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Abstract

Sodium hypochlorite oxidation catalysed by 2,2,6,6,-tetramethylpiperidine 1-oxide (TEMPO) is
shown to be a mild and efficient approach to the title uronates. In the gluco, galacto, allo, and
2-acetamido-2-deoxy-gluco series, the corresponding 8- or a- and B-glycosyl azides could be
smoothly oxidised and alternative preparations are compared to this access.
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1. Introduction

Effective synthetic routes towards, and property studies of, biodegradable polymers
from renewable resources have become a topic for synthetic efforts in recent years. In
particular, access to hydrophilic polyamides has attracted special interest, and the
preparation of AABB-type polyamides has been reported based on dianhydroalditol
derivatives [1], glycaric acids [2,3], and diamino sugar components [4].

Very recently, both polycondensation and polyaddition routes towards the first
AB-type sugar-based polyurethanes in the dianhydroalditol series have been demon-
strated [5]. Along these lines, we set out to synthesise water-soluble AB-type polyamides
of sugar compounds directly and this required sugar-based amino acids. A very recent
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report described the polymerisation of 2-amino-2-deoxy-3,4,5,6-tetra-O-methyl-D-glu-
conic acid via the azlactone [6].

This contribution will report the efficient and simple preparation of the required
methyl (D-glycopyranosyl azide)uronates as precursors for polyamide formation. As
starting materials, the unblocked 1,2-cis- and 1,2-trans-glycopyranosyl azides can be
prepared by well-elaborated methods [7].

Results and discussion

For oxidation of protected aldose derivatives to give the corresponding uronic acid, a
variety of methods (CrO; [8-12], pyridinium dichromate [13], RuO, or RuCl, and HIO,
[14-19]) are at hand and the free sugars can be converted into uronic acids employing
Pt-catalysed oxidation [20] or the recent electrochemical oxidation [21]. However, we
were interested in converting the unprotected glycosyl azides into the corresponding
uronic acids directly, thus avoiding deprotection procedures and the use of expensive
catalysts.

The oxidation of pentaerythritol with hypochlorite to give tris(hydroxymethylacetic
acid was reported years ago [22]. Recently, a variation of this reaction by addition of the
2,2,6,6-tetramethylpiperidine 1-oxide radical (‘‘TEMPO’’) proved to be particularly
effective in the NaOCl-oxidation of methyl a-D-glucopyranoside to methyl a-D-gluco-
pyranuronate [23] (cf. also ref. [24]). In fact, by employing this oxidation procedure in
aqueous sodium hydrogencarbonate with sodium hypochlorite and a catalytic amount of
TEMPO on both a- and B-D-glucopyranosyl azide (1 and 2), the corresponding
glucuronic acid derivatives 3 and 4 could be obtained in smooth reactions and in very
good yields. Considerable amounts of inorganic salts are present in the mixture and
therefore the water-soluble acids 3 and 4 were not isolated. Following evaporation of the
crude material, esterification with methyl iodide and subsequent acetylation with acetic
anhydride with catalysis by 4-dimethylaminopyridine [25,26] led to methyl (2,3,4-tri-O-
acetyl-a-D-glucopyranosyl azide)uronate (5) and the B8 anomer 6. The latter compound
was identical with the product obtained from methyl (2,3,4-tri-O-acetyl-a-p-gluco-
pyranosyl bromide)uronate with sodium azide [27-29].

As an alternative preparation for the 1,2-cis-azide S, a simple Sy2 reaction of the
B-chloride 7 [30c,31] with sodium azide [7,32] in hexamethylphosphoric triamide
(HMPT) could be realised in acceptable yield. Finally, the uronic acid ester 6 could be
obtained in 80% yield by treatment of the B-acetate 8 with trimethylsilyl azide under
SnCl,-catalysis [7].

By similar oxidation of B-p-galactopyranosyl azide (9), the crystalline methyl
galactopyranuronate 10 could be prepared in good yield following chromatographic
purification. Alternatively, the synthesis was successful with calcium hypochlorite in
aqueous suspension with catalytic amounts of TEMPO. In another approach starting
with methyl (2,3,4,-tri-O-acetyl-a-D-galactopyranosyl bromide)uronate 12 [30], which in
turn could be obtained from the a-acetate 11 [33], the B-azide 10 was prepared using
sodium azide in N,N-dimethylformamide.

