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Palladium-Catalyzed Catellani ortho-Acylation Reaction: An Efficient
and Regiospecific Synthesis of Diaryl Ketones
Yunze Huang, Rui Zhu, Kun Zhao, and Zhenhua Gu*

Abstract: A palladium-catalyzed, norbornene-mediated Cat-
ellani ortho-acylation reaction was developed by the use of
either acyl chlorides or acid anhydrides as acylation reagents.
The addition of more than a stoichiometric amount of H,O is
crucial for this transformation when acid chlorides are used,
and kinetic studies indicate that the active acylation reagent is
possibly an acid anhydride.

Diaryl ketones are important building blocks or intermedi-
ates in the synthesis of pharmacological compounds and even
complex natural products,l'! and they represent an important
class of subunits in natural products and drugs or drug
candidates, such as OXi8008,” Amiodarone hydrochloride,
Rubialatins B,”) and Acredinone B (Figure 1)./ The most
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Figure 1. Representative drug or drug candidates and natural products
which contain diaryl ketones.

general method for the preparation of these diaryl ketone
compounds is Friedel-Crafts acylation. However, this proto-
col suffers from harsh reaction conditions and low regiose-
lectivity, and sometimes the formation of the undesired
regioisomers. Alternatively, by the use of organometallic
reagents, a series of diaryl ketones can be accessed with or
without the transition-metal catalysts."">° However, the
limitations of these strategies are the requirement of stoi-
chiometric amounts of organometallic reagents and the
limited substrate scope. Thus the development of new,
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practical, and highly functional-group tolerant methods for
the synthesis of diaryl ketones is still desirable.

During the synthesis of natural products containing
polysubstituted arenes, we realized that the Catellani reac-
tion, which was developed by Catellani in 1990s,” is a power-
ful tool for the construction of multisubstituted arenes. Since
the development of the reaction, only aliphatic chains and
aryl groups could be introduced to the position ortho to the
halogen atom (Scheme 1a).%% During this period, studies
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Scheme 1. Palladium-catalyzed Catellani reaction of aryl halides.

from the groups of Lautens, Catellani, and others mostly
focused on the development of versatile termination reagents,
including inter- or intramolecular alkenes, organo boronic
acids, cyano anion, amines, electron-rich arenes, alkynes,
carbenes, etc., and quite a number of structurally diverse
arenes were synthesized. Very recently, progress in this area
was made by the groups of Dong and later by Chen, who
developed an ortho amination protocol for the synthesis of
aniline analogues by the use of O-benzylhydroxylamines as
amination reagents (Scheme 1b).l"!

Given these developments and our interest in natural
products synthesis, we reasoned that by using either acyl
chlorides or acid anhydrides acyl groups might be chemo-
selectively introduced at the position ortho to the halogen
(Scheme 1c). As a result, other functionalities, such as
alkenes and alcohols, as well as esters (by Baeyer—Villiger
oxidation)'! could be easily accessed from the ketones. The
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advantages of this strategy are: 1) the reaction proceeds with
broad substrate scope since neither organometallic reagents
nor strong Lewis or Brgnsted acids are needed; 2)the
reaction provides regiospecific products and the selectivity
is not affected by the electronic properties of aryl halide
compounds.

Our initial trial commenced with the reaction of 2-
iodoanisole (1a) with benzoyl chloride (2a) in the presence
of palladium chloride and tri(2-furyl)phosphine (TFP). To our
disappointment, with fresh distilled benzoyl chloride in dry
1,4-dioxane the reaction did not take place under an inert
atmosphere (Table 1, entry 1). However, it was interesting to

Table 1: Optimization of reaction conditions.”!

