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2-Nitro thioglycosides can be prepared by the Michael addition of thiophenol to 2-nitroglycal derivatives. NIS/TMSOTf activation of these
2-nitro thioglycosides, in the presence of alcohols, rapidly and cleanly led to the desired glycosides in good yield and #-selectivity. Reduction
of the nitro group allowed generation of the corresponding 2-acetamido glycosides.

The application of 2-nitroglycals to the synthesis of mucin- the behavior of these compounds as glycosyl donors was
type glycopeptides has recently attracted our attehtion never investigated. The synthesis of 2-nitro glycoside donors
because of the fundamental role the latter play in biological through Michael-type addition reactions and their use in
processes such as cetlell adhesion, cell growth, fertiliza-  glycosylation reactions is now reported here.

tion, parasitic infection, and inflammatiéa®We previously The 2-nitroglycalsl, 2,3 3 and47 (Table 1), obtained
demonstrated that 2-nitrogalactal concatenation is a usefulpy giandard nitration conditions (addition of acetyl nitrate
tool for forming o-glycosidic bonds toi-serine orL- and elimination of acetic acid¥;c were converted to the
threonine. Via this _metho_doslogy we synthesized all the ; g thioglycoside by base-catalyzed glycosylation with
members of the mucin family; as well as man-, S, P-, thiophenol and 0.1 equiv of potassiut@rt-butoxide. The

and C-glycoside$ and nucleosides. i . . . . .
2-nitro thioglycosidesg—8) were obtained in excellent yield
Although the synthesis of 2-nitro thioglycosides from gy 9 4

2-nitroglycals has already been reported by Holzapfel ét al.,
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Table 1. Base-Catalyzed Addition of Thiophenol to Glycdls42

Glycal Reaction time  Product o3 selectivity Yield
BnO ~OTDS
& 5
TDSO 0.5h TDSO SPh 0:1 88%
O,N
OBn 1 h BnO ~OBn 13 81%
?&2 03h R 6ash 0:1 80%
O,N

OBn
N Q
B”é%&@ 0.3h Bs"n@sph 7 0:1 70%

O,N

Ph’too o Pn/VOo o
o2 4 03h Bno sn 8a:8b 122 70%
NO,

O,N

aReactions were conducted at room temperature in toluene in the presence of 0.1 equiv of patassiutoxide.? TDS = thexyldimethylsilyl.

Table 2. Coupling Reactions of 2-Nitrothioglycosides

Entry Donors Acceptors Major product Yields, o selectivity
Bn OBn BnO _-OBn
1 Bno&fsph >—°H Bno&ok 18 70% (0:1)*
ON 9 oN
BnO _-OBn
OH BnO. R O.
" Q O,N
2 o 10 o 19a:19b 90% (1:5)?
(0] o]
< L
siv BnO _-OBn
3 " oSN 1" Bno&cg ose 20° 70% (0:1)°
O,N
4 He N we 63% (1:4)
" g iz Q NHBz o (1: ?
5 " HO\/\CO Ve 2 Bno&"o\/\coom 21a:21b 90% (] ZS)b
OA; BnO _OBn
6 " oo 13° &E: s 70% (1:1.1)
7 " 810 b 22a:22b° 77% (1:15)°
BnoOMe
OH Bn OBg B
Q c c a
8 " B0\ 14 eno&% w;;%oﬁ 23a:23b 74% (1:8)
* OsE ozNOSE
Ph P
L ~
9 " o 15 BnO ~OBn [ 0 . 1)\P
o E o o 60% (0: 1)
HO. QTDS BnO. O OTDS
BzO O,N BzO 24
BnO _-OTDS Bn OTDS
Q
10 BnO&/SPh Me—OH 16 TDSO&/OMe 25 68% (0:1)*
ON O,N
Bn OTDS
11 " HBz 12 &(;0 NHBz 77% (1:1)?
12 " HOS~"come bSO ™ O~?coome 26a:26b 68% (1:4)°
OTOB DMs BnO _-OTDS
13 " 810 e TOSOA B‘z&ﬁ 27a:27b 50% (1:1.5)
2 B0 e
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Table 2 (Continued)

