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ABSTRACT

The 6-mono- (6) and 4,6- (16) and 3,6-di-methyl (25) ethers of methyl 2-
acetamido-2-deoxy-e-D-mannopyranoside have been synthesized from 6-0-trityl,
4,6-O-benzylidene, and 3-O-methyl derivatives, respectively, by way of O-benzoyl
and of O-allyl derivatives. The yields were respectively 37 and 43% for 6, 34 and 50%
for 16, and 14 and 25% for 25. These ethers are used as standard compounds for the
structure elucidation, by methylation, of polymers containing 2-amino-2-deoxy-
D-mannose.

INTRODUCTION

2-Amino-2-deoxy-pD-mannose! and 2-amino-2-deoxy-D-mannuronic acid? are
components of the bacterial cell-wall. For the-structural investigation of the complex
polymers containing these two sugars, methyl ethers of 2-amino-2-deoxy-D-mannose
are needed, as the uronic acid derivatives can be reduced to the corresponding hexose
derivatives. We have previously described® the synthesis of the 3- and 4-mono-,
3,4-di-, and 3,4,6-tri-methyl ethers of 2-amino-2-deoxy-D-mannose. We now describe
the synthesis of the remaining methyl ethers susceptible to being formed by methyl-
ation of 2-amino-2-deoxy-D-mannopyranose, namely, the 6-mono- (6) and 4,6- (16)
and 3,6-di-methyl (25) ethers. In addition to the benzoyl group conventionally used,
the allyl group* was examined for the protection of the hydroxyl groups on C-3 and
C-4; it was found to be very convenient, as etherification therewith readily proceeds
to completion, the derivatives formed are isolated in good yield, and the removal of
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Institute of Allergy and Infectious Diseases (AI-06692) and from the National Institute of Arthritis,
Metabolism, and Digestive Diseases (AM-03564), National Institutes of Health, U. S. Public Health
Service. A preliminary communication has been presented [4bstr. Papers Amer. Chem. Soc. Meeting,
168 (1974) cAarB-16].
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the protecting groups is conveniently performed with tris(triphenyl)phosphine-
rhodium chloride and 1,4-diazabicyclo[2.2.2]Joctane (the Corey reagents?), followed
by treatment with Dowex 50 (H™) ion-exchange resin.

RESULTS AND DISCUSSION

Benzoylation of methyl 2-acetamido-2-deoxy-6-O-trityl-a-D-mannopyranoside
(1) with 2 molar equiv. of benzoyl chloride in the presence of pyridine at —60° (in
order to avoid N-benzoylation>-%) gave the 3,4-dibenzoate (2) in 72% yield. A more
polar compound, having properties corresponding to those of a monobenzoic ester,
was isolated in 10% yield; it was probably? the 3-benzoate (3). Removal of the trityl
group gave crystalline methyl 2-acetamido-3,4-di-O-benzoyl-2-deoxy-a-D-manno-
pyranoside (4), which was methylated with methyl iodide and silver oxide (the Purdie
reagents®) to give the crystalline 6-methyl ether (5), subsequently hydrolyzed under
alkaline conditions to afford crystalline methyl 2-acetamido-2-deoxy-6-0-methyl-
a-D-mannopyrancside (6) in ar overall yield (from 1) of ~37%.

Compound 6 was also synthesized from 1 through the crystalline 3,4-di-O-ailyl-
6-0O-trityl derivative (7), obtained in 85% yield. In order to minimize N-substitution
during the allylation of the hydroxyl groups®, sodium hydride was replaced by
sodium hydroxide, a milder reagent. Compound 7 was detritylated in 85% yield to
give the syrupy 3,4-di-O-allyl derivative (8), which was methylated with the Purdie
reagents. The resulting, crystalline 6-methyl ether (9), obtained in 82% yield, was
treated with the Corey reagents’, a procedure less cumbersome than the isomerization
of allyl into 1-propeny! groups with dimethyl sulfoxide*; although, in this case, the
isomerization was not complete, repetition of the procedure raised the yield to over
70%. The 1-propenyl derivative obtained was directly hydrolyzed, without puri-
fication, with a sulfonic resin to give 6 in an overall yield of 43% from 1.

Comparison of the yields of 6 respectively obtained via the benzoate and the
allyl derivatives shows that little migration of the benzoate groups occurred during
methylation with the Purdie reagents. The acid- and alkali-stable allyl derivatives

CH,OR" OCH2 :
O / o
AcHN Ph—CM Ac
or AN gz ]
rR'O OMe o OMe
R=R=H,R'=Tr 10

R=R =8z,R'=Tr

R = Bz,R'= H,R'=Tr
R=R'=Bz,R=H

R = R'=pz.R'=Me
R=Rf=H,R"= Me

R = R'=—CH,—CH=CH, ,R'= Tr
R = R=—~CH,—CH=CH,,R'=H
R = R'= ~CH,—CH=CH,,R"= Me

CONOUSWN >



METHYL ETHERS 207

were found to be convenient intermediates, and the removal of the allyl groups under
mildly acidic conditions suggests their use in the synthesis of alkali-labile, oligo-
saccharide-containing compounds.

