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Introduction

In order to support the increasing interest in glycobiology
research for the development of novel carbohydrate based
therapeutics, a large number of oligo- and polysaccharides as
well as a diverse range of glycomimetics have been synthesized
in the recent past."® Pseudosugar derivatives (e.g. pseudodi-
saccharides) have been considered as useful glycomimetics for
their use as stable enzyme inhibitors.” One of the important
techniques for the preparation of glycomimetics is to exchange
the interglycosidic oxygen atom with other heteroatoms such as
nitrogen, sulphur, selenium, etc.**® Due to their increased
stability towards hydrolysis, a variety of thiosugars and thio-
glycosides have been prepared for their use in the biochemical
investigations of the carbohydrate processing enzymes."'™**
Organoselenium chemistry has become an important topic of
research due to the unique chemical behaviour of Se-containing
compounds and their pharmacological potential.**>* Although,
selenium has been incorporated in different classes of mole-
cules to improve their therapeutic index,* the introduction of
selenium within the carbohydrate framework has received less
attention except for a few reports which include the synthesis of
anomeric selenoglycosides®?” and their application in the
preparation of oligosaccharides,?®>° glycal derivatives,* glycosyl
fluorides,** C-glycosides® and medicinally useful compounds.**
The synthesis of some cyclic sugar intermediates containing
selenium in the ring has also been pursued.*® In addition, some
reports also appeared on the synthesis of non-glycosidically
selenium linked pseudodisaccharide derivatives.'®*>'%3%3” In
most of the cases, elemental selenium, selenium oxide,
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derivatives were prepared in excellent yield using glycosyl selenocyanates as stable building blocks in the
presence of hydrazine hydrate under metal-free organocatalytic reaction conditions.

selenourea or aryl selenol has been used as the source of sele-
nium for its incorporation in the carbohydrate intermedi-
ates.””*” Dialkyl or diaryldiselenides have also been used under
reductive reaction conditions to furnish selenoglycosides.”®*
Obviously, there are several shortcomings associated with the
above-mentioned reaction conditions such as use of obnoxious
reagents, incompatibility of the base labile protecting groups,
hazardous and special reaction conditions etc. Therefore, it is
quite pertinent to develop reaction conditions avoiding earlier
mentioned drawbacks. In the recent past, potassium p-methyl-
selenobenzoate (KSeBz) has been successfully used as the
selenium source in the preparation of several selenium con-
taining carbohydrate derivatives.***”*” KSeBz has been prepared
using a multistep reaction sequence starting from elemental
selenium.”* As an alternative, a straightforward reaction
condition has been reported for the synthesis of selenium
linked glycosides using glycosyl selenoacetate as stable building
blocks, prepared by the treatment of glycosyl halides with
commercially available potassium selenocyanate (KSeCN) in
acetonitrile avoiding the prerequisite preparation of the sele-
nating agent.*® In a separate report, KSeCN has also been used
as selenating agent for the preparation of unsymmetrical
organoselenide and selenoglycosides.?”” KSeCN has also been
used as the selenating agent for the aqueous medium prepa-
ration di-alkyldiselenides.** In order to extend the use of KSeCN
in the preparation of selenium incorporated carbohydrate
derivatives, attempts were made to prepare stable glycosyl
selenocyanate derivatives and their utilization in the prepara-
tion of selenium linked pseudodisaccharides. Cumpstey and co-
worker reported the synthesis of several non-glycosidically
selenoether linked pseudodisaccharide derivatives using
KSeBz as selenating agent, involving multistep reaction
sequence via the formation of diselenide derivatives.’” Liidtke
and co-workers synthesized selenium linked neo-
glycoconjugates and pseudodisaccharides using lithium

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Synthesis of glycosyl selenocyanate derivatives in aqueous
medium and their utilization in the organocatalytic preparation of
selenium linked pseudodisaccharide derivatives.

diselenide using multistep reaction sequence.**** Expensive
selenourea has been used as selenating agent in some stud-
ies.?»%4 In this context, it would be beneficial to develop an
environmentally benign aqueous reaction condition in the
“Green chemistry” perspective for the preparation of glycosyl
selenocyanate derivatives and their direct use in the synthesis of
non-glycosidically selenoether linked pseudodisaccharide
derivatives by the treatment of suitable glycosyl electrophiles.
Inspired by the earlier studies®®*® on the use of KSeCN as effi-
cient selenylating agent, a straightforward on-water synthesis of
stable glycosyl selenocyanate derivatives and their application
in the selenoether linked pseudodisaccharide derivatives under
a metal-free organocatalytic reaction condition is reported
herein (Scheme 1).

Results and discussion

In order to optimize the reaction condition for the preparation
of glycosyl selenocyanate derivative, methyl 2,3,4-tri-O-benzoyl-
6-deoxy-6-iodo-a-p-glucopyranoside (1) was treated with a varied
quantity of KSeCN in the presence of tetrabutylammonium
bromide (TBAB), a phase transfer catalyst (PTC) in water. The
best yield of methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-selenato-a-p-

Table 1 Optimization of the formation of glycosyl selenocyanate
derivatives in H,O

KSeCN
| ’ SeCN
BzO o _TBAB, HO g0 0
BzO BzO

Bz0ocH, BZ00cH,

1 8
Sl KSeCN TBAB Time Temp. Yield
no. (equiv.) (equiv.) (h) (°Q) (%)
1 1.2 0.1 10 60 60
2 1.5 0.1 8 60 76
3 1.5 0.1 8 80 70
4 1.5 0.05 12 60 66
5 1.5 — 24 60 20°
6 1.5 0.1 24 RT 40

¢ Starting material decomposed.
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Table 2 Synthesis of glycosyl selenocyanate derivatives using potas-
sium selenocyanate and TBAB in H,O at 60 °C

Sl no. Starting material ~Product Time (h) Yield (%)
[ SeCN
BzO; BzO
1 BzO BzO g 76
B200cH, Bz00cH,
1 8
| Bz NCSe Bz
BzO -Q Béoo |
2 Bz0 g 72
OCH3 OCH3
2 9
I Bn NCSe—, BN
BnO -0 BnO -Q
3 BnO BnO 8 78
OCH3 OCH3
3 10
TfO __OBn OBn
BnO
4 BnO OPMP OBn 6 65
BnO 11
q
OBn NCSe 0OBn
RS ey
5 n N3 BnO N. 6 62
BnOo/\/ BnOo/\/ ’
5 12

6 13
O SeCN
o o
7 0 °© 72
BnOopmp BnOopyp
7 14

glucopyranoside (8) was obtained in 76% by using 1.5 equiv.
KSeCN and 0.1 equiv. TBAB in H,O at 60 °C in 8 h. Reduction of
the quantity of KSeCN and TBAB led to the incomplete reaction
with low yield of product formation (Table 1). The reaction
became sluggish at room temperature. The reaction did not
proceed well in absence of TBAB and starting material decom-
posed under the reaction condition. Following the similar

[ | Bn |
BzO Q  BnO Qo Bno

BzO BnO BnO

BzO5cH, OCH, BrOocH,

! PM ’ 19

Ph
0 2 _q
TfO a TfO
>0 BnOocH,

OTf: Triflate 16 17

Fig. 1 Glycosyl iodide and triflate derivatives used as electrophiles for
the preparation of non-glycosidically selenium linked pseudodi-
saccharide derivatives.
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Table 3 Optimization of the reaction of glycosyl selenocyanate with sugar electrophile at room temperature