OMe
X CO-Et
Pd, phosphine

o Cszb03, solvent O 20
—_—

/\n/OEt P
5 J

1a 2a 3a

Entry  Palladium Solvent H,O (equiv)  Yield [%]™
1 PdCl, 1,4-dioxane - trace
20 Pdcl, 1,4-dioxane 1.0 65
3 Pdcl, 1,4-dioxane 2.0 81
4 PdCl, 1,4-dioxane 2.5 59
5 PdCl, 1,4-dioxane 3.0 60
6 PdCl, PhMe 2.0 34
7 PdCl, CH,CN 2.0 50
8 [Pd,(dba);] 1,4-dioxane 2.0 23
9t [Pd(PPh;),Cl;]  1,4-dioxane 2.0 35

[a] The reaction was conducted with 1a (0.20 mmol), 2a (3.0 equiv), Pd
(5 mol %), TFP (10 mol %), and Cs,CO; (3.0 equiv) at 100°C for 10 h.
[b] Yield of isolated product. [c] For the relative reaction rates, see
Figure 2. [d] No TFP was added. dba=dibenzylideneacetone.

observe that a small amount of the acylated product 3a could
be detected after the reaction was exposed to air for a very
short time during TLC analysis. After very careful optimiza-
tion, it was found that the addition of 2.0 equivalents of H,O
gave a good yield of 3a and proceeded with a considerable
reaction rate (entries2 and 3). The structure of 3a was
unambiguously confirmed by single-crystal X-ray analysis.'”!
An increase in the loading of H,O to either 2.5 or
3.0 equivalents only had a negative effect, and the yields fell
to around 60% (entries4 and 5). The screening of other
solvents, such as toluene or acetonitrile, did not lead to better
results (entries 6 and 7). Further investigation revealed that
[Pd,(dba);] and [Pd(PPh;),Cl,] showed low catalytic activity
for this transformation (entries 8 and 9).

With the optimum reaction conditions in hand, we
explored the substrate scope of the palladium-catalyzed
ortho-acylation reaction (Table 2). 1-Iodonaphthalene and
other ortho-substituted iodobenzenes are good substrates,
and the corresponding reactions afforded the desired acyla-
tion products in good to excellent yields (3b-g). However, the
reaction only delivered 3d in 48 % yield, probably because of
the base-sensitive the silyl group. ter-Butyl acrylate could
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Table 2: Substrate scope.l!

PdCl, (5 mol %), TFP (10 mol %) R
Cs,CO3, horbornene SN CO,R*
H,0 (2.0 equiv) R2 A o
R2¢ 1,4-dioxane (0.1 m), 100 °C
z
N :—R3
1 2 3
CO,Et CO,Et CO,Et COEt
TBSO
Me
OO o
3b, 91% 3c, 85% 3d, 48% 3e, 75%
CO,Et CO2Et CO,tBu COEt
;)\‘ ;O O g’\‘
NMeTs
3, 60% 3g, 82% 3h, 84% (E/Z = 20:1) 3i, 45%
CO,Et CO,Et CO,Et CO,Et
OMS% %OO ; ‘
3j, 80% 3k, 90% 31, 95% 3m, 41%
CO,Et
COEt CO,Et
1
PSR OS
O O ) 0 o
o
3n, 72% 30, 89% 3p, 81%
CO,Et CoE
t
X o o7 z
| X 0
T X0 N
0 DOAY
|
\ 3r, 90% 3s,X=0,53%
O 3t X =S, 66%
CONEt, O o CO,E
X A
M L MeO §_meo : Ph N
“rQ o C O
3v 3v*
3u, 72% 3vi3v' = 20:1, 73% 3w, 48%0!

[a] The reaction was conducted with 1 (0.20 mmol), acid chloride (2;
3.0 equiv), acrylate (2.0 equiv), PdCl, (5 mol %), TFP (10 mol %), Cs,CO;
(3.0 equiv), H,0O (2.0 equiv), and norbornene (2.0 equiv) in 1,4-dioxane
(0.1 m) at 100°C for 10-15 h. [b] The reaction was conducted at 110°C
for 10 h. TBS = tert-butyldimethylsilyl, Ts = 4-toluenesulfonyl.