Re-investigation of the benzoylation of methyl 2-acetamido-4,6- O-benzylidene-
2-deoxy-a-D-mannopyranoside (11) showed that treatment with only one molar equiv.
of benzoyl chloride at —5° results in N-benzoylation, with formation of the N-
benzoyl-3-O-benzoyl derivative (10) in 47% yield, and that a mixing temperature of
—60°, followed by —20°, was needed in order to avoid N-benzoylation and obtain 12,
as previously reported?. Purdie methylation of the previously described® methyl
2-acetamido-3-O0-benzoyl-2-deoxy-«-D-mannopyranoside (14), and saponification of
the resulting crystalline 4,6-dimethyl ether (15) gave, in an overall yield of 34% from
11, amorphous methyl 2-acetamido-2-deoxy-4,6-di-O-methyl-a-D-mannopyranoside
(16). In a similar sequence of reactions, amorphous 16 was obtained, in an overall
yield of 50%, by way of the crystalline 3-0O-allyl-4,6-O-benzylidene (23), 3-0O-allyl
(17), and 3-0-allyl-4,6-di-O-methyl (18) derivatives.

’
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Treatment of methyl 2-acetamido-2-deoxy-3-O-methyl-a-D-mannopyranoside?
(19) with chlorotriphenylmethane under vigorous conditions gave the 6-trityl ether
(20) in only 61% yield. For an evaluation of the steric and electronic interactions of
the hydroxyl groups on C-3 and C-4, it is of interest to compare the yield with that of
the tritylation of methyl 2-acetamido-2-deoxy-a-D-glucopyranoside!® (82%) and its
3-methyl ether'? (70%), and of methyl 2-acetamido-2-deoxy-x-D-galactopyranoside® !
(88%) and its 3-methyl'? (86%) and 3,4-dimethyl!® (43%) ethers.

Benzoylation of 20 at very low temperature afforded the crystalline 4-O-
benzoyl-3-O-methyl-6-O-trityl derivative (21), which was detritylated to give the
crystalline 4-O-benzoyl-3-O-methyl derivative (22). Methylation with the Purdie
reagents in tetrahydrofuran resulted in the formation of methyl 2-acetamido-4-0-
benzoyl-2-deoxy-3,6-di-O-methyl-a-D-mannopyranoside (23), contaminated with
some of the 6-0-benzoyl-3,4-di-O-methyl derivative (24). A similar migration of the
benzoyl group from O-4 to O-6 under the mild alkaline conditions of the Purdie
methylation, probably through the formation of an intermediate orthobenzoate, has
previously been observed in the gluco'* and galacto'? series. Removal of the 4-O-
benzoyl group gave amorphous methyl 2-acetamido-2-deoxy-3,6-di-O-methyl-a-D-
mannopyranoside (25) in an overall yield of 14%.
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In a similar sequence of reactions, 25 was obtained from 20 (in an overall yield
of 25%) by way of the crystalline 4-0-allyl-3-0-methyl-6-O-trityl (26), amorphous
4-0-allyl-3-O-methyl (27), and crystalline 4-0-allyl-3,6-di-O-methyl (28) derivatives.

CH,OR’
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19 R=R'=H

20R = H,R'=Tr
21 R = Bz2,R'=1Tr
22 R = Bz,R'=H
23 R = Bz,R'= Me
- 24 R = Me,R =Bz
25 R = H,R'=Me

26 R= —CH,—CH=CH,,R'=Tr
27 R= —CHp;—CH=CH,,R'=H
28 R= —CH,—CH=CH,,R'=Me

EXPERIMENTAL

General. — Melting points were determined with a Mettler FP-2 apparatus and
correspond to “corrected melting points™. The ir. spectra were recorded with a
Perkin-Elmer Model 237 spectrophotometer. Optical rotations were measured in
I-dm semimicrotubes with a Perkin-Elmer Model 141 polarimeter. Gas-liquid
chromatography (g.l.c.) of the per(trimethylsilyl)!’ ethers was performed with a
Perkin—-Elmer Model 900 gas chromatograph equipped with a flame-ionization
detector and a stainless-steel column (1.5 m) of 3% of OV-225 on Gas Chrom Q
{100—200 mesh) programmed for a rise of 10°.min~! from 80 to 250°, with nitrogen
as the carrier gas. The chloroform 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
proportion of weight of substance to weight of silica gel was 1:70 to 1:90. The volume
of the fractions eluted was 3-4 ml per g of the substance to be chromatographed.
Thin-layer chromatography (t.l.c.) was performed on plates of silica gel (without
fluorescence indicator; layer thickness 0.25 mm; E. Merck). The compounds were
detected by spraying the plates with (4) 1:1:18 (v/v) anisaldehyde-conc. sulfuric
acid—ethanol, or (B) 1:10 (v/v) conc. sulfuric acid—ethanol. The Ry, 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-a-D-glucopyranoside as unity. Evaporations were conducted in
vacuo, with the bath temperature kept below 40°. G.l.c.—mass spectrometry (g.l.c.—
m.s.) was performed with an analytical system consisting of an IBM 1800 computer
fed raw data generated by a single-focussing, mass spectrometer (Perkin-Elmer—
Hitachi RMU-6). In all cases, the analyses were conducted on the per(trimethylsilyl)
ethers of the sugars. Microanalyses were performed by Dr. W. Manser, Zurich,
Switzerland.
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Methyl 2-acetamido-3,4-di-O-benzoyl-2-deoxy-6-O-trityl-a-D-mannopyranoside
(2). — A solution of compound 1 (110 mg) in dry pyridine (10 ml) was treated with
benzoyl chloride (39 ul) at —60°. The mixture was kept for 8 h at —20° and for 20 h
at —10°, and then diluted with chloroform (10 ml) and successively washed with ice-
cold, saturated solutions of sodium hydrogensulfate, sodium hydrogencarbonate,
and ice-cold water, dried (sodium sulfate), and evaporated to give a syrup which was
chromatographed on silica gel with 19:1 (v/v) dichloromethane-ethanol. The major,
syrupy product was crystallized from ether to give small needles (111 mg, 72%),
m.p. 129-131° (with softening at 113°), [«]3° —22° (¢ 0.65, chloroform); i.r. data:
vKBr 3290 (NH), 1770 (ester), 1655 (Amide I), and 1545 cm™*! (Amide II); t.l.c. in
19:1 (v/v) chloroform-ethanol: Rg 0.63.

