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Recent advances in asymmetric reactions catalyzed by chiral

phosphoric acids
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Materials Chemistry of Ministry of Education, Wuhan 430074, China)

Abstract Chiral phosphoric acid has emerged as a large class of highly efficient and stereoselective chiral Brgnsted acid
catalysts during the last twenty years. The presence of the Brgnsted acidic and Lewis basic sites in chiral phosphoric acids
can simultaneously activate both nucleophilic and electrophilic substrates. Additionally, the stereoselectivity can be
improved by modulating the electronic and spatial effects of the chiral backbone. In recent years, the asymmetric catalysis
of chiral phosphoric acid has made remarkable progress. Chiral phosphoric acid can be used alone as organic small
molecule catalyst to catalyze various types of reactions; it also can be used with metals (complexes) to realize synergistic
asymmetric catalysis. Herein, research progress on the application of chiral phosphoric acid in catalyzing asymmetric
Friedel-Crafts reaction, ring-forming reactions, multi-component reactions, hydrogen transfer reactions, allylation
reactions, as well as cascade reactions was reviewed from 2020 to the present.
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1a:R=9-anthryl
1b:R=2.4,6-("Pr);CH,
1c:R=4-PhCH,
1d:R=Si(3,5-Me,Ph),

1e:R=SiPh,
2a:R=2,4,6-(Cy),C,H,

2h:R=1-naphthyl
2i:R=2,6-Me,C H,
2j:R=2-PhCH,
2k:R=9-phenanthryl

3a:R=2.4,6-(Me);CH,
3b:R=1-naphthyl
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4b:R=4-PhC(H,
4c:R=4-CF,CH,
4d:R=9-anthryl
5a:R=9-anthryl

6a:R=9-phenanthryl
6b:R=9-anthryl
6¢:R=2,4,6-(Cy),CH,
6d:R=1-pyrenyl
6e:R=1-naphthyl
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2d:R=Ph2e:R=3,5-Bu,C,H, Ph o
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8a:R=Ph
8b:R=4-MeCH,
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Fig. 1~ Chiral phosphoric acids involved in the review
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Fig. 2 Hydrogen bonding and transition state of catalyst with substrate

and solvent
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FE . 2022 4F, Zhao PR 4 38 1 2d A Ak SR A5 AR 8
e () %o AL P 2 B8 S A, LA DA A B ) V-0 6
IEwR e bk Ay S LA, WDk A B C-N 3l T
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0
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WEA R ROy T2 AR ) SR AL A R
U B AN X B 22 A 4 A 46 R 6 FR Ugi D
Mannich JZ i F1 Passerini [ v &5 . iX 26 )7 v K 4544
R THAL G R A R HE T A R SR

Ugi I 41 3 H R 28016 00 T Hai H 705
B, MRS N FHEE /D . 20204, TAN A T %
T — B R R X FR =45y Ugi J b7, 3 i T 1
% 6c fi £k 2 P IR TS 5 M A0S Bl R g 7, N 5%
A H AT S [ Eq.(16) .

R—CHO + Ar—NH,

6¢ (molar ratio 5%) II:II R,
-30°C,36 h g Ar” /
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+ R,—CN
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2020 4, AU BTG B 1 A BRAT AR AL
Fo O M B IR 8a, i AL EE W B IR R ER O 1Y
Biginelli-like S I £ BT 1 - S0 WE i 2 Ak 5 )
[Eq.(17) J. WF58 K3, 35 35 1) 47 76 06T i % e o
FIARATIE N TS B Y . W& 3 7R , BERR 45 44 T
T R HC 5 2 W R 445 5 TR 1 N-R BE i, PR A
2 IR DU 30 Ao SV O P BT . 3 A0 e 1 a0
AR 0 T T NIV JHg (14 ST A S R M A T R R B
VEFHXT B e SO B ST AR S P 2 DG 8 2L, J2 e ik
b, X e B s 1 A

