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ABSTRACT

The synthesis is described of p-nitrophenyl 2-acetamido-3-0-(2-acetamido-2-deoxy-g-D-glucopyra-
nosyl)-2-deoxy-f#-p-mannopyranosiduronic acid, corresponding to the disaccharide repeating unit of the
capsular polysaccharide of Haemophilus influenzae type d, which, after conversion of the p-nitro- into a
p-amino-phenyl residue, may be attached to a protein to make an artificial antigen for immunological
studies. The synthesis incorporates a facile route to the 2-acetamido-2-deoxy-f-pD-mannopyranosyl unit.

INTRODUCTION

The Haemophilus influenzae type d and e capsular antigens contain a repeating
unit of a 2-acetamido-2-deoxy-f-bD-glucopyranosyl residue linked to the 3-position’
(type d) or 4-position?® (type €) of a 2-acetamido-2-deoxy-f-D-mannopyranosyluronic
acid residue:

type d —4)--p-GlcpNAc-(1-3)--pD-ManpNAcA-(1 -
type e —3)-f-D-GlepNAc-(1 -4)-f-p-ManpNAcA-(1 -

These disaccharide units, joined to a linking arm suitable for attachment to free
amino groups in a protein’, were required for immunological studies which will be
described elsewhere. We now describe the synthesis of the type d partial-structure
antigen p-nitrophenyl 2-acetamido-3-0-(2-acetamido-2-deoxy-f-D-glucopyranosyl)-2-
deoxy-S-p-mannopyranosiduronic acid (21).

One route to a 2-acetamido-2-deoxy-f-D-mannopyranosyluronic acid residue
would be the construction of a suitably substituted 2-azido-2-deoxy-f-b-mannopyrano-
side derivative with HO-6 unsubstituted, which, at a suitable stage, could be oxidised at

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
* To whom correspondence should be addressed.
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position 6. We now report that readily available methy! 3-O-benzyl-4.6-O-benzvlidence-
2-O-trifluoromethanesulfonyl-f-n-glucopyranoside undergoes smooth azide displace-
ment 1o give the corresponding 2-azido-2-deoxy-f-p-manne derivative 30 This dis-
placement is the key step u1 the subsequent synthesis of the aruticial antigen. and has
yielded a facile stereospectfic route to methyl Z-acetumido-2-deoxy-f-D-mannopyrana-
side {8). Since all mtermediates, and also methy] 2-acetamido-3.4.6-tri-O-acetvi-2-
deoxy-f-p-mannopyranoside (4, were obtamed in high vields and are crvstathine. this
synthesis compares favourabiy with those published™ " A synthesis ofan ¥ anomer. aiso
via azide displacement at £-2. has been described .

RESULTS AND DISCUSSION

Methyl 4.6-0O-benzylidene-f-p-glucopyranoside (1) was treated i sequence with
sodium hydride. | mol of copper(11) chloride. and then benzyl bronude and tetrabutyl-
ammonium iodide™ intetrahvdrofuran, to vield the 3-benzylether 2¢70%0 ). Compound
2 was converted mnto the 2-iriflute, and the crude product was subjected, m VA
dimethvlformamide. to azide displacement to give the Z-uzido-mannoside 3 (85%),
Hydrogenolysis (Pd/C) of 3. followed by hydrolysis of the 4.6-benzviidene acetal and
acetylation, then afforded the triacetate 4 (83%% ). from which syrupy methvl 2-acetami-
do-2-deoxy-f-p-mannopyranoside (8) was obtained by O-descciviatnon,

Alternatively, T was 3-acetylated vig chelation with copper(i) chionde ay de-
scribed above™. to give & Conversion of 6 into the 2-triffute. followed by aside
displacement at C-2, then gave methyl 3-()—acclyi-]—uzim>—4_("e~(?ukwvvlidcncg"-110@\‘»"