Anal. Calc. for C,;H;oNO;g: C, 73.09; H, 5.83; N, 2.08; O, 18.99. Found:
C, 72.99; H, 5.78; N, 2.13; O, 18.86.

Methyl 2-acetamido-3-O-benzoyl-2-deoxy-6-O-trityl-a-D-mannopyranoside (3). —
The later fractions eluted from the silica gel column, described in the preceding
paragraph, gave a compound [Rp 0.3 in 19:1 (v/v) chloroform-ethanol] which
crystallized from benzene-hexane to give needles (15 mg), m.p. 223-225°, [«]2° +50°
(c 0.59, chloroform); i.r. data: vKBr 3355 (NH), 1740 and 1680 (ester), 1655 (Amide I),
and 1560 cm™ ! (Amide II); t.l.c. in 19:1 (v/v) chloroform—ethanol: Ry 0.31.

Anal. Cale. for C3 H3sNO;: C, 71.69; H, 6.19; N, 2.46; O, 19.66. Found:
C, 72.04; H, 6.29; N, 2.40; O, 19.17.

A solution of 3 (3 mg) in dry methanol (1 ml) was treated with 0.1M methanolic
sodium methoxide (0.01 ml) for 12 h at 4°, diluted with methanol (2 ml), de-ionized
with Rexyn 300 (H*, OH ") ion-exchange resin (1 ml), and evaporated. T.l.c. of the
residue in 9:1 (v/v) chloroform—methanol indicated the presence of 1.

Methyl 2-acetamido-3,4-di-O-benzoyl-2-deoxy-o-D-mannopyranoside (4). — A
suspension of 2 (90 mg) in acetic acid (5 ml, 60%) was heated on a water bath for
1 h at 80°, cooled to room temperature, diluted with water to 250 ml, and lyophilized.
The syrupy residue was chromatographed on a column of silica gel with 14:1 (v/v)
chloroform—ethanol. Triphenylmethanol was eluted first, and then 4. Crystallization
from ether-heptane gave 51 mg (86%) of prisms, m.p. 104-105°, [¢]3* —26° (¢ 0.22,
chloroform); i.r. data: vKEr 3430 (broad, OH and NH), 1730 (ester), 1655 (Amide I),
and 1545 cm™* (Amide II); t.Lc. in 14:1 (v/v) chloroform—-ethanol: Ry 0.35.

Anal. Calc. for C,;3H,sNOg: C, 62.30; H, 5.68; N, 3.16. Found: C, 62.41;
H, 6.06; N, 2.81. i

Methyl 2-acetamido-3,4-di-O-benzoyl-2-deoxy-6-O-methyl-a-D-mannopyranoside
(5). — Compound 4 (40 mg) was dissolved in methyl! iodide (4 ml), and silver oxide
(100 mg) was added. The mixture was vigorously stirred for 12 h at room temperature,
and then boiled under reflux for 1 h. The mixture was cooled, diluted with chloro-
form, and filtered, and the solids were washed with warm chloroform. The filtrate and
washings were combined and evaporated, and the residue was crystallized from
ether-hexane to give a chromatographically pure material (31 mg, 75%). Recrystal-
lization from ether-hexane gave prismatic needles, m.p. 168-169°, [«]2° —9° (¢ 0.70,
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chloroform); i.r. data: ver 3320 (NH), 1710 (ester), 1670 (Amide 1), and 1520 cm™*!
(Amide II); tlc. in 19:1 (v/v) dichloromethane-ethanol: Ry 0.40.

Anal. Cale. for C,,H,,NOg: C, 63.01; H, 5.95; N, 3.06; O, 27.98; OMe, 13.55.
Found: C, 62.90; H, 5.98; N, 3.09; O, 28.04; OMe, 13.68.

