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1. Optimization of the catalytic oxidation system

Table S1 Screening of Temperature

i O
PIFA/TFA
NOS Z
H O DCM

1a 2a 3aa
Entry T(°C) Yield(%)’
1 it 56
2 0 55
3 -20 59
4 -40 51
5 —60 48

“All reactions were carried out with 1a (0.17 mmol), 2a (0.17 mmol), PIFA (0.17 mmol), TFA (0.17 mmol) under

argon atmosphere and at room temperature. The concentration of 2a was 0.1 M. “Isolated yield

Table S2 Screening of the Equivalent Ratio and Concentration of Reactants “

O O
PIFA/TFA
N/O\ + // - .
H O DCM, -20°C

1a 2a 3aa
Entry la 2a PIFA TFA Yield(%)"
1 1 1 1 1 59
2 1 1 2 1 60
3 1 1 3 1 61
4 1 2 1 1 59
5 1 3 1 1 58
6 1.5 1 1 1 62.
7 1.5 2 1 1 64
8 1.5 3 1 1 64
9 1.5 1 2 1 69
10 1.5 1 3 1 70
11 1.5 1 2 3 72
12 1.5 1 2 5 78
13 1.5 1 2 7 74
14 1.5 1 2 10 63
15° 1.5 1 2 5 84
16° 1.5 1 2 10 72

“Unless otherwise mentioned, all reactions were carried out under Argon atmosphere and at —20 °C. The
concentration of 2a was 0.1 M. “Isolated yield. “The concentration of 2a was 0.05 M. “The concentration of 2a was

0.025 M.
S2



2. Copies of NMR spectra of 3 and 4a
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Figure S1 '"H NMR spectra of compound 3aa (400 MHz, Acetone-d6)
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Figure S2 ?C NMR spectra of compound 3aa (101 MHz, CDCl;)
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Figure S3 'H NMR spectra of compound 3ba (400 MHz, CDCl5)
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Figure S4 *C NMR spectra of compound 3ba (101 MHz, CDCl,)
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Figure S6 °C NMR spectra of compound 3ca (101 MHz, CDCls)
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Figure S7 '"H NMR spectra of compound 3da (400 MHz, CDCl5)
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Figure S8 *C NMR spectra of compound 3da (101 MHz, CDCl,)
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Figure S10 °C NMR spectra of compound 3ea (101 MHz, CDCl5)
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Figure S11 'H NMR spectra of compound 3fa (400 MHz, CDCl;)
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Figure S12 *C NMR spectra of compound 3fa (101 MHz, CDCl5)
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Figure S14 >C NMR spectra of compound 3ga (101 MHz, CDCl;)
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Figure S15 'H NMR spectra of compound 3ha (400 MHz, CDCl,)
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Figure S16 >C NMR spectra of compound 3ha (101 MHz, CDCl5)
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Figure S18 *C NMR spectra of compound 3ia (101 MHz, CDCl,)
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— 158 27

—63.51

260

240

220

200

180

160

140

-l

100

80

T T T T T T T T
160 150 140 130 100 a0 &0 70 60 50 40 30 20 10

£1 (ppm)

T T T T
180 17 120 110

Figure S20 *C NMR spectra of compound 3ka (101 MHz, CDCl5)

S12



3.77
—3.35
2.50

f-1000

oo

{700

’ a0
I‘

‘H 1600

| [
\ | Fsoo

0

°

) W ‘ Fano

| {li | ‘ M 300

O

f\ Iﬁ\l h " l\JJ kbu | \IWI‘ ‘Ih\ H F100
e VUL

279

T T T T T T T T T T T T T T T
8.0 7.5 T.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 L5 Lo 0.5
1 (ppm)

Figure S21 'H NMR spectra of compound 3la (400 MHz, DMSO-d6)

— 157 06
63. 71
40. 19

0.0

7800

=To00

BE00

6000

6600

5000

4500

4000

3600

3000

2500

2000

1500

1000

600

=600

]

20000

12000

18000

17000

=1a000

16000

{14000

13000

12000

11000

10000

8000

FE000

=To00

6000

5000

4000

3000

2000

1000

F-1000

T T T T T
170 160 150 140 130 120 1o 100 80 a0 T i) 50 40 30 20 10
1 (ppm)

