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Abstract: A one-pot, three-component methodology
involving tandem azidation and click copper(I)-cata-
lyzed azide-alkyne cycloaddition (CuAAC) of cyclic
sulfates or cyclic sulfamidates in the presence of
sodium azides and alkynes is reported. The devel-
oped protocol takes also advantage of the concomi-
tant use of microwave (MW) irradiation and hetero-

geneous catalysis. The protocol allows the fast and
efficient preparation of (alkyl sulfate)- and (alkyl
sulfamidate)-1H-1,2,3-triazoles in a simple manner.

Keywords: click chemistry; cyclic sulfamidates; cyclic
sulfates; cycloadditions; multi-component reactions

Introduction

Multi-component reactions!'! (MCRs), where three or
more starting materials react to afford a product that
essentially contains all or most of the atoms of the re-
agents, have achieved great importance due to their
broad scope since they are highly convergent process-
es that increase the molecular complexity in just one
process. In this context the orthogonality of “click
chemistry”? is an attractive feature that turns the
Cu(I)-catalyzed version of the azide-alkyne cycloaddi-
tion (CuAAC)P! — the most relevant example of the
“click-chemistry” concept — into a suitable reaction
for its implementation in a one-pot, multi-component
process. The appealing characteristics of CuAAC
(modularity, regioselectivity, mild reaction conditions,
wide substrate scope, high yield and stability of the
resulting triazole ring) have brought about the success
of this powerful methodology in the last decade, with
a growing number of applications found in many
areas of modern chemistry including drug discovery,
materials science or bioconjugation.

Many efforts have been made over the last years in
order to develop CuAAC-based MCRs. One of the
major aims pursued in these approaches is to avoid
the manipulation and isolation of organic azides since
some of them, especially those having low molecular
weights and those containing several azide functional-
ities, could be unstable and difficult to handle.”) In
this regard, Maksikova et al.l reported the first unca-
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talyzed one-pot synthesis of 1,2,3-triazoles from alkyl
halides, alkynes and sodium azide. However, high
temperatures and long times are required in this pro-
tocol leading to a mixture of the 1,4 and 1,5 re-
gioisomers in low yields. After the discovery of the
Cu(I) catalytic effect in azido-alkyne cycloadditi-
ons,* this three-component methodology has turned
out to be efficient and numerous examples have
emerged in which organic azides are generated from
different precursors and then trapped in situ by al-
kynes to obtain exclusively the corresponding 1,4-dis-
ubstituted 1,2,3-triazole. Aromatic and aliphatic hal-
ides are by far the most preferred azide precurors,”)
although other good leaving groups, such as the tosyl
group, have also been employed. Other alternatives
for these multi-component click reactions include the
use of boronic acids,”’ aromatic and aliphatic ami-
nes,"*'% epoxides,'!! aziridines,!" diazonium salts,!
diaryliodonium salts!™®! or 1,2-diaza-1,3-dienes!"™ as
azide precursors.

On the other hand, cyclic sulfates™ and cyclic sul-
famidates!""'®! are versatile electrophilic synthons
that have emerged as important intermediates in or-
ganic synthesis. They show a particularly enhanced re-
activity toward nucleophilic reagents and their appli-
cations have gained importance since the develop-
ment of efficient methods for their preparation. In
particular, cyclic sulfates and sulfamidates are ade-
quate precursors for accessing organic azides.'""'® Ex-
amples in which this approach has been used for the
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ulterior use of the isolated azides in click reactions
have been described.'”™ %! In addition, the ring
opening of cyclic sulfates and sulfamidates possesses
some attributes that perfectly fit the criteria required
for click chemistry.”) In spite of the fact that cyclic
sulfates are usually regarded as synthetic equivalents
of epoxides,!!” their implementation in CuA AC-based
MCRs by combination with sodium azide and alkynes
has not been reported. However, this approach is con-
ceptually attractive and can be postulated as a power-
ful, safe and direct methodology for the synthesis of
(alkylsulfate)-1H-1,2,3-triazoles by a tandem -click—
click process. The importance of these functionalized
triazoles is illustrated in a recent report?® that de-
scribes the synthesis of a Cu(I) tris(triazolylmethyl)-
amine-based ligand containing a 1-ethyl sulfate frag-
ment and its application as an excellent biocompatible
water-soluble click catalyst that promotes the rapid
cycloaddition reaction in living systems without ap-
parent toxicity. In addition, sulfate monoester 1,2,3-
triazoles can be regarded as valuable compounds as
they can experience other interesting transformations
through hydrolysis or nucleophilic substitution of the
sulfate group.!"

