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General Information. All starting materials and reagents were obtained from commercial
sources and used as received unless otherwise noted. All solvents used were freshly distilled
prior to use. Optical rotations were measured at room temperature with a digital polarimeter.
High-resolution mass spectra were acquired using electrospray (ESI) ionization mode with a
time-of-flight (TOF) detector. *H NMR spectra were recorded on spectrometers operating at
600 MHz in CDClIz or CD3:0OD. Data were reported as follows: chemical shifts in parts per
million (ppm) from tetramethylsilane as an internal standard, integration, multiplicity (s =
singlet, d = doublet, t = triplet, g = quartet, dd = double-doublet, m = multiplet, br = broad),
coupling constants (in Hz), and assignment. 3C NMR spectra were measured at 150 MHz with
complete proton decoupling. Chemical shifts were reported in ppm from the residual solvent as
an internal standard. Reactions were controlled using TLC on silica [alu-plates (0.2 mm)].
Plates were visualized with UV light (254 nm) and by treatment with:, aqueous cerium(IV)
sulfate solution with molybdic and sulfuric acid followed by heating. All organic solutions were
dried over anhydrous sodium sulfate. Reaction products were purified by flash chromatography
using silica gel 60 (240-400 mesh).

Synthesis and spectroscopic data for sugar aldehydes were described previously: (R)-2,3-O-
isopropylidene-glyceraldehyde (1), 2,3:4,5-di-O-isopropylidene-D-arabinose (2),12! 2-O-
benzyl-3,4-O-isopropylidene-D-erythrose (9), 4-0-benzyl-2,3-O-isopropylidene-D-
erythrose (10),1! 2-O-benzyl-3,4:5,6-di-O-isopropylidene-D-mannose (11),5!' 4-O-benzyl-
2,3:5,6-di-O-isopropylidene-D-mannose  (12),11 4-O-benzyl-2,3:5,6-di-O-isopropylidene-D-
glucose (13)."1 Commercial pyruvic acid esters 3 and 4 were used as received. Synthesis of 2,6-
di-t-bu%l-4-metoxyphenyl pyruvate (5) have been performed based on method presented by
Morin.

Representative Procedure for Direct Aldol Reaction of the Pyruvic Ester 5 with Protected
Sugar Aldehydes. Commercial Trost ProPhenol ligand 12.8 mg (0.02 mmol) was dissolved in
dry THF (0.5 mL) at room temperature under argon atmosphere and treated with a solution of
diethylzinc (1M in hexane, 0.04 mL, 0.04 mmol). The reaction mixture was stirred for 30 min.
to give 0.02 mmol of the catalyst 8. Thus prepared catalyst was added to a solution od aldehyde
(0.1 mmol) and aryl pyruvate 5 in 0.5 ml of THF at —25 °C under argon atmosphere. Reaction
mixture was stirred for 4 days at —25 °C, next quenched by saturated ammonium chloride,
extracted with ethyl acetate, dried with sodium sulphate and evaporated. The crude product was
purified on silica gel by column chromatography using hexane-ethyl acetate (4:1 or 9:1) as
eluent to afford desired anti-aldols. Isomeric syn-aldols have been isolated only in the case of
more yielded and less selective reactions.

3-Deoxy-5,6-O-isopropylidene-D-erythro-hex-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl
ester (6, Table 1,2): 24 mg (55%); pale yellow oil; *H NMR (600 MHz, CDCls) 6 6.88 (s, 2H),
4.18 (m, 1H), 4.11 (dd, J = 8.3, 6.3 Hz, 1H), 4.04 (dd, J = 11.9, 6.5 Hz, 1H), 3.97 (dd, J = 8.3,
5.3 Hz, 1H), 3.80 (s, 3H), 3.30 (dd, J = 18.3, 2.9 Hz, 1H), 3.12 (dd, J = 18.3, 8.9 Hz, 1H), 2.69
(s,1H), 1.42 (s, 3H), 1.35 (s, 3H), 1.31 (s, 9H), 1.30 (s, 9H); *C NMR {*H} (150 MHz, CDCl5)
0193.3,161.7, 156.9, 143.2, 140.9, 111.9, 109.7, 77.5, 68.5, 66.5, 55.3, 43.1, 35.7, 31.5, 31.4,
26.7, 25.1; HRMS (ESI-TOF) exact mass calcd for C2sH3sO7Na m/z 459.2359 ([M + Na]®),
found m/z 459.2345; IR (neat) 3441, 2961, 2931, 2873, 1739, 1590 cm; [a]p® = -3.6 (¢ 1.0,
CHCIy).

3-Deoxy-5,6:7,8-di-O-isopropylidene-D-manno-oct-2-ulosonic acid 2,6-di-t-butyl-4-

metoxyphenyl ester (7, Table 1,3): 46 mg (43%); pale yellow oil; *H NMR (600 MHz, CDCls)
5 6.88 (s, 2H), 4.34 (tdd, J = 8.2, 3.7, 1.7 Hz, 1H), 4.20 (dd, J = 8.7, 6.1 Hz, 1H), 4.07 (ddd, J
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=9.3, 7.8, 4.3 Hz, 1H), 4.02 (dd, J = 8.7, 5.2 Hz, 1H), 3.83 (t, J = 7.4 Hz, 1H), 3.80 (s, 3H),
3.77 (dd, J = 8.6, 7.4 Hz, 1H), 3.61 (s, 1H), 3.36 (dd, J = 17.5, 3.7 Hz, 1H), 3.17 (dd, J = 17.5,
8.2 Hz, 1H), 1.45 (s, 3H), 1.37 (s, 3H), 1.36 (s, 6H), 1.31 (s, 9H), 1.31 (s, 9H); BC{*H} NMR
(151 MHz, CDClz) ¢ 192.0, 161.9, 156.9, 143.4, 141.2, 112.0, 110.4, 109.8, 82.9, 81.1, 76.5,
68.5, 68.1, 55.4, 43.6, 35.8, 35.8, 31.6, 31.6, 27.0, 26.9, 26.6, 25.2; HRMS (ESI-TOF) exact
mass calcd for calcd for C29Has09Na m/z 559.2883, found m/z 559.2842; IR (neat) 3447, 2963,
2931, 2873, 1739, 1590 cm™; [a]p® = +10.2 (¢ 1.0, CHCIs). The product was separated from
its syn-isomer: 3-deoxy-5,6:7,8-di-O-isopropylidene-D-gluco-oct-2-ulosonic acid 2,6-di-t-
butyl-4-metoxyphenyl ester: 23 mg (21%); pale yellow oil; *H NMR (600 MHz, CDCls) 6 6.88
(s, 2H), 4.42 (tt, 3 =9.0, 3.1 Hz, 1H), 4.16 (dd, J = 8.6, 6.1 Hz, 1H), 4.09 — 4.04 (m, 1H), 3.99
(dd, J = 8.7, 4.8 Hz, 1H), 3.98 — 3.93 (m, 2H), 3.80 (s, 3H), 3.33 (dd, J = 17.2, 9.2 Hz, 1H),
3.16 (dd, J=17.2,3.4 Hz, 1H), 2.74 (d, J = 8.3 Hz, 1H), 1.43 (s, 3H), 1.42 (s, 3H), 1.38 (s, 3H),
1.34 (s, 3H), 1.31 (s, 18H); *C{*H} NMR (151 MHz, CDCls) § 192.2, 161.9, 156.9, 143.4,
143.4,141.2,112.0,110.1, 109.9, 82.6, 77.3, 68.1, 66.6, 55.4, 44.0, 35.8, 35.8, 31.6, 31.6, 27.3,
27.0, 26.8, 25.4; HRMS (ESI-TOF) exact mass calcd for C29H4409Na m/z 559.2883, found m/z
559.2854. IR (neat) 3481, 2962, 2929, 2873, 1738, 1590 cm?l; [a]p® =
—2.8 (c 1.0, CHCla).

