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Abstract A regioselective pathway for the preparation of xanthones
from 2-bromofluorobenzenes and salicylaldehydes has been devel-
oped. The reaction proceeded through palladium-catalyzed acylation-
SNAr sequence. Good to moderate yields of the desired xanthones were
prepared in one step. Based on the results of control experiments, a
possible reaction mechanism has been proposed.
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As the central core of a variety of naturally occurring or-
ganic compounds and secondary metabolites produced by
many bacteria,’ xanthone is one of the ‘privileged’ hetero-
cycle skeletons in organic chemistry.? Thus, the construc-
tion of xanthone scaffold has always been synthetically at-
tractive due to the practical application® and diverse bio-
logical activities* of xanthones and their derivatives.’
Traditionally, Friedel-Crafts acylation is the classical ap-
proach to construct xanthones via benzophenone interme-
diates.> However Friedel-Crafts acylation not only suffers
from low regioselectivity and poor functional-group toler-
ance but also requires overstoichiometric Lewis acid. Re-
cently, various new methodologies have been developed for
the preparation of xanthones.” Palladium-catalyzed acyla-
tion of aryl halides with aldehydes is one of the procedures
for building the benzophenone unit.”*8 To the best of our
knowledge, only one example of utilizing palladium-cata-
lyzed acylation to synthesize xanthones has been reported”
by employing 1,2-dibromoarenes as starting material
which leads to the issue on regionselectivity and limited
substrate scope. Therefore we intended to develop a palla-
dium-catalyzed acylation-SyAr approach with commercial-

ly available substrates and to achieve the regioselective syn-
thesis of xanthones.

Using 2-bromofluorobenzene (1a) and salicylaldehyde
(2a) as the standard substrates, conditions were investigat-
ed (Table 1). Initially, we found that 41% yield of the desired
product was obtained with 2.5 mol% PdCl,(PPh;), as the
precatalyst and 2.0 equivalents K,CO; as the base in DMF at
120 °C(Table 1, entry 1). Besides the xanthone product, 25%
of 2,2'-difluoro-1,1"-biphenyl as the major side product
were isolated as well. The biaryl byproduct was generated
from the palladium-catalyzed homocoupling of 1a. The
generation of homocoupling byproduct also leads to the in-
complete conversion of salicylaldehyde. Besides the side re-
action, the premature decomposition of palladium catalyst
and formation of palladium black in the solution of reduc-
tive salicylaldehyde contributed to the low yield. Therefore
various measures including changing solvents (Table 1, en-
tries 2-4) and bases (Table 1, entries 5 and 6), employing
Pd(PPh;), (Table 1, entry 7) and adjusting reaction tempera-
ture (Table 1, entries 8 and 9) were attempted to inhibit the
side reaction and palladium black precipitation. Neverthe-
less none of them can further improve the yield and inhibit
the side reaction or generation of palladium black. The ele-
vated temperature accelerated the deposition of palladium
black. Increasing the palladium loading also has no signifi-
cant promotion on the yield (Table 1, entry 10). To exclude
the potential catalytic activity of deposed palladium black,
palladium on activated charcoal was also examined (Table
1, entry 11). It proves that palladium black has no catalytic
activity. Trials of Pd(OAc), with BINAP and DPPF ligands
show that bidentate phosphine ligand is not suitable for
this reaction (Table 1, entries 12 and 13). Although elec-
tron-rich tributylphosphine ligand is able to effectively in-
hibit the generation of palladium black, it prohibits the re-
action as well (Table 1, entries 14 and 15). Tris(4-methoxy-
phenyl)phosphine, more electron-rich analogue of
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triphenylphosphine, cannot manage to improve the yield
(Table 1, entry 16). To our delight, when bulky electron-rich
trialkylphosphine ligand n-BuPAd, was employed, no palla-
dium black precipitated (Table 1, entry 17). Further increas-
ing the palladium and ligand loading can boost the yield,
though the homocoupling side product of 1a and uncon-
verted salicylaldehyde still can be detected by GC-MS.
Having established the optimized reaction conditions,
we investigated the substrate scope of this reaction
(Scheme 1).° We found that the optimized reaction condi-
tions are also applicable with 2-iodofluorobenzene as sub-
strate (3a). For substituted salicylaldehydes with an elec-
tron-neutral or electron-donating group, good to moderate
yields can be achieved with the protocol (3b-d). The reac-
tion conditions displayed tolerance to the chlorine substitu-
ent on salicylaldehyde (3e and 3f). However, for salicylalde-
hydes with a strong electron-withdrawing group, such as
nitro and methoxycarbonyl, on the para position of hydrox-
yl group, no desired xanthone product 3g or 3h was ob-
tained. For various substituted o-bromofluorobenzenes ex-

