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Abstract

The stereochemical course ©fglycosidation of 1,2-D-anhydrosugars (glycal epoxides) with phenols
can be tuned by varying the metal ion of the b&gkile the reaction of 1,2-D-anhydrosugars with
phenols mediated by trimethylaluminium leads exgklg to 1,2€isw-O-aryl glycosides, similar
reaction mediated by caesium carbonate gives axelysl2-trans-$-O-aryl glycosides. In contrast,
reaction with phenoxides generated from Grignamgeat and calcium salts affords mixture of the

anomers.

Keywords 1,2-anhydrosugars, Glycal epoxides, aryl glycasidetereoselective, glycosidation
1.0 Introduction

Naturally occurring carbohydrates carrying aromatitycons have received considerable attention as
some of them are antibiotics, exhibiting chemotpewtic and antitumor action, like vancomycin and
chromomycin: Glycosylated phenols of plant origin are also knpwke that of Arbutin, Skimmin,
SennosideA and GlucofrangufinSome of the aryl glycosides form ordered macrestres such as
micelles and liquid crystalline phasé# recent years, the synthesis of aryl glycosibas received
considerable attention from both synthttmd medicinal chemists because of their diverseodgical
activities and pharmaceutical potential$he review of Marteret al gives an excellent account on
various methods towards synthesis of aryl glycasid&lycosyl acetates, phosphates, halides,
trichloroacetimidates, and sulphoxidesc., have been used as glycosyl donors with phenolthén
presence of Lewis or Bronsted acids to yield ar@glycosides. Glycal derivatives with good leaving
groups at the allylic position can be readily cote® into 2,3-unsaturated aryl glycosides by tresatt

of phenols; either thermally or using Lewis acidsl &2d complexe%. Contrary to glycosylation of
alcohols and other sugar alcohols, it is not easphltain good yields of the glycosides of aromatic
aglycons due to dimerisatibrand formation ofC-glycosides? especially in the case of activated
aromatic compounds.In many cases, mixtures of both the anofidrave been reported. Though there
are many methods for the synthesis of aryl glyasidhere is still a need for mild, efficient arighy



stereoselective method which will also provideeefhydroxyl at C-2 for further elaboration and asd®

C-2 branched sugars.

The 1,2p-anhydrosugars have also been widely used as glycmmors?® for glycosylation
reactions. Most importantly, this approach direqitpvides access to glycosides with a free hydroxyl
group at C-2 position of the sugar moiety that tenexploited for the synthesis of carbohydrates
containing 1,2-linkage, as found in many naturgicgtonjugates, such as sapofiin¥he a- and g-
isomers of 1,b-anhydrosugars can be accessed by oxidation ofglyeals’® The use of 1,»-
anhydrosugars as glycosyl donors for the synthekiaryl glycosides has far less been investigated
compared to that of alkyl glycosid®sOne drawback could be that its stereochemicalobugcis not
predictable when Lewis acids are employed to cagalpe ring opening reaction. The stereochemical
course of such reactions are influenced by exteadditives and electronic nature of the substitistén
Higher selectivity in favour gf-anomer has been reported when the glycosidatienceaducted using
gold® complex, PTC conditid®® and KOBu.'® Recently, Tanakat al have reported 1,2-cis-
stereoselective glucosylatiShand 1,2-cig8-stereoselective mannosylation of alcohols utilizcatalytic
amount of boronic esters of these alcohtfsRegioselective and 1,2- cis- stereoselective glyleion
of sugar 1,2-diols and 1,3-diols using catalyticoamt of cyclic boronate esters derived from thaisés
is also knowrf® The utility of this novel methodology for the steselective synthesis of 1,2-cisaryl
glycosides has not been explored. This triggerednderest to investigate the stereochemistry ase @f
glycosidation of 1,2>-anhydrosugars with phenols mediated by tripheoyate, aluminium phenoxide,
titanium phenoxide as well as by phenoxides derfv@th other common metal ions like Mg, Ca, &a,
Herein we describe a very facile 1,2-cistereoselectiveD-glycosidation of phenols with 12D-
anhydroglucose and 1@b-anhydrogalactose mediated by Jewhich is superior to the glycosidation
mediated by B(OPR)n terms of yield , stereoselectivity and reactiome.

2.0 Result and Discussion

The substrates, 1@b-anhydroglucosel and galactosel were obtained by stereoselective
oxidation of 3,4,6-tri©-benzylb-gucal and d-galactal respectivelyia in situ generation of
dimethyldioxirane (DMDO) using oxone/acetone in ghhasic systeri* The reaction ofl with
phenoxides of monovalent metals like Li, Na, K @=lafforded exclusively th&-O-aryl glycoside3a
(Table 1, entries 1-5). @80; was found to be the best base in terms of yietdraaction time (Table 1,
entry 4). The phenoxides of Mg, Ca and Cu yieldexture of a- andg-anomers, but Mg salt showed a
greater preference f@ranomer, while Ca and Cu salts exhibited prefeddna-anomer2a. In contrast
to these metal phenoxides, B(OPfgvoureda-anomer2a (Tablel, entry 10 ) at ambient temperature.

Ti(OPh), prepared from titaniumisoproxide yielded exclubive-O-phenyl glycoside?a (Tablel, entry



12), albeit in relatively lower yield. Interestigglthe reaction ol with phenol in the presence of pé
afforded exclusively the-O-phenyl glycopyranosid2a in high yield. This reaction was extremely fast
and proceeded to completion in a matter of 3-5 temuhat too at ambient temperature. The crude
product from all these reactions was analyzed byR\#id HPLC for determining the anomeric raffos.
The structure ofa was further confirmed by converting it to the kmophenyl-2,3,4,6—tetr@-benzylo-
D-glucopyranosid@® and phenyl 20-acetyl-3,4.6-triO-benzyla-D-glucopyranosidé® Thus, MeAl
turned out to be the best mediator for obtainingesively thea-anomer in high yield and short reaction
time and CgCO; for the synthesis of- anomer. These data reveal that the anomerictséeon
glycosidation of 1,2+D-anhydrosugar can be fine tuned by varying the Imedainter ion of the

phenoxide.

Table 1. Glycosidation of 1,23-anhydrosugar 1 with different metal phenoxides

OBn om* OBn OBn
BnO Ho LY catalyst o Ho L+ 8o o opn
BnO Solvent BnO BnO
© " e o
1 2a 3a
Metal ion 2a:3a”
Entry Solvent Reaction condition Yield (%)
pr ecur sor a:p
1 NaH Toluene RT, 30 mir 73 S only
2 Na,COs Toluent Reflux, 45 mit 83 S only
3 K,CO4 Toluent Reflux, 45 mit 85 S only
4 Cs,CGs Toluent Reflux, 15 mit a0 S only
5 CHaLi DCM: DEA RT, 20 mir 74 B only
6 CHsMgCI DCM: THF RT, 150 mit 65 10 : 9«
7 Cak, Toluent Reflux, 15 mit 76 91:¢
8 CaCG; Toluent Reflux, 30 mit 75 92 : ¢
9 CuCG; Toluent Reflux, 30 mit 73 91:¢
10 B(OPh} Toluene RT, 30 mir 88 92: ¢
11 Al(CH3)3 DCM: Toluen RT, 5 mir 90 o only
12 Ti(OPh® Toluene RT, 15 mir 82 a only
@prepared from the reaction of Ti(O'pr), with phenol®* and isolated.




We further explored othen situ methods for generating AI(ORHJTable 2). In case of alumina,
the reaction was rather slow and incomplete at entbtemperature, but the reaction was highly
stereoselective furnishing only-anomer. Under reflux conditions in toluene, it lcbie driven to
completion, but with a slight loss of stereoselgttiaffording a mixture of the anomeric glycosides
and3a with predominanti-anomer (Table 2, entry 2). Aluminium isopropoxisgas found to be a better
base foiin situ generation of Al(OPhwhen compared to alumina as it yielded onlydkenomer. It is to
be noted here that no isopropyl glycoside was fdriohéring this reaction. However, the reaction was
rather slow when compared to Mé mediated reactionThe glycosidation oflL with Al(OPh)?® at
ambient temperature was very slow in £LH, but addition of toluene as co-solvent acceleratex
reaction.

Table 2. Glycosidation ofla and phenol with various Aluminum reagents

Entry | Metal ion precursor Solvent Reac.ti.on Yidd® 2 3
condition (%) a.p
1 Al,O; Toluent RT, 12 Hr: 407 a only
2 Al,O3 Toluene Reflux, 15 mii 95 95: ¢
3 Al(CH3)3 CH,Cl,: Toluent RT, 5 mir 95 o only
4 Al(O-iPr) Toluene RT, 15mir 82 o only
5 Al(OPh);® CH,Cl, RT, 120 mit 78 a only
6 Al(OPh);® CH,Cl,: Toluent| RT, 15 mir 85 a only
3| solated yield after purification.”’Reaction incomplete “Reaction performed with isolated Al(OPh)s, no phenol added.”

