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Abstract Inorganic chiral structures with outstanding optical activity can extend optical signals to visible and near infrared
regions due to their unique physical and chemical properties, which are of great significance for the detection and analysis of
chirality, chiral synthesis, chiral sensing and related photoelectronic research. In the past two decades, the studies have been
extensively carried out on inorganic chiral structures, and great progress has been made from synthesis methods, origins of
chirality and practical applications. This review focuses on inorganic chiral nanomaterials with potential applications in chiral
catalysis. Firstly, the unique chiral effect, common construction methods and chiral origin mechanism of single inorganic
chiral nanoparticles are introduced, and the assembly methods of chiral hierarchical nanostructures using inorganic nanopar-
ticles as the building blocks are briefly summarized. The applications of inorganic chiral materials in the field of chiral catal-
ysis are emphasized. The related mechanisms of chiral metal nanostructures, chiral semiconductor nanostructures, chiral
nanoceramics and chiral magnetic nanoparticles in chiral catalysis are discussed, and the latest representative progress is an-
alyzed. At the end, the shortcomings and challenges of the existed inorganic chiral structures and catalytic performance are
reviewed, and the future research direction is prospected.

Keywords origin of chirality; nanostructure; asymmetric catalysis; optical activity; surface plasmon resonance
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Figure 1 Typical chiral molecules and inorganic chiral materials with
similar structures

(a) An amino acid molecules with a tetrahedral chiral carbon atom and a chiral
tetrahedron formed by Au nanoparticles!'?]; (b) DNA double helix and gold
helix['4); (c) Cholesteric liquid crystal structure, chiral plasmonic films formed
by gold nanorods and cellulose nanocrystals!!3]
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Figure 2 Retrieved result of inorganic chiral structures and their chiral
catalytic applications in Web of Science
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Figure 3 Schematic diagram of chiral origin of nanoparticles

(a) Inorganic core has chiral shape; (b) surface asymmetry of nanoparticles*'l;
(c) chiral field effect!]
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Figure 4 Different methods for synthesis of chiral gold clusters™®*
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Figure 5 (a) Nanoparticles as catalytic active parts and (b) nanoparticles
as catalyst supports
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Figure 7 Asymmetric hydrosilylation of styrene with trichlorosilane
catalyzed by BINAP-modified Pt nanoparticles

B T R A & R AL R X AR R B, T g A
IR T WERER T, FRERERIE M AwAg &4
IS FHA ST, M B2 RN TSR IE IR E
P RIFFHIRARE . BTHEE9KEE Nk
B T S R 1) LA AR 2 il 2R FD K AR 11 S N P2 36
B -2 R BRIE ) Au/Ag & S A0KE 5 d-BE R IR TR
BRI S S P2 R B T R R, d-F I E R 1B i
AR BEAh, ZA S K X 75 2 R B R B H AR
R RS, EIER MR T AR, X5 ]+
FLf = (AL A 5%, 704 @ 1A ZR 0 LAk 2 I N A T
Forb, I FE SO T R RE DA R S R (51%)
ME AL Z (2176 h™")¥% — E ARG B IE JF N
(1) 70 Cu-Fe FAEALT. w0 AR A0 15 P R Ik 36 1 5 4 A
BRI FAE R AT O, JE I A e SO N R e Ak, RERS 3%
A AR R MR T, BRI ONE B 22, X Fh i AR
W (AL 5 28 15 28 O 4 0 KORE T 7T g 51 16 A3 1)
o7 FH AT R

% L8 BE N TF ML T &8 9k b 7 2 5 il
TEREERURE, BRI T Y-S5 TS AL S 45
A, RSO B B G RO T P R 11 o) % S

1512 http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

PRI BRI d-/1-XF S KGR 23 MBI & 9K, B
JZ BRI A2 B TR R NI £ A 40 KR T 3R T
FLAT IR D, AN KORL T R FE VK ST . B 2 1 T 1
FIES AT 7 (53]l I ' TR S A R0 2 R ot e A A A e R
FEEM R R, Fod d- RN AR 1 S0k FE
JEEXT 1781 0 B SR B e AR v, A A T [ AR
TN HEALFEAL ZRIE 93%. XA RN T RS A E &
YKL 2R T BT P HE 271 I 5 5 140 26 B o o
MHEAER, FrHEBEs IR e R 7, S
YRR EAER. Bl d-KRRARIEH T R
i 75 600 nm AL e E R, &R MEHAS
LEPOCERT Oy JREEFE, RS S TIRE, 12
T AT B ) A RSE. A AR [ 41 D' e 45 5 S
TCIRITE BGIH BE 2 2 bRk, R 38 FRL R I 45 380 e R A FE 1 1
5E, e TSGR,

