Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2015

Supporting Information

Molecular-Scale Features that Govern the Effects of O-
Glycosylation on a Carbohydrate-Binding Module

Xiaoyang Guan'-+, Patrick K. Chaffey! {, Chen Zeng! ¥, Eric R. Greene!, Liqun Chen'!, Matthew
R. Drake!, Claire Chen', Ari Groobman!, Michael G. Resch?, Michael E. Himmel?, Gregg T.
Beckham®*, Zhongping Tan'-"

! Department of Chemistry and Biochemistry and BioFrontiers Institute, University of Colorado,

Boulder CO 80303;
2 National Bioenergy Center, National Renewable Energy Laboratory, Golden CO 80401;
3 Biosciences Center, National Renewable Energy Laboratory, Golden CO 80401

t Equal contribution
* Corresponding authors

Gregg T. Beckham, National Bioenergy Center, National Renewable Energy Laboratory, Golden,
CO 80401 USA, +01 (303) 384-7806, gregg.beckham(@nrel.gov

Zhongping Tan, Department of Chemistry and Biochemistry and BioFrontiers Institute,
University of Colorado, Boulder, CO 80303 USA, +01 (303) 492-5160,

zhongping.tan(@colorado.edu

S1


mailto:gregg.beckham@nrel.gov
mailto:zhongping.tan@colorado.edu

I. MATERIALS AND METHODS

All commercial reagents and solvents were used as received. Unless otherwise noted, all
reactions and purifications were performed under air atmosphere at room temperature. All LC-
MS analyses were performed using a Waters Acquity™ Ultra Performance LC system equipped
with Acquity UPLC® BEH 300 C4, 1.7um, 2.1 x 100 mm column at flow rates of 0.3 and 0.5
mL/min. The mobile phase for LC-MS analysis was a mixture of H,O (0.1% formic acid, v/v)
and acetonitrile (0.1% formic acid, v/v). All preparative separations were performed using a
LabAlliance HPLC solvent delivery system equipped with a Rainin UV-1 detector and a Varian
Microsorb 100-5, C18 250x21.4 mm column at a flow rate of 16.0 mL/min. The mobile phase
for HPLC purification was a mixture of H,O (0.05% TFA, v/v) and acetonitrile (0.04% TFA,
v/v). A Waters SYNAPT G2-S system was used mass spectrometric analysis. All circular
dichroism (CD) spectra were obtained using an Applied PhotophysicsChirascan™-plus CD
spectrometer.

I1. SYNTHESIS OF GLYCOAMINO ACIDS

The glycoamino acid building blocks Fmoc-Ser(Ac4Manal)-OH (35), Fmoc-Ser(Ac4Manal-
2Ac;Manal)-OH  (36), Fmoc-Thr(Ac4Manal)-OH (37), and Fmoc-Thr(Ac4Manal-
2Ac;Manal)-OH (53) were prepared according to the previously reported method !. Glycoamino
acid building block 44 was purchased from AnaSpec. All the other building blocks, 38-43, 45-52,
and 54 are prepared as described below. The spectroscopic characterizations ('"H NMR, '3C
NMR, IR, and high-resolution MS) of all new compounds are reported.
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Figure S1. O-linked glycoamino acid building blocks used for the synthesis of CBM glyco-
variants.
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Synthesis of glycoamino acid 38. The 1,2,3,4,6-penta-O-acetyl-D-mannopyranose 55 was
prepared as reported in the literature!. To the solution of 55 (682 mg, 1.75 mmol) and 56 (Fmoc-
Cys-OH, 900 mg, 2.62 mmol) in MeCN (35 ml), BF;-OEt, (0.81 ml, 5.25 mmol) was added. The
resulting mixture was stirred at room temperature for 28 h under argon. The solvent was
removed under reduced pressure, and the resulting residue was diluted with EtOAc then washed
with water. The organic layer was dried over Na,SO,, filtered and the filtrate was concentrated
under reduced pressure. The resulting oil was purified by flash chromatography on a silica gel
column (Hex/EtOAc/AcOH = 4:1:0.5—3:1:0.4—2:1:0.3) to give 38 (404 mg, 34%) as a white
foam.
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Synthesis of glycoamino acid 39. To the solution of 55 (390 mg, 1.0 mmol) and 57 (Fmoc-
DSer-OH, 490 mg, 1.5 mmol) in MeCN (12 ml), BF5-OEt; (0.38 ml, 3.0 mmol) was added. The
resulting mixture was stirred at room temperature for 23 h under argon. The solvent was
removed under reduced pressure, and the resulting residue was diluted with EtOAc then washed
with water. The organic layer was dried over Na,SO,, filtered and the filtrate was concentrated
under reduced pressure. The resulting oil was purified by flash chromatography on a silica gel
column (Hex/EtOAc/AcOH = 4:1:0.5—3:1:0.4—2:1:0.3) to give 39 (223 mg, 34%) as a white
foam.
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Synthesis of glycoamino acid 40. The 2,3,4,6 tetra-O-acetyl mannosyl bromide 58 was prepared
as reported in the literature!. A solution of 59 (1.0 g, 2.51 mmol), Ag,COs (1.03 g, 3.77 mmol),
4A molecular sieves (4A MS) (2.5 g) in toluene (8.5 ml) and DCM (12.8 ml) was stirred at 0 °C
for 30 minutes?. Then, a solution of AgClOy4 (130 mg, 0.63 mmol) in toluene (3.1 ml) was added
dropwise at 0 °C. Subsequently, a solution of 58 (1.47 g, 3.77 mmol) in a mixture of DCM (6.4
ml) and toluene (6.4 ml) was very slowly added dropwise at 0 °C. The mixture was stirred, in the
dark, at room temperature for 21 h. The reaction was diluted with DCM, filtered through Celite
and washed with H,O then NaHCO; (sat.). The organic layer was dried with Na,SO, and
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concentrated under reduced pressure. The residue was purified by flash chromatography on a
silica gel column (Hex/EtOAc = 2:1—1:1) to give 60 (474 mg, 26%) as a white foam.

60 (470 mg, 0.65 mmol) was dissolved in a solution of TFA/H,0 (95:1, 8.0 ml) and stirred at
room temperature for 2.5 h. The solvent was removed under reduced pressure by co-evaporation
with toluene and the remaining residue was purified by flash chromatography on a silica gel
column (Hex/EtOAc/AcOH = 1:1:0—1:1:0.2) to give 40 (400 mg, 92%) as a white foam. 'H
NMR (400 MHz, CDCl;) 6 7.82 — 7.75 (m, 2H), 7.62 (d, J = 7.5 Hz, 2H), 7.46 — 7.37 (m, 2H),
7.33 (td, J=7.4, 1.3 Hz, 2H), 5.81 (d, J = 6.6 Hz, 1H), 5.38 — 5.24 (m, 2H), 5.21 (s, 1H), 4.81 (s,
1H), 4.50 (d, J = 5.7 Hz, 1H), 4.43 (d, J= 7.1 Hz, 2H), 4.36 — 4.27 (m, 1H), 4.23 (t, J = 6.7 Hz,
1H), 4.12 (d, J=12.5 Hz, 1H), 4.01 (d, /= 8.9 Hz, 1H), 3.90 (s, 1H), 3.53 (dd, /= 10.7, 5.3 Hz,
1H), 2.35 — 2.20 (m, 2H), 2.15 (s, 3H), 2.11 (s, 3H), 2.07 (d, J = 1.6 Hz, 3H), 2.01 (s, 3H). *C
NMR (101 MHz, CDCl3) 6 171.37,170.80, 170.37 , 169.80 , 155.82 , 143.68 , 141.31, 127.77 ,
127.08 , 125.08 , 125.03 , 120.02 , 120.00 , 97.55 , 69.63 , 69.47 , 68.92 , 66.98 , 65.65 , 63.84 ,
62.51,51.35,47.18 ,31.33 , 20.87 , 20.79 , 20.75 , 20.71. IR (NaCl, film): 3341, 3066, 2952,
1748, 1522, 1451, 1371, 1228, 1138, 1117, 1049, 980 cm'. HRMS (ESI) Calcd. for
Cs3H37NNaO4 [M + Na]* requires 694.2107, Found: 694.2103.
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Synthesis of glycoamino acid 41. To a stirred solution of D-(+)-mannose 61 (5 g, 27.8 mmol) in
pyridine (25 ml) trityl chloride (TrtCl) (8.5 g, 30.55 mmol) was added and the resulting mixture
was stirred for 1.5 h at 40 °C. After cooling to 0 °C, Ac,O (15 ml) was added to the mixture and
the resulting solution was stirred overnight at room temperature. The reaction mixture was
poured into ice water and extracted with DCM. The organic phase was dried over anhydrous
Na,SO,, filtered and the filtrate was concentrated under reduced pressure. The resulting oil was
purified by flash chromatography on a silica gel column (Hex/EtOAc = 5:1) to give 62 (14.71 g,
90%) as a white foam. Product matched the previously known spectra of 623.

To a stirred solution of 62 (3 g, 5.08 mmol) in AcOH (10 ml) was added 33% HBr in AcOH (1.0
ml). The resulting mixture was stirred for 1 min. The Ph;CBr formed was immediately removed
by suction filtration. The filtrate was diluted with cold water and extracted with DCM. The
organic layer was dried over Na,SO,, filtered and the filtrate was concentrated under reduced

pressure. The resulting oil was purified by flash chromatography on a silica gel column
(Hex/EtOAc =2:1—1:1) to give 63 (1.34 g, 76%) as a white foam. Product matched the
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previously known spectra of 63°.

To a flask with 63 (23 g, 66 mmol) and tetra-n-butylammonium iodide (TBAI) (7.3 g, 19.8 mmol)
was added DIPEA (45 ml, 264 mmol) and BnBr (31.6 ml, 264 mmol). The resulting mixture was
stirred at 90 °C for 4 h. The reaction was diluted with DCM and washed with water. The organic
phase was dried over Na,SQ,, filtered and the filtrate was concentrated under reduced pressure.
The resulting oil was purified by flash chromatography on a silica gel column (Hex/EtOAc
=4:1—2:1) to give 64 (11.16 g, 39%) as an oil (a/p=2:1). '"H-NMR (400 MHz, CDCl;) 6 7.27-
7.36 (m, 7.5H, H-Ph), 6.10 (d, J= 2.0 Hz, 1H, H-1a), 5.85 (d, /= 1.2 Hz, 0.5H, H-1B), 5.47 (dd,
J=3.2 Hz, 1.2 Hz, 0.5H, H-2pB), 5.31-5.41 (m, 2.5H, H-30, H-4a, H-4P), 5.25 (dd, J = 3.2 Hz,
2.0 Hz, 1H, H-2a), 5.11 (dd, J = 10.0 Hz, 3.2 Hz, 0.5H, H-3p), 4.46-4.59 (m, 3H, CH,-Bn), 3.98-
4.02 (m, 1H, H-5a), 3.73-3.77 (m, 0.5H, H-5B), 3.57-3.60 (m, 3H, H-6a, H-6f), 2.21 (s, 1.5H,
CHj3-Acp), 2.162 (s, 3H, CH3-Aca), 2.155 (s, 3H, CH;-Aca), 2.09 (s, 1.5H, CH3-Acp), 2.002 (s,
3H, CH3-Aca), 1.997 (s, 1.5H, CH3-Acp), 1.92 (s, 3H, CH3-Aca), 1.90 (s, 1.5H, CH3-Acp). 13C-
NMR (100 MHz, CDCls) 6 170.3, 170.1, 169.9, 169.8, 169.62, 169.58, 168.4, 168.2, 137.7,
137.6, 128.6, 128.4, 128.0, 127.9, 127.8, 127.7, 90.7, 90.5, 77.2, 74.5, 73.67, 73.61, 72.0, 70.9,
68.9, 68.8, 68.6, 68.4, 68.3, 66.4, 66.3, 20.9, 20.82, 20.79, 20.74, 20.68, 20.57. IR (NaCl, film):
3064, 3031, 2937, 2870, 1761, 1454, 1432, 1370, 1237, 1149, 1055, 972, 738, 701 cm'. HRMS
(ESI) Calcd. for C;;HysNaOqo [M + Na]* requires 461.1419, Found: 461.1417.

To the solution of 64 (400 mg, 0.91 mmol) and Fmoc-Ser-OH (448 mg, 1.37 mmol) in MeCN
(22 mL), BF;OEt; (0.42 ml, 2.74 mmol) was added'. The resulting mixture was stirred at room
temperature for 24 h under argon. The solvent was removed under reduced pressure and the
residue was diluted with EtOAc and washed with water. The organic layer was dried over
Na,SO,, filtered and the filtrate was concentrated under reduced pressure. The resulting oil was
purified by flash chromatography on a silica gel column (Hex/EtOAc/AcOH =2:1:0.3) to give 65
(379 mg, 59%) as a white foam. 'H-NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.6 Hz, 2H, H-
Fmoc), 7.56-7.58 (m, 2H, H-Fmoc), 7.24-7.38 (m, 9H, H-Fmoc, H-Ph), 6.54 (d, J = 8.8 Hz, 1H,
H-NH), 5.33-5.43 (m, 3H, H-2, H-3, H-4), 4.87 (s, 1H, H-1), 4.68 (brs, 1H, H-a), 4.49 (dd, J =
43.2 Hz, 12.0 Hz, 2H, CH,-Bn), 4.03-4.44 (m, 6H, H-5, CH,-B, CH,-Fmoc, CH-Fmoc), 3.51 (s,
2H, H-6), 2.14 (s, 3H, CH3-Ac), 2.00 (s, 3H, CH3-Ac), 1.84 (s, 3H, CH3-Ac). BC-NMR (100
MHz, CDCl3) 6 170.7, 170.3, 169.8, 156.1, 143.8, 141.27, 141.24, 137.5, 128.8, 128.3, 127.92,
127.86, 127.7, 127.1, 125.3, 119.9, 98.3, 73.5, 70.1, 69.5, 68.4, 67.3, 66.7, 47.1, 43.9, 20.9, 20.8,
20.7. IR (NaCl, film): 3339, 3065, 1754, 1707, 1370, 1224, 1050, 740, 700 cm!. HRMS (ESI)
Calcd. for C57H39NNaO;3 [M + Na]* requires 728.2314, Found: 728.2304.

