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Development of Highly Electron-poor Phosphine for Highly Active Catalytic Reaction

Korenaga, Toshinobu
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Chiral phosphine ligands have been playing a significant role in both steric and e
lectronic adjustment of transition metal-catalyzed reactions. We developed the novel ligand bearing BFPy g
roups, which showed highly electron-poor nature surpassing that of C6F5-containing phosphine ligand. The B
FPy phosphine ligand accelerated the Rh and Pd-catalyzed reactions including asymmetric catalytic reactio

ns. The catalytic activities exceeded the authentic catalytic reactions.



CeFs
2,6-
2,6-
CeFs
(1) BFPy

2,6-big(trifluoromethyl)-4-pyridyl (BFPy)

CF;
CeFs

BFPy

F

PR, PR,
0 low donating ability

@

CgFs-phosphine

low donating ability

Q@

BFPy-phosphine

p
F F FaC_Ng_-CFs
Q W X/I W strong EWG
ng F || strong EWG H H || over CoFs
0

e N
i P(BFPY), O BFPY:
: 2 MeO P(BFP _CF
i Y)2 —
: MeO P(BFPYy), <\ N
E(BFPV)ZP/\/P(BFPy)Z O o
! 3 1 8
1
(2) BFPy
BFPy

VCO

1
[RhCI(2),(CO)] (4) [MOo(3)(CO)d (5) V™

2 3
MeO-BFPy-BIPHEP (1)

[RhCI(CO)(diphosphing)]  (6)
1

[RRCI(D (7

BFPy CeFs
CF+-CoF
[PtClz(AszCHzCHszrz)]
BFPy
1
Ar,PCH,CH,PAr, (Ar=C¢Fs, DFPPE)
[PtCl(dfppe)] 1 3
[PCl(3)]
DFPPE
[PtCl,(3)] Ph,PCH,CH,PPh, (DPPE)
3 DPPE

DPPE > 3 > DFPPE

DPPE > DFPPE >

3 DFPPE



BFPy

CeFs
1
Ar.
c|:I P’/«z I wCO
PAry © ArP-Rh-PAr;  ar,p>-PA2 O [ ‘Mo
I v | YCO
co P
4 Arz
5
P co| ¥ p c. _P
MeO PAr, ~No 4*\/\/
MeO. PAr2 E> *(P/Rh\cl <P/Rh\C|/Rh\P>*
L 6 ,
vCO [em]
Ar 44 5a Gb
BFPy 2017 2047 @
PhO 2016
4-CF3-CgF4 2016 2045 @
CeFs 2008 2041
3,5-(CF3),-CeHs 2000 2037 2044
3,4,5-F3-CgH, 1997 2031 2036
Ph 1978 2021 2014
3R spectra in CH,Clo ? IR spectra in CHCIj.
(CgFs)2 (BFPY), Ph,
a3, R g PPPE R g [PHdppe)iCy (1)
+ e
[ Phor =X~ [P/Pt‘u K- [P/Pt‘u Ppelt
(CeFs), DFPPE  (BFPy), 3 Ph;
(3) stille
BFPy Stille
2 sz(dba)g
P(BFPy)s (2) Stille
AsPh;
BFPy
2
P(CsFs)3
THF
Pd,(dba); 1:2 p
NMR 2
P(CgFs)3
2 P(CeFs)s
P(CeFs)3

Pd/ PAr; = 1: 3

Pd/PPh;
PPh;

Pd/2 1:2

Pd,(dba); / Ligand

Ph-l + /\Sn"Bu3 2 m‘?:ﬁ Pd) > Ph/\
65°C,12h
Pd / Ligand 1:2 1:3
Ligand Yield [%]  Yield [%]
P(BFPy); (2) 94 92
AsPh, 72 73
PPhs 65 6
P(CeFs)s 6 6
4 1,2-
1,2-
1,2-
BFPy
3mol% Rh/(x)-1
3
40 °C
94% 1,2-
3, entry 1
Rh/(x)-1
1,2-
1 1,2-
entry 6-13  Rh/(#)-1
(#)-1
1
3, entry
1, 3-5 1
MeO-F»5-BIPHEP 1, Ar=
CF;-C¢F,
3, entry 2
MeO-F,3-BIPHEP
BFPy 1

