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- Disaccharides consisting of 3,6-dideoxyhexosyl units, with the D-arabino, 

D-ribo, or D-xy10 configuration, a-(1 -r3)-linked to p-aminophenyl cc-o-manno- 

pyranoside are of interest in the diagnosis of Salmonella infections ‘-‘_ The p-amino- 
phenyl unit can be joined, t-ia a tbiourea linkage, to an immunogenic protein carrier 

containing free amino groups, thereby producing an artificial antigen. In the syntheses 
so far described, we have condensed suitably protected 3,6-dideoxyhexosyl bromides 
with the mannoside 4, which has HO-3 unsubstituted4-6. We now report an efficient 

synthesis of the disaccharide 9 (containing 3,6-dideoxy-D-ribo-hexose) by the hydroxy- 
glycal procedure. This type of glycosidation, which was developed by Ferrier and 
co-workers7, has previously been useds in the synthesis of an analogue of 9 containing 

methyl mannoside instead of the p-trifluoroacetamidophenyl mannoside unit in 9. 
Methyl 2,3,4-tri-0-benzoyl-6-deoxy-a-D-glucopyranoside’ (1) was converted 

into the bromo sugar 2 (99%) which, on elimination of hydrogen bromide, gave 3 
(76%). Reaction of 3 with the mannoside 4 gave the disaccharide derivative 5 (80%). 
Conversion of the nitro group in 5 into an amino group by catalytic hydrogenation 

over Adams’ catalyst was followed by N-trifluoroacetylation to give 6 (80%). 
Hydrogenation of 6 over palladium-on-carbon removed benzyl and benzylidene 
groups and hydrogenated the 2-enopyranose double-bond to give a mixture of 7 
(60%) and 8 (18%). Debenzoylations of 7 and 8 gave the desired compounds 9 (86%) 
and 10 (82%), from which the amino group is easily liberated by treatment with 
methanol&z ammoniaq-6. The overall yield (23% for I +9) is substantially higher 
than that obtained by an alternative route6. 

In our initial attempts at synthesizing 9, a similar sequence was carried out 
starting from methyl 2,3,4-tri-U-acetyl-6-deoxy-a-D-glucopyranoside’” (la). A yield 
of 6a similar to that for 6 was obtained. However, catalytic hydrogenation of 6a . 
afforded a mixture of 7a and 8a in which the ratio of paratose (in 7a) to tyvelose 
(in Sa) was 0.7. This route is therefore inferior to that described above for obtaining 9. 
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However, since chromatographic separation of 9 and 10 is possible, the sequence is 
useful for obtaining both disaccharides 9 and 10. 

OR OR 

1 R = Bz 2 R = Bz 

1oR = AZ 2aR = AC 

5 R = Bz , R’ = BzI 
5aR = Ac,R’= BL, 

3 R = Br 4 R’= BzI 

30R = AC 

6 R = Bz,R’= Bzl 
6aR = Ac,R’= E.rl 

0 
R’\ SH20H 

HO-,$ 

HO O~NHCOCF. 

7 R = 6z.R’ = H,R== OBr 9 R’= H.R’=oH 

70R = A&R’ = H-R-=OAc 10 R’ = OH.R- = H 

8 R = Bz.R’ = 0Ez.R’= H 

80 R = Ac,R’ = OAc,R’= H 

ExFTRaEN-rAL. 

Ge~~eraZ. - General methods were the same as those reported in a recent 

paper6, except that lH-n.m.r. spectra were recorded with a Jeol JNM FX 100 
instrument operating at 99.55 MHz in the Fourier-transform mode. ‘H-N.m.r. 
spectra were recorded for all new compounds and were in agreement with postulated 
structures. Only especially significant n.m.r. data are presented. The purity of syrupy 
new compounds, for which elemental analyses were not performed, was carefully 
ascertained by chromatography in solvent systems that gave R, values of -0.5, and 
the substances were rechromatographed until they were pure. Assignments of anomeric 
configurations are based upon optical rotations and n.m.r. data. 

