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I. Set up for microflow reactor.

Syringe Pump g . Syringe

Micro mixer
Comet X-01
\A- : (Connected with
: ' " Syringe pump and micromixer)

NEt, in CH,CI, in
open-air flask

out

Micro mixer
Comet X-01

| Teflon Tube
(Connected with
micromixer and open-air flask)

Figure S1 Micro-flow system

Comet X-01, microflow reactor was purchased from Techno Applications Co. Ltd.
(E-mail: yukio-matsubara@nifty.com). Teflon tube with inner diameter 1.0 mm was
purchased from Senshu Scientific Co. Ltd. and Techno Applications Co. Ltd. The
Comet X-01 mixers and Teflon tube were connected with PEEK fittings purchased from
Techno Applications Co. Ltd. Solutions were introduced to microflow system with the
syringe pumps (Catamaran HII-10, Techno Applications Co. Ltd.) equipped disposable
syringes [a syringe/polypropylene (PP), a plunger and a seal part/polyethylene (PE), AS
ONE]. The disposable syringes and Teflon tube were connected with joints purchased

from Techno Applications Co. Ltd.
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The employed microflow system is shown in SI-Figure 1. The disposable syringes and
Comet X-01 were connected with Teflon tube (inner diameter: 1.0 mm, length: 1000
mm, volume 785 uL).

The Comet X-01 micromixer and open-air flask were connected with Teflon tube (inner
diameter: 1.0 mm, length: 1000 mm, volume 785 CL). In the open-air flask,
triethylamine (3.0 pL) diluted in CH,Cl; (I mL) were prepared for quenching the

reaction.
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I1. Procedure for C-28 glycosylation of 1 with acetylated donor 2a using microflow

reactor.

Table S1 The detail result of synthesis of glycoside 3a under microfluidic system at

various reaction condition.

OAc
AcO O
AcO
AcO

Flow rate Z (mL/min)
—

Temp.; —40 °C
=1.0 mm
=1.0m
NEt3 in CHzclz

COO
0. _CCl,
NH 0"/ 0Ac
Acceptor 1 (1.0 eq)

& AcO OECAC

Donor 2a (X eq) in CH,Cl, Glycoside 3a NaH, MeOH
[BF3+OEt, (Y eq) in CH,Cl, mz (mLimin) Saponin 4a j [;:;j;mh)
Entry Donor 2a (eq.) BF;-OEt;(eq.)  Flow rate (mL/min) Result (%)
1 1.0 0.1 0.1 no reaction
2 1.0 0.1 0.2 no reaction
3 1.0 0.1 0.3 no reaction
4 1.0 0.1 0.4 no reaction
5 1.0 0.1 0.5 no reaction
6 1.0 0.1 0.6 no reaction
7 1.0 0.1 0.7 no reaction
8 1.0 0.1 0.8 no reaction
9 1.0 0.1 0.9 no reaction
_____ 1010 0.5 0.7 3.6
11 1.0 0.5 0.6 48
12 1.0 0.5 0.5 17
13 1.0 0.5 0.4 4.9
14 1.0 0.5 0.1 trace
15 1.0 0.5 0.05 trace
16 1.0 0.5 0.1 trace
""" 7 10 10 0.7 45
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19 1.0 1.0 0.5 4.5
20 1.0 1.0 0.4 2.6
“““ 20 20 05 06  qum
22 2.0 1.0 0.6 quant
“““ » 20 05 07  quant
24 2.0 0.5 0.5 quant
25 2.0 0.5 0.4 quant
26 2.0 0.5 0.1 quant
“““ 27 20 10 05  qumt
28 2.0 1.0 0.4 76
29 2.0 1.0 0.1 quant
30 2.0 1.0 0.7 quant
“““ 50 15 o106 09
32 1.5 0.5 0.6 59
33 1.5 1.0 0.6 66
""" 4 20 o1 06 11
35 2.0 0.5 0.8 75
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I11. Procedure for C-3 glycosylation of S with acetylated donor 2a and benzoylated

donor 6a, 6b, 6¢ using batch apparatus.

Table S2. The study of glycosylation at C-3 in batch reaction toward synthesis of

diglycoside 7a-7c.

