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Advances on Asymmetric Construction of Diarylmethine Stereocenters

Yang Shang Jian Xiao* Yawen Wang Yu Peng*

(School of Life Science and Engineering, Sichuan Engineering Research Center for Biomimetic Synthesis of Natural Drugs,
Southwest Jiaotong University, Chengdu 610031, China)

Abstract Diarylmethine structure units are widely present in natural products and pharmaceuticals with important physio-
logical and pharmacological activities. The enantioselective control of its stereogenic center, which is the most unique in this
structure unit, has often become a difficulty and challenge during the research of total synthesis of natural products. There-
fore, this field has attracted great interest to many organometallic chemists and synthetic organic chemists. In recent years,
the construction methods of this stereocenter developed rapidly, and new reactions and reagents have emerged one after an-
other. Some highly efficient catalysts have been invented, exhibiting unique catalytic activity and selectivity. In this review,
according to the difference of reaction types, these methods can be divided into six types, such as asymmetric conjugate addi-
tion reaction (asymmetric 1,4-addition reactions involving aryl boronic acids, asymmetric 1,4-addition reactions involving
aryl borates, enantioselective organocatalytic 1,4-addition reactions, asymmetric 1,4-conjugate addition induced by Evans
chiral imide and asymmetric 1,6-conjugate addition of para-quinone methides), asymmetric allylation or propargylation of
aromatic rings, transition metal-catalyzed asymmetric cross-coupling reaction, transition metal-catalyzed asymmetric C—H
bond activation and functionalization, three-component reactions for asymmetric synthesis of 1,1-diaryl alkanes, asymmetric
hydrogenation reactions for 1,1-diaryl alkanes, etc. This review aims to collect and summarize the asymmetric construction
methods of diarylmethine stereogenic centers, and their applications in the total synthesis of natural products in the past dec-
ade. Finally, from the perspective of total synthesis, we further summarize and analyze the future development trend for the
construction of diarylmethine chiral stereogenic centers, and encourage young generation to develop new methods and rea-
gents that can avoid use of precious metals/catalysts and therefore are more efficient and environmentally friendly. More
importantly, we hope that the developments of these practical methodologies can be further applied to asymmetric total syn-
thesis of natural products and medicines, and eventually solve the source problem of these “useful molecules” with potential
medicinal value.

Keywords diarylmethine; asymmetric synthesis; natural product; conjugate addition; coupling reaction
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Figure 1 Some natural products and medicines with diarylmethine
stereogenic center
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Figure 2 Rh-catalyzed 1,4-conjugate addition of phenylboronic acids to
a.f-unsaturated aldehydes/ketones
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(a) Hayashi (2005)
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2
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r KOH (10 mol%) A CHO [Bn” |
+
) MeOH/THF/H,0 ,
Arc-B(OH), (1213/2), 10 °C (up to 92% vyield, 91% ee)

(b) Carreira (2005)
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A _cHo | weé

KOH (0.5 equiv.)

MeOH/H,0 (10/1), 50 °C
(up to 90% yield, 93% ee)

+
Ar?-B(OH),

(c) Catalytic Cycle
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Ar27\\J)\ M
Ar'! s3
Ar/\)k % #’
2-Rh(l) L ( oL
S2 2

B(OH),

B3 AL o - ANRNES 505 SEMRR IO ASKEFR 1,4-JE8E AN i S 8
Figure 3 Rh-catalyzed asymmetric 1,4-conjugate addition of aryl-
boronic acids to a,f-unsaturated aldehydes

T HRLMRCAR L3 wit, 2018 4F, s/l
RIE T 9,0- A B-FHERES 5 05 FEINRR AT FR 1,43
HOInRUR L. FERY R, %R SR I AR R
AT I P () 4).

