Efficient Synthesis of Azido Sugars using Fluorosulfuryl Azide Diazotransfer
Reagent
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Abstract: Azide-containing sugars are important tools for the synthesis of biologically relevant
1,2-cis-glycosides and for bioconjugation chemistry. Previous strategies for the installation of a
non-participating C2-azido functionality use harsh conditions and long reaction times. Herein, we
report the synthesis of azido sugars using fluorosulfuryl azide (FSO2Ns; 1) with a Cu(ll) catalyst
as a safe and efficient diazotransfer reagent. Common hexosamine substrates were converted to
2-azido-2-deoxy sugars in less than 5 minutes in quantitative yield. Glycosyl donors with
orthogonal protecting groups were readily prepared from these azido sugars with good overall
yield and a single column purification. The diazotransfer protocol was also efficiently used on
other amino sugar derivatives, including aminoglycosides and substrates with amine-containing
linkers. This optimized method will expand access to important non-participating C2-azido

protecting groups and other azido sugar derivatives.

Introduction

Azide-containing carbohydrates are important and versatile tools in synthetic chemistry and
chemical biology. They are widely used in the synthesis of amino sugars, glycopeptides and
multivalent glycoconjugates, and for biorthogonal labelling strategies to study cellular glycans.["
Glycosides containing 2-amino-2-deoxysugars are present in glycoproteins, glycolipids,
glycosaminoglycans, and blood group oligosaccharides where they play important biological roles
in protein recognition by lectins, antibodies, and enzymes."? Many of these biologically relevant
amino sugars contain 2-N-acetamido-2-deoxy-glucosides and -galactosides, which are

connected to other sugar residues through 1,2-cis or 1,2-trans glycosidic linkages.?® 2% 3 While



1,2-trans glycosides can be reliably prepared with a participating group protecting the C2-amine,
1,2-cis glycosides are more challenging to selectively prepare and require non-participating
protecting groups at C-2. As such, C2-azido sugars are widely used in carbohydrate synthesis
when non-participating moieties are required.®> # Given the importance of the C2-azido
functionality in synthesis, and the prevalence of azido sugars used in biorthogonal chemistry and
glycoconjugate preparation, simple and efficient strategies to prepare azido sugars are highly
desirable.

Various synthetic strategies have been developed to prepare 2-azido-2-deoxysugars. Glycals
are useful building blocks for installing a C2-azido moiety via ceric ammonium nitrate (CAN)-
promoted radical azidonitration in the presence of sodium azide, or azide ionic
azidophenylselenylation protocols.”! Unfortunately, these conditions can suffer from poor
stereoselectivity, longer reaction times and lower yields, particularly when starting from glucals,
which often result in the formation of epimeric mixtures of 2-azido-2-deoxy-gluco and -manno
pyranosides.®™ © More recent methods have since been developed starting from amino sugars
that enable direct conversion to the azido derivatives while retaining stereochemistry through
diazotransfer reactions. Diazotransfer on C2-amino sugars was first reported using
trifluoromethanesulfonyl azide (triflyl azide; TfN3) as the diazotizing reagent under inert
atmospheric conditions.[”! Additional diazotransfer conditions and reagents have since been
reported for the preparation of 2-azido-2-deoxysugars.[®! Often these diazotransfer protocols
require long reaction times, metal-based reagents, and can involve potentially hazardous (i.e.
explosive and toxic) reagents or intermediates.””’ For instance, the diazotransfer reagent
imidazole-1-sulfonyl azide was once suggested to be a shelf-stable solid as the chloride salt, but
later was found to be an explosion risk and prone to degradation to hydrazoic acid.®® '™ Thus, the
development of efficient and safe diazotransfer protocols is critical for the use of azide protecting
groups in oligosaccharide synthesis and the preparation of other azido sugars.

In 2019, Meng et al. reported the first use of fluorosulfuryl azide (FSO2Ns3; 1) as a safe, efficient
and highly reactive reagent for diazotransfer on organic amines under metal-free conditions.!""
The FSO2N3 (1) reagent could quantitatively convert primary amines to azides in 5 min and
demonstrated a large substrate scope of >40 examples directly synthesized and >1200 examples
assayed in a 96-well microtitre plate. The reagent is impact-resistant and showed little to no risk
of acute oral toxicity, although it is friction-sensitive.'" This precludes many of the previously
reported safety hazards associated with diazotransfer reagents, suggesting 1 as a suitably safe
alternative diazotizing agent. Additionally, 1 can be efficiently prepared from a stable fluorosulfuryl

imidazolium salt via sulfuryl fluoride exchange (SuFEX) click chemistry under an air atmosphere



in 10 minutes (Scheme 1).'""'? While a large substrate scope was initially reported,"
diazotransfer using 1 with 2-amino-2-deoxysugar substrates to prepare orthogonally protected
sugar building blocks has not been reported. We therefore sought to examine the use of
diazotransfer reagent 1 on sugar substrates to determine if this reagent could improve the
efficiency of synthesizing orthogonally protected azido sugars and azido sugar derivatives.
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Scheme 1. Preparation of the diazotransfer reagent fluorosulfuryl azide (FSO2Ns; 1) and its use in the
synthesis of organic azides from primary amines.['"]