Figure S22 >C NMR spectra of compound 3la (101 MHz, DMSO-d6)

S13



3,64

18000

6000 17000

~ru
~7 10
7,08

~1a000
5000
16000
| rdon 14000
F13000
F12000

l
Jj 3000
|

I =000 11000

10000

(A I
‘nl “lb\/ &UUU I\ My [ F-s000
jk) \\4‘//\“w\\‘7 3ma

8000

:
|
{
4

T T T f-Too0
7.30 7.25 T.
F6000
F5000
F4000

3000

2000

Al P . AJ._L# o :n

[—1000

0.96-=
300

T T T T T T T T T T T T T T T T
8.6 8.0 7.5 .0 6.5 6.0 55 5.0 4.5 4.0 i) 3.0 2.5 2.0 1.5 1.0 0.5 o0
1 (ppm)

Figure S23 'H NMR spectra of compound 3ma (400 MHz, CDCl;)

220

—154.99

—149.24
7.5
7,05
76.73
63,66

200

160

140

T T T T T T T
170 160 150 140 130 120 1o 100 &0 T0 60 50 40 30 20 10 i}

80
£l (ppm)

Figure S24 >C NMR spectra of compound 3ma (101 MHz, CDCl;)

S14



—3.74
2.53
2.3

<

88T3% L7000

LR T

| Fe000

5000

3000

T

‘ F-4000
1 ‘ ]

0952

I

6

]

7
5.00-=
B0z

T T T T T T T T T T T T T T T T T T
8.5 8.0 85 &0 1.5 .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
£l (ppm)

Figure S25 'H NMR spectra of compound 3ab (400 MHz, CDCl,)

158, 22
7,72
—-i3. 40
21. 36
21.23

<

FBouuy

60000

{65000

Fh0000

46000

40000

35000

[-30000

26000

20000

16000

10000

000

6000

8500

~E000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-500

T T T T T T T T
170 160 150 140 130 120 110 100 50 80 0 60 50 40 30 20
£1 (ppm

Figure S26 >C NMR spectra of compound 3ab (101 MHz, CDCls)



2.97

TV T 7N T

T

y |

fl L

1

t o W

VL JooVR
I I L
j TTIBE ! T ‘ZE ! 7.'15 j T7.08 ' ; ‘BE
f1 (opmd

11000
10000
3000
BO00
7000
~B000
~E000
4000
3000
-anon

1000

~-1000

1

—3.70
2 29

i

L

2,92

6.5 6.0 5.5

156,16

3bb

5.

.0
£L (ppm)

Figure S27 'H NMR spectra of compound 3bb (400 MHz, CDCls)

77,56
7704
76,73

—63.34

<

s

T T T T T T T T T
an 130 170 160 150 140 130 120 110

T
1on

£1 (ppm)

Figure S28 *C NMR spectra of compound 3bb (101 MHz, CDCl;)

45000

40000

36000

30000

25000

20000

16000

10000

Fa000

1800

1800

~17T00

1600

1500

1400

1300

1200

1100

1o0o

800

800

700

600

600

400

300

200

100

F—100

200




FEEUU

S

F0C

3ch
fanC
reoc
]
——
9 AR

3 1 :

3.70

:\E]D[\
’ 14300
-13300
;1E]DD
‘*ll]EI[I
llD]DD
=a010
-*SEI]EI
;TD]D
:EUJU
;ED]D
;4EI]EI
-—'SUJU
:ZUJU

=1mn

~=1100

& E 5.0 45 4.0 33 0 2.5 ar 13 N
1 (ppm}

Figure S29 'H NMR spectra of compound 3cb (400 MHz, CDCl5)

156,40
150,03

3ch

77,56
704
7672

a

63,52

—35.00

—31.28

2157
2125

<

—

17070

18020

400

360

300

250

200

150

100

50

T T T T T T T

T T
180 170 160 150 140 130 120 i} 100

T
a0

£1 (ppm)

a0

T
70

50

Figure S30 *C NMR spectra of compound 3¢b (101 MHz, CDCly)

