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Abstract

A new glycosyl acceptor to be used in sialylatiomsvdesigned as a 3-hydroxy derivative of 4-
methoxyphenylp-D-galactopyranoside with @-acetyl group and O-4 and O-6 protected as
benzylidene acetal. Two alternative synthesesisfabmpound were compared. Sialylation of 3-
OH group of the glycosyl acceptor with O-chlorogtated N-trifluoroacetylneuraminic acid
phenyl thioglycoside (NIS, TfOH, MeCN, MS 3 A, —40) was studied in a wide concentration
range (2-150 mmolt). The outcome of sialylation generally followedetipredictions of
supramer analysis of solutions of sialyl donor ie®N, which was performed by polarimetry
and static light scattering and revealed two cotraéion ranges differing in solution structure
and the structures of supramers of glycosyl dombe optimized conditions of sialylatior© (
=50 mmol-L?Y were used to synthesize protected Né2-3)-Gal disaccharide (78%:B =
13:1), which was then converted to sialyf2-3)-galactose imidate building block useful fbet

synthesis of complex sialo-oligosaccharides.

Keywords. Neuraminic acid; Glycosylation; Sialylation; Cont&tion; Reactivity; Supramer
approach
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1. I'ntroduction

Sialic acid-containing glycoconjugates are ubiquély and abundantly present at the
surface of all cell types in various organisms amgblved in a wide range of biological
phenomena ranging from cell-cell adhesion and mphd recognition by viruses and bacteria
[1-7]. Tremendous efforts have been made in ordaerdévelop efficient methods for
stereoselective synthesis @fsialosides by chemical glycosylation (sialylatioaind, therefore,
more efficient assembly of sialo-oligosaccharided aialo-conjugates. Unfortunately, reliable
introduction of sialic acid residues into oligosaagdes remains quite a difficult problem and
poor predictability and reproducibility of yield @nstereoselectivity are still typical of the
sialylation reaction (for leading references seel#ttest reviews [8-10]; a comprehensive list of
references can be found in a recent publicatioly.[Ebr this reason, a detour is commonly used
that during sialo-oligosaccharide assembly utilidesaccharide building blocks, which contain
sialic acid residue at the non-reducing end andpaepared either by chemical or enzymatic
methods (see [12-26] and references cited ther&hg.main advantage of such an approach is
the minimization of a number of difficult sialylath steps. Since the sialg(2-3)-galactose
disaccharide fragment is often found at the nomwcedy end of sialo-glycans, especially
appealing is the use of sialg(2-3)-galactose [Neu{2-3)-Gal] building blocks with removable
protective group at the N-5 of sialic acid residv@ch can be used in the divergent synthesis of
variousN-acyl (includingN-acetyl and\-glycolyl) derivatives of sialo-oligosaccharidesthvihe

terminal sialic acid residue connected to O-3 dagase [13-15, 18-22, 24-26].

Clearly, for the preparation of sialglf2-3)-galactose block two monosaccharide units are
required: a sialyl donor and a galactosyl accepis.in other glycosylations [27], each
combination of sialyl donor and glycosyl acceptehich in case of sialylation may have one or
several (up to four) hydroxy groups [28], is unigtiee outcome of sialylation depending on

many variables [11, 29-34] including the naturepodtective groups on both partners [22, 23,



35] and concentration of reagents [30, 32, 33, Bfjile most studies on sialylation extensively
optimize the nature of glycosyl donors, only linditattention has been given to the design of
efficient nucleophiles for use in sialylation raans. Not only should the reactivity of a glycosyl
acceptor match that of glycosyl donor [37], but, gcactical reasons, the former also needs to be

preparatively accessible in good overall yield fgrably in minimal number of steps.

In this communication, we describe a short synthekia novel readily available glycosyl
acceptor with one hydroxy group at C-3 of galactademonstrate its utility in sialylation
reaction and accomplish an efficient synthesishef $ialyla(2-3)-galactosyl imidate building

block.

2. Results and discussion
2.1. Synthesis of glycosyl acceptor

2.1.1. Design of glycosyl acceptor

The new glycosyl acceptor was designed as a 3-Rydterivative of 4-methoxyphen{a-
D-galactopyranosidé with 2-O-acetyl group and O-4 and O-6 protected as bereyichcetal.
Galactose-based glycosyl acceptors with @,Benzylidene groups have already been used in
sialylation [14, 15, 20, 38]. Unlike benzoyl grousmcetyl group only mildly deactivates the
vicinal hydroxy groug:® and we expected glycosyl acceptro be reactive enough to be
readily glycosylated with conventional sialyl dosaather than with more sophisticated sialyl

donors [20, 44-46] that often require very low temgtures. The presence of participatin@-2-

% For a discussion on this issue, see [39]. Bengaylip is more electron-withdrawing than acetyl grsince
benzoic acid is somewhat more acidi&{@.17) than acetic acidp 4.76). This can lead to decreased
nucleophilicity of the vicinal hydroxy group at C-3

® Note that all neighboring acyl groups (includiratyl group at O-2) deactivate 3-OH of galactoserofeading to
diminished yields of silaylation [40]. For this sz, the use of O-benzylated glycosyl acceptossaitylation is a
more common practice [38, 41-43]. This issue iseatomplex and a balanced discussion of the infle®f the
nature and position of protective groups in gly¢@sgeptor on the outcome of sialylation is cleddyond the
scope of this publication.
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acetyl group would ensure 1tgans-stereochemistry in subsequent glycosylations with
prospective sialyty(2-3)-galactose building block [12-14, 16, 18, ®Methoxyphenyl aglycon
has been used to protect anomeric position in glycacceptor during sialylation step [25, 32]
and then cleaved under oxidative conditions to gemiacetal thus allowing transformation to a

variety of disaccharide glycosyl donors [18, 21].

2-O-Substituted 4,8-benzylidene3-D-galactopyranosides cannot be prepared by
selective protection of O-2 in 4@-benzylidene-protected 2,3-diequatorial didlsA feasible
approach to such derivatives can rely on introductf benzylidene group into a 3,4,6-triol with

the desired protective group at O-2.

Schemel here

2.1.2. Preparation of 2-O-acetyl derivative 5 in one step by selective deacetylation

We have recently reported thatacetyl aryl glucopyranosides can be prepared & on
step from per-O-acetylated aryl glycosides wiBAgluco-configuration by selective O-
deacetylation under acidic conditions [48, 49].sTimethod is also applicable for aryl glycosides
with 3-galacto-configuration [49]. Indeed, acid-catalyzed dealeg¢tyn (aq HCI, EtOH, CHG)
[49] of the known 4-methoxyphenyl 2,3,4,6 te@eaacetyl3-D-galactopyranosidelj [50]
readily afforded previously unknownQ@-acetyl galactosidb in a good yield (55%) (Scheme 1)
along with tetraoP [50, 51] (40%), which can be re-acetylated to divend then recycled in the

deacetylation reaction thus making this routé &wven more attractive.

2.1.3. Preparation of 2-O-acetyl derivative 5 in four steps via acetal 4

“ Note that migration of acyl groups from O-3 to @uier basic conditions can be used for the préparef 2-O-
acyl-4,60-benzylidene-D-galactopyranose derivatives [47].
4



For comparison, a more traditional approach to 2ubstitutedB-D-galactopyranosides
was also explored. A reaction of tetr@db0, 51], prepared from tetraacetatfs0] by Zemplén
deacetylation [52], with 2,2-dimethoxypropane ire thresence of CSA under conditions of
thermodynamic control [53, 54] gave the known ispytidene acetaB [55, 56] with free
hydroxy group at C-2, which was further acetylatedgive fully protected derivativel.
Cleavage of acetal groups with trifluoroacetic a€ldFA) [56] gave 20-acetyl glycosideb
(Scheme 1) identical to that prepared by one-stepeolure (see section 2.1.2). Although the
four-step procedure gave slightly higher overadllgiof the target compouril(63%) it requires
much more time (more than 5 days) and effort in gamson to the one-step synthesis described

in section 2.1.2.

