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Preparation of glycosyl thiourea derivatives from glycosyl azides

using sulfamic acid and sodium iodide in one-pot
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Abstract: Novel one-pot reaction conditions have been dmed for the preparation of
glycosyl thiourea derivatives directly from glycésyzides mediated by a combination of
sulfamic acid and sodium iodide. The reaction coowls were clean, non-toxic and the products

were isolated in good to excellent yield.
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1. Introduction

Thiourea derivatives are important class of molesuiaving versatile chemical and biological
applications. They have been used in therapeutics as antioxfdamti-bacteriaf anti-
inflammatory? anti-parasitic, anti-HIV,° anti-tuberculaf, rodenticide® anti-cancer agenfsanti-
fungal agent¥ etc. Thiourea derivatives have been used as agmichls such as insect growth
regulator! and herbicide&* They have also wide applications in the chemigaitteesis of
heterocycles and other organic molecdfe$.In the recent past, thiourea derivatives have been
applied as organocatalysts and ligands in a va@étgpsymmetric organic reactiofs™® In
addition, they have been applied as chemical serfeotthe detection of heavy metdland in

polymer synthesi&®



Glycosyl thiourea derivatives have been used far fineparation of several biologically
important molecules such as glycoconjugatethioureidosugar derivativé$, nucleoside$!
spiroglycoside$? glycoclustures and dendrimerdridged thiourea calix sugar derivatitéstc.

A number of glycosyl thiourea derivatives have bémmd promising as antiviral, antibacterial
and antitumor agenfs.Because of the increasing therapeutic importaseggeral glycosyl
thiourea derivatives have been synthesized usiagehction of glycosyl isothiocyanates with
aryl/alkyl amines or reaction of glycosyl aminegtwaryl/alkyl isothiocyanates (Scheme®4}?
However, the reported methods for the preparatioglyewosyl thiourea derivatives suffer from
several shortcomings such as, handling of unstghleosyl halide for the preparation of
glycosyl isothiocyanate derivatives, chemical amernal instability of glycosyl amine derived
from the reduction of glycosyl azides, operatioo@amnplication for the preparation of glycosyl
amines’’?° poor yield in the thiophosgene mediated conversainamino group into
isothiocyanato groufs, hazardous reaction conditiGhetc. Therefore, there is a strong need to
develop a high yielding, reproducible, user frigndtaction condition for the preparation of
glycosyl thiourea derivatives. During our synthedtadies on carbohydrates we were interested
to prepare a series of glycosyl thiourea derivativewas envisaged that development of a one-
pot reaction condition for the reduction of azidoup followed by reaction with an appropriate
aryl/alkyl isothiocyanate could furnish satisfagtgreld of the glycosyl thiourea derivative in a
clean reaction condition. Prompted by a recentntegioShankaraiah et &f.for the preparation
of podophyllotoxin-thiourea congeners, in which daziderivative was reacted with aryl
isothiocyanates in the presence of a combinatiosutfamic acid and sodium iodide, it was
decided to prepare glycosyl thiourea derivative®dlly from glycosyl azides avoiding the
problems associated with the preparation of glyc@syines or isothiocyanate derivatives.
Earlier, sulfamic acid has been used in variousamigy transformations because of its

organocatalytic property.We report herein a convenient one-pot synthesggdyabsy! thiourea



conjugates by the reaction of glycosyl azides vaitl isothiocyanates in the presence of a
combination of sulfamic acid and sodium iodide @uale 2). It is presumed that on treatment
with a combination of sulfamic acid and sodium dawmji the glycosyl azide reduced to form
glycosyl aminein situ which immediately reacts with aryl isothiocyan&tefurnish glycosyl

thiourea derivatives.
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Scheme 1. Conventional approaches for the preparation afagylthiourea derivatives.
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Scheme 2: Preparation of glycosyl thiourea derivatives dilgfrom glycosyl azides.

