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Details for the synthesis of compounds 5-11 and 13-18

Methyl 4,6-O-(S)-benzylidene-α-D-galactopyranoside 5

Methyl α-D-galactopyranoside (2 g, 10.3 mmol) and camphor-10-sulfonic acid (30 mg, 0.13 mmol) were suspended in anhydrous
chloroform (150 ml). Distilled benzaldehyde dimethyl acetal (2 ml, 14.2 mmol) was added dropwise to this suspension. The reaction
mixture (initially a suspension) was distilled at 65 °C for 2 h. The distillate (ca. 60 ml) was collected as a mixture of chloroform and
methanol. The residue (pale yellow solution) was neutralized by addition of triethylamine (1 ml, 7 mmol), washed with water (50 ml) and
concentrated in vacuo to give a yellow solid. This solid was then washed with hexanes (20 ml) and EtOAc (20 ml) to give a white solid
(2.8 g, 100%). Based on NMR and TLC analysis, the sample was free of any other impurities and was used without further purification
in the next step. For analytical purposes a fraction of the sample was purified by column chromatography on silica gel (ethyl acetate–
ethanol, 11:1) and crystallized very slowly as fine white needles from hot water on storage at 4 °C. Rf 0.4 (ethyl acetate–ethanol, 9:1); mp
166-168 °C (lit.,82 171.0-171.5 °C, lit.,83 168.9-170.5 °C); [α]D

25 +133.9 (c 1 in CHCl3), (lit.,82 +141, c 0.59 in CHCl3); vmax (CHCl3)/cm-1

3566m sharp (hydrogen bonded OH), 2910m (C-H), 2840 (OC-H), 1950w, 1870w, 1810w, 1730w (overtone, comb, Ar), 1602w, 1496w
(C-C, Ar), 1454m sharp (CH2), 1144m, 1090vs, 1072vs, 1042vs, 980s; δH (CDCl3) 2.12 (2H, br. s, OH-2 and OH-3), 3.41 (3H, s, -
OCH3), 3.66 (1H, app. d, J 1.3, 5-H), 3.84 (1H, dd, J3,2 9.9 and J3,4 3.2, 3-H), 3.88 (1H, dd, J2,3 9.9 and J2,1 3.1, 2-H), 4.04 (1H, dd,
J6a,6b 12.6 and J6a,5 1.8, 6a-H), 4.22 (1H, dd, J 4,3 3.2 and J4,5 1.2, 4-H), 4.24 (1H, dd, J6b,6a 12.6 and J6b,5 1.5, 6b-H), 4.88 (1H, d, J1,2 3.1,
1-H), 5.51 (1H, s, CHPh), 7.30-7.33 (3H, m, meta- and para-Ph), 7.43-7.46 (2H, m, ortho-Ph); δC (CDCl3) 55.7 (CH3, -OCH3), 62.7 (CH,
C-5), 69.4 (CH2, C-6), 69.7 and 69.8 (each CH, C-2 or C-3), 76.0 (CH, C-4), 100.3 (CH, C-1), 101.3 (CH, CHPh), 126.3 (2xCH, meta-
Ph), 128.3 (2xCH, ortho-Ph), 129.2 (CH, para-Ph), 137.6 (C, Ph); m/z (70 ev, EI) 282 (29%, M+), 251 (10, M-OMe), 179 (33, M-
C4H7O3), 133 (31) and 107 (100, OBn); HRMS (ESI): found M+ 282.1102, C14H18O6 requires M+ 282.1103.

Methyl 3,4-O-benzylidene-α-D-galactopyranosides 6&7

Methyl α-D-galactopyranoside (2.91 g, 15 mmol) was added to a mixture of benzaldehyde dimethyl acetal (2.25 ml, 15.2 mmol) and p-
toluenesulfonic acid (14.55 mg, 0.08 mmol) in anhydrous DMF (14.5 ml). The suspension was rotated at 60-70 °C on a rotary evaporator
under a moderate vacuum to remove the methanol generated in the reaction. After 2 h, 4 Å molecular sieves (ca. 20) were added and the
reaction mixture refluxed in an oil bath under nitrogen for 18 h. The resulting mixture was filtered, concentrated in vacuo and neutralised
with solid sodium carbonate (20 mg) and diluted with water (50 ml). The solution was extracted with ethyl acetate (2 x 100 ml). The
organic extracts were washed with brine (25 ml), dried over anhydrous sodium sulfate, evaporated in vacuo and purified by silica gel
(pre-treated with triethylamine) column chromatography (EtOAc-EtOH, 9:1). Without attempting a quantitative recovery, the first
fraction (Rf 0.7) was identified as a diastereomeric mixture of 6 and 7. HRMS (ESI): found (M+Na)+ 305.1017, C14H18O6 requires
(M+Na)+ 305.1001. The ratio of diastereoisomers in CDCl3 was determined by NMR spectroscopy, exo/endo 2.5/1. The second fraction
(Rf 0.4) was identified as 5 (30% yield). Another unknown by-product (~ 5% yield, Rf 0.3) also formed and was separated from the
reaction mixture under these conditions, HRMS (ESI+): found 337.1251.

