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Abstract

The knowledge of the regioselectivity between défe hydroxyl groups of
glycosyl acceptors is valuable in planning simpleatsgies for the synthesis of
oligosaccharides, minimizing the use of protectgrgups. With the aim of obtaining
deeper knowledge on this subject, we analyzed dlaive reactivity of the OH-3 and
OH-4 groups of 2,6-dB-protected methyb- and B-glucopyranosides in glycosylation
reactions. The glycosyl acceptors were preparedsitnple procedures, and galacto-
pyranosyl and furanosyl trichloroacetimidates werealuated as glycosyl donors.
Experimental results were contrasted with thoseainbtd by a molecular modeling
approach. A fair agreement of the molecular modelmd experimental results was
obtained. It has been shown, that by choosing il anomer and protecting group,
either the £3 or 1-4 linkage can selectively be installed using therapriate glucosyl

acceptor.



Introduction

Nowadays, the importance of specific oligosaccleith biological processes is
widely known, thus requiring simple and reprodugilpirocedures for their synthests.
Glycosylation reactions are a key factor in thisgass, though they often appears to
complicate the synthesis due to the large numbefred@ hydroxyl groups present in
carbohydrates, many times with similar reactivitiesis fact frequently makes it necessary
to introduce protecting groups which have to beaesd at the end, giving rise to a
tedious, time-consuming and yield-depleting syntheequence. However, it is sometimes
possible to plan selective glycosylations avoidorgminimizing the use of protecting
groups if the reactivity of one of the hydroxyl gas is much larger than that of other one
and limiting amounts of glycosyl donors are usekisTapproach requires comprehensive
knowledge of the regioselectivity of glycosidatiogactions, which are not always well
understood, as they depend sometimes on subtiersa@ome attempts to rationalize the
regioselectivity on theoretical basis have beeryfaiiccess although others have failed.

In a recent work, we analyzed the relative reastiof the OH-3 and OH-4 of 2,6-
diprotected methyh- and p-galactopyranosyl derivatives in glycosylation ité&ats with
different galactosyl donors. As expected, the fdiomaof the -3 disaccharides was
favored, given the equatorial orientation of the-@Igroup vs. the axial one of the OH-4
group. Nevertheless, the regioselectivities weng ifferent, ranging from very high to
quite low, depending on the substituents and tleenanic configuration of the acceptors,
and the reactivities of the donors. The highesiossiectivities were achieved for the 2,6-
di-O-benzylated acceptors and the febenzoylated-galactopyranosyl
trichloroacetimidaté. Nevertheless, for some donors derived from 2-pitingide-2-
deoxy-glucopyranose the best regioselectivity whseoved for a 2,6-db-benzoylated
galactopuranosyl acceptdshowing once again that the regioselectivity ofcgbylation
reactions is susceptible to a manifold of factdRationalization of the OH-3/OH-4
reactivities by different molecular modeling appioes agreed with the general trend but
failed to explain subtler factors governing thefatiénce in regioselectivity between some

of the acceptors.



The two most common monosaccharide residues inr&lateD-glucose andD-
galactose, and consequently, these units have ixssh by carbohydrate chemists most
frequently. Motifs D-Galp-1—3-D-Glcp and D-Galp-1—4-D-Glcp (lactose) are used as
models for the action oP-galactosidase’s,whereas other disaccharides and higher
oligosaccharides containing these moieties can lmapertant biological properties. Thus,
knowledge of the selectivity between O-3/0-4 ofcgisyl acceptors is significant in
planning the synthesis of these oligosaccharidesnwhtending to minimize the use of
protecting groups. Although many studies relateth e regioselective glycosylation of
“less protected acceptors” have been repdrfetthe case of glucose, with all equatorial
substituents, has been less attended, usuallywelving the O-3/0-4 position$:**

The aim of the present work is to extend our presistudy to the case of glucosyl
acceptors, analyzing the glycosylation of 2,83dprotected methyl glycosidehy, and
2a,, which differ from the previous stutlyn the fact that both free OHs are equatorial
(Figure 1). Trichloroacemidat&sand4 were used as donors, and the experimental results
were compared with those obtained by molecular tiogle Differences withD-Gal

acceptors are also analyzed.
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Figure 1. Studied glucosyl acceptors and galactosyl donors



1. Results and Discussion
1.1.Experimental study

For the objectives of the present study we requiréalcp derivatives with OH-2 and
OH-6 blocked. Many efforts have been made to dgvedonple procedures for the

e>152%which is more difficult to

preparation of partially substituted derivativesghicos
achieve, compared with mannose or galactose, duiaeofact that all the secondary
hydroxyl groups are equatorial and display comgdarabactivity under various common
conditions. We synthesized derivativis, and 2a,B, in order to evidence the possible
differences between the electron withdrawing/nahdnawing character of the protecting
groups in the glycosylation regioselectivity:Glucopyranosyl acceptors were synthesized
from commercially available methgi-D-Glcp (5a). For thef-anomers, instead, meth$4
D-Glcp (5B)** was prepared by BFOEL promoted glycosidatidhof perO-benzoyl-Glp
under short reaction time to preveotanomerization, followed by Zemplén &-
benzoylation. Benzylated glycosidéa’’ and 1B*® were obtained by stannylene acetals-
mediated substitutionsby treatment ofSa or 5B with Bu,SnO under toluene reflux,
followed by benzylation with benzyl bromide in theesence of TBAB (Scheme 1). The
general procedure described by Zhet al'® was followed. Benzoylated acceptor
20%? was prepared by benzoylation with limited amouritsenzoyl chloride. It is worth
mentioning, that this procedure was not effectige the B-anomer. Acceptolp™ was
prepared also by stannylene acetals-mediated gsuthsis, but treatment with B8nO of

5B was performed under MeOH reflux, followed by beyplaton in chloroform, as
described by Donget al® (Scheme 1). The regioselective substitutions preseby
formation of the 4,6- and 2,3-stannylene acetal&chvlare then substituted at the most

reactive O-2 and O-6 possitioffs.



OBn

(0]
Bu,SnO (2.2 equiv) BnBr, TBAB Hao R,
toluene toluene
110°C, 2 h 100°C, 12 h BnO R1
OH la Ry = OCH; R, = H (68 %)
HO 0 1B R; = H, R, = OCHj; (55 %)
HO R BzCl (2.0 equiv), CHN B2
CH,Cl, 3h, rt

HO
R, HO 0
77 % HO

50 R, = H, R, = OCHs

5B R, = OCH R, = H BzO och,

20
Bu,SnO (2.2 equiv.) OBz
LI2 n .Z equiv. BzCl HO 0
B —— 0 OCHj,

MeOH
65°C, 2 h CHCl, H
rt, 12 h BzO
55 % 28

Scheme 1Synthesis ob-Glcp glycosyl acceptorga,3 and2a,3

With glucosyl acceptoréa, and2a,B in hand, we assayed glycosylation reactions
with galactosyl donor8 and4, with participating groups at position 2, and thusng rise
only tof glycosides. Trichloroacetimidat&s® and 6°" were prepared by treatment with
trichloroacetonitrile and DBU of the correspondibgnzoylated hemiacetals. To avoid
migration during the glycosylations, acetyl growgsre not used either in the donors or the
acceptor$®?® The coupling reactions were performed in JCH solution, at low
temperature, and the activation of the donor wahiaged with catalytic TMSOTf. The
molar ratio of acceptor to donor was 1.4:1 to preéel double glycosylation of the
acceptor$.

