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Fig.1 The synthetic route of chiral ligands of bis-tert-butyl sulfinamide class
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W, i EFE A AT B A P 0y 4k U T 37 K
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[Pd]/Xu-Phos

HCO,Na,
PhMe/MeOH =1 :

a R!

{;(0/\“]12
b —-/\:( H\WRZ

[Pd]/Xu-Phos
K,CO,, Pr,0

o

_:/\:E h RB(OH),

Y=C, O,N
n=0, 1

€

X=Br, OTf

1
0/\”Me + R—

OH [~ e
+ N
Y.

Y=0, C(Et),, C(Ph),

R?

=

=%

e
R-L
q R!
= Z/\n/
7=0,C

& 12 Xu-Phos #53 FU

[Pd]/Xu-Phos

THF : H,0=4 : 1

Me R2

X
R!

Z 0

3 upto99% yield
95% ee

RZ
NN

R‘—: (DR
R, ,~Rr
o,
= Y )n

X
up to 99% yield
98.5: 1.5er

RN
= H
R? R?

up to 91% yield

R!

KOH, Tol

_[Pd)/Xu-Phos
N aJPO4

96.5 : 35er
Me
Pd]/Xu-Phos g
[Pd] N .
K,PO,, EA o
up to 99% yield
93% ee
o
|Pd]/Xu-Phos A

R! |

B —
A Y &
Cs,CO;, X /\Rz
Anisole : Hexane=1 : 1 R:—
'/

up to 89% yield
929% ee

11417451

Fig.12 Xu-Phos partial reaction 1"'*"

Hues. 2022 4F, T #4EP Xu-Phos I T4 41k
B9 5F N A XFR Mizoroki-Heck /i (8] 131). Xu-
Phos B Dy ML il T C—H 35 3L AL Rl 5 b7 1) &
FFA AR T 1 R A0 Vg AT R S5 W - 1 - ™ 49 )
TE L.

2020 4F, Mk % Ming-Phos #H17— £ 51
MO A5 2] T R ECAR TY-Phos, 45 Ho 0 ?mﬁ
e B AL O U R 5 0 B A Y 3
FALR N (K 14a), T l,l,l-ﬁﬁ-Z-j‘j‘%ﬁmﬁﬂ’J
HHEREE T AR T ORI R S, 7R
15, X IR SE BE VR LR, IRYE LT, 2021 4F, K5
4552 TY-Phos B T FH 25 7 4 AL G 4R b 2L 5%
TR AW AR E ST AL RO (E] 14D),
PRI LA [T A4 2 A ) T 4, AR R Y
N SR, BA 7R R AF 0y AR X Bk B vk
(>20 : 1 dr). @A BRZEREME: (ce ik 99%). fift B

T A — A7 A R [ R NS R T A
PRk, 2021 4, WK HEE K TY-Phos 7] T4 4
TR IR F10] o-F7 FEAL I (] 14c). 2 M
AL T —Fh P AR o- 2B ST AR L T
BT, IEYINE R, P ] kb 45 5 AT il ad 52
AN TS SR A5 L, T A2 B b (o FH ) — B A o)
Fe— XX B SEAR, MR T IO BEAKIFR o I35 34k
AT HE L.

2015 4F, 15 15 B 532 Verdaguer & 1% 1Y e 4
PNSO )3 &, 7 PNSO ‘B2 5] A—ASH i F 1k
T AT AT, 58 T — B BB T 2 7 A
WAL BC AR Xiao-Phos. 1E&KHZISBCVR R F T-4E M
PRI 53 F S I [24+2+2] P08 I, BE A% R AT W
FICRAT E] H bR =9, (07 Py % A L B AR 22,
ee 5 = AU 34% (& 15a). 2019 4, # 50 & 9
Pd/Xiao-Phos 1 F T Ak P-C 32 SUMEX 2 17, LA A
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N
o M
N‘I
Tf
NRI
RZ

