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ABSTRACT 

2-Deoxy-%methylamino-D-galactose hydrochloride and three mono-, three di-, 
and one tri-methyl ethers were prepared as standards for identification of products 
formed during methylation-fragmentation studies on certain polysaccharides. The 
isomers are those that can be formed from 2-acetamido-2-deoxy-D-galactopyranose 
residues when the Kuhn methylation technique is used. The standards are best 
distinguished by their mobilities on paper chromatograms and on an amino acid 
analyzer. Differences are noted in the retention times of their trimethylsilyl ethers 
on g.1.c. 

INTRODUCTION 

In a preceding publication, the syntheses and chromatographic properties of 
2-deoxy-2-methylamino-o-glucose hydrochloride and a number of methyl ethers were 
described ‘. The standards can be used to identify products from polysaccharides2 and 
glycoproteins3 containing 2-acetamido-2-deoxy-D-glucopyranose residues, following 
methylation by the Kuhn procedure4 (methyl iodide-N,N-dimethylformamide-silver 
oxide) and subsequent hydrolysis. These studies have now been extended to polysac- 
char-ides containing 2-acetamido-2-deoxy-D-galactopyranose residues, necessitating 
the synthesis of 2-deoxy-2-methylamino-D-galactose hydrochloride and some of its 
methyl ethers. One such polysaccharide of immediate interest to the author is the 
heteropolymer from Aspergillus niduhu, which contains residues of 2-acetamido-2- 
deoxy-D-galactopyranose and D-galactopyranose5. 

The starting material for the synthesis of 2-deoxy-2-methylamino-D-galactose 
hydrochloride and its methyl ethers was benzyl 2-[(benzyloxycarbonyl)amino]-2- 
deoxy-U-D-galactopyranoside (1). 2-Deoxy-6-O-methyl-2-methylamino-cr_D-galactose 
hydrochloride (3) was synthesised by treatment of 1 with acetone-sulfuric acid to 
give the 3,44sopropylidene acetal (2). Methylation by the Kuhn procedure caused 
6-O- and 2-IV-methylation. The product was hydrolyzed with hot, aqueous acetic acid 
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Scheme 1. Reaction scheme for preparation of 2-deoxy-2-methylamino-D-galactose hydrochloride 
and its 6- and 3,4-dimethyl ethers @MF=N,N-dimethylformamide). 

Scheme 2. Reaction scheme for preparation of 3-, 4-, 3,4-di-, 3,6-di-, 4,6-d&, and 3,4,6-tri-methyl 
ethers of 2-deoxy-2-methylamino-o-galactose hydrochloride. 
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to remove the O-isopropylidene group, and the resulting 6-methyl ether was hydrogen- 
olyzed by using palladium on charcoal. The aldose was acidified with hydrochloric 
acid to give the required hydrochloride (3). 

With the exception of the 6-methyl ether (3), all of the other standards were 
prepared by synthetic routes and experimental techniques identical with those used 
in preparation of their counterparts in the 2-deoxy-2-methylamino-D-glucose series’. 
For this reason, the routes and reagents used in synthesis of 2-deoxy-2-methylamino- 
D-galactose hydrochlorideandits 3- andP, 3,6-di-, and 3,4-di-,4,6-di- and 3,4,6-trimethyl 
ethers are presented in Schemes 1 and 2, and not in the following text. Experimental 
details, where pertinent, are presented in the appropriate Section. 

2-Deoxy-2-methylamino-D-galactose and its methyl ethers were subjected to 
proton magnetic resonance (p.m.r.) spectroscopy (Table I), paper chromatography, 
examination by using a Spinco amino acid analyzer, and by g.1.c. of their trimethylsilyl 
ethers (Table II). The distinctive chemical shifts of the OMe groups in the p.m.r. 
spectra can be utilized in characterization studies when milligram quantities of pure, 
unknown material are available. As can be seen from the chromatographic data, a 
combination of paper chromatography and examination with an amino acid analyzer6 

TABLE I 

CHEMICAL SHIFI-S OF SIGNALS IN THE P.M.R. SPECTRA OF 0-METHYLATED 2-DEOXY-2-METHYLAMINO-a& 

D-GALACTOSE HYDROCHLORIDES IN DEUTERIUM OXIDE AT 25” 

O-Methyl deriuarive of 
2-deoxy-2-methylamino-D- 
galacrose hydrochloride 

Chemical 
shift of 
OCH, 
signals, z 

Chemical shifr of NCW;, Chemical shift of H-l 
signals, T signals, z 

cc-Anonter j%Anomer a-Anomer &Anomer 
(minor) JI,Z 4 Hz (minor) 

