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ABSTRACT 

The methyl ethers of 2-amino-2-deoxy-D-marmose are reference compounds in 
studies, by the methylation procedure, of the chemical structure of polysaccharides 
containing 2-amino-%deoxy-D-mannose and 2-amino-2-deoxy-D-mannuronic acid 
residues. Methylation of methyl 2-acetamido-2-deoxy-cr-D_mannopyranoside (1) 
gave the 3,4,6-trimethyl ether. Methylation of the Btrityl ether of 1, followed by 
detritylation, gave the 3&dimethyl ether of 1. Methylation of the 4,6-0-benqlidene 
derivative (6) of 1, followed by removal of the benzylidene group, gave the 3-methyl 
ether of 1. Benzoylation of 6, followed by removal of the benzylidene group and 
monobenzoylation, gave the 3,Bdibenzoate of 1, which was methylated, and the 
product saponified, to give the 4-methyl ether of 1; the latter compound was also 
obtained by a similar route via the 3-0-acetyl-6-0-benzoyl derivative. 

INTRODUCTION 

The poljrsaccharide linked to the peptidoglycan of the cell wall of Micrococcus 
Zysodeikticrrs contains residues of both D-glucose and 2-amino-2-deoxy-D-mannuronic 
acid’. The chemical structure of this polysaccharide was established by the methyla- 
tion procedure, the polysaccharide being methylated, the ether reduced, and the 
product methanolyzed 2. In order to identify the resulting fragments, the 3-methyl, 
Ltmethyl, and 3,4-dimethyl ethers of methyl 2-acetamido-2-deoxy-a-D-mannopy- 
ranoside were synthesized, because the methanolysis gives a mixture of the anomeric 
forms in which the a-D-pyranoside form preponderates. In addition, the synthesis 
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of the 3,4,6-trimethyl ether is reported. These methyl ethers are also of interest for 
the elucidation of the structure of polysaccharides containing 2-amino-2-deoxy-D- 
mannose residues; such carbohydrates have been isolated from Salmonella groups 
S and T, Escherichia coIi Oal , Arizona 15 (Ref. 3), and from a capsular poly- 
saccharide4 of Pneumococcus Type IV. 

RESULTS AND DISCUSSION 

(a) Methyl 2-acetamido-2-deoxy-cc-D-mannopyranoside (1) was obtained in 
9% yield by glycosidation of 2-acetamido-2-deoxy-D-mannose, followed by separation 
of the a- and 8-D furanosides and pyranosides by means of Dowex-1 resin and pre- 
parative paper-chromatography’ ; this method, the second step of which required 
55 sheets of Whatman No. 1 paper for the preparation of 218 mg of 1, is not practical 
for the preparation of larger amounts of starting material. (b) The separation of 
the glycosides by using only a Dowex-1 column6 probably gave a mixture of the two 
furanosides and two pyranosides. (c) Preparation of the 3,4,6-tri-0-acetyl derivative 
of 1 via the 2-methyl-4,5-(3,4,6-tri-O-acetyl-2-deoxy-~-mannopyrano)-2-oxazoline 
gave a very low yield’. (d) Application of the improved synthesis of the oxazoline 
according to Khorlin et al.’ did not, in our hands, give the high yields (82 %) reported. 
(e) However, removal of the benzylidene group of methyl 2-acetamido-4,6-O- 
benzylidene-2-deoxy-a-D-mannopyranoside (6), which had been obtained from methyl 
4,6-0-benzylidene-a-D-glucopyranoside by the methods of Foster et aZ.‘, Buss et 
al. Ia, and Sinay et al. 11, gave 1 in syrupy form and 89% yield. This compound 
showed an optical rotation identical with that of the compound previously described’. 

In order to avoid N-methylation, the classical method of Purdie and Irvine” 
was applied to 1, and the crystalline 3,4,6-trimethyl ether (2) was obtained in 70% 
yield. 

