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Artificial Carbohydrate Antigens. Synthesis and Conformation of a 
Shigeh f k x n  err’ T r i sa cc h a r i d e H a pt  e n 

By David R. Bundle and Staffan Josephson, Division of Biological Sciences, National Research Council of 
Canada, Ottawa, Ontario K1A OR6, Canada 

The trisaccharide 8-methoxycarbonyloctyl2-0- [2’-acetamido-2‘-deoxy-3’-0- (a-L-rhamnopyranosyl) -p-D-glUCO- 
pyranosyl] -a-L-rhamnopyranoside has been synthesised in good yield utilising silver trifluoromethanesulphonate- 
promoted Konigs-Knorr reactions. 3,4- Di-0-benzyl-P-L-rhamnopyranose 1,2- (methyl orthoacetate) provided 
access to the 2-O-substituted rhamnoside, 2 -0-  (2-acetamido-2-deoxy-P- D-glucopyranosyl) -a-L-rhamnopyrano- 
side. Introduction of the amino-sugar was achieved with tri-0-acetyl-2-deoxy-2-phthalimido-~-glucopyranosyl 
bromide in conjunction with silver trifluoromethanesulphonate and 2,4,6-trimethylpyridine. Selective conversion of 
the 2-deoxy-2-phthalimido glucoside to a 2-acetamido-2-deoxy glucoside blocked at positions C-4 and -6 of the 
pyranose ring by a benzylidene acetal gave the trisaccharide, following reaction with tri-0-acetyl-a-L-rhamno- 
pyranosyl bromide. Proton and 13C n.m.r. evidence indicated that, despite a sterically crowded environment, the 
orientation of both the 2-acetamido-2-deoxy-glucose and terminal rhamnose residues is dictated by the exo- 
anomeric effect. 

IN a previous paper we described the synthesis of three 
disaccharides that constitute portions of the tetra- 
saccharide repeating unit ,+2)-a-~-Rha@-( 1 - 2)-a-L- 
Rhap-( 1 3)-a-~-Rha@-( 1 + 3)-p-~-GlcNAc@-( 1 + of 
the Shigella $exnevi lipopolysaccharide (LPS) . We 
report here the synthesis of a trisaccharide portion, a - ~ -  
Rhap-( 1 + 3)-p-~-GlcNAc@-( 1 + Z)-a-L-Rhap- 
(1 -+ R), R = O(CH,),CO,CH,, of the repeating unit 
which is also functionalised, as were the disaccharides,l 
for artificial antigen ~ y n t h e s i s . ~ , ~  The reasons for our 
interest in artificial antigens and especially those 
rhamnose-containing oligosaccharide repeating units of 
S. $exnevi LPS were discussed ear1ier.l However, in 
the context of this paper two features are worthy of 
special attention. The conformation about the glyco- 
sidic linkages is shown to follow predictions based on 
the exo-anomeric effect .6 The significance of this 
observation together with the proportion of 1,2-linkages 
and their effect on polysaccharide geonietry should have 
profound consequences with respect to the immuno- 
dominance within the antigen determinant. Also the use 
of tri-0-acetyl-2-deoxy-2-phthalini~do-~-glycosyl bro- 
mide (2) is demonstrated with respect to further chain- 
extension reactions carried out on the amino-sugar 
following selective removal of the phthalimido-group. 

The objective of the synthetic scheme reported here 
and in our previous paper has been to elaborate oligo- 
saccharides as large as tetrasaccharides on the alcohol 8- 
methoxycarbonyloctan~l,~ which is used after de-block- 
ing to establish a covalent linkage to protein. The 
advantages of this method over others have been dis- 
cussed and demonstrated 4 9 5 9 8  elsewhere. The appro- 
priate combination of persistent and temporary blocking 
groups chosen for this and earlier work is consistent 
with the ultimate goal, a tetrasaccharide artificial anti- 
gen. For this purpose 3,4-di-O-benzyl-P-~-rhamno- 
pyranose 1,2-(methyl orthoacetate) was used. This 
orthoester provided, after a standard orthoester gly- 
cosylation reaction with 8-methoxycarbonyloctanol, 
the acetylated form of the rhamnoside (1). Removal of 
the 2-O-acetate provides a route to 2-O-substituted 

rhamnopyranosides in which C-3 and C-4 of the pyranose 
ring are protected by ‘ persistent ’ blocking groups. In 
addition the 1,2-0rthoester, 3,4-di-O-benzyl-p-~-rhamno- 
pyranose 1,2-(methyl orthoacetate), used to prepare (1) 
is a suitable intermediate for chain extension when 
sequent reactions to provide additional 2-O-substituted 
linkages are planned. 

