A Facile Method for f-Selenoglycoside
Synthesis Using f-p-Methylbenzoyl

ORGANIC
LETTERS

2005
Vol. 7, No. 21
4653—4656

Selenoglycoside as the Selenating Unit

Yumiko Kawai, T Hiromune Ando,* * Hideya Ozeki, T Mamoru Koketsu, * and

Hideharu Ishihara* f

Department of Chemistry, Faculty of Engineering, 1-1 Yanagido, Gifu 501-1193,
Japan, and Division of Instrumental Analysis, Life Science Research Center, Gifu

University, 1-1 Yanagido, Gifu 501-1193, Japan
hando@cc.gifu-u.ac.jp

Received July 28, 2005

ABSTRACT

R-X
+~0
AcO T —_~ Se

amine
o]

082003

The reaction between a-glycosyl bromides and potassium
selenoglycosides were activated by the action of a secondary amine and Cs

0
> AcO— i~ -Se

p-methylselenobenzoate yields

P-p-methylbenzoyl selenoglycosides. The acyl
,CO;3 to produce an anomeric selenolate anion, which reacted in

situ with various electrophiles to yield novel selenoglycosides while retaining the anomeric stereochemistry.

The substitution of interglycosidic or intraring oxygen in

primarily exploited as glycosyl donors foD-glycoside

carbohydrates with other elements such as carbon, nitrogenformation® To date, limited information is available on
and other chalcogens is an attractive carbohydrate mimickingselenodisaccharide synthe%asnd there only exists a single

technique: Over the last two decades, thioglycosides in

report on the potential inhibitory behavior of selenodisac-

particular have become an important class of “pseudogly- charide by Pinto’s group.

cosides” due to their notable potential as enzyme inhibftors,
enzyme-resistant scaffoldsynthetic vaccine$and so on.

On the basis of our knowledge, to date;—d)-linked
selenodisaccharides have been synthesized by Czernecky's

On the other hand, seleno- and telluroglycosides have beergrou® and Pinto’s groufs® Czernecky’s method exploited
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Sylated a selenol mounted on an unanomeric ring carbon of

glycoside With glycosyl trichloroacetimida.te in the presence 1 pje 1. Synthesis of3-Acylselenoglycosides
of a catalytic amount of TMSOTT, producing Gle#4)Glc ;
selenodisaccharide. In the former method, concomitant RZR °3° 1(2.0 equiv) Z/RT§)§CV
deacetylation resulted in disaccharide yield decayq%s), AcO PN —— RS SGYQ/
C
Br

. X R condition A AcO o
and in the latter method, the oxidation of selenolglycosyl or

. . . . 1= 2- it 1= 2-
acceptor in air to form diselenide was a drawback. The novel 2aR =H R=OAc  condiion B 3aR =H,R®= OAc
hod that we have described in this paper can facilitate 2> . %R = F 3bR =OA R =H
metno . , paper . 2¢R'=H, R?= Gal 3¢ R'= OAc, R%= Gal
the synthesis of-selenoglycosides by the in situ formation
of anomeric selenolate anion. entry sugar-Br conditions® time (h) product yield (%)
1 2a A 3 3a 80
| 2 2 B 2 3a 87
Scheme 1. New Selenoglycosylation Described in This Paper 3 2b A 3 3b 75
M 4 2b B 1.5 3b 84
N, 5 2¢ B 3 3c 88
R” "R o
0 s R. .
AcO~ v~ € - N)\©\ aKey: (A) DMF, rt; (B) "BusNSQH (2.0 equiv) 1 M Na,COs ag/EtOAC,
OAc ¢ l]R rt. Gal = 2,3,4,6-tetra-O-acetyl-8-galactopyranosyloxy.

l 082003 +

o RX butylammonium hydrogen sulfate as a phase-transfer catalyst.
o o._® - o) . R . . .
Ao+ -8e7Cs”| ———— | AcO Tt SeR Although both conditions produced relatively high yields
Ohe OAc (75—88%) of B-acyl selenoglycoside8 as single isomers
(*H NMR: J;,= 10.2—10.8 Hz/’Se NMR: 622.8—630.7
ppm), biphasic conditions were employed for large-scale
As depicted in Scheme 1, the prominent feature of our preparations in view of the efficacy of the Wor'kup. It should
new method is th@-glycosyl p-methylselenobenzoate unit be noted that the crystalline acyl selenoglycogldes were stable
fhroughout the 6 months they were stored in a freezer.

