Gold(lll)-Catalyzed Direct Acetoxylation of
Arenes with lodobenzene Diacetate
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ABSTRACT

AuCl3 (2-5 mol %) X
AN, B " \@_OAC

= PhI(OAc),

DCE, 110°C 35-82%

AuCls-catalyzed direct acetoxylation of electron-rich aromatic compounds has been achieved with iodobenzene diacetate as the acetoxylation

reagent.

Direct acetoxylation of arenes with transition metal
catalysis has remained a challenging task over the past
decades.' In 1996, Crabtree and co-workers reported the
direct palladium(II)-catalyzed acetoxylation of arenes with
iodobenzene diacetate.”> The reaction achieved moderately
high efficiency; however, the regioselectivity of the reaction
is far from satisfactory. More recently, Sanford and co-
workers have developed highly regioselective acetoxyla-
tion by employing a directing group strategy.'* Detailed
mechanistic investigation indicated that the Pd(IV)/Pd(1I)
catalytic cycle was involved in the reaction. With a similar
Pd(IT)-catalyzed system, regioselective acetoxylation of
indole derivatives has been reported by Lei,* Pelcman,*®
Zhang,* and Kwong*? recently. Moreover, Yu and co-
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workers have reported a Cu(II)-catalyzed acetoxylation
with O, as the oxidant.> Although remarkable achieve-
ments have been made in this area,® it is still highly
desirable to develop an alternative approach toward the
goal of direct catalytic acetoxylation of aromatics with
high efficiency and generality.

In recent years, gold catalysts have been extensively
studied for their unique feature in mediating various
transformations in organic chemistry.” In particular,
gold-catalyzed direct C—H bond functionalization has
attracted great attention as an effective approach toward
aromatic C—H bond activation.”® It has been well-estab-
lished that gold(III) can electrophilically metalate an
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aromatic C—H bond to generate aryl gold(III) species.®
Several AuCls-catalyzed C—C bond-forming reactions
have been suggested to follow the direct auration
pathway.” We have recently reported a highly efficient
AuCl;-catalyzed halogenation of aromatics by N-halo-
succinimide.'” To account for the extraordinary high
catalytic efficiency of this reaction, a dual activation mode
has been proposed. Herein we further demonstrate that
AuCl; is also a highly efficient catalyst in the direct
acetoxylation of arenes with iodobenzene diacetate.'""!
A dual activation process may also operate with direct
auration of aromatic substrates and activation of Phl-
(OAc), through complexation.

At the outset of the investigation, mesitylene la was
employed as the substrate to react with PhI(OAc), in the
presence of AuCl; (2 mol %) in 1,2-dichloroethane at
different temperatures. We observed that the reaction was
highly sensitive to temperature (Table 1, entries 1, 2). At
60 °C, only a trace amount of product could be detected,
while, at 80 °C, we could isolate the acetoxylation product
in moderately high yield (entry 2). However, di- and
triacetoxylation products were also observed. The over-
acetoxylation problem could be easily circumvented by
employing an excess amount of aromatic substrates
(entries 4—7). It was also observed that the reaction time
could be significantly shortened by carrying it outat 110 °C.

Table 1. AuCl;-Catalyzed Reaction of Mesitylene 1a and
PhI(OAc),!

