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Introduction

a Fe as catalyst of choice for catalytic transformations
Natural abundance of common transition metals in Earth's crust

70000

Abundance in Earth's crust in (ppm)

60000

0.007

Q-+

]
£ 0006
=
= 0.008
g
- 0.004 |
5 oo
£ oo
]
2 0001
1, s s ‘Bu Me
- Pd Ru Rh Ir P
® X
R
Fe Mn Ni Cu Co Pd Ru Rh I
(R,R)-BenzP

/

direct C-H functionalization

3 %@éﬂ

prefunctionalization cross-coupling

» Optically pure

organic compounds

tBu/’ Me CN
CLX T
Y,
=
Me: tBU Ph Ph
(R,R)-QuinoxP (S,S)-P"CNBOX

Zhang, Z.-J.; Jacob, N.; Bhatia, S.; Boos, P.; Ackermann, L.* Nat. Commun. 2024, 15, 3503.




Introduction

Iron-catalyzed Enantioselective Suzuki-Miyaura Coupling
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Introduction

Iron-catalyzed Suzuki-Miyaura Coupling

— Fe source (10 mol%), L* (10 mol%) —
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LiNMeEt (120 mol%), CgHg, rt
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Introduction

Iron-catalyzed Suzuki-Miyaura Coupling
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Introduction

Iron-catalyzed Enantioselective Kumada Cross-coupling
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91% yield, 85:15 er
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Rn
Rn

(S,S',R,R"-Tangphos
69% yield, 79:21 er

0. 0
R R

BOX
Ph, 80% vyield, 76:24 er
Bn, 78% yield, 77:23 er

(S,S)-Pr-DuPhos
75% vyield, 62:38 er

Ph Ph

>
N

MeHN NHMe

L
10% vyield, 50:50 er

Jin, M.; Adak, L.; Nakamura, M. J. Am. Chem. Soc. 2015, 137, 7128.



Introduction

Iron-catalyzed Enantioselective Kumada Cross-coupling
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Introduction

Iron-catalyzed Enantioselective Oxidative Cross-coupling
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Introduction

Iron-catalyzed Enantioselective Oxidative Homocoupling and Cross-coupling
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Introduction

Iron-catalyzed Enantioselective Oxidative Cross-coupling
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Introduction

Iron-catalyzed Enantioselective Cross-dehydrogenative Coupling
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Project Synopsis
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¢ Fe-catalyzed stereoselective C-H alkylation

¢ Simultaneous construction of axial chirality and central chirality

¢ Generation of rare C-N axially chiral indoles

¢ Mild reaction conditions ¢ Detailed DFT calculations

¢ Catalytic active iron(0) species (detected by Mosssbauer spectroscopy)
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Optimization of the Reaction Conditions

—NPMP
©\/g ©/\ e(acac); (10 mol%), L* (20 mol%)

r
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Me
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L1, 51% yield
>95:5dr, 67% ee

CyMgBr (1.1 equiv.), TMEDA (2 equiv.)
THF, 45°C, N, 72 h
then H30*, 2 h
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Optimization of the Reaction Conditions

—NPMP
©\/£ ©/\ e(acac)z (10 mol%), L5 (20 mol%)

RMgBr (1.1 equiv.), TMEDA (2 equiv.)

1a

Solvent, 45 °C, Ny,
then H;0™, 2 h

72 h

Entry RMgX Solvent Yield (%)? (3) Dr (%) (3)? (%) (3)°
1 CyMgBr THF 64 >95:5 95
2 MeMgBr THF n.d.

3 EtMgBr THF <10
4 ‘BuMgBr THF <10
5 PhMgBr THF n.d.
6 'PrCH,MgBr THF 11 >05:5 93
7 Me;SiCH,MgCl THF n.d.
8 CyMgCl THF 63 >905:5 95
9 CyMgBr 2-MeTHF 63 >95:5 94
10 CyMgBr Toluene 68 >05:5 95
11 CyMgBr Et,O 74 >95:5 96

aMeasured by 'H NMR analysis with 1,3,5-trimethoxybenzene as internal standard. ?Determined by HPLC.




Optimization of the Reaction Conditions

—NPMP
X
) H Fe(acac)z (10 mol%), L5 (x mol%)
N + -

CyMgBr (y equiv.), TMEDA (2 equiv.)

1a

2a THF, T°C, Ny, 72 h
then H;0*, 2 h
Entry  CyMgBr(yequiv) T (°C) L5 (xmol%)  Yield (%) (3) Dr (%) (3)? Ee (%) (3)°

12 1.1 45 20 74 >05:5 96
13 0.5 45 20 84 >05:5 96
14 2.0 45 20 21 >05:5 95
15 1.1 60 20 80 89:11 96
16 0.5 r.t. 20 92 >05:5 97
17 1.1 r.t. 0 n.d.

