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Abstract

Chiral diarylmethine skeleton is one of the most important structural units, which widely exists in
drug molecules and natural products, and plays a crucial role in drug chemistry and clinical
treatment. In recent years, the synthesis of chiral diarylmethine compounds by asymmetric catal-
ysis has attracted more and more attention of synthetic chemists, including: 1) asymmetric conju-
gate addition; 2) asymmetric Friedel-Crafts reaction; 3) asymmetric allyl arylation; 4) asymmetric
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hydrogenation; 5) asymmetric coupling; 6) asymmetric difunctionalization of alkenes, etc. This
paper summarizes the latest research on this asymmetric catalysis, containing the construction of
chiral diarymethine and the application in the synthesis of natural product and drug molecules,
which will give some recognition for different types of synthetic methods and provide theoretical
guidance and technical support for the synthesis of drug molecules which contains the skeleton of
diarymethine.
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Figure 1. Selected bioactive products with diarylmethines skeleton
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2.1. ARIFER 1,4-5EMAR

HLAE 1997 4, Miyaura /NI T T B BISEREALIIZRIIIR S o p-AMEABEIER I 1,4-SE5000 . 12
IR BC AR dppb AEATFPEBOR,  m b3 B AN X 3 B M b A Bl T 2R BRI R S M A S I (L
K 2) [8]. BARSN KA PIAEY), (HADSARFR 14-LHEINREE 1 RIFHISERE, b RA BRI

o Rh(acac)(CO), (3 mol%) Ph O “
dppb (3 mol%
o /\)J\R - pPb ( 6) Ph)\/U\HICHs Ph,P”: PPh,
6a:R=H MeOH/H,0 = 6:1, 50 °C  g5: R = H, yield = 59% dppb

7a:R=CH, 8a 10a: R = CH, yield = 99%

Figure 2. Rh-catalyzed 1,4-conjugated addition of o,f-unsaturated ketone/aldehyde and arylboronic acids

B 2. StENAIBRERE S RMERRY 1,4-HL5R AL

AT UL, SRR A FATREASGT 1,4- 800 B A2 R JE (R 70 %8R [9] [10] [11]. i@
B AN F SR I TPERC AR, SEEL T AR I < 1R A B ANV R R/ 1 5 DR R (AN R 1,4- 3858
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JE AR 1,4- R A AR Int-10 R RCGEIR EE PR Int-10, ESbRE . FUERCARTE 3 F i
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Figure 3. Proposed mechanism for Rh-catalyzed 1,4-conjugated addition
B 3. AN IaFIE 575 EMERRY 1,4-FL4E M AR EE

H{F 2005 fﬁ, Hayashi {34138 i T M XUBHELR, ZE[RhCI(CoH,) ] AL T SZBL T AR RS 5 75 5
TER A KIAR 1,4-FL50 I [12]. fEIMEAR T, AR DT IR REF A, I LAmiUiesR B smnt sk
BeF] @ﬂﬁéﬁki@ﬁ’]ﬁ TR Y. [FAE, Carreira B IE I X XU ECAASE K B, ARIE T 61
[RhCI(CHa), ], AL P RERE 5 05 TN ER AN XS FR 1,4- 3L B8N p[13]. 2018 4F, HrEZRFR S SER IR
R 3 3 P U BC A (1) 25 A A 5 ot R bR — (8 A VR A R B 5 5 BRI X PR 1,43
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E RS T T R 3Eat (LA 4).

Ar?

L= A/CHO
Dou and Hayashi's work 9

~
A? O O \g\& F
A e o ;
1 .

Artx é i-Bu

L= ﬁan Carreira’s work

Ar?
\>

Hayashi's work

Kim's work:
i)
A2 N PPh,0
|
Arl®
12 Liao's work
Ar'* N/l‘-Bu
H

1"

Figure 4. Rh-catalyzed asymmetric 1,4-addition of arylboronic acids to
a,f-unsaturated carbonyl compounds
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Figure 5. Rh-catalyzed asymmetric 1,4-addition of arylboronic acids to o.,f-unsaturated ni-

trostyrenes
5. $EEWSEMELS o, f- T IEMBEEGE AR 1,4-2E5R MK

DOI: 10.12677/jocr.2021.94009 71

HHL A5


https://doi.org/10.12677/jocr.2021.94009

F

_H

it %

BEAN, o f- AN FEAL S 4 5 55 SRR AN AR 1,4-FLHE 0 st 2 B 1 25904 R k(& 5). 2008
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Figur 6. Application of Rh-catalyzed asymmetric 1,4-addition in drug synthesis
[ 6. SEEMTIITR 1,4-HERIM RS Ak B A