from 6} All of the above compounds. exeept S, were

f-p-mannopyranoside (7.
crystalline.
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p-Nitrophenyl 4,6-O-benzylidene-f£-D-glucopyranoside (8) was 3-benzoylated to
yield crystalline 9 (77%), for which homonuclear decoupling experiments showed the
position of the benzoyl group. Conversion of 9 into the 2-triflate was followed, without
isolation of the intermediate, by azide displacement at C-2 to give the 2-azido-2-deoxy-
mannoside derivative 10. Debenzoylation of 10 exposed HO-3 for glycosylation in the
product 11. The purification of 9-11 was complicated by solubility problems. The
conversion of 8 into 11 could be performed, without purification of the intermediates, in
an overall yield of 52% [method (b) in the Experimental]. Compound 11 was then
condensed, in a dimethyl(methylthio)sulfonium triflate-promoted reaction'’, with ethyl
3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido- 1-thio-f-p-glucopyranoside (12) in dichloro-
methane, to yield the disaccharide derivative 13 (82%). The phthalimido group in 13
was converted into an acetamido group by treatment with hydrazine hydrate, followed
by acetylation to give 14 (58%). Treatment of 14 with aqueous acetic acid removed the
4,6-O-benzylidene group and yielded 15 that was 6-teri-butyldimethylsilylated (—16)
and then 4-benzoylated to give 17 (73% from 14). Exposure of HO-6 by desilylation of
17 with aqueous acetic acid gave 18, which was oxidised at position 6 with pyridinium
dichromate—acetic anhydride in dichloromethane, in the presence of tert-butyl alco-
hol'""*, to give the 6-zert-butyl ester 19 (57% from 17). The following deprotection steps
were then performed on 19. Reduction of the azide group in the presence of the nitro
group, with triphenylphosphine'?, followed by aqueous hydrolysis of the intermediate
phosphine imine and N-acetylation gave 20. Hydrolysis of the fert-butyl group with
formic acid followed by O-deacylation with sodium methoxide in methanol gave the
disaccharide derivative 21 (84% from 19). Hydrogenation of the aromatic nitro group
in 21 to an amino group gives an artificial antigen suitable for joining to a protein via a
thiocarbamoyl linkage”.

EXPERIMENTAL

General methods. — Melting points are corrected. Concentrations were perform-
ed under reduced pressure at <40° (bath), except for N,N-dimethylformamide for
which 60° was used. Optical rotations were recorded at room temperature with a
Perkin—Elmer 241 polarimeter. N.m.r. spectra were recorded with a JEOL FX-100 or
GX-270 instrument. The 400-MHz 'H-n.m.r. spectra were recorded with a JEOL
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(GX-400 instrument. Spectra were recorded at 257 on solutions in CDCL, (internal
Me,Si) and at 70° on solutions in C;D,N (internal Me,Si) and D.O (internal acetone &,
31.0. ¢, 2.221). All 'H assignments are based on 2D experiments. as well as the 7°C
assignments of 21. The [a.b. mass spectrum was obtained with a JEOL SX-102
instrument. with Xe atoms at 6 keV and a matrix of tnethanolamine. T.Leo was
performed on Silica Gel F ., (Merck). with detection by u.v. light and by charring with
sulfuric acid. Column chromatography was performed using sihica gel (0.040 0,063
mm. Merck) in the flash mode unless otherwise stated. L.r. spectra were recorded with a
Perkin-Elmer grating i.r. spectrophotometer. Tetrahvdrofuran was distilled from hitho-
um aluminium hydride. Pyridine, N N-dimethylformamide. and dichioromethane were
distilled from phosphorus pentaoxide. All dry solvents were stored over molecufar
sieves (4A). Cupric chloride was dried at 1067 1n a vacuum mamediately before use.

Methyl 3-O-benzvi-4 6-O-henzylidene-f-D-glucopvrancside™ (2). Methyl 4.6-
O-benzylidene-f-p-glucopyranoside'™ (1: 200 mg, 0.71 mmol) was stirred with sodium
hydride (34 mg. 1.4 mmoD in dry tetrahydrofuran (10 mi . After the evolution of
hyvdrogen ceased (1 2 h), cupric chloride (95 mg, .71 mmol) was added. After ~ 10 min.
a green solution of the copper chelate resulted. Benzyl bromide (042 mL. 0.71 mmol)
and tetrabutylammonium rodide (50 my) were added. and the mixture was boiled under
reflux for 24 h (tl.c.; toluene-ethyl acetate. 1:1), then cooled. 1reated with dilute
ammonium hydroxide, and concentrated to dryness. A solution of the residue tn ethyl
acetate was washed with dilute ammonium hydroxide until the agueous faver was
colourless. then with water. dried (Na,SO,), and concentrated to a syrup. Column
chromatography (toluene ethylacetate, 3:1j of the product gave 2{I183 mg. 70% 1. m.p.
182183 . [n];, —4% (¢ 141 chloroformy; Ht." m.p. 184 183 . [#],, 48 (chloroform).