O
S +
X H +
R HZN)J\NHBn
=
S
)J\ _Bn
HN N ( 17 )
8a (molar ratio 10%) O =
—» RO
50°C,6d ! _
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3 RURFEFPER R AL A KR Biginelli-like 520 1935 AL AE
IR
Fig. 3 A Schematic diagram of activation of asymmetric Biginelli-like
reactions catalyzed by dihydroxyl chiral phosphoric acid
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AR, AT A C—C I C—N & R £ Fefk
AP S Y . 2020 4F , AR PR 48 1 ) 1
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FVEER 20 1 ACDC, L a5 8 7 A8 I S 1) % e 328
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)(J)\ ' h i | D
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R] 2 P> / _—
3
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2b (molar ratio 8%) k R]—:</\©/ =
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0°C, 1h pp - COOR: - (19)
RO™ R, 5¢ (molar ratio 10%) R,00C /A (21)
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up to 98% yield
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KIRT=W) 259 50 AN FPERCAR S B )iz . ek
AT AN R B B 52 7 B, e 2 1 4 2% e s g 4% 4 RIS
I, IR DR S N7 ) i R0 AR i ST AR e PR

2020 4, CHENG iR B 40 4% 18 T B(CF,) / Ttk
TR 6d 25 G WAt Ak i) 2- 05 -3 H-15| -3 5 - FH L
R V1R AR XS R s T ST e £ 2 g . 2 2 17 A A
) A A 791 A0 8 R I R S by AR AF R SR B R 4F
PSR, At T —Fh i S R b ) 2 B e ey
P 24655 A 0| R bk -3- ] 1) 7545 [ Eq. (20) ]. B(CFy),
EFMwER 6d TE S GG , FIEBERR A RS 213
5, DT S S B AT T S0 B TR AL BB 22 . LAk, B(C,F),
5 PR Z (8] (%) U IR FH 38 3 0 Ak 09 S0 B A
YER 3 — 2 o T RO B ST AR B IR F 5T N
ANKE BRI W R AL B T R L R IF R T

A B L B TP T SR
ch&@ A
B(C,F5); (molar ratio 2%) 7 \
6d (molar ratio 2%) W= X (20)
> R~ N R,
rt, 0.5~10 h
30 examples
up to 99% yield
up to 98% ee
P ] FPER T U b, T oT IR 0 A LA E 1
AR, PRIk, A AR 1Y) T B A A S A A B Ak

itk . 2021 4F, XTANG BRASH F) H FPEWEIR 5c fiE 1k
A W ) TR ) N-J7 FEARTT DR K 2 2-Z5 AT
WA R BT Z2 PR S5 AR Y N- D5 608 I K e Xt
WA [Eq. (21) ], 3% 53156 0 5 AT 5100 fh 2 i
P L DX R B 1 R R KT A R R AR i i . (E
TR, TR BRI S, A R B A R T
MR AR . B A S F 52 AR 4R 1 C— N BRI
A7 5, A BRI AR R SEAZ DR B A C— N

L

[

32 examples
up to 84% yield
up to 97% ee

2021 4F , XIE IR0 38 T FPEw R 2b 1k 1Y)
R 1, 3- I A Y5 B, y- R a-BRILHR 1)
BRI AR X R Michael il /2R A6 2 7 [ Eq.(22) 172, 9-
Jor 3k DU S SR 2% U B 28T AR TR 2 KRR
LGP oy Frb X I T AR AL T —Fp g 2 1 9-%
HE D0 S AR 2 TR 4 e 7k

(¢}

Nr X ORs ? ’
R —- L +
ZNoH

2b (molar ratio 10%)
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> X
rt, 12 h R, +
= o R,
17 examples R,
up to 98% yield
up to 94% ee

2021 4F , ISHIHARA PRV F1 FH T Lewis FR %

Bl 04 -1 Bronsted BRAE AL, 7% 1 i Xof il A R X

ML 2% £ 1 () Carbonyl-ene MK [ Eq.(23) ] iZ ik

T 2 T] A7 BE 45 A Y = (T 38U 3 ) B 6 TP 5

PR 2e 45501 il . 5 ML (1) Carbonyl-ene PR K 52 IV AH

Lt , ffi T 1Y Carbonyl-ene k- 46 T Ak 53 Bk S5
I e X R R RN X e P

N )<CHO
: 5\ + R,—CHO

2e (molar ratio 10%) R— >0 ( 23 )
B(C(F;), (molar ratio 10%) > R
™
~78°C,3 h o
21 examples
up to 98% yield
up to 94% ee
up to 99% dr