5-0-Benzyl-3-deoxy-6,7-O-isopropylidene-D-ribo-hept-2-ulosonic ~ acid  2,6-di-t-butyl-4-
metoxyphenyl ester (14, Table 3): 35 mg (62%); pale yellow oil; *H NMR (600 MHz, acetone-
de) 6 7.41 — 7.25 (m, 5H), 6.89 (s, 2H), 4.82 (d, J = 11.5 Hz, 1H), 4.76 (d, J = 11.5 Hz, 1H),
453 — 4.48 (m, 1H), 4.31 (dd, J = 12.5, 6.5 Hz, 1H), 4.05 (dd, J = 8.2, 6.5 Hz, 1H), 3.90 (dd, J
=8.1, 6.8 Hz, 1H), 3.80 (s, 3H), 3.70 (dd, J =5.8, 4.2 Hz, 1H), 3.40 (dd, J = 17.4, 9.2 Hz, 1H),
3.20 (dd, J = 17.4, 3.4 Hz, 1H), 1.35 (s, 3H), 1.33 (s, 3H), 1.29 (s, 9H), 1.29 (s, 9H); *C{'H}
NMR (151 MHz, acetone-ds) 0 193.4, 162.8, 157.9, 144.2, 142.0, 139.7, 129.1, 128.7, 128.4,
112.6, 109.5, 83.1, 76.2, 74.5, 68.1, 67.0, 55.6, 43.3, 36.2, 31.8, 26.9, 25.6; HRMS (ESI-TOF)
exact mass calcd for Ca2Ha4OsNa m/z 579.2934, found m/z 579.2920; IR (neat) 3463, 3059,
3023, 2956, 2923, 2854, 1734, 1589 cm™; [a]o® = +24.8 (c 0.07, CHCls).

7-0-Benzyl-3-deoxy-5,6-O-isopropylidene-D-ribo-hept-2-ulosonic  acid  2,6-di-t-butyl-4-
metoxyphenyl ester (15, Table 3): 23 mg (41%); pale yellow oil; *tH NMR (600 MHz, CDCls)
07.41-7.28 (m, 5H), 6.88 (s, 2H), 4.62 (d, J = 11.7 Hz, 1H), 4.59 (d, J = 11.8 Hz, 1H), 4.49 —
4.42 (m, 1H), 4.41 (ddd, J =9.5,5.5, 4.1 Hz, 1H), 4.11 — 4.05 (m, 1H), 3.81 (s, 3H), 3.73 (t, J
=9.5Hz, 1H), 3.54 (dd, J=9.7,4.0 Hz, 1H), 3.28 (dd, J = 17.2, 3.5 Hz, 1H), 3.22 (dd, J = 17.3,
8.6 Hz, 1H), 1.36 (s, 3H), 1.32 (s, 3H), 1.31 (s, 18H); *C{*H} NMR (151 MHz, CDCls3) &
192.0, 161.9, 156.9, 143.5, 141.2, 136.8, 128.7, 128.4, 128.3, 112.0, 109.0, 79.9, 75.5, 74.2,
68.5, 65.7, 55.4, 43.9, 35.8, 35.7, 31.7, 31.6, 28.0, 25.5; HRMS (ESI-TOF) exact mass calcd
for m/z C3Has0gNa 579.2934, found m/z 579.2894; IR (neat) 3454, 3059, 3029, 2960, 2935,
2911, 2868, 1758, 1739, 1588 cm™; [a]p® = —2.2 (¢ 0.5, CHCIs). The product was separated
from its syn-isomer: 7-O-benzyl-3-deoxy-5,6-O-isopropylidene-D-arabino-hept-2-ulosonic
acid 2,6-di-t-butyl-4-metoxyphenyl ester: 8 mg (14%); pale yellow oil; *H NMR (600 MHz,
CDCl3) ¢ 7.38 — 7.27 (m, 5H), 6.89 — 6.86 (s, 2H), 4.58 (d, J = 2.3 Hz, 2H), 4.56 — 4.52 (m,
1H), 4.47 — 4.41 (m, 1H), 3.80 (s, 3H), 3.57 (dd, J = 9.6, 4.3 Hz, 1H), 3.52 (dd, J = 9.6, 6.0 Hz,
1H), 3.22 (dd, J = 18.0, 8.0 Hz, 1H), 3.14 (dd, J = 18.0, 4.3 Hz, 1H), 2.69 (d, J = 4.6 Hz, 1H),
1.33 (s, 3H), 1.31 (s, 3H), 1.30 (s, 9H), 1.30 (s, 9H); *C{*H} NMR (151 MHz, CDCl3) § 192.6,
161.8,156.9, 143.4,141.0, 137.8, 128.7,128.6, 127.9, 112.0, 109.6, 73.9, 73.6, 73.1, 66.5, 65.5,
55.4, 43.2, 35.8, 35.8, 31.6, 31.6, 27.9, 25.5; HRMS (ESI-TOF) exact mass calcd for
Cz2H4408Na m/z 579.2934, found m/z 579.2915; IR (neat) 3448, 3087, 3063, 3029, 2960, 2935,
2914, 2868, 1758, 1743, 1588 cm™*; [a]p®® = +1.1 (c 0.9, CHClI5).



5-0-Benzyl-3-deoxy-6,7;8,9-di-O-isopropylidene-D-glycero-D-talo-non-2-ulosonic acid 2,6-
di-t-butyl-4-metoxyphenyl ester (16, Table 3): 39 mg (60%); pale yellow oil; *H NMR (600
MHz, CDCls) 6 7.38 — 7.27 (m, 5H), 6.87 (s, 2H), 4.93 (d, J = 11.4 Hz, 1H), 4.65 (d, J = 11.4
Hz, 1H), 4.48 (dd, J = 6.5, 3.1 Hz, 1H), 4.34 (td, J = 9.2, 2.8 Hz, 1H), 4.21 (dd, J = 8.6, 6.0 Hz,
1H), 4.17 — 4.09 (m, 2H), 3.99 (dd, J = 8.6, 6.0 Hz, 1H), 3.80 (s, 3H), 3.77 (dd, J = 8.2, 3.1 Hz,
1H), 3.46 (br. s, 1H), 3.25 (dd, J = 18.2, 9.2 Hz, 1H), 3.17 (dd, J = 18.1, 2.8 Hz, 1H), 2.38 (br.
s, 1H), 1.50 (s, 3H), 1.44 (s, 3H), 1.38 (s, 3H), 1.37 (s, 3H), 1.29 (s, 9H), 1.28 (s, 9H); BC{ H}
NMR (151 MHz, CDCls) 6 192.6, 161.8, 156.8, 143.3, 141.0, 137.9, 128.5,128.1, 127.9, 111.8,
110.3, 109.5, 80.7, 80.2, 77.7, 77.3, 74.9, 68.2, 66.9, 55.3 43.1, 35.6, 31.5, 31.5, 27.0, 26.9,
26.2, 25.4; HRMS (ESI-TOF) exact mass calcd for Cz7Hs2010Na m/z 679.3458, found m/z
679.3450; IR (neat) 3478, 2953, 2922, 2850, 1738, 1589 cm™; [0]p?® = +17.7 (c 0.5, CHCl5).