Herein, we describe a new and feasible procedure
to obtain (alkyl sulfate)- and (alkyl sulfamidate)-1H-
1,2,3-triazoles in a one-pot, three-component reaction
through the in situ generation of organic azides by the
opening of cyclic sulfates or sulfamidates with sodium
azide and tandem CuAAC with an alkyne present in
the reaction media (Scheme 1).

Results and Discussion

The utility of cyclic sulfates as azide precursors in
CuAAC-based MCRs was first evaluated in a model
reaction. 1,3-Propanediol cyclic sulfate (1a) and phe-
nylacetylene (3a) were the substrates of choice
(Table 1, entry 1). Equimolecular amounts of these re-
agents and sodium azide were merely dissolved in
aqueous -BuOH. With the aim to simplify the manip-
ulation and the isolation procedure, a heterogeneous

o\\ //O 2
AN NaN; SiO,-Lm Cu(l), MW &(R
X (0] + 3 ;. NBOQ,SX%\)\/N\ N
R =—R?2 {BuOH-H,0 R1 " N

n=0,1 X=0, NBoc

H N .
N __>ep4 Si-BPA n=0
@—(CHz)a/N\/\s/\/N U SiBPMA n =1

Scheme 1. CuA AC-based MCRs of cyclic sulfates or cyclic
sulfamidates with alkynes and sodium azide.
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click catalyst, namely Si-BPMA-Cu® or Si-BPA-Cu*
(Scheme 1),? was used as source of Cu(I). These cat-
alysts proved to be very robust and efficient heteroge-
neous click catalysts. They take advantage of the
Cu(I) chelating capabilities of nitrogen-based ligands
covalently immobilized on silica.”!! They were recent-
ly found to be very well suited for multiple CuAAC
involving cyclodextrins.”? The reaction was per-
formed under MW irradiation. The utility of the MW
assistance to improve and reduce the reaction time of
cycloaddition reactions is well known.”! In particular,
the use of this technique in three-component reac-
tions between alkyl halides, sodium azide and alky-
nes!”™ and azidation reactions has been reported.**!
As expected, the reaction was completed in a short
reaction time (15 min). The corresponding 1,2,3-tri-
azole 4a was isolated as a pure compound in high
yield (85%) by simple filtration of the catalyst and
evaporation of the solvent without further purifica-
tion. NMR spectroscopy confirmed that triazole was
produced in a completely regioselective manner just
like the ring-opening of cyclic sulfate, affording exclu-
sively 1,4-disubstituted 1,2,3-triazoles after the azide
attack at the least-hindered carbon of cyclic sulfate.

To investigate the scope of this one-pot, three-com-
ponent methodology, 1a as well as the 1,2 cyclic sul-
fates derived from glycerol 1b and a-b-glucofuranose
1c were reacted with different alkynes using identical
reaction conditions and experimental procedure
(Table 1). The alkynes were selected to offer a variety
of different functional (primary aliphatic alcohols and
esters) and protective groups (acetyl, benzyl ether,
tert-butoxycarbonyl (Boc) or isopropylidene ketal). In
all cases, the expected products (4b-k) were obtained
in high to excellent yields in very short reaction times
(1020 min) (Table 1, entries 2-11). These results
highlight the compatibility of this cascade process
with a wide range of functionalities. Furthermore, the
methodology allows the easy synthesis of glycoconju-
gates (entries 5, 9-11) and also the access to multiva-
lent systems like compounds 4h and 4k (entries 8 and
11) when starting from the corresponding multialkyne
derivatives of tetraethylene glycol or tripropargyla-
mine, respectively, by the simultaneous formation of
up to nine C—N bonds in a fully selective and efficient
manner