2,3,4-Tri-O-benzoyl-6-deoxy-a-D-giucopyranosyi bromide (2). - A saturated 
solution of hydrogen bromide in glacial acetic acid (250 ml) was added to a solution 
of methyl 2,3,4-tri-O-benzoyl-6-deoxy-a-D-glucopyranosideg (1, 9.8 g) in dichloro- 
methane (30 ml). After the mixture had been kept at room temperature overnight, 



NOTE 303 

t.1.c. (toluene-ethyl acetate, 8: 1) showed the presence of one compound only, R, 0.66. 
The solution was diluted with dichloromethane, washed with ice-water, cold, 
saturated, aqueous sodium hydrogen carbonate, and i-water, dried (MgSO.+), 
titered, and concentrated to yield 2 (10.7 g). When crystallized from diethyl ether, 2 
had m-p. 155-161”, [al578 +118” (c 1.02, chloroform). N.m.r. data (CDCI,): S 1.39 
(d, 3 H, Js.6 6.3 Hz, H-6), 4.40457 (m, 1 H, H-5), 5.29 (dd, X H, J1,2 3.9, J2,3 

9.8 Hz, H-2), 5.46 (dd, 1 H, J3,4 = J4,5 =9.8 Hz, H-4), 6.20 (t, 1 H, J3,4 = J2,3 = 

9.8 Hz, H-3), 6.84 (d, 1 H, J1,2 3.9 Hz, H-l), and 7.18-8.03 (15 H, aromatic H). 
Anal. Calc. for C2,HZ3Br0,: C, 60.1; H, 4.3; Br, 14.8. Found: C, 60.2; H, 4.4; 

Br, 15.0. 
I,5-Anhydro-2,3,4-tri-O-benzoyld-deoxy-D-~abino-hex-I-enitoZ (3)l’. - A solu- 

tion of 2 (10 g) and sodium iodide (5 g) in acetone (55 mi) was stirred at room 
temperature for 15 min, diethylamine (9 ml) was then added, and the solution was 
stirred at room temperature for 2 h. The solution was diluted with chloroform, 
washed with ice-cold solutions of 2% aqueous hydrochloric acid, saturated, aqueous 
sodium hydrogen carbonate, and water, dried (MgSO,), filtered, concentrated, 
decolourized on a short column of silica gel (toluene-ethyl acetate, 8:1), and con- 
centrated to yield 3 (6.43 g), RF 0.63 (t.l.c., same solvent); when crystallized froth 
ethanol, 3 had m-p. 93-95”, [al578 - 182” (c 1.0, chloroform). N.m.r. data (Cccl,): 
S 1.58 (d, 3 H, J5,6 6.0 Hz, H-6), 4.54 (quin, 1 H, J4,5 = Js,6 = 6.0 Hz, H-5), 5.54 

(dd, 1 H, Js.4 4.4, J4.5 6.0 Hz, H-4), 6.08 (d, 1 H, J3,4 4.4 Hz, H-3), and 6.86 
(s, 1 H, H-l). 

Anal. Calc. for C,,H,,O,: C, 70.7; H, 4.8. Found: C, 70.9, H, 4.9. 
p-Nitrophenyl 2-0-benzyl-4,6-0-b~~Z~~ne-3-O-(2,4-d~-O-benzoyZ-3,6-dideo.~- 

a-D-erythro-hex-2-enopyranosyZ)-a-D-nmnnopyronoside (5). - Boron fluoride 
etherate (freshly distilled, 0.5 ml) was added to a solution of 3 (4.6 g) and p-nitro- 
phenyl 2-0-benzyl4,6-O-benzylidene-a-D-mannopyranoside (4, 4.8 g) in benzene 
(100 ml) with stirring at room temperature. After 15 min, excess of sodium carbonate 
was added and the mixture was poured into ice-water. The benzene layer was washed 
with saturated, aqueous sodium hydrogen carbonate and water, dI;ied (MgSO,), 
atered, and concentrated to a syrup that contained 5. The syrup was purified on a 
prepacked column of silica gel (toluene-ethyl acetate, 8:1) to yield 5 (6.5 g), R, 0.60 
(t.l.c., same solvent), [a]578 +119” (c 1.1, chloroform). N.m.r. data: 6 1.35 (d, 3H, 
J 5,6 6.3 Hz, H-6, hexenopyranose residue), 3.74-4.33 (m, 6 H; H-4, H-5, and H-6, 
mannose residue; H-5, hexenopyranose residue), 4.57 (dd, 1 H, Jt,3 2.9 Hz, J3,4 