S17



&.53
8.59

<

2,832

5.1

R TTOTT Tt | o
{4000
|
“ {3000
H f-2000
1
| | |
'y N "I‘ ! n
i [ 1o
¥ i )
| v
N U \_
* T 4 el T " T 4 T o
T T = T T \—. T T = T T
T.6 7.5 T.4 7.3 .2 7.1 T.0 68 6.8
£1 (ppml
1
o
1 i
d o
. 5 : s ‘ - - : .
9.5 9.0 8.5 8.0 1.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£ (ppm)

Figure S31 'H NMR spectra of compound 3db (400 MHz, CDCls)

15722

65. 47

2155
2122

<

T T T T T T T T T T
150 180 170 160 150 140 130 120 i} 100 a0 a0

£1 (ppm)

Figure S32 *C NMR spectra of compound 3db (101 MHz, CDCl,)

S18

0

25000

26000

24000

22000

20000

18000

16000

14000

12000

10000

F&000

000

4000

2000

1600

1400

1300

rlz200

1100

1000

800

800

=700

00

500

400

300

200

100

100

200




eefilel fE z s enon
I [ [
-E000
} Faoon
|
|‘ “ =3000
N |
“‘ ‘ M ‘ I“ |‘ "\I Fz000
Wit pl I
|‘J\ |1 N i f! 1000
Vo IRy \/ /v 3eb
TV
T T T
7.‘15 T.IIU 7.‘05 T 'UD 6.‘95 6.‘90
f1 {ppn) |
N B WY Y S
! A ¥, ¥ '
8.5 8.0 B.‘E 8:0 7.‘5 7.‘0 E.IE E.‘D 5.‘5 5.‘D 4.‘5 4.‘0 3.‘5 3.‘0 2.’5 2.‘D 1.5
£1 (om)
. 1
Figure S33 "H NMR spectra of compound 3eb (400 MHz, CDCl,)
5 & ::\t:’l/:‘i 3 avg
3eb
Vi R nr,l - o l My ! o
1éD 1:!0 l‘ED 150 140 1‘30 150 liﬂ 160 B‘D E‘D T‘D EID 50 4‘0 20 l‘D ‘D

£1 (ppm)

Figure S34 >C NMR spectra of compound 3eb (101 MHz, CDCl;)

S19

26000

20000

15000

10000

5000

1000

800

800

~Ton

600

600

400

300

200

100

=100




Y T L T 7 [
[~10000
TN T
. F1500 8o
I
|
\\ Fio00 7000
1
1 ﬁ\ ﬂ eh i bt ﬁ‘ ] Lsmo 6000
\ bJ ALY
f V| | 3th
——J JKJ \_77 0 5000

T.20 7.‘15 .10 .05 T.00 6.‘95 6,80 400
£1 (ppm}
| F3000
2000
‘ A
! ! e ! !
10.0 9:5 BID 8.5 E.ID 7.‘5 7.’0 E.IE E.‘D 5:5 5.‘0 4.’5 4.‘0 3.‘5 S:D 2.‘5 2.0 1.‘5 1.‘0
£1 {ppm)
Figure S35 'H NMR spectra of compound 3fb (400 MHz, CDCl5)
120
F1o

T T T T T T T T T T T T T
a0 180 170 160 150 140 130 120 o 100 an a0 0 60 50 40 30 20 jul i}
f1 (ppm)

Figure S36 >C NMR spectra of compound 3fb (101 MHz, CDCl;)

S20



5.80
.80

859
.58
7
7
7
7
7
=
-7
<z
}r

7
N
7
6
&
5
s
L
a3

RRARGR 5000
F4000

3000

" : Fenn

H| F1000
|

30000

28000

26000

24000

22000

20000

1En0n

1E000

14000

12000

F1looon

8000

B000

4000

2000

o

Figure S37 'H NMR spectra of compound 3ac (400 MHz, CDCl;)

159,20
158,46
156,25

—63.52
55. 16
55.13

-
~
<

2300
2200
2100
2000
1800
1800
1700
1800
1600
1400
~1300
Fl200
F1io0
1000
800
800
~Ton
600
500
400
300
200

