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Pd-catalyzed C—H arylation of N-sulfonyl indole derivatives
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Abstract: The sulfonyl-directing group guided and palladium catalyzed selective C—H arylation of
N-p-toluenesulfonyl indole was investigated using iodoaromatic hydrocarbons as arylation reagent. The
results showed that N-p-toluenesulfonyl indole could be converted into 2- and 2,7-arylated products with an
overdl yield of 93% in 1,4-dioxane at 120 °C for 24 h with palladium acetateas cataly<t, triphenylphosphine
as ligand, Na,CO; as base and Ag,CO; as additive. Under these optimized conditions, the applicability and
limitation of the synthetic method were examined by changing the structure of the reaction substrate and
aryl iodides. As a result, 28 indole-based compounds with overall yields ranging from 22%~93% were
synthesized, and characterized by *"HNMR, *CNMR and HRM S spectra for structure confirmation.
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catalysis technology
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Fig. 1 Representative drug molecules and biological active compounds containing indole backbone
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i | W 55 R g R R B8], BB BR A ) 10 mL
T H AR SO A TR I ARG J 14T+, 0.0813 g
(0.3 mmol) N-XFH 2R fif kg g (1 ), 0.1837 g
(0.9 mmol)ft4( T a), 0.0068 g (0.03 mmol) Pd(OAC),,
0.0636 g (0.6 mmoal) Na,COs, 0.0787 g (0.3 mmol) PPhs,
0.1655 g (0.6 mmol) Ag,CO; fil 1.5 mL 1,4-— &,

imMASERE G, fhESIFRARA, BENE S
AR 120 Cilngi, [ 24 h ek, SOVl
T AR AR, P P B, R BT 4
R, FHZZE LI s st sl (Vemi
FAV CaHMmEE) vV (LROER) =12 : 1), 45|H
B MafilVa, B2 @R, S5 FAMET 93%.

2- R FE-1- X6 FH R Rl I - LH-mg bk (@)« 1 (2 ]
i, 775k 59.7 mg, 773k 58%, m.p. 145~147 °C,
"HNMR (500 MHz,CDCl3),5:8.23 (d, J = 8.4 Hz, 1H,
ArH), 7.42 (dd, J = 7.1 Hz, 2H, ArH), 7.36 (t, J = 7.7
Hz, 4H, ArH), 7.28 (t, J = 7.8 Hz, 1H, ArH), 7.18 (dd,
J =9.6. 6.2 Hz, 3H, ArH), 6.96 (d, J = 8.2 Hz, 2H,
ArH), 6.47 (s, 1H, ArH), 2.20 (s, 3H, —SO,PhCH3);
3CNMR (126 MHz, CDCl3), ¢: 143.5, 141.1, 137.2,
133.6, 131.4, 129.5, 129.3, 128.2, 127.6, 126.5, 125.8,
123.7, 123.3, 119.7, 115.6, 112.6, 20.5.,

2,7- R BE-1- % H 2R I B -1H-m5| e (IV a) .
sk, =ik 45.4 mg, ;=% 35%, m.p. 175~
177 °C ,*HNMR (500 MHz, CDCl3), d:8.33 (d, J = 8.4
Hz, 1H), 7.41 (d, J = 7.8 Hz, 1H, ArH), 7.36~7.32 (m,
1H, ArH), 7.27 (dd, J = 10.1. 4.9 Hz, 3H, ArH),
7.23~7.11 (m, 8H, ArH), 7.01 (dd, J = 10.7. 4.7 Hz,
4H, ArH), 2.24 (s, 3H, —SO,PhCH3); *CNMR (126
MHz, CDCl3), 6: 143.5, 136.2, 135.8, 134.3, 131.6,
131.1, 129.9, 129.4, 128.8, 128.3, 127.5, 127.2, 126.2,
125.9, 124.1, 123.7, 123.1, 118.9, 115.2, 20.5, HRMS
(ESI) m/Z calcd. for C,7H,oNO,S™ [M+H]* 424.13658,
found 424.13657,

2- (% Y SR I ) - 1- X6 R R i 3 - LH- W5 | Wi (T b) -
@A, E o 635 mg, MK 59%, m.p.
108~110 °C, *HNMR (500 MHz, CDCl3), d: 8.25 (d,
J =8.3Hz, 1H, ArH), 7.42 (d, J = 7.6 Hz, 1H, ArH),
7.32 ~ 7.27 (m, 4H, ArH), 7.23 ~ 7.19 (m, 2H, ArH),
7.13 (t, J = 7.4 Hz, 1H, ArH), 7.02 (d, J = 8.0 Hz, 3H,
ArH), 6.39 (s, 1H, ArH), 2.25 (s, 3H, —SO,PhCH,),
2.15 (s, 3H, CPhCH3); *CNMR (126 MHz, CDCl),
5: 143.6, 139.3, 138.3, 136.3, 134.6, 131.1, 129.8,
129.1, 128.6, 128.3, 128.1, 125.9, 123.6, 123.5, 122.8,
119.6, 114.7, 111.3,

2-( [ A FE 2R3 ) - 1 FH A e 35 - LAH-15| e (T ©) -
HARYY, Rl 67.1 mg, 2Rl 62%., 'HNMR
(500 MHz, CDCl3), §: 8.22(d,J = 8.4 Hz, 1H, ArH),
7.34 (d, J = 7.7 Hz, 1H, ArH), 7.27 ~ 7.23 (m, 1H,

ArH), 7.18 (ddd, J = 14.9. 7.6 4.1 Hz, 7H, ArH), 6.94
(d, J = 8.1 Hz, 2H, ArH), 6.43 (s, 1H, ArH), 2.32 (s,
3H, —SO,PhCH3), 2.18 (s, 3H, CPhCH); *CNMR
(126 MHz, CDCl3), d: 143.4, 141.2, 137.1, 135.9,
133.6, 131.2, 129.9, 129.5, 128.3, 128.1, 126.3, 126.3,
125.7, 123.6, 123.2, 119.6, 115.5, 112.3, 20.4, 20.3,