TEX ], BN Z /NIRRT ARSI FE
BCAR, Xt o, - ARG SE A6 A Y05 57 FE B IR I AN BR
LA-FEREIN SO B AT T HEFE. 2010 4, fREEFAE
o [ AR IE 1 FEXA[3.3.0]1 46 L4 AR (E 5a);
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Dou and Hayashi (2018)
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Figure 4 Rh-catalyzed asymmetric 1,4-conjugate addition of arylboronic acids to y,d-unsaturated f-ketoesters
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Figure 5 Rh-catalyzed asymmetric 1,4-conjugate addition of arylboronic acids to 2-nitrostyrenes
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Figure 6 Total synthesis of montanine-type Amaryllidaceae alkaloids by asymmetric 1,4-conjugate addition
Liao (2014)
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Figure 7 Rh-catalyzed asymmetric 1,4-conjugate addition of arylboronic acids to f,y-unsaturated a-ketoamides
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Figure 8 Rh-catalyzed asymmetric 1,4-conjugate addition of arylboronic acids to a,f-unsaturated imino esters
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Shintani and Hayashi (2011)
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Figure 9 Cu-catalyzed asymmetric 1,4-conjugate addition of arylboronic acids to a,f-unsaturated esters
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Figure 10 Organocatalyzed asymmetric 1,4-conjugate addition of aryl trifluoroborates to a,f-unsaturated aldehydes/ketones

(a) Hayashi (2016) N
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Figure 11 Rh-catalyzed asymmetric 1,4-conjugate addition of aryloxymethyl trifluoroborates to a.,f-unsaturated ketones/esters
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Figure 12 Cu-catalyzed asymmetric 1,4-conjugate addition of arylboroxines to a.f-unsaturated ketones

MacMillan (2002)
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(up to 87% yield, 92% ee)
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Figure 13  Enantioselective organocatalytic 1,4-conjugate addition of electron-rich benzenes to a.,f-unsaturated aldehydes
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Figure 14 Organocatalytic asymmetric Friedel-Crafts alkylation/cyclization cascade reaction
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Zhang (2010)
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Figure 15 Organocatalytic asymmetric Friedel-Crafts alkylation of sesamol with 2-nitrostyrenes

Peng (2018)
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Figure 16 Application of asymmetric 1,4-conjugate addition reaction induced by chiral auxiliary in the total synthesis of podophyllotoxin
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2.2 AXHHEREY 1,6-HETHNAR R B

o} P FF R T A — S E B ER R AT A, ek )R
DA I B T R AEE (R 17), 552 B3R Ak
A 1L6-FEHEIN R S N, ST AESR, Kok IV H AR R N X AR
AL 2 B 75 52 e 251,

0
'(’;ﬁ:C>ﬂAr1 4 Ar'
O Ot

B 17 X7 2R RN P 25 1 4 4

Figure 17 para-Quinone methides and their zwitterionic structure

221 AP HEKEL GG R T ATAR 1,6-25 360 s B

20134, AEF 2 /N e 2520 RS2 T 0 HH 5 R I 1Y)
fEACASKT BRI RRR B At AT DA PR 2R AT AR 1 2R 26
LIS EE AL T], 55 FEHAR (15 0 F 2R 5 T 1R
Big R AR KRR 1L,6- L5 B R BE. 7R 2 4F T, sebA
96% 1) 7= 28 FHO8 Yo Y Xof B e 38 14 ) Akt — 5 5 Yk R e S Ak
st (E18a).

2015 4, BRSO DL SR A (CuCl A1 T 14 1
PRBC AR L19 AR R, BRSNS v otz k7, ar
R 77 R e ) T i BV 15 38 O R RO L I i (&
18b).

2017 4F, 5KAR R /NHIZSR VR A K R i 1 -
XU REAEAL TR 1120, SZELXET HSEAFRA o f- A1

(a) Fan (2013)

R! L18 (1 mol%)

K2003 (3 equiv.)

B Rauhut-Currier N, WINMET —
PESL AR A0 (B 18c).

222 TP ARG AR AR 1,6-25 5600 5% R R A
AR = F s

2014 4, Jorgensen /)NH SR FH TP 2R L il U i ek
fix 121 NAE NN TR, BN, HEm4 L
B A (R T iz R AR e R0 e e, SBT3
ORI IETE N A F L R (] 19a).

2016 4F, MREZRAGEFIAL AL FHFIR 122
NN TREAH], ZF MR AT R Rzl A,
AT vy A T B 39 A3 P AR SKo Bl 49 b ) O R Ok R
SR (E 19D).

