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Recent Advances of Efficient Synthesis of Chiral Molecules
Promoted by Pd/Chiral Phosphoric Acid Synergistic Catalysis

Xiang, Xun*’ He, Zhaolin** Dong, Xiugin™**
(“School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205)
(* Engineering Research Center of Organosilicon Compounds & Materials, Ministry of Education,
College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072)

Abstract Transition metal palladium-catalyzed asymmetric reaction is an important and efficient method to synthesize chiral
compounds. It has made considerable progress and achieved great success in the past decades. However, some reactions could
not achieve high reactivity and excellent stereoselectivity just promoted by transition metal palladium catalysis. Therefore, it is
of great significance to combine transition metal palladium catalysis and organocatalysis, which could be conducive to dissolve
these challenging problems and received great attention. In recent years, a variety of asymmetric catalytic reactions have been
efficiently realized by the synergistic catalysis system of transition metal palladium catalysis and chiral phosphoric acids with
high chemo-, regio-, and stereoselectivity, and considerable research results and some important breakthroughs have been
achieved. The recent progress of asymmetric allylation reaction, C(sp*)—H, C(sp?)—H functionalization and other reactions
promoted by this synergistic catalysis system is summarized, the interaction between catalysts and substrates is systematically
analyzed, and the influence factors of reactivity and selectivity are deeply discussed.

Keywords synergistic catalysis; Pd catalysis; chiral phosphoric acid; chiral compound; stereoselectivity
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Scheme 1 Pd/chiral phosphoric acid-catalyzed enantioselective
o-allylic alkylation of a-branched aldehydes
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Scheme 2 Possible mechanism of enantioselective a-allylic
alkylation of a-branched aldehydes

2011 4F, List SAA IR T a-SCRERE S5 15T
B R AW o- M N 2 A6 ) B (Scheme 3), 12 A
Pd(PPhs)s 5(S)-CPA1 th[FIMEIKR R, FEIMAMEILET
e R, LA & 2040 5 (0 77 38R izt £ T P
BT B o AL A=, 2R R IR P Y B A

Chin. J. Org. Chem. 2023, 43, 791~808



Chinese Journal of Organic Chemistry

REVIEW

7, 2R BB R P B 2R A S AR IS T AR R
R 45 B (P2 ee (H EIE 98% M1 >>99%). AT & I 241X
ff Fil Pd(PPhs)s 5(S)-CPA1 Hh[FIMEALAR BRI, SRASHIA
PR EA = 0t Bk 38 1 LA AT, RIS i T I AR &R
RV TE SR RE R E/Z SR &3 200, 1A &an
FA] DR R EE = AMEALT, 5 R YIBE SR A T B 3 1)
(B%% ﬁﬂ?ﬁﬁ%ﬂ%ﬁﬁﬁ%%ﬁ%%#%,
[RIT, AATTHE H ) IR BE
M@ﬁ&QAmﬁx%M%%ﬁH T R I I AT
K, B SAARAMEA T S A G . 26 — /ML AE 3R

FRER AR, 28 = /MR IR T F YRR IR A s
M FT Pd 3N B RIE. 9 S =l A 7] f6 H ) 4
R TR A S S A B I AN AR AL 5T PA(0) A
FHEwERE, B 5 R KRS B B A 7).

2013 4F, ZRIAUF: S FH AL/ 0 IR I A A4 L1
FUEBERR & AR R, B IREZI T ik -5 - s 70 Y
A T BEZRAL AW AN FR I TR B A B 8L, A FH 4644
T F [P HC 25 19 (BINOL ) i 22 F- VLB FR (R)-CPA2 il g3k
R R, B =S T IR A R A
>90% ee (Scheme 4). fi}iﬂﬁlﬁiﬂ%ﬂ JRYIE VS,

