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1 General Information

All reactions sensitive to air and/or moisture were carried out under nitrogen or argon
atmosphere with anhydrous solvents. Substrates of glycosylations were dried by a zeotropic
removal with toluene. Column chromatography was performed on silica gel, 300—400 mesh.
Reactions were monitored by thin-layer chromatography (TLC) on silica gel 60 F254 of 0.2mm
thickness, and compounds were detected by examination under UV light and by charring with
10% sulfuric acid in MeOH. Noted that when using toluene—ethyl acetate (CAUTION!
STRONG CARCINOGENIC ACTIVITY). Solvents were removed under reduced pressure at
<40 °C. CH:Cl; was freshly distilled from calcium hydride under nitrogen prior to use.
Molecular sieves (4A) were activated at 170 °C for 2-3 h under reduced pressure prior to
application. All reactions were carried out under an argon atmosphere. 'H NMR and '3C NMR
spectra were recorded on Bruker spectrometers at 400 MHz or JEOL ECX 400 spectrometer.
'"H NMR spectra were referenced to CDCl3 at 7.26 ppm, MeOD at 3.31 ppm and C¢Ds at 7.15
ppm, and '*C NMR spectra were referenced to CDCl3 at 77.0 ppm, MeOD at 47.67 ppm and
CsDs at 128.01 ppm or native scale. Assignments were made by standard 2D experiments.
Optical rotations were measured with ‘Insmark IP-digi300/1° polarimeter. HRMS were
recorded on Shimadzu (LCMS-IT-TOF). All other reagents were purchased from Adamas-Beta
Co., Bidepharm Co. and Macklin Co.

The calculation package used is the Gaussian program.! All geometries were optimized at the
theory level of B3LYP 2 //BS1 (BS1 = 6-31G(d) ? for main group elements and Lanl2dz 4 for Sn)
in the gas phase. Vibrational frequency calculations were used to confirm that the optimized
structures are minima on the potential energy surface. The single point energies for the B3LYP
optimized geometries were computed using the SMD ° solvent model (solvent = DCM) at the M06
6 //BS2 (BS2=6-311+G** 4 for main group elements and SDD 7 for Sn) level of theory.

2 Cartesian coordinates of all the key structures

TS4
Charge = 0 Multiplicity = 1
H 2.06158 -0.84197 -1.0792
Cl 1.50483  0.52711 -1.41039
Cl -0.70483 -0.46186  1.40732
Cl -1.41844 -1.59589 -2.28873
Cl -0.72329 -3.98442  0.42136
C 2.63535 -2.95346  0.0944
H 2.20053 -3.94917  0.20091
H 3.57032 -3.01827 -0.46561
H 2.81575 -2.512 1.07898
Sn -0.17903 -1.85347 -0.36417
(0] 1.74764 -2.11835 -0.68303
Thermal correction to Energy= 0.063922
Thermal correction to Enthalpy= 0.064866
Thermal correction to Gibbs Free Energy= 0.011712
Sum of electronic and zero-point Energies= -1959.953068
Sum of electronic and thermal Energies= -1959.941634
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Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=
-1959.97209909

SCF Done:
TS7
Charge =

T Zo@x@mI@Doooaoorrxmoaoocoocooooooo@mnaorxao@Dnaoo@moaoonoao@m o@D oz o@D

E(RMO06) =

0 Multiplicity = 1

1.56299
1.49616
0.29809
0.39262
0.19942
0.06428
1.51076
1.61541
2.71961
2.67178
2.69431
-1.18954
-1.45971
-2.35009
-2.14863
-1.14697
-3.22451
-3.05611
-4.51212
-5.35055
-4.72222
-3.64653
-0.86284
-2.07722
1.53277
1.11636
4.06
4.03288
-5.72359
1.37381
2.06483
2.30737
2.89491
3.51062
3.52982
2.08435
2.11796
2.91392
3.40262

0.0197
-1.01917
0.70658
0.83783
2.11257
2.02633
2.86459
3.00335
2.08653
2.10492
0.65879
-1.02575
-0.47767
-1.84261
-3.13532
-3.55846
-3.88534
-4.88954
-3.34626
-3.92995
-2.05603
-1.31064
2.83526
2.84289
4.11162
5.23609
2.62601
3.72123
-1.63408
-0.15046
-1.22948
-1.31681
-0.74837
-1.4695
0.12033
-0.41975
-1.05649
-1.89
-2.53276

-1959.940689
-1959.993844

0.17844
-0.02876
0.62337
1.7153
0.01193
-1.07327
0.29005
1.37836
-0.25551
-1.34785
0.10025
1.32443
2.24031
0.8251
0.32813
0.32185
-0.15077
-0.53
-0.13947
-0.51013
0.3547
0.83606
0.59859
-0.1655
-0.37763
0.4244
0.23584
0.14063
0.36905
-1.9174
-3.90298
1.74785
2.89345
3.44791
2.65805
3.56229
-2.32519
-1.64484
-2.26733
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2.45162
0.38966
3.2081
-0.83361
-0.32566
-3.81154
-1.89019
-2.40728
-3.12139
-3.94363
-3.30722
-4.94135
-3.80509
-4.29684
-2.66137
-5.11918
-5.57291
-4.42774
-5.89097
1.05968
2.23842
-0.17212
2.18741
3.20022
-0.22693
-1.0922
0.95251
3.10852
-1.18956
0.91174
1.84445
0.13848
5.16242
4.18295
5.47192
5.54848
4.669
6.77507
7.79187
6.99364
9.00712
7.61715
8.21299
6.20443

0.36621
-1.71071
-2.45101
-0.05902
-1.66121
-0.30814

3.29049

1.80833

3.63847

4.5416

3.46121

5.24828

4.69106

4.17254

2.77418

5.06627

5.94491

4.02934

5.61902

6.4569
7.04974
7.00883
8.17166
6.62765
8.13621
6.55473
8.71826
8.62323
8.55849
9.5959
5.37617
5.02909
2.07638
2.36596
2.70859
3.79846
2.55359
2.16552
1.74226
2.12535
1.28765
1.75327
1.68084
2.4398

-4.63906
-4.32365
-4.5633
0.3075
1.55414
1.22489
-1.15237
-0.32331
0.57912
-0.10451
1.95705
0.5713
-1.17314
2.63486
2.49564
1.94326
0.02647
3.70427
2.47199
-0.45602
-0.92801
-0.82536
-1.75392
-0.64573
-1.64783
-0.46433
-2.11448
-2.11257
-1.92341
-2.75404
1.23922
0.86704
-0.44553
1.29325
-1.68295
-1.5198
-2.42065
-2.22263
-1.35871
-3.60433
-1.87199
-0.28806
-4.11773
-4.28435
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Cl

9.22338

9.78538
8.36822
10.17023

3.677

5.56905
2.34146
5.02484

Thermal correction to Energy=

Thermal correction to Enthalpy=

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

1.2595  -3.25144
0.95111 -1.19219
1.65284 -5.19302
0.90389 -3.64891
-2.57181  0.29343
-1.56402  1.27773
-4.34764  1.09765
-4.0156  -1.07417
0.756009
0.756953
0.591507
-4778.552194
-4778.497306

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

SCF Done:
TS10

Charge =

H

Cl

Cl

Cl

Cl

Sn

N

C

O

C

Cl

Cl

Cl

H

E(RMO06) =

0 Multiplicity = 1
1.49098

0.4018
-0.15561
-2.37059
-0.10363
-0.25769

1.8601

2.64292
3.61034

2.2543
2.97548
0.45716
2.90528

2.36076

Thermal correction to Energy=

Thermal correction to Enthalpy=

-4778.50245395

-1.31437
-0.68127
0.5197
-2.14187
-3.04993
-1.61087
-1.83664
-3.01721
-3.10177
-4.17404
-3.73554
-4.30486
-5.71227
-1.12411

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=

SCF Done:
12

Charge =

C

H

E(RMO06) =

0 Multiplicity = 1
-0.50447
-1.11031

-3432.17327234

-0.82175
-1.58742

-4778.496362
-4778.661808

-1.51627
-2.30303
1.11142
-0.62162
2.03629
0.19233
-0.37041
-0.27137
0.43577
-1.24787
-2.83814
-1.42563
-0.66819
0.17321
0.062329
0.063273
-0.002404
-3432.160597
-3432.144165
-3432.143221
-3432.208898

-0.43832
-0.89601
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-1.12822
-1.03923
-0.3839
-0.86439
1.10934
1.60025
1.85048
1.40536
1.74563
-3.44296
-3.69457
-4.66322
-4.49396
-3.4841
-5.61339
-5.48051
-6.90102
-7.76945
-7.06891
-5.95112
-0.91024
-2.2065
1.35402
1.5663
3.34099
3.8439
3.49537
3.90368
5.27276
-8.06702
5.86662
5.63763
5.28184
4.72268
5.87537
4.75135
4.27093
5.91224
6.32161
5.34709
4.3183
6.383
5.37336
-2.47043

0.36755
0.18117
1.67588
1.87401
1.97111
1.76426
1.46219
1.9216
0.01503
-0.37126
-0.27238
-0.17016
0.12007
0.23784
0.26655
0.49443
0.12253
0.23818
-0.1643
-0.30538
2.49185
3.03406
3.30834
4.2474
1.72907
1.63795
2.72575
0.73917
1.07506
-0.2693
1.28335
0.15744
2.22388
2.07149
3.44463
3.12498
1.12244
4.49869
3.56718
4.34065
2.99704
5.43834
5.15921
0.5948

0.31577
1.39699
0.02176
-0.93957
-0.09013
0.87286
-1.33949
-2.22242
-1.53291
0.35139
1.42018
-0.51734
-1.87904
-2.26819
-2.69835
-3.75295
-2.1728
-2.81634
-0.8173
0.00862
1.05918
0.79296
-0.49671
0.57933
-1.24761
-2.21401
-0.83323
-0.33722
0.09709
-0.39982
-0.79741
0.55725
1.06773
2.34566
0.72352
3.25803
2.62329
1.64011
-0.26078
2.90643
4.24607
1.36533
3.62005
-0.02526
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-3.05157 -1.3887 0.20296
-6.08424 -0.51783  1.06774
-2.19028  3.59273 -0.15433
-2.92665  2.2138 0.67755
-2.6051 3.94822  1.92771
-3.36244  5.098 1.67131
-2.26287  3.64582  3.25243
-3.77855  5.92563  2.71635
-3.63158  5.34581  0.64658
-2.67036  4.47654  4.29661
-1.6665 276179  3.45464
-3.43202  5.61761  4.03289
-4.36646  6.81385  2.50013
-2.39434  4.2318 5.31924
-3.75016  6.26316  4.84721
1.68313  5.62647 -0.01578
2.90307  6.08 -0.53336
0.56436  6.46581 -0.08296
3.00405  7.34599 -1.11072
3.77933  5.4382  -0.4739
0.66195  7.73405 -0.65759
-0.38461  6.1245 0.32404
1.88179  8.17552 -1.1743
3.95677 7.68779 -1.50697
-0.21257  8.37783 -0.69994
1.95925  9.16351 -1.62048
2.48769 397586 1.11524
0.72788  4.1915 1.27773
-0.06268 -1.79203  0.98647
-1.06175 -2.49689  1.73464
-1.65227 -3.15014  1.0845
-0.56943 -3.09826  2.50303
-1.70964 -1.76137  2.2197

T DT D oo@mDm T ITTIToD@D ooz ooz oo -n DT

Sn 3.39312  -1.39256 -1.09613

Cl 5.44068 -2.38906 -0.37046

Cl 448507 -1.1924  -3.21265

Cl 2.32576 -3.2996  -2.06362

Cl 2.50882 -2.20783  0.96917

Thermal correction to Energy= 0.718816
Thermal correction to Enthalpy= 0.719761
Thermal correction to Gibbs Free Energy= 0.578992

Sum of electronic and zero-point Energies= -3651.507872
Sum of electronic and thermal Energies= -3651.461030
Sum of electronic and thermal Enthalpies= -3651.460086
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Sum of electronic and thermal Free Energies=
-3651.47710568

SCF Done:
13
Charge =

T L O T L oD T T IO T T I D ITIT DT ZOO0oooococoocoocoacocoaoocoaococoaoaoo0o0n0n0oan

E(RMO06) =

0 Multiplicity = 1

2.0692
-0.07362
-0.47625

0.0836
-0.22328

1.13456

4.30355
-0.23311

1.71605

1.06478
-0.89457
-2.29666

1.58283

2.20783
-0.97742
-0.85855
-1.55372
-0.88466
-2.89474
-1.54342
-3.54949
-2.87639

1.76323
-1.56768
-0.30097
-0.80208

0.99215

4.72665

3.82668
-0.61298

0.82508

0.30476

2.44752

0.20362
-1.32469

0.15509
-3.41654
-1.01418
-4.58903
-3.391

2.19754
-0.00849
1.31363
2.12319
1.45496
1.08816
3.01939
1.83077
-0.10959
-1.31353
2.37818
2.09026
2.24178
3.23486
0.9263
1.16412
2.44032
3.41096
2.65475
4.57416
3.81948
4.781
3.19669
1.41581
3.14781
0.54419
1.15481
3.22894
3.91491
2.85029
1.77379
-1.6129
4.11697
1.16979
0.28669
3.25163
1.90407
5.31685
3.97456
5.68515

-3651.600854

1.76033
-0.89147
-0.99163

0.17316

1.53524

2.19536

1.95409
-2.41563

1.80333

22777
2.37723
2.59735
0.17538
-0.70548
-3.2374
-4.6609
-5.0715
-5.82505
-4.71784
-6.2324
-5.11542
-5.87606

2.09268
-0.82569

0.17319

1.37535

3.28647

0.96916

2.37003
-2.56283

-2.69869
1.54946
-0.09995
-4.93237
-5.11307
-6.10321
-4.12996
-6.82371
-4.83898
-6.19052
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3.36054
-1.98711
1.2879
-3.09809
-0.63451
-0.8909
5.08862
3.06689
1.66241
2.30773
0.52324
1.8143
3.20625
0.02896
0.01441
0.67434
2.32325
-0.86948
0.28544
-3.03725
-3.96649
-2.77914
-4.63693
-4.16919
-3.45043
-2.04692
-4.37911
-5.36892
-3.24702
-4.9079
-2.45943
-2.64634
0.37885
0.98259
-0.84604
0.36185
1.94864
-1.46757
-1.32211
-0.8638
0.83797
-2.43353
-1.35307
1.81105

1.93665
-2.10421
-1.37495
-0.64187
-3.25178
-1.28792
2.67375
2.82459
3.87483
3.65084
4.6783
4.23077
3.01797
5.25769
4.85481
5.03418
4.05477
5.89081
5.49128
2.04653
1.03717
3.01605
0.99702
0.27253
2.9766
3.81176
1.96723
0.2011
3.74139
1.93541
1.18402
2.94147
-1.01764
-0.15544
-1.6115
0.11226
0.31199
-1.34305
-2.29093
-0.48143
0.79136
-1.8111
-0.27017
-2.07144

1.85303
-4.17975
-3.31843
-1.27259
-0.88417
-2.20065
2.62756
-1.19395
-1.99566
-3.21215
-1.94809
-4.38067
-3.2492
-3.11702
-0.98941
-4.33319
-5.33946
-3.07928
-5.25466
1.24782
0.9945
0.27882
-0.22784
1.75836
-0.94357
0.47838
-1.19709
-0.42783
-1.70724
-2.16076
3.14246
3.1433
3.62438
4.54011
3.9286
5.76005
4.30029
5.14845
3.2069
6.06421
6.48215
5.38787
7.02612
2.39405
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Thermal correction to Energy=

Thermal correction to Enthalpy=

Thermal correction to Gibbs Free Energy=

Sum of electronic and zero-point Energies=

Sum of electronic and thermal Energies=

Sum of electronic and thermal Enthalpies=

Sum of electronic and thermal Free Energies=
-3651.45413091

SCF Done:
14
Charge =

T T T oo ITTOoooocacocooooaorxro@m oo oo o@D o o@D aTOo

E(RMO06) =

1 Multiplicity = 1

1.40569
1.44891
0.14467
0.28767
-0.0409
-0.3012
1.2778
1.53362
2.40822
2.22352
2.41023
-1.54257
-1.94893
-2.62978
-2.39815
-1.43003
-3.3998
-3.21039
-4.64305
-5.4246
-4.8832
-3.88178
-1.06901
-2.02461
1.16906
1.2383
3.81051
4.55647
3.9126
4.03822
4.46988
-5.85186
3.71284
4.53133