2-(4- L HERIE)-1-%F F ARt P 3 - LH-P5| W (T e) -
F @A, 78RR 59.7 mg, %K 53%, ‘HNMR
(500 MHz, CDCl3), 6: 8.22(d, J=8.3Hz, 1H, ArH),
7.34 (d, J = 7.7 Hz, 3H, ArH), 7.26 (t, J = 7.7 Hz, 1H,
ArH), 7.22 ~ 7.16 (m, 5H, ArH), 6.95 (d, J = 8.0 Hz,
2H, ArH), 6.43 (s, 1H, ArH), 2.66 (q, J = 7.5 Hz, 2H,
CH,), 2.19 (s, 3H, —SO,PhCH3), 1.23 (t, J = 7.6 Hz,
3H, CH3); “CNMR (126 MHz, CDCly), §: 143.7,
143.4, 141.3, 137.1, 133.6, 129.6, 129.2, 128.6, 128.1,
125.9, 125.7, 123.5, 123.2, 119.5, 115.6, 112.2, 27.6,
20.4, 14.3,

2-(2- H AU B 2R S - 156 B DR - LA- 5| e (T )
HAONLRYY, 77l 80.1 mg, FFEN 71%. *HNMR
(500 MHz, CDCl3), §: 8.14(d,J = 8.4 Hz, 1H, ArH),
7.38(d, J = 7.7 Hz, 1H, ArH), 7.34 (td, J = 8.3, 1.7 Hz,
1H, ArH), 7.30 (d, J = 8.3 Hz, 2H, ArH), 7.24 ~ 7.20
(m, 1H, ArH), 7.13 (dd, /= 7.5, 1.7 Hz, 2H, ArH), 6.98
(d, J=8.2Hz, 2H, ArH), 6.91 (t, J = 7.2 Hz, 1H, ArH),
6.86 (d, J = 8.3 Hz, 1H, ArH), 6.45 (s, 1H, ArH), 3.67
(s, 3H, OCHs), 2.19 (s, 3H, —SO,PhCH3); *CNMR
(126 MHz, CDCly), 6: 157.5, 143.2, 136.9, 136.3,
134.6, 130.7, 129.5, 129.1, 128.1, 125.7, 123.3, 122.5,
120.7, 119.6, 118.5, 114.5, 111.3, 109.4, 54.4, 20.4.,

2-(Z5-1-25)-1- % H Rt ot - LH-s |k (T g) . 1 (ALl
&, 77 R 96.3 mg, F7F K 81%, m.p. 126~128 °C.
'HNMR (500 MHz, CDCls), 6: 8.32 (d, J = 8.4 Hz, 1H,
ArH), 7.87 (d, J = 8.2 Hz, 1H, ArH), 7.80 (d, J = 8.2
Hz, 1H, ArH), 7.56 (d, J = 8.5 Hz, 1H, ArH), 7.48 ~
7.42 (m, 2H, ArH), 7.40 ~ 7.32 (m, 3H, ArH), 7.24 (t,
J=7.6 Hz, 2H, ArH), 7.19~7.16 (m, 2H, ArH), 6.87 (d,
J = 8.2 Hz, 2H, ArH), 6.58 (s, 1H, ArH), 2.18 (s, 3H,
—S0,PhCH3); ®*CNMR (126 MHz, CDCl3), 6: 143.5,

137.7, 136.5, 134.3, 132.3, 132.0, 128.9, 128.8, 128.4,
128.3, 128.1, 127.0, 125.9, 125.2, 125.1, 124.7, 123.7,

123.4, 122.8, 119.7, 114.7, 112.6, 20.4, HRMS (ESI)
miZ calcd. for CysHaoNO,S™ [M+H]* 398.12093, found
398.12100,

