NHCOCR, Jc ¢ 37.6), 167.1, 168.1 (COGHI, COOMe).®F NMR (282 MHz, CDGJ, 5, ppm):

—75.5,-74.4.

4.17. Typical glycosylation procedure

A mixture of thioglycosidesialyl donor (0.044-0.10 mmol, 1 equiv.) and aldohg104] (1
equiv.) was driedn vacuo for 2 h, then anhydrous MeCN (2.0 mL per 0.1 mofdialyl donor)
was added under argon. Freshly activated powdei®@@M(Fluka; 100 mg per 1 mL of solvent)
were added to the resulting solution. The suspensi@s stirred under argon at ~20 for 1 h,
then cooled to —40 °C (dry ice—MeCN bath). SoliclSNL.5 equiv. per 1 equiv. of glycosyl
donor) was added. Neat triflic acid was added povwiise by a syringe in 15 min intervals until
persistent iodine color was visible (~2#8, 1 to 3 additions were required for various dialy
donors; see Table 1). The reaction mixture wasestiunder argon at —40 °C until complete
consumption of the starting thioglycosi@ELC monitoring; the time is specified in Table 1),
then diluted with CHGI (20 mL) and filtered through Celite pad. The selere thoroughly

washed with CHGI (100 mL) and the filtrate was successively washatth 20% aqueous
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NaS0; (2 x 50 mL) and water (2 x 50 mL), filtered throug cotton wool plug and
concentrated. In those cases wi@iFA groups were present in the molecule of sidiyhor,

the residue was dissolved in anhydrous MeOH (3 e1.Qpl mmol of sialyl donor) and MeONa
(0.3 mL of 1 M solution in methanol per 0.1 mmol sialyl donor) followed by ethyl
trifluoroacetate (0.1 mL per 0.1 mmol of sialyl @oywas added. The reaction mixture was kept
at room temperature overnight, then quenched bytiaddf dry ice and concentrated under
reduced pressufeThe residue was co-concentrated with toluene (3, ndkied in vacuo,
dissolved in anhydrous pyridine (3 mL per 0.1 mmbkialyl donor), and acetic anhydride (3
mL per 0.1 mmol of sialyl donor) was added. Thectiea mixture was kept at room temperature
overnight, then quenched by addition of methanah(3, concentrated under reduced pressure,
the residue was coconcentrated with toluene (3 ihk}olved in CHCl, (40 mL), washed with
water (40 mL), the organic layer was filtered thghicotton wool plug and concentrated under
reduced pressure. The residue was dmedhcuo, dissolved in toluene (2 mL) and separated by
gel permeation chromatography on Bio-Beads S-XiBétwe). The first eluted fraction contained
disaccharide28-33 which was analyzed by NMR spectroscopy to givenagric ratio values

(a : B, see Table 1; for determination of ratio of anmnef disaccharide28-33 integral
intensities of signals ofo-H-3eq and (3-H-3eq of neuraminic residue were used). The
disaccharide fraction was chromatographed on aastiel 60 column to give purm-linked
isomer of disaccharide&8—33(for the yields see Table 1; all yields were chdted with respect

to the glycosyl donor taken).

4.17.1. Data for methyl [1,2:3,4-di-O-isopropylidene-6-(3,5-dideoxy-2-thio-4,7,8,9-tetra-O-
acetyl-5-trifluor oacetami do-D-glycer o- a-D-gal acto-nonul opyranosyl)-a-D-

galactopyranose)] onate (28)

" For glycosyl donoB5, the residue after work-up of the reaction mixtwaes dissolved in MeOH (3.0 mL), and
NEt; (0.5 mL) and ethyl trifluoroacetate (1pQ) were added. The reaction mixture was stirrecbaim temperature
overnight, then concentrated under reduced pressuteo-concentrated with toluene (3.0 mL).
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R: 0.53 (benzene—EtOAc 4:10]p* -38.0 € 1.5, CHC}). HR ESI MS: foundwz 810.2401 [M