0.00768
-1.0179
0.55091
0.46237
2.03985
2.1845
2.75399
2.58538
2.23157
2.56342
0.74852
-1.04046
-0.37904
-1.87568
-3.217
-3.66052
-3.9848
-5.02683
-3.41451
-4.0119
-2.07577
-1.31277
2.52806
3.36189
4.14081
4.98266
2.70334
2.06902
3.71861
2.80154
1.59452
-1.63024
0.8054
1.89545

0.718444
0.719388
0.580582
-3651.461083
-3651.414173
-3651.413229
-3651.552036

-0.94711
-1.26833
-0.29821
0.78317
-0.60086
-1.65754
-0.28881
0.76325
-1.17907
-2.2045
-1.3008
0.31768
1.09468
-0.30234
-0.62999
-0.40981
-1.22715
-1.47049
-1.50741
-1.96944
-1.18599
-0.58564
0.23995
-0.40743
-0.56289
0.60875
-0.77796
-1.27417
-1.17424
0.60922
1.27431
-1.39659
1.20078
2.32577
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5.81014  1.0847 0.78837
6.90143  1.95532  0.65299
5.97951 -0.27393  0.49378
8.14134  1.4757 0.2329
6.77 3.01173  0.87429
7.22547 -0.7557 0.0824
5.13223 -0.94883  0.59397
8.30681 0.11639 -0.05062
8.98058  2.15928  0.13077
7.34706 -1.81261 -0.14022
9.27447 -0.25834 -0.37447
-0.96029 -0.21423 -0.72056
-0.76136 -1.66528  0.76438
-4.07002 -0.27294 -0.32792
-1.5167 4.19101 -0.91798
-2.55492  2.77506 -1.17626
-3.0111 3.89997  0.60547
-3.83565 4.97655  0.25016
-3.14441  3.33392  1.87779
-4.78248  5.4724 1.14646
-3.73621  5.42923 -0.73464
-4.08862  3.83482  2.77741
-2.49939  2.50988  2.16179
-491169 490183 2.4153
-5.4147 6.30751  0.85645
-4.17861  3.38856  3.76436
-5.64545  5.28986  3.11657
1.0817 6.41551  0.172
2.16101  7.10287 -0.39895
-0.14621  7.07411  0.30793
2.01677 8.42184 -0.82766
3.11951  6.59961 -0.50299
-0.29324  8.39633 -0.11678
-0.99018  6.55055  0.75157
0.78749  9.07161 -0.68632
2.86243  8.94507 -1.26599
-1.25 8.89847 -0.00025
0.67507  10.10143 -1.01492
2.20571  4.82038 1.1018
0.43935 4.70015  1.30463

T ZT DT DT OTXXTOo@mnooooco@z I ozxonmnoooooo@n Do Im @D O O@D o000

Thermal correction to Energy= 0.654963
Thermal correction to Enthalpy= 0.655907
Thermal correction to Gibbs Free Energy= 0.541902

Sum of electronic and zero-point Energies= -1691.844062
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Sum of electronic and thermal Energies= -1691.808999
Sum of electronic and thermal Enthalpies= -1691.808055
-1691.922060

Sum of electronic and thermal Free Energies
SCF Done: E(RMO06) = -1691.81594352

3 General Glycosylation Procedures

SnCl, (0.1 equiv.),
DCM [0.1 M], —40 °C

BnO -
BnO O=R

method A BnO
BnO 3
BnO 0 g
nos —~ NH + R-OH —  snCl, (3.0 equiv.),
n
0" CCls (1.0 equiv.) DCM4[/(3'|1V|¥]’ " BEBO 0
1a (1.5 equiv.) 2 BnO
method B BnOO—R
a-3

General procedure of Method A: The trichloroacetimidate donor 1a and alcohol acceptor 2
were combined in a flask, co-evaporated with toluene (3 x 3 mL) and dissolved in DCM to
maintain a concentration of 0.01 M (based on the acceptor). Powdered freshly activated
molecular sieves (100 mg/mL solvent) were added, and the mixture was stirred for 30 min
under argon at ambient temperature and then cooled to —40 °C. A solution of SnCls in DCM
(0.10 equiv, 0.1 M solution in DCM) was added dropwise. After stirring for 12 hours at the
same temperature, TLC indicated that the reaction was complete and then the reaction was
allowed to warm slowly to room temperature. The reaction was quenched by the addition of
EtsN. The suspension was diluted with DCM and filtered through a pad of Celite, and the
filtrate washed with saturated NaHCO3 and NaCl aqueous, dried over Na>xSO4 and evaporated.
The residue was purified by flash chromatography or simple preparative thin-layer
chromatography on silica gel (EtOAc—hexane or EtOAc—toluene or acetone—toluene elution) to
afford the B-isomer and a trace amount of N-glucosyl trichloroacetamide.

General procedure of Method B: The trichloroacetimidate donor 1a and alcohol acceptor 2
were combined in a flask, co-evaporated with toluene (3 x 3 mL) and dissolved in DCM to
maintain a concentration of 0.01 M (based on acceptor). Powdered freshly activated molecular
sieves (100 mg/mL solvent) were added, and the mixture was stirred for 15 min under argon at
ambient temperature. Then, a solution of SnCls in DCM (3.0 equiv., 0.1 M solution in DCM)
was added dropwise at 0 °C. After stirring for 3 hours at ambient temperature, TLC indicated
that the reaction was complete, and then the reaction was quenched by the addition of Et3;N.
The suspension was diluted with EtOAc and filtered through a pad of Celite, and the filtrate
washed with saturated NaHCO3; and NaCl aqueous, dried over Na>SO4 and evaporated. The
residue was purified by flash chromatography or simple preparative thin-layer chromatography
on silica gel (EtOAc—hexane or EtOAc—toluene or acetone—toluene elution) to afford pure

a-isomer concomitant as major with pure B-isomer as minor.
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4 NMR data of Compounds

a-1a
2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside trichloroacetimidate a-1a:
To a magnetically stirred solution of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (500 mg, 0.9
mmol) and CCI3CN (0.37 mL, 3.7 mmol, 4 equiv.) in anhydrous CH2>Cl> (20 mL), DBU (26 uL,
0.18 mmol, 0.2 equiv.) was added dropwise at 0 °C, and the reaction mixture was stirred at the
same temperature for 3 h, after which complete consumption of starting materials was observed.
The reaction mixture was concentrated and purified by flash chromatography on silica gel
(preconditioned with Et3;N; eluent: hexane—EtOAc, 4:1) to afford compound a-la (600 mg,
97% yield) as a white powder. TLC (hexane-EtOAc, 4:1): Rr = 0.60; '"H NMR (CDCls, 400
MHz): 5 8.60 (s, 1H, NH), 7.36-7.16 (m, 20H, ArH), 6.55 (d, 1H, J = 3.48Hz, C19'">-H), 4.98 (d,
1H, J=11.00 Hz, OCH2Ph), 4.89—4.83 (m, 2H, OCH2Ph), 4.77 (d, 1H, J = 11.56 Hz, OCH2Ph),
4.70 (d, 1H, J = 11.36 Hz, OCH:Ph), 4.62 (d, 1H, J = 12.04 Hz, OCH:Ph), 4.55 (d, 1H, J =
10.72 Hz, OCH2Ph), 4.49 (d, 1H, J = 12.04 Hz, OCHPh), 4.07 (t, 1H, J = 9.36 Hz, C39c-H),
4.02-4.00 (m, 1H, C59'°-H), 3.83-3.77 (m, 3H, C4S-H, C6C!°-H and C2¢!°-H), 3.69 (dd, 1H, J
= 1.92, 10.76 Hz, C69"-H); BC{'H} NMR (CDCls, 400 MHz): § 162.3, 138.3, 137.9, 137.8,
128.6, 128.5, 127.9, 92.5, 77.5, 77.1, 77.0, 76.8, 76.6, 75.6, 73.7, 73.0, 72.0; HRMS (ESI) m/z
[M+Na]* calcd for C3sH3sCIsNNaOg 706.1506, found 706.1509.

NH

BnO

BB"&O%

n

5nO CCl3
B-1a

2,3,4,6-tetra-O-benzyl-p-D-glucopyranoside trichloroacetimidate p-1a:

To a magnetically stirred solution of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (60 mg, 0.12 mmol)
and CCI3CN (0.15 mL, 1.44 mmol, 13.0 equiv.) in anhydrous CH2Cl (2.0 mL), K2COs3 (77.0 mg, 0.55
mmol, 5.0 equiv.) was added at room temperature, and the reaction mixture was stirred at the same
temperature for overnight, after which complete consumption of starting materials was observed. The
reaction mixture was concentrated and purified by flash chromatography on silica gel (preconditioned
with Et;N; eluent: hexane—-EtOAc, 5:1) to afford compound B-1a (71.3 mg, 87% yield) as a white
powder. TLC (hexane-EtOAc, 4:1): R = 0.60, [a]; = +18.6 (¢ = 0.66, CHCl3); '"H NMR (CDCl;,
400 MHz): & 8.70 (s, 1H, NH), 7.33-7.15 (m, 20H, ArH), 5.80 (d, 1H, J = 6.80 Hz, C19"-H), 4.94 (d,
1H, J=10.80 Hz, OCH2Ph), 4.91 (d, 1H, J = 11.20 Hz, OCH2Ph), 4.83—4.74 (m, 3H, OCH2Ph), 4.62 (d,
1H, J=12.40 Hz, OCH2Ph), 4.57 (d, 1H, J = 10.80 Hz, OCH2Ph), 4.53 (d, 1H, J = 12.40 Hz, OCH2Ph),
3.76-3.61 (m, 6H, C3C!-H, C5%"-H, C49"-H, C6C"-H, C69"-H and C29-H); *C{'H} NMR (CDCls,
400 MHz): & 161.2, 138.4, 138.1, 138.0, 137.9, 128.4, 128.3, 128.0, 127.9, 128.8, 127.7, 127.6, 100.0,
98.4 (C19), 91.0, 84.6, 80.9, 77.4, 77.3, 77.0, 76.7, 75.9, 75.6, 75.0, 75.9, 73.3, 68.2, 29.7; HRMS
(EST) m/z [M+Na]+ calcd for C3sH3sC13NNaOs 706.1506, found 706.1512.
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OBn
BnO O
BnO
B-3a

Cyclohexanol 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside p-3a:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (4.87 mg, 0.049 mmol) in DCM (4.90 mL) at
—40°C temperature for 12 hours afforded B-3a (24 mg, 80% yield) as a white solid (eluent,
Toluene—Ethyl acetate 15:1). [a] = +16.7 (¢ = 1.0, CHCl3); '"H NMR (CDCl;, 400 MHz): §
7.28-7.09 (m, 20H, ArH), 4.92 (d, 1H, J = 10.88 Hz, OCH2Ph), 4.85 (d, 1H, J = 10.96 Hz,
OCH>Ph), 4.72 (dd, 2H, J = 10.88, 16.24 Hz, OCH2Ph), 4.64 (d, 1H, J = 10.92 Hz, OCH2Ph),
4.52-4.45 (m, 3H, OCH2Ph), 4.43 (d, 1H, J = 7.8Hz, C16.H) , 3.69-3.61 (m, 2H, C6CIcI-H
and OCH) , 3.60-3.54 (m, 2H, C3¢"!-H and C6Y'*'-H), 3.50-3.45 (m, 1H, C4%9'"I-H), 3.40-3.35
(m, 2H, C26€I.H and C59F!-H), 1.96-1.16 (m, 10H, CH3); *C{'H} NMR (CDCls, 400 MHz):
5 138.7, 138.6, 138.3, 138.2, 128.4, 128.3, 128.2, 128.0, 127.9, 127.7, 127.6, 127.5, 101.9
(C16kh), 84,9, 82.3, 77.4, 77.0, 76.7, 74.8, 73.4, 69.2, 58.4, 33.8, 32.0, 29.7, 25.7, 24.1, 24.0,
18.4; HRMS (ESI) m/z [M+Na]* calcd for C4s0H4s0O6Na 645.3192, found 645.3199.

OBn
BnO O

BnO
BnO
o~
a-3a

Cyclohexanol 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside a-3a:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (4.87 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature
for 3 hours afforded a-3a (23 mg, 76% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1).
[a]; = +31.5 (c = 1.0, CHCl3); 'H NMR (CDCls, 400 MHz): § 7.36-7.25 (m, 20H, ArH), 4.99 (d, 1H, J
= 10.88 Hz, OCH,Ph), 4.96 (d, 1H, J = 3.68 Hz, C16I-H), 4.84-4.79 (m, 2H, OCH,Ph), 4.74 (d, 1H, J
= 12.08 Hz, OCH>Ph), 4.65 (d, 1H, J=11.96 Hz, OCH,Ph), 4.61 (d, 1H, J = 12.16 Hz, OCH,Ph), 4.48
(d, 1H, J = 2.40 Hz, OCH,Ph), 4.45 (d, 1H, J = 3.84 Hz, OCH,Ph), 4.00 (t, 1H, J = 9.28 Hz, C3S"!-H),
3.89-3.86(m, 1H, OCHy), 3.75-3.70 (m, 1H, C6Y"!-H), 3.64-3.60 (m, 2H, C6%I-H and C59'!-H),
3.57-3.53 (m, 2H, C49"°-H and C29"°!-H), 1.86-1.33 (m, 10H, CH3); '3C{'H} NMR (CDCls, 400
MHz): & 139.0, 138.4, 138.3, 138.1, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6,
127.5, 94.7 (C16%¢h), 82.1, 80.0, 78.0, 77.3, 77.0, 76.7, 75.6, 75.4, 75.1, 74.8, 73.5, 73.0, 70.1, 68.7,
33.4, 31.5, 29.7, 25.6, 24.5, 24.2; HRMS (ESI) m/z [M+Na]" calcd for C4H4sOsNa 645.3192, found
645.3199.

OBn

BnO O
BnO
B-3b

Cyclopentanol 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside p-3b:
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Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 2b (4.19 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature for 12 hours
afforded B-3b (24 mg, 80% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [a]5 = +28.3 (¢
= 1.0, CHCl3); '"H NMR (CDCls, 400 MHz): & 7.26-7.08 (m, 20H, ArH), 4.85 (dd, 1H, J = 5.36, 10.92
Hz, OCH,Ph), 4.83 (d, 1H, J = 9.96 Hz, OCH,Ph), 4.74 (d, 1H, J = 10.84 Hz, OCH,Ph), 4.70 (d, 1H, J
= 11.00 Hz, OCH,Ph), 4.62 (d, 1H, J = 10.92 Hz, OCH,Ph), 4.55-4.45 (m, 3H, OCH,Ph), 4.35 (d, 1H,
J = 7.84 Hz, C19°LH), 431-4.29 (m, 1H, OCH>), 3.67 (dd, 1H, J = 1.76, 10.76 Hz, C6C-H),
3.61-3.54 (m, 2H, C6Y-H and C3°l_H), 3.47 (t, 1H, J = 9.56 Hz, C4S*_-H), 3.40-3.32 (m, 2H,
C59°H and C29"°!-H),1.81-1.45 (m, 8H, CH,); *C{'H} NMR (CDCls, 400 MHz): & 138.7, 138.6,
138.3, 138.2, 128.4, 128.2, 128.0, 127.9, 127.8, 127.7, 127.6, 102.1, 84.9, 82.3, 81.0, 78.0, 77.4, 77.0,
76.7, 75.7, 75.0, 74.9, 74.8, 73.5, 69.2, 33.6, 32.1, 29.7, 23.7, 23.4; HRMS (ESI) m/z [M+Na]* caled
for C39H4406Na 631.3036, found 631.3041.

