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Abstract: It is demonstrated that conformationally restricted oligosaccharides can act as acceptors for
glycosyltransferases. Correlation of the conformational properties of N-acetyl lactosamine (Gal3(1-4)GIcNAc,
LacNAc) and several preorganized derivatives with the corresponding apparent kinetic parameters of rat
liver o-(2,6)-sialyltransferase-catalyzed sialylations revealed that this enzyme recognizes LacNAc in a low
energy conformation. Furthermore, small variations in the conformational properties of the acceptors resulted
in large differences in catalytic efficiency. Collectively, our data suggest that preorganization of acceptors
in conformations that are favorable for recognition by a transferase may improve catalytic efficiencies.

Introduction properties of a wide range of glycoproteins has revealed that

glycosidic torsional angles may deviate as much as30 from

Protein- and lipid-bound oligosaccharides play critical roles minimum energy conformatiodsEurthermore, in the binding

in a diverse range of biological processes such as protein folding, . . - .
9 giealp P 9 site of proteins, not only global but also secondary minima with

cell—cell communication, bacterial adhesion, viral infection, and ! : o
. . . . ) very different conformations can be compleXeith addition,
masking of immunological epitopé€.They are also important . . . .
there is evidence that the conformational properties of a

in health science and are involved in the attachment and invasion Iveosidic linkage can be modulated by the macromolecular
of pathogens, inflammation, metastasis, and xenotransplantation.g Y Y y

Unlike nucleic acid and protein biosynthesis in which the order ﬁggﬁit:reolﬁ Izsgi:hgt}ég ?:gﬁg’ofdaﬂgcéﬂrﬁénrtegogﬁl c?s]:ac-
of attachment of nucleotides and amino acids is read from a 9 0lig 9

T . charides to proteins and lipids may result in conformational
template, glycosylation is a nontemplated process. Oligosac- X . . .

. . changes. This modulation of properties may have important
charides are assembled by glycosyltransferases, which transfelrm lications in the control of alvean biosvnthesis
monosaccharide residues from nucleoside mono- or diphosphate p_ i gy . y ) o

Little is known about the effect of interresidual flexibility of

sugars to growing oligosaccharide chairisThe level of TS
expression of glycosyltransferases and their donor and accepto@!YCOSYl acceptors on kinetic parameters of glycosyl trarfsfer.
Furthermore, structural studies have provided little information

specificities determine the structure of a biosynthesized oli- . - :
gosaccharide. These parameters may differ between cell typeabout the conformation of a glycosyl acceptor.that is recognized
and development stage leading to cell-specific glycosylation. PY & glycosyltransferasé. To address these issues, we have

The mechanism of this metabolic control is complex, and, in designed and synthesized several conformationally con-
particular, the origin oficceptor specificitys not well under-  Strained*™1® N-acetyl lactosamine (LacNAc) derivatives for
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120 F . showed that in the bound state, LacNAc is mainly observed in
conf A, some in conf B, and one case in conf .

In conformations A and B, the C-éhydroxyl and the
4 acetamido moiety are at the same face of the molecule, and
both of these residues serve critical roles in substrate recognition
by rat liver a-(2,6)-sialyltransferas®. The C-6 and C-2
hydroxyls, which are not critical for transferase activity, are at
the other face of the molecule, and these functionalities were
selected for incorporation of tethers (Figure 2). Compo2isl
a reference compound in which the Cad C-6 hydroxyls of
LacNAc are methylated. Compound is a 2,6-anhydro-
derivative, whereag and 5 contain methylene and ethylene

which apparent kinetic parameters of rat liwe#(2,6)-sialyl- tethers, respectively.
transferase-catalyzed sialylations have been determined. TheS@agyits and Discussion

data have been correlated with conformational properties of )
these acceptors obtained by computer modeling and NMR  Synthesis.The target compounds 3, ands were prepared
spectroscopy. from orthogonally protected LacNA8, which has aert-butyl

Sialyltransferases are an important class of glycosyltrans- dimethyl silyl ether at C-6 and an acetyl ester at'qstheme

ferases that catalyze the transfer of dracetyl neuraminic acid 1). This disaccharide cou!d be 'convertgd into alcdhalhich
(Neu5Ac) moiety of CMP-Neu5Ac to the carbohydrate moiety V&S the precursor & and into diolL0which was used for the
of glycolipids and proteins. All known sialyltransferases have preparatlon_ of2 gnd 5. C‘?mpo“”d“ was obtained from the
two conserved regions in their catalytic domain, which are corrr(]aspkondlr_lg d|sk?cc_:har|de analo_gl]ka(_Scheme 2_)'| £ 699
proposed to be important for binding the common substrate The ey disaccharid8 was obtameq n good yie d3° .69/0
CMP-Neu5Ac and catalysi To date, no NMR or X-ray crystal by coupling the known trichloroacetimidate don6#® with
) 247 di ° i .

structures of sialyltransferases have been reported, and informaegCOSyI acceptor=*in dichloromethane &40 c using Bl
tion about acceptor specificities has mainly been obtained from OE® as _the promotgr. Treatment & with HBF, in HO/
studies with chemically modified acceptors. These studies havea(_:etOnltrlle resuIFed_ n r(_amoval of the T_BDMS ether to afford
revealed the CZ6hydroxyl and acetamido group of LacNAc 9in qlmostquantltatlve y!eld. D_eacetylatlonQJtmder standard
are essential for sialylation by rat liver(2,6)-sialyltransferas®. conditions gave the desired dibD. . .
Furthermore, glycosylation of the C-Z&nd C-4 and C-3 The rgference cpmpound was easily obtained by O-
hydroxyl lead to inactivation of the substrate, whereas removal methgslatmn 0f10 using methyl iodide, BaO, and Ba(OHn
of other hydroxyls such as those at Caldd C-6 leads to some DMF= to give 11 followed by debenzylation by catalytic
reduction of acceptor activity hydrogenation over Pd/C. Other methylation methods such as

Previously, the conformational properties of LacNAc have treatme_nt .With. methylltriﬂ_ate ip th? presence of lutidine or
been investigated by molecular mechanics calculations (Figuremethyl iodide in combination with silver oxidewere unsuc-

o] T 2o - . S cessful.
tlaiier;;I?:grlus%gfr%r;?ig?]e;ohljggjyjegé? l?q\;v Itzh aH?'lfkcJ:?'l Tcljrl!Tum The protected ‘26 anhydro-derivativé?’ was prepared by a

Cy) andW = 0° (W = C1'—0Oy'—C4—Hy) (conf A) and a second three-lstﬁlp Pgocelslurgl s_tartlngdf_r MTh\lgz’ mehs_,yLatlon cg usmtg
low minimum around® = 30° and ¥ = —60° (conf B). mesyl chioride (MC1) in pyridine gave2, which was deacety-

. g lated using sodium methoxide in methanol to affot8.
Regions C and D correspond to remote parts of the main low . . .
. ; . . _Cyclization of 13 was accomplished using NaH, and although
energy region and should be considered as secondary minima.

An analysis of reported X-ray crystal structures of oligosac- (22) Imberty, A.; Bourne, Y.; Cambillau, C.; Rouge, P.; PereAA&. Biophys.

charides/protein complexes that contain a LacNAc moiety Chem.1993 3, 71-118.
(23) Schmidt, R. R.; Michel, J. Angew. Chem198Q 92, 763-765.

(24) Sakai, K.; Nakahara, Y.; Ogawa, Tetrahedron Lett1990Q 31, 3035—

180
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Figure 1. Energy map of LacNAc glycosidic linkagecalculated with
MM3. Conformations accessible to compourgis5 have been superim-
posed all = 3, A =4, @ =5,

(19) Datta, A. K.; Paulson, J. @ndian J. Biochem. Biophy4.997 34, 157— 3038.

165. (25) Petrakova, E.; Spohr, U.; Lemieux, R. Can. J. Chem1992 70, 233—
(20) Wiasichuk, K. B.; Kashem, M.; Nikrad, P. V.; Bird, P.; Jiang, C.; Venot, 240.

A. P.J. Biol. Chem1993 268 13971-13977. (26) Matta, K. L.; Rana, S. S.; Abbas, S. @arbohydr. Res1984 131, 265~
(21) Imberty, A.; Mikros, E.; Koca, J.; Mollicone, R.; Oriol, R.; feg, S. 272.

Glycoconjugate J1995 12, 331—349. (27) Spohr, U., private communication.
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aReagents and conditions: (i) BEt,O, CH,Cl,, —40°C; (ii) 48% HBF,
in H,O, MeCN; (iii) NaOMe, MeOH,; (iv) (PhSICHy, NIS, TfOH, CHCly;
(v) HS(CH,)sSH then AgO, pyridine; (vi) Pd/C, H.

this reaction involved the formation of a rigid eight-membered
ring, compoundl4 was obtained in a yield of 70%.

5966 J. AM. CHEM. SOC. = VOL. 124, NO. 21, 2002

The ethylene-bridged derivatitewas obtained by a multistep
procedure, wherebj0 was first regioselectively condensed with
mesylate 15 followed by removal of the TBDMS ether;
conversion of the resulting alcohol into a good leaving group
allowed macrocyclization. The ethylene linkes was prepared
by a one-pot two-step procediayhereby ethylene glycol was
monosilylated with sodium hydride and TBDMSCI in DMF
followed by sulfonylation by addition of methanesulfonyl
chloride and triethylamine. Condensationldf with 15in the
presence of NaH gavks, and although a relatively large excess
of 15 was required to drive the reaction to completion, very
little substitution at C-2was observed. The TBDMS group of
16 was removed by treatment with HBf H,O/acetonitrile to
give alcoholl7 which was mesylated using standard conditions
to give methyl sulfonate estd in a yield of 47% over three
steps. Ethylene-bridgetd was obtained in a yield of 60% by
NaH-mediated cyclization df8in DMF. Catalytic hydrogena-
tion over Pd/C of compoundd4 and 19 gave 3 and 5,
respectively.