B H 1966 58— AT & B AR DI T AR RS, AN TS EH
50 4EMJ7 50 . ARTIRMEAGOCHEZE TR BIE TR, AR I 4 1 A AU it 7 5 R
N, HN MRz (HFE I S Jm AR AEAE — SR, WG B 5. OB AT
FEAE IR AR 5 WSS . 5T U S R A AR L, FHEA VN TRATIE & B Ol
ML, WAEEESE. BOH&. IR, RN FREA . foetham. XE AL 22] [23]. [
I, SR 7RI B v B« 3 B S R B S AT R AN - ZE iR (Benjamin List) [24]F0 3 [ 5 Ak ik
SHEERT - W - C+ &3K2% (David W. C. MacMillan) [25]7E A HL/N> T FEASS FR AL AT i 58 H BT
Wk, 2T TARATT 2021 AR DURMGEESL . BHIGE A AN T R A R P A Al P J 20, et 25 47
FrEE T BRI, AR NSt

2015 4F, May UREZH4RIE T DUBCZE I B JON BRI /N7, SRIL T J7 BN R ER S o, B- AN TR R
MIAKIFR 1,4-FEHEI0 R, ot Wi B P s AL £ 7 — 0 Uk R B S b o (LIS 7) [26]. RAh, T IETENE
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Figure 7. Organocatalyzed asymmetric 1,4-addition of Ar-BF;K to a,f-unsaturated carbonyl com-
pounds
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2.2. xR 1,6-E4EMMAR

FEAHUE, X FROR R R — R E A BRATAEY), S A MRS ST, 2S5 BT E R AR
P LA R B A MRE TR L R AT AR, WA B AE[27] [28] [29] [30]. EH TR SR
AR o R AEAA, RIS A AL 5 B B8 7 I A AE (LK 8), T DAHLR B A 235 ik, A 5% 2 305%
RO A 1,6- MBI (ML 9) o B0l LEF 50 X0 V. R LRI ) AN S AR A S 2 52 31T KT L 3 1
TR RO ANKI FRAE AL TR (R TF T R

o
.. R
2O et
.. L .
| zwitterionic
structure of p-QMs
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Figure 8. Aromatic zwitterionic resonance of p-QMs
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Figure 9. Asymmetric Catalytic 1,6-addition of p-QMs
[ 9. p-QMs S5FEZIXFIBI A FTFR 1,6- 4B A

HEAESR, FIHEZRFIN p-QMs 1) 1,6-3EH0 0 s A i T — 95 56 U0 R 8 B AOFF 7 51 T 422541
FRVRIE UG, 30 Ik T e A 791 Sk S B e P 1% Ao A A AR B i SR SE IS Z AR e e v 45 ], HLEH T 3R EE A 6-
S BB R, EAR SR AR, R i L i R — MR R 1 Bk

2013 4F, SFREHARIE T 0 LTRSS KB AR, KT S
P-QMs A FR 1,6- 3L 50NN« R FNAS [F] B B TR = 05 B bede DL s U3 (= ik 96%) K e v Bsde 614 (s
15 99%) M AE K [31]. N INREA 5 I EE AR O ORISR T 5 — Rli& 1. 2021 FEPE RS R & 5t
A ARE T — 5] UL Z 2 N LT p-QMs 55 o- UL G 10 A KEAR 1,6-3L5U N pk[32]. [N,
Z SR EARFE TR o- — 05 A B R B E 2 7] B e b, AR TR B- 05 F -l L E A
RS (W& 10).

RS, FHETTBRIAE N — 20 B H AT [ (e Ay 14 (0 XU e 1T 2 4 A 7043 B ML 2 AR 1Y
I, FERI R TR 2 AR AR A S R, B T AR R R B [33] . ARk 2 S KA R LT
2 T B 7 T Fe (A TR 28 R AR FE R ) S T 2 B WL T IS R A G b o T Tt fre 2 A
AFIFEA WAL ) B RS BT3¢, a0 351 75 BRI AR AN SR 5 R IR S B, AR S e Ak e B
T SR e I 25 g 7 PR G AR B AR FH . 2015 4F Enders 1R RZH [34] 411 2016 4445 22 IR R4 [35] 13RI T
DAFHE T B AR, W5 C-3 Aok %GRS p-QMs (1 1,6- 3L 50N, DAy e e K e xof B e 45
PEHBAS 3 1 07 B E A A (L 11).
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Figure 10. Chiral quaternary ammonium salts catalyzed asymmetric 1,6-conjugated addition of p-QMs
10. FHFEMELNRIIFR p-QMs BIRITFR 1,6-2E4He K

Enders’s work:

Cat. =

19 26 tBu

R' = Et, R = OMe

Figure 11. Tertiary amine-squaramide catalyzed asymmetric 1,6-conjugated addition of p-QMs

B 11, FHSEBRECHTITHR p-QMs BIARITHRR 1,6-FL5e 0K

A, FYEMEERAECAR36]. T - BRAZEAAR[37]. FrEME - WRESIAR[38]. F BINAP 2Ht
1A[39] BRAREHCAA[A0]4E, S 32 R T p-QMs 1 1,6-3LHE k. EAFBMEAKRR T, e K En
WL PR 15 B R AN ASE B REAL I F5 R AL &, & T 55 Bk B g BRI A B
MG TR SAE A .

