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The Pd-catalyzed highly selective synthesis of mono- and di-2-
fluoroallylic amines from gem-difluorocyclopropanes and ubiqui-
tous unprotected primary anilines is herein described. Initial kinetic
investigations suggest a first order in the gem-difluorocyclopropane
substrate, as well as a circa zeroth order in the aniline coupling
partner. The newly produced fluoroallylic motifs should find impor-
tant applications in synthetic as well as medicinal chemistry and
stimulate the further development of coupling methods based on
strained cyclic building blocks.

Allylamines are important structures found in both natural
products and biologically active molecules.' This is the case
for example in naftifine,™” an antifungal drug, or flunarizine,*’
a calcium blocker. Meanwhile, research and development of
fluorine-containing drugs®** have considerably expanded in
the last 20 years. This is because fluorine incorporation can
impose remarkable electronic, physical and biological proper-
ties on organic compounds. Thus, we envisioned that develop-
ing simple synthetic methods granting access to fluorinated
allylamines would represent an important objective in order to
develop new potent drugs, or fluorinated variants of the exist-
ing ones. It is noteworthy that the synthesis of allylamine
structures with transition metal catalysts’*?* is a frequently
utilized and efficient approach. However, the synthesis of their
fluorinated equivalents is starkly underdeveloped, and constitutes
a major challenge. In this context, gem-difluorocyclopropanes >
are composed of a fluorine-containing strained three-membered
ring structure, and are easily accessible (see the ESIt). Moreover,
these motifs can be readily activated at the C-C and C-F bonds
under transition metal catalysis, such as with Pd,>*>® Rh,*” or
other metals, usually leading to the corresponding fluorinated
allylic metal complexes. These organometallic intermediates can
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then be utilized to make fluorine-containing allylamide and
allylamine compounds, when combined with N-derived nucleo-
philes. This was elegantly demonstrated by the seminal work of Fu
and coauthors in 2015 (Scheme 1a).>® We propose herein such a
C-N bond forming method, however with unprecedented primary
aniline N-nucleophiles, which unfortunately perform very poorly
under the method described by Fu,?® either towards the mono-, or
alternatively towards the difluoroallylic amines, selectively
(Scheme 1b). This strategy moreover represents a different retro-
synthetic disconnection compared to the Ir-catalyzed photochemical

(a) Selected prior works
Fu, 2015 %6

Pd(OTFA),, 10 mol%
S tBu-XPhos, 10 mol%

1 A Bn
R0 _ . K,CO3, 2 equiv. R*@/\/\T/
CH4CN, 80°C z F 1s
H
(j\s,N\ /( j A N/\
C;I \\O (Other selected example: F K/Q )

i 38
~. Hashmi, 2016
N FF
© K
Ar Ar/H

(b) This work: Pd-catalyzed highly chemoselective synthesis
of mono- or di- 2-fluoroallylic amines from primary anilines

FF

Ar/H
Ir-based PC, 1 mol% Ar N~

Na,CO3, 1.5 equiv.
Blue LED, DMF, rt

d
ab=13
F_F R1:—\ Ny NH
= F
a 2 Z
N R |
R Ve N
N cat: [PdJL | Mono-2-fluoroallylic amines
R (NH position still available
NH, /\Fl/ for further reactivity)
R!
A KN
R2--
A b =/ \
EEEE—
alb =31 F N

(unprecedented
primary aniline
nucleophiles)

& F
RrR2\ Y / \
. . — Np1
Di-2-fluoroallylic amines R

Scheme 1 Towards fluorinated allylamines, (a) selected prior works,
(b) this work.
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C~C coupling method of Hashmi and collaborators (Scheme 1a),*®
and allows for the direct synthesis of elusive NH-unprotected
fluoroallylic anilines.