Attempts to prepare methylene-bridged LacN®ay reaction
of diol 10 with (PhS}CH; in the presence of NIS/TMSOT#
resulted only in the formation of trace amounts of product. The
failure of this reaction was attributed to the presence of the
acetamido group, which interfered unfavorably with the reagents.
To address this problem, the analogous disacch&ideas
prepared, which instead of the acetamido has an azido moiety
at C-2 (Scheme 2). This disaccharide was obtained in a yield
of 80% by a BR-OEtL-promoted glycosylation o6 with 20 at
—40 °C in dichloromethane. Treatment @flL with tetrafluo-
roboric acid in dichloromethane ga?2, which was deacety-
lated under standard conditions to aff@@ In this case, the
diol 23 could be cyclized by intramolecular methylene acetal
formation by reaction with (Ph8}H, in the presence of NIS/
TMSOTf2 to give 24 in a acceptable yield of 60%. Reduction
of the azido group of24 with propanedithid® followed by
N-acetylation with acetic anhydride in pyridine ga&2& Finally,
debenzylation o025 by catalytic hydrogenation over Pd/C gave
the 26-methylene acetal.

The presence of the linkers 8f 4, and5 was confirmed by
HMBC experiments which allows the correlation between
carbons and protons linked over more than one bond and
supported by NOE data. Cross-peaks in the HMBC spectra were
observed corresponding to the connectivities between the two
sugars other than the glycosidic linkage, that is, 'He2
galactoside and C-6 of the glucoside of compo@n@-7 from
the tether of compound, and C-8 from the tether of compound
5, demonstrating that the disaccharides were connected.

Conformational Analysis. The conformational properties of
compoundsl—5 were probed by a combination of molecular
mechanics simulations and NMR spectroscopy. A systematic
conformational search was performed Whand ® torsional
angles of3—5 using the SEARCH procedure of the SYBYL
software package (Tripos Inc., St Louis, MO). For the cyclic
compounds, conformational families were determined using a
clustering procedure. Compourl appears to be the most
restricted compound with only 14 possible conformers in two
conformational families. Compountican adopt 242 conforma-

(28) McDougal, P. G.; Rico, J. G.; Oh, Y.-I; Condon, B. D.Org. Chem
1986 51, 3388-3390.

(29) Dullenkopf, W.; Ritter, G.; Fortunato, S.; Old, L. J.; Schmidt,Ghem-
Eur. J.1999 5, 2432-2438.
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(conf_A)

Figure 3. Low energy conformations of compoun8s5. For each compound, the lowest energy conformation has been colored according to atom types.

Conformer A of LacNAc is also displayed for comparison.

tions scattered in seven families, and compoGris the most
flexible of the cyclic compounds with 2989 conformers in 14
different families. The lowest energy conformer of each family
was fully optimized using the MM3 prograffiFigure 3 displays
the obtained low energy conformations, and their complete
geometrical characterizations are listed in Supporting Informa-
tion. To compare the conformational properties of the confor-
mationally constrained compounds with the properties of
LacNAc, the low energy conformations 85 were superim-
posed on the energy map of LacNAc (Figure 1). DerivaBve

is highly constrained and can adopt only two conformations,
both with similar but unusual conformations at the linkage.
Compound4 can exist in a larger range of conformations;
however, the® dihedral angle is restricted to values smaller
than 30 which are not entirely similar to minimum energy
conformations of LacNAc. Compourfsican attain conforma-
tions in the relatively large energy plateau of LacNAc that
include syn conformations A and B. However, the anti- (conf
C) and gauchegauche conformer (conf D) cannot be adopted.
In all derivatives, thew torsion angle that is involved in the

Trans-glycosidic heteronuclear coupling constants, which are
sensitive to orientations around glycosidic linkages, were
measured using a quantitative HMBC experim@&rhe result-
ing values are listed in Table 1 together with the calculated
values for each low energy conformer using the empirical
Karplus-type equation proposed by Tvaroska etdalhis
approach allowed a direct comparison of the experimental
coupling constants with the theoretical ones obtained by
averaging the populations of conformers using a Boltzmann
equation for energy-weighting. For LacNAg¢the3J4y—cq and
8Jus4—cr values of 2.9 and 2.5 Hz, respectively, support the
mixture of conformers determined by the modeling studies. To
obtain a good agreement with experimental data, the computed
population of conformer B should be higher. As expected,
compound? gave similar values ta (3.3, 2.6 Hz). Compound
3 provided a small value o¥Jpy1—c4 (1.2 Hz) corresponding to
@ of approximately—60°, and due to spectral overlaids—cy
could not be measured. Compoud@rovided additional NOE
andJ coupling data that was most consistent with the lowest
energy conformer. Alys_per value of 7.3 Hz, @Jyss-c2 value

bridge cannot adopt its lowest energy orientation since such of 7 Hz, small3Jusr—cs and3Jyss—c4 values 1.5 Hz), and a
orientation directs the O-6 atom far from the galactose residue large H2—H6R NOE (2.4 A) are in agreement with a very

and is not compatible with the establishment of the bridge.

NMR Data and Comparison with Molecular Modeling.
TheH and!3C spectra of compounds-5 were assigned by a
combination of one-dimensional proton, and two-dimensional
HSQC and HSQC-TOCSY experiments. Assignment of pro-R
and pro-S hydroxymethylene protons of the GIcNAc moiety of
1 and2 was based on relativi8uy coupling constants assuming
predominantly gg and gt rotamer populatidh3he stereospe-
cific assignments for compounds-5 were based 08Jys He
and 3Jcq pe values and interresidual NOE’s assuming tg or
eclipsed GIn-H5/H6 rotamer populations.

(30) Allinger, N. L.; Yuh, Y. H.; Lii, J. H.J. Am. Chem. S04989 111, 8551~
(31) Hourisell, EProg. Nucl. Magn. Reson. Spectrod®95 27, 445-474.

unusual eclipsed orientation of thetorsion angle. In the lowest
energy conformerp adopts a value of-102 (see Supporting
Information) with a small H2-H6R distance (2.1 A vs
experimentally derived 2.4 A). Experiments and modeling

(32) Additional measurements were made using two-dimensional HSQC type
experiments such as “Exside” (Krishnamurthy,V Magn. Reson., Ser. A
1996 121, 33-41) and HSQCMBC (Williamson, R.; Marquez, B.;
Gerwick, W.; Kover, K.Magn. Reson. Chen200Q 38, 265-273). In all
the compounds, significant signal overlap and strong coupling restricted
their application, and only a few value®y—c4 for compoundsl, 2, and
3) could be obtained which agreed within experimental error with those
obtained via the HMBC experiment. The application of other methods that
depend on carbon selective pulses (for example, Nishida, T.; Widmalm,
G.; Sandor, PMagn. Reson. Chenl996 34, 377—382) did not provide
useful data.

(33) Tvaroska, I.; Hricovini, M.; Petrakova, Earbohydr. Res1989 189 359—

362.
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Table 1. Comparison of Experimental and Theoretical NMR Table 2. Apparent Kinetic Parameters of Rat Liver
Values of LacNAc and LacNAc Derivatives? a-(2,6)-Sialyltranferase-Catalyzed Sialylation of Compounds 1—52

Dy Jw-cs Wi Jwor HI-H4 HI'-HGR H1'-H6S (rel Vings)/

(deg)  (Hz) (deg) (Hz) A A A acceptor Ky (MM) el Vinay Kan (MM
compdl 1 1.7+0.2 1 0.6
conf_ A 45 29 -5 55 2.2 2.8 3.2 2 11.24+0.8 0.5 0.04
conf_B 28 44 —54 2.1 2.4 4.1 4.5 3 n.a. n.a. n.a
coniC 43 31 -174 6.7 3.7 5.2 4.1 4 11.6+ 1.9 1.0 0.09
conf_D 176 6.8 —2.6 5.6 3.6 45 5.4 5 1.0+£0.1 1.3 1.2
av conf 3.7 3.9 2.3 3.1 3.5
exp 2.9 25 2.4 2.9 3.0 an.a. compound not active up to 2.0 mM of substrate.
compd2
géﬁqus 33 2:6 25 2.9 nm- assay*3°(Table 2). TheKy, for 1 was in close agreement with
conf_1 —47 27 25 46 2.1 45 4.2 previous data, and itéyaxwas set at 1. Compour] containing
conf2 —-29 43 49 26 2.2 21 3.7 methoxy groups at C-6 and C;has a significantly elevated
zpconf f% ;‘rzn g; iz i‘é Km and a somewhat small§f.q, indicating that these hydroxyls
compd4 ’ o ' ) ' are of some importance for the transferase. The anhydro-
conil -0 56 —14 53 2.0 35 4.9 derivative3 is not a substrate, whereas the methylene-bridged
CO”;—é —‘;é g% —1137 55-31 22-31 52-52 43;29 compound4 has similar kinetic parameters as compared to that
coni_ . . . . . . .
conf_4 24 a7 0 56 25 37 24 o_f 2. Importan_tly, t_h(_a ethylene-tethered derivativehas the _
conf_5 12 54 3 56 2.0 43 3.8 highest catalytic efficiency of all compounds tested, suggesting
av conf 5.5 5.3 2.0 33 4.8 that it is preorganized in a favorable conformation.
exp 4.2 5.9 2.1 n.o. n.o . . .
compd5 A preparative enzymatic reaction was performed to ensure
conf_l -5 56 —32 4.0 2.15 5.40 4.38 that the sialylation had occurred at C-6 and that the tether of
coni2 -1 56 -14 53 2.01 3.47 4.94 compound5 was still intact. The structure of the resulting
conf_3 8 56 —18 51 202 501 383 tethered trisaccharideé was confirmed by'H NMR and MS
conf_4 24 47 48 27 231 4.39 5.41 . . ;
conf_5 13 53 9 55 205 280 4.41 analyses. The spectroscopic data were in agreement with that
conf 6 —-18 51 —-22 48 2.16 4.06 5.36 of the methyl glycoside of the corresponding linear trisaccha-
conf_7 46 29 6 55 2.36 3.37 4.12 ride 36
conf_8 15 52 -59 34 2.28 4.10 5.34 .
conf_9 39 34 13 53 295 246 391 The observation that compouids the best acceptor tested
av conf 5.3 4.2 2.13 4.42 4.38 indicates that it is preorganized in a conformation that is
exp 45 4.6 2.3 n.o. n.o.