3.12 AR FHBKRHET 6L B AT

53T BB R R il 2% T2 161 81 K 5 TR A7 FHEAE
BB S8 T & BRI F AT R . 4
T BN AR FRIEBAR 7 7 AR E N AT A R A,
AR 7 FOERAA (A R AR ELAE 224 “ad12” Rk, KB
BT Ia, BEVPIETE RSB T K/ TR
VB FAAL s AU EC IR SEARZS 7R, AIRHASEAR 43 1 S LR
FEA R PR . T R AR B e AR R R T
229X, A AR AR AT 1 T MR 51 0K . Kuhn ZEE8IDLFRIR
RO NGB RSN S FH 0 T AR H
R LER AR, E A TR TR R T B
BRERENIE (A FLEA, A HITE BSOS FE W 8a AT, X
T BRI A FLAEA BB 8 AL 2K 2 S TR e 6 1 F Ak 208
JR BRI SN, & 8b S 1S RN I
BLEE, B 52K R TP S5 1) 25 [ Bl (2R 2 B T
IEPEER I E TN & JE T, BT RIS AT
FRME, H4 4 Bk BN 325 &5 4 2 18] k) B4 AH DT BE (1) - 18 7= 4,
55 i TP MR BT SR, (R)-EIZE R HEAR X 2K 2
T TR 1Y) FELAL 223 TR AR S A2 BR(R)- I B R, ee fELN 5.66%,
R Z(S)-ENTE T HAR LA 11.73%[) ee {E15-3(S)- i Bk,
AR, AT R IIE A FLH B2 A7 h B mT DA K
W L R 1. 5 k% R B & B AN I A e, AT
N R A& REENANEANR, RO RN ikt
fik F1F AL S CBERIAEAE T, i TR ) 25 2
BFMWA LRI M FHEEZE S, [FFE, ittt
BRI 28 R 1 Ak B IR, PN ee E
15 151 AT 80%.

NT HRETFH TS B gt e, Rt —
TiHfE i, Butcha P05 ER| &R A& ST & E TR
2 SN 2 I R AR AR S5 R AL B T A S SR S B
BIFrIRREtE, WA T FHEE A LR S
[RJREEAT 1 B0 45 Ja8 1 A TR 2R 2 T o) I 32 93 12 H 3
SRR, 24 FH(S)-2K LI EZE ) F P FLA - A 4

Acta Chim. Sinica 2022, 80, 1507—1523



LRk

(b) 90 Qo

.3, -

AN © (@)

o ® o)
SATFTTTOUT FITFOUT SEFOOTUT

Bl 8 (a)T 1k EniAFLE B9 5 B 3 18 B (b) R S R 5 i Mk 12
R0 i A2 A AL BEES)

Figure 8 (a) Schematic illustration of the synthesis of chiral-imprinted
mesoporous Pt and (b) illustration of the concept of enantioselectivity for
the reduction of PGA to MA®®

Wi, e Al 3RS 53%M ee fH, 2 AEFH(R)-ZK ZlEED
A AL ee H 52%, FIEEEERIA AL
AT AR S AR S AH B T B A, & BN IR AR - A A M
A s 4 Ja AR L B S A AR e M, & = IRME K
TEIRJEAREE T 90%H) ee {H, HAXTT 5.4 8 40 AR
AL E R e R T A
313 FHesMARE

