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3.1 Introduction

Carbohydrates are one of the important biomolecules that play a vital role in human health
and disease [1]. In this context, the glycosides and glycoconjugates bearing uronic acid
units are widespread in nature and involved in diverse biological functions [2]. For
example, uronic acids are part of biologically relevant polysaccharides such as
glycosaminoglycans (i.e., heparin sulphate, dermatan sulphate, chondroitin sulphate and
hyaluronan), bacterial and marine polysaccharides, saponins, homoglycuronans, etc.,

(Figure 3.1). [2, 3]
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Figure 3.1 Biologically relevant polysaccharides containing uronic acids
Synthesis of uronic acid-containing glycosides is typically achieved using orthogonally
protected uronic acid building blocks [2-4]. The carboxylic acid group in uronic acid is

usually protected as methyl esters and cleaved at the end of oligosaccharides assembly by
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saponification reactions [2-4]. However, the synthesis of uronic methyl esters requires
hazardous diazomethane (toxic, carcinogenic and explosive) [5] or methyl iodide with a
strong base which usually results in low yield (Scheme 3.1, A) [6]. Therefore, it is still
desirable to develop simple and mild esterification protocols for the preparation of uronic

esters.
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Scheme 3.1 Synthesis of uronic esters
As a part of our ongoing research program in carbohydrate synthesis [7], we have
demonstrated an efficient method for the preparation of diverse uronic acids from
corresponding alcohols using 1-chloro-1, 2-benziodoxol-3(1H)-one and TEMPO at room
temperature [7h]. Also, we have recently explored the photolabile protecting group (2-

nitrobenzyl) as a promising masking agent for uronic acids and its proficient deprotection

Department of Chemistry, [IT (BHU), Varanasi. Page 51



CHAPTER-3

using a continuous flow photoreactor [7c]. In continuation of these works, here we report a
convenient and practical approach for the esterification of uronic acids with alcohols using
an eco-friendly catalyst, silica-sulphuric acid (H2SOs-Si0O>) at room temperature (Scheme

3.1, B).
3.2 Results and Discussion

At the outset, various homogeneous Bronsted acids were used as catalysts for the
esterification reaction of uronic acid 1a with methanol at room temperature (30-32 °C). It
was observed that the reactions with sulphuric acid, triflic acid and perchloric acid were
found to be incompetent due to their intolerance towards sensitive acetyl group resulting in
the formation of deprotected product in a major amount (Table 3.1, entries 1-3). Solid
supported catalysts play very important roles in organic synthesis [8]. In particular, silica-
supported Bronsted acids are well explored as catalysts in many transformations to achieve
high selectivity and yields [9]. More importantly, silica-supported sulphuric acid has been
previously used in carbohydrate chemistry to synthesize O-isopropylidene and per-O-acetyl
sugar derivatives, deprotection of the terminal O-isopropylidene group, the Fischer or
Ferrier-type glycosylation reactions, etc [10]. In light of these reports, we have investigated
the esterification of uronic acid 1a with methanol in the presence of different silica-
supported acid catalysts. To our delight, SiO2-HBF4, SiO2-TfOH, SiO2-HCIO4 and SiO2-
H>SO4 proved to be better catalysts for the esterification reaction when compared with
parent acids (Table 3.1, entries 4-7). Among them, H>SO4-SiO> gave the most satisfactory

result by providing the desired ester 2a in 90% yield (Table 3.1, entry 7).
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Table 3.1 Optimization of the reaction condition.?

HOOC MeO,C
AcO % +  CH;0H Catalyst AcO
AOTAO OCHj, 30-32°C A0 40 OCHj,
1a 2h 2a
Entry Catalyst Loading of acid (mmol g*) Yield (%)°
1 °H2SO04 - 10
2 ‘TfOH - >5
3 *HCIO4 - Trace
4 HBF4-SiO, 5.0 40
5 TfOH-SiO; 5.0 62
6 HCIO,-SiO; 5.0 79
7 H2S04-SiO; 5.0 90
8 H.S0,-SiO: 6.0 90
9 H,S0,-SiO: 3.0 61
10 H2S04-SiO; 1.0 52
11 SiO; - 0
12 Amberlite-H* - 25
13 Dowex-H* - 34

Reaction Conditions: Uronic acid (67 mg, 0.2 mmol, 1 equiv.), methanol (1 mL) and
catalyst (30 mg, containing 0.15 mmol of H2SO4) were stirred together for 2 hours at 30-32
°C. PIsolated yields. ©20uL of protic acids were used.

Further, the catalysts with different loading of sulphuric acid (on SiO.) were examined for
the esterification reaction. The yield of 2a did not increase with a high-loaded silica-

sulphuric acid, while a subsequent decrease was observed with low-loaded catalysts (Table
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3.1, entries 8-10). Also, it is worth noting that no product was observed with silica alone at
room temperature (Table 3.1, entry 11). Also, acidic resins such as Amberlite and Dowex
were found to be less efficient for the esterification reaction in comparison to silica-
supported acid catalysts (Table 3.1, entries 12 and 13).

Table 3.2 Esterification of various protected monosaccharide uronic acids.*®

HOOC MeO,C
RO 0 MeOH _ RO O
RO H,S0,-Silica RIO=
1Y OCH; 30.32°C 19 OCH,
1a-11 2a -21
MeO,C MeO,C MeO,C MeO,C
AcO BzO 0 BnO 0 BnO O
AcO BzO BzO BnO
AcO OCHj, BzO OCHj, BzO OCH, BnO OCHj,
2a (1.5 h, 90%) 2b (1.5 h, 94%) 2¢ (1.5 h, 92%) 2d (1 h, 95%)
MeO,C MeO,C MeO,C ><0 Cozl\ge
BnO PBBO & NapO O 0
BnO BnO BnO 0
BnO OCHj, BnO OCHj, )<O
2e (1h,91%) 2f (1.5 h, 92%) 2g (2 h, 93%) 2h (1 h, 91%)
MeO,C MeO,C MeO,C HO 0—.u0
HO 0 HO 0 / =0
P1VO BnO BzO MeO,C "N
PivO OCH, BnO oCH, BzO OCH, BnO N
2i (2 h, 89%) 2j (2 h, 90%) 2k (2.5 h, 88%) 21 (2 h, 87%)

4Reaction Conditions: Uronic acid (0.2 mmol, 1 equiv.), methanol (1mL) and catalyst (30
mg, containing 0.15 mmol of H2SO4) were stirred together for 2 hours at 30-32 °C.
blsolated yield.

After establishing the optimized conditions, the applicability of the developed protocol was

investigated with differently protected uronic acids (1a-11) in the presence of methanol and

silica-sulphuric acid (Table 3.2). The uronic acids bearing acetyl, benzoyl, benzyl, pivaloyl,
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corresponding methyl esters 2a-2g in 90-95% yields without any side-product formation.
Interestingly, the acid-labile isopropylidene group protected uronic acid also underwent
esterification and provided the corresponding methyl ester 2h in 91% yield. Moreover,
partially protected uronic acids were also successfully converted into the corresponding
methy| esters 2i-21 in good yields without forming self-condensation products.

Table 3.3 Esterification of various thioglycoside uronic acids.*®

CO,H CO,M
RO o MeOH RO, N2
RO SR
kN 1 H,S0,-Silica RO SR
3a-3g 30-32°C 4a-4g OR
CO,Me CO,Me CO,Me CO,Me
BnO O BzO 0 BnO 0 BnO O
gnmsph ézoﬁﬁpsph gnmSBn B0 sph
OBn OBz OBn OBz
4a (1.5 h, 95%) 4b (2 h, 91%) 4c (2 h, 91%) 4d (1.5 h, 90%)
CO,Me MeO,C OBn BnO CO,Me
BnO 0 ~ BnO 0 0
BnO SEt BnO BnO SPh
OBn SPh OBn
4e (1.5 h, 96%) 4F (1.5 h, 95%) 4g (1.5 h, 95%)

4Reaction Conditions: Uronic acid (0.2 mmol, 1 equiv.), methanol (1 mL) and catalyst (30
mg, containing 0.15 mmol of H,SO4) were stirred together for 2 hours at 30-32°C. PIsolated
yields.

Thioglycosides are the most important glycosyl donors frequently used in the

oligosaccharide assembly. Given this fact, various thioglycoside uronic acids of glucose,

mannose and galactose bearing different protecting groups (3a-3g) were subjected to the
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esterification reaction with methanol in the presence of silica-sulphuric acid (Table 3.3). To
our delight, these reactions gave the corresponding methyl esters 4a-4g in 90-96% yields

within two hours.

