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The synthesis of sulfur-linked GM3 epitope 2 is based on 
acid-catalyzed and base-promoted S-glycosylation proces- 
ses. As a precursor, 2-0-benzoyl-3-thiogalactoside 10 was re- 
quired, and was obtained from 4,6-O-benzylidene-galacto- 
side 3 in six high-yielding steps. Base-promoted S-glycosyl- 
ation of 10 with neuraminic acid functionalized 0-halogenose 
11 in the presence of NaH as base and Kryptofix 21 as coacti- 
vator afforded a(2-3)-thio-linked disaccharide 13, which was 
readily converted to a-halogenose 20. Heptyl 1-thioglycoside 

22 was obtained from 0-galactosyl trichloroacetimidate 2 1 
and heptylthiol via acid-catalyzed S-glycosylation. 22 was 
transformed into 2,3,6-tri-O-acylgalactoside 26 which, via 
the 4-0-triflate and treatment with potassium thioacetate, 
followed by selective removal of the S-acetyl group, fur- 
nished the 2,3,6-tri-0-acyl-4-thioglucoside 28. Base-pro- 
moted S-glycosylation of 28 with halogenose 20 led to fully 
acylated target molecule 29, which was quantitatively con- 
verted into 2. 

Ganglioside GM3 (1, Scheme 1) is widely found in mam- 
mals; it is also found to be concentrated on the membranes 
of some tumor cells[’]. Several investigations have shown 
that the growth of tumor cells, transplanted into mice, is 
directly correlated to their GM3 contentC2I. It was also 
found that GM3 inhibits the fibroblast growth factor 
(FGF)-dependent growth of baby hamster kidney cells and 
FGF itself13]. 

Thioglycosides have proven to be much more stable to 
glycosidase action than glycoside~[~], thus enzymatic hy- 
drolysis is slowed down in the course of in vivo experiments. 
Therefore, we have initiated a program to synthesize sulfur- 
linked epitopes of glycoconjugates which additionally bear 
a spacer group, also attached via s u l f ~ r [ ~ , ~ ] .  Thus, biological 
effects and conformational differences can be compared 
with the natural epitoper71. 

Ganglioside analogues of the ganglio series, in which gly- 
cosidic oxygens have been partially replaced by sulfur, have 
recently been These compounds exhibit 
interesting inhibition of influenza virus sialidases. In this 
paper we report the synthesis of the thio-linked GM3 epi- 
tope 2, which is fitted with a heptyl spacer, in which all 
glycosidic oxygens are replaced by sulfur. The synthetic 
strategy is outlined in the retrosynthetic analysis (Scheme 
1). The thioglycoside bond formation is based on “base- 
promoted S-glycosylation” (A + B -+ 2; C + D -+ A) and 
“acid-catalyzed S-glycosylation” (E + HS-C7H15 -+ B). 
An important aspect in the course of the synthesis is the 
selection of permanent and temporary protective groups. 
Because hydrogenolytic debenzylation is generally not com- 
patible with the presence of sulfur linkages, the regiocontrol 
is essentially based on different acyl groups (for instance, R 
in A, B, C, D, E = 0-acetyl, 0-chloroacetyl, 0-benzoyl, S- 
acetyl, etc.) which can be regioselectively introduced or re- 
moved, and on the benzylidene group, which is employed 

for temporary protection via acid-catalyzed attachment and 
cleavage. Thiol groups at non-anomeric positions are gener- 
ally introduced via an SN2 reaction. However, as previously 
observed, the high density of functional groups in carbo- 
hydrates can lead to unexpected dificulties in this endeav- 
O U ~ [ ~ , ~ ] .  

For the synthesis of building block A, a 3-thiogalactose 
of type D first had to be prepared. To this end, D-galactose 
was transformed into the known benzylidene derivative 3191 
(Scheme 2). Treatment with monochloroacetyl chloride in 
the presence of pyridine resulted in regioselective 3-0-acyl- 
ation affording compound 4 in high yield. Subsequent ben- 
zoylation with benzoyl cyanide in the presence of triethyl- 
amine gave the 2-0-benzoyl derivative 5 which could be 
selectively and quantitatively deprotected at the 3-position 
by treatment with hydrazinium acetate (N2H4 . HOAc) in 
DMF to give 6. Various methods were investigated for the 
introduction of the mercapto group in the 3-position. For 
instance, treatment of 6 with trifluoromethanesulfonic an- 
hydride (Tf20) in pyridine and then with tetrabutylam- 
monium iodide (TBAI) furnished 3-iodo derivative 7, reac- 
tion of which with potassium thioacetate (KSAc) in DMF 
at 110 “C afforded a mixture of the desired 3-thiogalactose 
(9) and the undesired 3-thiogulose derivative. In an alterna- 
tive approach, the configuration at 3-C of 6 was inverted 
via the 3-0-triflate, and treatment with tetrabutylam- 
monium nitrite (TBANO,)[’Ol afforded the gulose derivative 
8; subsequent 3-0-triflate formation and treatment with 
KSAc in DMF at 60°C (one-pot reaction) afforded the de- 
sired 3-acetylthiogalactoside 9 in high yield. Selective re- 
moval of the S-acetyl group was readily accomplished with 
N2H4 . HOAc affording compound 10, representing D. 

For the ligation of 10 to a neuraminic acid residue, the 
known P-halogenose 11[”] was prepared (Scheme 3). Base- 
promoted S-glycosylation required extensive study in order 
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to find optimal conditions; very good yields of the S-a(2- 
3)-linked disaccharide 13 were obtained when the reaction 
was carried out with NaH as base and THF as solvent. For 
this process, Kryptofix 21[121, a good complexing agent for 
cations, was additionally required as coactivator. However, 
when ll["]  was first transformed under phase transfer con- 
d i t ion~[ '~]  into the known 2-acetylthio derivative 12[14], the 
S-acetyl group was removed in situ with NaOMe in MeOH 
at -40 "C, and in situ triflate activation of 8 was performed 
via the published proced~re[ '~ . '~] ,  anomeric S-alkylation af- 
forded the known elimination product 14" in addition 
to 13. The conditions for thioglycoside bond formation 
with 12 applied by von Itzstein et aI.["] led to elimination 
in 8. The structural assignment of the Neu5Ac residue in 
13 was based on the 'H-NMR data which are in accordance 
with those typically observed for the a-configuration[llb1: 

For the transformation of disaccharide 13 into a glycosyl 
donor (corresponding to A), acid-catalyzed debenzyliden- 
ation was Grst performed, affording the 4,6-O-unprotected 
derivative 15 in high yield (Scheme 4). Treatment with acetic 
anhydride in pyridine (+ 16) and then with tetrabutylam- 

J,b,q, 9.9 Hz; 6 (4b-H): 4.79; A6 (9b-H - 9b'H) = 0.18. 
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monium in T H F  gave the 1-O-unprotected di- 
saccharide 17. Reaction with trichloroacetonitrile in the 
presence of 1,8-diazabicyclo[5.4.O]undec-7-ene (DBU) as 
base afforded a-trichloroacetimidate 18 in very high yield. 
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Alternatively, reaction of 17 with acetic anhydride in pyri- 
dine gave the fully acylated S-disaccharide 19 which, on 
treatment with HBr in acetic acid furnished a-halogenose 
20, again in high yield. 
Scheme 4 

AcO 

OAc 

JTFA ( 9 2 ~ ~ )  
Y \ c &  Pyr 

12: 

15: 

X = H; Y = OTDS; R4,R6 = PhCH 

X =  H;Y =OTDS; R 4 =  R 6 =  H 
1 ( 9 . j % )  

16: X = H; Y = OTDS; R4 = R6 = AC 
I T B A F .  HOAC 

(90%) CCI, 

19: X,Y = H, OAC; R4 = R6 = AC 

20: X = Br; Y = H; R4 = R6 = Ac 

t 
Building block B was obtained via reaction of the known 

galactosyl donor 2l[I7] and commercially available heptyl- 
thiol in the presence of trimethylsilyl trifluoromethanesul- 
fonate (TMSOTf) as catalyst (acid-catalyzed S-glycosy- 
lation) affording thioglycoside 22 in practically quantitative 
yield (Scheme 5). Removal of all acetyl groups under 
Zemplen conditions['*] (NaOMe, MeOH) (+ 23), treatment 
with benzaldehyde dimethyl acetal in the presence of p-tolu- 
enesulfonic acid (p-TsOH) as catalyst, to furnish benzylid- 
ene intermediate 24; 0-acetylation (+ 25), and regioselec- 
tive 6-0-benzoylation with benzoyl cyanide in the presence 
of triethylamine, gave 4-0-unprotected S-galactoside 26 in 
very good overall yield. Introduction of the mercapto group 
at the 4-position was again a critical step. In situ formation 
of the 4-0-triflate from 26 by treatment with Tf20  in the 
presence of pyridine, followed by reaction with KSAc in 
DMF, afforded the desired 4-acetylthioglucose derivative 27 
in acceptable yield. Treatment with NzH4 . HOAc led again 
to selective removal of the S-acetyl group, thereby affording 
the 4-mercapto derivative 28, representing B. 