¥ R PA(O)SEAL N RS2 75 Ak 4 79 B AE R M TR 2 -Pd- NEREHZ L F 2R a4t THER &
Pd(PPhs), (1.5 mol%)
(S)-CPA1 (3 mol%) NH,
)\ _ amine (40 mol%) . CHO )\
cHo ¥ HO then 2 mol/L HCI A~ PP
up to 98% yield ~amine
>99% ee
(S)}-CPA1 Pr
Ph *RO oR*
o L
0=P_ o
!
% PhsP. ) P|d PPy (o
Ph RO\ pOR ~ )\ or-
LS 0 j
T I poper
- S Oo. .0
H,0 k * J Ph )/ H
/CHO o Z
A~ N>—Ph o OH
Il
/_b\ Ho”?\OR* )/
g o)
X

B3

1 5 ] EFL s DAY I 0T TR 6 A4 P B A S L

Scheme 3 Asymmetric a-allylation of aldehydes with simple allylic alcohols
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Scheme 5 Proposed catalytic cycle for the asymmetric allylic alkylation of pyrazol-5-ones
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Scheme 6 Enantioselective amination of racemic allylic alcohols
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Scheme 8 Possible mechanism of asymmetric ketone enantioselective a-allylation

Chin. J. Org. Chem. 2023, 43, 791~808

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 795



BIKE

Pd,(dba); (4 mol%)
Rhy(OACc), (1 mol%)

Xantphos (8 mol%)
(S)-CPA4 (10 mol%)

COAr! 0CO,Me

+ ROH +

H PdLy,

ternary catalysis

(0]
Ar'®

Sn1-type

convergent assembly of @

two active intermediates

RO, H
Arz\/\)'\[rAH O O
0
PPh,  PPh

0]

up to 94% yield
97% ee

[RN®O-R AR

H

oxonium ylide n-allyl-Pd action

(S)-CPA4

B9 =oAL =0 AR I A S R

Scheme 9 Ternary catalysis enabled three-component asymmetric allylic alkylation reaction
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Scheme 12  Stereoselective carbonyl allylation with simple olefins promoted by Pd-catalyzed C—H oxidative borylation
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Scheme 14  Allylic C—H alkylation of substituted 1,4-pentadienes with pyrazol-5-ones and its synthetic application

| '
[ar]  PdCly(MeCN), (5 mol%) NAT
N~ (R)-CPA2 (25 mol%)
_I +
Cs,CO; (2.5 equiv.), 110 °C HN™ ~O
g pHN o
Ar
Ar up to 97% yield
97% ee

B 1S GG ARERING 2 C—H S5 IR
Scheme 15 Pd-catalyzed asymmetric benzylic C—H arylation
of amines

2017 4F, Gaunt BRI R 1A/ IR BERR AL
X AR IEFENE C—H A B, BAH &5 3 e i 7= 2R
FR B A R T 2 M TR AR ED
(Scheme 16a, =1 91%7 23, 93% ee). — RFIMIATAN
SR 7RAZ T B A IEAE & BRSO 8, P4 T4k
R E 225 T B A S A T A i — R A TR 2R AL
). W1 Scheme 16b 7, 1EXS H AR A7 75 T Ik X
FYER A NEREAT RAZ T IN, I e3[4 e 3 IR
332 R BRI FYEIR R 27 5 — 7, WREAE R
FARFRT B PINEBEBOT IR, B Ja R A2 58 — Uk C—H $ii

798 http://sioc-journal.cn/
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TG R A NE, W0 SR AR TP O R, B
5 3 P4 ok M 2 A s SR A3 BB IR W 2R AL A 4.

2017 4, Baudoin B8 2H PR IE T iz F 4L/ FPEREIR
P AR RTERE 254 SEBUAR XS RR C(sp®)—H 752
o i, PAHEE SR S A e B i T M S =
EARFA Y E AR B T P g | bk SR AL A, e o T I Tl R
A7) 1 s B 56 A4 RO R 2 SR A R X Bt 32 456 1 1) O B
(Scheme 17, =ik 96%7 2, 96% ee).