Methvi  2-uzido-3-O-henzyl-4 6-O-henzylidene-2-deo xyv-fi=n-mannopyranoside'
(3). - Triflucromethanesulfonic anhydride (0.75 mbL. 4.6 mmol) was added at (0 1o @
cooled solution of 2 (700 mg, 1.9 mmol) in dichloremethane- pyndine (2:1. I8 mb) and
the mixture was stirred at 0 for 20 min (t.1.c.; toluene-ethyl acetate. 6:13, The solution
was diluted with dichloromethane, washed with saturated aqueous sodium hyvdro-
gencarbonate, and concentrated to dryness. Sodium azide (600 mg. 9.4 mmaol) was
added to the stirred solution of the crude product in NV N-dimethvlformanide (20 mL).
and the mixture was kept at 70 for 2.5 h (tlc.; toluene-cthyl acetate. 6.1 filtered
through Celite, and concentrated. Column chromatography (toluene ethyvlacetate. 601y
of the residue gave 3 (635 mg. 85% ). mup. 70-74 {from cthanoly (o}, —73 (o 1.0,
chloroform); Ht.'" [«],, — 100 (chloroform); v /" 2110 cm ' (CN), Nomor. data
(CDCLL):MC.057.2.63.4.67.3.684.72.9.76.7, 78.6 (C-2,3.4.5.6 PRCH.O. and OCH ).
101.1. 101.5(C-1 and PhCH}. 126.0- 1374 (aromatic C): 'H (400 MHz), § 446 (d, 1 H.
Jy, LS Hzo H-1),

Anal. Cale. for C;)H. N, O, C.63.5; H, 5.8; N, 10.6. Found: €. 63.5 H. 6.0; N,
10.5.

Methyl 2-acetamido-3.4,6-tri-O-acetyl-2-deoxy-f--mannopyranoside {4}, A
solution of 3 (200 mg, 0.53 mmol)in aqueous 95% ethanol (12 mLywas hvdrogenolysed
over Pd/C (10%,, 280 mg) ar 400 kPa for 2 days (t.1.c.: chloroform -methanol, 4:1). then



SYNTHESIS OF A DISACCHARIDE ARTIFICIAL ANTIGEN 191

filtered through Celite, and concentrated to a syrup. The crude syrupy product was
added to aqueous 70% acetic acid (5 mL), the mixture was kept at 70° for 2 h and then
concentrated, and toluene was evaporated twice from the residue which was acetylated
in acetic anhydride—pyridine (1:2, 6 mL)(t.1.c.; chloroform—methanol, 9:1). The mixture
was concentrated, and toluene (5 mL) was evaporated twice from the residue, which was
crystallised from toluene to give 4 (159 mg, 83%), m.p. 154-156°, [a], —36° (¢ 0.5,
chloroform). *C-N.m.r. data (CDCl,): § 20.6 (CH,CO), 23.2 (CH,CON), 50.1, 56.9,
62.5, 66.1, 71.6, 72.5 (C-2,3,4,5,6 and OCH,), 100.1 (C-1), 170.7 (carbonyl C).

Anal. Cale. for C,;H,,NO,: C,49.9; H, 6.4; N, 3.9. Found: C,49.9; H,6.5; N, 3.7.

Methyl 2-acetamido-2-deoxy-p-D-mannopyranoside'” (5). — A catalytic amount
of sodium methoxide was added to a solution of 4 (182 mg, 0.50 mmol) in methanol (3
mL), and the solution was stirred at room temperature until the deacetylation was
complete (t.l.c.; chloroform—methanol, 4:1). The reaction mixture was neutralised with
Dowex 50 (H ™) resin, filtered, and concentrated to yield 8 (115 mg, 97%), [«], —62° (¢
1.0, water); lit."” [o], —68° (water). *C-N.m.r. data (D,O from external Me,Si): § 23.8
(CH,CON), 54.6, 58.5, 62.4, 68.8, 73.9, 78.2 (C-2,3,4,5,6 and OCH,), 102.2 (C-1).

Methy! 3-O-acetyl-4,6-O-benzylidene-p-D-glucopyranoside" (6). — Compound 1
(300 mg, 1.06 mmol) was stirred with sodium hydride (51 mg, 2.1 mmol) in dry
tetrahydrofuran (15 mL). After the evolution of hydrogen ceased (1-2 h), cupric
chloride (143 mg, 1.1 mmol) was added. After ~ 10 min, a green solution of the copper
chelate resulted. The solution was cooled to 0°, acetic anhydride (0.15 mL, 1.59 mmol)
was added, and the temperature was kept at 0° for 30 min and then for 1.5 h at room
temperature (t.l.c.; toluene—ethy! acetate, 1:1). The mixture was concentrated, and a
solution of the residue in dichloromethane was washed successively with water, aqueous
sodium hydrogencarbonate, and saturated aqueous sodium chloride, dried (Na,SO,),
and concentrated. Column chromatography (toluene—ethyl acetate, 5:1) of the solid
residue gave 6 (274 mg, 80%), m.p. 161-163°, [«],, — 52° (c 1.0, chloroform); lit."* m.p.
162-163°, [«], —55.2° (chloroform).

