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Graphical Abstract

O regioselective C-H arylation and alkylation of naphthalene ring
O broad substrate scope and good functional group tolerance

O three C-C bonds formation

O 33 examples, up to 90% yield

A regioselective C2-H arylation and C8-H alkylation of naphthalene ring for synthesizing spirocyclic oxindoles has been achieved
by palladium-catalyzed domino reaction.

ARTICLE INFO ABSTRACT

Article history: A simultaneous C2-H arylation and C8-H alkylation of naphthalene ring has been achieved by
Received 17 May 2020 palladium-catalyzed cascade reaction of N-(2-halophenyl)-2-(naphthalen-1-yl)acrylamides with
Received in revised form 21 June 2020 aryl iodides, which provides an efficient method for synthesizing various aryl-substituted
Accepted 1 July 2020 spirocyclic oxindoles. The protocol enables three C-C bonds formation via an intramolecular Heck
Auvailable online reaction and sequentially regioselective C-H bond activation.
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Transition-metal-catalyzed C-H functionalization of arenes has  activation [2]. However, a major issue is that additional steps are
emerged as a powerful tool for the assembly of target molecules required to achieve the pre-installation and removal of directing
due to their high atom economy [1,2], Generally, the directing  groups. Alternatively, a palladium-catalyzed domino process is
groups need to be installed on the arenes, which assist transition-  employed to achieve C-H functionalization of arenes [3-5], which
metal catalysts to accomplish the site-selective C-H bond is very interesting to synthetic organic chemists because they



enable the formation of multiple chemical bonds in an efficient,
atom- and step-economical manners in one pot. In this field,
palladium-catalyzed domino reaction of alkene-tethered aryl
halides has attracted tremendous attention [5-12]. This procedure
discovered initially by Grigg and co-workers [6] undergoes an
intramolecular Heck reaction and C-H bond activation sequence
to generate the key intermediate palladacycle, which can be
converted into various polycyclic compounds by three different
types of strategies, such as direct reductive elimination [7], [1,4]-
Pd shift [8], and reaction with a variety of coupling partners [9-11]
(e.g., diaziridinones, a-diazocarbonyl compounds, disilanes, o-
bromobenzoic acids, dibromomethane, aryl and alkyl iodides,
arynes, and activated alkynes). Undoubtedly, the third strategy
could increase the resulting product diversity by introducing
coupling partners, which is more attractive than the first two
conversions where the inherent C-H bond was served as the
terminated functional group.

Naphthalenes as the simplest fused arenes, whose site-selective
C-H functionalization have been widely studied based on the
presence of Cl-directing groups [12-15]. However, the vast
majority of methods have focused on single C2-H [12], C3-H [13],
and C8-H activation [14] of naphthalenes under transition-metal
catalysis (Scheme 1A-a). In contrast, the reports on their double
C-H functionalization are relatively rare. Despite the fact that the
You group has recently demonstrated a palladium-catalyzed
regioselective C7-H and C8-H arylations of 1-naphthamides for
the construction of carbohelicenes via a directing group-assisted
strategy (Scheme 1A-b) [15], the development of new efficient
methods for double C-H activation of naphthalenes is urgently
needed and extremely intriguing. Our group reported a series of
palladium-catalyzed tandem reactions of aryl iodides involving
C(aryl)-H activation in recent years [11,16]. In continuation of our
interest in this field, we envision that double C-H functionalization
of naphthalene ring could be achieved by the domino reaction of
N-(2-iodophenyl)-2-(naphthalen-1-yl)acrylamides ~ with  aryl
iodides. Herein, we present a new transformation between N-(2-
iodophenyl)-2-(naphthalen-1-yl)acrylamides and aryl iodides for
the synthesis of aryl-substituted spirocyclic oxindoles, which
allows three C-C bonds formation by sequential C2-H arylation
and C8-H alkylation of naphthalene ring (Scheme 1B).