100

=100
=200

=300

T T T T T T T T T T T T T T T T T T
200 150 180 170 160 150 140 130 120 110 100 a0 a0 T 60 50 40 30 20 il
1 (ppm)

Figure S38 °C NMR spectra of compound 3ac (101 MHz, CDCl5)

S21



[-28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

r&000

000

4000

2000

—2000

. e A
o w5y g
T 7T 11 177 L3000
2500
i 2000
‘ |\‘
M\ , ”" 1500
|
\ﬂ | I
’”LH M Hul“l‘ Fio0o
. i i
| ll ‘ | V
LU IR
| | | | / |
JUN W
T Ta 12 11 7 e s s1 se
f1 (mpm) |
1
“I i
I
‘ A
T TTTT m T
90 &5 80 15 T8 65 60 &5 50 45 40 %5 a0 25 20 15 10 05

£L (pen)

Figure S39 'H NMR spectra of compound 3be (400 MHz, CDCl5)

Sl N

159.15
158.40
158018
158.91

_-113.56

TR

—ss.2r
55.14
55. 12
2129

pa
<
<

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 a0 80 0 A0 A0 40 30 20 10
f1 (ppm}

Figure S40 °C NMR spectra of compound 3be (101 MHz, CDCl;)

S22

500

6000

5500

5000

4500

4000

3800

3000

2600

2000

1600

1000

500

=600



reeuun

8.49
2.48
5.71
3.70

£
oe3

133

21000

20000

757
756
7.55
7.54

b
bt
i
o
o
—6.94

i Wi e

L
T

18000
1400
F17000
1200 16000
F15000
| 1000
F14000
F13000

|
|
| | | -a00

|

| I 12000
{600

‘ ‘ 11000
Il ‘ ‘ “‘ || 400 k10000

H “.H‘I |U‘\ \U LL 200 9000
A,_/N&_,_._/\.\_.JQ_,JJLLJ LJ L_‘_/_)’ Fao00
i Ll ] —_—

0 7000

= = T = 3 6000
7

7.0 6.3 6.8 6.7 6.6 5000
4000
3000

2000

e hc T

[—1000

5.99-1

z.89-%
9.00-%

2000

f-320

15004
7.3
7,04
6. 73

—63.25
55. 16
55.13

—35.01

—s1.2

<

{300

280

260

240

{220

f-200

180

Fleo

140

120

100

T T T T T T T T T T T T T T T T T T
150 130 i} 160 150 140 130 120 110 100 an a0 70 60 50 40 30 20 il i}
f1 (ppm)

Figure S42 *C NMR spectra of compound 3ce (101 MHz, CDCl;)

523



% i)
T worr T
= 1600
| 1
' 'ﬂ F a0 o
‘ " " Frznn N
L“ ‘ ‘ " 1000 -
||‘ | ‘ ‘ [8m cl
. il
1 | |
i B -
| ! | l | f-200
AU I
D S N S S
2 z T
16 7.'N5 e 13 1 - 1 7.0 B 6.9
1 {ppm)

14000

13000

12000

11000

10000

9000

8000

=To00

6000

5000

4000

3000

2000

1000

f-—1000

T T T T T T T T T T T T
a0 8.5 8.0 T.5 .0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5
1 (ppm)

Figure S43 'H NMR spectra of compound 3ad (400 MHz, CDCl,)

158,01

—63.57

T T T T T T T T T T T T T T T T T
120 180 170 160 150 140 130 120 110 100 a0 a0 70 a0 50 4n 30 20 10
1 (ppm)

Figure S44 >C NMR spectra of compound 3ad (101 MHz, CDCl5)

524

650

600

550

600

450

400

360

300

250

200

150

100

50




f2duuy

—g.0
4
4
2
E
z
F
2
2
i
I
1
[
I

—5.14

—z.53

23000
22000

21000

—7.05
—T7.03

2500 F20000

Fso0 F1a000

1 18000

25 F17000

Lonan Lo
REL]