Base-promoted S-glycosylation of acceptor 28 with gly- 
cosy1 donor 20 was readily performed by treatment with 
NaH in DMF at room temperature, furnishing the fully 
acylated target molecule 29 in very good yield (Scheme 6). 
On the other hand, acid-catalyzed S-glycosylation of 28 
with glycosyl donor 18 was much less effective[']. Removal 
of all the acyl groups from 29 under Zemplkn conditions['*] 
and hydrolysis of the methyl ester moiety with potassium 
hydroxide led, after ion-exchange treatment and gel per- 
meation chromatography, to target molecule 2. The NMR 
data of 29 and 2 confirm the configurational assignments 
(29: la-H, J1,2 = 10 Hz; lb-H, J1,* = 9.6 Hz; 7c-H, J7c,8c = 

10.2 Hz; 2: la-H, J1,2 = 10 Hz; lb-H, J1 ,2  = 8.9 Hz). 
This work was supported by the Deutsclie Forscliungsgemein- 

schaft, the Fond~s deer Cheniischen Industrie, and Hoeclist AG, Frank- 
furt. 
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Experimental Section 
Melting points: Uncorrected values. - 'H NMR: Bruker AC 250 

Cryospec and Bruker DRX 600. - Optical rotation: Perkin-Elmer 
polarimeter 241 MC; 1 dm cell. ~ Thin-layer chromatography 
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(TLC): DC-Plasikfolien Kieselgel F2j4 (Merck), detection by UV 
light (254 m i )  or by spraying with 5% (NH4j2Mo04 and 0.1% 
Cc(SO& in 10% H2S04 and heating to 120°C. - Flash chroma- 
tography: Silica gel (Baker, particle size 40 pm). - Medium pres- 
sure liquid chromatography (MPLCj: Merck silica gel LiChroPreb 
Si 60 (particle siLe 15-25 mm). - FAB MS: Finnigan MAT 312 
( 170 "C). 

T l i r ~ ~ ~ l ~ i ~ i e t h y l s i l y l  4,6-0-Ben~~lidene-3-O-chloro~icetyI-~-~-gul- 
~icrop?.l.uiiositk. (4): To a solution of compound 3L91 (500 mg. 1.22 
mniol) in dry acetonitrile (20 ml), were added pyridine (1 1 1 pl, 1.33 
mmol) and chloroacetyl chloride (105 pl, 1.28 mmol) at -15°C. 
After stirring for 1 h. the mixture was concentrated in vacuo. Flash 
chromatography (toluene/ethyl acetate, 30: 1 + 10: 1) gave 4 (535 
mg, 90"%j as a colorless foam. - TLC (toluenekthyl acetate, 30: I ) :  
R, = 0.11, [aID = +67.1 (c = 1.0, chloroform). - 'H NMR (250 
MHz. CDC13j: 6 = 0.20 (s, 3 H ,  SiMe), 0.23 (s, 3H, SiMe), 0.88, 
0.89, 0.90, 0.92 (4 s, 12H, CH3), 1.61-1.72 (m, I H ,  CH), 2.17 (d, 
JZ,OH = 2.2 Hz. lH,  OH), 3.49-3.51 (m, l H ,  5-H), 3.94 (ddd, 
J 2 . O H  = 2.2, Jl.2 = 7.4, JZ.3 = 10.2 Hz, l H ,  2-H), 4.06 (dd, J j . 6  = 

1 . 8 . J 6 , 6 , =  12 .4H~,1H,6-H) ,4 .11 ,4 .18(2d ,J , , ,=  15.2Hz,2H, 
CHZCI), 4.28 (dd, J5.6. = 1.5, 56.6'  = 12.4 Hz, I H, 6'-Hj, 4.40 (dd, 
J3.4 = 3.7. J 4 . 5  < 1 Hz, I H, 4-H), 4.62 (d, J1.2 = 7.4 Hz, IH ,  I -  
H) ,  4.91 (dd, J2.3 = 10.2, J3.4 = 3.7 Hz, 1 H, 3-Hj, 5.49 ( s ,  1 H, 
CHPh), 7.19-7.51 (m, 5H, Ph). - C23H3,C107Si (487.07): calcd. 
C 56.72, H 7.24; found C 56.86, H 7.23. 

Tliesiltlin2etli~,l.sil~,l 2-0-Benzo)~l-4,6-0-benzyylidenr-3-O-eh~~~ro- 
~ic.et~l-j~-u-galtictopyrunosicie (5) :  To a solution of 4 (260 mg, 534 
pmol) in dry acetonitrile (8 ml), were added benzoyl cyanide (150 
mg, 1.14 mmol) and triethylamine (10 p1, 71.8 pmolj. After stirring 
for 24 h at room temp., methanol (1 ml) was added and the reaction 
mixture was stirred for a further 30 min. Evaporation in vacuo and 
flash chromatography (toluene/ethyl acetate, 30: 1 -+ 20: 1) gave 5 
(284 mg, 90'X)) as a colorless foam. - TLC (toluene/ethyl acetate, 
30:l): R, = 0.22, [a],, = +58.6 (c = 1.0, chloroform). - 'H  NMR 
(250 MHz. CDCI,): 6 = 0.07, 0.17 (2 s, 6H,  SiMe), 0.69, 0.70, 0.71, 
0.72 (4 s, 12H, CH?), 1.43-1.54 (m, 1 H, CH), 3.55-3.56 (m, l H ,  
5-Hj, 3.92. 4.02 (2d, J,,, = 15.3 Hz. 2H, CH2C1), 4.08 (dd, J5.6 = 

1.8, J6.6, = 12.3 Hz, 1 H, 6-H), 4.31 (dd, J5.6, = 1.4, J6.6, = 12.3 
Hz, 1 H, 6'-H), 4.44 (dd, J3,4 = 3.7, J 4 , j  = 0.8 Hz, 1 H, 4-H), 4.90 
(d, J1.Z = 7.6 Hz, 1 H. I-H), 5.16 (dd, J2,3  10.4, J3,4 = 3.7 Hz, 
1 H, 3-H), 5.51 (s, 1 H, CHPh), 5.60 (dd, J1.2 = 7.6, J2.3 = 10.4 
Hz, I H ,  2-H), 7.24-7.58 (m, 8H,  Ph), 7.95-7.99 (m, 2H,  Ph). 
- C3,,H39C108Si (591.17): calcd. C 60.95, H 6.65; found C 61.03, 
H 6.61. 

Tliex~~ltlimetliylsil~~l 2-0-  Benzoyl-4.6-O-benzylidene-P-o-gcilacto- 
pyrunosirke (6): Hydrazinium acetate (47 mg, 507 pmol) was added 
to a solution of compound 5 (200 mg, 338 pmol) in dry dimethyl 
formamide (10 ml). The mixture was stirred for 45 min, then di- 
luted with ethyl acetate (40 ml), washed with a satd. NaCl solution 
(4 X 10 ml) and dried (MgSO4). The residue was purified by flash 
chromatography (toluene/acetone, 10: 1) to give compound 6 (174 
mg, quant.) as a colorless foam. - TLC (toluenelacetone, 10:l): 
R l - =  0.23, [a]" = +2.2 (c = 1.0, chloroform). - 'H  NMR (250 
MHz, CDC13): 6 = 0.10, 0.18 (2 s, 6 H ,  SiMe), 0.70, 0.71, 0.73 (4 
s, 12H. CH,), 1.45-1.56 (m, lH, CH), 2.54 (d, J3,OH = 11.2 Hz, 
I H. OH), 3.50-3.51 (m, 1 H, 5-Hj, 3.84 (ddd, J 3 . 0 ~  = 11.2, 52.3 = 

1 H. 6-H), 4.23 (dd, J3,4 = 3.8, J4,j = 0.9 Hz, 1 H, 4-H), 4.30 (dd, 
10, ./,,a = 3.8 Hz, I H, 3-H), 4.08 (dd, -15.6 = 1.9, J6.6, = 12.3 Hz, 

J5.; = 1.4. J6.6,  = 12.3 Hz, 1 H, 6'-H), 4.85 (d, J1.2 = 7.6 Hz, 1 H, 
I-H). 5.29 (dd, J1.2 = 7.6, JZ.3 = 10 Hz, l H ,  2-H), 5.56 (s, l H ,  
CHPh), 7.35-7.57 (m, 8H,  Ph), 8.01-8.05 (m, 2H, Ph). - 
C28H3807Si (514.69): calcd. C 65.34, H 7.44; found C 65.27, H 
7.48. 