Treatment of 1 with chlorotriphenyImethane gave a crystalline 6-trityl ether 
(3), which was methylated by the Purdie reagents to give the crystalline 3,Pdimethyl 
ether (4); removal of the trityl group gave the crystalline 3&dimethyl ether (5) of 
1 in an overall yield of 65% (calculated on 1). 

Methylation of the benzylidene derivative 6, followed by removal of the 
benzylidene group from the crystalline intermediate 9, gave the amorphous 3-methyl 
ether (10) of 1 in an overall yield of 62%. 

Synthesis of the 4-methyl ether (11) of 1 was achieved via two different routes. 
In the f?rst, the 3-hydroxyl group of the benzylidene derivative 6 was protected with a 
benzoyl group, to give the crystalline monobenzoate 7. Removal of the benzylidene 
group thereof was followed by monobenzoyiation at O-6 of the crystalline inter- 
mediate 12, to give the crystalline 3,6-dibenzoate (14). Methylation of 14 afforded the 
crystalline 4-methyl ether 11 in an overall yield of 27% (based on 6)_ A similar 
sequence of reactions that used an acetyl group at O-3 for protection, and proceeded 
via the known” crystalline 3-O-acetyl-4,6-0-benzylidene (S), amorphous 3-0- 
acetyl (13), crystalline 3-0-acetyl-6-0-benzoyl (15), and syrupy 3-O-acetyl-6-O- 
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benzoyI-4-O-methyl (17) derivatives, gave the 4-methyl ether 11 in an overall yield 
of 25% (based on 6); methylation of 15 was performed in the presence of boron 
trifluoride etherate by the method of Gros et al. 13, which has been shown not to cause 
migration of the U-acetyl groups. The location of the 4-U-methyl group was ascer- 
tained by the preparation of a 6-trityl ether (which was not further characterized). 

EXPERIMENTAL 

General. - Melting points were determined with a Mettler FP-2 apparatus, 
and correspond to “corrected melting points”. Optical rotations were measured, in 
semimicrotubes, with a Per-kin-Elmer Model 141 polarimeter. 1-r. spectra were 
recorded, for potassium bromide discs, with a Perkin-Elmer Model 237 spectrophoto- 
meter. The chIoroform used was analytical-reagent grade, and contained 0.75% of 
ethanol. Column chromatography was performed on Silica Gel Merck (70-325 mesh; 
E. Merck, Darmstadt, Germany}, used without pretreatment. The ratio of weight 
of substance to weight of adsorbent was 1:70 to 1:lOO. The volume of the fractions 
eluted was 4-5 ml per gram of the substance to be chromatographed. TLC. was 
performed on precoated silica gel plates (without fluorescence indicator; layer 
thickness 0.25 mm; E. Merck, Darmstadt, Germany); all compounds showed only 
one spot. The RTMG values refer to the mobilities on plates of silica gel, relative to 
that of methyl 2-acetamido-2-deoxy-3,4,6-tri-O-methyl-cc-D-glucopyranoside. Eva- 
porations were conducted in vacua, with the bath temperature kept below 40”. 
Microanalyses were performed by Dr. W. Manser, Zurich, Switzerland. 

Methyl 2-acetamido-2-deoxy-a-D-mannopyranoside (1). - Compound i 
(80 mg) was heated with 60% acetic acid (3.5 ml) for 1 h on a water bath at 80”. 
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The solution was cooled and evaporated, and a mixture of methanol and toluene 
was repeatedly added to and distilled from the residue. The residue was chromato- 
graphed on silica gel in 7:3 chloroform-ethanol, and elution gave 52 mg (89%) of a 

syrup, kG” +50” (c 0.9, water) (lit.* : [ct];’ +50” (c 1.6, water)], [#’ f47” (c 0.8, 
methanol); i.r. data : vzl 3450 (broad; OH), 1650 (Amide I), and 1548 cm-’ (Amide 
II); t.1.c. in 7:3 chloroform-ethanol: RF 0.4. 

Anal. Calc. for CgH,,NOG: C, 45.95; H, 7.28; N, 5.95. Found: C, 45.83; 
H, 7.26; N, 5.93. 