SeCN — OBn  NH;NHyH;0 OBn
BzO Q . BnO Q _ Solvent RT _BzO- Q BnO 3
BzO + BnO BnO
BzO
8 OCHj 5 OCH; Z00¢H, g OCHs
Comp. 8 Comp. 3
Sl no (equiv.) (equiv.) Base (equiv.) Solvent Time (min) Yield (%)
1 1.0 1.2 NH,NH, -H,0 (4.0) DMF 45 74
2 1.0 1.2 NH,NH,-H,0 (4.0) DMF 60 75
3 1.0 1.2 NH,NH,-H,0 (4.0) CH,CN 60 77
4 1.0 1.2 NH,NH,-H,0 (4.0) CH,CN 45 70
5 1.0 1.2 NH,NH,-H,0 (3.0) CH,CN 60 70
6 1.0 1.2 NH,NH,-H,0 (2.0) CH,CN 60 68
7 1.0 1.2 NH,NH,-H,0 (4.0) THF 60 45
8 1.0 1.2 NH,NH,-H,0 (4.0) CH;0H 60 25
9 1.0 1.2 NH,NH,-H,0 (4.0) CH,Cl, 60 20
10 1.0 1.2 NaBH, (2 0) CH;CN 60 72
11 1.0 1.2 K,CO3 (2.0) CH;CN 60 —
12 1.0 1.2 Pyrrolidine (4.0) CH;CN 120 20
13 1.0 1.2 Pyrrolidine (4.0) DMF 120 20
14 1.0 1.2 Diethylamine (4.0) CH;CN 120 10

reaction condition, a series of glycosyl selenocyanate derivatives
(8-14) has been prepared in satisfactory yield under aqueous
reaction conditions (Table 2). The products were characterized
using NMR and mass spectral analysis.

Having a set of stable glycosyl selenocyanate derivatives, it
was decided to develop a reaction condition for the preparation
of nonglycosidically selenoether linked pseudodisaccharide
derivatives by the reaction of glycosyl selenocyanate derivatives
with appropriate electrophiles in the presence of an organo-
catalyst. For this purpose, a panel of sugar electrophiles have
been selected, which are presented in Fig. 1.

Compound 8 was allowed to react with compound 3 in the
presence of a number of base such as NaBH,, K,COj3, hydrazine
monohydrate, diethyl amine, piperidine in several organic
solvents such as DMF, CH;CN, THF, CH;OH, CH,Cl,. After
a number of experimentation it was observed that required
pseudodisaccharide derivative 18 was formed in 77% yield
using 1.0 equiv. of compound 8 and 1.2 equiv. of compound 3 in
the presence of hydrazine monohydrate (4.0 equiv.) in CH;CN at
room temperature (Table 3). Use of less quantity of electrophile
and hydrazine monohydrate resulted in the incomplete
consumption of the selenocyanate derivative. Although the use
of DMF and CH;CN as reaction solvents comparable yields of
the product 18 was obtained, CH;CN has been chosen as the
solvent in the generalized reaction condition. Among several
bases used in the reaction, best yield of the product was ob-
tained in the presence of hydrazine monohydrate as an organic
base. Earlier, NaBH, has been used for the hydrolysis of the in
situ generated organic selenocyanate derivatives followed by
reduction of the diselenide derivatives for the preparation of
unsymmetrical selenides.*® Very recently, hydrazine hydrate has
been used as a base cum reducing agent in the preparation

10904 | RSC Adv,, 2021, 11, 10902-10911

unsymmetrical glycosyl disulfide derivatives.”* In this study,
similar reaction condition has been applied for the preparation
of a series of nonglycosidically selenoether linked pseudodi-
saccharide derivatives (18-32) in excellent yield (Table 4). The
products were unambiguously characterized using NMR and
mass spectral analysis.

Experimental
General methods

All reactions were monitored by thin layer chromatography over
silica gel coated TLC plates. The spots on TLC were visualized by
warming ceric sulphate (2% Ce(SO,), in 2 N H,S0,) sprayed
plates on a hot plate. Silica gel 230-400 mesh was used for
column chromatography. "H and >C NMR spectra were recor-
ded on Bruker Avance 500 MHz spectrometer using CDCl; as
solvent and TMS as internal reference unless stated otherwise.
Chemical shift values are expressed in ¢ ppm. HR-MS were
recorded on a Micromass mass spectrometer.

General procedure for the preparation of glycosyl seleno-
cyanate derivatives (8-14). To a solution of glycosyl halide or
triflate derivative (1-7) (1 mmol) in H,O (5 mL) was added
KSeCN (1.5 mmol) and the reaction mixture was allowed to stir
at 60 °C for appropriate time mentioned in Table 1. After
complete consumption of the starting material, the reaction
mixture was diluted with H,O (25 mL) and extracted with EtOAc
(2 x 20 mL). The organic layer was dried (Na,SO,) and
concentrated under reduced pressure. The crude product was
purified over SiO, using hexane-EtOAc as eluant to furnish pure
product (8-14).

NMR spectral data of glycosyl selenocyanate derivatives (8-
14):

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Preparation of selenium linked pseudodisaccharide derivatives using glycosyl selenocyanates in the presence of NH,NH,-H>O in

CH3CN at room temperature

NCSe NHoNH3H;0 (4.0 Equiv.) ——

N— \/& CHCN,RT S L
> e\\\/
814 R:1, OTf S
(1, 3, 15, 16, 17) 18-32
SI no. Glycosyl selenocyanate Glycosyl electrophile Se-linked pseudodisaccharide derivative Time (h) Yield (%)
OBn
BnO \E-] 0]
1 8 3 ﬁ BnO 60 77
ZOOCH OCHj
BzO Q BnO
2 8 15 /g BnO 60 74
OCH3 OCH3
PMP
Q
5e3<0
3 8 16 60 65
BzO 0]
BzO
BZOOCH
OBn OBz
BnO fe) BzO (0]
4 9 3 Bno \&] 60 72
OCH3 OCHjs
Se OBz
BnO BzO Q
5 9 15 Bno/ﬁ 60 76
B”OOCH3 OCHs
22
PMP
()
@)
Se >0
6 10 16 OBn 45 68
BnO
BnO
OCHj,4
23
Ph
BnO
se ~OCH;
7 10 17 B0 gn 45 70
n
BnO—\E-
OCHj;
24

© 2021 The Author(s). Published by the Royal Society of Chemistry

RSC Adv, 2021, 11, 10902-10911 | 10905


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra00711d

Open Access Article. Published on 15 March 2021. Downloaded on 10/27/2025 5:41:33 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

Table 4 (Contd.)