The mixture of 65 (300 mg, 0.42 mmol), EtSH (2.1 ml) and BF;OEt, (523 pl, 3.40 mmol) in
DCM (4.2 ml) was stirred for 6 h at room temperature under argon. The reaction was quenched
with water and extracted with EtOAc. The organic phase was washed with brine, dried (Na,SO,),
filtered and the filtrate was concentrated under reduced pressure. The resulting oil was purified
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by flash chromatography on a silica gel column (Hex/EtOAc/AcOH =3:2:0.5—1:1:0.2) to give
66 (152 mg, 59%) as an oil. "H-NMR (400 MHz, CD;0D) $ 7.82 (d, J = 7.6 Hz, 2H, H-Fmoc),
7.72-7.74 (m, 2H, H-Fmoc), 7.39-7.43 (m, 2H, H-Fmoc), 7.32-7.36 (m, 2H, H-Fmoc), 5.23-5.36
(m, 3H, H-2, H-3, H-4), 4.91 (s, 1H, H-1), 3.89-4.48 (m, 7H, H-5, H-a, CH,-B, CH,-Fmoc, CH-
Fmoc), 3.66 (dd, /= 12.4 Hz, 2.4 Hz, 1H, H-6), 3.56 (dd, J = 12.4 Hz, 5.2 Hz, 1H, H-6), 2.12 (s,
3H, CH;-Ac), 1.97 (s, 3H, CH3-Ac), 1.95 (s, 3H, CH3-Ac). *C-NMR (400 MHz, CD;0D) 6
170.22, 170.17, 170.1, 157.0, 144.1, 143.9, 141.18, 141.12, 127.34, 127.32, 126.82, 126.79,
125.1, 124.9, 119.47, 119.45, 98.1, 71.0, 69.6, 69.5, 68.5, 66.8, 66.2, 60.5, 19.21, 19.19. IR
(NaCl, film): 1755, 1706, 1370, 1227, 1084, 1047, 760, 740 cm''. HRMS (ESI) Calcd. for
C30H33NNaO;; [M + Na]* requires 638.1845, Found: 638.1844.

To a solution of 66 (150 mg, 0.24 mmol) in THF (1.5 ml) were added N-methyl-morpholine (27
ul, 0.24 mmol, dissolved in 0.4 ml THF) and tert-Butyldimethylchlorosilane (TBDMSCI) (36 mg,
0.24 mmol, dissolved in 0.5 ml THF)*. After stirring for 30 minutes, 1H-tetrazole (2.5 ml, 1.13
mmol, 0.45M in CH3CN) and dibenzyl N,N-diisopropylphosphoramidite [iPr,NP(OBn),] (166 pl,
0.5 mmol) were added. The reaction mixture was stirred for 3 h at room temperature, cooled to 0
°C, and then 30% H,O; (aq., 64 pl, 0.64 mmol) was added. The resulting mixture was slowly
warmed to room temperature over 30 minutes, saturated Na,SO; (1.5 ml) was then added. After
stirring vigorously for 30 minutes, the mixture was diluted with saturated Na,SO; extracted with
EtOAc. The organic layer was dried over Na,SOy, filtered and the filtrate was concentrated under
reduced pressure. The resulting oil was purified by flash chromatography on a silica gel column
(Hex/EtOAc/AcOH =2:1:0.3—3:2:0.5) to give 67 (127 mg, 60%) as a white foam. "H-NMR
(400 MHz, CD50D) 6 7.81 (d, J= 7.2 Hz, 2H, H-Fmoc), 7.69 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.30-
7.42 (m, 14H, H-Fmoc, H-Ph), 5.33-5.38 (m, 2H, H-3, H-4), 5.26 (d, /= 2.0 Hz, 1H, H-2), 5.04-
5.12 (m, 4H, CH,-Bn), 4.90 (s, 1H, H-1), 4.40-4.48 (m, 2H, H-a, CH-Fmoc), 4.23-4.31 (m, 2H,
CH,-Fmoc), 4.05-4.17 (m, 4H, H-5, H-6, CH,-B), 3.90 (dd, J = 10.4 Hz, 6.0 Hz, 1H, H-6), 2.01
(s, 3H, CH3-Ac), 1.96 (s, 3H, CH3-Ac), 1.95 (s, 3H, CH;-Ac). *C-NMR (400 MHz, CD;0D) 6
170.04, 170,00, 169.91, 144.0, 143.8, 141.2, 135.8, 128.32, 128.30, 128.28, 127.81, 127.75,
127.4, 126.83, 126.80, 125.0, 119.5, 98.3, 69.55, 69.52, 69.49, 69.45, 69.4, 69.2, 68.4, 66.8, 65.6,
65.3, 54.7, 19.21, 19.16, 19.15. 3'P-NMR (400 MHz, CD;0D) § -1.77. IR (NaCl, film): 3065,
3035, 2360, 2343, 1756, 1718, 1521, 1371, 1246, 1220, 1011, 882, 740, 698 cm!. HRMS (ESI)
Calcd. for C44H4NNaOcP [M + Na]* requires 898.2447, Found: 898.2438.

67 (120 mg, 0.14 mmol) was dissolved in CH;CN (1.5 ml). To this solution was added Nal (42
mg, 0.28 mmol)°. The reaction was stirred at 45 °C for 12 h under argon. The reaction mixture
was concentrated and dissolved in small amount EtOAc. Hexanes was added until white solid
formed. The suspension was centrifuged and the resulting solid was dissolved in
H,O/CH;3;CN=1:1. The resulting solution was frozen and lyophilized to give 41 (103 mg, 94%) as
a white solid. 'H-NMR (400 MHz, CD;0D) 6 7.80 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.69-7.72 (m,
2H, H-Fmoc), 7.22-7.41 (m, 9H, H-Fmoc, H-Ph), 5.26-5.36 (m, 3H, H-2, H-3, H-4), 4.91-4.95
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(m, 2H, CH,-Bn), 4.85 (d, /= 1.6 Hz, 1H, H-1), 4.41-4.46 (m, 1H, CH-Fmoc), 4.22-4.29 (m, 3H,
H-a, CH,-Fmoc), 3.83-4.13 (m, 5H, H-5, H-6, CH,-B), 2.09 (s, 3H, CH3-Ac), 1.95 (s, 3H, CH;-
Ac), 1.90 (s, 3H, CH3-Ac). 3C-NMR (400 MHz, CD;0D) 6 170.3, 170.2, 170.1, 156.9, 144.1,
143.9, 141.17, 141.13, 138.5, 138.4, 128.2, 127.9, 127.3, 127.1, 126.9, 126.8, 125.1, 124.9, 119.5,
98.0, 69.8, 69.7, 69.5, 68.7, 66.79, 66.73, 66.1, 63.77, 63.72, 56.1, 19.30, 19.27, 19.24. 3'P-NMR
(400 MHz, CD;0D) 6 0.31. IR (NaCl, film): 3405, 3065, 2952, 1753, 1613, 1524, 1452, 1416,
1371, 1228, 1138, 1048, 868, 761, 740, 699 cm'!. HRMS (ESI) Calcd. for C37H4NNaOcP [M +
Na]" requires 808.1977, Found: 808.1980.
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Synthesis of glycoamino acid 42 and 43. To a solution of Tri-O-acetyl-D-glucal 68 (2.3 g, 8.43
mmol) in MeCN (38 mL) at -30 °C was added FeCl;-6H,0 (2.50 g, 9.27 mmol), NaNj; (602.5 mg,
9.27 mmol) and H,0, (30%, aq., 1.26 ml, 12.65 mmol) and the reaction was stirred at -30 °C for
6 h®. The mixture was diluted with Et,O and washed with H,O, NaHCO; (sat.), and brine. The
organic layer was dried with Na,SO,4 and concentrated under reduced pressure to give 69 (2.06 g,

70%) as a viscous oil. The product was used directly without further purification.

To a solution of Fmoc-Ser-OH (1.0 g, 3.05 mmol) in EtOAc (15.3 ml) was slowly added a
solution of tert-Butyl 2,2,2-trichloroacetimidate (TBTA) (918 mg, 5.13 mmol) in cyclohexane
(6.1 ml) over the course of 15 minutes with stirring at room temperature’. The mixture was
allowed to stir at room temperature for 5 hours, then quenched with NaHCOj (sat., aq.) and
extracted with EtOAc. The organic layers were combined, washed with H,O, then brine, dried
over Na,SQ,, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on a silica gel column (Hex/EtOAc = 10:1—-2:1) to yield Fmoc-Ser-Ot-Bu
(643.6 mg, 55%) as a white solid.

A solution of Fmoc-Ser-Ot-Bu (2.03 g, 5.31 mmol), Ag,CO; (2.44 g, 8.85 mmol), 4A MS (3.5 g)
in toluene (12 ml) and DCM (18 ml) was stirred at 0 °C for 30 min®. Then, a solution of AgClO,
(306.8 mg, 1.48 mmol) in toluene (6 mL) was added dropwise at 0 °C. Subsequently, a solution
of 69 (2.06 g, 5.9 mmol) in a mixture of DCM (12 ml) and toluene (12 mL) was very slowly
added dropwise at 0 °C. The mixture was stirred, in the dark, at room temperature for 24 h. The
reaction was diluted with EtOAc, filtered through Celite and washed with H,O then NaHCO;
(sat.). The organic layer was dried with Na,SO,4 and concentrated under reduced pressure. The
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residue was purified by flash chromatography on a silica gel column (PE/EtOAc = 5:1—-2:1) to
give 70 (2.86 g, 70%) as a white foam.

70 (2.6 g, 3.73 mmol) was dissolved in a solution of pyridine (4 ml) and AcSH (8 ml) and stirred
at room temperature for 40 hours®. The mixture was diluted with EtOAc and washed with HCI
(1M, aq.), and NaHCOs (sat., aq.). The organic layers were dried with Na,SO,4 and concentrated
under reduced pressure. The residue was purified by flash chromatography on a silica gel column
(DCM/EtOAc = 3:2—1:1—0:1) to give 71 (780 mg, 29%) and 72 (830 mg, 31%) as white foams.

71 (780 mg, 1.09 mmol) was dissolved in a solution of TFA (4 ml), H,O (0.2 mL) and DCM (4
ml) and stirred at room temperature for 3 h. The solvent was removed under reduced pressure by
co-evaporation with toluene and the remaining residue was purified by flash chromatography on
a silica gel column (DCM:MeOH = 15:1—10:1) to give 42 (680 mg, 94%) as a white foam.

72 (830 mg, 1.16 mmol) was dissolved in a solution of TFA (4 ml), H,O (0.2 ml) and DCM (3
ml) and stirred at room temperature for 3 h. The solvent was removed under reduced pressure by

co-evaporation with toluene and the remaining residue was purified by flash chromatography on
a silica gel column (DCM:MeOH = 15:1—10:1) to give 43 (670 mg, 87%) as a white foam.

OAc OAc
o Fmoc-Ser-OH  pco /ﬁi/
Ai‘gcﬁ\p OAc  BFsEt,0 _  AcO o
AcO MeCN AcO
73 21% FmocHN™ “CO.H

45

Synthesis of glycoamino acid 45. To the solution of penta-O-acetyl-B-D-glucopyranose 73 (1.0
g, 2.56 mmol) and Fmoc-Ser-OH (1.0 g, 3.07 mmol) in MeCN (30 ml), BF;-OEt; (1.0 mL, 7.68
mmol) was added. The resulting mixture was stirred at room temperature for 24 h under argon'.
The solvent was removed under reduced pressure, and the resulting residue was diluted with
EtOAc then washed with water. The organic layer was dried over Na,SO,, filtered and the
filtrate was concentrated under reduced pressure. The resulting oil was purified by flash
chromatography on a silica gel column (Hex/EtOAc/AcOH = 4:1:0.5—3:1:0.4—2:1:0.3) to give
45 (361 mg, 21%) as a white foam. Product matched the previously known spectra of 45°.

AcO OAc AcO _OAc AcO _OAc
o) o o

AcO _OAc AcO _OAc Fmoc-Ser-Ot-Bu  AcO AcO AcO
Aco% NaNj, FeClg &O AgzCO3, AgCIO, Na _AcSH _ AcHN TFA/H,0 AcHN |

[e) ym
> AcO Toluene, DCM Pyridine 92%
0 H,0,, MeCN Ns & AAMS Fmoc 50% Fmoc .
~ ~ mocC .
70% 75 68% H COxtBu ” COt-Bu ” COH
76 77 46

Synthesis of glycoamino acid 46. To a solution of 3,4,6-Tri-O-acetyl-D-galactal 74 (1.0 g, 3.67
mmol) in MeCN (30 ml) at -30 °C was added FeCl;:6H,0 (0.79 g, 2.94 mmol), NaNj3 (263 mg,
4.04 mmol) and H,0, (30%, aq., 0.42 ml, 4.04 mmol) and the reaction was stirred at -30 °C for 6
h¢. The mixture was diluted with Et,O and washed with H,O, NaHCOs3, and brine. The organic
layer was dried with Na,SO,4 and concentrated under reduced pressure to give 75 (900 mg, 70%)
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as a viscous oil. The product was used directly without further purification.

A solution of Fmoc-Ser-Ot-Bu (560 mg, 1.46 mmol), Ag,CO5 (600 mg, 2.19 mmol), 4A MS (1.7
g) in toluene (5 ml) and DCM (7.5 ml) was stirred at 0 °C for 30 minutes. Then, a solution of
AgClO,4 (75 mg, 0.37 mmol) in toluene (2 ml) was added dropwise at 0°C. Subsequently, a
solution of 75 (900 mg, 2.58 mmol) in a mixture of DCM (3.75 ml) and toluene (3.75 ml) was
very slowly added dropwise at 0 °C. The mixture was stirred, in the dark, at room temperature
for 19 h. The reaction was diluted with DCM, filtered through Celite and washed with H,O then
NaHCOs; (sat.). The organic layer was dried with Na,SO4 and concentrated under reduced
pressure. The residue was purified by flash chromatography on a silica gel column (Tol/EtOAc =
10:1) to give 76 (692 mg, 68%) as a white foam.

76 (500 mg, 0.72 mmol) was dissolved in a solution of pyridine (0.8 ml) and AcSH (1.6 ml) and
stirred at room temperature for 24 h. The mixture was diluted with DCM and washed with H,O,
HCl (1M, aq.), and NaHCO; (sat., aq.). The organic layers were dried with Na,SO, and
concentrated under reduced pressure. The residue was purified by flash chromatography on a
silica gel column (Hex/EtOAc = 1:1—-0:1) to give 77 (253 mg, 50%) as a white foam.

77 (240 mg, 0.34 mmol) was dissolved in a solution of TFA/H,0 (95:5, 4.0 ml) and stirred at
room temperature for 2 h. The solvent was removed under reduced pressure by co-evaporation
with toluene and the remaining residue was suspended in MeCN/H,O (1:1), frozen and
lyophilized to give a white solid. The solid was dissolved in DCM and purified by flash
chromatography on a silica gel column (DCM:MeOH = 10:1—5:1) to give 46 (206 mg, 92%) as
a white foam.

A H_OH
AcO OO° BF;ELO _ NaOMe_ | o NaH, BB o0 oan Fmoc-Ser-Ot-Bu
ACO OAc  PhSH, CH,Cl, MeOH o SPh DMF SPh__NIS, TIOH
¢ AcO 92% for 2 steps HO 76% " BnO 4AMS, DCM
78 79 80 62%
BnO _OBn AcO _OAc AcO _OAc
Bnogg\ AcO ° TFAH,0  AcO 0
BnO Pd(OH),/C, Hy _ Ac,0, pyridine c o Y A Pyrs
o MeOH o 88% o)
Froc . : BN L
moc ” COt-Bu 64% for 2 steps Fmoc \H COtBu Fmoc \N COH
81 82 47

Synthesis of glycoamino acid 47. To a solution of B-D-galactose pentaacetate 78 (20.0 g, 51.3
mmol) in CH,Cl, (100 ml) was added thiophenol (7.3 mL, 72.0 mmol). The resulting mixture
was cooled to 0 °C. BF5-Et,0 (7.7 ml, 61.5 mmol) was then added dropwise and the reaction
mixture was allowed to warm to room temperature. After being stirred at room temperature for 2
h, the mixture was diluted with CH,Cl, (100 ml), washed with 2 M NaOH solution, H,O, dried
over MgSO, and concentrated under reduced pressure. The residue was dissolved in MeOH (100
ml) and MeONa (138 mg, 2.56 mmol) was added to the solution. The reaction was stirred at
room temperature overnight, then neutralized with Amberlite IR-120 resin, filtered and
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concentrated to give 79 (12.8 g, 92%) as a white foam!©.