Methyl 3-O-acetyl-2-azido-4,6-O-benzylidene-2-deoxy-f-D-mannopyranoside (7).
— Compound 6 (610 mg, 1.9 mmol) was processed, as described above for 2, to give,
after crystallisation from ethanol (no chromatography), 7 (551 mg, 84%), m.p. 131-
133°, [o], — 122°(¢ 0.31, chloroform); v§¥3 2105 ¢cm ™' (CN,). N.m.r. data (CDCl,). ’C,
0 20.8 (CH,CO), 57.5, 62.5, 67.5, 68.5, 71.3, 75.6 (C-2,3,4,5,6 and OCH,;), 101.2, 102.0
(C-1and PhCH), 126.2, 128.3, 129.2 (aromatic C); 'H (400 MHz): §4.63(d, 1 H, J , 1.2
Hz, H-1).

Anal. Cale. for C,;H,,)N,O,: C, 55.0; H, 5.4; N, 12.0. Found: C, 55.1; H, 5.4; N,
12.1.

p-Nitrophenyl 3-O-benzoyl-4,6-O-benzylidene-f-D-glucopyranoside (9). — Ben-
zoyl chloride (170 ¢L, 1.5 mmol) was added at 0° to a stirred solution of p-nitrophenyl
4,6-0-benzylidene-f-p-glucopyranoside'® (8; 520 mg, 1.3 mmol) in dichloromethane—
pyridine (25:1, 50 mL). The mixture was allowed to attain room temperature and, after 4
h (t.L.c.; toluene—ethyl acetate, 3:1), benzoy! chloride (85 1L, 0.73 mmol) was added at
0°. After another 3 h, methanol (2 mL) was added, the mixture was concentrated, and
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toluene was evaporated twice from the residue, a solution of which v acetone was
concentrated with silica gel. The residue was dried in a vacuum and put on top of 4
column of silica gel packed in toluene. Elution mth toluene puve the dibenzoate and
clution with toluene -ethyl acctate (1:1) gave 9 (510 mg., 77%). m.p. =250 {from
ethanol), [«], — 1.6 (¢ 1.1 pyridine). "C-N.m.r. ddld (CDNE 674 690,733 757,
79.3 (C-2,3.4,5.6), 1020, 1021 (C-1 and PhCHYL 1173 1627 taromate O). 1665
(carbonyvl C).

Anal Cale for C,H. NO Coe3 3 H 47N 2RO 290 Found: CUA3 3 HL AT
N. 2.8

p-Nitrophenyl  2-azido-3-O-benzovi-4 .6-O-benzvlidene-2-deo xv-f-D-manuopira-
noside (10). - Triflic anhydride (0.26 mL. 1.6 mmol) was added at & 10 a stirred
solution of 9 {320 mg, .65 mmo!l) in dichloromethane pyvriding (200, 12 mLy The
mixture was kept at 00 for 20 mn, then allowed to attain room temperature. After
another 30 min, the reaction was complete (LLe. toluene ethyiacetate. 311 and water
(10 mbL) was added. The organic phase was separated and concenirated. and toluene
was evaporated twice from the residue. Sodium azide €211 myg 3.2 mmoly was added at
room temperature to a stirred solution of the crude triflute 1 V. NV-dimethvilormanide
(12 mL), and the muxture was stirred overnight, then fAliered through Celite, and
concentrated. Column chromatography (toluene-cthy! acetute. 60D of the residue
vielded 10(2()6 mg 91%) [}, 50 (¢ i.l.chlnm!‘orm; VICE0S em TAON L N LT
data: "C(C.DN) 6 63.20 683, 68.6. TILR. 76,2, (C-2.3.4, 5 O3, 9800 1024 ¢C-1 and
PhC H) 7.0 1613 (aromatic O, 1659 (carbonv] Cy "H (400 MBL CDH UL S 618 (dl
J, - <0.5Hz. H-1).

