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Abstract
This paper reviews the research progress and application prospects of chiral porphyrin-iron and-
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cobalt complexes in the field of asymmetric catalysis. Focusing on chiral side-chain modification
strategies, the catalytic performance and mechanistic features of iron and cobalt porphyrin cata-
lysts in key organic transformations such as epoxidation, cyclopropanation, and C-H amination are
explored in depth. From the “chiral pocket” pioneered by Groves to the “picket fence” porphyrin
developed by Collman, and further to modern sophisticated structural designs such as C2-symmet-
ric and D4-symmetric architectures, the construction of chiral microenvironments has become in-
creasingly refined. Catalytic reactions have evolved from the initial asymmetric epoxidation to en-
compass diverse types such as cyclopropanation, C-H amination, and aziridination, with continu-
ously expanding substrate scope and steadily improving enantioselectivity. The content presented
in this paper illustrates the developmental trajectory of chiral iron and cobalt metalloporphyrins
from biomimetic simulation to functional innovation, providing a significant theoretical foundation
and practical guidance for the design of a new generation of highly efficient and selective biomi-
metic catalysts. With the deepening understanding of the interaction mechanisms between metal
center properties and chiral microenvironments, chiral metalloporphyrin catalysts are poised to
play an increasingly vital role in areas such as asymmetric synthesis, pharmaceutical manufactur-
ing, and green chemistry.
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Figure 1. (a) Structural diagram of a chiral amide-modified porphyrin, (b) Schematic diagram of picket fence porphyrin struc-
ture
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Figure 2. Structure of chiral cobalt porphyrins
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Figure 3. Structures of D2-symmetric chiral cobalt (1) porphyrin and Asymmetric Co(l1)-catalyzed aziridination with TcesNs
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Figure 4. Structures of D2-symmetric chiral cobalt (1) porphyrin and its catalyzed enantioselective aziridination of styrene

with various fluoroaryl azides
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Figure 5. Schematic Diagram of C2-Symmetric chiral iron porphyrin structure and its catalysis of alkene cyclopropanation
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Figure 6. Ligand effect on Co(ll)-catalyzed asymmetric radical bicyclization of cinnamyl azidoformate
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Figure 7. The structure of bridged porphyrins and the length of the distal bridge have a significant impact on the catalytic
reactivity and stereoselectivity
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Figure 8. Ligand effect on Co(lIl)-based asymmetric system for intermolecular c-h amination with organic Azides [15]
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Figure 9. Schematic diagram of D4-symmetric chiral iron porphyrin catalyst structure [16]
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Figure 10. Structural diagram of asymmetric chiral porphyrin and its catalytic asymmetric amination reaction
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Figure 11. Metal and Ligand Effects on Asymmetric 1,5-C-H Amination of Aryl Azide by Metalloporphyrinsl [18]
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Figure 12. Asymmetric cyclopropanation of alkenes catalyzed by D4-symmetric chiral iron porphyrins
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A, I EEWFOE AR A B, SV SRR S AR I [20] [21] &R R b AT 5 R e
FRIEAT RN, Fe B RS ML T 70 A7 32 MO AR A QA (2 25 R2 i [26] . DFT i EoR, BRI A REE i 5
BT o-45 FL T REJINT m-P32 RE I B VIO, IXMRE 1 O R B ol 13252 BE 0 R THE AR (A 5 i 22
BEEE BN 2R B AL T R L0, TR R AR AL P AT e B i 0 1 B AR BRI [26] [27].

34. ELiFENMER: ARLER AT HBHMAEITH

B TR OB MOE R 22 AR O TR ZI AR . 140, Zhang &8 N id DFT THECRIL, (1) PRk
FEMEACIA B S NL T, i TE (AR AT R RE 22 A, BP0 0 S 47 BH 280 mT e i AR 36 A A
HAR A B fLid B R EUA TP [26] [27]. TESIA RS, FLMUEERT e T EMHRIA I, 5200 Fe=0 #1
TR RE T, T P AR 35 1 B P [25]

HJ7 1, BRANRAELL C-H BEALiT, BC/R T R BOR i o-25 T RE ) LARZSE Fe(1)-N Rl fk, [w]if
N5 5 32 (3t A2 0 AR P A2 1 B P 4 N RO SZARFR R [22] 0 T Al R 20 U BE (AR 1) -1k SRy iR A R L
AREE LT IRE,  DAOCAC B Fe i) i 745 5 B e A [15] [24] -

4, REESRE

BRAMRAE A PR AL R BT 77, (A5 1 2 Bl RN AF R heke C-H B REAL IS AR 2
RS, FEANKRCAR & oD BRI B IR AR ML 3BT S 45 K 2 FEE 5 B, S BUR (LU
TR BRMEACRIFIRAN .. AR S, ERZMRT M BT 2 R AOBCR R M BRI 7E C-
H B R R B AR K X DA AL, (HIT A ORI S R R AL 55 SN AT ST A
EALH RFHLIE . SR, V52 P R FUERS AL 32 IR T R AR & s Ae . AROR Al & A R AL S
HIRTHE, IRAE R SR OS FUERCA ST e AR S ST ik FR o D IR, HESh{E
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oA &%

TN IR AL e e B Vi o RIS A AR E T A A 07 3R A B mT (e YSC A7), B B I3
SR EEOR, AR IME T S S P RN . B2, BEEX “ &R - Boik - )
FHELAE R ER AR AR 5 BT SRS Q8T Tk e n R AL FIA BB A PR i 25 J Rl 5 824K
R RO IR R, S AL R R R R IR AT R R

B oW

AR TAEAT 2V BIE B 1 O BO AN SR, Ron AR WS R B0st
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