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Abstract

An N-methylpyridinium-4-boronic ester acts as a catdiysdehydrative glycosidations of 2-
deoxy sugar-derived hemiacetals. The catalyticgmaitis tolerant of functionalized acceptors,
including alcohols bearing isopropylidene ketatf-butyl carbamate or benzyl carbamate groups.
The results demonstrate that organoboron-catalsabsititution reactions of alcohols, which
have previously been conductedmactivated (benzylic, allylic or propargylic) sutaes, can
also be used to achieve C-O bond formation frornataydrate-derived hemiacetals.
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1 I ntroduction

The formation of al®-glycosidic bond generally involves the displacetwdra leaving group
from the anomeric position of a carbohydrate-basedtrophile (the glycosyl donor) by a
compound bearing a nucleophilic hydroxyl group @heosyl acceptor). Much of the
development of efficient chemical glycosylation hwts has been centered around the
identification of leaving groups (often in conjuinct with electrophilic activating reagents) that
provide advantages from such standpoints as régcstereo- and/or regioselectivity, functional
group tolerance and operational simplicity. Broasityployed classes of glycosyl donors include
halides, trichloroacetimidates, sulfoxides, thiaglgides, glycal epoxides and pentenyl
glycosides; their properties and applications Haaen summarized in review articles and
monographg:*34:°¢

The prospect of achieving a dehydrative glycosahably formal nucleophilic displacement of
hydroxide at the anomeric position has attractetigsned interest. The Fischer glycosidation
stands as the prototype of such a process, whaf&h)-hemiacetal is activated by strong
Brgnsted acid catalyst through the presumed intéiang of its acyclic hydroxy aldehyde
tautomer’ Although limitations of the method can be ideeiifi- including its incompatibility

with certain acid-labile functional groups and gigilic linkages, and its reversible nature under
most commonly employed reaction conditions — tiselkér glycosidation continues to be
employed extensively, aided by the developmentsf protocols and catalystS:'°Over the
years, several other methods for dehydrative glgdetiosn have been developed, involving in situ
formation of such intermediates as glycosyl sultesahalides, imidates, oxophosphonium salts,
isoureas, oxotitanium complexes and oxosulfonitfiates*?A common feature of these

methods is the requirement for a stoichiometriongjtyaof dehydrating reagent.



Catalytic protocols (other than the classic Fisdigcosylation) for activation of 1-
hydroxyglycosyl donors are relatively uncommon: iacids that have been successfully
employed in such catalytic, dehydrative glycosintasiare Yb(OT# methoxyacetic acidf
combinations of hexamethyldisiloxane with Sn(QTRb(OTf)s, Ln(OTf); or SnCh,** silver(l)
perchlorate with diphenyltin sulfide or Lawessoréagent.” and triphenylmethyl tetraarylborate
salts'®!’ Dehydrative glycosidations using amphiphilic salfpacids as catalysts in aqueous
solution have also been developétierein we report that electron-deficient borortitia serve
as catalysts for dehydrative glycosylation€¢t)-hemiacetals derived from 2-deoxysugars.
Generation of activated glycosyl donors from 1-lmyysugars appears to represent a new
application of the reversible carbohydrate—bor@uic interactions that have been shown to be
useful for protections, separations and chemiaadisg of sugars®?°2*

In previous work we have demonstrated that boawcids (RBOH) activate the equatorial
hydroxyl groups of carbohydrate-deriveid-1,2-diol motifs towards reactions with acyl, alkyl
sulfonyl and glycosyl halide electrophiles. Thegwsed mechanism, which has been supported
by kinetic studies and computational modeling irresla tetracoordinate borinate ester as an
activated nucleophile. We have also employed beraaids as protecting groups and activating
agents for carbohydrate derivativé$>%4?>?°The proposal that coordination of hydroxyl groups
by organoboron compounds could trigger electrophifither than nucleophilic, reactivity of
carbohydrates draws on observations reported bgrthes of McCubbin and Hall. Electron-
deficient fluoroaryl-, pyridinium- or ferroceniumabed boronic acids or boronic esters were
shown to activate ionizable (benzylic, allylic gmwpargylic) alcohols towards Friedel-Crafts

reactions’.’?8293%3Y 3_transposition¥ carbo- and heterocyclizatiotisnd other nucleophilic



substitution reaction¥.** Experimental evidence consistent with the organmip@romoted
generation of carbocation intermediates was preddot certain catalyst/substrate combinations.
We sought to determine whether this mode of re@gtoould be extended to the generation of
glycosyl donors by coordination of boronic acidssters to the 1-OH group of carbohydrate
substrates (Scheme *)Given that the majority of alcohol substrates tieate been employed in
organoboron-catalyzed substitutions bear one oeroarbocation-stabilizing groups, it was
unclear whether 1-hydroxycarbohydrates would bblgiaandidates for catalysis*® we
selectedC(1)-hemiacetals of 2-deoxysugars as test substratemuse the lack of an electron-
withdrawing oxygen substituent @2) facilitates the generation of oxocarbenium idrtss
same feature contributes to the poor stabilityifg®fof conventional 2-deoxyglycosyl donors,
and has served as motivation for the developmedelbydrative glycosylations for this class of

compou nd§.9,40,41,42,43,44

Boronic acid-catalyzed substitutions of n-activated substrates:
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Scheme 1. Boronic acid-catalyzed substitution reactiongealctivated €.g, allylic, benzylic)
alcohols, and envisioned extension to anomeric hestals.

2. Resultsand Discussion

2.1. Catalyst optimization

The boronic acids and esters depicted in Figurere wvaluated as catalysts for the coupling of
hemiacetala and isopropanol in 1,2-dichloroethane (DCE) at A00n sealed vials. The results

are summarized in Table 1. Whereas phenylboronit(aa) displayed low activity,



perfluorinatedlb catalyzed the formation @& in 55% yield as a mixture of anomers. Using the
more Lewis acidic catechol esters in place of the boronic acids resulted in increased activity
(catalystslc—1f). Esters oN-methylpyridinium-4-boronic aciti*® (1g-1i) provided the highest
glycosidation yields of the catalysts examined. Whegridinium-based catecholboronic ester
was used as the catalyst, side produsts detected in théd NMR spectrum of the unpurified
reaction mixture. The particularly high Lewis atydof 1i may have been responsible for the
formation of4 by elimination and Ferrier rearrangemé&hleopentyl glycol esteth was

selected as the optimal catalyst based on thefidgaTable 1.
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Figure 1. Structures of organoboron catalysts evaluatecddysts for glycosidation &a.

Tablel

Glycosidation of hemiacetah with catalystsla—1i.



