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General experimental procedures

All reagents were of commercial grade and used as received. All moisture sensitive reactions
were performed under an argon/nitrogen atmosphere. The solvent (DCM, toluene, DCE,
CHsCN) used in the glycosylation reactions was distilled over CaH, and stored on activated 4A
molecular sieves before being used. Reactions were monitored by TLC analysis with detection
by UV (254 nm) and where applicable by spraying with 20% sulfuric acid in EtOH or with a
solution of (NH4)sM07024:4H,0 (25 g/L) and (NH4)4Ce(SO4)s-2H,0 (10 g/L) in 10% sulfuric acid
(aq.) followed by charring at ~150 °C. Flash column chromatography was performed on silica
gel (300-400 mesh). *H and *3C spectra were recorded on a Bruker AV 400, Bruker AV 600 in
CDCl;, CDs0OD, CD3COCD; or CD3SOCDs. Chemical shifts (6) are given in ppm relative to
tetramethylsilane as internal standard (*H NMR in CDCls) or the residual signal of the
deuterated solvent. Coupling constants (J) are given in Hz. All 3C spectra are proton decoupled.
Where applicable COSY, HSQC, NOESY, HMBC experiments were used to further elucidate the
structure. The anomeric product ratios were analyzed through integration of proton NMR
signals or seperation.

General procedure for optimization of the hydrogen bond mediated glycosylation

The correspoding donor (1a, 1b or 1c, 1.0 equiv, 0.1 mmol/0.05 mmol), acceptor 2a (2.0 equiv)
and organocatalyst C1-C10 (0.1 equiv) were added to the sealed tube, and then the sealed
tube was evacuated and flushed with N; for three times. Dry solvents (83.3 mM for donor) was
added to the sealed tube under N, atmosphere at room temperature. The reaction mixture
was stirred for 16-36 h in the sealed tube under the corresponding condition and monitored
by TLC analysis. The resulting mixture was transferred into round-bottomed flask and
concentrated in vacuo, and then the residue was purified by silica gel column chromatography
to deliver the product.

General procedure A: Glycosyl N-phenyl trifluoroacetimidate donor (1.0-2.0 eq) co-
evaporated twice with toluene, acceptor (1.0-1.5 equiv) co-evaporated twice with toluene and
Kass catalyst €10 (0.1 equiv-0.2 equiv) were added to the sealed tube, and then the sealed
tube was evacuated and flushed with N, for three times. Dry DCM (5-83.3 mM for acceptors)
was added to the sealed tube under N, atmosphere at room temperature. The reaction
mixture was stirred for several hours in the sealed tube under the corresponding conditions
and monitored by TLC analysis. The resulting mixture was transferred into round-bottomed
flask and concentrated in vacuo, and then the residue was purified by silica gel column
chromatography to deliver the product.

General procedure B: Glycosyl N-phenyl trifluoroacetimidate donor (2.0-2.5 equiv) co-
evaporated twice with toluene, acceptor (1.0 equiv) co-evaporated twice with toluene, Kass
catalyst (0.3 equiv) and activated 4A MS were added to the sealed tube, and then the sealed
tube was evacuated and flushed with N; for three times. Dry DCM (50 mM for acceptors) was
added to the sealed tube under N, atmosphere at room temperature. The reaction mixture
was stirred for several hours in the sealed tube under the corresponding conditions and
monitored by TLC analysis. The resulting mixture was transferred into round-bottomed flask
and concentrated in vacuo, and then the residue was purified by silica gel column
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chromatography to deliver the product.

General procedure C (stereoselective glycosylation with DMF additive):

Glycosyl N-phenyl trifluoroacetimidate donor (1.5 eq), acceptor (1.0 equiv), Kass catalyst (0.2
equiv) and activated 4A MS were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N, for three times. The dry toluene (0.2 M for acceptors) and
super-dry DMF (3.0 equiv) were added to the sealed tube under N, atmosphere at room
temperature. The reaction mixture was stirred for 24 hours in the sealed tube under the
corresponding conditions and monitored by TLC analysis. The resulting mixture was
transferred into round-bottomed flask and concentrated in vacuo, and then the residue was
purified size exclusion to deliver the product.

General procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI) donor:
To a solution of the hemiacetal (1.0 equiv) in acetone (0.16 M hemiacetal in acetone) was
added Cs,CO3 (1.5 equiv) followed by PTFACI (1.6 equiv). The mixture was stirred for several
hours at 0°C or rt, then the suspension was filtered and washed with DCM. The filtrate was
concentrated under reduced pressure. The residue was purified by silica gel flash
chromatography (petroleum ether/ethyl acetate with EtsN) to give the corresponding N-
phenyl trifluoroacetimidates donor.
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The structure of catalysts
The catalysts C1, C2, C3 were commercially available.
The catalysts C4!Y, €512, €63, C78!, €81, €95, C10!°! have been reported previously.
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The structure of donors
The donors 1a”, 1c'®, 1d™, 1e1*%, 1§11, 1g[11 12, 43[13, 4e[*4, 8al*], 8b(*®!, 8¢!*”! are known

compounds.
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The structure of acceptors

The acceptors 2a, 2b, 2c, 2e, 2f, 2g, 2h, 2i, 2m, 2p, 2q, 2r, 2t, 2u, 63, 6b, 6¢, 6d, 6¢e, 6f, 6h were
commercially available. The acceptors 2d*8, 2j1 2ki201 2|21 2n[221 201231 251241 Ggl25! 6ijl26]
and 6k*”! have been reported previously.
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Synthesis of 2,3,4,6-tetra-O-benzyl-D-glucopyranosyl N-Aryl-2,2,2-trifluoroacetimidate
donor (1b)

NAr
BnO )J\CF Ar= ©/
CsZCO3 Bn"1p i%

SlOBn Acetone

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the corresponding hemiacetal $1 (270 mg, 0.5 mmol) can be converted into the donor
1b after 9 hours at 0°C, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 6:1, with EtsN (TEA)) to yield 1b (299 mg, 0.395 mmol, 79%) as white solid. *H NMR
(400 MHz, Acetone-ds) 6 8.22 —8.14 (m, 2H), 7.45—-7.23 (m, 20H), 6.96 (d, J = 8.9 Hz, 2H), 6.47
(brs, 1H), 4.99 (t, /= 8.3 Hz, 1H), 4.93 —4.84 (m, 4H), 4.66 (d, /= 11.0 Hz, 1H), 4.62 - 4.57 (m,
1H), 4.56 —4.52 (m, 1H), 4.02 —3.92 (m, 2H), 3.87 — 3.70 (m, 4H). 1*C NMR (100 MHz, Acetone-
ds) & 150.0, 144.3, 139.0, 138.6, 138.5, 138.4, 128.3, 128.23, 128.21, 128.1, 127.9, 127.77,
127.76,127.70, 127.65, 127.6,127.5, 127.43, 127.36, 124.6, 120.0, 95.0, 81.4, 79.3, 76.8, 75.2,
74.8,73.6,73.0,72.9, 68.5. HRMS (ESI) Calculated for C3sH3s05 [M-[OC(CF3)=NPh]]* 523.2479,
found 523.2464.

Synthesis of 2,3,4-tri-O-benzyl-D-Xylopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate donor
(1h)

NPh
)J\ NPh
BnQ Q _CI” “CFs_Bno )l\
BnO OH C52C03 BnO CF3
s2 OBn Acetone OBnN 1h

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the corresponding hemiacetal $2 (211 mg, 0.5 mmol) can be converted into the donor
1h after 9 hours at 0 °C, and purified by silica gel flash chromatography (petroleum
ether/diethyl ether = 9:1, with TEA) to yield 1h (237 mg, 0.4 mmol, 80%) as a colorless oil. *H
NMR (400 MHz, CDCl3) 6 7.44—-7.18 (m), 7.09 (dd, J=13.1, 7.2 Hz), 6.80 (t, /= 8.8 Hz), 6.74 (d,
J =75 Hz), 6.38 (s, 1H, H-1a), 5.73 (s, 1, H-1B), 4.95-4.59 (m), 4.01 — 3.87 (m), 3.85 — 3.55
(m).13C NMR (100 MHz, CDCls) & 143.7, 143.5, 138.7, 138.4, 138.0, 137.9, 137.8, 128.8, 128.6,
128.5, 128.44, 128.43, 128.15, 128.04, 128.02, 128.00, 127.9, 127.77, 127.72, 127.66, 120.5,
119.4, 83.1, 81.0, 80.1, 79.0, 77.3, 77.2, 75.9, 75.5, 75.2, 73.8, 73.5, 73.3, 64.4, 62.5. HRMS
(ESI) Calculated for Cy6H2704 [M-[OC(CF3)=NPh]]* 403.1904, found 403.1890.

Synthesis of 2,3,4,6-tetra-O-methyl-D-glucopyranosyl N-phenyl-2,2,2-trifluoroacetimidate
donor (1j)

NPh
CSZCO3 3

Acetone

As the general procedure for preparation of glycosyl trifluoroacetimidate (PTFAI) donor, the
corresponding hemiacetal S3 (750 mg, 3.17 mmol) can be converted into the donor 1j after 4
hours at 0°C, and purified by silica gel flash chromatography (petroleum ether/ethyl acetate
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= 40:1, with TEA) to yield 1j (705 mg, 1.73 mmol, 55%) as a colorless oil. 1j-a: *H NMR (400
MHz, Acetone-de) 6 7.34 — 7.27 (t, J = 8.2 Hz, 2H), 7.20 - 7.04 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 7.5
Hz, 2H), 6.42 (brs, 1H), 3.74 — 3.66 (m, 1H), 3.65 — 3.48 (m, 11H), 3.42 (t, J = 9.2 Hz, 1H), 3.34
(brs, 4H), 3.19 (t, J = 9.5 Hz, 1H). 3C NMR (100 MHz, Acetone-ds) 6 145.1, 130.2, 125.7, 120.6,
98.8,87.5,84.3,80.3,77.0,72.3,61.2,61.0,60.8, 59.7. 1j-B: *H NMR (400 MHz, 50 °C, Acetone-
de) 8 7.32 (t, J = 7.3 Hz, 2H), 7.13 (t, J = 7.8 Hz, 1H), 6.95 — 6.78 (d, J = 7.8 Hz, 2H), 5.41 (brs,
1H), 3.62 — 3.49 (m, 8H), 3.47 (s, 3H), 3.34 (s, 3H), 3.23 — 3.09 (m, 4H). *C NMR (100 MHz,
Acetone-ds) 6 144.0, 128.8, 124.2, 119.3, 93.5, 83.2, 81.0, 78.5, 73.3, 70.8, 60.1, 59.8, 58.4,
58.3. HRMS (ESI) Calculated for CisH24FsNOgNa [M+Na]* 446.1193, found 446.1184.

3,4,6-Tri-O-benzyl-2-0-mesitoyl-D-glucopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate
donor (4b)
8”8 ST I DMAP, Pyndme
° ~ 1w0Cc STol
OTMBZ
TMBzCI
NIS/TfOH
DCM, 0 °C
OBn NPh OBn
NPh )J\
BnO o I 7 CR; Bno ©
BnO O CQW BnO OH
4ph OTMBz Acetone s OTMBz

Mesitoyl chloride (1.02 ml, 6 mmol), DMAP (62 mg, 0.5 mmol), and compound S43% (557 mg,
1 mmol) were added to pyridine (5 mL), and the mixture was warmed to 100 °C and stirred
for 2 d. The mixture was diluted with H,O and extracted into CH,Cl,. The organic phase was
washed with aqueous HCl (1 M), saturated aqueous NaHCOs, and brine and dried over
anhydrous Na,SO4. Evaporation of the solvent gave a residue, which was purified by flash
chromatography (petroleum ether/ethyl acetate = 12:1) to afford the compound S5 (562 mg,
0.8 mmol, 80%) as a white solid. [a]p?® = 0.7 (c 0.5, CHCl3); *H NMR (400 MHz, CDCl5) 6 7.39 —
7.19 (m, 15H), 7.13 (dd, /= 6.8, 2.6 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 6.83 (s, 2H), 6.02 (d, /=5.5
Hz, 1H), 5.27 (dd, J = 10.3, 5.5 Hz, 1H), 4.85—-4.73 (m, 3H), 4.63 (d, J = 12.0 Hz, 1H), 4.56 (d, J
=10.8 Hz, 1H), 4.47 (d, J = 11.9 Hz, 2H), 4.03 — 3.95 (m, 1H), 3.86 — 3.78 (m, 2H), 3.70 (dd, J =
10.8, 1.7 Hz, 1H), 2.31 (s, 3H), 2.28 (d, /= 3.4 Hz, 9H). 3C NMR (100 MHz, CDCls)  169.8, 139.4,
138.2, 138.1, 138.0, 137.7, 135.1, 132.3, 130.7, 129.9, 129.9, 128.5, 128.4, 128.3, 128.0,
127.89, 127.86,127.7,127.6, 127.4, 86.3, 80.2, 78.4, 75.4, 75.2, 74.3, 73.5, 71.4, 68.6, 21.20,
21.16, 19.9. HRMS (ESI) Calculated for CasHasNaOgS [M+Na]* 725.2907, found 725.2917.

To a solution of compound S5 (562 mg, 0.8 mmol) in DCM (8 mL), TfOH (18 pl, 0.2 mmol) and
NIS (221 mg, 0.96 mmol) were added to the mixture at O °C and stirred for 3 hours. The
reaction mixture was quenched with EtsN and saturated aqueous Na,S;03, and the organic
phase was washed with saturated aqueous NaHCOs;, brine successively. The organic phases
was separated and combined, and was then dried over anhydrous Na,SOa,. Filtration and
evaporation yielded the crude product which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to deliver hemiacetal S6 as a syrup.
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As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the above corresponding hemiacetal S6 can be converted into the donor 4b after 5
hours at rt, and purified by silica gel flash chromatography (petroleum ether/ethyl acetate =
20/1, with TEA) to yield 4b (504 mg, 0.66 mmol, 82% for 2 steps) as a syrup. *H NMR (400 MHz,
Chloroform-d) 6 7.48 — 7.20 (m), 7.17 - 7.01 (m), 6.84 (s), 6.77 (d, /= 7.8 Hz), 5.81 (brs), 5.57
(brs), 4.87 (d, J=11.5Hz),4.73 (d, J=11.3 Hz), 4.66 (d, J = 12.2 Hz), 4.57 (d, /= 11.5 Hz), 3.93
(t, J=9.3 Hz), 3.85 — 3.65 (m), 2.28 (s), 2.23 (s). 3C NMR (100 MHz, Chloroform-d) & 168.2,
143.4, 139.9, 138.0, 137.7, 135.8, 130.1, 128.9, 128.8, 128.7, 128.63, 128.56, 128.55, 128.4,
128.2, 128.1, 128.04, 127.98, 127.93, 127.87, 127.6, 127.5, 127.2, 124.6, 119.4, 95.0, 82.2,
76.0, 75.0, 74.2, 73.6, 71.9, 68.2, 21.3, 20.0. HRMS (ESI) Calculated for Cs7H330s [M-
[OC(CF3)=NPh]]* 579.2741, found 579.2725.

3,4,6-Tri-O-benzyl-2-0O-mesitoyl-D-galactopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate

donor (4c)
OBn opn O© OBn OBn
0 + DMAP, pyr, 0
BnO SPh 100°C BnO SPh
< H sg OTMBz
TMBzCl NIS/TfOH
DCM, 0 °C
OBn oBn NPh OBn OBn
NPh )j\
o Cl~ > CF, O
BnO O~ “CF3~—¢s,co,  BnO OH
4c OTMBz Acetone sg OTMBz

Mesitoyl chloride (1.016 ml, 6 mmol), DMAP (62 mg, 0.5 mmol), and compound S75% (543 mg,
1 mmol) were added to pyridine (5 mL), and the mixture was warmed to 100 °C and stirred
for 2 d. The mixture was diluted with H,O and extracted into CH,Cl,. The organic phase was
washed with aq HCI (1 M), saturated aqueous NaHCOs, and brine and dried over anhydrous
Na,SO4. Evaporation of the solvent gave a residue, which was purified by flash
chromatography (petroleum ether/ethyl acetate = 12:1) to afford the compound S8 (544 mg,
0.79 mmol, 79%) as a white solid. [a]p?® = 6.0 (c 0.7, CHCls3); *H NMR (400 MHz, Chloroform-d)
67.55-7.47 (m, 2H), 7.40—-7.16 (m, 18H), 6.80 (s, 2H), 5.74 (t,J=9.7 Hz, 1H), 4.92 (d, /= 11.5
Hz, 1H), 4.85 — 4.66 (m, 2H), 4.61 — 4.34 (m, 4H), 4.07 (d, / = 2.6 Hz, 1H), 3.78 — 3.57 (m, 4H),
2.30(s, 6H), 2.25 (s, 3H). B*C NMR (101 MHz, Chloroform-d) 6 168.7, 139.4, 138.6, 138.0, 137.6,
135.8, 133.8, 131.8, 130.8, 128.9, 128.6, 128.5, 128.4, 128.3, 128.03, 127.97, 127.9, 127.65,
127.63, 127.5, 127.1, 86.6, 82.2, 74.5, 73.7, 72.2, 71.4, 69.9, 68.9, 21.2, 20.3. HRMS (ESI)
Calculated for C43H4sNaOeS [M+Na]* 711.2751, found 711.2756.

To a solution of compound $8 (544 mg, 0.79 mmol) in DCM (8 mL), TfOH (18 pl, 0.2 mmol) and
NIS (221 mg, 0.96 mmol) were added to the mixture at O °C and stirred for 3 hours. The
reaction mixture was quenched with EtsN and saturated aqueous Na;S;0s, and the organic
phase was washed with saturated aqueous NaHCOs;, brine successively. The organic phases
was separated and combined, and then dried over anhydrous Na,SO,. Filtration and
evaporation yielded the crude product which was further purified by silica gel column
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chromatography (petroleum ether/ethyl acetate = 5/1) to deliver hemiacetal S9 as a colorless
syrup.

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the above corresponding hemiacetal S9 can be converted into the donor 4c after 5
hours at rt, and purified by silica gel flash chromatography (petroleum ether/ethyl acetate =
20/1, with TEA) to yield 4c (510 mg, 0.664 mmol, 84% for 2 steps) as a syrup. *H NMR (400
MHz, Chloroform-d) 6 7.38 — 7.18 (m), 7.08 (t, J = 7.5 Hz), 6.83 (s), 6.74 (d, /= 7.8 Hz), 5.92 (t,
J=8.9 Hz), 5.80 (s), 4.95 (d, J = 11.5 Hz), 4.74 (d, J = 11.9 Hz), 4.64 — 4.31 (m), 4.06 (d, J = 2.7
Hz), 3.75-3.49 (m), 2.27 (s), 2.21 (s). *3C NMR (100 MHz, Chloroform-d) & 168.2, 143.5, 139.6,
138.3, 137.8, 137.4, 135.4, 130.8, 129.5, 128.8, 128.6, 128.52, 128.49, 128.4, 128.2, 128.1,
128.04, 128.00, 127.84, 127.77, 127.2, 124.4, 119.4, 95.2, 80.8, 74.8, 74.7, 73.7, 72.0, 71.8,
70.1, 68.3,21.3, 19.8. HRMS (ESI) Calculated for C3;H3306 [M-[OC(CF3)=NPh]]* 579.2741, found
579.2731.

3,4-Di-O-benzyl-2-0-mesitoyl-D-rhamnopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate

donor (4d)
sph OxC
DMAP, Pyr
BnO 0 + ~ 100 °C BnO
Bn BnO
1 H TMBz
TMBzClI s11
NIS/TfOH
NPh DCM, 0 °C
O)J\CF3 )I\Jf’h
Bn O?OZ ~ C((;F3 BnO Zf\\f
Bn 2~ -3 TMB
Acet Z
TMBz ad cetone P

Mesitoyl chloride (0.203 ml, 1.2 mmol), DMAP (13 mg, 0.1 mmol), and compound $10 (87 mg,
0.2 mmol) were added to pyridine (1 mL), and the mixture was warmed to 100 °C and stirred
for 2 d. The mixture was diluted with H,O and extracted into CH,Cl,. The organic phase was
washed with aqueous HCl (1 M), saturated aqueous NaHCOs, and brine and dried over
anhydrous Na,SO4. Evaporation of the solvent gave a residue, which was purified by flash
chromatography (petroleum ether/ethyl acetate = 15:1) to afford the compound S11 (87 mg,
0.15 mmol, 75%). [a]o®® = -82.3 (c 0.15, CHCI3); *H NMR (400 MHz, Chloroform-d) § 7.40 (m,
2H), 7.33 - 7.16 (m, 13H), 6.76 (s, 2H), 5.77 (dd, J = 3.2, 1.7 Hz, 1H), 5.46 (d, J = 1.6 Hz, 1H),
4.83 (d,/=10.8 Hz, 1H), 4.74 (d, /= 11.3 Hz, 1H), 4.57 (d, J = 11.3 Hz, 1H), 4.51 (d, J = 10.8 Hz,
1H), 4.26 — 4.05 (m, 1H), 3.93 (dd, J = 9.4, 3.2 Hz, 1H), 3.46 (t, J = 9.4 Hz, 1H), 2.20 (s, 9H), 1.22
(d,J=6.2 Hz, 3H). *CNMR (101 MHz, Chloroform-d) 6 169.4, 139.6, 138.4,137.8,135.7,134.1,
132.0, 130.6, 129.2, 128.52, 128.50, 128.49, 128.2, 128.1, 127.91, 127.87, 127.8, 86.3, 80.3,
78.5, 75.7, 72.1, 71.4, 69.3, 21.3, 20.1, 17.9. HRMS (ESI) Calculated for C3sH390sS [M+H]*
583.2513, found 583.2516.

To a solution of compound $11 (410 mg, 0.704 mmol) in DCM (7 mL), TFA (52 ul, 0.7 mmol)
and NIS (190 mg, 0.85 mmol) were added to the mixture at 0 °C and stirred for 30 min. The
reaction mixture was quenched with EtsN and saturated aqueous Na;S;0s, and the organic
phase was washed with saturated aqueous NaHCOs;, brine successively. The organic phases
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was separated and combined, and was then dried over anhydrous Na,SOa,. Filtration and
evaporation yielded the crude product which was further purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 8/1) to deliver hemiacetal S12 (280 mg,
0.571 mmol, 81%) as a syrup.

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the above corresponding hemiacetal S12 (280 mg, 0.571 mmol) can be converted into
the donor 4d after 4 hours at rt, and purified by silica gel flash chromatography (petroleum
ether/ethyl acetate = 30/1, with TEA) to yield 4d (267 mg, 0.403 mmol, 71%) as a syrup. 'H
NMR (400 MHz, Acetone-ds) 6 7.43 (m), 7.40 —7.26 (m), 7.19 - 7.12 (m), 6.95 (d, J = 7.7 Hz),
6.89 (s), 6.22 (brs), 5.86 (brs), 4.95 (d, J = 11.2 Hz), 4.91 (d, /= 11.2 Hz), 4.75 (d, 11.2 Hz), 4.70
(d,11.2 Hz), 4.11(dd, J=9.5, 3.3 Hz), 3.99 -3.82 (m), 3.54 (t, J = 9.4 Hz), 2.26 (s), 2.24 (s), 1.35
—1.24 (m). *C NMR (100 MHz, Acetone-de) 6 169.2, 144.6, 140.5, 139.7, 139.0, 136.2, 131.5,
129.9,129.3,129.21, 129.20, 129.15, 128.9, 128.7, 128.5, 125.5, 120.4, 95.9, 80.1, 78.5, 75.9,
72.8, 71.6, 68.9, 21.2, 20.2, 18.4. HRMS (ESI) Calculated for C3oH330s [M-[OC(CF3)=NPh]]*
473.2323, found 473.2287.

2,3,4-Tri-O-benzyl-6-0-picoloyl-D-glucopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate donor
(4f)

OPico NPh
1, DCC, DMAP, DCM NPh
Picolinic acid/ rt BnO Cl CF3 BnO
CF3
Bn C52C03 Bn
2, NBS, actone:H,0 = 9:1 Acetone

Picolinic acid (176 mg, 1.40 mmol), N,N'-dicyclohexylcarbodiimide (417 mg, 2 mmol), and 4-
dimethylaminopyridine (25 mg, 0.20 mmol) were added to a solution of starting material
$130B21 (543 mg, 1.00 mmol) in dry CH,Cl, (10 mL), and the resulting mixture was stirred under
N, for 2 hours at rt. The solid was filtered off and rinsed successively with DCM, and then the
combined filtrate was washed with brine. The organic phase was separated, dried with
anhydrous Na;SO., and concentrated in vacuo to afford the crude product which was used
without purification in the next step.

The above obtained crude product was dissolved in acetone and H,0 (10 ml, acetone: H,0 =
9:1, V/V), to which NBS (635 mg, 3.5 mmol) was added at 0 °C. The resulting mixture was
stirred for 1 hour at rt, and was then quenched with saturated aqueous Na,S,0s. The organic
phase was washed with saturated aqueous NaHCO; and brine successively, and the organic
phases was separated and combined, and was then dried over anhydrous Na,SO,. Filtration
and evaporation yielded the crude product which was further purified by silica gel column
chromatography (petroleum ether/ ethyl acetate = 1/2) to deliver the hemiacetal S14 (445 mg,
0.8 mmol, 80% for 2 steps).

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the above corresponding hemiacetal $14 (445 mg, 0.8 mmol) can be converted into the
donor 4f after 5 hours at rt, and purified by silica gel flash chromatography (petroleum
ether/ethyl acetate = 4/1, with TEA) to yield 4f (535 mg, 0.736 mmol, 92%) as a syrup. *H NMR
(400 MHz, Chloroform-d) & 8.75 (d, J = 4.5 Hz), 8.01 (d, /= 7.8 Hz), 7.70 (t, J = 7.7 Hz), 7.47 —
7.44 (m), 7.41-7.20 (m), 7.08 (t, J = 7.4 Hz), 6.74 (d, J = 7.6 Hz), 5.73 (brs), 4.97 (d, J = 10.8
Hz), 4.94 — 4.75 (m), 4.72 — 4.45 (m), 3.82 — 3.64 (m). 3C NMR (100 MHz, Chloroform-d) &
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164.7,150.2, 147.7, 143.4, 138.2, 137.7, 137.5, 137.0, 128.8, 128.68, 128.65, 128.36, 128.33,
128.26,128.21,128.19,128.01,127.98,127.0,125.4,124.4,119.3,97.1, 84.6, 80.8, 76.0, 75.3,
75.2, 73.9, 64.1. HRMS (ESI) Calculated for Cs3H3,NOg [M-[OC(CF3)=NPh]]* 538.2224, found
538.2208.

2,3,6-Tri-O-benzyl-4-0-picoloyl-D-glucopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate donor
(4g)

NPh

Bn NPh
1, DCC, DMAP, DCM
Picolinic acid/ rt Plcoo C' CF P'COO CF
OB TCs,CO; 8
Bn 2 NBS,actone:H20 = 9: l

Acetone

Picolinic acid (176 mg, 1.40 mmol), N,N'-dicyclohexylcarbodiimide (417 mg, 2 mmol), and
DMAP (25 mg, 0.20 mmol) were added to a solution of starting material $15!*3! (543 mg, 1.00
mmol) in dry CH,Cl; (10 mL) and the resulting mixture was stirred under N, for 2 hours at rt.
The solid was filtered off and rinsed successively with DCM, and then the combined filtrate
was washed with brine. The organic phase was separated, dried with anhydrous Na,SO4, and
concentrated in vacuo to afford the crude product which was used for the next step without
purification.

The above obtained crude product was dissolved in acetone and H,0 (10 ml, acetone: H,0 =
9:1, V/V), to which NBS (635 mg, 3.5 mmol) was added at 0 °C. The resulting mixture was
stirred for 1 hour, and was then quenched with saturated aqueous Na,S,0s. The organic phase
was washed with saturated aqueous NaHCOs, brine successively, and the organic phase was
separated and combined, and was then dried over anhydrous Na,SO.. Filtration and
evaporation vyielded the crude product which was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 1/2) to deliver the hemiacetal S16 (440 mg,
0.79 mmol, 79% for 2 steps).

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the above corresponding hemiacetal $16 (440 mg, 0.79 mmol) can be converted into
the donor 4g after 5 hours at rt, and purified by silica gel flash chromatography (petroleum
ether/ethyl acetate = 4/1, with TEA) to yield 4g (523 mg, 0.72 mmol, 91%) as a colorless syrup.
4g-B isomer: *H NMR (400 MHz, Chloroform-d) & 8.72 (d, J = 8.7 Hz, 1H), 7.98 (dt, J = 7.9 Hz,
1H), 7.78 (td, J = 7.7, 1.8 Hz, 1H), 7.45 (m, 1H), 7.40 — 7.01 (m, 18H), 6.81 (d, J = 7.7 Hz, 2H),
5.70 (s, 1H), 5.47 (t, J = 9.6 Hz, 1H), 4.90 — 4.74 (m, 3H), 4.66 (d, J = 11.4 Hz, 1H), 4.49 (d, J =
1.2 Hz, 2H), 3.86 (m, , 3H), 3.63 (m, 2H). 3C NMR (100 MHz, Chloroform-d) 6 164.1, 149.9,
147.5, 143.4, 137.9, 137.8, 137.7, 137.0, 128.9, 128.6, 128.4, 128.3, 128.2, 128.0, 127.8,
127.65, 127.58, 127.2, 125.7, 124.5, 119.4, 81.7, 80.96, 75.48, 75.46, 74.2, 73.6, 71.6, 68.8.
HRMS (ESI) Calculated for Cs3sH3,NOg [M-[OC(CF3)=NPh]]*538.2224, found 538.2217.

2,3,6-Tri-O-benzyl-4-O-picoloyl-D-galactopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate
donor (4h)

OH O0OBn NF’h OPico
1, DCC, DMAP, DCM n OBn Nph
0 Picolinic acid/ rt cl CF3 CF
BnO SPh———BnO 3
OBn 2, NBS,actone:H20 = 9:1 Bn CS €05
S17 2 Acetone
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Picolinic acid (176 mg, 1.40 mmol), N,N'-dicyclohexylcarbodiimide (417 mg, 2 mmol), and
DMAP (25 mg, 0.20 mmol) were added to a solution of starting material $17!** (543 mg, 1.00
mmol) in dry CH,Cl, (10 mL) and the resulting mixture was stirred under N; for 2 hours at rt.
The solid was filtered off and rinsed successively with DCM, and then the combined filtrate
was washed with brine. The organic phase was separated, dried with anhydrous Na,SO4, and
concentrated in vacuo to afford the crude product which was used for next step without
purification.

The above obtained crude product was dissolved in acetone and H,0 (10 ml, acetone: H,0 =
9:1, V/V), to which NBS (635 mg, 3.5 mmol) was added at 0 °C. The resulting mixture was
stirred for 1 hour, and was then quenched with saturated aqueous Na,S,0s. The organic phase
was washed with saturated aqueous NaHCOs, brine successively, and the organic phases was
separated and combined, and was then dried over anhydrous Na,SO.. Filtration and
evaporation vyielded the crude product which was purified by silica gel column
chromatography (petroleum ether /ethyl acetate = 1/2) to deliver the hemiacetal S18 (456 mg,
0.82 mmol, 82% for 2 steps).

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, the above corresponding hemiacetal $S18 (456 mg, 0.82 mmol) can be converted into
the donor 4h after 5 hours at rt, and purified by silica gel flash chromatography (petroleum
ether/ethyl acetate = 4/1, with TEA) to yield 4h (566 mg, 0.779 mmol, 95%) as a colorless syrup.
4h-B isomer: 'H NMR (400 MHz, Chloroform-d) 6 8.92 — 8.74 (m, 1H), 8.07 (d, J = 7.8 Hz, 1H),
7.82(td, J=7.7, 1.8 Hz, 1H), 7.48 (ddd, /= 7.6, 4.7, 1.2 Hz, 1H), 7.40 - 7.13 (m, 17H), 7.09 (t, J
=7.5Hz, 1H), 6.79 (d, J = 7.7 Hz, 2H), 5.93 (d, J = 3.3 Hz, 1H), 5.74 (s, 1H), 4.89 (d, /= 11.4 Hz,
1H), 4.85-4.71 (m, 2H), 4.59 (d, /= 11.4 Hz, 1H), 4.51 (d, J=11.7 Hz, 1H), 4.41 (d, /= 11.7 Hz,
1H), 3.93 (t, J = 8.9 Hz, 1H), 3.85 — 3.70 (m, 1H), 3.63 (t, J = 6.7 Hz, 2H). 3C NMR (100 MHz,
Chloroform-d) 6 163.9, 150.3, 147.5, 143.4, 137.8, 137.44, 137.38, 137.0, 129.3, 128.8, 128.5,
128.41, 128.37, 128.33, 128.29, 128.2, 128.06, 128.0, 127.93, 127.88, 127.83, 127.78, 127.1,
125.5,124.3,119.3,97.1,79.4,77.6, 75.7, 73.7, 73.3, 72.3, 68.0, 67.6. HRMS (ESI) Calculated
for Ca3H3:NOg [M-[OC(CF3)=NPh]]*538.2224, found 538.2216.

2,4-Di-0O-benzyl-3-0-picoloyl-L.-rhamnopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate donor
(4i)

NPh

SPh OH NPh )J\
)J\ O~ “CF4
BnO Picolinic acid/rt  BnO - 3 o]
HO" g, PicoO” 5 Cs,C03  BnO
S19 2, NBS, actone:H,0 = 9:1 520 Acetone PicoO Bn 4i
Picolinic acid (176 mg, 1.40 mmol), N,N'-dicyclohexylcarbodiimide (417 mg, 2 mmol), and

DMAP (25 mg, 0.20 mmol) were added to a solution of starting material $19!*! (437 mg, 1.00
mmol) in dry CH,Cl; (10 mL) and the resulting mixture was stirred under N, for 2 hours at rt.

The solid was filtered off and rinsed successively with CH,Cl,, and then the combined filtrate
was washed with brine. The organic phase was separated, dried over anhydrous Na,SO4, and
concentrated in vacuo to afford the crude product which was used for next step without
further purification.

The above obtained crude product was dissolved in acetone and H,0 (10 ml, acetone: H,0 =
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9:1, V/V), to which NBS (635 mg, 3.5 mmol) was added at 0 °C. The resulting mixture was
stirred for 1 hour, and was then quenched with saturated aqueous Na,S;0s. The organic phase
was washed with saturated aqueous NaHCOs, brine successively, and the organic phases was
separated and combined, dried over anhydrous Na,SO,. Filtration and evaporation yielded the
crude product which was purified by silica gel chromatography (petroleum ether /ethyl acetate
=1/2) to deliver the hemiacetal $20 (382 mg, 0.85 mmol, 85% for 2 steps).

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, hemiacetal S20 (382 mg, 0.85 mmol) can be converted into the donor 4i after 5 hours
at rt, and purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1,
with TEA) to yield 4i (497 mg, 0.8 mmol, 94%) as a colorless syrup. 'H NMR (400 MHz,
Chloroform-d) & 8.93 — 8.70 (m), 8.02 (d, J = 7.8 Hz), 7.97 (d, J = 7.8 Hz), 7.82 (m), 7.50 (m),
7.37-7.16 (m), 7.15—-7.00 (m), 6.84 (brs), 6.28 (brs), 5.47 (dd, J=9.2, 3.4 Hz), 5.12 (s), 4.92 —
4.88 (m), 4.82 (d, J=11.0 Hz), 4.69 —4.50 (m), 4.28 (m), 4.05 (brs), 3.94 (t, /= 9.8 Hz), 1.43 (d,
J = 6.0 Hz). 3C NMR (100 MHz, Chloroform-d) & 164.3, 164.2, 150.15, 150.11, 147.8, 147.5,
143.6, 143.4, 143.3, 143.0, 137.90, 137.86, 137.5, 137.1, 137.0, 128.9, 128.8, 128.7, 128.44,
128.41,128.33,128.26,128.08, 128.01, 127.9, 127.2,127.1, 125.4,125.3, 124.6, 119.6, 119.4,
95.4,78.2,77.9,76.6,75.4,75.3,74.7,74.5,73.8,73.4,72.9,72.8,70.9, 18.2, 18.0. HRMS (ESI)
Calculated for CyH2sNOs [M-[OC(CF3)=NPh]]*432.1805, found 432.1790.

2,3-Di-0O-benzyl-4-0-picoloyl-L.-rhamnopyranosyl N-Phenyl-2,2,2-trifluoroacetimidate donor
(4))

SPh SPh
DCC, DMAP, DCM e
Ho:é :O? Picolinic acid/ rtPicoO$O? NBS, actone:H,0 = 9:1
Bn Bn BnO Bn
S21 S22
NPh
OH NPh N
o )J\ O~ ~CF,
PicoO Cl CF3 N
BnO" g, Cs,C0;  PicoO
S23 Acetone Bn BnO 4i

Picolinic acid (176 mg, 1.40 mmol), N,N'-dicyclohexylcarbodiimide (417 mg, 2 mmol), and
DMAP (25 mg, 0.20 mmol) were added to a solution of starting material $211*! (437 mg, 1.00
mmol) in dry CH,Cl, (10 mL) and the resulting mixture was stirred under N; for 2 hours at rt.
The solid was filtered off and rinsed successively with CH,Cl,, and then the combined filtrate
was washed with brine. The organic phase was separated, dried over anhydrous Na,SO4, and
concentrated in vacuo to afford the crude product which was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford the compound S22 (515 mg,
0.95 mmol, 95%) as a syrup. [a]p?®>=-60.0 (c 1.2, CHCl3); *H NMR (400 MHz, CDCl;) 6 8.81 (d, J
=4.0 Hz, 1H), 8.14 (d, /= 7.8 Hz, 1H), 7.85 (td, /= 7.7, 1.5 Hz, 1H), 7.55 - 7.47 (m, 1H), 7.43 —
7.14 (m, 15H), 5.68 — 5.60 (m, 1H), 5.54 (s, 1H), 4.77 — 4.67 (m, 2H), 4.56 (d, J = 12.2 Hz, 1H),
4.51-4.41 (m, 2H), 4.07 -3.99 (m, 2H), 1.30(d, J = 6.2 Hz, 3H). *C NMR (100 MHz, Chloroform-
d) 6 164.6, 149.9, 148.0, 137.94, 137.89, 137.1, 134.4, 131.4, 129.2, 128.5, 128.3, 128.1,
127.84,127.77,127.67,127.5,127.1,125.8,86.2,77.1,76.4,74.7,72.5,72.0,68.2, 17.7. HRMS
(ESI) Calculated for C3;H32NOsS [M+H]* 542.1996, found 542.2006.