COOH CILO CO,Me
RO 0) H;0H RO 0
ROFTO L CHsogsiiea ROT RO\ NG
Rms 30-32 °C RO >
RO 2.5h RO
R=-OBn (3h) R=-OBn (4h, 92%)
-OBz (3i) -OBz (4i, 89%)

Scheme 3.2 Esterification of maltose uronic acids using H2SOs-SiO>

Having explored the scope of monosaccharides esterification, we investigated the
esterification of disaccharides bearing different protecting groups (i.e., 3h and 3i) under
optimized conditions (Scheme 3.2). To our delight, these reactions gave the corresponding
disaccharide methyl esters 4h and 4i in 92% and 89% yields, respectively, within 2.5 hours
at room temperature.

Further, to understand the broad applicability of the developed method, esterification of
uronic acid 1d was investigated with different alcohols, including alkyl, benzyl,
cyclohexyl, allyl and propargyl alcohol (6a-6l1) in the presence of H2SOs-SiO2 (Table 3.4).
These reactions gave desired esters 5a-51 in 82-95 % yields under optimized conditions.
Further, a gram scale esterification was performed with uronic acid 3a under optimized
conditions (Scheme 3.3). This reaction gave the corresponding ester 4a in 91% vyield,

demonstrating the practical utility of the developed protocol.
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Table 3.4 Esterification of 1d using various aliphatic and aromatic alcohols.*®

OR
CO,H ?O;I 0
Bnom\ (6a-61) BnO 0
BnO . BnO
BnO OCH H,S0,-Silica BnO Ocp
1d 3 30-32°C 5a-51 3
O/\ O/\MZ/ O/\M4/ 0’< O/\)\
o 0 0 o o
BnO o BnO O BnO O BnO 0 BnO 0
BnO BnO n
BnO Bnb BnO BnO BnO
BnO ocH, OCHj OCHj BnO OcH, BnO (¢,

5a (1 h, 95%) 5b (1.5 h, 92%)

0NF /
0 o 0
BnO 0 o
BnO BnO
BnO OCH, BnO

BnO ocH;
5g (4 h, 85%)

00—/ (
O

5f (3 h, 86%)

o
O
(6]

(0] (6]
BnO BnO
BnO BnO

BnO OCHj,
51(2.5h, 85%)°

BnO OCH,
Sk (3 h, 84%)

Se (2 h, 93%)

00—
(0]
BnO ]
BnO

BnO OCH,
5j (2 h, 90%)

5S¢ (1.5, 91%)

O
o 0
BnO 0, 0
BnO BnO

BnO oCcH, BnO

5d (1 h, 94%)

5o

PN
O

BnO OCH,

5h (2.5 h, 90%) 5i (4 h, 82%)°

4Reaction Conditions: Uronic acid (96 mg, 0.2 mmol, 1 equiv.), alcohol (2 equiv.) and
catalyst (30 mg, containing 0.15 mmol of H2SO.) were stirred together for 2 hours at 30-

32°C. PIsolated yields. °SDCM (1mL)

was used as solvent.

HOOC CH3OH. MeO,C
H,S0,4-Si0
BnO 274 2_ BnO
SPh SPh
BnO 30-32°C, 1.5h  BnO
OBn > OBn
V)
3a 1% 4a
1.2 g (2.16 mmol) 1.12 g (1.96 mmol)

Scheme 3.3 Gram scale preparation of 4a under optimized reaction conditions
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After exploring the synthesis of uronic esters, their synthetic applications were investigated

in glycosylation reactions. Glycosylation of thioglycoside uronic ester 4a with different
acceptors in the presence of NIS/TfOH gave the corresponding O-glycosides 4aa-4ac in
85-89% vyields (Table 3.5).

Table 3.5 Glycosylation of 4a with acceptors a, b and ¢.2P

CO,Me CO,Me
0]
BnO (0] ROH BnO
BrnO SPh BnO OR
NIS, TfOH, CH,Cl, OBn
OBn o
4a -30°C 4aa-4ac
O, o 0
BnO 0o
BnO
R= BnO OCH,
4aa 4ab 4ac
89%, 1.5h 87%. 2 h 85%,2.5h
ab=1:1 ab=3:1 ab=1:1.5

®Reaction conditions: Donor 4a (99 mg, 0.2 mmol, 1 equiv.), acceptor: a and b (3 equiv.), ¢
(1.2 equiv.), CH2Cl, (5 mL), NIS/TfOH. Plsolated yields.

3.3 Summary

In summary, a highly efficient and convenient protocol for the preparation of uronic esters
from corresponding uronic acids and alcohols was reported using an eco-friendly solid-
supported catalyst, silica-sulphuric acid (H2S04-SiO). The reactions proceeded at room
temperature and provided various monosaccharide and disaccharide uronic esters of
glucose, mannose and galactose bearing different protecting groups and anomeric
functional groups. The developed protocol is much more tolerant towards commonly used

protecting groups including acetyl, benzoyl, pivaloyl, isopropylidene, benzyl, 2-naphthyl,
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etc. and gave the products in excellent yields within 4 hours. This protocol should prove
helpful in the synthesis of complex oligosaccharides.
3.4 Experimental Section

3.4.1 Procedure for preparation of H2SOQ4Silica [11]:

To silica gel (10 g, 100-200 mesh) in Et,O (50 mL) was added commercially available
conc. HxSO4 (4.91 g, 50.0 mmol) and shaken for 5 minutes. After that, the solvent was
evaporated in vacuo to get free-flowing H.SO4-silica. The resulting slurry was then dried

at 100 °C for 3 hours to obtain the desired silica-supported sulphuric acid catalyst.

3.4.2 Experimental procedure for preparation of various uronic methyl esters (2a-21)
using silica-supported sulphuric acid:

To a solution of uronic acid (0.2 mmol, 1.0 equiv.) in methanol (0.4 mmol, 2 equiv.) was
added silica-supported sulphuric acid (30 mg, 0.15 mmol) and stirred until the completion
of reaction. The reaction mixture was then filtered and rinsed using methanol. The filtrate
was neutralized with 0.5 mL of EtsN and was concentrated under reduced pressure. The
crude residue was further purified by column chromatography (SiO2:100-200 mesh) to
obtain the desired product using ethyl acetate/hexane as eluent.

3.5 Analytical data of uronic methyl esters

3.5.1 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-acetyl methyl ester
(2a)[12]

Viscous liquid (63 mg, 90%), Rf value =0.5 in 50% EtOAc/

co,Me

A0 N Hexane. TR vmax (n€at): 1745, 1735, 1215 cm [o]o2= +70.0
AcO OCH,4
2s [c 0.1, CHsOH]. 'H NMR (500 MHz, CDCls) 6 551 (t, J =

9.8 Hz, 1H), 5.16 (t, J = 9.8 Hz, 1H), 5.02 (d, J = 3.6 Hz,
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1H), 4.89 (dd, J = 10.2, 3.6 Hz, 1H), 4.29 (d, J = 10.1 Hz,

1H), 3.74 (s, 3H), 3.43 (s, 3H), 2.06 (s, 3H), 2.01 (s, 3H),
2.00 (s, 3H). *C NMR (125 MHz, CDCls) ¢ 170.0, 169.9,
169.5, 168.0, 97.0, 70.4, 69.6, 69.2, 68.1, 55.9, 52.8, 20.6
(2C), 20.5.

3.5.2 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzoyl-methyl
ester (2b) [13a, b]

s N

Colourless viscous oil (101 mg, 94%), R¢ value =0.5 in 20%
CO,Me
Bézoo % EtOAc/ Hexane. IR vmax (neat): 1748, 1726, 1220 cm
BzO OCHj,4 20 .
ob [a]o"=-123.5 [c 0.1, CHCI3]. *H NMR (500 MHz, CDClz)

N J

0 8.13-8.11 (m, 2H), 8.01-8.00 (m, 2H), 7.88-7.87 (m, 2H),
7.61 (t, J = 7.1 Hz, 1H), 7.55-7.38 (m, 6H), 7.30-7.28 (m,
2H), 6.01-5.95 (m, 2H), 5.71-5.70 (m, 1H), 5.16 (s, 1H),
4.67 (d, J = 9.0 Hz, 1H), 3.71 (s, 3H), 3.58 (s, 3H). *C NMR
(125 MHz, CDCls) § 168.3, 165.5, 165.4, 165.2, 133.5,
133.4, 133.3, 129.9, 129.7, 129.7, 129.2, 129.0, 129.0, 128.6,
128.4, 128.3, 98.9, 69.9, 69.8, 69.2, 67.9, 56.1, 52.8.

