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Abstract: Selective acetolysis of the primary benzyloxy goun a wide variety of
carbohydrate derivatives was achieved in excellgetd using acetic anhydride and
perchloric acid supported over silica (HGISIO,) as a solid acid catalyst in a fast reaction
condition without using any organic solvent. Thaateon condition is significantly rapid and

can be scaled up for its use in the multi-steposiagcharide synthesis.
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1. I ntroduction

Due to their biological significance, synthesiscoimplex oligosaccharides is an important
area of researctf which requires a wide range of monosacchariderrimediates having
persistent and temporary protecting grotipsudicious selection of functional groups for
derivatization of monosaccharides plays decisilesrin the stereoselective glycosylatios.
Among several protecting groups used in the funetiaation of carbohydrates, benzyl ether
is widely used because of the ease of its inskatiaand removal. Although, benzyl ether
protecting group is considered as a stable proigogiroup, sometimes it is required to
convert it into other functional groups. Acetolygiss one of the age-old techniques for the
hydrolysis of glycosidic bonds as well as selectik@nsformation of benzyl ethers into
acetoxy groups providing late stage functional@atof monosaccharides. Because of its
application in the synthesis of oligosaccharidesymber of reports appeared in the literature
on the development of suitable reaction conditifunsthe selective acetolysis of benzyloxy
groups. The commonly used reaction conditions requhe treatment of benzylated
monosaccharide derivatives with an excess amoustrohg protic or Lewis acids such as
H,SQ,,° TFA,'® p-TsOHM FeCk,*? ZnCh,*® Znl,,** BFOEL,*® TMSOT® together with
acetic anhydride. Besides using the acidic catalfest other reaction conditions have also

been reported using iodiéa combination of ESiH/IL*® and Selectfluot? Despite their



wide applications most of the earlier reported ftieac conditions suffer from several
shortcomings such as, use of harsh reaction conditequirement of excess reagents, use of
corrosive and moisture sensitive reagents, lorggetion time, formation of by-products, low
yields etc. Since all the earlier reported reactionditions are homogeneous nature, rigorous
workup of the reaction mixture is required for qcieing the reaction. In this context, the
application of an efficient insoluble solid acidtalgst for the regioselective acetolysis of
benzyl ethers would be highly beneficial avoididge tuse of stoichiometric quantity of
catalysts and workup procedures. In an ongoing rpmg treatment @-benzylated
monosaccharide derivatives with$0, or p-TsOH together with acetic anhydride did not
furnish selective @-acetylated product instead a mixture products wétained as a result
of non-selective acetolysis. In order to overcorhes tsituation, it was envisioned that
catalytic amount of perchloric acid supported os#ica (HCIQ,-SiO;,) could act as a solid
acid catalyst in the presence of acetic anhydidéhie selective acetolysis of@benzylated
monosaccharide derivatives. Chakraborti and co-emsr®? reported the preparation of
HCIO4-SiO, and demonstrated its catalytic potential in sevanganic transformations. Later,
many researchers have applied HEEIO, as an efficient solid acid catal§st® alternative

to the commonly used protic or Lewis acid catalystspired by the catalytic potential of
HCIO,-SIO, it was decided to carry out selective acetolysit &O-benzylated
monosaccharide intermediates under a mild reacbodition and reported herein. It is worth
mentioning that this method will be useful as al&tive to the use of bulky protecting groups
such as TBDPS, TBDMS, trityl etc. at the primarysition for selective removal and thus

support the atom economy in protecting group mdatmns.

OBn Ac,0O OAc
SO 2
2~ X-0 HCIO,4-SiO
RO \Nﬂﬂ 1 4 2 RZO_é/O\
OR ORl
R® = alkyl, aryl

R? = protecting group
Scheme 1: Selective acetolysis of primary benzyloxy grougafbohydrate derivatives using
acetic anhydride in the presence of HGEIO,.

2. Results and discussion

In a set of initial experimentsp-methoxyphenyl 42-acetyl-2,3,6-triO-benzyl$-p-
galactopyranosidelj was treated with a varied quantity of acetic airtde (1.0-2.0 equiv.)

and HCIQ-SIO, in different temperatures without using any sotvéinvas observed that use