2-(3,5- - W 480 B 8 Bk ) - 1- o FY 2 it ok - L |
(h): BEAMCRY, =&k 56.2mg, 7<% K 46%.
'HNMR (500 MHz, CDCls), 6: 8.23 (d, J = 8.4 Hz, 1H,
ArH), 7.36 (d, J = 7.7 Hz, 1H, ArH), 7.30 ~ 7.25 (m,
3H, ArH), 7.18 (t, J = 7.4 Hz, 1H, ArH), 6.98 (d, J =
8.1 Hz, 2H, ArH), 6.57 (d, J = 2.2 Hz, 2H, ArH), 6.47
(dd, J = 6.3. 4.1 Hz, 2H, ArH), 3.76 (s, 6H, OCH3),
2.21 (s, 3H, —SO,PhCH;); *CNMR (126 MHz,
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CDCl3), d: 158.7, 143.5, 140.9, 137.3, 133.5, 133.1,
129.4, 128.1, 125.8, 123.8, 123.3, 119.7, 115.6, 112.6,
107.5, 99.9, 54.4, 20.4, HRMS (ESI) m/Z calcd. for
Ca3H2NO,S" [M+H]* 408.12641, found 408.12646,
2-(4-FFRHE)- 15068 FH R R e 55 - LH-Ps | Wk (M) 19
@Rk, FeiEh 45.8 mg, FoHN 42%, m.p. 112~
115 °C . *HNMR (500 MHz, CDCl;), ¢:8.23 (d, J = 8.4
Hz, 1H, ArH), 7.41 ~ 7.34 (m, 3H, ArH), 7.32 ~ 7.25
(m, 1H, ArH), 7.21 ~ 7.15 (m, 3H, ArH), 7.06 ~ 7.00
(m, 2H, ArH), 6.97 (d, J = 8.1 Hz, 2H, ArH), 6.44 (s,
1H, ArH), 2.21 (s, 3H, —SO,PhCH3); “*CNMR (126
MHz, CDCls), 6: 162.1 (163.0, 161.0, d, “Jc £=249.5
Hz), 143.64, 139.8, 137.1, 133.6, 131.1 ( 131.1, 131.0,
d, “Jc-£=7.6 Hz), 129.3, 128.2, 127.3, 127.3, 125.6,
123.6 (123.8, 123.3, d, %Jc £=65.5 Hz), 119.6, 115.5,
113.6 (113.7, 113.5, d, *Jc ¢=21.4 Hz), 112.5, 20.5,
2-(3-FHA L) - 1- X% HH i ok - LH- M| W (TIT ) - 48
kY, 7 89.9 mg, FEE N 82%., 'HNMR
(500 MHz, CDCl3), ¢: 8.23(d,J=8.4Hz, 1H, ArH),
7.37 (d, J = 7.7 Hz, 1H, ArH), 7.32 ~ 7.28 (m, 2H,
ArH), 7.23 ~ 7.17 (m, 4H, ArH), 7.12 (d, J = 9.7 Hz,
1H, ArH), 7.06 (td, J = 8.4, 1.8 Hz, 1H, ArH), 6.98 (d,
J = 8.2 Hz, 2H, ArH), 6.49 (s, 1H, ArH), 2.21 (s, 3H,
—S0,PhCH3); ®*CNMR (126 MHz, CDCl3), d: 160.9
(161.8, 159.9, d, Y £=245.7 Hz), 143.7, 139.6, 139.6,
137.3, 133.4, 129.33, 128.2, 127.96 (128.0, 127.9, d,
*Jo_¢=8.82 Hz), 125.7, 125.1, 125.1, 124.1, 123.4,
119.8, 116.1 (116.1, 116.0, d, 2Jc ¢=22.7 Hz) , 115.6,
114.5 (114.6, 114.4, d, %Jc £=20.2 Hz), 113.2, 20.5,
HRMS (ESI) m/Z calcd. for CyHi7FNO,S' [M+H]*
366.09585, found 366.09586.,
2-(2-JA A JE)-1-XF P P - LH-1B W (T k) - 1
@R, RN 62.9 mg, 3 57%, m.p. 105~
107 °C ,*HNMR (500 MHz, CDCl3), d:8.18 (d, J = 8.4
Hz, 1H, ArH), 7.40 (d, J = 7.8 Hz, 1H, ArH), 7.39 ~
7.35 (m, 1H, ArH), 7.35 ~ 7.31 (m, 1H, ArH), 7.28 (dd,
J=135, 4.8Hz, 3H,ArH), 7.18 (dd, /= 8.5, 6.5 Hz,
1H, ArH), 7.14 (dd, J = 10.9. 4.1 Hz, 1H, ArH), 7.09 (t,
J = 9.2 Hz, 1H, ArH), 7.00 (d, J = 8.2 Hz, 2H, ArH),
6.56 (s, 1H, ArH), 2.22 (s, 3H, —SO,PhCHs); ®*CNMR
(126 MHz, CDCl3), §: 159.6 (160.6, 158.6, d, 'Jc—¢=
250.7 Hz), 143.6, 136.7, 133.8 (133.9, 133.8, d, “Jc ¢=
6.3 Hz), 131.40, 131.39, 129.8 (129.8, 129.7, d, *Jc ¢ =
8.82 Hz), 129.1, 128.3, 125.7, 124.0, 123.0, 122.3,
122.2, 119.9, 115.0, 114.4 (114.5, 114.3, d, %Jc ¢=21.4
Hz), 113.2, 205, HRMS (ESl) m/Z calcd. for
C,1H1,FNO,S' [M+H]* 366.09585, found 366.09595,,
2-(2-FA R HE)- 1% F DR B IR L - LH-Ps | Wi (TIT 1)« %
@Ry, 728k 67.5 mg, FE K 59%., HNMR
(500 MHz, CDCl3), ¢: 8.19(d,J = 8.4 Hz, 1H, ArH),

7.42 ~ 7.37 (m, 2H, ArH), 7.34 (d, J = 8.3 Hz, 2H,
ArH), 7.29 (t, J = 7.6 Hz, 3H, ArH), 7.27 ~ 7.23 (m,
1H, ArH), 7.18 (t, J = 7.5 Hz, 1H, ArH), 7.00 (d, J =
8.2 Hz, 2H, ArH), 6.53 (s, 1H, ArH), 2.20 (s, 3H, —
SO,PhCH3); *CNMR (126 MHz, CDCl3), J: 143.6,

136.3, 136.1, 134.1, 134.0, 131.9, 130.5, 129.0, 128.7,
128.3, 128.3, 125.8, 124.7, 123.9, 122.9, 119.9, 114.6,

112.7, 20.4.

1-[3-(L-Xof FF it e - LA Wi -2- ) R 6 | 2 - 1-
BRI m) . FEEA, =5 34.7 mg, 72358 30%,
m.p. 128~130 °C, *HNMR (500 MHz, CDCl3), 4:
8.24 (d, J = 8.4 Hz, 1H, ArH), 7.97 (dd, J = 12.4., 4.7
Hz, 2H, ArH), 7.66 (d, J = 7.7 Hz, 1H, ArH), 7.46 (dd,
J =9.6, 58 Hz, 1H, ArH), 7.39 (d, J = 7.7 Hz, 1H,
ArH), 7.33~7.28 (m, 1H, ArH), 7.21 (t, J = 7.5 Hz, 1H,
ArH), 7.18 ~ 7.15 (m, 2H, ArH), 6.97 (d, J = 8.2 Hz,
2H, ArH), 6.53 (s, 1H, ArH), 2.58 (s, 3H, COCHj),
2.21 (s, 3H, —SO,PhCH;); *CNMR (126 MHz,
CDCls), 6: 196.7, 143.7, 139.8, 137.3, 135.4, 133.9,
133.4, 131.9, 129.3, 128.8, 128.3, 127.4, 126.7, 125.6,
124.1, 123.4, 119.8, 115.6, 113.2, 25.7, 20.4, HRMS
(ESI) m/Z calcd. for CasHoNOsST [M+H] 390.11584,
found 390.11612.