3.5.3 a-D-Glucopyranosiduronic acid, methyl 2-O-(phenylmethyl)-3, 4-tris-O-
benzoyl-methyl ester (2¢)

Colourless viscous oily syrup (96 mg, 92%), Rt value =0.6 in

COZMe
B0 N 20% EtOAc/ Hexane. IR vmax (neat): 1736, 1716, 1290 cm™*
BzO OCH,4
2¢ [a]o?°= +90.5 [c 0.1, CHCls]. *H NMR (500 MHz, CDCls) &
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7.99-7.97 (m, 4H), 7.55-7.50 (m, 2H), 7.41-7.37 (m, 4H),

7.21-7.18 (m, 3H), 7.16-7.13 (m, 2H), 6.05 (t, J = 9.5 Hz,
1H), 5.22-5.19 (m, 2H), 4.63 (d, J = 11.0 Hz, 1H), 4.59 (d, J
= 11.0 Hz, 1H), 4.43 (d, J = 9.9 Hz, 1H), 4.15 (t, J = 9.5 Hz,
1H), 3.81 (s, 3H), 3.47 (s, 3H). *C NMR (125 MHz, CDCls)
o 169.5, 165.9, 165.5, 137.1, 133.3, 133.1, 129.9, 129.7,
129.5, 129.0, 128.4, 128.3, 128.0, 127.9, 97.5, 77.7, 74.6,
71.9, 71.8, 70.0, 55.8, 52.7. HRMS: Calc. for CzoHzsO0
[M+H]*: 521.1812, Obser. 521.1813.

3.5.4 a-D-Glucopyranosiduronic acid, methyl-2,3,4-tris-O-(phenylmethyl)-
methyl ester (2d) [14a, b]

Viscous colourless oil (94 mg, 95%), Rt value =0.7 in 20%
C02M3

BSOO 0 EtOAc/ Hexane. IR vmax (neat): 1742 cm™. [a]p?°= -0.3 [c
n

2d

B
"O0CH; | 0.1, CHCIs]. 'H NMR (500 MHz, CDCI3) & 7.37-7.27 (m,

13H), 7.24-7.23 (m, 2H), 4.96 (d, J = 10.9 Hz, 1H), 4.84—
4.79 (m, 3H), 4.66-4.57 (m, 3H), 4.20 (d, J = 10.0 Hz, 1H),
4.00 (t, J = 9.3 Hz, 1H), 3.75-3.71 (m, 4H), 3.58 (dd, J = 9.6,
3.6 Hz, 1H), 3.40 (s, 3H). 2*C NMR (125 MHz, CDCls) §
170.1, 138.5, 137.9, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9,
127.9, 127.8, 127.7, 98.7, 81.4, 79.5, 79.3, 75.9, 75.1, 73.6,

70.1, 55.6, 52.4.
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3.5.5 D-Glucopyranosiduronic acid, methyl-1, 2,3,4-tetra-O-(phenylmethyl)-
methyl ester (2e) [/ mixture, ratio: 1: 5.5]

White solid (104 mg, 91%), Rs value =0.7 in 20% EtOAc/

CO,Me

Bgr?oﬁ&wom Hexane. IR vmax (neat): 1775, 1230 cm* M.P. 110-112 °C,
OBn

2e [0]o?°= -15.6 [c 0.1, CHCls]. *H NMR (500 MHz, CDCls) &

7.40-7.24 (m, 20H), 5.91-4.86 (m, 3H), 4.84-4.70 (m, 3H),
4.67-4.54 (m, 3H), 4.31-3.88 (m, 2H), 3.78-3.74 (m, 3H),
3.70-3.67 (m, 1H), 3.61-3.57 (m, 1H). 3C NMR (125 MHz,
CDCls) ¢ 169.1, 138.4, 138.1, 137.8, 137.0, 128.4, 128.3,
128.3, 128.1, 128.0, 127.9, 127.9, 127.9, 127.8, 127.8, 127.7,
127.6, 102.7, 83.8, 81.8, 79.2, 75.7, 75.0, 74.9, 74.5, 71.4,
52.4 (In 13C NMR, minor peaks of a-lIsomer are excluded).
HRMS: Calc. for CzsHzsO7; [M+Na]*: 591.2359, Obser.
591.2362.

3.5.6 a-D-Glucopyranosiduronic acid, methyl 2, 3-bis-O-phenylmethyl-4-O-(4-
bromobenzyl) methyl ester (2f)

Pale yellow viscous liquid (105 mg, 92%), R¢ value =0.6 in

CO,Me
PBEON—Q 30% EtOAc/ Hexane. IR vmax (Neat): 1730, 1235, 1185 cm
BnO OCHj, 20 L
ot [a]o®= -12.3 [c 0.1, CHCls]. 'H NMR (500 MHz, CDCls) §

7.44 (d, J = 8.4 Hz, 2H), 7.36-7.31 (m, 10H), 7.10 (d, J = 8.4
Hz, 2H), 4.99 (d, J = 11.0 Hz, 1H), 4.83-4.73 (m, 3H), 4.67

(d, J = 7.0 Hz, 1H), 4.63 (d, J = 3.5 Hz, 1H), 4.55 (d, J =
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11.2 Hz, 1H), 4.20 (d, J = 10.0 Hz, 1H), 4.00 (t, J = 9.3 Hz,
1H), 3.76-3.70 (m, 4H), 3.59 (dd, J = 9.5, 3.6 Hz, 1H), 3.43
(s, 3H). 3C NMR (125 MHz, CDCls) ¢ 170.0, 138.5, 137.8,
137.0, 131.4, 129.4, 128.5, 128.4, 128.1, 127.8, 121.6, 98.7,
81.3, 79.5, 79.3, 75.85, 74.2, 73.5, 70.0, 55.7, 52.4. HRMS:

Calc. for Co9H31BrO7 [M+Na]*: 593.1151, Obser. 593.1140.

3.5.7 a-D-Glucopyranosiduronic acid, methyl 2, 3-bis-O-phenylmethyl-4-O-(2-
naphthyl) methyl ester (2g)

NapO
BnO

CO,Me
o)

BnO OCH,4
29

Transparent viscous liquid (101 mg, 93%), Rt value =0.62 in
30% EtOAc/ Hexane. IR wvmax (neat): 1735, 1265 cm
[]o®= -7.7 [c 0.1, CHCI3]. *H NMR (500 MHz, CDCl3) &
7.85-7.81 (m, 3H), 7.70 (s, 1H), 7.50-7.48 (m, 2H), 7.39—
7.34 (m, 11H), 5.03 (d, J = 10.9 Hz, 1H), 4.99 (d, J=11.2
Hz, 1H), 4.89 (d, J = 11 Hz, 1H), 4.85 (d, J = 12.1 Hz, 1H),
4.79 (d, J = 11.1 Hz, 1H), 4.70-4.66 (m, 2H), 4.27 (d, J = 9.9
Hz, 1H), 4.07 (t, J = 9.3 Hz, 1H), 3.83 (t, J = 9.5 Hz, 1H),
3.71 (s, 3H), 3.65-3.63 (M, 1H), 3.45 (s, 3H). 3C NMR (125
MHz, CDClz) ¢ 170.1, 138.6, 137.9, 135.4, 133.2, 133.0,
128.5,128.4, 128.2, 128.1, 128.0, 127.9, 127.9, 127.6, 127.6,
126.6, 126.0, 125.9, 125.8, 98.8, 81.4, 79.6, 79.4, 75.9, 75.1,
73.6, 70.2, 55.7, 52.4. HRMS: Calc. for Ca3Hz:07 [M+Na]":

565.2202, Obser. 565.2208.
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3.5.8 a-D-galactopyranosiduronic acid- 1, 2, 3, 4-di-O-isopropylidene methyl
ester (2h) [15]

( 1 Viscous liquid (53 mg, 91%), R¢ value =0.5 in 20% EtOAc/
(@) COzMe
o) Hexane. IR vmax (Neat): 1747, 1242 cm™ [o]p?°= -87.8 [c 0.1,
O
/O<O CHCIz). *H NMR (500 MHz, CDCls3) ¢ 5.60 (d, J = 4.6 Hz,
2h 1H), 4.61 (dd, J = 7.6, 1.5 Hz, 1H), 4.53-4.51 (m, 1H), 4.39

(s, 1H), 4.33-4.31 (m, 1H), 3.76 (s, 3H), 1.47 (s, 3H), 1.39
(s, 3H), 1.28 (s, 6H). 13C NMR (125 MHz, CDCls) & 168.4,
109.8, 108.7, 96.3, 71.8, 70.4, 70.0, 68.2, 52.0, 25.7, 25.6,
24.5,24.4.