(A) Directing groups-assisted C-H functionalization of naphthalene ring

a. General methods for site-selective C-H monofunctionalization of naphthalene ring
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Scheme 1. Two different strategies for transition-metal-catalyzed C-
H functionalization of naphthalene ring

We began our investigation with the tandem reaction of N-(2-
iodophenyl)-N-methyl-2-(naphthalen-1-yl)acrylamide 1a with
iodobenzene 2a (Table 1). Unexpectedly, the product 3aa, rather
than 3aa’, was obtained exclusively in 52% yield via sequentially
selective C-H activation under the reaction conditions reported by
our previous work (entry 1). Inspired by this intriguing result, a
scrupulous screening of various reaction parameters was
performed. Evaluation of palladium catalysts (Pd(dba), Pdl,, and
PdCl,) and P-ligands (P(o-tol); and dppf) showed that a
combination of PdCI, with PPhs was the best choice (entries 2-7).
Unfortunately, replacing PdCl, and PPhs with PdCl,(PPhs),
displayed lower catalytic efficiency (entry 8). Subsequently,
CsOAc was found to be the most competent base in terms of yield
(entries 9-13). Finally, Inferior results were afforded by
performing the reaction with other solvents (DMF and MeCN) or
reaction temperature (110 °C and 130 °C) (entries 14-17).
Accordingly, the optimal reaction conditions were shown as entry
13 in Table 1. Gratifyingly, a gram-scale experiment of la (3
mmol, 1.24 g) with iodobenzene 2a could afford the product 3aa
in 62% yield (entry 18).

Table 1
Optimization of the reaction conditions a

Pd catalyst (10 mol%)
Ilgand (20 mol%)
base solvent
I 120°C, Ny, 12h

Entry [Pd] ligand base solvent Yleld
(%)°

1 Pd(OAC)z PPh3 C52C03 DMSO 52

2 Pd(dba), PPh; Cs,CO4 DMSO 38

3 Pd'z PPh3 C52C03 DMSO 49

4 PdCl, PPh; Cs,CO4 DMSO 63

5 PdCl, Cs,CO4 DMSO 32

6 PdCl, P(o-tol); Cs,CO4 DMSO 41

7 PdCl, dppf Cs,CO4 DMSO 61

8 PdClI,(PPhs), Cs,CO4 DMSO 52

9 PdCl, PPh; K,COs3 DMSO 48

10 PdCl, PPh; K3PO, DMSO 61

11 PdCl, PPh; KOt-Bu DMSO trace

12 PdCl, PPh; DBU DMSO  trace

13 PdCl, PPh; CsOAc DMSO 70

14 PdCl, PPh; CsOAc DMF 61

15 PdCl, PPh; CsOAc MeCN 24

16° PdCl, PPh; CsOAc DMSO 62

17¢ PdCl, PPh; CsOAc DMSO 63

18° PdCl, PPh; CsOAc DMSO 62

& Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Pd catalyst (10
mol%), ligand (20 mol%), base (5 equiv.), solvent (1 mL) at 120 °C
under nitrogen atmosphere for 24 h.

b Isolated yields of 3aa.

€110°C.

4130 °C.

¢ la (3.0 mmol, 1.24 g).

Having the optimized reaction conditions in hand, we set out
to examine the substrate scope of this cascade reaction. A variety
of substituted N-(2-iodophenyl)-2-(naphthalen-1-yl)acrylamides 1
were initially investigated (Scheme 2). Acrylamides bearing
different substituents on the nitrogen atom could undergo this
cyclization/cross coupling cascade to produce the target products



3ba-da in moderated to good yields. The structure of the product
3ba was clearly verified by single-crystal X-ray analysis.
Delightedly, substitution with electron-withdrawing (F, Cl, CF3,
and NO,) as well as electron-donating groups (Me and OMe) on
the aromatic ring of the aniline moiety were well tolerated under
the standard conditions, and the desired products 3ea-na were
afforded in 42%-90% yields. It was noteworthy that acrylamides
1o from heterocyclic arylamine could be smoothly converted into
the product 3oa, albeit only with a 28% yield.

i PdCl, (10 mol%)

R H |
N . PPh3 (20 mol%)
CsOAc (5 equiv.)

1a-0 2a

DMSO, Ny, 24 h

CO R" = Me, 3aa, 70% "
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it ot

3Ia 86%
CO R? = Me, 3ma, 86%
I R2=Cl, 3na, 87%

Scheme 2. Scope of the N-(2-lodophenyl)-2-(naphthalen-1-
yl)acrylamides. Reaction conditions: 1 (0.2 mmol), 2a (0.4 mmol),
PdCl2 (10 mol%), PPhs (20 mol%), CsOAc (5 equiv.), DMSO (1 mL)
at 120 °C under nitrogen atmosphere for 24 h.