Thexyldimethylsilyl 2- 0- Benzoyl-4,6- O-benzylidene-3-iodo-P-~- 
gulopyrnnoside (7): A solution of compound 6 (300 mg, 583 pmol) 
in dry dichloromethane (10 ml) and pyridine (86 pl) was treated at 
- 17 "C with trifluoromethanesulfonic anhydride (163 pl, 968 pmol) 
and stirred for 30 min at - 17 "C. The reaction mixture was diluted 
with dichloromethane (15 ml) and washed with satd. aqueous 
NaHC03 solution (2 X 10 ml). The organic layer was dried 
(MgS04j, filtered, and concentrated in vacuo. The crude residue 
was redissolved in dry toluene (10 mlj and treated with tetrabu- 
tylammonium iodide (43 1 mg, 1.17 mmol). After stirring for 3 h at 
60 "C, the solvent was evaporated in vacuo. Purification of the resi- 
due by flash chromatography (petroleum ethedethyl acetate, 7: 1) 
gave 7 (218 mg, 60%) as a pale-yellow syrup. - TLC (toluene/ethyl 
acetate, 30:l): Rf = 0.55, [aID = +3.4 (c = 1.0, chloroform). - 'H  
NMR (250 MHz, CDCl?): 6 = 0.13, 0.19 (2 s, 6H, SiMe), 0.71, 
0.72, 0.73, 0.74 (4 s, 12H, CH3), 1.49- 1.55 (m, 1 H, CH), 4.07 (dd, 
J j , 6  = 1.8. J6.6' = 12.4 Hz, I H, 6-H), 4.23 (m, 1 H, 5-Hj, 4.32 (dd, 
Jj,,j, = 1.3, J6.6,  = 12.4 Hz, 1 H, 6'-H), 4.38 (dd, J3.4 = 2.7, J 4 , 5  < 
1 Hz, l H ,  4-H), 4.60 (dd, 11.2 = 7.4, J2.3 = 4.2 Hz, 1 H, 2-H), 4.80 
(dd, J2 .3  = 4.2, J3.4 = 2.7 Hz, 1 H, 3-H), 5.26 (d, Jl.2 = 7.4 Hz, 1 H, 
LHj, 5.50 (s, I H ,  CHPh), 7.35-7.56 (m, 8H,  PH), 8.04-8.08 (m, 
2H, Ph). - The crude product 7 was used for the next step without 
further purification. 

Thexyldimethylsilyl 2-O-Benzoyl-4,6-0-b~nzylidene-~-~-gulopy- 
runoside (8):  A solution of compound 6 (2.63 g, 5.1 mmolj in dry 
dichloromethane (40 ml) and pyridine (730 pl) was treated at 
- 17 "C with trifluoromethanesulfonic anhydride (1.38 ml, 8.2 
mmolj and stirred for 30 min at - 17°C. The reaction mixture was 
then diluted with dichloromethane (40 ml) and washed with satd. 
aqueous NaHC03 solution (2 X 20 mlj. The organic layer was 
dried (MgS04), filtered, and concentrated in vacuo. The crude resi- 
due was redissolved in acetonitrile (40 ml) and treated with tetrabu- 
tylammonium nitrite (4 g, 13.9 mmolj. After stirring for 24 h at 
room temp., the solvent was evaporated in vacuo, the residue was 
redissolved in ethyl acetate (100 mlj, washed with water (3 X 20 mlj 
and dried (MgS04j. Evaporation of the solvent and purification of 
the residue by flash chromatography (toluene/acetone, 50: 1 --f 

1 O : l j  gave 8 (1.84 g, 70%) as a colorless foam. - TLC (toluene/ 
acetone, 1O:l): R l -=  0.33, [aID = -30.9 (c = 1.0, chloroform). - 
'H  NMR (250 MHz, CDCI?): 6 = 0.12, 0.18 (2 s, 6H, SiMe), 0.70, 
0.71, 0.72, 0.73 (4 s, 12H, CHI), 1.45-1.56 (m, I H ,  CHj, 2.25 (d, 
J3,0H = 2.3 Hz, 1 H, OH), 3.84-3.85 (m, 1 H, 5-H), 4.04-4.09 (m, 
2H, 4-H, 6-H), 4.26-4.32 (m, 2H, 3-H, 6'-H), 5.29-5.31 (m, 2H,  
I-H, 2-Hj, 5.54 (s, I H ,  CHPhj, 7.33-7.60 (m, 8H,  Ph), 8.01-8.05 
(m, 2H,  Phj. - C28H3807Si (514.69): calcd. C 65.34, H 7.44; found 
C 65.46, H 7.15. 

Thexyldimethylsilyl 3-S-Acetyl-2-0-benzoyl-4,6-0-benzylidene-3- 
thio-p-D-galactopyranoside (9): A solution of compound 8 (14.8 g, 
28.8 mmol) in dry dichloromethane (200 ml) and pyridine (2.4 ml) 
was treated at 0 "C with trifluoromethanesulfonic anhydride (9.5 
ml. 58 mmol), stirred for 30 min at 0°C and for 2 h at room temp. 
The reaction mixture was diluted with dichloromethane (200 ml) 
and washed with satd. aqueous NaHC03 solution (50 ml). The 
organic layer was dried (MgS04), filtered, and concentrated in vac- 
uo. The residue was redissolved in dry dimethyl formamide (100 
ml) and treated for 4 h with potassium thioacetate (10 g, 87.56 
mmol) at 60°C. The reaction mixture was concentrated in vacuo, 
redissolved in ethyl acetate (250 mlj, washed with water (4 X 50 ml) 
and the solvent was evaporated in vacuo. Flash chromatography 
(petroleum ethedethyl acetate, 8: l  -+ 6.1) of the residue afforded 
9 (12.87 g, 78%) as a colorless foam. - TLC (toluene/acetone, 
30:l): Rf = 0.40, [a], = +29.8 (c = 1.0, chloroform). - 'H NMR 
(250 MHz, CDC13): 6 = 0.05, 0.15 (2 s. 6H, SiMe), 0.66,0.67,0.68, 
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0.69 (4 s. 12H, CH3), 1.44-1.54 (m, IH,  CH), 2.18 (s, 3H,  
COCH,), 3.65-3.66 (m, 1 H, 5-H), 4.03-4.10 (m, 2H, 4-H, 6-H), 
4.19 (dd, J2.i = 11.4, J3.4 = 3.3 Hz, 1 H, 3-H), 4.28 (dd, Js,6, = 1.4, 
J6.63 = 12.4 Hz, 1 H, 6'-H), 4.94 (d, J1.2 = 7.4 Hz, 1 H, 1-H), 5.38 
(dd, J1.2 = 7.4, J2.3 = 11.4 Hz, IH,  2-H), 5.52 (s, l H ,  CHPh), 
7.35-7.54 (m, 8H, Ph), 7.94-7.97 (m, 2H,  Ph). - C30H4007SSi 
(572.79): calcd. C 62.91, H 7.04; found C 63.05, H 7.06. 

Tlze.uyldimethylsil1 2-O-Benzo~vl-4,6-benzylidene-3-thio-~-~-gul- 
uctupyrunuside (10): Hydrazinium acetate (2.4 g, 26.2 mmol) was 
added to a solution of compound 9 (10 g. 17.46 mmol) in dry 
dimethyl formamide (150 ml). After stirring for 30 min at room 
temp., the mixture was diluted with ethyl acetate (200 ml) and a 
satd. NaCl solution (70 ml) was added. The organic layer was 
washed with water (4 X 70 ml) and dried (MgS04). The residue 
was purified by flash chromatography (petroleum ethedethyl ace- 
tate, 6: I )  to give compound 10 (9.26 g, quant.) as a colorless foam. 
- TLC (petroleum ethdethyl acetate, 6:l): Rf = 0.25, [a]D = 
+37.4 (c = 1.0, chloroform). - ' H  NMR (250 MHz, CDCl3): 6 = 

0.07, 0.16 (2 s, 6H, SiMe), 0.68, 0.69, 0.70. 0.71 (4 s, 12H, CH3), 
1.46-1.54 (m, IH,  CH), 2.18 (d, J3.SH = 11 Hz, l H ,  SH), 3.07 

(my l H ,  5-H), 4.04-4.12 (m, 2H, 4-H, 6-H), 4.28 (dd, J5.6, = 1.3, 
(ddd, J3,sH = 11, Jl.3 = 11.1, J3,4 = 3.2 Hz, 1 H, 3-H), 3.56-3.57 

J6.6, = 12.3 Hz, 1H, 6'-H), 4.82 (d, 51.2 = 7.5 Hz, IH,  I-H), 5.26 
(dd, J1,2= 7.5, J 2 , 3 =  11.1 Hz, IH,  2-H), 5.56 (s, l H ,  CHPh), 
7.35-7.57 (m, 8H, Ph), 8.01-8.05 (m, 2H, Ph). - C2xH3x06SSi 
(530.76): calcd. C 63.36, H 7.22; found C 63.78, H 7.36. 

