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ABSTRACT 

Reaction of methyl 2-benzamido-3,6-di-O-benzoyl-2-deoxy-4-O-mesyl-c+D- 
glucopyranoside (1) with azide afforded the 4-azidogalactopyranoside 2 which was 
converted into methyl 2,4-dibenzamido-2,4-dideoxy-cz-D-galactopyranoside (4) by 
sequential hydrogenation and de-0-benzoylation, during which O+N benzoyl 
migration occurred. The &co analogue 10 was similarly prepared from methyl 
2-benzamido-3,6-di-O-benzoyl-2-deoxy4O-mesyl-a-D-galactopyranoside (7), which 
was synthesised from methyl 2-benzamido-2-deoxy-a-D-galactopyranoside by selective 
dimolar benzoylation followed by mesylation of the resulting 3JXibenzoate. 

INTRODUCTION 

The isolation of diamino sugars from natural sources’ has stimulated interest 
in their synthesis. Two 2,4-diaminohexose derivatives have been isolated from natural 
products. A 4-acetamido-2-amino-2,4,6-trideoxy-hexose occurs in a polysaccharide of 
Bacilhs Iicheniformis2, and has been tentatively designated3 as the L-dtro isomer. 
2,4-Diamino-2,3,4,6-tetradeoxy-D-arabinoose (kasugamine) was later reported4 
as a component of the antibiotic Kasugamycin. Two syntheses of kasugamine have 
been described, one involving azide displacement of sulphonic esters at both the 
2- and 4-positions of a hexopyranosides, and the other6 employing non-carbohydrate 
starting material. 2,4-Diamino-2&dideoxy-D-glucose has also been prepared via 
ammonolysis of 1,6-anhydro-2,4-di-0-tosyl-P-D-glucopyranose, a reaction which 
proceeds by way of the 3,4- and 2,3-epoxides7. 

In this connection, we report our studies of the synthesis of 2,4-diamino deriv- 
atives of gluco- and galacto-pyranosides from derivatives of 2-amino-2-deoxy-D- 
glucose and -D-galactose via 4-sulphonates. 

RESULTS AND DISCUSSION 

Methyl 2-benzamido-3,6-di-O-benzoyl-2-deoxy-PO-mesyEa-D-glucopyranoside 
(1) is readily prepared by selective dimolar benzoylation of methyl 2-benzamido-2- 
deoxy-a-D-glucopyranoside followed by mesylation 8. Sulphonate 1 undergoes bimole- 
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cular displacement in N,ZV-dimethylformamide to give the 
2-benzamidogalactopyranoside 8, thereby providing a convenient synthesis of 

An analogous displacement on 1 with sodium azide in 
hexamethylphosphoric triamide has now afforded the corresponding Qazidogalacto- 
pyranoside 2 in 78% yield. Conversion into the 

HN82 

CH,OR’ 

RQoMe RIOIoue 

HNBz HNBz 

. 
1 2 R=Y,R=Bz 6 R = R’= H 9 R= 

6R= Bz,R’=H 
N,.R’= 82 

3R=N-,,R’=H 1OR = NHEE.R’=H 
4 R = NHlX,R’= H 7R= B2,R*=Ms 

8 R = R’= B2 

was effected by hydrogenation with palladium-on-charcoal followed by de-O- 
benzoylation with sodium methoxide. Migration of an 0-benzoyl group to the 
Pamino substituent occurred during the procedure. 

The analogous preparation of the 2,4-dibenzamidoglucopyranoside 10 required 
methyl 2-benzamido-3,6-di-O-benzoyl-Zdeoxy4O-mesyl-cc-D-galacto~yranoside (7) 
as starting material. The axial Phydroxyl group in galactopyranosides is the least 
reactive hydroxyl group towards acylating agentsg, and hence dimolar benzoylation 
of methyl 2-benzamido-2-deoxy-a-D-galactopyranoside8 (5) afforded the highly 
crystalline 3,6-dibenzoate in 64% yield, with a little of the tribenzoate 8 and some 
unchanged starting material. 

