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Development of second generation of anionic tethered NHC ligand for achievement of r
eversal of enantioselectivity in catalytic asymmetric reaction
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Cu(0Tf)2 ester-amide
NHC hydroxy-amide

Previously, we achieved the Cu-catalyzed asymmetric conjugate addition (ACA) react
ion by the use of a CH2-bridged hydroxy-amide-functionalized azolium salt. Now, we designed and synthesize
d_a (CH2)2-bridged hydroxy-amide-functionalized azolium salt. In comparison with the product which was obt
ained in the ACA reaction by Cu(0Tf)2 combined with CH2-bridged azolium salt, the combination of Cu(0Tf)2
with (CH2)2-brid?ed ligand led to the formation of the 1,4-adduct with opposite configuration. In addition
, dual enantioselective control in the ACA reaction with the same ligand precursor was observed by changin
g the Cu precatalyst from Cu(0Tf)2 to Cu(acac)2. Furthermore, a new ester-amide-functionalized azolium sal
t was also developed. It was found that the absolute configuration of the conjugate adduct in the ACA reac
tion using the ester-amide-functionalized azolium salt differs from that obtained in the ACA reaction usin
g the hydroxy-amide-functionalized azolium salt.
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Table 1

Et
Cu precatalyst

T
O
+ Et,Zn+ with the same ligand (S)-4
O@_\\Et

3 Cu precatalyst
(R)-4
Enty Cusalt Azolium (R, R?) Yield (%) Ee (%)
1 Cu(OTf), 1i (Bu, Bn) >99 81 (S)
2" cu(acac),  1i 69 41 (R)
3 Cu(OTf), 2i (Bu, Bn) >99 61 (R)
4" cu(acac),  2i 91 65 (S)

a) Reaction condition: 3 (1 mmol), Et,Zn (3 mmol), Cu precatalyst (6 mol%),
azolium salt (4.5 mol%), THF (9 mL), r.t., 3 h. b) With Cs,CO;3 (8 mol%).
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4 Azolium salt
R** R%ZNTFHE 11, 3h R®
R® R
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Entr %% Cusalt Azolium \;:;)I)d (I;Z/oe)
1® 1 H Me CuOTf), 2k 98  35(R)
2 1 H Me Cuacac), 2b 99  97(S)
3 1 H Bu Cu@©Tf), 2k 97 68(R)
42 1 H Bu Cu(acac), 2b >99 81 (S)
52 1 Me Et CuOTh, 2k 43  84(S)
62 1 Me Et Cu(acac); 2b 68 >99 (R)
7 2 H Me CuOTh, 2k 92 52(R)
8 2 H Me Cuacac), 2b >99  96(S)
9 2 H Et Cu@©Tf), 2k 92 80(R)
10” 2 H Et Cu(acac), 2b 95  81(S)
117 2 H Bu CuOTf), 2k 98 8O0(R)
12 2 H Bu Cufacac), 2b 97  86(S)

a) Enone (1 mmol), RAZZn (3 mmol), THF (9 mL), Cu st (6 mol%),
azolium salt (4 mol%), r.t,, 3 h. b) Enone (1 mmol), R*,Zn (3 mmol), THF
(9 mL), Cu salt (6 mol%), azolium salt (4.5 mol%), r.t., 3 h. c) Isolated yield.
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+ EtyZn
THF, r.t, 3h Et
3 4
Entry® Azolium Ee (%) Entry® Azolium Ee (%)P)
1 5 12 (R) 9d 1K' 64 (S)
2 6  34(R) 109 12 45(R)
3 7 30 (R) 119 12 67 (R)
4 8 26 (R) 129 12 69 (R)
5 9 11 (R) 139 13 67 (R)
6 10 13 (R) 149 14 61 (R)
79 6 38(R) 159 15 68(R)
89 11 49 (R) 169 Kk 82(S)

a) 3 (1 mmol), Et,Zn (3 mmol), Cu(OTf), (2 mol%), azolium salt (3 mol%),
THF (3 mL). b) Determined by GLC analysis. Average of two runs. c)
Cu(OTf), (6 mol%), azolium salt (3 mol%). d) Cu(OTf), (6 mol%), azolium
salt (4.5 mol%), THF (9 mL). e) Cu(OTf), (4.5 mol%), 12 (4.5 mol%), THF
(9mL).
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Table 4
Entryd  Substrate Ligand Vield” B
(%) S R

1k >99 955 45
+EtyZn 12 85 75 925

19
2

)

1k >99 94 6
+BuyZn 12 40 14 86

>99 98 2

+BuyZn 22 29 71
79 1k 84 05 995
8 12 42 985 15
9? * EtZn 12 58 97 3
10 15 83 975 25

a) Enone (1 mmoal), RyZn (3 mmol), Cu(OTf), (4.5 mol%), azolium salt (4.5
mol%), THF (9 mL), r.t., 3 h. b) Isolated yield. Enantiomer ratio (er) were
determined by GLC analysis. Average of two runs. ¢) Cu(OTf), (6 mol%),
azolium salt (4.5 mol%), THF (9 mL). d) Et,Zn (5 mmol).
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Entry ® Enone Cu Precatalyst Azolium  Yield Ee

(mol%) (%) (%)
1 16  Cu(NOj3), 11 (6) 99  89(S)
2 16  Cu(hfacac), ® 18 (4.5) 91 92 (R)
3 17 (CuOTf)*CegHg 1l (4.5) 72 92(S)
4 17  Cu(hfacac),® 18 (4.5) 90  85(R)

a) Enone (1 mmol), Et,Zn (3 mmol), Cu precatalyst (6 mol%), azolium salt
(4.5 or 6 mol%), solvent (9 mL), rt, 3 h. b) Cu(hfacac),:
Bis(hexafluoroacetylacetonato)copper(II)
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