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Ac               acetyl 
Acac             acetylacetone 
AIBN            azobisisobutyronitrile 
ATRA            atom transfer radical addition 
ATRP            atom transfer radical polymerization 
BINAP           2,2'-bis(diphenylphosphino)-1,1'-binaphthyl 
BHT             butylated hydroxytoluene 
Cat.              catalyst 
Cod              cyclooctadiene 
CuTc             2-Thiophenecarboxylato)copper 
Cy               cyclohexyl 
Dan             1,8-Diaminonaphthalene 
Dba             dibenzylideneacetone 
DG              directing group 
Diglyme         diethyleneglycol dimethyl ether 
DMA            dimethylacetamide 
DMAC           dimetylacetamide 
DMF            dimethylformamide 
DMSO           dimetylsulfoxyde 
Dppf            -bisdiphenylphosphinoferrocene 
Dppp            1,3-bis(diphenylphosphino)propane 
Dtbbpy          -Di-tert-butyl- -dipyridyl 
DTBHN         Di- -butyl Hyponitrite 
EWG            electron withdrawing group 
FG              functional group 
mCPBA         -chloroperoxybenzoic acid 
Me6TREN       Tris[2-(dimethylamino)ethyl]amine 
NBS            -Bromosuccinimide 
NMR            nuclear magnetic resonance 
NHC            -heterocyclic carbene 
PMDETA        N,N,N',N'',N''-Pentamethyldiethylenetriamine 
Pin              pinacolato 
Py              pyridyl 
SIPr            1,3-Bis(2,6-diisopropylphenyl)imidazolinium Chloride 



TBABr          tetrabutylammonium bromide 
TBAI           tetrabutylammonium iodide 
TBS            tert-butyldimetylsilyl 
TEMPO        2,2,6,6-tetrametylpiperidine 1-oxyl 
Tf              trifluoromethanesulfonyl 
TMBDA        tetramethylbutanediamine 
TMEDA        tetramethylethylenediamine 
TMPDA        tetramethyl-1,3-diaminopropane 
TMS           trimetylsilyl 
TPMA          Tris(2-pyridylmethyl)amine 
Troc            2,2,2-trichloroetoxycarboxy 
Ts              p-toluenesulfonyl 
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1a - 2a
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3 PMDETA
3a 70% 3a:4a=91:9

4 TPMA
Me6TREN 87% 70%

Scheme 1-8 act
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Table 1-2

Table 1-2 

1 CuCl CuBr
CuI 87%

(CuI)4(SMe2)3 Cu(COD)(acac-F6)I
CuI(TBAI) CuI

CuI

CuI 10mol%, 
TPMA 5mol%, BnBu3Br 20mol%, Et3N 2.0 100

Scheme 1-10 
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A D Diethyl 2-Bromo-2-methylmalonate 2o
(Table 1-3)

Table 1-3 

3b-c 3e-g

3h
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3m

3b
3j

3k 3n
3b 3j 3k
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2 Table 1-4
2 A B p-tolyl -methylstyrene 1c

Table 1-4 

3o-3q
91:9 >95:5

3u-3w
3o-q

3r-3t
3o
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Scheme 1-12 Scheme 1-13
2 Scheme 1-12

- ATRA
Br-Cu-I( ) C

Br-Cu-I( ) CuI( )
M-H

H-Br Path A Path B
Path A

Scheme 1-12 
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Et3N E2
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Scheme 1-14 
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3b 
5ml CuI (0.05 mmol) BnBu3NBr (0.01 mmol)

CH2Cl2 (1ml) PMDETA(0.5 mmol) 1b(0.5  
mmol) 2v (0.75 mmol) 20

IR (neat)  1728, 1512, 1242, 1190, 1107, 837cm-1; 1H NMR (CDCl3)  1.13 (t, J
= 7.1 Hz, 6H), 1.25 (s, 3H), 3.10 (s, 2H), 3.76 (s, 3H), 3.87 (dq, J = 7.1 and 10.8 
Hz, 2H), 3.96 (dq, J = 7.1 and 10.8 Hz, 2H), 5.00 (s, 1H), 5.17 (s, 1H), 6.79 (d, J
= 8.8 Hz, 2H), 7.22 (d, J = 8.8 Hz, 2H). 13C NMR (CDCl3) : 14.02, 20.01, 40.55, 
53.64, 55.43, 61.28, 113.59, 117.08, 128.15, 134.43, 144.16, 159.36, 172.15; 
HRESIMS calcd. for C18H25O5 (M+H+): 321.1702; found 321.1694. 

3c 
5ml CuI (0.05 mmol) TPMA (0.025 mmol) BnBu3NBr (0.01 
mmol) (1ml) PMDETA (0.75 mmol)

1c (0.5 mmol) 2v (0.75 mmol) 100 20

IR (neat) 1730, 1238, 1190, 1107, 827 cm-1; 1H NMR (CDCl3) : 1.15 (t, J = 7.1 
Hz, 6H), 1.27 (s, 3H), 2.31 (s, 3H), 3.14 (s, 3H), 3.88 (dq, J = 7.1 and 10.8 Hz, 
2H), 3.98 (dq, J = 7.1 and 10.8 Hz, 2H), 5.06 (d, J = 1.6 Hz, 1H), 5.23 (d, J = 1.6 
Hz, 1H), 7.08 (d, J = 7.8 Hz, 2H), 7.20 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3) : 
14.02, 20.03, 21.22, 40.49, 53.69, 61.27, 117.67, 126.90, 128.95, 137.41, 139.08, 
144.64, 172.15; HRESIMS calcd. for C18H24O4Na (M+Na+): 327.1572; found 
327.1559. 
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3d 
5ml CuI (0.05 mmol) TPMA (0.025 mmol)
TBABr (0.01 mmol) 1,4-Dioxane (1ml)

 (0.75 mmol) 1d (0.5 mmol) 2v(0.75 
mmol) 100 20

IR (neat) 1730, 1109 cm-1; 1H NMR (CDCl3) : 1.11 (t, J = 7.1 Hz, 6H), 1.25 (s, 
3H), 3.12 (s, 3H), 3.82 (dq, J = 7.1 and 10.8 Hz, 2H), 3.93 (dq, J = 7.1 and 10.8 
Hz, 2H), 5.07 (d, J = 1.4 Hz, 1H), 5.22 (d, J = 1.6 Hz, 1H), 7.20 (d, J = 7.2 Hz, 
1H), 7.23 (d, J = 7.5 Hz, 2H), 7.27 (dt, J = 1.7 and 6.9 Hz, 1H). 13C NMR (CDCl3) 
: 14.00, 19.99, 40.57, 53.58, 61.26, 118.45, 127.07, 127.67, 128.26, 141.99, 

144.84, 172.08; HRESIMS calcd. for C17H23O4 (M+H+): 291.1596; found 
291.1588. 

3e 
5ml CuI (0.05 mmol) TPMA (0.025 mmol) BnBu3NBr (0.01 
mmol)  (1ml) PMDETA (1.5 mmol)

1e (0.5 mmol) 2v (0.75 mmol) 100 20

IR (neat)  1728, 1238, 1192, 1107, 1008, 835 cm-1; 1H NMR (CDCl3) : 1.15 (dt, 
J = 2.0 and 7.1 Hz, 6H), 1.26 (s, 3H), 3.11 (s, 2H), 3.87 (dq, J = 7.1 and 10.8 Hz, 
2H), 3.99 (dq, J = 7.1 and 10.8 Hz, 2H), 5.12 (s, 1H), 5.25 (s, 1H), 7.17 (dd, J = 
1.7 and 8.5 Hz, 2H), 7.39 (dd, J = 2.1 and 8.5 Hz, 2H). 13C NMR (CDCl3)  14.01, 
20.02, 40.44, 53.57, 61.37, 119.07, 121.66, 128.73, 131.38, 140.91, 143.77, 
171.94; HRESIMS calcd. for C17H21O4BrNa (M+Na+): 391.0520; found 391.0539. 
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3f 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1f(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat) 1728, 1238, 1107, 1012, 837 cm-1; 1H NMR (CDCl3) : 1.14 (t, J = 7.1 
Hz, 6H), 1.26 (s, 3H), 3.11 (s, 2H), 3.88 (dq, J = 7.1 and 10.8 Hz, 2H), 3.98 (dq, 
J = 7.1 and 10.8 Hz, 2H), 5.11 (d, J = 0.8 Hz, 1H), 5.24 (d, J = 1.5 Hz, 1H), 7.23 
(s, 4H). 13C NMR (CDCl3) : 14.00, 20.00, 40.48, 53.54, 61.35, 119.01, 127.48, 
128.39, 133.53, 140.41, 143.71, 171.94; HRESIMS calcd. for C17H21O4 ClNa 
(M+Na+): 347.1026; found 347.1026.  

3g 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1g(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat)  1728, 1508, 1234, 1190, 1107, 840 cm-1; 1H NMR (CDCl3) : 1.13 (t, 
J = 7.0 Hz, 6H), 1.25 (s, 3H), 3.10 (s, 2H), 3.85 (dq, J = 7.0 and 10.7 Hz, 2H), 
3.96 (dq, J = 7.0 and 10.7 Hz, 2H), 5.07 (s, 1H), 5.19 (s, 1H), 6.94 (t, J = 8.6 Hz, 
2H), 7.25 (dd, J = 5.5 and 8.6 Hz, 2H). 13C NMR (CDCl3) : 14.01, 19.98, 40.73, 
53.49, 61.34, 114.99 (d, J = 21.2 Hz), 118.58 (d, J = 0.7 Hz), 128.67 (d, 7.9 Hz), 
138.00, 143.80, 161.58 (d, J = 46.5 Hz), 172.00; HRESIMS calcd. for 
C17H21O4FNa (M+Na+): 331.1321; found 331.1314. 

3h 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)
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(1ml) PMDETA(1.5 mmol)
1h(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat)  1720, 1274, 1238, 1182, 1105 cm-1; 1H NMR (CDCl3)  1.13 (t, J = 
7.1 Hz, 6H), 1.24 (s, 3H), 3.15 (s, 2H), 3.85 (dq, J = 7.1 and 10.7 Hz, 2H), 3.96 
(dq, J = 7.1 and 10.7 Hz, 2H), 5.18 (s, 1H), 5.32 (s, 1H), 7.36 (d, J = 8.3 Hz, 2H), 
7.94 (d, J = 8.3 Hz, 2H). 13C NMR (CDCl3) : 14.00, 20.01, 40.34, 52.25, 53.58, 
61.36, 120.16, 127.01, 129.33, 129.64, 144.07, 146.62, 167.10, 171.89; 
HRESIMS calcd. for C19H24O6Na (M+Na+): 371.1470; found 371.1461. 

3i 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1i(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat)  1729, 1242, 1188, 1105 cm-1; 1H NMR (CDCl3) : 1.10 (t, J = 7.1 Hz, 
6H), 1.31 (s, 3H), 3.28 (s, 2H), 3.81 (dq, J = 7.1 and 10.8 Hz, 2H), 3.92 (dq, J = 
7.1 and 10.8 Hz, 2H), 5.21 (s, 1H), 5.40 (s, 1H), 7.41-7.49 (m, 3H), 7.75-7.82 (m, 
4H). 13C NMR (CDCl3) : 13.91, 20.05, 40.48, 53.69, 61.24, 118.92, 125.52, 
125.53, 126.06, 126.33, 127.70, 127.85, 128.26, 132.95, 139.23, 144.65, 172.05; 
HRESIMS calcd. for C21H25O4Na (M+H+): 341.1752; found 341.1736. 

3j 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1j(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat) 1732, 1508, 1253, 1107, 912, 839 cm-1; 1H NMR (CDCl3) : 0.15 (s, 
6H), 0.94 (s, 9H), 1.14 (t, J = 7.1 Hz, 6H), 1.25 (s, 3H), 3.09 (s, 2H), 3.87 (dq, J 
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= 7.1 and 10.8 Hz, 2H), 3.97 (dq, J = 7.1 and 10.8 Hz, 2H), 5.00 (s, 1H), 5.17 (s, 
1H), 6.72 (d, J = 8.6 Hz, 2H), 7.16 (d, J = 8.6 Hz, 2H). 13C NMR (CDCl3) : -4.30, 
14.04, 18.34, 19.97, 25.81, 40.53, 53.58, 61.23, 117.14, 119.78, 128.09, 134.97, 
144.22, 155.49, 172.13; HRESIMS calcd. for C23H36O5SiNa (M+Na+): 443.2229; 
found 443.2208. 

3k 
5ml CuI(0.05 mmol) BnBu3NBr(0.01 mmol)

CH2Cl2(1ml) PMDETA(0.5 mmol) 1k(0.5  
mmol) 2v(0.75 mmol) 20

IR (neat) 1726, 1240, 1190, 1107, 837 cm-1; 1H NMR (CDCl3) : 1.14 (t, J = 7.1 
Hz, 6H), 1.24 (s, 3H), 2.11 (q, J = .7 Hz, 2H), 2.56 (t, J = 7.1 Hz, 2H), 3.10 (s, 2H), 
3.88 (dq, J = 7.1 and 10.8 Hz, 2H), 3.98 (dq, J = 7.1 and 10.8 Hz, 2H), 4.03 (t, J
= 5.7 Hz, 2H), 5.01 (d, J = 1.3 Hz, 1H), 5.17 (d, J = 1.6 Hz, 1H), 6.78 (d, J = 8.8 
Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H). 13C NMR (CDCl3) : 14.05, 14.35, 20.04, 25.64, 
40.52, 53.69, 61.33, 65.46, 114.18, 117.37, 119.39, 128.27, 135.08, 144.06, 
158.14, 172.15; HRESIMS calcd. for C21H27O5NNa (M+Na+): 396.1786; found 
396.1804. 

3l 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1l(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat) 1730, 1236, 1190, 1105 cm-1; 1H NMR (CDCl3) : 1.08 (t, J = 7.1 Hz, 
6H), 1.34 (s, 3H), 2.30 (s, 3H), 3.04 (s, 2H), 3.75 (dq, J = 7.1 and 10.8 Hz, 2H), 
3.91 (dq, J = 7.1 and 10.8 Hz, 2H), 5.02 (d, J = 2.1 Hz, 1H), 5.23 (d, J = 2.1 Hz, 
1H), 7.04-7.13 (m, 5H). 13C NMR (CDCl3) : 13.96, 19.92, 20.27, 42.65, 53.23, 
61.26, 120.17, 125.49, 127.28, 129.18, 130.33, 135.34, 141.94, 145.02, 172.02; 
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HRESIMS calcd. for C18H24O4Na (M+Na+): 327.1572; found 327.1568.

3m  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1m(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat)  1728, 1234, 1190, 1101 cm-1; 1H NMR (CDCl3) : 1.07 (t, J = 7.1 Hz, 
6H), 1.27 (s, 3H), 2.09 (q, J = .7.4 Hz, 2H), 2.51 (t, J = 7.4 Hz, 2H), 3.14 (s, 2H), 
3.63 (s, 3H), 3.75 (dq, J = 7.1 and 10.8 Hz, 2H), 3.89 (dq, J = 7.1 and 10.8 Hz, 
2H), 3.96 (t, J = 6.0 Hz, 2H), 5.06 (d, J = 2.1 Hz, 1H), 5.12 (d, J = 2.1 Hz, 1H), 
6.75 (d, J = 8.2 Hz, 1H), 6.82 (t, J = 7.4 Hz, 1H), 7.01 (dd, J = 1.7 and 8.4 Hz, 
1H), 7.13 (dt, J = 1.7 and 7.9 Hz, 1H). 13C NMR (CDCl3) : 13.90, 19.79, 24.73, 
30.61, 41.25, 51.66, 53.32, 61.03, 67.01, 111.47, 120.05, 120.57, 128.72, 130.69, 
131.58, 143.75, 155.98, 172.07, 173.88; HRESIMS calcd. for C22H30O7Na 
(M+Na+): 429.1889; found 429.1909. 

3n  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(1.5 mmol)
1n(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat)  1726, 1238, 1107, 837 cm-1; 1H NMR (CDCl3)  1.14 (t, J = 7.1 Hz, 
6H), 1.27 (s, 3H), 3.14 (s, 2H), 3.87 (dq, J = 7.1 and 10.7 Hz, 2H), 3.97 (dq, J = 
7.1 and 10.7 Hz, 2H), 5.10 (d,J = 0.8 Hz, 1H), 5.28 (d, J = 1.5 Hz, 1H), 7.30 (dd, 
J = 2.5 and 8.5 Hz, 4H), 7.40 (dd, J = 3.6 and 8.5 Hz, 4H). 13C NMR (CDCl3) : 
14.04, 20.06, 40.35, 53.68, 61.34, 118.46, 126.47, 127.40, 127.50, 127.88, 
129.04, 129.09, 133.43, 136.04, 136.43, 141.48, 144.31, 172.08; HRESIMS 
calcd. for C25H28O4ClNa (M+Na+): 427.1676; found 427.1689. 
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3o  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2o(0.75 mmol) 100 20

IR (neat)  2973, 1723, 1188, 1132, 824 cm-1; 1H NMR (CDCl3)  1.08 (s, 6H), 
1.10 (t, J = 7.1 Hz, 3H), 2.30 (s, 3H), 2.75 (s, 2H), 3.74 (q, J = 7.1 Hz, 2H), 4.98 
(s, 1H), 5.18 (s, 1H), 7.07 (d, J = 7.9 Hz, 2H), 2.20 (d, J = 7.9 Hz, 2H). 13C NMR 
(CDCl3) : 14.10, 21.22, 25.65, 42.69, 45.88, 60.34, 116.44, 126.81, 128.96, 
137.16, 139.71, 146.20, 177.61; HRESIMS calcd. for C16H22O2Na (M+Na+): 
269.1517; found 269.1511. 

3p  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2p(0.75 mmol) 100 20

IR (neat)  2969, 2931, 1722, 1457, 1188, 1131 cm-1; 1H NMR (CDCl3) : 0.76 (t, 
J = 7.4 Hz, 3H), 0.98 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H), 1.34 (dq, J = 7.5 and 13.9 
Hz, 1H), 1.72 (dq, J = 7.4 and 14.2 Hz, 1H), 2.30 (s, 3H), 2.58 (d, J = 13.6 Hz, 
1H), 2.90 (d, J = 13.9 Hz, 1H), 3.68 (dq, J = 7.1 and 10.7 Hz, 1H), 3.78 (dq, J = 
7.1 and 10.7 Hz, 1H), 4.97 (d, J = 0.9 Hz, 1H), 5.16 (d, J = 1.8 Hz, 1H), 7.06 (d, 
J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H). 13C NMR (CDCl3) : 9.12, 14.17, 20.70, 
21.22, 32.67, 44.91, 46.80, 60.17, 116.51, 126.84, 128.92, 137.12, 146.18, 
176.83; HRESIMS calcd. for C17H24O2Na (M+Na+): 283.1674; found 283.1685. 

