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Neste trabalho, o emprego de cloreto férrico como um eficiente catalisador em reacdes de
glicosilac@o de agucares na presenca de dlcoois alilicos e propargilicos € descrito. Os glicosidios
correspondentes foram obtidos com rendimentos de moderados a bons. Este novo procedimento
apresenta maior seletividade quando comparado a métodos cldssicos encontrados na literatura.
As principais caracteristicas desse método simples incluem condi¢des de reagdo ndo perigosas,
quantidade de catalisador baixa, bom rendimento e seletividade anomérico elevada.

In this work, the use of ferric chloride as an efficient catalyst in glycosylation reactions of
sugars in the presence of allyl and alkynyl alcohols is described. The corresponding glycosides
were obtained with moderate to good yields. This new procedure presented greater selectivity
when compared to classic methods found in the literature. Principal features of this simple
method include non-hazardous reaction conditions, low-catalyst loading, good yields and high

anomeric selectivity.
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Introduction

Many carbohydrate-containing complex natural
compounds are found in nature as important biological
substances. Recent biological studies on these glycosides,
such as proteoglycans, glycoproteins, glycolipid and
antibiotics at the molecular level have shed light on the
biological significance of their carbohydrate parts (glycons)
in molecular recognition for the transmission of biological
information.!

With the stimulant biological background, the
synthesis of carbohydrate-containing compounds is
becoming more and more important in the field of organic
chemistry and chemical biology.? On the other hand,
glycosylation is a key reaction for the introduction of a
carbon chain into the anomeric position of a glycal or a
sugar derivative bearing a leaving group at C-1. Due to the
importance of glycosylic compounds, the present subject
has received considerable attention in recent years.?

Substantial number of reports has appeared in
the literature on glycosylation reaction employing
common reagents such as BF,.OEt,,* indium metal,’
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HCIO,-Si0,,° InCL/IBX (iodoxybenzoic acid),” InBr,* and
SnCl,.° Glycosides have been also synthesized via
Ferrier rearrangement starting from the corresponding
unsaturated glycosides with alcohols in presence of InCl,,"
Bi(OTf),/Si0,-Bi(OTf),'" and other acid catalysts.'

In an environmentally benign chemistry on
carbohydrates, i.e., green carbohydrate chemistry requires
for clean, efficient and selective processes have increased
the demand for such metal-based reaction promoters,
especially in catalytic amounts. However, many catalysts
are derived from heavy or rare metals and their toxicity and
prohibitive prices constitute severe drawbacks for large-
scale applications. In contrast, iron is one of the most
abundant metals on earth, and consequently one of the most
inexpensive and environmentally friendly ones. Moreover,
many iron salts and complexes are commercially available,
or their applications are well described in the literature.'
Despite its advantages, it is surprising that, until recently,
iron was relatively underrepresented in the field of catalysis
including nucleophilic additions/substitutions, reductions,
oxidations, hydrogenations, cycloadditions, isomerizations,
rearrangements, as well as polymerizations.'* However,
iron(III) chloride has been extensively utilized for
glycosylation reactions with different sugar moieties like
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2-acylamido-2-deoxy-B-D-glucopyranose- 1-acetates, etc.,
with the use of a quantitative amount of iron(IIT) chloride.!®
In addition, iron chloride was successfully employed for
the Ferrier rearrangement.'¢

Whilst there are several published procedures
the glycosylation reactions, many of these methods require
the use of expensive reagents and have limitations in
terms of yields, stereoselectivities, reaction temperature,
the catalyst/reagents used and their quantitative amounts.
Therefore, our aim was to find a method that utilized mild,
relatively cheap reagents and flexible enough to allow the
synthesis of glycosides.

412 for

Results and Discussion

Considering all these aspects, herein, it is reported an
efficient, mild, cost-effective procedure for glycosylation
of peracetylated-B-D-sugar catalyzed by FeCl, (Scheme 1).

To gain some preliminary information of this synthetically
useful reaction, screening experiments were performed. It
was carried out the reaction employing 1.0 equivalent of
B-D-glucose pentaacetate (1), 1.2 equivalent of allyl alcohol
(2), 20 mol% of catalyst in dry dichloromethane at room
temperature under different conditions to get the glycoside
(Table 1). Firstly, it was tested different catalysts, among
these, FeCl, showed a positive result in terms of yield
as compared with other catalysts (Table 1, entries 1-6).
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Henceforth, it was focused our attention towards the use
of iron salts for this transformation.

The influence of different iron salts was further studied
to check the reaction course. All these catalysts provide the
corresponding glycoside 3 in traces, whereas FeCl, was
the only one to provide isolable yields of product (Table 2,
entries 1-6). It was observed the formation of 3a as a pure
isomer (assigned by nuclear magnetic resonance, NMR)
in 26% yield.