that behaves as a key selenolate anion precursor. This acy .
selenoglycoside that is activated by the action of a secondary_ 1 N€ successfully prepared agiselenoglycosideS8aand

amine and G£O; readily producess-selenolate anion in 3b were linked w_ith various el_ectrophileé—ll in the
situ; the-selenolate anion immediately reacts with various Présence of an amine andC; (Figure 1, Table 2). During

electrophiles to yielgh-selenoglycosides exclusively. Orig-

inally, this reaction was based on the selective Gde- _
acetylation at the anomeric position by hydraZine

piperidine® It was well-known that the seleno—carbonyl - 4 cl
bond could be selectively activated to produce selenolate in e Meo/@

the presence oD-acetyl groups because th&jvalue of 4 5 &
selenol (10—11) is lower than that of alcohol (~16). E A<O oTf
We first prepareds-glycosyl p-methylselenobenzoates. @N o B gy og%
Potassiunp-methylselenobenzoate® reported previously, 7 : 8 s Q0
was used as a selenating reagent. It has a long shelf life in ><

a freezer and can easily be produced fremmethylbenzoyl TfO _-OBn TfO _0OAc
chloride through the reaction sequences depicted in Scheme Bno&&omp ACO&O ~OSE
2. As shown in Table lg-glucosyl, galactosyl, and lactosyl OBn OAc

10 1

_ Figure 1. Coupling partners used in this study. MR p-

Scheme 2. Preparation of PotassiuptMethylselenobenzoate methoxyphenyl, T trifluoromethanesulfonyl, SE 2-(trimeth-

1. NaBH, / EtOH, 0 °C ylsilyl)ethyl.
2. p-methylbenzoyl chloride/ THF, 0 °C
3., K/ EtOH, 0 °C o
4. KOH, MeOH/ PhH . - .
Se /@SGK the screening of a secondary amine to act as an activator,

the smallest volatile amiredimethylamine-was employed.
In the case of reactions with—8, the concomitant adduct
N,N-dimethyl-p-methylbenzamide was not easily separated

bromides2 (1.0 equiv) reacted with (2.0 equiv) in DMF from the objective selenoglycosides by silica gel chroma-

and/or under biphasic condition in the presence of tetra- tography. Therefore, piperazine was used in entrie§ 1
because its corresponding amide could be removed by acidic

1
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s 14, respectively, in high yields (entries-B8). Aryl substitu-

Table 2. Reactions oB with Various Electrophiles tion with 1-fluoro-4-nitrobenzen& was also successful in
RX (@~11) almost quantitatively producing aryl selenoglycosit®

amine (entry 4). The reaction with 1,2-dibromoetha8eyielded
o 50 e p/ Cs2C03 (2.0 equiv) Ao S0 ser symmetric diselenoethyl-tethered d.isacchaﬁﬁe(entry 5).
; 0 DMF or DMA 1221 Further, in the absence of a coupling partr&dy,could be
(1.0 equiv) 5~2'8 min quantitatively transformed into digalactosy! diselenid@®
Y vE— — (entry 6). The corresponding-isomers were not produced
ety (oquiv) (equiv) product yield (%) in any of the cases in entries 1—6.
PR /g’é‘; During selenodisaccharide formation, we employ@d
20)  (1.2) ) o SeEt 7 triflyl sugars9—11** as a glycosyl unit (entries 7—12). The
12 acyl selenoglucosid&a was quantitatively incorporated
y g q y p
AcO_OAc with 6-O-triflyl-Gal derivative9 to produce GI8(1—6)Gal
P 5 PPZ Aco§0 | 87 selenodisaccharide8 (entry 7). In this reaction, the use of
Qo) (12) Sewsr . " .
OAc excess9 (4.0 equiv) was critical to suppress the formation
of heterodiselenid@2'? as an inseparable byproduct, which
A Oéo: ﬁOMe resulted in the formation of the corresponding glucal and
3 (260) (F;Pzz) 7 85 selenium as concomitant byproducts (Scheme 3). We ratio-
AcO _0OAc
7 PPZ A o&f&? Scheme 3. Proposed Mechanism of Side Reaction during
Yo (2 O oA @No % Selenoglycosylation
15 2 remaining selenolate sTTTTT _6_ -
OAc AcO OAc Se
0 Q
S AR S e YO 00 g e L N S
Ohe OAc Ohc Lac A%Oi% + Se

AcO o OA S anti-elimination ; /
cO -OAc c ' ;
OAc , 1
e %ﬁ/ ACO LS , Ohe
(1.2) OAc 0 e | \S;/ﬂ%, : AOS sewg,
! :

