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Herein, we report the migratory hydroarylation of unactivated alkenes with aryl iodides using native and
weakly coordinating amide directors under mild conditions. Synergistic coordination of the monoden-
tate directing group and the ligand enable the highly regioselective migratory hydroarylation via a chain
walking process to form the thermodynamically stable five-membered nickelacyle intermediate. The pro-
tocol provides a variety of valuable «-aryl-substituted alkylamine products, and exhibited good functional
group tolerance. The modification of bioactive compounds such as fenofibrate and indomethacin further
highlights the synthetic value of this protocol.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Transition metal-catalyzed migratory hydrofunctionalization of
alkenes has been an emerging synthetic method to introduce
various functional groups at inert C(sp?)-H site away from the
initial olefin position [1-10]. Among these transformations, the
migratory hydroarylation provides a straightforward protocol to
construct C(sp?)-C(sp?) bond [11-27], which constitutes the funda-
mental frame structure of chemicals. Due to the electronic or steric
effect, the reaction predominantly promotes the aryl group at
o-carbon adjacent to phenyl [28-29], borate ester [30-32], or
terminal position (Scheme 1A) [33]. Notwithstanding the well-
developed regioselective chain walking processes, it is highly de-
sirable to develop new pattern for the migratory hydroarylation to
prepare high-value compounds. Recently, a chelation-assisted strat-
egy has been applied to a few examples of migratory functionaliza-
tions by several groups including us [34-39], with exceptional re-
gioselectivity controlled by the formation of stable directing group-
ligated metallacycles. However, the currently reported transforma-
tions are limited to hydroalklylation [40-48], hydroamination [49-
53] and hydroboration [54,55].

Secondary N-c«-aryl amides are ubiquitous structural motifs in
many bioactive molecules, exhibiting potent biological and phar-
macological activities (Scheme 1B) [56-59]. Simple, new, yet com-
prehensively useful preparation methods have long been sought
[60-62]. While catalytic hydrogenation of vinylamides [63-65],
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C-N coupling between carboxylic acid derivatives and «-aryl-
substituted amines [66,67], and Ni/photoredox dual-catalyzed «-
arylation of benzamides [68-70] have been established for the
rapid assembly of these challenging motifs, it is still highly desir-
able to develop direct catalytic platforms to access N-aryl amides.
We questioned whether remote hydroarylation could be achieved
from common and readily available olefin starting materials, there-
fore providing a new approach to these valuable products.

As an extension of our interest in the difunctionalization and
hydrofunctionaliation of alkenyl amines [45,55,71-78], we turned
our attention to the challenging remote hydroarylation, consider-
ing that the oxidative addition of aryl halide to electron-rich and
sterically hindered Ni(I)-alkyl intermediate is slow and more diffi-
cult [79]. Herein, we report a NiH-catalyzed [80-83] migratory hy-
droarylation of alkenyl amines with aryl iodides under mild condi-
tions using native and monodentate amide as the directing group
(Scheme 1C). The coordination of the directing group and the lig-
and promotes the «-C(sp3)-H arylation of alkenyl amides via a
thermodynamically stable five-membered nickelacyle intermediate.
The protocol has good functional group tolerance, and is amenable
to alkene substrates with different chain lengths, providing an at-
tractive and simple route for the synthesis of secondary N-o-aryl
amide derivatives.

We set out to investigate the nickel-catalyzed remote hy-
droarylation using benzoyl-protected homoallylamine 1a and 4-
methoxyiodobenzene electrophile as model substrates at room
temperature (Table 1). After extensive research on nickel sources,
ligands, bases, hydrogen sources and solvents (for details, see Sup-
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Scheme 1. Chelation-assisted migratory hydroarylation of alkenes.

Table 1
Optimization of reaction conditions.?
NiBr,*DME (10 mol%)
Q OMe L4 (12 mol%) Qo PMP
K,COj3 (2 equiv.)

H | —_— B
1a (Me0)3SiH (2.5 equiv.) 2a
DMA, rt., 24 h
— — Ph Ph |

- - = 0,
N\ 7N/ N Ph
NN N/ N4 Y, I Ph

R R A

'Pr
L1, R=-H, N.D.

L3, 55%, 91:1:8 rr L4, 89%, 94:1:5 rr L5, trace

L2, R=-Me, 61%, 97:0:3 rr

PeSslRaa s

PR Ph

R!