Along these lines, the mannopyranosyl azides 13 and 15 could be oxidised and
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blocked to give the corresponding anomers 14 and 16 of methyl (2,3,4-tri-O-acetyl-D-
mannopyranosyl azide)uronate in low yields. This reaction sequence could also be
employed for both B-p-allopyranosyl azide (17) and 2-acetamido-2-deoxy-B-D-gluco-
pyranosyl azide (19) to give the crystalline uronic acid esters 18 and 20, respectively, in
good yields.

3. Experimental

General methods.—Melting points were determined with a Boétius melting-point
apparatus and are uncorrected. Optical rotations were measured with a Perkin—Elmer
243 polarimeter. NMR spectra were recorded with a Bruker AMX 400 ('H, 400 MHz;
C, 100 MHz) instrument. TLC was performed on Merck Kieselgel 60 F,, (detection
by charring with 5% ethanolic H,SO, and flash chromatography on silica gel (Kieselgel
60, 230-400 mesh, Merck). Solvents were dried prior to use. The following abbrevia-
tions are used for solvent mixtures: 85:12:3 i-PrOH-AcOH-H,0, eluent A; EtOAc—
toluene, eluent B; 3:1 methyl terz-butyl ether—hexane, eluent C; 5:1 toluene—EtOAc,
eluent D; 10:9:2 i-PrOH-MeNO,-H,0, eluent E; 3:1 toluene—EtOH, eluent F; 9:1
CHCl;-MeOH, eluent G; 7:5 hexane~EtOAc, eluent H.

General procedures.—(A) The solution of the corresponding azide (10 mmol), KBr
(0.11 g), and 2,2,6,6-tetramethylpiperidine 1-oxide (TEMPO, 0.10 g) in satd aqg NaHCO,
(53 mL) was stirred at 15~18°C while a solution of NaOCl (Merck, 67 mL) was added
dropwise keeping the temperature below 23-24°C. After completion of the reaction
(TLC control: eluent A or E), the solution was lyophilised, and the dry salt mixture was
suspended in N,N-dimethylformamide (30 mL) and stirred with Mel (0.8 mL) for 20 h.
Thereafter Ac,0 (3 mL) and 4-dimethylaminopyridine (0.04 g) were added and stirring
was continued for 16 h at room temperature. Water (100 mL) was added and the product
separated and extracted with EtOAc (3 X 120 mL). The combined extracts were washed
with water (2 X 40 mL), dried (CaCl,), and concentrated. The residue was applied to a
silica gel column and chromatographed.

(B) The solution of the corresponding azide (1 mmol) and KBr (0.011 g) in satd aq
NaHCO;, (5.3 mL) was stirred at a temperature of 15-18°C while solid Ca(OCl), (0.25
g) was added. After 5 min, TEMPO (0.006 g) was added in portions and the mixture
was vigorously stirred at 16-20°C. To complete the reaction more Ca(OCl), (2 X 0.25
g) and TEMPO (0.006 g) were added. The mixture was worked up as in (A).

Methyl (2,3,4-tri-O-acetyl-a-D-glucopyranosyl azide)uronate (5).—(a) a-D-Gluco-
pyranosyl azide (1) [34] (1.2 g, 6 mmol) was treated as described in the general
procedure (A). The product (1.69 g, 94%) was purified by chromatography (solvent H)
to yield 5 (0.95 g, 44%) as a syrup; [a]2' +151° (¢ 1.9, CHC,); "H NMR (CDCl,): &
5.68 (d, 1 H, H-1), 4.96 (dd, 1 H, H-2), 5.42 (dd, 1 H, H-3), 5.16 (dd, 1 H, H-4), 4.49
(d, 1 H, H-5), 3.78 (s, 3 H, OMe), 2.06, 2.03, 198 3 s, 9 H, 3 Ac); J,, 6.2,
Jy3=J3,=83, J,5 85 Hz; °C NMR (CDCl,): 8 20.00, 20.05, 20.17 (3 COMe),
52.51 (OMe), 68.18, 68.50, 69.22, 69.47, 85.65 (C-1), 166.9, 168.9, 169.2, 169.3 (4
C=0). Anal. Calcd for C;;H;N,0,: C, 43.46; H, 4.77; N, 11.70. Found: C, 43.56; H,
4.58; N, 11.76.

