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A regioselective direct arylation of arenes and olefins at the ortho position is reported. The key to the high selectivity is

appropriate choice of diaryliodonium salts as the arylating reagent in the presence of a cationic iridium(lll) catalyst. The
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coordination of the metal with oxygen or nitrogen atom and subsequent C-H activation allows for direct arylation with

coupling partners. This reaction proceeds under mild reaction conditions and with a high tolerance of various functional

groups including many halide functional groups.

Introduction

The biaryl compounds constitute an important structural motif
commonly found in natural products, pharmaceuticals and
other functional compounds.m The classical method involves
the reaction of organometallic nucleophiles with a wide range
of organo(pseudo)halides in presence of transition-metal
catalysis.m Synthesis of such compounds without the aid of
organometallics have drawn tremendous attention to the
chemist.®”! Substitution of the preactivated species with a
simple arene as a nucleophile has become the most widely
used mode of attack. Typically, this strategy is limited by two
fundamental challenges involving the inert nature of most C-H
bonds and the requirement of controlling site selectivity in
molecules that contain diverse C-H bonds. While several
methods have been employed to address these issues, the
most common strategies involve the use of substrates that
contain directing groups.m The N-arylpyrrolidinone
prominent structural motif which can convert to many
bioactive natural products and pharmaceutically important
compounds. However, only a few examples on direct arylation
of N-arylpyrrolidinone substrates have been documented in
the literature, which relied on Pd-catalyzed C—H activation
process.[sl Nevertheless, the development of a practical and
efficient method to achieve direct arylation of this type
compounds systematically is still highly desirable.
Half-sandwich Cp*Ir(lll) complexes have received recent
research interest in C-H activation because of their catalytic
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Scheme 1 Ir(Ill)-catalyzed direct arylation of sp® and sp’ C-H
bonds.

activity toward various chemical transformations.”® The cross-
coupling reactions involving C-H amidation!”’ 8]
have been well developed. In 2014, Li and co-workers
developed Cp*Ir(lll)-catalyzed C-H alkynylation of (hetero)-
arenes using hypervalent iodine—alkyne reagents.[9] In 2015,
Wang and Li reported Cp*Ir(lll)-catalyzed redox-neutral C—H
arylation with quinone diazides to construct a series of
arylated phenols.[m]Later, Chang et al. uncovered Cp*Ir(lll)-
catalyzed mild and broad C-H arylation of arenes with
aryldiazonium salts.™! Diaryliodonium salts are received
tremndous attention in C-H activation field,m] however,
employing them as arylating reagents in Cp*Ir(lll)-catalyzed
reaction is still rare. Until recently, our group reported the first
Cp*Ir(lll)-catalyzed direct arylation of sp3 C-H bonds in O-
methyl ketoximes with diaryliodonium salts (Scheme la).[13]As
part of our continuous effort on developing direct arylation
procedure,[”] herein, we report iridium-catalyzed
complementary C—H arylation of N-arylpyrrolidinones and the
analogues with diaryliodonium salts (Scheme 1b).

(b)

and olefination

Results and discussion

Initial studies involved the evaluation of the selective direct
arylation of N-phenylpyrrolidinone (1a) and Ph,IOTf (2a)
(equation 1). We started our investigation based on the former
developed reaction conditions and controlling experiments
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2.5 mol% [(Cp*IrCl,),]
N O 15 mol% AgNTf, (O
3.0 equiv PivOH Ph
+  Ph,lOTf - -
cyclohexane
100 °C, 12h, Ar
56%
With 4A MS, 96% 3aa
show that each component was essential in this reaction. By
employing 2.5 mol % [(Cp*IrCl;),] and 20mol % of AgNTf, as
the catalyst, 3.0 equiv of PivOH as the additive in cyclohexane
at 100°C, we indeed observed ortho-arylated product 3aa in
56% vyield. Remarkably, the addition of 4 A MS improved the
efficiency of the reaction dramatically affording the
corresponding product 3aa in 96% yield.
Table 1 Substrate scope of N-aryllpyrrolidinone derivatives.®
2.5 mol% [(Cp*IrCly),]

Q)