Methyl 5-Acetamido-4,7,8,9-tetru-O-acetyl-2-S-acetyl-3,5-dide- 
oxy-2-thio-D-g~ycero-cw-D-ga~acto-2-nunu~opyranosonate (12): Com- 
pound 12 can be prepared as previously describedri4] or as follows: 
Tetrabutylammonium hydrogensulfate (5.68 g, 16.72 mmol) and 
potassium thioacetate (2.29 g, 20.06 mmol) were added to a solu- 
tion of compound l l [ l ' l  (8.51 g, 16.71 mmol) in ethyl acetate (85 
ml) and aqueous sodium carbonate (1 M, 85 ml). After stirring for 
45 rnin at room temp., the mixture was diluted with ethyl acetate 
(500 ml). The organic layer was separated and successively washed 
with a satd. aqueous NaHCO, solution (200 ml), water (200 ml), 
and a satd. NaCl solution (200 ml). The organic layer was dried 
(MgS04), filtered, and concentrated in vacuo. Crystallization from 
ethyl acetate/petroleum ether gave compound 13 (6.6 g, 72%) as 
colorless crystals. The physical properties found for 13 are in full 
accordance with those described in ref.[l41. 

Thexyldimethylsilyl 2-O-Benzoyl-4,6-O-benzylidene-3-S-(methyl 
5-acetamidoto-4.7,8,9-tetra-O-acety~-3,5-dideoxy-D-g~ycero-cw-~-ga- 
Iactu-2-nonu~opyranosylonate)-3-t~iio-~-D-galactopyrunoside (13) 
and Methyl 5-Aretaniidu-4,7,8.9-tetra-O-arery~-2,3,5-trideox~-~- 
glycero-o-galucto-non-2-enonate (14): a) From 8 and 12: To a stirred 
solution of compound 12 (190 mg, 345 pmol) in dry methanol (6 
ml) at -4O"C, was added a solution of sodium methoxide (2 ml) 
[prepared from sodium metal (7.55 mg, 329 pmol) and dry meth- 
anol (2 ml)]. The mixture was stirred for 20 min at -40°C and then 
concentrated in vacuo. To the residue, redissolved in dry dimethyl 
formamide (1.5 ml), was added a solution of compound 8 which 
carried a 3-0-trifluoromethanesulfonyl group [prepared from 8 
(355 mg, 690 pmol), see synthesis of 91. After stirring for 45 h at 
room temp., the mixture was diluted with ethyl acetate (30 ml) and 
satd. aqueous NH4C1 solution (10 ml). The organic layer was 
washed with water (4 X 10 ml), dried (MgS04), and concentrated 
in vacuo. Medium pressure chromatography (dichloromethane/ 
methanol, 30:l) of the residue gave 13 (103 mg, 30%) as an 
amorphous mass, together with the known compound 14 (41 mg, 
25%), also as an amorphous mass. 

b) From 10 and 11: Sodium hydride (106 mg, 4.4 mmol) was 
added to a solution of compound 10 (2.16 g, 4.08 mmol) in dry 

tetrahydrofuran (60 ml). The suspension was stirred under an inert 
atmosphere until hydrogen evolution had ceased. 1,7,10-Trioxa- 
4,13-diazacyclopentadecane (890 mg, 816 pmol) was then added, 
followed dropwise by a solution of compound 11 ( I  .6 g, 3.14 mmol) 
in dry tetrahydrofuran (20 ml). After stirring for 30 min at room 
temp., the mixture was diluted with dichlorometbane (150 ml) 
washed with a half satd. aqueous NaCl solution (3 X 50 ml), dried 
(MgS04) and concentrated in vacuo. Flash chromatography 
(dichloromethane/methanol, 90: 1 -+ 60: 1) of the residue afforded 
13 (3.48 g, 85%) as a colorless, amorphous mass. - 13: TLC (tolu- 
eneketone, 4:3): Rf = 0.43, [a]D = +57.8 (c = 1.0, chloroform). 
- 'H NMR (250 MHz, CDC13): 6 = 0.07, 0.15 (2 s, 6H, SiMe), 
0.65, 0.66, 0.67, 0.68 (4 s, 12H, CH3), 1.39-1.51 (m. I H ,  CH), 
1.71, 1.82 (2 S, 6H, COCH3), 1.88 (dd, J3b.J'b = 12.8, J3b.4 = 12.8 
Hz, 1.95, 2.06, 2.19 (3 S, 9H, COCH3), 2.54 (dd, 
J3b,J'b = 12.8, J3,b,4b = 4.6 HZ, 1 H. 3'b-H), 3.68-3.73 (m, 3H. 4a- 

IH, 3b-H), 

H, 5a-H, 6b-H), 3.74 (s, 3H, OCH3), 3.75-3.85 (m, 2H, 3a-H, 5b- 
H), 4.03 (dd, J S a &  < 1, J6a.hta = 12.6 Hz, l H ,  6a-H), 4.13 (dd, 

J6a,6,a = 12.6 Hz, 1 H, 6'a-H), 4.31 (dd, J8b.g'b = 2.4, J9b,9.b = 12.5 

Hz, 1 H, 4b-H), 5.02 (d, JNH.5b = 9.9 Hz, 1 H, NH), 5.14-5.24 (m, 
3H, 7b-H, la-, 2a-H), 5.44 (s, 1 H, CHPh), 5.62 (ddd, Jjb,Xb = 9.9, 
JXb,')'b = 2.4, Jgb,gb = 5.6 Hz, 1 H, 8b-H), 7.30-7.56 (m, 8H,  Ph), 
8.08-8.11 (m, 2H, Ph). - C4xH65N01xSSi (1004.19): calcd. C 
57.41, H 6.52, N 1.39; found C 57.02, H 6.35, N 1.60. - 14: The 
physical properties found for 14 are in full accordance with those 
described previously[l Ib]. 

Thexyldimetlzylsilyl 2-O-Benzoyl-3-S-(methjd S-acetamido- 
4,7,8,9-tetra- O-acr t~~~-3 ,~ -d ideoxy -~ -g~ycero -cy -o -g~~~c to -2 -nonu-  
lopyranosylunate) -3-thio-P-u-galactopyrunoside (15): Compound 13 
(2.04 g, 2.03 mmol) was dissolved in dichloromethane (80 ml) and 
aqueous trifluoroacetic acid (50%, 16 ml). After stirring for 4 h at 
room temp., the mixture was diluted with dichloromethane (50 ml), 
washed with satd. aqueous NaHC03 solution (2 X 40 ml), dried 
(MgS04) and concentrated in vacuo. The residue was purified by 
flash chromatography (dichloromethanelmethanol. 30: 1 --f 20: 1) 
to give 15 (1.73 g, 92%)) as an amorphous mass. - TLC (toluene/ 
acetone, 4:3): Rf = 0.21, [aID = +19.2 (c = 0.5, chloroform). - 
IH NMR (250 MHz, CDC13): 6 = 0.05, 0.13 (2 s, 6H, SiMe), 0.64, 
0.65, 0.66, 0.67 (4 s, 12H, CH3), 1.39-1.47 (m, l H ,  CH), 1.70, 

JXb,gb = 5.6, J g b y b  = 12.5 HZ, I H, 9b-H), 4.24 (dd, J5a,6,a < I ,  

HZ, IH,  9'b-H), 4.79 (ddd, J3b,4b = 12.8, J3'b,4b = 4.6, J4b,5b = 10.2 

1.81, 1.96, 2.04, 2.18 (5 S, 15H, COCH,), 2.56 (dd, J3b.3,b = 12.8, 
J3'b,4b = 4.6 Hz, l H ,  3'b-H), 3.54 (d, J =  2.6 Hz, IH,  OH), 
3.64-3.93 (m, 10H, 3a-, 4a-, 5a-, 6a-, 6'a-, 5b-, 6b-H, OCH3), 4.06 
(dd, J8b.gb = 6.1 Hz, Jgb,g,b = 12.4 Hz, IH,  9b-H), 4.31 (dd, 
JXb,g'b = 2.4, Jgb,g,b = 12.5 HZ, 1 H, 9'b-H), 4.75 (ddd, J3'b,4b = 4.6, 
J3b,4b = 11.8, J 4 b . 3  = 10.1 Hz, 1 H, 4b-H), 5.02 (d, JNI* ,sb  = 9.9 
Hz, l H ,  NH), 5.06-5.19 (m, 3H, la-, 2a-, 7b-H), 5.58 (ddd, 

(m, 3H, Ph), 8.07-8.1 1 (m, 2H, Ph). - C41H6iN018SSi '0.5 H 2 0  
(925.09): calcd. C 53.23, H 6.75. N 1.51; found C 53.27, H 6.51, 
N 1.83. 