Reaction of 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido- 
D-glucopyranosyl bromide (2) with the partially pro- 
tected rhamnoside (1) under silver trifluoromethane- 
sulphonate (triflate)-promoted Konigs-Knorr conditions 
in which 2,4,6-trimethylpyridine (collidine) was the 
proton a c ~ e p t o r , ~  provided the fully blocked disaccharide 
(3) in 730/, yield. ’The O-acetate groups were removed 
by transesterification in methanol with no evidence of 
2’-carboxybenzamide formation. Selective conversion 
of the phthalimido-function of the disaccharide (4) to an 
acetamido-function (5)  was achieved in 800,; yield. The 
disaccharide (4) was refluxed with 6 equivalents of 
hydrazine in ethanol and the resultant 2-amino-2-deoxy- 
glucoside was N-acetylated to give the disaccharide (5). 
The ester function of the 8-methoxycarbonyloctyl 
aglycon, the maintenance of which until the penultimate 
step is essential for efficient antigen synthesis, was 
unreactive toward hydrazine under these conditions. 
The 4’,6’-0-benzylidene acetal was introduced to give 
the selectively blocked disaccharide (6) providing for the 
introduction of an a-linked rhamnopyranoside residue. 
This was achieved by a silver triflate-promoted Kiinigs- 
Knorr reaction between 2,3,4-tri-O-acetyl-a-~-rhamnopy- 
ranosyl bromide lo and the disaccharide (6) with N N -  
tetramethylurea as the proton acceptor.ll The fully 
blocked trisaccharide was transesterified in methanol 
solution and subsequently hydrogenated over palladium- 
charcoal. The 4’,6‘-0-benzylidene acetal which sur- 
vived this treatment was hydrolysed by trifluoroacetic 
acid to give the fully de-blocked trisaccharide (8) as a 
pure syrup in 72% yield after column chromatography. 
Treatment of the trisaccharide (8) with hycirazine gave 
the hydrazide derivative (9), the immediate precursor 
for artificial antigen s y n t h e ~ i s . ~ . ~  Compounds (6)-(9) 



1979 2737 

were not crystalline although all were analytically O-benzylidene-2-deoxy-~-~-glucopyranoside and its de- 
pure syrups giving proton n.m.r. parameters in agree- 0-acetylated derivative.l It was established that this 
ment with the required structures. However it was shift was due to anisotropic shielding which requires that 
essential to establish the stereochemistry of the terminal the protons of the 6-deoxy-function are positioned close 
a-L-rhamnopyranoside linkage. This was achieved by to  the centre of the aromatic nuc1eus.l Not surprisingly, 
I3C n.m.r. spectroscopy, which for a 0.5~-solution of (7) the identical structural unit present in trisaccharide (7) 

O(C H 21 COR' 

BnO BnO 

( 3 )  R ' = O M e ,  R2=Ac 
(4) R ' = O M e ,  R2=H 

( 2 )  R * = A c  ( 1 )  R' = O M e  

( 5 )  R'=OMe,R2=H 

(71 R' = O M e ,  R3= Ac  Bn = PhCH, 

provided a sensitivity of ca. 100 : 1. Since only 3 
anomeric signals were observed for this compound and no 
doubling of associated ring carbon resonances was 
seen, a high degree of purity for (7) is indicated. 