-5 2R gt - 2-[4- (= 90 A0 ) O Bk 1- LH- 1|
(In): EWARYY, 7788 27.9 mg, J=%HK 22%.
'HNMR (500 MHz, CDCl3), 6: 8.23 (d, J = 8.4 Hz, 1H,
ArH), 7.43 (d, J = 8.5 Hz, 2H, ArH), 7.37 (d, J =
7.6 Hz, 1H, ArH), 7.29 (t, J = 7.7 Hz, 1H, ArH), 7.22 ~
7.14 (m, 5H, ArH), 6.96 (d, J = 8.1 Hz, 2H, ArH), 2.21
(s, 3H, —SO,PhCH3) ; ®*CNMR (126 MHz, CDCls), d:
148.4, 148.4, 143.7, 139.4, 137.3, 133.5, 130.7, 130.0,
129.3, 128.3, 1257, 124.1, 123.4, 119.8, 119.5 (q, “Je.r =
258.3 Hz, 122.6, 120.5, 118.5, 116.4), 118.8, 115.6, 113.1,
20.5, HRMS (ESI) m/Z calcd. for CyH16FsNO3zSNa’
[M+Na]* 454.06952, found 454.06961.,

2-(4-H A B R )- 1- 6 F A - LH-P5| (T o)«
M@ A, 2Rl 37.8 mg, PN 34%, m.p.
126~128 °C ., *HNMR (500 MHz, CDCls), J: 8.23 (d,
J = 8.4 Hz, 1H, ArH), 7.34 (d, J = 8.5 Hz, 3H, ArH),
7.26 (t, J = 7.8 Hz, 1H, ArH), 7.18 (d, J = 8.3 Hz, 3H,
ArH), 6.95 (d, J = 8.2 Hz, 2H, ArH), 6.88 (t, J = 5.6
Hz, 2H, ArH), 6.40 (s, 1H, ArH), 3.81 (s, 3H, OCH),
2.20 (s, 3H, —SO,PhCH;); *CNMR (126 MHz,
CDCls), 6: 158.9, 143.4, 141.0, 137.1, 133.7, 130.6,
129.6, 128.1, 125.7, 123.6, 123.4, 123.2, 119.4, 115.6,
111.9, 111.8, 54.2, 20.4,

2,7- X (4- F AL 2 Bk ) - 1- % Y 6 - 1L - s | e
(IVo): #8 (iiliik 4y , 7= 5t 8.6 mg, 7%l 6%, 'HNMR
(500 MHz, CDCl3), §: 8.32(d,J = 8.4 Hz, 1H, ArH),
7.39 (d, J = 7.7 Hz, 1H, ArH), 7.32 (t, J = 7.8 Hz, 1H,
ArH), 7.25 (d, J = 8.3 Hz, 2H, ArH), 7.21 (d, J = 7.5
Hz, 1H, ArH), 7.08 (d, J = 8.6 Hz, 2H, ArH), 7.00 (d, J =
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8.1 Hz, 2H, ArH), 6.95 (d, J = 8.7 Hz, 2H, ArH), 6.74
(d, J = 8.6 Hz, 2H, ArH), 6.70 (d, J = 8.7 Hz, 2H,
ArH), 3.77 (s, 3H, OCHs), 3.69 (s, 3H, OCHs), 2.24 (s,
3H, —SO,PhCH3); *CNMR (126 MHz, CDCl3), J:
158.5, 157.3, 143.3, 136.1, 135.4, 134.4, 132.3, 129.8,
129.7, 128.2, 125.9, 124.0, 123.8, 123.0, 122.1, 118.8,
115.2, 112.6, 111.7, 76.2, 75.9, 75.7, 54.1, 54.1, 20.5,
HRMS (ESI) m/Z calcd. for CygHogNO,S™ [M+H]*
484.15771, found 484.15778.,

2-(3- WAL AR I ) - 1-XoF HH 2 ot - LH- W5 | Wik (T o) =
HARY), ol 64.3 mg, 2%k 57%., 'HNMR
(500 MHz, CDCl3), §: 8.23(d,J = 8.4 Hz, 1H, ArH),
7.36 (d, J = 7.7 Hz, 1H, ArH), 7.29 ~ 7.26 (m, 1H,
ArH), 7.24 ~ 7.17 (m, 4H, ArH), 7.01 (d, J = 7.6 Hz,
1H, ArH), 6.97 (d, J = 8.1 Hz, 3H, ArH), 6.91 (dd, J =
8.2. 2.5Hz, 1H, ArH), 6.48 (s, 1H, ArH), 3.78 (s, 3H,
OCHa), 2.21 (s, 3H, —SO,PhCH3); *CNMR (126
MHz, CDCl3), 6: 157.6, 143.4, 140.9, 137.2, 133.5,
132.6, 129.4, 128.1, 127.4, 125.8, 123.7, 123.2, 121.7,
119.6, 115.6, 114.8, 113.4, 112.6, 54.3, 20.4, HRMS
(ESI) mlZ calcd. for CypHigNOsSNa® [M+Na]*
400.09779, found 400.09781.,

2,7- X (3- 4 3k 2 3k ) - 1- X6 FY 4 1 ok - L- | g
(Vp): EEMRY), 77k 41.9mg, 238 29%.
"HNMR (500 MHz, CDCls3), 6: 8.33(d, J = 8.4 Hz, 1H,
ArH), 7.45 (d, J = 7.8 Hz, 1H, ArH), 7.36 ~ 7.32 (m,
1H, ArH), 7.30 (d, J = 8.3 Hz, 2H, ArH), 7.22 (t, J =
7.5 Hz, 1H, ArH), 7.11 (t, J = 7.9 Hz, 1H, ArH), 7.08
(t,J = 8.0 Hz, 1H, ArH), 7.01 (d, J = 8.2 Hz, 2H, ArH),
6.82 (dd, J = 8.3.2.0 Hz, 1H, ArH), 6.77 (d, J = 7.6 Hz,
1H, ArH), 6.72 (d, J = 1.6 Hz, 1H, ArH), 6.67 (dd, J =
13.1, 5.0 Hz, 2H, ArH), 6.55 (d, J = 1.5 Hz, 1H, ArH),
3.64 (s, 3H, OCHg), 3.53 (s, 3H, OCHs), 2.24 (s, 3H,
—S0,PhCH5); *CNMR (126 MHz, CDCl3), 6: 158.2,

157.5, 143.5, 136.2, 135.5, 134.3, 132.9, 131.1, 129.2,
128.2, 128.1, 127.2, 125.9, 124.1, 123.6, 123.4, 123.1,
121.8, 119.0, 116.4, 115.1, 113.9, 113.5, 111.9, 54.2,

54.0, 20.5. HRMS (ESI) m/Z calcd. for CyHosNO,SNa’
[M+Na]* 506.13965, found 506.13995.,