Results and Discussion

We first prepared the diazotransfer reagent FSO2Ns (1) in 10 min through sulfuryl fluoride
exchange (SUFEXx) in a biphasic mixture of water and methyl tert-butyl ether (MTBE) (Scheme
1)."" FSO,N; (1) readily partitioned into the organic MTBE phase, and after confirming its
formation by "®F-NMR spectroscopy, this solution was directly used in diazotransfer reactions.
Diazotransfer reactions with FSO2N3 (1) were reported previously to have quantitative conversion
of primary amines to the corresponding azides in 5 min at room temperature.!'"! Thus, we first
attempted an equimolar reaction of 1 with galactosamine (GalNHz; 2a), however after 5 min there
was little conversion to the GalNs (3a) product. Increasing to two equivalents of 1 did increase the
formation of the GalNs (3a) product, however only 54% conversion was observed (Fig. S1). While
most amine substrates initially reported had quantitative conversion in 5 min to their respective
azido-products, some sterically-crowded or electron-deficient amines had lower yields, even with
longer reaction times and the use of excess equivalents of FSO2N3 (1).!'" As complete conversion
of the 2-amino-2-deoxysugar to the corresponding azide was not observed in 5 min, we next
sought to explore if we could optimize this diazotransfer reaction and maintain the fast reaction
time for sugar substrates.

Metal catalysts, such as CuSOa, ZnCls or NiCls, can reduce reaction times for diazotransfer on
amino sugars using TfN3.B¥ While the diazotransfer reactions using FSO2N; (1) were reported to
not benefit from metal catalyst addition,!'"! we sought to explore if these additives would improve

the conversion efficiency of amino sugar substrates. We opted to use CuSO; as this Cu'-catalyst



results in more efficient TfNs-mediated diazotransfer reactions and it can act as a colour indicator
for reaction progress, with the solution changing from blue to green when the amine starting
material is fully consumed.®® When equimolar FSO2N; (1) was used with catalytic CuSO4 (1.25
mol%), we did not observe full conversion in 5 min to the corresponding azido sugars when
galactosamine (GalNH; 2a), glucosamine (GIcNH2; 2b), or mannosamine (ManNH.; 2c) were
used as substrates (Table 1, entries 1-3). Fortunately, when the equivalents of 1 was increased
to two or more, the diazotransfer reaction on GalNH: (2a) progressed with complete consumption
of the amine substrate, indicated by a blue-to-green colour change, and confirmed by TLC
analysis (Table 1, Table S1). Similar results were also observed for GIcNH (2b) and ManNH;
(2c) substrates. Remarkably, full conversion was also indicated by a blue-to-green colour change
when neomycin was used as a substrate, indicating that the hexa-azido product could be formed
in 5 min when two or more equivalents of 1 per amine and 1.25 mol% CuSOQO4 were used in the

diazotransfer reaction (Table 1, entry 4).

Table 1. Optimization of diazotransfer reaction using 1.[!

Entry Substrate Product Equiv. 1! Reaction
completed in 5
minc]

1 HO _oOH HO _OH 1 No

(0] (0]
HO&MAOH HO&MOH 2 Yes
2a NH,*HCI 3a N; 5 Yes

2 OH OH 1 No

0] o)
HOHB&MOH "% oH |2 Yes
2b NH,+HCI 3b N3 5 Yes

3 Ho— NHz-HC Ho— o ! No

HOH&MOH "% oH |2 Yes
2c 3c 5 Yes
NS N N 4 Yes
HO_ O HO_ O
O%NHZ OEmOH,NG
HN _n© OH L Ny NO OH 3d
wdOZd WdOZLS

[a] Substrate was dissolved in a solution of 1 in 1:1 MTBE/DMF and to the mixture was added an aqueous
solution of potassium bicarbonate (4 equiv.) and copper (ll) sulfate pentahydrate (1.25 mol%). [b] Equiv. of
1 per amine in substrate. [c] Reaction completion determined after 5 min by colour change from blue to
green and TLC analysis.