7-0-Benzyl-3-deoxy-5,6:8,9-di-O-isopropylidene-D-glycero-D-talo-non-2-ulosonic acid 2,6-
di-t-butyl-4-metoxyphenyl ester (17, Table 3): 52 mg (79%); pale yellow oil; *H NMR (600
MHz, CDCl3) ¢ 7.38 — 7.24 (m, 5H), 6.87 (s, 2H), 4.95 (d, J = 11.6 Hz, 1H), 4.76 (d, J = 11.6
Hz, 1H), 4.48 — 4.43 (m, 1H), 4.32 — 4.30 (m, 1H), 4.29 (dd, J = 5.9, 4.1 Hz, 1H), 4.16 (t, J =
4.2 Hz, 1H), 4.11 (dd, J = 8.4, 6.4 Hz, 1H), 4.06 (dd, J = 9.4, 5.9 Hz, 1H), 4.03 (t, J = 8.1 Hz,
1H), 3.80 (s, 3H), 3.39 (dd, J = 18.4, 2.7 Hz, 1H), 3.19 (d, J = 4.7 Hz, 1H), 3.12 (dd, J = 18.4,
8.6 Hz, 1H), 1.45 (s, 3H), 1.44 (s, 3H), 1.37 (s, 3H), 1.34 (s, 3H), 1.29 (s, 18H); *C{*H} NMR
(151 MHz,CDCI3) 6 193.7,161.8, 157.0, 143.4,141.1, 138.5, 128.5, 127.7, 112.0, 109.2, 108.8,
78.8, 78.1, 76.7, 73.9, 66.4, 66.3, 55.4, 44.5, 35.8, 31.6, 26.9, 26.5, 25.7, 25.3; HRMS (ESI-
TOF) exact mass calcd for Ca7Hs2010Na m/z 679.3458, found m/z 679.3438; IR (neat) 3451,
2961, 2932, 2868, 2362, 2343, 1745, 1730, 1588 cm™; [a]p?® = +12.1 (¢ 1.2, CHCl3).

7-O-Benzyl-3-deoxy-5,6:8,9-di-O-isopropylidene-D-glycero-D-gulo-non-2-ulosonic acid 2,6-
di-t-butyl-4-metoxypheny! ester (18, Table 3): 42 mg (64%); pale yellow oil; *H NMR (600
MHz, acetone-ds) 6 7.44 — 7.25 (m, 5H), 6.91 (s, 2H), 4.90 (d, J = 11.3 Hz, 1H), 4.76 (d, J =
11.3 Hz, 1H), 4.32 (dd, J = 6.7, 3.8 Hz, 2H), 4.19 (dd, J = 7.3, 2.2 Hz, 1H), 4.11 (t, J = 7.6 Hz,
1H), 4.05 (dd, J = 8.3, 7.1 Hz, 1H), 4.00 (dd, J = 8.3, 6.6 Hz, 1H), 3.92 (dd, J = 3.8, 2.2 Hz,
1H), 3.81 (s, 3H), 3.30 (dd, J=17.1, 3.5 Hz, 1H), 3.19 (dd, J = 17.1, 8.5 Hz, 1H), 1.37 (s, 3H),
1.33 (s, 3H), 1.32 (s, 3H), 1.31 (s, 12H), 1.31 (s, 9H); C{*H} NMR (151 MHz, acetone-ds) &
192.7, 162.7, 157.9, 144.1, 142.0, 139.9, 129.1, 128.5, 128.3, 112.6, 110.2, 108.7, 81.9, 79.7,
78.9, 78.6, 75.7, 70.1, 66.2, 55.6, 45.1, 36.2, 31.8, 27.7, 27.1, 26.9, 25.6; HRMS (ESI-TOF)
exact mass calcd for Cs7Hs2010Na m/z 679.3458, found m/z 679.3461; IR (neat) 3496, 2984,
2932, 1744, 1585 cm™; [a]p?® = —3.4 (c 1.0, CHCIs). The product was separated from its syn-
isomer:  7-O-Benzyl-3-deoxy-5,6:8,9-di-O-isopropylidene-D-glycero-D-ido-non-2-ulosonic
acid 2,6-di-t-butyl-4-metoxyphenyl ester: 11 mg (16%); pale yellow oil; *H NMR (600 MHz,
acetone-ds) 0 7.44 — 7.25 (m, 5H), 6.91 (s, 2H), 4.89 (d, J = 11.4 Hz, 1H), 4.77 (d, J = 11.3 Hz,
1H), 4.37 — 4.31 (m, 1H), 4.29 (td, J = 6.9, 4.1 Hz, 1H), 4.24 (dd, J = 8.1, 2.9 Hz, 1H), 4.15
(dd, J=8.1, 2.8 Hz, 1H), 4.03 (m, 2H), 3.83 (dd, J = 4.1, 2.9 Hz, 1H), 3.82 (s, 3H), 3.35 (dd, J
=17.5, 8.8 Hz, 1H), 3.12 (dd, J = 17.5, 4.0 Hz, 1H), 1.38 (s, 3H), 1.35 (s, 3H), 1.33 (s, 3H),
1.31 (s, 12H), 1.31 (s, 9H); *)C{*H} NMR (151 MHz, acetone-ds) 6 192.7, 162.7, 157.9, 144.1,
144.1,139.7, 129.1, 128.8, 128.4, 112.6, 109.9, 108.9, 79.5, 78.7, 78.5, 78.0, 75.6, 66.4, 65.9,
55.6, 44.4, 36.2, 31.8, 27.4, 27.2, 26.9, 25.6; HRMS (ESI-TOF) exact mass calcd for
Ca7Hs2010Na m/z 679.3458 found m/z 679.3448; IR (neat) 3466, 2956, 2923, 2868, 2853, 1734,
1589 cm; [a]p®® = -0.7 (¢ 1.1, CHCly).