Exo 6
δH (CDCl3) 3.43 (3H, s, -OCH3), 3.81 (1H, dd, J6a,6b 11.8 and J6a,5 4.2, 6a-H), 3.89 (1H, dd, J2,3 7.2 and J2,1 3.9, 2-H), 3.94 (1H, dd, J6b,6a
11.8 and J6b,5 6.6, 6b-H), 4.01 (1H, ddd, J5,6b 6.6, J5,6a 4.2 and J5,4 2.2, 5-H), 4.2 (1H, dd, J4,3 5.6 and J4,5 2.2, 4-H), 4.4 (1H, dd, J3,2 7.2
and J3,4 5.6, 3-H), 4.83 (1H, d, J1,2 3.9, 1-H), 6.11 (1H, s, CHPh), 7.31-7.37 (5H, m, Ph);δC (CDCl3) 55.8 (CH3, -OCH3), 62.8 (CH2, C-6),
67.8 and 68.1 (each CH, C-5 or C-2), 74.2 (CH, C-4), 77.8 (CH, C-3), 98.9 (CH, C-1), 103.5 (CH, CHPh), 126.2-129.3 (all CH, Ph),
138.6 (C, Ph).

Endo 7
δH (CDCl3) 3.45 (3H, s, -OCH3), 3.81-3.97 (3H, m, 6a-H, 2-H and 6b-H), 4.11 (1H, ddd, J5,6b 6.7, J5,6a 4.3 and J5,4 2.3, 5-H), 4.28 (1H,
dd, J4,3 6.6 and J4,5 2.4, 4-H), 4.36 (1H, dd, J3,2 ~ 6.6 and J3,4 6.6, 3-H), 4.78 (1H, d, J1,2 3.9, 1-H), 5.83 (1H, s, CHPh), 7.38-7.47 (5H, m,
Ph); δC (CDCl3) 55.7 (CH3, -OCH3), 62.7 (CH2, C-6), 68.4 and 69.2 (each CH, C-5 or C-2), 75.5 (CH, C-4), 76.2 (CH, C-3), 98.3 (CH,
C-1), 104.4 (CH, CHPh), 126.2-129.3 (all CH, Ph), 129.7 (C, Ph).

Methyl 2,3-di-O-benzyl-4,6-O-(S)-benzylidene-α-D-galactopyranoside 8

Methyl 4,6-O-benzylidene-α-D-galactopyranoside 5 (4.5 g, 15.9 mmol) was added to a stirred suspension of sodium hydride (2.5 g, 60%
dispersion in oil, 62.5 mmol) in anhydrous DMF (60 ml) at room temperature. After stirring for 30 min, the reaction mixture was cooled
to 0 °C and tetrabutylammonium iodide (1.85 g, 4.9 mmol) was added, followed by benzyl bromide (6 ml, 49 mmol) in a dropwise
fashion. The resulting suspension was stirred at room temperature for 18 h. The reaction was then quenched by the addition of methanol
(50 ml) and evaporated to dryness. Water (100 ml) was added and the resulting mixture was extracted with DCM (3 × 100 ml). The
combined organic extracts were successively washed with water (40 ml) and brine (20 ml), dried (anhydrous Na2SO4) and filtered. The
filtrate was concentrated in vacuo to give a yellow solid which was crystallised from methanol to afford 8 (6.27 g, 85% yield) as white
blocks (CCDC 287123 ‡, X-ray diffraction data). Rf 0.24 (hexanes-EtOAc, 7:3); mp 175-176 °C (lit.,84 174-175 °C); [α] D

25 +76 (c 1 in
CHCl3), (lit.,84 +77, c 2.4 in CHCl3); [Found: C, 72.60; H, 6.44%; (M+Na)+ 462.2055. C28H30O6 requires C, 72.70; H, 6.54%; (M+Na)+

462.2042]; vmax (CHCl3)/cm-1 2910m (C-H), 2862m (OC-H), 1950w, 1870w, 1810w, 1730w (overtone, comb, Ph), 1602w, 1454m sharp
(CH2), 1361m, 1151m, 1096vs, 1049vs, 986s; δH (CDCl3) 3.40 (3H, s, -OCH3), 3.60 (1H, app. br. d, J 1.2, 5-H), 4.00 (1H, dd, J2,3 10.1
and J2,1 3.5, 2-H), 4.02 (1H, dd, J6a,6b 12.4 and J6a,5 1.8, 6a-H), 4.08 (1H, dd, J3,2 10.1 and J3,4 3.5, 3-H), 4.19 (1H, dd, J4,3 3.5 and J4,5 0.9,



4-H), 4.23 (1H, dd, J6b,6a 12.4 and J6b,5 1.6, 6b-H), 4.70 and 4.90 (AB, each 1H, d, JA,B 12.0, CHAHBPh), 4.76 and 4.85 (AB, each 1H, d,
JA,B 12.3, CHAHBPh), 4.79 (1H, d, J1,2 3.5, 1-H), 5.41 (1H, s, CHPh), 7.25-7.44 (15H, m, 3xPh); δC (CDCl3) 55.6 (CH3, -OCH3), 62.5
(CH, C-5), 69.5 (CH2, C-6), 72.2 and 73.9 (each CH2, 2xCH2Ph), 74.9 (CH, C-4), 75.5 (CH, C-3), 76.1 (CH, C-2), 99.6 (CH, C-1), 101.2
(CH, CHPh), 126.4, 127.6, 127.7, 127.8, 128.1, 128.2, 128.4, 128.9 (all CH, 3xPh), 137.9, 138.7, 138.9 (each C, 3xPh); m/z (MeOH, EI)
462 (1%, M+), 430 (8, M-OMe), 371 (26), 177 (52), 121 (37), 91 (100).

Crystallographic Data
Crystal data for methyl-2,3-di-O-benzyl-4,6-O-(S)- benzylidene--D-galactopyranoside 8 (CCDC 287123): C28H30O6, M
= 462.52, monoclinic, space group P21 , a = 11.497(Å), b = 9.1335(12) (Å), c = 11.666(2) (Å), β= 101.688(2)°, U =
1199.6(3) (Å)3, Z=2, Dc =1.280 Mg/m3, μ(Mo-K) = 0.089 mm–1, T = 150(2) K. 2758 unique reflections (Rint = 0.035).
Final R1 [2731 I > 2(I)] = 0.0409, wR2 (all data) = 0.101. This was recorded on a Bruker SMART1000 CCD area-detector
diffractometer.

