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Four multiply halogenated azaxanthones 3, 4b, 5, and 6 were synthesized as novel core building blocks of
b-site amyloid precursor protein cleaving enzyme 1 (BACE1) inhibitors. Each of these heterocycles
requires a specific synthetic strategy to control not only the aza-positions, but also the regiochemistry
of the fully differentiated and highly reactive halogen substituents.

� 2014 Elsevier Ltd. All rights reserved.
The tricyclic xanthone is a major scaffold for a range of natural
and synthetic products that exhibit various interesting biological
activities depending on the nature and pattern of the substituents.1

Efficient assembly strategies that allow for accurate control of the
substitution regiochemistry on this ‘privileged structure’ are there-
fore of great interest in medicinal chemistry. Many syntheses of
the xanthone core are available, which typically require a biaryl
ether or a benzophenone as the key intermediate.2,3 Azaxanthones
are also of interest as they modulate the physicochemical proper-
ties of xanthones. However, reports of azaxanthones are relatively
sparse in the literature.4

Recently, we have developed a unique aminooxazoline xan-
thene series (1) as potent and CNS penetrant b-site amyloid pre-
cursor protein (APP) cleaving enzyme 1 (BACE1) inhibitors for
the potential treatment of Alzheimer’s disease (Fig. 1).5 In this
class, xanthone 2 served as the key intermediate in which the
two differentiated halogen groups at the 2- and 7-positions offered
flexibility in the structure–activity relationship (SAR) study to
install a variety of R1 and R2 groups that can bind into the S2

0

and S3 pockets of the BACE 1 enzyme, respectively. Interestingly,
through early core modifications, we found that a single N-inser-
tion (azaxanthone) or fluorine-substitution at either 3- or 4-posi-
tions of the xanthene core 2 can improve in vitro potency,
modulate CNS penetration, PKDM properties and/or cardiovascular
safety profiles.6 Based on these results, we reasoned that combina-
tions of both the aza and fluorine modifications at the 3- and
4-positions (3-aza-4-F or 4-aza-3-F) on the xanthene skeleton
would further optimize the overall properties as more efficacious
BACE 1 inhibitors. In addition, we sought to explore the effect of
nitrogen insertion at the 1-position. Consequently, rapid access
to the four halogenated azaxanthones 3, 4, 5, and 6 were highly
desirable in our program.

These densely halogenated azaxanthones were unprecedented
in the literature and presented unusual synthetic challenges. First
of all, the annulation of a pyridine with four differentiated substit-
uents was nontrivial in terms of the regiochemistry of not only the
aza-positions but also the different halogens. Especially, the fluo-
ride group on this subunit was expected to be highly activated
due to the strong electron-withdrawing effect of the carbonyl
group and the pyridine nitrogen. Moreover, multiply substituted
fluoropyridines were not readily available as starting materials.
Herein we describe several different synthetic strategies to address
the unique issues in each of these novel targets.

The synthesis of 3-aza-4-F-xanthone 3 began with a copper cat-
alyzed, regioselective Ullmann coupling between 2,5-dibromoben-
zoic acid (7) and 2-fluoro-3-hydroxypyridine (8) under conditions
developed by Buchwald and co-workers (Scheme 1).7 After
workup, the resulting crude biaryl ether 9 was directly treated
with diethylamine and TBTU to give amide 10 in 50% yield over
two steps. Then, an amide-directed lithiation on the pyridine and
the subsequent in situ cyclization provided the azaxanthone
11.4b,8 N-oxidation, which was necessary for the final installation
of a chlorine atom, failed presumably due to the strong electron-
withdrawing effects of the para-carbonyl and the ortho-F groups
on the pyridine moiety in 11. To circumvent this issue, N-oxidation
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Figure 1. Multiply halogenated azaxanthones as key intermediates toward the development of novel BACE inhibitors.
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Scheme 1. Reagents and conditions: (a) Cu(OTf)2, Cs2CO3, toluene, 110 �C; (b) Et2NH, TBTU, DCM, rt; (c) LDA, THF, �78 �C; (d) UHP, TFAA, DCM, rt; (e) POCl3, DCM, DMF, rt.
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was performed successfully on the more electron-rich biaryl ether
10 to give 12, which upon treatment of POCl3 afforded chloride 13.
Finally, a tandem lithiation/cyclization yielded the desired tris-hal-
ogenated 3-azaxanthone 3.