2-[(1, 1-156R)-4-FE] - 156 AR P - LH-15 e (T ) -
R @A, F7 il 57.5mg, 7%k 47%, m.p. 185~
188 °C. HNMR (500 MHz, CDCl3), 4: 8.25(d,J =
8.4 Hz, 1H, ArH), 7.60 (dd, J = 12.4. 7.7 Hz, 4H, ArH),
7.51 (d, J = 8.2 Hz, 2H, ArH), 7.42 ~ 7.35 (m, 3H,
ArH), 7.29 (dt, J = 8.3.7.4 Hz, 2H, ArH), 7.21 (dd, J =
13.4, 7.9 Hz, 3H, ArH), 6.96 (d, J = 8.2 Hz, 2H, ArH),
6.51 (s, 1H, ArH), 2.20 (s, 3H, —SO,PhCHj);
3CNMR (126 MHz, CDCl3), ¢: 143.5, 140.8, 140.2,

139.5, 137.3, 133.5, 130.3, 129.6, 129.6, 128.1, 127.8,
126.5, 126.1, 125.7, 125.1, 123.8, 123.3, 119.6, 115.7,
112.7, 76.2, 75.9, 75.7, 20.5. HRMS (ESI) m/Z calcd.

for Co,7HNO,S' [M+H]" 424.13658, found 424.13663.

2,7-[(1,2- 156K -4- 3] - 1-55F B SR A k- LA - | e
(Va): F@EE, 8 60.6 mg, F=FR K 36%,
m.p. 193~196 °C., *HNMR (500 MHz, CDCl3), 4:
8.47 (d, J = 8.4 Hz, 1H, ArH), 7.71 ~ 7.68 (m, 2H,
ArH), 7.59 (dd, J = 7.8, 4.4 Hz, 5H, ArH), 7.52 (d, J =
8.3 Hz, 2H, ArH), 7.48 (t, J = 7.3 Hz, 3H, ArH), 7.46
~7.42 (m, 2H, ArH), 7.39 (dd, J = 10.7. 6.6 Hz, 5H,
ArH), 7.37 ~ 7.33 (m, 2H, ArH), 7.23 (d, J = 8.3 Hz,
2H, ArH), 7.12 (d, J = 8.2 Hz, 2H, ArH), 2.35 (s, 3H,
—S0,PhCHs); *CNMR (126 MHz, CDCl3), 6: 143.5,
139.9, 139.5, 139.3, 138.5, 136.4, 135.6, 134.2, 131.4,
130.6, 129.4, 129.1, 128.8, 128.2, 127.7, 127.7, 126.5,
126.2, 126.0, 125.9, 125.8, 125.8, 124.9, 124.2, 123.4,
123.2, 119.0, 115.3, 20.5, HRMS (ESI) m/Z calcd. for
CaoH3oNO,S" [M+H]* 576.19918, found 576.19934,

2-(4- R ER)- 1% F R e - LH-ms (). H 8
B4, 7= hh 48.0 mg, 773k 42%, m.p. 137~138 °C,
'HNMR (500 MHz, CDCls), 6: 8.23 (d, J = 8.4 Hz, 1H,
ArH), 7.39 ~ 7.27 (m, 6H, ArH), 7.19 (dd, J = 11.3,
5.8 Hz, 3H, ArH), 6.97 (d, J = 8.2 Hz, 2H, ArH), 6.46
(s, 1H, ArH), 2.21 (s, 3H, —SO,PhCH3); *CNMR
(126 MHz, CDCl3), d: 143.6, 139.7, 137.3, 133.7,
133.4, 130.4, 129.8, 129.4, 128.2, 126.7, 125.6, 124.0,
123.4, 119.7, 115.6, 113.0, 20.5,

2,7- (A5 R 1% FR ORI 3 - LH-15| W (IV r) «
F@ AR, =R 412 mg, FERN 28%, m.p.
172~175 °C., *HNMR (500 MHz, CDCls), J: 8.33 (d,
J =83 Hz, 1H, ArH), 7.36 (t, J = 7.6 Hz, 2H, ArH),
7.22 (dt, J = 24.1. 7.1 Hz, 6H, ArH), 7.15 (d, J = 8.4
Hz, 2H, ArH), 7.08 (d, J = 8.3 Hz, 2H, ArH), 7.02 (d, J =
8.1 Hz, 2H, ArH), 6.93 (d, J = 8.4 Hz, 2H, ArH), 2.25
(s, 3H, —SO,PhCH3); *CNMR (126 MHz, CDCl5),
§: 143.8, 136.2, 134.6, 134.1, 133.8, 132.2, 132.1,

130.0, 129.8, 128.9, 128.4, 128.0, 127.6, 126.7, 125.8,
124.5, 123.4, 122.9, 118.7, 115.2, 76.2, 75.99, 75.7,

20.5, HRMS (ES') mlZ calcd. for C27H20C|2N028+
[M+H]* 492.05863, found 492.05862.,
A-(1-XoF RSB gt - LH- P |- 2- 56) R FH R H B (T s) «

W EREA, 8k 65.6 mg, FPE K 54%, m.p.
136~139 °C ., *HNMR (500 MHz, CDCl3), J: 8.24 (d,
J = 8.4 Hz, 1H, ArH), 8.03 (d, J = 8.3 Hz, 2H, ArH),
7.52 (d,J = 8.3 Hz, 2H, ArH), 7.38 (d, J = 7.7 Hz, 1H,
ArH), 7.31 (t, J = 7.6 Hz, 1H, ArH), 7.21 (d, J= 7.5
Hz, 1H, ArH), 7.19 (s, 2H, ArH), 6.97 (d, J = 8.1 Hz,
2H, ArH), 6.54 (s, 1H, ArH), 3.89 (s, 3H, COOCHj),
2.21 (s, 3H, —SO,PhCH;); *CNMR (126 MHz,
CDCls), 6: 165.8, 143.7, 139.9, 137.5, 135.9, 133.2,
129.4, 129.1, 129.0, 128.9, 128.2, 127.7, 126.2, 125.6,
124.2, 1235, 119.9, 115.7, 113.8, 51.2, 20.5, HRMS
(ESI) mlZ calcd. for CHoNO,S' [M+H]" 406.11076,
found 406.11096.

