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ABSTRACT

Xanthone derivatives (XDs) represent a broad group of compounds
obtained from natural sources as well as by synthetic procedures. Total
synthesis is a crucial strategy allowing the access to structures that
otherwise could not be reached within the natural products; through this
way many compounds can be obtained and used as useful chemical
substrates for molecular modification. Among the great diversity of XDs,
carboxyxanthones (XCar) stand out taking in account that carboxylic group
is associated with interesting biological activities and also because
chemically allows easily the acquisition of diverse derivatives.

In this study, the total synthesis of two isomeric XCars by a multi-
step pathway was planned. The synthesis involved several chemical
reactions including Fisher esterifications, Ullmann aryl ether synthesis,
alkaline hydrolysis and intramolecular acylation. The structure elucidation of
XCars, as well as all the intermediates, was established by spectroscopic
methods (*H NMR, 3C NMR, and IR).
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1. Introduction

1.1 Xanthone derivatives: chemistry and importance in
Medicinal Chemistry

Xanthones (9H-xanthen-9-ones) are oxygenated heterocyclic
compounds with a dibenzo-y-pyrone frame work, whose scaffold can be

seen in Figure 1 [1].

10a >
5 10 4

Figure 1: Xanthone scaffold and numbering.

Xanthone derivatives (XDs) are a class of natural compounds that
can be found in higher plants, fungi and lichens as well as from marine
sources [6, 7]. Natural xanthones can have different substituents in its
dibenzo-y-pyrone scaffold and, based on this characteristic, these
compounds can be subdivided into: simple oxygenated xanthones,
glycosylated xanthones, prenylated xanthones and their derivatives,
xanthone dimers, xanthonolignoids and miscellaneous [8]. Natural products
have always been used as a source of inspiration for drug discovery and
xanthones are no exception since they can interact with several different
targets being an interesting starting point for the discovery of new potential
drug candidates. They are known, among other properties, for their
physiological and pharmacological activities, such as antimicrobial, anti-
inflammatory, antioxidant and antitumor [15]. The bioactivities can change,
depending on the type and position of the different substituents. In
addition, most of these compounds exhibit fluorescence, which can be an
advantage since they can be used as fluorescence probes [9, 10].

The total synthesis of XDs can be an added value to the
pharmaceutical sector, allowing the access to structures that otherwise
could not be reached if it was only used the natural product as a launching

platform for the molecular modification. In addition, the natural product field
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usually does not allow the acquisition of a great quantity of product and the
synthetic methods can be a convenient way to fix this problem [11]. In the
case of chiral derivatives of xanthones (CDXs), synthetic procedures are
also an advantage since they may allow the preparation of both
enantiomers to explore the enantioselectivity in biological screening assays
[12].

Synthetic XDs can have simple groups on the xanthone scaffold, such as
hydroxyl, methoxyl, methyl, carboxyl, as well as more complex substituents
such as epoxide, azole, methylidenebutyrolactone, amino alcohol,
sulfamoyl, methylthiocarboxylicacid, and dihydropyridine [13].

1.2 Different approaches to synthesize xanthone derivatives

In Scheme 1, a representation of different classic approaches that
can be used to obtain XDs are presented.
B =
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Scheme 1: Different approaches to obtain xanthone derivatives.

Concerning to the classical methods, XDs can be obtained through
three different routes: via benzophenone intermediate, via diaryl ether
intermediate, and via Grover, Shah, and Shah (GSS) method. The

synthesis of XDs starting from chromen-4-one is a recent approach [1, 11].

1.2.1. Grover, Shah and Shah (GSS) method
11



The GSS method consists in heating a salicylic acid derivative
together with a suitable phenol. The reaction must be catalyzed by strong
acids like zinc chloride and phosphoryl chloride that can be also used as
solvent. This method allows the acquisition of xanthones in only one step
as long as the benzophenone intermediate has at least three hydroxyl
groups at 2, 2’, 6 or 6’ positions. Otherwise, a benzophenone will be
obtained instead of the xanthone and it will be necessary to proceed an
additional cyclization reaction [11].