2.1.4. Preparation of glycosyl acceptor 6

The prepared galactosidewith one acetyl group at O-2 then was converteddagtion
with PhCH(OMe) in the presence of TsOH in MeCN to 4£¥benzylidene derivativé (83%)
(Scheme 1) that had only one free hydroxy groufc& making it a prospective glycosyl
acceptor in various glycosylation reactions. Imanotty, alcohol6 is highly soluble in MeCN
commonly used for sialylation thus making this compd suitable as glycosyl acceptthnat

was demonstrated in this study (see section 2.2).

2.2. Salylation

2.2.1. Design of sialyl donor

® Note that although the corresponding derivativéawinzoyl group at O-2 is known [47], it has nelveen used as
glycosyl acceptor in sialylation to the best of &nowledge. Similar 23-benzoyl-4,60-benzylidene derivatives of
galactose with different aglycons have been usagyassyl acceptors in sialylation [20, 46].
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As discussed in section 1, a “good” sialyl donoowdtl contain a cleavable protective
group at the N-5 of sialic acid residue that waalldw subsequent introduction of the desiked
acyl substituent gg., N-acetyl or N-glycolyl). Sialyl donors withN-trifluoroacetyl (TFA)
protective group have successfully been used inmaber of syntheses of naturally occurring
sialyl derivatives (see [11] and references citestdin). For this reasoiN-TFA-sialyl donor7
[11] with O-chloroacetyl (CA) groups was chosen tiesting ability of galactose derivatigeto
act as glycosyl acceptor (Scheme 2). Since glyatisyl of primary hydroxy group of 1,2:3,4-di-
O-isopropylidenea-D-galactopyranose with sialyl dondr gave high vyield (86%) and good
stereoselectivity(: = 11:1) [11] it was reasonable to test this sialghor in sialylation of a
secondary hydroxy group of derivatiég(it is known that outcome of sialylation with tesame

glycosyl donor may dramatically depend on the reatdrglycosyl acceptor [8-10]).

Scheme 2 here

2.2.2. Supramer analysis of solutions of sialyl donor
2.2.2.1. Basics of the supramer approach

Since concentration of reagents is known to affggtosylation outcome, one has to
choose concentrations of glycosyl donor and glycesgeptor. This can be done either by
analogy to previous examples of similar reactionsusing some rationalization that could
suggest possibly optimal conditions, the latterrapph being more appealing. For this reason,
before performing actual glycosylation experimemésstudied, like previously [30, 32, 33, 36],
solutions of sialyl dono? in MeCN® with different concentrations by polarimetry [37, 58]

and light scattering [32, 34, 59[This so called supramer analysis [36] of solutisnan integral

® Sialylation reaction was performed in MeCN. Sepdfimental (section 4.6) for details.

" Polarimetry is extremely sensitive to changesintion structure (see [36] the detailed discussion

8 Glycosyl donof7 has earlier been used in sialylation only at glsifregular” concentration (50 mmol. [11],
its solutions have never been studied by supramaysis.
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part of an approach, recently proposed by us [913& 57-65] (see [33, 34] for the reviews),
which explicitly accounts for the structure of @aegon solution and is based on the hypothesis
that in many cases the real reactive species intisnl are non-covalently-bonded
supramolecular aggregates, supramers, rather simateéd molecules of reagerft€hanges in
solute concentration may influence structure of tleresponding supramers in a step-wise
manner [34, 36]. The concentration ranges, whenmgrasoers of similar structures hence
chemical properties exist, are separated by crittcamcentrations from other concentration
ranges, where differently arranged supramers fedthy altered chemical properties (reactivity,
selectivity) are formed [34, 36]. The supramer apph was shown to be useful for explanation,
prediction and discovery of a series of unexpegpteehomena and allowed the development of
highly efficient and stereoselective glycosylatiogactions with sialyl donors that lead to
formation of Neue(2-3)-Gal [32, 33] and Neu{2-6)-Gal [31, 33] glycosidic linkages found in

many natural sialo-oligosaccharides of biologicad anedical significance.

2.2.2.2. Measurement of optical rotation of solutions of sialyl donor

Analysis of concentration dependence of specifiicap rotation (SR, d]p) of freshly
prepared solutions of sialyl dondnin MeCN (Fig. 1,a) revealed the existence wfo ranges of
concentrations: high concentration range<( 25-150 mmol-T}), where the SR values almost
do not depend on concentratiom]§ = —(130-135) deg-drhcnt-g™), and low concentration
range C = 2-5 mmol-LY), where the SR values are noticeably differeoi[= —(145-147)
deg-dm*cn?-g%). The SR values measured at 10 mmdlkere scattered and for this reason
this concentration cannot be unambiguously incluidedeither range (see error bars in Fig. 1,
a); it should be rather considered as a border-dimecentration between the two ranges,

critical concentration.

° For the detailed discussion of the foundationthefsupramer approach and supramer analysis dfswias well
as the relevant references not cited here see [36].
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According to the supramer approach (section 2.2.2vhich associates the observed
differences in SR values of solutions with changesolution structure (see [36] for the details),
this observation suggediso different types of supramers to be present in the higke & 25-150
mmol-L?) and low € = 2-5 mmol- %) concentration ranges. Basing on previous expegien
[32, 36], we may expedtvo different reactivity patterns in these two concentration ranges. Only
the experiment may reveal, in which concentratiamge sialyl dono7 would perform better

both in terms of the product yield and sialylatgiareoselectivity (see section 2.2.3).

Figurelhere

2.2.2.3. Measurement of light scattering of solutions of sialyl donor

Our previous studies [32, 57, 59] suggest thabme cases different types of supramers,
which exist in different concentration ranges @ofvs from supramer analysis of solutions by
polarimetry, see section 2.2.2.2), can be diststged also by static or dynamic light scattering
(SLS and DLS, respectively). Analysis of intensited scattered light (SLS) in solutions of sialyl
donor 7 was performed in terms of solvent quality, whishan approach normally used for
polymers [66-69] and was reported for analysistiafcsure of solutions of a low-molecular-mass
substance [57]. The measured values of scattentegsities were used for construction of the
Debye plot (Fig. 1b) in which the slope (equal to the second viriaf@ioient Ay) [57, 66, 67]

indicates the thermodynamic quality of solvent.