JLZ 8 Hz 

Unsubstituted 
3- 
4- 
6- 
3,4-Di- 

3,6-Di- 

4,6-Di- 
3,4,6-T& 

6.71 
6.08 6.74 
5.96 6.69 
6.15 6.73 
5.99 6.74 

(6 protons) 
6.09, 6.14 6.75 
6.00, 6.14 6.74 
6.01 6.76 
(6 protons) 
6.15 

(3 protons) 

6.68 3.94 4.53 
6.70 3.93 4.52 
6.66 3.94 4.53 
6.70 3.96 4.56 
6.71 3.96 4.54 

6.72 3.95 4.53 
6.70 3.98 4.58 
7.73 3.98 4.56 

can be used to characterize an unknown mixture of these ethers when amounts of 
the order of 1 milligram are available. On the other hand, difficulty could be experi- 
enced when only microgram amounts are available, since the retention times of the 
trimethylsilyl ethers’-’ of the 2-de’oxy-2-methylamino-D-galactoses by g.1.c. are not 
well differentiated. 
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TABLE II 

CHROMATOGRAPHIC CHARACTERISTlCS OF 0-METHYLATED 2-DEOXY-2-hfETHYLAMINO-CC&D-GALACT- 

OSES AND THEIR TRIMETHYLSLYL ETHERS 

O-Methyl derivative of Rates of migration Retention rimes on Retention times of t.m.s. 
2-deoxy-2-methylamino-D- relative to rhamnose amino acid derivatives on g. I.e. 
gabctose on a paper chro- analyzer, relarive (min) 

gram* to phenygylafanine 
(min) Major peak Minor peak 

(a-anomer) (/Lanomer) 

Unsubstituted 
3- 
4- 

6- 
3,4-Di- 
3,6-Di- 

4,6-Di- 

3,4,6-T& 

0.44 +17 
0.54 -27 
0.65 --15 
0.65 f22 
0.76 -12 
0.77 -31 
0.85 +I6 
1.04 -4 

9.2 (67%) 

z:: (78%) 
8.5 (89%) 

!2.4 (76%) 
8.7 
7.7 (75%) 

10.2 (76%) 

12.9 23%) 
11.6 
14.5 (22%) 
11.5 (11%) 

15.8 (24%) 
10.2 
12.2 (25%) 

12.8 (24%) 

*Solvent: (40:11:2:19 v/v/v/v); butyl alcohol-ethanol-pyridine-water, spray: 0.2% ninhydrin in 
acetone. 

EXPERlhlENTAL 

General. - Conditions used for thin layer chromatography, paper chromato- 
graphy, p.m.r. spectroscopy, g.l.c., and operation of the Spinco amino acid analyzer 
are those described by Gorin and Finlayson ‘. 

2-Deoxy-2-methylamino-a$-D-galactose hydrochloride (6). - Benzyl 2-[(benzyl- 
oxycarbonyl)amino]-2-deoxy-cc-D-galactopyranoside (1) was prepared by the method 
of Heyns and Beck ’ Q with a minor modification. In isolation of the product following 
introduction of the benzyl ether group into 2-[(benzyloxycarbonyI)amino]-2-deoxy-a- 
D-galactose, by benzyl alcohol-hydrogen chloride, the solution was neutralized by 
shaking with aqueous sodium hydrogen carbonate. Ethyl acetate was added, the 
mixture was shaken, and the ethyl acetate layer was evaporated to dryness. Compound 
1 crystallized from ethyl acetate-n-hexane; m-p. 185-187”, [c&’ + 155” (c 0.3 pyridine). 
Heyns and Beck” reported m-p. 203”, [&,’ + 170” (pyridine). 

Compound 1 (1.00 g) was dissolved in pyridine (4 ml) containing acetic anhy- 
dride (4 ml). After 2 h the solution was added to excess ice-water. After 3 h the 
product was extracted with chloroform and the extract was evaporated to a syrup. 
The resulting triacetate (4) was N-methylated by dissolving it in N,N-dimethylform- 
amide (5 ml) containing methyl iodide (5 ml) and silver oxide (1.5 g), and the mixture 
was shaken overnight. It was then diluted with chloroform, filtered, and the filtrate 
evaporated to a syrup. Following deacetylation for 1 h with 0.1~ sodium methotide 
in methanol (15 ml) the solution was neutralized with acetic acid, and a mixture of 
excess ethyl acetate and water was added. After shaking, the ethyl acetate layer was 
evaporated and the residue was chromatographed on a column of silicic acid (eluant: 
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chloroform-methanol, 2O:l v/v). Benzyl 2-[(benzyloxycarbonyl)methylamino]-2- 
deoxy-a-D-galactopyranoside (5, 0.74 g) was eluted and crystallized from ethanol; 
m.p. 133-134”, [a]g -I- 165” (c 0.2 acetone), p.m.r. data (chloroform-d): r 6.99 @IMe). 