View Article Online

Paper

NCSe

NH,NH,H,0 (4.0 Equiv.) o

R \A—&
\\:&+ \\:& CHsCN, RT -~ Se<\\/8

8-14 R:I, OTf

(1, 3, 15, 16, 17) 18-32
Sl no. Glycosyl selenocyanate Glycosyl electrophile Se-linked pseudodisaccharide derivative Time (h) Yield (%)
OBn
Q,
gﬁ(ﬁh\/OPMP
8 11 1 BI%SO OBn 60 72
B20 OcH,
25
OBn
Bsneo&@/owp
Bn
9 u 3 BnO Q OBn 60 70
BnO
OCH,
26
e OBn
BzO Q
10 12 1 B20 BnO ANs 80 66
BzO BnOg
OCH;
27
€ OBn
Bn
11 12 3 BIOTNAAQ Bno—E ANs 80 68
BnOQ
OCH;
28
Se OBn
)( BnO Q
0 BnO
o)
12 13 3 OCH, 60 76
&o
29
)(O Se
Q
BnO Q
13 13 15 Oﬁ% Bno%ﬁ 60 78
O BnOOCH3
30
)( Se OBn
Q  BnO Q
14 14 3 BnO \:= 60 72
BrO opmp OCH,
31
)( Se
Q BnO—\g
15 14 15 © BnO 60 70
BnOopmp  BOocH,
32

10906 | RSC Adv, 2021, 11, 10902-109T1

© 2021 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra00711d

Open Access Article. Published on 15 March 2021. Downloaded on 10/27/2025 5:41:33 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

Methyl  2,3,4-tri-O-benzoyl-6-deoxy-6-selenocyanato-a-p-gluco-
pyranoside (8). Colorless oil; "H NMR (500 MHz, CDCl,): 6 7.98-
7.21 (m, 15H, Ar-H), 6.18 (t, J = 9.5 Hz, 1H, H-2), 5.41 (t, ] =
10.0 Hz, 1H, H-3), 5.30-5.26 (m, 2H, H-1, H-4), 4.41-4.37 (m, 1H,
H-5), 3.57 (s, 3H, OCH};), 3.42 (dd, J = 12.5 Hz, 3.0 Hz, 1H, H-6,,),
3.31 (dd, J = 12.5 Hz, 8.0 Hz, 1H, H-6,); '>*C NMR (125 MHz,
CDCl3): 6 165.6, 165.5 (3 PhCO), 133.8-128.3 (Ar-C), 101.3
(SeCN), 97.2 (C-1), 72.5 (C-5), 71.7 (C-2), 69.5 (C-3), 68.2 (C-4),
56.0 (OCH3), 31.0 (C-6); HRMS for C,oH,sNOgSe [M + HJ":
caled 596.0823; found: 596.0802.

Methyl  2,3,4-tri-O-benzoyl-6-deoxy-6-selenocyanato-o-p-man-
nopyranoside (9). Colorless oil; "H NMR (500 MHz, CDCl,):
0 8.04-7.16 (m, 15H, Ar-H), 5.85 (dd, J = 10.0 Hz, 3.0 Hz, 1H, H-
3),5.68 (t,J = 10.0 Hz, 1H, H-4), 5.58 (br s, 1H, H-2), 4.91 (s, 1H,
H-1), 4.32-4.29 (m, 1H, H-5), 3.51 (s, 3H, OCHj), 3.40 (dd, J =
12.5 Hz, 5.0 Hz, 1H, H-6,), 3.28 (dd, J = 12.5 Hz, 8.0 Hz, 1H, H-
6p); °C NMR (125 MHz, CDCl,): 6 166.0, 165.2, 165.1 (3 PhCO),
133.8-128.3 (Ar-C), 101.4 (SeCN), 98.8 (C-1), 70.3 (C-2), 70.2 (C-
5), 69.1 (C-3), 69.0 (C-4), 55.9 (OCH;), 31.4 (C-6); HRMS for
CoH,5NOgSe [M + H]': caled 596.0823; found: 596.0805.

Methyl 2,3,4-tri-O-benzyl-6-deoxy-6-selenocyanato-o-p-man-
nopyranoside (10). Colorless oil; "H NMR (500 MHz, CDCl,):
6 7.23-7.14 (m, 15H, Ar-H), 4.85 (d, J = 11.5 Hz, 1H, PhCH), 4.60
(d,J = 12.0 Hz, 1H, PhCH), 4.54-4.50 (m, 3H, H-1, 2 PhCH), 4.46
(br s, 2H, 2 PhCH), 3.75 (dd, J = 8.5 Hz, 2.5 Hz, 1H, H-3), 3.70-
3.66 (m, 2H, H-4, H-5), 3.64 (br s, 1H, H-2), 3.33 (dd,J = 11.5 Hz,
3.0 Hz, 1H, H-6,), 3.19 (s, 3H, OCHj), 3.03 (dd, J = 11.5 Hz,
7.0 Hz, 1H, H-6},); ">C NMR (125 MHz, CDCl,): 6 138.2-127.7 (Ar-
C), 102.1 (SeCN), 99.3 (C-1), 80.0 (C-5), 77.4 (C-2), 75.2 (PhCHS,),
74.6 (C-3), 73.0, 72.1 (2 PhCH,), 70.5 (C-4), 55.2 (OCH3), 31.9 (C-
6); HRMS for C,oH;;NOsSe [M + H]": caled 554.1445; found:
554.1430.

p-Methoxyphenyl-2,3,6-tri-O-benzyl-4-deoxy-4-selenocyanato-(3-
p-glucopyranoside (11). Colorless oil; "H NMR (500 MHz, CDCl,):
6 7.38-7.31 (m, 15H, Ar-H), 7.04 (d,J = 9.0 Hz, 2H, Ar-H), 6.85 (d,
J=9.0Hz, 2H, Ar-H), 5.13 (d,J = 11.0 Hz, 1H, PhCH), 5.04 (d, ] =
10.0 Hz, 1H, PhCH), 4.95 (d,J = 8.0 Hz, 1H, H-1), 4.87-4.84 (m,
2H, 2 PhCH), 4.69 (d, J = 12.0 Hz, 1H, PhCH), 4.53 (d, J =
12.0 Hz, 1H, PhCH), 4.03 (dd, J = 11.5 Hz, 4.0 Hz, 1H, H-6,), 3.92
(dd, J = 11.5 Hz, 7.0 Hz, 1H, H-6,,), 3.87-3.84 (m, 2H, H-2, H-5),
3.81 (s, 3H, OCH3), 3.78 (t, J = 8.0 Hz, 1H, H-3), 3.41 (t, ] =
10.5 Hz, 1H, H-4); >C NMR (125 MHz, CDCl,): 6 155.6-114.6 (Ar-
C), 102.7 (C-1), 99.1 (SeCN), 83.4 (C-3), 81.2 (C-5), 76.4, 75.1 (2
PhCH,), 75.0 (C-2), 73.6 (PhCH,), 69.0 (C-6), 55.5 (OCH3), 46.3
(C-4); HRMS for C35H35NOgSe [M + H]': caled 646.1708; found:
646.1690.