%o

T N I Z2 M R AR 7 ) B A A5 ), L R Y
BB R 259, B T2 B AR S R . 2023 4
CUT TR I 1 LATR] A4 IR A £ 18 S JsUY , i
IEAKIFR Heyns BRSO & PR [ Eq.(24) ]
2% B P T v () A 5 26 PE 67 B9 T4 T e A%
AR A R 1R e R | %R N HUE
M — @i =K, HoA] RLAE 28 B IR BEAT . X
TRURIFTE O TP DR B 45 PR T ) i A

0
L ‘
RHN" “NHR,

6} OH

R, OH
(6}
.R,
2f (molar ratio 10%) N

> R'/N\/\%O (24)

90°C, 16 h

R,
20 examples
up to 99% yield
up to 98% ee

6 AXTFRINL Iz

BCER SN, AT 4 e 52 2 g R 2 4 e 1 242
G KI5 50 F AW ERRE Y FEA L
&Y, AEA PG B 4 A FEA L H WL K
AN AL FE I B N A S I B A3 i R
85I EE N A LA B AL T 2R R S A T
B fE3E TR A WS U D BERF5E .

Ak, BT B i AL C—H B R
OO BN A L FEAL T AR P T
2RI, LA X FRAY C (sp®) —H A AL ATD AR e —
THELAT P PRI AT 45 . 2020 4, LIU A FH Cul/ T PEwE
2 4c 1R RAEALSE T A H 364> T F4E C
(sp') —H SR Ak SN, i fie A iR R 38 T 9 A6
REAL, BT Z MR [ Eq.(25) 17 1%
AL SCHEAE TR e HLEA S e e 4-H 4
JE-NHPI(NHPI=N- 2 5L 40 2% [k % ) 1F iy HAT
(hydrogen-atom transfer) 1A Y HTA . 40 25 (9 L3
WFFE 2B IR N P S B30 2 HAT 3 i A il 114 S Ak
A5 9 S Bl R R )RR SR DR . S BRI YR AR C
(sp’) —H SR AL TTRE T8 10542 .

20204F , TERADA V841 1) ] F-PEWE R 20 1AL
3- 7 A5 Wk /4- i AR S s RIS AL 150 -5 X T T e
Z AT BR [4+1 IR0 S0, T A il T B
A S5 ST AR B A R X IR e v ) R [ — AR Tk
W -2, 3'- 480 Ak ] Wk/2, 47~ 480 5 s ik ] 3G AR ) [ Eq.

AELE A TR R M AL AN KT B S, 14 d5 T 22 e 745
PG
I\}H CuTc (molar ratio 10%)
4¢ (molar ratio 10%)
R >
‘ 20°C,7d
R, Ar
PG
R >© (25)
R, ' (//Ar
17 examples
up to 84% yield
up to 94% ee

(26) . XFINERALH GRS S SR LELAL
F AR N SRR SO 2% A TR BRI A DI A, AT
A B8 i S LA A0 Z AR A i T PR R 3R 2, 3- 0K
FRmE AT AR B R ACE L

Ar,

Ar,
N
2g (molar ratio 5%) O N (26)
tt, 24 h A A
F
17 examples

up to 99% yield
up to 99% ee
dr>20: 1

2020 4, WANG A4 28 3 4 0 383, #LH
PEWERR 2b A o3I AF A 007 S8 T R -3+
2 VBRI N AR AR - [ 3+2 IR 7 [ Eq.(27) 1,
1B HAT S ARG 7= . A RO 5] AT
iR T V)4 S N I A, AR 1 A B A5 N-JRCA R |
W 2R B AT . TRTERE 44 2370 B A AT DL ik
AR SN AEAR IR SEEE T 2, 3- T E R Ik IR
ARG . AILBRAIE 5 3R I, T P ol 1 3 ot eI
VSRR, PRI A - [ 342 PR B sz 7 7 gk g
(R B TR 8, 1T 43 0 DU A 4 - [ 342 T it Sz o
Tk 2] TR AR .