Representative Procedure for Deprotection and Cyclization of Aldol Products. To a stirred
solution of aldol (0.1 mmol) in 5 ml of methanol DOWEX 50 WX 4 (one mass equivalent) and
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palladium on carbon (0.2 mass eq.) were added. Reaction mixture was stirred for 24 hours under
hydrogen atmosphere in room temperature. lon exchange resin and palladium on carbon were
removed by filtration and the solvent was evaporated. Products were purified on silica gel by
column chromatography using as eluent mixture of ethyl acetate-methanol (15:2) for eight- and
nine-carbon esters and dichloromethane-methanol (15:1) for six- and seven-carbon esters.

3-Deoxy-D-erythro-hept-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (19, KDG ester,
Scheme 1): 164 mg (88%); *H NMR (300 MHz, CD30D) 6 6.91 (s, 2H), 6.91 (s, 4H), 3.83 (s,
3H), 3.82 (s, 6H), 4.58 — 4.48 (m, 1.3H), 4.38 — 4.24 (m, 3H), 4.20 — 4.11 (m, 2H), 4.01 (ddd,
J=6.9,5.0, 3.4 Hz, 1H), 2.98 (dd, J = 13.7, 7.2 Hz, 0.75H), 2.76 (dd, J = 12.7, 8.8 Hz, 1H),
2.51 (t, J =12.5 Hz, 0.8H), 2.50 (dd, J = 12.7, 6.9 Hz, 1H), 2.38 (dd, J = 14.3, 3.1 Hz, 0.4H),
2.31(dd, J=14.2,4.1 Hz, 0.4H), 2.21 (dd, J = 13.6, 3.9 Hz, 0.75H), 2.06 (dd, J = 12.5, 4.8 Hz,
0.8H), 1.39 (s, 7H), 1.38 (s, 9H), 1.38 (s, 22H), 1.37 (s, 8H), 1.36 (s, 6H); *)C{*H} NMR (75
MHz, CD30D) ¢ 180.5, 171.9, 158.1, 145.0, 143.3, 112.6, 106.4, 102.9, 98.5, 97.2, 88.7, 88.3,
75.2,73.3,73.1,72.8, 71.4, 68.8, 66.5, 66.0, 63.7, 63.6, 63.5, 55.8, 55.1, 36.6, 35.3, 31.9, 31.8,
31.7; HRMS (ESI-TOF) exact mass calcd for C21Hz007Na m/z 419.2046, found m/z 419.2021,
IR (neat) 3403, 2957, 2924, 2873, 1754 and 1590 cm™,

3-Deoxy-D-ribo-hept-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (20, DRH ester,
Scheme 1): 117 mg (86%); *H NMR (600 MHz, CD3OD) ¢ 6.88 — 6.86 (m, 6H), 4.29 (dd, J =
9.5, 5.2 Hz, 1.2H), 4.21 (g, J = 3.2 Hz, 0.7H), 4.16 (dd, J = 7.5, 3.2 Hz, 1.3H), 4.00 (dd, J =
9.2,5.6 Hz, 1.3H), 3.92 — 3.88 (m, 3H), 3.82 (dd, J = 6.2, 3.6 Hz, 1H), 3.79 — 3.78 (m, 10H),
3.74 (dd, J = 12.7, 3.7 Hz, 2.7H), 3.62 (dd, J = 10.7, 5.7 Hz, 1.3H), 3.60 — 3.57 (m, 1.6H), 3.56
—3.52 (m, 1H), 2.87 (dd, J = 13.7, 7.1 Hz, 1.H), 2.72 (dd, J = 12.8, 8.6 Hz, 1H), 2.47 (dd, J =
12.8, 7.1 Hz, 1H), 2.37 (dd, J = 14.3, 3.0 Hz, 1H), 2.33 (dd, J = 14.3, 3.6 Hz, 1H), 2.18 (dd, J
=13.7, 2.7 Hz, 1H), 1.35 — 1.32 (m, 59H); *C{*H} NMR (151 MHz, CD30D) § 171.0, 170.7,
169.5, 157.6, 157.5, 144.7, 144.6, 144.5, 144.5,143.2, 143.1, 112.3,112.2, 110.2, 104.3, 102.8,
96.4,76.5,73.6, 73.3, 73.1,72.8, 71.3, 70.9, 69.1, 68.5, 64.3, 64.2, 63.5, 55.5, 55.0, 49.8, 45.3,
44.7, 37.4, 36.3, 36.3, 31.8, 31.8, 31.6; HRMS (ESI-TOF) exact mass calcd for C22H3s0gNa
m/z 449.2151, found m/z 449.2129; IR (neat) 3372, 3002, 2959, 2908, 2871, 2832, 1758, 1589
cm™.

3-Deoxy-D-manno-oct-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (21, KDO ester,
Scheme 1): 38 mg (98%); *H NMR (600 MHz, CD3OD) & 6.90 (s, 0.15H), 6.89 (s, 2H), 4.12
(ddd, J=11.9,4.7, 3.0 Hz, 1H), 4.06 (dd, J = 13.4, 4.7 Hz, 1H), 3.97 (dd, J = 8.8, 1.1 Hz, 1H),
3.95-3.92 (m, 1H), 3.83 (dd, J = 11.6, 2.8 Hz, 1H), 3.81 (s, 0.45H), 3.81 (s, 3H), 3.74 (dd, J
=11.7,4.6 Hz, 1H), 2.75 (dd, J = 12.5, 9.4 Hz, 0.15H), 2.56 (t, J = 12.2 Hz, 1H), 2.48 (dd, J =
12.5, 7.0 Hz, 0.15H), 1.97 (ddd, J = 12.5, 4.7, 0.7 Hz, 1H), 1.37 (s, 1.4H), 1.37 (s, 1.4H), 1.37
(s, 9H), 1.36 (s, 9H); BC{*H} NMR (151 MHz, CD30OD) ¢ 171.7, 170.3, 158.1, 145.1, 144.9,
143.4,112.6, 112.6, 102.7, 97.4, 86.7, 73.5, 73.0, 71.3, 70.8, 67.8, 67.6, 65.7, 65.0, 64.5, 55.8,
49.8, 36.6, 36.6, 34.9, 31.9, 31.9, 31.8, 31.7; HRMS (ESI-TOF) exact mass calcd for
C23H3609Na m/z 479.2257, found m/z 479.2229; IR (neat) 3354, 2964, 2926, 2870, 1745 and
1591 cm™,

3-Deoxy-D-glycero-D-talo-non-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (22, 4-epi-
KDN ester, Scheme 1): 38 mg (99%); *H NMR (600 MHz, CD30D) ¢ 6.92 — 6.89 (m, 5H), 4.43
(dd, J=10.3,1.1 Hz, 0.9H), 4.34 (dd, J = 8.6, 3.4 Hz, 0.9H), 4.32 — 4.29 (m, 1.1H), 4.10 — 4.04
(m, 2H), 3.96 — 3.92 (m, 1.3H), 3.89 — 3.84 (m, 5H), 3.83 — 3.81 (m, 8H), 3.80 — 3.77 (m, 3H),
3.70 (ddd, J = 8.8, 5.3, 2.9 Hz, 1.7H), 3.67 — 3.63 (m, 1.3H), 2.94 (dd, J = 13.7, 7.1 Hz, 0.6H),
2.79 (dd, J =12.8, 8.4 Hz, 0.9H), 2.56 (dd, J =12.8, 7.1 Hz, 0.9H), 2.42 (dd, J = 14.3, 2.9 Hz,
1H), 2.34 (dd, J = 14.3, 3.7 Hz, 1H), 2.26 (dd, J = 13.7, 2.9 Hz, 0.6H), 1.39 — 1.37 (m, 45H);