-0 + Ar-OH

0 (1.1 equiv)
3a-d R=0Bn, R =H 1 R=0Bn R'=H 2a-0 R=0Bn, R =H
6a-b R =H, R =0Bn 4 R=H,R =0Bn Ba-e R=H, R = OBn
(1 equiv)

Legends:(a) 0.33 equiv. Me3Al, Toluene/DCM, RT, 5 min. (b) 1 equiv. Cs,COg, Toluene, Reflux, 15 min.
Scheme 1. Synthesis of stereoselectiweands-O-aryl glycosides.

Based on these findings, we chosesMes the mediator to study the generality of thig-cisa-
stereoselectivé-glycosidation reaction of with phenols (Scheme 1). M& mediated glycosidation
reaction of various phenols withwent to completion in a few minutes at ambientgerature to afford
exclusively the respectivearyl glycosidea-o in high yields (Table 3). This reaction protocehibited



a fair degree of functional group tolerance. Fur@l groups such as CN, F, Cl, Br, OMe and CHO
groups were found to be compatible exceppstro group (entry 11). However, in this case tbaction
could be driven successfully by using alumina iadtef MeAl to afford 2j in good yields. Also, the
synthesis ofx-naphthyl glycoside2m could be achieved with no trace of formation of &omericC-
naphthyl glycosides. 4- methylimbelliferone (Table 3, entry 15) too underwent sthaglycosylation
with 1 affords the correspondinganomer2o in moderate yields. The galactal epoxiieas also found

to be a versatile substrate for the ti2e stereoselectivé-aryl glycosidation mediated by &

enabling the synthesis of several arnp-galactoside$a-e in good yields (Table 3, entries 16-20).

Table 3. MeAl mediated glycosidation of 1,2-D-anhydro sugars for the synthesis @fO-aryl
glycosides.

Entry Substrate R R? Ar Product |Yield®(%)
1 1 OBn H Pheny 2a 95
2 1 OBn H 2-Me-pheny 2b 82
3 1 OBn H 3-Me-pheny 2c 88
4 1 OBn H 4-Me-pheny 2d 86
5 1 OBn H 4-OMe-pheny 2e 84"
6 1 OBn H 2-naphthy 2f 73
7 1 OBn H 4-F-pheny 29 87
8 1 OBn H 2-Cl-pheny 2h 78
9 1 OBn H 3-Br-pheny 2 90
10 1 OBn H 4-NO,-pheny” 2] 729
11 1 OBn H 2-isopropy-pheny 2k 76
12 1 OBn H 4-CN-pheny 2l 75
13 1 OBn H 1-naphthy 2m 769
14 1 OBn H 4-CHO-pheny 2n 689
15 1 OBn H [4-Me-comarir-7-yl 20 549
16 4 H OBn Pheny ba 92
17 4 H OBn 2-Me-pheny 5b 84
18 4 H OBn 4-Me-pheny 5¢c 86
18 4 H OBn 4-F-pheny 5d 80
2C 4 H OBn 4-CN-pheny 5e 76
I solated yield after purification; PAl,O; used instead of MesAl; Strace amount of the free sugar arising out of epoxide
with water; 9>98% a-anomer




Traditionally, synthesis of aryB-glycosides have been reported using bases li 1rac

KO'Bu,'™® and also at times in biphasic system using PTE€ li8-crown-6,%° with additives like
tetramethylguanidin€? The “balanced base” @30; is known to be superior f@-arylation of phenof§
andN-alkylation of amine$! However, it has not been explored for the synthekaryl glycosides. We
have observed that the ring openinglaind4 with phenols in toluene mediated by,C&s proceeded
well affording exclusively aryB-glycosides3a-d and6a-b, respectively irhigh yields, shorter duration

and without the need of any external additivesabalgst (Scheme 1, Table 4)

Table 4. CsCO; mediated glycosidation of 1@b-anhydro sugars for the synthesis ®fO-aryl
glycosides®

Entry Substrate R R? Ar Product |Yield? (%)
1 1 OBn H Pheny 3a 9C
2 1 OBn H 2-Me-pheny 3b 86
3 1 OBn H 3-Me-pheny 3c 88
4 1 OBn H 4-Me-pheny 3d 85
5 4 H OBn Pheny 6a 88
6 4 H OBn 4-OMe-pheny 6b 76
3| solated yield after column chromatographic purification.

XOBn L (e
R R 1 [0}
\ AI(OPh)3 , & R \‘3
R! v 6} R @ Y ————> | BnO
o o o)

BnO BnO OPh
A hioen
PhO ~ oph PhO™ © OPh
1 R=H;R'=0Bn
4 R=0Bn;R'=H A B
OBn
R OBn R "
H 1 =0
R1 -0 H H20 R H -
BnO D BnO
workup 0 oOph
OH oph ]
PhO OPh
2 R=H;R'=0Bn
C

5 R=0Bn; R'=H

Scheme 2. Proposed mechanism for the stereoselectivity ofjtheosidation ofl and4.



Mechanistically, depending upon the conditions,dtegeochemical outcome may be either under
kinetic or thermodynamic control. Exclusive steedestivity in favour ofa-anomer in the case of
Al(Me); mediated glycosidation ol and 4 can be rationalised as outlined in Scheme 2.alniti
complexation of Al* metal centre to the oxygen of the epoxide to f¢i) followed by cleavage of the
C-O bond, facilitated by sugar ring oxygen, woulddeo the formation of the aluminate oxecarbenium
ion intermediate B). Subsequent intramolecular transfer of the phiglgoXigand from the aluminate
complex B) to the anomeric carbon would result in stereasigde formation of thex-anomer2 and5. A
similar syn-addition mechanism has been proposeBdiyer et al fom-C-arylation of1 using triaryl
aluminium?® and by Nakagavet al for the glycosidation of sugar cis-1,2-diol an8-tljols catalysed by

cyclic boronate estéf.

This proposed mechanism is in consistent with dodifig that no isopropyl glycoside was
formed when the reaction of the epoxitlavith Al(OPh) was done in the presence of stoichiometric
amounts of isopropanol. In case of,C8®; promoted glycosylation, the possibility of interrigand
transfer does not exist and hence the reactiorsedakes the\@ pathway leading to the formation of the
S-glycosidesvia trans-ring opening of the epoxide ring. However, forroatiof anomeric mixture of the
glycosides in the cases of Mg, Ca and Cu ions atdgthat both @ and {2 type mechanisms are

occurring simultaneously.

3.0 Conclusions

In summary, we have developed a highly stereosedeand practical method for the synthesis of
a-O-aryl glycosides promoted by M& and g-O-glycosides by GE£0;. This glycosylation protocol is

extremely fast, high yielding, easy to carry outl amenable for scale up.

4.0 General experimental considerations

CH.CI, was dried by distilling over CaHinder argon. Products obtained were purified silea gel (60

A, 230-400 mesh) in flash column chromatographygsithyl acetate and hexane as eluant. Analytical
thin-layer chromatography (TLC) was performed oa-poated silica gel plates (Ultra Pure Silica Gel
Plates purchased from Merck), visualized with acBpéne UV254 lamp. Products were purified flash
column chromatography are reported as v/v ratiosltiMy points were obtained using Sigma Melting
Point apparatus, and are uncorrected. UV specrallysia was done by using Shimadzu UV-2600
spectrophotometer. Specific optical rotations wagtermined on dASCO P2000 Polarimeter under the
conditions indicated using the sodium D line (5889 mH and**C NMR were recorded at 400 MHz and

500 MHz on a Bruker spectrometer. Proton chemihiftsswere internally referenced to the residual



proton resonance in CDLCI(o 7.26 ppm). Carbon chemical shifts were internaéiferenced to the
dueterated solvent signals in CRQEY 77.20 ppm). FT-IR spectra were recorded odASCO 6300
spectrometer with samples loaded as neat. Massrapeere recorded on a JEOL GCMATE Il GC-MS

instrument.

5.0 General experimental procedurefor glycosidation of 1 & 4 using MesAl:

To a solution of phenol (1.1 equiv.) in 1mL of gk, 2.0 M solution of MeAl in toluene ( 0.04 mL,
0.33 equiv.) was added at ambient temperaturevieti by the addition of 1,2-anhydrosugdaor 4 (100
mg , 1.0 equiv.) under nitrogen atmosphere. Aftarih (as monitored by TLC), about 5 ml of water was
added and worked up. Reaction mixture was exwlaesing CHCI,, concentrated inacuo and purified
by flash column chromatography using 5% ethyl deedad n-hexane as mobile phase, to affe@laryl

glycoside2a-0 or 5a-g, respectively.

