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20-0-[27,37,4”-Tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2’,3’ 4’-tri-O-benzoyl-f
-D-glucopyranosyl]-3-O-chloroacetyl-12-O-acetyl-protopanaxadiol (38)
20-0-[27,3”,4”-Tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2’,3’ 4’-tri-O-benzoyl-f
-D-glucopyranosyl]-12-O-acetyl-protopanaxadiol (39)
2-0-(2-Azidomethyl)benzoyl-3,4,6-tri-O-benzoyl-D-glucopyanose (S4)
2-0-(2-Azidomethyl)benzoyl-3,4,6-tri-O-benzoyl-D-glucopyanosyl
ortho-cyclopropylethynylbenzoate (40)
3-0-(3"7,4°,6°”-Tri-O-benzoyl-p-D-glucopyranosyl)-20-O-[2**,3”,4”’-tri-O-benzoyl-
a-L-arabinopyranosyl-(1—6)-2’,3”,4’-tri-O-benzoyl-B-D-glucopyranosyl]-12-O-acetyl
-protopanaxadiol (41)
2-0-(2-Azidomethyl)benzoyl-3-O-allyl-4,6-O-benzylidene-D-glucopyranosyl
ortho-hexynylbenzoate (43)

3-0-[2°-0O-(2-Azidomethyl)benzoyl-3"’-O-allyl-4"" ,6°*’-O-benzylidene-B-D-glucopy
ranosyl]-20-O-[27°,3”*,4”-tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2",3’,4’-tri-O-b
enzoyl-B-D-glucopyranosyl]-12-O-acetyl-protopanaxadiol (44)
3-0-(3"-0O-Allyl-4°”,6’-O-benzylidene-p-D-glucopyranosyl)-20-O-[2°*,3”,4”-tri-O-
benzoyl-a-L-arabinopyranosyl-(1—6)-2,3°,4’-tri-O-benzoyl-p-D-glucopyranosyl]-12-
O-acetyl-protopanaxadiol (45)
3-0-[277,377,47”,6””-Tetra-O-benzoyl-B-D-glucopyranosyl-(1—2)-3""-O-allyl-4,
6’-0O-benzylidene-B-D-glucopyranosyl]-20-O-[2”*,3”,4”-tri-O-benzoyl-a-L-arabinop
yranosyl-(1—6)-2’,3”,4’-tri-O-benzoyl-B-D-glucopyranosyl]-12-O-acetyl-protopanaxa
diol (47)

Ginsenoside Rb2 (6)

Comparison of the BC NMR data of the synthetic ginsenosides 1-6 with those

reported for the natural products

'H and C NMR Spectra
Compound Solvent
'H and °C NMR of 8 CDCl;
'H and >C NMR of 9 CDCl;
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'H and °C NMR of 10
'H and C NMR of 11
'H and "°C NMR of 12
'H and >C NMR of 13
'H and *C NMR of 14
'H and C NMR of 15
'H and *C NMR of 16
'H and "*C NMR of the major isomer of 19
"H and "*C NMR of the minor isomer of 19
'H and C NMR of 20a
'H and *C NMR of 21PB
'H and "°C NMR of 22
'H and ">C NMR of 23
'H and °C NMR of 24a
'H and "*C NMR of 24b
'H and °C NMR of 25a
'H and ">C NMR of 25b
'H and "*C NMR of 26
'H and C NMR of 27a
'H and *C NMR of 28
'H and "C NMR of 1
'H and "*C NMR of 29
'H and °C NMR of 2
'H and *C NMR of 30
'H and °C NMR of 3
'H and "*C NMR of 31
'H and "°C NMR of 4
'H and ">C NMR of 32
'H and "°C NMR of 33
'H and >C NMR of 5
'H and "*C NMR of 34
'H and C NMR of 35
'H and "°C NMR of 36
'H and C NMR of 37
'H and "°C NMR of 38
'H and C NMR of 39
'H and °C NMR of 40p
'H and °C NMR of 41
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'H and C NMR of 43a.
'H and C NMR of 44
'H and "*C NMR of 45
'H and C NMR of 47
'H and "*C NMR of 6

CDCl;
CDCls
CDCl;
CDCls
CsDsN
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Experimental Section

Protopanaxatriol (7) and protopanaxadiol

oHHOS

"BuOH, NaOEt, air
_——

90°C
HO

Total ginseng extract

, " OH
Protopanaxadiol Protopanaxatriol (7)

To a solution of the total extract of ginseng (60.0 g) in "BuOH (700 mL) was added

NaOEt (60 g, 0.9 mol) at rt. The resulting mixture was heated to 90 °C and stirred
vigorously, and to which air was bubbled. After stirring at the same temperature for 3
d, the reaction mixture was cooled down, and the solvent was removed under reduced
pressure. The residue was dissolved in EtOAc. The resulting solution was washed
with water and brine, respectively, and was then dried over Na,SO,4. The solvent was
removed under reduced pressure and the crude product was purified by silica gel
column chromatography (CH,Cl,/MeOH, 30:1 to 25:1) to afford 7 (8.0 g) and

protopanaxadiol (2.0 g) as white solids.>"!

3,6,12-Tri-O-acetyl-protopanaxatriol (8)

Ac,0, pyridine, rt, 87%
LY AcO ., ol
" OH " OAc

HO

To a solution of protopanaxatriol 7 (500 mg, 1.05 mmol) in dry pyridine (3 mL) was
added Ac,0 (3 mL) dropwise at 0 °C under Ar atmosphere. The resulting mixture was
stirred at room temperature for 30 min. The solvent was removed under reduced
pressure. The residue was purified by silica gel column chromatography (petroleum
ether/EtOAc, 6:1) to give compound 8 (550 mg, 87%) as a white solid: [a]*p = 22.3
(c 1.0, CHCl;); 'TH NMR (300 MHz, CDCl3) & 5.38-5.30 (m, 1 H), 5.16 (m, 1 H), 4.74
(m, 1 H), 4.50 (dd, J =4.8, 11.4 Hz, 1 H), 2.04 (s, 9 H), 1.71 (s, 3 H), 1.64 (s, 3 H),
1.15 (s, 3 H), 1.13 (s, 3 H), 1.02 (s, 3 H), 1.00 (s, 3 H), 0.97 (s, 3 H), 0.81 (s, 3 H); "°C
NMR (100 MHz, CDCls) 6 170.7, 170.0, 169.5, 131.2, 125.0, 79.9, 75.9, 73.5, 70.1,
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58.5, 52.8, 52.3, 49.1, 42.0, 44.3, 40.4, 39.1, 37.9, 37.6, 35.9, 31.2, 30.1, 27.9, 26.9,
25.6,23.0,22.1, 21.8,21.3, 21.1, 17.5, 17.0 (2 C), 16.7, 16.6; HRMS (MALDI) calcd
for C3sHs307Na [M+Na]" 625.4096, found 625.4075.

3,6-Di-O-acetyl-protopanaxatriol (9)

NaOMe, MeOH, rt, 98%
AcO

" OAc
Compound 8 (100 mg, 0.17 mmol) was treated with a solution of MeOH (10 mL)
containing a catalytic amount of NaOMe. The resulting mixture was stirred at room
temperature for 30 min, H' resin was then added to quench the reaction. The resin was
removed by filtration. The solvent was evaporated to give the crude product, which
was purified by silica gel column chromatography (petroleum ether/EtOAc, 2:1) to
provide 9 (91 mg, 98%) as a white solid: [a]*p = 40.5 (¢ 1.0, CHClz); 'H NMR (400
MHz, CDCls) 6 5.31-5.24 (m, 1 H), 5.09 (t, J=5.1 Hz, 1 H), 4.40 (dd, J=3.9, 8.7 Hz,
1 H), 4.19 (bs, 2 H), 3.54-3.48 (m, 1 H), 1.98 (s, 3 H), 1.97 (s, 3 H), 1.66 (s, 3 H),
1.60 (s, 3 H), 1.19 (s, 3 H), 1.11 (s, 3 H), 0.96 (s, 3 H), 0.94 (s, 3 H), 0.85 (s, 3 H),
0.83 (s, 3 H); °C NMR (100 MHz, CDCl3) & 170.9, 170.1, 131.6, 124.8, 80.2, 74.1,
70.5, 70.3, 58.6, 53.4, 51.3, 49.3, 47.2, 42.3, 40.6, 39.2, 38.2, 37.6, 34.4, 30.8, 30.2,
29.6, 26.7, 26.3, 25.6, 23.1, 22.2, 21.9, 21.2, 17.6, 17.0, 16.8, 16.7, 16.6; HRMS
(MALDI) caled for C34Hs¢0sNa [M+Na]" 583.3969, found 583.3961.

12-O-Pivaloyl-protopanaxatriol (10)

To a solution of 7 (200 mg, 0.42 mmol) in dry CH,Cl, (4 mL) was added Et;N (292
pulL, 2.10 mmol) and PivCl (129 uL, 1.05 mmol) successively at 0 °C under an
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atmosphere of Ar. The mixture was stirred at room temperature for 2 h. Water was
added to quench the reaction. The mixture was diluted with ethyl acetate (300 mL),
and was then washed with water and brine, respectively. The organic phase was dried
over Na,SO4 and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (petroleum ether/EtOAc, 3:1) to provide 10 (187
mg, 89%) as a white solid: [a]*p = 11.2 (¢ 4.5, CHCl;); "H NMR (300 MHz, CDCl;)
0 5.06 (m, 1 H), 4.76-4.70 (m, 1 H), 4.05-4.00 (m, 1 H), 3.12 (dd, J =4.5, 8.1 Hz, 1
H), 2.14-1.81 (m, 8 H), 1.64 (s, 3 H), 1.55 (s, 3 H), 1.25 (s, 3 H), 1.14 (s, 9 H), 1.05 (s,
3 H), 1.03 (s, 3 H), 0.92 (s, 3 H), 0.91 (s, 3 H), 0.83 (s, 3 H); °C NMR (75 MHz,
CDCl) 6 177.5,131.1, 124.9, 78.2, 76.4, 73.2, 68.2, 60.8, 53.3, 52.5, 49.0, 46.5, 43.8,
40.6, 39.1, 39.0, 38.9, 38.4, 35.7, 30.8, 30.7, 27.4, 27.0, 26.7, 25.8, 25.7, 22.1, 17.6,
17.1 (2 C), 17.0, 15.4; HRMS (MALDI) calcd for C3sHgOsNa [M+Na]™ 583.4330,
found 583.4346.

3-O-tert-Butyldimethysilyl-12-O-pivaloyl-protopanaxatriol (11)

TBSCI, imidazole,
DMF, rt, 68%

To a solution of triol 10 (300 mg, 0.54 mmol) and imidazole (74 mg, 1.08 mmol) in
dry DMF (2 mL) was added TBSCI (162 mg, 1.08 mmol) at room temperature under
Ar. After being stirred at the same temperature for 24 h, the mixture was diluted with
ethyl acetate (300 mL). The organic phase was washed with water and brine,
respectively, and was then dried over Na,SO, and concentration. The residue was
purified by silica gel column chromatography (petroleum ether/EtOAc, 10:1) to afford
11 (245 mg, 68%) as a white solid: [0]*p = 18.2 (¢ 0.9, CHCl;); '"H NMR (300 MHz,
CDCls) 6 5.10 (m, 1 H), 4.77 (m, 1 H), 4.07 (m, 1 H), 3.15 (dd, J=5.4,9.9 Hz, 1 H),
2.18-1.84 (m, 7 H), 1.68 (s, 3 H), 1.59 (s, 3 H), 1.19 (s, 3 H), 1.17 (s, 9 H), 1.09 (s, 3
H), 1.06 (s, 3 H), 0.95 (s, 3 H), 0.91 (s, 3 H), 0.89 (s, 3 H), 0.86 (s, 9 H), 0.00 (s, 6 H);
BC NMR (75 MHz, CDCls) & 177.4, 131.1, 125.0, 79.0, 76.5, 73.2, 68.5, 61.1, 53.4,
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52.6, 49.2, 46.6, 43.9, 40.6, 39.8, 39.1, 38.8, 38.5, 35.7, 30.9, 27.5, 27.2, 27.1, 26.8,
25.9,25.7,25.6, 22.2, 18.0, 17.6, 17.2, 17.1 (2 C), 15.9, -3.7, -5.0; HRMS (MALDI)
caled for C4H7405SiNa [M+Na]™ 697.5198, found 697.5220.

12-O-Allyl-protopanaxatriol (12)

AlIBr (1.2 eq), NaH (3 eq), rt, 84%

HO HO

To a mixture of 7 (50 mg, 0.1 mmol) and 60% NaH (12 mg, 0.3 mmol) in dry DMF (6
mL) was added AlIBr (10 uL, 0.12 mmol) at 0 °C under Ar atmosphere. The ice bath
was removed and the mixture was stirred at room temperature for 10 min. Saturated
aqueous NH4Cl was added to quench the reaction, and the resulting mixture was
extracted with ethyl acetate (100 mLx3). The organic layers were combined, washed
with water and brine, respectively, and dried over Na,;SO4. The solvent was removed
under vacuum to give a residue, which was purified by silica gel column
chromatography (petroleum ether/EtOAc, 2:1) to afford compound 12 (40 mg, 84%)
as a white solid: [o]*p = 19.7 (c 5.8, CHCl;); '"H NMR (300 MHz, CDCl3) &
5.82-5.71 (m, 1 H), 5.17-5.00 (m, 1 H), 4.05-3.95 (m, 2 H), 3.78 (dd, J= 6.0, 12.0 Hz,
1 H), 3.23 (m, 1 H), 3.05-3.02 (m, 1 H), 1.55 (s, 3 H), 1.48 (s, 3 H), 1.18 (s, 3 H), 0.97
(s, 3 H), 0.93 (s, 3 H), 0.85 (s, 3 H), 0.80 (s, 3 H), 0.78 (s, 3 H); °C NMR (75 MHz,
CDCl) & 133.5, 130.8, 125.3, 117.9, 79.2, 78.2, 72.3, 68.8, 68.1, 60.8, 53.7, 51.5,
49.2, 46.6, 45.5, 40.7, 39.1, 39.0, 38.6, 35.5, 30.8, 30.7, 26.7, 26.6, 26.4, 25.8, 25.6,
22.1, 17.5, 17.0, 16.8, 15.4; HRMS (MALDI) caled for Cs3;HssOsNa [M+Na]"
539.4071, found 539.4072.

3,6-Di-O-acetyl-12-O-allyl-protopanaxatriol (13)
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Ac,0, pyridine, rt, 84%

HO AcO ~, M 13

“ oM “ OAc
To a solution of 12 (50 mg, 0.1 mmol) in dry pyridine (0.5 mL) was added Ac,O (0.5

mL) dropwise at 0 °C under Ar atmosphere. The mixture was stirred at room
temperature for 30 min, and the solvent was then removed under vaccum. The residue
was purified by silica gel column chromatography (petroleum ether/EtOAc, 6:1) to
give 13 (53 mg, 84%) as a white solid: [0]*’p = 27.0 (¢ 1.2, CHCl3); '"H NMR (300
MHz, CDCl3) 6 5.91-5.78 (m, 1 H), 5.33-5.08 (m, 5 H), 4.43 (dd, J= 5.1, 11.1 Hz, 1
H), 4.15 (dd, J=5.7,12.0 Hz, 1 H), 3.85 (dd, J=6.0, 12.0 Hz, 1 H), 3.37 (td, J = 4.8,
10.2 Hz, 1 H), 2.00 (s, 3 H), 1.98 (s, 3 H), 1.63 (s, 3 H), 1.55 (s, 3 H), 1.06 (s, 3 H),
1.04 (s, 3 H), 0.97 (s, 3 H), 0.96 (s, 3 H), 0.86 (s, 3 H), 0.85 (s, 3 H); °C NMR (75
MHz, CDCl3) 6 170.8, 170.0, 133.4, 130.8, 125.3, 118.0, 79.9, 79.1, 72.2, 70.2, 68.9,
58.5, 53.7, 51.5, 49.1, 45.5, 42.1, 40.5, 39.2, 38.1, 37.5, 35.5, 30.8, 30.1, 26.6, 26.4,
25.8, 25.6, 23.0, 22.1, 21.8, 21.1, 17.5, 17.0, 16.8, 16.6; HRMS (MALDI) calcd for
C37HgOsNa [M+Na]" 623.4282, found 623.4271.

3-O-tert-Butyldimethylsilyl-12-O-allyl-protopanaxatriol (14)

A similar procedure as that used for 10—11 was applied. Thus, treatment of 12 (853
mg, 1.65 mmol) with TBSCI (274 mg, 1.8 mmol) and imidazole (122 mg, 1.8 mmol)
in DMF (5 mL) at rt followed by purification on silica gel (petroleum ether/EtOAc,
9:1) led to 14 (969 mg, 93%) as a white solid: [a]*b = 16.4 (c 1.5, CHCl;); '"H NMR
(300 MHz, CDCls) 6 5.91-5.80 (m, 1 H), 5.27-5.10 (m, 4 H), 4.17-4.02 (m, 2 H), 3.86
(dd, J=6.0,11.7 Hz, 1 H), 3.33 (m, 1 H), 3.13 (m, 1 H), 2.16 (m, 1 H), 2.01 (m, 3 H),
1.83 (m, 2 H), 1.65 (s, 3 H), 1.58 (s, 3 H), 1.20 (s, 3 H), 1.07 (s, 3 H), 1.02 (s, 3 H),
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0.91 (s, 3 H), 0.89 (s, 3 H), 0.86 (s, 9 H), 0.00 (s, 6 H); '*C NMR (75 MHz, CDCl;) &
133.5, 130.9, 125.4, 118.0, 79.4, 79.0, 72.3, 68.9, 68.4, 61.0, 53.8, 51.6, 49.3, 46.7,
45.6, 40.8, 39.8, 38.9, 38.7, 35.6, 31.0, 30.8, 27.3, 26.7, 26.4, 25.9, 25.8, 25.7, 22.1,
18.0, 17.6, 17.2, 17.1, 16.8, 15.9, -3.7, -5.0; HRMS (MALDI) caled for C3oH7004SiNa
[M+Na]" 653.4936, found 653.4956.

3-O-tert-Butyldimethylsilyl-6-O-acetyl-12-O-allyl-protopanaxatriol (15)

Ac,0, pyridine, rt, 86%

“ OH

A similar procedure as that used for 12—13 was applied to convert 14 to 15. Thus
treatment of 14 (965 mg, 1.5 mmol) with Ac,O (2 mL) in dry pyridine (2 mL) and
purification on silica gel (petrolium ether/EtOAc, 9:1) gave 15 (885 mg, 86%) as a
white solid: [0]*’p = 29.6 (¢ 2.9, CHCl3); "H NMR (300 MHz, CDCl;) & 5.90-5.78 (m,
1 H), 5.24-5.08 (m, 5 H), 4.15 (dd, J=5.4, 11.7 Hz, 1 H), 3.83 (dd, J=5.7, 12.0 Hz, 1
H), 3.32 (m, 1 H), 3.14 (dd, J = 4.5, 10.5 Hz, 1 H), 2.15 (m, 1 H), 2.04 (s, 3 H), 1.62
(s, 3 H), 1.55 (s, 3 H), 1.05 (s, 3 H), 1.03 (s, 6 H), 0.93 (s, 3 H), 0.84 (s, 3 H), 0.74 (s,
3 H), 0.02 (s, 6 H); ?C NMR (75 MHz, CDCl3) § 169.9, 133.4, 130.7, 125.3, 118.0,
79.1, 78.6, 72.3, 70.5, 68.8, 58.5, 53.7, 51.5, 49.2, 45.5, 42.2, 40.5, 39.2, 39.1, 38.4,
35.5, 30.7, 30.5, 27.1, 26.6, 26.3, 25.7, 25.6, 22.1, 21.8, 17.9, 17.5, 17.0, 16.7, 15.9,
3.8, -5.2; HRMS (MALDI) caled for C4H7,0sSiNa [M+Na]™ 695.5041, found
695.5001.

3-O-tert-Butyldimethylsilyl-6-O-chloroacetyl-12-O-allyl-protopanaxatriol (S1)

To a solution of 14 (350 mg, 0.55 mmol), DMAP (7 mg, 0.055 mmol), and DIPEA
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(144 uL, 0.82 mmol) in dry THF (12 mL) was added CICH,COCI (64 uL, 0.62 mmol)
slowly at 0 °C under Ar atmosphere. The ice bath was removed and the mixture was
stirred at room temperature for 1 h. Ethanol was added at 0 °C to quench the reaction.
The mixture was diluted with ethyl acetate, and was then washed with water and brine,
respectively. The organic phase was dried with anhydrous Na,SO4 and concentrated.
The residue was purified by silica gel column chromatography (petroleum
ether/EtOAc, 8:1) to provide S1 (351 mg, 90%) as a white solid: [a]*b = 24.6 (C 0.9,
CHCLs); 'H NMR (400 MHz, CDCls) § 5.92-5.82 (m, 1 H), 5.41-5.37 (m, 1 H),
5.27-5.09 (m, 4 H), 4.16 (dd, J = 5.2, 11.6 Hz, 1 H), 4.00 (s, 2 H), 3.86 (dd, J = 6.0,
11.6 Hz, 1 H), 3.36-3.32 (dd, J = 5.2, 9.6 Hz, 1 H), 3.17 (dd, J = 4.8, 11.2 Hz, 1 H),
1.69 (s, 3 H), 1.58 (s, 3 H), 1.09 (s, 3 H), 1.07 (s, 3 H), 1.05 (s, 3 H), 0.97 (s, 3 H),
0.88 (s, 3 H), 0.86 (s, 9 H), 0.78 (s, 3 H); *C NMR (100 MHz, CDCl3) § 166.4, 133.6,
130.9, 125.5, 118.1, 79.3, 78.7, 73.5, 72.4, 69.0, 58.6, 53.9, 51.7, 49.4, 45.8, 42.2,
41.5, 40.8, 39.5, 38.7, 35.7, 30.9, 30.8, 27.2, 26.8, 26.5, 26.0, 25.9, 25.8, 22.3, 18.1,
17.6, 17.2, 17.0, 16.9, 16.2; HRMS (MALDI) calcd for C4;H705SiCINa [M+Na]"
729.4652, found 729.4644.

ORTEP drawing of the protopanaxatriol and diol derivatives S1 and S205%

AcO

$1 s12

6-O-Acetyl-12-O-allyl-protopanaxatriol (16)
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To compound 15 (500 mg, 0.74 mmol) in MeOH (4 mL) was added CSA (345 mg,
1.48 mmol). The mixture was stirred at room temperature for 15 h; TLC showed that
the starting material was consumed completely. Evaporation of the solvent under
reduced pressure gave a residue, which was purified by silica gel column
chromatography (petroleum ether/EtOAc, 4:1) to provide 16 (364 mg, 95%) as a
white solid: [a]*p = 24.0 (¢ 9.8, CHClL;); '"H NMR (300 MHz, CDCl5) & 5.90-5.77 (m,
1 H), 5.32-5.07 (m, 5 H), 4.14 (dd, J=5.4, 11.7 Hz, 1 H), 3.84 (dd, J=6.0, 12.0 Hz, 1
H), 3.33-3.28 (m, 1 H), 3.14 (dd, J=5.1, 11.1 Hz, 1 H), 2.16 (m, 1 H), 1.98 (s, 3 H),
1.62 (s, 3 H), 1.54 (s, 3 H), 1.14 (s, 3 H), 1.05 (s, 3 H), 1.03 (s, 3 H), 0.92 (s, 3 H),
0.84 (s, 3 H), 0.77 (s, 3 H); >C NMR (75 MHz, CDCl3) & 170.0, 133.4, 130.7, 125.3,
117.9, 79.1, 77.7, 72.3, 70.4, 68.8, 58.4, 53.7, 51.5, 49.2, 45.5, 42.2, 40.5, 39.3, 38.6,
38.5, 35.5, 30.7, 30.2, 26.7, 26.6, 26.3, 25.7, 25.6, 22.0, 21.8, 17.5, 16.9, 16.7 (2 C),
15.5; HRMS (MALDI) caled for C3sHsgOsNa [M+Na]" 581.4176, found 581.4183.