Interestingly, the solvent quality changes dranadlifonith concentration of sialyl donar
in MeCN (Fig. 1b). Thus, for solutions with concentrations in the/lconcentration rang&(=
2-5 mmol- %) the second virial coefficier; < 0 (negative slope) suggesting features of poor
solvent characterized by attraction between theitsoparticles leading to increased solute

aggregation and compaction of supramers, whergasofotions with concentrations in the high



concentration rangeC(= 25—-150 mmol-T%) A; ~ 0 (horizontal line) typical of thet@)(solvent
suggesting that different, less dense, suprametisecolute are formed in this range (assuming
the generalizations established for solutions dfiipers are applicable in this case too). It is
important that these changes from poor to theteesticorrelate well with changes in SR values
as the critical point in Fig. b (atca. 10-25 mmol- ') corresponds to that in Fig. 4,(at 10
mmol-L%). Even more important is the finding that the higincentration rangeC(= 25-150
mmol- L) corresponds to theta solvent. This means thategggion and solvation effects are
balanced (ideal conditions) and we can expect fekgss glycosylation in the high concentration
range C = 25-150 mmol-1)). In other words, glycosylation performed in tltisncentration
range is expected to provide high yield of disacdce®’ independently of concentration used.
At the same time, glycosylation in the low concatitm range € = 2-5 mmol-L*) is expected

to be low-yielding as the solute molecules are etqeto formtight supramers (with limited
accessibility of the molecules of glycosyl donolocated in the supramer core) similar to dense

collapsed polymer globules usually formed in pagvents.

2.2.3. Results of sialylation experiments at different concentrations

Having established the existence of two concewinatanges featured by the presence of
different supramers of glycosyl donor, we perfornzederies of glycosylation experiments of
with equimolar amounts of sialyl don@rand glycosyl acceptd@ (Scheme 2) under standard
conditions (NIS, TfOH, MeCN, MS 3 A, —40 °C) at imrs concentrations that belong to these

ranges (Table 1, Fig. £).*? In accordance with the results of supramer arglyssolutions of

1% Since the molecules of glycosyl dorrincorporated in relativelioose supramers that are formed under theta
conditions, are accessible for other reagents.

' One may speculate that under theta conditionsubeome of glycosylation (including stereoseletyivivould be
determined mainly by molecular structure of reagamid follow generalization already found [8-10], 2uhile
solution structure effects would play minimal role.

2\We intentionally used equimolar amounts of gly¢asnor7 and glycosyl acceptd since this experimental
design allows easy monitoring the reaction courgbarrect estimation of time required for the tacto
complete. The use of excess of a sialyl donor i gucommon practice; in such cases, higher yieids
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sialyl donor7 in MeCN (see section 2.2.2), the outcome of sagilgh differed considerably
when the sialylation reaction was performed at eatrations belonging to the different
concentrations ranges. Not surprisingly, the yaldisaccharidd& formed at concentrations that
belong to the high concentration range< 25-150 mmol-1Y), i.e. under theta conditions, was
high (68-78%) and almost did not change with cotreéinn; all reactions were finished within
1 h (Table 1, Fig. 15). On the contrary, sialylation at concentratiomol- L, which belongs
to the low concentration rang€ € 2-5 mmol-[%),*3i.e. in poor solvent, was sluggish and gave
much lower yield of disaccharid®(31%) after 28 h at —40 °C. This remarkable rethoth of
glycosylation in dilute solutidfi is in accordance (Fig. 1) with prediction madeeoasn the
results of supramer analysis of solutions of sidtyhor7 in MeCN by SLS (see section 2.2.2.3),
which suggests that molecules of glycosyl dontwcated in the core dfght supramers, which
are formed in dilute solutionsC(= 2-5 mmol-LY) (see section 2.2.2.3), have limited

accessibility hence cannot efficiently participatelycosylation reaction.

Stereoselectivity of sialylation was goaal[§ = 9:1 — 13:1) in all cases studied (Table 1)
although thea/p ratio of disaccharidé had no clear relation to the concentration unlike
previously studied examples [32, 36]. Pareandf3-isomers of disaccharide-8 and3-8 were

isolated by silica gel chromatography and extemgiglearacterized (see section 4.6).

Tablel here

2.2.4. Comparison of results of supramer analysis and glycosylation experiments with

previously reported results

glycosylation products are usually obtained in hivith general consensus that the competing elingdndtom a
sialyl donor is the main reason for diminished géein sialylation.

13 Only one concentration from this range was useshaaxample. Practically useful glycosylationsmwemally
performed at reasonably high concentrations (50-800I- ). Glycosylations in very dilute solutions, althdug
sometimes reported to be advantageous (see [36Ifrant references), are impractical since exoeplly large
volumes of solvent are required when the reactmagerformed at the millimolar scale.

% Similar observations have been reported [32, 36].
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Since this is the third example of the use supraaralysis for rational selection of
concentrations at which glycosylation is performed; reasonable to compare these three cases.
Although sialylation with two different glycosyl dors in MeCN was studied only in two (Ref.
[32] and this study) of three cases (the third was arabinofuranosylation in 1,2-dichloroethane

[36]), it clear that there are obvious similariteswell as differences.

In all three cases, the glycosylation yields wartuglly identical at concentrations greater
than a critical concentration found by polarime#y.these critical concentrations, a plot of SR
of solutions of a glycosyl donor (in the solveneddor glycosylation) against concentration
experienced a discontinuity — either a minimum [8R2]evelling off (Ref. [36] and this study).
According to the supramer approach (see sectio2.2,2436, 57] and references cited therein)
identical SR values (levelling off at concentraoexceeding critical values) at different
concentrations (for the same compound dissolvetidrsame solvent) suggest similar structures
of supramers present at these concentrations, lsamdar chemical properties of the solute. For
this reason, in these cases (Ref. [36] and thdy¥tue limited ourselves to the study of solutions
of glycosyl donor only? However, in the case of a minimum of SR [32] tldasoning was no
longer valid. We could no longer ignore the pregeoifcglycosyl acceptor in the reaction mixture
and performed additional experiments althoughridgiired extra efforts. Using polarimetry and
DLS for equimolar mixtures of glycosyl donor angaisyl acceptor dissolved in MeCN, we
were able to reveal formation of hetero-supraméet tncorporated the molecules of both
glycosyl donor and glycosyl acceptor [32]. Notakihgese hetero-supramers were present only at
concentrations above the mentioned critical comaéinonh, which was detected for solutions of
glycosyl donor,i.e. in the concentration range where glycosylatiorldyig¢id not depend on
concentration. Interestingly, in all three caseslistd glycosylation yield significantly dropped

while the reaction time increased in the low-coion range (below the critical

!5 Recall that the main aim of using supramer ansligsihe rational selection of concentrations fgcgsylation. In
the mentioned cases the choice of the concentsatias based on data for solutions of glycosyl domty. As
experience suggests this simplified approach cavige effective means for optimization of glycogida while
saving unnecessary efforts required for a moreotigh study.
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concentration) suggesting lower reactivity of supees of glycosyl donor formed at these

concentrations.

A possibility to use light scattering for studyisglutions requires sufficient intensity of
scattered light (SLS and DLS) and adequate contdiféerence of refractive indices) between
the dispersed particles and the medium (DLS). Uafately, these conditions are not always
met® It is for this reason, we were able to use lighattering only in two of three cases. We
were lucky to use DLS in the first studied cas€ [2get information on the size of supramers
present in reaction solutions. In this study, hosvewhile optical contrast was small preventing
observation of a correlation function of scatteligbt (DLS), the intensity of scattered light was
sufficient for reliable SLS experiments (see sec2d?.2.3). These experiments for the first time
allowed us to gain insight into the inner structofesupramers, discriminating tight and loose

supramers that differed in their reactivity (seetisas 2.2.2.3 and 2.2.3).

To summarize, the use of supramer analysis of isolutof either glycosyl donor or
mixtures of glycosyl donor and acceptor (in thectieam solvent) can provide a rational basis for

selection of concentrations at which glycosylai®performed.