OBn
BnO Q

BnO
Bn004<:|

a-3b

Cyclopentanol 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside a-3b:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 3b (4.19 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 3 hours
afforded a-3b (17mg, 61% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [a]} = +110.1
(¢ = 1.0, CHCl3); 'H NMR (CDCl3, 400 MHz): & 7.36-7.12 (m, 20H, ArH), 4.99 (d, 1H, J =10.88 Hz,
OCHyPh), 4.86 (d, 1H, J = 3.64 Hz, C19°'-H), 4.82 (d, 1H, J = 9.96 Hz, OCH,Ph), 4.77 (d, 1H, J =
12.76 Hz, OCH,Ph), 4.74 (d, 1H, J = 12.04 Hz, OCH,Ph), 4.65-4.57 (m, 3H, OCH>Ph), 4.47 (d, 1H, J
= 11.60 Hz, OCH,Ph), 4.15-4.14 (m, 1H, OCHy), 3.97 (t, 1H, J = 9.28 Hz, C39"°!-H), 3.83-3.80 (m, 1H,
C6Y°1-H), 3.74 (dd, 1H, J = 3.60, 10.52 Hz, C69°!-H), 3.64-3.61 (m, 2H, C5%"I-H and C4S"!-H), 3.54
(dd, 1H, J = 3.68, 9.60 Hz, C2G<!-H), 1.74-1.33(m, 8H, CHy); *C{'H} NMR (CDCls, 400 MHz): &
139.0, 138.4, 138.3, 138.1, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.6, 127.5,
95.6 (C19k1), 82.1, 80.2, 79.0, 78.0, 77.9, 77.4, 77.0, 76.7, 75.6, 75.1, 75.0, 73.5, 73.0, 70.1, 68.7, 32.9,
31.7,29.7,23.5,23.3; HRMS (ESI) m/z [M+Na]" calcd for C39H4406Na 631.3036, 631.3041.

OBn

Bno/ﬁzo
O 0 N
B-3c

n-Butanol 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside B-3c:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor n-butanol 2¢ (3.61 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature for
12 hours afforded B-3¢ (20 mg, 69% yield) as a white solid (eluent, Toluene—acetonitrile 15:1). [o]} =
+23.0 (¢ = 1.0, CHCl3); '"H NMR (CDCls, 400 MHz): & 7.28-7.08 (m, 20H, ArH), 4.87 (t, 2H, J = 9.4
Hz, OCH,Ph), 4.74 (d, 1H, J = 8.64 Hz, OCH,Ph), 4.71(d, 1H, J = 8.76Hz, OCH,Ph), 4.64 (d, 1H, J =
8.79 Hz, OCH,Ph), 4.54 (d, 1H, J = 9.76 Hz, OCH,Ph), 4.50-4.44 (m, 2H, OCH2Ph), 4.31 (d, 1H, J =
6.24Hz, C16*1-H), 3.92-3.87 (m, 1H, OCH>), 3.67 (d, 1H, J = 8.44 Hz, C6C"I-H), 3.61-3.55 (m, 2H,
C69FlH and C39l_H), 3.52-3.45(m, 2H, C59°-H and OCH»), 3.40-3.36 (m, 2H, C4%°_H and
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C26k1_H), 1.61-1.54 (m, 2H, CHa), 1.39-1.33 (m, 2H, CHa), 0.86 (t, 3H, J = 5.88 Hz, CHz); *C{'H}
NMR (CDCls, 400 MHz): § 138.7, 138.5, 138.2, 138.1, 128.5, 128.4, 128.3, 128.2, 127.9, 127.8, 127.7,
127.6, 103.7 (C16k1), 84.8, 82.3, 78.0, 77.0, 76.8, 75.7, 75.0, 74.9, 74.8, 73.5, 69.8, 69.1, 33.5, 31.9,
31.8, 29.7, 29.4, 29.3, 29.1, 24.8, 22.7, 19.3, 14.1, 13.9; HRMS (ESI) m/z [M+Na]" calcd for
C3sH4406Na 619.3036, found 619.3038.

OBn
BnO O
BnO
BnOO
~
a-3c

n-Butanol 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside a-3c¢:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor n-butanol 2¢ (3.61 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 3
hours afforded a-3¢ (23 mg, 77% yield) as a white solid (eluent, Toluene—acetonitrile 15:1. [o]} =
+204.2 (¢ = 0.2, CHCI3); 'H NMR (CDCl3, 400 MHz): 8 7.36-7.13 (m, 20H, ArCH), 4.99 (d, 1H, J =
10.88 Hz, OCH>Ph), 4.84-4.79 (m, 3H, OCH,Ph), 4.75 (d, 1H, J = 2.44 Hz, C19"!-H), 4.62 (dd, 2H, J
= 12.12, 16.40 Hz, OCH>Ph), 4.48-4.45 (m, 2H, OCH>Ph), 3.98 (t, 1H, J = 9.28 Hz, C3C<_H),
3.79-3.76 (m, 1H, OCH>), 3.72 (dd, 1H, J = 3.76, 10.56 Hz, C6C"!-H), 3.66-3.60 (m, 3H, C6Y'°!-H,
C49°lH and OCH»), 3.55 (dd, 1H, J = 3.64, 9.64 Hz, C2°°lH), 3.45-3.39 (m, 1H, C50"-H),
1.63-1.58 (m, 2H, CH), 1.42-1.33 (m, 2H, CH»), 0.91 (t, 3H, J = 7.36Hz, CH3); “C{'H} NMR
(CDCl3, 400 MHz): 6 139.0, 138.4, 138.3, 138.0, 128.4, 128.3, 128.2, 128.1, 127.9, 129.0, 127.8, 127.7,
127.5, 96.9 (C16k), 82.1, 80.2, 77.8, 77.4, 77.0, 76.7, 75.7, 75.1, 73.5, 73.1, 70.1, 68.6, 67.9, 31.9,
31.5, 29.7, 29.4, 22.7, 19.4, 14.1, 13.9; HRMS (ESI) m/z [M+Na]" calcd for C3sH44OsNa 619.3036,
found 619.3038.

OBn

BnO Q
Bn&/o
BnO \/\/\/

B-3d

n-Hexanol 2,3,4,6-tetra-O-benzyl-p-D-glucopyranoside p-3d:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 3d (4.97 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature for 12 hours
afforded B-3d (24 mg, 81% yield) as a white solid (eluent, Toluene—Ethyl acetate 30:1). [a]} = —1.2 (¢
= 1.0, CHCl;); 'H NMR (CDCl3, 400 MHz): § 7.28-7.08 (m, 20H, ArH), 4.87 (t, 2H, J = 10.92 Hz,
OCH,Ph), 4.76-4.70 (m, 2H, OCH»Ph), 4.64 (d, 1H, J = 10.96 Hz, OCH,Ph), 4.56-4.41 (m, 3H,
OCHPh), 4.31 (d, 1H, J = 7.80Hz, C1¢¥I-H), 3.92-3.86 (m, 1H, OCH2), 3.68-3.66 (m, 1H, C6G!-H) ,
3.62-3.43(m, 4H, C6S°!-H, C39"l-H, C5%I-H and OCH2>), 3.41-3.35 (m, 2H, C4Y"!-H and C2C"!-H),
1.62-1.53 (m, 4H, CH»), 1.35-1.22 (m, 4H, CH»), 0.81 (t, 3H, J = 6.80 Hz, CHs); C{'H} NMR
(CDCl3, 400 MHz): 6 138.7, 138.6, 138.3, 138.2, 128.4, 128.2, 128.0, 127.9, 127.8, 127.6, 127.5, 103.7
(C16'<1), 84.8, 82.3,78.0, 77.3, 77.0, 76.7, 75.7, 75.0, 74.9, 74.8, 73.5, 70.2, 69.1, 31.7, 29.8, 29.7, 25.9,
22.6, 14.1; HRMS (ESI) m/z [M+Na]" caled for C40HasOsNa 647.3349, found 647.3355.
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OBn

BnO Q
BnO
M
BnOO
a-3d

n-Hexanol 2,3,4,6-tetra-O-benzyl-o-D-glucopyranoside a-3d:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 3d (4.97 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 3 hours
afforded a-3d (24 mg, 80% yield) as a white solid (eluent, Toluene—Ethyl acetate 30:1). [a]} = +27.0 (¢
= 1.0, CHCl3); 'H NMR (CDCls, 400 MHz): 6 7.36-7.12 (m, 20H, ArH), 5.00 (d, 1H, J = 10.88 Hz,
OCH,Ph), 4.84-4.76 (m, 3H, OCH>Ph), 4.75 (d, 1H, J = 3.72 Hz, C19-H), 4.64 (d, 1H, J = 12.12 Hz,
OCH.Ph), 4.60 (d, 1H, J = 12.12 Hz, OCH,Ph), 4.46 (d, 2H, J = 11.52 Hz, OCH,Ph), 3.99 (d, 1H, J =
9.24Hz, C36%-H), 3.79-3.76 (m, 1H, OCH>), 3.72 (dd, 1H, J = 3.60, 10.48 Hz, C6%"-H), 3.65-3.59 (m,
3H, OCH», C4%H and C6Y°-H), 3.55 (dd, 1H, J = 3.68, 9.68 Hz, C20"-H), 3.46-3.39 (m, 1H,
C59-H), 1.65-1.56 (m, 4H, CH>), 1.35-1.25 (m, 4H, CH>), 0.88 (t, 3H, J = 6.72 Hz, CHs); BC{'H}
NMR (CDCls, 400 MHz): 5 140.0, 138.7, 138.6, 138.3, 138.2, 138.1, 128.4, 128.2, 128.0, 127.9, 127.8,
127.7,127.6, 127.5, 127.4, 103.7, 96.9, 84.8, 82.3, 82.1, 80.2, 80.0, 78.00, 77.8, 77.4, 77.0, 76.7, 75.7,
75.1,75.0,74.9, 74.8, 73.5, 73.1, 70.2, 70.1, 69.1, 68.6, 68.3, 31.7, 29.8, 29.4, 25.9, 22.6, 22.5; HRMS
(ESI) m/z [M+Na]" calcd for Cs0HasOsNa 647.3349, found 647.3355.

OBn

BnB?\&&/O

BnO

B-3e
Isoamyl 2,3,4,6-tetra-O-benzyl-p-D-glucopyranoside p-3e:
Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 3e (4.29 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature for 12 hours
afforded B-3e (25 mg, 82% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [a]5 = +24.9 (¢
= 1.0, CHCl3); '"H NMR (CDCls, 400 MHz): 8 7.26-7.13 (m, 20H, ArH), 4.91 (d, 1H, J = 10.92 Hz,
OCH.Ph), 4.85 (d, 1H, J = 10.86 Hz, OCH,Ph), 4.73 (dd, 2H, J = 13.64, 2.76 Hz, OCH,Ph), 4.64 (d,
1H, J = 10.92 Hz, OCH,Ph), 4.56-4.48 (m, 3H, OCH,Ph), 4.37 (d, 1H, J = 7.76 Hz, C16¢.H),
3.68-3.64 (m, 1H, C6C-H), 3.62-3.57 (m, 2H, C6CI-H and C3%!-H), 3.54-3.47 (m, 2H, OCH: and
C59FlH) , 3.39-3.35(m, 2H, C49'l-H and C2¢"!-H), 1.59-1.50 (m, 4H, CH>), 0.91-0.79 (m, 6H, CH3);
BC{'H} NMR (CDCls, 400 MHz): § 138.8, 138.6, 138.5, 138.2, 128.4, 128.3, 128.2, 128.0, 127.8,
127.6, 127.5, 102.6 (C16'h), 85.0, 82.5, 82.0, 78.1, 77.3, 77.0, 76.7, 75.7, 75.0, 74.9, 73.5, 69.2, 29.7,
27.0,26.0,9.7,9.5; HRMS (ESI) m/z [M+Na]* caled for C39Hss0sNa 633.3192, found 633.3199.

OBn
BnO O
BnO
BnOO

a-3e

Isoamyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside a-3e:
Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 3e (4.29 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 4 hours
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afforded a-3e (24 mg, 80% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [a]} = +19.4 (¢
= 1.0, CHCl3); 'H NMR (CDCls, 400 MHz): 6 7.27-7.06 (m, 20H, ArH), 4.91 (d, 1H, J = 10.88 Hz,
OCH,Ph), 4.89 (d, 1H, J = 3.64 Hz, C19°-H), 4.76 (d, 1H, J = 7.48 Hz, OCH>Ph), 4.73 (d, 1H, J =
7.68 Hz, OCH,Ph), 4.64-4.62 (m, 2H, OCH,Ph), 4.54 (d, 1H, J = 12.08 Hz, OCH,Ph), 4.42-4.37 (m,
2H, OCH,Ph), 3.92 (t, 1H, J = 9.32 Hz, C39"-H), 3.84-3.82 (m, 1H, OCH>), 3.66 (dd, 1H, J = 3.56,
10.52 Hz, C6S-H), 3.58-3.54 (m, 2H, C6S<-H and C49°-H), 3.51-3.47 (m, 1H, C29"l-H),
3.44-3.35 (m, 1H, C5S%°!-H), 1.59-1.44 (m, 4H, CH3), 0.91-0.81 (m, 6H, CH3); '3C{'H} NMR (CDCls,
400 MHz): 5 139.0, 138.4, 138.3, 138.1, 128.4, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.5,
95.6, 82.1, 80.2, 78.0, 77.3, 77.0, 76.7, 75.1, 73.2,70.4, 68.6, 29.7, 26.6, 26.0, 25.1, 10.2, 9.2; HRMS
(ESI) m/z [M+Na]" calcd for C390H4sOsNa 633.3192, found 633.3199.

OBn
Bno&g/o
BnO
B-3f

Adamantyl 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside p-3f:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 1-admantanol 2f (7.46 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature
for 12 hours afforded B-3f (29 mg, 88% yield) as a white solid (eluent, Toluene—Ethyl acetate 30:1).
[a]} =-21.6 (¢ = 1.0, CHCl3); '"H NMR (CDCls, 400 MHz): § 7.29-7.11 (m, 20H, ArH), 4.93 (d, 1H, J
= 11.00 Hz, OCH,Ph), 4.83 (d, 1H, J = 10.92 Hz, OCH,Ph), 4.74 (d, 1H, J = 10.92 Hz, OCH,Ph), 4.69
(d, 1H, J = 10.92 Hz, OCHyPh), 4.64 (d, 1H, J = 7.32 Hz, C16°-H), 4.61 (d, 1H, J = 4.16 Hz,
OCH;Ph), 4.53-4.45 (m, 3H, OCH,Ph), 3.65 (dd, 1H, J = 1.56, 10.84 Hz, C6C"°!-H), 3.59-3.52 (m, 2H,
C46°l.H and C6Y°!-H), 3.46-3.34 (m, 3H, C39"<l.H, C2CG°I.H and C59°'-H), 2.07 (s, 3H, CHb),
1.88-1.75 (m, 6H, CH3), 1.59-1.52 (m, 6H, CH3); 3C{'H} NMR (CDCls, 400 MHz): 5 138.7, 138.6,
138.4, 138.2, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.7, 127.6, 127.5, 127.4, 96.3 (C16k"), 85.2,
82.4,78.3,77.4,77.1,76.7,75.7,75.3, 75.0, 74.6, 73.4, 69.6, 42.8, 36.3, 30.7, 30.7, 29.7; HRMS (ESI)
m/z [M+Na]" calcd for C44Hs00OsNa 697.3505, found 697.3508.

OBn
BnO O
BnO
BnOO
a-3f

Adamantyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside a-3f:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 1-admantanol 2f (7.46 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature
for 3 hours afforded -3f (26 mg, 80% yield) as a white solid (eluent, Toluene—Ethyl acetate 30:1). 'H
NMR (CDCls, 400 MHz): § 7.35-7.30 (m, 20H, ArH), 5.29 (d, 1H, J = 4.12 Hz, C19"*I-H), 5.00 (d, 1H,
J=11.00 Hz, OCH,Ph), 4.83 (t, 2H, J = 11.00 Hz, OCH,Ph), 4.69-4.63 (m, 3H, OCH,Ph), 4.48-4.44
(m, 2H, OCH,Ph), 4.05-4.00 (m, 2H, C39°-H and C5%°-H), 3.76 (dd, 1H, J = 3.68, 6.88 Hz,
C69lH), 3.69-3.60 (m, 2H, C4°I_H and C6°-H), 3.54 (dd, 1H, J = 3.68, 10.00 Hz, C2C6¢!-H), 2.14
(s, 3H, CH3), 1.88-1.83 (m, 6H, CH3), 1.62-1.59 (m, 6H, CH3); *C{'H} NMR (CDCls, 400 MHz): &
139.2, 138.5, 138.4, 128.5, 128.4, 128.0, 89.9 (C16k"), 82.2, 80.2, 78.2, 77.5, 77.1, 76.8, 74.7, 69.7,
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69.7, 68.8, 42.5, 36.4, 30.7;, HRMS (ESI) m/z [M+Na]" caled for CsuHs00s¢Na 697.3505, found
697.3508.