Donor 2a or 6a-6¢ OBz
Activator (X eq.) /%&/O
Acceptor 5 Bé(z)o OBz
CH,Cl, MS4A
Temp, Time Diglycoside 7a-7¢c
OR;
(0]
AcO Ro>"00 0
C
1 \I/
Ry
3-acetyl oleanolicacid 9 Orthoester 8a Ry = Ac R, = Me
Orthoester 8b Ry = Bz R, = Ph
Donor
Entry Activator (eq.) Temp (°C) Time (min) Product Result (%)
eq. Structure
1 1.0 BF;-OEt, (1.0) -40 60 9 -
2 1.0 OAc TMSOTT (1.0) 0 10 - no reaction
AcO 0
3 3.0 AcO AcO TMSOTT (0.1) -40 10 Orthoester 8a 21~63
O._CCly
4 2.0 23 NH TMSOTS (0.1) r.t 10 9 -
_______________________________________________________________________________________________ Diglycoside 7a  74:26
5 1.5 ng TMSOTT (0.1) r.t 50 (B only)
BE(;O Orthoester 8b 8b : 43
BzO i i
6 1.5 0. _ccl,  TMSOTE(1.0) rt 10 Diglycoside 7a 69
(B only)
NH D. l .
7 3.0 6a TMSOT (1.0) rt. 10 iglycoside 7a 70
(B only)
BzO _ 0Bz
o
BzO Diglycoside7b
8 3.0 BzOs_ _ccl,  TMSOTf (1.0) r.t. 20 64
(B only)
NH
6b
BzO 0
03— Diglycoside 7
BzO 1glycoside /¢
9 3.0 OTCC'S TMSOTS (1.0) rt. 20 72
NH (P only)
6¢
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Under a variety of reaction conditions, The glycosylation using acetylated 2a did not
give the protected diglycoside 7a (entries 1-4); instead, the acyloxonium ion
intermediate derived from the acetyl imidate donor produced orthoester 8a®", which
then rearranged to acetylated oleanolic acid 9. The structure of orthoester 8a was
determined by a chemical shift on the 'H NMR at anomeric proton compared to f3
glycosidic bond.

In order to minimize orthoester formation, the glycosidic linkage at C-3 was constructed

using benzoylated glucosyl imidate donor 6a 5"

. The glycosylation reaction in the
presence of a catalytic amount of TMSOTT afforded diglycoside 7a in low yield along
with orthoester 8b in moderate yield (entry 5). On the other hand, when a stoichiometric
amount of TMSOTT was used, 8b was not detected and 7a was the only product (entry
6). Using 3.0 eq of glycosyl donor 6a did not improve the yield of 7a as compared to

the reaction using 1.5 eq of 6a (entries 6 and 7).

SI-i a) Zhu, X.; Yu, B.; Hui, Y.; Schmidt, R. R. Eur. J. Org. Chem. 2004, 2004, 965-973.b)
Kuczynska, K.; Pakulski, Z. Tetrahedron 2015, 71, 2900-2905.

SI-i Lee, W.-S.; Kim, W.-I.; Kim, K.-T.; Chung, S.-K. Bull. Korean Chem. Soc. 2011, 32,
2286-2300.
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IV-1.'H and 13C NMR chart of prepared compounds
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400-MR DD2 (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)

1100

1000

900

- 800

700

- 600

500
400
300
200

100

ro

~-100

YT
STT i
9TT
Lt f
Lt
OQHO09'T —
00T
T0C
0T
L0T

L. J

JAN4
8T'C
6TC
ote
otz

S0'Y A
50 o
90
L0%
L0V A
80°
80°Y
807
60
60
oT'y —
or'y
oty
v
4%

494

vy

[ax]
[rs
6T'S

0€'S
ve's \
SE'S \
LE'S
8€'S 7
SP'S
14
'S
'S

T

619
0T9

€PPI9TL —

ws—

I/

CCly

(0]
OAc
2e

AcO

AcO

S13

i

Frre

Fres

Fsst

I\66'0
0'T

I/‘)6'0

ET160

980

2.5 2.0 1.5 1.0 0.5 0.0

3.0

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

8.0

8.5



400-MR DD2 (400 MHz, CDCl,)