3q  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
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1c(0.5 mmol) 2q(0.75 mmol) 100 20

IR (neat)  2964, 1722, 1186, 1126, 823 cm-1; 1H NMR (CDCl3) : 0.69 (t, J = 7.4 
Hz, 6H), 1.09 (t, J = 7.1 Hz, 3H), 1.48 (dq, J = 7.4 and 14.2 Hz, 2H), 1.58 (dq, J 
= 7.4 and 14.2 Hz, 2H), 2.29 (s, 3H), 2.73 (s, 2H), 3.70 (q, J = 7.1 Hz, 2H), 4.98 
(s, 1H), 5.12 (d, J = 1.8 Hz, 1H), 7.06 (d, J = 7.9 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H). 
13C NMR (CDCl3) : 8.24, 14.06, 21.12, 26.00, 40.16, 50.05, 59.94, 116.49, 
126.80, 128.73, 136.92, 140.08, 146.35, 176.58; HRESIMS calcd. for 
C18H26O2Na (M+Na+): 297.1830; found 297.1807. 

3r  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2r(0.75 mmol) 100 20

IR (neat)  1739, 1504, 1173, 1108, 1030, 891 cm-1; 1H NMR (CDCl3) : 1.25 (s, 
6H), 2.34 (s, 3H), 2.92 (s, 2H), 3.77 (s, 3H), 5.12 (s, 1H), 5.27 (d, J = 1.6 Hz, 1H), 
6.66 (d, J = 9.0 Hz, 2H), 6.80 (d, J = 9.0 Hz, 2H) 7.10 (d, J = 8.0 Hz, 2H), 7.28 (d, 
J = 8.0 Hz, 2H). 13C NMR (CDCl3) : 21.21, 25.88, 43.12, 45.68, 55.71, 114.35, 
116.89, 122.39, 126.89, 129.21, 137.35, 139.74, 144.63, 145.99, 157.22, 176.41; 
HRESIMS calcd. for C21H24O3Na (M+Na+): 347.1623; found 347.1620. 

3s  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2s(0.75 mmol) 100 20

IR (neat)  1746, 1505, 1193, 1105, 822 cm-1; 1H NMR (CDCl3)  1.22 (s, 6H), 
2.29 (s, 3H), 2.32 (s, 3H), 2.90 (s, 2H), 5.10 (s, 1H), 5.25 (d, J = 1.6 Hz, 1H), 6.62 
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(d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H) 7.09 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 
8.0 Hz, 2H). 13C NMR (CDCl3)  20.99, 21.23, 25.90, 43.21, 45.66, 116.91, 
121.36, 126.91, 129.24, 129.88, 135.27, 137.38, 139.81, 146.02, 148.93, 176.30; 
HRESIMS calcd. for C21H24O2Na (M+Na+): 331.1674; found 331.1664. 

3t  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2t(0.75 mmol) 100 20

IR (neat) 1743, 1714, 1438, 1271, 1095, 826 cm-1; 1H NMR (CDCl3) : 1.26 (s, 
6H), 2.32 (s, 3H), 2.92 (s, 2H), 3.88 (s, 3H), 5.10 (s, 1H), 5.26 (s, 1H), 6.76 (d, J 
= 8.8 Hz, 2H), 7.08 (d, J = 7.9 Hz, 2H) 7.26 (d, J = 8.0 Hz, 2H), 7.95 (d, J = 8.8 
Hz, 2H). 13C NMR (CDCl3)  23.07, 27.70, 45.07, 47.69, 54.16, 118.98, 123.54, 
128.79, 131.11, 132.89, 139.37, 141.33, 147.70, 156.67, 168.53, 177.35; 
HRESIMS calcd. for C22H24O4Na (M+Na+): 375.1572; found 375.1559. 

3u  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

(1ml) PMDETA(0.85 mmol)
1c(0.5 mmol) 2o(0.75 mmol) 100 20

IR (neat)  1730, 1238, 1190, 1107, 827 cm-1; 1H NMR (CDCl3)  1.15 (t, J = 7.1 
Hz, 6H), 1.27 (s, 3H), 2.31 (s, 3H), 3.14 (s, 3H), 3.88 (dq, J = 7.1 and 10.8 Hz, 
2H), 3.98 (dq, J = 7.1 and 10.8 Hz, 2H), 5.06 (d, J = 1.6 Hz, 1H), 5.23 (d, J = 1.6 
Hz, 1H), 7.08 (d, J = 7.8 Hz, 2H), 7.20 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3) : 
14.02, 20.03, 21.22, 40.49, 53.69, 61.27, 117.67, 126.90, 128.95, 137.41, 139.08, 
144.64, 172.15; HRESIMS calcd. for C18H24O4Na (M+Na+): 327.1572; found 
327.1559. 



38

3v  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2v(0.75 mmol) 100 20

IR (neat)  2974, 1721, 1218, 1045, 823 cm-1; 1H NMR (CDCl3) : 0.93 (d, J = 6.8 
Hz, 6H), 1.14 (t, J = 7.2 Hz, 6H), 2.29 (s, 3H), 2.29 (sept, J = 7.1 Hz, 1H),  3.13 
(s, 2H), 3.85 (dq, J = 7.2 and 10.7 Hz, 2H), 3.92 (dq, J = 7.2 and 10.7 Hz, 2H), 
5.08 (s, 1H), 5.19 (d, J = 1.5 Hz, 1H), 7.06 (d, J = 8.1 Hz, 2H), 7.18 (d, J = 8.1 Hz, 
2H). 13C NMR (CDCl3)  14.11, 18.84, 21.21, 30.96, 38.33, 60.76, 61.76, 117.34, 
126.81, 128.83, 137.17, 139.65, 144.92, 170.72; HRESIMS calcd. for 
C20H28O4Na (M+Na+): 295.1674; found 295.1658. 

3w  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2w(0.75 mmol) 100 20

IR (neat)  1727, 1241, 1177 cm-1; 1H NMR (CDCl3)  1.09 (t, J = 7.1 Hz, 6H), 
2.32 (s, 3H), 3.10 (s, 2H), 3.20 (s, 2H), 3.82 (dq, J = 7.1 and 10.7 Hz, 2H), 3.91 
(dq, J = 7.1 and 10.7 Hz, 2H), 5.16 (s, 1H), 5.27 (s, 1H), 7.05-7.16 (m, 4H), 7.15-
7.23 (m, 6H). 13C NMR (CDCl3) : 13.88, 21.20, 38.00, 38.27, 58.80, 61.20, 
117.79, 126.93, 127.04, 128.27, 128.89, 130.32, 130.65, 136.78, 137.37, 139.48, 
144.76, 171.06; HRESIMS calcd. for C24H28O4Na (M+Na+): 403.1885; found 
403.1877. 
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3x  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2x(0.75 mmol) 100 20

IR (neat)  2965, 1701, 1350, 1117, 823 cm-1; 1H NMR (CDCl3) : 1.01 (s, 6H), 
1.96 (s, 3H), 2.30 (s, 3H), 2.72 (s, 2H), 4.95 (s, 1H), 5.20 (s, 1H), 7.08 (d, J = 7.9 
Hz, 2H), 7.19 (d, J = 7.9 Hz, 2H). 13C NMR (CDCl3) : 21.25, 25.00, 25.82, 44.83, 
48.31, 116.48, 126.75, 129.17, 137.40, 139.88, 145.97, 214.12; HRESIMS calcd. 
for C15H20ONa (M+Na+): 239.1411; found 239.1401. 

3y  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) TBABr(0.01 mmol)

(1ml) (1 mmol)
1c(0.5 mmol) 2y(0.75 mmol) 100 20

IR (neat)  2922, 1723, 1448, 1192, 1130, 823 cm-1; 1H NMR (CDCl3) : 1.10-1.25 
(m, 5H), 1.47-1.53 (m, 3H), 1.96-1.99 (m, 2H), 2.30 (s, 3H), 2.68 (s, 2H), 3.21 (s, 
3H), 4.94 (d, J = 0.9 Hz, 1H), 5.15 (d, J = 1.6 Hz, 1H), 7.06 (d, J = 8.1 Hz, 2H), 
7.18 (d, J = 8.1 Hz, 2H). 13C NMR (CDCl3) : 21.22, 23.48, 25.93, 34.85, 47.69, 
51.06, 116.36, 126.75, 128.93, 137.09, 139.48, 145.49, 176.43; HRESIMS calcd. 
for C18H24O2Na (M+Na+): 295.1674; found 295.1658. 

3z  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

1,4-Dioxane(1ml) PMDETA(0.85 mmol)
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1c(0.5 mmol) 2z(0.75 mmol) 100 20

3aa  
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

1,4-Dioxane(1ml) PMDETA(0.85 mmol)
1c(0.5 mmol) 2z(0.75 mmol) 100 20

IR (neat)  1541, 1448, 1181, 1033, 828 cm-1; 1H NMR (CDCl3) : 2.34 (s, 3H), 
J = 12.3 Hz, 2H), 4.42 (d, J = 12.3 Hz, 2H), 4.61 (d, J = 6.1 

Hz, 2H), 4.86 (d, J = 6.1 Hz, 2H), 5.05 (s, 1H), 5.31 (s, 1H), 7.15 (d, J = 8.0 Hz, 
2H), 7.21 (d, J = 8.0 Hz, 2H). 13C NMR (CDCl3) : 21.18, 39.50, 70.63, 93.83, 
118.83, 126.25, 129.56, 137.40, 138.48, 141.00; HRESIMS calcd. for 
C14H17NO4Na (M+Na+): 286.1055; found 286.1045. 

3cc 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 mmol)

1,4-Dioxane(1ml) PMDETA(0.85 mmol)
6(0.5 mmol) 2c(0.75 mmol) 100 20

(71%(p:d=9:91(E:Z=64:36) (this ratio is from crude mixture)))
IR (neat) 1726, 1234, 1189, 1100, 698 cm-1; 1H NMR (CDCl3) : 1.09-1.12 (m, 
6H), 1.28 (s, 3H), 1.57 (d, J = 6.8 Hz, 1.1H), 1.80 (d, J = 7.0 Hz, 1.9H), 3.03 (s, 
0.75H), 3.22 (s, 1.25H), 3.69-3.78 (m, 2H), 3.86-3.94 (m, 2H), 5.63 (q, J = 6.8 
Hz, 0.36H), 5.75 (d, J = 7.0 Hz, 0.64H), 7.12-7.33 (m, 5H). 13C NMR (CDCl3) : 
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12.32, 13.91, 13.92, 14.11, 14.87, 15.06, 19.69, 19.84, 23.30, 23.35, 34.22, 
44.16, 53.42, 53.70, 61.05, 61.13, 61.76, 126.3, 126.80, 126.81, 127.03, 
127.38, 127.42, 127.89, 128.00, 128.39, 129.06, 129.34, 136.48, 136.91, 
139.95, 143.95, 172.17, 172.22; HRESIMS calcd. for C18H24O4Na (M+Na+): 
327.1572; found 327.1548. 

3dd 
5ml CuI(0.05 mmol) TPMA(0.025 mmol) BnBu3NBr(0.01 
mmol) Toluene (1ml) PMDETA(0.85 mmol)

7 (0.5 mmol) 2d(0.75 mmol) 100 20

IR (neat)  1728, 1236, 1183, 1103, 771 cm-1; 1H NMR (CDCl3) : 1.21 (t, J = 
7.1 Hz, 6H), 1.43 (s, 3H), 3.19 (s, 2H), 3.31 (s, 2H), 4.11-4.20 (m, 4H), 6.22 (s, 
1H), 7.16 (dt, J = 1.1 and 8.5 Hz, 1H), 7.26 (t, J = 7.5 Hz, 1H), 7.35 (d, J = 7.5 
Hz, 1H), 7.41 (d, J = 8.5 Hz, 1H). 13C NMR (CDCl3) : 14.10, 20.42, 32.41, 
38.25, 54.29, 61.51, 119.38, 123.89, 124.83, 126.15, 131.78, 139.31, 144.07, 
146.02, 172.42; HRESIMS calcd. for C18H22O4Na (M+Na+): 325.1415; found 
325.1410. 
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Entry 5 Bu3N Entry 6 Hex3N
Entry 

Entry 8

Et3N<Bu3N<Hex3N
Hex3N

Entriees 9-14
Entry 

9 CuI Me2S Entry 13 CuOAc
CuI

CuI Me2S CuOAc
120 CuI 78% CuI Me2S 83%
CuOAc 86%

CuOAc
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Z

3a 
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1b(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat) 2975, 1745, 1437, 1203, 1102, 761 cm-1. 1H NMR (500 MHz, CDCl3)

 1.18 (s, 6H), 2.18 (s, 3H), 5.61 (d, J = 7.4 Hz, 1H), 7.14 (dd, J = 1.1 and 8.1 
Hz, 1H), 7.18 (dd, J = 1.2 and 8.7 Hz, 1H), 7.32 (dd, J = 1.5 and 8.6 Hz, 1H), 7.43 
(dd, J = 1.5 and 8.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 22.05, 24.14, 42.93, 
119.90, 124.46, 126.94, 129.03, 129.47, 132.12, 134.42, 150.25, 172.69. 
HRESIMS calcd. for C13H14O2Na (M+Na+): 225.0891; found 225.0891 

3b
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1b(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat)  2930, 1741, 1439, 1206, 1094 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.29 (s, 6H), 5.88 (s, 1H), 7.09-7.10 (m, 2H), 7.23 (d, J = 8.3 Hz, 1H), 7.28-7.30 
(m, 2H), 7.34-7.39 (m, 4H). 13C NMR (126 MHz, CDCl3) : 44.6, 116.0, 120.4, 
125.64, 126.72, 127.96, 128.58, 129.80, 131.33, 136.24, 137.20, 141.28, 153.32, 
182.84. HRESIMS calcd. for C18H17O2 (M+H+): 265.1228; found 265.1224. 
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3c 
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1c(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat) 2968, 1746, 1439, 1202, 1105, 763 cm-1. 1H NMR (500 MHz, CDCl3) 
: 1.06 (t, J = 7.4 Hz, 3H), 1.19 (s, 6H), 2.57 (q, J = 7.4 Hz, 2H), 5.60 (s, 1H), 7.19 

(dd, J = 1.2 and 7.0 Hz, 1H), 7.20 (ddd, J = 1.3, 7.7 and 7.7 Hz, 1H), 7.34 (ddd, 
J = 1.6, 8.2 and 8.2 Hz, 1H), 7.45 (dd, J = 1.6 and 7.8 Hz, 1H).13C NMR (126 
MHz, CDCl3)  13.43, 24.25, 28.40, 42.88, 52.55, 120.11, 124.55, 126.76, 128.30, 
129.41, 130.79, 140.35, 150.84, 173.12. HRESIMS calcd. for C14H16O2Na 
(M+Na+): 239.1048; found 239.1051.

3d 
5ml CuI(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 mmol)
1d(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat) 2975, 1747, 1472, 1391, 1204, 1102, 812 cm-1. 1H NMR (500 MHz, 
CDCl3) : 1.20 (s, 6H), 2.17 (s, 3H), 5.67 (d, J = 1.4 Hz, 1H), 7.04 (d, J = 8.3 Hz, 
1H), 7.44 (dd, J = 8.3 Hz, 1H), 7.55 (d, J = 8.3 Hz, 1H). 13C NMR (126 MHz, 
CDCl3) : 22.04, 24.23, 43.06, 117.42, 121.75, 129.76, 131.00, 132.41, 133.41, 
133.48, 149.31, 168.48. HRESIMS calcd. for C13H13BrO2Na (M+Na+): 302.9996; 
found 303.0000. 
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3e 
5ml CuI(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 mmol)
1e(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat) 2977, 1751, 1596, 1486, 1390, 1204, 1096, 944 cm-1. 1H NMR (500 
MHz, CDCl3) : 1.20 (s, 6H), 2.17 (s, 3H), 5.63 (d, J = 1.4 Hz, 1H), 7.17-7.19 (m, 
2H), 7.37 (d, J = 8.9 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 22.09, 24.20, 43.08, 
120.17, 124.79, 127.70, 127.94, 132.50, 133.76, 134.77, 150.51, 171.87. 
HRESIMS calcd. for C13H13ClO2Na (M+Na+): 259.0501; found 259.0495. 

3f 
5ml CuIMe2S(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1f(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat)  2917, 1750, 1389, 1107, 903 cm-1. 1H NMR (500 MHz, CDCl3) : 1.20 
(s, 6H), 2.15 (s, 3H), 2.38 (s, 3H), 5.61 (d, J = 1.4 Hz, 1H), 7.03 (s, 1H), 7.39 (s, 
1H). 13C NMR (126 MHz, CDCl3) : 19.92, 22.01, 24.25, 42.98, 122.00, 127.00, 
128.08, 130.08, 132.43, 133.53, 137.73, 148.56, 172.19. HRESIMS calcd. for 
C14H16ClO (M+H+): 251.0838; found 251.0838. 

3g 
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1g(0.5 mmol) 2a(0.75 mmol) (1ml)

(0.85 mmol) 120 20
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IR (neat)  2975, 1744, 1391, 1206, 1165, 1135, 1103, 826 cm-1. 1H NMR (500 
MHz, CDCl3) : 1.19 (s, 6H), 2.16 (s, 3H), 2.37 (s, 3H), 5.56 (d, J = 1.4 Hz, 1H), 
6.97 (d, J = 0.7 Hz, 1H), 7.01 (dd, J = 1.0 and 7.9 Hz, 1H), 7.31 (d, J = 7.9 Hz, 
1H). 13C NMR (126 MHz, CDCl3) : 21.07, 22.10, 24.18, 42.92, 120.23, 125.40, 
126.24, 126.73, 131.22, 134.43, 140.02, 150.13, 172.71. HRESIMS calcd. for 
C14H16O2Na (M+Na+): 239.1048; found 239.1051. 

5a 
5ml 3a(0.2 mmol) NaOH(0.4 mmol) H2O( 0.8ml)

12 0 1M 
HCl

IR (neat) 3485, 3402, 3000-2500(br), 1702, 1686, 1483, 1157 cm-1. 1H NMR 
(500 MHz, CDCl3)  1.17-1.36 (brs, 6H), 1.99 (s, 3H), 5.75 (s, 1H), 6.83-6.88 (m, 
2H), 7.00 (dd, J = 1.7 and 7.5 Hz, 1H), 7.14 (ddd, J = 1.7, 7.5 and 15.4 Hz, 2H). 
13C NMR (126 MHz, CDCl3) : 27.61, 44.18, 115.91, 120.50, 128.13, 129.02, 
129.33, 134.02, 152.05, 182.91. HRESIMS calcd. for C13H16O3Na (M+Na+): 
243.0997; found 243.0997. 

5b 
5ml 3b(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 80 4
0 1M HCl

IR (neat)  2930, 1741, 1439, 1206, 1094 cm-1. 1H NMR (500 MHz, CDCl3) 1.29 
(s, 6H), 5.88 (s, 1H), 7.09-7.10 (m, 2H), 7.23 (d, J = 8.3 Hz, 1H), 7.28-7.30 (m, 
2H), 7.34-7.39 (m, 4H). 13C NMR (126 MHz, CDCl3) : 44.6, 116.0, 120.4, 125.64, 
126.72, 127.96, 128.58, 129.80, 131.33, 136.24, 137.20, 141.28, 153.32, 182.84. 
HRESIMS calcd. for C18H17O2 (M+H+): 265.1228; found 265.1224. 
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5d 
5ml 3d(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 80 4
0 1M HCl

IR (neat) 3474, 3389, 3000-2500(br), 1705, 1669, 1396, 1272, 1123 cm-1. 1H 
NMR (500 MHz, CDCl3)  1.11-1.36 (m, 6H), 1.97 (s, 3H), 5.72 (d, J = 1.3 Hz, 
1H), 6.73 (d, J = 8.7 Hz, 1H), 7.12 (d, J = 2.5 Hz, 2H), 7.22 (dd, J = 2.5 and 8.7 
Hz, 2H). 13C NMR (126 MHz, CDCl3) : 27.51, 44.35, 112.40, 117.78, 130.24, 
131.71, 131.75, 132.64, 134.63, 151.36, 183.46. HRESIMS calcd. for 
C13H15BrO3Na (M+Na+): 323.0081; found 323.0075. 