3.5.9 a-D-Glucopyranosiduronic acid, methyl- 3, 4-bis-O-pivolyl-methyl ester

(2i)
CO,Me Viscous oil (70 mg, 89%), Rt value =0.4 in 30% EtOAc/
0
oo Hexane. IR vmax (neat): 3250, 1775, 1745, 1230 cm* [o]p2=
PivO OCHj
0 +91.5 [c 0.1, CHCIs]. *H NMR (500 MHz, CDCls) 6 5.41 (t,

J=9.7 Hz, 1H), 5.01 (d, J = 3.6 Hz, 1H), 4.82 (dd, J = 10.2,
3.7 Hz, 1H), 4.23 (d, J = 9.9 Hz, 1H), 3.91 (t, J = 9.6 Hz,
1H), 3.85 (s, 3H), 3.4 (s, 3H), 1.20 (s, 9H), 1.18 (s, 9H). 3C
NMR (125 MHz, CDCls) & 178.4, 177.8, 170.2, 97.2, 71.3,
70.8, 70.2, 56.0, 52.9, 38.8, 38.7, 27.1, 26.9. HRMS: Calc.

for C18H3009 [M+H]": 391.1968, Obser. 391.1974.
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3.5.10 a-D-Glucopyranosiduronic acid, methyl 3, 4-bis-O-(phenylmethyl)-

methyl ester (2j) [16]

[ co,Me
HO 0
BnO

BnO OCH;
2j

1 Colourless viscous oil (73 mg, 90%), Rs value =0.5 in 30%

EtOAc/ Hexane. IR vmax (neat): 3355, 1745, 1245 cm™
[0]o?°= -7.8 [c 0.1, CHCI3]. *H NMR (500 MHz, CDCls) ¢
7.41-7.28 (m, 10H), 4.94 (d, J = 11.3 Hz, 1H), 4.85-4.80 (m,
2H), 4.68-4.65 (m, 2H), 4.18 (d, J = 9.2 Hz, 1H), 3.88-3.81
(m, 2H), 3.80 (s, 3H), 3.56 (dd, J = 9.0, 3.4 Hz, 1H), 3.45 (s,
3H), 2.92 (s, 1H).*.C NMR (125 MHz, CDCl3) 6 170.6,
138.6, 137.9, 128.5, 128.5, 128.1, 128.0, 127.9, 127.8, 98.7,

80.4,78.4,75.4,73.6,71.8,70.5, 55.9, 52.7.

3.5.11 a-D-Glucopyranosiduronic acid, methyl 3, 4-bis-O-benzoyl- methyl ester

(2k) [17]

s

COZM9

HO o)

BzO
BzO OCH;,4
2k

J

Department of Chemistry, [IT (BHU), Varanasi.

Colourless viscous oil (76 mg, 88%), Rs value =0.3 in 30%

EtOAc/ Hexane. IR vma (neat): 3250, 1756, 1718 cm
[0]o?°= +138.3 [c 0.1, CHCI3]. *H NMR (500 MHz, CDCls)
§ 8.01-7.98 (m, 4H), 7.53-7.49 (m, 2H), 7.39-7.36 (m, 4H),
5.89-5.84 (m, 1H), 5.26-5.23 (m, 2H), 4.39 (d, J = 9.8 Hz,
1H), 4.18 (t, J = 9.5 Hz, 1H), 3.88 (s, 3H), 3.50 (s, 3H). 13C
NMR (125 MHz, CDCls) 6 170.2, 166.6, 165.9, 133.4, 133.3,
129.9, 129.8, 129.3, 128.9, 128.4, 128.3, 97.5, 72.4, 71.1,

70.7,70.4, 55.9, 52.9.
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3.5.12 Methyl-(S)-2-((3aR,5R,6R,6aR)-1-benzyl-6-(benzyloxy)-2-oxohexahydro
furo[3,2d]oxazol-5-yl)-2-hydroxyacetate (21)

Viscous oil (72 mg, 87%), R value =0.42 in 30% EtOAc/

HQ 0.0
. =0
MeO,C "N Hexane. IR vmax (neat): 3355, 1762, 1751, 1290 cm™
BnO \\Ph
2 [0]o2°= -31.2 [c 0.1, CHCl5]. *H NMR (500 MHz, CDCls) &

7.37-7.32 (m, 6H), 7.23-7.18 (m, 4H), 6.09 (d, J = 5.6 Hz,
1H), 4.64 (d, J = 15.2 Hz, 1H), 4.54 (d, J = 7.1 Hz, 1H), 4.41
(d, J =11.5 Hz, 1H), 4.34 (d, J =11.5 Hz, 1H), 4.21 (dd, J =
7.2, 3.3 Hz, 1H), 4.14 (d, J = 15.2 Hz, 1H), 4.03 (d, J = 5.7
Hz, 1H), 3.98 (d, J = 3.3 Hz, 1H), 3.76 (s, 3H). °C NMR
(125 MHz, CDCl3) ¢ 173.0, 156.7, 136.3, 135.1, 129.1,
129.0, 128.7, 128.6, 128.5, 128.5, 128.4, 128.2, 128.0, 101.0,
80.3, 79.5, 72.8, 68.6, 64.1, 52.8, 47.5. HRMS: Calc. for
C22H23NO7 [M+H]": 414.1553, Obser. 414.1551.
3.6 Analytical data of various thioglycosides methyl esters

3.6.1 f-D-Glucopyranosiduronic acid, phenyl-2, 3, 4-tris-O-(phenylmethyl)-1-thio,
methyl ester (4a) [19]

CO,Me

BnO O . 1 20
BnO SPh | Hexane. IR vmax (neat): 1743 cm— [a]o™= -21.0 [c 0.1, CHCIz].
OBn

Viscous liquid (109 mg, 95%), Rs value =0.6 in 20% EtOAc/

4a

IH NMR (500 MHz, CDCls) & 7.60-7.58 (m, 2H), 7.42-7.40 (m,
2H), 7.39-7.30 (M, 14H), 7.27-7.25 (m, 2H), 4.94-4.87 (m, 3H),
4.82 (d, J = 10.8 Hz, 1H), 4.77 (d, J = 10.3 Hz, 1H), 4.72 (d, J =

10.8 Hz, 1H), 4.65 (d, J = 10.8 Hz, 1H), 3.96 (d, J = 9.7 Hz, 1H),
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3.88 (t, J = 9.4 Hz, 1H), 3.77 (s, 3H), 3.75-3.73 (m, 1H), 3.58-

354 (m, 1H). 3C NMR (125 MHz, CDCls) 5 168.7, 138.1,
137.8, 137.7, 133.2, 132.2, 129.0, 128.4, 128.4, 128.4, 128.2,
127.9, 127.9, 127.9, 127.8, 88.3, 85.8, 80.3, 79.2, 78.0, 75.8,
755, 75.1, 52.5.

3.6.2 f-D-Glucopyranosiduronic acid, phenyl-2, 3, 4-tris-O-benzyl-1-thio, methyl
ester (4b)

Viscous liquid (112 mg, 91%), R¢ value =0.45 in 20% EtOAc/

co,Me
0]
B SPh| Hexane. IR vmax (neat): 1748, 1718, 1275 cm! [o]o®= +3.2 [c
OBz
ab 0.1, CHCls]. 'H NMR (500 MHz, CDCl3) & 7.99-7.93 (m, 4H),

7.85 (dd, J = 8.3, 1.1 Hz, 2H), 7.57-7.52 (m, 4H), 7.46-7.30 (m,
10H), 5.94 (t, J = 9.4 Hz, 1H), 5.66 (t, J = 9.7 Hz, 1H), 5.52 (t, J
= 0.6 Hz, 1H), 5.08 (d, J = 9.9 Hz, 1H), 4.38 (d, J = 9.8 Hz, 1H),
3.74 (s, 3H). 3C NMR (125 MHz, CDCls) 6 166.9, 165.6, 165.1,
164.9, 133.5, 133.4, 133.4, 133.3, 131.2, 129.8, 129.8, 129.1,
129.0, 128.7, 128.6, 128.4, 128.4, 128.3, 86.5, 77.2, 76.5, 73.4,
70.0, 52.9. HRMS: Calc. for CasHs0sS [M+H]*: 613.1532,
Obser. 613.1538.

3.6.3 p-D-Glucopyranosiduronic acid, benzyl-2, 3, 4-tris-O-benzyl-1-thio, methyl
ester (4¢)

CO,Me Viscous liquid (107 mg, 91%), Rr value =0.4 in 20% EtOAc/
BnO & L 20
BnO SBn | Hexane. IR vmax (neat): 1750, 1232 cm™ [a]p*"= -55.2 [c 0.1,
OBn
4c

CHCI3]. 'H NMR (500 MHz, CDCls) & 7.39-7.30 (m, 18H),
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7.28-7.22 (m, 2H), 4.90-4.80 (m, 4H), 4.71 (d, J = 10.3 Hz, 1H),
4.65 (d, J = 10.8 Hz, 1H), 4.34 (d, J = 9.7 Hz, 1H), 4.02-3.99 (m,
1H), 3.92-3.82 (m, 3H), 3.79 (s, 3H), 3.65 (t, J = 8.8 Hz, 1H),
3.55-3.51 (m, 1H). 3C NMR (125 MHz, CDCls) & 168.7, 138.2,
137.8, 137.7, 137.2, 129.1, 128.6, 128.4, 128.4, 128.4, 128.2,
127.9, 127.9, 127.9, 127.7, 127.7, 127.2, 85.8, 84.1, 81.0, 79.2,
77.9, 75.8, 75.4, 75.1, 52.5, 34.6. HRMS: Calc. for CasHss06S
[M+H]*: 585.2311, Obser. 585.2312.