5.1 Phenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2a)

White solid (95%);m.p.: 103° C; [a]pX= +26. 5(c 1.0, CHCL,); IR (cm"): 3518, 3061, 3030, 2914,
2884, 1597, 1453, 1049, 1024, 729, 696, 4A4ANMR(CDCl;,500MHz,): 2.21 ¢, 1H,J = 10Hz, OH),
3.61 @, 1H,J =10Hz, H-6a), 3.76d( 1H,J = 15Hz, H-4), 3.80d, 1H,J =10Hz, H-6b), 3.87-3.91n, 2H,
H-2 & H-3), 3.96-4.081( 1H, J = 10, 10Hz, H-5), 4.44, 4.51, 4.62, 4.84, 4.9884(6d, 6H, -CHPh),
5.60 ps, 1H, H-1), 7.02-7.15n, 5H, Ar-H), 7.23-7.351(, 15H, Ar-H); ®*C NMR (CHCl, 125MHz,5):
68.2 ¢, C-6), 71.2 ¢, C-3), 72.7 ¢, C-2), 73.5d, Ar-C), 75.1 ¢, Ar-C), 75.5 {, Ar-C), 76.8 (, C-4),
83.2 @, C-5), 97.24, C-1), 116.7, 122.7, 127.8, 127.8, 127.8, 12729,.4, 127.9, 128.0, 128.4, 128.4,
128.5, 128.5, 128.6, 129.6 (RO0Ar-C), 137.8, 138.1, 138.6, 156.4 (4s, Ar-G(JRMS(TOF MS
ES+)Calculated for H3406: 507.2899; found: 507.2902.

5.2 2-methylphenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2b)

Off-white semi solid (82%)[a]o®= + 29.37c 1.0, CHCL,); IR (cm?) 3436, 2915, 2867, 1125, 1029,
733, 693, 474'*H NMR(CDCl;,500MHz): 8y 2.03 @, 1H,J = 9 Hz, -OH), 2.23< 3H, -CH,), 3.62-3.66
(m,1H, H-6a), 3.77l4d, 1H, H-6b), 3.801¢d, 1H, H-4), 3.85-3.89n, 2H, H-2 & H-3), 3.94-3.98n, 1H ,
H-5), 4.46, 4.55, 4.62, 4.86, (4H, 4K 12, 11, 12, 11 Hz, 2* -O-CiPh), 4.91-4.97 (m, 2H, -O-GH
Ph) 5.57 ¢, 1H,J= 3.5Hz, H-1), 6.94 (t,1H}= 7.5, 7 Hz, Ar-H), 7.13 bd, 2H,J= 7.5 Hz , Ar-H), 7.16



(m, 1H, Ar-H) 7.16-7.41r, 15H, Ar-H);*C NMR(CHCl,, 125MHz): 16.3 (g, C), 68.3 (t, C-6), 71.4 (d,
C-3), 72.8 (d, C-2), 73.5,75.1 ,752&,(C-Ar), 75.8 (, C-4), 82.9¢, C-5), 97.4 ¢, C-1), 114.7, 122.4,
127.1(31, Ar-C), 127.3 ¢, Ar-C), 127.5, 127.7, 127.8, 127.9, 127.9, 127128.0, 128.1, 128.3, 128.4,
128.4, 128.5, 128.6, 130.9 @4Ar-C), 137.9, 138.1,138.5, 154.8s(4Ar-C); HRMS calculated for
CsH306Na : 563.2404; found: 563.2397.

5.3 3-methylphenyl 3,4,5-tri-O-benzyl-a-D-glucopyranaoside (2¢)

Off-white solid (88 %);m.p.: 83°C ; [a]p>’= -33.8 {c 1.0, CHCL,); IR(cm") 3353, 2921, 1454, 1126,
1063, 1028, 730, 693, 4744 NMR (CDCk,500MHz): 8y, 2.16 @, 1H, J= 8.5 Hz, -OH), 2.31¢ 3H, -
CHs), 3.63 bd, 1H, J= 11 Hz, H-6a), 3.75dd, 1H,J= 3.5, 5, 2.5 Hz , H4), 3.78I(1H, J= 10 Hz, H6-
b), 3.87-3.8910,1H, H2), 3.90d, 1H ,J=7 Hz, H3), 3.97t( 1H , H-5), 4.45, 4.53, 4.61, 4.85, 4.91, 4.98
(6d, 6H,J= 12, 11.5, 12, 11, 11, 11 Hz, 3* -O-GRh), 5.58 ¢, 1H, J= 3.5Hz, H-1), 6.85d, 1H, J=
7.5Hz, Ar-H), 6.90-6.93rq, 2H, Ar-H), 7.14 -7.1%6, 1H, Ar-H) 7.24-7.41r6, 15H, Ar-H); *C NMR
(CHCls, 125MHz): 21.4 ¢, C), 68.3{, C-6), 71.24, C-3), 72.84, C-2), 73.4, 75.0,75.4(3Ar-C), 77.3

(d, C-4), 83.2¢, C-5), 97.34, C-1), 113.7,117.6, 123.5,127.7, 127.7, 127.7,82127.9, 127.9, 128.3,
128.4, 128.5, 129.3 (#3 Ar-C), 137.9, 138.2, 138.7, 139.7, 156.5, (Br-C); HRMS calculated for
CasHsdOeNa : 563.2404; found: 563.2397.

54 4-methylphenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2d)

Off-white solid (86 %):m.p.: 88°C ; [a]p>’= +8.5 {c 1.0, CHCl,); IR(cm?) 3510, 2915,2881, 1455,
1112, 1051, 730, 692, 469H NMR (CDCk,500MHz): 8, 2.19 @, 1H, ¥ 9.0 Hz, -OH), 2.29¢3H, -
CHs), 3.61 ¢,1H, J= 10.5 Hz, H-6a), 3.75 (dd, 1K= 3, 3.5, 4 Hz, H-4), 3.7&l( 1H, J= 10 Hz, H-6b),
3.86-3.87 fn, 1H, H2), 3.92¢, 1H ,J= 10 Hz H-3), 3.95- 3.99r0, 1H, H-5), 4.44, 4.52, 4.60, 4.84, 4.90,
4.98 (&, 6H,J= 12, 10.5, 12, 10.5, 11, 11Hz , 3* -O-@Ah), 5.54 (d, 1H= 3.5Hz, H1), 6.98-7.004b

q, 2H,J= 8.5Hz Ar-H), 7.03¢b ¢ , 4H, J= 8.5Hz, 8.5 Hz, Ar-H), 7.150( 2H, J= 12Hz, Ar-H), 7.22-
7.41 (m,13H, Ar-H); ®*C NMR (CHCL, 125MHz): 20.6 ¢, C), 68.4 ¢, C-6), 71.2d, C-3), 72.9¢, C-2),
73.5, 75.1 ,75.5 (3Ar-C), 77.3 ¢, C-4), 83.3 ¢, C-5), 97.5¢, C-1), 116.8, 127.7, 127.8, 127.9, 127.9,
127.9, 128.4, 128.4, 128.5, 130.0 ¢1@r-C), 132.1, 137.9, 138.2, 138.7, 154.3, (Br-C ); HRMS
calculated for gH3;s06Na : 563.2404; found: 563.2398.



55 4-methoxyphenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2€)

Off-white solid (84%);m.p.: 98°C ; [a]p*= +5.9 {c 1.0, CHCL,); IR(cm™) 3431, 2917, 2863, 1502,
1206, 1123, 1056, 1029, 737, 698§ NMR (CDCk,500MHz):8 2.20 @, 1H,J=8.5 Hz, -OH), 3.64d
1H, J=10.5Hz, H-6a), 3.73-3.7#( 2H, H-6b & H-4),3.76¢ 3H, -OMe), 3.82-3.87nf, 1H, H-3), 3.94-
3.97 (n, 2H, H-5 & H-4), 4.44-4.99 @& 6H, 3* -O-CH-Ph), 5.51¢, 1HJ= 4Hz, H1), 6.80 -7.044b q,
4H, 4*Ar-H), 7.15-7.411n,15H, Ar-H); *C NMR (CHCl, 125MHz): 56.1¢, C), 68.2 ¢, C-6), 71.2 4,
C-3), 72.8 ¢, C-2), 73.5, 75.0 ,75.51(3Ar-C), 77.3 (, C-4), 83.2 ¢, C-5), 97.2 ¢, C-1), 116.8, 127.7,
127.7, 127.8, 127.9, 127.9, 127.9, 128.2, 128.8,412128.5, 128.6,129.6 (A0Ar-C), 137.8, 138.1,
138.6, 156.4 (§ Ar-C); HRM Scalculated for GyH3¢0; (TOF MS ES+):537.3005; found: 537.3019.

5.6 p-naphthyl 3,4,5-tri-O-benzyl-a-D-glucopyr anoside (2f)

Off-white solid (73 %)m.p.: 123°C ; [a]o’= +10.4 {c 1.0, CHCL,); IR(cm™) 3516, 2917, 2880, 1594,
1458, 1361, 1123, 1047, 730, 695, 468; NMR (CDCl,500MHz):3,, 2.28 ¢, 1H,J=10Hz, -OH), 3.63
(dd, 1H,J= 10Hz, H-6a), 3.76dd, 1H, J=10Hz, H-6b), 3.80-3.8%1{,1H, H-4), 3.94-3.96r(, 2H, H-2 &
H-3), 4.04 {, 1H,J= 10, 10Hz, H-5), 4.43, 4.53, 4.61, 4.86, 4.94, &M 6H,J= 12, 10, 10, 10, 10, 10
Hz, 3* -O-CH,-Ph), 5.74 §, 1H, J= 5Hz, H-1), 7.16 ¢, 1H, J= 5Hz, Ar-H), 7.23-7.37r, 15H, 3* -O-
CH-Ph), 7.53 ¢, 1H, Ar-H), 7.72 ¢, 1H, J= 10Hz, Ar-H) , 7.77 { 2H, J= 10, 5, 10 Hz, Ar-H)C
NMR(CHCl;, 125MHz): 68.2 ¢, C-6), 71.3d, C-3), 72.84, C-2), 73.5, 75.1 ,75.6 {(3Ar-C), 77.3
C-4), 83.2 ¢, C-5), 97.2 ¢, C-1), 111.1, 126.5, 127.3, 127.7, 127.8, 12744, 127.9, 128.0, 128.4,
128.5, 128.6, 129.6 (H#3Ar-C), 129.8, 134.3, 137.7, 138.1, 138.6, 158%) Ar-C ); HRMSS calculated
for C3Hz¢0s (TOF MS ES+):557.3056; found: 557.3063.