The n.m.r. spectrum of the blocked trisaccharide (7) 
shows the H-6" doublet at  6 0.55, an upfield shift of 
0.67 p.p.m. This substantial upfield shift was pre- 
viously observed for 8-methoxycarbonyloctyl 2-acet- 
amido-3-0- (tri-O-acetyl-a-~-rhamnopyranosyl)-4,6- 

O(C H2) 8 CO R' 

B n O  Ft 
AcNH '@Ph 0 

ORZ 

( 6 )  R'= OMe,R2=H 

HO 

OH 
OH 

( 8 )  R' -0Me 
(9) R' = NHNH2 

displays the same spectral properties. This data is 
interpreted as supporting proposals made by Lemieux 
and Koto,6 who have predicted, on the basis of the e m -  
anomeric effect , that the torsional angles + and + (Figure), 
defining the conformation of the glycosidic linkage, 
assume values such that 4 is fixed and + varies to  mini- 
mise non-bonded interactions. Several conclusions were 
drawn from the calculations made in these studies. 
The most salient point is that the preferred conformation 
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is not the staggered arrangement about the glycosidic 
oxygen to aglyconic carbon bond (torsion angle $), but 
rather that in which the C(l”)-O(l”) bond almost 
eclipses the C(3’)-H(3’) bond (Figure). Molecular 
models (both Dreiding and space filling) for compound 
(7) show that with 4 set a t  ~ 1 6 0 ~ 1 ,  $ must assume a value 
close to )120”1 (eclipsed form) in order to provide the 
required juxtaposition of phenyl ring and 6-deoxy- 
function. Indeed, unless 4 is close to I6O”I the required 
overlap of these functions is unlikely. In  the predicted 
conformation the plane of the phenyl ring is required to  
be perpendicular to that of the mean plane of the fused 
ring system. Such an arrangement has been shown to 
exist by X-ray analysis of a 4,6-0-benzylidene acetal.12 

Further evidence based on the work of Lemieux 

(a) Conformation of the glycosidic linkage for the disaccharide 
unit, 2’-acetamido-3’-O-(tri-O-acetyl-a-~-rhamnopyranosyl)- 
4‘,6‘-O-benzylidene 2’-deoxy-P-~-glucopyranoside, and (b) 
Newman projections of the torsional angles 4 and $. (Only 
those substituents essential to the arguments presented in the 
text are shown in this structure.) 

and Koto that supports the conformation (Figure) is 
provided by l3C n.m.r. spectroscopy. Steric com- 
pression of the anomeric hydrogen in the eclipsed con- 
formation, such as that depicted in the Figure, has been 
predicted to cause displacement of the C-l resonance; 
such is the case here for the trisaccharide (9) in which 
C-1” absorbs at 102.5 p.p.m., compared to  C-1, 99.8 
p.p.m. and C-1, 101.8 p.p.m., for methyl-a-L-rhamnopy- 
ranoside. Thus the predicted conformation appears 
well substantiated and is further proof of the influence of 
the exo-anomeric effect. That the sterically crowded 
linkage of compound (7) maintains a 4 value close to 
60” is considered of the utmost significance since this 
preferred conformation should surely be adopted in the 
less strained circumstances of the de-blocked trisacchar- 
ide (8). Related arguments may be advanced for the 
conformation of the 2-acetamido-2-deoxy-glucose-to- 
rhamnose linkage. As represented in the diagrams the 
disaccharide (5) and trisaccharide (7) could be expected 
to have the methyl group of the acetamido-function in 
close proximity to the C-3 benzyl ether. This would 
appear to be the case since for the de-blocked trisac- 
charide (8) the chemical shift of the acetamido-methyl 
group is 6 1.99 p.p,m., whereas, for compounds (5 ) ,  (6), 

and (7) the values are 1.83, 1.85, and 1.88 p.p.m. in 
deuteriated methanol. The shielding is apparent but 
less marked than that observed for the rhamnose H-6” 
protons. 

The reasoning based on n.m.r. parameters reported 
here and in a previous paper provides valuable inform- 
ation for attempts to define the conformation of s. 
Jemteri oligosaccharide determinants. I t  is hoped to 
confirm these predictions based on n.m.r. by X-ray 
studies 011 blocked and de-blocked 2-acetamido-2-deoxy- 
3-0-( a-L-rhamnopyranosyl) - p-D-glucopyranosides. 