2 1 ,2_



3
o 1.5 mol% [RhOH(cod)]. / Ligand
(Ligand/Rh = 1.0) HO_ Ar
ArB(OH
R)LR' + AB(OH), Toluene / H,O >< R'
20-40°C,1h
PA, PPh
Ligand: (2)- Me0:=jPAr§ ::jPPhg
BINAP
Entry R R'ofX ArB(OH), Arof Ligand T [°C] Yield [%]
1 Ph, Me Ph BFPy(l) 40 94
2 Ph, Me Ph 4-CFyCeF, 40 2
3 Ph, Me Ph 3,5-(CF3)y-CeHs 40 72
4 Ph, Me Ph 3,45-F3-CeH, 40 35
5 Ph, Me Ph BINAP 40 0
6 2-naphtyl, Me Ph BFPy (1) 40 91
7 4-CF3CgHs Me  Ph BFPy (1) 20 99
8 Ph, cyclohexyl Ph BFPy (1) 30 81
9 -(CHp)s Ph BFPy (1) 20 98
10 -(CHyp)s 4-tolyl BFPy (1) 20 95
11 -(CHyp)s 4-F-CgH, BFPy (1) 20 96
12 -(CH2)s=  3-MeO-CgHq BFPy (1) 20 94
13 -(CHps  2-MeO-CgH,  BFPy (1) 20 93
(5)
3 mol%
0.05 mol% Rh/(R)-1
N- 20 °C
98% 98% ee
N- 4, entry 1
0.008 mol%
40 °C 87% 95% ee
entry 2
TOF 1
TOF
10 h'! Rh/(R)-1
entry 1,
4-6 Rbh/(R)-1
(R-1
(R-1
4-CF;-CgFs
entry 3 (R)-1
4
[RhCI(C2Ha)2l2 / (R)-L
NTS (RI-L*/Rh = 1.0) HNTTS
-+ PO, 20 mol% KOH
p-anisyl i mol7e -anisyl Ph
1.0 equiv. Toluene / H,O P Y
20°C,1h
PA. OO PPh
Ligand: Me0:=%PAr§ :::Pphg
BINAP
Entry Ar of Ligand Rh [mol%] Yield [%] ee[%] TOF [h"]
1 BFPy (1) 0.05 98 98 1,960
22 BFPy (1) 0.008 87 95 10,900
3 4-CF3-CgFa 0.05 0 - 0
4 35(CFy)yCgH; 005 31 98 620
5 34,5F3CgHy 005 25 97 500
6 BINAP 0.05 0 - 0

2 At40

°C

®

BFPy

CoFs

BFPy

2

Toshinobu Korenaga, Aramu Ko, Kazuaki
Shimada, Low-Temperature Rh-Catalyzed
Asymmetric 1,4-Addition of Arylboronic
Acids to  a,p-Unsaturated  Carbonyl
Compounds, J. Org. Chem., 2013, 78(19),
9975-9980.

Toshinobu Korenaga Aramu Ko, Kentaro
Uotani, Yuki Tanaka, Takashi Sakai,
2,6-Bis(trifluoromethyl)-4-pyridyl
Phosphanes: The Most Electron-Poor Aryl

Phosphanes with Moderate Bulkiness,
Angew. Chem. Int. Ed., 2011, 50(45),
10703-10707.
12

) 94 , 2014 3
27,
1,4- ,

2013
2013 11 29
Toshinobu  Korenaga, Noriki  Suzuki,
Kazuaki Shimada, Pd-catalyzed
Intramolecular Direct Arylation:
Acceleration of the Reaction by

Electron-poor BFPy Phosphine Ligand,
25
70 ,

2013 9 30 ,

BFPy
, 155



94 ,2013 8 1,
, BFPy
, 39
2012 12 7
, 39
2012 12 6
, 24
, 2012
n 12
, 24
2012 9

16
Toshinobu Korenaga, Aram Ko, Kazutaka
Osaki, Ryota Maenishi, Takashi Sakai,
RHODIUM CATALYZED-ASYMMETRIC
ADDITION OF ARYLBORONIC ACID
USING HIGHLY ELECTRON-POOR
CHIRAL DIPHOSPHINE  BEARING
FLUORO-FUNCTIONAL GROUPS, The
20th International Symposium on Fluorine
Chemistry, 2012 7 25 , Kyoto Terrsa

,2012 6 8
BFPy
1,2- , 92 ,
2012 3 25
BFPy .

92 ,2012 3 25,

2

1, 4 703711,

, ,2013 4

>

,2012, 63(5), 329-336.

Phosphorus or arsenic ligand, transition
metal complex and catalyst comprising transition
metal complex

Toshinobu Korenaga, Takashi Sakai,
Aram Ko
Okayama University

PCT/JP2012/053633
2012 2 16

Korenaga Personal Page
http://www.chem.iwate-u.ac.jp/web/labo/shimada
/Kore/index.html

(1)
KORENAGA, Toshinobu



