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1(Scheme 1-1)

Scheme1-1. 

(+)-madindoline B (a) interleukin-6 (IL-6)
Baylis-Hillman

Platensimycin (b)
SN2

Guanacatapene A (c) Costa Rican fungus
Grignard 1,4-

Spirangien A (d) Höfle Sorangium cellulosum
Fe -
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Scheme1-2.

Scheme 1-2

(Scheme 1-2) 
Friedel-Crafts(a) (b)

(a)
(d) -

SN2( )
(e) sp2

(f) Scheme 
1-2
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Scheme 1-3. 

Alkylation using Metal catalyst (e) 
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(a) Friedel-Crafts Reaction
Fridel-Crafts
(Scheme 1-4) 2 Lewis AlCl3

AlCl3

Scheme1-4. Fridel-Crafts

(b) Conjugate Addition3

1,4-

Scheme1-5. 
(c) Methathesis Reaction4

Ru Mo
4  (Scheme 1-6)
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Scheme 1-6. 

(d) Tuji-Trost Reaction5

-
-

(Scheme 1-7)

Scheme1-7. -

(Scheme1-8)
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Scheme1-8. -

2

cis/trans
(Scheme8)

Scheme 1-9. -
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(e) Alkylation using Metal catalyst6

sp2-sp2

sp2-sp3 Pd
4a

(Scheme 1-10)

Scheme 1-10. 

-
(Scheme 10)

-
Co

Co
Co -

Scheme 1-11. 

(f) Cyclization

[2+1],[3+2], [4+2] [4+2] [2+1]
[3+2]

(1) [4+2]cycloaddition7

[4+2] 6
Lewis

Diels-Alder
Lewis
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Scheme1-12. Diels-Alder

(2) [2+1]cycloaddition8

[2+1]
(Scheme 1-13) Cu/Zn

Simmons-Smith (Scheme 1-14)

Scheme 1-13. 

Scheme 1-14. Simmons-Smith

Michael

(Scheme 1-15)
Micheal accepter

Scheme 1-15. 

(3) [3+2]cycloaddition9

 [3+2] 1,3-
nitrones nitrile oxides, ozones, azomethines azides
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1,3-
(Scheme 1-16)

Scheme 1-16. 1,3-

(e)

Scheme 1-17. 

-
(Scheme 1-17) 4

Scheme 1-18. 

-
(Scheme 1-18)

4
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Scheme 1-19. (ATRA) 

( ATRA ) [10](Scheme 1-19)

3

2 5
10 mol % 60 kg 10 g 5-20 ppm

7
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2.1

3
1 2 3 -Heck 1(Scheme 2-1)

2,3(Scheme 2-2) 1,4- 3

-
-

Scheme2-1. -Heck

Scheme2-2. Ni

(ATRA) 5 ATRA
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Scheme2-3. Ligand

- -

(Scheme 2-3)

ATRA

ATRA
E2

(scheme 2-4)

Scheme 2-4. 
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2.2 
ATRA

66%(Table 
2-1, Entry 1)

Cu

CuI 3 PMDETA
CuI entry1 entry3 66 61

10mol%
toluene entry2 69%

Entry4

Table 2-1 CuI a 

, 

Me2N MeN

Me2N

PMDETA

2-3a 2- 2- 
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2.2.1 

entry2 2.0 69% entry3
3.0 57%

4

Table 2-3 a 

2.2.2 
(Table 2-4)

entry1 3 (PMDETA) 63%
entry2 4 (HMDETA) 51% entry3

61% entry4 (Na2CO3)
50%

PMDETA

Table 2-4 a 

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (0.75mmol), CuI (10mol%), Conducted at 17-
20  for 20h in toluene/CH2Cl2 (10/1), Conversion of 1a in brackets. 

PMDETA

HMDETA

2-3a 2- 2- 

PMDETA

2- 2- 2-3a 
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3 (PMDETA) entry1~3
0.5 1.0 2.0 entry2 1.0 69%

Entry 2

Table 2-4 a 

2.2.3 

(TBABr TBAI) (NaI KI LiI)
entry1 TBABr 0.5

90%

Table 2-5 a 

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (1mmol), CuI (10mol%), Conducted at 17-20
for 20h in toluene(1mL), Conversion of 1a in brackets. 

PMDETA

2-3a 2- 2- 
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2.2.4 

Cu Cu CN
entry4 CuI 90%

entry2 2

CN
entry1 CuCl 81 entry3 CuBr

83% entry5 CuCN 60

Table 2-6  Cu a 

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (0.75mmol), Cu salt (10mol%), TBABr (0.25mmol), PMDETA 
(0.5mmol), Conducted at 17-20  for 20h in toluene/CH2Cl2(4/1), Conversion of 1a in brackets. nr = no 
reaction

PMDETA

TBABr

2-3a 2- 2- 
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entry3 3 (PMDETA) toluene 32 94%
entry5 4 (HMTETA)

78% PMDETA(94%)
2

Table 2-7. a 

a: Reaction conditions: 2-1a (0.5mmol), 2-2a (1mmol), CuI (10mol%), Base (0.5mmol), 
Conducted at 17-20  for 20h in toluene/CH2Cl2 (4/1), Conversion of 2-1a in brackets. b: Run 
at 32  in toluene.

2- 2- 2-3a 
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2.2.5 
4

73~93% (3b-3h) 3f
3i

GCMS
( )

( )

Table 2-8 a 

2.2.6 

(2-3j-3u)
53~92%

2-3s w

49~76% 2-3x 49%

2
71%

[a] Conducted at 30
o
C for 20 h in toluene with 10 mol% Cu salt, TBABr (50 mol%),

PMDETA (1equiv), 2-1a (1 equiv.) and 2-2 (2 equiv.). [b] Run at 40
o
C. [c] 3 equiv of  

1 was used.

2- 2- 2- 
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Table 2-9 a 

[a] Conducted at 30  for 20 h in toluene with 10 mol% Cu salt, TBABr (50 mol%), 
PMDETA (1equiv), 2-1 (1 equiv.) and 2-2 (2 equiv.). [b] Run at 25 . [c] Run at 40 . [d] 
Run at 60 . [e] 3 equiv of 2 was used. [f] 4 equiv of 2 was used. 

2- 2- 2- 

2- 

2- 

2- 2- 

2- 2- 2- 2- 2- 

2- 2- 2- 

2- 2- 2- 

2- 2- 2- 
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2.2.7 

ATRA

Heck
6 SN2

3 SN2
CuI 3 CuI

A A
syn B

C

3 A

A

Scheme2-5. 

3 1
A

TEMPO A 7

B 

|L

|L

|L

|L

|L
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B
C (ATRA)

Scheme 2-6. 
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Scheme 2-7. TEMPO
2.2.8 

1 2

3
ATRP

ATRP

PMDETA 3
CuI

2 Cu

TEMPO
 / Amine TEMPO

-
92

2

1.0 equiv 
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2.4 

1. General procedures 
General Information
All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses 
precoated Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column 
chromatography Silica Flash® P60 (SiliCycle, 40-63 
accomplished by UV light (254 nm), 1H and 13C NMR spectra were obtained using a JEOL 400 
MHz NMR spectrometer. Chemical shifts for 1H NMR were described in parts per million 
(chloroform as an internal standard  = 7.26) in CDCl3, unless otherwise noted. Chemical shifts 
for 13C NMR were expressed in parts per million in CDCl3 as an internal standard (  = 77.16), 
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY 
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd. 
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.  

Typical Experimental Procedure for Alkylation 
CuI (0.05 mmol), TBABr (0.25 mmol), Base (0.5 mmol), and 2 (0.50 mmol) were sequentially 
added under air to a dram vial equipped with a stir bar. 1 (1.0 mmol) and dried toluene (1.0 mL) 
were added by syringe, and the resulting mixture was vigorously stirred under nitrogen 
atmosphere [charged by general N2 (99.95%) gas flow] for 20 h at the temperature, as shown 
in the tables. After this time, the contents of the flask were filtered through a plug of silica gel 
and then concentrated by rotary evaporation. The residue was purified by flash chromatography, 
eluting with hexane/EtOAc to afford the product 3.  

 [1];IR (neat) 1724,1510, 1240 cm-1; 1H NMR (CDCl3) : 1.23 (t, J = 7.3 Hz, 3H), 1.37 (s, 6H), 
3.78 (s,3H), 4.11(q, J = 7.3 Hz, 2H), 6.25 (d, J = 16.4 Hz, 1H), 6.34 (d, J = 16.4 Hz, 1H), 6.82 
(d, J = 8.7 Hz,2H), 7.29 (d, J = 8.7 Hz, 2H). 13C NMR (CDCl3) : 14.45, 25.42, 44.58, 55.58, 
61.05, 114.30, 127.67, 127.83, 130.31, 132.75, 159.47, 176.85; HRFABMS calcd. for 
C15H20O3Na (M+): 248.1412; found 248.1413. 

IR (neat) 1674, 1510, 1246 cm-1; 1H NMR (CDCl3) : 1.47 (s, 6H), 3.80 (s, 3H), 3.84 (s, 6H), 
6.38 (d, J = 16.4 Hz, 1H), 6.48 (d, J = 16.4 Hz, 1H), 6.85 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 
Hz, 2H), 7.36 (t, J = 7.9 Hz, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.88 (dd, J = 1.4 and 8.2 Hz, 2H). 
13C NMR (CDCl3) : 26.69, 49.63, 55.48, 114.28, 127.6515, 128.2588, 128.7936, 129.4510, 
130.0446, 131.8356, 133.2141, 137.3774, 159.5087, 205.0453; HRESIMS calcd for 
C19H20O2Na (M+Na+): 303.3567; found 303.3566. 
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IR (neat) 1722, 1510, 1244 cm-1; 1H NMR (CDCl3) : 1.27 (t, J = 7.2 Hz, 3H), 1.89-1.96 (m, 
2H), 2.22-2.28 (m, 2H), 2.57-2.62 (m, 2H), 3.80 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 6.32 (d, J = 
15.9 Hz, 1H), 6.45 (d, J = 15.9 Hz, 1H), 6.86 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H). 13C 
NMR (CDCl3) : 14.24, 15.97, 30.97, 49.97, 55.33, 60.80, 114.09, 127.59, 128.39, 129.41, 
129.93, 159.28, 175.90; HRESIMS calcd. for C16H20O3Na (M+Na+): 283.3227; found 
283.3229. 

IR (neat) 1724, 1510, 1246 cm-1; 1H NMR (CDCl3) : 1.27-1.43 (m, 3H), 1.52-1.64 (m, 5H), 
2.17-2.20 (m, 2H), 3.69 (s, 3H), 3.79 (s, 3H), 6.02 (d, J = 16.3 Hz, 1H), 6.37 (d, J = 16.3 Hz, 
1H), 6.84 (d, J = 8.7 Hz, 2H) , 7.29 (d, J = 8.7 Hz, 2H). 13C NMR (CDCl3) : 23.25, 25.76, 34.13, 
49.02, 52.03, 55.38, 114.09, 127.57, 128.89, 130.04, 131.90, 159.33, 175.92; HRESIMS calcd. 
For C17H22O3Na (M+Na+): 297.3497; found 297.3490. 

IR (neat) 1732, 1512, 1246, 1228 cm-1; 1H NMR (CDCl3) : 1.26 (t, J = 7.1 Hz, 6H), 1.62 (s, 
3H), 3.80 (s, 3H), 4.18-4.25 (m, 4H), 6.42 (d, J = 16.4 Hz, 1H), 6.55 (d, J = 16.4 Hz, 1H), 6.85 
(d, J = 8.7 Hz, 2H), 7.34 (d, J = 8.7 Hz, 2H). 13C NMR (CDCl3) : 14.64, 20.95, 55.86, 55.87, 
56.18, 62.22, 114.53, 125.95, 128.39, 129.89, 130.77, 160.01, 171.88; HRESIMS calcd. for 
C17H22O5Na (M+Na+): 329.3477; found 329.3478. 

IR (neat) 1732, 1512, 1246, 1228 cm-1; 1H NMR (CDCl3) : 2.89 (d, J = 7.2 Hz, 2H), 3.75 (s, 
6H), 3.80 (s, 3H), 5.08 (dd, J = 1.8 and 10.1 Hz, 1H), 5.10 (dd, J = 1.8 and 17.0 Hz, 1H), 5.68-
5.75 (m, 1H), 6.43 (d, J = 16.6 Hz, 1H), 6.53 (d, J = 16.6 Hz, 1H), 6.85 (d, J = 8.8 Hz, 1H), 7.34 
(d, J = 8.8 Hz, 2H). 13C NMR (CDCl3) : 40.12, 52.82, 55.40, 59.69, 114.13, 119.13, 123.59, 
127.97, 129.34, 131.41, 132.61, 159.74, 170.89; HRESIMS calcd. for C17H20O5Na (M+Na+): 
327.1208; found 327.1210. 

IR (neat) 1728, 1510, 1249, 1174 cm-1; 1H NMR (CDCl3) : 1.22 (t, J = 7.1 Hz, 6H), 3.44 (s, 
2H), 3.78 (s, 3H), 4.20 (q, J = 7.1 Hz, 4H), 6.42 (d, J = 16.7 Hz, 1H), 6.45 (d, J = 16.7 Hz, 1H), 
6.82 (d, J = 8.7 Hz, 2H), 7.08-7.10 (m, 2H), 7.17-7.20 (m, 3H), 7.29 (d, J = 8.7 Hz, 2H). 13C 
NMR (CDCl3) : 13.88, 42.59, 55.20, 60.58, 61.52, 113.96, 124.57, 126.88, 127.75, 128.07, 
129.36, 130.14, 135.85, 159.48, 170.27; HRESIMS calcd. for C23H26O5Na (M+Na+): 
405.1677; found 405.1678. 
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IR (neat) 1604, 1545, 1512, 1251 cm-1; 1H NMR (CDCl3) : 3.80 (s, 3H), 3.93 (d, J = 12.1 Hz, 
2H), 4.73 (d, J = 6.1 Hz, 1H), 4.97 (d, J = 12.1 Hz, 2H), 5.05 (d, J = 6.1 Hz, 1H), 5.85 (d, J = 
16.3 Hz, 1H), 6.63 (d, J = 16.3 Hz, 1H), 6.86 (d, J = 8.8 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H). 13C 
NMR (CDCl3) : 55.31, 70.46, 86.00, 93.76, 114.28, 117.67, 127.02, 128.36, 135.01, 160.67; 
HRESIMS calcd. for C13H15NO5Na (M+Na+): 288.0847; found 288.0849. 

IR (neat) 1730, 1491, 1226, 1205 cm-1; 1H NMR (CDCl3) : 2.89 (d, J = 7.2 Hz, 2H), 3.18 (t, J 
= 8.7 Hz, 2H), 3.74 (s, 6H), 4.56 (t, J = 8.7 Hz, 2H), 5.08 (dd, J = 1.6 and 10.2 Hz, 1H), 5.10 
(dd, J = 1.6 and 17.0 Hz, 1H), 5.67-5.75 (m, 1H), 6.42 (d, J = 16.6 Hz, 1H), 6.49 (d, J = 16.6 
Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 7.12 (dd, J = 1.5 and 8.2 Hz, 1H), 7.30 (s, 1H). 13C NMR 
(CDCl3) : 29.57, 40.09, 52.79, 59.64, 71.58, 109.33, 119.08, 122.87, 127.40, 127.69, 129.39, 
131.77, 132.63, 160.37, 170.91; HRESIMS calcd. for C18H20O5Na (M+Na+): 339.1208; found 
339.1209. 

IR (neat) 1606, 1545, 1510, 1251 cm-1; 1H NMR (CDCl3) : 3.17 (t, J = 8.7 Hz, 2H), 3.92 (d, J 
= 12.0 Hz, 2H), 4.55 (t, J = 8.7 Hz, 2H), 4.71 (d, J = 6.2 Hz, 1H), 4.95 (d, J = 12.0 Hz, 2H), 
5.03 (d, J = 6.2 Hz, 1H), 5.82 (d, J = 16.3 Hz, 1H), 6.60 (d, J = 16.3 Hz, 1H), 6.71 (d, J = 8.2 
Hz, 1H), 7.09 (t, J = 8.2 Hz, 1H), 7.22 (s, 1H). 13C NMR (CDCl3) : 29.33, 70.52, 71.74, 86.25, 
93.82, 109.58, 117.08, 123.30, 127.21, 128.07, 128.14, 135.45, 161.52; HRESIMS calcd. For 
C14H15NO5Na (M+Na+): 300.0847; found 300.0849.  

IR (neat) 1728, 1483, 1244, 1105 cm-1; 1H NMR (CDCl3): 1.27 (t, J = 7.1 Hz, 6H), 1.69 (s, 
3H), 3.87 (s, 3H), 4.23 (q, J = 7.1 Hz, 4H), 6.75 (d, J = 16.4 Hz, 1H), 6.90 (d, J = 16.4 Hz, 1H), 
6.91 (d, J = 8.5 Hz, 1H), 7.32 (t, J = 7.7 Hz, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.43 (dd, J = 2.2 and 
8.5 Hz, 1H), 7.55 (d, J = 7.3 Hz, 2H), 7.71 (d, J = 2.3 Hz, 1H); 13C NMR (CDCl3): 14.08, 20.48, 
55.70, 56.12, 61.69, 111.31, 125.68, 125.72, 125.99, 126.91, 127.71, 128.37, 128.85, 133.90, 
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140.95, 156.51, 171.46; HRESIMS calcd. for C23H26O5Na (M+Na+): 405.1677; found 
405.1677. 

IR (neat) 1726, 1510, 1244, 1174, 1138 cm-1; 1H NMR (CDCl3) 1.23 (t, J = 7.1 Hz, 6H), 1.38 
(s, 6H), 1.48-1.52 (m, 2H), 1.71 (q, J = 7.7 Hz, 2H), 1.75 (q, J = 7.7 Hz, 2H), 2.32 (t, J = 7.5 
Hz, 2H), 3.94 (t, J = 6.5 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 4.14 (q, J = 7.1 Hz, 2H), 6.23 (d, J = 
16.2 Hz, 1H), 6.36 (d, J = 16.2 Hz, 1H), 6.82 (d, J = 8.6 Hz, 2H), 7.29 (t, J = 8.6 Hz, 2H); 13C 
NMR (CDCl3): 14.38, 14.46, 24.92, 25.35, 29.15, 34.45, 44.50, 60.47, 60.96, 67.90, 114.80, 
114.82, 127.64, 127.73, 130.11, 132.56, 158.87, 173.95, 176.78; HRESIMS calcd. For 
C22H32O5Na (M+Na+): 399.2147; found 399.2137. 

IR (neat) 1726, 1510, 1244, 1174, 1138 cm-1; 1H NMR (CDCl3) 1.25 (t, J = 7.1 Hz, 3H), 1.26 
(t, J = 7.1 Hz, 3H), 1.40 (s, 6H), 1.50-1.56 (m, 2H), 1.71 (q, J = 7.7 Hz, 2H), 1.83 (q, J = 7.7 
Hz, 2H), 2.34 (t, J = 7.7 Hz, 2H), 3.97 (t, J = 6.4 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 4.14 (q, J = 
7.1 Hz, 2H), 6.41 (d, J = 16.4 Hz, 1H), 6.80 (d, J = 16.4 Hz, 1H), 6.84 (d, J = 8.2 Hz, 1H), 6.90 
(t, J = 7.6 Hz, 1H), 7.18 (dt, J = 1.7 and 8.2 Hz, 1H), 7.43 (dd, J = 1.7 and 7.6 Hz, 1H); 13C 
NMR (CDCl3): 14.49, 14.55, 25.02, 25.44, 29.32, 34.59, 44.98, 60.58, 61.03, 68.32, 112.40, 
120.99, 123.10, 126.74, 126.98, 135.20, 156.47, 174.05, 176.92; HRESIMS calcd. for 
C22H33O5  (M+H+): 377.2328; found377.2326 

IR (neat) 1722, 1469, 1242, 1138, 1126 cm-1; 1H NMR (CDCl3) 1.27 (t, J = 7.2 Hz, 3H), 1.43 
(s, 6H), 2.20 (q, J = 6.8 Hz, 2H), 2.26 (t, J = 7.2 Hz, 2H), 4.16 (q, J = 7.2 Hz, 2H), 4.17 (q, J = 
7.2 Hz, 2H), 6.49 (d, J = 16.4 Hz, 1H), 6.77 (d, J = 16.4 Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 7.32 
(t, J = 7.6 Hz, 1H), 7.41-7.46 (m, 3H), 7.57 (d, J = 7.3 Hz, 2H), 7.65 (d, J = 2.2 Hz, 1H); 13C 
NMR (CDCl3): 14.26, 14.29, 25.25, 25.66, 44.80, 60.90, 66.06, 112.56, 119.21, 122.60, 125.87, 
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126.94, 127.01, 127.05, 127.27, 128.89, 134.68, 136.03, 140.90, 155.05, 176.52; HRESIMS 
calcd. for C24H27NO3Na (M+Na+): 400.1888; found 400.1890. 

IR (neat) 1732, 1242 cm-1; 1H NMR (CDCl3) 2.00-2.05 (m, 2H), 2.39 (t, J = 7.1 Hz, 2H), 2.91 
(d, J = 7.2 Hz, 2H), 3.75 (s, 6H), 3.85 (s, 3H), 4.05 (t, J = 5.7 Hz, 2H), 5.07 (dd, J = 1.8 and 
10.2 Hz, 1H), 5.10 (dd, J = 1.8 and 17.2 Hz, 1H), 5.68-5.76 (m, 1H), 6.52 (d, J = 16.6 Hz, 1H), 
6.56 (d, J = 16.6 Hz, 1H), 6.90 (d, J = 8.5 Hz, 1H), 6.56 (d, J = 8.8 Hz, 2H), 7.30 (dd, J = 2.3 
and 8.5 Hz, 1H), 7.36 (d, J = 2.3 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H); 13C NMR (CDCl3): 14.09, 
25.50, 40.06, 52.82, 55.37, 59.72, 66.16, 113.10, 113.60, 119.17, 119.25, 124.34, 126.77, 
129.10, 130.16, 130.54, 130.62, 131.27, 131.34, 132.53, 155.35, 159.02, 170.80; HRESIMS 
calcd. For C27H29NO6Na (M+Na+): 486.1892; found 486.1893. 