Methyl 2-acetamido-2-deoxy-6-O-methyl-a-D-mannopyranoside (6). — Method
A. From 5. A solution of 5 (21 mg) in dry methanol (3 ml) was treated with 0.Im
methanolic sodium methoxide (0.1 ml) for 12 h at 4°, and then for 8 h at room
temperature. The solution was de-ionized with Rexyn 300 (H*, OH™) ion-exchange
resin (2 ml), and evaporated. The residue was dissolved in methanol, the suspension
filtered through charcoal-Celite, and the filtrate evaporated. The syrupy residue was
crystallized from ethanol-ether to give needles (9 mg, 78%), m.p. 169-171°; [«]3*
+38° (¢ 0.31, methanol); i.r. data: vEBr 3450-3250 (broad, OH and NH), 1655
(Amide I), and 1545 cm™ ! (Amide II); t.l.c. in 9:1 (v/v) chloroform—ethanol: R, 0.16;
Ry 0.31.

Anal. Cale. for C;oH,;,NOg: C, 48.19; H, 7.68; N, 5.62; OMe, 24.50. Found:
C. 48.00; H, 7.64; N, 5.60; OMe, 25.07.

Method B. From 9. To a solution of 9 (25 mg) in ethanol (3 mi, 90%) was added
tris(triphenyl)phosphinerhodium chloride (12 mg, 13 umoles) and 1,4-diazabicyclo-
[2.2.2]octane (5 mg). The mixture was boiled under reflux for 3 h, and the solution
cooled and evaporated, the residue dispersed in water, and the suspension extracted
with ether. The extract was dried (magnesium sulfate) and evaporated. A solution of
the residue in methanol (3 ml) was treated with Dowex-50 X-8 (H*) (100-200 mesh,
2 ml) ion-exchange resin for 12 h at 37°, the suspension filtered, and the filtrate
evaporated. The residue was chromatographed on silica gel with 9:1 (v/v) chloro-
form-ethanol, to give a compound that crystallized as platelets (9 mg), m.p. 170-172°;
[«l3* +37° (¢ 0.42, methanol); t.lc. in 4:1 (v/v) chloroform—-ethanol: Ry 0.16,
Ry 0.31. The first fractions eluted from the silica gel column gave unreacted 9,
which was treated as just described to give additional 6 (totai yield: 15 mg, 73%).

Methyl 2-acetamido-3,4-di-O-allyl-2-deoxy-6-O-trityl-a-D-mannopyranoside (7).
—— A solution of 1 (150 mg) in dry acetone (1 ml) and benzene (10 ml) was mixed with
allyl bromide (54 plI) and powdered sodium hydroxide (500 mg), and the mixture
boiled under reflux for 4 h, and cooled; sodium hydroxide (150 mg) was added, and
the mixture was stirred for 12 h at room temperature, and diluted with benzene
(5 ml). The solid was filtered off and washed with 7:3 (v/v) benzene-acetone (5 ml),
the filtrate and washings were combined and evaporated, and the residue was dissolved
in chloroform. The solution was washed with water (3 x 5 ml), dried (sodium sulfate),
and evaporated. The syrupy residue was chromatographed on silica gel with 19:1 (v/v)
chloroform—ethanol. A syrupy material was obtained that crystallized from 2-iso-
propoxypropane-heptane to give needles (145 mg, 85%), m.p. 110-112°, [«]3* +16°
(c 0.82, chloroform); i.r. data: vEBr 3295 (NH), 1665-1635 (-CH,—CH=CH,, Amide I),
and 1560 cm™ ' (Amide II); t.LI.c. in 19:1 (v/v) chloroform—¢cthanol: Ry 0.63.

Anal. Calc. for C3,H,oNOg: C, 73.23; H, 7.05; N, 2.51; O, 17.21. Found:
C, 73.20; H, 7.15; N, 2.37; O, 17.10.



METHYL ETHERS 211

Methyl 2-acetamido-3,4-di-O-allyl-2-deoxy-c-D-mannopyranoside (8). — A
solution of 7 (125 mg) in giacial acetic acid (3 ml) was heated on a water bath (80°).
The hot solution was diluted with water (1.5 ml), and heating was continued for
45 min. After dilution with cold water (150 ml), the solution was lyophilized, and the
residue was chromatographed on silica gel with 14:1 (v/v) dichloromethane—ethanol
to give 60 mg (85%) of a syrup, [¢]3* +50° (c 0.60, methanol); i.r. data: vie: 3440
(OH), 3250 (NH), 1660 (-CH,~CH=CH,), 1645 (Amide I), and 1545 cm™! (Amide
II); t.l.c. in 14:1 (v/v) chloroform-ethanol: Rp 0.31.

Anal. Calc. for C,sH,sNOg: C, 57.13; H, 7.99; N, 4.44; O, 30.44. Found:
C, 57.05; H, 8.01; N, 4.39; O, 30.44.