an.m. not measured, n.o. not observed; ekpalues+15%; exp. NOE
values+0.3 A.

therefore indicate that the 6-hydroxymeth¥l2 bridge rotates
H6R to eclipse H5, and thus rotates theangle into the unusual
—60° value. The proposed conformation moves the C-2 acet-
amido group away from the face containing the '‘Gygdroxyl.
Compound4 has values of botRlyy—c4 (4.2 Hz) and®us—cr
(5.9 Hz) significantly larger than those af consistent with
the major cluster of conformers proposed by the modeling
studies. Compoun# also has coupling values larger than that
of 1 (4.5, 4.6 Hz), and théJys—cy is consistent with the
predicted high population d¥ torsional angle close to°pand
therefore similar to conformer A of compourid

Distance constraints were obtained from relative NOE
intensities using the isolated spin-pair approximation. In Table

favorable for the transferase. The low energy conformations of
this compound are centered about the A- and B-conformers of
LacNAc with A being the most populated one. Thus, these
combined findings indicate that the enzyme recognizes LacNAc
in one of its main low energy conformations with conf A being
the most probable one. Correlating the properties of compounds
4 and5 reveals that small differences in conformational behavior
may result in significant differences in apparent kinetic param-
eters. In the case & a small shift outside the main minimum
resulted in a much largd{y, but, importantly, the compound
can still act as an acceptor. When larger conformational changes
are induced, such as in compour®l glycosyl-accepting
properties are lost. The similarity of apparent kinetic parameters
for compoundg and4 was surprising. Probably, the unfavorable
conformation of4 is compensated by less reduction of flexibility
upon binding. The&, of 5 is approximately 10 times smaller
than that of the dimethoxy analog@evith a 3-fold increase in

1, the measured distances are compared to the ones obtained,,,. Both compounds essentially have the same hydrogen-

from each low energy conformer. The theoretical averaged
distances have been calculated from&rf[¥ distance using
a Boltzmann population. All compounds showed a strong NOE
between H1 and H4, which was expected for compounds
restricted to syn conformations. Compouridand 2 showed
an NOE between H+H6R and H6S, which is indicative of
favored gt orientation of the torsion angle for the GIcNAc
residue in LacNAc. This NOE was very weak for compotnd
and was not observed for compoundlsand 5, which is in
agreement with the computer modeling data.

Enzyme Kinetics. The apparent kinetic parameters for the
o-(2,6)-sialyltransferase-catalyzed reaction of CMIG]-
Neu5Ac with acceptord—5 were determined using a reported

5968 J. AM. CHEM. SOC. = VOL. 124, NO. 21, 2002

bonding potential and hydrophobic and hydrophilic surface but
differ in conformational properties. Therefore, the significantly
higher catalytic efficiency\(ma/Km) of 5 probably results from

a more favorable enzymesubstrate association (approximately
1.5-2.0 kcal/mol) due to preorganization of the acceptor in a
conformation that is recognized by the enzyme. It is important
to note that apart from preorganization of the glycosidic linkages
of 2 and5, their C-6 and C-2substitutions (ethyl bridge vs
two methyl groups) are also conformationally different. These

(34) Paulson, J. C.; Rearic, J. |.; Hill, R. 1. Biol. Chem1977, 252, 2363~
2371.

(35) Horenstein, B. A.; Bruner, Ml. Am. Chem. S0d.998 120, 1357-1362.
(36) Sabesan, S.; Paulson J.JJAm. Chem. S0d.986 108 2068-2080.
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positions of the disaccharide are thought to be at the peripherypresented in the Supporting Information. Standard Varian gradient
of the enzyme-binding site, and it is unlikely that these HSQC and HSQC-TOCSY pulse sequences were used for the assign-

conformational modifications can account for the observed
differences in catalytic efficiency. Thus, we propose that the
glycosidic linkage ob will lose less conformational flexibility
upon binding thar2, resulting in a more favorable association.
This result is highly significant because most of the previously
reported studies with conformational constrained oligosaccha-

rides failed to produce more favorable free energies of bind-
ing.11,13,18

Experimental Section

Molecular Modeling. Nomenclature. Torsion angles at the glyco-
sidic linkage have been defined with reference to the hydrogen atom:
oy = Hy'—C{/—0,/'—C4 andWy = Ci'—0y'—Cs—H, (see Supporting
Information).

Conformational Analysis of the Cyclic Derivatives. All energy
calculations were performed using the TRIPOS force fletdmple-
mented by carbohydrate energy parameteFitst, it was checked that
the relaxed @,¥) energy map of LacNAc calculated with the TRIPOS
force field was similar to the MM3 energy map, previously publisted.
Starting conformations of compoun@s4, and5 were built using low
energy conformation of LacNAc and editing and optimizing the
molecule while checking that no distortion of pyranose rings occurred.
The possible conformations of compourgjg, and5 were determined
using the SEARCH procedure of SYBYL. The ring closure bond was
chosen to b@6 in compoundB, v6 in compound}, andv2 in compound
5. Tolerance for ring closure was 0.3 A for bond length and @20
bond angles. Several conditions were tested on comp8ardi4. A
search step of XOwith van der Waals cutoff of 0.6 and energy window
of 20 kcal/mol was appropriate for the conformational studies. The
hydroxylic hydrogen atoms were not taken into account during this

ment data.

Heteronuclear Coupling Constants.The three-bond proton-carbon
coupling constants®Jcr) were measured according to Zhu et®A
typical data set was 60Q 64 complex points, covering &l range of
3.5 ppm and*C range of 60 ppm. Sufficient transients were collected
to obtain a signal-to-noise 0f20:1 for long-range cross-peaks. Data
were processed using Gaussian apodization functions and zero-filling
in both dimensions. No special noise reduction procedures were used.
The cross-peak intensities were measured by integrating the peak
volumes in the two-dimensional spectra, or by extracting one-
dimensional slices from these cross-peaks. Ratios of the long-range
cross-peak and the one-bond reference volumes were used to calculate
J values, according to Zhu et #lIn cases where neighboring cross-
peaks distorted the baseline significantly, making volume integration
unreliable, the one-dimensional slices of these volumes were matched,
and a scaling factor was extracted. The corrections due to differences
in T1 and T2 for 3C- and'2C-bonded protons canceled within the
experimental error for the protons that were measured. The values
reported thus have an error &f15% primarily due to signal-to-noise
and uncertainties in integration due to baseline distortions.

NOE Experimental Procedures.For each compound, selective one-
dimensional NOESY experimefitsvere used to obtain buildup curves
for the anomeric and other resolved protons. For compdinithe
anomeric protons were overlapped, and therefore a one-dimensional-
TOCSY-NOESY sequence was employédn this experiment, H4
was selectively irradiated, followed by TOCSY transfer td,Hihich
then was selectively irradiated for the subsequent NOESY step.
Similarly, H-5 was selectively irradiated prior to the TOCSY transfer
to H-1. For each compound, good linearity of the NOE buildup curves
was observed up to a mixing time of 300 ms. For compoih&sand
5, the interproton distances were determined by using the intraring
H-1'—H-2' NOE as an internal reference (3.09 &)For compound4d

rigid search. The energy was evaluated for each conformation, butthe 3n4 4 the NOE between H:land H-2 could not be accurately

electrostatic contribution was not included. These conditions were
applied for the three compounds. The resulting conformations were
then analyzed by a homemade clustering program to determine
conformational families. The lowest energy conformer of each family
was then fully optimized with the use of the MM3 force fiéftlising
a dielectric constant of 80 to simulate water environment. Some of the
families converged to the same conformation. Low energy conforma-
tions are displayed, and their characteristics are listed in Supporting
Information.

HeteronucleatJc—n coupling constants across the glycosidic linkages
were calculated using the Karplus-type equation proposed by Tvaro-
ska®

%Je_y=5.7co8® — 0.6 cos® + 0.5

Averaging of NMR parameter8Jc-yOand i—®Cwas performed on
the population of conformers, taking into account the probability of
existence ;) of each conformer with enerdy at a given temperature
T as governed by a Boltzmann distribution. This procedure has been
detailed in the conformational analysis of sucrése.

NMR Spectroscopy.The disaccharides 24 mg) were dissolved
in 99.96% DBO. Data were collected on Varian 500, 600, and 800 MHz
spectrometers at 28C, except for some data on compoufydwhich
were collected at 23C. Complete proton and carbon assignments are

measured; therefore, H-H-5 (2.37 Af3 was employed as internal
reference.

General Methodology.Chemicals were purchased from Aldrich and
Fluka and used without further purification. Molecular sieves were
activated at 350C for 3 h invacuo. Dichloromethane was distilled
from Cah and stored ove4 A molecular sieves. All of the reactions
were performed under anhydrous conditions and monitored by TLC
on Kieselgel 60 k4 (Merck). Detection was by examination under UV
light (254 nm) and by charring with 10% sulfuric acid in methanol.
Flash chromatography was performed on silica gel (Merck, mesh 70
230). Extracts were concentrated under reduced pressurd@tC
(bath).'H NMR (1-D, 2-D) and®*C NMR spectra were recorded on a
Varian Merc300 spectrometer and Varian 500, 600, and 800 MHz
spectrometers equipped with Sun workstations. #band*C NMR
spectra recorded in CD&chemical shiftsd) are given in ppm relative
to solvent peaks'fd, 6 = 7.26;%°C, 6 = 77.3) as internal standard.
Negative ion matrix assisted laser desorption ionization time-of-flight
(MALDI-TOF) mass spectra were recorded using an HP-MALDI
instrument using gentisic acid matrix. Optical rotations were measured
on a Jasco P-1020 polarimeter, andd values are given in units of
10 deg cni gt at 25°C, 50 mm cell.

