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Lil in refluxing pyridine can remove within a few hours methoxy-, allyloxy-, and benzyloxycarbonyl
groups from saccharidic carbinols under conditions compatible with the maintenance of acyl groups.
Addition of a stoichiometric excess of acetic acid to the reaction mixture minimizes or even suppresses
intramolecular transesterifications. The procedure broadens the scope of some alkoxycarbonyl groups in
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Alkoxycarbonyl groups have long been extensively used in the
protection of amino functionalities. However their application to
carbinol functions is only currently receiving a wide interest,
especially in carbohydrate chemistry.! Nevertheless, alkoxycarb-
onylated carbinols are involved in other relevant synthetic appli-
cations: O-Alkoxycarbonylated allyl alcohols are routinely used in
palladium-mediated substitutions or rearrangements,” whereas
O-methoxycarbonylated cyanohydrins are adopted for masking
aldehyde or ketone carbonyl groups.

An inherent advantage of alkoxycarbonyls resides in the mild
basic conditions needed for their installation which are compatible
with a wide range of functionalities.! In addition, several members
of this class, that is, allyloxycarbonyl (Alloc), benzyloxycarbonyl
(Z), and fluorenylmethoxycarbonyl (Fmoc) groups, can be selec-
tively removed under specific conditions sharing a common gen-
eral mechanism entailing an initial alkyl scission followed by
spontaneous loss of CO, (Fig. 1).* Alternative cleavage pathways
resembling an acyl nucleophilic substitution have instead been
applied to de-O-methoxycarbonylation.>> However these condi-
tions are not compatible with the concomitant stability of widely
used acyl protecting groups.>

Over the last years, we have been appreciating numerous
advantages of using the methoxycarbonyl group in carbohydrate
chemistry. Actually it can be quantitatively and quickly installed
on saccharidic carbinols to yield products that are easily purified
by a simple extractive work-up. The adopted protocol, based on
the use of cheap methyl chloroformate and TMEDA, is also suited
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for the regioselective protection of diols.® In addition, methoxycar-
bonyl groups can be removed under Zemplen conditions at rates
comparable with those of acetyls,® thus representing an effective
alternative to the use of sterically encumbered acyl groups which
are installed and removed under more forced conditions. In this
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Figure 1. Common general mechanism for removal of many alkoxycarbonyl groups

from alcohols.
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Scheme 1. Removal of methoxycarbonyl groups from O-acylated model substrates.
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Table 1
Removal of alkoxycarbonyl groups by the Lil/AcOH system
Entry Reagents Products and yields Time (min)
Ph—\-0 o Ph—\-0 o Ph—\-0 o
Q e} e}
1 MeO,CO HO AcO s 100
1 AO5ue 65% °AO5ye 19% ° "O0wme
Ph—\-0 o Ph—\-0 o Ph—\-0 o
o} o} o}
2 AcO AcO HO 90
2 MeOZCOOMe 70% 6 HOOMe 17% 5 ACOOMe
Ph—\-0 o Ph—\-0O o
o} 0
3 MeO,CO HO 180
3 BZOOMe 72% 7 BZOOMe
Ph—\-0 o Ph—\-0O o
0 e}
4 BzO BzO 120
4 MeO,COL, 86% g HO4ue
BnO BnO BnO
(¢} o (o}
58 Meéczco:&wo‘\” AOZ OAll HOS OAll 90
o AcHN 72% 10 AcHN 18% 11 AcHN
BnO BnO BnO
b ACO O AcO O HO O
6 MeO,CO HO AcO 100
12 MeO,CO4, 50% 13 HOGume 12% 14 HOG,, o
P00\ 9§0Me P01\ P4 Ph—v-0 1\ 982
0 e} e}
7 BzO BzO o HO 300
0,
15  OMe 39% OMe 34% 17 Ove
Ph—X-0 5 Ph—Y0 o
o} e}
8 MeO,CO 19 HO 240
g TocHN Gy 76%OCHNOA”
BnO BnO
BnO Q BnO Q
9 BnO o1 BnO 240
20 MeO,COn 75% 100l
>(O OCO,Me >(o OH
10 Q O 150
O omMP 230 OMP
22 AcO 74% AcO
Ph—\-0 o Ph—\-0 o Ph—\-0 o
Q e} e}
11 BnO,CO HO AcO < 160
24 AcO e 68% SACOGMe 13% ~ HOome
Ph—\-0 o Ph—\-0 o Ph—X-0 o
e} e} e}
12 AcO AcO HO 60
25 AllO,CO gpe 73% 6 HOOMe 17% 5 ACOOMe
Ph—\-0O
Ph/%o - Ph/voo 5 /% o
13 All0,CO HO H? 000 300
26 tBocO OMe 62% 27 HOOMe 18 &28 0C OMe