2-Azidoethyl-2,3,6-tri-O-benzyl-4-deoxy-4-selenocyanato-(-p-gal-
actopyranoside (12). "H NMR (500 MHz, CDCl;): 6 7.41-7.24 (m,
15H, Ar-H), 4.79 (d,J = 12.0 Hz, 2H, 2 PhCH), 4.65 (d, ] = 4.0 Hz,
1H, H-1), 4.61 (d, J = 12.0 Hz, 1H, PhCH), 4.59 (d, J = 12.0 Hz,
1H, PhCH), 4.56 (d, J = 12.0 Hz, 1H, PhCH), 4.51 (d,J = 12.0 Hz,
1H, PhCH), 4.27-4.23 (m, 2H, H-4, H-5), 4.04 (dd, J = 9.5 Hz,
4.0 Hz, 1H, H-2), 3.75-3.70 (m, 1H, OCH), 3.61 (d, ] = 6.0 Hz, 2H,
H-6,p), 3.57 (dd, J = 9.5 Hz, 3.0 Hz, 1H, H-3), 3.52-3.48 (m, 1H,
OCH), 3.45-3.41 (m, 1H, NCH), 3.34-3.32 (m, 1H, NCH); **C
NMR (125 MHz, CDCl,): 6 138.1-127.9 (Ar-C), 101.5 (SeCN), 98.0
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(C-1), 76.8 (C-3), 76.1 (C-2), 73.7, 73.6, 72.4 (3 PhCH,), 70.5 (C-6),
67.8 (C-5), 67.2 (OCH,), 54.8 (C-4), 50.5 (NCH,); HRMS for
C30H3,N,058¢e [M + H]'": caled 609.1616; found: 609.1597.
1,2:3,4-Di-O-isopropylidene-6-deoxy-6-selenocyanato-o-p-gal-
actopyranose (13). Colorless oil; "H NMR (500 MHz, CDCl):
65.44 (d,J = 5.0 Hz, 1H, H-1), 4.58 (dd, J = 8.0 Hz, 2.5 Hz, 1H, H-
3), 4.26-4.25 (m, 1H, H-4), 4.20 (dd, = 8.0 Hz, 1.5 Hz, 1H, H-2),
4.01-3.99 (m, 1H, H-5), 3.30 (dd, J = 12.0 Hz, 8.0 Hz, 1H, H-6,),
3.17 (dd,J = 12.0 Hz, 5.0 Hz, 1H, H-6,), 1.15 (s, 3H, CH;), 1.37 (s,
3H, CH;), 1.27 (s, 6H, 2 CH;); "*C NMR (125 MHz, CDCI;): 6 109
8,109.1 (2 C(CH;),), 102 0 (SeCN), 96.4 (C-1), 72.0 (C-3), 70.9 (C-
4),70.3 (C-2), 66.6 (C-5), 29.2 (C-6), 26.0, 25.9, 24.9, 24.3 (4 CH,);
HRMS for C;3H;oNOsSe [M + H]": caled 350.0506; found:
350.0487.
p-Methoxyphenyl-2-O-benzyl-3,4-O-isopropylidene-6-deoxy-6-

selenocyanato-a-p-galactopyranoside (14). Colorless oil; "H NMR
(500 MHz, CDCl;): ¢ 7.25-7.15 (m, 5H, Ar-H), 6.91 (d, / = 8.5 Hz,
2H, Ar-H), 6.73 (d, J = 8.5 Hz, 2H, Ar-H), 5.26 (d, ] = 3.5 Hz, 1H,
H-1), 4.70 (d, J = 10 Hz, 1H, PhCH), 4.66 (d, J = 12.5 Hz, 1H,
PhCH), 4.43 (t, ] = 6.0 Hz, 1H, H-2), 4.29-4.28 (m, 1H, H-5),
4.15-4.14 (m, 1H, H-4), 3.65 (s, 3H, OCHj3), 3.54-3.52 (m, 1H,
H-3), 3.36 (dd, J = 12.0 Hz, 8.5 Hz, 1H, H-6,), 3.14 (dd, J =
12.5 Hz, 5.0 Hz, 1H, H-6}), 1.31 (s, 3H, CH3), 1.25 (s, 3H, CH;);
BC NMR (125 MHz, CDCl;): 6 155.3-114.6 (Ar-C), 109 7
(C(CH,),), 102 0 (SeCN), 96.5 (C-1), 75.7 (C-3), 75.6 (C-4), 74.2 (C-
5), 72.5 (PhCH,), 67.2 (C-2), 55.5 (OCH3), 29.6 (C-6), 27.9, 26.3 (2
CH,3); HRMS for C,,H,,NOgSe [M + H]': caled 506.1082; found:
506.1065.

General reaction condition for the preparation of non-
glycosidically Se-linked pseudodisaccharides (18-32). To
a solution of glycosyl selenocyanate derivative (8-14; 1.0 mmol)
in anhydrous CH;CN (5 mL) was added glycosyl halide/triflate
derivate (1.2 mmol) followed by NH,NH,-H,O (4.0 mmol) and
allowed to stir the reaction mixture at room temperature for
appropriate time as mentioned in Table 2. The reaction mixture
was diluted with H,O (25 mL) and extracted with EtOAc (2 x 20
mL). The organic layer was dried (Na,SO,) and concentrated
under reduced pressure. The crude product was purified over
SiO, using hexane-EtOAc as eluant to furnish pure product (18-
32).

NMR spectral data of Se-linked pseudodisaccharide deriva-
tives (18-32):

(Methyl  2,3,4-tri-O-benzoyl-6-deoxy-a-p-glucopyranosid-6-yl)-
(methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)
selenide (18). Colorless oil; "H NMR (500 MHz, CDCl5): 6 8.03-
7.28 (m, 30H, Ar-H), 6.16 (t, ] = 10 Hz, 1H, H-4,), 5.48 (t, ] =
10.0 Hz, 1H, H-3,), 5.28 (dd, J = 10.5 Hz, 3.5 Hz, 1H, H-2,), 5.17
(d,J = 3.5 Hz, 1H, H-1,), 4.99 (d, J = 11.0 Hz, 1H, PhCH), 4.68-
4.65 (m, 3H, 3 PhCH), 4.61 (s, 2H, 2 PhCH), 4.59 (br s, 1H, H-15),
4.30-4.26 (m, 1H, H-5,), 3.83-3.75 (m, 3H, H-3y, H-45, H-5),
3.57 (d, J = 5.0 Hz, 1H, H-23), 3.50 (s, 3H, OCH};), 3.32 (s, 3H,
OCHj3), 3.11 (d, ] = 11.5 Hz, 1H, H-6,,), 2.98-2.91 (m, 2H, H-6,,
H-6,5), 2.89-2.82 (m, 1H, H-6,); *C NMR (125 MHz, CDCl):
6 165.7, 165.6, 165.3 (3 PhCO), 138.5-127.5 (Ar-C), 98.7 (C-1p),
96.7 (C-1,), 80.1 (C-55), 78.5 (C-23), 75.2 (PhCH,), 74.5 (C-5,),
73.1 (C-24), 73.0 (C-34), 72.5 (PhCHS,), 72.2 (C-3p), 72.0 (PhCH,),
70.5 (C-4,), 70.3 (C-4), 55.5, 54.6 (2 OCH3), 26.8 (C-63), 25.4 (C-
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6,); HRMS for CssH360435e [M + H]™: caled 1017.2964; found:
1017.2946.

(Methyl  2,3,4-tri-O-benzoyl-6-deoxy-o-p-glucopyranosid-6-yl)-
(methyl 2,3,4-tri-O-benzyl-6-deoxy-o-p-glucopyranosid-6-yl)
selenide (19). Colorless oil; "H NMR (500 MHz, CDCl5): 6 8.00-
7.25 (m, 30H, Ar-H), 6.13 (t,J = 10.0 Hz, 1H, H-4,), 5.45 (t, ] =
10.0 Hz, 1H, H-3,), 5.27 (dd, J = 10.5 Hz, 3.5 Hz, 1H, H-2,), 5.14
(d,J = 3.5 Hz, 1H, H-1,), 4.98 (d,/ = 11.0 Hz, 1H, PhCH), 4.92 (d,
J=11.0 Hz, 1H, PhCH), 4.81 (d,J = 11.0 Hz, 1H, PhCH), 4.73 (d,J
= 12.0 Hz, 1H, PhCH), 4.64 (d, ] = 12.5 Hz, 2H, 2 PhCH), 4.48 (d,
J=3.5Hz, 1H, H-1), 4.26-4.22 (m, 1H, H-5,), 3.95 (t,/ = 9.0 Hz,
1H, H-4), 3.83-3.80 (m, 1H, H-55), 3.49 (s, 3H, OCH3), 3.47-3.45
(m, 1H, H-2;), 3.36 (s, 3H, OCH3), 3.34 (t, ] = 9.0 Hz, H-3p), 3.03
(d,J = 12.5 Hz, 1H, H-6,,), 2.86 (d, ] = 5.5 Hz, 2H, H-6,,55), 2.73
(dd,J = 12.5 Hz, 5.0 Hz, 1H, H-6},,); *>*C NMR (125 MHz, CDCl,):
6 165.7, 165.6, 165.3 (3 PhCO), 138.7-127.5 (Ar-C), 97.6 (C-14),
96.8 (C-1p), 81.8 (C-3,), 81.4 (C-4,), 80.1 (C-23), 75.6, 75.1, 73.1 (3
PhCH,), 72.9 (C-55), 72.1 (C-2,), 71.5 (C-54), 70.6 (C-3g), 70.2 (C-
4g), 55.5, 55.0 (2 OCHj;), 26.8 (C-64), 25.6 (C-65); HRMS for
CseHs60;5Se [M + H]": caled 1017.2964; found: 1017.2945.