2.3. Preparation of the sialyl- a(2-3)-galactose imidate building block

The obtained sialytx(2-3)-galactose disaccharide blogk8 has one obvious zest: it can
be further functionalized at galactose O-4 or Oitéraselective removal of benzylidene group
(see compoundO in Scheme 3Y to give a variety of more complex building bloakkich can
be then elaborated in a way similar that describeldw® However, in the present study we

elected to convert pure disaccharide-8 to a simpler sialybl(2-3)-galactose N-

'8 These features of light scattering make polariyn@tmethod of choice for supramer analysis of feactolutions.
" For example, galactose 4,6-diols can be usedyasgyll acceptors.
'8 This direction of research is currently being exetl in our laboratories.
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phenyltrifluoroacetimidate building block4 since imidates are widely used for the preparation
of oligosaccharides [70] (Scheme 3). Cleavage oizyde@lene group under acidic conditions
gave diol10, all O-acyl groups were removed by treatment witbthanolic MeONa to give
heptaol1ll, which was acetylated to give heptaacet#tg63% over 3 steps) identical to that
described by us earlier [18]. Methoxyphenyl anomeniotective group was then oxidatively
cleaved from O-acetylated disacchariti2 to give hemiacetall3 and imidoyl group was
successively introduced to obtain the target sia(iZ-3)-galactose imidateuilding block 14

(66% over 2 steps).

3. Conclusions

In conclusion, a new glycosyl acceptor to be usedialylation was designed as a 3-
hydroxy derivative of 4-methoxyphen@tD-galactopyranosidé with 2-O-acetyl group and O-4
and O-6 protected as benzylidene acetal. Two ateen syntheses of compour@l were
compared. Sialylation of 3-OH group of the glycosdceptor with O-chloroacetylatel-
trifluoroacetylneuraminic acid phenyl thioglycosi@éNIS, TfOH, MeCN, MS 3 A, —40 °C) was
studied in a wide concentration range (2—150 mmd). The outcome of sialylation generally
followed the predictions of supramer analysis dfigsons of sialyl donoi7 in MeCN, which was
performed by polarimetry and static light scattgriand revealed two concentration ranges
differing in solution structure and the structuoésupramers of glycosyl don@r The optimized
conditions of sialylation@ =50 mmol- L) were used to synthesize protected M¢R-3)-Gal
disaccharide8 (78%, a:3 = 13:1), which was then converted to sialyR-3)-galactose imidate

building block14 useful for the synthesis of complex sialo-oligo$eres.

4. Experimental
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4.1. General Methods

Glycosylation reactions were carried out under argimosphere with anhydrous solvents.
The reactions were performed with the use of comiakereagents (Aldrich, Fluka, Acros
Organics). Anhydrous solvents were purified andediriwhere appropriate) according to
standard procedures. Ethanol used for partial dgaten of compoundl contained 5% of
water. MeCN for glycosylation reactions was distlllunder argon over,®s and then over
CaH, and stored over molecular sieves (MS) 3 A undgomr Powdered MS 3 A (Fluka) were
activated before the reactions by heating at 22th°@gh vacuum for 24 h and then for 6 h just
before use in glycosylation. Gel permeation chragaphy was performed in toluene on a
column (570 x 25 mm) packed with Bio Beads S-X3 @80—400 mesh, Bio-Rad) using a
differential refractive index detector (Knauer).l@an chromatography was performed on silica
gel 60 (40-63um, Merck). Thin-layer chromatography was carried on silica gel 60 k4
plates on aluminum foil (Merck). Spots of compoumase visualized under UV light (254 nm)
and by heating the plates @t 150 °C) after immersion in a 1:10 (v/v) mixture8%% aqueous
HsPO, and 95% EtOH. HPLC analysis was carried out oAgirent Compact LC instrument
equipped with a 158 4.6 mm Eclipse Plus C-18 (Bn) column eluted with a gradient of MeCN
(from 0% to 100%) in D (that contained 0.1% trifluoroacetic acid) in r&dh at 0.4 mL/min
flowrate and UV detection (220 nm); sample volumasv20uL. *H, 3C NMR spectra were
registered for solutions in CDEor CD;OD on a Bruker AM-300 instrument (300.13 and 75.48
MHz for *H and™C respectively) or on a Bruker AVANCE 600 spectrten€600.13 and 150.9
MHz for *H and **C, respectively). ThéH NMR chemical shifts are referred to the residual
signal of CHC} (3 7.27 ppm), CHBOD (3 3.31 ppm), thé®C NMR shifts — to the central line
of CDCl; signal c 77.00 ppm), CBOD signal §c 49.00 ppm). Assignments of the signals in
the NMR spectra were performed using 2D-spectrosd@OSY, HSQC, and HMBC) and

DEPT-135 experiments. High resolution mass spdetegctrospray ionization, HRESIMS) were
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recorded in a positive ion mode on a Bruker micr&TiDmass spectrometer for 2 x 20V
solutions in MeCN. Optical rotations were measwsthg a JASCO P-2000 automatic digital

polarimeter (Japan).

4.2. Experimental procedure for optical rotation measurements

Optical rotation values were measured with a J&2600 automatic digital polarimeter at
20 °C in a jacketed glass cell (10 cm length). &pgarecautions were made to ensure the
stability of the instrument and the temperaturehinitthe measuring compartment of the
instrument and the cell, which was maintained \&ithaccuracy of £0.1 °C. After the instrument
was warmed up for at least 1 h (as experience stggafter this period the temperature within
the instrument remains stable for at least 8-1@ boatinuous work) the instrument readings
were verified against the quartz standards ¢21.267 and —21.248).

When studying the concentration dependence ofgheifsc rotation, three solutions were
independently prepared for each concentration. &mmpere prepared by dissolving the
weighed amount of compoundin anhydrous MeCN using a 2 mL (or 10 mL for cartcation
2 mmol- Y volumetric flask immediately before the measuretseThe solutions were filtered
through a 0.4%m filter (PTFE, diameter 0.13 mm, Chromafil, MaaheNagel; separate filters
were used for different samples) directly to theasuging cell with a jacket connected a Huber
CC-K6 (Exclusive) thermostat. Only after stabilizatiof temperature of the solution in the cell
(typically after 10 min; judged by the readings lodilt-in Pt100 temperature probe and
stabilization of the values of optical rotation)rgaing of the data began. The optical rotation
was measured continuously (TimeCourse program mgpfile Jasco P-2000 polarimeter) for 30
min (1800 sample points with 1 s integration tinaet®. The data obtained were averaged and
the corresponding mean value and standard deviatere calculated for each concentration.
These data are plotted in Fig. 4,as specific rotation values that were calculatsthgu

concentrationsd) of the solutions expressed in traditional pola&inc units (/100 mL) unless
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otherwise explicitly stated; in Fig. 1 molar contations are shown, which are identical to those

indicated in Table 1.

4.3. Experimental procedure for light scattering measurements

For static light scattering (SLS) experiments, ¢hselutions of compound in anhydrous
MeCN were independently prepared for each condsmraas described in section 4.2
immediately before measurements. Each sample wWasell three times through a 0.44n
filter, (PTFE, diameter 0.13 mm, Chromafil, Machefdagel; separate filters were used for
different samples). SLS measurements were perfonwviddan ALV Correlation Goniometer
System 5000/6010 (Langen, Germany) at 150° saaftesingle using Pyrex cells (1 cm in
diameter) and a He—Ne laser (632.8 nm, 23 mW) adigint source. The temperature of the
scattering cell was maintained at 20 + 0.2 °C.rsies of scattered light were measured by
photon counting and are expressed in Hertz. Foh eadution, scattering intensities were
averaged over 20 independent measurements (tHectitection time was 20 min for each
experiment). Solvent scattering (Ip = 7.5 £ 0.1 kHz) was subtracted from total solutio
scatteringl to obtain the excess intensity of scattered light lo). Then the resulting three
values for each concentration were averaged anddhesponding mean value and standard
deviation were calculated for each concentratidresg data were used to construct a Debye plot
(Fig. 1, b) in which the slope (equal to the second viriagftioient A;) [66, 67] indicates the

thermodynamic quality of solvent (in the polymense) [57, 66-69].

