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ABSTRACT 

The synthesis of the hexasaccharide 2-(4-trifhioroacetamidophenyl)ethyl O-o-o-galactopyranosyl-(1 
+ 3)-[O_cu-D-galactopyranosyl-(I + 6)]-O-a-o-ghtcopyranosyl_(l --) 3)-[O-L-g&cero-o-D-r?zanno-heptopyr- 
anosyl-(1 + 7)]-0-L-g/yceroa-D-manno-heptopyranosyl-(1 + 3)-r_-glycero-a-o-manno-heptopyrauoside, 
corresponding to the heptose and part of the hexose region in the Salmonella Ra core, is described. 
Syntheses of the pentasaccharide 2_(4-trifluoroacetamidophenyl)ethyl O-a-o-galactopyranosyl-(1 + 3)- 
O-o-o-glucopyranosyl-(1 + 3)[0-L-glyceroa-~~mznno-heptopyranosyl-(I -+ 7)]-0-L-glyceroa-D-manno- 
heptopyranosyL(1 + 3)-L-glycero-a-o-manno-heptopyranoside and the tetrasaccharide 2-(4-trifluoro- 
acetamidophenyljethyl 0-cu-o-glucopyranosyL(1 + 3)-[O-L-glycero-a-o-manno-heptopyranosyl-(I 
+ 7)]-0-r_-glyceroa-o-manno-heptopyranosyl-(I + 3)r_-gbcero_cY-o-manno-heptopyranoside are also 
described. Coupling of methyl 2,3,4,6-tetra-O-benxykl-thio-p-o-glucopyranoside and methyl 2-O-ben- 
zyl-4,6-O-benzylidene-3-0-(2,3,4,6-tetra-O-be~l~-o-galactop~~osyl)-1-thio-~-o-glucopyranoside to a 
triheptoside derivative with a free HO-3’, using dimethyl(methylthio)sulfonium triflate and N-iodosuc- 
cinimide-silver triflate as promoters, gave the protected tetra- and penta-saccharide, respectively. 
Removal of the benxylidene group from the pentasaccharide followed by a regio- and stereo-selective 
coupling using halide-assisted conditions and L&3,4,6-tetra-0-benzykr-o-galactopyranosyl bromide as 
donor gave the protected hexasaccharide. Deprotection then gave the target structures. 

INTRODUCTION 

The structure’ of the dephosphorylated Sahwndla Ra core is 

a-D-GlcpNAc a-D-Galp a-Hepp a-Kdop-(2 + 4)-a-Kdop 

: : : 
2 
1 

2 6 7 4 
--) &z-~-Gkp<l + 2)-a-D-Galp_(l --t 3)-a-D-Gkp-(1 + 31-mHepp_(l + 3hHepp-(l + 5)-mKdop-(2 + 

Hepg = L-g&cero-D-manno-heptopyranosyl 

In our laboratory, we have earlier synthesized a number of oligosaccharide 
structures corresponding to the hexose and heptose part of this corezm6, inter a&, 
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in order to investigate the specificity of monoclonal antibodies raised against rough 
mutants of Salmonella bacteria and to investigate the receptor structure of the 
phage G13, which is known to bind to the Ra core’. When these synthetic 
oligosaccharides were tested as inhibitors, they were found to be poor inhibitors 
especially towards the antibody-bacteria interaction*,9. Larger epitopes than the 
oligosaccharides used (di- to tetra-saccharides) are probably involved in these 
interactions. Therefore, to investigate further the specificity of the antibodies, 
larger synthetic oligosaccharides were needed. We describe here the synthesis of a 
hexasaccharide, found in the Ra core, that includes the heptose part, c+Hepp-(1 
+ 7)-a-Hepp-(1 4 3kHepp, and a trisaccharide part from the hexose region, 
cy-D-Galp-(1 + 3)-[ cY-D-Galp-(1 --) 6)]-a-D-Glcp. The synthesis of a pentasaccha- 
ride, including a disaccharide part from the hexose region [a-D-Galp-(1 --j 3k-~- 
Glcp], and a tetrasaccharide is also described. All the oligosaccharides were 
synthesized as their 2-(4-trifluoroacetamidophenyl)ethyl glycosides to allow their 
coupling to, e.g., proteins and their use as antigens. 

RESULTS AND DISCUSSION 

The synthesis of the triheptoside derivative 5 parallels that earlier described*, 
the only difference is that an acetyl group instead of a chloroacetyl group was 
introduced in the 4-position. Using the same procedure as earlier293 to convert a 
mannose 2,3,4-trio1 derivative into a 2,4-di-O-ace@ derivative, i.e., formation of 
the 2,3-orthoacetate followed by acetylation and regioselective opening of the 
ortho ester to the axial acetate, 5 was transformed into 6 (84%) with a free HO-3’. 
The structure of 6 was proved by COSY-NMR, from which it was shown that H-2’ 
and H-4’ were shifted downfield due to acetylation. 