To a suspension of NaH (9.4 g, 235 mmol, 60% in mineral oil) in DMF (150 mL) at 0 °C was
added dropwise a solution of 79 (12.8 g, 47.0 mmol) in DMF (70 ml), which was followed by the
addition of a solution of BnBr (27.8 mL, 235 mmol) in DMF (80 mL). The resulting mixture was
stirred at room temperature overnight, then diluted with EtOAc, washed with H,O, and
concentrated under reduced pressure. The oily residue was purified by flash chromatography on
a silica gel column (Hex/EtOAc = 6:1) to afford 80 (22.6 g, 76%) as a white solid'°.

To a solution of 80 (632 mg, 1.00 mmol) and Fmoc-Ser-Ot-Bu (421 mg, 1.10 mmol) in DCM
(15 ml) at -30 °C were added 4A MS (300 mg), N-iodosuccinimide (NIS) (470 mg, 2.00 mmol)
and trifluoromethanesulfonic acid (TfOH) (9 pL, 0.10 mmol). The resulting mixture was stirred
at -30 °C for 10 min under argon before it was quenched with Na,SOj; (sat., aq.). The mixture
was diluted with water and extracted with EtOAc. The organic layer was dried over Na,SOy,
filtered and the filtrate was concentrated under reduced pressure. The resulting oil was purified
by flash chromatography on silica gel (Hex/EtOAc = 5:1) to give 81 (561 mg, 62%) as a white
foam. 'H NMR (400 MHz, CDCl3) & 7.79 (d, J = 7.6 Hz, 2H), 7.63 (dd, J = 7.5, 4.0 Hz, 2H),
7.50 — 7.17 (m, 24H), 6.29 (d, J= 8.5 Hz, 1H), 4.99 (d, /= 11.3 Hz, 1H), 4.90 — 4.82 (m, Jcy =
167.2 Hz, 3H), 4.79 (d, J = 11.7 Hz, 1H), 4.72 (d, J = 11.9 Hz, 1H), 4.62 (d, /= 11.4 Hz, 1H),
4.53 (d, J=12.0 Hz, 1H), 4.49 — 4.40 (m, 2H), 4.40 — 4.33 (m, 2H), 4.29 — 4.19 (m, 2H), 4.11
(dd, J=10.1, 3.7 Hz, 1H), 4.06 (t, J = 6.5 Hz, 1H), 4.01 (d, J = 2.8 Hz, 1H), 3.95 (dd, J = 10.1,
2.7 Hz, 1H), 3.87 (dd, J=11.2, 3.0 Hz, 1H), 3.64 (dd, J=9.3, 6.1 Hz, 1H), 3.55 (dd, J=9.2, 6.6
Hz, 1H), 1.51 (s, 9H). 3C NMR (101 MHz, CDCl3) 6 169.15 , 156.14 , 143.97 , 143.95 , 141.28,
138.71 , 138.59, 138.57, 137.98 , 128.42 , 128.39, 128.37, 128.29 , 127.96 , 127.76 , 127.71 ,
127.67,127.64 ,127.58 ,127.51,127.10, 125.27,119.95,99.52 , 82.36, 78.74 , 74.96 , 74.80 ,
73.48 ,73.41,73.09,70.73 ,70.02 , 68.93 , 67.06 , 55.24 , 47.16 , 28.04. IR (NaCl, film): 3340,
3064, 3031, 2978, 2929, 1725, 1497, 1453, 1369, 1347, 1248, 1155, 1100, 1057, 739, 697 cm™'.
HRMS (ESI) Calcd. for Cs¢Hs9NNaOj, [M + Na]* requires 928.4032, Found: 928.4026.

A solution of 81 (420 mg, 0.46 mmol) in MeOH (8 ml) was stirred with Pearlman’s catalyst
[Pd(OH),/C, 50 mg] under a hydrogen atmosphere at room temperature for 24 h. The reaction
was filtered through Celite and the filtrate was concentrated under reduced pressure. The residue
was dissolved in pyridine (2 ml) and Ac,O (2 ml) was added dropwise. The resulting mixture
was stirred at room temperature under argon overnight. The mixture was poured into ice-water
and extracted with EtOAc. The organic layer was dried over Na,SQy,, filtered and the filtrate was
concentrated under reduced pressure. The resulting oil was purified by flash chromatography on
silica gel column (Hex/EtOAc = 2:1) to give 82 (212 mg, 64%) as a white foam. 'H NMR (400
MHz, CDCly) 6 7.75 (d, J= 7.5 Hz, 2H), 7.62 (d, J= 6.8 Hz, 2H), 7.39 (t, J = 7.3 Hz, 2H), 7.35 —
7.28 (m, 2H), 5.83 (d, /= 8.0 Hz, 1H), 5.45 (d, /= 2.4 Hz, 1H), 5.30 (dd, /= 10.9, 3.2 Hz, 1H),
5.15(dd, J=10.9, 3.5 Hz, 1H), 5.04 (d, J= 3.5 Hz, 1H), 4.46 — 4.35 (m, 3H), 4.24 (t, J= 7.1 Hz,
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1H), 4.19 (t, /= 6.6 Hz, 1H), 4.10 — 4.02 (m, 2H), 3.98 (dd, J=10.4, 2.8 Hz, 1H), 3.92 (dd, J =
10.6, 2.9 Hz, 1H), 2.13 (s, 3H), 2.05 (s, 3H), 1.99 (s, 3H), 1.95 (s, 3H), 1.48 (s, 9H). 3C NMR
(101 MHz, CDCl;) 6 170.42 , 170.31 , 170.17 , 169.97 , 168.61 , 155.84 , 143.83 , 141.29 ,
127.77 , 127.11 , 125.13 , 120.02 , 96.96 , 82.82 , 69.31 , 67.98 , 67.81 , 67.40 , 67.26 , 66.82 ,
61.74 , 54.74 , 47.08 , 28.00 , 20.76 , 20.68 , 20.65 , 20.61. IR (NaCl, film): 3357, 3066, 2979,
1751, 1519, 1451, 1371, 1229, 1156, 1065, 761, 741 cm''. HRMS (ESI) Calcd. for
C36H43NNaOy4 [M + Na]* requires 736.2576, Found: 736.2579.

Compound 82 (120 mg, 0.17 mmol) was dissolved in a TFA-water mixture (95:5, 1 ml) and
stirred at room temperature for 2 h. The solvent was evaporated and the residue was co-
evaporated with toluene to afford 47 (98 mg, 88%) as a white foam. 'H NMR (400 MHz, CDCls)
0 7.76 (d, J= 7.5 Hz, 2H), 7.61 (t, J = 7.2 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.31 (t,J = 7.4 Hz,
2H), 6.50 (d, J = 8.7 Hz, 1H), 5.50 — 5.39 (m, 2H), 5.17 (d, 'Jcy = 167.2 Hz, J = 3.5 Hz, 1H),
5.09 - 5.03 (m, 1H), 4.66 (d, J = 8.3 Hz, 1H), 4.39 (d, /= 7.1 Hz, 2H), 4.24 (d, J = 6.5 Hz, 2H),
4.12 — 4.01 (m, 2H), 4.01 — 3.91 (m, 2H), 2.14 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H), 1.91 (s, 3H).
3C NMR (101 MHz, CDCl;) 8 172.46 , 170.79 , 170.64 , 170.35 , 156.10 , 143.82 , 143.69 ,
141.29,127.81,127.08 , 125.12, 125.05, 120.05 , 96.73 , 77.26 , 69.28 , 68.25 , 67.94 , 67.89 ,
67.38 ,66.75,61.89 ,54.16 ,47.03 , 20.80 , 20.64 , 20.54 , 20.52. IR (NaCl, film): 3336, 3067,
2954, 1750, 1527, 1451, 1372, 1229, 1153, 1063, 761, 741 cm''. HRMS (ESI) Calcd. for
C3;H36NNaOy4 [M + Na]* requires 658.2131, Found: 658.2144.

AcO _OAc
AcO _OAc Fmoc-Ser-OH O
o BF3Et,0 AcO 0
AcO OAc 4’,\46 CN AcO
AcO FmocHN COH
25%
78 48

Synthesis of glycoamino acid 48. To the solution of B-D-Galactose pentaacetate 78 (1.0 g, 2.56
mmol) and Fmoc-Ser-OH (1.0 g, 3.07 mmol) in MeCN (30 ml), BF;-OEt, (1.0 ml, 7.68 mmol)
was added. The resulting mixture was stirred at room temperature for 24 h under argon. The
solvent was removed under reduced pressure, and the resulting residue was diluted with EtOAc
then washed with water. The organic layer was dried over Na,SQO,, filtered and the filtrate was
concentrated under reduced pressure. The resulting oil was purified by flash chromatography on
a silica gel column (Hex/EtOAc/AcOH = 4:1:0.5—3:1:0.4—2:1:0.3) to give 48 (417.1 mg, 25%)
as a white foam. Product matched the previously known spectra of 48°.

HO HO BnO BnO 8O
OH Amberlite Resin OH BnBr, NaH OBn HCI (1 M) OBn DAST "0 g
oo AmbefeReon, (Z6X0H “owr ~ 0N “aon~ o0 T THE ~ \gyoen
OH OMe o OMe OH
83 96% 84 91% 85 57% 86 Quant. o T

BnO
AcO

Fmoc-Ser(TMS)-Ot-Bu OBn HO
88 0 OBn OH OAc oA
0 Pd(OH)o/C,H,  Fmoc-OSu, NaHCO mo'* 1. Ac,0, Pyridine m c
o

BF3Et,0
ELO MeOH, HCI (1 M) Acetone/H,0 o 2. TFA, H,0
2

42% Fmoc-HN CO,t-Bu 66% in two steps 88% j\
89 Fmoc-HN CO,t-Bu Fmoc-HN COH

90 49
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Synthesis of glycoamino acid 49. To a solution of L-fucose 83 (3.3 g, 20.1 mmol) in MeOH (33
ml) was added Amberlite IR120 Resin (MeOH pre-treated H* form, 5.3 g). The mixture was
heated to reflux and allowed to stir at reflux for 3 h. The reaction was then filtered and

concentrated under reduced pressure. The residue was purified by recrystallization from EtOH to
give 84 (3.41 g, 96%) as an off-white solid!!.

To a solution of 84 (3.41 g, 19.1 mmol) in DMF (85 ml) was slowly added NaH (60% in oil,
5.04 g, 126.06 mmol) over the course of 20 min with stirring. The mixture was allowed to stir for
1 h before BnBr (6.77 ml, 57.3 mmol) was added. The mixture was stirred at room temperature
overnight. The reaction was quenched by the slow addition of H,O and extracted with EtOAc.
The organic layers were combined, washed with NaHCO; (sat.) and brine, dried over Na,SO4
and concentrated under reduced pressure. The residue was purified by flash chromatography on a
silica gel column (Hex/EtOAc = 12:1—6:1) to give 85 (7.84 g, 91%) as an oil'l.

85 (7.81 g, 17.4 mmol) was dissolved in AcOH (112.75 mL) and heated to 95 °C with stirring.
HCI (aq., 1 M, 31.3 mL) was added and the mixture was allowed to stir at 95 °C for 2 h. The
reaction was cooled to room temperature and extracted with CHCI;. The organic layers were
combined, washed first with ice-cold NaHCOs (sat.) until neutral, then brine, dried over Na,SOy,,
filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography on a silica gel column (Hex/EtOAc = 4:1—3:1) to give 86 (4.3 g, 57%) as a
thick syrup!!.

86 (1.17 g, 2.68 mmol) was dissolved in THF (30 ml) and cooled to -30 °C. (Diethylamino)sulfur
trifluoride (DAST) (0.37 mL, 2.81 mmol) was added at -30 °C and stirred for 5 min. The reaction
was quenched with H,O (4 ml) at -30 °C and stirred another 5 min, after which the cooling bath
was removed and the reaction was diluted with EtOAc. The organic layer was washed with brine,
dried over Na,SO,, filtered and concentrated under reduced pressure to almost-dryness. The
residue was quickly purified by flash chromatography on a short silica gel column (Hex/EtOAc =
6:1) to give 87 (1.2 g, quant.) as a white oil'2.

To a solution of Fmoc-Ser-Ot-Bu (643.6 mg, 1.68 mmol) in DMF (3.5 ml) was added imidazole
(456.8 mg, 6.71 mmol) and trimethylchlorosilane (TMSCI) (0.426 ml, 3.36 mmol). The mixture
was allowed to stir at room temperature for 5 h. The reaction was quenched with brine and
extracted with EtOAc. The organic layers were combined, washed with brine, dried over Na,SOy,
filtered and concentrated under reduced pressure to give 88 (712.3 mg, 93%) as a thick oil. The
product was used directly without further purification.

This and subsequent steps of the synthesis of compound 49 are based on a previously published

procedure'?. 87 (670.5 mg, 1.53 mmol) and 88 (698.9 mg, 1.53 mmol) were dissolved in Et,O
(23 ml) and cooled to -20 °C. BF5-OEt; (57 ul, 0.46 mmol) was added to the reaction and the
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solution was allowed to stir at -20 °C for 1 h, after which the reaction was allowed to warm to 0
°C and stirred for another hour. The cooling bath was then removed and the reaction was stirred
at room temperature for an additional 3 h. The reaction was quenched with NaHCO; (sat., aq.).
The aqueous layer was extracted with Et,0O. The organic layers were then combined, washed
with brine, dried over Na,SO, and concentrated under reduced pressure. The residue was
purified by flash chromatography on a silica gel column (Hex/EtOAc = 4:1) to give 89 (511.1
mg, 42%) as a hard white foam.

A solution of 89 (479.4 mg, 0.6 mmol) in EtOH (17 ml) and HCI (aq., 1M, 0.5 ml) was stirred
with Pearlman’s catalyst [Pd(OH),/C, 120 mg] under a hydrogen atmosphere at room
temperature for 3 h. The reaction was filtered through Celite and the filtrate was neutralized with
NaHCO; (sat., aq.) then concentrated under reduced pressure. The resulting residue was
dissolved in H,O (20 ml) and NaHCO; (200 mg), acetone (40 ml) and Fmoc-OSu (202 mg, 0.6
mmol) were added with vigorous stirring. The reaction was allowed to stir at room temperature
for 1 h. The reaction was concentrated under reduced pressure, diluted with H,O and extracted
with CHCIl;. The organic layers were combined, dried with Na,SO, and concentrated under
reduced pressure. The residue was purified by flash chromatography on a silica gel column
(DCM/MeOH = 50:1—25:2) to give 90 (210.6 mg, 66% in two steps from 89) as a hard, white
foam.