IR (neat) 1605, 1522 cm-1; 1H NMR (CDCl3) 2.15 (q, J = 7.0 Hz, 2H), 2.60 (t, J = 7.0 Hz, 2H), 
4.11 (d, J = 12.3 Hz, 2H), 4.21 (t, J = 5.7 Hz, 2H), 4.82 (d, J = 6.2 Hz, 1H), 5.01 (d, J = 12.3 
Hz, 2H), 5.06 (d, J = 6.2 Hz, 1H), 6.13 (d, J = 16.4 Hz, 1H), 7.15 (d, J = 16.4 Hz, 1H), 7.23 (d, 
J = 9.0 Hz, 1H), 7.38 (t, J = 7.0 Hz, 1H), 7.49 (dt, J = 1.1 and 8.4 Hz, 1H), 7.80 (t, J = 8.4 Hz, 
2H), 7.87 (t, J = 8.5 Hz, 1H); 13C NMR (CDCl3): 14.26, 25.61, 66.90, 70.55, 86.47, 93.94, 
114.03, 118.13, 123.38, 124.38, 127.16, 127.54, 128.76, 129.20, 129.44, 130.74, 132.24, 
153.68; HRESIMS calcd. for C20H20N2O5Na (M+Na+): 391.1269; found 391.1270. 

IR (neat) 1743, 1728, 1496, 1274, 1247 cm-1; 1H NMR (CDCl3) 1.27 (t, J = 7.1 Hz, 6H), 1.69 
(s, 3H), 2.14 (q, J = 7.1 Hz, 2H), 2.55 (t, J = 7.2 Hz, 2H), 3.68 (s, 3H), 3.84, (s, 3H), 4.06 (q, J 
= 6.0 Hz, 2H), 4.18-4.27 (m, 4H), 6.76 (d, J = 16.5 Hz, 1H), 6.86 (d, J = 16.5 Hz, 1H), 6.89 (d, 
J = 8.5 Hz, 1H), 6.96 (d, J = 8.7 Hz, 2H), 7.37 (dd, J = 2.3 and 8.5 Hz, 1H), 7.48 (d, J = 8.7 Hz, 
2H), 7.63 (d, J = 2.3 Hz, 1H); 13C NMR (CDCl3): 14.09, 20.48, 24.73, 30.54, 51.70, 55.43, 
56.15, 61.69, 67.36, 112.44, 114.30, 125.54, 125.80, 126.07, 127.29, 127.98, 128.53, 133.53, 
133.79, 155.30, 159.01, 171.44, 173.76; HRESIMS calcd. for C28H34O8Na (M+Na+): 
521.2151; found 521.2151. 
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IR (neat) 1605, 1522 cm-1; 1H NMR (DMSO) 2.09 (s, 2H), 2.71 (s, 2H), 4.10-4.12 (m, 4H), 
4.77-4.97 (m, 4H), 6.28 (d, J = 16.4 Hz, 1H), 6.78 (d, J = 16.4 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 
7.28 (d, J = 16.3 Hz, 1H), 7.38-7.40 (m, 3H), 7.47 (d, J = 16.3 Hz, 1H), 7.62 (d, J = 7.2 Hz, 2H), 
7.87 (m, 1H); 13C NMR (DMSO): 14.60, 25.54, 67.67, 70.33, 88.33, 93.70, 93.71, 113.36, 
113.37, 119.88, 121.53, 124.04, 125.62, 126.71, 128.43, 129.14, 129.18, 129.26, 129.64, 
132.92, 135.13, 137.22, 157.19; HRESIMS calcd. for C24H24ClN2O5Na (M+H+): 455.1374; 
found 455.1378. 

IR (neat) 1749, 1726, 1498, 1247, 1103 cm-1; 1H NMR (CDCl3) : 1.28 (t, J = 7.1 Hz, 6H), 1.69 
(s, 3H), 3.85 (s, 3H), 4.23 (q, J = 7.1 Hz, 4H), 6.74 (d, J = 16.5 Hz, 1H), 6.85 (d, J = 8.4 Hz, 
1H), 6.86 (d, J = 16.4 Hz, 1H ), 6.86 (d, J = 7.5 Hz, 1H), 6.95 (d, J = 16.4 Hz, 1H), 7.03 (d, J = 
16.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.37 (dd, J = 2.1 and 8.4 Hz, 1H), 7.42 (d, J = 8.4 Hz, 
2H), 7.63 (d, J = 2.1 Hz, 1H); 13C NMR (CDCl3) : 14.08, 20.46, 55.64, 56.07, 61.71, 111.39, 
124.99, 125.55, 125.64, 125.93, 127.43, 127.54, 128.42, 128.88, 128.91, 129.72, 132.84, 
136.26, 156.80, 171.43; HRESIMS calcd. for C25H27ClO5Na (M+Na+): 465.1444; found 
465.1445. 

IR (neat) 2999, 1722, 1605, 1203, 1178 cm-1; 1H NMR (CDCl3) : 1.30-1.45 (m, 3H), 1.52-1.66 
(m, 5H), 2.18 (d, J = 0.6 Hz, 2H), 2.96 (s, 6H), 3.69 (s, 3H), 5.97 (d, J = 16.2 Hz, 1H), 6.35 (d, 
J = 16.2 Hz, 1H), 6.60 (brs, 2H), 7.27 (brs, 2H); 13C NMR (CDCl3): 23.26, 25.80, 34.17, 40.61, 
48.89, 51.93, 112.61, 125.79, 127.29, 129.26, 129.72, 150.21, 176.12; HRESIMS calcd. For 
C18H26NO2 (M+H+): 288.1964; found 288.1955. 

IR (neat) 2998, 1728, 1606, 1519, 1203, 1178 cm-1; 1H NMR (CDCl3) : 1.26 (t, J = 7.1 Hz, 
6H), 3.50 (s, 2H), 4.23 (q, J = 7.1 Hz, 4H), 4.70 (s, 4H), 6.40 (d, J = 16.5 Hz, 1H), 6.46 (d, J = 
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16.5 Hz, 1H), 6.73 (d, J = 8.7 Hz, 2H), 7.16-7.18 (m, 2H), 7.22-7.31 (m, 11H), 7.35-7.38 (m, 
4H); 13C NMR (CDCl3): 14.05, 42.71, 54.36, 60.74, 61.57, 112.55, 122.59, 126.79, 126.96, 
127.17, 127.89, 128.19, 128.85, 130.32, 131.23, 136.21, 170.60; HRESIMS calcd. for 
C36H38NO4 (M+H+): 548.2801; found 548.2783. 

IR (neat) 2978, 1720, 1465, 1138 cm-1; 1H NMR (CDCl3) : 1.37 (t, J = 7.1 Hz, 3H), 1.53 (s, 
6H), 4.25 (q, J = 7.1 Hz, 2H), 5.37 (s, 2H), 6.48 (d, J = 16.4 Hz, 1H), 6.72 (d, J = 16.4 Hz, 1H), 
7.22 (d, J = 7.1 Hz, 2H), 7.26-7.31 (m, 3H), 7.35-7.41 (m, 4H), 7.97 (d, J = 7.7 Hz, 1H); 13C 
NMR (CDCl3): 14.28, 25.32, 44.62, 50.13, 60.80, 110.05, 114.18, 120.18, 120.33, 120.49, 
122.41, 126.56, 127.05, 127.20, 127.89, 128.98, 131.39, 137.35, 137.36, 177.01; HRESIMS 
calcd. For C23H25NO2Na (M+Na+): 370.1783; found 370.1783.  
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IR (neat) 2978, 1465, 1454, 1421, 1249, 1138 cm-1; 1H NMR (CDCl3) : 1.27 (t, J = 7.2 Hz, 
3H), 1.47 (s, 6H), 2.37 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 5.31 (s, 2H), 6.39 (d, J = 16.4 Hz, 1H), 
6.63 (d, J = 16.4 Hz, 1H), 7.15 (d, J = 7.1 Hz, 2H), 7.14-7.16(m, 2H), 7.21-7.27 (m, 4H), 7.88 
(d, J = 7.1 Hz, 1H); 13C NMR (CDCl3): 10.71, 14.30, 25.41, 44.82, 46.61, 60.79, 109.40, 110.48, 
119.69, 120.25, 120.49, 121.63, 126.14, 126.30, 127.52, 128.97, 132.02, 135.21, 137.12, 
137.70, 177.14; HRESIMS calcd. for C24H27NO2Na (M+Na+): 348.1939; found 348.1930. 

IR (neat) 2976, 1722, 1232, 1099 cm-1; 1H NMR (CDCl3) : 1.29 (t, J = 7.2 Hz, 3H), 1.41 (t, J 
= 7.2 Hz, 3H), 1.92-1.99 (m, 2H), 2.29-2.36 (m, 2H), 2.60-2.66 (m, 2H), 4.20 (q, J = 7.2 Hz, 
2H), 4.36 (q, J = 7.2 Hz, 2H), 6.47 (d, J = 16.0 Hz, 1H), 6.70 (d, J = 16.0 Hz, 1H), 7.22 (t, J = 
7.3 Hz, 1H), 7.35 (t, J = 8.4 Hz, 1H), 7.40 (t, J = 8.1 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.56 (dd, 
J = 1.3 and 8.4 Hz, 1H), 8.10 (d, J = 7.8 Hz, 1H), 8.11 (s, 1H); 13C NMR (CDCl3): 13.84, 14.32, 
16.07, 31.12, 37.65, 50.15, 60.86, 108.61, 108.71, 118.60, 119.05, 120.60, 123.12, 123.33, 
124.38, 125.89, 128.35, 128.83, 129.78, 139.73, 140.48, 176.16; HRESIMS calcd. for 
C23H25NO2Na (M+Na+): 370.1783; found 370.1775. 

IR (neat) 2986, 1697, 1489, 1471, 1230 cm-1; 1H NMR (CDCl3) : 1.38 (s, 6H), 1.42 (t, J = 7.2 
Hz, 3H), 2.20 (s, 3H), 4.36 (q, J = 7.2 Hz, 2H), 6.28 (d, J = 16.1 Hz, 1H), 6.67 (d, J = 16.1 Hz, 
1H), 7.23 (dt, J = 0.8 and 7.6 Hz, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.40 (d, J = 8.1 Hz, 1H), 7.43 
(dt, J = 1.1 and 7.6 Hz, 1H), 7.53 (dd, J = 1.6 and 8.4 Hz, 1H), 8.09-8.10 (m, 2H); 13C NMR 
(CDCl3): 13.85, 24.24, 25.73, 37.67, 50.62, 108.67, 108.75, 118.57, 119.12, 120.60, 123.07, 
123.36, 124.27, 125.97, 128.24, 130.32, 131.37, 139.80, 140.50, 211.73; HRESIMS calcd. for 
C21H23NONa (M+Na+): 328.1677.
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3.1

2 3
2

Cu/Zn Simmons-Smith
(Scheme 3-1)1

Scheme 3-1. 

Grignard
Ti(OiPr)4 2 Grignard

Grignard

(Scheme 3-2)2 

Scheme 3-2. Kulinkovich
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(Scheme 3-3)3 

Scheme 3-3. Michael addition 

Michael acceptor

Michael Michael acceptor

2

Michael

Scheme 3-4. 



36 

3.2

3.2.1 

Table 3-1
ATRA4

2
3 PMDETA PMDETA 91

Entry1, 2 Entry3, 4
GCMS

piperidine piperadine

Entry7-10

PMDETA Entry5, 6
1 equiv 
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Table 3-1. ¿

Entry (1eq) [%]b

1 Bu3N 27 
2 Et3N 28 
3 piperidine nr 
4 Pipera ine trace 
5 PMDETA 91(68c) 

6 
PMDETA 
(2eq) 

73c

7 K2CO3

nr 
8 K3PO4

9 Cs2CO3

10 tBuOK 
a4-Methoxystyrene,1equiv, 
Diethylbromomaronate 2equiv, CuI 10
mol %, Zn 50 mol % toluene 1ml  b

GCMS c

3.2.2 

iPrOH
PMDETA

GCMS Entry3
DME
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Table 3-2. a

Entry [%]b

1 toluene 91(68c) 
2 iPrOH 15 
3 DME 43 
4 dioxane 51 
a  4-Methoxystyrene 1eq , 
Diethylbromomaronate 2equiv, CuI 10 mol %, 
Zn 50 mol % PMDETA 1equiv  b GCMS

c

Entry1, 4 toluene dioxane
toluene 91 dioxane 51 40

toluene 2.4 dioxane 2.2
dioxane CuI

Scheme 3-5. 
3.2.3 

0 20 50
100 50 91 (Entry1-

4)
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Table 3-3.

Entry Zn [mol%] [%]b

1 0 32 
2 20 53 
3 50 91(68c) 
4 100 28 
a   4-Methoxystyrene 1 equiv , Diethylbromomaronate 2 equiv, CuI 10
mol %, PMDETA 1equiv, toluene 1 ml  b GCMS c 

3.2.4 
Entry1-4 PMDETA

Entry1 91%
Entry2

1.2 equiv

Table 3-4.

Entry [eq] [%]a

1 1 91(68)b

2 1.2 85 
3 1.5 75 
4 2 84 
a Diethylbromomaronate 2 equiv, Zn 50 mol % , PMDETA 1equiv, toluene 1 ml  
b GCMS c
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3.2.5 
CuI, CuBr, CuCl

CuI 91
Entry1~3

2 CuCl2 34
Cu(II) Zn Cu(I)

Entry7,8

PMDETA
1.2equiv PMDETA 2

Entry7 41 Entry8

99
Lewis

Table 3-5. a

Entry Copper [%]b

1 CuI 91(68d) 
2 CuBr 47 
3 CuCl 35 
6 CuOAc 38 
5 CuCN 36 
4 CuCl2 34 
7 CuBr2 41 c

8 [Cu(6H2O)](BF4)2 99 c

9 - nr 
a Diethylbromomaronate 2 equiv, Zn 50 mol % , PMDETA  1equiv, 
toluene 1ml  b GCMS c TBABr 20 mol % d 

3.2.6 [2 1]
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p-

ter- (3-3e, 3f)

(3-3g)
N

(3-3h, 3i)

E

(3-3r)
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Scheme 3-5. 

[a] All reactions were carried out for 20 h at rt in toluene with 10 mol% 
[Cu(II)(H2O)6](BF4)2, PMDETA (1.2 equiv), 3-2 (1 equiv) and 3-4 (2.0 equiv). Isolated 
yields. 

3.2.7 

3
Scheme3-6

1 1 A

3- 3-3- 3-

3- 3-3- 3-

3- 3-3- 3-3-

3- 3-3- 3-3-

3- 3-3-
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Scheme 3-6. 
- TEMPO A

(Scheme 3-7)

Scheme 3-7. TEMPO

A 2 ATRA C 2
1 R,R

3 E NMR
GCMS

3-

1.0 equiv 



44 

Doering-Laflamme Allene Synthesis5

Scheme 3-8
- Doering-Laflamme 

Allene Synthesis -
p- t-BuOK Scheme 3-9

Scheme 3-8

Scheme 3-8. 

Scheme 3-9. 

C-Br
A B B

C D D

(Scheme 3-10)
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Scheme 3-10. 
3.2.8 
2 2

Micheal acceptor

(0.5 mmol) 2 (1.0 mmol)
[Cu(6H2O)](BF4)2 (10 mol%) PMDEAT (0.6 mmol),  TBABr(0.1 mmol)

toluene 1 ml 20



46 

2 TEMPO

2

2
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3.4 
1. General procedures 
General Information
All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses 
precoated Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column 
chromatography Silica Flash® P60 (SiliCycle, 40-63 
accomplished by UV light (254 nm), 1H and 13C NMR spectra were obtained using a JEOL 400 
MHz NMR spectrometer. Chemical shifts for 1H NMR were described in parts per million 
(chloroform as an internal standard  = 7.26) in CDCl3, unless otherwise noted. Chemical shifts 
for 13C NMR were expressed in parts per million in CDCl3 as an internal standard (  = 77.16), 
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY 
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd. 
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.  

Typical Experimental Procedure for Cyclization 
Cooper sult (0.05 mmol), Base (0.6 mmol), and 2 (0.50 mmol) were sequentially added under 
air to a dram vial equipped with a stir bar. 1 (1.0 mmol), and dried toluene (1.0 mL) were added 
by syringe, and the resulting mixture was vigorously stirred under nitrogen atmosphere 
[charged by general N2 (99.95%) gas flow] for 20 h at the temperature, as shown in the tables. 
After this time, the contents of the flask were filtered through a plug of silica gel and then 
concentrated by rotary evaporation. The residue was purified by flash chromatography, eluting 
with hexane/EtOAc to afford the product 3.  

Diethyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate1

 3-3a 
1H NMR (500 MHz, CDCl3) : 0.92 (t, J = 7.1 Hz, 3H), 1.29 (t, J = 7.1 Hz, 3H), 1.68 (dd, J = 
5.1 and 9.3 Hz, 1H), 2.13 (dd, J = 5.1 and 7.9 Hz, 1H), 3.17 (t, J = 8.6 Hz, 1H), 3.77 (s, 3H), 
3.80  3.97 (m, 2H), 4.12  4.35 (m, 2H), 6.80 (d, J = 8.7 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H), 13C 
NMR (126 MHz, CDCl3) : 13.7, 14.0, 18.8, 31.7, 37.2, 55.2, 61.0, 61.5, 113.5, 126.6, 129.7, 
158.9, 166.8, 170.0. 

Dimethyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate2

3-3b 
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1H NMR (500 MHz, CDCl3) : 1.71 (dd, J = 5.2 and 9.3 Hz, 1H), 2.15 (dd, J = 5.1 and 8.0 Hz, 
1H), 3.17 (t, J = 8.6 Hz, 1H), 3.38 (s, 3H), 3.77 (s, 3H), 3.78 (s, 3H), 6.77  6.82 (m, 2H), 7.08 

 7.14 (m, 2H), 13C NMR (126 MHz, CDCl3) : 19.2, 32.1, 37.0, 52.2, 52.7, 55.1, 113.5, 126.4, 
129.5, 158.8, 167.1, 170.2. 

Dibenzyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate 

3-3c 
IR (neat) 3009, 2931, 1719, 1441 cm-1. 1H NMR (500 MHz, CDCl3) : 1.73 (dd, J = 5.1 and 9.3 
Hz, 1H), 2.18 (dd, J = 5.1 and 8.1 Hz, 1H), 3.22 (t, J = 8.7 Hz, 1H), 3.77 (s, 3H), 4.68  4.88 
(m, 2H), 5.14 (d, J = 12.4, 1H), 5.25 (d, J = 12.4 Hz, 1H), 6.71  6.77 (m, 2H), 6.93- 6.99 (m, 
2H), 7.07  7.12 (m, 2H), 7.17  7.27 (m, 3H), 7.28  7.35 (m, 5H). 13C NMR (126 MHz, 
CDCl3): 19.3, 32.3, 37.3, 55.2, 67.1, 67.3, 113.6, 127.9, 128.0, 128.2, 128.3, 128.5, 129.7, 135.3, 
135.5, 158.9, 166.6, 169.7. HRESIMS calcd. for C26H24O5Na (M+Na+): 439.1521; found 
439.1530. 

Diallyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate 

  3-3d 
IR (neat) 3083, 2939, 1720, 1648, 1441 cm-1. 1H NMR (500 MHz, CDCl3) : 1.73 (dd, J = 5.1 
and 9.3 Hz, 1H), 2.18 (dd, J = 5.2 and 8.1 Hz, 1H), 3.22 (t, J = 8.6 Hz, 1H), 3.78 (s, 3H), 4.20 

 4.38 (m, 2H), 4.65 (ddt, J = 1.4, 5.5 and 13.4 Hz, 1H), 4.73 (ddt, J = 1.5, 5.5 and 13.4 Hz, 
1H), 5.00  5.16 (m, 2H), 5.25 (dt, J = 1.1 and 10.4 Hz, 1H), 5.31  5.40 (m, 1H), 5.46  5.59 
(m, 1H), 5.93 (ddt, J = 5.5, 10.7 and 17.1 Hz, 1H), 6.77  6.83 (m, 2H), 7.10  7.17 (m, 2H). 
13C NMR (126 MHz, CDCl3) : 19.1, 32.1, 37.1, 55.1, 65.8, 66.0, 113.5, 118.1, 118.2, 126.3, 
129.7, 131.6, 131.7, 159.0, 166.3, 169.5. HRESIMS calcd. for C18H20O5Na (M+Na+): 
339.1208; found 339.1208. 

Diisopropyl 2-(4-methoxyphenyl)cyclopropane-1,1-dicarboxylate 

  3-3f 
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IR (neat) 2980, 2936, 1714, 1463 cm-1. 1H NMR (500 MHz, CDCl3) : 0.75 (d, J = 6.3 Hz, 3H), 
1.07 (d, J = 6.3 Hz, 3H), 1.26 (d, J = 6.3 Hz, 3H), 1.28 (d, J = 6.3 Hz, 3H), 1.62 (dd, J = 5.1 
and 9.2 Hz, 1H), 2.07 (dd, J = 5.1 and 7.9 Hz, 1H), 3.13 (t, J = 8.5 Hz, 1H), 3.76 (s, 3H), 4.73 
(hept, J = 6.3 Hz, 1H), 5.08 (hept, J = 6.3 Hz, 1H), 6.74  6.84 (m, 2H), 7.09  7.18 (m, 2H). 
13C NMR (126 MHz, CDCl3) : 18.5, 21.2, 21.3, 21.7, 21.7, 31.2, 37.6, 55.2, 68.4, 69.1, 113.4, 
126.7, 129.7, 158.8, 166.3, 169.6. HRESIMS calcd. for C18H24O5Na (M+Na+): 343.1521; 
found 343.1524. 

