FeffEtC-NEZRITIIE

7 # F



F) 4 + F

TONGJI UNIVERSITY

(a) Features of iron catalysts : (b:l- Representative iron-catalyzed reactions
Abundance

50000 ppm in earth's crust * 3.1 Cross-coupling reactions
Good biocompatibility ; Q-x + OMm -9

Low toxicity; exist in HGB
Small atomic radius ; 3.2 C-H bond functionalization reactions

1.72A Q-H + Xx-FG + Q-FG

Electronic configuration :
157 25°p% 35%pfdF 457 . 3.3 Hydrometalation reactions of alkenes and alkynes

H M
Multiple oxdation state Q—=="0 + HM . 2“—E

Fe(-2) to Fe(+6) '

Spin effects in reaction 3.4 Carbometalation reactions of alkenes and alkynes

LuwsﬁﬂNw” OO om H

- . 2024
‘ﬂ%*ﬁwﬁ“ CCS Chem. 2024, 6, 537 &0 m
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Fingolimod
($2.013 billion in 2022)

Tofacitinib
JAK inhibitor

nBud
HN-<
Mel 5

RO 20-1724
PDE4 inhibitor

=

H, H
NH,
8]
Lisdexamfetamine
($3.219 billion in 2022)

H Pr
T M.
o0
x'ﬂé'..'
N™"MEL,
H H
OH
Quinagolide

D= receptor agonist

H
M 0
Br
N,—“
| ﬁ
HM NH

hamacanthin B
antibacterial

F FNH, O
F N/\F'N

LA

CF,

-

Sitagliptin
($2.813 billion in 2022)

O« N D
Y - _.-‘WCOQH Q
e

MH
S
o

U-50, 488

Biotin k agonist
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H;N

A
""‘)LOH

Pregabalin
(632 million in 2022)

OH OH
g e
‘N N
BnO D’K

Antitubercular agent

7 A A F
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. reductive elimination —Feal(n-1)+
(W}*{E'ﬂz*ﬁﬁ) R —»‘ - R,Nu + Ln )|F(e

radical rebound

Nu + | —Fe*
(srarpemta) N > R 0
(m Ik ) N
—_— > )\ + L,—Fe™
H - R éz R3
R1—|—R3
Rz R1/RI;R3

BEE R S F4 I
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N
ao DTBP (2.5 equiv) y
R Y Fe{acac); (0.5 mol%) .
'+ TMSN - ~
Ar/j\ R > 110°C,10h, Ar S
1 2 3 T
- it}
No 3a, R=H, 74% Ny N,
3b, R = Me, 68% o
3¢, R = Bu, 92%
3d, R = MeO, 55%
3e, R = CH,CI, 56%
R 3, R=F 73% Ci
3g. R = Cl, 68% 3i, 70% 3j, 76%

3h, R = Br, 80%

@] _H' 4 ;?'Q Luo, Y. et al., Chem. Commun., 2018, 54, 11013. 6 @
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B IMERIER :repewmiz iz TMsN = s B

DTBP (2.5 equiv)

R Fe{acac); (0.5 mol%) -
H-Cl - :

Ar/i\ o CRCL VSN TgeC 1o m, A L

4a, R=H, 75% N Ns

4b, R o= MG. 1% Cl
¢l 4c, R='By, 82% Ci Cl
Ci 4d. R = MeQ, 43% Cl Ci

4e, R = CH,C), 64%
R M R=F, 70% ¢l
4g, R=Cl, 72% 4, 73% 4j. 72%

4h, R = Br, 65%

--------------------------------------------------------------------------------------------------------------------------------------------

Conditions? R N3
Ar& + CHCl; * TMSN; -

Ar Cl
Cl ClI

5a Ar=Ph,R=H, 67%
5b, Ar = 4-MeOCgH4, R = H, 59%

Luo, Y. et al., Chem. Commun., 2018, 54, 11013. 27 @
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T'V'SNs /*\,R FeXs tBUO-OtBu
TMSOBu
FeXoNs TMSN;
R! R1 path a

Fe(OtBU)XZ + BuOe

3] .H- 1t ‘ Luo, Y. et al., Chem. Commun., 2018, 54, 11013. =g
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‘ HPEKIETL: Bao’s work

RS0 Ga TMSN;

iy
o o7 Rt R H ¥

R2
Y

¢ Mild Reaction Conditions ¢ No Additives

>r
J\#LRE : \}\—RE Rﬁ%

¢Wide Substrate Scope { Precursors of Valuable Compounds

Fe(OTf);

Felx,
A

TMSOH TMSNs

7 A A F

Bao, H.-L. et al., Org. Lett. 2019, 21, 1, 256. &9



‘ HPEKIRZL: Bao’s work R A+ %

TONGJI UNIVERSITY

0 Alkyl

Fe(OTf),
Alkyl b
J\ + TMSN; + F“]T’D ﬂ"lL‘hlkyl e ”3>E

R EWG o DME R™ “EWG

® [ron-catalyzed redox three-component reaction
® Mild reaction conditions
® Excellent functional group tolerance

Ugge;, yield

® Good to excellent yields - H
direct carboazidation of

natural iscalantolactone,

@] 'ﬁ‘ 4 ;-?—\ Bao, H.-L. et al., Org. Lett. 2020, 22, 3195. 510 M@
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‘ HPEKFET: Bao’s work ml‘%‘/’%
N3>Ealhyl

R™ EWG

Fe(lll)Ng RCO;Fe(lll)
(D) Iron (B)

catalytic

cycle

ligand

exchange
RCO,TMS TMSN3

@] —ﬁ“ 4 Jh Bao, H.-L. et al., Org. Lett. 2020, 22, 3195. 11 @
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Enantioselective azidation on untethered radical centre

Favoured .
> O Challenge: lack of

L interactions for

Approach N, group from —M' * chiral recognition
{Sicﬁeﬁjertcn)/ ""|_ 2 No covalent bonds

et % No ionic bonds
G G O OC) ® No dative bonds
. @ No hydrogen bonds
Disfavoured K~ & ydrog
Stands for Catalytic amount of Ln*M-N,

pyramidal and formed in reaction
planar radical

¢ BEREYMEAET RN, B, BF. SRFHERETFEEEFRESILINEA,
¢ BEESRURNEFIFER, REFRREESARNTTHRENRBIFIE, SEAH
MR B REYMZ BB R EFRINZISZEELISCH,

3] fF S Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 512 T
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‘ HPEKIETL: Bao’s work ml‘?‘w“‘/'%

This work: iron-catalysed asymmetric carboazidation via a group transfer pathway

Ng I

[Fe]/LPO [Ln* Fe—Ng] :

AT X + RIBr % 2 R
Planar or shallow pyramidal E

+ Bonding energy P
5 0 3 15 30 50 100 kealmol" 1
, van der Waals x interaction Hydrogen lonic Covalent L
; (‘T ) (< ja) (1-29) (12-84) (57-152)

: This work o

How does the chiral metal complex *LnMN3 recognize the free radicals? By = and van der Waals interactions.

) % " ( Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 513 T

e N TN,
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HMEKFET: Bao’s work

Na O
Fe(OTf), (1 mol%), ligand (1.5 mol%) )L
O Cqi4H
~ . + TMSNs + CBry - CBrg - 1123
PR LPO (2.0 equiv.), Et,0, r.t. Ph CiHg™ 0
1 2 3 LPO O
! | ! | ,\{! | \/J\ N!" L 0! !N
g Ph“' F'h Ar® s
Ph Ph Ph Ar F’f‘Ph Ph
Ar = rr}rsa-rr-l::ut;t,tlphr;\m,fl
L1 L2 L3(HAIXI-tBu) L4, trace
68% yield, 73:27 e.r.  74% yield, 87:13 e.r. 82% vyield, 94:6 e.r.
Ph F'h
Ph Ph
L5, trace L6 (boxmi), trace L7 L8 (pybox), trace

43% yield, 50:50 e.r.

Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 14 T

E) fF & F
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‘ HPEKIETL: Bao’s work

Alkene substrates with CBr, ————— |Alkene substrates with 'C5F-
Ng N3 N3 N3 Ng NB
.A/l CB[3 Uk/cBrg Fﬁ/ CBry “/k’l ’.CSFF' ©/k’j03':? MQOWFCSF?
5, 78% yield; 94:6 e.r. 6, 70% yield; 95:5e.r. 7, 67% yield; 94.:6 e.r. 26, 80% yield; 85:5 e.r.

25, 80% yield; 94.6 e.r.  with L2 as ligand: 27, 72% yield; 93:7 e.r.
84% vyield; 87:13 e.r.

N3 N N3
CBry CBry CBry Na Na Nz
'CsF7 'CsF ICqF7
Cl Br
Cl Br

13, 64% vyield; 94:6 e.r. 14, 66% yield; 94.6 e.r. 15, 75% yield; 93:7 e.r.
33, 77% yield; 92:8 e.r. 34, 63% yield; 92:8 e.r. 35, 62% yield; 93:7 e.r.

Na Na Na
. O CBrg CBrs Br CBr, mD)\/@aF? F iC4F7 /@/&vscaﬁ
cl O.N

68% yield; 92:8 e.r. 22, 63% yield; 94:6 e.r. 23, 74% yield 955 of .41, 75% vyield; 93:7 e.r. 42, 50% vyield; 95:5 e.r. 43, 46% yield; 90:10 e.r.

\@A/‘CSF? \©A_/f03[:? Cl \©A/"03F? E

28, 71% vyield; 94:6 e.r. 29, 74% vyield; 96:4 e.r. 30, 80% vyield; 96:4 e.r. 3

'CaF7

47, 45% yield, 91:9 e.r, 48, 62% yield; 73:27 e.r,

3] fF S Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 515 T



‘ HPEKIETL: Bao’s work

R %+ 5

TONGJI UNIVERSITY

Carbon functionalities: RBr or Rl

N3 3
CHB[Q GC|3
with CHBr4 with CBrCls with RBr
Cl Cl Cl
49, 41% yield; 90:10 e.r. 50, 60% yield; 91:9 e.r. 51, 77% yield; 92:8 e.r. 52, 53% yield; 91:9 er. 5
Na N3 N3
Cl \©,L,GHECF3 Cl \©)5ch3 Cl \QAJCFESDE%
57, 50% vyield; 85:15 e.r. 58, 69% vyield; 87:13 e.r. 59, 72% vyield; 90:10 e.r.
N3 N2
GJ’C'GEFH GI\Q/L,@FE}EG{GFQJESOEF
f - X-ray of 63
63, 85% vield; 90:10 er. < T CCDC 1938899 64, 74% yield; 946 e.r.

7 A A F

Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 516 T
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‘ HPEKIETL: Bao’s work

N5 b
) Standard conditions ; i
P+  CaF > /'\/fCSFV : N
TEMPO (3.0 equiv.) Ph : r.!)
26, not observed ' ~CyqHgs
BHT instead of TEMPO, 26, 37% yield 64%, based on LPO
'CsF7
Standard conditions 53% yield
Ph i » Ph ‘i :
RELIL LI R o N > . trans.cis 7.2:1
Ph Ph 85:15 e.r. for trans
N3
68 69
b < Reaction with A as catalyst
N3
100 - A (1 mol %)
Ph/\\\ + CBry > /'\/CBF3
TMSN; (1.5 equiv.)  Ph

LPO (2.0 equiv.)
Et20, rd.

50 - 4, 66% yield, 88:12 e.r.

y = 0.9043x + 0.9524
R? = 0.9856

e.e. of 30 (%)

Standard conditions
with L2:
74% yield, 87:13 e.r.

" T r T r A
0 20 40 60 80 100
e.e. of L3 (%) CCDC 1938900

@] 'F]“ Y Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 517 T

/\;]
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TONGJI UNIVERSITY

X = OTf or OCOR, R=C11Ha3
[L2FenOTH* m/z 815.1146
[L2FeyOCOR]™ m/z: 865.3208

*
LFem(X)(Na) I _N
y Fe
Ar/"‘\/ﬂ N~ \d
R X
R’ Rl B
AT g [L2Feq(Ns)]*
Ny R® m/z:708.1728
N’Fe“o)
\-I—’x SET i
¢ +
[L2Feu(OCOR)N5]
m/z: 907.3364

@] ’ﬁ“ 4 ;7]}—\ Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 518 T



‘ HPEKIETL: Bao’s work

30

26
or
30

+  LiAH,

2.0 equiv.

o}

+/u\
N

2.0 equiv.

X-ray of 72A
CCDC 2015243

THF,0°C ~r.t,6h

Cu(OAc)s (10 mol %)
2-aminophenal (5 mol %

DCM/H,0 (1:1), r.t. 12h

X-ray of 72B
CCDC 2003644

KoCOj3 (4.0 equiv.)

DMF, 40°C, 10 h

Cl

Cl

\O)\,'CgF?
70% yield, 94:6 e.r.

