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Stereoselective Thioglycoside Syntheses. Part 4. t A New Approach to  
I ,4-Linked 1 -Thio-disaccharides and a Synthesis of Thiomakose 

By M iche le  Blanc-Muesser, Jacques Defaye, and Hugues Driguez, Centre de Recherches sur les  Macro- 
mol6cules VBgBtales, Centre National de la Recherche Scientifique and Laboratoire Associe 3 I'Universitt! 
Scientifique et MBdicale de Grenoble, 53 X, 38041 Grenoble, France 

Two approaches are devised for the preparation of thiomaltose (16). Condensation between the sodium salt 
of 1 -thio-a-D-glucopyranose (3) and methyl 2,3,6-tri-O-benzoyl-4-O-trifluoromethylsulphonyl-a-~-galacto- 
pyranoside (5) in hexamethylphosphoramide, leads to the methyl a-thiomaltoside derivative (6). On the other 
hand, the displacement of the C-4 trifluoromethanesulphonate of 1,6-anhydro-~-gaIactopyranose diacetate (1 3) 
by the sodium salt (3) gave the 1,6-anhydro-thio-disaccharide (14). The precursor of (1 3), 2,3-di-O-acetyl-l,6- 
anhydro-P-D-galactopyranose (1 2) was obtained in near quantitative yield from the known 2-O-acetyl-l,6- 
anhydro-3,4-O-isopropylidene-~-D-galactopyranose (9) by successive hydrolysis of the acetal group, orthoester 
formation (1 1 ), and selective opening of this intermediate through controlled acidic hydrolysis. Acetolysis of the 
methyl thio-maltoside (8) or the corresponding 1,6-anhydro-thio-disaccharide (1 4) followed by de-0-acylation 
afforded 4-S-a-D-glucopyranosy~-4-thio-D-g~ucopyranose [thiomaltose (1 6)] in excellent yields. 1,2,3,6-Tetra- 
0-acetyt-4-S- (2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)-4-thio- P-D-glucopyranose (1 5), a useful precursor of 
thiomaltotriosyloligosaccharides, is also prepared from the acetolysis reaction. 

~-THIOGLYWSE:S  are well known as useful substrate 
analogues for the induction,lY2 purification by affinity 
chrornat~graphy,~ or study of the mechanism of action of 
h'lycosyl-hydro lase^.^ Such an approach is a major line 
of research in our laboratory for glycanases which need 
an oligosaccharide structure for the enzymic affinity. 
The synthesis of in ter-anomerically sulphur-linked oligo- 
saccharides as substrate analogues is thus a basic step of 
t.his p r ~ g r a r n r n e . ~ ? ~  

In a previous paper in this series,' the steric control in 
1-thio-glycosidations for 1,4-linked 1-thio-disaccharide 
syntheses was achieved by a bimolecular SN2 type of 
reaction a t  the anomeric carbon atom involving the 
displacement in hexamethylphosphoramide (HMPA) on 
a glycosyl halide by a thiolate anion generated at  C-4 
of another glycosyl moiety. The alternative approach 
involving the use of 1-thio-glycoses, which appears more 
suitable for further thio-oligosaccharide synthesis, has 
now been in\-es t iga t ed. 

RESULTS A N D  DISCUSSION 

A key compound for such a reaction scheme is 2,3,4,6- 
te tra-0-acetyl- 1 -S-acetyl- 1-t hio-a-n-glucopyranose (2), 
which has previously been prepared by the action of 
sodium thioacetate on 2,3,4,6-tetra-O-acetyl-p-~-gluco- 
pyranosyl chloride (1) in HMPA. A more convenient 
approach involves the action of tetrabutylammonium 
thioacetate, generated from thioacetic acid and tetra- 
butylammonium hydroxide on the p-chloride (l), using 
toluene as an easily removable solvent. 