In continuation of our optimization, it was next
studied other factors including catalyst loading,
reaction temperature and solvent. Analyzing Table 3,
it was possible to verify that the amount of catalyst
loading (from 5 to 20 mol%) has the influence of the
glycosylation reaction. When the amount of catalyst
loading was decreased from 20 to 10 mol%, the yield got
increased to 64% (Table 3, entries 1-3). This is due to the
catalyst concentration which plays a fundamental role
in this glycosylation reaction.'” Also, catalyst loadings
7 and 5 mol% gave the corresponding product in low yield
as compared with the use of 10 mol% (Table 3, entries
3-5). In all cases, the uncharacterizad polymerization
products or side products were also observed, whereas
using 10 mol% FeCl,, comparative low amounts of
byproduct formation was observed. Finally, to further
optimize the protocol, it was necessary to examine the
effect of the solvent in promoting the reaction efficiency.

AcO e} Iron catalyst (10 mol%) AcO o
= OAc + (R-OH \—" oX
8 h, room temperature R
Scheme 1. Synthesis of glycosides catalyzed by FeCl,.
Table 1. Screening of catalyst*
AcO AcO
0 Catal 9 0
yst (20 mol%)
ACO%OAC HO AcO o
AcO ore T TS DCM, 8 h AcO ore TN
1 2 room temperature 3a
entry Catalyst Yield®/ %
1 ZnO traces
2 ZnCl, traces
3 CuBr, traces
4 Inl =
5 SnCl, traces
6 FeCl, 26

“Unless otherwise mentioned, reactions were performed using: alcohol (1.2 equivalent) to a stirred suspension of peracetylated sugar (1 equivalent) and

FeCl, (20 mol%) in ultra-dry conditions; “isolated yield.
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Table 2. Screening of iron catalyst*
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AcO AcO
% Fe salts 0
AcO HO AcO o)
A0 Sag OhC T DCM, 8 h AcO OAc 3\,
room temperature
1 2 3a
entry Iron catalyst Catalyst loading / mol% Yield® / %
1 FeCl, 20 26
2¢ Fe,0O; (nano) 20 traces
3 Fe(NO,),.9H,0 20 traces
44 Aerosil 200-FeCl, 25% (m/m) traces
5 Fe(Ill) acetate 20 traces
6 Fe(acac), 20 traces

“Unless otherwise mentioned, reactions were performed using: alcohol (1.2 equivalent) to a stirred suspension of peracetylated sugar (1 equivalent) and
FeCl, (20 mol%) in ultra-dry conditions; “isolated yield; ‘nanoparticles; ‘silica crafted with FeCl,.

Table 3. Screening of the catalyst loading, solvent and temperature®

AcO AcO
% FeCls ﬁ
A?AOCO OAc Ohe + HO\/\ roo?no{\é?r?;é?a?ure ACAOCO OAc O\/\
1 2 3a

entry FeCl, / mmol% Solvent Temperature Yield®/ %
1 20 CH,Cl, It 26
2 15 CH,Cl, rt 22
3 10 CH,Cl, It 64
4 7 CH,Cl, rt 28
5 5 CH,Cl, It 18
6° 10 CH,CN It bp*
7¢ 10 Et,0 It —
8 10 CH,CL,:Et,0 It 26
9¢ 10 CH,(CI, reflux bp

“Unless otherwise mentioned, reactions were performed using: alcohol (1.2 equivalent) to a stirred suspension of peracetylated sugar (1 equivalent) and
FeCl, (20 mol%) in an ultra-dry conditions; *isolated yield; “byproducts were observed; no reaction; rt: room temperature.

The use of dichloromethane gave the higher yields as
compared with other solvents (Table 3, entries 6-8). Also,
elevated temperature exhibited negative effect, which
affords the byproduct formation as compared with room
temperature (Table 3, entries 9 and 3).

With the optimized conditions in hands, it was
subsequently used this approach to synthesize different
glycosides derived from B-D-glucose, -D-mannose,
B-D-maltose, B-D-galactose using FeCl, catalyst.
The results were summarized in Table 4. Our general
reaction conditions involve the addition of alcohol
(1.2 equivalent) to a stirred suspension of peracetylated
sugar (1 equivalent) and FeCl, (10 mol%) in dry
dichloromethane at room temperature. In all cases, the

product formation was observed as a single isomer in
moderate to good yield (Table 4, entries 1-9).

It was speculated that FeCl, would function as Lewis
acid and thus promote the glycosylation. By using the
standard reaction conditions, it was then tested o-D-glucose
pentaacetate as the sugar partner with allyl alcohol in
presence of FeCl, catalyst. Unfortunately, however, our
methodology fails.