2020 4F, R PH B AN LA /N T DLE A Bl T 1)
HRZEIE 123 AL, SCIGT ST F DR R R AN VA e 2 2L 1R
FIAKIFR 1,6-FEHEMBR R, AT e o) BRI 436 1 6 Bk
Bk B L AR Iy Y G EE - YA N S N 1] B BV RS = 3
AT I HE, nIRE F A Ok B AT R 4%, AT 5
LT SIARZ R (B 19¢).

3 FEMAWHERAERAERN R N

5 FE AN KT BRI DA B S ) 3 — 7 R IR
RS AR O P B 708, MR DL A% [ 7] (20a)
A5 BB 2ONA A SR AZ AR e, kA HLH
IR, MG RIS T2 i,

2011 4F, Shintani A1 Hayashi H]BAP7TPAE AL 4

SR T

FaC

OH
R! R2

RY %
Moph PhMe, -40 °C CO,Ph
(up to 96% yield, 98% ee) AT /\(
CO,Ph
(b) Liao (2015)
0 CuCl (5 mol%) OH MeO
t-Bu t-Bu L19 (5.5 mol%) t-Bu t-Bu J<
0,
+ By(pin), MeOK (6 mol%) RO s
‘ PhMe/MeOH, —40 °C p. O
' -Pr” i-Pr
A2 H (up to 96% yield, 97% ee) Ar2”Bpin L19 R=Cy
(c) Zhang (2017)
OH

R! L20 (10 mol%)

KoHPO4 (1 equiv.

\)k

PhCF3, —20 °C

B 18 X7 H KRR AL AR R 1,6- 3L BN 5

Ph,P.
R! R2 2 o)
) N CF3
EN®) H
(up to 99% vyield, 99% ee) P
Ar YkR L20 CFs3

Figure 18 Asymmetric catalytic 1,6-conjugate addition of para-quinone methides
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(a) Jgrgensen (2014)
OH ‘
1 2 |
L21 (10mol%) R R® |TIPsQ ! on i N
/\) addltlve (30 mol%) Ph ; ~NT N
T CHiCh4C N Ph | HoA
2l H ' Ar= 3,5-(CF3),-CgH
(up to dr_ 11:1, AR .CHO OTMS | Ar=3,5-(CF3)x-CeHs
90% yield, 99% ee) L21 } additive
R2
(b) Lin and Yao (2016)
t-Bu CFs
PhyP
L22 (20 mol%) l i
PhMe or EtQO Bn” YN~ N CFs
~40 °C H H
JR L22

(dr>20:1, up to
99% vyield, 99% ee)

(c) Guo (2020)

% OH
t-Bu t-Bu 0o L23 (10 mol%) t-Bu t-Bu
R! t-BuOK (30 mol%)

+ _—
PhMe, 25 °C
‘ NH; (up to dr=99:1, 5 NH,
Ar®"TH 69% yield, 96% ee) AR
COOR?

B 19 X KRR AL AR AR 1L6- SRR B R 48— TP e i i

Figure 19 Asymmetric catalytic 1,6-conjugate addition of para-quinone methides to construct vicinal stereocenters

(CuCHAIFMERA R A L24 A IA R, DUAENHE
TR IR TS 1 5 BB R T A S I JEG ), T v X 3 gk 36 1k Ak
M3 26 1 SR — 5 B H s ST AR L R (] 204a).

2017 4F, fFHE/NEPSIIR(,5-30 3 0 ) JAGEK

(a) Shintani and Hayashi (2011)
CuCl (5 mol%)
L24 (5.5 mol%)

0 ,
N NaOMe (2 equiv.
MAqu@mﬂA@%DK;Lﬂ:@L

Ar' é\/

([Tr(cod)CI) AT F IR B IE 125 ML IA R, 2
I BT P 20 TR I 5 7 I TR AN e R s 7 358 AR s v,
FCINR g T 5 BRI R BT S AR A (B 20b). L
BRAEI N B, M A S R A AR A B R TR A S9;

T2

Ar2

L)
HNVN

PFo
0 (0 61% el () o
up to o yield,
94% ee) L24
(b) Fu (2017) R. _R
N n=46 O
R\N,R [Ir(cod)Cl] (2.5 mol%) O
L25 (10 mol%) O |
OH 4 P-N
BF3+OEt; (30 mol%) z lo)
ATNE MeCN or DMF, 250r50°C (& > O O
(up to 94% yield, 99% ee) r L25
(c) Reaction mechanism
oH I,XL*
IrXL* . BF3° Et,0 o+
Ar1)\/ Ar! XL H AT
S9 I S11
R (R
BF;3° Et,0
S10

@ .