4.4. 4-Methoxyphenyl 2-O-acetyl-/5-D-galactopyranoside (5)

4.4.1. Preparation in one step
Crystalline 4-methoxyphenyl 2,3,4,6-tettaacetylf3-D-galactopyranosidelj [50] (454
mg, 1 mmol) was dissolved in CHOI1L mL) and 95% EtOH (3 mL) was added followed by

16



36% HCI (1 mL,d = 1.18 gmL™). The homogenous reaction mixture was kept atG3éf 10 h
until HPLC analysis showed that the peak of thgdimonoacetatg (tr = 9.8 min) became the
major one. Anion-exchange resin Amberlite AB-17 ®#Q was added until pH 7 was achieved
then filtered off, the resin was washed with 95%IHt(20 mL) and the combined filtrate was
concentrated under reduced pressure to give theueeghat was purified by silica gel column
chromatography (gradient CHEB5% EtOH, 9:1— 3:1) to give 4-methoxyphenf-D-
galactopyranoside?] [50, 51] as white crystals (114 mg, 40%), whichild be recycled, and the
target triol5 obtained as white crystals after crystallizatiooni EtOAc—petroleum ether (180

mg, 55%).

4.4.2. Preparation in four steps via acetal 4

Crystalline 4-methoxyphenyl 2,3,4,6-tetaacetylf3-D-galactopyranosidelj [50] (1.59
g, 3.5 mmol) was suspended in anhydrous MeOH ahdvDmethanolic MeONa (L, 0.5
pumol) was added and the mixture was stirred at 2@t 18 h, then neutralized with cation-
exchange resin Amberlyst 15 H The resin was filtered off, washed with MeOH ¢@Q) and
the combined filtrate was concentrated under redipcessure, the residue was diiedacuo to
give crude tetraol [50, 51] (1 g, ~100%; R= 0.38, CHCG}~EtOH, 4:1). A mixture of tetrad
(1 g, 3.5 mmol) and @-(+)-camphorsulfonic acid (17.5 mg, 75 mmol) waedin vacuo for 2
h and 2,2-dimethoxypropane (105 mL, 850 mmol) wadted under argon [53, 54]. The reaction
mixture was stirred at ~20 °C for 3 days and theanghed with BN (7 mL, 0.05 mol), the
mixture was stirred for 30 min, concentrated uneeuced pressure, toluene was added and then
concentrated (2 x 10 mL). The residue, which coeghimainly compound [55, 56] (R = 0.67,
CHCIs—EtOAC, 5:1), was dissolved in anhydrous pyridienl, 0.05 mol) followed by addition
of Ac,O (8 mL, 0.085 mol) and stirred at ~20 °C for 38Methanol (8 mL) was added, the
mixture was stirred for 15 min, concentrated uneeuced pressure, toluene was added and then
concentrated (2 x 10 mL). The residue, which coeidi mainly compound! (Rf = 0.33,
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petroleum-ether—EtOAc, 7:3), was dissolved in,CH (20 mL) and the solution was cooled to O
°C (ice—water bath) and a 10:1 (v/v) mixture ofiioroacetic acid—water (3.3 mL) was added.
The reaction mixture was stirred at ~20 °C for artil TLC showed full conversion of the
starting4 (Rs = 0.90, CHCG-EtOH, 5:1) to a lower running spot:(R 0.50, CHG}-EtOH, 5:1)
and then concentrated under reduced pressuren&iuas added and then concentrated (2 x 10
mL). The residue was purified by silica gel columinromatography (gradient CHEB5%

EtOH, 9:1— 3:1) to give triol5 as a white solid (0.723 g, 63% over three steps).

4.4.3. Data for 4-methoxyphenyl 2-O-acetyl->-D-galactopyranoside (5)

Mp 124-125 °C (EtOAc—petroleum ethery]42* + 11.8 ¢ 1.0, 95% EtOH). R= 0.50
(CHCI-95% EtOH, 5:1)'H NMR (300 MHz, CROD, 3, ppm,J, Hz): 2.10 (s, 3H, CkCO),
3.68 (ddd, 1HJs5 1.0,J562 5.1, J5.65 6.8, H-5), 3.74 (s, 3H, d8,0CHs), 3.75 (dd, 1HJs4 3.5,
J»39.9, H-3), 3.77 (dd, 1Hls5625.1, Jsasp11.3, H-6a), 3.82 (dd, 1Hg 6, 6.8, Jsaep11.3, H-6b),
3.94 (dd, 1HJ451.0,J34 3.5, H-4), 4.89 (d, 1HJ: » 8.0, H-1), 5.25 (dd, 1H] » 8.0,J,3 9.9, H-
2), 6.80-6.88 (m, 2H, Ofl,0), 6.92-7.01 (m, 2H, QEL.0). 1°C NMR (75 MHz, CROD, J,
ppm): 21.0 (CHCO), 56.1 (GH4OCH;), 62.3 (C-6), 70.4 (C-4), 73.1 (C-3), 73.8 (C-Z},1 (C-
5), 102.1 (C-1), 115.6, 119.2, 153.0, 156.8 (D), 172.2 (CHCO). HRESIMS: foundn/z

367.0788 [M + KJ. Calcd forGsH,00sK: 367.0790.

4.5. 4-Methoxyphenyl 4,6-O-benzylidene-2-O-acetyl- 5-D-gal actopyranoside (6)

4-Methoxyphenyl 29-acetylf3-D-galactopyranoside 5§ (0.895 g, 2.7 mmol) was
dissolved in anhydrous MeCN (100 mL) gmtbluenesulphonic acid monohydrate (23 mg, 0.12
mmol) was added followed by PhCH(OM&B09 uL, 5.4 mmol). The reaction mixture was
stirred at ~20 °C for 18 h, #4 (50 L, 0.36 mmol) was then added and the reaction mexias
concentrated under reduced pressure. Purificatibnthe residue by silica gel column

chromatography (gradient toluene—95% EtOH, 15:B:1) gave the title compourtdas a white
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solid (0.944 g, 83%). Mp 104-106 °Qi][** —28.4 ¢ 0.97, CHC}). R = 0.48 (toluene—95%
EtOH, 9:1)."H NMR (300 MHz, CDG}, 3, ppm,J, Hz): 2.15 (s, 3H, CECO), 2.60 (d, 1HJop

33 11.0, OH-3), 3.57 (ddd, 1Hl;5 0.6, 560 1.3, Js62 1.6, H-5), 3.78 (s, 3H4H,OCHs), 3.81
(ddd, 1H,J34 3.7,J23 9.9, J3.01.3 11.0, H-3), 4.10 (dd, 1Hls 6 1.6, Jsa 60 12.4, H-6a), 4.26 (dd,
1H, J450.6,J34 3.7, H-4), 4.37 (dd, 1HJs6p 1.3, Jsa6p 12.4, H-6b), 4.90 (d, 1HlL » 8.0, H-1),
5.33 (dd, 1H,;,8.0,J,39.9, H-2), 5.57 (s, 1H, CHPh), 6.78-6.88 (m, 2l€8,0), 6.97-7.06
(m, 2H, OGH40), 7.35-7.44 (m, 3H, Ph), 7.54 (dd, 2H3.1,J 6.6, Ph).**C NMR (75 MHz,
CDCls, 8, ppm): 20.9 (CHCO), 55.6 (GH4OCHs), 66.7 (C-5), 68.9 (C-6), 71.7 (C-3), 72.0 (C-
2), 75.4 (C-4), 100.6 (C-1), 101.5 (CHPh), 114.59.0 (OGH,0), 126.5, 128.3, 129.3, 137.3
(Ph), 151.3, 155.6 (Qf40), 170.4 (CHCO). HRESIMS: foundm/z 439.1362 [M + Nal.