Two routes for the syntheses of thiomaltose from (2)  
were considered : these involved either an alkyl 4-0-tri- 
fluoromethylsulphonylgalactoside (5) or the correspond- 
ing 1,6-anhydrogalactose derivative (13). In the first 
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the Xth Interriational Symposium on Carbohydrate Chemistry 
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pathway, the easily accessible methyl 2,3,6-tri-O- 
benzoyl-a-u-galactopyranoside (4) was quantitatively 
esterified with trifluoromethanesulphonic anhydride in 
pyridine, and the resulting trifluoromethanesulphonate 
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(triflate) (5) allowed to react smoothly at room temper- 
ature in HMPA with the sodium salt of 1-thio-a-D- 
glucopyranose (3), generated from (2). After the usual 
isolation procedure involving 0-acetylation, the per- 



16 J.C.S. Perkin I 
acylated thio-disaccharide (6) was obtained in 60% 
overall yield. Deacylation afforded the known methyl 
a-thiomaltoside which could then be converted into tlie 
corresponding peracetylated derivative (8). Acetoly- 
sis of (8) at  room temperature for 24 h proceeded in 86% 
yield to give the mixture of anomeric 1,2,3,6-tetra-O- 
acetyl-4-S- (2,3,4,6-te t ra-0-acetyl-a-~-glucopyranosyl) - 

4-thio-u-glucopyranoses [a  : p ratio 3.5 : 1, (lH n.m.r.)], 
which could be either directly de-O-acylated into the 
thiomaltose (16), or converted via the corresponding a- 
halide, followed by the action of silver acetate in acetic 
acid-acetic anhydride into the peracetylated p-anomer 
(15), a key precursor for further chain lengthening into a 
t hiomalt o t riose derivative. 

The alternative pathway for (16) involves a 1,6- 
anhydro-4-0-trifluoromet hylsulphonyl-p-n-galacto- 
pyranose derivative (13). 2,3-Di-O-acetyl-l,6-anhydro- 
p-u-galactopyranose (12) has previously been pre- 
pared lo by selective acetylation of 1 ,6-anhydro-p-~- 
galactopyranose or its %acetate (10). This procedure 
leads to a mixture of the 2,3- and the 2,kacetates which 
could not be readily separated owing to the ease of 0- 
acetyl migration at  the chromatographic purification 
stage,ll which precludes any preparative scale application 
of this method. In 1975, one of us showed12 that the 
acidic opening of an axial-equatorial orthoester in the 
galacto-series proceeds exclusively to the axial acetate 
and this selectivity found a recent confirmation in the 
manno-series.13 Application of these results to the 
orthoester (1 l), prepared from the easily accessible 2-0- 
acetyl-l,6-anhydro-3,4-0-isopropylidene-~-~-galacto- 
pyranose l4 through selective hydrolysis of the isopro- 
pylidene acetal gave the 2,3-diacetate (12) in 82y0 overall 
yield; i t  could then smoothly be converted into the 
expected triflate (13). Condensation of (13) and the 
sodium salt of 1-thio-a-D-glucopyranose (3) in HMPA at  
room temperature leads, after O-acetylation, in a yield 
of 6l%, to the expected 1,6-anhydro-l-thiomalto- 
disaccharide (14). 

1,6-Anhydro-sugars are usually relatively resist ant to 
acid hydrolysis but are readily opened by acetolysis.1° 
When the 1,6-anhydro-disaccharide (14) was kept for 5 h 
in the acetolysis mixture as described for (S), a nearly 
quantitative yield of the above described, a ,  p-peracetyl- 
ated thio-maltose was obtained; i t  was converted in the 
same way either into the thiomaltose (16) or into the 
corresponding p-peracetate (15). 

All new compounds showed the expected proton 
magnetic resonance spectra and it is worth noting that, 
as in the thio-aryl series,15 the anomeric coupling con- 
stants for a-D-l-thio-glycoses and -glycosides had values 
of 5-6 Hz venus  3-4 Hz found for their O-analogues, 
and H-1 for a-l-thio-glycosides was deshielded by ca. 
0.3 p.p.m. 

EXPERIMENTAL 

Acylation reactions were followed by extraction with the 
solvent indicated. Usual work-up means successive wash- 
ing of the non-aqueous phase with ice-cold solutions of 