BF3* Et,O + H0

1/\//
Ar s13 IrXL*

B 20 A% =05 K S O RO AL SO R A P B AR S

Figure 20 Catalytic asymmetric allylic substitution to construct diarylmethine stereocenter

1/\/ S9
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Hu (2017)
Cu(OTH, (5 mol%) ) - Ph
R20 OH OAc L26 (5.5 mol%) R°O OH 2 N
2J\ KiCOs (1.2 equiv) Xy @\/\N ‘
+
AN " MeoH, 20°%C , T pph, NP
R! (up to 89% vyield, 95% ee) Arc R L26

B 21 A7 =57 B P B ST A b B AL AS R T R 2 A S

Figure 21 Catalytic asymmetric propargylic substitution to construct diarylmethine stereocenter

TE = AT 2 BEZS A 0E FH R I B 28 A B S10 R
Bk S11; B, kS D5 KA Friedel-Crafts &
N, R g TS FE R B T AR s, AR R A S12;
b5, 76 S10 YER TG, ERih ik S13; &),
SIGNEE R AR E B, EREPIER, A
R 4 S9 FEUCHE AL IEER (] 200).

2017 4F, AT/ ROV DL T FR ) A0 T S0 i = 1
BofR L26 AR R, SEIL T & BT 05 B A ST FR e
PEEAL B, FES A2, MATTRASENE 95% % Btik
PR AT S 5 B R AL AR RO R (A 21).

4 TEERBEMHAITRBEKR X

I I < R P ) A K S I i A S A g i (14 2Ty
TR, BT e Ni A 5E = 5 12 B AR Y
VBT, AR AL R IBE S N R PR, S T — KA
A SR I RIER. FEIX 22 v, B AL AN X AR A EER
FANACREES NIV 3 La

41 TEERBENNS FEAIFREIKR &

2013 4F, Fu /NHABZIBL A 8 A5 ORI R
R L27 SRR &R, DR SRR IS 5 A HLEHRAT N
S, ST ML EIAXIFR Negishi BRI, 5
X W FEVE A T 07 B R R S AR L (] 224).
M) S AL DB2e32e: 5, — iR Rk S14 5

(a) Fu (2013)
NiBry* diglyme (9 mol%)
OMs ’ )

L27 (13 mol%), Lil (4 equiv.)
2.
Ay + ARZnl . AR
Ar' R CHCIo/THF, -45 °C r
(up to 94% yield, 95% ee)

Ar?

(b) Reaction mechanism
Ar

R
L*Ni(lll)—X
OMs | oxidative Ar? reductive Ar?
)\ addition S16 elimination 1/.\
AR AR

transmetalation .
L*Ni(l)—X

S14

1

L*Ni(l)—Ar?

§15 Ar2—Znl

Ph, o o_Ph
—l

MeO N N~ ,_-OMe
L27

B 22 BRI R FRAS AR SR

Figure 22 Ni-catalyzed asymmetric cross-coupling reaction
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77 AR R AR e m Ak, P A A S15 (18] 22b); FE
Ja, EFEREWRIHET, 5 RIS R4 AL
IR, BN A S16; eE, B R AR R
S, BESLAEFEVEIA T 05 R B G,

2017 4, Sigman /N1 Doyle /NHBER A 48 b
FFE XS MR C (A 128 9tk R, Sl 7 BRI
B AN 57 HERALP) B AN Rl SR AR I S S, RIS 2 B A
SR BT O ) A (B 23).

