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1. Introduction

1.1. Chiral Phosphine Catalysts

(1) Monofunctional cyclic types e

(2) Monofunctional acyclic types
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(4) Multifunctional types derived from amino acids
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1. Introduction

1.2. Common Partners in Nucleophilic Phosphine Catalysis
1.2.1. Allenes in Phosphine Catalysis

Yy O © a g2 Rl
R2 = X
R1M\E1 R1ME1
—
PR PR PR; NECN
® ® annulation
b E2
introduce un;ae‘é fc?r \/Ez R
stru<|:tura|t developing >
complexicity ™" oy Rz [4+2] annulation (b)
ortarget oactions 1
molecules R Ar/EWG .
( a E! X R
PR3 NN
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X=0o0rNR
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Ii:oalsic 2 y S V4 e
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XE?
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/l\,RZ PR, JF:Z/?]\/RZ transfer ins/lcl)\/’Rz X E X
_— _— (25 —_—

R WS 7 R 7 38 [342) O
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1. Introduction

1.2.3. MBH Adducts in Phosphine Catalysis

_7 —_ E2

R‘,\[E x B K
> R R' (a)
OBoc Y - Strong © “%)Rs [3+2] annulatlonQ or

PR 17
R 1J\"/ E' IR ® base ¢ E -
a
PR;

X
E1
R1
?\E@) RZ'\)L G R
o

- R1
> 1
PR; [4+1] annulation mE
R2
Nu-H Nu
> El
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1.2.4. Activated Alkenes in Phosphine Catalysis
PG
R0 or R1\7N“pG OH HN
> E1 or E1
(aza)-MBH reaction R1J\ﬁ R1J\"’
PR
X E! 3 @ 1
X —_— Rsp/\@’E
\/EZ . El
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2
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2. Annulation of Allenes and Alkynes

2.1. [3+2] Annulation of Allenolates and Alkynes
2.1.1. [3+2] Annulation of Allenolates with Activated Alkenes

General Mechanism:
N\ 4 N\
EWG R2
R2 :' —=
é( EWG CO,R'
= or —
CO.R! CO.R!
2 ©
PR 1 1
| «Adduct ) | yAdduet | ° Y TcoqR Y coR
PR3 PR3
@ @
Int-1a Int-1y
R2
M
&/l{ &/l{ ©) C)
(E) P 1 R @ 1 PR3 PR3
3 C02R 3 C02R
> CO,R! X CO,R!
Int- 4a Int- 4}' or
@| R2 R? |@
EWG EWG
proton
transfer Int-2a Int-2y
EWG R2
R2 EWG
or
®
R;P CO,R' RsP CO,R!
Int-3a Int-3y
Representative Reactions:
— or )
Ph
1 \
® EWG RZ EWG R
== R2 P1 or P2 (10 mol%) .\R \le,a
CO,R' 3" EWG  penzene or toluene ; ; R
rt or 0°C, N, CO,R CO,R P1:R = Me;
\ P2:R=iPr

R! = Et, tBu
R?/R3 = H, CO,Et, CO,Me
EWG = COzEt, COztBu, COzMe

2
(2) 0
== P3 (10 mol%)
Coan toluene, -25°C
| i
H\ ‘: \
s R
(0] —4
tBu’OYN hod ,;/f \
O
B BnO  Si-face attack

a:y=94:61t0 100:0
13-92% yield 63-93% ee

Zhang X. et al. J. Am. Chem. Soc. 1997, 119, 3836—3837.

(o)
0
s BocHN
= N\ \E)j\o/
B
CO,Bn P3 PPh;

a:y=285:15 10 >99:1
53-95% vyield
65-84% ee

Miller, S. et al. J. Am. Chem. Soc. 2007, 129, 10988-10989.



2. Annulation of Allenes and Alkynes

~N

y CC
R! P4 (10 mol%)
—.— + > > P\Q
CO,R? toluene, rt, 2 h OO - OO
Fe
R! = Me, Et, iPr, Ph LS p
R2=Et, Bn
w L
\ J
10-40% yield, 76-99% ee
Martin N. et al. Angew. Chem., Int. Ed. 2013, 52, 5115-5119.
y -Selective
R4
4. ==
R COR! )
w COR' < > w (@)
0 P5 (10 mol%) O Pp5(10 mol%) o
o toluene/CH,ClI, toluene, rt o
4A MS, rt
R* = aryl, alkyl
R2 = Ph, Me
R1 = OBI'I, OEt, Me RS = Bn, Et, tBu
88:12 to >99:1 rr 84:16 to >99:1 rr
48-99% yield, 87-99% ee 57-96% yield, 85-99% ee
=.=\CO B
+ 2BU . _selective
0 P6 (10 mol%) 0 P7 (10 mol%) ;J CO,tBu
©j<~</ ‘toluene, rt, 12 h __toluene, rt, 12 h @ﬁ (b)
0 O R o)
R R = aryl, alkyl R
. \ ( OTBDPS ) ( OTBDPS )
O PPh, PPh,
’ Oy _NH Oy _NH
P—Ph Q o
TBSO,, .., CF, TBSO CF,
L c P5
P6 CF, P7 CF
\ J \ J