Calcd for G,H»40sNa: 439.1303.

4.6. Typical glycosylation procedure

A mixture of thoglycoside sialyl donatr[11] (77.5 mg, 0.1 mmol) and alcon®(41.6 mg,
0.1 mmol) was drieth vacuo for 2 h, then anhydrous MeCN (see Table 1 for thecentrations
used) was added under argon. Freshly activated geddViS 3 A (Fluka; 100 mg per 1 mL of
MeCN) were added to the resulting solution. Thepeasion was stirred under argon at ~20 °C
overnight (15 h), then cooled to —40 °C (MeCN-s@i@, bath). Solid NIS (53.4 mg, 0.3 mmol)
(dried in vacuo for 2 h) was added under argon followed by neatHf@ pL, 0.02 mmol).
Persistent iodine color became visible in 1-2 nfilme reaction mixture was stirred under argon
at =40 °C until TLC showed complete consumptiore (Sable 1 for reaction times) of the
starting thioglycosid& (R = 0.78, toluene—acetone, 5¥)Saturated aqg NaHGQ2 mL) was
added and the reaction mixture was diluted with,CIEH (20 mL), stirred for 5 min, filtered

through Celite pad, the solids were additionallysied with CHCI, (100 mL). The combined

19 Complete consumption of the starting thioglycosidé0—60 min for experiments performed at 50—150 nimd
concentrations, entries 2-5 in Table 1) was accoregaby appearance of green color of the reactioune. Note
that reaction performed in dilute solution (5 mmot; entry 1 in Table 1) did not turn green, iodinéocersisted.
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filtrate was washed with satd ag NaHCGBO mL), 1.2 M aq N&,0;3 (2 x 50 mL), water (2 x
50 mL), dried over N&Oy, filtered through a cotton wool plug, concentrateder reduced
pressure, toluene was added and then concenttated@ mL). The residue was drigtdvacuo,
dissolved in toluene (2 mL) and separated by gehpation chromatography on Bio-Beads S-
X3 (toluene). The first eluted fraction containedadcharide8, which was analyzed by NMR
spectroscopy to give anomeric ratio valuesp( see Table 1; for determination of ratio of
anomers of disaccharideintegral intensities of signals ofH-3eq andB-H-3eq of sialic acid
residue were used). The disaccharide fraction wmasntatographed on a silica gel 60 column
(gradient toluene— toluene—acetone, 5:1) to give pure and-isomers of disaccharid® as

white solids. For the yields obtained at differeohcentrations, see Table 1 and Fig. 1,

4.6.1. Data for methyl [4-methoxyphenyl 2-O-acetyl-4,6-O-benzylidene-3-O-(4,7,8,9-tetra-
O-chloroacetyl-3,5-dideoxy-5-trifl uor oacetamido-D-gl ycer o- 3-D-gal acto-nonul opyranosyl )- 5
D-galactopyranosid] onate (a-8).

[a]p®* + 4.9 € 1.0, CHC}). R = 0.30 (toluene—acetone, 5:31 NMR (600 MHz, CDC},
5, ppm,J, Hz): 1.88 (dd~t, 1HJzeq a7 Jaaxa 12.8, H-3a¥), 2.21 (s, 3H, CkCO), 2.84 (dd, 1H,
Jzeq4 4.6, Jaeqzax 12.8, H-3el)), 3.67 (ddd~tq, 1HJss 1.0, Jse=Jser 1.5, H-B), 3.72 (s,
3H,CQ,CHs), 3.78 (s, 3H, €H,OCHs), 3.86 (dd, 1HJ),51.0,J34 3.7, H-4), 3.97 (d, 1H, 14.9,
CH.CI), 4.01 (d, 1H, 14.9, CHCI), 4.02 (s, 2H, CbLCl), 4.09 (dd, 1HJ5641.5,Jsa6012.4, H-
6d), 4.11 (d, 1HJ 14.1, CHCI), 4.12-4.15 (m, 2H, H'§ H-6"), 4.14 (dd, 1HJ5 94 5.8, Joa ab
12.7, H-94d), 4.15 (d, 1HJ 14.1, CHCI), 4.21 (d, 1HJ 15.7, CHCI), 4.35 (dd, 1HJs¢p 1.5,
Jsasb12.4, H-6D), 4.45 (d, 1HJ 15.7, CHCI), 4.46 (dd, 2HJs4 3.7,J253 10.1, H-3), 4.54 (dd,
1H, Jg.ob 2.4,J0a0512.7, H-98), 5.00 (ddd, 1HJzeq44.6,J3ax.412.8,J45 9.8, H-4), 5.09 (d, 1H,
J1, 8.0, H-1), 5.39 (s, 1H, CHPh), 5.42 (dd, 2B 2.4,J;5 9.5, H-7), 5.42 (dd, 2H,J; » 8.0,
J310.1, H-2), 5.72 (ddd, 1HJgop 2.4, Js02 5.8, J75 9.5, H-8), 6.64 (d, 1HJsnn 9.1, NH),

6.81-6.85 (m, 2H, O1,0), 7.01-7.06 (m, 2H, Of1,0), 7.33-7.41 (m, 3H, Ph), 7.51 (dd, 2H,
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J1.7,37.6, Ph)°C NMR (151 MHz, CDG, 3, ppm): 21.1 (COCH), 38.0 (C-8), 40.2, 40.2,
40.5, 41.6 (ChCI), 49.8 (C-8), 53.4 (CQCHs), 55.7 (GH4OCH;), 63.4 (C-9), 66.1 (C-9),
68.1 (C-2), 68.7 (C-8), 69.1 (C-6), 69.3 (C-1), 69.8 (C-4), 71.4 (C-8), 72.4 (C-3, 73.5 (C-
4", 96.8 (C-2), 100.6 (C-1), 101.1 (CHPh), 113.3 (¢, 287.3, Ck), 114.5, 119.0 (O§H40),
126.3, 128.2, 130.9, 137.5 (Ph), 151.4, 155.5¢@00), 158.0 (q,) 39.4, COCE), 166.5, 167.0,
167.2, 167.4 (CICLCO), 168.7 (C-1), 169.7 (CHCO). HRESIMS: foundwz 1102.1155 [M +

Na]". Calcd for GgH4FsNOgNa: 1102.1055.

4.6.2. Data for methyl [4-methoxyphenyl 2-O-acetyl-4,6-O-benzylidene-3-O-(4,7,8,9-tetra-
O-chloroacetyl-3,5-dideoxy-5-trifl uor oacetami do-D-gl ycer o- - D-gal acto-nonul opyranosyl )- 5
D-galactopyranosid] onate (3-8).