The above obtained compound S22 was dissolved in acetone and H,O (10 ml, acetone: H,0 =
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9:1, V/V), to which NBS (635 mg, 3.5 mmol) was added at 0 °C. The resulting mixture was
stirred for 1 hour, and was then quenched with saturated aqueous Na,S,0s. The organic phase
was washed with saturated aqueous NaHCOs, brine successively, and the organic phases was
separated and combined, dried over anhydrous Na,SO,. Filtration and evaporation yielded the
crude product which was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 1/2) to deliver the hemiacetal $23 (372 mg, 0.83 mmol, 87%).

As the general procedure for preparation of glycosyl N-phenyl trifluoroacetimidate (PTFAI)
donor, hemiacetal $23 can be converted into the donor 4j after 5 hours at rt, and purified by
silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1, with TEA) to yield 4j
(464 mg, 0.747 mmol, 90%) as a syrup. 4j-B isomer: 'H NMR (400 MHz, Chloroform-d) 6 8.94
—8.68 (m, 1H), 8.14 (d, J = 7.8 Hz, 1H), 7.85 (td, J = 7.7, 1.7 Hz, 1H), 7.51 (m, 1H), 7.43 — 7.38
(m, 2H), 7.38 — 7.34 (m, 2H), 7.29 (m, 6H), 7.18 (m, 5H), 5.64 (t, J/ = 9.4 Hz, 1H), 5.54 (s, 1H),
4.72 (dd, J=14.8 Hz, J = 12.3 Hz, 2H), 4.56 (d, /= 12.1 Hz, 1H), 4.51 — 4.38 (m, 2H), 4.05 —4.00
(m, 2H), 1.30 (d, J = 6.2 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 164.6, 149.9, 148.0,
137.94,137.89,137.1,134.4,131.4,129.2,128.5,128.3,128.1, 127.84, 127.77, 127.67, 127.5,
127.1,125.8,86.2,76.4,74.7,72.5,72.0,68.2, 17.7.

Synthesis of donor 8d

n
E N 0
OH 0 cC
S24 O_<\Nj©

8d

To a solution of compound S24 (277 mg, 0.50 mmol) in dry acetone (5 mL), KOH (56 mg, 1.00
mmol) and 2-chlorobenzoxazole (230 ul, 2.00 mmol) were added to the mixture at 0 °C. The
reaction mixture was stirred for another 3 hours under N, atmosphere. Then, the mixture was
filtered off and the combined filtrate was dried over anhydrous Na,SO4, concentrated in vacuo
to afford the crude product which was purified by silica gel column chromatography
(petroleum ether/ethyl acetate = 12/1, with EtsN) to afford the donor 8d (278.8 mg, 0.415
mmol, 83%) as colorless oil. 8d-a isomer: *H NMR (400 MHz, Acetone-des) 6 8.14 — 8.07 (m, 2H),
7.67 (t,J = 7.5 Hz, 1H), 7.54 — 7.43 (m, 4H), 7.41 — 7.22 (m, 17H), 6.59 (d, J = 1.5 Hz, 1H), 6.06
(s, 1H), 4.91 (dd, J = 11.2, 7.0 Hz, 2H), 4.74 — 4.65 (m, 3H), 4.57 (d, J = 11.9 Hz, 1H), 4.35 - 4.25
(m, 2H), 4.17 — 4.08 (m, 1H), 3.95 (dd, J = 11.3, 3.7 Hz, 1H), 3.80 (dd, J = 11.3, 1.6 Hz, 1H). 3C
NMR (100 MHz, Acetone-ds) 6 164.8, 161.4,148.5, 133.5,129.8,128.7,128.28,128.23,128.18,
128.1,127.9,127.4,118.3,109.9,98.9, 77.6, 74.9, 74.6, 73.6, 72.9, 71.5, 68.7, 67.6. HRMS (ESI)
Calculated for C41H37NOgNa [M+Na]*694.2417, found 694.2413.

Synthesis of acceptor 6j
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TBAI, DMF

S26 6j

To a solution of compound S$2512¢ (253 mg, 0.54 mmol) in dry DMF (10 ml),
tetrabutylammonium iodide (41 mg, 0.11 mmol), chloromethyl methyl ether (49 ul, 0.65 mmol)
and N,N-diisopropylethylamine (0.168 ml, 0.65 mmol) were added in sequence at 0 °C under
N, atmosphere, and then the mixture was warmed up to rt. The reaction mixture was stirred
for overnight at this temperature. The resulting mixture was diluted with DCM and washed
with HCI (1 M) solution, saturated aqueous NaHCOs3 and brine successively. The organic phase
was separated and combined, dried over anhydrous Na,SO.. Filtration and evaporation yielded
the crude product which was purified by silica gel column chromatography (petroleum ether
/ethyl acetate = 20/1) to afford the intermediate (198 mg, 0.388 mmol, 72%) as a yellow solid.
The above obtained intermediate (101 mg, 0.198 mmol) was dissolved in dry DMF (1ml), to
which K>COs3 (55 mg, 0.396 mmol), Sodium iodide (6 mg, 0.0396 mmol) and BnBr (48 pl, 0.396
mmol) were added at 0 °C under N, atmosphere. The mixture was warmed up to rt and stirred
for overnight at this temperature. The resulting mixture was diluted with DCM and washed
with HCI (1 M) solution, saturated aqueous NaHCOs and brine successively. The organic phase
was separated and combined, and dried over anhydrous Na,SO,. Filtration and evaporation
yielded the crude product which was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 6/1) to afford the compound $26 (80 mg, 0.133 mmol, 67%) as a solid.
[a]p?®=-1.9 (c 0.45, CHCl3); *H NMR (400 MHz, Chloroform-d) & 8.05—7.90 (m, 2H), 7.66 —7.54
(m, 2H), 7.51 —7.20 (m, 13H), 7.14 - 6.98 (m, 2H), 6.57 (d, J = 2.1 Hz, 1H), 6.46 (d, J = 2.1 Hz,
1H), 5.29 (s, 2H), 5.24 (s, 2H), 5.10 (s, 2H), 5.09 (s, 2H), 3.51 (s, 3H). 3C NMR (100 MHz,
Chloroform-d) 6 174.0, 162.8, 159.9, 158.9, 158.8, 153.6, 139.8, 137.1, 136.5, 135.8, 130.2,
129.0,128.9,128.8,128.6,128.3,128.0,127.78,127.76,126.8, 124.5,115.9, 110.2, 98.2,94.3,
94.0, 74.1, 70.9, 70.6, 56.3. HRMS (ESI) Calculated for CsgH3307 [M+H]* 601.2221, found
601.2223.

To a solution of compound $26 (51 mg, 0.085 mmol) in mixed solvent (DCM: MeOH =1:1, 1.7
ml), acetyl chloride (302 ul, 4.25 mmol) was added at 0 °C. The resulting reaction mixture was
stirred at the same temperature for several hours, at which time TLC showed the
disappearance of all starting material. The reaction mixture was diluted with ethyl acetate,
and then washed with saturated aqueous NaHCOs, brine successively. The organic phase was
separated, combined, dried over anhydrous Na,SO.. Filtration and evaporation yielded the
crude product which was further purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 7/1) to deliver the acceptor 6j (42 mg, 0.0754 mmol, 89%) as a pale
yellow solid. [a]p®=-2.1 (c 0.25, Acetone); *H NMR (400 MHz, DMSO-ds) & 10.16 (s, 1H), 7.90
(d,J=8.8 Hz, 2H), 7.64 (d, J = 7.4 Hz, 2H), 7.56 — 7.27 (m, 13H), 6.92 (d, J = 2.1 Hz, 1H), 6.88 (d,
J =8.8 Hz, 2H), 6.70 (d, J = 2.2 Hz, 1H), 5.26 (s, 2H), 5.23 (s, 2H), 5.00 (s, 2H). 3C NMR (100
MHz, DMSO-des) 6 172.4, 162.6, 159.6, 159.2, 158.2, 153.1, 138.7, 137.1, 136.9, 136.2, 130.0,
128.6,128.5,128.32, 128.27,128.1, 128.0, 127.6, 127.0, 121.0, 115.4, 109.0, 97.9, 94.2, 72.9,
70.1, 70.0. HRMS (ESI) Calculated for CsgH2906 [M+H]*557.1959, found 557.1962.
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Methyl 2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-0-benzyl-o/B-p-glucopyranosyl)-o-b-
glucopyranoside (3a)

Me

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 3a in the sealed tube at 27 °C after 20 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3a
(46 mg, 0.0466 mmol, 93%, a/B = 1/1) as a white amorphous solid. Analytical data for 3a was
in accordance with that reported previously.3

Methyl 2,3,4-Tri-O-benzyl-6-0-(2,3,4,6-tetra-0-benzyl-o/B-pD-glucopyranosyl)-o-b-
glucopyranoside (3a, gram-scale synthesis)

Me

As the general procedure A, donor 1¢ (1158 mg, 1.625 mmol) and acceptor 2a (581 mg, 1.25
mmol) can be converted into the product 3a in the sealed tube at 27 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3a
(1099 mg, 1.11 mmol, 89%, a/B = 2/1) as a white amorphous solid. Analytical data for 3a was
in accordance with that reported previously.3

3-0-(2,3,4,6-tetra-0O-benzyl-p-glucopyranosyl)-1,2:5,6-O-diisopropylidene-a-D-
galactofuranose (3b)

OBn /P
BnO 0 o
BnO Q \}\/
Bn @
O
/r-o\

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2b (13 mg, 0.05
mmol) can be converted into the product 3b in the sealed tube at 30°C after 27 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3b
(34.4 mg, 0.044 mmol, 88%, a/B = 3/1) as a syrup. Analytical data for 3b was in accordance
with that reported previously.>

1-Adamantanyl 2,3,4,6-tetra-O-benzyl-D-glucopyranoside (3c)
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OBn
BnO

BnO 0
Bn

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2c¢ (7.8 mg, 0.05
mmol) can be converted into the product 3c in the sealed tube at 30 °C after 27 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 15/1) to deliver
3c (31 mg, 0.046 mmol, 92%, a/B = 1.2/1) as a white solid. Analytical data for 3c was in
accordance with that reported previously.?®

13-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosyl)stevioltert-Butyldiphenylsilyl Ester (3d)

OBn

/COOTBDPS

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2d (28 mg, 0.05
mmol) can be converted into the product 3d in the sealed tube at 30 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 10/1) to deliver
3d (43.7 mg, 0.0405 mmol, 81%, a/p = 1/1.4) as a white solid. The a and B isomer cannot be
separated. 'H NMR (400 MHz, Chloroform-d) § 7.70 - 7.63 (m), 7.44-7.14 (m), 7.12 - 7.05 (m,
2H), 5.21 (d, J = 3.4 Hz, 1H), 5.15 (s, 1.4H), 5.13 (s, 1H), 5.04 — 4.96 (m), 4.93 — 4.53 (m), 4.44 —
4.40 (m, 2.4H), 4.31 (d, J = 12.1 Hz, 1H), 4.07 (t, J = 9.3 Hz, 1H), 3.92 (dt, J = 10.0, 2.3 Hz, 1H),
3.81(dd, J=10.4, 2.4 Hz, 1H), 3.76 (t, J = 9.4 Hz, 1H), 3.70 — 3.55 (m), 3.56 — 3.43 (m), 3.34 (m,
1H), 2.29 — 1.30 (m), 1.26 (s), 1.14 (s), 1.12 (s), 1.03 (m), 0.94 (t, J = 8.1 Hz, 2H), 0.75 (s). 3C
NMR (100 MHz, Chloroform-d) 6 177.0, 176.7, 153.0, 151.7, 139.2, 138.8, 138.52, 138.50,
138.44,138.42,138.2,138.0, 135.73, 135.70, 135.68, 132.20, 132.17, 130.11, 130.09, 130.06,
128.55,128.52,128.47,128.45, 128.43, 128.3, 128.25, 128.22, 128.17, 128.0, 127.94, 127.90,
127.84, 127.82, 127.76, 127.74, 127.71, 127.65, 127.56, 127.5, 105.2, 104.9, 98.6, 92.5, 86.4,
86.0, 85.3, 82.4, 82.2, 80.4, 78.2, 75.8, 75.6, 75.31, 75.26, 75.0, 74.9, 73.6, 73.5, 70.1, 69.2,
68.3, 57.21, 57.19, 54.0, 53.8, 47.96, 47.91, 45.30, 45.28, 43.9, 43.7, 42.5, 41.8, 41.7, 41.5,
40.8, 40.7, 39.6, 39.5, 39.1, 38.8, 38.7, 37.6, 29.8, 29.43, 29.35, 27.33, 27.28, 22.4, 22.2, 20.4,
20.2, 19.5, 19.42, 19.40, 16.3, 16.2. HRMS (ESI) Calculated for Cs0Hs30sSi [M+H]* 1079.5852,
found 1079.5873.

9,10-secoergosta-5,7,10,22-tetraen-3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranoside) (3e)
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As the general procedure A, donor 1c (39.2 mg, 0.055 mmol) and acceptor 2e (20.3 mg, 0.05
mmol) can be converted into the product 3e in the sealed tube wrapped in tin foil with freshly
activated 4A MS at 3 °C after 24 hours, and purified by silica gel flash chromatography
(petroleum ether/ethyl acetate = 18/1) to deliver 3e (28 mg, 0.0305 mmol, 61%, o/B = 1.2/1)
as a colorless oil. 3e-B: [a]p?®= 47.1 (c 0.45, CHCI5); 'H NMR (400 MHz, Acetone-de) & 7.48 —
7.20 (m, 20H), 6.28 (d, J = 11.2 Hz, 1H), 6.09 (d, J = 11.2 Hz, 1H), 5.24 (t, J = 5.8 Hz, 2H), 5.08
(brs, 1H), 4.98 (d, J= 11.5 Hz, 1H), 4.93 (d, = 11.2 Hz, 1H), 4.87 (d, J = 11.1 Hz, 1H), 4.82 — 4.77
(m, 2H), 4.73 — 4.54 (m, 5H), 4.09 — 4.03 (m, 1H), 3.84 — 3.52 (m, 4H), 3.34 (dd, J = 9.0, 7.8 Hz,
1H), 2.69 — 2.58 (m, 1H), 2.54 — 2.42 (m, 2H), 2.24 — 2.11 (m, 1H), 2.03 - 1.96 (m, 2H), 1.94 —
1.22 (m, 16H), 1.04 (d, J = 6.6 Hz, 3H), 0.94 (d, J = 6.8 Hz, 3H), 0.85 (t, / = 6.8 Hz, 6H), 0.58 (s,
3H). 3C NMR (100 MHz, Acetone-ds) & 146.8, 142.1, 140.21, 140.19, 139.85, 139.8, 136.73,
136.67,132.8,129.2,129.12,129.06, 129.0, 128.8, 128.7, 128.6, 128.45, 128.36, 128.3, 128.2,
128.1,122.9,118.8,112.6,102.8, 85.6, 83.3,79.1, 76.7,76.0, 75.6, 75.4, 75.0, 73.8, 70.1, 57.3,
57.2,46.5,43.8,43.2,41.4,41.3,34.8,33.9, 33.0, 28.6, 24.3, 23.0, 21.7, 20.4, 20.1, 18.2, 12.7.
HRMS (ESI) Calculated for Cs;H7sNaOs [M+Na]*941.5691, found 941.5689.

(4-1sopropenyl-1-cyclohexen-1-yl)methyl-0-(2,3,4,6-tetra-O-benzyl-D-galactopyranoside)
(3)

BnO OBn
O

BnO O
Bn

As the general procedure A, donor 1d (46.3 mg, 0.065 mmol) and acceptor 2f (7.8 mg, 0.05
mmol) can be converted into the product 3f in the sealed tube at 27 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 14/1) to deliver
3f (29 mg, 0.043 mmol, 86%, a/B = 1/1) as a colorless oil. The a and B isomer cannot be
separated. *H NMR (400 MHz, Acetone-ds) *H NMR (400 MHz, Chloroform-d) § 7.51 —7.04 (m),
5.73 (d), 4.99 — 4.90 (), 4.89 — 4.85 (m), 4.82 (d), 4.79 — 4.66 (m), 4.66 — 4.52 (m), 4.51 —4.35
(m), 4.25 (d), 4.09 — 3.78 (m), 3.63 — 3.45 (m), 2.46 — 1.89 (m), 1.85 — 1.55 (m), 1.55 — 1.32 (m).
& *C NMR (100 MHz, Chloroform-d) 6 150.0, 149.9, 139.0, 138.81, 138.80, 138.75, 138.7,
138.6, 138.1, 138.0, 134.0, 133.5, 128.52, 128.48, 128.45, 128.43, 128.39, 128.36, 128.31,
128.29,128.27,128.24,128.01, 127.98, 127.88, 127.84, 127.80, 127.64, 127.62, 127.60, 127.5,
125.8, 124.9, 108.8, 108.7, 102.6, 95.3, 82.5, 79.7, 79.4, 76.4, 75.4, 75.1, 74.8, 74.6, 73.62,
73.55,73.52,73.46,73.4,73.2,73.1, 70.9, 69.4, 69.1, 68.9, 41.09, 41.05, 30.58, 30.56, 27.54,
27.50, 26.6, 26.3,20.93, 20.89.HRMS (ESI) Calculated for C44sHso0NaOg [M+Na]*697.3500, found
697.3503.

Methyl 2,3,6-Tri-O-benzyl-4-0-(2,3,4,6-tetra-O-benzyl-a/B-D-galacotopyranosyl)-a-b-
glucopyranoside (3g)

OBn 0OBn oBn

BnO O

Me
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As the general procedure A, donor 1d (46.3 mg, 0.065 mmol) and acceptor 2g (23.3 mg, 0.05
mmol) can be converted into the product 3g in the sealed tube at 30 °C after 27 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3g
(42 mg, 0.0425 mmol, 85%, a/B = 2.2/1) as a syrup. Analytical data for 3g was in accordance
with that reported previously.*

(3B)-Cholest-5-en-3-yl 2,3,4,6-tetra-O-benzyl-D-galactopyranoside (3h)

OBn OBn
(@)
BnO
OBn

As the general procedure A, donor 1d (46.3 mg, 0.065 mmol) and acceptor 2h (19.4 mg, 0.05
mmol) can be converted into the product 3h in the sealed tube at 30 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 15/1) to deliver
3h (44 mg, 0.0484 mmol, 97%, a/B = 1/1.5) as a white solid. Analytical data for 3h was in
accordance with that reported previously.*

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-0O-benzyl-o/B-D-mannopyranosyl)-o-b-
glucopyranoside (3i)
BnO OBn
BnO ©
BnO
(@]
BnO 0
BnO
Bn
Me

As the general procedure A, donor 1e (46.3 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 3i in the sealed tube at 30 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3i
(45 mg, 0.0456 mmol, 91%, /B = 1.6/1) as a syrup. Analytical data for 3i was in accordance
with that reported previously.**

Methyl 6-0-(2,3,4-tri-O-benzyl-L-rhamnopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside
(3i)

BnO
BnO O O o
BnO
Bn BnO
Bn
Me

As the general procedure A, donor 1f (45.5 mg, 0.075 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 3j in the sealed tube at 19 °C after 27 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3j
(43.6 mg, 0.0494 mmol, 99%, a/B = 1/1) as a white foam. Analytical data for 3j was in
accordance with that reported previously.?
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N-[(1,1-Dimethylethoxy)carbonyl]-0-(2,3,4-tri-O-benzyl-L-rhamnopyranosyl)-L-serine
methyl ester (3k)

BnO COOMe

o)
BnOA\C NHBoc

Bn

As the general procedure A, donor 1f (45.5 mg, 0.075 mmol) and acceptor 2i (11 mg, 0.05
mmol) can be converted into the product 3k in the sealed tube at 19 °C after 27 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3k
(28 mg, 0.044 mmol, 88%, a/B = 1.5/1) as a syrup. 3k-a isomer:[a]p?*>= -7.0 (c 1.1, CHCl5); *H
NMR (400 MHz, Chloroform-d) & 7.47 —7.15 (m, 15H), 5.24 (d, J = 8.8 Hz, 1H), 4.92 (d, /= 11.1
Hz, 1H), 4.81 — 4.52 (m, 6H), 4.47 (m, 1H), 4.03 (dd, J = 9.9, 3.6 Hz, 1H), 3.76 — 3.60 (m, 5H),
3.63-3.39 (m, 3H), 1.30 (d, J = 6.1 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 170.7, 155.4,
138.8, 138.5, 138.4, 128.5, 128.4, 128.0, 127.95, 127.92, 127.8, 127.74, 127.66, 98.2, 80.3,
80.2,79.9, 75.3, 75.0, 72.9, 72.6, 68.6, 67.6, 53.7, 52.6, 28.5, 18.0. HRMS (ESI) Calculated for
CssHasNNaOg [M+Na]* 658.2987, found 658.2986. 3k-B isomer: [a]p?>= 34.1 (c 0.9, CHCls); *H
NMR (400 MHz, Chloroform-d) 6 7.49 — 7.38 (m, 2H), 7.36 — 7.24 (m, 13H), 5.72 (d, / = 9.0 Hz,
1H), 4.95 (d, J = 10.8 Hz, 1H), 4.90 (d, J = 12.5 Hz, 1H), 4.75 (d, J = 12.4 Hz, 1H), 4.64 (d, J = 10.8
Hz, 1H), 4.46 (g, J = 11.9 Hz, 3H), 4.31 (s, 1H), 4.18 — 3.95 (m, 2H), 3.84 (d, J = 3.0 Hz, 1H), 3.73
(s, 3H), 3.61 (t, J = 9.3 Hz, 1H), 3.42 (dd, J = 9.4, 3.0 Hz, 1H), 3.32 (m, 1H), 1.46 (s, 9H), 1.40 (d,
J=6.1 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 171.1, 155.7, 138.7, 138.5, 138.2, 128.52,
128.48, 128.3, 128.2, 127.9, 127.74, 127.69, 127.6, 101.8, 82.1, 80.0, 75.6, 74.1, 74.0, 72.3,
71.6, 71.0, 54.10, 52.6, 28.5, 17.9. HRMS (ESI) Calculated for CsgHssNNaOs [M+Na]* 658.2987,
found 658.2981.

Methyl 6-0-(2,3,4-tri-O-benzyl-L.-fucopyranosyl)-2,3,4-tri-O-benzyl-a-bD-glucopyranoside (3l)

BnO
o~
BnO 0 OBn
BnO OBn
Bn
Me

As the general procedure A, donor 1g (45.5 mg, 0.075 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 3l in the sealed tube at 25 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3l
(34 mg, 0.0386 mmol, 77%, a/B = 1/1.4) as a syrup. Analytical data for 31 was in accordance
with that reported previously.*

Methyl 6-0-(2,3,4-tri-O-benzyl-D-xylopyranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside
(3m)

BnO
BnO O

Me
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As the general procedure A, donor 1h (38.5 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 3m in the sealed tube at 27 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3m
(40.3 mg, 0.0465 mmol, 93%, o/B = 1/1.5) as a syrup. Analytical data for 3m was in accordance
with that reported previously.*?

Methyl 6-0-(2,3,5-tri-O-benzyl-p-ribofuranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (3n)

B
nO/UV
BnO\" 0 0

- BnO

BnO
OBn =N

Me

As the general procedure A, donor 1i (38.5 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 3n in the sealed tube at 27 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3n
(38 mg, 0.0438 mmol, 88%, a/B = 1/1) as a syrup. Analytical data for 3n was in accordance
with that reported previously.*®

Synthesis of compound 30

OBn
BnO PhS

BnO o OBz

Bn )

O7§

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2j (20.8 mg, 0.05
mmol) can be converted into the product 30 in the sealed tube at 30 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 30
(39.9 mg, 0.0425 mmol, 85%, a/B = 1/1) as a syrup. The a and B isomer cannot be separated.
H NMR (400 MHz, Chloroform-d) & 8.11 — 8.03 (m), 7.62 — 7.51 (m), 7.50 — 7.03 (m), 5.33 —
5.25 (m), 4.97 — 4.92 (m), 4.88 — 4.73 (m), 4.70 — 4.41 (m), 4.37 — 4.25 (m), 4.24 — 4.21 (m),
4.18 — 3.95 (m), 3.78 — 3.58 (m), 3.50 — 3.45 (m), 1.56 (s), 1.32 (s). *C NMR (100 MHz,
Chloroform-d) & 165.51, 165.46, 139.0, 138.7, 138.54, 138.51, 138.3, 138.18, 138.16, 138.1,
133.9,133.6,133.3,132.2,131.3,130.1, 130.013, 129.912,129.1, 128.9, 128.6, 128.52, 128.50,
128.48,128.46,128.42,128.37,128.35, 128.3, 128.09, 128.05, 128.00, 127.95, 127.9, 127.81,
127.77,127.75,127.72, 127.66, 127.6, 127.4, 110.9, 110.8, 104.2, 97.4, 86.3, 85.6, 84.7, 82.4,
82.2, 80.0, 77.8, 76.1, 75.9, 75.8, 75.2, 75.1, 75.0, 74.9, 74.8, 74.1, 74.0, 73.60, 73.56, 73.4,
72.0, 71.9, 70.4, 69.6, 69.0, 68.6, 67.5, 27.77, 27.75, 26.54, 26.51. HRMS (ESI) Calculated for
CssHssNaO11S [M+Na]*961.3592, found 961.3603.
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Synthesis of compound 3p

MeO
BnO OBn O
Bno%
Bno Nan g \
o
B%ﬂ&/o O
OBz

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2k (33.6 mg, 0.05
mmol) can be converted into the product 3p in the sealed tube at 30 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 3p
(50 mg, 0.0419 mmol, 84%, a/B = 2.2/1) as a colorless syrup. 3p-a isomer: [a]p?*= 2.4 (c 0.5,
CHCl3); *H NMR (400 MHz, Chloroform-d) & 7.78 (d, J = 8.2 Hz, 2H), 7.49 — 6.98 (m, 38H), 6.81
(d, J=8.7 Hz, 2H), 6.73 (t, J = 7.4 Hz, 1H), 5.69 (dd, J = 9.4, 7.9 Hz, 1H), 5.20 (d, J = 7.9 Hz, 1H),
5.00 (d, J = 10.8 Hz, 1H), 4.91 (d, J = 11.2 Hz, 1H), 4.87 — 4.62 (m, 8H), 4.55 (d, J = 12.2 Hz, 1H),
437 (t, J = 11.9 Hz, 2H), 4.04 — 3.73 (m, 10H), 3.65 — 3.47 (m, 4H). *C NMR (100 MHz,
Chloroform-d) 6 165.1, 159.4, 157.3, 138.9, 138.6, 138.3, 138.05, 138.01, 137.8, 133.4, 133.2,
132.9, 129.9, 129.6, 128.63, 128.61, 128.5, 128.43, 128.38, 128.29, 128.24, 128.18, 128.15,
128.04, 128.02, 127.9, 127.8, 127.7, 127.5, 122.4, 115.8, 115.0, 114.0, 113.7, 99.4, 97.4, 93.9,
83.6, 83.0, 82.0, 80.0, 78.1, 75.8, 75.3, 75.22, 75.16, 74.9, 73.4, 73.2, 70.1, 68.4, 66.6, 55.4.
HRMS (ESI) caled for C76H72NaO13 [M+Na]* 1215.4865, found 1215.4849. 3p-B isomer: [a]p®= -
1.0 (c 0.5, CHCls); *H NMR (400 MHz, Chloroform-d) 6 7.79 (d, J = 7.8 Hz, 2H), 7.47 — 7.37 (m,
3H), 7.34 — 7.10 (m, 34H), 7.02 (t, J = 8.2 Hz, 1H), 6.86 — 6.36 (m, 3H), 5.71 (t, J = 9.0 Hz, 1H),
5.19 (d, J = 7.8 Hz, 1H), 4.92 (dd, J = 10.9, 5.7 Hz, 2H), 4.87 — 4.36 (m, 12H), 4.20 (d, J = 11.3 Hz,
1H), 3.91 (g, J = 8.9 Hz, 2H), 3.84 (s, 3H), 3.82 — 3.24 (m, 8H). 3C NMR (100 MHz, Chloroform-
d) 6165.2,159.4,157.2,138.6, 138.5,138.23,138.16, 137.8, 133.4,133.1, 133.0, 129.9, 129.8,
129.3, 128.63, 128.55, 128.53, 128.48, 128.43, 128.40, 128.3, 128.22, 128.20, 128.12, 128.07,
127.9,127.8,127.7,122.3,115.9, 114.8, 114.0, 113.7, 103.9, 98.9, 94.0, 84.7, 83.5, 82.9, 82.5,
78.2, 77.9, 75.9, 75.2, 75.1, 74.8, 73.6, 73.2, 68.9, 55.5. HRMS (ESI) calcd for Cs6H72NaOs
[M+Na]*1215.4865, found 1215.4853.

Synthesis of compound 3q

BnO__ OBn

0
Bn no@% OAc
g 0
AcO =

As the general procedure A, donor 1e (71.3 mg, 0.1 mmol) and acceptor 2l (11.5 mg, 0.05
mmol) can be converted into the product 3q in the sealed tube at 25 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 3q
(28.2 mg, 0.0375 mmol, 75%, o/B = 2.5/1) as a syrup. 3q-a isomer: [a]p>>= 9.5 (c 0.88, CHCls);
H NMR (400 MHz, Chloroform-d) 6 7.43 — 7.23 (m, 18H), 7.17 — 7.12 (m, 2H), 6.41 (dd, J = 6.2,
1.1 Hz, 1H), 5.14 (d, J = 2.2 Hz, 1H), 5.12 (t, J = 4.2 Hz, 1H), 4.87 — 4.77 (m, 2H), 4.77 — 4.56 (m,
6H), 4.49 (dd, J =16.3, 11.4 Hz, 2H), 4.08 — 3.96 (m, 2H), 3.88 —3.63 (m, 5H), 2.03 (s, 3H), 1.99
(s, 3H). 3C NMR (100 MHz, Chloroform-d) & 170.6, 170.2, 145.6, 138.4, 138.34, 138.31, 138.2,
128.39, 128.37, 128.33, 128.30, 128.0, 127.74, 127.70, 127.68, 127.66, 127.63, 127.5, 98.7,
98.1,79.6,75.5,75.0,74.7,74.6,73.4,72.9,72.8,72.4,71.8,69.0, 67.6, 62.0, 21.1, 20.8. HRMS

S23



(ESI) calcd for CagHigNaO11 [M+Na]* 775.3089, found 775.3071.

Synthesis the C-glycoside 3r

BnO
BnO OBn
O OMe

MeO OMe

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2m (8.6 mg, 0.05
mmol) can be converted into the product 3r in the sealed tube with freshly activated 4A MS
at 50 °C after 36 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 6/1) to deliver 3r (23 mg, 0.033 mmol, 66%, a/B = 1/1.3) as a syrup. Analytical data
for 3r was in accordance with that reported previously.®®

Synthesis the S-glycoside 3s

BnO - f
Bnho S\/\H/O Bu

0]

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2n (12 mg, 0.05
mmol) can be converted into the product 3s in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 3s
(25 mg, 0.033 mmol, 66%, a/B = 2/1) as a white solid. The a and B isomer cannot be separated.
'H NMR (400 MHz, Chloroform-d) 6 7.87 (d, J = 8.2 Hz, 2H), 7.82 (d, /= 8.2 Hz, 1H), 7.72 (d, J =
8.5 Hz, 1H), 7.46 (m, 1.5H), 7.42 - 7.17 (m, 31H), 7.09 (m, 3H), 5.26 (d, J = 5.4 Hz, 1H), 5.20 (m,
1H), 5.10 (m, 0.5H), 4.93 (d, J = 10.9 Hz, 1H), 4.90 — 4.71 (m, 4.5H), 4.67 (t, J = 12.5 Hz, 1.5H),
4.51-4.40 (m, 3.5H), 4.36 (d, J = 12.1 Hz, 0.5H), 4.27 (m, J = 12.0 Hz, 1H), 4.13 (m, 1H), 3.84
(dd, J=9.4,5.4 Hz, 1H), 3.76 (s, 4.5H), 3.74 —3.57 (m, 5H), 3.53 (t, / = 8.8 Hz, 0.5H), 3.44 - 3.32
(m, 3H),2.97 (dd, J=14.6, 3.4 Hz, 1H). 3C NMR (100 MHz, Chloroform-d) § 171.2, 171.1, 167.3,
167.1, 138.7, 138.5, 138.1, 138.0, 137.9, 137.8, 137.74, 137.72, 133.72, 133.68, 131.9, 131.8,
128.65, 128.60, 128.56, 128.52, 128.49, 128.48, 128.14, 128.08, 128.06, 127.99, 127.95,
127.90, 127.84,127.81,127.76,127.74,127.51, 127.48, 86.6, 86.1, 86.0, 82.3, 81.6, 79.6, 79.0,
77.7,77.2,75.9,75.8, 75.3, 75.2, 73.5, 73.4, 72.8, 71.7, 68.6, 68.4, 53.0, 52.85, 52.76, 52.69,
35.0, 32.9, 29.8. HRMS (ESI) calcd for CasHasNOsS [M+H]* 762.3095, found 762.3075.

Synthesis the S-glycoside 3t

510 % NHFmoc
Bno S _~_ _OBu
OBn \/\[(

0
As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 20 (20 mg, 0.05
mmol) can be converted into the product 3t in the sealed tube at 50 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 3t
(37.3 mg, 0.0404 mmol, 81%, a/B = 2/1) as a syrup. The a and B isomer cannot be separated.

S24



'H NMR (400 MHz, Chloroform-d) 6§ 7.74 (d, J = 7.6), 7.61 (m), 7.41 — 7.18 (m), 7.12 (m), 6.23
(d, J = 8.6 Hz), 6.15 (d, J = 7.6 Hz), 5.27 (d, J = 5.1 Hz), 4.99 — 4.74 (m), 4.73 —=4.13 (m), 3.84 —
3.61 (m), 3.44 (t, J= 8.9 Hz), 3.35-3.20 (m), 3.08 (dd, J = 14.2, 6.5 Hz), 2.89 (dd, J = 14.2, 4.0
Hz), 1.48 (d, J = 5.4 Hz). *C NMR (100 MHz, Chloroform-d) & 169.6, 169.5, 156.1, 156.0, 144.1,
144.0, 141.4, 138.7, 138.5, 138.4, 138.34, 138.26, 138.1, 138.0, 137.9, 137.8, 128.6, 128.53,
128.50, 128.48,128.46,128.4,128.36,128.18, 128.13, 128.09, 128.06, 128.01, 127.99, 127.97,
127.94, 127.87, 127.82, 127.80, 127.77, 127.74, 127.71, 127.66, 127.62, 127.2, 125.5, 125.3,
120.05, 120.02, 99.4, 86.7, 85.8, 85.2, 82.62, 82.58, 82.44,82.3,81.8, 79.7,79.2, 77.92, 77.85,
75.9, 75.8, 75.6, 75.2, 75.10 73.6, 72.7, 71.6, 68.9, 68.7, 67.3, 67.1, 55.1, 54.6, 47.3, 47.2, 34.8,
32.8,29.8,28.2,28.1. HRMS (ESI) Calculated for CssHsoNOsS [M+H]*922.3983, found 922.3990.