(Methyl 2,3,4-tri-O-benzoyl-6-deoxy-o-p-glucopyranosid-6-yl)-(p-
methoxyphenyl 2,3-O-isopropylidene-4,6-di-deoxy-o-i-
talopyranosid-4-yl)selenide (20). Colorless oil; "H NMR (500 MHz,
CDCl,): 6 7.89-7.11 (m, 15H, Ar-H), 6.87 (d, ] = 6.5 Hz, 2H, Ar-H),
6.79 (d,J = 6.5 Hz, 2H, Ar-H), 5.93 (t, ] = 7.0 Hz, 1H, H-3g), 5.55
(s, 1H, H-14), 5.09 (t, J = 7.0 Hz, 1H, H-43), 5.03 (d, J = 1.5 Hz,
1H, H-1g), 5.01 (d, J = 2.5 Hz, 1H, H-2;), 4.71 (d, = 4.0 Hz, 1H,
H-2,),4.69 (dd,J = 4.0 Hz, 1.0 Hz, 1H, H-3,), 4.21 (dd, J = 6.0 Hz,
1.5 Hz, 1H, H-4,), 4.04-4.00 (m, 1H, H-53), 3.70 (s, 3H, OCHj),
3.37 (s, 3H, OCH3), 3.18-3.16 (m, 1H, H-5,), 2.78 (dd, J = 9.5 Hz,
6.5 Hz, 1H, H-6,3), 2.63 (d,J = 9.5 Hz, 1.5 Hz, 1H, H-6p3), 1.46 (s,
3H, CH;), 1.34 (d, J = 7.0 Hz, 3H, CCH3), 1.29 (s, 3H, CH;); *°C
NMR (125 MHz, CDCl,): 6 165.6, 165.2 (3 PhCO), 154.7-112.9
(Ar-C), 106.5 (C(CHs),), 96.6 (C-1p), 93.1 (C-1,), 85.7 (C-3, C-54),
81.8 (C-5g), 72.9 (C-2g), 72.1 (C-4), 70.9 (C-24), 70.2 (C-34), 55.4,
55.3 (2 OCH3;), 38.0 (C-4,), 29.7 (C-65), 26.8, 25.3 (2 CH;), 17.9
(CCH3); HRMS for C44H,6045Se [M + H]": caled 863.2182; found:
863.2165.

(Methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)-
(methyl 2,3,4-tri-O-benzoyl-6-deoxy-a-p-mannopyranosid-6-yl)selenide
(21). Colorless oil; "H NMR (500 MHz, CDCL,): 6 7.85-7.11 (m,
30H, Ar-H), 5.74-5.68 (m, 2H, H-3, H-4g), 5.54 (s, 1H, H-2p), 4.81
(d,J = 11.0 Hz, 1H, PhCH), 4.76 (s, 1H, H-1), 4.53 (s, 2H, 2 PhCH),
4.50 (d,J = 11.0 Hz, 1H, PhCH), 4.45 (s, 2H, 2 PhCH), 4.44 (s, 1H, H-
14), 4.17-4.14 (m, 1H, H-5,), 3.68-3.61 (m, 4H, H-2,, H-3,, H-4,, H-
5g), 3.40 (s, 3H, OCH,), 3.17 (s, 3H, OCH,), 3.00 (d, J = 7.5 Hz, 1H,
H-6,), 2.91-2.81 (m, 2H, H-6,5, H-6,4), 2.70-2.66 (m, 1H, H-6,);
3C NMR (125 MHz, CDCl,): 6 165.5, 165.4, 165.3 (3 PhCO), 138.5-
127.5 (Ar-C), 98.7 (C-14), 98.5 (C-1g), 80.1 (C-54), 78.5 (C-2,), 75.1
(PhCH,), 74.6 (C-3,), 73.0 (C-2p), 72.5, 72.0 (2 PhCH,), 71.4 (C-5),
70.8 (C-3p), 70.6 (C-4p), 69.9 (C-44), 55.4, 54.6 (2 OCH3), 26.7 (C-6,),
25.7 (C-6); HRMS for CsgHs60;55e [M + H]': caled 1017.2964;
found: 1017.2945.

(Methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-glucopyranosid-6-yl)-
(methyl 2,3,4-tri-O-benzoyl-6-deoxy-a-p-mannopyranosid-6-yl)
selenide (22). Colorless oil; "H NMR (500 MHz, CDCl,): 6 8.03-
7.10 (m, 30H, Ar-H), 5.72-5.67 (m, 2H, H-3g, H-4g), 5.54 (s, 1H,
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H-23), 4.86 (d,J = 11.0 Hz, 1H, PhCH), 4.76-4.74 (m, 2H, H-1,
PhCH), 4.68 (d,J = 11.0 Hz, 1H, PhCH), 4.61 (d, ] = 11.0 Hz, 1H,
PhCH), 4.51 (t, ] = 11.5 Hz, 2H, 2 PhCH), 4.36 (d, ] = 3.0 Hz, 1H,
H-1,), 4.16-4.13 (m, 1H, H-53), 3.83 (t, J = 9.0 Hz, 1H, H-4,),
3.71-3.68 (m, 1H, H-5,), 3.41 (s, 3H, OCH,), 3.35 (dd, J = 9.5 Hz,
3.0 Hz, 1H, H-2,), 3.21 (s, 3H, OCH};), 3.19 (t,J = 9.0 Hz, 1H, H-
34), 2.94 (dd, J = 12.5 Hz, 2.0 Hz, 1H, H-6,3), 2.82-2.80 (m, 2H,
H-6.4), 2.59 (dd, J = 12.5 Hz, 8.5 Hz, 1H, H-6,,5); "°C NMR (125
MHz, CDCl;): 6 165.5, 165.4, 165.3 (3 PhCO), 138.7-127.5 (Ar-C),
98.4 (C-1,), 97.6 (C-1), 81.8 (C-3,), 81.4 (C-5,), 80.1 (C-24), 75.6,
75.0, 73.2 (3 PhCH,), 71.4 (C-2g), 71.3 (C-5g), 70.7 (C-3p), 70.5 (C-
4g), 69.8 (C-44), 55.4, 55.1 (2 OCHj,), 26.7 (C-65), 26.0 (C-6,);
HRMS for Cs¢Hsc0:3S¢ [M + HJ]": caled 1017.2964; found:
1017.2946.