(b) Sodium azide (0.51 g, 7.8 mmol) was added to a stirred solution of methyl
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(2,3,4-tri-O-acetyl-B-D-glucopyranosyl chloride)uronate (7) [30c,31] (0.95 g, 2.7 mmol)
in HMPT (5 mL). The suspension was stirred at room temperature (16 h), then diluted
with water (60 mL) and EtOAc (80 mL). The separated organic layer was washed with
water (10 mL), dried (CaCl,), and concentrated to dryness. Chromatographic purifica-
tion was as in (a). Yield: 0.54 g (56%); [a]3} + 144° (c 1.7, CHCL,).

Methyl (2,3,4-tri-O-acetyl-B-D-glucopyranosyl azide)uronate (6).—(a) B-p-Gluco-
pyranosyl azide (2) [34] (4.1 g, 20 mmol) was treated as described in the general
procedure (A). The crystalline product (5.29 g, 74%) had mp 153°C; [« 3} 43° (c11,
CHCL,); lit. [27] mp 153°C, [«]5 —21.3° (CHCI,); lit. [29] mp 152-153°C; 'H NMR
(CDCI) §4.12(d, 1 H, H-1), 5.25 (m, 1 H, H2) 4.96 (m, 1 H, H-3), 5.25 (m, 1 H,
H-4), 471 (d, 1 H, H-5), 3.78 (s, 3 H, OMe), 2.03 (s, 6 H, 2 Ac), 2.08 (s, 3 H, Ac); J, ,
9.7, J,5 8.6 Hz; 13C NMR (CDCl,): & 20.54 (2 COMe), 20.45 (COMe), 53.04 (OMe),
69.04, 70.46, 71.87, 74.30, 88.11 (C 1), 166.5, 169.12, 169.27, 169.97 (4 C=0). Anal.
Caled for C;;H ;N,04: C, 43.46; H, 4.77; N, 11.70. Found C, 43.27; H, 4.67; N, 11.65.

(b) Methyl 1,2,3,4-tetra-O-acetyl-B-D-glucopyranuronate (8) [35] (37.6 g, 0.1 mol) in
CH,Cl, (500 mL) was mixed with trimethylsilyl azide (16 mL, 0.12 mmol) and SnCl,
(6 mL). Upon standing for 18-20 h, the solution was washed with aq NaHCO, to
remove tin salts. The organic phase was washed with water, dried (CaCl,), and
concentrated to dryness. The product (33.8 g, 94%) crystallised from EtOH (240 mL) to
give 6 as needles (23.75 g, 66%); mp 152-153°C; [a]5 —45.4° (¢ 0.68, CHCl,). Anal.
Found: C, 43.93; H, 4.74; N, 11.74.

Methyl (2,3,4-tri-O-acetyl-B-p-galactopyranosyl azide)uronate (10).—(a) B-p-Ga-
lactopyranosyl azide (9) [34] (2.05 g, 10 mmol) was treated as described in the general
procedure (B). The waxy product (2.31 g, 64%) was purified by chromatography
(solvent B) to yield 10 as a syrup, which crystallised; [ ]2 +7° (¢ 3.1, CHCL,); 'H
NMR (CDCl,): 6 4.68 (d, 1 H, H-1), 5.20 (m, 1 H, H-2), 5.10 (m, 1 H, H-3), 5.74 (d, 1
H, H-4), 441 (d, 1 H, H-5), 378 (5, 3 H, OMe), 2.10, 2.08, 2.0 3 5, 9 H, 3 Ac); Jis
8.7, J,; 104, J, 3.6, J,5 3.1 Hz; 3C NMR (CDCL,): & 20.50, 20.52, 20.63 (3
COMe), 52.90 (OMC) 67.78, 68.10, 70.45, 74.10, 88.44 (C 1), 165.91, 169.23, 169.73,
169.92 (4 C=0). Anal. Calcd for C;;H;N,0,: C, 43.45; H, 4.77; N, 11.70. Found: C,
43.36; H, 4.53; N, 11.69.