2017 4, REPCHR L RUF) AL/ R T 1] 1
AR R, TEBIE S T SEEL T IR BER% o 7 C—H #5
B R B (Scheme 18). At A AE A I AN 2% TR MR A,
PLERAREE I A S 1H 34, 1E Pdy(dba)z. 9-EHAX BINOL
B AL FE R (R)-CPA6 - 8 N7 1,4-2KEE A1HE KHCO;
FAEZMT, LLETE 90%MEF 98% ee 313 T
C(sp®)—H #7554, FHBRIEAA RN E T
Bifk, fESTARIE R D IR ) 7 OCEER. &5k
PR IE F Y B Ya T, AT DU 52 4% R 2 A ) Ak
R, Heanmbrghe . WREE. FAkt. BRI T bE. IR
VUSSR AT AR, HE 2 PR 1) e S B it e HU A
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(a) R
R. R Pd(OAc), (10 mol%)
N (R)-CPA1 (20 mol%) X/\FR
xm)(Me AgOAc (3 equiv.), I, (2 equiv.) 0)\-41\‘
o Me Me‘:
up to 91% yield
93% ee
(b)
Bn\N (i) pyrazole, p-TsOH gy, - i) MeOH, p-TsOH Bn\N/\’/\
N (72% yield) N (66% yield) N
KS "H (i) LiAIH,, THF OM (i) Pd(OAc),, PIDA O)?ﬂ
Me (83% yield) Me AcOH, A020

j N (69% yield)
(i
/\N/\’/\
N i) pyrazole, p-TsOH (78% yield)
Meob/ H (i) LiAlH,, THF (61% yield)

B 16 LA AL R C—H BERZ A M

Scheme 16 Enantioselective Pd(Il)-catalyzed C—H amination reaction

Pd(PCys3), (5 mol%) )
(R)-CPA8 (10 mol%) N
‘: Cs,CO3 (3 equiv.), 120 °C
up to 96% yield
96% ee

B 17 A EIAKIFR C(sp®)—H 757 AL

Scheme 17 Pd-catalyzed asymmetric C(sp®)—H arylation reaction
ArB(OH), (2 equiv.)
, (@ Pd,(dba); (5 mol%) , (@---Ar

Pro N (R)-CPA6 (12 mol%)
S KHCOj; (2 equiv.) S
’ 1,4-BQ (1.2 equiv.) ; ;
Pr tAmylOH, N,, 65 °C 'Pr Pr

n=1~3 47% ~ 90% yield
75% ~ 98% ee

ipr N7 PR fPrCN;\."Ph /\—/\
"Ph

Ak REEIRY (Eely
S (2) Boc,O ’}l
Boc
Pr ipr ipr Pr

o o/ i 58% vyield (two steps)
96% ee 87% vyield 96% o6, 92% BRSM

ipr

B 18 B QeI (et Bk £ o B C—H §8 05 Sk S i

Scheme 18 Enantioselective a-C—H arylation of thioamides
FEFEFIER. S50, BABEE N SRR NICL/ BR=rolHAER, ST o BRERLEY S 14-
NaBH, &7, BiJE I N-"F R0 = AR 245 2] F 1 TIRIERIR R E C—H BANFRE R RN, LR AFH
Rt &1, ERACERET ee (AARFFL. PR AR R X SOk B RS AR IR R B T — RIS
2018 4F, JEALIRAAPIZ M, AHIEMTHRE 2R TR RS Y(Scheme 19, 151 1~>20: 1
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R SR

I/b,3 1 1~>20 : 1 E/Z, 40%~82%)"* 3, 87%~95% ee).
AL, AR AT IR A0 A G 4 A A v P A
SN B EAT 26 10 2 R S

allylic C—H
activation
@ RSNy o
ammew 15:1 ~>20:1 /b
R‘)\CHO \/—, 3:1~>20:1 E/Z
enamine 40% ~ 82% yield
generation 87% ~ 95% ee
B 19 RN 14-TRAEERIG T C—H SRR
R R

Scheme 19 Pd-catalyzed asymmetric allylic C—H alkylation of
1,4-dienes with aldehydes

2018 4, SLIEEUR L 232 F R AL A B BUA 2-tk
WE B 57 P 5 (PIP) i B 3 1) 2 141, Sl 1 L/ - VBRI
AR i 7 et i v B30 Y C(sp®)—H B FR 0 It ¢
PEI7RAL SN, JRYITE VSR . — RIUIR I R A0
T7 RN E I Tz R N R, BT T LR OB &S
R, PLEE 96%77 A 90% ee 3K15 L M Tt p-95 84k
He 5 R BR AT A= 0 (Scheme 20). PIP 53 [F AR €, Xt
TR TV BT 22 ) FR) I ) 200 8L oF e I8 37 A 3t 5 A1 42 i
B REEREM.