2,3,4,6-Tetra-O-benzoyl-D-glucopyranosyl ortho-cyclopropylethynylbenzoate (20)

OH
(0]
OBz
OBz _
o = BzO Q o
BzO OH _ BzO

OBz EDCI, DIPEA, DMAP,
CH.Cly, rt, 97%

To a solution of 2,3,4,6-tetra-O-benzoyl-D-glucopyranose™ (2.16 g, 3.6 mmol),
ortho-cyclopropylethynylbenzoic acid (970 mg, 4.8 mmol),"*” and DMAP (488 mg,
4.8 mmol) in dry dichloromethane (5 mL), was added EDCI (955 mg, 5.1 mmol) and
DIPEA (1.3 mL, 7.2 mmol) successively. The mixture was stirred at room temperature
for 3 h, and was then diluted with ethyl acetate (300 mL). The mixture was washed
with water and saturated brine, respectively, and was then dried over Na,SO,.

Evaporation of the solvent under reduced pressure gave a residue, which was purified
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by silica gel column chromatograph (petroleum ether/EtOAc/CH,Cl,, 9:1:1) to
provide 20 (2.82 g, 97%) as a white foam. The a isomer: [0]*’p = 105.9 (¢ 5.5, CHCl3);
'H NMR (300 MHz, CDCls) & 8.07 (d, J = 7.5 Hz, 2 H), 7.92-7.87 (m, 6 H), 7.44-7.28
(m, 17 H), 6.94 (d, J=3.3 Hz, 1 H), 6.38 (dd, J=9.6, 9.9 Hz, 1 H), 5.94 (dd, J =9.9,
10.2 Hz, 1 H), 5.76 (dd, J = 3.3, 9.9 Hz, 1 H), 4.80-4.66 (m, 2 H), 4.54 (dd, J = 3.3,
6.0 Hz, 1 H), 1.56 (m, 1 H), 0.84 (d, J = 6.6 Hz, 4 H); *C NMR (75 MHz, CDCl;) &
166.0, 165.7, 165.2, 165.0, 163.8, 134.6, 133.4 (2 C), 133.2, 133.0, 132.3, 130.6,
130.0, 129.8, 129.7, 129.6 (2 C), 129.4, 128.7, 128.6, 128.4, 128.3, 128.2, 127.2,
125.2, 100.3, 90.0, 74.4, 70.6, 70.4 (3 C), 68.7, 62.3, 9.02, 9.00, 0.62; HRMS
(MALDI) calcd for C46H360;;Na [M+Na]" 787.2137, found 787.2150.

2,3,4-Tri-O-benzoyl-6-O-tert-butyldiphenylsilyl-D-glucopyranosyl
ortho-cyclopropylethynylbenzoate (21)

OTBDPS > = Z > OTBDPS
BzO Q0 o

BzO BzO

BzO
EDCI, DIPEA, DMAP,
CH,Cly, rt, 98%

A similar procedure as that used for the synthesis of 20 was applied. Thus, treatment
of 2,3,4-tri-O-benzoyl-6-O-tert-butyldiphenylsilyl-D-glucopyranose!™ (3.0 g, 4.1
mmol), ortho-cyclopropylethynylbenzoic acid (1.52 g, 8.2 mmol), DIPEA (1.44 mL,
8.2 mmol), and DMAP (1 g, 8.2 mmol) in dry dichloromethane (24 mL) with EDCI
(1.57 g, 8.2 mmol) followed by silica gel column chromatography (petroleum
ether/EtOAc, 12:1) afforded 21 (3.6 g, 98%) as a white foam. The B isomer: [a]*p =
43.8 (¢ 4.9, CHCI3); '"H NMR (300 MHz, CDCl5) § 8.01-7.86 (m, 6 H), 7.69-7.11 (m,
23 H), 6.32 (d, J = 7.8 Hz, 1 H), 5.97-5.79 (m, 3 H), 4.08 (m, 1 H), 3.93 (m, 2 H),
1.50 (m, 1 H), 1.04 (s, 9 H), 0.87 (m, 4 H); °C NMR (75 MHz, CDCl;) & 165.7,
165.0, 164.8, 163.3, 135.6, 135.5, 134.3, 133.3, 133.2, 133.1, 132.9, 132.8, 1324,
130.9, 129.7, 129.5, 129.4, 129.0, 128.8, 128.3 (2 C), 128.2, 127.6, 127.5, 127.0,
125.7,100.4, 92.4, 75.6, 74.2, 73.3, 71.0, 68.5, 62.2, 26.6, 19.1, 8.9 (2 C), 0.6; HRMS
(MALDI) caled for CssHso010SiNa [M+Na]™ 921.3066, found 921.3032.
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20-0-(2°,3°,4’°,6’-Tetra-O-benzoyl-p-D-glucopyranosyl)-3,6-di-O-acetyl-12-O-allyl

-protopanaxatriol (22)

AcO Ph3PAuNTf2, 4A MS, CH2C|2, It, 80%

To a flask, donor 20 (160 mg, 0.2 mmol), acceptor 13 (60 mg, 0.1 mmol),
PPh;AuNTf, (12 mg, 0.02 mmol), and activated 4A MS were added. The flask was
evacuated and refilled with Ar, and this process was repeated for three times. Dry
CH,Cl; was added, and the resulting mixture was stirred at room temperature for 30
min. Filtration followed by evaporation led to a residue, which was purified by silica
gel column chromatography (petroleum ether/EtOAc, 8:1) to provide glycoside 22 (93
mg, 80%) as a white solid: [a]*’p = 26.4 (¢ 3.6, CHCl;); "H NMR (300 MHz, CDCl;)
0 8.03 (d,J="7.5Hz, 2 H), 7.95-7.89 (m, 4 H), 7.85 (d, J=7.5 Hz, 2 H), 7.57-7.25 (m,
12 H), 5.92 (t, J=9.6 Hz, 1 H), 5.82-5.76 (m, 1 H), 5.64 (t,J =9.9 Hz, 1 H), 5.55 (dd,
J=28.1,9.6 Hz, 1 H), 5.30 (m, 1 H), 5.18-5.05 (m, 3 H), 4.96 (m, 1 H), 4.56 (m, 1 H),
445 (dd,J=4.2,12.0 Hz, 2 H), 4.13 (m, 1 H), 3.98 (dd, J = 5.4, 12.0 Hz, 1 H), 3.74
(dd, J=5.7,12.0 Hz, 1 H), 3.13 (m, 1 H), 2.05 (s, 3 H), 2.02 (s, 3 H), 1.56 (s, 6 H),
1.18 (s, 3 H), 1.00 (s, 3 H), 0.92 (s, 3 H), 0.89 (s, 6 H), 0.74 (s, 3 H); °C NMR (75
MHz, CDCls) & 170.9, 170.0, 166.1, 165.8, 165.2, 165.0, 135.3, 133.3, 133.1, 133.0,
130.6, 129.7 (2 C), 129.5, 129.4, 128.8 (2 C), 128.3, 128.2 (2 C), 125.0, 116.2, 95.4,
84.2, 80.1, 78.7, 73.4, 72.1, 71.7, 70.4, 70.0, 69.2, 63.6, 58.5, 51.7, 49.0, 47.6, 46.9,
42.0, 40.3, 39.1, 39.0, 38.0, 37.6, 30.5, 30.2, 27.6, 25.9, 25.6, 23.0, 22.6, 21.9, 21.2,
20.4, 17.8 (2 C), 16.9, 16.7, 16.6; HRMS (MALDI) calcd for C7;HgsO;sNa [M+Na]"
1201.5859, found 1201.5824.

20-0-(2°,3’,4’-Tri-O-benzoyl-6’-O-tert-butyldiphenylsilyl-B-D-glucopyranosyl)-3,6

-di-O-acetyl-12-O-allyl-protopanaxatriol (23)
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OTBDPS BzO OTBDPS
o
Bzoﬁfo BZO]\—iL_ o
BzO BzO ol

oBz o |
21

AcO PhsPAUNTf,, 4A MS, CH,Cl,, 1t, 88%

AcO I
” OAc

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 13 (58 mg, 0.096 mmol) and 21 (130 mg, 0.145 mmol) with PPh;AuNTf; (11 mg,
0.015 mmol) in dry CH,Cl, (1 mL) in the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 12:1) led
to 23 (112 mg, 88%) as a white solid: [a]*p = 11.3 (¢ 0.8, CHCls); '"H NMR (300
MHz, CDCl3) 6 7.95 (d, J = 7.2 Hz, 2 H), 7.84 (d, J = 7.2 Hz, 4 H), 7.65-7.16 (m, 19
H), 5.85-5.76 (m, 2 H), 5.60 (t, J =9.0 Hz, 1 H), 5.50 (dd, J=7.8, 9.6 Hz, 1 H), 5.31
(m, 1 H), 5.16-5.02 (m, 4 H), 4.46 (dd, J = 4.5, 10.5 Hz, 1 H), 3.96 (dd, J =5.7, 12.3
Hz, 1 H), 3.84-3.70 (m, 4 H), 3.14 (m, 1 H), 2.04 (s, 3 H), 2.02 (s, 3 H), 1.59 (s, 6 H),
1.25 (s, 3 H), 1.01 (s, 12 H), 0.96 (s, 3 H), 0.90 (s, 3 H), 0.89 (s, 3 H), 0.78 (s, 3 H);
C NMR (75 MHz, CDCl;) § 170.9, 169.9, 165.9, 165.0 (2 C), 135.5, 135.4 (2 C),
133.0, 132.9, 132.8 (2 C), 130.4, 129.7 (2 C), 129.4, 129.2, 129.1, 128.2, 128.1, 127.5,
125.2, 116.0, 95.4, 83.6, 80.2, 78.9, 74.8, 73.8, 72.4, 70.4, 69.6, 69.4, 63.0, 58.6, 51.8,
49.2, 47.5, 46.6, 42.2, 40.3, 39.5, 39.1, 38.1, 37.6, 30.9, 30.2, 27.7, 26.5, 26.0, 25.6,
23.1, 21.9, 21.2, 21.1, 19.0, 18.0, 17.8, 16.9, 16.8, 16.6; HRMS (MALDI) calcd for
CgoH 1090 14sNa [M+Na]" 1335.6775, found 1335.6754.

3,6,12-Tri-O-acetyl-dammar-20(21),24-diene and
3,60,12-tri-O-acetyl-dammar-20(22),24-diene (24a)

’ (E)Ac

To a suspension of the trifluoroacetimidate donor 17 (96 mg, 0.13 mmol), acceptor 8

(50 mg, 0.083 mmol), and activated 4A MS in dry CH,Cl, was added TMSOTT (0.083



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

mL, 0.0083 mmol, 0.1 M) at room temperature. The resulting mixture was stirred at
the same temperature for 30 min. Filtration followed by evaporation led to a residue,
which was purified by silica gel column chromatography (petroleum ether/EtOAc,
30:1) to provide 24a (44 mg, 91%; an inseparable mixture of the A***' and A***
isomers) as a colorless oil: '"H NMR (400 MHz, CDCl;) & 5.35 (td, J =4.2, 10.6 Hz, 1
H), 5.15 (t, J=6.9 Hz, 0.3 H), 5.04 (t, J = 7.0 Hz, 1.4 H), 4.93-4.86 (m, 1 H), 4.72 (s,
0.3 H), 4.62 (s, 0.3 H), 4.44 (dd, J=4.4, 11.5 Hz, 1 H), 2.67-2.43 (m, 2.3 H), 2.02 (d,
J=12Hz 6 H), 1.81 (s, 3 H), 1.64 (s, 3 H), 1.58 (s, 3 H), 1.53 (s, 3 H), 1.14 (s, 3 H),
1.00 (s, 3 H), 0.98 (s, 3 H), 0.89 (s, 3 H); °C NMR (75 MHz, CDCl;) & 170.8, 170.5,
170.1, 152.1, 136.9, 131.4, 131.0, 124.4, 123.2, 123.2, 108.0, 79.9, 73.8, 70.2, 58.4,
50.9, 50.7, 49.6, 49.1, 47.4, 46.3, 42.3, 40.7, 39.2, 38.2, 37.6, 31.9, 30.2, 29.3, 28.3,
28.0, 27.1, 26.6, 25.6, 23.1, 21.9, 21.2, 21.0, 20.9, 17.6, 17.1, 17.1, 16.7, 16.6, 16.4,
12.2; HRMS (MALDI) caled for C3sHssOsNa [M+Na]" 607.3996, found 607.3969.

3,6-Di-O-acetyl-12-O-allyl-dammar-20(21),24-diene and
3,6-di-O-acetyl-12-O-allyl-dammar-20(22),24-diene (24b)

AcO

i (=)Ac

Compound 24b (30 mg, 74%; an inseparable mixture of the A***' and A**** isomers),
a colorless oil, was isolated upon treatment of 17 and 13 in the presence of TMSOTT:
'H NMR (300 MHz, CDCl3) & 5.86-5.73 (m, 1 H), 5.38-5.30 (m, 1 H), 5.21-5.05 (m,
3 H), 4.80 (s, 0.4 H), 4.65 (s, 0.4 H), 4.48 (dd, J=5.4, 11.1 Hz, 1 H), 3.98-3.82 (m, 2
H), 3.21 (m, 1 H), 2.68 (t, J = 6.9 Hz, 1 H), 2.54-2.45 (m, 1 H), 2.06 (s, 3 H), 2.04 (s,
3 H), 2.68-0.89 (m, 39 H); °C NMR (100 MHz, CDCls) § 171.2, 170.4, 153.8, 138.3,
135.7, 131.4, 131.1, 125.0, 123.9, 122.7, 116.2, 116.0, 107.4, 80.5, 80.2, 80.1, 71.3,
71.0, 70.8, 60.6, 59.0, 50.1, 50.0, 48.7, 48.0, 42.8, 41.1, 39.6, 38.6, 38.0, 30.6, 28.9,
28.7, 27.3, 26.6, 259, 22.2, 21.3, 17.0, 14.4, 12.9; HRMS (MALDI) calcd for
C37Hss0sNa [M+Na]™ 605.4187, found 605.4177.
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p-Tolylsulfenyl 2,3,4,6-tetra-O-benzoyl-f-D-glucopyranoside (19)
OBz OBz o)

_ _ O, 0,
BzO o) S mCPBA, CH,Cl,, -78 to -20°C, 73% BzO o) ISI
BzO BzO
OBz OBz
19

To a solution of p-tolyl 2,3,4,6-tetra-O-benzoyl- 1-thio-B-D-glucopyranoside®® (1.43 g,
2.03 mmol) in dry dichloromethane (25 mL) was added m-chloroperoxybenzoic acid
(550 mg, 3.20 mmol) at -78°C. The mixture was warmed gradually to -20'C, and was
stirred at this temperature for 3h. After addition of Na,S,0; to quench the reaction, the
mixture was diluted with EtOAc (300 mL), and was then washed with water and brine,
respectively. The organic phase was dried over Na,SO4 and condensation under
reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc, 3:1) to provide 19 (1.06 g, 73%; a difficult-to-separate 4:5
mixture of the diastereoisomers) as a white solid. The major isomer: [a]*p = -10.2 (c
1.6, CHCls); '"H NMR (300 MHz, CDCl3) § 7.98 (d, J = 7.5 Hz, 2 H), 7.88-7.79 (m, 6
H), 7.62-7.22 (m, 14 H), 7.10 (d, J = 7.8 Hz, 2 H), 6.00 (t, J=9.3 Hz, 1 H), 5.71 (t, J
=9.6 Hz, 1 H),5.61 (t, J=9.6 Hz, 1 H),4.94 (d,J=9.9 Hz, 1 H), 4.74 (m, 1 H), 4.44
(dd, J=4.2,12.3 Hz, 1 H), 4.26 (m, 1 H), 2.13 (s, 3 H); °C NMR (75 MHz, CDCl3) &
165.7, 165.5, 164.8, 164.7, 142.1, 134.6, 133.4, 133.3, 133.2, 133.0, 129.7, 129.6,
129.4, 129.3, 128.4, 128.3, 128.2 (2 C), 125.7, 92.6, 73.7, 68.3, 67.6, 62.1, 21.2;
HRMS (MALDI) caled for C4H34010SNa [M+Na]™ 741.1777, found 741.1765. The
minor isomer: [a]*p = 13.1 (¢ 6.2, CHCL;); 'H NMR (300 MHz, CDCl;) & 7.99-7.77
(m, 10 H), 7.60 (t, J = 7.2 Hz, 1 H), 7.50-7.21 (m, 11 H), 7.17 (d, J = 8.1 Hz, 2 H),
598 (t,J=9.6 Hz, 1 H), 5.79 (t, J=9.6 Hz, 1 H), 5.56 (t, J=9.6 Hz, 1 H), 4.94 (d, J
=99 Hz, 1 H),4.73 (d,J =12.0 Hz, 1 H), 439 (m, 1 H), 4.25 (d, J=9.3 Hz, 1 H),
2.26 (s, 3 H); >C NMR (75 MHz, CDCI3) § 165.6, 165.5, 164.9, 164.8, 145.6, 133.5,
133.3, 133.2, 133.1, 131.3, 130.4, 129.8, 129.7, 129.6, 129.4, 129.2, 128.8, 128.3,
128.2 (2 C), 89.0, 76.5, 73.6, 68.1, 67.6, 61.8, 21.5.

Dammarane derivative 25a



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

STol

25a

. (é)Ac
To a suspension of 19 (120 mg, 0.166 mmol), 8 (48 mg, 0.08 mmol), DTBMP (21 mg,

0.10 mmol), and activated 4A MS in dry dichloromethane (1 mL) was added TH0 (15
uL, 0.091 mmol) at -78 "C. The mixture was stirred and the temperature was warmed
gradually to room temperature in 2h. After addition of triethylamine for neutralization,
insoluble materials were removed by filtration (Celite) and washed with CH,Cl,.
Evaporation of the solvent led to a residue, which was purified by silica gel column
chromatography (petroleum ether/EtOAc, 12:1) to provide 25a (28 mg, 47%) as a
colorless oil: [a]*p = 26.0 (c 2.2, CHCl;); '"H NMR (300 MHz, CDCl;) & 7.43 (m, 2
H), 7.13 (d, J = 6.6 Hz, 2 H), 5.35 (m, 1 H), 4.83 (m, 1 H), 4.48 (m, 1 H), 3.71 (m, 1
H), 2.36 (s, 3 H), 2.05 (s, 6 H), 2.01 (s, 3 H), 1.16 (s, 6 H), 1.12 (s, 3 H), 1.02 (s, 3 H),
0.98 (s, 3 H), 0.94 (s, 3 H), 0.91 (s, 3 H); >C NMR (75 MHz, CDCI3) & 170.8, 170.5,
170.1, 138.6, 137.6, 129.1, 128.2, 85.4, 85.1, 83.8, 82.4, 80.0, 75.1, 70.3, 58.5, 52.1,
51.8, 51.1, 50.9, 49.8, 49.0, 45.8, 45.6, 42.1, 40.4, 39.5, 39.2, 38.0, 37.7, 30.8, 30.7,
30.3, 28.1, 27.9, 25.5, 25.4, 24.4, 24.2, 23.1, 22.5, 22.0, 21.8, 21.2 (2 C), 17.3, 17.0,
16.8; HRMS (MALDI) caled for C43Hs07,SNa [M+Na]" 747.4275, found 747.4265.

Dammarane derivative 25b

STol

AcO 250

’ éAc
Compound 25b (43 mg, 72%), a white solid, was isolated upon treatment of 19 and 13
in the presence of T,0 and DTBMP: [a]*p = 21.9 (¢ 1.2, CHCL); '"H NMR (300
MHz, CHCl3) 6 7.45 (m, 2 H), 7.13 (m, 2 H), 5.90 (m, 1 H), 5.33 (m, 1 H), 5.25-5.11
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(m, 2 H), 4.45 (m, 1 H), 4.05 (m, 1 H), 3.83 (m, 1 H), 3.71 (m, 1 H), 3.26 (m, 1 H),
2.35 (s, 3 H), 2.06 (s, 3 H), 2.04 (s, 3 H), 1.16 (s, 6 H), 1.10 (s, 3 H), 1.03 (s, 3 H),
1.00 (s, 3 H), 0.92 (s, 3 H), 0.88 (s, 3 H); °C NMR (75 MHz, CHCl;) & 171.0, 170.1,
138.5, 137.7, 137.6, 135.3, 135.3, 129.1, 128.4, 116.3, 86.4, 86.0, 83.5, 82.3, 80.2,
79.0, 70.4, 69.3, 58.6, 51.6, 51.4, 51.3, 51.2, 49.9, 49.2, 47.7, 47.4, 42.3, 40.6, 39.7,
39.6, 39.3, 38.2, 37.7, 30.8, 30.2, 28.1, 27.9, 27.5, 25.8, 25.5, 25.3, 24.3, 24.0, 23.1,
22.4,22.0,21.3,21.2,21.0, 17.4 (2 C), 17.0, 16.8, 16.7; HRMS (MALDI) calcd for
Ca4Hes0sSNa [M+Na]" 745.4484, found 745.44723.

20-0-(2°,3’,4’-Tri-O-benzoyl-p-D-glucopyranosyl)-3,6-di-O-acetyl-12-O-allyl-prot
opanaxatriol (26)

BzO OTBDPS BzO OH
BZO% BZO%
BzO O, = BzO O,z

OAll OAll

TBAF, AcOH, THF, rt, 70%

AcO AcO

“ bhc “ bhc
To a solution of 23 (170 mg, 0.13 mmol) in dry THF (2 mL) was added TBAF in THF
(3.9 mL, 3.9 mmol) and AcOH (300 pL, 5.2 mmol) under an atmosphere of Ar at
room temperature. The mixture was stirred at room temperature for another 10 h, TLC
showed that the reaction reached completion. The mixture was diluted by EtOAc (300
mL), and was then washed with water and brine, respectively. The organic phase was
dried over Na,SO4 and condensation under reduced pressure. The residue was purified
by silica gel column chromatography (petroleum ether/EtOAc, 6:1) to provide 26 (98
mg, 70%) as a white solid: [a]*’p = 2.2 (¢ 0.5, CHCls); 'H NMR (300 MHz, CDCls) &
7.94 (d,J=28.1 Hz, 4 H), 7.84 (d, J = 7.2 Hz, 2 H), 7.54-7.25 (m, 9 H), 5.92-5.79 (m,
2 H), 5.52 (dd, J = 7.8, 9.9 Hz, 1 H), 5.40 (t, J = 9.6 Hz, 1 H), 5.30-5.24 (m, 1 H),
5.20-5.00 (m, 4 H), 4.46 (dd, J = 4.5, 10.8 Hz, 1 H), 4.01 (dd, J=5.1, 12.3 Hz, 1 H),
3.80-3.69 (m, 4 H), 3.23 (m, 1 H), 2.62 (brs, 1 H), 2.05 (s, 3 H), 2.02 (s, 3 H), 1.69 (s,
3 H), 1.67 (s, 3 H), 1.14 (s, 3 H), 1.01 (s, 3 H), 0.92 (s, 3 H), 0.90 (s, 6 H), 0.81 (s, 3
H); C NMR (75 MHz, CDCls) § 170.9, 170.1, 165.8, 165.7, 164.9, 135.2, 133.4,
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133.0, 132.0, 129.8, 129.7, 129.6, 129.4, 128.9, 128.7, 128.4, 128.3, 128.2, 125.1,
116.2,95.1, 84.4, 80.2, 78.7, 74.8, 73.2, 71.9, 70.4, 69.9, 69.2, 62.2, 58.5, 51.7, 49.0,
47.0, 46.5, 42.0, 40.3, 39.2, 39.1, 38.0, 37.6, 30.4, 30.2, 27.5, 25.7, 25.6, 23.0, 22.5,
21.9,21.2,20.2, 18.0, 17.8, 16.9, 16.7, 16.6; HRMS (MALDI) calcd for Cs4Hg,O14Na
[M+Na]" 1097.5597, found 1097.5616.