Synthesis the S-glycoside 3u
OBn

As the general procedure A, donor 1c (46.3 mg, 0.065 mmol) and acceptor 2p (6.4 mg, 0.05
mmol) can be converted into the product 3u in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 18/1) to deliver
3u(31.7 mg, 0.049 mmol, 98%, a/B = 1.3/1) as a syrup. Analytical data for 3u was in accordance
with that reported previously.**

Synthesis the N-glycoside 3v

OBn
BnO OBn

As the general procedure A, donor 1d (46.3 mg, 0.065 mmol) and acceptor 2q (9.5 mg, 0.05
mmol) can be converted into the product 3v in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 6/1) to deliver 3v
(33.3 mg, 0.047 mmol, 94%, a/B = 1.5/1) as a syrup. 3v-a isomer: [a]p**>= -7.7 (c 1.6, CHCl3); *H
NMR (400 MHz, Chloroform-d) & 7.76 (d, J = 8.2 Hz, 2H), 7.40 — 7.17 (m, 20H), 6.97 (d, J = 8.0
Hz, 2H), 5.87 (d, J = 2.5 Hz, 1H), 4.67 — 4.37 (m, 8H), 4.27 (m, 1H), 4.11 (dd, J = 11.4, 8.6 Hz,
1H), 3.98 (dd, J = 5.9, 2.8 Hz, 1H), 3.85 — 3.68 (m, 3H), 2.88 (s, 3H), 2.22 (s, 3H). **C NMR (100
MHz, Chloroform-d) & 143.2, 138.5, 138.2, 138.1, 137.6, 135.3, 129.5, 128.6, 128.5, 128.4,
128.1, 128.02, 127.99, 127.86, 127.82, 127.77, 127.68, 127.67, 80.0, 76.8, 75.6, 75.2, 73.6,
73.4, 73.0, 72.6, 72.0, 66.7, 31.1, 21.5. HRMS (ESI) Calculated for CsHisNNaO,S [M+Na]*
730.2809, found 730.2806. 3v-B isomer: [a]p?®= 9.1 (¢ 1.1, CHCl3); *H NMR (400 MHz,
Chloroform-d) & 7.76 (d, J = 8.0 Hz, 2H), 7.44 — 7.22 (m, 20H), 7.07 (d, J = 8.0 Hz, 2H), 5.17 (d,
J=8.9Hz, 1H), 4.93 (d, J = 11.6 Hz, 1H), 4.87 — 4.69 (m, 4H), 4.53 (d, J = 11.6 Hz, 1H), 4.37 (s,
2H), 3.94 - 3.86 (m, 2H), 3.66 (dd, J=9.3, 2.7 Hz, 1H), 3.60 (t, J = 6.4 Hz, 1H), 3.40 (dd, /= 9.2,
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7.1 Hz, 1H), 3.30 (dd, J = 9.2, 5.6 Hz, 1H), 2.63 (s, 3H), 2.30 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 6 143.2, 138.8,138.4,138.2,137.9, 136.0, 129.3, 128.59, 128.57, 128.55, 128.4,
128.3,128.0, 127.94, 127.88, 127.81, 127.78, 127.73, 127.6, 86.6, 83.5, 74.8, 74.7, 74.6, 73.7,
73.4,73.1,68.4,28.9, 21.6. HRMS (ESI) Calculated for Cs2H4sNNaO-S [M+Na]* 730.2809, found
730.2801.

Synthesis the N-glycoside 3w
OBn

N=N OBn
BnO o o N
BnO N BnO N S
Bn BnO .
Bn N
3w-N1 3w-N2

As the general procedure A, donor 1¢ (92.6 mg, 0.13 mmol) and acceptor 2r (12 mg, 0.1 mmol)
can be converted into the product 3w in the sealed tube at 30 °C after 36 hours, and purified
by silica gel flash chromatography (petroleum ether/ethyl acetate = 6/1) to deliver 3w (N1:
37.9 mg, 0.059 mmol, 59%, a/B = 1/4.7; N2: 23.7 mg, 0.037 mmol, 37%, a/p = 1/3) as a syrup.
Analytical data for 7w-N1 was in accordance with that reported previously.* 3w-N1-B isomer:
HRMS (ESI) Calculated for CsoH4oN3O0s [M+H]* 642.2962, found 642.2966. 3w-N2-B isomer:
[a]p?>=-21.9 (c 0.65, CHCIls); *H NMR (400 MHz, Chloroform-d) & 7.88 (dd, J = 6.6, 3.1 Hz, 2H),
7.40 (dd, J = 6.7, 3.1 Hz, 2H), 7.35 — 7.22 (m, 14H), 7.17 (m, 2H), 7.11 — 6.99 (m, 3H), 6.80 —
6.69 (m, 2H), 5.92 (d, J = 9.1 Hz, 1H), 4.99 — 4.89 (m, 2H), 4.87 (d, J = 10.8 Hz, 1H), 4.61 (d, J =
10.8 Hz, 1H), 4.59 — 4.42 (m, 4H), 4.04 (d, J = 10.8 Hz, 1H), 3.97 — 3.84 (m, 2H), 3.78 (dd, J =
22.8, 3.2 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 144.6, 128.58, 128.57, 128.5, 128.2,
128.04, 128.02, 127.88, 127.85, 127.83, 127.78, 127.76, 127.3, 118.8, 92.3, 85.8, 81.0, 78.4,
77.5,75.9,75.3,74.9,73.7,68.7. HRMS (ESI) Calculated for C4oH4oN30s [M+H]*642.2962, found
642.2968.

Synthesis the N-glycoside 3x
N N(Boc)2
o L/ ™
BnO/\L?wK‘ N=/

N\ 2
BnO 0Bn

As the general procedure A, donor 1i (88.9 mg, 0.15 mmol) and acceptor 2s (33.6 mg, 0.1
mmol) can be converted into the product 3x in the sealed tube with freshly activated 4A MS
at 40 °C after 36 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 3/1) to deliver 3x (45.8 mg, 0.062 mmol, 62%, o/p = 1.5/1) as a syrup. 3x-a isomer:
[a]p?>= 23.3 (c 0.4, CHCls); *H NMR (400 MHz, Chloroform-d) 6 8.84 (s, 1H), 8.41 (s, 1H), 7.35 —
7.22 (m, 15H), 6.35 (d, J = 2.8 Hz, 1H), 4.73 (s, 2H), 4.59 (d, J = 12.2 Hz, 1H), 4.56 — 4.46 (m,
2H), 4.42 (m, 3H), 4.25 (t, J = 5.5 Hz, 1H), 3.85 (dd, J = 10.9, 2.9 Hz, 1H), 3.63 (dd, J = 10.8, 2.8
Hz, 1H), 1.47 (s, 18H). 23C NMR (100 MHz, Chloroform-d) & 152.8, 152.1, 150.7, 150.3, 143.5,
137.5, 137.4, 137.0, 129.5, 128.7, 128.61, 128.59, 128.45, 128.38, 128.35, 128.15, 128.12,
128.05, 127.98, 127.8, 87.8, 84.0, 82.0, 79.4, 75.5, 73.7, 72.5, 72.4, 68.5, 28.0. HRMS (ESI)
Calculated for C41HasNsOs [M+H]* 738.3497, found 738.3491. 3x-B isomer: [a]p?*= 26.0 (c 0.8,
CHCl3); 'H NMR (400 MHz, Chloroform-d) & *H NMR (400 MHz, CDCls) & 8.82 (s, 1H), 8.79 (s,
1H), 7.39 = 7.24 (m, 10H), 7.21 — 7.15 (m, 3H), 7.00 (dd, J = 7.2, 1.7 Hz, 2H), 6.58 (d, J = 6.0 Hz,
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1H), 4.72 (d, J = 11.9 Hz, 1H), 4.63 — 4.44 (m, 6H), 4.32 (d, J = 11.7 Hz, 1H), 4.23 (dd, J = 5.4, 3.2
Hz, 1H), 3.60 (dd, J = 10.6, 3.4 Hz, 1H), 3.53 (dd, J = 10.6, 3.0 Hz, 1H), 1.41 (s, 18H). 3C NMR
(100 MHz, Chloroform-d) & 153.8, 151.8, 150.4, 150.0, 146.4, 137.6, 137.2, 136.5, 128.6,
128.54,128.49,128.42,128.16,128.13,128.0,127.9,127.8,127.7, 83.6, 83.0, 82.7, 73.7, 73.4,
73.2,70.0, 27.8. HRMS (ESI) Calculated for C41HisNsOgs [M+H]*738.3497, found 738.3497.
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Mechanism studies
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Mechanism studies and proposed catalytic cycle.
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In order to gain a deeper understanding of the mechanism of thiourea catalyzed
glycosylation, a serious of experiments were carried out. Under the new catalysis condition,
the pure a conformation donor 1j-a coupled with acceptor 2a producing disaccharide 3y with
o/B mixture (a:B = 1:1.2) and the pure B conformation donor 1j-B coupled with acceptor 2a
producing disaccharide 3y with o/f mixture (a:p = 1:1) as well, which revealed that the
reaction was not Sny2 process. In present of two equivalent hindered base 2,4,6-tri-tert-
butylpyrimidine (TTBP), the glycosylation of the donor 1c with acceptor 2a catalyzed by Kass
catalyst C10 still works and produce the disaccharide product in 86% yield; exceptionally, the
donor 1c was activated by 0.1 equivalent C10 even in present of 0.3 equivalent EtsN producing
disaccharide in 36% yield (donor 1c was recovered in 55%). The results revealed that thiourea
C10 not as Brgnsted acid/Lewis acid activated glycosyl donor 1c. The interaction of glycosyl
donor 1j with C10 was monitored by *H NMR and we found the anomer position proton H, of
glycosyl donor 1j shift to downfield and the aryl proton Hy, of glycosyl donor 1j shift to upfield
upon addition of thiourea C10 (from O equiv to 4 equiv), which support that the hydrogen
bond existence on donor 1j and thiourea C10. All together, we brought up a plausible
mechanism. Glycosyl imidate donor and thiourea catalyst form the donor-catalyst complex
thought hydrogen bond and then generate the glycosyl oxocarbenium species IV and the
complex of departing species of leaving group and catalyst species V. Combination with
various stereoselective glycosylation strategies, the oxocabenium species IV can form special
intermediate which can be selectively attacked by nucleophiles to produce glycosides VIl and
H*. Protonation of departing species of leaving group can regenerate catalyst Il, which can

undergo the next catalytic cycle.

MeO
MMSO o MeO o
n‘?ueo§?L HO MeO 0
) .
o

M . BEOO o 0.2eq C10 OBM(e)
n —_— n
1J'_ NPh 2a Bn DCM, 1t B_nO
\f Me 3y:48% Bn
a:p=1:1.2 Me

F3
MeO HO
MeO e} BnO o) 0.2eq C10 )
O_ _NPh 4 — 3y: 67%
MeO \f BnO DCM. rt Pt
. Me Bn ’ -p=1:
1j-B Fs 2a Me

As the general procedure A, donor 1j-a (41 mg, 0.1 mmol) was reacted with acceptor 2a (59
mg, 0.12 mmol) catalyzed by Kass catalyst (39 mg, 0.02 mmol) in 1 ml DCM at rt for 30 hours
to deliver 3t (33 mg, 0.0483 mmol, 48%, a/B = 1:1.2) as a syrup. Analytical data for 5a was in
accordance with that reported previously.*®

As the general procedure A, donor 1j-B (41 mg, 0.1 mmol) was reacted with acceptor 2a (59
mg, 0.12 mmol) catalyzed by Kass catalyst (39 mg, 0.02 mmol) in 1 ml DCM at rt for 30 hours
to deliver 3t (46 mg, 0.0673 mmol, 67%, o/B = 1:1) as a syrup. Analytical data for 5a was in
accordance with that reported previously. 46

The glycosylation of the donor 1c with acceptor 2a catalyzed by Kass catalyst in the presence
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of 2,4,6-tri-tert-butylpyrimidine (TTBP)

OBn NPh HO
BnO 0 )J\ + BnO (@) 0.1 equiv cat. 33 (6% vield
e —— e
BnO = O CF; BnO Bn 2 equiv TTBP (86% yield)
n Me DCM, RT, 16h
1c 2a

As the general procedure A, donor 1c (35.7 mg, 0.05 mmol), acceptor 2a (46.5 mg, 0.1 mmol),
Kass catalyst (0.1 equiv, 10 mg, 0.005 mmol), TTBP (2 equiv, 25mg, 0.1 mmol) and 0.6 m| DCM
can be converted into the product 3a in the sealed tube at rt. after 16 hours, and purified by
silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3a (42.4 mg,
0.043 mmol, 86%, /B = 1.6:1) as a syrup.

The glycosylation of the donor 1c with acceptor 2a catalyzed by Kass catalyst in the presence

of EtsN
HO

OBn
NPh 0.1 equiv cat.
BN o JI__+ Bno 0 ' 3a (36% yield)
8o R BNO A= 0.3 equiv ELN 1c (4505 Was activated, recover 55%)
n
1c

Me DCM, RT, 16h
2a

As the general procedure A, donor 1c (35.7 mg, 0.05 mmol), acceptor 2a (46.5 mg, 0.1 mmol),
Kass catalyst (0.1 equiv, 10 mg, 0.005 mmol), EtsN (0.3 equiv, 2.1 ul, 0.015 mmol) and 0.6 ml
DCM can be converted into the product 3a in the sealed tube at rt. after 16 hours, and purified
by silica gel flash chromatography (petroleum ether/ethyl acetate = 4/1) to deliver 3a (42.4
mg, 0.043 mmol, 36%) as a syrup. Note: donor 1c was recovered in 55% yield (19.6 mg, 0.0275
mmol).

!H NMR studies for the interaction of Kass catalyst C10 with donor 1j-a

The interaction of glycosyl donor 1j-a with €10 was monitored by *H NMR at -60 °C in CD,Cl, and
we found the anomer position proton H, of glycosyl donor 1j-a shift to downfield and the aryl
proton Hy, of glycosyl donor 1j-a shift to upfield upon addition of thiourea €10 (from 0 to 4 equiv),
which support that the hydrogen bond existence on donor 1j-a and thiourea C10.

Neighboring group participation strategy for synthesis of the compound 5a
OBz

BzO 0
BzO +0O
Bz (o)

BnO
BnO
Bn
Me

As the general procedure A, donor 4a (38.4 mg, 0.05 mmol) and acceptor 2a (46.5 mg, 0.1
mmol) can be converted into the product 5a in the sealed tube at 30 °C after 30 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3/1) to deliver 5a
(42.7 mg, 0.041 mmol, 82%, a/B = 1/7.2) as a white foam. Analytical data for 5a was in
accordance with that reported previously.?®

Neighboring group participation strategy for synthesis of the compound 5b
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OBn

BnO 0
BnO WG]
TMBz o

BnO
BnO
Bn
Me

As the general procedure A, donor 4b (49.9 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 5b in the sealed tube at 50 °C after 48 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 5b
(44.3 mg, 0.0425 mmol, 85%, B/a > 20/1) as a white foam. 5b-B isomer: [a]p®= 14.3 (c 1.8,
CHCls); *H NMR (400 MHz, Chloroform-d) 6 7.36 — 7.19 (m, 26H), 7.13 (dd, J = 7.0, 2.5 Hz, 4H),
6.72 (s, 2H), 5.34 (dd, J = 9.1, 7.9 Hz, 1H), 4.95 (d, J = 10.9 Hz, 1H), 4.89 (d, J = 11.4 Hz, 1H),
4.79-4.70 (m, 4H), 4.68 (d, J = 7.2 Hz, 1H), 4.62 (dd, J = 11.1, 2.7 Hz, 2H), 4.58 (s, 1H), 4.57 —
4.48 (m, 3H), 4.39 (d, J = 11.3 Hz, 1H), 4.08 (dd, J = 10.7, 1.9 Hz, 1H), 3.95 (t, J = 9.2 Hz, 1H),
3.88-3.65 (m, 5H), 3.59 (dd, J = 10.7, 6.0 Hz, 1H), 3.50 (m, 2H), 3.34 (dd, J = 10.0, 9.0 Hz, 1H),
3.26 (s, 3H), 2.23 (s, 6H), 2.20 (s, 3H). 13C NMR (100 MHz, Chloroform-d) 6 168.2, 139.5, 139.0,
138.5,138.24,138.21,137.9,136.2,130.2,128.7,128.6, 128.52, 128.49, 128.43, 128.35, 128.2,
128.04,128.02,128.00,127.9,127.8,127.72,127.70,127.62,127.61,127.5,127.1,101.2,97.8,
82.6, 82.1, 79.9, 78.11, 78.08, 75.8, 75.4, 74.9, 74.7, 73.8, 73.6, 73.3, 72.8, 70.0, 68.9, 68.0,
55.2,21.2, 20.4. HRMS (ESI) Calculated for CesH7oNaO12 [M+Na]*1065.4759, found 1065.4804.

Neighboring group participation strategy for synthesis of the compound 5c

OBn
(@)
BnO
Bng%ﬂvo
TMBz@

As the general procedure A, donor 4b (57.6 mg, 0.075 mmol) and acceptor 2c (7.8 mg, 0.05
mmol) can be converted into the product 5c in the sealed tube at 50 °C after 48 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 13/1) to deliver
5¢ (33.6 mg, 0.046 mmol, 92%, B/o > 20/1) as a syrup. 5¢-B isomer: [a]p?°>= 14.0 (c 1.4, CHCl3);
'H NMR (400 MHz, Chloroform-d) & 7.41 — 7.07 (m, 15H), 6.80 (s, 2H), 5.30 (t, J = 8.2 Hz, 1H),
4.93 (d, J = 11.5 Hz, 1H), 4.80 (d, J = 7.8 Hz, 1H), 4.72 (dd, J = 13.2, 11.2 Hz, 2H), 4.60 (dd, J =
11.4, 7.8 Hz, 3H), 3.88 — 3.64 (m, 4H), 3.53 (tt, J = 5.5, 2.1 Hz, 1H), 2.28 (s, 6H), 2.25 (s, 3H),
2.15 — 2.02 (m, 3H), 1.92 — 1.71 (m, 6H), 1.58 (g, J = 12.5 Hz, 6H). 3C NMR (100 MHz,
Chloroform-d) & 168.5, 139.2, 138.32, 138.29, 137.9, 135.7, 130.6, 128.52, 128.49, 128.42,
128.3,128.2,127.9, 127.8, 127.6, 127.5, 127.3, 127.0, 94.6, 82.6, 78.3, 75.6, 74.7, 74.6, 73.5,
73.3, 73.1, 69.2, 42.6, 36.3, 30.7, 21.2, 21.1, 20.54, 20.50. HRMS (ESI) Calculated for
C47Hs4sNaO; [M+Na]* 753.3762, found 753.3795.

Neighboring group participation strategy for synthesis of the compound 5d
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BnO OBn
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BzMT o

O
B%%%
Me

As the general procedure A, donor 4c (57.6 mg, 0.075 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 5d in the sealed tube at 50 °C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 5d
(40 mg, 0.0383 mmol, 77%, a/B = 1/10) as a white foam. 5d-f isomer: [a]p*= 11.9 (c 1.2, CHCl3);
'H NMR (400 MHz, Chloroform-d) 6 7.40—7.16 (m, 28H), 7.12 — 7.06 (m, 2H), 6.71 (s, 2H), 5.72
(dd, J=10.0,7.9 Hz, 1H), 4.92 (t, /= 11.4 Hz, 2H), 4.80 — 4.69 (m, 3H), 4.65 (d, /= 12.2 Hz, 1H),
4.60 (d, J=11.2 Hz, 1H), 4.56 —4.30 (m, 7H), 4.11 - 4.01 (m, 2H), 3.93 (t, J = 9.3 Hz, 1H), 3.84
—3.78 (m, 1H), 3.67 —3.52 (m, 5H), 3.47 (dd, J = 9.6, 3.6 Hz, 1H), 3.34 (dd, J = 10.1, 8.9 Hz, 1H),
3.25 (s, 3H), 2.20 (s, 9H). 3C NMR (100 MHz, Chloroform-d) & 168.4, 139.2, 139.1, 138.60,
138.55,138.3,137.9,137.7,135.8,130.9, 128.56, 128.55, 128.52, 128.47, 128.42,128.3, 128.2,
128.05, 128.03, 127.97, 127.8, 127.61, 127.57, 127.53, 126.9, 101.4, 97.8, 82.2, 81.3, 80.0,
78.1,75.8,74.8,74.5,73.6,73.3,72.0,71.3,70.9, 70.0, 68.5, 67.2, 55.2, 21.2, 20.1. HRMS (ESI)
Calculated for CgsH7oNaO1, [M+Na]* 1065.4759, found 1065.4779.

Neighboring group participation strategy for synthesis of the compound 5e
BnO

o) (@]
BnO o o)
TMBz BnO

Me

As the general procedure A, donor 4d (99.3 mg, 0.15 mmol) and acceptor 2a (46.5 mg, 0.1
mmol) can be converted into the product 5e in the sealed tube at 30 °C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 5e
(76 mg, 0.81 mmol, 81%, o/ = 17/1) as a colorless oil. 5e-a isomer: [a]p?>= 28.0 (c 4.5, CHC3);
'H NMR (400 MHz, Chloroform-d) & 7.44 — 7.24 (m, 25H), 6.84 (s, 2H), 5.56 (brs, 1H), 5.00 (d, J
= 10.8 Hz, 1H), 4.96 — 4.72 (m, 6H), 4.73 — 4.46 (m, 5H), 3.99 (m, 2H), 3.85 (d, J = 10.9 Hz, 1H),
3.81-3.69 (m, 2H), 3.60 —3.48 (m, 2H), 3.44 (t, J = 9.5 Hz, 2H), 3.35 (s, 3H), 2.28 (s, 3H), 2.26
(s, 6H), 1.24 (d, J = 6.2 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) 6 169.4, 139.5, 138.8, 138.5,
138.3, 138.2, 138.1, 135.6, 130.8, 128.61, 128.55, 128.48, 128.45, 128.40, 128.24, 128.15,
128.0, 127.9, 127.83, 127.78, 127.75, 98.0, 82.2, 80.2, 80.1, 78.0, 77.8, 76.0, 75.6, 75.2, 73.5,
72.0, 70.2, 69.8, 68.0, 66.4, 55.3, 21.3, 20.0, 17.9. HRMS (ESI) Calculated for CsgHgaNaO11
[M+Na]*959.4341, found 959.4349.

Neighboring group participation strategy for synthesis of the compound 5f

BnO o . _
BnO Q 0 -
TMBz H\

As the general procedure A, donor 4d (99.3 mg, 0.15 mmol) and acceptor 2h (38.8 mg, 0.1
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mmol) can be converted into the product 5f in the sealed tube at 30 °C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 15/1) to deliver
5f (83.3 mg, 0.097 mmol, 97%, a/B = 13/1) as a white solid. 5f-a isomer: [a]p?°= -6.4 (¢ 0.5,
CHCl3); *H NMR (400 MHz, Chloroform-d) & 7.42 — 7.23 (m, 10H), 6.84 (s, 2H), 5.58 (brs, 1H),
5.36 (brs, 1H), 5.01 (d, J = 1.9 Hz, 1H), 4.89 (d, / = 10.8 Hz, 1H), 4.81 (d, / = 11.2 Hz, 1H), 4.62
(d,/=11.2 Hz, 1H), 4.56 (d, /= 10.8 Hz, 1H), 4.07 (dd, /= 9.4, 3.3 Hz, 1H), 3.86 (m, 1H), 3.57 —
3.36 (m, 2H), 2.40 — 2.18 (m, 11H), 2.05 — 1.92 (m, 2H), 1.93 - 1.77 (m, 3H), 1.68 — 0.81 (m,
36H), 0.68 (s, 3H). *C NMR (100 MHz, Chloroform-d) 6 169.6, 140.4, 139.4, 138.6, 138.3, 135.6,
131.0, 128.48, 128.46, 128.4, 128.2, 128.0, 127.8, 127.6, 122.1, 96.2, 80.4, 78.4, 77.6, 75.6,
71.9,70.3, 68.0, 56.9, 56.3, 50.3, 42.5, 39.9, 39.7, 38.7, 37.4, 36.8, 36.3, 35.9, 32.1, 32.0, 29.6,
28.4,28.2,24.4,24.0,23.0,22.7,21.3,21.2,20.1,19.5, 18.9, 18.0, 12.0. HRMS (ESI) Calculated
for Cs7H7sNaOg [M+Na]*881.5691, found 881.5691.

Conformation-restrained strategy for synthesis of the compound 5g
t-Bu

As the general procedure A, donor 4e (50.4 mg, 0.075 mmol) and acceptor 2t (13.1 mg, 0.05
mmol) can be converted into the product 5g in the sealed tube at 23 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 5/1) to deliver 5g
(30.8 mg, 0.0415 mmol, 83%, a only) as a syrup. [a]p?*=23.9 (c 1.1, CHCl3); *H NMR (400 MHz,
Chloroform-d) 6 7.49 —7.22 (m, 10H), 5.48 (d, J = 5.0 Hz, 1H), 4.57 (dd, J = 7.9, 2.4 Hz, 1H), 4.51
(d,J=3.0Hz, 1H), 4.28 (dt, J = 7.4, 2.2 Hz, 2H), 4.20 (dd, J = 12.5, 2.1 Hz, 1H), 4.10 (dd, J = 12.5,
1.7 Hz, 1H), 4.03 —3.93 (m, 2H), 3.83 (dd, J = 10.0, 3.0 Hz, 1H), 3.74 (d, J = 6.4 Hz, 3H), 1.47 (s,
3H), 1.43 (s, 3H), 1.31 (s, 6H), 1.05 (s, 9H), 0.98 (s, 9H). 3C NMR (100 MHz, Chloroform-d) &
139.2,138.8,128.41,128.37,128.2,127.73,127.66,127.5, 109.4, 108.6, 98.2, 96.5, 77.7, 74.4,
73.3,71.3,71.2,71.0,70.8,70.7,67.4,67.3,67.1,66.7, 27.8, 27.5, 26.2, 25.1, 24.7, 23.6, 20.8.
HRMS (ESI) Calculated for C4HssNaO1;Si [M+Na]* 765.3641, found 765.3643.

Conformation-restrained strategy for synthesis of the compound 5h
t-Bu

t-Bu—s/i
5O

BnO

O
Bn

.®' B

As the general procedure A, donor 4e (50.4 mg, 0.075 mmol) and acceptor 2h (19.4 mg, 0.05
mmol) can be converted into the product 5h in the sealed tube at 23 °C after 24 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 15/1) to deliver
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5h (35.6 mg, 0.041 mmol, 82%, a only) as a syrup. [a]p? = 36.8 (c 1.0, CHCl3); 'H NMR (400
MHz, Chloroform-d) & 7.48 — 7.20 (m, 10H), 5.30 (brs, 1H), 4.88 (d, J = 3.7 Hz, 1H), 4.85 (d, J =
12.0 Hz, 1H), 4.73 (s, 2H), 4.67 (d, J = 11.9 Hz, 1H), 4.52 (d, J = 3.1 Hz, 1H), 4.22 (d, J = 13.4 Hz,
1H), 4.09 (d, J = 13.4 Hz, 1H), 3.96 (dd, J = 10.0, 3.7 Hz, 1H), 3.83 (dd, J = 10.0, 3.0 Hz, 1H), 3.70
(d,J=2.1Hz, 1H), 3.45 (m, 1H), 2.38 (td, J = 12.2, 11.3, 2.9 Hz, 1H), 2.16 (ddd, J = 13.3, 5.0, 2.2
Hz, 1H), 2.06 — 1.74 (m, 5H), 1.60 — 0.81 (m, 51H), 0.67 (s, 3H). 3C NMR (100 MHz, Chloroform-
d) §141.0,139.3,138.9, 128.4, 128.3,127.73,127.71,127.5,121.8, 96.0, 78.0, 76.7, 74.4, 73.6,
71.4,71.2, 67.4, 67.3, 56.9, 56.3, 50.2, 42.4, 40.1, 39.9, 39.7, 37.2, 36.9, 36.3, 35.9, 32.05,
32.02,31.6,30.3,29.8,28.4,28.2,27.8,27.7,27.5,24.4,24.0,23.6, 23.0,22.7,21.2, 20.8, 19.6,
18.9, 12.0. HRMS (ESI) Calculated for CssHgaNaOgSi [M+Na]* 891.5929, found 891.5932.

Conformation-restrained strategy for synthesis of the compound 5i

t-Bu

t-Bu—s/i
b0
O

BnO

Bn

COOMe
NHBoc

As the general procedure A, donor 4e (50.4 mg, 0.075 mmol) and acceptor 2i (11 mg, 0.05
mmol) can be converted into the product 5i in the sealed tube at 23 °C after 27 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 6/1) to deliver 5i
(20.3 mg, 0.029 mmol, 58%, a only) as a colorless syrup. [a]p*= 53.0 (c 1.3, CHCl5); 'H NMR
(400 MHz, Chloroform-d) & 7.47 — 7.20 (m, 10H), 5.69 (d, J = 8.6 Hz, 1H), 4.82 (d, J = 11.8 Hz,
1H), 4.78 — 4.58 (m, 4H), 4.52 (d, J = 2.9 Hz, 1H), 4.39 (dd, J = 8.0, 4.0 Hz, 1H), 4.26 — 4.03 (m,
3H), 3.98 (dd, J = 10.1, 3.7 Hz, 1H), 3.77 (m, 2H), 3.64 (d, J = 8.6 Hz, 4H), 1.44 (s, 9H), 1.05 (s,
9H), 0.99 (s, 9H). 3C NMR (100 MHz, Chloroform-d) & 171.1, 155.6, 139.0, 138.7, 128.4, 128.2,
127.8,127.7,127.6,99.9,80.1, 74.4,73.6,71.04,71.02, 70.2, 68.0, 67.2,54.3, 52.6, 29.8, 28.4,
27.8, 27.43, 27.39, 23.5, 20.8. HRMS (ESI) Calculated for Cs7HssNNaO10Si [M+Na]* 724.3487,
found 734.3482.

Additives-controlled strategy for synthesis of the compound 5j

OBn

BnO
0 (0]
Bn'gno

Bn
Me
As the general procedure C, donor 1c (105 mg, 0.15 mmol), acceptor 2g (45 mg, 0.10 mmol),
Kass catalyst (40 mg, 0.02 mmol), DMF(30 pL, 0.30 mmol) and 0.5 mL toluene can be
converted into the product 5j in the sealed tube with freshly activated 4A MS at 50 °C after
24 hours, and purified by size exclusion (DCM:MeOH = 1:1) to deliver 5j (69.3 mg, 73%, o/B
> 20/1) as a colorless syrup. Analytical data for 9l was in accordance with that reported
previously.*’

Additives-controlled strategy for synthesis of the compound 5k
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As the general procedure C, donor 1c (105 mg, 0.15 mmol), acceptor 2u (45 mg, 0.10 mmol),
Kass catalyst (40 mg, 0.02 mmol), DMF(30 pL, 0.3 mmol) and 0.6 mL DCM can be converted
into the product 5k in the sealed tube with freshly activated 4A MS at 50 °C after 24 hours,
and purified by size exclusion (DCM:MeOH = 1:1) to deliver 5k (60 mg, 61%, o/B > 20/1) as a
colorless syrup. Analytical data for 91 was in accordance with that reported previously.*’

Additives-controlled strategy for synthesis of the compound 3g
OBn

OBn
o OBn
BnO 0O (0]
Bn BnO
Bn
Me

As the general procedure C, donor 1d (105 mg, 0.15 mmol), acceptor 2g (45 mg, 0.10 mmol),
Kass catalyst (40 mg, 0.02 mmol), DMF(30 uL, 0.30 mmol) and 0.5 mL toluene can be
converted into the product 3g in the sealed tube with freshly activated 44 MS at 50 °C after
24 hours, and purified by size exclusion (DCM:MeOH = 1:1) to deliver 3g (71 mg, 75%, o/ >
20/1) as a colorless syrup. Analytical data for 7g was in accordance with that reported
previously.*

Additivegsgpntrolled strategy for synthesis of the compound 5I

O BnO OBn
O
%
BnO B 0
Bn
Me

Under the general procedure C, donor 1d (105 mg, 0.15 mmol), acceptor 2u (45 mg, 0.10
mmol), Kass catalyst (40 mg, 0.02 mmol), DMF(30 pL, 0.30 mmol) and 0.5 mL toluene can be
converted into the product 5l in the sealed tube with freshly activated 4A MS at 50 °C after 24
hours, and purified by size exclusion (DCM:MeOH = 1:1) to deliver 5l (76 mg, 80%, a/B = 11/1)
as a colorless syrup. Analytical data for 9n was in accordance with that reported previously.*®

Synthesis of the compound 5m

OPico
(@)
BnO
BnO = ~0
n
BnO 0
BnO

Bn
Me

As the general procedure A, donor 4f (36.4 mg, 0.05 mmol) and acceptor 2a (35 mg, 0.075
mmol) can be converted into the product 5m in the sealed tube at 29 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 1.5/1) to deliver
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5m (40.5 mg, 0.0404 mmol, 81%, o/B = 1/7.5) as a colorless syrup. Analytical data for 5m was
in accordance with that reported previously.?

Synthesis of the compound 5n

PicoO OBn

(6]
BnO 5 WNO)
n (@)
B0
Bn
Me
As the general procedure A, donor 4h (47.3 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 5n in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 1.5/1) to deliver
5n (41.6 mg, 0.0415 mmol, 83%, a/B = 1/11) as a colorless syrup. Analytical data for 5n was in

accordance with that reported previously.?

Synthesis of the compound 50
BHOWO
PicoO (0]
BnO
BnO ®Bno
Bn
Me

As the general procedure A, donor 4i (40.4 mg, 0.065 mmol) and acceptor 2a (23.3 mg, 0.05
mmol) can be converted into the product 50 in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 1.5/1) to deliver

50 (39 mg, 0.0435 mmol, 87%, a/B = 1/3) as a colorless syrup. Analytical data for 50 was in
accordance with that reported previously.?

Synthesis of the compound 7a

OPico
(@)
BnO
BnO o
0

OMe

As the general procedure A, donor 4f (54.6 mg, 0.075 mmol) and acceptor 6a (6.4 mg, 0.05
mmol) can be converted into the product 7a in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 2.5/1) to deliver
7a (31 mg, 0.047 mmol, 94%, a/B = 1/8) as a colorless syrup. Analytical data for 7a was in
accordance with that reported previously. #

TfOH-catalyzed glycosylation for synthesis of the compound 7a

OPico
(@)
BnO
BnO o
0

OMe
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Donor 4f (43.7 mg, 0.06 mmol), acceptor 6a (6.4 mg, 0.05 mmol), freshly activated 4A MS and
dry DCM (1 ml) were successively added to the round-bottom flask under N, atmosphere at rt.
The mixture was stirred for 10 min at -20 °C and then TfOH (2.3 pl, 0.025 mmol) was added.
The mixture was warmed up to O °C and stirred for 5 hours at this temperature, and then
guenched with EtsN. The resulting mixture was evaporated to yield the crude product which
was purified by silica gel column chromatography (petroleum ether /ethyl acetate = 3/1) to
deliver the product 7a (22.2 mg, 0.0335 mmol, 67%, a/B = 1/3) as a colorless syrup. Analytical
data for 7a was in accordance with that reported previously. *

Synthesis of the compound 7b
OBn

. (@)
PicoO
Bng%mo
Bn \Q

OMe

As the general procedure A, donor 4g (54.6 mg, 0.075 mmol) and acceptor 6a (6.4 mg, 0.05
mmol) can be converted into the product 7b in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 2.5/1) to deliver
7b (28.1 mg, 0.0425 mmol, 84%, a/B > 20/1) as a colorless syrup. 7b-a isomer: [a]p*= 43.1 (c
1.4, CHCl3); *H NMR (400 MHz, Chloroform-d) 6 8.74 (d, J = 4.6 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H),
7.79 (td, J=7.7,1.7 Hz, 1H), 7.46 (m, 1H), 7.40 — 7.03 (m, 18H), 6.88 — 6.70 (m, 2H), 5.54 (dd,
J=10.3,9.4 Hz, 1H), 5.36 (d, J = 3.5 Hz, 1H), 4.92 (d, /= 11.3 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H),
4.73 - 4.68 (m, 2H), 4.55-4.21 (m, 4H), 3.81 (dd, /= 9.6, 3.6 Hz, 1H), 3.77 (s, 3H), 3.67 —3.45
(m, 2H). 3C NMR (100 MHz, Chloroform-d) & 164.1, 155.3, 150.9, 149.9, 147.8, 138.5, 138.0,
137.8, 137.0, 128.6, 128.2, 128.2, 128.1, 128.0, 127.8, 127.49, 127.46, 127.0, 125.7, 118.5,
114.6, 96.8, 79.7, 79.3, 73.6, 75.6, 73.5, 71.8, 69.3, 68.7, 55.7. HRMS (ESI) Calculated for
Ca0HaoNOg [M+H]* 662.2748, found 662.2744.

Synthesis of the compound 7c

OBn

. (@)
PicoO
i Bnﬁwo
glite!

COOMe

As the general procedure A, donor 4g (54.6 mg, 0.075 mmol) and acceptor 6b (7.8 mg, 0.05
mmol) can be converted into the product 7c in the sealed tube at 50 °C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 2/1) to deliver 7c¢
(24 mg, 0.0348 mmol, 70%, o/B > 20/1) as a colorless syrup. 7¢c-a isomer: [a]p>°>= 65.5 (c 0.75,
CHCl3); 'H NMR (400 MHz, Chloroform-d) & 8.73 (d, J = 4.9 Hz, 1H), 8.10 — 7.95 (m, 3H), 7.80
(td, J= 7.7, 1.8 Hz, 1H), 7.47 (m, 1H), 7.37 — 7.00 (m, 17H), 5.58 (t, J = 9.9 Hz, 1H), 5.48 (d, J =
3.5 Hz, 1H), 4.93 (d, J = 11.3 Hz, 1H), 4.84 (d, J = 12.1 Hz, 1H), 4.73 (d, J = 11.4 Hz, 1H), 4.66 (d,
J=12.1 Hz, 1H), 4.48 — 4.29 (m, 3H), 4.16 (dt, J = 10.3, 3.5 Hz, 1H), 3.90 (s, 3H), 3.84 (dd, J =
9.6, 3.5 Hz, 1H), 3.52 (m, 2H). 23C NMR (100 MHz, Chloroform-d) & 166.8, 164.1, 160.3, 149.9,
147.6, 138.3, 137.9, 137.6, 137.0, 131.6, 128.6, 128.24, 128.19, 128.17, 128.0, 127.8, 127.6,
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127.5, 127.1, 125.7, 124.4, 116.4, 95.5, 79.5, 79.1, 75.6, 73.8, 73.6, 71.4, 69.6, 68.3, 52.1.
HRMS (ESI) Calculated for C41H4oNOs [M+H]*690.2698, found 690.2710.