S-5



BC{*H} NMR (151 MHz, CD30D) ¢ 172.5, 171.8, 171.3, 158.1, 158.1, 145.0, 144.9, 144.9,
144.9, 144.8, 143.6, 143.3, 143.3, 143.2, 112.6, 104.2, 103.2, 97.2, 87.9, 87.5, 80.8, 74.5, 74.1,
73.0,72.7,72.2,71.9,71.8,71.8,71.4,70.6, 70.4, 69.5, 69.3, 67.0, 66.9, 65.1, 65.0, 64.7, 61.6,
55.8, 49.8, 36.6, 36.6, 36.6, 36.5, 32.0, 31.9, 31.9, 31.8, 31.7; HRMS (ESI-TOF) exact mass
calcd for C24H3s010Na m/z 509.2363, found m/z 509.2342; IR (neat) 3354, 2999, 2959, 2871,
2835, 1751, 1590 cm™.

3-Deoxy-D-glycero-D-gulo-non-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (23, 5-
epi-KDN, Scheme 1): 38 mg (98%); *H NMR (600 MHz, CD30D) ¢ 6.92 — 6.89 (m, 5H), 4.59
(dd, J = 6.7, 5.3 Hz, 2H), 4.42 (d, J = 3.6 Hz, 2H), 4.41 — 4.39 (m, 3H), 4.31 (d, J = 4.4 Hz,
1H), 4.15 (dd, J = 3.6, 2.3 Hz, 3H), 4.05 — 4.01 (m, 2H), 3.81 — 3.80 (m, 5H), 3.74 — 3.70 (m,
2H), 3.66 (dd, J =11.2, 5.5 Hz, 2H), 3.60 (dd, J =11.4, 6.1 Hz, 2H), 3.02 (dd, J = 13.6, 7.7 Hz,
0.2H), 2.75 (dd, J = 12.6, 9.0 Hz, 0.3H), 2.64 (t, J = 12.2 Hz, 1H), 2.51 (dd, J = 12.6, 7.1 Hz,
0.3H), 2.22 (dd, J = 13.6, 4.5 0.2H), 2.04 (dd, J = 12.3, 4.2 Hz, 1H), 1.39 — 1.36 (m, 27H);
BC{'H} NMR (151 MHz, CD3s0OD) ¢ 177.3, 174.8, 159.5, 158.5, 145.0, 144.8, 142.6, 142.2,
112.6, 110.9, 110.5, 97.1, 82.2, 81.3, 75.0, 74.9, 74.8, 74.5, 745, 73.4, 72.9, 72.1, 72.1, 71.6,
71.5,64.7,64.3,52.7, 52.6, 52.6, 36.6, 36.6, 3.9, 31.7; HRMS (ESI-TOF) exact mass calcd for
C24H38010Na m/z 509.2363, found m/z 509.2330; IR (neat) 3333, 2940, 2887, 2835, 1733, 1594
cm™.

References:

[1] C. R. Schmid, J. D. Bryant, M. Dowlatzedah, J. L. Phillips, D. E. Prather, R. D. Schantz, N. L. Sear, C. S.
Vianco, J. Org. Chem. 1991, 56, 12, 4056.

[2] S. J. Eitelman, D. Horton, Carbohydrate Research 2006, 341, 2658.

[3] @) E. Abushanab, P. Vemishetti, R. W. Leiby, H. K. Singh, A. B. Mikkilineni, D. C.-J. Wu, R. Saibaba, R. P.
Panzica, J. Org. Chem. 1988, 53, 2598; b) T. Tschamber, H. Siendt, A. Boiron, F. Gessier, D. Deredas, A.
Frankowski, S. Picasso, H. Steiner, A.-M. Aubertin, J. Streith, Eur. J. Org. Chem. 2001, 1335.

[4] X. Shen, Y.-L. Wu, Y. Wu, Helv. Chim. Acta 2000, 83, 943.

[5] A. Dondoni, A. Marra, P. Merino, J. Am. Chem. Soc. 1994, 116, 3324.

[6] W. Frick, T. Kriille, R. R. Schmidt, Liebigs Ann. Chem. 1991, 435.

[7] P. Herczegh, 1. Kovacs, L. Szilagyi, F. Sztaricskai, Tetrahedron 1995, 51, 2969.

[8] O. J.-C. Nicaise, D. M. Mans, A. D. Morrow, E. Villa Hefti, E. M. Palkovacs, R. K. Singh, M. A. Zukowska,
M. D. Morin, Tetrahedron 2003, 59, 6433.



70000
60000
50000
40000
30000
20000
10000
0

— o - =5 B 0000 00 00 e
oo - D O — T 0O =F 00 —
oMo ®m 0m NN e
AL T L L (AL T L T L L L T L T
t-Bu
O t-Bu
6-anti
|
Iy l [Lh,
H fy
—_ [l o] ]
= reS
| T T T T | T I I
3.0 20

066'€ o ~ j L
o — == 3097 ||
Zpo T L
s O . 1383 ||
9 ey — 1 DE\
et o === T8 |3
)V o T 108 (L
1.02

O L
2 S B
E = AN =
III|IIII|IIII|III _LD
F1oo|[ -
Foar|r —
- L
I Lo -
o
o/ — B —Aﬁ_e :|‘23_|'" B
]—3.83— — =
_;=EEE;;} T106|] 8 -
= 08| T~ i
T8 = i
Froz|L g oL
L = o
- [
=




40000

30000

20000

10000

FLE01
CE L

LE0FL
EZ'EFL

88’951
0L 19l

SZ'EBL

)

L

i-Bu

OMe

a0

I
100

I
150

!
200
ppm (1)

S-8



=40000

~35000

—30000

25000

—20000

~15000

=10000

~5000

TE'T
TE'T
Qg'T

LE'T
Sb'Tf

5T°E
ar'e
ar'e
GT'E
SE'E
SE'E:&‘
LEE
8EE
T9E
‘BI'E-\'
LLE
LLE
8rE
0ge
ZvE
£5E
FEE
oo
10
Zne
E0f
ane
a0t
L0
L0k
a0k
20k
Iy
07"+
6Tk
0k
0k
Tk
ZE'F
ZE'P]
EEP
EE'P]
FEF
FEF
PEP
FEF
SEF
SE'
SEF
D

2 g—

3000

F2000

)
=
o

s

S oSS

SR R R

oot

ooy

£t
nZe
ant

E0T
£CT

£t

o't

T-anti

3.7 3.5 3.3
f1 (ppm)

3.9

4.1

4.3

s

VT

[T

SE'8T
;{ £r4
£t g

A €0y

o't

T 7

ao'y

o't
0T
0z g
a0t

0T
!
0T
ot

R e

3.5 5.0 4.5 4.0 3.9 3.0 2.9 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