(a) Shi M. et al. Chem. Sci. 2015, 6, 7319-7325.

(b) Lu'Y. et al. Chem. Sci. 2017, 8, 5699-5704.



2. Annulation of Allenes and Alkynes

2.1.1. [3+2] Annulation of Allenolates with Imines

;I's
O P8 (10 mol%) N
~N. >
Ts

= =\CO e + 32% yield
O,
2 O CH,Cl, — 64% ee
CO,Et
== P9 (10 mol%) T
— X Ts
CO,Et Ar” N CH.CI Ar 55-90% yield
2Cl; 1t 18-80% ee
CO,Et
( )
( ) Marinetti A. et al. Tetrahedron Lett. 2006, 47, 2141-2145.
PPh, o
N 5—Ph Marinetti A. et al. Tetrahedron 2007, 63, 11920-11927.
=
een, | | L
\_ J/
Ns R N Ns
; P10 (10 mol%) \—.— + S N P11 (10 mol%) ;
RaoNAr ~ " \co,Et | > Ru. NCLAr
Benzene, rt 2 |\ Ar Benzene, rt e -
— R = alkyl, H —
CO,Et CO,Et
(25,59) Ts;/Ev (2R,5R)
N
76-99% yield p-Ph 59-94% yield
56->99% ee 37->99% ee
P11
_ /¥
l(/) B o B R
N
o ®o——-—P
RT--=( © /\o \
H n
i o) H H O C(Me)s
R \O N S\
(Me)sC X H N’
0”3 N
OoN
NO, | TS for the formation of (2R,5R)__
TS for the formation of (25,5S) |

Kwon O. et al. J. Am. Chem. Soc. 2014, 136, 11890-11893.



2. Annulation of Allenes and Alkynes

2.1.3. [3+2] Intramolecular Annulation of Allenes

E! E2
o,
§ . P12 (10 mol%)
NS Z “R2 2>
\l\ toluene, rt
X
R1 R2 = Me, H X = CH,, NTs, C(CO,Bn),
= CO,Me, CO,Et, CO,1Bu 56-94% vyield, 90-98% ee

E2 = C(O)SEt, C(O)NMe(OMe), CO,Bn, CO,Me

Ph
oo o

P12 (10 mol%)

toluene, rt

NMe

OJ\/ L P12 )
R', R2=Me, H 82-91% yield
E = CO,Me, CO,t 82-90% ee

FuG.C.etal.J.Am. Chem. Soc. 2015,137,4587-4591.

p
0 0 OTBDPS
XA P13 (10 mol%) PPh,
PhCO,H (10% mol%) HN
(o]
J\/- ~ PhCI, rt \r
07 = L P13 )
E Ph . = —1#
TBDPS._ Ph, v Os-Ph TBDPS

o] LS W

L e Ph ) 7

ril - O‘Q[

O N-H "% o;:::/ N— H =
[ o;/o | o\

Re-face attack Si-face attack
| favored — L disfavored —

LuY. et al. Chem. Sci. 2017, 8, 5196-5200.



2. Annulation of Allenes and Alkynes

2.1.4. [3+2] Annulations of Alkynes

Similar reaction pattern as allenes but lower reactivity

E' @
= proton X E?
R1\/ PR3 PRy transfer PR3 \/ [3+2]

PR3
or e RkA‘X/ E! \A‘X/ E! RQ%\, ", annulation
///\E1 r O

or ;
R PR; T
E1
R1
0 o)
NS
2 R?
Do S
EWG R
R3
) PR,
® / PRy O
PR; o R\ R?
aNe! © «
R2
EWG )
®
proton PR; O
transfer X o, R2
@RO 4
1
EWG R R3/ /EWG
Ts ( A

,TS 1

———CO,R + lN P9 (10 mol%) R N OO
A CHCl, ,2ah /A o ph
CO,R
R = Me, Cy Ar = 1-naphthyl, )
p-MeO-Ph 48-68 yield
53-79% ee L P9 )
Marinetti A. et al. Eur. J. Org. Chem. 2009, 2009, 146—151.
o]
0
? P14 (10 mol%) 0 O~

P ° g > T
z 4A MS Et,0 o o PPh

: -20 °C N 2

R v

R P14
R = anthracene, methyl, 45-62% vyield
allyl, Bn, H 66-90% ee

Shi M. et al. Org. Biomol. Chem. 2012, 10, 8048—-8050.




