K5 i R

: 20192307021 B RA . 10759

<o

AFFKRFE
Bt ZF Mie X

ot
M@S&
A
[1545]
i S

21 Ve

R F MR AIDEL & 14 L A XTFR Michael
PARR /2 N K2 EA 0 Bl I

TR L B aE OA Brak &

FARKR
¥ ¥ #HF

FRERH &
B i 2 AT KR A TH#EL
¥R, T LK ¥ TREHEAR
e e A HRAEN
e e (it 3

i E - HTIE A T
2024 £ 6 A



%% E 4%

: 20192307021 BATR AL 10759

<o

AFFKRFE
Bt F Mie X

PR/ N R BRI Bl R

¥ OOF OE A Lk &

(ERE € e
® 5 # W

ZF B H &
HiEF AL KRR A It
¥H . g K hEIREHA
G A3t BN
BrooE ¥ Iz HENTER

i E - HT I A T
2024 £ 6 A



Reactions of asymmetric Michael addition and cycloaddition catalyzed

by chiral-at-metal rhodium(III) complexs

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Doctor of Engineering
By

Jixin Pian

(Fine Chemical Industry)

Dissertation Supervisor: Prof. Lin He and Associate Prof. Shiwu, Li

June, 2024



AT R AL SO B 75 B R A P A5 B

AL SO 1 A

AN R AL SCRAE R IR T T REAT RIBE 7 AR KBS W S8R . SEEran, Br
b EE S A AL, ARSI E HAA N C A AR SR G BT TR . XA SCHIRT T
A BB TRR I NI ERAA, 88 O SR AR 1 AR 10 30 I O o BT

B2 4 _% S ﬁg I 2024 4F 5 H 20 H

il 45 A= W

ANGEE T AT T RAARRE . AR SCHIRUE, HRABUR B 2 AR SO R [ X &
BRI BRI IE S VR SO B T IR ARSI . A BURE 22 R 18 SCHE 2 A P U DR A7 I SV 2 1)
ABLE AT BVF AT R S AR SO AN SRR PR SR AR R IR S5 o AT BURS S 18 SR b LR 47 24V
AR . OREE I A7 Ve SCAE A 58 e 3 A E

W A2 4 __,77% ?fi ﬁi WFIE]: 2024 4E 5 H 20 H

ST Jﬁﬁj\_ M@/ IR l: 2024 4 5 20 H



wm R

FHYR G N EA R MRRHE R (RS 5 BEAHIC . — B LR, a0 s oR! ok Btk
PAFE—F YA G VR AN T E ST ], AXTFRAE AL & B A2 IR A5 T VA S W ) e 8507
Bz WRPEARFROEAYE. AN SRR EY. LTk, FHRERREY
ARG & ZEM, RBEWRE. Kb, & d0F ) VR &P 1E Ny — Rk i+
Ve @R, HFEERENGAET SR O, BRALTFE, WinmE T RARNHEE, F
BT FHENT A, HA SRR AN E . BT AR &8 O R A SRR, 34T
PAFPEG SR B I SWE AL, Dl B~ TR SRR K L 5B, y- N VLR SR BE A o i 2 i, AT
— RHVE RN 2 BRIt Bl SUR JE 30 BRGS0 . B R R (R 1 77 V2 EL A # R T B
SEAFIRAN . Sy TEORAN = 0% et PP A A i W SCF A A A A DU R DA 45

D fEFHEE BB FIA-RRL (AL T2 T 1,3- 855 — B A7 A= 0% o, B- /S T 0 3 Ik e 1)
Michael ISR, 343 T 20 FOANRIBARH TG, 72500 28-97%, ee fHiR A 94%. FEAHE
WO LR 0K 10 455, RN I TIE ] 65%, ee (HARFEAZS, KBl T iZ&HRITERE &
(82 FH A 1B

2) FIHF1E 4 R FIA-Rh A0S B ST AR, y- AN RN BR S S S, 14 7 20 Rt 24l
1,2,3-=HURH AL, 725N 48-89%, ee ik E] 99%, dr>20:1; 7E 1 mol%MEALFIMKIAFLE R, 1
BEIX IR GUR N WU LRI, T 48 SR A5 5 B,y- A A B S s 2 [ A7 A S AL AR, S8
P B TR 1 I B AR e R