Dimethyl 2-(2-methoxyphenyl)cyclopropane-1,1-dicarboxylate2

  3-3h 
1H NMR (500 MHz, CDCl3) : 1.73 (dd, J = 5.1 and 9.2 Hz, 1H), 2.20 (dd, J = 5.2 and 8.5 Hz, 
1H), 3.30  3.34 (m, 1H), 3.33 (s, 3H), 3.80 (s, 3H), 3.82 (s, 3H), 6.76  6.90 (m, 2H), 6.98 (d, 
J = 7.2 Hz, 1H), 7.18  7.25 (m, 1H). 13C NMR (126 MHz, CDCl3) : 18.7, 28.5, 36.2, 52.0, 
52.6, 55.5, 110.1, 119.9, 123.2, 127.9, 128.6, 159.2, 167.4, 170.5.  

Dimethyl 2-(3-methoxyphenyl)cyclopropane-1,1-dicarboxylate 

  3-3i 
IR (neat)  3002, 2952, 1721, 1434 cm-1. 1H NMR (500 MHz, CDCl3) : 1.73 (dd, J = 5.1 and 
9.3 Hz, 1H), 2.17 (dd, J = dd, J = 5.0 and 8.0 Hz, 1H), 3.20 (t, J = 8.6 Hz, 1H), 3.40 (s, 3H), 
3.78 (s, 3H), 3.79 (s, 3H), 6.72  6.83 (m, 3H), 7.18 (t, J = 7.9 Hz, 1H). 13C NMR (126 MHz, 
CDCl3) : 19.4, 32.6, 37.3, 52.4, 52.9, 55.3, 113.3, 114.1, 120.7, 129.2, 136.3, 159.5, 167.1, 
170.3. HRESIMS calcd. for C14H16O5Na (M+Na+): 287.0895; found 287.0889. 

Dimethyl 2-(p-tolyl)cyclopropane-1,1-dicarboxylate3

  3-3j 
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1H NMR (500 MHz, CDCl3) : 1.72 (dd, J = 5.1 and 9.3 Hz, 1H), 2.17 (dd, J = 5.3 and 8.0 Hz, 
1H), 2.30 (s, 3H), 3.19 (t, J = 8.6 Hz, 1H), 3.38 (s, 3H), 3.78 (s, 3H), 7.07 (s, 4H). 13C NMR
(126 MHz, CDCl3) : 19.3, 21.2, 32.5, 37.2, 52.3, 52.9, 128.4, 129.0, 131.5, 137.1, 167.2, 170.4.  

Dimethyl 2-(o-tolyl)cyclopropane-1,1-dicarboxylate4

  3-3k 
1H NMR (500 MHz, CDCl3) : 1.72 (dd, J = 5.3 and 9.2 Hz, 1H), 2.31 (dd, J = 5.1 and 8.2 Hz, 
1H), 2.36 (s, 3H), 3.18 (t, J = 8.7 Hz, 1H), 3.29 (s, 3H), 3.81 (s, 3H), 7.03 (d, J = 7.5 Hz, 1H), 
7.08  7.19 (m, 3H). 13C NMR (126 MHz, CDCl3) : 18.6, 19.3, 31.4, 36.2, 52.0, 52.8, 125.5, 
127.3, 127.6, 129.7, 132.7, 139.0, 167.1, 170.5.  

Dimethyl 2-phenylcyclopropane-1,1-dicarboxylate2

  3-3l 
1H NMR (500 MHz, CDCl3) : 1.74 (dd, J = 5.3 and 9.3 H, 1H), 2.20 (dd, J = 5.3 and 8.1 Hz, 
1H), 3.23 (t, J = 8.7 Hz, 1H), 3.36 (s, 3H), 3.79 (s, 3H), 7.15  7.31 (m, 5H). 13C NMR (126 
MHz, CDCl3) : 19.2, 32.7, 37.3, 52.3, 52.9, 127.5, 128.3, 128.5, 134.7, 167.1, 170.3. 

Dimethyl 2-(4-fluorophenyl)cyclopropane-1,1-dicarboxylate3

  3-3m 
1H NMR (500 MHz, CDCl3) : 1.74 (dd, J = 5.2 and 9.3 Hz, 1H), 2.15 (dd, J = 5.2 and 8.0 Hz, 
1H), 3.20 (t, J = 8.6 Hz, 1H), 3.39 (s, 3H), 3.79 (s, 3H), 6.90  7.04 (m, 2H), 7.12  7.21 (m, 
2H). 13C NMR (126 MHz, CDCl3) : 19.3, 31.8, 37.2, 52.4, 52.9, 115.2 (d, J = 22 Hz, 2C), 130.2 
(d, J = 8 Hz, 2C), 130.4 (d, J = 3 Hz, 2C), 162.21 (d, J = 246 Hz, 2C), 167.0, 170.2. 

Dimethyl 2-(4-chlorophenyl)cyclopropane-1,1-dicarboxylate2

  3-3n 
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1H NMR (500 MHz, CDCl3) : 1.74 (dd, J = 5.2 and 9.2 Hz, 1H), 2.15 (dd, J = 5.3 and 8.0 Hz, 
1H), 3.18 (t, J = 8.6 Hz, 1H), 3.41 (s, 3H), 3.79 (s, 3H), 7.11  7.15 (m, 2H), 7.23  7.26 (m, 
2H). 13C NMR (126 MHz, CDCl3) : 19.2, 31.8, 37.3, 52.5, 53.0, 128.5, 129.9, 133.2, 133.4, 
166.9, 170.1.  

Dimethyl 2-(4-bromophenyl)cyclopropane-1,1-dicarboxylate3

  3-3p 
1H NMR (500 MHz, CDCl3) : 1.74 (dd, J = 5.2 and 9.3 Hz, 1H), 2.15 (dd, J = 5.4 and 8.0 Hz, 
1H), 3.16 (t , J = 8.6 Hz, 1H), 3.41 (s, 3H), 3.79 (s, 3H), 6.99  7.13 (m, 2H), 7.32  7.45 (m, 
2H). 13C NMR (126 MHz, CDCl3) : 19.2, 31.9, 37.3, 52.5, 53.0, 121.5, 130.3, 131.4, 133.8, 
166.9, 170.1. 

Dimethyl 2-(4-(methoxycarbonyl)phenyl)cyclopropane-1,1-dicarboxylate5

  3-3q 
1H NMR (500 MHz, CDCl3) : 1.78 (dd, J = 5.2 and 9.2 Hz, 1H), 2.22 (dd, J = 5.2 and 8.0 Hz, 
1H), 3.25 (t, J = 8.6 Hz, 1H), 3.37 (s, 3H), 3.80 (s, 3H), 3.90 (s, 3H), 7.26 (d, J = 8.2 Hz, 2H), 
7.95 (d, J = 8.3 Hz, 2H). 13C NMR (126 MHz, CDCl3) : 19.3, 32.2, 37.6, 52.2, 52.5, 53.0, 128.5, 
129.3, 129.5, 140.1, 166.8, 170.0.  

Dimethyl 2-methyl-2-phenylcyclopropane-1,1-dicarboxylate3

  3-3s 
1H NMR (500 MHz, CDCl3) : 1.52 (s, 3H), 1.70 (d, J = 5.1 Hz, 1H), 2.22 (d, J = 5.2 Hz, 1H), 
3.33 (s, 3H), 3.83 (s, 3H), 7.19  7.24 (m, 1H), 7.25  7.30 (m, 4H). 13C NMR (126 MHz, 
CDCl3) : 24.4, 24.9, 38.2, 40.5, 52.2, 52.7, 127.2, 128.3, 141.2, 168.1, 168.9. 

Ethyl 2-(4-methoxyphenyl)-1-(methylsulfonyl)cyclopropanecarboxylate 
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IR (neat) 2934, 1722, 1440, 1303 cm-1. 1H NMR (500 MHz, CDCl3, for major isomer) : 0.92 
(t, J = 7.3 Hz, 3H), 2.27 - 2.36 (m, 2H), 3.11  3.18 (m, 1H), 3.34 (s, 3H), 3.79 (s, 3H), 3.84 
4.00 (m, 2H), 6.81  6.85 (m, 2H), 7.11  7.18 (m, 2H). 13C NMR (126 MHz, CDCl3, for major 
isomer) : 13.5, 15.8, 32.1, 41.3, 50.6, 55.2, 62.1, 113.8, 124.6, 129.9, 159.4, 164.4. 1H NMR
(500 MHz, CDCl3, for minor isomer) : 1.36 (t, J = 7.1 Hz, 3H), 2.23 (dd, J = 5.8 and 9.6 Hz, 
1H), 2.61 (dd, J = 5.8 and 8.9 Hz, 1H), 2.79 (s, 3H), 3.07 (t, J = 9.3 Hz, 1H), 3.80 (s, 3H), 4.33 
(q, J = 7.1 Hz, 2H), 6.85  6.89 (m, 2H), 7.23  7.28 (m, 2H). 13C NMR (126 MHz, CDCl3, for 
minor isomer) : 13.9, 15.4, 35.0, 41.4, 49.6, 55.1, 62.5, 113.6, 122.7, 131.0, 159.5, 167.1.  
HRESIMS calcd. for C14H18O5SNa (M+Na+):321.0773; found 321.0771. 

Ethyl 2-(4-methoxyphenyl)-1-(phenylsulfonyl)cyclopropanecarboxylate 

  3-3s 
IR (neat) 2934, 1723, 1444, 1304 cm-1. 1H NMR (500 MHz, CDCl3, for major isomer) : 0.79 
(t, J = 7.2 Hz, 3H), 2.36 (dd, J = 5.6 and 8.5 Hz, 1H), 2.43 (dd, J = 5.6 and 10.1 Hz, 1H), 3.37 

 3.45 (m, 1H), 3.74 (s, 3H), 3.76 (q, J = 7.1 Hz, 2H), 6.72  6.78 (m, 2H), 6.95  7.02 (m, 2H), 
7.59  7.63 (m, 2H), 7.66  7.71 (m, 1H), 8.03  8.10 (m, 2H). 13C NMR (126 MHz, CDCl3, 
for major isomer) : 13.4, 17.6, 32.5, 52.1, 55.2, 61.7, 113.7, 124.8, 128.8, 129.3, 129.9, 133.7, 
139.9, 159.2, 163.9. 1H NMR (500 MHz, CDCl3, for minor isomer) : 1.23 (t, J = 7.1 Hz, 3H), 
2.28 (dd, J = 5.4 and 9.7 Hz, 1H), 2.79 (dd, J = 5.5 and 9.2 Hz, 1H), 3.13 (t, J = 9.4 Hz, 1H), 
3.84 (s, 3H), 4.12  4.25 (m, 2H), 6.84  6.89 (m, 2H), 7.20  7.25 (m, 2H), 7.31  7.37 (m, 
2H), 7.25 (t, J = 7.5 Hz, 1H). 13C NMR (126 MHz, CDCl3, for minor isomer) : 13.8, 18.2, 36.2, 
51.1, 55.3, 62.3, 113.4, 123.1, 128.1, 129.2, 131.5, 133.2, 140.1, 159.5, 167.0. HRESIMS calcd. 
for C19H21O5 S1Na (M+Na+): 361.1110; found 361.1113.  

2.1 a 6

Tin(II) trifluoromethanesulfonate (0.01 mmol) dichloromethane (0.23 mL)
a(0.25mmol) dichloromethane (0.62 mL)

N,N-diisopropylcarbodiimide (0.28 mmol) 20
dichloromethane (3.0 mL) MeOH (1.0 mL)

dichloromethane/MeOH
b(94%)
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1H NMR (500 MHz, CDCl3) : 0.87 (d, J = 6.9 Hz, 3H), 1.04 (d, J = 5.9 Hz, 3H), 1.10 (d, J = 
5.9 Hz, 3H), 1.13 (d, J = 6.8 Hz, 3H), 2.31 (dd, J = 7.3 and 12.8 Hz, 1H), 2.94 (dd, J = 7.0 and 
12.8 Hz, 1H), 3.48 (pent, J = 6.0 Hz, 1H), 3.70 (s, 3H), 3.79 (s, 3H), 4.00 (hept, J = 6.9 Hz, 
1H), 4.52 (t, J = 7.1 Hz, 1H), 7.22-7.31 (m, 5H). 13C NMR (126 MHz, CDCl3) : 19.14, 19.72, 
24.32, 24.66, 43.43, 47.31, 47.31, 51.47, 59.85, 60.55, 127.09, 127.85128.61, 143.92, 151.55, 
169.35, 169.83. 
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2.2 7 

Tin(II) trifluoromethanesulfonate (0.017 mmol) dichloromethane (0.25 mL)
c(0.34 mmol) p-chlorobenzaldehyde (1.0 mmol) 

dichloromethane (0.25 mL) 20

d(0.28 mmol, 82%)
1H NMR (500 MHz, CDCl3) : 2.75 (dd, J = 6.2 and 13.5 Hz, 1H), 2.99 (dd, J = 10.5 and 13.5 
Hz, 1H), 3.18 (s, 3H), 3.84 (s, 3H), 4.95 (dd, J = 6.2 and 10.5 Hz, 1H), 5.74 (s, 1H), 7.28  7.33 
(m, 2H), 7.33  7.38 (m, 1H), 7.39  7.47 (m, 4H), 7.52  7.57 (m, 2H). 13C NMR (126 MHz, 
CDCl3) : 42.6, 52.3, 53.0, 66.1, 79.9, 83.8, 126.5, 128.0, 128.2, 128.4, 128.6, 133.9, 136.1, 
139.6, 169.2, 171.3. 

2.3 8

3n (0.43 mmol) NaOH (0.52 mmol)
MeOH(0.3ml) 20

Hexan/EtOAc
f(0.42 mmol, 98%)

1H NMR (500 MHz, CDCl3) : 2.34 (dd, J = 4.8 and 9.3 Hz, 1H), 2.42 (dd, J = 4.8 and 8.6 Hz, 
1H), 3.26 (s, 3H), 3.43 (t, J = 9.0 Hz, 1H), 7.21  7.36 (m, 5H). 13C NMR (126 MHz, CDCl3) : 
21.2, 33.6, 40.6, 52.5, 127.9, 128.3, 129.2, 134.0, 170.7, 173.4.  

2.4 Borreverine h

[Cu(H2O)6](BF4)2 (0.050 mmol) TPMA (0.025 mmol)
9 (0.50 mmol), g (1.0 mmol), PMDETA (0.60 mmol) dried toluene (1.0 mL)

20
hexane/EtOAc h(0.25 

mmol, 50%)
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1H NMR (500 MHz, CDCl3) : 1.93 (dd, J = 4.9 and 9.6 Hz, 1H), 2.32 (s, 3H), 2.52 (dd, J = 4.9 
and 8.3 Hz, 1H), 3.15 (t, J = 8.8 Hz, 1H), 3.33 (s, 3H), 3.69 (s, 3H), 3.85 (s, 3H), 7.06 (ddd, J
= 1.1, 6.8 and 7.8 Hz, 1H), 7.15  7.24 (m, 2H), 7.49 (d, J = 7.9 Hz, 1H). 13C NMR (126 MHz, 
CDCl3) : 9.0, 20.0, 25.0, 29.8, 34.9, 52.3, 53.0, 108.6, 110.0, 118.7, 121.7, 128.2, 128.5, 136.9, 
167.0, 170.2 
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Scheme 4-2. 
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Scheme 4-3.
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A ATRA[6]

2- 2 A
A 1 B B

2 C 2
C

C C 3

4.2.

4.2.1. [3+2]

Table 4-1 20 80
80 4-3a 87% Table 4-1, entry 

1-4

100 Table 4-1, entry 5

Table 4-1. 

4- 4- 4-
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80 Table 4-2
toluene 33% Table 4-2, entry 

1
1,4 1,4-dioxane
Table 4-2, entry 2 1,4-dioxane

2

MeOH Table 4-2, entry 3
C C Scheme 4-6

MeOH C C
CH2Cl2

4-3a 87% Table 4-2, entry 4 CH2Cl2
MeOH

MeOH CH2Cl2

CH2Cl2

Table 4-2. 

4- 4- 4-
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Bu4NNO2

3a 87% Table 4-3, entry 1-5
Table 4-3, entry 6

2
entry 6

Table 4-3. 

Bu4NNO2 Table 4-4
2 TPMA

5-20 mol %
10 mol % 87% Table 4-4, entry 1-3 TPMA

2
Me6TREN

Table 4-4, entry 4 [7]

ATRA
2 3

4- 4- 4-
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Table 4-4, entry 5-8

TPMA
Table 4-4, entry 9-10
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Table 4-4. 

TPMA
i-PrNH2 tert

4- 4- 4-
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t-BuNH2

Table 4-5, entry 1-2 2
i-Pr2NH

87% Table 4-5, entry 3-5
piperazine Table 4-5, entry 6 piperazine

2 3
Et3N Table 4-5, entry 7

B
3 B

2 2 [3+2]-
2

(II)
Weiss 2

[8]

i-Pr2NH
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Table 4-5. 

 1 2
 2 (II)

[Cu(H2O)6](BF4)2  10 mol% TPMA 10 mol% i-Pr2NH 1.5
Bu4NNO2 20 mol% CH2Cl2 0.25 M 80 20

[3+2]-
Table 4-6,7

4- 4- 4-
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4.2.2. [3+2]

Table 4-6, 3b-3j
1-Adamantyl

91%
Table 4-6, 3b

Table 4-6, 3c-3e

Table 4-6, 3f-3g

Table 4-6, 3h-3i
73% Table 4-6, 3j

B Scheme 4-6

1,3
60% Table 4-6, 

3k

1,3
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Table 4-6. 

Table 4-7
3q Table 4-7, 4-3l, 3n, 

3r, 3t 4 62%
Table 4-7, 4-

4- 4-

4- 4- 4-

4- 4-

4- 4-

4-4-

4-

4-
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3q 80%
Table 4-7, 4-3m, 3o, 3s

B Scheme 4-6

Table 4-7, 4-3p
-

Table 4-7, 4-3u 42%
4
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Table 4-7. 

4- 4- 4-

4- 4- 4-

4-4-

4- 4- 4-

4-4-



73 

4.2.3.

4-1 4-2
4-6

[9]

2,3- -5,6- -p-
DDQ 4-1

2 100 4 bar
1 [3+2]-

DDQ 6
Table 4-8

Table 4-8, 4-6a, 6d, 6e, 6f, 6g
Table 4-8, 4-

6b, 6c
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Table 4-8. 

4.2.4.

3 6 N-
NBS Suzuki-Miyaura

Table 4-9
Table 4-9, 

6Br-a, 6Br-b, 6Br-c, 6Br-d Suzuki-Miyaura

4- 4-

4-4-

4- 4- 4-

4-

4-4-4-
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10

Table 4-9. 4-6

Table 4-10
Table 4-10, entry 1-4

4-6Br

[4-
(N,N- ) ] -tert- AMPHOS

tert- [1,1 -
( ) ] dppf

Pd(OAc)2

Table 4-
10, entry 5 Suzuki-Miyaura

(AMPHOS)2PdCl2 Pd(dppf)Cl2 CH2Cl2

4- 4-

4-4-

4- 4-
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Table 4-10. Suzuki-Miyaura

p-CF3C6H4B(OH)2 p-
ClC6H4B(OH)2 PhB(OH)2 p-CH3C6H4B(OH)2 Suzuki-
Miyaura

Table 4-11, 4a-
d 3

4-
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Table 4-11. Suzuki-Miyaura

4.2.5.

4
5

Table 4-12, 4OH-a-d

4- 4-

4- 4-

4-4-
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Table 4-12. 

[11]

Suzuki-Miyaura
Table 13 Pd(OAc)2 PCy3 40 mol% 82% Pd(dppf)Cl2

CH2Cl2 83%
Table 4-13, entry 1, 5

Table 4-13, entry 2-4, 6

Pd(dppf)Cl2 CH2Cl2

4- 4-

4-4-

4- 4-
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Table 4-13. 

Pd(dppf)Cl2 CH2Cl2 4

Table 4-14, 5a-d
6
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Table 4-14. 

4.2.6.

Scheme 4-7 [3+2]- 4-3d Lawesson
[12] 75%

4-3d-S DDQ 51%
7 NBS 95% 4-7Br

Suzuki-Miyaura 81%
4-8

95% 70% 4-1 7
4-9

4- 4-

4-4-

4- 4-
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Scheme 4-7. 

4-

4-

4- 

4- 

4-

4-4-

4-

4-
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4.3.

1 2
[3+2]- 3 2 3 DDQ

6 3 6 4-6Br
4

4OH 4OH
5

1
3 Lawesson

9
3

S
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4.4 
1. General procedures 
General Information 
All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses, 
precoated Kieselgel 60 F254 plates (0.25 mm thick) were used; for column chromatography, 

3 254 nm). 1H 
and 13C NMR spectra were obtained using a 500 MHz NMR spectrometer. Chemical shifts for 
1 26) in 
CDCl3, unless otherwise noted. Chemical shifts for 13C NMR were expressed in parts per 
million in CDCl3 -resolution 
mass analyses were obtained using a TOF-
permeation chromatography (GPC) system (UV detection at 254 nm).  

Typical Experimental Procedure for the Synthesis of 4-3 3u.
Cu salt (0.05 mmol), TPMA (0.05 mmol), and tetrabutylammonium nitrite (0.1 mmol) were 
sequentially added under air to a dram vial equipped with a stir bar and a screw cap (or Biotage 
shield tube for microwave). 1 (0.50 mmol), 2 (1.0 mmol), amine (0.75 mmol), and dried CH2Cl2

(2.0 mL) were added by syringe, and the resulting mixture was vigorously stirred under nitrogen 
atmosphere [charged by general N2 20 h at the temperature, as shown 
in the tables. After this time, the contents of th

eluting with hexane/EtOAc to a ord the product (3a 3u). Further puri cation was carried out 
by using GPC.  

Typical Experimental Procedure for the Synthesis of 4-4a 4d.  
Pd cat. (5 mol %), bromide 6Br (1 equiv), and boronic acid (2 equiv) were added under air to a 
dram vial equipped with a stir bar and a screw cap. DMF and 2 M aq Na2CO3 (2 mL/mmol, 4 
equiv) were added to the mixture under nitrogen atmosphere [charged by general N2 (99.95%) 

2 h. After this time, the contents 
 rotary 

and GPC to a ord the product (4a 4d).  