When TLC showed the disappearance of the donomalby after 2 h of reaction,
relative yields of the disaccharides were deterthimg integration of théH NMR signals
of the anomeric or other well-resolved protonsted trude mixtures. Then, the mixtures
were purified by column chromatography in order doaracterize the condensation
products and to confirm the yields of the isolatedioisomers. The structures of the
disaccharides were univocally assigned on the liddMMR spectra. The position of the
interglycosidic linkages was verified from the diesing of the**C NMR signals involved
in such linkage&>*'For example, for disacchari@, linked (1—3), the main product of

the coupling betweeB with 13, signals corresponding to C-3 and C-4 were obseated



86.0 and 68.7 ppm, respectively. Instead, for theomproduct7p (1—4) such signals
were observed at 75.3 (C-3) and 81.4 ppm (C-4). deshielding effect of the
glycosidation can be clearly observed in Table hene C-3 and C-4 chemical shifts (126
MHz, CI;CD) of acceptorda, and2a, and dissacharideg13 are listed, as well as the
Ad values between the dissacharides and the corrdsygpacceptor and the difference
between théd of C-3 and C-44Ad). AAS values are > 0 for-%3 dissaccharides and <0
for 1—4. Information provided by HMBC experiments and ebation in the'H NMR
spectrum of the signal corresponding to the freeadHi the correspondirigy on coupling
constant, also supported the regiochemistry ofpttoelucts. The stereochemistries of the
newly formed glycosidic linkages were establishesh the ®J;» coupling constants,
which were around 8 Hz for disaccharides obtaimechfpyranosic donad and 1-2 Hz for
those obtained from furanosic dorbt’

Table 1 *C NMR chemical shifts for C-3 and C-4 of the glygoacceptorsla,B and
2a,3 and the product dissacharide®13; Ad,: difference betweendc., of each
disaccharidenddc., of the corresponding acceptahAd: Ad; — Ady.

Acceptors

3a 3B 4a 4B
C-3 (9) 729 75.9 714 75.2
C-4 () 70.9 71.5 70.6 70.6

1- 3 Disaccharides

60 6B 8a 8 100 108 12« 128
C-3(9) 84.2 86.0 82.0 859 813 829 797 830
Ad; 113 10.1 10.6 10.7 8.4 7.0 8.3 7.8
C-4 () 68.5 68.7 69.3 68.8 695 70.2 695 69.5
Ad, -2.4 -2.8 -1.3 -1.8  -14  -13 -1.1 -1.1
ANS 13.7 12.9 11.9 125 98 83 9.4 8.9

1 4 Disaccharides

7a 7B 9a 9B 11a 11 13a 138

C-3 (3) 72.0 75.0 69.9 735 719 749 703 739
NS, -0.9 -0.9 -1.5 -1.7 -10 -1.0 -11 -1.3
C-4 () 81.4 81.5 82.7 823 772 771 798 79.5
A, 10.5 10.0 121 11.7 6.3 5.6 9.2 8.9
AAD -11.4 -10.9 -13.6 -134 -73 -66 -103 -10.2




In the glycosylation reactions, all the acceptdisvged the same trend, except
methyl 2,6-diO-benzoylB-D-Glcp (2B, Table 2). Acceptorsla, 1 and 2a were
preferentially glycosylated at O-3 (Table 2, ergtrie3 and 5-7), although it has been
stated that both OHs have similar steric hindr&fttewas observed a higher selectivity
for the benzylated derivativix than for the benzoylated derivati2ea. For 2f3, instead,
the 1-4 disaccharid®p was the main product withas glycosyl donor (entry 4), and no
regioselectivity was observed hen donrbmwas utilized (entry 8). For dond, less
reactive thar,>***higher regioselectivities were achieved (entrigs\k- 5-8).

These results show that a trend increasing theivegof O-4 is observed when
passing from benzylated derivatives to benzoylatedvatives, and when passing from
a-anomers td3-anomers. This trend leads to O-4 preferentialasglectivity only for
compound 2. Exactly the same trend was observed when assayieagO-3/0-4
regioselectivity ofo-and-methylglycosides of 2-deoxy-2-dimethylmaleoyl gisamine
derivatives protected with benzoyl and benzyl geoapO-6>* However, in that case, the
trend led to preferential O-4 reactivity for b@+anomers. The reversal of regioselectivity
observed in these cases shows that the remote a@naefiguration plays a significant
role in the O-3/0O-4 regioselectivity.

It is worth noticing that the yield was excellentall glycosylations, showing once

again the robustness of the trichloroacetimidatthote
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Scheme 2Glycosylation ob-Glcp acceptorda, and2a,B with donors3 and4.



Table 2.Ratios and yields of-»3 and -4 disaccharides obtained by reaction of donors
3-5with acceptor8a,f3 and4a,

740)

OBn OBn OBz OBz
HO 0 HO 0 HO Q HO o
HO HO OCHs  Ho HO OCH,4
B BnO B BzO
1o 18 200

N0 OcH, OCH,
2p

Entry Donol Accepto Product Ratic® Yields®

1-3 1-4 1-3:1-4 %’ %°
1 3 la 6a 7a 6.5:1 96 91
2 3 1B 6B 7B 2:1 96 92
3 3 2a 8a 9a 2.1:1 71 75
4 3 2B 8B oB 1:5.¢ 100 9C
5 4 la 10a 1lla 3.45:] 92 89
6 4 1B 108 118 1.75:1 9C 87
7 4 2a 120 13a 2:1 10C 92
8 4 2B 128 138 1:1 100 91

2Determined from théH NMR spectrum of the crude reaction mixture.

PCombined vyield of +>3 and 1-4 regioisomers.

“Yields refers to isolated pure products after calurhromatography on the basis of the
donor amount used in the reaction.

2.2. Molecular modeling study

We have carried out molecular modeling calculation®rder to determine the
atomic partial charges and condensed-to-atom Fiiknctions® in an attempt to
rationalize the observed reactivity of the OH-3/@Hroups of acceptorbu,p and2a,p,
as we did with the equivalent galactose acceftés.OH-3 in galactose was equatorial
and OH-4 was axial, and both are equatorial inagacit could be expected a less sharp
trend shown by modeling. The charge density wasutated for both methods using the
regular Mulliken charges.

For the sake of simplicity, instead of acceptbesf and2a,p, analogs carrying
acetyl groups instead of benzoyl, and methyl grommgsead of benzyl moieties were
used’ (Figure 2). The lower energy conformers were folmydmolecular mechanics
calculations (MM3), and then optimized with BSLYR3&1+G**, and then, single-point
calculations with MO06-2X/6-311+G** (Figure A.1 andrable A.1, Electronic
Supplementary Information File 1). A whole set@ivienergy conformers was calculated

for each of the four compounds, in order to caulyaBoltzmann-averaging to obtain the



local charges and Fukui functions (Table A.2 an8l&&A.3, Electronic Supplementary
Information File 1). It has been shown that in salesystems the electron density
distribution can define the reactivity, i.e. thesgimn with a larger net chargg)(will be
that preferably attacked by a hard electrophifeslowever, in order to describe the
interaction between nucleophile and electrophileesponding to a soft—soft interaction
in the context of the hard and soft acid and baseiple (HSAB), the most common
numerical descriptor is the local Fukui functid¥),(related to the electron density in the
HOMO frontier molecular for an electrophilic attat®®*'1t should be expected to
obtain higher absolute values fgrand forf for the more reactive site. Fukui functions
have already been successfully used in order tesasthe reactivity of secondary
hydroxyl groups of carbohydraté:**

Figure 2 and Table 3 show that the charge and Fadéagrminations predict that
OH-3 should be the more reactive site for the blategt derivativeda and1p, whereas
OH-4 should be the more reactive site for the bgated derivativea and2B. This
indicates, that the experimental reactivity for thenzylated derivatives is predicted
correctly by modeling. On the other hand, for beteted derivatives, modeling predicts
correctly the higher HO-4 reactivity @, but fails to perform correctly foka. The
highest regioselectivity observed fan appears not to be predicted either by using
modeling, suggesting that subtle factors not carsidiin the charge determinations, or by
energy errors which might lead to an inadequatézBw@nn-averaging of the low-energy
conformers can have some influence on the finatmue. Theq andf values calculated
for both oxygens are very similar, much more tharthie case ob-Galp acceptor$,
making the prediction of the regioselectivity lesiable, given the low significance of
the differences. The recognized limitation of thETDto reproduce the conformational
dynamics of flexible systenfs;*°and the influence of the donor structure, not itETsd
in the present study, but certainly import&htould be some reasons for this divergence
with the experimental results fda. In any case, a fair agreement of the experimental

results and the modeling has been determined.
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q=-0.250 OMe q=-0.236 OMe

£=0.029 ™ 15 0 f=0.033 ™ 5 o)
OMe
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f=0.032 MeO ome f=0.050 MeO
analog of 1a analog of 1P
OAc OAc
q=-0.236 q=-0.241
f=0.136 ™™ o 0 f=0.102 ™™ 4o o)
H H OMe
g=-0212_—» HO g=-0232_—» HO
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analog of 2a analog of 23

Figure 2. ModelD-Glcp 3,4-diol acceptors and data obtained with B3LYP.