Methyl 2,3,6-tri-O-benzyl-α-D-galactopyranoside 9

To a round bottom flask containing the benzylidene acetal 8 (2 g, 4.3 mmol) and 3Å molecular sieves (ca. 40), was added anhydrous
THF (60 ml) followed by sodium cyanoborohydride (2.84 g, 43 mmol). The resulting suspension was stirred at room temperature until
the sodium cyanoborohydride had completely dissolved, it was then cooled to 0 °C. Hydrogen chloride in diethyl ether (2 M) was added
(ca. 20 ml) until gas evolution had ceased. After 10 min at room temperature TLC (hexanes-EtOAc, 1:1) indicated that all the starting
material had been consumed. The mixture was diluted with DCM (50 ml), filtered and washed successively with cold water (2 x 30 ml), a
saturated solution of NaHCO3 (20 ml) and dried over MgSO4. The sample was filtered and concentrated in vacuo. The resulting syrup
was purified by column chromatography on silica (hexanes-EtOAc, 4:1) to give 9 (1.4 g, 70%) as a pale yellow oil. Rf 0.56 (hexanes-
EtOAc, 3:2); [α]D

25 +30.9 (c 1.8 in CHCl3), (lit.,85 +34, c 3 in CHCl3), (lit.,86 +33.4, c 1.67 in CHCl3); vmax (CHCl3)/cm-1 3570m
(hydrogen bonded OH in 5-membered ring), ~3500sh,w (hydrogen bonded OH in 6-membered ring), 2912s (CH), 2872s (OC-H), 1951w,
1870w, 1810w, 1730w (overtone, comb, Ph), 1603w, 1496w (C-C, Ar), 1454m sharp (CH2), 1354m, 1090vs, 1049vs; δH (CDCl3) 2.56
(1H, app. t, JOH-4,4 ~ JOH -4,5 1.3, 4-OH), 3.35 (3H, s, -OCH3), 3.63 (1H, dd, J6a,6b 10 and J6a,5 6.3, 6a-H), 3.70 (1H, dd, J6b,6a 10 and J6b,5
5.4, 6b-H), 3.841 (1H, obscured dd, J3,2 10 and J3,4 2.9, 3-H), 3.84 (1H, obscured dd, J2,3 10 and J2,1 1.9, 2-H), 3.86 (1H, app. br. t, J 5.9,
5-H), 4.01 (1H, ddd, J4,3 2.9 and J4,5 ~ J4,4-OH 1.3, 4-H), 4.51 and 4.56 (AB, each 1H, d, JA,B 11.9, CHAHBPh), 4.63 and 4.78 (AB, each
1H, d, JA,B 12.1, CHAHBPh), 4.64 (1H, obscured d, J1,2 1.9, 1-H), 4.67 and 4.76 (AB, each 1H, d, JA,B 11.6, CHAHBPh), 7.27-7.32 (15H,
m, 3xPh); δC (CDCl3) 55.4 (CH3, -OCH3), 68.2 (CH, C-4), 68.4 (CH, C-5), 69.7 (CH2, C-6), 72.8, 73.6, 73.7 (each CH2, 3xCH2Ph), 75.8
(CH, C-3), 77.7 (CH, C-2), 98.7 (CH, C-1), 127.7, 127.9, 128.1, 128.46, 128.5 (all CH, 3xPh), 138.1, 138.3, 138.5 (each C, 3xPh); HRMS
(ESI): found (M+Na)+ 487.2052. C28H32O6 requires (M+Na)+, 487.2097.

Methyl 2,3,4-tri-O-benzyl-α-D-galactopyranoside 10

Compound 10 was separated as a by-product in the synthesis of 9. Column chromatography on silica (hexanes-EtOAc, 4:1) gave 10 (0.2
g, 10%) as a colourless oil. Rf 0.3 (hexanes-EtOAc, 2:3); [α]D

25 +1.8 (c 1 in CHCl3), (lit.,75 +4, c 1.38 in CHCl3), (lit.,87 +7, c 1 in CHCl3);
vmax (CHCl3)/cm-1 3592m (free OH), 3500sh,w (hydrogen bonded OH in 6-membered ring), 2912m (CH), 2900m (OC-H), 1950w,
1870w, 1810w, 1730w (overtone, comb, Ph), 1496w (C-C, Ar), 1454m sharp (CH2), 1350m, 1090vs, 1048vs; δH (CDCl3) 1.6 (1H, br. s,
6-OH), 3.25 (3H, s, -OCH3), 3.44 (1H, ddd, J6a,6b 15, J6a,5 6.5 and J6a,6-OH 2, 6a-H), 3.66 (1H, obscured dd, J5,6a ~ J5,6b 6.5 and J5,4 0, 5-
H), 3.68 (1H, obscured ddd, J6b,6a 15, J6b,5 6.5 and J6b,6-OH 1, 6b-H), 3.83 (1H, br. d, J4,3 2.8 and J4,5 0, 4-H), 3.90 (1H, dd, J3,2 10 and
J3,4 2.8, 3-H), 4.01 (1H, dd, J2,3 10 and J2,1 3.6, 2-H), 4.59 and 4.93 (AB, each 1H, d, JA,B 11.6, CHAHBPh), 4.65 and 4.80 (AB, each 1H,
d, JA,B 12.1, CHAHBPh), 4.66 (1H, obscured d, J1,2 3.4, 1-H), 4.71 and 4.85 (AB, each 1H, d, JA,B 11.8, CHAHBPh), 7.23-7.37 (15H, m,
3xPh); δC (CDCl3) 55.4 (CH3, -OCH3), 62.5 (CH2, C-6), 70.3 (CH, C-5), 73.66, 73.70, 74.5 (each CH2, 3xCH2Ph), 75.1 (CH, C-4), 76.6
(CH, C-2), 79.2 (CH, C-3), 98.9 (CH, C-1), 127.6, 127.7, 127.8, 128.1, 128.2, 128.4, 128.51,128.55, 128.7 (all CH, 3xPh), 138.2, 138.5,
138.8 (each C, 3xPh); HRMS (ESI): found (M+Na)+ 487.2107. C28H32O6 requires (M+Na)+, 487.2097.