Considering the similar reactivity between cyclic sul-
fates and sulfamidates we anticipate that these latter
compounds should also undergo a tandem nucleophilic
ring-opening and click reaction when combined with
sodium azide and an alkyne. In fact, the ring opening
of cyclic sulfamidates with sodium azide followed by
one-pot propargylation and cycloaddition has been re-
cently reported™! for the preparation of triazole-fused
heterocycles. However, no antecedents were found in-
volving cyclic sulfamidates in an MCR. In this exten-
sion of our study, the cyclic sulfamidates 2a and 2b
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Table 1. One-pot three-component click reaction of cyclic sulfates.
Entry Cyclic sulfate Alkyne Product Yield
[%]
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were prepared from aminoethanol and Boc-L-serine  Conclusion

methyl ester, respectively. Both cyclic sulfamidates re-
acted under similar conditions as those described for
cyclic sulfates in the presence of sodium azide and dif-
ferent alkynes giving an easy access to the (alkyl sulfa-
midate)-1H-1,2,3-triazoles 41-4p (Table 2).
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In summary, a

one-pot three-component methodology

involving azidation of cyclic sulfates or sulfamidates
by sodium azide in the presence of alkynes has been
developed broadening the state-of-the-art of CuAAC-
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Table 2. One-pot three-component click reaction of cyclic sulfamidates.

Entry Cyclic sulfamidate Alkyne Product Yield [%]
2 = OH wOH
1 2a OC\NBOC 3b _—\_/ 4 NaOasll\l S~ N‘Nz N 93
Boc
— NaO3SN
— I -
2 3¢ =\ 4 4m B;\—N\\/ 89
N N=N N
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3 2b oS NBoe 3b \__/ 4n NJI BocNSO3Na" 9
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OAc € oac
5 3e AP, 4p coome 92
% o /N Y
O\/ \/(N\:l‘\l BocNSO3Na"

based MCRs allowing the synthesis of 1,4-disubstitut-
ed 1,2,3-triazoles. The reported protocol benefits from
the simultaneous use of MW irradiation and heteroge-
neous catalysis that allow fast reaction times, avoid
the need of any reducing agent or other additives
commonly used in CuAAC click chemistry and any
purification step. Other noteworthy features of this
method are its atom economy, efficiency, absence of
by-products, safety, user friendliness and simplicity
that make this process attractive for the synthesis of
screening libraries.

Experimental Section

General Remarks

Commercially available reagents, compounds 1a, 3a-3d, 3i
and solvents were used as purchased without further purifi-
cation. Starting materials as cyclic sulfates 1b, 1¢,% cyclic
sulfamidates 2a,””! 2b” and alkynes 3e,” 3£ 3gl!l and
3hF? were prepared according to reported procedures in lit-
erature. TLCs were performed on Merck Silica Gel 60 F254
aluminium sheets. Reagents used for developing plates in-
clude potassium permanganate (1% w/v), ninhydrin (0.3%
w/v) in ethanol and UV light when applicable. Flash column
chromatography was performed on silica gel Merck (230-
400 mesh, ASTM). Melting points were measured on a Gal-
lenkamp melting point apparatus and are uncorrected. Opti-
cal rotations were recorded on a Perkin—Elmer 141 polarim-
eter at room temperature. IR spectra were recorded on
a Satellite Mattson FTIR. 'H and *C NMR spectra were re-
corded at room temperature on a Varian Direct Drive (300,
400 and 500 MHz) spectrometer. Chemical shifts are given
in ppm and referenced to internal CDCl;. J values are given
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in Hz. Electrospray ionization (ESI) mass spectra were re-
corded on an LCT Premier Spectrometer.

Typical Experimental Procedure

Cyclic sulfate or sulfamidate (1.0 mmol), sodium azide
(1.0 mmol), the alkyne derivative (1.0 mmol) and catalyst Si-
BPA-Cut or Si-BPMA-Cut (30 mg) were added to 4:1 ¢-
BuOH-H,0O (10 mL). The reaction mixture was irradiated
by MW at 60°C. Progress of the reaction was followed by
TLC until complete disappearance of the starting materials,
normally less that 15 min. Filtration of the catalyst and
evaporation of the solvent under vacuum afforded the pure
1,2,3-triazoles in the yields indicated in Table 1 and Table 2,
without any chromatographic purification.