The rat livera-(2,6)-sialyltransferase was purchased from Sigma.
CMP-[**C]Neu5Ac was obtained from Amersham Corp. CTP, CMP-
Neu5Ac, and calf alkaline phosphatase were purchased from Calbio-
chem. ACS liquid scintillation cocktail was obtained from Fisher

(37) Clark, M.; Cramer, R. D. I.; van den Opdenbosch, JNComput. Chem.
1989 10, 982-1012.

(38) Imberty, A.; Bettler, E.; Karababa, M.; Mazeau, K.; Petrova, PreBeS.
Building Sugars The Sweet Part of Structural Biologihdian Academy
of Sciences and Universities Press: Hyderabad, 1999; pp 892

(39) Hervedu Pehnoat, C.; Imberty, A.; Roques, N.; Michon, V.; Mentech, J.;
Descotes, G.; Rez, S.J. Am. Chem. S0d.991, 113 3720-3727.

(40) Zhu, G.; Renwick, A.; Bax, AJ. Magn. Reson., Ser. 2094 110, 257—
261.

(41) Stott, K.; Stonehous, J.; Keeler, J.; Hwang, T.-L.; Shaka, A.Am. Chem.
Soc.1995 117, 4199-4200.

(42) Uhrin, D.; Barlow, P.J. Magn. Reson1997, 126, 248-255.

(43) Perez, S.; Mazeau, K.; Imberty, A.; Karababa, M.; Bettler, E., http://
webenligne.cermav.cnrs.fr/databank/monosaccharides/index.html.
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Scientific. All other chemicals were of analytical grade. Compounds Methyl 2-Acetamido-2-deoxy-30-benzyl-4-O-(3,4,6-tri-O-benzyl-
1-5 were purified by chromatography on latrobeads (latron laborato- f-p-galactopyranosyl)$-b-glucopyranoside (10) Sodium methoxide
ries, 6RS-8060), followed by chromatography on biogel P2 (Biorad). (5.4 mg, 0.1 mmol) was added to a stirred solutio® ¢450 mg, 0.56
Methyl 2-Acetamido-2-deoxy-30-benzyl-6-O-tert-butyldimeth- mmol) in methanol (20 mL). The mixture was left stirring at room
ylsilyl-4-0-(2-O-acetyl-3,4,6-tri-O-benzyl8-p-galactopyranosyl) 8- temperature for 48 h. TLC (hexane/acetone, 1/1, v/v) indicated
p-glucopyranoside (8) Boron trifluoride diethyl etherate (0.9 mL, 7.1 completion of the reaction. The mixture was neutralized with Dowex
mmol) was added to a stirred suspensios ¢4.5 g, 7.1 mmol)7 (2.0 SOH+ resin until pH= 7, filtered,. .and concentrated in vacuo. The
g, 4.7 mmol), and powdered molecular sisvé A (4.0 g) in dry residue was purified by flash silica gel chromatography (gradient
dichloromethane (50 mL). The mixture was left stirring-a40 °C for hexane/acetone, 3/1 to 1/1, v/v) to afford compoia¢418 mg, 98%)
3 h. TLC (toluene/ethyl acetate, 1/1, v/v) indicated completion of the @S & White foamH NMR (CDCl;, 300 MHz): 6 7.40-7.10 (m, 20H,
reaction. The mixture was neutralized with triethylamine (1.4 mL, 0.0 &70M). 5.42 (d, 1HJn2 7.9, NH), 4.92, 4.59 (AB q, 2HJe 114,
mmol) and then filtered over Celite. The filtrate washings were OCH2Ph), 4.80, 4.48 (AB g, 2H)ss 11.4, OCH,Ph), 4.59, 4.23 (AB
combined and concentrated under reduced pressure. The residue wadr 2H.Jas 11.4, OCH.Ph), 4.50, 4.18 (AB q, ZHJ’jB 11.4, OG4,Ph),
then diluted in dichloromethane (100 mL), washed successively with 4.6 (d, 1H,3;27.9, H-1), 4.52 (d, 1HJy 2 8.3, H-1), 4.04 (¢, 1H.J54
a saturated solution of NaHG@20 mL), water (2x 20 mL), and 9.2, H-3), 3.95 (dd, 1HJeas < 2, Jea-go 12.1, H-6a), 3.90 (m, 1H,
brine (20 mL), followed by drying over MgSQAfter evaporation of H-4), 3.85 (M, 1H.Jz5 9.7, H-2), 3.82 (dd, 1HJ5-4 2.6, H-4), 3.81
the solvent, the residue was purified by flash silica gel chromatography Egg iE’JH_Gg)é:S"_?_é;n’gz;é &6?36?_’2?'202%5’(;'4’1305":)_5"2022
(gradient hexane/ethyl acetate, 3/1 to 1/1, v/v). The yellow solid was el B, T ) $ o Sl

. : (dt, 1H, Js—6a 7.9, Js—sy 7.9, H-B), 1.79 (s, 3H, EI3C(O)NH). 1°C
crystallized from diethyl ether/ethanol, and the product was washed )
with cold diethyl ether to give compouri(2.97 g, 69%) as a white NMR (CDCl, 125 MHz): 6 170.90, 139.13, 138,78, 138.13, 137.93,

solid. 'H NMR (CDCl, 300 MHz): 6 7.60-7.15 (m, 20H, arom), 6.1 128.68, 128.54, 128.43, 128.33, 128.03, 127.99, 127.92, 127.82, 127.65,

127.52,104.03, 101.41, 82.15, 79.86, 76.803, 75.29, 74.71, 74.11, 73.71,
(d 1M, Ju2 8.8, NH), 5.30 (dd, 1HJz.5 9.7, H-2), 4.73 (AB g, 2H, 73.58, 72.87, 72.50, 72.14, 71.00, 68.36, 56.96, 56.83, 23.63. MALDI-
TOF: m/z780.4 [M + NaJ'. Anal. Calcd for GsHs:NOi11: C, 68.15;
H, 6.78; N, 1.85; O, 23.22. Found: C, 68.28; H, 6.91; N, 1.80s =
5.6 (€ 0.43, CHC}).

Methyl 2-Acetamido-2-deoxy-60-methyl-4-O-(2-O-methyl-f-p-
galactopyranosyl)#-p-glucopyranoside (2) Methyl iodide (0.86 mL,
9.23 mmol), anhydrous barium oxide (778 mg, 5.0 mmol), and barium
hydroxide octahydrate (750 mg, 2.5 mmol) were added to a stirred
solution 0f10 (318 mg, 0.42 mmol) in driN,N-dimethylformamide (3
mL). The mixture was left stirring at room temperature for 24 h. TLC
(chloroform/methanol, 9/1, v/v) indicated completion of the reaction.
The mixture was diluted with ethyl acetate (20 mL), washed succes-
sively with a saturated solution of NaHG@L0O mL), water (5x 10
mL), and brine (10 mL), followed by drying over MgQOAfter
evaporation of the solvent, the residue was purified by flash chroma-
tography (gradient hexane/acetone, 3/1 to 1/1, v/v) to afford compound
11 (198 mg, 60%). 10% palladium on charcoal (125.0 mg) was added
to a solution of11 (100 mg, 0.13 mmol) in ethanol (10 mL). The
mixture was vigorously stirred under an atmosphere of hydrogen for
16 h. TLC (chloroform/methanol, 9/1, v/v) indicated the completion
of the reaction. After filtration on Celite and concentration, the crude
material was purified by chromatography (latrobeads, chloroform/

Jag 11.4, OGH,Ph), 4.46 (AB q, 2HJss 12.3, OGH,Ph), 4.73-4.20
(M, 4H, 2 x OCGH,Ph), 4.40 (d, 1HJ, 5.7, H-1), 4.38 (d, 1H)y» 7.9,
H-1'), 4.0-3.88 (m, 2H, H-6b, H-69, 3.96 (d, 1H, H-4 Jz 4 2.74),
3.90 (m, 1H, H-2), 3.723.68 (m, 2H, H-5 H-6d), 3.61-3.38 (m,
4H, H-3, H-4, H-5, H-6a), 3.50 (m, 1H, H33 3.35 (s, 3H, OEls),
2.02 (s, 3H, G1:C(O)NH), 1.90 (s, 3H, B:C(0)0), 0.81 (s, 9H, Si-
(CH3)3), —0.03, —0.05 (2s, 6H, Si(Els),). 3C NMR (CDCk, 125

MHz): 6 169.94, 138.25, 137.74, 137.61, 128.30, 128.27, 128.07,
127.95,127.78,127.77, 127.70, 127.62, 127.46, 127.27,127.19, 101.17
99.72, 79.99, 75.96, 74.63, 73.47, 73.32, 72.53, 72.42, 72.06, 71.80,

67.79, 62.09, 56.16, 51.01, 25.87, 23.34, 21.16, 18.32, 18:3(21,

—5.30. FAB-MS: m/z936.5 [M+ Na]*. Anal. Calcd for GiHeZNO12

Si: C, 67.01; H, 7.39; N, 1.53; O, 21.00; Si, 3.07. Found: C, 67.18;

H, 7.55; N, 1.49. §]p = —17.6 € 0.59, CHC}). mp = 124.9°C.
Methyl 2-Acetamido-2-deoxy-30-benzyl-4-O-(2-O-acetyl-3,4,6-

tri- O-benzyl#-p-galactopyranosyl)#-p-glucopyranoside (9). Tet-

rafluoroboric acid (48% in water, 0.31 mL, 2.33 mmol) was added to

a stirred solution oB (2.0 g, 2.2 mmol) in acetonitrile (50 mL). The

mixture was left stirring at room temperature for 5 min. TLC (toluene/

ethyl acetate, 1/1, v/v) indicated completion of the reaction. The mixture

was neutralized with triethylamine (0.33 mL, 2.3 mmol) and concen-

trated in vacuo. The residue was then dissolved in dichloromethane methanol/water, 74/24/2, viviv) to afford compoudd52 mg, 94%)