IV 4 I A Ak 10 S SR I A 2k HY R IR R R
FAR TN AN XS B B 29 V2 4138 . SR, A PR
(1) 5+ R I 2 5 10 AS X FR S LA /0 . 2021 4F
LATG U i T T M0 R 2h 8 1k 14 X6 s mk fiie 5
SRR g 1 6 B BE £ X BRI SR . AN X FR
A SR I S BT T RN A% T BRI Ao - 2- R AT A
) 1 7 R o R VR G [ Eq. (28) ] TP mkmg
Jor TR -2- WA 77 A5 AR 25 5 T Ak i A 25 A 17 -1
B HAS 2 5 A 4l B 32 R A 5%



746 TR R 2 4 (A SRR AR %44 %
i CO,R r 7 o
HRy R,
R, TN
COR, Z~N
o HO o H
+ g NR,
NHR, S
2i (molar ratio 10%)
CLO L ] Rh,(OAc), (molar ratio 5%)
rt, 1 h
45 examples
up to 99% yield
up to 99% ce 21 examples
dr>95:5 up to 99% yield
CO,R, up to 98% ee
HO\©\/§2 (27) dr>20:1
> . 1 5 .
NHO ISR [ Eq.(30) 190 DA A 48 2 0 5 (g 4F X e e 4%
/
R, P B R CR M 5 TR 2 TN R ZF2,3-
) COR NP e e .
2b (molar ratio 10%) 16, o HROAR 2- U s e bk , R Z2 508 0 1 ELA D0 5 AR 6
A \
PR
N O
'R, NHP
2b (molar ratio 10%) CO.R, S NR,
4 AMS HO R
1
~78°C, 16 h . + R |
R, NHP NR,
o 7Y
(0] X S,
.
I P=COOR,, COSR,, COMe
N_ R, R,
R NHR, ‘ RHN A5
1 2b (molar ratio 5%) | NHP (30)
7 it, 16 h /N,
‘ (28) Rs R,
2h (molar ratio 5%) 7 examples
0°C,24h o i up to 98% yield
’ N —R; up to 99% eedr
R, N upto 14 :1
7/ . X
R, 0 5e (molar ratio 5%)
R,HN 7T
36 examples i, 16 h | N ZEEINY
up to 97% yield S
up to 99% ee R(/ N\ NHPT
S R4
(J*%VJ_(HS)E’Jﬁﬂﬁ?ﬂlﬁ'ﬁi?fﬂﬁﬂifﬂﬁ%&ﬂﬁﬂ@ 9 examples
o s 5 N to 96% yield
WA W T 07 PR 2 R T Upt0 0% e

2021 4, SCHNEIDER ¥ 85 40 JF % M 7 3 4o 5
ANE A SR i R I Y i 5 e B -2 B e S A AR A 7
[3+3 B ANRE S [Eq. (29) 1, 5230 T 48 2477 B 1) L
=1, 2-a M| WE i) — 25 G 1. Z A Ak B vy 2o A
BRI TP R 21 2Z (0] BRI F ™ A2 T AN A TR Y
TEARIEIA , o = M S AR PR AR 3 T HoA =4
FHEH LAY

2021 4F , MASSON R84 38 T F- PR 2b il
Se A 11 B- AR A F B I 22 35k FH 1R g LA B IR
P i 15 Tk IV Py v o g A X 3 P [ 342 38

s e £ 0 DR HE T3 18 A= T I L T A AL
B BRI — A BFFE N . Pictet-Spengler R $2 {1t
T A RCH. Y T T R ARA X WA AR i1 g
WE AL AW . 2021 4F , ZHOU 1840 38 3 T 1 e 1
2b i1k Pictet-Spengler 2 . “", I SEFL T 2-(1H-15|
W) R ATT A )5 S | AR T 22 1] F 44 45 /B A S iz
[Eq.(31) ], @77 3 X MLk £ e A 21 17— R 51
HAZpr kb ol FIEEER S, 117 - 58
[IG[IRIR-3,6 " M5IRT [ 3, 2-c Itk |2 fb 54 . e5h,



%o

A A TR AR LA O BRI I A Tk 747

MR BN T ¥R I T 2- (179 e -5- - 1H-
ML -2- ) i A9 3 1 22 Fh 17,57 - U MR L 0| Wbk
-3,4" -MEIE I3, 2-c [Ntk J-2-FRIL G4 .