&R AR AR LA BLE A &8 517 B
FHXT RS E AR R AR, T — R RA LAk, 1998
FE Zuo ZEPMRIE TR a-MHEER(PVP) N ERE 7,
0] J8 T AR B0 %A 0 A A TR R TR 2 T R AT R R P
Be AT BRI, TR I RI/E R A8 2R~/ L
A AR AR, BT R T 3.9 nm FIRCK BRI
H B AR AR B B, ARLAR AR A Y0 TR R R £
T R A R 2 T o s L R e B T LT AR ), R
T LB R LRI, NSRRI SN A3 P4 A 56 Ak i
PR RS, M o-FIRREEAELL 100% 1540 2453 5
R FE, AR IR LR K 92.2% ee HI(R)-FLIR £
Bis, A B R IR N & A L (R)- LR AR 1K ee {ELIU) EH
84.7% i F] 97.6%, X & HT7E LR R F LI 3 ]
Je TG 1) 45 175 A4 1 9 25 1) (V0 A LA FH R . S
1), Richards S22 =PSB 5T (4R, 5R)-(—)-4,5- W (—
I 56 )-2,2- — 1 %E-1,3- 4R IR (DIOP)E N -1
BCAAME MR 40K 7%, AT DATE A R R < 8 1R n & s v
5 0T IR A G B I S R R R = 5~7 £

Acta Chim. Sinica 2022, 80, 1507—1523

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

7% 18 B H A R FHE A B F AR T RE R AL R
V] 72 10 ot i A o 5 BOKT e e 3% i R S I T R PR AT
Toste ZFPM 4 JR K AR (0 S 70 T F A 25 3 0 T i
(SAM) R IF¥ H[f @ fE A FL AR b, 4% T
T 28 T4 ot Ak e B B AN 3 Bk 2 AH 4 1 A6 77 (Au@S AMY
MCF-17), & 9a & &40k B F A FL A it
HP S ) A K 1) 7R T TR T T i L 2 B ) LR T 1
T ZE R, LSRR IR BE AR L0 0 IR S HEA T 47
TR T et e B2 (B 9b), Horp iR 1E N A K
SAM 15V 73 B A A 700 RO A TS 1 e v, DT S )
RIIEEEI N 9 & 1, ee fHN 51%, XA HT iR BRI
TREMRL T — MG OIEAE SAM R T S
%, BRT s SRR V. HAMNERT T T %0
TN 5 F IR Bk SOSE A AL R RE(BE 9c), fma vl
A [ LR Ok B R & 30%. B2, TR AT
PE SAM X WU BV I8 = 5 T O S 2465 %, 1
FE E AL S i M RN R 1 SAML S T AL
MR EA W FEER. EEH I — T 5+, Tamura 0%
PEH — P AE £ 8 SR AN R A 18] (0 ST 51N T HAB 1 7 1)
RERRZERE, LA 4 0 P 7 D5 e K = MEAS 1 7 78 i
HIL IS RIS, ¥ 2-F k-2 -5 21,1k
2% (NOBIN)1E Ay = 1 A& 1 7 W Bt 7 S Al 67 28 4k 4
KEE b, B 2 AT AR BE W (i AL 2K LR A X
FRInEU N 9d), 729 1-2K LT ee (=N 53%.
IS R R R AL S5 R, $EH T (R)-NOBIN H' NH,
FEATRT OH B AE A A Al 47 B AR AR 7% 1 (XU £
R AS (B 9e). 5T L3R H T B of B 2K L BifE 2
AH TP A AR PR B R e B ENLEE, BT 2R S
BRI TR T 5 (R)-NOBIN o ) 4 J ) f S b 1 1)
2K R ) 05 & 8 5 B A R T I 2SR BE, 2K B
B 51 N(R)- NOBIN $k4HK [ f5 F0 A0l (1) 371 PR 15
W, SRR GK % R 7R AR I EUR T BUREE,
AL R(R)-1-K L FE.
3.2 FHESEYEREN

F 1 FARGER BB TE T VA A RN R
HEMAEH, Feale T SR E 7 SR P AL 2
PERR, FEARST RO 7 T EB RGN M E. H
AUA ST M S RGO RHE TP A8 4 77 TH 4 B 38
Eease /b, N PR CARE A OC B 2 TAE AT A 4