Methyl 2,3-di-O-benzyl-α-D-galactopyranoside 11

Compound 11 was separated as a by-product in the synthesis of 9. Column chromatography on silica (hexanes-EtOAc, 4:1) gave 11 (0.1
g, 6%) as a colourless oil. Rf 0.1 (hexanes-EtOAc, 1:1), Rf 0.38 (EtOAc); [α]D

25 +43.0 (c 0.74 in CHCl3), (lit.,88 +47, c 3.7 in CHCl3);
vmax (CHCl3)/cm-1 3578m br (hydrogen bonded OH in 5-membered ring), 2905m (CH), 2850m (OC-H), 1954w, 1882w, 1810w, 1730w
(overtone, comb, Ph), 1602w, 1496w (C-C, Ar), 1454m sharp (CH2), 1355s, 1141s, 1092vs, 1048vs; δH (CDCl3) 3.39 (3H, s, -OCH3),
3.69-3.73 (2H, m, J5,6a 2.4, 5-H and 6a-H), 3.78 (1H, dd, J2,3 9.8 and J2,1 3.1, 2-H), 3.82 (1H, dd, J3,2 9.8 and J3,4 3.1, 3-H), 3.85 (1H, dd,
J6b,6a 12.9 and J6b,5 7.0, 6b-H), 4.0 (1H, dd, J4,3 3.1 and J4,5 2.0, 4-H), 4.68 and 4.83 (AB, each 1H, d, JA,B 12.5, CHAHBPh), 4.71 (1H, d,
J1,2 3.1, 1-H), 4.71 and 4.83 (AB, each 1H, d, JA,B 11.7, CHAHBPh), 7.29-7.39 (10H, m, 2xPh); δC (CDCl3) 55.4 (CH3, -OCH3), 63.1
(CH2, C-6), 68.8 (CH, C-5), 69.2 (CH, C-4), 72.9, 73.5 (each CH2, CH2Ph), 75.5 (CH, C-3), 77.3 (CH, C-2), 98.6 (CH, C-1), 127.8,
127.9, 128.0, 128.1, 128.4, 128.6 (all CH, 2xPh), 138.0, 138.2 (each C, 2xPh); HRMS (ESI): found (M+Na)+ 397.1632. C21H26O6
requires (M+Na)+ 397.1627.

Methyl 4,6-O-(R)-benzylidene-α-D-glucopyranoside 13



This compound was prepared using the same procedure as 5 (see above) from methyl-α-D -glucopyranoside (8.0 g; 41 mmol) to get a
yellow solid, which was recrystallised from EtOAc to produce 13 as a colourless lath (10.6 g, 92%). Rf 0.6 (EtOAc-MeOH, 21:4); mp
165-166 ºC (crystallised from H2O), (lit.,83 165.4-166.8 ºC, lit.,89 156-158 ºC); [α]D

25 +114.1 (c 1.06, in CHCl3), (lit.,89 +111.5, c 2 in
CHCl3); vmax (CHCl3)/cm-1 3592m sharp (free OH), 2937m (C-H), 2842m (OC-H), 1954w, 1882w, 1810, 1730w (overtone, comb, Ar),
1602w, 1456m sharp (CH2), 1141m, 1067vs, 1044vs, 993vs (lit.,90 3574, 3462, 3005, 2941, 1467); δH (CDCl3) 2.72 and 3.11 (each 1H,
br. s, OH-2 and OH-3), 3.48 (3H, s, -OCH3), 3.51 (1H, app. t, J4,3 ~ J4,5 9.2, 4-H), 3.65 (1H, dd, J2,3 9.2 and J2,1 4, 2-H), 3.76 (1H, dd, J6a,5
10 and J6a,6b 9.6, 6a-H), 3.83 (1H, ddd, J5,6a 10, J5,4 9.2 and J5,6b 3.6, 5-H), 3.95 (1H, app. t, J3,4 ~ J3,2 9.2, 3-H), 4.31 (1H, dd, J6b,6a 9.6 and
J6b,5 3.6, 6b-H), 4.82 (1H, d, J1,2 4, 1-H), 5.55 (1H, s, CHPh), 7.36-7.40 (3H, m, meta- and para-Ph), 7.48-7.52 (2H, m, ortho-Ph); δC
(CDCl3) 55.3 (CH3, -OCH3), 62.0 (CH, C-5), 68.6 (CH2, C-6), 71.5 (CH, C-3), 72.6 (CH, C-2), 80.6 (CH, C-4), 99.4 (CH, C-1), 101.6
(CH, CHPh), 126.0, 128.0, 129.0 (all CH, Ph), 136.7 (C, Ph); HRMS (ESI): found (M+Na)+ 305.0983. C14H18O6 requires (M+Na)+

305.1001.