Dimethyl(methylthio)sulfonium triflate(DMTST)-promoted” coupling of 6 and 
methyl 2,3,4,6-tetra-O-benzyl-l-thio-~-D-glucopyranoside5 in diethyl ether gave the 
a-(1 --) 3)-linked tetrasaccharide 7 (66%). No p isomer could be detected by TLC, 
in contrast to a similar coupling performed earlier3, with the same donor but with 
a mono-heptose acceptor, using methyl triflate as promoter, in which a 10% yield 
of the /3 anomer also could be isolated. 

When a DMTST-promoted coupling between 6 and the known4 trisaccharide 
methyl 0-(2,3,4,6-tetra-O-benzyl-&D-galactopyranosyl)-(l + 3)-[ O-(2,3,4,6_tetra- 
O-benzyl-cu-u-galactopyranosylj-(1 + 6)]-4-O-acetyl-2-O-benzyl-l-thio-@o-glucopy- 
ranoside was attempted, the expected hexasaccharide was not formed, but instead 
a tetrasaccharide together with a disaccharide derivative. If the disaccharide 
methyl 0-(2,3,4,6-tetra-O-benzyl~-u-galactopyranosyl~-(l + 624-O-acetyl-2,3-di- 
0-benzyl-1-thio-p-D-glucopyranoside was used instead as donor, the same tetrasac- 
charide was isolated. In the last coupling, a monosaccharide derivative was also 
isolated and was found to be a 1,6anhydroglucose derivative (Scheme 1). Evidently 
in these reactions, the 6-oxygen had interacted with the anomeric center of the 
activated donor to give a 1,6-anhydro derivative together with an activated galacto- 
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OR 
OBz 

6 R’=Ra=H OAC 
6 R’=Ac,R%H 

7 R’= Bn, R2= Bz, RS= i& 

8 R’= R== R3= R 

syl donor, which then coupled to the aglycon. This loss of glycosyl moieties through 
interaction of an internal oxygen and decomposition of the activated donor has 
happened a number of times in our laboratory. Normally this problem can be 
circumvented by choosing a less active promoter, but when these couplings were 
performed using glycosyl bromides as donors and halide-assisted conditions”, the 
aglycon was found to be too unreactive and no product was formed. Therefore, an 
alternative route had to be found to the hexasaccharide. 

Methyl 0-(2,3,4,6-tetra-O-benzyl~--D-galactopyranosyl)-(l --$ 3)-2-O-benzyl-4,6- 
O-benzylidene-1-thio-j3-b-glucopyranoside4 was therefore tried as donor in a 
DMTST-promoted coupling with 6, and this time the pentasaccharide 9 was 
formed, but a substantial proportion of the aglycon was not consumed. N-Iodosuc- 
cinirnide(NIS)/ silver triflate12,13 as promoter finally gave a good yield of the 
pentasaccharide 9 (72%, 95% based on consumed aglycon). Removal of the 
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DMTST 

Scheme 1. 

benzylidene group by treatment with aqueous acetic acid gave the 4,6-diol 11 

(67%), which was used as the acceptor in a regio- and stereo-selective coupling, 
using halide-assisted conditionsr’ and 2,3,4,6-tetra-O-benzyl-o-galactopyranosyl 
bromide as donor, to give the a-(1 + 6)-linked hexasaccharide 12 in 90% yield. 
The structure of 12 is proved by the disappearance of a primary carbon signal (6 
63.2 ppm) in the r3C NMR spectrum as compared to 11, in combination with the 
presence of only two signals for primary hexose-carbons (S 61.7 and 61.9 ppm) in 
the r3C NMR spectrum of the deprotected hexasaccharide 13. The Jc_l,H_l cou- 
pling constants of the anomeric carbons in 12 show them all to be in the LY 
configuration, which is further confirmed by the chemical shifts and the JH_I,H_2 
couplings of the anomeric protons in the deprotected hexasaccharide 13. 

Deprotection of 7, 9, and 12 using standard conditions, i.e., Zempltn deacyla- 
tion and catalytic hydrogenolyis, then gave the target structures 8, 10, and 13. 

EXPERIMENTAL 

General methods. -These were as described3. Only selected NMR data are 
given. NMR spectra for solutions in D,O were recorded at 30°C. 

