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1. Reaction condition optimization

Among the screening results of Lewis acids, Sc(CFsSO3)s has the fastest reaction speed
and the highest yield. Sc(CF3S03)s is chosen as the catalyst for the experimental reaction.
The screening results of Lewis acid are shown in Table S1.

Table S1. Lewis acid screening results

Entry Solven Temp. (°C) Lewis acid Time (h) Yield (%)

1 MeOH 65 NiCl2 6 No reaction
2 MeOH 65 Br.Cu 6 25

3 MeOH 65 FeCls 5 72

4 MeOH 65 BiCls 2 86

5 MeOH 65 BiBrs 5 70

6 MeOH 65 PbCl2 2 84

7 MeOH 65 Inl3 8 10

8 MeOH 65 Yb(CF3SO3s)3 8 15

9 MeOH 65 Cu(CF3S0s3): 8 12

10 MeOH 65 Sc(CF3S03); 1 90

11 MeOH 65 Zn(CF3S03), 8 No reaction
12 MeOH 65 La(CF3S0a)3 8 12

The above results are obtained when the molar ratio of paeoniflorin to Sc(CF3SO3)s is 1:
0.5. it is necessary to continue to optimize the molar ratio of paeoniflorin to Sc(CF3S0s3)s,
and select the molar ratios of 1: 0.5, 1: 1, and 1: 1.5 for comparison. The reaction
completion time is shortened when the molar ratio is raised to 1: 1. Then the molar ratio is
increased to 1:1.5, and the reaction completion time has no significant change compared
with the reaction completion time when the molar ratio is 1:1. It was finally determined that
the molar ratio of paeoniflorin to Lewis acid was 1:1. The reaction was heated to reflux at
the boiling point of the solvent. The screening results of the molar ratio of paeoniflorin to

Sc(CF3S03)s are shown in Table S2.
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Table S2. Molar ratio screening results

Entry Proportion Time (h) Yield (%)
1 1:0.5 1.0 90
2 1:1 0.5 95
3 1:1.5 0.5 93
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2. TH NMR and 3C NMR spectra of the synthesized
compounds
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Figure S1. The '"H NMR of compound 1.
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Figure S2. The '"H NMR of compound 2.
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Figure S4. The '"H NMR of compound 4.
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Figure S5. The "H NMR of compound 5.
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Figure S9. The "H NMR of compound 8.
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10 / 52



880 ™
=) 06°0 | to
J 260 |
SE'L
Lo 95l 1
8G') 1|
o 09'1 1 ,M
al 9L 7”
6oL~ — - 6.1
LLOT— St B
€9'9Z . .

= ‘¢ ©
18’ g oal
86'L 1
il 2027
r® €0z
L0217
< oce |
€T LY\ = . 0
srep ~ — g ey
€209 :
9Lz
oo”mm/ e I o127
069\ soe
yZ'Go ~ — o
6111 HR 65°€
8SbL
0524~ i =
czer’ r®
86'98 . — o
8188~ ] F&

00'g-
* 6eq
0o
heera
J €0°}

*= 96'0

['e]
09°c Fiegd®
19°€
29°€
zoe ’f
60
oLy
[
INE
wti
N Gl
S 16'0-2
oz =
ov'y Lo
6t ®
85y o
19t Fo
[oR4
9Ly °
16F s
66
10'G
10'g
€0'S
S0'g
90's
80'G B ©
1s g @
vb'g 5

m
Q

% 60}

10}
= 660
2 g6
16 o
Fzog

68'86 — e
99'€0l — el

100
1 (ppm)

T

110

150 140 130 120

Figure S14. The 3C NMR of compound 11

160

e
“ | o

170

190 180
:
90

T

105 100 95

S ov'L

] 8b'L QA
05’2 o

E 65L £ 5 4ﬂ®
09°L Yo

9L o718 ©

20’8

v0'8 g

SE:50Z— =

20 210 200

AcOs
T

1 (ppm)
Figure S$15. The "H NMR of compound 12.
11 / 52



[t

ANBR g € - o TroM~oOWw oo e D N
oo o PO <9 CQMAITRON o @ NMOOONT
eI R e 2g oW Orogewagd - oaNSocgao
- e - - © @ MO OO© <~ = NONNNN ™
SN~ I [ 5N A4 s |

O

0’2 BCH,CH,CH,

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
{1 {ppm)
Figure $16. The 3C NMR of compound 12.
I & 1 Lomowa A WM
= AcoACO R an”"- (o} L +0
j ‘Ao - °"‘~®O
_EJ :: 2 +10
o F
Tgi ‘OCH,CH,CH, Fw_‘ = 2 L20
_J: 39 F30
-
ﬂﬁf i - +40
] 150
:%‘ 35 o +60
= 3 .
= 3 =y 0 E
— ) g
< +80 =
:1 -
— .
— . 1100
|
—1, L110
1 L120
)
o . @ L130
L140
{ +150
{

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f2 (ppm)

Figure S17. The HSQC-NMR of compound 12.

