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Nickel-catalyzed C(2)—H Difluoroalkylation of
Indoles with Fuoroalkyl Halides
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Abstract: An efficient and mild Ni-catalyzed C—H difluoromethylation and perfluoroalkylation of in-
doles with commonly available fluoroalkyl halides has been developed. This novel transformation has
demonstrated both free indole derivatives and N-substituted indole derivatives could be used to obtain
the desired products in good yields. Preliminary study suggests that radical pathway was involved in the
catalytic cycle.
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(3a)" . # WA, Il R 83% ; 'H NMR (400
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8.0 Hz, 1H), 7.39(d, J=8.0 Hz, 1H), 7.32
(t, J=8.0Hz, 1H), 7.22 ~7.19(m, 1H) , 4.37
(q, J=8.0 Hz, 2H), 2.48 ~3.47 (m, 3H),
1.36(t, J=8.0 Hz, 3H); “"C NMR (100 MHz,
CDCL,) §: 163.68 (t, J =36.0 Hz), 135.78,
128.71, 124.39, 123.55 (t, J = 30.0 Hz),
120.22, 119.93 113.99(t, J=4.0 Hz), 111.66,
111.63(t, J=250.0 Hz), 63.65, 14.04, 8.60;
“F NMR (376 MHz, CDCl,) §: - 102.01 (s,
2F)

2-(1,3-Z F -1 H-M5| 235 ) 2, 2- 5 L TR
g (3b) 1. a1k, Y R 86% ; 'H NMR
(400 MHz, CDCl;) §: 7.68(d, J=8.0 Hz, 1H),
7.38 ~7.37(m, 2H), 7.23 ~7.19 (m, 1H),
4.37(q, J=8.0 Hz, 2H), 3.89(s, 3H), 2.51
(t, J=4.0 Hz, 3H), 1.38(t, J=8.0 Hz, 3H);
“C NMR (100 MHz, CDCl,) &§: 163.81(t, J =
36.0 Hz), 138.20, 127.75, 124.96 (t, J =29.0
Hz), 124.16, 119.95, 119.78, 114.40 (t, J =
4.0 Hz), 112.57 (t, J =250.0 Hz), 109. 66,
63.51, 31.51(t, J=4.3 Hz), 14.00, 9.07 (t,
J=3.0 Hz); “F NMR (376 MHz, CDCl,) §:
-98.60(s, 2F),

2-(1-75 JE-3-H JL-1 H-Wg| W23 ) -2, 2-— 3
ZIRZTE(3e) ' . H(alE A, % 82% ; 'H NMR
(400 MHz, CDCL,) 8:7.77(d, J=8.0 Hz, 1H),
7.35~7.25(m, 6H), 7.03(d, J=8.0 Hz, 2H),
5.63(s, 2H), 4.19(q, J=7.2 Hz, 2H) , 2.62 ~
2.61 (m, 3H), 1.30(t, J =8.0 Hz, 3H);
“C NMR (100 MHz, CDCl,) &: 163.57 (t, J =
36.0 Hz), 138.04, 128.65, 128.06, 127.24,
125.84, 125.05 (t, J =29.0 Hz), 124.48,
120. 18, 120.04, 115.08(t, J=4.0 Hz), 112.54
(t, J=250.0 Hz), 110.54, 63.47, 48.33(t, J =
4.0 Hz), 13.86, 9.27(t, J=3.0 Hz); "F NMR
(376 MHz, CDCl,) &: —98.32(s, 2F),

2-(1-£ B HE-3-F K1 H-15) W-2-38 ) -2, 2-—
MMM (3d)!7 . #a F R, R T1%;
'"H NMR (400 MHz, CDCl,) &: 7.64(t, J=8.0
Hz, 2H), 7.43(t, J=8.0 Hz, 1H), 7.34(t, J =
8.0 Hz, 1H), 4.37(q, J=8.0 Hz, 2H), 2.77
(s, 3H),2.49(t, J=4.0 Hz, 3H), 1.36(t, J =
8.0 Hz, 3H); “C NMR (100 MHz, CDCl,) §:
168.99, 163.00 (t, J = 33.0 Hz), 135.13,

131.22, 126.71, 126.66 (t, J = 29.0 Hz),
124.19(t, J=3.0 Hz), 123.49, 120.77,113.97,
112.97(t, J=250.0 Hz), 62.77, 26.70, 14.07,
9.84(t, J=6.0Hz); “F NMR(376 MHz, CDCIL,)
8: —96.40(s, 2F),
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8.05(brs, 1H), 7.61(d, J=8.0 Hz, 1H),
7.31~7.28(m, 2H), 7.18 ~7.14 (m, 1H),
2.39(t, J=4.0 Hz, 3H); "C NMR (100 MHz,
CDCL,) §&: 136.19, 128.58, 125.14, 120.58,
120.29, 119.66(t, J=29.0 Hz), 116.95(t, J =
4.0 Hz), 111.72,8.66(t, J=1.0 Hz) ; “F NMR
(376 MHz, CDCl,) &: —-81.47 ~ —81.53(m,
3F), -109.27 ~ —109.34(m, 2F), -123.46 ~
~-123.54 (m, 2F), —-126.41 ~ —126.53 (m,
2K)
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119.86(t, J=28.0 Hz), 117.02(t, J=3.0 Hz),
111.75, 8.57; ""F NMR (376 MHz, CDCL,) §:
-81.27 ~ - 81.33 (m, 3F), - 109.04 ~
-109.12(m, 2F), -122.30 ~ - 122.37 (m,
2F), -122.56 ~ —122.67(m, 2F), -123.16 ~
-123.26 (m, 2F), -126.53 ~ - 126.64 (m,
2F)
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Table 1 Optimization of the Reaction Conditions *

Entry Catalyst Ligand Base Solvent Yield"/ %
1 Ni(OAc), dppp KOAc 1 ,4-dioxane 18
2 NiCl, dppp KOAc 1,4-dioxane 59
3 NiBr, dppp KOAc 1 ,4-dioxane 88
4 NiSO, dppp KOAc 1,4-dioxane 55
5 (CHF;0,S),Ni dppp KOAc 1 ,4-dioxane 82
6 NiBr, dppe KOAc 1,4-dioxane 31
7 NiBr, dppf KOAc 1 ,4-dioxane 13
8 NiBr, dppp K, PO, 1,4-dioxane 10
9 NiBr, dppp K, CO, 1,4-dioxane 9
10 NiBr, dppp KHCO, 1,4-dioxane 68
11 NiBr, dppp KOAc DMSO 27
12 NiBr, dppp KOAc DMF 24
13 NiBr, dppp KOAc CH,CN 18
14 NiBr, dppp KOAc THF 41
15 NiBr, dppp KOAc 1 ,4-dioxane 77°
16 NiBr, dppp KOAc 1,4-dioxane 86
17 NiBr, dppp KOAc 1 ,4-dioxane 80°
18 NiBr, dppp KOAc 1,4-dioxane 83/

“3-FELm| I 1a(0. 3 mmol) , Ml " FH LR LBk 2a(1.5 eq. ), EMiEALT (20 mol% ) , B (20 mol% ) ,Fk (1.5 eq. ),
(2 mL) |, VIR 70 C &SR3 70 48 hy ""H NMR 2 ;60 °C ; ‘80 °C; “24 h; /72 h,
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