Soni YT - R AZELE T VTR A T F
PE ZnS ®F IR LRI T A RS & ] M. 1%
BT R B 55 A e A g o 43 9 5 T R 3R AT
BB, RI-FRRIET) ZnS BT SO IX L g B B
AR LR, P N R)-p-FEE BRI ED,
HoALL 1-Z8 FEE N [ NI 1S 2 ik 70% 16 77 2 A
95%1] ee 1. WFFTINA ZnS BT AR EEE il 78
Y Lewis BRI N B8 23 5L PR BERC AT 25 LA RE -Hl 2= RR 1)
TEALIEPE(E 10), S A% i e 336 U] 5 B e Fn e - e

http://sioc-journal.cn 1513



oF ¥ R

(a)
I ™ Chiral molecule
“"°E::>WB'E::$
§ % 5%

HAuCI

:>::>

S

Chiral molecules for SAM 7
0
C-oH HO N
1l
@ & Son Mo A
OH <7 NH, |
N
L-Proline L-4-Hydroxyprol|ne L- Dlprollne L-Phenylalanine Quinine
(b) OPiv AU@SAM/MCF  pivo plvo
Me & PhICI, |
+ _—
Z Me Me”™ “Me
cis trans
C Me_ OPiv
©) Au@SAM/MCF OF’IV
X PhICI,
=
(d)

(e)
% Acetophenone
Ir cluster o
HoN 9
e B

(R)-NOBIN

CeO,

I/Ce0, + (R)-NOBIN

B9 ()EE T A AR TR/ L AT R b 0 2 90 oK AT RR 19 11 26 7 T TR B 5 J2 8 ) T T 00 7 R Ak 2

(e}
: I H,, M/CeO,+chiral additive 1 : U : l : ~

(R)-1-l Phenyiethanol

Side view Top view

Acetophenone

4k, (b, ©)

Au@SAM/MCF-17 AL 43T IRFR A AL A 73 T AR I BEAL R RIS, (d) CeO, SRERMEAL I _E 2R Z B M ASXERR NS RiF (e, £) (R)-NOBIN #E44L
il 7R T AR P L BRI BRS % 2 20 A T A P 7R VR PR A0 e R AL B o )

Figure 9 (a) Preparation of Au nanoclusters encapsulated in chiral SAM/mesoporous MCF-17 support and chemical structures of five chiral molecules

for SAM, (b, ¢) Au@SAM/MCF-17 catalyzed intermolecular cyclopropane synthesis and intramolecular cyclopropane synthesis>

, (d) hydrogenation of

acetophenone over CeO,-supported catalysts, and (e, f) schematic diagram of adsorption of (R)-NOBIN on Ir;(/CeO,, adsorption and enantioselectivity of

acetophenone on heterogeneous chiral catalysts!®?!

CHa=
R\c H- o 0

Zn

‘&

M) ZnS BT KA PRE IE A & SRR S B

10 HERE
1941

Figure 10 Reaction mechanism of asymmetric Aldol condensation
catalyzed by /-proline modified ZnS quantum dots®

R BLTE B SR R AR 2. CAMBAE AN R 57 A A
N2, e B F R 57 PGS S A £ 2 T A R B ] 40 2 2

1514

http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

HEAEH, JF R E R, Y B A R E AR
. BT 1EEOS ) FERREE LA R IR MoS, df ik

BEAT LB AS B T 4 PSR AR T
#ﬁ%?ﬁﬁ%%?%ﬁﬁ?ﬂﬁ%“kﬂ%ﬂ%m

T, O I I AL AL B i R, Herp -
PEE RIS MoS, BT 5 d-B B B A iR
71, RO E R d-BE B A AE T, TR,
AR W FEVEIR 6.77, @ T DMEARIER R AR
fblack S A S B AR R TE LKA R, SR RO SR A0
AL FENE S5 B T4E MoS, B 1 rUR I U A B 1 4%
BV K, BRI R PR T

JefEAL TR P MBSO, Il ROLRE
etk ontesge, (e S & B L 200, 1E
RS SPFIEL T RRESETNEOR, RERE UK
FH RE 0 et R8O AN ISR S e i BRR Bt o T 8. T