2,3,4-Tri-O-benzoyl-L-arabinopyranosyl ortho-cyclopropylethynlbenzoate (27)

OH
o
OBz . OBz
o} o 0 o
BzO OH BzO
OBz EDCI, DIPEA, DMAP, oBz o |l
CH,Cly, tt, 98% 27

A similar procedure as that used for the synthesis of 20 was applied. Thus, treatment
of  2,3,4-tri-O-benzoyl-L-arabinopyranose®®>”’ (150 mg, 0324  mmol),
ortho-cyclopropylethynylbenzoic acid (120.6 mg, 0.648 mmol), DIPEA (0.11 mL,
0.648 mmol), and DMAP (79 mg, 0.648 mmol) in dry dichloromethane (4 mL) with
EDCI (124 mg, 0.648 mmol) followed by silica gel column chromatography
(petroleum ether/EtOAc, 9:1) led to 27 (200 mg, 98%) as a white foam. The o isomer:
[a]*p = 124.8 (c 4.2, CHCL;); '"H NMR (300 MHz, CDCl3) & 8.04 (d, J = 7.5 Hz, 4 H),
798 (d,J=7.5Hz, 2 H), 791 (d, J=7.5 Hz, 1 H), 7.58-7.25 (m, 11 H), 7.18 (t, J =
6.9 Hz, 1 H), 6.33 (d,J=5.1 Hz, 1 H), 5.93 (dd, J=5.1, 6.3 Hz, 1 H), 5.82 (m, 2 H),
449 (dd, J=5.7,12.6 Hz, 1 H), 4.16 (m, 1 H), 1.52 (m, 1 H), 0.86 (d, J = 6.6 Hz, 4
H); *C NMR (75 MHz, CDCls) & 165.4, 165.3, 165.0, 163.8, 134.2, 133.5, 133.4,
133.3, 132.1, 130.5, 130.0, 129.8 (2 C), 129.1, 128.9, 128.7, 128.4 (2 C), 128.3, 126.9,
125.3, 100.3, 92.0, 74.1, 69.5, 68.8, 67.3, 62.2, 8.8, 0.6; HRMS (MALDI) calcd for
Ci3sH3009Na [M+Na]" 653.1784, found 653.1782.

20-0-[2”,3”,4”-Tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2°,3’,4’-tri-O-benzo

yl-p-D-glucopyranosyl]-3,6-di-O-acetyl-12-O-allyl-protopanaxatriol (28)

21
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OBz Bzom
BzO OH Q
o
Bzo% Bzom Bz0 B0

BzO 0Bz o ||
QAll .

PPh3AuNTf, (0.06 eq),
4AMS, CH,CI,, t, 75%
AcO

AcO

’ 6Ac 2
OAc

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 26 (100 mg, 0.093 mmol) and 27 (144 mg, 0.232 mmol) with PPh;AuNTf, (4 mg,
0.0054 mmol) in dry CH,Cl, (3 mL) in the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 4:1) led to
28 (105 mg, 75%) as a white solid: [a]*b = 44.8 (¢ 0.4, CHCl;); "H NMR (300 MHz,
CDCls) 6 8.08-7.87 (m, 10 H), 7.78 (d, J = 7.5 Hz, 2 H), 7.58-7.23 (m, 18 H),
5.86-5.78 (m, 2 H), 5.64-5.59 (m, 3 H), 5.53 (t, J=9.6 Hz, 1 H), 5.40 (dd, J=8.1,9.3
Hz, 1 H), 5.30 (m, 1 H), 5.17-5.05 (m, 3 H), 4.98 (d,J=7.5Hz, 1 H),4.82 (d,J=4.2
Hz, 1 H), 4.46 (dd, J=4.5, 10.8 Hz, 1 H), 4.27 (dd, J = 6.3, 12.3 Hz, 1 H), 4.08 (d, J
=10.2 Hz, 1 H), 3.96-3.90 (m, 2 H), 3.81-3.70 (m, 3 H), 3.14 (m, 1 H), 2.05 (s, 3 H),
2.02 (s, 3 H), 1.63 (s, 3 H), 1.55 (s, 3 H), 1.08 (s, 3 H), 1.00 (s, 3 H), 0.90 (s, 9 H),
0.73 (s, 3 H); °C NMR (75 MHz, CDCl3) § 171.0, 170.0, 165.8, 165.5, 165.4, 165.1,
164.9, 135.4, 133.4, 133.3, 133.2, 133.0, 132.9, 130.5, 129.9, 129.8 (2 C), 129.6 (2 C),
129.3, 129.2, 129.0, 128.9, 128.6, 128.4, 128.3, 128.2 (2 C), 125.3, 116.3, 99.6, 95.5,
84.1, 80.2, 78.7, 77.2, 73.6, 73.2, 72.3, 70.4, 69.7, 69.6, 69.4, 67.5, 58.6, 51.7, 49.1,
47.5, 46.9, 42.1, 40.3, 39.2, 39.1, 38.0, 37.6, 30.7, 30.2, 29.6, 27.7, 26.0, 25.6, 23.1,
22.7, 22.0, 21.3, 20.3, 17.9 (2 C), 169, 16.7 (2 C); HRMS (MALDI) calcd for
CooH 020, Na [M+Na]" 1541.6806, found 1541.6807.

Ginsenoside F3 (1)
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1) PACl,, MeOH, CH,Cly, 1t, 79%

2) 10% KOH, MeOH, rt, 75%

AcO

” OAc

To a solution of compound 28 (100 mg, 0.066 mmol) in a mixed solvent of
dichloromethane and MeOH (10 mL, v/v = 1:1) was added PdCl, (6 mg, 0.034 mmol)
under Ar atmosphere at room temperature. The mixture was stirred at the same
temperature for 10 h, and was then filtered through a pad of silica gel. The filtrate was
concentrated. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc, 3:1) to provide the deallylated product (77 mg, 79%) as a
white solid.

To a solution of freshly prepared 10% KOH/MeOH (0.2 g KOH in 2.5 mL MeOH)
was added the above deallylated product (148 mg, 0.1 mmol) at room temperature.
The mixture was stirred at the same temperature for 12 h, and then H'-resin was
added to adjust the pH value to 7~8. Filtration followed by concentration led to a
residue, which was purified by silica gel column chromatography (CH,Cl,/MeOH,
10:1) to provide 1 (58 mg, 75%) as a white solid: [a]*b = 24.9 (c 1.2, MeOH); 'H
NMR (300 MHz, pyridine-ds) 6 5.56 (s, 1 H), 5.34 (m, 1 H), 5.15 (d,J=7.5 Hz, 1 H),
5.02(d,J=6.0Hz, 1 H),4.73 (d,J=10.8 Hz, 1 H), 4.49-4.20 (m, 8 H), 4.11-4.06 (m,
2H),3.98(t,J=84Hz 1H),3.82(d,J=11.4Hz 1 H),3.55(dd,J=5.1, 10.8 Hz, 1
H), 2.61 (m, 1 H), 2.42 (m, 1 H), 2.00 (s, 3 H), 1.67 (s, 3 H), 1.63 (s, 6 H), 1.46 (s, 3
H), 1.10 (s, 3 H), 1.02 (s, 3 H), 0.98 (s, 3 H); °C NMR (100 MHz, pyridine-ds) &
131.2, 126.0, 104.7, 98.2, 83.5, 79.3, 78.6, 76.8, 74.2, 71.9, 70.3, 69.3, 68.7, 67.8,
65.7, 61.8, 51.7, 51.4, 50.0, 49.2, 47.6, 41.3, 40.4, 39.4, 36.2, 32.1, 30.9, 30.8, 28.2,
26.7, 25.9, 23.3, 224, 18.0, 17.7, 17.5 (2 C), 16.6; HRMS (MALDI) calcd for
C41H7003Na [M+Na]” 793.4787, found 793.4703.

12-0-(2°,3’,4°,6’-Tetra-O-benzoyl-$-D-glucopyranosyl)-3,6-di-O-acetyl-protopana
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xatriol (29)

B20 OBz
Z
PPh;AuNTf, (0.2 eq), ©) 3

4A MS,CH,Cly, rt, 82% Bz0

OBz

Bzoﬁw o
AcO BzO AcO X
OBz 0 | | - OAc
20

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 9 (50 mg, 0.084 mmol) and 20 (132 mg, 0.17 mmol) with PPh;AuNTf, (12.6 mg,
0.017 mmol) in dry CH,Cl, (2 mL) at the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 4:1) led to
29 (78 mg, 82%) as a white solid: [0]*p = 31.7 (¢ 1.0, CHCl;); '"H NMR (300 MHz,
CDCls) 6 8.03-7.80 (m, 8 H), 7.59-7.25 (m, 12 H), 5.96 (t, J = 7.5 Hz, 1 H), 5.60 (t, J
=7.2Hz, 1 H), 549 (dd, J=6.0, 7.2 Hz, 1 H), 5.29-5.15 (m, 2 H), 5.04 (d, J= 6.0 Hz,
1 H), 4.61 (d, J =3.9 Hz, 2 H), 442 (dd, J = 3.6, 8.7 Hz, 1 H), 4.21-4.11 (m, 2 H),
3.93-3.87 (m, 1 H), 2.34-2.27 (m, 1 H), 2.08 (s, 3 H), 2.02 (s, 3 H), 1.70 (s, 3 H), 1.65
(s, 3 H), 1.14 (s, 3 H), 1.00 (s, 3 H), 0.90 (s, 3 H), 0.86 (s, 3 H), 0.84 (s, 3 H), 0.66 (s,
3 H); *C NMR (75 MHz, CDCl) & 171.1, 170.2, 166.1, 165.9, 165.3, 164.6, 133.6,
133.4, 130.7, 129.9, 129.5, 128.6, 128.4, 126.1,97.2, 80.0, 78.2, 72.9 (2 C), 72.6, 72.2,
70.3, 63.4, 58.7, 53.6, 52.0, 49.3, 45.5, 42.3, 40.6, 39.2, 38.1, 37.8, 36.0, 31.1, 30.5,
29.8, 27.1, 26.9, 26.4, 26.0, 23.2, 22.5, 22.1, 21.4, 17.9, 17.2, 16.9, 16.8; HRMS
(MALDI) calcd for CsgHg,O5Na [M+Na]" 1161.5546, found 1161.5583.

Chikusetsusaponin L10 (2)

B20 OBz HO OH
Z

o R o R
Bzoﬁq/o HOU Hoﬂ\po HOU

BzO HO

10% KOH, MeOH, rt, 85%

AcO HO

’ éAc
A similar procedure as that used for the synthesis of 1 from the deallylated

intermediate was adopted. Thus treatment of 29 (60 mg, 0.053 mmol) with 10%
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KOH/MeOH (2 mL) followed by silica gel chromatography (CH,Cl,/MeOH, 10:1)
provided 2 (31 mg, 85%) as a white solid: [a]*’p = 14.3 (¢ 0.6, MeOH); 'H NMR (300
MHz, pyridine-ds) & 5.36-5.30 (m, 2 H), 4.52 (d, J = 8.4 Hz, 1 H), 4.40-4.30 (m, 4 H),
426 (t,J=9.0 Hz, 1 H), 4.14 (dd, J = 7.8, 8.7 Hz, 1 H), 4.06 (m, 1 H), 3.56 (dd, J =
5.4,10.8 Hz, 1 H), 2.60 (m, 1 H), 2.37 (m, 2 H), 2.24 (m, 1 H), 2.00 (s, 3 H), 1.65 (s,
6 H), 1.44 (s, 3 H), 1.34 (s, 3 H), 0.92 (s, 3 H), 0.90 (s, 3 H), 0.87 (s, 3 H); °C NMR
(100 MHz, pyridine-ds) & 130.6, 126.4, 100.4, 78.6, 78.4, 78.3, 77.5, 75.2, 73.0, 71.0,
67.5, 62.4, 61.6, 54.0, 52.0, 49.7, 47.1, 46.2, 40.9, 40.3, 39.3, 38.9, 36.3, 31.9, 31.1,
28.0, 27.8, 27.0, 26.6, 25.8, 22.8, 17.6, 17.4, 17.2 (2 C), 16.4; HRMS (MALDI) calcd
for C3¢HsOoNa [M+Na]" 661.4286, found 661.4292.

6-0-(2°,3’,4°,6’-Tetra-O-benzoyl-f-D-glucopyranosyl)-3-O-tert-butyldimethylsily-
12-O-pivaloyl-protopanaxatriol (30)

PPhsAUNTf, (0.5 eq),
4A MS,CH,Cly, t, 78%

OBz

(0]
BzO
BZO/&\/‘N o

OBz

o |

20

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 11 (20 mg, 0.03 mmol) and 22 (46 mg, 0.06 mmol) with PPhsAuNTf, (11 mg,
0.015 mmol) in dry CH,Cl, (1 mL) at the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 10:1) led
to 35 (29 mg, 78%) as a white solid: [a]*’p = 14.8 (¢ 0.7, CHCl3); "H NMR (400 MHz,
CDCls) 6 8.03 (d,J=5.4 Hz,2 H), 7.92 (t, J= 6.0 Hz, 4 H), 7.80 (d, J = 5.4 Hz, 2 H),
7.56-7.23 (m, 12 H), 5.94 (t, J=7.2 Hz, 1 H), 5.67 (t, J="7.2 Hz, 1 H), 5.62 (t,J=6.9
Hz, 1 H), 5.17 (m, 2 H), 4.75-4.70 (m, 1 H), 4.63 (dd, J = 1.8, 9.3 Hz, 1 H), 4.53 (dd,
J=2.1,9.0 Hz, 1 H), 4.25 (m, 1 H), 4.05 (dd, J =6.0, 7.5 Hz, 1 H), 2.99 (dd, J = 3.9,
8.1 Hz, 1 H), 2.22 (bs, 1 H), 2.05-1.93 (m, 4 H), 1.75 (s, 3 H), 1.65 (s, 3 H), 1.18 (s, 9
H), 1.09 (s, 3 H), 0.95 (s, 3 H), 0.90 (s, 3 H), 0.88 (s, 3 H), 0.83 (s, 3 H), 0.70 (s, 9 H),
0.65 (s, 3 H), 0.10 (s, 3 H), 0.21 (s, 3 H); >C NMR (75 MHz, CDCl5) § 177.3, 166.0,
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165.8, 165.2, 165.1, 133.4, 133.2, 133.0, 131.1, 129.8, 129.7 (2 C), 129.5, 129.2,
128.7, 128.6, 128.4, 128.3, 128.2, 128.1, 125.1, 102.6, 80.5, 79.3, 73.3, 73.1, 72.1,
69.5, 59.9, 53.4, 52.5, 49.0, 43.8, 40.6, 39.2, 39.1, 30.2, 27.1, 25.8 (2 C), 22.2, 17.9,
17.6, 17.2, 17.1, 16.8, 15.9, -3.8, -5.3; HRMS (MALDI) calcd for C75sH;00O14SiNa
[M+Na]" 1275.6775, found 1275.6796.

Ginsenoside Rh1 (3)

1) CAS, MeOH, CH,Cl,, rt, 91%

2) 10% KOH, MeOH, rt, 80% HO

», : BZO 0Bz
To a solution of 30 (70 mg, 0.056 mmol) in MeOH (10 mL) was added CSA (23 mg,
0.01 mmol). After being stirred at room temperature for 10 h, the solvent was
removed under reduced pressure. The residue was purified by silica gel column
chromatograph (petroleum ether/EtOAc, 3:1) to provide the 3-ol derivative (57 mg,
91%) as a white solid.

The above compound (60 mg, 0.053 mmol) was treated with a solution of freshly
prepared 10% KOH in MeOH (0.2 g KOH in 2.5 mL MeOH). The resulting mixture
was stirred at room temperature for 12 h, and was then neutralized with "H resin. The
resin was removed by filtration. The filtrate was concentrated to give a residue, which
was purified by silica gel column chromatography (CH,Cl,/MeOH, 10:1) to provide 3
(27 mg, 80%) as a white solid: [a]*p = 23.6 (c 0.8, MeOH); '"H NMR (300 MHz,
pyridine-ds) ¢ 5.34 (m, 1 H), 5.08 (d, J = 7.8 Hz, 1 H), 4.59 (d, J = 10.8 Hz, 1 H),
4.48-4.38 (m, 2 H), 4.33-4.23 (m, 2 H), 4.16 (t, J = 7.8 Hz, 1 H), 3.98-3.90 (m, 2 H),
3.58 (dd, J=4.8, 11.1 Hz, 1 H), 2.57 (m, 2 H), 2.32 (m, 2 H), 2.11 (s, 3 H), 1.67 (s, 3
H), 1.64 (s, 6 H), 1.41 (s, 3 H), 1.19 (s, 3 H), 1.04 (s, 3 H), 0.82 (s, 3 H); °C NMR
(100 MHz, pyridine-ds) & 130.8, 126.3, 106.1, 80.1, 79.7, 78.6, 78.2, 75.5, 73.0, 71.9,
71.1, 63.1, 61.5, 54.8, 51.7, 50.2, 48.3, 45.3, 41.1, 40.4, 39.7, 39.4, 35.8, 32.1, 31.8,
31.3, 28.0, 27.1, 26.9, 25.8, 23.0, 17.7 (2 C), 17.4, 16.8, 16.4; HRMS (MALDI) calcd
for C3sHs,09Na [M+Na]" 661.4286, found 661.4300.



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6,20-Di-O-(2°,3’,4’-tri-O-benzoyl-6’-O-tert-butyldiphenylsilyl-p-D-glucopyranosyl
)-3-O-tert-butyldimethylsilyl-12-O-allyl-protopanaxatriol (31)

OTBDPS
BzO 0

PPhsAUNTf, (0.25 eq),
4A MS CH,Cl,, rt, 55%

OTBDPS

(@]

BzO
£ 0o | TBSO BzO _ 0Bz

21

’ ()%OBZ
31 OTBDPS

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 14 (70 mg, 0.11 mmol) and 21 (300 mg, 0.33 mmol) with PPh;AuNTf, (20.5 mg,
0.03 mmol) in dry CH,Cl, (4 mL) in the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 12:1) led
to 31 (125 mg, 55%) as a white solid: [0]*’p = 2.7 (¢ 4.6, CHCl3); "H NMR (300 MHz,
CDCls) 6 7.94-7.78 (m, 12 H), 7.63-7.16 (m, 38 H), 5.86-5.69 (m, 4 H), 5.61-5.46 (m,
3 H), 5.14-4.97 (m, 4 H), 4.04-3.62 (m, 9 H), 3.05-2.98 (m, 2 H), 1.60 (s, 6 H), 1.26 (s,
3 H), 0.99 (s, 9 H), 0.98 (s, 9 H), 0.88 (s, 3 H), 0.80 (s, 3 H), 0.76 (s, 3 H), 0.73 (s, 9
H), 0.71 (s, 3 H) 0.60 (s, 3 H), -0.08 (s, 3 H), -0.18 (s, 3 H); °C NMR (75 MHz,
CDCls) 6 165.9, 165.1, 165.0, 164.9 (2 C), 135.5 (2 C), 135.4, 135.3, 133.0, 132.9,
132.8, 132.7, 130.4, 129.7, 129.6, 129.5 (2 C), 129.3, 129.2, 129.0, 128.9, 128.2,
128.1, 128.0, 127.6, 127.5, 125.2, 115.9, 102.3, 95.4, 83.6, 80.2, 79.5, 79.1, 74.9, 74.8,
74.0, 73.9, 72.5, 72.2, 69.6, 69.5, 69.3, 63.5, 63.1, 59.9, 51.8, 49.3, 47.6, 46.6, 44.6,
40.5, 39.5, 39.2, 39.0, 38.5, 30.9, 30.4, 29.6, 27.7, 27.0, 26.7, 26.5, 26.0, 25.8, 25.6,
23.2,21.5,19.0, 18.9, 17.9, 17.8, 17.2, 17.0, 15.8, -3.8, -5.3; HRMS (MALDI) calcd
for C125H,50020Si3Na [M+Na]™ 2077.9942, found 2077.9921.

Ginsenoside Rgl (4)
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OTBDPS OH

BzO o} HO 0]
BzO O, :

BzO OQAIl \&

1) PdCl,, MeOH, CH,Cly, rt, 71%
2) CAS, MeOH, CH,Cly, rt, 72%

TBSO “"Bz20 __oB 3) TBAF, CH;COOH, THF, rt;
- Z 4) 10% KOH, MeOH, rt, 88%
o 5 OBz
31 OTBDPS

To a solution of compound 31 (200 mg, 0.097 mmol) in a mixed solvent of
dichloromethane and MeOH (20 mL, v/v = 1:1) was added PdCl, (8 mg, 0.045 mmol)
under Ar atmosphere at room temperature. The mixture was stirred at the same
temperature for 10 h, and was then filtered through a pad of silica gel. The filtrate was
concentrated. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc, 4:1) to provide the 12-ol derivative (139 mg, 71%).

The above compound (175 mg, 0.087 mmol) in a mixed solvent of
dichloromethane and MeOH (30 mL, v/v = 1:1) was added CSA (40 mg, 0.17 mmol).
After being stirred at room temperature for 20 h, the solvent was removed under
reduced pressure. The residue was purified by silica gel column chromatography
(petroleum ether/EtOAc, 3:1) to provide the 3-ol derivative (118 mg, 72%) as a white
solid.

To a solution of the above compound (80 mg, 0.042 mmol) in dry THF (3 mL)
was added TBAF in THF (1.26 mL, 1.26 mmol) and AcOH (96 pL, 1.68 mmol) under
an atmosphere of Ar at room temperature. The mixture was stirred at room
temperature for another 48 h, TLC showed that the reaction reached completion. The
mixture was diluted by EtOAc (300 mL), and was then washed with water and brine,
respectively. The organic phase was dried over Na,SO4 and condensation under
reduced pressure. The above crude product was treated with a solution of the freshly
prepared 10% KOH in MeOH (0.2 g KOH in 2.5 mL MeOH). The resulting mixture
was stirred at room temperature for 12 h, and was then neutralized with "H resin.
Filtration and concentration led to a residue, which was purified by silica gel column
chromatography (CH,Cl,/MeOH, 10:1) to provide 4 (30 mg, 88%) as a white solid:
[a]*p = 27.8 (¢ 1.4, MeOH); 'H NMR (400 MHz, C¢DsN) & 5.22 (t, J = 7.0 Hz, 1 H),
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5.15(d,J=7.7Hz, 1 H), 5.00 (d, J = 7.8 Hz, 1 H), 4.54-3.87 (m, 14 H), 3.54-3.45 (m,
1 H), 2.05 (s, 3 H), 1.59 (s, 3 H), 1.56 (s, 6 H), 1.14 (s, 3 H), 1.02 (s, 3 H), 0.79 (s, 3
H); >C NMR (100 MHz, CsDsN) & 131.4, 126.5, 106.5, 98.7, 83.8, 80.6, 80.1, 79.8,
79.2, 78.7, 78.6, 76.0, 75.6, 72.4, 72.2, 70.7, 63.6, 63.4, 61.9, 52.0, 51.9, 50.5, 49.7,
45.6, 41.6, 40.8, 40.2, 40.0, 36.6, 32.2, 31.5, 31.2, 28.4, 27.1, 26.2, 23.7, 22.8, 18.2,
18.0, 17.7, 16.8; HRMS (MALDI) calcd for C4,H7,04Na [M+Na]" 823.4814, found
823.4831.