1,

F)I%“f'- F

TONGJI UNIVERSITY
NH, Cul (5.0 mol%) i N\ Ph
IC4F7 Igi (2.0 equ[v.) )|\ I
(2.0 equiv.)
30 + Ph—— - FaC N 0]
THF, rt., 14 h Cl IC4F+
70, 93% yield, 95:5 e.r. 1.0 equiv.
71, 80% yield, 94:6 e.r.
_PO(OEt);
HN
DCM, r.t. )
30 + P(OEt)s » Cl IC4F,
CaF5 Overnight
2.0 equiv.
73, 75% yield, 96:4 e.r.
R =H, 72A, 72% yield, 95:5 e.r.
(99:1 e.r. after recrystallization) NC
R =CI, 72B, 65% yield, 96:4 e.r. N
A\
K2CO3 (3.0 equiv.) HoN N
30 + ne” en - 2 N

ﬁi DMSO, rt. 18 h 0|\©/1\,r‘cgﬁ

2.0 equiv. 75, 65% yield, 94:6 e.r.

Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 519 T



‘ HPEKIETL: Bao’s work

(&

b

HO

2.0 equiv.

Cu(OAG), (10 mol%)
2-aminophenol (5 mol%)
DCM/H,0 (1:1), 40°C, 12 h

76, 70% yield, 95:5dr N

F) 4 + F

TONGJI UNIVERSITY

Cl
'CaF7
c
Na AgNO; Ng 0
—_—
/'\/CBr3 M
Ar acetone/H-O Ar OH
rt.to70°C, 3-5h A
NH, O NHBoc
COOH
Ne®
78 79
A, 80% vyield, 93:7 e.r. A, 79% yield, 94:6 e.r.
B, 79% yield B, 85% yield

C, 95% vyield

Cl

o]

Ng
'CaF7 2.0 equiv.
0
Cu(OAc) (10 mol%)
2-aminophenol (5 mol%
30 inophenol {5 mal3) 77, 77% yield, 96:4 dr /N
DCM/H20 (1:1), 40°C, 12 h Il
cl =N
iCaF7
(Boc),O
Pd/C, Ha NH, Q NaHCOj4 NHBoc
—_— -
COOH
MeOH, r.t., 24 h Ar OH CH3CN, H,0 Ar
B rt, 24 h c
NHBoc NHBoc NHBoc
COCH COOH COOH
80 cl a1 82
A, 66% yield, 93:7 e.r. A, 89% yield, 85:5 e.r. A, 81% yield, 93:7 e.r.
B, 81% vyield B, 83% yield B, 83% yield
C, 93% vyield C, 95% yield C, 92% yield

'

7y«

i

Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 500 &
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B FMEKERIN: Bao’s work

Fo F
d Synthesis of anti-HIV drug Maraviroc %\
; g
LiAlH, A NOS
4 ———> CHBrQ CHBr, ———— CHO ——
THF ElgNIDCM acetone/H;O NaBH(OAc),
0°C to 0°tort,6h rt.to 70°C, 3h CH;COOH

rt,3h 84, 71% yleld DCE

85, 74% yield, 92:8 e.r. 86, 60% yield 0°Ctort,4h

83, Maraviroc
after recrystallization 99:1 e.r. 99:1 eur. 87% yield

=2y =a%

O RETEINEEDS,, BEESSHMENERINAT TSR AL,

O AN =ERER TEMENFERNETERHY.

O ZBHEERURNER THIBHARASE, MEEBHRENTIRERNRNEERFAIESE
BNX

O RWNEERFHISLAM, HrNEM L, ST —ZINERHWEY. [ERITEY. KA
NTEMILARIHIVESH)

3] fF S Bao, H.-L. et al., Nat. Catal. 2021, 4, 28. 501 T



‘ HPEKFET: Bao’s work

(a) Enantioselective diamination of alkenes and dienes
Shi (2007-2008), Du {2010) and Gong (2%3‘5}

HE, ‘,.( R? 0O

N -
[Pd] or [Cu] _ J\JN-FF NJ{
RS> R 3 o Hv“\v'\/“‘ﬁg
Muniz (2017) Denmark (2019) 0

NME:._!-
_pat r R _Se-cat" N—Ts

(b) Enantioselective diamination of alkenes
Michael (2013), Chemler (2010 and 2014), Zeng (2015), Liu (2017)

H‘lll‘
(\J [Pd] or [Cu] . [/3—/1”_&..
NHR' h!
R‘l

R %+ %%

TONGJI UNIVERSITY

oo o o o E M O O W R W R O W N OB N BN OB R N R N N RN N OGRS N O O ONR OE S ON N N O E S W N M B RN S W W S S S E M O O E M O M N E B NS N NN SO omomomom

E) fF & F

Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 500 T
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(c) Enantioselective aminoazidation TONEIL UNIVERSITY
N3
R [Pd]
N
Liu (2020) Ts
(d) This work: Asymmetric radical intermolecular aminoazidation and diazidation reaction
Fe Ns N3
1
AR . A __NESOPh), o )Y“a
2 Chiral BOX ligand = Ar A
R 54 examples, up to 98.5:1.5er R' R
_______________________________________________ up to 98% yield
. : v upto 20 mmol
' Group transfer ! i o
] L x ¥
' R Q_%g ! ' Ar=ptert-butyiphenyl Oy N ©
: -;I ::> "') E : ﬁu"-l-"“ = “Ar
i Con O | : At A7
) 3 : ' Challenges:
m J iy mes . ¢ Stereocontrol on an acyclic radical center
. s S aPT » 0Group transfer mechanism: Lack of efficient
! cytochrome P450 I ] + interactions between metal catalyst and radical
e R + {Fast background azido group transfer step

7l 'H‘ 2 ;jt Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 503 T
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N5 N3 N3
F N(SO,Ph), C N(SO,Ph); 5, N(SO,Ph),
Fe(OTf)2 (5 mol %)
b F-N(SO2Ph)2 | igand (7.5 mol %) N3 4 = s
+
it TMSN; SOt ph” - NSOPh); a
_______ o O OO 0 M AR A ARACA R 25, 68% yield; 89:11 er (L4) 26, 80% yield; 90:10 er (L4) 33, 90% yield; 88:12 er (L4)
I oo e e
—§—< >—Si— —§-< >—é
O O O O \ N3 N3 N3 N3
o 0 el e L4 [N]«_~ IN] = X [N] [N]
0 70 0™ 70 - —_—
k{N N\J .'k(N N\/k
o Ar N Ar E ::: { g LS
Ph Ph Ar Ar H H/Br Br
L1 L2 Ar = Ph, L3 Ar = p-trimethylsilylphenyl, L4 Ar = p-tert-butylphenyl .
L5 Ar = 4-(2,3,3-trimethylbutan-2-yl)phenyl 34,61 95%, yield [N] = N(SO,Ph), 35,l€1859% yield
80:20 dr, 98:2 er (L4) 79:21 dr, 98.5:1.5 er (L4)

3] % Y Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 504 T
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‘ HPEKIETL: Bao’s work

_____________________

Scope of diazidation

e r N3 Na : Et :

with L4 as the ligand Na o o, ki
N3 i E n-Eu/Kn/ 0 5

46, n= ' :

, 1, 76% yield; 95:5 er 50 61% vyield, 73:27 er «. .. "
. N3 45.54% yield 47’ n- 2’ 55% yield: 93:7 er 0 oo O Ny Ng
R 92:8 er 48, n=13, 72% yield; 92:8 er
49, n= 5, 80% vyield; 92:8 er
37, R = 3-H, 64% yield; 97:3 er N3 RS O O RS

N3
~H 53 RE = H dr1.4:1 (chiral:meso),

38 R’ = 3-CF3, 55% yield; 93:7 er
39, R” = 3-Cl, 58% yield; 97:3 er 73% yield, 92:8 er
40, R = 3-F, 58% yield; 95:5 er N, s

; _ 54, R® = F, dr 1.3:1 (chiral:meso),
41, R’ = 3-Br, 75% vyield; 95:5 er 78% yield, 90:10 er
;o 1. AE. . 3 S
42,R" = 3-CHs, 60% vield. 8515 er 59 gr 2.1, 60% yield ~ 52. dr 3:2, 61% yield 55, R® = Cl, dr 1:1 (chiral:meso),
43, R’ = 3,5-diBr, 55% yield; 88:12 er major 85:15 er major 85:15 er 67% yield, 88:12 er
44, RT = 3,4-diCl, 54% :-,rield; 89:11 er minor 93:7 er minor 928 er 56 [d] Rg = Br. dr 1:1.2 {chiral:mesn}

67% vyield, 91:9 er

3] 'F]“ Y Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 05
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HMEKFET: Bao’s work

R
Q 0
!:4 { !‘:l { . OMe N
N. N. Nu \ 0 “N
N N N N’
cl N(SOPh); CI\©/’\/N(SOQPh)2 Cl\©/k\ OMe ol \©}\,N(sozph)z
57, R'= OMe, 95% yield; 94:6 er N(SOzPh);

58, R = H, 87% yield; 94:6 er 59, 88% yield; 94:6 er 80, 63% yield; 94:6 er 61, 83% yield; 94:6 er

la lo) W ©

T(d)
Q
N
N, \ N3 N{\
N ; N. Me
5 N B (h, i) Cl N(SO,Ph), (e) N
- Cl N(SO,Ph),
0" Ph
8,946 er

67, 56% vyield in two steps; 94:6 er | 62, 76% vyield; 94:6 er
|t l (h) o lo | o
I
NH, i (MeO)P- NH,
cl NHSO,Ph cl\©/1\/NHSO2Ph Cl\©/‘vw (SO,Ph); CI\©*/N(SDQPh)2

66, 62% vyield in two steps; 94:6 er 65, quant.; 94:6 er 64, 81% yield; 94:6 er 63, 79% yield; 94:6 er

3] 'F]“ 4 ;?—\ Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 506 T



‘ JPEKFEZL,: Bao’s work
2] With TEMPO
e e

three equal batches

(1.0 equiv per batch)
at an interval of 12 h

b) With BHT

Standard conditions with L4

Ny
cl N(SO-Ph). No
+ cl\©/k/N{SGQPh]2
8, 24% yield
B80:20 er 68, 14% yield
Cl N(SO:Ph);

o] N
BHT (3.0 equiv)
c) With 1,1-diphenylethylene

Standard conditions with L4

Cf\©/~.\\

d) Radical clock experiment

1,1-diphenylethylene (3.0 equiv)

Standard conditions with L4

d,

8, not observed

cl N(SO,Ph},

K,

8, 40% yield
92:8 er

N(SO,Ph)a
N(S0;Ph};

Ph
NLV

e) Reactions run with L2Fe(ll)OTf; complexes

o
=
A(vv)_\
=
b
+
h)
=2
=
wr
-

70, 32% yield 71, not observed
major: minor =5:2
72:28 er for major

¥ =

F’-)f‘%“ﬁ%

TONGJI UNIVERSITY

& 2 F

Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 507 T



‘ HPEKFET: Bao’s work

e) Reactions run with L2Fe(ll)OTf; complexes

L2Fe(OTf),#Solvent (1 mol %)

NFSK2.5 equiv), TMSN3(25 equiv)  Na
PR

N(SO.Ph);

CHCls, rt, 48 h Ph P

1a

L2Fe(OTf),#THF (Complex 1) 64% yield, 78.5:21.5 er
L2Fe(OTf)2«CH3CN (Complex Il) 96% yield, 78:21 er
standard condition with L2 80% yield, 78:22 er

major. minor =2 £

72:28 er for major

Complex |

Complex Il

F’-)f‘?‘-a“ﬁ’%

TONGJI UNIVERSITY

0
N,Fei“
& TMSN;
X
N(SO,Ph) ~
2FN)2 "LFe”{X)z TMSX
X=0TforF
SET
F-N(SO,Ph), N,
I _N
Fe_ )
A~ N(SOPh), N(SOzPh)z N’\!_:O
s x
r
s |= N} *LFe?(X)(N)
e
N0 2
X
E
*LFe"'(X)3
TMSN;
x_ )2
I _N
>Fel) F-N(SO,Ph),
N \,}_,0

*LFe"(X),N,

E) fF & F

Bao, H.-L. et al., Angew. Chem. Int. Ed. 2021, 60, 12455. 508 T



HPEKFRZL: Feng’s work

o p-AIEMREA SN AT B ERS A LAR N E R R

F) 4 + F

TONGJI UNIVERSITY

o) 0 L*/Fe(OTf), o
Ph 1:1, 10 mol %)
Ph + + TMSN. (1:1, - J>/\
J\ﬂ/ @Eﬁ: PTOMEEAM) T P, O
A1 t c1 e D1

B1, Togni's reagent II

ﬁ‘ [3\( Qﬂ@\(o ____ [ --- I _____ Q _______
| v

=N H,_o_ F«,N e g!.\H,NMR.