350

300

250

200

150

100

50

vTT
STT i
9TT
st/
ST
ST

—== F 60

860

€ST
OQH9S'T
10C
v0'C \
S0C }-
S0C
9T'C
Lre

¥9'9
¥9'9

EPP9TL —

€L'8 —

s/

MeO,C

AcO

s

Fsoe

Feee
Fee

F e

F96C

S14

- EF99°C

Fossz [

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

1 (ppm)



340

320

300
{280
260

240

220

200

180

160
140

120

100

80

60

I 40

20

L 20

9z'1
OdH 09'L 1
09}

191
66}

oL'L

€L
L
SL°L
91°L
91°L
61°L
61°L
0zT'L
LzL
€19P2 9Z°L
8S°L
9L

400-MR (400 MHz, CDCl,)

—

198~

OPMB

O

MeO

89/11)

MeO

S15

-0.5

0.0

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45
1 (ppm)

10.5

15



400-MR (400 MHz, CDCl,)

4000

{3500

3000

{2500

2000

1500

1000

500

yLYL
8502 4
££°02Z 4
S6'02
6602
£9'6Z
S0'SS 1
£1°6G
2855
S6'SS 1
££709 1
££°99 1
S2'L9
0189 1
82'89 1
8.'89 1
££'69 1
£9'69
06'0L
80'2L 1
yLZL
veeL
682L
Lo'eL
90°€L

Ll

vO'vL
SEVL
99'SL
90°9L
€10P2 899/ |
€10P2 00°LL
€19P9 €' LL
1606
65'€6
29'€6
11'66
P¥'601
9L°0LL
€6°0L1 1
€S'ELL |
LS'ELL
09°€LL o
99€LL o
L8'ELL
L6'ELL Y
S9pLL A

UL L
20°SLL

AT

L4 2°13 %\

AV
8T'LZL
Lz'6zL
ze'621 7
or'é6zL J
8y'6Z1 |
15621
Y5621 |
95621 ]
L9°621 ]
LLezk
8L'621
sg'6zl |
LO0E |
oLogk

£7'SvL ]
z9'syL 1
PR
816V ]
62'151 1

eerist 4

00651 ]
v0'651
11651
rz651
59651
LL709L
€YYol
y5'59L
£8'59L
£L°691

v8'ceh
v6ceTl
LS°GTL
60°LCL \

e
T

e

=T

80°0LL
80'LLL

[

o
9]
=

MeO

S16

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

T
190

r
200

16



400-MR (400 MHz, CDCl,)

L 140
130
120
k110
t100

OdH 2SI

9571
851
651
6571
09}
191
€81

VS'L]
G811
967}
9671
661
007¢
1021
20C
S0
61°€
10V
207
70V
SOV
vy
ST
LTV
80°G
01'G
01'G
€1°G
716
91°G
91°G
81°G
12s
€26
62°S
0€°G
GGG
LSS |

—

€1PP2 9Z°L J

0"/ OAc

o
o
O

S17

AcO | OAc

OAc

3a

0109

—€6°SlL

6LT

4.5

1 (ppm)

The assignments were confirmed

by 'H-"H COSY, HSQC and HMBC.

17



400-MR (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)
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The assignments were confirmed

5.0

_ 880 [

6.0

by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz, CDCl,)
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The assignments were confirmed
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by 'H-"H COSY, HSQC and HMBC.
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The assignments were confirmed
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7.5

by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz, CDCl,)
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The assignments were confirmed
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180

by 'H-"H COSY, HSQC and HMBC.



400-MR (400 MHz, CDCl,)
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The assignments were confirmed

10.5

by 'H-"H COSY, HSQC and HMBC.
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400-MR (400 MHz, CDCl,)
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The assignments were confirmed

T
190

r
200

by 'H-"H COSY, HSQC and HMBC.
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400-MR (400 MHz, CD;0D)
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The assignments were confirmed

6.0

by 'H-"H COSY, HSQC and HMBC.
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400-MR (400 MHz, CD;0D)
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The assignments were confirmed

T
190

r
200

by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz
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The assignments were confirmed

5.5

6.0

8.0 7.5 7.0 6.5

8.5

9.0

by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz

)

\

S34

The assignments were confirmed

170

180

by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz
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The assignments were confirmed

