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ABSTRACT
R Ri 2 mol % R Ri o. R
2 PPh3)AuCI 2
+ PhIOAC) _(PPhaACT b
.3 equiv lo)
Ry Rs q RCO,H Rs Rs
R, 110°C, 3-16 h R,

Ry =H, Me, Et, Br, |, CO,Me 22 examples

R = alkyle 20-83% yield

A variety of nonactivated hindered aromatic rings are acyloxylated (22 examples, up to 83% yield) in the presence of PPh;AuCl as the catalyst and
di(acetoxy)iodobenzene as the oxidant. The reaction proceeds at 110 °C in an acid media and allows the formation of both hindered acetoxy and
acyloxy derivatives. This methodology nicely complements the Pd-catalyzed arene acyloxylation reaction, which is not operating on hindered

substrates and allows the Au-catalyzed unprecedented acyloxylation reaction of arenes, implying various carboxylic acids.

Homogeneous gold catalysis has emerged in the past few
years as a very exciting area of research due to its unique
Lewis acid carbophilic properties.! More recently, the
electrophilicity of gold has been exploited in Csp”-H
activation of arenes. Since the initial works of Kharasch
and Isbell,” and later on Braustein,’ it is well established
that auration of nonactivated aromatic rings occurs under
mild conditions in the presence of Au(IIl) complexes.
Subsequent reductive elimination liberates the functiona-
lized aryl compound and a Au(I) species. This transforma-
tion can be made catalytically by the regeneration of the
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Au(III) species in the presence of an external oxidant. After
a long period of underutilization of this concept, in the past
decade, a number of synthetic functionalizations of aromatic
substrates including C—C,* C—N?and C—X® bond forming
reactions have been described (Scheme 1).” In line with our
research program initiated on gold-catalyzed carbon—
oxygen bond-forming reactions,® we decided to investigate
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the gold-catalyzed acyloxylation of aromatic systems.
Selective oxidation of nonactivated aromatic rings’ indeed
represents a highly interesting and challenging organic
transformation as aryl esters'™'" and phenols'? are extre-
mely frequent synthetic building molecules found in phar-
maceuticals, polymers or natural products.

Scheme 1. Selected Examples of Au(I)/Au(IlI)-catalyzed C—H
Functionalization of Arenes
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Considering the recent work from Nevado,*®!* Tse*®d

and co-workers on gold-catalyzed C—C coupling reac-
tions, we selected DAIB'*!3 (di(acetoxy)iodobenzene) as
a suitable oxidant for gold(I) complexes, the main issue
being to drive the reaction toward acyloxylation versus
C—C bond formation. We therefore wish to report our
preliminary investigations allowing the acetoxylation and
acyloxylation reactions of nonactivated hindered arenes.'®

At the outset of our studies, the model substrate mesi-
tylene 2a was reacted with 1.3 equiv of DAIB 1 in the
presence of 2 mol % of a variety of gold salts (Table 1). We
initially used (PPh3)AuCl, as a stable, easy to handle gold
precursor. Whereas the reactivity in acetonitrile and di-
chloroethane was particularly disappointing (Table 1,
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Table 1. Gold- versus Transition Metal-catalyzed Acetoxyla-
tion of Mesitylene in the Presence of DAIB®

2 mol % [M] OAc

+ Phl(OAc)y —M8M
solvent, temp, ¢

2a 1 3a
entry catalyst solvent temp (°C) ¢ (h) yield (%)°
1 (PPh3)AuCl CH3CN 60 1 <5
2 (PPh3)AuCl CH,CICH,C1 100 16 <5
3 (PPh3)AuCl CH3CO.H 80 2.5 10
4 (PPhg)AuCl CH3CO.H 110 2.5 51
5°  (PPh3)AuCl CH3CO.H 110 2.5 40
6  (PPhy)AuCl  CH3CO.H 10 12 62¢
7 CH3CO.H 110 2.5 trace
8 AuCl CH3CO.H 110 2.5 29
9 (PPh3)AuNTf, CH3;CO.H 110 2.5 42
10 AuCls CH3CO.H 110 2.5 49
11 HAuCly CH3CO.H 110 2.5 29
13 Ag(OAc) CH3CO.H 110 2.5 trace
14 PtCl, CH3CO.H 110 2.5 trace
15 Pd(OAc), CH3CO.H 110 2.5 6

“Conditions: 0.5 mmol of mesitylene 2a and 1.3 equiv of di(acetoxy)-
iodobenzene 1 in 1 mL of solvent. n.d. not determined. ? Yields have
been determined by GC analysis using n-octadecane as internal stan-
dard. “ Reaction perfomed with 2 equivalents of di(acetoxy)iodobenzene
1. “Isolated yield.

entries 1 and 2), we were pleased to find that the use of
acetic acid led to the desired product 3a, despite in a low
yield (Table 1, entry 3). Increasing the temperature to
110 °C afforded 3ain moderate 51% yield (table 1, entry 4).
The use of an excess of DAIB 1 (Table 1, entry 5) did not
give better results, whereas prolonged reaction time af-
forded the arylacetate 3a in 62% isolated yield (Table 1,
entry 6). The importance of the gold catalyst was checked
and the reaction does not proceed in the absence of
(PPh3)AuCl (Table 1, entry 7).