1.2.2. Synthesis via benzophenone intermediate

The benzophenone route allows the acquisition of a high yield of XD
and consists in a multi-step approach that can take place through different
methodologies. The most common is the Friedel-Crafts acylation between a
substituted benzoyl chloride and a phenolic derivative, usually catalyzed by
aluminum, followed by a cyclization step. It take place through an
electrophilic aromatic substituition between an acyl chloride and a phenol or
protected phenol derivative, usually catalized by aluminium, and
subsequent cyclization. This reaction lacks of regioselectivity since the
acylation can happen both on ortho and para positions. Moreover, some

functional groups are sensitive to the strong acid conditions [1,11].

1.2.3. Synthesis via diaryl ether intermediate

One of the most common approaches is the diaryl ether
intermediate route, which involves a reaction between an aryl halide and a
phenol. Most of the examples described in literature use copper catalyzed
Ulimann-ether synthesis for the formation of an ether bond. This approach
has been reported with significantly low yields and harsh experimental
conditions due to the high temperatures and the long reaction times
needed. However, this method is more selective when compared to others,
for example the Friedel-Crafts acylation. The bond formed between a
phenol and an aryl halide through this method occurs only at a certain
position of the aromatic ring, which may allow the acquisition of just one
product. Thus, Ullmann-ether coupling has seen significant improvements,
allowing the acquirement of diaryl ethers in high yields using milder

experimental conditions [11].
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1.3. Carboxylated xanthone derivatives (XCars)

XDs include a broad range of different compounds comprising a
diversity of substituents. However, xanthones containing a carboxylic group
- carboxylated xanthone derivatives (XCars) - have shown great
significance in medicinal chemistry since they are an important chemical
substrate for molecular modifications allowing to obtain more diverse and
complex compounds that can be useful for biological activity and structure-
activity relationship (SAR) studies [12,13].

For example, XCars possess a suitable functional group that
enables the coupling with enantiomerically pure units such as amino
alcohols, amino acids, amino esters and amines to obtain chiral derivatives
of xanthones (CDXs). These chiral compounds can also be very useful for
the development of chiral stationary phases (CSPs) for liquid
chromatography (LC) [21-24].

Moreover, XCars are described as promising for the preparation of
fluorescence probes [25, 26] since most of these compounds exhibit
fluorescence.

Concerning to the biological activities shown by these compounds,
there are many examples referred in literature such as antitumor [15],
antibacterial [16], antiallergic [17, 18], anti- inflammatory [28, 29], diuretic
and uricosuric [27], inhibitory activity against a- glucosidase [19],
phospholipase C [20] and aldolase reductase [30], among others. These
compounds have also shown effective results as antagonists of leukotriene
B4 receptor [31-33].

The next subchapters will be focused on two XCars that have
proven to have a very promising biological activity: DMXAA [12, 13, 34] and

9-oxo-9H-xanthene-2-carboxylic acid and analogues [13].

1.3.1 DMXAA (5,6-dimethyl-9-o0x0-9H-xanthene-4-acetic acid)

5,6-Dimethyl-9-oxo-9H-xanthene-4-acetic acid (DMXAA,
Vadimezan) (Figure 2) is a remarkable example of the great potential of
XCars from a pharmacological point of view [13]. This compound was
discovered in 1991 in a SAR study that used diverse xanthenone-4- acetic

acids analogues of a flavone acetic acid drug [35]. In the following years,
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DMXAA synthesis was improved and optimized by different techniques

allowing the acquisition of higher yields and short reaction times [36, 37].

O

HO
O

Figure 2: Structure of 5,6-dimethyl-9-oxo0-9H-xanthene-4-acetic acid.

This compound has several biological activities already described in
literature such as antiviral [38], antiplatelet and antithrombotic activity [39].
However, the most remarkable it is the antitumor activity of DMXAA since
this compound is capable of induce apoptosis in tumor vascular endothelial
cells by attacking tumor’s blood vessels in a selective way [40, 42].
Moreover, DMXAA is involved in the release of different compounds that
cause hemorrhagic tumor necrosis by interacting with tumor endothelial
cells. Among these compounds are some vasoactive factors, cytokines and
chemokines [42-44]. DMXAA has already showed promising results in
phase I/ll clinical trials for the treatment of non-small-cell lung cancer when
in combination with other anticancer agents. However, it failed to increase
their efficacy in phase Il clinical trials [45, 46].