: . 3
L,-PrPr, : R=2,6-i-Pr,C;H;  Ly-PiPry: R=26--Pr,C.H, 'Bz Tc:gms reagentl
L,-Pr'Ad: R= 1-adamantyl  L;-Pi'Ad : R = 1-adamantyl

L* yield% er
Dj Ly-PrPr, | 57  63:37
O ~f ' 0 L,-RaPr,| 36 67:33
) g-..f\p- L,-PiPr, | 48  60:40
N L O N Pr .
R Sy ./ °R Ly-PriAd| 40 50:50
H L,-Ra'Ad| 43 91:9
L,-RaPr, : R = 2,6-i-Pr,C.H, L,-Pi'Ad | 50 96:4
L,-Ra'Ad : R = 1-adamantyl Ly-Pi'Ad®| 842  98:22

282 instead of B1

E) fF & F

Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 500 &
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‘ HPEKFRZL: Feng’s work

o p-AIEMREA SN AT B ERS A LAR N E R R

© L,-Pi' Ad/Fe(OT), o

. R? )
R2 N D_LG + TMSN, (1:1, 10 mol %) RQW
DME (0.1 M), 70°C, 3 h N “

i R'  (<»=CF alkyl )

o
CF 2 i i
N ., 3 5 ph)‘V\CF )JY\ Ph)J>/\cF 5 )J>/\
3 o CF3 N ey 3 N A
A e N W ™ O

3 F

Me
D7, 70% (56%) yield D8, 75% (61.5%) yield D9, 72% (50%) yield D10, 80% (75.5%) yield D11, 70% (51.5%) yield D12, 66% (38%) yield
96.5:3.5er 97.5:25er 97:3er 955 er 97.5:25er 96.5:3.5 er
0

o . o]
D15, 71% (55%) yield D19, 87% (70_5%,) yield
Ph%.'/\CFS Ph)ly\c Fi 98:2 er Ph)y\CFB 97.52.5er
N “ 0 Y, 52,
O
R

Ph)${\cr3
NS 7 D16, 70% (54%) yield Ny NS 7
97.5:25er D20, 89% (76%) yield
o, : 97:3 er
D15 X = F D17, 70% (53%) yield Ve

D13, R=Me, 97.5:25 er

83% (73.5%) yield D16, X = CI 97:3er D19,R=Me D21, 77% (57%) yield
D14, R = MeO, 97.5:2.5 er D17, X = Br D18, 74% (56%) yield D20, R = MeO 98:2 er D22, 90% (66%) yield
76% (61%) yield D18, X =1 96:4 er D21, R = MeS 98:2 er
O o] o] o]

J>/“‘ Ph Phij%\CFs Phi%\m:j Phi%\CFs 0
0T B T T Hide

D23, 53% (33%) yield D24, 75% (54%) yield D25, 35% (26%) yield D26, 88% (81%) yield D27, 94% (80%) yield D28, 90% (69%) yield
96.5:3.5 er 97.525er 70.5:29.5 er 96.5:3.5 er 97.5:25 er B8:12 er

Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 530 &
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Enone A1 with_—1 +

TONGJI UNIVERS

LPO (C2» = -CF, or -C.F,,)

.f : OH o : 0 OH
i C4Fgl Pd/C, H, z 1 CgFyal ! Pd/C, H, :
: L Ph” S SC,F, ——————  Ph Ty CF : L PRy NG R, T PhT Ty TSGR,
LB e TR Ll BTSN ol
-------- y , G1,88:12 dr i G2, 90:10 dr
D29, 73% (66%) yield i D30, 80% (67%) yield PR
68% vyield, 94:6 er 68% yield, 93.5:6.5 er

Enone A1 with alkyl peroxides ( <_» = alkyl)

B5, R3 = Me:
B6, R® = Et.

(with B9: R®* = C,H,CH,CI)
D35, 83% (?6%} yield
82:18 er

....................

] 0] ' 0]
Ph~ ~~""Me Ph” 5~ Et e O R¥ n-CcH,, Ph” > ~n-c
N “Ph N7 “Ph :dﬁj\o fy o N "Ph

(with BS) (with B6) (with 37 R3 n-CgHyy)  (with B8: R® = n-C, H,.)
D31, 82% (71%) yield D32, 86% (67%) yield B7-B12, R? = alkyl D33, 80% (61%) yield D34, 82% (65%) yield
93.5:6.5er B713er M oaa-- ; 86:14 er
l Pd/C, H,
O 0 0
ph)WPh ph)y\/\co Me )IY\
‘o “H 2 Ph n'c H

N7 "Ph NS “Ph N P T

{with B10: R¥ = CH ,CH,Ph)  (with B11: R3 = C,H,CO;Me) (with B12: R3 = CH,-1-Ad)
D36, 90% (80%) yield D37, B8% (B3%) yield D38, 47% (35.5%) yield
8751125 er 8515 er 60:40 er

F2, 49% yield, 84:16 er

E) fF & F

Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 55 31
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‘ HPEKFRTV: Feng’s work [ A %

Y. = . = TONGIJI UNIVERSITY
o, B-AEFFHREASYHNAN IR ERERSALIARNE R RN
o L,-PiTAd/Fe(OTH), o : .
R' 4 0 4+ TMSN {1:1, 10 mol %) i 3 :
R? | ® DME(0.1M),70°C,3h  R® 77 1”3 , 1’ [
I ' y :
OAc iR | OAc N, .
A B13 c1 E1-E14 | B13 B14
o) 0 0 0 0 o]
Ph)‘y\Na Ph)l>u/\N3 )j>/\ )’5/\ F’h/”>{\N3 Ph N, Ph)y\Nz
N# “Ph NS ; NS NS
0 O O
E1, , E5, Br E6, Me E7, SMe
90% (77%) yield, 89:11 er 4490 (37%) vield  84% (?1%) yield 70% (sg%} yield 65% (56%) yield 65% (53.5%) yield  70% (59.5%) yield
78% (89%)yield, 91:9 er® 88.5:11.5 er 80:20 er 90:10 er 91.5:8.5 er 90:10 er 90:10 er
0 0 0
Ph N, Ph)l>_,/\r«‘|3 Ph)JV\NJ |='h)'l>{“w3 F'h)J>.r/\N3 Ph)J>.’/\N3 0
N ne, e N Ne N, )
H cl 1 F Me
ES, , E10, E11, E12, E13, E14,
87% (67%) yield 46% (31%) yield 89% (69%) yield  99% (82%) yield 86% (78%) yield 82% (68%) yield 68% (59.5%) yield
T5:25 er 84:16 er 81:19 er 83:17 er 90:10 er 91.5:85er T1:29 er

E) fF & F

Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 5532 &
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HPEKFRZL: Feng’s work

o p-AIEMREA SN AT B ERS A LAR N E R R

(a) 0 0 o]

Ph std. cond. )_[>/\ Pd/C, H, )g/\
Ph B2 (2.0 equiv) Ph W o CF, MeOH. rt., F'r|1_| o CF,

3

TMSHN., (2.0 equiv 20 h
(5 mmol) (e D1, 1.06g
B7% yield, 98:2 er
) O 0
o )JY\N Pd/C, H, balloon )S/\
h s Boc,0 - F'l-;1 o NHBoc
3 MeOH, rit., 20 h :
E1 H1

33% yield, 81:9 er

)JY\ )’J>/\ Flh - C H 3
cnnd cnnd [l =T
[ N
Ar’L_r’\f’ D1 or D31 plr-/E;I"

11: Ar = Ph, 89% yield, 88:2 er 13: Ar = Ph, 88% yield, 93:7 er
12: Ar = 4-BrCgH,, 94% yield, 98:2 er 14: Ar = 4-BrCgH,, 85% yield, 93:7 er
cond.: CuS0,+5H,0, sodium L-ascorbate, TBTA, "BUDHIHED, 35°C

3] 2 3 Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 533 &



‘ HPEKFRZL: Feng’s work

o p-AIEMREA SN AT B ERS A LAR N E R R

d o 0o
P
Ph)H" "+ (511H23)|\0}
2
A1 B8
(2.0 equiv)
{ZOEquw}

[i

A1 B15
(2.0 equiv)

TMSN,
std. cond.
N + D34
TEMPO éL not observed
(2.0 equiv) CyiHys
56% yield
based on B8
TMSN,, CF,
std cond
N 3
D39
65% vyield, trans:cis 82:18
TMSHN,, o

Ph (é\)j\), std. cnm:l PHJM
NF “Ph

3

D40
24.5% yield, 8713 er

O
Ph
Fh + f
A1

L'Fe{ll}
TMSOTf
Dch:r Ny
OTMS
TMSN; "CF3 + |
La-Pi'Ad
+ —=L*Fe(ll) N3

Fe{OTf) I

/
L‘Fe{lll}j’Ph
.
o
o) Bh n
Ph)%%.cl:g Fﬁxh)\’fph
Ms  Ph _,} ol .CF
D1 4

3

N3— F&[III]—L"‘
v

E) fF & F

Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 534
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o, p-AEFREA SRR TR EHERSSELARNES (RN TONGJI UNIVERSITY

17.9

__FelL*
o
A
N7 “CFs (R-D1-Fe(l
ﬂ\. ‘:.J F‘I-/"N R e(ll)

LFelL”

3-8 (R)-D1-Fe(ll) a
. 7, CFz (5)-D1-Fe(ll)
(S)-D1-Fe(ll) N “Ph

3 jli Feng, X.-M. et al., J. Am. Chem. Soc. 2021, 143, 11856 535 &



B 7PEKIRIN: Feng’s work

BiE{LEERNR C-H BAANIR=H5 B HE GRS ER M

A) General radical carboazidation of alkenes with preactivated C-centered radical precursors

N N
@ ,/f,'\. N3 c \)\3. or c :3
C—X — /c{u - ~Ne

Racemic azides Enantioenriched azides
(widely explored) (few reports)

. Radical Precursor Stereochemical model Limitations and challenges

1 .\ N ® Pre-activation/multi-step synthesis

| R-Br/l R;SO,ClI Togni's reagent *LM < '

® Quter sphere pathway
* Difficult stereocontrol

________________________________________________________________________________________________________

B) The state of the art of radical carboazidation of alkenes with radicals via C-H activation

N, e Hydrocarbons as radical source
g \)\.
Exlusive
Racemic azides

o) 2 T

/C{ll o

C—H —

® C-H bond activation

® No asymmetfric transformation

F-Jf%“ﬁ%

TONGJI UNIVERSITY

> FSEEGEREHERIF, WEXN
. feEREBE SRR Tognialsl,
BAEFER, AERMSEET
SMYEER, BT ENIRRARER,

> BHRRERZZEEZERBRTINADE,

ESENAXITRE RERE R
WRANKIER, HEREIIRIERE
PEIIAEEE C- NI

&+ # F

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 536 &
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‘ HPEKFRZL: Feng’s work

BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

C) This work: Iron-catalyzed asymmetric carboazidation of «,3-enones via selective aliphatic C-H activation

A R Ar,; N,
R—H )\lr TMSN; —_— FelL* — R\/'QH,R
0 0
Hyrnocatbons Enantioenriched azides
N Ar
R R FelL*
R® — - - y. l:,
O /:.Fe"
LERA
B  Abundant hydrocarbons as feedstocks M Catalytic asymmetric radical carboazidation
B Primary, secondary, tertiary radicals B HAT catalysis merges chiral iron catalysis

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 537 &
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‘ HPEKFRZL: Feng’s work

BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

Ar
Ph
O A e
o}
1a 2a 3a

Al,_ My Q. l..Z - 3 @YO
N3 A Ph Y LR, N N
~M. 0 [s LI
RT CH- =~H" "R
5 s}

Lz-PrAd: n = 0, R = 1-adamantyl
L3-PrAd: n = 1, R = 1-adamantyl
Ly-PrPh: =1, R =Ph

R %+ 5

TONGJI UNIVERSITY

Fe(OTfa (5 mol3)

Ly-Prad (& maol)

TBPE (3.0 equiv.}

CH4CN (0.2 M), T

5°C o]

Ar = 4-CF3CgH,

&N \_/\“NQ ) +
O:‘T o] ] ° O::i“ MmN o

- -

Ny =

“H-N,

R MN-H" =

Ly-PiAd: R = 1-adamantyl

L;-RaAd: R = 1-adamantyl

Entry Deviation from above conditions 4 (%) 5 (%) erof 4 (%)
1 None 58 31% 92:8
2 La-PrAd was used 40 4% 73:57
3 Ls-PrPh was used 54 33% 70:30
4 Ls-PiAd was used 63 15% 79:21
5 L3-RaAd was used 54 17% 69:31
6 Fe(OTf)z instead of Fe(OTf)a 46 17% 88:12
7 Fe(0Ac):z instead of Fe(OTf)s 5 trace 50:50
8 FeClz instead of Fe(OTf)s 18 trace 50:50
9 DTBP instead of TBPB 5 trace 88:12
10 LPO instead of TBPB ND trace ND
11 BFO-Cl instead of TBPB 64 20% 92:8
12¢% Without Fe[OTf)z trace trace 50:50
13% Without L2-PrAd 37% 47% 50:50
ol
pnj‘o’o\]( ﬁ\o’u c.,r—|2,j1cr’o‘[rc"""‘s C'@)Ukvu\n/@
o =]