To prepare the 3-F-4-azaxanthone 4, a ‘reversed’ first step cou-
pling was conveniently conducted between 5-bromo-2-hydroxy-
benzoic acid (14) and the symmetric 2,6-difluoropyridine (15)
under catalyst-free conditions (Scheme 2). Following the amide
formation (16), the tandem lithiation/cyclization process provided
the azaxanthone core 17. Interestingly, compared to the regioisom-
er 11 in Scheme 1, the fluoride on 17 is much more reactive
because of the double activation by the para-carbonyl group and
the ortho-nitrogen atom. As a result, a diethylamine substitution
byproduct 18 was also isolated. To our disappointment, efforts of
fluorine-directed ortho-metalation and electrophile quenching
failed to install the desired iodine onto this heterocycle.

After many unsuccessful trials, a totally different route was
developed (Scheme 3). Mono-lithiation of 15, followed by trapping
with aldehyde 19 provided the benzhydryl alcohol 20 which was
then protected as TBS ether 21. Next, instead of the highly reactive
iodide, we chose to install a more stable Bu3Sn group after the sec-
ond fluorine-directed ortho-lithiation of the pyridine. This group
can also serve as a handle for further functionalizations. Removal
of the TBS group, followed by oxidation yielded the biaryl ketone
23. Finally, cleavage of the methyl group under mild conditions
unveiled the hydroxyl group, which cyclized in an intramolecular
SNAr fashion with the highly activated difluoropyridine moiety to
furnish the trisubstituted 4-azaxanthone 4b.
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The preparation of the disubstituted 1-azaxanthone 5 was
straightforward (Scheme 4). SNAr reaction between an activated
chloride 24 and phenol 25 resulted in the biaryl ether 26 in nearly
quantitative yield after simple aqueous workup and filtration.
Then, an intramolecular Friedel–Crafts reaction in PPA, followed
by in situ hydrolysis provided the 1-azaxanthone core 27. N-oxida-
tion and subsequent treatment with POCl3 produced the desired
chloride 5. This four-step procedure does not need any column
purification and achieved high overall yield at 100 g scale.

Compared to the robust synthesis of 5, introducing an extra
fluorine at the 4-position of the 1-azaxanthone core presented a
much more difficult task (6, Fig. 1). The four different strategies
to access 3, 17, 4b, and 5 cannot be simply applied to this target
because the corresponding multiply functionalized 4-F-pyridine
starting materials are not easily available and/or could cause
selectivity issues in the intermediate steps. In addition, the 4-F on
pyridine is highly reactive. Based on these considerations, we chose
3-bromo-4-nitropyridine 1-oxide (28) as a surrogate to couple
with the sodium salt of methyl 5-bromo-2-hydroxybenzoate (29,
Scheme 5). Both the N-oxide and the nitro group on 28 directed
the substitution to the bromide and no nitro group displacement
was detected in this regioselective SNAr reaction.9 Treatment of
the resulting biaryl ether 30 with LDA gave a mixture of the desired
azaxanthone 31 and the deoxygenated product 32, together with
40% of recovered starting material. The N-oxide 31 served as the
direct precursor to chloride 33. Gratifyingly, the pyridine-activated
nitro group was selectively displaced in the presence of the chloride
to give fluoride 6 at the final stage.10

In summary, we have showcased the rapid construction of sev-
eral isomeric azaxanthones with fully differentiated halogen sub-
stitutions as novel and flexible core structures for drug discovery.
In some cases, a well-established assembly strategy for one
azaxanthone is of limited value for a very similar structure bearing
just one extra halogen due to the new chemo- and regioselectivity



+

32 (30%)

N

O

Br
O O

NO2

N

O

Br
O

NO2
31 (8%)

(76%)

c

N

O

Br
O

NO2

Cl N

O

Br
O

F

Cl

6 (62%)

HO

O

O

Br

O

O

O
Br

N

N

Br
NO2

O
O2N

O

a
+

30 (62%)

33 (87%)

b

d

e

28 29

Scheme 5. Reagents and conditions: (a) NaH, DMF, 50 �C; (b) LDA, THF, �78 �C; 40% of starting material recovered; (c) UHP, TFAA, DCM, rt; (d) POCl3, DMF, DCM, rt; (e) TBAF,
THF/DMF, 0 �C.

7232 W. Qian et al. / Tetrahedron Letters 55 (2014) 7229–7232
issues associated with this ‘small’ change. Consequently, alterna-
tive approaches needed to be developed, as highlighted by the
comparison of the syntheses between 17 and 4b, as well as 5 and
6, respectively. The SAR study and identification of high-quality
BACE inhibitors based on these new scaffolds will be disclosed in
due course.
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