[Fl4FE, Reisman /NHBZERBIFIMHEMLAAR T, LT
S 5 R RO SR, SEEL T BMIEAL AR FRid
JEARIR R, ] Bl it PR PR s A A T 5 B B ST A
Ft (& 23b). HEM K S RIALER B 15 %, SR AL
AR S17 557 e ) A A= B A IR N, AR
Wb a4 S18 (K 23¢). FiJa, B4 IE R E AN —
Rk 819, %, HAFHREWNIEE TSR
SR A AR, ER =R 820, &5, EX
AIE IR OB, 530 E O IR R T, [F
I, A2 — R T A S21 BEN N — R EAL TR R

(a) Sigman and Doyle (2017)

Mn (3 equiv.), TMSCI (20 mol%)
TNS Ll;liBCI2-dieg||:/1? (15 mol%) Ar?
(18 mol%), Nal (2 equiv.) -
[\ + Al 13 _NHTs
1 THF (0.1 M), —10 °C Ar

(up to 88% yield, 93% ee)

Ar

(b) Reisman (2017)
Mn (3 equiv.), TMSCI (0.75 equiv.)

NiBry*diglyme (10 mol%)

2
)C\l . AR L28 (20 mol%) Ar
AR 1,4-dioxane, r.t. Ar1/\R
(up to 84% vyield, 92% ee)

(c) Reaction mechanism

cl Ar?

L Arl By

1 1
Ar' 'R > R Ar R
L*Ni(l)—Ar? ¥—> L*Ni(ll)—Cl —l» L*Ni())—Cl
s19 AR reductive  $21
1/2 MnCl, S20 elimination 1/2 Mn®
1/2 Min® 1/2 MnCl,
5 oxidative addition
L*Ni(Il)—Ar’ L*Ni(0)
‘I \ S17
S18 Arl—I|
(0] 0]
Ji 22— ]
RO N NT'R
R = 4-Heptyl
L28

Bl23 BRI RRIE BRI S M

Figure 23 Ni-catalyzed asymmetric reductive cross-coupling reaction
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2020 4E, {7 CHE/NABRILLE R AR R ARG A
R B BT 1 AR L29 oAk R, DL 2-3-2-05 Ik i
5555 SR N I LA, e %o Tl age 2 1k M S T B
T3 R H N AR RO B R LAY A R RIS, ARATTH
FEZTTE I B T3 AR & R g B R 25 FEE
PEFKI 254 SKF 38393 & il [H] 4 25 )il £ (] 24)3%°),
42 WESBECHS FARNIRTEREBIEKR K

2015 4F, JAE SRR HPHRIE T 4R AR T g
IRIBERC A L30 JfEA iR &, AREAE B R A5 A
FEFRIE R Heck M (B 25a). 1% S AT A iy it o ise 3k
gt — 55 R R ST AR s, AT AR BT 1 3-9% JE

[Pd(cinnamyl)Cl], (0.5 mol%)

Frtk &4

IR AR R R YE B PR, (R A% R A 4 4k
B9 R (38 SR IR 7 9. 2019 4, A ATIB60 I F A A2
Ml IR PR A 131 81 L32 4 bk R, o2 B Ag L
AR AR 2 Bl BT K A2 43 F P 38 )5 Heek BE(E] 25b).
FrAs 3-75 5L e 0 s A s e i R e R
BN, 3-3,4- ~E AL EfHQ26)H 92% ee, AT H
RelA a4k, AT 58 BT AAERAE 2459)(+)-Indatraline (2)1)
A, FTRATR L, B8 22 0 SRR B 5 v AN A BN RS
23 H H16e],

L29 (1.2 mol%), KF (2 equiv.)

Shi and Tang (2020)
PhMe, 50 °C

Br
Ar1&(NHR + Ar?-B(OH),
o}
(up to 40% yield, 96% ee)

O NH
ref. 35b
—_—
g
HO

OMe
(1) DIBAL-H MeO
(2) H, Pd(OH),

NHCHPh, —— = =, \©
O (2 steps, 84% yield) 2
(0] R

64% yield, 78% ee
>99% ee after recrystallization
24 25

B 24 ARAEALEIARFRAS AR R R

Figure 24 Pd-catalyzed asymmetric cross-coupling reaction

NH,
©/\/ OH

SKF 38393

(a) Zhou (2015)

dv

[Pd(dba),] (5 mol%), L30 (6 mol%)
i-ProNEt (3 equiv.), PhCO,H (1 equiv.)
Ethylene glycol, 90~100 °C
(up to 85% yield, 98% ee)