We then evaluated the efficiency of the gold precursor
catalyst in the acetoxylation reaction and checked the
conversion and yield after 2.5 h (Table 1, entries 8—12).
The use of polymeric gold(I) chloride and cationic
PPh;AuNTf,'” gave lower yields of the desired product
(Table 1, entries 8—9). Interestingly,'® gold trichloride
(Table 1, entry 10) had a similar activity to (PPh3;)AuCl
but its hygroscopicity and hazardous manipulation drove us
to prefer (PPh;)AuCl. Other gold(I11) salts such as HAuCl,
or Au,05* were tested in the reaction process, but both led
to low yields (Table 1, entries 11—12). We finally compared
the activity of (PPh;)AuClI with other metallic salts such as
silver, platinum and palladium catalysts (Table 1, entries
13—15), none of them leading to a significant amount of 3a.
The case of the use of Pd(OAc), is particularly remarkable
as palladium catalysts represent a milestone in selective

(17) Mézailles, N.; Ricard, L.; Gagosz, F. Org. Lett. 2005, 7, 4133.
(18) (a) Dick, A. R.; Sanford, M. S. Tetrahedron 2006, 62, 2439. (b)
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Table 2. Substrate Scope of the Gold-catalyzed Acetoxylation
of Arenes in the Presence of DAIB

R; T 2 mol % R; T OAc
2 . Phi(OAG), (PPhy)Aucl  Re
1.3 i
Ry Ry oMY CHCOMH gy Rs
1 110 °C, 3-16 h
Ry R4
yield
entry substrate aryl ester product %)°

0
OAc

1 2b 3b 83
OAc

2 2¢ 3c 65
OAc

3 2d 3d 63

Et Et
4 /@ 2e /@OAC 3¢ 46
Et Et Et Et
AcO
3f
3 " /@, ' Jij\l e
I

OAc 1:3
OAc

2g 3g 62
Br

CO,Me CO,Me

AcO
» L B
1 OAc
OAc

£b

3:

~
o
z o 9
S
[}

%

2i 3i 20

=<

)
=2z
@

“Reaction conditions: 0.5 mmol of arene and 1.3 equiv of di(acetoxy)-
iodobenzene 1 in 1 mL of acetic acid. ° Isolated yields. ¢ Ratio and struc-
tures determined by 2D NMR experiments.

C—H activation by transition metals'® and were subse-
quently investigated in depth in the acetoxylation of aro-
matic rings.'” This lack of reactivity may be accounted for
by the steric hindrance of the mesitylene, which has been
previously observed by Crabtree and co-workers.'*?° Using
the optimized system consisting of 2 mol % of (PPh3)AuCl
and 1.3 equiv of 1 at 110 °C in acetic acid, the arene scope of
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Stowers, K. J.; Sanford, M. S. Org. Lett. 2009, 11, 4584. (¢) Mutule, I.;
Suna, E.; Olofsson, K.; Pelcman, B. J. Org. Chem. 2009, 74, 7195. (f)
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Table 3. Acid Scope of the Gold-catalyzed Acyloxylation of
Arenes in the Presence of DAIB

R Ri 2 mol % R Ri 0. R
2 + PHIOAS (PPhyALCT  Re g
.3 equiv RCO,H 0
Ré R Re 4 110°C, 3161 @ & Rs
4 4
. yield
entry ArH acid aryl ester product %)’
0
1 22 ~_cCoH ™S 4 80
(¢]
2 22 oM /@/\oﬁ(ﬁ% 576
(o]
CO,H
3 2a /)/ o 6 62
[¢]
CO,H o
4 2a jH\/ 7 64
/\( /@( o
CO,H o\[(‘<
5  2a 8 75
X /@( o
6 2a MeO__COH o\n/\OMe 9 32
[¢]
0.
7 2b  ~_COAH \[)(\ 10 59
O.
T 701/69\ 1 6l
0.
CO,H m)<
o 2 Y ) 12 68
OY\
10 2d  ~_COM I 13 42
O
1 2 oA IH; 14 48
0.
<
12 24 >( I 15 49
13 2g ~_COM BX@/\OY\ 16 55
[¢]

“Reaction conditions: 0.5 mmol of arene 2a—g and 1.3 equiv of
di(acetoxy)iodobenzene 1 in 1 mL of carboxylic acid. ®Isolated yields
after column chromatography. “the corresponding diacyloxy derivative
was also isolated (17 40% entry 10, 18 12% entry 11).

the reaction was explored. We selected aryl derivatives that
do not present two adjacent nonsubstituted carbons to
avoid the competitive formation of biphenyl derivatives

(21) For the reactions of anisole, 1,3-dimethoxybenzene, 1,4-di-
methylbenzene and 1-acetyl-4-methylbenzene, see Supporting Informa-
tion for other examples.
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through direct oxidative coupling of the aromatic rings. %!