5.7 4-fluor ophenyl 3,4,5-tri-O-benzyl-a-D-glucopyr anoside (29)

Off-white solid (87%);m.p.: 115°C ; [a]o> = +20.7 {c 1.0, CHCl,); IR(cm") 3506, 2903, 1498, 1360,
1203, 1130, 1091, 1037, 742, 698;NMR (CDCk,500MHz):5, 2.22 @, 1H,J= 8.0 Hz ,-OH,), 3.62d

1H, J=10.5Hz, H-6a), 3.73-3.78m, 2H, H-6b& H-4), 3.85-3.98n(, 3H, H-2, H-3 & H-5), 4.45, 4.53,
4.61, 4.84 (4, 4H,J= 12, 11, 12, 10.5 Hz, 2* -O-G+Ph), 5.50¢, 1H, J= 3.5Hz, H-1), 6.96t( 2H, J=

8.5, 8.5 Hz, Ar-H), 7.04-7.07( 2H, Ar-H) 7.15-7.41r,15H, Ar-H); *C NMR (CHCL, 125MHz):
68.3 ¢, C-6), 71.34, C-3), 72.6, C-2), 73.5, 75.1 ,75.5(3Ar-C ), 76.8 ¢, C-4), 83.04, C-5), 98.0,
C-1), 115.9, 116.1, 118.3, 118.3, 127.6, 127.8,8,2727.8, 127.9, 127.9,127.9, 128.0, 128.4, 128.4,



128.5 (1%, Ar-C), 137.8, 138.0, 138.5 ,152.5(#r-C), 157.5, 159.4d, Ar-C-F );HRMS calculated for
C33H3306F Na:567.2153; found: 567.2153.

5.8 2-chlor ophenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2h)

Off-white solid (78 %);m.p.: 85°C ; [a]p>’= +23.4 (¢ 1.0, CHCl,); IR(cm™) 3541, 2909, 1478, 1234,
1116, 1051, 739, 695, 44" NMR (CDCL,500MHz):5y 2.36 (d, 1H,J= 10 Hz, -OH,), 3.71bd, 1H,
J= 10.5 Hz, H-6a), 3.78-3.83n( 2H, H-6b& H-4), 3.92dt,1H, J= 3.5, 3.5, 3.5 Hz, H-5), 4.02-4.06\(
2H , H-3& H-2), 4.512, 4.58, 4.65, 4.92, 4.95, 5(66, 6H,J= 12, 11, 12, 11, 11, 11 Hz, 3* -O-GiRh),
5.57 @,1H, J= 3.5Hz, H-1), 7.03t(1H ,J= 7.5, 7.5Hz, Ar-H), 7.21-7.26 i, 3H, Ar-H), 7.28-7.47r¢,
15H, Ar-H); *C NMR (CHCL, 125MHz):, 68.41 C-6), 71.7 ¢, C-3), 73.14, C-2), 73.5, 75.1, 75.5(3
Ar-C), 77.3 @, C-4), 83.0¢, C-5), 99.4 ¢, C-1), 117.6, 124.1, 127.8d3Ar-C), 127.9 §, Ar-C), 127.9,
128.1, 128.1, 128.2, 128.3, 128.4, 128.5, 130 8-C), 137.8, 138.5, 152.3 ¢3Ar-C); HRMS
calculated for GH3:0sCl Na : 583.1857; found: 583.1858.

5.9 3-bromophenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2i)

Off-white solid (90%):m.p.: 91° C; [a]o°= +35.9 (c 1.0, CHCl,); IR(cm™) 3362, 2866, 1581, 1462,
1126, 1063, 1023, 733, 6984 NMR (CDCk,500MHz): 8, 2.20 ps, 1H, -OH), 3.65dd, 1H, J=10.5,
12 Hz, H-6a), 3.78d; 1H, J=10.5Hz, H-6b), 3.83d, 1H, J= 9.5 Hz, H-4), 3.89-3.90nf,1H, H-2), 3.91-
3.92 , 1H, H-3), 3.99q, 1H,J= 9Hz, H-5), 4.48, 4.57, 4.66, 4.88(4H, J= 12, 10.5, 12, 11Hz, 2* -
O-CH,-Ph), 4.98¢, 2H,J= 11, 6, 11 Hz, -O-CKHPh ), 5.61d, 1H,J= 3.5Hz, H-1), 6.78r(, 1H, Ar-H),
6.88-6.93 n, 2H, Ar-H), 7.18-7.19 1y, 1H, Ar-H) 7.20-7.44rf, 15H, Ar-H); *C NMR (CHCE,
125MHz): 68.2 §, C-6), 71.5 ¢, C-3), 72.5d, C-2), 73.5, 75.0 , 75.5 {3-O-CH2-Ph), 76.8d, C-4),
82.9 @, C-5), 97.4 ¢, C-1), 104.5, 104.7, 109.4, 109.6, 112.4, 112244, 127.8, 127.8, 127.8, 127.9,
127.9, 128.0, 128.0, 128.1, 128.3, 128.4, 128.8,412128.5, 128.6, (2 Ar-C), 130.3, 130.4, 137.7,
138.0, 138.5, 157.5, 157.6, 162.4, 164s4 Ar-C); HRMS calculated for GH3:0sBr (TOF MS
ES+):585.2004; found: 585.2014.

5.10 4-nitrophenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2)

Yellowish semi solid (72%)m.p.: 128.5°C ; [a]p*’= +3.2 {c 1.0, CHCL,); IR(cm™) 3535, 2894, 1596,
1487, 1455, 1267, 1158,1089, 1044, 974, 736, 88MR (CDCL,500MHz): &4 2.31 bs, 1H, -OH),



3.58 pd, 1H, J=13Hz, H-6a), 3.73dd, 1H, d,J=10, 3 Hz , H-6b), 3.81d( 2H, J= 9.5 Hz, H-4 & H-2),
3.93 m, 1H, H3), 3.99d, 1H,J= 11Hz, H-5), 4.45, 4.55, 4.61, 4.840(4H, J= 15, 13.5, 15, 13 Hz, 2*
-O-CH,-Ph), 4.94 4d, 2H,J= 14, 8.5, 14 Hz, -O-CHPh ) 5.69 ¢, 1H, J= 4.5Hz, H-1), 7.14- 7.16,
1H, Ar-H), 7.19 ¢, 2H,J= 11.5Hz, Ar-H), 7.25 -7.411f, 14H, Ar-H), 8.19¢, 2H, J= 12 Hz, Ar-H);"*C
NMR(CHCI;, 125MHz): 68.0¢, C-6), 71.94, C-3), 72.14, C-2), 73.5, 75.1, 75.6 {3Ar-C), 77.1 {,
C-4), 82,5 ¢, C-5), 97.0 ¢, C-1), 116.6, 125.8, 127.9, 128.0, 128.5, 1282R.4 (d, Ar-C), 137.5,
137.8, 138.3, 142.8, 157.5, 161.5,(é&r-C); HRMS calculated for gHs3 NOgNa : 594.2099; found:
594.2096.

511  2-isopropyl phenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2k)

Off-white solid (76%):m.p.: 88° C; [a]p**= +6.4 {c 1.0, CHCL,); IR(cm™) 3383, 2923, 1432, 1128,
1073, 1038, 734, 693, 4731 NMR (CDCl,500MHz): 8y 1.25, 1.27 (8, 6H, J= 3Hz, 3 Hz, 2*-CH3),
2.04 @, 1H,J= 6.0 Hz, -OH), 3.29%p, 1H, -CH), 3.69¢,1H, J= 11 Hz, H-6a), 3.83dd, 1H,J= 3, 3, 3
Hz, H-4), 3.88 ¢, 1H, J= 9.5 Hz, H-6b), 3.92-4.0(, 3H, H-2, H-3 & H-5), 4.52, 4.61, 4.61, 4.91d(4
4H, J= 12, 10.5, 12, 10.5 H2* -O-CH,-Ph), 4.99{, 2H, -O-CH-Ph), 5.62 ¢, 1H,J= 3.5Hz, H-1), 7.05
(t, 1H,J= 7.5, 7.5Hz , Ar-H), 7.18t( 1H, J= 7.5, 7.5Hz , Ar-H), 7.23-7.4f(17H, Ar-H); °C NMR
(CHCl;, 125MHz): 22.8, 22.92¢;, C), 27.0 @, C), 68.3 ¢, C-6), 71.5d, C-3), 72.7 4, C-2), 73.6, 75.1
,75.3 (3, Ar-C), 77.4 ¢, C-4), 82.5 ¢, C-5), 97.6 @, C-1), 114.6, 122.6, 126.2, 126.9, 127.8, 127.8,
127.9, 128.0, 128.0, 128.1, 128.3, 128.4, 128.8,61¢14], Ar-C),137.5,137.8,138.1,138.5,153.%,(Br-

C ); HRM S calculated for ggH4gOsNa : 591.2717; found: 591.2716.