90 (201.4 mg, 0.38 mmol) was dissolved in a mixture of Ac,O (1 ml) and pyridine (0.8 ml) and
allowed to stir at room temperature for 17 h. The reaction was concentrated under reduced
pressure and the residue was co-evaporated with toluene three times before being dissolved in a
solution of TFA and H,O (95:5, 1 ml) and stirred for an additional hour at room temperature.
Solvent was removed by co-evaporating the reaction mixture with toluene under reduced
pressure and the resulting residue was purified by flash chromatography on a silica gel column
(CHCI3/MeOH = 40:1—20:1) to give an oil, which was then dissolved in H;O/CH3CN=1:1. The
solution was frozen and lyophilized to give 49 (184.2 mg, 88% over two steps from 90) as a
white solid. Product matched the previously known spectra of 4914,

OAc

AcO
AcO—, QAc AcO 0— OAc
o
AcO— OAc ACO&L' 0
ACO &g 63  TAco Fmoc-SerOH  ~%90
—_——

OAc

OAc AcO BLLLLN o
AAS% NHNH, ACOH A’:go O CCICN o cci. DCM Agoo&ﬁ\q_ BFsE1:0 °
cl — & [ . 3 C!
AcO DMF AcO DBU, DCM bl 52% OAc 57% FmOC\Nj\COH
OAc  gog% OH  39% NH 93 H 2
50

55 91 92
Synthesis of glycoamino acid 50. To a stirred solution of 55 (6.6 g, 16.92 mmol) in DMF (66 ml)
was added N,H4AcOH (1.87 g, 20.30 mmol). The resulting mixture was stirred for 4 h at room
temperature under Ar. The reaction mixture was diluted with EtOAc, washed by water and brine.
The organic layer was dried over Na,SQO,, filtered and the filtrate was concentrated under
reduced pressure. The resulting oil was purified by flash chromatography on a silica gel column
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(Hex/EtOAc =1:1) to give 91 (4.69 g, 80%) as a syrup'>.

To a stirred solution of 94 (4.6 g, 13.21 mmol) in DCM (60 ml), CCI3CN (13.21 ml, 132.10
mmol) and DBU (3.95 ml, 24.43 mmol) were added. After stirring overnight, the solvent was
evaporated under reduced pressure and the residue was purified by flash chromatography on a
silica gel column (Hex/EtOAc =1:1) to give 92 (2.54 g, 39%) as a syrup .

A solution of 63 (500 mg, 1.43 mmol) and 92 (776 mg, 1.58 mmol) in DCM (20 ml) was stirred
with 4A molecular sieves (450 mg) under argon for 15 min. Then, a solution of Trimethylsilyl
triflate (TMSOTT) (113 pl, 0.40 mmol) in DCM (2 ml) was added dropwise. The resulting
mixture was stirred for 4 h at room temperature under argon. The reaction mixture was diluted
with DCM and washed with sat. aq. NaHCOj;. The organic layer was dried over Na,SOy,, filtered
and the filtrate was concentrated under reduced pressure. The resulting oil was purified by flash
chromatography on a silica gel column (Hex/EtOAc =2:1—3:2—1:1) to give 93 (504 mg, 52%)
as a white foam.

To the solution of 93 (500 mg, 0.73 mmol) and Fmoc-Ser-OH (363 mg, 1.11 mmol) in MeCN
(18 ml), BF3-OEt; (0.34 ml, 2.22 mmol) was added. The resulting mixture was stirred at room
temperature for 24 h under argon. The solvent was removed under reduced pressure, and the
resulting residue was diluted with EtOAc then washed with water. The organic layer was dried
over Na,SOy, filtered and the filtrate was concentrated under reduced pressure. The resulting oil
was purified by flash chromatography on a silica gel column (Hex/EtOAc/AcOH =
2:1:0.3—3:2:0.5—1:1:0.2) to give 50 (390 mg, 57%) as a white foam. 'H-NMR (400 MHz,
Acetone-d6) ¢ 7.86 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.74 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.42 (t, J =
7.2 Hz, 2H, H-Fmoc), 7.34 (t, J = 7.4 Hz, 2H, H-Fmoc), 5.22-5.37 (m, 6H, H-2, H-3, H-4, H-2’,
H-3’, H-4"), 4.96 (s, 'Jcy =176 Hz, H-1), 4.94 (s, 'Jcy = 172 Hz, H-17), 4.03-4.55 (m, 10H, H-o,
CH,-B, CH-Fmoc, CH,-Fmoc, H-5, H-5’, H-6), 3.69-3.83 (m, 2H, H-6), 2.13 (s, 3H, CH3-Ac),
2.10 (s, 3H, CH;3-Ac), 2.02 (s, 6H, CH3-Ac), 2.01 (s, 3H, CH3-Ac), 1.953 (s, 3H, CH3-Ac), 1.947
(s, 3H, CH;-Ac). *C-NMR (100 MHz, Acetone-d6) & 169.9, 169.5, 169.4, 169.3, 144.3, 144.2,
141.18, 141.15, 127.6, 127.1, 125.4, 125.3, 119.9, 98.2, 97.5, 69.4, 69.2, 68.6, 66.6, 65.9, 62.3,
47.1, 19.86, 19.83, 19.80, 19.76. IR (NaCl, film): 3361, 2954, 1751, 1371, 1225, 1138, 1087,
1047, 761, 741 cm!. HRMS (ESI) Calcd. for C4HsNNaO,, [M + Na]' requires 968.2795,
Found: 968.2784.
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Synthesis of glycoamino acid 51. 73 (5 g, 12.80 mmol) was dissolved in DCM (30 ml) under
argon. The stirred solution was cooled to 0 °C and BF5Et,0 (2.44 ml, 19.22 mmol) was added by
syringe. After stirring for 10 min at 0 °C, allyl alcohol (1.31 ml, 19.22 mmol) was added. The ice
bath was removed after completion of the addition and the reaction stirred at room temperature
for overnight. The reaction was then cooled to 0 °C and quenched with NaHCOs (sat. aq.). After
dilution with water, the organic layer was separated and aqueous layer was extracted with DCM.
The combined organic layer was washed with brine, dried over Na,SO,, filtered and
concentrated under reduced pressure. The product was purified by flash chromatography on a
silica gel column (Hex/EtOAc =4:1—3:1—2:1) to give 94 (2.92 g, 59%) as a white solid!®.

To a stirred solution of 94 (2.9 g, 7.47 mmol) in MeOH (30 ml) was added NaOMe (20.5 mg,
0.38 mmol). After stirring for 1 h, the reaction was neutralized with Dowex H* and then filtered.
The solvent was concentrated under reduced pressure to give a white foam (1.68g, 7.47 mmol).
The product was dissolved in DMF (5 ml). The resulting solution was used directly in the next
step without purification. To a suspension of NaH (60% in oil, 1.52 g, 38 mmol) in DMF (25 ml)
was added dropwise the above solution at 0 °C under argon. The resulting mixture was stirred at
0 °C for 30 min and then BnBr (4.5 ml, 38 mmol) was added dropwise. The reaction was allowed
to warm up to room temperature and stirred overnight. With caution, the reaction was quenched
with water at 0°C. The resulting mixture was diluted with EtOAc and washed with water then
brine. The organic layer was dried over Na,SOy, filtered and the filtrate was concentrated under
reduced pressure. The resulting oil was purified by flash chromatography on a silica gel column
(Hex/EtOAc =20:1—15:1—10:1) to give 95 (3.8 g, 88% over two steps) as a white solid!”.

A solution of 95 (1.8 g, 3.10 mmol) and PdCl, (109 mg, 0.62 mmol) in MeOH (20 ml) was
stirred vigorously at room temperature overnight. The reaction was diluted with diethyl ether and
filtered through Celite. The solvent was concentrated under reduced pressure and the residue was
purified by flash chromatography on a silica gel column (Hex/EtOAc =4:1—2:1) to give 96 (900
mg, 54%) as a white solid'’.

A solution of 96 (900 mg, 1.66 mmol), CCI;CN (1.72 ml, 21.6 mmol) and K,CO; (1.15 g, 8.3

mmol) in DCM (22 ml) was stirred vigorously at room temperature under argon overnight. The
reaction was filtered through Celite and the filtrate was concentrated under reduced pressure to
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give 97 (1.21 g, 100%) as a white foam. The product was used directly in the next step without
purification.

A solution of 63 (293 mg, 0.84 mmol) and 97 (690 mg, 1.01 mmol) in diethyl ether (20 ml) was
stirred with 4A MS (700 mg) under argon for 1 h. The reaction was cooled to -40 °C and
TMSOTT (76 pl, 0.42 mmol) was added. The resulting mixture was allowed to warm up to room
temperature slowly and stirred for 4 h. The reaction was quenched with Et;N (500 ul) and stirred
for 10 additional minutes, then filtered. The filtrate was concentrated under reduced pressure and
the residue was purified by flash chromatography on a silica gel column (Hex/EtOAc
=5:1-2:1—1:1) to give 98 (688 mg, 94%) as a white foam.

A solution of 98 (680 mg, 0.78 mmol) in MeOH (25 ml) was stirred at room temperature under a
hydrogen atmosphere for 24 h in the presence of 10% Pd/C (200 mg). The reaction was filtered
through Celite and the filtrate was concentrated under reduced pressure. The residue was
dissolved in pyridine (3 ml) and Ac,O (1 ml) was added dropwise. The resulting mixture was
stirred at room temperature under argon overnight. The mixture was slowly poured into ice-water
and extracted with DCM. The organic layer was dried over Na,SOy,, filtered and the filtrate was
concentrated under reduced pressure. The resulting oil was purified by flash chromatography on
a silica gel column (Hex/EtOAc =2:1—3:2) to give first 99 (304 mg, 57%). 'H-NMR (400 MHz,
CDCl,) 6 6.06 (d, J= 2.0 Hz, 1H, H-1), 5.47 (dd, J = 10.0 Hz, 9.2 Hz, 1H, H-3"), 5.38 (dd, J =
10.0 Hz, 3.2 Hz, H-3), 5.31 (t, J = 10.0 Hz, 1H, H-4), 5.27 (dd, J = 3.6 Hz, 2.0 Hz, 1H, H-2),
5.07-5.12 (m, 2H, H-1°, H4"), 4.86 (dd, J = 10.0 Hz, 3.6 Hz, 1H, H-2"), 4.26-4.30 (m, 1H, H-6"),
4.09-4.13 (m, 2H, H-5’, H-6’), 4.03-4.07 (m, 1H, H-5), 3.79 (dd, J = 11.2 Hz, 6.0 Hz, H-6), 3.62
(dd, J = 10.8 Hz, 2.8 Hz, H-6), 2.21 (s, 3H, CH;-Ac), 2.20 (s, 3H, CH3-Ac), 2.11 (s, 3H, CH;-
Ac), 2.102, (s, 3H, CHs-Ac), 2.099 (s, 3H, CH3-Ac), 2.07 (s, 3H, CH;-Ac), 2.04 (s, 3H, CH;-Ac),
2.03 (s, 3H, CH3-Ac). 3BC-NMR (100 MHz, CDCl3) 8 170.7, 170.2, 169.98, 169.97, 169.8, 169.7,
169.6, 168.1, 95.3, 90.3, 71.1, 70.9, 69.9, 68.8, 68.30, 68.27, 67.3, 67.1, 66.3, 61.8, 20.84, 20.75,
20.72, 20.69, 20.66, 20.62. IR (NaCl, film): 1751, 1370, 1223, 1149, 1040, 977 cm™'. HRMS
(ESI) Calcd. for CpgH3sNaO19 [M + Na]* requires 701.1900, Found: 701.1902.

To the solution of 99 (400 mg, 0.59 mmol) and Fmoc-Ser-OH (290 mg, 0.88 mmol) in MeCN
(15 mL), BF3-OEt; (0.27 ml, 1.77 mmol) was added. The resulting mixture was stirred at room
temperature for 24h under argon. The solvent was removed under reduced pressure. The
resulting residue was diluted with EtOAc, and then washed with water. The organic layer was
dried over Na,SQ,, filtered and the filtrate was concentrated under reduced pressure. The
resulting oil was purified by flash chromatography on a silica gel column (Hex/EtOAc/AcOH
=2:1:0.3—3:2:0.5—1:1:0.2) to give 51 (321 mg, 58%) as a white foam. 'H-NMR (400 MHz,
CDCl;) 0 7.76 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.63 (d, J = 6.4 Hz, 2H, H-Fmoc), 7.40 (t, /= 7.4
Hz, 2H, H-Fmoc), 7.31 (t, J = 7.6 Hz, 2H, H-Fmoc), 5.92 (d, /= 8.4 Hz, 1H, H-NH), 5.44 (t, J =
9.8 Hz, 1H, H-3"), 5.34 (dd, J = 10.0 Hz, 3.6 Hz, 1H, H-3), 5.27-5.29 (m, 1H, H-2), 5.18 (t, J =
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10.2 Hz, 1H, H-4), 5.10 (d, J = 4.0 Hz, 1H, H-1"), 5.03 (t, /= 9.4 Hz, 1H, H-4"), 4.86 (dd, J =
10.0 Hz, 3.6 Hz, 1H, H-2"), 4.83 (s, 1H, H-1), 4.67-4.72 (m, 1H, H-a), 4.42 (d, J= 7.6 Hz, 2H,
CH,-Fmoc), 4.25 (t, J = 7.0 Hz, 1H, CH-Fmoc), 4.07-4.15 (m, 5H, H-B, H-5, H-5’, H-6"), 3.90-
3.94 (m, 1H, H-B), 3.79 (dd, J = 10.8 Hz, 6.8 Hz, 1H, H-6), 3.53 (dd, J = 10.8 Hz, 2.8 Hz), 2.14
(s, 3H, CH3-Ac), 2.08 (s, 3H, CH3-Ac), 2.06 (s, 3H, CH3-Ac), 2.05 (s, 3H, CH3-Ac), 2.01 (s, 3H,
CHs-Ac), 2.00 (s, 3H, CH3-Ac), 1.99 (s, 3H, CH3-Ac). 3C-NMR (100 MHz, CDCls) & 170.77,
170.75, 170.6, 170.3, 170.0, 169.9, 167.7, 156.1, 143.81, 143.77, 141.3, 127.7, 127.10, 127.08,
125.2,120.0,98.0,95.4,77.2,70.7,70.4, 69.9, 69.2, 69.0, 68.5, 68.4, 67.4,67.3, 67.1, 66.6, 61.9,
54.1, 47.1, 20.80, 20.79, 20.77, 20.74, 20.70, 20.64, 20.58. IR (NaCl, film): 3355, 3065, 2952,
1751, 1521, 1452, 1370, 1223, 1139, 1042, 763, 741 cm’'. HRMS (ESI) Calcd. for
C44H51NNaOy, [M + Na]* requires 968.2795, Found: 968.2793.