10.3 Hz, H-3, mannose residue), 4.84 and 4.95 (AB spectrum, 2 H, JH,H 12.2 Hz, 
PhCH,), 5.33 (s, 1 H, PhCH), 5.53-5.66 (m, 3 H; H-l, mannose residue; H-3, H-4, 
hexenopyranose residue), 6.01 (d, 1 H, JI ,3 2.0 Hz, H-l, hexenopyranose residue), and 
6.95-8.3 (24 H, aromatic H). 

p-Tr~~uoroacetamidophenyZ2-O-benzyl-Q,6-O-ben~Zidene-3-0~2,4-di-O-benzoyZ- 

3,6-dideoxy-cr-D-erhro-hex-2-enopyrano (6). - A solution 
of 5 (6.0 g) in ethy1 acetate (200 ml) was hydrogenated over Adams’ catalyst (400 mg) 
at room temperature and atmospheric pressure. When sticient hydrogen (NO, + 
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NH,) had been consumed, trifiuoroacetic anhydride (13.5 ml) and pyridine (32 ml) 
were added, and the mixture was kept at 60” for 30 mm, and then filtered and con- 

centrated. A solution of the residue in toluene was washed with water, dried (N&SO,), 
filtered, and concentrated to a syrup that was purified on a prepacked column of 
silica gel (toluene-ethyl acetate, 8:1) to yield 6 (5.2 g). RF 0.55 (t.l.c., same solvent), 
[r11s7s -t91 o (c 1.0, chloroform). N.m.r. data (CDCI,): 6 1.32 (d, 3 H, J5,6 6.5 Hz, 
H-6, hexenopyranose residue), 3.65-4.33 (m, 6 H; H-4, H-5, H-6, mannose residue; 
H-5, hexenopyranose residue), 4.55 (dd, 1 H, J,,, 2.9, J3,4 10.0 Hz, H-3, mannose 

residue), 4.84 and 4.92 (AB spectrum, 2 H, JHsH 12.2 Hz, PhCN,), 5.30 (s, 1 H, 
PhCH), 5.41-5.65 (m, 3 H; H-l, mannose residue; H-3, H-4, hexenopyranose 
residue), 5.97 (d, 1 H, J1,3 2.0 Hz, H-l, hexenopyranose residue), and 6.84-8.09 
(24 H, aromatic H). 

p-Tr$uoroacetamidopheny~ 3-O-(2,4-di-O-bensoyf-3,6-dideoxy-a-D-ribo-hexo- 

p_vranosyI)-a-D-mannopyranoside (7) and p-triprloroacetamidophenyl 3-0-(2,4-di-O- 

ber~zoyi-3,6-dideoxy-a-D-arabino-hexopyra~~osyl)-a-~-mannopyrar~oside (8). - A solu- 

tion of 6 (2.2 g) in ethanol (100 ml) and tetrahydrofuran (10 ml) was hydrogenated 

over 10% palladium-on-charcoal (1.5 g). When no more hydrogen was consumed 
(36 h), the mixture was filtered and concentrated to a syrup that gave two spots in 
t.1.c. (chloroform-methanol, 9:l). Fractionation on a column of silica gel gave 7 

(1.05 g) and 8 (0.33 g). Disaccharide 7 had R, 0.43 (t.l.c., same solvent), [a]578 + 118” 
(c 1. I, chloroform). N.m.r. data (CD,OD): 6 1.26 (d, 3 H, J, ,6 6.0 Hz, H-6, paratose 
residue), 2.15-2.61 (m, 2 H, H-3, paratose residue), and 7.07-8.15 (14 H, aromatic H). 

Disaccharide 8 had R, 0.35 (same solvent), [ulsi8 f86” (c 1.1, chloroform). N.m.r. 
data (CD,OD): 6 1.31 (d, 3 H, J5,6 5.9 Hz, H-6, tyvelose residue), 2.20-2.42 (m, 
2 H, H-3, tyvelose residue), 7.10-8.17 (14 H, aromatic H). 