3.6.4 f-D-Glucopyranosiduronic acid, phenyl-2, 3-bis-O-phenylmethyl-4-O-benzoyl-
1-thio, methyl ester (4d) [20]

Viscous liquid (108 mg, 90%), Rf value =0.5 in 20% EtOAc/

002Me
BnO & : 1 20—
BzO SPh| Hexane. IR vmax (neat): 1746, 1725, 1234 cm™ [a]p“= -64.9 [cC
OBz

4d

0.1, CHCIs]. *H NMR (500 MHz, CDCls) 6 8.13-8.07 (m, 4H),
7.98 (d, J = 7.4 Hz, 2H), 7.86 (d, J = 7.4 Hz, 2H), 7.63-7.58 (m,
2H), 7.53 (t, J = 7.4 Hz, 1H), 7.45-7.37 (m, 7H), 7.30-7.27 (m,
2H), 6.13 (t, J = 10.1 Hz, 1H), 5.95-5.92 (m, 1H), 5.73-5.72 (m,
1H), 5.03 (s, 1H), 4.75-4.72 (m, 1H), 4.55-4.51 (m, 1H), 4.46—
4.43 (m, 1H), 3.57 (s, 3H). 1*C NMR (125 MHz, CDCls) J 166.2,
165.4, 165.4, 133.4, 133.4, 133.1, 133.0, 129.8, 129.8, 129.7,
129.7, 129.3, 129.1, 129.0, 128.5, 128.4, 128.2, 98.7, 70.4, 70.0,

68.7, 66.9, 62.9, 55.6.
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3.6.5 -D-Glucopyranosiduronic acid, ethyl-2, 3, 4-tris-O-benzyl-1-thio, methyl ester
(4e) [21]

co Viscous liquid (101 mg, 96%), Rt value =0.8 in 20% EtOAc/
o,Me

BnO O ) 1 20—
o SEt | Hexane. IR vmax (neat): 1752, 1218 cm* [0]o?’= -16.5 [c 0.1,

OBn
4e

CHCls]. *H NMR (500 MHz, CDCls) & 7.40-7.38 (m, 2H), 7.37—

7.30 (M, 11H), 7.25-7.24 (m, 2H), 4.94-4.92 (m, 2H), 4.88 (d, J
= 11.0 Hz, 1H), 4.81 (d, J = 10.8 Hz, 1H), 4.77 (d, J = 10.2 Hz,
1H), 4.64 (d, J = 10.8 Hz, 1H), 4.53 (d, J = 9.7 Hz, 1H), 3.93—
3.85 (m, 2H), 3.75 (s, 3H), 3.71 (d, J = 8.8 Hz, 1H), 3.50 (m,
1H), 2.84-2.71 (m, 2H), 1.34 (t, J = 7.4 Hz, 3H). 3C NMR (125
MHz, CDCl3) § 168.7, 138.2, 137.8, 137.7, 128.4, 128.4, 128.3,
128.0, 127.9, 127.8, 127.7, 127.7, 85.8, 85.8, 81.2, 79.3, 78.1,
75.8,75.5, 75.1, 52.4, 25.1, 14.9.

3.6.6 a-D-Mannopyranosiduronic acid, phenyl-2, 3, 4-tris-O-benzyl-1-thio, methyl
ester (4f) [22]

[ iqui 0 = i 0
Me0,C OB Viscous liquid (109 mg, 95%), Rr value =0.5 in 20% EtOAc/

Blgr?o R Hexane. IR vmax (neat): 1746, 1222 cm™ [o]p?°= +33.3 [c 0.1,

4f SPh
CHCIs]. IH NMR (500 MHz, CDCIs) 6 7.58 (d, J = 6.9 Hz, 2H),

7.39-7.30 (m, 18H), 5.73 (d, J = 5.2 Hz, 1H), 4.72-4.67 (m, 4H),
4.62-4.56 (m, 3H), 4.32 (t, J = 6.6 Hz, 1H), 3.96 (s, 1H), 3.87
(dd, J = 6.5, 2.2 Hz, 1H), 3.69 (s, 3H). *C NMR (125 MHz,

CDCl3) ¢ 169.6, 137.9, 137.8, 133.9, 131.4, 128.9, 128.9, 128 .4,
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128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.8, 127.8, 127.3,
84.3,76.0,74.9,74.97,73.8,72.9,72.5,72.4,52.2.

3.6.7 p-D-galactopyranosiduronic acid, phenyl-2, 3, 4-tris-O-benzyl-1-thio, methyl
ester (4g) [19]

Viscous liquid (109 mg, 95%), Rt value =0.55 in 20% EtOAc/
BnO CO,Me

BnO 2 _sph| Hexane. TR vmax (neat): 1754, 1236 cm™ [a]p?®’= -5.9 [c 0.1,

4qg OBnN

CHClI3]. *H NMR (500 MHz, CDCls) 6 7.69-7.67 (m, 2H), 7.43—
7.42 (m, 2H), 7.38-7.30 (m, 13H), 7.25-7.23 (m, 3H), 4.94 (d, J
= 11.6 Hz, 1H), 4.85 (d, J = 10.2 Hz, 1H), 4.80-4.74 (m, 3H),
4.67 (d, J =11.6 Hz, 1H), 4.63 (d, J = 9.7 Hz, 1H), 4.35-4.34 (m,
1H), 4.09 (s, 1H), 3.97 (t, J = 9.4 Hz, 1H), 3.73 (s, 3H), 3.68 (dd,
J =9.2, 2.8 Hz, 1H). 3C NMR (125 MHz, CDCls) ¢ 168.5,
138.2, 138.2, 137.9, 133.5, 132.4, 128.8, 128.5, 128.3, 128.3,
128.2, 127.8, 127.8, 127.6, 127.5, 127.5, 87.8, 83.3, 77.2, 76.7,
75.7,75.1,74.4,72.8,52.4.

3.6.8 f-D-Glucopyranosiduronic acid, phenyl-4-O-[6-methyl-2, 3, 4-tris-O-(phenyl

methyl)-f-D glucopyranosiduronyl]-2, 3-bis-O-(phenylmethyl)-1-thio, methyl ester
(4h)

COMe Viscous liquid (174 mg, 92%), Rt value =0.6 in 20% EtOAc/
2
BnO O

BnO COMe Hexane. IR vmax (neat): 1752, 1735 cm™ [o]p?= +29.2 [c
BnO O max ’
Bgms'l:h

4h OBn 0.1, CHCI3]. *H NMR (500 MHz, CDCls) § 7.33-7.20 (m,

30H), 5.40 (d, J = 3.4 Hz, 1H), 5.18 (d, J = 3.3 Hz, 1H),

4.95-4.86 (m, 3H), 4.79 (dd, J = 12.9, 11.0 Hz, 2H), 4.70 (d,
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J = 11.7 Hz, 1H), 4.61-4.54 (m, 5H), 4.18-4.11 (m, 3H),

3.98 (t, J = 9.4 Hz, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 3.69 (d, J
= 9.1 Hz, 1H), 3.62 (dd, J = 8.5, 3.4 Hz, 1H), 3.56 (dd, J =
9.8, 3.6 Hz, 1H). *C NMR (125 MHz, CDCls) & 170.0,
169.7, 138.6, 138.4, 137.9, 137.7, 137.6, 128.5, 128.4,
128.3, 128.3, 128.2, 128.2, 128.1, 128.0, 127.9, 127.9,
127.8, 127.8, 127.8, 127.7, 127.6, 127.3, 127.1, 127.1, 98.0,
91.1, 80.7, 79.8, 79.2, 78.9, 78.5, 77.2, 75.6, 75.0, 74.6,
735, 73.0, 70.9, 70.8, 52.6, 52.4. HRMS: Calc. for
CssHs6012S [M+H]*: 941.3571, Obser. 941.3560.