Acta Chim. Sinica 2022, 80, 1507—1523



F F R

2 ARG 18 6 M A AN TV A A D7 T % B IR R
LS, w2HRE ST PO R R, it
SR — AT 7> PRI, B SRR M R I A SRR
L I AN FIE AL DAL IR R, FEIXRP R R 0t
MEACTTAN T PEAEAL TR 2 (AR B, S BOE H LOG AL
i JR - AL R IR U7 ST B ORI A AL
TR A TR AL B & B — DX B R, 2T
TG TR TR AN S ARG F PRz 1, RV 50A B4k
GG, OB RE T ek, 2012 4 Konig
SEOSE R CAS T REIIATS AR a-hedktb S N AEARHL
L, EEJFPRE CdS i) AR, &I RE 715,
ALK C—Br . FitJ5 T IR RR 21 CdS
WHIE T N-75 22 DU 57 v i S5 R K6 4L Mannich SR,
PRI, (AR FRPERAR. IR, BT R
TR [2 203 sk s ML PR ST A4 B Y A Hh AR TR
W, AZ SNV 2 2D A By DY HARER T b i 2
AR Weiss SE0R] TG 24 RZ 1) CdSe &1 mifEH]
WG IR 4- 2062 H R SRS (¥ [R] 7 5 B+ 73
T2+ 21U (B 11a), XF T eG4 F AR
5 LLiRrE 98% M AT 42 [X 34 6 P (18 Sk Sk R St
JE 7R 2 ) R 0 e e 356 41 45 28 AT B 7 o AR U i 46 1
SRAAT LT EY). XA R TR e CdSe &1 mAE
IR PSR E ALY T =S R faeE, =248
PO R K A7 dr 9 70 5 180 S8 f it 1a) 5 H.
RE % 5 KR R/ B S OSE R A A, A A TR [24-2]
IR, BEAh T i 5 R IR 18] 1 55 A1 LA Y e
5 e HRALRERONE. BEAb, K RPN T
PR AL AT B S B RE IR AR T 9 A e ORI . R S
SEUO0LE ' -p Tk i 1 A D BRI T2 B TE GaN 9K
LB A S, AR DK R ) A AR ). e

FRIAT) GaN GoK2k 5 /0 & (1 8k IR 1 J2 1] ) 5 FEL 1 AH
BRI T2 B3R L T A U T BRI, A
ik 306 pmolecm 2+h !, VERLH R LN 98%, %M T
W 8T Tk N K 285 46 7 R 5 A AT 1) B P A SR
—EMIHR

FEEE SPR RN AR AT WAL LA T AT
DAMCIE KA 2 TR 3R 15 3 55 Y0 BBl Fe R s, R R
A LT 1) 45 8 T AR A F0 4 2 4 mT DA 55 SR 3 R G
Y, o GUTH AT 0 B, AN I 52 AR KRV Ak,
TERHT 1 — T TAEH, Govorov Z5MOWKE 4 A1 — S AL RN
Kobr B B AL RE TR AT BT A R IR A
IR LV S5 B AR A 7R, AT AN T )
F AL B A S A R s R & CD 5B
11b), A A R AL 2 3855 18 00 T A6 KR I 6 i 4k,
2 T 0 2 T AR S 1 B AR 1 g ) 5 T
JE A 0 - ME AR VT BC B o] LASR s OB = R (B 11e). X2
T 6 AR TE B i e = AR R T % B A
TR, AT TTHC ) B B e 77 ) AP A g
75 AT A BOE 1k, ATV iR A 2 30
P51 FIRNAEPE. L [RIBF, JAG IS 450020t 4 1
T RFHEE TSR FHRGRE N, HAlER
ATV R e . 22 T R R e R S5 M K S Kok 7
ARKARZ A, AR5 S5 B CR IS T RN A
A 2 SRR F A b g T, TR TR
FR KL R A AR (1 A E T R I ]
Pl 677 T PRI, 3K 5 A 7 R ) i Y ) 7
P VGRS R0 2E 1 g LT oK.