TfOH-catalyzed glycosylation for synthesis of the compound 7c

OBn

. (@)
PicoO
i Bnﬁwo
gite!

COOMe

Donor 4g (43.7 mg, 0.06 mmol) and acceptor 6b (7.8 mg, 0.05 mmol), freshly activated 4A MS
and dry DCM (1 ml) were successively added to the round-bottom flask under N, atmosphere
at rt. The mixture was stirred for 10 min at -20 °C, and then TfOH (2.3 pul, 0.025 mmol) was
added. The mixture was warmed up to 0°C and stirred for 5 hours at this temperature, and
then quenched with EtsN. The resulting mixture was evaporated to yield the crude product
which was purified by silica gel column chromatography (petroleum ether/ethyl acetate = 2/1)
to deliver the product 7c (17.0 mg, 0.025 mmol, 50%, a/B > 20/1) as a colorless syrup.

Synthesis of the compound 7d

PicoO OBnN
(@)

BnO o
0

OMe

As the general procedure A, donor 4h (54.6 mg, 0.075 mmol) and acceptor 6a (6.4 mg, 0.05
mmol) can be converted into the product 7d in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3/1) to deliver 7d
(30.4 mg, 0.046 mmol, 92%, a/B = 1/7) as a colorless syrup. The a and B isomer cannot be
separated. 7d-B: *H NMR (400 MHz, Chloroform-d) & 8.81 (d, J = 4.6 Hz, 1H), 8.11 (d, J = 7.8 Hz,
1H), 7.80 (t, J = 7.9 Hz, 1H), 7.51 - 7.42 (m, 1H), 7.38 — 7.16 (m, 15H), 7.09 — 7.05 (m, 2H), 6.81
(d, J = 8.8 Hz, 2H), 5.93 (d, J = 3.3 Hz, 1H), 4.97 (t, J = 9.2 Hz, 2H), 4.85 (dd, J = 18.5, 11.2 Hz,
2H), 4.61 (d, J = 11.4 Hz, 1H), 4.55 — 4.40 (m, 2H), 3.99 — 3.92 (m, 2H), 3.76 (s, 3H), 3.67 (d, J =
6.3 Hz, 2H). 3C NMR (100 MHz, Chloroform-d) 6 164.0, 155.4, 151.6, 150.2, 147.5, 138.4, 137.7,
137.6, 137.1, 128.42, 128.39, 128.36, 128.32, 128.30, 128.2, 128.01, 127.98, 127.80, 127.75,
127.1,125.7,118.5,114.64, 114.62, 103.1, 79.4, 78.8, 75.6, 73.8, 72.7, 72.4, 68.38, 68.35, 55.7.
HRMS (ESI) Calculated for C4oH4oNOs [M+H]*662.2748, found 662.2766.

TfOH-catalyzed glycosylation for synthesis of the compound 7d

PicoO  oBn
)

BnO 9
gie!

OMe

Donor 4h (43.7 mg, 0.06 mmol), acceptor 6a (6.4 mg, 0.05 mmol), freshly activated 4A MS and
dry DCM (1 ml) were successively added to the round-bottom flask under N, atmosphere at rt.
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The mixture was stirred for 10 min at -20 °C and then TfOH (2.3 ul, 0.025 mmol) was added to
the stirred solution. The mixture was warmed up to 0°C and stirred for 5 hours at this
temperature, and then quenched with EtsN. The resulting mixture was evaporated to yield the
crude product which was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 3/1) to deliver the product 7d (27.1 mg, 0.041 mmol, 82%, a/p = 1/3.5) as a colorless

syrup.

Synthesis of the compound 7e

PicoO OBn
O

BnO 0]
e

COOMe

As the general procedure A, donor 4h (54.6 mg, 0.075 mmol), acceptor 6b (7.8 mg, 0.05 mmol),
Kass catalyst (0.2 equiv, 20 mg, 0.01 mmol) and 2.5 ml DCM can be converted into the product
7e in the sealed tube at 30 °C after 30 hours, and purified by silica gel flash chromatography
(petroleum ether/ethyl acetate = 2.5/1) to deliver 7e (27.2 mg, 0.0394 mmol, 79%, a/p = 1/10)
as a colorless syrup. 7e-B isomer: [a]p?*= 1.6 (c 2.3, CHCl3); *H NMR (400 MHz, Chloroform-d)
& 8.71 (brs, 1H), 8.10 (d, J = 7.7 Hz, 1H), 8.00 (d, J = 8.4 Hz, 2H), 7.81 (t, J = 7.6 Hz, 1H), 7.47
(brs, 1H), 7.42 — 7.15 (m, 15H), 7.11 (d, J = 8.6 Hz, 2H), 5.94 (d, J = 3.3 Hz, 1H), 5.14 (d, J = 7.7
Hz, 1H), 5.00 — 4.76 (m, 3H), 4.62 (d, J = 11.4 Hz, 1H), 4.57 — 4.37 (m, 2H), 4.09 — 3.96 (m, 2H),
3.89 (s, 3H), 3.81 (m, 1H), 3.67 (d, J = 6.2 Hz, 2H). 3C NMR (100 MHz, Chloroform-d) & 166.7,
164.0, 160.8, 150.3, 147.5, 138.2, 137.54, 137.48, 137.1, 131.7, 128.5, 128.42, 128.38, 128.3,
128.2,128.0,127.9, 127.8, 127.1, 125.6, 124.6, 116.2, 101.1, 79.2, 78.5, 75.7, 73.8, 73.1, 72.4,
68.3, 68.2, 52.0. HRMS (ESI) Calculated for C41H40NOs [M+H]*690.2698, found 690.2721.

Synthesis of the compound 7f

BnO O o}
PicoO \@
Bn

OMe

As the general procedure A, donor 4i (46.6 mg, 0.075 mmol) and acceptor 6a (6.4 mg, 0.05
mmol) can be converted into the product 7f in the sealed tube at 30 °C after 30 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3/1) to deliver 7f
(27.1 mg, 0.049 mmol, 98%, a/B = 1/9.6) as a colorless syrup. 7f-B isomer: [a]p*>= 54.0 (c 1.4,
CHCl); 'H NMR (400 MHz, Chloroform-d) 6 8.80 (brs, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.80 (t, J =
7.6 Hz, 1H), 7.50 (m, 1H), 7.40 — 7.31 (m, 2H), 7.24 — 7.15 (m, 5H), 7.06 — 7.03 (m, 2H), 6.99 (d,
J=9.1Hz, 2H), 6.84 (d, J = 9.1 Hz, 2H), 5.17 (dd, J = 9.8, 3.2 Hz, 1H), 5.09 (s, 1H), 5.03 (d, J =
12.3 Hz, 1H), 4.83 (dd, J = 13.9, 11.7 Hz, 2H), 4.70 (d, J = 11.0 Hz, 1H), 4.33 (d, J = 3.2 Hz, 1H),
3.94 (t,J = 9.5 Hz, 1H), 3.77 (s, 3H), 3.58 (m, 1H), 1.47 (d, J = 6.1 Hz, 3H). 3C NMR (100 MHz,
Chloroform-d) 6 164.2, 155.3, 151.3, 150.1, 147.6, 138.1, 138.0, 136.9, 128.6, 128.4, 128.1,
128.0, 127.8, 127.6, 127.1, 125.4, 118.2, 114.6, 100.0, 78.4, 77.0, 75.5, 75.4, 75.0, 72.0, 55.7,
18.2. HRMS (ESI) Calculated for C33H3:NO7 [M+H]*556.2330, found 556.2320.
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Synthesis of the compound 7g
PicoO @\
Bn

As the general procedure A, donor 4i (46.6 mg, 0.075 mmol) and acceptor 6b (7.8 mg, 0.05
mmol) can be converted into the product 7g in the sealed tube at 30 °C after 36 hours, and

COOMe

purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 2.5/1) to deliver
7g (28.3 mg, 0.0485 mmol, 97%, a/B = 1/15) as a colorless syrup. 7g-B isomer: [a]p?*= 56.0 (c
1.3, CHCl3); 'H NMR (400 MHz, Chloroform-d) 6 8. 82 (d, J = 4.2 Hz, 1H), 8.01 (d, J = 8.8 Hz, 2H),
7.96 (d,J = 7.8 Hz, 1H), 7.81 (t, J = 7.7 Hz, 1H), 7.59 — 7.44 (m, 1H), 7.39 — 7.30 (m, 2H), 7.25 —
7.14 (m, 5H), 7.11 — 7.05 (m, 3H), 7.03 (d, J = 8.8 Hz, 2H), 5.30 (s, 1H), 5.20 (dd, J = 9.8, 3.2 Hz,
1H), 5.02 (d, J = 12.2 Hz, 1H), 4.93 — 4.78 (m, 2H), 4.72 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 3.1 Hz,
1H), 3.97 (t, J = 9.5 Hz, 1H), 3.89 (s, 3H), 3.67 (m, 1H), 1.48 (d, J = 6.1 Hz, 3H). 3C NMR (100
MHz, Chloroform-d) & 166.8, 164.2, 160.6, 150.2, 147.6, 138.0, 137.9, 137.0, 131.7, 128.7,
128.4,128.2,128.0,127.9, 127.8, 127.2, 125.4,124.4,115.8,98.1, 78.2, 75.5, 75.2, 72.3, 52.1,
18.2. HRMS (ESI) Calculated for C34H3:NOs [M+H]*584.2279, found 584.2276.

Synthesis of the compound 7h

Bno’;\oiwo t
PicoO
Bn

As the general procedure A, donor 4i (46.6 mg, 0.075 mmol) and acceptor 6c¢ (6.7 mg, 0.05
mmol) can be converted into the product 7h in the sealed tube at 40 °C after 36 hours, and

F

purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 2.5/1) to deliver
7h (23 mg, 0.041 mmol, 82%, a/B = 1/12) as a colorless syrup. 7h-B isomer: [a]p**=56.4 (c 1.2,
CHCls); H NMR (400 MHz, Chloroform-d) & 8.82 (d, J = 4.5 Hz, 1H), 7.96 (d, J = 7.9 Hz, 1H), 7.81
(td, J=7.7, 1.8 Hz, 1H), 7.51 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H), 7.38 — 7.28 (m, 2H), 7.24 — 6.97 (m,
8H), 6.94 — 6.73 (m, 2H), 5.15 (dd, J = 9.8, 3.3 Hz, 1H), 5.12 (d, J = 0.8 Hz, 1H), 5.05 (d, J = 12.3
Hz, 1H), 4.92 — 4.79 (m, 2H), 4.70 (d, J = 10.9 Hz, 1H), 4.46 — 4.29 (m, 1H), 3.95 (t, J = 9.5 Hz,
1H), 3.62 — 3.52 (m, 1H), 1.46 (d, J = 6.1 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 164.2,
159.3 (dd, J = 243.9, 10.7 Hz), 154.4 (dd, J = 250.2, 11.8 Hz), 150.1, 147.6 (dd, J = 10.7, 3.6 Hz),
138.0 (d, J = 5.2 Hz), 137.0, 128.8, 128.4, 128.25, 128.16, 128.1, 127.9, 127.7, 127.1, 125.4,
119.5(dd, J=9.5, 1.9 Hz), 111.0 (dd, J = 22.6, 3.9 Hz), 105.3 (dd, J = 26.9, 22.0 Hz), 100.5, 78.1,
76.7,75.4, 75.0, 74.8, 72.3, 18.2. HRMS (ESI) Calculated for Cs;HasF2NNaOs [M+Na]* 584.1855,
found 584.1854.

Synthesis of the compound7i

PicoO
BnO
(@)
=0

OMe
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As the general procedure A, donor 4j (62.2 mg, 0.1 mmol) and acceptor 6a (6.4 mg, 0.05 mmol)
can be converted into the product 7i in the sealed tube at 30 °C after 40 hours, and purified
by silica gel flash chromatography (petroleum ether/ethyl acetate = 3/1) to deliver 7i (27.5 mg,
0.0495 mmol, 99%, o/B > 20/1) as a colorless syrup. 7i-a isomer: [a]p?*= -27.7 (¢ 1.7, CHCl3);
'H NMR (400 MHz, Chloroform-d) & 8.78 (d, J = 4.6 Hz, 1H), 8.14 (d, J = 7.8 Hz, 1H), 7.84 (td, J
=7.8,1.8 Hz, 1H), 7.49 (ddd, J = 7.6, 4.7, 1.2 Hz, 1H), 7.43 — 7.13 (m, 10H), 6.93 — 6.80 (m, 4H),
5.65 (t,J=9.8 Hz, 1H), 5.43 (d, J= 1.9 Hz, 1H), 4.87 (d, J = 12.4 Hz, 1H), 4.77 (d, J = 12.4 Hz, 1H),
4.71-4.51 (m, 2H), 4.28 (dd, J = 9.8, 3.1 Hz, 1H), 4.15 (m, 1H), 4.00 (t, J = 2.3 Hz, 1H), 3.77 (s,
3H), 1.26 (d, J = 6.2 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 164.7, 155.0, 150.2, 149.9,
148.0, 138.2, 138.2, 137.1, 128.5, 128.3, 128.1, 127.8, 127.61, 127.56, 127.0, 125.7, 117.5,
114.7,97.3,74.8,74.6,73.3,72.3,67.5,55.7, 17.8. HRMS (ESI) Calculated for Cs3H3sNO; [M+H]*
556.2330, found 556.2324.

Synthesis of the compound 7j

BnO O o)
PicoO \@/COOMe
Bn

COOMe

As the general procedure A, donor 4i (46.6 mg, 0.075 mmol) and acceptor 6d (11 mg, 0.05
mmol) can be converted into the product 7j in the sealed tube with freshly activated 4A MS at
50 °C after 40 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 3/1) to deliver 7j (32 mg, 0.05 mmol, quant, a/p = 1/10) as a colorless syrup. 7j-B
isomer: [a]p®=61.3 (c 1.1, CHCls); *H NMR (400 MHz, Chloroform-d) &6 8.81 (d, J = 4.3 Hz, 1H),
7.96 (d, J = 7.8 Hz, 1H), 7.91 — 7.74 (m, 2H), 7.51 (m, 1H), 7.33 (m, 2H), 7.25 — 7.16 (m, 6H),
7.15—7.03 (m, 4H), 5.29 (s, 1H), 5.19 (dd, J = 9.7, 3.2 Hz, 1H), 5.00 (d, J = 12.2 Hz, 1H), 4.91 —
4.77 (m, 2H), 4.72 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 3.0 Hz, 1H), 3.96 (t, J = 9.5 Hz, 1H), 3.92 (s,
3H), 3.88 (s, 3H), 3.66 (m, 1H), 1.47 (d, J = 6.1 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) &
168.3,167.0,164.2,159.2,150.2, 147.5,138.0, 137.8, 137.0, 135.3, 131.5, 128.7, 128.4, 128.2,
128.0, 127.9, 127.8, 127.2, 125.4, 124.7, 117.8, 116.6, 98.3, 98.2, 78.1, 76.8, 75.4, 75.2, 72.4,
52.94,52.90, 52.64, 52.59, 18.2. HRMS (ESI) Calculated for C3sH3sNOg [M+H]*642.2334, found
642.2333.

TfOH-catalyzed glycosylation for synthesis of the compound 7j

BnO O o)
PicoO \@/COOMe
Bn

COOMe

Donor 4i (37.3 mg, 0.06 mmol) and acceptor 6d (11 mg, 0.05 mmol), freshly activated 44 MS
and dry DCM (1 ml) were successively added to the round-bottom flask under N, atmosphere
at rt. The mixture was stirred for 10 min at -20 °C and then TfOH (2.3 pl, 0.025 mmol) was
added to the stirred solution. The mixture was warmed up to 0°C and stirred for 5 hours at this
temperature, and then quenched with EtsN. The resulting mixture was evaporated to yield the
crude product which was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 3/1) to deliver the product 7j (26.0 mg, 0.0405 mmol, 81%, a/B = 1/5.5) as a colorless
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syrup.

Synthesis of the compound 7k

COOMe
COOMe
O

Pmoo:z;:%Z;
BnO
Bn

As the general procedure A, donor 4j (62.1 mg, 0.10 mmol) and acceptor 6d (11 mg, 0.05 mmol)
can be converted into the product 7k in the sealed tube with freshly activated 4A MS at 55 °C
after 40 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl acetate
= 3/1) to deliver 7k (27.2 mg, 0.0425 mmol, 85%, a/B > 20/1) as a brown syrup. 7k-a isomer:
[a]p?>=-46.3 (c 1.0, CHCIs); *H NMR (400 MHz, Chloroform-d) 6 8.81 (d, J = 4.3 Hz, 1H), 7.96 (d,
J=7.8Hz, 1H), 7.91 - 7.74 (m, 2H), 7.51 (m, 1H), 7.33 (m, 2H), 7.25 - 7.16 (m, 6H), 7.15 — 7.03
(m, 4H), 5.29 (s, 1H), 5.19 (dd, J = 9.7, 3.2 Hz, 1H), 5.00 (d, J = 12.2 Hz, 1H), 4.91 - 4.77 (m, 2H),
4.72 (d, J = 11.0 Hz, 1H), 4.36 (d, J = 3.0 Hz, 1H), 3.96 (t, J = 9.5 Hz, 1H), 3.92 (s, 3H), 3.88 (s,
3H), 3.66 (m, 1H), 1.24 (d, J = 6.1 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) & 168.3, 167.0,
164.6,158.3,149.9,147.7,138.0, 137.8,137.2,135.4, 131.6, 128.6, 128.4,128.2,128.0, 127.9,
127.8, 127.2, 125.4, 124.7, 117.8, 116.6, 996.4, 76.8, 74.3, 74.1, 73.4, 72.4, 68.0, 53.0, 52.6,
52.59, 17.7. HRMS (ESI) Calculated for C3gH3sNOg [M+H]*642.2339, found 642.2344.

TfOH-catalyzed glycosylation for synthesis of the compound 7k
COOMe
COOMe
o)

Pmoo:;;;:%?;
BnO
Bn

Donor 4j (46.6 mg, 0.075 mmol), acceptor 6d (11 mg, 0.05 mmol), freshly activated 4A MS and
dry DCM (1 ml) were successively added to the round-bottom flask under N, atmosphere at rt.
The mixture was stirred for 10 min at -20 °C and then TfOH (2.3 ul, 0.025 mmol) was added to
the stirred solution. The mixture was warmed up to 0°C and stirred for 5 hours at this
temperature, and then quenched with EtsN. The resulting mixture was evaporated to yield the
crude product which was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 3/1) to deliver the product 7k (17.0 mg, 0.0265 mmol, 53%, a/B > 20/1) as a brown

syrup.

Synthesis of the compound 7I
OPico

As the general procedure A, donor 4f (54.6 mg, 0.075 mmol) and acceptor 6e (11.2 mg, 0.05
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mmol) can be converted into the product 71 in the sealed tube at 30 °C after 36 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3.5/1) to deliver
71 (28.3 mg, 0.0374 mmol, 75%, o/B = 1/10) as a colorless syrup. 71-B isomer: [a]p*= 14.8 (c
0.9, CHCl3); *H NMR (400 MHz, Chloroform-d) 6 8.77 — 8.73 (m, 1H), 7.96 (d, J = 7.8 Hz, 1H),
7.87 —7.74 (m, 2H), 7.46 (ddd, /= 7.6, 4.7, 1.3 Hz, 1H), 7.40 —7.00 (m, 17H), 6.78 (td, J = 7.6,
1.4 Hz, 1H), 5.57 (t,J=9.8 Hz, 1H), 5.48 (d, /= 3.4 Hz, 1H), 4.91 (d, /= 11.5 Hz, 1H), 4.83 (d, J =
12.1 Hz, 1H), 4.76 (d, J = 11.5 Hz, 1H), 4.68 (d, /= 12.1 Hz, 1H), 4.57 — 4.32 (m, 3H), 4.20 (dt, J
=10.3, 3.5 Hz, 1H), 3.83 (dd, J = 9.6, 3.4 Hz, 1H), 3.58 — 4.32 (m, 2H). 3C NMR (100 MHz,
Chloroform-d) 6 164.0, 155.8, 150.0, 147.8, 139.6, 138.31, 138.29, 137.7, 137.0, 129.6, 128.5,
128.4, 128.3, 128.24, 128.19, 127.91, 127.89, 127.84, 127.54, 127.49, 127.0, 125.6, 124.2,
115.2, 96.8, 87.3, 80.0, 78.4, 75.3, 73.6, 73.4, 71.3, 70.1, 68.5. HRMS (ESI) Calculated for
Cs9H37INO; [M+H]* 758.1609, found 758.1617.

Synthesis of the compound 7m

PicoO  0OBn

(0]
BnO (0] |

1

As the general procedure A, donor 4h (54.6 mg, 0.075 mmol) and acceptor 6f (13.5 mg, 0.05
mmol) can be converted into the product 7m in the sealed tube at 40°C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3.5/1) to deliver
7m (35.5 mg, 0.044 mmol, 88%, a/B = 1/10) as a syrup. 7m-B isomer: [a]p>*= 46.2 (c 0.8, CHCl5);
14 NMR (400 MHz, Chloroform-d) & 8.85 (d, J = 4.4 Hz, 1H), 8.30 — 8.20 (m, 2H), 7.85 (t, /= 7.7
Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H), 7.56 — 7.12 (m, 24H), 7.06 (t, J = 7.8 Hz, 1H), 6.00 (d, J = 3.1 Hz,
1H), 5.49 (d, J = 7.6 Hz, 1H), 5.14 (d, J = 10.7 Hz, 1H), 5.00 —4.90 (m, 2H), 4.62 (d, J = 11.1 Hz,
1H), 4.53 (t,J = 8.4 Hz, 1H), 4.44 (d, J = 11.7 Hz, 1H), 4.36 (d, J = 11.6 Hz, 1H), 3.99 (t, J = 6.4 Hz,
1H), 3.89 (dd, J = 9.4, 3.1 Hz, 1H), 3.62 (d, J = 6.3 Hz, 2H). 23C NMR (100 MHz, Chloroform-d) &
163.8, 151.1, 150.4, 147.5, 141.7, 138.5, 137.51, 137.49, 137.3, 136.4, 129.2, 128.6, 128.5,
128.4,128.3,128.2,128.1,128.0,127.8,127.7,127.2,127.1,126.3, 126.0, 125.7, 123.5, 110.3,
100.7, 85.8,80.4,77.8,75.7,73.8,72.8,72.3, 68.2, 67.8. HRMS (ESI) Calculated for Cs3H3sINO-
[M+H]*808.1766, found 808.1770.

Synthesis of the compound 7n

PicoO
BnO

BnO

As the general procedure A, donor 4j (62.2 mg, 0.1 mmol) and acceptor 6e (11.2 mg, 0.05
mmol) can be converted into the product 7n in the sealed tube at 40 °C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3.5/1) to deliver
7n (30 mg, 0.046 mmol, 92%, o/B > 20/1) as a white foam. 7n-a isomer: [a]p?°>= -16.0 (c 1.8,
CHCl3); *H NMR (400 MHz, Chloroform-d) & 8.81 (dd, J = 4.8, 1.6 Hz, 1H), 8.11 (d, J = 7.8 Hz,
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1H), 7.86 (td, J = 7.7, 1.6 Hz, 1H), 7.74 (dd, J = 7.9, 1.6 Hz, 1H), 7.51 (ddd, J = 7.7, 4.7, 1.2 Hz,
1H), 7.46 —7.39 (m, 2H), 7.39 - 7.14 (m, 9H), 7.09 (dd, /= 8.3, 1.4 Hz, 1H), 6.77 (td, /= 7.6, 1.4
Hz, 1H), 5.68 (t, J = 9.9 Hz, 1H), 5.48 (d, J = 2.0 Hz, 1H), 4.89 (d, J = 12.3 Hz, 1H), 4.76 (d, J =
12.2 Hz, 1H), 4.69 (d, J = 12.2 Hz, 1H), 4.61 (d, J = 12.2 Hz, 1H), 4.38 (dd, J = 9.9, 3.0 Hz, 1H),
4.21-4.03 (m, 2H), 1.26 (d, J = 6.2 Hz, 3H). 3C NMR (100 MHz, Chloroform-d) § 164.5, 155.3,
149.9, 147.8, 139.4, 138.10, 138.08, 137.2, 129.7, 128.5, 128.4, 128.2, 128.1, 127.9, 127.7,
127.1, 125.7, 124.2, 115.4, 97.9, 87.4, 76.5, 74.9, 74.4, 73.5, 72.3, 68.2, 17.8. HRMS (ESI)
Calculated for C3;H31INOg [M+H]*652.1191, found 652.1180.

Synthesis of the compound 70

PicoO  oBn
O

Bno§§No |
e

As the general procedure A, donor 4g (54.6 mg, 0.075 mmol) and acceptor 6g (16.2 mg, 0.05
mmol) can be converted into the product 70 in the sealed tube at 40°C after 40 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3/1) to deliver 70
(37.9 mg, 0.044 mmol, 88%, a/B = 1/10) as a syrup. 7o0-B isomer: [a]p*>= 12.6 (c 0.75, CHCl3);
'H NMR (400 MHz, Chloroform-d) 6 8.83 (d, J = 4.6 Hz, 1H), 8.13 (d, J = 7.8 Hz, 1H), 7.95 (dd, J
=8.0, 1.2 Hz, 1H), 7.83 (td, J = 7.8, 1.5 Hz, 1H), 7.50 (dd, J = 7.7, 4.5 Hz, 1H), 7.44 — 7.08 (m,
19H), 7.03 (td, J = 7.6, 1.7 Hz, 1H), 6.91 - 6.81 (m, 2H), 5.95 (d, J = 3.3 Hz, 1H), 5.14 (d, /= 7.7
Hz, 1H), 5.01 (d, /= 10.9 Hz, 1H), 4.87 (dd, J =17.1, 11.2 Hz, 2H), 4.63 (d, J = 11.4 Hz, 1H), 4.54
(d,J=11.6 Hz, 1H), 4.44 (d, /= 11.6 Hz, 1H), 4.07 — 3.94 (m, 2H), 3.81 (dd, J = 9.6, 3.4 Hz, 1H),
3.71 (dd, J = 6.3, 4.1 Hz, 2H), 1.91 (s, 3H), 1.90 (s, 3H). 3C NMR (100 MHz, Chloroform-d) &
164.0, 156.6, 150.3, 147.6, 145.8, 139.2, 138.9, 138.5, 137.72, 137.65, 137.4, 137.2, 130.0,
128.65, 128.63,128.49,128.45, 128.41, 128.39, 128.32, 128.26, 128.2, 128.13, 128.07, 127.95,
127.86, 127.83,127.77, 127.74, 127.7, 127.2, 125.8, 115.64, 115.60, 101.9, 101.3, 79.4, 79.0,
75.6,73.9,73.0,72.4, 68.6, 68.5, 20.7. HRMS (ESI) Calculated for C47HasINO7 [M+H]*862,2235,
found 862.2279.

Synthesis of the compound 7p

PicoO 0OBn COOMe
BnO%NOmBOC
Bn
As the general procedure A, donor 4g (54.6 mg, 0.075 mmol) and acceptor 6h (15 mg, 0.05
mmol) can be converted into the product 7p in the sealed tube at 30 °C after 30 hours, and
purified by silica gel flash chromatography (petroleum ether/ethyl acetate = 3/1) to deliver 7p
(36.6 mg, 0.044 mmol, 88%, a/B = 1/10) as a syrup. 7p-B isomer: [a]p?*= 22.7 (c 1.0, CHCl3); *H
NMR (400 MHz, CDCls) 6 8.81 (d, J = 4.6 Hz, 1H), 8.11 (d, J = 7.8 Hz, 1H), 7.82 (t, J = 7.3 Hz, 1H),
7.49 (dd, J=7.7, 4.6 Hz, 1H), 7.38 — 7.16 (m, 15H), 7.08 — 6.99 (m, 4H), 5.94 (d, J = 3.3 Hz, 1H),
5.04 (d, J = 7.7 Hz, 1H), 4.99 — 4.92 (m, 2H), 4.88 (d, J = 11.5 Hz, 1H), 4.82 (d, J = 10.8 Hz, 1H),
4.61(d,J=11.4 Hz, 1H), 4.53 (m, 2H), 4.43 (d, J = 11.7 Hz, 1H), 4.00 — 3.93 (m, 2H), 3.78 (dd, J
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= 9.6, 3.4 Hz, 1H), 3.71 — 3.64 (m, 5H), 3.04 (m, 2H), 1.42 (s, 9H). *C NMR (100 MHz,
Chloroform-d) & 172.4, 163.9, 156.5, 155.2, 150.2, 147.4, 138.3, 137.65, 137.55, 137.3, 130.5,
130.4, 128.7, 128.5, 128.43, 128.38, 128.34, 128.30, 128.25, 128.21, 128.1, 127.88, 127.86,
127.8, 127.2, 125.7, 117.1, 102.0, 80.1, 79.3, 78.7, 75.6, 73.9, 72.8, 72.4, 68.3, 54.6, 52.35,
52.32,37.6, 28.4. HRMS (ESI) Calculated for CsgHs3N2011 [M+H]* 833.3644, found 833.3679.

Synthesis of the compound 7q
BnO

As the general procedure B, donor 4i (62.2 mg, 0.1 mmol) and acceptor 6i (22.6 mg, 0.05 mmol)
can be converted into the product 7q in the sealed tube with freshly activated 4A MS at 60°C
after 60 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl acetate
= 1/1) to deliver 7q (40.5 mg, 0.046 mmol, 92%, a/B = 1/13) as a white foam. 7g-B isomer:
[a]p?>= -42.8 (c 0.75, CHCl3); *H NMR (400 MHz, Chloroform-d) 6 8.81 (d, J = 4.5 Hz, 1H), 8.07
(d, J = 7.7 Hz, 1H), 7.86 — 7.80 (m, 3H), 7.60 — 7.30 (m, 13H), 7.29 — 7.11 (m, 8H), 7.06 (d, J =
8.4 Hz, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H), 6.59 (s, 1H), 5.93 (dd, J = 9.4, 3.4
Hz, 1H), 5.61 (d, J = 2.0 Hz, 1H), 5.14 (s, 4H), 4.90 (d, J = 11.1 Hz, 1H), 4.85 —4.75 (m, 2H), 4.70
(d, J = 11.1 Hz, 1H), 4.61 (dd, J = 3.4, 2.0 Hz, 1H), 4.20 — 4.07 (m, 1H), 3.97 (t, J = 9.4 Hz, 1H).
13C NMR (100 MHz, Chloroform-d) & 176.9, 164.0, 162.5, 161.3, 161.1, 159.5, 156.7, 149.8,
148.0, 138.4, 138.2, 137.1, 136.3, 135.8, 128.9, 128.8, 128.6, 128.4, 128.32, 128.26, 128.0,
127.8,127.7,127.6,126.9,125.6, 124.1,115.3,111.0, 107.6, 104.6, 98.8, 97.5, 78.9, 75.8, 75.0,
74.9,73.2, 70.6, 70.3, 69.5, 18.2. HRMS (ESI) Calculated for CssHazNNaO1o [M+Na]*904.3092,
found 904.3128.

Synthesis of the compound 7r

O OBn
BnO
PicoO OBn ]O O 0Bn
go: ®
BnO o
Bn

As the general procedure B, donor 4g (90.9 mg, 0.125 mmol) and acceptor 6j (28 mg, 0.05
mmol) can be converted into the product 11r in the sealed tube with freshly activated 4A MS
at 60 °C after 64 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 1.5/1) to deliver 7r (44.2 mg, 0.0404 mmol, 81%, B/a >20/1) as a syrup. 7r-B isomer:
[a]o®= -4.4 (c 1.4, CHCI5); *H NMR (400 MHz, Chloroform-d) & 8.84 (d, J = 4.4 Hz, 1H), 8.12 (d,
J=7.8Hz, 1H), 7.97 (d, J = 8.8 Hz, 2H), 7.84 (t, J = 7.6 Hz, 1H), 7.62 (d, J = 7.5 Hz, 2H), 7.56 —
7.05 (m, 29H), 6.58 (d, J = 2.2 Hz, 1H), 6.48 (d, J = 2.2 Hz, 1H), 5.97 (d, J = 3.3 Hz, 1H), 5.29 (s,
2H), 5.19 — 5.03 (m, 6H), 4.96 (d, J = 10.8 Hz, 1H), 4.88 (dd, J = 17.2, 11.1 Hz, 2H), 4.63 (d, J =
11.5 Hz, 1H), 4.58 — 4.41 (m, 2H), 4.07 — 3.98 (m, 2H), 3.83 (dd, J = 9.6, 3.4 Hz, 1H), 3.69 (d, J =
6.3 Hz, 2H). 3C NMR (100 MHz, Chloroform-d) § 174.0, 163.9, 162.8, 159.9, 158.9, 158.7, 153.4,
150.2,147.3,139.9, 138.2,137.6, 137.5,137.3,137.0, 136.5, 135.8, 130.3, 129.0, 128.9, 128.7,
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128.6, 128.50, 128.47, 128.45, 128.39, 128.26, 128.24, 128.1, 127.92, 127.90, 127.8, 127.7,
127.2, 126.8, 125.7, 125.4, 116.4, 110.2, 101.4, 98.3, 94.0, 79.3, 78.6, 75.8, 74.1, 73.9, 73.0,
72.4,70.9, 70.6, 68.28, 68.24. HRMS (ESI) Calculated for CsgHeoNO1, [M+H]*1094.4110, found
1094.4154.

Synthesis of the compound 7s
PicoO
BnO
(0]
BnO

As the general procedure B, donor 4j (77.6 mg, 0.125 mmol) and acceptor 6k (23.4 mg, 0.05
mmol) can be converted into the product 7s in the sealed tube with freshly activated 4A MS

at 50 °C after 72 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 4/1) to deliver 7s (37.6 mg, 0.042 mmol, 84%, o/B = 8/1) as a yellow syrup. 7s-a
isomer: [a]o*®=-30.4 (c 0.8, CHCl3); *H NMR (400 MHz, Chloroform-d) & 8.79 (d, J = 4.5 Hz, 1H),
8.13 (d, J = 7.7 Hz, 1H), 8.00 (d, J = 1.7 Hz, 1H), 7.86 (t, J = 7.7 Hz, 1H), 7.78 (d, J = 2.6 Hz, 1H),
7.54—7.48 (m, 1H), 7.44 — 7.18 (m, 12H), 7.00 (d, J = 2.7 Hz, 1H), 5.74 — 5.55 (m, 2H), 4.88 (d,
J=12.2 Hz, 1H), 4.77 (d, J = 12.2 Hz, 1H), 4.61 (q, J = 12.1 Hz, 2H), 4.25 (dd, J = 9.7, 3.1 Hz, 1H),
4.08 — 3.94 (m, 2H), 2.74 — 2.69 (m, 4H), 2.49 (s, 3H), 1.89 — 1.78 (m, 4H), 1.51 — 1.34 (m, 8H),
1.32 - 1.20 (m, 7H), 1.01 — 0.93 (m, 6H). 3C NMR (100 MHz, Chloroform-d) 6 182.1, 179.6,
172.3,172.1,164.4,160.2, 152.4, 150.4, 149.9, 147.7, 145.9, 138.0, 137.8, 137.3, 136.1, 134.3,
131.0, 128.6, 128.4, 128.2, 128.1, 127.75, 127.73, 127.2 126.0, 125.8, 123.5, 120.7, 117.6,
112.4, 96.8, 74.4, 74.2, 73.6, 72.5, 68.4, 34.5, 34.4, 31.6, 24.4, 24.3, 22.6, 21.8, 17.8, 14.1.
HRMS (ESI) Calculated for CssHsgNO1, [M+H]*898.3797, found 898.3819.

Synthesis of the compound 7t

PicoO
BnO

BnO

As the general procedure B, donor 4j (77.6 mg, 0.125 mmol) and acceptor 6j (28 mg, 0.05
mmol) can be converted into the product 7t in the sealed tube with freshly activated 44 MS
at 55 °C after 72 hours, and purified by silica gel flash chromatography (petroleum ether/ethyl
acetate = 2/1) to deliver 7t (40.5 mg, 0.041 mmol, 82%, o/p > 20/1) as a syrup. 7t-a isomer:
[a]p?>=-34.0 (c 1.2, CHCIs); *H NMR (400 MHz, Chloroform-d) 6 8.80 (d, J = 4.7 Hz, 1H), 8.18 (d,
J=7.8Hz, 1H), 7.95 (d, J = 8.9 Hz, 2H), 7.88 (td, J = 7.7, 1.6 Hz, 1H), 7.63 (t, J = 7.3 Hz, 2H),
7.52 (m, 1H), 7.48 — 7.13 (m, 24H), 7.03 (d, J = 9.0 Hz, 2H), 6.59 (d, J = 2.2 Hz, 1H), 6.47 (d, J =
2.2 Hz, 1H), 5.68 (t, J = 9.8 Hz, 1H), 5.60 (d, J = 1.9 Hz, 1H), 5.29 (s, 2H), 5.11 (s, 2H), 5.09 (s,
2H), 4.91 (d, J = 12.4 Hz, 1H), 4.79 (d, J = 12.4 Hz, 1H), 4.75 - 4.53 (m, 2H), 4.33 (dd, J = 9.8, 3.0
Hz, 1H), 4.12 (m, 1H), 4.07 — 3.99 (m, 1H), 1.28 (d, J = 6.2 Hz, 3H). 3C NMR (100 MHz,
Chloroform-d) 6 174.0, 164.5, 162.8, 159.88, 158.86, 157.4, 153.4, 149.7, 147.6, 139.8, 138.1,
138.0, 137.5, 137.0, 136.5, 135.7, 130.3, 129.1, 128.9, 128.7, 128.63, 128.57, 128.56, 128.34,
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128.26, 128.2, 128.1, 128.0, 127.8, 127.73, 127.66, 127.6, 127.3, 126.7, 125.9, 124.9, 115.8,
110.2, 98.2, 96.4, 93.9, 74.7, 74.3, 74.2, 73.5, 72.5, 70.8, 70.6, 67.8, 17.8. HRMS (ESI)
Calculated for Cs;Hs3sNO11 [M+H]*988.3691, found 988.3726.