2-(4-Ttij%oroacetamidophenyl)ethyl 2,4,6,7-tetra-O-acezyl-r_-glycero+o-manno- 
heptopyranoside (l>.-Trimethyl orthoacetate (0.45 mL) was added to a solution of 
2-(4-trifluoroacetamidophenyl)ethyl 6,7-di-O-acetyl-L-glycero-cu-D_manno-heptopyr- 
anoside’ (515 mg) and 4-toluenesulfonic acid (0.1 mL, 5% in MeCN) in dry MeCN 
(50 mL), and the mixture was stirred at room temperature for 30 min. Pyridine (4 
mL), Ac,O (4 mL), and 4-dimethylaminopyridine (a few crystals) were added and 
the stirring was continued for another 1 h. The solution was diluted with toluene, 
concentrated, and coevaporated twice with dry toluene. Aqueous CF,CO,H (90%, 
0.1 mL) was added to a solution of the residue in MeCN (40 mL). After 30 min, 
the solution was concentrated and purified on a silica gel column (2: 1 toluene- 
EtOAc) to give 1 (506 mg, 84%); [(Y]~ - 23” (c 1.2, CHCl,). NMR data (CDCI,): 
13C 6 20.7, 20.9 (CH,CO), 35.3 (CH,CH,Ph), 62.8 (C-7), 67.2, 67.9, 68.4, 68.6, 
68.;, 72.3 (C-2-6, OCH,CH,), 97.3 (C-l), 113.8,118.0 (CF,), 121.2-136.8 (aromatic 
0, 154.8, 155.4 (CF,CO), 170.5, 170.8, 171.0, and 171.3 (CH,CO); ‘H, 6 3.41 (H-5, 



dd), 3.94-4.12 (H-3 and H-7), 4.85 (H-l, s>, 4.94 (H-4, 0, 5.03 (H-2, dd), and 5.17 
(H-6, ddd). 

2-(4-TrifIuoroacetamidophenyl)ethyi O-(6-O-benroyZ-2,3,4-tri-O-be~yZ-7-O-tert- 
bu~~d~methusrily-~-glyce~~~-~-~~no-~~topy~~~l~-~l -+ 3)-2,4,6,7-tetra+ace- 
tyl-t-gtycero-cr-I>-ma~o~eptu~y~ff~o~~e (2X-DMTST (375 mg> was added at 0°C 
to a solution of 1 (280 mg) and ethyl 6-0-benzoyl-2,3,4-tri-O-benzyl-7-O-tert_- 
dimethylsilyl-l-thio-L-gEycero-cu-D-nzanno-heptopyranoside2 (385 mg) in dry Et.@ 
(25 n&I containing 4A molecular sieves. The mixture was stirred for 2 h at room 
temperature, Et,N (1 mL) was added, and stirring was continued for 30 min. The 
mixture was concentrated and purified on a silica gel column (9 : 1 toluene-EtOAc) 
to give 2 (507 mg, 84%); [cr],,-~- 17” (c 0.8, CHCl,). 13C NMR data (CDCI,): 
6 - 5.3, -5.2 [SWH,),], 18.2 [C(CH,)J, 20.5, 20.7, 21.0 CCH,CO), 2.5.8 
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[C(CH,),], 35.4 (CH,CH,Ph), 61.8, 63.1, 66.8, 68.7, 68.8, 71.0, 71.6, 2 x 72.1, 73.0, 
73.1, 74.0, 74.8, 75.3, 79.6 (C-2-7, C-2’-7’, CH,Ph, OCH,CH,), 97.1 (C-l, Jc_I,H_l 
172 Hz), 100.2 (C-l’, &_r,,u_r, 174 Hz), 121.5-138.3 (aromatic C), 166.1 (benzoyl 
CO), 169.5, 169.9, 170.5, and 171.2 (acetyl CO). 

2-(4-Trijluoroacetamidophenyl)ethyl O-(6-O-benzoyl-2,3,4-tri-O-benzyl+glyce- 
ro-cu-D-manno-heptopyranosyl)-(I + 3)-2,4,6,7-tetra-0-ace@-I_-glyceroa-D-manno- 
heptopyranoside OX-Compound 2 (507 mg) in aq 70% AcOH (25 mL) was stirred 
overnight at room temperature, then concentrated and coevaporated twice with 
toluene. The residue was purified by silica gel chromatography (1: 1 toluene- 
EtOAc) to afford 3 (443 mg, 96%); [al, + 28” (c 1.1, CHCl,). 13C NMR data 
(CDCl,): S 20.6, 20.7, 20.9 (CH,CO), 35.1 (CH,CH,Ph), 2 X 62.6,66.8, 66.9, 68.5, 
68.8, 71.4, 72.0, 72.2, 73.0, 73.1, 73.5, 74.0, 74.8, 75.1, 79.5 (C-2-7, C-2’-7’, 
CH,Ph, OCHzCH,), 97.2 (C-l), 100.5 (C-l’>, 121.5-138.2 (aromatic 0, 167.0 
(benzoyl CO), 169.4, 170.3, 170.4, and 170.8 (acetyl CO). 