OBn
BnO Q
Bno&g/o _
BnO -
B-3g

(L)-Menthyl 2,3.4,6-tetra-O-benzyl-B-D-glucopyranoside B-3g:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor (L)-menthyl 3g (7.60 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature
for 12 hours afforded p-3g (27 mg, 82% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1).
[a]y =—15.5 (¢ = 1.0, CHCl3); '"H NMR (CDCls, 400 MHz): § 7.28-7.11 (m, 20H, ArH), 4.86 (t, 2H, J
= 10.68 Hz, OCH,Ph), 4.73 (t, 2H, J = 11.24 Hz, OCH,Ph), 4.61 (d, 1H, J = 10.92 Hz, OCH,Ph),
4.55-4.45 (m, 3H, OCHyPh), 4.40 (d, 1H, J = 7.80 Hz, C19*!-H), 3.63-3.58 (m, 2H, C5%'-H and
C6Yl.H), 3.56-3.50 (m, 2H, C39"°!-H and C6C"*!-H), 3.46-3.40 (m, 1H, OCH), 3.56-3.32 (m, 2H,
C26l.H and C49'°!-H), 2.29-2.26 (m, 1H, CH3), 2.06 (d, 1H, J = 9.00 Hz, CH), 1.60-1.57 (m, 3H,
CH,), 0.86-0.74 (m, 13H, CH3); *C{'H} NMR (CDCl3, 400 MHz): § 128.6, 128.5, 128.4, 128.2, 127.9,
127.8, 127.6, 100.9 (C16'), 82.4, 78.1, 77.5, 77.2, 76.8, 75.7, 75.1, 75.0, 73.8, 48.3, 31.6, 29.9, 22 .4,
21.2,16.1; HRMS (ESI) m/z [M+Na]" caled for C44Hs406Na 701.3818, found 701.3826.

OBn
BnO O
BnO
B”Oo......

a-3g

(L)-Menthyl 2,3.4,6-tetra-O-benzyl-a-D-glucopyranoside a-3g:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor (L)-menthyl 3g (7.60 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for
3 hours afforded a-3g (53 mg, 81% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [o]} =
+31.5 (¢ = 1.0, CHCl3); 'H NMR (CDCl3, 400 MHz): § 7.33-7.14 (m, 20H, ArH), 5.02 (d, 1H, J = 3.68
Hz, C19%-H), 4.98 (d, 1H, J = 11.00 Hz, OCH,Ph), 4.84 (d, 1H, J = 5.96 Hz, OCH,Ph), 4.82 (d, 1H, J
= 5.96 Hz, OCH,Ph), 4.73-4.63 (m, 3H, OCH,Ph), 4.49—4.44 (m, 2H, OCH,Ph), 4.04-3.96 (m, 2H,
C39FlH and C5°°-H), 3.75 (dd, 1H, J = 4.12, 10.56 Hz, C6S°-H), 3.66-3.61 (m, 2H, C4°°I_-H and
C69FlH), 3.56-3.53 (m, 1H, C25¢!-H), 3.39-3.32 (m, 1H, OCH), 2.45-2.39 (m, 1H, CH>), 2.12 (d, 1H,
J = 12.35 Hz, CHy), 1.63—1.57 (m, 3H, CH), 1.38-1.26 (m, 2H, CHz), 1.08-0.97 (m, 7H, CH3),
0.72-0.70 (d, 3H, J = 6.88 Hz, CH3); 3C{'H} NMR (CDCl3, 400 MHz): § 139.0, 138.4, 138.1, 128.5,
128.0, 127.7, 98.7 (C19%h), 82.1, 81.1, 80.6, 78.2, 77.5, 77.1, 76.8, 70.4, 68.7, 48.9, 43.2, 34.4, 31.8,
24.7, 23.0, 22.4, 21.2, 16.2; HRMS (ESI) m/z [M+Na]* caled for C4HssOsNa 701.3818, found
701.3826.
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3-0-[2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside]diosgenin p-3h:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor diosgenin 2h (20.3 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature for
12 hours afforded B-3h (28 mg, 60% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [a]}, =
—11.2 (¢ = 0.5, CHCl3); '"H NMR (CDCls, 400 MHz): § 7.29-7.09 (m, 20H, ArH), 5.26 (d, 1H, J=4.72
Hz, CH=CH>), 4.90 (d, 1H, J = 10.88 Hz, OCH,Ph), 4.85 (d, 1H, J = 10.92 Hz, OCH,Ph), 4.75-4.63
(m, 3H, OCH,Ph), 4.52—4.45 (m, 3H, OCHxPh), 4.42 (d, 1H, J = 7.84 Hz, C1°-H), 4.39-4.31 (m, 1H,
OCH), 3.67-3.64 (m, 1H, C6CF-H), 3.59-3.45 (m, 4H, C6CF!I-H, C39*<l.H, C56°I-H and OCH),
3.41-3.28 (m, 4H, C4S¢l.H, C29¢.-H, OCH and OCH), 2.36-0.71 (m, 34H, diosgeninyl); '3C{'H}
NMR (CDCl3, 400 MHz): & 140.6, 138.7, 138.5, 138.3, 138.1, 128.4, 128.3, 128.0, 127.9, 127.7, 121.6,
109.3, 102.2 (C16*1), 84.8, 82.4, 80.8, 79.6, 78.0, 77.3, 77.0, 76.7, 75.7, 75.0, 74.8, 73.4, 69.2, 66.9,
62.1, 56.5, 50.1, 41.6, 40.3, 39.8, 39.1, 37.3, 36.9, 31.5, 31.4, 30.3, 29.7, 28.8, 20.9, 19.5, 17.2, 16.3,
14.5; HRMS (ESI) m/z [M+Na]* calcd for CsoH740sNa 945.5281, found 945.5288.

~

3-0-[2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside]diosgenin a-3h:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor diosgenin 2h (18.8 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 3
hours afforded a-3h (38 mg, 85% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). 'H NMR
(CDCl3, 400 MHz): 6 7.35-7.13 (m, 20H, ArH), 5.28 (d, 1H, J = 5.04 Hz, CH=CH>), 5.01 (d, 1H, J =
11.00 Hz, OCH,Ph), 4.93 (d, 1H, J = 3.68 Hz, C19'°-H), 4.85-4.76 (m, 3H, OCH,Ph), 4.63 (dd, 2H, J
=3.68, 12.36 Hz, OCH,Ph), 4.48-4.39 (m, 3H, OCH,Ph and OCH), 4.00 (t, 1H, J = 9.60 Hz, C3SI-H),
3.88 (d, 1H, J = 10.08 Hz, C59'-H), 3.74 (dd, 1H, J = 3.64, 6.88 Hz, C6F-H), 3.66-3.61 (m, 2H,
C6Y°l.H and C4S6°l-H), 3.55 (dd, 1H, J = 3.68, 9.64 Hz, C26*-H), 3.50-3.35 (m, 3H, OCH),
2.42-0.75 (m, 34H, diosgeninyl); *C{'H} NMR (CDCls;, 400 MHz): § 141.0, 139.0, 138.4, 138.0,
128.5,128.4, 128.0, 121.6,109.4, 94.7 (C19'1), 82.2, 80.9, 80.0, 78.0, 77.5, 77.1, 76.8, 76.5, 73.5, 70.1,
66.9, 62.2, 56.6, 50.1, 41.7, 40.4, 39.9, 39.9, 37.0, 32.0, 31.5, 30.4, 28.9, 27.5, 20.9, 19.5, 17.3, 16.4,
14.7; HRMS (ESI) m/z [M+Na]* calcd for CsoH740sNa 945.5281, found 945.5288.

S21



3-0-[2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside]cholesterol p-3i:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor cholesterol 2i (18.8 mg, 0.049 mmol) in DCM (4.90 mL) at —-40°C temperature for
12 hours afforded p-3i (34 mg, 76% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [a]} =
-20.2 (¢ = 1.0, CHCl3); 'H NMR (CDCls, 400 MHz): & 7.29-7.09 (m, 20H, ArH), 5.28-5.22 (m, 1H,
CH=CH»), 4.90 (d, 1H, J = 10.88 Hz, OCH,Ph), 4.85 (d, 1H, J = 10.96 Hz, OCH,Ph), 4.77-4.63 (m,
3H, OCH,Ph), 4.55-4.44 (m, 3H, OCH>Ph), 4.40 (d, 1H, J = 9.48 Hz, C1°°_H), 3.67-3.65 (m, 1H,
C69FlH), 3.59-3.45 (m, 4H, C3%°!_H, C6C!-H, C5%!-H and OCH), 3.39-3.35 (m, 2H, C4%_-H and
C26lH), 2.35-0.79 (m, 43H, cholesteryl); >*C NMR (CDCls, 400 MHz): & 140.6, 138.7, 138.6, 138.3,
138.2, 128.4, 128.3, 128.0, 127.9, 127.7, 121.9, 102.3 (C19'¢1), 84.9, 82.4, 79.7, 78.0, 77.4, 77.0, 76.7,
74.7, 75.0, 75.0, 74.8, 73.4, 69.2, 56.8, 56.2, 50.2, 42.4, 39.8, 39.6, 36.8, 35.8, 32.0, 31.9, 30.0, 29.7,
28.3, 28.0, 24.3, 23.8, 22.8, 22.6, 21.1, 19.4, 18.8, 11.9; HRMS (ESI) m/z [M+Na]* calcd for
Cs1Hg0OsNa 931.5853, found 931.5860.

OBn
BnO O
BnO
BnOO

a-3i

3-0-[2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside]cholesterol a-3i:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor cholesterol 2i (20.3 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for
3 hours afforded o-3i (38 mg, 82% yield) as a white solid (eluent, Toluene-Ethyl acetate 15:1). 'H
NMR (CDCls, 400 MHz): 6 7.36-7.15 (m, 20H, ArH), 5.29 (d, 1H, J = 5.08 Hz, CH=CH>), 5.01 (d, 1H,
J=11.00 Hz, OCH>Ph), 4.94 (d, 1H, J = 3.68 Hz, C16!_-H), 4.85-4.76 (m, 3H, OCH,Ph), 4.64 (dd, 2H,
J=12.36, 16.04 Hz, OCH,Ph), 4.46 (dd, 2H, J = 4.60, 11.00 Hz, OCH,Ph), 4.01 (t, 1H, J = 9.64 Hz,
C39lH), 3.88 (d, 1H, J = 10.08 Hz, C59"°-H), 3.74 (dd, 1H, J = 3.68, 11.00 Hz, C6%-H), 3.67-3.62
(m, 2H, C6C°!-H and C4'°!-H), 3.56 (dd, 1H, J = 3.68, 9.64 Hz, C29'I-H), 3.51-3.45 (m, 1H, OCH),
2.47-0.68 (m, 43H, cholesteryl); *C{'H} NMR (CDCls;, 400 MHz): & 140.9, 139.0, 138.4, 138.1,
128.6, 128.5, 128.0, 121.8, 94.7 (C19'*1), 82.2, 80.0, 78.0, 77.5, 77.1, 76.8, 76.6, 73.5, 73.2, 70.1, 56.9,
56.2,50.2,42.4, 40.0, 39.6, 36.9, 35.9, 32.0, 31.9, 28.4, 28.1, 23.9, 23.0, 22.7, 19.5, 18.8, 12.0; HRMS
(ESI) m/z [M+Na]" calcd for Cs1HgoOsNa 931.5853, found 931.5860.

OBn

BnBOﬁ/O

n (0]

B BnO
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BnO
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Methyl 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside-(1 — 6)-2,3,4-tri-O-benzyl-a-D-glucopyranoside
B-3j:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 2j (22.6 mg, 0.049 mmol) in DCM (4.90 mL) at —40°C temperature for 12 hours
afforded o-3j (40 mg, 83% yield) as a white solid (eluent, Toluene-Ethyl acetate 50:1). 'H NMR
(CDCls, 400 MHz): 6 7.31-7.15 (m, 35H, ArH), 4.97 (d, 1H, J = 3.20 Hz, OCH,Ph), 4.95 (d, 1H, J =
2.76 Hz, OCH,Ph), 4.90 (d, 1H, J = 11.00 Hz, OCH,Ph), 4.82-4.49 (m, 12H, OCH>Ph and C16¥!-H),
4.34 (d, 1H, J = 7.80 Hz, C162.H), 4.22-4.16 (m, 1H, C6C2-H), 3.99 (1, 1H, J = 9.16 Hz, C3C*I-H),
3.84-3.81 (m, 1H, C6Y*-H), 3.73-3.48 (m, 8H, C4C2.H, C3G2.H, C59<2.H, C6C"2-H, C6CI-H,
C46cl.H, C26"I.H and C3°F!-H), 3.44-3.41 (m, 1H, C29"2-H), 3.32 (s, 3H, OMe); *C{'H} (CDCls,
400 MHz): 5 138.9, 138.6, 138.5, 138.3, 138.2, 128.6, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6,
103.9 (C16k2), 98.1 (C19'¢1), 84.9, 82.2, 82.1, 79.8, 78.1, 78.0, 77.4, 77.1, 76.8, 75.8, 75.1, 75.0, 73.5,
73.5, 69.9, 69.1, 68.6, 55.3; HRMS (ESI) m/z [M+Na]* caled for Cs2HesO1:1Na 1009.4503, found
1009.4510.

OBn
BnO O
BnO
BnOO
BnO O
BnO
a-3j BnO

OMe

Methyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside-(1 — 6) -2,3,4-tri-O-benzyl-a-D-glucopyranoside
a-3j:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 2j (22.6 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 3 hours
afforded o-3j (43 mg, 90% yield) as a white solid (eluent, Toluene-Ethyl acetate 50:1). 'H NMR
(CDCl3, 400 MHz): & 7.29-7.10 (m, 35H, ArH), 4.98 (d, 1H, J = 2.28 Hz, C1¢¥l-H), 4.95-4.90 (m, 3H,
OCH,Ph), 4.84-4.78 (m, 3H, OCH,Ph), 4.75-4.56 (m, 6H, OCH.Ph), 4.55 (d, 1H, J = 4.12 Hz,
C162.H), 4.43 (t, 2H, J = 11.92 Hz, OCH,Ph), 3.99 (d, 1H, J = 9.64 Hz, C39"2.H), 3.94 (d, 1H, J =
9.64 Hz, C36l-H), 3.83-3.60 (m, 7H, C6C!-H, C59"!-H, C592.-H, C692-H, C6Y2-H, C6G°I-H and
C462.H), 3.56-3.52 (m, 2H, C49I-H and C2C"°I-H), 3.44 (dd, 1H, J = 3.68, 10.08 Hz, C262-H), 3.35
(s, 3H, OMe); BC{'H} NMR (CDCls, 400 MHz): § 138.9, 138.5, 138.3, 138.1, 128.5, 128.5, 128.4,
128.4, 128.1, 128.0, 127.8, 127.7, 98.0 (C19'¢"), 97.4 (C16k2), 82.2, 81.8, 80.2, 80.1, 77.9, 77.7, 77.4,
77.1, 76.8, 75.8, 75.6, 75.1, 75.0, 73.5, 72.5, 70.4, 70.3, 68.5, 66.1, 55.3; HRMS (ESI) m/z [M+Na]*
calcd for Ce2HesO11Na 1009.4503, found 1009.4510.