5.12  4-cyanophenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (21)

Off-white solid (75%):m.p.: 103° C; [a]p= +8.8 {c 1.0, CHCL,); IR(cm?) 3466, 2911, 2227, 1601,
1500, 1128, 1093, 1040, 740, 698, 4H:NMR (CDCL,500MHz): 8, 2.31 ps, 1H, -OH), 3.70d, 1H,
J= 10 Hz, H-6a), 3.73¢, 1H, J=11 Hz, H-6b), 3.79r0, 2H, H-4 & H-2), 3.89-3.91hd, 1H , H-3), 3.96-
3.99 fn, 1H , H-5), 4.44, 4.52, 4.59, 4.834(4H, J= 12, 10.5, 12, 11 B 2* -O-CH,-Ph),4.91- 4.96m,
2H, -O-CH-Ph ), 5.64q, 1H,J= 3.5Hz, H-1), 7.15-7.17{ 4H, Ar-H), 7.24-7.57rp, 15H, Ar-H); **C
NMR (CHCL, 125MHz): 68.1 1 C-6), 71.8 ¢, C-3), 72.2 §, C-2), 73.5, 75.1, 75.6 {3-O-CH2-Ph),
76.8 @, C-4), 82.6 ¢, C-5), 97.0¢, C-1), 106.0§ C-CN), 117.3d, Ar-C),118.8 § CN) 127.8, 127.9,
127.9, 127.9, 128.0, 128.4, 128.5, 128.6, 134.0,1138.Q, Ar-C), 137.6, 137.9, 138.4, 159.65(#r-C);
HRMS calculated for gH3sNOgNa : 574.2201; found: 574.2097.



5.13  1-naphthyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2m)

Off-white solid (76%);m.p.: 133°C; [a]p>*= +13.6 {c 1.0, CHCL,); IR(cm) 3466, 2911, 2227, 1601,
1500, 1128, 1093, 1040, 740, 698, 4H:NMR (CDCl;,500MHz): 54 2.18 @, 1H,J= 5 Hz, -OH), 3.59
(d, 1H,J= 10 Hz, H-6a), 3.74¢, 1H, J=10 Hz, H-6b), 3.82t( 1H, J= 10, 10 Hz H-4), 3.93(, 2H , H-2
& H-3), 4.12 ¢, 1H ,J= 10, 10 Hz, H-5), 4.44, 4.52, 4.56, 4.59,(4H, J= 10, 10, 10, 10 B 2* -O-CH,-
Ph),4.98 fn, 2H, -O-CH-Ph ) 5.75d, 1H, J= 5Hz, H-1), 7.14d, 2H, J= 10 Hz, Ar-H), 7.20-7.47n,
18H, Ar-H), 7.78 @, 1H, J= 5 Hz, Ar-H), 8.09 ¢, 1H, J= 5 Hz, Ar-H) ;*C NMR (CHCk, 125MHz):
68.5 ¢, C-6), 71.8 ¢, C-8.8 3), 73.0d, C-2), 73.7, 75.3, 75.7 {(3-O-CH2-Ph), 77.0d, C-4), 82.9, C-
5), 97.6 ¢, C-1), 109.1, 121.7, 122.4, 125.9, 128.0, 128281, 128.4, 128.6, 128.7, 128.8 ¢1Ar-C),
134.8, 138.0, 138.3, 138.7, 152.1s,(%\r-C); HRMS calculated for gHssO¢Na : 599.2408; found:
599.2405.

5.14  4-carboxaldehyde phenyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (2n)

Off-white solid (68%);m.p.: 132°C; [a]p**= +34.8 {c 1.0, CHCL,); IR(cm*) 3466, 2911, 2227, 1601,
1500, 1128, 1093, 1040, 740, 698, 4H:NMR (CDCk,500MHz):8,, 2.25 ps, 1H, -OH), 3.57 ¢, 1H,
J= 10 Hz, H-6a), 3.72¢, 1H, J=10 Hz, H-6b), 3.74-3.80¢, 2H, H-4 & H-2), 3.911¢s, 1H , H-3), 3.97-
4.00 fm, 1H , H-5), 4.43, 4.52, 4.59, 4.83(4H, J= 10, 15, 15, 10 B 2* -O-CH,-Ph),4.93 ¢, 2H, -O-
CH,Ph) 5.694, 1H,J= 3.5Hz, H-1), 6.90d, 2H, J= 4 Hz, Ar-H), 7.13-7.37r(, 15H, Ar-H), 7.75 4,
2H, J= 4Hz, Ar-H), 9.82 (s, 1H, -CHOY*C NMR (CHCl;, 125MHz): 68.3 C-6), 71.9 ¢, C-3), 72.5
(d, C-2), 73.7, 75.3, 75.8{30-CH2-Ph), 76.8d, C-4), 82.9¢, C-5), 97.0¢, C-1), 116.2,117.0 (2 Ar-
C), 128.1, 128.2, 128.7, 128.7, 128.8, 132.2, 1326 Ar-C), 138.0, 138.1, 138.3, 162.5s(4Ar-C),
191.2 § Ar-CHO); HRMS calculated for gyH340;Na : 577.2200; found: 577.2198.

5.15 4-methyl umbéliferyl 3,4,5-tri-O-benzyl-a-D-glucopyranoside (20)

Off-white solid (54%): m.p.: 165° C; [a]p® = +53.4 {c 1.0, CHCL,); IR(cm’) 3540, 2911, 1698,
1681,1652, 1576, 1454, 1336, 1158, 1126, 1068, ,1@®, 878, 808, 755, 693;'H NMR
(CDCl;,500MHz): 8, 2.36 ps, 1H, -OH), 2.39¢ 3H, CH), 3.58 bd, 1H, J=11Hz, H-6a), 3.74dd, 1H,
J=10.5 Hz, H-6b), 3.82d 2H, J= 9.5 Hz, H-4 & H-2), 3.93 kd, 1H, H-3), 3.99-4.01n4, 1H, J= 11Hz,
H-5), 4.46 @, 1H, J= 12 Hz -O-CH,-Ph), 4.53 ¢, 2H, J= 10.5, 10.5, 8.5 Hz, -Q-C+Ph), 4.63 ¢, 1H,
J= 12 Hz, -O-CH-Ph ), 4.83 ¢, 1H, J= 11 Hz, -O-CH-Ph), 4.95 § 2H, -O-CH-Ph), 5.67q, 1H, J=
3.5Hz, H-1), 6.17 1H, H-3'), 7.04 ¢, 1H,J= 9Hz, Ar-H), 7.10¢ 1H, Ar-H), 7.15 @, 2H, J= 6.5 Hz,



Ar-H), 7.19 -7.50 ifn, 15H, Ar-H); °C NMR (CHCL, 125MHz): 68.0 ¢, C-6), 71.84, C-3), 72.3¢, C-
2), 73.6, 75.1, 75.6 (3Ar-C), 77.1 ¢, C-4), 84.2 ¢, C-5), 97.2 4, C-1), 104.4, 112.9, 113.5d3Ar-C),
115.0 § Ar-C), 125.7, 127.7, 127.8, 127.9, 127.9, 127128.0, 128.3, 128.4, 128.4, 128.5, 128.6d(13
Ar-C), 137.7, 137.9, 138.4, 152.3, 154.9, 15941.1 (%, Ar-C); HRMS calculated for gHzsOsNa :
631.2306; found: 631.2303.

5.16  Phenyl 3,4,5-tri-O-benzyl-a-D-galactopyranoside (5a)

White solid (92%);m.p.:109° C; [a]p = -7.4 {c 1.0, CHCl,); IR(cm™) 3476, 3374, 2904, 1591, 1214,
1073, 1033, 735, 694H NMR (CDCkL,500MHz,5): 2.25 ps, 1H, OH), 3.54dd, 1H,J = 9, 5.5 Hz, H-
6a), 3.651 1H,J = 8 Hz , 8.5 Hz, H-4), 3.8@ld, 1H,J = 10, 2Hz, H-6b), 4.10-4.127( 2H, H-3 & H-5),
4.34 @d, 1H,J = 9.5, 2.5 Hz, H-2), 4.37, 4.42, 4.59, 4.75, 4803 (@&, 6H, J= 11.5, 11.5, 11.5, 11.5,
11.5, 11 Hz, 3* -O-ChkPh), 5.62 (d, 1HJ= 3.5 Hz, H-1), 7.03t( 1H,J=7.5, 7.5 Hz, Ar-H), 7.094( 1H,

J= 8Hz, Ar-H) 7.21-7.42r, 18H, Ar-H); *C NMR (CHCl;, 125MHz,5): 68.6 , C-6), 68.9 @, C-3),
70.4 @, C-2), 73.5(, Ar-C), 75.1 {, Ar-C), 75.6 {, Ar-C), 76.8 ¢, C-4), 83.2 ¢, C-5), 97.2 ¢, C-1),
116.8, 122.7,127.8,127.8, 127.9, 127.9, 127.9,912128.0, 128.4, 128.5, 128.5, 128.6, 128.6, 129.6
(20d, Ar-C), 137.8, 138.1, 138.6, 156.4s(Ar-C); HRM S calculated for gHsOgsNa : 549.2243; found:
549.2248.