Anal. Calc. forC,,H,,NO,: C, 63.30; H, 6.52; N, 3.36. Found: C, 63.00; H,6.50; 
N, 3.51. 

Compound 5 (0.30 g) in acetic acid (10 ml) was hydrogenolyzed overnight, 
following two successive additions of 5% palladium-on-charcoal (0.10 g each). The 
mixture was filtered and the filtrate evaporated under diminished pressure to a syrup 
(water bath at 400), which was dissolved in water containing an excess of hydrochloric 
acid. The solution was evaporated and the residue was chromatographed on a column 
of cellulose (eluant: acetone-water, 7: 1 v/v). 2-Deoxy-2-methylamino-a$-D-galactose 
hydrochloride (0.13 g, 6) was isolated having [a]‘6 + 81’ (c 0.2, water). 

Anal. Calc. for C7H1&1N05: N, 6.18. Found: N, 5.80. 
.&Deoxy-6-0-methy~-2-met~zy~amino-a-D-ga~actose /zydroc/zloride (3)_ - Benzyl 

2-[(benzyloxycarbonyl)amino]-2-deoxy-a-D-g~actopyranoside (1,0.50 g) was dissolved 
in acetone (20 ml) containing cont. sulfuric acid (3 drops). After 1 h the solution was 
added to aqueous sodium hydrogen carbonate, which was subsequently extracted 
with chloroform. The extract was evaporated to yield the 3,4_isopropylidene acetal 
(2), which was recrystallized from ether-n-hexane, yield 0.38 g, m.p. 70-72”, [a]“6 
+ 141” (c 0.2, ethanol). 

Anal. Calc. for Cz,H2,N0,: N, 3.16. Found: N, 3.24. 
Compound 2 (0.30 g) was shaken for 3 days in N,N-dimethylformamide 

(6 ml) containing methyl iodide (6 ml) and silver oxide (6 g). After dilution with 
chloroform, the solution was filtered and evaporated to give benzyl 2-[(benzyfoxy- 
carbonyl)methylamino]-2-deoxy-3,4-O-isopropylidene-6-O-methyl-a-D-galactopyra- 
noside (0.33 g), [a]k5 + 121” (c 0.2 acetone); p.m.r. data (chloroform-d): r 6.56 (OMe) 
6.96 (NMe). The B-methyl ether was hydrogenolyzed in acetic acid with palladium 
on charcoal as catalyst, and the product was .treated with hydrochloric acid to give 
2-deoxy-6-0-methyl-2-methylamino-D-galactose hydrochloride. The product crystal- 
Iized from ethanol-ether acetate as the a anomer (3, 0.12 g) having m.p. 175-176” 
and [a]:’ + 119” + +99” (c 0.2, equil., water). 

Anal. Calc. for C,H,,ClNO,: N, 5.75. Found: N, 5.54. 
2-Deoxy-3-O-methy~-2-methylamino-a,~-~-ga~actose Izydrochloride (9). - Benzyl 

2-[~benzyloxycarbonyl)amino]-2-deoxy-a-D-galactopyranoside (1, 8.0 g) was shaken 
overnight in benzaldehyde (40 ml) containing zinc chloride (0.80 g). A solution of 
sodium hydrogen sulfite (80 g) in water (1 liter) was added and shaicing was continued 
until the solids disintegrated into finely divided particles. These were filtered off, 
washed with aqueous sodium hydrogen carbonate, and then water. Crystallization 
from ethanol containing a little pyridine gave the 4,6_benzylidene acetal 11 (7.1 g); 
m-p. 195~196”, [a]$’ + 138” (c 0.4, acetone). 

Anal. Calc. for CZ8Hz9N07: N, 2.96. Found: N, 2.85. 
Methylation of 11 (0.50 g) by the Kuhn procedure gave benzyl 4,6-O-benzyl- 

idene-2-[(benzyloxycarbonyl)methylamino]-2-deoxy-3-O-methyl-a-D-galactopyranos- 
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described in the D-glucopyranoside series’. The 4-benzyl (13, 0.57 g) and 6-benzyl 
(12, 0.22 g) ethers of benzyl 2-[(benzyloxycarbonyl)amino]-2-deoxy-a-D-galacto- 
pyranoside were eluted consecutively from a column of silicic acid. 