2. Annulation of Allenes and Alkynes

2.2. [4+2] Annulation of «-Substituted Allenoates
2.2.1. [4+2] Annulation of a-Substituted Allenoates with Activated Alkenes

1 R' = EWG or Ar
r :(‘R E'/E2: electron-
i - withdrawing groups
PR3 _& X:C,N
@ ®
BPR3 PR3
® Yy NLE | AL FE
(—PR3 @Y
E1 R1 R1
“l
R? (;%“ R’
. RZ_X.
E2 AN~ E2
®PR3
1
proton (F?RB N E
transfer o
AN E ® RZ X OR!
| PR3 £2
- 1
R2NX. R NE -
g2 M ©
R2 X OH proton
" H transfer
EZ
5 EtO,C :
CO,Et Ph\N P15(20 mol%) EtO,C.,, @ PPh,
- N . T 5
e toluene, -10 °C 7 Ar AN S
CO,Et N A oluene /7—__ \f
Ph/N‘N HN
54:46 to 78:22 d i I
K (o] : r
57-97% yield, 89-95% ee Sl
Guo H. et al. RSC Adv. 2015, 5, 62343-62347.
R1
& o)
:(rv N P16 (20 mol%) Ph_</N | 7 > Co,Et
= - Ph/ks ==\ toluene, 4A MS S
COZEt RZ 80 °C Rz
R'=Ar RZ = Ar 75-86% yield, 95-99% ee
. e e
L )
Rf;’)icoza PR, ‘& CO,Et
E R2

R1 R1

R1 E

R3 |o Aco,Et N Scoer \\)@:coyEt !
PR 1 PR PR l

® 3 . R ® 3 ® 3 '

Guo H. et al. Org. Lett. 2016, 18, 3418-3421.

)
C
w
(@)
@9\
P
® 0
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N
m
py)
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\
Py
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2. Annulation of Allenes and Alkynes

2.2.2. [4+2] Annulation of a-Substituted Allenoates with Imines

Ts
:(*R NTs P17 (5mol%) Are .N. R OO
3 . 67 @
CO,Et Ar CH,Cl,, rt - P—tBu
CO,Et
R = H, CO,Et, Ph, 79:21 to 99:1 dr P17

4-(CF3)CgHy4 42-98% vyield
60-98% ee

i
R NTs  pig (10 mol%) Ar., N_.R \/Y\Pth

:(7 . Q (b) HN._O
CO,Et Ar PhCF3/CH,Cl, (1:1) % CO,E

R = CO,Et, Ph, 4AMS, 1t 168
4-(CF3)CgH 4:1to19:1dr
= 38-98% yield FsC CF3
82-96% ee P18

FuG.C.etal.J.Am. Chem. Soc. 2005, 127, 12234-12235.
Zhao G. et al. Chem. - Eur. J. 2011,17, 10562—-10565.

2.2.3. [4+2] Annulation of a-Substituted Allenic Ketones

R1

R2
| 2
O PRs { .
R4

R4
R2 0\\ l,o
_ . N P19 (10 mol%) _
R @/K% CH2CI2, rt
(o) R3
R! = Me, aryl, R? = aryl, heteroaryl, Cy 32-92 yield, 93->99% ee \F3C CF; )
heteroaryl

R2 = Me, Bn
| [2+2]

LuY.etal. Org. Lett. 2017, 19, 3111-3114.