2. Results and discussion

In a set of initial experiments, 2,3,4,6-te@aacetyl3-D-glucopyranosyl azidel] (1 mmol) was
allowed to react with 4-fluoro-benzylisothiocyanate the presence of a varied quantity of
sulfamic acid and sodium iodide at room temperatara variety of solvents such as, THF,
CHsCN, DMF etc. After a series of optimization, it wabserved that use of 3.0 equiv. of
sulfamic acid and 4.0 equiv. of sodium iodide iretaaitrile resulted in the formation of 4-
fluorophenyl 3-(2,3,4,6-tetr@-acetyl{3-D-glucopyranosyl) thiourea) in 70% vyield in 8 h at
room temperature. Following similar reaction coiwtita series of peD®-acetylated glycosyl

azide derivatives were reacted with a series dfiaoghiocyanates to furnish a variety of p@s-
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acetylated glycosyl aryl thiourea derivatives imygood yield (Table 1). Although in the earlier
report less amount of reagents were used for thaisstormation, in this case reducing the
guantity of sulfamic acid or sodium iodide led t@omplete conversion of the starting material
even after 24 h presumably due to the fact thausodbdide got decomposed under the reaction
condition. A scaled up synthesis of compoui@dwas also carried out with similar yield as in
small scale preparation. All products were unamiugly characterized by their spectral
analysis. In order to evaluate the medicinal padémf the compounds it is necessary to have
their deprotected version. Therefore, represemdtivourea derivativesl(, 12 and 16) were
subjected to the transesterification with dilutedissn methoxide following the reaction

conditions reported by Somsakt al.*

Gratifyingly, quantitative yield of de-O-acetyldte
thiourea derivatives were achieved without formatad any by product besides the possibility
of the reactivity of thiourea functionality with dam methoxide. Presumably, the azide group
was reduced to amine functionality in the preseoicéhe combination of sulfamic acid and

sodium iodide, which reacted with aryl isothiocy@sao give the thiourea derivatives.

Table 1. Preparation of glycosyl thiourea derivatives bylf@nic acid and Sodium iodide

mediated reaction of glycosyl azides with aryl isotyanates in acetonitrile.

S Glycosyl azide Product Time | Yield Ref
No. (h) (%)
1 OAc OAc S = 8 70 32
Acoﬁ/ Acoﬁ/ T /©/
AcO N3 AcO N~ "N
OAc OAcH H
1 5

m.p. 190-19PC [EtOH]; [0]p®° + 20 €
1.0, CHC}); [Lit. m.p.: 191-193C; [a]p
+18 (€ 0.29, CHCY)].

2 1 OAc . F 8 70 33
AcO Q t[:j
AcO/éN/NJ\N
OAcH H
6
m.p. 187-188C [EtOH]; [0]p® + 16 €

1.0, CHCY).




OAc CF3
AcO /©/
Aco/ﬁN/ i
OAc H
m.p. 110-112C [EtOH]; [0]p®+28 €

1.0, CHC}); [Lit. m.p.: 112-11£C; [a]p
+32 (€ 0.15, CHCY)].

72

32

OAC Cl j@
AcO
AcO j\

OAc H

66

OAc cl
ACO&, /©/
AcO

OAc H

m.p. 127-128C [EtOH], [0]p®-10
1.0, CHC}); [Lit. m.p.: 128-130CC; [a]p
-12.3 €1.8, CHCY)].

68

34

e 2

OAc H

m.p. 96-98°C [EtOH], [0]p?° + 16 € 1.0,
CHCl)

74
72
CXe
scale)

33

OAC CHj
AcO /©/
AcO

OAc H

m.p. 76-78C [EtOH], [0]o®-4 (1.0,
CHCly)

10

56

35

OAc cl Cl
ACO/&/ j©/
AcO iH

OAC H

m.p. 176-178C [EtOH]; []®-14 C
1.0, CHCY); [Lit. m.p.: 178°C].