Tliexyldi~iethjllsilyl 4,6-Di-O-acetyl-2-0-benzoyl-3-S-(methyl 5- 
acetamido-4,7,8, %tetra- O-ucetyl-3,5-dideoxy-D-glycero-cr-o-gukrc.- 
to-2-nonulupyranosylonatr/-3-thio-~-~-galactopyranoside (16): 
Compound 15 (1.55 g, 1.68 mmol) was stirred in pyridindacetic 
anhydride (1:1, 50 ml) at room temp. for 18 h. Concentration of 
the mixture in vacuo and purification of the residue by flash chro- 
matography (toluenelacetone, 3:l) gave 16 (1.58 g, 94%) as an 
amorphous mass. - TLC (toluene/acetone, 3: 1): Rf = 0.16, [alD = 
+40.6 (c = 1.0, chloroform). - 'H NMR (250 MHz, CDCI3): 6 = 
0.05, 0.12 (2 s, 6H, SiMe), 0.66, 0.67, 0.68, 0.69 (4 s, 12H, CH,), 
1.39-1.47 (m, 1 H, CH), 1.68 (s, 3H, COCH3), 1.80 (dd, J3b,,'b = 

J7b,Xb = 9.7, J8b.O'b = 2.4, J8b.gb = 6.1 Hz, 1 H, 8b-H), 7.40-7.56 

Liehigs Ann./Recueil 1997, 865 - 872 869 



FULL PAPER T. Eisele, R. R. Schmidt 

12.7. Jqb ,dh  = 10.7 HZ, I H, 3b-H), 1.81, 1.94, 2.04, 2.05, 2.12, 2.22 
(6 S, 18H, COCHj), 2.54 (dd, Jib.3,b = 12.7, J,,b,4b = 4.6 Hz, l H ,  
3'b-H), 3.65 (dd, J jb ,6h  = 10.5, J(jb,Jh = 2.2 Hz, I H, 6b-H), 3.81 
(dd. Jr,l,3a = 11.8, J3a,4n = 3.2 Hz, 1 H, 3a-H), 3.83 (s, 3 H, OCH,), 

H). 4.01 (dd, J5d,6d = 7.4, Jha,h.n = 11.3 Hz, l H ,  6a-H), 4.05 (dd, 

J9h.9sh = 12.5 Hz, 1 H, 9b-H), 4.13 (m, l H ,  5a-H), 4.32 (dd, 

3.86 (ddd. J J ~ , ~ L ,  = 10.2, J 5 b , h h  = 10.5, J S b , N H  = 10.1 Hz, I H, 5b- 

Jr,,,h,a = 5.5, Jha,h ,d  = 11.3 Hz, 1 H, 6'a-H), 4.10 (dd, Jgb,9b = 5.7, 

JKb,q'b 12.5 Hz, I H, 9'b-H), 4.77 (ddd, J3a,4b = 

10.7, Jie,4b = 4.6, JJh,Sb = 10.2 Hz, 1 H, 4b-H), 4.92 (dd, J3a,4a = 

3.2, J4cj,5c, < 1 Hz, 1 H, 4a-H), 5.00 (d, J N l i , j b  = 10.1 Hz, 1 H, NH), 

2.3. Jc jbyb  = 

5.02 (dd, = 7.4. JLa,3a = 11.8 Hz, 1 H, 2a-H). 5.19 (d, Jla,2d = 

7.4 Hz, 1 H, la-H), 5.20 (dd, J(,b,,b = 2.2, J,b.Xb = 10.2 Hz, I H, 
7b-H). 5.62 (ddd, J : b , ~ b  = 10.2, Jxb.9.b = 2.3, Jgh ,9h  = 5.7 Hz. I H. 
817-H). 7.40-7.56 (m. 3H, Ph), 8.06-8.10 (m. 2H,  Ph). - 

Cd,H6sN02,$Si (1000.16): calcd. C 54.08, H 6.55, N 1.40; found C 
54.27. H 6.82, N 1.74. 

4 , 6 - D i - 0 - ~ 1 ~ ~ c t ~ l - 2 - O - b ~ ~ 1 i ~ ~ ~ ~ l - 3 - S - j m l  S-ucctanzido-4,7,8,9- 
tetrii- 0-~icet~I-3,5-ilirleo.~~-u-glycero-cr-u-gulurto-2-11onulop~~runo- 
.s~~lotitrtt~~-3-thio-cr/~-1~-galactopyrutiose (17): Compound 16 (1 2 8  g, 
1.28 niniol) wab dissolved in dry tetrahydrofuran (20 ml). Acetic 
acid (73 111, 1.28 mmol) and then a 1 M solution of tetrabutylam- 
nionium fluoride in tetrahydrofuran (1.5 ml, 1.5 mmol) were added 
at 0°C. The mixture was slowly warmed to room temp. and stirred 
for 30 min. After the addition of diethyl ether (50 ml), the organic 
layer was wished with brine (3 X 15 ml), dried (MgS04), and con- 
centrated in vacuo. Flash chromatography (toluenelacetone, 2: 1) 
gave compound 17 (1.02 g. 93%) in the ratio a:P = 5:95 as a color- 
less foam. - TLC (toluenekacetone, 2: l ) :  R ,  = 0.16, [aID = +67.8 
(c = 0.5, chloroform). - ' H  NMR (250 MHz, CDCI,): 6 = 

1.82-2.21 (ni. 22H, 3b-H, COCH3), 2.58 (dd, = 12.6, 
Jj,k,.?h = 4.5 Hz. I H. 3'b-H), 3.55 (d, Jla,OH = 7.7 Hz, 1 H, OH), 
3.68 (dd, Jf,b,7i, = 2.4, Jjh,( jb  = 10.5 Hz, I H ,  6b-H), 3.85 (s. 3H, 
OCH,), 3.92-4.30 (m, 7H.  3a-, 5a-, 6a-, 6'a-, 5b-, 9b-, 9%-H). 

4.93 (dd, Jln.la = 7.7, J2.i,3a = 11.9 Hz, I H, 2a-H), 4.99 (m, 1 H, 
4.80 (ddd, J i ~ , , j b  11.6. J"b,Jh = 4.5, J,q,,sh = 10.5 Hz, 1 H, 4b-H), 

421-H). 5.04 (d,  J N I ~ , ~ I ,  = 10.2 Hz, 1 H, NH), 5.19 (dd, J l a , 2 a  = 
J l a , ~ ~  = 7.7 Hz. 1 H, la-H), 5.30 (dd, J h b , ~ b  2.4, JJh,Xh = 10.1 
HZ. I H ,  7b-H), 5.61 (ddd, J7b,gb = 10.1, Jxb,g,b = 2.5. Jgb,yb = S 
Hz. 1 H, 8b-H), 7.44-7.58 (ni, 3H,  Ph),  8.13-8.17 (m, 2H, Ph). 
- Cj7H4,N02,,S (857.84): calcd. C 51.81. H 5.52, N 1.63; found C 
52.17. H 5.59, N 2.10. 

0- ( Mctliyl S-ucetamiu'o-4,7,8,9-tetra- O-ticetl'l-3,5-diu'eo~y-n-gly- 
ct~ro-ol-u-guluct~-~-ii~)nulijp~runo~syl~~nute) - (2+3) -S-4,6-di- O-ace- 
1~~l-2-O-hcn~o~~l-3-tliio-cr,~-u-galactopyrtmos~~l-trichloroaceti1~~iu'ute 

(18): To a solution of 17 (291 mg, 332 p o l )  in dry dichloro- 
methane (10 tnl) were added trichloroacetonitrile (2 ml, 19.95 
mmol) and 1,8-dIazabicyclo[5,4,0]undec-7-ene (2 drops). After 1 h 
the mixture was concentrated in vacuo. Flash chromatography 
(toluene/acetone, 2: l )  of the residue furnished 18 (309 mg, 93%) in 
the ratio a:p = 1:2 as an amorphous mass. - TLC (toluene/ace- 
tone, 2: I ) :  R,- = 0.28, [a]D = +48.8 (c = 0.5, chloroform). - 'H 
NMR (250 MHz, CDCl?): 6 = 1.63-2.25 (several s, 42H, 14 
COCH, dp). 2.56 (dd, J3b.q.b = 4.5. J?,h,?b = 12.6 Hz, 1 H, 3'b-H), 
6.37 (d, Jln,?,, = 8 Hz, 1 H, Ia-HP), 6.67 (d, Jla,ra = 4 Hz, 1 H, la- 
Ha),  8.55 (s. 1 H, NH), 8.62 (s, 1 H, NH). - C;9H47C13N?02$ 
(1002.23): calcd. C 46.74, H 4.73. N 2.80: found C 46.45, H 5.06, 
N 2.54. 