Comparison of the different imidate donors’ reactivity under Kass catalyst-catalyzed
conditions

J’\fh 1.0 equiv 2a Bro o
BnBro ]©\+ Bno cF, 0-LequivC10 “gno 0 + 1a
"0 Ctort, DCM Bn B%O/% 819% recovered
nO
1c 1.0 equiv Bn
1a 10 equi 72% Me

Donor 1a(36.0 mg, 0.05 mmol) and 1c (35.6 mg, 0.05 mmol) co-evaporated twice with toluene,
acceptor 2a(23.3 mg, 0.05 mmol) co-evaporated twice with toluene and Kass catalyst C10 (0.1
equiv, 10 mg, 0.005 mmol) were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N; for three times. Dry DCM (0.6 ml) was added to the sealed tube
under N; atmosphere at 0 °C. The reaction mixture was stirred for 10 hours in the sealed tube
and gradually warmed up to rt. for several hours, and monitored by TLC analysis. The resulting
mixture was transferred into round-bottomed flask and concentrated in vacuo, and then the
residue was purified by silica gel column chromatography to deliver the donor 1a (29 mg,
0.0405 mmol, 81% recovered) and product 3a (35.5 mg, 0.036 mmol, 72%).

OBn OBn

o NH NPh 1.0 equiv 2a o
BnO lc
Bngno OJ\CCI 5”8 0.1 equw C10 Bng%ﬂo + 40% recovered
O

Bn
Bn "0 Ctort, DCM Bno— 0 8a
8a 1.0 equiv 1c 1.0 equiv NOA= 12% recovered
92% Me

Donor 8a(34.3 mg, 0.05 mmol) and 1c (35.6 mg, 0.05 mmol) co-evaporated twice with toluene,
acceptor 2a (23.3 mg, 0.05 mmol) co-evaporated twice with toluene and Kass catalyst (0.1
equiv, 10 mg, 0.005 mmol) were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N; for three times. Dry DCM (0.6 ml) was added to the sealed tube
under N; atmosphere at 0 °C. The reaction mixture was stirred for 12 hours in the sealed tube
and gradually warmed up to rt. for several hours, and monitored by TLC analysis. The resulting
mixture was transferred into round-bottomed flask and concentrated in vacuo, and then the
residue was purified by silica gel column chromatography to deliver the donor 8a (4.1 mg,
0.006 mmol, 12% recovered), 1c (14.3 mg, 0.02 mmol, 40% recovered) and product 3a (45.4
mg, 0.046 mmol, 92%).

OBn
NPh
1.0 equiv 2a 0
° N q BnO
Bng&o{/ ]@ +Bng& J\CF 0.1 equw C10 BnO = (0] + 1c
OBn 0 7260 Ctort, DCI rt, DCM BnBOO O 509 recovered
) n
8b 1.0 equiv 1c 1.0 equiv 56% Bn Ve

Donor 8b (32.9 mg, 0.05 mmol) and 1¢ (35.6 mg, 0.05 mmol) co-evaporated twice with toluene,
acceptor 2a (23.3 mg, 0.05 mmol) co-evaporated twice with toluene and Kass catalyst (0.1
equiv, 10 mg, 0.005 mmol) were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N; for three times. Dry DCM (0.6 ml) was added to the sealed tube
under N, atmosphere at -60 °C. The reaction mixture was stirred for 10 hours in the sealed
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tube and gradually warmed up to rt. for several hours, and monitored by TLC analysis. The
resulting mixture was transferred into round-bottomed flask and concentrated in vacuo, and
then the residue was purified by silica gel column chromatography to deliver the donor 8b
(16.4 mg, 0.025 mmol, 50% recovered) and product 3a (42.4 mg, 0.043 mmol, 86%).

OBn OBnN

NPh
o 1.0 EqUIV 2a (o] 4b
BnO BnO
ng-= CCI3+ Bng% 0.1 equlv C10 ~'Bno = o * 85.4% recovered
OBn O Ctort, DCM " B OO °
8a 1.0 equiv 4b 1.0 equiv " Bn
76% Me

Donor 8a(34.3 mg, 0.05 mmol) and 4b (38.4 mg, 0.05 mmol) co-evaporated twice with toluene,
acceptor 2a (23.3 mg, 0.05 mmol) co-evaporated twice with toluene and Kass catalyst (0.1
equiv, 10 mg, 0.005 mmol) were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N; for three times. Dry DCM (0.6 ml) was added to the sealed tube
under N; atmosphere at 0 °C. The reaction mixture was stirred for 12 hours in the sealed tube
and gradually warmed up to rt and monitored by TLC analysis. The resulting mixture was
transferred into round-bottomed flask and concentrated in vacuo, and then the residue was
purified by silica gel column chromatography to deliver the donor 4b (32.7 mg, 0.0427 mmol,
85.4% recovered) and product 3a (37.5 mg, 0.038 mmol, 76%).

OBn
(e} 1.0 equiv 2a e}
BnO BnO 4b
B% ]@ * Bng% )J\CF 0.1 equw €10 “Bno o 0 + 84.4% recovered
"0 Ctort, DCM Bno— 0
8b 1.0 equiv 4b 1.0 equiv " Bn
76% Me

Donor 8b (32.9 mg, 0.05 mmol) and 4b (38.4 mg, 0.05 mmol) co-evaporated twice with
toluene, acceptor 2a(23.3 mg, 0.05 mmol) co-evaporated twice with toluene and Kass catalyst
(0.1 equiv, 10 mg, 0.005 mmol) were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N; for three times. Dry DCM (0.6 ml) was added to the sealed tube
under Nz atmosphere at 0 °C. The reaction mixture was stirred for 12 hours in the sealed tube
and gradually warmed up to rt and monitored by TLC analysis. The resulting mixture was
transferred into round-bottomed flask and concentrated in vacuo, and then the residue was
purified by silica gel column chromatography to deliver the donor 4b (32.3 mg, 0.0422 mmol,
84.4% recovered) and product 3a (37.5 mg, 0.038 mmol, 76%).

Comparison of the different imidate donors’ reactivity under TMSOTf catalyst-catalyzed

conditions
o8n NPh
lo) 1.0 equiv 2a
BnO .
"Bno JJ\CCI3 8o oJ\CF3 0.15 equiv TMSOTf 3@ 5b
8a OBN b OTNBz —————> 6% 32%

0 c,DCM
(8a and 4b’ 0% recovered)

Donor 8a(34.3 mg, 0.05 mmol) and 4b (38.4 mg, 0.05 mmol) co-evaporated twice with toluene,
acceptor 2a (23.3 mg, 0.05 mmol) co-evaporated twice with toluene, freshly activated 4A MS
and dry DCM (1 ml) were successively added to the round-bottom flask under N, atmosphere
at rt. The mixture was stirred for 10 min at 0 °C and then TMSOTf (1.4 ul, 0.0075 mmol) was
added to the stirred solution. The mixture was stirred for 1.5 hours at this temperature, and
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then quenched with EtsN. The resulting mixture was evaporated to yield the crude product
which was purified by silica gel column chromatography to deliver the product 3a (32.1 mg,
0.0325 mmol, 65%) and 5b (16.7 mg, 0.016 mmol, 32%).

OBn

o NPh 1.0 equiv 2a
BnO-S CF4 015 equiv TMSOT! sa . Sb

OT! BZ O C. DCM 71% 25%

8b 1.0 equiv 4b 1.0 equiv (8b and 4b, 0% recovered)

Donor 8b (32.9 mg, 0.05 mmol) and 4b (38.4 mg, 0.05 mmol) co-evaporated twice with
toluene, acceptor 2a (23.3 mg, 0.05 mmol) co-evaporated twice with toluene, freshly activated
4A MS and dry DCM (1 ml) were successively added to the round-bottom flask under N,
atmosphere at rt. The mixture was stirred for 10 min at 0 °C and then TMSOTf (1.4 ul, 0.0075
mmol) was added to the stirred solution. The mixture was stirred for 1.5 hours at this
temperature, and then quenched with EtsN. The resulting mixture was evaporated to yield the
crude product which was purified by silica gel column chromatography to deliver the product

3a (35.0 mg, 0.0355 mmol, 71%) and 5b (13 mg, 0.0125 mmol, 25%).

Synthesis of compound 9

OB o HO OBz
HO £ 1.NBS,0Ctort ppo .0
BnO -0 > BzO
BzO 2. Cs,CO3, PTFACI
Ph
s27 9 CFs

The compound $2757 (570.7 mg, 1 mmol) was dissolved in acetone and H,0 (10 ml, acetone:
H,0 = 8:1, V/V), to which NBS (635 mg, 3.5 mmol) was added at 0 °C. The resulting mixture
was stirred for 1 hour, and was then quenched with saturated aqueous Na;S;0s. The organic
phase was washed with saturated aqueous NaHCOs3, brine successively, and the organic phases
was separated and combined, dried over anhydrous Na,SO.. Filtration and evaporation yielded
the crude product which was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 1/1) to deliver the hemiacetal intermediate (354.1 mg, 0.74 mmol, 74%;
brsm: 90%).

Cs2C0O5 (265.2 mg, 0.814 mmol) followed by PTFACI (228 mg, 1.1 mmol) was added to a
solution of the above hemiacetal intermediate (354.1 mg, 0.74 mmol) in acetone (7 ml). The
mixture was stirred for 4 hours at 0 °C, and then the suspension was filtered and washed with
DCM. The filtrate was concentrated under reduced pressure. The residue was purified by silica
gel flash chromatography (petroleum ether/ethyl acetate = 8/1 to 4/1, with Et3N) to give the
compound 9 (270.4 mg, 0.555 mmol, 75%) as a colorless syrup. 9-a isomer: [a]p?® = -23.5 (c
1.0, acetone); 'H NMR (400 MHz, Acetone-ds) 6 8.07 (d, J= 7.7 Hz, 2H), 7.93 (d, J = 7.7 Hz, 2H),
7.70 (t,J = 7.4 Hz, 1H), 7.58 (dt, J = 15.5, 7.5 Hz, 3H), 7.43 (t, J = 7.7 Hz, 2H), 7.36 (t, J = 7.8 Hz,
2H), 7.27 — 7.18 (m, 5H), 7.14 (t, J = 7.4 Hz, 1H), 6.95 (d, J = 7.6 Hz, 2H), 6.48 (s, 1H), 5.89 (s,
1H), 5.75 (dd, J = 9.8, 3.2 Hz, 1H), 4.85 — 4.75 (m, 2H), 4.55 (t,J = 9.7 Hz, 1H), 4.23 (dd, J = 7.1,
5.4 Hz, 1H), 4.06 — 3.92 (m, 3H). 3C NMR (100 MHz, Acetone-ds) 6 165.1, 164.9, 143.6, 138.2,
133.7,129.7, 129.5, 129.4, 128.9, 128.7, 128.5, 128.2, 127.9, 127.6, 124.4, 119.3, 94.7, 75.6,
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74.7,72.1,72.0,69.0, 60.5. HRMS (ESI) Calculated for CssH30FsNOgNa [M+Na]*672.1821, found
672.1809.

One-pot synthesis of trisaccharide:

BnO OBz

B0 ) BnO OBz
n .0
BnO BnO
n Bno
O\(fNH 4 omz
8¢ Clg BnQ -0
0.15 equiv €at. 2 equiv 2a 20
HO OBz 15 C-28 C 0.1 equiv cat.
-0 DCM ° 0
B 50 C BnO
n820 BnO
Bn
NPh 10 Me
Y 36%
9 CFg

Donor 8c (69.9 mg, 0.1 mmol) co-evaporated twice with toluene, compound 9 (32.5 mg, 0.05
mmol) co-evaporated twice with toluene, Kass catalyst (0.15 equiv, 15 mg, 0.075 mmol) and
freshly activated 4A MS were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N, for three times. Dry DCM (0.8 ml) was added to the sealed tube
under N, atmosphere at 15 °C. The reaction mixture was stirred and gradually warmed up to
rt. The reaction was monitored by TLC analysis. When TLC shows that the donor 9c is
consumed completely (around 17h), the acceptor 2a (0.1 mmol, 46.5 mg), 0.1 equiv. Kass
catalyst were added to the reaction mixture, and the mixture was gradually warmed up to
50 °C and stirred for another several hours (about 2 d.). The resulting mixture was cooled to rt
and then transferred into round-bottomed flask and concentrated in vacuo. The residue was
purified by silica gel column chromatography (petroleum ether/ethyl acetate = 5/1) to deliver
the product 10 (26.3 mg, 0.018 mmol, 36%) as a colorless oil. 10: [a]p* = 25 (c = 1.0, CHCl5);
'H NMR (400 MHz, CDCl3) 6 8.08 (dd, J = 12.5, 4.7 Hz, 4H), 7.93 (d, / = 7.3 Hz, 2H), 7.57 — 7.47
(m, 5H), 7.39-7.07 (m, 39H), 5.80 (s, 1H), 5.71 (m, 2H), 5.16 (d, / = 1.6 Hz, 1H), 5.04 - 4.93 (m,
3H), 4.79 (m, 5H), 4.67 —4.57 (m, 4H), 4.55 - 4.41 (m, 4H), 4.17 — 4.07 (m, 3H), 4.03 - 3.64 (m,
10H), 3.61 — 3.52 (m, 2H), 3.37 (s, 3H). **C NMR (100 MHz, CDCl5) & 165.5, 165.40, 165.37,
138.9,138.46,138.42,138.34,138.26,137.9,137.7,130.1, 129.8,129.7, 128.7,128.46, 128.43,
128.39,128.37,128.31,128.29, 128.2,128.1, 128.0, 127.9, 127.7, 127.66, 127.63, 127.6, 98.1,
98.0, 97.9, 82.2, 80.4, 78.0, 77.8, 75.7, 75.4, 75.1, 74.9, 74.3, 73.51, 73.46, 73.2, 72.8, 72.0,
71.3,70.7, 70.6, 69.9, 68.9, 68.6, 66.3, 55.2. HRMS (ESI) Calculated for CggHssO29Na [M+Na]*
1483.5818, found 1483.5827.

OBz
BnO OBz BnO o
0 Bn -
Bn
gno o gno
OBz
o< 1) eng N
8d 0.15 equiv cat. 2 equiv 2a B20
HO_ OBz 15 C-28 C 0.1 equiy cat.
-0 DCM N o]
B 50 C BnO
ngzo Bno
Bn
(6] NPh 10 Me
45%
9 CF3

Donor 8d (67.2 mg, 0.1 mmol) co-evaporated twice with toluene, compound 9 (32.5 mg, 0.05
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mmol) co-evaporated twice with toluene, Kass catalyst (0.15 equiv, 15 mg, 0.075 mmol) and
freshly activated 4A MS were added to the sealed tube, and then the sealed tube was
evacuated and flushed with N; for three times. Dry DCM (0.8 ml) was added to the sealed tube
under N, atmosphere at 15 °C. The reaction mixture was stirred and gradually warmed up to
rt. The reaction was monitored by TLC analysis. When TLC shows that the donor 8d is
consumed completely (around 17h), the acceptor 2a (0.1 mmol, 46.5 mg), 0.1 equiv. Kass
catalyst were added to the reaction mixture, and the mixture was gradually warmed up to
50 °C and stirred for another several hours (about 2d). The resulting mixture was cooled to rt,
transferred into round-bottomed flask and concentrated in vacuo. The residue was purified by
silica gel column chromatography (petroleum ether/ethyl acetate = 5/1) to deliver the product
10 (32.9 mg, 0.0225 mmol, 45%) as a colorless oil.

References:

[S1] S. Sopefiia, E. Martin, E. C. Escudero-Adan, A. W. Kleij, ACS Catal. 2017, 7, 3532 — 3539.

[S2] R. Telmesani, S. H. Park, T. Lynch - Colameta, A. B. Beeler, Angew. Chem. Int. Ed. 2015, 54,
11521 -11525.

[S3]J. M. Schnorr, D. van der Zwaag, J. J. Walish, Y. Weizmann, T. M. Swager, Adv. Funct. Mater.
2013, 23 (42), 5285-5291.

[S4] J. Vazquez-Chavez, S. Luna-Morales, D. A. Cruz-Aguilar, H. Diaz-Salazar, W. E. V. Narvaez, R.
S. Silva-Gutiérrez, S. Hernandez-Ortega, T. Rocha-Rinza, M. Hernandez-Rodriguez, Org.
Biomol. Chem. 2019, 17, 10045-10051.

[S5] M. Olivari, R. Montis, L. E. Karagiannidis, P. N. Horton, L. K. Mapp, S. J. Coles, M. E. Light,
P. A. Gale, C. Caltagirone, Dalton Trans. 2015, 44, 2138-2149.

[S6] F. Yang, S. R. Kass, Org. Lett. 2016, 18, 188—191.

[S7] T. Hashihayata, H. Mandai, T. Mukaiyama, Bull. Chem. Soc. Jpn. 2004, 77, 169-178.

[S8] S. M. Andersen, M. Heuckendorff, H. H. Jensen, Org. Lett. 2015, 17, 944-947.

[S9] H. Tanaka, Y. Iwata, D. Takahashi, M. Adachi, T. Takahashi, . Am. Chem. Soc. 2005, 127,
1630-1631.

[S10] A. E. Christina, D. van der Es, J. Dinkelaar, H. S. Overkleeft, G. A. van der Marel, J. D. C.
Codée, Chem. Commun. 2012, 48, 2686-2688.

[S11]T. Hansen, L. Lebedel, W. r A. Remmerswaal, S. van der Vorm, D. P. A. Wander, M. Somers,
H. S. Overkleeft, D. V. FilippovDmitri V, J. Désiré, A. Mingot, Y. Bleriot, G. A. van der Marel,
S. Thibaudeau, J. D. C. Codée, ACS Cent. Sci. 2019, 5, 781-788.

[S12] G. J. van der Heden van Noort, H. S. Overkleeft, G. A. van der Marel, D. V. Filippov, Org.
Lett. 2011, 13, 2920-2923.

[S13] S. S. Nigudkar, T. h. Wang, S. G. Pistorio, J. P. Yasomanee, K. J. Stine, A. V. Demchenko,
Org. Biomol. Chem. 2017, 15, 348-359

[S14] A. Laroussarie, B. Barycza, H. Andriamboavonjy, M. T. Kenfack, Y. Bleriot, C. Gauthier, J.
Org. Chem. 2015, 80, 10386-10396.

[S15] S. Chatterjee, S. Moon, F. Hentschel, K. Gilmore, and P. H. Seeberger, J. Am. Chem. Soc.
2018, 140, 11942-11953.

[S16] S. S. Nigudkar, A. R. Parameswar, P. Pornsuriyasak, K. J. Stinea and A. V. Demchenko, Org.
Biomol. Chem., 2013, 11, 4068-4076.

[S17] A. Hélemann, B. L. Stocker, and P. H. Seeberger, J. Org. Chem. 2006, 71, 8071—-8088.

S51



[S18] Z. Qiao, H. Liu, J. J. Sui, J. X. Liao, Y. H. Tu, R. R. Schmidt, J. S. Sun. J. Org. Chem. 2018, 83,
11480-11492.

[S19] A. Fernandez-Mayoralas, A. Marra, M. Trumtel, A. Veyriéres, P. Sinay, Carbohydr. Res.
1989, 188, 81-95.

[S20] Y. Hu, K. Yu, L. L. Shi, L. Liu, J. J. Sui, D. Y. Liu, B. Xiong, J. S. Sun, J. Am. Chem. Soc. 2017,
139, 12736-12744.

[S21] J. Calveras, Y. Nagai, |. Sultana, Y. Ueda, T. Higashi, M. Shoji, T. Sugai, Tetrahedron 2010,
66, 4284-4291.

[S22] M. S. Holzwarth, W. Freya, B. Plietker, Chem. Commun. 2011, 47, 11113-11115.

[S23] S. KrajCovicova, T. Gucky, D. Hendrychova, V. Krystof, M. Soural, J. Org. Chem. 2017, 82,
13530-13541.

[S24] Q.J. Zhang, J. S. Sun, Y. G. Zhu, F. Y. Zhang, B. Yu, Angew. Chem. 2011, 123, 5035 -5038.

[S25] Z. F. Hu, Y. Tang, B. Yu, J. Am. Chem. Soc. 2019, 141, 4806-4810.

[S26] Y. Hu, Y. H. Tu, D. Y. Liu, J. X. Liao, J. S. Sun. Org. Biomol. Chem. 2016, 14, 4842-4847.

[S27] G. P. Song, P. Wang, Z. H. Zhang, D. K. Shi, Y. X. Li, Chin. J. Chem. 2008, 26, 1715-1720.

[S28] A. G. Volbeda, N. R. M. Reintjens, H. S. Overkleeft, G. A. van der Marel, J. D. C. Codée,
Eur. J. Org. Chem. 2016, 31, 5282-5293.

[S29] J. P. Yasomanee, A. V. Demchenko, J. Am. Chem. Soc. 2012, 134, 20097-20102.

[S30] C. S. Chao, C. Y. Lin, S. Mulani, W. C. Hung, K. K. T. Mong, Chem. Eur. J. 2011, 17, 12193-
12202.

[S31]V, Pozsgay. J. Org. Chem. 1998, 63, 5983-5999.

[S32] A. Kitowski, E. Jiménez-Moreno, M. Salvado, J. Mestre, S. Castillon, G. Jiménez-Osés, O.
Boutureira, and G. J. L. Bernardes, Org. Lett. 2017, 19, 5490-5493.

[S33] S. Fujita, N. Oka, F. Matsumura, and T. Wada, J. Org. Chem. 2011, 76, 2648—-2659.

[S34] A. Behera, D. Rai, D. Kushwaha, and S. S. Kulkarni, Org. Lett. 2018, 20, 5956—5959.

[S35] D. Crich and O. Vinogradova, J. Org. Chem. 2007, 72, 3581-3584.

[S36] W. Z. Yang, J. S. Sun, Z. Y. Yang, W. Han, W. D. Zhang, B. Yu, Tetrahedron. Lett. 2012, 53,
2773-2776.

[S37] N. Ruiz, S. S.Ferreira, D. Padro, Niels-C. Reichardt, M. Martin-Lomas, Carbohydr. Res.,
2011, 346, 1581-1591.

[S38] B. A. Garcia and D. Y. Gin, J. Am. Chem. Soc. 2000, 122, 4269-4279.

[S39] S. Houdier, P. J. A. Vottero, Carbohydr. Res. 1992, 232, 349-352.

[S40] C. Hedberg, K. S. Jessen, R. F. Hansson, M. Heuckendorff, and H. H. Jensen, Org. Lett.
2020, 22, 7068-7072.

[S41] A. K. Kayastha and S. Hotha, Chem. Commun. 2012, 48, 7161-7163.

[S42] C. M. Carthy, M. Tacke, and X. M. Zhu, Eur. J. Org. Chem. 2019, 2729-2734.

[S43] N. Oka, R. Kajino, K. Takeuchi, H. Nagakawa, and K. Ando, J. Org. Chem. 2014, 79, 7656—
7664.

[S44] F. Zhu, E. Miller, S. Q. Zhang, D. Yi, S. O’Neill, X. Hong, and M. A. Walczak, J. Am. Chem.
Soc. 2018, 140, 18140-18150.

[S45] J. A. Watt, C. T. Gannon, K. J. Loft, Z. Dinev, and S. J. Williams, Aust. J. Chem. 2008, 61,
837-846.

[S46] X. Ma, Z. Zheng, Y. Fu, X. Zhu, P. Liu, and L. Zhang, J. Am. Chem. Soc. 2021, 143, 11908-
11913.

S52



[S47] M. H. Zhuo, D. J. Wilbur, E. E. Kwan, and C. S. Bennett, J. Am. Chem. Soc. 2019, 141,
16743-16754.

[S48] Y. Kobashi, and T. Mukaiyama, Bull. Chem. Soc. Jpn. 2005, 78, 910-916.

[S49] M. P. ManninoJagodige, P. Yasomanee, A. V. Demchenko, Carbohydr. Res. 2018, 470, 1-7.

[S50] J. Lu and B. Fraser-Reid, Org. Lett. 2004, 6, 3051-3054.

S53



—10000

—9000
—8000
—7000

—6000

5000
4000
3000
2000
—1000

N
O |
c:)/l\c:F3

OBN 1b

BnO

(400 MHz, Acetone-dg)

Nl

T

L61

vie

=7

001

F 681]

SO

Soy|

5.0
1 (ppm)

-1.0

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 10

3.5

4.0

4.5

10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5.5

11.0

S54



—28000

26000

24000

22000

—20000

—18000

16000

14000

—12000

—10000

8000

6000

4000

—2000

——2000

N — >0 T ON —=VOV>~VWVuVnmnmOX
AN AN T NNAANXOENOOUVINTOOO =T O NN MNnmOoon —
AT XXX WBVHXVXNENNNNNFS AT QRN Y O N
<t <t enenen AN AN AN AANAANANAANANAANT = RDNO N Fonon AN
— e — — e e o e e =~ — — QNN \O
VN S e S |
OBn /,[::::::J
- N
BnO )|\
EnO O~ ™CF;
OBn 1b
(100 IMHz, Acetone-d 4)
|
| |
L. N
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S55



11000

—10000

—9000

—8000

—7000

6000

—5000

4000

3000

—2000

1000

——1000

'H-NMR, 3C-NMR of 1h

i

NPh

por - /

0
c:»)Lc:F3

OBn 1h
400 MHz, CDCl4

Bngno

|

T

L0}

€Y'0

88°0
00}

T A T

18'¢

9L

Lo

Ol

1961t

6.5

-1.0

-0.5

20 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

5.0 4.5
£1 (ppm)

5.5

6.0

10.5 10.0 9.5 9.0 85 80 7.5 7.0

11.0

S56



~9000

—8000

—7000

—6000

5000

4000

3000

—2000

—1000

—0

Y9
Iv'v9
ceeL
IS°€L
SSeL
08°€L
SI'SL
8Y'SL
88°GL
LT'LL
.Yaymi

86'8L—
:.ow\
w@.ow\
S0'¢8
LEE6—
89°L6—
9¢611
evoll
L¥0Cl
1Tyel
9¢evCl
99°LCI
CLLC]
LL'LT]

NPh

0
O)J\CFS

OBn 1h

08°LTI
V8'LCI
98°'LC1
¢6'LC1
00°8¢C1
08¢l
¥0°8¢I
01°8¢I
SI'8¢CI
V'8¢l
SY'8¢I
D\wml
ﬁm.mml
SS 8Tl
SL8CI A
Z4A'9%
8L'LETA
06'LET
Y0'8€T 1
0t'8€1 1
99°8¢1 1
SA4%
89° ¢l

100 MHz, CDCl 4

T
-20

-10

T
40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S57



~9000

—8000

—7000

—6000

5000
4000

3000

2000

—1000

LT°€q
61°¢
17°€
1€°€
€€°¢
PEEN
SEEN
b€
1€
we
a3
IS¢
e
£5°€
ss'¢
96°¢
96°¢
LS'E
85°¢
09°€
89°€
L€
w9
£9'9
88°9
069
1L
1L
1L
€r'L
PI'L
SI'L
ST'L
€L
€L
)
)
9€'L
LEL

e e e e e —

'H-NMR, 3C-NMR of 1j-a

T —————

|

/f/

/

['r] _~

MeOO NPh
1j-CL \7;;
CF,

MeO
MeO

(400 MHz, Acetone-dg)

—V co'L

® e

= 00}

 ¢0¢f

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S58



—5000

4500

4000

3500

3000

2500

—2000

—1500

—1000

500

£1 (ppm)
59

S ~ o0 en
— — \O O N (=2 o\ Il palie)Ne)) S O — <t
e S oS = MEMER B RN AN Oy 0
<t (<ol e\ N\ [e2e] oS < O oA —_ O O N
— — o — (@)Y o0 00 OO0 I~ I~ O \© O n
N 0N ~N
MeO
MeO O
MeO
MeQ
CF;
{100 MHz, Acetone-d)
| |
[ | | |
| |
vnmJ W 0 z M ! ‘l v
T T T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10



19000

—18000

—17000

—16000

—15000

14000

13000

—12000

—11000

—10000

—9000
8000
—7000
—6000
—5000
—4000
3000

2000
—1000

0

——1000

cre
ere
vi'e
9 3
9I'c
8¢

£€ee
vm.mww
yvee
9Ie
Ly'¢
Ly'e
£6°¢
1293
1293
9¢¢
LS€

Iy's—
88°9
68°9
069
16'9
L
L
e
L
€1'L
€1'L
vIL
ST'L
ST'L
ze L
€L
e
e L
vE LA
9¢" LA
9¢'

, BC-NMR of 1j-B /

1H-NMR

e

[/

|

Q
O._.NPh
1B Ohle \5:3
(400 MHz, Acetone-dg)

iI=10

e
e

JUM i

AL

F co

- G0'¢
Fivil

& g6'L

F 00}

F €0¢

3.5

-1.0

25 2.0 1.5 1.0 0.5 0.0 -0.5

3.0

4.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

11.0

S60



’g) on o0
N 0 — [\l O NN AN 0 O\ en \O
) % < o i —QnAarn oA
ki G = 2 SSECS 2R
N \2 VD N
hel o
e
Meo’&,o\prh
.. OMe
1]'& CF3
(100 MHz, Acetone-c'g)
|
|
|
| |
s .
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10
f1 (ppm)

S61

;21000
;20000
;19000
;18000
;17000
;16000
;15000
;14000
;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

—1000

——1000

——2000



—16000
—15000
14000
—13000
—12000
—11000
—10000
—9000
—8000
—7000
—~6000
—5000
4000
3000
2000
—1000

——1000

—

s/
7 7

AR

f ol
STol

/
OTMBz
T

IH-NMR, 13C-NMR of S5
OBnNn

/

(400 MHz, CDCl3)
i

B”gno

//H

860
102
00' I

66°}

co’l
0Lt
€0°¢

66°0r

960

10
907
s0'q
15G)

T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
62

11.0



~7000

6500

6000

5500

—5000

4500

4000

3500

—3000
2500
—2000
—1500
—1000

500

——500

6T8TI
14871

OBn

9t'8C1
98°6C1
16°6C1
69°0¢€1
cecel
[4537!
69°LEl
96'LET
S0'8¢l
T8¢l
8¢6¢1

08691 —

STol

OTMBz

I OOOOu RSO

i
O
0
O
%
T
=
o)
o
o

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S63



—11000

10000
~9000
8000

—7000

—~6000

—5000

4000

3000

—2000

—1000
—0

|

vy

'H-NMR, 3C-NMR of 4b

7

OJ\C Fs

OTMBz

4b
(400 MHz, CDCl )

T % 16'H

00}

~—1000

c8'q
X 60°¢

ccq

06’ }r

-1.0

11.0 10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
(Yﬂ’\m\

11.5

£1

S64



4500

4000

3500

3000

2500

—2000

1500

—1000

500

0661~
i4Nted

0¢611
Syl
S0 LTI
0S°LCl
9L°LC1
I8°LCI
LYLTI
€6°LCI
S6°LCI
8T8CI
V'8¢l
SY'8¢C1
798¢l
9L8CI
86°6C1
S9¢cel
€9°LET
68°LEl
LL'6ET
eyl
¥0'891

NPh
Q/H\CF3

OTMBz

BnO
BnO

4b
(100 MHz, CDCl3)

T
-20

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S65



—17000
—16000

—15000

14000

—13000

—12000

11000

—10000

—9000
—8000

—7000

—6000

—5000

4000

3000

—2000

—1000

——1000

§ee
0€'C
99°¢
99°¢
L9¢
89°¢
69°¢
IL¢
IL¢
LOY
801
vy
ey
o'y
6v'v
(494
9%
Ly
(%

—_—

\W

'H-NMR, 3C-NMR of S8

oLy
06'v
1N %
ﬁw.m;/

yL'S
oh.m\\

6821

0T'L

1L T

7L
€L
VTL
vTL
ST'L
ST'L
9L
9L
LTL
LT LA
sz
67 L
67'LA
0€'LA
0€'LA
1L
e
gL
16°L
1L
'L
51

OBn OBn
SPh
OTMBZz

BnO

S8
(400 1MHz, CDCl;)

€€

80}

i

= 86’}

Feooz

= €0¢

66°¢

66°0

cl'a

00°If

4.5

-1.0

3.5 30 25 20 L5 1.0 05 00 -0.5

4.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

11.5

S66



—9000

—8000

—7000

—6000

—5000

4000

3000

2000
—1000

0€°0C~
iZarsd

IT°LTl
0s°LTl
€9°LTI
S9°LTI
€6°LCI
L6'LCT
£0°8¢I
12%11!
[44'11!
£6°8¢CI
LG8C1
88°8C1
SLOCT
LL'TET
[4 529!
8 Gl
19°LET
96'LET
GG 8¢l
6€6¢1
69891 —

OBn OBn

SPh

OTMBz

BnO

S8
(100 MHz, CDCI5)

-20

-10

40 30 20 10

70 50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

T
20

S67



—7500

—7000

—6500
—6000
5500

—5000

4500

4000
3500
3000
2500

2000
1500

1000
500
——500

—0

s 1/ /f

'H-NMR, 3C-NMR of 4c

L

w C6'Y

5 NPh
OJ\CF3

OTMBz
4c

OBn

(400 MHz, CDCl5)

OBn

BnO

— 1 667

1670

90°¢

00}

— [ 86l

00°¢
B B 90

FeLslf

a0

1

00’

5.0

£1 (ppm)

-1.0

40 3.5 30 25 20 1.5 1.0 05 0.0 -0.5

4.5

10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5.5

11.0

S68



6000
5500

—5000

4500

4000

3500

3000
2500

—2000

—1500

—1000

500

——500

8L61~
9T 1T

LE6IT
eV vl
orLel
LL'LTT
y8'LTI
00°8¢C1
¥0°8¢C1
Y1'8¢CI
[14:14!
S¥'8¢CI
61'8¢C1
¢ 8Cl
8C°8C1
£8°8¢I
1S°6¢I
SL Ot
ey eel
SYLel
S8Lel
8T8EI
8576¢1
6vevl
ST891

NPh

OBNn

OBn

0
OJ\CFS

BnO

OTMBz
4c
(100 MHz, CDCl5)

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

T
20

S69



—19000

18000

—17000

—16000

—15000

—14000
—13000
—12000
—11000
—10000
—~9000

—~8000

—7000

—6000

—5000

—4000

3000

2000
—1000

——1000

(14!
el
61'C
0T
ev'e
9Ire
8Y'¢
I6'¢
¢
y6'¢
v6'¢
9Ty
91’y
LTy
81y
61y
61y
1%
(494
5%
8¢
Ly
mh.vur
wy-T
8t
9Y'S
9v'S

LL'S
LL'S
LL'S
8L'S

99—
61'L
61'L
0T'L
0T'L
1TL
wL
wL
€TL
vTL
vTL
STLA
sT'L]
9z'LA
8T L
87 L]
67 LA
0€'LA
0€'LA
65 LA
65 LA
LA
WL

'H-NMR, 3C-NMR of S11

e

/
SPh
SN

(400 1Hz, CDCly)

// / /
O
BnO
TMBzO

f
BnO

[

= 86'¢

= 806

i

Y0’}

14X

A B |

10°})

ft

66°0

ft

= 06')r

Fsselt

= 91'¢

co’l
€0l

90'1

00°)f

4.5

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S70



—10000

~9000

—8000

—7000

6000

5000

—4000

3000

2000

—1000

——1000

16'LT~_
€107~
el

£€69~_
LETL~
907
99°5.7,
8L/
708

ve98

08'LTl 7
L8LTIA
16°'L211
€I'ST1 Y
pT8TIA
67871
05871~
75821
ST6TI
a.or\
66'1€1
LOPET
bLSET
6L'LET
r8el
b9°6€1

1 111

9¢°691—

SPh

Al

BnO

BnO

TMBzO

S11

(100 MHz, CDCl)

T
-20

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S71



—20000

—19000
—18000
17000
—16000
—15000
14000

—13000

—12000

—11000

10000

~9000

—8000

—7000

—6000

5000

4000

3000

—2000
—1000

——1000

6C'1
@N.ﬁwv
0¢'l

YT T~
Sasd

IS¢
1283
9¢¢
L8€E
88°¢
68°¢
16'¢
or'vy

487
€Ty
L9y
o?%
wy-T
mE\\
68'%
16t
w6y
S6'v

98'¢—

6897
69
969

ST'L
6TL
0€'L
1L
€L
€L
€L
€L
€L
beL
e L
9¢° L
9¢'L
8¢
L
v
b L
b, )

NPh

OJLCF3

’

'H-NMR, B3C-NMR, *H-H COSY, HSQC, NOSY of 4d
/

S

§

O

BnO

BnO

TMBzO a4

(400 MHz, Acetone-d)

A

T

8s'Y

1678

00}

0’}
00}

.0¢

60°¢

1670

€8°0r

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5
£1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5