0
X = S
R, b N\ 2 TR Y
Z N 7R, Z N
\ \
R4\

Bn  NH, R,

2b (molar ratio 5%) OV/"'. ( 31 )
Ty
~20°C, 120 h R,
R,
\
Bn
22 examples
up to 99% yield
up to 99% ee

H AR R a8 % KAR = R A W is e & 9
B ELAT BRI AL R, R AE A I RS S |
T A2 ZATT R AT 58 2408 . 2021 4F, CHEN 2
PR IE T FPEBE IR of fE 1k 3- 3 & A b M| W/4-
FUA AL ST M k-5 6 S SRR A AN R [4+1 1 3R 4k
R [Eq.(32) ] & T — RS FHE R
FORITWEG 2, 37 -4 A 5|2, 47 - 48 Ak S5 sk ] AT A=
Y, S0 EL A R A B4 A o B 9 e R ke e P
ZITIE UZIME R G E R SRR, o 4 )
AL 2 5, SO S5 BT BRI RN, BB A% v 50 5 1k
LR SR IR-2 , 3- A R I AT AR W

6f (molar ratio 5%)

toluenne, 0 °C, 48 h

30 examples \ | /
up to 94% yield R,
up to 95% ee
dr>20:1

TR A e 355 IV 400 R A X6 R Pictet-Spengler K2
FO /0 D 33k S PR kg A P TS s S o v B 9 52 o
FEMEAR . 2022 4F , SUZUKI U ZH 17 ] T 14 A nee b -
IR 21 i A B IR 1Y - B TR 5 €5 JF 19 AN X5 B Pictet-
Spengler IV, B R SEEL T F 2 5 AR XFFR Pictet-
Spengler IV, 2 ELAG A5 57 14 72 55 1 X) e 34 456 1
[Eq.(33) 1. %77 1% 09 VU & -B- R W ATT 26 0 ) 45 i A2

T — AR

(0]
NH,
X
= N 2
H
NH
21 (molar ratio 10%) 7N (33)
Rt - T COOR,
1t, 72 h Z>N R
H 2
13 examples
up to 99% yield
up to 99% ee

LG 08 SE A TR AT AR K MR i — A~ 4
FH AR ZGY)TE T . L, 38 G AR X RS R T
BORAG —A 0 F s R i R B AR A AR
SC A I O TP AR A R R AT LA B HLAG AN [
A TR P o e S A A L7 381 LA o) e S ) A AR
FLAT PR, DR R X B B P 2 F S L 1) PN FE
Pk e g | 2023 4F , YANG 15483 20 43 590 F) FH -1k
i 5b A1 Sd A IERR P IR S y fEe U R AR Y [4+
PP MBS, A iR 1 2 U IR M i
BT ) L AZAMEA R Y 38 I R T R A AL
RSB T (6 72 C-3 A X W S 4 R B AN X R
[Eq.(34)].

l{I
R X OH
Z>OH
+
(0]
)J\(C%TBS
RZ
TBS (34)
&
5b (molar ratio 10%) ! Z/ 25 example;
—_—————— X R up to 93% yield
15°C,36 h R 2 o
P> .OH up to 98% ee
Me upto20 : 1dr
R
RN I :RZ 25 examples
5d (molar ratio 10%) R ~=—TBS up to 93% yield
25°C,36h - -1 OH

up to 91% ee
Me upto 20 : 1dr

AN X Bk 2 L, 55 3K 2% Diels-Alder (IEDODA ) J2
MR HE TS IO T I O . AEC iRGE
AIAKIFR IEDODA S I 1, — (i FH A7 P ik s e
T AR B ik 55 5 L TR SR A 5y, LA K R
o P 4 AR ALY B y- AN FNER TR o, B-AN 1
TR A o ) 45 4 Ay B o R DA iR S N T
RN N AN BT TR e o X (B R F Wil e
IEDODA J2 i i i 52 58 /0>, DRl Ay s J 19 s vy 17 P ¢
I, Hor s BB 4R ] . o T A Rk — ]
2024 4%, WANG HI A 1B T F-HEBEIR Sc Ak i 501