Methy 2-acetamido-2-deoxy-3,4,6-tri-O-i72erhyl (2)_ - A 
solution of 1 (45 mg) in dry acetone (1 ml) was treated with methyl iodide (3 ml) 
and silver oxide (200 mg). The mixture was boiled under reflux for 12 h. After a new 
addition of silver oxide (100 mg), the mixture was boiled under reflux for 6 h, and 
then cooled to room temperature. Examination of the products by t.1.c. in 9:l chloro- 
form-ethanol showed the total conversion of the starting material. The mixture was 
filtered, the residue was washed repeatedly with warm chloroform, and the combined 
filtrates were evaporated in vacua. The residue was chromatographed on silica gel with 
19:l chloroform-ethanol, to give a product that crystallized from ether in plates 
(37 mg, 70%), m.p. 98-99”, [c&’ +39” (c 0.33, chIoroform); i-r. data : ~2: 3250 (NH), 
1630 (Amide I), and 1550 cm-’ (Amide II); t.1.c. in 19:l chloroform-ethanol :R, 0.5; 
XrAfG 1.0. The product contained one molecule of water per molecule. 

Anal. Cak. for C,,H,,NOB -H,O: C, 48.80; H, 8.53; N, 4.74. Found: C, 49.00; 
H, 8.25; N, 4.88. 

After being melted in vacua and cooled, the compound showed the following 
analytical values. 

Anal. Calc. for C,,H,,NO,: C, 51.97; H, 8.36; N, 5.05; 0, 34.62; OMe, 44.72. 

Found: C, 51.93; H, 8.34; N, 4.89; 0, 34.82; OMe, 44.26. 
Methyl 2-acetamido-2-deoxy-6-O-trity~-a-D-~nan~lopyranoside (3). - A solution 

of 1 (65 mg) in dry pyridine (3 ml) was treated with chlorotriphenylmethane (88 mg) 
for 46 h at room temperature, and then the mixture was poured onto crushed ice. The 
precipitate was dissolved in chloroform (15 ml), and the solution was washed with 
cold water (4 x 4 ml), dried (sodium sulfate), and evaporated; repeated addition and 
distillation of toluene gave a residue that, on examination by t.1.c. in 4:l chloroform- 
ethanol, showed two components, one corresponding to triphenylmethanol. The 
mixture was chromatographed on silica gel, with 9:l chloroform-ethanol, to give a 
compound that crystallized from ethanol-ether as refringent plates (117 mg, 89O/,), 
m-p. 122-123”, [algo -t-6” (c 0.61, methanol); i.r. data :vgi 3460 (OH), 3300 (NH), 
1650 (Amide I), 1560 (Amide II), 1490 (Ar), 1450 (Ar), and 670 cm-’ (Ph); t.1.c. in 
9: 1 chloroform-ethanol: RP 0.5. 

Anal. Calc. for C,,H,,NO,: C, 70.42; H, 6.54; N, 2.93; 0, 20.10. Found: 
C, 70.41; H, 6.60; N, 2.82; 0, 20.36. 

(4> 

Methyl 2-acetamido-2-deoxy-3,4-di-0 -methyZ-6-O -trityZ-cw-D -mannopyraizosfde 
. - A solution of 3 (115 mg) in methyl iodide (3 ml) was boiled under reff ux with 

silver oxide (250 mg) for 12 h, and then for 6 h after a further addition of silver 
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oxide (100 mg). Examination of the mixture by t.1.c. in 19:1 chloroform-ethanol 
showed total conversion of the starting material. After filtration, the solids were 
washed with warm chIoroform, and the combined filtrates were dried (sodium 
sulfate) and evaporated. The residue was chromatographed on silica gel, with 19:l 
chloroform-ethanoi, to give 99 mg (81%) of a compound that crystallized from 
ethanol as plates, m.p. 117-l 19”, [IX]; +7” (c 0.51, methanol); i.r_ data : vzi 3425- 
3430 (NH), 1675 (Amide I), 1515 (Amide II), 1600, 1490, and 1450 cm-’ (Ar); t.1.c. 
in 9:1 chloroform-ethanol: R, 0.6. 