5.5

6.0

8.0 7.5 7.0 6.5

8.5

9.0

by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz

The assignments were confirmed
by 'H-'"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz
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The assignments were confirmed

5.0
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8.0 7.5 7.0 6.5
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9.0

by 'H-'H COSY, GATE1, HSQC and HMBC.
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400-MR DD2 (400 MHz

220

210

200

190

180

170

160

150

r 140

130

r120
r110
100

90

80

70

60

50

40

30

20

10
0

r-10

r-20

€879 —

6v'89 —
9ETL ~—
sTEL —
€T°8L ~_
€58L <

€9V6 ~
8¥'56 =

LTETT
Yy ETT \
69°€7T ?’

auIpLAd €6°€ZT

SSET
0L°SET
suipuiAd v6'SET

LTYYT —
cLevT
vL61L

4d

66'6%T
suipuiAd T0°0ST
auIplAd 97°0ST
auIpLAd 8Z°0ST

99'v9T —

60°9LT —

S38

-10

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

220

1 (ppm)

The assignments were confirmed

by 'H-'H COSY, GATE1, HSQC and HMBC.
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400-MR DD2 (400 MHz
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The assignments were confirmed
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8.0 7.5 7.0 6.5
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9.0

by 'H-'H COSY, GATE1, HSQC and HMBC.
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400-MR DD2 (400 MHz
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The assignments were confirmed

180

by 'H-'H COSY, GATE1, HSQC and HMBC.
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400-MR DD2 (400 MHz
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The assignments were confirmed
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8.0 7.5 7.0 6.5
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9.0

by 'H-"H COSY, HSQC and HMBC.
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The assignments were confirmed
by 'H-'"H COSY, HSQC and HMBC.
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400-MR (400 MHz, CD;0D)
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The assignments were confirmed

4.5

by 'H-"H COSY, HSQC and HMBC.
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400-MR (400 MHz, CD;0D)
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400-MR DD2 (400 MHz, CDCl,)
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The assignments were confirmed

8.0

by 'H-"H COSY, HSQC and HMBC.

45



150
140

130

120

110
100

400-MR DD2 (400 MHz, CDCl,)

S6'49 ~—
18769 ~
8E'TL ~_
6L2L —

€19P289'9L

€19P2 00°LL
€9P2 TE'LL f
v8'8L

05’16 —

T —

8LTYT —

18'891
SE'69T
v00LT &
5oLt I
SO'TLT
55°5LT —

0"/ 0OAc

o
O
O

AcO | OAc
OAc

S46

The assignments were confirmed

170
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by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)
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The assignments were confirmed
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by 'H-"H COSY, HSQC and HMBC.
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400-MR DD2 (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)
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400-MR DD2 (400 MHz, CDCl,)
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IV-2. GATEI chart of prepared compounds
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IV-3. TOCSY chart of prepared compounds

wdda

(°p

€

sulpuAd ‘ZHIN 00v) ANOOY 2ad YN

64

S64



(Sp-eulpuAd ‘ZHIN 00%) ANOOY 2ad HIAN

udd (A 4 LA 4 ¥ 8’y 0°s
W RN R a s wlaas daaaa Ly
TR e Ty 2 . ;\1)._ _\y| T Sy p=
,, _, _a_ I ,, _D ,., r, N \ ._
\ f ;_‘_ A N[\ .‘ ,‘ ./_ ') _, ___k,_ Uy .:_,__
[ I\ |
W/ c___,,_: AR (|l

V| ‘ #__ ! '

z's v

| VST IS I I T T L BT T

B AR

g | v°e

T N _.c\._._g e me—— p ;
Naf VIf (B |
[} fl (_ F
_ fl|
(l ___
h |
e ) |/, \'1).'.) )
b /
|
il
|
- : L -
_4 Q) .J \_.
, | |
Il
|