(100 mL), washed successively with a saturated solution of NaHCO
(20 mL), water (2x 20 mL), and brine (20 mL), followed by drying
over MgSQ. After evaporation of the solvent, the residue was purified

by flash silica gel chromatography (gradient hexane/ethyl acetate, 3/1

to 1/1, v/v) to afford compoun® (1.7 g, 99%) as a white foamH
NMR (CDCls, 300 MHz): ¢ 7.40-7.10 (m, 20H, arom), 5.82 (d, 1H,
Junz 8.3, NH), 5.26 (dd, 1H,J» 3 10.1, H-2), 4.91, 4.50 (AB q, 2H,
Jae 11.4, O®H,Ph), 4.76, 4.60 (AB q, 2HJas 11.4, OCGH,Ph), 4.63,
4.46 (AB q, 2H,Jas 12.3, OGH,Ph), 4.54 (d, 1HJ);, 7.9, H-1), 4.43
(d, 1H,Jy > 8.4, H-1), 4.35, 4.22 (AB q, 2HJas 11.9, OCH,Ph), 3.91
(d, 1H, J3—+ 2.64, H-4), 3.88-3.35 (m, 5H, H-4, H-5, H-5 H-64,
H6b'), 3.86 (dd, 1HJsa s 3.86,J6a-6b 11.6, H-6a), 3.82 (m, 1-H, H-3),
3.80 (dd, 1H, H-6b), 3.70 (m, 1H, H-2), 3.50 (m, 1H, B;3.41 (s,
3H, OCH3), 1.97 (s, 3H, EGisC(O)NH), 1.84 (s, 3H, E5C(0)0).*C
NMR (CDCls, 125 MHz): 6 170.50, 170.08, 138.76, 138.69, 138.05,

as an amorphous white solid. MALDI-TORWz 448.3 [M + NaJ'.
[a]o = —20.6 € 0.30, HO). ForH NMR and **C NMR data, see
Supporting Information.

Methyl 2-Acetamido-2-deoxy-30-benzyl-6-O-methanesulfonyl-
4-0O-(2-O-acetyl-3,4,6-tri-O-benzyl#-p-galactopyranosyl) #i-p-glu-
copyranoside (12)Methanesulfonyl chloride (7L, 0.9 mmol) was
added to a cooled—{20 °C) and stirred solution 09 (479 mg, 0.6
mmol) in dry pyridine (20 mL). After stirring fo6 h at—20°C, TLC
(toluene/ethyl acetate, 1/1, v/v) indicated completion of the reaction.
After coevaporation with toluene, the reaction mixture was diluted with
dichloromethane (100 mL), washed successively with a saturated
solution of NaHCQ (20 mL), water (2x 20 mL), and brine (20 mL),
followed by drying over MgSQ After evaporation of the solvent, the
residue was purified by flash silica gel chromatography (hexane/ethyl
acetate, gradient 3/1, 3/2 followed by 1/1, v/v) to afford compoLad

137.98, 128.62, 128.38, 128.23, 128.10, 128.06, 127.99, 127.97, 127.72(463 mg, 88%) as a white foartd NMR (CDCl, 300 MHz): 6 7.40—
127.62,127.59, 101.75, 100.81, 80.34, 80.26, 75.86, 75.52, 74.81, 73.707.10 (m, 20H, arom), 6.40 (d, 1Hyn2 9.7, NH), 5.34 (dd, 1HJ; »
73.55, 72.90, 72.51, 72.23, 72.13, 68.30, 61.90, 56.94, 53.85, 23.56,7.9 J»3 10.1, H-2), 4.94, 4.51 (AB q, 2H,Jxs 11.4, OCH,Ph), 4.74,
21.22. FAB-MS: m/z821.3 [M+ Na]". Anal. Calcd for GsHssNO;2: 4.44 (AB q, 2H,Jas 11.4, OCH,Ph), 4.69, 4.54 (AB q, 2HJas 11.9
C, 67.57; H, 6.68; N, 1.75; O, 24.00. Found: C, 67.69; H, 6.80; N, OCH,Ph), 4.63 (dd, 1HJsn5 4.0, H-6b), 4.60, 4.40 (AB q, 2H]as
1.88. oo = —9.6 (c 0.73, CHCY). 12.3, O®H,Ph), 4.55 (d, 1HJ125.7, H-1), 4.47 (dd, 1HJs4,55.3, Jsa6b
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10.1, H-6a), 4.39 (d, 1Hly > 7.9, H-1), 4.23 (dd, 1HJ;5 8.4, H-2),
3.99-3.79 (m, 1H, H-4), 3.97 (d, 1H}y_s 2.6, H-4), 3.93 (m, 1H,
H-5), 3.82 (m, 1H, H-3), 3.633.46 (m, 3H, H-5 H-64, H-6b), 3.53
(dd, 1H,Jy 5 10.1, H-3), 3.44 (s, 3H, OCl3), 2.82 (s, 3H, E1:S0y),
2.07 (s, 3H, EC(0)0), 1.99 (s, 3H, B:C(O)NH).3C NMR (CDCE,
125 MHz): 6 170.78, 170.51, 138.47, 138.10, 137.99, 128.84, 128.70,

tion of the filtrate, the crude material was purified by column
chromatography (latrobeads, chloroform/methanol/water, 74/24/2, viv/
v) to afford compound (21 mg, 95%) as a white amorphous solid.
MALDI-TOF: m/z 402.3 [M + Na]*. [o]o = —15.6 € 0.79, DO).

For 'H NMR and3C NMR data, see Supporting Information.

1-O-tert-Butyldimethylsilyl-2- O-methanesulfonyloxy-ethane (15).

12858, 12855, 12848, 12828, 12815, 12812, 12795, 12773, 1017780d|um hydnde (60% in oil Suspension’ 28.2 mg, 0.71 mmo') was
10019, 8000, 7766, 7743, 7723, 7681, 7550, 7493, 7408, 7378,added to a solution of ethy|ene g|yc0| (205 g’ 33 mm0|) in N’;w_
72.89, 72.63, 72.43, 71.90, 69.42, 68.39, 56.92, 48.41, 37.26, 29.92,dimethylformamide (25 mL). After stirring at room temperature for

23.34, 21.27. MALDI-TOF: m/z 900.5 [M + Na]*. Anal. Calcd for
CsHssNO1s: C, 62.93; H, 6.31; N, 1.60; O, 25.51; S, 3.65. Found: C,
63.05; H, 6.36; N, 1.75.d]p = —24.8 (€ 0.13, CHC}).

Methyl 2-Acetamido-2-deoxy-30-benzyl-6-O-methanesulfonyl-
4-0-(3,4,6-tri-O-benzyl#-p-galactopyranosyl)#-p-glucopyrano-
side (13).Sodium methoxide (5.4 mg, 0.1 mmol) was added to a
solution of12 (447 mg, 0.51 mmol) in methanol (10 mL). After stirring

30 min, tert-butyldimethylsilyl chloride (5.0 g, 33 mmol) was added
dropwise. The mixture was left stirring at room temperature for 16 h.
Triethylamine (6.91 mL, 50 mmol) was then added, followed by slow
addition of methanesulfonyl chloride (3.6 mL, 46 mmol). TLC (hexane/
ethyl acetate, 3/1, v/v) indicated completion of the reaction. The reaction
mixture was quenched with methanol, diluted with ethyl acetate (100
mL), and washed successively with water{®20 mL), brine (20 mL),

at room temperature for 48 h, TLC (hexane/acetone, 1/1, v/v) indicated followed by drying over MgSQ@ After evaporation of the solvent, the

completion of the reaction; the mixture was then neutralized with
Dowex 50H" until pH = 7.0, filtered, and concentrated in vactde

residue was then purified by flash chromatography (gradient hexane/
ethyl acetate, 5/1 to 3/2, v/v) to afford compoubsl (5.9 g, 70%) as

residue was purified by flash chromatography (gradient hexane/acetone a white foam!H NMR (CDCls;, 300 MHz): 4.58 (dd, 2HJ 4.7, 9.1,

3/1to 1/1, viv) to afford compounti3 (418 mg, 98%) as a white foam.
IH NMR (CDCl;, 300 MHz): ¢ 7.40-7.10 (m, 20H, arom), 5.88 (d,
1H, Jwnz 7.7, NH), 4.86, 4.72 (AB q, 2HJxe 11.5, OGH,Ph), 4.81,
4.54 (AB q, 2H,Jag 11.3, OGH,Ph), 4.72, 4.57 (AB q, 2HJag 11.8,
OCH,Ph), 4.60, 4.40 (AB q, 2H]Jag 12.3, OGH2Ph), 4.62 (d, 1HJ1 >
7.4, H-1), 4.60 (m, 1H, H-6b), 4.47 (m, 1H, H-6a), 4.44 (d, D,
7.7, H-1), 4.00 (dd, 1H,J34 8.5, H-3), 3.99 (dd, 1HJs + 3.8, H-3),
3.96 (dd, 1H,J» 3 9.6, H-2), 3.86 (m, 2H, H-4, H-5), 3.80 (m, 1H,
H-4'), 3.64 (m, 1H, H-2), 3.60 (dd, 1Hss-ey 11.8, H-61), 3.57 (dd,
1H, Jea—s 2.2, H-68), 3.48-3.30 (m, 1H, H-5), 3.46 (s, 3H, OEly),
2.96 (s, 3H, €15S0y), 1.85 (s, 3H, E1;C(O)NH). MALDI-TOF: nmvz
858.0 [M + NaJ*. Analytical data are in agreement with Lemieux et
a|_25

Methyl 2-Acetamido-2-deoxy-30-benzyl-2,6-anhydro-4-O-(3,4,6-
tri- O-benzyl#-p-galactopyranosyl)#-p-glucopyranoside (14).So-

MsOCH,), 3.88 (dd, 2HJ 4.7, 9.1, TBDMSO®!,), 3.02 (s, 3H, Els-
SOy), 0.90 (s, 9H, Si(El3)s), 0.09 (2s, 6H, Si(Bl3),). 3C NMR (CDCl,

125 MHz): 6 71.22, 61.28, 37.60, 25.96, 25.87, 18.3B.27. MALDI-
TOF: m/z277.1 [M+ NaJ". Anal. Calcd for GH2.0,SSi: C, 42.49;

H, 8.72; O, 25.15; S, 12.60; Si, 11.04. Found: C, 42.65; H, 8.76; O,
25.26.