Typical Experimental Procedure for the Synthesis of 4- -d.  
Ester (0.25 mmol, 1 equiv) in 0.5 M aq NaOH (2 equiv, 4 mL/mmol) and dioxane was stirred 
at 100 °C for 12 
EtOAc to a ord the carboxylic acid (4OH- -d).  
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Typical Experimental Procedure for the Synthesis of 4- .  
Pd cat. (10 mol %), carboxylic acid 4OH (0.25 mmol, 1 equiv), iodide (2 equiv), Cs2CO3 (3 
equiv), and MS4A (300 mg/mmol) were added under air to a dram vial equipped with a stir bar 
and a screw cap. Mesitylene was added to the mixture under nitrogen atmosphere [charged by 
general N2 2 h. After 

with hexane/EtOAc, and GPC to a ord the product (5a 5d).  

Typical Experimental Procedure for the Synthesis of 4-6Br-a  6Br-g.  
Furan 6 (1 equiv), NBS (1.05 equiv), and CH3CN were added to a dram vial equipped with a 
stir bar and a screw cap, and the resulting mixture was stirred at 50 °C for 12 h. After this time, 

ash chromatography, eluting with hexane/ EtOAc to a ord the bromide (6Br-a 6Br-g).  

Typical Experimental Procedure for the Synthesis of 6a 6g.  
Cu salt (0.05 mmol) was added under air to a dram vial equipped with a stir bar and a screw 
cap. 1 (1.50 mmol), 2 (0.50 mmol), amine (0.75 mmol), ligand (0.05 mmol), and dried CH2Cl2

(2.0 mL) were added by syringe, and the resulting mixture was vigorously stirred under nitrogen 
atmosphere [charged by general N2 2 
is shown in each compound analysis). After this time, the contents 
through the plug of silica gel and then concentrated by rotary evaporation. The residue dissolved 
in toluene was taken into a dram vial equipped with a stir bar and a screw cap. DDQ (0.60 
mmol) was added and the reaction mixture was stirred at 110 °C for 12 h. After this time, the 

chromatography, eluting with hexane/ EtOAc to a ord the product 6. 

4-3a 
Pale yellow oil (82%, 119 mg). IR (neat)  2951, 1700, 1598, 1512, 1238, 1099 cm 1; 1H NMR 
(500 MHz, CDCl3 35 (s, 9H), 2.91 (dd, J = 8.3 and 14.5 Hz, 1H), 3.33 (dd, J = 10.9 and 
14.5 Hz, 1H), 3.67 (s, 3H), 3.80 (s, 3H), 5.45 (dd, J = 8.3 and 10.9 Hz, 1H), 6.90 (d, J = 8.8 Hz, 
2H), 7.23 (d, J = 8.8 Hz, 2H); 13C NMR (125 MHz, CDCl3 27.7, 34.6, 40.1, 50.8, 55.4, 81.7, 
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99.1, 114.1, 127.0, 134.3, 159.5, 165.9, 177.4; HRESIMS calcd. for C17H22O4Na (M+Na+): 
313.1494, found 313.1490. 

4-3b 

Pale yellow oil (91%, 168 mg). IR (neat)  2901, 2848, 1699, 1592, 1512, 1241, 1173, 1074, 
1033 cm 1; 1H NMR (500 MHz, CDCl3 3.12 (brs, 3H), 2.12 (brs, 6H), 
2.90 (dd, J = 8.4 and 14.6 Hz, 1H), 3.33 (dd, J = 10.9 and 14.6 Hz, 1H), 3.67 (s, 3H), 3.80 (s, 
3H), 5.43 (dd, J = 8.4 and 10.9 Hz, 1H), 6.89 (d, J = 8.6 Hz, 1H), 7.24 (d, J = 8.6 Hz, 2H); 13C 
NMR (125 MHz, CDCl3 28.5, 36.8, 37.1, 38.2, 40.1, 50.9, 55.4, 81.5, 99.1, 114.2, 127.1, 
134.5, 159.6, 166.0, 177.4; HRESIMS calcd. for C23H29O4 (M+H+): 369.2066, found 369.2074. 

4-3c 

Pale yellow oil (84%, 143 mg). IR (neat)  2947, 1694, 1680, 1606, 1511, 1242, 1175, 1081, 
1032 cm 1; 1H NMR (500 MHz, CDCl3 3.10 (dd, J = 8.7 and 15.1 Hz, 1H), 3.47 (dd, J = 
10.6 and 15.1 Hz, 1H), 3.67 (s, 3H), 3.78 (s, 3H), 3.81 (s, 3H), 5.62 (dd, J = 8.7 and 10.6 Hz, 
1H), 6.88 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 7.87 (d, J = 
9.0 Hz, 2H); 13C NMR (125 MHz, CDCl3 39.6, 51.1, 55.4, 55.4, 82.4, 100.4, 113.2, 114.2, 
122.3, 127.5, 131.4, 133.8, 159.8, 161.5, 165.1, 166.1; HRESIMS calcd. for C20H20O5Na 
(M+Na+): 363.1231, found 363.1208. 

4-3d 

Pale yellow oil (80%, 124 mg). IR (neat)  2948, 1705, 1514, 1244, 1088 cm 1; 1H NMR (500 
MHz, CDCl3 3.13 (dd, J = 8.7 and 15.2 Hz, 1H), 3.51 (dd, J = 10.7 and 15.2 Hz, 1H), 3.66 
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(s, 3H), 3.79 (s, 3H), 5.66 (dd, J = 8.7 and 10.7 Hz, 1H), 6.89 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 
8.7 Hz, 2H), 7.3 2 (m, 3H), 7.82 (dd, J = 1.7 and 8.4 Hz, 2H); 13C NMR (125 MHz, CDCl3) 

39.7, 51.1, 55.4, 82.7, 101.8, 114.2, 127.5, 127.8, 129.5, 130.0, 130.6, 133.6, 159.8, 165.2, 
165.8; HRESIMS calcd. for C19H18O4Na (M + Na+): 333.1103, found 333.1097. 

4-3e 

Pale yellow oil (99%, 193 mg). IR (neat)  2946, 1700, 1610, 1512, 1238, 1081 cm 1; 1H NMR 
(500 MHz, CDCl3 3.12 (dd, J = 8.7 and 15.3 Hz, 1H), 3.48 (dd, J = 10.7 and 15.3 Hz, 1H), 
3.67 (s, 3H), 3.78 (s, 3H), 5.55 (dd, J = 8.7 and 10.7 Hz, 1H), 6.89 (d, J = 8.7 Hz, 2H), 7.31 (d, 
J = 8.7 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H); 13C NMR (125 MHz, CDCl3) 

39.6, 51.2, 55.3, 82.7, 102.47, 114.2, 125.0, 127.4, 128.8, 131.0, 131.1, 133.3, 159.8, 163.8, 
165.6; HRESIMS calcd. for C19H17O4BrNa (M+Na+): 411.0208, found 411.0210. 

4-3f 
Pale yellow oil (77%, 122 mg). IR (neat)  2946, 1691, 1597, 1511, 1239, 1174, 1072, 1030 
cm 1; 1H NMR (500 MHz, CDCl3 3.10 (dd, J = 8.4 and 15.4 Hz, 1H), 3.49 (dd, J = 10.5 and 
15.4 Hz, 1H), 3.75 (s, 3H), 3.78 (s, 3H), 5.64 (dd, J = 8.4 and 10.5 Hz, 1H), 6.88 (dd, J = 8.6 
Hz, 2H), 7.09 (dd, J = 3.8 and 5.1 Hz, 1H), 7.30 (d, J = 8.6 Hz, 2H), 7.48 (d, J = 1.2 and 5.1 
Hz, 1H), 8.22 (d, J = 3.7 Hz, 1H); 13C NMR (125 MHz, CDCl3 39.8, 51.1, 55.3, 82.4, 100.0, 
114.1, 127.2, 127.3, 130.4, 131.4, 132.5, 133.55, 158.67, 159.7, 165.7; HRESIMS calcd. for 
C17H16O4SNa (M+Na+): 339.0667, found 339.0671. 

4-3g 
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Pale yellow oil (76%, 114 mg). IR (neat)  2947, 1690, 1652, 1513, 1231, 1089, 1027 cm 1; 1H 
NMR (500 MHz, CDCl3 3.11 (dd, J = 8.7 and 15.5 Hz, 1H), 3.45 (dd, J = 10.5 and 14.6 Hz, 
1H), 3.73 (s, 3H), 3.78 (s, 3H), 5.67 (dd, J = 8.7 and 10.5 Hz, 1H), 6.51 (dd, J = 1.8 and 3.5 Hz, 
1H), 6.88 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 1.2 Hz, 1H), 7.80 (d, J = 
3.5 Hz, 1H); 13C NMR (125 MHz, CDCl3 39.3, 51.3, 55.5, 83.3, 100.8, 112.1, 114.3, 114.3, 
118.0, 127.7, 133.2, 144.4, 144.5, 154.7, 160.0, 165.3; HRESIMS calcd. for C17H16O5Na 
(M+Na+): 323.0895, found 323.0900. 

4-3h 

Pale yellow oil (78%, 127 mg). IR (neat)  2947, 1685, 1636, 1513, 1436, 1235, 1077, 1030 
cm 1; 1H NMR (500 MHz, CDCl3 2.31 (s, 3H), 3.16 (dd, J = 8.9 and 15.0 Hz, 1H), 3.49 (dd, 
J = 10.7 and 15.0 Hz, 1H), 3.57 (s, 3H), 3.79 (s, 3H), 5.72 (dd, J = 8.9 and 10.7 Hz, 1H), 6.91 
(d, J = 8.8 Hz, 2 21 (m, 2H), 7.28 (dt, J = 1.4 and 7.6 Hz, 1H), 7.33 (d, J = 8.0 Hz, 
1H), 7.36 (d, J = 8.8 Hz, 2H); 13C NMR (125 MHz, CDCl3 38.3, 51.1, 55.4, 83.8, 
114.3, 125.3, 127.7, 129.6, 129.8, 130.2, 130.7, 133.4, 137.0, 159.9, 165.6, 166.6; HRESIMS 
calcd. for C20H20O4Na (M+Na+): 347.1259, found 347.1267. 

4-3i 

Pale yellow oil (83%, 162 mg). IR (neat)  2947, 1690, 1652, 1513, 1231, 1089, 1027 cm 1; 1H 
NMR (500 MHz, CDCl3 3.16 (dd, J = 9.2 and 15.2 Hz, 1H), 3.50 (dd, J = 10.7 and 15.2 Hz, 
1H), 3.58 (s, 3H), 3.81 (s, 3H), 5.76 (dd, J = 9.2 and 10.7 Hz, 1H), 6.91 (d, J = 8.7 Hz, 2H), 
7.24 (m, 1H), 7.32 (dt, J = 0.9 and 7.5 Hz, 1H), 7.39 (dd, J = 1.8 and 7.5 Hz, 1H), 7.41 (dd, J = 
0.9 and 8.0 Hz, 2H), 7.61 (d, J = 0.9 and 8.7 Hz, 1H); 13C NMR (125 MHz, CDCl3 38.4, 
51.2, 55.5, 84.6, 105.4, 114.3, 122.7, 127.1, 128.0, 131.0, 131.0, 132.9, 133.2, 160.0, 164.5, 
165.3; HRESIMS calcd. for C19H17O4BrNa (M+Na+): 411.0208, found 411.0217. 
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4-3j 

Pale yellow oil (73%, 129 mg). IR (neat)  2948, 1685, 1637, 1513, 1436, 1230, 1076, 1031 
cm 1; 1H NMR (500 MHz, CDCl3 2.18 (s, 3H), 2.25 (s, 6H), 3.16 (dd, J = 9.4 and 14.8 Hz, 
1H), 3.45 (dd, J = 10.7 and 14.8 Hz, 1H), 3.54 (s, 3H), 3.79 (s, 3H), 5.72 (dd, J = 9.4 and 10.7 
Hz, 1H), 6.82 (s, 1H), 6.84 (s, 1H), 6.89 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H); 13C NMR 
(125 MHz, CDCl3 21.3, 37.8, 51.0, 55.4, 83.8, 104.8, 114.2, 127.9, 127.94, 128.1, 
128.1, 133.3, 136.2, 136.5, 138.8, 159.8, 165.5, 1664; HRESIMS calcd. for C22H24O4Na 
(M+Na+): 375.1572, found 375.1578. 

4-3k 

Pale yellow oil (60%, 95 mg). IR (neat)  2959, 1514, 1248, 902 cm 1; 1H NMR (500 MHz, 
CDCl3 2.98 (dd, J = 9.1 and 13.8 Hz, 1H), 3.33 (dd, J = 10.3 and 
13.8 Hz, 1H), 3.79 (s, 3H), 5.38 (dd, J = 9.1 and 10.3 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 7.26 
(d, J = 8.7 Hz, 2H); 13C NMR (125 MHz, CDCl3 27.3, 28.4, 34.2, 43.2, 44.2, 55.4, 81.4, 
108.0, 114.1, 127.0, 134.5, 159.5, 169.2, 209.4; HRESIMS calcd. for C20H29O3 (M+H+): 
317.2117, found 317.2109. 

4-3l 

Pale yellow oil (85%, 117 mg). IR (neat)  2950, 1701, 1599, 1238, 1100 cm 1; 1H NMR (500 
MHz, CDCl3 36 (s, 9H), 2.34 (s, 3H), 2.91 (dd, J = 8.2 and 14.5 Hz, 1H), 3.34 (dd, J = 
10.9 and 14.5 Hz, 1H), 3.66 (s, 3H), 5.47 (dd, J = 8.2 and 10.9 Hz, 1H), 7.16 (d, J = 8.2 Hz, 
2H), 7.20 (d, J = 8.2 Hz, 2H); 13C NMR (125 MHz, CDCl3 21.8, 27.7, 34.6, 40.1, 50.8, 81.7, 
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99.1, 125.5, 129.4, 137.8, 139.3, 165.8, 177.4; HRESIMS calcd. for C17H22O3Na (M + Na+) 
297.1467, found 297.1473. 

4-3m 

Pale yellow oil (54%, 74 mg). IR (neat)  2951, 1701, 1599, 1238, 1101 cm 1; 1H NMR (500 
MHz, CDCl3 2.31 (s, 3H), 2.79 (dd, J = 8.7 and 14.3 Hz, 1H), 3.40 (dd, J = 
11.1 and 14.3 Hz, 1H), 3.67 (s, 3H), 5.68 (dd, J = 8.7 and 11.1 Hz, 1H), 7 24 (m, 3H), 
7.3 32 (m, 1H); 13C NMR (125 MHz, CDCl3 2, 27.7, 34.7, 39.3, 50.8, 79.6, 99.0, 
124.2, 126.2, 127.6, 130.6, 134.1, 140.2, 165.7, 177.4; HRESIMS calcd. for C17H22O3Na 
(M+Na+): 297.1467, found 297.1465. 

4-3n 
Pale yellow oil (56%, 73 mg). IR (neat)  2951, 1701, 1599, 1238, 1100 cm 1;  1H NMR (500 
MHz, CDCl3 36 (s, 9H), 2.90 (dd, J = 8.2 and 14.5 Hz, 1H), 3.34 (dd, J = 11.0 and 14.5 
Hz, 1H), 3.67 (s, 3H), 5.47 (dd, J = 8.2 and 11.0 Hz, 1H), 7.2 31 (m, 3H), 7.3 38 (m, 
2H); 13C NMR (125 MHz, CDCl3 27.7, 34.7, 40.2, 50.9, 81.7, 125.4, 128.0, 128.8, 142.3, 
165.8, 177.4; HRESIMS calcd. for C16H20O3Na (M+Na+): 283.1310, found 283.1315. 

4-3o 
Pale yellow oil (62%, 86 mg). IR (neat)  2952, 1701, 1601, 1509, 1238, 1101 cm 1; 1H NMR 
(500 MHz, CDCl3 35 (s, 9H), 2.91 (dd, J = 8.3 and 14.5 Hz, 1H), 3.33 (dd, J = 10.9 and 
14.5 Hz, 1H), 3.67 (s, 3H), 3.80 (s, 3H), 5.45 (dd, J = 8.3 and 10.9 Hz, 1H), 7.06 (t, J = 8.7 Hz, 
2H), 7.28 (dd, J = 5.2 and 8.7 Hz, 2H); 13C NMR (125 MHz, CDCl3 27.7, 34.6, 40.2, 50.9, 
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81.4, 99.1, 115.7 (d, J = 21.5 Hz), 127.3 (d, J = 8.2 Hz), 138.1 (d, J = 3.2 Hz), 162.0 (d, J = 
246.2 Hz), 165.7, 177.2; HRESIMS calcd. for C16H19O3FNa (M+Na+): 301.1216, found 
301.1211. 

4-3p 

Pale yellow oil (82%, 121 mg). IR (neat)  2950, 1701, 1601, 1238, 1100 cm 1; 1H NMR (500 
MHz, CDCl3 35 (s, 9H), 2.87 (dd, J = 8.2 and 14.6 Hz, 1H), 3.35 (dd, J = 11.0 and 14.6 
Hz, 1H), 3.67 (s, 3H), 5.47 (dd, J = 8.2 and 11.0 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 
8.4 Hz, 2H); 13C NMR (125 MHz, CDCl3 27.7, 34.6, 40.2, 50.9, 80.9, 99.23, 126.9, 128.9, 
133.8, 140.8, 165.7, 177.2; HRESIMS calcd. for C16H19O3ClNa (M+Na+): 317.0920, found 
317.0927. 

4-3q 

Pale yellow oil (51%, 75 mg). IR (neat)  2951, 1702, 1606, 1239, 1101 cm 1; 1H NMR (500 
MHz, CDCl3 2.76 (dd, J = 8.0 and 14.8 Hz, 1H), 3.53 (dd, J = 11.2 and 14.8 
Hz, 1H), 3.65 (s, 3H), 5.79 (dd, J = 8.0 and 11.2 Hz, 1H), 7.23 (dt, J = 1.8 and 7.5 Hz, 1H), 
7.28 (dt, J = 1.2 and 7.5 Hz, 1H), 7.35 (dt, J = 1.6 and 9.2 Hz, 2H); 13C NMR (125 MHz, CDCl3) 

27.8, 34.7, 39.6, 50.9, 78.8, 99.3, 125.8, 127.1, 128.9, 129.8, 131.3, 140.2, 165.7, 177.1; 
HRESIMS calcd. for C16H19O3ClNa (M+Na+): 317.0920, found 317.0914. 

4-3r 
Pale yellow oil (81%, 137 mg). IR (neat)  2951, 1701, 1602, 1239, 1100 cm 1; 1H NMR (500 
MHz, CDCl3 35 (s, 9H), 2.87 (dd, J = 8.1 and 14.5 Hz, 1H), 3.35 (dd, J = 10.0 and 14.5 
Hz, 1H), 3.67 (s, 3H), 5.46 (dd, J = 8.1 and 10.0 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 
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8.4 Hz, 2H); 13C NMR (125 MHz, CDCl3 27.7, 34.6, 40.1, 50.9, 80.9, 99.1, 121.8, 127.1, 
131.8, 141.2, 165.5, 177.0; HRESIMS calcd. for C16H19O3BrNa (M+Na+): 361.0415, found 
361.0420. 

4-3s 
Pale yellow oil (42%, 58 mg). IR (neat)  2951, 1702, 1600, 11242, 1107, 1017 cm 1; 1H NMR 
(500 MHz, CDCl3 34 (s, 9H), 3.04 (d, J = 4.3 Hz, 1H), 3.13 (d, J = 4.3 Hz, 1H), 3.61 (s, 
3H), 7.2 24 (m, 1H), 7.32 (d, J = 4.8 Hz, 4H); 13C NMR (125 MHz, CDCl3 27.6, 29.5, 
34.7, 46.1, 50.8, 86.8, 98.7, 124.3, 127.2, 128.5, 147.0, 165.9, 176.3; HRESIMS calcd. for 
C17H22O3Na (M+Na+): 297.1467, found 297.1465. 

4-4a 
White solid (97%, 113  2952, 1717, 1615, 1500, 1331, 1116 
cm 1; 1H NMR (500 MHz, CDCl3 2.32 (s, 3H), 3.59 (s, 3H), 3.89 (s, 3 3 (m, 
2H), 7.08 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.3 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 7.66 (d, J = 
8.1 Hz, 2 2H); 13C NMR (125 MHz, CDCl3 21.3, 51.5, 55.4, 113.8, 114.8, 
121.6, 122.4, 124.4 (q, J = 273.0 Hz), 125.4 (q, J = 3.9 Hz), 126.0, 126.9, 129.3, 129.7 (d, J = 
32.0 Hz), 129.8, 130.6, 137.6 (q, J = 1.0 Hz), 138.2, 148.7, 155.6, 160.6, 164.6; HRESIMS 
calcd. for C27H22F3O4 (M+H+): 467.1470, found 467.1480. 

4-4b 
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White solid (72%, 79 mg). Mp: 12 21 °C; IR (neat)  2960, 1704, 1607, 1499, 1228, 829 
cm 1; 1H NMR (500 MHz, CDCl3 3.60 (s, 3H), 3.88 (s, 3 2 30 
(m, 2H), 7.33 7.37 (m, 2H), 7.3 2H), 7.82 7.86 (m, 2H); 13C NMR (125 MHz, 
CDCl3 3.9, 115.0, 115.7 (d, J = 21.8 Hz), 122.1, 122.3, 126.2 (d, J = 3.1 Hz), 
127.8 (d, J = 8.1 Hz), 128.9, 129.7, 131.5, 131.8, 133.8, 147.5, 155.7, 160.7, 162.4 (d, J = 248.6 
Hz), 164.6; HRESIMS calcd. for C25H18ClFNaO4 (M+Na+): 459.0775, found 459.0769. 