748 R RO 2= 2= R (A SRR IR %445
N 2 HL -5 2K oxa-Diels-Alder (IEDODA) 2 i, B PRAL T —FoEr Tk
Uik G B T — R A0 W B AR 1Y = 3R DU ik 0, 0
WA A, RO HAT R AT B R R S5 9 S AR e 07N
J
[ Eq.(35) ]. R RR—H
o L
ON //O
HO Z R, 2h (molar ratio 22%) O>S SNH ( 37 )
oh R, | R Cu(CH,;CN),BF, (molar ratio 20%)
i 50°C, 24 h R = A
O = R,
H O (35) 23 examg)les'
5¢ (molar ratio 20%) _ R #\Rz EE :2 225302 Z;eld
30°C,60~120n O Y - i .
' Ph Tk N, N-4i 1 K AT AT 2586 4, 4R

34 examples
up to 94% yield
up to 99% ee

7 Hitxk A

B T 13RS N A AN S T i R A
AR A IS TR ) AR R S

2020 4F , ANTILLA S8 7EF 57 v 2 B, AL
AL ) AT AR B IR B T TR 2b L
TS V1) AN G R T8 52 17, T ke B R = 1 450 s
VAR R B 7 3% B I LA R S ) ) B
P, AT E AR A e b 700 B0 28 o AR A ) B L B[] T
AT Eq.(36) ]. LAk, S Lo BB R $h e B T
U2 W0 3 FH 91 RN 858 v 1 ot Ak s o BB 7, 7 5 U
F4) s T 356 B0 1 5 AR 8 B2 7 B AT A AR G A BB
&Y G RN VAV N

(0]
0 o A
R H
R]WB ~0 ’
R,
OH (36)
2b (molar ratio 5%) . R]/\(\
rt, 15 min R\‘ R,

45 examples
up to 97% yield
up to 99% ee

T IR B L& — A LA b 2E g
Yk 25 55 2 A4l b LA N 2 A
2020 4F , CHEN B8 ZH A1 T PE W 2 2h A1 Cu (1) 2
UM EMEAL BT SE BT 7S TCERIR V- 1 32 W0 i 1)
XS FREFEA N [ Eq.(37) 1977, 3 Ak 5y % T
F b FUE I 2, 2- T A AL S R B A T
2 AT VIR, Ay ke TR i e 1 194 7 0 il

FRENE AT RIVE . SR, X R REE N, N-4E Y
IS BT HHY ) S FELJES ) 2 Ry B T I e R O o
HELJEC ) 1) X0F B e R S 0 B A 41w 18 . 2020 4F , CHEN
PRSI T o- IR FEACS AT A 0 T NV, V-4
TR P S ke 26 3 1 S AR T XL (IR s b ) - B 1R
2m AEAAEHTT [Eq.(38) ], & Fh a- B IEAL G
55 2- G IR Y R e 1) s g 24 3R B R A 1 7 R
Xof L P

O
\ O
R ' R)J\ R
2 3
= NH,
(e}
2m (molar ratio 10%) _ I AN NH (38 )
rt, 15~240 h R /k\\ R,
/
N
H R,
20 examples
up to 99% yield
up to 96% ee

2020 4, NAKAMURA #8401 T & T — i 1o
F PRI 3a 5 T BS54, B 57K O AR
F-1 Brgnsted B2 19 5 35, IF W20 b FH T N-Jo AR 4
M| PR AN X PR3 Jist B I [ Bq. (39) 1L 307 A 7E C2-05
SRR 5| W b B A S i 0 e e O HLAT
PV Z B E R, X A Z I & R () W] i Ji
N R OEA F1 A9 T L X T 5E T AE R F4E Bronsted
R 11 & JE N P B AL 17 3 L e