Bno /OB" iPrOH Bno ,/OBN Bno ,OBN
o (10 equiv) 0 -
BnO catalyst BnO —

OH (20 mol %) QiPr oiP
2a DCE, 100 °C 3a g O
15h 51 a:p

Entry Catalyst Conversion oRa® Yield of 3a®

1 la 10% 10%
2 1b 65% 55%
3 1c 50% 50%
4 1d 70% 60%
5 le 60% 60%
6 1f 70% 50%
7 19 100% 90%
8 1h 100% 90%
9 1i 100% 85%

2 Conversion, yield and:[ ratio were determined B{1 NMR spectroscopy using a quantitative
internal standard. Signals corresponding to side proddetere evident in thtH NMR

spectrum of the unpurified reaction mixture.

The organoboron-catalyzed protocol was appliedremge of glycosyl donors and acceptors
(Scheme 2). In a preparative experiment, comp@analas isolated in 88% yield as a mixture of
anomers after purification by chromatography oicaigel. In general, good yields were obtained
for couplings of aliphatic alcohols (methanelputanol, isopropanol and cyclohexanol) with
benzyl-protected hemiacetdla and2b. The ratios of anomers were in agreement withehos
obtained using other catalytic protocols for dehyige glycosidatiort**” and would be

consistent with thermodynamic control under thes®lgions. In keeping with this hypothesis,



treatment of cyclohexyl glycosidbg with isopropanol (10 equiv) in the presence oélyast 1h
under the optimized conditions resulted in transgbylation, generating a 5:1 mixture of
products3a and3b (Scheme 3). This observation indicates that glyledey of 2a is indeed
reversible under the conditions developed in thidys A decrease in reactivity relative2a was
observed for the glycosidation of acetyl-protedtechiacetalc, as expected based on the
disarming effect of the ester protective grotip,6-Dideoxyglycosides3p, 3i) were also
prepared using catalysh. In contrast, 2,3,4,6-tett@-benzylgalactopyranos# did not undergo
glycosidation under these conditions, presumabé/tduhe destabilizing effect of the 2-alkoxy
substituent on species having oxocarbenium characte

The boronic ester-catalyzed dehydrative glycositstivere extended to more complex acceptor
alcohols ba—5f). For these reactions, three equivalents of thieoglyl acceptor (rather than ten,
as was the case for the aliphatic alcohols) wengl@yad. Isopropylidene ketals, as well as
benzyl andert-butyl carbamate (Cbz and Boc) groups, were taderander the catalytic
conditions. The reactions of protected amino altobo-5e were significantly more-selective
than those of the other glycosyl acceptors. Sewehar methods for the synthesisoeR-
deoxyglycosides derived from protected amino alt®have been reported

previouSlyfl8’49’50’51’52’53’54’

°A rationale for the higher stereoselectivity olvserusingsc-5e

under the conditions of the present study is naditg apparent. To probe the possibility of a
specific interaction between the organoboron catalpd the amino alcohol acceptor, the effect
of 5e on the’'B NMR spectrum oflh was evaluated. No appreciable change it fBe&NMR
chemical shift ofLlh was observed upon addition®#, suggesting that the two compounds do not

interact in a way that significantly alters the idination environment at boron.

Scheme 2. Dehydrative glycosidations catalyzed by boronieeth.*
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88% yield, 5:11 o:p (A)  75% yield, 5:1 c:p (A) ocy R0 BnO "ocy
3b (R3 = Cy) 3e (R3=iPr) 3g 3h (R' =Bn) o vi
84% yield, 411 c:p (A)  89% yield, 5:1 ccp (A)  71% vield, 6:1 B (A)  87% yield, 3:1 o:p (A) <5%yield (A)
3¢ (R3=n-Bu) 3f (R3=Cy) 3i (R! = Ac)
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3j Me 3n (R4 =Boc)

3
70% yield, 3:1 o:p (B) Me  56% yield, >19:1 :p (B)
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% Isolated yields after purification by silica géiromatography without separation of anomers.
The conditions used for the synthesis of each mi@londitions A or B) are denoted in
parentheses after the yield amg® ratio.

Scheme 3. Evidence for reversible glycosidation under theérozed conditions using catalyst

1h.



OBn iPrOH (10 equiv)
BnO 1h (20 mol %)  BnO SOBN
o) - o
BnO DCE,100C  BnO + 3b
oC 17 h .
ap y 3a QiPr

5:1 3a:3b

3. Conclusions

In conclusion, we have identified a boronic estett serves as a catalyst for dehydrative
glycosidations of 2-deoxysugar-derived hemiacefalange of 2-deoxy- and 2,6-
dideoxyglycosides, derived from functionalized gotoes such as partially protected
carbohydrates and amino alcohol derivatives as ageflimple aliphatic alcohols, can be
synthesized using the organoboron-catalyzed protbedike the majority of previously reported
catalysts for such dehydrative glycosidations,diganoboron catalysts allow for considerable
tuning of steric and electronic properties, as a&slthe potential for incorporation of other
catalytically reactive functional group%>’°®°In general, the method provides modest levels of
selectivity for the formation afi-glycosides. In the case of carbamate-protected@aicohol
acceptors, the reactions display a significantijhbr preference for formation of theglycoside
products.

The results indicate that organoboron catalysiireict substitution reactions of alcohols can be
extended fronmractivated substrates (the focus of previous rebesfforts in this area) to
anomeric hemiacetals. While the results presergeg ¢onstitute a first step in this direction,
significant challenges remain. The relatively highction temperature (100 °C) and catalyst
loading (20 mol %), along with the failure to acregylycosidation of the fully oxygenated
galactopyranosyl dond@f, indicate that the activity of the optimal boroester identified in this
study is somewhat modest: it appears that glydosyliacetals are at the threshold of the level of

reactivity needed for activation by boronic acidsl gheir derivatives. Further evaluations of such



substrates may be of interest as part of the oggefiiort to develop more active organoboron

catalysts for direct substitution reactions of hlmig343°°°

4. Experimental

41. General Methods

All reactions were carried out under an argon aphese, unless specifically indicated. Stainless
steel needles and gas-tight syringes were usedatsfér air- and moisture-sensitive liquids.
Flash chromatography was performed using neutliabsgel (Silicycle). Analytical thin layer
chromatography (TLC) was carried out using alunmmmibacked silica gel 60 F254 plates (EMD)
and visualized using short-wave UV light or KMn@tain with appropriate heating. 1,2-
Dichloroethane was obtained from sure-seal 1L &¢8igma-Aldrich), under a balloon of argon.
Distilled water was obtained from an-luse supply. All other reagents and solvents were
purchased from Sigma Aldrich, Caledon, CarbosynttAlda Aesar and used without further
purification. Nuclear magnetic resonance (NMR) sal¢ were purchased from Cambridge
Isotope Laboratories. High resolution mass speatom(HRMS) was by direct analysis in real

time in positive ion mode (DART+) on a JEOL AccuT@¥S-T1000LC.