The 3,Gdibenzoate 6 was converted in good yield into the 4-methanesulphonate 
7, which underwent displacement of the mesyloxy group with sodium azide in hexa- 
methylphosphoric triamide to give the syrupy 4-azide 9 in 45% yield. Catalytic 
reduction of the 4-azidoglucoside 9, followed by de-0-benzoylation with sodium 
methoxide, afforded crystalline methyl 2,4-dibenzamido-2,4-dideoxy-a-D-glucopyran- 
oside (10) in 62% yield. 

The ‘H n.m.r. spectral data summarised in Table I are in complete accord 
with the structures and configurations assigned’*l’. 

EXPERIMENTAL 

For general procedures, see Ref. 8. 
Methyl 4-azido-2-benzamido-3,6-di-O-benzoyI-2,4-dideoxy-~-D-ga~actopy~anos~de 

(2). - A stirred solution of methyl 2-benzamido-3,6-di-O-benzoyl-2-deoxy4O-mesyl- 
a-D-glucopyranoside’ (1) (10 g) in hexamethylphosphoric triamide (50 ml) was heated 
with sodium azide (10 g) at 90” (bath) for 24 h. The reaction mixture was then cooled 
qnd poured into water, and the resulting crystalline precipitate was filtered off and 
recrystallised from propan-2-01 to give the 4-azide 2 (7.1 g; 78%), m.p. 171-172”, 
IaID -20" (c 0.8, chloroform) (Found: C, 63.3; H, 4.85; N, 10.0. C,,H,,N,O, cdc.: 

C, 63.4; H, 4.9; N, 9.95%). 
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TABLE I 

FIRS-ORDER ‘H N.M.R. PARAMETERS' AT lOOMHz(r VALUES) IN DEUTERIOCHLOROFORM (AROMATIC 

HYDROGENATOMSEXCLUDED) 

Compound 2 6 7 9 

H-l 
H-2 
H-3 
H-4 
H-5 
H-6,6 
OMe 
N-H 
MeSO 
OH 
J 1.2 
J 2.3 
J 3.4 
J4.5 
J 5.6 
J 5.6 
J 2,HH 

5.08d 

4.950ct 
4.3oq 
5.75 om 
5.71 om 
5.45cm 
6.59s 
3.56d 
- 
- 
3.0 

10.5 
3.4 

- 
9.0 

5.04d 
4.87oct 
4.49 q 
5.65 om 
5.65 om 
5.36cm 
6.56s 
3.49d 
- 
6.70d 
3.5 

10.8 
2.7 
- 

c - 
- 
9.0 

5.01 d 
4.97cm 
4.4oq 
4.56(br)d 
5.2-5.6cm 
5.2-5.6cm 
6.56s 
4.45d 
6.88s 
- 
3.5 

10.8 
2.8 

>l 

- 
9.0 

5.08 d 
- 
4.35t 
- 
- 
6.05cm 
6.58s 
3.45d 
- 
- 
3.5 

-10 
-10 

- 
- 
- 
9.0 

“s, singlet; d, doublet; t, triplet or a quartet in which the two middle limbs are almost superimposed; 
q, quartet; act, octet; cm, complex octet; om, overlapped multiplet. 

Compound 2 was de-0-benzoylated in the usual way to give methyl 4-azido- 
2-benzamido-2,4-dideoxy-a-D-galactopyranoside (3), m-p. 188-190” (from ethanol- 
ether), [a]h +47” (c 1.2, methanol) (Found: C, 52.2; H, 5.5; N, 17.2. C,,H,,N,O, 
talc.: C, 52.3; H, 5.6; N, 17.4%). 

