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Enantioselective Synthesis of Chiral Carboxylic Acids from Alkynes and Formic Acid by Nickel-Catalyzed
Cascade Reactions: Facile Synthesis of Profens [0 [0 00 00 0
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GD 5
S)-Ibuprofen fragment of AZD2716
\_) 94% ee 94%, ee
HCO;H R COLH
u_[_’- cascade reaction R™ CDE‘ s

(S)-Naproxen S} Flurbiprofen
R = Aryl, Alkyl, 60 ~ 90 % yield, 83 ~ 98% ee 91% ee 90% ee
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Ni(OAc),+4H,0 (5 mol%)

(R,R)-BenzP’ (6 mol%) /L
Z .
R Ac,0 0.3 equiv Al
1 HCO,H/Et;N 6/2 3

1,4-dioxane, 70 °C, 30 h

@ic O,H d\c-ﬂg H CH\C O2H
Me

3a 80%, 88% ee 3b 70%, 98% ee 3¢ 75%, 93% ee

@/\CDZH @/L(;UEH /@/\CGZH
F

3f E?%. 88% ee 3h 60%, 87% ee

3g 60%, 89% ee

using (S)-ligand using (S)-ligand

/@JCDEH /@JCDEH CO,H
F X Ph

3k X = Cl, 63%, 83% ee
3j 65%, 86% S 3m 83%, 85%
1 65%. 88% €€ 31 X = Br, 68%, 84% ee m e e

CO,H

3d X =F 82%, 95% ee
3e X = CI 80%, 97% ee

CO,H

3i 70%, 90% ee

@/\CDEH
s

3n 51%, 70% ee
using (S)-ligand
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30 86%, 92% ee

3s 75%, 93% ee
using (S)-ligand

Bz0~ "~ “CO.H

3w 85%, 96% ee
using (S)-ligand

g200ooo

Me o
szH ElmzH COzH

OMe

o, L]
3p 89%, 93% ee 3r 80%, 95% ee

o,
using (S)-ligand 3q 85%, 93% ee

o 5
DMCGEH

M :
Ph COM B0 ~""CO.H
Br

3v 83%, 95% ee
using (S)-ligand

3u 87%, 92% ee
using (S)-ligand

3t 90%, 93% ee
using (S)-ligand

O z ;
(8] COsH MeO,C VACD oH

Br
3y 82%, 90% ee

3x 79%, 93% ee
using (S)-ligand

using (S)-ligand
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Me
@ F Br (1) Pd(PPhy),Cl; F Z Ni{OAC)4H;0 (3 mol%) E —
O Cul, =—TMS O (S.5)-BenzP" (3.6 mol%) Q 2
Q (2) K,CO4, MeOH @ Acz0 0.3 equiv O
82% yield HCOOH/Et,N 8:2
6 1aa

1. 4-dioxane, 70 *C, 30 h Jaa (S)-Flurbiprofen
1.03 g, 84%, 90% ee

Ni{OAC)4H;0 (5 mol%)

Br Z
_ same /“/ (5.5)-BenzP* (6 moli) /“/\ CO,H
Mal as al:omra Ac-0 0.3 equiv MeO

76% yield HCOOH/ELN 6:2

1ab 1,4-dioxane, 70 °C, 30 h 3ab (S)-Maproxen
85% yiell:l 91% ee

(=] ez NifOAC)-4H-0 (5 molt)

B
/IVU r same = (5.5}-BenzP* (6 mol%) w CO,H
as abgva Acs0 0.3 equiv
B0% yield HCOOH/E;N 8/2
8 1ac 1, 4-digxane, 70 *C, 30 h

Jac (S)ylbuprofen
82% vield, 94% ee

(1) PMgBr,Cul  Br Ni(OAC),~4H,0 (5 mol%) @\
_=—TMs _ (R.RyBenzP” (6 mol%:. @J‘ CONH,
gr (2) TBAF, THF = Acz0 0.3 equiv {ra[ 1c) e
78% yield HCOOH/E;N 8/2
1ad 1.4-dioxana, 70 “C, 30 h COH

B2% yield, 94% ee AZD2T16
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(0.26 D) (0.30 D) (1.05 D)
H. H

7 Ni(OAc); 4H,0 (5 mol%) ~ G
TR 5,5)-BenzP* (6 mol% . lh N
@ J’| ) (S,5)- ( 0) S COoOH  * E X ’“EICDGH
o Ac,0 0.3 equiv /[L #:: £~ (0.19D)
1 HCOOD/Et;N 8:2 F i
1.4-dioxane, 70 °C, 5 h 2j 50% yield 3) 25% afterSh
(82% yield, 90% ee
after 24 h)
24 0) (D48 D
(0 H} {UHB ) (1.56 O)
= Ni(OAc) 4H,0 (5 mol%) I’ CHD,
ﬂ‘ “*T (S.S)-BenzP" (6 mol%) _ N NCOOH 4 N ”;F‘CDUH
(b) g~ ~F Ac,0 0.3 equiv /LE;_J ;kJ D
y DCOOD/Et;N 8/2 F F W0-=90)
1,4-dioxane, 70 °C, 12 h 2j 55% yield 3j (10% after 12 h)
H (70% yield, 90% ee
/L after 30 h)
0 0”0
B e T N O Sy My hydride o E'-r-m-|-|
S L | H_'D I"Jil ) i 1 \Nl_x
) - N _] ~ N~ lu @ 1‘{3 /~Ph insertion L~ \ ,fJ*\u
L Ph L Ph % "o
outer-sphere inner-sphere H I
protonation TS1 protonation TS1'
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