potassium hydrogensulphate (10% w/v; 2 x 250 ml), 
sodium hytlrogencarbonate (saturated), and water. Water 
washings were usually back-extracted. Solutions were 
dried (sodium sulphate) and evaporated in vacuo a t  tem- 
peratures below 45 "C. T.1.c. was performed on silica gel 
(Merck F 254, Merck, Darmstadt, Germany) ; preparative 
chromatography used silica gel (Merck 60, 70-230 mesh) ; 
in both cases, the following eluant systems were used (v/v) : 
ether-hexane 3 : 1 (solvent A),  ethyl acetate-hexane-di- 
chloromcthane 5 : 5 : 2 (solvent B), niethanol-chloroform- 
water 25 : 65 : 4 (solvent C), ethyl acetate-hexane 1 : 1 
(solvent I)) ,  ether (solvent E) . Optical rotations were 
determined with a Quick polarinieter (Roussel and Jouan) 
a t  20 "C.  The 'H n.m.r. spectra were recorded a t  250 MHz 
with a Canieca spectrometer using deuteriochloroform as 
solvent. Assignnients were confirmed by double irradiation 
or by the lNDOlC technique. Chemical shifts are reported 
relative to internal SiMe,. 
2 I 3,4,ti-Teti~a-O-acetyl- l-S-acetyl- l-tho-a-u-glucopyranose 

(2) .'-To a solution in toluene-methanol of tetrabutyl- 
ammonium hydroxide (0.1~ 4: 1 v/v; 500 ml) was added 
tliioacetic acid (3.5 nil, 50 mmol) and the mixture was con- 
centrated a t  60 "C, then further co-evaporated with toluene 
( 3  x 400 nil). To the resulting residue in toluene (500ml) 
was added 2,3,4,~-tetra-O-acetyl-~-u-glucopyranosylchloride 
( 1) [prepared from 1,2,3,4,6-penta-O-acetyl-~-n-glucopyran- 
ose lG (18 g, 46 nimol)], and the mixture was stirred a t  room 
temperature for 12 h, then evaporated. The residue in di- 
chloromethane (250 nil) was washed with water (3 x 250 ml). 
The combined organic extracts were dried and evaporated 
to dryness, and tlie residue was chromatographed on silica 
gel (350 g, 5 x 65 cm) using chloroform as eluant. 2 1 of 
eluant gave the expected product (2) which crystallized in 
ether (8.5 g, 46%). Recrystallisation from ether gave a 
sample having m.p. 124-126 "C, + 140" (c, 1 in chloro- 
form) {lit.,' m.p. 121-123 "C, [oL],,~O +12S0 (c, 0.92 in 
chloroform) }. 

Methyl 2,3,6-Tri-0-benzoyl-4-O-tr i~uo~o~ethylsul~~~onyl-  
a-D-galactopyranoside (5) .-To a solution of methyl 2,3,6- 
tri-O-benzoyl-a-u-galactopyranoside * (4) ( 12.75 g, 25.5 
mmol) in dichloromethane-pyridine (2.5 : 1 v/v; 91 ml), 
cooled to 0 "C, was added triff uoromethanesulphonic anhyd- 
ride (10.2 ml, 62 mmol) and the solution was kept for 30 min 
a t  the same temperature, then left for 30 min a t  room tem- 
perature at which time t.1.c. (solvent A) showed complete 
conversion of the starting material (4) into the more mobile 
triffate (5). Extraction with dichloromethane (250 ml) 
followed by the usual work-up led, after evaporation, to a 
solid foam which was used without further purification in 
the next condensation step. 