OBn

BnO 8 0
BnO
A > o0
o )~
B-3k

2,3,4,6-tetra-O-benzyl-f-D-glucopyranoside-(1 — 6)-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose
B-3k:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 2k (12.7 mg, 0.049 mmol) in DCM (4.90 mL) at —40 °C for 12 hours afforded
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B-3k (30 mg, 79% yield) as a white solid (eluent: Toluene—acetone 15:1). 'H NMR (CDCls, 400 MHz):
8 7.35-7.05 (m, 20H, ArH), 5.49 (d, 1H, J = 5.00 Hz, C1942-H), 4.98 (d, 1H, J = 11.16 Hz, OCH,Ph),
4.87 (d, 1H, J = 10.96 Hz, OCH,Ph), 4.71 (dd, 2H, J = 10.08, 14.00 Hz, OCH,Ph), 4.64 (d, 1H, J =
11.12 Hz, OCH,Ph), 4.52-4.42 (m, 4H, C3%*2-H and OCH,Ph) , 4.38 (d, 1H, J = 7.76 Hz, C19"-H),
4.24 (dd, 1H, J = 2.36, 4.96 Hz, C2922-H), 4.17 (dd, 1H, J = 1.64, 7.92 Hz, C4%2_H), 4.09-4.04 (m,
2H, C5%2.H and C6%22-H), 3.68-3.51 (m, 5H, C6Y'¢l-H, C6C!°l-H, C6%22-H, C5%!°I_H and C3°I-H ),
3.41-3.37 (m, 2H, C49l_H and C26'°!-H), 1.43 (s, 3H, Me), 1.38 (s, 3H, Me), 1.24 (s, 3H, Me), 1.19 (s,
3H, Me); BC{'H} NMR (CDCls, 400 MHz): 6 138.7, 138.2, 128.6, 128.3, 128.2, 127.9, 127.8, 127.7,
127.6, 127.5, 127.4, 109.4, 104.4 (C16k), 96.4 (C1622), 84.6, 81.7, 77.8, 77.3, 77.0, 76.7, 75.7, 75.0,
74.8, 74.4, 73.5, 71.5, 70.8, 70.5, 69.7, 68.8, 67.4, 29.7, 26.1, 26.0, 25.0, 24.5; HRMS (ESI) m/z
[M+Na]* calcd for C4sHs4011Na 805.3564, found 805.3567.

OBn
BnO O
BnO
Brg)o
~(XRR
(0]

2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside-(1 — 6)-1,2:3,4-di-O-isopropylidene-a-D-galactopyranose
a-3k:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 3k (12.7 mg, 0.049 mmol) in DCM (4.90 mL) at at room temperature for 3 hours
afforded a-3k (26 mg, 68% yield) as a white solid, (eluent: Toluene—acetone 15:1). 'H NMR (CDCls,
400 MHz): § 7.38-7.12 (m, 20H, ArH), 5.52 (d, 1H, J = 5.20 Hz, C1%!'-H), 5.00 (d, 1H, J = 3.44 Hz,
C192.H), 4.98 (d, 1H, J = 10.76 Hz, OCH2Ph), 4.82 (d, 1H, J = 11.00 Hz, OCH,Ph), 4.80 (d, 1H, J =
11.44 Hz, OCHPh), 4.72 (q, 2H, J = 11.92 Hz, OCH,Ph), 4.63 (d, 1H, J = 12.40 Hz, OCH>Ph), 4.60
(dd, 1H, J = 2.32, 10.08 Hz, C3%*'-H), 4.48 (d, 1H, J = 10.96 Hz, OCH,Ph), 4.46 (d, 1H, J = 12.36 Hz,
OCHyPh), 4.36 (dd, 1H, J = 1.84, 7.80 Hz, C4%'-H), 4.32 (dd, 1H, J = 2.28, 5.04 Hz, C25-H),
4.06-4.02 (m, 1H, C5%!-H), 3.99 (t, 1H, J = 9.64 Hz, C392-H), 3.84-3.79 (m, 1H, C36F2.H),
3.78-3.74 (m, 3H, C69"2-H, C6%!-H and C69'-H), 3.72-3.63 (m, 2H, C6%°2-H and C49<2-H), 3.58
(dd, 1H, J = 3.68, 9.60 Hz, C26¥2-H), 1.53 (s, 3H, Me), 1.45 (s, 3H, Me), 1.33 (s, 3H, Me), 1.32 (s, 3H,
Me); BC{'H} NMR (CDCl;, 400 MHz): & 139.0, 138.4, 138.1, 128.5, 128.0, 128.0, 127.9, 127.8, 127.7,
127.6,109.3, 108.7, 97.1 (C19'<2), 96.4 (C192"), 82.1, 79.9, 77.7,77.4,75.7,75.1, 73.6, 72.5, 70.9, 70.8,
70.7, 70.3, 68.4, 66.3, 65.8, 26.3, 26.2, 25.0, 25.0; HRMS (ESI) m/z [M+Na]" calcd for C4Hs401:1Na
805.3564, found 805.3567.

OBn
OBn
n BnO
BnO BnO
OMe
B-3l

Methyl 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside-(1 — 4)-2,3,6-tri-O-benzyl-a-D-glucopyranoside
p-31:
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Following the general procedure of Method A using trichloroacetimidate 1a (65 mg, 0.095 mmol, 1.5
equiv.) and acceptor 31 (29.4 mg, 0.063 mmol) in DCM (6.30 mL) at —40 °C for 12 hours afforded p-31
(38 mg, 71% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [o]} = +79.6 (¢ = 1.0, CHCl3);
"H NMR (CDCls, 400 MHz): § 7.26-7.09 (m, 35H, ArH), 4.89 (dd, 2H, J = 3.88, 11.04 Hz, OCH,Ph),

4.83 (d, 1H, J =10.96 Hz, OCH,Ph), 4.74-4.63 (m, 6H, OCH,Ph), 4.57 (d, 1H, J=12.12 Hz, OCH,Ph),
4.53 (d, 1H, J = 3.12 Hz, C19"2-H), 4.50-4.42 (m, 4H, OCH>Ph), 4.27 (d, 1H, J = 7.76 Hz, C16"!-H),

4.11-4.09 (m, 1H, C6C2H), 3.92 (t, 1H, J = 9.28 Hz, C362.H), 3.77-3.74 (m, 1H, C39"l.H),

3.86-3.81 (m, 5H, C6S<l-H, C6%2-H , C552_H, C4%"*l_H and C6Y°!-H), 3.46-3.39 (m, 3H, C2°">-H,

C492H and C29"°-H), 3.37-3.34 (m, 1H, C59-H), 3.25 (s, 3H, OMe); C{'H} NMR (CDCls, 400
MHz): & 138.9, 138.6, 138.4, 138.3, 138.2, 128.4, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.7,

127.6,127.5,103.8 (C19'¢1), 98.1 (C19'*1), 84.8, 82.1, 79.8, 78.0, 77.9, 77.3, 77.0, 76.7, 75.7, 75.1, 75.0,
74.9,73.5, 73.4, 69.9, 55.2, 29.7, HRMS (ESI) m/z [M+Na]* calcd for Cs;HssO1:1Na 1009.4503, found

1009.4509.

OBn
BnO O
BnO OBn
BnOO 0
BnO 2n0
n
a3l OMe

Methyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside-(1 — 4)-2,3,6-tri-O-benzyl-a-D-glucopyranoside
a-31:

Following the general procedure of Method B using trichloroacetimidate 1a (65 mg, 0.095 mmol, 1.5
equiv.) and acceptor 31 (29.4 mg, 0.063 mmol) in DCM (6.30 mL) at room temperature for 3 hours
afforded a-31 (37 mg, 63% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). '"H NMR
(CDCl3, 400 MHz): 8 7.32-7.08 (m, 35H, ArH), 5.69 (d, 1H, J = 3.68 Hz, C16"2-H), 5.03 (d, 1H, J =
11.32 Hz, OCH,Ph), 4.88 (d, 1H, J = 11.00 Hz, OCH>Ph), 4.82-4.76 (m, 3H, OCH,Ph), 4.70 (d, 1H, J
=12.36 Hz, OCH>Ph), 4.60 (d, 1H, J = 3.68 Hz, C16'_-H), 4.58-4.49 (m, 6H, OCH,Ph), 4.42 (d, 1H, J
= 11.44 Hz, OCH,Ph), 4.27 (d, 1H, J = 12.84 Hz, OCH,Ph), 4.11-4.02 (m, 2H, C3%I_H and C49'"°-H),
3.90 (t, 1H, J = 8.72 Hz, C39<2_H), 3.86-3.81 (m, 2H, C5°°l-H and C6S!-H), 3.72-3.62 (m, 3H,
C6YFlH, C492H and C592-H), 3.59 (dd, 1H, J = 3.64, 9.16 Hz, C2Cl.H), 3.51-3.47 (m, 2H,
C262_H and C6Y2-H), 3.39 (dd, 1H, J = 1.84, 11.00 Hz, C6C"'-H), 3.37 (s, 3H, OMe),; *C{'H} NMR
(CDCl3, 400 MHz): 6 139.1, 138.9, 138.6, 138.3, 138.1, 138.0, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,
127.9, 127.8, 127.7, 127.6, 127.5, 127.4, 127.3, 127.2, 126.9, 97.9 (C19%"), 96.7 (C19'¢}), 82.1, 80.3,
79.6,77.7,77.4,75.6,75.0, 74.5, 73.6, 73.5, 73.3, 73.2, 72.4, 71.1, 69.6, 69.1, 68.3, 55.2; HRMS (ESI)
m/z [M+Na]" calcd for Ce2HesO1:1Na 1009.4503, found 1009.4509.

B-3m

Benzyl 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside-(1 — 2)-3,4,6-tri-O-benzyl-B-D-mannopyranoside
p-3m:
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Following the general procedure of Method A using trichloroacetimidate 1a (65 mg, 0.095 mmol, 1.5
equiv.) and acceptor 2m (34 mg, 0.063 mmol) in DCM (6.30 mL) at —40 °C for 12 hours afforded p-3m
(17 mg, 55% yield) as a white solid (eluent, Toluene—Ethyl acetate 15:1). [o]} = +31.0 (c = 0.4, CHCl;);
"H NMR (CDCl3, 400 MHz): 6 7.36-7.06 (m, 40H, ArH), 5.09 (d, 1H, J = 10.16 Hz, OCH,Ph), 5.01 (s,
1H, C16l_H), 4.88-4.83 (m, 3H, OCH,Ph), 4.74-4.65 (m, 3H, OCH,Ph), 4.45-4.41 (m, 5SH, OCH>Ph),
4.36 (d, 1H, J = 2.04 Hz, C1M*2H), 4.38-4.36 (m, 2H, OCH>Ph), 4.33 (d, 2H, J = 3.00 Hz, OCH>Ph),
4.23-4.22 (m, 1H, C2°°LH), 3.98 (t, 1H, J = 9.28 Hz, C4S<_H), 3.92 (dd, 1H, J = 3.20, 9.36 Hz,
C39lH), 3.77-3.74 (m, 1H, C5%'!-H), 3.67 (dd, 1H, J = 4.60, 10.52 Hz, C6C°'-H), 3.66-3.40 (m, 7H,
C6SlH, CoMan2_H, CeMan2H, C4Man2_ H, C5ManZj, C2Ma2_H and C3M*2_H); 3C{'H} NMR (CDCls,
400 MHz): § 129.2, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 127.5, 127.3, 103.0 (C19'¢!),
97.6 (C1Ma2) 847, 81.5, 77.3, 77.0, 76.7, 75.0, 73.3, 29.5; HRMS (ESI) m/z [M+Na]* calcd for
CssH70011Na 1085.4816, found 1085.4822.

OBn

BnO O
BnO

BnO

(0]
BnO
BnO Q
BnO

OBn
a-3m

Benzyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside-(1 — 2)-3,4,6-tri-O-benzyl-B-D-mannopyranoside
o-3m:

Following the general procedure of Method B using trichloroacetimidate 1a (65 mg, 0.095 mmol, 1.5
equiv.) and acceptor 2m (34 mg, 0.063 mmol) in DCM (6.30 mL) at room temperature for 3 hours
afforded a-3m (17 mg, 51% yield) as a white solid (eluent, Toluene-Ethyl acetate 15:1). 'H NMR
(CDCl3, 400 MHz): 8 7.37-7.09 (m, 40H, ArH), 5.44 (d, 1H, J = 3.64 Hz, C16"2-H), 4.92 (d, 1H, J =
1.84 Hz, C1Manl.H), 4.88 (d, 1H, J = 11.00 Hz, OCH,Ph), 4.82-4.51 (m, 10H, OCH,Ph), 4.45-4.40 (m,
4H, OCH,Ph), 4.35 (d, 1H, J = 11.44 Hz, OCH,Ph), 4.21 (t, 1H, J = 2.28 Hz, C2M*I-H), 4.07 (t, 1H, J
= 9.64 Hz, C4ManlH), 4.01-3.96 (m, 2H, C3MaI.H and C39<2-H), 3.83-3.77 (m, 3H, C5M*l.H,
C6Manl.H and C6°'2-H), 3.73-3.69 (m, 1H, C6M*"I-H), 3.63 (dd, 1H, J = 4.12, 11.00 Hz, C6C2-H),
3.59 (t, 1H, J = 9.64 Hz, C4S"2-H), 3.53 (dd, 1H, J = 3.64, 10.08 Hz, C2C!2-H), 3.48 (dd, 1H, J = 1.64,
9.16 Hz, C59<2-H); *C{'H} NMR (CDCl;, 400 MHz): & 139.1, 138.7, 138.6, 138.5, 138.2, 138.0,
137.4, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.8, 127.6, 127.5, 127.4, 127.3, 98.3 (C1612), 97.3
(C1Manly 81.6, 80.6, 79.8, 77.3, 77.1, 75.6, 75.2, 75.1, 73.6, 73.5, 73.2, 73.1, 72.8, 71.8, 70.7, 69.5,
69.0, 68.5; HRMS (ESI) m/z [M+Na]" caled for CssH7001:1Na 1085.4816, found 1085.4822.

OBn

o OTIPS
BnO Q
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BnO 0
B-3n ~ X

Benzyl 2,3,4,6-tetra-O-benzyl-B-D-glucopyranoside (1—2)-4,6-O-benzylidene-3-O-TIBS-a-D-gluco
pyranoside B-3n:

Following the general procedure of Method A using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 2n (23 mg, 0.049 mmol) in DCM (4.90 mL) at —40 °C for 12 hours afforded p-3n
(26 mg, 54% vyield) as a white solid (eluent, N-hexane—Ethyl acetate 6:1). [0]} = +28.5 (¢ = 1.0,
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CHCL); 'H NMR (CDCls, 400 MHz): § 7.48-7.18 (m, 25H, ArH), 6.01-5.91 (m, 1H, OCH,CH=CH,),
5.43 (s, 1H, ArCH), 5.40 (dd, 1H, J= 1.40, 17.44 Hz, OCH,CH=CH)), 5.18 (dd, 1H, J = 0.88, 11.44 Hz,
OCH,CH=CH>), 5.05 (d, 1H, J = 10.48 Hz, OCH,Ph), 5.04 (d, 1H, J = 2.96 Hz, C1*\-H), 4.94 (d, 1H,
J=10.48 Hz, OCH,Ph), 4.82 (d, 1H, J = 7.56 Hz, C162.H), 4.81-4.75 (m, 3H, OCH,CH), 4.64-4.53
(m, 3H, OCH,CH), 4.36 (t, 1H, J = 9.16Hz, C36-H), 4.30-4.22 (m, 2H, C5%2-H and OCH,CH), 4.09
(dd, 1H, J = 5.12, 13.40 Hz, C652-H), 3.98-3.87 (m, 2H, C29"!-H and OCH,CH), 3.77-3.68 (m, 3H,
C6%2-H, C6SFI-H and C39<2-H), 3.64-3.60 (m, 2H, C6%°'-H and C492-H), 3.50-3.41 (m, 3H,
C5GH, C49¢.H and C20°2-H), 1.09-0.92 (m, 21H, TIPIS); 3C{'H} NMR (CDCls, 400 MHz):
5138.2, 134.2, 128.4, 128.2, 128.1, 128.0, 127.9, 127.8, 127.6, 127.5, 126.4, 104.2, 102.3, 98.2, 81.7,
77.9,77.3,77.0, 76.7, 75.4, 74.9, 48.2, 18.1, 13.2; HRMS (ESI) m/z [M+Na]" calcd for CssH74NaOy;Si
1009.4898, found 1009.4905.