General conditions: Lil (3 equiv), AcOH (5 equiv), and pyridine, reflux.

3 Regiosiomers obtained as an inseparable mixture. Yields evaluated by 'H NMR.
b Conditions: Lil (6 equiv), AcOH (10 equiv),and pyridine, reflux. Minor regioisomer 14 could not be separated from the major one (13). Yields evaluated by '"H NMR.
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regard, methoxycarbonyl was found to serve as an excellent non-
bulky participating group in 1,2-trans glycosidations conducted
under very mild acidic conditions” where orthoester coupling
products were highly produced if conventional acyl participating
groups are adopted.® In contrast, in our experience allyloxy- and
benzyloxycarbonyl groups were found to be less effective in induc-
ing 1,2-trans selective glycosidations because of their trend to
furnish undesired cyclic 1,2-carbonates.®

Due to emerged manifold advantages of methoxycarbonyl
group, we were spurred to search for deprotection conditions
which might be compatible with the stability of acyl protecting
groups in order to expand the scope of methoxycarbonyl as tran-
sient protecting groups in oligosaccharide synthesis. Because of
the structural analogy between a methyl ester and a methyl car-
bonate, we surveyed the most practical methodologies out of those
described for cleaving methyl esters by an alkyl scission mecha-
nism. A single example of methoxycarbonyl removal from a phenol
with the system thiophenol/cesium carbonate in DMF is indeed re-
ported,'° but in preliminary experiments it did not prove very
effective on such densely functionalized substrates as 1 and 2
(Scheme 1). On the other hand, use of Lil in either refluxing ethyl
acetate!! or refluxing pyridine!? appeared as an experimentally
more convenient alternative. Both protocols were thereby initially
examined on model compounds 1 and 2 purposely protected with
a methoxycarbonyl adjacent to an acetylated positions (Scheme 1).