Table 3. Ratio of charges and Fukui functions on O-3/Chdavved for analogs of
acceptord -2 (calculations with M06-2X/6-311+G**//B3LYP/6-311+3)

Oo-ddos  fodlfod’

Analog ofla 1.006 1.12
Analog of1f3 1.079 1.54
Analog of2a 0.898 0.93
Analog of2f3 0.962 0.87

2. Conclusions

Glucosyl acceptorsla,f and 2a,3 were obtained by simple procedures. For
alkylated acceptorda,B, a higher reactivity for OH-3 was experimentallgserved in
accordance with the theoretical results. For aeylaicceptor@a and23 modeling predicts
a slightly higher reactivity of OH-4 which only ags with the experimental results 2g.

A trend towards a relatively enhanced reactivityOe#t with regards to O-3 in the changes
o — [ and Bz — Bn was observed, in agreement with previous repofthe

regioselectivities experimentally achieved in sarhéhe cases, could significantly simplify
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the synthesis oD-Galp-1—3-D-Glcp and D-Galp-1—4-D-Glcp motifs in the synthesis

relevant molecules.

3. Experimental section

4.1 General Methods

The solvents used were distilled, dried and staeabrding to standard procedures.
Analytical thin layer chromatography (TLC) was merhed on Silica Gel 60 F254 (Merck)
aluminium supported plates (layer thickness 0.2 mvhjualization of the spots was
effected by exposure to UV light and charring watlsolution of 5% (v/v) sulfuric acid in
EtOH, containing 0.5%p-anisaldehyde. Column chromatography was carrietd with
Silica Gel 60 (230—-400 mesh, Merck). Optical ratas were measured with a Perkin-
Elmer 343 digital polarimeter. Nuclear magneticoremce (NMR) spectra were recorded
with a Bruker AMX 500 instrument. Chemical shift§ @re reported in ppm, with residual
chloroform ¢ 7.26 for'H and$ 77.16 for'®C) as internal references. Assignmentstbf
and *C NMR spectra were assisted by 2B COSY and HSQC experiments. High
resolution mass spectra (HRMS) were obtained bygtigspray lonization (ESI) and Q-
TOF detection.

4.2.General procedure for glycosylations using tricldacetimidates$ or 6 as glycosyl
donors

Powdered 4 A molecular sieves (0.5 g) were added atosolution of
trichloroacetimidat&?® or 627 (73 mg, 0.1 mmol) and glycosyl acceptar,p or 2 a,p (0.14
mmol, 1.4 equiv) in anhyd. GiEl, (8 mL), and the suspension was stirred under ABfb
min. Then, the mixture was cooled+80 °C and TMSOTTf (&L, 0.044 mmol) was added.
When TLC analysis showed optimal convers{anrmally 2 h of stirring at-30°C) the
reactionmixture was quenched with triethylamine, filteredlaoevaporated under reduced
pressure with toluene. The residue was purifiedddymn chromatography, as indicated in
each case.

12



4.2.2. Methyl 2,3,4,6-tetra-O-benzggdb-galactopyranosyl-(4>3)-2,6-di-O-benzyla-D-
glucopyranosidega) and methyl 2,3,4,6-tetra-O-benzgyb-galactopyranosyl-(3>4)-
2,6-di-O-benzyl-a3-glucopyranosideda)
Obtained according to the general procedure by eusation of3 with la. 'H

NMR spectrum of the crude mixture showed the preseof two regioisomers,
6a and7a, in a 6.5:1 ratio according to the integration af #ignals corresponding to H-3’
of both disaccharides (5.63 and 5.50 ppm). TLC yamalof the crude mixture showed,
among the excess dfa, a single product oRf 0.37 (9:1 toluene-EtOAc), which after
column chromatography purification (90::88:12 toluene/EtOAc) was resolved in two
components with similaRf. The first fractions afforded a mixture of disaadtes enriched
in 7a (0.03 g, 28%)'H NMR(500 MHz, CDC}) signals for7a: &8.15-7.18 (m, 30H,
aromatic), 5.95 (dd, 1Hj s = 0.8 Hz,J3.4-= 3.5 Hz, H-4"), 5.80 (dd, 1H;.» = 8.1 Hz,J, 5
= 10.5 Hz, H-2"), 5.50 (dd, 1Hz.4 = 3.5 Hz,Jp-3-= 10.5 Hz, H-3"), 4.86 (d, Higem= 12.4
Hz, CH,Ph), 4.74 (d, 1HJ;» = 8.1 Hz,H-1"), 4.63 (d, HJgem= 12.4 Hz, E&,Ph), 4.60 (dd,
1H, Js 62 = 4.9 HZ,Jyem = 11.6 Hz, H-6'a), 4.54 (d, 1H; > = 3.6 Hz, H-1), 4.53 (dd, 1H,
Js:6b= 7.9 Hz,Jgem= 11.6 Hz, H-6'b), 4.35 (d, 1Hgem= 12.2 Hz, ©l,Ph), 4.32 (ddd, 1H,
Jys = 0.8 Hz,J5:60= 4.9 HZ,J5: 6 = 7.9 Hz, H-5'), 4.13 (d, 1Hgem = 12.2 Hz, E,Ph),
4.12 (ddd, 1HJs o1 = 0.7 Hz,J54 = 8.1 Hz,Jb3= 9.5 Hz, H-3), 4.03 (d, 1Hs o1 = 0.7 Hz,
OH-3), 3.69 (dd, 1HJ3 4= 8.1 Hz,J45 = 9.9 Hz, H-4), 3.65 (ddd, 1Hse,= 1.6 Hz,J5 62 =
3.2 Hz,J45 = 9.9 Hz,H-5), 3.47 (dd, 1HJs6a= 3.2 Hz,Jyem = 10.8 Hz, H-6a), 3.38 (dd,
1H, J12 = 3.6 Hz,3,3 = 9.5 Hz, H-2), 3.35 (dd, 1Hs 65 = 1.6 Hz,Jgem= 10.8 Hz, H-6h),
3.28 (s, 3H, E30) ppm.**C NMR (126 MHz, CDG)): 5 101.6 (C-1'), 98.6 (C-1), 81.4 (C-
4), 78.3 (C-2), 73.6 (CHPh), 73.1 (CHPh), 72.0 (C-3), 71.9 (C-5'), 71.4 (C-3'), 69.6 (C-
2", 68.4 (C-5), 67.9 (C-4"), 67.7 (C-6), 62.4 (}-65.3 (CHO) ppm.

Further elution of the column afforded syrupy commpd6a (0.064 g, 63%)a]p +65
(c 1, CHCE). *H NMR (500 MHz, CDC}): §8.12-7.21 (m, 30H, aromatic), 5.99 (dd, 1H,
Jys = 0.8 Hz,J3 4 = 3.5 Hz, H-4"), 5.93 (dd, 1H; » = 8.1 Hz,J,.3 = 10.4 Hz, H-2"), 5.63
(dd, 1H,J3:4-= 3.5 Hz,J» 3 = 10.4 Hz, H-3'), 5.11 (d, 1H;.» = 8.1 Hz,H-1'), 4.58 (dd, 1H,
Js:6ar= 5.1 Hz,Jgem = 11.7 Hz, H-6'a), 4.56 and 4.53 (2d, 2Hem = 12.3 Hz, 2x E,Ph),
4.52 (dd, 1HJs.6p'= 7.7 Hz,Jgem= 11.7 Hz, H-6'b), 4.40 (ddd, 1H,5 = 0.8 Hz,J5 6=
5.1 Hz,Js 6= 7.7 Hz, H-5'), 4.31 (d, 1Hlgem = 12.8 Hz, Ei,Ph), 4.25 (d, 1HJ:>, = 3.6
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Hz, H-1), 4.01 (d, 1HJgem= 12.8 Hz, @i,Ph), 3.95 (dd, 1H}k 4= 8.1 Hz,J,3= 9.5 Hz, H-
3), 3.89 (br. s, 1H, OH-4), 3.74-3.59 (m, 4H, H#45, H-6a and H-6b), 3.37 (dd, 1By, =
3.6 Hz, 13 = 9.5 Hz, H-2), 3.23 (s, 3H, HzO) ppm.**C NMR (126 MHz, CDGJ):
0165.9, 165.4, 165.3C0OPh), 138.2, 138.0, 133.6, 133.36, 133.31, 13329,9 129.77,
129.71, 129.2, 129.0, 128.7, 128.6, 128.5, 128138,33, 128.27, 128.25, 128.23, 127.8,
127.6, 127.46, 127.45 (aromatic), 102.1 (C-1)09&-1), 84.2 (C-3), 77.9 (C-2), 73.6
(CH2Ph), 73.4 CH,Ph), 71.8 (C-5'), 71.6 (C-3'), 70.3 (C-5), 69.62%-69.0 (C-6), 68.5
(C-4), 68.0 (C-4), 62.2 (C-6"), 54.CK30) ppm. ESIMS:m/z calcd for GsHsNaO;s
[M+Na]*975.3198. Found: 975.319547.