+ NaJ'. Calcd for GoHaaFsNOyg: 810.2403H NMR (600 MHz, CDCY, 8, ppm,J, Hz): 1.33 (s,
3H, CMe), 1.33 (s, 3H, CMe), 1.42 (s, 3H, CMe),41(5, 3H, CMe), 2.02 (s, 3H, COMe), 2.03
(s, 3H, COMe), 2.13 (s, 3H, COMe), 2.14 (s, 3H, GE)ML.98 (dd, 1H, H-3a Neuga3.12.8,
J3a412.2), 2.67 (dd, 1H, H-3e Nedse3212.8,J3¢,44.8), 3.61 (dd, 1H, H-6a Galsa e 9.5, Jsas
7.3), 3.79 (s, 3H, OMe), 3.85 (dd, 1H, H-6b Glgh649.5,J6055.7), 3.88 (ddd, 1H, H-5 Gals 64
7.3,J5605.7,35.4 1.9), 4.00 (ddd ~td, 1H, H-5 Nedk 10.7,J54 10.3,J5.x11 9.8), 4.21 (dd, 1H, H-
9a NeuJoa 0p12.5,J0a85.5), 4.23 (dd, 1H, H-4 Galy3 7.8,d451.9), 4.28 (dd, 1H, H-6 NeUs s
10.7,Js7 2.2), 4.30 (dd, 1H, H-2 Galy 1 5.0,J,3 2.5), 4.32 (dd, 1H, H-9b NeUgp 0212.5,Jo8
2.7), 4.59 (dd, 1H, H-3 Gallz 4 7.8, 32 2.5), 5.02 (ddd, 1H, H-4 NeU 32 12.2,J45 10.3,J4.3¢
4.8), 5.30 (dd, 1H, H-7 Neuyg 7.2, J;6 2.2), 5.38 (ddd, 1H, H-8 Neug 7 7.2, Jg 04 5.5, Js.0p
2.7), 5.51 (d, 1H, H-1 Gall » 5.0), 6.71 (d, 1H, NHJx 5neu 9.8).°C NMR (151 MHz, CDG,

8, ppm, J, Hz): 20.5, 20.58, 20.64, 21.0 (COMe), 24.6, 24892, 26.03 (CMg, 37.6 (C-3
Neu), 50.2 (C-5 Neu), 52.7 (OMe), 62.0 (C-9 NelB,36(C-6 Gal), 66.4 (C-5 Gal), 67.4 (C-7
Neu), 68.6 (C-4 Neu), 69.4 (C-8 Neu), 70.61, 7q®2 Gal, C-3 Gal), 70.7 (C-4 Gal), 71.9 (C-
6 Neu), 96.3 (C-1 Gal), 98.7 (C-2 Neu), 108.5, 20&€CMey), 115.5 (q, COCE Jcr 288.0),
157.5 (q,_COCE Jcr 37.6), 167.9 (COOMe), 169.9, 170.2, 170.6, 17CONle). ' NMR

(282 MHz, CDC}, 3, ppm) —77.02.

4.17.2. Data for methyl [1,2:3,4-di-O-isopropylidene-6-(3,5-dideoxy-2-thio-4,7,8,9-tetra-O-
benzoyl-5-trifluor oacetamido-D-glycer o- a-D-gal acto-nonul opyranosyl )-a-D-

galactopyranose)] onate (29)

Rr 0.40 (benzene—acetone 9:D]d*° +12.3 € 3.82, CHCJ). HR ESI MS: foundwz 1058.3027
[M + Na]". Calcd for GHsoFsNNaOg 1058.3029'H NMR (600 MHz, CDCY, 5, ppm,J, Hz):

1.33 (s, 3H, CMe), 1.34 (s, 3H, CMe), 1.44 (s, BMe), 1.55 (s, 3H, CMe), 2.09 (dd, 1H, H-3a

Neu,Jsa3612.8,J50411.9), 2.88 (dd, 1H, H-3e Nedse3a12.8,Js645.1), 3.51 (s, 3H, OMe), 3.86
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(dd, 1H, H-6a GalJsacn 9.6, Jsa56.5), 3.97 (ddd, 1H, H-5 Gals6.6.5,Js.65 6.1, J5.4 1.9), 4.02
(dd, 1H, H-6b GalJsaen 9.6, Jeas 6.1), 4.10 (ddd, 1H, H-5 Neus s 10.6,J54 10.2, Jsn1 9.3),
4.27 (dd, 1H, H-4 Galls37.9,J45 1.9), 4.33 (dd, 1H, H-2 Galp1 5.0, J25 2.4), 4.53 (dd, 1H,
H-9a NeuJoa 0o 12.5,J6a85.1), 4.62 (dd, 1H, H-3 Gala4 7.9,Js, 2.4), 4.70 (dd, 1H, H-6 Neu,
Jo.5 10.6,J57 1.5), 4.38 (dd, 1H, H-9b Neugpsa12.5,Jeps 2.6), 5.52 (ddd, 1H, H-4 Neuysa
11.9,J4510.2,J4365.1), 5.56 (d, 1H, H-1 Gal; » 5.0), 5.94 (dd, 1H, H-7 Neu; 5 7.6,J;6 1.5),
5.98 (ddd, 1H, H-8 Neuls 7 7.6,J5.025.1, Js.05 2.6), 6.89 (d, 1H, NHJ15 neu9.3), 7.35-7.41 (m,
6H, Ph), 7.48-7.55 (m, 5H, Ph), 7.60-7.63 (m, 1h), F.91-7.93 (m, 2H, Ph), 7.96-7.97 (m, 2H,
Ph), 8.00-8.01 (m, 2H, Ph), 8.13-8.15 (m, 2H, PIg.NMR (151 MHz, CDCJ, 5, ppm,J, Hz):
24.6, 24.9, 26.0, 26.1 (CMe 37.6 (C-3 Neu), 51.0 (C-5 Neu), 52.7 (OMe), 653.5 (C-6 Gal,
C-9 Neu), 66.8 (C-5 Gal), 68.5, 69.1, 70.0 (C-4 N&&Z Neu, C-8 Neu), 70.7 (2C), 70.9 (C-2
Gal, C-3 Gal, C-4 Gal), 71.8 (C-6 Neu), 96.3 (C-a1)398.9 (C-2 Neu), 108.5, 109.3 (Chle
115.4 (q, COCE Jc - 288.0), 128.3, 128.4, 128.5, 128.6, 128.9, 12I09,7, 129.8 (2C), 129.9,
130.2, 132.9, 133.1, 133.5, 133.6 (Ph), 157.4 @CEs, Jcr 37.6), 165.3, 165.5, 166.0, 166.1