Methyl 2,3-di-O-benzyl-4,6-O-(R)-benzylidene-α-D-glucopyranoside 14

This compound was prepared using the same procedure as 8 (see above) from 13 (6.0 g; 21 mmol). The solid obtained was crystallised
from MeOH to give 14 as a white solid (8.3 g, 84%). Rf 0.39 (hexanes-EtOAc, 3:2); mp 94-95 ºC (crystallised from MeOH), (lit.91 93 ºC
(crystallised from aq-EtOH)); [α]D

25 –29.6 (c 1.31 in CHCl3), (lit.,92 –30, c 0.25 in CHCl3); vmax (CHCl3)/cm-1 2934m (C-H), 2869 (OC-
H), 1954w, 1883w, 1811w, 1730w (overtone, comb, Ar), 1602w, 1496w (C-C, Ar), 1454m sharp (CH2), 1369s, 1087vs, 1053vs, 995vs;
δH (CDCl3) 3.42 (3H, s, -OCH3), 3.57 (1H, dd, J2,3 9.2 and J2,1 3.6, 2-H), 3.62 (1H, app. t, J4,3 ~ J4,5 9.2, 4-H), 3.72 (1H, app. t, J6a,5 ~
J6a,6b 10, 6a-H), 3.84 (1H, ddd, J5,6a 10 and J5,6b 4.8, 5-H), 4.06 (1H, app. t, J3,2 ~ J3,4 9.2, 3-H), 4.28 (1 H, dd, J6b,6a 10 and J6b,5 4.8, 6b-
H), 4.61 (1H, d, J1,2 3.6, 1-H), 4.71 and 4.87 (AB, each 1H, d, JA,B 12.0, CHAHBPh), 4.85 and 4.93 (AB, each 1H, d, JA,B 11.4, CHAHBPh),
5.56 (1H, s, CHPh), 7.30-7.41 (3H, m, meta- and para-Ph), 7.49-7.51 (2H, m, ortho-Ph); δC (CDCl3) 55.8 (CH3, -OCH3), 62.7 (CH, C-5),
69.5 (CH2, C-6), 74.2, 75.8 (each CH2, CH2Ph), 79.0 (CH, C-3), 79.6 (CH, C-2), 82.6 (CH, C-4), 99.7 (CH, C-1), 101.7 (CH, CHPh),
126.5, 128.0, 128.4, 128.5, 128.6, 128.7, 128.8, 128.9, 129.4 (all CH, 3xPh), 137.8, 138.6, 139.1 (each C, 3xPh); HRMS (ESI): found
(M+Na)+ 485.1929. C28H30O6 requires (M+Na)+ 485.1940.

Methyl 2,3,6-tri-O-benzyl-α-D-glucopyranoside 15

This compound was prepared using the same procedure as 9 (see above) from 14 (6.0 g; 13 mmol). The resulted syrup was purified by
column chromatography on silica gel eluting with pet. ether-EtOAc (from 99:1 to 2:3), to yield 15 (5.0 g; 10.8 mmol; 83%). Rf 0.53
(hexanes-EtOAc, 1:1); [α]D

25 +15.1 (c 1.04 in CHCl3), (lit.,88 +14, c 1.1 in CHCl3); vmax (CHCl3)/cm-1 3603m (free OH), 3500sh,w
(hydrogen bonded OH in 6-membered ring), 2915s (CH), 2870s (OC-H), 1952w, 1882w, 1815w, ~1730w (overtone, comb, Ph), 1602m,
1496w (C-C, Ar), 1454m sharp (CH2), 1363m, 1090vs, 1054vs; δH (CDCl3) 2.37 (1H, br. s, 4-OH), 3.40 (3H, s, -OCH3), 3.55 (1H, dd,
J2,3 9.6 and J2,1 3.6, 2-H), 3.6 (1H, app. t, J4,3 ~ J4,5 9.2, 4-H), 3.68-3.74 (3H, m, 5-H , 6a-H and 6b-H), 3.80 (1H, app. t, J3,2 9.6 and J3,4
9.2, 3-H), 4.55 and 4.60 (AB, each 1H, d, JA,B 12.2, CHAHBPh), 4.64 (1H, d, J1,2 3.6, 1-H), 4.67 and 4.79 (AB, each 1H, d, JA,B 12.1,
CHAHBPh), 4.75 and 5.02 (AB, each 1H, d, JA,B 11.4, CHAHBPh), 7.30-7.39 (15H, m, 3xPh); δC (CDCl3) 55.2 (CH3, -OCH3), 69.3 (CH2,
C-6), 69.8 (CH, C-5), 70.6 (CH, C-4), 73.1, 73.5, 75.4 (each CH2, 3xCH2Ph), 79.5 (CH, C-2), 81.4 (CH, C-3), 98.1 (CH, C-1), 127.54,
127.56, 127.8, 127.88, 127.93, 128.1, 128.3, 128.4, 128.5 (all CH, 3xPh), 137.9, 138.0, 138.7 (each C, 3xPh); HRMS (ESI): found
(M·+Na)+ 487.2075. C28H32O6 requires (M·+Na)+ 487.2097.