X _ + O\
|
R.@_@ @E JB-H
Z N 7R, o
H
3a (molar ratio 10%) | A —
H,0 (3 R—+
:0 (3 eq) T \ ’\/Rz (39)

~50°C, 24 h H

33 examples
up to 95% yield
up to 96% ee



%o

A A TR AR LA O BRI I A Tk 749

TS AR R R R 2 AR
EAHE A Bl TP A0 7S TG ER-N-28 X7 3 A0 A HILAE AL R
XEFR A B A il o A T S O R -N- 24 0 K
R T7 A5 W R A DA AL 3R 2 A W S s« 2 T3
T I8 R 2 IRl L AT AR X PR B e Ak, g6
FXIFRACA (SIS ) s 1283753 s o —Fh i il ik
FeIRAL I DA Sk B S TG R 2% 55 A Ok A 2 XU
. 20204F , CHENG PRSI A1 38 o TR Sc 5 F
PEAR e A SRy A A A R i Ak 2- 2038 05 ST 55 i 34
Tl ) 4451 TN, BT R S BT 9~ B U SR WE Y X
W P A [ Eq.(40) 1.

(40)
5¢ (molar ratio 15%) R,
2-naphthylamine (molar ratio 40%) R
XX 3
85°C,4.5d Rl_:
NNF R,
20 examples
up to 81% yield
up to 92% ee

2021 4F, TAN 3 & TP BEIR Se 4 AL A XS FR 25
XIRRAE IS, S T HA C-B SEAARS hF- - 55
BE-1,2-T AR A [ Eq. (41) ]V, i HA
S R R . R AR K AR ST AR Ak A g )
iof FIERERR 5 WA R Y Z 18] £ 5 WA 0 S S AE
YER SR . W, 1, 2- A 2 b rh 55 e R i) N—H
Vi SR A, AT L S 2 406 e S R ]

OH

(41)

31 examples
up to 95% yield
up to 98% ee

Se (molar ratio 10%)

rt, 10 min

HRIAKT R =5 S e 2 — AR S
HLA AR — A~ HL A Pk AP 1 B 98 R . 2021 48,
ZHOU P82 i 38 T F M W R ob fi 1k & 4% — M HL
AR B 3-HRUAR M| PR | S R W TR P8 AR SR 1, 4- i B
N, PR AL R B A B T C2 BUR G T
SRR AT AE Y [ Eq.(42) 172,

R,
R — 4E \> Ts,
A0\ X M
X TR XON S
6b(molarrati010%)R1_l/ o _A
r

Ar HN< g -20°C,12h
6 examples
up to 95% yield
up to 86% ee
(42)
0
k
6b (molar ratio 10%)
-20°C, 10 h HN~Tq
33 examples

up to 98% yield
up to 96% ee

5 C—C R C—N Al FER) & AR E AR X FR
A N—NHIFHAL S D IRETAAABR . 3 F C—N
PR AT B, 2021 4, TANG R4 1 Y 4 E
T PR 3b AL A MR TE BRI, DL R4
2F 7 BRI MR M T N— N Al T - 0 e b
M2EALS Y[ Eq.(43) 1.

o BN
H Y
NS NN
Ru;—\ N + RZ{J/\O
O
AN h, =

3b (molar ratio 10%) g R
B —— RN N 7
35°C,60 h I o

20 examples R,
up to 91% yield
up to 98% ee

N, -4 I R4 B 25 ¥ BT 2 A e TR A A&
W36 PR 1 KSR PR ) R A R AR 2G4y F P . 2022
A SINGH BB i 3E T F-PEBEIR 4a fi 1k C-H L
Jie B AN KSR SEAZ N B B R R A L T 2R A
Z i T b0 TN, S- TR 45 B Y e S S ng| 1R AR
[Eq.(44) ].

