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ABSTRACT 

2,3,4,6,7-Penta-O-methyl-D-gZ~cero-L-manno-heptose was synthesized by methyl- 
ation of D-gZ~cefo-L-manno-heptose followed by hydrolysis. 2,4,6,7-Tetra-U-methyl- 
D-gZycero-L-manno-heptose was synthesized by using the following sequence of 
reactions: 2-0-benzyl-D-galactose (7) + 3-O-benzyl-l-deoxy-l-nitro-D-gZycero-r_- 
manno-heptitol (8) -+ 3- 0-benzyl-D-gZycero-L-manno-heptose (9) + methyl 3-0- 
benzvl-2,4,6,7-tetra-O-methyl-D-glycero-L-manno-heptoside (10) -+ methyl 2,4,6,7- 
tetra-O-methyl-D-glycero-L-rrr-manno-heptoside (11) + 2,4,6,7-tetra-U-methyl-D-gZycefo- 
r_.-manno-heptose (12). 

Studies in this laboratory on the core structure of Gram-negative lipopoly- 
saccharides by the methylation technique required 2,3,4,6,7-penta-O-methyl-D- 
glycero-L-manno-heptose and 2,4,6,7-tetra-U-methyl-D-glycero-L-manno-heptose as 
reference compounds. Earlier studies by Risse ef al.’ on a partial hydrolysis product 
from the lipopolysaccharides of SaZnzoneZla minnesota indicated a heptosyl+heptosyl 
+3-deoxyoctulosonate structure, although the methylated heptoses could not be 
characterized positively. Periodate oxidation of the heptose residues in the lipopoly- 
saccharide with cleavage between C-6 and C-7, followed by reduction, yielded 
residues of a mannose; methylation of the periodate-oxidized and reduced structure 
established’ the linkage between the sugar residues as (143). 

Methylation studies in this laboratory3 on the lipopolysaccharide of Nekseria 

perJava also established that the heptose residues were (1+3)-linked. It seemed 
desirable, however, to be able to identify the original methylated heptose residues 
in these lipopolysaccharides by comparison with authentic 2,3,4,6,7-penta-O-methyl- 
D-gZycero_L-mmuro-heptose and 2,4,6,7-tetra-U-methyl-D-gZ~cero-L-mrmno-heptose. 
With this objective in mind these methyl ethers have been synthesized and their 
properties are described. 

*Issued as NRCC No. 11071. 
*National Research Council Postdoctorate Fellow 1967-1969. 
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Although L-glyceru-D-manno-heptose is the naturally occurring heptose in 
lipopolysaccharides, it was more expedient in the present work to prepare the 
enantiomorph, D-gZycero-L-manno-heptose 4. During the progress of this work a 
synthesis of L-glycero-D-nirutno-heptose has been described’. 

RESULTS AND DISCUSSION 

2,3,4,6,7-Penta-U-methyl-D-gZycero-L-manna-heptose was obtained by methyl- 
ation of D-gZycero-L-manno-hetose followed by hydrolysis. The methylated sugar 
yielded a crystalline aniline derivative. 2,4,6,7-Tetra-0-methyl-D-gZycero-L-manno- 
heptose (12) was obtained by methylation of 3-U-benzyl-D-glycero-L--manno-heptose 
(9) followed by debenzylation and hydrolysis. The complete sequence of reactions 
leading to 3-0-benzyl-D-glycero-L-ntanno-heptose is shown in the following scheme. 

9 R.R’ = H; R“ - CH+Ph 

IO R.R’ = Me; R” = CHLPh 

II R,R’= Me; RI’= H 

12 R.R”* H; R’ = Me 

i R=H 

2 R=Ts 

CH,OR’ 
I 
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4 R*H; R’= Ts 

5 R = CHZPh; R’ = Ts 

6 R * CH2Ph; R’ = H 

Application of the nitromethane synthesis to 2-U-benzyl-D-galactose (7) 
produced, surprisingly, only 3-O-benzyi-1-deoxy-1-nitro-D-glycero-L-mol. 
This result was probably the outcome of steric hindrance caused by the bulky benzyl 
group at C-2. The low yield of 3-O-benzyl-l-deoxy-l-nitro-D-gZycero-L-lnanno- 
heptitol could not be explained. The D-glycero-L-manno configuration of the heptose 
sugar was shown by debenzylation to D-glyceru-L-nza~z~o-heptose; the latter was 
identified as its phenylhydrazone and by its conversion into D-gZycero-L-manno- 

heptitol hepta-acetate. Neither 2,4,6,7-tetra-O-methyl-D-gZyceru-L-~ycero-heptose nor 
its aniline or the di-0-p-nitrobenzoyl derivatives could be crystallized. 