Methyl 2,3,4-tri-O-benzyl-α-D-glucopyranoside 16

Compound 16 was a by-product in the synthesis of 15, It was separated by column chromatography on silica gel eluting with pet. ether-
EtOAc (from 99:1 to 2:3) as colourless oil (168 mg; 0.45 mmol; 3.5%). Rf 0.38 (hexanes-EtOAc, 1:1); mp 43-44 ºC (crystallised from
H2O), (lit.,93 53-54 ºC); δH (CDCl3) 2.18 (1H, s, 6-OH), 3.38 (3H, s, -OCH3), 3.51 (1H, dd, J2,3 9.6 and J2,1 3.6, 2-H), 3.53 (1H, obscured
dd, J4,5 9.6 and J4,3 8.8, 4-H), 3.66 (1H, obscured ddd, J5,4 9.6, J5,6a 4 and J5,6b 2.8, 5-H), 3.70 (1H, obscured dd, J6a,6b 11.6 and J6a,5 4, 6a-
H), 3.78 (1H, dd, J6b,6a 11.6 and J6b,5 2.8, 6b-H), 4.02 (1H, app. t, J3,2 9.6 and J3,4 8.8, 3-H), 4.57 (1H, d, J1,2 3.6, 1-H), 4.65 and 5.00
(AB, each 1H, d, JA,B 10.9, CHAHBPh), 4.67 and 4.81 (AB, each 1H, d, JA,B 12.1, CHAHBPh), 4.85 and 4.89 (AB, each 1H, d, JA,B 11.1,
CHAHBPh), 7.29-7.38 (15H, m, 3xPh); δC (CDCl3) 55.2 (-OCH3), 61.9 (CH2, C-6), 70.6 (CH, C-5), 73.5, 75.1, 75.8 (each CH2,
3xCH2Ph), 77.3 (CH, C-4), 79.9 (CH, C-2), 82.0 (CH, C-3), 98.2 (CH, C-1), 127.6, 127.89, 127.95, 127.97, 128.0, 128.1, 128.41, 128.47,
128.48 (all CH, 3xPh), 138.1, 138.7 (each C, 3xPh); HRMS (ESI): found (M+Na)+ 487.2101. C28H32O6 requires (M+Na)+ 487.2097.

Methyl 2,3-di-O-benzyl-α-D-glucopyranoside 17

Compound 17 was a by-product in the synthesis of 15, It was separated as white solid (323 mg, 5.4%) by column chromatography (see
above) followed by crystallisation from water. Rf 0.22 (EtOAc-hexanes, 1:1); HRMS (ESI): found (M+Na)+ 397.1602, C21H26O6 requires
(M+Na)+ 397.1627.

Methyl 2,3,6-tri-O-benzyl-α-D-xylo-4-hexulopyranoside 18

Dimethyl sulfoxide (DMSO) (1.08 ml; 15.1 mmol) was added to freshly distilled DCM (30 ml) and the solution was cooled to –78 ºC.
Trifluoroacetic anhydride (TFAA) (1.52 ml; 10.8 mmol) was added dropwise to the cooled solution over 5 min period and allowed to
react for 15 min. Methyl 2,3,6-tri-O-benzyl-α-D-glucopyranoside 15 (2.08 g; 4.48 mmol) dissolved in dry DCM (30 ml) was then added



dropwise over a 10 min period. The resulting solution was stirred for 8 h allowing the temperature to rise to –40 ºC whereupon Et3N
(2.12 ml; 15.1 mmol) was added. The reaction continued for other 13 h at rt before the organic phase was washed with water (40 ml). The
organic layer was separated and the aqueous phase was extracted with DCM (3 x 40 ml). The combined organic phases were dried with
MgSO4, filtered and concentrated in vacuo. The resulting syrup was purified by silica gel column chromatography eluting with pet. ether-
EtOAc (from 99:1 to 2:3). This yielded 18 as a clear oil (1.65 g, 80 %). Rf 0.44 (hexanes-EtOAc, 7:3); [α] D

25 +77.5 (c 0.97 in CHCl3),
(lit.,77 +62º, c 1 in CHCl3); vmax (CHCl3)/cm-1 2933s (CH), 2872s (OC-H), 1950w, 1880w, 1810w, 1730w (overtone, comb, Ph), 1736vs
(C=O), 1496w (C-C, Ar), 1454m sharp (CH2), 1367m, 1087vs, 1052vs; δH (CDCl3) 3.50 (3H, s, -OCH3), 3.68 (1H, dd, J6a,6b 10.8 and
J6a,5 6.3, 6a-H), 3.81 (1H, dd, J2,3 10 and J2,1 3.5, 2-H), 3.91 (1H, dd, J6b,6a 10.8 and J6b,5 3.5, 6b-H), 4.29 (1H, dd, J5,6a 6.3 and J5,6b 3.5, 5-
H), 4.44 (1H, d, J3,2 10, 3-H), 4.56 and 4.62 (AB, each 1H, d, JA,B 12, CHAHBPh), 4.68 and 4.87 (AB, each 1H, d, JA,B 12.1, CHAHBPh),
4.69 and 4.97 (AB, each 1H, d, JA,B 11.4, CHAHBPh), 4.81 (1H, d, J1,2 3.5, 1-H), 7.28-7.38 (3H, m, meta- and para -Ph), 7.41-7.45 (2H,
m, ortho-Ph); δC (CDCl3) 56.1 (CH3, -OCH3), 67.6 (CH2, C-6), 72.7 (CH, C-5), 73.7, 74.0, 74.4 (each CH2, 3xCH2Ph), 80.0 (CH, C-2),
82.6 (CH, C-3), 98.4 (CH, C-1), 127.7, 127.8, 127.9, 128.0, 128.1, 128.35, 128.39, 128.5 (all CH, 3xPh), 137.7, 137.76, 137.82 (each C,
3xPh), 202.0 (C=O); HRMS (ESI): found (M+Na)+ 485.1965. C28H30O6 requires (M+Na)+ 485.1940.

Enzyme Assay.15-18

The reactions were carried out in 100 mM MOPS buffer (pH 8.0), with fresh 20 mM sodium dithionite. The final volume of
each reaction mixture was 30 L. Initially, the enzyme concentration was adjusted for each different mutant to give a
reasonable conversion (20-40%) within 2-3 min at 100 M concentration (for example, wt UGM was used at a final
concentration of 0.4 M). Subsequent reactions, with varying substrate concentrations (5 M to 5 mM) were carried out
with the same enzyme concentration for all reactions. The time of each reaction was adjusted to have % conversion values
between 30% and 40%. The reactions were quenched by the addition of 50 L of n-butanol. The aqueous layer was
removed and injected onto a Waters HPLC system. The column used was a Gemini 5 (C-18) column (Phenomenex), pre-
equilibrated with 50 mM triethylammonium acetate (pH 6.9), 1.5% acetonitirile. The samples were eluted isocratically and
absorbance readings were carried out at 262 nm.
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2. K. Yoza, N. Amanokura, Y. Ono, T. Akao, H. Shinmori, M. Takeuchi, S. Shinkai and D. N. Reinhoudt, Chem.