>99% ee



2. Annulation of Allenes and Alkynes

2.4. Annulations of Acetate-Substituted Allenoates
2.4.1. [4+1] Annulation of p-Acetate-substituted Allenoates

1 Rs
Ui )\ﬁ
£2 PR3
3 E2__ES
= E'/E%E3: electron- X
withdrawing group H
B: base T B:
2 3
E1 ® E1 ® EXE
- PR3 & PR3 H H
- ©
E2Q E2
\/ H
3 3
E deprotonation E
R [fBu P20 (20 mol%) N
OAc N-N Cs,CO;5 (1.2 equiv.) R
jr— } + |
CO,Bn  R2 toluene, rt
COan
R'=H,Ph RZ?=aryl, iPr, tBu
/ 57-88% vyield, 69-91% ee
i L 4
oL OTMS OTMS
o _H Ph PPh, PPh;
iy
FaC NEHE R OsNH Oy Nepe
H\CC)D A
TN P20 P20’
CF; §\N ey b
‘N/ F3C CF3 F3C CF3
6 h, 82% yield, 91% ee| |15 h, 36% yield, 19% ee

LuY.etal. Angew. Chem., Int. Ed. 2014, 53, 5643-5647.



2. Annulation of Allenes and Alkynes

2.4.2. [3+2] Annulation of 5-Acetoxy-substituted Allenoates

[n+2] Annulation of 5-Acetoxy-substituted Allenoates & Dinucleophiles

OAc
o:\
E
OAc OAc
S, -~
X E O E
®PR, OPR;
o) : S
E: electron-withdrawing group OAC
Nu: nucleophile |
B: base > E
ST ®PR
Nu Nu / RN 3
N e b )
< PR
E @ I’ \‘
Int-32 ™ . y
®PR; S — l/\AE Ny NuH
deprotonation PR3 T B
Nu-H Nu-H
e Z OH P5 (10 mol%)
1 (V)
e RZ‘O@
== X 1.3 equiv. K,CO;3
COEt CH,Cls, rt
2_ - ’ CO,Et
R = alkyl, aryl R = OTBS, OIPr, o : )
Br, |, NHBoc 67-90% yield, 85-96 % ee
. more hindered
: Ph. 3~
: . -
: mE _______ :
 less hindered ®PRs + A" interaction |
E + steric hindrance |

&4_
©)
T

_______________________________________________________________

Tong X. et al. Org. Lett. 2017, 19, 6392-6395.



3. Annulation Empolying the MBH adducts

3.1. [3+2] Annulations

OBoc ©
2 R
o %_\ ReP<_H
R2 S R
£ PR3 E! y\
= 1
or RS =

R? E'/E2: electron- S)

o
R1 : PR3
D~E2 withdrawing groups ¢ ®
E1 Q E1
- E1 Ez /}T
o

PR3
2 @
R:P® E
EZ
OBoc R?0C R20C,
_ COR? P21 (10 mol%) '
R | :
toluene, -5°C
X/\/\COR1
R'= Me, OMe, OEt 1:2=10:90 to >95:5
R2 = Me, OMe, OEt 75-99% combined yield
0,
R = H, halogen, OMe 77-92% ee for 1
X=0,C
/
(0]
Zhou Q. L.etal. Adv. Synth. Catal. 2010, 352, 1914-1919.
’
T [ P22(20 mol%) o>\ 3
mol% e
RN WG [ gz PR o E}—EWG (a)
toluene, rt >\
/
(0] (0]
R2=aryl, akyl  R?=aryl, alkyl 39-99% vyield
EWG = CO,Me/Et 73-98% ee
OBoc . . 2R1
R R 0 R
R)\WCOMe e : P22 (20 mol%) D—COM o
R? toluene, rt RfT %
R
R =aryl N
e heniicE >99:1 dr
RY/R® = CO,Me, CO5Et 57-99% yield
80-96% ee
o) CO,Et
T _P22(20 mol%) .
mo! o
R CO,Et | — ’b "R ()
R2 toluene,0°C
0] Shi M. et al. J. Org. Chem. 2012, 8, 1098—-1104.
R' = aryl R2 = aryl, alkyl 30-75% yleld, 65-98% ee  Shi M. et al. Adv. Synth. Catal. 2012, 354, 783-789.

Shi M. et al. Tetrahedron 2012, 68, 7911-7919.