(Methyl  2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)-(p-
methoxyphenyl 2,3-O-isopropylidene-4,6-di-deoxy-o--talopyranosid-4-
yl)selenide (23). Colorless oil; "H NMR (500 MHz, CDCl,): 6 7.31-
7.19 (m, 15H, Ar-H), 6.91 (d, J = 9.0 Hz, 2H, Ar-H), 6.70 (d, ] =
9.0 Hz, 2H, Ar-H), 5.57 (s, 1H, H-1,), 4.75-4.72 (m, 2H, 2 PhCH),
4.69-4.63 (m, 2H, 2 PhCH), 4.54-4.52 (m, 3H, H-1g, 2 PhCH), 3.79-
3.69 (m, 5H, H-3,, H-45, H-3, H-4g, H-53), 3.62 (s, 3H, OCH}), 3.60~
3.58 (m, 2H, H-2,, H-23), 3.23 (s, 3H, OCH3), 3.15-3.13 (m, 1H, H-
54), 2.87 (d,J = 13.0 Hz, 1H, H-6,3), 2.64-2.60 (m, 1H, H-6y,3), 1.47
(s, 3H, CH;), 1.38 (d, ] = 7.0 Hz, 3H, CCH3), 1.30 (s, 3H, CHs); **C
NMR (125 MHz, CDCl,): 6 154.6-112.8 (Ar-C), 107.0 (C(CH,),), 98.8
(C-1p), 92.1 (C-14), 86.0 (C-3), 81.9 (C-55), 80.2 (C-25, C-5,), 78.7 (C-
4g), 75.1 (PhCH,), 74.8 (C-24), 72.9 (C-34), 72.7 (PhCH,), 72.0
(PhCH,), 55.4, 54.7 (2 OCHj), 37.8 (C-45), 26.9, 25.4 (2 CH3), 25.3 (C-
6g), 18.4 (CCH3); HRMS for C44Hs,040Se [M + H]': caled 821.2804;
found: 821.2785.

(Methyl  2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)-
(methyl 2-O-benzyl-4,6-0-benzylidene-3-deoxy-a-p-allopyranosid-
3-yl)selenide (24). Colorless oil; "H NMR (500 MHz, CDCI;):
6 7.40-7.10 (m, 25H, Ar-H), 5.43 (s, 1H, PhCH), 4.75 (d, J =
8.0 Hz, 1H, PhCH), 4.69 (d, J = 8.0 Hz, 1H, PhCH), 4.65 (d, ] =
8.0 Hz, 1H, PhCH), 4.60 (d,J = 8.0 Hz, 1H, PhCH), 4.54 (s, 1H, H-
1), 4.54 (d,J = 8.0 Hz, 1H, PhCH), 4.50 (d,J = 2.0 Hz, 1H, H-1,),
4.46 (s, 2H, 2 PhCH), 4.27 (d,J = 8.0 Hz, 1H, PhCH), 4.19-4.15
(m, 2H, H-4,, H-5g), 3.83-3.82 (m, 1H, H-5,), 3.66-3.57 (m, 5H,
H-24, H-25, H-35, H-6,p4), 3.51-3.46 (m, 2H, H-3,, H-43), 3.31 (s,
3H, OCH3), 3.18 (s, 3H, OCH3), 2.99 (dd, J = 9.0 Hz, 1.5 Hz, 1H,
H-6,5), 2.82-2.75 (dd, J = 9.0 Hz, 3.5 Hz, 1H, H-6,,); "*C NMR
(125 MHz, CDCly): 6 138.8-126.3 (Ar-C), 101.4 (PhCH), 98.8 (C-
1,), 98.3 (C-1g), 80.0 (C-55), 79.7 (C-2g), 79.4 (C-2,), 75.1
(PhCHS,), 75.0 (C-4,), 74.1 (C-4g), 72.8 (PhCH,), 72.7 (C-3p), 72.1
(PhCH,), 70.1 (PhCH,), 69.0 (C-6,), 59.9 (C-5,), 55.0, 54.8 (2
OCH3), 43.6 (C-3,), 28.6 (C-65); HRMS for C4oH;,010Se [M + H]':
caled 883.2960; found: 883.2943.

(Methyl 2,3,4-tri-O-benzoyl-6-deoxy-o-p-glucopyranosid-6-yl)-(p-
methoxyphenyl 2,3,6-tri-O-benzyl-4-deoxy-B-p-glucopyranosid-4-yl)
selenide (25). Colorless oil; "H NMR (500 MHz, CDCl;): 6 8.00-
6.79 (m, 34H, Ar-H), 6.12 (t,J = 10.0 Hz, 1H, H-4g), 5.43 (t, ] =
10.0 Hz, 1H, H-3), 5.21 (dd, J = 10.0 Hz, 3.5 Hz, 1H, H-2g), 5.16
(d,J = 3.0 Hz, 1H, H-1g), 5.05 (d,J = 10.5 Hz, 1H, PhCH), 4.94 (d,
J=10.5 Hz, 1H, PhCH), 4.89 (d, ] = 10.5 Hz, 1H, PhCH), 4.81 (d, J
= 7.0 Hz, 1H, H-1,), 4.78 (d, J = 10.5 Hz, 1H, PhCH), 4.62 (s, 2H,
2 PhCH), 4.25-4.23 (m, 1H, H-5,), 4.20 (d, J = 10.5 Hz, 1H, H-
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6a4), 3.92-3.89 (m, 1H, H-61,,), 3.79 (s, 3H, OCH;), 3.65-3.59 (m,
3H, H-24, H-3,, H-53), 3.42 (s, 3H, OCH3), 3.10 (t, J = 10.5 Hz,
1H, H-4,), 2.98 (d, J = 5.5 Hz, 2H, H-6,,5); ">*C NMR (125 MHz,
CDCl;): 6 165.6, 165.2 (3 PhCO), 155.2-114.5 (Ar-C), 102.6 (C-1,),
96.9 (C-1g), 84.0 (C-34), 83.3 (C-54), 76.1 (PhCH,), 76.0 (C-2,),
74.9,73.4 (2 PhCH,), 72.7 (C-2g), 72.1 (C-3g), 70.7 (C-6,), 70.1 (C-
4g), 69.9 (C-53), 55.7, 55.5 (2 OCHj,), 43.3 (C-4,), 26.0 (C-6p);
HRMS for Cg3Hg,O138e [M + HJ: caled 1107.3434; found:
1107.3420.

(Methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)-(p-
methoxyphenyl 2,3,6-tri-O-benzyl-4-deoxy-B-p-glucopyranosid-4-yl)
selenide (26). Colorless oil; "H NMR (500 MHz, CDCl,): 6 7.38-
6.78 (m, 34H, Ar-H), 5.10 (d,J = 11.0 Hz, 1H, PhCH), 4.95 (d, ] =
11.0 Hz, 1H, PhCH), 4.91 (d,J = 10.0 Hz, 1H, PhCH), 4.86-4.82
(m, 3H, H-14, 2 PhCH), 4.72 (s, 2H, 2 PhCH), 4.66 (s, 1H, H-15),
4.59 (s, 2H, 2 PhCH), 4.59-4.51 (m, 2H, 2 PhCH), 4.48 (d, J =
11.0 Hz, 1H, PhCH), 4.20 (d,J = 9.5 Hz, 1H, H-6,,), 3.82-3.79 (m,
5H, H-34, H-6,4, OCHj;), 3.76-3.72 (m, 3H, H-3,, H-5,, H-23),
3.65-3.63 (m, 2H, H-2,, H-5), 3.28 (s, 3H, OCH;), 3.09 (dd, J =
12.5 Hz, 2.0 Hz, 1H, H-6,5), 2.97-2.93 (m, 2H, H-4,, H-6,); *C
NMR (125 MHz, CDCl;): 6 155.2-114.5 (Ar-C), 102.6 (C-1,), 99.0
(C-13), 84.0 (C-55), 83.3 (C-2), 80.1 (C-5,), 78.4 (C-2,), 76.3
(PhCH,), 75.9 (C-3p), 75.1, 75.0 (2 PhCH,), 74.7 (C-3,), 73.3, 72.7
(2 PhCH,), 72.2 (C-4g), 72.1 (PhCH,), 71.0 (C-6,), 55.5, 54.8 (2
OCHj), 42.7 (C-4,), 26.6 (C-63); HRMS for Cq3Hgs010Se [M + H]':
caled 1065.4056; found: 1065.4040.