3,20-Di-0-(2°,3°,4’-tri-O-benzoyl-6’-O-tert-butyldiphenylsilyl-B-D-glucopyranosyl
)-6-O-acetyl-12-O-allyl-protopanaxatriol (32)
OTBDPS

o)
PPh;AUNTY, (0.3 eq), Béfoﬁ'
4AMS, CH,Cl,, rt, 57% C s

BzOoAll

OTBDPS

0
Bzo/ﬁﬂﬂ“ © OTBDPS
0
BZO/§%;TL/O
21 BzO

OBz g 6AC

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 16 (80 mg, 0.14 mmol) and 21 (384 mg, 0.43 mmol) with PPh;AuNTf; (32 mg,
0.04 mmol) in dry CH,Cl, (4 mL) in the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 6:1) led to
32 (162 mg, 57%) as a white solid: [a]*’p = 24.0 (¢ 9.8, CHCLs); "H NMR (300 MHz,
CDCls) 6 7.95 (d,J=7.2 Hz, 4 H), 7.85 (m, 8 H), 7.69-7.19 (m, 38 H), 5.89-5.78 (m,
3 H), 5.56 (m, 3 H), 4.50 (t, J = 8.7 Hz, 1 H), 5.16-5.04 (m, 5 H), 4.85 (d, J = 7.8 Hz,
1 H), 3.87-3.80 (m, 8 H), 3.12 (m, 2 H), 2.02 (m, 6 H), 1.83 (s, 3 H), 1.59 (s, 6 H),
1.26 (s, 6 H), 1.03 (s, 9 H), 1.01 (s, 9 H), 0.93 (s, 3 H), 0.86 (s, 6 H), 0.76 (s, 3 H),
0.69 (s, 3 H); °C NMR (75 MHz, CDCls) § 170.0, 166.1, 165.2 (2 C), 135.7 (2 C),
135.6, 133.4, 133.2, 133.1 (2 C), 133.0, 130.6, 129.9, 129.7, 129.6, 129.4, 129.3,
129.2, 129.1, 128.5, 128.4, 128.3, 127.8, 127.7, 125.5, 116.3, 103.8, 95.6, 89.6, 83.8,
79.1, 75.3, 75.1, 74.0, 73.4, 72.6, 72.5, 70.6, 69.9, 69.5, 63.2, 63.0, 59.1, 52.0, 49.6,
47.7, 46.9, 42.4, 40.6, 39.8, 39.0, 38.7, 31.1, 30.0, 29.8, 27.9, 26.8, 26.2, 25.8, 23.3,
21.9, 21.2, 19.3, 19.2, 18.3, 18.0, 17.0 (2 C), 16.2; HRMS (MALDI) calcd for
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C121H1330,:Si;Na [M+Na]” 2005.9161, found 2005.9254.

3,20-Di-0-(2’,3°,4’-tri-O-benzoyl-6’-O-tert-butyldiphenylsilyl-B-D-glucopyranosyl

)-6-O-acetyl-protopanaxatriol (33)

OTBDPS

Bzom OTBDPS
S O 3

BzOoAll BzO

BzOoH

OTBDPS
PdCl,, MeOH, CH,Cl,,

2 rt, 79% o
OBz " OAc BzO 0" /o X
BzO OBz OAc

OTBDPS

A similar procedure as that used for the deallylation of 28 was applied to remove the
allyl group on 32. Thus, treatment of 32 (150 mg, 0.076 mmol) with PdCl, (6 mg,
0.034 mmol) in CH,Cl,/MeOH (6 mL/6 mL) at rt followed by purification by silica
gel column chromatography (petroleum ether/EtOAc, 6:1) led to the desired 12-ol 33
(105 mg, 79%) as a white solid: [a]*p = 7.9 (¢ 0.25, CHCl;); '"H NMR (300 MHz,
CDCl3) 6 7.97-7.80 (m, 12 H), 7.73-7.19 (m, 38 H), 5.93-5.85 (m, 2 H), 5.72 (t, J =
9.6 Hz, 1 H), 5.62-5.54 (m, 2 H), 5.50 (t, J = 9.0 Hz, 1 H), 5.23 (m, 2 H), 5.07 (m, 1
H), 4.90 (d, J = 7.8 Hz, 1 H), 4.36 (bs, 1 H), 3.89-3.75 (m, 6 H), 3.21-3.09 (m, 2 H),
2.21 (m, 1 H), 2.02 (m, 5 H), 1.82 (s, 3 H), 1.63 (s, 3 H), 1.57 (s, 3 H), 1.27 (s, 3 H),
1.04 (s, 3 H), 0.92 (s, 3 H), 0.87 (s, 3 H), 0.71 (s, 3 H); °C NMR (75 MHz, CDCl;) &
170.1, 166.2, 166.1, 165.2, 165.1, 164.9, 135.7 (2 C), 135.6, 135.5, 133.3, 133.2,
133.0, 132.9, 132.7, 131.6, 129.9 (2 C), 129.8, 129.4, 129.3, 129.1, 129.0, 128.5,
128.4 (2 C), 128.3, 127.8 (2 C), 124.6, 103.6, 95.2, 89.9, 85.2, 75.5, 75.2, 73.8, 73.5,
72.7, 72.6, 70.8, 69.6, 69.3, 62.9, 58.9, 52.3, 50.9, 49.0, 48.0, 42.3, 40.7, 38.9, 38.6,
35.4, 30.3, 29.8, 26.7, 25.8, 22.8, 21.9, 19.3, 19.2, 17.9, 17.2, 16.8, 16.4; HRMS
(MALDI) caled for Cy15H;3402,Si;Na [M+Na]" 1965.8848, found 1965.8875.

Ginsenoside Ia (5)
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OTBDPS

BzO 0 .

BzOoAll

OTBDPS 1) TBAF, CH3COOH, THF, rt;
o) 2) 10% KOH, MeOH, rt, 73%
BzO 0 -, :
BzO OBz OAC

To a solution of 33 (98 mg, 0.05 mmol) in dry THF (1 mL) was added TBAF in THF
(1.5 mL, 1.5 mmol) and acetic acid (113 pL, 2.0 mmol) at room temperature. After
being stirred at the same temperature for 10 h, the mixture was diluted with ethyl
acetate (300 mL). The organic phase was washed with water and brine, respectively,
and was then dried with Na,SO4 and concentrated under reduced pressure.

The above crude product was treated with freshly prepared 10% KOH in MeOH
(0.2 g KOH in 2.5 mL MeOH). The mixture was stirred at room temperature for 20 h,
and was then neutralized with H' resin. Filtration and concentration led to a residue,
which was purified by C18 reversed phase column chromatography (MeOH/H,0, 2:1)
to provide 5 (29 mg, 73%) as a white solid: [a]*’p = 19.8 (¢ 0.9, MeOH); '"H NMR
(300 MHz, pyridine-ds) & 5.59 (s, 1 H), 5.25-5.20 (m, 2 H), 5.04 (d, J= 7.8 Hz, 1 H),
4.65 (d,J=99 Hz, 1 H), 4.54 (d, J =10.2 Hz, 1 H), 4.46-3.96 (m, 12 H), 3.49 (m, 1
H), 2.60-2.33 (m, 5 H), 2.09 (s, 3 H), 1.64 (s, 3 H), 1.60 (s, 6 H), 1.44 (s, 3 H), 1.07 (s,
3 H), 1.01 (s, 3 H), 0.95 (s, 3 H); >C NMR (100 MHz, pyridine-ds) & 130.9, 125.9,
107.2, 98.3, 89.4, 83.2, 79.3, 78.8, 78.4, 78.3, 75.9, 75.1, 71.9, 71.6, 70.1, 67.5, 63.1,
62.9, 61.8, 51.6, 51.3, 49.8, 49.1, 47.5, 41.1, 40.5, 39.1, 38.8, 36.1, 31.4, 30.9, 30.7,
26.6, 25.8, 23.2, 223, 17.7, 17.6, 17.4 (2 C), 17.0, HRMS (MALDI) calcd for
C4H7,014Na [M+Na]" 823.4814, found 823.4831.

3-O-Chloroacetyl-12-O-allyl-protopanaxadiol (34)

1) AlIBr (1.2 eq), NaH (3 eq), DMF, rt, 76%

2) CIAcCI, DIPEA, DMAP, THF, 0-rt, 93%
HO

/protopanaxadiol

A similar procedure as that used for 7—12 was applied. Thus, treatment of

protopanaxadiol (2.38 g, 5.17 mmol) with AllBr (0.9 mL, 10.34 mmol) and 60% NaH
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(1.04 g, 25.85 mmol) in DMF (25 mL) at 0 °C to rt followed by purification by silica
gel column  chromatography  (petroleum  ether/EtOAc, 5:1) led to
12-O-allyl-protopanaxadiol (2.0 g, 76%) a white foam: [a]p** = 5.84 (¢ 0.85, CHCl);
'H NMR (400 MHz, CDCl3) § 5.95-5.86 (m, 1 H), 5.30-5.13 (m, 4 H), 4.20 (dd, J =
5.6, 12 Hz, 1 H), 3.88 (dd, J = 6.0, 12.0 Hz, 1 H), 3.37 (m, 1 H), 3.20 (m, 1 H), 2.21
(m, 1 H), 1.69 (s, 3 H), 1.62 (s, 3 H), 1.10 (s, 3 H), 0.98 (s, 6 H), 0.88 (s, 6 H), 0.78 (s,
3 H); *C NMR (100 MHz, CDCl5) & 133.8, 130.9, 125.6, 118.0, 79.6, 78.6, 72.4, 69.0,
55.8,53.9,51.9, 50.0, 46.1, 38.9, 34.7, 31.0, 25.8, 22.3, 17.7, 16.2, 15.7, 15.4; HRMS
(MALDI) caled for C33Hss03Na [M+Na]': 523.4112, found 523.4122.

To a solution of the above compound (200 mg, 0.40 mmol), DMAP (8 mg, 0.065
mmol), and DIPEA (108 pL, 0.62 mmol) in dry THF (12 mL) was added CICH,COCI
(64 uL, 0.618 mmol) slowly at 0 °C under Ar atmosphere. The ice bath was removed
and the mixture was stirred at room temperature for 1 h. Ethanol was added at 0 °C to
quench the reaction. The mixture was diluted with ethyl acetate, and was then washed
with water and brine, respectively. The organic phase was dried with anhydrous
Na,SO4 and concentrated. The residue was purified by silica gel column
chromatography (petroleum ether/EtOAc, 8:1) to provide 34 (220 mg, 93%) as a
white foam: [o]p™® = 26.7 (c 1.0, CHCl;); 'H NMR (400 MHz, CDCl5) & 5.94-5.86 (m,
1 H), 5.30-5.15 (m, 4 H), 4.59 (dd, J=5.2, 10.4 Hz, 1 H), 4.21 (dd, J = 5.2, 12.0 Hz,
1 H), 4.10 (AB, 2 H), 3.91 (dd, J = 6.4, 12.0 Hz, 1 H), 3.41-3.34 (m, 1 H), 1.74 (s, 3
H), 1.62 (s, 3 H), 1.11 (s, 3 H), 0.99 (s, 3 H), 0.92 (s, 3 H), 0.88 (s, 6 H); °C NMR
(100 MHz, CDCl3) 6 167.1, 133.7, 130.8, 125.6, 118.0, 83.0, 79.5, 72.4, 69.1, 55.8,
53.9, 51.8, 49.8, 46.1, 41.2, 39.8, 38.0, 37.1, 35.7, 34.5, 31.0, 27.9, 27.0, 26.6, 26.0,
25.8, 23.4, 22.3, 18.0, 17.7, 16.9, 16.4, 16.2, 15.7;, HRMS (MALDI) calcd for
C35Hs70,Na [M+Na]" 599.3835, found 599.3838.

20-0-(2,3’,4’-Tri-O-benzoyl-6’-O-tert-butyldiphenylsilyl-B-D-glucopyranosyl)-3-

O-chloroacetyl-12-O-allyl-protopanaxadiol (35)
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PPh3AUNTf, (0.15 eq),
4A MS, CH,Cl,, rt, 75%

= OTBDPS
34 BzO
Bz 5 CAO

21

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 34 (100 mg, 0.17 mmol) and 21 (280 mg, 0.31 mmol) with PPh;AuNTf; (16 mg,
0.022 mmol) in dry CH,Cl, (4 mL) in the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc/CH,Cl,,
20:1:0.5) led to 35 (167 mg, 75%) as a white foam: [a]p™® = 9.3 (c 0.9, CHCL); 'H
NMR (400 MHz, CDCl3) 6 8.02 (d,J=7.2 Hz, 2 H), 7.94 (d, J = 6.8 Hz, 2 H), 7.87 (d,
J=72Hz 2H),7.80(d,J=6.4Hz, 2 H), 7.67-7.37 (m, 15 H), 7.27 (t, J= 7.6 Hz, 2
H), 598 (t, J =9.6 Hz, 1 H), 5.89-5.78 (m, 2 H), 5.50-5.41 (m, 2 H), 5.18-5.04 (m, 3
H), 4.56 (dd, J =4.2, 10.8 Hz, 1 H), 4.34-4.20 (m, 3 H), 4.02 (dd, J=5.6, 12.8 Hz, 1
H), 3.93 (d, J = 2.8 Hz, 2 H), 3.82 (dd, J = 5.6, 12.4 Hz, 1 H), 3.27-3.20 (m, 1 H),
1.62 (s, 3 H), 1.61 (s, 3 H), 1.40 (s, 3 H), 1.06 (s, 9 H), 0.91 (s, 3 H), 0.90 (s, 3 H),
0.89 (s, 3 H), 0.88 (s, 3 H), 0.84 (s, 3 H); °C NMR (75 MHz, C,D¢CO) & 167.7,
166.3, 165.7, 165.6, 137.1, 136.4, 136.2, 134.2, 134.1, 133.9, 133.6, 130.8 (2 C),
130.6, 130.5, 130.4, 130.3, 129.4, 129.3, 128.6, 126.4, 115.8, 95.7, 84.5, 83.2, 80.0,
75.1, 74.9, 73.5, 70.3, 70.0, 63.6, 56.5, 53.0, 50.8, 47.8, 41.9, 40.5, 40.4, 39.0, 38.7,
37.8, 35.3, 324, 28.2, 27.0, 26.0, 24.3, 24.2, 22.3, 19.7, 18.9, 18.8, 18.0, 16.8, 16.6,
16.2; HRMS (MALDI) caled for Cr3Hy70,SiCINa [M+Na]" 1311.6387, found
1311.6330.

20-0-(2°,3’,4’-Tri-O-benzoyl-6’-O-tert-butyldiphenylsilyl-B-D-glucopyranosyl)-3-

O-chloroacetyl-12-O-acetyl-protopanaxadiol (36)
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BzO OTBDPS BzO OTBDPS
BzO O, = BzO O, :

OAll OAc

1) PdCl,, MeOH, rt, 86%
2) Ac,0, pyridine, 0 °C-rt, 75%

CAO ) CAO
To a solution of 35 (80 mg, 0.062 mmol) in MeOH/CH,Cl, (7 mL/7 mL) was added
PdCl, (6 mg, 0.034 mmol). The mixture was stirred at room temperature overnight.
Filtration followed by evaporation led to a residue, which was purified by silica gel
column chromatography (petroleum ether/EtOAc, 8:1) to provide the corresponding
12-0l (66 mg, 86%) as a white foam.

To a solution of the above product (1073 mg, 0.858 mmol) and DMAP (21 mg,
0.172 mmol) in dry pyridine (6 mL) was added Ac,O (6 mL) slowly at 0 °C under Ar
atmosphere. The ice bath was removed and the mixture was stirred at room
temperature for 3 h. Concentrated and purification by silica gel column
chromatography (petroleum ether/EtOAc/CH,Cl,, 8:1:0.5) afforded 36 (832 mg, 75%)
as a white foam: [a]p> = 9.8 (¢ 0.6, CHCl3); 'H NMR (400 MHz, CDCl5) & 8.05 (d, J
=7.6 Hz, 2 H), 7.89-7.86 (m, 4 H), 7.71 (d, J=6.8 Hz, 2 H), 7.62 (d, J = 7.2 Hz, 2 H),
7.53 (m, 2 H), 7.40-7.20 (m, 11 H), 5.91 (t, J =10.0 Hz, 1 H), 5.74 (t, J= 5.6 Hz, 1 H),
5.51(dd, J=8.0,9.6 Hz, 1 H), 5.09 (d, J =7.6 Hz, 1 H), 5.00 (m, 1 H), 4.60 (dd, J =
6.0, 10.4 Hz, 1 H), 4.10 (AB, 2 H), 3.90-3.84 (m, 3 H), 1.70 (s, 3 H), 1.58 (s, 3 H),
1.23 (s, 3 H), 1.05 (s, 9 H), 0.98 (s, 3 H), 0.89 (s, 3 H), 0.88 (s, 3 H), 0.87 (s, 3 H),
0.83 (s, 3 H); °C NMR (75 MHz, CDCl3) § 170.1, 166.9, 165.9, 164.9, 164.6, 135.5,
135.3, 133.0 (2 C), 132.9, 132.7, 131.1, 129.8, 129.7, 129.6, 129.5, 129.4, 129.2,
129.0, 128.2, 128.1 (2 C)127.5, 124.4, 94.8, 83.0, 82.8, 74.8, 74.7, 73.6, 72.4, 69.2,
62.6, 55.7, 53.0, 49.9, 46.8, 44.6, 41.1, 39.7, 39.4, 38.2, 37.9, 36.8, 34.3, 31.9, 28.6,
27.8,26.5,26.3, 25.6, 23.6, 23.5, 23.3, 21.4, 19.0, 18.0, 17.6, 16.3, 16.1, 15.3; HRMS
(MALDI) calcd for C7gHgoO;,SiCINa [M+Na]" 1313.6496, found 1313.6487.

20-0-(2°,3’,4’-Tri-O-benzoyl-p-D-glucopyranosyl)-3-O-chloroacetyl-12-O-acetyl-

protopanaxadiol (37)
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BzO OTBDPS BzO OH
BzO 0 BZOEQL
BzO NG BzO O, :

OAc

HF, pyridine, THF, rt, 80%

CAO

To a solution of 36 (260 mg, 0.2 mmol) in a dry mixed solvent of pyridine/THF (20
mL, v/v =1 : 1) was added HF/pyridine (2 mL, 77 mmol) at 0 °C. The mixture was
warmed to rt, and the stirring was continued for 6 h. A saturated NaHCO; solution
was added to quench the reaction. The resultant solution was diluted with EtOAc. The
organic layer, after being washed with water, saturated aqueous CuSOQOy, and brine,
respectively, was dried with Na;SO4 and concentration. The residue was purified by
silica gel column chromatography (petroleum ether/EtOAc, 5:1) to afford 37 (169 mg,
80%) as a white foam: [a]p”® = 10.9 (c 1.0, CHCL); '"H NMR (400 MHz, CDCl;) &
7.99 (d,J=7.2 Hz, 2 H), 7.94 (m, 2 H), 7.84 (m, 2 H), 7.54 (m, 2 H), 7.43-7.35 (m, 5
H), 7.29 (t, J = 8.0 Hz, 2 H), 5.94 (t, J = 9.6 Hz, 1 H), 5.50-5.41 (m, 2 H), 5.04 (m, 2
H), 4.72 (td, J = 4.8, 10.8 Hz, 1 H), 4.56 (dd, J = 5.6, 10.8 Hz, 1 H), 4.08 (AB, 2 H),
3.80-3.69 (m, 3 H), 2.55 (m, 1 H), 1.78 (s, 3 H), 1.67 (s, 3 H), 1.60 (s, 3 H), 1.18 (s, 3
H), 0.88 (s, 3 H), 0.86 (s, 6 H), 0.85 (s, 3 H), 0.77 (s, 3 H); °C NMR (75 MHz,
CDCl3) 6 170.2, 166.9, 165.8 (2 C), 164.6, 133.5, 133.1, 133.0, 132.1, 129.8, 129.7,
129.6, 129.4, 128.8, 128.6, 128.4, 128.2 (2 C), 124.1, 95.0, 83.2, 83.0, 74.9, 74.5, 73.1,
72.0, 69.8, 61.7, 55.6, 52.9, 49.7, 46.8, 44.9, 41.2, 39.9, 39.3, 38.2, 37.9, 36.8, 34.2,
31.6, 28.6, 27.8, 26.1, 25.6, 23.3, 23.1, 22.5, 21.6, 18.0, 17.8 (2 C), 16.3, 16.0, 15.3;
HRMS (MALDI) calcd for Cs;H770,3CINa [M+Na]" 1075.4964, found 1075.1945.

20-0-[27,3”,4”-Tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2°,3’,4’-tri-O-benzo

yl-p-D-glucopyranosyl]-3-O-chloroacetyl-12-O-acetyl-protopanaxadiol (38)
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OBz
OBz
BzO OH ﬁ:\w Bzoj:\oL
BzO 0 BzO (e}
]\&L BzO BzO
BzO \—O, : OBz o |

OAc

PPh;AuNTf, (0.1 eq),
4AMS, CH,Cl,, rt, 99%
CAO

CAQO

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 37 (582 mg, 0.55 mmol) and 27 (700 mg, 1.11 mmol) with PPhsAuNTf, (41 mg,
0.055 mmol) in dry CH,Cl, (8 mL) in the presence of 4A MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 5:1) led to
38 (816 mg, 99%) as a white foam: [o]p> = 57.8 (¢ 1.0, CHCls); 'H NMR (400 MHz,
CDCls) 6 8.09-8.02 (m, 4 H), 7.99-7.96 (m, 4 H), 7.89 (m, 2 H), 7.78 (m, 2 H),
7.58-7.46 (m, 8 H), 7.44-7.23 (m, 10 H), 5.87 (t, J=9.6 Hz, 1 H), 5.65-5.60 (m, 3 H),
5.52 (t,J=10.0 Hz, 1 H), 5.41 (dd, J = 8.0, 9.6 Hz, 1 H), 5.02 (m, 2 H), 4.85 (d, J =
4.4 Hz, 1 H), 4.68-4.61 (m, 1 H), 4.56 (dd, J = 5.6, 10.8 Hz, 1 H), 4.31 (dd, J = 6.0,
12.0 Hz, 1 H), 4.06-3.98 (m, 4 H), 3.84-3.78 (m, 2 H), 1.73 (s, 3 H), 1.63 (s, 3 H),
1.52 (s, 3 H), 1.09 (s, 3 H), 0.87 (s, 3 H), 0.86 (s, 6 H), 0.79 (s, 3 H), 0.76 (s, 3 H); °C
NMR (100 MHz, CDCls) 6 170.3, 167.1, 165.9, 165.6 (2 C), 165.1, 164.9, 164.8,
133.4, 133.1, 131.4, 130.0, 129.9 (2 C), 129.8, 129.6, 129.3, 129.0, 128.6, 128.5,
124.6, 99.4, 95.3, 83.3, 83.1, 74.9, 73.6, 69.8, 55.8, 52.9, 49.9, 47.3, 45.0, 41.3, 39.6,
39.4, 38.4, 38.1, 36.9, 34.3, 31.8, 28.7, 28.0, 26.4, 25.7, 23.4, 23.3, 22.7, 21.6, 18.1,
17.8, 16.4, 16.2, 15.4; HRMS (MALDI) caled for Cg;Ho70,0CINa [M+Na]"
1519.6150, found 1519.6154.