Eur. J., 1999, 5, 2722-2729.
3. J. M. Frechet and H. H. Baer, Can. J. Chem., 1975, 53, 670-679.
4. E. Attolino, G. Catelani and F. D'Andrea, Eur. J. Org. Chem., 2006, 5279-5292.
5. H. Qin and T. B. Grindley, J. Carbohydr. Chem., 1994, 13, 475-490.
6. M. EK, P. J. Garegg, H. Hultberg and S. Oscarson, J. Carbohydr. Chem., 1983, 2, 305-311.
7. D. J. Chambers, G. R. Evans and A. J. Fairbanks, Tetrahedron, 2005, 61, 7184-7192.
8. J. M. Mallet, G. Meyer, F. Yvelin, A. Justand, C. Amatore and P. Sinaÿ, Carbohydrate Research, 1993, 224, 237-

246.
9. B. H. Lipshutz, S. L. Nguyen and T. R. Elworthy, Tetrahedron, 1988, 44, 3355-3364.
10. I. Kitagawa, M. Yashikawa, K. Kobayashi, Y. Imakura, K. S. Im and Y. Ikenishi, Chem. Pharm. Bull., 1980, 28,

296-300.
11. D. J. Bell and J. Lorber, J. Chem. Soc., 1940, 453-455.
12. A. G. M. Barret, A. W. Read and D. H. R. Barton, J. Chem. Soc., Perkin Trans. 1, 1980, 2184-2190.
13. P. J. Garegg, T. Iversen and S. Oscarson, Carbohydrate Res., 1976, 50, C12-C14.
14. R. Preuss, K. Jung and R. R. Schmidt, Liebigs Ann. Chem., 1992, 377-382.
15. D. A. R. Sanders, A. G. Staines, S. A. McMahon, M. R. McNeil, C. Whitfield and J. H. Naismith, Nat. Struct.

Biol., 2001, 8, 858-863.
16. Q. Zhang and H. Liu, J. Am. Chem. Soc., 2001, 123 , 6756-6766.
17. M. Soltero-Higgin, E. E. Carlson, J. H. Phillips and L. L. Kiessling, J. Am. Chem. Soc., 2004, 126, 10532-10533.
18. J. M. Chad, K. P. Sarathy, T. D. Gruber, E. Addala, L. L. Kiessling and D. A. R. Sanders, Biochemistry, 2007, 46,

6723-6732.



Owner
Text Box
(2)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



 

 



Owner
Text Box
(2)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(2)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



 

 



Owner
Text Box
(2)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(2)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(4)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(4)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(4)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(4)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



Owner
Text Box
(4)

Owner
Note
Completed set by Owner

Owner
Note
Accepted set by Owner

Owner
Note
Completed set by Owner

Owner
Note
Completed set by Owner



1H Chemical shifts (ppm), J (Hz) and multiplicity of 1,4-anhydrohexopyranoses

NMR
Solvent

500 5.46 3.82 3.7 3.4 3.46 87 our

D2O br. d ddd br. d br. d br. t dd dd (c 0.85, water) data
J1,2 2.5 J2,3 1.8 J ~ 1.8 J4,5 0

4J2,4 1.5

J 5.6 J6,6' 11.9
J5,6 6

J5,6' 5.3

400 5.42 3.84 4.6 4.7 4.05-4.15 1

D2O/CD3OD
br. s d dd dd m

6 to 1
J2,3 2.5 J3,4 3.4 J4,5 1.2 (3H)

500 5.48 3.83 3.82 3.34 3.43 4.5-4.58 57.4 our
CDCl3 br. d ddd br. d br. d dd dd dd m (c 1.12, CDCl3) data

J1,2 2.3 J2,3 2.3 J ~ 1.2 J4,5 0
4J2,4 1.5

J5,6 8.5
J5,6' 5

J6,6' 9.4 6H (CH2-Bn)

400 5.46 3.84 3.55 4.59 3.82 3.35 3.43 4.46-4.62 57.6 3
CDCl3 d d d d q q q (c 1.0, CDCl3)

J1,2 2.29 J2,3 1.22 J3,4 0 J4,5 1.52 J5,6 7.93 J6,6' 9.46 6H (CH2-Bn)

400 5.47 3.85 3.55 4.59 3.82 3.35 3.43 4.46-4.62 57 2
CDCl3 d br s d d m q q m (c 1.0, CDCl3)

J1,2 2.5 6H (CH2-Bn)

250 5.47 3.75-3.86 4.367-4.62 3.53 3.75-3.86 4.37-4.62 13

CDCl3 d m* m** d m* m**
J1,2 2.4 J3,4 1.2 6H (CH2-Bn)

Structure 1H others [a]D Ref.4H 5H 6H 6'H2H 3H
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NMR
Solvent

300 5.95 5.12 4.82 5.17 4.09 3.42 3.48 4.5-4.58 159 4
CDCl3 d m d d dd dd dd m (c 1.8, CDCl3)

no asignment

J1,2 2.4 J 1.5 J 1.5 J5,6 7.2
J5,6' 5.7

J6,6' 9.6 4H (CH2-Bn)

100 6.27 5.42 5.53 4.93 4.5 117 5

C5D5N d m d d s (c 1, CDCl3)