(b) Zhou (2019)
CN
N|Br2 “DME (5 mol%), L31 or L32 (6 mol%) 0 0 7 0

R Mn (3 equiv.), LICO3 (3 equiv.) R*‘ X %N HNW)

‘ H,0 (1 equiv.), DMF/THF (1/1), 80 °C N A Ar

(up to 88% yield, 95% ee) A% [(S,9)-L31, Ar = 4-Bu-CgH,
(R,R)-L32, Ar = 3,5-('Bu),-CgHa
OH NHMe
K-Selectride O’ MsCl, EtsN O.
(88% yield) X then MeNH,

(77% yield)
cl Q cl Q cl

Cl
(65% yield, 92% ee) cl cl
26 27 (+)-Indatraline (2)

Bl 25 /B TT I LI 2 T AR FRIE SR Heck 82

Figure 25 Pd/Ni-catalyzed intramolecular asymmetric reductive Heck reaction of aryl halides
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5 FEEBENHIAI C—HBESENURN

HAER, U SR MK C—H 5L R BiAE A4
JBA N, SIS TR AR, K,
AR C—H BE A 555 Ak F

2016 4F, RESUVNABPTLUGEBRAEABATT KT
PEMEIR X FL AR L33 AR R, L5 R G 5 05 2
WAL R, TEBERCHE B AR AE C—H B HAL
SN, NI XS B 38 1 b A 2 1 — 7 R o R B S Ak A e
(K 26). I NHLEPS K FLCAR IR o ] {4

2019 4, S AR /N BT DL = 960 R R R I 4 — 3R
FURUGERE IR T 1 A4 L34 AR R, ST AL C—
H G55 Al [ B, AT R 1 = 05 FE Ok 8 - s
(K 27a).

[F4E, B B /NP e/ DAL R, R Th
RS = S G B S Y LRV N VI (X (RS 8% i
FLIRN RN, VR ZH R J P T P UK Pk L3S Ay ic
&, T AR &R, 5 RN G2
FLE p T e, R NATLER P R A7 AU AR 1 ) e R
FE(E 27b).

6 ZHIRN

AR, ZH 0 RN RS R AR Z AL ER T
SevE. AEME, BRI BN = L 43 ( ANKE FR AR BB fs2 Ak f
HAH.

2016 4, Sigman /NZHFOHRGE DL R T IR
FeAk L36 NI R, UL o p-AHIAIEE. 57 5 B & Eh A
75 BN N LY, R WOk B AR B 3,3- 05 B
PIEREE. HLHEAT7L(S22 3] 826)iE5Z: N FE AR AR i

T

>

FPEREIR 71 B TR AR RS AR, X = 05 5k
PESLAA L R £ B A B (] 28).

2017 4F, XA /N R DS U RR DY 2 1 4R
T XERE IR LA 137 LR R, DTRG0
FEWIR AN Togni-1 N R BLRY, fRrbS Wi £k Hh A=
B B- = R ) 05 B AR LS (B 29a). Fifi
Jei, AATTEIDL N-B-N- F IR A M etk 7, FE AR
TEAVAR BT BINSEIL T 2,2- = 95 55 20 et 35 1k 2
(& 29b).

[F4FE, BEE/NHMHRGE DL Cu/Pd W4 J& A1 ST AR
Bifhk L38 MR R, DAOTHE M J5 FEf Yy Al
PR AT I A S S JER A, et it e 3l A el - 7 i
AR =55 FE R ZL AP 29¢).

2019 4F, Diao /MW IE DL AN AN T PR 0UTE Lk
BofA L39 AR R, DLAITIE LM 75 TN SN R,
R B E AR B e f- =05 R AL B, X
B A B AN 0 R I AR B O B IR T = 4 OB
(K 29d).

2020 4F, Maruoka /NI DABS BR4R A B A 625
CERY I T HEXUEME R A AR L0 B IA R, DSR2
Wi J7 RN BR AN b Btk 1 A BN ISR, ey T Bk
EFEVE R T 05 BRI B AR RO iR N I I
IR B AR B FE(E 29€).