Metrhyl 2-acetamido-3,4-di-O-allyi-2-deoxy-6-O-methyl-a-D-mannopyranoside (9).
— Compound 8 (50 mg) in dry tetrahydrofuran (2 ml) was treated with methyl iodide
(3 ml) and silver oxide (250 mg) for 6 h under reflux, with vigorous stirring. A further
100 mg of silver oxide was added, and stirring was continued for 12 h. The solids were
filtered off and washed with hot chloroform, and the combined filtrate and washings
were evaporated. The residue was chromatographed on silica gel. Elution with 19:1
(v/v) chloroform-ethanol gave a material that crystallized from chloroform-heptane
in plates (43 mg, 82%), m.p. 73-75°, [«x]3* +44° (¢ 1.00, chloroform); i.r. data:
vKEr 3290 (NH), 1670 (-CH,CH=CH.), 1640 (Amide I), and 1550 cm~! (Amide II);
t.I.c. in 19:1 (v/v) chloroform—ethanol: R, 0.32.

Anal. Calec. for C,cH,,NOg4: C, 58.34; H, 8.26; N, 4.25; O, 29.14. Found:
C, 58.27; H, 8.21; N, 4.33; O, 29.11.

Methyl 2-(N-acetylbenzamido)-3-0-benzoyl-4,6-0-benzylidene-2-deoxy-o-D-
mannopyranoside (10). — Methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-«-D-manno-
pyranoside® (11, 100 mg) in dry pyridine (2 ml) was treated with benzoyl chloride
(54 ml) for 20 h at —5°. The mixture was diluted with chloroform (6 mi), and then
processed as described for 2. The chloroform extract was dried (sodium sulfate),
filtered, and evaporated. The residue was chromatographed on silica gel with 19:1
(v/v) chloroform—ethanol to give a syrup (90 mg) that crystallized from methanol as
needles (78 mg, 47%), m.p. 161-163°, [«]3°® —70° (¢ 0.51, chloroform); i.r. data:
vEBr 1715 (ester), 1680 (N-Ac and N-Bz), 1590 and 1580 (Ar), 1450 (CO), and
740 cm~! (Ar); no Amide II band was observed; t.l.c. in 19:1 (v/v) chloroform—
methanol: Ry 0.76.

Anal. Calc. for C;9H,9NOg: C, 67.79; H, 5.50; N, 2.63; O, 24.08. Found:
C, 68,24; H, 5.48; N, 2.73; O, 23.88.

Methyl 2-acetamido-3-O-benzoyl-2-deoxy-4,6-di-O-methyl-o-D-mannopyranoside
(15). — Methyl 2-acetamido-3-O-benzoyl-2-deoxy-e-D-mannopyranoside® (14)
(25 mg) in dry tetrahydrofuran (4 ml) was treated with methyl iodide (1.5 mi) and
silver oxide (100 mg) for 16 h at room temperature, followed by boiling under reflux
for 4 h. The solids were filtered off and washed with warm chloroform, the combined
filtrate and washings were evaporated, and the residue was chromatographed on
silica gel. Elution with 19:1 (v/v) chloroform—ethanol gave 18 mg (65%) of material
that, on crystallization from chloroform-ether—pentane, gave platelets containing
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0.5 molecule of water per molecule, m.p. 121-123°; [«]3? 4+ 35° (¢ 0.41, chloroform);
i.r. data: vEZr 3500 (OH), 3275 (NH), 1740 (ester), 1655 (Amide I), 1550 (Amide II),
and 1455 cm ™! (Ar); t.l.c. in 19:1 (v/v) chloroform—ethanol: Ry 0.48.

Anal. for C,;H,;NO,+0.5H,0: C, 57.43; H, 6.96; N, 3.72. Found: C, 57.59;
H, 6.96; N, 4.12.

Methyl 2-acetamido-2-deoxy-4,6-di-O-methyl-a-D-mannopyranoside (16). —
Method A. From 15. Compound 15 (13 mg) in dry methanol (2 ml) was treated with
0.1M methanolic sodium methoxide (50 ml) for 18 h at 4°, and then the solution was
diluted with methanol, de-ionized with Rexyn 300 (H*, OH™) ion-exchange resin
(1 mi), and evaporated. The residue was chromatographed on silica gel with 9:1 (v/v)
chloroform-ethanol to give 8 mg (86%) of material that crystallized from cold
chloroform—ether-hexane as plates; at room temperature, the crystalline material
turned partly amorphous; [¢]3° +49° (¢ 0.36, ethancl); t.l.c. in 9:1 (v/v) chloroform—
ethanol: Ry 0.4, Ry p 0.67.

Anal. Calc. for C;;H,;NOg: C, 50.18; H, 8.04; N, 5.32; OMe, 35.36. Found:
C, 50.05; H, 8.13; N, 5.21; OMe, 35.05.

Method B. From 18. A solution of 18 (30 mg) in 90% ethanol (4 ml) was treated
with tris(triphenyl)phosphinerhodium chloride (8 mg) and 1,4-diazabicyclo][2.2.2]-
octane (2 mg). The mixture was processed as described for the preparation of 6 from 9,
and the resuiting product was‘chromatographed on silica gel with 9:1 (v/v) chloro-
form-ethanol to give an amorphous substance (14 mg) and unconverted 18. A second
treatment gave additional pure 16 (7 mg; total yield 81%), [«]3° +48° (¢ 0.42,
ethanol); t.l.c. in 9:1 (v/v) chloroform—ethanol: Ry 0.4, Ry 0.67.