Table 1 Optimization of Conditions®

Br
Xy 0
+ | P
F OH

1a 2a

[Pd], ligand
base (2 equiv.)

w g O
v .
_—
sovent (2 mL), temp., 12 h g ‘

cept 1-bromo-2,4-difluorobenzene (1k) and 1-bromo-4-
chloro-2-fluorobenzene (11), the desired substituted xan-
thone products can be obtained in moderated yields. For 1k
and 11, besides homocoupling byproduct biaryls and trace
target products, several kinds of unidentified side products
were observed on GC-MS. Moreover moderate yields were
achieved with the protocol on the reaction between substi-
tuted o-bromofluorobenzenes and salicylaldehydes in gen-
eral.

In order to have an insight into the reaction mechanism,
a set of control reactions were conducted (Scheme 2). First-
ly, it was found that both phenyl bromide and iodobenzene
can react smoothly with salicylaldehyde under the standard
reaction conditions to generate the corresponding 2-hydroxy-
benzophenone while homocoupling side product biphenyl
was detected on GC-MS as well (Scheme 2, a). When o-bro-
mofluorobenzene reacted with phenol instead of salicylal-
dehyde, the conversion of o-bromofluorobenzene was less
than 5%. No 1-fluoro-2-phenoxybenzene or 1-bromo-2-
phenoxybenzene but trace amount of 2,2'-difluoro-1,1'-bi-

under argon

3a

Entry [Pd] (mol%) Ligand (mol%) Base Solvent Temp (°C) Yield (%)°
1 PACL(PPhs), (2.5) - K,CO, DMF 120 41
2 PdCL,(PPhs), (2.5) - K,CO, 1,4-dioxane 120 0
3 PdCl,(PPh;), (2.5) - K,CO; toluene 120 0
4 PACL,(PPhs), (2.5) - K,CO, DMAC 120 21
5 PACL,(PPhs), (2.5) - Na,CO, DMF 120 0
6 PdCL,(PPhs), (2.5) - Cs,C0, DMF 120 0
7 Pd(PPhs), (2.5) - K,CO; DMF 120 38
8 PACL,(PPhs), (2.5) - K,CO, DMF 130 21
9 PACL(PPhs), (2.5) - K,CO, DMF 105 35

10 PdC,(PPhs), (5.0) - K,CO, DMF 120 51
11 Pd/C (5 wt%) (2.5) - K,CO, DMF 120 0
12 Pd(OAC), (2.5) rac-BINAP (3.0) K,CO, DMF 120 0
13 Pd(OAC), (2.5) DPPF (3.0) K,CO, DMF 120 0
14 Pd(OAC), (2.5) t-Bu;P-HBF, (5.5) K,CO, DMF 120 13
15 Pd(OAc), (2.5) n-Bu;P-HBF, (5.5) K,CO, DMF 120 0
16 Pd(OAC), (2.5) (p-MeOCgH,)sP (5.5) K,CO, DMF 120 42
17 Pd(OAC), (2.5) n-BuPAd, (5.5) K,CO, DMF 120 43
18 Pd(OAC), (4.0) n-BuPAd, (8.8) K,CO, DMF 120 76

2 Ad = 1-adamantyl; rac-BINAP = (%)-2,2'-bis(diphenylphosphino)-1,1’-binaphthalene; DPPF = 1,1'-bis(diphenylphosphino)ferrocene; DMF = N,N-dimethylforma-

mide; DMAc = N,N-dimethylacetamide.
b Isolated yields.

© Georg Thieme Verlag Stuttgart - New York — Synlett 2016, 27, A-E

Downloaded by: Weizmann Institute of Science. Copyrighted material.