4.2.3. Methyl 2,3,4,6-tetra-O-benzggb-galactopyranosyl-(4>3)-2,6-di-O-benzyj5-D-
glucopyranosidegf) and methyl 2,3,4,6-tetra-O-benzg¥b-galactopyranosyl-(+4)-
2,6-di-O-benzy|s-D-glucopyranosideqf)

Obtained according to the general procedure by exsation of3 with 1B. After 2 h
TLC analysis showed total consumption3&nd a single spot df 0.47 (85:15 toluene-
EtOAc) composed, according to thE NMR spectrum of the crude mixture, by two
regioisomers in 2:1 ratio. The products could matsbparated by column chromatography
(0.09 g; 91%)put all the NMR signals could be assigned.

The major product was identified 8. *H NMR (500 MHz, CDCJ): & 5.98 (dd, 1H,
Jys = 0.7 Hz,J3 4= 3.5 Hz, H-4"), 5.88 (dd, 1Hy > = 8.1 Hz,Jo.3 = 10.5 Hz, H-2'), 5.62
(dd, 1H,J3.4-= 3.5 Hz,J» 3 = 10.5 Hz, H-3"), 5.14 (d, 1Hy» = 8.1 Hz, H-1'), 4.63, 4.59
(2d, 2H,Jgem= 12.2 Hz, CHPh), 4.59-4.50 (m, 3H, H-6'a, H-6'b y GAh), 4.38 (ddd, 1H,
Jys= 0.7 Hz,Js:6a= 5.9 Hz,Js 51, = 6.8 Hz, H-5), 4.23 (d, 1H > = 7.9 Hz, H-1), 4.19 (d,
1H, Jgem= 11.5 Hz, CHPh), 3.88 (dd, 1HJs6a= 1.8 Hz,Jgem = 10.9 Hz, H-6a), 3.71-3.65
(m, 2H, H-3 y H-6b), 5.98 (t, 1Hl;4 = 9.3 Hz,J45 = 9.3 Hz, H-4), 3.46 (s, 3H, GB),
3.43-3.36 (m, 1H, H-5), 3.29 (dd, 1B,,= 7.6 Hz,J, 3= 8.9 Hz, H-2) ppm**C NMR (126
MHz, CDCk): 6104.5 (C-1), 101.9 (C-1', 86.0 (C-3), 80.6 (C-Zh.2 (C-5), 74.0
(CH2Ph), 73.5 CH,Ph), 71.7 (C-5", 71.5 (C-3"), 69.7 (C-2"), 69.€8§), 68.7 (C-4), 68.0
(C-4", 62.0 (C-6"), 57.00H30) ppm.

The minor product was identified @B. *H NMR (500 MHz, CDCY): & 5.95 dd, 1H,
Jys = 0.7 Hz,J3 4 = 3.4 Hz, H-4"), 5.81 (dd, 1Hy » = 8.1 Hz,J,.3 = 10.4 Hz, H-2"), 5.53
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(dd, 1H,J3 4= 3.4 Hz,Jp.3 = 10.4 Hz, H-3"), 4.85 (d, 1H;» = 8.1 Hz, H-1'), 4.80, 4.77
(2d, 2H,Jgem = 11.2 Hz, CHPh), 4.64-4.59 (m, 1H, H-6'a), 4.51 (dd, 1 gp = 7.9 Hz,
Jgem= 11.7 Hz, H-6'b), 4.35-4.31 (m, 1H, H-5"), 4.38 (H, Jyem= 12.3 Hz, CHPh), 4.24
(d, 1H,J1 = 8.0 Hz, H-1), 4.16 (d, 1Hgem= 12.3 Hz, CHPh), 3.84 (dd, 1H},5= 8.7 Hz,
Jsa = 8.7 Hz, H-3), 4.74-4.69 (m, 1H, H-4), 3.49 (8|, THO), 4.74-4.69 (m, 1H, H-4),
3.46 (s, 1H, H-6a y H-6b), 4.43-4.36 (m, 1H, H-329 (dd, 1HJ,, = 8.0 Hz,J,5 = 8.7
Hz, H-2) ppm.*C NMR (126 MHz, CDGJ): §103.9 (C-1), 101.7 (C-1, 81.5 (C-4), 81.4
(C-2), 75.0 (C-3), 74.8QH,Ph), 73.4 (C-5), 73.00H,Ph), 72.0 (C-5'), 71.4 (C-3"), 69.64
(C-2'), 67.99 (C-4"), 67.94 (C-6), 62.4 (C-6'), G{TH30) ppm.

4.2.4. Methyl 2,3,4,6-tetra-O-benzggdb-galactopyranosyl-(33)-2,6-di-O-benzoyl-a-
D-glucopyranoside8a) and methyl 2,3,4,6-tetra-O-benzg¥b-galactopyranosyl-
(1—4)-2,6-di-O-benzoyl-®-glucopyranoside9qa)

Obtained according to the general procedure by@wsation o3 with 2a. The crude
mixture showed by TLC, among the excess2af (Rf 0.05, 85:15 toluene/EtOAc), the
presence of a major product Bf 0.40 and a minor product &f 0.37. According to the
integration of théH NMR signals corresponding to the Oggtoups (3.31 and 3.34 ppm)
of both products they were in a 2.1:1.0 ratio.

Column chromatography purification (92:8 toluen©Et) afforded fractions
enriched in each regioisomer. The first fractiofferded syrupy compounéa (0.05 g,
49%),"™H NMR (500 MHz, CDC}): 58.16-7.13 (m, 30H, aromatic), 5.98 (dd, 1k =
0.9 Hz,J3 4 = 3.5 Hz, H-4"), 5.82 (dd, 1Hy> = 8.0 Hz,J, 3 = 10.5 Hz, H-2'), 5.58 (dd,
1H, Jas = 3.4 Hz,J»:3 = 10.5 Hz, H-3"), 5.04 (d, 1Hy» = 8.0 Hz,H-1"), 5.02 (dd, 1H,
J12=3.8Hz,J,3=9.6 Hz, H-2), 4.98 (d, 1H} > = 3.8 Hz, H-1), 4.69 (dd, 1Hp .= 1.0
Hz, Jgem= 12.0 Hz, H-6a), 4.64-4.54 (m, 3H, H-6b, H-6’alah-6’b), 4.47 (ddd, 1HJs 5
= 0.9 Hz,J5:6a= 5.5 HZz,J5.6p= 7.4 Hz, H-5"), 4.20 (dd, 1Hk 4 = 8.6 Hz,J,3 = 9.6 Hz,
H-3), 3.90-3.88 (m, 2H, H-4 and H-5), 3.31 (s, 3tH;0) ppm.*C NMR (126 MHz,
CDCl): 6166.3, 166.1, 165.48, 165.45, 165.14, 165A0KRN), 133.7, 133.37, 133.34,
133.2, 133.0, 132.7, 130.0, 129.97, 129.94, 12@29,6, 129.2, 129.00, 128.69, 128.67,
128.4, 128.38, 127.35, 128.31, 128.2, 128.1, 1fat@matic), 102.0 (C-1), 96.6 (C-1),
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82.0 (C-3), 72.3 (C-2), 71.9 (C-5"), 71.4 (C-39,3B (C-2), 69.31 (C-4), 68.6 (C-5), 67.8
(C-4"), 63.4 (C-6), 61.9 (C-6"), 55.CKI30) ppm.