62

36
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AcO /©/
AcO
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AcO

1
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12 s Cl 8 58 -

AcO OAC

16
13 3 S 10 58 --

HN- N CHs
o H
AcO
AcO OAC

17

14 3 oL C 10 62 -

15 3 S 8 76 --

AcO OAcC
19
16 3 S 8 64 -
HNJ\N F
o H
AcO
AcO OAc
20
17 AcO OAc AcO _OAc 10 68 --
iy OAc &/ OAc NO,
ACO o o) AcO 0 Q ¥ U
OAc AcO Ny OAc AcO N" N
OAC OAc H H
4 21
3. Conclusion

In summary, a straightforward convenient one-pattien condition has been developed for the
preparation of glycosyl thiourea derivatives in @lent yield directly from glycosyl azides
mediated by a combination of sulfamic acid and wwodiodide avoiding the use of toxic
reagents. Further utilization of glycosyl thioudsxivatives in the organic transformations are in

progress in our laboratory.



4, Experimental

4.1. General methods. All reactions were monitored by thin layer chroomphy over
silica gel coated TLC plates. The spots on TLC wasealized by warming ceric sulphate (2%
Ce(SQ), in 2N H,SQOy) sprayed plates in hot plate. Silica gel 230-408simwas used for
column chromatographyH and**C NMR spectra were recorded on Brucker Avance 56z M
spectrometers using CDLas solvent and TMS as internal reference unlegedstotherwise.
Chemical shift value is expressed dnppm. Assignment of the protons and carbons in the
carbohydrate ring was carried out using D **C and'*C DEPT NMR spectra and 2D COSY,
HSQC NMR spectra. ESI-MS were recorded on a Micssmaass spectrometer. Commercially

available grades of organic solvents of adequatiéypare used in all reactions.
4.2. General experimental condition for the preparation of glycosyl thiourea derivatives

To a solution of glycosyl azide (1.0 mmol) and asgthiocyanate (1.2 mmol) in dry GEN (5
mL) were added sulfamic acid (100 mg, 3.0 mmol) sodium iodide (600 mg, 4.0 mmol) and
the reaction mixture was allowed to stir at roommperature for appropriate time mentioned in
Table 1. The solvents were removed under reducesspre and the crude reaction mixture was
diluted with CHCI, (50 mL). The organic layer was successively washigd 5% NaS,03 (50
mL), water (50 mL), dried (N&O,) and concentrated. The crude product was purdied SiQ
column chromatography using hexane-EtOAc to give puoducts. Spectral data of the isolated

products, which are not reported earlier, are pteskebelow.

N-(2,3,4,6-Tetra-O-acetyl-B-p-glucopyranosyl)-N’-(2,3-dichlor ophenyl)thiourea (8): Yellow
oil; [a]p®® - 6 (€ 1.0, CHCE); *H NMR (CDCk, 500 MHz):5 7.52 (br s,1 H, N), 7.47 - 7.30
(m, 3 H, Ar-H), 6.78 (dJ = 7.5 Hz, 1 H, M), 5.68 (t,J = 8.5 Hz, 1 H, H-1), 5.33 (= 9.5 Hz,
1 H, H-3) 5.02 (tJ = 10.0 Hz, 1 H, H-4), 4.88 (8, = 9.5 Hz, 1 H, H-2), 4.34 (dd,= 12.0 Hz,
5.5 Hz, 1 H, H-§), 4.08 (d,J = 12.0 Hz,1 H, H-p), 3.87 - 3.80 (m, 1 H, H-5), 2.06, 2.05, 2.03,
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2.00 (4 s, 12 H, 4 B;CO); **C NMR (CDCk, 125 MHz):8 182.5 CS), 171.3, 170.4, 169.6,
169.4 (4 C, 4 CKCO), 134.9 - 126.6 (6 C, Ar-C), 83.1 (C-1), 73.7%5-72.6 (C-3), 70.6 (C-2),
68.3 (C-4), 61.6 (C-6), 20.7, 20.6, 20.5, 20.4 (4 CH3CO). ESI-MS: 573.0 [M+N4d] Anal.

Calcd. for GiH24CI2N200S (550.06): C, 45.74; H, 4.39%); found: C, 45.604t56%.