5.17  4-methyl phenyl 3,4,5-tri-O-benzyl-a-D-galactopyranoside (5b)

White solid (84%)m.p.: 98°C ; [a]p> = -2.7 {c 1.0, CHCL,); IR(cm™) 3397, 2914, 1506, 1218, 1077,
1032, 734, 697*H NMR (CDC,500MHz,6): 2.17 ps, 1H, OH), 2.28 (s, 3H, Ar-CH3), 3.58d, 1H,J

= 5.5, 6 Hz, H-6a), 3.64,(1H,J = 8 Hz , 9 Hz, H-4), 3.91d¢, 1H,J = 10, 2.5 Hz, H-6b), 4.08-4.18(
2H, H-3 & H-5), 4.321h, 1H, H-2), 4.37, 4.43, 4.59, 4.75, 4.78, 4.98 @, J= 11.5, 11.5, 11.5, 12, 12,
11 Hz, 3* -O-CHPh), 5.57 ¢, 1H,J= 4 Hz, H-1), 6.98d, 2H, J= 9 Hz, Ar-H), 7.06 (d, 2H= 8Hz, Ar-
H) 7.22-7.42 i, 15H, Ar-H);**C NMR (CHClL, 125MHz,0): 20.6 ¢, Ar-C), 68.6 {, C-6), 68.9 ¢, C-3),
70.3 @, C-2), 72.5(, Ar-C), 73.8 (I, C-4), 74.8{(, Ar-C), 79.6 ¢, C-5), 98.0¢, C-1), 117.1, 127.8,127.9,
128.2, 128.3, 128.4, 128.6,d7Ar-C), 137.9, 138.2, 138.5, 154.6s(4Ar-C); HRMS calculated for
CaHze06Na : 563.2404; found: 563.2388.

5.18 4-methoxy phenyl 3,4,5-tri-O-benzyl-a-D-galactopyranoside (5c¢)



White solid (86%)m.p.:103°C ; [a]p> = -32.4 (¢ 1.0, CHCl,); IR(cm™) 3394, 2913, 1502, 1208, 1108,
1075, 1029, 735, 696H NMR(CDCl;,500MHz,d): 2.25 s, 1H, OH), 3.56dd, 1H,J = 6, 9 Hz, H-6a),
3.62-3.65 n, 1H, H-4), 3.75¢ 3H, -O-CH3), 3.90dd, 1H,J = 10, 2.5 Hz, H-6b), 4.07$, 1H, H-3),
4.14 ¢, 1H, J= 6.5 Hz, 6.5 Hz, H-5), 4.3bs( 1H, H-2), 4.39, 4.45, 4.59, 4.75, 4.08, 4.98, (6H, J=
11.5, 12, 11.5, 11.5, 11.5, 11 Hz, 3* -Q-{BH), 5.48d, 1H,J= 4 Hz, H-1), 6.79d, 2H,J=9 Hz, Ar-H),
7.02 @, 2H, J= 8Hz, Ar-H) 7.23-7.42r6, 15H, Ar-H); *C NMR (CHCk, 125MHz,d): 55.6 ¢, O-C),
68.8 ¢, C-6), 68.9¢, C-3), 70.4¢, C-2), 72.51, Ar-C), 73.5 {, Ar-C), 73.9 (1, C-4),74.8 (t, Ar-C), 79.6
(d, C-5), 98.9 ¢, C-1), 114.6, 118.7,127.7,127.8, 127.8, 127.8,2,2828.3, 128.4, 128.4, 128.6 (11
Ar-C), 137.9, 138.2, 138.4, 155.35(4Ar-C); HRMS calculated for GHssO-Na : 579.2353; found:
579.2345.

5.19  4-fluoro phenyl 3,4,5-tri-O-benzyl-a-D-galactopyranoside (5d)

White solid (80%)m.p.:121°C; [a]p>’= -15.4 (c 1.0, CHCl,); IR(cm™) 3506, 2903, 1498, 1360, 1203,
1130, 1091, 1037, 742, 69%) NMR (CDCk,500MHz,5): 2.22 ps, 1H, OH), 3.48¢, 1H,J = 6.0 Hz, H-
6a), 3.55¢, 1H,J = 7.5 Hz, H-6b) , 3.72d( 1H, J = 12.5 Hz, H-4), 4.01-4.30v( 2H, H-3 & H-5), 4.36
(bs, 1H, H-2), 4.37, 4.50, 4.51, 4.54, 4.66, 4.86, (6H, J= 10, 11.5, 11.5, 11.5, 11.5, 11.5 Hz, 3* -O
CH,Ph), 5.44 (d, 1HJ= 4 Hz, H-1), 6.88d, 2H, J= 7.5Hz, Ar-H), 6.96d, 1H,J= 8Hz, Ar-H) 7.15-7.34
(m, 15H, Ar-H);**C NMR (CHCl;, 125MHz,0): 68.7 ¢, C-6), 68.84, C-3), 70.6 ¢, C-2), 72.5{, Ar-C),
73.5 ¢, Ar-C), 74.9 {, Ar-C), 76.8 ¢, C-4), 79.44, C-5), 98.6 ¢, C-1), 115.8, 115.9, 116.0, 116.1, 116.2,
116.2, 118.6, 118.7, 127.8,127.8, 128.3d(1Ar-C), 137.8, 138.0, 138.3, 152.9, 157.%, (Ar-C);
HRMS calculated for ggHs3FOsNa : 567.2153; found: 567.2147.

520 4-cyano phenyl 3,4,5-tri-O-benzyl-a-D-galactopyranoside (5€)

White solid (76%)m.p.:141°C; [a]p>°= -30.5 (c 1.0, CHCl,); IR(cm™) 3466, 2911, 2227, 1601, 1500,
1128, 1093, 1040, 740, 698, 474 NMR (CDCk,500MHz,4): 2.37 bs, 1H, OH), 3.47dd, 1H,J = 6,
5.5, 9.5 Hz, H-6a), 3.58,(1H,J = 7.5 Hz , 9 Hz, H-4), 3.88l¢, 1H,J = 10, 2.5, 2 Hz, H-6b), 3.95, (1H,

J= 6.5, 6.5 Hz, H-3), 4.04§ 1H, H-5), 4.32d, 1H,J = 6 Hz, H-2), 4.34, 4.37, 4.54, 4.67, 4.76, 4.87
(6d, 6H, J= 11.5, 11.5, 11, 11.5, 11.5, 11 Hz, 3* -B,Ph), 5.62 ¢, 1H,J= 3.5 Hz, H-1), 7.10d, 2H, J=

8.5 Hz, Ar-H), 7.14-7.36n, 15H, Ar-H), 7.40¢, 1H,J= 8.5 Hz, Ar-H);**C NMR (CHCl;, 125MHz,5):
68.5 ¢, C-6), 68.6 ¢, C-3), 71.1¢, C-2), 73.6 Ar-C), 75.0 {, Ar-C), 75.6 {, Ar-C), 76.9 ¢, C-4), 79.2

(d, C-5), 97.5 ¢, C-1), 105.9§ CN), 117.5 ¢, Ar-C), 119.0 § Ar-CN), 127.9, 128.2, 128.5, 128.5,



128.7, 134.1 (@ Ar-C), 137.7, 137.9, 138.3, 160.1s(4Ar-C); HRMS calculated for gH3sNOgsNa :
574.2200; found: 574.2195.

6.0 General procedurefor glycosidation of 1,2-anhydrosugars 1 or 4 using Cs,COs:

A mixture of phenol (1.1 equiv.) and £X; (1 equiv.) in toluene was refluxed under nitrogen
atmosphere for 15 min. 1,2-anhydrosugar (100mgeduiv.)1 or 4 was added and refluxed for 15 min

(as monitored by TLC). The reaction mixture wasefiéd, washed with ethyl acetate, concentrated in
vacuo and the crude viscous product purified by flastugoi chromatography using 5% ethyl acetate and

n-hexane as mobile phase, to affr@-arylglycoside8a-d or 6a-c.