Note regardingH NMR spectral data for compounds isolated as mestof anomers. Signals
from the®H NMR spectrum corresponding to the major anomereported first (including those
overlapping with signals from the minor anomer)ldwed by well-resolved signals
corresponding to the minor anomer. The integratwee normalized to a well-resolved signal
corresponding to a single hydrogen from the majanaer, and the integrals for signals

corresponding to the minor anomer are reportedivel#o this normalized value for the major



anomer. For peaks resulting from overlapping sgfraim the major and minor anomers, the
total integration is reported. These overlappimmals thus give integrals that are higher than the

expected number of corresponding hydrogens arfsimy the major anomer.

4.2. Catalyst 1h

4-Pyridineboronic acid (1 mmol, 122.9 mg) and nexdyleglycol (1 mmol, 104.15 mg) were
transferred to a long screw-cap vial. Toluene (4 mvhs added and the reaction was heated at
100 °C overnight. The resulting mixture was cong@etlin vacuoand water was removed by
azeotrope with fresh toluene three times. To thisle product iodomethane (5 mmol, 3ill)

and acetonitrile (4 mL) were added and heated #iuxrg85 °C) overnight. After rotary
evaporation in a fume hood (an operation that rexagexcess iodomethane), the residue was
purified by trituration with hexanes to affofdh as a yellow powder in quantitative yieftH
NMR (400 MHz, CDCls): § 9.18 (d,J = 6.1 Hz, 2H), 8.28 (d] = 6.1 Hz, 2H), 4.72 (s, 3H), 3.83
(s, 4H), 1.04 (s, 6H):*C NMR: 125 MHz, CDCly): & 144.2, 132.2, 72.8, 49.5, 32.0, 21"8
NMR (128 MHz, CDCls): 6 25.5.HRMS (ESI+) Calculated for GH;17/BNO, [M+]: 205.1383,
found: 205.1381.

4.3. General procedurefor glycosidation reactions

Glycosyl donor (0.2 mmol, 1 equiv.), glycosyl acteg0.6—2.0 mmol, 3—10 equiv.), and catalyst
(0.04 mmol, 0.2 equiv.), were transferred to a @adrvial containing a magnetic stir bar.
Anhydrous 1,2-dichloroethane (1 mL, 0.2 M) was abltéethe vial, and purged with a stream of
argon, and then quickly capped and sealed witromé&fl tape. The reaction was heated at 100 °C
for 16-48 hours and monitored by TLC. The crudectiea mixture was concentrated and

purified by silica gel chromatography.



44. 1sopropyl 3,4,6-tri-O-benzyl-2-deoxy-D-galactopyranoside (3a, 5:1 a:3)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedus3) with 10
equivalents of isopropanol, from 3,4,6-®tbenzyl-2-deoxys-galactopyranose (86.9 mg). The
reaction time was 16 hours. Purification was bysHlachromatography on silica gel
(pentanes/EtOAc, 95:5> 90:10) The title compound was obtained as a asdsrbil. Combined
yield (3a) = 83.8 mg, 0.176 mmol, 88%. Thef ratio was determined to be 5:1 based on the
relative integrations of the signals at 5.10 ppm and 3.47 ppm[{). Spectral data were
consistent with previous repoftstH NMR (400 MHz, CDCl3) Signals corresponding taor
anomer § 7.39-7.21 (m, 18H), 5.13-5.06 (brdds 3.2 Hz, 1H, H-&), 4.97-4.89 (dJ = 11.7 Hz,
1H), 4.69-4.57 (m, 4H), 4.54—-4.41 (m, 3H), 4.052319, 3H), 3.92-3.84 (septét= 6.2 Hz, 1H,
CH-isopropy), 3.66-3.52 (m, 3H), 2.31-2.19 (m, 1H), 1.98-1(®0 1H), 1.18 (dJ = 6.3 Hz,
3H, CHgs-isopropy), 1.13 (d, J = 6.3 Hz, 3H, CHs-isopropyl) Representative signals
corresponding tg5 anomer 3.84-3.80 (m, 0.2H), 3.80-3.76 (m, 0.4H), 3.46 Q2H), 2.11 (m,
0.2H), 2.01 (m, 0.2H), 1.23 (d,= 6.2 Hz, 0.6H, Chktisopropyl). *C NMR (126 MHz, CDCl5)
(anomeric mixturep 139.1, 139.0, 138.8, 138.7, 138.3, 138.3, 12&8,6], 128.5, 128.5, 128.5,
128.4, 128.3, 128.3, 128.3, 128.1, 128.0, 127.9,92127.8, 127.8, 127.7, 127.6, 127.6, 127.6,
127.5, 127.4, 97.3, 95.7, 75.2, 75.0, 74.4, 7432{,773.6, 73.6, 73.3, 73.2, 70.6, 70.6, 70.3,,70.2
69.9, 69.7, 69.1, 68.4, 31.8, 30.5, 23.5, 2HRMS (DART+): calculated for GH4oNOs

[M+NH4]": 494.2907, found: 494.2907.

45. Cyclohexyl 3,4,6-tri-O-benzyl-2-deoxy-D-galactopyranoside (3b, 4:1 a:f3)



The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedus3) with 10
equivalents of cyclohexanol, from 3,4,6-@tbenzyl-2-deoxyp-galactopyranose (86.9 mg). The
reaction time was 16 hours. Purification was bysHlachromatography on silica gel
(pentanes/EtOAc, 100:0> 80:20). The title compound was obtained as a tEsdsmil. Combined
yield (3b) = 86.3 mg, 0.167 mmol, 84%. Thef3 ratio was determined to be 4:1 based on the
relative integrations of the signals at 5.12 ppm énd 2.11 ppmf}). Spectral data for the
anomer were consistent with previous repottsH NMR (400 MHz, CDCls) Signals
corresponding tar anomer ¢ 7.43—7.20 (m, 19H), 5.16-5.11 (s 3.6 Hz, 1H), 4.97-4.91 (d,

= 11.7 Hz, 1H), 4.70-4.39 (m, 7H), 4.05-3.89 (m),3869-3.48 (m, 5H), 2.31-2.18 (m, 1H),
1.98-1.91 (m, 1H), 1.91-1.78 (m, 2H), 1.78-1.613ht), 1.54—1.46 (m, 1H), 1.44-1.03 (m, 8H).
Representative signals correspondingstanomer 3.82—3.80 (m, 0.25H), 3.79-3.75 (m, 0.25H),
3.48-3.43 (m, 0.25H), 2.18-2.05 (m, 0.25H), 2.0862(m, 0.25 H).*C NMR (100 MHz,
CDCl3) 6 139.1, 138.8, 138.3, 128.5, 128.5, 128.5, 12828.2, 127.9, 127.8, 127.7, 127.6,
127.6, 127.4, 127.4, 98.3, 95.7, 75.2, 74.6, 74346, 73.5, 73.3, 70.6, 70.0, 69.8, 33.6, 31.9,
31.8, 25.8, 24.5, 24.3, 24 BRM S (DART+): calculated for ggH4NOs [M+NH,4]™: 534.3220,

found: 534.3228.