6.5



24000

=22000

=20000

~18000

=16000

14000

12000

~10000
8000
—&000
~4000
—2000

—-2000

5852
a5 az\_
0 az}
8 9z
o' 1E
P9 TE
94 58
B SE

o5 gp—
o' 55—

A B8
L

[N Tegl

LR N
ER' Z8~_

EEG0T_
pEOTI=
96111

ECTFI—
SFEFT—

LEAST—

TH'TAT=—

96T 6T —

©
=
o

T-anti

S-10

180 170 160 150 140 130 120 110 100 ag B0 70 ] a0 40 30 20 10
f1 (ppm)

190



(=] = (=] = (=] = (=] = (=] = (=] (=] (=] = (=] = (=] =
= = = = = = = = = = = = = = = = = = =
= = = = (== = (== = (== = (== = = = = = (== = =
= ] = el = [Te) = [Ts) = [Tl = u = L = ] = = s}
(=11 [= <] [=] [ [ [F=) (V=] [Ty L =+ =+ [aa] (331 (5] [ — — V] = ]
| 1 | 1 l i 1 i 1 i 1 1 1 1 1 1 1 | 1 l 1 i 1 1 i
=
1€1 58T
FET _ — J 0z g
8ET— — = 3 b
1 @O E— - ‘t g
EF1 = 95 g
@ : @
1 1
-l-.. O s
O g
> o ? = 1
P~ J
STE d
ST'E I
ITE @)
aTE o e = B ooy
16€ - '
ECE O B = F oot
PEE
EEE 'Jmo
SE'E
9E'E %/ _ =
LBE O 9E" g
IRE —_— _ v
8E'E = =] =] =] T B
| = = = = S— ,
oot =] =] =] =] - b 860
i ¥ . T .9 T .7,
(i
T+ S Fooor g ~ ® T 90
T ~
kb M en
b R
T ™~ I' UL
£F'b o
EFF F A
(A - o
Lo~
m.“\
-
ol T o =
[ oo
™
"‘-—-.,\ I» e[
e Fevry -
o+
e F esof
[ o
<
\.\ I— 950
ago— —_ — T

S-11

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

6.3



~26000

—24000

—22000

~20000

~18000
~16000
~14000

12000

10000
-8000
-6000
-4000
-2000
-0

BE' 52
1w az-\_
zu'az}
fradsd
o 1E
¥ TE
94 58
08 5€

0 —
O’ 55—

BS99
an ga—

B LL =

85 i8—

TER0T
IIIT'III'[T}-

BE'TTI

9T ThT~
BEEF]
S Eb]

P95 —

SH'T9T—

STEeT—

I

30

OMe

Harp O

7-syn

L

L

|
Yl My

S-12

10

20

180 170 160 150 140 130 120 110 100 ag 80 70 ] 50 40
f1 (ppm)

190



(=] (=] = (=] (=] (=] = (=]
= = = = = = = = =
=) = = (== [ = = = (==
1 (=] g1 = 1 (=] ¥y = =
=+ =+ 5] [5a] (] (] — — [Ta] =
1 L 1 | 1 1 l 1 1 i 1
5T obaT
- o 60'g
£ET —_— Y
EE'T-/r 65'H
=0
[un]
o
e
o
P
. ®) =
BT'E -—
BTE
1543 T
ZTE
[EE O e = 10t
BEE
U#'E% E oeoq
e
”"E—\ - oo
S0p -~ sl
anp —_—
L0k — - o &1
Gt =] =]
16k 2 = — = oAt
ek ™ A
EEV o~ o660
(52}
55k ]
zg'vl — _= ¥ o
18 =+ = a2
£8t o
w
(52}
(]
A
—
= 1
oo
+.2
=
™
+
b
+
= = 72

17
BEY
8L
BEY

4.6

7
4.8

S-13

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.5

7.0




(wdd) 14

S-14

0 0T 0e 0E 0F 0s 09 0s 0g 06 oot 01t 0ZT DET 0+T 0ST 0ot 0Lt 08T 06T
| | 1 | L | 1 1 1 | | 1 1 | | 1 1 | 1 1
000E-
0+ H ety h.—_..u.., g VR AN il i d Ay Lk ..L.ll.._l.._.lnn—....q.p. oy .u_-i..._..u.._[ ...n—|r1 g gl B o Mo .I.I-...._.I.. L
| | | il | ]
0002 i . _
I 1
000+ I
0009+
0oog-
Qo001+

00021 nue-y|
000+T- ng-1 o ugo

0009T- N0 0 (@]

000BT+
ng-j

0000Z-

Do0EE~

000¥Z~

0009z

Do0BE~

0000€- P P oLy Ly L1 L 1
agoe 2 B gE 2208 25 558 BEf 2 5
i e B = oEE 8 23 282 FER 2 5

SEERT—




~40000

~35000

=30000
~23000

=20000

15000
~10000

~5000

! =0

ozE
17E
£TE
bTE
azE
£TE
BTE
e/
PEE
s5€
zre
EFE
T8E—
0w
B0k
orE—

BEP
0F'k
o't
e
T+
¥t
kb
¥t
e
i8S
S5t
ELAS
il
2k
25
09
19
£

pe?
SEY
9EL
LEL
BEY

~6000

—5000

t-Bu
t-Bu

15-anti

o
L
@)
e

=4000
—3000
+=2000
~1000

—-1000

/

i

GE'0

80
LU TR
' E

[

+O'T
1

GL°T
6oy

ar

ir

3
5’% {3

o't
GE' 0

20T
£8'10
FAS

35
X Jr

f1 (ppm)

k' g
E 140

k0T

= E [l

GT'T
60T

4.5

== BT

—=== F oza

S-15

2.0 1.5 1.0 0.5 0.0

2.5

6.9 6.0 3.9 5.0 4.5 4.0 3.0
f1 (ppm)

7.0



(wdd) 13
0 0T 0e 0e o oS i) 0L oe 06 oot 01T 02T 0ET 0+T 0sT 0ot 0£LT 08T 06T

000T-+

000TH
000z | _

000E

000%-
0005+
0009+
0004+

000e+
0006+

nue-g|

00007
000TT- ng-} ')
000z T

SN0 oud

000ET+
000+T~
000ST—
00091+
000£T~
00081+
0006T~
0000Z-

000TE

000EZ-

000EZ

AN
o>
-

06 b=~

A~

000¥Z—

£ ST
0BT~ _
b5 TE
99'1g
94 68
08 5¢
0 g —
' 55
g 59—
75 89—
PE b
£5 6/

ngaEr-"
STTFI~_
B EPT = _
BEAS]—
06797 =

=
=
=
(=1~
& oo

LTBET
£k 8Ll
LT
Z0'ZRT

S-16



~50000

~45000

40000
+33000
—30000

~25000
=20000
=15000

~10000
~5000
=0

0E'T
0ET

1F
i

BYE
e
ere
ST'E
are
aze
Zl'E
SCE—
£5'E
ESE
£5E
0gE—

ZF't
£Ft L

~7000

6000

OMe

t-Bu

~5000
4000

15-syn

F-100C

L
Sk'k
Stk
9t
£S5
bE'b-\'
kEP
55k
55
95
95
25k
25k

S

//
Gy

®i
£EY
PEY
PES

e

E
A

4

ly /

ot

art |
BT [

LV E

0E'T

EED [
ENE [

/f

)