of 1.5 equiv. of acetic anhydride and HGISIO, (10 mg/100 mg of substrate) afO® under
solvent-free condition furnished 85% yield of corapd 19 in 10 min. without formation of
any by products. Increasing the quantity of theyeeé and catalyst did not give significantly
improved yield of the product. Carrying out theatézn at room temperature proceeded with
the formation of by products (Table 1). After coetpn of the reaction it was filtered and
concentrated under reduced pressure without theireggent of any special workup. A
variety of 60-benzylated carbohydrate derivatives were transédrimto 6O-acetylated
products in excellent yields under the optimizedction condition of the regioselective
acetolysis of the primary benzyloxy groups (Tablel2 some cases the reaction was carried
out at room temperature due to the extra stallitthe 60O-benzyl group. However, péd-
benzylated methyb-mannoside®) was found very reactive at°’C and produced significant
guantity of anomeric acetolysis product, which wastrolled by carrying out the reaction at
-15 °C. The reaction condition is applicable in disacilea derivative also to give
satisfactory yield (75%) without affecting the intgycosidic linkage and isopropylidene
ketal as observed in the case of compotli@dSeveral commonly used functional groups
such as acetyl, benzoyl, allyp-methoxyphenyl (PMP), azido, octyl, 2-trimethyl$gihyl
(TMSET), N-benzyloxycarbonyl (Cbz) and secondary benzyloxyupgs as well as
isopropylidene group were found unaffected underrdaction conditions. As expected, the
other acid sensitive protecting group suchpasethoxybenzyl (PMB) group present in
compoundl3 was also transformed into acetate under the mractndition. Isomerization
of the anomeric protecting groups was not obseureter the reaction condition, which was
witnessed in many acid catalyzed reactions. Thetiggais significantly fast to furnish the
required products in very short interval of timecmmparison to the other reported methods.
It is noteworthy that the reaction condition does require any organic solvent and very less
guantity of catalyst was required for the completiof the reaction in contrast to the
requirement of stoichiometric quantity of acididatgst reported earlier, which may be due
to the increased surface area of the HCtllDe to the impregnation over SiQt is also
worthy to mention that allowance of the reactiom & longer reaction time led to the
formation of by-products, which might be due to #uetolysis of secondary benzyl or other
protecting groups present in the substrate reguétidecrease in over all yield of the expected
product. The catalyst was prepared following eyattie reaction condition reported by
Chakraborti and co-workef8#? and used without measuring the exact acid streofjthe
catalyst. The reaction condition can be scaledvitpout loss of the yield. The analytical



samples were prepared by passing through a shdrop&iQ, and characterized by their

NMR and mass spectral analysis.

Table 1: Optimization of selective acetolysis of primarynbg group in compound.

Ac,0 AcO OAC

AcO OBn _
BnO&/OPMP m BnO&&/opMP
OBn OBn
1 19

S.  Ac,0O HCIO4SIO, Temp. Time Yidd
No. Equiv. mg/100mg (°C) (min) (%)
1 15 25 0°C 10 85
2 2.0 25 0°C 10 85
3 1.2 25 0°C 10 78
4 15 10 0°C 10 85
5 15 10 -10°C 30 70
6 1.5 10 RT 5 60

& Together with some by products.

Table 2: Selective acetolysis of primary benzyloxy groupk differentially protected
monosaccharide derivatives using acetic anhyddde €quiv.) and HCIQSIO, (10 mg/100
mg of substrate) as solid acid catalyst.

S Starting material Acetolysis product Temp. Time
No. (Yieldin %) (°C)  (min)
1 AcO OBn AcO OAc 0°C 10
BnO&/OPMP BnO&/OPMP
OBn OBn
1 19 (85%; 829%)
2 BnO OAc ACO%@C 0°C 10
BnO&% BnO Q
AcO AcO
OPMP OPMP
2 20 (82%)
3 OBn OAc 0°C 10
Acoﬁ% Acoé%
AllO AllO
BnOoMe BnOoMe
3 21 (80%)
4 BnO&n AcO Bn 0°C 10
AcO Q AcO Q
BnO BnO
OAll OAIl
4 22 (82%)
5 AcO OBn AcO OAc 0°C 10
AcO N2 _oc,H,, AcO&&/OCgHﬂ
OBn OBn
5 23 (78%)
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17 OBn OAc RT 20

AcO 0] AcO QO
XcOéWOA” AcoéthAll

NPhth NPhth
17 34 (76%)
18 BnO OBn BnO OAc 0°C 5

% = go
o} 2 0
BnO | @7 BnO L NHCbz
ACQM O\@/ Z AcO 7 hYA
o)

3
2o 18 <0
18

35 (75%)
% in a scale 10 g of the substrate

3. Conclusion

In conclusion, a significantly fast, mild and coniant reaction condition has been developed
for the preparation of the selectively acetolysisdoicts of the primary benzyloxy groups in
carbohydrate derivatives using acetic anhydridehm presence of a catalytic quantity of
HCIO4-SiO, under solvent-free conditions. This method willdmnsidered as alternative for
the temporary protection of primary hydroxyl growgth benzyl ether avoiding the
conventional bulky protecting groups such as TBDFBEDMS, trityl etc. A large number of
functional groups used for protecting group marapah of carbohydrates remained
unaffected under the reaction condition. This opanally simple reaction protocol will
certainly be considered as better alternative ¢oréported methods and find applications in

oligosaccharide syntheses.