N-(2,3,4,6-T etr a-O-acetyl-3-D-mannopyr anosyl)-N’-(2,3-Dichlor ophenyl)thiour ea (14):
Yellow oil; [a]p?® - 14 € 1.0, CHC}); *H NMR (CDCk, 500 MHz):5 8.40 (br s, 1 H, N), 7.66
-7.22 (m, 3 H, Ar-H), 7.17 (dl = 7.5 Hz, 1 H, M), 5.87 (br s, 1 H, H-1), 5.38 (br s, 1 H, H-2),
5.09 - 5.04 (m, 2 H, H-3, H-4), 4.23 - 4.21 (m, 1HH6,), 3.98 (dJ = 12.5 Hz, 4.5 Hz, 1 H, H-
61), 3.60 - 3.57 (M, 1 H, H-5), 2.06, 1.98, 1.97,41(8 s, 12 H, 4 CECO); **C NMR (CDC},
125 MHz):5 181.7 CS), 170.4, 170.0, 169.4, 169.3 (4 £1®), 133.4 - 127.4 (6 C, Ar-C), 80.8
(C-1), 74.0 (C-2), 71.4 (C-3), 69.8 (C-4), 65.4 §;-62.2 (C-6), 20.9, 20.7, 20.5, 20.4 (4
CH3CO). ESI-MS: 573.0 [M+Nd] Anal. Calcd. for GH24Cl.N,OgS (550.06): C, 45.74; H,

4.39%:; found: C, 45.57; H, 4.60%.

N-(2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl)-N'-(4-trifluoromethylphenyl)thiourea  (15):
Yellow oil; [a]p? + 26 € 1.0, CHC}); *H NMR (CDCk, 500 MHz):5 8.86 (br s, 1 H, N), 7.63
-7.45 (m, 4 H, Ar-H), 6.79 (br s, 1 HHY, 5.94 (d,J = 9.0 Hz, 1 H, H-1), 5.42 (br s, 1 H, H-2),
5.07 (dd,J=10.0 Hz, 3.0 Hz, 1 H, H-3), 4.91 &= 10.0 Hz, 1 H, H-4), 3.70 - 3.64 (m, 1 H, H-
5), 2.14, 2.03, 1.97, (3 s, 9 H, HeCO), 1.18 (dJ = 6.5 Hz, 3 H, CH3); *C NMR (CDCE,
125 MHz):5 180.7 CS), 170.0, 169.4, 169.3 (3 GED), 126.7 - 124.4 (6 C, Ar-C), 80.4 (C-1),
72.2 (C-3), 71.0 (C-4), 70.4 (C-2), 70.1 (C-5),8®0.6, 20.4, (XHsCO), 17.4 (CHz). ESI-
MS: 515.1 [M+Na]; Anal. Calcd. for GoH23FN»O;S (492.12): C, 48.78; H, 4.71%; found: C,

48.60; H, 4.86%.

N-(2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl)-N'-(2,4-dichlorophenyl)thiourea (16): Yellow

oil; [a]p®® - 9 (c 1.0, CHC}); *H NMR (CDCk, 500 MHz):5 8.32 (br s, 1 H, N), 7.64 - 7.24



(m, 3 H, Ar-H), 6.90 (br s, 1 H, M), 5.80 (br s, 1 H, H-1), 5.4 (br s, 1 H, H-2),4.@ld,J =
10.0 Hz, 2.0 Hz, 1 H, H-3), 4.91@= 10.0 Hz, 1 H, H-4), 3.68 - 3.64 (m, 1 H, H-5)1@, 2.02,
1.94 (3 s, 9 H, 3 C#C0), 1.18 (dJ = 5.5 Hz, 3 H, CCH); **C NMR (CDCE, 125 MHz):8
181.4 €CS), 170.0, 169.4, 169.3 (3 GED), 133.0 - 127.7 (6 C, Ar-C), 80.7 (C-1), 72.23%-
71.3 (C-4), 70.2 (C-2), 70.0 (C-5), 20.8, 20.7,42(B CHsCO), 17.4 (CH3). ESI-MS: 515.0
[M+Na]*; Anal. Calcd. for GeH2Cl.N20;S (492.05): C, 46.26; H, 4.49%:; found: C, 46.10; H,

4.66%.