(COPh), 168.1 (COOMe}’F NMR (282 MHz, CDGJ, 8, ppm) -77.02.

4.17.3. Data for methyl [ 1,2:3,4-di-O-isopropylidene-6-(3,5-dideoxy-2-thio-4,8-di-O-acetyl-7,9-
O-benzylidene-5-trifluor oacetami do-D-gl ycer o- a-D-gal acto-nonul opyranosyl)-a-D-

galactopyranose)] onate (30)

Rf 0.46 (benzene—acetone 4:19]4* -88.0 € 1.47, CHC}). HR ESI MS: foundn/z 814.2496
[M + Na]". Calcd for GsHasFsNNaOys: 814.2504H NMR (600 MHz, CDCY4, 8, ppm,J, Hz):
1.33 (s, 6H, CMe), 1.41 (s, 3H_CMe), 1.52 (s, 8#je), 2.00 (dd, 1H, H-3a Neuz,3.12.8,
Jaas 12.3), 2.05 (s, 3H, COMe), 2.14 (s, 3H, COMe)22(6d, 1H, H-3e NeUlse3a12.8,Jze.4
4.8), 3.60 (dd, 1H, H-9a Nelga ep10.5,J92510.3), 3.64 (dd, 1H, H-6a Gaka e, 9.5, Jeas7.6),
3.75 (dd, 1H, H-7 Neul);59.7,J76 1.9), 3.78 (s, 3H, OMe), 3.84 (dd, 1H, H-6b Gk 9.5,

Joa55.8), 3.89 (ddd, 1H, H-5 Galg 64 7.6, Js.60 5.8, 35,4 1.8), 4.04 (dd, 1H, H-6 Neugs 10.5,
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Js.71.9), 4.21 (dd, 1H, H-4 Galy37.9,J,5 1.8), 4.27 (dd, 1H, H-2 Gal,1 5.0,J,3 2.4), 4.38
(ddd, 1H, H-5 NeuJss 10.5,J5 4 10.4,J5 n 9.2), 4.49 (dd, 1H, H-9b Nedgy 04 10.5,Jop6 5.3),
4.56 (dd, 1H, H-3 Galjs4 7.9,J3, 2.4), 5.03 (ddd, 1H, H-4 NeUj3,12.3,J45 10.4,J4 3. 4.8),
5.28 (ddd, 1H, H-8 Neuls 6210.3,J5.79.7,Js.0 5.3), 5.44 (s, 1H, CH), 5.49 (d, 1H, H-1 Gal,
5.0), 6.29 (d, 1H, NHJnH,5 new 9.2), 7.33-7.40 (m, 3H, Ph), 7.52-7.59 (m, 2H,.Bf¢ NMR
(151 MHz, CDC}, 8, ppm,J, Hz): 20.6, 20.7 (COMe), 24.6, 24.9, 26.0, 26.2 (G)\187.0 (C-3
Neu), 50.1 (C-5 Neu), 52.6 (OMe), 61.9 (C-6 GaB,85(C-8 Neu), 66.3 (C-5 Gal), 68.0 (C-9
Neu), 68.8 (C-4 Neu), 70.6 (2C), 70.7, 70.9 (C-2, Ga3 Gal, C-4 Gal, C-6 Neu), 76.4 (C-7
Neu), 96.2 (C-1 Gal), 98.6 (C-2 Neu), 101.4 (CH)85, 109.1 (CMg, 115.6 (g, COCE Jcr
288.3), 126.3, 128.1, 128.8, 137.1 (Ph), 157.30QCFk, Jcr 37.3), 168.0 (COOMe), 169.2,

171.3 (COMe)*F NMR (282 MHz, CDGJ, 8, ppm) —76.65.