R1
S
XX e
R? R

L9, R'=-Bn, R?=-Bn, N.D.  -12,n=0,N.D.
L6, Ri -lPh, trace L8, N.D. L10, R'= -Bn, R%= /Bu, N.D. t:i :1 :B
L7, R=-'Pr, trace 1 . , =2, N.D.
L11,R'=-Bn, R°=-Ph, N.D. 15 n=3, N.D.
Entry Deviation from standard conditions Yield (%) Ratio (a:B:y)
1 None 89 94:1:5
2 NiBr, instead of NiBr,*DME 35 80:7:13
3 Ni(cod); instead of NiBr,*DME 12 75:9:16
4 Ni(OTf), instead of NiBr,sDME 0 -
5 4-OMePhBr instead of 4-OMePhl 0 -
6 K3PO,4 instead of K,CO3; 72 96:0:4
7 CsF instead of K,CO; 40 94:6:0
8 (EtO);SiH instead of (MeO);SiH 64 88:1:11
9 MePh2SiH instead of (MeO);SiH 24 100:0:0
10 DMF instead of DMA 47 88:6:6
11 18h instead of 24 h 79 94:1:5
9 40W blue THF <10

2 Reaction conditions: 1a (0.2 mmol), 4-lodoanisole (2.0 equiv.), NiBr,sDME (10
mol%), L4 (15 mol%), K,CO5 (2.0 equiv.), (MeO);SiH (2.5 equiv.) and DMA (1.0 mL)
at room temperature for 24 h. Isolated yield.
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porting information), we found that with NiBr,-DME as the catalyst
and 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (L4) as the lig-
and, K,CO3 as the base, and (MeO);SiH as the hydrogen source, the
reaction in N,N-dimethylacetamide (DMA) at room temperature for
24 can provide the desired «-arylbenzamide product in 89% yield
with excellent selectivity (entry 1). Ligands play a very important
role in promoting chain walking and improving regioselectivity.
The yield of bipyridine ligands is less than 61%, while pyridine ox-
azoline, bisoxazoline and bisphosphine ligands cannot deliver the
corresponding products. NiBr, and Ni(cod), also gave the desired
products, but the site selectivity and yield were slightly lower,
and Ni(OTf), could not provide any desired products (entries 2—4).
When the electrophile is replaced by 4-methoxybromobenzene,
the reaction cannot occur (entry 5). Inferior results were obtained
when using K3PO4 and CsF as the base instead of K,CO3 (entries
6 and 7) or (EtO)3;SiH and MePh,SiH as the hydrogen source in-
stead of (MeO);SiH (entries 8 and 9). The effect of solvent was also
probed, and we found that DMF resulted in poor yield and regios-
electivity (entry 10). Finally, shortening the reaction time to 18h
led to a decrease in yield (entry 11).

After establishing feasible conditions, we investigated the
generality of this Ni-catalyzed remote hydroarylation reaction
(Scheme 2). Initially, the substrate scope of alkenyl amides with
different substituents was evaluated. Substrates with aromatic and
aliphatic amides exhibit well-compatibility, delivering valuable sec-
ondary N-a-aryl amide products (2a-2u). In general, high levels
of «-regioselectivity (up to 99:1 rr) were observed. For aromatic
amides, electron-rich substituents on the phenyl rings gave higher
yields than electron-deficient substituents (2b, 2c vs. 2d, 2e), with
yields of 78%-87%. 2-Naphthyl amide also provided the desired
product in moderate yields (2f). Under the existing optimized con-
ditions, aliphatic amides with various substituents are also com-
patible, delivering the corresponding products in good yields and
excellent regioselectivity (2g-2k). Remarkably, whether it is an in-
ternal olefin with Z or E configuration, the substrate can react with
the electrophile to produce the desired target product (21 vs. 2m).
It is observed that extending the carbon chain will reduce the re-
action yield but still maintain a moderate state (2n-2q). Shorten-
ing the carbon chain, whether it is a terminal olefin or an internal
olefin, will increase the reaction yield and make the reaction tend
to complete (2r and 2s). When using 1,1-disubstituted alkene or
cyclic alkene, the reaction can still give secondary N-«-aryl amide
products in moderate yields (2t and 2u). Next, the range of aryl
iodides with different substituents was evaluated, and a wide va-
riety of aryl and heteroaryl iodides were found to be tolerated.
Electron-rich and electron-poor aryl iodides react readily to pro-
vide the desired products in good to excellent yields (2v-2ao). We
also examined alkenyl amines protected by carbamate groups such
as Boc and Cbz. However, they did not generate any desired prod-
uct. Ortho-substituted iodobenzenes were also found to be compat-
ible, giving a high level of o-regioselectivity and yield (2w-2x). As
expected, a wide variety of functional groups, including alkyl (2y,
2aj, 2ak), ester (2ag), ether (2z, 2an), fluoride (2aa), cyano (2ab),
trifluoromethyl (2ac, 2am) and phenyl (2al), are easily accommo-
dated. Notably, functional groups sensitive to cross-coupling, such
as chlorine (2ad), bromine (2ae), iodine (2af), and easily reducible
aldehydes (2ah) and ketones (2ai), remained intact, offering an op-
portunity for downstream transformations. Compounds containing
heterocycles such as pyridine (2ap) and thiophene (2aq) can also
participate effectively in the reaction. Through this protocol, sev-
eral core structures of biologically active and drug molecules can
be easily introduced into our products, such as diacetone-D-glucos
(2ar), fenofibrate (2as), indomethacin (2at) and sulbactam (2au),
which has potential application in the development of new drugs
and the discovery of drug-like molecules [84,85].



