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Figure 1 (Color online) Comparison of the spin effects in iron- and
cobalt-catalyzed alkyne hydrosilylation.
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Figure 2 (Color online) Comparison of CO coordination rates for
iron-group metal carbonyl complexes.
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Figure 3 (Color online) o-base immunity of a high-spin iron catalyst.
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Figure 4 (Color online) Structures of two related iron carbonyl
complexes.
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Figure 5 (Color online) Radical character of open-shell metal
complex catalysts.
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Figure 6 (Color online) P450-catalyzed alkane C—H bond oxidation.
The orbital diagram of Cpd I is adapted with permission from Ref. [76],
copyright by American Chemical Society (2010).
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Figure 7 (Color online) Nucleophilicity and thermal instability of a
triplet iron carbyne complex.
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Figure 8 (Color online) Ultrafast infrared spectroscopic study of
alkene isomerization mediated by carbonyl ruthenium and iron
complexes.

Ruco),  ©©

TR R PR S S L 52 BRI 22 V. /N RE AL
M 5 (minimum energy crossing point, MECP) & 1%
KR P —ANEESEFR. MECPHE 12 BN BT 28
X (PSS AE TH A R 2428 R0 H g B i AR AL
—OA N FE I R A R R EA P A
MECPH e &, 1% ZIMECP I it & 2 B el 1T 5%
5 SN2 EH B MER (spin inversion probability,
SIP)™, {5 e B MR 2 3 3 e W R £ DR W, e
AR, BRI, 75—k E B,
FRFHFE [ L, AT Ll i 3l 77 2 [F A 3R URL(KITE) K
TSE [ e A %,

KEFEN, VF2 0785 BRE AT
PRI 7 BT W AE A AL, PRI SR I
36 S A ) A IS B A A RE R R4,
S-HIE T c-HaE RE L E R
AN o % ) N 2 £ - g VA A=A E D
AN AL R0 U BT BE A B T 4R R AL 8 2 HL A
SR E S IR IR NS R IR E 1, BRI b i 78
W SRR X, BT S IF 58 B AR % 5 i
% H I RE I A 1) Re i 22 BEAR N, AH R S R 15 R
A B e AR v e B R, i, fERkAEA
W Ve (2421 3F R S R Rl e B SRR
T Jee A8 S 5R IRBE 53 AT B S R P AR
REPE. DL AP S 7 BR A A I 52 v 1 e e A 0
ML RS

Holland 251D 5 F UL % 0785 7 B AR 0 Bk«

B & D AL 1 BT Bk S N EAT T VEAIRIDF T o S
F(E9). MATEI NS RE R DT T H ek AE, HE
A = EAFAR RS R S M3 d LA i p-H AL
A7, MITSEElC-HEEEIL. E AL, AR T
— AN A B-HIE BR 1 B e =15 E Ak O A
W, Hp-HNE BRIV GE 22078 378 w5 U0 £ 3 1 Fid
WRBR CHEFL AW, 0 N A (AR I I 7 i 5 A AT
BE— BRI UG 57 B TR B AR RT, 38
ARG T L ~F VA e 254, A & 2Ep-H
HERMERAC &, HAAA LSBT =R AL Lk
TE T DY T /e A g pe), (RS s Hrp— A
Fe-N#gH K, A4MFANEALE i[5 T 5 Fefl 4.3
HIC-HEEE BT T 4509, Bkl WL, AT PO 3 45 4
SRS BRI CHE. A3 (Al BT T DY
B SERAIHIE, & RdPUE R E A, T L
WReE B, B EMKRERIGE, KA AR,
TP N AIE, T2 A-HECAL . i A-HIH .
TC A (1 T A7 85 A6 5o i A 700 BT T DY 3 T F e A AR
Kggm, FU izt 7 nl ge 48 5 9k ) se 2k p-H
TH BRI C .

NakamuraZ5!"' 338 7 4% 35 2 mk- 2R 0 S AL 1
C-HEEE B, Wbl %2 e S kAT T AR
THEHTFLEN10). AbATIAE F =0k B ICCSD(T) R4 & 7% 7
FEXREEIATRIE, R AE2EIRZEREET T
EAFPRESNE LD, C-HEE L H R ESKE).
WAL R, BT AR R Fe-HEE R 55, 37 KA
A pk &7 S T C- G, B Fe-HEEA 2
DAHCH SR C-HER T 24T 75 I e =, (Rl C-HAE S 1k
(120 BR 4 [ e A B FC AR 1 B 78 (o R 0 ) I FE s A
. MBI R, R o= o7 (IS H A
HUBAHEAER, 252 RECZEER) o biiExt
C-HE R B IE M IE 7 DL R C-H B HLIE 5 8 1)
2 HUERA AR, C-HEEALRS, ML R A
WEMIG B e AR, RPRALZS kd B0 1 SCH D IR
3.3 BJiEmiE al s L