20-0-[2”,3”,4”-Tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2°,3’,4’-tri-O-benzo

yl-p-D-glucopyranosyl]-12-O-acetyl-protopanaxadiol (39)
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OBz OBz
BzO o BzO o)
(e} (e}
BzO BzO BzO BzO

BzO o BzO (e]
= DBACO, EtOH, 50 °C, 80%

CAO

A solution of 38 (100 mg, 0.0667 mmol) and DBACO (112 mg, 1.0 mmol) in ethanol
(30 mL) was stirred at 50 °C for 2 d. Concentration and purification by silica gel
column chromatography (petroleum ether/EtOAc 2:1) afforded 39 (76 mg, 80%) as a
white foam: [a]p”® = 40.6 (¢ 1.0, CHCl;); 'H NMR (400 MHz, CDCl5) & 8.08 (d, J =
7.6 Hz, 2 H), 8.04 (d, J="7.6 Hz, 2 H), 7.98 (d, J = 8.0 Hz, 4 H), 7.89 (d, J="7.6 Hz, 2
H), 7.77 (d, J = 7.2 Hz, 2 H), 7.60-7.45 (m, 7 H), 7.43-7.24 (m, 11 H), 5.86 (t, J = 9.6
Hz, 1 H), 5.64-5.59 (m, 3 H), 5.51 (t, J=9.6 Hz, 1 H), 5.41 (dd, J=8.4,9.2 Hz, 1 H),
5.01-4.96 (m, 2 H), 4.84 (d, J = 4.4 Hz, 1 H), 4.68-4.60 (m, 1 H), 4.30 (dd, J = 5.6,
11.6 Hz, 1 H), 4.08 (d, J =10.8 Hz, 1 H), 4.00 (m, 1 H), 3.83-3.77 (m, 2 H), 3.18 (m,
1 H), 1.74 (s, 3 H), 1.62 (s, 3 H), 1.52 (s, 3 H), 1.08 (s, 3 H), 0.95 (s, 3 H), 0.86 (s, 3
H), 0.75 (s, 9 H); °C NMR (100 MHz, CDCl;) § 170.3, 165.9, 165.6, 165.5, 165.1,
164.9, 164.7, 133.4, 133.3, 133.2, 133.1, 133.0, 131.3, 129.9 (2 C), 129.8 (2 C), 129.6,
129.4, 129.3 (2 C), 129.1, 129.0, 128.6, 128.4, 128.3, 128.2 (2 C), 124.6, 99.4, 95.3,
83.3, 78.8, 75.1, 73.6, 73.2, 72.5, 69.8, 69.6, 69.5, 67.5, 67.3, 60.3, 55.8, 53.0, 50.0,
47.2, 45.0, 39.6, 39.4, 38.9, 38.7, 37.0, 34.4, 31.8, 28.7, 28.0, 27.2, 26.3, 25.6, 23.2,
22.5,21.6,18.2,17.9,17.7, 16.1, 15.4, 15.3; HRMS (MALDI) calcd for CgsHygcO19Na
[M+Na]" 1443.6471, found 1443.6438.

2-O-(2-Azidomethyl)benzoyl-3,4,6-tri-O-benzoyl-D-glucopyranose (S4)

OH OBz
- o
};go/ﬁ% 1) BzCl, pyridine, rt, 94% Béoo o OH
Z!
0,
AZMBO OAIIZ) PdCl,, MeOH/CH,Cly, rt, 90% OAZMB
s3 S4

To a solution of S3% (4.1 g, 10.8 mmol) in dry pyridine (30 mL) was added BzCl (7
mL, 60.4 mmol) dropwise at 0 °C. The reaction mixture was warmed to rt and was

stirred overnight before EtOAc was added to dilute the reaction. The resultant mixture



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

was washed with 1 N HCI, saturated NaHCOs, and brine, successively, and was then
dried over Na,SOs. Concentration to yield a residue which was further purified by
silica gel column chromatography (petroleum ether/EtOAc, 8:1) to afford the
benzoylated intermediate (7.0 g, 94%) as a white foam.

A similar procedure as that used for the deallylation of 28 was applied to remove
the anomeric allyl group. Thus, treatment of above product (6.7 g, 9.7 mmol) with
PdCl, (512 mg, 2.89 mmol) in CH,Cl,/MeOH (60 mL/60mL) at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 4:1) led to
S4 (5.18 g, 90%) as a white foam: [a]p>® = 59.5 (¢ 1.1, CHCls); 'H NMR (400 MHz,
CDCls) 6 8.07-7.98 (m, 3.6 H), 7.94-7.87 (m, 5.0 H), 7.53-7.27 (m, 14.8 H), 6.29 (t, J
=9.6 Hz, 1 H), 5.96 (t, J =9.6 Hz, 0.2 H), 5.79-5.72 (m, 2.2 H), 5.50 (dd, J = 8.0, 9.6
Hz, 0.2 H), 5.41 (dd, J=3.6,10.4 Hz, 1 H), 5.14 (d, J = 6.4 Hz, 0.2 H), 4.74-4.60 (m,
5.4 H), 4.50 (dd, J =4.8, 12.0 Hz, 0.2 H), 4.43 (dd, J = 4.4, 12.4 Hz, 1 H), 4.19-4.08
(m, 0.2 H); >C NMR (100 MHz, CDCl3) § 166.6, 166.5, 166.1, 166.0, 165.8, 165.4 (2
0), 137.6 (2 C), 133.6, 133.5, 133.4, 133.3 (2 C), 131.8, 131.2, 129.9, 129.8 (2 C),
129.7, 129.5, 129.4, 129.0, 128.9, 128.7, 128.5, 128.4, 128.2, 127.7, 127.5, 95.8, 90.4,
73.9, 72.8, 72.4 (2 C), 70.4, 69.6, 69.5, 67.7, 63.1, 62.9, 53.2, 52.8; HRMS (MALDI)
calcd for C35Hy9N3Oq9Na [M+Na]+ 674.1745, found 674.1754.

2-0-(2-Azidomethyl)benzoyl-3,4,6-tri-O-benzoyl-D-glucopyranosyl
ortho-cyclopropylethynylbenzoate (40)

OH
(0]
OBz
OBz _
- BzO Q (@)
BzO % BzO
OH
BzO AZMBO o
AZMBO EDCI, DIPEA, DMAP, 40
S4 CH,Cl,, rt, 80%

A similar procedure as that used for the synthesis of 20 was applied. Thus, treatment
of S4 (2.0 g, 3.07 mmol), ortho-cyclopropylethynylbenzoic acid (1.03 g, 5.53 mmol),
DIPEA (1.4 mL, 7.89 mmol), and DMAP (674 mg, 5.52 mmol) in dry
dichloromethane (10 mL) with EDCI (1.1 g, 5.74 mmol) followed by silica gel

column chromatography (petroleum ether/EtOAc, 8:1 to 4:1) provided 40 (2.3 g, 80%)

38
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as a white foam. The pure p anomer was obtained for characterization: [a]p”" = 36.2
(c 0.9, CHCl;); "H NMR (400 MHz, CDCl5) & 8.06-8.04 (m, 2 H), 8.00 (dd, J = 0.8,
8.0 Hz, 1 H), 7.93-7.90 (m, 4 H), 7.85 (dd, J=1.2, 7.6 Hz, 1 H), 7.53-7.25 (m, 15 H),
6.38 (d, J=8.0 Hz, 1 H), 6.06 (t, J =9.6 Hz, 1 H), 5.88-5.82 (m, 2 H), 4.70 (dd, J =
24, 12.4 Hz, 1 H), 4.55-4.49 (m, 3 H), 4.43-4.39 (m, 1 H), 1.53-1.47 (m, 1 H),
0.88-0.86 (m, 4 H); °C NMR (100 MHz, CDCl3) & 165.4, 165.0, 164.4 (2 C), 162.6,
136.8, 133.7, 132.8, 132.4, 131.9, 130.2 (2 C), 129.1, 127.9, 127.7, 127.4, 126.8,
126.3, 125.1, 100.0, 91.7, 73.5, 72.5, 72.3, 70.4, 68.3, 62.0, 52.0, 8.3; HRMS
(MALDI) caled for C4;H37N3011Na [M+Na]" 842.2311, found 842.2320.

3-0-(3"7,4°,6°°-Tri-O-benzoyl-p-D-glucopyranosyl)-20-O-[2"°,3”*,4”-tri-O-benzo
yl-a-L-arabinopyranosyl-(1—6)-2°,3’,4’-tri-O-benzoyl-p-D-glucopyranosyl]-12-O-
acetyl-protopanaxadiol (41)

OBz BzO SEe)
BzO

BzO 0 AZMBO o |
o
BzO g0 40

1) PPh3AuNTf, (0.2 eq), 5A MS, CH,Cl,,
rt, 80%

2) "BugP, THF, H,0, 1t, 76%

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 39 (20 mg, 0.014 mmol) and 40 (23 mg, 0.028 mmol) with PPhsAuNTf, (3 mg,
0.004 mmol) in dry CH,Cl, (2 mL) in the presence of 5SA MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 3:1) led to
the desired trisaccharide (23 mg, 80%) as a white foam.

A similar procedure as that used for 44—45 was applied. Thus, treatment of the
above trisaccharide (200 mg, 0.097 mmol) with BusP (85 pL, 0.3 mmol) in THF/H,O
(2 mL/0.02 mL) at rt followed by purification by silica gel column chromatography
(petroleum ether/EtOAc, 3:1) led to 41 (145 mg, 76%) as a white solid: 'H NMR (400
MHz, CDCls) 6 8.09-7.87 (m, 16 H), 7.77 (dd, J = 1.2, 8.4 Hz, 2 H), 7.61-7.46 (m, 10
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H), 7.45-7.24 (m, 17 H), 5.86 (t, J = 9.6 Hz, 1 H), 5.66-5.60 (m, 4 H), 5.51 (AB, 2 H),
5.42 (dd, J = 8.0, 9.6 Hz, 1 H), 5.02-4.96 (m, 2 H), 4.84 (d, J = 44 Hz, 1 H),
4.70-4.63 (m, 1 H), 4.59 (d, J = 7.6 Hz, 1 H), 4.54-4.51 (m, 2 H), 4.30 (dd, J = 6.0,
12.0 Hz, 1 H), 4.09-4.05 (m, 2 H), 4.02-3.98 (m, 1 H), 3.88-3.78 (m, 3 H), 3.12 (dd, J
=4.0, 11.6 Hz, 1 H), 2.55 (brs, 1 H), 1.78 (s, 3 H), 1.64 (s, 3 H), 1.54 (s, 3 H), 1.10 (s,
3 H), 0.97 (s, 3 H), 0.84 (s, 3 H), 0.79 (s, 3 H), 0.72 (s, 3 H); °C NMR (100 MHz,
CDCl3) & 170.1, 166.4, 165.9, 165.6, 165.5, 165.1, 164.9, 164.7, 133.4, 133.3, 133.1,
131.3, 130.0, 129.9 (2 C), 129.8, 129.7, 129.4, 129.3, 129.2, 129.1, 128.9, 128.6 (2 C),
128.5, 128.4, 128.3, 128.2, 124.7, 105.1, 95.4, 90.4, 83.4, 75.1, 73.7, 73.3, 72.6, 72.1,
70.0, 69.9, 69.8, 67.6, 63.5, 56.1, 53.0, 50.0, 45.1, 39.7, 39.4, 39.2, 36.6, 34.4, 31.7,
28.0, 26.3, 25.6, 23.3, 22.5, 21.6, 18.1, 17.9, 17.8, 16.3, 16.0, 15.4; HRMS (MALDI)
caled for Cy1oH;130,7Na [M+Na]" 1917.7753, found: 1917.7750.

2-0-(2-Azidomethyl)benzoyl-3-O-allyl-4,6-O-benzylidene-D-glucopyranosyl
ortho-hexynylbenzoate (43)

Ph-\"O
Ph- "0 1) CAN, CHsCN/toluene/buffer ~ O Q5
o 0 T AllO
AllO OompP AZMBO o |l
AZMBO 2) EDCI, DIPEA, DMAP, CHJCl,, rt,
S5 71% (for 2 steps) 43 "Bu

OH

0
"Bu—==

To a solution of S5 (1.07 g, 1.87 mmol) in CH3;CN/toluene/buffer H,O (37 mL,
v/v/v, 25:6:6) was added CAN (3.07 g, 5.60 mmol) at room temperature. After being
stirred at the same temperature for 15 min, the mixture was diluted with CH,Cl,. The
organic phase was washed with saturated NaHCO; and brine, respectively, and dried
with Na,SO4. Concentration under reduced pressure yielded the crude lactol product,
which was put forward to synthesize donor 43 without further purification.

A similar procedure as that used for the synthesis of 20 was applied. Thus,
treatment of the above lactol, ortho-hexynylbenzoic acid (453 mg, 2.24 mmol), and
DMAP (23 mg, 0.19 mmol) in dry dichloromethane (12 mL) with EDCI (644 mg,

3.36 mmol) followed by silica gel column chromatography (petroleum ether/EtOAc,
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40:3) led to 43 (860 mg, 71%) as a white foam. The pure a-isomer was obtained for
characterization: [o]p>* = 106.2 (c 0.8, CHCls); "H NMR (400 MHz, CDCl5) & 7.96 (d,
J=7.6Hz, 1 H), 7.87 (d, J = 7.6 Hz, 1 H), 7.56-7.27 (m, 12 H), 6.74 (d, J = 3.6 Hz, 1
H), 5.89-5.79 (m, 1 H), 5.65 (s, 1 H), 5.41 (dd, J=4.4, 9.6 Hz, 1 H), 5.25 (dd, J = 1.2,
17.2 Hz, 1 H), 5.10 (d, J = 10.4 Hz, 1 H), 4.81 (AB, 2 H), 4.46-4.36 (m, 2 H),
4.29-4.18 (m, 3 H), 3.90-3.80 (m, 2 H), 2.50-2.40 (m, 2 H), 1.57-1.49 (m, 2 H),
1.38-1.32 (m, 2 H), 0.87 (t, J = 7.2 Hz, 3 H); *C NMR (100 MHz, CDCls) & 165.5,
164.4, 137.6, 137.0, 135.2, 134.6, 132.9, 132.3, 131.0, 130.9, 130.0, 129.3, 129.0,
128.2,127.9, 127.3, 125.9, 125.1, 116.8, 101.3, 97.1, 90.8, 81.7, 79.9, 75.9, 73.6, 71.9,
68.7, 65.3, 52.8, 30.7, 29.7, 22.0, 19.7, 13.6; HRMS (MALDI) calcd for
C37H37N305Na [M+Na]" 674.2484, found 674.2473.

3-0-[2°”-0O-(2-Azidomethyl)benzoyl-3°-O-allyl-4>”,6°’-O-benzylidene-p-D-gluco
pyranosyl]-20-O-[2”,3”,4”’-tri-O-benzoyl-a-L-arabinopyranosyl-(1—6)-2°,3’ 4’-tr
i-O-benzoyl-B-D-glucopyranosyl]-12-O-acetyl-protopanaxadiol (44)

OBz OBz
0 BzO o
B20 o P70 o
BzO BzO o Allo O BzO BzO
BzO
s o - AZMBO o |
z : 43 By

PPhsAUNTf, (0.2 eq),
5A MS, CH20|2, rt, 83% Ph/vo
O

AllO o
OAZMB

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 39 (106 mg, 0.075 mmol) and 43 (73 mg, 0.11 mmol) with PPh;AuNTf, (11 mg,
0.015 mmol) in dry CH,Cl, (4 mL) in the presence of SA MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 5:1) led to
44 (116 mg, 83%) as a white foam: [o]p> = 41.7 (¢ 1.1, CHCls); 'H NMR (400 MHz,
CDCls) 6 8.09-8.03 (m, 5 H), 7.98 (d, J = 6.8 Hz, 4 H), 7.89 (d, J= 7.2 Hz, 2 H), 7.77
(d, J=7.2 Hz, 2 H), 7.55-7.22 (m, 26 H), 5.87 (t, J=9.2 Hz, 1 H), 5.78-5.71 (m, 1 H),
5.66-5.58 (m, 4 H), 5.52 (t, J=9.6 Hz, 1 H), 5.42 (dd, J=8.0,9.2 Hz, 1 H), 5.32 (t, J
= 8.0 Hz, 1 H), 5.19 (d, J = 16.8 Hz, 1 H), 5.04-4.97 (m, 3 H), 4.91-4.78 (m, 3 H),
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4.69-4.63 (m, 2 H), 4.38-4.28 (m, 3 H), 4.15-4.07 (m, 2 H), 4.00 (m, 1 H), 3.87-3.79
(m, 5 H), 3.51 (m, 1 H), 3.06 (m, 1 H), 1.74 (s, 3 H), 1.63 (s, 3 H), 1.52 (s, 3 H), 1.08
(s, 3 H), 0.82 (s, 3 H), 0.73 (s, 6 H), 0.68 (s, 3 H), 0.67 (s, 3 H); *C NMR (100 MHz,
CDCL) & 170.4, 135.9, 165.6 (2 C), 165.1, 164.9 (2 C), 164.8, 138.0, 137.3, 134.7,
133.5, 133.4, 133.1, 132.9, 131.4, 130.9, 129.8, 129.4, 129.0, 128.5, 128.3, 127.9,
126.0, 124.7, 117.1, 103.7, 101.2, 99.4, 95.4, 90.0, 83.4, 81.5, 78.7, 75.1, 73.8, 73.6,
73.2, 72.5, 69.8, 69.7, 68.8, 67.6, 66.2, 56.1, 52.9, 50.0, 47.3, 45.1, 39.4, 39.0, 38.8,
36.7, 34.4, 31.8, 29.7, 28.8, 27.7, 26.0, 25.7, 23.3, 22.5, 21.6, 18.0, 17.8, 16.1, 15.4;
HRMS (MALDI) caled for CjooH;19N3025Na [M+Na]* 1892.8046, found 1892.8025.

3-0-(3°7-0O-Allyl-4"”,6°-O-benzylidene-p-D-glucopyranosyl)-20-O-[2”,3”,4”-tri-
O-benzoyl-a-L-arabinopyranosyl-(1—6)-2°,3’,4’-tri-O-benzoyl-p-D-glucopyranos

yl]-12-O-acetyl-protopanaxadiol (45)

OBz OBz
BzO ] BzO o

"BugP, THF, H,0, 1t, 61%

Ph™o
0
A||6&\\O/o

oazms 7 OH

To a solution of 44 (202 mg, 0.108 mmol) in THF/H,O (2 mL/0.2 mL) was added

"BusP (10% in hexane, 280 pL, 0.114 mmol). The mixture was stirred at room
temperature for 4 h, and was then diluted with CH,Cl,. The solution was washed with
saturated aqueous NaHCO;_ water, and brine, respectively, and was then dried with
anhydrous Na,SO., and concentrated. The residue was purified by silica gel column
chromatography (petroleum ether/EtOAc, 2:1) to provide 45 (113 mg, 61%) as a
white foam: [a]p** = 35.9 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl5) & 8.09 (d, J =
7.2 Hz, 2 H), 8.04 (d,J=7.2 Hz,2 H), 7.98 (d, J= 7.6 Hz, 4 H), 7.89 (d, J = 7.6 Hz, 2
H), 7.77 (d, J = 7.2 Hz, 2 H), 7.59-7.23 (m, 23 H), 5.98-5.90 (m, 1 H), 5.86 (t, J=9.6
Hz, 1 H), 5.65-5.60 (m, 3 H), 5.53-5.47 (m, 2 H), 5.42 (t, J = 8.8 Hz, 1 H), 5.32 (dd, J
=1.2,17.2 Hz, 1 H), 5.18 (d, J = 10.4 Hz, 1 H), 5.01-4.96 (m, 2 H), 4.84 (d,J =44
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Hz, 1 H), 4.66-4.60 (m, 1 H), 4.46-4.40 (m, 2 H), 4.31-4.25 (m, 3 H), 4.12-4.06 (m, 1
H), 4.00 (m, 1 H), 3.83-3.75 (m, 3 H), 3.64-3.56 (m, 3 H), 3.45-3.39 (m, 1 H), 3.16
(dd, J=4.0, 11.2 Hz, 1 H), 2.53 (brs, 1 H), 1.73 (s, 3 H), 1.62 (s, 3 H), 1.52 (s, 3 H),
1.08 (s, 3 H), 1.01 (s, 3 H), 0.86 (s, 3 H), 0.82 (s, 3 H), 0.77 (s, 3 H), 0.75 (s, 3 H); °C
NMR (100 MHz, CDCl3) § 170.3, 165.9, 165.6 (2 C), 165.1, 164.9, 164.8, 137.4,
135.0, 133.5, 133.4, 133.1, 131.4, 129.9, 129.7, 129.4, 129.1, 129.0, 128.6, 128.5,
128.4, 128.3, 126.0, 124.7, 117.2, 105.5, 101.2, 99.4, 95.4, 89.9, 83.4, 81.3, 80.2, 75.1,
74.8, 73.6, 73.2, 72.5, 69.8, 69.7, 68.8, 67.6, 67.3, 66.4, 56.2, 53.0, 50.1, 47.3, 45.1,
39.7, 39.4, 39.2, 38.8, 36.7, 34.5, 31.8, 28.8, 28.0, 26.4, 26.0, 25.7, 23.3, 22.5, 21.6,
18.0, 17.8, 16.4, 16.1, 15.4; HRMS (MALDI) caled for Cjo1H;14024Na [M+Na]"
1733.7637, found 1733.7592.

3-0-[27,37,4””,6””’-Tetra-O-benzoyl-p-D-glucopyranosyl-(1—2)-3°-O-allyl-4’
”,6°”-0O-benzylidene-p-D-glucopyranosyl]-20-O-[2”,3”,4”-tri-O-benzoyl-o-L-ara
binopyranosyl-(1—6)-2°,3’,4’-tri-O-benzoyl-p-D-glucopyranosyl]-12-O-acetyl-

protopanaxadiol (47)
OBz OR
B0 @ OBz Romo
(0]

BzO
BzO BzO o
BZZO&C‘L Bzoﬁ\ro

B OBz O Il

46 By

PPh;AuNTf, (0.2 eq),
5AMS, CH,Cly, rt, 84% Ph/go

AllIO

RO—__O_ 0 -
R o% 47R =Bz
RO

OR

A similar procedure as that used for the synthesis of 22 was applied. Thus, treatment
of 45 (87 mg, 0.051 mmol) and 46 (125 mg, 0.16 mmol) with PPh;AuNTf; (12 mg,
0.016 mmol) in dry CH,Cl, (2.5 mL) in the presence of SA MS at rt followed by
purification by silica gel column chromatography (petroleum ether/EtOAc, 4:1 to 3:1)
led to 47 (98 mg, 84%) as a white foam: [a]p>* = 19.6 (c 1.2, CHCLs); 'H NMR (400
MHz, CDCl3) 6 8.11-7.95 (m, 12 H), 7.90 (d, J = 7.2 Hz, 4 H), 7.83 (d, J = 7.6 Hz, 2
H), 7.78 (d, J=7.2 Hz, 2 H), 7.58-7.23 (m, 35 H), 5.99-5.83 (m, 3 H), 5.75-5.64 (m, 4
H), 5.24 (d,J=17.2 Hz, 1 H), 5.14 (d, J=10.4 Hz, 1 H), 5.02-4.98 (m, 2 H), 4.85 (d,
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J=3.6 Hz, 1 H), 4.64 (d, J = 9.2 Hz, 2 H), 448 (m, 2 H), 4.30-4.25 (m, 3 H),
4.16-4.08 (m, 2 H), 4.00 (m, 1 H), 3.89-3.82 (m, 3 H), 3.75 (t, J = 10.0 Hz, 1 H),
3.60-3.49 (m, 2 H), 3.32 (m, 1 H), 3.07 (m, 1 H), 1.74 (s, 3 H), 1.63 (s, 3 H), 1.53 (s, 3
H), 1.14 (s, 3 H), 1.09 (s, 3 H), 0.83 (s, 3 H), 0.76 (s, 3 H), 0.73 (s, 3 H), 0.66 (s, 3 H);
C NMR (100 MHz, CDCls) & 170.3, 166.2, 165.9, 165.6, 165.2, 165.1 (2 C), 164.9,
164.8, 137.3, 135.0, 133.5, 133.4, 133.3, 133.1, 133.0, 131.4, 129.9 (2 C), 129.8,
129.7, 129.4, 129.3, 129.1, 129.0, 128.9, 128.8, 128.7, 128.5, 128.4, 128.3, 128.2,
126.0, 124.7, 116.9, 104.2, 101.1, 100.9, 99.4, 95.4, 90.6, 83.4, 81.9, 81.6, 78.0, 75.2,
73.7, 73.6, 73.3, 72.5, 72.3, 72.0, 69.8, 69.7, 69.5, 68.8, 67.6, 67.3, 65.6, 63.3, 60.4,
56.2, 53.0, 50.0, 47.4, 45.1, 39.7, 39.4, 38.8, 36.6, 34.5, 31.8, 29.7, 28.8, 27.6, 26.4,
26.1,25.7,23.3, 22.4, 21.6, 18.0, 17.8, 16.0 (2 C), 15.4; HRMS (MALDI) calcd for
C135H140033Na [M+Na]" 2311.9225, found 2311.9169.