Anal. Calc. for C30H35N06: C, 71.27; H, 6.98; N, 2.77; OMe, 18.41. Found: 
C, 71.17; H, 6.93; N, 2.73; OMe, 18.75. 

Methyl 2-aceta~nido-2-deoxy-3,4-di-O-metJzyZ-~-D-ma~nopyra~oside (3. - A 
solution of 4 (90 mg) in glacial acetic acid (3 ml) was heated on a water bath (SO”); 
then, water (2 ml) was added dropwise, heating was continued for 45 min, the mixture 
was cooled to room temperature, and water (8 ml) was added. The precipitated 
triphenylmethanol was filtered off, and the filtrate was diluted to 100 ml with water, 
and freeze-dried to give a syrup. Chromatography of this syrup on silica gel, with 
19:l chloroform-ethanol, gave 42 mg (90%) of material that crystallized from 
methanol-ether as needles, m-p. 175-176”, [c&O +52” (c 0.44, ethanol); i.r. data : 

vmr 3545 (OH), 3250 (NH), 1635 (Amide I), and 1555 cm-’ (Amide II); t.1.c. in 19:l nl3X 
chloroform-ethanol: RF 0.2; RTnic 0.7. 

Anal. Calc. for CllH2tN06: C, 50.18; H, 8.04; N, 5.32; OMe, 35.36. Found: 
C, 50.11; H, 8.01; N, 5.26; OMe, 34.97. 

Methyi 2-acetainido-4,6-0-benzylidei2e-2-deoxy-3-O-~netl~yl-~-D-~~annopyra~~os- 

ide (9). - A mixture of compound l1 6 (100 mg), methyl iodide (8.5 m!), and silver 
oxide (300 mg) in dry tetrahydrofuran (1.5 ml) was boiled under reflux for 8 h, and 
heating was continued for 12 h after a further addition of silver oxide (150 mg). 
After hltration, the residue was successively washed with three 50-ml portions of 
warm chloroform and two 5-ml portions of methanol, and the combined filtrates 
were evaporated. The residue was chromatographed on silica gel with 9:l chloro- 
form-ethanol. A pure fraction was obtained that crystallized from methanol to give 
84 mg (80%) as plates, m-p. 81-84”, [a];’ + 15” (c 0.54, chloroform); i.r. data : 

vKBr 3300 (NH), 1650 (Amide I), 1540 (Amide II), 1450 (Ar), and 640 cm-’ (ph); mnx 
t.1.c. in 19:l chloroform-ethanol: RF 0.5. 

Anal. Calc. for C,,H2,N06: C, 60.52; H, 6.87; N, 4.15; 0,28.45; OMe, 18.40. 
Found: C, 60.38; H, 6.95; N, 4.00; 0,28.57; OMe, 18.34. 

Methyl 2-acetanlido-2-deoxy-3-O-?net~ly~-u-~-mannopyranoside (IO). - A solu- 
tion of 9 (80 mg) in 60 % acetic acid (8 ml) was heated for 1 h on a water bath (80”), 
and evaporated; the residue was dried by repeated addition and distillation of toluene, 
dissolved in water (100 ml), and freeze-dried to give a syrup. The syrup was chromato- 
graphed on silica gel with 4:l chloroform-ethanol to give 46 mg (78%) of amorphous 
10, [a]r +20” (c 0.69, methanol); i-r. data : vg&’ 3500 (broad, OH), 1650 (Amide I), 
and 1545 cm -’ (Amide II); t.1.c. in 4:l chloroform-ethanol: RP 0.5; RrAfG 0.4. 
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Methyl 2-acetamido-3,6-di-O-benzoyl-2-deoxy-4-O-~lethy~-~-~-~~annopyranoside 

