% 4”) {t % DOI: 10.6023/cjoc202006076

4

ik SR

Chinese Journal of Organic Chemistry

REVIEW

FF RIS 3o FiR AL B A TR 7300l R fEE A R 2R

ERF

EET AT A S

CHEBEGALE AT PEBEEE S T IRB SR E SRR E bR TRZEERT R L A6 100190)
C P EREE R R b5 100049)

WE  ZRFAHMEARR R, N R0 S PR AL IR 2R AT FEIE AR R R B S AR AT SR, 38 o o o S
B R S NTF AR B, RIS CIRE) . FALIRE) . pH Ix3) AR R SR IR 3N 55 77 2, B2 2 1 A S 2 Fry it 14
AR FENE, DS T 2 KT UIHA K BRAEA SR, 2240 T 3T 20 4R N R R AN BRI AL A R 1 K
SV, BB ACRE BT TURCR, A SR R S AL s A LA S AN R R, IR AR N
TFRAEAL B SEAR RSN & AR BT S B L AR P LA DA B A AT TEE AN oS PR PR s 82 AR . RT3 — i %

SIS AR BRFEEAT 2 45, JFR HOR AT S AT R 2.

R AXIFRHEN; B R FETT R, ARRIHEL, XL FEE R LA

Artificial Stimuli-Responsive Catalytic Systems for Switchable
Asymmetric Catalysis
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(“ Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Molecular Recognition and Function,
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Abstract Inspired by enzyme allosteric catalysis, the study on artificial stimuli-responsive asymmetric catalytic systems has
attracted more and more attentions in recent years. In order to precisely control the catalytic activity and stereoselectivity,
stimuli-responsive functionalities have been introduced into the catalyst design. A variety of asymmetric reactions featuring
on/off-switchable catalysis and/or stereodivergent catalysis have been successfully achieved by using light-, coordination-, pH-
and redox-driven chiral switchable catalysts. By selecting representative examples, the catalyst design principles, allosteric
mechanism and their applications in switchable asymmetric reactions sre mainly introduced. At the same time, advantages and
limitations of this emerging field are summarized, and perspectives for its future development are given.

Keywords asymmetric catalysis; stimuli-responsiveness; chiral switchable catalyst; allosteric catalysis; enantiodivergent

catalysis
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I 2T H AL, 7320 LF-TH e 4.

State | (high selectivity)

State Il (low selectivity)
H CO,Et H H

X CO2Et cy(ligand
(j/\+f Culigand) H o+ CO,Et
N,

trans cis
State I: trans/cis = 55/45 30% ee 50% ee
State II: trans/cis = 63/37 5% ee 5% ee

B 1 Branda /NHKJEKI3E T 1,2- ZWEWy 5L L% ' KN

AT B FEAE AL B BT I AN X FRER P e S 2
Scheme 1 A photo-driven catalyst based on 1,2-dithienyl-
ethylene and its application in switchable asymmetric cyclopro-
panation reactions developed by Branda group

BRI 2K 201 B2 0 Y B 2 6 0 M ik
&, MERME T ER K, HEARIFHET
BeR AR RN, OB Z R T ORIREN 4 T AL A4
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T3k, BhJ5, Feringa /N IX — 201 ik i it 31
N FH AL R T R (R RETFPEAE AL TR, BUR T &R
FI5I N H R T R

2011 4R, AR — AT B e o Sis
B PR T4 S B N B A e A IR WL

BT ] e e BT o T A W BE A4 77 (Scheme 2),
T R A ) Sk R, T LA B DU Rl AN [ R AL
JRZS(State I, State II. State 111 A1 State IV), FFKH W H
F40 F AR R AR B S B A R A X FR Michael Ak
JRE. R I U o ST A SR A TR NG s 8 ) B8 A R e -
AN, & A O PR R E, H AN
[E)FE A R O PR AR A B A E S 1 25 5, AT AEAS
TR A o 2 T HE 3 RS e B 1 0 B 3 22 ). Ho,
State T AL EIEIE =4, MG HEARIE, 15 h X
RN 7%, XK R AR, PG
MOAHPER I, AT 57 P9 0 B[R] Ak B TP s
State II fEALFIFF2] S MR =H(50% ee), WLFEA 50%;
State 111 L7732 R #IBLF=0(54% ee), RN 83%.
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CF3

(R,R)-(P,P)-trans-2
State | (OFF)

-10°C | step 4

(R,R)-(M,M)-trans-2
State IV (unstable)

SH 0.3 mol% Cat.