Ginsenoside Rb2 (6)

OR OH
(0] (0]
RO RO
RO 0
o

ROppc 1) PdCl,, MeOH, CH,Cly, rt;
2) p-TsOH, MeOH, CH,Cl, rt, 70%
Ph’ho 3) KOH, MeOH, reflux, 90% HO
0 o HO
AllO 0" HO.
RO o 0 - HO o 0
R o%/ 47TR=Bz H o%/
RO OR HO OH

To a solution of 47 (68 mg, 0.0297 mmol) in CH,Cl,/MeOH (15 mL/15 mL) was
added PdCl; (2.6 mg, 0.0148 mmol). The mixture was stirred at room temperature for
7 h, and then Et;N was added (0.1 mL). Filtration through a pad of Celite and
concentrated of the filtrate led to the deallylated product, which was used for the next
step without further purification.

To a solution of the above crude product in CH,Cl,/MeOH (3.6 mL/2.4 mL) was
added p-TsOH (12 mg, 0.063 mmol). The mixture was stirred at room temperature
overnight and was diluted with EtOAc. The mixture was washed with saturated
NaHCOs, water, and brine, successively. The organic phase was dried over anhydrous

Na,SO,, filtered, and concentrated under reduced pressure. The residue was purified
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by silica gel column chromatography (petroleum ether/EtOAc, 1:1 to petroleum
ether/EtOAc/MeOH, 1:1:0.1) to afford the debenzylidenated product (45 mg, 70% for
two steps) as a white foam.

To a solution of the above product (40 mg, 0.018 mmol) in MeOH (2.5 mL) was
added KOH (130 mg, 2.14 mmol). The mixture was refluxed overnight, and was then
neutralized with "H resin. Filtration and concentration led to a residue, which was
purified by RP-18 silica gel column chromatography (H,O/MeOH, 1:4) to afford 6
(18 mg, 90%) as a white solid: [a]p™* = 13.3 (c 1.0, MeOH); '"H NMR (400 MHz,
CsDsN) 6 5.32 (d,J=7.6 Hz, 1 H), 5.24 (m, 1 H), 4.87 (d,J=6.0 Hz, 1 H), 4.80 (d, J
=72 Hz, 1 H), 455 (d,J=10.4 Hz, 1 H), 1.56 (s, 3 H), 1.53 (s, 6 H), 1.13 (s, 3 H),
0.98 (s, 3 H), 0.87 (s, 3 H), 0.81 (s, 3 H), 0.66 (s, 3 H); °C NMR (100 MHz, CsDsN)
0 131.2,126.0, 106.2, 105.2, 104.7, 98.2, 89.0, 83.5, 79.3, 78.4, 78.3, 78.2, 78.0, 77.2,
76.8, 75.0, 74.2, 72.2, 71.9, 71.7 (2 C), 70.2, 69.3, 68.6, 65.7, 62.9, 62.7, 56.4, 51.7,
51.5, 50.3, 49.5, 40.1, 39.7, 39.2, 37.0, 36.2, 35.2, 30.8 (2 C), 28.2, 26.8, 26.7, 25.9,
23.3,22.4,18.5,179,17.4,16.7, 16.3, 16.1; HRMS (MALDI) calcd for Cs3HgyO22Na
[M+Na]" 1101.5808, found 1101.5816.

Comparison of the BC NMR data of the synthetic ginsenosides 1-6 with those

reported for the natural products.

C Synthetic ginsenoside F3 (1) Reported data'>'"!
1 394 39.4
2 28.2 28.2
3 78.6 78.5
4 40.4 40.4
5 61.8 61.8
6 67.8 67.8
7 47.6 47.5
8 413 41.2
9 50.0 49.9
10 394 39.4
11 30.8 30.7
12 70.3 70.2
13 49.2 49.1
14 514 51.4
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15 309 30.8
16 26.7 26.7
17 51.7 51.7
18 17.5 17.5
19 17.5 17.5
20 83.5 83.5
21 22.4 223
22 36.2 36.2
23 233 232
24 126.0 126.0
25 131.2 131.2
26 25.9 25.8
27 18.0 17.9
28 32.1 32.0
29 16.6 16.5
30 17.7 17.7
I 98.2 98.0
2 75.0 74.9
3’ 79.3 79.2
4 72.2 72.1
5’ 76.8 76.7
6’ 69.3 69.1
1” 104.7 104.6
2” 71.9 71.8
3” 74.2 74.1
4” 68.7 68.6
5” 65.7 65.6
C Synthetic  chikusetsusaponin | Reported datal®']
L10(2)

1 389 39.0
2 27.8 27.9
3 78.3 78.3
4 40.3 40.2
5 61.6 61.6
6 67.5 67.5
7 471 47.1
8 40.9 41.0
9 49.7 49.7
10 39.3 393
11 28.0 27.9

46
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12 78.4 78.3
13 46.2 46.2
14 52.0 52.0
15 31.1 31.1
16 26.6 26.6
17 54.0 54.1
18 17.2 17.2
19 17.2 17.2
20 73.0 73.1
21 26.6 26.6
22 36.3 36.3
23 22.8 22.8
24 126.4 126.4
25 130.6 130.5
26 25.8 25.8
27 17.6 17.6
28 319 31.8
29 16.4 16.4
30 17.4 17.2
I 100.4 100.4
2’ 75.2 75.1
3’ 78.6 78.3
4 71.0 70.9
5 77.5 77.7
6’ 62.4 62.8
C Synthetic gensinoside Rh1 (3) | Reported data!®'?!
1 389 39.0
2 27.8 27.9
3 78.3 78.3
4 40.3 40.2
5 61.6 61.6
6 67.5 67.5
7 471 47.1
8 40.9 41.0
9 49.7 49.7
10 39.3 39.3
11 28.0 27.9
12 78.4 78.3
13 46.2 46.2
14 52.0 52.0
15 31.1 31.1
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16 26.6 26.6
17 54.0 54.1
18 17.2 17.2
19 17.2 17.2
20 73.0 73.1
21 26.6 26.6
22 36.3 36.3
23 22.8 22.8
24 126.4 126.4
25 130.6 130.5
26 25.8 25.8
27 17.6 17.6
28 319 31.8
29 16.4 16.4
30 17.4 17.2
I 100.4 100.4
2’ 75.2 75.1
3’ 78.6 78.3
4 71.0 70.9
5’ 77.5 77.7
6’ 62.4 62.8
C Synthetic ginsenoside Rgl (4) | Reported datal®'*!
1 39.5 39.9
2 28.0 28.4
3 78.8 79.2
4 40.4 40.8
5 61.5 61.8
6 80.2 80.6
7 452 45.6
8 41.2 41.6
9 50.1 50.5
10 39.8 40.2
11 31.0 31.5
12 70.4 70.7
13 49.2 49.7
14 51.5 51.9
15 30.8 31.2
16 26.7 27.1
17 51.8 52.0
18 17.6 18.1
19 17.6 18.1
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20 83.5 83.8
21 22.5 22.8
22 36.2 36.6
23 234 23.7
24 126.0 126.5
25 131.1 131.4
26 25.9 26.2
27 17.9 18.3
28 31.8 322
29 16.5 16.9
30 17.2 17.7
6-Glc 1’ 106.0 106.5
2 75.5 76.0
3 79.7 80.1
4 71.9 72.4
5 78.3 78.7
6’ 63.2 63.4
20-Gle 17 98.3 98.7
2” 75.2 75.6
3” 79.2 79.8
4” 71.6 72.2
57 78.2 78.6
6” 63.2 63.6
C Synthetic ginsenoside Ia (5) Reported data’®'”!
1 39.1 39.1
2 26.6 26.7
3 89.4 89.4
4 40.5 40.5
5 61.8 61.8
6 67.5 67.5
7 47.5 47.5
8 41.1 41.1
9 49.8 49.8
10 38.8 38.9
11 30.9 30.9
12 70.1 70.1
13 49.1 49.1
14 51.3 51.3
15 30.7 30.8
16 26.7 26.7
17 51.6 51.5
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18 17.6 17.6

19 17.4 17.4

20 83.2 83.2

21 22.3 22.4

22 36.1 36.2

23 232 232

24 125.9 125.9

25 130.9 130.9

26 25.8 25.8

27 17.7 17.8

28 314 314

29 17.0 16.9

30 17.4 17.4

3-Gle I 107.2 107.2

2 75.9 75.8

3’ 78.8 78.7

4 71.9 71.9

5 78.4 78.3

6’ 63.1 63.1

20-Gle 17 98.3 98.2

2” 75.1 75.1

3” 79.3 79.3

4” 71.6 71.6

57 78.3 78.2

6” 62.9 62.9

C NMR signal* Synthetic G-Rb2 (6) Authentic G-Rb2 ¥ | Reported data 5"
1 16.1 16.1

2 16.3 16.3

3 16.7 16.7

4 17.4 17.4

5 18.0 18.0

6 18.5 18.5

7 22.4 22.4 22.4
8 233 233 232
9 25.9 259

10 26.7 26.7

11 26.8 26.8 26.9
12 28.2 28.2

13(2) 30.8 30.8

14 35.2 352

15 36.2 36.2 36.2
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16 37.0 37.0

17 39.2 39.2

18 39.7 39.7

19 40.1 40.1

20 495 49.5

21 50.3 50.3

22 51.5 51.5

23 517 517 517
24 56.4 56.4

25 62.7 62.7

26 62.9 62.9

27 65.7 65.7

28 68.6 68.7

29 69.3 69.3

30 70.2 70.2

31(2) 71.7 71.7

32 71.9 71.9

33 72.2 722

34 742 74.2

35 75.0 75.0

36 77.0 76.9

37 77.3 773

38 78.0 78.0

39 78.2 782

40 783 78.4

41 78.4 78.4

42 79.3 79.3

43 83.5 83.5 83.5
44 89.0 89.0

45 98.2 98.2 98.1
46 104.7 104. 8 104.6
47 105.2 105.2 105.1
48 106.2 106.2 106.1
49 126.0 126.0 126.0
50 131.2 131.2 131.1

*The "*C signals are numbered from the highest to the lowest.

References
[S1] The spectroscopic data of the obtained two compounds are identical to those of

the authentic samples which are commercially available.



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

[S2] Liao, J.; Sun, J.; Yu, B. Tetrahedron Lett. 2011, 52, 3075.

[S3] Fiandor, J.; Garcia-Lopez, M. T.; Heras, F. G. D. L.; Mendez-Castrillon, P. P.
Synthesis 1985, 1121.

[S4] Ma, Y.; Zhang, J.; Yu, B.; Li, Z.; Shi, H. J. Org. Chem. 2011, 76, 9748.

[S5] Nicolaou, K. C.; Winssinger, N.; Pastor, J.; DeRoose, F. J. Am. Chem. Soc. 1997,
119, 449.

[S6] France, R. R.; Rees, N. V.; Wadhawan, J. D.; Fairbanks, A. J.; Compton, R. G.
Org. Biomol. Chem. 2004, 2, 2188.

[S7] Yu, B.; Xie, J.; Deng, S.; Hui, Y. J. Am. Chem. Soc. 1999, 121, 12196.

[S8] Sun, J.; Han, X.; Yu, B. Synlett 2005, 437.

[S9] Peng, W.; Sun, J.; Lin, F.; Yu, B. Synlett 2004, 259.

[S10] Dou, D.-Q.; Chen, Y.-J.; Ma, Z.-Z.; Wen, Y.; Weng, M.-H.; Pei, Y.-P.; Wang,
Z.-X.; Kawai, H.; Fukushima, H.; Murakami, Y. J. Chin. Pharm. Sci. 1996, 5, 48.
[S11] Yahara, S.; Kasai, R.; Tanaka, O. Chem. Pharm. Bull. 1977, 25, 2041.

[S12] Teng, R.; Li, H.; Chen, J.; Wang, D.; He, Y.; Yang, C. Magn. Reson. Chem.
2002, 40, 483.

[S13] Dou, D.; Wen, Y.; Pei, Y.; Yao, X.; Chen, Y.; Kawai, H.; Fukushima, H. Planta
Med. 1996, 62, 179.

[S14] An authentic sample was purchased from Shanhai Yuanye Company
(www.shyuanye.com).

[S15] Karikura, M.; Miyase, T.; Tanizawa, H.; Taniyama, T.; Takino, Y. Chem. Pharm.
Bull. 1991, 39, 2357.



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—1300

~1200

—1100

~1000

—900

~800

—700

—600

—500

—400

~300

~200

~100

100

€16 "
cL6”
666 °
€20°
880"
8¢1°
i
L61"
8¢C°
9L¢"
ere”
89¢”
90¥ *
9y *
16y -
G8v°
LvG "
896 °
Le9”
299 ”
T1L°
0.8"
668 "
676 °
€86°
910"
Gv0°
250"
160
8¢¢ "
692"

vy
657 °
187
L6V *
8L
S

Ga1
G0e
02¢
L6€°
€8¢ "

89¢ "

90—

TS e erreee—

ANANNNNN A A A A A A A A A A A A A A A A A A A A~ O O O

b4

7

T~

G~

MW

G—

1, —

8 (300MHz CDCly)

T T

e}
(=3

e}
S
—

—ee LS

53

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
f1 (ppm)

7.0

7.5



0
—250
~200
—150

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

8€1°0L
9€G €L
G/8'GL
Nw@.ﬁ%
000'2L-T
6L€LL
798'6.

8 (100MHz CDCls)

OAc

L6 vZl—

88l°LEL—

8.¥°691
900°02 _\W
89901

~100

10

20

30

40

50

60

70

80

110 100 90
£1 (ppm)

120

170 160 150 140 130

180



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—11000

10000

~9000

—8000

—7000

—6000

~5000

—4000

~3000

—2000

—1000

—-1000

000 0-—

168

816

811
6L1

002"

vee

AT

262
8LE

4%

06V
116
a4
avs
EE
189

”wn\l
0

€86 "
€10°
920"

S

ScY
9L9

769

0€L
99L
878

VL8"

786

110"
Le0”
¥60°

i<

196
VLS
L8S
665

[k

99¢°
Gev”
Sid
€9v”
9LV "

[49
8V1°
691 °
V1e’s
6ze”
ove”
16¢°
99¢°
LLe”

962

NN~ A~ A = O

TN T e

) —

A

—

9 (400MHz CDCl,)

Q
]
<

F vsl

LE71
Gl'e
€8°L

0oc’t

96°0

14

00’}
0L

~L.0gg

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)

7.5

8.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—1900

_-170.927
~-170.119
—131.611
—124.836
f80.187
77.318
j77.ooo
\-76.682
\-74.127
-vo 474
70.348
—58.581
—53.362
~—51.271
~-49.323
\47.229
40.596
%39.156
~ 37619
30.833
30.203
26.737
25.664
22.221
21.883
\-21.170
17.651
17.053
16.811
16.692
16.659

J
/
/

AcO (100MHz CDCl5) ~800

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
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 56
f1 (ppm)



7.24

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

©OOL®m— O MmN NOO® <NODNTI T~ FLON®DL
ONNNNKK S0 od ~+vO ~+-O0O0OOXVOOW ST T
O < < < < BNmHm NNNAN~

N ~ N

_ _ . _

HO
10 (300MHz CDCl,)

Qum

H

(oo}
™

1 ?R

1.31
1.25
1.19

™
—
-

1.05
1.03

o
@
o

e oA o5 299

A A
T T

i
o
o
~

0.91
0.83
—-0.07

—900

~800

—700

—600

~500

~400

—300

—200

~100

T T T T T T T T T T T T T T T T T T
6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—50000

—45000

—40000

35000

30000

25000

20000

15000

10000

~5000

ng : § OO0 O® DT M OTOMOMTLONLOONWOTTAN «™ 00 N
© [sp] ~ ANLOONOOT MO NTOAANANOOLIDODWDLONMNTANOANOOONOMLY
~ < 9 SONOOET O OUNNOONAN-VOANROAMNMONQO
N~ [40] N OMNNMNMOOMmO MOANOODT OO T OMNOOULANNMMDNMDdDNMNLW
7 T R S S N
HO : -
“, £ 10 (75MHz CDCI
oH ( 3)
| ' I
| il
|
I | |
| |
|
|
Wy Mw»w L WWUMMM
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
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 58

f1 (ppm)



7.24

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o M~

~ N~ N~
B <
Y

4.07

11 (300MHz CDCly)

2.01
1.98
1.68
1.59
1.52
1.49
1.39
1.19
1.17
1.09
1.06
0.95
0.91
0.89
8:87
0.04
0.00

RG]

1 >

~1500

—1400

—1300

~1200

~1100

~1000

—900

—800

~700

—600

~500

—400

—300

~200

~100

71.28—

7.0 6.5 6.0 5.5 5.0 4.5

~ |1.05

f1 (ppm)

.0

2.5 2.0 1.5

£ 1583 —=

-1.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

14000

13000

—12000

—11000

—10000

~9000

~8000

—7000

—6000

~5000

~4000

—3000

—2000

—1000

] § R Ot O LW WO QO — oq—comoomor\c»voc»cococnooo&m
© o - FTONOW T OO DANTNANDORDFTONN~ I it/
N~ - 0 CONONT ON DOVONVNO MO NOMANW® T AN o
~ ™ ONNO OO0 — BNTORIENGWBIWNONNNN Q5
i i S A R PR RV LL a4
TBSO ,
= 11 (75MHz CDCI
OH ( 3)
it
| l [ ! | 1
Il
| | | |
| | | I
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
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—650

—600

—550

—500

~450

—400

~350

~300

~250

~200
~150
~100
—50

——

Alo HO

————————

12 (300MHz CDCl;)

I
wQ

(@]
I

—0.L°9%

00t
96°0

66°0
66’}

Tt T

06'¢

T

F e60

4.0
f1 (ppm)

3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 -1.0

3.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—12000

—11000

—10000

~9000

~8000

~7000

—6000

—5000

—4000

~3000

~2000

—1000

——1000

o O Vo] ~ <tOONO O ™M [&N] St ANMO STOLOTM OO©W WVNT OO OAN

o o To) 0 T OND O™ S O~ NN O MANXON OO OO QM NO©

™D ™ N ~ OOONMNNMNO NO © ~— M — O O W OOV O O©OOOULANSNMNLW

T BNV AN T AR S P ARVERSE SN

12 (75MHz CDCly)
|
| | I | |
I 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 T T T T T T T T T T T T T T T
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~700

—650

—600

—550

—500

—450

—400

—350
~300

~250

~200

~150

~100

~50
~0

=50

e

8¢'¢
0c'e
cee
€€~

=

0
)
™

0 0
o 6 oI
—

9C'L—

_—

13 (300MHz CDCl;)

M

T T

—€0°LG

00t

L0’}

10

L0}

v6'Y)

G6°0

0.0 g3

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
f1 (ppm)

7.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

N~ O ™~ (2] o TONOMNOOLW — OTOTATOOOT NO-LOOCOOTOOMMOT LW oSN

S o GBS W e ROYTQUT = INYICOVCOCVORNCTOMNOOOXEHOND
N © MmO - ODONNONO®D VO DOVONODNLLODOWOWIANT — NN O© OLogy

¥ 7T ENRpp Rl A A LA A AL AL RS A
126000
124000
122000
120000
18000
16000
14000

13 (75MHz CDCl,)
12000
10000
8000
| L1y [
| 6000
I
|
i L
| L '

I | | | 4000

| | | || | I
12000

TR utmposonesho Vbl asmariman s oo s iyt el \ -0
2000
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
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 g4

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—800

—700

—600

—500

—400

S

0S¢’ L—

14 (300MHz CDCl,)

—61'GS

— 007}

— 960

— 00°L

— 66}

L6'¢€

¥6°0

0.0

65

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
f1 (ppm)

7.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—90000

80000

—70000

60000

—50000

40000

30000

—20000

—10000

—-10000

Y€0'G-~
669°€-—

126°Sl
1891
vel'll
961",
¥8G°LIL
61081

oﬁ.mw
wmﬁmm/
¥58'GZ
89192

mNENW
€212
€78 06~
SB8ES
£56'8€

5&%%

89.°0V~C

Y65 GV~
189°9%~"
6CE6V—
28G'lG—
128'€G—

L10°19—

ey
Ein
oo
0537

SL08LL—

18€°GClL—

198°0€L—
vegeelL—

14 (75MHz CDCl,)

10

20

30

40

50

60

70

80

90

100

110

120

130

140

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—900

—800

—700

—600

—500

—400

—300

—200

—100

80°¢

o

< (N
— —
[apMep}

oce-T
zee
LL°€
E.mk
g1
€8°¢
60 V—F
Ly
el'y
SL'y

9’ L—

15 (300MHz CDCI;)

F vi6

—G9'8G

0.0

67

-0.5

0.5

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

8.0

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—15000

170.170
—133.625
—130.943
—125.502
—118.184

~N Ne——— N 14000

13000
| —12000
—11000
10000
~9000
—8000
~7000

15 (75MHz CDCl,) s
~6000

—5000

—4000

|1 3000

~2000

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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 68
f1 (ppm)



7.26

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

N~ TNO® FTANAMMNOOITNOD VITONMNNTONOINNOONANDTOLW
-0 VO@MMNONTT—T-O OONOOILIITMNMNONNNT -« O —800
BOIIB OGO OOO = e

1. 03
0.98

0.84
%o
0.07

LLegeprsefpaesy IS SOMQYIIE90 T R o s a2 29951 |
—750
~700
~650
600
— / —_— — —_— 550

—500

—450

Allo HO. —400

~350

HO

&nc 16 (300MHz CDCIy) 300

~250
~200
~150

~100

4.5 4.0 3.5 3.0 2.5 2.0 1
f1 (ppm)



170.267

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—133.624
—130.944

—125.490

—118.133

HO

‘.