7 ST'aT
=:E 8.4

=
} 991
—_‘1 B

- [ o0

20T
oot

i_iﬁ
T

Lf/

3.0

3.8

f1 (ppm}

4.2

4.4

- = T£'d

T 0ET
;EI €6 -
E0' g

—q{l S04

S-17

6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.5

7.0



(wdd) 14
0 0T 0e 0g 0t 0s 09 s 08 i[3] 0ot 01T DET DET 0+T 0sT 09t 0sT 08T 0eT 0oe 0Te

000E-
000T-
04

000T+
000
000E-

000+
0005+

0009+
0004
0008+
0006+
00001+
000TT~

000ZT-
SN0 oug

0D0ETH
000+T+

000ST+
00091+
000£T—
00081+
0006T~
0000Z-
000TZ~

000gZ—

A
>
AN
7

000EZ

PG 62,
EB
79 1E
94 6E
8466
ral
T 55
79 59~
65 99—"

09 1Ee
LELET—

£9EL

LB EL
BSB0T=—
arerT—
LBLTT
59°8E1
0L 8ET
ETHET—
BEEFT—
S 95T =
FETOT—
95 26T =

000FE

S-18



= (=] (=] = = (=] (=] (=] = (=] (=] (=] = = =

= = = = = = = = = = = = = = = = = = = = = = = =

= = = = = = = =) = = = (=) = = = = = = = = = = = =

o o~ — = =11 [==] [ [r=] e =+ ] ™~ — = = = = = = = = = = =5

5] sl (] (] — — — — — — — — — — (=] (== [ Y] [y ] =+ (351 [ — = ]

| 1 1 1 l 1 1 1 1 l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
BC1 zz'at
¥ o
L€ ® o ed
BET — I 1o
Hﬂf = A o B
051 o

 —
= B
o
STE ‘.'P
ar'e w
8T'E —
BT'E |
ZTE
PTE ‘
. E oo
STE e 107
ive
- ol
86'E
BE'E “ 60T
0ok Ay
Tk —
H'bi 5 _1r
5TF — L E0'T
IEA = = [=) — 5 IBIZ

) =1 =1 =] ar'y
IZb? = = = - E .
10k T T T b
A= e, = 00W L

) : £61)
[Ty LI
99 p— TI: wi| ™ = fr
ZEb~_ L= '

- — —
bb I‘ . o)
L2 %
(35}
60T | o |
WE o
et =2 E
+8
we| o B
Foel o
E oot oo
F o
L =
=+ -
E oot |
.

) oo T )
gEi - = /g
EEY | _-} R
EEY =
e F o jl

—_‘“'_‘_‘—'—--. ﬂ } L

S-19

0.0

0.5

1.0

1.5

2.0

2.5

3.0

4.5

5.0

5.5

6.0

6.5

7.0



(wdd) 14
0 ot 0e 0g 0+ oS 09 0f 08 i3] 0ot 01T iras DET 0+T 0ST 0ot 0£T 08T 0T

000T-

000T+

.._.q

000Eg+

000E-
000%- _
0005+
0009+
000£-
0008-

0006- Hue-9l

00001+

nai o ugo

000TT+

DD0ETH 30
000ET—

000+T~
000ST~
00091~
000£T+
00081+
0006T—
0000z
000TZ-

DO0EE~
0o0EE

000+ AR

000SZ-

v

T9°5E

Cl =
L2685
Pl 99—
0g 89—
05 kL
ZELL

8 LL
G108
ETHO0T~

LT —
paTTI="
16421

608z

£F8TI

PELET—
EOTH ~—
6TEFT—
£E5T—
9r191—

S-20

85°Z6T




(=] (=] (=] = = = (=] (=] (=] = = = = [
= = = = = = = = = = = = = = f=]
= =) = = = = = = = = = = = = =]
(=] L = [¥p] = [¥] (=] T = "] = [¥p] = = T3]
(] o w0 ] %] =+ =+ (3] [3s] (5] (] — — u = |
1 1 l 1 1 1 1 1 | | l 1 L i 1 1 |
6T l noar
bE'I-\_\t _ ﬁ'; e
LET— E— = = g
[ @ — ’i‘l: #0'g
561 = 46
o
=S -
o o
5 e L
o =
)
o §
0re I~
Zre T -
ETE OHIII-
ST'E N 07
BTE ,,-——’Qb_( = E 8611
BTE
c .
LEE O o = E ooy
8EE PIIIID
0FE
e O
ME— —_— B fb'g
W"{ o v
B0k = E i
Eﬂ'b? g 7T
””’f — A E0'T
ar'p = = % o
" = (=] = L=} (=] L=} (=] = ,
it g 2 2 8 8 2 8 = ~ B oo
45 M~ [r=} L T m ol — = o T
I I - L P R |
b . é 01
T - Be 0 g -~ = 00l
Phb~_
g . -~ = 0T
I —= [ w1 =
=]
4 ]
N (=]
=, E e 2
1 E
' (=)
e FOT o =
— i =
T AR b
— g 3
—_ ar't
= 4 &0
=
— oot ¥
i b
{gI— = —_ —_— =
ZEY e F ool o
9EY o+
9g's _
™ E ot T - F ses

S-21

0.0

0.5

1.0

1.5

2.0

2.5

3.0

4.5

5.0

5.5

6.0

6.5

7.0



(wdd) 13
0 ot 0e ne 0t oS i) 0L oe 06 oot 01T 02T 0ET 0vT 0sT 0ot 04T 08T 06T
1 . L " 1 A 1 . 1 L I . 1 " 1 L L . 1 " 1 . L " 1 A 1 " 1 L I . 1 " 1 N L . 1 "

000Z-
000T-+

000T+
000EZ

000E [
000+

0005 I

0009+

0004+
0008+

0006 i
00007
000TT-
000ZT- Hue-LL
DO0ET-
000%T-
0005T- SN0

00091+

87 o 0\ugo

000£T+
00081~

0006T—
0000z
000TZ~
D00EL~

/

000EZ~

98 GE~_
B EL
149
80° 84—
e g~

i 9z

¥ TE

8 56~
e

55

0g' 99

k' 99

bk’ o9

LT

FEROT~_
ar RO~
T0ET ="
LE95T—
LETeT—
14661

TEETT =~
3k T Sl
BEERT—

PERET—
B TET—

000¥Z~

S-22



= = (=] = = (=] = (=] (=] = [
= = = = = = = = = = = =]
= = [ = =) = = = =) = = =
] = ] =1 i = el = [ = = )
[Ts] L =+ =+ (] (321 ™~ (] — — L =) ]
| 1 1 | 1 1 1 1 1 1 1 i 1 i L
£

TET 8E'14

el I 05 g

Ze'T = —_— _

) ==, 19
£E'T © o d
L6 = B

iy
1S
-
iTE 'E'.B
EI.E [oe] |
e =

. e == F ooy
8z E>_ = _
g - = = 00l
e
0oy
IU:b\ = B’
E0p — 0
50y O — a7

i L -
S0 - £ bl
am;f Iy B a0
”.b:{ O o
8Tk — B g
srv_/.