Anal. Cale. for C,H N, O Co60.2; HO 43 NS 00247 Found: € o601 H.
410N 102

p-Nitrophenvl 2-azido-4.6-O-benzylidene-2-deoxy-fi-v-mannopvranoside (11,
(a) A catalytic amount of methanolic sodium methoxide was added at room tempera-
ture to a stirred solutton of 10 (190 mg. 0.37 mmoliin methanol (4 mLy After 3 b the
reaction was complete (L.Le toluene ethyl acetate, 3:13 and the mixture was neutral
ised with glacial acetic zu:zd a nd concentrated. The residue was dissolved i the numimum
amount of dichloromethane and subjected to column chromutography toluene ethyl
cetate, 3:1). to give 11 (149 mg, 98% ). m. p 205 {from toluenc light petroleum (h.p.
40 66 ). [#], - 126 (¢ 1.0, chloroform). "C-N.m.r data (CDCLy 8 64267 6. (vﬁ,l.
TO, 78 (C-2.3.4.5.6), 975 102.4(C-1 and PhCH), 1164 1ol .6 caromatic O,

Anal. Cale. f()l COH N O C A H AN TS OO 270 Found: O35 10 HL
440N 134

(H) Benzoyl chloride (629 ul.. 5.4 mmol) was added at 0 to o stirred solution of
p-nitropheny! 4,6-0-benzylidene-fi-p-glucopyranoside’™ (8: 1.92 ¢. 4.9 mmol} in dichlo-
romethane (80 mL) and pyridine (4.8 mL). The mixture was allowed 1o attain room
temperature and, when the reaction had stopped (t.Le.: toluene -ethylacetate. 31 more
benzoyi chloride (629 4L, 5.4 mmol) was added at 0", When 1.1, showed that ne 8 was
left. methanol (2 mL) was added. the mixture was concentrated. and toluene was
evaporated twice from the crude residue which was dried in vacuuwm Trifhic anhvdride
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(1.94mL, 12 mmol) was added dropwise at 0° to a stirred solution of the crude residue in
dichloromethane (30 mL) and pyridine (15 mL). The mixture was kept at 0° for 30 min
and then allowed to attain room temperature. After another 30 min, the reaction was
complete (t.1.c.; toluene—ethyl acetate, 3:1) and water (40 mL) was added. The organic
phase was separated and concentrated, and toluene was evaporated twice from the
residue. Sodium azide (1.6 g, 25 mmol) was added at room temperature to a stirred
solution of the crude triflate in N,N-dimethylformamide (45 mL). After 12 h, the
mixture was filtered through Celite and concentrated, and toluene was evaporated twice
from the residue.

A catalytic amount of methanolic sodium methoxide was added to the solution of
the crude azide in methanol (50 mL) at room temperature. After 3 h, the reaction was
complete (t.1.c.; toluene—ethyl acetate, 3:1), the mixture was neutralised with acetic acid
and concentrated, and a solution of the residue in the minimum amount of dichloro-
methane was subjected to column chromatography (toluene—ethyl acetate, 3:1) to give
11 (1.06 g, 52%). Elution with toluene-ethyl acetate (1:1) gave the diol (0.55 g, 29%).

p-Nitrophenyl  3-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy--D-glucopyrano-
syl)-2-azido-4,6-O-benzylidene-2-deoxy-f-D-mannopyranoside (14). — Dimethyl (meth-
ylthio) sulfonium triflate (343 mg, 1.3 mmol) was added at room temperature to a stirred
mixture of 11 (92 mg, 0.22 mmol), ethyl 3.4,6-tri-O-acetyl-2-deoxy-2-phthalimido-1-
thio-B-p-glucopyranoside® (12; 160 mg, 0.33 mmol), 2,6-di-rerr-butyl-4-methylpyridine
(274 mg, 1.3 mmol), 4A molecular sieves, and dichloromethane (10 mL). After 2 h, the
reaction was complete (t.l.c.; toluene—ethyl acetate, 3:1), triethylamine (0.5 mL) was
added, and stirring was continued for 30 min. The mixture was subjected to column
chromatography (toluene—ethyl acetate, 3:1), the fraction that contained p-nitrophenyl
3-0-(3,4,6-tri-O-acetyl-2-deoxy -2 -phthalimido --p-glucopyranosyl)-2-azido-4,6-O-
benzylidene-2-deoxy-B-D-mannopyranoside (13) and the elimination product formed
from the thio sugar was collected. Column chromatography (toluene—ethyl acetate, 1:1;
not flash mode) gave 13 (152 mg, 82%). "C-N.m.r. data (CDCI,): J 20.4, 20.6, 20.7
(CH,CO), 54.2, 61.8, 62.3, 67.9, 68.1, 68.7, 70.9, 72.2, 75.6, 75.7 (C-2,3,4,5,6 and
C-2,3',4',5.6"), 96.6, 97.4, 101.7 (C-1,1" and PhCH), 116.3-160.5 (aromatic C), 169.4,
170.2, 170.7 (carbonyl C).