5e 
5ml 3e(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 80 4
0 1M HCl

IR (neat)  2977, 1751, 1596, 1486, 1390, 1204, 1096, 944 cm-1. 1H NMR (500 
MHz, CDCl3) : 1.20 (s, 6H), 2.17 (s, 3H), 5.63 (d, J = 1.4 Hz, 1H), 7.17-7.19 (m, 
2H), 7.37 (d, J = 8.9 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 22.09, 24.20, 43.08, 
120.17, 124.79, 127.70, 127.94, 132.50, 133.76, 134.77, 150.51, 171.87. 
HRESIMS calcd. for C13H13ClO2Na (M+Na+): 259.0501; found 259.0495. 

5f 
5ml 3f(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 80 4
0 1M HCl

IR (neat)  3490, 3414, 3000-2500(br), 1706, 1672, 1393, 1144 cm-1. 1H NMR 
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(500 MHz, CDCl3) : 1.13-1.26 (brs, 6H), 1.95 (d, J = 1.3 Hz, 3H), 2.26 (s, 3H), 
5.70 (d, J = 1.3 Hz, 1H), 6.71 (s, 1H), 6.96 (s, 1H). 13C NMR (126 MHz, CDCl3) 
: 19.97, 27.56, 44.28, 118.22, 125.43, 127.10, 129.13, 132.88, 134.55, 136.58, 

150.62, 183.63. HRESIMS calcd. for C14H17ClO3Na (M+Na+): 291.0763; found 
291.0770. 

5g 
5ml 3g(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 4
0 1M HCl

IR (neat)  3401, 3000-2500(br), 1695, 1412, 1288, 1165 cm-1. 1H NMR (500 MHz, 
CDCl3) 1.08-1.36 (brs, 6H), 1.98 (s, 3H), 2.25 (s, 3H), 5.71 (d, J = 1.5 Hz, 1H), 
6.66 (s, 1H), 6.68 (d, J = 7.7 Hz, 1H), 6.88 (d, J = 7.7 Hz, 1H). 13C NMR (126 
MHz, CDCl3) : 21.28, 27.71, 44.15, 116.49, 121.34, 125.13, 129.12, 134.06, 
134.28, 139.16, 151.88, 182.87. HRESIMS calcd. for C14H19O3 (M+H+): 
235.1334; found 235.1331.

5h
5ml 3f(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 80 4
0 1M HCl

IR (neat)  2965, 1742, 1437, 1207, 1100 cm-1. 1H NMR (500 MHz, CDCl3) 0.84 
(t, J = 7.4 Hz, 6H), 1.50-1.63 (m, 4H), 2.22 (d, J = 9.9 and 13.0 Hz, 3H), 5.61 (dd, 
J = 6.8 and 13.0 Hz, 1H), 7.16 (dd, J = 1.2 and 8.1 Hz, 1H), 7.19 (dddd, J = 1.2, 
7.8, 8.9 and 9.5 Hz, 1H), 7.31 (dddd, J = 1.7, 8.0, 8.9 and 9.5 Hz, 1H), 7.43 (dd, 
J = 1.6 and 7.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 8.61, 22.47, 24.67, 26.84, 
51.52, 119.70, 124.43, 126.82, 129.37, 130.03, 134.55, 150.12, 171.63. 
HRESIMS calcd. for C15H19O2Na (M+Na+): 231.1385; found 231.1385. 



66

5j
5ml 3f(0.2 mmol) NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 80 4
0 1M HCl

IR (neat)  3500-2600(br), 3402, 2965, 1696, 1438, 1206, 1104 cm-1. 1H NMR 
(500 MHz, CDCl3) : 0.80-0.82 (brs, 6H), 1.50-1.82 (brs, 4H), 2.01 (d, J = 1.4 Hz, 
3H), 5.67 (d, J = 1.4 Hz, 1H), 6.82 (dd, J = 0.6 and 8.0 Hz, 1H), 6.85 (ddd, J = 
1.1, 7.5 and 7.5 Hz, 1H), 6.98 (dd, J = 1.7 and 6.5 Hz, 2H), 7.13 (dd, J = 1.7 and 
7.5 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 8.54, 27.86, 51.99, 116.02, 120.45, 
128.47, 128.85, 128.99, 132.33, 134.80, 152.04, 182.63. HRESIMS calcd. for 
C15H21O3 (M+H+): 249.1490; found 249.1491.

3h
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1a(0.5 mmol) 2e(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat)  2965, 1742, 1437, 1207, 1100 cm-1. 1H NMR (500 MHz, CDCl3) : 0.84 
(t, J = 7.4 Hz, 6H), 1.50-1.63 (m, 4H), 2.22 (d, J = 9.9 and 13.0 Hz, 3H), 5.61 (dd, 
J = 6.8 and 13.0 Hz, 1H), 7.16 (dd, J = 1.2 and 8.1 Hz, 1H), 7.19 (dddd, J = 1.2, 
7.8, 8.9 and 9.5 Hz, 1H), 7.31 (dddd, J = 1.7, 8.0, 8.9 and 9.5 Hz, 1H), 7.43 (dd, 
J = 1.6 and 7.8 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 8.61, 22.47, 24.67, 26.84, 
51.52, 119.70, 124.43, 126.82, 129.37, 130.03, 134.55, 150.12, 171.63. 
HRESIMS calcd. for C15H19O2Na (M+Na+): 231.1385; found 231.1385. 
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3i 
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1b(0.5 mmol) 2f(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat)  3500-2500(br), 2964, 1699, 1446, 1198 cm-1. 1H NMR (500 MHz, 
CDCl3) : 0.82 (t, J = 7.5 Hz, 3H), 1.51 (q, J = 7.5 Hz, 1H), 1.75 (q, J = 7.5 Hz, 
1H), 2.05 (d, J = 7.4 Hz, 3H), 2.82-2.87 (m, 1H), 5.63 (d, J = 10.1 Hz, 1H), 6.90-
6.94 (m, 2H), 7.00 (dd, J = 0.9 and 7.5 Hz, 1H), 7.19 (ddd, J = 1.6, 7.5 and 7.5 
Hz, 1H). 13C NMR (126 MHz, CDCl3) : 11.41, 25.55, 47.08, 116.14, 120.88, 
127.39, 127.57, 128.93, 129.05, 136.58, 152.01, 180.54. HRESIMS calcd. for 
C13H16O3Na (M+Na+): 243.0997; found 243.0991.

3j 
5ml CuOAc(0.05 mmol) TPMA(0.05 mmol) BnBu3NBr(0.01 
mmol) 1b(0.5 mmol) 2g(0.75 mmol) (1ml)

(0.85 mmol) 120 20

IR (neat)  2929, 1761, 1437, 1203, 1103 cm-1. 1H NMR (500 MHz, CDCl3) : 
0.86-0.90 (m, 3H), 1.28-1.35 (m, 4H), 1.72-1.79 (m, 1H), 1.97-2.03 (m, 1H), 2.19 
(s, 3H), 2.52-2.56 (m, 1H), 5.51 (dd, J = 1.2 and 5.4 Hz, 1H), 7.22 (d, J = 8.2 Hz, 
1H), 7.25 (dd, J = 1.2 and 8.1 Hz, 1H), 7.34-7.38 (m, 1H), 7.49 (dd, J = 1.7 and 
7.9 Hz, 1H). 13C NMR (126 MHz, CDCl3) : 14.01, 20.82, 22.68, 29.18, 29.40, 
42.98, 121.08, 124.88, 126.31, 127.22, 129.25, 130.45, 135.06, 149.56, 171.18. 
HRESIMS calcd. for C15H18O2Na (M+Na+): 253.1204; found 253.1209. 
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5
5ml 3b(0.5 mmol )NBS(0.75 mmol)
DMF(1ml) 50 2

IR (neat)  2931, 1744, 1436, 1209, 1111 cm-1. 1H NMR (500 MHz, CDCl3) : 1.46 
(s, 6H), 6.87 (dd, J = 1.6 and 8.0 Hz, 1H), 7.02 (ddd, J = 1.3, 7.3 and 7.3 Hz, 1H), 
7.19-7.21 (m, 3H), 7.33-7.43 (m, 4H). 13C NMR (126 MHz, CDCl3). HRESIMS 
calcd. for C18H15O2BrNa (M+Na+): 365.0153; found 365.0147. 

7
5ml 5(0.2 mmol) PdCl2(dppf)2 CH2Cl2 (0.01 mmol) Cs2CO3 
(0.6 mmol) (0.4 ml) 120
13

NaOH(0.4 mmol) 1,4-Dioxane(0.4  
ml) H2O(0.4 ml) 4
0 1M HCl

IR (neat)  3500-2500(br), 3454, 2973, 1701, 1444, 1173 cm-1. 1H NMR (500 MHz, 
CDCl3)  1.22 (3H), 1.38 (s, 3H), 2.22 (s, 3H), 6.80 (d, J = 8.4 Hz, 1H), 6.89-7.04 
(m, 10H), 7.15 (t, J = 7.3 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H). 13C NMR (126 MHz, 
DMSO-d) : 20.66, 25.65, 28.23, 46.88, 115.46, 118.64, 125.08, 127.00, 127.63, 
129.11, 129.79, 130.32, 130.45, 134.49, 138.18, 138.54, 143.25, 144.52, 154.30, 
178.34. 
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3a 
5ml 1a (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3a
(72%)

1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 6.17 (d, J = 18.5 Hz, 1H), 7.28 (dd, 
J = 1.3 and 8.2 Hz, 1H), 7.33 (dd, J = 1.3 and 8.2 Hz, 2H), 7.40 (d, J = 18.5 Hz, 
1H), 7.49 (dd, J = 1.3 and 7.3 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 24.86, 
83.43, 127.20, 128.71, 129.05, 137.60, 149.68. 

3b 
5ml 1b (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3b
(74%)

1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 2.34 (s, 3H), 6.11 (d, J = 18.5 Hz, 
1H), 7.14 (d, J = 8.6 Hz, 2H), 7.37 (d, J = 18.5 Hz, 1H), 7.39 (d, J = 8.6 Hz, 2H); 
13C NMR (125 MHz, CDCl3) : 21.39, 24.88, 83.38, 127.18, 129.45, 134.95, 
139.12, 149.66. 
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3c 
5ml 1c (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3c
(71%)

IR (neat)  2976, 1623, 1378 cm 1; 1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 
2.34 (s, 3H), 6.15 (d, J = 18.5 Hz, 1H), 7.11 (d, J = 7.0 Hz, 1H), 7.23 (t, J = 7.8 
Hz, 1H), 7.30 (d, J = 6.8 Hz, 2H), 7.37 (d, J = 18.5 Hz, 1H); 13C NMR (125 MHz, 
CDCl3) : 21.41, 24.84, 83.36, 124.36, 127.90, 128.59, 129.85, 137.59, 138.19, 
149.84; HREIMS calcd. for C15H22BO2 (MþHþ): 245.1712; found 245.1713.

3d 
5ml 1d (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3d
(70%)

1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 6.14 (d, J = 18.3 Hz, 1H), 7.30 (d, J
= 8.3 Hz, 2H), 7.37 (d, J = 18.3 Hz, 1H), 7.41 (d, J = 8.3 Hz, 2H); 13C NMR (125 
MHz, CDCl3) : 24.90, 83.61, 128.42, 128.98, 134.80, 136.14, 148.23. 
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3e 
5ml 1e (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3e
(80%)

IR (neat)  2978, 1622, 961 cm 1;1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 1.33 
(s, 12H), 6.23 (d, J = 18.5 Hz, 1H), 7.40 (d, J = 18.5 Hz,1H), 7.48 (d, J = 18.5 Hz, 
1H), 7.39 (d, J = 8.3 Hz, 2H), 7.77 (d, J = 8.3 Hz, 2H); 13C NMR (125 MHz, CDCl3) 

 24.89, 24.94, 83.51, 83.94, 126.48, 135.19, 140.18, 149.56; HREIMS calcd. 
for C20H31B2O4 (M+H+): 357.2408; found 357.2403. 

3f 
5ml 1f (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3a
(70%)

1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 6.24 (d, J = 18.0 Hz,1H), 7.02 (dd, J
= 1.2 and 8.3 Hz,1H), 7.11 (dd, J = 0.8 and 7.5 Hz, 1H), 7.25 (m, 1H), 7.57 (dd, J
= 1.8 and 7.5 Hz, 1H), 7.60 (d, J = 18.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 
24.88, 83.57, 116 (d, J = 22.1 Hz), 124 (d, J = 3.6 Hz), 125 (d, J = 11.8 Hz), 127 
(d, J = 3.3 Hz), 130 (d, J =8.6 Hz), 141 (d, J = 4.1 Hz), 160 (d, J = 251 Hz).  
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3g 
5ml 1g (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3g
(75%)

IR (neat)  3058, 2975, 1616 cm 1; 1H NMR (500 MHz, CDCl3) : 1.25 (s, 12H), 
6.12 (d, J = 18.2 Hz, 1H), 7.31 (d, J = 4.5 Hz, 1H), 7.30-7.31 (m, 1H), 7.34-7.43 
(m, 9H); 13C NMR (125 MHz, CDCl3) : 24.84, 83.34, 126.67, 127.28, 127.64, 
128.22, 128.68, 130.13, 130.47, 136.20, 140.75, 141.66, 148.78; HREIMS calcd. 
for C20H24BO2 (M+H+): 307.1869; found 307.1871. 

3h 
5ml 1h (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3h
(78%)

IR (neat)  3056, 2974, 1615 cm 1; 1H NMR (500 MHz, CDCl3) : 1.33 (s, 12H), 
6.29 (d, J = 18.4 Hz,  1H), 7.45-7.48  (m, 2H), 7.57 (d, J = 18.4 Hz, 1H), 7.70 
(dd, J = 8.9 Hz, J = 1.7 Hz, 1H), 7.79-7.84 (m, 4H); 13C NMR (125 MHz, CDCl3) 
: 24.92, 83.53, 123.57, 126.46, 126.58, 127.87, 128.21, 128.43, 128.60, 133.62, 

133.91, 135.17, 149.71; HREIMS calcd. for C18H22BO2 (M+H+): 281.1712; found 
281.1711. 
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3i 
5ml 1i (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3i
(78%)

1H NMR (500 MHz, CDCl3) : 1.30 (s, 12H), 5.95 (d, J = 18.5 Hz, 1H), 5.97 (s, 
2H), 6.77 (d, J = 8.1 Hz, 1H), 6.94 (dd, J = 1.6 and 8.1 Hz, 1H), 7.03 (d, J = 1.6 
Hz, 1H), 7.29 (d, J = 18.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 24.87, 83.40, 
101.34, 106.01, 108.40, 122.83, 132.34, 148.26, 148.55, 149.20. 

3j 
5ml 1j (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3a
(76%)

1H NMR (500 MHz, CDCl3) : 1.30 (s, 12H), 5.94 (d, J = 18.3Hz, 1H), 7.27 (dd, J
= 0.5 and 2.8 Hz, 1H), 7.29 (d, J = 1.3 Hz, 1H), 7.31 (dd, J = 1.4 and 2.8 Hz, 1H) 
7.38 (d, J = 18.3 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 24.85, 83.40, 125.02, 
125.16, 126.27, 141.37, 143.32. 

3m 
5ml 1m (1 equiv, 0.5 mmol) B2Pin2
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(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3m
(64%)

IR (neat)  3289, 2976, 2105, 1620 cm 1; 1H NMR (500 MHz, CDCl3) : 0.90 (t, J
= 7.4 Hz, 3H), 1.26-1.36 (m, 4H), 1.31 (s, 12H), 1.41-1.47 (s, 2H) 1.56-1.62 (m, 
2H), 2.40 (t, J = 7.4 Hz, 3H), 6.14 (d, J = 18.5 Hz, 1H), 7.33-7.40 (m, 4H); 7.37 
(d, J = 18.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 14.15, 19.59, 22.65, 24.89, 
28.70, 28.78, 31.46, 80.69, 83.52, 92.06, 124.78, 127.04, 131.93, 136.69, 
148.97; HREIMS calcd. for C22H32BO2 (M+H+): 339.2495; found 339.2495. 

3n 
5ml 1n (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3n
(70%)

IR (neat)  3084, 2975, 1602 cm 1; 1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 
2.15 (s, 3H), 5.09 (s, 1H), 5.41 (s, 1H), 6.16 (d, J = 18.4 Hz, 1H), 7.39 (d, J = 18.4 
Hz, 1H), 7.45 (s, 4H); 13C NMR (125 MHz, CDCl3) : 21.74, 24.89, 83.46, 112.95, 
125.82, 127.14, 136.76, 136.76, 141.77, 149.23; HREIMS calcd. for C17H24BO2

(M+H+): 271.1869; found 271.1865. 

3o 
5ml 1o (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3o
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(80%)
IR (neat)  2984, 2945, 2249 1602 cm 1;1H NMR (500 MHz, CDCl3) : 1.31 (s, 
12H), 2.14 (m, 2H), 2.09 (t, J = 7.1Hz, 2H), 4.08 (t, J = 5.7Hz, 2H), 6.02 (d, J = 
18.4 Hz,1H), 6.85 (d, J = 8.6 Hz, 2H), 7.34 (d, J = 18.4 Hz, 1H), 7.42 (d, J = 8.8 
Hz, 1H); 13C NMR (125 MHz, CDCl3) : 14.22, 24.86, 25.48, 65.33, 83.30, 114.55, 
119.20, 128.57, 130.95, 148.90, 159.06; HREIMS calcd. for C18H25BNO2 (M+H+): 
298.1978; found 298.1979. 