H. Shi, J. Wang, Y. Zhu et al.

NiBr,*DME (10 mol%)

(MeO);SiH (2.5 equiv.) R!

o R?
R1JLN/\(%S +  Ar
H 3
R KoCO3 (2 equiv.)

1 DMA, rt., 24 h

o)
L4 (12 mol%)

A, .
N

Chinese Chemical Letters 35 (2024) 109333

Ar  R?

J

2

alkene scope

o  PMP O Ph O PMP O  PMP
Me MeO cl CF3

2b, 87%, rr = 93:7 2c, 86%, 1T > 99:1

O Ph

Me)LH)\/.\
29, 61%, rr>99:1
PMP
O\N)\/‘\'/Et
H

21, 64%, rr = 99:1 (from Z)
2m, 85%, rr > 99:1 (from E)

2h, 72%, rr = 92:8

2n, 74%, rr > 99:1 (from E)

PMP

oA

2r, 97%, rr > 99:1

PMP Me

PMP

2s,94%, rr > 99:1 2t, 61%, rr > 99:1

aryl iodide scope

Me 0TBS
OAc 9:\

O\N O\N O\N

H N H
2x, 85%, rr > 99:1 2y, 66%, rr = 97:3 2z,66%, rr =97:3

Cl Br |

(ON *N (EN

i N N

2ad, 87%, rr = 97:3 2ae, 84%, rr =97:3 2af, 69%, rr = 95:5

R o7\
e}

2aj, R = Me, 81%, rr = 98:2

2ak, R = Bu, 73%, rr = 97:3

2al, R = Ph, 81%, rr = 98:2
2am, R = CF3, 73%, It = 97:3 N

I=z

2an, 64%, rr = 97:3

9T Koo

2as, 65%
from Fenofibrate

o
"'O)T

HN, o

@)
O

(0]
7%
2ar, 64%

from Diacetone-D-glucose

2d, 78%, rr = 99:1

2i, 74%, rr = 94:6

PMP PMP PMP
O\N)\/\/Cy O\N)\/\/\/SMe O\N/'\/-v\/NPhth
H H H

20, 48%, rr > 99:1 (from E)

COR R

2f, 60%, rr > 99:1

o  PMP

2k, 52%, rr>99:1

O\N)TP/\./'
H

2q, 61%, rr > 99:1

%Mi
Ny

2w, 90%, rr > 99:1

gci CF, CF,
O\N O\N

H

2e, 78%, rr = 99:1

O Ph
H)\/\‘
@]

2j,62%, rr = 94:6

2p, 62%, rr > 99:1 (from Z)

oL PMP
& WL
|

2u, 49%, rr > 99:1

=
o\N T °
H

2aa, 83%, rr = 96:4

2v, 96%, rr = 982

2ab, 94%, rr = 96:4 2ac, 80%, rr =937

O

CO,Me CHO

N *N

N N O\
N H N
2ag, 82%, rr = 95:5

2

2ao0, 88%, rr > 99:1

2ah, 74%, rr = 95:5

N\
O\%
N
H

2ap, 89%, rr > 99:1

2ai, 87%, rr = 98:2

9§
N
H

2aq, 50%, rr = 97:3

o o)

OMe | 9{

H(NP i o Lo

*§ o
N

o~ y

2at, 58%

from Indomethacin

2au, 53%
from Sulbactam

Scheme 2. Scope of a-C(sp?)-H arylation of amines. Reaction conditions: alkene 1 (0.2 mmol), Ar-I (2.0 equiv.), NiBr,*DME (10 mol%), L4 (12 mol%), (MeO)3SiH (2.5 equiv.),
K;CO5 (2.0 equiv.) and DMA (1.0mL) at room temperature for 24 h; yield of isolated product; rr (the ratio of the major product to the sum of all other isomers) was

determined by NMR or GC-MS analysis of the crude products.