AcO OH OAc
o on Bn0 — QA AcO O/EOW one o0\ To
C C C
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Synthesis of glycoamino acid 52. To a solution of 64 (4 g, 9.13 mmol) in DMF (37 ml) was
added N,H4AcOH (1.0 g, 10.96 mmol). The resulting mixture was stirred for 4 h at room
temperature under argon. The reaction was diluted with EtOAc and washed with water and brine.
The organic layer was dried over anhydrous Na,SQ,, filtered and the filtrate was concentrated
under reduced pressure. The resulting oil was purified by flash chromatography on a silica gel
column (Hex/EtOAc =2:1—3:2) to give 100 (3.11 g, 86%) as a white foam. 'H-NMR (400 MHz,
CDCl,) & 7.27-7.36 (m, 5H, H-Ph), 5.40 (dd, J = 10.0 Hz, 3.2 Hz, 1H, H-3), 5.19-5.26 (m, 3H,
H-1, H-2, H-4), 4.54 (dd, J = 25.2 Hz, 12.0 Hz, 2H, CH,-Bn), 4.17-4.22 (m, 1H, H-5), 3.57 (dd,
J=10.8 Hz, 6.4 Hz, 1H, H-6), 3.49 (dd, J = 10.4 Hz, 2.4 Hz, 1H, H-6), 3.27 (brs, 1H, H-OH),
2.14 (s, 3H, CH;-Ac), 1.99 (s, 3H, CH3-Ac), 1.93 (s, 3H, CH3-Ac). 3C-NMR (100 MHz, CDCls)
0 170.2, 170.0, 169.9, 137.5, 128.4, 128.1, 127.8, 92.1, 73.6, 70.0, 69.6, 69.1, 68.8, 66.9, 20.9,
20.72, 20.69. IR (NaCl, film): 3423, 2937, 2871, 1751, 1454, 1433, 1372, 1227, 1078, 1051, 739,
701 cm !, HRMS (ESI) Calcd. for C9H4NaOg [M + Na]* requires 419.1313, Found: 419.1320.

100 (3.1 g, 7.83 mmol) in DCM (100 ml) was stirred vigorously with CCI;CN (8.10 ml, 101.73
mmol) and K,CO; (5.40 g, 39.13 mmol) at room temperature under argon overnight. The
reaction mixture was filtered through celite and the filtrate was concentrated under reduced
pressure to give 101 (4.39 g, 99%) as a syrup. The product was used directly to the next step
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without further purification. 'H-NMR (400 MHz, CDCl;) 8 8.75 (s, 1H, H-NH), 7.27-7.35 (m,
5H, H-Ph), 6.29 (d, J = 2.0 Hz, 1H, H-1), 5.38-5.50 (m, 3H, H-2, H-3, H-4), 4.54 (dd, /= 40.4
Hz, 12.0 Hz, 2H, CH,-Bn), 4.14-4.18 (m, 1H, H-5), 3.60 (d, J = 4.0 Hz, 2H, H-6), 2.18 (s, 3H,
CH;-Ac), 2.00 (s, 3H, CH;-Ac), 1.93 (s, 3H, CH;-Ac). BC-NMR (100 MHz, CDCl;) 8 169.9,
169.8, 169.6, 137.7, 128.3, 127.9, 127.7, 94.7, 73.5, 72.5, 69.0, 68.5, 67.9, 66.1, 20.8, 20.69,
20.65. IR (NaCl, film): 3323, 2917, 2869, 1751, 1678, 1454, 1432, 1369, 1246, 1159, 1089, 1050,
976, 944, 836, 798, 737, 701 cm-'. HRMS (ESI) Calcd. for C,;H,4C13NNaOg [M + Na]* requires
562.0409, Found: 562.0406.

The 1,3,4,6-Tetra-O-acetyl-B-D-mannopyranose 102 was prepared as reported in the literature!.
A solution of 102 (1.46 g, 4.20 mmol) and 101 (3 g, 5.58 mmol) in DCM (45 ml) was stirred
with 4A MS (1.5 g) under argon for 30 min. The reaction was cooled to -30 °C and a solution of
TMSOTT (234 pl, 1.26 mmol) in DCM (2 ml) was added dropwise. After stirring at -30 °C for 15
min, the reaction mixture was allowed to warm up to room temperature slowly and stirred for 5 h.
The reaction was quenched with Et;N (3 ml), stirred for an additional 10 minutes and then
filtered. The filtrate was concentrated under reduced pressure and the residue was purified by
flash chromatography on a silica gel column (Hex/EtOAc =3:2—1:1) to give 103 (2.6 g, 85%) as
a white foam. '"H-NMR (400 MHz, CDCls) & 7.27-7.35 (m, 5H, H-Ph), 5.78 (d, /= 1.2 Hz, 1H,
H-1),4.99 (dd, J=10.0 Hz, 3.2 Hz, 1H, H-3"), 5.29-5.41 (m, 3H, H-2’, H-4, H-4"), 5.12 (dd, J =
9.6 Hz, 2.8 Hz, 1H, H-3), 5.00 (d, J= 2.0 Hz, 1H, H-1"), 4.50 (dd, J = 34.0 Hz, 8.0 Hz, 2H, CH,-
Bn), 4.36-4.41 (m, 1H, H-5"), 4.26 (dd, /= 12.4 Hz, 4.8 Hz, 1H, H-6), 4.16-4.20 (m, 2H, H-2, H-
6), 3.76-3.80 (m, 1H, H-5), 3.55 (d, J = 4.0 Hz, 2H, H-6’), 2.14 (s, 3H, CH;-Ac), 2.12 (s, 3H,
CH;-Ac), 2.10 (s, 3H, CH3-Ac), 2.06 (s, 3H, CH3-Ac), 2.03 (s, 3H, CHs-Ac), 2.02 (s, 3H, CH;-
Ac), 1.92 (s, 3H, CH3-Ac). *C-NMR (100 MHz, CDCls) 6 171.0, 170.3, 169.92, 169.85, 169.6,
169.3, 168.7, 137.6, 128.4, 127.9, 127.8, 98.4, 90.9, 74.6, 73.7, 73.1, 72.2, 70.2, 70.0, 69.3, 68.4,
67.1, 65.8, 61.8, 21.0, 20.77, 20.74, 20.70, 20.6, 20.5. IR (NaCl, film): 3064, 2939, 2869, 1751,
1454, 1433, 1370, 1221, 1055, 933, 737, 702 cm'!. HRMS (ESI) Calcd. for C33H4NaOg [M +
Na]* requires 749.2264, Found: 749.2261.

To the solution of 103 (2.5 g, 3.44 mmol) and Fmoc-Ser-OH (1.69 g, 5.16 mmol) in MeCN (80
mL), BF5-OEt, (1.6 ml, 10.33 mmol) was added. The resulting mixture was stirred at room
temperature for 24 h under argon. The solvent was removed under reduced pressure; the
resulting residue was diluted with EtOAc and washed with water. The organic layer was dried
(Na,S0O,), filtered and the filtrate was concentrated under reduced pressure. The resulting oil was
purified by flash chromatography on a silica gel column (Hex/EtOAc/AcOH =2:1:0.3—3:2:0.5)
to give 104 (2.10 g, 61%) as a white foam. 'H-NMR (400 MHz, CDCl3) & 7.77 (d, J = 7.6 Hz,
2H, H-Fmoc), 7.64 (d, J= 7.2 Hz, 2H, H-Fmoc), 7.41 (t, J= 7.4 Hz, 2H, H-Fmoc), 7.30-7.36 (m,
7H, H-Fmoc, H-Ph), 5.81 (d, J = 8.0 Hz, 1H, H-NH), 5.22-5.40 (m, 4H, H-2’, H-3, H-3’, H-4’),
5.09 (t, J=10.0 Hz, 1H, H-4), 5.02 (d, /= 0.8 Hz, 1H, H-1),4.98 (d, /= 1.6 Hz, 1H, H-1"), 4.65
(dd, J=56.4 Hz, 12.4 Hz, 2H, CH,-Bn), 4.50-4.52 (m, 1H, H-a), 3.90 (d, J = 6.8 Hz, 2H, CH,-
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Fmoc), 3.96-4.27 (m, 8H, H-2, H-5, H5’, H-6, CH-Fmoc, CH,-p), 3.66 (dd, /= 10.4 Hz, 7.2 Hz,
1H, H-6"), 3.56 (dd, /= 10.4 Hz, 2.8 Hz, 1H, H-6"), 2.12 (s, 6H, CH3-Ac), 2.09 (s, 3H, CH3-Ac),
2.02 (s, 3H, CH3-Ac), 2.00 (s, 3H, CH3-Ac), 1.93 (s, 3H, CH;3-Ac). 3C-NMR (100 MHz, CDCls)
6 171.0, 170.7, 170.4, 170.0, 169.8, 169.4, 155.9, 143.79, 143.76, 141.3, 136.0, 128.6, 128.5,
128.4, 127.8, 127.1, 125.20, 125.17, 120.0, 100.2, 98.2, 74.5, 73.8, 70.23, 70.17, 70.15, 69.7,
69.6, 69.0, 68.0, 67.4, 67.3, 66.7, 62.1, 54.7, 47.1, 20.9, 20.69, 20.67, 20.65. IR (NaCl, film):
3338, 3065, 2952, 1751, 1521, 1452, 1370, 1225, 1136, 1047, 760 cm™'. HRMS (ESI) Calcd. for
C49HssNNaO,; [M + Na]* requires 1016.3159, Found: 1016.3148!.

The mixture of 104 (1.9 g, 1.91 mmol), EtSH (7.5 ml) and BF5-OEt; (2.42 ml, 15.30 mmol) in
DCM (15 ml) was stirred for 6 h at room temperature under argon. The reaction was quenched
with water and extracted with EtOAc. The organic phase was washed with brine, dried (Na,SO,),
filtered and the filtrate was concentrated under reduced pressure. The resulting oil was purified
by flash chromatography on a silica gel column (Hex/EtOAc/AcOH =1:1:0.2—2:3:0.5) to give
105 (945 mg, 55%) as a white foam. 'H-NMR (400 MHz, CD;0D) 6 7.82 (d, J = 7.6 Hz, 2H, H-
Fmoc), 7.71-7.74 (m, 2H, H-Fmoc), 7.39-7.43 (m, 2H, H-Fmoc), 7.32-7.36 (m, 2H, H-Fmoc),
5.42-5.41 (m, SH, H-2’, H-3, H-3’, H-4, H-4’), 5.15 (d, /=2.0 Hz, 1H, H-1), 5.00 (d, /= 1.6 Hz,
1H, H-1"), 4.47 (dd, J=10.0 Hz, 6.4 Hz, 2H, CH,-Fmoc), 3.93-4.34 (m, 9H, H-2, H-5, H-5’, H-6,
H-a, CH,-B, CH-Fmoc), 3.66 (dd, J= 12.4 Hz, 2.4 Hz, 1H, H-6"), 3.59 (dd, J = 12.0 Hz, 5.6 Hz,
1H, H-6), 2.14 (s, 3H, CH;-Ac), 2.11 (s, 3H, CH;-Ac), 2.052 (s, 3H, CH;-Ac), 2.046 (s, 3H,
CH;-Ac), 2.00 (s, 3H, CH3-Ac), 1.97 (s, 3H, CH;-Ac). *C-NMR (100 MHz, CD;0D) & 171.3,
170.5, 170.22, 170.20, 170.1, 170.0, 157.0, 144.0, 143.8, 141.19, 141.15, 127.41, 127.38, 126.84,
126.80, 125.0, 124.8, 119.53, 119.51, 99.2, 99.0, 76.9, 71.6, 70.3, 69.7, 69.0, 68.8, 68.4, 66.8,
66.4, 66.1, 54.8, 19.4, 19.29, 19.27, 19.23, 19.18. IR (NaCl, film): 3350, 3065, 1751, 1371, 1229,
1046, 740 cm™'. HRMS (ESI) Calcd. for C4,H4NNaO,; [M + Na]" requires 926.2690, Found:
926.2693.

To a solution of 105 (850 mg, 0.94 mmol) in THF (5.875 ml) were added N-methyl-morpholine
(106 pl, 0.94 mmol, dissolved in 1.57 ml THF) and TBDMSCI (141 mg, 0.94 mmol, dissolved in
1.96 ml THF). After stirring for 30 minutes, 1H-tetrazole (9.79 ml, 4.42 mmol, 0.45M in CH3CN)
and iPr,N(OBn), (650 ul, 1.98 mmol) were added. The reaction mixture was stirred for 3 h at
room temperature, cooled to 0 °C, and then 30% H,0, (aq., 250 pl, 2.49 mmol) was added. The
resulting mixture was slowly warmed to room temperature over 30 min, saturated Na,SO; (6 ml)
was then added. After stirring vigorously for 30 min, the mixture was diluted with saturated
Na,SO; extracted with EtOAc. The organic layer was dried over Na,SOy, filtered and the filtrate
was concentrated under reduced pressure. The resulting oil was purified by flash
chromatography on a silica gel column (Hex/EtOAc/AcOH =1:1:0.2) to give 106 (586 mg, 54%)
as a white foam. 'H-NMR (400 MHz, CD;0D) 6 7.81 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.69-7.72 (m,
2H, H-Fmoc), 7.31-7.42 (m, 14H, H-Fmoc, H-Ph), 5.27-5.41 (m, 5H, H-2’, H-3, H-3’, H-4, H-
4’), 5.04-5.13 (m, 5H, H-1, CH;-Bn), 4.94 (d, /= 1.2 Hz, 1H, H-1"), 4.04-4.45 (m, 12H, H-2, H-
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5, H-5’, H-6, H-6’, H-a, CH,-p3, CH,-Fmoc, CH-Fmoc), 3.92 (dd, J= 10.4 Hz, 6.0 Hz, 1H, H-6),
2.09 (s, 3H, CHs-Ac), 2.04 (s, 6H, CH3-Ac), 2.00 (s, 6H, CHs-Ac), 1.97 (s, 3H, CH3-Ac). 13C-
NMR (100 MHz, CD;0OD) 6 171.2, 170.4, 170.03, 170.99, 169.91, 169.86, 158.3, 157.0, 144.0,
143.8, 141.19, 141.14, 135.74, 135.67, 128.39, 128.36, 128.33, 128.31, 127.9, 127.8, 127.39,
127.37, 126.84, 126.80, 125.0, 124.9, 119.5, 99.1, 98.8, 77.1, 70.2, 69.57, 69.55, 69.51, 69.50,
69.45, 68.8, 68.4, 66.8, 65.93, 65.85, 65.80, 65.6, 61.7, 19.4, 19.28, 19.25, 19.20, 19.19, 19.13.
3IP-NMR (400 MHz, CD;0D) 6 -1.51. IR (NaCl, film): 2956, 1750, 1452, 1370, 1225, 1046, 740
cm’!. HRMS (ESI) Calcd. for CssHgpNNaO,4P [M + Na]® requires 1186.3292, Found:
1186.32874.