3pT 
5ml 1p (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) 3p
(75%)

IR (neat)  2978, 1730, 1617, 1511, 1354, 1140, 996, 805 cm 1; 1H NMR (500 
MHz, CDCl3) : 1.30 (s, 12H), 2.10 (pent, J = 7.0 Hz, 2H), 2.52 (t, J = 7.2 Hz, 2H), 
3.68 (s, 3H), 4.01 (t, J = 6.1 Hz, 2H), 6.00 (d, J = 18.3Hz, 1H), 6.83 (d, J = 8.7 Hz, 
2H), 7.33 (d, J = 18.4 Hz, 1H), 7.41 (d, J = 8.7 Hz, 2H); 13C NMR (125 MHz, 
CDCl3) : 24.65, 24.88, 30.57, 51.69, 66.75, 83.27, 114.56, 128.53, 130.54, 
149.12, 159.61, 173.66; HREIMS calcd. for C19H28BO4 (M+H+): 331.2080; found 
331.2083. 

p-4 
5ml p-1(1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) p-4
(56%)

IR (neat)  2980, 1625 cm 1;1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 5.26 (dd, 
J = 0.6 and 11.0 Hz, 1H), 5.77 (dd, J = 0.7 and 17.7 Hz,1H), 6.16 (d, J = 18.4 
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Hz,1H), 6.70 (dd, J = 10.9 and 17.7 Hz, 1H), 7.37 (d, J = 18.4 Hz, 1H), 7.38 (d, J 
= 8.2 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H); 13C NMR (125 MHz, CDCl3)  24.90, 
83.50, 114.46, 126.62, 127.47, 136.58, 137.17, 138.31, 149.20; HREIMS calcd. 
for C16H22BO2 (M+H+): 257.1712; found 257.1713. 

m-4 
5ml m-1 (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

(  hexane:EtOAc = 30:1) m-
4 (48%)
1H NMR (500 MHz, CDCl3) : 1.31 (s, 12H), 5.26 (d, J = 11.0 Hz, 1H), 5.76 (d, J
= 17.5 Hz, 1H), 6.19 (d, J = 18.5 Hz, 1H), 6.70 (dd, J = 11.0 and 17.5 Hz, 1H), 
7.31 (d, J = 7.2 Hz, 1H), 7.34 (s, 1H), 7.36 (d, J = 18.5 Hz, 1H), 7.41 (d, J = 9.2 
Hz, 1H), 7.52 (s, 1H); 13C NMR (125 MHz, CDCl3) : 24.90, 83.52, 114.35, 125.21, 
126.59, 126.87, 128.93, 136.78, 137.90, 137.99, 149.52; HREIMS calcd. for 
C16H22BO2 (M+H+): 257.1712; found 257.1712. 

6 
5ml 1a (1 equiv, 0.5 mmol) B2Pin2

(2 equiv, 1.0 mmol) CuI (10 mol%) Pr2NH (1.5 equiv, 0.75 mmol) dist. H2O 
(1ml) 45

Bromobenzene (0.25 mmol), Pd(OAc)2 (2.8 mg, 0.0125 mmol), PPh3 (7.9 
mg, 0.03 mmol), Na2CO3 (40.3 mg, 0.38 mmol), Et3N (38.5 mg, 0.38 mmol)

20
(

 hexane) 6 (98%)
1H NMR (500 MHz, CDCl3) : 7.12 (s,2H), 7.27 (t, J = 7.4 Hz, 2H), 7.37 (t, J = 7.4 
Hz, 4H), 7.53 (dd, J = 1.4 and 8.4 Hz, 3H); 13C NMR (125 MHz, CDCl3) : 127.4, 
128.5, 129.5, 138.22.
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Scheme 4-11 
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1a - 2a
- K2CO3 PrOH

100 Table 4-1

Table 4-1 

1 2 3 1
37% entry1 Bu2NH

iPr2NH 2 55% 71%
3 52-65%

entry3 iPr2NH
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Table 4-2

Table 4-2 

8% entry1
entry2

ATRA

ATRA
2 3

entry3-4 4
TPMA 65%

entry5

TPMA L5
74% (entry6-10)

entry10
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Table 4-
3

Table 4-3 

entry7 (CF3)2CHOH
77%

entry7
(CF3)2CHOH
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K2CO3

Table 4-4

Table 4-4 

K2CO3 0-
100 mol% K2CO3 20 mol%

0 mol%
entry1-2 K2CO3

K2CO3 (entry3-4)
K2CO3

CuI TPMA
L5 Pr2NH (CF3)2CHOH
100 20
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-
(Table 4-5)

3b 3c 3g
3i 3k 3m

4 6 -
-

3d 3j
3e

-
3f 3h 3l 3n

- 3x 3y 28%
35% -

3z 32%
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Table 4-5 
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Table 4-6

-
2-

3aa 76%

Table 4-6 
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(Table 4-7)

-

Table 5-7 
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-
1- 4

4
1- - 1b

5 74%
6 83%

Scheme 4-15 

Scheme 4-16 
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3a mCPBA
7 76% 3a

LiAlH4 8
90%

Scheme 4-17 

Scheme 4-18 
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9
9 L5

- 2 100 20 (Scheme 
4-19) 3a 54%
9 L5 - 2

(CF3)2CHOH Pr2NH 100 20 (Scheme 4-
20) 3a 47%

9
9 3a (CF3)2CHOH Pr2NH

Scheme 4-19 

Scheme 4-20 

L5 (Scheme 4-21)
3a L5

ATRA
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Scheme 4-21 

9 L5
Pt(dba)2 - 2 100 20

(Scheme 4-22) Scheme 5-19

Scheme 4-22 

2aa
3aa 61%

(Scheme 4-23)
3aa 19 (Scheme 4-24)



115

Scheme 4-23 

Scheme 4-24 

9
(Scheme 4-25) 3a 61

9

Scheme 4-25 
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2,2,6,6-tetramethylpiperidine 1-oxyl 
(TEMPO) (Scheme 4-26)

- 2a 2a TEMPO

Scheme 4-26 
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Scheme 4-27
1 -

A

2 1-
B B -

2 A

C 3

Scheme 4-27 
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-
(CF3)2CHOH iPr2NH

-

Scheme 4-28 
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1. - -

5ml - 1a (0.75 mmol, 1.5 
equiv) 2a (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3a (78%) 5

1H NMR (500 MHz, CDCl3) : 1.27 (t, J = 7.2 Hz, 3H), 1.43 (s, 6H), 4.16 (q, J = 
7.2 Hz, 2H), 6.41 (d, J = 16.3 Hz, 1H), 6.45 (d, J = 16.3 Hz, 1H), 7.24 (t, J = 7.3 
Hz, 2H), 7.32 (t, J = 7.3 Hz, 1H), 7.40 (dd, J = 0.9 and 7.8 Hz, 2H); 13C NMR (125 
MHz, CDCl3
128.67, 134.63, 137.30, 176.47.  

5ml - 1b (0.75 mmol, 1.5 
equiv) 2a (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3b (96%)
IR(neat):  2979, 1722, 1199, 1098 cm-1. 1H NMR (500 MHz, CDCl3) : 1.27 (t, J 
= 7.2 Hz, 3H), 1.91-1.97 (m, 2H), 2.24-2.29 (m, 2H), 2.58-2.64 (m, 2H), 4.18 (q, 
J = 7.2 Hz, 2H), 6.46 (d, J = 15.9 Hz, 1H), 6.51 (d, J = 15.9 Hz, 1H), 7.23 (t, J = 
7.3 Hz, 1H), 7.32 (t, J = 7.3 Hz, 1H), 7.40 (dd, J = 0.9 and 7.8 Hz, 1H); 13C NMR 
(125 MHz, CDCl3
129.03, 131.65, 137.24, 175.83. HRESIMS calcd. for C15H19O2 (M+H+): 
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231.1385; found 231.1386. 

5ml - 1c (0.75 mmol, 1.5 
equiv) 2a (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3c (81%)
1H NMR (500 MHz, CDCl3) : 1.29-1.48 (m, 3H), 1.53-1.72 (m, 5H), 2.15-2.23 (m, 
2H), 3.71 (s, 3H), 6.17 (d, J = 16.3 Hz, 1H), 6.45 (d, J = 16.3 Hz, 1H), 7.23 (t, J = 
7.8 Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.38 (dd, J = 7.8 Hz, 1H); 13C NMR (125 
MHz, CDCl3
129.53, 134.01, 137.21, 175.73.  

5ml - 1d (0.75 mmol, 1.5 
equiv) 2a (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3d (70%)
IR(neat): 2972, 1724, 1228, 1140 cm-1. 1H NMR (500 MHz, CDCl3) : 0.91 (t, J 
= 7.3 Hz, 3H), 1.27 (t, J = 7.3 Hz, 3H), 1.39 (s, 3H), 1.68-1.77 (m, 1H), 1.84-1.92 
(m, 1H), 4.13-4.21 (m, 2H), 6.40 (d, J = 16.5 Hz, 1H), 6.44 (d, J = 16.5 Hz, 1H), 
7.23 (d, J = 7.7 Hz, 1H), 7.32 (t, J = 7.7 Hz, 2H), 7.39 (d, J = 7.7 Hz, 2H); 13C 
NMR (125 MHz, CDCl3
127.47, 128.66, 128.72, 133.87, 137.45, 176.01. HRESIMS calcd. for 
C15H20O2Na (M+Na+): 255.1361; found 255.1366. 
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5ml - 1g (0.75 mmol, 1.5 
equiv) 2a (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3e (28%)6

1H NMR (500 MHz, CDCl3) : 1.46 (s, 3H), 2.25 (dt, J = 7.8 and 12.8 Hz, 1H), 
4.32 (dddd, J = 4.7, 6.8, 12.8 Hz, 1H), 4.27-4.36 (m, 2H), 6.24 (d, J = 16.2 Hz, 
1H), 6.52 (d, J = 16.2 Hz, 1H), 7.25 (d, J = 7.3 Hz, 1H), 7.32 (t, J = 7.3 Hz, 2H), 
7.38 (d, J = 7.3 Hz, 2H); 13C NMR (125 MHz, CDCl3
126.59, 128.11, 128.80, 130.05, 130.30, 136.37, 179.84. 

5ml - 1f (0.75 mmol, 1.5 
equiv) 2b (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3f (69%)
IR(neat):  2973, 1744, 1503, 1189, 1099 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.58 (s, 6H), 2.37 (s, 3H), 3.81 (s, 3H), 6.50 (dd, J = 3.0 and 16.1 Hz, 1H), 6.57 
(d, J = 1.8 and 16.1 Hz, 1H), 6.90 (dd, J = 1.8 and 8.8 Hz, 2H), 7.01 (dd, J = 1.8 
and 8.8 Hz, 2H), 7.17 (d, J = 7.3 Hz, 2H), 7.35 (dd, J = 1.5 and 7.9 Hz, 2H); 13C 
NMR 21.21, 25.19, 44.66, 55.62, 114.51, 122.31, 126.45, 128.75, 129.43, 132.86, 
134.35, 137.53, 144.72, 157.34, 175.44. HRESIMS calcd. for C20H23O3 (M+H+): 
311.1647; found 311.1644. 



123

5ml - 1b (0.75 mmol, 1.5 
equiv) 2b (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3g (79%)
IR(neat): 2979, 1722, 1198, 1098 cm-1. 1H NMR (500 MHz, CDCl3) : 1.27 (t, J 
= 7.1 Hz, 3H), 1.90-1.96 (m, 2H), 2.23-2.28 (m, 2H),2.33 (s, 3H), 2.57-2.62 (m, 
2H), 4.18 (q, J = 7.1 Hz, 2H), 6.40 (d, J = 16.1 Hz, 1H), 6.48 (d, J = 16.1 Hz, 1H), 
7.12 (d, J = 8.1 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H); 13C NMR (125 MHz, CDCl3
14.30, 16.03, 21.26, 31.01, 50.06, 60.90, 126.42, 128.88, 129.44, 130.62, 134.45, 
137.43, 175.93. HRESIMS calcd. for C15H19O2 (M+H+): 231.1385; found 
231.1386. 

5ml - 1c (0.75 mmol, 1.5 
equiv) 2b (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3h (69%)
IR(neat): 2932, 1718, 1211, 1055 cm-1. 1H NMR (500 MHz, CDCl3) : 1.26-1.44 
(m, 3H), 1.51-1.69 (m, 5H), 2.17-2.20 (m, 2H), 2.31 (s, 3H), 3.68 (s, 3H), 6.10 (d, 
J = 16.9 Hz, 1H), 6.40 (d, J = 16.9 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 7.24 (d, J = 
7.8 Hz, 2H); 13C NMR (125 MHz, CDCl3
52.00, 126.31, 129.35, 132.99, 134.45, 137.39, 175.82. HRESIMS calcd. for 
C17H23O2 (M+H+): 259.1698; found 259.1696. 
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5ml - 1a (0.75 mmol, 1.5 
equiv) 2b (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3i (83%)5

1H NMR (500 MHz, CDCl3) : 1.27 (ddd, J = 0.8, 7.1, and 7.1 Hz, 3H), 1.43 (s, 
6H), 2.35 (s, 3H), 4.16 (dd, J = 0.8, and 7.1 Hz, 1H), 4.19 (dd, J = 1.0, and 7.1 
Hz, 1H), 6.38 (dd, J = 16.2 Hz, 1H), 6.44 (d, J = 1.2 and 16.2 Hz, 1H), 7.30 (d, J 
= 8.1 Hz, 2H); 13C NMR (125 MHz, CDCl3  60.79, 
126.34, 127.89, 129.33, 133.59, 134.50, 137.24, 176.51. 

5ml - 1d (0.75 mmol, 1.5 
equiv) 2b (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3j (64%)
IR(neat): 2972, 1724, 1229, 120 cm-1. 1H NMR (500 MHz, CDCl3) : 0.90 (t, J = 
7.4 Hz, 3H), 1.27 (t, J = 7.0 Hz, 3H), 1.38 (s, 3H), 1.69-1.76 (m, 1H), 1.85-1.92 
(m, 1H), 2.34 (s, 3H), 4.13-4.24 (m, 2H), 6.36 (d, J = 16.4 Hz, 1H), 6.41 (d, J = 
16.4 Hz, 1H), 7.13 (d, J = 8.1 Hz, 1H), 7.29 (t, J = 8.1 Hz, 2H); 13C NMR (125 
MHz, CDCl3
129.36, 132.88, 137.25, 176.11. HRESIMS calcd. for C16H23O2 (M+H+): 
247.1698; found 247.1698. 
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5ml - 1b (0.75 mmol, 1.5 
equiv) 2c (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 kg (94%)
IR (neat) 1722, 1510, 1244 cm-1; 1H NMR (CDCl3) : 1.27 (t, J = 7.2 Hz, 3H), 
1.91-1.97 (m, 2H), 2.24-2.29 (m, 2H), 2.58-2.64 (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)  14.26, 15.99, 30.98, 
49.98, 55.31, 60.82, 114.09, 127.61, 128.42, 129.39, 129.92, 159.30, 175.90; 
HRESIMS calcd. for C16H20O3Na (M+H+): 283.3227; found 283.3229. 

5ml - 1a (0.75 mmol, 1.5 
equiv) 2d (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3l (43%)
IR(neat):  2977, 1725, 1486, 1232, 1135 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.26 (t, J = 7.1 Hz, 3H), 1.42 (s, 3H), 4.16 (q, J = 7.1 Hz, 2H), 6.48 (d, J = 16.3 
Hz, 1H), 6.61 (d, J = 16.3 Hz, 1H), 7.02 (dd, J = 8.3 and 10.7 Hz, 1H), 7.08 (t, J 
= 7.5 Hz, 1H), 7.17-7.21 (m, 1H), 7.46 (ddd, J = 1.6, 7.6 and 7.6 Hz, 1H); 13C 
NMR (125 MHz, CDCl3 J = 21.8 Hz), 
120.5 (d, J = 4.2 Hz), 124.1 (d, J = 3.6 Hz), 125.1 (d, J = 12.2 Hz), 127.2 (d, J = 
3.7 Hz),128.7 (d, J = 8.3 Hz),137.0 (d, J = 4.1 Hz), 159.37, 161.35, 176.37. 
HRESIMS calcd. for C14H18O2F (M+H+): 237.1290; found 237.1291. 
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5ml - 1b (0.75 mmol, 1.5 
equiv) 2d (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3m (88%)
IR(neat):  2981, 1722, 1485, 1227, 1091 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.28 (t, J = 7.1 Hz, 3H), 1.92-1.98 (m, 2H), 2.25-2.31 (m, 2H), 2.59-2.65 (m, 2H), 
4.19 (q, J = 7.1 Hz, 2H), 6.56 (d, J = 16.2 Hz, 1H), 6.69 (d, J = 16.2 Hz, 1H), 7.01-
7.03 (m, 1H), 7.09 (ddd, J = 1.0, 7.5 and 7.5 Hz, 1H), 7.17-7.22 (m, 1H), 7.48 
(ddd, J = 1.6, 7.7.6 and 7.6 Hz, 1H); 13C NMR (125 MHz, CDCl3
30.91, 50.34, 60.95, 115.8 (d, J = 22.2 Hz), 121.4 (d, J = 3.8 Hz), 124.2 (d, J = 
3.5 Hz), 125.0 (d, J = 12.2 Hz), 127.3 (d, J = 3.7 Hz), 128.8 (d, J = 8.3 Hz), 134.0 
(d, J = 4.4 Hz), 159.3, 161.3, 175.5. HRESIMS calcd. for C15H18O2F (M+H+): 
249.1290; found 249.1293. 

5ml - 1b (0.75 mmol, 1.5 
equiv) 2e (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3n (66%)
IR(neat):  2930, 1719, 1682, 1220, 1096 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.21 (t, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H), 1.92-1.98 (m, 2H), 2.59-2.65 (m, 
2H), 2.98 (q, J = 7.3 Hz, 2H), 4.18 (q, J = 7.1 Hz, 2H), 6.53 (d, J = 16.1 Hz, 1H), 
6.60 (d, J = 16.1 Hz, 1H), 7.46 (d, J = 8.3 Hz, 2H), 7.91 (d, J = 8.3 Hz, 2H); 13C 
NMR (125 MHz, CDCl3
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128.14, 128.59, 134.47, 135.86, 141.68, 175.43, 200.49. HRESIMS calcd. for 
C10H12ONFNa (M+Na+): 204.0800; found 204.0809. 

5ml - 1b (0.75 mmol, 1.5 
equiv) 2f (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3o (60%)
IR(neat): 2979, 1720, 1197, 1099 cm-1. 1H NMR (500 MHz, CDCl3) : 1.25 (t, J
= 7.1 Hz, 3H), 1.89-1.96 (m, 2H), 2.20-2.25 (m, 2H), 2.56-2.62 (m, 2H), 4.17 (q, 
J = 7.1 Hz, 1H), 6.32 (d, J = 16.1 Hz, 1H), 6.53 (d, J = 16.1 Hz, 1H), 7.15 (dd, J 
= 1.2 and 2.8 Hz, 1H), 7.23 (dd, J = 1.2 and 5.1 Hz, 1H), 7.28 (dd, J = 2.8 and 
5.2 Hz, 1H); 13C NMR (125 MHz, CDCl3 0, 30.96, 40.96, 60.93, 
121.92, 123.37, 125.15, 126.20, 131.53, 139.82, 175.81. HRESIMS calcd. for 
C13H17O2S (M+H+): 237.0949; found 237.0947. 

