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ABSTRACT 

The title compounds, required for the identification of structural features of the Bordere[lupertussis 

endotoxin, have been synthesised by condensation of benzyl 3-0-benzyl-2-deoxy-B-L-er~thro-pentopyrano- 

side with 2.3,4,6-tetra-O-benzoyl-r-u-mannopyranosyl bromide and with 4,6-di-O-acetyl-2.3.O-carbonyl- 
r-o-mannopyranosyl bromide, respectively, thus affording the fully protected w and B-linked disaccharides 
7 and 12. Hypoiodite oxidation of the reducing disaccharides 9 and 14, obtained by conventional deprotec- 
tion of 7 and 12. yielded the title compounds. 

INTRODUCTION 

Endotoxic lipopolysaccharides are major constituents of the outer membrane of 
Gram-negative bacterial cells. The hydrophilic (side chain + core) and hydrophobic 
(“Lipid A”) domains of these macromolecules (2220 kDa) are joined by the glycosidic 
bonds of 3-deoxy-D-manno-act-2-ulosonic acid (Kdo). In lipopolysaccharides of many 
Enterobacterial endotoxin preparations, O-5 of one of these Kdo units is substituted by 
L-gf~lcero-r-D-manno-heptopyranose. For S. minnesota (Family Enterohacteriaceae) 

R-type mutants, the a-anomeric configuration of this heptose has been demonstrated by 
its cleavage with jack-bean a-D-mannosidase’, and, for Proteus mirabifis R-type muta- 
nts3, by its resistance to treatment with CrO, (which destroys /I-pyranosides4,‘). The a 
configuration has been assigned6 to the L-rhamnose (6-deoxy-L-mannose) substituent of 
Kdo’,’ in lipopolysaccharides of endotoxin preparations of certain E. coli K-12 strains 
because, in the n.m.r. spectrum, J,,,,., was 174.08 Hz9. In lipopolysaccharides that 
make up the Bordetellapertussis (Family Pseudomonaduceue) strain 1414, 100, and 134 
(ref. 10) endotoxin preparations, the glycose sequence proximal to the hydrophobic 
domain was shown to be the following hexasaccharide”,$. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
’ Chemistry of Bacterial Endotoxins, Part 7. For Part 6, see ref. I. 
$ The tentative structure, compiled” from oligosaccharide fragments obtained by acid hydrolysis, proved to 
be in error. 
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ph~nylthio~drbonyli6 ester 2. Removal of the isopropylidene group from the resulting 
2-deoxypentopyranoside 3 afforded benzyl2-deoxy-/?-L-eryrhro-pentopyranoside (4). It 
was expected that benzylation of the stannylene derivative of 4 under the conditions 
described by David et al.” would lead regiospecifically to the equatorial 3-0-benzyl 
derivative. but a mixture ( > 90% yield) of the 3-and 4-benzyl ethers 5 and 6 was actually 
obtained. These compounds were separated by chromatography and identified from the 
‘H-n.m.r. spectra of their acetylated derivatives. In refluxing toluene, benzylation was 
relatively rapid, and the ratio of 3- to 4-benzyl ether formed was w 1.1: I. Reducing the 
temperature of the reaction by performing it in boiling benzene slowed it down by a 
factor of w 2, and only increased this ratio to - i .5: 1. Condensation of2,3,4,6-tetra-O- 
benzoyi-~-~-mannopy~~nosyl bromidei with the 3-O-ban@ derivative 5 in the pre- 
sence ofsiiver trilluoromethanesulphonate and tetramethylurea’y~2”gave exclusively the 
fully protected a-disaccharide 7. No p derivative could be detected in the isolated (50%) 
compound. Saponification of the benzoyl groups afforded the benzyl 3-0-benzyl dis- 
accharide 8 from which the unprotected disaccharide 9 was obtained by hydrogenolysis. 
Oxidation of9 by the classicai hypoiodite method (CC ref. 21) afforded the ~-D-mannosyl 
acid 10. 

The corresponding /I-o-mannosyl acid 15 was prepared using a more recent 
modification”’ of a relatively old method” in which 4,6-di-O-acetyl-2,3-O-carbonyl-a- 
D-mannopyranosyl bromide*’ (11) was condensed with the 3-0-benzyl derivative 5 in 
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1 R’ = OH, R”, R3= -CiMe& 