S72



—5000

4500

4000

3500

3000

2500

—2000

—1500

1000

500

—0

——500

~—1000

[6'S6—

9¢°0¢1
61°SCl
8¥'8C1
L9°8C1
88'8C1
srecl
0T6C1
16t

9T6C1

88°6¢C1

mm;mﬁ\
LT9€1
86'8¢€1
99°6¢1
8¥'0vl
65 vl

1T691—

(100 MHz, Acetone-dg)

40 30 20 10

50

70

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
1 (ppm)

T
200

S73



I\II_II

o cF,
Bnoﬁj
BnO

I

A Il NN _J |
TMBZO , V
| ?
0
_J . n 0
: i
| ;0
% u 0 m § a w '
0 b |
[ 0 |
' o @ ,
| | o #
. | °
. I be
ﬂ
< ; @ 9
j
= -
l
| U 0
H 0 §
9I0 8I5 8.I0 7I5 | 7I0 6.I5 6.I0 5.I5 5.I0 | 4.I5 | 4I0 | 3.I5 | 3.I0 | 2.I5 | 2.IO | 1.I5 | 1.I0 | O.I5 | O.IO I*OI.S | *II.O
£2 (ppm)

S74

1 (ppm)



. L |

P . T

-o-©

- S ;20
;40
-60
80
100
120
140
160
180

—200

~220

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)
S75

f1 (ppm)



NPh
0~ “CF,

BnO

BzO 1d

L

WL LL |

4
Pl
e o M
o
é 0
o £ ®@
@ o
0 @ o
¢ ¢
) o
® 0w 0
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)

S76

f1 (ppm)



o o o j=) j=) S o
o (=3 o j=3 j=) =} o o
i g 7 N g i 7 7 i
[ —
—
il —= 68°¢
F %
< / =
5 o
o ==( o
O
= ~ Q5 = F oog
G ~— 3 &4 : v 86
Mn, N s O 4O M ——= F 00}
S = = :
[ =]
= =
T = .
E - 980
/ 2
Om
a

s

= L1670

-1.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

1.5

S77



—11000

—10000

~9000

8000

—7000

—6000

—5000

4000

3000

2000

—1000

~—1000

90°'t9
hw.mh)/
YT SL

1€°L

96°SL

7808

98

90°L6
el
LEVTI
6€STI
pOLTI
86'LT1
10'8C1
61°8CI
17821
9T8TI
€€°8T1
9¢'8TI
$9°871
89°871
08'8CI
10°LET~

9'LET
99°LET
91°8¢1

12494!
LYLY1
91051

—

BSS

L9VIT—

R

NPh
JJ\CF3

/OPicro

0
B"Qmo

OBn Af

(100 MHz, CDCI3)

-10

20 10

30

70

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

T
100

" 578



—15000
14000
—13000
—12000
—11000
—10000
~9000

;8000

—7000

—6000

5000

4000

3000

2000

—1000

——1000

79°¢
€9°¢1
79°¢
S
6711
SO
89'¥1
8LV
6LV
0811
81
78171
L8V
LY S
0891
89
LO'L
LO'L
80°L
80°L
60°L
60°L
or.L
or.L
IT°L
cl'L
cl'L
9I'L
LT'L
LT'L
SI'L
61°L
0C’L
0C’L
0T’L
1L
1TL
'L
L
€CL
YL
YL
STL
9T'L
ST L8

OBn

f. 7 /
N, NPh
O/”\CF;:,

1H-NMR, 3C-NMR, HSQC of 4g
BnO

S
PicoO

[

OBn

49

(400 1Hz, CDCly)

| e

€L
€L
€L
€L
be'L
SvL
oL
oL
LyL
L¥L
LLL
8L'L
L6'L
L6'LA
L6'L
66'L 1
66'L
66'L
108
108
s
s

/

I s

%l co'g

80°¢

FALAY

80°¢

€0}

T

E 26l

E 00

1670

c8 0

-1.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

7.0

11.0 10.5 10.0 9.5 9.0 85 80 7.5

11.5

S79



—8000

—7500

~7000

—6500

—6000

—~5500

—5000

4500

—4000

3500

3000

2500

—2000

—1500

1000

500

0

——500

1““‘ L

o

OBn

NPh

0
OJ\CF3

OBn

PicoO
BnO

(100 MHz, CDCl5)

il

"

T e

DAY

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

S80



PicoO

—20

—40

60

—80

—100

—120

—140

160

—180

—200

~220

9.5 9.0 85 80 75 7.0 6.5 6.0 55 50 45 40

2 (ppm)
581

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

f1 (ppm)



—12000

—11000
—10000
~9000

—8000
—7000
6000
—5000
4000
—3000
2000
—1000

~—1000

19°¢
€9°¢1
79°¢
vt
€V 1
0S¥
€S
LSV
09'%1
6Lt
08t
L8 1
061
€6°S1
6°S

8L°9
089
60°L
1L
91°L
8T°L
SI°L
61°L
61°L
0L
7L
wL
€TL
€TL
vTL
vTL
ST'L
ST'L
9C'L
9'L
9C'L
8T'L
6T'L
0€'L
0€'L
€L
€L
€L
€e'L
€€'L
beL
S€'L
9¢°L
9L
L¥'L
Lb'L
Sh'L
Sh'L
St'L
6b'L
0S°L
08°L
18°L
'L
90°8-
80's
18'8
1884
8'8-
78'8-
788
£8'g

'H-NMR, 3C-NMR of 4h

vy /

f/—

/

;

4h

(400 MHz, CDCl5)

B NPh
O/”\CFS

OBn
OBn

OPico

EnC

/

4
90}

i A N B

66°0

=T

Lo}

Qg
h sl i, s, s, i,

8.0

O <t AN WO o

NS P“,\?"P* —

= 00}

617G

90

907

98

-1.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

7.0

7.5

10.5 10.0 9.5 9.0 8.5

11.0

S82



17000
—16000

15000

14000

—13000

—12000

—11000

—10000

—9000
—8000
—7000
—6000
—5000
4000
—3000
—2000
—1000

——1000

09°L9
$6'L9
L
8TEL
89°€L
1L°SL
e
0v'6L
€116
67611
PEPTI
157521
S0'LTI
8L°LTI
€871
88,71
€6'LT1
20821
90821
stl
67871
€€'8T1
LE8TI
17'8C1
8181
LTI
0c'6c1”
PO'LET~

8ELEL
vrLEL
C8°LET

8eerl
LYl
9T0S1

s

16€91—

4h

OBn  NPh
0
O/”\CFS

OBn
(100 MHz, CDCl3)

OPico

EnC
1

T
-20

-10

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

T
210

S83



5500

5000
4500
4000

3500

3000

2500

—2000

—1500

—1000

500

0

A
€1
0Lt
LY
€L
88°b-
16
6’1
SAS
9%°G
Lb'SH
8b°SH
18°9-
€891
$8'91
0'LA
b0°LA
90°LA
90"
80°L
80°L
60°L
60°L
0l'L
01'L
1L
L
€L
bIL
61°L
0T'L
7L
171
wL
€TL
vTL
ST'L
9T'L
LTL
8T'L
6T'L
6T'L
I€'L
€L
€L
€L
6L
6b'L
0S'L
0S°L
1L
Is'L
'L
'L
181
182
'L
€8°L
bSL
68/
1084
€0°8-
0881
08°8-
18°8-
;i
88

—

'H-NMR, 3C-NMR, HSQC of 4i

//_///////f/

[ 5/ //

MFh

CFs

O

O
PicoO BnO 4i

BnO

(400 MHz, CDCl5)

|

E 90y

vel
9G°¢
0S°1L
L0

e

k7

199

cLelr

v LG
L)

? 70

E vy

geq

40

00’

68°0

8.0

-1.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

7.0

7.5

10.5 10.0 9.5 9.0 8.5

11.0

S84



—12000

—11000

—10000

—9000

—8000

—7000

—6000

—5000

—4000

3000

2000
—1000

——1000

CI'LETL
CSLETL
98°LET
06°LEl
{34!
[eeyl
Ivevl
(R34t
ISLY]
SLLYI
IT°0ST
ST°0ST
81191
€91

MNP

[

0

BnO

PicoO BnO 4

(100 MHz, CDCIy)

T
-20

-10

T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

T
210

S85



=
&
=

0" CF;

BnO

PicoO BnO 4i

ltnih, | L

@ <o

1Q

—20

—40

60

—80

—100

—120

—140

160

—180

—200

10.0

9.5

9.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

£2 (ppm)
586

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

~220

f1 (ppm)



~9000

—~8500

—8000
—7500

—7000

—6500

—6000

—5500

—5000

4500

4000

3500
—3000
2500
—2000
—1500
—1000

500
—0

——500

omgg

ﬁm;g
ﬁm;g
101+
[0'Y1
€01
07
707
Sas
9 1
oYt
LYt
67’1

424
LSV
[L VA
LA
GG

—

bS's
19°G
b9'S
99°¢
L1'L
L1'L
L1'L
8T°L
61°L
61°L
9L
9L
LTL
LTL
LTL
8T'L
8T'L
6TL
6TL
0€'L
gL
1L
€L
SeL
SeL
9¢°L
LEL
LEL
65L
65L
Ot'L
ob'L
L
1L
0S°L
0S'L
I1S°L
1S°L
L
L
8L
98°L
€181
S1°sH
088
188
18°81
88
788

'H-NMR, 3C-NMR of §22

f

I

/]

SPh

0O
BnO BnO

PicoO

522

(400 MKz, CDCIs)

A

= 9l'g

= 10¢

4%

A

86°0

7

N =
cxal
SO w

€L°¢

9l

L0°)1

h sl vl vl vl
T

8.0

5.5

-1.0

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

4.5

6.0 5.0
£1 (ppm)

6.5

7.0

7.5

10.0 9.5 9.0 85

10. 5

1.0

S87



13000

—12000

11000

—10000

—9000

—8000

—7000

—6000

—5000
4000
3000
2000
—1000

——1000

99°LT—

17'89
ooﬁ/
mmﬁ%
69'¥L—
LEIL-T
01'LL

S1'98—

9L°STI
60°LTI 1
0$°LTI 1
LY'LTI
LLLTIA
P8'LTI
TI'8Tly
£€'8T1
L¥'8TI
LT'6TI

@.5%
BEPEI~
PILEl~
68°LET

P6'LET

S6'LYT~
16°6%1 -

09v91—

ol

SPh

PicoO

BnO g,

522

(100 MHz, CDCl5)

T
-20

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S88



~3000
2500
2000
—1500
1000

500
—0

86°0

S0'¢

/f yavs
|
<]

&
o~
IH-NMR, 13C-NMR, HSQC of 4j
NPh
o"u\cF3

T /f//f/
|
Il
T e s

y
0
BnO g.o
4j
(400 11Hz, CDCl;)

PicoO

Mmoo O
SO m

= 00¢

66°0
SO W

6l

00'1|
€8°0r

681

~— — — —
T T

8.0

J Foeoy

4.5

-1.0

7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

7.5

10.5 10.0 9.5 9.0 8.5

11.0

S89



o) DO NNO —~ NN — 00NN — — N
) RN =N OO — 00 <t <+ O o~ O~ 0O o) ~11000
<t AN A NN OO NSNSt oy Y S anx e
O STTTON NN ANANNNNNNANAN — N SO onenda AN o~
— — e o o e e e e o — — O\ -~~~ O —
SN NN N~ S\
~10000
~9000
~8000
~7000
NPh
O~ "CF;
e ~6000
PicoO
BnO gh0
4] ~5000
(100 MHz, CDCl)
~4000
~3000
~2000
i ! |
| |
| | ' ~1000
|
|
N | 1 i " l 11 Lo
F—1000
r—— 1 T T 71 1 1 71T "~ 71T "1 1T 1 "~ T "~ T "~ T 1T *~ T "+ T "~ T "~ T ‘" T " T " T "™ T ™ 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

S90



l"‘JA

A

LlunﬁlJ

(N

PicoO

BnO gno

4

NPh

I

—20

—40

60

—80

—100

—120

—140

160

—180

—200

~220

9.5

9.0

8.5 80 7.5 7.0 6.5 6.0 5.5

5.0 45 40 35 3.0 25 20 L5

2 (ppm)
591

1.0

0.5

0.0

-0.5

-1.0

f1 (ppm)



—6000

5500

5000

4500

4000

3500

—3000

2500

—2000

—1500

—1000

500
~—500

6L ¢
6L ¢
18°¢+
8¢
€6°¢
76°¢
96'¢ 1
L6
1484
1484
0€¥
0€¥
1€V
S A
8S P
L9V
8911
oL+
oL+
ILYy
[ 4
68V

06
16
€67
909
659
659
€L
VL
9T'L
9T'L
LTL
LTL
8T'L
6T'L
6T'L
0€'L
€L
€L
€L
€c'L
beL
S¢'L
Se'L
9¢'L
9¢°L
8¢°L
0b'L
Ob'L
ShL
Lb'L
6h'L
6L
0S'L
0S'L
05°LA
15
15/
'L
L]
L]
§9'L
L9°LA
01's
01's
AR

'H-NMR, 33C-NMR of 8d

OBz

BnO
B"gno

-0

(400 MHz, Acetone-d;)

|

€0}

0
S0’

(AN S A AN AR

10¢

——— = 10}

— = 00}

E ey

co'l

90°1|

LLer

Foozy
= e0l

= €0

4.0

7.5

-1.0

2.5 2.0 L5 1.0 0.5 0.0 -0.5

3.0

3.5

5.5 5.0 4.5
£1 (ppm)

6.0

6.5

7.0

10.5 10.0 9.5 9.0 8.5 8.0

11.0

1.5

S92



—15000

14000

13000

—12000

—11000

10000

~9000

8000

~7000

6000

5000

4000

3000
~2000
1000

~—1000

wm%/
$9'89

;.:W
P6'TL\
9g'€L—F
omi\
06'7L \
6S'LL

68'86
16601
e8Il
0p'€T!
LSYTI
€€LTI
0p'LT1
6v'LT1
6$'LT1
88'LT1
$0'8T1
81'8T1
€781

8T8CI
CL8C1
[L°6C1
SLecl

12227
€0 8¢l
89°8¢€1
¥8'8¢1
06071
0581
I 191 —
€8 Y9l —

BnO

8d
(100 MHz, Acetone-d)

40 30 20 10

70 50

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
200

T
210

S93



—13000

—12000

—11000

—10000

~9000

—8000

~7000

—6000

—~5000

4000

3000

—2000
—1000

[Se—

'H-NMR, 3C-NMR of 526

I

(400 MHz, CDCl»)

|u 10°¢]

901

.
&

_ — 00
- 007

— — 8Lvl

0L'¢

5= G0'¢

- 90'q

7.5

-1.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

6.0 5.5 5.0

6.5

7.0

10.0 9.5 9.0 8.5 8.0

10.5

£1 (ppm)

S94



—11000

—10000

~9000

8000

—7000

—6000

—5000

4000

3000
—2000
—1000

~—1000

9 —

65°0L
06°0L
60 VL~
106
8TH6
v7'86
oll
98°S11
6+l
LL9TT
9L°LTI
8L°LT1
10°'8T1
97871
L§'8T1
SL'8TI
68'8T1
66'8C1
£T0g1—
8L'SET~_
bS9E1 -7
8.5%
¥86€1

09°¢S1
wﬁwmﬁ//
>®wm~\\
06651
_w.mf\.

OvLT—

-

(100 MHz, CDCl5)

-20

-10

50 40 30 20 10

60

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S95



—7000

—6500

—6000

5500

—5000

4500

4000

3500

3000

2500

—2000

—1500

—1000
500

——500

005+
€75
97°5
0,91
0,9
L8°9-
L8°9-
889
689
269
€69
0€'L
€L
€L
€L
€L
sl
sl
LEL
LEL
€L
65L
6€°L
65°L
1L
vl
WL
€L
L
ShL
ShL
StL
6L
0S°L
152
9L
9L
92
68°L1
16'L

9101 —

'H-NMR, 3C-NMR of 6j

dg)

(400 MHz, DMSO-

E 66')

E G6°¢r

= €6°0]

5.0

7.0

40 35 30 25 20 L5 1.0 0.5 00 -0.5

4.5

5.5
1 (ppm)

6.0

6.5

11.0 10.5 10.0 9.5 9.0 85 80 7.5

11.5

S96



—10000

—9000

—8000

~7000

—6000

—5000

4000

3000

—2000
—1000

0b'SII
66'0T1
bO'LT1
$9'LTI
10°8T1
AR 14!
LT'8T1
7681
L¥'8T1
$9°8T1
1001/
129€1—
o@.oﬁ\.
60°LET \
99'8€1
LOEST
7Tss1
ON.OEW
$9'6ST
297917

Yy LT —

ds)

(100 MHz, DMSO

"_'L

lL.lnv

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

S97



—~8500
—8000
—7500
—7000
6500
—6000
—~5500
—5000
4500
4000

3500

3000

2500

—2000

1500

—1000

500

——500

0]
OMe

“Bho

(400 MHz, CDClz)

el 0\ N ———————
IH-NMR of 3a
OBn
0]
0]
EnCO

BnO

BnO
BEnO
3a (known compound)

-1.0

3.5 3.0 25 20 1.5 1.0 05 0.0 -0.5

4.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

11.0

.5

S98



E0x

'H-NMR of 3b

OBn 5 )g

0

BnO

"Bno i~ o
n

=ty 0
@

3b (known compound)
(400 MHz, CDCl5)

4000
3800
3600
3400
3200
3000
2800
2600
2400
2200
—2000
—1800
—1600
1400
—1200
—1000
—800

—600

;400

—200

——200

6.0 5.5 50 45 40 3.5 3.0 2.5 20

£1 (ppm)
599



5500

5000

4500

—4000

3500

3000

2500

2000

1500
—1000

500

~—500

XK190809-2. 1. fid
XK190809-2

—
-

eSS — Y =

RS R R T e o e R R R PR e R R e R e Ko NP o)

'H-NMR of 3¢

OBn

B"gno

OBn

3¢ (known compouncd)

(400 MHz, CDCl3)

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S100



8000

—7500
—7000
—6500
—6000

5500

—~5000

4500

4000

3500

3000

2500

2000
—1500
—1000

—500

~—500

'H-NMR, 13C-NMR, *H-H COSY, HSQC of 3d

il

-

,”L///// S

JO."

CEn

‘CO,TBDPS

3d
(400 MHz, CDCl3)

68/

€L'g
621}

¥0°0l
¢8'q

T ARG

gc'l

Gq'q
0€¢

10°}

81'¢
8l'6
€v'¢
00}

—A TS R R R R

86°0

™ sz

86'19

o 296

'Y

96°8

oLve

9611

€9°¢

90}

60°1|

6°8r

eel

4.0

-1.0

3.0 2.5 20 L5 1.0 05 00 -0.5

3.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

11.5

S101



—5500

5000
4500
4000
3500

3000

2500

2000

1500

—1000

500

~—500

€091
€€°91 1
07611
6l
8T LT
€€°LTH
SE6T
€767
b 6€
86°6€
LLOY
9Ly
LY'Th
8TSY
€Sk
16'Ly
6L €S
L6ES
61'LS
1TLS
8Y°EL
19°€L
98'vL
867L
9TSL
1€°SL
19°SL
£8°SL

LUSL
wm.ow/
m. DI/

97's8 %
vo.ow%
8e98—
LYT6~

6586
mihmﬁy/
9$°LT1
$9'LTIA
IL LTI
bLLTI
9L LTI
C8'LTIA
P8°LTIA
06°LTI
Y6'LTI
96°LTI
L1'8CI
(414!
§T8Cl
Se'8ClI
€7'8C1
S'8¢CI1
LY'8TI
414!
e8¢l
90°0¢1
60°0¢€1
IT°0¢1
L1'CEl
0Ccel
89°¢¢l
oL’ sel
€LSEI
10°8¢€1
YT 8¢l
r'8ET
P 8€1 A
0S°8€1 1
7S 8ET
G8'8€ET
LT6€11
99161
S6°CSTA
69°9L1-

OBn
@]

BnO
BnO

OBn

-

CO,TBOPS

3d
(100 MHz, CDCl5)

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

S102



AEQQV 1J

CO,TEDPS

H

JO%
|
(
|
|

3d

CBn
’é&
]

CEn

-

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5

£2 (ppm)

S103



L

—65

49 ©o Y ¥

@ _—85

90

95

OBN 100

D L
B %&H
rg)nD e 0. 105
1

H -110

4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3

£2 (ppm)
5104

f1 (ppm)



2.0

4.0

5.5

S S S S S S S S S S o

Lo [e>) Lo o Lo o Lo o [le] (] (]

'L ' T T i P < < T T ‘T <

85701

€80

$8°01

$8°01

L8°01

LS80

€601

$6°0

€0'1

S0l 43X

6T1 _ H\ 9¢'9

67’1 m\ 8Lg

0€'T — el 56'7

€1 — M\ 0r'g

€l — J 90

1 = 801

LET /M 00'}

102 ~ L6

9¢°¢ — H/ 60°}

LS°€ ~ M% g

LL'E 92'g

sL'€ N 3 ec)

S H/ 10

09t K L0}

oY s J Yol

vy 5 h 7 80')

9Y o 3 > Ll

wouv N; AN W/./. 60°LI

69t m - 80°1L

R A A 160

08'Yy H, mm.o-

54% 5 -~ = m TAY

sy 3 < o L0

BT T 3 o 26l

16'% = ~ s} L'l

g.vx I — © SL'u

o g .

i Zo'll

¢S N_ m Z26'1

o T N %, c = .M = 860
~ N ] . = L

£ 838 =

9T'L T

LTL

. 0O ]

MWM e mnm ‘MJ Fored

8T'L o

6T'L

6TL

6TL

0€'L

0€'L

€L

1€L

zeL

L

e

b L]

SeL

SELA

9¢"LA

LE LA

LE LA

8¢ LA

6€LA

-1.5

-1.0

.o 0.5 0.0 -0.5

1.5

2.5

3.0

3.5

4.5

5.0
£1 (ppm)

10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0

11.0

S105



~1900
1800

1700

—1600

—1500

—1400

—1300

—1200

—1100

—1000

—900

—800

~700

—600

500

—400

300

200

—100

8LT0T—

Y9°Cll
oh.w:/
16°CCl

S1°8T1
81871
LTSTI
9871
SH'8TI
85871
SL'8T1
€8°871
10621
90621
AR 4!
L1621
6LTET
L99E1
€L9¢1 4
18661
$8'6E1
61071
1Z0b1-
01y
8L 9p1

(100 MHz, Acetone-d;)

40 30 20 10

50

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70

T
210

£1 (ppm)

S106



AEQQV 1J

0

a0 o 0

1.5

2.5

4.0 3.5

4.5

5.0

6.5

7.0

8.5

£2 (ppm)

S107



&

Y

&

~50

55

—60

—65

~70

75

—80

—85

—90

—95

—100

4.3

4.2

£2 (ppm)
5108

4.1

f1 (ppm)



o

]

)
L[]
0
.. @ 00 0
@ ! o
@
[}
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

2 (ppm)
5109

f1 (ppm)



T

1
-
-
7

B T T T O T M R N |

o

N

NN NN O I A A I IS I A I I A SIS IS IS I S IS AR SRSl it o o3

—7500
—7000
—6500
—6000
5500
—5000
4500
4000
3500
—3000
2500
2000
—1500
—1000
—500

——500

—0

-1.0

-0.5

0.0

S

S110

N,

O\Q\f
3f

(400 MHz, CDCls)

OBn

OBn
5.5 )

£1 (ppm)

S
|.|.|

BnO
6.0

IH-NMR, 13C-NMR, HSQC, NOSY of 3f
BnO

6.5

7.0

L
10.5 10.0 9.5 9.0 85 80 7.5

11.0




—11000
—10000

~9000
8000
—7000
—6000
—5000
—4000
3000
2000
—1000

63°0C
€6'0T
79T
65'9T1
0S°LTH
PSLTH
95°0¢
86°0¢
SO 1Y
601
¥6°89
€1°69
069
88°0L
€I eEL
0T €EL
el
Ov €L
SeL i
SS¢eL
79°¢L
9SvL
08'vL
€1 6L
8€°SL
1+'9L [ —
SY6L
OL6L M
9Y' T8~ -
6T S6

GSTol1

1L°801

LL'801

L8YTI

18°6CI

¥S LTI

09°LTI

9°LT1

Y9 LTI

08°LTI

Y8 LTI

88°LTI -

86'LTI

10°8CI

YT 8Tl —

LT8TI

6781

1€°8CI ]

9¢'8CI

6€'8C1

€¥'8¢CI

S2:14!

81'8CI

414!

seel

86'€€1 ]
10°8€1 ]

01°8€T A

79°8€1 1

€L'8ET

SL'8ET

08'8€1 1

18°8€1

L6'8€ET A

06°6¥1 1

8661

——3 —00']

—— — 0071

O
3f
(100 MHz, CDCly)

—% —L6]

0
OBn

BnO _OBn

BnO
H

-20

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
s111

210




BnO _OBn

N
BnO 0

OBn
If
L
S XO»
< Q O(Coo C@ ) @ O
O
= (=] O
. ©
. O
.
O-
5]3 | 5)2 5)1 5]0 4)9 4)8 4)7 4)6 4)5 4I4 4I3 4I2 4I1 4)0 3I9 3I8 3I7 3I6 | 3)5 | 3)4 | 3)3

—50

55

—60

—65

—70

75

—80

85

—90

95

—100

—105

—110

—115

f1 (ppm)



BnO _OBn

N
BnO 0

o 4

OBn
|
! aa@
0 J
]
|
¥
|
< a I
Y2
| '
P
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£2 (ppm)
5113

f1 (ppm)



—7000
—6500
6000
5500

5000
4500
4000

3500

—3000

2500

2000

—1500

—1000

—500

——500

14
14
9%
Le
Lg
8¢
6¢

XK190916-3. 1. fid
XK190916-3

OBn
Q
BnO

OB B0
39 (known compound)

NN
'H-NMR of 3g

B8 A A I A I IS I SIS SIS S

\%
BnC  0Bn

BhnO

OMe

(400 MHz, CDCl-)

-—

A N

-1.0

3.0 2.5 2.0 L5 1.0 0.5 0.0 -0.5

3.5

4.0

4.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

11.0

[.5

S114



XK190902. 1. fid SIVNYRSAIIZRLERI Spt Pl bbb o ab i et g bd o =g b ek e ia bedo R ok g - Fe k-
XK190902 e e e e e e e e e e e e e e BIBBE <F<ddddd A S SISl dadttd At S NS S S SSS S
Te—_—— N e e e e e e e~ ———— | 3 () )
1H-NMR of 3h -3000
2800
2600
2400
2200
2000
OBn .o - 1800
0
B“Dgx“ 1600
0Bn -0
3h (known compound) 1400
(400 MHz, CDCls) 1900
~1000
I ~800
I
I 600
I I
1
i ) ~400
| |I | |
I
km¥¥ .l al 1 \J 200
] - "
~—200

——7T ~ 1 *~ 1 *~ 1 *~ T *~ T *~ T ~ T *~ T *~ T * T * T *~ T *~ T ~ T ~ T *~ T *~ T *~ T * T ~ T ~ T ~ T * 1
.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

£1 (ppm)
S115

T
1.6 11



5500

5000

4500

4000
3500

3000

2500

2000

1500

1000

500

—0

~—500

=)
S
Y IS A I IS ARl ot s il el i ed e o3

'H-NMR of 3i

O
BnO

O

o)
“Eho

BnO_ OBn
3i (known compound) ©Me
(400 MHz, CDCl3)

B"Qno

-1.0

0.0 -0.5

0.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

11.0

.5

S116



9000
8000
—7000
—6000
—5000
4000
—3000

2000

—1000

XK200116-1. 1. fid
XK200116-1

3o oo — —
)

Mmoo Mmonmonom
I T T

4

o

(@]
BnO BFE)nO

N | N a e ——————
O
BnO
OMe

@]
3j-alfa known compound

IH-NMR of 3j-a
(400 MHz, CDCls)

BnO
BnO

I S e e Rt R R R T Rl o e N e R el e e R RN e R e N R R e Ko R

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

.5

S117



8500

—8000

—7500

~7000

—6500

—6000
5500
5000
4500
4000
3500
—3000
2500
2000
—1500
—1000
500

——500

XK200116-2. 1. fid
XK200116-2

Mmoo Mm
N
—

o3 el

o3

e e e NS

I I IS I A I SIS SIS A AR 3

O e e e S e e e e e e e e

IH-NMR of 3j-B

BnO

BnO

Bho

BnO

BnO

OMe

3j-beta known compound

(400 MHz, CDC13)

-1.0

0.0 -0.5

0.5

3.0 2.5 2.0 1.5 10

3.5

4.0

5.5 5.0 4.5
£1 (ppm)

6.0

6.5

10.5 10.0 9.5 9.0 85 80 7.5 7.0

11.0

1.5

S118



—15000
14000
—13000
—12000
—11000
—10000

9000

—8000

—7000

—6000

—5000

4000

3000

—2000
1000

——1000

6C'1
€1
LY €
67 €
om.mg
ﬁm.mg

|

95°€ 1
85°¢
65°€
09°€ -
99°¢ 1
991
L9°€
89°¢
89°¢
0L'€
L€
10
0
b0y
S0
b
9b'p
Lty
Sh'p
R
6b'p
LS
09°%
19
19
vo'p
b9"p-
L9
0Lt
101
€L
9Lt I
*

N i ———

s ////// / ///
MNHEoC

COOM
& o )

H-NMR, 33C-NMR, NOESY of 3k-a

061
€6t
€Ts

$TS

8T'L

sz
6T LA
0€ 'L
0€LA
¢
e
b/
e LA
s

Bno

BN

Bno

3K-x

(400 MHz, CDC13)

= 60°¢

B 0€'6

9c'l

1A
00}

vl

YA
80°|

B N

1670

Fevol|

86"

€6°Q

60°q

00" Lt

3.5

4.5

-1.0

25 2.0 1.5 1.0 05 0.0 -0.5

3.0

4.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

11.0

.5

S119



—11000

10000

—9000

—8000

—7000

—6000

5000

4000

3000

2000
1000

~—1000

Y081 —

9 8C—

61'86—

99°LC1
YL'LTI
I8°LCI
¢6'LT]
S6°LTI
00°8¢C1
['8¢C1
8¥'8¢C1
9¢'8¢l
om.wmﬁw
ow.wmﬁ

Sy eSl—

YLOLT—

(N VN

COOM
o )

MNHEoC

Bno

BN

Bno

3K-cx

{(100MHz, CDClz)

60 50 40 30 20 10

70

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
200

S120



0

M -~ JUK JU«_ \
—1
o -0
&4 -1
N @M
©
® 2
) -3
- o o )
o fo 4
o o .
¢ 0o '
0 ,w{ ! L5
@ o |
|
-6
] =7
) o |
-8

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

2 (ppm)
5121

f1 (ppm)



—15000

14000
—13000
—12000
—11000
—10000

~9000

8000

—7000

—6000

—5000

4000

3000

2000

—1000
—0

——1000

KA

0¥ 1
ov.:
1€¢
[4R%
8%
1Y€
€1 €1
124%
8¢°¢

ﬁo.m#
€9°¢1
€L €T
8¢ ﬁ
8¢

S.j
(4087
LOY
80V
K7
wy
vy
Sy
Y'Yy
LYY
8Y'v
ISy
o9
S9v

YLV
hh.vyk
ww.v;/

167~
v6v-T
BQ¢\\

LS~
€L
9T’L
9T'L
8T'L
6T'L
6T'L
6T'L
0€'L
0€'L
€L
€L
€L
€eL
€L
v
pe L
1L
LA
WL
L
_—

//////f ///[/ 1/

COOM
o X ’

'H-NMR, B3C-NMR, NOESY, HSQC, *H-H COSY of 3k-B
/

/

I

9]

EnC

MNHEBoC

M

B

O

Bno

3k-p
(4001Hz, CDCI5)

Lg
X 0L'6

80°|

(1"
¥6°¢

60}

GO’}
66°¢

00}

— S B B G

i

co'ly

6670

g6'0

00°If

507

680

-1.0

3.0 2.5 2.0 1.5 1.0 05 00 -0.5

3.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£1 (ppm)

11.0

.5

S122



—6000

5500

—5000

4500

4000

3500

3000

2500

2000

1500

1000

500

—0

——500

Yo'LT—

6V 8C—

86TS~
orys—

L6'0L
9 :/
LTTL~E

$6'¢L
wah\\
79°SL \

@o.oh\
S0C8

S8 10l —
So'LTI
69°LTI
YL'LTI
LYLCTI
YT8¢C1
€8¢l
8¥'8¢CI
411!
[44'17!
ov.wmﬁv
99°8¢1

69°SST—

EUTLT—

COOM
o Y i

Bno

MNHEBoC

EnO

3k-p

(100MHz, CDCl5)

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

S123



I

N

1

o

8.0

7.5

7.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5

2 (ppm)
5124

3.0

2.5

2.0

1.5

1.0 0.5 0.0

-0.5

-1.0

f1 (ppm)



COOMe
BnO @Q?\ OAEHB
(8]
EBno OB
3Kk-B
N 1

~—20
0
= o ° _20
— . ) L
~40
E o 4} I
: 60
= @ @ ©)
= , ng@ﬁ o g
— @ 80
_ @ ~100
1]
=120
—— (o] o
- ]
140
~160
180
200
220

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)
5125

f1 (ppm)



COOMe

Bnoqiiﬁ;il??““o/ﬁxT(
Bno MNHEoC

0B
3K-p

8
n
|
u

=

1]

T
4.0

£2 (ppm)
5126

3.5

1.5

0.0

1 (ppm)



8000

—7500

—7000

—6500

—6000

—~5500
5000
4500

4000

3500

3000

2500

—2000

1500

1000

500
—0

——500

60
11
91
LT

XK200628-2. 1. fid
XK200628-2

n
17

Ne=

'H-NMR of 3l

@]
BnOOM o

@]
OBn

BnO
BnO
3l

O

B”(DC)Bn

known compound
(400MHz, CDCls)

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

1.5

S127



o S O e S S S S S e e e e e e e e et e T I R e R B R N e R e o R R R R e e R R R o o R N R R e e B R R Boe Rae e e Rare] SO IO TO1 0]
0 [ [N [ [N [ [ [ [ e ey Ny ey ey [y S S N [N ——

8500
'H-NMR of 3m
~8000
7500

8]
BrC ~7000
BHC-)/Bva,I &) L

0Bn
BrO 9] j6500

3m BnoO
BHOOMG ~6000

known compound
(400 MHz, CDCl3) -5500

—5000
4500
—4000
I 3500
—3000
2500
—2000

—1500

1000

500

——500

.0 10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 60 55 50 45 40 35 3.0 2.5 2.0 1.5 1.0 05 00 -0.5 -1.0

£1 (ppm)
5128

1.5 11



XK200109-2. 1. fid
XK200109-2 IH-NMR of 3n-a
-12000

—11000
—10000
—9000

—8000

Bno L
2 0
ncgj:%;f:jgfh\ 7000
Bn L

O N
S BBno BnOome
BN

3n-alfa
-6000
known compound
(400 MHz, CDCl3)
~5000
-4000
-3000
~2000
-1000
e A_A, Ty L _0
--1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
f1 (ppm)



XK200109-1. 1. fid
XK200109-1

IH-NMR of 3n-B

Bno
]
/bo O
< Bn

0
BnO" 5o ENO BnO one
n 3n-beta

—~9000

—8000

—7000

—6000

—5000

4000

3000

2000

—1000

16 15



—7000

—6500

6000

5500
—5000
4500
4000
3500
3000
2500
2000
1500
—1000

500

0

=500

.

'H-NMR, 3C-NMR of 30

I

I

SFh
DBz

8

0
OBnO
3o 7&0

(400 MHz, CDCls)

BnoO
EnC
EnoO

= 86§
= 009

€

Syl

80°¢

0S8
GL'g

A = A I

0€'8

£ 607

E 0¥

v.'g

60}

€66

00°¢

i

3.5

4.5

-1.0

2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0 3.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

1.5

S131



—8500

—8000

—7500

~7000

—6500

—6000

5500
—5000

4500

—4000

3500

3000

2500

2000

—1500
—1000
500

~—500

ﬁﬁomg
w@omg
SLLTH
LL'LTH
€5°L91
LS89
¥0°69 1
¥9°69
8€°0LA
16'1L4
10°CLA
Sy ELA
9S°€LA
09°¢€LA
96'¢€L
01'vLA
18¥LA
88 VLA
SO'SLA
mH.mng
STSL

8'SL

98'SL

01'9L

V8'LL

10708

T8

8¢'C8

€L'V8

09°¢8

98

L6
9101
Y8011

6011

I¥'LT1
09°LC1
99°LCl
cLLTl
SLLTI
LLLTI

18°LT1
06'LCI

S6'LTI
00°8¢C1

S0'8¢I
60'8CI

1€°8¢C1

Se8Cl
LE8CI
8Cl
91'8¢C1
8¥'8C1
06°8¢CI
4R 14!
65'8¢C1
¥6'8¢C1

60'6C1

c6'6C1

€0°0¢€1
90°0¢€1
6T 1€l

[1443!