OBn
BnO O
BnO 8ok OTIPS .
o 0 Ph
a-3n O\/\

Benzyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (1—2)-4,6-O-benzylidene-3-O-TIBS-a-D-gluco
pyranoside a-3n:

Following the general procedure of Method B using trichloroacetimidate 1a (50 mg, 0.073 mmol, 1.5
equiv.) and acceptor 2n (23 mg, 0.049 mmol) in DCM (4.90 mL) at room temperature for 3 hours
afforded -3n (24 mg, 51% yield) as a white solid (eluent, hexane—Ethyl acetate 6:1). "H NMR (CDCls,
400 MHz): 6 7.47-7.16 (m, 25H, ArH), 5.93-5.84 (m, 1H, OCH,CH=CH>), 5.43 (s, 1H, ArCH), 5.31
(dd, 1H, J = 1.40, 17.44 Hz, OCH,CH=CH>), 5.21 (d, 1H, J = 3.68 Hz, C19"-H), 5.17 (d, 1H, J = 3.68
Hz, C162-H), 5.15 (dd, 1H, J = 0.88, 11.44 Hz, OCH.CH=CH>), 4.89 (d, 1H, J = 11.00 Hz, OCH,Ph),
4.87 (d, 1H, J = 11.32 Hz, OCH,Ph), 4.78 (d, 1H, J = 11.92 Hz, OCH,Ph), 4.71 (d, 1H, J = 11.00 Hz,
OCH,Ph), 4.61 (d, 1H, J = 12.36 Hz, OCH»Ph), 4.59 (d, 1H, J = 11.92 Hz, OCH>Ph), 4.49 (d, 1H, J =
11.00 Hz, OCH,Ph), 4.46 (d, 1H, J = 12.36 Hz, OCH,Ph), 4.38 (t, 1H, J = 9.16Hz, C3SFl-H),
4.26-4.19 (m, 2H, C6C°!-H and OCH,CH), 4.11 (t, 1H, J = 9.16Hz, C39'2-H), 4.02-3.96 (m, 2H,
C692.H and OCH,CH), 3.90-3.84 (m, 1H, C5Sl-H), 3.74-3.64 (m, 5H, C49'2.H, C6S°I-H, C6Y'2-H
C26l.H and C59<2-H), 3.62 (dd, 1H, J = 3.68, 9.60 Hz, C2C2-H), 3.41 (t, 1H, J = 9.04Hz, C4C"!-H),
1.15-0.95 (m, 21H, TIPIS); *C{'H} NMR (CDCl;, 400 MHz): & 139.0, 138.9, 138.6, 138.1, 137.3,
133.5,129.2, 128.4, 128.30, 128.2, 128.1, 127.9, 127.8, 127.7, 127.6, 127.5, 127.3, 127.2, 126.5, 118 .4,
102.5, 95.2 (C191), 92.6 (C19¢2), 82.7, 82.0, 79.4, 77.4, 75.8, 74.7, 73.6, 71.7, 71.2, 70.5, 69.2, 68.5,
68.3, 62.5, 18.3, 18.2, 13.3; HRMS (ESI) m/z [M+Na]"* calcd for CsoH7aNaO1:Si 1009.4898, found
1009.4905.

BnO o
BROS NH
n
Ng &AL
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2-azide-3,4,6-tri-O-benzyl-a-D-glucopyranoside trichloroacetimidate 1b:
To a magnetically stirred solution of 2-azide-3,4,6-tri-O-benzyl-a-D-glucopyranoside (103.4 mg,
0.22 mmol) and CCI3CN (0.22 mL, 2.2 mmol, 10.0 equiv.) in anhydrous CH2Cl> (5 mL), DBU

(15.3 pL, 0.11 mmol, 0.5 equiv.) was added dropwise at 0 °C, and the reaction mixture was
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stirred at the same temperature for 3 h, after which complete consumption of starting materials
was observed. The reaction mixture was concentrated and purified by flash chromatography on
silica gel (preconditioned with Et3N; eluent: toluene—EtOAc, 12:1) to afford compound 1b (133
mg, 99% yield) as a white powder. TLC (toluene—EtOAc, 12:1): Ry = 0.60, [a]} = +61.4 (c =
0.53, CHCI3); '"H NMR (CDCls, 400 MHz): & 8.70 (s, 1H, NH), 7.40-7.14 (m, 15H, ArH), 6.44
(d, 1H, J = 3.60Hz, C19'>-H), 4.94 (d, 1H, J = 10.80 Hz, OCH2Ph), 4.89 (d, 1H, J = 10.80 Hz,
OCH>Ph), 4.82 (d, 1H, J = 10.80 Hz, OCH2Ph), 4.62 (d, 1H, J = 11.60 Hz, OCH:Ph), 4.57 (d,
1H, J = 10.80 Hz, OCH2Ph), 4.47 (d, 1H, J = 11.60 Hz, OCH2Ph), 4.06-3.97 (m, 2H, C39"*-H
and C5%9°-H), 3.88 (t, 1H, J = 9.20 Hz, C4S'*-H), 3.80 (dd, 1H, J = 3.20, 11.20 Hz, C6Y'"*-H),
3.71-3.65 (m, 2H, C69'-H and C26'*-H); BC{'H} NMR (CDCls, 400 MHz): & 160.8, 137.7,
137.6, 128.5, 128.4, 128.0, 127.9, 127.8, 95.0 (C19), 90.9, 80.1, 77.8, 77.3, 77.0, 76.7, 75.5,
75.3, 73.6, 67.8, 63.1; HRMS (ESI) m/z [M+Na]" calcd for C20H20C13N4NaOs 641.1101, found
641.1108.

OBn
BnO O

N3

B-4b

Cyclohexanol 2-azide-3,4,6-tri-O-benzyl-B-D-glucopyranoside -4b:

Following the general procedure of Method A using trichloroacetimidate 1b (50 mg, 0.081
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (4.87 mg, 0.048 mmol) in DCM (4.80 mL) at
—40°C temperature for 12 hours afforded a/B-4b (18.7 mg, 70% yield, 0/f=9/91) as a white
solid (eluent, Toluene—Ethyl acetate 30:1). [a]}, = +2.12 (¢ = 1.29, CHCI;); 'H NMR (CDCl;, 400
MHz): § 7.38-7.16 (m, 15H, ArH), 4.88 (d, 1H, J = 11.24 Hz, OCH,Ph), 4.80 (d, 1H, J = 10.36 Hz,
OCH,Ph), 4.78 (d, 1H, J=10.28 Hz, OCHPh), 4.62-4.53 (m, 3H, OCH,Ph), 4.38 (d, 1H, J=7.72 Hz,
C16l.H), 3.73-3.64 (m, 3H, C6GI-H, C6Y°l-H and C4GI-H), 3.57 (t, 1H, J = 8.92 Hz, C3CF-H),
3.44-3.36 (m, 3H, C59°!-H, C26¢l.H and CHO), 1.98-1.23 (m, 10H, CH3); *C{'H} NMR (CDCls,
400 MHz): & 138.2, 138.1, 137.9, 128.5, 128.4, 128.0, 127.9, 127.8, 127.7, 127.6, 100.6 (C19*"), 83.2,
78.0, 77.8, 77.4, 77.3, 77.2, 77.1, 77.0, 76.7, 75.5, 75.1, 75.0, 73.5, 68.9, 66.5, 33.6, 31.7, 25.6, 23.9,
23.8; HRMS (ESI) m/z [M+Na]* calcd for C33H39N30sNa 580.2787, found 580.27609.

OBn
BnO Q
BnO
a-4b

Cyclohexanol 2-azide-3,4,6-tri-O-benzyl-a-D-glucopyranoside a-4b:

Following the general procedure of Method B using trichloroacetimidate 1b (50 mg, 0.081
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (5.39 mg, 0.048 mmol) in DCM (4.80 mL) at
room temperature for 3 hours afforded a-4b (21.7 mg, 81% yield) as a white solid (eluent,
Toluene—Ethyl acetate 30:1); '"H NMR (CDCls, 400 MHz): 6 7.39-7.14 (m, 15H, ArH), 5.07 (d,
1H, J = 3.64 Hz, C16°-H), 4.89 (d, 1H, J = 10.68 Hz, OCH:Ph), 4.86 (d, 1H, J = 10.72 Hgz,
OCH>Ph), 4.80 (d, 1H, J=10.72 Hz, OCH>Ph), 4.63 (d, 1H, J = 12.04 Hz, OCH2Ph), 4.52—4.47
(m, 2H, OCH2Ph), 4.03 (dd, 1H, J = 8.76, 10.28 Hz, C6S"-H), 3.95-3.91 (m, 1H, C3SII-H),
3.79-3.59 (m, 4H, C46"l.-H, C59FI-H, C6Y!-H and OCH), 3.28 (dd, 1H, J = 3.60, 10.24 Hz,
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C20cl_H), 1.92-1.21 (m, 10H, CH»); C{'H} NMR (CDCls, 400 MHz): & 138.1, 138.0, 137.9,
128.5,128.4,128.0, 127.9, 127.8, 127.7, 127.6, 96.3 (C19'<1), 80.1, 78.5, 77.3, 77.0, 76.7, 76.4,
75.3,75.1, 73.5, 70.7, 68.4, 63.29, 33.3, 33.4, 29.7, 25.6, 24.1, 23.8; HRMS (ESI) m/z [M+Na]*
calcd for C33H39N305Na 580.2787, found 580.2759.

BnO _-OBn
O
BnO NH
N3 o)

1c CCl3

2-azide-3,4,6-tri-O-benzyl-a-D-galactose-pyranoside trichloroacetimidate 1e¢:

To a magnetically stirred solution of 2-azide-3,4,6-tri-O-benzyl-a-D-galactose-pyranoside
(117.7 mg, 0.25 mmol) and CCI3CN (0.25 mL, 2.5 mmol, 10.0 equiv.) in anhydrous CH2Cl> (5
mL), DBU (17.5 pL, 0.12 mmol, 0.5 equiv.) was added dropwise at 0 °C, and the reaction
mixture was stirred at the same temperature for 3 h, after which complete consumption of
starting materials was observed. The reaction mixture was concentrated and purified by flash
chromatography on silica gel (preconditioned with Et3N; eluent: hexane—EtOAc, 4:1) to afford
compound 1c¢ (144.3 mg, 97% yield) as a white powder. TLC (hexane—EtOAc, 4:1): Rf = 0.60,
[a]; = +66.0 (c = 0.36, CHCl3); 'H NMR (CDCls, 400 MHz): § 8.65 (s, 1H, NH), 7.43-7.23 (m,
15H, ArH), 6.38 (d, 1H, J = 3.60 Hz, C193-H), 4.91 (d, 1H, J = 11.20 Hz, OCH2Ph), 4.79 (4,
1H, J = 11.20 Hz, OCH2Ph), 4.69 (d, 1H, J = 11.20 Hz, OCH2Ph), 4.57 (d, 1H, J = 11.20 Hz,
OCH>Ph), 4.48 (d, 1H, J=11.60 Hz, OCH:Ph), 4.42 (d, 1H, J= 11.60 Hz, OCH>Ph), 4.20-4.13
(m, 3H, C2%I.H, C6%-H and C4%I-H), 4.03 (dd, 1H, J = 2.40, 10.40 Hz, C3%-H), 3.68-3.64
(m, 1H, C59LH), 3.58-3.54 (m, 1H, C6%I-H); 3C{'H} NMR (CDCIls, 400 MHz): & 160.8,
138.1, 137.7, 137.2, 128.6, 128.4, 128.3, 128.0, 127.9, 127.8, 95.5 (C1%), 91.1, 77.3, 77.2, 77.0,
76.7, 75.0, 73.6, 72.8, 72.2, 72.1, 68.0, 59.2, 29.7; HRMS (ESI) m/z [M+Na]" calcd for
C29H20CI3N4NaOs 641.1101, found 641.1120.

BnO _0OBn
0]
Bnogg,O‘O
N3
B-4c

Cyclohexanol 2-azide-3,4,6-tri-O-benzyl-pB-D-galactose-pyranoside B-4c:

Following the general procedure of Method A using trichloroacetimidate 1¢ (54.7 mg, 0.088
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (5.89 mg, 0.059 mmol) in DCM (5.90 mL) at
—40°C temperature for 12 hours afforded a/B-4¢ (23.7 mg, 72% yield, a/f=10:90) as a white
solid (eluent, Toluene—Ethyl acetate 30:1). [a]}, = —1.33 (¢ = 0.86, CHCl3); 'H NMR (CDCl;, 400
MHz): 8 7.40-7.25 (m, 15H, ArH), 4.88 (d, 1H, J=11.24 Hz, OCH,Ph), 4.67 (s, 2H, OCH,Ph), 4.59 (d,
1H, J = 12.00 Hz, OCHyPh), 4.46-4.40 (m, 2H, OCH,Ph), 4.31 (d, 1H, J = 8.00 Hz, C1%! -H),
3.85-3.78 (m, 2H, C4%I.H and C2%!-H), 3.69-3.55 (m, 4H, OCH, C5%!-H, C6%!-H and C6%-H),
3.26 (dd, 1H, J = 2.80, 10.40 Hz, C3%I-H), 1.92-1.22 (m, 10H, CH3); *C{'H} NMR (CDCls, 400
MHz): 6 138.4, 138.0, 137.8, 128.5, 128.4, 128.3, 128.2, 127.9, 127.8, 127.7, 127.6, 127.5, 100.7
(C193Y, 80.7, 77.8, 77.4, 77.1, 76.7. 74.6, 73.6, 72.6, 72.2, 68.8, 63.5, 33.5, 31.6, 25.6, 24.0, 23.9;
HRMS (ESI) m/z [M+Na]" caled for C33H39N30sNa 580.2787, found 580.2868.
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BnO _0OBn

go /O

BnO

N; O
a/B-4c

Cyclohexanol 2-azide-3,4,6-tri-O-benzyl-D-galactose-pyranoside a/p-4c:

Following the general procedure of Method B using trichloroacetimidate 1¢ (54.7 mg, 0.088
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (5.89 mg, 0.059 mmol) in DCM (5.90 mL) at
room temperature for 3 hours afforded a/p-4c¢ (19.7 mg, 60% yield, o/f=50:50) as a white solid
(eluent, Toluene—Ethyl acetate 30:1). [a]} = +56.47 (¢ = 0.61, CHCl3); '"H NMR (CDCls, 400
MHz): & 7.42-7.24 (m, 30H, ArH), 5.05 (d, 1H, J = 3.60 Hz, C1%!-H), 4.90-4.86 (m, 2H,
OCH>Ph), 4.76—4.67 (m, 4H, OCH2Ph), 4.60—4.40 (m, 6H, OCH>Ph), 4.31 (d, 1H, J = 8.00 Hz,
C162-H), 4.08-3.98 (m, 6H), 3.85-3.75 (m, 6H), 3.69-3.45 (m, 6H), 3.26 (dd, 1H, J = 3.60,
12.00 Hz), 1.91-1.25 (m, 20H, CH>); *C{!H} NMR (CDCls, 400 MHz): & 138.4, 138.0, 137.8,
137.7, 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.8, 127.7, 127.6, 127.5, 100.7 (C192"), 96.7
(C193h, 80.7, 77.3, 77.2, 77.0, 76.7, 76.4, 74.8, 74.6, 73.6, 72.6, 72.2, 69.6, 68.8, 63.5, 59,7,
33.5, 33.3, 31.6, 31.5, 29.7, 25.6, 24.1, 24.0, 23.9; HRMS (ESI) m/z [M+Na]* calcd for
C33H39N305Na 580.2787, found 580.2780.

2 NH
BnO§ ﬁ
BnooJ(
14 CCly

2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside trichloroacetimidate 1d:

To a magnetically stirred solution of 2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside (49.6 mg, 0.09
mmol) and CCI3CN (0.93 mL, 0.92 mmol, 10.0 equiv.) in anhydrous CH2Cl> (5.0 mL), DBU (7.1 pL,
0.05 mmol, 0.5 equiv.) was added dropwise at 0 °C, and the reaction mixture was stirred at the same
temperature for 3 h, after which complete consumption of starting materials was observed. The reaction
mixture was concentrated and purified by flash chromatography on silica gel (preconditioned with Ets;N;
eluent: hexane-EtOAc, 5:1) to afford compound 1d (61 mg, 99% yield) as a white powder. TLC
(hexane-EtOAc, 5:1): Rr= 0.60. The 'H NMR is accordance with the literature previously reported®.