[r1ee H1dooo

L oo FLanon

F12000
bl\_’_)‘ ! L e f-11000
Lo 10000

E ] ) 5 8 Loaoo

7.‘415 ' T.‘SE ' 7.'25 ' 7.‘15 ' T1.06 FE000
=To00
H 000
5000
4000
3000
[ 2000

|
| f F-1o00
— -to

1000

3271

2000

T T T T T
8.0 8.5 8.0 7.5 T.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0

5.5
£1 (ppm)

Figure S45 'H NMR spectra of compound 3bd (400 MHz, CDCls)

2132

15797
77,95
7,03
671
63,51

2500

v
N

2000

1500

1000

{600

r T T T T T T T T T T T T T T T T T T T
an 180 170 160 150 140 130 1en 110 100 a0 a0 0 60 50 40 30 20 0 i}
f1 (ppm)

Figure S46 >C NMR spectra of compound 3bd (101 MHz, CDCl;)

S25



] BRES B gggy 5000
Y TP WA
4000
3000
h\{ i i 2000
" |‘| l M | 1000
,‘ ‘ |H| I ‘
1\ UM MU
I ale SN e A
TBG T.8 T.T T8 T.‘S 7.‘4 7; 7; T.1 ;.IU—G.‘B
£1 (ppm) !
} PRI ¥ VY L
! PR LV T
11I.D 1D‘ 5 1D‘.D a5 9.’0 B.‘E 8.‘0 7.‘5 TjD E.rE E.‘D E.IE E.‘D 4.‘5 4.0 3:5 3.‘0 2.‘5 2.‘0
£1 (om)
. 1
Figure S47 "H NMR spectra of compound 3fd (400 MHz, CDCl,)
i W

T T T T T T T T T T
180 170 160 150 140 130 1en 110 a0 a0 T 60 50 4n 30 20 0

100
£1 (ppm)

Figure S48 '>C NMR spectra of compound 3fd (101 MHz, CDCl,)

526

12000

11000

-1ooo0

8000

8000

T

E000

5000

4000

3000

2000

1000

F=1000

1100

1000

800

=100




N T e (5500

5.72

mmmmmmmmmmmm 6000

SsReE NP |

—6.98
—6.95

4500
i riooo

SRR

‘|\| | | I
__JjJ I | ‘l\ l‘ul‘ u u b ‘L* Feso

2000

4000

3500

3000

1500

1000

500

-

2.84x

500

T T
4.5 4.0 35 o 2.5 a0 L5 Lo 0.5

T T
65 60 55 50
1 (ppm)

Figure S49 'H NMR spectra of compound 3ae (400 MHz, CDCl;)

3400

156,01
7.5
77,05
T6.73
63. 60

3200

3000

2800

2800

2400

2200

2000

1800

1600

1400

1200

1000

T T T T T T T T T T T T y
170 160 150 140 130 12n 11a 100 80 a0 T0 60 50 40 30 20 10
1 (ppm)

Figure S50 °C NMR spectra of compound 3ae (101 MHz, CDCl5)

S27



.94

YEARE TR TR BR S JHEEEEEY hiew
FESNT 8 A SOSIAN
{1400
.‘ F1200
! H oo
|
, | ! 'dl | 00 5
N |
| ”ﬂ| Il | I I ) N
‘U‘ ”LM ‘\” || |‘ ‘ | “ | Fano P
Iﬁ'l | U|‘ |U|‘ ‘U ‘l | | | | Lo =
_ VARV b | U 3af
T TTT 77T I
T ;E —T.‘E— T.4 f—l‘-{.‘(ap )72 7‘: ':D —6.9
pm,
N ~
I
6.0 E.‘E E.‘D 4.'5 4.‘D 3.5 2.‘5 2.’0 1.5 l:D

£1 (ppm)

Figure S51 'H NMR spectra of compound 3af (400 MHz, CDCl;)

158.19

- ‘ "

63,90

i

oy

7000

6500

6000

5800

5000

4500

4000

3600

3000

2600

2000

1500

1000

500

—500

2600

2400

2200

f-2000

1800

F1éo0

1400

Flz00

1000

{-&00

{600

=200

T T T T T T T T T T T
180 17 160 150 140 130 120 110 100 an &0
f1 (ppm)