3. Annulation Empolying the MBH adducts

3.2. [4+1] Annulations

OBoc
R EWG
}—\ EWG
R1
@ t-BuO®
PR3
~ EWG
Ry
o
PR3
® |X
y\ RZ/V\RE}
X=CR,, O, NR
1
R1 2 R 1
EWG' R | EWG
© | ® RS 2 PS
PR3 O 3
./
proton
transfer
OBocO NC. _CN R3 S Ar
P23 (20 mol%)
A e
R toluene, rt MeO,C H H
CO,Me OO PPh,
1-
Rz_ aryl R = aryl 39-90% vyield, 77-98% ee P23
R“ = Me, OEt, 29% yield, 66% ee (R' = Me) | Ar = 9-phenanthryl
OtBu, OBn
Shi M. et al. Chem. Commun. 2012, 48, 8664—8666.
NG Ar
OBoc
CO.Et /"0 P23’ (20 mol%)
2 : toluene, rt
R1 + R (6] (a)
N | s
3
1 s B |
R' = 4-NOy, 4-Cl, R2=H, Me, F, Br N N b
. . % 3= : :
4-CN, 3,4-Clp, 35-Cly R®=H, Me, Allyl, PPh, 51-99% yield
Ph, Bn, MOM P23’ 81-98% ee
R = 1-naphthyl
NTs Ph
OBoc Ph P24 (20 mol%) /~NTs CO,tBu
CO,Bu  + )/ toluene, rt, 24 h - ....§ (b)
0 /=0
N Ph\l/\Pth
\ OsNH \
78% yield
P24 . o
NHBoc 7:1dr,61% ee

(a) Shi M. et al. Chem. Commun. 2014, 50, 8912-8914.
(b) Shi M. et al. RSC Adv. 2015, 5,49657-49661.



3. Annulation Empolying the MBH adducts

3.3. [3+3] Annulations

OBoc =
O 0
co,R? , R |
1 2 + N. _.S.
R NS /@ g S R4

3
R' = aryl, heteroaryl R4
R2 = Me, Et, Bn R* =anyl

OBoc

Z

P5 (20 mol%) R’

= H, Me, OMe, halogen

CH,Cl,, 4 AMS
K605 -10 °C

CO,R?
61-93% vyield

98—>99% ee
§02R3
P10 (20 mol%)

CH,Cl5, -10 °C .
P10 ph

75-98% yield
82->99% ee

Guo H. et al. J. Am. Chem. Soc. 2015,137,4316-4319.
Guo H. et al. Adv. Synth. Catal. 2017, 359, 2316-2321.



4. Annulation via Rauhut-Currier Reactions

4.1. Intramolecular Rauhut-Currier Reactions

1
RN

>/‘ PR;

E'/E2 = electron-

® FE withdrawing groups R!
RQFLWEz R%/K/E
R1 R2 3 ©
PR3
\ E?
proton R Rz”\/
transfer
RZ NG
E2
P25 (20 mol%) g
CH,Cl,, -30 °C
PPh,
R = aryl, heteroaryl 64-99% vyield S NH
81-99.4% ee NH
R” P25
o o R = n-C12H25
0 R? 1
P25 (20 mol%) Q i
R! + Ro (b)
CH,Cl,, -30 °C
1 2

= 4-NO,CgH,

R2 4-MeOCgH, 74% yield,  1:2 =1.7:1

1:71%ee, 2:87%ee

Wu X. Y. et al. Chem. Commun. 2011, 47, 1491-1493.
Wu X.Y. et al. Tetrahedron Lett. 2015, 56, 2526—2528.

(0]
0 R?
P26 (20 mol%)
R1
toluene/t-amyl-OH
(20:1)

—Q79 i
R'/R? = aryl, heteroaryl, Me ashelli) s

64-96% ee
o E Ph |
(0]
P26 (35 mol%) R (b
ke R N\ A, Re attack
R = aryl, heteroaryl 18-72% vyield
54-95% ee

Shi M. et al. Eur. J. Org. Chem. 2012, 2012, 6271-6279. =



4. Annulation via Rauhut-Currier Reactions

..................

R MeMe
ﬁ P27 (20 mol%) ijO | el |
CHCI;,0°C,24h ¢ o : oy
\ :O Me\ '
R = alkyl, aryl 73-99% vyield : _ '
90-98% ee | 56% vyield '
. I 70% ee '
O ) """""""""
Phy
P >:Jl< — PPh,
>?(;®\ch R NHTs
sN~H-
H -G P27

ol P28 (5 mol%)
= - Xy _, toluene,rt, 24 h
RI- | | R
AN 7z
R' = H, halogen, Me, OMe, tBu, iPr >99:1 dr
R? = H, halogen, Me, OMe 46—99°/% yield
R? = 4-MeCgHy, 4-MeOCgHj,, 4-NO,CgHy, Ph, Me 91->99% ee
[ oPhPhN- .
0----PQ
N~ . s
PPh, o~/ ,
@) Is. . H — -
NHTs <\ N’ -
P28 i
Re-face attack |

ChiY.R.etal. Org. Lett. 2012, 14, 3226-3229.