2-(4-Trifluoroacetamidophenyl)ethyZ 0-(2,3,4,6,7-penta-0-benzoyl-L-glycero-a- 
D-manno-heptopyranosyl) - (1 + 7)-0-(6-O-benzoyl-2,3,4-tri-O-benzyl-L-glycero-c~-~- 
manno-heptopyranosyl)-(1 -+ 3)-2,4,6,7-tetra-O-acety~-L-glycero-cu-D-manno-hepto- 
pyranoside (4).-Silver trifluoromethanesulfonate (150 mg) was added to a mixture 
of 3 (460 mg), 2,3,4,6,7-penta-0-benzoyl-L-glycero-a-D-~an~o-heptop~anosyl bro- 
mide (made from 1 g of 1,2,3,4,6,7-hexa-O-benzoyl-L-gEycero-cu-D-~anno-hepto- 
pyranose’) and 4A molecular sieves in CH,Cl, (5 mL). The mixture was stirred at 
room temperature for 2 h, concentrated, and purified on a silica gel column (6 : 1 
toluene-EtOAc) to give 4 (525 mg, 71%); [(~lu - 17” (c 1.3, CHCIJ 13C NMR 
data (CDCI,): 6 20.6, 20.7, 20.8, 20.9 (CH,CO), 35.5 (CH,CH,Ph), 62.8, 63.9, 
65.8, 66.0, 66.9, 68.2, 68.4, 68.5, 68.7, 69.2, 69.9, 70.6, 71.2, 71.5, 72.2, 72.9, 73.6, 
74.6, 74.7, 75.0, 79.7 (C-2-7, C-2’-7’, C-2”-7”, CHzPh, OCH,CH,Ph), 97.3 
(Jcr,n_r 174 Hz), 97.6 Uc_l,H_l 174 Hz), 100.7 (Jc_l,H_I 168 Hz) (C-l-l”), 113.7, 
117.9 (CF,), 121.3-138.2 (aromatic C), 154.7, 155.2 (CF,CO), 2 X 165.2, 165.3, 
165.6, 2 X 166.1 (benzoyl CO), 169.5, 170.1, 170.5, and 171.0 (acetyl CO). 

2-(4-Trij7uoroacetamidophenyf)ethyl 0-(2,3,4,6,7-penta-0-benzoyl-L-glycero-cr-D- 
manno-heptopyranosyl)-(1 + 7)-0-(6-O-benzoyl-L-glycero-cu-D-manno-heptopyrano- 
syl)- (I + 3)-2,4,6,7-tetra-O-acetyl-L-glycero-e+manno-heptopyranoside (5). -A solu- 
tion of 4 (1.00 g> in EtOAc (50 mL) was hydrogenolyzed over Pd-C (100 mg) at 400 
kPa for 16 h. The solution was filtered, evaporated, applied to a silica gel column, 
and eluted (1: 3 toluene-EtOAc) to give 5 (754 mg, 88%); [(~]u - 9” (c 1.2, 
CHCI,). NMR data (CDCI,): 13C, S 20.6, 2 x 20.7, 21.0 (CH,CO), 35.6 
(CH,CH,Ph), 62.6, 63.9, 65.6, 66.9, 6710, 67.5, 68.3, 68.4, 68.9, 69.9, 70.0, 70.5, 
70.5, 70.9, 71.1, 71.6, 74.4 (C-2-7, C-2’-7’, C-2”-7”, OCH,CH,), 97.9, 98.1, 102.0 
(C-l-l”), 113.7, 117.9 (CF,), 121.2-136.7 (aromatic 0, 154.6, 155.2 (CFJO), 
165.1, 165.4, 165.4, 165.5, 166.2 (benzoyl CO), 169.6, 170.4, 170.8, and 170.9 (acetyl 
CO); ‘H, S 3.84 (H-2’), 3.73 (H-3’), and 3.65 (H-4’). Anal. Calcd. for 
C,,H,,F3N03,: C, 60.7; H, 4.91. Found: C, 60.0; H. 4.90. 