4-4c 

Colorless oil (68%, 68 mg). IR (neat)  2947, 1717, 1590, 1500, 820 cm 1; 1H NMR (500 MHz, 
CDCl3 2.42 (s, 3H), 3.59 (s, 3 23 (m, 2H), 7.2 30 (m, 2H), 7.3 37 (m, 4 
H), 7.3 3H), 7.77 (d, J = 8.3 Hz, 2H); 13C NMR (125 MHz, CDCl3 21.6, 51.6, 
116.2, 124.2, 126.0, 127.2, 128.0, 128.0, 128.7, 128.8, 129.3, 130.0, 133.0, 133.7, 139.7, 147.3, 
155.3, 164.8; HRESIMS calcd. for C25H19ClNaO3 (M+Na+): 425.0920, found 425.0917. 

4-4d 

White solid (75%, 75 mg). Mp: 12 28 °C; IR (neat)  2951, 1720, 1606, 1492 cm 1; 1H NMR 
(500 MHz, CDCl3 2.41 (s, 3H), 3.62 (s, 3H), 3.78 (s, 3 3 (m, 2 28 (m, 
4H), 7.3 2 (m, 3H), 7.42 7.49 (m, 2 2H); 13C NMR (125 MHz, CDCl3) 

21.3, 51.5, 55.2, 113.8, 116.5, 122.1, 123.0, 127.4, 127.6, 128.3, 128.9, 129.2, 129.8, 130.0, 
130.1, 137.2, 148.6, 153.7, 159.2, 165.0; HRESIMS calcd. for C26H23O4 (M+H+): 399.1596, 
found 399.1596. 
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4-4OH-a 
White solid (92%, 104 mg). IR (neat)  2917, 1674, 1609, 1498, 1440, 1328, 1112 cm 1; 1H 
NMR (500 MHz, DMSO- 3H), 3.08 (s, 3H), 6.3 34 (m, 2H), 6.39 (d, J = 8.2 
Hz, 2H), 6.48 (d, J = 8.2 Hz, 2H), 6.81 (d, J = 8.1 Hz, 2H), 7.02 (d, J = 8.2 Hz, 2
(m, 2H); 13C NMR (125 MHz, DMSO- 20.8, 55.3, 114.0, 115.9, 121.4, 121.7, 124.4 (q, J
= 273.7 Hz), 125.3 (q, J = 4.0 Hz), 125.8, 126.4, 128.1 (d, J = 31.5 Hz), 129.2, 129.4, 130.8, 
137.5 (q, J = 1.9 Hz), 138.0, 147.8, 153.5, 160.1, 164.8; HRESIMS calcd. for C26H19F3NaO4

(M+Na+): 475.1133, found 475.1126. 

4-4OH-b 
White solid (87%, 92 mg). IR (neat)  3075, 1674, 1606, 1501, 1441, 833 cm 1; 1H NMR (500 
MHz, DMSO- 3.08 (s, 3H), 6.2 33 (m, 2 2

2 3 (m, 2H); 13C NMR (125 MHz, DMSO- 3, 114.1, 115.9 
(d, J = 21.9 Hz), 116.2, 121.7, 122.0, 126.0 (d, J = 3.0 Hz), 127.9 (d, J = 8.4 Hz), 128.7, 129.2, 
131.7, 131.8, 132.6, 146.5, 153.5, 160.2, 161.8 (d, J = 246.3 Hz), 164.9; HRESIMS calcd. for 
C24H16ClFNaO4 (M+Na+): 445.0619, found 445.0621. 

4-4OH-c 

White solid (73%, 71 mg). IR (neat)  3219, 1681, 1613, 1480, 1445, 827 cm 1; 1H NMR (500 
MHz, DMSO- 3 (s, 3 3 (m, 11H), 6.95 (d, J = 8.1 Hz, 2H); 13C NMR (125 
MHz, DMSO- 20.9, 117.7, 124.0, 126.5, 127.0, 127.2, 128.1, 128.4, 128.7, 128.8, 129.3, 
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129.7, 132.3, 132.7, 139.1, 146.3, 152.5, 165.1; HRESIMS calcd. for C24H17ClNaO3 (M+Na+): 
411.0764, found 411.0773. 

4-4OH-d 

White solid (92%, 88 mg). IR (neat)  2918, 1687, 1606, 1487 cm 1; 1H NMR (500 MHz, 
DMSO- 3H), 2.89 (s, 3 2H), 6.3 2 (m, 
2 2 (m, 1H), 6.62 6.69 (m, 2H), 7.01 (d, J = 7.4 Hz, 2H); 13C NMR (125 MHz, 
DMSO- 20.9, 55.2, 114.2, 118.3, 121.7, 122.2, 126.7, 127.2, 128.7, 128.9, 129.3, 129.5, 
129.6, 129.7, 137.0, 147.9, 150.9, 159.2, 165.5; HRESIMS calcd. for C25H21O4 (M+H+): 
385.1440, found 385.1446. 

4-5a 
White solid (63%, 82  2931, 1612, 1508, 1320, 1254, 831 
cm 1; 1H NMR (500 MHz, CDCl3 2.34 (s, 3H), 3.80 (s, 3 2H), 7.02 7.07 
(m, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.2 26 (m, 4H), 7.33 (d, J = 8.2 Hz, 2H), 7.3 3 (m, 
2H), 7.50 (d, J = 8.1 Hz, 2H); 13C NMR (125 MHz, CDCl3 21.4, 55.4, 114.1, 121.8, 122.6, 
123.3, 124.3 (q, J = 272.0 Hz), 125.6 (q, J = 4.0 Hz), 126.2, 127.6, 127.6, 129.0, 129.4, 130.8, 
131.6, 131.8, 133.4, 137.2 (q, J = 1.7 Hz), 137.9, 148.4, 159.3; HRESIMS calcd. for 
C31H22ClF3NaO2 (M+Na+): 541.1158, found 541.1160. 

4-5b 
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 2954, 1594, 1493, 1223, 828 cm 1; 1H 
NMR (500 MHz, CDCl3 2.34 (s, 3H), 3.80 (s, 3 2 2 (m, 4H), 

2 25 (m, 2  13C NMR (125 MHz, CDCl3

21.4, 55.4, 114.0, 115.7 (d, J = 21.7 Hz), 123.4, 123.6, 123.7, 127.2, (d, J = 3.1 Hz), 128.7, 
128.9, 129.5, 130.0, 130.4, 130.6, 131.8, 132.0, 133.3, 137.1, 146.7, 148.2, 159.2, 162.2 (d, J
= 247.5 Hz); HRESIMS calcd. for C30H23ClFO2 (M+H+): 469.1371, found 469.1374. 

4-5c 
2 °C; IR (neat)  2914, 1597, 1492, 1217, 819 cm 1; 1H 

NMR (500 MHz, CDCl3 2.34 (s, 3 2 2 29 (m, 
5H), 7.3 13C NMR (125 MHz, CDCl3 21.5, 115.7, 115.8, 123.7, 126.2, 127.2, 
127.7, 128.0, 128.9, 129.3 (d, J = 3.3 Hz), 129.5, 129.6, 130.5, 130.7, 132.3 (d, J = 8.1 Hz), 
133.2 (d, J = 21.1 Hz), 137.9, 146.7, 148.7, 162.4 (d, J = 246.2 Hz); HRESIMS calcd. for 
C29H21ClFO (M+H+): 439.1265, found 439.1262. 

4-5d 
White solid (80%, 97 mg). Mp: 2 219 °C; IR (neat)  2925, 1605, 1496, 1327 cm 1; 1H NMR 
(500 MHz, CDCl3 2.33 (s, 3H), 3.79 (s, 3 2 2 (m, 2H), 

2H), 7.2 31 (m, 5H). 7.42 7.51 (m, 10 H); 13C NMR (125 MHz, CDCl3

21.2, 55.2, 113.9, 123.1, 124.3 (q, J = 273 Hz), 123.6, 125.3 (q, J = 4 Hz), 126.1, 127.4, 127.6, 
128.5, 129.1, (q, J = 33 Hz), 129.4, 129.7, 130.2, 130.6, 130.7, 137.0, 137.4, 147.7, 148.3, 
159.1; HRESIMS calcd. for C31H24F3O2 (M+H+): 485.1728, found 485.1724. 
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4-6a 
White solid (67%, 108 mg). Mp: 12 21 °C; IR (neat)  2950, 1720, 1605, 1494, 1090, 1028, 
834, 768 cm 1; 1H NMR (500 MHz, CDCl3 2.38 (s, 3H), 3.86 (s, 3H), 3.88 (s, 3 2 
(m, 2H), 7.00 (s, 1H), 7.23 (d, J = 8.1 Hz, 2H), 7.62 (d, J = 7.8 Hz, 2 2H); 
13C NMR (125 MHz, CDCl3 21.5, 51.7, 55.5, 107.1, 113.7, 114.1, 122.6, 124.0, 127.3, 129.6, 
130.0, 138.0, 152.1, 156.7, 160.5, 164.3; HRESIMS calcd. for C20H18NaO4 (M+Na+): 345.1103, 
found 345.1101. 

4-6b 
 2959, 1722, 1588, 1495, 1215, 1088, 

1026, 834, 769 cm 1; 1H NMR (500 MHz, CDCl3 3.86 (s, 3H), 3.88(s, 3
2 2 2 (m, 2H), 8.03 8.07 (m, 2H); 13C NMR (125 
MHz, CDCl3 3, 107.4 (d, J = 1.3 Hz), 113.7, 114.1, 115.9 (d, J = 22.0 Hz), 122.3, 
125.7 (d, J = 8.0 Hz), 126.2 (d, J = 3.4 Hz), 129.9, 150.8, 156.9, 160.6, 162.4 (d, J = 248.0 Hz), 
164.0; HRESIMS calcd. for C19H16FO4 (M+H+): 327.1033, found 327.1036. 

4-6c 
White solid (48%, 78 mg). Mp: 103 104 °C; IR (neat)  2980, 2936, 1714, 1463 cm 1; 1H NMR 
(500 MHz, CDCl3 2.42 (s, 3H), 3.86 (s, 3H), 7.07 (s, 1H), 7.28 (d, J = 8.2 Hz, 2H), 7.3
(m, 2H), 7.63 7.68 (m, 2H), 7.96 (d, J = 8.2 Hz, 2H); 13C NMR (125 MHz, CDCl3 21.6, 
51.8, 108.4, 115.1, 125.3, 126.9, 128.4, 128.5, 129.1, 129.2, 133.9, 140.0, 151.1, 157.4, 164.1; 
HRESIMS calcd. for C19H16ClO3 (M+H+): 327.0788, found 327.0787. 
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4-6d 
White solid (62  2949, 1719, 1596, 1486, 754 cm 1; 1H 
NMR (500 MHz, CDCl3 3.85 (s, 3H), 3.86 (s, 3H), 6.95 (s, 1H), 6.92 6.99 (m, 2H), 
7.3 3 2H), 8.03 8.09 (m, 2H); 13C NMR (125 MHz, CDCl3

51.6, 55.3, 106.2, 114.3, 115.4, 122.8, 125.5, 128.2, 128.2, 129.2, 129.9, 152.6, 156.1, 159.7, 
164.2; HRESIMS calcd. for C19H17O4 (M+H+): 309.1127, found 309.1131. 

4-6e 

Yellow solid (80%, 126 mg). Mp: 102 103 °C; IR (neat)  2942, 1704, 1579, 1489, 1248, 1094 
cm 1; 1H NMR (500 MHz, CDCl3 3.92 (s, 3H), 3.99 (s, 3H), 6.99 (d, J = 8.4 Hz, 1H), 7.03
7.10 (m, 1H), 7.14 (dd, J = 3.9 and 5.1 Hz, 1H), 7.2 32 (m, 2H), 7.45 (dd, J = 1.1 and 4.9 
Hz, 1H), 7.9 (dd, J = 1.5 and 7.7 Hz, 1H), 8.14 (dd, J = 1.1 and 3.7 Hz, 1H); 13C NMR (125 
MHz, CDCl3 2.3, 114.0, 118.6, 120.9, 126.1, 127.7, 128.0, 128.9, 132.0, 
148.4, 151.4, 156.0, 164.3; HRESIMS calcd. for C17H14NaO4S (M+Na+): 337.0511, found 
337.0514. 

4-6f 

 2952, 1721, 1600, 1497, 1214, 1097 
cm 1; 1H NMR (500 MHz, CDCl3 3.86 (s, 3H), 3.97 (s, 3H), 5.21 (s, 2H), 6.93 (d, J = 8.3 
Hz, 1H), 6.95 (s, 1H), 7.12 7.18 (m, 2H), 7.2 26 (m, 2H), 7.3 35 (m, 1H), 7.38 (t, J = 
7.5 Hz, 2H), 7.45 (d, J = 7.4 Hz, 2 2H); 13C NMR (125 MHz, CDCl3

56.3, 71.2, 106.7, 107.9, 114.3, 115.3, 115.5 (d, J = 21.8 Hz), 117.1, 123.4, 126.2 (d, J = 3.3 
Hz), 127.5, 128.2, 128.8, 130.5 (d, J = 8.5 Hz), 137.0, 148.6, 150.1, 152.6, 155.5, 163.4 (d, J = 
250.2 Hz), 164.2; HRESIMS calcd. for C26H21FNaO5 (M+Na+): 455.1271, found 455.1266. 
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4-6g 

Yellow solid (40%, 82 mg). IR (neat)  2947, 1713, 1594, 1488, 1223, 1090 cm 1; 1H NMR 
(500 MHz, CDCl3 J = 7.2 Hz, 3H), 2.43 (s, 3H), 3.88 (s, 3H), 4.40 (t, J = 7.2 Hz, 
2H), 7.07 (s, 1H), 7.2 33 (m, 3H), 7.43 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 8.5 Hz, 1H), 7.50 
(td, J = 1.1 and 7.7 Hz, 1H), 7.84 (dd, J 2H), 8.17 (d, J = 
7.8 Hz, 1H), 8.46 (d, J = 1.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 13.8, 21.5, 37.6, 51.6, 
105.9, 108.8, 115.0, 116.2, 119.3, 120.7, 121.2, 122.3, 123.0, 123.3, 126.1, 127.3, 128.3, 129.0, 
139.4, 139.8, 140.5, 153.6, 156.3, 164.4; HRESIMS calcd. for C27H23NNaO3 (M+Na+): 
432.1576, found 432.1579. 

4-6Br-a 

White solid (92%, 92 mg). Mp: 13 32 °C; IR (neat)  2953, 1710, 1609, 1495, 1230, 1119, 
1034, 836 cm 1; 1H NMR (500 MHz, CDCl3 2.40 (s, 3H), 3.87 (s, 3H), 3.88 (s, 3H), 

 2H), 7.23 7.30 (m, 2H), 7.73 7.78 (m, 2 2H); 13C NMR (125 
MHz, CDCl3 21.5, 51.9, 55.5, 96.6, 113.8, 114.8, 122.0, 126.2, 126.4, 129.3, 129.7, 138.7, 
148.8, 155.6, 160.7, 163.6; HRESIMS calcd. for C20H17BrNaO4 (M+Na+): 425.0187, found 
425.0183. 

4-6Br-b 

2 °C; IR (neat)  2958, 1713, 1606, 1494, 1220, 1117, 
1032, 836 cm 1; 1H NMR (500 MHz, CDCl3 3.87 (s, 3 2H), 7.12 7.19 (m, 
2H), 7.72 7.77 (m, 2 3 (m, 2H); 13C NMR (125 MHz, CDCl3 2.0, 55.5, 97.1, 
114.0, 115.0, 115.8 (d, J = 21.8 Hz), 121.9, 125.5 (d, J = 3.3 Hz), 128.4 (d, J = 8.2 Hz), 129.9, 
147.9, 156.1, 161.1, 162.9 (d, J = 248.8 Hz), 163.6; HRESIMS calcd. for C19H14BrFNaO4

(M+Na+): 426.9957, found 426.9954. 
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4-6Br-c 

White solid (73%, 74 mg). Mp: 13 39 °C; IR (neat)  2956, 1714, 1585, 1502, 1235, 1118, 
1035, 816 cm 1; 1H NMR (500 MHz, CDCl3 2.42 (s, 3H), 3.88 (s, 3H), 7.27 (d, J = 7.7 Hz, 
2 2H), 7.67 (d, J = 8.3 Hz, 2 2H); 13C NMR (125 MHz, 
CDCl3 21.6, 52.1, 97.8, 115.9, 126.5, 127.5, 127.7, 128.1, 129.0, 129.3, 134.7, 140.4, 147.9, 
156.2, 163.5; HRESIMS calcd. for C19H14BrClNaO3 (M+Na+): 426.9713, found 426.9708. 

4-6Br-d 

White solid (92  2949, 1706, 1567, 1486, 1026 cm 1; 1H 
NMR (500 MHz, CDCl3 3.87 (s, 3H), 3.88 (s, 3H), 6.93 7.05 (m, 2H), 7.3 2 (m, 3H), 

2 2H); 13C NMR (125 MHz, CDCl3 3, 95.7, 114.0, 
116.0, 121.7, 127.9, 127.9, 128.4, 129.4, 129.5, 149.3, 154.8, 160.0, 163.5; HRESIMS calcd. 
for C19H16BrO4 (M+H+): 387.0232, found 387.0234. 

4-3d-S 

Dihydrofuran (4-3d, 0.25 mmol, 1 equiv), Lawesson reagent (0.55 equiv), and dry toluene were 
added to a dram vial equipped with a stir bar and a screw cap, and the resulting mixture was 
stirred at 110 °C for 2

xane/EtOAc, to 
a ord the dihydrothiophene 4-3d-S as a yellow oil (75%, 61 mg). IR (neat)  2947, 1707, 1511, 
1249 cm 1; 1H NMR (500 MHz, CDCl3) : 3.49 (dd, J = 8.1 and 16.3 Hz, 1H), 3.57 (s, 3H), 
3.70 (dd, J = 9.4 and 16.3 Hz, 1H), 3.81 (s, 3H), 4.93 (dd, J = 8.2 and 9.3 3 
(m, 2H), 7.3 13C NMR (126 MHz, CDCl3 3, 55.5, 114.3, 
118.7, 128.1, 128.4, 128.8, 129.3, 133.9, 134.0, 156.9, 159.4, 164.1; HRESIMS calcd. for 
C19H19O3S (M+H+): 327.1055, found 327.1062. 
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4-7 

The dihydrothiophene 4-3d-S (0.25 mmol, 1 equiv), dissolved in toluene, was taken into a dram 
vial equipped with a stir bar and a screw cap. DDQ (0.60 mmol) was added and the reaction 
mixture was stirred at 110 °C for 12 

with hexane/EtOAc, to a ord the product 4-
IR (neat)  2949, 1718, 1608, 1494, 1463, 1252 cm 1; 1H NMR (500 MHz, CDCl3 3.76 (s, 
3H), 3.85 (s, 3H), 6.92 6.96 (m, 2H), 7.3 3H), 7.52 7.57 (m, 4H), 7.60 (s, 1H); 13C 
NMR (125 MHz, CDCl3 24.4, 126.2, 127.1, 128.1, 128.3, 128.7, 129.8, 
133.4, 142.7, 149.2, 159.7, 163.9; HRESIMS calcd. for C19H16NaO3S (M+Na+): 347.0718, 
found 347.0711.  

4-7Br 

4-7 (0.25 mmol, 1 equiv), NBS (1.05 equiv), and CH3CN were added to a dram vial equipped 
with a stir bar and a screw cap, and the resulting mixture was stirred at 50 °C for 12 h. After 

ord the bromide 4-7Br as 
a white solid (95%, 95 mg). IR (neat)  2948, 1718, 1604, 1456, 1437, 1249, 1031 cm 1; 1H 
NMR (500 MHz, CDCl3) : 3.80 (s, 3H), 3.87 (s, 3H), 6.97 7.02 (m, 2H), 7.38 7.49 (m, 5H), 

2H); 13C NMR (126 MHz, CDCl3 2.5, 55.4, 106.5, 114.1, 124.5, 128.2, 
128.8, 128.9, 130.7, 130.9, 132.6, 138.7, 144.1, 160.0, 165.0; HRESIMS calcd. for 
C19H15BrNaO3S (M+Na+): 424.9823, found 424.9829. 

4-8 

PdCl2(dppf) (5 mol %), bromide 7Br (0.25 mmol, 1 equiv), and p-methylphenylboronic acid 
(2 equiv) were added under air to a dram vial equipped with a stir bar and a screw cap. DMF 
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and 2 M aq Na2CO3 (2 mL/mmol, 4 equiv) were added to the mixture under nitrogen 
atmosphere [charged by general N2 red at 
80 °C for 12 

chromatography, eluting with hexane/EtOAc, and GPC to a ord the product 8 as a white solid 
(81%, 84 mg). Mp: 174 175 °C; IR (neat)  2953, 1720, 1603, 1457, 1422 cm 1; 1H NMR (500 
MHz, CDCl3 2.35 (s, 3H), 3.53 (s, 3H), 3.78 (s, 3 2
7.3 3 2H); 13C NMR (125 MHz, CDCl3 21.4, 52.1, 55.3, 114.0, 
126.0, 128.5, 128.7, 128.8, 129.1, 129.8, 130.5, 131.8, 132.7, 133.5, 137.1, 137.6, 139.4, 143.1, 
159.3, 166.7; HRESIMS calcd. for C26H23O3S (M+H+): 415.1368, found 415.1366. 

4-8OH 

Ester 4-8 (0.25 mmol, 1 equiv) in 0.5 M aq NaOH (2 equiv, 4 mL/mmol) and 1,4-dioxane were 
stirred at 100 °C for 12 
with EtOAc to a ord the carboxylic acid 4-8OH as a white solid (95%, 95 mg). Mp: 
243 244 °C; IR (neat)  2924, 1684, 1603, 1460, 1435 cm 1; 1H NMR (500 MHz, CDCl3

2.35 (s, 3H), 3.77 (s, 3 2 3 3 (m, 3H), 7.53
7.57 (m, sH); 13C NMR (126 MHz, CDCl3 21.4, 55.3, 114.0, 125.9, 128.7, 128.8, 129.0, 
129.2, 129.9, 130.2, 130.6, 132.5, 133.3, 137.2, 137.8, 139.7, 145.1, 159.3, 169.3; HRESIMS 
calcd. for C25H20NaO3S (M+Na+): 423.1031, found 423.1041. 