106 (480 mg, 0.41 mmol) was dissolved in CH3CN (4.4 ml). To this solution was added Nal
(124 mg, 0.82 mmol). The reaction was stirred at 45 °C for 12 h under argon. The reaction
mixture was concentrated and dissolved in small amount EtOAc. Hexane was added until white
solid formed. The suspension was centrifuged and the resulting solid was dissolved in
H,0O/CH;CN=1:1. The resulting solution was frozen and lyophilized to give 52 (392 mg, 89%) as
a white solid. 'H-NMR (400 MHz, CD;0D) 6 7.81 (d, J = 7.6 Hz, 2H, H-Fmoc), 7.71-7.74 (m,
2H, H-Fmoc), 7.22-7.42 (m, 9H, H-Fmoc, H-Ph), 5.24-5.40 (m, 5H, H-2’, H-3, H-3", H-4, H-4"),
5.14 (d, J= 1.6 Hz, 1H, H-1), 4.93-5.00 (m, 2H, CH,-Bn), 4.86 (d, J = 2.0 Hz, 1H, H-1"), 3.93-
4.47 (m, 13H, H-2, H-5, H-5’, H-6, H-6", H-a, CH,-B, CH,-Fmoc, CH-Fmoc), 2.13 (s, 3H, CH;-
Ac), 2.10 (s, 3H, CH3-Ac), 2.02 (s, 3H, CH;-Ac), 1.99 (s, 3H, CH3-Ac), 1.98 (s, 3H, CH3-Ac),
1.97 (s, 3H, CH3-Ac). BC-NMR (100 MHz, CD;0D) 8 171.3, 170.3, 170.2, 170.1, 170.0, 143.9,
141.2, 127.9, 127.3, 127.0, 126.9, 126.8, 119.46, 119.43, 99.0, 98.9, 76.7, 70.4, 70.2, 69.6, 69.0,
68.6, 66.8, 66.7, 66.2, 66.1, 63.9, 61.7, 60.2, 55.4, 19.4, 19.28, 19.27, 19.25, 19.22, 19.15. 3'P-
NMR (400 MHz, CD;0D) & 0.28. IR (NaCl, film): 3431, 2954, 1749, 1623, 1452, 1370, 1227,
1081, 1046, 740 cm™'. HRMS (ESI) Calcd. for C4HssNNaO,,P [M + Na]* requires 1096.2822,
Found: 1096.2830°.

Ao JA°
AcO Og‘c AZ%O/%
AX%% Fm;:—fg;—ém X f‘é O&T%
Fmoc . H CoH

107
54

Synthesis of glycoamino acid 54. 107 was prepared as reported in the literature !. To the
solution of 107 (678 mg, 1.0 mmol) and Fmoc-Cys-OH (514 mg, 1.5 mmol) in MeCN (20 ml),
BF;OEt, (0.46 mL, 3.0 mmol) was added!®. The resulting mixture was stirred at room
temperature for 19 h under argon. The solvent was removed under reduced pressure, and the
resulting residue was diluted with EtOAc then washed with water. The organic layer was dried
(Na,SO,), filtered and the filtrate was concentrated under reduced pressure. The resulting oil was
purified by flash chromatography on a silica gel column (Hex/EtOAc/AcOH = 2:1:0.3—3:2:0.5)
to give 54 (414 mg, 43%) as a white foam. 'H-NMR (400 MHz, CDCls3)  7.76 (d, J = 7.6 Hz,
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2H, H-Fmoc), 7.61 (d, J = 7.2 Hz, 2H, H-Fmoc), 7.40 (t, J = 7.4 Hz, 2H, H-Fmoc), 7.32 (t, J =
7.4 Hz, 2H, H-Fmoc), 6.05 (d, /= 7.2 Hz, 1H, NH), 5.48 (s, 1H, H-1), 5.40 (dd, 3H, J=10.0, 2.7
Hz, H-3"), 5.31-5.36 (m, 2H, H-4, H-4"), 5.17-5.23 (m, 2H, H-2’, H-3), 4.92 (d, J = 1.2 Hz, 1H,
H-1°), 4.64 (s, 1H, H-a), 4.27-4.45 (m, 5H, H-5’, H-6, CH,- Fmoc), 4.22 (t, 1H, J= 7.0 Hz, CH-
Fmoc), 4.13-4.17 (m, 4H, H-2, H-5, H-6), 3.24 (dd, 2H, J = 66.0, 13.6 Hz, CH,-B), 2.14 (s, 3H,
CHs-Ac), 2.13 (s, 3H, CH;3-Ac), 2.12 (s, 3H, CH3-Ac), 2.08 (s, 3H, CH3-Ac), 2.04 (s, 3H, CH;-
Ac), 2.02 (s, 3H, CH;-Ac), 2.01 (s, 3H, CH;3-Ac). *C-NMR (100 MHz, CDCl;) 6 171.9, 171.1,
170.3, 169.8, 169.7, 169.6, 169.4, 155.8, 143.74, 143.72, 141.3, 127.8, 127.1, 125.1, 120.0, 99.2,
83.6,78.4,77.2,70.2, 69.62, 69.56, 69.1, 68.4, 67.3, 66.6, 66.2, 62.4, 62.1, 53.6, 47.1, 33.6, 20.9,
20.8, 20.67, 20.65, 20.63. IR (NaCl, film): 3350, 2956, 1749, 1370, 1228, 1045, 741 cm!.
HRMS (ESI) Calcd. for C44Hs5;NNaO,;S [M + Na]* requires 984.2567, Found: 984.2556.

II1. SYNTHESIS AND CHARACTERIZATION OF CBM GLYCOFORMS

General procedure for the synthesis of unglycosylated CBM variants. The crude peptide was
prepared using the previously reported protocol!®. 16 mg of the crude peptide was dissolved in
80 ml of folding buffer (0.2 M Tris-acetate, 0.33 mM oxidized glutathione, 2.6 mM reduced
glutathione, pH 8.2) and stirred at room temperature for 12 h under a helium atmosphere. The
solution was then concentrated to a small volume (around 6 ml) using 3 kDa cut-off centrifugal
filter units (Amicon) before RP-HPLC purification. The RP-HPLC purification was performed
on a Versagrad Preparation-HPLC system using a semi-preparative C18 column. The products
were detected by UV absorption at 275 nm. After HPLC purification with a linear gradient of
20—40% MeCN in H,O over 30 min, the fractions were collected and checked by ESI+ MS. The
pure fractions were combined and lyophilized to give the desired product as a white solid.

General procedure for the synthesis of glycosylated CBM variants. The crude glycopeptide
was prepared using the previously reported protocol'®. 16 mg of the crude peptide was dissolved
in 1 ml of hydrazine solution (hydrazine/H,0, 5/100, v/v) and stirred at room temperature for 30
min under helium. The reaction was quenched with 2 ml of acetic acid solution (AcOH/H,0,
5/100, v/v). The resulting mixture was diluted to 80 mL with folding buffer (0.2 M Tris-acetate,
0.33 mM oxidized glutathione, 2.6 mM reduced glutathione, pH 8.2, 80 ml) and stirred at room
temperature for 12 h under a helium atmosphere. The solution was then concentrated to a small
volume (around 6 ml) using 3 kDa cut-off centrifugal filter units (Amicon) before RP-HPLC
purification. The RP-HPLC purification was performed on a Versagrad Preparation-HPLC
system using a semi-preparative C18 column. The products were detected by UV absorption at
275 nm. After HPLC purification with a linear gradient of 20—40% MeCN in H,O over 30 min,
the fractions were collected and checked by ESI+ MS. The pure fractions were combined and
lyophilized to afford the desired product as a white solid.

LC-MS analysis of purified CBM variants. LC-MS was performed under two flow rates with
C4 column: (1) 0.5 ml/min with a linear gradient of 15% to 35% acetonitrile in water over 3 min
and (2) 0.3 ml/min with a linear gradient of 15% to 35% acetonitrile in water over 5 min.
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sample. pos sample. pos
QUan-5-72-CBMT1A-C4-15-35-8min 1- TOF MS ES+ 0uan-B-72-CBMT1A-C4-15-35-8min 430 (3.270) Cm (421:430) 1 TOF MS ES+
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100 5255
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Figure S2. LC-MS trace and ESI-MS of purified CBM 4 (yield: 28%). LC-MS condition: 0.3
mL/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 4 C;sgH»33N43053S,4
[M+2H]*" m/z = 1855.2949, [M+3H]** m/z = 1237.1992.

sample. pos sample. pos
LQ-3-116-1 1: TOF MS ES+ LQ-3-116-1 280 (2.136) Cm (275:285) 1: TOF MS ES+
214 TiC 1291.8929 9.02e4
190 13385 100 129155931292 277
1292.5613
2 & 1291 2247
1292 8939
1293 2275
g -1297.6712 1550.0751 193713445
0+ T T T T T T T T T T Time 0 R LN L Ry B ) e LA A e s R e miz
0.50 1.00 1.50 2.00 2.50 3.00 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S3. LC-MS trace and ESI-MS of purified CBM 5 (yield: 18%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in H,O over 3 min. MS (ESI) Calcd for 5 C;54H543N43058S4 [M+2H]**
m/z = 1936.3135, [M+3H]*" m/z=1291.2090.

sample. pos sample. pos
guan-6-87-CBMQ2A-1-C4-15-35-8min 1: TOF MS ES+ guan-6-87-CBMQ2A-1-C4-15-35-8min 452 (3.434) Cm (432:472) 1: TOF MS ES+
343 TIC 1228.8676 47965
100 2505 100
1229.2019
" = 1228196571229, 535 1842 8044
12298685 1842.3038
1843.8053
102050 184180%1844.3058
0 LB RAAR LA A LA A L) ) el AR RS LAl L) wa R baaad Laaet ant s A1 LSS 0  Risamaszaveet l‘l e AR e B e miz
050 1.00 1.50 200 250 300 350 400 450 500 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S4. LC-MS trace and ESI-MS of purified CBM 6 (yield: 30%). LC-MS condition: 0.3
mL/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 6 C;57H3N4,053S4
[M+2H]*" m/z = 1841.7894, [M+3H]** = m/z 1228.1955.

sample. pos sample. pos
LQ-3-117-1 1- TOF MS ES+ LQ-3-117-1 301 (2.294) Cm (284:310) 1. TOF MS ES+
1282 8835 1.10e5
100 229 L
B 1282.5499.0.1283.2184
1283.5519
e ES 1282 2157 {1993 g7
1284.2209 1923.8308
0 T T T T T T T T T T T T Time 0 LA | R A LA AL RE TR RARE AR AR L RS PR LR m/z
0.50 1.00 1.50 2.00 250 3.00 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S5. LC-MS trace and ESI-MS of purified CBM 7 (yield: 17%). LC-MS condition: 0.5
mL/min, 15%-35% MeCN in H,O over 3 min. MS (ESI) Calcd for 7 Ci63H24N4055S4
[M+2H]** m/z = 1922.8081, [M+3H]*" m/z = 1282.2054.
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sample. pos sample. pos

PC-3-84-CBMH4A-C4-15-35-8min 1: TOF MS ES+ PC-3-84-CBMH4A-C4-15-35-8min 488 (3.710) Cm (478:500) 1: TOF MS ES+
in TIC 1225 8661 3.44e5
100 100
4066 1226.2006
12265342 1835'31”;;8 -
* 12261362 1837.8007 .
1226 8683 18393032
18372968
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Figure S6. LC-MS trace and ESI-MS of purified CBM 8 (yield: 15%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 8 C;s56H»33N4,054S4 [M+2H]**
m/z = 1837.2893, [M+3H]*" m/z = 1225.1954.

sample. pos sample. pos
LQ-3-118-1 1: TOF MS ES+ LQ-3-118-1 278 (2.121) Cm (273:287) 1 TOF MS ES+
212 TiC 1279 8653 1.15e5
100
100 1.83€5 1279.5500.}1280.2181
1260.5522
* S 1279.2161
1280.8859
12925330 19193311
¢ J p ! I T L i I L T T Time 0 THT R A A AL LAY LA RBAR A AN LA LAAS ASARERRARARAAAE mz
0.50 1.00 1.50 2.00 2.50 3.00 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S7. LC-MS trace and ESI-MS of purified CBM 9 (yield: 13%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in H,O over 3 min. MS (ESI) Calcd for 9 Ci4,H»43N4,050S4 [M+2H]**
m/z=1918.3079, [M+3H]*" m/z = 1279.2053.

sample. pos sample. pos
LQ-3-73-1-p1-2 1: TOF MS ES+ LQ-3-73-1-p1-2 232 (1.771) Cm (227:239) 1: TOF MS ES+
177 TIC 400 1217 2006 3.9%e4
B.17e4 1216.8662..]_1217.5347

5 ® 12165317 J- 1217 8661
1218.2015
1218.5323 1825.3048
7 T T T T T T T T T T T ™ Time B e PR P T P } T /2
050 1.00 150 2.00 2.50 3.00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure S8. LC-MS trace and ESI-MS of purified CBM 10 (yield: 12%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in Hzo over 3 min. MS (ESI) Calcd for 10 C153H231N43053S4
[M+2H]?" m/z = 1824.2793, [M+3H]** m/z=1216.5195.

sample. pos sample. pos
LQ-3-101-1 1: TOF MS ES+ LQ-3-101-1 224 (1.711) Cm (219:230) 1: TOF MS ES+
171 TS 1456 1271.1881 2524
6.72e4 1270.8542
1277.1990
#] ® 1270.5212.| 1277 6321 1906.2693
1277 8672
1905 2635} 1907-2689
2 ! ; | : J ) ! I ! T 1 Time O L AR L LA Ly Ly LA LA LA R LA ALy L LA A LA miz
0.50 1.00 1.50 200 2.50 300 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Figure S9. LC-MS trace and ESI-MS of purified CBM 11 (yield: 13%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in H,O over 3 min. MS (ESI) Calcd for 11 Cis59H;41N43055S4
[M+2H]*" m/z = 1905.3057, [M+3H]** m/z = 1270.5371.
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sample. pos sample. pos

guan-6-74-CBMS3T-C4-15-35-8min 1 TOF MS ES+ Quan-6-74-CBMS3T-C4-15-35-6min 426 (3.241) Cm (412:440) 1: TOF MS ES+
3.24 TIC 400 1252 5480 1.05e6
100 g
Bi50en 1252.8826
1253.2156
% s 1251 8805 1878.3251
iy TTEEE a0 3265
R 1877.3231.) 1870 8280
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Figure S10. LC-MS trace and ESI-MS of purified CBM 12 (yield: 23%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 12 Ci50H37N43054S4
[M+2H]?" m/z = 1877.3080, [M+3H]** m/z = 1251.8746.

sample. pos

: sample. pos
LQ-5-4-1-p1 G 1: TOF MS E?\E LQ-5-4-1-p1 244 (1 861) Cm (238:253) 1- TOF MS ES+
100- - L 1306 5603 361e5
1306 2258.]..1306.8936
1307 2280 1959 3350
= = 13058915 19658336
1307 5612
(1319.2005 1956.3334
0 T T T T T T T T T T T T Time 0
T T T T 1 T T T T T T T T T T T T T ™ miz
0.30 1.00 1.0 2.00 2.30 3.00 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S11. LC-MS trace and ESI-MS of purified CBM 13 (yield: 16%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in H,O over 3 min. MS (ESI) Calcd for 13 Ci6H247N43050S,4
[M+2H]*" m/z = 1958.3266, [M+3H]** m/z = 1305.8844.