Methyl 2-Acetamido-2-deoxy-30-benzyl-4-O-(3,4,6-tri-O-benzyl-

p-p-galactopyranosyl)-6-diO-(2-O-methanesulfonyl-ethane)8-p-glu-

copyranoside (18).Sodium hydride (60% in oil suspension, 28.2 mg,
0.71 mmol) was added to a solution 1 (67 mg, 0.09 mmol) in dry
N,N-dimethylformamide (10 mL). After stirring for 30 min at 5,
15(336 mg, 1.32 mmol) was added dropwise. The mixture was stirred
at 50 °C for 16 h. TLC (chloroform/methanol, 9/1, v/v) indicated
completion of the reaction. The reaction mixture was quenched with
methanol, diluted in ethyl acetate (30 mL), washed successively with

dium hydride (60% in oil suspension, 19.3 mg, 0.48 mmol) was added water (5% 10 mL), brine (10 mL), followed by drying over MgSO

to a solution ofL3 (134 mg, 0.16 mmol) in driN,N-dimethylformamide

(20 mL). After stirring at room temperature for 16 h, TLC (chloroform/
methanol, 9/1, v/v) indicated completion of the reaction. The reaction
mixture was quenched with methanol, diluted in ethyl acetate (100 mL),
and successively washed with waterX220 mL) and brine (20 mL),
followed by drying over MgSQ After evaporation of the solvent, the

After evaporation of the solvent, the residue was dissolved in acetonitrile
(20 mL), and tetrafluoroboric acid (48% in water, 213 0.16 mmol)

was added. The reaction mixture was stirred at room temperature for
5 min after which TLC (chloroform/methanol, 9/1, v/v) indicated
completion of the reaction. The mixture was neutralized with triethyl-
amine (23.QuL, 0.16 mmol) and concentrated in vacuo. The residue

residue was then purified by flash silica gel chromatography (hexane/ was then diluted in dichloromethane (10 mL), successively washed with

acetone, gradient 3/1, 3/2 followed by 1/1, v/v) to afford compound
14 (83 mg, 70%) as a white foamiH NMR (CDCl;, 300 MHz): 6
7.40-7.10 (m, 20H, arom), 5.40 (d, 1Hn2 7.4, NH), 4.96, 4.62
(AB q, 2H, Jag 11.3, OCGH,Ph), 4.93, 4.60 (AB q, 2H]ag 11.6, OCH-
Ph), 4.81, 4.70 (AB q, 2HJxs 12.1, OGH,Ph), 4.70 (d, 1H)12 7.2,
H-1), 4.48, 4.42 (AB q, 2HJae 11.8, OGH,Ph), 4.37 (d, 1HJy > 7.4,
H-1'), 4.20 (dd, 1H,Jsp5 6.9, Jensa 13.5, H-6b), 4.09 (m, 1H, H-3),
4.02 (dd, 1H,Jsa5 3.3, H-6a), 3.89 (d, 1HJs 4 2.5, H-4), 3.82 (dd,
1H, J548.5,J459.6, H-4), 3.75 (m, 1H, H-5), 3.683.62 (m, 3H, H6h
H-64, H-5), 3.61 (m, 1H, H-2, 3.49 (m, 1H, H-3, 3.46 (s, 3H,
OCH3), 3.28 (m, 1H, H-2), 1.82 (s, 3H, KEC(O)NH). 3C NMR
(CDCls, 125 MHz): 6 170.39, 138.79, 138.63, 137.92, 128.47, 128.23,

a saturated solution of NaHG@5 mL), water (2x 5 mL), brine (5

mL), followed by drying over MgS® After concentration of the filtrate,

the crude mixture was purified by flash chromatography (gradient
hexane/acetone, 3/1 to 1/1, v/v). The dried product was then dissolved
in pyridine (5 mL), and methanesulfonyl! chloride (7.0, 0.09 mmol)

was added to the stirred mixture-aR0 °C. The reaction mixture was
then left stirring at room temperature for 2 h. TLC (chloroform/
methanol, 9/1, v/v) indicated completion of the reaction. The reaction
mixture was quenched with methanol. Toluene was then added to the
crude mixture which was concentrated in vacuo. The reaction mixture
was diluted with dichloromethane (10 mL) and then washed succes-
sively with water (2x 5 mL), brine (5 mL), followed by drying over

127.88, 128.68, 127.59, 127.50, 103.75, 101.03, 85.83, 80.19, 78.83,MgSQ,. After evaporation of the solvent, the residue was purified by
78.66, 75.27, 75.08, 74.98, 74.78, 74.31, 73.70, 73.49, 68.74, 57.17 flash silica gel chromatography (gradient hexane/acetone, 3/1 to 1/1,

56.86, 29.95, 23.86. MALDI-TOFmM/z762.2 [M+ Na]*. Anal. Calcd
for C4sHsoNO1: C, 69.81; H, 6.68; N, 1.89; O, 21.63. Found: C, 69.95;
H, 6.76; N, 1.92. §]p = —20.8 € 0.27, CHCL,).

Methyl 2-Acetamido-2-deoxy-2,6-anhydro-4-O-(f3-p-galactopy-
ranosyl)-f-p-glucopyranoside (3).10% palladium on charcoal (55.0
mg) was added to a solution @# (43 mg, 0.058 mmol) in ethanol (3
mL). The mixture was vigorously stirred under an atmosphere of
hydrogen for 16 h. TLC (chloroform/methanol, 9/1, v/v) indicated
completion of the reaction. After filtration using Celite and concentra-

v/v) to afford compound8 (37 mg, 47%) as a white amorphous solid.
'H NMR (CDCls, 300 MHz): § 7.40-7.10 (m, 20H, arom), 5.64 (d,
lH, JNH,z 8.3, N‘|), 4.92, 4.38 (AB q, ZHJAB 12.3, O(Hzph), 4.88,
4.56 (AB q, 2H,Jag 12.3, OCH2Ph), 4.75, 4.61 (AB q, 2HJag 11.8,
OCH,Ph), 4.67 (d, 1HJ., 7.4, H-1), 4.50 (m, 2H, H-2, H-}, 4.36,
4.28 (AB q, 2H,Jag 11.4, OGH,Ph), 4.33 (d, 1HJy 2> 8.0, H-1), 4.1—
4.0 (m, 1H, H-4), 4.6-3.88 (m, 1H, H-5), 3.92 (dd, 1Hl4 8.4 H-3),
3.84-3.44 (m, 2H, H-6b, H-6a), 3.80 (d, 1Kz + 3.0, H-4), 3.72 (m,
1H, H-3), 3.58 (m, 1H, H-6b, 3.45 (s, 3H, OEl), 3.42 (dd, 1HJ,5
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6.3, H-2), 3.38 (m, 1H, H-B} 2.98 (s, 3H, E:S0y), 1.84 (s, 3H,
CHsC(O)NH).3C NMR (CDCk, 125 MHz): ¢ 170.42, 138.87, 138.21,

room temperature for 5 min. TLC (hexane/ethyl acetate, 7/3, v/v)
indicated completion of the reaction. The mixture was neutralized with

132.51, 128.70, 128.55, 128.41, 128.55, 128.4, 128.35, 127.96, 127.63 triethylamine (0.325 mL, 2.3 mmol) and concentrated in vacuo. The
118.28, 112.42, 103.72, 103.53, 101.46, 100.26, 82.32, 78.85, 74.81 residue was then diluted in dichloromethane (50 mL) and successively
74.70, 74.07, 73.82, 73.70, 73.07, 72.47, 71.91, 69.88, 69.51, 69.40,washed with a saturated solution of NaH£@0 mL), water (2x 10

68.69, 57.65, 57.05, 56.20, 37.85, 23.89. MALDI-TOR(z902.6 [M
-+ NaJ*. Anal. Calcd for GeHs/NO14S: C, 62.78; H, 6.53; N, 1.59; O,
25.45; S, 3.64. Found: C, 62.89; H, 6.68; N, 1.%#o[= 4.0 ( 0.07,
CH,CL,).