PdCl, (6 mol%)
H O PIP A o

Ar
(S)-CPA9 (6 mol%) -
+ABr——MmM - _PIP
)\/U\N)S@ rBr K,COy, 125 °C /\)J\N
N~

H H
T
O o

up to 96% yield
P

90% ee
R F

R= 4-CF3-CGH4
(S)-CPA9

B 20 AEAL T EE C(sp®)—H SO0 %F Wik B 07 B6 4k =
Scheme 20 Pd-catalyzed enantioselective arylation of meth-
ylene C(sp*)—H bonds

2020 4, FEHAEIRAHPR A Pdy(dba)ss FPEMERE
(R)-CPA10 DASAAT 1,4- KRR R, SEOL 1 AT
I R R B B AL C(sp®)—H 75 A SN (135 99%
2, 97% ee, Scheme 21). A4, #idi% C(sp®)—H F7 %4k
SNESEIL T AN BERAR TR & 1K 8 71 5447 2 (k. 49%77
. 92% ee Fl s-factor A 45, Scheme 21). HEFLKH) — 7
TR 32 4 B A5 ) R SE G 0 ) [X ik B 1, DFT 1H5L
2 T AR A T R ke A7 1 B B A R T
Pl SRR B, 1T HiZ 0 ik 2 B AR I 8 7
71, SRNFEYIAT T — KA E R s, IR

A ECSIP F5 R G B Hh RS it 1 s o AR,
s Pdy(dba); (5 mol%) s
, R)-CPA10 (12 mol%
Pre + aBoH), & ( 2 'F"'\NJ\_/\Ar
N 1,4-BQ (2.0 equiv.), 3A MS Lo
iy t-AmylOH, Ny, 60 °C Pr
up to 99% vyield, 97% ee
Kinetic Resolution
S
li
Pr\N

| Pdy(dba)z (5 mol%)
Pr SR (R)-CPA10 (12 mol%)

Pre. JJ\/\

racemic
+

t-AmylOH, N,, 60 °C
ArB(OH),

1,4-BQ (2.0 equiv.), 3AMS

up to 49% vyield

Ar
I

IPr \

92% ee
s=45

MeOTf

’Pr\ L|AIH O'Bu),
,Pr 3 ) NaBH,

95% ee

°'ma

S1P agonist

/©/\‘/\OH ref. [25]

(62% yield, 94% ee)

CO,H

B 21 GRACHE L AT FE4E B A7 C—H B R REAL

Scheme 21 Enantioselective f-C—H functionalization of thioamides
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2021 4, SUAEEUR AL POME Y 2- itk e Ik S A 3k
(PIP) Ay T 1) 2 [, Jd ik 40/ FPEBEER (S)-CPATL AL 1A R
SEHL T KRR TN C(sp®)—H #7534 OB, AT

— RINF K IF AN TOIHANAED(45%~85% =, T7%~
92% ee, Scheme 22). A i A F NMR M il j 3 i
G, WELH(S)-CPA1L IZET K AR X R BINOL *X
Wy, A A% TP X N A AT 2 1 S 56, 159 2 TLELIG
177 RSN WL PRI (48% 77 R A 68% ee), fffE T1ER
W7 i B Ko AL 3 B P AR P Do R, 4 158 B T A Tl R 7 42 i
N STARERE M RS T BEER. EAERMNE,
PIP 20k F [ B BR A Zy i i b, 1 H. ee (EOREF.

3 SEIFMBEREENTIIFR C(sp)—H #
ERELRN

T e A, AR/ T R B IR P A AL AR R AE A X RR
C(sp)—H BB M ANz, FIS T R
WRCR. 2016 4, Bt R, i B S5RTHRIE 1B 7
TAAXFR C—H #I7 AN, BT SRIEH =
PR 2R 75 BB SRA S NI, 12 AL/ T 1L BEIR/

PdBr, (10 mol%)

Br

PIP (S)-CPA11 (20 mol%)
X«@\H/N K,CO;3 (2.5 equiv.)
X

45% ~

BuOH, 125 °C

Buchwald 274 B SRR IC AR (1) (AL AR R, RSB T
AXFFR C(sp?)—H 77 AR, LAk 89%)=Z il
83% ee 33| —RINFH R KIEY, NiZKHT
1) = 2 BB T #7777 (Scheme 23).