Methyl 2,3,6-T~~-O-benzoyl-4-S-(2,3,4,6-tetra-~-acet~~l-a-u- 
glycopyranosyl) -4-thio-a-u-glucopyranoside (6) .-The per- 
O-acetylated l-thio-m-u-glucopyranose (2) (5.2 g, 12.75 
nimol) was dissolved in methanol (130 ml) containing sodium 
methoxide ( IM, 12.75 ml). After standing overnight a t  room 
temperature the solution was evaporated. To the residue 
(3),  dried under vacuum over phosphorus pentaoxide, were 
added successively the powdered triflate (5) and HMPA 
(55 nil). After standing for 5 h a t  room temperature, 
acetic anhydride-pyridine (4 : 3 v/v; 70 ml) was added to 
the reaction mixture which was then kept a t  50 "C for 
15 h. Extraction with chloroform (300 ml) followed by the 
usual work-up gave, after evaporation, a residue which was 
purified on silica gel (350 g) using solvent B as eluant. The 
pure thio-disaccharide (6) was obtained as a crystalline com- 
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pound (from ether) (6.4 g, 60%) ; further recrystallization 
gave a sample having m.p. 123-126 "C (from ether), 
f l 5 6 "  (c, 0.64 in chloroform), 6 8.16-7.28 (15 H, 2 m, 
aryl-H), 6.05 (t, J3,4 10.0 Hz, H-3)' 5.8 (d, J l , 2  5.7 Hz, 
H-l'),  5.19 (dd, J3.4 9 .5  Hz, H-3'), 5.18 (d, J 1 , 2  3.5 Hz, 
H-l), 5.11 (dd, J2.3  10 Hz, H-2), 4.98 (t, J4.5 9.5 Hz, H-4'), 
4.93 (dd, J Z T 3  10.0 Hz, H-2'), 4.86 (dd, Ja.b 12 Hz, H-ga), 
4.60 (dd, J 5 , 6 ~ ,  6 Hz, H-6b), 4.34 (2 H, m, H-5', H-6'a), 4.22 
(0, J5,6a 3 Hz, H-5), 3.94 (dd br, Ja,b 13.0 Hz, H-6b'), 3.42 
(3H,s ,0CH3) ,3 .29( t ,  J4,,10.0Hz,H-4),and2.1,2.00, 1.94, 
and 1.66 (12 H, 4 s, O A G )  (Found: C, 59.3; H, 5.25; S, 
3.85. C 4 2 H 4 4 0 1 , S  requires C, 59.15; H, 5.20; S, 3.76%). 

MetJzyl 4-s-(  a-u-Glucopyranosyl) -4-thio-a-D-gluco- 
pyranoszde (7 )  .-The peracylated thio-disaccharide (6) (2.1 g, 
2.46 mmol) was dissolved in methanol (120 ml), containing 
sodium nietlioxide in methanol ( 1 ~ ;  3 ml). After 15 h a t  
room temperature, the reaction mixture was neutralized 
with Amberlite IRK 77 (H'), then silica gel (6 g) was added 
and the suspension was evaporated. The resulting powder 
was applied to the top of a silica gel column (60 g) and 
eluted with solvent C to give pure (7) ,  n1.p. 165-168 "C 
then 201-205 "C, +305" (c, 1 in water) (lit.,7 [aID2O 
1-270" (c, 0 19 in water) for the freeze-dried compound with 
1 mol of wattr of crystallization * (Found: C, 41.95; H, 
6.45; S, 8.05. Calc. for C13H240,0S: C, 41.93; H, 6.50; S, 

Methyl 2,3,6-Trz-O-acetyl-4-S-( 2,3,4,6-tetra-O-acetyZ-a-r>- 
glucopyranosyl) -4-thzo-a-~-glucopyranoside (8) .-The per- 
acylated thio-disaccharide (6) (2.1 g, 2.46 mmol), deacyl- 
ated as above, was acetylated, after the Amberlite IRN 
77 (H ') neutralization step followed by concentration and 
drying of the methanolic solution, with acetic anhydride- 
pyridine ( 1  : 1 v/v; 30 ml). After extraction with chloro- 
form and the usual work-up, the residue was applied to a 
silica gel column (80 g, solvent D), to give the peracetyl- 
ated thio-disaccharide (8) (1.47 g, go%), identical (lH 
n.m.r.) with an authentic  ample,^ [aID2O $200" (c, 2.68 in 
chloroform) ; (lit ,' + 192" (G, 2 in chloroform)) (Found: 
C, 48.5; H, 5.7;  S, 4.8.  Calc. forC2,H3,017S: C, 48.64; H, 
5 .75;  S, 4.810/). 