J1,2 2.4 J2,3 1.5 J3,4 0 J4,5 0
4J2,4 1.5

(3H)

100 6 5.22 5.27 4.93 4.1 214 5

C5D5N d m d d m (c 1, CDCl3)

J1,2 2.5 J2,3 1.5 J3,4 0 J4,5 0
4J2,4 1.5

(3H)

100 5.59 4.63 4.66 4.38 3.7 3.82 4 1.64 6

C6D6 d m d d t q q
J1,2 2.4 J2,3 1.4 J3,4 0 4J2,4 1.4 J5,6 5.6

J5,6' 5.6
J6,6' 10.3

? 4 4.78 4.73 5.09 5.9 7

C5D5N d quintet d d m

J1,2 2.5 J2,3 1.5 4J2,4 1.4 (3H)

100 5.97 5.22 4.03 235 5

C5D5N d m t (c 1, CDCl3)

J1,2 2.5 J5,6 5.5
J5,6' 5.5

3.64

d

(2H)

4.83 d
J4,5 0 4J2,4

1.5

(2H)

5H 6H 6'HStructure 1H 2H 3H 4H others [a]D Ref.
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NMR
Solvent

100 6.03 5.21 5.28 4.84 4.1 239 5

C5D5N d m d d t (c 1, CDCl3)

J1,2 2.5 J2,3 1.5 J3,4 0 J4,5 0
4J2,4 1.5

J5,6 6
J5,6' 6

400 5.67 2.17/1.78 3.84 4.69 3.57 3.37 3.32 4.54-4.51 33 8

CDCl3 d dd/ddd dd br. s dd dd dd 4H (CH2-Bn) (c 1.05, CDCl3)

J1,2 2.5
J1,2' 0.5

J2,2' 13.2 J2',3 6.6
J2,3 2

4J2,4 1.4 J5,6 7.6
J5,6' 5.6

J6,6' 9.2

400 5.79 1.95/2.44 5.15 4.79 3.83 3.95 4.05 1.23 34 9

CDCl3 br d dddd/ddd dd s dd dd dd 3xCH3 (c 1.18, CDCl3)

J1,2 2.6
J1,2' 0.5

J2,2' 13.6 J2',3 7
J2,3 2.2

4J2,4 1.4 J5,6 6.8
J5,6' 5.7

J6,6' 11.2 7.44-8.04

400 5.36 3.61 3.91 4.55 4.04 3.75 3.8 3.34-4.51 -9.7 3

CDCl3 s d s q quintet q q (c 1.0, CDCl3)

J1,2 0 J2,3 2.1 J3,4 5 J4,5 3.9
J4,6 7.6
J4,6' 4.3

J5,6 7.63
J5,6' 4.27

J6,6' 10.5

200 5.44 -10.5 10

CDCl3 s (c 1.18, CDCl3)

Structure 1H 2H 3H 4H 5H 6H 6'H others
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NMR
Solvent

300 5.46 4.74 4.93 4.81 4.19 3.7 3.82 4.54, 4.65 -9.5 11

CDCl3 s d m dd m dd dd (c 1.0, CDCl3)

J1,2 0 J2,3 2.5 J3,4 5 J4,5 3 J5,6 3.5
J5,6' 8

J6,6' 11

300 5.4 4.7 3.85 4.54 5endo 5exo x 4.50, 4.71 -36.3 12

CDCl3 d d m m 4.18 3.44 1.2 (c 1.0, CDCl3)

1,4-
anhydropento

pyranose

J1,4 0.9 J2,3 1.6 J3,4 4.9 J4,5endo

0

d
J5endo/exo

6.6

m
J4,5exo

2.4
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13C chemical shifts (ppm) of 1,4-anhydrohexopyranoses

NMR
Solvent

125 99.6 81.2 75.4 61.7 our

D2O data

100 107.4 81 82.1 79.6 81.3 61.7 1

D2O/CD3OD d

6 to 1
125 98.7 87.3 74.3 69.9 71.2, 72.4, 73.6 our

CDCl3 3 (CH2-Bn) data

100 98.7 69.8 71.1, 72.3, 73.5 2
CDCl3 3 (CH2-Bn)

100 99.97 41.91 73.51 70.96, 70.12 8

CDCl3 2 (CH2-Bn)

75 98.4 69.6 73.6 , 74.4 4

CDCl3 2 (CH2-Bn)

no asignment

others Ref.C4 C5 C6Structure C1 C2 C3
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NMR
Solvent

50 103.1 78.3 76.05* 69.3 73.21, 73.17, 71.7 5

CDCl3 3 (CH2-Bn)
* not assigned

75 103.3 11

CDCl3

75 102.2 12

CDCl3
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d

J 7.6

α-Galp
d

J 3.6

O-Me
Galactosides



Selected chemical shifts, J (Hz) and multiplicity in D2O (1H-NMR, 500 MHz) for galactose configurations and derivatives

D-Galactose 1-δH Multiplicity J (Hz)
α-Galp 5.11 d 3.6
β-Galp 4.43 d 7.6
α-Galf 5.13 d 4.8
β-Galf 5.06 d 3.6

O-Met-D-galactoside 1-δH Multiplicity J (Hz) OMe-δH Multiplicity
α-Galp 4.75 d 2.9 3.30 s
β-Galp 4.23 d 7.9 3.49 s
α-Galf 4.88 d 3.8 3.44 s
β-Galf 4.05 d 1.8 3.43 s

ESI(+) analysis of acidic ring opening of 2:

Up to pentasaccharides were detected, indicating that oligomerisation was catalysed by HCl. A control sample (galactose) produced
only up to disaccharide under the same conditions in ESI analysis.
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