When alkene 3a bearing an oxygen atom spacer was tested
(Scheme 3A), no «-selective hydroarylation products were ob-
tained, indicating that chain-walking through S-H elimina-
tion/reinsertion was blocked. We then performed a series of con-
trolled experiments to elucidate the chelating effect of the amide-
directing group. When substrates 3b, 3¢ and 3d reacted under

standard conditions, only substrate 3c delivered the hydroarylated
product 4c¢ in poor yield and regioselectivity, suggesting that both
carbonyl group and N-H bond play a crucial role in the catalytic
cycle. Without adding PMP-I, enamide 5a was obtained in high
yield, supporting that the olefin isomerization does not depend on
the presence of the aryl iodide and enamide might be the inter-
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D) Competition experiment («-selectivity vs. benzylic selectivity)
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Scheme 3. Preliminary mechanistic study and synthetic utility.

mediate (Scheme 3B). No deuterium perturbation was observed at
other positions when using deuterated substrates 1a-d, suggesting
that hydrometalation proceeds with a Markovnikov regioselectivity
and the chain walking may be irreversible (Scheme 3C). In addi-
tion, when subjecting the internal alkenes containing aryl groups
(1av-1ax), the reaction occurred at the «-position exclusively (2av-
2ax) under standard conditions, indicating that the directing ef-
fect of the amide group in this protocol is stronger than that of
the traditional aryl directing group (Scheme 3D). Delightfully, the
a-selective hydroarylation product 2a was obtained in high yields
and rr, when using a mixture of butenamine isomers under stan-
dard conditions (Scheme 3E). Moreover, the preactivated catalyst
[Ni] was obtained by complexing L4 with NiBr,-DME, and the hy-
droarylation using [Ni] gave results similar to our optimal condi-
tions (Scheme 3F). This indicated that ligand complexation with
the transition metal nickel plays a key role in regulating site selec-
tivity. To further demonstrate the synthetic utility of this reaction,
the reaction was successfully scaled up to 10 mmol with the same
regioselectivity (Scheme 3G), albeit in a slower yield (76% yield).
Based on these mechanistic studies and previous reports,
[45,55] a possible mechanism for the «-hydroarylation reaction
was proposed, as shown in Scheme 4. This reaction may be ini-
tiated by the reaction of Ni(Il) with (MeO);SiH to form L4NiH.
The insertion of the nickel(I) hydride L4NiH into the alkenyl amide
(1) generates the alkylnickel intermediate (A), which then under-
goes a chain-walking process to give a more stable five-membered
nickelacyle (B). Subsequent oxidative addition with aryl iodides to
the hypervalent Ar-Ni(Ill)-alkyl intermediate followed by reductive
elimination delivered the final «-hydroarylation product (2) and
L4NiX. The active catalyst LANiH is then regenerated by hydrosi-
lane and continues to participate in the next catalytic cycle. On
the other hand, other possible pathways involving Ni(I[)H inser-
tion and transmetalation between the following generated alkyl-
nickel(II) and Ni(I)H species could not be ruled out [25,29].

e} Ar
Ph)J\N)\mq'\ (MeO)3SiX
" L4NiX
reductive )
elimiation (MeO)3SiH | gniH
Ar o)

Ph
HN migratory H

c a-hydroarylation insertion 1
oxidative )OJ\ NiL4
it H
addition Ph” N /\f’!n)\/
Ar-l L cha{'n H A
Ph \(O‘Ni/ walking
5
HN
B n

Scheme 4. Proposed mechanism.

In summary, we have developed a nickel-catalyzed chain-
walking hydroarylation of unactivated alkenes with precise regios-
electivity via a ligand-enabled and directing-group-assisted strat-
egy. The developed protocol is compatible with diverse native
amide auxiliaries, delivering valuable secondary N-c-aryl amide
derivatives. The formation of the ligated five-membered nickelacy-
cle via nickel migration was believed to be the key step in achiev-
ing the site-selective transformation. The new protocol tolerates
a variety of functional groups and displays broad alkene scope.
We believe the methodology would expand the toolbox for migra-
tory hydrofunctionalization of alkenes and find more applications
in chemical synthesis.
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