OAc q7 Ad! e 3
oA J(O — Ao L — J{ E
Axggﬁ/se © o o OAe
0A8 M s
7 9 MeNH A( o] quant
4.0) (4.0) 18 O
O o
X nalized the formation of these byproducts as illustrated in
AcO OAc Scheme 3.
, AcO OAcse Thus, without excess electrophi® the remainingg-
s (490) M?:g)H J(o 97 selenolate anion decomposes to yield the corresponding
) ) 190 O triacetyl glucal and selenium via anti-elimination or it reacts
0 o with the resultant selenoglycoside to yield heterodiselenide
9 PPz X 22, triacetyl glucal, and selenium again via anti-elimination.
w0 (12 19 quant In any case, in accordance with the proposed mechanism,
A OAc oBn galactgsyl derivative3b was free 'from heterodiselenide
10 MeNH? &/ % formation, probably because the_ axially oriented C-4 acetoxy
0 20 @0 -BnO 92 group prevented the conformational change to boat form by
its steric repulsion with anomeric selenolate. In entried 8,
AO OAC oAc dimethylamine and piperazine smoothly activat&dl to
1y M MepNH® % quant - -
(2.0) (4.0 OA AcO (10) Daniel, J. R.; Zingaro, R. A2hosphorus Sulfut978,4, 179—185.

(11) For experimental details of preparation, see the Supporting Informa-
tion.
. . L (12) The structure of compour? was supported by MS (MALDI) and
a(}(l%ﬁﬂx:is’\clei\llcg!atedholn the bé.‘j's ?;f;é.o_ M solution in THF was IH NMR spectrum of crud@2; m/z(MALDI) found [M + Na]* 757.03,
used. = N,N-dimethylacetamide. piperazine. CaeH33014Se caled for [M 4+ NaJ*t 757.05;'H NMR (500 MHz, CDC})
05.52 (d,J=5.2 Hz, 1 H), 5.21 (m, 3 H), 5.10 (§,= 9.2 Hz, 1 H), 4.94
(d,J=19.7 Hz, 1 H), 4.64 (ddJ = 2.3, 8.0 Hz, 1 H), 4.31 (m, 2 H), 4.21
: (dd,J=5.1,12.6 Hz, 1 H), 4.14 (dd,= 2.3, 12.6 Hz, 1H), 4.03 (t, 1 H),
aqueous workup. Consequently, alkylation withb, and6 3.74 (M, 1 H). 3.23 (m, 2 H). 2.092.01 (4 5, 12 H), 1.59-1.32 (4 s, 12

yielded the corresponding alkyl selenoglycosiii2sl3, and H). For experimental details, see the Supporting Information.
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produce a high yield of GA(1—6)Gal selenodisaccharide In conclusionp-methylbenzoyp-selenoglycoside3 could

19. Further, the selenoglycosylation of less reactiv®-4-  be activated under mild conditions to foyfrselenolates in

triflyl galactosidesl0 and11 successfully achieved seleno- situ, which coupled with various electrophilic partners to

lactose (Glcp(1—4)Gal) frame80 and 21 in high yields. producef-selenoglycoside42—21 and 24 in high yields,

All outcomes in entries 712 also retained thg-anomeric each as a single isomer. In particular, the successful delivery

stereochemistry as confirmed By NMR (J;, = 9.2—10.3 of selenodisaccharid®l and selenoglycosylamirz4 dem-

Hz) spectroscopy. Additionally, the resonances of the ano- onstrated that this method meets the criteria for practical

meric selenium in"’Se NMR of compound48—21 were selenooligosaccharide and selenoglycosyl peptide synthesis.

observed to lie in the range of 280.8—324.9 ppm, indicating These syntheses permit only acyl functionality during hy-

the presence of acetalic selenium. droxyl and amine protection because of the lability of
We have been the first to succeed in establishing the Selenoglycoside toward acidic, hydrogenolytic, and oxidative

selenoglycosylserine structure (Scheme 4). Thus, Fmoc-conditions. The easy preparation and long shelf life3of
further reinforced the feasibility of this method. The synthesis

I O -selencglycoside will be reported in due course.
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protecteds-iodoalanine23!* which was prepared from an
Fmoc-Ser derivative, swiftly reacted with selenoacyl galac-
toside 3b to producep-selenoglycosylated serir@4 with

an 87% yield. Despite the anionic conditions, epimerization
of the a-carbon and cleavage of the Fmoc group did not
occur during the course of the reaction. 0L051804S

Supporting Information Available: Experimental de-
tails, spectral characterization, and copie¥-band**C NMR
spectra for all new compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.
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