1,4,6- Tri-O-ticet~~l-2-O-hen~o~~l-3-S-(rnet~i~l 5-acetarnido-4,7.8.9- 
trtru- O-uc~ei~~l-3,5-di~leo.~~~-~~-gl~~cero-cr-1~-gulucto-2-nonulopyr~in~~- 
. S ~ ' k ) ~ i ~ l t i ~ ) - ~ ~ - t / l i u - f f / ~ - D - g U ~ U ~ t ~ ~ p ~ ~ U ~ U S ~  (19): Compound 17 (269 
nig, 3 14 p o l )  was stirred in pyridinelacetic anhydride ( 1  : I ,  8 ml) 

at room temp. for 18 h. Concentration of the mixture in V ~ C U O  

and purification of the residue by flash chromatography (toluene/ 
acetone, 3.1) gave 19 (254 mg, 90%) in the ratio a:f3 = 5:95 as an 
amorphous mass. - 19p: TLC (toluenekacetone, 2 :  I): R, = 0.22, 
[a]D = +73 (c = 1.0, chloroforni). - ' H  NMR (250 MHz, CDCI,): 
6 = 1.65-2.23 (m, 25H, 3b-H, COCH,), 2.55 (dd, = 12.6, 

Hz, 1 H, 6b-H), 3.85 (s, 3H, OCH?), 3.81-4.13 (m. SH,  3a-, 6a-, 
6'a-, 5b-, 9b-H), 4.32 (dd. J8b,9zb = 2.2, J9b,u,b = 12.4 Hz. 1 H, 9%- 

J4b.5b = 10.4 Hz, l H ,  4b-H), 4.95-5.00 (m, 2H,  NH, 4a-H), 
5.14-5.28 (m, 2H, 7b-H, 2a-H), 5.62 (ddd, J7b,8b = 10.1, JSb.9'b = 

2.2, JRb,yh = 6.2 Hz, 1 H, 8b-H), 6.26 (d, Jla,2a = 8.1 Hz, 1 H, la- 
H). 7.43-7.60 (m, 3H, Ph). 8.06-8.10 (m, 2H. Ph). - 

C39H4yN021S (899.88): calcd. C 52.05, H 5.49, N 1.56; found C 
51.74, H 5.52, N 1.88. 

J3,b.db = 4.6 Hz, I H ,  3'b-H), 3.62 (dd, JSb,6h = 10.7, J 6 b , ~ b  = 2.3 

H), 4.40 (m, I H ,  5a-H), 4.76 (ddd, J3b.4b = 11.5, Ji'b,.lb = 4.6, 

4,6- Di- 0-ucetyl-2- 0-benzoyl-3-S- (methyl 5-ucetanzido-4,7,8,9- 
tetra- O-ucet),I-3, 5-~~ideoxy-D-glycero-cw-r~-ga~acto-2-noriulopyrano- 
sylonate) -3-thio-cr-~-gu~actop)"I Bromide (20): HBr in acetic 
acid ( 3 3 Y 0 ,  1.26 ml) was added to a cold solution of 19 (87 mg, 
96.7 pmol) in dichloromethane (3.6 ml). After stirring for 5 h at 
0 "C, the reaction mixture was diluted with dichloromethane (20 
ml) and water (4 ml). The organic layer was successively washed 
with an ice-cold satd. aqueous NaHCO, solution (2 X 5 ml) and 
water (2 X 5 ml), dried (MgS04), and concentrated in vacuo to 
give crude 20 (84.6 mg, 95%) as a colorless powder. The crude 
product was used for the next step without further purification. - 
TLC (toluene/acetone, 3:2): Rf= 0.35, [aID = +34.5 ( c  = 1.0 in 
chloroform). - 'H N M R  (250 MHz, CDCl?): 6 = 1.88 (s, 3H, 
COCH;), 1.97, 2.02, 2.03, 2.07, 2.11, 2.18 (6 S, 18H, COCH,), 2.58 
(dd. J3'b,;b = 12.8, J3'b,4b = 4.6 HZ, I H, 3'b-H), 3.78 (dd, JSb,hb = 

10.8, ,/hh,7h = 2 HZ, 1 H, 6b-H), 3.82 (s, 3H, OCH;), 4.01 (m, 4H,  
3a-, 5a-, 6'a-, 9'b-H), 4.27 (dd, JSa,&, = 2.8. Jba.6e:1 = 12.6 Hz. 1 H, 

4.76-4.87 (m, 1 H, 4b-H), 5.04 (dd, Jla,2a = 3.9, J2a,la = 12.1 Hz, 
6a-H), 4.44 (dd, Jgb,gb = 2.9, J y b , y , b  = 12.1 Hz, l H ,  9b-H), 

l H ,  2a-H), 5.11 (d, J N H . 5 b =  10.1 Hz, IH ,  NH), 5.24-5.26 (m, 
1 H, 4a-H), 5.38 (dd, Jf,bJb = 2, J7b,8b = 9.9 Hz, I H, 7b-H), 5.68 
(ddd, J,b,xb = 9.9, Jgh.9b = 2.9, J ~ b , g * h  6.7 Hz, 1 H, 8b-H), 6.74 
(d, Jl,r ,ra = 3.9 Hz, l H ,  la-H), 7.48-7.65 (m, 3H, Ph), 8.14-8.17 
(m, 2H,  Ph). - FAB MS (matrix: 3-nitroben~yl alcohol): ml: 
(%) = 944 (45) [MNa.'], 922 ( 5 )  IMH+], 474 (18) [C20H2,NO:2], 
414 (96) [C18H24NO&i]. 

Heptyl 2,3,4,6-Tetra-O-ucet~~l-I-tliio-~-n-galnctop?/r.tmoside (22): 
A solution of 21LL7] (29.85 g, 60.85 mmol) and heptylthiol (20 ml, 
130 mmol) in dry dichloromethane (80 ml) was treated at room 
temp. with a 0.1 M solution of trimethylsilyl trifluoromethanesul- 
fonatc in dichloromethane (6 ml, 600 pmol). After stirring for 10 
min. the reaction mixture was neutralized with triethylamine and 
concentrated in vacuo. The residue was purified by flash chroma- 
tography (petroleum etherlethyl acetate, 3:l  + 5 2 )  to give 22 (27.5 
g, 98Yn) as a colorless oil. - TLC (petroleum etherlethyl acetate, 
5:2): R f  = 0.31, [a]D = -14.7 (c = 1.0 in chloroform). - 'H NMR 

1.24-1.37 (m, 8H, CH2), 1.52-1.61 (m, 2H, SCH2CH2), 1.96, 
2.01, 2.04, 2.13 (4 s, 12H, COCH?), 2.62-2.70 (m, 2H,  SCH?), 

(ni, 2H. 6-H, 6'-H). 4.44 (d; Jl.2 = 9.9 Hz, 1H.  I-H). 5.01 (dd. 

(250 MHz, CDCI?): 6 1 0.85 (dd, J = 6.8 Hz, 3H, CH?CfII), 

3.90 (ddd, J4.5 = 1, JS.6 = 6.6, J5.6, = 7.6 Hz, l H ,  5-H), 4.04-4.18 

J2,3 = 10, J3,4 = 3.4 Hz, 1 H, 3-H), 5.20 (dd, J1.2 = 9.9, J2.3 = 10 
Hz, I H ,  2-H), 5.40 (dd, 53.4 = 3.4, 54.5 = 1 Hz, I H ,  4-H). - 
C21H3409S (462.56): calcd. C 54.53, H 7.41; found C 54.42, H 7.42. 

Heptyl l-Tliio-~-u-gulactopyratioside (23): To a solution of com- 
pound 22 (27.5 g, 59.4 mmol) in dry methanol was added a 1 M 
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solution of sodium methoxide in methanol (6 ml, 6 mmol). The 
resulting mixture was stirred for 45 rnin at room temp. and then 
neutralized with Amberlite IR 120 (H+) resin. The solvent was 
evaporated to give compound 23 (17.65 g, quant.) as a colorless 
powder. - TLC (dichloromethanelmethanol, 10: 1): Rs = 0.14, 
[aID = +20.6 (c = 1.0, methanol). - 'H NMR (250 MHz, 
CD,OD): 6 = 0.90 (dd, J =  6.8 Hz, 3H,  CH,), 1.30-1.44 (m, 8H,  
CHJ, 1.58-1.67 (m, 2H,  CH2), 2.66-2.78 (m, 2H,  SCH,), 
3.42-3.57 (m, 3H, 2-, 3-, 5-H), 3.64-3.77 (m, 2H, 6-, 6'-H), 3.88 

H). - C13H2605S (294.41): calcd. C 53.04, H 8.90; found C 53.42, 
H 8.95. 