4.6. n-Butyl 3,4,6-tri-O-benzyl-2-deoxy-D-galactopyranoside (3c, 4:1 a:)

The reaction was conducted on a 0.2 mmol scaler@diogpto the general procedus3) with 10
equivalents ofn-butanol, from 3,4,6-tr@-benzyl-2-deoxys-galactopyranose (86.9 mg). The
reaction time was 16.5 hours. Purification was IbgstH chromatography on silica gel
(hexanes/diethyl ether 95:5> 70:30). The title compound was obtained as a colorless oil.
Combined yield §c) = 87.8 mg, 0.179 mmol, 90%. Thef ratio was determined to be 4:1 based

on the relative integrations of the signals at 4pih @) and 3.83 ppmf). *H NMR (400 MHz,



CDCl3) Signals corresponding ta anomer ¢ 7.39—-7.22 (m, 19H), 4.97 (br. @7 3.8, 1H), 4.93

(d, J = 11.6 Hz, 1H), 4.68-4.38 (m, 7H), 4.00-3.85 (i#),33.69-3.52 (m, 4H), 3.44-3.32 (m,
1H), 2.27-2.17 (m, 1H), 2.02-1.96 (m, 1H), 1.5741(, 3H), 1.43—1.30 (m, 3H), 0.94-0.89 (t,
J = 7.4 Hz, 3H)Representative signals correspondingstanomer 3.83 (m, 0.25H), 3.49-3.45
(ddd,J = 6.9, 5.6, 1.2 Hz, 0.25H), 2.14-2.03 (m, 0.5HR20:0.89 (tJ = 7.3 Hz, 0.75H)*C
NMR (126 MHz, CDCIl3) (anomeric mixturep 138.9, 138.9, 138.6, 138.3, 138.1, 138.1, 128.4,
128.4, 128.4, 128.3, 128.3, 128.2, 128.2, 128.7,81227.7, 127.7, 127.6, 127.6, 127.5, 127 .4,
127.4, 127.3, 127.3, 100.4, 97.7, 74.9, 74.2, 7834, 73.0, 70.4, 70.1, 69.8, 69.6, 67.2, 31.6,
31.3, 19.4, 13.9HRMS (DART+): calculated for @HsNOs [M+NH4]": 508.3063, found:
508.3063.

4.7. Methyl 3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranoside (3d, 5:1 a:)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedu3) with 10
equivalents of methanol, from 3,4,6-®Hbenzyl-2-deoxys-glucopyranose (86.9 mg). The
reaction time was 16 hours. Purification was bysHlachromatography on silica gel
(hexanes/diethyl ether, 95:5 70:30). The title compound was obtained as a colorless oil.
Combined yield 3d) = 67.4 mg, 0.150 mmol, 75%. Thef ratio was determined to be 5:1 based
on the relative integrations of the signals at 20p& (@) and 2.34 ppmf). Spectral data were
consistent with previous repofts’H NMR (400 MHz, CDCls) Signals corresponding tar
anomer § 7.39-7.16 (m, 18H), 4.93-4.87 (b= 10.9 Hz, 1H), 4.87-4.83 (m, 1H), 4.73-4.47 (m,
6H), 4.04-3.89 (ddd) = 11.5, 8.7, 5.1 Hz, 1H), 3.83-3.56 (m, 5H), 3580 (m, 1H), 3.34—
3.27 (s, 3H), 2.31-2.25 (m, 1H), 1.79-1.68 (m, 1RPpresentative signals corresponding&to
anomer 4.38-4.33 (ddyJ = 9.7, 2.0 Hz, 0.2H), 2.37-2.31 (m, 0.2H), 1.6871(m, 0.2H):C

NMR (126 MHz, CDCl3) (anomeric mixture)d 138.8, 138.7, 138.5, 138.4, 138.3, 128.6, 128.5,



128.5, 128.4, 128.1, 128.0, 127.9, 127.8, 127.8,12427.7, 100.9, 98.6, 79.5, 79.3, 78.3, 77.8,
75.3,75.0,74.9, 73.6, 71.9, 71.6, 70.8, 70.74,880.1, 56.7, 54.7, 36.7, 35RM S (DART+):

calculated for GgHzsNOs [M+NH4]*: 466.2594, found: 466.2599.

4.8. Isopropyl 3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranoside (3g, 5:1 a:f3)

The reaction was conducted on a 0.2 mmol scalerdiogpto general procedurd.8) with 10
equivalents of isopropanol, from 3,4,6-@tbenzyl-2-deoxypd-glucopyranose (86.9 mg). The
reaction time was 16 hours. Purification was bgslii chromatography on silica gel
(hexanes/diethyl ether, 95:5 70:30). The title compound was obtained as a ssroil.
Combined yield 8e) = 84.9 mg, 0.178 mmol, 89%. TheB ratio was determined to be 5:1 based
on the relative integrations of the signals at P& (@) and 2.32 ppmf). Spectral data were
consistent with previous repofts'H NMR (400 MHz, CDCls) Signals corresponding tor
anomer § 7.37-7.16 (m, 18H), 5.08 (m, 1H), 4.89 (d= 10.8 Hz, 1H), 4.73-4.43 (m, 7H),
4.08-3.95 (m, 1H), 3.94-3.84 (h= 6.2 Hz, 1H), 3.85-3.58 (m, 5H), 2.27-2.21 (dild; 12.8,
5.1, 1.4 Hz, 1H), 1.77-1.70 (m, 1H), 1.16 Jds 6.2 Hz, 3H), 1.14-1.10 (d, = 6.1 Hz, 3H).
Representative signals correspondingstanomer 3.51-3.45 (m, 0.2H), 3.44-3.38 (dids 5.2,

1.9 Hz, 0.2H), 2.33-2.28 (ddd~= 12.5, 5.1, 2.0 Hz, 0.2H), 1.70-1.62 (m, 0.2H28%+1.25 (d,]

= 6.1 Hz, 0.6H,CH3-isopropy). *C NMR (126 MHz, CDCl3) (anomeric mixture)s 139.0,
138.7, 138.6, 138.6, 138.5, 138.3, 128.6, 128.8,512128.5, 128.5, 128.5, 128.5, 128.2, 128.2,
128.0, 127.9, 127.8, 127.8, 127.8, 127.7, 127.7,1227.6, 127.6, 98.0, 95.2, 79.8, 78.6, 78.4,
78.0, 75.3, 75.2, 75.1, 73.6, 73.6, 71.9, 71.58,769.7, 69.1, 68.3, 37.4, 36.1, 23.7, 23.5, 22.0,

21.4.HRMS (DART+): calculated for goHzeNOs [M+NH,]*: 494.2920, found: 494.2916.