With these promising results in hand, we increased the scale of the diazotransfer reaction on
common hexosamine substrates to isolate azido sugars, and investigated the substrate scope of
our optimized protocol. After a 5 min diazotransfer reaction using 2 equivalents of FSO2N3 (1) with
1.25 mol% CuSOQOs, followed by global acetylation, isolated yields were quantitative using GalNHo,
GIcNH2 and ManNH: substrates (Table 2, products 4a-c). Quantitative isolated yields for
diazotransfer followed by acetylation were reproducible on mmol scale using GalNH- as the amine
substrate. Diazotransfer with 1 to form the same acetylated azido sugars proceeded in a fraction
of the time compared to other reported diazotransfer reagents./’® Furthermore, the preparation

of 1 is safer than the alternative diazotizing agents (TfN3 and Im-SO:2N3).

Table 2. Synthesis of azido sugars from primary amines using 1.[!

Entry Substrate Product Yield (%)
1[b] HO _oH AcO _OAc Quant.
o) 0
HO&MOH ACO&MOAC
2a NH,HCI 4a N,
2[b] OH OAc Quant.
HoHBé&\MOH A%Bé&wom
2b NHpHCI 4b N,
3 HO— NH*HCI AcO— Na Quant.
H AcO OAc
2c 4c
NH N,
4 HOHO Oz HoHO % 83
HaN | H,N N3l N
HO EMNHZ HON SO
OH OH
2d 3d
HoN_pNO O Ny NO OH
5 HO _oH on HO _OH OH 87
g:o g:o
Ho %o 0~ Ho oHBé@LO\/\
oH MO on NH, oH MO on N3

[a] Substrate was dissolved in a solution of 1 in 1:1 MTBE/DMF and to the mixture was added an aqueous
solution of potassium bicarbonate (4 equiv.) and copper (ll) sulfate pentahydrate (1.25 mol%). [b] After
workup, azido sugars were acetylated with acetic anhydride, pyridine and DMAP.

High isolated yields (83%) were also obtained after a 5 min diazotransfer reaction on neomycin,
giving hexa-azido product 3d. Furthermore, treatment of aminoethyl-lactoside derivative 2e,
which contains a linker at the reducing end functionalized with a primary amine, with 1 afforded
azidoethyl-lactoside 3e (Table 2) in a 87% yield. Additionally, we sought to determine whether 1
could be stored prior to use in a diazotransfer reaction. Thus, FSO2N3 (1) was stored at room
temperature in a solution of MTBE/DMF and was subsequently tested in diazotransfer reaction

with GalNH: (2a). It was found that 1 could be stored for two days without a noticeable loss in



yield of the acetylated GalN3s product (4a), however a modest decrease in yield to 77% was

observed after 7 days of storage prior to use (Table S2).

To demonstrate the utility of this transformation for glycoside synthesis, the optimized
diazotransfer protocol was used for the preparation of common glycosyl trichloroacetimidate
donors with non-participating C2-azido protecting groups (Scheme 2). Both GIcNH; and GalNH:
underwent diazotransfer reactions with 1 to afford 3a and 3b, respectively, which could be globally
acetylated furnishing 4a and 4b (Scheme 2A). The 2-azido-2-deoxy-D-galactopyranoside (3a)
was also protected with a benzylidene acetal, and after acetylation the orthogonally protected
galactoside 4d was obtained (Scheme 2B). The globally protected sugars were selectively
deprotected at the anomeric position with NH3z in methanol yielding 5a-c, which were readily
converted to the trichloroacetimidate donors 6a-c. Both GalNs; and GIcN3 donors 6a and 6b were
prepared in good overall yield (>70%), with only one column purification after formation of the
imidate products (Scheme 2A). When a benzylidene acetal was employed as a protecting group
(Scheme 2B), an additional purification step was needed after preparation of 4d. The use of
FSO2Ns (1) represents a significant improvement in the yield, safety, and time required to afford
a similar trichloroacetimidate galactosyl donors through azidonitration or other diazotransfer

protocols.!"!
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Scheme 2. Application of diazotransfer reaction using 1 for the synthesis of orthogonally protected glycosyl
trichloroacetimidate donors. A) Synthesis of peracetylated 2-azidoglycosyl trichloroacetimidate donors 6a-
b. B) Synthesis of benzylidene acetal-protected 2-azidogalactosyl trichloroacetimidate donor 6c.



Conclusion

In summary, we have developed a safer and faster method to synthesize a series of azide-
containing carbohydrates using fluorosulfuryl azide as an efficient diazotransfer reagent. The
novel application of 1 for diazotransfer reactions on amino sugars represents a highly reliable and
robust route to prepare orthogonally protected azide-containing carbohydrate building blocks
compared to previously reported diazotransfer or azidonitration strategies. We demonstrate that
this methodology is highly compatible with different 2-amino-2-deoxysugars, carbohydrate
derivatives containing an amine-functionalized linker, and aminoglycosides displaying multiple
amines, to afford azido sugar analogues in high isolated yields. This optimized method will expand
access to the important azide functionality and non-participating C-2 protecting group on
carbohydrates, thus allowing for more efficient stereoselective synthesis of 1,2-cis glycosidic

linkages.
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