TBPB DTEP LPOD BPO.OI

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 538
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‘ HPEKFRZL: Feng’s work

BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

F-Jf#"-a“ﬁ’%

TONGJI UNIVERSITY

5}

O:ﬁ.r,_ N3 o
Y

Fe(OTM (5 mol%)

Ar Lo-PrAd (6 mol%) Ar. N3
R_H + AFPH +  TMSN, = R /er’ Ph
0 BPO-CI (3.0 equiv.)
CH4CN (0.2 M), 75 °C O
1 2 3a 4-44
Aliphatic C-H
Ar = 4-CF3CgHy P
r'/_ - ,/ | A Ar

.-"r__-l Ar, N3 | \i Ar_, N3

! e . [0 Ar Ng N
NAA P N AP A P X Ph \[) AP
0 o o

4, 56%, 92:8 ar 6, 65%, 92:8 ar T, 54%, 92:8 er 8, 52%, 8812 ar 9, 60%, 94:6 ar 10, 43%, afji=21
for g-isomer 77:23 er
L Other C-H
)| A N Ar. N /™ AN
Vo AN £ Na (7] AN o
o Ph ~ Ph /Y AL Ny
MT} /le Ph~ \-\._AI_( Ph 0 ‘J“M_/kn/ \D "LH‘Al_r Ph
o o]
© O
12, 52% 13, 62%, 85:15 14, 52%, 1:1 dr
afiy=1.3/1.6/1 affy=1.3/1/1.9 o B7:13/86:14 er 15, 58%, 95:5 er
ClPh, N3 c1.5Ph. N ClPh NH
A A }J\/\rr Ph __ . NH,
Br “/krrph cl “/krrph Cl . : = [ EL\/STPh
0 0 o o
16", 35%, 94:6 er 17%, 38%, 93:7 er 18", 529, 055 ar ) _ 18-NH,

25

/\;]

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 539 &



‘ HPEKFRZL: Feng’s work

BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

i, fFUnsaturated ketones

F) 4 + F

TONGJI UNIVERSITY

20

R.—
N ,}N 19,R =H 53% 028er o~ R ZLR=F 63%, 92:8 er
4% oy, .R=dMe,  56% 8713 er - g 24, R = CF3, 58%, 02:8 er
m 21, R = 3F, 56%, 92:8 er {kg)/\ 25, R’ = OMe, 44%, 92:8 er
22, R=23F, 64%, 90:10 er 26,R' =Cl, 50%, 90:10 er

F4C FaC

27, 54%, 90:10 er

28, 57%, 90:10 er

— g, f+Unsaturated phosphine oxides and amide

,f.PhNE OPh N» |P|'L“3H
B - ..N ",
H\""’

29, 56%, 93:7T er 30, 52%, 90:10 er

31, 46%, 919 er

36%, Ar = 4-Me, 49%, 94:6 er
Ph. NH ’;ﬂ 375, Ar = 4-OMe, 51%, 80:10 er
= 385, Ar = 4-Bu, 52%, 93:7 er
CCl;0 39%, Ar=4-F, 45%, 93:7 er
40°, Ar = 35-Me-4-OMe, 52%, 94:6 er

— a - - - o= EEF S - - -

32, 54%, 90:10 er 33, 54%, 85:15 er 34 56%, 88:12 er 35, 45%, 8515 er

Me Me Me
{ } < > < } B
? NH, / NH i / NH 7
. Ph ; :
CCl;0 CCLO CCl30

418 50%, 04:6 er 42° 57% 92:8 er 43" 57%, 92:8 er

— - -~ SECETE TR M SHE - R - _— i s S

E) fF & F

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 540 &



‘ HPEKFRZL: Feng’s work

BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

A) Kinetic isotope effect experiment

Fe{GTr, (5 mol%)

CHCly Fh Ly-Prad (6 mal%) Ph, Ny
. Ph - clac\/vklrph kylkp = 2.59
ar TMEM, | 2.0 equiv.) o
o TEFB {3.0 aquiv.)
CDCl3 2b CH3CN (0.2 M), 75°C 8

B) Radical trap expenment

Ph ha
O Rpn e Q0 (et
o = Ph + M
o TSN, (2.0 equiv.) a (e

b

TEFE (3.0 equiv.)

ihb 2 TEMPO (3.0 eguiv.) 20, 0%

49, 56% yiak
based on TEMPO

BRO-CI (3.0 equiv.)
1a 2a

0
O ' ,;J\“,pn e = g Ph + /F»GJ\@Q
5 TMSN; { 2.0 equiv.) N L
) o]
4, 0% :

Ar = 4-CF 30gH,

DMPO (3.0 equiv.)

Detected by HEMS

=
) (% + F

TONGJI UNIVERSITY

C) Contral experiment without C-H-bearing partners

en PR Ny
Standard conditions Ma : Ph
}\H,F'h , TBPB o M
a (3.0 equiv.) TMEM; (2.0 equiv.) 5
2b 50, 48%, 93:7 er

g —= Me* + amtun&l

A Standard conditions Az, Ny
)‘\H,Ph + BRO-CI - A ‘-A“’Ph
a (3.0 equiv.) TMEN (2.0 equiv} )
o
[0« —r' + CO,

2a 51, mixture, 51% yiald
Ar = 4-CF 4 CgHy Ar' = 3 or 4-CICgH,

BEE R

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 55 41
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‘ HPEKIRTV: Feng’s work

BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

D) Different amounts of hydrocarbons

ar Standard
O . )\N,Ph conditions
e Y
o
1a 2a

TMSN; (2.0 equiv.)

Ar = 4-C FQGEH_'_

[ QS-S [ K TS

1a
0.1 mL
0.2 mL
0.3 mL
0.4 mL
0.5 mL

4(%) 5(%) erofd

17%
29%
6%
52%
4%

T0%
45%
34%
28%
20%

F’-Jf'%“ﬁ‘%

TONGJI UNIVERSITY

E) Reaction with pre-catalyst

, i
{ Jm=0 o GW
8713 ,[/ '!‘ﬁ

L HR MHR _
a1:8
928 {[FeL*OMe)[**}. {Crystalization from metharnoi)
92:8
B2:8 L* = Ly-PrAd R = 1-adamantyl

[Fal*{OMal]o(OTF), (2.5 mol%)

Standard condifions,

TMSN; (2.0 equiv.)
BRO-CH (3.0 equiv.) g4 °
CH,CN (0.2 M), 75 °C £9%, 90:10 er

645%, 928 er

Ar
O A"
+
(8]
1a 2a

Ar = 4-CF5CgH,

& 2 F

Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 5542 &
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BiEECIERN% C-H RIAIR=HS BHEFERESA/RM

1) xR E AR S AYIEN
D A IREUGER, SR ENE
:;;f;;ﬁ\ 5 R,

[wmmwmmoTw“r 2) B Fe(LEHINSHIH T

v&\( ‘. [BHATERE, P OEHRE,
= Sﬁﬁﬁ}gﬁ? . B, T R E R AT
\i\\ : I - 3) BT FEFe(lll)- N3@6A%)l'ﬁ'
2 T Y e [ORRIRS FREGEBIIR, 1

LS WEE’J?’TEE&%%{M%QWO

3 4 2 e Feng, X.-M. et al., J. Am. Chem. Soc. 2024, 146, 13347 5543 &



HPERIETE: renromL Mot FRoER — S SIS

e} :

F) 4 + F

TONGJI UNIVERSITY

Fa(NOs)s 9H:0 (1.2 equiv.)

TMSH - N

40 W Blue kessil lamp Ny d

alkenes MeCN, r.t., 24-36 h diazides

Unactivated alkenes
. . Aromatic alkenes
Cl N3 N3 3
N3 Nj F N3
Me OO Me N3 N3 N3
Me I F ©)\,Na @/’\’Ns ° /@)\,Na
2f, 64% 2g, 81% 2h, 76% Yeso Me)J\O
2z, 70% 2a', 65% 2b', 75%
N3 F
: e QL L : :
N3
2k, 73% 2|, 86% 2m, 81%
2e', 58% 2f', 70% 2q', 71%, d.r. = 1.6:1
N3 Ny N3
""\./'\)\"P‘Is /\/\/\JJ\/NJ /\/\/J\/N’ HINBIE SR
cl Br HO Scale up
N3
2p, 84% 2q, 87% o1 65% O\)l‘ Me __ 5.0mmol __ 0\/4\/"'3
' in batch Mo
2i, 75%, 0.87 g
NZI I N3 N
Phs\n/\)\lna s A m ME/\/IY\,MB ’
N e~ AN
o ©, ’ Ay, — S0 mmol o
Br e in batch
2u, 86% 2v, 711% 2w, 72%, d.r. = 1.1:1 2ATER 1200

BIE S

Shi, Y.-M. et al., Nat. Commun. 2022, 13, 7880. 544 T
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TONGJI UNIVERSITY

‘ HMRAETL: renemLMcTER TR —SSLIER

a
Fe(NO3)3-9H20 (1.2 equiv.)
+  TMSN; > 27 4+ T HRMS: [M+HT*
40 W Blue kessil lamp calcd: 345.2649
1a MeCN, rt., 24 h ND. Ne found: 345.2647
TEMPO (2 equiv.) 3
b
N. N
Ny ¢/ Fe(NOa)s-9Hz0 (1.2 equiv.) , :
. TMSN; - )
N 40 W Blue kessil lamp N 64% yield, d.r. = 1.6:1
Ts MeCN, r.t., 24 h Ts
a 5
Cc

Fe(NOg)s- 9Ho0 (1.2 equiv. Ns
PN Non 4 TSN (NOg)s-9Hz0 (1.2 equiv.) - Na\)\/\/\ O/\m
OH fo)

40 W Blue kessil lamp

1ir
MeCN, r.t., 24 h ,
A § 2r, 65% yield 6, N.D.
l X
SET
[NiWV\OH] """""""""'x" """"""" > NSW\\/\OH]

Shi, Y.-M. et al., Nat. Commun. 2022, 13, 7880. 5545 &
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The first step: ligand exchange The second step: light-induced LMCT to offer an azidyl radical
[} +N3_ i
LFe') @ — [ I ] - .
LnFle N3 [ LnFe'”N;;] ... T { LnFemNg] LMCT N3

The third step: radical addition and interception

radical addition

. N3 trapping -
Ns + ﬁn o \,/QH ol H)\,NS
m v [ LnFe'"Nal diazide

iﬁ%ﬂ%ﬁ%&%ﬂ%ﬂ@?f‘ﬂ BRI, ~@"="'*SZ ERHIFBETFEYFRESEURE
BERIMISZME, RRMFEIRHIT T R MAI=L, XEER NS RIRAL T RIRE,

(3] .ﬁk 1t ‘ Shi, Y.-M. et al., Nat. Commun. 2022, 13, 7880. 546 T
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Fe{NOa)a@H0 (1.0 equiv.) L
Druga/natural product TMSM :’ﬂ*ng
derivatives * CH4CN, AT, 24h Ra Ny
427 nm BLED {25w) Ry
Ph
Ma F MNa
OMN;. | = o OMNS
=
0 Na o]
OMNS
o]
fram ibuprofen . from Loxoprofen
41, 60% fram Ffunb.pro.l’sn 43, 40%,
42, 79%
o]
o ~ o B May Me
| O~ A My |

P
“ OW”; ge i o~ ~Pn
o] MeCy

Nz o UMTANz
N3
from [soxepac fraom Naproxen
44, 64%: 35 52% fram Flavone-derivative

46, 62%

Piv "OPlv
OPiv
from L-Mentho! from (-)-Bornea from D-Galacto,
pyranasylamine
47, 70% 48, 72% 49, 62%

=)

@] % # ;7]\; West, J. G. et al., Nat. Commun. 2022, 13, 7881. 5547
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Syringe
pump R
Ry M3 1
TMSN, Rz
Rj)“\\“(R"’ @eq) @ Fe(NO3)s H50 (35 mel%) Ri Ny
Ry MeCHN (0.1 M), 1t
T =135 mins
Continuous-Flow
Product Yield (BRSM)® Product Yield (BRSM)*
N3 69% (4.2:1) (69%)
T0% (92%
phA-/l\vN3 ( ) N
M- N
. AN, B3% (76%) Ph Ny 67% (67%)
a7 Me
M
N BMe
B 0\/\).\:-/51 72% (85%) N A(\OB‘Z G (54%)
& 3 0.5 mmal scale: 63%0 (89%) N
FsC Ns Q\SP Me .
O~ _A_N 52% (69%) P -
44% (44%)
[s] M3
Me
Ph
N F
M
7 N"\/l\’ ! B4% (94%) Ny 40% (43%)
= o] O\/‘\)\,N3
o