1eeel
9 eel
06°¢cel
90°8¢1
91"8¢€1 4
81'8€1
6781
16°8¢€1
P 8ET
89'8¢1
oowmﬁu
onoﬁg
16°691

m

SPh
] =7

(100 MHz, CDCl )

"

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S132



—10000
——1000

~9000
—8000
—7000
—6000
—~5000
4000
3000
—2000
—1000

0r'€q
9p¢
8t
pse L
957¢
85°¢
09°¢ _
$9°¢ =
L€
L€
89°¢ -
69°¢
oL ¢
LL €A
8L '€
08¢
8¢
88'¢
06°€
€6'¢
61'F
1T
vy
s
67y
0S¥
S
€Sy
LSt
8SY
65y
19%
99'f
89y
69
Ly
wy
SLy
LLY
8Ly
6LY
6L
08
8%
06
134
€6y
6y
8T°S
0TS
69°S
s
€Ls
189
789
€89
¥8'9
89
00'L ~ -= =
0L )
Y0'L

€1L
STL
0T'L
0T'L
7L
L
€TL
YTL
STLA
97 L
LT LA
8T'LA
67LA
0¢'L
1€°L
€L
ve L
ov'L
LA
v L
9L
8L L
08'L

€0}
LUy
927
A |
62
02
0l
S0}
02
€0'g
108
667
€0'q
20}
001

fi///f//

O Q0
DBz
— i b W bichdidd

i

3p-beta
(400 MHz, CDCl5)

IH-NMR, 13C-NMR, 1H-'H COSY, HMBC, HSQC of 3p-B
W

‘w%\“

-1.0

3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

5.0 4.5
S133

£1 (ppm)

T T
10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55

11.0



—5000
4500
—4000
3500
3000
2500
2000
—1500
—1000

500

97755
¥6'89
TTELA
SS €L
8L YL
Y1°SLA
€TSLA
STSLA
68°SLA
C6'LLA
81°8L1
05781
88781
€5°€81
IL'+8
96'¢6
9886
16°€01
TLETT
Rl
SLYII
98°ST1
67°CC1
L9LTT
1L°LT1
08'LT1
€8°LT1
16°/71

414! Amv

8T'8TI

b8zl

€7'8T1 <

8t'8CI =

€871

8Tl c
£€9'871 .
¥8 6Tl

98°6T1 2 -
S6'TEl i

%.mS/

oy eer—
LLULET~, -
9T'8€1

€T8€l

98¢l

98¢l

L08TI
AR14| —=
0781

O

O

DBz

3p-beta
(100 MHz, CDCl )
|

0TLST— -
St6s1
91'S9T — .

-20

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
5134

210




AEQQV 1J

=3

-1.0

-0.5

0.5

1.0

1.5

3.5 3.0 2.5

4.0
£2 (ppm)

S135

4.5

5.0

6.5

3p-beta

8.0 7.5 7.0

8.5




m N

. A ll]'LJLLlJJILlHJ“A o A . [

-—20
4 -0
-20
%O .
DBz 0
3p-beta
-60
b ‘
-80
[}
-100
h
120
v Gl " @340 000
N q Olaw 140
" u § -160
180
-200
220

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
2 (ppm)
5136

f1 (ppm)



. A [ — J L m lJ T ulth ) o A . [

——20
Bno ~0
EEHO]¥<‘\ji1 W
)
B%OO O O
n
DBz
~40
3p-beta 0

~60

@ )

ocoW © 0| ®
5 80
e o)
~100
[¢]
Q
~120
@ ¢ o
@?gé
~140
~160
~180
~200
~220
T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
£2 (ppm)

S137

f1 (ppm)



—7000
—6500
—6000
5500

—5000

4500

4000

3500

3000

2500

2000

1500

—1000

—500

~—500

Q
<t
P
IH-NMR, B3C-NMR, *H-'H COSY, HMBC, NOESY of 3g-a
BnhO  OBn

AN—Own
DA
NBN-RNRN-Rve

<
-
~

sTL
9T'L

LT'LA
871
0¢L]
0¢'L-
1eL
L
7L
e
e
beL
beL
¢
e
9¢'L
LgLA

OAc

BnO
BnO

i

O
AcO

3qg-alfa
(400 MHz, CDCls)

K ¥6°¢

E 00}

= §0'¢

Fgeog

-1.0

.5 1.0 0.5 0.0 -0.5

2.0

10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0

11.0

1.5

£1 (ppm)

S138



—6500

—6000

5500
—5000
4500
—4000
3500
—3000
2500
—2000
—1500
—1000
500

——500

1602~
0z 177"

IH-NMR, B3C-NMR, H-1H COSY, HMBC, NOESY of 3g-a

0€0LT~_
89°0L1-

OAc
@)
—

@)
AcO

O

(100 MHz, CDCl5)

BnO_ OBn
3qg-alfa

BnO

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S139



AEQQV 1J

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

£2 (ppm)

S140



1 L1 “ | limn [T |

I MM

JL_J\ULN |

—20

—40

60

—80

—100

—120

—140

160

—180

—200

A
BhnO_ OBn
A0
Bn%no OAc e
O . .
W
AcO = ' -
X
) 0 be o.
(] b o ]
» " p NS TIE
7] @
[} 0GRy @ )
o @90 T
o8 B0 D b
) 0 @ 0
0| .
85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 05

2 (ppm)
S141

~220

f1 (ppm)



8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

£2 (ppm)
5142

-0.5

f1 (ppm)



5000

4500

4000

3500

—3000

2500

—2000

—1500

1000

500

—0

XK210128-1. 1. fid
XK210128-1

ke ke ke ke kackackackackad)
NN [ T [N I N [ [

o
L

o33
_

Tl =

C O FFFF I I A SIS RS 3

S

RAvEE

O e I L St Sl ST SRR Sy S SRl o

IH-NMR of 3r

Cikde

CEBn Mes
3r

Known compound

(400 MHz, CDC13)

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S143



BRAUAUY

—8000

~7000

—6000

5000

4000

3000

2000

—1000

——1000

'H-NMR, 3C-NMR of 3s

///'/ //// Ve

1/ - //f

Okde

(400 IMHz, CDCl3)

E 261

zs's

"
G901

ev'e

60°¢
96’}

00°}

cl'y
168

e

¥6°0
10°¢

06°}|

7§09

€09

18}

1871y

069

66"l

8.9

86}

4.5

7.0

-1.0

3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

5.5 5.0
£1 (ppm)

6.0

6.5

11.0 10.5 10.0 9.5 9.0 85 80 7.5

11.5

S144



80UV

—7000

—6500

—6000

—5500

—5000
4500
4000
3500
—~3000
2500
—2000
—1500
—1000

500

——500

695+
9L'TS
$8'TS
86751
6£'89
0L 1L
LLTL
€L
SPEL
ST'SL
€€SL
€8°5L
L8'SL
1TLL
S9'LL
86'8L
19'6L
1918
0£T8
66'S8
60°98
£9'98
8b'LT1
15221
bLLTI
9L'LTI
184211
pS'LTI
06°LT1 1
$6'LT1
66'LT1 1
90°8T11

wo.wN:
Y1'8C1
8¥°8C1
61'8¢C1
¢S 8¢l
9¢°8¢C1
09°8¢C1
S9°8¢CI

[4 389!
98 1¢1
89°¢el
CLLEL
YLLET
I8°LET
60°8¢1
89°8¢1

80°L91
6CL91
90°'1L1
2;:%.

Citda

NHEz

3s

BnO
(100 MHz, CDCl3)

BnoO

EnC
BnoO

Ll

LU

v

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S145



-3bUU
3400

3200

—~3000

2800

2600

2400

2200

—2000

1800

—1600

1400

—1200

1000

—800
—600
400
—200
——200

LY 1A
814
£9°¢
£9°¢
9'¢
9 €A
99°¢+
L€
SLEA
LL €A
6L

18°¢
Nw.mw—
0cy

1T+
€T
6T
0€1

—

|

0.0

YETA
9€1
9€1
o'y
1944
Ly'y
Y’y
(4%
0y
1Sy
€Sy
142 %
9y
8S'Y
L9V
89'v
SLY
LL'Y
8LV
08y
Wy
€8y
S8V ~E

88V ~F
mo.w\
96t

8CTS
1L
<L
<L
€L
'L
'L
0T'L
0L
1L
L
L
€L
€L
yTL
yTL
STL
9T'L
9T'L
LTL
8CT'L
8CT'L
6C'L
0€'L
1€LA
L
L
YL
SeLA
9¢'LA
LE LA
8€'LA
65"LA
19°LA
T9'LA
¥9°LA
€L'LA
YL LA
SL'LA
SLL-

'H-NMR, 3C-NMR of 3t

/////'

P

I/

MNHFmMoc

Bno
BnoO

OB

EnC

BnO

(400 IMHz, CDCl3)

Evv9l

-1.0

-0.5

0.5

3.0 2.5 2.0 1.5 10

3.5

4.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

11.0

.5

S146



4500

4000

3500

3000

2500

2000

—1500

1000

—500

OB

MNHFmoc
]

EBnd
3t

EBno

Bno
BnoO

(100 MHz, CDCl3)

-10

40 30 20 10

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70
£1 (ppm)

T
210

S147



—12000

—11000

—10000

—9000

—8000

—7000

—6000

—5000

4000

3000

—2000

—1000

~—1000

B I S I I I ISl eddodod s il s

YV TSSSNeE
'H-NMR of 3u

[ e e S e S S e e e O el Sl S S S S o

~

|

Known compound
(400 MHz, CDC13)

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)

11.0

S148



—12000

—11000

—10000
~9000

—8000

~7000

6000

5000

4000

3000

2000
—1000

——1000

'H-NMR, 3C-NMR of 3v-a

/

f

4///’/’/’/'J/r

o

CEn

End

EBnC

G
N—g=0

BnoC
(400 MHz, CDCls)

3v-alfa

E o0g

T 209

Sler
207}
90}
vy
€G'8

4.5

i

= 00}

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S149



—8500

—8000

—7500

—=7000

—6500

—6000

5500

—5000

4500

4000

3500

3000

2500

—2000

—1500
—1000
500

——500

IS1¢—

0r're—

9999
00CL
9¢CL

SO€EL
9¢eL
9¢°¢L
TSL
LSSL
8L9L
008

)

LY LTI
89°LT11
LLLTIA
T8'LTIA
98'LT1
66'LT1
20°8T1-
80871}
mq.wmi
Nm.wﬁ\

ma m

65°8C1
0S°6C1
LTSEl
YOLET
LO8ET
SI'8¢l
6181
STevl

Mg — ()

L

Wy

CEn

Eni2

o

EnO

o
i
=5

Bno

o

7

(100 MHz, CDCl3)

M

it
3v-alfa

T
-20

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

T
210

S150



—~9000

8000

—7000

—6000

—5000

4000

3000

—2000

—1000

'H-NMR, 33C-NMR, H-1H COSY, HMBC of 3v-B

3v-beta

=igle]

(400 IMHz, CDCl3)

T 7

00}

T AT

16°}

90°}

0’}

AN AR AN

00'g
267

60

s0'q

161
g6'¢h

00}

3.5

-1.0

2.0 L5 1.0 05 00 -0.5

2.5

3.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£1 (ppm)

11.5

S151



~9000

—8000

—7000

—6000

5000

4000

—~3000

2000

—1000

8C1¢C—

v6'8C—

789
LOEL
eV EL

SLEL

9 YL
wo.wnww
LLYL

€6 E8—
7998 —

65°LT1Y
€LLTI
8L°LTIA
18°LT1 4
88°LTI A
b6'LT1
00°8T1
1€8C1
W8Tl
$5'8TI
LS'8TI
65°8T1
6l
20°9€1
v6'LE
0T'8€l
9€'8€1
$8'8€l
€TEPI

=

EnoO

3v-beta
(100 MHz, CDCl5)

T
-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S152



BrO 0Bn
BnoO
EnoO
3v-beta
—

i

fi
Z—n=0

"

oy

9.0

8.5

8.0

7.5

7.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£2 (ppm)
5153

-0.5

-1.0

f1 (ppm)



BrO 0Bn

fi
Z—n=0

BnoO .
EnoO

3v-beta

oy

MM U

(] 0 |
e g Oaw 8 o 0 @ofle 98

I g |

0ep 0 ¢
pE g b

90 dDEd Y
TR

Do ct@Do-

—20

—40

60

—80

—100

—120

—140

160

—180

—200

9.0

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
2 (ppm)
5154

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

-0.5

-1.0

~220

f1 (ppm)



XK201205-1. 1. fido o —10m —~ O 00 <o — 0000 Lo < < ) Q1 O e — Lo SO~ OO~ ANODO O D= F MO D= OO AW b= b= L) <A — O 00 b= ©
XK201205-1 06 06 1= I I e e e e e N e e e e e e N e S S TR o e . . . . s . . G . U N L R R R R K e )
\\/ \/ 'N/ WVW—J—J#“JJJJJJJJJJ

IH-NMR of 3w-N1-B ~2400

—2200
s ;S Ve fff/ J/ 2000
1800
1600

N-—_:.N L
BnoO o N
~1400
Eno BN L

3w-N1-beta

-1200
(400 IHz, CDCl3)
-1000
-800

600

—400

200

~—200

10.5 10.0 9.5 9.0 -1.0




—10000

—9000
8000

—7000

6000

—5000

4000

—3000

2000
—1000

SL'Eq
SL €T
18°€1
$8'¢
88'¢H
06°¢
06¢
6'¢
€0'¥1
SO
A%
LY VA
8V’
051
€81
14N%a
9S" 1
8S 1

09t
€9
98t
88t
w6
€6
16°
€6'S
€L9
bL9
bL9
L9
L9
99
00°L
0L
0L
€0°L
bO'L
S0'L
S0°L
S0°L
LO'L
91°L
LT'L
1L
1L
VoL
STL
ST'L
9L
LTL
8T'L
8T'L
6T'L
0€'L
0€'L
0€'L
€L
ceL]
ce
6€°L1
b L
19
L]
L8'L
88/
68'L-
06°L

1H—Nl\/IR, 13C-NMR of 3W—N2—B
/)

.

/ ///// ;

CEn

End
Bno
Bno

3w-N2-beta

(400 MHz, CDCl3)

90°¢
96°0

1670

e At S T AN A

c0'¢

i

€0'¢
S1d

16°1

4R

gL'g
L0
80° |

00}

96’1t

142°Ls

-1.0

10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 20 1.5 .0 0.5 0.0 -0.5

10. 5

£1 (ppm)

S156



~7500

N O~ OO T AW O O <t
NN —S S 0o &= A o O ANO O — N OO
<+ 00 00 00 00 OO0 00 I~ [~ [~ [~ I~ I~ 00 N X QMWK \Q QG
TAAAANANNAN NN — ANV — 0N en o0
o v v e ) — NI~~~ O
| IS S S S S S ——
e R 7000

6500

6000

5500

5000

~4500
N:D _
/
Bno 0 N‘N ~4000
EnC =
Bno OBn |
3w-N2-beta 3500
(100 MHz, CDCl5)
~3000
~2500
| 2000
~1500
| A I
| | ~1000
~500
T ANy A T e Ry A e o -0
~—500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 =20
f1 (ppm)

S157



8000V
—80000
—75000
70000
—65000
—60000
—~55000
—50000
—~45000
—40000
—~35000
—30000
25000
—~20000
—15000
—10000

—5000
—0

——5000

SVl
Lyl
19°¢
9¢
£9°¢

|

v9'¢
v9°¢
¥8'€
¥8'€
98°¢
L8°€
€Tt
STt
9Tt
or'v
ov't
vy
W
Ay
Ay
6v't
%%
St
vS'y
LS
85
09t
€Ly
vE9
§€'9
STL
STLY
9C'LA
9T LA
LT LA
8T LA
6T LA
0¢'L~Y
€L
eL
€¢ L
vm&
veL

'H-NMR, 3C-NMR of 3x-a

e I L e e

—

N

[V'8—

V88—

Vava
o

o
3x-alfa
(400 MHz, CDCls)

FoszIL

¥0°L

00}

c0?

el I B

c8’)

= 60

Fevolf

F z60

F 660

860

28

611

4.5

-0.5

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

10.5

S158



XK200707-2. 2. fid CANOXFT AN —AN— — N0 A WO~ ~14000
AN INTFTO T 0o0OIMtT NN —~— O N>~ Oo~fonits— N0 ~
XK200707-2 NS S~ O 0000 060006060000~ RN o o
"ol Voo IR~ i <ol ool e sl o\ l o\ I o\ Il o\ Il o\ I o\ I o\ o\ H o\ I o\ i o\ Il o\ Il un il o s WL lie IV NN o oW o\ B o\ [ o] ~
= NN = \ N A" -13000
~12000
~11000
~10000
MNiBoch
M =
M L
OB <f | ) 9000
N N/
o, -
~8000
BnC E}Bn
3x-alfa ~7000
(100 MHz, CDCl ) 6000
~5000
~4000
~3000
~2000
! I o -1000
|
. L |
ey Wiy A N y -0
~—1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 =20
f1 (ppm)

S159



—85000
—80000
75000
70000
—65000
—60000

—~55000

50000

45000

—40000

—~35000

—30000

25000

20000

—15000

—10000

—5000

——5000

1411
16°€1
T8¢
ST
bS '€
8¢

65°¢1
19°€1
9'€
ag
€T
vy
YTy
1€
PEY
by
by
Sty
LYy
8y
0y
15y
€Sy
pSy
Sy
8y
09t
€9y
Ly
LY

/7

sl

IH-NMR, 33C-NMR of 3x-B

LS9~
659~
66'9
66'9 —
10°L //
10°L

91'L

8I°L

61°L

97'L

8T'L

8T'L

6TL

€L

€L

€L

€L

SeL

9¢'L

9¢'L

8€L

6L'8

788

MNiBoc)

3x-beta

(400 IMHz, CDCl3)

J

=/y'8l

"’%M

= 00}

= 80¢

= 10'¢g

Koozl

7.0

-1.0

40 35 30 25 20 1.5 1.0 05 00 -0.5

5.5 5.0 4.5
1 (ppm)

6.0

6.5

10.5 10.0 9.5 9.0 85 80 7.5

11.0

S160



1600

—1500

1400

—1300

—1200

—1100

—1000

~900

800

~700

—600

—500

—400

300

200

—100

—0

——100

8L'LT—

LY'LTI
9L'LTI
T6'LT
10°821
€1'8T1
91’871
W8Tl
6v'8T1
PS'8T1
€981
TS9EI
1TLEL-T
P9'LET
LATAEN
T6'6v1~,
9¢°051
5.5 \

9L°€S1

MN(Boc)

SN
>

N
¢

DEn

!

0

m
e

Yo

3x-beta

(100 MHz, CDCl3)

T
-20

-10

T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

T
210

S161



adding
4 eq C10

adding
2eqC10

adding
1eqC10

adding
0eqC10

MMgO 0
2
MeO H, Mo
5 [=10]
8]

CF3

T
6. 65
£1 (ppm)

S162

6. 60

6. 55




XK190702-1. 1. fid

XK190702-1 e o S S N N N N S N N N e e Yo P T T Ve PP P e . . . . . U R . . S R ¥ R R e R R e R R R e e e
T mm—————— T TS VYN Nttt = — —
IH-NMR of 5a
OBz
Bz0 O
BzO \r(j
BzO
B0 0
nO
BnO
OMe
5a known compound
(400 MHz, acetone-dg)
|
“
N
I
A
f T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

£1 (ppm)
5163

—12000

—11000

—10000

—9000

8000

~7000

6000

5000

4000

3000

—2000

—1000

~—1000



—10000

—9000

8000

—7000

—6000

—5000
4000
3000
—2000
—1000

0T'Ch
€T
9T'¢
€€ ¢
I45%
9¢°¢
Ly ¢4
8Y' ¢
6v°'¢
0S¢
0S¢
5¢
€L €
€L ¢
€L ¢
SL'E
LL'E
08¢
£€8'¢
6'¢
S6'¢
LOY
LOY
60t

|

0.0

8€Y
Ity
6+
0S
ISy
€5p
€5p
bSy
Sop
8SY
09
19
£€9'p
b9y
L9Y
69
1Ly
R
€LY
by
by
SLp
LLY
L8'Y
067
€67
96
ze's
pe's
pe's
9€'s
L9
L
L
€1'L
€1'L
pIL
wL
wL
wL
€TL
£TL
VL
VoL
STL
STL
97
9z'L]
LzL
87'LA
T'LA
8T'LA
67'LA
67'LA
0€°L-
1€
1€
e
¢
bEL
e

'H-NMR, BC-NMR, tH-H COSY, HSQC of Sb

y

/‘// A

/

Ve

Q

BnOOMe

BnoO
5b

TMBzO BrO
(400 MHz, CDCl5)

_

I—

F e6g

"
€0

96’

860
00°}

A b B

9L LY

T $07

E ool

o6l

60
99'9q

l6’q

oLy

€0l

4.0

4.5

-1.0

-0.5

0.5

3.0 2.5 2.0 1.5 1.0

3.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

10. 5

S164



—8500
~8000

—7500

—=7000

—6500

—6000

5500

—5000
4500

4000

3500

3000

2500
2000
—1500
—1000
500

——500

S 0T~
6112

cTss
S0'89
16'89
€0°0L
8'CL
€eeL
€9°¢L
6L €L
ELVL
98 YL
wrsL
@h.mhuv

80'8L
:.wh\
98°6L
P18
978
08'L6—
81101 —
€I'LTl
L¥'LTI
19°L21
9°LT1
0L'LT1
LTl
187421
S6°LT1
00°8T1
20°8T1
b0'ST1
€81
e8I
£v'8TI
6v'8T1
75°8T1
95'871 1
IRIAE
0Z0¢1A
s19¢T
06'L€1
1781
vTsel
6v'8¢1
00°6€11
p6e1
17891

EnC

J
TMEBEzO Bno

BHOOMe

5b
(100 MHz, CDCl )

T
-20

-10

T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

T
210

S165



I

]
BHOOMe

-1

AEQQV 1J

Bno

TMEBzO BnO

XK200804+1. 4. ser
XK200804+1

b on@mv c=Ernoo- - TR ==nt ||

-1.0

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.0
£2 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
S166

9.0



EnC
EnO

TMBZO BrO Q
BnC

BHOOMe A

20

—40
60
© ©

© @ —80
% —100

—120

4
‘j v +
¢ 140

160

—180

—200

~220

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
2 (ppm)
5167

f1 (ppm)



—10000
~9000
—8000

~7000

—6000

—5000

4000
3000
2000
—1000

€611
b1
LS'T1
65'11
N@gg
mhgg
8L'14
6L T
b8 14
L8]
881
60'C
01'C
01'¢e
$TT
87T
€5¢
bse
ILe
e
vLE
vLE
LL'E
LL'E
6L°€¢
08'¢
08'¢
18°¢
X3
95
LS¥
65y
09y
9
697
wy
wy
SLy
6L
18t
w6
S6'y
8T'S
0€°S
€S
08°9
91'L
91°L
L1'L
S1°L
0T'L
1Tl
1TL
T LA
€TLA
vz
sz
97 LA
8T'LA
67 LA
0€LA
7€ L
b LA
be LA
bE LA
9¢°LA
9¢LA

B
IH-NMR, 13C-NMR of 5¢

e e e

/

TMBzO

5c¢

N

(400 MHz, CDCl5)
|
|

59

L1°¢

R 7

00}

T

(1"
o’}

e

00U

Zrg

0ce

cl'yr

1079

-1.0

3.0 2.5 20 1.5 1.0 0.5 00 -0.5

3.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£1 (ppm)

11.0

1.5

S168



—7500

—7000

—6500

—6000

—5500

—5000

4500
4000

3500

—3000

2500

—2000

1500

—1000
500

~—500

05°0¢
¥$°0¢
Irre
SI'IC

Loe—
8T 9¢—

LS Ty —

ST69
mo.mn/
hm.mnW
LY €L
19vL
vﬁv»\
@m.mh\
vm.wn\
S9°C8

SOY6—

00°LC1
6T LTI
SS LTI
€9°LCl
]LTl
16°LCI
[14'14!
yE8¢C1
[1211!
61'8¢C1
[4R14!
65°0¢l
SLSEl
06'LET
6C8¢1
ce8el
1T6¢€1

LY 891 —

.Y

TMBzO

Bno

5¢

(100 MHz, CDCl )

o

40 30 20 10

70 50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
190

S169



—5000

4500

4000

3500

3000
2500

2000

—1500

—1000

500

0

——500

N
'H-NMR, 3C-NMR, *H-1H COSY, HSQC of 5d

9¢°L-

iy /,f///f

S
90 Uden
TMBZO

Bno _OBn
BnoO

5d
(400 MHz, CDCly)

.

ﬁA
T

= €06

¥0°¢
90°I

AR

L0}
60°¢

Slg

Lg
¥0°¢

— AR R P

E 861

¥ 80¢

Fesog

v0'L

901}

90° Ly

iy

ol'¢

001t

-1.0

10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 00 -0.5

11.0

1.5

£1 (ppm)

S170



6000

5500

—5000

4500

4000

3500

3000

2500

—2000

—1500

1000

500

——500

0100~
(arsd

0L'LET
06'LET
678¢1
ssser
09'8¢1 ]
LO6E1
176€1-
9¢'891

BnO _OBn

DBn
BN

Bno

TMBzO

5d
(100 MHz, CDCl )

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S171



(udd) 13

i

s

M

Qe
O f OBn
O Toen
DBn A

BN
0
TMEBz O
5d

BnoO
]

B

=

0.0 -0.5

0.5

1.5 1.0

2.0

3.0

3.5
£2 (ppm)

4.0
S172

4.5

5.0

6.0

6.5

7.0

7.5

W

8.5



O f OBn
BnO _OBn
BnO =0 00
TMBZO £ 1 X
5d

—20

—40

60

—80

—100

—120

—140

160

—180

—200

K>
B @ Qo
®

é © @ @%g@u 0 °

= @ ®®

- Q

— [}

0.
_._a=%j3 c::::E::i§EEﬂ:E:> o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

2 (ppm)
5173

~220

f1 (ppm)



14000
13000

—12000

—11000

10000

9000

—8000

—7000

—6000

—5000

—4000

3000

2000

—1000

——1000

0

mmgg

mNﬁg
9T’ A
8T
SRS
I§4%
4%
9Y" €
43
€g'¢e
SL'¢
LL'E
€8°¢
L6'E
86°¢
86°¢
00t
00
149 %
LSV
8S'Y
09t
€9’y
L9V
oL+
L'y
8LV
6LtV
18v
I8V
78
S 4
S 4
L8V

=
)
<

e e

16
v6t
66'%
10°S
5SS
95°S
96°s
LSS
89
ST'L
ST'L
9L
LTL
8T'L
6T'L
0€'L
0€'L
€L
€L
€L
€L
ceL
Y€ L
veLA
seL
¢
9¢'L
L&
LELA
8¢
8¢
6€°LA

H-NMR, 33C-NMR, HSQC, NOESY of 5e

|

agMe- s s

Q

(]=1g]
CEn

a

EnC

(400 MHz, CDCl5)

02'¢
14X

00°}

B

LY

€9
€0}

AN AN

— E 00

= 60°¢

90

86l

10¢

90' I}

= /0

Fovog

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

5.5 5.0 4.5

6.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10. 0

£1 (ppm)

S174



—12000

—11000

—10000

~9000

8000
~7000
—6000
—5000
4000
3000
—2000
—1000

—0

——1000

€6'LT~_
€007~
9717

A

CEn
] =]

]
BnoO
TWEBzC
Se
(100 MHz, CDCl>)

Bno

10

20

40

70 50

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
190

S175



Ml 1

—40

60

o o8 -80

° e 100
120
-140
- 160
-180

—200

~220

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2 (ppm)
5176

f1 (ppm)



Citde
0 f . 0OBn
0 Oan
n
Bno Q A JL /\_._JL \
EBnO
TMBzO N
5e |
| o
© |
— & &
o
|
" o w ¥
| b o g 0
0 IRt @W? du,»
| ‘ ] 0“"
ll ?' ]
!
U 0.
= o v
' 1
0
0-
T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2 (ppm)
s177

f1 (ppm)



AU

—12000

—11000
—10000
~9000

—8000

—7000

—6000

5000

4000

3000

2000

—1000
~—1000

890
$8°0
980
L8°0
88°0
16°0
260
101
01
o'l
901
80°1
80°1
01l
AR
7l
€l
P11
SI'1
91'1
971
LT1
8T'1
el
pEl
el
Ly
8t'1
61
6t'1
051
1
€51
96°1
95°1
LS
81
€8'1
b8l
$8'l
17T
67T
Sh'E
by
LSt
19%
b9y
08t
€8
88y
06t
10°S
10°s
LSS
85°s
85°s
8¢S
89
ST'L
9z'L
9T'L
LTL
LT L
8T'LA
67 L
6z'L]
0€'LA
0¢L
¢
e
v L
¢
¢
9¢.
L€ LA

-0.5 -1.0

|
0.0

1H-NMR, 33C-NMR of 5f

BnoO

(400 MHz, CDCly)

3.0

|
|
|
o

€0

3.5

00|
L0° M

4.0

|
T

4.5

¥0°¢
90g
L0}

5.0

10')|
00’}

5.5

T R

6.5

7.0

8.5

9.5

10.0

£1 (ppm)

S178



—10000

—9000

—8000

—7000

6000

—~5000

4000

3000

2000

—1000

~—1000

SI'96—

Irect
So°LTI
I8°LCI
¥0°8¢C1
81'8CI
9¢°8C1
91°8¢C1
8¥'8CI
S6°0¢l
€96l
0€8¢€l
9¢"8¢€1
243!
Sy ovi

S

LS691—

(100 MHz, CDCl 5)

T
-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S179



—21000

20000

—~19000
;18000
;17000
;16000
;15000
;14000
—13000
—12000
11000

—10000

~9000

—8000

~7000

—6000

—5000

4000

3000

—2000
—1000

~—1000
——2000

y 23000
22000

LY'S
8t
9TL
9T'L
LTL
LTL
8T'L
8T'L
6TL
6TL
0€'L
Ie'L
€L
€L
£€'L
£€'L
L
SR
e
L€
L€LA
8¢/
8¢/
6¢LA
6L
It
LA
Wi
LA
L
_t

wm.vww
0Ly
Ly
€LY
LY
I18Y
¥8Y
98t
L8V

'H-NMR, 3C-NMR, HSQC of 5g

(400 MHz, CDCl5)

9G°6

0e’e

AR

90
L0°}

S0'¢
00°b

66°C

— P S

f

00°b

Feeil|

856/
Le9

80°¢

zLe
80'Z

90° Lt

SO L

z1e

4.0

5.5

-1.0

25 2.0 1.5 1.0 05 00 -0.5

3.0

3.5

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5
£1 (ppm)

11.0

1.5

S180



9000

—8000

—7000

—6000

—5000

4000

3000

2000

—1000

08°0C
mm.mm/
N?N/
80°S7~X
81'9C-F
S.RN

8'LT

L9°99
IT°L9
L9
6€'L9
[L°0L
80L
SO'IL
STIL
VeEIL
LTEL
[4a7"
ILLL
LY 96~
Y86

$9°801~_
0’601~

¢SLTl
99°LC1
€L LT
61'8¢CI
w@wmﬁww
[¥°8CI

P8 8ET~_
0T6€1-

BnoO

EnoO

(100 MHz, CDCl )

o
Y

-20

-10

40 30 20 10

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70
£1 (ppm)

T
210

20

S181



0
—20

—40

60

—80

AEQQV 13

—100

—120

—140

160

—180

—200

~220

2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

2.5

3.0

3.5

4.0

4.5

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

2 (ppm)

S182



eIV

—7500

~7000

—6500

6000

5500

5000

4500

—4000

3500

3000

2500

—2000

—1500

—1000

500

~—500

'H-NMR, 3C-NMR, *H-H COSY, HSQC of 5h

SyL-

/

_ //

_—

P A ars

(400 MHz, CDCly)

€8N

99/

619G

AR

1670

1670

96°0

86°0
96°0

iy AHTRS R

86}

o

8.8

80°¢

zog

8¢l

60

¥6°0
16°0r

96°Q
0" €

00’

1.0

4.0

7.5

-1.0

-0.5

0.0

0.5

2.5 2.0 1.5

3.0

3.5

6.5 6.0 5.5 5.0 4.5
£1 (ppm)

7.0

10.5 10.0 9.5 9.0 85 8.0

11.0

1.5

S183



—8000
—7500

—7000

—6500

6000

—~5500

—5000

4500

4000

3500

3000

2500

2000

—1500

—1000

500

——500

00¢C

9881
9¢6l
6L°0¢
0T'1¢
CcL'Ce
86'CC
86°¢C
L6'€C
e ye
8Y°LT
69°LT
08'LT
918¢
8¢€°8¢
$8'6¢
c0ce
S0ce
£6°6¢
£€9¢
£69¢
ITLE
99°6¢
06'6¢
eroy
Sy
€008
8CT9¢
L89S
SELY
€CIL
L
€9°¢L
vyl
L99L
96°'LL
10796

——

B—

8L 1T
Nmsﬁ/
1112l
€LLTI
beST
wsel
L8'SEI~
0651
v 1p1

(100 MHz, CDCl )

ey

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

20

S184



AEQQV 1J

P > e D e = - - = -

e O 000 T o o - o o

-1.0

-0.5

0.0

0.5

1.0

2.5 2.0 1.5

3.0

3.5
£2 (ppm)

S185

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

8.0

8.5




W1 i.li‘JM‘H |

1

LI

i

XK200109-3. 5. ser
XK200109-3

—20

—40

60

—80

—100

—120

—140

160

—180

—200

~220

8.5 8.0 7.5

7.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5

2 (ppm)
5186

3.0

f1 (ppm)



10000

—9000

8000

—7000

—6000

—5000

4000

3000

2000

1000

w@og_

§0°14
vv;g
£9°¢
99°¢A
€L¢
€L¢

SL'E
9L'¢
8L'¢
8L°¢
08¢
18°¢
96'¢
L6°€7
66'€1
mm.mg

90t
LOY
o1y
L1y
0Ty
0Ty
8EY
or'Y
sy
sy
19t
v9'Y
L9y
69'f
oLy
oLy
wy
Sy
18
b8P

oLs

@N.hg
LT LA
8T LA
6T LA
0€'LA
€L
veL]
9¢°L
9¢'L
1%L

—nnr

mv»%
L

'H-NMR, 3C-NMR, of 5i

S /L///)//{

iBu

e

o)

iBu”

MNHEoC

End

EnC

Chle

5i

(400 MHz, CDCl5)

c06 |

10K4

-1.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

1.5

5187



40UU

4000

3500

3000

2500

—2000

—1500

—1000

500

9¢TS~
Ievs—"

61°L9
3.%/
q@o»uﬁ
01L

FO'IL
19°€L
oYL \

I1°08

98°66—

19°6ST—

80 TLT—

MNHEoC

Cihde

5i

(100 MHz, CDCl )

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S188



—12000

—11000

10000

~9000

—8000

—7000
6000

—~5000
—4000
3000
—2000
—1000

~—1000

IH-NMR of 5m

O

]
]
EnO
EnO

Bno

FicoO

BnoO
EnC

BnOOMe

I

5m
Known compound
(400 MHz, CDCls)

e

-1.0

40 35 30 25 20 15 1.0 05 00 -0.5

5.0 4.5
£1 (ppm)

6.5 6.0 5.5

7.0

10.5 10.0 9.5 9.0 85 80 7.5

11.0

1.5

S189



20000

—19000

—18000

—17000

—16000

15000

14000
—13000
12000
—11000
—10000
~9000

—8000

—7000

—6000

—5000

4000

3000

2000

—1000

——1000

——-2000

€C "

€e
Ve
1€
4y
Ly
8V
6V
LL
LL
6L
6L
18
18
70
90
08
18

XK200102-4. 1. fid
XK200102-4

I&xnh

fFF A F A A I IS I A SIS IS IS S

v

= V=

00 60 00 00 b= b= b= I = D= b b= b = D= 0 b= b

%

IH-NMR of 5n

8]
EEnOOMe

BN
]
]
BnoO
EnC
5n

Eno
Known compound

(400 MHz, €DCl,

Picod
EnC

-1.0

-0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)

11.5

S190



DO L0 B S S S S S S R R S S S S S S S S S R S S S S S R R T T I R R I e R e e o o o o 10000
| I —— | T T — B I T I I e —————]
—

'H-NMR of 50
9000

—8000

—7000

Bno
)

PicoO 0
Bno

BnO O
EBn
EBno

50
Known compound

(4[]0 MHz, CDCL) 4000

6000

OMe 5000

3000

2000

1000

—— 1 -~ 1 -~ 1 *~ 1 *~ T *~ 1 *~ 1 ~ T *~ 1 ~ T *~ 17 ~ T *~ 1T ~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T * T ~ T * T ~ T °
11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 30 25 2.0 1.5 1.0 05 0.0 -0.5 -1.0

£1 (ppm)
5191



11000

—10000

—9000
—8000

—7000
—6000

—5000

4000

3000
—2000
1000

——1000

XK201118. 1. fid
XK201118

e A

1%

00 00 00 00 b= b= b= b= b b= D= D IS e D DS S e S N N N S N N S N - 0 0 S S BB B FF FFF A FFF A A el o3

'H-NMR, 3C-NMR of 7a

s J) I

O
Citde

FicoO
BnC
Ta
(400 MHz, CDCl5)

EnC
EnC

T

oS—Hoom

So=ds

— e od el
T T

ol

F oot

HI% el

o

ool
T 2670

F ooy

10°L1

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

5.0
1 (ppm)

6.0 5.5

6.5

10.0 9.5 9.0 8.5 8.0 7.5 7.0

10. 5

S192



XK201118. 2. fid

—18000

17000

—16000

—15000

14000

—13000

—12000

—11000

—10000

~9000

—8000

—7000

—6000

5000

4000

3000

—2000

1000

——1000

XK201118 T EiSt £SSEA4KASASESSREZE  Sobdees = o
| NV N Nttt NSNSV |
FicoO
BnO
BHO&O
BnO
Ta
OMe
(100 MH, CDCly)
[ |
| | | |
| " !
|
l. ] i L, . o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20

£1 (ppm)
5193



—13000

—12000

—11000

10000

—9000

8000
—7000
—6000
—~5000
4000
3000
2000
1000

SS €N
LS €1
LS €1
LL €A
6L
08¢
8¢
8¢
[ANe
9¢'1
8€1
6€1
7'+
1¥'v4
€'
Cide
897
0Lt
1LY+
€LY
8%
8t
16'%
Y6t
S
9¢'S
16°¢
€56
S¢S
9¢°¢
089
089
189
89
SO'L
90°L
LOL
80°L
80°L
60'L
60'L
01'L
€r'L
YI'L
SI'L
9I'L
9I'L
9T°L
LTL
LT'L
8T'L
0T'L
0T'L
0T'L
L
STL
9T'L
LTL
LTL
8TL
8TL
6T'L
6TL
6T'L
0¢'L
€¢’L
€C’L
€L
S¢L
SY'L
'L
WL
LY'L
Ly'LA
8L
6L'LA
6L'LA
2084
08 ]
€L'8-
€L'8+
€L'81
L8
L8
SL'8-

'H-NMR, 3C-NMR of 7b

ol Jro )

/

]
BHOO
b
Chle

Ve
(400 MHz, CDCl5)

00°¢

80}

G0'¢
¥0°¢

AR A

L0}

T

66°0

End

Fico0
EnO

o N W
eco
h i sl e

8.0

A

96'd

80°Lr

00°L

66°0

= e67l

3.5

5.0

£1 (ppm)

-0.5

2.5 2.0 1.5 1.0 0.5 0.0

3.0

4.0

4.5

7.0 6.5 6.0 5.5

7.5

10.5 10.0 9.5 9.0 8.5

11.0

1.5

S194



4000

3500

3000
2500

2000

—1500

—1000
500

9z 6L-T
89°6L

6L°96
m@.v:/
06811

89°S7I
S0'LT1
o LTI
v LTI
b8°LTI
66'LTI
LO'STI
91’8zl
178C1
09821/
1021~
b8 LE
mo.wSN
LYSE]
SLLY1—
a.oi\
98051
8T'SSI

YI'vol—

]
BnOO
b
Cible

EnO
(100 MHz, CDCl3)

Picod
EnC

WWMIMLMWMW -—0

il

I.