TP R T 05 LE B IR 6 (R ORI 1T DLSE I AE )
KO FRIERREDIER]. ERSUCIRIL 1/d- AR
Miff) CdTe &1 &0n] LLZEFE R R iR 6 RS R Bom i

R

Photosensitizer

(a) Ri Ry
| |
+
HOOC COOH
(b)

20 / N -
510 / >
=
Eo
0
O 40/ b, e

- = L-Si0,@Au \ >

20| == = R-Si0O,@Au i

— L-Si0,@AU@TIO,
30/ === R-Si0,@Au@TiO, 7 ) |
450 500 550 600 650 700
A (nm)

L-ribbon

1 R2
16.5 W white LED, fan
THF, 48 h, rt O O
HOOC COOH

RCP light 50
+ e

L-ribbon 7%

B 11 (a) CdSe T AL 4- MK P RRIERMNI R 73 T B 20 T [24+ 23RN B R (b) SiO@Au Fl SiO@Au@TiO, 4K ¥ CD 1 ]
PR (0) -T2 M A A 71 5 2 T/ A T 8 s 1R 016 22 TR] PRI A ol R A ELAE Y Je 2 e o

Figure 11 (a) Homo- and hetero-intermolecular [2+2] photocycloadditions of 4-vinylbenzoic acid derivatives catalyzed by CdSe quantum dots””, (b)
CD spectra of the SiO,@Au and SiO,@Au@TiO, nanoribbons and (c) asymmetric interaction between a left (/)-handed hybrid and LCP/RCP light!!°!

Acta Chim. Sinica 2022, 80, 1507—1523

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 1515



oF ¥ R

Jfbl DNA IR N VIR RFIE, BB X DNA fRHRF 2 7 s
BAT IR SV A TERMIRE T - FIEER
EMIR) CdTe &1 mi R A THE 2 e i IROL T, d-
FRERBMN CdTe &1 RN, EXRILGLEFIE
5B R A A T 1 A A ' R IR A 2 S R . T
CdTe & 1 il - W2 BRI T 1R 5 SCELFE DNA 3
(KR B BEAN L i _E I B DI R, &7 s Ay it
T IR TE A A, DNA 1R 32 A4S IR — I B W2,
K12 feon T EmIRCHES TPk CdTe i #ED)E]
DNA HJidfE. Bb)a, REHL d/-5 BN R A
—BH T g-factor EIA 0.01 HITIERALHTE T 5,
FJ A e AR E 15 i 4R 6 0 i i R I B DI R B
Jit. G AR 12 h 5 A= L3 8 A CD % &I7E 220 nm
R I T 62%, RUIF IS A8 AN R aiiiE
R KBOIR. 1-55 B HEAB R I & 7 AR 22 B R IR0 (A 1
SR BAT B AL TERE, R TR 2
HAVLE T 0 &7 R s, RO B,
HBE— BN T AR VI SR Rk B A
%R

0
I
i o Truncated tetrahedral O“p’o | T NH
o CdTeNPs  —¢o' Yo NAO
0¢P,0 (1 NH o
<ot 5 ’go l cPL $—7

HO
W#H NH,
(0] *OH +

\

w_0 N N o NH,
ok Py ————=

0\
P " S SR TN
N P ¢ Jia
(0] Y, O /)
/ \ﬁyNN

HO
HO

B 12 FmIRSG IS T F 1 CdTe &7 U B V1% DNA 157 YA
A i 6 7 R R WAL )
Figure 12 DNA shearing model of Cys-CdTe quantum dots under

circularly polarized light irradiation (the blue arrow indicates the cleaved
bond)!'%

3.3 FHRENKLEH

bage)m T g elAr & mAr R, A4S — T4
I A I A S S 00, B AR W] I — B
A 4t i e 3 L DU SRR 55 R SR W 5 B RH
W HIE ROREESE T 2R FHIMS, —BRT H AR
AR S 3t i e U A A% 4 M e 1) i At b A e S R 1,
AN T R PR v o 2 20 0 1 D DR R 2 o 2 ) 1) T
SHBE TR, WF A S R AR B LI
3 LV A e, BB N T AR 2 Tk U0, it
DR BRKIRNIETT, 20K M B BVAFAE R (BLAR S HE
FREE)E 1~100 nm i Bl X8R0 T 25 (¥ P BEA R RLIZ 1
A R EER AR R /N RSE ROSLAE 9K B e 0 70 24 g
AGEIBYE I NI, AR T gt A e, BE
PTG F S EF D AR D108 b, BT
SRABRA R SIS 2 IR A P B MR T IR B AT N AR
ST RE S HER 2 IR & A B AR A 7 7RI