Further elution from the column afforded a fractemriched in9a (0.02 mg, 26%).
'H NMR (500 MHz, CDCJ) signals for9a: &8.14-7.14 (m, 30H, aromatic), 5.97 (d, 1H,
J3.4= 3.4 Hz, H-4"), 5.91 (dd, 1H.» = 8.0 Hz,J-5= 10.5 Hz, H-2"), 5.58 (dd, 1H5 4 =
3.4 Hz,J, 3= 10.5 Hz, H-3'), 5.08 (dd, 1H;,= 3.7 Hz,J, 3= 10.0 Hz, H-2), 5.03 (d, 1H,
Ji2= 8.0 Hz,H-1'), 4.92 (d, 1HJ);» = 3.7 Hz, H-1), 4.67 (d, 1H] = 7.8 Hz, H-6'a), 4.46-
4.41 (m, 3H, H-5', H-6a and H-6'b), 3.37 (ddd, 1klon = 1.6 Hz,J34 = 8.4 Hz,J, 3= 10.0
Hz, H-3), 4.19 (dd, 1HJs56p = 4.1 Hz,Jgem= 12.0 Hz, H-6b), 4.02 (ddd, 1B56.= 1.6 Hz,
Jseb=4.1 Hz,J45 = 9.9 Hz, H-5), 3.83 (dd, 1H34 = 8.4 Hz,J45 = 9.9 Hz, H-4), 3.34 (s,
3H, CH;0) ppm.**C NMR (126 MHz, CDG)): 5166.1, 166.0, 165.5, 165.4, 165.3, 165.2
(COPh), 133.7, 133.5, 133.3, 133.2, 133.1, 130.0,912829.8, 129.7, 129.68, 129.66,
129.62, 129.5, 129.2, 128.8, 128.7, 128.45, 128128,37, 127.33, 128.31, 128.2, 128.0
(aromatic), 102.2 (C-1'), 97.1 (C-1), 82.7 (C-4,5(C-2), 72.4 (C-5", 71.5 (C-3"), 69.9
(C-3), 69.4 (C-2", 67.9 (C-4"), 67.3 (C-5), 62C*§"), 62.3 (C-6), 55.40H30) ppm.

4.2.5. Methyl 2,3,4,6-tetra-O-benzggdb-galactopyranosyl-(4>3)-2,6-di-O-benzoyf-
D-galactopyranosid€8f) and methyl 2,3,4,6-tetra-O-benzgs-galactopyranosyl-
(1—4)-2,6-di-O-benzoy)3-D-glucopyranoside9gp)

Obtained according to the general procedure by easation of3 with 23. TLC
analysis of the crude reaction showed total consiemmf 3 and a single spot dkf 0.57
(85:15 toluene-EtOAc) composed, according to the NMR spectrum of the crude
mixture, by two regioisomers in 1:5.6 ratio. Thegucts could not be separated by column
chromatography (0.08 g; 90%) but all the NMR signaére assigned.

The minor product was identified 8B. 'H NMR (500 MHz, CDCY): 5 5.94 (d, 1H,
Jz 4= 3.5 Hz, H-4"), 5.82 (dd, 1H; > = 8.0 Hz,J,: 3= 10.5 Hz, H-2'), 5.51 (dd, 1H3 4 =
3.5 Hz,Jy3 = 10.5 Hz, H-3'), 5.28-5.22 (m, 1H, H-2), 4.93 {{, J;.» = 8.0 Hz, H-1Y),
4.77 (dd, 1HJs 6a= 4.8 HZ,Jyem= 11.5 Hz, H-6a), 4.66 (dd, 1B 52 = 2.0 HZ,Jgem= 11.8
Hz, H-6'a), 4.57-4.48 (m, 2H, H-6b y H-6'b), 4.4738 (m, 2H, H-1 y H-5"), 4.25 (d, 1H,
Json = 0.8 Hz, OH-4), 3.96 (ddd, 1H, 01 = 0.8 Hz,J34 = 8.3 Hz,J45 = 9.6 Hz, H-4),
3.92-4.87 (m, 1H, H-3), 3.63 (ddd, 1Bke, = 2.0 Hz,J56a= 4.8 Hz,Js5 = 9.6 Hz, H-5),
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3.36 (s, 3H, CHD) ppm.*3C NMR (126 MHz, CDG): 8102.1 (C-1); 102.0 (C-1); 85.9
(C-3); 73.8 (C-5); 72.0 (C-2); 71.9 (C-5); 71.3-3G; 69.3 (C-2'); 68.8 (C-4); 67.8 (C-4";
63.4 (C-6); 62.2 (C-6"); 56.5 (GB) ppm.

The major product was identified 88. '"H NMR (500 MHz, CDCJ): §8.13-7.01
(m, 30H, aromatic), 5.96 (d, 1H; 4 = 3.4 Hz, H-4"), 5.90 (dd, 1H; > = 8.0 Hz,Jp 3 =
10.4 Hz, H-2'), 5.58 (dd, 1Hz 4 = 3.4 Hz,J» 3= 10.4 Hz, H-3"), 5.23 (dd, 1H;, = 8.0
Hz, J,3= 9.5 Hz, H-2), 5.03 (d, 1Hj» = 8.0 Hz,H-1), 4.68 (dd, 1HJ5 62= 1.1 HZ,Jgem
= 9.6 Hz, H-6'a), 4.54 (d, 1Hk on = 1.8 Hz, OH-3), 4.51 (dd, 1H56a= 1.6 HZ,Jgem=
12.0 Hz, H-6a), 4.50 (d, 1H; , = 8.0 Hz, H-1), 4.43-4.36 (m, 2H, H-5' and H-6'4)16
(dd, 1H,J56p= 4.2 HZ,Jyem= 12.0 Hz, H-6b), 4.09 (ddd, 1Ks on= 1.8 Hz,J34= 8.5 Hz,
J23=9.5 Hz, H-3), 3.91 (dd, 1H; 4= 8.5 Hz,J;5 = 9.8 Hz, H-4), 3.75 (ddd, 1Hg .=
1.6 Hz,Js 60 = 4.2 Hz,Js 5 = 9.8 Hz,H-5), 3.40 (s, 3H, B50) ppm.**C NMR (126 MHz,
CDCls): 6166.1, 165.4, 165.37, 165.30, 165.29, 1652BRh), 133.7, 133.5, 133.3,
133.2, 133.0, 132.9, 129.99, 129.97, 129.8, 129.78,70, 129.6, 129.59, 129.55, 129.4,
129.0, 128.7, 128.67, 128.64, 128.42, 128.40, B28128.34, 128.28, 128.23, 128.20,
128.19, 128.15, 128.0 (aromatic), 102.3 (C-1'),.6qC-1), 82.3 (C-4), 73.5 (C-3), 72.7
(C-2), 72.5 (C-5", 72.0 (C-5), 71.4 (C-3'), 69C+2"), 67.9 (C-4"), 62.7 (C-6"), 62.2 (C-6),
56.7 CH30) ppm.