Hydrazine hydrate (1.9 mL, 39 mmol) was added to a solution of 13 (546 mg, 0.66
mmol) in ethanol (20 mL). The mixture was boiled under reflux overnight, then
concentrated, and toluene was evaporated twice from the residue. Pyridine (4 mL, 50
mmol) and acetic anhydride (4 mL, 42 mmol) were added. When t.l.c. (chloroform—
methanol, 9:1) showed acetylation to be complete, the mixture was concentrated and
toluene was evaporated twice from the residue. Column chromatography (toluene-
ethyl acetate, 1:1) then gave 14 (281 mg, 58%), [a], — 65 (¢ 1.0, chloroform). BC-N.m.r.
data (C,D,N): § 20.4, 20.5 (CH,CO), 23.2 (CH,CON), 55.4,62.9, 64.2, 68.4, 68.7, 70.1,
72.9, 73.3, 75.5, 77.0 (C-2,3,4,5,6 and C-2,3',4.5.6), 98.1, 99.7, 102.3 (C-1,1" and
PhCH), 117.0-161.5 (aromatic C), 169.7, 170.3, 171.0 (carbonyl C).

Anal. Cale. for C,;H,,NO,5: C, 53.3; H, 5.0; N. 9.4, O, 32.3. Found: C, 53.9; H,
5.1; N, 9.2.
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p-Nitrophenyl — 3-O-(2-acetamido-3,4,6-tri-O-acetvl-2-deox v-f-D-glucopyranc-
syl )-2-azido-2-deoxy-f-p-mannopyranoside (15). - A solution of 14 (227 mg. (.31
mmol} in aqueous 70% acetic actd was kept at 70° for | h. when t.Le. {chloroform
methanel. 9:1} indicated complete reaction. The mixture was concentrated and sub-
jected to column chromatography (chloroform-methanol, 15:1) to vield 15 (149 mg.
75%). m.p. >250 (from ethanol). (2], —82 (¢ 0.57. pyridine). "C-Nonr. data
(C.D.Ny: 8205 (CH;CO) 2334C H CON) 56.3.62.2,62.9,63.1.66,0.70.3,72.7. 73.0,
79.6. 80.9 (C-2.34.5,6 and ( 2734560, 97.9, 995 (C-1 and C-17, 11691619
{aromatic C), 169 8, 1 /() 4, (garbom )

Anal. Cale. for C, H, \ () CC 476, HUOS TN 10.7: O, 36.6, Found: ¢, 4740 H,
S5.2; N0

p-Nitrophenyl 3-O-( 2-acetamido-3 4.6-tri-O-acetyl-2-deoxy-f-D-glucopyvranosyi i -
2-azido-4-O-henzoyi-6-O-tert-butyidime thyisifvi-2-deox y-ff-D-mannopvranoside (17).
rert-Butyldimethylsilyl chloride (51 mg. 0.34 mmol) was added at room temperature toa
stirred solution of 15 (108 mg. (.16 mmeol) in pyridine (5 mL). The mixture was stirred
overnight, then co-concentrated with toluene twice. Column chromatography (chloro-
form--methanol, 15:1: not flash mode) of the residue gave the 6-O-silylated product 16.
PC-Numer. data (CDCly: 6 540 53 (CH.SH, 183 (CSi). 20.6 (CH.CO). 235
{(CH,CON}, 258 [(CH,).CSi], 36.2. 62.0. 629, 63,1, 659, 689, 71.3. 723, 780, 83,1
(C-2.3.4.5.6 and C-2°.3°.4.57.6, 96.9, 99.8 (C-1 and C-1"3, 116.6 1613 (aromatce O
169.5. 1704, 170.6. 171.3 {carbonyl (.

Benzoyl chloride (39 x4, 0.34 mmol} was added at O to a solution of the silviated
compound in pyridine (5 mLj. After 2 h, the mixture was concentrated and toluene was
evaporated twice from the residue, a solution of which in the minimum amount of
dichloromethane was subjected to column chromatography (toluene ethnlacetate,
to yield 17 (140 mg. 97%), {#],, 77—57 {¢ 1.0, chloroform). "C-N.m.r. data (C. DNy 8
— 5.3 (2 CH.Si), 18.4 (CSi), 204, 20.5 (CH.CO), 234 (CH,CON) 26,0 [{CH ) CSHL
56.8.62.9.63.0.63.2, 676, 70.2 ”’2.;'. 72.6.76.6. 7T 3(C-2.3.45.6 and C-2.V 475760,
97.9.99.0 (C-1 and C-17, 11721617 (aromatic Cr 1657 1697, 1702 17003, 171 .4
(carbonvl C).