1516  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

A R, A BT A dr iR ik AR Rk, BAF
PERIK B EEA RS AANTICOR 2688, T4 &
T EAAERNO, SR A EH U AR T B R A R T AP R
2 LI B0 2ZE 2 F T M A R, IR S T T
PEMEASIR A 7 — 2R . NI ARYE L2 4 ok T 1t
V&R G AR A . T2 &8 AR
FIFVER A =K, BSEIEF ML A SR 7L
N BEAT 1 3.
33.1 FHMEEANYD

JUTF-FT A 1B 2 E A TR I 4 18 & B T mT
CLEAT F1%, A FEIFE R F R & A 2= A H 1)
FHAHY, BB AEANTREAT KELEBREH. A
A AR A1 T T 1 2 Th R AT 1) B AR AL A e 8 1R AT R
IR BRI, FLAE 2003 4F, Soai 513 Tk 1A i ik
Jiz 2% W 49 1D A T RR A i R BB e — S AL REAE N F R
) T W e e T PR AN G R A T R L 224 e I 4 s e -5
BT /e e — S AR MEIE A7 AE T 5 2 57 T 2 8 IO
i, BERE DL 93% MRS E 97% ee FRI(R)-5-MamE Tk g,
AR, A e — SE AL RERE TR A7 AE T I LA 92% e 3k
3 96% ee [PI(S)-5-MEREF b, Jak, A& T H
HAFLEE 7S 7 ok A e M, AT T
M g R e R PR AN KPR A B BB 13), R4 e — 4
forEsT R BEPE RO LEE. — 2P AR R
BE IS RRIGAIE B T - IR Ah, Al g F 1 e
PN AECR AT RE; TR T AR e R T RS ik
PRI B R T s e -5 FE R, A5 R TR R I Ak
BIFRILART by = I8 SO AR 8 PR AL e X B A 1)
P B S ST R A A A, O ELRE S
JSE R HEAT IR PR B AR S A e TSOK, e 2445 B 2 A 5
FhORT A4 = 4.

N
tBu—=— :\>—CHO
=

+ i-ProZn

@ '/
Asymmetric
autocatalysis
with
amplification of ee
\ )

(M)-mesoporous silica

(P)-mesoporous silica

Y

v
N N
tBu— N tBu— N/
N= OH = OH
(R)

N
()
up to >99.5% ee up to >99.5% ee

B 13 LT L SR 2 AR B R AR RO PP e 5-%
WE o e L1141

Figure 13 Enantioselective synthesis of 5-pyrimidinyl alkanol using
chiral mesoporous silica as heterogeneous solid catalyst!''*]

Acta Chim. Sinica 2022, 80, 1507—1523



F F R

),

WAL, BE&E g3k T DU I 5 3R T - PR AT A
AN EE GRS T M. Kotov S5MSHRIE T LA
I B R AN R A IR 9 2 T P Ak 1) 8L S 7K & 1 T 1
BAUKRLT, IFOHIT 1 HX T R A e, R
K BRALGN) AR 2 — MREE, e 5K T
RETERAIMI C—O0—W 8, Kk KRBT
YPKRLT CD MREETE . RARARBIAKRL T RE
TEAL R A 2R IR T A, R A2 B AN R 3[R A2 1
RGN~ A A5 A ol ) TR A 2 R — i 2 R — A ) 5 2
e, TS PR I 2 TR A8 U1 1 49 oK ORE - A e 45 21 i 20 R —
JUk, X FT REA i 2 R Lk s FA v (Y 25 R B L R T Y
FCALA K. WFFEIN AR AR IR BRI IR 53R
FEAEGNARL TR RCE LA A 5%, RETHRE 75
YRR T R TS TR SR S A, AR T 52 R ARk
XF LTI Bk R R S TSR Y SR AL R A A TR
PR TR 0 7 () SR A R KR, T8 I TR A A 1) g
RAERE B R, 1538 BA AR AL HigN
KBS, B gE T 2R R R AN 2 R % ) \ Pl vE AT 3
WA G L RRAS A 1) E A BT KL 1% 3,4- R BN
M2 (DOPA, — i i < AR s 1) 5 F 265 7) R (AL S8 A 1
Bl Hh R E R AN Z PR IE M B 9K KL% DOPA 1Y
AR B R AR AT BRI R, SIS AGG
FITERI(E 14a), d-ZRNARIBHFIGAR T3S -DOPA
()25 G OB F0 ) SE 5, T d-2H SR AS 1 1) 40 oK kL ¥ %
d-DOPA ¥ AL EE A &L, MRPEE 14b A B AEH
R, d- RN R IR S A B AL RE I R R d-R TN
FRA [-DOPA. [RIFIAH ELAE R s = AN, [RIIN 55 34 ]
(1) - R — 2D IR T IXRAR EAE R, X TR
HEALAVER I AT A A 32— 2B AT 5T