F) 4 + F

TONGJI UNIVERSITY

7 A A F

West, J. G. et al., Nat. Commun. 2022, 13, 7881.
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A Cc
Ph
=—Ph N—
N + . W Azido Radical Generation (Step 1)
/“\_/l‘i_.- L N“'J’A N=N 1)
N =

Ph ' CuSD,5H,0 (0.1 equiv.) P W NE )
sodium ascirbate (0.2 equiv.) Fh Fe) ——= Ny—([Fe™) _ v Fe'l + M

FBUOH:HA0 [0.15M, 2:1), LMCT )

53, 68%
17 e iron-azide species 18 e species
Radical Addition (Step 2)
M PA/C (10% wiw) MNH:
R ——
N MH: 2 . . ., ) i
Phﬂ‘-/k"’ 3 Ha (1 atm) phf"‘\/l‘\f @) R/\“‘% + Ny [ H/"VN» (transient radical)
54, 82%
Radical Ligand transfer (Step 3)
v i P?:%HEG /‘\J‘t‘: - ¥ NI[FEml | :
—_ = - 34+ —iEal - M-
AN MHBoc (g g My —[Fe] R )\/ 3
Ph 2. BocO, THF Fh @) R R
58,% ido-ligand-transfer|
(persistent radical) #ido-liga

@] ’H‘ 4 ;?IQ West, J. G. et al., Nat. Commun. 2022, 13, 7881. 549 T
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B. Representative pharmaceuticals containing 1,2-aryl{alkenyl) heteroatomic moieties

,.u“-- S Me \.I ‘P
HO,C._ #Cl { | Iy
|0¢ w oSNy o AT
H

H OMe Me
lgmesine

virantmycin protokylol OH CCT128930 L\ {antidepressant )
I

(antiviral antibiotic) (bronchedilator) OH (protein kinase inhibitor)

D. A photoredox/iron dual-catalytic platform for the construction of diversified 1,2-aryl{alkenyl) heteroatomic scaffolds (this work) H

H
n n i L
Ry - r R - 0 FG
f activation | H tian “ : X — G%@—v&—- M
X. .~ via DBT salts X. .- : X.. @
abundant feedstock readily available diverse T,Z-C{spzj heteroatomic
& drug molecules alkenes nucleophiles compounds
Diversified C(sp®) radicals and heteroatomic functional groups accessed Concise synthesis of bioactive molecules from gaseous feedstock g
oy Py LD g " e NH, Me o
% /f = ﬂ'ﬂa [Het| k: ArTSE il @\/L |
ta = ey o propylene — Me NH =
(gaseous feedstock) CF,
1 atm amphetamine  norfenfluramine
FG = Ny -NH; €I -Br -SCN -ONO, analogues analogue

+ Facile access to vinyl radicals from alkenes + Ambient conditions

* Aromalic thiophenium salts as versatile (hetero)aryl radical precursors
+ Selective late-stage functionalization of pharmaceutical molecules

* Inexpensive and readily available (heterojarene, alkene feedstocks

Wu, J. et al., Angew. Chem. Int. Ed. 2023, 62, €202310978. 550 T
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styrene 1 (4 equiv)

: A "' t-Bu
DBT 4-picoling (2.5 equiv)
- fac-Ir{ppy)a (2 mol%)
t~Bu/©/ OTf + TMSN;  Fg(OTf), (20 mol%) -
MeCN, rt, argon G N3
4a(02mmol) 2 (3equiv) 10WbluelLED 4 DET, 3 ﬁ

o
e, 5
4 F=-Bu, 2% B, R=CH,BE%Y J\;l ﬁ ,©\ ; % ,J_(:T
/:j & H=Ph, B7% 9, R= 01, 65% Fult [ FiC Br | ! O
a - o Y

&
8, R=8CF; 48% 10,R=F BE)%

7. R=COMa, 73%F11, R=0CFH, 77% 12, 814K 13, T 14, 77%F 15, T4%, 16, 52%
J"L HE. = FiC. I*‘“w. FHT-"- Mal,C Bre._-s
“ [ X | 1
I :L Kef-‘w sl -1 OMe wm Mo
it Cife M
18, 61% 14, 70% 20, B5% from DBT sall 21, BA% 22, 7% 23, B5%

T Trom TT zall

Br M

o
= = = !
L X I M e
N I N [+ L Tl -._7) | f
24, FE%F 25, sald 26, 3457 27, BaS 26, 7T3% 29, 48%
Late-ztage modification of drugsl NE =
Gl :
5 e s e
0. M 5 - 5
) SRR Ay o e
o -!Q:CI e — e N .

A0, 8% S T A B (dr =310 33 T4%

Troem: chofibrate from animcetan from mesiletine from boscalid

L

‘é] ‘H‘ 2 ;it Wu, J. et al., Angew. Chem. Int. Ed. 2023, 62, €202310978. 551 M
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FOWH O
30, 24% A4, A3% 41, 7% 42, 33% 43, 41%
Irorm fenclorate Irorn ameadarcne from ddolenas amide from woltEaren Irom katansarin
F StyranesF

H 9

TH00 W}j o @fw@ sy

44, 533, 46, 48% 48 42%
froim famaamdana fram benzbromarcn froem fenbufian : 47, 41% [E:Z = 20; ,1.14 48, 58% (E:Z > 2001 e
AV\I/JQ(H [} =
=
R e ¢ LUt < JIUUNS WP
Ni Me Br
49, R = G, 62% (EZ > 20:1) 5,33 (EZ> 2004 s2 agw (E2> 200 53, 30% (£:Z > 20:1) 54, 44% (E2 > 201

50, R = COxMe, 35% (E:Z > 2011 M

‘5] 'FJ‘ 2 ;Xt Wu, J. et al., Angew. Chem. Int. Ed. 2023, 62, €202310978. 550
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My L Me
D s !
e "5 wfys
N Me My
Boc
58, 559 (d.r. > 20:1y0 B0, 40% (er, = 2001900 &1, 485 (dr. = 200190 62, a5

66, A2kl 67, 73% 68, 86T
{transois = 31y

M H Me H
Mg m/l\/ F_Q_O_-O_’
o My H—" N,
Q F
75, 46% (dr. = 21
from liguid crystal building block

74, 66% (dor, =141
from nootkatone

73, 47% (dor = 1.3:1 )™
frarm Li-]-carvomna

o]
mﬁr /il))(l
Ke Med
My Ma" Ty M My
63, 5T% 64, 53% 65, 40%

70, 81% 71, 56% T2, 46%
o]
Q"?r” "
o “Me

cl
77, 52% (d.r. = 1:1)%

from {+#}-dihydrocarvone

76, 67% (d.r. = 1.3
from vinchozolin

-= Diverse aryl heteroatom functionalizatfon of BIKEMES ===« cesrmmmmmiammin s ssas s s s

1-Bu F -Bu

=

-~

NCS W SCH
Boc”

T8, B0% 79, a5l

OMe
e 1
Cl

o N
N

Boc” Ph

82, 529

81, 329k
' from diclofenac amide

& 2 F

Wu, J. et al., Angew. Chem. Int. Ed. 2023, 62, €202310978. 553 T
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My L Me
D s !
e "5 wfys
N Me My
Boc
58, 559 (d.r. > 20:1y0 B0, 40% (er, = 2001900 &1, 485 (dr. = 200190 62, a5

66, A2kl 67, 73% 68, 86T
{transois = 31y

M H Me H
Mg m/l\/ F_Q_O_-O_’
o My H—" N,
Q F
75, 46% (dr. = 21
from liguid crystal building block

74, 66% (dor, =141
from nootkatone

73, 47% (dor = 1.3:1 )™
frarm Li-]-carvomna

o]
mﬁr /il))(l
Ke Med
My Ma" Ty M My
63, 5T% 64, 53% 65, 40%

70, 81% 71, 56% T2, 46%
o]
Q"?r” "
o “Me

cl
77, 52% (d.r. = 1:1)%

from {+#}-dihydrocarvone

76, 67% (d.r. = 1.3
from vinchozolin

-= Diverse aryl heteroatom functionalizatfon of BIKEMES ===« cesrmmmmmiammin s ssas s s s

1-Bu F -Bu

=

-~

NCS W SCH
Boc”

T8, B0% 79, a5l

OMe
e 1
Cl

o N
N

Boc” Ph

82, 529

81, 329k
' from diclofenac amide

& 2 F

Wu, J. et al., Angew. Chem. Int. Ed. 2023, 62, €202310978. 554 T
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A Contral experiments

! Ac.
= DBT -Bu -Bu. MNH
without Fe catalyst =, M S
-Bu” OTF standard conditions Ph Ph
4, 0% 104
4a 1 ol obsered
o ST e —O2 -
-Bu™ ot 8 ,
7 H NKR yield
1 HU Hn L HsE
105
Fe complex (2 equiv) CCDC:2260750
B, Radical clock sxparimants
._-Ohle
o om Me. Az
Mo Ph . — QQ_ Ph
A@ JLV’ s, — (@)~ L]
slandard condilions 107 N3
18a kay redcal intarmadiats 108, 45%, (E4Z ratio, =20:1)

. Light onioff experimants

0. Starn-Volmer luminescance quanching experimants

174 + DBTsakda
s s Fpcomphee 105
154 a  FeidT),
L = Ehyrens
154 |+ apiiine .
504 + THMSH,
- a M,
£ e g .
" =
= 134
= 5 . -
124 -
20
«
114 : -
i - .
1o da==——1 4 ] 1
L] T T T T T T
L} 0 [} B2 120 B 130 2W M oo Doz 004 00E coE a1
Reaction Time {min} Quancher (mk)

E) fF & F

Wu, J. et al., Angew. Chem. Int. Ed. 2023, 62, €202310978. 55 T
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E. Proposed machanism

AF D E A e G

L

'.L"_‘}_Fu'— ﬂ'ﬂ\(

@ @

ot L pholocatalylic cycle / \ catalyte cycle
® )
¥ " ( H_};-F':‘” -—’,4
3

|ar|
e
argethylaricdes

.-FWH!

alkaryl azidation

7l % 2 ;7]\]; Wu, J. et al., Angew. Chem. Int. Ed. 2023,

62,¢e202310978. 556 T
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Fe(NO3)3*9H20 (20-30 mal %)

Ry TMSHM; (4 equiv.)
P Na,COy (40-110 mol%)
Ry MeCN (0.4 M)

26 W purple LED
(390 nm), r. t., Ny
Ry= Ar, Ak; Ro= H, Me; 24h

o]

r.d.s [NO,]

. radical
N o= reoxidation
N transfer

[NOy1]

R [+ 5

TONGJI UNIVERSITY

& A A F

West, J. G. etal., Chem Catal. 2023, 3, 100603
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W st

=N
F) (45 + %
FeCl; (10 mol %]}, TONGIJI UNIVERSITY

dmeda (20 mol %)
ml +  NuH - A ="
e P

— K,PQ,, toluene,
R ?IESd’C. 24 h R
Bolm, C. et al., Angew. Chem. Int. Ed. 2007, 46, 8862.
O FeCl, DMEDA O
,JLx YA - J‘l\ S Ar
R NH; K.CO,, toluene, R H
1 2 135 °C, 24 h 3
Bolm, C. et al., Chem. Eur. J. 2008, 14, 3527.
Fe,O5 (0.1 equiv)
L-proline (0.2 equiv)
R; NaOifBu (2.0 equiv) Ry
Ar—X + HN - AN,

R2  DMSO, 135°C, 24 h R,

X =1, Br, Cl; Ry or R, = H, alkyl, aryl
Liu, H. et al., Org. Lett. 2008, 10, 4513.

BIE S
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W st

FeCl, (10 mol%)

— dmeda (20 mol%) —
ArX 4+ ,{ - ,1'
o !NH ‘\N_,N‘-.Ar

N K3P04'H20
H,0,125°C, 36 h

/
ArNu N,
[ Fe-X NuH
N
\
/ /
N, Ar N
E e Fe-NuH
N Nu N
\ \
/
KX + baseH N A
JFe-NuH ArX
NH;:;
base K"

BIE S

Teo, Y.-C. et al., Adv. Synth. Catal. 2009, 351, 720.

