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Bioisosterism
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Introduction

C-H fluorination of CH,4
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Chen, C. etal. J. Am. Chem. Soc. 2013, 135, 17494.

Fluorination of functionalized substrates
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Introduction

Direct fluoromethylation

<
+
X
»—m
Py
@)
2
U
o
@)
c
=
Z
v =
Py

Baran, P. S. et al. Science 2018, 360, 75; et al.

Difunctionalization of alkenes
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Introduction
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Introduction
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Introduction
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Introduction

CuCl or CuBr (10 mol%) CH,F
ligand (12 mol%
R/\ + CH,FI + ByR' J ( °) - )\/BR'
LiOt-Bu or NaOt-Bu R
R = COR", aryl R' = mpd DMSO or DMAC, rt 36 exampl.es
alkyl pin up to 86% vyield

Wu, N.-Y.; Xu, X.-H.; Qing, F.-L. ACS Catal. 2019, 9, 5726.
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Optimization of Reaction Conditions

Me CuCl (10 mol%) Me  CHoF
Ph/N\n/\ + CH,FI + B,R, igand (12 mol%) s BR
base, solvent, rt, 4 h
1a O O 2a
entry & ligand base solvent B,R, yield b
1 Binap NaOt-Bu THF B,pin, trace
2 Binap NaOt-Bu toluene B,pin, 0
3 Binap NaOt-Bu DMAC B,pin, 41
4 Binap NaOt-Bu DMF B,pin, 61
5 NaOt-Bu DMSO B,pin, 65
6 NaOt-Bu DMSO B,pin, 48
7 NaOt-Bu DMSO B,pin, 52
8 NaOt-Bu DMSO B,pin, 63
9 NaOt-Bu DMSO B,pin, 35
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Ligands and Bsz
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Optimization of Reaction Conditions

entry @ ligand base solvent B,R, yield P
10 NaOt-Bu DMSO B,pin, 70
11 NaOt-Bu DMSO B,pin, 61
12 NaOt-Bu DMSO B,pin, 60
13 NaOt-Bu DMSO B,pin, 57
14 JohnPhos KOt-Bu DMSO B,pin, 7
15 JohnPhos LiOt-Bu DMSO B,pin, 78
16 JohnPhos LiOMe DMSO B,pin, 0
17 JohnPhos LiOt-Bu DMSO B,neo, 72
18 JohnPhos LiOt-Bu DMSO B,mpd, 88
19¢ JohnPhos LiOt-Bu DMSO B,mpd, 93

20 d JohnPhos LiOt-Bu DMSO B,mpd, 76

& Reaction conditions: 1a (0.2 mmol), B,R, (0.3 mmol), ICH,F (0.3 mmol), CuCl (0.02
mmol), ligand (0.024 mmol), base (0.36 mmol), solvent (2.0 mL), rt, under N,, 4 h. P Yields
determined by ° F NMR using fluorobenzene as an internal standard. ¢ CuBr. 9 Cul.




Borylfluoromethylation of Acrylamides

CuBr (10 mol%) CH,F
JohnPhos (12 mol%)

R\H/\ + CHyFlI + B,mpd, » R Bmpd
LiOt-Bu, DMSO, rt

O
1 °
Me CH,F Me CH,F l\lfle CHyF
N Bmpd N Bmpd N\”)\/Bmpd
(J ol IR
t-Bu
2a 84% (45:55) 2b 85% (47:53) 2¢ 80% (47:53)
I\l/le CHJF Me CH,F l\lfle CHF
/©/N Bmpd Bmpd /©/N\[H\/Bmpd
O /©/ O
MeO F
2d 86% (49:51) 2e 76% (49:51) 2f 63% (45:55)
I\|/Ie CH,F e CH,F Me  CHyF
/©/N Bmpd /O/ Bmpd /©/ \[H\/Bmpd
Cl © MeO,C
29 61% (45:55) 2h 63% (45:55) 2i 52% (43:57)

19



Borylfluoromethylation of Acrylamides
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Borylfluoromethylation of Alkenes

RTXX + CH,FI + B,pin,

CuCl (10 mol%)
IMes (12 mol%)

NaOt-Bu, DMACc, rt, 20 h
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Borylfluoromethylation of Alkenes
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Transformations of Compound 4a
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Transformations of Compound 4a
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Preparation of Monofluorinated Ibuprofen

monofluorinated ibuprofen
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Proposed Catalytic Cycle

CuCI

(L)- Cu Ot-Bu
NaOt- B% \QBOZ‘BU

(L)-Cu-I

CH,F
R)\/Bpin x\
CH,FI Cu(L)
R)\/Bpln

(L)-Cu-BR

R
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The First Paragraph

Writing Strategy
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The First Paragraph

The presence of fluorine atom(s) in a group could
affect its electronic and physicochemical properties. For
Instance, fluoromethyl group (CH,F) normally acts as a
metabolically stable bioisostere for methyl group (CH,).
Furthermore, the CH,F group is also considered as a
CH,OH group mimic. As a consequence, the fluoro-
methylated compounds have widespread applications in
agrochemicals, pharmaceuticals, and materials.
Conventionally, the fluoromethylated compounds are
prepared via C-H fluorination of CH,-containing
compounds or fluorination of functionalized substrates.
However, these methods have some limitations, such as
narrow substrate scope, low regioselectivity, or prior
Installation of a functional group.
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The First Paragraph

Alternatively, the method of choice for the preparation of
fluoromethylated compounds Involves Indirect
fluoromethylation using fluoromethylating agents bearing
a suitable auxiliary, followed by the removal of the
auxiliary. Compared with the indirect methods, the direct
fluoromethylation through electrophilic, nucleophilic, and
radial pathways are more attractive because of the atom
and step economy. Recently, the groups of Zhang, Hu,
Wang, and Baran have also reported transition metal
catalyzed direct fluoromethylation of aryl boronic
acids(esters), halides, and zinc reagents.
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The Last Paragraph

Writing Strategy
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The Last Paragraph

In summary, we have developed a copper-catalyzed
regioselective borylfluoromethylation of acrylamides,
styrenes, and unactivated alkenes with fluoromethyl
lodide and diboron reagents. This reaction proceeded
smoothly to deliver g-fluoromethyl alkylboronates in
good yields. The resulting products are useful synthetic
Intermediates for various potentially valuable
fluoromethylated compounds. Efforts to explore Cu-
catalyzed difunctionalization reactions for the
preparation of other fluoroalkylated compounds are
ongoing in our laboratory.
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Representative Examples

However, these methods have some limitations, such
as narrow substrate scope, low regioselectivity, or prior
installation of a functional group. (X555 |l & & /) — L8 5

IEAFAEA R K0 )

Inspired by these works, we envisioned that the
boryl-cupration of alkenes, followed by electrophilic
fluoro-methylation, might serve as a novel method for
fluoromethylation of alkenes. (2 H i@ & AE I 5)

To illustrate the application of this protocol, the
further transformations of the borylfluoromethylated
product 4a were surveyed. (FZYIRTA R E)
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1,2-rearrangement
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