3. AXFRIBEREI R M

Tsuji-Trost St 205 R 2L A B AR, AN R BLLUR CFF & 2 R BT O i 3 4
JE RN ERZARTN[41] [42]0 FHodr, SERZARFAIER AT DL R AL L8 s 6 B AN B F s o b, H R 7E 28U K /&
PABRA B R AR N o S i R Wacker S840 0 TR BEARACL, 3xk 3 4 J A0 TR S LB AR AR T & o Lo e v B
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Hayashi [41B\ EATF-PERER R =R YNGR, SEIL T DLJG 7R S5 B 1 AR 7 SR I 1) AN X P A P R B e
L, e B R R S T T O BRI B S AR R0 [43] . A, 2017 4R, ISR AR ZE U
DAFPER B B A LR, LA[Ir(cod)CI], 1R AT, SEIL T 95 P4 B 5 5 B PRI AN S kol R B BUA R
i 12) [44].

Hayashi's work: O L=
o cucl Ar? Ng;N
/
ArV\/\og(OEt)z * ATZ’B\O >< L A,JM l PRy

o] HO
28 29 30
Fu's work: R‘N’R L= O
OH R o,
Ty O
Ar'! R L o]
31 32 At O
33

Figure 12. Asymmetric allylic substitution for the construction of diarylmethine skeleton

E 12, THFRGRAERK R NGE S ERAREER

4. AR Friedel-Crafts & K2

Friedel-Crafts 2 SI7EAHL A& AL B — KA BRI, SEHIRE C-C MAYA M T-E[45]. 2002
4, MacMillan SRR T DT HEBKMARE IR AL, 30 0 T35 o SR LRI I RS 1,4-3400
BRIV [46] RIS 22 5K 2 F B O I UL E 2000 4 1 JF FE T TR A o0, 8- A ML S 10 R 5
Friedel-Crafts ki (LM T-1E 26 % — UM A A[A47]. I LA T — S R R £ A0 it A1,
HEAL TR S R LA~ SUHEIN B IR LM £ T v L o T M IR AU 3/ 4 T M A0 70 40 9 7R 4
Friedel-Crafts 36 {1537 (P LS. 2010 48, FRIEMFUREIALINN T — B LU BRI o, SR AR
LRI Friedel-Crafts TR, H4E T —F5 3 T b (WL 13) [48].
MacMillan's work: U

N

Me
fo) R X Cat.= o N’ .cl
D Cat. | R
AerkH + CNQ — . “ 0 on »—tBu
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® 34 AT H H

Wang's work: 35

o OH o .OH Cat.=®\\<OTMs
\ aN
Cat. N
M&JN+R{j/ .RCIQ N ~Foph
9
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37 Ar

Zhang's work: Cat. =
o 7 N W oH
0~ ot 0 N\n/N CF,
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14 07> p o R NO, X
36 s A N7 CF,

Figure 13. Friedel-Crafts alkylation for the construction of diarylmethine skeleton
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ASKFRRAEAN S SLAE A T 1 386 ik B2 O N T Uit Y = e A F Bz —, e AR A
R BLR iR, R TR M — R (L] 14) [49] [50]. ARFRMEMEAREKR. &, RV
TEEER. PRy BARNT AR Gy AR T 5 Tl O A AR SRAB S ., (AT R [ PR Ak S K
RIS, ZAERIEZEAR TR T S RIS - 2009 55 8 5385 5% 47 K 22 f1) Andersson 2452 [51]
J 3 [ 1) Sigman 4% [52] LA 1) N-P FCARECAT OB AR, SEEL T =5 BB AT A AN R E . B
e, 2013 47, R 8 HARRE L UK FC A A R (1 T IR IR IR IR S AR 45 &, ARSI Rt
LT 1,105 3 IR A R A B [53] . S REEIR, R LT T 2204 B AR ) DL LA 4 JE AR (1)
HIF-PE BINOL A7 A B BC A AR 2R, DA O BEVE M ST 1 B, B 0% kTR s TR U R AN X PR L
1k[54].