2019 4F, BufF KU 4 P81 i i A 0 Ak AA 2R 1)
KRR C—H $IEL, SR SEI T BN B AR )
P FHEPO IR A A . — D7, R
PEBERR LG /FR A TR, DAL 5095 er XTHUESE
MWRBFME KBRS, B —J7H, L
(R)-segphos 1EAFLARES, DLSEIL 98 © 2 er XUk FEE IR
BFME B IF LA Y (Scheme 24). 78 2% % N RE %
IFIEEAT, TR B 0 i B TR RS A

2019 4, SPEEIR L NS A AL/ T RS i R Ak
R, BRI T AR B C—H BRI R R
A BT PRI SRR AT AR A, A& FYE R, e
P IE 98% ee (Scheme 25). W4k, DUS HEmkfTA:
VI ZAFAE T 2 IS PRI KSR =), AT 7=
WIBEAT T EALIEJE SR, A 98% 777 R 1% ik ide 5 M
P ARAT Rl T PR B 5 JE DU AT A= 9

F F
v I
? o /o
J°
85% yield F
77% ~ 92% ee (S)-CPA11

(i) NOBF4 (10 equiv.), pyridine

!

92% ee

i
(i) PhNH,, EDCI, DMAP (5 mol%) ©\/j

DIPEA, DCM

68% vyield, 92% ee

B 22 C(sp®)—H AT L B 70 7 4 57 B A0 S

Scheme 22  Enantioselective intramolecular arylation of C(sp*)—H bonds

Br Pd( CH3CN (OTf), (10 mol%)

I L6 (20 mo%), (R)-CPA2 (20 mol%) |
Fe

Fe Cs,CO3, toluene, 100 °C, 12 h @

| O PPh,
O

L6

up to 89% yield
83% ee

(R)-CPA2

BRI 23 AEMEACAKI TR C—H 57 B4l S W & T i Tk =gk 1

Scheme 23 Pd-catalyzed asymmetric C—H arylation for the synthesis of planar chiral ferrocenes
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0
Pd(PCys3), (3 mol%) < O
@ (R)-CPA2 (6 mol%) @ R)-segphos e} PPh,
.0 (R)-CPA5 (6 mol%) 0 PlvOH (30 mol%) .0

y o PPh,
P Cs,C0, (2 equiv.) F,,’ Cs,CO; (1.5 equiv,) P < O
110 °C 120 °C 5
Br Br

(R)-segphos

OAc )> (5 mol%)

up to 95% vyield, 5:95 er up to 94% vyield, 98:2 er

Pd(PCys), (3 mol%)
R)-CPA2 (6 mol%), (R)-CPA5 (6 mol%)

o S
P.,
Cs,CO;3 (2 equiv.), 110 °C
Bu
46% yield, 95% ee
(after recrystallization)

R 24 AEMEAAX TR C—H SEIE LA S P-FIEP i R IFRERAL &)

Scheme 24 Pd-catalyzed asymmetric C—H bond activation for the synthesis of P-stereogenic dibenzophospholes

Q.
sSHoN

2 mmol, 0.83 g

TN Pd(OAc), (10 mol%)
LA = (R)-CPA12 (20 mol%)
+ 2N

AgOAc (2 equiv.), 70 °C

38% ~ 98% yield
82% ~ 98% ee

(R)-CPA12

O
~
N~ O

H,, Raney Ni

I N~ O

O "oy

96% ee

H
O OBu

98% yield, 96% ee

B 25 FEAEAAXIFR C—H SIGEEAL SN 5 BB 2 il 1AL A4

Scheme 25 Enantioselective synthesis of biaryl atropisomers by Pd-catalyzed C—H olefination

