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1. Optimization of reaction conditions

1.1 Optimization of additives®"

o Ph
N ,O__Ph Solvent = SN
@:;N * Ph)LO \g/ Additive, 90 °C, rt ©©
a b al
Entry Temperature Additive Solvent Time Yield[%]

b

12 90 TFA EtOAc 12 80

2¢ 90 - EtOAc 12 trace

3 90 H,S0, EtOAc 12 0

4 90 HCI EtOAc 12 0

5 90 CH;COOH EtOAc 12 39

6 90 methanesulfonic acid EtOAc 12 0

7 90 trifluoromethanesulfonic acid ~ EtOAc 12 22

8 90 pivalic acid EtOAc 12 trace

9 90 IRCY EtOAc 12 trace

10 90 2-naphthalenesulfonic acid EtOAc 12 50

11 90 p-aminobenzene sulfonic acid  EtOAc 12 40

12 90 methylbenzoic acid EtOAc 12 30

13 90 phenylboronic acid EtOAc 12 56

14 90 Taurine EtOAc 12 55

15 90 2-naphthalene formic acid EtOAc 12 28

16 90 malic acid EtOAc 12 67

17 90 fluorin boric acid EtOAc 12 43

18 90 hydroiodic acid EtOAc 12 24

a Reaction condition: a (0.2 mmol), b (2.0 equiv), TFA (1 mol%), EtOAc (3 mL), 90 °C, rt, 12 h. ®
Isolated yields. ¢ Without additive. ¢ IRC = Cation exchange resin.



1.2 Optimization of solvents®?

o Ph
O+ oy s O
a b a1l
Entry Temperature Additive Solvent Time Yield[%]?

1 90 TFA CH;CN 12 40
2 90 TFA CeHix¢ 12 45
3 90 TFA Toluene 12 55
4 90 TFA Acetone 12 78
5 90 TFA DCE 12 52
6 90 TFA EtOAc 12 80
7 90 TFA DMF¢ 12 0
8 90 TFA CCly 12 0
9 90 TFA THF 12 0
10 90 TFA DMSO 12 0
11 90 TFA H,0 12 0
12 90 TFA 1,4-Dioxane 12 0
13 90 TFA DCM 12 20
14 90 TFA DMACe 12 0
15 90 TFA n-Hexane 12 0
16 90 TFA Pyridine 12 28

a Reaction condition: a (0.2 mmol), b (2.0 equiv), TFA (1 mol%), EtOAc (3 mL), 90 °C, rt, 12 h.®
Isolated yields. ¢ C¢Hj, = Cyclohexane. ¢ DMF = N, N-dimethylformamide. ¢ DMAC = N, N-

dimethylacetamide.



1.3 Optimization of temperature®?

o Ph
N .0 Ph Solvent R SN
m + Ph)LO \!)r Additive, heat, rt' @@
a b a1l
Entry Temperature Additive Solvent Time Yield[%]P
1¢ - TFA EtOAc 12 0
2 20 TFA EtOAc 12 0
3 40 TFA EtOAc 12 0
4 60 TFA EtOAc 12 20
5 70 TFA EtOAc 12 75
6 80 TFA EtOAc 12 72
7 90 TFA EtOAc 12 80
8 100 TFA EtOAc 12 68
9 120 TFA EtOAc 12 60

@ Reaction condition: a (0.2 mmol), b (2.0 equiv), TFA (1 mol%), EtOAc (3 mL), rt, 12 h. ®
Isolated yields. ¢ Under room temperature.

1.4 Optimization of time®P

o Ph

N .0 Ph Solvent = SN

@:)N * PhJLo \g/ Additive, 90 °C, rt @@

a b a1l
Entry Temperature Additive Solvent Time Yield[%]P

1 90 TFA EtOAc 2 30
2 90 TFA EtOAc 6 50
3 90 TFA EtOAc 10 70
4 90 TFA EtOAc 12 80
5 90 TFA EtOAc 24 80

a Reaction condition: a (0.2 mmol), b (2.0 equiv), TFA (1 mol%), EtOAc (3 mL), 90 °C, rt. ®
Isolated yields.



2. Copies of NMR spectra
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'"H NMR Spectrum of Compound a2
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'TH NMR Spectrum of Compound a3
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'"H NMR Spectrum of Compound a4
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'TH NMR Spectrum of Compound a5
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'TH NMR Spectrum of Compound a6
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'"H NMR Spectrum of Compound a7
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'"H NMR Spectrum of Compound a8
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'"H NMR Spectrum of Compound a9
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'TH NMR Spectrum of Compound al0
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'TH NMR Spectrum of Compound all
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'TH NMR Spectrum of Compound al2
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'"H NMR Spectrum of Compound al3
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'TH NMR Spectrum of Compound al4
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'"H NMR Spectrum of Compound al5
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'TH NMR Spectrum of Compound al6
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'"H NMR Spectrum of Compound al7
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'"H NMR Spectrum of Compound b1
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'H NMR Spectrum of Compound b2
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'H NMR Spectrum of Compound b3
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YF{!H} NMR Spectrum of Compound b3
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BC{TH} NMR Spectrum of Compound b4
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'H NMR Spectrum of Compound b5
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'H NMR Spectrum of Compound b6
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BC{TH} NMR Spectrum of Compound b7
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BC{TH} NMR Spectrum of Compound b8
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'H NMR Spectrum of Compound b9