4174. Data for methyl [1,2:3,4-Di-O-isopropylidene-6-(3,5-dideoxy-2-thio-4,8-di-O-
chloroacetyl-7,9-O-benzylidene-5-trifluor oacetami do-D-gl ycer o- a-D-gal acto-nonul opyranosyl )-

a-D-galactopyranose)] onate (31)

R 0.68 (benzene—acetone 9:B]4*> -83.8 € 4.3, CHC}). HR ESI MS: foundn/'z 877.2172 [M

+ NHg4]*. Calcd for GsHaeCloFsN2O16: 877.2172H NMR (600 MHz, CDCJ4, 8, ppm,J, Hz):
1.32 (s, 6H, CMe), 1.42 (s, 3H_CMe), 1.51 (s, 8#e), 2.03 (dd, 1H, H-3a Neuz,3.12.8,
Jaas 12.0), 2.70 (dd, 1H, H-3e Nedse3a12.8,J3644.9), 3.64 (dd, 1H, H-6a Galgaep 9.4, Joas
7.4), 3.68 (dd, 1H, H-9a Nelga g5 10.5,Jsa510.0), 3.79 (s, 3H, OMe), 3.83 (dd, 1H, H-6b Gal,
Joash 9.4, Jeas 5.9), 3.84 (dd, 1H, H-7 Neuy g 9.4, J76 2.2), 3.87 (ddd, 1H, H-5 Galg ¢, 7.4,
J5.605.9,J5.4 1.9), 4.02 (d, 1H, CHC[ 15.0), 4.05 (d, 1H, CHCJ 15.0), 4.11 (dd, 1H, H-6 Neu,
Jo510.5,J57 2.2), 4.16 (d, 1H, CHCD 15.0), 4.21 (dd, 1H, H-4 Galy37.9,J:5 1.9), 4.25 (d,
1H, CHCI,J 15.0), 4.29 (dd, 1H, H-2 Galp1 5.0,J,3 2.4), 4.42 (ddd, 1H, H-5 Neus s 10.5,
Js.410.4,J5.n0 9.2), 4.49 (dd, 1H, H-9b Nelgp, 010.5,J9.55.3), 4.58 (dd, 1H, H-3 Galg4 7.9,

Js2 2.4), 5.18 (ddd, 1H, H-4 Neugza 12.0,Js5 10.4, 34 3¢ 4.9), 5.39 (ddd, 1H, H-8 Neug.oa
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10.0,J579.4,J3.055.3), 5.45 (s, 1H, CH), 5.49 (d, 1H, H-1 G&l; 5.0), 6.44 (d, 1H, NH)\ns
Nneu 9.2), 7.34-7.41 (m, 3H, Ph), 7.54-7.56 (m, 2H,.Bf¢ NMR (151 MHz, CDQ, &, ppm,J,
Hz): 24.7, 24.9, 26.0, 26.1 (CMe 36.9 (C-3 Neu), 40.4, 40.7 (GEl), 49.6 (C-5 Neu), 52.8
(OMe), 63.0 (C-6 Gal), 63.3 (C-8 Neu), 66.3 (C-5))G&7.7 (C-9 Neu), 70.4 (C-6 Neu), 70.6
(2C, C-3 Gal, C-4 Gal), 70.7 (C-2 Gal), 70.9 (C-du) 76.1 (C-7 Neu), 96.2 (C-1 Gal), 98.4 (C-
2 Neu), 101.6 (CH), 108.6, 109.2 (CWle115.5 (g, COCk Jcr 288.5), 126.3, 128.1, 129.0,
136.7 (Ph), 157.3 (q. COGRJcr 37.7), 165.9, 167.7 (COGHI) 167.9 (COOMe)*F NMR

(282 MHz, CDC4, 5, ppm) —76.55.

4.175. Data for methyl [1,2:3,4-di-O-isopropylidene-6-(3,5-dideoxy-2-thio-4,7,8,9-tetra-O-
chloroacetyl-5-trifluor oacetami do-D-glycer o- a-D-gal acto-nonul opyr anosyl)-a-D-

galactopyranose)] onate (32)