2 R’ =-OC(S)OPh,R’, R3=-C(Me)z 

3 R’= H,R’,F?= -C(Mc& 

& R’Z R’z=$ZW 

5 R’= R3=H R”=an 

6 R’= R’z: H,R3= Bn 

7 R’=H,R2=ORn,R3=Bn,R4=Bz 

0 R’= H,$= OBn, R3= B”,R4= H 

9 R’, R2 = H,OH,R’= R4= H 
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Anal. Calc. for C,,H,,O,S (416.5): C, 63.44; H, 5.81. Found: C, 63.33; H, 5.93. 
Benzyl2-deox~-3,4-0-isoprop~lidene-/~-I~-erythro-penrop~ranoside (3). ~ Tribu- 

tyltin hydride (10.8 mL) was added to a solution (obtained by sonication) of 2,2-azobis- 
(isobutyronitrile) (AIBN) (1.1 g) in anhydrous toluene (70 mL), and the mixture was 
added in an atmosphere of argon to a solution of syrupy 2 (5 g) in toluene (250 mL) 
which was stirred and heated in an oil bath at 120’:. When t.1.c. (1:2 EtOAc<yclohex- 
ane) showed the reaction to be complete (- 1 h), the solution was cooled and solvents 
were removed. The residue was extracted with hot CH,CN (3 x 150 mL). The 
combined, cooled extracts were washed with hexane (4 x 150 mL), and the hexane 
washings were extracted with CH,CN (50 mL). The combined CH,CN extracts were 
concentrated to dryness, to give 3 as an oil (3.9 g). A sample, purified by column 
chromatography (solvent as for t.l.c.), had [a], + 111’ (c 1, chloroform). ‘H-N.m.r. data 
(CDCII): 6 I .36 and 1.525 (2 s, each 3 H, 2 CH,), 1.875 (ddd, 1 H, JZa,, 5, J2;l,i 6, JZa,?b 14 
Hz, H-2a), 2.175 (ddd, 1 H, J2b., = J?b,3 = 5, J2a,2h 14 Hz, H-2b), 3.76 (dd, 1 H, JSa,4 2, J5a,5b 
12 Hz, H-5a), 3.925 (dd, 1 H, J5h,4 2.5 Hz, H-5b), 4.16 (m, 1 H, H-4), 4.47 (m, 1 H, H-3), 
4.50 and 4.79 (2 d, each 1 H, J 12 Hz, CH,Ph), 4.99 (dd, 1 H. H-l), 7.14-7.37 (m, 5 H, 
Ph). 

Anal. Calc. for CISHZOO, (264.325): C, 68.16; H, 7.63. Found: C, 68.05; H, 7.45. 
Benzyl2-deeoxy+L-erythro-pen ropyrunoside (4). ~ The preceding syrup (3, - 3.9 

g) was dissolved in a 0.5M solution of trifluoroacetic acid in 8:2 CH,OH-H,O, and the 
mixture was kept at room temperature. When t.1.c. (1:l EtOAc-cyclohexane, then 
EtOAc) showed hydrolysis to be complete, the mixture was poured onto a stirred excess 
of dry Amberlite IR-45 (HO-) resin. When the mixture was neutral, the resin was 
filtered off and washed with 8:2 CH,OH-H,O. The filtrate was concentrated to dryness 
and the residue was purified by column chromatography (40 x 3 cm) (EtOAc). 
Crystalline 4 (1.35 g) (EtOAc) had m.p. 104-105”, [c(], + 171” (c 1, chloroform); lit.14 for 
the enantiomer, m.p. 106107”, [a], - 174’ (chloroform). 

Anal. Calc. for C,,H,,O, (224.26): C, 64.27; H, 7.19. Found: C, 64.22; H, 7.26. 
Benzyl3-O- and 4-0-benzyl-2-deoxy-P-L-erythro-pentopyrunosides (5 and 6). - 

(a) A mixture of 4 (0.9 g, 4.02 mmol) and dibutyltin oxide (1 g, 4.02 mmol) in anhydrous 
toluene (120 mL) was boiled under reflux for 16 h with continuous removal of water. 
The resulting solution was concentrated (to - 100 mL), tetrabutylammonium bromide 
(1.295 g, 4.02 mmol) and benzyl bromide (1 mL, 8.44 mmol, 2.1 mol. equiv.) were added, 
and the mixture was boiled under reflux for 4 h, after which time t.1.c. (1:l EtOAc- 
cyclohexane) showed the reaction to be complete. The solution was cooled and concen- 
trated to dryness, and the residue was submitted to column chromatography (33 x 2 
cm) (solvents as for t.1.c.). The 4-0-benzyl derivative 6 (0.59 g, 47%), which was eluted 
first, had m.p. 108-109”, [cI]~ + 141” (c 1. chloroform). ‘H-N.m.r. data: (CDCl,): 6 1.9 
(m, 2 H, H-2a,2b), 2.21 (d, 1 H, J 8 Hz, HO-3), 3.57 (m, 1 H, H-4), 3.78 (m, 2 H, 
H-5a,5b),4.08(m,1H,H-3),4.57(m,4H,2CH,Ph),4.935(t,1H,H-l),7.27and7.30(2 
m, 10 H, 2 Ph). 