4.2.6. Methyl 2,3,5,6-tetra-O-benzg§db-galactofuranosyl-(33)-2,6-di-O-benzyl-d-
glucopyranoside10a) and methyl 2,3,5,6-tetra-O-benzgyb-galactofuranosyl-(3-4)-
2,6-di-O-benzyl-ab-glucopyranosidella)

Obtained according to the general procedure by exsation o#4 with 1la. TLC of
the crude mixture showed the formation of two regimers ofR: 0.46 and 0.50 (85:15
toluene/EtOAc), which according to the integratadrihe'H NMR signals were in a 3.45:1
ratio. After purification by column chromatograp(82:8 toluene/EtOAc) fractions dRf
0.50 afforded compountila (0.02 g; 20%) impurified with 2,3,46-Bz-a,3-Galp. From
the mixture, signals corresponding 1@a: *H NMR (500 MHz, CDCJ): & 6.01 (dt, 1H,
Jis = 4.0 Hz,Js.5a = 4.0 Hz,Js5.6p = 6.7 Hz, H-5'), 5.66-5.63 (m, 1H, H-3"), 5.36 {dH,
Jo3 = 1.4 Hz, H-2'), 5.31 (s, 1H, H-1, 5.00 (dd, 1lg = 4.0 Hz,J3.4- = 5.4 Hz, H-4"),
5.66-5.63 (M, 3H, H-6'a, H-6'b y GPh), 4.64 (d, 1HJgem= 12.1 Hz, CHPh), 4.62 (d, 1H,

17



Ji2= 3.6 Hz, H-1), 4.56, 4.51 (2d, 2Byem = 12.0 Hz, CHPh), 4.03 (ddd, 1Hlon = 2.4
Hz, J34 = 8.5 Hz,J,3 = 9.5 Hz, H-3), 3.87 (dd, 1Hs6a = 3.0 Hz,Jgem = 10.8 Hz, H-6a),
3.83 (dd, 1HJs4= 8.5 Hz,J45= 9.9 Hz, H-4), 3.81-3.77 (m, 1H, H-5), 3.70 (déH, Js 6 =
1.7 Hz,Jgem= 10.8 Hz, H-6b), 3.42 (dd, 1H;, = 3.6 Hz,J,3= 9.5 Hz, H-2), 3.34 (s, 3H,
CH30), 3.09 (d, 1HJ5 01 = 2.4 Hz, OH-3) ppm-*C NMR (126 MHz, CDCl3): § 106.1 (C-1),
101.0 (C-1), 82.3 (C-2), 81.2 (C-4"), 79.1 (C-2},2 (C-3' y C-4), 73.310H,Ph), 73.30
(CH2Ph), 71.9 (C-3), 70.4 (C-5", 69.2 (C-5), 68.0 (C63.4 (C-6"), 55.2GH30) ppm.
Fractions ofRf 0.46 afforded syrupy compouridda (0.07 g, 69%)[a]p +1 (c 1,
CHCl). *H NMR (500 MHz, CDCJ): 58.09-7.13 (m, 30H, aromatic), 5.98 (ddd, 1kl
= 4.2 Hz,J560 = 4.4 Hz,J5 60 = 6.4 Hz, H-5'), 5.67 (s, 1H, H-1), 5.66-5.63 @#], H-2'
and H-3"), 4.89 (dd, 1Hls5 = 4.2 Hz,J3.4 = 4.6 Hz, H-4"), 4.77 (dd, 1H 62 = 4.4 Hz,
Jyem = 12.0 Hz, H-6'a), 4.76 (d, 1Hgem= 12.4 Hz, G,Ph), 4.71 (dd, 1HJ)s.6p = 6.4 Hz,
Jgem= 12.0 Hz, H-6'0), 4.62 (d, 1Hgem= 12.4 Hz, ®l,Ph), 4.60 (d, 1HJ);2 = 3.6 Hz, H-
1), 4.58 (d, 1HJgem= 12.3 Hz, ©,Ph), 4.55 (d, 1HJ)gem= 12.3 Hz, Ei,Ph), 3.98 (dd, 1H,
J34= 8.8 Hz,Jo3= 9.6 Hz, H-3), 3.73-3.64 (m, 3H, H-5, H-6a andb}; 3.60 (ddd, 1H,
Json = 3.1,J34= 8.8 Hz,s5 = 9.5 Hz,H-4), 3.54 (dd, 1HJ; , = 3.6 Hz,J, 3= 9.6 Hz, H-
2), 3.36 (s, 3H, 630), 3.21 (d, 1HJ,0n = 3.1 Hz, OH-4) ppm**C NMR (126 MHz,
CDCl): & 166.1, 165.6, 165.5, 165.CQPh), 138.0, 137.9, 133.5, 133.3, 133.2, 133.0,
129.7, 129.5, 129.3, 128.99, 128.96, 128.8, 12R28,36, 128.33, 128.32, 128.2, 128.1,
128.8, 127.8, 127.5 (aromatic), 107.3 (C-1'), 984), 81.63 (C-4"), 81.60 (C-2"), 81.3 (C-
3), 78.2 (C-2), 77.6 (C-3'), 73.EK,Ph), 73.4 CH,Ph), 70.39 (C-5'), 70.30 (C-5), 69.5 (C-
4), 69.2 (C-6), 63.2 (C-6"), 55.CKH30) ppm. ESIMSm/z calcd for GsHs:NaOs[M+Na]*
975.3198. Found: 975.3206

4.2.7. Methyl 2,3,5,6-tetra-O-benzggdb-galactofuranosyl-(33)-2,6-di-O-benzy)5-D-
glucopyranosidel0f) and methyl 2,3,5,6-tetra-O-benzgyb-galactofuranosyl-(+4)-
2,6-di-O-benzy|s-D-glucopyranosidel(1/)

Obtained according to the general procedure by exsation o4 with 1B. TLC of
the crude mixture showed the formation of two resgimers ofR: 0.58 and 0.50 (85:15
toluene/EtOAc), which according to the integratifrthe 'H NMR anomeric signals were
in a 1.75:1 ratio. After purification by column comatography (9:1 toluene/EtOAc)
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fractions of Rf 0.58 (85:15 toluene/EtOAc) affordetif (0.03 g, 32%),[a]p -25 (€ 1,
CHCl). 'H NMR(500 MHz, CDC}): 6 8.11-7.11 (m, 30H, aromatic), 6.00 (apparent dt,
1H,Jy 5 = 3.8 HZ,Js 62 = 4.1 Hz,J5: 61y = 7.0 Hz, H-5'), 5.62 (d, 1Hly 4 = 5.4 Hz, H-3"),
5.39-5.38 (M, 2H, H-1" and H-2'), 4.97 (dd, 1845 = 3.8 Hz,J3 4 = 5.4 Hz, H-4’), 4.90
(d, 1H,Jgem= 11.3 Hz, @i,Ph), 4.78 (dd, 1HJs 62 = 4.1 Hz,Jgem= 12.1 Hz, H-6'a), 4.71
(dd, 1H,Js 61y = 7.0 Hz,Jgem = 12.1 Hz, H-6'D), 4.69 (d, 1Hlgem= 11.3 Hz, E1,Ph), 4.59,
4.55 (2d, 2HJgem= 12.1 Hz, G1,Ph), 4.31 (d, 1HJ12 = 7.8 Hz, H-1), 3.86 (dd, 1Hs6a=
3.9 Hz,Jgem= 11.0 Hz, H-6%), 3.83 (apparent t, 1H,= 9.0 Hz,J45 = 9.8 Hz, H-4), 3.80
(dd, 1H,Js56p = 1.8 Hz,Jgem = 11.0 Hz, H-6b), 3.70 (td, 1Hz4 = 9.0 Hz,J,3 = 9.1 Hz,
Js.0n= 1.7 Hz, H-3), 3.56 (s, 3H,Kz0), 3.50 (ddd, 1HJ)56p= 1.8 Hz,J565= 3.9 Hz,J45 =
9.8 Hz, H-5), 3.29 (dd, 1Hl > = 7.8 Hz,J,5 = 9.1 Hz, H-2), 3.09 (d, 1Hl; o1 = 1.7 Hz,
OH-3) ppm**C NMR (126 MHz, CDCJ): & 166.1, 165.7, 165.6, 165.EQPh), 138.4,
138.1, 133.5, 133.4, 133.3, 133.0, 130.0, 129.88,84, 129.7, 129.5, 129.4, 128.9, 128.7,
128.6, 128.46, 128.41, 128.40, 128.3, 128.1, 1280@,7, 127.5, 127.4 (aromatic), 106.3
(C-1), 104.2 (C-1), 82.2 (C-2), 81.5 (C-2), 81e-4"), 77.3 (C-3'), 77.1 (C-4), 74.9 (C-
3), 74.5 CH,Ph), 74.4 (C-5), 73.20H.Ph), 68.3 (C-5’), 68.3 (C-6), 63.5 (C-6"), 57.0
(CH30) ppm. ESIMSm/z caled for GsHs:NaOis [M+H] " 975.3198. Found: 975.3201.
Fractions ofRf 0.50 afforded compountioB (0.05 g, 55%),d]p -8 (c 1, CHCE). 'H
NMR(500 MHz, CDC}): 6 8.13-7.05 (m, 30H, aromatic), 5.98 (apparent @t ddH,Jy 5 =
4.8 Hz,J5 694 = 4.6 Hz,J5 6y = 6.5 Hz, H-5’), 5.63 (s, 1H, H-1’), 5.60 (dd, 183 = 1.4
Hz, J3 4 = 5.1 Hz, H-3), 5.56 (d, 1H)» 3 = 1.4 Hz, H-2"), 4.87 (dd, 1Hlys = 4.0 Hz,
Jz 4 = 5.1 Hz, H-4’), 4.83 (d, 1H]yem = 10.9 Hz, E1,Ph), 4.74 (dd, 1HJ5 62 = 4.6 Hz,
Jgem= 11.9 Hz, H-6'a), 4.72 (d, 1Hgem = 10.9 Hz, Ei,Ph), 4.70 (dd, 1HJs 6r = 6.5 Hz,
Jgem= 11.9 Hz, H-6'b), 4.60, 4.57 (2d, 2Byem = 12.3 Hz, Ei,Ph), 4.30 (d, 1H);,=7.9
Hz, H-1), 3.77 (dd, 1HJ)5 6a= 3.3 Hz,Jgem = 10.6 Hz, H-62), 3.67 (apparent t, 4= 9.0
Hz, J,3 = 9.1 Hz, H-3), 3.66 (dd, 1Hsep = 5.3 Hz,Jgem = 10.6 Hz, H-6b), 3.57 (s, 3H,
CH30), 3.54 (td, 1HJs 01 = 2.8 Hz,J34 = 9.0 Hz,Js 5 = 9.5 Hz, H-4), 3.43 (ddd, 1Hs g2 =
3.3 Hz,Js6p = 5.3 Hz,Js5 = 9.5 Hz, H-5), 3.42 (dd, 1H;, = 7.9 Hz,J»5 = 9.1 Hz, H-2),
3.28 (d, 1H,Js0n = 2.8 Hz, OH-4) ppm=C NMR (126 MHz, CDCJ): 5 166.1, 165.6,
165.5, 165.1 ¢OPh), 138.1, 138.0, 133.5, 133.3, 133.2, 133.0,9129129.92, 129.8,
129.7, 129.5, 129.3, 128.9, 128.8, 128.4, 128.28,3B, 128.35, 128.31, 128.26, 128.25,
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128.1, 127.66, 127.64, 127.5 (aromatic), 106.9 'jCiD4.5 (C-1), 82.9 (C-3), 81.69 (C-
2'), 81.66 (C-4’), 80.6 (C-2), 77,5 (C-3), 74.58H,Ph), 74.54 (C-5), 73.50H,Ph), 70.3
(C-5), 70.2 (C-4), 69.9 (C-6), 63.2 (C-6), 57.CH30) ppm. ESIMS:m/z calcd for
CssHsoNaOs [M+H]* 975.3198. Found: 975.3168.