Anal. Cale. for C, ,H (NGO, Si: C.53.00 H, 5.9: N800, 203 81,32 Found: C.
539; H. 5.8 N. 7.6

p-Nitrophenyvl  2-uceramido-3-O-¢ 2-acetamido-2-deox v-fi-b-glucopyranosyi ;-2
deoxy-fi--mannopyranosiduronic acid {21). - A solution of 17 (147 mg. 0.17 mmel) in
aqueous 70% acetic acid (5 mL) was stirred at room temperature. After 3 b the reaction
was complete (t.l.c.; chloroform--methanol, 15:1). The mixture was concentrated. and
toluene was evaporated twice from the residue which was then washed with ether¢d mi
to give the crude 6-hydroxy compound 18 (129 mg). "C-Nom.r. data (C.DNY o 20,4,
206 (CH,CO), 234 (CH,CON)Y, 369,619, 2 x 630,681, 702, 72,5 726, 773, 77.5
(C-2.3.4.5.6 and C-2.3.4°.5.67. 979, 99.0 (C-1 and C-1"y. 117,00 1616 taromatic C).

1659, 169.7. 170.2. 171.4 (carboayl C).

Acetic anhydride (239 ¢, 2.5 mmol) was added to a stirred suspension of crude

18. pyridinium dichromate (199 mg. 6.68 mmol). and rer-butvl alcohol (374 mg. 3/
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TABLE 1

'H- and "C-n.m.r. data for 21 at pD 8 (J in p.p.m., J in Hz)

HI T, c-I' H-2 (C2 H3I C3 H4 C4° H-5 (C-5¢ H-¢' -6

4.67 82 98.7 376 564 358 749 348 710 348 768 394 376 617

H-1 I, C-1 H-2 C-2 H-3 C-3 H-4 C-4 H-5 C-5 - C-6
5.53 1.5 975 484 502 419 772 382 681 392 78.1 175.6°
e

NAc Aromatic® 7071@31\102

C=0 -CH, CH, C-1 H-2 C-2 H-3 C-3 Cc-4
175.2¢ 2.05 23.0 162.1 7.18 117.6 8.24 126.9 143.6
175.6 2.13 23.3

“Tentative assignments®'. * Tentative assignments™, " May be interchanged.

mmol) in dichloromethane (13 mL). The mixture was stirred at room temperature for 5
h in the dark, more pyridinium dichromate (100 mg, 0.34 mmol) was added, and the
mixture was left overnight. Methanol (1 mL) was added and stirring was continued for
30 min. The mixture was washed through silica gel with ethyl acetate, then with ethyl
acetate—acetic acid-methanol-water (12:3:3:1), and the combined filtrates were concen-
trated. Toluene was evaporated twice from the residue, a solution of which in the
minimum amount of chloroform was subjected to column chromatography (chloro-
form-methano, 30:1), to give crude tert-butyl [p-nitrophenyl 3-O-(2-acetami-
do-3.4,6-tri-O-acetyl-2-deoxy-f-D-glucopyranosyl)-2-azido-4-O-benzoyl-2-deoxy-f-
p-mannopyranosidjuronate (19; 80 mg, 57%). "C-N.m.r. data (C;D;N): 6 20.4, 20.5,
20.5 (CH,CO), 23.4 (CH,CON), 27.8 [(CH,),CO], 56.6, 62.8, 62.9, 68.5,70.1,2 x 72.7,
74.8. 77.0 (C-2,3.4,5 and C-2,3,4'.5',6), 83.0 [(CH,),CO], 97.8, 99.4 (C-1 and C-1'),
117.2-161.4 (aromatic C), 165.5, 166.2, 169.7, 170.2, 170.3, 171.4 (carbonyl C).
Triphenylphosphine (22 mg, 0.083 mmol) was added at room ‘temperature to a
stirred solution of 19 (47 mg, 0.057 mmol) in dichloromethane (4 mL), and the mixture
was heated to 35° and stirred for 5 h. Water (4 mL) was added and stirring was continued
overnight until all of the phosphine imine was hydrolysed (t.1.c.; chloroform-methanol,
9:1). The organic layer was separated, then concentrated, and toluene was evaporated
twice from the residue. Acetyl chloride (7 uL, 0.090 mmol) was added at 0° to a stirred
solution of the crude amine in dichloromethane—pyridine (1:1, 4 mL). After 1 h, the
mixture was concentrated and toluene was evaporated twice from the residue. Column
chromatography (chloroform-methanol, 15:1) then yielded rerz-butyl [p-nitrophenyl
2-acetamido-3-0-(2-acetamido -3,4,6-tri-O-acetyl -2-deoxy - f-D-glucopyranosyl)-4-O-
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hcnzoyl~2~deoxy-i)’—l)-mnnnopymno%id]umnats {20 46 mg. 96% ). VC-N.m.r. data
(C.DNX320.4.20.5(CH,COL 231, 23.5(CH, (()N L 27T.8C H‘,.( G* 49 5 56,1, 62,9
69.5.70.1. 72.6. 73.9.74.1. 76 7 (C-2 ’a 4.5 and C-2' 3 45611 & [(CH OO0 973,
100.7 (C-1 and C-17% 117341626 (aromatic (). in6.3. Tov 7, ?T‘f?,f‘\, e, 1TLA
{carbonyl C}.