DMXAA scaffold has been used for the development of other
bioactive analogues and several derivatives have been investigated over

the years, mainly for their potential cytotoxic activity [13].

1.3.2 9-0x0-9H-Xanthene-2-carboxylic acid and derivatives

9-0x0-9H-Xanthene-2-carboxylic acid as well as some derivatives
are a group of compounds that have been studied for its potential
antiallergic activity, inhibitory activity against aldolase reductase and as
antagonists of leukotriene B4 receptor [13].

Furthermore, other derivatives of 9-oxo0-9H-xanthene-2-carboxylic

acid were tested as blockers of the sciatic nerve conduction [11].
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The usual local anesthetics block the peripheral nerve conduction
by inhibiting voltage gated Na+ channels and its action mechanism can be
differentiated whether they are hydrophilic or lipophilic molecules. Due to
the structure similarity of these compounds (Figure 3) to some local
anesthetics, they might share with them the same pharmacophore. In a
study conducted by LQOF/FFUP (Laboratério de Quimica Organica e
Farmacéutica, Faculdade de Farméacia da Universidade do Porto) it was
proved that these three CXDs can block the sciatic nerve conduction in rats
through a mechanism that is correlated with the ability to act as modulators

of Na+ influx from a selective interference with Na+ ionic currents [11].

0 o} o o fi‘ 0 0
H3CO 0 H3CO 0 H3CO 0

Figure 3: Derivatives of 6-methoxy-9-oxo0-9H-xanthene-2-carboxylic acid

(XCar 2) tested as blockers of the sciatic nerve conduction.

2. Aims

The main objective of this project was to synthesize the
carboxylated xanthone derivative (XCar) 6-methoxy-9-ox0-9H-xanthene-2-
carboxylic acid (XCar 2) (Figure 4), and its isomer 8-methoxy-9-0xo0-9H-
xanthene-2-carboxylic acid (XCar 3) (Figure 4) by a multi-step pathway.
The chosen method to synthesize these compounds was based on one of
the classical methods to obtain XDs, already mentioned in the introduction

of this report, via diaryl method.
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Figure 4: Structure of 6-methoxy-9-oxo-9H-xanthene-2-carboxylic acid

(XCar 2) and of 8-methoxy-9-oxo-9H-xanthene-2-carboxylic acid (XCar 3).

XCar 2 and XCar 3 were prepared according to procedures
previously established in the research group of LQOF(FFUP)/CIIMAR [11].
Their structure elucidation, as well as all the intermediates of the synthesis,
was established by spectroscopic methods, such as *H NMR, **C NMR and
IR.

As mentioned before, XCars present a suitable functional group for
the introduction of molecular modifications that can lead to a diverse range
of new compounds for biological activity evaluation [13]. Moreover, when
coupled with enantiomerically pure units, XCars can also be used as

interesting chiral selectors for stationary phases [21-24].
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3. Result and Discussion

3.1 Synthesis

In Scheme 2 is shown the multistep pathway for the total synthesis
of 6-methoxy-9-0x0-9H- xanthene-2-carboxylic acid (XCar2, 1) and its
isomer (XCar3, 10).