3) RIET —FE R R, R A A-Rh A A0 =560 TP R i S 48 5 o, B-AS
VRIBRIE KM [ B, 3RAF T 24 RN A, PRI B L E, ee [HIAF] 98-99%: 1E
0.3 mol%F MM FIA-Rh IAALE T, FSRAEM SCILw R N P ] Ul BRI o & =
SRR WA, AR, BRI

4) TEFPEF 04 JEEEA-RhL FIPY S R0 AL T, 1-2R BE-1,2- P 6l o, B-AS 70 1 g Bk ke
W TEAT T — Tl e 0 RS PR PO S0 R A JOBE, 3R AR 24 TR = ARSI O U FEBUARIR
IRHEEH, FEER 45-89%, ee {HE T 99%, dr>20:1; i 0.6 mol% T 4 J& &M AL 7 AT 20 mol% Y
SUErs, ABEESCIL RN PR 3a TEAK A Mk E A B R R R AT LSS AL

K@i lEtO T BEHELR; Michael MIBURN; FAAL M



Abstract

Chiral substances are closely related to human life and health, materials science and environmental
protection. For a long time, how to obtain single chiral compounds with high efficiency and high selectivity
has been the focus of organic chemistry research, and asymmetric catalytic synthesis is one of the most
efficient methods to obtain chiral compounds. Commonly used catalysts include biological enzyme, organic
small molecule and metal complex. In recent decades, the catalytic asymmetric synthesis of chiral metal
complexe has attracted much attention and developed rapidly. Among them, as a special chiral metal
catalyst, the chiral octahedral complex of the metal only exists in the center of the metal, and the ligand is
achiral, which broadens the application range of the ligand, enriches the research of chiral chemistry, and
has practical application value. Based on our group's research on chiral at-metal complexes, we synthesized
a series of Michael addition products, as well as polysubstituted cyclopropane and
a-tert-hydroxycyclopentanone compounds, using chiral rhodium complexes as catalysts, o,B-unsaturated
carbonyl imidazoles and B,y-unsaturated carbonyl esters as nucleophilic acceptors. The newly developed
synthesis method has the advantages of simple operation, mild conditions, easy amplification and high
product enantiomer selectivity. The research content of the dissertation mainly includes the following four
parts:

1) The Michael addition reaction of 1,3-indandione derivatives to a,B-unsaturated carbonylimidazole
was achieved under the catalysis of the chiral metal rhodium catalyst A-Rh1, and 20 different substituted
chiral compounds were obtained, with yields of 28-97% and ee values up to 94%. Amplification of 10
times on the basis of template reaction, the reaction yield can still reach 65%, and the ee value remains
unchanged, which reflects that the synthesis method has certain application value.

2) Twenty optically pure 1,2,3-trisubstituted cyclopropanes were prepared by using chiral metal
rhodium catalyst A-Rh1 to catalyze the sulfoxonium ylides and B,y-unsaturated carbonyl esters, with a yield
of 48-89%, ee up to 99%, and dr > of 20:1. Mechanistic studies showed that there was a weak coordination
between the chiral rhodium metal catalyst and the B,y-unsaturated carbonyl ester, resulting in high
diastereoselectivity and enantioselectivity.

3) An efficient catalytic system was developed, and 24 chiral cyclopropane compounds were obtained
by using the chiral rhodium catalyst A-Rh1 to catalyze the reaction of trifluoromethyl sulfoxonium ylides
with a,B-unsaturated carbonyl imidazole, with medium yields and above, and ee reaching 98-99%. In the
presence of 0.3 mol% chiral rthodium catalyst A-Rhl, the gram-scale reaction can still be realized. The
product can be converted into diketone compounds containing trifluoromethyl structure by acidification,

and the conditions are mild and easy to operate.



4) Under the synergistic catalysis of chiral center metal rhodium A-Rhl and tetrahydropyrrole,
1-phenyl-1,2-propanedione and o,B-unsaturated carbonyl imidazole underwent a highly enantioselective
Michael/condensation reaction to obtain 24 tertiary hydroxy-substituted cyclopentane products with three
continuous chiral centers, with a yield of 45-89%, ee value up to 99%, and dr>20:1. Product 3a is

transformed under the action of hydrazine hydrate or Burgess's reagent.

Key words: chiral-at-metal; Rhodium catalyst; Michael addition reaction; Cyclization
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