R4
le_'\ ! X //
o R +RS_}/
/\"/ NHTs

d Z>"NHBoc
z |
_RZ
) -
e | N
R'7F _
1
—ArBr

[Pd]/Xu-Phos
e —

K,PO,,
THF or MTBE

Fig.13 Xu-Phos partial reaction

T B AL AN T EIRACY R I, PO SRS TR I 4
8. % AT I8 96% (723 H1 97% 1Y ee HE i,
£ FIORURE S ALY (&) 15b). 2020 4, o 5 25 P
Xiao-Phos i HH AU Ak 1) A 14 Xo) ik 5 1 U
bk S . A SR AR ) RV I mT DAAE o i Ak 27 e P
PR DX B AT A Bt T RIS K P-TF 1
I e W E kW (B 15¢). P-T- M 5L B 4 1k ) Fn
SPO W] LAFEA T [NSC A, 9% 7 ik HAT AR 8 i 58
FITE. 2021 4F, #5R 2557 #31 T —Fhil it Pd/Xiao-

-

[Pd]/Xu-Phos up to 99% yield
or [Pd]/PC-Phos 999 ee

—_—
Hexane or THF @\E
Rl
Tf R?

up to 92% yield
93% ee

R3
R? = /
[Pd]/Xu-Phos - N\
—_— ]
Rl_
K;PO,, MTBE !
3 4 = 0 R4

up to 97% yield
97% ee

R

> R!
[Pd]/Xu-Phos
_—
Cs,CO;, Toluene N PG
(o]

up to 92% yield
97% ee

Bloc

Ph

up to 97% yield
97% ee

[Pd]/Xu-Phos
B —
Cs,CO;, MTBE

R?
Vs

[Pd]/Xu-Phos
B — e

Cs,CO,, MTBE
Z=0

up to 99% yield
up to 97% ee

up to 95% yield
95% ee

& 13 Xu-Phos #43 hij 214

2[46—50]

up to 79% yield
95% ee

Phos A H X W e R P 54k i #E 8 Jy 295
A BE A AR Y i (18] 15d). DL R SR 7 52
DL XTI al B GEPRE R iRk 226.1) ZRASEUA
A Ak B, 2022 45, G345 $ Xiao-Phos I
TAEMEAL 255 PR R Ak i AL B AR S I, Bt
Zort DA IR RO, A BT — RYBIEY) P-31
A 1] BB CAAR (Xie-Phos)( 15¢). Xie-Phos 1R 2%
Sy A e, AT ALY a-5534k . Domino
Heck/Suzuki ZEAN KRR .
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or,
[Pd]/TY -Phos R X
a R | O
/Y \O AgF, Cyclohexane Z

up to 99% yield
98.5: 1.5er

[Au]TY-Phos
b —_—
NABARF, DCM
up to 92% yield
99% ee, 20 : 1dr
R 5 R, ,CHO
r . .
. CHO + [Pd] TY-Phos
Cs,CO;, AgF
("Bu),0
up to 80% yield
97 : 3er
=53
€ 14 TY-Phos K H " ™)
Fig.14 TY-Phos and its reaction”' >
0 H H
[Rh]/Xiao-Phos O < 0
a \ —_—
CHCI,
_/—O
= 89% yield
34% ee

[Pd]/Xiao-Phos

B —

Cs,CO,;, Anisole

=3

e

up to 96% yield

l)\ + AN Br
H R
=

97% ee
. X\ R!
X\ . R [Pd]/Xiao-Phos \P s
SR N o =
c R\ H,O0 or (EtO),MeSiH R —
H Ph DCE R* Ph
X=0, BH; up to 88% yield
98% ee,rr>20 : 1
[0 o o
N\ R . /\ [Pd]/Xiao-Phos i\ W\
d LN Ar” LG —_— “P—R 4 JP—R
Ar H Rb,CO, MeCN A" \__ Ar” 2
Ar? H
up to 95% ee
Me Q \\ “Bu H;B  ‘Bu

[Pd]/Xiao-Phos m
DCE ‘ R!

up to 79% yield

+ =——R!

(¢
s
o
_©
=
®
=

up to 72% yield
>99% ee
€ 15 Xiao-Phos % Hi 5 i >

Fig.15 Xiao-Phos and its reaction”™ >

2017 4, F LIRSS B PC-Phos SEBE
TR X B BE R 4 AL N-IR IR AL A& W i 43T
AN (K] 16a), 3XJE5— N-IGBEERIE &Y
i X B3 6 S B 43 A IR 1R 481 . b Ak, PC-

Phos/AuNTf, LR XTI #E N-JamERE Y 2 X FK
b W AT 3 I RUCR, L ee fH 35 5 1T 35 94%.
2018 4F, L IF L T — Rl R B AL R K R
Pd/PC-Phos, FF 75 3k . “F 38 1 Jor 5 I it Fi8 AR FH 25
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R? Re
a N
— <
i \\
R!'=0Me, OBn, Me, Ph
R=H, Me