The methyl glycosides of 2,3,4,6,7-penta-O-methyl-D-gZycero-L-manno-heptose 
and 2,4,6,7-tetra-O-methyl-D-glycero-L-manno-heptose had retention times on g.1.c. 
identical with those of the two methylated heptosides obtained by methylation and 
methanolysis of a heptose oligosac&aridei that had been prepared from a lipopoly- 
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I,2:3,4-Di-O-isopropyZidene-6-O-p-toIyisu~nyl-a-D-gaZac?ose (2). -D-Galactose 
(120 g) was converted into 1,2:3,4-di-O-isopropylidene-c-galactose (1) by treatment 
with zinc chloride and concentrated sulfuric acid in acetoneg. Compound 1 (155.5 g) 
was p-toluenesulfonated with p-toluenesulfonyl chloride in an acetone-pyridine 
mixtureg. The 1,2:3,4-di-O-isopropylidene-6-O-p-tolylsulfonyl-a-~-galactose (2) (150g) 
had m-p. 88-89’ (lit.‘O m-p. 89-91’). 

Methyl 6-0-p-toZyZsu&zyZ-a-D-galactopyranoside (3). - Compound 2 (145.0 g) 
was refluxed with 2% methanolic hydrogen chloride for 30 min’ I. The solution on 
cooling gave crystals of methyl 6-O-p-tolylsulfonyl-a-D-galactopyranoside (3). The 
mother liquor on further concentration gave an additional yield of crystals. The two 
crops on recrystallization gave pure 3 (65.0 g), m.p. 169-170”, [a],, +104” (c 1, 
pyridine) (ht. l1 m.p. 170”, [a]n +103.5”). 

MethyZ 3,4-O-isopropyZide?le~-O-p-toZyZ~~onyZ-a-D-gaZactopyr~oside (4). - 

Methyl 6-U-p-tolylsulfonyl-a-D-galactopyranoside (2, 62.0 g) was suspended in 
acetone (3 liters) and was shaken for 48 h with anhydrous copper@) sulfate (320 g) 
and concentrated sulfuric acid (8.0 ml). The suspension was filtered and the titrate 
was neutralized with ammonia, and the suspension was Gltered again. The filtrate 
was concentrated to half its volume and poured into water. The crystalline product 
that formed was titered off and dissolved in ether, and the insoluble material was 
removed by filtration. The filtrate on concentration yielded pure 4 (31.0 g) having 
m.p. 129-130”, [a], +76.7” (c 1, methanol); [lit.” m.p. 129-130”, [a]n +73.7” 
(methanol)]. 

MethyZ Z-O-benzyZ-3,4-0-isopropyZidene-6-O-p-toZyZ~ZfonyZ~-D-gaZactopyranos- 

ide (5). - Compound 4 (30.0 g) was dissolved in dry N,N-dimethylformamide 
(10 liters). The solution was cooled in ice and to it was added silver oxide (250 g) 
and benzyl bromide (100 g). The mixture after being stirred overnight was poured 
into chloroform (2 liters). The precipitated silver salts were removed by filtration 
and the filtrate was concentrated to a thick syrup. The syrup was dissolved in hot 
ether and the solution on cooling afforded crystals which on recrystallization gave 5 
(35.2 g), m.p. 118-119”, [a],, +78.5” (c 1, methanol). The i-r. spectrum showed 
absence of OH absorp’tion. The n.m.r. spectrum was consistent with the assigned 
structure. 

Anal. Calc. for Ct4H,,,0BS: C, 60.25; H, 6.27; S, 6.69. Found: C, 60.17; 
H, 6.35; S, 6.62. 

Methyl Z-O-EenzyZ-3,4-0-isopropyZidene~-~gaZactopyr~oside (6). - Com- 
pound 5 (32.0 g) was dissolved in 80% aqueous methanol and treated with 4% sodium 
amalgam . l3 After stirring for 14 h, the mixture was neutralized with carbon dioxide. 
The solution was decanted from the mercury and concentrated to dryness. The 
resulting solid was extracted twice with hot absolute ether and the extracts, after 
filtration, were combined and concentrated. Crystallization took place to give 6 

(23.0 g), m-p. 105-106°, [a],, +96-O” (c 1, chloroform). The n.m.r. spectrum was con- 
sistent with the assigned structure. 