4. Annulation via Rauhut-Currier Reactions

4.2. Intermolecular Rauhut-Currier Reactions

Ph
0 P29 (10 mol%) 0O R? 7\Si;ph

NSO,PMP )i ;

R1JH . Rz’\)kRa i Lt o > R @\ O"'<‘
| OTBDPS Q '\/rbh
0

i E N &o0
R'=Me Et R?=ary, /'\(\Pth SO,PMP el

heteroaryl, Me HN\?O 83:17 to >95:5 dr N )
R3 = CO,iPr, Ph 55-92% vyield |
’ /
P29 Bu ] 76-99% ee iPrOZC)v\Ar

Zhong G. et al. Angew. Chem., Int. Ed. 2012, 51, 7825-7829.
Wu X.Y. et al. Tetrahedron 2015, 71, 4255-4262.

w0
N—S.
i R
5 Ar
- J P30 (20 mol%)
™ R1 + 3
R O toluene, rt R3
N
R' = H, Me, R* b
2 - -
Et, Ph R3 : 2,4,6-(iPr)3Ph, 1-naphthyl 51 to 20:1 dr kR =CH(2,4,6- (/Pr)3CSH2)2
R4 = H, halogen, OMe 64-88% yield
R*=H, Me, Bn 87-99% ee

)k

H
N Si-attack \ Ar A
o |Ar N //O
2 Q. /
R favored

q
5
o

S

o TMSO,, o TMSO,,
0.. ® S
pe L o\ ®/”
/Q\/\\Ph N” N Ph N
Ph ! I ph I
H \V H
pe

Re-attack

disfavored

Shi M. et al. Adv. Synth. Catal. 2013, 355, 3351-3357.



4. Annulation via Rauhut-Currier Reactions

P31 (10 mo%) X CN
- EWG- P
DCE, 60 °C Ph

Y

36-81% yield
~Q09°,
EWG = NO,, CN, m-halo 73-99% ee
Ar1 = 4-FC6F4, Ph;

Ar2 = 3/4-halo-C4F,, 3/4-Me-C4F,, 3/4-MeO-C4F,, Ph, . .

2-naphthyl, 2-furyl; Q 0
. N J\r t-Bu

PPh,/'  NHBoc

P31

O,N CHO @
(|) 0 _Ar
Q CHO O,N
2 | Ph, x|
0 C5 - ;\: @p-Ph N . : CN
Arg/g/AIA ©) AI’A1
Ar =~ SAr
CN

1

Ts-A NH H/ H Re-face
WN~
2g Ar = 4-FCgH,4
Ar' = 4-BrCgH,4

Chen Y. C. et al. Chem. Cat. Chem. 2020, 12, 5374-5377.



5. Miscellaneous Reactions

Aza-MBH-Michael Annulation

R1
NTs - 0 ® 0
- | P32 (10 mol%) . D ‘{\4

0 CHCls, -10 °C, 72 h . ’D :
R! + R2 - )\lTs HO = R2©E>NTS

e
R' = Me, Et, CO,R3 OH

“~Co,R?
3

Ph,H,OMe  R2-H Me, F, pph,| L COR™ | 49-98% yield

Cl, naphthyl OO 68-93% ee

R® = Me, Et, Bn

P32
Sasai H. et al. Angew. Chem., Int. Ed. 2010, 49, 9725-9729.
B, -Umpolung Domino Reaction
0 0
—_— 0,
._\CO L P5 (20 mol%) O
2 CH,Cl,/toluene (1:1) - ’
R2 OH 0°C,8-72h R? @f\cozw P=Ph
R'=Et, Bn .
: 9:1 to >20:1 Z/E ratio P5
R =aryl, Me, 44-78% vyield, 85-96% ee

CF3, CH=CH,

Sasai H. et al. Angew. Chem., Int. Ed. 2015, 54, 15511-15515.



5. Miscellaneous Reactions

OzS"'\{

R2
B : P33 (20 mol%)

—\
CO,R! O \ R3 CHCly, rt

R' = Et, Bn . H
2 R3 = CN, Me, 2
R =anyl R R 48-98% yield

halogen, heteroaryl

81-99% ee
® ® ® )
R2— PR3 PR3 PR3 PR
_\002R1 Rz\/%cozR sz\ca)\/COZR RZ’\/\/COZR1
g2 PR~ COR'
Ny
Ar © SOZ -
R2 R?
" N—Cco,R!

N
SO,

Huang Y. et al. Angew. Chem., Int. Ed. 2016, 55, 11591-11594.