Analytical and Spectroscopic Data of the 1,2,3-Tri-
azoles

Sodium 3-(4-phenyl-1H-1,2,3-triazol-1-yl)propyl sulfate (4a):
Compound 4a was obtained as a syrup; yield: 259 mg
(85%). IR (film): vy, =2924, 2853, 1655, 1461, 1250, 1206,
1074, 841 cm™'; '"HNMR (CD;OD, 400 MHz): 6=8.37 (s,
1H), 7.81 (d, 2H, /J=7.4Hz), 742 (t, 2H, J=7.6 Hz), 7.33
(t, 1H, J=7.4Hz), 4.60 (t, 2H, /=6.9 Hz), 4.06 (t, 2H, J=
59Hz), 231 (p, 2H, J=6.4Hz); "CNMR (CD;OD,
100 MHz): 6=148.9, 131.9, 130.1, 129.4, 126.8, 123.1, 65.6,

483, 312; HRMS (ESI): m/z=284.0701, caled. for
C,HN,0,S [M-Na+2H]*: 284.0705; HPLC purity:
92.85%.

Sodium 3-[4-(3-hydroxypropyl)-1H-1,2,3-triazol-1-yl]prop-
yl sulfate (4b): Compound 4b was obtained as a syrup;
yield: 276 mg (96%). IR (film): v, =3446, 2952, 1655, 1438,
1224, 1022, 946, 825 cm™'; "H NMR (CD;OD, 400 MHz): 6 =
7.80 (s, 1H), 4.50 (t, 2H, J=6.9 Hz), 4.00 (t, 2H, J=5.9 Hz),
3.58 (t,2H, J=6.4 Hz), 2.76 (t, 2H, J=7.6 Hz), 2.24 (p, 2H,
J=6.1Hz), 1.87 (p, 2H, J=6.5Hz); "CNMR (CD,0D,
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100 MHz): 6 =148.8, 124.0, 65.6, 62.1, 48.0, 33.4, 31.3, 22.8;
HR-MS (ESI): m/z=266.0799, calcd. for CgH;sN;O;S
[M—Na+2H]*: 266.0811; HPLC purity: 100%.

Sodium 3-[4-(pyridin-3-yl)-1H-1,2,3-triazol-1-yl]propyl
sulfate (4c): Compound 4¢ was obtained as a syrup; yield:
275 mg (90%). IR (film): v, =3269, 2961, 2858, 1694, 1646,
1535, 1452, 1065, 584 cm™'; '"H NMR (CD;OD, 400 MHz):
0=9.02 (s, 1H), 8.53-8.50 (m, 2H), 8.26 (d, 1H, /=79 Hz),
7.51 (dd, 1H, J=7.5, 5.1 Hz), 4.63 (t, 2H, J=6.8 Hz), 4.05
(t, 2H, J=58Hz), 2.32 (m, 2H); “CNMR (CD,OD,
100 MHz): 6 =149.6, 147.4, 145.3, 135.1, 128.9, 125.7, 124.0,
65.5, 48.4, 31.2; HR-MS (ESI): m/z=285.0645, calcd. for
C,0H;3N,O,S [M—Na+2H]*: 285.0658; HPLC purity: 100%.

Sodium 3-[4-(ethoxycarbonyl)-1H-1,2,3-triazol-1-yl]propyl
sulfate (4d): Compound 4d was obtained as a syrup; yield:
271 mg (90%). IR (film): v, =3260, 2966, 1716, 1649, 1539,
1221, 1024, 574 cm™'; '"H NMR (CD,0D, 400 MHz): 6 =8.59
(s, 1H), 4.62 (t, 2H, /=69 Hz), 438 (q, 2H, J=7.1Hz),
4.03 (t, 2H, J=59Hz), 2.30 (m, 2H), 1.36 (t, 3H, J=
7.1Hz); "CNMR (CD;OD, 100 MHz): 6=162.4, 140.6,
130.2, 65.5, 62.5, 43.6, 31.0, 14.7;, HR-MS (ESI): mi/z=
280.0600, caled. for CgH;JN;O,S [M—Na+2H]|*: 280.0603;
HPLC purity: 97.42%.