(16). - Compound 14 (45 mg) in dry acetone (1 ml) was treated with methyl iodide 
(2 ml) and silver oxide (150 mg) for 32 h at room temperature, with vigorous stirring 
of the reaction mixture. A further 100 mg of silver oxide was added, and stirring 
was continued for 12 h. The solids were filtered off, and washed with warm chloro- 
form, and the combined filtrate and washings were evaporated. The residue was 
dissolved in methyl iodide (3 ml) and re-treated with silver oxide (200 mg) for 32 h. 
After processing the mixture as described for 2, the residue was chromatographed on 
silica gel. Elution with 29:l chloroform-ethanol gave 36 mg (78%) of material that, 
on crystallization from ether, gave stout needles, m.p. 151-152”, [ciJi” f59” (c 0.37, 
chloroform); i.r. data: ~2: 3200 (NH), 1720 (ester), 1655 (Amide I), 1585 (Ar), and 
1550 cm-’ (Amide II); t.1.c. in 19:l chloroform+ethanol: Rr 0.8. 

Anal. Calc. for C,,H,,NO,: C, 63.01; H, 5.95; N, 3.06; OMe, 13.57. Found: 
C, 63.00; H, 5.86; N, 3.07; OMe, 13.43. 

Methyl 2-acetamido-2-deox~~-4-O-methyl-a-D-ma~~~~opyranoside (11). - A. 
From 16. A solution of 16 (28 mg) in dry methanol (2 ml) was treated with 0.1~ 
methanolic sodium methoxide (0.1 ml) for 18 h at 4”, and then diluted with methanol 
(2 ml), and de-ionized with Rexyn 300 (Hf, OH-) ion-exchange resin (1 ml), and 
evaporated. The residue was chromatographed on silica gel with 4:l chloroform- 
ethanol to give 12.6 mg (83%) of material that crystallized from methanol-ether as 
plates, m.p. 121-123”, [a]? -1-43” (c 0.53, methanol); i.r. data: v=l 3370 (OH), 3260 
(NH), 1650 (Amide I), 1550 (Amide II), and 1130-1090 cm-’ (CH-0-CH,-); t.1.c. 
in 4:l chloroform-ethanol: RF 0.5; RThfG 0.3. 

Anal. Calc. for C,oH,,N06: C, 48.19; H, 7.68; N, 5.62. Found: C, 47.97; 
H, 7.54; N, 5.74. 

B. From 17. A solution of 17 (26 mg) in methanol (2 ml) was treated with 
0.1~ methanolic sodium methoxide (0.1 ml) for 2 h at 0” and for 8 h at room tem- 
perature. The solution was treated with Rexyn 300 (Hf,OH-) ion-exchange resin 
(1 ml) and evaporated. The residue crystallized, as plates, from methanol-ether 
(12.9 mg, 80%), m-p. 120-122”, [a];’ f43” (c 0.42, methanol); t.1.c. in 4:l chloro- 
form-ethanol: J&c 0.3, a value identical with that for the product obtained from 16. 

A solution of 11 (1.5 mg) in dry pyridine (1 ml) was treated with chlorotri- 
phenylmethane (1.2 mg) for 48 h at room temperature. The solution was evaporated, 
and the residue was fractionated by t.1.c. in 9: 1 chloroform-ethanol to give triphenyl- 
methanol and the trityl ether of 11. This compound was treated with 60% acetic 
acid (1 ml) for 1 h at 80”; t.1.c. in 9:l chloroform-ethanol then indicated the presence 
of 11 and triphenylmethanol. 

Methyl 2-acetamido-3-O-acetyI-4,6-O-benzylicie 

(8). - Acetic anhydride (2 ml) was added to a solution of 6 (150 mg) in dry pyridine 
(2 ml), cooled to 0”, and the solution was kept for 30 h at room temperature, dlludet 
with chloroform (10 ml), and evaporated; repeated addition and distillation of toluene 
gave a crystalline residue. Recrystallization from methanol-ether gave 145 mg 
(85%) of needles, m-p. 21s212’, [XI;’ +34” (c 0.62, methanol): [cz]E’ +31” (c 0.46, 
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chloroform); i.r. data: v=G 3405 (NH), 1700 (ester), 1670 (Amide I), and 1530 cm-l 
(Amide II); t.1.c. in 19:l chloroform-ethanol: Rr0.55. Compound8 has been reported” 
to exist in a crystalline form containing 0.5 molecule of water per molecule, m.p. 
205-208”, [ol];’ - 11” (c 1.0, pyridine); [a]g5 + 32” (c 0.6, chloroform). 