(dd, J3,4 = 3.2, J4.5 = 1 Hz, 4-H), 4.29 (d, JI.2 = 9.3 Hz, 1 H, 1- 

Hep ty 1 4,h- 0- Benzy lidene- 1 - th io-p- D -gulactop.vranoside (24) : To a 
stirred solution of compound 23 (17.5 g, 59.44 mmol) in dry ace- 
tonitrile (350 ml), were added benzaldehyde dimethyl acetal (1 3.4 
ml, 89.2 mmol) and p-toluenesulfonic acid (350 mg). After stirring 
for 1 h at room temp., the reaction mixture was neutralized with 
triethylamine and concentrated in vacuo. The residue was dissolved 
in ethyl acetate (200 ml) and precipitated through addition of petro- 
leum ether (400 ml) to give compound 24 (20.69 g, 91%) as an 
amorphous mass. - TLC (petroleum ethedethyl acetate, 1 :2): Rc = 
0.17, [a],, = -63.2 (c = 1.0, chloroform). - IH NMR (250 MHz, 
CDCl3): 6 = 0.86 (dd, J = 6.8 Hz, 3H, CH3), 1.25-1.38 (m, 8H, 
CH,), 1.63-1.67 (m, 2H,  CH?), 2.57-2.76 (m, 4H, SCH2, OH), 
3.49-3.51 (m, 1 H, 5-H), 3.62-3.71 (m, I H ,  3-H), 3.78 (dd, J, ,?  = 
J,,, = 9.3 Hz, 1 H, 2-H), 4.01 (dd, J5.6, = 1.8, J6.6, = 12.5 Hz, 1 H, 
6'-H), 4.23 (dd, J3,4 = 3.6, J4.5 = 1.1 Hz, 1 H, 4-H), 4.30 (d, Jl.2 = 

9.3 Hz, 1 H, l-H), 4.33 (dd, J5.6 = 1.5, J6.6, = 12.5 Hz, 1 H, 6-H), 
5.52 (s, l H ,  CHPh), 7.34-7.48 (m, 5H, Ph). - C20H300sS 
(382.52): calcd. C 62.80, H 7.91; found C 62.57, H 7.91. 

Heptyl 2,3-Di-O-ucetyl-4,6-O-benzylidene-l-t~1io-~-~-gulactopy- 
runoside (25): Compound 24 (929 mg, 2.43 mmol) was stirred in 
pyridinelacetic anhydride (1 : I ,  16 ml) at room temp. for 16 h. Con- 
centration of the mixture in vacuo and purification of the residue 
by flash chromatography (toluene/acetone, 25:l) gave 25 (1.13 g, 
quant.) as a colorless oil. - TLC (toluene/acetone, 25: 1): Rf = 

0.23, [a],, = +2.8 (c = 1.0, chloroform). - 'H NMR (250 MHz, 
CDC1,): 6 = 0.84 (dd, J = 6.8 Hz, 3H, CH,), 1.23-1.27 (m, 8H,  
CH2), 1.55-1.72 (m, 2H,  CH,), 2.04, 2.06 (2 s, 6H, COCH,), 3.54 
(m. 1 H, 5-H), 3.99 (dd, J5,6, = 1.7, J6,6, = 12.5 Hz, 1 H, 6'-H), 4.32 
(dd, J5.6 = 1.5, J6.6, = 12.5 Hz, 1H,  6-H), 4.39 (dd, J3.4 = 3.5, J4.5 

< 1 Hz, 1 H, 4-H), 4.43 (d, J1.2 = 9.8 Hz, 1 H, 1-H), 4.95 (dd, 
J2.3 = 10, Ji.4 = 3.5 Hz, 1 H, 3-H), 5.45 (dd, Jl.2 = 9.8, J2.3 = 10 
Hz, l H ,  2-H), 5.47 (s, 1 H, CHPh), 7.34-7.50 (m, 5H,  Ph). - 
C24H3407S (466.59): calcd. C 61.78, H 7.34; found C 61.67, H 7.39. 

Heptyl2,3-Di-O-acetyl-6-O-benzo~~l-l -thio-P-~-gflliictopyruizoside 
(26): Compound 25 (460 mg, 988 pmol) was dissolved in dichloro- 
methane (10 ml) and aqueous trifluoroacetic acid (SOU/,, 2 ml). 
After stirring for 3 h at room temp., the mixture was diluted with 
dichloromethane (20 ml), washed with satd. aqueous NaHCO, 
solution (3 X 10 ml), dried (MgS04), and concentrated in vacuo. 
The residue was redissolved in dry acetonitrile/triethylamine ( 5 :  1, 
10 ml) and cooled to -40°C. To this solution was added benzoyl 
cyanide (144 mg, 1.1 mmol). After stirring for 30 rnin at -4O"C, 
methanol (0.5 ml) was added and the reaction mixture was allowed 
to warm to room temp. Flash chromatography (toluene/acetone, 
13:l) afforded 26 (310 mg, 65%) as a colorless powder. - TLC 
(toluene/acetone, 8: I ) :  Rf = 0.22, [a],, = -7.3 (c = 0.5, chloro- 
form). - 'H NMR (250 MHz, CDCl3): 6 = 0.85 (dd. J = 6.7 Hz, 
3H,  CH,), 1.18-1.33 (m, 8H,  CH2), 1.53-1.59 (m, 2H, CH2), 

2.62-2.71 (m, 2H,  SCH2), 3.90 (ddd, J4,5 < I ,  J5,(, = J5,6. = 6.5 
2.04, 2.08 (2 S, 6H, COCH3), 2.39 (d, J4.OH = 4.9 Hz, l H ,  OH), 

H~, lH,5-H),4.12(ddd,J4.OH=4.9,J3.4=3.2,J4,5< l H z , l H ,  
4-H), 4.44-4.51 (m, 2H, 1-, 6'-H), 4.60 (dd, J5.6 = 6.5, J6,6, = 11.5 

(dd, J1.2 = J2,3 = 9.9 Hz, l H ,  2-H), 7.39-7.56 (m, 3H,  Ph), 
7.99-8.03 (m, 2H,  Ph). - C24H3408S (482.59): calcd. C 59.73, H 
7.10; found C 59.97, H 7.07. 

Hz, l H ,  6-H), 5.00 (dd, 52.3 = 9.9, J3,4 = 3.2 Hz, 1 H, 3-H), 5.30 

Heptyl 2,3-Di-O-acet~~l-4-S-a~etyl-6-O-benzoyl-l,4-~ithio-~-1~- 
glucopyranoside (27): A solution of compound 26 (244 mg, 505.6 
pmol) in dry dichloromethane (10 ml) and pyridine (82 pl) was 
treated at - 17 "C with trifluoromethanesulfonic acid (133 pl, 809 
pmol), stirred for 30 min at -17°C and for 30 min at 0°C. The 
reaction mixture was then diluted with dichloromethane (20 ml) 
and washed with satd. aqueous NaHCO, solution (2 X 10 ml). 
The organic layer was dried (MgS04), filtered, and the solvent was 
evaporated in vacuo. The residue was redissolved in dry dimethyl 
formamide (7 ml) and treated for 10 min with potassium thioace- 
tate (1 14 mg, 1 mmol) at room temp. The reaction mixture was 
concentrated in vacuo, redissolved in dichloromethane (30 ml), 
washed with water (3 X 10 ml) and the solvent was evaporated in 
vacuo. Flash chromatography (petroleum ethedethyl acetate, 5 :  1 ) 
of the residue gave 27 (137 mg. 50%) as a colorless syrup. - TLC 
(toluenelacetone, 15:l): Rf = 0.43, [aID = -20.6 (c = 1.0, chloro- 
form). - 'H NMR (250 MHz, CDCl?): 6 = 0.82 (dd, J = 6.4 Hz, 
3H,  CH,), 1.16-1.26 (m, 8H,  CH,), 1.41-1.56 (m, 2H,  CH2), 
2.00, 2.03 (2 s, 6H,  COCH3), 2.30 (s, 3H, COCH3), 2.55-2.67 (m, 
2H,  SCHZ), 3.74 (dd, J3.j = J4.5 = 11 Hz. 1 H, 4-H), 3.97 (ddd, 
J5,6 = 2.2, J5.6, = 5.4, J4.5 = 11 Hz, 1 H, 5-H), 4.42 (dd, JS.6, = 5.4, 
J6.6 = 12.2 Hz, 1 H, 6'-H), 4.52 (d, J1.2 = 10 Hz, 1 H, I-H), 4.59 
(dd, J5.s = 2.2, J6.6, = 12.2 Hz, 1 H, 6-H), 5.00 (dd, J1.2 = 1 O , J 2 , 3  = 

9.1 Hz, 1 H, 2-H), 5.27 (dd, 52.3 = 9.1, J3.4 = 1 1  Hz, 1 H, 3-H), 
7.40-7.59 (m, 3H, Ph), 8.01-8.06 (m, 2H, Ph). - C26H3608S2 
(540.70): calcd. C 57.76, H 6.71; found C 57.73, H 6.76. 

