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Chiral Phosphorus—Olefin Ligands for Asymmetric Catalysis
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Abstract Transition-metal-catalyzed asymmetric transformations are among the most powerful and straightforward strate-
gies to access various enantioenriched compounds. Hence, considerable efforts have been focused on the development of
novel chiral ligands capable of highly efficient and enantioselective catalysis. The importance of olefin as ligand in transi-
tion-metal-catalyzed reactions wasn’t realized until the report of the Zeise’ salt in 1827. Nevertheless, application of chiral
olefins as ligands for asymmetric catalysis has been overlooked for quite a long time owing to their relatively weak binding
affinity toward the central metal. Since the groundbreaking work of Hayashi and Carreira in 2003~2004, chiral dienes as
steering ligands in asymmetric catalysis have emerged as a fascinating new field. Given the weak coordination ability of ole-
fins to transition-metals, functional groups with high coordination ability were considered to incorporate into the olefin
framework to create a new type of hybrid olefin ligands for asymmetric catalysis. Over the past few years, a diverse range of
hybrid olefin ligands were developed for various enantioselective transformations. Among these, phosphorus-based olefins
represent a particularly interesting class of ligands since the first concept demonstration by Griitzmacher in 2004, combining
the strong coordinating phosphorus atom and the weak coordinating olefin into one ligand molecule. Typically, three structur-
ally different types of phosphorus-based olefins are known in the literature, including phosphine-olefins, phospho-
ramidite/phosphinamidite-olefins, and phosphite/phosphinite-olefins. They have been successfully utilized in a series of tran-
sition-metal-catalyzed asymmetric reactions, such as iridium-catalyzed asymmetric hydrogenation of imines, allylic substitu-
tion; rhodium-catalyzed conjugate addition of organoboron reagents to a.f-unsaturated compounds, 1,2-addition of organo-
boron reagents to imines/carbonyl compounds, intramolecular hydroacylation; and palladium-catalyzed asymmetric allylic
alkylation/amination/etherification of allylic esters, as well as Suzuki-coupling reactions. In many cases, the reactions occur
with high enantioselectivities, allows for access to a broad range of valuable chiral products. This paper reviews the litera-
tures in this field and summarizes the remarkable progress and advances in the use of various P-olefins as powerful ligands
for diverse transition metal-catalyzed asymmetric transformations since 2004. The aim is to offer an overview of the recent
achievements in the rational design and development of new hybrid chiral olefin ligands for effective enantioselective cataly-
sis. We hope that the current success of chiral phosphorus-olefin catalysis would provide an exciting opportunity for future
exploration of chiral olefin ligands in a wide variety of asymmetric reactions.
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Scheme 21  Synthesis of chiral phosphoramidite-olefin ligand L16a
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il I R AT 75 2 LA L17.

0
I
N N
1 mBuLi
Boc OH Boc © -
57 58
&/\ mHomeon (A
P
PPh,
59 L17

B 22 T WL AZ - IE 08 L7 ()6
Scheme 22 Synthesis of chiral aminophosphinite-olefin ligand L17
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89% HOW N 70% Ph,PO" N
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B 23 FIHIREEREE-IA I L18 BH
Scheme 23  Synthesis of chiral phosphinite-olefin ligand L18
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Griitzmacher /N5 FUREAATT R R 1) T A i

& Lla FIT&8 Ir ML SO B AN PR AL &
Rrrf dnBE s 25 Fos, R0 ERE AR R SRR,

662  http://sioc-journal.cn

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1
oy PhR-OEt (1) (R)-BINOL,

@[ (A1) OEt @/\Oi\ PCl3, reflux
. _—

CHO HWE reaction " (2) NaH, 0°C, r.t.