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S195



—11000

—10000
—9000
—8000

~7000

—6000

5000

4000

3000

—2000

—1000

IS¢
[4%%
(4%
£8°¢
8¢
68°¢
98°¢+
06'¢
ST
91'v+
L1'¥7
811
617
SEY
LEYA
oY+
177
v
4uas
Y9

LYY
Iy
YLy
€8y
98y
16'v
Y6'v
Ly'S
8%'¢
9¢°¢S
8¢°¢
09°¢
60°L
60°L
0r'L
1L
L
L
yI'L
'L
SI'L
9I'L
9I'L
LT'L
8I°L
8I'L
61°L
YTL
YL
STL
9T'L
LTL
8CT'L
6C'L
0€'L
0€'L
€L
1eL
L
SY'L
SY'L
'L
LY'L
LY'L
LY'L
8¥'L
ov'L
8L'L
8L'L
08°L
08'L
WL
'L
86'L
66'L]
66'LA
00°8+
1078
208
€0°81
S0'8
L8
€L'8
VL8
VL8~

aul T

'H-NMR, 3C-NMR of 7¢
ST

: ////

Bno
Picod

Bno

Bno

?co

COOMe

(400 MHz, CDCl5)

prifd e W R
32
— ™

s
a8

= /60

3.5

5.0
£1 (ppm)

25 2.0 1.5 1.0 05 0.0 -0.5 -1L0

3.0

4.0

4.5

5.5

6.0

6.5

10.5 10.0 9.5 9.0

11.0

S196



4000

3500

3000

2500

2000

—1500

1000

500
—0

SOLYI~
06'6v1—

6C091—
601791~
08991 —

|

Bno
Picod

Bno

Bno

?co

COOMe

(100 MHz, CDCl3)

n

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S197



5500

—5000
4500
4000

3500

3000

2500

2000

—1500

1000

500

~—500

LS €A
65 €
09°¢+
L9°€
89°¢
9L €
8L €
6L €
€6°¢
S6°¢
L6
9011
LO¥
8011
6011
8T
(Yas
0€P

SeL
8¢'L
SY'L
'L
8Y'L
m».w;
LL LA
6L"LA
18°LA
66'LA
1078
01°81
'8
088+
18°8-

//// AL

'H-NMR, 3C-NMR of 7d

/ S/ //// / / S

BN

Picod

0

s

End

Eno
7d

Okde

(400 11Hz, CDCL)

P A B

oY 0

co0'g

89'Y
S0°¢

0cor

o
Sv'd

4

12°0%

3.5

5.0

£1 (ppm)

0.0 -0.5 -1.0

0.5

2.0 1.5 1.0

2.5

3.0

4.0

4.5

10.5 10.0 9.5 9.0

11.0

S198



8500

—8000

—7500

—7000

—6500

—6000

5500

5000

4500

4000

3500

—3000

2500

—2000
—1500
—1000
500

——500

L9°SS
0€'891
8€'891
5891
96891
89691
YETLA
CLTLA
8V €L
€67EL
8L ELA
wm.mj
SSSL
SE9L
6L'8L
€e6L
SL'L6
S0 €01
19vII1
LY8I11
9L 811
8¢°CCl
£9°6¢Cl
16°9CI
y0'LTI
19°LC1
[L°LT]
9L°LC1
€8°LT1
y6'LTI
L6'LTI
L1°8C1
LTI
e8I
cE8CI
6¢'8¢C1
96'9¢1
SO'Lel
09°LET
So'LET
S0'8¢I
9¢8¢1
0¥'8€l
IS°Ly1
hh.ilv.
ST°0ST
(14!
LO'TIST
SSISI
6T SS1
1029
¥6'€91
[48 2!

CBn

Ficod

Q

.

EnC

EnC
Td

Cihde

(100 MHz, CDCl5)

W

T
-20

-10

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

T
210

S199



9500
~9000

8500
8000
~7500

~7000
6500

6000

5500

5000
4500

4000

3500

3000

2500

2000

1500

1000

500

~—500

997¢
89°¢
6L ¢
08¢
8¢
€8¢
68°¢
86'¢1
001
107+
201
e
St
0S¥
€S
0971
€91
81

s / /I /I//

'H-NMR, 3C-NMR of 7e

/

s e ///

Picog _-OBn

O

]
Bno
Bno
Te

COOMe

(400 MHz, CDCl5)

86}
9l'g
10°})
80}

€1'g

7oA A

ik

E eol

80°Ir

80°g

60"l

cO'l

00}

5.0

£1 (ppm)

7.5

-1.0

-0.5

3.5 3.0 25 20 15 1.0 0.5 0.0

4.0

4.5

6.0 5.5

6.5

7.0

11.0 10.5 10.0 9.5 9.0 85 8.0

11.5

S200



6500

—6000

—5500

—5000
4500

4000

3500

~3000

2500

2000

—1500

1000

500

——500

78091~
96'€91 —
L999T—

Picoo _~OBnN

Q

]
Bno
EniD
Te

COOMe

(100 MHz, CDCl3)

|

T
130

il

|

C T P

Uity

-20

-10

60 50 40 30 20 10

70

T
100
£1 (ppm)

T
110

T
120

T T T T T T T
200 190 180 170 160 150 140

T
210

S201



—18000
—17000
—16000

15000

14000

—13000

—12000

—11000

—10000

~9000

~8000

—7000

—6000

—~5000

4000

3000

2000

—1000

——1000
——2000

o.v.:
h.v.:
S €
96°¢
9S°¢
LS €
86°¢
65 ¢

09°¢
19°¢
9L’¢

LL €A
26'¢T
¥6'€
L6'E
(4% 4
€ey
69t
Ly
08t
€8’y
€87
98t
10°¢
oS
60°'S
SI'S
91'¢
8IS
8IS
€89
¥8°9
¢89
869
669
00°L
SO'L
LO'L
SI'L
6l°L
0C’L
1L
1TL
L
L
ceL
€L
veL
SeLA
8Y'LA
6v'L
0S°LA
1S°LA
8L'LA
08°LA
8L
¥6'L
96°'LA
0884
[8°8-

—

'H-NMR, 3C-NMR of 7f

et i

BnoO

Ficod

EBnO

Tf

Ohda

(400 MHz, CDCl,)

=967 |

10

11

12

13

14

15

16




—7500

—7000

—6500

—6000

5500

—5000
4500

—4000

3500

3000

2500

2000

—1500

—1000

500

——500

LT8T—

BnoO

s

EBnO
Tf

Ficod

Ohde

(100 MHz, CDCl)

T
-20

-10

T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

T
210

S203



—15000

—14000

—13000

—12000

—11000

—10000

—9000
8000
—7000
—6000
—~5000
—4000
3000
—2000
—1000

LY 1A
611
£€9°¢1
$9°¢
99°¢H
99°¢H
L9 €
89°¢
69 €
0L'€
o@mH
¥6' ¢
L6'€
66 €
SEP
9€' v
0L
€LY
(74
€8y
S8y
88t
00°S
€0°S
61°S
61°S
1S
s
0€'s
0€g's
10°L
'L
€0°L
€0'L
LO'LA
LO'LA
thg
thg
60°LA
61°L7
0T LA
0T'L
1TL
1TL
L
L
€TL
€TL
€eL
€eL
YEL
Se'L
SeL
0S’L
0S’L
1S°L
1S°L
S'L
€SL
€SL
6L'L
08°L
18°L
L
m@hg
€8°LA
S6'L
L6'LA
00°8]
20°8]
188
188
8'8-

—

-NMR, 3C-NMR of 7g

H

v6'C

COOMe

End
79
(400 MHz, CDCl)

Fico0

EnO

-1.0

40 3.5 30 25 20 L5 1.0 0.5 00 -0.5

5.0 4.5
£1 (ppm)

10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5.5

11.0

1.5

S204



—7000

6500

—6000

5500

5000

4500

—4000

3500

3000

2500

—2000

1500
—1000
—500

——500

LTI —

607 —

LTTL~,
91'SL~_
LY'SLY .
0zsL”

6086
Nw.m:/
12841
0¥°'SCl
9T'LTI
8L'LCI
LYLCI
10°8¢CI
0T'8¢CI
£y 8¢l
69°8C1—
99 1€l
66'9¢T~
L8LET
L6 LET
SSLYTI~—
LTOST—

96091 —
[TY91~
SL99T—

Bno

:

Picod

BnoO

79

COOMe

(100 MHz, CDCl3)

T
-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S205



—4000

3800

3600

3400

3200

~3000

2800

2600

2400
2200
—2000
—1800
—1600
1400
—1200
—1000

—800
—600
—400
200
——200

0

vy
<
<~
-
—

'H-NMR, 3C-NMR of 7h

/

/

Bno

PicoD

|

=66'¢C

Ey0°L

EFGO0¢
=c0'l

BnO
Th
(400 MHz, CDCl5)

201
=00} |
|

oz |

=y0) |

-1.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

5.0
£1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.5

S206



3800

3600

3400

3200

3000

2800

2600

2400

2200

—2000

—1800

—1600

—1400

1200

—1000

—800
—600
—400
—200
—0

——200

SI'8I—

6CCLY
ﬁw.vhg
96't7L 1
St'SLA
69°9L+
€1°'8LA
€5°001
6L Y01
10°S01
S0'SoI1
LT SO1
69011

CLUTT o

16011
6011
9611
8611
Y6l
L¥611
psTl
LTl
0L'LT1
L8°LT1
90°8T1
91°8T1
$T'8TI
bSTl
88717
96'9€ T~
b6'LET
66°LET
Wivl
O TH1
€5 IPI
LS TH1
€9'LY1
€081
0811
6161
8THS1
ObFS1
€L'951
18951
91°651
97651
ST'P91

EBnd

Picod

EnO

Th

(100 MHz, CDCl)

e

|

I

-20

-10

T
60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S207



~10000

—9000

—8000

—7000

—6000

—5000

—4000

3000

—2000

—1000

0

$T11

LT
LL €A
66°¢
00+
00t
10t
9Tt
LT
8TV
6771
S
86"
297
91
LA
6L
587
887
'S
'S
€9'¢
59’
L9°S
089
£€8°9
269
69
91°L
91°L
LI'L
8I°L
8I°L
61°L
61°L
0TL
17L
17L
wL
9L
LTL
6T'L
6T'L
6T'L
0€'L
0€'L
1€,
€L
€eL
beL
€L
€L
6€°L
ov'L
ov'L
Sh'L
6b'L
6b'L
6b'L
0S'L
5L
bSL
bSL
€rg
€1'g
€1°8-
1’8
S8
S1'8H
IRE
R T
8081
6L°8-
6L°81
6L'8-

—

e e e e e e

'H-NMR, 3C-NMR, NOESY of 7i

I

PicoO

Bno

BnoD

Ti

Dhe

(400 MHz, CDCl-)

—F20L |

=€0€ |

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S208



[ NSO TV =0V A 0O
O AN AN~ OINA—0OWNO -~ S N X D <t \O
¥ FTORW WS LW O FnAOY =
O MWINFTFT nen N AAANANANANANAN — — > < <t on AN Nal o~
I NN N N——— N |
12000
11000
—10000
PicoO
—9000
Bro
O
0
B -8000
Ti
—7000
OMe
(100 MHz, CDCl3) 6000
—~5000
—4000
3000
|
2000
| I |
—1000
o ..L A L 1, - L0
——1000
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10  -20
f1 (ppm)

S209



I

3.5

4.0

4.5

~5.0

5.5

6.0

6.5

~7.0

7.5

f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4
£2 (ppm)

5210

6.0 5.9 58 57 56 55 5.4 53 5.2 51 50 49 4.



5000

4500

4000

3500

3000
2500
2000
—1500
—1000

500

o7 T
LY T4
99°¢
L9 €
89°¢H
88°¢1
76'¢
€6'¢
96°¢€
86°¢
SE€Y
SE€Y
9¢'v
0L ¥
€LV
8LV
181+
S8V
L8V
86'%
10°S
8IS
61°'¢S
0TS
1S
6C'S
6C'S
80°L
80°L
60°L
60°L
0l'L
cl'L
Cl'L
61°L
61°L
0T’L
0T'L
1TL
L
L
€TL
€CL
ce’L
€eL
veL
veL
1S°L
4
cS'L
€S'L
6L°L
6L'L
08'L
I18°L
18°L

8L
m@.hu\w
L6'L
188
Nw.wwv.
8’8

—

NMR of 7j

13(:

-NMR,

H

F66°C

@]
EnO
7j
COOMe
COOMe

BnC
PicoO
(400 MHz, CDCl3)

—10} |

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

11.0

S211



—~5500

—5000

4500

4000

3500

—3000

2500

—2000

—1500

—1000

500

0

9181 —

65°CS
¥9°CS
06°¢CS
y6'CS

SECL
om.mh/
mv.mh/.
SLOL~E
01'8L—
1786
ST'86
65911
I8°LIIT
L9Vl
' SCl
LT'LCT
08°LTI
88'LCI
10°8¢CI
€0 8¢l
V'8¢l
L9°8C1
ISTTEI~C
LTSEL
S.hmﬁM

SIost—

81651~
0TH9T~_
00°L9T~C
SE'891-

End

Ficod

EnC
7]
COOMe

COOMe

(100 MHz, CDCl;)

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

S212



5000

4500

4000

3500

3000

2500
2000

-1500
-1000
500
-0

vNAg
mNﬁg
88°¢H
€6°¢
66'¢
001
001
20
€0'1
SO
90t
€T

I{9%
9TV
LT VA
9S ¥
6571

€9t
99t
Lt
LY
98t
06t
65°S
65°S
€9’
59
89'
60'L
60'L
L
L
91'L
LUL
LTL
8I°L
61'L
0T'L
7L
wL
TL
VL
bT'L
8T'L
6T'L
0¢'L
'L
€L
ccL
e'L
¢l
8¢'L
ov'L
0S'L
1L
5L
5L
LUl
08°LA
68/
03, 1
88'L |
18-
91'8-

oww%
08'8

'H-NMR, 3C-NMR of 7k

M

Fico0

BnoO

o
Tk
COOMe

EnO

COOMe

(400 MHz, CDCl5)

—_——

=ql¢C T

H\mo.r

109 |

86°C
10¢

€0l t

H/oo.r
66°0
H/.

66°0 |

660 |

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

S213



—11000

—10000

—9000

—8000

~7000

—6000
5000

4000

3000

2000

—1000

~—1000

99°LT—

8S'TS~_
167S7

00°89
mm.mh/
mm.mn/
S.vw\.\.n
9TYL
CL9L

0196
¢6'S11
CLLTT

0¥l
9L°¢Cl
91'LCl
09°LCl
S9°LTI
96'LC1
01°8¢1
0€8¢C1
£6°8¢CI
0TI~
9¢sel
OT'LET M

L86YI—

TT8ST—
0S+91

&.oEM
9€'891—

PicoD

EnO

0
Tk
COONMe

EnoO

COOMe

(100 MHz, CDCl3)

T
-20

-10

T T
60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S214



~7500

—7000
—6500
—6000
5500

—5000

4500

4000

3500

3000

2500

2000
—1500
—1000

500
=500

0

SIS f

'H-NMR, 3C-NMR of 7I
il

/ // /// /

Ficod
Bno

Bno

BnC

7l
(400 MHz, CDCl3)

il

L

o'}

0’}
co’}

10°}

€0}

I
itk
I
ot bddd I WL b

1670

7

9¢e'Gl

= ol

il

Ny

102

SOy

v0')|
LO'W

00°}

660

A 66°0

¥ 9

I 86'0

E 660

4.5

-1.0

3.5 3.0 25 20 1.5 1.0 05 00 -0.5

4.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£1 (ppm)

11.0

l.5

S215



—5000

4500

4000

3500

3000

2500

2000

—1500

1000
500
0

~—500

1589
90°0L
LTIL
LE€EL
9°¢€L
zesL
8L
86°6L
LTL8
¥8°96

9I'SI1

0T+l
19°6T1
00°LT1
6v' LTI
vSLTI
b8 LTI
68°LT1
16'LC1
61'8T1
vT8TI
8T'8TI
8€°8TI

LY'8TI

s9°6717

86°9€T~_

LS

6T8E1

1€'8¢€1
19°6€1
9L LYT \

S6'611

78'SSI

00491 —

PicoO
Bno

Bno

Bno

Tl
(100 MHz, CDCl3)

AL

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

S216



RPAVY
3000
2800
2600
2400
2200
—2000
—1800
1600
1400
—1200
—1000

800
600
—400
200
——200

-1.0

o
o
<

-0.5

0.0

0.5

1.0

1.5

!
3.5 3.0 25 2.0

4.0

5.0

1 (ppm)

/!
o
<

0
BnO
m
(400 MHz, CDCl3)

ISES
o~ o~
'H-NMR, 3C-NMR of 7m
////
|
R B b gl
O N~AN
e
\—\—CI\I
4.5

/

Pico ~OBN
|.|.|
o
(@)
-
6.0

Bno

S
<
o~
6.5

10.5 10.0 9.5

11.0

1.5

S217



~9000

8000

—7000

—6000

—5000

4000

3000

—2000

—1000

78'L9
61°89
LTTL
€8°TL
€8°€L
99°GL
€8°LL
$€°08
08°S8
L9001
zE0l1
LY €TI
vLSTI
$6'STl
LT9T1
90°LT1
0T'LTI
1L°LTT
€8°LT1
00°8C1
11821
07'8T1
€€'8T1
vh8TI
vS8TI
€9'871
916217
LEIET~_
0€'LET
6V LET
I1S°LET

PS8l
99171
Lyl

8¢€°0S1
60161
oh.mf\.

m

(100 1MHz, CDCl5)

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S218



2800
2600
2400
2200
2000
—1800
—1600
~1400
1200

—1000

800

—600
—400
—200

omgg
hNﬁg
80
6071
01 ¥
9¢ ¥
LE VA
6€1
0¥
8S ¥
19
991

/

6971
L
8L
8871
164
8H°S
817G
99°
89°
RS
LL9
LL9
80°L
80°L
01'L
01'L
LT'L
LT'L
8T'L
61°L
61'L
STL
STL
STL -
9T'L
LT'L
LTL
8T'L
6T'L
6T'L
6T'L
0€'L
0€'L
€L
€L
€c'L
S¢'L
S¢'L
Ob'L
Ob'L
WL
WL
1SL
€LL
€LL
SLL
SL'L
98°L
98°L1
1184
s
08'8-
18°8-
188
788

'H-NMR, 3C-NMR of 7n

)
™
(400 MHz, CDCl3)

FicoC
EnC
EnC

J ////[/[/ / /]

—_—T 0 |

=lZer

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

4.0

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

10.5

S219



—10000

—9000

—8000

—7000

—~6000

—5000

4000

3000

2000
—1000

——1000

SLLT—

€7'89
om.ﬁ/
ww.ﬁ%
Q.EN
ow.ﬁ\
€5°9L
LEL8—
88°L6
0F'STI
STHTI
vLSTI
ULzl
LT
68°LT1
11°8C1
91°8C1
14821
€5°871
w6t
STLEI~_
80°8€1
o_.wﬁ\
:&2\
€8° Y1
ww.ai\
1551

[SY91—

FicoD

Bno

BnO

n
(100 MHz, CDCl )

T
-20

-10

30 20 10

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S220



&(%lﬂﬂéggﬁf‘g N O D — O~ OMNH A OMNMOMIDFNOPVDVONAN =N DO L
o 00 00 16 (0 10 1B < <F < < & ¢ ¢ CET XXX OO FFSSO S S 0 ® 0D == O > S
T T R S N R S S i S S B S D R U S S U
| IS S Y Y S N N N L

o

- ~6000
'H-NMR, 3C-NMR of 70
—5500
—5000
—4500
S VA VA // / /// rr/ ///
Picoo ~OBN L4000

0
BrO o

EBnO
O 3500
70 O | 3000

(400 MHz, CDCly) 2500

2000
—1500
—1000

500

A A

DOTANTO 00O N~
RS-0 0w =90 S
©
0

o hﬂkzg“ﬂﬂ 4

OTLOMNMO N
NOCO T o,
== N = N

—
1.5 11.0 10.5 10.0 9.5 9.

T O'-‘_.I(\i"_.‘T‘_'(\!‘_'NI T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.
£1 (ppm)

5221

85 80 7.5 7.0 6.5 6

o> 1.00 =>=——-

.5 1.0 0.5 0.0 -0.5 -1.0



4500

4000

3500

3000

2500

—2000

—1500

—1000

500

YL O0C—

8¥°89
19°89
19°89

SYTLA
86CLF
A

[R5

S9°SL

96'8L

9¢6L
9T’ 101
68101
09°GII
12231
9L°¢Tl
91'LTl
0L°LC1
YL'LTI
LL'LTT
€8°LCI
98°LTI
S6°LTI
LO'8CI
€1'8¢CI
414!
9T8Cl
e8I
6¢8C1
[¥°8¢CI
SY'8¢I
61'8¢C1
£9°8¢I
§9'8¢C1
S00¢l
0TLETL
LELEL
SOLET
CLLETH
S8
L88ET
CT6ET
9L S
9 LY
0€0STH
79961+
00%91-

I\n

— —

] =1g]

Ficod

BnoO

EnO

To

(100 MHz, CDCl )

-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S222



—18000
—17000
—16000
15000
14000
—13000
—12000
—11000
—10000
~9000

8000

—7000

——1000
~—2000

—6000
5000
4000
3000
—2000
1000

= 66

60°¢

ﬁh_,
HH

609

'H-NMR, 3C-NMR of 7p

Ficod
BnoO

90'
10°¢
eV
L6}
S0'}
90}
10°})
c6’}
00° )|

—2 E—, 7 AR

(400 MHz, CDCl3)

I

860

O — v
Qoo

8.0

i
e N

-1.0

-0.5

0.0

0.5

1.0

2.0 1.5

2.5

3.0

T
4.0 3.5
S223

4.5

£1 (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

10.0 9.5 9.0 8.5

10.5



5500

5000

4500

4000

3500
3000
2500

2000
—1500
—1000

500
~—500

—0

[¥°8¢
Yo'LE

Nm.Nm/
gees
LSYS
€89
0v'CL
8LTL

98°¢L
S9°SL
YL'8L
0g6L
LO08
107201
LOLTI
VL' SCI
0T'LTl
08°LCI
98°'LC1
88°LCI
90°8¢C1
1T8¢I
ST8CI
0€8CI
yE8¢C1
8¢°8CI
£V 8¢l
8¥'8¢C1
89°8C1
0r'0€l
0S°0¢1
LTLEL
SSLET W.
S9'LET
e8¢l
VLY~
0T0ST—
0T SST~_
€691

6'€91—

SYCLT—

Fico0
EBno

(100 MHz, CDCly)

T
-20

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S224



—9000

8500

8000

~7500

—7000

6500

—6000

5500

5000

4500

4000

3500
3000
2500
2000
—1500
—1000

500
——500

¥6'€1
L6°¢A
66'¢
1T%4
48
09t
19t
197
91
69t
LY
0871
181
887
167
P16
19°6
19°6
76'S
765

¥6'S
S6'S
6S'9
L99
899
6L9
6L'9
90°L
90°L
80°L
80°L
L
crL
€L
€r'L
yI'L
SI'L
LT'L
8I'L
8I'L
8L
61'L
1L
L
L
€L
yTL
YTL
YL
9T'L
Se'L
9¢'L
9¢'L
LEL
LEL
8¢L
8¢L
6¢’L
6¢’L
0v'L
Iv'L
L
V'L
YL
YL
Sv'L
Sv'L
SY'L
'L
'L
LY'L
8Y'L
ov'L
0S°L
1S°LA
S'LA
08°LA
18°LA
8'LA
8'LA
€8°L
90'8
80°8

188+
78'8-

IH-NMR, 33C-NMR, NOESY of 7q

s
=3

BnoO

DFico

AR
N~ O O O
Qo - oQ
<'l'\—(\ll\—\—

I

oy
D O
S
(@) ~

(400 MHz, CDCl»)
|
|
M
AP

—== oy

= 60'g

~
T

7.5

-1.0

20 1.5 1.0 0.5 0.0 -0.5

2.5

3.0

3.5

4.0

5.0 4.5
£1 (ppm)

6.0 5.5

6.5

7.0

10.5 10.0 9.5 9.0 8.5 8.0

11.0

1.5

S225



—17000

—16000

—15000

14000

—13000

—12000

—11000

10000

—9000

8000

—7000
—6000
—5000
—4000
3000
2000
—1000

——1000

9181 —

NN AN T IO — AN O — <t
XN NN OO OO —oemn
00 00 00 OO0 OISO WV T n
AN A AN AN AN AN AN AN AN~
— e e e e e e e e e

99'961

%&2%
LO'TIT~
YE191-7

bST91 \
S0+91

069LT—

DBn

DFico

EnO

(100 MHz, CDCl5)

-10

40 30 20 10

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S226



6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8
£2 (ppm)

S227

1 (ppm)



—5000

4500
4000
3500
3000
2500
2000
—1500
—1000

500

89°¢1
0L €A
£8°¢+
8 €
00t
0t
20t
€01
70'7 1
€V
as
S
7911
7971
787
L8V
88t

1671
S6'v
L6V
60°S
(Y
IS
ers
145
9I'S
6TS
96°¢
L6'S
LY9
8Y°9
89
859
crL
yI'L
LT'L
61'L
61'L
61'L
L
L
€CL
yeL
yTL
STL
9T'L
LTL
6C'L
6CL
0¢'L
€L
L
L
€C’L
YeL
yeL
SEL
SEL
9¢'L
LEL
8€°L
6¢L
oL
V'L
V'L
L
19°L
€9°L
8L
96°L
86'L
178
€18
788
68’8

T 7T

'H-NMR, 3C-NMR of 7r

e A M N

OBn O
(400 MHz, CDClg)

i

7R

TR PR

\
~
N\
~
N\

0.0 -0.5

0.5

1.5 1.0

2.0

3.0

3.5

86°)|
90}
00°g-

4.0

Lo}

86°0
€0’
A%
004~
al'q
G6'}

4.5

5.0

5.5

160

6.0

66°0-
96°0

6.5

7.0

cLve
8L
G0'¢
SO W
€6°IL
1670

7.5

8.0

8.5

00l

9.5

10. 0

£1 (ppm)

S228



2800

2600

2400

2200

—2000

—1800

—1600

—1400

—1200

—1000

—800

600

—400

—200

——200

LSLET
yT8el -~
m@.omﬁ.\.
ECLYI~
STOST—
or'esT—
99851
L88S1
m@.mmﬁ\
mw.mf\
68°¢€91
10VLT-

OBn ©
(100 MHz, CDCls)

-10

10

20

40

50

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
210

S229



10000

~9000
—8000

—7000

—6000

5000

4000

3000

2000

—1000

0

.
0. O
o U

'H-NMR, 3C-NMR, H-H COSY, HSQC, NOESY of 7s

/ /171 ///

FicoQ

EnO

En

CiHex

@]
Ts

H e
(400 MHz, CDCl4)

™ KR

f

i

AR

o

i

¢c9

cr'g

€9'8

SL'HY

¥6°¢

00'#

¥0°¢

cO'l

S0'
€0’}

00 Lt

00°}

10g

96'0f

-1.0

T T T
45 4.0 35 30 25 20 1.5 1.0 0.5 00 -0.5

5.0

£1 (ppm)

T
5.5

6.0

6.5

10.5 10.0 9.5

11.0

.5

S230



2400

2200
2000
—1800
1600

1400
1200

—1000

800
—600
—400
—200
——200

€Iyl
08'L1
LLIT
85°7T
€€V
9¢'¥T
¥8'67—
9'1¢
Az

9 1€

"

06'6v1-]
@m.oﬂ\
1'ZS1

510917
w91
LOTLT

mm.N:v
19°6L1~
sl —

Ficod

0
0. .0
> LI

BnoO
En

O CHex
Ts

Hex O
(100 MHz, CDCl5)

-20

-10

60 50 40 30 20 10

70

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

S231



A

e

XK210107. 4. ser
XK210107

il

FicoO

Hex O OHex

5.9 5.8 5.7 5.6 55 5.4 53 52 5.1

T T T T T T~ T T~ T T T T T T 1
5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1

£2 (ppm)
5232

4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2

f1 (ppm)



in LL |

Picod

0
BnC—\0._ .0
e UL

H e i CiHex

I

6 . l ®)
7s &
i
o
(o)
(e 00 0o ©
[
0
L)
00
o
()
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0

£2 (ppm)
5233

—20

—40

60

—80

—100

—120

—140

160

—180

—200

~220

f1 (ppm)






rAUY

3000

2800
2600
2400
2200

2000

—1800

—1600

1400

—1200

—1000

—800
—600
—400
200

—-200

9T 14
8T'14
6T 1
€0
Y0t
Y0t
Y0t
1€7+
A% &
YEY
SEPA
657
974
99t
697
8L
187
06t
€6’
60°S
11°64
11°64

6T S
6S°S
09°S
99°¢
89°¢
1Ls
LY'9
879
859
659
L
0L
8I'L
8T'L
6L
6L
0L
0T'L
1TL
L
€TL
YL
STL
9T'L
LTL
8CTL
8TL
6C'L
6TL
0€'L
0€'L
€L
L
[4%3
€e'L
YeL
SEL
9¢°L
LEL
LEL
8¢°L
6¢'L
6¢°L
0v'L
1L
L
ev'L
€S°L
€S°L
19°L
€9°L
€9°L
88°L
88°L
€6'L
6'LA
96'LA
L1841
618
08°8
08'8
188
18°8-

BN

'H-NMR, 3C-NMR, *H-H COSY, HSQC, NOESY of 7t

A s // /f//

BN

o
2
o
o

Bno

(400 MHz, CDCly)

U

— =

J

A AR A A SN A
858333883

oL

Lo}

8.0

-1.0

40 35 30 25 20 L5 1.0 05 00 -0.5

6.5 6.0 5.5 5.0 4.5
£1 (ppm)

7.0

7.5

10.5 10.0 9.5 9.0 8.5

11.0

1.5

S235



5000

4500

4000

3500

3000

2500

—2000

—1500

—1000

500

I19°LYT~
eLevli—
ey esl—
LELST—

98'8S1-/
%.@2%
€8°791 \
6V 791

[10VLT-"

DBn

0Bn

ol
o
[N
-

EnC

(100 MHz, CDCl5)

T
-20

-10

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

T
210

S236



XK210111. 4. ser
XK210111

) o

T

0

]
0 ] OBn
' 0
CBEn
@ ' OPico
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 1.5 10 05 00 -0.5 -1.0
£2 (ppm)

S237

f1 (ppm)



CEn

] =g]

DFico

D

0
°

- g@

B

—10
20
;30
;40
;50
;60
;70
;80
;90
;100
;110
;120
;130
;140
;150
;160

—170

180

9.0

8.5

8.0

7.5

7.0

6.5

6.0 5.5 5.0 4.5 4.0 3.5

2 (ppm)
5238

3.0

2.5

2.0

1.5

1.0

0.5

f1 (ppm)



|

LA

AEQQV 13

5.6

~5.8
~6.0
—6. 2

6.4
—6.6
6.8

CEn
] =g]

EnO

DFico

=

> = - -

N
-O@O

Ty

6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 55 5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 41 4.0 3.9 3.8

£2 (ppm)

S239



4500

—4000

3500

3000

2500

2000

—1500

—1000

—500

0

'H-NMR, 3C-NMR of 9

(400 MHz, Acetone-cz)

-1.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)

11.0

.5

S240



8000

—7500

—7000

—6500

—6000

5500

—5000

4500

4000

3500

3000

2500

2000

—1500

—1000

500

——500

<t v AN ANOFTFTO-A VN n OO — QN
— 00 O AN~ NT>~ O NSV — 0 Wn AN (9l S 0T O N o0
" < 00 A e OV Oy O N OB 06 B 0 I~ I~ I o & S0 —-3S5
L2 Yooocdagdaaaaaaaz X CXRRE 8
N e\ N\
HO OBz
BnO -Q
BzO
@) NPh
CFq
g
(100 MHz, Acetone-dg)
|
|
|
LMmmmmwmhthmummemwmwﬂw*ﬂuwmmmmm uprnerit Nl ey ~Lmqu . i g VA U
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)
S241



3000
2800
2600
2400
2200
—2000
—1800
;1600

—1400
—1200
—1000
—800
—600
400

—200

~—200

LEE
86°¢A
6L ¢
I8¢
[1¥1
[ARE
S 1
1S71
1S
1404
8S 1
651
911
791
SO
oLty
Ly
8LV
18V
€8’y
98t
L6V
86t
00°¢

00°S
s
€0°S
91°¢
LIS
69°S
69°¢
08°¢S
0r'L
0L
[4%5
€L
VI'L
yI'L
SI'L
SI'L
9I'L
LT'L
8I'L

/

OBz

o)
BnO

EBnO

OBz
-0
I3n8ZID

H-NMR, B3C-NMR, HSQC, HMBC of 10

BnO

OMe

BnO

10
(400 MHz, CDCly)

V'L /
V'L

STL
STL
9T'L ~
LTL
6T'L
0¢'L
€L
gL
se'L
9¢'L
8¢'L
0L
75
oL
$6'LA
6L
6L
908
L0'8-
60’8
01’8

10°¢

6.0l
c0'g

L0
€€

00}

e o A

o

860

60

€

Lo'g

60°q

3.5

5.0

£1 (ppm)

-1.0

25 2.0 1.5 1.0 0.5 0.0 -0.5

3.0

4.0

4.5

5.5

10.5 10.0 9.5 9.0 &85 80 7.5 7.0 6.5 6.0

11.0

.5

S242



—10000

~9000
8000
—7000
6000
—5000
4000
—~3000
—2000
—1000

~—1000

"l

ek

88°LET
98¢l
e8¢l
[44'1%!
9r'8€1
0681

LESIT
oimoﬁwv
S 691

OMe
|

@]
BhO

OBz
-0
BnO
BnO
10
(400 MHz, CDCl3)

O
En gzO

OBz
-0

BnO
B”gno

-10

30 20 10

40

50

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 80 70
£1 (ppm)

T
210

S243



h

—40
—50
—60
—70
—80
—90
;100
;110
;120
;130
;140
;150
;160
;170

180

A
= k "l-'-
= | e | -
E B I
= & "
! i ]
2 b b W
z " BnO-.. OBz
-0
B"Qno
'e) OBz
-0
Bngzoﬁﬁ
O
O
g
nQo
10 BnO
OMe
9.Io | 8.|5 | 8.|0 | 7.|5 | 7.|0 | 6.|5 | 6.|0 | 5.|5 5.|0 4.|5 4.Io 3.|5 3.|0
£2 (ppm)

S244

—190

f1 (ppm)



| HMJ .

Ao

—50
—60

70

—80
;90
;100
110
;120
;130
;140
;150
;160
;170
;180
;190
;200

—210

i
i l l
oy "
+ s 0 |
TP O ‘H|'ﬁ '!l“' (i '{". vl
| . ” " l i IE ]
i ™ ]
P | ' l oWl i
u"uﬂ'rw ‘ W 1
T TR T
BnO -, OBz
.0
Bn
W [ v 8’6&9
0 OBz
0
aﬁﬁ
o)
A=
10 N Eno
OMe
9j0 8)5 8j0 ' 7)5 ' 7j0 6)5 ' 6I0 ' 5)5 ' 5)0 ' 4)5 ' 4)0 ' 3j5 3)0

£2 (ppm)
S245

220

f1 (ppm)