12 / 52



180
€80
5801
6€°L
R
8y}
05} 1
st
00z
€0z
S0z JW
80°Z |
S9°Z
997 Jﬁ
19T
69Z
oLz
e

v0'e
90°€ V

ve'e
vamv
SE'E ]

wm.m:“
8e'e

19°€

€9°€ w
v9'€ |
so¢ |
mo.ﬂ
L9°€ ]
89°€
oLy
€Ly
Sy
LY
8Ly
oz
sr'y
1S
€5y
SS
IR
6LV

10'S ﬁ
€0'S

sosf
80'S
LS
SL'S
AR
0z's
€L
Sv'L
L
1S,
65'L
19°L
008
20'8

AcO,

F66¢

* 08|
® oz

FoszL

g o
660
E .61
o 260
v0'Z
260
20'),

T T
9.0

100 95

T

T
10.5

1 (ppm)

Figure S18. The "H NMR of compound 13.

y90L —

6€0C
L9'02
99'0¢
VN.ON\
ow.NN\

8L'9¢

18'9p ~
ze8y

66'19
1£'29

s0e9”
82'89 —
mq.EM

S6°'LL “
88°CL
89'G8

€8°.8 .\
6196 —

8.0l —

15821
6£'6CL W
oL'6ctL 7T
LGEEL

8€'991
Pr69L ~
oL’

S8'v0C —

AcO,

O

00 190 180 170 160 150 140 130 120 110

T

210 200

1 (ppm)

Figure $19. The 3C NMR of compound 13.

13 / 52



(wdd) 1y
- g B 8 R 88 =2 = & 2 I 2
.0 A L. S S S S P S
o
]
Il
i
B-*
o
e o
I R
{ e
| v
| -
| °
i
” o
Q9
L
o
! ;
09
BN e
£
a
@
Q%
b
51
C 0
&
EE
)

o 5 5
4 5
o Yo
g 8

fl

fé 11

|

45 40 35 30 20 15 10 05 00 -05
12 (ppm)

5.0

55

6.0

75

8.5

Figure $20. The HSQC-NMR of compound 13.

780
980
880
FAN S
1S'1
€51}
ss'lL ﬁ
VAN o
9LL
6.1
S6'L 4#
9€°C |
99'C
19T
12°€
6€°€
el
6V°€E 1
0S°€
1G'€

LS'€ W
€L'E /
9L'e V
08'€
€8'¢E \.
8y'y
os'v

L9V F
yo'v
99
69
Sr'es—

€eL
veL
9L
R
6L
o5z’
6L
veL”

QCH,CH,CH,

¥Z6'L
260

T T T

100 95

10.5

9.0

1 (ppm)

Figure S21. The "H NMR of compound 14.

14 / 52



6v°0L —

€561 —
€ceC—

€E0F
are

£6°09
L9'19 ~
GG'G9 ~
0,69
cLoL

2c9L
LG8 ~
Lr'e8 —

28'86 —
gzioL”
027201 ~

vo'8ch
L9'62lL W
S8'6CL i
LV'EEL

€191 —

GCH,CH,CH,

o
T

O

00 190 180 170 160 150 140 130 120 110

210 200

1 (ppm)

Figure S22. The '3C NMR of compound 14.

€L
mm.h/
GE'L~>
8v'L
omNN
cs'L
mw.n\
16°L

T T T

100 95

T

10.5

9.0

1 (ppm)

Figure $23. The "H NMR of compound 15

15 / 52



€0l —

2L og ~
69¢C
6592~

86'9F
S8y ~

1919
0€'€9
8r'€9

2569

Zr'oL N\
€9°€L\
68'GL
egos”
z8's8 ~
1618~

€L'86 —
0g'soL —

29'8¢L
€e'6Cl W
18’621 Wi
oLeel

8T L9l —

v2'sog —

00 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T

210 200

Figure S24. The '3C NMR of compound 15.