N-(2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl)-N'-(4-methylphenyl)thiourea (17): Yellow oil;
[a]p® - 3 (c 1.0, CHC}); *H NMR (CDCk, 500 MHz):8 8.25 (br s, 1 H, N), 7.21 - 7.09 (m, 4
H, Ar-H), 6.37 (br s, 1 H, N), 5.95 (dJ = 9.5 Hz, 1 H, H-1), 5.37 (br s, 1 H, H-2), 5.08(d =
10.0 Hz, 3.0 Hz, 1 H, H-3), 4.91 (= 10.0 Hz, 1 H, H-4), 3.68 - 3.63 (m, 1 H, H-5)3& (s, 3
H, Ar-CHag), 2.15, 2.04, 1.95 (3's, 9 H, 3 @ED), 1.2 (d,J = 5.5 Hz, 3 H, CCh); °C NMR
(CDCls, 125 MHz):5 180.8 CS), 169.2 - 169.1 (3 GJ&0), 138.9 - 125.7 (6 C, Ar-C), 80.5 (C-
1), 72.0 (C-3), 71.1 (C-4), 70.0 (C-2, C-5), 26,4, 20.3 (3 CECO), 17.5 (CTHa), 14.2 (Ar-
CHaz). ESI-MS: 461.1 [M+Na], Anal. Calcd. for GoH2eN.O;S (438.14): C, 54.78; H, 5.98%;

found: C, 54.60; H, 6.20%.

N-(2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl)-N'-(2,3-dichlor ophenyl)thiourea (18): [a]p?> -
7.6 € 1.0, CHCE); *H NMR (CDClk, 500 MHz):5 8.37 (br s, 1 H, N), 7.61 - 7.35 (m, 3 H, Ar-
H), 6.94 (br s, 1 H, N), 5.87 (br s, 1 H, H-1), 5.44 (br s, 1 H, H-2)&@d,J = 10.0 Hz, 3.0
Hz, 1 H, H-3), 4.93 () = 10.0 Hz, 1 H, H-4), 3.69 - 3.66 (M, 1 H, H-5)1 2, 2.04, 1.96 (3 5, 9
H, 3 CHCO), 1.22 (dJ = 5.5 Hz, 3 H, CEls); *C NMR (CDCh, 125 MHz):5 181.2 CS),
170.0, 169.4, 169.3 (3 GHO), 136.0 - 125.4 (6 C, Ar-C), 80.7 (C-1), 72.235-71.3 (C-4),
70.2 (C-2), 70.0 (C-5), 20.8, 20.7, 20.5 (BIsCO), 17.4 (CHs). ESI-MS: 515.0 [M+Nal

Anal. Calcd. for GoH2:CIN,O7S (492.05): C, 46.26; H, 4.49%; found: C, 46.104H6%.



N-(2,3,4-Tri-O-acetyl-a-L-rhamnopyr anosyl-N’-(4-nitrophenyl)thiourea (19): [a]p> + 6.3 €
1.0, CHCH): H NMR (CDCk, 500 MHz):5 9.09 (br s, 1 H, N), 8.10 - 7.58 (m, 4 H, Ar-H),
7.23-7.21 (m, 1 H, N), 5.93(d,J = 8.5 Hz, 1 H, H-1), 5.45 (d,= 2.5 Hz, 1 H, H-2), 5.06 (dd,
J=10.0 Hz, 3.0 Hz, 1 H, H-3), 4.96 &= 10.0 Hz, 1 H, H-4), 3.71 - 3.66 (m, 1 H, H-5)1&,
2.06,1.97 (3s, 9 H, 3KECO), 1.22 (d]J = 5.5 Hz, 3 H, CEly); *C NMR (CDCh, 125 MHz):5
180.5 CS), 170.4, 169.8, 169.5 (3 GED), 144.2 - 122.6 (6 C, Ar-C), 80.2 (C-1), 72.33%-
71.5 (C-4), 70.1 (C-2), 70.0 (C-5), 20.8, 20.7,5203 CHsCO), 17.5 (CHs). ESI-MS: 492.1
[M+Na]*; Anal. Calcd. for GoH23NsOsS (469.12): C, 48.61; H, 4.94%; found: C, 48.45; H,

5.10%.