2-(4-Trijluoroacetamidophenyljethyl 0-(2,3,4,6,7-penta-0-benzoyk-glycero-ow- 



manno-heptogyranosy1)- (1 --) 7)-0-(2,4-di-O-aceryl-6-O-be~zoyl-~-glycero-ff-D-m~- 
no-heptopyranosy l)- Cl + 3)-2,4,6,7-tetra-O-acetyk.-glycero-cY-D-manno-heptopyran- 
oside (6).-Trimethyl orthoacetate (0.25 mL) was added to a solution of 5 (345 mg) 
and 4-toluenesulfonic acid (0.1 mL, 5% in MeCN) in dry MeCN (10 mL), and the 
mixture was stirred at room temperature for 30 min. Pyridine (2 mL), Ac,O (1 
mL), and 4-dimethylaminopyridine (a few crystals) were added and the stirring was 
continued for another 1 h. The solution was diluted with toluene, concentrated, 
and coevaporated twice with dry toluene. Aqueous CF,CO,H (90%, 0.1 mL) was 
added to a solution of the residue in MeCN (20 mL). After 30 mm, the solution 
was concentrated and purified on a siiica gel column (2 : I toluene-EtOAc) to give 
6 (306 mg, 84%); [cult, - 26” (c 0.8, CHCI,). NMR data (CDCI,): r3C S 20.6, 20.7, 
20.8, 2 x 21.0, 21.4 (CH,CO), 35.7 (OCH,CH,), 62.7, 63.8, 65.0, 65.8, 66.4, 66.8, 
2 x 67.9, 68.1, 68.2, 68.5, 68.6, 69.1, 69.6, 70.0, 70.8, 70.8, 72.5, 74.5 (C-2-7, 
C-2’-7’, C-2”-7”, OCH,CH,), 97.1, 97.9, 99.0 (C-l-l”), 113.7, 117.9 (CF,), 
121.3-136.6 (aromatic C), 154.7, 155.3 (CF,CO), 2 x 165.3, 165.4, 165.6, 165.8, 
166.2 (benzoyl CO), 170.2, 170.3, 170.6, 171.0, 171.9 (acetyl CO); “H, S 3.92 (H-3’, 
dd), 4.87 (H-2’, dd), 5.17 (H-4’, t). Anal. Calcd. for C85Hs2F3N032: C, 60.5; H, 
4.90. Found: C, 60.2; H, 5.00. 

2-~4-T~~~oroaceta~~ophe~yl~ethy~ 0-~2,3,4,~~etra-O-ben~~-ff-~-g~~co~ra~o- 
syl)-(1 --) 3)-[O-(2,3,4,6, 7-~e~ta-O-~e~~oy~-L-glycero~-D-manno-~e~topyran~-(l 
-+ 7)]-0-(2,4-di-O-ace~I-6-O-be~oyl-L-giycero~-~-manno-heptopyra~~l~-fi + 
3~-2,4,6,7-tetra-O~ce~~-~-glycero~-~-manno-~~to~ra~o~~de (‘I).-DMTST (100 
mg) was added at 0°C to a solution of 6 (115 mg) and methyl 2,3,4,6-tetra-Gben- 
zyl-1-thio-/3-D-glucopyranoside’ (50 mg) in dry Et,0 (2 mL) containing 4A molecu- 
lar sieves. The mixture was stirred for 2 h at room temperature, Et,N (0.5 mL) was 
added, and stirring was continued for 30 min. The mixture was concentrated and 
purified on a silica gel column (9 : 1 toluene-EtOAc) to give 7 (85 mg, 66%; 18 mg 
of 6 recovered); [LY]~ -2” (c 0.4, CHCl,). 13C NMR data (CDCl,): 6 20.6-21.5 
(CHsCO), 35.7 (OCH,CH,), 62.7-81.5 (C-2-7, C-2’-7’, C-2”-7”, C-2”‘-6”, 4 
CH,Ph, OCH,CH,), 97.0 (Jc_t,H_l 174 Hz), 97.9 (Jc_I,H_l 174 Hz), 98.7 (Jc_I,u_I 
174 Hz), 99.9 (JC_l,K1 167 Hz) (C-l-l”‘), 121.4-138.7 (aromatic C), 3 X 165.2, 
165.6, 165.8, 166.2 (benzoyl CO), 169.8, 2 x 170.1, 170.3, 170.5, 170.9 (acetyl CO). 
Anal. Calcd. for C,,,H,,,F,NO,,: C, 65.2; H, 5.33. Found: C, 65.1; H, 5.32. 