280
¥80 1
9801
SE'L
idh
or'L
8b'L |
6V L k
60'C
9€Z |
or'z
8v2
0521
2L
L2y
18'T
68'C W
062
262
sz
wN.my
zEE€
€e'e
ve'e
ce'e
I€€
LE€
6£°€ |
or'e
8b'e | ﬁ
0s'e
sg'e
IS€
65'€
19°€
29
v9'e
oLe
€L'e
6L'€
6L'E
z8€
z8'€
L0b
vo't
SLY
LY
6L'S

—r—

Q
x

T

9.0

T

100 95

T

10.5

1 (ppm)

Figure $25. The "H NMR of compound 16.

16 / 52



oL —
802 ~

ov'ec —
€992 7

0z b~
Z5°6p ~
11709

2629

vm.mw%
z9°0L

VUL /
€SPL.
052~
weL”’
9698 .
1288~

6886 —
oL'v0L —

S COZ—

ICH,CH,CH;
0. (e

HO,

0,
Hi

]
H

HO'
HO-

100
1 (ppm)

120 110

T

130

190 180 170 160 150 140 1

T

T

T

20 210 200

T

Figure $26. The '3C NMR of compound 16.

*96'S
*€0'€

M\wo 3
L0'€
6'9
LL'E
v/\.md
L

=860

1 (ppm)

9.0

T

100 9.5

T

10.5

T

Figure S27. The '"H NMR of compound 17.

17 / 52



oL'8zl~
eL6eL”
SEEEL~

Dm,mm—.
ov.mm_../
05'691L
2E04LL
¥S'0LL

Fo

160 150 140 130 120 1i0 100 90 80
{1 {ppm)

T
170

Figure S28. The 3C NMR of compound 17.

00'L
Lo'L
oL'L
NS
€71
66}
NO.NQ
soc
80'C
S9'¢C
192
697 1
0427
1227
20°€
€0'e
€9'€
yo'e
S9'€
S9'€
99'e
19°€
L9°E

88'¢E
06'€ W

16°€ 7]
€6'c
v6'E
oLy
%%
ELy ]
v
oLy ]
LY
6L
oz
or'y
6y
2R 2
Ss'p
9Ly
8Ly
00'G
20'S
v0'S
10°S
vL'S
VARS
0z's
L
vrL
ov'L
95
85/
092
008

20’8

"0
OCHCH;
O ¢H,

HsC,
O
2%03

AcO, =
AcO;
Xco OAc
O

EELZ
gLl

T T T

10.0 95

10.5

9.0

1 (ppm)

Figure $29. The "H NMR of compound 18.

18 / 52



S9'8¢CL
0s'6CL W
zg8'6ch Vi
8G'€EL

wvAwwv
mw.mwr W
15’691
€€°0LL
8r'0LL \

S0's0C —

3

OCHCH
O CH,

O

100
1 (ppm)

00 190 180 170 160 150 140 130 120 110

210 200

Figure S30. The 3C NMR of compound 18.

€Ll
vLL
L
as
08’}
96’1 |
vee |
9z
1€
6£'C
v9'T f

———

59z
SZ€1
1T€ ﬁ
6e°€ |
€5°€ |
95°€
SL°€
8¢ |
oset
20"
A
S0P
woev
80
8v'p
oSy by
29"
S9'p
99y
69
or's”

veL
oe’L
8€’L
8v'L
0S°L
1S, 4
€6, v.

S6°L

V6L
960

100 95 9

T

T

9.0

10.5

1 (ppm)

Figure S31. The '"H NMR of compound 19.

19 / 52



sg6l
ow.NNM
eLvT
seve’

[FAT AN
ot ad

26'09
69° 6/
6129

£5'69

v8'69 k-
1SEL —
€2'6L 7%

ecoL’
9L58~
1r'g8 —

16'86
611017
18201~

€9'8¢CL N
89’621 W
v8'6cl i
Sh'eel

Lol —

100
1 (ppm)

00 190 180 170 160 150 140 130 120 110

T

210 200

Figure $32. The 3C NMR of compound 19.

oLt
oLt
A
AN
821
08’}
€8°1 1
98l
102
vo'c
8€C
o2
or'Z
[AEA
€V'Z

vv'e ;ﬁ
Sh'e
sv'e

oce
NNAmW
vee

0e'e \m
zee’
zee

see

I€€

>

£r'e

sy'e

65°¢ ]
L9'€
29
€9°€
6L'€
os'e
z8e
z8'€
/8¢
06'€
86'€
L0p
vy
99t
0z's

Fgo9
-50'€

Fge'L
=0l

JSTL
PSZE
L
A
wll'L
5L
ezl

=00}

T T T
9.0

100 95

T
10.5

1 (ppm)