N-(2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl)-N'-(4-fluor ophenyl)thiourea (20): Yellow oil;
[a]p®° - 12 € 1.0, CHC}); *H NMR (CDCk, 500 MHz):5 8.54 (br s, 1 H, N), 7.30 - 7.05 (m,
4 H, Ar-H), 6.46 (br s, 1 H, N), 5.93 (d,J = 9.0 Hz, 1 H, H-1), 5.37 (d,= 2.5 Hz, 1 H, H-2),
5.06 (dd,J = 10.0 Hz, 3.5 Hz, 1 H, H-3), 4.88 {t= 10.0 Hz, 1 H, H-4), 3.70 - 3.60 (m, 1 H, H-
5), 2.02, 1.98, 1.95, (3 s, 9 H, 3HeCO), 1.18 (dJ = 6.0 Hz, 3 H, CEl3); *C NMR (CDCE,
125 MHz):5 181.0 CS), 169.6, 169.3, 169.2 (3 GED), 132.0 - 116.7 (6 C, Ar-C), 80.5 (C-1),
72.1 (C-3), 71.2 (C-4), 70.1 (C-2), 70.0 (C-5),@®0.5, 20.4 (XH3CO), 17.4 (CHa). ESI-
MS: 465.1 [M+Na]; Anal. Calcd. for GgH-3FN,O;S (442.12): C, 51.58; H, 5.24%; found: C,

51.40; H, 5.40%.

N-[2,3,4,6-T etr a-O-acetyl-[3-p-galactopyranosyl)-(1 - 4)-2,3,6-tri-O-acetyl-B-p-
glucopyranosyl]-N'-(4-nitrophenyl)thiourea (21): Yellow oil; [a]p?® + 6 € 1.0, CHC}); *H
NMR (CDCl, 500 MHz):8 8.90 (br s, 1 H, N), 7.95 (d,J = 9.0 Hz, 2 H, Ar-H), 7.62 (d] =
8.5 Hz, 2 H, Ar-H), 7.08 (s, 1 H,H), 5.66 (t,J = 9.0 Hz, 1 H, H-1), 5.30-5.28 (M, 2 H, H:4
H-2,), 5.11 (t, 1 H, H-3), 4.99 (ddJ = 3.0 Hz, 1 H, H-g), 4.71 (t,J = 11.0 Hz, 1 H, H-B),

4.56 (d,J = 7.5 Hz, 1 H, H-8), 4.18 - 4.10 (M, 4 H, HzBs, H-64pn), 4.05 (t,J = 9.0 Hz, 1 H, H-
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5g), 3.88 (t,J = 5.5 Hz, 1 H, H-4), 3.80 (t,J = 8.5 Hz, 1 H, H-R), 2.18, 2.14, 2.11, 2.09, 2.07,
2.04, 2.03, (7's, 21 H, 7 C®f); °C NMR (CDCE, 125 MHz):5 182.1 CS), 170.6, 170.3 (2
C), 169.9, 169.7, 169.5, 169.4 COCH), 146.0, 143.1, 131.6, 130.0, 129.3, 126.8 (Ar-C),
100.1 (C-%), 81.1 (C-4), 76.4 (C-3), 73.8 (C-3), 73.4 (C-3), 71.0 (C-4), 70.8 (C-3), 70.1
(C-24), 69.2 (C-3), 67.5 (C-4), 62.7 (C-§), 61.3 (C-G), 22.5, 21.1, 20.9 (2 C), 20.8, 20.7 (2
C), (7 CQCHs). ESI-MS: 838.2 [M+Nal;, Anal. Calcd. for GaHa1N3O16S (815.21): C, 48.59; H,

5.07%:; found: C, 48.45; H, 5.25%.