3.6.9 f-D-Glucopyranosiduronic acid, phenyl-4-O-[6-methyl-2, 3, 4-tris-O-benzoyl-f-
D-glucopyranosiduronyl]-2, 3-bis-O-benzoyl- 1-thio, methyl ester (4i)

Viscous liquid (180 mg, 89%), Rt value =0.4 in 20% EtOAc/

Bzo/m‘ Hexane. IR vmax (neat): 1752, 1735, 1718 cm™ [a]p?’=

z20 O sph
A +64.5[c 0.1, CHCIs]. *H NMR (500 MHz, MeOD) & 8.00—

7.29 (m, 30H), 5.89 (m, 1H), 5.72 (t, J = 9.8 Hz, 1H), 5.21
(dd, J = 10.3, 3.7 Hz, 1H), 5.07 (d, J = 10.0 Hz, 1H), 5.00-
4.97 (m, 1H), 4.31 (d, J = 9.5 Hz, 1H), 4.24 (d, J = 10.0 Hz,
1H), 4.07-4.01 (m, 2H), 3.97 (t, J = 8.8 Hz, 1H), 3.91 (s,
3H), 3.86 (s, 3H). 3C NMR (125 MHz, MeOD) § 169.7,
168.7, 166.1, 165.8, 165.7, 165.6, 165.5, 133.0, 132.9,

132.9, 132.3, 131.9, 129.8, 129.5, 129.4, 129.3, 129.3,
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129.2, 129.2, 128.6, 128.1, 128.0, 127.9, 127.6, 96.8, 86.1,
775, 77.3, 754, 72.6, 72.1, 72.0, 71.0, 69.8, 52.2, 51.5.
HRMS: Calc. for CssHss017S [M+H]*: 1011.2534, Obser.

1011.2523.

3.7 General procedure for preparation of uronic esters with various alcohols (6a-61)
using silica supported sulphuric acid

To a stirred solution of uronic acid (1d) (96 mg, 0.2 mmol, 1.0 equiv.) and alcohol (6a-61)

(2.0 equiv.), was added silica supported sulphuric acid (0.15 mmol) and stirred until the

TLC showed complete conversion of starting material. The reaction mixture was filtered

and rinsed properly using DCM. Further, the filtrate was neutralised using 0.5 mL of EtsN

and concentrated under reduced pressure. Column chromatography (SiO2: 100-200 mesh)

using EtOAc/petroleum ether afforded the pure uronic esters (5a-51).

Note: In case of 5i and 51, the reaction was carried out using DCM (1 mL) as solvent.

3.8 Analytical Data of uronic esters with different alcohols

3.8.1 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, ethyl ester

(32)

o

BnO
BnO

5a

o
o)

BnO OCH,

Viscous liquid (97 mg, 95%), Rt value =0.5 in 20% EtOAc/

Department of Chemistry, IIT (BHU), Varanasi.

Hexane. IR vmax (neat): 1742, 1241 cm™ [a]o®= +4.1 [c 0.1,
CHCI3]. *H NMR (500 MHz, CDCls3) § 7.39-7.30 (m, 13H),
7.27-7.25 (m, 2H), 4.99 (d, J = 10.9 Hz, 1H), 4.86-4.81 (m,
3H), 4.72-4.60 (m, 3H), 4.24-4.16 (m, 3H), 4.02 (t, J = 9.3
Hz, 1H), 3.77 (dd, J = 9.9, 9.1 Hz, 1H), 3.61 (dd, J = 9.6, 3.5

Hz, 1H), 3.43 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 3C NMR (125
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MHz, CDCl3) ¢ 169.7, 138.6, 138.0, 137.9, 128.5, 128.4,

128.3, 128.1, 128.0, 127.9, 127.7, 127.7, 127.6, 98.7, 81.4,
79.7, 79.3, 75.8, 75.1, 73.6, 70.3, 61.6, 55.6, 14.0. HRMS:
Calc. for C3oH3407 [M+Na]*: 529.2202, Obser. 529.2201.

3.8.2 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, n-butyl ester

(5b)
Viscous liquid (99 mg, 92%), Rt value =0.56 in 20% EtOAc/
o 0y quid ( g 0), Ry b
BnO o) Hexane. IR vmax (N€at): 1760, 1235 cm™ [0]p?°= +12.4 [¢ 0.1,
BnO

s "OOCHs | CHCIs). 'H NMR (500 MHz, CDCly) & 7.39-7.29 (m, 13H),

7.27 (d, J = 7.6 Hz, 2H), 4.99 (d, J = 10.9 Hz, 1H), 4.86-4.82
(m, 3H), 4.70-4.60 (m, 3H), 4.22-4.10 (m, 3H), 4.03 (t, J =
9.3 Hz, 1H), 3.78 (t, J = 9.5 Hz, 1H), 3.63-3.60 (m, 1H), 3.44
(s, 3H), 1.65-1.59 (m, 2H), 1.41-1.33 (m, 2H), 0.92 (t, J = 7.4
Hz, 3H). 13C NMR (125 MHz, CDCls) 6 169.8, 138.6, 138.0,
138.0, 128.5, 128.4, 128.3, 128.1, 128.0, 127.9, 127.7, 127.7,
127.6, 98.7, 81.4, 79.7, 79.4, 75.8, 75.1, 73.6, 70.3, 65.5, 55.6,
30.4, 19.0, 13.6. HRMS: Calc. for CaHa07 [M+H]":
535.2696, Obser. 535.2641.

3.8.3 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, hexyl ester
(3¢)

Viscous liquid (103 mg, 91%), Rt value =0.6 in 20% EtOAc/
o 0/\%
BnO o) Hexane. IR vmax (neat): 1728, 1232 cm™ [a]o®= +1.4 [c 0.1,
BnO

5¢ BnO OCHy | CHCI3). *H NMR (500 MHz, CDCl3) ¢ 7.39-7.29 (m, 13H),
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7.27-7.25 (m, 2H), 4.98 (d, J = 10.9 Hz, 1H), 4.86-4.82 (m,

3H), 4.69-4.60 (m, 3H), 4.21 (d, J = 10.0 Hz, 1H), 4.18-4.08
(m, 2H), 4.03 (t, J = 9.3 Hz, 1H), 3.80-3.76 (m, 1H), 3.61 (dd,
J = 9.6, 3.5 Hz, 1H), 3.44 (s, 3H), 1.66-1.60 (m, 2H), 1.29-
1.27 (m, 6H), 0.89 (t, J = 6.8 Hz, 3H). 13C NMR (125 MHz,
CDCls) ¢ 169.9, 138.7, 138.1, 138.1, 128.6, 128.5, 128.4,
128.3, 128.1, 128.0, 127.8, 127.8, 127.7, 98.8, 81.5, 79.8,
79.5,77.4,77.1,76.9, 76.0, 75.2, 73.7, 70.4, 65.9, 55.7, 31.4,
28.4, 25.5, 22.5, 14.0. HRMS: Calc. for CssH4,07 [M+Na]":
585.2828, Obser. 585.2836.

3.8.4 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl isopropyl ester

(3d)
{ Viscous liquid (98 mg, 94%), Rf value =0.5 in 15% EtOAc/
o)
o)

BRO o Hexane. IR vmax (neat): 1755, 1220 cm™ [o]p?°= -5.8 [c 0.1,
BnO

(LonO0CH; | CHCI5]. *H NMR (500 MHz, CDCls) 6 7.40-7.29 (m, 13H),

7.27-7.25 (m, 2H), 5.11-5.03 (m, 1H), 4.98 (d, J = 10.9 Hz,
1H), 4.87-4.80 (m, 3H), 4.69-4.59 (m, 3H), 4.16 (d, J = 10.0
Hz, 1H), 4.02 (t, J = 9.3 Hz, 1H), 3.80-3.76 (m, 1H), 3.61 (dd,
J =96, 3.5 Hz, 1H), 3.43 (s, 3H), 1.27 (d, J = 6.3 Hz, 3H),
1.23 (d, J = 6.3 Hz, 3H). *C NMR (125 MHz, CDCls) &
169.4, 138.7, 138.2, 138.1, 128.6, 128.5, 128.4, 128.3, 128.1,

128.0, 127.7, 98.8, 81.5, 79.8, 79.5, 77.4, 77.1, 76.9, 75.9,
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75.1, 73.7, 70.7, 69.5, 55.7, 21.8, 21.7. HRMS: Calc. for

Ca1H3607 [M+Na]*: 543.2359, Obser. 543.2366.

3.8.5 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl-(3-methyl-1-

butyl) ester (Se)

R

BnO 0
BnO

BnO  OCH,
5e

Viscous liquid (102 mg, 93%), Rt value =0.62 in 20% EtOAc/
Hexane. IR vmax (neat): 1758, 1236 cm™ [a]o?’= +2.5 [c 0.1,
CHCl3]. 'H NMR (500 MHz, CDCls) § 7.38-7.31 (m, 13H),
7.27-7.25 (m, 2H), 5.32 (s, 1H), 4.98 (d, J = 10.9 Hz, 1H),
4.86-4.82 (m, 3H), 4.69-4.59 (m, 3H), 4.21-4.13 (m, 3H),
4.02 (t, J = 9.3 Hz, 1H), 3.77 (dd, J = 9.9, 9.1 Hz, 1H), 3.61
(dd, J = 9.6, 3.6 Hz, 1H), 3.43 (s, 3H), 1.70-1.65 (m, 1H),
1.52 (g, J = 7.0 Hz, 2H), 0.91 (d, J = 1.8 Hz, 3H), 0.89 (d, J =
1.8 Hz, 3H). *C NMR (125 MHz, CDCl3) ¢ 169.8, 138.5,
138.0, 137.9, 128.5, 128.4, 128.3, 128.2, 128.0, 128.0, 127.7,
127.7,98.7,81.4,79.7,79.3, 75.9, 75.1, 73.6, 70.3, 64.3, 55.6,
37.0, 25.0, 22.4, 22.3. HRMS: Calc. for Cs3Ha0O7 [M+Na]*:

571.2672, Obser. 571.2687.