Sodium 3-[4-(2,3',4',6'-tetra- O-acetyl-a-D-mannopyrano-
syloxymethyl)-1H-1,2,3-triazol-1-yl]propyl  sulfate  (4e):
Compound 4e was obtained as a syrup; 512 mg (87%); [a]p:
+33.2° (¢ 1, MeOH). IR (film): v,,,=3142, 2923, 1747,
1436, 1370, 1226, 1134, 1048, 942 cm™'; 'H NMR (CD,;0D,
400 MHz): 6=28.14 (s, 1H), 5.29-5.22 (m, 3H), 4.97 (s, 1H),
482 (m, 1H), 471 (d, 1H, J=12.0Hz), 4.57 (t, 2H, J=
6.9 Hz), 4.25 (dd, 1H, /=123, 4.7 Hz), 4.13-4.05 (m, 2H),
4.03 (t, 2H, J=59Hz), 2.27 (p, 2H, J=62Hz), 2.12 (s,
3H), 2.07 (s, 3H), 2.03 (s, 3H), 1.94 (s, 3H); “CNMR
(CD;0D, 100 MHz): 6=171.1, 170.2, 170.1, 170.1, 123.8,
96.8, 69.3, 69.2, 68.6, 64.1, 62.1, 60.0, 46.8, 29.7, 19.3, 19.2,
19.2; HR-MS (ESI): m/z=568.1422, calcd. for C,,H;(N;0,,S
[M—Na+2H]*: 568.1448; HPLC purity: 100%.

Sodium 1-(benzyloxy)-3-{4-[ (¢tert-butoxycarbonylamino)-
methyl]-1H-1,2,3-triazol-1-yl}propan-2-yl sulfate (4f): Com-
pound 4f was obtained as a syrup; yield: 450 mg (97%). IR
(film): v, =3433, 2976, 1703, 1523, 1366, 1253, 1169, 1029,
761 cm™'; 'TH NMR (DMSO-d, 400 MHz): 6="7.78 (s, 1H),
7.35-7.19 (m, 5H), 4.65 (dd, 1H, J=15.1, 6.0 Hz), 4.65 (m,
2H), 4.56 (m, 2H), 4.45 (s, 2H), 4.16 (d, 2H, J=53 Hz),
3.37 (m, 3H, 1H exchangeable with D,0), 1.36 (s, 9H);
BCNMR (DMSO-d;, 75MHz): 6=156.0, 1457, 138.6,
128.7, 127.9, 127.9, 124.0, 78.3, 73.2, 72.8, 69.0, 50.3, 36.1,
28.7; HR-MS (ESI): m/z=443.1595, calcd. for C;3sH,;N,O,S
[M—Na+2H]*: 443.1600; HPLC purity: 79.47%.

Sodium  1-(benzyloxy)-3-[4-(3-hydroxypropyl)-1H-1,2,3-
triazol-1-yl)propan-2-yl sulfate (4g): Compound 4g was ob-
tained as a syrup; yield: 393 mg (100%). IR (film): v, =
3406, 2933, 1599, 1259, 1036 cm™'; 'HNMR (DMSO-d,,
400 MHz): 6=7.70 (s, 1H), 7.32 (m, 5H), 4.63-4.43 (m,
5H), 3.44-3.38 (m, 4H), 2.61 (t, 2H, J=7.7Hz), 1.71 (m,
2H); “C NMR (DMSO-d,, 75 MHz): 6 =146.4, 138.2, 128.2,
127.5,127.4,122.7, 72.9, 72.4, 68.7, 60.0, 49.9, 32.3, 21.6; HR-
MS (ESI): m/z=416.0864, calcd. for C;sH,)N;O4Na,S [M+
Na]*: 416.0868; HPLC purity: 87.24%.

Sodium 3,3'-[4,4'-(2,5,8,11,14-pentaoxapentadecane-1,15-
diyl)bis(1H-1,2,3-triazole-4,1-diyl) ]bis[ 1-(benzyloxy)pro-
pane-3,2-diyl] disulfate (4h): Compound 4h was obtained as
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a syrup; yield: 870 mg (95%). IR (film): v, =3467, 2872,
1654, 1455, 1235, 1098, 1028, 762 cm™"; '"H NMR (DMSO-d,,
400 MHz): 6=7.94 (s, 2H), 7.35-7.18 (m, 10H), 4.66 (dd,
2H, J=15.4, 6.1 Hz), 4.61-4.53 (m, 4H), 4.50 (s, 4H), 4.46
(d, 4H, J=3.8 Hz), 3.54-3.31 (several m, 20H); “C NMR
(DMSO-d,, 100 MHz): 6=143.6, 138.2, 128.2, 127.5, 127.4,
124.8, 727, 72.4, 69.7, 69.6, 68.9, 68.7, 63.5, 50.0; HR-MS
(ESI): m/z=911.2162, caled. for C;H,N¢OsS,Na; [M+
Na]*: 911.2156; HPLC purity: 92.32%.