Methyl 2-acetamido-3-O-allyl-4,6-O-benzylidene-2-deoxy-o-D-mannopyranoside
(#3). — A solution of 11 (170 mg) in dry acetone (2 ml) and benzene (15 ml) was
treated with allyl bromide (46 ml) and sodium hydroxide (400 mg). The mixture was
boiled under reflux for 2 h, and then cooled, and sodium hydroxide (150 mg) was
added. After being vigorously stirred for 12 h at room temperature, the mixture was
filtered, and the inscluble material washed with warm, 1:1 (v/v) benzene-acetone
(10 ml). The combined filtrate and washings were evaporated, the residue was
dissolved in chloroform, and the solution was washed with water, dried (sodium
sulfate), and evaporated. The residue was chromatographed on silica gel with 19:1
(v/v) dichloromethane—-methanol to give a material that crystallized from 2-iso-
propoxypropane in prismatic needles (163 mg, 85%), m.p. 93-94°, [«]2° +9° (¢ 0.52,
chloroform); i.r. data: vKEr 3275 (NH), 1670 (CH,-CH=CH,), 1635 (Amide I), and
1550 cm™! (Amide II); t.l.c. in 19:1 (v/v) dichloromethane-methanol: Ry 0.4.

Anal. Cale. for C, H,;NO¢: C, 62.80; H, 6.93; N, 3.85; O, 26.42. Found:
C, 62.79; H, 6.89; N, 3.84; O, 26.49.

Methyl 2-acetamido-3-O-allyl-2-deoxy-o-D-mannopyranoside (17). — Compound
13 (140 mg) in 60% acetic acid (5 ml) was treated for 1 h on a water bath (80°), The
solution was cooled and concentrated, and toluene was repeatedly added and distilled
off. The residue was chromatographed on silica gel; elution with 7:3 (v/v) chloroform—
ethanol gave 94 mg (89%) of 17 that tenaciously retained chloroform after being
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dried in vacuo, as indicated by variable values for its chlorine content; [«]3? +33°
{c 0.30, methanol); i.r. data: v{Ii® 3400-3250 (broad, OH, NH), 1660-1645 (CH,CH=
CH,, Amide I), 1575 (Amide II), and 750 cm ™~ * (C-CI); t.l.c. in 4:1 (v/v) chloroform~
ethanol: Ry 0.60.

Anal. Cale. for C,,H,,NO4-0.1CHCI;: C, 50.59; H, 7.40; N, 4.88. Found:
C, 50.32; H, 7.49; N, 4.64.

Methyl 2-acetamido-3-0O-allyl-2-deoxy-4,6-di-O-methyl-o-D-mannopyranoside
(18). — A solution of 17 {65 mg) in dry tetrahydrofuran (2 ml) was mixed with
methyl iodide (3 ml) and silver oxide (250 mg), and the mixture was boiled under
reflux for 12 h. After a new addition of silver oxide (150 mg), the mixture was boiled
under reflux for 8 h, and then cooled to room temperature and filtered. The residue
was washed with warm chloroform, and the combined filtrate and washings were
evaporated. The residue was chromatographed on silica gel with 19:1 (v/v) chloro-
form-ethanol to give a product that crystallized from chloroform-heptane as needles
(59 mg, 82%), m.p. 86-88°, [¢]3* +36° (¢ 0.50, chloroform); i.r. data: vier 3275 (NH),
1670 (CH,—~CH=CH,), 1635 (Amide I), and 1550 cm™ ! (Amide II); t.Lc. in 19:1 (v/V)
chloroform-ethanol: R 0.25.

Anal. Calc. for C; H,sNOg4: C, 55.43; H, 8.31; N, 4.62; O, 31.64. Found:
C, 55.34; H, 8.29; N, 4.68; O, 31.58.

Methyl 2-acetamido-2-deoxy-3-O-methyl-6-O-trityl-a-D-mannopyranoside (20).
— A solution of methyl 2-acetamido-2-deoxy-3-O-methyl-a-D-mannopyranoside?
(19, 400 mg) in dry pyridine (40 ml) was treated with chlorotriphenylmethane (530 mg)
for 6 h at 100°. The mixture was cooled and evaporated; repeated addition and
distillation of toluene gave a residue that, on examination by tlc. in 14:1 (v/v)
chloroform~ethanol, showed three components, corresponding to triphenylmethanol,
unreacted 19, and 20. The mixture was chromatographed on silica gel with 14:1 (v/v)
chloroform—cthanol to give a material that crystallized from ether as microcrystals
(480 mg, 61%), m.p. 182-184°, [«]2° +3° (c 0.70, chloroform); i.r. data: v&or 3290
(INH), 1645 (Amide I), 1545 (Amide II), 1490, and 1450 cm~1 (Ar); t.l.c. in 14:1 (v/v)
chloroform-ethanol: Ry 0.31.