(Methyl 2,3,4-tri-O-benzoyl-6-deoxy-a-p-glucopyranosid-6-yl)-(2-
azidoethyl  2,3,6-tri-O-benzyl-4-deoxy-a-p-galactopyranosid-4-yl)
selenide (27). Colorless oil; "H NMR (500 MHz, CDCl,): 6 8.47-
7.15 (m, 30H, Ar-H), 6.00 (t, /] = 10 Hz, 1H, H-4g), 5.28 (t, ] =
10.0 Hz, 1H, H-3g), 5.12 (dd, J = 10.0 Hz, 3.5 Hz, 1H, H-2g), 5.01
(d,J = 2.5 Hz, 1H, H-1g), 4.71 (d, J = 12.0 Hz, 1H, PhCH), 4.65-
4.62 (m, 2H, H-1,, PhCH), 4.58 (d, J = 12.0 Hz, 1H, PhCH), 4.55
(d,J = 12.0 Hz, 1H, PhCH), 4.45 (d, J = 12.0 Hz, 1H, PhCH), 4.00
(d,J = 12.0 Hz, 1H, PhCH), 4.17-4.16 (m, 1H, H-5g), 4.07-4.05
(m, 1H, H-5,), 3.91 (dd, J = 9.5 Hz, 3.5 Hz, 1H, H-2,), 3.85 (dd, J
= 9.5 Hz, 3.5 Hz, 1H, H-3,), 3.71-3.69 (m, 1H, OCH), 3.62 (d, ] =
6.0 Hz, 2H, H-6,1,4), 3.46-3.42 (m, 2H, OCH, NCH), 3.35-3.32 (m,
4H, H-4,, OCH,), 3.30-3.28 (m, 1H, NCH), 2.88-2.80 (m, 2H, H-
6ab5); °C NMR (125 MHz, CDCl;): ¢ 165.7, 165.6, 165.3 (3
PhCO), 147.4-125.2 (Ar-C), 98.0 (C-13), 96.8 (C-1,), 78.5 (C-34),
77.7 (C-24), 73.3, 73.3, 73.2 (3 PhCH,), 73.0 (C-5,), 72.3 (C-2p),
72.2 (C-64), 70.3 (C-3), 70.2 (C-5), 69.9 (C-43), 66.7 (OCH,), 55.5
(OCH;), 50.6 (NCH,), 48.4 (C-4,), 26.3 (C-65); HRMS for
Cs,H;5,N30,5Se [M + H]': caled 1072.3135; found: 1072.3118.

(Methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)-(2-
azidoethyl  2,3,6-tri-O-benzyl-4-deoxy-a-p-galactopyranosid-4-yl)
selenide (28). Colorless oil; "H NMR (500 MHz, CDCl,): 6 7.32~
7.13 (m, 30H, Ar-H), 4.81 (d,J = 2.5 Hz, 1H, H-1,), 4.79 (s, 1H, H-
1p), 4.70-4.36 (m, 12H, 12 PhCH), 4.17-4.12 (m, 1H, H-5,), 3.93~
3.92 (m, 2H, H-6,1,,), 3.77-3.75 (m, 1H, OCH), 3.73-3.64 (m, 5H,
H-2,, H-2, H-3,, H-4, H-5), 3.58-3.54 (m, 2H, H-35, H-4,),
3.53-3.49 (m, 1H, OCH), 3.44-3.41 (m, 1H, NCH), 3.37-3.35 (m,
1H, NCH), 3.18 (s, 3H, OCH3), 3.00 (dd, J = 12.5 Hz, 1.5 Hz, 1H,
H-6,35), 2.89 (dd, J = 12.5 Hz, 3.0 Hz, 1H, H-6,5); ">*C NMR (125
MHz, CDCl,): 6 138.7-127.4 (Ar-C), 98.8 (C-1g), 98.2 (C-1,), 80.1
(C-5g), 79.2 (C-25), 78.3 (C-34), 78.2 (C-24), 75.2 (PhCH,), 74.9 (C-

© 2021 The Author(s). Published by the Royal Society of Chemistry
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54), 73.5 (PhCH,), 73.3 (C-33), 73.2, 72.8, 72.7, 72.5 (4 PhCH,),
72.1 (OCH,), 70.2 (C-4g), 66.7 (C-6,), 54.7 (OCHj,), 50.6 (NCH,),
47.2 (C-4,), 27.0 (C-65); HRMS for C5,Hg3N;0,0Se [M + H]™: caled
1030.3757; found: 1030.3739.

(1,2:3,4-Di-O-isopropylidene-6-deoxy-a-p-galactopyranosid-6-
yl)-(methyl  2,3,4-tri-O-benzyl-6-deoxy-a-p-mannopyranosid-6-yl)
selenide (29). Colorless oil; "H NMR (500 MHz, CDCl5): 6 7.27-
7.18 (m, 15H, Ar-H), 5.42 (d, J = 5.0 Hz, 1H, H-1,), 4.87 (d, ] =
11.0 Hz, 1H, PhCH), 4.67-4.62 (m, 2H, 2 PhCH), 4.59 (s, 1H, H-
1p), 4.57 (d, J = 11.0 Hz, 1H, PhCH), 4.51 (s, 2H, 2 PhCH), 4.50
(dd,J = 13.0 Hz, 5.5 Hz 1H, H-3,), 4.26 (d,J = 7.5 Hz, 1H, H-2,),
4.19-4.18 (m, 1H, H-4,), 3.85-3.81 (m, 1H, H-5,), 3.75-3.74 (m,
1H, H-5g), 3.71-3.67 (m, 3H, H-2, H-35, H-43), 3.27 (s, 3H,
OCH,), 2.96 (d, ] = 12.5 Hz, 1H, H-6,4), 2.76-2.75 (m, 3H, H-6,,
H-6,45), 1.41, 1.33, 1.23, 1.22 (s, 12H, 4 CH;); *C NMR (125
MHz, CDCl,): 6 138.5-127.5 (Ar-C), 109.0, 108.4 (2 C(CH3),), 98.8
(C-1p), 96.6 (C-1,), 80.1 (C-5g), 78.7 (C-23), 75.1 (PhCH,), 74.7 (C-
3g), 72.7 (C-4g), 72.7, 72.0 (2 PhCH,), 71.8 (C-3,), 71.0 (C-44),
70.5 (C-24), 68.3 (C-5,), 54.7 (OCH3), 26.6 (C-6,), 26.1, 26.0, 24.9,
24.5 (4 CH3;), 24.0 (C-6g); HRMS for C,,H50040Se [M + H]": caled
771.2647; found: 771.2629.