Andersson's work:

Ary R " + - Ary R
=/ 4 [(L)*Ir(COD)]"[BArg] /
Ar? Ar2*
39 40
Sigman's work: PhosPrOx =

Ary

N
— s o, (IrcodPhosPrOx)BArg }C P 0
Ar?
41 42

Zhou's work:

Ary
*
Ar Ar2

41 42

Ircat. Arq Ir catalyst:
—_— >_

Ar= 3,5-M6205H3

Ding's work: OO Et
O\P//o

A2 O L= .
)\/U\ + H, Rh(cod),BF, M O "H
Arq OH L Ary OH OO
44 Et

Figure 14. Asymmetric hydrogenation of 1,1-diarylethene derivatives
B 14, ZHFECHEREMTENHAMNIRE MR L

6. AXFRIBEL R B

RIS VA S C-C A RUNEZ —, IR, MKV S BB, B
3 TR L, RIE T RFIMHBICR S, SCBL T C-C A FEITNEBRAR[55]. FALIE NS K
HEMERNE, W P REFIEE —EMRRE, FECIHR MR, 72 12 R BN R A
EZALE b, RN T E F 2 E B (LE 15). 2013 45, G.-C. Fu PR DL /48 Eh A0
F-PEGUE MR A A (b ik 2R, SEBL T DAY S HOBE R G A1 A LA IR0 I AN X B Negishi AR N, STARIE
PR 7 5 R B ST AR TR0 [56]. 2017 4 Reisman BREAL[ERE AL 4R 5 5 T DU mR bk i
wﬁmw A7 SRR 5 SR, SEBL T AKX Negishi fBI9E S SARIE N, SEEL T Fik — 55 H ik

B BRI [57]. 2020 4, A ALATIE SCE RS DA RAU AT, DL A4 R R SR I M
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NBCAR, 2-1R-2-77 B L 5 77 O I SR, SEBLRA T 07 B TR SLAR RO I BERE AL & A R
[58]. SULFIY, %At T B A W] 24 B PR R 2454 SKF 38393 (11 58 v 1] AR 1 4%

Fu's work:
OMs . i
1)\ + Arzzn  NiBraediglyme = J’
Ar'” "R L Arl’x R MeO _OMe
45
Reisman's work:
Cl Ar2 j
o n Nmeme e S0
Ar'”" "R L Ar' R R R
47 46 R = 4-Heptyl
Tang's work: A2 PhoN o
Br ; " H 5 t-Bu
H [Pd(cinnamyl)Cl], N _ P\’
Ar1J}(N*R + Ar2-B(OH), — Q0 Art’ R|L= P t-Bu
o} o 0i-pr tBu
48 49

Figure 15. Asymmetric cross-coupling reaction for the construction of 1,1-diarylethene
derivatives
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7. AT EMR R

TR (C-H BE A A W R EE AR S B TT, | AAE T S MAENA ST, l%, SUNCE: Il
HEReEL C-H 8, EMEHTLEMMER, &5 7 RBFREFEUF P RE T, & —% AR
51 100G BN o R R b C-H B0 FE A NG, At AR S 5 B R B AR R @ (L] 16). 2016
F, REPOREIH VBRI, FrEEMRSESOGECA A F BRI, SCIL T 07 BB 1) g0 75
FAL R BI[59]. [ LE 2019 4F, LA AR A DA = 46 FF R R SV 40— S 420 A e 7 AR OUE e b
BeAAR AR FR, DAY FENERVE 07 5505, SEBL T 47 C-H #7530 R B[60]. [FIFE 2019 4EHL, Ffi @it
FRZE A FH T P XK MRV E BC A, 7E G T AR AL T BRI SEIL 1R A7 C-H B8 5 IR T R ARER, ME T —
J7 HE R BT ST AR 0 [61]
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+ 2_
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50 51

t-Bu
Liu's work: = COan
H 2 "

o+ a-B(oH [CuOTf]oPhH Ar |
1-Np~ R r*-B(OH),

52
Lu's work: = Ar Ar

N N
H Ar? /E j
Ir(dFCF. dtbbpy)Cl 77—

Ay /kR v ap M 3PFI’-Y)2( L2 /I*\R wpr—N N~ iy

54 55 Ar = m-t-BuCgH,

Figure 16. Asymmetric benzylic arylation for the synthesis of 1,1-diarylethene
derivatives
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HREMEYEN—FhZ @A pLIse, 2N ANLE P (L 17). 2015 4, RFARHESEAN
JAIH AR BE LR AR AEAL T, FURIEIA BRI AA N T IE B, SEBL T BADT 3k B SR AN & WL 7 D5 B A
SEPRAEIRN, SEPL 7 = 57 R T b O A 2 [62] . [RIR£E 2021 4, ARWIARIREH tRiE 11
Wi RS & T I MG ANK R AT SR, EEAE A T FEXUBBCARAE TR, B iz 1 o744
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Figure 18. Asymmetric difunctionalization of alkenes for the synthesis of 1,1-diarylethene derivatives
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