—EFEHERITEMNAMN RN R N

Ao 9 e M R B T 00 B AN AR S A S I L AT TR
TLGHE AR AL IR SRS 1, 2R
FESAAR TR Tk S35 RAT BT

7

Yu (2016) X
Pd(OAC), (10 mol%) N~
u L33 (12 mol%) A2 O ‘B
Ag,CO3 (1.5 equiv.) F AcHN™ -bu
1 - =
Ar NHAr * Arl HFIP, 80 °C Ar' NHAre
Arg = 4-(CF3)CeF4 (up to 87% vyield, 85% ee) L33 tB
-Bu
Bl 26 S BAELI AN C—H #5740 R B
Figure 26 Transition-metal catalyzed asymmetric C—H arylation reaction
(a) Liu (2019) o
2
[CuOTflo*PhH (1 mol%) O\P\ro
/I—t L34 (2.4 mol%) Ar2 ‘N N‘\)
NFSI (6 equiv.), Li,CO3 (4 equiv.) -,
1-Npg” >R *+ArP—B(OH), == T-No” R '
DCE/PhF¢/DMA (25/3/4), 0 °C P Laa
(up to 60% yield, 97% ee)
b) Lu (2019
(b) Lu (2019) If(dFCF3ppy)a(dtbbpy)Cl (2.2 mol%) Ar Ar,
H NiCl,*DME (20 mol%), L35 (20 mol%) Ar? /[N N]
) 77N
AR+ AZBr DMBP (25 mol%), K,HPO, (2 equiv.) Ar1/'\R o ? N \ o

1,4-dioxane, 0 °C, 8 W blue LED
(up to 82% yield, 91% ee)

Ar = m-t-BuCgH4
L35

B 27 B A IR AR R T S S

Figure 27 Transition-metal catalyzed asymmetric benzylic arylation reaction
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Sigman (2016)
Pd,(dba)3*CHCI3(3 mol%)
L36 (6 mol%), NaHCO3; (1.2 equiv.)
Et,0, 20 °C
(up to 68% yield, 96% ee)

0
\)I\OR+ Ar'-N,BF; + Ar2-B(OH),

® 0 o
AN T od 2 o A’ OR
- ety A —}mmM 2R
L,Pd(0) oxidative n migratory r 5o CgHq7 OO Ar
addition S23 insertion LoPd [+ o. 0
S22 s24 o P oH
i 99
elimination CgH17 Ar
o o Ar= 9—a|r:t:6racenyl
AP—BOH: o, 7 OR<—————»AHf§VJL0R
5 L oy reinsertion N
@r (0] L,Pd L,Pd—H
Apﬁa\/ﬂ\OR s26 s25
B 28 SO AR RRISE AR FR — 0 340 S8
Figure 28 Pd-catalyzed asymmetric diarylation reaction of acrylates
(a) Liu (2017)
FsC Cu(CH3CN)4PFg (10 mol%) )
{ L37 (12 mol%) Ar
AT + AZ-B(OH), + O EIOH 2 equiv) A SCF
DCM/DMA (0.1 M, 4/1), 0 °C
(up to 77% yield, 94% ee) 0 | 0
e
) “Qm N
(b) Liu (2017) @
Cu(CH3CN)4PFg (5 mol%) L37
Ve L37 (10 mol%) A’ Me
/ LiOt-Bu (0.5 iv.
AT + AP-B(OH), + F-N OBy (05 equie) __, ) 13 N-gq pp
SO,Ph DCM/DMA (4/1), =10 °C
(up to 81% yield, 93% ee)
(c) Liao (2017)
Pd(dppf)Cl, (5 mol%) MeO
CuCl (10 mol%), L38 (12 mol%) AR j@\ J<
. KOH (2 iv. o . CyO S
AT+ AP-l + By(pin), (2 equiv.) 14 Bpin Y P&
2-MeTHF (0.1 M), 0 °C Ar HPrTUNEPT | o
(up to 92% yield, 96% ee)
(d) Diao (2019) Zn (2 equiv.)
NiBr,* DME (10 mol%) Ar2 o 0
L39 (20 mol%), ABNO (8 mol% J: 7N :I
AN+ AZ-pr (20 mol%) (8 mol%) A 1b\/Ar2 s” N NT gy
DMPU/THF (1/1), 10 °C r L39
(up to 90% vyield, 91% ee)
(e) Maruoka (2020)
AT Cu(OTf)+1/2PhH (5 mol%)
. L40 (5 mol%)
H o
ArZ*B(OH)z R” “0-0SiR} 1,4-dioxane (0.1 M), 50 °C