0
lvl . f OMe CDJCl, -15°C, 15h

CF,

o¥s

312 nm, 20 °C
—_—
step 1 4
S
(R,R)-(M,M)-cis-2 CFs
State Il (ON and S-selectivity) CF,
70°C |step2
312 nm, -60 °C
-
step 3

S
(R.R)~(P,P)-cis-2 QCFa
State Il (ON and R-selectivity) F

State I: OFF State, racemic, 7% yield
State II: S-form, 50% ee, 50% yield

- R 0, 0/ i
OMe State Ill: R-form, 54% ee, 83% yield

B 2 Feringa /INH K KT 55— 007 SIS KD REA BN T AL S HAE AL B AT I3 A0S Bk Michael s 32

Scheme 2 A bifunctional organic catalyst based on the first generation molecular motor and its application in switchable asymmetric

Michael addition reaction developed by Feringa group
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step 3: 369 nm, -70 °C
step4:-10°C

CF3
F3C
(R,R)~(P,P)-trans-3 (R,R)-(M,M)-cis-3 (R,R)-(P,P)-cis-3
State | (no-selectivity) State Il (R-selectivity) State Il (S-selectivity)
o}

5 mol% Cat. HO_ CFs State I: racemic-form, 20% yield'
CF; + CH3NO, —_— * State II: R-form, 72% ee, 93% yield
toluene, -25 °C NO, State III: S-form, 42% ee, 92% yield

EIxX 3 Feringa LUK K38 T 55— A5 Dk 1) i WE VE XU B A WL/ 31 HEAL 77 B FLAAL IR T DT AN X FR Hennry S22
Scheme 3 Highly active bifunctional organic catalyst based on the first generation molecular motor and its application in switchable
asymmetric Henry reactions developed by Feringa group

(R,R)-(P,P)-trans-4a (R,R)-(P,P)-trans-4b
step 3: 312 nm, -60 °C

step4:0°C

PPh,
PPh,
(R,R)-(P,P)-trans-4b (R,R)-(M,M)-cis-4b (R,R)-(P,P)-cis-4b
State | (no-selectivity) State Il (3R,4S-selectivity) State Ill (3S,4R-selectivity)

@)

H o o, H o 7.5 mol% L 4
\\S’N\\( \g \77/N\S// 2.5 mol% Pd,dbag O State I: racemic-form, 65% yield
ol 6 d =1

N State II: 3R,4S-form, 86% ee, 90% yield
DIPEA, THF, 0 °C ~r.t. N7y State III: 3S,4R-form, 88% ee, 85% yield
Ts

Bz 4  Feringa /NALA R HIFE T 55— X707 Sk B0 R/ 00U <5 Jam A 71 B LA A0 B0 T D708 AN X AR M A S
Scheme 4 A Pd/bisphosphine catalyst based on the first generation molecular motor and its application in switchable asymmetric reac-
tions developed by Feringa group
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State | (no-selectivity)
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State Il (R-selectivity)
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OTBS
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Cl
5 equiv.
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TIIABAR, 15— L FEEE 0 2K AT A AN BRI
BN, PRICIR S BC A (State T A1 State 11)73 7175 3144
SRR R T =, BIL ee (2R HKWIE
113%.

Bl i, AT A B I K T o T O
—BATAA, G RCT RV A (Scheme 7),
RILGR T b BRI R AS ] 2 B 42 5 ) IV Tl P e PG A

\

fass

N-—

(R.R)-(P,P)-cis-5-Cl

(R,R)-(P,P)-cis-5
State Il (S-selectivity)

State I: racemic-form, 58% yield
State II: R-form, 60% ee, 45% yield
State llI: S-form, 82% ee, 82% yield

.

co,Pr

B 5 Feringa NHK R M2 T 25— 07 Sk BB E 745 G AT S S AL AT DI B AR PR AL S 2

Scheme 5 An anion-binding catalyst based on the first generation molecular motor and its application in switchable asymmetric reac-

tions developed by Feringa group
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(R,P=P,,S.)-6 (R.M=,M,,R,)-6

State | (R-selectivity)

Zn2+ N

P R

State Il (S-selectivity)