64

63
Ph (Ar) Ar
C, 2,
O. ‘ O,
sl cegl

L19a

Bl 24 FIEWREER =FE-MAC i L19a (K5 A%
Scheme 24  Synthesis of chiral phosphite-olefin ligand L19a
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33 53%01] ee fH, XUEEERAIR A JG MIECA Lab B 1)
SRR B . AREENE, FHEREAYE
Ak & g TR S ERAR AL IR BE AR S — e e, ML
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66 68 OQO P—=Ph
Ph
o 99
L1b L2 L3
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h N = =
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PPh, PPh,
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98% yield, 86% ee (R) 98% yield, 45% ee (R)

EX 25 IvLla ELFRIRIHRELL

Scheme 25 Ir/L1a-catalyzed asymmetric hydrogenation

I P AR 5 4 JB B TR A 1) 485 45 0 IR T LA IR
PTG FEBRRR AT IROIR o, B-ANH AN Py Fig (B 20 27) A0 sk B
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W HGE (T E K 29 Fw).
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LJ5(79% yield, 30% ee)IARIFFR 1,4- 11 B 1261,
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n=2,86% yield,
71% ee

n=2,96% yield,
53% ee

=1, 81% yield, 88% ee
n=2,77% yield, 86% ee
n =3, 80% yield, 90% ee

Ph,P Xyl,P
Me— _~ ¢ Me / N
; Cr. N
P~ I CO
Ph, (l;o co th co

L8a L1 5a

n=1,95%yield, n=1, 99% yield, 99.6% ee =1, 95% yield,
99.9% ee =2, 99% yield, 99.9% ee 65% ee
n=2, 98%oy|eld, (0-TolB(OH),) n=2,90% yield,
99.5% ee =3 99% yield, 99.9% ee 92% ee
N Ar
Ph,PO" ‘
0 ofBu PPh2
L18 L1 L17

n=1,82% yield, 99% ee n=2,99% yield, n=1,95% yield, 86% ee
n =2, 80% yield, 99% ee 98%ee  n=2 97% yield, 93% ee

BX 26 SEMEALKIRIR o f-ANHANER HOASTT 7R 1,4-D0K
Scheme 26 Rh-catalyzed asymmetric 1,4-addition of a.f-unsaturated
cyclic ketones

A 2
PPh, _pPh
|
P=Ph Fe Ph2
w1 <
L2 L3 L4b
89% yield, 97% ee  72% yield, 90% ee 56% yield, 62% ee

Ph,P.

(@ o OEt
p—G~c /

Phy ¢o Ph2PO

L8a L18
89% yield, 99.4% ee 48% vyield, 94% ee

B 27 SEREALIA R R A AR 1,4-0
Scheme 27 Rh-catalyzed asymmetric 1,4-addition of a,f-unsaturated
lactone
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0
73 74

98% yield, 80% ee

X
& PPhy
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65% yield, 26% ee

B 28 FEHEAL A S RBERL A FR 1,4-I0 %

Scheme 28 Rh-catalyzed asymmetric 1,4-addition of maleimide
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th CO
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L8b L9b
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KX 29 SEMEAIEER o f-AHEFIE AT TR 1,4- D008
Scheme 29 Rh-catalyzed asymmetric 1,4-addition of a,f-unsaturated
acyclic ketones
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g/ Ar?B(OH),, g
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dioxane, K3PO4
77 50°C 78

92% yield, 99% ee;  93% yield, 91% ee

91% yield, 96% ee

O ©

0 Oo

\\ /, ? \\ /, \ /,
87% yield, 95% ee

91% yield, 93% ee 91% yield, 93% ee

B3R 30 ALY BT -0 B-AS VR R G A AN KRR 1,4-00 5%
Scheme 30 Rh-catalyzed asymmetric 1,4-addition of p-aryl-a.f-
unsaturated sulfonates
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Scheme 31 Rh-catalyzed asymmetric addition of arylboronic acids to
a-diketones
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Scheme 32 Rh/L7-catalyzed asymmetric addition of arylboronic acids
to a-diketones
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Scheme 33 Rh-catalyzed asymmetric addition of arylboronic acids to
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Scheme 34 Rh-catalyzed asymmetric arylation of cyclic imine 85
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Scheme 35 Rh-catalyzed asymmetric arylation of cyclic imines 87 and
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Scheme 36 Pd-catalyzed asymmetric allylic alkylation
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Scheme 37 Pd/L6-catalyzed asymmetric allylic substitution reactions
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Scheme 38 Pd/L16-catalyzed asymmetric allylic amination
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Scheme 39 Pd-catalyzed asymmetric allylic substitution reactions