DA, 1215 2H 0T DL 7 366 i 1 fr 52 0 5 1) 2k A,
FEBEFR AR 5 TYEERR(S)-CPAL2 BhFIMEAL R AT 1,1-X0HL
PRI R A I T FERG AN R C—H B TR 3510 S M
25t C—H BEiEh IEAIEAN K B-H JH bRk FE Sl
PEIE S BE i R, HUAS T ik 96% 7 21 >99% ee
(Scheme 26). 1% 7%= HA AEF G BOSHUME, W
PINABE[P) J SLAEARAE SSL A6 AE T IRREAT, RT3 95%™
N 98% ee. MUATTIEXS R SLF=WIiiAT T 2 M E Be Al
%,ﬁﬁm&ﬁlﬁsi:zﬁﬁﬁﬁﬁﬁm PR 16 S
NAF RS TR S, &R EH S EEH
BB VLN T,

A4, 058 4 BU R R 32 P B RS i I i o8 5
L], TERSIRE S F B R (R)-CPA13 WAL,
ST I 2- AN B AR I R AE AR KT R C—H B
BN IRPIERVEE T, B ReRGR A e, MR
TR I SRR TG J 07 2 LR S5— R R EURA IR 7R e

802 http://sioc-journal.cn/
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ST R G R AR C—H BRI R L, DhSE 96% 2%
F97% ee &1 T 25 P& A S A Jok 1) il T 1A TR 2R
AEY)(Scheme 27), MATEXT F=¥dk4T T — RHITA
W32 Z P F AL &9,

2021 4, 1R PR FH A ik T 1) 5 A 10 SRS
T AN T RR (R)-CPAL2 ML & A il Ik 5 ) 2k
IR EY) C—H IGIL N, B AR B &
W— R Y& A BTG EY, 5 T miA
99%7* 11 99% ee (Scheme 28). {E15VF: & K2, fbA1E
IR T ROBIERA), ST AR TR R
YRR G . TS B R PR AN KA
JEFET(69 B). TREIM A2 0E . HIEM R, £4 Z
TRV W B S O L S T R R A ) e T 1
SRR S8 m-CPBA EALE 2 FHE Wi &
P(TT%F= 5, 96% ee, 14 : 1 dr), AI1EHEL ) THERD
1, FAEREMEAL R 57 FE TR X 2R O R K a- —BRAAS X

Chin. J. Org. Chem. 2023, 43, 791~808
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|® Pd(OAC), (10 mol%) @
NH, NH,

CO,R (S)-CPA12 (10 mol%)
+
)\ Ag2304, NaH2P04
Toluene, 60 °C

up to 96% yield, >99% ee (S)-CPA12

CF;

S
O 3,5-(CF3),CeHyNCS O Q
NHQ 3726913 Hk”
CO,Bn
O CJ L

1.85¢g 59% yield, 98% ee
95% yield, 98% ee

CF3

B 26 SEHEALA R C—H SIS0 S & il TR D 2 -2- i KA 5 1

Scheme 26  Synthesis of axially chiral biaryl-2-amines via Pd-catalyzed asymmetric C—H allylation

@ NH, Pd(OAc), (10 mol%) @

X (R)-CPA13 (10 mol%)

=~ "R xR o
@ Ag,COj, toluene @ 2,

B 27 ABAEA AN PR C—H SIS N A el TV T - 2- IR 5 1)

Scheme 27 Synthesis of axially chiral biaryl-2-amines via Pd-catalyzed asymmetric C—H olefination

R Pd(OAc), (10 mol%)

7 . (R-CPA12 (20 mol%)

+ =
OO SMe AgOAc, Et,0, 60 °C

Z>H +Cl X Standard conditions
O SMe

99% yield, 97% ee
5 mmol 2.04 g

m-CPBA

77% yield, 96% ee, 14:1 dr

B 28 RIS C—H B EAL S B A B il TR R LA XUR AL &

Scheme 28 Atroposelective synthesis of conjugated diene-based axially chiral styrenes via Pd-catalyzed alkenyl C—H olefination
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PRI s L H R B H R 4 PR PR R
2021 4F, ZURE AP FAERERR A 9 L S A4,

IE S X R s A AT A S S AR T R PR A
EAH P TFER ZRBE R S P(Scheme 30).