Rf 0.53 (benzene—acetone 4:19]4* -35.9 € 1.34, CHC}). HR ESI MS: foundn/z 941.1285
[M + NH,4]*. Calcd for GoHaClaFsN2O1g 941.1290.*H NMR (600 MHz, CDCY, &, ppm, J,
Hz): 1.33 (s, 6H, CMe), 1.43 (s, 3H, CMe), 1.5338l, CMe), 2.04 (dd, 1H, H-3a Nelsa s
13.4,J32411.4), 2.74 (dd, 1H, H-3e Nelke 3213.4,J3¢,44.8), 3.59 (dd, 1H, H-6a Galga 9.5,
Jea56.7), 3.81 (s, 3H, OMe), 3.82 (dd, 1H, H-6b Gial,6v9.5,J62,55.7), 3.88 (ddd, 1H, H-5 Gal,
J5.646.7, 35,60 5.7, J5.4 1.9), 4.00 (d, 1H, CHCD 15.3), 4.03 (d, 1H, CHCJ 15.3), 4.07 (s, 2H,
CH,CI), 4.10 (ddd ~td, 1H, H-5 Neus g 10.5,J54 9.5, Jsnn 9.5), 4.16 (d, 1H, CHCI) 15.3),
4.20 (d, 1H, CHCIJ 15.3), 4.21 (d, 1H, CHCl 15.3), 4.25 (d, 1H, CHCl 15.3), 4.21 (dd, 1H,
H-4 Gal,Js38.6,d451.9), 4.31 (dd, 1H, H-2 Galp1 4.8,J,51.9), 4.32 (dd, 1H, H-9a Nelk, op
12.9,J9485.7), 4.34 (dd, 1H, H-6 Neuss 10.5,J57 2.4), 4.56 (dd, 1H, H-9b Neugp 9, 12.9,
Job,g 2.4), 4.60 (dd, 1H, H-3 Gals4 8.6,J3, 1.9), 5.12 (ddd, 1H, H-4 Neus3211.4,J45 9.5,
Js3e4.8), 5.38 (dd, 1H, H-7 Neud; 5 7.2,J76 2.4), 5.52 (d, 1H, H-1 Gal; »4.8), 5.52 (ddd, 1H,
H-8 Neu,Jg 7 7.2,J5.6a5.7,J.0p 2.4), 6.94 (d, 1H, NHJnH 5 neu 9.5).2°C NMR (151 MHz, CDG,

8, ppm, J, Hz): 24.6, 24.8, 26.0 (2C) (CMg 37.3 (C-3 Neu), 40.3, 40.4, 40.5, 40.9 ¢(CH,
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49.8 (C-5 Neu), 53.1 (OMe), 63.0, 63.6 (C-6 Gab ®leu), 66.5 (C-5 Gal), 68.6, 70.3 (2C) (C-4
Neu, C-7 Neu, C-8 Neu), 70.5, 70.6, 70.7 (C-2 GaB Gal, C-4 Gal), 71.5 (C-6 Neu), 96.3 (C-
1 Gal), 98.6 (C-2 Neu), 108.6, 109.3 (CHel15.3 (q, COCE Jcr 288.0), 157.8 (0, COGF
Jor38.0), 166.6, 166.8, 167.0, 167.5 (COLH, 167.9 (COOMe)*F NMR (282 MHz, CDG,

o, ppm) —76.72.

4.17.6. Data for methyl [ 1,2:3,4-Di-O-isopropylidene-6-(3,5-dideoxy-2-thio-4,7,8-tri-O-acetyl-9-
O-benzyl-5-trifluor oacetami do-D-glycer o- a-D-gal acto-nonul opyranosyl )-a-D-

galactopyranose)] onate (33)

Rf 0.23 (benzene—acetone 9:a]4*°> -30.2 € 3.9, CHC}). HR ESI MS: foundwz 858.2767 [M

+ NaJ'. Calcd for G/HagFsNNaO,7: 858.2767H NMR (600 MHz, CDC}, §, ppm,J, Hz): 1.32
(s, 3H, CMe), 1.33 (s, 3H, CMe), 1.41 (s, 3H, CMER4 (s, 3H, CMe), 2.02 (s, 3H, COMe),
2.05(s, 3H, COMe), 2.12 (s, 3H, COMe), 1.97 (dd, H43a NeuJsza3¢12.9,J324 12.4), 2.68
(dd, 1H, H-3e NeuJse3212.9,J3¢ 4 4.8), 3.54-3.57 (m, 1H, H-9a Neu), 3.64 (dd, 1H6&Gal,
Jeaeb11.4,6a59.1), 3.77 (s, 3H, OMe), 3.80-3.82 (m, 1H, H-9uNe3.89 (dd, 1H, H-6b Gal,
Joaeb11.4,J5255.7), 3.90 (ddd, 1H, H-5 Gals629.1,J560 5.7, J5.4 1.4), 4.00 (ddd ~td, 1H, H-5
Neu, Js6 10.5,J5 4 10.5,35 nn 9.9), 4.20 (dd, 1H, H-4 Gal, 3 8.1,J,5 1.4), 4.28 (dd, 1H, H-6
Neu,Js510.5,J5 7 1.4), 4.31 (dd, 1H, H-2 Galy 1 5.0,J,32.4), 4.45 (d, 1H, CHPW,11.8), 4.54
(d, 1H, CHPhJ 11.8), 4.60 (dd, 1H, H-3 Galz 4 8.1, J3, 2.4), 5.04 (ddd, 1H, H-4 Neuj sa
12.4,345 10.5,J4 3¢ 4.8), 5.35-3.38 (m, 2H, H-7 Neu, H-8 Neu), 5.52 H, H-1 Gal,J;» 5.0),
6.87 (d, 1H, NHdumsnew 9.9), 7.25-7.28 (m, 1Hp-CH(Ph)), 7.30-7.34 (m, 2Hn-CH(Ph)),
7.36-7.37 (m, 2Hp-CHPh).**C NMR (151 MHz, CDGJ, 8, ppm, J, Hz): 20.5, 20.6, 21.1
(COMe), 24.6, 24.9, 26.0, 26.1 (CMe37.7 (C-3 Neu), 50.3 (C-5 Neu), 52.7 (OMe), 6@36
Gal), 66.5 (C-5 Gal), 68.2 (C-7 Neu), 68.5 (C-9 N&8.5 (C-4 Neu), 70.5 (C-8 Neu), 70.6, 70.7
(C-2 Gal, C-3 Gal), 70.7 (C-4 Gal), 72.2 (C-6 Ner3,2 (CHPh), 96.3 (C-1 Gal), 98.7 (C-2