also be used as a termination reagent, and led to a slightly
decreased product yield (3h). A number of functionalized
benzoyl chlorides were subjected to the reaction, and decent
to excellent yields were achieved (3i-n). Notably, piperony-
loyl chloride and 2,6-dimethoxybenzoyl chloride were com-
patible substrates, and the respective ketone moieties exist in
a number of important natural products (30-r). This trans-
formation was also applicable to heteroaromatic acid chlor-
ides, such furan-2-carbonyl chloride and thiophene-2-carbon-
yl chloride, to give the corresponding ketones in moderate to
good yields (3s and 3t). The reaction with acrylate amide as
12861
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the termination reagent also worked uneventfully (3u).
Styrene is a compatible alkene, and the reaction smoothly
gave stilbene derivatives in moderate yield with a regioselec-
tivity of about 20:1 (3v and 3V’). Primary studies on the
aliphatic acid chlorides showed that the acetyl group can also
can be introduced, albeit in a lower yield (3w).

To gain insight into the mechanism, several control
experiments were performed and the conversion was moni-
tored by NMR spectroscopy (Figure 2). The reaction almost

PdCl, (5 mol %), TFP (10 mol %) Me
Me o Cs:C0; (3.0 equiv), H;O (v equiv) . COEt
| X
. | norf)omene (2.0 equiv) Me. O 0
Me. X 1,4-dioxane (0.1 m), 100°C N
rﬂ Ts

Ts O

19 2 3g

—%— (a) PhCOCI, no H,0
__¢| —® (®)PhCOCI, 1.0 equivH,0
—A— () PhCOC, 2.0 equivH,0
—— (d) (PhCO),0, no H,0
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Figure 2. Kinetic studies: a) PhCOCI (3.0 equiv) was used in the
absence of H,0. b) PhCOCI (3.0 equiv) was used in the presence of
1.0 equiv of H,0. c¢) PhCOCI (3.0 equiv) was used in the presence of
2.0 equiv of H,O. d) Benzoic anhydride (2.0 equiv) was used in the
absence of H,0.

did not take place when benzoyl chloride was used in dry 1,4-
dioxane under argon atmosphere. The addition of 1.0 or
2.0 equivalents of H,O dramatically promoted the reaction.
However, an induction period was observed for these
reactions, and during this period the formation of an acid
anhydride could be observed by NMR spectroscopy and mass
spectra. Moreover, the reaction rate was much faster when an
acid anhydride was used instead of an acid chloride. These
results indicated that acid anhydrides could be the active
acylating agents.

Based on these experimental results, a catalytic cycle is
proposed (Scheme 2). Oxidative addition of palladium(0) to
arylhalides and norbornene insertion, with subsequent palla-
dation, generates the pallacycle intermediate C. This palla-
cycle undergoes oxidative addition with acid anhydride,
rather than acid chloride, to form the acylpalladium inter-
mediate D and generates one molecule of acid anion.” The
carboxylic acid anion reacts with acid chloride to generate an
acid anhydride. The addition of H,O or in situ generated H,O
accelerates the formation of anhydrides. Theoretically a cata-
lytic amount of H,O is enough for this transformation, but
a stoichiometric amount of water is required to achieve
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Scheme 2. Plausible catalytic cycle.

a reasonable reaction rate. Reductive elimination of D then
delivers the alkyl palladium E, which undergoes norbornene
extrusion and a subsequent classic palladium-catalyzed reac-
tion to give the products 3.

In conclusion, we have developed an efficient Catellani
ortho-acylation reaction by the use of either acid chlorides or
anhydrides as the acylating reagents. The key step of this
transformation is the oxidative addition of the pallacycle to
the acid anhydride to generate an acylated palladium(IV)
intermediate. The reaction demonstrates a general acylation
protocol of aromatic halides with good functional-group
tolerance. Furthermore, some unusual acylated compounds
were synthesized, which cannot be easily accessed by tradi-
tional acylation methods. Studies on the details of the
mechanism and applications in natural product syntheses
are ongoing in our laboratory. Further studies will also focus
on the development of more efficient transformations with
either aliphatic acid chlorides or anhydrides.
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