OAc
catalyst
Ll solvent, temp
1a 2a
catalyst temp t yield

entry  ratio (mol %) solvent (°C) (h) (%)°

1 1:1.2  AuCl3(2) DCE 60 24 trace

2 1:1.2  AuCl3(2) DCE 80 24 56°

3 1:1.5  AuCl3(2) DCE 80 24  68°

4 1.5:1 AuCls(2) DCE 110 12 61°¢

5 2.0:1  AuCl3(2) DCE 110 12 72

6 2.5:1  AuCl5(2) DCE 110 12 75

7 3.0:1  AuCl3(2) DCE 110 12 69

8 2.5:1  AuCls(1) DCE 110 24 61

9 2.5:1 AuCls(5) DMF 110 24 0

10 2.5:1  AuCly(5) CH3CN 110 12 <5

11 2.5:1  AuCli(5) AcOH 110 24 53

12 1.5:1  FeCl3(20) DCE 80 24 0

13 1.5:1  FeBr3(20) DCE 80 24 0

14 2.5:1 Pd(OAc)»(5) DCE 110 24 trace

15 2.5:1  AcOH(200) DCE 110 24 0

16 2.5:1 H,S04(200) DCE 110 24 trace

17 251 A AcOH 110 24 trace

“Reaction conditions: mesitylene 1a, PhI(OAc), (1 mmol), solvent
(2 mL). The reaction was monitored by GC-MS. The ratio refers to 1a/
PhI(OAc),. ?Isolated yield based on PhI(OAc),. € Di- and triacetoxyla-
tion products were observed. “No catalyst was used. DCE = 1,2-
dichloroethane, DMF = N,N-dimethylformamide.
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Reducing the Au(IIl) catalyst loading to 1 mol %
resulted in a longer reaction time and slightly diminished
yield (entry 8). The solvents were found to significantly
affect the reaction, and the initially used DCE provided the
optimal results (entries 9—11). Finally, for comparison we
also carried out the reaction under Fe(Ill)- and Pd(II)-
catalyzed conditions, and under strong acidic conditions as
well. None of them afforded the expected acetoxylation
products (entries 12—17). The control experiment indicates
that no reaction occurs in the absence of catalyst (entry 17).

With the optimal reaction conditions in hand, we pro-
ceeded to extend the scope of the reaction, and the results
are summarized in Table 2. The reaction is general for
electron-rich aromatics. For the substrates bearing three or
more methyl groups, the acetoxylation all worked well
with 2 mol % AuCl; catalyst, even for the substrates
bearing halogen substituents or an acetyl group (entries
4—6). When the strong electron-withdrawing group CN
was present, a slightly higher catalyst loading was required
(entry 7). The aromatic substrates bearing only two methyl
substituents require a higher catalyst loading and the
reaction took a longer time (entry 8). The diminished yield
in this case was due to the formation of homocoupling of
p-xylene.'*'* Interestingly, the acetoxylation also worked
with toluene derivatives bearing electron-withdrawing
substituents (entries 11, 12). However, an acetoxylation
product could not be identified with toluene itself as
substrate.

The AuCls-catalyzed conditions could also be applied
to the aromatic substrates bearing methoxy groups,
although a slightly higher catalyst loading was required.
It was also observed that the reaction showed excellent
regioselectivities. Thus, the reaction with anisole provided
the product with an acetoxy group introduced to the para
position. For all other substituted anisole substrates, the
regioselectivity of the acetoxylation is dominated by the
methoxy substituent.

To gain insight into the reaction mechanism, kinetic
isotope effect (KIE) experiments have been carried out in
both an inter- and intramolecular manner. For the inter-
molecular experiment, an inverse KIE of 0.92 was ob-
served (eq 1), while the corresponding intramolecular
experiment afforded an inverse KIE of 0.83 (eq 2). For
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Table 2. AuCl;-Catalyzed Acetoxylation of Arenes”

entry  substrate 1  AuCl; (mol %) t(h) product 2 yield (%)? entry  substrate1  AuCly(mol %) Hh) product 2 yield (%)?
AcO
1 2 12 5
OAc 12 —Q—cozm 5 24 _G_Cozm 66
1a 2a . -
im
1b 2m
. MeQ MeQ
3 %:% " 8 e 73 14 Mm@ 5 12 Meo-@—om 45
1c 2c in 2n
OM
OAC OMe e
4 g 2 12 g 77 15 Meo—@ 5 12 MeO OAc 66
1d 2d 1o 20
OAc
OAc
16 MEO—Q—OMB 5 24 MeO OMe 56
5 1 2 8 | 82 1p 2p
b - AcO
OA
c 17 MeO—@—F 5 24 MeO—G—F 37
6 Ac 2 12 pc 60 1q 2q
¥ a AcQ
12 1r 2r

-
=
\Wé/
a
w
=
(9]
o
: 5
&
(Y

OAc
1h 2h
OAc
9 Br 5 24 VA Br 76°
L. 221
OAC
10 Br 5 24 Br 48
1i %
AcO
11 Ac 5 24 _G_M 50
1k 2k

19 Mao—@—| 5 24 Me0—<‘ >—l 60
2s

1s
MeO,C MeO,C,

20 MeO—@ 5 24 MeO—@— DAc 53

1t 2t
OAc

_ /! :

21 Bpin 5 24 Bpin 359
1u 2u 20’

OMe Dhle

“Reaction condition: a solution of arene 1 (2.5 mmol), PhI(OAc), (1 mmol), and AuCl; (2 or 5 mol %) in DCE (2 mL) was heated at 110 °C. The
reaction was monitored by GC-MS. ’Isolated yield by silica gel column chromatography based on PhI(OAc),. ¢ The ratio of 2i to 2i’ was 2:1, as
determined by the integral of "H NMR. 2i: 4-bromo-2,6-dimethylphenyl acetate. 2i’: 2-bromo-4,6-dimethylphenyl acetate. ¢ The ratio of 2u to 2u’ was
1:4, as determined by the integral of "H NMR. 2u: 2,6-dimethyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl acetate. 2u’: 2,4-dimethyl-