3.8.6 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, allyl ester (5f)

o}

i

BnO )
BnO

BnO OCH,
5f

Department of Chemistry, [IT (BHU), Varanasi.

Viscous liquid (89 mg, 86%), Rf value =0.45 in 20% EtOAc/
Hexane. IR vmax (neat): 3083, 1748, 1644, 1004, 917 cm?
[a]o®= +4.5 [c 0.1, CHCI3]. *H NMR (500 MHz, CDCls) §

7.39-7.29 (m, 13H), 7.27-7.25 (m, 2H), 5.92-5.86 (m, 1H),
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5.34 (ddd, J = 17.2, 2.8, 1.4 Hz, 1H), 5.25 (dd, J = 10.4, 1.2
Hz, 1H), 4.99 (d, J = 10.9 Hz, 1H), 4.87-4.80 (m, 3H), 4.70—
458 (m, 5H), 4.24 (d, J = 10.0 Hz, 1H), 4.03 (t, J = 9.3 Hz,
1H), 3.78 (dd, J = 9.8, 9.2 Hz, 1H), 3.61 (dd, J = 9.6, 3.5 Hz,
1H), 3.44 (s, 3H). 3C NMR (125 MHz, CDCls) § 169.3,
138.6, 138.0, 137.9, 131.3, 128.5, 128.4, 128.3, 128.1, 128.0,
127.9, 127.8, 127.7, 127.6, 119.1, 98.7, 81.4, 79.6, 79.3, 75.8,
75.1, 73.6, 70.3, 66.1, 55.6. HRMS: Calc. for CaiHsO7

[M+Na]*: 541.2202, Obser. 541.2210.

3.8.7 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, propargyl
ester (5g) [23]

o

BnO
BnO

/
J

)

BnO OcH;
5g

Viscous liquid (88 mg, 85%), Rs value =0.45 in 20% EtOAc/
Hexane. IR vmax (neat): 3324, 2126, 1750, 1226, 636 cm*
[a]o®= +1.9 [c 0.1, CHCI3]. *H NMR (500 MHz, CDCl3) 6
7.37-7.27 (m, 18H), 4.98 (d, J = 10.9 Hz, 1H), 4.85-4.80 (m,
3H), 4.70 (d, J = 2.5 Hz, 2H), 4.68-4.62 (m, 3H), 4.25 (d, J =
10.0 Hz, 1H), 4.01 (t, J = 9.3 Hz, 1H), 3.78-3.74 (m, 1H),
3.59 (dd, J = 9.6, 3.5 Hz, 1H), 3.42 (s, 3H), 2.47 (t, J = 2.4
Hz, 1H). *3C NMR (125 MHz, CDCls) 6 168.9, 138.5, 137.9,
137.8, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8,
127.7,98.8, 81.3, 79.4, 79.2, 76.8, 75.9, 75.6, 75.1, 73.6, 70.1,

55.7,52.9.
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3.8.8 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, cyclohexyl

ester (Sh)

o~)
o

BnO 0

BnO

BnO OCH;
5h

Viscous liquid (104 mg, 90%), Rt value =0.6 in 20% EtOAc/
Hexane. IR vmax (neat): 1730, 2862, 1240 cm™ [o]p?°= +3.9 [c
0.1, CHCI3]. *H NMR (500 MHz, CDCls) 6 7.41-7.24 (m,
15H), 4.98 (d, J = 10.8 Hz, 1H), 4.83 (dd, J = 8.6, 4.1 Hz,
4H), 4.72-4.60 (m, 3H), 4.17 (d, J = 10.0 Hz, 1H), 4.02 (t, J =
9.3 Hz, 1H), 3.78 (dd, J = 10.5, 8.5 Hz, 1H), 3.61 (dd, J = 9.6,
3.4 Hz, 1H), 3.44 (s, 3H), 1.88-1.81 (m, 2H), 1.72 (s, 2H),
1.61-1.54 (m, 2H), 1.50-1.30 (m, 5H). 3C NMR (125 MHz,
CDCl3) ¢ 169.2, 138.5, 138.1, 137.9, 128.5, 128.4, 128.3,
128.2, 128.0, 127.9, 127.7, 127.6, 98.7, 81.4, 79.7, 79.3, 75.8,
75.1, 74.2, 73.6, 70.6, 55.5, 31.4, 31.3, 25.2, 23.7. HRMS:

Calc. for C3sH1007 [M+Na]*: 583.2672, Obser. 583.2665.

3.8.9 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl-(L-menthyl)

ester (5i)

Department of Chemistry, [IT (BHU), Varanasi.

Viscous liquid (101 mg, 82%), Rt value =0.65 in 20% EtOAc/
Hexane. IR vmax (neat): 1746 cm™ [a]o®= -30.7 [c 0.1,
CHCls]. 'H NMR (500 MHz, CDCls) § 7.29-7.16 (m, 16H),
4.88 (d, J = 10.8 Hz, 1H), 4.79-4.67 (m, 4H), 4.59-4.50 (m,
3H), 4.09 (d, J = 10.0 Hz, 1H), 3.92 (t, J = 9.3 Hz, 1H), 3.71-
3.68 (m, 1H), 3.52 (dd, J = 9.6, 3.5 Hz, 1H), 3.32 (s, 3H), 1.86

(dd, J = 8.8, 2.9 Hz, 1H), 1.78 (ddd, J = 13.9, 7.0, 2.6 Hz,
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1H), 1.58 (d, J = 11.6 Hz, 2H), 1.36-1.31 (m, 2H), 0.97 (dd, J
= 12.9, 2.6 Hz, 1H), 0.88-0.80 (m, 3H), 0.79-0.76 (m, 6H),
0.67 (d, J = 7.0 Hz, 2H). 3C NMR (125 MHz, CDCls) &
169.4, 138.5, 138.0, 137.9, 128.5, 128.4, 128.2, 128.2, 128.0,
128.0, 127.7, 127.6, 127.5, 98.6, 81.5, 79.7, 79.3, 75.9, 75.7,
75.0, 73.6, 70.6, 55.4, 46.8, 40.5, 34.1, 31.3, 26.4, 23.6, 21.9,
205, 16.5. HRMS: Calc. for CssHagO7 [M+Na]*: 639.3298,

Obser. 639.3298.

3.8.10 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl, benzyl ester

(i)

o)

BnO
BnO

e

0]

BnO ocH,
5j

Viscous liquid (103 mg, 90%), Rt value =0.56 in 15% EtOAc/
Hexane. IR vmax (neat): 1745, 1235 cm™ [a]p?’= -11.4 [c 0.1,
CHCl3]. 'H NMR (500 MHz, CDCls) § 7.40-7.28 (m, 18H),
7.16 (dd, J = 6.5, 2.9 Hz, 2H), 5.22 (d, J = 12.3 Hz, 1H), 5.18
d, J = 12.3 Hz, 1H), 4.99 (d, J = 10.9 Hz, 1H), 4.85 (d, J = 1.6
Hz, 1H), 4.83 (d, J = 2.9 Hz, 1H), 4.78 (d, J = 10.8 Hz, 1H),
4.70-4.66 (M, 2H), 4.49 (d, J = 10.8 Hz, 1H), 4.28 (d, J = 10.0
Hz, 1H), 4.03 (t, J = 9.3 Hz, 1H), 3.81-3.77 (m, 1H), 3.63 (dd,
J = 9.6, 3.5 Hz, 1H), 3.44 (s, 3H). *.C NMR (125 MHz,
CDClz) ¢ 169.5, 138.4, 137.9, 137.8, 135.0, 128.5, 128.4,
128.3, 128.3, 128.3, 128.2, 128.1, 127.9, 127.8, 127.6, 127.6,

127.5,98.7, 81.3, 79.6, 79.3, 75.8, 74.9, 73.5, 70.3, 67.2, 55.6.
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HRMS: Calc. for CssH3sO7; [M+Na]*: 591.2359, Obser.

591.2368.

3.8.11 a-D-Glucopyranosiduronic acid, methyl 2, 3, 4-tris-O-benzyl-(3-Chloro

benzyl) ester (5k)

o QC.

