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ABSTRACT

A concise and straightforward strategy to construct a xanthone skeleton via an intramolecular cross-dehydrogenative coupling (CDC) of
2-aryloxybenzaldehydes has been developed. The reaction proceeded smoothly without any need of preactivation of the aldehyde group. It can
tolerate various functional groups and provides an applicable protocol to construct a wide range of xanthone derivatives.

The xanthone substructure is of great significance in
natural products such as mangiferin and psorospermin
(Figure 1) due to its excellent biological and pharmacological
activities.1a,b Thus, construction of such substructures
has always been synthetically attractive.1c�g Various ap-
proaches to the xanthone skeleton fromarangeof functiona-
lized diaryl ethers via varied mechanisms have been devel-
oped,most frequently, via the Friedel�Crafts reactions. In
the early days, Jackson used aluminum chloride and oxalyl
chloride to obtain xanthones from diaryl ethers in methy-
lene chloride at room temperature.2 Later, Snieckus re-
ported an LDA-mediated conversion from 2-carbamoyl
diaryl ethers to xanthone derivatives. This was considered
to be an anionic Friedel�Crafts process driven by the

complex induced proximity effect.3 Subsequently, Frahm

presented a series of substituted xanthones synthesized

from 2-aryloxybenzoic acids in the presence of PPA.4

Recently, Lu resorted to copper(II)-catalyzed aza-

Friedel�Crafts reaction of o-phenoxylN-tosylbenzaldimine

to construct nonsubstituted xanthone.5On the other hand,

Larock used arylated imino group at the ortho position of
the aryl ether as the functional group to be activated.

Figure 1. Xanthone structure in natural products.
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Through aryl to imidoyl palladiummigration, the imidoyl
C�H bonds were activated, and xanthones were formed
subsequently.6 In addition, Liebeskind achieved the
xanthone skeleton by a cascade of electrocyclization reac-
tions of cyclobutenedione derivatives via the benzannula-
tion intermediate, providing a complementary xanthone
syntheses.7

Recently, we and others have successfully realized var-
ious C�C bond formations through the direct reaction of

twoC�Hbonds,whichwas termed cross-dehydrogenative

coupling (CDC).8 Among them, cross-dehydrogenative-

coupling between aromatic C�H bonds and arylated

aldehyde C�H bonds has offered a powerful tool to

produce diaryl ketones.9 Recently, Li’s group found that

2-aryloxybenzaldehydes can undergo an unprecedented

rearrangement by cleavage of both aryloxy C�O bonds

and aldehyde C�H bonds to form 2-hydroxy-benzophe-

nones in the presence of [{RhCl(CO)2}2].
10 Further inves-

tigations on the decarbonylation of 2-aryloxybenzal-

dehydes to form dibenzo[b.f]furans were conducted, in

which xanthones were isolated in a considerable yield.

Herein, we present the first example to construct xanthone

skeleton via the CDC process from 2-aryloxybenzalde-

hydes directly without preactivation of the aldehyde

group. In addition, the excellent tolerance of diverse cata-

lytically reactive substituent groups makes the reaction a

fairly general synthesis protocol to xanthones, which will

complement the Friedel�Crafts approaches (Scheme 1).

Table 1. Optimization of the CDC Reaction of 2-(p-Chlorophenoxy)benzaldehydea

entry catalyst ligand oxidant solvent yield (%)b

1 Rh(CO)2(acac) TBHP (in decane) PhCl 12

2 [RhCl(COD)]2 TBHP (in decane) PhCl 16

3 RhCl(CO)(PPh3)2 TBHP (in decane) PhCl 7

4 [Rh(COD)2]BF4 TBHP (in decane) PhCl 29

5 RhCl(PPh3)3 TBHP (in decane) PhCl 28

6 Rh2(OAc)4 TBHP (in decane) PhCl 10

7 [Cp*RhCl2]2 TBHP (in decane) PhCl 15

8 [Cp*Rh(CH3CN)3](SbF6)2 TBHP (in decane) PhCl 30

9 RhCl3 TBHP (in decane) PhCl 49

10 RhCl3 PPh3 TBHP (in decane) PhCl 54 (49)

11 RhCl3 P(2,4,6-Me3C6H2)3 TBHP (in decane) PhCl 45

12 RhCl3 P(2-furyl)3 TBHP (in decane) PhCl 41

13 RhCl3 dppe TBHP (in decane) PhCl 50

14 RhCl3 dppp TBHP (in decane) PhCl 45

15 RhCl3 xyl-BINAP TBHP (in decane) PhCl 46

16 RhCl3 PPh3 TBHP (in decane) toluene 50

17 RhCl3 PPh3 TBHP (in decane) xylene 38

18 RhCl3 PPh3 TBHP (in decane) CH3CN 40

19 RhCl3 PPh3 TBHP (in decane) i-propanol 13

20 RhCl3 PPh3 TBHP (in decane) dioxane 25

21 RhCl3 PPh3 TBHP (in decane) DCE 45

22 RhCl3 PPh3 TBHP (in decane) Py 39

23 RhCl3 PPh3 TBP PhCl 20

24 RhCl3 PPh3 TBPB PhCl 24

25 RhCl3 PPh3 DDQ PhCl NR

26c RhCl3 PPh3 TBHP (in decane) PhCl 50

27d RhCl3 PPh3 TBHP (in decane) PhCl 46

28e RhCl3 PPh3 TBHP (in decane) PhCl 48

aReactions were carried out with 2-(p-chlorophenoxy)benzaldehyde (0.2 mmol), catalyst (5 mol%), ligand (10 mol%), oxidant (2 equiv) in solvent
(0.4 mL) at 160 �C under argon for 24 h. bYield determined by 1H NMR spectroscopy using mesitylene as the internal standard; the number in
parentheses is isolated yield. cThe reaction was carried out at 120 �C. dThe reaction was run for 16 h. eThe reaction was run for 36 h.