BnO _0OBn
ey )
BnO
oBn O
a/B-4d

Cyclohexanol 2,3,4,6-tetra-O-benzyl-D-galactose-pyranoside a/p-4d:

Following the general procedure of Method A using trichloroacetimidate 1d (50.0 mg, 0.073
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (4.87 mg, 0.049 mmol) in DCM (4.90 mL) at
—40°C temperature for 12 hours afforded a/p-4d (18.6 mg, 61% yield, 0/B=14:86) as a white solid
(eluent, Toluene—Ethyl acetate 15:1). [a]; = +32 (¢ = 1.0, CHCl3); '"H NMR (CDCl;, 400 MHz):
8 7.30-7.18 (m, 24H, ArH), 4.94-4.84 (m, 2H), 4.79-4.49 (m, 6H), 4.42-4.22 (m, 4H),
3.98-3.87 (m, 1H), 3.80-3.70 (m, 2H), 3.62-3.58 (m, 1H), 3.51-3.41 (m, 5H), 1.86-0.79 (m,
12H, CH»); “C{!H} NMR (CDCls;, 400 MHz): 8 138.7, 128.4, 128.3, 128.2, 128.1, 127.9,
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127.8, 127.5, 127.4,102.2 (C16%), 82.5, 79.6, 77.3, 77.0, 76.7, 75.2, 75.3, 74.5, 73.7, 73.5, 73 .4,
73.2, 69.1, 33.7, 31.9, 29.7, 25.7, 24.1, 24.0; HRMS (ESI) m/z [M+Na]* calcd for C40H4s0¢Na
645.3192, found 645.3222.

BnO __0OBn

OBn
a/B-4d

Cyclohexanol 2,3,4,6-tetra-O-benzyl-D-galactose -pyranoside o/f-4d:

Following the general procedure of Method B using trichloroacetimidate 1d (95.0 mg, 0.139
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (9.26 mg, 0.092 mmol) in DCM (9.20 mL) at
room temperature for 3 hours afforded a/B-4d (48.7 mg, 85% yield, a/=67:33) as a white solid
(eluent, Toluene—Ethyl acetate 15:1). [a], = +1.7 (¢ = 1.0, CHCl3); '"H NMR (CDCl;, 400 MHz):
8 7.30-7.18 (m, 30H, ArH), 4.93 (d, 1H, J = 3.65 Hz, C1%I-H), 4.90-4.84 (m, 2H), 4.77 (d, 1H,
J=11.64 Hz), 4.72-4.48 (m, 6H), 4.42-4.31 (m, 5H), 4.23 (t, 1H, J = 6.72 Hz), 3.99-3.87 (m,
4H), 3.80-3.70 (m, 1H), 3.63-3.41 (m, 6H), 1.84-0.79 (m, 15H, CHz); *C{'H} NMR (CDCl;,
400 MHz): 5 139.0, 138.8, 138.2, 128.8, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 127.8,
127.6, 127.5, 127.4, 127.3, 102.2 (C193), 95.5 (C19?), 82.5, 79.6, 79.2, 77.3, 77.0, 76.7, 76.6,
75.4,75.3,74.8, 73.7, 73.5, 73.4, 73.2, 73.0, 69.3, 69.2, 65.6, 33.7, 33.4, 31.6, 29.7, 25.7, 24.5,
24.3,19.2, 13.7; HRMS (ESI) m/z [M+Na]" calcd for C40H460sNa 645.3192, found 645.3222.

OAc
AcO O

AcO NH
oA

1e CCl3

3.4,6-tri-O-acetyl-2-dexoy-a-D-glucopyranoside trichloroacetimidate 1e:

To a magnetically stirred solution of 3.4,6-tri-O-acetyl-2-dexoy-a-D-glucopyranosid (39.9 mg, 0.14
mmol) and CCI3CN (0.14 mL, 1.37 mmol, 10.0 equiv.) in anhydrous CH2Cl> (5.0 mL), DBU (2.0 pL,
0.01 mmol, 0.1 equiv.) was added dropwise at 0 °C, and the reaction mixture was stirred at the same
temperature for 5 min, after 5 min the ice bath was remove and solution stirred for 1.5 h. after which
complete consumption of starting materials was observed. The reaction mixture was concentrated and
purified by flash chromatography on silica gel (preconditioned with EtsN; eluent: hexane—EtOAc, 2:1)
to afford compound 1e (60.2 mg, 99% yield) as a white powder. TLC (hexane-EtOAc, 2:1): Ry= 0.50.
The '"H NMR is accordance with the literature previously reported’.

OAc
AcO O

AcO
o)
a-4e

Cyclohexanol 3,4,6-tri-O-acetyl-2-dexoy-a-D-glucopyranoside a-4e:

Following the general procedure of Method A using trichloroacetimidate 1e (41.4 mg, 0.095 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (6.74 mg, 0.064 mmol) in DCM (6.40 mL) at —-40°C temperature
for 12 hours afforded a/p-4e (17.1 mg, 72% yield, o/p=88/12) as a white solid (eluent, Hex—Ethyl
acetate 3:1).; 'H NMR (CDCls, 400 MHz): § 5.40-5.34 (m, 1H, C39*-H), 5.13 (d, 1H, J = 3.16 Hz,
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C4SF1_H), 5.00 (t, 1H, J = 9.64 Hz, C16CI-H), 4.30 (dd, 1H, J = 5.24, 12.64 Hz, C65'-H), 4.10-4.06
(m, 2H, C5%¢!.-H and C6S*'-H), 3.59-3.52 (m, 1H, OCH), 2.20 (dd, 1H, J = 5.04, 12.48 Hz, C26"I-[),
2.11 (s, 3H, OAc), 2.06 (s, 3H, OAc), 2.03 (s, 3H, OAc), 1.89-1.23 (m, 11H, C26°-H and CHs);
13C{'H} NMR (CDCls, 400 MHz): § 170.8, 170.3, 170.0, 101.1, 94.9, 77.3, 77.0, 76.7, 75.5, 69.7, 69.3,
67.9, 62.6, 35.6, 33.4, 31.5, 25.6, 24.2, 23.9, 21.0, 20.8, HRMS (ESI) m/z [M+Na]" calcd for
C15H2:0sNa 395.1682, found 395.1673.

OBn
BnO O

BnO /ZZH
1f O CCly

3.,4,6-tri-O-benzyl-2-dexoy-a-D-glucopyranoside trichloroacetimidate 1f:

To a magnetically stirred solution of 3,4,6-tri-O-benzyl-2-dexoy-a-D-glucopyranosid (50.0 mg, 0.12
mmol) and CCI3CN (0.12 mL, 1.15 mmol, 10.0 equiv.) in anhydrous CH2Cl (3.0 mL), DBU (1.7 pL,
0.01 mmol, 0.1 equiv.) was added dropwise at 0 °C, and the reaction mixture was stirred at the same
temperature for 5 min, after 5 min the ice bath was remove and solution stirred for 1.5 h. Evaporation
of solvents afforded 1f, the product was used without purification for the glycosytion.. The '"H NMR is
accordance with the literature previously reported®.

OBn

BnO Q
B”(&H /O
o

o/B-4f

Cyclohexanol 3,4,6-tri-O-benzyl-2-dexoy-D-glucopyranoside a/f-4f:

Following the general procedure of Method A using trichloroacetimidate 1f (33.3 mg, 0.06 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (3.85 mg, 0.04 mmol) in DCM (4.00 mL) at —40°C temperature
for 12 hours afforded a/p-4f (18.0 mg, 87% yield, o/p=33/67) as a white solid (eluent, Toluene—Ethyl
acetate 15:1).; 'H NMR (CDCl;, 400 MHz): § 7.39-7.19 (m, 22.5H), 5.14 (d, 1H, J = 2.96 Hz),
4.94-4.90 (m, 1.4H), 4.73-4.51 (m, 7.7H), 4.08-4.02 (m, 1.0H), 3.90-3.78 (m, 2.6H), 3.73-3.42 (m,
5.2H), 2.37-1.24 (m, 22H); 3C{'H} NMR (CDCls, 400 MHz): & 138.9, 138.6, 138.4, 138.3, 128.4,
128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 127.6, 127.5, 127.4, 97.9, 95.1, 78.5, 77.9, 77.3, 77.0, 76.7,
75.0, 74.9, 73.4, 71.8, 70.7, 65.9, 36.0, 33.4, 31.5, 25.7, 24.3, 24.0; HRMS (ESI) m/z [M+Na]" calcd
for C33H40Os5Na 539.2773, found 539.2764.

£
BnO,
BnO‘I O\O CCly
OBn
1g

2,3,5-tri-O-benzyl-p-p-Arabinose-furanose trichloroacetimidate 1g:

To a magnetically stirred solution of 2,3,5-tri-O-benzyl-B-D-Arabinose-furanose (131.7 mg, 0.29
mmol) and CCI3CN (0.3 mL, 2.94 mmol, 10.0 equiv.) in anhydrous CH2Cl> (10.0 mL), DBU
(22 pL, 0.15 mmol, 0.5 equiv.) was added dropwise at 0 °C, and the reaction mixture was
stirred at the same temperature for 3 h, after which complete consumption of starting materials

was observed. The reaction mixture was concentrated and purified by flash chromatography on
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silica gel (preconditioned with Et3N; eluent: hexane—EtOAc, 3:1) to afford compound 1g (159
mg, 97% yield) as a white powder. TLC (hexane—EtOAc, 3:1): Rr=0.50, [a]}, = +22.9 (¢ = 0.65,
CHCI3); '"H NMR (CDCl3, 400 MHz): & 8.52 (s, 1H, NH), 7.39-7.24 (m, 15H, ArH), 6.36 (s,
1H, C14-H), 4.70 (d, 1H, J = 11.60 Hz, OCH2Ph), 4.57-4.54 (m, 3H, OCH:Ph), 4.50 (d, 2H, J
= 2.40 Hz, OCH2Ph), 4.48-4.43 (m, 1H, C441-H), 4.26 (d, 1H, J = 2.40 Hz, C247-H), 4.06 (dd,
1H, J = 2.40, 6.00 Hz, C347%.H), 3.70-3.65 (m, 2H, C54%-H and C5%%-H); BC{'H} NMR
(CDCls, 400 MHz): 6 161.1, 138.0, 137.7, 137.3, 128.5, 128.4, 128.3, 128.0, 127.9, 127.8,
127.6, 127.5, 104.4, 86.6, 83.7, 83.5, 77.4, 77.0, 76.7, 73.5, 72.1, 72.0, 69.4, 29.7; HRMS (ESI)
m/z [M+Na]* calcd for C2sH23CIsNNaOs 586.0931, found 586.0935.

B-4g

Cyclohexanol 2,3,5-tri-O-benzyl-B-D-Arabinose-furanose B-4g:

Following the general procedure of Method A using trichloroacetimidate 1g (83.1 mg, 0.15 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (10.01 mg, 0.10 mmol) in DCM (10.00 mL) at —40°C
temperature for 12 hours afforded o/f-4g (25.1 mg, 50% yield, o/B=25/75) as a white solid (eluent,
Toluene—Ethyl acetate 15:1). [a]3 = +49.68 (¢ = 0.92, CHCl3); 1H NMR (CDCls;, 400 MHz): &
7.35-7.24 (m, 15H, ArH), 5.10 (d, 1H, J = 4.40 Hz, C14%-H), 4.70-4.50 (m, 6H, OCH>Ph), 4.11-4.03
(m, 3H, OCH, C3%%-H and C24%-H), 3.59-3.52 (m, 3H, C44-H, C54%-H and C5%%-H), 1.90-1.14 (m,
10H, CH3); 3C{'H} NMR (CDCls, 400 MHz): § 138.3, 138.1, 137.8, 128.4, 128.3, 128.0, 127.8, 127.7,
127.6, 127.5, 98.7 (C14%1), 84.0, 83.7, 79.9, 77.3, 77.0, 76.7, 75.9, 73.3, 73.0, 72.3, 72.2, 33.7, 31.8,
25.6,24.5,24.3; HRMS (ESI) m/z [M+Na]" calcd for C32H3sOsNa 525.2617, found 525.2608.

BnO BnO

:O\

OBn O@

a-4g
Cyclohexanol 2,3,5-tri-O-benzyl-a-D-Arabinose-furanose a-4g:
Following the general procedure of Method B using trichloroacetimidate 1g (83.1 mg, 0.15 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (10.01 mg, 0.10 mmol) in DCM (10.00 mL) at room
temperature for 3 hours afforded a/p-4g (31.1 mg, 62% yield, o/f=86/14) as a white solid (eluent,
Toluene—Ethyl acetate 15:1). [a]} = —20.4 (¢ = 2.02, CHCI3); 'H NMR (CDCls, 400 MHz): § 7.34-7.23
(m, 15H, ArH), 5.21 (d, 1H, J = 1.60 Hz, C14%-H), 4.60-4.46 (m, 6H, OCH,Ph), 4.22-4.19 (m, 1H,
C44H), 4.03-4.01 (dd, 1H, J = 1.60, 3.60 Hz, C247-H), 3.94-3.91 (q, 1H, J = 3.60 Hz, C3A%-H),
3.67-3.57 (m, 3H, C547-H, C54%-H and OCH), 1.91-1.24 (m, 10H, CH3); 3C{'H} NMR (CDCls, 400
MHz): 6 138.2, 138.0, 137.7, 128.4, 128.3, 128.0, 127.8, 127.7, 127.6, 127.5, 104.1 (C14r1), 88.8, 83.6,

80.0, 77.3, 77.0, 76.7, 74.9, 73.3, 72.0, 71.9, 70.0, 33.7, 31.7, 25.7, 24.2, 24.1; HRMS (ESI) m/z
[M+Na]* calcd for C32H33OsNa 525.2617, found 525.2733.
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1h CCl,

2,3,4,6-tetra-O-benzyl-a-D-mannose-pyranoside trichloroacetimidate 1h:

To a magnetically stirred solution of 2,3,4,6-tetra-O-benzyl-a-D-mannose-pyranoside (73.7 mg,
0.14 mmol) and CCI3CN (0.14 mL, 1.36 mmol, 10.0 equiv.) in anhydrous CH2Cl; (5.0 mL),
DBU (9.6 pL, 0.068 mmol, 0.5 equiv.) was added dropwise at 0 °C, and the reaction mixture
was stirred at the same temperature for 3 h, after which complete consumption of starting
materials was observed. The reaction mixture was concentrated and purified by flash
chromatography on silica gel (preconditioned with Et3N; eluent: hexane—EtOAc, 4:1) to afford
compound 1h (91.3 mg, 98% yield) as a white powder. TLC (hexane—EtOAc, 4:1): Rr = 0.50,
[a]; = +26.0 (c = 0.19, CHCl3); 'H NMR (CDCls, 400 MHz): § 8.52 (s, 1H, NH), 7.43-7.19 (m,
20H, ArH), 6.36 (d, 1H, J = 2.00 Hz, C1Ma-H), 4.89 (d, 1H, J = 10.40 Hz, OCH2Ph), 4.77 (s,
2H, OCH>Ph), 4.69-4.51 (m, 5H, OCH2Ph), 4.15 (t, 1H, J = 9.60 Hz, C4M=-H), 3.98-3.91 (m,
2H, C6M*-H and C3Ma1-H), 3.88-3.87 (m, 1H, C2Ma.H), 3.82 (dd, 1H, J = 4.40, 11.20 Hz,
CsManH), 3.74-3.71 (m, 1H, C6Ma-H); BC{'H} NMR (CDCls, 400 MHz): 8 161.0, 138.3,
138.1, 128.4, 128.3, 128.2, 128.0, 127.9, 127.8, 127.7, 96.1, 78.9, 77.3, 77.0, 76.7, 75.4, 74.8,
74.2, 73.5, 73.4, 72.7, 72.4, 68.8, 29.7; HRMS (ESI) m/z [M+Na]* calcd for C3sH3sClsNNaOs
706.1506, found 706.1510.

n
BoXo—( )
B-4h

Cyclohexanol 2,3,4,6-tetra-O-benzyl-B-D-mannose-pyranoside p-4h:

Following the general procedure of Method A using trichloroacetimidate 1h (40.4 mg, 0.059
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (3.90 mg, 0.039 mmol) in DCM (3.90 mL) at
—40°C temperature for 12 hours afforded a/p-4h (21.1 mg, 87% yield, o/B=25:75) as a white solid
(eluent, Toluene—Acetonitrile 15:1); 'H NMR (CDCls, 400 MHz): 6 7.36-7.25 (m, 20H, ArH),
4.99 (d, 1H, J = 1.60 Hz, C19"*I-H), 4.87 (d, 1H, J = 10.80 Hz, OCH:Ph), 4.78-4.61 (m, 5H,
OCH:Ph), 4.55-4.49 (m, 2H, OCH2Ph), 4.00-3.91 (m, 2H, C3S"I-H and C4¢c'-H), 3.86-3.70
(m, 4H, C2GIcl.H, C59"I_-H, C6YF!-H and C6Y!-H), 3.61-3.54 (m, 1H, OCH), 1.67-1.16 (m,
10H, CH»); *C{!H} NMR (CDCls;, 400 MHz): 8 138.7, 138.5, 138.4, 128.3, 128.2, 128.1,
127.8, 127.7, 127.6, 127.5, 127.4, 127.3, 95.7 (C19"), 80.3, 77.4, 77.0, 76.7, 75.4, 75.1, 74.8,
73.3, 72.6, 72.2, 71.8, 69.4, 33.2, 31.3, 25.7, 24.0, 23.8; HRMS (ESI) m/z [M+Na]" calcd for
C40H4606Na 645.3192, found 645.3202.