T
40

Figure S52 *C NMR spectra of compound 3af (101 MHz, CDCl5)

528

400



5.76

i WY
{5000
4000
{3000
ﬁl 2000
|
‘)L 1000
\‘ \VIA J|‘ /!I \\H ‘r\l ‘\M
I | |
VLV VISV SN, W W
e e T 7
T Ts s T4 s Te w1 7o e as '
£1 (ppn)
1 ke Wbe: 1
9.‘5 B.rD B.‘S B.‘D 7'5 T‘U 6.‘5 6.'0 5.‘5 ﬂE‘(D )4.'5 4.‘0 3.‘5 3.’0 2.‘5 2‘0 1.’5 1‘0 0.‘5 0.0
P,
- 1
Figure S53 "H NMR spectra of compound 3ag (400 MHz, CDCl,)
I | o |
] el |
1‘80 1"!0 1éﬂ léD 14‘0 150 1‘20 l;Dfl ‘ 1;‘]0 BID B‘D TID E‘D E‘D 4‘0 'J"D
M.

Figure S54 >C NMR spectra of compound 3ag (101 MHz, CDCl;)

S29

17000

16000

15000

14000

13000

12000

11000

10000

raooa

f-&000

7000

000

000

4000

3000

2000

riooo

—1000

7000

6500

G000

raE00

{5000

4600

4000

3600

3000

2600

2000

1600

1000

G600

—500




_-3.80
-39

=000

EYi7e S

=Ea00
BIBRBE BE 23 =i 1400
jepes e £
H | A000

{1200

oo u

~E&E00
~H000

800
I Fd&00

‘ 600
‘h| 400

M 3500
L | I
(A, ;__(J ] F3000

~ 2600

4000

tppm) 2000
150

1000

L

S5 +-500

0.933

Figure S55 'H NMR spectra of compound 3ah (400 MHz, CDCl;)

W]

63.45
55.16

2000

15851
156018
—140.08
— 136,88
—113.56

1900

1800

~1700

1600

1500

~1400

1300

1200

-1i00

1000

800

800

~To

800

500

oo

=300

200

100

r-100

=200

T T T T T T T T r 1
7o 160 150 140 130 120 110 100 o0 &0 70 a0 50 40 30 20 10 a
£1 (ppn)

Figure S56 >C NMR spectra of compound 3ah (101 MHz, CDCl5)

S30



8,01
8.50

<

Ry F-2000

%

6500

6000

1500

5500

[ 1000 5000

4500

200 3ai
4000

3500

3000

I

T T 7 T T T T U
9.0 8.8 86 84 82 8.0 7.8 T.

iogem) I-2500

2000
1500

1000

I W

-500

2722

T T T T T T T T T T T T T
65 &0 55 50 45 40 35 30 25 20 L5 L0 0.5
21 (ppm)

Figure S57 'H NMR spectra of compound 3ai (400 MHz, CDCl5)

158, 09
138, 63
—i3. 52

1400

1300

1200

-1100

1000

900

800

500

400

=300

200

100

F-100

T T T T T T T T T
170 160 150 140 130 120 110 100 % 0 70 0 50 © 30 20
21 (ppm)

Figure S58 *C NMR spectra of compound 3ai (101 MHz, CDCl;)

S31



8000

6000

5000

4000

3000

2000

1000

v WY T
us XA REN 83 [0
% RN az00
5000
B:ﬂ E‘E 8.0 5 a
£l (pom)
— A
! Tl :
10‘.0 9.‘5 Q.‘O S.‘E S.’O T.’E T.rO 6.r5 G.rO 5.‘5 . (5‘0 4.‘5 4.‘0 - 3.‘5 3.‘0 2.‘5 2.‘0 1.‘5 l.‘O 0.‘5 0.‘0
. 1 .
Figure S59 "H NMR spectra of compound 3ai' (400 MHz, CDCl;)
| N V11—
o w0 w40 w0 @ w0 w0 % m o @ % & @ om

£1 (ppm)

Figure S60 *C NMR spectra of compound 3ai' (101 MHz, CDCls)