Neu), 108.5, 109.2 (CMg 115.5 (q, COCE Jc r 288.0), 127.6-CH(Ph)), 127.81(-CH(Ph)),
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128.3 p-CH(Ph)), 137.9 (C(Ph)), 157.5 (q, COLBcr 38.0), 167.9 (COOMe), 169.9, 170.6,

170.9 (COMe)*F NMR (282 MHz, CDGJ, §, ppm) —76.99.
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Fig. 1. Possible types of hydrogen-bonded supramers foimétke solutions of sialyl donors with- and O-trifluoroacetyl
groups. Structureé\ and B, which involve methoxycarbonyl dD-acetyl/benzoyl/chloroacetyl groups as hydrogenebon
acceptors, correspond to more tight supramersgtranturesC andD, which involve carbonyls dfi- andO-trifluoroacetyl
groups, since hydrogen bond with carbonyl of TFAuyr is rather weak. Dashed lines represent hydrbgeds, the shorter

is the length of the line the stronger is the hgérobond. Dimers are shown for clarity.
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Scheme 1.Synthesis of sialyl donors and their prucursortheuit O-TFA groups.Reagents and conditions: a. 3 equiv.
CA,0, 2,4,6-collidine, MeCN (87%. BzCl, Py @ (68%) +4 (32%);7 (86%)).c. Me;,CH(OMe),, CSA, MeCN (84%)d.
Ac,0, Py (97% for6, 87% for16). e. 90% aq. CECO,H, CH,CI,, 0 °C (74% for9, 86% for10, 95% for11). f. 1.5 equiv.
CA0O, 2,4,6-collidine, CHCl, (94% for 8, 80% for 18). g. PhCH(OMe), CSA, MeCN {2 (34%) + 14 (66%)). h.
BHsNMes, AICI3, THF, HO (67% of15 from 12). i. 3 equiv. CAO, 2,4,6-collidine, CECl, (95%). Ac = CHCO, Bz =
PhCO, CA = CICHCO, TFA = CRCO.
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Scheme 3Glycosylation of 1,2:3,4-dB-isopropylidenea-D-galactopyranose?{) with sialyl donorsReagents and

R2=R3=R*=Ac
R2=R3=R*=Bz
R3=Ac, R3R*= CHPh
R3=CA, R3R*= CHPh
R2=R3=R*=CA
R3=R3=Ac, R*=Bn

conditions: a. NIS, TfOH, MeCN, MS 3A, —40 °. 1) MeONa, MeOH; 2) A©, Py.c. 1) EtN, MeOH; 2) AgO, Py.
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Table 1.Conditions and products of glycosylatfdn