219-9-820

S69



|

g ¢ v
(*p-suipuAd ‘ZHIN 00%7) ANOOY zAd HIAN .
©
wdd o'V | B v e vy S°y 9y LY 8"V 6°'Vv
est) | 1 1 1 L 1 | S O I L L 1 | T S | N { EA R S N [N TR T W | 1 I L1 T T [ | o -
- !/\)\\ o J/)A \/\ /é).. A/ /,c__.\/\ x,._c\ N A‘\/_ ,\,\-/,.c\ /_, ISYA "o , \z\ - #./___ __,\ o . ___\ \ \_\ -
V _,\\ __.\ C v .5_, A _;,, \ w \ g_ v
| 2_,; f,,‘_
{
- TN 7), ’ _\.ll.ll«liil‘ - 4 — i \/ Ve = e w
’ /.,{,\J( 0L = Q}.; /_ _\ g 2 _)_ _,\J__ ,‘__\
[
__,_ ,(_
- T Yy Wi - Ty o _\1||]1‘ D . xluj. \\-|||1 o
/s \:__,\,_. ,. / ,/ _\\,__c,__ _,.\nv\.L | __,D__ ,i_
V /_ ‘_\
I
R TN = A NS N Ty g
._ ) _\\ \ ,\\ /(_,;\J \/ ,H. P\v \ ;,)_ __;\
il
[ [
i |
,_r_x __,\._C_A _.,w _A._
Y 2 TV A Y T A/ R
_ A, _\ _/ __\ _qv 5__ ,.‘ _c__
| I}

S66



add c°y vy

(Sp-eulpuAd ‘ZHIN 00%) ANOOY 2ad HIAN

o'y 8°V 0°Ss z°Ss V'S 8°S 0°9 Z°9 v°9
Z,__.“;,_i,ifif el aaal s gy g g agoll jopseg) IZ.______,_ {80 B 1610 I O N YO YO 17 Y (O OO O 0 U U O O U A I O O Y
; = 120 - — r S=—
v W W
_
:ﬂ. _c,_
) T\ 3_\.5\,5 'l
V" 04 =1 % _‘._\_
__
|
Jc_jz_?__\)sé«l o3 e
I f
I |
~, |
(
S —
3 DD3_ o/, J
| ¢ A
_\_ § d _,\
, .;
an ,
'I\‘/ _\J\__ g Q QD J_\_ﬁ
____
QS| qol A

}(JD 10 ﬁ%

219-9-820

~

6

S67



udd

(Sp-suipuAd ‘ZHN 00%) ANOOY 2AA HIAN

T°? A 4 £y | A 4 - 4 9°'Yy L'y 8V
1 1 1
1 A il 3 _
\ J | |
VMY MYy .__ \ YIRS
| . | [] | _ ! v |1 IV \|
_ l . _‘_ v \
(| | v
I
—r WL ¢ \
0] [/ ,_, \
- .J,. P ,,.ﬁ ¢ T
R ¥ B ﬂ/‘h‘.m
|
\ N A )/
‘ol
__ 1l \ 4
| |
_ |
l
_
\ ,,.,... ,,,.._ N \
| Y
LY
|
|
_ |
|
|
. 1N N N\ - . N
¥ { = f /
| |
VL
[ _ |

68



(Sp-eulpuAd ‘ZHIN 00%) ANOOY 2ad HIAN

1dd 'y LA 4 9y 8y 0°S T°s v°S 9°S 8's 09 T°9 v's
1 | ARl NN NEE Ly L 1 oo aalsaaaly | LL Lia | Ll Lol
3 , — P R — N ‘ ) o 1 A ‘A\\ a
| _ _:_: I Il N/ | [ Il
f e | N _ \ { Y|
_.:_ _ .4 _, i \ 7 | : ,
__ : _ : Q , | i
_ \ \ / | |
I \ / m
,.L.

1n 1 V ,,, e - 3 ! o £ N\
,:,_ | 3/ A f |
| :
= M NN - - 'V
fnf YV ?m il
C :_ﬁ_ ‘ : &
| |
Il
o X R e R T— || —
() L 7 U
Y ||
|
I
L J,F__ I f , f f\ pree ( T - 3 0| - Ji 1 r
. IRy Il Il
_: { I Il
i’\d \-\Ial\«j _J n \I\Q" " e
[ | \ _z ¥ f V_‘_,._ i fv _ f
v 7 I _._ l J

N _; | .:;

219-9-820




IV-4. 'TH NMR chart of prepared compound with continuous
microfluidic glycosylation-batch deprotection
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