4.9. Cyclohexyl 3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranoside (3f, 3:1 a:)



The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedus3) with 10
equivalents of cyclohexanol, from 3,4,6-@tbenzyl-2-deoxyp-glucopyranose (86.9 mg). The
reaction time was 16 hours. Purification was bysHlachromatography on silica gel
(hexane/diethyl ether 95:5» 70:30). The title compound was obtained as a tEdsroil.
Combined yield &) = 84.9 mg, 0.164 mmol, 82%. Thef ratio was determined to be 3:1 based
on the relative integrations of the signals at 20pMm (@) and 2.31 ppm[f{). Spectral data were
consistent with previous repofts’™H NMR (400 MHz, CDCls) Signals corresponding tar
anomer § 7.41-7.14 (m, 20H), 5.12 (d,= 3.8 Hz, 1H), 4.94-4.85 (d,= 10.8 Hz, 1H), 4.72—
4.47 (m, 8H), 4.08-3.97 (m, 1H), 3.90-3.51 (M, 7M27-2.20 (ddd] = 12.8, 5.1, 1.4 Hz, 1H),
1.93-1.79 (m, 2H), 1.79-1.61 (m, 3H), 1.54-1.47 2id), 1.46-1.07 (m, 7H)Representative
signals corresponding t@ anomer 3.50-3.44 (m, 0.3H), 3.44-3.38 (ddd+ 9.6, 5.2, 1.9 Hz,
0.3H), 2.35-2.28 (ddd] = 12.5, 5.1, 1.9 Hz, 0.3H), 2.05-1.95 (m, 0.3¥¢ NMR (126 MHz,
CDCl3) 6 139.0, 138.7, 138.6, 138.6, 138.4, 138.3, 12828.5, 128.5, 128.4, 128.2, 128.1,
128.1, 128.0, 127.9, 127.8, 127.8, 127.7, 127.7,61297.9, 95.2, 79.8, 78.7, 78.4, 78.0, 75.3,
75.2, 74.5, 73.6, 73.5, 73.5, 71.9, 71.4, 71.19,769.7, 69.2, 37.4, 36.2, 33.9, 33.6, 32.1, 31.6,
25.9, 24.4, 24.2HRMS (DART+): calculated for GHiNOs [M+NH4]™: 534.3220, found:

534.3222.

4.10. Cyclohexyl 3,4,6-tri-O-acetyl-2-deoxy-D-galactopyranoside (3g, 6:1 a:[3)

The reaction was conducted on a 0.2 mmol scaler@diogpto the general procedur3) with 10
equivalents of cyclohexanol, from 3,4,6-@tacetyl-2-deoxyp-galactopyranose (58.0 mg). The
reaction time was 48 hours. Purification was bysHlachromatography on silica gel
(pentanes/EtOAc, 100:0> 80:20). The title compound was obtained as a tsdsmil. Combined

yield (3g) = 52.5 mg, 0.141 mmol, 71%. Thef ratio was determined to be 6:1 based on the



relative integrations of the signals at 5.17 ppm énd 5.24 ppmf}). Spectral data for the
anomer were consistent with previous repdtsH NMR (400 MHz, CDCls) Signals
corresponding tar anomer 6 5.35-5.26 (m, 2H), 5.18-5.14 (m, 1H), 4.27-4.03 3in), 3.59—
3.50 (M, 1H), 2.14 — 2.11 (s, 3H), 2.11-2.05 (m),2H04 (s, 3H), 1.97 (s, 3H), 1.91-1.78 (s,
3H), 1.78-1.68 (m, 3H), 1.68-1.47 (m, 2H), 1.4641.(n, 7H). Representative signals
corresponding tq3 anomer 5.24 (m, 0.17H), 5.03—-4.95 (m, 0.17H), 4.80-4d%J = 7.0, 1.3
Hz, 0.17H), 4.68-4.63 (m 0.17H), 3.80-3.75 (m, 0,2469-3.61 (m, 0.2H), 1.99 (s, 0.5HiC
NMR (126 MHz, CDCl3) (anomeric mixture — representative signals corregpog to thefs
anomer are listedy 170.6, 170.5, 170.2, 98.3, 95.7, 75.6, 71.0, 689, 66.8, 66.6, 65.5, 62.8,
61.9, 33.7, 33.5, 32.7, 32.0, 31.7, 30.9, 25.74,224.1, 21.0, 20.9, 20.HRMS (DART+):

calculated for GgHz NOg [M+NH,4]™: 390.2128, found: 390.2133.

4.11. Cyclohexyl 3,4-di-O-benzyl-2-deoxy-L-rhamnopyranoside (3h, 3:1 a:3)

The reaction was conducted on a 0.2 mmol scaler@diogpto the general proceduie3) with 10
equivalents of cyclohexanol, from 3,4-@ibenzyl-2-deoxy--rhamnopyranose (65.7 mg). The
reaction time was 19 hours. Purification was bysHlachromatography on silica gel
(pentanes/diethyl ether, 100:6 90:10) The title compound was obtained as a aderloil.
Combined yield 3h) = 71.3 mg, 0.174 mmol, 87 %. The ratio was determined to be 3:1
based on the relative integrations of the signb&2b ppm ¢) and 2.30 ppmf{). Spectral data
were consistent with previous repottsH NMR (400 MHz, CDCls) Signals corresponding to
a anomer § 7.39-7.26 (m, 13H), 5.02 (m, 1H), 4.98-4.93 (& 10.8 Hz, 1H), 4.72-4.61 (m,
4H), 4.03-3.94 (m, 1H), 3.86-3.77 (m, 1H), 3.5653(, 1H), 3.19-3.08 (m, 1H), 2.27-2.21

(ddd,J = 12.6, 5.1, 1.4 Hz, 1H), 1.92-1.77 (m, 2H), 1.7801(m, 4H), 1.60-1.44 (m, 2H), 1.43—



1.12 (m, 12H)Representative signals correspondingdtanomer 4.95 (d, J = 10.8 Hz, 0.3 H),
4.61-4.57 (m, 0.3H), 4.57-4.52 (dd, J = 9.8, 2.0 %42H), 3.68-3.57 (m, 0.6H), 3.37-3.26 (m,
0.3H), 2.34-2.27 (ddd] = 12.5, 5.1, 2.0 Hz, 0.3H), 2.00-1.92 (m, 0.3B¢ NMR (126 MHz,
CDCl3) (anomeric mixturep 138.8, 138.7, 138.6, 138.5, 128.3, 128.1, 1280,7, 127.6, 127.6,
127.5, 97.3, 94.7, 84.6, 84.6, 83.7, 719.4, 77.63,78.3, 74.7, 74.2, 71.7, 71.2, 67.2, 67.1, 37.7,
37.5, 36.3, 33.7, 33.7, 33.4, 33.0, 31.9, 31.57,284.3, 24.0, 18.2, 18. HRMS (DART+):

calculated for GsHzgNO4 [M+NH,4]™: 428.2801, found: 428.2810.

