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Coupling of unactivated alkyl electrophiles
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Field/ mT
310 320 330 /54,9 350 360

Nature 636, 108-114 (2024)
Wang Jing, 2025/01/18



mzur’ Ch 2003-2008 BSc in Biology and a MSc in Chemical Biology, ETH Zirich

2008-2012 PhD in organic synthesis, Prof. Erick M. Carreira., ETH Zrich

2012-2014 Postdoc., California Institute of Technology, Prof. Robert H. Grubbs

2014-2018 Group Leader , Max-Planck-Institut fir Kohlenforschung

2018-now  Full Professor of Synthetic Organic Chemistry, ETH Zrich

Prof. Dr. Bill Morandi

Shuttle catalysis/Metathesis
reactions/Amination/Alkene/alkyne  Molecular editing Materials
functionalization/C-O activation

Organometallic and
Mechanistic Studies

_ « Metal capture
» Novel synthetic procedure

: ; = a 'Bu_ OPh*
m « Mild reaction conditions ) p1 S E /\ S~ /- T
izati 7 @ — (=) Ni-0 B R-NUN-R R P
3 Polymerization SN U e N/ . N—Ni
- -y v \/ 8 3 Ni )
//" - .
[

i—N
W .MgBr 2Dand3D ° | Oph* .

CN
DPh*
2 « Metal sensing Bu Ni ‘
Shuttle
Catalysis,
(o]

FG
R1 ’*

®. Pd-catalyzed s
x : OPh*
e, A . @ C-S metathesis .._ A S i ¥ Ni(l) olefinic complex

5L 5
+ + ® ° S two-coordinate three-coordinate  four-coordinate
. 3 A Y K A A
- _Polrgll!; " g s 8 s Simple precursor Unified access to many new
Rz % «Chemica erma 15 & complex Ni(l) complexes

t-BU~ .t-Bu JL foG . - 2 (
Si 2 > V. St :
e H” R R 8 A Recycling resistance « Heterogeneous catalysis
*Recyclable N Z pd@P1
§ > j ; H,

S N>

Functionalization & Defunctionalization 2



Background

2D

Escap atland 3D
N\ iniproved soldoility NH
Reduce@®off-target
sp? sp?

Traditional organometallic reagent cross-couplings

Ni/Cu/Pd/Fe/Co
R—X + R,—[M]X > R—R;

X = halogen or pseudohalogen;
[M] = Li, MgX, ZnX, B(OR),, SnR3, SiR3, ZrCp,Cl, AIR,......

Represent chemist:

Cross-electrophile coupling reactions (XECSs)

Ni/Cu/Pd/FelCo
R—X + R1—X e R_R1

Zn/Mn/hvlelectricity

X = halogen or pseudohalogen;




Background The constructio

Enzyme catalysis, Todd K. Hyster, Nature 610,
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Background

The construc

of C(sp?3)-C(sp?) bond

Electrochemistry, Song Lin, Nature 604, 292—-297 (2022)
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This work

The construc

C-P metathesis reactions
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This work: transition-metal-free C(sp3)—C(sp?) coupling of unactivated substrates enabled by a frustrated ion pair
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Scope of the reaction
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Mechanism What are the products from cleavage of the C-P bond?

Reaction monitoring by NMR spectroscopy
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Mechanism How does the HAT process occur?

Reaction inhibition by TEMPO and deuteration experiment
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Mechanism

Effect of the base size

What iIs the role of base?

Effect of the additives on the reaction yield

Ph Ph
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5 LiIHMDS 12-crown-4 0
6 LiHMDS 12-crown-4 (1.0eq) 13
7 LiIHMDS 18-crown-6 75
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Mechanism Proposed mechanism of the C-P cleavage
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Mechanism What'’s the structure of the frustrated ion pair?

B Nci plot of B

Steric frustration leads to atypical ion pair geometry: f C-H anion interaction
- | | I
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Interaction: P-N i P-N Aryl-anion
(d(P-N) =1.87 A) E (d(P-N)=2.10 A) (d(P-N) = 4.47 A)
Relative AG: - : 21.7 0
Distortion energy:  59.2 ‘ 55.1 1.8
-48.1, -20.6 -36.6
Interaction energy: —-107.3 ; -75.7 -38.4
| Steric frustration + ‘ Steric relief T "
21.7 kecal/mol
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Mechanism What'’s the structure of the frustrated ion pair?

The excitation of charge-transfer complex: A Frontier orbitals of B.
Calculated B: 348nm
Calculated B’: 272nm
Measured: 380nm and 515nm

29

2.4
- 3
1.9 : : A « LiHMDS
: - AdPPh3 Br
i
1.4 . - AdPPh3 Br + LIHMDS
0.9

-0.1

Absorbance

200 300 400 500 600 700 800
Wavelength (nm)

Figure S9. UV/Vis spectra of 9 (AdPPh3 Br), LIHMDS, and the mixture of the two compounds.

The UV/Vis spectrum shows the appearance of two charge-transfer bands when the colorless starting
materials 9 and LIHMDS are mixed.

Electron transfer would proceed from anion'to cation



Scope Mechanistically informed extensions of the reaction scope
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Frustrated radical pair in C(sp3)-C(sp?) bond formation

A distinct, transition-metal-free platform to form C(sp3)-C(sp3) bonds without the need for activating or stabilizing groups
on the coupling partners.
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Thanks for your attention!
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