4-9 

PdCl2(dppf) (10 mol %), carboxylic acid 4-8OH(0.25 mmol, 1 equiv), 1-iodo-4-
2 equiv), Cs2CO3 (3 equiv), and MS4A (300 mg/mmol) were added 

under air to a dram vial equipped with a stir bar and a screw cap. Mesitylene was added to the 
mixture under nitrogen atmosphere [charged by general N2

mixture was stirred at 170 °C for 12 
through a plug of silica gel and then concentrated by rotary evaporation. The residue was 

ord the product 
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4-9 as a white solid (70%, 84 mg). IR (neat)  2956, 1605, 1485, 1454, 1327, 1120 cm 1; 1H 
NMR (500 MHz, CDCl3) : 2.28 (s, 3H), 3.79 (s, 3H), 6.75 6.79 (m, 2H), 6.81 (d, J = 8.1 Hz, 
2H), 6.94 (d, J = 7.9 Hz, 2H), 7.06 (d, J = 8.1 Hz, 2H), 20 (m, 4H), 7.2 25 (m, 3H), 
7.36 (d, J = 8.2 Hz, 2H); 13C NMR (125 MHz, CDCl3 21.3, 55.3, 114.0, 124.5 (q, J = 271.1 
Hz), 124.9 (q, J = 3.8 Hz), 126.7, 127.6, 128.7, 128.7 (d, J = 32.6 Hz), 129.0, 129.5, 130.5, 
130.8, 131.4, 133.2, 134.1, 136.6, 138.0, 138.6, 138.8, 139.0, 140.7, 159.1; HRESIMS calcd. 
for C31H23F3NaOS (M+Na+): 523.1319, found 523.1311.  



105 

2. Spectral charts for new compounds 
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5.1.
5.1.1

( )

C C

Scheme 5-1. (C-C)

 [1,2] (Scheme 5-1)

[3]

4 Scheme 5-2 Fürstner

Scheme 5-2, 
[5]
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[3]

Nakao

Scheme 5-2, Miura
-

Scheme 5-2, 

sp3

[6]

A) [7] B) 
[8] C) Hantzsch [9] 3

Scheme 5-3, A-C

Scheme 5-2. 

Kang 2
Scheme 5-3, 
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A [7e]

-
Nakao Scheme 5-2

2 sp3

Scheme 5-3, B [8b] Hantzsch

[9] Cheng Hantzsch
- LED

Scheme 5-3, C [9b]

Scheme 5-3. sp3

5.1.2.
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Scheme 5-3, A
[7]

Tsuji-Trost [10]

[11] 0
-

Lambert [12] Zard [13]

Scheme 5-4 Lambert 0
Tsuji-Trost

Scheme 5-4, 
Zard

Scheme 5-4, 
2

1 2

Scheme 5-4. 

5.1.3.

ATRA [14] ATRP [15]
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[16]

3
Scheme 5-5

Scheme 5-5. 

1 3 tert-alkyl radical
3 4

Scheme 5-6

Scheme 5-6. 

5.2.

5.2.1.

Table 5-1 2 (II)
CuPc 3 Table 

5-1, entry 1-6 (I) CuCl i-Pr2NH
25% Table 5-1, entry 7

3 - 3 2

2
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Weiss 2
Scheme 5-7, [17] entry 7

CuCl i-Pr2NH

(II)
CuBr2

Table 5-1. 

2 Table 
5-2, entry 1-4 3 Et3N

Table 5-2, entry 5 Et3N 2

Scheme 5-7, 
[18] 2

5- 5- 5- 
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i-Pr2NH i-Pr2NH

Table 5-2. 

Scheme 5-7. 

3 N, N, N , N , N - PMDETA
14% Table 5-3, entry 1 4

N, N, N , N , N , N - HMTETA
28% TPMA 49% Me6TREN 68% Table 5-3, entry 2-3, 5

4

5- 5- 5- 
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Me6TREN > TPMA >  HMTETA [19]

N, N, N , N - 2- TPEN

Table 5-3, entry 4
Me6TREN

Table 5-3, entry 6-7 Me6TREN

Me6TREN
i-Pr2NH

Table 5-3, entry 8
(Cu : amine = 1 :1 ) (Cu : 

amine = 1 :3 )
Table 5-3, entry 9

Me6TREN
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Table 5-3. 

CPME
1,4-dioxane Table 5-4, entry 1, 5

1,4-dioxane
N, N-

DMF MeCN
Table 5-4, entry 3, 6 MeCN

5- 5- 5- 
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30%
Table 5-4, entry 4, 7

toluene 68%
Table 5-4, entry 8 toluene 0.25 M

47% 1 M 57% Table 5-4, entry 9-10 0.5 M
toluene (0.5 M)

Table 5-4. 

Fu [20] 2

Figure 5-1

5- 5- 5- 
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Figure 5-1. 

Table 5-5
Table 5-5, entry 1-8

Table 5-5, entry 9
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Table 5-5. 

GC
1 Figure 5-2

- 5-2a
5-1a 10

5-3a 10

-
2a-H

NMR 20h 5-1a
5-3a

10
Table 5-6 1 mol % 5 mol %

5- 5- 5- 
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Figure 5-2. GC

Table 5-6, entry 1-4 5 mol % 100 mol %
10-100 mol %

Table 5-6, entry 1-4 10 mol %
72% Table 5-6, entry 5
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2

0.5 -1
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5.2.2.

Table 5-7
I 5-3

5-1 5-2a
5-3

21 I
5-1a

5-3a 72% Table 5-7, 1a

16% Table 5-7, 1b/3b

53% Table 5-7, 1c
60% Table 5-7, 1d

5- 5- 5- 
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Table 5-7, 1e

20% Table 
5-7, 1f 5-1g 5-3a

5-2a 3
3a

[22] 98% 97 3 Table 5-7, 
1g

,
Table 5-7, 1a-1f

5-1a
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Table 5-7. 

5.2.3.

Table 5-8
Table 5-8, 3c-3d

5-3c 5-3d

83% 5-3e Table 
5-8, 3e 56%

Table 5-8, 3f
Table 5-8, 3g-3h

5-3j 89% Table 5-8, 3i-3l

76%
Table 5-8, 3m

64% Table 5-8, 3n

5- 5- 5- 

5- 5- 5- 5- 

5- 5- 5- 
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Table 5-8. 

5.2.4.

Scheme 5-8 4 2b
2c

Scheme 5-8, 5a-b

Me6TREN TPEN CuBr2 10 
mol % TPEN 20 mol %

5- 5- 5- 5- 

5- 5- 5- 5- 

5- 5- 5- 5- 

5- 5- 5- 
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Scheme 5-8. 4

5.2.5. -

-
Table 5-9, 3o-3q

Table 5-9, 3r-3t

GC-MS -
2

tert-
8

Table 5-9, 3u-3v

5- 

5- 

5- 

5- 5- 
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Table 5-9. -

2 2
Table 

5-7, 1b/3b Table 5-7
5-1g

2
Table 5-10

Table 5-10, 3b-3x
Table 5-10, 3y

5- 5- 5- 5- 

5- 5- 5- 5- 

5- 5- 5- 
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Table 5-10. 

5.2.6.

Scheme 5-9 -
3

2
3 2

AIBN
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Scheme 5-9. 
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5.5.
1. General procedures 
General Information
All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses 
precoated Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column 
chromatography Silica Flash® P60 (SiliCycle, 40-63 
accomplished by UV light (254 nm), 1H and 13C NMR spectra were obtained using a JEOL 400 
MHz NMR spectrometer. Chemical shifts for 1H NMR were described in parts per million 
(chloroform as an internal standard  = 7.26) in CDCl3, unless otherwise noted. Chemical shifts 
for 13C NMR were expressed in parts per million in CDCl3 as an internal standard (  = 77.16), 
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY 
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd. 
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.  

Typical Experimental Procedure for C-C cleavage 
Cu salt (0.05 mmol), ligand (0.1 mmol), and 5-2 (0.50 mmol) were sequentially added under 
air to a dram vial equipped with a stir bar. 5-1 (1.0 mmol), amine (0.75 mmol), and dried toluene 
(1.0 mL) were added by syringe, and the resulting mixture was vigorously stirred under nitrogen 
atmosphere [charged by general N2 (99.95%) gas flow] for 20 h at the temperature, as shown 
in the tables. After this time, the contents of the flask were filtered through a plug of silica gel 
and then concentrated by rotary evaporation. The residue was purified by flash chromatography, 
eluting with hexane/EtOAc to afford the product 3. Further purification was carried out by using 
GPC. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1a (0.50 mmol, 116 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3a (104 mg, 72%).
Colorless oil. 1H NMR (CDCl3) : 1.06 (t, J = 7.1 Hz, 6H), 1.21 (s, 3H), 3.08 (s, 2H), 3.74-3.81 
(m, 2H), 3.85-3.91 (m, 2H), 5.03 (s, 1H), 5.18 (d, J = 1.5 Hz, 1H), 7.13-7.25 (m, 5H); 13C NMR 
(CDCl3) : 13.89, 19.88, 40.47, 53.46, 61.15, 118.35, 126.96, 127.57, 128.15, 141.86, 144.73, 
171.95. 
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Following the general procedure above, using 5-1g (1.0 mmol, 148 µL), 5-2b (0.50 mmol, 118 
mg), CuBr2 (0.05 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 105 µL), Me6TREN (0.05 mmol, 13.5 
µL), and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3b (63 mg, 54%).   
1H NMR (CDCl3) : 1.11 (s, 6H), 1.09-1.12 (t, J = 7.17 Hz, 3H), 2.79 (s, 2H), 3.71-3.75 (q, J
= 7.17 Hz, 2H), 5.05 (d, J = 1.80 Hz, 1H), 5.23 (d, J = 1.80 Hz, 1H), 7.23-7.34 (m, 5H); 13C 
NMR (CDCl3) : 14.02, 25.57, 42.54, 45.91, 60.24, 117.11, 126.88, 127.40, 128.20, 142.51, 
146.34, 177.42. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1h (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3c (98 mg, 64%). 
Colorless oil. IR (neat)  3083, 2981, 1728, 1445, 1236, 1107 cm-1; 1H NMR (CDCl3) : 1.16 
(t, J = 7.2 Hz, 6H), 1.27 (s, 3H), 2.31 (s, 3H), 3.14 (s, 2H), 3.85-3.92 (m, 2H), 3.95-4.01 (m, 
2H), 5.06 (s, 1H), 5.23 (d, J = 1.6 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H); 
13C NMR (CDCl3) : 13.91, 19.92, 21.11, 40.39, 53.58, 61.15, 117.55, 126.80, 128.84, 137.29, 
138.98, 144.55, 172.03; HRESIMS calcd. for C18H24O4Na(M+Na+): 327.1572 found: 327.1576. 
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Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3d (127 mg, 83%). 
Colorless oil. IR (neat)  2980, 1728, 1446, 1234, 1103 cm-1; 1H NMR (CDCl3) : 1.11 (t, J = 
7.2 Hz, 6H), 1.37 (s, 3H), 2.32 (s, 3H), 3.06 (s, 2H), 3.74-3.80 (m, 2H), 3.90-3.96 (m, 2H), 5.04 
(d, J = 1.8 Hz, 1H), 5.26 (d, J = 1.8 Hz, 1H), 7.05-7.12 (m, 4H); 13C NMR (CDCl3) : 13.90, 
19.86, 20.21, 42.59, 53.17, 61.20, 120.12, 125.43, 127.22, 129.12, 130.27, 135.29, 141.87, 
144.96, 171.97; HRESIMS calcd. for C18H24O4Na(M+Na+): 327.1572 found: 327.1573. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1j (0.50 mmol, 155 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3e (107 mg, 58%). 
Colorless oil. IR (neat)  3083, 2981, 1726, 1445, 1236, 1107 cm-1; 1H NMR (CDCl3) : 1.16 
(t, J = 7.2 Hz, 6H), 1.26 (s, 3H), 3.11 (s, 2H), 3.85-3.92 (m, 2H), 3.95-4.02 (m, 2H), 5.12 (s, 
1H), 5.25 (d, J = 1.0 Hz, 1H), 7.17-7.19 (d, J = 8.4 Hz, 2H), 7.40-7.41 (d, J = 8.4 Hz, 2H); 13C 
NMR (CDCl3) : 13.96, 19.97, 40.39, 53.51, 61.33, 119.02, 121.61, 128.67, 131.32, 140.85, 
143.71, 171.90; HRESIMS calcd. for C17H21O4BrNa(M+Na+): 391.0520 found: 391.0525. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1k (0.50 mmol, 141 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3f (96 mg, 56%). 
Colorless oil. IR (neat)  3055, 2980, 1726, 1445, 1240, 1105 cm-1; 1H NMR (CDCl3) : 1.11 
(t, J = 7.0 Hz, 6H), 1.31 (s, 3H), 3.28 (s, 2H), 3.78-3.84 (m, 2H), 3.89-3.95 (m, 2H), 5.21 (s, 
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1H), 5.41 (d, J = 1.4 Hz, 1H), 7.42-7.49 (m, 3H), 7.76-7.81 (m, 4H); 13C NMR (CDCl3) : 13.91, 
20.04, 40.47, 53.71, 61.25, 118.92, 125.52, 126.05, 126.33, 127.70, 127.84, 128.26, 132.94, 
133.32, 139.25, 144.64, 172.07; HRESIMS calcd. for C21H24O4Na(M+Na+): 363.1572 found: 
363.1573. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1l (0.50 mmol, 131 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3g (116 mg, 73%). 
Pale yellow oil. 1H NMR (CDCl3) : 1.12 (t, J = 7.2 Hz, 6H), 1.31 (s, 3H), 3.19 (s, 2H), 3.75-
3.82 (m, 2H), 3.83 (s, 3H), 3.90-3.96 (m, 2H), 5.12 (d, J = 2.2 Hz, 1H), 5.18 (d, J = 2.1 Hz, 1H), 
6.82 (d, J = 8.4 Hz, 1H), 6.87 (dt, J = 1.0 and 7.4 Hz, 1H), 7.06 (dd, J = 1.6 and 7.4 Hz, 1H), 
7.21 (dt, J = 1.7 and 8.0 Hz, 1H); 13C NMR (CDCl3) : 14.05, 19.95, 41.24, 53.45, 55.59, 61.18, 
110.50, 120.25, 120.60, 128.92, 130.87, 131.55, 144.26, 156.90, 172.29; HRESIMS calcd. for 
C18H24O5Na(M+Na+): 343.151 found: 343.1521. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1m (0.50 mmol, 138 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3h (108 mg, 65%). 
Pale yellow oil. IR (neat)  3061, 2981, 2822, 1727, 1446, 1236, 1196 cm-1; 1H NMR (CDCl3) 
: 1.11 (t, J = 7.1 Hz, 6H), 1.34 (s, 3H), 3.06 (s, 2H), 3.40 (s, 3H), 3.76-3.83 (m, 2H), 3.92-3.98 

(m, 2H), 4.44 (s, 2H), 5.11 (d, J = 1.7 Hz, 1H), 5.27 (d, J = 1.7 Hz, 1H), 7.14 (dd, J = 1.4 and 
7.6 Hz, 1H), 7.19-7.26 (m, 2H), 7.42 (dd, J = 1.5 and 7.5 Hz, 1H); 13C NMR (CDCl3) : 13.92, 
19.91, 43.04, 53.30, 58.27, 61.24, 72.48, 120.67. 127.24, 127.42, 128.83, 128.89, 135.57, 
141.63, 143.48, 171.93; HRESIMS calcd. for C19H26O5Na(M+Na+): 357.1677 found: 357.1676.  
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Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1n (0.50 mmol, 148 
mg), CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3i (157 mg, 89%). 
Pale yellow oil. IR (neat)  3081, 2981, 1726, 1488, 1241, 1108 cm-1; 1H NMR (CDCl3) : 1.13 
(t, J = 7.2 Hz, 6H), 1.30 (s, 3H), 3.14 (s, 2H), 3.80-3.86 (m, 5H), 3.92-3.99 (m, 2H), 5.10 (d, J
= 1.9 Hz, 1H), 5.19 (d, J = 2.0 Hz, 1H), 6.80 (d, J = 1.9 Hz, 1H), 6.86 (dd, J = 2.0 and 8.0 Hz, 
1H), 6.98 (d, J = 8.0 Hz, 1H); 13C NMR (CDCl3) : 13.96, 19.87, 41.00, 53.34, 55.78, 61.18, 
111.15, 120.47, 120.69, 130.01, 131.40, 134.13, 143.12, 157.40, 172.09; HRESIMS calcd. for 
C18H23O5ClNa(M+Na+): 377.1131 found: 377.1137. 

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1o (0.50 mmol, 178 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3j (157 mg, 76%). 
Colorless oil. IR (neat)  2953, 2863, 1730, 1458, 1233, 1106 cm-1; 1H NMR (CDCl3) : 1.09 
(t, J = 7.1 Hz, 6H), 1.24 (s, 6H), 1.31 (s, 9H), 1.33 (s, 3H), 1.88 (t, J = 7.1 Hz, 2H), 2.85 (t, J = 
7.1 Hz, 2H), 3.08 (s, 2H), 3.74-3.81 (m, 2H), 3.89-3.96 (m, 2H), 5.11 (d, J = 1.9 Hz, 1H), 5.19 
(d, J = 1.8 Hz, 1H), 6.98 (d, J = 1.7 Hz, 1H), 7.03 (d, J = 1.7 Hz, 1H); 13C NMR (CDCl3) : 
13.97, 19.88, 28.68, 29.24, 31.71, 34.70, 41.72, 41.98, 44.02, 53.36. 61.00, 117.75, 119.24, 
123.30, 137.54, 138.08, 144.78, 149.40, 152.75, 172.06; HRESIMS calcd. for 
C26H38O4Na(M+Na+): 437.2667 found: 437.2669.  
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Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1p (0.50 mmol, 140 
mg), CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3k (145 mg, 86%). 
Pale yellow oil. IR (neat)  3080, 2982, 2874, 1727, 1499, 1233, 1101 cm-1; 1H NMR (CDCl3) 
: 1.12 (t, J = 7.1 Hz, 6H), 1.30 (s, 3H), 3.14 (s, 2H), 3.79-3.85 (m, 5H), 3.92-3.98 (m, 2H), 

5.08 (d, J = 1.6 Hz, 1H), 5.17 (d, J = 1.6 Hz, 1H), 6.55 (m, 2H), 6.99 (t, J = 7.5 Hz, 1H); 13C 
NMR (CDCl3) : 13.94, 19.83, 41.08, 53.26, 55.73, 61.13, 98.70 (d, J = 25.7 Hz), 106.57 (d, J
= 20.8 Hz), 120.49, 127.26 (d, J = 3.2 Hz), 131.35 (d, J = 9.5 Hz), 143.21, 157.93 (d, J = 9.6 
Hz), 163.35 (d, J = 245.6 Hz), 172.10; HRESIMS calcd. for C18H23O5FNa(M+Na+): 361.1427 
found: 361.1430.   

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1q (0.50 mmol, 170 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3l (152 mg, 76%). 
Pale yellow oil. IR (neat)  3081, 2981, 2838, 1726, 1485, 1237, 1105 cm-1; 1H NMR (CDCl3) 
: 1.14 (t, J = 7.1 Hz, 6H), 1.32 (s, 3H), 3.14 (s, 2H), 3.80 (s, 3H), 3.82-3.89 (m, 2H), 3.92-3.99 

(m, 2H), 5.13 (d, J = 1.6 Hz, 1H), 5.12 (d, J = 1.6 Hz, 1H), 6.69 (d, J = 8.7 Hz, 1H), 7.17 (d, J
= 2.5 Hz, 1H), 7.31 (dd, J = 2.5 and 8.5 Hz, 1H); 13C NMR (CDCl3) : 13.92, 19.84, 41.05, 
53.29, 55.76, 61.17, 112.24, 112.49, 120.99, 131.24, 132.90, 133.43, 142.57, 156.02, 172.00; 
HRESIMS calcd. for C18H23O5BrNa(M+Na+): 421.0626 found: 421.0631.     
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Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1r (0.50 mmol, 155 
mg), CuBr2 (0.025 mmol, 5.5 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3m (151 mg, 82%). 
Pale yellow oil. IR (neat)  3080, 2981, 2846, 1727, 1459, 1239, 1108 cm-1; 1H NMR (CDCl3) 
: 1.13 (t, J = 7.1 Hz, 6H), 1.30 (s, 3H), 2.32 (s, 3H), 3.13 (s, 2H), 3.79 (s, 3H), 3.83-3.89 (m, 

2H), 3.92-3.98 (m, 2H), 5.10 (d, J = 2.0 Hz, 1H), 5.17 (s, 1H), 6.66 (s, 1H), 7.02 (s, 1H); 13C 
NMR (CDCl3) : 13.91, 19.85, 20.23, 41.11, 53.42, 55.80, 61.15, 113.14, 120.58, 125.22, 
130.39, 130.49, 135.97, 142.60, 155.32, 172.09; HRESIMS calcd. for C19H25O5ClNa(M+Na+): 
391.1288 found: 391.1288.   