560 I



) (% + F

TONGJI UNIVERSITY

PoEkiEs &

o e
K'BuO
or 1e” reduction
=N, = FeL'3Cl, (1a) Cpete
&/NH A Xe—— + Unreacted starting material+ Unidentified Product
R/' KO'Bu, DMSO, \ —|
3a dai 120°C, 36h saa-aj
X=Cl, Br, | N |11
Z \
SINo. Nucleophile lodobenzene Product Yield (%) c
N N
- -
1 ~ NH |_© N (5aa) 68 (65)
| A
/N\'_Je ol

&fyf B}
\© \/ Ie\Ar\©

(B)

zo
I

e
NN
fN\ LN
D D e e
(D)
CI—@ —O (5aa) NR (NR)

HsCQ H4CQ

[]Z:)\Z I\Z

-’N\ ’N\
4 < NH E_JN (5ab) 65 (64)
o'N\ N
5 L/NH —@—OCHS LN—Q—OCHS 71 (65)
(5ac)
A
N/
\
N
Isolated Nu
Nu = PhNH,

Wong, K.-T. et al., Org. Lett. 2010, 12, 12.
3 f & F 61 I
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[Fe]
" nuclechomolytic pathway =
m easily avaliable substrates = exogenous photosensitizer-free ® broad subsirate scope
® first method for N-arylation of dioxazolones with arylboronic acids by iron-catalysis

0 HO H
o B(OH), Q. ,é‘fﬂH NTH
fl,&,m —=] L _D
N J -

BRL 4
=0 H 8]
i o E FaCl, (10 mol®%) 1 _re
| + 25~ - 17N
R" 0 R* OH DCE (3 mL), Ns, 40 °C, 16 h ROH
1 2 10 W 450 nm blue Light

- GO, 3

3] 2 3 Bao, M. et al., ACS Catal. 2021, 11, 13955. %62 &
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L
1]
HO™ ~OH /
v HO
OH
\ @] I|3/

_: I Tl x‘m Ar—B(OH),
\ 2

3] 2 (?I; Bao, M. et al., ACS Catal. 2021, 11, 13955. 563 &
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Light-promoted generation of Fe(l) species for C-N coupling

E}— O/ o) via Fe(l)/Fe(lll) @—@ 0

=70 examples

I Possible iron-catalytic cycle processes ... f.__.__.
M I

I L i
! M - :
i - Fo'—CI

. N !
i Hﬂ |

OA

RE

__________________________________________________________________

3 2 s Xue, D. et al., ACS Catal. 2024, 14, 4968. 564 T
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FeCO5 or FeCl; (15.0 mol% )-dMebpy(15.0 mol%) MNu
|
HNU DMTHPM (1.5 eq.) - R P
Purple LED (390-395 nm), DMAc, 85 °C,36 h
H MeO 4 'B H MeO. H M H
M u e =]
he) N ) ~0 0 9
Cl F Meal
OMe ‘Bu Cl Me
22, 78% 23, 88% 24, 90% 25, T6% 26, 83%
HN'D H N F. FaC
y'o “Y o TL ¢
4 U % = A > Q
Ser N cl N N H N H
3
28, B4% 29, 85% 30, B0% H, 79% 32, 85%
N N N o Ho TN N s
PoLL . S Pl L » -
Ar; 5 Ar; OH Ar; \_/\II;' \|< .ﬂrz“N = Ary \/\E}
AT, T0%" 48, gou" 49, 654" 50, 78%" 51, BE%Y
H\/O N N CF nol
Ar ,“ Are T Arg TS Ary” NV'J\F
ﬂrz
53, 699" 54, 59% 55, g7uh 56, 73%° 57, 4390

F-Jf#"-a“ﬁ’%

UNIVERSITY

'

AT ¢

i

Xue, D. et al., ACS Catal. 2024, 14, 4968. 565 &
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T T 1 Ll T 1 L T
2800 2900 3000 3100 3200 3300 3400 3500 3800 3700
B/G (Hz)

hd T T L T hd T T b T T v T — L T b T hd
300 350 400 450 500 550 600 650 700 750 800
Wavelength

275.0031 : 7 v 3400 4 ——CPS_Fe 2p3
A experimental ‘ t 300 B :Etiigl’:%
277.0008 P %00 e
274.0710 276.0069 278.0025 | 2@ ez 1oz
| 7 ‘ | ey 2600 4 —Background_Fe 2p/3
1 ! ! | I, .'g. —— Envelope_Fe 2p/3
274 275 276 277 278 g ®
1U- 2200
275.0027 :g 2000
calculated P ]
277.0010 E o
274.0711 276.0065 278.0039 | 450
.I 1 v ! “ + . 1 : 1000 ———trr e
' 740 73 730 726 720 716 710 705
274 275 276 277 278 E BE_Fe 2p/3
35 1 =
C —— d-Mebpy-FeCl, (1x10" M) : D 9,= 2.001 — EXp.
04 —— d-Mebpy-FeCl_ (Sx10° M) ' ~———Sim.
- - d-Meb::FaCl}(u'w‘M] i g,=2.224
) - d-Mebpy-FeCl, (Sx10° M) :
= 2 d—l.ld:bpy—FeCl__(th'M) E
g 20 '3
g '
£1s1 :
1.0 i
05 - E
E g, =1.998
0.0 4 '

] 4 2 27‘% Xue, D. et al., ACS Catal. 2024, 14, 4968. 5566
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E Amination of aryl halide catalyzed by Fe(l) complex
1) EPR detected Fe(l) species

Me

M
NN Purple light (390-395 nm),10 h o
NN, C DMTHPM, (1.5 eq.), ey
2 -
- N-"Fe\ DMAc (2 mL), 85°C =N
Me— (of Me ™S
EPR detected

2) Amination of aryl halide catalyzed by Fe(l) complex via light irradiation

Fe(d-Mebpy)Cl, (50.0 mol%)
hyv | DMTHPM,

10 h
Me Br Fe! s ~nBn

+ nBuNH, "
DMAc (2 mL), 36 h, no light, 85 °C

=L

Me
NMR yield 39 %

3) Amination of aryl halide catalyzed by Fe(l) complex using PhMgBr as reducing agent

Me

Me Br Fe(d-Mebpy)Cl, (15.0 mol%) Ve H\
+ nBUNH, DMTHPM, (1.5 eq.). PhMgBr (1.0 eq.) nBn
DMAc, 85°C, 36 h
Me -

NMR yield 26 %

3] 2 (?I; Xue, D. et al., ACS Catal. 2024, 14, 4968. %567 &
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.l'

/ Fe"' Cl

- N, NH,R+DMTHPM
Wmh _Fe'—c| lron-catalyzed cycle
= N
DMTHPM-HX

X /
ArNHR é: ‘Fe'l-Cl

3] fF 2 3 Xue, D. et al., ACS Catal. 2024, 14, 4968. 568 T




R %+ F

TONGJI UNIVERSITY

B *F




¥

RAERERFSS5

R 2 (20 mol%), Boc
R il 7 Boc,O (1 equiv) e L
b —_— o “ay
§ Na benzene, Rz‘\q Rs
H R R, 65°C, 12 h 7
(%)
Entry Azide Pyrrolidine Yield (%) Entry Azide Pyrrolidine Yield (%)’
- 981% Eoc
Ph (PG = Fmaoc)
1 et 9315 10 ’//\5(\]/\"3 % By
H H \Q 5715 H H ph 1:5:1.0dr
(PG = Boc) Ph
Boc Ph Me Eoc
T i 7218 11 Me " Ph 70
H H 7 J 3 Me
H Me
B Me Eoc
oc
H N.  Mel N 608 - N *
3 § o P 4018 12 & P Me 98
Me Me Me™ H Me pp
Ph
Et Boc Ph Me, pB°C ¢
4 P, Ny Et N 1918 13 TN, o, N 75
H H \Q H Me Ph’O 93% ee

) (% + F

TONGJI UNIVERSITY

Ar = (1) Mes
(2) 2,6-Cl,CgH3

BIE S

Betley, T. A. et al., Science 2013, 340, 591.
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i A current catalytic strategies for primary amine synthesis ' | B Reaction design o cl
H : 'R R O Felll R :
5 N Ref. (22,23) PN N, , —N direct trapping i‘fl Ref. (33-35)!
| A Aziridination {! eq. 1 !
: X 9 Ref(23 < 1 Sorso @) (Ao 0”0 :
' = ] X 1 ]
! *. Reductive i i
! ot i Cl—Fe!" ;
: amlnaﬁg” i e : : —_ ( 1.HH H 1 NH :
| prefunctionalized . @_}‘“2 LUnknown LT ow TN ‘Eg_( ? _direct frapping , @l_( 2| This work |
\  starting materials PR direct access | olefins i | olefins  (eq. 2) P S i
: {: key design :
! X, MNoRer (18-21) deprotection {! :
i ")—{r‘ —_— P { RO-F LI il 1
| K . Azide X NHPG i = RO-Fe ) :
! reduction " - Ref(7-17) { NH: seT NH, trapping RO NHj Ref. (15,16):
| PN Amino {! (eq. 3) %—( /"—( . :
E ’ ’ functionalization q Ph . % Ph ]

' C Reaction Development |

I Conditions Yield ]

PivOjNHs 5% Fe(acac), 1.05 equiv. NaCl 72% i

| oTf 5% Fe(acac), 1.05 equiv. TMSCI  43% |

1 Me Fe catalyst Me NH i

Y — 2| 5% Fe(phth), 1.05 equiv. NaCl 0% |

i ) chlorine source 9 i

i MeOH/CH,Cl, 1 equiv. FeCl, 28% |

.............................................................................................

7l % a2 Morandi, B. et al., Science 2018, 362, 434. &=71 &
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> ¥ g scare Cl |
l oH cl
| HO\/M N A A AN, ﬁs\i NH r’r\'*‘f\”/j\“'NHZ |
1 - 2 i
| 15 £ 16 "y o) 18 !
E 52% 54%, dr 1:1 61% 61% ! PivVONHS*TfO"
5 N-p W cl ci E
PLE o NH, .
| ! M i
: NxN"L‘sWNH cl ,;F“[-,.'ro OwM-J\JNHZ o ey Fe(II)
. ] 2 £ 3 '
' i 19 | 20 21 = 22 i
R 4% Cl 0" 48% 61% - 62% ;
Fe(ll)"TfO
b o e Vinalinetpfefiiiy g iriy ol iedininknfp ol ety i tafinfp el e el A ol el e el : 2
' Unactivated internal alkenes i1 Activated alkenes (isolated as az.in‘dinesj i R cl Fe( acac)2 OPiv
NH; NH; F a Y NH; Ci—Fe(l)| O
i M'E:/\/l\(\" Me O L | E ©.)\1 @)\ MBO\©/J\;NH2 E R3 NH3
] i a7 28 29 i
| 23 Ci 24 | . » ,
L 62%, dr3:iE 73%, dr2.4: | ?5% i e :
. {: cl Cl ]
| 4 2 Rabad _
ot W @* @/\ @* o Copen
l 3 2 -
: NH; 26 S 31 du e 33 : R(,Lz\r T *
75% o 9:14 65% i CFs 7% NO2 g%t 78%" 58%, dr 4.5:1*1§ | R® Cl—Fe(lll)
e e e St e nesnsnnasnnnsanned \/ [ TfO"
' Natural product derivatives : NH
cl " e, | : (
HaN | :
TNgo £ : .
3 0= ~NH, 37 L Me : R= s
57%, dr 1:1 HO 57%, a‘r1 85:1 51%, d,g 1%+ 3% ;
Isosorbide derivative Quincoridine(QCD) Terpene Camphene !

5 fF 2% F Morandi, B. et al., Science 2018, 362,434, s 2, =
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Ny
@ANH;

2a: 56%

M
’©/\,.NH
F4C

2d: 67%

2g: T1%

@{ﬁ

Bo::
2k: 52%

N3
EN\©/\,NH;

vinyl arenes

Mg
o
Br

2b: 72%

My
/@)\,NH
O

2e: 53%

My
NH2
Fs

2h: 57%

N

21: 1%
dr = 19:1

EREE5

() P s+ %

TONGJI UNIVERSITY
R’ MaN. {1.05 aq), Ny
PivDNH.OTF (2.5 ag).
A R P 2Seq) = g NH
R Fe(OTH). (5 mol¥), R
0.5 mmol MeQH (0.4 M), rt, 16 h R"
L ]
1 s unactivated alkenes
N3 N:] N3 NSNHQ
NH NH NH
o e G L
NC 2n: 629
2c: 49% [5N}-2n: gg.:z 20: 47% 2p: 41%
MH Me
N; © n=0:43%, dr19:1® = o’m\g/“‘NH?
2 /@/\./NHE N, 7= 1040%, dr 1:2.3 N,
L — . b
o7 N 2q n=2:47%, dr1:5.3 —
H 2f g2% derived from alpha-ionol
Ny W NH; NC NH,
e NH, o L
2Zs: 44% 2t: 51% 2u: 56%
1.70 g, 59%% 1.67 g, 57%"
2i: 65% N
Ny My HO * NH,
TsHN NH; HO _NH; g
. i ™ O
2v: 68% 2w: 53% 2x: 53%
i o N
EtO. % ¥ HO N N;
2m: 57% R 3 3
dr=19:1% EW‘P%'NH‘ = SMH; SI-.DM‘, MNH
Si=TBDOPS
Mo 2aa: 66% 2ab: 50%

& 2 F

Morandi, B. et al., J. Am.