The results are summarized in Table 2. Yields are good
for a variety of methyl-substituted benzenes (Table 2, entries
1—4). Halogen-containing arenes are also acetoxylated in
moderate to good yields (Table 2, entries 5—6). In the case of
1-iodo-3,5-dimethylbenzene, the reaction led to a mixture of
regioisomers 3f and 3f' in a 1:3 ratio (Table 2, entry 5). The
presence of an electron-withdrawing group on the aromatic
ring was not deleterious to the acetylation reaction but also
gave a mixture of nonseparable regioisomers 3h and 3h’ in
50% yield (Table 2, entry 7). The reaction of the electron-
rich nitrogen heterocycle 1,2-dimethylindole 2i was also
tried but gave the acetylated derivative 3i in low yield
(Table 2, entry 8), which is in full agreement with Nevado’s
group’s results.*

We further challenged this methodology by investigating
the unprecedented acyloxylation reaction of arenes in the
presence of the same catalytic system. Considering that the
formation of bis(acyloxy)iodoarenes could be achieved by
ligand metathesis between DAIB and carboxylic acids,*
postulated that the replacement of acetic acid by other acids
would result in the direct incorporation of the latter in the
product. The acyloxylation reactions were therefore carried
out in a carboxylic acid as solvent, and rewardingly pro-
ceeded efficiently for a variety of carboxylic acids (Table 3).

Mesitylene 2a was engaged in acyloxylation reactions in
the presence of several carboxylic acids (Table 3, entries 1—6)
and led to the corresponding esters 4—8 in good yields
(62—80%) except in the case of 2-methoxyethanoic acid,
which was unstable under the reaction conditions. Note-
worthy that the steric hindrance of the carboxylic acid moiety
does not seem to hamper the reaction. The esters 10—12
derived from propanoic, undecanoic and pivalic acids
(Table 3, entries 7—9) and 1,2,3,4,5-pentamethylbenzene
were obtained in 59—68% isolated yields. Interestingly, the
reaction of 1,2,4,5-tetramethylbenzene 2d gave rise to the
desired esters 13—15 accompanied with variable amount of
the corresponding diesters 17—18, depending on the steric
hindrance of the carboxylic acid (Table 3, entries 10—12).
The reaction conditions were compatible with the bromoaro-
matic ring (Table 3, entry 13), and 3-bromo-2,4,6-trimethyl-
phenyl propionate 16 was obtained in 55% isolated yield.

The mechanism of this transformation based on a Au(l)
precatalyst A may involve an initial oxidation upon reac-
tion with 1 to give an Au(III) intermediate B (Scheme 2).”
The second step involves the arylation of the gold center
to give complex C and the liberation of one equivalent of
acetic acid. In the case of hindered arenes, reductive

(22) Stang, P. J.; Boehshar, M.; Wingert, H.; Kitamura, T. J. 4m.
Chem. Soc. 1988, 110, 3272.
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elimination occurs from complex C leading to the for-
mation of the acyloxylated arene product and the re-
generation of Au(I) complex A. In the case of nonhin-
dered arene substrates (Scheme 1, eq 1),**¢ the arylation
of a second arene molecule leads to the formation of the
diarylated complex D. Reductive elimination then oc-
curs to liberate the biphenyl product and regenerates
precatalyst A.

Scheme 2. Proposed Mechanism

direct

OX|dat|0n [AU]IH(OAC)Z arylation
PhI(OAc), AcOH
Ar-OAc

A [Au] [Au]"(OAC)Ar C
reductive

elimination
reductive
elimination Ar-H
direct
Ar-Ar i

[Au]'”Ar2 arylatlon

In conclusion, we have developed a gold-catalyzed
oxidative acyloxylation reaction of nonactivated hindered
arenes associating (PPhs;)AuCl as a simple and easy to
handle precursor and DAIB as oxidant. We could demon-
strate that this association allows the formation of hin-
dered acetyl-functionalized aromatic rings and more
remarkably acyloxyderivatives in moderate to good iso-
lated yields. This methodology opens new perspectives in
the selective oxidation of nonactivated aromatic rings for
the synthesis of aryl esters and phenols. Further studies will
be dedicated to improve the efficiency of this gold catalytic
system.
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