6.1  Phenyl 34,5tri-O-benzyl-g-p-glucopyranoside™ (3a)

White solid (90%)m.p.: 99° C[a]o*’= -27.6 {(c 1.0, CHCL,); IR(cm™) 3457, 2859, 1498, 1219, 1050,
737, 692'H NMR (CDCl;,500MHz): 8y 2.52 §,1H, -OH), 3.69¢, 1H, J= 8.5 Hz, H-6a), 3.71-3.76n,
3H, H-6b, H-4 & H-2), 3.83Hd, 1H, H-3), 3.88t(1H, J= 7.5, 8Hz, H5), 4.56¢(, 2H,J= 12, 11.5 Hz, -
O-CH,-Ph), 4.61-4.93 (5H, m,2*-Q-C#Ph& H1 ), 7.07-7.25r, 5H, 5*Ar-H,), 7.28-7.43rf, 15H, Ar-
H); *C NMR (CHCL, 125MHz): 68.81 C-6), 73.51 Ar-C), 74.4 ¢, C-3), 75.1{, Ar-C),75.3 {, Ar-C),
75.4 @, C-2), 77.5 ¢, C-4), 84.4 4, C-5), 100.9¢, C-1), 116.9, 122.8 (2 Ar-C), 127.6, 127.8, 127.8,
127.9, 127.9, 128.0, 128.4, 128.4, 128.5, 128.8,51229.5 (12d, Ar-C), 138.0, 138.1, 138.5, 1542
Ar-C).

6.2  2-methylphenyl 3,4,5-tri-O-benzyl-B-D-glucopyranoside™ (3b)

White solid (86%)]a]p>’= -4.5 {(c 1.0, CHCL,); IR(cm™) 3405, 2916, 1567, 1255, 1056, 736, 692;
NMR (CDCl,500MHz):8,2.27 (s, 3H, Ar-Me ), 2.41d( 1H, J= 1.5 Hz, -OH), 3.60-3.6{, 1H, H-6a,),
3.66-3.73 n, 3H, H-6b, H-4 & H-2 ),3.77-3.8(¢, 1H, H-3), 3.881( 1H, J= 8.0, 8.0 Hz, H-5), 4.52,
4.59, (2, 3H,J= 12, 10 Hz, -O-CkPh), 4.83 4, 1H,J= 7.5 Hz, H-1), 4.86, 4.88, 4.95d3®H, J= 10,
9, 11.5 Hz, 2*-0O-CHPh), 6.95( 1H,J= 7.0, 7.5 Hz , Ar-H),7.06&,(2H, J= 8.0, 9.0 Hz , Ar-H),7.13
(t, 1H,J= 9.0, 7.5 Hz, Ar-H), 7.20-7.39r( 15H, Ar-H);*C NMR (CHClL, 125MHz):16.40¢, Ar- CH;)
68.8 ¢, C-6), 73.51 Ar-C), 74.56 ¢, C-3), 75.01 Ar-C),75.3 {, Ar-C), 75.4 (, C-2), 77.5¢, C-4), 84.6
(d, C-5), 101.5¢, C-1), 115.5, 127.0 , 127.6, 127.7, 127.7, 12IX.8, 127.9, 128.0, 128.0, 128.3,
128.4, 128.4, 128.4, 128.5, 128.5, 130.81(}4#-C), 138.0, 138.1, 138.5,155.5(Ar-C).



6.3  3-methylphenyl 3,4,5-tri-O-benzyl-B-D-glucopyranoside™ (3c)

White solid (88%)a]o*’= -87.3 (c 1.0, CHCl,); IR(cm®) 3407, 2915, 1505, 1224, 1103, 1061, 1028,
733, 694;'H NMR (CDCl,500MHz): 8,230 (s, 3H, Ar-Me ), 2.4%06, 1H, -OH), 3.67-3.72r(, 4H, H-
6a,H-6b, H-4 & H-2),3.80dd, 1H, J= 1.5, 1.5 Hz, H-3), 3.8%6, 1H, H-5), 4.53, 4.59, 4.85, 4.86, 4.87,
4.88,4.96 (@, 7H,J= 12, 10, 12, 7.5, 11, 11.5, 11 Hz, 3* -O-&Ph & H-1), 7.16 (i, 1H)= 7.5, 7.5 Hz

, Ar-H),7.21 (bd, 2H, J= 6Hz, Ar-H,), 7.27-7.4r0,15H, Ar-H); °C NMR (CHChk, 125MHz): 21.6 {

Ar- CHs) 69.0 @, C-6), 73.7 { Ar-C), 74.6(, C-3), 75.21 Ar-C),75.4 (i, Ar-C), 75.6 (, C-2), 77.4 ¢,
C-4), 84. 5 ¢, C-5), 101.1¢, C-1), 114.0, 117.9, 123.8, 127.7, 127.9, 12728.0, 128.1,128.5, 128.6,
128.6, 129.4 (12, Ar-C), 138.2, 138.2, 138.7, 139.7, 157.4, (5-C).

6.4  4-methylphenyl 3,4,5-tri-O-benzyl-g-D-glucopyranoside™ (3d)

White solid (85%)a]p>’= -25.4 {c 1.0, CHCl,); IR(cm™) 3505, 3227, 3032, 1505, 1220, 1126, 1036,
738, 695"H NMR (CDCk,500MHz):842.17 &, 3H, Ar-Me ), 2.301fs, 1H, -OH), 3.58-3.72n, 4H, H-
6a,H-6b, H-4 & H-2), 3.79d, 1H,J= 11.5, 2 Hz, H-3), 3.81b(l, 1H, H-5), 4.51, 4.57, 4.59¢33H, J=

10, 13.5, 15 Hz, -O-CHPh), 4.82 ¢, 1H,J= 9.5 Hz, H-1), 4.86, 4.87, 4.95d3BH, J= 13.5, 14.5, 14 Hz,
-O-CH,-Ph), 6.97 ¢, 1H,J= 10.5 Hz, Ar-H), 7.07 ¢, 2H, J= 10.5 Hz, Ar-H,), 7.21-7.400{15H, Ar-

H); *C NMR (CHCl, 125MHz): 20.6 {{ Ar- CHs) 68.8 (I, C-6), 73.5{ Ar-C), 74.4 (, C-3), 75.11
Ar-C), 75.3 €I, Ar-C), 75.4 ¢, C-2), 77.4 ¢, C-4), 84. 4 ¢, C-5), 101.3¢, C-1), 117.0, 127.6, 127.8,
127.9, 128.0, 128.3, 128.4, 128.5, 1298 (&-C), 138.1, 138.2, 138.7, 145.7, 157.5, (&r-C).

6.5  Phenyl 3,4,5tri-O-benzyl-g-p-galactopyranoside” (6a)

White solid (88%)]a]p>’= -48.5 {c 1.0, CHCL,); IR (cm™) 3371, 2892, 1593, 1490, 1223, 1113, 1058,
732, 695;"H NMR (CDCk,500MHz): §,,2.55 s, 1H, -OH), 3.56 ¢d, 1H, J= 7.5, 2.5 Hz, H-6a ), 3.68
(bd, 2H, H-6b& H-4), 3.761( 1H,J= 6.5, 6.5 Hz, H-3), 4.01d( 1H, J= 2Hz, H-5), 4.27t( 1H,J= 6.5, 9
Hz, H-2), 4.45, 4.51, 4.67, 4.73, 4.8@(5H, J= 12, 11.5, 11.5, 12, 12 Hz, -O-GRh), 4.91 4, 1H,J=

7.5 Hz, H-1), 4.95d, H, J= 11.5 Hz, -O-CHPh), 7.04{ 1H,J= 7.5, 7 Hz, Ar-H), 7.09d, 2H, J= 8 Hz,
Ar-H,), 7.26-7.4210,15H, Ar-H); *C NMR (CHCL, 125MHz): 68.8 ¢, C-6), 71.1¢, C-3), 72.51 Ar-

C), 72.8 (I, C-2), 73.6 Ar-C), 74.1 ¢, C-4), 74.6 ¢, Ar-C), 81.8 ¢, C-5), 101.3¢, C-1), 117.0,
117.1, 122.6, 127.7, 127.7, 127.8, 127.9, 1288,3] 128.4, 128.6, 129.4, 129.6 §13r-C), 137.8,
138.0, 138.4, 157.2 $4Ar-C).



6.6  4-methoxy phenyl 3,4,5-tri-O-benzyl-g-D-galactopyranoside™ (6b)

White solid (76%){a]o>= -40.8 {c 1.0, CHCL,); IR (cmi’) 3371, 2892, 1593, 1490, 1223, 1113, 1058,
732, 695:'H NMR (CDCk,500MHz): 3,2.40 s, 1H, -OH), 3.56- 3.60n¢, 1H, H-6a ), 3.67- 3.731,

4H, H-6b&0OMe), 3.78- 3.84nf, 4H, H-3, H-4, H-2 & H-5), 4.53, 4.58, 4.60, 4,7586, 4.88, 4.95 (]
7H,J= 12, 11.5, 11.5, 12, 12, 11, 11 Hz, -O-Ph& H-1), 6.80 ¢, 2H, J=9 Hz, Ar-H), 7.04 ¢, 2H, J=

9 Hz, Ar-H,), 7.20-7.40r,15H, Ar-H); *C NMR (CHCl, 125MHz): 55.6 ¢, O-CH), 68.4 (I, C-6),
71.1 @, C-3), 72.81 Ar-C), 73.5 d, C-2), 75.11 Ar-C), 75.5 (i, C-4), 77.3¢, Ar-C), 81.6 ¢, C-5),
102.6 ¢, C-1), 114.7, 114.8, 116.1, 118.2, 127.6, 12727,4, 127.9,127.9, 128.0, 128.0, 128.1, 128.1,
128.1, 128.3, 128.4, 128.4, 128.4, 128.5, 128.8,612129.7 (28, Ar-C), 137.9, 138.1, 138.6,150.4,
155.3 (5, Ar-C).