Methyl 2-Acetamido-2-deoxy-30-benzyl-4-O-(3,4,6-tri-O-benzyl-
p-D-galactopyranosyl)-2,6-di-O-(ethane-1,2-diyl)#-p-glucopyrano-
side (19).A suspension of sodium hydride (60% in oil suspension, 9.6
mg, 0.24 mmol) inN,N-dimethylformamide (2 mL) was added over a
period d 2 h to asolution of 18 (26.4 mg, 0.03 mmol) inN,N-
dimethylformamide (10 mL). The reaction mixture was then stirred at
50 °C for 16 h. TLC (chloroform/methanol, 9/1, v/v) indicated

mL), and brine (10 mL), followed by drying over MgQOAfter
evaporation of the solvent, the residue was purified by flash silica gel
chromatography (gradient hexane/ethyl acetate, 9.5/0.5 to 8/2, v/v) to
give compoun®2 (297.67 mg, 95%) as an amorphous white sdfitl.
NMR (CDCls, 300 MHz): 6 7.40-7.10 (m, 20H, arom), 5.42 (dd, 1H,
Jzz 9.9, H-2), 5.06, 4.74 (AB q, 2H,Jas 10.7, OGH,Ph), 5.00, 4.56
(AB @, 2H, Jag 11.5, OCGH2Ph), 4.69, 4.51 (AB q, 2H]ag 12.4, OCGH,-

Ph), 4.61 (d, 1HJy > 8.0, H-1), 4.33, 4.23 (AB @, 2HJag 11.8, OCH,-

Ph), 4.18 (d, 1HJ;, 8.0, H-1), 3.99 (d, 1HJs_4 2.5, H-4), 3.87 (dd,

lH, \]Gb,5 2-5,J6b,6a12-1« H-6b), 3.76 (dd, 1|_U6a,5 33, H-6a), 3.62
3.44 (m, 3H, H-3, H-4, HY, 3.54 (s, 3H, OEl3), 3.52 (m, 1H, H-6h,

completion of the reaction. The reaction mixture was quenched with 3.51 (dd, 1H, H-3, 3.33 (m, 1H, H-69, 3.32 (m, 1H, H-2), 3.30 (m,
methanol, and then diluted in ethyl acetate (30 mL), successively 1H, H-5), 2.10 (s, 3H, €5C(0)0).*C NMR (CDCk, 125 MHz): 6

washed with water (5¢ 10 mL), brine (10 mL), followed by drying
over MgSQ. After evaporation of the solvent, the residue was purified

169.61, 138.83, 138.55, 138.14, 138.10, 128.63, 128.58, 128.39, 128.25,
128.17,128.02, 127.94, 127.70, 127.58, 127.51, 103.10, 101.36, 81.38,

by flash silica gel chromatography (hexane/acetone, gradient 3/1, 3/280.68, 76.28, 75.52, 75.49, 74.99, 73.79, 73.73, 73.02, 72.37, 72.16,

followed by 1/1, v/v) to afford compound9 (14.1 mg, 60%) as an
amorphous white solidtH NMR (CDClz, 300 MHz): 6 7.40-7.10
(m, 20H, arom), 5.48 (d, 1Hlnn2 7.5, NH), 5.01, 4.66 (AB q, 2HJas
12.3, OGH,Ph), 4.88, 4.64 (AB q, 2HJas 11.9, OGH,Ph), 4.81 (d,
1H, 31, 7.8, H-1), 4.80, 4.12 (AB q, 2HJag 11.9, OQH,Ph), 4.77 (d,
1H, Jy» 7.5, H-1), 4.70, 4.54 (AB q, 2HJag 11.4, OCGH,Ph), 4.29
(dd, 1H,J;4 8.8, H-3), 4.20 (m, 1H, H-4), 4.16, 3.84 (m, 2H, HBb
H6d), 4.10-3.87 (m, 2H, H5 H6a), 3.93 (m, 1H, H6b), 3.85 (dd,
1H,J3-4 2.2, H-4), 3.60 (dd, 1HJ> 3 9.4, H-2), 3.51 (m, 2H, OG-
CH,0), 3.50 (m, 1H, H-5), 3.46 (s, 3H, QG), 3.45 (m, 1H, H-3,
3.27 (dd, 1HJ 5.27, 8.79, OCKCH,0), 3.18 (m, 1H, H-2), 2.99 (dd,
1H, OCHCH;0), 1.80 (s, 3H, EisC(O)NH). *C NMR (CDCk, 125

MHz): 6 170.53, 139.46, 138.71, 138.40, 137.45, 128.38, 128.30,

68.28, 66.25, 60.90, 57.60, 21.37. MALDI-TORYz 806.3 [M+ Na]J*.
Anal. Calcd for GsHagN3O11: C, 65.89; H, 6.30; N, 5.36; O, 22.45.
Found: C, 65.96; H, 6.43; N, 5.41a]p = —17.3 € 0.40, CHCI,).
Methyl 2-Azido-2-deoxy-30-benzyl-4-O-(3,4,6-tri-O-benzyl#-p-
galactopyranosyl)$-p-glucopyranoside (23) Sodium methoxide (5.4
mg, 0.1 mmol) was added to a solution2# (223 mg, 0.29 mmol) in
dry methanol (30 mL). The mixture was stirred at room temperature
for 48 h. TLC (hexane/ethyl acetate, 7/3, v/v) indicated completion of
the reaction. The mixture was neutralized with Dowex 5Qidsin,
filtered, and the filtrate was concentrated in vacuo. The residue was
purified by flash silica gel chromatography (gradient hexane/acetone,
9/1 to 7/3, vIv) to afford compoun®3 (210 mg, 98%) as an amorphous
white solid.*H NMR (CDCl, 300 MHz): 6 7.40-7.10 (m, 20H, arom),

128.05, 127.90, 127.83, 127.68, 127.58, 127.36, 127.12, 126.24, 104.844.97, 4.82 (AB q, 2HJas 11.0, OGH,Ph), 4.83, 4.55 (AB q, 2Hlxs
100.65, 83.27, 82.08, 81.10, 78.67, 76.57, 74.46, 74.27, 74.18, 73.43,11.5, OGH,Ph), 4.68, 4.53 (AB q, 2HJas 11.9, OGH,Ph), 4.61 (d,
73.32, 72.99, 72.42, 70.35, 68.11, 64.78, 58.61, 56.71, 30.90, 23.62.1H, Jy » 7.5, H-1), 4.37 (d, 1H,J;1, 7.9, H-1), 4.29, 4.21 (AB q, 2H,

MALDI-TOF: m/z 806.2 [M + Na]*. [a]p = 3.5 (¢ 0.25, CHCI,).
Methyl 2-Acetamido-2-deoxy-40-(#-p-galactopyranosyl)-2,6-di-

O-(ethane-1,2-diyl)$-p-glucopyranoside (5). 10% palladium on

charcoal (14.0 mg) was added to a solutio1®{9.0 mg, 0.012 mmol)

in ethanol (3 mL). The mixture was vigorously stirred under an

atmosphere of hydrogen for 16 h. TLC (chloroform/methanol, 9/1, v/v)

indicated completion of the reaction. After filtration using Celite and

Jas 11.4, OCGH,Ph), 4.20 (dd, 1HJep52.7, Jensal2.6, H-6b), 3.93 (m,

1H, H-5), 3.91 (d, 1HJs_4 1.9, H-4), 3.90 (m, 1H, H-2), 3.84 (dd,

1H, Jsas 2.2, H-6a), 3.56 (m, 1H, H-6] 3.55 (s, 3H, OEls), 3.49-

3.20 (m, 3H, H-3, H-4, H-5), 3.36 (m, 1H, H-2), 3.35 (m, 1H, B;3
3.27 (dd, 1H,Jess 2.7, Joyea 12.4, H-64). 3C NMR (CDCk, 125
MHz): 6 138.85-128.58 (arom), 104.08, 103.33, 82.21, 75.38, 75.03,
74.80, 76.75, 75.52, 75.16, 73.67, 73.50, 72.35, 72.17, 72.01, 68.21,

concentration, the crude material was purified by chromatography 66.60, 66.31, 61.22, 57.32. MALDI-TORWz 764.3 [M+ Na]*. Anal.

(latrobeads, chloroform/methanol/water, 74/24/2, viviv) to afford
compound5 (4.9 mg, 96%) as an amorphous white solid. MALDI-
TOF: m/z 446.0 [M + NaJ". [a]o = —14.6 € 0.56, D:O). ForH
NMR and*C NMR data, see Supporting Information.

Methyl 2-Azido-2-deoxy-3-O-benzyl-4-O-(2-O-acetyl-3,4,6-tri-O-
benzyl$-p-galactopyranosyl)-b-glucopyranoside (22).Boron tri-
fluoride diethyl etherate (87.6L, 0.7 mmol) was added to a stirred
solution of6 (438.2 mg, 0.70 mmol)20 (194.8 mg, 0.50 mmol), and
powdered molecular sieset A (200 mg) in dichloromethane (20 mL).
The mixture was stirred at40 °C for 3 h. TLC (hexane/ethyl acetate,
713, vlv) indicated completion of the reaction. The mixture was
neutralized with triethylamine (97 6L, 0.70 mmol) and filtered over

Calcd for GiH47N3O10: C, 66.38; H, 6.39; N, 5.66; O, 21.57. Found:
C, 66.48; H, 6.47; N, 5.780]]p = —12.4 ¢ 0.35, CHCL,).

Methyl 2-Azido-2-deoxy-30-benzyl-4-O-(3,4,6-tri-O-benzyl#-p-
galactopyranosyl)-2,6-di-O-(methane-1,2-diyl)#-p-glucopyrano-
side (24).Formaldehyde diphenylmercaptal (58.0 mg, 0.25 mmol) and
powdered molecular siege A (50 mg) were added to a stirred solution
of 23 (156 mg, 0.21 mmol) in a mixture of acetonitrile and dichlo-
romethane (34 mL, 7/3, v/v). The mixture was stirred at room
temperature for 1 h, then cooled t635 °C, and a solution of
N-iodosuccinimide (234 mg, 1.04 mmol) and trifluoromethanesulfonic
acid (5.5uL, 0.063 mmol) in dry acetonitrile (3 mL) was added to the
reaction mixture. The mixture was left stirring-aB5 °C for 2 h. TLC

Celite. The filtrate washings were combined and concentrated in vacuo. (hexane/ethyl acetate, 3/1, v/v) indicated completion of the reaction.