4.12. Cyclohexyl 3,4-di-O-acetyl-2-deoxy-L-rhamnopyranoside (3i, 6:1 a:[3)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedui3) with 10
equivalents of cyclohexanol, from 3,4-@acetyl-2-deoxy--rhamnopyranose (46.5 mg). The
reaction time was 48 hours. Purification was bysHlachromatography on silica gel
(pentanes/ethyl acetate, 100:® 90:10) The title compound was obtained as a aderloil.
Combined vyield 2.62) = 37.2 mg, 0.118 mmol, 59 %. Thep ratio was determined to be 6:1
based on the relative integrations of the signafG2 ppm ¢) and 4.96 ppmB). *H NMR (500
MHz, CDCI3): Signals corresponding ta anomer 6 5.37-5.25 (ddd] = 11.7, 9.4, 5.4 Hz, 1H),
5.02 (d,J = 3.8 Hz, 1H), 4.78-4.68 (m, 1H), , 3.98-3.88 (#g,9.8, 6.3 Hz, 1H), 3.58-3.49 (m,
1H), 2.20— 2.12 (ddd] = 12.7, 5.4, 1.3 Hz, 1H), 2.05 (s, 3H), 2.00 (4),3L.89-1.66 (m, 6H),
1.61-1.47 (m, 2H), 1.45-1.18 (m, 7H), 1.18-1.13J)(¢; 6.3 Hz, 3H).Representative signals
corresponding tg3 anomer 5.00-4.92 (ddd) = 11.9, 9.4, 5.3 Hz, 0.17H), 4.68-4.63 (dd;
9.7, 2.0 Hz, 0.17H), 3.68-3.60 (m, 0.17H), 3.4833dq,J = 9.6, 6.2 Hz, 0.17H), 2.27-2.22

(ddd,J = 12.5, 5.3, 2.0 Hz, 0.17H), 2.04 (s, 0.5H), 2(820.5H), °C NMR (125 MHz, CDCly)



6 170.5,170.4,170.4, 170.1, 97.1, 94.6, 76.8,,764P, 74.3, 71.0, 70.0, 69.4, 65.6, 37.1, 36.0,
33.6, 33.5, 31.9, 31.5, 25.7, 25.7, 24.3, 24.31,224.0, 21.1, 21.1, 21.0, 20.9, 17.8, 1THRMS

(DART+): calculated for GsHzNOg [M+NH4]™: 332.2073, found: 332.2072.

413 6-0-(3,4,6-Tri-O-benzyl-2-deoxy-D-galactopyranosyl)-1,2: 3,4-di-O-isopr opylidene-D-

galactopyranoside (3j, 3:1 a:f3)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedui@3) with 3
equivalents of acceptor, from 3,4,6-@Henzyl-2-deoxyp-galactopyranose (86.9 mg). The
reaction time was 21 hours. Purification was bgslii chromatography on silica gel
(pentanes/diethyl ether, 100:8 50:50). The title compound was obtained as a k@dsroil.
Combined yield §j) = 96.8 mg, 0.140 mmol, 70%. Spectral data weresistent with previous
reports>>®*Note: the product was isolated as a mixture ofers, but individual fractions of
pure o and p anomers obtained upon column chromatography weeel dor characterization
purposes. The:f ratio was determined to be 3:1 based on the velattegrations of the signals
at 4.23 ppmd) and 4.18 ppmp). *H NMR (500 MHz, CDCl3): 5 (o« anomer): 7.39—-7.23 (m,
15H, CHPh), 5.54 (d,J = 5.0 Hz, 1H, H-1'), 5.04 (br. d,= 3.0 Hz, 1H, H-1), 4.94 (d = 11.6
Hz, 1H, GH,Ph), 4.64 (dJ = 11.8 Hz, 1H, €,Ph), 4.62—4.57 (m, 3H, H-3'HGPh), 4.51 (d,) =
11.8 Hz, 1H, Ei,Ph), 4.44 (1H, dJ = 11.8 Hz, Gi,Ph), 4.32 (ddJ = 5.0 Hz, 2.5 Hz, 1H, H-2),
4.23 (dd, J = 8.0 Hz, 1.9 Hz, 1H, H-4"), 4.01-3(84 4H, H-3, H-4, H-5, H-5'), 3.77 (dd,=
10.7 Hz, 6.7 Hz, 1H, H-6a), 3.69 (d8l= 10.7 Hz, 6.4 Hz, 1H, H-6b), 3.64 (dii= 9.2 Hz, 7.5
Hz, 1H, H-6a’), 3.57 (dd] = 9.2 Hz, 5.7 Hz, 1H, H-6b'), 2.24 (app 8k 12.5 Hz, 3.7 Hz, 1H,
H-2a), 2.05 (m, 1H, H-2b), 1.53 (s, 3H, @H1.44 (s, 3H, Ch), 1.35 (s, 6H, 2 x CH. *3C

NMR (125 MHz; CDCI3): § (o anomer): 139.0, 138.7, 138.2, 128.5, 128.3, 1223,9, 127.7,