the crystal structure of 3ba

= Me, 3ia, 75%
= OMe, 3ja, 79%
=Cl, 3ka, 42%

3o0a, 28%

The substrate scope of aryl iodides 2 was explored next, as
demonstrated in Scheme 3. We were pleased to found that
monosubstituted aryl iodides possessing Me, OMe, NMe,, Ph, F,
and CI groups at the para or meta position could be efficiently
coupled producing the aryl-substituted spirocyclic oxindoles 3ab-
ah, 3bb, and 3bf in moderate to good yields. Unfortunately, ortho-
substituted aryl iodides, such as 1-iodo-2-methylbenzene and 1-
fluoro-2-iodobenzene, could not be converted into the desired
products. The results demonstrated that the cascade reaction was
dramatically affected by the steric effect of the substituents on aryl
iodides. Disubstituted aryl iodides (2i and 2j) proved to be also
amenable substrates, producing 3ai and 3aj in 52% and 65%
yields, respectively. However, the reaction of 2-iodopyridine 2k
with acrylamides delivered the product 3ak in a lower yield in
comparison with other aryl iodides.

PdCl; (10 mol%)
PPh3 (20 mol%)
CsOAc (5 equiv.)
DMSO, Ny, 24 h

@1&@

1a, 1b 2a-k

C R3 = Me, 3ab, 55%
O R3 = OMe, 3ac, 64%
R = NMe,, 3ad, 80%
R = Ph, 3ae, 57%
R®=F, 3af, 65%

[ - R® = Cl, 3ag, 55%

Bn R3
R = Me, 3bb, 78%
R®=F, 3bf, 47% (48 h)

R3 = Me, 3ai, 52%

R® = F, 3aj, 65%
Scheme 3. Scope of the aryl lodides. Reaction conditions: entry
13 in Table 1 and Scheme 2.

3ak, 23%

Finally, the generality of this protocol was further examined by
using N-(2-bromophenyl)-2-(naphthalen-1-yl)acrylamides and
aryl iodides as the reaction substrates (Scheme 4). Gratifyingly,
the reaction of N-(2-bromophenyl)acrylamide 4a with
iodobenzene could afford 65% of the target product 3aa under the
standard conditions. Subsequently, several N-(2-
bromophenyl)acrylamide (4b, 4e, and 4h) and aryl iodides (1c and
1f) were investigated. All of them were subjected to the cascade
cyclization to provide the desired products (3ba, 3ea, 3ha, 3ac,
and 3af) in 63%-79% vyield.

‘ ! PdCl, (10 mol%)

R? " 0
NN N XN PPh3 (20 mol%)
J CsOAc (5 equiv.)

DMSO, Ny, 24 h

3ha, 71%

3ac, 64% 3af, 58%
Scheme 4. The reaction of N-(2-bromophenyl)-2-(naphthalen-1-
yl)acrylamides with aryl iodides. Reaction conditions: entry 13 in
Table 1 and Scheme 2.

On the basis of Lautens’s work [10e] and our previous report
[11c], a possible mechanism for this palladium-catalyzed cascade
reaction is depicted in Scheme 5. First, oxidative addition of N-(2-
iodophenyl)acrylamide 1a to Pd(0) species followed by an
intramolecular Heck reaction forms the intermediate A. Next, the
C2-H activation of the aryl Pd(Il) species A to the naphthalene
ring produces the spiropalladacycle B, which inserts into the C-I



bond of iodobenzene 2a via oxidative addition to give
spiropallada(lV)cycle C. Intermediate D was then formed by the
reductive elimination of intermediate C. Finally, intermediate D
undergoes the second C-H activation of naphthalene ring followed
by reductive elimination to give product 3aa and regenerate Pd(0)
(path a). Furthermore, the transmetelation pathway of
spiropalladacycle B with intermediate E generated from
iodobenzene 2a cannot be ruled out (path b).

Ph
0
T OV Pd
3aa ;
reductive - "
elimination oxidative addition

and intramolecular
carbopalladation pd'|

I 6 N pg

C-H actlvatlon
activation O ox(lﬁﬁyve )
addition Pd
O O ‘\
reductive 2a O
N

O elimination
Q transmetalation

reductive
elimination
Pd"

IPd"

—z
[®)

Scheme 5. Possible reaction mechanism.

In summary, we have disclosed a new palladium-catalyzed
cascade reaction for the assembly of a variety of aryl-substituted
spirocyclic oxindoles from N-(2-halophenyl)-2-(naphthalen-1-
yl)acrylamides with aryl iodides, which enables regioselective C2-
H arylation and C8-H alkylation of naphthalene ring through an
intramolecular carbopalladation/twice C-H activation sequence.
Notably, this approach showcases broad substrate scope and good
functional group tolerance. Further studies toward exploring this
type of cascade reaction are still in progress in our laboratory.
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