Uk, HT P A B R TR S A ek
FE 1 (chirality-induced spin selectivity, CISS)R N % 52 <
P S B 5 e B e L A RO = B SN IS D ichviok= S

(a) fiﬁ
&\0’017’ ¢
CeNP@D-Phe

Enantioselective
W \Cf&
CeNP@L-Phe

o CeNP

= D-Phe

H b, & .
% W o
;O :};I‘IIV =D-DOPA Q° ﬁ}};x; L-DOPA
4 Q0 ; 2
Y m)‘ = D-dopachrome (\[é’ -'m— L-dopachrome

= L-Phe

X T AT B B i F AR R AR AN ], SRR I LA
FHE F o DILIE I B Be B m SR B EE N B . T
CISS ZURz, W] LL¥E HL 1 H BEAE S onk e ide 5 14 4b 2k
FMT1 Ghosh S5 ShEE -1 VP B A B -6 0 1) FELARAE IR U
TAE 2 dh A I F P TARAS B TP A S, R T
TEHVAMNTERL CISS RN, JF T4 my s ALk e
R S B, BT AT SRR NI T E IO AT
WERKAY S 7 Hh T A4 77 A, T S 0] B AR e A0 e 38 12
= A A SR P E A S AR, [FIRREE T
FER A VLR T IR ks LN & R . 28
BLER, AR T 4 8 S A Pt B B AT S,
KRBT CISS UM T+ 14 P B A AR R M H AL
FIRETE NP iy AL = A e B VR SR t— PP T (138 42
332 FHZeEARE

% & J& AR h (Polyoxometalates, POMs) & — i i
=ANECEAN BB U 4 i AR R A M R T )
& JE-FREL A, A5 Lewis Al Bronsted F& 1%
ST AR B g 1, P FRAE 22 P HLRE ) v A A
P fEE AL AT B TR S AL 71020 5T POMs A S i
teEfE, JF &G FYER POMs H T A ARAEAL A+
AW I TR TR 2 5 POMs A% 0
HEFRI, B ARMEFHER POMs 1R/, DRI FE 5]
A POMs & —TEAPRENER TAE. a4 b, A
R a2 i i P A ) < 8 5 B POMEs 285 44 v
(R HE S 45 8 D DAFT B S A (R R B A 121 AR b T vk
FH A N BRI BEAR TR IS UK 2 208, P2 A i FPEEE
WSS, M, BFEEA PRS2 POMs &2
th R 2% 515 8] T4 POMs!!22), 241 4 T POMs i i
773, Ak, B v LA F) POMs HL4H 4% DU R
FH. CANDIRIERRIIR T POMs FH, HE 1T
J& FLAE F VR A AN T- 43 B 5507 Th 1) L A U120, B = o

D-DOPA

L-DOPA

B 14 (a) AHEFRIBR A EIGNARL T 748 % 2 M Ak S 11 DOPA S B A 175 53 BRI A (b) A T U R 5 DOPA 431 IR 1y B i e

Figure 14 (a) Illustration of stereoselective catalytic oxidation of the DOPA enantiomers by the phenylalanine-modified CeNP and (b) schematic dia-

gram of the connection between phenylalanine and DOPA molecules!!'®!
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Figure 16 (a) Schematic illustration of the synthetic procedures of a
series of chiral catalysts CILs-Mg;Al-POMs and (b) schematic illustration
of the mechanism of enantioselective epoxidation!!?”!
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