Scheme 1. One-Step Synthesis of Xanthones fromDiaryl Ethers
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To start, we chose 2-(p-chlorophenoxy)benzaldehyde
as the model substrate to obtain the optimal reaction

conditions. On the basis of our initial observed xanthone

product, the catalytic activities of different rhodium cata-

lysts (5mol%)were examined by carrying out the reaction

at 160 �C for 24 h with 2 equiv of tert-butyl hydroperoxide

(TBHP) as the oxidant and chlorobenzene as the solvent.

As is shown in Table 1, RhCl3 is much more efficient than

other rhodium catalysts tested, giving a yield of 49% in

contrast to others (30%) (entries 1�9, Table 1). The pre-

sence of phosphine ligands affected the reaction to some

extent. Among them, PPh3 increased the yield to 54%,

while others exerted almost no effect or even worked

Table 2. Scope of the CDC Reaction of 2-Aryloxybenzaldehydes to Xanthonesa

aReactionswere carried out with 2-aryloxybenzaldehyde (0.2mmol), RhCl3 (5mol%), PPh3 (10mol%), TBHP (2 equiv) in PhCl (0.4mL) at 160 �C
under argon for 24 h. b Isolated yield.
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negatively (entries 10�15, Table 1). The screening of
solvents demonstrated that chlorobenzene was superior
to other solvents such as toluene and xylene, protic solvent
i-propanol, ether solvent dioxane, basic solvent pyridine,
and so on (entries 16�22, Table 1). As to the oxidant,
TBHP provided the best yield (entry 23�25, Table 1).
Lowering the reaction temperature led to a relatively lower
yield (entry 26, Table 1) and so did a shorter reaction time
(entry 27, Table 1). However, a prolonged reaction time
did not increase the yield either (entry 28, Table 1). Con-
sequently, the reactionwas carried outwith 5mol%RhCl3
as the catalyst, 10mol%PPh3 as the ligand, and 2 equiv of
TBHP as the oxidant in chlorobenzene at 160 �C for 24 h.
With the optimized conditions in hand, the scope of the

reaction was investigated. The results are listed in Table 2.
To our delight, the reaction can serve as a really general
protocol to the syntheses of various substituted xanthones,
affording moderate to excellent yields bearing both elec-
tron-donating and electron-withdrawing substituents.
More importantly, this strategy showed an excellent toler-
ance to diverse catalytically reactive substituent groups
such as aryl halides, amide, ketone, ester, and a cyano
group (entries 2�17, Table 2). Generally speaking, the
aryloxy parts with electron-donating groups were rela-
tively more reactive than those with electron-withdrawing
ones, and hence gave relatively higher yields. However,
substituents at the ortho position of the aryloxy group
reduced the yield, possibly due to steric effect (entries
21�24,Table 2). If the substituentwas at themetaposition,
xanthones were obtained as isomers in some cases. For
example, when 2-(m-bromophenoxy) benzaldehyde was
used, we obtained a 1:1 mixture of 3-bromo-9H-xanthen-
9-one and 1-bromo-9H-xanthen-9-one (entry 7, Table 2).
However, for 2-(m-chlorophenoxy) benzaldehyde, the
ratio of 3-chloro-9H-xanthen-9-one to 1-chloro-9H-
xanthen-9-one became 2:1 (entry 6, Table 2). When it
was switched to 2-(m-trifluoromethylphenoxy) benzalde-
hyde, only 3-trifluoromethyl-9H-xanthen-9-one was
obtained (entry 10, Table 2). Such differences could be
attributed to the distinction between the electron-with-
drawing capacity of these three substituents.
Disubstituted ethers could also proceed via the CDC

reaction under the optimized conditions, affording a struc-
ture with double xanthone skeletons (entry 25, Table 2). In
addition, a free hydroxyl group could also be tolerated in
this reaction (entry 27, Table 2).

A tentative mechanism for the reaction is proposed in
Scheme 2. A sequence of an oxidative addition of the

aldehyde C�H bond, an oxidative dehydrogenation, and
finally a reductive elimination gave the desired product.
In this process, the stability of the five-membered ring
intermediate A has prevented decarbonylation, generat-
ing the sebsequent oxidative dehydrogenation product
predominantly.
In summary, we have developed a new way to con-

struct xanthone skeletons from aldehydes directly. It
does not require any preactivation of the aldehyde
group. In addition, the reaction can tolerate diverse
functional groups and can be applied to obtain a rather
wide range of xanthone derivatives. In this sense, it
is a useful complementary method for synthesizing
xanthones.
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Scheme 2. Proposed Mechanism
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