’

oA

79.326
77.934
77.655
77.230
76.805
72.505
70.677
69.033

/
N

. 16 (75MHz CDCl,)

\
\

17.156
16.974
16.933
15.743

34000

170

160

150

140

130

120

110

T
100

T T
90
f1 (ppm)

80

70

60

50

40

30

20



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—800

—750

—700

—650

—600

550

~500

~450

—400
—350

—300

—250

~200

~150

~100

~50
0

000°0—

S SS

v

1/

OBz 9
Q s
OBz
193 (300MHz CDCIl,)
major isomer

BzO
BzO

o

E /8¢

66°0
G6°0

S6°0
¢6°0

68}

00}

1044

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5
f1 (ppm)

7.0 6.5 6.0 5.5 5.0

7.5

9.5 9.0 8.5 8.0

10.0



165.69
165.53

/
X

164.80
164.66

—142.08

134.61

§

133.41

133.33

133.21
133.0
129.6
129.6
129.4
129.2
128.3
128.3
128.2

£
=

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

S OMNOOINSTOLUN

128.1
125.7
92.60
77.42
77.00
76.57

\.73.73
6827
~-67.60
—62.07

BzO
BzO

193 (75MHz CDCIl,)
major isomer

21.17

6500

~6000

5500

~5000

~4500

~4000

~3500

—3000

—2500

—2000

—1500

—1000

~500

170

160

150

140

T T T T T T T T T T T T T T T
130 120 110 100 90 80 70 60
f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—2600

2400

—2200

~2000

—1800

~1600

—1400

~1200
~1000
—800
—600

—400

~200

~—200

£00°0-—

Gl ¢~
8GC¢—

e e

S

193 (300MHz CDCIl,)
minor isomer

N

Ge'e

— 80°1
— ¢0°l
— <0l
— 00°}

—98'Gl

—6.°0l

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o NN NONRNOANDNTNMOLD O DM
SO w CBLANT®BROOTNRN - 3 ©oRoVEs = 3
0O W< <t OO OTO—ODDD D D 0 O 0 0 < T ounwoQ© @ o
© © O O FODDOMONNNNNNNNN o NNOCO®ON -
N | e T NP VA il
OBZ.C.)
BzO C s
BzO
OBz
193 (75MHz CDCl,)
minor isomer
| |
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 74

f1 (ppm)



—900
—800
~700

—600
~500
~400
~300
—200
—100

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

eIG Y
mvm.v%
G997~
60L 7 —
55\\
6.

6LLG
18.'G
€5/°G
9. 'G~%
86—
806'-/
L¥6°G
gle9
mvm.@W
8/£9

2869~
7852
momsk
06€"2
@:EW
e

Y
6682\
e
€z6'L
Go.wﬁ
2,08

s

v

il

F 1o

F s0

O]

OBz
(@]
OB

BzO
BzO

14
6lL°¢

203 (300MHz CDCl,)

|
I
R

60}
807}

—== [ w0l

|
11
T

00}

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&%
f1 (ppm)

7.5

8.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

— O N OO ODONMNINNMNNOCONMNTSTANDT ~T 0OMLW N~
O O W~ M~ T O ANTNOOONLIIDODDDO MO T OO [e2] [ce] LOOMNTOLWOM 1o}
SRASKN HIBNSNBENCEBARABBIBICN & 8 q8RCIBI 2 N
CBWBWLM® FTOOORNODDDDD PO BGPDONW O o NI N 0 88 &
! OBz
BzO e
BzO
OB
O
o |
20a (75MHz CDCly)
|
|
||I |
| | |
|
|
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
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



2100
2000
~1900
1800
~1700
~1600
1500
~1400
~1300
~1200
~1100

—
—

s/
)

OTBDPS
OBz

BzO

BzO

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o
o o o o o o o o o <9
o o o o o o o o o o
AR O R s S U WP M
—
— =
s
O ==
o
(&
N
I
=
o
o
[at]
~
2
-
N <

~—100




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

15000

—14000

—13000

12000

—11000

—10000

~9000

—8000

—7000

~6000

~5000

—4000

—3000

~2000

AN © < I~ DO NOMNMNMNOT-—OODNDONMO 0N St N < <t (2}
< NNO TONTTOLONOTNOLOMO T O © 0 ~— o SO OWNMNOW©0OD © (o}

SNST HRHIBCIBESIRNBISBIINRIE & @ DRSENIRNBR s 03 e 9
BWW®H WU ANNCTTIRDROOONNNLL S © ©N©@©ONN @ @ 0™ X
OTBDPS
BzO O o

BzO
oz o |l

218 (75MHz CDCl;
|
il | |

| | | |

| | |
' | |
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
170 160 150 140 130 120 110 100 90 80 70 60 40 30 20 10 0 78

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—450
—400

—350

~300
~250
~200

~150

—100

—50

-0

=50

— —

T ///

oS s

22 (300MHz CDCls,)

OBz
BzO o

BzO
BzO

-

TR e T Tt T

116G

00’}

86°0

66°0
60}

90°¢
00’}

o'l
Go'e
10}
90°L
00t
1L0°¢

€9°€l

8.0

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
79
f1 (ppm)

7.0

7.5



—30000
—28000
26000
24000
—22000
—20000
—18000
16000
14000
—12000

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

G889l
696°91
ZLL
1£0°81
ﬁo.mrﬂ
891 L2
89122
IR A
£6€°0E~

028" L€
oow.wm%
82 66—
1250v~"

SPL L~
181 1v—
ssz6v
268’15~

09.8G—
€68'€9—

£67'69
NwN.EW
885°0L—

—10000
—8000
—6000
—4000
—2000

80

20

30

40

50

60

70

6.6'LL-
BN.QN
185°€/
908°9/
082 L.
¥59'1/
9,68/
G908
SLY b8

€v9'G6—

22 (75MHz CDCl)

OBz
o
BzO gl

BzO
BzO

Ly 9lL—
98l°Gel
195 74°14
Svy'8cl
L€G'8CL

80

110 100 90
f1 (ppm)

120

Leo'6Ch -
@NO.@N_‘V.
G/9'6¢l
€46/°6¢1
G88°6¢l
G96°6¢1
Gg98'0€lL
6.1°€€L
¥8ceel
vLGEelL
a8y aelL

9/1°591
€259l
€£0'99L-7
682°991
oﬁ.ot%
0SL'LLL

130

160 150 140

170




00
~800
—700
—600
~500
~400
~300
~200
~100

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—12€9

, = F oot

- 142
L0}

N4
c0'g
G0'S
80'G
A
91’6
4%
YA
0SS
196
09'6
8.°G
18°G
G8'g
AW
m_‘.mu
1C' LA
TV
@N.mg
@N.mg
0€.7
AWA
12V
1€/
o¥’.
'L
8.
05’2
4]
Gg'.
86,

1872

vw&%
€6°L~_
G6' L

23 (300MHz CDCl3)

e o
|
|

OTBDPS
@)

MA F 1o

BzO gl

BzO
BzO

Y0¥
4
66°0
00’}
v0'¢C

T —— /_/
AcO

=

9°0¢

L0V
LL°C

-/

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
£1 (ppm)

8.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

-40000

35000

—30000

—25000

—20000

15000

—10000

—5000

—-5000

Sve'6e-F
nvm.mm.\.
04G°0v \
86E°¢CY

mmw.w#\
L0L°Ly \

6€C 9L —
Yov'aclL
vyl lCL
(421914
Lev'8ch
68¢°6¢l
va.mm_\V
6.9°6C1
G88'6¢Cl
ve6'6Cl
€29°0€L
866°¢EL
6v0°€EL
gelLeel
gsoceel
Gg8g'GelL
qLogelL
€02°6€L

61191
SN.mEW
951991
LIL0LL—
R

OTBDPS
0
BzO o

BzO
BzO

23 (75MHz CDCl,)

82

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

170



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—13000

—12000

—11000
—10000
—9000

—8000

—7000
~6000

~5000

~4000

~3000

~2000

€0'0-—
6801
€601
56'0-
860
00"
€0'1
¥0° L+
mo.:
90°)
60}
4"
14"
4"
€'l
€c'l
Gc'l—
gz 1
9¢’)
yAS”
1€71
8¢’

o,

3)

24a (400MHz CDCI

2l
=)9¢
Age

Five

8¢'¢

5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0g3

5.4

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

oo o - O 0o © I
@D~ - D> T O~ > AN®O— DO © TOOONMIM —ONOINLON 0 ©
coo o ©C O O™ ~ Ao NA < NOOANMNN«™O N OO0 N N
[ N Y9) O OO ANN o ONNO®O B OO NOCHON OMNIO®M— NN © © 000
- < S == = [ N N S g D DODFFIITITOO® OPANNNNNT — — — +
N N NV NN I SN SN AN T Ae=—"|
50000
~45000
~40000
35000
30000
~25000
~20000
~15000
10000
|
|
I| L
~5000
' |
| L
1iome ,
~-5000

: , : , : , : , : , : , : , : , : , : , :
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 84
f1 (ppm)



—1000
—900
—800
—700
—600
—500

—400
—300
—200
~100

~0

~—100

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

OMT-OONNMNTONOOLHLWLWO

ODITHOONDLO N O v 0N v

CQORNNROXAONMNNOQOW

[QVUQVER ol ol ol s suli sl sl il i ol ol ol
T e N\ (e

ONOOT T ®
BOITDNOITNO
IS0
FEIFTTOO®

_— —

——

3)

24b (300MHz CDCI

T (0 I I A =

—61°GG

| seo
F oo

w 88°0

v6°L

00t
€v'0
0

VL€

60°}

00}

0.0g5

T T
2.5 2.0 1.5 1.0 0.5

3.0

3.5

f1 (ppm)

6.5 6.0 5.5 5.0 4.5 4.0

7.0




gl N

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

26091
189l
801°LL
ZLLL
ez 1z

86

10

re'1T -
1GL'ET

omo.mm/

wmm.mm/

257 06"

868" 8%

G89°L€

L0€°8€

9G€°6€

6.0 -
625 2~

986

Ew.@v/
96506~
8e8'06~

698G~
12€09—

eIv0L
£99°0/~\
166°0L~
1899/
000'2.-F —=
81e Ll
918'6.
186/
0208

8¢L'/0l—

24b (100MHz CDCl,)

0€L°GLL
wa.m_\_\uv.

60V'ZZL~_
059°€ZL—
6LLvZL
V1L OEL~ 2
060°LEL~" <
6L GEL~_
¥89'geL~"
g86°LeL~

8GG'€GL—

¥20°0L1L~
G06°0LL~"

20

30

40

50

60

70

80

110 100 90
f1 (ppm)

130 120

160 150 140

170




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—2800

—2600
~2400
—2200
—2000

~1800

—1600

—1400

—1200

~1000

~800

—600

~400
—200

~—200

S~
aad

€8 v—

Ge'G—

€L’Ll—
1 L—

VW l—F
mv.m.\.

e

STol

25a (300MHz CDCl,)

M

—Vv.'6G

F 880

Fue
Fuz

1.5

0.0

0.5

1.0

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—60000

—55000

—50000

45000

40000

35000

30000

—25000

—20000

—15000

10000

~5000

~—-5000

Scoo 0 N o DT OYTOWLOom H TOO-ITNOONONOANANNNOD N
[ T o™ AN N LOOOANONMNNOLLO [ce] NOONOODDONOWXWT M v v v N O O
~ v ~ ~ 0 00 O 00 O M MNMNDMNIMN To] LOITITITOOOONNNNNNN v~ «— v
N YR Y4 ~\/!/ = I N2 SNV NN NN e=———"
|
|
STol
AcO .
OAc
25a (75MHz CDCl,)
I |
| |
| | I
| [ ' | I | I
Ly ro | |
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
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

88



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

5 . F 5 7 7 T o F O F 7 2 . F
000~ \ ___J 90
4807 - — £6'l
260
00'L
€0'l
oC/ // _ 670
o)} — — 90°Gl
SN // 1Sl
62 1 — 85T
8¢’} / P

| T
wmw% — €2'C

19'L \ — M mw.m
0L} — W €0'6
wmw S~ Ve
68'L
¥0'Z
90°Z
GE'T
9ze— N F 60
LLe— f © - €6'l
£8'e—" » )

S0y \ Q 90}
T

Shy— \ = [ oot
o
o

JRe o
pre-\ _/ < = 0z
0cS— =
mw.m.\. N Q — 90'L
€e'g <
88'S~, ﬂA :
066" / % v0'l
oL'2
mE% .
11~ — F ez
Wi~ .
2L ~ Faz
St/

1.5

1.0 gg

0.5 0.0 0.5

1.0

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

9.5

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—30000

28000

26000

—24000

22000

—20000

—18000

16000

—14000

~12000

10000

—8000

~6000

—4000

—2000

oo ONN O LW O 0O © DI Yo © D ANNMOM«— O NOWLANM«— MO AN I O 0N
N~ N~ DOMOMOOMOOANN ~ (QLOC') MNNOOO O O ANOOOODON OOMNMNLUTONT™ ™ NN O O
- - PEAREAMI L IR A h 0 O © NNNRKO O VOLSFTTTONOO GNNNNNNNNN— — — —
\/ S Y B SN Y I N S\ remm——————
STol
OAc
25b (75MHz CDCl,)
|
| | |
| |
| | ' | | l 1|
I ||| I I| |
I | [
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
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—650

—600

—550

~500

—450

—400

—350

~300

~250

~200

~150

~100

~50

=50

—

///

—

26 (300MHz CDCl3)

—10°GS

el

00’}

80'Y
G0l

co’l

4.0

0.5 g1

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

6.0 5.5 5.0 4.5

6.5

8.5

9.0

9.5

f1 (ppm)



2000
11000
—10000
—9000
~8000
~7000
—6000
~5000
—4000
—3000
~2000
~1000

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

08897
v6°9)
GLL/L
18611
8828l
188702
IEV'1Z
6E1L22
96,22 -

16262 _
$61°GZ =
966 05"

899°0¢

0€8°2€
156
295 0h
€87 Tr— -
2L 9y~ _
08Z'L¥ -
mom.@W

SZ6'LG

29.'86— -
YBE 69" -
mm:ﬁ/

RITA _
INATEN =
180°G.— -

908'9/-F
omw.t\
¥59' L/ \
8208 \
6518

Y1e66—

26 (75MHz CDCl5)

OH
0
0
BZO oAl

BzO
BzO

ViV oLl — -
v6c'qcl

mov.wm_\/

©wv.ww_‘W. -
009'8¢l —
¥06°8¢1
clrecl
8.9°6C1
8./°6¢CL
688'6C1
¥66°'6C1
Svceel
08ceel
g99°eelL
Ly selL

€rl'Gol
mrm.mmrw
Ge0'991
¥62°0LL -7
LOL" L. _‘.\.

~—1000

92

80 70 60 50 40 30 20 10

180 170 160 150 140 130 120 110 100 90
f1 (ppm)

190




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—1400

—1300

~1200

~1100
~1000

—900

—800

—700

—600

~500

~400
~300
—200
—100

~—100

0000—

€Y8°0~_
G98'0~"

€92° L~
elvL

961" L ~\
061"

VA a

X

BzO

27a (300MHz CDCIl53)

E 10

0.0

1.5

0.5

1.0

2.0

2.5

4.5 4.0 3.5 3.0
f1 (ppm)

5.0



165.444
165.310

£
X

164.960
163.847

133.529
133.397
133.330

134.173
132.119

130.506
129.998
129.815
129

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o
©
™~

©
AN

~—

129

128.911

N0 © O~ N~ o
DTN = ~ o) 0O O © NI
O NO® N Q dgiarNo T
a0 00 05 6O O O o N Yoo aondN
NNNNNN S N NNO S oo NN
— 7 T N s
OBz
o
BzO
o
SHR (|

27a (75MHz CDCl,)

8.855

0.597

—24000

—22000

—20000

18000

16000

14000

—12000

—10000

—8000

6000

~4000

——2000

180

T
170

T
160

T
150

T
140

130

T T T T T T T T T T T T
120 110 100 90 80 70
f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—900
—800

~700
—600
—500
—400
—300
~200
~100

~0

~-100

474
S6'v
86V
G0'g
60°G
LG
LG
ov’'g
61°'G
19°G
€9'G
¥9'G
8L°G
18'G
¥8'G
€L
9¢’.
8¢'.
Le'L
12 WA
WA
8¢/
0.1

— e —

28 (300MHz CDCl;)

—€.°09

F oot

€L'e
€¢°¢
€Ll
€0’}
00}

he e

90}

€e'Y
AN’
LLL
90}
0c'e
6l'¢

N

5.5

0.0 g5

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

5.0

7.5 7.0 6.5 6.0

8.0



30000
28000
26000
24000
22000
20000
—18000
—16000
—14000
—12000
—10000
—8000
—6000

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

28 (75MHz CDCl,)
|

(@]
(8]
<

9629l
60€°'GClL

895°821
616'8Z1
900°6Z}
zeeee)
062'62}
£95°62)
zs9°62L
9v2'62}
82621
£/8'62)

1628}
8662}
69Z°€E)
oLes)
1ZrSel
v18'v9L
950'G9}
eSOl
GE5'Go)

oeg'col
520°0LL—
v96°0L1~

~—2000

96

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

170




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

3600

—3400

~3200

~3000

—2800

~2600

2400

—2200

~2000

~1800

—1600

—1400

~1200

—1000

~800

—600

—400
~200

~—200

© O I v~ O N O
LN NN— Qo
T v v v v v O

(=]

~ oo
Y QoW
~

™
(e}
—
’

68—

9L~
€L

09°L—

V. 8—

——

— ///‘

s s S S

o
I

(%

1 (300MHz C5D5N)

OH

I}

e N L A R R e R

—88°9%

00’}
o't
9Ll
ce’e

€L'6
4%°

181
10'¢C
Y9l
L1

97

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

f1 (ppm)



—400
—350
—300
—250
~200
~150
~100

1099}
v0G° L1
625°L FW
10L°L)
"
89824
A TATANG
788'ST
oom.mNW
66.°0€

198°0¢
190°¢E—

EVC9E~
YEV'6€

omv.ovM
XA adl

659GV
661 .@#M -
1866V~ =

868°L.
NNN.EW
902 V2~
L16vL— o
L2891
955°8/

mmm.ﬁ\ o
125°€8— o4 T

2

éH 1 (100MHz CsD5N)

o
T

G81'86— E—

8¢/, v0lL— -

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

A SR A

ga8ect
N@O.?NT\.
LLo'9ctL
ooc'LelL— EE—
vmm.mm_\./

heet —

888°GEl

299°671 W

[AVA])

20 10yg

30

140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

150



—340
—300
—280
—260
—240

220
=200
180
160
140
120
100
80
60
40
20
-0

~—20

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o
S
S
<Q

G99°0
€80
198°0
6180
1680
9007}
960°L
veL'lL
44"
gee’L
192}
8¢’
98¢’
L1627}
LE€°L
vev'L
LEV'L

—_—Fm———— 320

8Gv'L
viv'L
S9'L
169°L
€G.°1L
L10°¢
6€0°¢
110°¢C
mmm.j
clov
¥20°G
Y0°'G
697°G
€LY'G
186G
LL6°G
GE6'S
6vc’.
19¢'L
88¢'.
60¢°.L
8¢e’.L
8vE’.L
Goe’.L
G8e’.L
c6e’.L
G6e’L
Siv'.
eyl
Gev'.L
Lov'L
08v'.L \
c6y'.L
G6v'L
66Y°L
Lae'2L
9G'.L
G9G'.L
208,
908,
ve8'.L
928,
8.18°L
188°.
668°L
106°L
0v6°L
V6L
L96°L~=

€108
9108
€08

T — T

— —

/'f//

29 (400MHz CDCl,)

T TT P == T
N
o

—80°v9

00’}

00°¢
L0}
€0°¢

16°€l

10'¢C
0¥
[A %4

1.5

0.0 gg

0.5

1.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

8.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

29 (100MHz CDCl3)

1G6°96—

OBz
0]

BzO
BzO

¥68°'GCl
6lLc'8cl
12¢€°8¢l
86¢°8¢Cl
€€9'8¢l

1099

110 100 90 80 70 60 50 40 30 20
f1 (ppm)

120

G6C6CL~=

099621
8L.'6¢CL
89/°6C1
GLgoelL
0L1°€€l
9geeel

LECVIL
v:‘.mer
602691
mww.mor\.
266691
mww.om_‘.\.

130

140

150

160

170

180



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—1100

~1000

~900

~800

~700

—600

—500

—400

~300

St

€ed’L—

c09°'L—

0v.'8—

—

2 (300MHz C5DsN)

I
mQ

o
T

— LGy

F vz

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. é
101
f1 (ppm)

9.0



35

~30

=25

~20

~15

~10

T
Lev°9l
€cc’. rW
96€°L1L
698°¢C
11/°9¢
mmw.ow/
MNONN.V

8L0'8C—
an.rm/.

G0E'9E~_
0z6'8€
mrm.mmV
G9Z 0v-T
¥£6°0F

GET 9P —
Ly
AN o
G10'2G—
870 ¥G—

62919~
6E' 29"
12519

8h0" LI
250°€L

BN.E/
mvm.t/
mom.ﬁ/

£8e'8/
2198,

00¥'00L—

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

596221
80G°€Z)
861°€21
8¢9zl
829°0EL —

8¢€'GE T/

SLSEF
2e8'se _‘.\

18¥'6V1

820°0G1

2 (100MHz C5D:N)

I
e

(e}
T

145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 &%2
f1 (ppm)

150



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

5. OE+08
—4. 5E+08
—4. OE+08
3. bE+08

3. 0E+08

2. bE+08

2. OE+08

1. 5E+08
1. OE+08
5. OE+07
0. 0E+00

S

86°0

L0}
co’l
SO0t

601
Ll
8Ll
zz'L
9zl
621
1l
pel
9g'L
9g'L
el
o'l
Zv' LA
G9'1
Gl 1L \
8L

16'1

e e 2 S S G S
|

o
®
N~
¢
s

OBz

30 (400MHz CDCI;)0O

F cee

F eze

—0L'9.

F ool

A R M R
58

o

¥0'¢

-

80°¢

F oot

veyl

D N ©
~ M
N < N

8.0

3.0

403

0.0

0.5

2.0 1.5 1.0

2.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5

7.0

7.5

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

19G°¢0L—

YXA 14"
160°8CL
98182l
19¢°8¢l
c9e'8cl
AR 4]
v.9°'8Cl
€0c'6Cl—f
cov'ecl
€99'6¢1
€¢l6¢l
yS0'LEL
Le0°€el
6v1°€cl
60v°'€El

¢Gs0°'991
€G61°691 D-
682691
vvo.wm_‘.\.

80€LLL—

—18000
~17000
—16000
—15000
14000
—13000
12000
—11000
—10000
~9000
—8000
~7000
6000
—5000
—4000
—3000
—2000
~1000
~—2000

104

10

20

30

40

50

60

70

OBz
80
f1 (ppm)

90

100

110

30 (75MHz CDCl;) O

120

170 160 150 140 130

180



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

< (o] N — < VO LTANOONVOTOEMNMNM NANOO—OWLTTOANODONMNSNMNNTO NS
™~ © N © ® OO0 VYT INANNT AL OO -OOO0NNONOOIY T T 7 OO0 39
i T [RERYARRSSQPEES MNP S g LIRSS R R
—3000
—2800
—2600
2400
e — S — L 9900
2000
~1800
~1600
~1400
|
HO %W & OH__oH L
o OH
3 (300MHz CQM —1200
OH
~1000
~800
600
400
I -
| .
" 200
i AT |
|
=0
T 7 SN : L : 0o
~ o O~ W o o]
© A QO OO S © L
~ ~ O NN ~—N ~ <
. , . , . , . , . , . , . ] . , . , . , . , . , . , .
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 105

£1 (ppm)



(=%
i

55

=50

45

40

35

30

=25

~20

~15

~10

zer ol
€289l
zevLL
6.9, FW
zel L)
9e0°€2
Bw.mNW
Ew.mmv
09022
wm@.R\
kA
29L°L€
8LL°z¢
958'S¢

mmv.@m\
01°6€

00v°0
LSV LY \
0/2°SY \

190°LL
688’ E%
120°€L~"
916G/~
581°8.