Entry Donors Acceptors Major product Yields, ou:p selectivity
Bn OTDS
BnO —OH 1b%o Q j"o c
Q .
14 " Bno& 14° oN snj%ﬁ 28a:28b 63% (1:4)°
ONlee ONose
Bn OTDS
Q
)( TDSO&:O
15 " ° 10

OBn
0
BnO
16 Bng&/SPh

o,N

17 "

Ph-\0
Yy Q
19 Bmsph

O,N

20 "

8a,b

ON
PO’:;M 29a:29b 50% (1:4)°
O

g
OBn
BSSC&(LO/\ 30 63% (0:1)"

ON
OBn
BnO Q  Bn
TN Bl 31a:31b 63% (1:8)°
O:Nose

OBn
BnO’&&N
BnO o)
O,N a
oL 32a:320 80% (1:2)
o]
g

Ph—\ 0
80 oi o 33a:33b 35% (1:1)*
PhXO o

o]
Bn

AN
oN
%0;;% 34a:34b 30% (1:1)°
o

aReactions, unless stated otherwise, were conducted yClzHAnomeric ratios were determined by isolated produtReactions were conducted in
propionitrile at—15 °C. ¢ SE = trimethylsilylethyl.d TBDMS = tert-butyldimethylsilyl.

(70—88%). As previously reporteticoncatenation with soft
nucleophiles such as thiophenol yields mainly fak@nomer
in a time-dependent manner. Tdinkage was confirmed
by 'H NMR studies, which showed a coupling constangt
= 6 Hz, which contrasted with &, of 4 Hz for the

o-anomer.

With the requisite thiophenylglycosides in hand, a series

of coupling reactions with different accept@sl0,° 11, 12,
1310 14,11 150 16, and 17*? (Table 2) were carried out.
Activation simply involved cooling a 1:1.2:1.5 mixture of
the thioglycoside, the acceptor, and NIS in £ at 0°C
and then adding 0.15 equiv of TMSOTf (Method A).
Alternatively, the same protocol could be carried outat
°C in propionitrile (Method B). Workup thereafter afforded

the desired glycosides.

(8) Winterfeld, G. A., Dissertation, University of Konstanz, 2000.
(9) Liu, H. W.; Nakanishi KJ. Am. Chem. So¢982 104, 1178-1185.

(10) Boren, H. B.; Garegg, P. J.; Kenne, L.; Pilotti, A.; Svensson, S.;
Swahn, C. GActa Chem. Scand 973 27, 2740-2748.

(11) See Experimental Section.

(12) Klaffke, W.; Warren, C. D.; Jeanloz, R. \arbohydr. Res1993

244, 171-179.
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A series of compounds, selected to illustrate the wide range
of possible coupling types, was prepared. The results are
presented in Table 2. In the case of highly reactive acceptor
alcohols (entries 1, 3, 10, and 16) only th@nomers were
detected. For less reactive primary and secondary hydroxy
acceptorsj-selectivity was conserved but was not exclusive.
To improve selectivity, propionitrile was used as solvent,
and with the help of the nitrile effeét the 5-selectivity was
further increased (entries 5, 7, and 12). The presence of a
nitro group at position 2 seemed to allow anchimeric
assistance and consequently orientated the glycosylations in
the direction of thes-anomer as the major product.

To investigate the influence of a 4®-benzylidene acetal
protecting group on the outcome of the glycosidatfitsnd
nitro thioglucoside dono8a, b was tested under the same
reaction conditions. Unfortunately, in this case, activation

(13) Schmidt, R. R.; Behrendt, M.; Toepfer, 8ynlett199Q 694—697.