2- (‘4- Ttifkoroacetamidophenyi)ethyl O-a-D-glucopyrano& fl + 3.&[0-r_-glycero- 
ix-D-manno-heptopyranosy& I1 -+ ?‘)I-O-L-glycero-a-D-manno”heptopyranosyf- (1 + 
3)-L-glycero-a-D-manno-heptopyranoside @).-lo% Pd-C (50 mg) was added to a 
solution of 7 in EtOH (10 mL) and the mixture was hydrogenolyzed in a Parr 
apparatus (400 kPa) overnight. The mixture was then filtered and concentrated, 
and the residue was dissolved in MeOH (5 mL) to which a catalytic amount of 
methanolic NaOMe was added. The reaction was stirred for 24 h at room 
temperature, then neutralized with Dowex (H+) resin, filtered, and concentrated. 
A solution of the residue in water was washed with EtOAc, concentrated, purified 
on a Bio-Gel P2 column, and freeze-dried to give 8 (14.3 mg, 56%); [cu], + 93” (c 
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0.49, H,O). NMR data (D,O): 13C, 6 35.7 (OCHJH,), 61.5, 63.7, 63.9, 65.9, 66.3, 
66.7, 67.6, 68.3, 69.2, 69.3, 69.6, 70.4, 70.6, 70.8, 71.0, 71.6, 72.0, 72.4, 72.6, 73.0, 
73.2, 73.6, 78.4, 79.6 (C-2-7, C-2’-7’, C-2”-7”, C-2”‘-6”‘, OCHJH,), 99.7, 100.9, 
101.3, 103.1 (C-l-l”‘), 114.6, 118.8 (CF,), 122.9-139.3 (aromatic C), 157.3, 157.9 
(CF,CO); ‘H, 6 5.25 (H-l”‘, J 3.8 Hz), 5.09 (H-l’), 4.83, 4.82 (H-1,1”). FAB-mass 
spectrum: m/z 971.9 (M + 1). Calculated for C,,Hs,F,NO,: m/z 972.3. 

2-(4-TrifluoroacetamidophenyE)ethyZ O-(2,3,4,6-tetra-0-bentyE-o-galactopyra- 
nosy&(1 + 3)-0-(2-O-benzyl-4,6-O-bentylidene-cu-D-giucopyrano~~~-~l + 3)-[O-(2, 
3,4,6,7-~nta-O-benzoyl-L-glycero~-D-manno-heptopyranosyl)- (1 --* 7)1-0-(2,4-di- 
O-acetyl-6-O-benzoyl-L-glycero-cr-D-manno-heptopyrano~~)-(l -+ 3)-2,4,6,7-tetra-O- 
acetyk-glycero-a-manno-heptopyranoside (9).-A catalytic amount of silver 
trifluoromethanesulfonate was added to a stirred solution of 6 (240 mg), methyl 
0-(2,3,4,6-tetra-0-benzyl-cr-D-galactopyranosy~)-(l + 3)-2-0-benzyl-4,6-O-benzyl- 
idene-1-thio-/3-o-glucopyranoside4 (235 mg), and N-iodosuccinimide (55 mg) in 
CH,CI, (2 mL) containing 4A molecular sieves. After 30 min, the mixture was 
filtered, concentrated, and subjected to column chromatography (6 : 1 toluene- 
EtOAc) to give 9 (270 mg, 72%; 54 mg of 6 recovered); [ (YID + 3” (c 1.1, CHCl,). 
r3C NMR data (CDCl,): 6 20.4, 20.6, 20.7, 21.1, 21.4 (CH,CO), 35.6 (OCHzCH,), 
62.7, 63.2, 63.9, 64.7, 64.9, 65.8, 66.3, 66.9, 67.5, 68.2, 68.5, 69.0, 69.1, 69.2, 69.7, 
70.0, 70.7, 71.0, 71.3, 71.6, 72.8, 73.1, 73.7, 74.6, 75.0, 75.1, 75.7, 77.3, 78.0, 78.2, 
83.1 (C-2-7, C-2’-7’, C-2”-7”, C-2”‘-6”‘, C-2”‘‘-6”“, 5 CH,Ph, OCHJH,), 96.4 

(JC-LH-1 174 Hz), 97.1 (JC_l,H_l 172 Hz), 97.9 (JC_l,H_l 176 I-W, 99.0 (JC_l,H_l 176 
Hz), 100.6 (JC_l,H_l 167 Hz) (C-l-l”“), 101.9 (PhCH), 121.3-139.0 (aromatic C), 
2 x 165.2, 165.3, 165.6, 165.9, 166.2 (benzoyl CO), 169.7, 170.0, 170.1, 170.3, 170.6, 
170.8 (acetyl CO). Anal. Calcd. for C,,,H,,,F3N042: C, 65.5; H, 5.41. Found: C, 
65.6; H, 5.43. 