5ml - 1a (0.75 mmol, 1.5 
equiv) 2f (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3p (57%)
IR(neat): 2976, 1721, 1134 cm-1. 1H NMR (500 MHz, CDCl3) : 1.25 (d, J = 7.1 
Hz, 3H), 1.36 (s, 6H), 4.14 (q, J = 7.1 Hz, 2H), 6.26 (d, J = 16.2 Hz, 1H), 6.44 (d, 
J = 16.2 Hz, 1H), 7.12-7.13 (m, 1H), 7.22 (dd, J = 1.2 and 5.0 Hz, 1H), 7.26 (dd, 
J = 2.7 and 4.9 Hz, 1H); 13C NMR (125 MHz, CDCl3
121.83, 122.44, 125.11, 126.11, 134.57, 139.92, 176.48. HRESIMS calcd. for 
C12H17O2S (M+H+): 225.0949; found 225.0945. 
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5ml - 1b (0.75 mmol, 1.5 
equiv) 2g (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3q (78%)
IR(neat):  2979, 1719, 1491, 1197, 1099 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.25 (t, J = 7.1 Hz, 3H), 1.93-1.98 (m, 2H), 2.26-2.31 (m, 2H), 2.60-2.66 (m, 2H), 
4.17 (q, J = 7.1 Hz, 1H), 6.62 (d, J = 16.2 Hz, 1H), 6.68 (d, J = 16.2 Hz, 1H), 7.47 
(dd, J = 7.0 and 8.0 Hz, 1H), 7.59-7.63 (m, 1H), 7.73 (d, J = 8.1 Hz, 1H), 8.01 
(brs, 1H), 8.03 (d, J = 8.5 Hz, 1H), 8.96 (d, J = 2.1 Hz, 1H); 13C NMR (125 MHz, 
CDCl3
129.19, 129.22, 129.99, 132.33, 134.06, 147.46, 149.41, 175.29. HRESIMS 
calcd. for C18H20NO2 (M+H+): 282.1494; found 282.1493. 

5ml - 1c (0.75 mmol, 1.5 
equiv) 2g (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3r (80%)
IR(neat):  2930, 1714, 1447, 1203, 1132 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.25-1.46 (m, 3H), 1.52-1.69 (m, 5H), 2.20-2.23 (m, 2H), 3.70 (s, 3H),6.36 (d, J = 
16.4 Hz, 1H), 6.55 (d, J = 16.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 1H), 7.60 (t, J = 7.6 
Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.97 (brs, 1H), 8.02 (d, J = 8.4 Hz, 1H), 8.91 (d, 
J = 2.0 Hz, 1H); 13C NMR (125 MHz, CDCl3
126.37, 126.96, 127.82, 129.18, 130.00, 132.27, 136.46, 147.49, 149.36, 175.29. 
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HRESIMS calcd. for C19H22NO2 (M+H+): 296.1650; found 296.1649. 

5ml - 1a (0.75 mmol, 1.5 
equiv) 2g (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3s (93%)
IR(neat):  2977, 1722, 1246, 1139 cm-1. 1H NMR (500 MHz, CDCl3) : 1.20-1.24 
(m, 3H), 1.42 (s, 6H), 4.11-4.16 (m, 2H), 6.53 (dd, J = 2.6 and 16.3 Hz, 1H), 6.61 
(dd, J = 1.9 and 16.3 Hz, 1H), 7.43-7.47 (m, 1H), 7.57-7.61 (m, 1H), 7.70-7.72 
(m, 1H), 7.99 (brs, 1H), 8.01 (d, J = 8.3 Hz, 1H), 8.92 (s, 1H); 13C NMR (125 MHz, 
CDCl3
129.17, 130.10, 132.35, 137.09, 147.34, 149.37, 175.99. HRESIMS calcd. for 
C17H20NO2 (M+H+): 270.1494; found 270.1495. 

5ml - 1g (0.75 mmol, 1.5 
equiv) 2g (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3t (63%)
IR(neat):  2972, 1764, 1179 cm-1. 1H NMR (CDCl3)  1.44 (s, 3H), 2.24 (dt, J = 
7.8 and 12.8 Hz, 1H), 2.40-2.44 (m, 1H), 4.26-4.35 (m, 2H), 5.95 (s, 2H), 6.05 (d, 
J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.75 (d, J = 7.9 Hz, 1H), 6.80 (dd, J 
= 1.6 and 7.0 Hz, 1H), 6.91 (d, J = 1.6 Hz, 1H). 13C NMR (CDCl3)  23.59, 36.25, 
45.25, 65.25, 101.31, 105.80, 108.48, 121.45, 128.27, 129.95, 130.85, 147.70, 
148.30, 179.93;HRESIMS calcd. for C14H15O4 (M+H+): 247.0970; found 
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247.0974. 

5ml - 1e (0.75 mmol, 1.5 
equiv) 2g (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3u (70%)
IR(neat):  2981, 1726, 1605, 1102 cm-1. 1H NMR (CDCl3) : 1.26 (t, J = 7.1 Hz, 
6H), 1.64 (s, 3H), 4.18-4.24 (m, 4H), 5.94 (s, 2H), 6.39 (d, J = 16.3 Hz, 1H), 6.50 
(d, J = 16.3 Hz, 1H), 6.74 (d, J = 8.1 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.96 (s, 
1H). 13C NMR (CDCl3) : 14.08, 20.40, 55.67, 61.75, 101.24, 105.96, 108.37, 
121.57, 126.01, 130.52, 131.20, 147.62, 148.22, 171.38. HRESIMS calcd. for 
C17H21O6 (M+H+): 321.1338; found 321.1345. 

5ml - 1b (0.75 mmol, 1.5 
equiv) 2h (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3v (86%)
IR(neat):  2980, 1719, 1489, 1246, 1036 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.26 (t, J = 7.1 Hz, 3H), 1.88-1.95 (m, 2H), 2.20-2.25 (m, 2H), 2.56-2.61 (m, 2H), 
4.16 (q, J = 7.1 Hz, 2H), 5.92 (s, 2H), 6.29 (d, J = 16.0 Hz, 1H), 6.41 (d, J = 16.0 
Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.81 (dd, J = 1.3 and 8.0 Hz, 1H), 6.94 (s, 1H); 
13C NMR (125 MHz, CDCl3
108.32, 121.04, 128.58, 129.82, 131.62, 147.22, 148.16, 175.74. HRESIMS 
calcd. for C16H19O4 (M+H+): 275.1283; found 275.1283. 
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5ml - 1e (0.75 mmol, 1.5 
equiv) 2h (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3w (62%)
IR (neat)  2967, 1723, 1129 cm-1;1H NMR (CDCl3) : 0.83 (t, J = 7.3 Hz, 6H), 
1.26 (t, J = 7.3 Hz, 3H), 1.81 (dt, J = 1.6 and 7.3 Hz, 4H), 4.17 (q, J = 7.3 Hz, 2H), 
5.93 (s, 2H), 6.20 (d, J = 16.5 Hz, 1H), 6.32 (d, J = 16.5 Hz, 1H), 6.75 (d, J = 8.1 
Hz, 1H), 6.80 (d, J = 1.6 and 8.0 Hz, 1H), 6.95 (d, J = 1.6 Hz, 1H). 13C NMR 
(CDCl3) : 8.90, 14.35, 24.87, 28.97, 52.64, 60.61, 101.14, 105.68, 108.35, 
120.95, 129.13, 130.34, 132.20, 147.13, 148.18, 175.71; 

5ml - 1b (0.75 mmol, 1.5 
equiv) 2h (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc=30:1 3x (28%)
IR(neat):  2929, 1724, 1097 cm-1. 1H NMR (500 MHz, CDCl3) : 1.25 (t, J = 7.1 
Hz, 3H), 1.55-1.61 (m, 2H), 1.63-1.70 (m, 2H), 1.83-1.90 (m, 2H), 2.08-2.17 (m, 
6H), 2.49-2.55 (m, 2H), 4.14 (q, J = 7.1 Hz, 2H), 5.74 (brs, 1H), 5.76 (d, J = 15.9 
Hz, 1H), 6.14 (d, J = 15.9 Hz, 1H); 13C NMR (125 MHz, CDCl3
22.57, 22.63, 24.66, 25.97, 31.15, 49.82, 60.74, 127.49, 129.55, 132.64, 135.38, 
176.26. HRESIMS calcd. for C15H23O2 (M+H+): 235.1698; found 235.1699. 
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5ml - 1a (0.75 mmol, 1.5 
equiv) 2h (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3y (36%)
IR(neat):  2929, 1726, 1132 cm-1. 1H NMR (500 MHz, CDCl3) : 1.23 (t, J = 7.1 
Hz, 3H), 1.30 (s, 6H), 1.57-1.61 (m, 2H), 1.65-1.69 (m, 2H), 2.11-2.12 (m, 4H), 
4.10 (q, J = 7.1 Hz, 2H), 5.70 (d, J = 16.1 Hz, 1H), 5.72 (brs, 1H), 6.07 (d, J = 
16.1 Hz, 1H); 13C NMR (125 MHz, CDCl3
25.95, 44.10, 60.73, 129.46, 130.50, 131.65, 135.44, 176.93. HRESIMS calcd. 
for C14H23O2 (M+H+): 223.1698; found 223.1695. 

5ml - 1h (0.75 mmol, 1.5 
equiv) 2a (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3z (32%)7

1H NMR (500 MHz, CDCl3) : 1.34 (s, 6H), 2.16 (s, 3H),  6.27 (d, J = 16.2 Hz, 
1H), 6.46 (d, J = 16.2 Hz, 1H), 7.24 (t, J = 7.2 Hz, 1H), 7.32 (t, J = 7.9 Hz, 2H), 
7.38 (d, J = 7.7 Hz, 2H); 13C NMR (125 MHz, CDCl3
126.46, 127.81, 128.81, 129.58, 134.23, 137.09, 211.32.  
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5ml - 1l (0.75 mmol, 1.5 
equiv) 2l (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3bb (72%)
IR(neat): 2953, 2858, 1724, 1605, 1509, 1359, 1241, 1116 cm-1. 1H NMR (500 
MHz, CDCl3) : 0.84 (t, J = 7.4 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H), 1.17-1.34 (m, 
5H), 1.75 (t, J = 8.1 Hz, 2H), 1.82 (q, J = 7.4 Hz, 2H), 2.06-2.12 (m, 2H), 2.49-
2.53 (m, 6H), 2.62 (t, J = 5.6 Hz, 2H), 3.64 (t, J = 4.5 Hz, 4H), 3.67 (s, 3H), 3.99 
(t, J = 6.0 Hz, 2H), 4.24 (t, J = 5.6 Hz, 2H), 6.20 (d, J = 16.3 Hz, 1H), 6.34 (d, J = 
16.3 Hz, 1H), 6.82 (dd, J = 1.6 and 8.6Hz, 1H), 7.28 (dd, J = 1.6 and 8.6 Hz, 1H); 
13C NMR (125 MHz, CDCl3
52.23, 53.87, 57.19, 61.93, 66.83, 66.98, 114.69, 114.70, 127.43, 128.89, 130.07, 
130.41, 158.46, 158.47, 173.81, 175.69. HRESIMS calcd. for C15H19O2 (M+H+): 
231.1385; found 231.1386. 

5ml - 1m (0.75 mmol, 1.5 
equiv) 2m (0.75 mmol, 1.0 equiv) CuI (0.05 
mmol, 10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3cc (71%)
IR(neat):  2955, 2934, 2871, 2247, 1723, 1605, 1508 cm-1. 1H NMR (500 MHz, 



134

CDCl3) : 0.82 (t, J = 7.4 Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H), 1.09-1.19 (m, 2H), 
1.24-1.30 (m, 2H), 1.78 (t, J = 8.2 Hz, 2H), 1.85(q, J = 8.2 Hz, 2H), 2.10-2.15 (m, 
2H), 2.58 (t, J = 7.4 Hz, 2H), 4.07 (t, J = 5.6 Hz, 2H), 5.10 (s, 2H), 6.22 (d, J = 
16.6 Hz, 1H), 6.34 (d, J = 16.6 Hz, 1H), 6.85 (dd, J = 1.6 and 7.3 Hz, 2H), 7.22 
(d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.3 Hz, 2H), 7.46 (dd, J = 1.6 and 7.3 Hz, 2H); 
13C NMR (125 MHz, CDCl3
29.11, 35.90, 52.31, 65.43, 65.50, 114.66, 122.20, 127.55, 130.14, 135.41, 
157.96, 175.49. HRESIMS calcd. for C15H19O2 (M+H+): 231.1385; found 
231.1386. 

5ml - 1i (0.75 mmol, 1.5 
equiv) 2i (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3dd (77%)
IR(neat):  3405, 2974, 2934, 1724, 1603, 1507 cm-1. 1H NMR (500 MHz, CDCl3) 

: 0.90 (t, J = 7.5 Hz, 3H), 1.36 (s, 12H), 1.39 (s, 3H), 1.70-1.77 (m, 1H), 1.85-
1.92 (m, 1H), 3.42 (t, J = 5.5 Hz, 3H), 3.85 (s, 1H), 4.32 (t, J = 5.5 Hz, 2H), 6.45 
(s, 2H), 6.59 (dd, J = 0.9 and 7.3 Hz, 2H), 6.73 (tt, J = 0.9 and 7.3 Hz, 1H), 7.17 
(dt, J = 0.9 and 7.3 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H); 13C 
NMR (125 MHz, CDCl3) 
113.13, 118.02, 125.81, 129.21, 134.52, 139.96, 147.80, 176.03. HRESIMS calcd. 
for C15H19O2 (M+H+): 231.1385; found 231.1386. 

5ml - 1j (0.75 mmol, 1.5 
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equiv) 2j (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc=30:1 3ee (75%)
IR(neat):  2960, 2931, 2146, 1752, 1721, 1602, 1504 cm-1. 1H NMR (500 MHz, 
CDCl3) : 0.90 (t, J = 7.3 Hz, 3H), 0.97 (t, J = 7.3 Hz, 3H), 1.02 (t, J = 7.3 Hz, 3H), 
1.31-1.33 (m, 2H), 1.42-1.48 (m, 2H), 1.57-1.62 (m, 2H), 1.63-1.69 (m, 1H), 1.74-
1.81 (m, 1H), 2.00 (dq, J = 1.9 and 7.3 Hz, 3H), 2.40 (t, J = 7.3 Hz, 2H), 2.44-2.49 
(m, 1H), 3.91 (s, 3H), 6.44 (t, J = 16.5 Hz, 1H), 6.52 (t, J = 16.5 Hz, 1H), 7.14 (t, 
J = 7.6 Hz, 2H), 7.35 (d, J = 3.9 Hz, 4H), 8.07 (t, J = 8.3 Hz, 1H); 13C NMR (125 
MHz, CDCl3
49.08, 52.30, 53.31, 80.66, 91.42, 121.79, 121.85, 123.46, 126.31, 127.87, 
131.34, 136.43, 154.88, 166.55. HRESIMS calcd. for C15H19O2 (M+H+): 
231.1385; found 231.1386. 

5ml - 1k (0.75 mmol, 1.5 
equiv) 2k (0.75 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 3ff (81%)
IR(neat):  3309, 2964, 2936, 2877, 1719, 1675, 1521 cm-1. 1H NMR (500 MHz, 
CDCl3) : 0.89 (t, J = 7.5 Hz, 6H), 1.85-1.93 (m, 4H), 1.97-202 (m, 2H), 2.71 (t, J 
= 7.8 Hz, 2H), 4.16 (t, J = 6.5 Hz, 2H), 6.52 (s, 2H), 7.08-7.14 (m, 2H), 7.16-7.21 
(m, 4H), 7.27 (t, J = 7.3 Hz, 2H), 7.45 (t, J =  7.5 Hz, 1H), 7.61 (dt, J = 0.9 and 
7.8 Hz, 1H), 7.72 (dt, J = 0.9 and 7.8 Hz, 1H), 7.92 (s, 1H), 8.10 (s, 1H), 8.46 (dt, 
J = 1.4 and 7.9 Hz, 1H); 13C NMR (125 MHz, CDCl3
53.11, 64.06, 100.69, 115.07, 122.09, 124.76, 124.87, 125.41, 126, 18, 126.69, 
128.60, 128.78, 129.21, 129.82, 133.91, 135.12, 138.50, 141.26, 165.67, 175.37. 
HRESIMS calcd. for C15H19O2 (M+H+): 231.1385; found 231.1386. 



136

2. 

5ml - 1 c (0.75 mmol, 1.5 
equiv) 4 (0.5 mmol, 1.0 equiv) CuI (0.05 mmol, 
10 mol%) L5 (0.05 mmol, 10 mol%) (CF3)2CHOH (1.0 mmol, 2.0 equiv)
Pr2NH (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

hexane:EtOAc = 30:1 (74%)
IR(neat):  2937, 1717, 1605, 1355, 1206, 1128 cm-1. 1H NMR (500 MHz, CDCl3) 

: 1.24 (s, 12H), 1.30-1.53 (m, 8H), 2.07-2.11 (m, 2H), 3.60 (s, 3H),6.13 (d, J = 
16.3 Hz, 1H), 6.33 (d, J = 16.3 Hz, 1H), 7.25 (t, J = 8.1 Hz, 2H), 7.63 (d, J = 8.1 
Hz, 2H); 13C NMR (125 MHz, CDCl3
52.12, 83.89, 125.77, 129.60, 135.14, 135.21, 140.00, 175.69. HRESIMS calcd. 
for C22H32O4B (M+H+): 371.2393; found 371.2399. 

  5ml  (0.5 mmol, 1.0 equiv) 4-
Iodotoluene (0.75 mmol, 1.5 equiv) Pd(OAc)2 (0.025 mmol, 5 mol%) Cs2CO3

(1.0 mmol, 2.0 equiv) dist. Toluene (0.8 ml) MeOH (0.2 ml)
60 12

 hexane:EtOAc = 30:1 6 (83%)
IR(neat):  2927, 2856, 1719, 1442, 1130 cm-1. 1H NMR (500 MHz, CDCl3) : 
1.32-1.36 (m, 1H), 1.40-1.47 (m, 2H), 1.53-1.56 (m, 1H), 1.59-1.68 (m, 4H), 2.19-
2.25 (m, 2H), 2.39 (s, 3H), 3.71 (s, 3H), 6.20 (d, J = 16.3 Hz, 1H), 6.46 (d, J = 
16.3 Hz, 1H), 7.24 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 7.49 (d, J = 8.1 
Hz, 2H), 7.53 (d, J = 8.1 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 21.15, 23.22, 
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25.74, 34.07, 49.17, 52.07, 126.82, 126.88, 127.14, 129.16, 129.65, 133.94, 
137.23, 140.34, 175.75. HRESIMS calcd. for C22H32O4B (M+H+): 371.2393; found 
371.2399. 

  5ml 3a (0.5 mmol, 1.0 equiv) m-
chloroperoxybenzoic acid (0.6 mmol, 1.2 equiv) dist. CH2Cl2 (2.0 mL)

20 NH4Cl
3

 hexane:EtOAc = 30:1 (76%)
IR (neat)  2979, 1725, 1140 cm-1; 1H NMR (500 MHz, CDCl3) : 1.23 (s, 3H), 
1.26 (t, J = 7.1 Hz, 3H), 1.30 (s, 3H), 3.17 (d, J = 2.1 Hz, 1H), 3.80 (d, J = 2.1 Hz, 
1H), 4.16 (q, J = 7.1 Hz, 2H), 7.28-7.36 (m, 5H); 13C NMR (125 MHz, CDCl3
14.22, 20.81, 21.66, 43.07, 55.38, 61.05, 66.61, 125.77, 128.30, 128.62, 137.41, 
175.68. HRESIMS calcd. for C14H18O3Na (M+Na+): 257.1153; found 257.1156. 
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1.