Entry Glycosyl O-Bz O-Ac O-CA O-TFA Addition  Reaction Disaccharide  Yield  Anomeric
donor preserit! preserif! preserit! preserit! of TTOH  time/h (%) ratio @:B)®
(equiv.j?
1 2 | ] ot - 1 (0.26) 16 32 86 10.9:1
(4,7,8,9)
2 3 . 2 - - 1 (0.30) 0.5 29 61 4.6:1
(4,7,8,9)
3 16 - ++ - - 1(0.26) 3 30 60 211
(4.8)
4 17 - - ++ — 2 (0.52) 2 31 57 5.8:1
(4.8
5 18 | | + - 1 (0.38) 3 n.4. n.al n.a.
@
6 19 - - - ++++ 3(0.78) 21 28 38 9.8:1
(4,7,8,9)
7 20 - + - +++ 2 (0.53) 16 28 59 7.2:1
(4) (7,8,9)
8 21 - - + +++ 2(0.32) 2.5 28 55 15.5:1
4) (7.8,9)
9 22 + = - +++ 2 (0.52) 21 28 49 6.3:1
4) (7,8,9)
10 239 o 2 - + 2 (0.59) 4 28 45 4611
(4,8,9) 7)
11 24 - - + ++ 1 (0.30) 19 33 52 12.4:1
@ (7.8)
12 25 s 2 - ++ 1 (0.31) 19 30" 49 7.7:1
(4.8)
13 26 - - + + 1 (0.60) 19 30 70 9.2:1
) (8)

[a] 1 equiv. of glycosyl donor (0.05 mol), 1 equiv. of glycosyl acceptor (0.05 moP). NIS, TfOH, MeCN, MS 3A, —40 °C. Reaction was
quenched after complete consumption of glycosyloddiiLC control). In those cases wh@aTFA groups were initially present in the glycosyl-
donor, the mixture of products obtained after wopkwas treated with NaOMe in MeOH to cleave@lacyl groups and the®-acetylated with
Ac,0O and Py. Fully protecte®-acylated disaccharide fraction was isolated bypgmeation chromatography on BioBeads S-X3 (tajend
analyzed by'H NMR to give anomeric ratio. Individual anomers dibaccharides were then separated by silica geinwtography and the

disaccharide yield was determined at this stage.

[b] Minus sign (-) indicates that the®eacyl groups were absent while the number of pigisss(+) denotes the number of the correspon@agyl
(Bz, Ac, CA or TFA) groups. Numbers in parentheselicate positions of the respecti@eacyl groups.

[c] Number of additions of TfOH and the total ambohadded TfOH (equiv.) are given.

[d] Isolated yield ofx-isomer of disaccharide after silica gel chromaapdy is given.

[e] *H NMR data for the disaccharide fraction isolatgdybl permeation chromatography on BioBeads S-¥Béne).

[f] Multiple products were formed.

[g] Glycosylation was performed at 36 mM concembrabf glycosyl donor and glycosyl acceptor.

[h] Treatement with NEtin MeOH was used for cleavage@fTFA groups from the disaccharide prior to acetglawith Ac,O and Py.
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Table 2."H NMR chemical shifts (300 MH#,,) of thioglycoside—26 in CDCh.®

Compoun H-3ax H-3eq H-4 H-5 H-6 H-7 H-8 H-9a H-9b
d
2 2.22 2.82 5.66 4.23 4.93 5.52 5.09 4.18 4.61
3 2.36 3.01 5.98 4.36 5.19 6.06 5.55 4.54 4.97
4 241 2.93 5.93 4.43 471 4.18 5.44 4.67 4.95
5 211 2.79 4.30 3.99 4.53 3.48 4.13 3.98
6 2.24 2.83 5.63 4.24 4.55 3.53 4.14 3.97 4.04
7 2.39 2.99 5.84 4.38 4.62 3.57 4.15 3.97 4.04
8 2.27 2.89 5.65 4.31 4.58 3.51 4.12 3.98 4.02
ol 2.13 2.77 5.49 4.41 4.88 3.53-3.91 (m)
109 2.20 2.83 5.52 4.46 4.83 4.40-4.72 (m)
11 2.18 2.83 5.60 4.46 4.90 3.66-3.83 (m)
140 2.01 273 ~4.32 -~428 401 3.79 4.06 3.64 ~4136
15 2.11 2.75 5.56 4.41 4.74 3.52 3.92 3.49 3.73
16 2.19 2.74 5.56 451 4.61 3.90 5.16 3.60 4.72
17 2.23 2.78 5.68 ~4.66 ~4.62 3.99 5.30 3.68 ~4.65
18 2.24 2.76 5.71 4.52 4.67 3.62 3.98 3.53 4.30
19 2.36 2.92 5.75 4.18 4.92 5.55 5.01 4.29 4.72
20 2.25 2.78 5.77 4.13 4.81 5.54 4.98 4.28 4.74
21 2.28 2.84 5.83 4.17 4.87 5.56 5.02 4.27 4.72
22 2.45 2.95 6.20 4.34 4.90 5.62 4.83 4.29 471
23 2.43 3.01 6.02 4.40 5.09 5.81 5.42 4.37 4.82
24 2.22 2.80 5.64 4.17 4.86 5.56 5.36 3.57 3.92
25 2.27 2.79 5.68 4.61 4.69 4.06 5.39 3.77 4.66
26 221 2.78 5.73 4.60 4.61 4.06 5.39 3.76 4.68

[a] Chemical shifts of signals of protecting growas be found in the Experimental and in the Suppfeary data section.