4,4~ (1- % B 2 i B - LH- 15| Wi -2,7- — k) R
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iR —HEE(IVS): B A, 75 43.7mg, 7%
9 27%, mp. 112~115 °C. *HNMR (500 MHz,
CDCls), 6: 8.35(d,J=8.4Hz, 1H, ArH), 7.89 (d, J =
8.4 Hz, 2H, ArH), 7.82 (d, J = 8.4 Hz, 2H, ArH), 7.39
(t,J=7.4Hz, 2H, ArH), 7.25 (dt, /= 6.5, 2.6 Hz, 5H,
ArH), 7.04 (dd, J = 15.4, 8.3 Hz, 4H, ArH), 3.87 (s,
3H, COOCHj5), 3.81 (s, 3H, COOCHg), 2.26 (s, 3H,
—S0,PhCH5); *CNMR (126 MHz, CDCl3), 6: 165.6,
165.6, 144.0, 136.3, 136.2, 135.1, 134.2, 133.9, 130.9,
129.1, 128.7, 128.7, 128.6, 128.4, 127.8, 127.6, 125.8,
124.8, 123.6, 123.5, 118.8, 115.3, 51.2, 51.1, 20.5,
HRMS (ESI) m/Z calcd. for CayHgNOS" [M+H]*
540.14753, found 540.14801.,

2-(3,4- AR FE) - 1-X6F FY 2t ik - LA -V5 | W (TIT t) -
@R, RN 559 mg, FPEN 45%, mup.
196~199 °C., *HNMR (500 MHz, CDCl3), d: 8.22 (d,
J =84 Hz, 1H, ArH), 7.43 (dd, J = 6.5, 5.2 Hz, 2H,
ArH), 7.38 (d, J = 7.7 Hz, 1H, ArH), 7.34 ~ 7.28 (m,
2H, ArH), 7.23 ~ 7.17 (m, 3H, ArH), 6.99 (d, J = 8.2
Hz, 2H, ArH), 6.50 (s, 1H, ArH), 2.22 (s, 3H, —
SO,PhCH5); *CNMR (126 MHz, CDCl3), J: 143.9,

138.3, 137.3, 133.3, 131.8, 131.3, 130.7, 130.5, 129.1,
128.6, 128.5, 128.3, 125.6, 124.3, 123.5, 119.9, 115.6,
113.5, 20.5, HRMS (ESI) m/Z calcd. for C»H1Cl,NO,S
[M+H]* 416.02733, found 416.02731,

2,7- 3 (3,4- G0 7 FE)-1-XF B % ik 1 - 1L.H- g U
(Vt): Bk, =&k 36.7 mg, =K 22%,
m.p. 142~145 °C, *HNMR (500 MHz, CDCl3), §:
8.33 (d, J = 8.5 Hz, 1H, ArH), 7.42 ~ 7.32 (m, 3H,
ArH), 7.24 (dt, J=7.7. 41Hz, 5H, ArH), 7.13(d, J =
1.9 Hz, 1H, ArH), 7.06 (d, J = 8.2 Hz, 2H, ArH), 7.02
(dd, J=8.2. 2.0Hz, 1H, ArH), 6.75 (dd, J = 8.3, 2.0
Hz, 1H, ArH), 2.28 (s, 3H, —SO,PhCH3); “CNMR
(126 MHz, CDCl3), d: 144.3, 136.1, 134.1, 133.4,

132.4, 132.3, 131.6, 131.1, 130.8, 130.6, 130.4, 130.1,
129.5, 129.2, 128.6, 128.6, 128.2, 128.0, 125.7, 125.0,

123.6, 122.0, 118.6, 115.1, 20.6. HRMS (ESI) m/Z
caled. for CyHi;Cl.NO,SNa" [M+Na]* 581.96263,
found 581.96259.

-0 PR P - 2-[ 3- (= 95 Y ) AR ] - LH- 1 e
(Mu): FREMRY), 58 417 mg, 734 35%,
'HNMR (500 MHz, CDCl3), 6: 8.25 (d, J = 8.4 Hz, 1H,
ArH), 7.68 (d, J = 7.7 Hz, 1H, ArH), 7.61 (d, J = 7.7
Hz, 1H, ArH), 7.52 (s, 1H, ArH), 7.48 (t, J = 7.8 Hz,
1H, ArH), 7.39 (d, J = 7.7 Hz, 1H, ArH), 7.32 (t, J =
7.8 Hz, 1H, ArH), 7.21 (t, J = 7.5 Hz, 1H, ArH), 7.14
(d, J = 8.3 Hz, 2H, ArH), 6.96 (d, J = 8.2 Hz, 2H,
ArH), 6.52 (s, 1H, ArH), 2.21 (s, 3H, —SO,PhCH3);
CNMR (126 MHz, CDCl3), 6: 143.9, 139.1, 137.4,
133.5, 133.0, 132.1, 129.2, 129.0 (129.4, 129.1, 128.9,
128.6, g, %Jc ¢ = 32.8 Hz), 128.3, 126.9, 1257

(125.71, 125.68, 125.65, 125.62, q, >Jc_¢ = 3.78 Hz),
125.6, 125.6, 124.3, 124.2 (124.29, 124.26, 124.23,
124.20, q, %Jc—¢ = 3.78 Hz), 123.5, 123.0 (126.22,
124.06, 121.89, 119.72, q, Je¢ = 272.9 Hz), 119.9,
115.6, 113.3, 20.5,,

1-X6F F A it -2, 7- X [ 3~ (= F80 Y %) 2 L] - 1H-15)
WE(Vu): PRk, F=ik 67.8 mg, 3%k 40%.
'HNMR (500 MHz, CDCl3), 6: 8.37 (d, J = 8.6 Hz, 1H,
ArH), 7.54 (d, J = 7.7 Hz, 1H, ArH), 7.48 (d, J = 7.7
Hz, 1H, ArH), 7.39 (dt, J = 10.8. 5.5 Hz, 4H, ArH),
7.26 (t, J = 7.5 Hz, 3H, ArH), 7.22 (d, J = 8.3 Hz, 2H,
ArH), 7.19 ~ 7.13 (m, 2H, ArH), 7.02 (d, J = 8.2 Hz,
2H, ArH), 2.24 (s, 3H, —SO,PhCH5); *CNMR (126
MHz, CDCl3), 6: 145.4, 137.3, 135.7, 135.5, 135.3,