EXPERIMENTAL 

Thin-layer chromatography was performed with Merck 
precoated silica gel 60 F-254 plates, and compounds were 
detected by quenching of U.V. fluorescence, and by spraying 
with 5% sulphuric acid in ethanol and heating. Merclc 
silica gel G60 (70-230 mesh) and redistilled solvents were 
used for column chromatography. The loading on all 
columns was 1 : 100 unless otherwise indicated. Skelly- 
solve B refers to hexane supplied by Getty Refining and 
Marketing Company, Tulsa, Oklahoma. loo/, Palladium- 
charcoal was purchased from Engelhard Industries, Newark, 
New Jersey. Solvents were purified and dried according 
to standard ~r0cedures.l~ Processed solutions were dried 
over anhydrous sodium sulphate and solvent removal was 
achieved at bath temperatures of 40 “C or lower unless other- 
wise stated. Melting points were determined on a Fisher- 
Johns apparatus. Optical rotations were measured a t  589 
nm in a l-dm cell a t  room temperature (20-23 “C). 13C and 
lH n.m.r. spectra were recorded a t  20 and 79.9 MHz,  respect- 
ively, in the pulsed Fourier-transform mode on a Varian 
CFT-20 spectrometer. Proton chemical shifts are expressed 
relative to internal 1 yo tetramethylsilane for solutions in 
deuteriochloroform and [2H,]methanol, and relative to 
internal sodium [2,2,3,3-2H4]-3-trimethylsilylpropionate for 
solutions in deuterium oxide. Carbon- 13 shifts are express- 
ed relative to internal Me,Si in [2H4]methanol, and to 
external Me,Si for deuterium oxide solutions. Assignments 
of carbon- 13 resonances are tentative. 

8-Methoxycarbonyloctyl 2-0-(2’-Acetamido-2’-deoxy-p-~- 
glucopyranosyl) -3,4-di-O-benzyl-a-~-rhawznopy.~.anoside (5). 
-The dissaccharide (4) (1.4 g, 1.7 mmol) in ethanol (80 
cm3) was boiled with hydrazine hydrate (0.72 g of an 85% 
solution, 12 mmol) for 2 h. The reaction was monitored by 
t.1.c. with chloroform-methanol (7 : 1) as solvent. In this 
system, starting material possessed RP 0.54 and the free 
amino-derivative RF 0.42. The solution was evaporated 
with ethanol and dried under high vacuum to remove 
traces of hydrazine. The product was then dissolved in 
methanol-water (1 : 1 ; 30 cm3), acetic anhydride (3 cm3) 
added, and the solution stirred a t  room temperature over- 
night. Concentration followed by purification on silica 
gel with chloroform-methanol (7 : 1) gave the pure disac- 
charide (5) (1.0 g, 80%), [a], -8.8” (c 1.1, MeOH); Rip 0.52 
(solvent as above); G(CD,OD) 1.10-1.70 [15 H,  m, H-6 
and -(CH,),-1, 1.83 (3 H, s, MeCONH), 2.28 (2  H, t, CH,CO), 
3.52 (3H,  s, MeO), 7.00-7.80 (lOH, m, aromatic), and 3.15 
-5.00 (remaining protons) ; Gc(CD30D) 104.1 (C-l’), 100.4 
(C-1), 81.7, 80.7 (2  x CHzPh), 77.8 (C-2), 77.8 (C-5’), 76.2 
(C-4), 75.8 (C-3’), 73.1 (C-3), 71.8 (C-4’), 69.1 (OCHZ), 68.4 
(C-5),  62.6 (C-67, 57.9 (C-27, and 18.3 (C-6) (Found: C, 
63.45; H, 7.65; N, 1.85. C3,H,,NOlz requires, C, 63.6; H, 
7.7; N, 1.95%). 
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8- Methoxycarhonyloctyl 2-0- (2’-A cetamido-4‘, 6’-O-benzyZ- 