[b] In acetoneds.

[c] In DMSO-s.

[d] Chemical shift was determined frdid,"H-COSY experiment.
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Table 3."H NMR coupling constantsl( Hz) of thioglycosideg—26 in CDCk.

Compound 3ax,3eq 3ax,4 3eq4 4,5 5,6 6,7 7,8 8,9a,9b8 9a,9b
2 13.9 11.0 4.8 11.0 107 1.9 2.2 8.4 1.5 12.6
3 13.6 11.7 4.8 10.3 105 24 2.2 8.4 2.6 12.1
4 13.6 11.6 4.8 103 103 15 4.8 6.6 2.2 12.1
5 13.6 11.7 4.4 100 103 15 8.0 5.9 f.d.
6 13.9 12.1 51 103 11.0 15 8.1 6.6 51 8.8
7 13.9 11.7 51 10.3 103 15 8.1 6.6 51 8.8
8 13.9 11.7 51 10.3 103 15 8.1 6.6 51 8.8
R 13.6 11.7 4.8 10.3 106 1.1 n.d. n.d. n.d. n.d.
10¢ 13.5 114 4.7 10.5 10.6 n.d. n.d. n.d. n.d. n.d.
11 13.8 11.9 4.8 103 106 14 8.6 n.d. n.d. n.d.
14p) 13.9 11.7 4.4 n.d. 101 15 9.2 10.3 53 10.6
15 13.6 11.7 438 103 106 1.1 8.4 6.6 2.9 9.5
16 13.6 12.1 438 100 103 15 9.9 9.5 5.3 10.6
17 13.9 121 5.0 10.0 nd. 15 95 10.3 5.3 10.8
18 13.9 11.7 5.0 100 103 2.2 9.2 103 5.3 10.8
19 13.9 114 51 103 106 2.2 1.8 9.2 2.6 12.5
20 14.1 11.7 5.0 103 105 24 1.8 9.2 24 12.5
21 13.9 11.7 438 103 106 2.2 1.8 9.2 2.6 125
22 14.1 11.7 5.0 10.3 103 2.2 1.8 9.2 2.6 125
23 13.9 11.7 4.8 103 106 2.2 1.8 8.8 24 12.5
24 13.9 11.7 51 106 106 2.6 3.3 7.3 3.3 114
25 13.8 11.7 4.8 9.9 103 2.2 9.5 9.5 5.3 10.6
26 13.9 12.1 51 9.9 10.3 15 9.9 9.5 51 10.6

[a] Not determined.

[b] In acetoneds.

[c] In DMSO-s.
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Table 4."*C NMR chemical shifts (75 MH#) of thioglycoside®—26 in CDCL,.®

Compound C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9

2 167.9 885 37.2 70% 499 717 702 741 633

3 168.2 889 378 69.5 506 725 70.0 734 632
4 168.1 893 377 689 522 738 6947 7349 632

5 1689 90.0 409 66.3 537 715 707 742 67.0

6 167.8 89.6 378 683 515 719 701 743 6638

7 167.8 89.6 380 69.0 51.8 722 703 744 66.9

8 167.7 894 376 704 510 718 703 742 66.9
" 1685 90.5 386 700 51.0 723 71.0 70.6 648
109 167.2 894 373 70.6 493 712 69868.687 635
110 168.4 904 384 720 509 724 706 718 649
14" 1685 91.3 422 67.3 536 706 802 61.0 724
15 1679 895 376 705 506 713 69.3 687 716
16 167.3 89.7 377 685 503 704 764 631 679
17 167.2 89.2 373 708 498 707 767 642 675
18 167.7 879 370 711 497 702 788 604 708
19 167.4 875 365 719 498 711 715 750 638
20 167.7 881 372 679 502 717 717 754 639
21 1675 87.9 369 700 499 715 716 751 638
22 167.8 878 372 688 501 718 716 755 638
23 1679 888 376 69.2 504 721 738 73.0 625
24 1679 886 371 701 503 713 721 758 66.7
25 167.1 887 366 728 496 702 758 66.0 66.7
26 167.1 89.3 373 70.7 49.7 704 758 66.2 66.6

[a] Chemical shifts of signals of protecting growas be found in the Experimental and in the Suppfeary data section.

[b—e] Signals may have to be interchanged.

[f] In acetoneds.

[g] In DMSO-ds.

51



Varying protecting groups may change solution structure and sialylation outcome.
Influence of O-protecting group pattern on the sialylation outcome was studied.

A series of novel sialyl donors containing O-TFA groups was synthesized.

The presence of O-TFA groups strongly influenced the sialylation outcome.

Combination of O-TFA and O-CA groups is the key to stereosel ective siaylation.