2-(4-Trifuoroacetamidophertyl)ethyl 0-a-D-galactopyranosyl-(1 + 3)-O-CPD- 
glucopyranosyl- (1 + 3)-G-[L-glycero-a-D-manno-heptopyranosyl-(I + 7)1-O-~- 
glycero-wD-manno-heptopyranosyl-(1 --) 3)-L-glycero-cu-D-manno-heptopyranoside 
(lo).-Compound 9 (45 mg) in 3 : 1 EtOAc-EtOH (4 mL) was hydrogenolyzed 
over Pd-C (10%) in a Parr apparatus (400 kPa) overnight, and the mixture was 
then filtered and concentrated. The residue (30 mg) was dissolved in MeOH (2 
mL) and methanolic NaOMe (0.2 mL, 1 M) was added. After stirring overnight the 
mixture was neutralized with Dowex (H+) resin, filtered, and concentrated. Purifi- 
cation on a Bio-Gel P2 column followed by freeze-drying gave 10 (13.5 mg, 70%); 
[aID + 134” (c 0.55, H,O). NMR data (D,O): 13C, S 35.6 (OCH,CH,), 61.3, 61.7, 
63.7, 63.7, 66.0, 66.3, 66.8, 67.6, 68.3, 69.2, 69.3, 69.4, 69.6, 69.9, 70.1, 70.5, 70.8, 
70.9, 71.0, 71.2, 71.5, 71.6, 72.0, 72.4, 72.9, 78.4, 79.5, 80.3 (C-2-7, C-2’-7’, 
C-2”-7”, C-2”‘-6”‘, C_2”“_6”“, OCH,CH,), 99.7, 100.0, 100.9, 101.4, 103.1 (C-l- 
1”“), 114.6, 118.8 (CF,), 123.0-139.4 (aromatic C), 157.3, and 157.9 (CF,CO); ‘H, 6 
5.41 (J 3.5 Hz), 5.29 (J 3.7 Hz) (H-l”‘,l”“), 5.11 (H-l’), 4.83, and 4.82 (H-1,1”). 
FAB-mass spectrum: m/z 1133.9 (M + 1). Calculated for C,,H,F,NO,,: m/z 
1134.4. 
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2-(4-Trij7uoroacetamidophenyl)ethyl O-(2,3,4,6-tetra-O-benzyl-CY-D-galactopy- 
ranosylj-(1 --) 3)-O-(2-O-berzzyl-cu-D-glucopyra?wsyl)-(1 + 3)-[O-(2,3,4,6,7-penta-O- 
benzoyl-L-glycero-cr-D-manno-heptopyranosy&(l + 7)1-O-(2,4-di-O-acetyl-6-O&x- 
zoyl-L-glycero-cu-D-manno-heptopyranosyl)-(1 + 3)-2,4,6,7-tetra-O-acetyl-L-glycero- 
a-D-manno-heptopyranoside (11).-A solution of 9 (180 mg) in aq 80% AcOH (4 
mL) was stirred at 60°C for 2 h, whereafter the mixture was concentrated and 
applied to a silica gel column (2: 1 toluene-EtOAc) to give 11(116 mg, 67%); [aIn 
+9” (c 0.9, CHCI,). 13C NMR data (CDCI,): 6 20.5-21.4 (CH,CO), 35.6 
(OCH,CH,), 62.6, 63.2, 63.9, 64.6, 65.1, 65.8, 66.3, 66.9, 68.2, 68.9, 69.1, 69.7, 70.0, 
70.7, 70.9, 71.1, 71.9, 72.3, 72.6, 73.2, 73.3, 74.4, 74.5, 74.8, 76.9, 77.2, 78.6, 79.6, 
82.9 (C-2-7, C-2’-7’, C-2”-7”, C-2”‘-6”‘, C-2”“-6”“, 5 CH,Ph, OCH,CH,), 97.1, 
97.9, 2 x 99.0, 101.0 (C-l-l”“), 113.6, 117.9 (CF,), 121.3-138.6 (aromatic 0, 154.6, 
155.2 (CF,CO), 3 x 165.2, 165.6, 165.7, 166.2 (benzoyl CO>, 2 X 170.0, 2 X 170.3, 
170.7, and 170.8 (acetyl CO). Anal. Calcd. for C,3,H,3,F3N0,,: C, 64.3; H, 5.39. 
Found: C, 64.3; H, 5.37. 