4, Experimental

4.1. General methods: All reactions were monitored by thin layer chroowgphy over
silica gel coated TLC plates. The spots on TLC wasealized by warming ceric sulphate
(2% Ce(SQ), in 2N H,S(Oy) sprayed plates in hot plate. Silica gel 230-4@3Imwas used for
column chromatography. NMR spectra were recordedBruker Avance 500 MHz using
CDCl; as solvent and TMS as internal reference unlesedsbtherwise. Chemical shift value
is expressed id ppm. The complete assignment of proton and caspentra was carried out
by using a standard set of NMR experiments, #gNMR, *C NMR, **C DEPT 135 etc.
HRMS were recorded on a Bruker mass spectrometelOHSIO, was prepared following
the reported methad:??



42. Preparation of HClO4SIiO, catalyst®® HCIO, (1.8 g, 12.5 mmol, as a 70% aq.
solution) was added to a suspension of,SE30-400 mesh, 23.7 g) inJ&X (70.0 mL). The
mixture was concentrated and the residue was heaté80°C for 72 h under vacuum to
furnish HCIQ-SiO; (0.5 mmol/g) as a free flowing powder. (50 mg prx. 0.025 mmol of
HCIO,).

4.3. Typical reaction condition for the acetolysis of 6-benzyloxy group in
carbohydrate derivative: A mixture of compoundl (100 mg, 0.17 mmol) in acetic
anhydride (25uL, 1.5 mmol) was cooled to TC. To the cooled reaction mixture was added
HCIO,-SiO, (10 mg) and the reaction mixture was stirred ateseemperature for appropriate
time mentioned in Table 2. The reaction mixture \iksred and washed with EtOAc (15
mL) and concentrated under reduced pressure totlggsproduct, which was passed through
a short pad of SiDto give analytically pure compouri® (80 mg, 85%). Following the
similar reaction condition, a set of @acetylated products were prepared from their

corresponding 6-benzyloxy derivatives.

4.4.  Spectral data of synthesized 6-O-acetylated products:

p-M ethoxyphenyl 4,6-di-O-acetyl-2,3-di-O-benzyl-B-p-galactopyranoside (19): Colorless
syrup;*H NMR (500 MHz, CDGJ): § 7.27-7.24 (m, 10 H, Ar-H), 6.99 (d,= 9.0 Hz, 2 H,
Ar-H), 6.78 (d,J = 9.0 Hz, 2 H, Ar-H), 5.49 (d] = 3.0 Hz, 1 H, Ar-H), 4.96 (d] = 11.5 Hz,
1 H, PhQH), 4.82 (dJ = 11.5 Hz, 1 H, PhB), 4.80 (d,J;2=9.5 Hz, 1 H, H-1), 4.74 (d,=
11.5 Hz, 1 H, Ph#), 4.53 (d,J = 11.5 Hz, 1 H, PhB), 4.17-4.15 (m, 2 H, H-§), 3.90-3.79
(m, 2 H, H-2, H-5), 3.77 (s, 3 H, @), 3.59 (ddJz334= 9.5, 3.5 Hz, 1 H, H-3), 2.17 (s, 3
H, COCHs), 2.07 (s, 3 H, COBs); *C NMR (125 MHz, CDG): § 170.1 COCHg), 170.0
(COCHg), 155.5-114.5 (Ar-C), 103.1 (C-1), 79.0 (C-3), ¥g§C-4), 75.5 (P8H,), 72.2
(PhCH), 70.9 (C-5), 66.2 (C-2), 61.9 (C-6), 55.5085), 20.8 (CQCH3), 20.7 (CCQCH3);
HRMS [M+Na]": 573.2101 (calcd.); found: 573.2092 (found).

p-Methoxyphenyl 2,3,6-tri-O-acetyl-4-O-benzyl-a-b-mannopyranoside (20): Colorless
syrup;*H NMR (500 MHz, CDCY): 6 7.40-7.20 (m, 5 H, Ar-H), 6.98 (d,= 9.0 Hz, 2 H, Ar-
H), 6.78 (d,J = 9.0 Hz, 2 H, Ar-H), 5.53 (ddb 334= 3.0, 9.5 Hz, 1 H, H-3), 5.34-5.32 (m, 1
H, H-2), 5.28 (br s, 1 H, H-1), 4.70 (@= 11.5 Hz, 1 H, PhB), 4.60 (dJ = 11.5 Hz, 1 H,
PhCH), 4.30-4.28 (m, 2 H, H+#), 4.07-4.04 (m, 1 H, H-5), 3.83 (34.45= 9.5 Hz each, 1 H,
H-4), 3.75 (s, 3 H, OB3), 2.16 (s, 3 H, COBs), 2.03 (s, 3 H, COB3), 1.99 (s, 3 H,
COCH5); °C NMR (125 MHz, CDGJ): § 170.1 COCHs), 169.5 COCH), 169.3 COCH),



155.3-114.5 (Ar-C), 96.6 (C-1), 74.8 (@H,), 73.0 (C-5), 71.6 (C-3), 70.1 (C-2), 69.9 (C-4),
62.8 (C-6), 55.4 (GOH3), 20.9 (CGCH3), 20.8 (CQCHs), 20.7 (CCQCH3); HRMS [M+NaJ":
525.1737 (calcd.); 525.1747 (found).