Synlett C. Shen, X.-F. Wu

Pd(OAc)2 (4.0 mol%)

£ @

o o 0]
O & O (0]

3a, 76% (79%%) 3b, 81% 3b, 72%
(o] (o] (o]
C' C' 2008
O O O
Cl
3e, 65% 3e, 56% 3f, 57%
(o] (o] (o]
F
O F O Cl O

3j, 57% 3k, 0% 3l, 0%

DMF (2 mL), BuPAd, (8.8 mol%)
K2C03 (2.0 equiv.)

rfﬁ@

3¢, 52% 3c, 61% 3d, 69%

o] o] o
Z O O Me O

3g, 0% 3h, 0% 3i, 64%
0] o o
CLC @
(0) O Z (0)
E Me Me
3m, 79% 3n, 77% 30, 41%

(0] 0] 0] 0]
O (0) (0) (0)
Cl

3p, 73% 3q, 64%

3r, 51% 3s,47%

Scheme 1 Substrate scope of the reaction. Unless otherwise stated, reaction conditions: 1 (0.50 mmol), 2 (0.50 mmol), K,CO5 (2.0 equiv.), 4 mol%
Pd(OAc),, 8.8 mol% n-BuPAd,, DMF (2 mL), Ar, 120 °C, 12 h. Isolated yields are given. ? 1-Fluoro-2-iodobenzene instead of 1-bromo-2-fluorobenzene.

phenyl was observed on GC-MS (Scheme 2, b). It indicates
that palladium-catalyzed acylation is prior to SyAr. No 2-
fluorobenzophenone but still trace amount of 2,2'-difluoro-
1,1"-biphenyl was observed in the reaction of o-bromofluo-
robenzene with benzaldehyde on GC-MS (Scheme 2, c).
When we attempted to exchange the sequence of acylation
and SyAr, although both 2-halogen phenol and 2-fluoro-
benzaldehyde are consumed, only the molecular ion peak of
SNAT product can be observed on GC-MS (for X = Br, m/z =
276 and 278, for X = I, m/z = 324) and no desired xanthone
or even homocoupling byproduct was detected (Scheme 2,
e). Intramolecular acylation can proceed with neither 2-(2-
iodophenoxy)benzaldehyde nor 2-(2-bromophenoxy)benz-
aldehyde (Scheme 2, f). These suggest that ether cannot re-
place the role of hydroxyl group in the palladium-catalyzed
acylation. Further investigation on the reaction of iodoben-
zene with benzaldehyde revealed that although neither
conversion of benzaldehyde nor generation of benzophe-
none was observed on GC, iodobenzene was consumed and
biphenyl was formed from the homocoupling of phenyl io-
dide'® (Scheme 2, g). Similar result was also obtained in the
reaction between bromobenzene and benzaldehyde, but

the conversion of bromobenzene is much lower (Scheme 2,
h). The above results of control reactions imply that the hy-
droxyl group plays an important role in palladium-cata-
lyzed acylation of aryl bromide or aryl iodide with salicylal-
dehyde.

Based on the results of control experiments and the
properties of acyl-palladium(Il) complex,'! we proposed a
plausible reaction mechanism that is different from the
previous reported plausible reaction mechanism involving
acyl-palladium(Il) and acyl-palladium(IV) complexes.” s
Our proposed plausible mechanism is a Heck-like process
(Scheme 3).8¢¢ Compound 1a first undergoes oxidative ad-
dition of palladium(0) complex to generate the aryl-palla-
dium(Il) intermediate. Then the aryl-palladium(Il) inter-
mediate coordinates with salicylaldehyde anion to form
complex A in the basic solution and followed by the forma-
tion of complex B through the addition of aryl-palladi-
um(II) onto the C=0 double bond. After B-hydrogen elimi-
nation and following intramolecular SyAr, xanthone is gen-
erated. When transmetalation between aryl-palladium(II)
intermediates takes place and reductive elimination fol-
lows, the biaryl side product forms.!?
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Scheme 2 Control reactions. Unless otherwise stated, standard reaction conditions: aryl bromide or aryl iodide (0.50 mmol), salicylaldehyde or benz-
aldehyde or phenol (0.50 mmol), K,CO; (2.0 equiv.), Pd(OAc), (4 mol%), n-BuPAd, (8.8 mol%), DMF (2 mL), Ar, 120 °C, 12 h. 2 Isolated yield. ® Conversion
determined with n-hexadecane as internal standard.

In conclusion, we have achieved the selective prepara-  with excellent regioselectivity can be achieved. Based on
tion of xanthone from commercially available 2-bromofluo-  our control reactions, a plausible mechanism with a Heck-
robenzenes and salicylaldehydes utilizing palladium-cata-  like process has been proposed.

lyzed acylation-SyAr approach. Moderate to good yields
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Scheme 3 A plausible mechanism
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