1-(3-0-Accetyl-6-deoxy-1,2-O-isopropyliden-5-O-sulfo-a-D-
glucofuranos-6-yl)-4-(3-hydroxypropyl)-1H-1,2,3-triazole
sodium salt (4i): Compound 4i was obtained as a syrup;
yield: 445 mg (94%); [a]p: —36.5° (¢ 1, MeOH). IR (film):
Vmax=3471, 2932, 1739, 1639, 1376, 1244, 1067, 1017,
753 cm™'; 'HNMR (CD;0OD, 400 MHz): §=7.84 (s, 1H),
5.89 (d, 1H, J=3.5Hz), 512 (d, 1H, J=2.8 Hz), 5.01 (dd,
1H, J=14.5, 3.1 Hz), 4.79 (m, 1H), 4.69 (dd, 1H, J=14.5,
29Hz), 449 (d, 1H, J=3.5Hz), 3.89 (dd, 1H, J=9.0,
2.8 Hz), 3.57 (t, 2H, J=5.3 Hz), 2.75 (t, 2H, J=7.6 Hz), 2.07
(s, 3H), 1.87 (q, 2H, J=6.8 Hz), 1.36 (s, 3H), 1.26 (s, 3H);
BCNMR (CD;0D, 100 MHz): 6=172.0, 113.9, 106.7, 84.4,
779, 76.6, 73.5, 62.1, 51.6, 33.4, 27.3, 26.8, 22.9, 21.1; HR-MS
(ESI): m/z=450.1176, caled. for C;¢HyN;0,,S [M—Na]™:
450.1182; HPLC purity: 91.37%.

1-(3-O-Acetyl-6-deoxy-1,2-O-isopropyliden-5-O-sulfo-a-D-
glucofuranos-6-yl)-4-(2',3',4', 6'-tetra-O-acetyl-f-D-glucopyr-
anosyloxymethyl)-1H-1,2,3-triazole sodium salt (4j): Com-
pound 4j was obtained as a syrup; yield: 705 mg (91%);
[a]lp: —27.8° (¢ 1, MeOH); IR (film): v,,= 2934, 1752,
1374, 1224, 1162, 1046, 749cm™*; 'HNMR (CD;0OD,
400 MHz): 6=8.08 (s, 1H), 5.89 (d, 1H, J=3.6 Hz), 5.18 (t,
1H, J=9.4 Hz), 511 (d, 1H, J=29Hz), 5.04 (dd, 1H, J=
14.5, 3.1 Hz), 4.99 (t, 1H, J=9.7 Hz), 4.88-4.71 (m, 6H),
4.50 (d, 1H, J=3.6 Hz), 4.28 (dd, 1H, J=12.4, 44 Hz), 4.14
(dd, 1H, /=124, 2.3 Hz), 3.92 (dd, 1H, /=8.9, 2.9 Hz), 3.89
(m, 1H), 2.08 (s, 3H), 2.05 (s, 3H), 1.98 (s, 3H), 1.95 (s,
3H), 1.92 (s, 3H), 1.38 (s, 3H), 1.27 (s, 3H); "CNMR
(CD;0OD, 100 MHz): 6=172.6, 172.3, 171.9, 171.6, 113.9,
106.7, 103.2, 84.5, 78.2, 76.7, 76.5, 74.6, 73.6, 73.2, 72.9, 70.3,
63.4, 63.3, 51.8, 27.3, 26.8, 21.1, 20.9, 20.8, 20.8; HR-MS
(ESI): m/z=752.1827, caled. for C,H3N;O,,S [M—Na]™:
752.1820; HPLC purity: 89.14%.