CEF = = = = = P~
§ = = § =
b . T T . T T B ,
L= e - = 107
BE b ~ oo 3 - s = b0
1ok F oooir -
L=
[an]
[fa]
- 2 i
L @
Ao ™
6lE
- | =T
o e B
. E P T ‘*E
- B ool e
- B g
FE
— Pf i
L [~
=
L2
Feg— + — = = 104
€ ~ 0l o B
e m oo
ird -~ B b1
Ebs

S-23

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
f1 (ppm)

6.5

7.0



25000
~20000
~15000
+~10000
—5000

L5 S8~ -

bl oz =
EID'{E? —
TL8E

8 1E
£e 9"

a0’ Sb—

95" GG

o)
=
O

18-anti

B BT —
9T 0T -

LSETT="

TR
I

LEBET——
B THET—
ETPET—

TELET—

LTEN—

ELERT—

S-24

180 170 160 150 140 130 120 110 100 a0 80 70 ] 50 40 30 20 10
f1 (ppm)

190



= = (=] (=] (=] (=] (=] = = = (=] (=] (=] (=] = [
= = = = = = = = = = = = = = = = = = = =]
= = = = = (=) = =] =) = = =) = = = = = (== = =1
[==] =] = Il = =] =] o o = =] [r=] =+ '] = = = = = =l
(35} (3] (321 (321 (321 sl [n] (] i~ sl — — — — — [==] Y] =+ (] ] 1
l 1 l l 1 1 1 1 i 1 l | 1 1 1 ] 1 | | 1 1 L
1E1 =g
1E7 ELET
EET—¢ —— E= ED'Y
snz'tjc o % 52
8e'1 g Tl
_J
I
nve
II'E\ L
EZE} -~ j- E oot
PEE . B ozo
e
ZHE
EE'E&
ERE BE'H
-

Z0t O A0T
E0P AL
) -~ _— o b
£0F 80T
kOE o - BO'T
o S =

ETh = = =
3 [aa] [l — = [~
ETF " 1 1 i L L 1 L
alb " ool
Bép— Lo -~ ——:‘ = art
EE'b? o — = = AT
i ~ I R
B @ 1o«
(52}
]
(38 ]
" [==]
ol
Ly mo_
I E
L =g R
‘_hh_""‘-. :E\. g q’:
1 0
— oo
LY S
— T =+
Ny f; v I -
L
o
L=
L o -— —_— = 57
e r K
oy - Foory e
s =
- T

} Zzg

S-25

6.0 2.5 5.0 4.5 4.0 3.5 3.0 2.9 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.5

7.0



=12000

~11000

=10000

—2000

8000

=7000

~G000

=5000

~4000

3000

~2000

~1000

09 S8~ _

.-‘_'E'_":!ET

cerd
G LT
wts-’r

g 9E="

T

85 55—

£ 59— _
b 9o
195/
£ 3.{\
g5 35}
FLg: T,

fid B.{f

P : 1) E
8Ea0r="
BEETT—"

EE'EZI\_

bEBIT
ZT'BZTT

bERET—
0Tk
ETERS

LELET—

LY ZAT—

0L Z6T—

)
=
O

S-26

180 170 160 150 140 130 120 110 100 aa 30 70 a0 50 40 30 20 10
f1 {(ppm)

190



3-deoxy-D-erythro-hept-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (19, KDG

ester, Scheme 1)

Table 1. The assignment of the C-3 protons for the different cyclic forms, *H NMR (600 MHz,

CDs0D)

03a 03b J3a3b Jsa s Jab 4 %
p-pyranose 2.06 2.51 125 4.8 12.5 27
a-pyranose 2.38 2.31 143 31 4.1 13
p-furanose 2.76 2.50 12.7 8.8 6.9 34
a-furanose 2.98 2.21 13.7 7.2 3.9 26

The NMR of both pyranose and furanose forms are similar to those published for the

corresponding methyl ester, see and R. Plantier-Royon, F. Cardona, D. Anker, J. Carbohydr.

Chem. 1991, 10, 787-811.
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3-deoxy-D-ribo-hept-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (20, DRH ester,

Scheme 1)

Table 2. The assignment of the C-3 protons for the different cyclic forms, *H NMR (600 MHz,

CD30D)

03a 03b J3a3b J3a 4 J3b4 %
a-pyranose 2.37 2.33 14.3 3.0 3.6 32
p-furanose 2.72 2.47 12.8 8.6 7.1 34
a-furanose 2.87 2.18 13.7 7.1 2.7 34

The NMR of pyranose form is similar to this published for methyl ester of a-methyl-DRH-

pyranoside, see J. Mlynarski and A. Banaszek, Tetrahedron, 1997, 53, 10643-10658.
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3-deoxy-D-manno-oct-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (21, KDO ester,

Scheme 1)

Table 3. The assignment of the C-3 protons for the different cyclic forms, *H NMR (600 MHz,

CDs0D)

03a 03b J3a3b J3a4 Jab 4 %
a-pyranose 2.56 1.97 125 125 4.7 87
p-furanose 2.75 2.48 125 9.4 7.00 13

The NMR of a-pyranose form is similar to this published for KDO, see Kragl U., Gédde A.,

Wandrey C., Lubin N., Augé C., J. Chem. Soc. Perkin Trans. 1 1994, 119-124.
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3-deoxy-D-glycero-D-talo-non-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (22, 4-

epi-KDN ester, Scheme 1)

Table 4. The assignment of the C-3 protons for the different cyclic forms, *H NMR (600 MHz,

CD30D)

03a 03b J3a3b J3a 4 J3b4 %
a-pyranose 2.42 2.34 14.3 2.9 3.7 40
p-furanose 2.79 2.56 12.8 7.1 8.4 35
a-furanose 2.94 2.26 13.7 2.9 7.1 25
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3-deoxy-D-glycero-D-gulo-non-2-ulosonic acid 2,6-di-t-butyl-4-metoxyphenyl ester (23, 5-

epi-KDN, Scheme 1)

Table 5. The assignment of the C-3 protons for the different cyclic forms, *H NMR (600 MHz,

CD30D)

03a d3p J3a3b J3aa Jaba %
a-pyranose 2.64 2.04 12.3 12.2 4.2 65
p-furanose 2.75 2.51 12.6 9.0 7.1 23
a-furanose 3.02 2.22 13.6 7.7 4.5 12

The NMR of a-pyranose form is similar to this published for peracetylated derivative of 5-epi-
KDN, see Augé C., Bouxom B., Cavayé B., Gautheron C., Tetrahedron Letters 1989, 30, 2217-

2220.
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