133.1, 131.3, 131.0, 130.8, 130.1, 129.8, 129.7, 129.4,
129.0, 128.6, 128.1, 126.8, 126.6, 126.0, 125.6, 125.0,

124.7, 124.1, 122.8, 119.8, 116.3, 21.6, HRMS (ESI)
mlZ calcd. for CyeH1FsNO,SNa" [M+Na]* 582.09329,
found 582.09332,

2,7-RU(3-GAARIE) - 1- %] FH 2R ot - LH-P5 | (IV v) :
@ E AR, FeiEl 116.3 mg, FERN 79%, m.p. 142~
145 °C, MNMR (500 MHz, CDCls3), d: 8.34(d,J=
8.4 Hz, 1H, ArH), 7.38 (dd, J = 13.8. 7.7 Hz, 2H, ArH),
7.29 ~ 7.23 (m, 4H, ArH), 7.18 (t, J = 7.8 Hz, 2H,
ArH), 7.12 (d, J = 8.6 Hz, 1H, ArH), 7.09 (d, J = 6.1
Hz, 2H, ArH), 7.05 (d, J = 8.1 Hz, 2H, ArH), 7.01 (s,
1H, ArH), 6.82 (d, J = 7.6 Hz, 1H, ArH), 2.27 (s, 3H,
—S0,PhCHs); *CNMR (126 MHz, CDCl3), 6: 144.0,
136.1, 134.3, 134.2, 133.1, 133.0, 132.2, 131.2, 130.7,
129.2, 128.6, 128.6, 128.5, 128.4, 127.8, 127.6, 126.9,
126.4, 125.8, 124.7, 123.4, 122.7, 118.8, 115.1, 20.5,
HRMS (ESl) mlZ calcd. for C27H20C|2N028+ [M+H]+
492.05863, found 492.05844.,

A-(2- H - 1- X6 FH A s gt - LH- M| Wi 7- 5 ) 2R HH iR
FHER (VI « ¥ (8 A, 7= 5tk 20.6 mg, 7%k 16.5%,
m.p. 136~139 °C, 'HNMR (500 MHz, CDCls), §:
8.20 (d, J = 8.4 Hz, 1H, ArH), 8.06 (t, J = 6.6 Hz, 2H,
ArH), 7.66 (d, J = 8.3 Hz, 2H, ArH), 7.37 (d, J = 8.2
Hz, 2H, ArH), 7.32 (d, J = 7.7 Hz, 1H, ArH), 7.26 (t,
J= 7.8 Hz, 1H, ArH), 7.20 ~ 7.15 (m, 3H, ArH),
3.88 (s, 3H, COOCHj3), 2.53 (s, 3H, CCHs), 2.30 (s,
3H, —SO,PhCH3); “CNMR (126 MHz, CDCly),
5 :165.8, 143.9, 137.1, 135.3, 135.2, 132.6, 129.1,
129.0, 128.9, 128.8, 128.3, 127.9, 126.2, 125.4, 123.4,

122.6, 1205, 117.9, 1135, 51.1, 20.5, 12.5, HRMS
(ES)) mlz cacd. for CpH»NO,SNa® [M+Nal*
442.10835, found 442.10852.,

2 HRSHE

2.1 FRHI SIS R B 45 REI S0
L N-%F FRRTERES B (1) SRR ( Ta)
NI EACAT, ARSCESEH 5 T AN 2 A1 7
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i C—H #75 SEAb S vy i il 45, A5 Ransk 1P
TRo BERRWA, RN RETS WA K A A KRR AR
HUTARER TR, 4 n(AQ.COs)In( 1)=2 1}, A
BB A . R, TERSTRASHTACA ML . =5
JRE FIRR BRENAEAE T, C—H B FAL W T 120 °CF
TE 1,4-—FNIRER RN 24 h AT 345 B AR 7F= 24,
211 BRANE B RN TAR

7 10 mL S04 HHR Y A 0.0813 g (0.3 mmol)
N-Xit B ORI R 3 05| W, 0.1837 g (0.9 mmol) Ak,
0.0068 g (0.03 mmol) Pd(OAc),, 0.0636 g (0.6 mmol)
Na,CO3, 0.1655 g (0.6 mmol) Ag,CO5 1 1,4- 4 /N
1.5mL, 7E 120 °CF [ hf 24 h, BUEFLRA AN,
R 1,

B A X 2 7 7= R s AR K, ASE LA
C—H FHRALMELL & (N0.27); £ n(PRBERC
) n(1)=0.2 ZF T, {0 H 3L =R 5B (L2)
IO EEBE(LS) . 2- T RUT B ECR (LY) . 2,6
TR 2- T O BB IR (LE)IT, N ARER
4 (N0.3~6 ), {HHF B A g8 ji 2 (1457 BEAF X /N iy = 2%
LR (L1)BE 2- 3R O BB BRI R (L 6) e M), & A
N 2- 35 HeAk e a fl 2,7-— 3534k =¥V a, &
PRSI R 46%F11 43% (No.2, 7). XUBEHECARE
A= IR, A0 1,1 X (L) Rk (L7) AR
REfEIE RN &, HE =R AN 27% (No.8); fifi
I 1,2- W (2K ) ZbE (L8) Feikmt, [ JLFAfE
KA, AT R IR R AE TR BC A RE T BUAH X AR E 1 4
JREA WA (N0.9), 3N = Z<IE B Bc A i i
CIRYRTE SE =5 SiAraAioh S I N &2
B ) In(1)=1, Ri4: )8 5 RERC LIk 3] 12 10 B, &
FEERAT A 93%, Hi 2-55 34k =4 M a ;=4 58%),
2,7-W 5 HAL =V a 7= % 35%, n(lla) : n(IVa)
S 1.66:1 (No.l),