Anal. Calc. for C,iH;3NGq: C, 70.86; H, 6.77; N, 2.85; O, 19.53. Found:
C, 70.74; H, 6.89; N, 2.75; O, 19.78.

From the later fractions from the silica gel column, 19 was recovered; it was
converted into 20 to give an additional 180 mg of the latter.

Methyl 2-acetamido-4-Q-benzoyl-2-deoxy-3-O-methyl-6-O-trityl-a-D-manno-
pyranoside (21). — A solution of 20 (270 mg) in dry pyridine (10 ml) was cooled to
—60°, treated with benzoyl chloride (65 ul) for 6 h at —20° and 12h at —10°,
diluted with chloroform (10 ml), and processed as described for 2. Chromatography
of the resulting syrup on silica gel with 24:1 (v/v) chloroform—-ethanol gave a material
that crystallized from ecther-pentane as prisms (240 mg, 76%), m.p. 198-199°
(softening at 145°), [«]2® +12° (¢ 0.54, chloroform); i.r. data: vKEf 3300 (NH), 1720
(ester), 1650 (Amide I), 1550 (Amide II), 1490, 1450 (A1), and 700 cm™* (Ar); t.l.c. in
19:1 (v/v) dichloromethane—ethanol: R 0.50, )
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Anal. Cale. for C;sH;,NO,: C, 72.59; H, 6.26: N, 2.35; O, 18.80. Found:
C, 72.54; H, 5.36; N, 2.39; O, 18.73.

Methyl 2-acetamido-4-O-benzoyl-2-deoxy-3-O-methyl-a-D-mannopyranoside (22).
— Compound 21 (240 mg) was heated with 60% acetic acid (12 ml) for 1 h on a water
bath (80°). The solution was cooled, diluted with water (150 ml), and lyophilized.
The residue was chromatographed on silica gel with 14:1 (v/v) dichloromethane—
ethanol to give a material that crystallized from chloroform-ether—~pentane as plates
(100 mg, 70%) containing 0.5 molecule of pentane per molecule, m.p. 76-77°, []2°
~3° (¢ 1.32, chloroform); i.r. data: vi5r 3440-3280 (broad, OH, NH), 1740 (ester),
1655 (Amide ), and 1540 cm™! (Amide II); tl.c. in 14:1 (v/v) dichloromethane—
ethanol: Ry 0.22.

Anal. Cale. for C;,H,3;NO,-0.5C;H,: C, 60.29; H, 7.26; N, 3.60. Found:
C, 60.24; H, 6.83; H, 4.06.

Methyl 2-acetamido-4-O-benzoyl-2-deoxy-3,6-di-O-methyl- (23) and methyl
2-acetamido-6-0O-benzoyl-2-deoxy-3,4-di-O-methyl-a-pD-mannopyranoside (24). — Com-
pound 22 (80 mg) in dry tetrahydrofuran (2 ml) was treated with methyl iodide (4 ml)
and silver oxide (300 mg) for 24 h at room temperature, with vigorous stirring. A
further 150 mg of siiver oxide was added, and stirring was continued for 16 h. T.l.c. in
19:1 (v/v) chloroform-ethanol showed maximum conversion of 22 into two com-
ponents moving very closely. After processing the mixture as described for 15, the
residue was chromatographed on silica gel with 29,1 (v/v) chloroform—ethanol. Early
fractions gave an amorphous solid (50 mg, 60%) having 0.5 molecule of hexane per
molecule, [«]3° + 19° (¢ 0.24, chloroform); i.r. data: viil® 3270 (NH), 1745 (ester), 1655
(Amide I), and 1550 cm™* (Amide ID); t.1.c. in 19:1 (v/v) chloroform—ethanol, R;0.23.

Anal. Calc. for C,gH,sNO,-0.5C,H,,: C, 61.60; H, 7.63. Found: C, 61.52;
H, 8.07.

T.l.c. of the later fractions eluted from the column indicated the presence of two
components (23 and 24); these were not separable by use of 29:1 (v/v) chloroform—
ethanol, 29:1 (v/v) dichloromethane—ethanol, 19:1 or 14:1 (v/v) benzene-methanol,
or 14:1 (v/v) ether—acetone. The mixture of 23 and 24 (22 mg) in methanol (2 ml) was
treated for 16 h at 4° with 0.1M methanolic sodium methoxide (50 ml). The solution
was de-ionized with Rexyn 300 (H™, OH™) ion-exchange resin, and examination of
the product by t.l.c. in 19:1 (vfv) chloroform-ethanol showed the presence of two
components. Examination of the mixture by g.l.c. after preparation of the per(tri-
methylsilyl) ethers indicated the presence of two components, one corresponding to
methyl 2-acetamido-2-deoxy-3,4-di- O-methyl-6- O-(trimethylsilyl)-x-D-mannopyrano-
side. The mixture (16 mg) was chromatographed on silica gel in 19:1 (v/v) chloroform—
ethanol. G.l.c—m.s. of the isolated components as the per(trimethylsilyl) ethers
showed the products to be methyl 2-acetamido-2-deoxy-3,6-di- O-methyl-a-D-manno-
pyranoside and methyl 2-acetamido-2-deoxy-3,4-di- G-methyl-¢-D-mannopyranoside.