FEAIS FRI T ZE B S B, Bk T AR fEAL, ARk
WEE TR KIS, 2007 4F, Carreira Z5P4I D) G JE il
FRAVE N RIR, B TR -J J LAk L15a SEIl 1 4kfE
WA B ) B A R B, EAR RS T WSS
ML FEIE(T0% ee), (X w151 F o PR 2 I ) 4504 7R
Fef s, B EEE L. fEiEa> b, Carreira /)
2 PN} e B S A REAT HE— 2B AL, KR R IR BIAH
ST I A RS AN R R IR, 5 o7 %o e 438 1 e
FAIE 99%, Y@ — B AL AT DAAS B B A
. BbAbh, 16 I/L15a AR RS, B, BRlE, 565 50
PR, ok ok JRUR R 0 LA B 7 B0 P A o 475 0 25 S Al R
RS 506 TR B B AT AS U R0 T R A S v, DU o
P4 X 35K 34 438 Mk DA B ek e i 5% 1 45 B AR B 1) T A6 A
(WK 40 Frow) e 2%l

2012 4E, Carreira /NAPIE FUERLK L15a 2644 F
BRI T AR AL R Z IR AL OB, %R B Lewis
P AR A ot 475 PR B AT T A, TS R 7R 2 0 v ) A i 4
USRS TS S A X IE 27N st // RS VAR ¢l K|S
PR, ee [HIYT] LLIEF] 99% LA LN 41 fR). &ET
2R, SURIDISEIL T RERFEHI(+)-Asperolide  FRIANR
FR4s £ ),

2013 4, Carreira /NHP* SOE FHERGRCK L15a
SEXMAMIATAEY) 97 S, it LA g e
LT SCBERER) o-IR R N, OSLRAIE R, DA
25 B ]I ISR AL 75 O SLAR SR HIA3 3 T — R A&

http://sioc-journal.cn 667



W F ¥ R p
OH . [IrCI(L15a)], Nu o Ph o
R1TNF NUH ———————— g1 )W (R)-L15a (R)-L15a )W
H 3 ~ H -
92 93 Me Ph 97b 97a v Ph
(S,R)}93a ’
NHR2 OR? SR2 80% yield, >99% ee /CE/ i Ph 77%( 5{5(), 9:;9% ce
* . + s
R.])*\/ R1J*\/ R»]J\/ 20:1 dr Ph 92 H 96 > 20:1 df'
a Me
48%~87% yield 36%~99% yield 79%~92% yield [Ir(cod)Cl]2
68%~99% ee  63%~99% ee  90%~97% ee o Bh o Ph
H)W (S)-L15a (S)-L15a T
il R® -~ Me  “Ph 97b 97a H )S/\/
Il R ! (S,5)-93 Me Ph
R4 S ,S)-93a ’
R . 71% yield, >99% ee (R.5)-93a
1NF RI-TF R! = >20:1 dr 78% yield, >99% ee
A H H 15:1 dr

51%~99% vyield 51%~99% yield 51%~85% yield
95%~>99% ee  89%~99% ee  98%~>99% ee

B 40 Tr/L15 BEALEIA PIRE 92 HUASARELIL
Scheme 40 Ir/L15-catalyzed asymmetric allylic substitution of 92
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Scheme 41 Ir-catalyzed enantioselective polyene cyclization
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Scheme 42  Enantioselective a-allylation of branched aldehydes
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Scheme 43  Enantioselective a-allylation of linear aldehydes
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Scheme 44 Rh/L15b-catalyzed asymmetric intramolecular hydroacyla-
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Scheme 45 Pd/L12-catalyzed asymmetric Suzuki-Miyaura coupling
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