BnO 0

BnO OCHj,
5k

3.8.12 a-D-Glucopyranosiduronic

Viscous liquid (102 mg, 84%), R¢ value =0.55 in 20% EtOAc/
Hexane. IR vmax (neat): 1752, 1240, 735, 702 cm™ [a]p?’=
+14.3 [c 0.1, CHCI3]. 'H NMR (500 MHz, CDCls) 6 7.38-
7.29 (m, 18H), 7.27 (s, 1H), 5.50 (s, 1H), 4.66-4.56 (m, 7H),
4.48(d, J = 12.1 Hz, 1H), 4.44 (d, J = 12.1 Hz, 1H), 3.95 (d, J
= 7.2, 1H), 3.72 (dd, J = 7.0, 6.1 Hz, 1H), 3.63 (s, 1H), 3.39
(s, 3H). 3C NMR (125 MHz, CDCls) ¢ 163.4, 137.9, 137.8,
137.8, 128.5, 128.5, 128.0, 127.9, 127.8, 100.6, 76.7, 76.1,
76.0, 74.4, 72.0, 718, 71.2, 65.4. HRMS: Calc. for
CasH3sClO7 [M+Na]*: 625.1969, Obser. 625.1988.

acid, methyl 2, 3, 4-tris-O-benzyl-(2-

nitrobenzyl) ester (51) [12]

=

NO
o 2

BnO ]
BnO
BnO OCH,

51

Department of Chemistry, [IT (BHU), Varanasi.

Viscous liquid (105 mg, 85%), Rt value =0.56 in 15% EtOAc/
Hexane. IR: vmax(neat) 1742, 1425, 1120, 1090 cm™ [o]p?’=
-21.5 [¢ 0.1, CHClI3]. *H NMR (500 MHz, CDCl3) § 8.10 (dd,
J=5.9,3.6 Hz, 1H), 7.50 (dd, J = 5.7, 3.5 Hz, 1H), 7.44-7.41
(m, 2H), 7.39-7.30 (m, 11H), 7.25-7.24 (m, 2H), 7.20-7.15

(m, 2H), 5.59-5.50 (m, 2H), 4.99 (d, J = 10.9 Hz, 1H), 4.88—
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4.82 (m, 3H), 4.68 (d, J = 12.2 Hz, 2H), 4.57 (d, J = 11.0 Hz,

1H), 4.31 (d, J = 10.0 Hz, 1H), 4.05 (t, J = 9.3 Hz, 1H), 3.81
(t, J = 9.5 Hz, 1H), 3.62 (dd, J = 9.6, 3.5 Hz, 1H), 3.45 (s,
3H). 3C NMR (125 MHz, CDCls) & 169.1, 147.2, 138.4,
137.9, 133.9, 131.6, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5,
128.4, 128.4, 128.2, 128.1, 128.1, 128.0, 127.8, 127.7, 125.1,
98.8, 81.5, 79.4, 79.3, 75.9, 75.0, 73.7, 70.3, 63.7, 55.7.

3.9 General procedure for glycosylation of uronic ester donors with various acceptors
using silica supported sulphuric acid [24]:

A mixture of glycosyl donor (4a) (99 mg, 0.2 mmol, 1 equiv.), glycosyl acceptor (3 equiv.
in case of non-sugar a and b, 1.2 equiv. in case of sugar c), and freshly activated molecular
sieves (4A, 300 mg) under argon in CH2Cl, (5.0 mL) was stirred for 30 min at room
temperature. The solution was cooled to -30 °C and NIS (1.1 equiv.) and TfOH (10 mol%)
were added. The reaction was slowly allowed to reach 0 °C. The reaction was quenched by
adding EtsN on completion. The solid was filtered off and the filtrate was washed with 1 M
HCI, sat. NaHCOs solution, 10% Na»2S203 and brine. The organic layer was separated,
dried with anhydrous Na>SO4, and concentrated in vacuo. The residue was purified by flash
column chromatography (100-200 mesh) on silica gel to afford the corresponding
glycoside.

3.10 Analytical data of glycosylation products (4aa-4ac)

3.10.1 g-D-Glucopyranosiduronic acid-1, 2, 3, 4-tetra-O-benzyl-2-methyl ester
(4aa)
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cO,Me White solid (102 mg, 89%), Ry value =0.7 in 20% EtOAc/

BnO 0
BN °VO Hexane. IR vmax (neat): 1775, 1230 cm™* M.P. 111-113

4aa

°C. a:p= 1:1, 'H NMR (500 MHz, CDCls) ¢ 7.43-7.25
(m, 21H), 5.02-4.55 (m, 9H), 4.33-4.07 (m, 1H), 3.97-
3.87 (m, 1H), 3.78-3.74 (m, 3H), 3.70-3.58 (m, 1H). 13C
NMR (125 MHz, CDClz) ¢ 170.1, 169.1, 138.6, 138.3,
138.1, 137.9, 137.8, 137.0, 136.6, 128.5, 128.4, 1284,
128.4, 128.4, 128.3, 128.2, 128.0, 128.01, 127.9, 127.9,
102.8, 95.9, 83.8, 81.8, 81.4, 79.6, 79.3, 79.3, 75.8, 75.7,
75.2, 75.1, 74.9, 74.5, 73.2, 71.4, 70.4, 69.4, 52.5, 52.4.
HRMS: Calc. for CssHssO07 [M+Na]™: 591.2359, Obser.
591.2352.

3.10.2 Methyl(2S,3S,4S,5R)-6-(((3S,5S,7S)-adamantan-1-yl) oxy)-3,4,5-
tris(benzyloxy) tetra- hydro-2H-pyran-2-carboxylate (4ab)

Transparent viscous liquid (107 mg, 87%), Rt value =0.7

CO,Me
ngmo\g in 20% EtOAc/ Hexane. IR vmax (neat): 1746, 1250 cm ™,
OBn
4ab a:p= 3:1, H NMR (500 MHz, CDCls) & 7.40-7.28 (m,

16H), 5.32 (d, J = 3.0 Hz, 1H), 5.04-4.93 (m, 1H), 4.87—
4.81 (m, 2H), 4.79-4.70 (m, 2H), 4.63 (t, J = 11.4 Hz,
1H), 4.50 (dd, J = 10.0, 2.0 Hz, 1H), 4.07 (t, J = 9.3 Hz,
1H), 3.93-3.83 (m, 1H), 3.79-3.70 (m, 3H), 3.61-3.59

(m, 1H), 2.19 (s, 3H), 1.96-1.83 (m, 6H), 1.70-1.63 (m,
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6H). 1*C NMR (125 MHz, CDCls) § 170.6, 169.0, 138.8,
138.4, 138.3, 138.0, 138.0, 137.9, 128.4, 128.4, 128.4,
128.2, 128.2, 128.0, 128.0, 127.9, 127.8, 127.6, 96.6,
90.4, 84.3, 81.8, 81.4, 80.1, 79.5, 79.3, 75.8, 75.8, 75.7,
75.2, 75.2, 75.0, 74.2, 73.1, 70.1, 52.4, 52.4, 42.6, 42.3,
36.2, 30.6, 30.6. HRMS: Calc. for CsgHsO7 [M+H]":

613.3165, Obser. 613.3158.

3.10.3 a-D-Glucopyranoside, methyl-6-O-[6-methyl-2,3,4-tris-O-(phenylmethyl)-
B-D-glucopyran- uronosyl]-2, 3, 4-tris-O-(phenylmethyl)-methyl ester (4ac) [25]

COZMe
BnO 0
BnO
BnO O

4ac BnO
BnO

o]

BnO OCH;,

Transparent viscous liquid (158 mg, 85%), Rt value =0.7
in 20% EtOAc/ Hexane. IR vmax (n€at): 1754, 1218 cm™*
a:p= 1:1.5, 'H NMR (500 MHz, CDCls) 6 7.27-7.09
(m, 30H), 4.90-4.43 (m, 14H), 4.40-3.85 (m, 3H),
3.78-3.53 (m, 8H), 3.48-3.22 (m, 5H).2*.C NMR (125
MHz, CDCls) ¢ 170.3, 168.9, 138.8, 138.8, 138.5,
138.3, 138.3, 138.2, 138.1, 138.1, 138.1, 137.8, 128.5,
128.4, 128.4, 128.4, 128.4, 128.4, 128.4, 128.3, 128.1,
128.0, 128.0, 128.0, 127.9, 127.9, 127.9, 127.8, 127.7,
127.7,127.7, 127.6, 127.6, 104.1, 98.0, 97.8, 83.9, 82.1,
81.9, 81.6, 80.9, 80.1, 79.8, 79.6, 79.4, 79.2, 78.0, 77.6,
75.7, 75.7, 75.6, 75.0, 75.0, 74.9, 74.9, 74.5, 73.4, 73.4,

72.7,70.4,69.8, 68.9, 66.6, 55.2, 52.4, 52.4.

Department of Chemistry, IIT (BHU), Varanasi. Page 82



CHAPTER-3

3.11 Spectra of some compounds
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Figure 3.2 *H NMR spectrum of compound 2a in CDCls
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Figure 3.3 *C NMR spectrum of compound 2a in CDCls
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