(b) Methyl 1,2,3,4-tetra-O-acetyl-a-D-galactopyranuronate (11) (see below) (1.88 g,
5 mmol) in CH,Cl, (18 mL) was mixed with trimethylsilyl azide (0.9 mL, 6.75 mmol)
and SnCl, (0.3 mL). After 20 h, the solution was washed with aqg NaHCO, to remove
tin salts. The organic phase was washed with water, dried (CaCl,), and concentrated.
The syrup was purified by chromatography (solvent D) to yield 10 (0.96 g, 53%). The
syrup solidified on standing; mp 163°C (from EtOH).

(¢) The solution of methyl (2,3,4-tri-O-acetyl-a-D-galactopyranosyl bromide)uronate
(12) [30] (2.38 g, 6 mmol) in dry HMPT (9 mL) was treated with NaN; (0.8 g). The
mixture was stirred for 20 h and the black suspension was diluted with water (90 mL),
extracted with ether (2 X 60 mL), washed with water, and concentrated. Chromatogra-
phy of the syrupy material (1.4 g, solvent D) yielded pure 10 (0.9 g, 41%); mp 163°C
(subl.) (from EtOH). Anal. Found: 43.12; H, 4.87; N, 11.68.

The products prepared under (a), (b), and (c) showed identical IR and '"H NMR
spectra.
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Methyl 1,2,3,4-tetra-O-acetyl-a-D-galactopyranuronate (11) [33].—The solution of
1,2,3,4-tetra-O-acetyl-a-D-galactopyranuronic acid [39] (3.62 g, 10 mmol) and diazabi-
cyclo[5.4.0Jundec-7-ene (1.49 mL, 10 mmol) in dry DMF (44 mL) was stirred with Mel
(0.62 mL) for 4 h. The solvent was removed in vacuo and the residue triturated with
water (~ 70 mL). The precipitated product (3.25 g, 86%) crystallised from EtOH (10
mL); mp 142-143°C; [a]f' +142° (¢ 1.5, CHCl,); lit [33a] mp 142-143°C, [a],
+143°C (¢ 1, CHCl,); lit. [30b] mp 142-144°C, [a], +138° (¢ 1, CHCl,).

Methyl  (2,3,4-tri-O-acetyl-a-D-mannopyranosyl azide)uronate (14).—a-pD-Man-
nopyranosyl azide (13) [32] (0.81 g, 4 mmol) was treated as described in the general
procedure (A). The brown syrupy product was purified by chromatography (solvent D)
to yield 14 (0.20 g, 11%); [@]¥ +53° (¢ 1.1, CHC1,); "H NMR (CDCl,): & 5.49 (d, 1
H, H-1), 5.13 (t, 1 H, H-2), 5.40 (m, 1 H, H-3), 5.33 (dt, 1 H, H-4), 452 (d, 1 H, H-5),
3.80 (s, 3 H, OMe), 2.14, 2.09, 2.01 3's, 9 H, 3 Ack; J,, 4.0, J,, 3.5, Jo, 7.5, Jy5 7
Hz. Anal. Caled for C,H,,N,0,: C, 43.45; H, 4.77; N, 11.70. Found: C, 43.41; H,
4.64; N, 11.78.

Methyl (2,3,4-tri-O-acetyl-B-D-mannopyranosyl azide)uronate (16).—(a) B-p-Man-
nopyranosyl azide (15) [36a] (1.48 g, 6 mmol) was treated as described in the general
procedure (A). The syrupy product was purified by chromatography (solvent C) to yield
16 (0.24 g, 11%); mp 97-100°C, [ 3 —171° (¢ 3.77, CHCl,); 'H NMR (CDCl,): &
4.85 (d, 1 H, H-1), 5.47 (dd, 1 H, H-2), 5.11 (dd, 1 H, H-3), 5.43 (dd, 1 H, H-4), 4.13
(d, 1 H, H-5), 3.79 (s, 3 H, OMe); J,, 1.0, J,, 32, J,, 10.0, J,; 9.6 Hz; °C NMR
(CDCl,): & 20.04, 20.00, 19.95 (3 COMe), 52.43 (OMe), 70.89, 71.17, 72.31, 75.69,
83.06 (C-1), 165.08, 166.28, 169.11, 169.23 (4 C=0). Anal. Calcd. for C ;H,,N;0,:
C, 43.46; H, 4.80; N, 11.70. Found: C, 43.45; H, 4.70; N, 11.71.