ISTRS
owo.EN
060°08

990901 —

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

€0EECL~\

# OC—\I\
mow.mwr.\.
€ve9cl

008°0€L—
nmm.mmr/

3 (100MHz CsD5N)O

=9855EF
yE8'GEL

0c9'6vL

1906

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

f1 (ppm)



—3500
—3000
—2500
—2000
~1500
—1000
~500

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

107

8L°0-
80°0- i

o)
™~
o
-0.5

ooel
veeL

©
0
o
Jr

0.0

0.5

98'Y]

1.0

90°€r

1.5

0’9

3.0

00'¢r

OBz
OBz
OTBDPS

4
6.8

<
A
[Te]
—
T
—

- &
LD
OTBDPS

4.5

BzO OAll

81'G

©
©Q
Y]
BzO
BzO
31 (300MHz CDCI;) O

5.5

veer
89

o

13

N~
//

6.5

€5/
G5/ r///J
1G]

192
€9°/
5924 -
8.1
1872
68/ -
88"/
16
6L+ i

8.5

9.0

9.5

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

50000

—45000

—40000

—35000

—30000

25000

20000

15000

10000

—5000

~—-5000

OTBDPS

)

BzO

BzO

BzO OAll

OTBDPS

31 (75MHz CDCl;) O

108

-10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

OLOCD00QO0")CDCDFOQ‘CDOOONCOVFOOOCDCOOCDI\(OO’JN#N(Dﬂ'CDI\CD
ONNNNNNNNNOOOULLLOLLOLOUYSSTF SIS TSSO
[ S T S Ll L

397
3.94

< AN —
) 0) O O
Xk Xsr)

391
2.51

MNNNNR L L L L L L LA S S S LA AAAA AR AL AL SSEL L P A A

HO

v

HO

4 (400MHz C:D:sN
( zCsDsN) O OH

OH

2. 45
2.05
1. 90
1.84
1. 81
1.77
1.76
1.73
1. 65
1.59
1.57
1.56
1.50
1.41
1.38
1. 02
0.98
0.88
0.86

- 26000

24000

—22000

20000

—18000

16000

—14000

12000

—10000

~8000

—6000

—4000

~2000

~—2000

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

6500

~6000

5500

~5000

~4500

~4000

3500

~3000

~2500

~2000

~1500

~1000

~—500

SL €Tk
00424

OH

4 (100MHz CsDsN)O

mm.vwr*
17921
ob'LEL—
6.°GEL
p0'95 L
8Z'9¢l

wo.omr./

N@.om_\.\

0 110

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

170

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—350

~300

—250

~200

150
100
50
-0

L00'0—

9890
¥9.°0
9680
0€6°0
0Lo’tL
LEO'L—F¢
180°L
€0L’lL
L9’
96€’L
1897}
099°L
€e8’L
G06°}
610°¢

PSR

AR AOAE

s

OTBDPS

BzO

32 (300MHz CDCl5)

OTBDPS
@)

BzO
BzO

—8.°6.

LY

F 6671

# 8¢'8

00t
8¢'G

YANY

LI B

AR

LO'LY

8¢'8
(A%

0.5 911

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
f1 (ppm)

9.5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

-65000
60000

—55000

50000

—45000

40000

—35000

30000

—25000

20000

—15000

10000

—5000

——5000

6€2°91
6691 1
€201
€081
L1Z8)
261
ZeE61
9911z
12612
£82°€Z
928'5Z
0£2'92
95292

ce6'9v
299/~
G/G6v—
0€0°¢cS—
G80°6S
286'¢9
) (AR
02969
29869
1€9°0L—
clgel
009°¢c.
€6€°€L
9¢0'v.
180°G.
¥62'G.L
90892
0c€cLL
¥89°/1
L2l'6.
1/8°€8
968
€19°66
v18°€0L
L0€9LL~"
98¥'GCl
€¢lL /el
€11.°/¢l
144 14
98€'8¢l
8.¥'8¢CL
990°6C1
€ecect
19¢°6¢C1
9cv'6cl
L¥9'6Cl
€vL6Cl
268'6¢l
¥9G°0€L
Ga6'cel
€60°€el
6L1°€EL
891°€El
65E°eel
0s9°selL
899°G€EL
Ll sel
1617691
¢ee a9l
01991
256691

OTBDPS

BzO

OTBDPS

112

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~350

~300

—250

—200

—150

—100

T — -

T

OTBDPS

BzO

OTBDPS

BzO

33 (300MHz CDCl,)

BzO

—€8°18

ﬁ Gl'e
%V 61°9

88°0

b

4"
0ce
oLt
8lL°¢

e e

—8V'EY

—18°¢l

5.0

5.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.013

f1 (ppm)

4.5

7.0 6.5 6.0

7.5

8.0



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—60000

—50000

—45000

—40000

—35000

30000

—25000

20000

—15000

10000

~—5000

Gev ol
04191
Ga8'9l
8917/
¥88°LIL
L9L°61
€061
€e6'le
v&.l¢c
¥4G8°'G¢
AT
G8'6¢
YLE0€
0Sy'GE
66G°8€
Ge6'8¢
Z¢v0'6€
199°0v
¥20'8v
¢s0'6v
068°0G

— =N BS5000

2¢8L0L—
G8G'CL
geLcL
Lev'€L
8G8°¢.
081°G6.
2eq'q.
90892
0ccLL
GG9'/.
€62°G8
6668
061°G6
129€0l
LIS VCL
111°/¢2)
6v8/LCl
coegeL
€.€°8¢1
LGv'8¢CL
0Lg'8cl
c¢eco6el
celeel
6.2°6Cl
lLev'ecl
19/°6¢1
198°6¢CL
Sv6'6C1
G6G°LEL
glL¢cel
€v6Cel
vioeel
8Gceel
LEEEEL
LyS'GEL
Y09°GEL
669°GEL
1¢L°s€L
88191
901°991
1G2°991
601991
©wr.©®_‘v
201041~

e\

OTBDPS

BzO

33 (75MHz CDCl,)

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
114
£1 (ppm)

170



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

1600
—1500

—1400

—1300

~1200

—1100

—1000

~900
—800

~—100

560
10}
L0}
9Ll
611
ze'L
e
1G'L
09'}
v9'L
89'|

g8l
Nw._‘/
v6°L

¢ Ll—

69 L—

v.'8—

—

/ .

/

HO

5 (300MHz C5D5N)

OH

HO

—6.'8Y

-

3.5

4.5

2.5 2.0 1.5 1.0 0.5 045

3.0

4.0

5.0
f1 (ppm)

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10. 5



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—280

~260

—240

~220

—200

~180

—160

—140

~120

~100

~80
—60
~40

~—20

16691
GlE Ll
Lyl
Yaaq'LL
vl Ll
€ee’ee
68l'€C
1G1°GC
1€9°9¢
6%.°0¢
088°0¢
Lev'Le
101°9¢€
oqw.wm/
L2l 6¢
8CG 0V~
m:ﬁ
908’61
€ee’ EW
€63'LS

Bw.mm
@Q%/
859'1/
SL6LL
621G.
668G/
6088/
BQE%
¥81'81-F
zec6s”
gez'eg”

67'68—
09¢'86—

0sc’ .0L—

896°¢Cl
8GceCt
L0g°¢ecl
9cycz)

5 (100MHz C5D5N)

HO

HO

W WY g VT o e i

666°€Cl

mmm.mwr.\.

006°0€L—
S

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 20116

170

f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

o S S oS S (=] S S (=] S oS S (=] S S (e S o

S (=] S (=] (= (=] S (=] (=] S S (=] (=] S S (=] S S S

(e e} =3 v (=] V) =3 e (=] Ve (=] e (=] e S ) o (=] va

A R R A LR LA S S GO GO A A M LA SR
—

I

/

34 (400 MHz,CDCl5)

[N

2)

<
CAO

&
A
1

F00'1

E1o1
=P8l
EI10'1

Fo00'1

117

-1.0

0.0 -0.5

0.5

1.0

3.5 3.0 2.5 2.0 1.5
f1 (ppm)

6.0 5.5 5.0 4.5 4.0

6.5

7.0

7.5

8.0



167.06

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

\-133.70
\-130.83
12558

118.01

CAO

’
‘e

34 (100 MHz,CDCl5)

77.46

83.00
79.51
77.15

e

Lok

WY

" L ¥ w OVl

b " L
. Lidaiaianiag WA VN

76.83
7235

s
L
\

~-69.06

55.85
53.91

35.74
34.54
N\31.00

|
|

27.94
26.97

26.59

25.79
23.42

22.28

e il

18.05
17.66

15,67

2800

2600

2400

2200

~2000

~1800

1600

~1400

~1200

1000

800

600

~400

~200

~-200

170

160 150 140 130 120 110 100 90 80

f1 (ppm)

70

60

50

40

30

20

10

118



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

[ e e o B e = R | L= LI 030003 — — O 0Q 0~ O 0 — O~ 8 —-0gcoo s G A C R C == e = =5 588 %
A e e e Rl

~6000

~7000

BzO OTBDPS
BZO%
BzO O, -

z
OAll

~6000

CAO ~a000

., 35 (400 MHz CDCly)

I' -4000

~a000

~2000

1000

8.0 8.0 A 10 B.a 6.0 3. a.0 43 40 3.0 3.0 2. 2.0 (i .0 0.a



152° 91
809°9T
09.°91
0€0°8T
€881
226° 8T
€EL BT
LEL722
vozZ-ve

€0E° V2T
€66°S2

§50° 22

88182

02882

£€60°62

2SE€°62

€09°62

T98°62

021°0¢€
82€°0€
629°0€
bev-2e

€82°S¢€
1927 L€

L2L° 8¢
6E0°BE
S8E° 0P

LESOD
9€6° TP

bve v
282708

T96°2S
28b° 9S8

P19°€9

600°02
292702
90S° €L
€88 p¢L
880°S¢

0€0°08
912°€8
T0S°v8
2EL"SHB
9€8°STT
L9€° 921
L5857 821
8719821
2.2°621
60V 62T
€82°0€T
6SE°0ET
8SP°0ET
TIS'0ET

T

35 (100 MHz,CDCl,)

2LST0ET

S8.°0€T
808°0€T
89S EET
016 €EET
TV6 €EET
020°VET
P12 pvET
89T 9€T
LBE"9ET
990" L€T

R

0T9°S9T

€99° 69T

v92° 99T
8297291

s2pul

@]
<
O

equence

0812902

2-12
Pulse S

Caaliaaal o b

Ll

el W f Vg

et

TT T

0 ppm

20

180 160 140 120 100 80 60

200

120



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

10000

~3000

~6000
~7000
~6000

~o000

-4000
~3000
~2000

1000

~-1000

281
18T
8311
BB
B5 11
50
4
B
241
i

—

BB
02
107
107
e
18-
89
05 e
05 e
iva
90y
5
8cy
0s
0
BOS
LS
B
155
1S
g
995
B3S
0zl
Al
¥zl
971
Lzl
0gL
51
25
yElL
6g.

[51-F
mﬁ\
oyl
0gy
51
cl
£el
091
291
0L
L1
087
881
DE
E08;
oog

OTBDPS
36 (400 MHz,CDCl,)

(e}
<
O

/

/ /oSS

avs

J!

=g
LAY/

- 0]
960
i
= 50

=10
= G610
= 001

40 3.4 3.0 20 20 (i 1.0 0.a 00 08

43

30 3.0 8.0 8.0 A 10 B.a 6.0 0. a.0

0.0

121

fl (ppm)



2-20

s2pul

Pulse Sequence:

|

T0LT

e}
<
O

36 (100 MHz,CDCl,)

W i Yoy

L

! s o St Y

122

0 ppm

20

60

80

180 160 140 120

200

NI L L L L L L L L L L I L I L N O [N O O L L IO O B |



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

= = = = = = = = = = = =
= = = = = = = = = = 1= = =
= e = [T = 3 = L2 = = s = m
3= L e < = o3 o BN =~ EE = e = i
1 1 1 | | ! ! ! ! 1 1 1 1 |
_J

37 (400 MHz,CDCl;)

.
v

BzO
BzO

CAO

£ (3T

F s
807
BB
F 801
T [F]

8oz

= 001

0.0

0.a

1.0

.o

20

2.

3.0

3.0

40

43

a.0

2.0

6.0

B.a

10

T4

0

8.

8.0

3.0

123

fl (ppm)



2011526-2-60

s2pul

Pulse Sequence:

PIT T\
.mwaHUﬁlllllllll

S97

7

.wwa<l\ﬁl|l||||||

0L

37 (100 MHz,CDCl,)

LANNL L L L L N L I L N L L L L L B O

T

rryrrrryrrrryrrr 1 rrrrrrrr [ rrrrrrrr [ rr [ttt T

ppm

0

20

40

60

80

100

120

140

160

180

200

124



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~6000

~7000

~6000

~o000

~4000

~3000

~2000

1000

OBz

BzO

38 (400 MHz,CDCl;)

.
2
v

2
)

3.0

40

45
fl (ppm)

o 35 40 83 8D 75 70 6o BOD an Al

0.5

125



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

~3a00

~3000

~2a00

~2000

~1a00

1000

golll

[ = RS = — < O3
— o oo e
oo oaoad === = W I

OBz

BzO

38 (100 MHz,CDCl,)

4

<
o

126

al 40 30 20 10

il

180 11 160 150 140 130 120 1li] 100 90 80
fl (ppm)

130



=
= = = = = = = =
= = = = = = = = = =
= =5 5= = ==} 2 = 57 ] ~ = = -
| | | | | | | | | | | |
-
=

= o888

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

OBz

BzO

——E A TH
— H/E

= 8L
E—— H\m:.._w

ﬂ#m_m

ﬂ

180

39 (400 MHz,CDCl,)

,
4

o
T

127




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

-40000

~3a000

~30000

~2a000

~20000

15000

10000

~a000

Bl
ATy
EE 8717
£87H
BS 8217
1587
30627
I£62l

£E 7]
9 7]
1957
BL 62l
Y852l
BB 62/
£662)
£l
Inge)l
08!
7 58]
£ 8l
Gy 8|
sl
B8 73|
!
1581
S 39!
BB 3!
S L

;Iéaﬁa&.\l

s\ 2

OBz

BzO

BzOBZo

BzO

HO

39 (100 MHz,CDCl;)

.
v

T
30

T
100

10

T
120

T
130

T
140

T
a0

T
160

1

128

fl (ppm)



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

13000

18000

17000

16000

15000

14000

13000

12000

11000

10000

~3000

~6000

~7000

~6000

~o000

-4000

~3000

~2000

1000

—-1000

0oo-

380
(8T
L80
880
8yl
051
(51
By
05
15
(517
b5
GG
L3Y7
L3Y1
N
0Ly
&85
&85
G851
G851
385
L85
885
03
09
019
Ge
8ed
5eL

el
el
geL
8EL
vt
i
L
i
Lyl
BYL
I5L
e5L
8L
e8L
8L
G8L
06L
06L
I6L
I6L
(6L
ebL
861
86L
008
08
08
308

AJL

OBz
O o

BzO

BzO

OAZMBQ

4033 (400 MHz,CDCl5)

= 8y

= el
PB67
=01

.0

0.0 0.3

0.0

1.0

8.3 8.0 13 10 B.0 6.0 2.3 a.0 45 41 3.0 3.0 2.5 2.0
fl (ppm)

3.0

129



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

BEBHNE ENE==Ss8s=3E2 5 FInESnxTSBas = = -0

BOHDDE SUSSNNNNNNNNE z CECEEENSSoas e
= Te—m—ae— | | | I -
6000
. 5500

BzO O]
éz()’ég/o | 5000
OAZMBG ||

40 (100 MHz,CDCl3) -l
4000
3500
3000
7500
2000

|
1500

|
| 1000
|1 |
500
SRS NOP—|
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 I

20 200 @0 80 M B0 S0 M0 10 @0 0 0 W 80 M B0 S0 40 3 W M0 0 0 g0

fl (ppm)



~oal0
~o000
~4a00
-4000
~3al0
~3000
~2a00
~2000
~1a00
1000
~a00

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

000
LT
w1

78107
60
ar
Al
b5
tell
8Ll
s
BYS
£q5
595
3¢L
(&1L
ee L
el
el
GEL
GEL
LELT
8EL1
BEL
0L

ik

ol

oy =

l :
Lyl h :
1yl = :
By : o _
051 ~ :
051 :
151, ~_ :
251 o —_ _
251 N _
)

55 QLS

oLl

oLl

L1 O

181 N

181 _ = _
B = 833l
1B ]
EN iy

s

/

41 (400 MHzCDCl;)

OBz

BzO
OBz

oB k]
Cgl
Ch
161
1514
mE
08
209
o0
o0g
(g’

—-a00

131

fl (ppm)

0.0




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

e R R R R P EEREEP e B PR PR F R b
-—SI][II]
_—ZBI]I]
-—ZE[II]
-—24I][I

~2200

A _—2I][II]

OH 41 (100 MHzCDCl;) 1800

1600
1400

1200

1000
800
600

-400

| | oy | CoL ! -200

—-200

T T T T T T T T T T T T T T T T T T T T T T T T
Wl 160 fal 140 130 120 10 100 90 80 T B0 all 40 30 20 i0 0
fl (ppm)



3000
2500

2000
1500
—~1000

500

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

ity ;oo

P
BMZAO

"PhX-O
O
AllO

I

Euye

L
B 61

Fanz

43a (400 MHz,CDCl,)

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 4830
f1 (ppm)

9.0

9.5




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013 -

~170

4-71-2

q0.828
81,695
71321
71.003
76.685
72.896
13607
68.662
:

_~165.543
~\-164.380
—22.000

_-30.723
\.79 585
"\.|9.698
~[3.598

|
|

160
150
140
~130
120
AllO 110
100

"Bu ~90

43a (100 MHz,CDCl,)

[ [ [ [ [ [ [ [ [ [ [ [ [ [
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -184
f1 (ppm)



Electronic Supplementary Material (ESI) for Chemical Science

c— <+ oo oa ~00 — — ON N O3 032 pa o el = =] — o~ O3
[ Il e Rl e e o R o o o o o e e o L o N e I N e T I s I e N Y o RO, S, L N i, Y o o I o Bl
'&"\M/r_ﬁmﬁ'&fggggggg
mr
//// - -

This journal is © The Royal Society of Chemistry 2013

44 (400 MHz,CDCl;)

0.825

0.730

0.67
0.67

0 4.5 4.0

f1 (ppm)




~1000
~900
—800
700
~600

500

400

—300

200

~100

~—100

g
509
0B
66
3817
0322
0B 52
8312
PRI
B
078
BY6 25
1883
0E2EL
8EL
B8 9.
B0 L
Ol LL
925 1L
Y18
B3E €8
BA0 Ll
0897211 -

— — ——————

L5092
SL8 L2
152821
BIE8ZN
7659711
mmzm;
11982
=5 LRG3
ROIGZ)
3 298 Rl
(895
22979152
E2 /862
[SR B
2 BIR D8I,
698 1e)
828
RLE B8
I
0iL )
056 L8)
LYl
R8I
GoRYa)
< hlIcg|
21559
Frgcg)
5659
49800

s © The Royal Society of Chemistry 2013

Electronic Supplementary Material (ESI) for Chemical Science

This journal is

o
<

Ph—X-O
)

OAZMB

44 (100 MHz,CDCl;)

170 160 150 140 130 120 110 100 90
f1 (ppm)

180



—600

550

500

450

400

350

300

250

200

150

—~100

50

~=50

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

=

=

OBz

BzO

/f ///

/1]

Ve

iz

®)
¢
o

o
<

45 (400 MHz,CDCl;)

L55¢

o N

L0é
W el
e

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

f1 (ppm)



—800

—700

—600

—500

400

—300

200

100

~—100

(0088
05899
GB9RY
GZ8RY
079°%),
Cya Y
yZ89,
oLl
eyeLL
09411
972087
1828
Y
pAll
2/5°50l
Al
- o947
he097)
89787
208882
o887
eI 87
mg_mm_
- BOIGZ)
2 ogeg ¢
< 19957/
RIRRZ)
B8R
ISB6
BB
19818
RGEES)
I00'sg)
1993
o6yl
S
L5559
279591
fz659)
=il

Electronic Supplementary Material (ESI) for Chemical Science
s © The Royal Society of Chemistry 2013

This journal is

OBz

BzO

O
¢
o

Qo
<

45 (100 MHz,CDCl;)

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1338
f1 (ppm)

180



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

—420

= — 400

380

81062
8.088
BO4E
8036,
7938
1977
7904
1897
1873
7.834
7815
178l
1763
7.083
7.063
7.04
1.02
149
1.342
1327
1.3
1292
1.266
1.245
123l
0.670
0.73l
0.658

L5 510
L5 477
L4 4T
L4 78)
L4268

j
J
%

360
;340
;320
;300

- [ ) /// !

280

,00////

260
240

220

B OBz 47 (400 MHz,CDCl,)

200

180

" 160
140

120

100

—80

' lu 60

——20

38.08

4|l

——40

2.38
1423
b.42
1 2.2
2.05

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 0.5 139



2500

2000

1500

—~1000

500

8er Sl
(865l
ye0al
e08 Ll

136°L
Grale
8L35¢
W3 L
GILBL
05398
Bl BE
(e0Es
5863
BYLEL
AR
85l LL
03ELL
Ly LL
LI7E8
&3l
IR

eLE5d
ST
hIE 8l
LBE Bl
158l
L3 8
I8 8¢l
B8 8L
Em Bdl
c gelbdl
mmm Bl
L& B
bl
L33l
= (686
|
m

hemistry 2013

BEEZ)
iy
ocg’ _i

SOEEEN
Bl esH
(058
eI L)
IBLY9)
erE Al
i) mi
8gIcg)

485 mm__

LB

FoE mi

F6591 ]

AL

e e e

Electronic Supplementary Material (ES ) for Chemical Science

This journal is © The Royal Society of

*km'

o
¢
a

o
<

BzO
B

47 (100 MHz,CDCl;)

zO

10 140

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

210



Electronic Supplementary Material (ESI) for Chemical Science
G-rb2H This journal is © The Royal Society of Chemistry 2013
-r

[y} L oo N o3 N N o CO WD o
o B =5 N ~N OO N & sa
i o6 ofp LD O] 03N O O oo oA 0A m=
op [ o~ [ W B e B e 1 e R e I e IS SRS SO SRS
— n/’

— |

:O Ginsenoside Rb2 (6)
%o OH (400 MHz,pyridine-ds+D,0)
I i
' “ UJ
|
e S Jude ) |
S ) Rl e i Y T i, o T '
S38EE88853s = S=8E =
I I I I I I I I I I I I I I I I I I I I I
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 -1141

12000

11000

—~10000

—9000

~8000

7000

—6000

~5000

4000

3000

2000

~1000




Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

— o =
N o A od O < o ova O3 oa L2

EEmd R RS R s YRR B S s B
1657 Sl : e B N e == == i = = F N
2 &3 =i DD Ooiod Dd DO OO o~ C0 ~F ~F N — — — 3
@@@ ;ﬁﬂdﬁzﬁtg—m@DCIDCIL\L\L\L\L\L\L\L\L\L\L\L\L\L\

e e

b8.648
60.66S

/
!
i
|
\

06.433
0l.462

a0.268
49.546
40.088
39.748
36.960

H Ginsenoside Rb2 (6) (100
G0 ©oH MHz, pyridine -ds)

r

28169
23.863
23276
22402

\
140

[ [ [ [ [ [ [
130 120 110 100 90 80 70
f1 (ppm)

~950

~900

—850

~800

750

700

—650

~600

550

~500

450

400

350

300

250

200

150

—100




	SI_JACS.pdf
	spectra-JACS