2- (4-Ttij%oroacetamidophenyl)ethyl 0-(2,3,4,6-tetra-O-benzyl-a-D-galactopy- 
rwsyl)-(1 --) 3)-[0-(2,3,4,6-tetra-O-benzyl-cu-D-galactopyrano~l)-(~ --, 6)1-0-(2-O- 
benzyl-cu-D-glucopyranosyl)-(1 --) 3)-[O-(2,3,4,6, %penta-0-benzoyl-L-glycero+D- 
manno-heptopyranosyl)-(1 + 7)]-0-(2,4-di-O-acetyl-6-O-benzoyl-~-glycero-a-D- 
manno-heptopyranosyl)-(1 + 3)-2,4,6,7-tetra-O-acetyl-L-glycero-a-D-manno-hepto- 
pyranoside (12X-Bromine (15 pL) was added at 0°C to a stirred solution of 
methyl 2,3,4,6-tetra-O-benzyl-l-thio-B-D-galactopyranoside’4 (120 mg) in CH,Cl, 
(2 mL) containing 4A molecular sieves. After 45 min, the mixture was filtered, 
concentrated, and co-concentrated with dry toluene. The residue in CH,Cl, (0.5 
mL) was added to a solution of 11(116 mg) and tetraethylammonium bromide (100 
mg) in CH,Cl, (1 mL> containing 4A molecular sieves. The mixture was stirred for 
40 h at room temperature, then applied to a silica gel column, and eluted (6 : 1 
toluene-EtOAc) to give 12 (155 mg, 90%); [cY]~ + 14” (c 1.5, CHCl,). 13C NMR 
data (CDCl,): 6 20.6,20.8, 21.0, 21.4 (CH,CO), 35.7 (OCH,CH,), 62.6, 63.8, 64.5, 
65.0, 65.8, 66.3, 66.7, 66.8, 67.0, 68.1, 68.3, 68.8, 69.0, 69.2, 69.5, 69.6, 70.0, 70.7, 
70.9, 71.1, 71.8, 72.4, 72.5, 72.9, 73.3, 74.2, 74.7, 74.8, 74.9, 76.3, 77.2, 78.6, 78.7, 
79.2, 80.6 (C-2-7, C-2’-7’, C-2”-7”, C-2”‘-6”‘, C-2”‘‘-6”“, C-2”“‘-6”“‘, 9 CH,Ph, 
OCH,CH,), 97.0 (JC_l,H_l 172 Hz), 2 x 98.0 (Jc_r,u_r 172 Hz), 98.9 (Jc_l,H_l 174 
Hz), 99.2 (Jc_l,H_l 168 Hz), 99.7 (JC_l,H_l 170 Hz) (C-l-l”“‘), 113.6, 117.9 (CF,), 
121.4-139.0 (aromatic 0, 154.6, 155.2 (CF,CO), 165.1, 165.2 (2 C), 165.6, 165.8, 
166.2 (benzoyl CO), 169.8, 170.0 (2 C), 170.2, 170.4, and 170.8 (acetyl CO). Anal. 
Calcd. for C,,,H,,,F,NO,,: C, 66.8; H, 5.61. Found: C, 66.8; H, 5.57. 

2- (4-Trifluoroacetamidophenyl)ethyl 0-a-D-galactopyranosyl-(1 + 3)-[O-CY-D- 
galactopyranosyl- (1 + 6)j-O-@D-glucopyranosyl- (1 + 3)-[O-t_-glycero-cw-o-manno- 
heptopyranosyl-(I + 7)]-0-L-glycero-cu-D-manno-heptopyranosyl-(1 + 3)-I_-glycero- 
cw-D-manno-heptopyranoside (W).-Compound 12 (60 mg) in 3 : 1 EtOAc-EtOH (4 
mL) was hydrogenolyzed over I’d-C (10%) in a Parr apparatus (400 kPa) overnight, 
and the mixture was then filtered and concentrated. The residue (40 mg) was 
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dissolved in MeOH (2 mL) and methanolic NaOMe (0.2 mL, 1 MI was added. 
After stirring overnight, the mixture was neutralized with Dowex (H+) resin, 
filtered, and concentrated. Purification on a Bio-Gel P2 column followed by 
freeze-drying gave 13 (15 mg, 58%); [aIn + 145” (c 0.52, H,O). NMR data (D,O): 
13C, S 35.7 (OCH,CH,), 61.7, 61.9, 63.8, 63.9, 65.7, 66.5, 66.8, 67.7, 68.4, 69.1, 
69.2, 69.3, 69.4, 69.7, 69.9, 70.0, 70.1, 70.4, 70.5, 70.8, 71.0, 71.3, 71.5, 71.6, 71.7, 
71.7,72.0,72.5,72.9,77.7,80.6,80.8 (C-2-7, C-2/-7’, C-2”-7”, C-2”‘-6”‘, C-2”“-6”“, 
C-2 ,,I,, -6 ,,,,,, OCH,CH,), 99.1, 99.8, 100.2, 100.9, 101.8, 103.0 (C-l-l”“‘), 123.0, 
130.8, 133.9, and 139.4 (aromatic C); ‘H, S 5.38 (.I 3.1 Hz), 5.27 (J 3.8 Hz), 5.14 (.I 
1.5 Hz), 5.0 (not resolved), 4.86 (J 1.6 Hz), and 4.84 (J 1.6 Hz) (H-l-l”“‘). 
FAB-mass spectrum: m/z 1296.6 (M + 1). Calculated for C,9H,,F3N0,,: m/z 
1296.4. 
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