[a]p>°+ 14.3 € 1.0, CHCE). R = 0.45 (toluene—acetone, 5:1)1 NMR (600 MHz, CDG},

3, ppm,J, Hz): 1.90 (dd, 1HJsax4 11.6,J3ax,3¢q13.0, H-3aX), 2.14 (s, 3H, CkCO), 2.64 (dd,
1H, Jaeqs 4.7, Jzeq3ax 13.0, H-3el), 3.72 (ddd~dd, 1HJsep 1.4, Js6a 2.7, H-5), 3.78 (s, 3H,
CsH4OCH), 3.88 (s, 3H, C@CHs), 3.92 (d, 1H,J 14.7, CHCI), 3.96 (d, 1HJ 14.7, CHCI),
4.04-4.09 (m, 2H, CKCI), 4.08-4.20 (m, 8H, C'32x CHCI, H-6d, H-9d', H-5"), 4.37 (dd,
2H, Js 60 1.4, Jsa6p12.7, H-6D), 4.38 (dd, 1HJs72.7,J65 10.5, H-8), 4.48 (dd, 1HJ450.9,J34
3.9, H-4), 4.96 (d, 1HJ;, 8.1, H-1), 5.34 (dd, 1H.);82.0,J57 2.7, H-7), 5.39 (ddd, 1HJseq4
4.7,34510.4,334¢411.6, H-4), 5.45 (dd, 1HJs .05 2.6,Joa0p12.4, H-98), 5.50 (dd, 1HJ; » 8.1,
J»310.0, H-2), 5.58 (ddd, 1HJ;5 2.0, Js.95 2.6,J5.92 9.5, H-8), 5.70 (s, 1H, PhCH), 6.80—6.86
(m, 3H, OGH.0, NH), 6.99-7.03 (m, 2H, QE40), 7.41-7.49 (m, 3H, Ph), 7.60-7.63 (m, 2H,
Ph (H-2, H-6)).2°C NMR (151 MHz, CDG, 3, ppm,J, Hz): 20.9 (CHCO), 37.9 (C-8), 40.1,
40.4, 40.5, 40.6 (C¥TI), 49.5 (C-8), 53.2 (CQCHs), 55.6 (GH.OCH), 63.8 (C-9), 66.3 (C-
5'), 69.1 (C-6), 69.3, 69.4 (C-2C-4"), 70.8 (C-1), 72.4 (C-8), 73.6 (C-8), 74.9 (C- (C-2, C-
6)), 75.5 (C-3, 100.3 (C-3), 100.5 (C-J), 101.1 (PhCH), 114.5, 119.1 (GKO), 126.2 (Ph

(C-2, C-6)), 128.7 (Ph (C-3, C-5)), 129.8 (Ph (G-4B87.5 (Ph (C-1)), 151.2 (QB,O (C-1)),
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155.7 (OGH.O (C-4)), 158.0 (qJ 37.4, CECO), 166.0 (C-1), 166.4, 167.0, 167.6, 167.8
(CICH,CO), 169.4 (CHCO)? HRESIMS: foundmz 1102.1121 [M + N4} Calcd for

C33H42F3N OleN a: 1102.1055.

4.7. Methyl [4-methoxyphenyl 2,4,6-tri-O-acetyl-3-O-(4,7,8,9-tetra-O-acetyl - 3,5-dideoxy-
5-trifluor oacetamido-D-glycer o- a-D-gal acto-nonul opyranosyl)- 5-D-gal actopyranosid] onate
(12).

A solution of a-isomer of disaccharida-8 (53.8 mg, 0.05 mmol) in 80% aq AcOH (1
mL), was heated at 70 °C for 8 h until TLC showelll ¢onversion of the starting-8 (Rs 0.54,
CHCI3-95% EtOH, 9:1) to a lower running spdi0{ Rr 0.50, CHC}-95% EtOH, 9:1). The
reaction mixture was concentrated under reducedspre, toluene was added and then
concentrated (2 x 10 mL) to give crud@ (38.7 mg, 78%) which was used without further
purification.

Crude 10 (25 mg, 0.025 mmol) was dissolved in anhydrous Me@ mL) and 1 M
methanolic MeONa (1L, 0.01 mmol) was added and the mixture was stiatee?20 °C for 48
h. Then AcOH (1QuL) was added and the mixture was stirred for 15, rthen concentrated
under reduced pressure, toluene was added anddmeentrated (2 x 10 mL) to give crutie
(16.1 mg, 99%; R0.47, CHC}—MeOH, 3:1), which was used without further puation.

Crudell (15 mg, 0.023 mmol) was dissolved in anhydrousdoye (200uL, 2.49 mmol)
and AcO (100pL, 1 mmol) and stirred at ~20 °C for 15 h. Metha(@0puL) was added and
the mixture was stirred for 15 min, then conceettainder reduced pressure, toluene was added
and then concentrated (2 x 10 mL). The residue ywasfied by silica gel column
chromatography (gradient toluene— acetone,~9:8:1) to give fully O-acetylated disaccharide
12 as a white solid (18 mg, 82%; 63% over three $tdpdp>* + 2.0 € 1.0, CHCl3). R; 0.44

(toluene—acetone, 5:1JH NMR (300 MHz, CDC}, 8, ppm,J, Hz): 1.75 (dd~t, 1HJzax 3eq

% The signal of CEgroup could not be detected due to low signaldiseratio.
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Jsaxdl2.7, H-3a%), 1.96, 2.01, 2.06, 2.09, 2.13, 2.19, 2.25 (aEd, CHCO), 2.67 (dd, 1H,
Jaax 3ed 2.7, Jaeqa 4.6, H-3ed), 3.78 (s, 3H, GH4OCHy), 3.83 (dd, 1HJs 7 2.4,J56 10.7, H-8),
3.88 (s, 3H, CGCHs), 3.93-4.05 (m, 3H, H!5 H-5, H-94d'), 4.08-4.16 (m, 2H, Hp 4.38 (dd,
1H, Jg 0 2.0, Joaop 12.5, H-98), 4.68 (dd, 1HJ34 3.1, 3,53 10.0, H-3), 4.99 (d, 1HJ34 3.1, H-
4'), 5.05 (ddd, 1HJs 3eq4.6,d25 10.6,J434x12.7, H-4), 5.10 (d, 1HJ; 2 8.0, H-1), 5.29 (dd, 1H,
J128.0,J,310.0, H-2), 5.35 (dd, 1HJs7 2.4,J75 9.0, H-7), 5.56 (ddd~td, 1HJsop 2.0,J76 =
Js.0a 9.0, H-8), 6.43 (d, 1HJs N1 9.4, NH), 6.83 (d, 2HJ 9.0, OGH,0O), 7.01 (d, 2H,J 9.0,
OCsH40).2C NMR (75 MHz, CDCY, 3, ppm): 20.4, 20.6, 20.6 (2C), 20.7, 20.9, 21.4 {CH)),
37.4 (C-3), 49.9 (C-8), 53.3 (CQCHs), 55.7 (GH4OCH), 62.0 (C-9), 62.3 (C-8), 67.0 (C-
4", 67.5 (C?), 67.9 (C-8), 68.6 (C-4), 69.7 (C-9), 70.8 (C-3), 71.3 (C-6), 71.5 (C-3), 96.9
(c-2"), 100.2 (C-J, 114.5 (OGH,O), 115.3 (g,J 288.3, Chk), 118.5 (OGH,O), 151.4
(OCsH,0), 155.5 (OGH40), 157.7 (g.J 38.1, COCE), 167.7 (C-1), 169.4, 169.6, 170.3 (2C),
170.5, 170.6, 170.7 (GBO). HRESIMS: found m/z 962.2502 [M + Na&] Calcd

forC39H4gF3N022Na: 962.2518.