TR TR Z N RILE BEIEBLS, Ext
N FERU B Z I, kAR D AR SE S
R~k A5 D P A P R e A s AR, T 3
AT B A S RAE . FEHISCIFADFTIH ., X H g
B () W AENLETEEAT TR AR (B 114112). DFT

2481



] 38 BRAEALTRAE AT LA RSN R BT HL T e

== R Ar R Ar
X 'V —N —N N
4— C e M0 /\
2 =N =N,
< R Ar R Ar

£

2 5 Xy vz Int Spin

trigonal planar square planar
Spin Crossover

B9 (MZCRZENITTEE . B & P AL B S—HIH BR
A

Figure 9 (Color online) $-H elimination catalyzed by open-shell iron

and cobalt complexes.
(j C Q D
Ph

¥ 1 ~C
v i - %
% Fe(d) (Fe Shyb(Ph)

sp* o—hybrid of Ph)

Hign Spin

PhMgBr (6 equiv)
N Fe/phen (10 mol%)

Ohyb(Ph)—>GoH*
back-donation

B 10 (MZ o R C-HEE B et

Figure 10 (Color online) Iron-catalyzed C—H bond functionalization.

THRSREY, ZRNAE T ZEAM L ESZ A
WHEM A X AR R Int-1 8 Ts-1)7F = &3
BET N HEAT, C-SipEE (N Int-33] Int-4)7E TLE &
HEEIH NHEAT. B = EA A LA F e AR W
fIK T MifE22(M24.3 keal/mol K E]15.9 keal/mol).
5 DU i E B A 2 S A B B e i B
GO KR, AR R R AR AR
TR RAETE SR AR 2 S5 UL Ja SR L 5T B
SR Z AT (Int-3), MTTRETF T 38 5 B BN Ts-2 (82 i
g f*

H»

NAEREAN R L B B A i i A [ B e, AT
e e e e Mk (8 1), AU e R
O AR R SR 3 T S R K S SRR b, BIMR S
SRR AT m T E DA M T B, &
WA R TR RT3 AT IEEHER. X
TR AR, SRS AT N AL N R R A,
ZEAMPEAS RO AR, RUILE AR T %
TR, T C—Si BB/ i 7 o o R DU e 2 v o B A e

2482

MEESIES M52, ZESMRES
PR FEL A TR SROME B 1) OB 0 R

WD AR TR I, K-S0 3E S RS 4 2 []
1) B iE B3k 5 4 o0 i e A AR AL S DA OC. B pEE AL
FIATIE IS B e B A B e A2 S A R 5 s 0 AR
TASF e, A8 A — A A 2 (R B2 48 A el
W JFIE BRI LT oK. i R, R
A3 S S5 D410 S 2 R T A 78 4 e () 2R L G,
A DLE I BEAS [RI i B4 Bl Ui i+ B e, s |, A2
Bt R 1 . fg e I B A X 26O F T RE TR (XPS) SR
FEH SRR IZ R AR AE D M- L & M) A & 8 - Tl A B e
B I T R ) ) B RS . A A T T RFAE.

AT RANTE 73 itk — P R 1 B e e R I R
(El12). RISl B, 2T WA 248
PAREARER 0 S, = ESCInt-2) P RCAKBHL 777 A
R b ) R B R A L P A CTs-1); TR ERS
Clnt-2) P C iAo LT 15 4 J8 A3 2 FL T 1 e 7 1+
[, S A A SR BRI, R AR, PRI
DR DAAE TLEL S FEAT. AR, FEIEJETH BRI B, &
B NSRRI A DR S0 E NS —E
ACInt-3) b & JBAK A 23 AU A H T T ) e A i 7%,
Iy E A N LB ASCIn:3) B 74408, BN
HEG, B AR BRCA T POE, N
HC-SipfEE. Hk, 2T B R nIE B A A S5
EERS . e B 1A 42 i - e A H 1 7% v [ 1 4%
PR SRR, BT ORI, AT T B e
Ik 4% B I B P (spin-delocalization  regulated reactiv-
ity) I, IR RILX — M IE A T 2 R N A

51,84,112
#! !