Chem. Soc. 2020, 142, 21548. 573 M
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a) this work previous route: T sleps
= | CO. PMey, . . o
”B”QW . nBuo NHz 30 min, 63% nBud MU Condensalion Curivs  Hydrazidalion Knoevenage! ”E”D:@/QG
- ' |
LI M — )_. HM— {
Me0 — Fe ’, ! MeD : : Ma0 % Ma0
da : db i ’ dad
0% ! Ky ' patentiaf RO 20-1724 4e Reduction Azidation  Hydrogenalion
2 sleps "I'T'_m {1.459) azido aming platfarm for
f’m‘r’gﬂj"a" H Intermediate V CEOn aieing . Highiy selective PDE4 Inhibitar
matarials ! !

» Part af >400 biclogical studies

b previows asymmetric roufe

Diﬁ}‘dmxﬂﬂflﬂﬂ -lrfu'ﬂu'on Fratection  Deprofechion '

) ! I steps
» //,1. f:u, — Sn |—O—| '—O—O—o“\\x : NHy | ref[26b] -

N._.O
- Tosylation  Reduction  Mitsunobu T 3 D | e ! ;‘}-Br

b . Br i) . a N
B M : Ts ' = | |
' 4 Ts this work e af ! HN— -tH
& : key v consfruction of )
i , . v, +)-h thin B
£ steps from ";?‘ ~ ! azido amine | digza heterocycle (EHhamacanthin & 49
covmmercial AN ! intermediate '
materals 379 e d + From marine sponge Hamacanths sp
(63% bram) - Arntibacterial

7l % st ( Morandi, B. et al., J. Am. Chem. Soc. 2020, 142, 21548. 574 T
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AGSDl 1
(kcal mol™)
1
Fe(OAc) CH,
€ . 2 O--1 /—-> —\\ o
1
N-1 91:,," ||| “\\0 )L
HsC \/f\/FB\ |c|) Fe-aminyl radical 4-CF3-Ph OH
0 (|3 O—S—CF, formation
Ao
NH.
Ar O/ 3
Int.1 (0.0)
o
- - \CFS }=O|
RH o L
’ Oy, IIIL‘\\O
1 ‘Fe‘ H
N
Produ.ct H;;C/lél 61’3
formation /O 0 :
O=S.:-O H
AG* = 10.2 keal mol™

é,:3 Int.2 (-20.1)

Spin density 0.48

J 1.63 A
N-1 HsC & Radical
=5 addition
o 4 4
\
JQ':..F‘;.'!“‘O AG = 43kealmor! 57 i
L
H4C O(b / \N z - - —
/ Hy H \
O—?QO
CF, Int.3 (-22.4)

TS-0 (AAGT = 0 keal mol™)

2.02 A f-(-

Para-selective radical addition

TS-p (AAGT = 6.6 kcal mol™")

Meta-selective radical addition

1.50 A

a, | ¥

TS-m (AAG™ = 7.0 kcal mol™)

R) (% + F
TONGIJI UNIVERSITY

7 A A F

Wang, F. et al., Nat. Catal. 2019, 7, 636. 575 &
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A. Proposed catalytic cycle

O +

“NH,
“OTf
[Fe] NH,
Fell iron-aminyl
[Fe’l radical formation HZN—[Fe‘"]
+NH3 OTf
CD
N\
product substrate DG
formation chelation

\
20N [Féul]
“OTf

N\
N A
H DG radical

B. Examination of different chelating groups

Fe(OAc), (10 mol%)
©\/\> DCE (0.2 M), 30°C, 10 h N\
N\ [N-0]-1 (1.25 equiv.) N\
DG
NH,
b T -oTf 2

0.2 mmol 0 yield, r.r.

The challenges:
B Directed radical addition, C-7 vs C-2

c . O

\
DG DG---[Fe]

’

» /
H,N— [Fel
M Non-directed radical addition ("background” reaction), C-7 vs C-3/5

C-7vsC-5 C-7vs C-3

e-rich site
e-rich site
_ ©j\> ©f\> Ha—(Fe]
[Fe]—NH, N\ N\
DG DG

The solution:
Identifying a DG that could
- orientate the iron-aminyl radical to the C-7 position selectively

- coordinate with the iron catalyst effectively
- deactivate C-5 and C-3 positions sufficiently

resulting in \ high yield and selectivity
mixture of regioisomers
N\ A\
1a, R=CH;, DG N
E z —t \
§ 0 ©j\> :b’ R=BUY " 14,06 =50, DG
Bu 2N NH, N ¢, R=Ph (low conversion and 1f, DG = P(O)('Bu),

19, DG = P(O)(Pr),

2f, 82% yield, >20:1 r.r.
29, 58% yield, >20:1 r.r.

)\R mixture of regioisomers)
J 1e, DG = P(Bu),
(low conversion, < 10%)

F) 4 + F

TONGJI UNIVERSITY

TBPOAMXBERE BRI
Stx-a B HEE,
SEC-TAANSEIEIN
Bk, BEEFIFIEGRR
EE P PR | RAT
BF=ZE, FDIk
SAFEEHEDN
RMAIARE.

)+ # F

Wang, F. et al., Angew. Chem. Int. Ed. 2024, €202412103. 55 76
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Fe(OAc), (10 mol% 2f
oo (OAe) (10 motk)
1f R/ \NH3 +
HFIP (0.2 M)
(1.1 equiv.) (Other
30°C,9h regioisomers

RS AR, Bl: ROHAYpKaig
AR, RMAXIiEFEMSETF; ROHRY
pKat/INET, [ MAIXKIEIERME,

Selectivity/%

) BB EEEYEE (ROH) AR
f# (pKa) SRAMREERILZ EE

t
O + Bu_ %~ CIH,C__ %~ CLHC_ %~ CIC_ 4%~ HiC_ %
N CA (R R LN
~OTf o) o} o) (o) (O]
Yield: 92% 71% 46% 19% 51%

3] 'H' 4 ;f\ Wang, F. et al., Angew. Chem. Int. Ed. 2024, ¢202412103 . 77 T
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- -
FeCl; (10 mol%
»—COOH DJ{ 2 i
~N 0 1,2-DCE, Ar, 12 h
R pr” N 30 °C, Blue LEDs
1 2a

F) 4 + F

TONGJI UNIVERSITY

[AGsm (U)B3LYP-D3/6-311++G(d,p)-LANL2DZ/SMD//(U)B3LYP-D3/6-31G(d)-LANL2DZ/SMD

O
J:SfNH
Me” M
Boc

3ad, 80% (1:1 d.r.)

|ij;\r~>HL®

Boc
3ab, 80%

Q
o O
T )
N
Boc
Jae, T6% (1:1d.r)

e
R
cwo

3ah, 62%

o %o *
3 T
Q O=0 \T )—Ph
s RE \;:‘—F'h ;T. />—Ph Ph ﬂ,,N
L, »—NH Ph 228 N N0 Fecl
R —0 - \FO’ ;
N --FeCl I 8
. Y=o h e
R® . N4 EN)_<O
3 m‘m* Wo OH
o CH 5Ts1
i (o] 1Isc 3181 ¥
? :: ‘} i ) o
D 7334
\]\/\/’_NH oY pad \\’ 723H- N>_Ph
I‘\\I i 322.2 s v CO» Cbz o 1.27| .
Boc : INT1 5T51 | N \O Fe
3ac, 82% (1:1d.r) hv' RETT RN Cl Cb
: - S h_6e3
: - SR 5
@ : b ANz D32 s G
- oy co, 23 5
O\’x_NH 5[FeCI2] ~ . =31 2 N ¥ T INT3 L
1a 2a  SINT1 L8 -
o ®INT2
o) Q
3af, 63% (1:1 d.r.) Y />—Ph S—ph S—ph
I a e i o i
0“F€ ! wCl o--FeCl Cbz
| W >/ S >’O Fe VR 0
NN / | N cl N o A
Boc™ ™ E)_< EH Q\COOH |\\| Ph Cbz
o OH G HI]J R
SINT1 3INT2 ®INT2 °INT3 N
dai, 70% \\_Fe\ g \|¢
cr e Ph

<——Coordination —+— Fe-nitrenoid formation——|-— H-atom abstraction——|<———Decarboxylation —-|<— Radical rebinding —-—‘

E) fF & F

Bao, X.-G. et al., Chem. Commun., 2023, 59, 752. 578 T
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o) F) (# + %F

\ H
R | R
1] \ putative triplet
o)\_ 2 Ru-nitrenoid
[RUI—I:I':E
H

) 'ﬁ‘ 42 Meggers, E. et al., Chem, 2020, 6, 2024. 79 &
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\H\“ N .OBz

Rz

Ra

FeCl,.4H,0 (10 mol%), 1,10-Phenanthroline (20 mol%), Na;CO4 (3.0 equiv.)

MeCN (0.1 M), 50 °C, 14 h

[FE]
H*, PhCO,

DBZ R1J\/N \5 HAT
[FEl

[Fe]
R1g\/N“R2
HN™ “N-R 1H“‘N Abound
R: \FO
R! \LN\
2 2
m R

o

W) P %+ %

TONGJI UNIVERSITY

0O

A

HN

R

Rz

N-Rq

R

E) fF & F

Meggers, E. et al., Angew. Chem. Int. Ed. 2021, 60, 6314.

580 I



Y ——

=

X%

=

- Ny

REFE5

) (% + F
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24 (PFy le !
FiC._z T ] 2+(PRg)2 Rz~ | 2+(80Fs): :
. . I a

N I .‘3:} N
v

(R, R)-FeBIP (8-15 mol%) i \ :

2 s I ' "

R e > Ae NHTroc & pacn, MeCN,, SN :

2C04 (3 equiv.) = f ', « as Yo, o B H

- 0., ~Tree A OH “Fe. “Fe’ :

a, i . Mes d

[ TCE, 0°C, 40 h I 5 I | \!”" i | ~, :

: N__N \/) N .

Azanyl estars a-Amino acids f A

: FC” X R d

H

AFel (R,A)-Fe2, R=H A

(R.A)-Fe3, R = 2,6-(CF3)2CqHa
NHTroc NHTroc NHTroc NHTroc NHTroc
- - - Ma - MCW
CcO.H P " NcoH /\cozﬂ ~"cogH CQaH
Ph
(S)-2e (Syaz (5)-34 P s
A-Fel (B mol%:), trace 44%, 86% e.a. 13%, 44% e.0. 62%, 91% a.a. T5%, 92% e.a.
(R,R)-Fe2 (8 mol%), 91%, 15% e.e.
(R, R)=Fe3 (8 mol%:), 75%, 10% e.a.
(R.R)-FeBIP (8 mol%:), 95%, 91% e.e.
NHTroc NHTroc NHTroc NHTroc (j\/rfmc
o : oG E 3 = E
" coH 2" co,H PhO” " COH Bockd ~ " CO,Me CO.H
a5 46 a7 48> 49
60%, 91% e.e. 70%, 90% a.e. 53%, 90% a.a. 519, 90% e.e. 57%, 91% a.a.

NHTroc

48%, 89% e.0.

Q"
COH

65%, 92% e.0.

52% (77%, 23:1d.r)
from lithocholic acid

53 (70%, 85% e.e.)
from (£)-ibuprofen

7 A A F

Meggers, E. et al., Nat. Chem. 2022, 14, 566. 581 M
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Asymmetric
1,3-nitrogen
shift
Y

H NHTroc
L2 OH

9]
a-Amino acid

EREE5

Step1
N—O cleavage 4 Step 2
N stereocontrolled
Troc
M) HAT
A
R
D
(M) " H
O |
™ . N
[M] Troc
B
-
+H 0 R Step 3
Step 4 WMHH rebound
release N
G\[M],N ~Troc
[+

Y \ m '7(& * ,lﬁ
:@z ) 1 R 'F
2% \C,Q:-; TONGIJI UNIVERSITY

4

s X
A90>
UNLN

> AMRE T — @I 1, 3- I BHE
12, RIFLAGRALINEFE o=
eI NS

> RAFENNEZIREHRERIES
EnREE, BREREER,
AR IEENET B R SERIRT BRI
MERIC(sp3)-HAZIL

> 1ZEER ZRNASEE, AL
RBREEEFE. HAE. AR
AEMNHERTY R o- R B,
WA LS S RERAVZYIFIR AT
ey =t AN AVAY s

&+ # F

Meggers, E. et al., Nat. Chem. 2022, 14, 566. 5582 T
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R2

R'

COH
Carboxylic acids

(R.R)-FeBIP (8 mol%)

BocNHOMs (2 equiv.) NHBoG)

F|2

Piperidine (4 equiv.) qr o0H

o-DCB, -15°C, 20 h o-Amino acids

W) P i3 £ %

TONGJI UNIVERSITY

NHBoe
R \/\\/-\
COzH

21492 (R = Ph), 55%, 87% e.e.