Anal. Calc. for C,,H2,06: C, 62.96; H, 7.40. Found: C, 63.08; H, 7.46. 
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2-0-BenzyZ-D-gaZactose (7). - Compound 6 (20.0 g) on acid hydrolysis and 
concentration gave crystals which, on recrystaliization from water, yielded pure 
2-O-benzyl-D-galactose (7, 13.5 g), m-p. 70”, [& -1-72.5 (5 min) + -!-X9” (c 1, 
water). Paper chromatography in solvent B showed onIy one spot, RP 0.77; RGd 3.43. 

3-O-Ben~yZ-I-neoxy-l-nitro-D-glycero-L-manno-heptitoZ (8). - Compound 7 
(7.5 g) was suspended in a mixture of methanol (20 ml) and nitromethane (25 ml) and 
to the suspension was added a cold solution of sodium (2.0 g) in methanol (60 ml). 
The reaction mixture was stirred overnight and then cooled to -20”. The precipitate 
was filtered off, washed with cold methanol, dissolved in water, and passed over 
Rexyn-101 (Hi) resin to remove sodium ions. The effluent on concentration gave 
crystals which, on recrystallization from water, gave compound 8 (0.51 g); m-p. 
160-16’ ‘.I,, +9.6” (c 0.5, water). 

A77 . Calc. for C,,H,,NOs: N, 4.23. Found: N, 4.30. 
3-f .BenzyZ-D-glycero-L-manno-heptose (9). - Compound 8 (0.5 g) in M 

sodium jdroxide (2.5 ml) was added dropwise to a solution of suIfuric acid (0.3 ml) 
in water 0.4 m1)14. After stirring for 15 min, the solution was deionized by passing 
over Rc .yn-101 (Hf) and Duolite A-4 (OH-) resins. The effluent was evaporated to 
drynes ‘0 give 3-O-benql-D-glycero-L-manno-heptose (9,0.35 g); fc&, -5.34” (c 1.8, 
meth- 31). The sugar moved as one spot on paper in solvent B, having R, and Rca, 
valr of 0.7 and 3.05, respectivJv 

The 3-n-F---._ J&q$ose (9,0.03 g) was refiuxed with 2.5% methanolic hydrogen 
Ch _- - try ml) for 4 h and the acid was neutralized with Ag,CO, and the precipitate 
was removed by filtration. The filtrate was taken to dryness and debenzylated15 
with sodium (0.03 g) and absolute ethanol for 4 h at 70”. The reaction mixture was 
then dissolved in water and deonized by passage through Rexyn-101 (Hi) resin. 
The effluent was concentrated and hydrolyzed with acid. The hydrolyzate moved on 
paper chromatography in solvent B at the same rate as authentic D-glycero-wnanno- 
heptose and yielded a crystalline phenylhydrazone, m.p. 190-191”, undepressed when 
mixed with an authentic sample. 

The hydrazone was decomposed with benzaIdehyde16 and the free sugar was 
reduced with sodium borohydride. The product was acetylatedl’ with acetic anhy- 
dride for 3 h at 121“. The acetate showed a single peak (Tear 2.36) on g.1.c. (column I?), 
having the same retention time as the authentic D-gZycero-L-manno-heptitol acetate 
and was distinguishable from the D-gZycero+gZuco-heptitol acetate, which had a 
retention time of TGnl 2.7. 

2,4,6,7-Tetra-O-metZzyZ-D-glycero-L-rnann (10). - Compound 9 (0.30 g) 
was methylated by the methods described earlier. The i-r. spectrum of the methylated 
product (10, 0.31 g) showed complete absence of OH absorption. (Anal. Found: 
OMe, 41.52; talc. 41.89); [a],, +21.3” (c 1, methanol). Product 10 was debenzylated” 
to give methyl 2,4,6,7-tetra-#-methyl-D-gZycero-L-manno-heptoside (11, 0.22 g) 
(Found: OMe, 55.0; talc. 55.35). G.1.c. on column A showed one major peak (TG 4.4) 
and a minor peak (TG 5.0). Hydrolysis followed by reglycosidation showed essentially 
a single peak at TG 4.4. 
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Compound 11 was hydrolyzed to give 2,4,6,7-tetra-U-methyl-D-gZ’cero-L- 
manna-heptose (12, 0.19 g), [aID -28.3” (c 1.5, methanol). Paper-chromatographic 
examination in solvent A showed one spot having RF 0.67 and RG 0.82. Attempts to 
crystallize the syrup were unsuccessful. Neither the aniline nor the di-p-nitrobenzoyl 
derivatives could be crystallized. 
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