Heptyl 2,3-Di-0-acetyl-h-0-benzo~~l-l,4-dit/zino- 
side (28): Hydrazinium acetate (30 mg, 323 pmol) was added to a 
solution of compound 27 (116.4 nig, 215 pmol) in dry dimethyl 
formamide ( 5  ml). After stirring for 20 min at room temp., the 
mixture was diluted with ethyl acetate (30 ml) and a satd. aqueous 
NaCl solution (7 ml) was added. The organic layer was washed 
with water (4 X 10 ml) and dried (MgS04). The residue was puri- 
fied by flash chromatography (toluene/acetone, 40: 1) to give com- 
pound 28 (94 mg, 87%) as a colorless oil. - TLC (toluene/acetone, 
30:l): Rr = 0.26, [aID = +3.7 (c = 1.0, chloroform). - ' H  NMR 

1.16-1.26 (m, 8H,  CH2), 1.51-1.58 (m, 3H,  SH, CH2), 2.04, 2.09 
(2 s, 6H,  COCH3), 2.56-2.66 (m, 2H,  SCH2), 2.99 (ddd, J4,SH = 

(250 MHz, CDC13): 6 = 0.83 (dd, J = 6.8 Hz, 3H, CH?), 

9.5, J3.4 = 10.3, J4,5 = 10.6 Hz, l H ,  4-H), 3.69 (ddd, J5.6 2.2, 
J5.6, = 4.9, J4.5 = 10.6 Hz, l H ,  5-H), 4.51 (d, J 1 . Z  = 9.6 Hz, 1 H, 
1-H), 4.63 (dd, J5.6, = 4.9, J6.6, = 12.1 Hz, l H ,  6'-H), 4.76 (dd, 
J5.6 = 2.2, J6.6' = 12.1 Hz, 1 H, 6-H), 4.93 (dd, J1.2 = 9.6, J2.3 = 

9.1 Hz, 1 H, 2-H), 5.03 (dd, J2.3 = 9.1, J3,4 = 10.3 Hz, 1 H, 3-H). 
7.40-7.57 (m, 3H,  Ph), 8.00-8.04 (m, 2H,  Ph). - C24H7407S2 
(498.66): calcd. C 57.81, H 6.87; found C 57.61, H 7.01. 

Heptjd (Methyl S-ucetcimido-4,7,8,9-tetra-O-acetyI-3,5-dideox~- 
u-gl~~cero-~-t~-guluct~~-2-nonulopyrunos~~lonute) - (2-3) -S- ( 4 ,  h-di- 
0-ucetyl-2- O-berzro~l-S-tl~io-~-u-gciluctopyruno,syl) - ( 1-4) -S-2,3- 
di-O-ncet,vl-6-O-beiz~o~~l-l,4-dithio-~-u-glucopyrano.~ide (29): So- 
dium hydride (3.95 mg, 164 pmol) was added to a solution of 28 
(86.3 mg, 173 pmol) in dry dimethyl formamide (3 ml) at room 
temp. The solution was stirred under argon until hydrogen evo- 
lution had ceased. A solution of crude 20 (88 mg, 96 pmol) in dry 
dimethyl formamide (3 ml) was added dropwise and the mixture 
was stirred for 30 rnin at room temp. The solution was diluted with 
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ethyl acetate (30 ml) and water (10 ml), washed with brine (3 X 10 
ml), dried (MgSO,) and concentrated in vacuo. Flash chromatogra- 
phy (toluene/acetone, 3 : l )  of the residue gave 29 (90 mg, 70%) as 
an amorphous mass. - TLC (toluenelacetone, 3: 1): R f  = 0.20, 
[aID = -4.1 (c = 0.3, chloroform). - 'H NMR (600 MHz, 
CDCI?): 6 = 0.81 (dd, J =  6.4 Hz, 3H, CH3), 1.15-1.23 (m, 8H, 
CH?), 1.41-1.53 (m, 2H, CH2), 1.76 (dd, J3c,3,c = 12.4, J3c,4c = 

2.07, 2.08, 2.10, 2.18 (8 s, 24H, COCH3), 2.48-2.68 (m, 3H, 3'c- 
12.1 Hz. IH,  ~ c - H ) ,  1.83 (s, 3H, COCH3), 1.92, 1.94, 1.99, 2.06, 

H, SCHI), 3.07 (dd, J3>,,+', = 10.9, J4,,Sa = 11 Hz, IH,  4a-H), 3.74 
(dd. J5c,(,c = 10.7, .Ibc,7c = 2.5 Hz, I H, ~ c - H ) ,  3.85 (s, 3H, OCHX), 
3.88-4.01 (m, 4H, 5a-, 3b-, 6'b-, 5c-H), 4.10 (dd, J5b,6b = 4.8, 
J6b,h,b = 11.5 Hz, 1 H, 6b-H), 4.26-4.29 (m, 2H, 5b-, 9'c-H), 4.37 

Hz, 1 H, la-H), 4.76 (dd, J5a,6,a = 4.3, J6a,6,a = 12 Hz, 1 H, 6'a-H), 
4.79-4.83 (m, 2H, 6a-, 4c-H), 4.93 (dd, Jla,Za = 10, J2a,3a = 9.2 
Hz. IH,  2a-H), 5.01-5.08 (m, 3H, NH, 2b-, 4b-H), 5.29 (dd, 
J2.,,3., = 9.2, Jia,+a = 10.9 Hz, I H ,  3a-H), 5.35 (d, Jlb,2b = 9.6 Hz, 

5.69-5.73 (m, 1 H, 8c-H), 7.38-7.56 (m, 6H, Ph), 7.96-8.15 (m, 
4H, Ph). - CbIH79N026S3 (1338.48): calcd. C 54.74, H 5.95, N 
1.05; found C 54.94, H 6.01, N 1.84. 

(dd, J g C , g c  = 2.2, J9c.9,c = 13.1 Hz, 1 H, 9c-H), 4.46 (d, J l a , 2 a  = 10 

1 H, lb-H), 5.44 (dd, Jhc,,ic = 2.5, J7c.8c = 10.2 Hz, IH,  ~ c - H ) ,  

Hepryl (Sodium 5-acetamido-3,5-dideoxy-~-glycero-oc-o-gulucto- 
2-noizulop~~rutzosy~onate) - (2+3) -S- (3-thio-~-~-gu~flctopyrflnosy~) - 
(1+4)-S-I ,4-dithio-~-~-g~ucopyrunoside (2): To a solution of com- 
pound 29 (50 mg, 37 pmol) in dry methanol (6 ml), was added a 
solution of sodium methoxide in methanol (1 M, 2 ml) and the 
mixture was stirred for 24 h at room temp. An aqueous solution of 
potassium hydroxide (0.2 M, 2 ml) was then added and the mixture 
was stirred for a further 20 h at room temp. before being neu- 
tralized with Amberlite IR 120 (H+) resin and filtered. The solvent 
was evaporated and the residue was chromatographed on a column 
of Sephadex LH-20 (chloroform/methanol, 1 : 1) to give 2 (27 mg, 
99%) as a colorless powder. - TLC (chlorofordmethanol/water, 
5:4:1): R f  = 0.4, [a],, = -88.1 (c = 0.3, methanol). - 'H NMR 

(m, 8H, CH?), 1.44-1.47 (m, 2H, CH2), 1.65 (dd, J3c,3rc = J3+ = 

12.2 Hz, 1 H, 3c-H), 1.86 (s, 3H, COCH3), 2.53-2.67 (m, 3H, 3'c- 

(600 MHz, CDC13): 6 = 0.69 (d, J = 6.9 Hz, 3H, CH3), 1.10-1.29 

H, SCHI), 2.75 (dd, J3d,4d = J4a5a = 10.7 Hz, 1 H, 4a-H), 
3.16-3.92 (m, 19H, 2a-, 3a-, 5a-, 6a-, 6'a-, 2b-, 3b-, 4b-, 5b-, 6b-, 
6'b-, 4 ~ - ,  ~ c - H ,  NH, 6 ~ - ,  7c-, 8c-, 9c-, 9'c-H), 4.36 (d, Jla,2a = 10 
Hz, IH,  la-H), 4.54 (d, JIb,Ib = 8.9 Hz, I H ,  Ib-H). - 

CiOHS2NaNOl6S3 . 2.5 H20  (846.86): calcd. C 42.54, H 6.78, N 
1.65; found C 42.64, H 6.55, N 1.94. 
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