3a
5ml 1a (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc = 30:1 3a (75%, 
cis:trans=99:1)
1H NMR (500 MHz, CDCl3 .01 (t, J = 7.2 Hz, 3H), 1.34 (s, 6H), 3.64 (q, J = 
7.2 Hz, 2H), 5.64 (d, J = 12.4 Hz, 1H), 6.49 (d, J = 12.4 Hz, 1H), 7.14 (d, J = 7.4 
Hz, 2H), 7.20 (t, J = 7.4 Hz, 1H), 7.40 (t, J = 7.6 Hz, 2H); 13C NMR (CDCl3) : 
13.86, 27.75, 43.75, 60.58, 126.99, 128.01, 128.70, 129.41, 136.74, 137.48, 
176.65; HRESIMS calcd. for C14H19O2 (M+H+): 219.1385; found 219.1388.  

4a
5ml 1a (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4a (99%, cis:trans=12:88)
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1H NMR (500 MHz, CDCl3 J = 7.2 Hz, 3H), 1.43 (s, 6H), 4.16 (q, J = 
7.2 Hz, 2H), 6.41 (d, J = 16.3 Hz, 1H), 6.45 (d, J = 16.3 Hz, 1H), 7.24 (t, J = 7.3 
Hz, 1H), 7.32 (t, J = 7.3 Hz, 2H), 7.40 (dd, J = 0.9 and 7.8 Hz, 2H); 13C NMR (125 
MHz, CDCl3
128.67, 134.63, 137.30, 176.47. HRESIMS calcd. for C14H19O2 (M+H+): 
219.1385; found 219.1388.  

3b
5ml 1b (0.5 mmol, 1.0 equiv) -

2b (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

125 12

 hexane:EtOAc=30:1 3b (74%, 
cis:trans=99:1)
IR (neat) -1; 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 6H), 1.58 (s, 3H), 3.78 (s, 3H), 3.88-4.02 (m, 4H), 6.04 (d, J = 12.4 Hz, 1H), 
6.59 (d, J = 12.4 Hz, 1H), 6.81 (d, J = 8.7 Hz, 2H), 7.11 (d, J = 8.7 Hz, 2H); 13C 
NMR (125 MHz, CDCl3
129.12, 130.05, 131.12, 158.91, 171.48. HRESIMS calcd. for C17H23O5 (M+H+): 
307.1545; found 307.1546. 

4b
5ml 1b (0.5 mmol, 1.0 equiv) -

2b (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
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mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4b (70%, cis:trans=15:85)
IR (neat)  2981, 1726, 1100 cm-1; 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 6H), 1.65 (s, 3H), 3.80 (s, 3H), 4.19-4.25 (m, 4H), 6.43 (d, J = 16.4 Hz, 1H), 
6.54 (d, J = 16.4 Hz, 1H), 6.84 (d, J = 8.7 Hz, 2H), 7.34 (d, J = 8.7 Hz, 2H); 13C 
NMR (125 MHz, CDCl3
126.05, 127.96, 129.53, 159.63, 171.49. HRESIMS calcd. for C17H23O5 (M+H+): 
307.1545; found 307.1543.  

3c
5ml 1c (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3c (55%, 
cis:trans=99:<1)
IR (neat)  2982, 1730, 1044 cm-1; 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 3H), 1.32 (s, 6H), 1.37 (t, J = 7.2 Hz, 3H), 3.65 (q, J = 7.2 Hz, 2H), 4.35 (q, J 
= 7.1 Hz, 2H), 5.71 (d, J = 12.5 Hz, 1H), 6.48 (d, J = 12.5 Hz, 1H), 7.20 (d, J = 
8.3 Hz, 2H), 7.95 (d, J = 8.3 Hz, 2H); 13C NMR (125 MHz, CDCl3
27.62, 43.88, 60.68, 61.01, 128.54, 128.67, 128.97, 129.29, 138.12, 142.23, 
166.61, 176.33. HRESIMS calcd. for C17H23O4 (M+H+): 291.1596; found 
291.1595.  

4c
5ml 1c (0.5 mmol, 1.0 equiv) -
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2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 125 20

hexane:EtOAc = 30:1 4c (53%, cis:trans=17:87)
IR (neat) 2978, 1714, 1606, 1136 cm-1; 1H NMR (500 MHz, CDCl3 J 
= 7.1 Hz, 3H), 1.39 (t, J = 7.2 Hz, 3H), 1.41 (s, 6H), 4.16 (q, J = 7.1 Hz, 2H), 4.36 
(q, J = 7.2 Hz, 2H), 6.45 (d, J = 16.2 Hz, 1H), 6.53 (d, J = 16.2 Hz, 1H), 7.42 (d, 
J = 8.3 Hz, 2H), 7.98 (d, J = 8.3 Hz, 2H); 13C NMR (125 MHz, CDCl3
14.41, 25.08, 44.69, 61.02, 61.06, 126.40, 127.33, 129.37, 129.98, 137.24, 
141.77, 166.66, 176.22. HRESIMS calcd. for C17H23O4 (M+H+): 291.1596; found 
291.1598.  

3d
5ml 1d (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3d (70%, 
cis:trans=99:1)
IR (neat) 23, 1131 cm-1; 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 3H), 1.33 (s, 6H), 2.31 (s, 3H), 3.69 (t, J = 7.1 Hz, 2H), 5.60 (d, J = 12.4 Hz, 
1H), 6.45 (d, J = 12.4 Hz, 1H),7.03 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H); 
13C NMR (125 MHz, CDCl3 3.89, 21.23, 27.74, 43.71, 60.59, 128.66, 128.70, 
129.49, 134.55, 136.29, 136.64, 176.81. HRESIMS calcd. for C15H21O2 (M+H+): 
233.1541; found 233.1541.  
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4d
5ml 1d (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4d (81%, cis:trans=15:85)
IR (neat) 2976, 1726, 1137 cm-1; 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 3H), 1.39 (s, 6H), 2.33 (s, 3H), 4.14 (t, J = 7.1 Hz, 2H), 6.33 (d, J = 16.2 Hz, 
1H), 6.40 (d, J = 16.2 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H); 
13C NMR (125 MHz, CDCl3
129.41, 133.70, 134.58, 137.35,176.65. HRESIMS calcd. for C15H21O2 (M+H+): 
233.1541; found 233.1545.  

3e
5ml 1e (0.5 mmol, 1.0 equiv) -

2c (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3e (72%, 
cis:trans=86:14)
IR (neat)  2934, 1719, 1133 cm-1; 1H NMR (500 MHz, CDCl3 -1.64 (m, 
8H), 2.32 (s, 3H), 3.34 (s, 3H), 5.59 (d, J = 12.4 Hz, 1H), 6.51 (d, J = 12.4 Hz, 
1H),6.92-6.94 (m, 2H), 7.01 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 7.9 Hz, 1H); 13C NMR 
(125 MHz, CDCl3
127.87, 129.46, 130.68, 135.27, 137.41, 137.44, 176.38. HRESIMS calcd. for 
C17H23O2 (M+H+): 259.1698; found 259.1670.  
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4e
5ml 1e (0.5 mmol, 1.0 equiv) -

2c (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4e (72%, cis:trans=17:83)
IR (neat) 2934, 1719, 1134 cm-1; 1H NMR (500 MHz, CDCl3 -1.46 (m, 
2H), 1.59-1.65 (m, 6H), 2.33 (s, 3H), 3.69 (s, 3H), 6.14 (d, J = 16.4 Hz, 1H), 6.40 
(d, J = 16.4 Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 7.15-7.21 (m, 3H); 13C NMR (125 
MHz, CDCl3 6, 23.24, 25.78, 34.10, 49.14, 52.09, 123.66, 127.13, 128.44, 
128.62, 129.66, 133.84, 137.22, 138.29, 175.87. HRESIMS calcd. for C17H23O2

(M+H+): 259.1698; found 259.1673.  

3f
5ml 1f (0.5 mmol, 1.0 equiv) -

2d (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3f (65%, 
cis:trans=77:23)
IR (neat)  2968, 1767, 1177 cm-1; 1H NMR (500 MHz, CDCl3
1.85 (dt, J = 5.1 and 13.0 Hz, 1H), 2.16 (dt, J = 9.0 and 13.0 Hz, 1H), 4.05 (dd, J 
= 5.1 and 9.0 Hz, 2H), 6.06 (d, J = 12.3 Hz, 1H), 6.82 (d, J = 12.3 Hz, 1H), 7.33 
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(d, J = 8.4 Hz, 1H), 7.47-7.51 (m, 2H), 7.67 (s, 1H), 7.80-7.84 (m, 3H); 13C NMR 
(125 MHz, CDCl3
127.86, 127.89, 128.02, 131.54, 132.55, 133.14, 133.57, 134.97, 180.98. 
HRESIMS calcd. for C17H23O2 (M+H+): 259.1698; found 259.1674.  

4f
5ml 1f (0.5 mmol, 1.0 equiv) -

2d (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4f (78%, cis:trans=10:90)
IR (neat)  2966, 1764, 1175 cm-1; 1H NMR (500 MHz, CDCl3
2.28 (dt, J = 7.8 and 12.8 Hz, 1H), 2.47-2.52 (m, 1H), 4.30-4.38 (m, 2H), 6.38 (d, 
J = 16.3 Hz, 1H), 6.68 (d, J = 16.3 Hz, 1H), 7.43-7.48 (m, 2H), 7.58 (dd, J = 1.7 
and 8.6 Hz, 1H), 7.74 (s, 1H), 7.78-7.81 (m, 3H); 13C NMR (125 MHz, CDCl3
23.59, 36.17, 45.47, 65.29, 123.53, 126.24, 126.55, 126.79, 127.85, 128.19, 
128.49, 130.42, 130.45, 133.29, 133.70, 133.84, 179.88. HRESIMS calcd. for 
C17H23O2 (M+H+): 259.1698; found 259.1673.  

3g
5ml 1g (0.5 mmol, 1.0 equiv) -

2b (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

125 12

 hexane:EtOAc=30:1 3g (67%, 
cis:trans=95:5)
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IR (neat)  2983, 1735, 1096 cm-1; 1H NMR (500 MHz, CDCl3 J = 7.2 
Hz, 6H), 1.61 (s, 3H), 3.78-3.92 (m, 4H), 6.31 (d, J = 12.4 Hz, 1H), 6.77 (d, J = 
12.4 Hz, 1H), 7.53 (ddd, J = 1.0, 7.1 and 7.1 Hz, 1H), 7.69 (dd, J = 7.0 and 8.3 
Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.98 (d, J = 0.9 Hz, 1H), 8.06 (d, J = 8.3Hz, 1H), 
8.74 (d, J = 2.0 Hz, 1H); 13C NMR (125 MHz, CDCl3
127.13, 127.34, 128.00, 128.12, 129.33, 129.69, 132.94, 135.08, 147.07, 151.07, 
171.00. HRESIMS calcd. for C19H22O4 (M+H+): 328.1548; found 328.1551.  

4g
5ml 1g (0.5 mmol, 1.0 equiv) -

2b (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4g (73%, cis:trans=20:80)
IR (neat) 2983, 1735, 1098 cm-1; 1H NMR (500 MHz, CDCl3 J = 8.1 
Hz, 3H), 1.29 (t, J = 8.1 Hz, 3H), 1.72 (s, 3H), 4.22-4.29 (m, 4H), 6.65 (d, J = 16.4 
Hz, 1H), 6.91 (d, J = 16.4 Hz, 1H), 7.52 (dd, J = 1.0 and 8.0 Hz, 1H), 7.66 (dd, J 
= 1.5 and 8.5 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 8.05 (d, J = 8.5 Hz, 1H), 8.10 (d, 
J = 1.8 Hz, 1H), 8.99 (d, J = 2.1 Hz, 1H); 13C NMR (125 MHz, CDCl3
20.36, 25.10, 56.04, 62.01, 147.83, 149.57, 127.19, 127.88, 128.06, 128.10, 
129.42, 129.58, 130.36, 132.93, 171.05. HRESIMS calcd. for C19H22O4 (M+H+): 
328.1548; found 328.1550.  

3h
5ml 1h (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12
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 hexane:EtOAc = 30:1 3h (90%, 
cis:trans=86:14)
IR (neat) 2977, 1723, 1136 cm-1;1H NMR (CDCl3) : 1.09 (t, J = 7.1 Hz, 3H), 
1.33 (s, 6H), 3.80 (q, J = 7.1 Hz, 2H), 5.56 (d, J = 12.2 Hz, 1H), 5.93 (s, 2H), 6.38 
(d, J = 12.2 Hz, 1H), 6.61 (d, J = 0.6 and 8.0 Hz, 1H), 6.64 (s, 1H), 6.72 (d, J = 
7.9 Hz, 1H). 13C NMR (CDCl3) : 13.96, 27.68, 43.70, 60.70, 101.06, 107.94, 
109.17, 122.30, 129.15, 136.32, 136.32, 146.54, 147.38, 176.74; HRESIMS 
calcd. for C15H19O4 (M+H+): 263.1283; found 263.1288.  

4h
5ml 1h (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc = 30:1
4h (80%, cis:trans=3:97)

2981, 1718, 1141 cm-1;1H NMR (CDCl3) : 1.26 (t, J = 7.1 Hz, 3H), 
1.38 (s, 6H), 4.14 (q, J = 7.1 Hz, 2H), 5.94 (s, 2H), 6.23 (d, J = 16.2 Hz, 1H), 6.34 
(d, J = 16.2 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.80 (dd, J = 1.7 and 8.0 Hz, 1H), 
6.93 (d, J = 1.6 Hz, 1H). 13C NMR (CDCl3) : 14.26, 25.22, 44.39, 60.91, 101.18, 
105.82, 108.41, 121.10, 127.70, 131.88, 133.03, 147.24, 148.22, 176.59; 
HRESIMS calcd. for C15H19O4 (M+H+): 263.1283; found 263.1281.  

3i
5ml 1i (0.5 mmol, 1.0 equiv) -

2e (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
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20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)
125 12

 hexane:EtOAc=30:1 3i (67%, 
cis:trans=90:10)
IR (neat)  2973, 1723, 1127 cm-1; 1H NMR (500 MHz, CDCl3
4.71 (s, 2H), 5.60 (d, J = 12.3 Hz, 1H), 6.36 (d, J = 12.5 Hz, 1H), 6.89 (dd, J = 1.2 
and 4.9 Hz, 1H), 7.00-7.01 (m, 1H), 7.04 (d, J = 8.4 Hz, 2H), 7.20 (dd, J = 3.0 and 
5.0 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H); 13C NMR (125 MHz, CDCl3
65.77, 122.17, 123.66, 124.05, 125.10, 128.85, 129.83, 131.71, 135.16, 136.35, 
137.62, 176.65. HRESIMS calcd. for C17H18O2BrS (M+H+): 365.0210; found 
365.0212.  

4i
5ml 1i (0.5 mmol, 1.0 equiv) -

2e (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 
equiv) K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 
mmol, 1.5 equiv) dist. Toluene (1 ml) 100 20

hexane:EtOAc = 30:1 4i (72%, cis:trans=18:82)
IR (neat)  2974, 1725, 1127 cm-1; 1H NMR (500 MHz, CDCl3
5.08 (s, 2H), 6.23 (d, J = 16.1 Hz, 1H), 6.43 (d, J = 16.1 Hz, 1H), 7.10-7.11 (m, 
1H), 7.18-7.27 (m, 4H), 7.47 (d, J = 8.4 Hz, 2H); 13C NMR (125 MHz, CDCl3
25.10, 44.50, 65.78, 122.06, 122.90, 125.03, 126.25, 129.70, 129.86, 131.86, 
134.06, 135.39, 139.72, 176.13. HRESIMS calcd. for C17H18O2BrS (M+H+): 
365.0210; found 365.0211.  

3j
5ml 1j (0.5 mmol, 1.0 equiv) -
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2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

125 12

 hexane:EtOAc = 30:1 3j (70%, 
cis:trans=99:1)
IR(neat):  2928, 1718, 1136 cm-1. 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 3H), 1.32 (s, 6H), 1.51-1.62 (m, 4H), 1.91 (brs, 2H), 2.00 (brs, 2H), 4.07 (q, J 
= 7.1 Hz, 2H), 5.30 (d, J = 11.9 Hz, 1H), 5.44 (brs, 1H), 5.68 (d, J = 11.9 Hz, 1H); 
13C NMR (125 MHz, CDCl3 05, 28.49, 43.61, 
60.60, 125.68, 132.03, 134.41, 134.71, 177.16. HRESIMS calcd. for C14H23O2

(M+H+): 223.1698; found 223.1697.  

4j
5ml 1j (0.5 mmol, 1.0 equiv) -

2a (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA (0.05 
mmol, 10 mol%) Pt(dba)2 (0.01 mmol, 2 mol%) B2Pin2 (0.75 mmol, 1.5 equiv)
K2CO3 (0.1 mmol, 20 mol%) BuOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 
1.5 equiv) dist. Toluene (1 ml) 100 20

 hexane:EtOAc = 
30:1 4j (77%, cis:trans=29:71)
IR(neat): 2929, 1726, 1132 cm-1. 1H NMR (500 MHz, CDCl3 J = 7.1 
Hz, 3H), 1.30 (s, 6H), 1.57-1.61 (m, 2H), 1.65-1.69 (m, 2H), 2.11-2.12 (m, 4H), 
4.10 (q, J = 7.1 Hz, 2H), 5.70 (d, J = 16.1 Hz, 1H), 5.72 (brs, 1H), 6.07 (d, J = 
16.1 Hz, 1H); 13C NMR (125 MHz, CDCl3
25.95, 44.10, 60.73, 129.46, 130.50, 131.65, 135.44, 176.93. HRESIMS calcd. 
for C14H23O2 (M+H+): 223.1698; found 223.1694.  
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3k
5ml 1h (0.5 mmol, 1.0 equiv) -

2f (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA (0.1 
mmol, 20 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 20 mol%)
Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)
125 12

hexane:EtOAc=30:1 3k (73%, cis:trans=99:<1)
 2971, 1723, 1132 cm-1; 1H NMR (CDCl3) : 0.85 (t, J = 7.4 Hz, 3H), 

1.08 (t, J = 7.1 Hz, 3H), 1.26 (s, 3H), 1.64 (dq, J = 7.5 and 13.6 Hz, 1H), 1.78 (dq, 
J = 7.1 and 13.6 Hz, 1H), 3.76 (dq, J = 7.1 and 10.7 Hz, 1H), 3.87 (dq, J = 7.2 
and 10.7 Hz, 1H), 5.55 (d, J = 12.4 Hz, 1H), 5.93 (s, 2H), 6.39 (d, J = 12.4 Hz, 
1H), 6.61 (d, J = 7.4 Hz, 1H), 6.64 (s, 1H), 6.72 (d, J = 7.9 Hz, 1H).; 13C NMR 
(CDCl3) : 8.90, 14.05, 22.91, 34.27, 47.58, 60.55, 101.05, 107.92, 109.14, 
122.25, 129.45, 135.56, 146.49, 147.33, 176.11; HRESIMS calcd. for C16H21O4

(M+H+): 277.1439; found 277.1439.   