Methyl 4,6-di-O-acetyl-3-O-allyl-2-O-benzyl-a-p-glucopyranoside (21): Colorless syrup;
'H NMR (500 MHz, CDCY): § 7.34-7.26 (m, 5 H, Ar-H), 5.90-5.81 (m, 1 HHECH,), 5.25-
5.11 (m, 2 H, CH=@,), 4.91 (t,J3445= 10.0 Hz each, 1 H, H-4), 4.79 @= 11.5 Hz, 1 H,
PhH), 4.62 (dJ=11.5Hz, 1 H, PhB), 4.54 (d,J; = 3.5 Hz, 1 H, H-1), 4.34-4.30 (m, 1 H,
OCH), 4.19 (dd,Jsaepeas= 12.0, 5.0 Hz, 1 H, H-$, 4.13-4.08 (m, 1 H, O8), 3.99 (dd,
Joasbiebs= 12.0, 2.0 Hz, 1 H, Hp, 3.81-3.78 (m, 1 H, H-5), 3.75 (la3.34= 9.5 Hz each, 1
H, H-3), 3.49 (ddJ;».3= 3.0, 9.5 Hz, 1 H, H-2), 3.36 (s, 3 H, B¢}, 2.06 (s, 3 H, COB5);
3C NMR (125 MHz, CDGJ): § 170.3 COCHg), 169.2 COCH;), 137.9-116.6 (Ar-C), 98.3
(C-1), 79.3 (C-3), 78.7 (C-4), 74.1 (BH,), 73.5 (CCH,), 69.8 (C-5), 67.6 (C-2), 62. 2 (C-6),
55.3 (OCH3), 20.9 (CQCH3), 20.8 (CAQCH3); HRMS [M+Na]: 431.1682 (calcd.); 431.1673
(found).

Allyl 4,6-di-O-acetyl-2,3-di-O-benzyl-a-p-glucopyranoside (22): Colorless syrup*H NMR
(500 MHz, CDC}): 6 7.35-7.20 (m, 10 H, Ar-H), 5.86-5.80 (m, 1 HHIECH,), 5.39 (t,J3 4.45
= 10.0 Hz each, H-4), 5.23-5.16 (m, 2 H, CH¥{; 4.85 (d,J; > = 10.0 Hz, 1 H, H-1), 4.74
(d,J=12.0 Hz, 1 H, PhB), 4.67 (d,J = 12.0 Hz, 1 H, PhA), 4.56 (d,J = 12.0 Hz, 1 H,
PhCH), 4.47 (d,J = 12.0 Hz, 1 H, PhB), 4.19 (dd Jsa6b:6a5= 12.0, 5.0 Hz, 1 H, Hp, 4.14-
4.08 (m, 2 H, OEl,), 3.95 (ddJsaepeps= 12.0, 2.5 Hz, 1 H, H4), 3.82-3.80 (m, 2 H, H-3,
H-5), 3.78 (br s, 1 H, H-2), 2.07 (s, 3 H, CB4, 1.99 (s, 3 H, COB3); °C NMR (125
MHz, CDCk): 6 170.4 COCHs), 169.3 COCHg), 138.1-127.3 (Ar-C), 117.6CH=CH,),
97.5 (C-1), 77.2 (C-5), 74.1 (C-3), 72.8 (M), 71.9 (PICH,), 69.3 (C-4), 68.1 (OH,),
68.0 (C-2), 62.9 (C-6), 20.8 (GIBi3), 20.7 (CCCH3); HRMS [M+NaJ: 507.1995 (calcd.);
507.2004 (found).

Octyl 3,4,6-tri-O-acetyl-2-O-benzyl-B-o-galactopyr anoside (23): Colorless syrup*H NMR
(500 MHz, CDC}): 6 7.31-7.23 (m, 5 H, Ar-h), 5.30 (& 4.45 = 3.0 Hz each, 1 H, H-4), 4.93
(dd, Jo3.34= 9.5, 3.0 Hz, 1 H, H-3), 4.87 (d= 11.5 Hz, 1 H, PhB), 4.60 (dJ=11.5Hz, 1
H, PhCH), 4.43 (d,J1» = 8.0 Hz, 1 H, H-1), 4.13-4.07 (m, 2 H, Hy6 3.96-3.90 (m, 1 H,
OCH), 3.84-3.80 (m, 1 H, H-5), 3.59-3.50 (m, 2 H, H&CH), 2.09 (s, 3 H, CORj3), 2.03
(COCH3), 1.93 (s, 3 H, CORy), 1.68-1.60 (m, 2 H, B,), 1.40-1.20 (m, 10 H, &), 0.87 (t,