sample. pos sample. pos
guan-6-82-CBMS3C-C4-15-35-8min 1: TOF MS ES+ guan-6-82-CBMS3C-C4-15-35-8min 440 (3.345) Cm (427°457) 1 TOF MS ES+
3.34 Tic 1263 2015 2.06e5
100 2 14e5 100
1253.56350
1263 8684
& ES 1262 5331
1264 2018
oriars 1879.3043
0 Tt T T T T T T T T T T T T T T Time 0-ter T ™ |'L'| T " T ‘ T ™ T ™ Mz
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Figure S12. LC-MS trace and ESI-MS of purified CBM 14 (yield: 13%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 14 C59H,35N43053S5
[M+2H]*" m/z = 1878.2887, [M+3H]** m/z = 1252.5284.

sample. pos sample. pos
PC-3-78-CBMS3CMan-C4-15-35-8min 1: TOF MS ES+ PC-3-78-CBMS3CMan-C4-13-35-Bmin 428 (3.255) Cm (412:439) 1: TOF MS ES+
100 325 TIC 100+ 1307.2195 7.65e5
5.63e5 1306.8854..[-1307 5635
1307 8868
& bl 1306.5509.] 4304 2906 1960.3312
1960.0806
1308.5641
0 T T T T f T T T T T T T T T T T T T T T Time 04 T T T T T ' T T T T T T T T T T T t T MJ/Z
050 100 150 200 250 300 350 400 45 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure S13. LC-MS trace and ESI-MS of purified CBM 15 (yield: 16%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 15 C;65H545N43055Ss5
[M+2H]?" m/z = 1959.3151, [M+3H]** m/z = 1306.5460.
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sample. pos sample. pos

PC-3-89-CBMS3DS-C4-15-35-8min 1. TOF MS ES+ PC-3-89-CBMS3DS-C4-15-35-8min 375 (2.853) Cm (362:395) 1: TOF MS ES+
285 TiC 1247 8762 7.62e5
100 4.88e5 100
: 1248.2097
N 1248 5439
= & : ey 1871.3157
1870 8157
1249.2108 AS0e30ee
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Figure 14. LC-MS trace and ESI-MS of purified CBM 16 (yield: 22%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 16 C;s59H;35N43054S4
[M+2H]?" m/z = 1870.3002, [M+3H]** m/z = 1247.2027.

sample. pos sample. pos
PC-3-80-CBMS3DSMan-C4-15-35-8min 1: TOF MS ES+ PC-3-80-CBMS3DSMan-C4-15-35-8min 433 (3.293) Cm (419:449) 1: TOF MS ES+
100 329 TIC 100 1301.8940 6.34e5
5.60e5 1301.5599. 1302.2273
1302.5613
ES B 1301 2252
1302.8953 1952.3433
i3 00 1951,8434\1
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0.50 1.00 150 200 250 300 350 400 430 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000

Figure S15. LC-MS trace and ESI-MS of purified CBM 17 (yield: 8%). LC-MS condition: 0.3
mL/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Caled for 17 Ci65H245N43050S,4
[M+2H]*" m/z = 1951.3188 [M+3H]** m/z = 1301.2125.

sample. pos sample. pos
guan-6-86-CBMS3Hse-C4-15-35-8min 1: TOF MS ES+ guan-6-86-CBMS3Hse-C4-15-35-8min 430 (3.337) Cm (422:455) 1: TOF MS ES+
100 334 TIC 400 1262 5480 61365
826D 1252.8816
1253 2157
= = 1251.6798 1878 2241
1253.6496 1877823444579 3062
1253 8831 1677.3218-]_ 1879 5259
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050 100 150 200 250 2300 350 400 450 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure S16. LC-MS trace and ESI-MS of purified CBM 18 (yield: 27%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 18 Ci50H37N43054S4
[M+2H]*" m/z = 1877.3080, [M+3H]** m/z = 1251.8746.

sample. pos sample. pos
guan-6-63-CBMS3HseMan-C4-15-35-8min 1 TOF MS ES+ guan-6-63-CBMS3HseMan-C4-15-35-8min 405 (3.083) Cm (392°419) 1 TOF MS ES+
60 3.08 TIC 400 1306 4799 5.22e5
4.22€5 1306.1458 -] 1306.6134
1307.1475 1959.1787
®
® 1305.8116 siiiio 1958 6783
1307.8148 B
0 T T T T T T T T T T T T T T T T T T T T T‘me 0 U T T 1 T 1 | T 1 T T T 1 T 1 T 1 T 1 T U
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Figure S17. LC-MS trace and ESI-MS of purified CBM 19 (yield: 28%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in HQO over 5 min. MS (ESI) Calcd for 19 C166H247N43O5984
[M+2H]?" m/z = 1958.3344, [M+3H]** m/z = 1305.8922.
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sample. pos sample. pos
PC-3-91-CBMS3ManPhos-C4-15-35-8min 1: TOF MS ES+ PC-3-91-CBMS3ManPhos-C4-15-35-8min 329 (2 502) Cm (314:344) 1 TOF MS ES+
TIC 100 1328 5490 9.73e4
e = 1328.2157.].1328 8628

1329.2163
= ® 1327.8805.1329.5499
1341.5311
1342.2015 1992.3254
5 R L e o B I e LS B SR R KSR LA LS T = Time 0 RO L A L A LA LA LA L) L ks L R A Lk s LI
050 100 150 200 250 300 350 400 450 500 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure S18. LC-MS trace and ESI-MS of purified CBM 20 (yield: 6%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 20 C,¢5H,46N4306,PSy
[M+2H]?" m/z = 1991.3097, [M+3H]** m/z = 1327.8758.

sample. pos sample. pos
ZC-1-26-C4-15-35-8min 1: TOF MS ES+ 7C-1-28-C4-15-35-8min 397 (3.023) Cm (386:410) 1: TOF MS ES+
3.02 TIC o 1315 5659 2 44e5
4.22e5 1315.2324.]. 1315 8997
1316.2338
=
EIR TN [
1378 2158 1972.8490
3 T T T T T e e e e Time 0 LI R A LAY AL RAAAS RN RLSES LAl L USBARLERAASARS LAY SEARS RRAM) LAARS unns naasa LIPS
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Figure S19. LC-MS trace and ESI-MS of purified CBM 21 (yield: 16%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 21 C67H248N44050S4
[M+2H]?" m/z =1971.8321, [M+3H]** m/z = 1314.8880.

sample. pos sample. pos
PC-3-46-1-P3 1: TOF MS ES+ PC-3-46-1-P3 263 (2 003) Cm (253°273) 1: TOF MS ES+
TiC 2.38e5
100+ 200 i 160 1315.5651 e
k 1315.2310-) .1315.8993
1316.2328
ES = 1314.8971..] 1328 2141 1972 8439
1326.8821 1973 8452
1971.8407
0 ; Time O " T T - miz

U.‘50 W.EJU 1.‘50 I Q.EJU I 2_‘50 11bﬂ ‘ 12‘0[] ' 13b0 14bﬂ i 15‘[][] 1Ebﬂ : 1?‘[][] ‘ WS‘UD 19‘00 ' EDbD ‘
Figure S20. LC-MS trace and ESI-MS of purified CBM 22 (yield: 18%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 22 Ci67H48N44059S4
[M+2H]*" m/z = 1971.8321, [M+3H]*" m/z = 1314.8880.

sample. pos sample. pos

zc-1-67-re-C4-15-35-6min-2-5 1. TOF MS ES+ zc-1-87-re-C4-15-35-8min-2-5 418 (3.180) Cm (404:432) 1: TOF MS ES+
100 318 TiC 100 1315.6523 1.41eb
2 0e 1315.3186.] 1315 9866
1316.3203
* & 1314.9852
1316.6545
13283032 1973.0250
0 T B B AR e T 1 Time 0 T 4he ™ Miz

050 100 150 200 250 200 2560 400 450 | 500 1100 1200 1300 1400 1500 1600 1700 1800 1900 = 2000
Figure S21. LC-MS trace and ESI-MS of purified CBM 23 (yield: 7%). LC-MS condition: 0.3
I’l’ll/l’l’lil’l, 15%-35% MeCN in HQO over 5 min. MS (ESI) Calcd for 23 C167H248N44O5984
[M+2H]*" m/z = 1971.8321, [M+3H]*" m/z = 1314.8880.
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sample. pos sample. pos

PC-3-43-p3 1. TOF MS ES+ PC-3-43-p3 265 (2.024) Cm (259:274) 1: TOF MS ES+
2.02 TIC 100 1301.6893 1.21e5
100 2.82e5 1302.2233
1302.5564 1952 3284
& = 1301.2202 1951.8279
1302.8899
1314.8733 1951.3276
0 T T T T T T T T T T Time 0 T R ARA R L AR R U AP R AR RS ARE AN |BRARA LARRE) mfz
0.50 1.00 1.50 2.00 2.50 .00 1100 1200 1300 1400 1500 1600 1700 1800 1800

Figure S22. LC-MS trace and ESI-MS of purified CBM 24 (yield: 15%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in H,O over 3 min. MS (ESI) Calcd for 24 Ci65H45N43059S4
[M+2H]?" m/z = 1951.3188, [M+3H]** m/z = 1301.2125.

sample. pos sample. pos
LQ-4-7-1 1: TOF MS ES+ LQ-4-7-1 250 (1.906) Cm (243'257) 1- TOF MS ES+
191 TiC 1315 6627 9.39e3
1.24e4 100
- 1315.8960
. 1316.2299
13148907
1316 9027 e
3 T T T : T : T T T FTime O ettt Bt bttt (117
0.50 1.00 1.50 2.00 250 3.00 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure S23. LC-MS trace and ESI-MS of purified CBM 25 (yield: 20%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in H2O over 3 min. MS (ESI) Calcd for 25 C167H248N4405984
[M+2H]** m/z = 1971.8321, [M+3H]*" m/z = 1314.8880.

sample. pos sample. pos
2¢-1-75-re-C4-15-35-8min-1-6 1. TOF MS ES* 70 475 re-C4-15-35-8min-1-6 407 (3.008) Cm (393:425) 1: TOF MS ES+
100 2 3 012-% 100 13019741 e
: 1301.6400.].1302 3077
1302.6417
= . 1301.3060)
1302.9760 1952 5051
1303 3082
0 T Tt T T T T T R RS RSN AL AL AR Time Oty T T T T T T T T T e T T T T T T T ™ miz
050 100 150 200 250 300 350 400 450 500 1100 1200 1300 1400 1500 1800 1700 1800 1900 2000

Figure S24. LC-MS trace and ESI-MS of purified CBM 26 (yield: 13%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 26 Ci65H45N43059S4
[M+2H]*" m/z = 1951.3188, [M+3H]** m/z = 1301.2125.

sample. pos sample. pos

PC-3-41-1-C3 1 TOF MS ES+ PC-3-41-1-C3 278 (2.121) Cm (270:290) 1: TOF MS ES+
212 TiC 1952.3270.. 1.32e5
190 2235 100
1301.8883 1951.8267
1302.2214

ES S 1302.5555 1951.3240

1301 2196.[1302 8907 |IE
13152052
0 T T T T T T T T 7= Time  O-mpeereprrererprerrreerre Rt A R S R KNS LSS AR LA R R nt LTS
0.50 1.00 1.50 2.00 2.50 3.00 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Figure S25. LC-MS trace and ESI-MS of purified CBM 27 (yield: 24%). LC-MS condition: 0.5
ml/min, 15%-35% MeCN in Hzo over 3 min. MS (ESI) Calcd for 27 C165H245N4305984
[M+2H]*" m/z =1951.3188, [M+3H]** m/z = 1301.2125.
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sample. pos sample. pos

PC-3-83-CBMS3Fuc-C4-15-35-8min 1: TOF MS ES+ PC-3-83-CBMS3Fuc-C4-15-35-8min 407 (3.098) Cm (390:424) 1: TOF MS ES+
100 310 TIC 100 1296.5636 D.77ed
De 1296.2295..1 1296 8972
1297.2308
= = 1295 8955 1944 3472
1297.5648 1943.68472
1297 98T 19453489
0 AL LA A L U b s b Las L s pas e v s s U T IRV T T k - T UABALL NS RLALE LEALN ALARE] T m/z
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Figure S26. LC-MS trace and ESI-MS of purified CBM 28 (yield: 26%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 28 Ci65H45N43055S4
[M+2H]?" m/z = 1943.3213, [M+3H]** m/z = 1295.8809.

sample. pos sample. pos
LQ-5-107-1P 1 TOF MS ES+ LQ-5-107-1P 395 (3.002) Cm (356:408) 1: TOF MS ES+
3.00 TIC 1355 9117 1.52e5
189 10405 190 13555773 .|. 1356 2454
1356.5800
= =
1355.2445 [1356.9130 2033.3705
1357.2456 2032.8694 . 2034.3706
0 A LAl AN L A LR Ly el AN LAM LAY LRSS aana asnnnanaa naaas s nana s A 111 (52 04y T i " - - - o T - T mfz
050 100 150 200 250 300 350 400 450 5600 1200 1400 1600 1800 2000

Figure S27. LC-MS trace and ESI-MS of purified CBM 29 (yield: 22%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 29 C;7;H,55N43064S4
[M+2H]?" m/z =2032.3530, [M+3H]** m/z = 1355.2379.

sample. pos sample. pos

LQ-5-108-1P 1: TOF MS ES+ LQ-5-108-1P 388 (2.949) Cm (375:396) 1: TOF MS ES+
2.95 TIC 1355.9113 1.47e5

100+ 1.79es 100

1356.6771.}-1366.2450

1356.5796

%
kil

1365.2432.]1356.9132 2033.3715

13572465 2032.8708.] 2034 3746

0 LR A Y L LA LAY L) AL N L AN AR LR LR LR L baat st nana 1SS 04 T - LI T b 1 1 T -
050 100 150 200 250 300 350 400 450 500 500 100 R R o

Figure S28. LC-MS trace and ESI-MS of purified CBM 30 (yield: 19%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in Hzo over 5 min. MS (ESI) Calcd for 30 C171H255N43064S4
[M+2H]*" m/z = 2032.3530, [M+3H]** m/z = 1355.2379.

miz

sample. pos sample. pos
LQ-5-104-P1 1: TOF MS ES+ LQ-5-104-P1 402 (3.060) Cm (391:413) 1: TOF MS ES+
100- 3.06 TIC 400 1382 5673 1.41€5
176ed 1382.2335. 13829017
1383 2352
B B 1381.8993
1383.5692
1383.9028 2073 3552
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0.50 1.00 150 200 250 300 350 400 450 500 1200 1400 1600 1800 2000

Figure S29. LC-MS trace and ESI-MS of purified CBM 31 (yield: 11%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 31 C,;7;H,56N43067PS4
[M+2H]*" m/z = 2072.3284, [M+3H]** m/z = 1381.8856.
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sample. pos sample. pos