22%% (R = Ng), 46%, 91% e.e.

aa-Disubstituted amino acids

Me. NHBoc

2gb.ch
89%, 91% e.e.

Et NHBoc

35h,c.h
85%, 93% e.e.

Late-stage C-H aminations

NHBoc
O “eor X
cl

425 (from isoxepac)
59%, 90% e.e.

Me
L/\/\Bﬂc
COH
23de
51%, 88% e.e.

Me, NHBoc

/@Amw

3poeh
80%, 91% e.e.

"Pr, NHBoc

@Aoom

3gbeh
T6%, 93% e.e.

43 (from diclofenac)
a7%, B3% e.e.

NHBoc
H NHBoc Me  NHBoc
EtHN - B
\"/‘\/\OOZMe /k/L
CO,H Me COzH
o
24981 25de 26420
30%, 89% e.e. 52%, 89% e.e 42%, 89% e.e.
Me ~ NHBoc Me ~ NHBoc Me, NHBoc
COzH COzH CO.H
MeO cl MeO,C
3ibeh 320.ch 33bch
79%, 79% e.e. 81%, 89% e.e. 729%, 90% e.e.
P NHBac Me, NHBoc
iy NHBoc =
CozH N = COzH
CO,H S 02
g7beh 3gbch 3gbch
64%, 93% e.e. 59%, 94% e.e. 45%, 88% e.e.
cl
NHBoc
NHBoc COzH
COzH

44" (from indomethacin)
75%, T0% e.e.

27e
289¢ (R = 'Bu), 21%, 89% e.e.

quh&d‘h (R

NHBoc
A7 coH

(R = Cy), 40%, 90% e.e.

Me, NHBac

™

a40.ch
68%, 91% e.e.

Me_ NHBoc

R” “COH

="Bu), 34%, 23% e.e.

41be8h (R = Cy), 43%, 43% e.6.

Me  NHBoc

COH

45% (from lithochalic acid)
43%, 231 d.r.

7 A A F

Meggers, E. et al., Nat. Synth. 2023, 2, 645. 5583
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NHBoc

=1l BocNHOMSs, B
[F’E] HB+
O

R2 Mitrene formation
)L\‘Fﬂ

D\
M
[FE]" I!I ~Boc MsO
b [Fe1 " ~Boc
A
Rebound R2
R2 R" COz
MsO™
D\ R2

C-H B
cleavage

RS Meggers, E. et al., Nat. Synth. 2023, 2, 645. 584 T
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tBu
Ao
A
2 Me o

H-.NﬁN—MB

{R,RrFel (5 mol%)

racemic
i X
H._NJLN.‘MQ Hopyy-Me
- F
tBu
34 35

95% yield, 93% ee

H"Ni N—ME
&
Q Me

CI

38
B84% yield, 76% ae

H‘-N&N’ME
S Me
&

42
83% yield, 90% ee

97% yield, 72% ee

HuNiN‘ME
e‘}r/
D Me:
F

39
65% yield, 79% ee

(o]
H-NJILN-*MB

S
&

43
72% yield, 90% ee

KoCO4 (3 equiv), 4 A MS
CH.CL, 1.l 20 h

&

G e

36
90% yield, 89% ee

o]
H -NJLN-MG

&
p "
Fa

40
80% yield, 81% ee

o

JLN—MB
44
39% yield, 65% ee

H-py

o]

N

HEN N.Me

o
S

r" R2

ArCO.H +

H"Nﬁ\N‘ME

&
Q "
B

37
93% yield, 86% ee

H"NiN'ME
'v!

[Fe

al
41 m

quant. yield, 88% ee

H-.NiN-ME‘

P Me

45
30% yield, 8% ee

=0

H‘HN

c | e \E"'J
@ A R'

P A+ 5

NGJI UNIVERSITY

O
2 R Ar
r2 M0
[Fel
Hi‘
base R2
F
[FeF—N
_RZ? I

E) fF & F

Meggers, E. et al., Chin. J. Chem. 2023, 41, 2065. 585 M
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’ o)
1 Me” ~N S 5 mol% Fe(por)-cat-Ill
@ R . ) | 20 mol% Zn-dust
Me NN PhH, 70 °C, 16 h
1 2a N=N -N,
0 0 o) 0
R = OMe 3c: 81% = ‘
Me) SN NH ° Me) SNOSNH R=Br 3h:71% Me) N7 NH Me) N7 NH
R=Ph 3d:79% R R=Ph 3i:79%
Me R=Br 3e:73% Me no Me Me
R=NO, 3f 65% amination\hﬁ .
R =NO; 3f: 65%
Me  3j:62% 3k: 0%
0 o) 0 o) 0
Me” N7 NF i Me” ~N” NF I Me” N7 NF I Me"“‘NJ\@ Me” “N” NF |
s Sy
Me NH Me) SNTYNH Me Me) N7 NH J N7 NH Me) SN NH

N Me
M M
/E. e Me Me Me Ph '| AN
no no ) — s

amination G amination no amination
31: 69% Im: 62% 3In: 64% 3o: 83% 3p: 86%

3 Chattopadhyay, B et al., J. Am. Chem. Soc. 2022, 144, 21858. 586 M
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OH
X y 5.0 mol% Fe(TPP)CI
RT @’ OH 30.0 mol% Zn-dust
N™ % + o
M= dry PhCI. 60 °C, 16 h

(A) Scope of Tetrazoles

(L fl@ O LOL0

QL3O RO

p-Tol
3a: 85% 3b: 82% 3c: 80% 3d 83% Se 91% 3f: 82%
Cl
T\,LJ@ T\,LQ U@E@“*ﬁ@ *fl@ \CL
3g: 90% 3h: 88% 3i: 87% 3j: 82% 3k: 81% 84%
Br
®! ,© » O (X @ @ @ O
Ph
3Im: 83% 3n: TB% 3o0: 58%P 1% 3q: T0% 3r: 829%°

(B) Other Class of Tetrazoles

N N
L0 GO oy Oy, (AT
S N7 N
3s: 31% 3t: 72% 3u:78%  HN 3v: 72%" 3w: 81% 3x: 78% |

3] ,}i} i ‘ Chattopadhyay, B. et al., J. Am. Chem. Soc. 2023, 145, 14599. %587 @
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(D) Plausible Mechanism

R [+ %
TONGIJI UNIVERSITY

N
N™ NN +H,0 T -B(OH)3

i .

N=N

1&

Z=Z2=
[
Ay
ﬁl
=
=
1
m
'
Q
I
L=
(7]
i
e
A
i
V=
o=
z'“Zﬁ =z
\] IJII-'

active catalyst for

(B)
= annulation | |
= | = - N2

-

N M

NToN— @N:::"fﬂ“ "
N N= S e, o
l (B} F-: AGF=+16.5 €}
o Ar-B{OH};
N QP
i
(3] ,}:} o ‘ J. Am. Chem. Soc. 2022, 144, 21858; J. Am. Chem. Soc. 2023, 145, 14599. 588 I
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y—g— * CEN OOy
RAEREEFESS ) P #5 # %5

H1 " NHz
_J\ , Supported catalysi Fe"ClgPc (5 mol%) /f\
- 2
R? . R R
R H;0/1 4-dioxane = 19:1, 12 h, rt r!
1 2 3
@)Niz/\ NH; NHz HzN, NH; NH, ‘/TE/.Q NH,
O E:W'B,@:m’ GRndaValy o=
3q 60% 3r66% 3s 85% 3t 74% 3u 76% (24 h) 3v 758% (80 °C, 24 h) 3w 83% (16 h) 3x 67% (24 h)
NH, NH, NH; NH, NH, NH, NH, NH,
O
D o0 OO & o O
s
3y 80% 3z82% 3aa 75% 3ab 45% (74%)° 3ac 53% (64%)" 3ad 73% (24 h) 3ae 54% (62%)" 3af 83%
(60 *C)
NHz Az NH NH; NH,
o Y ot ot o
Bz b b
3ag 71% (16 h) 3ah 71% 3ai 85% 3aj 78% 3ak 66% 3al 85% (16 h) 3am 44%, 3:1 r.r. (a:b)"
(60°C, 24 h) >10:1 rr. {a:b) >10:1 r.r.(a:b) >10:1 r.r. (ab) 7 rr. (ab) (60 °C, 120 h)
(b) Allylic C(sp®)-H Bonds (c) Unactivated C(sp®)}-H Bonds NH,
NH. NH NH NH;
NH, B NH, 2 2
Ph
3an 26% (31%)° : 3aq27%° 3ar 28% (16 h)®
(24 n) 3a0 45%, 9:1rr, (ab)” >10:1 rr. (a:b) 388 76% INnTI% 3au 57% (70%)"

1.5:1 (3an/aziridine) (40 °C, 24 h)

(40 °C, 24 h)

3] % 4 jli Jia, Z. J. et al., J. Am. Chem. Soc. 2024, 146, 24863.% 89



Aliphatic aldehydas containing aryl ring

(R)-3.° Ba%
{=99:1 er)

(5)-3, 73%
(>99:1 ar)

oy
R % 5

0
TONGJI UNIVERSITY

FaCls (5 mol%), (SEVI (20 mol%),
TBACI (10 mal%)

H R =F, 4, 64%, (99:1 er}
Br, 5, 73%, (39:1 ar)
CHO, 6, B0%, (964 er)
COMe, 7, T6%, (88:2 er)
OMe, 8, 60%, (98:2 er)

CH3CN/Etz0 (1:1), 10 °C,
440 nm, Nz, 8 h

HN._.O
3 3-39, 42
o E o 0
@rﬁ*ﬂ FI;(\A)LH H
HN._.O FHN._.0O HN.__.O
¥R b Y
Ph Ph

11, 63%

10, 73%
{99:1 er)

(928 ar)

9, 58%
{98:2 er)

Heterocycle containing aliphatic adehydes

Frxz ~or

HN\T?O o HN
Ph Ph
12, 55% 13, 66% (25,35)-14, 65% (2»?,35:--1-!1.*J 54% 15, 45% 16, 56%
(98:2 er) (95:5 ar) (>19:1 dr, >88:1 er)  (>19:1 dr, 6&:1 er) | SCXRD of (25,3514 (97:3 er) {95:5 er)
Aliphatic aldehydes
o o] o] s}
8; H I H Y\/\/\MHLH H
d
HN.‘fa HH .T,,o HN ‘fo HM\FG
Ph Ph Ph Ph
17, 62% 1,18, 44%, (>99:1 er) 21, 59% 22, 62%
(98:2 er) 4,19, 51%, (99:1 er) SCXRD of 20 (=89:1 er) (98:2 er)
9, 20, 6%, (99:1 er)
o o o o]
cl /\/\])LH MEUW\/\I)LH D/\/\I)LH O/\HLH O;N)I/\‘)LH
HN\fﬁo o HN\T,',,O HN\F/-.O >I,OTN HN\fc HN?D
Ph Ph Ph o] Ph Ph
23, 63% 24, 48% 25, 48% 26, 68% 27,78%
(=98:1 er) (98:2 er) (982 ar) (98:2 er) (97:3 ar)

E) fF & F
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FeCly + CI [ Fecly | L.f'.-.*r._: f—= FeCly ——=
o _‘ premixed 0
FeCls (5 mol%) ’_, /\)L
TBACI (10 Ph H
Ph/\)LH 1 (10 mol%) r
1 — in situ formation of 913 “
_:3{::_ FeCly ()
+ \\.\_\_' _-f,.
=0 pramixed
[
Pl =0 FeCl, (5 mol% Ph
pr” O TBACI (10 ml%}
NHB:
2 irr sty formation of

FeCly~

FeCl; + CI-

440 nm

T1%
(99:1 er)

Dark
=5%

Dark
41%
(99:1 er)

a. Two mechanistic scenarios

enamine

R

0
M

N

“N°
=

+

.+ organo

catalyst

enamine [Fe]” N
addition R
path-a
' L@,
' .IN..
R'™ "N=[Fe]" path-b

a p ; R/\@)\H
s - r}
oxidative g

SET

-

oxidative
SET

H—™FR

H— [FE]” -1 md‘ica}

coupling

F) 4 + F

TONGJI UNIVERSITY

[Fe]™ "N’

o o
R
R H
HN._.O
-k
@ :
[Fg]"-1 "N : w-amidated
] o product

\n/r.

E) fF & F
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il Proposal SRS @ o X

O Ar
Ar H,O

)J\Ph Ph — )lfh Ph \’
A

,B\
[Fe]”
N
Ar
elll
|

B
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o [Fe]"

Ar
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