N,N,N-Tris-[ (1-(3-O-Acetyl-6-deoxy-1,2-O-isopropyliden-
5-0-sulfo-o-D-glucofuranos-6-yl)-1H-1,2,3-triazol-4-yl) me-
thyllJamine sodium salt (4k): Compound 4k was obtained as
a syrup; yield: 1103 mg (85%); [a]p: —38.7° (¢ 1, MeOH).
IR (film): v,,,=3145, 2985, 2925, 2850, 1738, 1638, 1375,
1239, 1015, 751 cm™; '"H NMR (CD,0D, 400 MHz): 6 =8.07
(s, 3H), 591 (d, 3H, J=3.1 Hz), 5.14 (s, 3H), 5.04 (d, 3H,
J=15.4Hz), 4.88 (m, 3H), 4.73 (dd, 3H, J=13.8, 3.7 Hz),
453 (d, 3H, J=3.4Hz), 4.03 (dd, 3H, J=8.1, 2.0 Hz), 3.82
(s, 6H), 2.09 (s, 9H), 1.36 (s, 9H), 1.27 (s, 9H); “C NMR
(CD;OD, 125MHz): 6=172.0, 145.1, 127.7, 113.8, 106.6,
84.4,78.6,76.8, 73.7, 52.2, 49.2, 27.3, 26.7, 21; HR-MS (ESI):
miz= 1299.2307, caled. for C,HssN;;O»S;Na; [M+H]™
1299.2328; m/z=1277.2560, caled. for Cy,HsN;(O,,S;Na,
[M—Na+2H]*": 1277.2509; m/z=1255.2726, calcd. for
C,HgN(O,;S;Na  [M—2Na+3H]JY:  1255.2689; m/z=
1233.2874, caled. for Cu,HgN(O,;S; [M—3Na+4H]*:
1233.2870; HPLC purity: 97.96%.

Sodium  tert-butoxycarbonyl{2-[4-(3-hydroxypropyl)-1H-
1,2,3-triazol-1-yl]ethyl}sulfamate (41): Compound 41 was ob-
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tained as a syrup; yield: 345 mg (93%). IR (film): vy, =
3355, 3142, 2928, 1698, 1522, 1366, 1251, 1169, 1067, 1011,
764 cm™'; 'TH NMR (DMSO-d,, 400 MHz): 6=7.72 (s, 1H),
4.44 (t,3H, J=5.6 Hz), 3.83 (t, 2H, /=6.0 Hz), 3.43 (q, 2H,
J=59Hz), 2.60 (t, 2H, J=7.7 Hz), 1.75-1.68 (m, 2H), 1.25
(s, 9H); "CNMR (DMSO-d,, 125 MHz): 6=152.5, 122.4,
79.1, 60.0, 48.7, 46.5, 32.2, 27.7, 21.7, HR-MS (ESI): m/z=
349.1187, caled. for C;,H, N,O4S [M—Na]™: 349.1182.

Sodium tert-butoxycarbonyl{2-[4-(pyridin-3-yl)-1H-1,2,3-
triazol-1-yl]ethyl}sulfamate (4m): Compound 4m was ob-
tained as a syrup; yield: 348 mg (89%). IR (film): vy =
2971, 2925, 1701, 1340, 1252, 1151, 1048 cm™'; 'H NMR
(CD;0D, 400 MHz): 6=9.07 (s, 1H), 8.57 (s, 1H), 8.46 (s,
1H), 8.27 (d, 1H, J=79 Hz), 7.55 (s, 1H), 4.55 (t, 2H, J=
5.8 Hz), 3.58 (i, 2H, J=5.7Hz), 1.36 (s, 9H); “C NMR
(DMSO-d,, 125 MHz): 6=156.9, 148.1, 145.8, 144.0, 133.5,
122.3, 79.1, 50.1, 40.1, 27.3; HR-MS (ESI): m/z=392.1019,
caled. for C;H;,N;OsSNa [M +H]*: 392.1005; HPLC purity:
98.09%.