TR E N T R, R A T A A o) A e B
C—H BB A AR T IR0 S B, DA A &5 21 5 R 7= 2 A0
FE I R PG R T — R TR RS
(Scheme 29, 49%~99%= %, 89%~98% ee). fAl14:&
DFT iHS A SLIe R R 1 Bk T 1r) 5= BIAE 12 ) N
()T M RE 7T, R SO0 Tk AT s S A AR o) Pl a3 1 4%
1) 77 T LU AH . B ANl Ik SEAR. BAS9E S 22, DFT i
SN I RE 6 A A TR 0 B e 3 2 ) SRR B At T T
DAY T ELARAT TR &5 25 3 1 FR SR P04 0 4
T S TR IR AT A N B R B AR R, IR e EE i &
AR et S L3 R G, AR St (R AT e 3P 3R A5 1
HErr4).

THZANMFEN S T AL R, AR
P LA A . 2RI W E C—H iR, LA

4 WIFMBBBERLERELSFHRE
IR

TV 4 e A e 1 R T M 18 TR ) I D A A A SR AN
ST — RV R EA R C(sp®)—H #H
Reb R AT C(sp?)—H HEE R b e B, T HAEH &
AN TR AR s B2 L HUAS T R G R T . 2013
i, B EREACYIZ A PA(OAc), MTFTERERR(S)-
CPA1 WhFEMEAIE R, SCEL T 2-Fdk 5 5 MGR 5 2-bdik
75 2 PR R 2 [ PR AN SR PR B IR FA AL S S, Zed T SR A
A Ji% metallo-isochromenylium H B [ i %) B ik 5 4
oxa-Diels-Alder FAINECR S, JERYEHTEHET™, DALR
PISARE RV IRTG T — RS FRF TR OENRNZ

Pd(OAC), (10 mol%)
(S)-CPA12 (20 mol%)

AgOACc (2 equiv.), 60 °C

49% ~ 99% yield
89% ~ 98% ee

Pd(OAc), (10 mol%) O

(S)-CPA14 (20 mol%)

AgOAc (2 equiv.), 60 °C OO OO

27% ~ 93% yield
86% ~ 97% ee

‘ SMe / natural SMe SMe
S products/ S %{ S
COT T oe

95% vyield, 94% ee (from fenofibrate) 78% vyield, 93% de (from L-phenylalanine)
95% y|eld 90% de (from L-tyrosine)

SMe p \<
O

99% vyield, 94% de (from D- galactopyranose

27% vyield, 97% de (from vitamin E)

B 29 AEAEA I REETE C—H B AL SRR P JE A S

Scheme 29 Pd-catalyzed atroposelective C—H olefination and allylation reaction

86% yield, 97% de (from estrone)

804 http://sioc-journal.cn/ © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43, 791~808
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Pd(OAC)2 (15 mol%)
(S)-CPA12 (30 mol%)

i SMe

AgOAC (4 equiv.), 60 °C 'BuO2C” ™S

OO - CO,"Bu
MeS ]

81% yield, >20:1 dr, 97% ee

Pd(OAc), (15 mol%)
(S)-CPA12 (30 mol%)

AgOAc (4 equiv.), 60 °C

MeO,C™ ™
MeS

51% yield, 91:9 dr, >99% ee

CO,Me

Pd(OAc), (15 mol%) ’
(S)-CPA12 (30 mol%)

AgOAc (4 equiv.), 60 °C

‘ SMe
MeO,C™ XX
MeS ]

85% yield, 95:5 dr, 98% ee

B 30 XU T IR S I A R
Scheme 30 Synthesis of diaxially chiral biaryls

F M O IHE IR 2 T (Scheme 31, &S 2%/ %, >
99.5% ee). N TIRENALE, MATEAT T — RFIPIRT
HRSREG. 7EAMETE PA(OAC), BRTFMEBERR(S)-CPAL 1HiL
T, ZHRBRMNIVPARE, RFZHEL T E SR EOHE
RN F- M ER AR, JE H AT RER &8/ A ML [F
1AL F PACL AUE PA(OAC), [ 3 d JE A3 A 3
TR H AR, R PAAD A& A B 7 (AcO™ vs
CYN R B2 B AR HE, §5R 1 T2 F(AcO) B F
T 5(S)-CPA1 34T B B 128 1.