“ Zn2+

®
(,,,V

Zn-(R,M=,M,,R.)-6

Zn-(R,P-,P,,S,)-6
OH

SN 10 mol% L
= toluene, 0°C, 7 d L

State I: R-form, up to 68% ee, up to 87% yield
State II: S-form, up to 55% ee, up to 87% yield

B 6 Feringa NARIIET S A0 T LB KPR
O A S LA AL B T DD A S PR AL S R

Scheme 6 Chiral diphenol ligand based on the second genera-
tion molecular motor and its applicaton in switchable asymmetric
reactions developed by Feringa group
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Co-FERR I T4 2 2R B e 5 4 10 i ]2 47 929,
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AR T T e T M S ML 7 (Scheme 8). il Y/
AT DL IR A — o MBI T 1 AN [ 1 A S e S R
(State I #1 State IT), i ATIZEMEL O-BRFERT P BRI AN KT AR
Steglich FHE M, AT DL | a6 Bise 8 14 1 53 31
33 5 A BUAR S I TR =[N 91% ee (1)
(RFRLF=HI R 94% ee ISP RLF=1], IX A H A6 B
TR AT R R R R AT . /R Bl S @ X State T {4
2510 875 b A I % 2 B (DFT) U5, E
SERK ) HOMO-LUMO A H.AE FH AR /N A B A F1
KA Re-THEXL, 3014 (R)-FHE 774

S R,
Cu-(S,S,,M)-7 Cu-(S,R,,M)-7

Low activity, low selectivity
for (S)-product

High activity, high selectivity
for (R)-product

State | (R-selectivity)

o 2mol% L

2 mol% Cu(I)TC
+  EtyZn
1.2 equiv.

25 mol% Decane
Et,0, -30 °C

S v\ @ S v I A=
a( S + a( 15? —————
=\—0, ¢ —\—o0, /NR R -
Ra /P\NR1R2 Ra /P'/,,@ 2

SR

Cu-(S,S,,P)-7

Cu-(S,R,,P)-7

High activity, high selectivity
for (S)-product

Low activity, low selectivity
for (R)-product

State Il (S-selectivity)

State I: R-form, 57% ee
State II: S-form, 49% ee

Bz 7 Feringa /NAUR JE 3 T 58 A7 Eh 3 K T 1 V. B TOE FFc . % B FEAE T DI AS R AR i A S5 2 v 1482 P

Scheme 7 Chiral phosphoramidite ligands based on the second generation molecular motor and their application in switchable asym-

metric reactions developed by Feringa group
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(10R,11R,P)-8
State | (R-selectivity)

(10R,11R,M)-8
State Il (S-selectivity)

PhO

R R O
N)yo\ﬁ/OPh 5 mol% Cat. N o

\ \
O o DME/TAA (V:V/ = 1:1) o
-40°C, 24 h

—0 —0
State I: R-form, up to 91% ee, up to 86% yield
State II: S-form, up to 94% ee, up to 83% yield

B8 Chen I Yu 25 J& 1) 21085 16 BR ) F- M T S fiE Ak
7 AL AT D)3 A ST FR Steglich Bk S M

Scheme 8 A switchable chiral helicene catalyst and its applica-
tion in switchable asymmetric Steglich rearrangement reactions
developed by Chen and Yu et al.
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7 WLA (The Weak-Link Approach) fl HILR (hal-
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— {5 JE 36 43 T A7 A 2 1R 4 78 A 4 44 751 (Scheme
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ez =TT salen-Cr(IID HFARMEAL TS H T 12%1] ee
fH. X —fEgE BT S salen-Cr(IIT) {4k A X 4 & Bl [
AL RIHLERD,

o
=N N=
Phof s > ) o< H>< ) § peh,
Bu Bu
Bu

@ _ ¢ @
OO

9a
State | (low activity)

+CO
+CI

-CO
-CIr

‘Bu B \
Ph,P PPh,
Cl co m«@—co
Ph,R PPh,

‘Bu

oo
HH@H

9b
State Il (high activity)

o] N3 OTMS state I: no data for ee
0.2 mol% Cat. Y, State II: 68% ee
B ———— "
<f> + TMSN, benzonitrile, r.t. d