Sodium  (S)-tert-butoxycarbonyl{3-[4-(3-hydroxypropyl)-
1H-1,2,3-triazol-1-yl]-1-methoxy-1-oxopropan-2-yl}sulfamate
(4n): Compound 4n was obtained as a syrup; yield: 408 mg
(95%); [a]lp: —43.7° (¢ 1, MeOH); IR (film): v,,,,=3422,
2953, 1741, 1710, 1438, 1370, 1251, 1051 cm™; 'H NMR
(DMSO-d,, 400 MHz): 6=7.79 (s, 1H), 512 (dd, 1H, J=
8.5,4.4Hz), 491 (dd, 1H, J=14.1, 43 Hz), 4.65 (dd, 1H, J=
14.1, 8.9 Hz), 3.60 (s, 3H), 3.40 (t, 2H, /=6.3 Hz), 2.56 (t,
2H, J=75Hz), 1.68 (p, 2H, J=6.7Hz), 1.23 (s, 9H);
BCNMR (DMSO-d;, 125MHz): 6=170.1, 155.1, 146.6,
122.5, 78.7, 59.9, 53.6, 52.2, 49.2, 32.2, 28.0, 21.6; HR-MS
(ESI): m/z=407.1224, calced. for C;;H,3N,O¢S [M—Na]™:
407.1237; HPLC purity: 100%.

Sodium  (S)-tert-butoxycarbonyl(3-{4-[ (¢ert-butoxycarbo-
nylamino)methyl]-1H-1,2,3-triazol-1-yl}-1-methoxy-1-oxo-
propan-2-yl)sulfamate (40): Compound 40 was obtained as
a syrup; yield: 0.46 g (93%); [a]p: —43.1° (¢ 1, MeOH); IR
(film): v =3379, 2977, 1741, 1702, 1249, 1049 cm™;
'"HNMR (DMSO-d,, 400 MHz): 6=7.86 (s, 1H), 7.18 (t,
1H, J=5.7 Hz, interchangeable with D,0), 5.12 (dd, 1H,
J=7.7,4.6Hz), 494 (dd, 1H, J=13.9, 4.8 Hz), 4.63 (dd, 1H,
J=13.8, 8.0 Hz), 4.09 (d, 2H, J=5.6 Hz), 3.59 (s, 3H), 1.36
(s, 9H), 1.24 (s, 9H); "C NMR (DMSO-d,, 100 MHz): 6 =
169.6, 155.4, 123.6, 80.0, 58.7, 51.8, 49.9, 35.6, 28.2, 27.7; HR-
MS (ESI): m/z=478.1603, calcd. for C;H,sNs;O,S [M—Na]™:
478.1608; HPLC purity: 94.96%.

Sodium (S)-tert-butoxycarbonyl{1-methoxy-1-oxo0-3-[4-
(2',3',4',6'-tetra-O-acetyl-o-D-mannopyranosyloxymethyl)-
1H-1,2,3-triazol-1-yl]}sulfamate (4p): Compound 4p was ob-
tained as a syrup; yield: 0.67¢g (92%); [a]p: —3.3° (¢ 1,
MeOH). IR (film): v,,,=2926, 1749, 1437, 1370, 1230,
1048 cm™'; '"H NMR (DMSO-d,, 400 MHz): 6 =8.10 (s, 1H),
5.18 (dd, 1H, J=8.6, 4.5 Hz), 5.13-4.99 (m, 4H), 4.96 (dd,
1H, /=14.2,4.6 Hz), 472 (dd, 1H, J=14.1, 8.8 Hz), 4.64 (d,
1H, J=12.0 Hz), 4.56 (d, 1H, /=12.0 Hz), 4.15 (dd, 1H, /=
12.2, 5.0 Hz), 4.07-3.95 (m, 2H), 3.61 (s, 3H), 2.08 (s, 3H),
2.02 (s, 3H), 2.00 (s, 3H), 1.90 (s, 3H), 1.24 (s, 9H);
BCNMR (DMSO-d;, 100 MHz): 6=170.1, 169.6, 169.6,
169.4, 155.1, 142.3, 125.3, 95.9, 78.8, 68.6, 68.6, 68.0, 65.3,
61.8, 59.8, 53.6, 52.3, 49.5, 28.0, 20.6, 20.5, 20.4, 20.4; HR-MS
(ESI): m/z= 709.1851, calcd. for C,H;;N,O;S [M—Na]™:
709.1874.
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Supporting Information

"H- and ®C NMR spectra of the obtained 1,2,3-triazoles 4a—
p are available in the Supporting Information.
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