4k
5ml 1h (0.5 mmol, 1.0 equiv) -

2f (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA (0.05 
mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 mol%)
EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

100 20

 hexane:EtOAc = 30:1 4k
(84%, cis:trans=8:92)

IR (neat)  2972, 1721, 1138 cm-1;1H NMR (CDCl3) : 0.87 (t, J = 7.4 Hz, 3H), 
1.26 (t, J = 7.3 Hz, 3H), 1.34 (s, 3H), 1.70 (dq, J = 8.6 and 13.6 Hz, 1H), 1.84 (dq, 
J = 7.4 and 13.6 Hz, 1H), 4.11- 4.18 (m, 2H), 5.94 (s, 2H), 6.20 (d, J = 16.2 Hz, 
1H), 6.31 (d, J = 16.2 Hz, 1H), 6.73 (d, J = 8.1 Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 
6.93 (s, 1H). 13C NMR (CDCl3)  9.11, 14.30, 20.51, 32.48, 48.47, 60.76, 101.15, 
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105.75, 108.37, 121.04, 128.30, 131.98, 132.19, 147.18, 148.18, 176.10; 
HRESIMS calcd. for C16H21O4 (M+H+): 277.1439; found 277.1440.  

3l
5ml 1h (0.5 mmol, 1.0 equiv) -

2g (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3l (25%, 
cis:trans=99:1)
IR (neat)  2960, 1718, 1487, 1134 cm-1;1H NMR (CDCl3)  0.87 (t, J = 7.3 Hz, 
3H), 1.10 (t, J = 7.3 Hz, 3H), 1.27 (s, 3H), 1.29-1.35 (m, 2H), 1.58-1.62 (m, 1H), 
1.70 (ddd, J = 4.7, 12.7, and 12.7 Hz, 1H), 3.74-3.81 (m, 1H), 3.84-3.90 (m, 1H), 
5.58 (d, J = 12.4 Hz, 1H), 5.93 (s, 1H), 6.40 (d, J = 12.4 Hz, 1H), 6.61 (d, J = 7.9 
Hz, 1H), 6.63 (s, 1H), 6.72 (d, J = 7.9 Hz, 1H). 13C NMR (CDCl3) : 14.05, 14.59, 
17.78, 23.58, 43.82, 47.41, 60.57, 101.06, 107.93, 109.18, 122.26, 129.30, 
131.69, 135.75, 146.50, 147.35, 176.23; HRESIMS calcd. for C17H23O4 (M+H+): 
291.1596; found 291.1599.  

4l
5ml 1h (0.5 mmol, 1.0 equiv) -

2g (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc = 30:1
4l (37%, cis:trans=17:83)

IR (neat)  2958, 1723, 1139 cm-1;1H NMR (CDCl3) : 0.91 (t, J = 7.3 Hz, 3H), 
1.26 (t, J = 7.3 Hz, 3H), 1.23-1.28 (m, 2H), 1.36 (s, 3H), 1.62 (ddd, J = 4.8, 12.1, 
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and 13.2 Hz, 1H), 1.76 (ddd, J = 5.0, 12.0, and 13.2 Hz, 1H), 4.09-4.21 (m, 2H), 
5.94 (s, 2H), 6.21 (d, J = 16.3 Hz, 1H), 6.30 (d, J = 16.3 Hz, 1H), 6.74 (d, J = 8.2 
Hz, 1H), 6.78 (d, J = 7.9 Hz, 1H), 6.93 (s, 1H). 13C NMR (CDCl3) : 14.32, 14.63, 
18.09, 21.09, 42.14, 48.18, 60.79, 101.18, 105.78, 108.40, 121.05, 128.08, 
132.02, 132.49, 147.18, 148.20, 176.20; HRESIMS calcd. for C17H23O4 (M+H+): 
291.1596; found 291.1598.  

3m
5ml 1h (0.5 mmol, 1.0 equiv) -

2h (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

125 12

 hexane:EtOAc=30:1 3m (73%, 
cis:trans=99:<1)
IR (neat) 2967, 1721, 1128 cm-1;1H NMR (CDCl3) : 0.80 (t, J = 7.4 Hz, 6H), 
1.12 (t, J = 7.4 Hz, 3H), 1.71- 1.79 (m, 4H), 3.85 (q, J = 7.3 Hz, 2H), 5.57 (d, J = 
12.4 Hz, 1H), 5.93 (s, 2H), 6.44 (d, J = 12.4 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 
6.63 (s, 1H). 13C NMR (CDCl3) : 8.73, 14.10, 29.14, 51.69, 60.44, 101.03, 107.90, 
108.95, 121.98, 129.92, 131.87, 134.07, 146.45, 147.30, 175.84; HRESIMS 
calcd. for C17H23O4 (M+H+): 291.1596; found 291.1597.  

4m
5ml 1h (0.5 mmol, 1.0 equiv) -

2h (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
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4m (78%, cis:trans=13:87)
 2967, 1723, 1129 cm-1;1H NMR (CDCl3)  0.82-0.85 (m, 6H), 1.26 (t, 

J = 7.3 Hz, 3H), 4.17 (q, J = 7.3 Hz, 2H), 5.94 (s, 2H), 6.20 (d, J = 16.5 Hz, 1H), 
6.32 (d, J = 16.5 Hz, 1H), 6.75 (d, J = 8.1 Hz, 1H), 6.80 (d, J = 1.6 and 8.0 Hz, 
1H), 6.95 (d, J = 1.6 Hz, 1H). 13C NMR (CDCl3) : 8.87, 9.86, 14.32, 24.09, 28.95, 
52.61, 60.57, 101.11, 105.64, 108.31, 120.91, 129.10, 130.30, 132.16, 147.10, 
148.16, 175.65; HRESIMS calcd. for C17H23O4 (M+H+): 291.1596; found 
291.1600.  

3n
5ml 1h (0.5 mmol, 1.0 equiv) -

2c (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3n (90%, 
cis:trans=83:17)

 2929, 1724, 1132 cm-1;1H NMR (CDCl3) : 1.35-1.53 (m, 5H), 1.58-
1.70 (m, 3H), 1.84-1.95 (m, 2H), 3.46 (s, 3H), 5.54 (d, J = 12.4 Hz, 1H), 5.94 (s, 
2H), 6.45 (d, J = 12.4 Hz, 1H), 6.60 (d, J = 7.9 Hz, 1H), 6.63 (s, 1H), 6.75 (d, J = 
7.9 Hz, 2H). 13C NMR (CDCl3) : 22.44, 25.63, 35.29, 48.00, 51.74, 101.10, 
107.91, 109.22, 122.35, 130.32, 131.38, 135.06, 146.55, 147.30, 176.45; 
HRESIMS calcd. for C17H21O4 (M+H+): 289.1439; found 289.1444.  

4n
5ml 1h (0.5 mmol, 1.0 equiv) -

2c (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20
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 hexane:EtOAc = 30:1
4n (83%, cis:trans=10:90)

IR (neat) 2936, 1720, 1131 cm-1;1H NMR (CDCl3 : 1.31-1.44 (m, 3H), 1.48-
1.54 (m, 2H), 1.58- 1.67 (m, 3H), 2.16-2.18 (m, 2H), 3.69 (s, 3H), 5.93 (d, J = 0.7 
Hz, 2H), 5.98 (d, J = 16.2 Hz, 1H), 6.34 (d, J = 16.2 Hz, 1H), 6.73 (d, J = 8.1 Hz, 
1H), 6.77 (d, J = 8.0 Hz, 1H), 6.90 (s, 1H). 13C NMR (CDCl3) : 23.23, 25.75, 
34.12, 52.07, 101.18, 105.69, 108.38, 121.13, 129.13, 131.77, 132.34, 147.29, 
148.20, 175.85; HRESIMS calcd. for C17H21O4 (M+H+): 289.1439; found 
289.1442.  

3o
5ml 1h (0.5 mmol, 1.0 equiv) -

2d (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3o (60%, 
cis:trans=90:10)
IR (neat)  2970, 1762, 1183 cm-1;1H NMR (CDCl3) : 1.43 (s, 3H), 1.92-1.96 (m, 
1H), 2.22 (dt, J = 8.9 and 13.0 Hz, 1H), 4.12-4.16 (m, 2H), 5.87 (d, J = 12.1 Hz, 
1H), 5.96 (s, 2H), 6.55 (d, J = 12.1 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.68 (s, 1H), 
6.76 (d, J = 7.8 Hz, 1H). 13C NMR (CDCl3) : 24.67, 35.58, 44.34, 65.27, 101.24, 
108.17, 109.05, 122.24, 131.16, 131.21, 132.80, 146.93, 147.62, 180.97; 
HRESIMS calcd. for C14H15O4 (M+H+): 247.0970; found 247.0971.  

4o
5ml 1h (0.5 mmol, 1.0 equiv) -

2d (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
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mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4o (64%, cis:trans=6:94)
IR (neat)  2972, 1764, 1179 cm-1;1H NMR (CDCl3)  1.44 (s, 3H), 2.23 (dt, J = 
7.9 and 12.7 Hz, 1H), 2.40- 2.44 (m, 1H), 4.25-4.35 (m, 2H), 5.95 (s, 2H), 6.05 
(d, J = 16.2 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 6.75 (d, J = 7.9 Hz, 1H), 6.80 (dd, 
J = 1.6 and 7.0 Hz, 1H), 6.91 (d, J = 1.6 Hz, 1H). 13C NMR (CDCl3) : 23.60, 
36.26, 45.25, 65.24, 101.31, 105.80, 108.48, 121.45, 128.29, 129.95, 130.86, 
147.70, 148.30, 179.91; HRESIMS calcd. for C14H15O4 (M+H+): 247.0970; found 
247.0974.  

3p
5ml 1h (0.5 mmol, 1.0 equiv) -

2i (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc = 30:1 3p (79%, 
cis:trans=87:13)
IR (neat) 2979, 1718, 1487, 1101 cm- 1;1H NMR (CDCl3) : 1.21 (t, J = 7.1 Hz, 
3H), 1.74-1.80 (m, 1H), 1.89-195 (m, 1H), 2.05-2.11 (m, 2H), 2.5-2.58 (m, 2H), 
4.11 (q, J = 7.1 Hz, 2H), 5.74 (d, J = 11.8 Hz, 1H), 5.93 (s, 2H), 6.37 (d, J = 11.8 
Hz, 1H), 6.65 (d, J = 7.9 Hz, 1H), 6.71 (s, 1H), 6.73 (d, J = 8.0 Hz, 2H). 13C NMR 
(CDCl3) : 14.19, 15.96, 32.72, 48.96, 60.95, 101.10, 107.98, 109.27, 122.94, 
129.48, 130.74, 133.55, 146.81, 147.46, 175.89; HRESIMS calcd. for C16H19O4

(M+H+): 275.1283; found 275.1283.  
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4p
5ml 1h (0.5 mmol, 1.0 equiv) -

2i (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4p (68%, cis:trans=25:75)
IR(neat):  2980, 1719, 1489, 1246, 1036 cm-1;1H NMR (500 MHz, CDCl3
(t, J = 7.1 Hz, 3H), 1.88-1.95 (m, 2H), 2.20-2.25 (m, 2H), 2.56-2.61 (m, 2H), 4.16 
(q, J = 7.1 Hz, 2H), 5.92 (s, 2H), 6.29 (d, J = 16.0 Hz, 1H), 6.41 (d, J = 16.0 Hz, 
1H), 6.74 (d, J = 8.0 Hz, 1H), 6.81 (dd, J = 1.3 and 8.0 Hz, 1H), 6.94 (s, 1H); 13C 
NMR (125 MHz, CDCl3
108.32, 121.04, 128.58, 129.82, 131.62, 147.22, 148.16, 175.74. HRESIMS 
calcd. for C16H19O4 (M+H+): 275.1283; found 275.1283.  

3q
5ml 1h (0.5 mmol, 1.0 equiv) -

2j (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA (0.1 
mmol, 20 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 20 mol%)
Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)
125 12

hexane:EtOAc=30:1 3q (75%, cis:trans=84:16)
IR (neat)  2980, 1752, 1721, 1434, 1160 cm-1;1H NMR (CDCl3) : 1.16 (t, J = 7.2 
Hz, 6H), 1.56 (s, 3H), 3.93-4.06 (m, 4H), 5.93 (s, 2H), 6.02 (d, J = 12.5 Hz, 1H), 
6.56 (d, J = 12.5 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.67 (s, 1H), 6.73 (d, J = 8.0 
Hz, 1H). 13C NMR (CDCl3) : 13.89, 22.96, 55.20, 61.69, 101.10, 107.93, 109.12, 
122.40, 129.36, 130.55, 131.18, 146.80, 147.35, 171,37; HRESIMS calcd. for 
C17H21O6 (M+H+): 321.1338; found 321.1340.  
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4q
5ml 1h (0.5 mmol, 1.0 equiv) -

2j (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4q (94%, cis:trans=15:85)
IR (neat)  2981, 1726, 1605, 1102 cm-1; 1H NMR (CDCl3)  1.26 (t, J = 7.1 Hz, 
6H), 1.64 (s, 3H), 4.20-4.23 (m, 4H), 5.95 (s, 2H), 6.39 (d, J = 16.3 Hz, 1H), 6.50 
(d, J = 16.3 Hz, 1H), 6.75 (d, J = 8.1 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.96 (s, 
1H). 13C NMR (CDCl3) : 14.10, 20.41, 55.68, 61.77, 101.26, 105.98, 108.39, 
121.59, 126.02, 130.53, 131.21, 147.63, 148.23, 171.40; HRESIMS calcd. for 
C17H21O6 (M+H+): 321.1338; found 321.1345.  

3r
5ml 1h (0.5 mmol, 1.0 equiv) -

2j (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3r (60%, 
cis:trans=99:<1)
IR (neat)  2974, 1723, 1487, 1125 cm- 1;1H NMR (CDCl3) : 1.05 (d, J = 7.3 Hz, 
6H), 1.13 (t, J = 7.1 Hz, 6H), 2.55 (sept, J = 6.8 Hz, 1H), 3.81-3.88 (m, 2H), 3.93-
3.99 (m, 2H), 5.89 (d, J = 12.6 Hz, 1H), 5.92 (s, 2H), 6.61 (d, J = 12.6 Hz, 1H), 
6.65 (d, J = 8.0 Hz, 1H), 6.69 (s, 1H), 6.71 (d, J = 7.8 Hz, 1H). 13C NMR (CDCl3) 
: 13.91, 19.03, 34.84, 61.17, 62.82, 101.07, 107.83, 109.12, 122.25, 127.57, 

130.72, 131.55, 146.67, 147.25, 170.17; HRESIMS calcd. for C19H25O6 (M+H+): 



186

349.1651; found 349.1655.

4r
5ml 1h (0.5 mmol, 1.0 equiv) -

2j (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4r (65%, cis:trans=<1:99)
IR (neat)  2973, 1722, 1123 cm-1;1H NMR (CDCl3) : 1.00 (d, J = 6.9 Hz, 6H), 
1.26 (t, J = 7.3 Hz, 6H), 2.54 (sept, J = 6.8 Hz, 1H), 4.22 (q, J = 7.3 Hz, 4H), 5.94 
(s, 2H), 6.28 (d, J = 16.5 Hz, 1H), 6.46 (d, J = 16.5 Hz, 1H), 6.74 (d, J = 7.9 Hz, 
1H), 6.79 (d, J = 7.9 Hz, 1H), 6.96 (s, 1H). 13C NMR (CDCl3)  14.14, 18.75, 
34.79, 61.33, 63.99, 101.24, 105.84, 108.37, 121.41, 124.24, 131.46, 131.49, 
147.53, 148.22, 170.52; HRESIMS calcd. for C19H25O6 (M+H+): 349.1651; found 
349.1654.  

3s
5ml 1h (0.5 mmol, 1.0 equiv) -

2k (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3s (70%, 
cis:trans=99:<1)
IR (neat)  2975, 1745, 1485, 1105 cm- 1;1H NMR (CDCl3) : 1.50 (s, 6H), 5.67 (d, 
J = 12.3 Hz, 1H), 5.93 (s, 2H), 6.47 (d, J = 12.3 Hz, 1H), 6.71-6.73 (m, 4H), 6.76 
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(d, J = 8.3 Hz, 1H), 7.15 (t, J = 7.3 Hz, 1H), 7.28 (t, J = 7.9 Hz, 2H). 13C NMR 
(CDCl3) : 27.81, 43.98, 101.15, 108.18, 109.42, 121.35, 122.48, 125.65, 129.28, 
129.82, 131.26, 135.28, 146.87, 147.65, 151.12, 175.28; HRESIMS calcd. for 
C19H19O4 (M+H+): 311.1283; found 311.1289.  

4s
5ml 1b (0.5 mmol, 1.0 equiv) -

2j (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4s (75%, cis:trans=10:80)
IR (neat)  2974, 1744, 1106 cm-1;1H NMR (CDCl3) : 1.55 (s, 6H), 5.96 (s, 2H), 
6.35 (d, J = 16.1 Hz, 1H), 6.47 (d, J = 16.1 Hz, 1H), 6.77 (d, J = 9.3 Hz, 1H), 6.84 
(d, J = 8.2 Hz, 1H), 6.98 (s, 1H), 7.06-7.08 (m, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.38 
(t, J = 8.3 Hz, 2H). 13C NMR (CDCl3) : 25.23, 44.68, 101.23, 105.83, 108.44, 
121.25, 121.60, 125.90, 128.61, 129.54, 132.07, 147.41, 148.26, 151.24, 175.08; 
HRESIMS calcd. for C19H19O4 (M+H+): 311.1283; found 311.1280.  

3t
5ml 1h (0.5 mmol, 1.0 equiv) -

2l (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA (0.1 
mmol, 20 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 20 mol%)
Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)
125 12

hexane:EtOAc=30:1 3t (71%, cis:trans=99:<1)
IR (neat) 2981, 1748, 1712, 1093 cm-1; 1H NMR (CDCl3) : 1.51 (s, 6H), 1.10 (t, 
J = 7.3 Hz, 3H), 3.89 (s, 3H), 5.64 (d, J = 12.3 Hz, 1H), 5.92 (s, 1H), 6.46 (d, J = 
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12.3 Hz, 1H), 6.70 (d, J = 8.1 Hz, 2H), 6.75 (d, J = 8.4 Hz, 3H), 7.97 (d, J = 8.6 
Hz, 2H). 13C NMR (CDCl3) : 27.88, 44.03, 52.25, 101.20, 108.26, 109.27, 121.39, 
122.50, 127.52, 129.87, 131.03, 135.13, 146.96, 147.69, 154.76, 166.58, 174.65; 
HRESIMS calcd. for C21H21O6 (M+H+): 369.1338; found 369.1340.  

4t
5ml 1h (0.5 mmol, 1.0 equiv) -

2l (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4t (70%, cis:trans=8:92)
IR (neat)  2981, 1728, 1103 cm-1;1H NMR (CDCl3) : 1.55 (s, 6H), 3.89 (s, 3H), 
5.93 (s, 2H), 6.32 (d, J = 16.1 Hz, 1H), 6.46 (d, J = 16.1 Hz, 1H), 6.75 (d, J = 8.0 
Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 6.97 (s, 1H), 7.13 (d, J = 8.8 Hz, 1H) , 8.06 (d, 
J = 8.8 Hz, 2H). 13C NMR (CDCl3) : 25.06, 44.67, 52.19, 101.18, 105.77, 108.37, 
121.24, 121.60, 127.72, 128.85, 131.20, 131.32, 131.44, 147.43, 148.21, 154.83, 
166.41, 175.46; HRESIMS calcd. for C21H21O6 (M+H+): 369.1338; found 
369.1348.  