The mechanism of FeCl; mediated glycosylation is
still an intriguing subject of study. Based on the literature
report,'® it was proposed the plausible reaction pathways
of the glycosylation (Scheme 2). FeCl, would behave as
Lewis acid and the initial step of the reaction is a Lewis
acid promoted of B-D-glucose pentaacetate (1), involving



Vol. 23, No. 11, 2012 Narayanaperumal et al. 1985

Table 4. Glycosylation of sugars with alcohols catalyzed by iron(III) chloride®

RO o) RO o}
\—" FeCl3 (10 mol% - -
OAc + HO\/// Sib-h el ( ) wov/
Solvent, 8 h
1a-d room temperature 3a-h
Sugar Product Yield®/ %
OAc OAc
AcO OAc c
) OAc 32 OAc Xy
1a a
OAc OAc
2 A A »
AcO OAc Ac —
OAc OAc =
1a 3b
AcO AcO
(0] AcO 0]
AcO AcO c AcO
3 AcO 0AQ /% AcO 0AQ /%o 48
o) OAc (0]
AcO OAC AcO one D
1b 3c
AcO AcO
AcO O AcO O
c AcO C AcO
4 AcO OAQ 0 AcO OAQ le) P 58
0 OAc 0 o _Z=
AcO OAc AcO OAc
1b 3d
OAc ACQ AcO
AcO o -0
- AcO
5 Ac;;AC():O OAc AcO 51
1c 3e OV\
OAc %o
AcO o -0,
— Ac
6 AcQ OAc AcO >3
3f
le o=
Ao PAC Ao PAC
7¢ OAc o} 64
AcO OAG AcO OAc e
1d 3g
AcO OAcO AcO OAcO
g \%/OAC %0/ 39
AcO OAG AcO OAc
1d 3h

“Details in general experimental procedure; "isolated yield; °the starting material and desired product showed the same o/} relationship (1:10). The anomeric
ratios were determined by comparison of the integral intensities of the corresponding signals in NMR spectra.
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OAc OAc
o
AcO N OAc AcO (0]
AcO + —  AcO OR
A OAc OAc
OAc 3
AcO R I:M ROH LAI (rearrangement)
AcO OAc
OAc OAc
OAc
1 AcO o _
AcO OAc AcO (0]
O\f* (e} AcO
r % o
LA: Lewis acid X
R : allyl, alkynyl _ B - OR
4 (orthoester)
Scheme 2. Plausible reaction pathways.
1.0 eq (3a) AcQ 0] Q
.0 eq (3a),
NalO4(1 eq) /gé/o\)kkl
RuCl3.xH,0 (2 mol%) cO OAc

DCM:CH3CN:H,0 (2:2:3) 4a; 74%
ACO 10 eq (3a) AcO o o
(@) U eq (sa),
ACO/%O\/\ NalOy (8 eq) /%O%OH
AcO OAc RuCl3.xH,0 (2 mol%) cO OAc

DCM:CH3CN:H»0 (2:2:3) 4b; 92%
AcO
(0]
PACl,, AcOH,H,0, AcONa OH
AcO
o _ AcO OAc
Details in general experimental 4c

procedure

Scheme 3. Functionalization of allyl glycoside.

the participation of the C-2 acetoxy group, to give an
oxocarbenium acetate ion pair (A) or dioxolenium ion (B).
The carbenium ion would react with the allyl/alkynyl
alcohol to give the desired 1,2-trans-glucoside (3) and
1,2-orthoester (4). Furthermore, the orthoester (4) would
rearrange' to give the glycosylated product (3).

A great deal of interest has been laid in the application
of synthesized compounds. Especially allyl glycoside, 3a is
attractive due to the presence of the terminal double bond
that is amenable to easy further functionalization leading
to other molecules® or selective deprotection of allyl group
from glycoside 3a without affecting other functional groups
on glycosides, which afford the anomeric alcohol 4¢ and
this would be used as building blocks on carbohydrate
arrays (Scheme 3).?! The synthesized compound 4a and 4b
have to be used as starting material for the Ugi four
component reactions which demonstrates the synthetic
utility of this class of compounds.?

Experimental

'H and BC NMR spectra were recorded at 400 MHz
with tetramethylsilane as internal standard. Column
chromatography was performed using Merck silica gel (230-
400 mesh). Thin layer chromatography (TLC) was performed
using Merck silica gel GF254, 0.25 mm thickness. For
visualization, TLC plates were placed under acidic vanillin.
All solvents were used in dry conditions.

General experimental procedure (3a-h)

Allyl or propargyl alcohol (1.2 equivalent) was
added to a stirred suspension of peracetylated sugar
(1 equivalent) and FeCl, (10 mol%) in dry dichloromethane
(1 mL) at room temperature in ultra-dry conditions under
inert atmosphere. After completion of the reaction as
monitored by thin-layer chromatography (TLC), the
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reaction was diluted with dichloromethane and washed
with water, and worked up in the usual manner. The crude
product was purified by chromatography on silica gel (ethyl
acetate:hexane 1:1) to afford the corresponding glycoside
in good yield and with high selectivity.

Conclusions

In conclusion, our methodology has several notable
advantages such as mild reaction conditions that make
use of a reagent of relatively low toxicity, low-catalyst
loading, good yields and high anomeric selectivity. Efforts
to construct a library of compounds with this method are
still underway in our laboratory.

Supplementary Information

Experimental details and spectral data are available free
of charge at http://jbcs.sbq.org.br as a PDF file.
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