4.2.8. Methyl 2,3,5,6-tetra-O-benzgyb-galactofuranosyl-(4-3)-2,6-di-O-benzoyl-&-
glucopyranosid€12a) and methyl 2,3,5,6-tetra-O-benzgyb-galactofuranosyl-(3-4)-
2,6-di-O-benzoyl-&-glucopyranosidel3a)

Obtained according to the general procedure byeuwsation o with 2a. After 2h
of reaction TLC analysis showed consumption of cooma 4 and the formation of
products ofRf 0.28 and 0.32 (85:15 Toluene-EtOAc). Accordinghe integration of the
'H NMR signals corresponding to H-4, they were @t 2.0 ratio.

After purification by column chromatography (9:110ene-EtOAc) fractions of Rf
0.32 afforded12a (0.04 g; 38%),impurified with 13a, '"H NMR (500 MHz, CDGCJ):
08.12-7.21 (m, 30H, aromatic), 5.98 (dt, 135 = 4.1 Hz,J5 6a= 4.6 Hz,J5 6p'= 6.6 Hz,
H-5"), 5.68 (dd, 1HJ» 3= 1.8 Hz,Js.4-= 5.5 Hz, H-3'), 5.49 (dd, 1H;» = 0.7 Hz,J.3 =
1.8 Hz, H-2'), 5.48 (s, 1H, H-1'), 5.07-5.02 (m,, 241 andH-2), 4.94 (dd, 1HJs 5= 4.1
Hz, J3.4 = 5.5 Hz, H-4"), 4.79 (dd, 1Hls 6= 4.6 Hz,Jgem = 12.0 Hz, H-6'a), 4.78 (dd,
1H, Js 6a= 1.9 Hz,Jgem= 11.9 Hz, H-6a), 4.69 (dd, 1Hs e, = 4.4 Hz,Jyem= 11.9 Hz, H-
6b), 4.68 (dd, 1HJs6p'= 6.6 Hz,Jgem= 12.0 Hz, H-6'b), 4.31 (td, 1Hz o4 = 3.2 HZ,J34
= 8.8 Hz,J,5 = 8.9 Hz, H-3), 4.14 (ddd, 1Hs6.= 1.9 Hz,Js.6p = 4.4 Hz,Js5 = 10.0 Hz,
H-5), 3.88 (dd, 1HJs4 = 8.8 Hz,J45 = 10.0 Hz, H-4), 3.64 (d, 1H; o1 = 3.2 Hz, OH-3),
3.42 (s, 3H, E150) ppm.*C NMR (126 MHz, CDGJ): 166.19, 166.12, 165.65, 165.61,
163.5 COPh), 133.6, 133.4, 133.3, 133.2, 133.1, 133.0,912P29.88, 129.85, 129.7,
129.6, 129.3, 129.1, 128.9, 128.7, 128.6, 128.28,4D, 128.35, 128.34 (aromatic), 107.5
(C-19, 97.1 (C-1), 82.7 (C-2'), 81.6 (C-4"), 79(4), 77.1 (C-3'), 73.4 (C-2), 70.3 (C-3),
70.3 (C-5, 67.9 (C-5), 63.0 (C-6), 62.9 (C-65,%(CH30) ppm.

Fractions oRf0.28 afforded a sample enricheslBu (0.05 g; 54%)H NMR (500
MHz, CDCk): 8.10-7.13 (m, 30H, aromatic), 5.96 (ddd, Dils = 4.3 Hz,J5: 2= 4.7 Hz,
Js.6p = 6.3 Hz, H-5'), 5.62 (dd, 1Hp 3= 1.9 Hz,J3 4 = 5.5 Hz, H-3'), 5.55 (s, 1H, H-1)),
5.42 (dd, 1HJy > = 0.8 Hz,J:5 = 1.9 Hz, H-2'), 5.14 (dd, 1H;, = 3.7 Hz,J,5 = 10.0
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Hz, H-2), 5.07 (d, 1H}.» = 3.7 Hz, H-1), 4.9 (dd, 1H5 = 4.3 Hz,J3.4- = 5.5 Hz, H-4"),
4.79 (dd, 1HJs.62= 4.7 HZ,Jgem= 11.9 Hz, H-6'a), 4.72 (dd, 1Hg ey = 6.3 HZ,Jgem =
11.9 Hz, H-6'b), 4.65-4.57 (m, 2H, H-6a and H-66)25 (dd, 1HJs4 = 9.0 Hz,J 3 =
10.0 Hz, H-3), 3.98 (ddd, 1H56a= 2.9 Hz,Js.60 = 4.6 Hz,Js5 = 9.9 Hz, H-5), 3.71 (dd,
1H, Js.4= 9.0 Hz,Js5 = 9.9 Hz, H-4), 3.64 (br. s, 1H, OH-4), 3.39 (8, £H;0) ppm.**C
NMR (126 MHz, CDCY): 5166.6, 166.2, 165.8, 165.6, 165.5, 164G0Ph), 133.5,
133.3, 133.2, 133.17, 133.13, 133.0, 129.96, 12912®.88, 129.82, 129.7, 129.46,
129.40, 129.3, 129.0, 128.7, 128.5, 128.4, 12828.277, 128.23, 128.20, (aromatic),
107.4 (C-1'), 97.0 (C-1), 81.9 (C-2)), 81.6 (C-29,7 (C-3), 77.05 (C-3)), 72.7 (C-2), 70.3
(C-5'), 69.7 (C-3), 69.5 (C-4), 63.6 (C-6), 63.0(, 55.2 CH30) ppm.