S32

f-15000

[~ 14000

13000

12000

111000

10000

9000

8000

6000

5000

4000

3000

2000

1000

o

+-1000




3,30

v

+-10000

5000

T

I

= hwg

T T T T T %
8.8 8.6 84 82 80 T8 T.6 T
£1 (ppm)

-
fa [lon-g

2.00-%
Lo0x
.90

2.7l

55000

50000

45000

40000

1~35000

[-~30000

25000

120000

[~ 15000

[~10000

5000

158,37

— i, BT
— il 02
58,32

R

2000

1900

1800

1700

1600

{1500

1400

1300

1200

1100

1000

800

700

600

200

400

300

200

100

F-100

=200

T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 0 80 0 &0 50 40 30 20 10
£1 (ppm)

Figure S62 >C NMR spectra of compound 3aj (101 MHz, CDCl5)

S33



9,01

.20
T
@
5
g

1500

6000
1000 5500
-
5000
4500
4000
T
T - T T
7 7.2 7

3500

T T T

9.2 9.0 8.8 86 84 82 80 T
1 (ppm)

3000

2500
2000
1 1500
{1000

L - Lo

0

=500

0, 80—
2,10-=

T T T
7.0 6.3 6.0 5.5 3.0 4.5 4.0 35 3.0 2.5 2.0 L3 1.0 0.5 0.0
£1 (ppm)

Figure S63 'H NMR spectra of compound 3ak (400 MHz, CDCl,)

158, 19

183.71
5. 20

6000

5500

5000

4800

4000

3500
3000
1 2500
2000

1500
i
k1000
Al F500
|

-500

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

Figure S64 >C NMR spectra of compound 3ak (101 MHz, CDCls)

S34



564

W WA T T [
3500

3000

‘ 2500
2000

N -

T T i - T
T.4 T.2 7.0 6.8 6.6 6.4
11 o |
i
f 1 1
1 Il
i
— _ A
o e ¥
| : : i : : ' : : . : : | :
a0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.8 3.0 2.5 2.0 1.& 1.0 0.5 0.0
1 topm)

Figure S65 'H NMR spectra of compound 3na (400 MHz, CDCl;)

185.00
167.68

—6d. 43
57,88

. e

22000

21000

20000

18000

18000

17000

-18000

15000

14000

13000

12000

11000

10000

3000

8000

7000

6000

5000

4000

3000

2000

1000

F-1000

—2000

600

450

400

350

300

250

200

160

100

r T T T T T T T T T T T T T T T T T T
n 180 180 170 160 150 140 130 120 110 100 a0 a0 0 80 50 40 30 20 10
£1 (ppm)

Figure S66 °C NMR spectra of compound 3na (101 MHz, CDCl5)



—8.41
T
T
T
T
)
T
T
7
T
T
T
T
7
7
T
T
T
T
7
T
7
7
T
_-3.18

=3

12000

11000

10000

[~8000

8000

~7000

Jjadja21
6000

5000

4000

3000

2000

1000

L
=

=

~-1000

152
310

T T T T T T T
7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0
1 (ppm)

Figure S67 'H NMR spectra of compound 3ja and 3j'a (400 MHz, CDCls)

@ | 058z
NI

|-18000

158. 20
15812
7T 03
071
03,45
63, 42

T35
—a21.82

—23.80

17000

v

<

16000
135000
14000

QO -

12000

/OfN
& i
4]

10000

5 "
P Ira F-9000
8000

7000

5000
4000
3000
| 2000

ro

F-1000

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 %0 €0 70 60 50 ) 30 0 10 0
£1 (ppm)

Figure S68 ?C NMR spectra of compound 3ja and 3j'a (101 MHz, CDCls)

S36



8.8
8.0

<

NV
F1500
1000

500

£t (pam)

3.0

Figure S69 'H NMR spectra of compound 4a (101 MHz, CDCls)

162,81
T1. 3t
7. 05
. 13

s
puig

S g |

T T T T T T T T
160 130 140 130 120 110 100 a0 80

Figure S70 *C NMR spectra of compound 4a (CDCls)

S37

1-4000

3000

2000

1500

1000

500