MD-I-35-CBMS-3rd number Y5 to A 15 to35-1 1: TOF MS ES+ MD-II-35-CBM3-3rd number Y5 to A 15 t035-1 388 (2.950) Cm (376:401) 1: TOF MS ES+
100+ 2.95 TIC 100 13252113 4.34e5
4.14e5 1324 8774 .| 1325 5463
1325.8799
e 1324.5435
1326.2133
1326.5459 1987 3223
0 RN LA L Ly RS LA AL AL R L) M AL RS Laes Ly s aany am e SIS O -t IL‘ RBRAN R m L e s e e s miz
0350 1.00 150 200 250 300 350 400 4.50 5.00 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S30. LC-MS trace and ESI-MS of purified CBM 32 (yield: 6%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 32 Ci65H,51N4306384
[M+2H]*" m/z = 1986.3321, [M+3H]*" m/z = 1324.5547.

sample. pos sample. pos

MD-II-40-CBM5-3rd number S3 to T 15 1035 1: TOF MS ES+ MD-I1-40-CBMS5-3rd number 53 to T 15 035 418 (3.181) Cm (410:427) 1: TOF MS ES+
46 3.13 TIC 0o 1360 6033 2,795

3:30e 1360.2697.. 1360 9374

1361.2716

= = 1359.9358-{ 1361.6045

1361.9379
0 b AR LA Ui RAe R UARE AL Bue MRS nald Lane waaah Laan et s s L L O S e RARAARAARARaaa T E R miz

050 100 150 200 2350 300 350 400 450 3500 1100 1200 1300 1400 1500 1600 1700 1800 1900

Figure S31. LC-MS trace and ESI-MS of purified CBM 33 (yield: 7%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 33 C;7,H,57N43064S4
[M+2H]?" m/z =2039.3530, [M+3H]** m/z = 1359.9020.

sample. pos sample. pos
ZC-1-22B-CBMS3CManian-C4-15-35-8min 1. TOF MS ES+ ZC-1-22B-CBMS3CManan-C4-15-35-8min 397 (3.024) Cm (387.413) 1. TOF MS ES+
302 TIC 1361.2367 2 42e5
100 2 41e5 1007
: 1360.9027
1361.9049
& = 1360.5682..]_1362 2380
1362 5718 2041 3553
o tzuaz.am
q T T T LT WA T e T ST T Time AN KR R L L Ly L) Ly L Lo s Lty Ly st sy L R 11
050 100 150 200 250 300 350 400 450 500 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

Figure S32. LC-MS trace and ESI-MS of purified CBM 34 (yield: 14%). LC-MS condition: 0.3
ml/min, 15%-35% MeCN in H,O over 5 min. MS (ESI) Calcd for 34 C;7;H,55N43063S5
[M+2H]?" m/z = 2040.3338, [M+3H]** m/z = 1360.5558.
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Figure S33. The CD spectra of CBM variants 1, 2, and 4-19. The spectra were acquired in the

same way as previously reported!®.
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Figure S34. The CD spectra of CBM variants 3 and 20-34. The spectra were acquired in the

same way as previously reported!s.
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Confirming disulfide linkages. The folding of the CBMs was confirmed as described in our
previous report.!® After HPLC purification, the UPLC-MS trace of the folded CBMs showed a
single peak, which indicated the homogeneity of the product. The observed mass loss of 4 Da is
consistent with the formation of two disulfide bridges. The far-ultraviolet CD spectra of the
CBMs were very similar to previously obtained spectrum of the unglycosylated CBM, which
suggested that the synthetic peptide adopted the appropriate secondary structure upon folding.
Moreover, the UPLC-MS analysis revealed that the thermolysin digestion of CBMs produces
two fragments that contain two short peptide chains, VC/YSQCL and YGQCGG/ASGTTCQV
(or AGQCGG/ASGTTCQYV for CBM 11). These short peptide chains are connected by disulfide
linkages, which clearly confirmed the correct disulfide connectivity (Fig. S35).

Sample. pos
‘guan-§-81-CBMO0O-10MIN-C4-15-35-8min 145 (1.115) Cm (131:265) 1: TOF MS ES+

100°%
TQSJYGO.CG(:jI GYSGP’I‘VBASGTTCC{\,LN F“;YSO.CL
L ]
CBM1
VC l‘rhermo\vsindigestion
YsacL vC YGQCGG

4184710 |

é +
YsQcL ASGTTCQ

41867268

4422646

4174720

4036736 4176725 4430674

437.2378

404.1748
4181799 4482029 449 1904,

miz
400 402 404 406 408 410 412 414 418 a8 420 422 424 426 428 430 432 434 438 438 440 442 444 448 448 450
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Sample. pos
guan-8-81-CBMOD0-10MIN-C4-15-35-8min 145 (1.115) Cm (134:161)

1: TOF MS ES+
3.81e5

100-%10
TQSHYGQCGGIGYSGPTVéASGTrCQVLNPYYSQCL
L 1
CBM 1
YGQCGG
ASGTTCQ -
868.2728
®
gu.‘rm
688,737
6892833 805.3400
6752676 (
6892784
8532756 e seaross 6032422 |
b e 850.2011
650.2620 wmf‘m ke 7+ 2881 722480 o78.2720 680.3252 88,2767 ( i
‘ 522719 m‘MT ‘mlzm ot mlm, ‘ o o zmimw 6762054 - f‘w SRR sassias E02474 | m.a:znm | woreis
m ‘H;I‘ 1L ‘ .HM ol “-‘.-‘ IRENENIEA TR | Ll ot ol |‘ ‘I‘p..|,\\ Ll L \“ .U..\,‘ [ Lol g 1o b ‘ ) J,w.‘m Ldh, s
650 | 652 654 65 658 660  G62 684 666 668 670 672 674 676 678 680 684 686 688 690 692 694 606 608 700
Sample. pos.
Quan-8.81-CBMO10-30MIN-C4-15-35-Bmin 145 (1.114) Cm (133:455) 1: TOF MS ES+
100- 4181715 Mana 3
R TQ&HYGQCGG IGYSG PTVJASGTTCQVLNPYYSQCL
|
CBMS3(Mana) 2
* 4422655
s1s6731
443 2687
43,1449
435.6462
418.1812 | _436.1489 |m|zwu
! I i . I i !
400 402 404 408 H ‘«n a0 412 ‘414 416 418 420 422 424 426 4; 430 : 432 434 436 438 440 M2 44 46 448 .
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Sample. pos
guan-8-81-CBMO10-30MIN-C4-15-35-8min 145 (1.114) Cm (135:152)
100,510

1: TOF MS ES+
32508

o08.2739
=
a74.2608
0892778
ora 7704
6552051
erozre
B75.2704
6556006
655.8314 SR
8302831 g5 2675 A enznT 8002845
Imm,[ ) “ 8577281 658.2061 6679156 | 73226 6762504 683.2642 oy 6802764 e 696.2738 6073063
il ol Ll \.‘u Ll .“‘(m‘lw Wolwalioge \”u\‘l\l\ ‘\w\JIl\ LU Ll w\u\‘Ju\ Lo duln, Ll ‘J‘.|||.‘Jl.h‘|m
650 @52 654 656 658 68D 668 088 670 672 674 676 678 682 684 688 688 600 602 68 700
Sample. pos
guan-8-81-CBMSIManQ2A- 30MIN-C4-15-35-Bmin 144 (1.107) Cm (133:211) Mana 1: TOF MSES*
o0, 76405
TAgHYGQCGG IGYSG PTV(!ASGTFCQVLN PYYSQCL
CBMQ2A+S3(Mana) 7
pagsierrm)
16,1708
*®
s106725
4422048
474718
4432870
4176722 4351453
A4 37,2077
PSSP 2 R PO Ll —— ;  INES . it L i
400 402 404 406 408 410 42 414 416 418 420 422 424 426 428 430 432 434 4% 438 440 442 add
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Sample. pos
guan-8-81-CBMSIManQ2A-30MIN-C4-15-35-8min 144 (1.107) Cm (133:146)

1 TOF MS ES+
100 33865
882730
®
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669.2760 i
a75.208
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gl OMIN in 145 (1.115) Cm (129:173) 1: TOF MS ES+
s (1.115) Cm ) Mana 8.82e5
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CBMY5A+53(Mana) 11
4181708
*
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“l‘ﬁl!
4ATIs
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417 6720
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el PN e Il 4L L E
400 402 404 408 408 410 412 414 416 418 420 422 424 426 428 430 432 434 436 438 440 442 444 M6 448 450
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Sample. pos
guan-5-81.CBMSIMan'Y5A-30MIN-C4-15-35-8min 145 (1.118) Cm (133:149) 1: TOF MSES*
100,%1 6.4865.
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=]
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s240208
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8005747
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Sample. pos
guan-8-81-CEMSIC-10MIN-C4-15-36-Bmin 139 (1.070) Cm (131:214) 1: TOF MS ES+
100 é—_—\ 9.34e8
TAQCHYGQCGGIGYSGPTVCASGTTCQVLNPYYSQCL
CBMS3C 14
4422884
at8.1717
*
4168728
443.2680
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a7
asr.z87
435.1480
e 423,060 435:2288 4821613 3004
4092070 ‘ wsresn | [FMW 434.1579‘ 4aa2410 J“‘Nm
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Sample.
‘guan-8-81-CBMSIC- 10MIN-C4-16-35-8min 139 (1.070) Cm (133:145)

1: TOF MS ES+
100_0(1‘ 1.79e5
668.2742
®
‘660.2787
674.2837
70,2008 874.7698
951.2570 752001 679.2702
8532206
8732562 678.9335
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‘guan-8-81-CEMSIBGIc-30MIN.C4-15-35-8min 146 (1.122) Cm (132:196) 1:TOF MS ES+
100, Glcp 8.55e5
TQ%HYGQCGGlGYSG PTVéASGTrCQVLN PYYSQCL
CBMS3GIcp 24
416.1708
®
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o
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4181664 ‘ 1372376
L L1y T 1), . b T‘ ! Ly =
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Sample. pos

‘guan-8-81-CBMSIBGI-30MIN-C4-15-35-8min 145 (1.114) Cm (134:145) 1: TOF MS ES+
100 2485
068.2725
6549304
855.2851
=
6555093
©09.2757
6558324 8702719

856.2671
650.2620

6712717
690.2533 6047758
estzezs 9540140 6752632 6789453 680.2643
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Figure S35. Confirming disulfide linkages of representative CBM variants by thermolysin
digestion. MS (ESI) Calcd for VC/YSQCL C34Hs4NgO1,S, [M+2H]?*" m/z = 416.1730; MS (ESI)
Calcd for YGQCGG/ASGTTCQV Cs,HgoN102,S, [M+2H]** m/z = 674.2693; MS (ESI) Caled
for AGQCGG/ASGTTCQV CygH7sN16021S, [M+2H]*" m/z = 628.2562.

S37



Table S1. Summary of CBM proteolytic stability, thermostability, and adsorption to crystalline
cellulose that were determined in accordance with our procedures as described previously!S.

CBM Half-Life to T (°C) Kags (uM1) Binax (umol/g)
Variant Thermolysin
Degradation (h)

1 0.23 £0.02 62.2£0.6 0.0894 + 0.0007* 24 + 5%
2 1.09 £ 0.01 70.1 +£0.9 04=+0.2 613
3 2.13 £ 0.06 73.2+0.7 0.21 £0.05 3.6£0.8
4 0.16 £ 0.02 64.2 +0.6 0.20+0.11 8.1+1.1
5 0.74+0.12 69.2+0.9 0.20 +0.02 13+£2
6 0.16 = 0.04 63.4+0.7 0.40+0.2 16 +3
7 0.27 +£0.05 63.5+ 0.7 0.32+0.18 11+2
8 0.22 +£0.06 61.2+0.3 0.53+0.12 5.7+0.7
9 0.65 +0.05 65.6 +0.3 0.73+0.18 8.7+1.0
10 0.08 £0.02 61.1+1.0 ~0** ~QH*
11 0.18 +0.03 61.3+0.5 ~Q** ~Q**
12 0.36 +£0.02 61.8+1.6 0.18 +£0.04 14+4
13 1.14+0.18 69.3+0.4 0.30+£0.19 92+1.6
14 0.18 £ 0.04 53.2+0.7 0.32+0.15 24+4
15 0.20 +£0.03 61.3+£0.9 0.22 +£0.08 12+1
16 0.19 +£0.04 62.6+1.6 ~O** ~O**
17 0.17£0.02 63.6+1.3 ~0** ~Q**
18 0.30+0.01 62.7+1.7 0.17 +£0.04 16+2
19 0.34+0.07 63.6+0.7 0.20+0.11 10+ 1
20 0.57 +£0.06 65.9+0.3 0.28 +£0.07 16+ 1
21 0.69 +0.09 684+1.4 0.19 +0.04 6.8+1.3
22 0.40 +0.01 67.5+0.4 0.40 +0.27 10+3
23 0.32+0.01 63.0+0.3 0.12+0.01 13+1
24 0.28 £ 0.03 64.2+0.1 0.14+£0.08 7.5+24
25 0.38 +£0.05 673+1.7 0.52+0.13 18+2
26 0.50 +0.05 68.2+ 0.9 0.17 +£0.08 14+4
27 0.29 £0.02 63.8+0.5 0.18 £0.01 10+ 1
28 0.62+0.11 66.5+0.2 0.25+0.04 11+1
29 0.86 +0.03 68.5+1.2 0.25 +0.04 16 +2
30 0.78 +0.11 68.4+0.7 0.51+0.06 10+1
31 0.43 +0.05 67.4+0.8 0.25+0.07 11+1
32 0.10+£0.02 61.5+1.1 ~O** ~O**
33 1.56 + 0.40 71.9+0.4 0.51 +£0.04 4.7+0.2
34 0.18 £0.02 602+1.2 0.15+0.05 18+3

The results are presented as mean of three trials + SD. *Denotes an averaged value of four trials

+ SD. **Weak affinity to cellulose noted, no K,4s and B,,,,x value could be obtained.
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Table S2. The change in half-life and melting temperature from the
unglycosylated CBMs.
Calculation | Change in Half- Change in Change in
Life to melting binding
Thermolysin temperature affinity
Degradation (h) (°O) (uMh
2-1 0.86 7.9 0.31
3-1 1.90 11.0 0.12
5-4 0.58 5.0 0
7-6 0.11 0.1 -0.08
9-8 0.43 4.4 0.2
11-10 0.10 0.2 0
13-12 0.78 7.5 0.12
15-14 0.02%** 0 -0.10%**
17-16 -0.02 1.0 0
19-18 0.04 0.9 0.03
20-1 0.34 3.7 0.19
21-1 0.46 6.2 0.10
22-1 0.17 53 0.31
23-1 0.09 0.8 0.03
24-1 0.05 2.0 0.05
25-1 0.15 5.1 0.43
26-1 0.27 6.0 0.08
27-1 0.06 1.6 0.09
28-1 0.39 4.3 0.16
29-1 0.63 6.3 0.16
30-1 0.55 6.2 0.42
31-1 0.20 5.2 0.16
32-10 0.02 0.4 0
33-12 1.2 10.1 0.33
34-14 QF** 7.0%** -0.1 7%
*** Not used in the correlation plot.
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