1a 2a

N O 15.0 mol% AgNTf, N )
% Ph,IOTf 3.0 equiv PivOH _Ph
R 200 mg 4 AMS R
cyclohexane
1 2a 100 °C, 12h, Ar 3
0N 0™y 07N
_Ph Ph. ‘ Ph
Me Me OMe
3ba, 94% 3ca, 75% 3da, 98%
Ph Ph. -~ Ph
F Cl Br
3ea, 45% 3fa, 74% 3ga, 58%
0N (O] 0~ N
Ph _Ph L_Ph
\
Ph CF, NO,
3ha, 73% 3ia, 55% 3ja, 54%

%Reaction conditions: 1 (0.24 mmol), 2a (0.20 mmol), 2.5 mol%
[(Cp*IrCl),], 15.0mmol% AgNTf,, 3.0 equiv PivOH and 200 mg 4
AMS in cyclohexane (1.0 mL) at 100 °C, 12 h, under Ar; isolated
yields.

With the best conditions in hand, we have examined the
scope of this direct arylation process (Table 1). Cross-coupling
reactions of Ph,IOTf (2a) with a broad range of N-
arylpyrrolidinones were first examined. N-arylpyrrolidinones
bearing electron-neutral and donating substituents including
methyl (3ba-3ca) and methoxy (3da) groups underwent facile
arylation affording the corresponding products in excellent
yields. In particular, the halogen-containing motifs (F, Cl, and
Br) work very well in the ortho selective arylation (3ea-3ga),
highlighting the potential of this process in combination with
further conventional cross-coupling transformations. An indole
substrate bearing a phenyl group at C3-position was converted
in good efficiency (3ha), but the substrates (3ia-3ja) with
electron-deficient trifluoromethyl and nitro substituents were
obviously lower.

2| J. Name., 2012, 00, 1-3

Table 2 Substrate scope with respect to diaryliodonium salts.®
2.5 mol% [(Cp*IrCl,);]

N O 15.0 mol% AgNTf,
. OTf 3.0 equiv PivOH . NO
Mes—I=Ar "500 mg 4 AMS Ar
cyclohexane
1a 2 100 °C, 12h, Ar 3
Me
0N Me 07N 07N
Me Me
3ab, 99% 3ac, 70% 3ad, 42%
o N OMe oy cl 0™ Br
3ae, 96% 3af, 74% 3ag, 64%
O N 07N | 07N CF3
Br
3ah, 55% 3ai, 55% 3aj, 49%
0N COOEt 07N O™ N S
o
3ak, 43% 3al, 87% 3am, 81%
07N S 0N 0N
3an, 83% 3ao, 99% 3ap, 59%

“Reaction conditions: 1a (0.24 mmol), 2 (0.20 mmol), 2.5 mol%
[(Cp*IrCl;),], 15.0 mmol% AgNTf,, 3.0 equiv PivOH and 200 mg
4 AMS in cyclohexane (1.0 mL) at 100 °C, 12 h, under Ar;
isolated yields.

Next, we examined the scope of diaryliodonium salt
coupling partners with N-phenylpyrrolidinone (1a) (Table 2).
Gratifyingly, a wide range of diaryliodonium salts that
incorporate electron- neutral, electron-donating and electron-
withdrawing substituents were readily tolerated (3ab-3ak).
Remarkably, chloride, bromide, and iodide substituents were
all well tolerated under the reaction condition (3af-3ai). They
serve as valuable synthetic handles for further manipulation of
the products. An electron-withdrawing substitution group,
such as ethyl ester and trifluoromethyl groups could be
tolerated in this protocol, although reduced vyield was
observed (3aj-3ak). We were pleased that the coupling of
polycyclic and heterocyclic aromatic motifs was possible and
proceeded in moderate to excellent yields (3al-3ap), thus
further enhancing the scope of our reaction.

Our iridium-catalyzed system is not limited to the use of N-
pyrrolidinone as the sole directing group (Table 3). Under the
optimal conditions, reaction with N-phenylpyrrolidinone
derivative 1k and 2a provided the desired product 3ka in 65%
yield. Interestingly, Spiral ring substrate 1l is also compatible.
In addition, €-lactams such as 1m can also be ortho-arylated in
our catalytic system affording product 3ma in 93% vyield.