Anal. Calc. for &H,,F,NO 1 z : C, 57.9; H, 4.9; F, 8.1; N, 2.0. Found for 7: 
C, 57.8; H, 4.8; F, 7.9; N, 2.0. Found for S: C, 57.7; H, 4.8; F, 8.2; N, 2.1. 

p- Tri~~loroacetamidoplieny!3-0-(3,6-dideoxy-a-D-~bo-lzexopyranosyi)-a-D - 

mannopyra;2oside (9). - A solution of 7 (100 mg) in methanol (25 ml) containing a 
catalytic amount of sodium was kept at room temperature for 12 h, neutralized with 
Dowex 50 (H+) resin, filtered, and concentrated. The residue was purified by pre- 
parative t.1.c. (ethyl acetate-methanol-water, 85:10:5) to yield 9 (60 mg), RF 0.50 

(t.l.c., same solvent), [a]578 + 150” (c 1.0, water)_ N.m.r. data (CD,OD): 6 1.22 (d, 

3 HY J5.6 6.3 Hz, H-6, paratose residue), 5.04 (d, 1 H, J, ,t 3.4 Hz, H-l, paratose 

residue), 5.47 (d, 1 H, Jls7 1.5 Hz, H-l, mannose residue), 7.13 and 7.53 (2 d, each 
2 H, JH,H 8.8 Hz, p-CF,CONHC,H,O). 

p-TriJsuoroacetamidophenyl 3-0-(3,6-dideoxy-a-D-arabino-hexopyranosy&a-D- 

mannopyranoside (10). - Compound 8 (95 mg) in methanol was debenzoylated, 
worked-up, and purified, as described for 7, to give 10 (54 mg), R, 0.41 (t.1.c.; ethyl 
acetate-methanol-water, 85: 10:5), [u] s7s + 145” (c 1.1, water). N.m.r. data (CD,OD): 
ii 1.26 (d, 3 H, J5,6 5.9 Hz, H-6, tyvelose residue), 4.92 (d, 1 H, J, ,Z I .5 Hz, tyvelose 
residue), 5.47 (d, 1 H, J, ,z 2.0 Hz, H-l, mannose residue), 7.13 and 7.53 (2 d, each 

2 H, JU.H 9.3 Hz, p-CF,CONHC,H,O). 
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Hydrolysis of 9 and 10 with 0.25&r sulfuric acid for 12 h at loo”, followed by 
reduction with sodium borohydride and treatment with acetic anhydride in pyridine, 

gave paratitol tetra-acetate and mannitol hexa-acetate from 9, and tyvelitol tetra- 

acetate and mannitol hexa-acetate from 10, indistinguishabIe from authentic samples 
in g.l.c.-m.s. ’ l. “. Methylation’ 3 of 9 and 10, followed by hydrolysis, reduction, and 
acetylation as described above, gave O-methylalditol acetates that were indistinguish- 

able by g.l.c.-m.s. l4 from authentic 1,5-di-0-acetyl-3,6-dideoxy-2,4-di-O-methyl-~- 
ribo-hexitol and 1,3,5-tri-0-acetyl-2,4,6-tri-U-methyl-D-mannitol from 9, and 1,5-di- 

O-acetyl-3,6-dideoxy-2,~di-O-methyl-D-arabino-hexitol and 1,3,5-tri-0-acetyl-2,4,6- 
tri-U-methyl-D-mannitol from 10. 

p-Nitrophenyl 2-O-benzyl-4,6-O-benzylidene-3-0-(2,4-di-~-acety~-3,6-dideoxy-a- 

D-erythro-lrex--2-en~~~~~~~~~~~)-cc-D-~~~~~~~~~~~z~~~~e @a). - A solution of 3a’ r 
(2.5 g, prepared” from 2a) and 4 (4.5 g) in benzene (90 ml) was treated as described 
for 3 and 4. After work-up and puritication on silica gel (toluene+thyl acetate, &I), 
5a (3.7 g) was obtained; R, 0.56 (t.l.c., same solvent), [& -,a + 103” (c 1.1, chloro- 

form). N.m.r. data (CDCI,): S 1.22 (d, 3 H, JSS6 6.0 Hz, H-6, hexenopyranose 
residue), 1.63 (s, 3 H, OAc), 2.10 (s, 3 H, OAc), 4.77 and 4.89 (AB spectrum, 2 H, 
J 11.5 Hz, PhCN,), 5.19 (m, 1 H, H-4, hexenopyranose resi&Je), 5.36 (d, 1 H, 
JyrO.5 Hz, H-l, hexenopyranose residue), 5.57 (dt s, 2 H, H-l, mannose residue and 