TPl AL T

3.4 AR 8 e RO

%m%W%EW%Mﬁﬁ@wﬁﬁmhowﬁ
XA E R AL I AR IR AT B S R SR T AT A
FH 3% 58 S 8% (exchange-enhanced reactivity)”, BJAZ
VE R 22 1 BB A% HG O U 2 52 380 38 46 A i B A
JE, WA FRARIZ X N IE A I e 22 (113). 22 #effE H 4
12 2 [FDRE -~ (L AL i FL 1) 2 TR P — T -1 0 2 RN
—J7 i, AR T B PR (= E )M
H e SR PR (B B I PR AR re 22, B E A R g
HEAR. AT RABE AR A S SO R v 4 8 S A e
TR THRERS, S EEZRAHER, B



RER: b 2026 0 56 % 8 M

SiH,R3

Cx1 (1 mol%)

R3SiH;

3RH,Si

Cx2 (1 mol%) Ar
— + —

R RS EtMgBr (2.4 mol%) R—=— RS EtMgBr (2.4 mol%) R' RS | N
S-selectivity R Ri=i T a-selectivity P ,FeCl
up to 99% yield _ roer subsTuen R R Upto99% yield N
up to >98:2 rr. RS = smaller substituent up to >98:2 1. N Ar
up to 35,500 TON RO T R R up to 4,500 TON Cx1 or Cx2

-1 ! !
up to 35.5 s TOF Ar of Cx1 Ar of Cx2
NO N N = _M - R__H
<~/ Me N\ / Me N\ V i =} N\ N\ ,‘\—< N
/Fe.,l/ — /Fe,, mo /Fle~|-| — /Fe\ H= ( Fé' H ( /Fe— |
N N N L N ISl 7 Nisil N [sil
Si Si
Me/ [Si] [Si]
Int-1 Fe(0) Int-2 Fe(0) TS-1 Int-3 Fe(ll) TS-2 Int-4
Triplet e,
7 5Teq 3
Quintet ;65 ; % ﬁ
5 ' T 243
AGgy Fecharge! 0.5061 K
kcal/mol 5 " Fecharge: 0.149]
11.6 . o 1S
Sint2 .7 st Q. MECP :
L mm— A% 15.9 el 3 4
®Int-1 | <~ Int-3_ -
8.1 St Fecharge: 0-323] % 10.4 Fecharge: 0-473]
8.7 b 5Ts-2
— p ’
3 \ Aomg 118
Int-1 ) N
0.0 | L N
\ 7 8 e i
-10.4 b 3 s
// i (4] ‘\’ R
» 5|I'It-3 e gz_‘ ¥ ‘ | \\\
3Ts1 57s-2 . 248
(2,0) (3,1) *Sint-4

B (ZROR B B R I A S . e FE PR b 2D (o I, iRt 1 Bt i, AARBHE T

Figure 11 (Color online) Iron-catalyzed alkyne hydrosilylation. In the spin-density maps, red and yellow represent a and S spin densities,

respectively.
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Figure 12 (Color online) Frontier orbital occupations. Orbital energies are given in eV.
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Figure 13 (Color online) Exchange-enhanced reactivity in bond activation by metal-oxo enzymes and synthetic reagents. The electronic
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Figure 15 (Color online) Iron-catalyzed allylic C(sp3)—H bond
silylation.
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Figure 16 (Color online) Iron-catalyzed carbozincation of alkynes and competing side reactions.
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Figure 18 (Color online) Iron-catalyzed alkene isomerization hydroboration.
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Figure 19 (Color online) Effect of spin delocalization on regioselectivity in iron-catalyzed alkyne hydrosilylation.
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Figure 20 (Color online) Iron-catalyzed anomalous regioselective
vinylzincation of allenes.
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Figure 22 (Color online) Transition states for norbornane C—H bond
activation by FeO" in different spin states.
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Abstract: Iron catalysts usually possess open-shell electronic structures and can access multiple spin states, in sharp
contrast to many noble-metal catalysts that commonly follow closed-shell two-electron pathways. As a result, the
reactivity and selectivity of iron-catalyzed organic reactions are often strongly affected by electron spin. This review
summarizes spin effects in iron-catalyzed organic synthesis, focusing on how spin states influence complex structures
and properties, reaction rates, selectivity, and mechanisms, as well as strategies for spin-state regulation. Representative
studies show that spin states can regulate metal-ligand bond lengths, ligand association and dissociation, radical
character, and metal-ligand spin transfer, thereby reshaping reaction barriers and pathways. Spin crossover can connect
different spin-state potential energy surfaces and lead to spin acceleration, altered selectivity, or mechanistic divergence.
Examples from alkyne hydrosilylation, allylic C(sp3)—H silylation, P450 enzymes, and iron porphyrin model systems
demonstrate that catalyst spin state is not only an electronic-structure descriptor but also a potential design element for
controlling open-shell metal catalysis. Although general principles and quantitative descriptions remain underdeveloped,
spin effects offer a promising dimension for the rational design of earth-abundant metal catalysts.
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