Asolution of 20 (105 mg) in formic actd (8 mbLy was stirred at room temperature
for ¢ h, then concentrated, und toluene was evaporated twice from the residue. Sodium

methoxide in methanol was added at room temperature to astirred solution of the crude
acid in methanol (5 mLy and stirring was continued overnight, 1o vield 21 (0L e ethyl
acetate -acete acid methano! water £330 whereafter the solution was neutrahlised
with Dowex 50 {H ) resin tiltered, and concentrated. Chromatogruphy of the readue
on DEAE-Sepharose CL-68 followed by gel filtration on Bio-Gel P22 (200 400 mesh)
gave 21 (60 mg. 87% ). |o];, -~ ¥1 (¢ (L37 water). Pt homass spectrun pseudomolecu-
farion pi'z 5384 (M Y The 'H-and "Conmor, data tor 21 are shown in Table |
ACKNOWLEDGMENTS

We thank the National Swedish Board for Technical Development and the
Swedish Natural Science Rescarch Council for finanaal support

REFERENCES

P. Brancfors-Helander, L. Kenne, B. Lindberg, K. Petersson, and P Unger, Carbofivdr, Res 97 (198D
285 290 F <P Tsui, R, ,Sa.hnu,l son, RUAL Boykins, A, D Karpas. and W Egan, iAdd, O7T{19813 283 306
P. Brunefors-Helander, L. Kenne, B. Lindberg, K. Petersson, and P. Unger, Carfolivdi, Rea 881981
TR FLPOTN L R Schncm'wn and W ll’;m ified | B8 {TO8T} RS 2

Do Buss and 1) Goldswin, J. Chem. Soc., € 119081 1457 {do).

H. Paulsen, I P Lorentzen. ;md W I\msLhkcr. Carbofrydr. Res., 136 (19853 133176

1o

PR

S B Micheli, FLoNcotia. L. Panza, L Ronchetis, and L Toma, Carbolivdr Res 138 (1ORS3 of 03
& R Apdersson, T Gouda, O Lurme MOE Riguchme, and B Schiohunder, Carfodnde, Aoy 142 11985y
141 145
Y. Ishido and N. Sakair, ('ur/mi:w/r Rox., 97 (1981 1”\1 1585,
8 FEAvela and B. Holmbom, Ao Chene, dbaensis, Ser. B 310019710 Y 1 Cherrr Abonr . 7601272850
9 R Eby. K. T. Webster, As;d O Schuerch, Carbodivdr. j\gs Poo (iosdy tiy 120
L2 S S5 Ui.d’ and P. 1 (IdKL" Cardofivdr. Rea, {19863 ¢9 12,

i
i F. Andersson and B Samuelsson, Carbolivdr. Res. 129 ¢ !%4 cloed

12 B, Classon and B, Samuclsson. Ao Chem, Seand . Ser. B, 34§ I"‘»’W) S S04,

13 Yu G Gololobov, LN Zhiurova. and Lo Kosukbin, 1~ rahedron, S U981V ART 470
14 P 0 Garegg. T Iverson und & f)wtlrxm‘ Curbohvdr Res SO03976) 32 ¢ 14
13
H
i
i
i

S () Littman and K. Hess, Ber. 47 (1934) 519 826,

6 L Auge. S David. L. Guibe, und G Jugie, Nowe, Jo Climn 4 (19507 4R 436

17 85 Bevehok, G.oAshwelll and U A Kabur, Curbodrvdr. Res.. §.‘? (197119 24

IS AP Tulloch and AL UL Cuoe J Chen, 46 (1U6K) 2485 24937

O MUA Jermivn, dusr J Chern T0 (19571 44K 484
2000 Lonn, Carbohvdr, Ros 139 {985y 108 113
20 Po-E Junsson L. Kenne, and G Widmalm, Carbolivdr. Res, . 188 (19897 169191
22 R I Abraham, b Fisher and PoLaltws, Juoraduciion in NMR Speciroscopr. Wilew, New York, 1988

28,