J = 7.0 Hz, 3 H, B3); °C NMR (125 MHz, CDGJ): 5 169.9 COCHs), 169.8 COCH),



169.6 COCHs), 138.3-127.5 (Ar-C), 103.8 (C-1), 76.3 (C-3), §4PICH,), 72.1 (C-4), 70.4
(OCH,), 70.3 (C-5), 67.3 (C-2), 61.2 (C-6), 31@8Hy), 29.7 CHy), 29.4 CH>), 29.1 CH,),
25.8 CH,), 22.6 CH>), 20.7 (CGCH3), 20.6 (2 C, 2 COH3), 14.4 CH3); HRMS [M+NaJ":
531.2570 (calcd.); 531.2561 (found).

2-Trimethylsilylethyl 2,4,6-tri-O-acetyl-3-O-benzyl-a-p-glucopyranoside (24): Colorless
syrup;*H NMR (500 MHz, CDCJ): & 7.28-7.15 (m, 5 H, Ar-H), 5.00 (d; > = 3.5 Hz, 1 H,
H-1), 4.98 (tJ3445 = 9.5 Hz each, 1 H, H-4), 4.76 (d#{,»-3= 3.0, 9.5 Hz, 1 H, H-2), 4.63
(d,J=11.5Hz, 1 H, PhB), 4.52 (dJ = 11.5 Hz, 1 H, PhB), 4.09 (dd Jsa 6p:6a5= 12.5, 5.0
Hz, 1 H, H-6), 3.97 (ddJsaebens= 12.5, 2.5 Hz, 1 H, Hyp, 3.88 (t,J2.3.34= 9.5 Hz each, 1
H, H-3), 3.83-3.79 (m, 1 H, H-5), 3.76-3.71 (m, 1®ICH), 3.48-3.40 (m, 1 H, O&), 2.02
(s, 3H, COEi3), 1.98 (s, 3 H, COR3), 1.88 (s, 3 H, CORB3), 0.87-0.77 (m, 2 H, B,), 0.00
(s, 9 H, Si(®s)3); *C NMR (125 MHz, CDGJ): § 170.3 COCHs), 170.1 COCHs), 169.8
(COCHg), 137.1-126.0 (Ar-C), 96.0 (C-1), 75.0 (C-5), 78H81CH,), 68.4 (C-3), 67.5 (C-4),
64.0 (2 C, C-2, GQH,), 61.9 (C-6), 25.6GH,), 20.9 (2 C, 2 CGHj3), 20.8 (CACH3); HRMS
[M+Na]*: 519.2027 (calcd.); 519.2016 (found).

Methyl 6-O-acetyl-2,3,4-tri-O-benzyl-a-o-mannopyranoside (25): Colorless syrup;'H
NMR (500 MHz, CDCY): & 7.33-7.16 (m, 15 H, Ar-H), 4.91 (d,= 11.0 Hz, 1 H, PhB),
4.71-4.68 (m, 2 H, 2 PHQ), 4.59-4.55 (m, 3 H, H-1, 2 Pk}, 4.32-4.22 (m, 2 H, H-4,
PhCH), 3.89-3.88 (m, 1 H, H-5), 3.87-3.81 (m, 2 H, k)63.74-3.72 (m, 2 H, H-2, H-3),
3.30 (s, 3 H, O65), 2.04 (s, 3 H, COB3); **C NMR (125 MHz, CDGJ): § 170.5 COCH),
138.3-127.6 (Ar-C), 98.9 (C-1), 80.2 (C-5), 75.3hQPi,), 74.5 (2 C, C-3, C-4), 72.6
(PhCH,), 72.1 (PIEH,), 70.0 (C-2), 63.1 (C-6), 54.7 (@3), 20.8 (CQCH3); HRMS
[M+Na]*: 529.2203 (calcd.); 529.2212 (found).

p-Methoxyphenyl 2,3,4,6-tetra-O-acetyl-a-o-mannopyranoside (26): Colorless syrup*H
NMR (500 MHz, CDCY): § 7.18 (d,J = 9.0 Hz, 2 H, Ar-H), 6.80 (d] = 9.0 hz, 2 H, Ar-H),
5.51 (dd,J»334= 3.0, 9.5 Hz, 1 H, H-3), 5.39 (br s, 1 H, H-23B(br s, 1 H, H-1), 5.29 (t,
Js445= 9.5 Hz each, 1 H, H-4), 4.26 (dBaebeas= 12.0, 4.0 Hz, 1 H, H+p, 4.12-4.09 (m, 1
H, H-5), 4.05 (ddJsaeb:6b5= 12.0, 2.0 Hz, 1 H, Hi, 3.76 (s, 3 H, OB3), 2.19 (s, 3 H,
COCHS3), 2.05 (s, 3 H, COBa), 2.04 (s, 3 H, COB5), 2.02 (s, 3 H, COB5); *C NMR (125
MHz, CDCh): & 170.1 COCH), 169.6 COCHs), 169.5 COCH;), 169.4 COCHs), 155.4-
114.6 (Ar-C), 96.6 (C-1), 69.5 (C-5), 69.0 (C-38.% (C-4), 66.0 (C-2), 62.1 (C-6), 55.4