PhCK), 5.64 (d, 1 H, J 3,4 2.0 Hz, H-3, hexenopyranose residue), 7.10 and 8.18 (2 d, 
each 2 H, JH,H 9.2 Hz, p-N0&H40), and 7.24-7.56 (m, 10 H, aromatic H). 

p-Tr:$uoroacetamido 2-0-benzyl-#,6-0-benzylidene-3-0-(2,4-di-O-acetyI-3,6-di- 

deoxy-cr-D-erythro-hex-2-enopyranosyl)-c (6a). - Compound 5a 

(3.0 g) was hydrogenated over Adams’ catalyst_ N-Trifluoroacetylation of the product 
and work-up as described for 5, followed by puriftcation on silica gel (toluene-ethyl 
acetate, 4:1), yielded 6a (2.6 g), RF 0.52 (t.1.c. same solvent), [oL]~~~ + 103” (c 1.0, 
chloroform)_ N.m.r. data (CDCI,): 6 1.21 (d, 3 H, J5,6 6.3 Hz, H-6, hexenopyranose 

residue), 1.64 (s, 3 H, OAc), 2.10 (s, 3 H, OAc), 4.78 and 4.88 (AB spectrum, 2 H, 
J 12.0 Hz, PhCH,). 5.21 (m, I H, H-4, hexenopyranose residue), 5.37 (s, 1 H, 
Hy: hexenopyranose residue), 5.51 (d, 1 H, J , v2 1.5 Hz, H-l, mannose residue), 
5.58 (s, 1 H, PhCH), 5.66 (d, 1 H, J3,4 2.0 Hz, H-3, hexenopyranose residue), 7.05 
and 7.49 (2 d, each 2 H, J,,, 9.0 Hz, p-CF,CONHC,H,O), 7.12-7.54 (m, 10 H, 

aromatic H). 

Anal. Calc. for C,,H,,F,NOr2: C, 60.2; H, 5.1; F, 7.5; N, 1.9. Found: 
C, 60.3; H, 5.1; F, 7.4; N, 1.8. 

p-Trt~Goroacetamidophenyl 3-O-(2,4-di-O-acetyl-3,6-dideoxy-a-D-ribo-hexo- 

pyranosyl)-ci-D-mannopyrc?noside (7a) and p-t@uoroacetamidophenyI 3-0-(2,4-di-O- 

acet~~~-3,6-dideoxy-cr-D-arabinc-hexopyranosy~)-u-D-mannopyranoside @a). - A solu- 
tion of 6a (2.0 g) in ethanol (100 ml) was hydrogenated over 10% palladium-on- 
charcoal (2.0 g) and worked-up as described for 6. Purification on silica gel (chloro- 
form-methanol, 7.5:1) gave a mixture of 7a and 8a (0.8 g, not separated by t.l.c.), 

RF 0.20 (t.l.c., same solvent), [o(]s7s + 148" (c 0.5, chloroform). N.m.r. data (CDsOD): 
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6 1.16 and 1.19 (two overlapping d, J5,6 5.9 and 6.3 Hz, H-6 from dideoxy sugars), 
7.16 and 7.56 (2 d, each 2 H, .iH,H 9.0 Hz, p-CF,CONH&H,O). 

p- Tr$uoroacetamidophenyI 3-O-(3,6-dideoxy-a-D-ribo-hexopyranosyZ)-a-D- 
mannopyranoside (9) and p-trzjluoroacetamidophenyl EO-(3,6-dideoxy-a-warabino- 

hexopyranosyl)-a-D-mannopyranoside (10). - A solution of 7a and 8a (680 mg) in 

methanol (40 ml) contaiuing a catalytic amount of sodium was kept at room temper- 

ature for 12 h. Work-up as described for 9 gave a mixture of 9 and 10. Separation on a 
column of silica gel (ethyl acetate-methanol-water, 85: 10:5) gave pure 9 (150 mg) and 

pure 10 (240 mg). 
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