The residue was then diluted in dichloromethane (50 mL) and
successively washed with a saturated solution of NagQO mL),
water (2x 10 mL), and brine (10 mL), followed by drying over MgsO

The mixture was neutralized with triethylamine (&Q) and filtered
over Celite. The filtrate and washings were combined and concentrated.
The residue was then diluted in dichloromethane (30 mL), successively

After evaporation of the solvent, the residue was purified by flash silica washed with a saturated solution of 4820; (10 mL), a saturated
gel chromatography (gradient hexane/ethyl acetate, 9.5/0.5 to 8/2, v/v) solution of NaHCQ, water (2x 10 mL), brine (10 mL), followed by

to give compound1 (359 mg, 80%). Tetrafluoroboric acid (48% in
water, 129L, 0.70 mmol) was added to a stirred solution2df (359
mg, 0.40 mmol) in acetonitrile (50 mL). The mixture was stirred at
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drying over MgSQ. After evaporation of the solvents, the residue was
purified by flash silica gel chromatography (gradient hexane/acetone,
9/0.5 to 8/2, v/v) to afford compourihh (95 mg, 60%) as an amorphous
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white solid.*H NMR (CDClz, 300 MHz): 6 7.40-7.10 (m, 20H, arom),
5.10, 4.71 (AB q, 2HJag 7.4, OCH,0), 4.98, 4.86 (AB g, 2HJas
10.7, OGH2Ph), 4.90, 4.56 (AB q, 2HJas 11.3, OGH:Ph), 4.69, 4.64
(AB g, 2H, Jas 12.4, O®H,Ph), 4.68 (d, 1HJy » 7.4, H-1), 4.38, 4.30
(AB g, 2H, Jag 11.8, OCH,Ph), 4.18 (d, 1H,J., 7.7, H-1), 4.08 (dd,
1H, Jsu,s' 2.8, Jeuvea 12.1, H-Gb), 4.02 (m, 1H, H-a, 3.98 (dd, 1H,
Joas 4.7, H-68), 3.88 (d, 1H,J3-4 2.8, H-4), 3.78 (dd, 1H,J>39.6,
H-2"), 3.60 (dd, 1H Jsn628.5, H-6b), 3.49 (m, 1H, H-3), 3.46 (m, 1H,
H-5), 3.44 (t, 1HJ34J459.1, H-4), 3.41 (dd, 1H, H-3 3.38 (m, 1H,
H-2), 3.32 (M, 1H Jsa54.9, Jea 60 8.5 H-6a), 3.54 (s, 3H, Ody). 1°C
NMR (CDCls, 125 MHz): 6 138.83, 138.68, 138.46, 137.97, 128.66,

compound4 (28.7 mg, 90%) as a white amorphous solid. MALDI-
TOF: m/z 432.2 [M + Na]*. [a]p = —11.0 ¢ 0.57, DO). ForH
NMR and**C NMR data, see Supporting Information.

Enzyme Studies.Reported method%34344were employed for
assaying sialyltransferase activity. For studies of the relative rates,
incubation mixtures contained CMBC]NeuAc (9 nmol, 6180 cpm/
nmol) and substrate (120 nmol), bovine serum albumin (1 mg/ml), 0.2
mU of enzyme in sodium cacodylate (50 mM, pH 6.5) containing 0.1%
Triton x100 in a total volume of 6@L were incubated at 37C for a
period of 30 min. The radiolabeled product was isolated using a
procedure modified by Horenstein et3&lbased on Paulson’s ion-

128.64, 128.53, 128.37, 128.18, 128.13, 128.05, 127.96, 127.86, 127.80exchange chromatography on a Dowex B8—200 (PQ?-, 100-200
127.70, 127.62, 104.54, 103.25, 100.29, 84.51, 83.33, 81.41, 75.76,mesh) Pasteur pipet colunihColumns (5 cm high) were eluted twice
74.79, 74.14, 73.73, 73.26, 73.06, 72.81, 70.71, 68.41, 66.31, 57.32.with 1 mM PQ?~ (4 mL) buffer to ensure that no radiolabeled product

MALDI-TOF: m/z 776.3 [M + Na]*. Anal. Calcd for GzH47N3O0:

C, 66.92; H, 6.28; N, 5.57; O, 21.22. Found: C, 66.96; H, 6.43; N,

5.66. [oJo = —57.7 € 0.53, CHCI,).

Methyl 2-Acetamido-2-deoxy-30-benzyl-4-O-(3,4,6-tri-O-benzyl-
p-pD-galactopyranosyl)-2,6-di-O-(methane-1,2-diyl)$-p-glucopyra-
noside (25).1,3-Propanedithiol (43.6L, 0.43 mmol) and triethylamine
(42 uL, 0.43 mmol) were added to a stirred solution2f (83 mg,
0.11 mmol) in a mixture of pyridine and water (10 mL, 4/1, v/v). The

was left on the column.

Kinetic Studies. Apparent kinetic parameters of the2,6-ST for
synthetic acceptors were determined under the above standard conditions
using a saturating concentration of CMPE]Neu5Ac# Assays were
performed in duplicate using %U of enzyme. The concentration of
oligosaccharide acceptor was varied aroundkh®alue (six different
concentrations, ranging from 0.5 to 3.6 mM for accepfioand5, and
0.5-6.0 mM for acceptor® and4), whereas the concentration of CMP-

mixture was stirred at room temperature for 6 h. TLC (hexane/acetone, [**C]Neu5Ac was kept constant at 2081 (1655 cpm/nmol). The time
713, viv) indicated completion of the reaction. The mixture was of incubation at 37C was varied to 15 min to limit the CMP4C]-
coevaporated with toluene, concentrated in vacuo, and then chromato-Neu5Ac consumption to 2015% to ensure initial rate conditions. The
graphed over silica gel (gradient DCM/methanol, 1/0 to 9/1, v/v) to kinetic parameter¥max andKy, were determined using the GraphPad
afford compoun@5 (73 mg, 89%). Acetic anhydride (5 mL) was added computer program obtained from Prism.

to a solution of the above crude product (70 mg, 0.096 mmol) in Preparative Sialylation. Incubations were carried out in 154 of
pyridine (10 mL). The mixture was stirred at room temperature for 16 sodium cacodylate buffer (25 mM, pH 7.2) containing 0.5% Triton
h. TLC (chloroform/methanol, 9/1, v/v) indicated completion of the x100 and bovine serum albumin (1 mg/mL). Accep#o(1.0 mg),
reaction. Toluene was added to the mixture which was concentrated in CMP-Neu5Ac (0.9 mg)3 U of alkaline phosphatase, and 6.9 mU of
vacuo. The residue was purified by flash chromatography (gradient sialyltranferase are incubated at 37 for 36 h. Every 12 h, 0.9 mg of

hexane/acetone, 3/1 to 1/1, v/v) to afford compoR6¢72.4 mg, 98%)
as an amorphous white solitH NMR (CDCls, 300 MHz): 6 7.40—
7.10 (m, 20H, arom), 5.36 (d, 1H\n2 8.0, NH), 5.07, 4.69 (AB q,
2H, Jag 7.4, OCH,0), 4.98, 4.64 (AB q, 2HJas 11.8, OCH,Ph), 4.86,
4.54 (AB q, 2H,Jas 11.5, OGH,Ph), 4.68, 4.60 (AB q, 2HJas 12.1,
OCH,Ph), 4.70 (d, 1HJ1> 7.2, H-1), 4.68 (d, 1HJ)y > 7.4, H-1), 4.32,
4.25 (AB g, 2H,Jag 11.8, OCGH,Ph), 4.12-3.92 (m, 1H, H-5), 4.07
(dd, 1H,3,37.8, H-3), 4.04 (dd, 1HJev 5 2.7, Jew 64 12.3, H-61), 3.96
(m, 1H, 3.3, H-68, 3.86 (d, 1H,J3 4 2.2, H-4), 3.76 (dd, 1H,J::3
9.6, H-2), 3.60-3.40 (m, 1H, H-5), 3.56 (m, 1H, H-6b), 3.43 (s, 3H,
OCHg), 3.33 (dd, 1H,Jep5 2.7, H-6a), 3.42 (m, 1H, H-4), 3.41 (dd,
1H, H-3), 3.28 (m, 1H, H-2), 1.80 (s, 3H, KC(O)NH). 13C NMR

(CDCls, 125 MHz): 170.6, 139.81, 139.23, 138.81, 138.49, 138.06,

CMP-Neu5Ac was added to the incubation mixture to compensate for
any hydrolysis of the donor. The reaction was monitored by TLC on
silica gel plates using CHgtMeOH—H,0 (60:35:6, v/v). The acceptor
Gal31l— 4GIcNAg3-OMe has arR; of 0.63, and the product Neu&@

— 6Ga)f1—4GIcNAg5-OMe has arRs of 0.33. At the completion of
the reaction, the sample was purified on latrobeads followed by biogel
P2.'H NMR (D0, 500 MHz, DOH set at 4.76)8 4.55 (d, 1H,Ji»

= 7.8 Hz, H-1), 4.43 (d, 1HJ,,= 8.8 Hz, H-1), 3.48 (s, 3H, Ody),

3.34 (m, 1H, H-2, 2.67 (dd, 1HJze 34 = 12.7,J3¢' 4 = 4.9 Hz, H-3€),

2.04, 2.02 (2s, 6H, 2 BsC(0O) NH), 1.68 (t, 1H,Jsz +» = 11.7 Hz,
H-3d'). MALDI-TOF: m/z= 737.3 [M" + Na].
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Methyl 2-Acetamido-2-deoxy-40-(#-b-galactopyranosyl)-2,6-di-
O-(methane-1,2-diyl)$-p-glucopyranoside (4).10% palladium on
charcoal (74.0 mg) was added to a solutio29{60.0 mg, 0.078 mmol)

spectra of compoundd—5, NOE experiments figure of
compoundsl, 3, and5, showing NOEs from Gal-H-1, region
of quantitative HMBC for compound}, nomenclature, and
detailed geometrical description of all optimized conformers of
1, 3, 4, and5 (PDF). This material is available free of charge

in ethanol (3 mL). The mixture was vigorously stirred under an Via the Internet at http://pubs.acs.org.

atmosphere of hydrogen for 16 h. TLC (chloroform/methanol, 9/1, v/v)
indicated completion of the reaction. After filtration using Celite and
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concentration, the crude material was purified by chromatography (44) Palcic, M. M.; Venot, A. P.; Ratcliffe, R. M.: Hindsgaul, Garbohydr.

(latrobeads, chloroform/methanol/water, 74/24/2, viviv) to afford
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