(OCHa), 20.8 (CQCHs3), 20.7 (2 C, 2 CQHs), 20.6 (CACH3); HRMS [M+Na]: 477.1373
(calcd.); 477.1380 (found).

Methyl 3,4,6-tri-O-acetyl-2-O-benzoyl-a-p-glucopyranoside (27): Colorless syrup;™H
NMR (500 MHz, CDC}): § 7.60-7.27 (m, 5 H, Ar-H), 5.69 (#;3.34= 10.0 Hz each, 1 H, H-
3), 5.15 (tJs445= 9.5 Hz each, 1 H, H-4), 5.13 @,,= 3.5 Hz, 1 H, H-1), 5.07 (ddy 22 3=
3.5, 9.5 Hz, 1 H, H-2), 4.31 (ddgaep6as = 12.0, 5.0 Hz, 1 H, Hp 4.13 (dd Jsae0:60,5=
12.0, 2.5 Hz, 1 H, H+§, 4.08-4.03 (m, 1 H, H-5), 3.40 (s, 3 H, B¢}, 2.12 (s, 3 H, COB,),
2.06 (s, 3 H, COHj), 1.95 (s, 3 H, COB5); *C NMR (125 MHz, CDG)): § 170.7
(COCH), 170.2 COCHs), 169.6 COCHs), 165.7 COPh), 133.5-128.6 (Ar-C), 96.9 (C-1),
71.6 (C-5), 70.0 (C-4), 68.4 (C-3), 67.2 (C-2),%B(C-6), 55.5 (@H3), 20.7 (CQCH3), 20.6
(COCHs), 20.5 (CQCHs); HRMS [M+Na]': 447.1267 (calcd.); 447.1276 (found).

p-Methoxyphenyl 4,6-di-O-acetyl-2,3-di-O-benzyl-3-p-glucopyranoside (28): Colorless
syrup;*H NMR (500 MHz, CDCY): § 7.33-7.17 (m, 10 H, Ar-H), 7.17 (d,= 9.0 Hz, 2 H,
Ar-H), 6.80 (d,J = 9.0 Hz, 2 H, Ar-H), 5.07-5.00 (m, 2 H, H-4, BH}; 4.85-4.78 (m, 2 H, H-
1, Ph@H), 4.62-4.60 (m, 2 H, 2 PhQ), 4.25-4.18 (m, 1 H, H-$ 4.10-4.07 (m, 1 H, Hp,
3.77 (s, 3 H, OB3), 3.71 (t,J2.3.34= 9.5 Hz each, 1 H, H-3), 3.65-3.58 (m, 2 H, H-25H
2.11 (s, 3 H, COH3), 1.91 (s, 3 H, COB3); °C NMR (125 MHz, CDGJ): & 169.3
(COCH), 168.1 COCHs), 154.5-113.4 (Ar-C), 101.8 (C-1), 80.6 (C-5), 80C-4), 74.1 (2
C, 2 PICH,), 70.9 (C-3), 67.9 (C-2), 61.2 (C-6), 54.508%), 20.0 (CCCH3), 19.9 (CCCHy);
HRMS [M+Na]": 573.2101 (calcd.); 573.2092 (found).

p-Methoxyphenyl 2,4,6-tri-O-acetyl-3-O-allyl-B-p-galactopyranoside  (29): Colorless
syrup;*H NMR (500 MHz, CDCJ): 6 6.96 (d,J = 9.0 hz, 2 H, Ar-H), 6.80 (dl = 9.0 Hz, 2
H, Ar-H), 5.82-5.74 (m, 1 H, B=CH,), 5.43 (ddJs445= 2.5 Hz each, 1 H, H-4), 5.27 (t,
Ji223= 9.5 Hz each, 1 H, H-2), 5.23-5.16 (m, 2 H, CHt&; 4.82 (d,J12= 9.5 Hz, 1 H, H-
1), 4.18-4.12 (m, 3 H, H:6OCHy), 3.93-3.87 (m, 2 H, H-5, Hpl§ 3.76 (s, 3 H, O8j3), 3.55
(dd, J2,3.34= 9.5, 3.0 Hz, 1 H, H-3), 2.17 (s, 3 H, CB¢}, 2.09 (s, 3 H, COB3), 2.06 (s, 3 H,
COCH3); °C NMR (125 MHz, CDGJ): § 170.1 COCHs), 170.0 COCH;), 168.9 COCH),
155.6-114.4(Ar-C), 100.8 (C-1), 76.3 (C-3), 71.24Y.70.5 (GCH; ), 70.3 (C-5), 65.7 (C-2),
61.8 (C-6), 55.5 (QHs), 20.8 (CQCH3), 20.7 (CCCH3), 20.6 (CACH3); HRMS [M+NaJ":
475.1580 (calcd.); 475.1590 (found).