3u
5ml 1h (0.5 mmol, 1.0 equiv) -

2m (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA 
(0.1 mmol, 20 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 20 
mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

125 12

 hexane:EtOAc=30:1 3u (70%, 
cis:trans=99:<1)



189

IR (neat)  2973, 1743, 1105 cm-1;1H NMR (CDCl3) : 1.49 (s, 6H), 3.76 (s, 3H), 
5.67 (d, J = 12.4 Hz, 1H), 5.93 (s, 2H), 6.46 (d, J = 12.4 Hz, 1H), 6.62 (d, J = 9.1 
Hz, 2H), 6.73 (s, 2H), 6.76 (s, 1H), 6.78 (d, J = 9.1 Hz, 2H). 13C NMR (CDCl3) : 
27.80, 43.87, 55.63, 101.13, 108.20, 109.35, 122.11, 122.52, 129.76, 131.25, 
135.37, 144.58, 146.83, 147.62, 157.19, 175.61; HRESIMS calcd. for C20H21O5

(M+H+): 341.1389; found 341.1392.  

4u
5ml 1h (0.5 mmol, 1.0 equiv) -

2m (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4u (72%, cis:trans=6:94)
IR (neat) -1;1H NMR (CDCl3)  1.54 (s, 6H), 3.79 (s, 3H), 
5.95 (s, 2H), 6.34 (d, J = 16.1 Hz, 1H), 6.46 (d, J = 16.1 Hz, 1H), 6.77 (d, J = 8.0 
Hz, 1H), 6.84 (d, J = 7.0 Hz, 1H), 6.88 (d, J = 9.0 Hz, 2H), 6.98 (s, 1H), 6.99 (d, 
J = 6.7 Hz, 2H). 13C NMR (CDCl3)  25.20, 44.59, 55.63, 101.18, 105.79, 108.39, 
114.51, 121.20, 122.29, 128.48, 131.59, 132.13, 144.68, 147.37, 148.23, 157.34, 
175.39; HRESIMS calcd. for C20H21O5 (M+H+): 341.1389; found 341.1391.  

3v
5ml 1h (0.5 mmol, 1.0 equiv) -

2n (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12
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 hexane:EtOAc = 30:1 3v (46%, 
cis:trans=99:<1)
IR (neat) 2948, 1733, 1129 cm-1;1H NMR (CDCl3) : 1.37 (s, 6H), 3.42 (s, 6H), 
3.90 (s, 2H), 5.55 (d, J = 12.4 Hz, 1H), 5.95 (s, 2H), 6.38 (d, J = 12.4 Hz, 2H), 
6.61 (d, J = 8.0 Hz, 2H), 6.62 (s, 1H), 6.76 (d, J = 7.9 Hz, 1H). 13C NMR (CDCl3) 
: 27.69, 34.37, 42.74, 43.80, 64.13, 101.25, 108.23, 109.08, 122.38, 129.61, 

130.81, 135.26, 146.92, 147.68, 175.76; HRESIMS calcd. for 
C18H25O4Br3N(M+NH4+): 555.9337; found 555.9334.  

4v
5ml 1h (0.5 mmol, 1.0 equiv) -

2n (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4v (55%, cis:trans=<1:99)

 2947, 1734, 1130 cm-1;1H NMR (CDCl3)  1.41 (s, 6H), 3.50 (s, 6H), 
4.19 (s, 2H), 5.95 (s, 2H), 6.15 (d, J = 16.1 Hz, 1H), 6.36 (d, J = 16.1 Hz, 1H), 
6.75 (d, J = 8.0 Hz, 1H), 6.80 (d, J = 8.6 Hz, 1H), 6.91 (s, 1H). 13C NMR (CDCl3) 
: 25.23, 34.00, 43.18, 44.72, 64.08, 101.25, 105.72, 108.49, 121.17, 128.45, 

131.38, 132.06, 147.48, 148.29, 175.34; HRESIMS calcd. for 
C18H25O4Br3N(M+NH4+): 555.9337; found 555.9339.  

3w
5ml 1h (0.5 mmol, 1.0 equiv) -

2e (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA (0.05 
mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 20 mol%)
Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)
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125 12

hexane:EtOAc=30:1 3w (70%, cis:trans=99:<1)
IR (neat)  2946, 1727, 1129 cm-1; 1H NMR (CDCl3) : 1.35 (s, 6H), 4.70 (s, 2H), 
5.57 (d, J = 12.3 Hz, 1H), 5.92 (s, 2H), 6.36 (d, J = 12.3 Hz, 1H), 6.55-6.57 (m, 
2H), 6.69 (d, J = 7.80 Hz, 1H), 7.10 (d, J = 8.30 Hz, 2H), 7.44 (d, J = 8.30 Hz, 
2H). 13C NMR (CDCl3) : 65.68, 101.11, 107.95, 109.13, 122.15, 
122.28, 129.35, 129.84, 131.71, 135.16, 135.97, 146.59, 147.39, 176.43; 
HRESIMS calcd. for C20H20O4Br (M+H+): 403.0545; found 403.0545.  

4w
5ml 1h (0.5 mmol, 1.0 equiv) -

2e (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4w (77%, cis:trans=13:87)
IR (neat)  2971, 1725, 1129 cm-1;1H NMR (CDCl3) : 1.41 (s, 6H), 5.08 (s, 2H), 
5.95 (s, 2H), 6.20 (d, J = 16.0 Hz, 1H), 6.32 (d, J = 16.0 Hz, 1H), 6.75 (s, 2H), 
6.89 (s, 1H) 7.21 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H). 13C NMR (CDCl3) 
: 25.17, 44.48, 65.76, 101.21, 105.74, 108.42, 121.15, 122.26, 128.16, 129.71, 

129.84, 131.60, 132.43, 135.40, 147.33, 148.23, 176.18; HRESIMS calcd. for 
C20H20O4Br (M+H+): 403.0545; found 403.0542.  

3x
5ml 1h (0.5 mmol, 1.0 equiv) -

2o (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
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20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)
125 12

 hexane:EtOAc = 30:1 3x (76%, 
cis:trans=99:<1)
IR (neat) 2936, 1730, 1129 cm-1;1H NMR (CDCl3) : 1.37 (s, 6H), 4.78 (s, 2H), 
5.59 (d, J = 12.3 Hz, 1H), 5.92 (s, 2H), 6.39 (d, J = 12.3 Hz, 1H), 6.59 (d, J = 8.0 
Hz, 1H), 6.62 (s, 1H), 6.70 (d, J = 8.0 Hz, 1H), 7.10 (s, 2H), 7.22 (d, J = 8.0 Hz, 
2H), 7.27 (d, J = 7.3 Hz, 1H), 7.37 (t, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 
7.51 (d, J = 7.3 Hz, 2H). 13C NMR (CDCl3)  27.66, 43.78, 66.26, 101.08, 107.96, 
109.18, 122.30, 126.66, 128.33, 129.16, 135.48, 136.12, 137.26, 146.56, 147.39, 
176.55; HRESIMS calcd. for C28H27O4 (M+H+): 427.19093; found 427.19091.  

4x
5ml 1h (0.5 mmol, 1.0 equiv) -

2o (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4x (85%, cis:trans=11:89)
IR (neat)  2973, 1724, 1131 cm-1;1H NMR (CDCl3) : 1.46 (s, 6H), 5.17 (s, 2H), 
5.94 (s, 2H), 6.26 (d, J = 16.1 Hz, 1H), 6.35 (d, J = 16.1 Hz, 1H), 6.76 (q, J = 8.1 
Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.94 (s, 1H), 7.13 (s, 
2H), 7.29 (d, J = 6.8 Hz, 1H), 7.35-7.40 (m, 4H), 7.51 (d, J = 8.0 Hz, 2H), 7.52 (d, 
J = 7.6 Hz, 2H). 13C NMR (CDCl3) : 25.22, 44.55, 66.37, 101.19, 105.82, 108.40, 
121.16, 126.73, 126.80, 127.93, 128.06, 128.31, 128.48, 128.59, 128.90, 129.28, 
132.68, 135.71, 137.39, 137.41, 147.29, 148.21, 176.32; HRESIMS calcd. for 
C28H27O4 (M+H+): 427.19093; found 427.19099.  
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3y
5ml 1h (0.5 mmol, 1.0 equiv) -

2p (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

125 12

 hexane:EtOAc=30:1 3y (72%, 
cis:trans=95:5)
IR (neat) -1;1H NMR (CDCl3  0.98 (t, J = 7.5 Hz, 
3H), 1.43 (s, 3H), 1.82 (dq, J = 7.4 and 13.7 Hz, 1H), 1.99 (dq, J = 7.4 and 13.7 
Hz, 1H), 3.89 (s, 3H), 5.64 (d, J = 12.5 Hz, 1H), 5.92 (s, 2H), 6.49 (d, J = 12.5 Hz, 
1H), 6.69 (d, J = 6.9 Hz, 2H), 6.74 (s, 1H), 6.76 (d, J = 9.1 Hz, 2H), 7.95 (d, J = 
9.1 Hz, 2H). 13C NMR (CDCl3) : 8.93, 23.03, 34.57, 47.89, 52.24, 101.17, 108.20, 
109.25, 121.45, 122.42, 127.49, 130.14, 131.02, 131.22, 134.42, 146.90, 147.64, 
154.75, 166.57, 173.98; HRESIMS calcd. for C22H23O6 (M+H+): 383.14946; found 
383.14947.  

4y
5ml 1h (0.5 mmol, 1.0 equiv) -

2p (0.75 mmol, 1.5 equiv) CuI (0.1 mmol, 20 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4y (86%, cis:trans=<1:99)
IR (neat)  2972, 1749, 1720, 1091 cm-1;1H NMR (CDCl3)  1.01 (t, J = 7.5 Hz, 
3H), 1.49 (s, 3H), 1.55 (s, 2H), 1.85 (dq, J = 7.4 and 13.7 Hz, 1H), 2.02 (dq, J = 
7.6 and 13.7 Hz, 1H), 3.91 (s, 3H), 5.96 (s, 2H), 6.30 (d, J = 16.2 Hz, 1H), 6.46 
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(t, J = 16.2 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 6.97 (s, 
1H), 7.13 (d, J = 8.7 Hz, 2H), 8.06 (d, J = 8.7 Hz, 2H). 13C NMR (CDCl3) : 9.18, 
20.55, 32.45, 48.88, 52.27, 101.24, 105.77, 108.44, 121.26, 121.73, 127.80, 
129.49, 130.84, 131.29, 131.56, 147.46, 148.28, 154.90, 166.51, 174.14; 
HRESIMS calcd. for C22H23O6 (M+H+): 383.14946; found 383.14949.  

3z
5ml 1h (0.5 mmol, 1.0 equiv) -

2q (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc=30:1 3z (44%, 
cis:trans=99:<1)
IR (neat)  2947, 1717, 1160 cm-1;1H NMR (CDCl3) : 0.86 (d, J = 6.6 Hz, 6H), 
0.91 (d, J = 6.6 Hz, 4H), 0.97 (s, 2H), 1.02 (s, 2H), 1.15 (d, J = 7.1 Hz, 8H), 1.31 
(d, J = 4.5 Hz, 6H), 1.48-1.53 (m, 6H), 1.82-1.86 (m, 2H), 1.98-2.02 (m, 2H), 2.30 
(d, J = 7.8 Hz, 3H), 2.46-2.52 (m, 2H), 4.58 (s, 1H), 5.37 (s, 1H), 5.55 (d, J = 12.4 
Hz, 1H), 5.92 (s, 1H), 6.37 (d, J = 12.4 Hz, 1H), 6.63 (d, J = 8.1 Hz, 1H), 6.66 (s, 
1H), 6.73 (d, J = 8.1 Hz, 1H). 13C NMR (CDCl3) : 11.94, 18.81, 19.10, 19.42, 
21.13, 22.65, 22.91, 23.93, 24.38, 27.84, 27.84, 28.11, 28.33, 32.01, 34.25, 35.90, 
36.29, 36.67, 36.71, 37.10, 38.20, 39.63, 39.85, 42.41, 42.42, 43.77, 50.14, 56.26, 
56.82, 73.68, 101.06, 107.99, 109.30, 122.72, 129.16, 131.51, 136.05, 139.95, 
146.63, 147.42, 176.86; HRESIMS calcd. for C40H59O4 (M+H+): 603.4412; found 
603.4411.  
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4z
5ml 1h (0.5 mmol, 1.0 equiv) -

2q (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
(0.05 mmol, 10 mol%) B2Pin2 (0.75 mmol, 1.5 equiv) K2CO3 (0.1 mmol, 20 
mol%) EtOH (1.0 mmol, 2.0 equiv) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene 
(1 ml) 100 20

 hexane:EtOAc=30:1
4z (53%, cis:trans=5:95)
IR (neat) -1;1H NMR (CDCl3) : 0.67 (s, 4H), 0.86 (d, J = 
6.7 Hz, 6H), 0.91 (d, J = 6.4 Hz, 4H), 1.02 (s, 6H), 1.15 (d, J = 7.1 Hz, 6H), 1.33 
(s, 2H), 1.37 (s, 6H), 1.50 (m, 8H), 1.84 (s, 2H), 1.99 (s, 2H), 2.30 (d, J = 7.6 Hz, 
3H), 4.59 (s, 1H), 5.37 (s, 1H), 5.94 (s, 2H), 6.21 (d, J = 16.1 Hz, 1H), 6.35 (d, J 
= 16.1 Hz, 1H), 6.74 (d, J = 7.9 Hz, 1H), 6.34 (d, J = 7.9 Hz, 1H), 6.74 (d, J = 8.3 
Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.92 (s, 1H). 13C NMR (CDCl3)  11.93, 18.80, 
19.10, 19.46, 21.12, 22.66, 22.92, 23.92, 24.37, 25.22, 27.75, 28.11, 28.33, 31.95, 
32.01, 35.90, 36.28, 36.70, 37.06, 38.08, 39.62, 39.83, 42.41, 44.40, 50.11, 56.24, 
56.80, 74.30, 101.16, 105.79, 108.39, 121.08, 122.79, 127.61, 131.94, 133.16, 
139.87, 148.18, 175.92, ; HRESIMS calcd. for C40H59O4 (M+H+): 603.4412; found 
603.4415.  

2.

5ml 1k (0.5 mmol, 1.0 equiv) -
2g (0.75 mmol, 1.5 equiv) CuI (0.05 mmol, 10 mol%) TPMA 
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(0.05 mmol, 10 mol%) HSiTMS3 (0.75 mmol, 1.5 equiv) K3PO4 (0.1 mmol, 
20 mol%) Et3N (0.75 mmol, 1.5 equiv) dist. Toluene (1 ml)

160 12

 hexane:EtOAc = 30:1 3aa (77%, 
cis:trans=99:1)
IR(neat):  2923, 1723, 1149 cm-1; 1H NMR (500 MHz, CDCl3 J = 7.2 
Hz, 3H), 1.69- 1.79 (m, 1H), 1.84-1.93 (m, 1H), 1.97-2.06 (m, 2H), 2.48-2.56 (m, 
2H), 4.09 (q, J = 7.2 Hz, 2H), 5.87 (d, J = 11.9 Hz, 1H), 6.48 (d, J = 11.9 Hz, 1H), 
7.17 (d, J = 7.9 Hz, 2H), 7.72 (d, J = 7.9 Hz, 2H); 13C NMR (125 MHz, CDCl3
14.19, 15.99, 24.97, 32.75, 49.14, 60.96, 83.89, 128.29, 129.79, 134.55, 135.41, 
139.49, 175.79. HRESIMS calcd. for C15H18O2 (M+H+): 230.1306; found 
230.1305.  

5ml 3aa (0.25 mmol, 1.0 equiv) 4-
Iodotoluene (0.38 mmol, 1.5 equiv) Pd(OAc)2 (0.013 mmol, 5 mol%) Cs2CO3 
(0.5 mmol, 2.0 equiv) dist. Toluene (0.4 ml) MeOH (0.1 ml)

60 12

 hexane:EtOAc = 30:1 5 (80%)
IR(neat):  2926, 2251, 1714, 1496, 1207, 1103 cm-1;1H NMR (500 MHz, CDCl3) 

: 1.20 (t, J = 7.2 Hz, 3H), 1.74-1.86 (m, 1H), 1.91-2.02 (m, 1H), 2.07- 2.17 (m, 
2H), 2.39 (s, 3H), 2.55-2.65 (m, 2H), 4.10 (q, J = 7.2 Hz, 2H), 5.87 (d, J = 11.9 
Hz, 1H), 6.50 (d, J = 11.9 Hz, 1H), 7.24 (d, J = 8.3 Hz, 4H), 7.50 (d, J = 8.2 Hz, 
2H), 7.52 (d, J = 8.3 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 14.18, 16.00, 21.19, 
32.83, 49.04, 60.98, 126.52, 126.95, 129.47, 129.53, 129.68, 134.67, 135.33, 
137.27, 137.99, 139.88, 175.94. HRESIMS calcd. for C15H18O2 (M+H+): 
230.1306; found 230.1309.  

5ml 3a (0.5 mmol, 1.0 equiv) m-
chloroperoxybenzoic acid (0.6 mmol, 1.2 equiv) dist. CH2Cl2 (2.0 mL)

20 NH4Cl
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3

 hexane:EtOAc = 30:1 6 (70%)
IR (neat) 2980, 1724, 1137 cm-1; 1H NMR (500 MHz, CD2Cl2
1.26 (t, J = 7.1 Hz, 3H), 1.30 (s, 3H), 3.17 (d, J = 2.2 Hz, 1H), 3.80 (d, J = 2.2 Hz, 
1H), 4.15-4.19 (m, 2H), 7.28-7.36 (m, 5H); 13C NMR (125 MHz, CDCl3
20.81, 21.66, 43.07, 55.38, 61.05, 66.61, 125.77, 128.30, 128.62, 137.41, 175.68. 
HRESIMS calcd. for C14H18O3Na (M+Na+): 257.1153; found 257.1153.  

5ml 4a (0.5 mmol, 1.0 equiv) m-
chloroperoxybenzoic acid (0.6 mmol, 1.2 equiv) dist. CH2Cl2 (2.0 mL)

20 NH4Cl
3

 hexane:EtOAc = 30:1 (76%)
IR (neat)  2979, 1725, 1140 cm-1; 1H NMR (500 MHz, CD2Cl2
1.10 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H), 3.36 (d, J = 4.4 Hz, 1H), 3.98-4.09 (m, 2H), 
4.12 (d, J = 4.4 Hz, 1H), 7.24-7.36 (m, 5H); 13C NMR (125 MHz, CDCl3
25.16, 27.75, 43.75, 60.58. HRESIMS calcd. for C14H18O3Na (M+Na+): 257.1153; 
found 257.1156.  
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