Following the general procedure above, using 5-2a (1.0 mmol, 191 L), 5-1s (0.50 mmol, 158 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3n (120 mg, 64%).
Pale yellow oil. IR (neat)  3079, 2981, 2250, 1725, 1446, 1234, 1102 cm-1; 1H NMR (CDCl3) 
: 1.11 (t, J = 7.1 Hz, 6H), 1.31 (s, 3H), 2.13-2.18 (m, 2H), 2.63 (t, J = 7.1 Hz, 2H), 3.14 (s, 

2H), 3.75-3.82 (m, 2H), 3.88-3.95 (m, 2H), 4.08 (t, J = 5.5 Hz, 2H), 5.12 (d, J = 2.0 Hz, 1H), 
5.18 (d, J = 1.6 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.90 (t, J = 7.4 Hz, 1H), 7.08 (dd, J = 1.8 and 
7.5 Hz, 1H), 7.19 (dt, J = 1.6 and 8.0 Hz, 1H); 13C NMR (CDCl3) : 13.92, 14.36, 19.71, 25.66, 
41.46, 53.26, 61.15, 65.64, 111.60, 119.43, 120.34, 121.07, 128.82, 130.74, 131.57, 143.25, 
155.49, 172.01; HRESIMS calcd. for C21H27NO5Na(M+Na+): 396.1786 found: 396.1785. 
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Following the general procedure above, using 5-2d (1.0 mmol, 266 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3o (112 mg, 70%).
Colorless oil. IR (neat)  3077, 2978, 1729, 1444, 1217, 1120 cm-1; 1H NMR (CDCl3) : 0.75 
(t, J = 7.5 Hz, 3H), 1.12 (t, J = 7.1 Hz, 6H), 1.92 (q, J = 7.5 Hz, 2H), 2.23 (s, 3H), 3.08 (s, 2H), 
3.75-3.81 (m, 2H), 3.90-3.97 (m, 2H), 5.03 (d, J = 1.9 Hz, 1H), 5.26 (d, J = 1.9 Hz, 1H), 7.07-
7.12 (m, 4H); 13C NMR (CDCl3) : 8.42, 13.93, 20.17, 24.66, 38.50, 57.66, 60.99, 119.79, 
125.35, 127.18, 129.12, 130.22, 135.23, 141.81, 145.04, 171.24; HRESIMS calcd. for 
C19H26O4Na(M+Na+): 341.1728 found: 341.1733.    

Following the general procedure above, using 5-2e (1.0 mmol, 280 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3p (104 mg, 62%).
Colorless oil. IR (neat)  3071, 2962, 1729, 1444, 1212, 1123 cm-1; 1H NMR (CDCl3) : 0.77 
(t, J = 7.1 Hz, 3H), 1.04-1.13 (m, 8H), 1.79-1.82 (m, 2H), 2.32 (s, 3H), 3.08 (s, 2H), 3.77-3.83 
(m, 2H), 3.91-3.97 (m, 2H), 5.02 (d, J = 1.8 Hz, 1H), 5.24 (d, J = 1.8 Hz, 1H), 7.08-7.12 (m, 
4H); 13C NMR (CDCl3) : 13.92, 14.21, 17.36, 20.16, 33.71, 38.94, 57.32, 60.98, 119.74, 
125.36, 127.16, 129.08, 130.23, 135.17, 141.87, 145.09, 171.30; HRESIMS calcd. for 
C20H28O4Na(M+Na+): 355.1885 found: 355.1885.   

Following the general procedure above, using 5-2f (1.0 mmol, 294 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3q (106 mg, 61%).
Colorless oil. IR (neat)  3074, 2958, 1729, 1444, 1262, 1182, 1125 cm-1; 1H NMR (CDCl3) : 
0.79 (t, J = 7.3 Hz, 3H), 1.00-1.06 (m, 2H), 1.11-1.18 (m, 8H), 1.81-1.84 (m, 2H), 2.33 (s, 3H), 
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3.08 (s, 2H), 3.77-3.85 (m, 2H), 3.93-3.99 (m, 2H), 5.03 (d, J = 2.0 Hz, 1H), 5.25 (d, J = 1.5 
Hz, 1H), 7.09-7.13 (m, 4H); 13C NMR (CDCl3) : 13.88, 13.98, 20.23, 22.85, 26.13, 31.24, 
38.89, 57.37, 61.05, 119.83, 125.40, 127.21, 129.14, 130.29, 135.23, 141.93, 145.10, 171.41; 
HRESIMS calcd. for C21H30O4Na(M+Na+): 369.2041 found: 369.2042. 

Following the general procedure above, using 5-2g (1.0 mmol, 280 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3r (67 mg, 40%).
Colorless oil. IR (neat)  3059, 2978, 1723, 1444, 1218, 1048 cm-1; 1H NMR (CDCl3) : 0.94 
(d, J = 6.7 Hz, 6H), 1.17 (t, J = 7.1 Hz, 6H), 2.32 (s, 3H), 2.33-2.38 (m, 1H), 3.07 (s, 2H), 3.87-
4.00 (m, 4H), 4.99 (d, J = 1.9 Hz, 1H), 5.26 (d, J = 1.8 Hz, 1H), 7.08-7.13 (m, 4H); 13C NMR 
(CDCl3) : 14.07, 18.79, 20.07, 31.35, 40.49, 60.70, 61.57, 119.10, 125.38, 127.08, 128.99, 
130.16, 135.14, 142.59, 145.42, 170.53; HRESIMS calcd. for C20H28O4Na(M+Na+): 355.1888 
found: 355.1885. 

Following the general procedure above, using 5-2h (1.0 mmol, 306 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3s (62 mg, 35%).
Pale yellow oil. IR (neat)  2953, 2869, 1723, 1444, 1217, 1037 cm-1; 1H NMR (CDCl3) : 1.14 
(t, J = 7.1 Hz, 6H), 1.34-1.45 (m, 6H), 1.73-1.79 (m, 2H), 2.32 (s, 3H), 2.44-2.53 (m, 1H), 3.07 
(s, 2H), 3.79-3.85 (m, 2H), 3.90-3.96 (m, 2H), 5.02 (d, J = 1.9 Hz, 1H), 5.28 (s, 1H), 7.09-7.12 
(m, 4H); 13C NMR (CDCl3) : 14.03, 20.18, 25.55, 28.10, 41.56, 42.06, 60.56, 60.79, 119.63, 
125.34, 127.11, 129.12, 130.19, 135.22, 142.27, 145.31, 170.99; HRESIMS calcd. for 
C22H30O4Na(M+Na+): 381.2041 found: 381.2044. 
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Following the general procedure above, using 2i (1.0 mmol, 328 mg), 1i (0.50 mmol, 123 mg), 
CuBr2 (0.025 mmol, 5.7 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 13.4 L) 
and dried toluene (1.0 mL) at 100 °C, yielded the product 3t (80 mg, 42%).
Pale yellow oil. IR (neat)  3062, 2979, 1730, 1443, 1203, 1177 cm-1; 1H NMR (CDCl3) : 1.12 
(t, J = 7.1 Hz, 6H), 2.30 (s, 3H), 3.00 (s, 2H), 3.23 (s, 2H), 3.81-3.88 (m, 2H), 3.91-3.97 (m, 
2H), 5.09 (d, J = 1.9 Hz, 1H), 5.34 (s, 1H), 6.93-6.95 (m, 2H), 7.14-7.20 (m, 7H); 13C NMR 
(CDCl3) : 13.90, 20.05, 38.00, 39.19, 58.97, 61.23, 120.13, 125.57, 126.93, 127.38, 128.23, 
129.29, 130.25, 135.43, 136.57, 142.31, 145.38, 170.93; HRESIMS calcd. for 
C24H28O4Na(M+Na+): 403.1885 found: 403.1889. 

Following the general procedure above, using 5-2j (1.0 mmol, 280 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3u (131 mg, 79%).
Colorless oil. IR (neat)  3059, 2979, 1723, 1454, 1240, 1096 cm-1; 1H NMR (CDCl3) : 0.96 
(d, J = 6.4 Hz, 6H), 1.05 (d, J = 6.4 Hz, 6H), 1.22 (s, 3H), 2.22 (s, 3H), 2.93 (s, 2H), 4.62-4.69 
(m, 2H), 4.92 (d, J = 1.8 Hz, 1H), 5.15 (d, J = 1.8 Hz, 1H), 6.95-7.03 (m, 4H); 13C NMR (CDCl3) 
: 19.86, 20.15, 21.41, 21.51, 42.28, 53.33, 68.79, 119.80, 125.47, 127.18, 129.01, 130.33, 

135.16, 142.42, 145.11, 171.58; HRESIMS calcd. for C20H28O4Na(M+Na+): 355.1885 found: 
355.1885. 

Following the general procedure above, using 5-2k (1.0 mmol, 308 mg), 5-1i (0.50 mmol, 123 
mg), CuBr2 (0.025 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 106 L), Me6TREN (0.050 mmol, 
13.4 L) and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3v (146 mg, 81%).
Colorless oil. IR (neat)  3070, 2977, 1724, 1367, 1248, 1110 cm-1; 1H NMR (CDCl3) : 1.23 
(s, 3H), 1.34 (s, 18H), 2.33 (s, 3H), 2.98 (s, 2H), 5.01 (d, J = 1.8 Hz, 1H), 5.26 (d, J = 1.8 Hz, 
1H), 7.09-7.12 (m, 4H); 13C NMR (CDCl3) : 19.98, 20.29, 27.90, 42.39, 54.71, 81.29, 119.76, 
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125.71, 127.23, 129.08, 130.56, 135.22, 142.95, 145.40, 171.51; HRESIMS calcd. for 
C22H32O4Na(M+Na+): 383.2198 found: 383.2201. 

Following the general procedure above, using 5-1g (1.0 mmol, 237 mg), 5-2l (0.50 mmol, 118 
mg), CuBr2 (0.05 mmol, 5.6 mg), i-Pr2NZH (0.75 mmol, 105 µL), Me6TREN (0.05 mmol, 13.5 
µL), and dried toluene (1.0 mL) at 100 °C, yielded the product, yielded the product 5-3w (150 
mg, 54%). 
IR (neat)  1723, 1624, 1132 cm-1; 1H NMR (CDCl3) : 0.73 (t, J = 7.37 Hz, 3H), 0.82 (t, J = 
7.37 Hz, 3H), 0.93-1.10 (m, 4H), 1.42-1.66 (m, 4H), 2.79 (s, 2H), 3.28 (s, 3H), 5.05 (s, 1H), 
5.18 (d, J = 1.80, 1H), 7.23-7.32 (m, 5H). 13C NMR (CDCl3) : 8.33, 14.01, 23.11, 25.98, 26.53, 
33.04, 40.65, 49.96, 51.09, 117.26, 127.00, 127.29, 128.11, 142.88, 146.55, 177.07; HRESIMS 
calcd. for C18H26O2Na (M+Na): 297.1830; found 297.1834. 

Following the general procedure above, using 5-1g (1.0 mmol, 160 µl), 5-2m (0.50 mmol, 118 
mg), CuBr2 (0.05 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 105 µL), Me6TREN (0.05 mmol, 13.5 
µL), and dried toluene (1.0 mL) at 100 °C, yielded the product, yielded the product 5-3x (44%).  
IR (neat)  1713, 1625, 1133 cm-1; 1H NMR (CDCl3) : 1.12-1.24 (m, 5H), 1.51-1.53 (m, 3H), 
2.01-2.04 (m, 2H), 2.71 (s, 2H), 3.16 (s, 3H), 5.00 (s, 1H), 5.19 (d, J = 1.80 Hz, 1H), 7.20 (d, J
= 7.09 Hz, 1H), 7.25-7.31 (m, 4H). 13C NMR (CDCl3) : 23.29, 28.76, 34.68, 47.38, 50.81, 
116.91, 126.74, 127.24, 142.18, 145.51, 176.10; HRESIMS calcd. for C17H22O2Na (M+Na): 
281.1517; found 281.1519. 

Following the general procedure above, using 5-1g (1.0 mmol, 122 µL), 5-2n (0.50 mmol, 118 
mg), CuBr2 (0.05 mmol, 5.6 mg), i-Pr2NH (0.75 mmol, 105 µL), Me6TREN (0.05 mmol, 13.5 
µL), and dried toluene (1.0 mL) at 100 °C, yielded the product 5-3y (54 mg, 53%).  
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IR (neat)  1722, 1449, 1130 cm-1; 1H NMR (CDCl3) : 1.05 (s, 6H), 1.99 (s, 2H), 2.78 (s, 2H), 
5.03 (s, 1H), 5.26 (d, J = 1.55 Hz, 1H), 7.25-7.31 (m, 5H) . 13C NMR (CDCl3) : 24.91, 25.70, 
44.78, 48.24, 117.12, 126.84, 127.58, 128.41, 142.76, 146.13, 213.93; HRESIMS calcd. for 
C17H22O2Na (M+Na): 225.1255; found 225.1259. 
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2. Spectral charts for new compounds 
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6.1.  
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(Scheme 
2)
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6.2.  
6.2.1. 

(Table 6-1)
TPMA(Entry 1)

TON( ) 9500

TPEN(Entry 2) 15%

PMDETA(Entry 3)
Me6TREN(Entry 4), 2,2 -Bipyridyl(Entry5)

2mol%(Entry 7)

Table 6-1. 
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3
(Entry1-5) DIPEA

(Entry 6)
TMEDA(Entry 7)

2 (Entry 8-11)

Table 6-2. 
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(Entry1,3,4)

DME

Table 6-3. 
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1.0-2.0 1.5

1.0 2.0

1.5

Table 6-4. 

6.2.2. 

(Scheme 6-5) (6-3b, 3e)
4 3c 6-3e

6-3f 3
6-3h

- 6-3i
6-3j

6-3k
6-3l, 3m

8900



225 

Table 6-5-1. 

Table 6-5-2. 
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 6.2.3. 

(Scheme 6-5)
25000

Scheme 6-5.

3650

Scheme 6-6.
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6.2.5. 

Pd Heck 5
sp2

10 mol % ATRA
CuII

Cu/TPMA
N-

N

2,300-23,000
100

2
TPMA, PMDETA TPMA

100,000
(

)
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6.4. 
Compounds 6-3a-3e1, 6-3j-3n2 and 6-53 are known. 

[reference] 
1. Nishikata, T.; Noda, Y.; Fujimoto, R.; Sakashita, T. J. Am. Chem. Soc. 2013, 135, 16372 
2. Nihiskata, T.; Nakamura, K.; Itonaga, K.; Ishikawa, S. Org. Lett, 2014, 16, 5816 
3. Ackermann, L.; Vicente, R.; Hofmann, N. Org Lett, 2009, 11, 4274 

1. General procedures 
General Information
All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses 
precoated Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column 
chromatography Silica Flash® P60 (SiliCycle, 40-63 
accomplished by UV light (254 nm), 1H and 13C NMR spectra were obtained using a JEOL 400 
MHz NMR spectrometer. Chemical shifts for 1H NMR were described in parts per million 
(chloroform as an internal standard  = 7.26) in CDCl3, unless otherwise noted. Chemical shifts 
for 13C NMR were expressed in parts per million in CDCl3 as an internal standard (  = 77.16), 
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY 
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd. 
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.  

Typical Experimental Procedure for Alkylation 
CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), ligand (0.02 mmol), and 2 (0.50 
mmol) were sequentially added under air to a dram vial equipped with a stir bar. 1 (1.0 mmol), 
amine (0.75 mmol), and dried DME (1.0 mL) were added by syringe, and the resulting mixture 
was vigorously stirred under nitrogen atmosphere [charged by general N2 (99.95%) gas flow] 
for 20 h at the temperature, as shown in the tables. After this time, the contents of the flask were 
filtered through a plug of silica gel and then concentrated by rotary evaporation. The residue 
was purified by flash chromatography, eluting with hexane/EtOAc to afford the product 3. 
Further purification was carried out by using GPC. 

6-3a 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2a (0.50 mmol, 59 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
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yielded the product 6-3a (64 mg, 55%); 1H NMR (CDCl3) : 1.25 (t, J = 7.2 Hz, 3H), 1.40 (s, 
6H), 2.33 (s, 3H), 4.14 (q, J = 7.1 Hz, 2H), 6.35 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 
7.11 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H). 13C NMR (CDCl3) : 14.20, 21.18, 30.80, 
44.38, 60.80, 126.35, 127.89, 129.35, 133.62, 134.52, 137.26, 176.53. 

6-3b 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2b (0.50 mmol, 67 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C, 
yielded the product 6-3b (110 mg,89%); 1H NMR (CDCl3) :1.25 (t, J = 7.1 Hz, 3H), 1.39 (s, 
6H), 3.79 (s, 3H), 4.13 (q, J = 7.1 Hz, 2H), 6.26 (d, J = 16.1 Hz, 1H), 6.38 (d, J = 16.1 Hz, 1H), 
6.84 (d, J = 8.8 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H). 13C NMR (CDCl3) :14.11, 25.09, 44.23, 
55.17, 60.68, 113.97, 127.50, 129.95, 132.37, 136.29, 159.17, 176.45 

6-3c 
Following the general procedure above, using 6-1b (1.0 mmol, 207 mg), 6-2b (0.50 mmol, 67 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C, 
yielded the product 6-3c (87 mg, 70%); 1H NMR (CDCl3) : 1.27 (t, J = 7.2 Hz, 3H), 1.90-19.4 
(m, 2H), 2.22-2.27 (m, 2H), 2.56-2.62 (m, 2H), 3.81 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 6.15 (d, 
J = 16.1 Hz, 1H), 6.55 (d, J = 16.1 Hz, 1H), 6.86 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H).
13C NMR (CDCl3) : 14.46, 16.17, 31.16, 50.17, 55.57, 61.03, 114.29, 127.79, 128.57, 129.63, 
130.15, 159.47, 176.14. 

6-3d 
Following the general procedure above, using 6-1c (1.0 mmol, 221 mg), 6-2b (0.50 mmol, 67 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1,2-dimethoxyethane (0.5 mL) at 60 °C, 
yielded the product 6-3d (127 mg, 88%); 1H NMR (CDCl3) : 1.30-1.44 (m, 3H), 1.55-1.65 (m, 
5H), 2.18 (m, 2H), 3.69 (s, 3H), 3.80 (s, 3H), 6.02 (d, J = 16.3 Hz, 1H), 6.37 (d, J = 16.3 Hz, 
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1H), 6.84 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 8.7 Hz, 2H). 13C NMR (CDCl3) :23.47, 25.99, 34.36, 
49.24, 52.28, 55.63, 114.31, 127.80, 129.11, 130.26, 132.13, 159.54, 176.17.  

6-3e 
Following the general procedure above, using 6-1d (1.0 mmol, 187 µl), 6-2b (0.50 mmol, 67 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C, 
yielded the product 6-3e (124 mg, 81%); 1H NMR (CDCl3) : 1.26 (t, J = 7.1 Hz, 6H), 1.65 (s, 
3H), 3.80 (s, 3H), 4.19-4.23 (m, 4H), 6.43 (d, J = 16.2 Hz, 1H), 6.54 (d, J = 16.2 Hz, 1H), 6.58 
(d, 8.7 Hz, 2H), 7.34 ( d, J = 8.7 Hz, 2H). 13C NMR (CDCl3) 14.11, 20.46, 55.41, 55.71, 61.74, 
114.12, 125.59, 127.98, 129.52, 130.36, 159.63, 171.51.  

6-3f 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2c (0.50 mmol, 73 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 6-3f (90 mg, 69%); IR (neat)  1727, 1611, 973 cm-1; 1H NMR (CDCl3) : 
1.25 (t, J = 7.3 Hz, 3H), 1.42 (s, 6H), 2.24 (s, 6H), 2.27 (s, 3H), 4.15 (q, J = 7.1 Hz, 2H), 5.82 
(d, J = 16.6 Hz, 1H), 6.35 (d, J = 16.6 Hz, 1H), 6.86 (s, 2H). 13C NMR (CDCl3) : 14.33, 20.76, 
21.06, 25.13, 44.76, 60.82, 125.62, 128.54, 134.21, 135.96, 136.13, 139.37, 176.62; 
HRFABMS calcd. for C15H20O3Na (M+ ): 248.1412; found 248.1413.  

6-3e 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2e (0.50 mmol, 97 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 60 °C, 
yielded the product 6-3e (134 mg, 87%) [1]; IR (neat)  1722, 1236, 1120, 965 cm-1; 1H NMR 
(CDCl3) : 1.26 (t, J = 7.2 Hz, 3H), 1.40 (s, 6H), 3.83 (s, 3H), 3.88 (s, 6H), 4.15 (q, J = 7.1 Hz, 
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2H), 6.30 (d, J = 16.1 Hz, 1H), 6.36 (d, J = 16.1 Hz, 1H), 6.60 (s, 2H). 13C NMR (CDCl3) 
:14.24, 25.20, 44.44, 56.19, 60.94, 61.03, 103.50, 128.10, 133.04, 134.13, 153.49, 176.49 

Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2d (0.50 mmol, 111 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 6-3h (102 mg, 61%) [1]; IR (neat)  2973, 1720, 1229, 1124, 1023 cm-1; 1H 
NMR (CDCl3) : 1.28 (t, J = 7.0 Hz, 3H), 1.42 (t, J = 7.3 Hz, 3H), 1.46 (s, 6H), 4.17 (q, J = 7.3 
Hz, 2H), 4.6 (q, J = 7.2 Hz, 2H), 6.41 (d, J = 16.2 Hz, 1H), 6.62 (d, J = 16.2 Hz, 1H), 7.23 (dt, 
J = 0.9 Hz, 7.3 Hz, 1H), 7.34 (d, J = 8.6 Hz, 1H), 7.40 (d, J = 7.9, 1H), 7.46 (m, 1H), 7.54 (dd, 
J = 1.6 Hz, 8.5 Hz, 1H), 8.10 (m, 2H) 13C NMR (CDCl3) : 13.82, 14.26, 25.32, 37.61, 44.46, 
60.83, 108.56, 108.68, 118.56, 119.01, 120.58, 123.10, 123.29, 124.36, 125.85, 128.45, 128.78, 
131.91, 139.68, 140.44, 176.82;  

6-3i 
Following the general procedure above, using 6-1e (1.0 mmol, 236 mg), 6-2f (0.50 mmol, 59 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 6-3i (62 mg, 43%(p:d=9:1(the isomers are inseparable)))[1]; IR (neat)  1726, 
1130, 1075 cm-1; 1H NMR (CDCl3) :0.70 (t, J = 7.43 Hz, 3H), 0.80 (t, J = 7.40 Hz, 3H), 0.92-
0.95 m 2H , 1.12-1.15 (m, 2H), 1.48-1.53 (m, 2H), 1.58-1.64 (m, 2H), 2.31 (s, 3H), 2.75 
(s, 2H), 3.29 (s, 3H), 4.99 (d, J = 1.7 Hz, 1H), 5.14 (d, J = 1.8 Hz, 1H), 7.08 (d, J = 8.1 Hz, 2H), 
7.19 (d, J = 8.1 Hz, 2H). 13C NMR (CDCl3) : 8.35, 14.04. 21.14, 23.14, 26.00, 26.51, 33.09, 
40.66, 49.96, 51.11, 116.56, 126.86, 128.77, 136.95, 139.96, 146.36, 177.14 

6-3j 
Following the general procedure above, using 6-1d (1.0 mmol, 187 µl), 6-2f (0.50 mmol, 59 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
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diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 6-3j (93 mg, 61%(p:d=9:1(the isomers are inseparable)))[1]; 1H NMR 
(CDCl3) :1.15 (t, J =7.1 Hz, 6H), 2.31 (s, 3H), 3.14 (s, 2H), 3.85-3.92 (m, 2H), 3.90-3.95 (m, 
2H), 5.06 (d, J = 0.8 Hz, 1H), 5.23 (d, J = 1.6 Hz, 1H), 7.08 (d, J = 7.9 Hz, 2H), 7.21 (d, J = 8.0 
Hz, 2H). 13C NMR (CDCl3) :13.94, 19.94, 21.14, 53.61, 61.19, 117.59, 126.82, 137.32, 139.00, 
144.56, 172.07. 