The 4-benzyl ether (13) was crystallized from ethanoi, m.p. 171-172”, [cx]$~ 
+ 119’ (c 0.2 acetone)_ 

Anal. Calc. for CJOH3rNOs: N, 2.63. Found: N, 2.92. 
Methylation of 13 (0.40 g) by the Kuhn procedure gave benzyl 4-U-benzyl-2- 

[(benzyloxycarbonyl)methylamino] -2- deoxy-3,6 -di- O-methyl-cc-D-galactopyranoside 
(0.43 g); [XI;’ + 113” (c 0.3, acetone); p.m.r. data (chloroform-ri): ‘c 6.61,6.68 (2 OMe 
groups), 7.02, 7.05 (minor) (1 NMe). Hydrogenolysis over palladium on charcoal, 
followed by acidification with hydrochloric acid, gave a product that was fractionated 
on a column of cellulose (eluant: acetone-water; 9:l v/v). 2-Deoxy-3,6-di-O-methyl- 
2-methylamino-cw,p-D-galactose hydrochloride (15, 0.13 g) was isolated, having 
[~]g + 116” (c 0.3, water). 

Anal. Calc. for CgH,,CINOS: N, 5.44. Found: N, 5.67. 
The 6-benzyl ether (12) was crystallised from ethanol, m.p. 159-160”, [c]h5 

f 109” (c 0.2, acetone). 
Anal. Calc. for C,cH,,NOs: N, 2.63. Found: N, 2.92. 
Compound 12 (0. I5 g) was methylated according to Kuhn et aL4 to give benzyl 

6-O-benzyl-2-[(benzyloxycarbonyl)methylamino]-2-deoxy-3,4-di-O-methyl-cr-~-galac- 
topyranoside (0.17 g); [cx]~ + 103” (c 0.2, acetone), p.m.r. data (chloroform-d): 
r 6.46, 6.58 (2 OMe groups), 7.03, 7.07 (minor) (1 NMe). Hydrogenolysis over palla- 
dium on charcoal, followed by acidification with hydrochloric acid, gave material 
that was fractionated on a column of celhtlose (eluant: acetone-water, 9:l v/v). The 
resulting 2-deoxy-3,4-di-O-methyl-Zmethylamino-a,~-D-galactose hydrochloride (7, 
65 mg) had a p.m.r. spectrum identical with that of compound 7, which was synthesized 
lunambiguously as follows. 

Benzyl 2-[(benzyloxycarbonyl)methylamino]-~-D-galactopyranoside (5, 0.30 g) 
was converted into its 6-trityl ether (8,0.32 g), which was methylated and the product 
[p.m.r. data in dimethyl sulfoxide-d,: r 6.32, 6.40 (2 OMe groups), 6.76 (NMe)] was 
hydrolyzed with hot, aqueous acetic acid to remove the trityl ether group. Following 
chromatography, the resulting 3&dimethyl ether (0.18 g) was hydrogenolyzed, and 
acidification with hydrochloric acid gave crude 2-deoxy-3,4-di-O-methyl-2-methyl- 
amino-a&D-galactose hydrochloride (7) The experimental conditions used were 
identical with those described for the conversion of benzyl 2-[(benzyloxycarbonyl)- 
methylamino]-2-deoxy-8-D-glucopyranoside into 2-deoxy-3,4-di-U-methyl-2-methyl- 
amino-D-glucose hydrochloride’. Compound 7 was purified by chromatography on 
a column of cellulose (eluant: acetone-water, 9:l v/v)_ The amorphous product 
(86 mg) had [c&’ + 121’ (c 0.4, water). 

Anal. Calc. for C,H,,ClNO,: N, 5.44. Found: N, 5.39. 
2-Deoxy-4-O-methyl-2-~nethyIamino-u,~-~-galactose hydrochloride (18). - Benz- 

yl 3-U-benzyl-2-[(benzyloxycarbonyl)methyla~no]-~-~-g~actop~anoside (14, 1.1 g) 
was tritylated giving the 6-trityl ether (17,0.31 g); [cz]“, -1-61~ (c 0.4, acetone). Methyl- 
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ation by the Kuhn procedure gave the 4-methyl ether (0.32 g); p.m.r. data (chloro- 
form-d): ‘c 6.62 (OMe), 7.04,7.12 (1 NMe). The product was detritylated and, follow- 
ing chromatography, benzyl 3-0-benzyl-2-[(benzyloxycarbonyl)methylamino]-2- 
deoxy4O-methyl-a-o-galactopyranoside (0.20 g) was isolated (the experimental 
conditions for the above syntheses were identical with those given for analogous 
syntheses in reference 1). Hydrogenolysis over palladium on charcoal, followed by 
acidification with hydrochloric acid, gave material that was purified by chromato- 
graphy on a column of cellulose (eluant: acetone-water, 7:l v/v). The resulting 2-deoxy- 
4- O-methyl-2-methylamino-c+o-galactose hydrochloride (18, 71 mg) had [a]26 
f97O (c 0.3, water). 

Anal. Cab for C,H,,ClNO,: N, 5.75. Found: N, 5.59. 
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