adene-2‘-deoxy- p- 1 )-glucopyranosyZ) -3,4-di-O-benzyl-u-~- 
rluzmnopyranoside (6) .-The dissaccharide (5) (790 mg, 1.1 
nimol) and a~-tl~niethoxytoluene (300 mg, 2.0 mniol) in dry 
acetoni trile (40 cm3) containing toluene-p-sulphonic acid 
( 2 0  ing) was rotated under reduced pressure on the rotary 
evaporator a t  a temperature of 60 “C and a pressure such as 
to  avoid excessive evaporation of solvent. After 1 h the 
acetonitrile was evaporated off, and the residue, dissolved in 
nieiliylene chloride, was extracted with saturated sodium 
liyclrogencarbonate solution and water. The syrup was 
purified on silica gel [Skellysolve B-ethyl acetate (1 : 3)] t o  
give the pure disaccharide (6) (830 mg, 94% yield), [aID 
- 39.5” (c 1.1, CHC1,) ; RP 0.58 (solvent as above) ; G(CDC1,) 
1.10-1 80 [15 11, in, H-6 and -(CH,),-1, 1.55 (3 H, s ,  Me- 
(‘ONH), 2 27 ( 2  H ,  t, CH,CO), 3.62 (3 H, s, OMe), 5.50 (1 H, 
s, Cfll’li), 6.70 -7.30 (15 H, ni, aromatic), and 3.10-4.90 
(remaining protons) ; Gc(CD,OD) 104.5 (C-l’), 102.6 
(CfZPli), 100 4 (C-I),  82.5 (C-4’), 81.6, 80.6 (2 x CH,Ph), 
78.1 ( C - A ) ,  76.2 (C-4), 73.3 (C-3), 72.1 (C-57, 69.4 (C-3’), 69.1 
(OCHJ, 68.2 (C-5), 67.3 (C-6’)) 58.2 (C-Z’), and 18.2 (C-6) 
( F o u n d :  C, 67.15; H, 7.35; N, 1.7. C4,H,,NOl, requires 
C, 67.05; H, 7.4;  N, 1.75%). 

8-MethoxycarbonyZoctyl 2-0-[2’-A cetamido-3’-0- (2”, 3”,- 
4”-trz-O-acetyE-a-~-rhamnopyranosyZ) -4‘, 6‘-O-benzyZidene- 2‘- 
deoxy- p-u-gZucopyranosyl] - 3,4-di-O-benzyZ-u-~-rhamnopyr- 
anoside (7) .-The selectively blocked dissaccharide (6) 
(800 nig, 1.0 minol) was dissolved in dichloromethane (30 
cm3) together with silver trifluoromethanesulphonate (540 
mg, 2.1 nimol) and NN-tetramethylurea (1 cm3, 8.3 mniol). 
The stirred solution was cooled t o  - 40 ‘C under dry nitrogen 
and 2,3,4-tri-O-acetyl-a-~-rhamnopyranosyl bromide lo (750 
nig 2.1 nimol) in dichloromethane solution (10 cm3) was 
added droywise. The mixture was allowed t o  warm to room 
temperature overnight and then filtered. Following extrac- 
tion with saturated sodium hydrogencarbonate and water, 
the concentrated syrup was purified on silica gel with 
Skellysolve B-ethyl acetate (1 : 2) t o  give the pure trisac- 
charide (7) (780 mg, 73% yield), [a], -34.3’ (c 1.2, CHC1,); 
Rv 0.69 (solvent as above); G(CD,OD) 0.55 (3 H ,  d, J5,6 

[12 H ,  111, -(CH,),-1, 1.88 (3 H, s, MeCONH), 1.94 (3 H, s ,  
0,4c), 1 $15 ( 3  H, s ,  OAc), 2.07 (3 H, s, OAc), 2.27 (2 H, t, 
CH,CO), 3.62 (3  H, s, OMe), 5.63 (1 H, s, CHPh) , 6.80-7.50 
(15 H, m, aromatic), and 3.20-5.20 (remaining protons) ; 

6.1 Hz, H-6”), 1.22 (3 H, d, J5,,  5.6 Hz, H-6), 0.90-1.65 

6c(CI>,OD) 103 6 (C-l’), 102.7 (CHPh), 100.2 (C-1), 98.6 
(C-l”), 81 5, 80.5 (CHZPh), 80.1 (C-4’), 77.7 (C-2), 77.4 
(C-3’), 76.0 (C-4), 72.9 (C-3), 72.1 (C-57, 71.4 (C-4”), 69.8 
(C-3”), 69.2 (OCH,), 69.0 (C-2”), 68.1 (C-5), 67.1 (C-S’), 67.1 
(C-5”), 57.7 ( C - Y ) ,  18.2 (C-6), and 17.0 (C-6”) (Found: C, 
63.5; H, 7.15; II;, 1.35. C,,H,,NOl, requires C, 63.5; 
H, 7.0; N, 1.3(j0). 