OBn

BnO
BnO Q
BnO
O
a-4h

Cyclohexanol 2,3,4,6-tetra-O-benzyl-a-D-mannose-pyranoside a-4h:

Following the general procedure of Method B using trichloroacetimidate 1h (46.2 mg, 0.067
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (4.50 mg, 0.045 mmol) in DCM (4.50 mL) at
room temperature for 3 hours afforded a/B-4h (24.1 mg, 86% yield, a/f=25:75) as a white solid
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(eluent, Toluene—Acetonitrile 15:1); 'H NMR (CDCls, 400 MHz): 6 7.49-7.19 (m, 20H, ArH),
5.02 (d, 1H, J = 12.40 Hz, OCH2Ph), 4.92-4.89 (m, 2H, OCH>Ph), 4.64-4.42 (m, 6H, C19"°!-H
and OCH.Ph), 3.86-3.81 (m, 3H, C29"!-H, C49I_H and C6°"'-H), 3.74-3.69 (m, 2H, C6Yl<l.H
and OCH), 3.50 (dd, 1H, J = 3.20, 9.20 Hz, C3S°I_H), 3.47-3.42 (m, 1H, C59l-H), 1.79-1.26
(m, 10H, CH»); *C{'H} NMR (CDCls, 400 MHz): & 138.9, 138.6, 138.4, 138.3, 128.5, 128.3,
128.1, 127.8, 127.6, 127.5, 127.4, 127.3, 99.5 (C1¢!<Y), 82.6, 77.3, 77.0, 76.7, 75.9, 75.1, 75.0,
74.1, 73.7, 73.4, 71.4, 69.9, 33.5, 31.6, 25.8, 23.9, 23.7; HRMS (ESI) m/z [M+Na]" calcd for
C40H4606Na 645.3192, found 645.3199.

NH

Q O/Z(Cm
mo 277 ec
BnO

. OBn
1i

2,3,4,6-tetra-O-benzyl-pB-D-rhamnose-pyranoside trichloroacetimidate 1i:

To a magnetically stirred solution of 2,3,4,6-tetra-O-benzyl-p-D-rhamnose-pyranoside (60 mg, 0.14
mmol) and CCI3CN (0.1 mL, 1.11 mmol, 8.0 equiv.) in anhydrous CH2Cl: (3.0 mL), DBU (8.0
pL, 0.06 mmol, 0.4 equiv.) was added dropwise at 0 °C, and the reaction mixture was stirred at
the same temperature for 3 h, after which complete consumption of starting materials was
observed. The reaction mixture was concentrated and purified by flash chromatography on
silica gel (preconditioned with Et;N; eluent: hexane—EtOAc, 4:1) to afford compound 1i (91.3
mg, 98% yield) as a white powder. TLC (hexane—EtOAc, 4:1): R¢= 0.50, [a]5 = —29.5 (¢ = 0.36,
CHCIl3); 'H NMR (CDCls, 400 MHz): 8 8.51 (s, 1H, NH), 7.42-7.25 (m, 15H, ArH), 6.24 (d,
1H, J = 2.00 Hz, C1R.H), 4.96 (d, 1H, J = 10.80 Hz, OCH2Ph), 4.78 (s, 2H, OCH2Ph),
4.67-4.57 (m, 3H, OCHPh), 3.92-3.85 (m, 3H, C5R"-H, C2Rh.H and C3R"-H), 3.71 (t, 1H, J
= 9.20 Hz, C4Rh.H), 1.35 (d, 1H, J = 6.40 Hz, CH3); 3C{'H} NMR (CDCls, 400 MHz): &
160.6, 138.3, 138.1, 137.9, 128.6, 128.5, 128.4, 128.2, 128.0, 127.8, 127.7, 96.0, 79.8, 78.9,
77.3,77.0, 76.7, 75.6, 73.9, 72.8, 72.3, 71.1, 29.7,18.1; HRMS (ESI) m/z [M+Na]" calcd for
C29H30CI13NNaOs 600.1087, found 600.1089.

WO‘O
BnO
BnO

OBn
B-4i

Cyclohexanol 2,3,4,6-tetra-O-benzyl-B-D-rhamnose-pyranoside p-4i:

Following the general procedure of Method A using trichloroacetimidate 1i (36.0 mg, 0.062
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (4.15 mg, 0.041 mmol) in DCM (4.10 mL) at
—40°C temperature for 12 hours afforded a/p-4i (19.1 mg, 90% yield, o/f=52:48) as a white solid
(eluent, Toluene—Ethyl acetate 15:1). [a]} = —45.9 (¢ = 1.3, CHCI3); '"H NMR (CDCls, 400
MHz): & 7.50-7.23 (m, 15H, ArH), 5.02-4.89 (m, 3H, OCH,Ph), 4.65 (d, 1H, J = 10.80 Hz,
OCH:Ph),

4.51-4.40 (m, 3H, C19°'-H and OCHPh), 3.84 (d, 1H, J = 2.80 Hz, C29"°!-H), 3.71-3.65 (m,
1H, OCH), 3.62 (t, 1H, J = 9.20 Hz, C49°l-H), 3.44 (dd, 1H, J = 2.80, 9.20 Hz, C3SFI.H),
3.32-3.26 (m, 1H, C59F!-H), 1.92-1.24 (m, 13H, CH,); *C{'H} NMR (CDClI3, 400 MHz): &
138.9, 138.6, 138.3, 128.5, 128.3, 128.1, 128.0, 127.6, 127.5, 127.4, 127.3, 99.2 (C19"1), 82.4,
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80.2, 77.3, 77.0, 76.7, 76.2, 75.4, 74.3, 73.7, 71.8, 71.3, 33.4, 31.5, 25.8, 23.8, 23.6, 18.1;
HRMS (ESI) m/z [M+Na]" calcd for C33H400OsNa 539.2773, found 539.2752.

O :

O

BnO;:;;‘?)
BnO

OBn
a-4i

Cyclohexanol 2,3,4,6-tetra-O-benzyl-a-D-rhamnose-pyranoside a-4i:

Following the general procedure of Method B using trichloroacetimidate 1i (39.7 mg, 0.069
mmol, 1.5 equiv.) and acceptor cyclohexanol 2a (4.58 mg, 0.046 mmol) in DCM (4.60 mL) at
room temperature for 3 hours afforded a/p-4i (20.7 mg, 87% yield, a/=91:9) as a white solid (eluent,
Toluene—Ethyl acetate 15:1); 'H NMR (CDCls, 400 MHz): 6 7.38-7.25 (m, 15H, ArH), 4.94 (d,
1H, J = 10.80 Hz, OCH2Ph), 4.86 (d, 1H, J = 1.60 Hz, C16¢I-H), 4.79-4.61 (m, 5H, OCH2Ph),
3.88 (dd, 1H, J = 3.20, 9.60 Hz), 3.79-3.70 (m, 2H, C5%"°I-H and C2¢F'-H), 3.61 (t, 1H, J =
9.20 Hz, C49"*1-H), 3.55-3.48 (m, 1H, OCH), 1.76—1.15 (m, 13H, CHz); 3C{'H} NMR (CDClIs,
400 MHz): 6 138.7, 138.6, 138.5, 128.4, 128.3, 128.1, 128.0, 127.9, 127.7, 127.6, 127.5, 95.7
(C1¢kh), 80.8, 80.3, 77.4, 77.0, 76.7, 75.6, 75.5, 74.5, 72.8, 72.2, 68.0, 33.3, 31.2, 25.7, 24.0,
23.8, 18.0; HRMS (ESI) m/z [M+Na]* calcd for C33H40OsNa 539.2773, found 539.2764.

BnO Q
BnO NH

BnO CYJ(

2,3,4-tri-O-benzyl-6-dexoy-a-D-glucopyranoside trichloroacetimidate 1j:

To a magnetically stirred solution of 2,3,4-tri-O-benzyl-6-dexoy-a-D-glucopyranoside (60 mg,
0.14 mmol) and CCI3CN (0.14 mL, 1.38 mmol, 10.0 equiv.) in anhydrous CH2Cl; (5.0 mL),
DBU (10.0 pL, 0.07 mmol, 0.5 equiv.) was added dropwise at 0 °C, and the reaction mixture
was stirred at the same temperature for 3 h, after which complete consumption of starting
materials was observed. The reaction mixture was concentrated and purified by flash
chromatography on silica gel (preconditioned with Et3N; eluent: hexane—EtOAc, 3:1) to afford
compound 1j (79.4 mg, 98% yield) as a white powder. TLC (hexane—EtOAc, 3:1): Rr = 0.50,
[a]} = +78.3 (¢ = 0.56, CHCL3); 'H NMR (CDCls, 400 MHz): § 8.55 (s, 1H, NH), 7.31-7.25 (m,
15H, ArH), 6.40 (d, 1H, J = 3.56Hz, C19"-H), 4.96 (d, 1H, J = 10.88 Hz, OCH:Ph), 4.91 (d, 1H,
J =10.92 Hz, OCH2Ph), 4.82 (d, 1H, J = 10.88 Hz, OCH2Ph), 4.75-4.63 (m, 3H, OCH2Ph),
4.04-3.93 (m, 2H, C39"-H and C59!-H), 3.72 (dd, 1H, J = 3.36, 9.44 Hz, C26"°-H), 3.22 (t, 1H,
J = 9.48 Hz, C49"°-H), 1.25 (d, 3H, J = 3.24 Hz, CH3); *C{'H} NMR (CDCIls, 400 MHz): &
161.5, 138.6, 138.1, 138.0, 128.5, 128.4, 128.2, 128.1, 127.9, 127.7, 127.6, 94.1 (C16), 91.3,
82.9, 81.2,79.7,77.4,77.0, 76.7, 75.7, 75.6, 72.9, 69.7, 29.7, 18.0; HRMS (ESI) m/z [M+Na]*
calcd for C290H30C13NNaOs 600.1087, found 600.1092.
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OBn

B-4j
Cyclohexanol 2,3,4-tri-O-benzyl-6-dexoy-p-D-glucopyranoside p-4j:
Following the general procedure of Method A using trichloroacetimidate 1j (46.7 mg, 0.08 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (5.78 mg, 0.05 mmol) in DCM (5.00 mL) at —40°C temperature
for 12 hours afforded a/p-4j (23.2 mg, 90% yield, o/B=33/67) as a white solid (eluent, Hex—Ethyl
acetate 4:1).; 'H NMR (CDCls, 400 MHz): & 7.39-7.28 (m, 15H, ArH), 5.02 (d, 1H, J = 10.88 Hz,
OCH,Ph), 4.94 (d, 1H, J = 10.92 Hz, OCH,Ph), 4.88 (d, 1H, J = 10.84 Hz, OCH.Ph), 4.80 (d, 1H, J =
10.92 Hz, OCH»Ph), 4.73 (d, 1H, J=10.88 Hz, OCH,Ph), 4.64 (d, 1H, J = 10.84 Hz, OCH,Ph), 4.51 (d,
1H, J=7.84 Hz, C19"!-H), 3.74-3.67 (m, 1H, OCH), 3.62 (t, 1H, J=9.12 Hz, C49'°!-H), 3.47-3.36 (m,
2H, C26*°.H and C5CF1-H), 3.22 (t, 1H, J = 9.12 Hz, C3°*-H), 2.01-1.24 (m, 13H, CH3); *C{'H}
NMR (CDCls, 400 MHz): 6 138.7, 138.6, 138.2, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6, 127.5,
101.6 (C19'1), 84.7, 83.4, 82.6, 77.3, 77.0, 76.7, 75.7, 75.3, 74.9, 71.0, 33.8, 31.9, 25.6, 24.1, 24.0,
18.0; HRMS (ESI) m/z [M+Na]* calcd for C33H40OsNa 539.2773, found 539.2762.

BnO Q
BnO
510

Cyclohexanol 2,3,4-tri-O-benzyl-6-dexoy-a-D-glucopyranoside a-4j:

a-4j

Following the general procedure of Method B using trichloroacetimidate 1j (46.7 mg, 0.08 mmol, 1.5
equiv.) and acceptor cyclohexanol 2a (5.78 mg, 0.05 mmol) in DCM (5.00 mL) at room temperature
for 3 hours afforded a/B-4j (24.8 mg, 87% yield, a/B=33/67) as a white solid (eluent, Hex—Ethyl
acetate 4:1). [a]}, = +64.3 (c = 0.61, CHCls), "H NMR (CDCls, 400 MHz): § 7.40-7.28 (m, 15H, ArH),
5.02 (d, 1H, J = 10.76 Hz, OCH>Ph), 4.92 (d, 1H, J = 10.80 Hz, OCH,Ph), 4.88 (d, 1H, J = 3.68 Hz,
C16°1.H), 4.83 (d, 1H, J = 10.72 Hz, OCH,Ph), 4.77 (d, 1H, J = 11.92 Hz, OCH,Ph), 4.70-4.64 (m, 2H,
OCHyPh), 4.00 (t, 1H, J = 9.82 Hz, C39¢-H), 3.91-3.84 (m, 1H, C5%*-H), 3.56-3.52 (m, 2H,
C26°.H and CHO), 3.15 (t, 1H, J = 9.24 Hz, C4SFl-H), 1.93-1.20 (m, 13H, CH3); “C{'H} NMR
(CDCls, 400 MHz): 8 139.0, 138.4, 128.4, 128.3, 128.0, 94.4 (C1¢k!), 84.1, 80.4, 77.3, 77.0, 76.7, 75.6,
754, 75.2, 72.9, 33.4, 31.5, 25.6, 24.5, 24.2; HRMS (ESI) m/z [M+Na]" calcd for Cs3;HsoOsNa
539.2773, found 539.2806.
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6 NMR Spectrums of Compounds
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Figure S1. 'H NMR (400 MHz, CDCls) spectrum of a-1a
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Figure S2. 1°C NMR (400 MHz, CDCI3) spectrum of a-1a
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Figure S3. 'H NMR (400 MHz, CDCls) spectrum of p-1a

S41



GZL'6T—

€€2'89
Z6£°€L]
—.Nm..vh._
BQ.E;
9£9°G. |
£88°G/
) ZZL'9LA
) 2P0 LL-
91711
) 16812 \
85608
18598
866'06—

T

69€'86~-
966'66—"

259°L21L
L6L°L2)
188°L¢)
6.6°L¢C1
¥00°8¢21
180°8¢1
89¢°8¢I
cov'eci
8G6°LE1L
ocoecl
PiL'8EL
EvvecEl

orel9l—

NH

BnO

CCly

BnO

BnO
B-1a

|

f1 (ppm)

Figure S4. °C NMR (400 MHz, CDC]ls) spectrum of B-1a
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Figure S5. 'H NMR (400 MHz, CDCls) spectrum of p-3a
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Figure S7. 'H NMR (400 MHz, CDCls) spectrum of a-3a
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Figure S8. °C NMR (400 MHz, CDCI;3) spectrum of a-3a
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Figure S48. 3C NMR (400 MHz, CDCls) spectrum of a-3k
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Figure S103. 'H NMR (400 MHz, CDCls) spectrum of a-4j
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