2,3-Dz-0-acetyZ-1,6-anhydro-@-~-galactopyranose (12) .-2- 
O- Acetyl- 1,6-anhydro-3,4-0-isopropylidene-@-~-galacto- 
pyranose l4 (9) (4 g, 16.3 mmol) was dissolved in aqueous 
trifluoroacetic acid (9 : 1 v/v; 40 ml). After 5 min a t  room 
temperature, concentration of the solution left oily (10) 
(t.1 c., RF 0.17, solvent E) which was not further charac- 
terized but added to a mixture of dichloromethane (40 ml), 
triethyl orthoacetate (30 ml) and toluene-p-sulphonic acid 
monohydrate (10 mg). Reaction was complete (t.1.c. ; 
solvent E) after stirring for 30 min a t  room temperature. 
Triethylamine (2 ml) was added, and the solution was 
poured into ice-water. Extraction with dichloromethane 
left a syrupy product which showed on t.1.c. (solvent E) a 
major spot (RF 0.9),  presumably the orthoester ( l l ) ,  to- 
gether with a minor one (& 0.69). This crude product was 
dissolved in aqueous acetic acid (8 : 2 v/v; 60 ml) and the 
solution was kept a t  room temperature for 30 min, then 
evaporated under high vacuum a t  room temperature and 
dried by co-evaporation with toluene (3 x 20 ml). The 
resulting expected diacetate (12) (3.31 g, 82%) crystallized 
in ether-hexane, m.p. 106-112 "C. An analytical sample 
was obtained by further crystallization from propan-2-01- 
ether (3.2 g, 79y0), m.p. 108-112 "C, f1 .2" (c, 1.6 in 
chloroform); {Iit.,*O m.p. 113-115", [a], -0.8'). 

8.6 1 yo) .  

* The value of +210.5" given in ref. 7 is probably a mistake. 

2,3-DZ-O-acetyl-l, 6-anhydro-4-O-trz~uoromethylszkl~honyl- 
@-D-galactopyranose (13) .-To the diacetate (12) (220 mg, 
0.89 mmol) in pyridine (3 ml) a t  0 "C, was added trifluoro- 
methanesulphonic anhydride (0.3 ml, 1.76 mmol). After 
30 min a t  0 "C and then 2 h a t  room temperature, the 
solution was treated as described for the triffate (5). The 
crude product corresponding to the expected triflate (13) 
(329 mg, 92%) was not further characterized and was used 
as such in the next condensation step. 

2,3-Di-O-acetyl-l ,6-anhydro-4-S-(2,3,4,6-tet~a-O-~~et~yl-~- 
D-glucofiyranosy Z) -442 io- P-~-glucopyranose ( 1  4) .--The 
sodium salt (3), prepared as described for (6) from the per- 
acetylated l-thioglucose (2) (300 mg, 0.73 mmol), was added 
to a solution of the foregoing triflate (13) (329 nig) in 
HMPA. After 4 h a t  room temperature, the reaction mix- 
ture was acetylated with pyridine-acetic anhydride ( 1  : 1 
v/v; 2 ml). After 24 11 a t  room temperature, the usual 
work-up gave a syrupy product, which was purified on a 
silica gel column (65 g, solvent E) leading to the thio- 
anhydro-disaccharide (14) (269 mg, 61y0), m.p. 164-165 "C 
(from ethanol) [ajDZo +lO4" (G, 0.96 in chloroform), 6 5.92 
(d, J1,2 6 Hz, H-l'), 5.48 (ni br, H-3), 5.35 (t, J 3 , 4  9.5 Hz, 

4.91 (d br, H-l) ,  4.68 (d br, J5,6a 5.5 Hz, H-6a), 4.62 (s br, H-2),  
4.48 (0, J5,6a 5 Hz, H-57, 4.24 (dd, Ja,b  12 Hz, H-G'a), 4.12 
(dd, J5,st, 2.5 Hz, H-6'b), 4.1 1 (d br, H-6b), 3.82 (dd, J5,6k, 7 .5  
Hz, H-5), 2.92 (s br, H-4), and 2.16-2.02 (18 H, m, OAc) 
(Found: C, 48.5; H, 5.2; S, 5.55 .  C,4H3zO15S requires 
C, 48.64; H, 5.44; S, 5.41%). 

glucopyranosy~) - 4 - t h ~ o - ~ - ~ - g l u c o p y r a n o s e  (1  5) .-From com- 
pound (8). Methyl 2,3,6-tri-O-acetyI-4-S-(2,3,4,6-tetra-O- 
acet yl-a-D-glucopyranosyl) -4-thio-a-~-glucopyranoside (8) 
(1.049 g, 1.57 mmol) in acetic anhydride-acetic acid- 
sulphuric acid (7 : 3 : 0.07 v/v; 42 ml) was stirred a t  room 
temperature for 24 h. Sodium acetate (1.049 g) was then 
added and the solution was concentrated. Dichloro- 
methane (50 ml) was poured into the Aask and the salts were 
removed by filtration and washed several times with the 
same solvent. Concentration of the solution gave a residue 
consisting mainly of (15) and its a-acetoxy-anomer (ratio 
a : @, 3.5 : 1 ) .  This syrupy product was converted into 
pure (15) as follows. 