—TRIS

0
| X

N
R-SN"coBu tO R

=3

R'=Alkyl, Aryl X=Br, I

]

N R!
[ I N+ /\
’ RZ

N
It

(2

* R—-R

Cs,CO;, Mesitylene

38 %
r K
R'-7 N
[Au]/PC-Phos szrms
—_— - ‘Y
AgNTf,, CH,Cl, 5 /
up to 99% yields
97% ee
o
[Pd]/PC-Phos 4
—_ > R+

X
\©—RZ
=

up to 98% yields
86%~99% ee

[Pd}/PC-Phos
N R!
2
R'=Aryl, Alky N‘ R
R=H, Alky T
[Pd]/PC _Phos

R'-NR’R4 R>=H

[Pd]/PC -Phos

KZCO3 Toluene

©¥é

& 16 PC-Phos FzJfz ™

Fig.16 PC-Phos and its reaction

X W B T LA, B RS A R AR, ISCRAR
U (B35 98%), Xof Wik BEMEAR 5 (ee #5535 99% )
(& 16b). ZEARE T O, P JFEF AL a] FE AR D
FN 11 JCER. BT, K8 X PC-Phos FIA K
JTIEVEAT T ek, DT T S S A T e 114 e
— AT R DU AL — T A B T ST I e SIS B
B BC AR PC-Phos, Jf B R SEHL T AL I R =&
W SR () HTFIRRRASKTFR [3+2] FR AL
(& 16¢). 2020 4E, fH5ER45 1 1 PC-Phos 1 I F41
LRI IRAL A Y5 N BRI B 1 A AN X FR R 5 44
SO, 53] T EA BT EE (ee ik 96%)
LA 46k DU TSz AR Hoe B9 F- PR SR L S W)

NNHTs

Br z [Pd]/GF-Phos
H + + R// e
CuBr,, NaOH

[59-62]

(% 16d). Tz J7 T BOR R L X B A
Pk EYNa T S Rk, BT
B A BN B T SRS | R B | e 4R 1) 2454
2021 4F, % [E 16 25 %f PC-Phos #E47 T 2L 1,
¥ PR T ORI IR O AT ] T GF-Phos, K
HR AR AR A N-XF B R R R . D5 3k i 1k
TR IR 3 4143 XoF il e M A B 2 7, B Ty
Kt —Fh A TP I R R R (B 17). %
FVE I S R R SRR A, IRITE T, ) ik
BEMERL, 2 TR, ROV AR, S0 N2
2019 4, i 1 ] — B R )~ ERRAT A
F14) - SV ik PO e JBf i A (WI-Phos), B U SE 3R T 4

R
A

up to 80% yield
97% ee

Cyclohexane

8 17 GF-Phos &2 i
Fig.17 GF-Phos and its reaction'®”’!
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LT 1,1- B2 S By(Pin), MIFEESRLGE LY BLAL/WI-Phos fi 4k 7 v LA 1 F Suzuki-Miyaura
1) iR X B B 3 AL A BT Ab R NE, LA isiah 88% 1 SN, FH T v AAE) 9 Bl 1) e K 7 56 B ALk
TN 94% 1) ee 7 E5 T & At PUITr ARG - (81 18b). A i T — 40 il ) TP 106 057 L B 4 fk
E-B,y- NHLFNER (5] 18a). 2020 4F, EF B4 s gy, PRaR R AR BEpR P AR AR .

o] o}
Cul/WJ-Ph
a R'\/ + B,(pin,) + )J\ [Cul ”
R OF R e BOID
1

=X

R? TMSONa R
R'=Ar, HetAr THEF, 0 °C .
up to 88% yield €
up to 94% ee
(S, S, S,)-WJ-3
B PPh.
r 2 B(OH)FZG —
»
b PH(O)R . //\]@/ [Pd]/WJ-Phos N\S\\
| Bahe bt ;
SNe- /\i{' K,CO, Fe Ar O
O
R=0Me, OEt, Ar R=OMe, OEt, Ar Toluene, 60 °C :
FG=H, OEt, Me, Ph up to 95% yield ! (Ses Ricy Rg"WI5
up to 97% ee ! Ar=1-Naphthyl

& 18 WIJ-Phos K H: & '

[64-65]

Fig.18 WJ-Phos and its reaction

FE DL ERGE AT SE R -t W S R R BB ECIR S Au(D) TE D A A1 LA
PEMEALF T2 M Cu, Pd, Au3 P i 4 )m, ST [, BUT A e R - i iR 2058 2t P 5 Au(l) 45
FE O AR A EEGE L PO WREEEE O A ECNL (B 19¢), FRE S RN Y A A aen A
Cu(l), Pd( 1) &54, HEATHCAL (] 19a-b). X 5T EAEHSEIAT RO, 152 5 Mg S = 4.