(1,2:3,4-Di-O-isopropylidene-6-deoxy-a-p-galactopyranosid-6-yl)-
(methyl  2,3,4-tri-O-benzyl-6-deoxy-a-p-glucopyranosid-6-yl)selenide
(30). Colotless oil; "H NMR (500 MHz, CDCl): ¢ 7.25-7.17 (m,
15H, Ar-H), 5.40 (d, J = 4.5 Hz, 1H, H-1,), 4.89 (d,/ = 11.0 Hz, 1H,
PhCH), 4.81 (d,J = 11.0 Hz, 1H, PhCH), 4.71 (d, J = 11.0 Hz, 1H,
PhCH), 4.69 (d, J = 11.0 Hz, 1H, PhCH), 4.58 (t, ] = 11.5 Hz, 2H, 2
PhCH), 4.47 (d, ] = 2.5 Hz, 2H, H-1p, H-3,), 4.22 (d,/ = 7.5 Hz, 1H,
H-2,), 4.18-4.16 (m, 1H, H-4,), 3.88 (t, ] = 9.5 Hz, 1H, H-3), 3.80-
3.73 (m, 2H, H-5,, H-5), 3.42 (dd, J = 9.5 Hz, 3.5 Hz, 1H, H-2p),
3.33 (s, 3H, OCH;), 3.26 (t, /] = 9.5 Hz, 1H, H-4g), 2.91 (dd, J =
12.5 Hz, 2.0 Hz, 1H, H-6,,), 2.72-2.69 (m, 2H, H-6,p3), 2.65 (dd, /=
12.5 Hz, 8.5 Hz, 1H, H-6p,,); °C NMR (125 MHz, CDCl,): 6 138.7-
127.5 (Ar-C), 109.1, 108.4 (2 C(CHs),), 97.8 (C-1g), 96.6 (C-1,), 81.8
(C-5g), 81.6 (C-3), 80.1 (C-4), 75.6, 75.1, 73.2 (3 PhCH,), 71.7 (C-
3a), 71.1 (C-2p), 71.0 (C-44), 70.5 (C-24), 68.4 (C-5,), 55.2 (OCH,),
26.5 (C-6,), 26.1, 26.0, 24.9, 24.5 (4 CH3), 24.0 (C-63); HRMS for
CaoH50010Se [M + H]'": caled 771.2647; found: 771.2629.

(p-Methoxyphenyl-2-0O-benzyl-3,4-O-isopropylidene-6-deoxy-o-p-
galactopyranosid-6-yl)-(methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-
mannopyranosid-6-yl)selenide (31). Colorless oil; "H NMR (500
MHz, CDCl;): 6 7.27-7.13 (m, 20H, Ar-H), 6.96 (d, J = 8.5 Hz, 2H,
Ar-H), 6.70 (d, J = 8.5 Hz, 2H, Ar-H), 5.18 (d, J = 3.0 Hz, 1H, H-
1,), 4.83 (d, J = 11.0 Hz, 1H, PhCH), 4.69 (d, J = 12.5 Hz, 1H,
PhCH), 4.63 (d, J = 12.5 Hz, 1H, PhCH), 4.60-4.59 (m, 2H, 2
PhCH), 4.47-4.44 (m, 4H, H-13, 3 PhCH), 4.32 (t,] = 7.0 Hz, 1H,
H-4g), 4.23-4.18 (m, 2H, H-25, H-55), 3.69-3.68 (m, 2H, H-4,, H-
54), 3.62-3.58 (m, 5H, H-3,, H-35, OCH3), 3.50 (dd, J = 8.0 Hz,
3.5 Hz, 1H, H-2,), 3.12 (s, 3H, OCHj3), 2.83-2.75 (m, 3H, H-6,p,,
H-6,5), 2.70 (dd,J = 12.5 Hz, 8.0 Hz, 1H, H-6p3), 1.29, 1.24 (s, 6H,
2 CH3); *C NMR (125 MHz, CDCl3): 6 155.0-114.5 (Ar-C), 108.9
(C(CH3),), 98.8 (C-1p), 96.8 (C-14), 80.1 (C-55), 78.2 (C-25), 76.2
(C-3g), 75.9 (C-4), 75.1 (PhCH,), 74.6 (C-44), 74.3 (C-3,4), 72.6
(PhCH,), 72.3 (C-5,), 72.1, 72.0 (2 PhCH,), 68.6 (C-2,), 55.4, 54.6
(2 OCHj,), 28.2 (CH3), 27.1 (C-65), 26.4 (CH3), 24.8 (C-6,); HRMS
for C5;H5504:Se [M + H]': caled 927.3222; found: 927.3205.
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(p-Methoxyphenyl-2-O-benzyl-3,4-O-isopropylidene-6-deoxy-a-p-
galactopyranosid-6-yl)-(methyl 2,3,4-tri-O-benzyl-6-deoxy-a-p-
glucopyranosid-6-yl)selenide (32). Colorless oil; "H NMR (500
MHz, CDCl;): 6 7.27-7.12 (m, 20H, Ar-H), 6.95 (d, J = 8.5 Hz, 2H,
Ar-H), 6.71 (d, J = 8.5 Hz, 2H, Ar-H), 5.19 (d, J = 3.0 Hz, 1H, H-
14), 4.87 (d, J = 11.0 Hz, 1H, PhCH), 4.79 (d, J = 11.0 Hz, 1H,
PhCH), 4.71-4.63 (m, 4H, H-1g, 3 PhCH), 4.55 (d, J = 12.0 Hz,
1H, PhCH), 4.46 (d,J = 11.0 Hz, 1H, PhCH), 4.39-4.36 (m, 2H, H-
5x, PhCH), 4.21-4.20 (m, 1H, H-4,), 4.12-4.10 (m, 1H, H-5g),
3.85 (t, J = 9.0 Hz, 1H, H-33), 3.65 (s, 3H, OCHj;), 3.52 (dd, J =
7.5 Hz, 3.5 Hz, 1H, H-3,), 3.38 (dd, J = 9.5 Hz, 3.5 Hz, 1H, H-23),
3.30 (d, J = 7.5 Hz, 1H, H-2,), 3.24 (s, 3H, OCH3;), 3.21 (t, ] =
9.0 Hz, 1H, H-4g), 2.80 (dd, J = 12.5 Hz, 2.0 Hz, 1H, H-6,,), 2.74
(d,J = 7.5 Hz, 2H, H-6,,5), 2.54 (dd, J = 12.5 Hz, 8.0 Hz, 1H, H-
6pa), 1.30, 1.26 (s, 6H, 2 CH;); ">*C NMR (125 MHz, CDCl,):
6 155.0-114.5 (Ar-C), 109.0 (C(CH3),), 97.7 (C-15), 96.7 (C-1,),
81.8 (C-5g), 81.3 (C-2g), 80.1 (C-3), 76.0 (C-34), 75.8 (C-44), 75.6,
75.0 (2 PhCH,), 74.2 (C-4p), 73.2, 72.2 (2 PhCH,), 70.8 (C-5,),
68.5 (C-2,), 55.4, 55.0 (2 OCHj;), 28.1 (CH3), 26.7 (C-65), 26.4
(CH;), 24.6 (C-6,); HRMS for CsyHs50,,Se [M + H]": caled
927.3222; found: 927.3205.

Conclusions

In summary, an “on-water” reaction condition has been devel-
oped for the preparation of stable glycosyl selenocyanate deriva-
tives using readily available KSeCN as selenium source under eco-
friendly reaction condition. Furthermore, the glycosyl seleno-
cyanate derivatives have been used as stable building blocks for
the stereoselective preparation of nonglycosidically selenoether
linked pseudodisaccharide derivatives in excellent yield under
a meta-free organocatalytic reaction condition. This approach
may be considered as a better alternative to those reported earlier
for the preparation of selenoether linked sugars because of its
simplicity and yield efficiency. To the best of our knowledge this
is the maiden report on the synthesis and characterization of
glycosyl selenocyanate derivatives and their application in the
metal-free organocatalytic synthesis of selenoether linked disac-
charide derivatives.
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