Acknowledgement

The authors are grateful to DST (SR/S1/0C11/20@0¥dnding and SAIF & Dept. of chemistry, IITM
for spectral data. Support from INSA is gratefidbknowledged.

Notes and r efer ences

1 (a) Boeckler, G. A.; Gershenzon, J.; Unsicker, SPBytochemistry, 2011, 72, 1497-1509; (b)
Wu, X-C.; Chen, W-F.; Qian, C-D.; Li, O.; Li, P.; &, Y-P.The Journal of Microbiology, 2007,
45, 499-504; (c) Kahne, D.; Leimkuhler, C.; Lu, @hem. Rev., 2005, 105, 425-448.

2 Skarbek, J. D.; Speedie, M. K.; Amtitumor Compounds of Natural Origin, ed. A. Aszalos, CRC
Press, Boca Raton, FIL981.

3 Jeffry, G. A.Acc. Chem. Res., 1986, 19, 168-173.

4 (a) Austin, D.J.; Meyers, M.BPhytochemistry, 1965, 255-262; (b) Yang, Y.; Zhang, X.; Yu, B.
Nat. Prod. Rep., 2015, 32, 1331-1355; (c) Toshima, K.; Tatsuta, ®hem. Rev., 1993, 93, 1503-
1531.

5 (a) Yamanoi, T.; Midorikawa, M.; OdaS, Yeterocycles, 2014, 201-206; (b) Kleeb, L.; Pang, K.;
Mayer, D.; Eris, A.; Sigl, R. C.; Preston, P.; &itdnn, T.; Sharpe, R. P.; Jakob, D. Abgottspon,.A. S
Hutter, M.; Scharenberg, X.; Jiang, G.; Navarra,R&bbani, M.; Smiesko, N.; Ludin, J.; Bezencon,
O.; Schwardt, T.; Maier, B.; Ernst, Med. Chem,, 2015, 58, 2221-2239; (cpt-Pierre, G.; Dafik, L.;
Klegraf, E.; Hanessian, Synthesis 2016, 3575-3588; (d) Hesser, A. R.; Brandsen, B. M.|3Na
S. M.; Wang P.; Silverman, S. Khem. Commun., 2016, 52, 9259-9262.



6 Jacobsson, M.; Malmberg, J.; Ellervik, Carbohydr. Res., 2006, 341, 1266-1281.

7 (a) Danishefsky, S. J.; Gervay, J.; Peterson,.JMé¢Donald, F. E.; Doseki, K; Griffith, D. A.;
Oriyama, T.; Marsden, S.B. Am. Chem. Soc., 1995, 117, 1940-1953.

8 (a) Gomez, A. M.; Lobo, F.; Uriel, C.; Lopez, J.Eur. J. Org. Chem,, 2013, 32, 7221-7262; (b)
Taillefumler, C.; Chapleur, YChem. Rev., 2004, 104, 262-292.

9 Sugai, T.; Okazaki, H.; Kuboki, A.; Ohta, Bull. Chem. Soc. Jpn., 1997, 70, 2535-2540.

10Levy, D. E.; Tang, C.The chemistry of C-glycosides, Pergamon pres&995.

11Jensen, K. JJ. Chem. Soc. Perkin Trans.1, 2002, 2219-2233.

12 (a) Danishefsky, S. J.; Bilodaeau, M.Angew Chem. Intl. Ed. Engl., 1996, 35, 1380-1419; (b)
Agarwal, A.; Rani, S.; Vankar, Y. . Org. Chem., 2004, 69, 6137-6140; (c) Yamanoi, T.;
Yamazaki, |.Tetrahedron Lett., 2001, 42, 4009-4011.

13 (a) Kubota, Y.; Haraguchi, K.; Kunikata, M.; HapasM.; Ohkawa, M.; Tanaka, Hl. Org.
Chem., 2006, 71, 1099-1103; (b) Matsushita, Y-l.; Sugamoto, Kita, Y.; Matsui, T.
Tetrahedron Lett., 1997, 38, 8709-8712; (c) Du, Y.; Kong, K. Carbohydr. Chem., 1994, 14,
341-352; (d) Gervay, J.; Danishefsky, SJJOrg. Chem. 1991, 56, 5448-5451.

14(a) Gu, G.; Du, Y.; Linhardt, R. 1J; Org. Chem., 2004, 69, 5497; (b) David, G.Y.; Galonic, D. P.
Nature, 2007, 446. 1000-1007.

15(a) Halcomb, R. L.; Danishefsky, S.1J.Am. Chem. Soc., 1989, 111, 6661-6666; (b) Marzabadi,
C. H.; Spilling, C. DJ. Org. Chem,, 1993, 58, 3761-3766; (c) Gordon, D. M.; Danishefsky,JS.
Carbohydr. Res., 1990, 206, 361-366.

16 (a) Seeberger, P. H.; Eckhardt, M.; Gutteridgel: C Danishefsky, S. JJ. Am. Chem. Soc., 1997,
119, 10064-10072; (b) Timmers, C. M.; van der Ma€l A.; van Boom, J. HChem. Eur. J.,
1995, 161-164.

17 (a) Chiappe, C.; Moro, G. L.; Munforte, Petrahedron, 1997, 53, 10471-10478; (b) Gervay, J.;
Danishefsky, S. JJ. Org. Chem., 1991, 56, 5448-5451; (c) Dushin, R.G.; Danishefsky, SJ.J.
Am. Chem. Soc., 1992, 114, 3471-3475; (d) Liu, C.F.; Xiong, D-C.; Ye, X-Setrahedron Lett.,
2016, 57, 1372-1374.

18Li, Y.; Tang, P.; Chen, Y.; YB. J. Org. Chem. 2008, 73, 4323-4325.

19(a) Tanaka, M.; Takahashi, D.; Toshima, @g. Lett., 2016, 18, 5030-5033; (b) Tanaka, M.;
Nashida, J.; Takahashi, D.; Toshima,®g. Lett., 2016, 18, 2288-2291.

20Nakagava, A.; Tanaka, M.; Hanamura, S.; Takahd3hi,Toshima, K.Angew. Chem. Int. Ed.
2015, 54, 10935-10939; an@hem. Commun., 2017, 53, 3018-3021.

21 Cheshev, P.; Marra, A.; Dondoni, Barbohydr. Res., 2006, 341, 2714-2716.



22In 'H NMR, H-1 of 2a («-anomer) resonates as a doublet (3.5 Hz) atd 5.64, while H-1 of3a
(B-anomer) appears at arouadt.9 that merges with benzylic protons.’f@ NMR, C-1 of2a
appears aé 97 and that ofb até 110. The anomeric purity & ratios were confirmegdrbverse
phase HPLC in 100% GEN (R for 2a = 4.18 ancBa = 3.94).

23(a) Roy, R.; Rajasekaran, P.; Mallick A.; Vankar, Y. Eur. J. Org. Chem., 2014, 5565-5573;
(b) X. Dong, F. Tillequin, C. Monneret, G. Horvatind F. SztaricskaiCarbohydr. Res., 1992,
232, 107-115.

24 Johannes, NUSpatent 2187821,1940.

25Isolated AI(OPh) was used for this reaction which was preparedhieyréaction of phenol (1.0
equiv.) with MeAl in 1:1 CH,Cl,/toluene and compared with authentic data: T. Maletralian
Journal of Chemistry, 1963, 16, 794.

26 Parrish, J. P.; Sudaresan, B.; Jung, K. S$¢fith. Commun., 1999, 29, 4423-4431.

27 Wolfe, J. P.; Buchwald, S. Detrahedron Lett., 1997, 38, 6359-6362.

28Since synthesis gf-O-aryl glycosides is quite well known using otherthwels, we have not
gone for further generalisation.

29Rainer, J. D.; Cox, J. MOrg. Lett., 2000, 2, 2707-2709.



Tunable stereoselectivity in the synthesis of a- and - aryl glycosides using
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«a - isomer
OBn H 20 examples
R' e - yield 70- 90%
5 Ho , OH oar
BnO H+ ArOH
0

p-isomer
OAr 6 examples
yield 75- 90%

R'= H; R= OBn (or)
R'= OBn; R=H




Highlights

Although varieties of methods are known for B-selectivity, none isreported for a-selectivity. Our
strategy provides aroute for facile and exclusive synthesis of a- and B-aryl glycosides.

It is shown that the stereoselectivity of the glycosidation can be tuned by varying the meta
counter ion of the phenoxides.

High yielding and unusually fast (Iessthan 5 minutes at ambient temperatutre) when mediated by
trimethylaluminium as meta precursor.

Ring opening of 1,2-D-anhydrosugars provides access to glycosides with a free hydroxyl group
at C-2 position of the sugar moiety that can be exploited for the synthesis of carbohydrates
containing 1,2-linkage