18 0.5 r.t. 15 92 >05:5 97
19 0.5 rt 10 91(20) >95:5 97

aMeasured by 'H NMR analysis with 1,3,5-trimethoxybenzene as internal standard. ?Determined by HPLC.
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Scope of N-substituents and Indoles

Fe(acac); (10 mol%), L5 (10 mol%)
+ ArTX >

CyMgBr (50 mol%), TMEDA (2 equiv.)
Et,O/THF, r.t., N,, 72 h
then H30", 2 h

3, 90% yield 4, 91% yield 5, 91% yield 6, 73% yield 7, 68% yield
>95:5dr, 97% ee >95:5 dr, 95% ee >95:5dr, 97% ee >95:5 dr, 98% ee >95:5dr, 91% ee

N N
HO THD

8, 56% yield 9, 86% vyield 10, 36% yield 11, 63% yield 12, 82% yield
>95:5 dr, 94% ee >95:5 dr, 93% ee 90:10 dr, 90% ee >95:5 dr, 94% ee >95:5 dr, 96% ee
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Scope of Indoles

13, 70% vyield
>95:5 dr, 98% ee

17, 57% yield
>95:5 dr, 86% ee

21, 67% yield
>95:5dr, 97% ee

14, 54% vyield
>95:5 dr, 98% ee

18, 84% vyield
>95:5dr, 91% ee

22, 82% yield
>95:5 dr, 98% ee

15, 50% vyield
>95:5dr, 87% ee

19, 93% vyield
>95:5dr, 97% ee

23, 95% yield
>95:5dr, 99% ee

16, 52% vyield
>95:5 dr, 96% ee

20, 25% yield
>95:5 dr, 98% ee

24, 93% yield
>95:5 dr, 96% ee
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Scope of Alkenes

NM62

25, 64% yield 26, 89% yield 27, 89% yield 28, 36% yield 29, 85% yield
>95:5dr, 99% ee >95:5 dr, 96% ee >95:5dr, 94% ee >95:5dr, 99% ee >95:5dr, 99% ee

30, 55% yield 31, 94% yield 32, 93% yield 33, 61% yield 34, 61% yield
>95:5dr, 99% ee >95:5 dr, 96% ee >95:5dr, 90% ee 90:10 dr, 93% ee >95:5dr, 99% ee
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Scale-up and Late-stage Transformations

1a

1.47 g, 4 mmol
+
2a

0.72 mL, 6 mmol

Fe(acac); (10 mol%), L5 (10 mol%)

CyMgBr (50 mol%), TMEDA (2 equiv.)
Et,O/THF, rt., Ny, 72 h
then H30™, 2 h

MeOH,0°C, 1h, N, i, ):)

35, 95% yield
1.22 g, 83% vyield >95:5dr, 97% ee
>95:5dr, 97% ee

oo e | oo b L
aBH(OAc)3 (4 equiv.) EtO (2 equiv.)
AcOH (1 drop), 1,2-DCE NaH (4 equiv.)
rt, 12 h, N, THF, 0 °C to rt, N,
37, 87% yield 36, 80% yield
>95:5dr, 97% ee >95:5dr, 97% ee
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Mechanistic Studies

a Kinetic isotope effect

—NPMP

N—H/D Fe(acac)s (10 mol%), L5 (10 mol%)

ip CyMgBr (50 mol%), TMEDA (2 equiv.)
' Et,O/THF, rt., N,
kH/kD =1.2
1a or [D4]-1a

b Deuterium-labeling experiment

_NPMP
©j\£0 Fe(acac)s (10 mol%), L5 (10 mol%)
N ©@ 2a >

5%D)
CyMgBr (50 mol%), TMEDA (2 equiv.)
EtQO/THF, r.t., N2, then H30+

iPr

[D4]-1a [D4]-3

38 or [D4]-38

=0

N—p
N (75% D)

[D;]-39
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Mechanistic Studies

¢ Deuterium scrambling experiment

[D4]-1a (50%)

MeO

_NPMP
NeH
N
"~

1k (50%)

2a, Fe(acac)z (10 mol%), L5 (10 mol%)

CyMgBr (50 mol%), TMEDA (2 equiv.)
EtzO/THF, r.t., N2, then H30+

(82% D)

[D4]1-3 (36%)

(1% D)

CH; MeO
+

0 0
CH,D ©\/g
D
* (73% D)

N
N
’Pr\©

[D4]-39 (7%)

—0
(I\QH
N (5% D)
’Pr\©

40 (8%)
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Proposed Mechanism
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Summary
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Fe catalysis
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then H30"

)

» Selective C—H alkylation of indoles with aryl alkenes by sustainable iron catalysis

» Leading to rare atropoenriched and enantioenriched substituted indoles
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Strategy for Writing The First Paragraph
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The development of sustainable and highly selective me-
thodologies allowing to rapidly access enantiopure com-
plex molecules is amongst the most vivid fields of orga-
nic synthesis and catalysis

However, the majority of stereoselective C-H functionali-
zation strongly rely on the use of noble metal-based ca-
talysts, including palladium, iridium, or rhodium. In clear
contrast, such transformation catalyzed by 3d-metals

Indeed, various oxidation states of iron, combined with a
diversity of reaction scenarios conceivable in a presence
of such a catalyst and difficulty in isolating well-defined
iron-complexes, renders the chiral iron-catalysis still in
its infancy.
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Strategy for Writing The Last Paragraph

v A highly efficient selective C—H alkylation of indoles with

& o T aryl alkenes was achieved by sustainable iron catalysis,

’er=R leading to rare atropoenriched and enantioenriched
substituted indoles with high structural diversity.

v We envisioned that the present approach and the me-
RiEkk chanistic findings will promote the development in rela-
ted challenging ironcatalyzed C—H functionalization con-

structing multiple chiral centers.
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Representative Examples

® Methodologies allowing to rapidly access enantiopure complex molecules is amongst
the most vivid fields of organic synthesis and catalysis (£&1H]; J&&HT; JEERHY)

® Stereoselective iron-catalyzed C-H activation holds great promise to expand the
diversity of easily accessible enantiopure molecules. (B E X/&77)

® This insight emphasizes the necessity for the de novo design of chiral ligands in

asymmetric synthesis. (5218, &E)
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