This journal is © The Royal Society of Chemistry 20xx
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Table 3 Direct arylation of N-arylpyrrolidinone analogues.®
2.5 mol% [(Cp*IrCly),]

(a 15.0 mol% AgNTT, )
N O + prjors >0 eauivPivOH N
H 2 200 mg 4 AMS ~Ph
cyclohexane
100 °C, 12h, Ar
1 2a 3
o~ N Me :
Ph O"'N o N
, Ph
_Ph
3ka, 65% 3la, 63% 3ma, 93%

“Reaction conditions: 1 (0.24 mmol), 2a (0.20 mmol), 2.5 mol%
[(Cp*IrCl;),], 15.0 mmol% AgNTf,, 3.0 equiv PivOH and 200 mg
4 AMS in cyclohexane (1.0 mL) at 100 °C, 12 h, under Ar;
isolated yields.

In order to examine the efficacy of the catalytic system, we
also extended the scope of the substrates to other arenes
(table 4). Phenylpyridine 4a and indole 4b underwent smooth
coupling affording the desired products 5aa and 5ba in good
yields. This catalytic system also worked well with arenes
including N-phenyl amide 4c¢, benzamides 4d-4e and
sulphonamide 4i. Interstingly, in case of the enamide 4g with
both vinylic and allylic C-H bonds, the sp2 C-H arylation product
5ga can be selectively obtained in excellent yield, indicating
the functionalization of a vinylic C-H bond is also much more
favourable. In addition, the vinyl carboxylic acids 4h-4i can
yield the desired products 5kb-5ib in 56-83% vyields as well.

Table 4 Ortho C-H Arylation of Arenes and Olefines.’
2.5 mol% [(Cp*IrCly),]

15 mol% AgNTf, DG
§a H 3.0 equiv PivOH Ph
+ PhalOTE - ""500 mg 4 AMs r
cyclohexane
100 °C, 12h, Ar
4 2a 5
(0]
- [
N " Ph NH
Me. ___Ph v Ph
N N
5aa, 77% 5ba, 78% 5ca, 62%
0._NMe, Oy -NHMe NHTF
__Ph Hh Ph
Me
5da, 71% 5ea, 74% 5fa, 52%
N'Pr, 0o o
Me. g " OH " OH
Ph Ph Me  Ph
5ga, 87% 5ha, 83% 5ia, 56%

YReaction conditions: 4 (0.24 mmol), 2b (0.20 mmol), 2.5 mol%
[(Cp*IrCly),], 15.0mmol% AgNTf,, 3.0 equiv PivOH and 200 mg 4
AMS in cyclohexane (1.0 mL) at 100 °C, 12 h, under Ar; isolated
yields.
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Conclusions

In summary, we have developed the examples of Cp*Ir(lll)-
catalyzed C-H arylation of various arenes and olefins with
diaryliodonium salts under mild conditions. The method
provides access to biaryl compounds and shows high
functional group compatibility. Further studies the
mechanism and applications of this novel method are going to
be researched in our group.

on

Experimental

General information

All new compounds were fully characterized. NMR-spectra
were recorded on Bruker ARX-400 MHz. Mass spectra were
conducted at Micromass Q-Tof instrument (ESI) and Agilent
Technologies 5973N (El). All reactions were carried out in
flame-dried reaction vessels with Teflon screw caps under
argon. Unless otherwise noted, materials obtained from
commercial suppliers were used without further purification.
[Cp*IrCl,], was purchased from TCl. AgSbFg was purchased
from Sigma-Aldrich. PivOH and Cyclohexane were purchased
from Acros. The preparation of diaryliodonium salts was
described according to the literatures.™™

General procedures

To a 25 mL Schlenk tube was added 200 mg 4A MS (actived in
situ by heating to 600 °C for 5 minutes under vaccum) and
purged with argon for three times. Then the tube was added
arenes 1 or 4 (1.2 equiv, 0.24 mmol), diaryliodonium salt 2 (1.0
equiv, 0.2 mmol), [Cp*IrCl;], (4.0 mg, 2.5 mol %), AgNTf, (11.6
mg, 15 mol %), PivOH (61.2 mg, 3.0 equiv) and cyclohexane
(1.0 mL). The formed mixture was stirred at 100 °C under Ar
for 12 hours as monitored by TLC. The solution was then
cooled to room temperature, and the solvent was removed
under vaccum directly. The crude product was purified by
column chromatography on silica gel to afford the arylation
products.
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