3k 
Following the general procedure above, using 6-1e (1.0 mmol, 198 mg), 6-2a (0.50 mmol, 59 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C,
yielded the product 3k (102 mg, 83%(p:d=9:1(the isomers are inseparable))) [1]; 1H NMR 
(CDCl3) : 1.11-1.14 (m, 9H), 2.33 (s, 3H), 3.77 (J = 7.0 Hz, 2H), 5.01 (s, 1H), 5.21 (s, 1H), 
7.09 (d, J = 7.8 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3) : 14.02, 21.13, 25.57, 
42.60, 45.80, 60.25, 116.36, 126.73, 128.87, 137.07, 146.12, 177.51. 

6-3l 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2f (0.50 mmol, 76 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 6-3l (65 mg, 49%(p:d=93:7(the isomers are inseparable))) [1]; IR (neat) 
1722, 1133, 835 cm-1; 1H NMR (CDCl3) : 1.01 (s, 6H), 1.12 (t, J = 7.1 Hz, 3H), 2.75 (s, 2H), 
3.77 (q, J = 7.1 J, 2H), 5.07 (d, J = 1.3 Hz, 1H), 5.22 (d, J = 1.5 Hz, 1H), 7.20 (d, J = 8.5 Hz, 
2H), 7.41 (d, J = 8.5 Hz, 2H). 13C NMR (CDCl3) : 14.03, 25.57, 42.57, 45.75, 60.36, 117.73, 
121.35, 128.57, 131.30, 141.41, 145.26, 177.26 

6-3m 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2g (0.50 mmol, 98 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg), 
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diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 3m (83 mg, 54%(p:d=93:7(the isomers are inseparable))) [1]; IR (neat) 
1722, 1193, 1008, cm-1; 1H NMR (CDCl3) : 1.10 (s, 6H), 1.12 (t, J = 7.1 Hz, 3H), 2.75 (s, 2H), 
3.76 (q, J = 7.1 Hz, 2H), 5.06 ( J = 1.3 Hz, 1H), 5.22 (d, J = 1.5 Hz, 1H), 7.19 (d, J = 8.5 Hz, 
2H), 7.41 (d, J = 8.5 Hz, 2H). 13C NMR (CDCl3) : 14.03, 25.57, 42.56, 45.81, 60.35, 117.68, 
128.22, 128.33, 133.23, 140.93, 145.22, 177.27 

6-3n 
Following the general procedure above, using 6-1a (1.0 mmol, 198 mg), 6-2i (0.50 mmol, 98 
mg), CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg), 
diisopropylmethylamine (0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, 
yielded the product 6-3n (85 mg, 73%) [1]; 1H NMR (CDCl3) :1.11 (t, J = 7.2 Hz, 3H), 1.11 (s, 
6H), 2.80 (s, 2H), 3.72 (q, J = 7.1 Hz, 2H), 5.05 (d, J = 1.6 Hz, 1H), 5.23 (d, J = 1.7 Hz, 1H), 
7.23-7.32 (m, 5H). 13C NMR (CDCl3) : 14.02, 25.57, 42.55, 45.91, 60.25, 117.11, 126.90, 
127.40, 128.20, 142.51, 146.35, 177.43. 

6-5 
Following the general procedure above, using 6-4 (0.5 mmol, 127 mg), CuI solution (5 x 10-5

mmol, 5 x 10-4 M in MeCN, 0.2 ml), TPMA (0.02 mmol, 2.9 mg), diisopropylmethylamine 
(0.75mmol, 131 l) and dried 1, 2-dimethoxyethane (0.5 mL) at 100 °C, yielded the product 6-
5 (88 mg, 100%) [1]; 1H NMR (CDCl3) : 1.37(s, 6H), 3.21 (s, 3H), 6.85 (d. J = 7.7 Hz, 1H), 
7.06 (t, J = 7.5 Hz, 1H), 7.20 (d, J = 7.3 Hz, 1H), 7.26 (dt, J = 1.2, 7.6 Hz, 1H). 13C NMR 
(CDCl3) : 24.35, 26.16, 44.14, 108.07, 122.31, 122.54, 127.73, 135.89, 142.72, 181.46. 
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7.1.1.  
6 TON 8900( 1

)

Scheme 7-1. 

[1](Scheme 7-1) a) b)
(Scheme 7-2)

Scheme 7-2.

3
I :  ii : 
 iii : (Scheme 7-2)
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Scheme 7-3. 

Rh
(Scheme 7-3a)[2]

(Scheme 7-3b) 2011
Li Pd(OAc)2 CMD [3]

Rh(III) Pd(II) L.A.
[4]
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Scheme 7-4.

[5]

(Scheme 7-4a)[6] Yang TMSN3 HPOPh2

[7]

(Scheme 7-4b,c) [8]
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Scheme 7-5. 
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[9](Scheme 7-6)

Scheme 7-6. 
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Scheme 7-7. 4

4

[10](Scheme 7-7)

Scheme 7-8. (6 ) 

(DIPEA)
(Scheme 7-8)

7.2.  

7.2.1.

70 ATRA
MeCN 80

(Table7-1, Entry1,2) MeCN
0.02 mol %(TON 5000) 5 ppm(TON 200000) 0.001 
mol % 5 ppm

(Table7-1, Entry3-9)
3 6 TPMA

PMDETA TPEN Me6TREN
GCMS

PMDETA 2
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(Table7-
1, Entry10-12) TEA

iPr2NH Hex3N N
(Talbe7-1, Entry13-15)

(Table7-1. 
Entry16,17) 100 MecN TPMA DIPEA

0.002mol%
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Table7-1-2.

(70-96%) (Table7-2, 3c-
3e,3h, 3o)

(Table7-2, 3b)
61%

43% (Table7-2, 3f, 3g) N
Et Ph

(Table7-2, 3j-3m)
64% 90%

(Table7-2, 3n,3o)
TON 48000
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Table 7-2-1. 

Br

CO2Et

CuI 0.005 mol%
TPMA 2 mol%

DIPEA 1.5 equiv

toluene 1 M
+

7-1 1.0 equiv 2a 2.0 equiv

 Yeild [%]

7-3b : 86%
TON 8600 (CuI 0.01 mol%)

7-3c : 88%
TON 17600

7-3d (3d ) : 74%
TON 14800

7-3(b-h)

7-3e : 88%
TON 17600

7-3f : 61%
TON 30500 (CuI 0.002 mol%)

7-3g : 43%
TON 8600

7-3h : 96%
TON 48000 (CuI 0.002 mol%)

N

O
Ar

N
O

CO2Et

N
O

CO2Et

N
O

CO2Et
OMe

N
O

CO2Et

N
O

CO2Et

OMe
OMe

N
O

CO2Et

N
O

CO2Et
CO2Et

N
O

CO2Et

F OMe

OMe

FG

N
O

CO2Et
OMe

7-3d
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7.2.2.
2

3 1 A
B

i) ii) 2
i B C

2 D
(Scheme 7-9)

Scheme 7-9. 

A D D
3 2 E A

E2 3
(Scheme 7-10)
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Scheme 7-10. 

(Scheme 7-11)
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Scheme 7-11. 

  7.2.4. 

0.0005 mol %

N
TPMA
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7.4.  
1. General procedures 
General Information
All reactions were carried out under nitrogen (99.95%) atmosphere. For TLC analyses 
precoated Kieselgel 60 F254 plates (Merck, 0.25 mm thick) were used; for column 
chromatography Silica Flash® P60 (SiliCycle, 40-63 
accomplished by UV light (254 nm), 1H and 13C NMR spectra were obtained using a JEOL 400 
MHz NMR spectrometer. Chemical shifts for 1H NMR were described in parts per million 
(chloroform as an internal standard  = 7.26) in CDCl3, unless otherwise noted. Chemical shifts 
for 13C NMR were expressed in parts per million in CDCl3 as an internal standard (  = 77.16), 
unless otherwise noted. High resolution mass analyses were obtained using an ACQUITY 
UPLC/ TOF-MS for ESI. Anhydrous toluene was purchased from Kanto Chemical Co., Ltd. 
Other chemicals were purchased from TCI, Aldrich and Wako and directly used from the bottles.  

Typical Experimental Procedure for Synthesis of oxindoles 
CuI solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml or 0.05 ml, 0,02 ml), ligand (0.02 
mmol), and 2 (0.50 mmol) were sequentially added under air to a dram vial equipped with a stir 
bar. 1 (1.0 mmol), amine (0.75 mmol), and dried MeCN (1.0 mL) were added by syringe, and 
the resulting mixture was vigorously stirred under nitrogen atmosphere [charged by general N2

(99.95%) gas flow] for 20 h at the temperature. After this time, the contents of the flask were 
filtered through a plug of silica gel and then concentrated by rotary evaporation. The residue 
was purified by flash chromatography, eluting with hexane/EtOAc to afford the product 3. 
Further purification was carried out by using GPC. 

7-3a 
1 H NMR  (500 MHz, CDCl3 3H), 1.08-1.05(m, 6H),1.30(s, 3H), 2.33(d, 1H), 
2.55(d, 1H), 3.21(s, 3H), 3.75-3.67(m, 2H), 6.85(d, 1H), 7.01-6.98(t, 1H), 7.11(d, 1H), 7.26(d, 
1H); 13C NMR (125 MHz, CDCl3 3, 177.3, 143.3, 132.1, 127.9, 124.5, 121.9, 108.1, 
60.3, 47.2, 47.0, 41.5, 29.4, 27.7, 26.3, 22.3, 12.7 

7-3b 
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Following the general procedure above, using 7-1b (1.0 mmol), 7-2a (0.50 mmol), CuI solution 
(5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.1 ml), TPMA (0.02 mmol), diisopropylmethylamine 
(0.75mmol, 131 l) and dried MeCN (0.5 mL) at 100 °C, yielded the product 3a (94%): 1 H 
NMR (500 MHz, CDCl3 3H) 1.26 (s, 3H), 2.20-2.17 (m, 2H), 2.52-2.30 (m, 
4H),3.17 (s, 3H), 3.69 (q , 3H),6.72 (d, 1H),6.90 (s, 1H), 7.04 (d, 1H),; 13C NMR (125 MHz, 
CDCl3 3.8, 21.1, 22.0, 26.4, 27.8, 29.6, 41.6, 47.4, 60.2, 107.9, 125.3, 128.2, 
131.2,132.0,140.9, 177.3, 180.8,

7-3c 
Following the general procedure above, using 7-1c (1.0 mmol), 7-2a (0.50 mmol), CuI 
solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.05 ml), TPMA (0.02 mmol), 
diisopropylmethylamine (0.75mmol, 131 l) and dried MeCN (0.5 mL) at 100 °C, yielded the 
product 3a (86%):1 H NMR (500 MHz, CDCl3 3H), 1.05 (s, 3H), 2.50-2.20 (m, 
2H), 3.48 (s,3H), 3.78 - 3.71 (m, 2H), 3.85 (s, 3H), 6.94-6.71 (m, 3H); 13C NMR (125 MHz, 
CDCl3 3.9, 22.4, 28.1, 29.4, 41.7, 47.2, 47.4, 56.0, 60.3, 111.7, 117.3, 112.4, 131.2, 
134.0, 145.5, 177.3, 180.0, 

7-3d 
Following the general procedure above, using 7-1d (1.0 mmol), 7-2a (0.50 mmol), CuI 

solution (5 x 10-5 mmol, 5 x 10-4 M in MeCN, 0.05 ml), TPMA (0.02 mmol), 
diisopropylmethylamine (0.75mmol, 131 l) and dried MeCN (0.5 mL) at 100 °C, yielded the 
product 3a (%): H NMR (500 MHz, CDCl3 2 (d, 3H), 1.36-1.08 (m,3H), 2.62-2.16 (d, 
2H),3.18 (s, 3H), 3.78 - 3.64 (m, 2H), 3.84 (s, 3H), 7.24-6.50 (m, 3H); 13C NMR (125 MHz, 
CDCl3 24.4, 24.6, 26.5, 27.0, 41.8, 45.6, 47.3, 55.2, 60.2, 101.5, 105.5,118.5, 
129.2,144.9,156.4, 177.0, 180.7 

7-3e 
1 H NMR (500 MHz, CDCl3 3H) 1.21-1.10 (d, J = 6.8 Hz, 3H), 1.33 (m, 3H), 2.77-
2.67 (m, 2H), 3.48 (m, 3H), 3.81-3.79 (s, 2H), 3.85(m, 3H), 4.13-4.11(m,2H), 6.95-6.70 (m, 
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3H),; 13C NMR (125 MHz, CDCl3 3.7, 14.0, 18.7, 28.3, 29.7 41.1, 46.3, 53.0, 55.9, 61.1, 
61.5, 111.6, 116.7, 122.5, 131.0, 133.6, 145.5, 171.3, 172.2, 180.2

7-3f 
1 H NMR (500 MHz, CDCl3 3H) 1.10-1.07(t, 3H), 1.30(s, 3H), 2.23-2.20(d, 1H), 
2.53-2.50(d, 1H), 3.43-3.42(s, 3H), 3.79-3.66(m, 2H),6.98-6.87(m, 3H),; 13C NMR (125 
MHz, CDCl3 3.9, 22.4, 28.0, 28.9, 41.6, 47.2, 47.7, 60.4, 115.8, 116.0,120.3,130.0, 
135.2, 146.9, 148.9, 177.2, 180.4 

  7-3g 
1 H NMR (500 MHz, CDCl3 3H) 1.05(s, 3H), 1.12(t, 3H), 1.32(s, 3H),1.39(t, 

3H),2.09(m,2H), 2.60-2.23(d, 2H),3.24(s, 3H),4.38-4.34(quin, 2H), 8.03-6.85(m, 3H), ; 13C 
NMR (125 MHz, CDCl3 3.9, 14.5, 22.4, 26.6, 27.6, 29.4, 41.5, 46.9, 47.1,60.4, 60.9, 107.7, 
124.3,125.4,130.8, 131.9,147.3,166.5, 176.8, 181.0, 

7-3h 
1 H NMR (500 MHz, CDCl3 0.92(s, 3H),0.92(s, 3H) 1.12-1.09(t, 3H), 1.33(s, 3H), 2.56-
2.14(m, 2H), 3.16(s, 3H),3. 77-3.74(m, 2H),3.81(s, 3H), 3.83(s, 3H),6.11-6.09(d, 2H); 13C 
NMR (125 MHz, CDCl3 3.9, 24.3, 24.8, 26.4, 26.9,41.8, 45.8, 46.9, 55.2, 60.2, 88.0, 
92.1, 110.6, 145.0, 157.0, 161.5,177.0,181.3 

   7-3i 
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1 H NMR (500 MHz, CDCl3 2(s, 3H) 1.13-1.10(t, 3H), 1.22-1.19(t, 3H), 1.39(s, 3H), 
2.61(d, 1H), 2.89(d, 1H), 3.79(s, 3H), 3.83(s,3H), 3.88-3.84(q, 2H), 4.17-4.03(m, 2H), 
6.10(d,2H),; 13C NMR (125 MHz, CDCl3) : 13.8, 13.9, 18.9, 25.0, 26.3, 39.7, 46.0, 52.9, 55.2, 
61.0, 61.3, 88.1, 92.2, 110.3, 145.0, 156.9, 161,6, 171.8, 172.1, 180.5 

7-3j 
1 H NMR (500 MHz, CDCl3 -1.04(t, 6H) 1.28-1.25(m, 6H), 2.23(d, 1H), 2.56(d, 1H), 

3.83-3.67(m, 4H), 6.86(d, 1H), 6.99-6.96(t, 1H), 7.11(d, 1H), 7.25-7.21(t, 1H); 13C NMR (125 
MHz, CDCl3 2.2 13.8, 22.3, 28.1, 29.5, 34.7, 41.6, 46.8, 47.3, 60.3, 108.2, 121.7, 124.7, 
127.8, 132.2, 142.3, 177.3, 180.3 

7-3k 
1 H NMR (500 MHz, CDCl3 23-7.20(t, 1H), 7.09(d, 1H), 6.98-6.95(t, 1H), 6.82(d,1H), 

3.83-3.79(m, 1H), 3.68-3.60(m, 3H), 2.55-2.46(q, 2H), 2.14-2.11(m, 1H), 1.98-1.94(m, 3H), 
1.74-1.69(m, 2H), 1.31(s, 3H),1.28-1.25(t, 3H), 1.11-1.08(t, 3H) 13C NMR (125 MHz, CDCl3) 

2.5, 13.9,16.5, 26.2, 28.1, 34.7, 35.0, 45.8, 47.1, 47.3, 60.2, 108.1, 121.6,124.3,127.9, 132.3, 
142.7, 176.4, 179.9 

  7-3l 
1 H NMR (500 MHz, CDCl3 3H) 1.09-1.06(t, 3H), 1.11(s, 3H), 1.43(s, 3H), 2.33(d, 

1H), 2.64(d, 1H), 3.79-3.67(m, 2H), 6.83-6.81(d,1H), 7.04-7.01(t, 1H), 7.18-7.15(t, 2H), 7.43-
7.40(m, 3H), 7.43-7.51(t, 2H),; 13C NMR (125 MHz, CDCl3 3.9, 22.8, 28.4, 29.6, 41.8, 

47.3, 47.5, 60.4, 109.5, 122.4, 124.8, 126.5, 127.8, 128.0, 129.7, 131.9, 134.8, 143.2, 
177.3, 180.0 

3k
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7-3m 
1 H NMR (500 MHz, CDCl3 -1.08(t, 3H) 1.46(s, 3H), 1.75-1.72(m, 1H), 2.10-2.01(m, 

2H), 2.29-2.26(m, 1H), 2.63-2.55(q, 2H), 3.62-3.57(q, 2H), 6.76(d, 1H), 7.03-7.00(t, 1H), 7.16-
7.14(m, 2H),  7.41-7.38(t, 1H), 7.45(d, 2H), 7.53-7.50(t, 2H),; 13C NMR (125 MHz, CDCl3) 

3.9, 16.6, 26.5, 28.4, 35.1, 46.3, 47.4, 47.4, 60.3 109.3, 122.2, 124.4, 126.6, 127.9, 129.6, 
128.0, 131.8, 134.7, 148.7, 176.4, 179.9 

   7-3n 
1 H NMR (500 MHz, CDCl3 2(s, 3H), 1.10-1.07(t, 3H), 1.21-1.18(t, 3H), 1.36(s, 3H), 

2.78-2.71(d, 2H), 3.21(s, 3H), 3.80-3.75(q, 2H), 4.12-4.11(m, 2H), 6.85(d, 1H), 7.01-6.98(t, 
1H), 7.10-7.08(d, 1H), 7.27-7.24(t, 1H); 13C NMR (125 MHz, CDCl3 3.8, 14.1, 19.0, 26.5, 
28.1, 41.3, 46.5, 53.2, 61.3, 61.7, 108.5, 122.2, 124.3, 128.4, 132.2, 143.6, 171.6, 172.4, 180.3,  

  7-3o 
1 H NMR (500 MHz, CDCl3 3H) 1.14(s, 3H), 1.30(s, 3H), 2.26(d, 1H), 2.73(d, 

1H), 3.19(s, 3H), 6.73-6.72(t, 1H), 6.81-6.78(m, 2H), 7.08-7.05(m, 2H), 7.16(d, 1H), 7.25-
7.24(m, 4H); 13C NMR (125 MHz, CDCl3 22.6, 26.5, 28.0, 29.8,42.7, 46.7, 47.6, 107.9, 
120.1, 122.7, 124.1,127.8,132.0, 137.8,142.7, 175.3, 181.2, 

1 H NMR (500 MHz, CDCl3 3H), 1.12-1.10(t, 3H), 1.21-1.18(t, 3H), 1.33(s, 3H), 
2.77-2.67(q, 2H), 3.83-3.78(q, 2H), 3.48(s, 3H), 3.85(s, 3H), 4.15-4.19(m, 2H), 6.71(d, 1H), 



270 

6.82(d, 1H), 6.91-6.95 (t, 1H),; 13C NMR (125 MHz, CDCl3 3.7, 13.9, 18.7, 28.2, 29.6, 
41.1, 46.3, 52.9, 55.9,61.0, 61.5, 171.3, 145.4, 111.7, 116.7, 122.4,131.0,133.5, 172.1, 180.2, 

3-n 
1H NMR  

13C NMR 
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7-3b 
1H NMR  

13C NMR 
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7-3c 
1H NMR  

13C NMR
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7-3d 

1H NMR  

13C NMR
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7-3e 

1H NMR

13C NMR 

3e
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7-3f 

1H NMR 

13C NMR 
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    7-3g 
1H NMR  

13C NMR 



277 

7-3h 
1H NMR 

13C NMR 
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7-3i 
1H NMR  

13C NMR 
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  7-3j 
1H NMR  

13C NMR 
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7-3k 
1H NMR  

13C NMR 
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7-3l 
1H NMR  

13C NMR 
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7-3m 
1H NMR  

13C NMR 
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1H NMR  

13C NMR  
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7-3o 
1H NMR  
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