212 EAH R EA R LR A
7E Pd(OAc), 5 PPhy BTt bl 10 10 %44

T, BT AR R N R R, SRR 1
(No.1. 10~11) FrsR . AR & 109%RF K =
50F1 2%M}, HAn =) 57Kl 93%5 il Bk 2
66%M1 51%., FHILAT WL, 2% Bl 5 AL 75 Y
B, 7R SR B X A AR
IR, Frit i A E v e L Mk
FEEKENN, R RN SREAL, a(Ta) © a(IV
a) 1.66 : 1 (No.1), WAL H & FFIKE 5%FHT,
SN PR L5 AT 2 = & 19.00 = 1 (No.10 ).
2.1.3 BB JEA B4R %A

TEAEAL R 10%5%0E T, 5 TIREX R
N FER, S5 FR 1 (No.1, 12~14) iR,
MRV IREE R 80 CH, HAR WIS R,
HA 35%; M4iRJE T A 100 Fi1 120 °CHf, REj=FR
A3 TN 2 66%F1 93%; 1H 2 , 4l T i & 140 °C
B, SN RAIFCE 64%, JRYITER SR &
PR &4 T HAR N . BeAk, BEE SO0 R R T
B, 2-95 34k 2,7- 0055 JeAk 7 W B 7 R L 4
FEft, X RUERSERESMT, 2-5 ™Y
i 2 ol A Vi 2 A, N 11 3 A e S
P o B IR S IR 25 S v] AT, 2 i oy e EE AR Il 7E 120 °C
A, SN AT AR A e R B H Rk R s T K
RIEAHAE
2.1.4 B AT xF R 4k R 6 e

TEBRIE N 120 °CF, 38 i ol 28 & A= K2 Y
A TRIER T T HO B = R B i s, &5 5
1 (No.l, 15~16) FfirR. SOk #82s fifi 45 K i
ST B0 SSTTE: )| W (E B v & o i Dl (7] 2 (A D [
] 12 h IF, AT 3R75S 65%I0) 2 28, JE K i i i}
B2 24 h 5, B7=REINE 93%, Akekit iz hi it
(B2 48 h, B P= R & B B ARk (HBE £t N 1.79 -
1MARE 070 : 1, FIRSERELI, BlEE AT [E] )
FEK, 2955k Ma 2 ik— AL 5 54k e
YilVa, MRS T Marer=4) b a4 el

1 MRS LY

Table1 Screening and optimization of control conditions”

Ts Ph Ts

C + O BEACH, R @Ph . @[ﬁ)'”‘
ne g R SIURL VR I, B e e

JF5 HEALF] LR N 1 il ik sl WEEPC BHE/M BFEER% a(lla) : a(Va)
1 PA(OAQ,(10%) L1 AgCOs  NaCO;  14-—FNH 120 24 93 166:1

2’ PA(OACK(10%) L1 AgCOs  NaCOs 14 40K 120 24 46 271:1

3’ Pd(OAC),(10%) L2 AgCO;  NaCOs 14-—5RH 120 24 0 —

4 Pd(OAC)2(10%) L3  AgCO;  NaCO, 14-—HRER 120 24 0 -

57 Pd(OAC)2(10%) L4  AgCO;  NaCO, 14- 5N 120 24 0 -

6"  PUOAQ10%) L5  AgCO;  NaCO;  L14—4#AH 120 24 i -

7 PA(OACK(10%) L6  AgCOs  NaCOs 14 40K 120 24 8 2331
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8’ Pd(OAC),(10%) L7 Ag,CO; Na,CO;, 14- "5 120 24 27 241:1
9° Pd(OAC)2(10%) L8 Ag,CO;4 Na,COs 14- 5N 120 24 o —

10 PA(OAC)x(5%) L1 Ag,COs N&COs 1,4-— 5N 120 24 66 19.00: 1
n Pd(OAC)2(2%) L1 AgCO; Na,COs 1,4- 4N 120 24 51 960:1
12 Pd(OAC),(10%) L1 Ag,COs Na,CO; 1,4- 5N 80 24 35 6.13:1
13 Pd(OAC),(10%) L1 Ag,COs Na,CO; 1,4- 5N 100 24 66 513:1
14 Pd(OAC),(10%) L1 Ag,CO; Na,CO;, 14- 5K 140 24 64 113: 1
15 PA(OAC)5(10%) L1 Ag,CO; N&,COs 1,4-— 5N 120 12 65 179:1
16 PA(OAC)5(10%) L1 Ag,CO; N&,COs 1,4-— 5N 120 48 94 070:1
17 Pd(OAC)2(10%) L1 Ag,COs Na,COs LIPS 120 24 51 1.80:1
18 Pd(OAC),(10%) L1 Ag,COs Na,CO; THF 120 24 67 146: 1
19 Pd(OAC),(10%) L1 Ag,COs Na,CO; M 120 24 27 111:1
20 Pd(OAC),(10%) L1 Ag,CO; Na,CO; DMA 120 24 36 327:1
21 Pd(OAC),(10%) L1 Ag,CO; N&,COs DMF 120 24 30 323:1
2 Pd(OAC),(10%) L1 Ag,CO;  NaHCO; 1,4-— 5N 120 24 62 214:1
23 Pd(OAC),(10%) L1 AgCO; K,COs 1,4- 4N 120 24 65 151:1
24 Pd(OAC),(10%) L1 Ag,COs KsPO, 1,4- 5N 120 24 66 230:1
25 Pd(OAC),(10%) L1 AgCO;  +BuONa 1,4- 5N 120 24 51 187:1
26 Pd(OAC),(10%) L1 Ag,CO; =M 1,4- 5K 120 24 50 225:1
27 Pd(OAC),(10%) 0 Ag,CO; N&,COs 1,4-— 5N 120 24 0 —

DR R4 T (0.3 mmol) A 4k5 i 10%% 32 A 14 0.03 mmol 5%t 3 Al it A 0.015 mmol . 2%%32 1 F £ & 0.006 mmol .
Bk (0.3 mmol). #s (0.6 mmol), Ag,COs (0.6 mmol). #51(1.5 mL)., N2 (101.325 kPa); @RC A . =K (L), 48 3 =L (L2).
SO M (L3). 2- T REBEEEEIE (L4). 2,6- WA H-2- O BRI (LS). 2- KO EMEBE (Le). 11-W(_ i

B R (L7). L2-W( ) Z ke (L8); LA & 0.06 mmol;
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Table 3 Effect of iodoaromatics on partition ratio of mono/biarylated mixed Dr%dructsT
Ts s
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