127.6, 127.5, 127.4, 109.4, 108.6, 97.6, 96.5, 72481, 73.5, 73.0, 71.2, 70.8, 70.7, 70.5, 69.9,
69.3, 65.9, 65.6, 31.2, 26.2, 26.1, 25.1, 247NMR (500 MHz; CDCl3): § (8 anomer): 5.54
(d,J = 5.0 Hz, 1H, H-1'), 4.92 (dl = 11.7 Hz, 1H, €,Ph), 4.64 (d,J) = 11.7 Hz, 1H, €Ph),
4.62-4.52 (m, 3H, H-3', I6,Ph), 4.48 (ddJ) = 9.7 Hz, 2.2 Hz, 1H, 1H, H-1), 4.46 (@= 11.8
Hz, 1H, GH,Ph), 4.42 (dJ = 11.8 Hz, 1H, €l,Ph), 4.29 (dd,) = 5.0 Hz, 2.4 Hz, 1H H-2"), 4.18
(dd,J = 7.9 Hz, 1.9 Hz, 1H, H-4'), 4.06 (ddi= 11.1 Hz, 2.9 Hz, 1H, H-5"), 3.99 (m, 1H, H-6a),
3.62-3.44 (m, 5H, H-3, H-4, H5, H-6a, H-6b), 2.18 (LH, H-2a), 2.08 (m, 1H, H-2b), 1.52(s,
3H, CHy), 1.42 (s, 3H, Ch), 1.32 (s, 3H, Ch), 1.30 (s, 3H, CH. *C NMR (125 MHz
CDCI3): & (B anomer): 139.1, 138.5, 138.2, 128.6, 128.5, 12828,4, 128.2, 128.0, 127.8,
127.7, 127.5, 127.4, 109.4, 108.8, 101.1, 96.5,724.1, 73.6, 71.9, 71.7, 70.9, 70.6, 70.2, 69.3,
68.8, 68.1, 32.8, 30.5, 29.9, 26.2, 26.1, 25.25.24RM S (DART+): calculated for GsHsgNOso

[M+NH4]*: 694.3585, found: 694.3589.

4.14. 3-0-(3,4,6-Tri-O-benzyl-2-deoxy-D-galactopyranosyl)-1,2:5,6-di-O-isopr opylidene-D-

glucofuranoside (3k, 6:1 a:3)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general proceduf3) with 3
equivalents of diacetone glucose, from 3,4,8Hdenzyl-2-deoxys-galactopyranose (86.9 mg).
The reaction time was 19 hours. Purification was flagh chromatography on silica gel
(pentanes/diethyl ether, 100:8 80:20). The title compound was obtained as a t=ssroil.
Combined yield k) = 72.6 mg, 0.107 mmol, 54%. Thef ratio was determined to be 6:1 based
on the relative integrations of the signals at 5opMm (@) and 5.99 ppmfd). Spectral data were
consistent with previous report¥®® For the followingH NMR data, a mixture of an

alpha/beta anomer peak was used as the refereotmn morresponding to 1HH NMR (500



MHz;, CDCl3): Signals corresponding ta anomer 6 7.44-7.21 (m, 18H), 5.85-5.79 @+ 3.6

Hz, 1H), 5.27-5.21 (m, 1H), 4.96-4.89 {cs 11.6 Hz, 1H), 4.69-4.65 (d,= 3.6 Hz, 1H), 4.65—
4.36 (m, 7H), , 4.23-4.20 (d,= 2.8 Hz, 1H), 4.20-4.13 (m, 1H), 4.12-4.02 (m),24400-3.76
(m, 5H), 3.76-3.65 (m, 1H), 3.65-3.45 (m, 3H), 2219 (ddJ = 12.7, 3.8 Hz, 1H), 2.04-1.91
(dd,J = 12.7, 4.5 Hz, 1H), 1.47 (s, 3H), 1.39 (s, 3HB2(s, 4H), 1.20 (s, 3HRepresentative
signals corresponding t6 anomer 6.00-5.97 (dJ = 3.7 Hz, 0.16H), 5.04-5.00 (m, 0.16H), 4.26
(m, 0.16H)."*C NMR (126 MHz, CDCIls) (anomeric mixture)s 139.1, 138.8, 138.6, 138.5,
138.3, 138.1, 128.6, 128.5, 128.5, 128.5, 128.8,312128.2, 128.1, 127.9, 127.9, 127.8, 127.8,
127.8, 127.7, 127.7, 127.6, 127.6, 127.5, 127.5,712112.3, 111.9, 109.2, 106.5, 105.4, 100.9,
100.0, 99.6, 97.7, 84.1, 83.7, 81.4, 81.0, 79.64,7®.1, 74.6, 74.5, 74.4, 73.7, 73.6, 73.4, 73.1,
73.1,72.9,72.7, 71.3, 71.1, 70.6, 70.5, 70.20,769.8, 69.4, 67.7, 67.3, 36.8, 31.2, 30.5, 30.3,
29.8, 27.3, 27.0, 26.9, 26.7, 26.3, 25.5, 24.11.PMRM S (DART+): calculated for GHs,NOsp

[M+NH4]*: 694.3585, found: 694.3567.

4.15. 0O-(3,4,6-Tri-O-benzyl-2-deoxy-D-galactopyranosyl)-N-[(car boxybenzyl)]-

ethanolamine (3l, >19:1 a:3)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedui3) with 3
equivalents of acceptor, from 3,4,6-@Henzyl-2-deoxyp-galactopyranose (86.9 mg). The
reaction time was 16 hours. Purification was bysHlachromatography on silica gel
(pentanes/EtOAc, 1000 70:30). The title compound was obtained as a Edsmil. Combined
yield (3) = 115.5 mg, 0.189 mmol, 94%4 NMR (500 MHz; CDCls): & (o anomer) 7.38-7.23
(m, 20H, CHPh), 5.38 (br tJ = 5.60 Hz, 1H, M), 5.09 (br s, 2H, 8,Ph - CBz group), 4.98 (br

d,J = 3.4 Hz, 1H, H-1), 4.92 (dl = 11.8 Hz, 1H, €,Ph), 4.60 (d] = 11.8 Hz, 1H, E,Ph),



4.59 (br s, 2H, E,Ph), 4.49 (d, J = 12.0 Hz, 1HHgPh), 4.40 (d, J = 12.0 Hz, 1HHGPh),
3.94-3.83 (m, 3H, H-3, H-6, H-6"), 3.72-3.63 (m,, HHethanolamine), 3.63-3.53 (m, 2H, H-4,
H-ethanolamine), 3.53-3.45 (m, 1H, H-5), 3.45-3180 2H, H-ethanolamine), 2.23 (app dt:
12.9 Hz, 4.0 Hz, H-g), 1.98 (m, 1H, H-2) *C NMR (125 MHz, CDCls) 5 156.6, 138.9, 138.6,
138.0, 136.7, 128.6, 128.6, 128.5, 128.5, 128.8,4,2128.3, 128.3, 128.2, 128.1, 128.0, 127.8,
127.8,127.7,127.7, 127.7, 127.4, 98.5 (§-Y4.8, 74.3, 73.6, 73.1, 70.6, 70.5, 70.4, 76706,

66.8, 41.2, 31.3M S (DART+): found: 629.3. ¢]o** 21.4 € 1.0, CHC})