Therefore, 4-methyl gem-difluorocyclopropane a1 (1-(2,2-
difluorocyclopropyl)-4-methylbenzene) and simple aniline (b1)
were originally selected as model substrates. Setting the a1:b1
ratio to 1:1, under Pd(dba), catalysis (5 mol%), with XPhos
(12.5 mol%) and K;PO, (2 equiv.) in p-xylene at 110 °C for 12 h
afforded the mono-functionalized product c¢1 in 29% yield.
Under these conditions, the di-functionalized product d1 was
obtained in 4% yield (entry 1, Table S1, see the ESIt). Increasing
the amount of aniline b1 afforded the mono-functionalized
2-fluoroallylic amine product ¢l in an impressive 89% isolated
yield, with a selectivity as high as 20:1 (a1:b1 ratio of 1:3,
entries 2 and 3). The higher XPhos/Pd catalytic ratio was
moreover found necessary, as reducing the XPhos loading to
only 5 mol% almost shuts down the reaction (entry 4). In
contrast to entry 3, an al:b1 ratio of 3:1 afforded the new
di-2-fluoroallylic amine substance d1 in an impressive 90%
isolated yield and also high chemical selectivity (20: 1, entries 5
and 6). Finally, we verified that the original reaction conditions
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reported by Fu”® (Scheme 1b) do not provide product ¢1 or d1 in
any significant yield regardless of the substrate ratio (entries 7
and 8), thus validating the superiority of our method for the
challenging primary anilines.

In terms of scope, many functional groups were found well
tolerated in very diverse positions (c1-c28), with typically
excellent yields and mono-selectivity (usually m:d > 20:1,
Scheme 2). Moreover, a broad series of bioactive moieties
(c29-¢33) were well accommodated, with high isolated yields
(26-99%) and good to excellent mono-selectivity (m:d 7:1 to
20:1) in some cases. In the low yielding case of ¢30, the
substrate ratio was adjusted to 1:1 in order to minimize di-
functionalization as well as other undefined side products.
These results arguably demonstrate the high relevance of the
herein described synthetic method, in spite of some other
substrate limitations such as amide or aliphatic amine N-
nucleophiles (c¢34-¢38). This includes Fu’s typical N-
nucleophile,>® which did not efficiently furnish product ¢39.
In such cases, some unreacted gem-difluorocyclopropane is
typically observed at the end of the reaction. This indicates
the high specificity of our method for anilines.

EF Pd(dba),, 5 mol%
XPhos, 12.5 mol% NN N NN
N 1 NH, _KsPOy, 2 equiv. R*@/\/\NH R-%- 4R
10 + RZ - F + < oF
R L7
p-xylene, 2 mL, 110 °C R_\ |
12h c?
gem-Difluorocyclopropanes
c1,R=Me 5 Roph E
89% yield, m:d > 20:1 Co, R=
Xy ONH c2,R=H 86% yield, m:d = 15:1 X ONH 8, R=Me @/YNH
F 86% yield, m:d > 20:1 c6,R=F E 83% yield, m:d > 20:1 F
R ¢3, R'=OMe 92% yield, m:d > 20:1 R=F
70% yield, m:d > 20:1 €7, R=CF; R 94% yield, m:d > 20:1 o
c4, R=t-Bu 76% yield, m:d > 20:1 ¢10, 61% yield
76% yield, m:d > 20:1 m:d > 20:1
""""""""""""""""""""""""""""""""""""" Anilines T T T T
c11, R=Me S
98% yield, m:d > 20:1 15, R = t-Bu m"“ X ONH
N NH ¢12, R = OMe 98% yield, m:d > 20:1 A NH ¢18, R=Me F E R
F 90% yield, m:d > 20:1 c16,R=F F 94% yield, m:d > 20:1 O
¢13, R = OPh 83% yield, m:d > 20:1 c19,R=F
87% yield, m:d > 20:1 c17,R=Cl R 93% yield, m:d > 20:1
c14, R =0Oi-Pr 49% yield, m:d > 20:1 . 02_0, R=CF3 c22, R =Me
R 97% yield, m:d > 20:1 89% yield, m:d = 18:1 €21, 81% yield 94% yield, m:d > 20:1
m:d > 20:1 c23,R=F
81% yield, m:d > 20:1
A NH X NH : Scope limits:
2 F
: m Jons: mﬁb
c24, R =Me \—O
93% yield, m:d > 20:1 €26, 99% yield 27, 82% yield 34, o,
) s c28, 95% yield ¢34, trace ¢35, R = cyclooctyl, trace c38, <10%
©25, R = OMe mid > 20:1 md = 13:1 6 vie