6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl acetate.

comparison, the intramolecular KIE for our previously
reported AuClz-catalyzed bromination with NBS was also
measured (eq 3).'° It gave a similar inverse KIE value of
0.82. The inverse KIE value is consistent with electrophilic
aromatic substitution, which shows similar inverse KIE

(15) Tunge, J. A.; Foresee, L. N. Organometallics 2005, 24, 6440 and
refenences cited therein.

(16) Recently, Zhang and coworkers have observed a normal KIE
value of 1.1 in Au(III)-catalyzed aromatic auration; see: Zhang, G.; Luo,
Y.; Wang, Y.; Zhang, L. Angew. Chem., Int. Ed. 2011, 50, 4450.
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data in many cases.'>'® On the contrary, it has been
suggested that electrophilic metalations are characterized
by significant primary isotope effects. For example,
the electrophilic mercuration of chlorobenzene by
Hg(O,CCF;), shows a primary isotope effect of 3.9."
Recently, a large primary KIE of 5 has been observed for

(17) Lau, W.; Kochi, J. K. J. Am. Chem. Soc. 1986, 108, 6720.
(18) Lu, P.; Boorman, T. C.; Slawin, A. M. Z.; Larrosa, 1. J. Am.
Chem. Soc. 2010, 132, 5580.
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direct C—H activation of electron-poor arenes with Au(I)
complexes. 18

AuCIs (5 mol %)

Pm(onc)z
DCE, 110°C H o CD;

D 24h Kilko = 0.92

OAc + DsC OAc (1)

Phl(OAc),
DCE, 110°C H H

24h kilkp = 0.83

H AcQ
AuCl; (5 mol %)
D) ——— OAc + D 2]

H Br
AuCls (1 mol %
i i B+ o @
NBS
DCE, room temp
6h H H
kulkp = 0.82

The formation of the arylgold(III) species has been well-
documented in the literature, and it has been demonstrated
that the aromatic auration proceeds in an electrophilic
manner.® The dual activation mode provides a probable
explanation for the extraordinarily high catalytic efficiency
of AuCl; as compared with other Lewis acid or protonic
acid catalysts (Table 1, entries 12—16).'*'"" To accom-
modate the observed inverse KIE data, we assume that the
formation of o-complex A (Wheland intermediate) is the
rate-limiting step, in which an inverse secondary KIE is
expected (Scheme 1). The subsequent deprotonation to

(19) However, the possibility cannot be ruled out that acetoxylation
proceeds through intermediate B without activation of PhI(OAc),.

(20) Other mechanistic possibilities cannot be ruled out. For exam-
ple, in the first step of the catalytic cycle, an intermediate iodonium salt
of the electron-rich aromatic substrate may be formed, which undergoes
a subsequent Au-mediated process leading to the final product. See: (a)
Lubriks, D.; Sokolovs, 1.; Suna, E. Org. Lett. 2011, 13, 4324. Such a
mechanism is possible because it is known that nonsymmetrical aryl-
(phenyl)iodonium acetates can be formed from electron-rich arenes
under Lewis acidic conditions. See: (b) Shah, A.; Pike, V. W.; Widdow-
son, D. A. J. Chem. Soc., Perkin Trans. 1 1997, 2463. We thank the
referee who called our attention to such mechanistic possibility.
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form mesitylgold(III) species B is a fast step. Finally, the
mesitylgold(III) species B attacks the Au-activated iodo-
benzene diacetate to afford the acetoxylation product. The
rate-limiting step assumption is consistent with the ob-
served similar data of intermolecular KIE. However,
further studies are needed to unambiguously establish
the reaction mechanism.*’

Scheme 1. Plausible Reaction Pathway

H/D
\—0 .0~ AuCh
AuChl@fow X \(
CH
Ph 3
H/D AuCly OAc
AuCl
2 _H@m@
i) 1R —
@ fast
A

In conclusion, we have developed an efficient gold(I11)-
catalyzed acetoxylation of arenes with iodobenzene
diacetate.! This catalytic system is suitable for the elec-
tron-rich aromatics, which affords the corresponding acet-
oxylation products in moderately high yields. Further
studies to enhance the catalytic activity and to design a
new acetoxylation reagent with higher reactivity are cur-
rently underway in our laboratory.
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