Anal. Calc. for C18H23N07: C, 59.17; H, 6.34; N, 3.83; 0, 30.65. Found: 
C, 59.13; H, 6.37; N, 3.78; 0, 30.75. 

MethyZ 2-acetamido-3-O-ace?yyl-2-deoxy-a-D-mannopyranoside (13). - Com- 
pound 8 (130 mg) was heated with 60% acetic acid (5 ml) for 1 h on a water bath 
(SOa). The solution was cooled and concentrated, and toluene was repeatedly added 
and distilled off. The residue was cbromatographed on silica gel, and elution with 
7:3 chloroform-ethanol gave 89 mg (90%) of amorphous 13; [a];’ f42” (c 1.72, 

methanol); i.r. data: vf&’ 3540 (OH), 3290 (NH), 1750 (OAc), 1665 (Amide I), and 
1555 cm- ’ (Amide II); t.1.c. in 4:l chloroform-ethanol: R, 0.3. 

Anal. Calc. for C,,H,,NO,: C, 47.65; H, 6.91; N, 5.05; 0, 40.39. Found: 
C, 47.64; H, 6.91; N, 4.92; 0, 40.56. 

MethyZ 2-acetamido-3-O-acetyZ-6-O-be~~~oyZ-2-deoxy-a-D-mannopyranoside (15). 
- A solution of 13 (80 mg) in dry pyridine (4 ml) was cooled to -60”. Benzoyl 
chloride (34 ~1) was slowly added, and the mixture was kept for 1 h at -20” and for 
12 h at -So, and then processed as described for 7. Chromatography of the resulting 
syrup (95 mg) on silica gel with 19:l chloroform-ethanol gave 15, which crystallized 
from ether-benzene as needles (65 mg, 60%), m-p. 96-loo”, [a]:’ +4I” (c 0.73, 
methanol); i-r. data: vF& 3500 (OH), 3300 (NH), 1720 (ester), 1695 (Amide I), and 
1560 cm-’ (Amide II); t.1.c. in 9:1 chloroform+thanol: R, 0.5. 

Anal. Calc. for C,aH,,NOs: C, 56.69; H, 6.08; N, 3.67; 0, 33.56. Found: 
C, 56.58; H, 6.04; N, 3.60; 0, 33.56. 

MethyZ 2-acetamido-3-O-acetyZ-6-O-ben170yl-2-deoxy-4-O-metZ~yZ-a-~-~~~~~~op~~- 
ranoside (17). - A solution of 15 (46 mg) in anhydrous ether (4 ml) was cooled to 
-IO”, boron trifluoride etherate (0.05 ml of a 3.3% solution in ether) was added, 
and the mixture was treated with diazomethane in ether until the yellow color of 
diazomethane persisted. T.1.c. in 19: 1 benzene-methanol showed incomplete conver- 
sion of 15. The solution was titered through a sintered funnel (to remove polymeric 
material), the filtrate was evaporated, and the residue was dried under high vacuum. 
The methylation was repeated, and the resulting syrup was chromatographed on 
silica gel with 14:1 benzene-chloroform, to give amorphous 17 (33 mg, 69%), [a]:’ 

+ 54” (c 0.5, methanol); i-r. data: vi:: 3300 (NH), 1775 and 1730 (ester), 1650 (Amide I) 
and 1540 crnFi (Amide II); t.1.c. in 19:l chloroform-ethanol: RF 0.6. 

Anal. Calc. for C,,H,,NO,: C, 57.71; H, 6.37; N, 3.54; OMe, 15.69. Found: 
C, 57.64; H, 6.44; N, 3.57; OMe, 15.40. 
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