4.2.9. Methyl 2,3,5,6-tetra-O-benzgyb-galactofuranosyl-(33)-2,6-di-O-benzoy-
D-glucopyranoside 128 and methyl 2,3,5,6-tetra-O-benzg$b-galactofuranosyl-
(1—4)-2,6-di-O-benzoy)s-D-glucopyranosidei3/)

Obtained according to the general procedure byeusation o# with 2p. 'H NMR
spectrum of the crude mixtuexidenced the formation of two disaccharides inlardtio,
according to the integration of the H-3' signalsftel purification by column
chromatography (9:1 toluene-hexane) fractions Rif 0.47 (85:15 toluene-hexane)
afforded compound.3B (0.04 g, 42%),al, -46 (€ 1, CHCE). 'H NMR (500 MHz,
CDCl): *H NMR (500 MHz, CDCJ): 38.11-7.12 (m, 30H, aromatic), 5.95 (ddd, Diis
= 4.1 Hz,J562= 4.6 HZ,J5:61y= 6.5 Hz, H-5'), 5.66 (dd, 1Hp.3 = 1.8 Hz,J3.4-= 5.5 Hz,
H-3"), 5.47 (dd, 1H); » = 0.6 Hz,J5 = 1.8 Hz, H-2'), 5.45 (s, 1H, H-1'), 5.18 (dd, 1H,
Ji»= 8.0 Hz,J,5= 9.1 Hz, H-2), 4.92 (dd, 1H 5 = 4.1 Hz,J3.4 = 5.5 Hz, H-4'), 4.83
(dd, 1H,J56a= 1.9 Hz,Jgem= 12.1 Hz, H-6a), 4.76 (dd, 185 6a= 4.6 HZ,Jgem= 12.0 Hz,
H-6'a), 4.66 (dd, 1HJs 6p= 6.5 Hz,Jgem= 12.0 Hz, H-6'b), 4.65 (dd, 1Hs ¢ = 4.4 Hz,
Jgem= 12.1 Hz, H-6b), 4.57 (d, 1H;, = 8.0 Hz, H-1), 3.99 (ddd, 1Hz 01 = 3.6 Hz,J3 4
=8.7 Hz,J,3= 9.1 Hz, H-3), 3.94 (apparent t, 1#,4= 8.7 Hz,J;5 = 9.3 Hz, H-4), 3.85
(ddd, 1H,Js6a= 1.9 Hz,Js 6o = 4.4 Hz,Js5 = 9.3 Hz, H-5), 3.75 (d, 1Hl; o1 = 3.6 Hz,
OH-3), 3.48 (s, 3H, B;0) ppm.>*C NMR (126 MHz, CDGJ): 5 166.11, 166.10, 165.7,
165.6, 165.58, 165.54COPh), 133.5, 133.39, 133.30, 133.15, 133.11, 13P29,95,
129.93, 129.91, 129.86, 129.83, 129.7, 129.6, 1228.1, 129.0, 128.7, 128.46, 128.44,
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128.38, 128.36, 128.33, 128.31, 128.30, 128.2 (aticin 107.5 (C-1"), 101.7 (C-1), 82.6
(C-2, 81.6 (C-4"), 79.5 (C-4), 77.1 (C-3"), 78®3), 73.8 (C-2), 72.6 (C-5), 70.3 (C-5",
2 x 68.3 (C-6 and C-6'), 56.&€H30) ppm. ESIMSm/z calcd for GsHagNaOy7 [M+H]™
1003.2784. Found: 1003.2771.

Fractions of 7 0.43(85:15 toluene-hexan&fforded compound 1B 0.05 g, 47%),
[alp +8 (c 1, CHCE). *H NMR (500 MHz, CDCJ): 8.11-7.13 (m, 30H, aromatic), 5.93
(ddd, 1H,ds5 = 4.3 Hz,J5:6a= 4.8 Hz,J5.6p'= 6.2 Hz, H-5'), 5.59 (dd, 1Hp.5 = 1.9 Hz,
Jaa = 5.4 Hz, H-3"), 5.43 (s, 1H, H-1), 5.35 (dd, 1k, = 0.8 Hz,J»3 = 1.9 Hz, H-2"),
5.32 (dd, 1HJ;» = 8.0 Hz,J,3 = 9.5 Hz, H-2), 4.86 (dd, 1Hy5 = 4.3 Hz,J3.4 = 5.4 Hz,
H-4'), 4.78 (dd, 1HJs 62 = 4.8 Hz,Jgem = 11.9 Hz, H-6'a), 4.67 (dd, 1Hsep = 6.2 Hz,
Jgem= 11.9 Hz, H-6'b), 4.64 (dd, 1Hs 62 = 2.2 Hz,Jgem = 12.0 Hz, H-6a), 4.57 (dd, 1H,
Js6b= 5.1 Hz,Jgem = 12.0 Hz, H-6b), 4.50 (d, 1H;, = 8.0 Hz, H-1), 3.91 (dd, 1Hk4 =
8.7 Hz,J,5= 9.6 Hz, H-3), 3.73 (ddd, 1H40n= 3.3 Hz,J54= 8.7 Hz,ds 5 = 9.6 Hz, H-4),
3.67 (ddd, 1HJ56a= 2.2 H2,J5 6p= 5.1 Hz,J4 5 = 9.6 Hz, H-5), 3.66 (d, 1Hz o = 3.3 Hz,
OH-4), 3.48 (s, 3H, B30) ppm.C NMR (126 MHz, CDGJ): 5 166.6, 166.1, 165.59,
165.54, 165.1, 164.7COPh), 133.5, 133.3, 133.2, 133.1, 132.8, 132.9,929129.92,
129.8, 129.78, 129.74, 129.6, 129.4, 129.2, 12928,9, 128.7, 128.59, 128.51, 128.45,
128.41, 128.3, 128.2, 128.1 (aromatic), 107.4 §C41D1.9 (C-1), 83.0 (C-3), 82.0 (C-29,
81.7 (C-4"), 76.8 (C-3"), 74.0 (C-5), 72.4 (C-2),¥(C-5"), 69.5 (C-4), 63.6 (C-6), 62.9 (C-
6"), 56.8 CHz0) ppm. ESIMS:z calcd for GsHigNaO; [M+H]" 1003.2784. Found:
1003.2808.

4.3.Computational methods

Molecular mechanics calculations were carried osihgl the program MM3(92)
(QCPE, Indiana, USA}*? Quantum mechanical calculations were carried othgus
Gaussian 09W (rev. C.03jwith standard termination options.

From a given rotamer, an automated routine was usedjenerate the starting
conformations produced by rotation 5f120° for each of the exocyclic dihedrals. Those
conformers within the first 10 kcal/mol were sulisit to DFT optimizations at the
B3LYP/6-311+G** level and then to single point aalations with M06-2X at the same
level. Charges were then obtained with M06-2X at $ame level of theory, for both the
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ground molecule and the radical cation, using thélikén charge distribution. Condensed-

to-atom Fukui functions and charges were then nbthas Boltzmann average ratios
Stationary points were characterized by frequeratgutations in order to verify that

the minima had no imaginary frequencies. Popula#inalysis was carried out using the

Boltzmann equation, with a temperature of 298 K asidg electronic energies for DFT.
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v" Glucopyranosyl acceptors 2,6-di-O-protected were efficiently synthesized.

v’ Relative reactivity of O-3/0-4 of glucopyranosidesin glycosylation reactions was
analyzed.

v The a-anomers are preferentially glycosylated at O-3. The benzoylated 3-anomer is
preferentially glycosylated at O-4.

v’ Experimental regioselectivities and molecular modeling were compared.

v' 1-3 or 1—4 Linkages can selectively be installed using the appropriate glucosyl
acceptor.
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