O Ar

HN- S=o CH,CN

NH
CU wc104 o \
P\Ph 1|>h 5
P.
ph” “pa-O
1
cl
b c

P19 AT REWREERE-RERCIAS Cu(D), PAAD), Au(l) JERAIBCE W)
Fig.19 Complex formed by tert butyl sulfinamide phosphine ligand with Cu(I), Pd(1l), Au(I)

3 T B s pR- 14 iE E i , £ LR AT 20 FF /%, H%4 T I M6 e (R A f
2016 4E, 8 PSR mie e 5 MY ASROR R e ARTE TR R R, o L11 p R AR RO R I
RFHEBR, G T — RN TFH B -G EE  4F, S 8RR S AR i 5 SEIN R X o, 8-

o I
I . AIBN, Bn,SnH
Br + S, L N S _ >
NH;  tgp H
1 1
S _/—/
m t R/\/\B _ NaH _ L10: R=H,
L11: R=Ph

120 FiLfk L10-11 £ pliisek™
Fig.20 Ligand L10—11 synthesis route! "
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38 3

A FFRRIRIEAL S P 1,450 0 5% 2R ok
B 1,2- 350 i, 432 B AR = A4 A T 1 5 X
TERENE, RV 3 ik 98%.

2017 4F, % PR AR LA 20 52 b DL (R)-FU T He

Br

0
Q)
HN }/ * X
R

Pd,(dba),, ‘BuXPhos

NaOH, H,0 |

SV P e A0 P BV Ay T2 B RO, 28 C-N IR A
RIS T — Z 9 T N7 5 I A0 Pt i 0 s T
T (&1 21), TR HERINIR S BRI A XS FR 1,4-
TS 2B A = AL R A A PRI fE

NaH,THF N L12: R=H, R'=H
| . L13: R=H, R'=Ph
/\ L14: R=Ph, R'=Ph

21 Bl L12-14 4 mups 2
Fig.21 Ligand L12—14 synthesis route!*”

2018 4F, Fernandez 53 41" FF & t —Ff W0 ik
P e A et R TP AR, FH 7 T LA A £k 1 52 S
P 1) = 5 HHY ST () I B 0. e A L1S W T KA
FELE AR, JF LA e SR G S5 ) X s B (R s>
99%) ¥ 1li— Z 5 F 1 = H I B2 b &9

B(OH),

o)
F,C N
i
Pz

0
|

’Bqu\N 7
H

[Rh(C,H,),Cl],

L15, Et,0

(1% 22). fE# 25k NMR FIEEH SRS M, Fefk
S 38 2 A ADOURE BC 07 RIS BC AR, (H L 2R B AT
23 6] ZZ BEL A B 2450, RN ISCRARAR, AXAE 13%~
38% Z[H].

HO, ,CF,

]
i\ /§

R=Cl, F, OMe, Me

up to 94% yield
up to 99% ee

L15=MetSulfolefin

Pl 22 BLiR L15 SERC AP SR
Fig.22 Reaction of ligand L15 rhodium complex'®”

4 HAAT B R IE AR

2015 45, 5 T A B T — T ST A
Jii¢ S,N-FL{A& L16 A1 S,P-fic & L17, F¥s Howi F 40
PEALAY 2-380 N R — H i A AS X R s D 3 BB R iz
(1 23). VE & BN e PR A0 L AR 5 6o %o Bl A 1o
PEPERRE 2 E BRI 17 R REAE LA R 7= 5

OAc F_ H

+ MeO OMe
NN

o o

(0]
| X NH
L16 = \L _N . :S:O
Iu\

D ——
Cs,CO,, DCM, L43

B BRI i, IEELAT R A ) A i
2017 4, X IBBREIZE'™ LK IR R TR T 4
il G o o) A5 T AL AT 3 I T - LA (R)-
L18, HAl T A 2-90 2 Bk 2 R Z R A X
PR N LU R Rz, AATATAS B T 538 98% IR,
94% ee F1 2.2 = 1 dr INFRALIGETNIE =1 (K] 24).