(b) B-p-Mannopyranosyl azide (15) [36a] (1.23 g, 5 mmol) was treated as described
in the general procedure (B). The syrupy product was purified as in (a). Yield: 0.41 g
(23%); mp 96-99°C.

B-p-Allopyranosyl azide (17).—2,3,4,6-Tetra-O-acetyl-B-p-allopyranosyl azide [37]
(5.25 g, 14.06 mmol) in dry MeOH (52 mL) was treated with 1 M NaOCH, (0.7 mL).
After 20 min, the solution was neutralised with Dowex 50W-X4 (H*) ion-exchange
resin and filtered. B-p-Allopyranosyl azide (17; 2.8 g, 97%) crystallised from EtOH (9
mL) after evaporating the solution; mp 121-123°C; [a]? —42° (¢ 1.56, H,0); 'H
NMR (200 MHz, D,0): 8 5.00 (d, 1 H, H-1), 3.50 (dd, 1 H, H-2), 4.23 (dd, 1 H, H-3),
3.69 (dd, 1 H, H-4), 3.87 (ddd, 1 H, H-5), 3.77 (dd, 1 H, H-6a), 3.96 (dd, 1 H, H-6b),
J12 90, Jy3 =03, =30, Jy5 102, Jy, 5.6, J; g 2.0, Jg, 5, 12.2 Hz; C NMR (D,0):
8 61.31, 66.78, 70.46, 71.18, 75.23, 88.09 (C-1). Anal. Calcd for C;H,,N,0;: C, 35.12;
H, 5.41; N, 20.48. Found: C, 34.80; H, 5.20; N, 19.83.

Methyl (2,3,4-tri-O-acetyl-B-p-allopyranosyl azide)uronate (18).—The freshly crys-
tallised azide 17 (1.2 g, 6 mmol) was treated as described in the general procedure ( A).
The syrupy product was purified by chromatography (solvent B) to yield 18 (0.97 g,
45%); mp 64—67°C (EtOH); [ ]2 —29.6° (¢ 2.8, CHCl,); 'H NMR (CDCl,): & 5.04
(d, 1 H, H-1), 4.68 (dd, 1 H, H-2), 5.67 (dd, 1 H, H-3), 5.23 (dd, 1 H, H-4), 4.46 (d, 1
H, H-5), 3.79 (s, 3 H, OMe); J,, 8.7, J,5 3.1, J;, 8.6, J,5 9.7 Hz; Anal. Calcd for
C,;H,;N,0,: C, 43.46; H, 4.80; N, 11.70. Found: C, 43.55; H, 4.58; N, 11.40.

Methyl (2-acetamido-3,4-di-O-acetyl-2-deoxy-B-D-glucopyranosyl azide)uronate (20).
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—(a) 2-Acetamido-2-deoxy-B-D-glucopyranosyl azide (19) [38] (1.23 g, 5 mmol) was
treated as described in the general procedure (A). The solid product (1.47 g, 82%)
crystallised from EtOH; mp 175-177°C; [a]} —41.8° (¢ 1.2, CHCL,); 'H NMR
(CDCl,): 6 4.93(dd, 1 H, H-1), 3.86 (dd, 1 H, H-2), 5.37 (dd, 1 H, H-3), 5.22(dd, 1 H,
H-4), 4.15 (d, 1 H, H-5), 3.77 (s, 3 H, OMe), 5.74 (d, 1 H, NH), 2.06, 2.03, 1.99 (35, 9
H, 3 Ack Jy, 92, Jiw 81, Jyy 102, Jy =J,=97 Hz. Anal. Calcd for
CsH 4 N,O4: C, 43.57; H, 5.06; N, 15.64. Found: C, 43.79; H, 5.22; N, 15.64.

(b) 2-Acetamido-2-deoxy-B-D-glucopyranosyl azide (19) [38] (1.23 g, 5 mmol) was
treated as described in the general procedure (B). The product (1.43 g, 79.8%) was
crystallised from EtOH; mp 175-177°C.
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