C—H B (R Y8 Ak S0 1 P R P 7 b ol FH 5
FE AT, — B nT LA I 5 S BB AT A ok sz
. 2022 4, TANG i@ of F P 85 1R 2j fE 1k & &



750 TG R A2 R CH SRR 5 44 %
0 S
\
X;—\ NH + R,—SH R ~~0o
~ OH AT T HO

Vi e

% R//
o (44)

4a (molar ratio 5%) 27 examples

up to 99% yield
S WSR, upto98% ee

<

//

R,

Hantzsch B4 1, 4- S ML BERAL A9 . O LA S
FFEIXSFR 1, 4- A MEE N IS, H 1 P C—H B
AL A iE PR C—Bri, i SEBLF 1, 4- it
WEATAE W BT AR A [ Eq.(45) 17

R,

B
R, R, 0 N/ '
| | " N \A\O
N |
H Br
R,

X
> X NH
rt, 10 h Pz

R, R, (45)
2j (molar ratio 5%) _ | |
~55°C, 4~5 h N Br
H
29 examples
up to 80% yield
up to 98% ee

F- U Bk A& Y7 24050 S K 15 5 R T
BLRIAVE R . 2023 4F , XTAO B3 20 ) ) PR 1% 4d
AR 3, 4- 750 T v bk 5 95 RE W Y R I 2 B
JBl Ak S R A B T A AR R RE A T
PE o2 3 — O B AL S Y [Eq.(46) .

O
I I
R+ AN Ar/I;\Ar * (Boc),0
H
X
4 R, L
4d (molar ratio 5%) T NBoc (46)
1,24 h 0.
P
Ar/ \Ar
34 examples

up to 99% yield
up to 97% ee

F F K A RO AR /N ELK G A L 14 A%
TEPEARAR , LK Ay 5 1% 0 8 A AL A AS X ik S oz AR
Ak — SR G R ROk A T A AL U 4 R
1L . 2023 45, YANG BRI 8 T T M0 R SE A
A R B L AR R 2% 25 5 7K ) B 6T 3 6 1 T 2R I
N7 [ Eq. (47) 157 32 50 1) ) S S E 105 i 48U R
TR BRI FE BRI ST X A B o I g i

(47)

5f (molar ratio 10%)

tt, 24 h

35 examples
up to 99% yield
up to 98% ee

FLA ZE kT b0 18 T B DS A A T
25N R IR ) S L . 2023 4F, ZHAO T}
R ) FH P P s 2 2/ Cou (1) HE AL BRIV e 5 bR 7
ANKT FR BRI AR S S BT | e -3- T 245 44 LT 1Y
TR B4 B[ Eq. (48) 17| i AT B 41l
BRI W PR .

R, O

| €00
= \ /\R3

H
2k (molar ratio 22%) O C\(Rz (4 )
Cu(CH,CN),BF, (molar ratio 20%) N A= 8
R,
50°C, 8 h

7N\

34 examples R,
up to 95% yield
up to 92% ee

2024 4F , A PRI B BUR 3 T-PE B IR 8¢
FH T AT S e A Bk () S X PR Mannich-type 50,
[Eq.(49) ™ 3k — 58 iU #E— 2040 R T 3G T
PEWEIR (1 0 FHG L, 3 ok T B-Fe B 14 /8 250 B
PREETH TR,

HO Me OTMS
4
ND/ %OMe
|

R
M
8c (molar ratio 5%) HO ¢ 12 examples (49)
MgSO, (molar ratio 5%) up to 92% yield
=50°C, 12h HN up t0 91% ee
R /'><C02Me
A
8 ZHiE

TR A LT AR U T YRR R
X R AL A5 P 2 B 55 K 4 A i T, BEAS v
T C—C M C—X i, B S 2 T 0 742
BET A T8 TR B TRl R A A AT 1 o — 46 B



%o A A TR AR LA O BRI I A Tk

751

A, AR, kT — e g PR Yy, H AT PR w1
W PEANE | JSOSE I [E] RRK 5 te A, A 9 4 Jes i
EPIEACA LE T WA TR T 700 0 s e, 5
T PERE R A AL A B Tl AT AT R i L
PRI , Bt s ) TP e R A AR AT oA SR 19
— R IETT 1] .
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