(14) (a) Crich, D.; Sun, Sl. Org. Chem1996 61, 4506-4507. (b) Crich,
D.; Cai, W.J. Org. Chem1999 64, 4926-4930. (c) Crich, D.; Smith, M.
Org Lett 200Q 2, 40674069. (d) Crich, D.; Smith, MJ. Am. Chem. Soc
2001 123 9015-9020.
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of the thiophenyl group by NIS was found to be difficult, || G

the a/B-ratios and the yields often being poor. The rigidity t,p1e 4. Reduction of the 2-Nitro Group
induced by the 4,&-benzylidene ring could explain this

result. Entry Compounds Products Yields
Also the use of 1-benzenesulfinyl piperidine (BSP)/ A
Y GBS 18 oo 41 81%

trifluoromethanesulfonic anhydride in the presence of 2,4,6-
tri-tert-butylpyrimidine (TTBP) was investigated for thiogly-
coside activatioi?*d Unfortunately, however, the 2-nitrothio-
phenyl donors were not activated under these conditions. 2 38
Only low yields of the desired compounds were usually

AcNH

BnO _-OBn
Q
Bnogg;A'ACNHj)\ 42 75%

obtained; side products from elimination of the intermediate BnO _-0Bn
. doromss . . NHB
triflatel4ad typically predominated (Figure 1). 5 21b Bno%o: o b 2 43 o,
AcNH COOMe
BnO -OBn
o BnO
6 23b Bro AN A2
BnO _-OBn Bn OBn AcNH BnO.
0 BSP. TTBP, 0 Base Bn OBn AcNHOSE
BnO SPh ~ 1o |BnO - °
ON 2 ON oTf BnO
OaN aqueos 1 N HCI in aqueous AcOH was employed and then

followed by acetylation. This method gave access to the
desired acetamido derivativéd—44.411 A one-pot reaction,
using acetic anhydride instead of acetic acid, was also
explored. Unfortunately, although reduction of the nitro
group occurred without hitch, the one-pot acetylation was
never observed and only the free amine could ever be isolated
at the end of reaction. An additional step of acetylation was

Figure 1. Activation with BSP, T$O, and TTBP.

Overall, our studies have demonstrated that glycosidations
with 2-nitro thiophenylglycosides genergieanomers with
high yield and selectivity. These results, along with Michael-
type additions of alcohols to 2-nitrogalactéts? thus allow

access to both types of glycoside, as described in Table g.necessary. . . .
In summary, 2-nitro thioglycoside donors can be success-

fully activated in the presence of NIS/TMSOTTf to allow the
preparation off-glycosides in good yield and selectivity. The
nitro group could then be reduced to afford the corresponding
acetamido glycosides. Starting from 2-nitroglycals, bath

Table 3. Comparison between Glycosidation and Michael
Addition

Michael-type addition

Thioglycoside glycosylation

BnO _-OTDS
TDSO%Q 37 9%

ONome
BnO -OBn
:
BnO. 38 0
&ﬁ*”j\ 75%

BnO _-OBn
Bno&oﬁ 39 70%

BnO _OTDS
Q
TDSO&/OMe 25 68%
ON

BnO _OBn

Bno&&/o/L 70%
o,N 18

Bn OBn

an&\iyoszeo 70%

or 3 selectivity can now be attained using Michael-type

addition or thioglycoside coupling, respectively. This dem-

onstrates the versatility of 2-nitro sugars as glycosyl donors
in glycoside synthesis. Applications of these donors are
currently underway in the synthesis of core 3 and 6 mucin
types; the results of these studies will be reported in due
course.
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Because in nature most amino sugars are mahkdy  [nternet at http:/pubs.acs.org.
acetamido glycosides, some of our nitroglycoside compoundsg g49729T
were submitted to reduction of the nitro group, as depicted
in Table 4. A method using an excess of zinc éuand

(15) Oppolzer, W.; Tamura, Oletrahedron Lett199Q 31, 991.
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