As a matter of fact, the use of high-boiling pyridine was found
necessary to guarantee a high yielding deprotection within short
times, whereas longer reactions and higher amounts of Lil were
needed in refluxing ethyl acetate. Not unexpectedly, in all cases
the desired deprotections were accompanied by rearrangement
processes, so that, regardless of the structure of the starting com-
pound, comparable amounts of 2-O- and 3-O-acetylated products
were observed (Scheme 1). Interestingly, the extent of the acyl
transfer was not significantly reduced when the vicinal acetyl
group was replaced by the benzoyl group, well known for being
much more reluctant to rearrangement processes (Scheme 1).!3
Reasoning that the initially produced lithium alkoxide intermedi-
ate might cause the aforementioned transacylation, a stoichiome-
tric excess of an acid as weak as acetic acid (5 equiv) was added
to the reaction medium containing a lower excess of Lil (3 equiv)
in the hope of minimizing the transacylation process. As a matter
of fact, this simple procedural modification led to a significant
reduction of the acetyl transfer, (compare Scheme 1 and Table 1,
entries 1 and 2) whereas the intramolecular trans-benzoylation
was practically suppressed with the gluco-precursors 3 and 4 (Ta-
ble 1, entries 3 and 4). In contrast, the benzoyl shift could not be
avoided in the manno-precursor 15 due to the syn-relation of 0-2
and O-3 (entry 7). These improved conditions were then tested
on a range of protected saccharidic derivatives (Table 1). The pro-
tocol proved effective in removing methoxycarbonyl group in the
presence of a variety of different functionalities widely adopted
in carbohydrate chemistry, including amino sugars N-derivatized
with an acetyl (entry 5), a Troc (entry 8), and a phthalimido group
(see below in Scheme 2). The procedure also worked well in
removing allyloxy- and benzyloxycarbonyl groups (entries 11
and 12) as expected from an alkyl substitution mechanism. Inter-
estingly, a benzyloxycarbonyl (Z) could be smoothly cleaved in
the presence of a benzylidene (entry 11), whereas the routinely
used hydrogenolytic removal'’ of Z would affect the benzylidene
functionality. Furthermore, other functions sensitive to hydrogen-
olysis conditions, benzyl and allyl ethers, were instead stable under
the here proposed conditions (entries 5, 6, 9). Very interestingly,
reaction in entry 13 shows that tert-buthoxycarbonyl (t-Boc) also
proved to be a cleavable protecting group under the optimized
conditions, even though in this case the direct involvement of
the iodide anion in the scission step should be excluded on the ba-
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Scheme 2. Synthesis of trisaccharide 32.

sis of steric considerations. The procedure was operationally very
simple and in all cases reactions took a few hours (generally less
than 4 h). Besides the deprotection products, unreacted starting
material generally represented the main saccharidic component
of the crude reaction mixture.

Removal of a methoxycarbonyl from the nitrogen of 1,3,4,6-0O-
acetyl glucosamine was also attempted and resulted in the recov-
ery of the starting material to indicate the chemoselectivity of the
reported conditions.'

The feasible selective removal of methoxycarbonyl group was
usefully exploited in the synthesis of protected trisaccharide 35,
a common trisaccharide motif incorporated into N-glycans. In pur-
suing our interest for the use of moisture-stable glycosidation pro-
moters, initial coupling between donor 29 and acceptor 30 was
best performed under the activation of catalytic Yb(OTf); added
as a solution in pivalonitrile (Scheme 2).!° The reaction afforded
in satisfying yield (64 %) the desired 4-O-linked disaccharide 31 to-
gether with minor amounts (ca. 10%) of the 3-O-linked disaccha-
ride.'® Acetylation of 31 yielded protected lactosamine 32 that
was then submitted to the proposed de-O-methoxycarbonylation
protocol to give 33 in a very good yield (84%). The latter was cou-
pled with the fucosyl donor 34 under catalytic activation with
Bi(OTf)s!” to yield the desired trisaccharide building-block 35 in
high yield and a-selectivity.

In conclusion, in this Letter we have described an operationally
simple approach'® for the selective removal of methoxy-, allyloxy-,
and benzyloxycarbonyl carbonyl groups from alcohols. Combined
use of Lil and acetic acid minimizes or even suppresses concomi-
tant transacylation processes. In addition, this procedure is com-
patible with a wide range of functional groups which could be
otherwise affected under previously reported cleavage conditions.
The developed protocol offers a very useful option in designing
synthetic routes toward highly functionalized targets.
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Experimental procedure: The saccharidic compound (0.3 mmol) and Lil (120 mg,
0.9 mmol) were dissolved in pyridine (1.4 mL) and to the resulting solution
was added acetic acid (90 pL, 1.5 mmol). The resulting mixture was refluxed
for the times indicated on Table 1, and then the vessel was cooled to rt. The
mixture was diluted with DCM and the organic phase was washed with water.
The aqueous phase was re-extracted with DCM and ethyl acetate. The collected
organic phases were dried and concentrated in vacuo to give a residue which
was purified by silica gel flash chromatography (eluent: petroleum ether/ethyl
acetate mixtures).