The synthesis starts with a Fisher esterification of 4-
bromoisophthalic acid (5), obtaining dimethyl 4-bromoisophthalate (6). This
reaction was followed by an Ullmann aryl ether synthesis using 3-
methoxyphenol (7) that allowed the acquisition of dimethyl 4-(3'-
methoxyphenoxy)isophthalate (8). The resulting product went through an
alkaline hydrolysis giving rise to 4-(3’-methoxyphenoxy)isophthalic acid (9)
that has undergone an intramolecular acylation affording 6-methoxy-9-oxo-
9H-xanthene-2- carboxylic acid (XCar2, 1) and 8-methoxy-9-ox0-9-H-
xanthene-2-carboxylic acid (XCar3, 10). Since it is difficult to separate the
isomers by classical purification method such chromatography,
crystallization or extraction, an esterification was performed and the
resulting products were purified by filtration and flash chromatography
allowing to obtain methyl 6- methoxy-9-oxo-9H-xanthene-2-carboxylate (11)
and methyl 8-methoxy-9-oxo-9H-xanthene-2-carboxylate (12). Finally,
these compounds were submitted separately to an alkaline hydrolysis
resulting in XCar2 (1) and XCar3 (10).

The reactions products and the efficiency of the purification methods
were controlled by TLC with appropriate mobile phases and using as
standards samples of the expected products that were previously
synthesized in LQOF(FFUP)/CIIMAR group.

In the following subchapters, the reaction mechanisms involved in
the multi-step pathway to afford XCar2 (1) and XCar3 (10) will be
discussed in detail as well as the structure elucidation of each of the

compounds.
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a) Methanol, H,SOy,, reflux, 17h; b) Cul, Cs,CO;, N,N-Dimethyl glycine, Dioxane, N,, 90°C, 14h; c)
Methanol/Tetrahydrofuran (1:1 v/v), SM NaOH, room temp., 18h; d1) P,O5, CH;SO3H, room temp.,
22h; d2) Polyphosphoric acid, 80°C, 2h; e) Methanol, H,SO,, reflux, 19h; f)
Methanol/Dichloromethane (1:1 v/v), 5M NaOH, room temp., 22h; g) Methanol/Dichloromethane
(1:1 v/v), SM NaOH, room temp., 22h.

Scheme 2: Total synthesis of 6-methoxy-9-oxo0-9H-xanthene-2-carboxylic
acid (XCar2, 1) and of 8-methoxy-9-oxo-9H-xanthene-2-carboxylic acid
(XCar3, 10).

3.1.1. Synthesis of dimethyl 4-bromoisophthalate (6)

18



In Scheme 3, is presented the reaction synthesis of dimethyl 4-
bromoisophthalate (6).

HOOC COOH H3COOC COOCH;4

Br Br
5 6

a) Methanol, H,SOy,, reflux, 17h.

Scheme 3: Synthesis of dimethyl 4-bromoisophthalate (6).

To synthesize dimethyl 4-bromoisophthalate (6) a Fisher
esterification is performed, starting from the corresponding carboxilic acid

(5). In Scheme 4 is represented the mechanism of the reaction.
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Scheme 4: Reaction mechanism of dimethyl 4-bromoisophthalate (6)

synthesis.
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In Fischer esterification the sulfuric acid act as the catalyst, that
protons the carbonyl group of the carboxylic acid. The carbon of these
groups now it is more susceptible to the nucleophilic attack. The methanol
works as the nucleophile, and there is the formation of a water molecule

that is the abandoning group.

3.1.2 Synthesis of dimethyl 4-(3-methoxyphenoxy)
isophthalate (8)

Scheme 5 represents the synthesis of dimethyl 4-(3-
methoxyphenoxy) isophthalate (8).

COOCH
HsCO0C COOCHS, J[:l\ 3
HO™ ™7 ~0CH;8 o)
?
Br HsCOOC

b)
6 8  OCH,

b) Cul, Cs,CO3, N,N-Dimethyl glycine, Dioxane, N,, 90°C, 14h.

Scheme 5: Synthesis of dimethyl 4-(3-methoxyphenoxy) isophthalate (8).

Dimethyl 4-(3-methoxyphenoxy) isophthalate (8) was synthesize
with Ullmann aryl ether reaction.