Methyl 2-acetamido-2-deoxy-3,6-di-O-methyl-a-D-mannopyranoside (25). —
Method A. From 23. A solution in dry methanol (4 ml) of the early fractions of the
preparation of 23 (40 mg) was treated with 0.1M methanolic sodium methoxide
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(100 ml) for 20 h at 4°, and the solution was processed as described for 16. The residue
was chromatographed on silica gel with 19:1 (v/v) chloroform—ethanol to give a
material that crystallized from chloroform-hexane in the cold, and turned amorphous
(21 mg, 76%) at room temperature, [x]3* +27° (¢ 1.13, methanol); i.r. data: »fi®
3450-3250 (OH, NH), 1655 (Amide I), and 1540 cm ™! (Amide II); t.lc. in 19:1 (v/v)
chloroform—ethanol: Ry 0.23, Ry, 0.72.

Anal. Calc. for C,;H,;NOg: C, 50.18; H, 8.04; N, 5.32. Found: C, 50.00;
H, 7.98; N, 5.06.

Method B. From 28. A solution of 28 (32 mg) in 90% ethanol (5 ml) was treated
with tris(triphenyl)phosphinerhodium chloride (8 mg) and 1,4-diazabicyclo[2.2.2]-
octane (2.5 mg). The mixture was processed as described for compound 6, and the
residue was chromatographed on silica gel with 14:1 (v/v) dichloromethane—ethanol
to give an amorphous solid (14 mg). The earlier fractions eluted from the column
contained 28, which was again treated as just described, to give an additional amount
of 25 (7 mg; total yield 76%), [«]3* +28° (c 0.42, methanol); tlc. in 19:1 (v/v)
dichloromethane-ethanol: Ry 0.23, Ry 0.72; gl.c—m.s. of the per(trimethylsilyl)
ether showed the product to be identical to that obtained from 23.

Methy! 2-acetamido-4-O-allyl-3-O-methyl-6-O-trityl-a-D-mannopyranoside (26).
— A solution of 20 (200 mg) in dry benzene (20 ml) was treated with allyl bromide
(36 ml) and powdered sodium hydroxide (600 mg). The mixture was boiled under
reflux for 3 h with vigorous stirring. A further 200 mg of sodium hydroxide was added,
and stirring was continued for 12 h at room temperature. The mixture was processed as
described for 7, and chromatography of the resulting syrup with 19:1 (v/v) dichloro-
methane-ethanol gave a material that crystallized from chloroform—ether as needles
(173 mg, 80%), m.p. 138-140°, [«]2% +18° (c 0.71, chloroform); i.r. data: vk 3300
(NH), 1660 (CH,—CH=CH,), 1645 (Amide I), and 1540 cm ™! (Amide II); t.L.c. in
19:1 (v/v) dichloromethane-ethanol: R 0.56.

Anal. Cale. for C3,H,,;NOg: C, 72.30; H, 7.01; N, 2.63; O, 18.06. Found:
C,72.21; H, 7.00; N, 2.58; O, 18.08.

Methyl 2-acetamido-4-O-allyl-3-O-methyl-a-D-mannopyranoside (27). — Com-
pound 26 (150 mg) was treated with 60% acetic acid (6 m!) for 1 h on a water bath
(80°). The solution was cooled and concentrated, and toluene was repeatedly added
and distilled off. Chromatography of the residue on silica gel with 9:1 {v/v) chloro-
form-ethanol gave 70 mg (85%) of amorphous 27, [¢]3* —38° (¢ 0.67, chloroform);
t.I.c. in 19:1 (v/v) chloroform-ethanol: Ry 0.47.

Anal. Calc. for C,3H,3;NO¢: C, 53.97; H, 8.01; N, 4.84; O, 33.18. Found:
C, 53.89; H, 7.93; N, 4.84; O, 33.29.

Methyl 2-acetamido-4-O-allyl-3,6-di-O-methyl-x-D-mannopyranoside (28). — A
solution of 27 (55 mg) in dry acetone (2 ml) mixed with methyl iodide (3 ml) and silver
oxide (200 mg) was boiled for 12 h under reflux. A further 100 mg of silver oxide was
added, and heating was continued for 8 h. After the mixture had been processed as
described for 15, the residue was chromatographed on silica gel. Elution with 19:1
(v/v) dichloromethane—cthanol gave a material that crystallized from chloroform-
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ether as prisms (45 mg, 78%), m.p. 116-118°, [«]3° +48° (c 0.95, chloroform); i.r.
data: KB 3300 (NH), 1660-1640 (CH,~CH-=CH,, Amide I), and 1540 cm™’
(Amide II); t.1.c. in 19:1 (v/v) dichloromethane—ethanol: Rz 0.29.

Anal. Cale. for C{,;H,sNOg: C, 55.43; H, 8.31; N, 4.62; O, 31.64. Found:

C, 55.35; H, 8.25; N, 4.65; O, 31.72.
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