To the crude preceding mixture of anomers in dichloro- 
methane (4 ml) a t  0 "C was added hydrogen bromide in 
acetic acid (40% w/v; 8 ml). After standing overnight a t  
0 "C, the solution was poured into ice-cooled water (50 ml) 
and extracted with dichloromethane (150 ml). Tlie organic 
layer was washed successively with an ice-cold saturated 
hydrogenocarbonate solution (50 ml), then water (2 x 50 
ml), dried, and concentrated. The residue was dissolved in 
acetic anhydride (4 ml), and silver acetate (700 mg) in acetic 
anhydride (1 : 2 v/v; 12 ml) was added. After 2 h in the 
dark, the suspension was filtered on Celite and the solid 
was washed with dichloromethane (150 ml) . Washing of 
the organic layer with water ( 2  x 50 ml) followed by drying 
and concentration left (15) as a solid (943 mg, 860/,), m.p. 
179-181 "C (from ethanol), [aID2'J +127" (c, 0.44 in chloro- 
form), 6 5.92 (d, J I s 2  6 Hz, H-l'), 5.69 (d, Jl,2 8.5 Hz, H-l) ,  

H-3'), 5.07 (dd, J 2 . 3  9.5 Hz, H-2'), 5.06 (t, J4.5 9.5 Hz, H-4'), 

1,2,3,6-Tetra-O-acetyl-4-S-(2,3,4,6-tet~a-O-a~ety~-a-1)- 

5.32 (t, J3,4 10.5 Hz, H-3), 5.27 (t, J3.4 10.0 Hz, H-3'), 
5.07 (t, J4,5  10.0 Hz, H-4'), 4.97 (dd, J 2 . 3  10.5 Hz, H-2')) 
4.95 (dd, J 2 , 3  9.5 Hz, H-2), 4.63 (dd, JB,b 12.0 Hz, H-6a), 
4.34 (dd, Ja,b 12 Hz, H-6'a), 4.24 (0, J5,6a 2.0 Hz, H-57, 

3.82 (0, J 5  6a. 2.5 Hz, H-5), 3.05 (t, J4,6 10.5 Hz, H-4), and 
4.22 (dd, J5,6b 6 .5  Hz, H-6b), 4.11 (dd, J5,6b 4.0 HZ, H-6'b), 
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2.12-2.02 (24 H, ni, OAc) (Found:  C, 48.4; H, 5.6;  S, 
4.65. C,,H,,O,,S requires C, 48.41; H, 5.51; S, 4.61%). 

From cornpound (14). 2,3,Di-O-acetyl-l, 6-anhydro-4- 
~-(2,3,4,6-tetra-O-acetyl-cc-u-glucopyranosyl) -4-thio-P-~- 
glycopyranose (14) (580 mg, 0.98 mmol) was dissolved in the 
above acetolysis mixture (25 ml) which was then stirred a t  
room temperature for 5 h. Sodium acetate (800 mg) was 
then added, the solution was concentrated, and the product 
was worked up as described above, including the glycosyl 
bromide step, to give (15) (540 mg, 79%). 

~ - ~ - a - ~ - ~ ~ ~ c o ~ y ~ a n o s y ~ - ~ - t h i o - ~ - g ~ . u c o ~ y r a n o s e  ( 16) .-The 
peracetylated thio-disaccharide (1 5), or its anomeric mixture 
resulting from the direct acetolysis of either (8) or (14) (200 
mg, 0.29 mmol), was dissolved in methanol (5 ml) containing 
sodium methoxide in methanol (IM; 0.1 nil). After 15 h, 
the solution was neutralized with Amberlite I R  120 (H') 
filtered, and concentrated to dryness. Freeze-drying of an 
aqueous solution of the residue left (16) as a foam (100 mg, 
100yo), [0(ID +162" (c, 0.16 in water) (Found: C, 39.1; H, 
6.55; S, 8.55. Calc. for Cl,H,,01,S~0.5H,0: C, 39.23; H, 
8.31; S, 8.73%). 

We acknowledge the skilful technical assistance of Mr. M. 

[1/533 Received, 6th A p r i l ,  19811 
Paillet, 
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