10°0-—

9TLy
¥9'L
99°L
LYL
SLL
9L'L
LLL
98'L
L8y
108
mo.wjr
boRr ——— ———
LS8

mm.mv

798

LE6— -

'"H NMR (CDCl;, 500 MHz)

AT ks

f1 (ppm)

BC{TH} NMR Spectrum of Compound b9

€100 SL'9L
€100 00'LL
€100 9T'LL
88°611
9¢1Z1
S0'Z21
Tl
§TST
8Tzl
6€921
¥$921
£8°LT11
¥0'821
§§°8T1
00°0<1
STTETY
T€TET
TSTETY

SLTET [
S0CET
:ﬁ%
€T9ELf
00 T#1~

09'IST—

BC{'H} NMR (CDCl;, 126 MHz)

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

31



YF{lH} NMR Spectrum of Compound b9
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BC{TH} NMR Spectrum of Compound cl
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BC{TH} NMR Spectrum of Compound c2-1
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BC{TH} NMR Spectrum of Compound c2-2
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BC{TH} NMR Spectrum of Compound c3
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BC{TH} NMR Spectrum of Compound c4
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BC{TH} NMR Spectrum of Compound c5

10°0-—

LO'6T—

£10dD SL'9L

1At
€10AD sTLLY

9F'8II,
P8'6114
19°€T1
€191
€TLII
194214
LTSTI-E
6L°821f
€621
86714
€0'0<1
srier!

86951 —

BC{'H} NMR (CDCl;, 126 MHz)

110

T
200

f1 (ppm)

10°0—

N
A
=

Cl

'TH NMR Spectrum of Compound c6
TH NMR (CDCl;, 500 MHz)

JLol
2U0'E
Jmo‘v

101
=00°1

e

F o

f1 (ppm)

38



BC{TH} NMR Spectrum of Compound c6
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BC{TH} NMR Spectrum of Compound c7
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BC{TH} NMR Spectrum of Compound c8-1
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BC{TH} NMR Spectrum of Compound c8-2

01—

9L'81—

€1DAD §L79LA

1At
€10AD sTLLY

¥S0T1
S6'9ZT
STLTTY
10'8Z1-
8T°0ET
650ET—
66TE1
1TheELf
06’81
8C'6ET
ST
6L ST
£56¥1

—r

N
AN
=

13C{'H} NMR (CDCl;, 126 MHz)

CH

110

T T T
200 190 180

T
210

f1 (ppm)

'TH NMR Spectrum of Compound ¢9

000—

90°¥+
69
969
9zt
8E'L
0F'L
oF'L
¥L
L
VL
9L
8rL
05°LA
§9°LA
9L
$9'L P
Qg T
9927
99'8
oo.wv F—
898

8984
LG8
L6'8
86'8
86'8’

|

OCH,

TH NMR (CDCl;, 500 MHz)

=L0'¢€

SE0'T
T
£1'e

R00'¢

=001
=101

]

F =

- o

£1 (ppm)

42



BC{TH} NMR Spectrum of Compound c¢9
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BC{TH} NMR Spectrum of Compound c10-1
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BC{TH} NMR Spectrum of Compound c10-2
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BC{TH} NMR Spectrum of Compound c11
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BC{TH} NMR Spectrum of Compound c12-1
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'TH NMR Spectrum of Compound c12-2
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'TH NMR Spectrum of Compound c13
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'"H NMR Spectrum of Compound c14
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'TH NMR Spectrum of Compound c15
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'"H NMR Spectrum of Compound c16
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'"H NMR Spectrum of Compound c17
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'H NMR Spectrum of Compound c18
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'H NMR Spectrum of Compound c19

10°0—

9T'Ly
£€S°L
SS°L

L
PLLg
sULf
L
8L
'L
s
98°L ]
98'L
98'L
8L
8L
or's
1'g
18
s
9z's
973
8T8
8T8
19'8
798
€98
€98
oLs.
s

H NMR (CDCl;, 500 MHz)

90°¢
101
JS._

= 00°1
00°1
00°1

o€
1 it
S

Fe

f1 (ppm)

BC{TH} NMR Spectrum of Compound c19

fafelate} ﬁ.ﬁw

€100 00°LL)

€100 $T'LL
76121
LTTTT
TLEel
zTstl
£€6'9Z11
11LTT
0F'8TI+
1L'8T1H
€8'8C1
16821
7621
60T
95°0€1]

==

BC{H} NMR (CDCl;, 126 MHz)

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
200

55



'TH NMR Spectrum of Compound c20
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'TH NMR Spectrum of Compound c21
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'TH NMR Spectrum of Compound ¢22
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'TH NMR Spectrum of Compound c24
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'TH NMR Spectrum of Compound ¢25
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'TH NMR Spectrum of Compound ¢26
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YF{lH} NMR Spectrum of Compound c26
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BC{TH} NMR Spectrum of Compound ¢27
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BC{TH} NMR Spectrum of Compound ¢28
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BC{TH} NMR Spectrum of Compound ¢29
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BC{TH} NMR Spectrum of Compound ¢30
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BC{TH} NMR Spectrum of Compound d1
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BC{TH} NMR Spectrum of Compound d2
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