Methyl 6-O-acetyl-2,3,4-tri-O-benzoyl-a-o-glucopyranoside (30): Colorless syrup;*H
NMR (500 MHz, CDC)): § 7.90-7.27 (m, 15 H, Ar-H), 6.10 (f.3.34= 9.5 Hz, 1 H, H-3),



5.57 (t,J3445= 9.5 Hz each, 1 H, H-4), 5.25 (d#},»» 3= 3.5, 9.5 Hz, 1 H, H-2), 5.22 (ds,
= 3.5 Hz, 1 H, H-1), 4.31-4.20 (m, 3 H, H-5, K6 3.48 (s, 3 H, O83), 2.07 (s, 3 H,
COCH5); *C NMR (125 MHz, CDGCJ): & 170.2 COCH;), 165.6 (2 C, 2COPh), 165.1
(COPh), 133.3-128.2 (Ar-C), 97.1 (C-1), 71.9 (C-5),37(C-3), 69.2 (C-4), 67.5 (C-2), 62.4
(C-6), 55.6 (@Hsz), 20.7 (CAHs); HRMS [M+Na]’: 571.1580 (calcd.); 571.1589 (found).

Methyl 6-O-acetyl-2,3,4-tri-O-benzoyl-a-o-mannopyranoside (31): Colorless syrup;H
NMR (500 MHz, CDC})): 6 8.15-7.23 (m, 15 H, Ar-H), 5.88 (3 4.45= 9.5 Hz each, 1 H, H-
4), 5.84 (ddJ,3.34= 3.0, 9.5 Hz, 1 H, H-3), 5.63-5.62 (m, 1 H, H-2)96 (br s, 1 H, H-1),
4.34-4.24 (m, 3 H, H-5, H4§, 3.54 (s, 3 H, 083), 2.01 (s, 3 H, COB3); *C NMR (125
MHz, CDCh): 6 170.2 COCHg), 165.3 COPh), 165.2 COPh), 165.1 COPh), 133.4-128.2
(Ar-C), 98.6 (C-1), 70.3 (C-5), 69.8 (C-3), 68.5-2%; 67.0 (C-4), 62.8 (C-6), 55.5 @Bi3),
20.6 (CQCHa3); HRMS [M+NaJ: 571.1580 (calcd.); 571.1589 (found).

p-Methoxyphenyl  3,4,6-tri-O-acetyl-2-azido-2-deoxy-B-p-galactopyranoside (32):
Colorless syrup*H NMR (500 MHz, CDCJ): & 6.84 (d,J = 9.0 Hz, 2 H, Ar-H), 6.72 (d] =
9.0 Hz, Ar-H), 5.83 (ddJ2334= 9.5, 3.0 Hz, 1 H, H-3), 5.78 (di»= 10.0 Hz, 1 H, H-1),
5.49 (ddJs 445= 2.5 Hz each, 1 H, H-4), 4.74 (d 22 3= 9.5 Hz each, 1 H, H-2), 4.25-4.09
(m, 3 H, H-5, H-Gy), 3.72 (s, 3 H, O83), 2.24 (s, 3 H, COBy), 2.06 (s, 3 H, COR3), 1.88
(s, 3 H, COGls); *C NMR (125 MHz, CDGJ): § 170.0 COCHs), 169.9 (2 C, ZZOCH),
155.3-114.4 (Ar-C), 97.9 (C-1), 71.0 (C-3), 68.04); 66.5 (C-5), 61.2 (C-6), 55.4 @bi3),
51.3 (C-2), 20.7 (COH3), 20.6 (CQCH3), 20.5 (CQCHs); HRMS [M+NaJ: 460.1332
(calcd.); 460.1343 (found).