Figure $33. The "H NMR of compound 20.
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Figure $54. The HSQC-NMR of compound 29.
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Figure S71. The '3C NMR of compound 37.
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Figure S72. The "H NMR of compound 38.
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Figure S73. The '3C NMR of compound 38.
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Figure S74. The "H NMR of compound 39.
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Figure S75. The 3C NMR of compound 39.
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Figure S76. The "H NMR of compound 40.
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Figure S77. The 3C NMR of compound 40.
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Figure S78. The "H NMR of compound 41.
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Figure S79. The 3C NMR of compound 41.
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Figure S80. The "H NMR of compound 42.
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Figure $82. The "H NMR of compound 43.
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Figure S83. The 3C NMR of compound 43.
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Figure S84. The "H NMR of compound 44.
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Figure S85. The '3C NMR of compound 44.
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Figure S86. The '"H NMR of compound 45.
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Figure $90. The HSQC-NMR of compound 46.
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3. Single crystal structure and data

CCDC 2249825 (Compound 11), 2249824 (Compound 17), and 2249823 (Compound
18) containing the supplementary crystallographic data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
https://www.ccdc.cam.ac.uk/structures/search

Compounds single crystal data

Table S3 Crystal data and structure refinement for compound 11.

Empirical formula CisH2s8010
Formula weight 404.40
Temperature/K 293.15

Crystal system

orthorhombic

Space group P212:2;
a/A 9.9334(8)
b/A 13.2276(8)
c/lA 14.4439(14)
al/® 90

B/° 90

v/° 90
Volume/A2 1897.9(3)
V4 4
Pcalcg/cm? 1.415
p/mm-t 0.116
F(000) 864.0

Crystal size/mm3

0.35x 0.3 x0.25

Radiation

MoKa (A = 0.71073)

20 range for data collection/®

6.16 to 52.732

Index ranges

-12<h<12,-16<k<11,-17<1<18

Reflections collected

5755

Independent reflections

3597 [Rint = 0.0249, Rsigma = 0.0589]

Data/restraints/parameters

3597/0/260

Goodness-of-fit on F2

1.037

Final R indexes [I>=20 ()]

R1=0.0673, wR2=0.1612

Final R indexes [all data]

R1=0.0919, wR2 =0.1791

Largest diff. peak/hole / e A3

0.70/-0.29

Flack parameter

0.6(10)

Table S4 Crystal data and structure refinement for compound 17.
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https://www.ccdc.cam.ac.uk/structures/search

Empirical formula C34H42015
Formula weight 690.67
Temperature/K 293.15
Crystal system monoclinic
Space group Cc2

a/A 20.613(3)
b/A 5.9223(6)
c/A 29.982(3)
a/® 90

B/° 100.058(12)
v/° 920
Volume/A3 3603.8(7)
V4 4
Pcalcg/cm? 1.273
p/mm-t 0.100
F(000) 1464.0

Crystal size/mm3

0.35x 0.1 x0.05

Radiation

MoKa (A =0.71073)

20 range for data collection/® 6.234 to 52.744

Index ranges -25<h<25,-7<k<4,-29<1=<37

Reflections collected 7962

Independent reflections 5359 [Rint = 0.0214, Rsigma = 0.0581]

Data/restraints/parameters 5359/1/449

Goodness-of-fit on F2 0.934

Final R indexes [I>=20 (1)] Ri = 0.0693, wR2 = 0.1838

Final R indexes [all data] R1=0.1128, wR2 = 0.2076

Largest diff. peak/hole / e A3 0.59/-0.26

Flack parameter -1.2(8)

Table S5 Crystal data and structure refinement for compound 18.

Empirical formula C34H42015
Formula weight 690.67
Temperature/K 293.15
Crystal system monoclinic
Space group Cc2

a/A 19.019(3)
b/A 6.4924(8)
c/A 29.815(3)
al® 90
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B/ 95.370(11)
v/° 920
Volume/A2 3665.3(8)
Z 4
Pcalcg/cm? 1.252
p/mm- 0.099
F(000) 1464.0

Crystal size/mm?

0.35x0.3x0.25

Radiation

MoKa (A =0.71073)

20 range for data collection/®

6.634 to 52.742

Index ranges

-21=h=<23,-8<k=<8,-37=1<37

Reflections collected

14487

Independent reflections

7000 [Rint = 0.0238, Rsigma = 0.0387]

Data/restraints/parameters

7000/1/471

Goodness-of-fit on F2

1.015

Final R indexes [I>=20 (I)]

R1=0.0572, wR2 = 0.1347

Final R indexes [all data]

R1=0.0916, wR2 = 0.1577

Largest diff. peak/hole / e A3

0.17/-0.17

Flack parameter

-0.9(5)
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