Rt R o
G R3 Pd(OAc), (2.5 mol%) RS
R5(S)-CPA1 (3.75 mol%)
0" DEE
(o -,
R? r2” "0
up to 92% yield
>99.5% ee

B 31 T Oxa-Diels-Alder PN E BEERAE 2 B

Scheme 31 Asymmetric cascade annulation based on oxa-
Diels-Alder cycloaddition

2015 4, Toste PR EUEHFHEBERRIE AT
B AR M AL (CAPT) SR lg, SEBIL T 4848 4k 1R Bk 2 07
PIBE . S5 3L B R M Ba(pin), =419 [, 155
T — R 50 0 57 FE AL ) R P (Scheme 32, 32%~
58%FE K, 84%~98% ee), ¥NINFF m-CFs-dba AEWSHE S

Chin. J. Org. Chem. 2023, 43, 791~808
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S FE A RO WG £ 1. S35, MUATIESEBL T IR IR
P G ) 57 A BN

Pd,(dba); (5 mol%)
m-CF3-dba (15 mol%)
(R)-CPA14 (10 mol%)

Na3PO4, Etzo

_~_OCO:Me + By(pin), + Ar—N,BF,

32% ~ 58% yield
84% ~ 98% ee

(R)-CPA14
B 32 J IR 0] I 33 57 A0 S 2

Scheme 32 Enantioselective aryl borylation of alkene

41 Scheme 33 Fiiw, fAi1EH 7 & H M R MALEE,
TERMEIRES R, FIHBERR I 51 5 AR 05 L
KA CAPT b2, AE Tt 1) 75 55 B S F- PR AR 25
TXF, BGOSR A AN R A B A A A A
I, S5EERIEANS 2T AP A 10, b 53T g-H
R AN RAE TSR LAY 0, &5
5 By(pin), RAEFE G BALFIE W R, AR
RS =4, PR TN ARk S R

http://sioc-journal.cn/ 805



MeO,C CO,Me

AS
CY  15% ~ 82% yield
79% ~ 94% ee

TR AIIAKT R Heck-Matsuda 75 %=

BT
R HI T YRR B T SRR, WS T AN A SN R
bl 0o 07 (Scheme 35).
Z R o o
MeO,C CO,Me Pd,(dba)s (5 mol%)
I + AN,BF, (RFCPA16 (10 mol%)
4
©\ K,COj3, benzene/MTBE
@ C) R
PdL, ©p0 ). ® O
-0 paL, 2P
| n O// \O
L]
OH
szinz
N /P\O> !
soluble ch|ral ion pair R B35 PRI AT HE E A
® O .
Ar-Ny BF4 | caPT Bpin A . . .
insoluble 0 Scheme 35 Asymmetric Heck-Matsuda arylation of cyclic al-
Bpin~ o P\ ) kenes and aryl diazonium salts

/P\OD

B 33 R0 S0 R S AT Be AL
Scheme 33 Possible mechanism of enantioselective aryl bora-
tion of alkenes

2016 4F, Toste I Sigman “5130hz F - 1B = 1 5%
AL (CAPT) e lg, {4 FH 25 LTI R & 4% Ba(pin),, I
Pd(dba)s FH(R)-CPA15 P [F) {4 SLEIL T P A5 R i 14 XL
75 He Al )N (Scheme  34). PR IR B 0 A B HUAC L)
PP R 7 ) S L PR 0T IR GGE B AtAT ISR FH 22 4 i e
FoR, 8 T WAGER BRI CAPT b i) (R 7
(AR AR P (He i m-m HERRAE )2 B N7 ) ST
I BEE.

74 Pd,(dba)z -CHCl3 (2 mol%)

O+ AFN,BF, + ArB(OH), (R)-CPA15 (4 mol%)
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Scheme 36 Possible mechanism of Pd-catalyzed asymmetric

Heck- Matsuda arylation of cyclic alkenes and aryl diazonium
salts
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