Kstate 1/Kstate 1= 2

Bz 9 Mirkin /NH R JE BRI AR AL S AL K PT 1)
AR R
Scheme 9 A macrocyclic allosteric catalyst and its application
in switchable asymmetric ring-opening reactions developed by
Mirkin group
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M 21%01 ee {8, RILH/T BRI ZE R B
Ja, MATRIE CO UAAE ARG, Tl AR % BR
CO, TP T AXF FRAE A SR R JR A7 P 0 4% . X2 58
A9 AT DA PR A 3 W AN B P R AT R L I N AR
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10a
State | (better selectivity)
.co| *+CO
-cr || +Cr
—N rN= co Ph Bu Bu
500y mr @R <O~ .
Bu (0] (0] S PhyP R S (0] O u
t : ’ \/ _ _
Bu Bu cl N N
10b
State Il (worse selectivity)
0 OTMS State | (low concentration of catalyst): 49% ee

N3
Cat. .

O

benzonitrile, r.t.

State Il (low concentration of catalyst): 21% ee
State | (high concentration of catalyst): 80% ee
State Il (high concentration of catalyst): 74% ee

B 10 Mirkin /N S KV TE 235~ AR L2 LA A (K AT DD AN RRIT 3 S

Scheme 10 Catalytic molecular tweezers and their application in switchable asymmetric ring-opening reactions developed by Mirkin

group
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Scheme 11 A cation-responsive chiral Rh-catalyst and its application in switchable asymmetric hydrogenation developed by Fan group
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Scheme 12 A switchable chiral rotaxane catalyst and its application in switchable asymmetric Michael addition reactions developed by

Leigh group
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Scheme 13 A rotaxane-based chiral organocatalyst developed by Leigh group and its application for enantiodivergent synthesis
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Scheme 14 Chiral switchable bifunctional organocatalysts and its application in switchable asymmetric reactions developed by Leigh

group

1, P AL 77 18b (State TT)K) S SN PE A ST A4 126 £ 1
RIS B RME LT, DL 94%7=3% . 90 & 10 -tk
1 93%H ee EABIMIFEMFIE~Y). AIE, BT
18a 5[FeCp,]" BE, JEA7 A= pleft 88+ B4 AL 57 18b 1] LA
RV IE MR R T, AT — 2 58 T A7) [
WA E S .

5 RESRE

R LT, SZRE R AR A, N Ao R
TR R AL L 20 FRERAG 7 — LS EZ
Je. IR AN [ SIS 2R R i 17 28 R T SN TR AL 77
frvcit, SEIL T TO6ARED . EAZAKES . pH 3RE) L
SRR RIS 1 2 SR T DT AS AR SR, AR
RV AR R AFE Feringa /NI A S T/ 240K )

3682 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

75 K FAETFRAEAL R Mirkin /N 1) <2 i
ARSI TF-PEXN salen-Cr(IIL) FF SSAHE AL A K Leigh /N
R pH. Ma L FR) T PR e T SR AL 71

BRI L P T T R AR X PR P — T D A
Wk, HHEARIFEF S AR, IR thim i 2 Pk
B, AR TARRAL RPN B, BT
PR TR VERT TT, TR0 A AR ] B, AN AR AL
SRRt A AT B, LUK, TR AR R AT A3 1k
PE R TEA AR, RIS SRR (K 51N HEAL OS2 )
T E AL ARG i A AT RS, AT ASE A5
I TFPIRZS T B N33 Z ) TT /9% B B AR I FE 1 72 5
AR BeAb, B R e S B i A A T
R EEAT ZHG . 2 TAT IO RS IR 2 P )
TEVE 5 BRAN KB 55 10 5 7 B 42 ] 2 b 1 7 0 14 73 42

Chin. J. Org. Chem. 2020, 40, 3672~3685



Chinese Journal of Organic Chemistry

Yol
CF,
DCM Cu(CH3CN)4PFg
CF;
CF3
L-ascorbic acid
NEt;, DCM
(+e)
CAN
NEt;, DCM
(-e)
A17
S  State | (S-selectivity) o O State Il (R-selectivity)
5 mol% Cat. -0 o
o O X-NO2 10 mol% EtN State I: S-form, 72% ee, 55% yield
A * — N0z state I1: Reform, 70% ee, 40% yield
/\O O/\ CH3CN ate Il s b ee, oYl
2 equiv. r.t, 24 h

B 15 Canary /N I EACIE SR IRSN TP TF S HEA TR K2 AR A 0 T DA 0 B A S 2

Scheme 15 A redox-switchable chiral catalyst and its application in switchable asymmetric reactions developed by Canary group
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