(up to 93% vyield, 92% ee)

B 29 R ZHS 5 K =200 RSO W PV A = 57 B ok R ST bt

Figure 29 Enantioselective construction of diarylmethine stereocenter by three-component reaction with arylethylenes

2013 4R, JE AR/ NS IR K R i B T
IRIREE R R AA R, T 1 1- 25 5 OIE A
PREA . LERRAN R BLZ6ATT, DA ik 99%(1)
o B 3 B M 58 AR T 9 S URCFR R SR R0 B A (]
30a).
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A AR R LAl EIGIR R, St o Bt sl T
BB- 05 FE IR TR AU IR AT RRE L. [FIINE, ATtk
27N T KRR Cherylline 7 304 (& 30D).

2019 4F, 5KkAz 55 A BT DL 45 SRR - PR IDE 25 BB Fic
R L2 AR R, ST 1-05 BEEUR S T MR A
KRR A A (] 31).
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o F F R E3ny

8 HrRM%EH 2019 £F, FRPREPOURIE 157 BN 57 AR ) AR
s, REERAGEEN ooy VAR 30 SREARARLA

%(H):%1$$D$‘Iﬁi%%@$@§@ﬂ{$ L43 MR R, DL RS HE 7, B S30; ) B 5 T P T B O A4 Lad

o-J7 Rk M CERIR R G H0 5 ONIRA, RWUBSE o i e gy 2y e P 5 S5 RS S30 TR A (TS),

PRIBE T R LA 320). DURBRSTRIN: o5 g ey 35w oo SRR R ROURUR KL, R385

H-a-BR OB E oA R R R EE 827, WA, 5 Fok AL A,

O PR A R T R R Ak S28; BEBREE(I) 2 R A

A S29; #, MR EASRA 12-mTiER, 9 muERiE

I AR 25 3 T S o 0 e N - N
32b). =95 YR AT T 0 VAT R AR L 2

2021 F, I NI T 4 ORI T P FROBRE I GE TR, AT Tk
VSO L13 WAL . DM o R SRR - AL S B BT HRIAT T RABE ORI, [N,
SRR, A E S o RRIEG, FN, g ESOTIESEARLRT FARCR AP R & ik
ST R T SR TR o AR 35). kBRI TG, IR H
). FEbR e TE, X T R R S AL,

S T S B K HUREH] & . % BB B 1 Hh 2R 5 %5 )

(a) Zhou (2013) Ir catalyst .
Ar2 Ir catalyst (0.25.mol%) Ar
) + H, EtsN (1 equiv.) 1 BA
Ar (0.6 MPa) MeOH, 60 °C Ar' *

(up to 97% vyield, 99% ee)

(b) Ding (2013)

Et
Rh(cod),BF4 (1 mol%) OO
L41 (2 mol%) A2 O

A0 PPh; (1 mol%) O‘P”O
+ H 2 : 0" H
1M 2 Morpholine (10 mol%) Ar1MOH
Ar OH (25 mPa)
: i-PrOH/H,0 (5/1), rt. "
(up to 99% yield, 96% ee) L4
OBn OH

(1) DPPA (j (j

(2) HCHO

e/ T . H — B
(2 steps, 57%) MeO MeO
N. N.
BnO M HO Me
29

(99% yield, 94% ee)

28 (-)-Cherylline

B30 37 R K HATEMRI AR FREA SR

Figure 30 Asymmetric hydrogenation of 1,1-diarylethene derivatives
Zhang (2019)

[Ir(cod)Cl]> (0.5 mol%)
@ | L42 (1 mol%) @
= 40% HBr aq. (10 mol%) NH

+ H2

(5 MPa) THF, 30 °C
@ (up to 99% yield, 99% ee) @

B 31 A REMAT R R AR R A R R

Figure 31 Asymmetric hydrogenation of dihydroisoquinoline derivatives
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Figure 32 Rh-catalyzed asymmetric arylation of diazo compounds with aniline derivatives

Xu (2021)
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Figure 33 Rh-catalyzed regiospecific and enantioselective arylation of diazo compounds with aniline derivatives
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