MethyZ 2,4-dibenzamido-2,4-dideoxy-cr-D-gaZacfopyranoside (4)_ - The 4-azido- 
dibenzoate 2 (1.3 g) in methanol (50 ml) was hydrogenated at ca. 2 atmos. for 20 h, 
using 10% palladium-on-charcoal (0.1 g). After the removal of the catalyst by filtra- 
tion through Hyilo-supercell, the filtrate was treated with 0.5hi methanolic sodium 
methoxide (1 ml) and stood at room temperature for 1 h. The solution was then taken 
to dryness, and the residual thin syrup was boiled several times with light petroleum 
(to remove methyl benzoate), whereupon crystallisation occurred. Recrystallisation 
from ethanol gave 4 (0.59 g; 60%), m.p. 258-261”, [a]n f85” (c 1.2, methanol) 
(Found: C, 63.1; H, 5.8; N, 7.2 CZ1HZ4NZOs talc.: C, 63.0; H, 6.0; N, 7.0%). 

Selective dimolar benzoylation bf methyl 2-benzamido-2-deoxy-a-sgalacto- 

pyranoside (5). - Benzoyl chloride (2.68 ml, 2 molar equivalents) was added dropwise 
over a period of 30 min. to a stirred solution of 5’ (3.3 g) in anhydrous pyridine 
(33 ml) at -40”. After this temperature had been maintained for a further 2 h, the 
mixture was stood at room temperature for a further 20 h and then poured into a 
large volume of ice-water. The crystaIs were collected and recrystallised twice from 
ethanol-light petroleum to give the 3,6_dibenzoate 6 (3.6 g; 64%), m.p. 202-205’, 
[aID + 118” (c I. I, chIoroform) (Found: C, 66.4; H, 5.1; N, 2.8. C2sHZ7NOs talc.: 
C, 66.5; H, 5.35; N, 2.75%). 
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The mother liquors from the recrystallisations were fractionated on a column 
of silica gel, using ether-light petroleum (2:l v/v), to ‘give the 3,4,6_tribenzoate 8 
(0.18 g; 2.7%), m-p. 14&14S’, [& +142” (c 1.3, chloroform), identical with an 
authentic specimen’ ; and a further 0.1 g (1.8%) of the dibenzoate 6. 

MethyZ 2-benzamido-3,6-di-O-benzoyZ-2-deoxy-4-O-mesyZ-~-D-gaZactopyranoside 

(7). - The 3,6-dibenzoate 6 was mesylated in the usual way, and the product was 
isolated from the reaction mixture by precipitation with water. It had m-p. 182-183” 
(from propan-2-01) and [a]n + 86” (c 1 :l, chloroform) (Found: C, 59.3; H, 5.0; N, 2.5; 
S, 5.7. Ct9H2sN01,,S talc.: C, 59.7; H, 5.0; N, 2.4; S, 5.5%). 

MethyZ 4-azido-2-benzamido-3,6-di-O-benzoyZ-2,4-dideoxy-~-D-gZl~copyra?~oside 
(9). - A stirred solution of the Cmethanesulphonate 7 (1.3 g) in hexamethylphosphoric 
triamide (8 ml) was heated at 70” (bath) with sodium azide (1.3 g) for 40 h. The reaction 
mixture was then poured into water, and the resulting precipitate was collected and 
purified by chromatography on silica gel (150 g) with ether-&&t petroleum (2:l v/v). 
The 4-azide 9 was isolated as a syrup (0.64 g; 54%), [a]n + 157” (c 1, chloroform) 
(Found: C, 63.2; H, 4.9; N, 10.4. C28H26N40, talc.: C, 63.4; H, 4.9; N, 10.1%). 

Methyl 2,4-dibenzamido-2,4-dideoxy-cr-D-ylucopyranoside (10). - The 4-azido 
derivative 9 (0.3 g) was hydrogenated in methanol (50 ml) at 2 atmos. with 10% 
palladium-on-charcoal catalyst for 20 h. After the removal of the catalyst, the 
filtrate was treated with 0.5~ methanolic sodium methoxide (1 ml), and, after 1 h, 
concentrated to dryness. The resulting thin syrup was boiled several times with light 
petroleum which caused crystallisation. The dibenzamido derivative 10 (from ethanol- 
di-isopropyl ether) (0.14g; 62%) had m-p. 140-143“, [c& f81“ (c 1, methanol) 
(Found: C, 62.9; H, 5.9; N, 7.1. C21H24N206 talc.: C, 63.0; H, 6.0; N, 7.0%). 
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