4.8. Methyl [2,4,6-tri-O-acetyl-1-O-(N-phenyltrifluoroacetylimidoyl)- 3-O-(4,7,8,9-tetra-
O-acetyl-3,5-dideoxy-5-trifluor oacetami do-D-glycer o- a-D-gal acto-nonul opyranosyl)- 5-D-
galactopyranose] onate (12).

Solution of (NH).Ce(NG)s (197 mg, 0.361 mmol) in 4:1 (v/v) MeCN-@® mixture (0.8
mL) was slowly added to a cold (0 °C, ice—watehbpablution of glycosidd2 (67.6 mg, 0.072
mmol) in 4:1 (v/v) MeCN-HO mixture (1.5 mL) and then the reaction mixtures\gtirred at O
°C for 1 h. The reaction mixture was poured intd\adHCQ; (50 mL) and extracted with G&l,

(2 x 50 mL). Combined extracts were washed witmé(50 mL), water (50 mL), dried over
NaSQy, filtered and concentrated under reduced predsugeve hemiacetal3 (50.4 mg, 84%)

as am/pB-mixture which was used without further purificatio
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Crude hemiacetdl3 (36 mg, 0.043 mmol) was dried vacuo for 2 h, dissolved in CCl,
(2.5 mL) then CIC(NPh)CH71] (10.3uL, 0.064 mmol) and GEO; (21 mg, 0.064 mmol) were
added at O °C (ice—water bath) under argon. Theticmamixture was stirred at 0 °C (ice—water
bath) for 1 h and at ~20 °C for 15 h until TLC slealfull conversion of the startirk$ (R; 0.42,
toluene—acetone, 5:1) to a higher running spat R6, toluene—acetone, 5:1) and then
concentrated under reduced pressure. The residue puaified by silica gel column
chromatography (gradient toluene—acetone (+0.194)ED:1— 3:1; the eluent was made basic
by addition of E{N (100pL per 100 mL of eluent)) to give imidaBel4 as a white solid (34 mg,
78%:; 66% over 2 stepsi]p?® + 0.3 € 0.96, CHC}). R; 0.36 (toluene—acetone, 5:1 NMR
(600 MHz, CDC}, 3, ppm,J, Hz): 1.75 (dd~t, 1HJsax 3eq= Jaaxa 12.7, H-3a¥), 1.97, 2.02, 2.11,
2.14, 2.18, 2.26 (all s, 21H, GEIO), 2.66 (dd, 1HJzeq44.7,Jzax3eq12.7, H-3et), 3.82 (dd, 1H,
Jo.7 2.7,J56 10.7, H-8), 3.89 (s, 3H, C@Hs), 3.97—4.00 (m, 1H, H5 4.00 (ddd~dd, 1H]s5
= Jsnn 10.1,J56 10.7, H-8), 4.01 (dd, 1HJ502 6.3, Joacp 12.4, H-94), 4.06 (dd, 1HJ5647.6,
Jsaspl1.3, H-68, 4.12 (dd, 1HJs 6 5.8, J6a6011.3, H-61), 4.43 (dd, 1HJg 05 2.6,J5a0512.4, H-
ob'"), 4.73 (dd, 1HJ34 3.4,J23 9.1, H-3), 4.99 (d, 1HJs 4 3.4, H-4), 5.03 (ddd, 1HJseqa4.7,
J4510.1,J3ax412.7, H-4), 5.29 (dd~t, 1HJ; , = J»39.1, H-2), 5.34 (dd, 1HJs72.7,J75 8.5, H-
7", 5.57 (ddd, 1HJg 05 2.6,J5,026.3,J78 8.5, H-8), 5.85 (br.s, 1H, H-), 6.41 (d, 1HJs Ny 10.1,
NH), 6.86 (d, 2HJ 7.7, Ph), 7.10-7.14 (m, 1H, Ph), 7.31 (dd, 2H.5,J 8.4, Ph).}*C NMR
(151 MHz, CDC4, 8, ppm): 20.4, 20.6 (2C), 20.6, 20.7, 21.4 (CB), 37.4 (C-8), 49.9 (C-8),
53.4 (CQCHy), 61.6 (C-6), 62.4 (C-9), 67.1 (C-4), 67.3 (C-1), 68.1 (C-8), 68.5 (C-4), 68.8
(C-2), 71.3 (C-3, 71.5 (C-8), 71.6 (C-9), 95.1 (C-1), 96.9 (C-3), 119.4 (PhN (C-2, C-6)),
124.4 (PhN (C-4)), 128.7 (PhN (C-3, C-5)), 143.4NRC-1)), 157.7 (qJ 30.3, COCE), 167.6
(c-1"), 169.3, 169.4, 170.2, 170.3, 170.6, 170.6, 1ACHA;CO)** HRESIMS: foundm/z

1027.2389 [M + Na] Calcd for GoHaeFeN202:Na: 1027.2392.

%L Signals of CEC=N and CFE groups could not be detected due to low signaldise ratio.
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Scheme 1. Preparation of glycosyl accept®by two alternative routeReagents and conditions: a. MeONa,
MeOH, ~20 °Ch. Me,C(OMe),, CSA, ~20 °Cc. Ac,0, Py, ~20 °Cd. TFA, H,O, CHCl,, 0 °C (63% over 4
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Scheme 2. Glycosylation of alcohdb with sialyl donor7. Reagents and conditions: a. NIS, TfOH, MeCN, MS 3 A,
—40 °C. See Table 1 for other conditions, yield8 ahda/p ratios obtained.
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Fig. 1. a. Concentration dependence of specific rotatioisf’) of freshly prepared solutions of sialyl dorfin
MeCN. b. Static light scattering data for freshly prepasetutions of sialyl donor in MeCN; Debye plot is shown
in which the slope (equal to the second virial fioefnt A,) indicates the quality of solvertt. The yield of
disaccharidé obtained by sialylation of glycosyl accepéwith sialyl donor7 in MeCN (see Table 1 and Scheme

2).
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Tablel
Results of sialylation reaction at different cortcations?

Concentration Reaction time . Anomeric
Entry (mmol- LY)? (min) Yield (%) ratio (:B)°
1 5 1686 31 11:1
2 50 60 78 13:1
3 75 40 68 9:1
4 100 45 76 10:1
5 150 45 75 9:1

21 equiv. of glycosyl dono?, 1 equiv. of glycosyl accepté NIS, TfOH, MeCN, MS 3 A, —40 °C (Scheme 2).
Reaction was quenched after complete consumptigfyodsyl donor (TLC control). Disaccharide fractivas
isolated by gel permeation chromatography on BiaBe#X3 (toluene) and analyzed ) NMR to give anomeric
ratio @:pB). Individual anomers of disaccharides were thgrassted by silica gel chromatography.

® Concentration of glycosyl dondris shown.

°H NMR data for the disaccharide fraction isolatgdyel permeation chromatography on BioBeads S-X3
(toluene).

¢ Reaction performed at 5 mmoflwas finished after 28 h.
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Highlights

*  One-step synthesis of p-methoxyphenyl 2-O-acetyl-[3-D-gal actopyranoside
accomplished

* A new 3-OH galactosyl acceptor to be used in siaylation was synthesized

e Supramer anaysis of solutions of sialyl donor was performed by polarimetry and SLS

» Siaylation at optimized concentration gave Neu-Gal disaccharide (78%, a:3 = 13:1)

» Siayl-a(2-3)-galactose imidate building block was prepared in good yield