p-Methoxyphenyl  4,6-di-O-acetyl-2-azido-3-O-benzoyl-2-deoxy-a-p-galactopyranoside
(33): Colorless syrupH NMR (500 MHz, CDCJ): & 8.0-6.82 (m, 9 H, Ar-H), 5.79 (dd,
J2334= 9.5, 3.0 Hz, 1 H, H-3), 5.69 (d& 4.45= 2.5 Hz each, 1 H, H-4), 5.55 (@,> = 3.5
Hz, 1 H, H-1), 4.50-4.47 (m, 1 H, H-5), 4.18-4.0%, 2 H, H-6p), 3.90 (ddJ; »-3= 9.5, 3.5
Hz, 1 H, H-2), 3.78 (s, 3 H, ), 2.12 (s, 3 H, COB5), 1.99 (s, 3 H, COBs); *C NMR
(125 MHz, CDCY)): 6 169.9 COCHg), 169.4 COCHg), 165.1 COPh), 155.7-114.6 (Ar-C),
98.2 (C-1), 68.7 (C-3), 67.6 (C-4), 67.5 (C-2),41C-6), 57.8 (C-5), 55.5 (CH3), 20.6
(COCHs), 20.5 (CGCHs); HRMS [M+NaJ: 522.1489 (calcd.); 522.1480 (found).

Allyl  3,4,6-tri-O-acetyl-2-deoxy-2-N-phthalimido-f-p-glucopyranoside (34): Colorless
syrup;*H NMR (500 MHz, CDCJ): § 7.73-7.70 (m, 4 H, Ar-H), 5.75 @,= 9.5 Hz, 1 H, H-
3), 5.73-5.68 (m, 1 H, B=CH,), 5.39 (d,J = 8.5 Hz, 1 H, H-1), 5.15 (] = 9.0 Hz, 1 H, H-



2), 5.14-5.06 (m, 2 H, CH4y), 4.33-4.25 (m, 3 H, H-4, H6OCH), 4.16-4.13 (m, 1 H,
OCH), 4.05 (ddJ = 12.0, 2.5 Hz, 1 H, Hi, 3.85-3.82 (m, 1 H, H-5), 2.11 (s, 3 H, CBY,
2.02 (s, 3 H, COHj3), 1.86 (s, 3 H, COB3); *C NMR (125 MHz, CDG)): 5 170.3
(COCHg), 169.9 COCHg), 169.1 COCH), 134.1-117.9 (Ar-C), 97.1 (C-1), 71.9 (C-5), 70.8
(C-3), 70.0 (C-4), 68.9 (CHy), 61.9 (C-6), 54.5 (C-2), 20.7 (@MHi3), 20.6 (CACH3), 20.4
(COCHz3); HRMS [M+Na]': 498.1376 (calcd.); 498.1385 (found).

3-(N-Benzyloxycarbonyl)aminopropyl  (4-O-acetyl-2,3-O-isopropylidene-a-L-rhamno-
pyranosyl)-(1—3)-6-0-acetyl-2,4-di-O-benzyl-a-o-galactopyranoside (35): *H NMR (500
MHz, CDCk): & 7.34-7.28 (m, 15 H, Ar-H), 5.38 (br s, 1 H, B)}15.25-5.14 (m, 2 H,
PhCH,Cbz), 4.84-4.76 (m, 3 H, Ha1H-4s, NH), 4.64-4.58 (m, 3 H, 3 PH4), 4.16-4.09 (m,
4 H, H-3, H-35, H-62n, PhQH), 4.07-4.01 (m, 2 H, Hf, OCH), 3.97 (dd,J = 9.5 Hz, 3.5
Hz, 1 H, H-2), 3.92 (m, 1 H, H-F), 3.83-3.79 (m, 2 H, Hg H-53), 3.78-3.73 (m, 1 H,
OCH), 3.71 (br s, 1 H, H4), 3.64-3.58 (m, 1 H, NB), 3.42-3.35 (m, 1 H, NB), 2.09 (s, 3
H, COHs), 1.98 (s, 3 H, COB5), 1.88-1.76 (m, 2 H, B,), 1.53 (s, 3 H, CH3), 1.34 (s, 3
H, CCHs), 1.15 (d,J = 6.0 Hz, 3 H, CEl3); *C NMR (125 MHz, CDGCJ): § 172.4 COO-),
170.0 COCHg), 169.5 COCHg), 138.2-127.8 (Ar-C), 109.85(CHz),), 98.8 (C-1), 97.0 (C-
1g), 77.3, 76.8, 76.0, 75.8, 75.6 (Bt,), 74.8, 74.4, 72.5 (R3H,), 68.7, 68.4 (PGH,), 66.1
(C-61), 64.8, 63.4 (GH,), 41.6 (NCH.), 28.8 CH.), 27.7 (QCH3), 26.7 (GCH3), 20.9
(COCHa3), 20.6 (CGCH3), 16.7 (GCH3); HRMS [M+NaJ]: 844.3521 (calcd.); 844.3530
(found).
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Resear ch Highlights

» A convenient methodology for the selective acetolysis of primary benzyloxy groups.
» Thereaction condition is significantly fast, mild and highly selective.

* A cataytic quantity of HCIO4-SIO, is required avoiding organic solvents.

*  HCIO4-SIO; has been used as a solid acid catalyst.

* Most of the functional groups used in carbohydrates remained unaffected.
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