75% yield, m:d > 20:1

m:d > 20:1

¢36, R = tosyl, trace
¢37, R = benzoyl, trace

Derivatization of bioactive molecules

N NH
F

€29, 65% yield
m:d > 20:1

Form DL- Menthol

o

Y 000 ¢30%, 26% yield 31 99% i Iz N
2 =7 c31, o yiel o
N m:d =71 mid > 20:1 «
From Lapatinib From Ethyl protected

intermediate

DL-Aminoglutethimide

c39 '
< 10% vyield !
(Fu's product)?®

€32, 83% yield
m:d > 20:1
From DL-Isoborneol

¢33, 88% yield From protected
m:d > 20:1 Mesalazine

Scheme 2 Substrate scope for the mono-2-fluoroallylic amines, isolated yields. “The m:d ratios are determined by *H NMR. Reaction conditions: a
(0.20 mmol), b (0.60 mmol), Pd catalyst (5 mol%) with XPhos ligand (12.5 mol%), KsPO4 (2 equiv.) in p-xylene (2.0 mL) at 110 °C for 12 h. Pa:b = 1:1.
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Scheme 3 Substrate scope for the di-2-fluoroallylic amines, isolated yields. ®The d:m ratios are determined by H NMR. Reaction conditions:
a (0.60 mmol), b (0.20 mmol), Pd catalyst (5 mol %) with XPhos ligand (12.5 mol%), KsPO, (2 equiv.) in p-xylene (2.0 mL) at 110 °C for 12 h. ®Reaction time:

24 h.

We then turned our attention to the new di-2-fluoroallylic
amines and their synthesis (Scheme 3, di1-d17), affording
generally good yields and selectivities (d:m > 20:1). Interest-
ingly, even sterically hindered 2-methyl aniline converted to the
di-functionalized product (d18), although with a reaction time
extended to 24 h, affording 82% yield and an encouraging di-
selectivity (d:m = 9:1). In addition, multifunctional and het-
erocyclic anilines were also found to be competent (d19-d24),
in addition to a broad range of bioactive and natural fragments
(d25-d29). In order to further explore the synthetic utility of the
method, a gram scale reaction was conducted for mono-
functionalized product c1 (Scheme 4). This target was thus
obtained in a remarkably preserved 80% isolated yield (0.96 g),
with high mono-selectivity (m:d > 20:1). Furthermore, we
verified that diphenylamine reacts in a similar fashion to the
primary anilines described in this study, with 1a, affording
indeed 95% isolated yield of the corresponding product (el).
Moreover, scaffold el could also be obtained from e¢1 in like-
wise excellent 95% yield with a classical Buchwald-Hartwig
coupling reaction.*® Finally, unsymmetrical di-2-fluoroallylic
product d30, with two different allylic arms, could be accessed
from c1 reacting with a different gem-difluorocyclopropane,

488 | Chem. Commun., 2023, 59, 486-489

under otherwise similar reaction conditions (64%, Scheme 4).
This demonstrates the feasibility of attaching two different
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fluoroallyl functional groups on primary anilines in a sequen-
tial fashion.

Based on previous literature,”® we envisioned a possible
mechanism as outlined in Scheme 5. First Pd(0) would activate
the strained C-C bond of the gem-difluorocyclopropane to
form intermediate I, followed by B-F elimination*® to give
n-allylpalladium species II. Intermediate I would then be attacked
by the N-nucleophile to give species HI. Finally, the product would
be obtained by C-N bond reductive elimination, thus regenerating
the Pd(0) active catalyst. Experimentally, we observed first order
kinetics with respect to the gem-difluorocyclopropane building block
al in the 0.05 to 0.40 M concentration range. In contrast, the
reaction has an approximatively zeroth order in aniline substrate b1
(see the ESIT for details). These results suggest an early rate limiting
step, such as the strained C-C bond activation, or the subsequent
B-F elimination step towards intermediate II.

In summary, we have developed a Pd-catalyzed highly selec-
tive synthesis of mono- and di- 2-fluoroallylic amines from
primary anilines and gem-difluorocyclopropanes. In addition
to the newly opened chemical space in terms of potentially
interesting fluorinated drug candidates, these results should
encourage the further development of cross coupling methods
based on the very versatile gem-difluorocyclopropane*'™* and
related strained building blocks.
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