General method for the de-O-acetylation of glycosyl thiourea derivatives: A solution of per-
O-acetylglycosyl thiourea derivative (100 mg) in®M CHsONa (5 mL) was allowed to stir at
room temperature for 2 h. The reaction mixture weatralized with Dowex X8 (H resin,
filtered and concentrated under reduced pressire ciude product was passed through a short

pad of SiQ using EtOAc as eluant to give pure de-O-acetylateducts in quantitative yield.

N-(-p-Glucopyranosyl-N’-(4-nitrophenyl)thiourea (10a): glassy syrup; d]p>®> + 5 € 1.0,
CHsOH); 'H NMR (DO, 500 MHz):5 8.31 (d,J = 9.0 Hz, 2 H, Ar-H), 7.68 (d] = 9.0 Hz, 2 H,
Ar-H), 5.65-5.60 (br s, 1 H, H-1), 3.95-3.91 (dds 12.0, 2.0 Hz, 1 H, H«p 3.81-3.74 (ddJ =
12.0, 5.0 Hz, H-§), 3.64-3.58 (m, 2 H, H-2, H-5), 3.53 {t= 9.0 Hz, 1 H, H-3), 3.46 (8 = 9.0
Hz, 1 H, H-4);"*C NMR (D,O, 125 MHz):5 181.9 CS), 146.3-121.3 (Ar-C), 83.8 (C-1), 78.8,
77.9, 72.9, 70.1, 63.1; ESI-MS: 382.0 [M+NaRpnal. Calcd. for GsH1/N:0,S (359.08): C,

43.45; H, 4.77%:; found: C, 43.25; H, 5.00%.

N-(-p-Glucopyr anosyl-N’-(2,3-dichlor ophenyl)thiourea (12a): glassy syrup; ¢]o®> — 8 (c
1.0, CHOH); 'H NMR (D,O, 500 MHz):5 9.16 (br s, 1 H, NH), 8.46 (br s, 1 H, NH), 8.08¢
(m, 3 H, Ar-H), 5.82-5.78 (m, 1 H, H-1), 4.27-4.@th, 2 H, H-Gy), 3.95-3.73 (m, 4 H, H-2, H-3,

H-4, H-5); °C NMR (D,O, 125 MHz):5 183.8 CS), 133.9-128.1 (Ar-C), 84.1 (C-1), 77.7,
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76.8, 72.3, 69.7, 61.0; ESI-MS: 405.0 [M+Rajnal. Calcd. for GH16CloN2OsS (382.02): C,

40.74; H, 4.21%; found: C, 42.53; H, 4.45%.

N-(a-L-Rhamnopyranosyl)-N’-(2,4-dichlor ophenyl)thiourea (16a): glassy syrup; d]p®> + 9
(c 1.0, CHOH); *H NMR (D,O, 500 MHz):5 8.03-7.80 (m, 3 H, Ar-H), 5.96 (br s, 1 H, H-1),
4.40 (br's, 1 H, H-2), 4.06 (dd,= 9.5, 3.5 Hz, 1 H, H-3), 3.92-3.85 (m, 1 H, H-8)77 (t,J =
10.5 Hz, 1 H, H-4), 1.69 (d, = 6.5 Hz, 3 H, CEl5); 3C NMR (D,O, 125 MHz):5 182.6 CS),
133.9-128.1 (Ar-C), 82.0 (C-1), 73.9, 73.4, 72.0,17 17.0 (CHs); ESI-MS: 389.0 [M+Nal;

Anal. Calcd. for G3H16CIoN2O4S (366.02): C, 42.52; H, 4.39%; found: C, 42.334t60%.
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Graphical abstract

Preparation of glycosyl thiourea derivatives from glycosyl
azides using sulfamic acid and sodium iodide in one-pot
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Resear ch Highlights

» Glycosyl thiourea derivatives were prepared directly from glycosyl azides.

» Sulfamic acid and sodium iodide has been used for the reduction of azide group.
* Non-metallic and non-hazardous reaction condition.

» Aryl isothiocyanates reacted with in situ generated glycosyl amine derivatives.