F
I\ffj:COzMe
*
Ph X Ph

94% yield
90% ee

PPh,

o O
S}
I

(0]

[Pd(C;Hy)CI],

123 14 A AR L4344 i1 ™
Fig.23 Reaction of ligand L43—44 synthesized by Gao N1ng
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(0]
CDI

OAc o o
R! /\)\ r T )%OEt
F H

R'=Ar

[Rh(C,H,),Cl],

(R)-L18,K;PO,
THF/Dioxane

) o TI)
<
OH N N
THF N \/N KH, THF H
OH OH ’ OH

OEt up to 98% yield
X F up to 94% ee
R! R! up to 2.2 : 1dr

FEl 24 T 7 TR E e B
Fig.24 tert-Butyl sulfinylamide phenol ligand and its reaction*”’

5 REESRE

g5 I, UT HE A ok 2 0 1 4 e e Ak
W T2 R 5 T6 BB HA AL PERE R A5
B, TR FR A BT TR KGR, 51 AL IR A
LA ARARAE, JF R T A RIBCT A o e - A4S |
AT i POE P - TIC A | AU T 25 ST i e - 44 e T
A RUT B I itk gt e -4 4K 5 Co. Cu. Rh, Pd,
Au S5 I A B AL, T RO R Y 3o 3 4 JE A AL,
)z W T Diels-Alder 0 AXFR 1,4-2:80 50
B R, ANXFFRIE R Heck S . Suzuki-Miyaura {5
WK S A2 A BRI G W G A6 BT 5 Wk e e
e 4 Ja A AL 32 BARGE R EESE S TR p B
T B HA LA R (P IR T8 | Bk BUREE | 7 )
HeZ & Jm R RO ) H -, B L7 B, FEAN )5S
PEzs [ BHIE A BL A, e 4 JE B 7 I F
58, IR RIS [R] A A A5OR . T T S Ak ot e
B Ed T+ 2FNERE, CEEBERHIE
&, ISR T Tz . FRATE S DA IR AR, &
AR LT WA 7 AT A AR R 9 A& v 71 — T,
TP AT IR 0 e e 2 A T YR MR AR 5, A T &
HEE 2R A B, BAnTERCIR S I AT 2R
BCA LT (et ARSE) Bl 5 | A - BE AT al
25 B Ik AR B AR L 2 % R, T A 21 el AR T
PEREE B0, 55—, B4 B FrERCT 21
TRl PR RS 0 U 4 T e A TR AR 5 R M AR A AL 7, B
SRS BT, ER N S AR ME DSOR H, 850 Ac
Hahn, PRk, F R AR 5 B e AR Es G, il
W, H P A TR T 5 o A
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Research Progress on Transition Metal Catalysts of
tert-Butyl Sulfinamide

ZHANG Zi-hao', JIN Bo-yu', LIU Shan-shan"”
(1. College of New Materials and Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing
102617, China, 2. Beijing Key Laboratory of Fuels Cleaning and Advanced Catalytic Emission Reduction
Technology, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: Since 1997, the Ellman research group has synthesized and separated optically pure chiral fert-butyl
sulfinamide for the first time, which has been applied in the synthesis of transition metal catalysts. Due to the
advantages of simple structure, easy synthesis, and good catalytic performance, transition metal catalysts based on
tert-butyl sulfinamide have become a research hotspot in the field of asymmetric catalysis. Therefore, many
research groups at home and abroad have been designing and synthesizing new tert-butyl sulfinamide transition
metal catalysts, and study their potential application. In this review, we summarized the fert-butyl sulfinamide
transition metal catalysts reported in the past ten years, which are classified according to the ligand coordination
atoms and functional groups, and can be divided into four categories: tert-butyl sulfinamide-sulfur ligand, tert-
butyl sulfinamide-phosphorus ligand, zerz-butyl sulfinamide-olefin ligand, and other zerz-butyl sulfinamide ligand
(coordination atoms are S, N or S, O). The synthesis methods and applications of these catalysts are briefly
described.

Key words: fert-butyl sulfinamide; transition metal catalysts; asymmetric synthesis
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