4.16. 0O-(3,4,6-Tri-O-benzyl-2-deoxy-D-galactopyranosyl)-N-[(car boxybenzyl)]-L-serine

methyl ester (3m, >19:1 a:p)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedu#3) with 3
equivalents of acceptor, from 3,4,6-@enzyl-2-deoxys-galactopyranose (86.9 mg). The
reaction time was 18 hours. Purification was bgslii chromatography on silica gel
(pentanes/diethyl ether, 100:8 50:50). The title compound was obtained as a t=ssroil.
Combined yield 3m) = 110.9 mg, 0.166 mmol, 83%4 NMR (500 MHz, CDCls): § 7.37-7.21
(m, 20H, CHPh), 5.80 (dJ = 8.7 Hz, 1H, NH), 5.11 (dJ = 12.2, 1H, &l,Ph), 5.09 (dJ = 12.2,
1H, CH,Ph), 4.92 (br. dJ = 3.5 Hz, 1H, H-1), 4.90 (d} = 11.7 Hz, 1H, €,Ph), 4.62—-4.54 (m,
3H, CH,Ph), 4.54-4.49 (m, 1Hd-serine), 4.48 (dJ = 11.8 Hz, 1H, El,Ph), 4.38 (dJ = 11.8
Hz, 1H, H,Ph), 3.96 (ddJ = 10.7 Hz, 3.7 Hz, 1H, &), 3.90-3.79 (m, 4H, H3, H4,dd H6),
3.73 (s, 3H, serine estetg), 3.60-3.48 (m, 2H, H5, H6'"), 2.19 (appdds 12.4 Hz, 3.9 Hz, 1H,
H2.), 1.93 (app ddJ = 12.4 Hz, 4.5 Hz, 1H, HQ; *C NMR (125 MHz, CDCl3) & 170.9,

156.2, 138.8, 138.4, 138.1, 136.3, 128.6, 128.8,5,2128.3, 128.3, 128.3, 127.9, 127.7, 127.7,



127.7,127.5,127.5, 99.2, 74.4, 74.4, 74.5, 708, 70.6, 69.5, 68.8, 67.2, 54.6, 52.7, 3U S

(DART+): found: 670.3.¢]o>% 33.8 £ 1.0, CHCH).

4.17. 0O-(3,4,6-Tri-O-benzyl-2-deoxy-D-galactopyranosyl)-N-[(tert-butyloxycarbonyl)]-L-

serine methyl ester (3n, >19:1 a:f)

The reaction was conducted on a 0.2 mmol scalerdiogpto the general procedui3) with 3
equivalents of diacetone glucose, from 3,4,8klbenzyl-2-deoxyp-galactopyranose (86.9 mg).
The reaction time was 17 hours. Purification was flagh chromatography on silica gel
(pentanes/diethyl ether, 100:8 80:20). The title compound was obtained as a k@dsroil.
Combined yield 3n) = 70.6 mg, 0.111 mmol, 56%. Spectral data weresistent with previous
reports>> '"H NMR (400 MHz, CDCls): § 7.40-7.21 (m, 15H), 5.44 (d,= 9.0 Hz, 1H, NH),
4.96-4.87 (m, 2H), 4.69-4.37 (m, 6H), 3.96-3.78%ht), 3.72 (s, 3H), 3.57 (m, 2H), 2.25-2.15
(m, 1H), 1.94 (ddJ = 12.7, 4.6 Hz, 1H), 1.44 (s, 9HYC NMR (126 MHz, CDCl3) § 171.2,
155.6, 138.9, 138.5, 138.1, 128.5, 128.5, 128.3,99.2127.8, 127.7, 127.7, 127.5, 99.0, 80.2,
74.5, 74.4, 73.6, 72.8, 70.6, 70.4, 69.3, 68.71582.6, 31.1, 30.5, 28.5dRMS (ESI+):

calculated for GsH4sNOy [M+H]": 636.3167, found: 636.3165.
4.18. Dihydrocholesteryl 3,4,6-tri-O-benzyl-2-deoxy-D-galactopyranoside (30, 5:1 a:[3)

The reaction was conducted on a 0.2 mmol scalerting to the general proceduy#3) with 3
equivalents of dihydrocholesterol, from 3,4,6@benzyl-2-deoxys-galactopyranose (86.9 mg).
The reaction time was 21 hours. Purification was flagh chromatography on silica gel
(pentanes/diethyl ether, 100:8 80:20). The title compound was obtained as a k=dsroil.

Combined yield o) = 129.2 mg, 0.161 mmol, 80%. The3 ratio was determined to be 5:1

based on the relative integrations of the signaf4 ppm ¢) and 3.80 ppmf). *H NMR (500



MHz, CDCl3): Signals corresponding to anomer 6 7.40-7.21 (m, 18H), 5.14 (m, 1H), 4.98—
4.91 (d,J = 11.6 Hz, 1H), 4.67-4.40 (m, 7H), 4.05-3.89 (i), 33.69-3.47 (m, 4H), 2.27-2.18
(td, J = 12.3, 3.8 Hz, 1H), 2.03-1.92 (m, 2H), 1.92-1(6 2H), 1.75-1.60 (m, 2H), 1.59-1.42
(m, 4H), 1.42-0.85 (m, 31H), 0.78 (s, 3H), 0.64 3sl), 0.62-0.55 (m, 1H)Representative
signals corresponding tg anomer 4.92 (d,J = 11.5 Hz, 0.2H), 3.80 (m, 0.2H), 3.47-3.43 (m,
0.2H), 2.14-2.04 (m, 0.2H)**C NMR (125 MHz; CDCI3): (anomeric mixturep 139.1, 139.1,
138.8, 138.5, 138.4, 138.3, 128.6, 128.5, 128.8,512128.5, 128.4, 128.3, 128.2, 128.0, 127.8,
127.8, 127.7, 127.7, 127.6, 127.6, 127.6, 127.4,4128.1 (C-f), 95.7 (C-L), 75.6, 75.3, 74.4,
74.3, 74.2, 73.7, 73.5, 73.4, 71.8, 71.5, 70.63,700.0, 69.9, 69.7, 56.6, 56.4, 54.6, 54.5, 45.1,
44.9, 42.7, 40.2, 39.7, 37.2, 37.0, 36.3, 36.19,335.8, 35.7, 35.7, 35.6, 34.5, 33.5, 32.3, 32.2,
31.9, 30.5, 29.9, 29.5, 29.0, 28.9, 28.4, 28.27,274.4, 24.0, 23.0, 22.7, 21.4, 18.8, 12.4, 12.2.

HRMS (ESI+): calculated for gsHgogNOs [M+NH,4]": 822.6031, found: 822.6040.
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Highlights:

- aboronic ester catalyzes dehydrative glycosidations of carbohydrate-derived
hemiacetals

- 2-deoxy and 2,6-dideoxy donors can be activated by the boronic ester catalyst

- the method is tolerant of functional groups such as isopropylidene ketals and
carbamates