8iZ.lethoxycarbo~zyZoctyZ 2-0-[2’Acetamido-2’-deoxy-3’-0-(~- 
L-YJZ amnofiyranosyl) - p- ~-gZucopyranosyZ] -a-~-rhamnopyrano- 
side (8).---The trisaccharide (7) (700 mg, 0.65 mniol) was 
dissolved in niethanol (50 cm3) containing a catalytic 
a m o u n t  of sodium. After 14 h the solution was de-ionised 
and concentrated. The residue was homogeneous by 
t.1.c. [single spot, RF 0.37 chloroform-methanol (7 : l)] 
and contained no O-acetyl groups (lH n.m.r.) The residue 
was dissolved in acetic acid (50 cm3) and hydrogen- 
ated over 10”; palladium-charcoal (0.5 g) at 505 kPa for 

3 h .  Filtration and evaporation provided a residue which 
was dissolved in 90% aqueous trifluoroacetic acid l4 (20 
cm3) at 0 “C and left for 45 min. Evaporation and co- 
distillation with ethanol, followed by purification on silica 
gel gave the pure de-blocked trisaccharide (8) (320 mg, 72% 
yield), [aID -46.4” (c 1.1, water); I z p  0.40 (dichloromethane- 
methanol 3 :  1 ) ;  S(D,O; 85 “C) 0.90-1.60 [18 H, m, H-6, 
H-6” and -(CH,),-1, 1.99 (3 H, s.  MeCONH), 2.25 (2 H, t ,  
CH,CO), 3.58 (3  H, s ,  OMe), 4.67 ( 1  H, d ,  J l . ,  8.1 Hz, H-1 
2-acetamido-2-deoxyglucose residue), 4.82 (2 H, br s, H- 1 
and H-l”), and 3.00-3.90 (16 H, m,  remaining protons); 
Gc(CD,OD) 103.7 (C-l’), 102.9 (C-l”), 100.3 (C-l), 83.6 
(C-3’), 80.6 (C-2), 77.7 (C-5’), 74.1 (C-4), 73.7 (C-4’), 72.4 
(C-4”), 72.1 (C-3), 72.1 (C-3”), 70.4 (C-2’7, 70.2 (C-5”), 
69.7 (OCH,), 68.5 (C-5), 62.4) C-6’), 56.9 (C-2’), 1 8 . 0  (C-6), 
and 17.8 (C-6”). 

8-Hydrazinocarbonyloctyl 2-0-[2‘-Acetamido-2‘-deoxy-3‘- 
O-[a-~-rhamnopyranosyZ) -P-~-gZucopyvanosyZ] -a-~-rhamno- 
pyranoside (9) .-The de-blocked trisaccharide (8) (200 mg, 
0.29 mmol) was dissolved in ethanol (5 cm3) t o  which 
85% hydrazine hydrate (0.5 g )  was added. The solution 
was stirred for 48 h ,  then evaporated and dried under high 
vacuum. Purification on silica gel with ethyl acetate- 
methanol-water (5 : 3 : 2) gave the pure hydrazzde (9) (180 
mg, go%), [a],, -47.8’ (c 1.2, water); RF 0.53 (solvent same 
as  above); 6(D,O; 85 “C) 1.00-1.80 [18 H, m,  H-6, H-6”, 
and -(CH,),-1, 2.09 (3 H, s ,  MeCONH), 2.23 (2 H, t ,  CH,- 
CO), 4.78 (1 H, d ,  J l , 2  8.0 Hz,  H-1 2-acetamido-2-deoxy- 
glucose residue), 4.94 (2 H, br  s ,  H-1 and H-1”), and 3.30- 
4.00 (16 H, remaining protons); Gc(D,O) 103.2 (C-l’), 
102.5 (C-l”), 99.8 (C-1), 82.4 (C-3’), 80.0 (C-a), 77.1 (C-5’), 
73.5 (C-a), 73.1 (C-4’), 71.9 (C-4”), 71.8 (C-3), 71.4 (C-3”), 
70.1 (C-Z”), 69.9 (C-5”), 69.4 (OCH,), 69.3 (C-5), 61.9 (C-6’), 
56.9 (C-27, 17.8 (C-6), and 17.8 (C-6”) (Found: C, 50.8; H,  
7.6; N, 6.4. C,,H,,N,O,, requires C, 50.95; H,  7.8; N, 
6.15%). 
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