Anal. Calc. for C,9H1204 (314.385): C, 72.59; H, 7.05. Found: C, 72.45; H, 6.91. 
‘H-N.m.r. data (CDCI,) of acetylated (acetic anhydrideepyridine, 40”, 6 h) 6: 6 
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‘H-N.m.r. data (CDCI,): 6 1.85 ( m, 1 H, H-2a); 2.075 (m, 1 H, H-2b), 3.77 (m, 10 H, 
H-3,4,5a,5bandH-2’,3’,4’,5’,6’a,6’b),4.45(m,4H,2CH,Ph),4.92(~, 1 H,H-1);4.97(s, 
1 H, H-l’), 7.22 (m, 10 H, 2 Ph). 

Anal. Calc. for C2sH,,0,.H20 (494.539): C, 60.72; H, 6.93. Found: C, 60.61; H, 
6.91. 

2-Deo.u)?-4-O-a-D-mannopyranos~l-L-erythro-pentopyranose (9). ~ A solution of 
8 (409 mg) in MeOH was hydrogenated in the presence of 10% PdjC until t.1.c. 
(6.5:4.5:0.4 CHCl,-MeOH-H,O) showed the removal of the benzyl groups to be 
complete. The catalyst was filtered off and the filtrate was concentrated to dryness. The 
residue was dissolved in H,O, the solution was treated with active charcoal and filtered, 
and solvents were removed from the filtrate to give the disaccharide 9 (219 mg, 86%) 
[a],, + 103” {equilibrium) (c 1, water). ‘H-N.m.r. data (D20): S 1.75 (m, 1 H, H-2a), 2.02 
(m, 1 H. H-2b), 3.444.22 (m, 10 H, H-3,4,5a,5b and H-2’,3’,4’,5’,6’a,6’b), 4.86and 5.29 
(dd and t, 1 H, H-12 and H-l/j’)), 5.02 (s, 1 H, H-l’). 

Anal. Calc. for C,,Hz,O,-H,O (314.297): C, 42.04; H, 7.05. Found: C, 42.04; H, 
7.15. 

2-Deoxy-4-O-cr-D-mannopyranosy1-L-erythro-pentonic acid (10). - To a stirred 
solution of 9 (150 mg, 0.5 mmol) in Hz0 (19 mL) were added a solution of 0.05~ I? in 
0.25~ KI (2 mL) then, dropwise, 0. fM NaOH (3 mL) until a total of 11 mL of the former 
and 16.5 mL of the latter had been added, the addition being carried out within 10 min. 
The mixture was stirred for a further 5 min, cooled in ice, and passed slowly through a 
column of cold Amberlite IRN-77 (H+) resin (12 mL) into a stirred slurry of freshly 
prepared Ag,CO, (0.9 g) in an ice bath. Solids were filtered off and the cold solution was 
passed slowly through another cold column of the same resin (7 mL). The eluate and 
washings were neutralised (pH meter) to pH 7 with a saturated solution of Ba(OH)2 and 
concentrated to a very small volume. The oily residue solidified when triturated with 
ethanol. The barium salt of 10 (167 mg, 81%) was recovered by centrifugation, washed 
twice with ethanol, and dried. A decationised sample was pure in t.1.c. (5:3:1:1 l- 
propanol-conc. NH,OH-H20-AcOH), and had [a], + 50” (c 1, water). ‘H-N.m.r. data 
(250 MHz, D,O): 6 2.32 (dd, 1 H, JZa,Zb 15, J?a,3 4.5 Hz, H-2a), 2.52 (dd, 1 H, JZb,i 9 Hz, 
H-2b), 3.5773.88 (m, 8 H, H-4,5a,5b and H_3’,4’,5’,6’a$‘b), 3.97 (m, 1 H, H-2’), 4.17 (m, 
1 H, J3,4 9 Hz, H-3), 5.06 (d, 1 H, J,,,,. 1.5 Hz, H-l’; J<-_ ,,,,, _,, 171.19 Hz). 

Anal. Calc. for C,,H,,Ba,.,O,,.l.SH,O (406.952): C, 32.47; H, 5.45. Found: C, 
32.65; H, 5.8 1. 

Benzyl 3-O-henzy/-2-deoxy-4-0-(4,6-dii-O-acetyl-2,3-O-carhonyl-~-D-mannopy- 

ranosylj-L-erythro-pentopyranoside (12). - A solution of the 3-benzyl derivative 5 
(0.488 g, 1.554 mmol) in dry, alcohol-free CHCI, (4 mL) was stirred in the dark for 1 h at 
room temperature with dry, freshly prepared Ag,O (1 g) and anhydrous CaSO, (1.4 g). 
A solution of 4,6-di-0-acetyl-2,3-O-carbonyl-cc-D-mannopyranosyl bromide” (11; 
1.244 g, 3.5 mmol) in dry, alcohol-free CHCl, (6 mL) was added dropwise over a period 
of 3 h. Stirring was continued for a further 0.5 h, when t.1.c. (1: 1 EtOAc-cyclohexane) 
showed that very little starting aglycon remained. The mixture was filtered and the 
filtrate was concentrated to a thick syrup which was purified on a column (33.5 x 4 cm) 
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