The proposed reaction mechanism is shown in Scheme 6. The
Ulimann reaction refers to a copper-mediated (stechiometric or catalytic)
reaction between an aryl halide and an amine, phenol or thiophenol to
synthesize the corresponding aryl -amine, -ether or -thioether compounds,
respectively. Fritz Ullmann and Irma Goldberg have developed this copper-
mediated aromatic nucleophilic substitution reaction, which required
stechiometric amounts of copper and very high reaction temperatures [49].
It was recently found that the addition of relatively cheap ligands (diamines,
amino alcohols, diketones, diols) made these reactions truly catalytic, with

catalyst amounts as low as 1 mol% or even lower [49].
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Scheme 6: Reaction mechanism of dimethyl 4-(3-methoxyphenoxy)

isophthalate (8) synthesis.

The successful development of improved catalytic versions of this
grand old chemistry has caused a great revolution of what is now known as
the ‘modified Ullmann reaction. The key of the ‘modified Ullmann’
procedure lies in the addition of ligands to the copper catalyst in order to
improve the solubility of the copper precursors, leading to the use of milder
reaction conditions [49]. Still does not exist a consensus about the reaction
mechanism. However, some aspects are common to several theories [49].
The nucleophilic substitution that takes place in Ullmann reaction occurs in
two steps. The first step is the nucleophilic attack to the aromatic ring
leading to a carbanion formation. This is limiting step of the reaction. In the
second step, the carbanion from the halon ion leaves the molecule forming
the intended product. The intermediate carbanion is a hybrid structure, but
it is still considered as a real compound due to its stability, since the

negative charge is distributed around all ring [47].

3.1.3. Synthesis of 4-(3-methoxyphenoxy) isophthalic acid  (9)
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Scheme 7 represents the synthesis of 4-(3-
methoxyphenoxy)isophthalic acid (9).

COOCH,4 COOH
0 o}
c)
H3COOC HOOC
g OCH, 9 OCH;

¢) Methanol/Tetrahydrofuran (1:1 v/v), SM NaOH, room temp., 18h.

Scheme 7: Synthesis of 4-(3-methoxyphenoxy)isophthalic acid (9).

In this step an alkaline hydrolysis is performed to obtain 4-(3-
methoxyphenoxy)isophthalic acid (9) from  4-(3-methoxyphenoxy)
isophthalate (8). The ester hydrolysis in a basic medium can also be called
saponification. It is a reaction that occurs through a typical nucleophilic acyl
substitution pathway in which the hydroxide ion acts as the nucleophile that
attacks the ester carbonyl group forming a tetrahedral intermediate. This is
followed by the loss of the alkoxide ion and the carboxylic acid is formed.
However, the alkoxide ion abstracts the acidic proton of the carboxylic acid
forming a carboxylate ion. The carboxylic acid can be regenerated through
addition of an inorganic acid that will protonate the carboxylate ion [48].
This reaction is irreversible since the carboxylate ion is stabilized by
resonance effect and consequently is little reactive with the alcohol [47].

The reaction mechanism is represented in the Scheme 8. In this
case, the final protonation of the carboxylated ion is mediated by the
CH3OH.
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Scheme 8: Reaction mechanism of 4-(3-methoxyphenoxy) isophthalic acid

(9) synthesis.

3.1.4. Synthesis of 6-methoxy-9-ox0-9H-xanthene-2-
carboxylic acid (XCar2, 1) and 8-methoxy-9-0x0-9H-
xanthene-2-carboxylic acid (XCar3, 10).

Scheme 9 represent the synthesis of 6-methoxy-9-oxo-9H-
xanthene-2-carboxylic acid (XCar2, 1) and 8-methoxy-9-o0xo0-9H-xanthene-
2-carboxylic acid (XCar3, 10) carried out with two different reaction

conditions.
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COOH
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1
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10

dl)PzOS, CH3SO3H, room temp., 22h.
d2)Polyphosphoric acid, 80°C, 2h.

Scheme 9: Synthesis of 6-methoxy-9-oxo0-9H-xanthene-2-carboxylic acid

(XCar2, 1) and 8- methoxy-9-oxo0-9H-xanthene-2-carboxylic acid (XCar3,
10).

In both reactions, an intramolecular acylation of diaryl ether 4-(3-
methoxyphenoxy) isophthalic acid (9), using phosphorus pentoxide and
methane sulfonic acid at room temperature (Reaction d1) or polyphosphoric
acid at 80°C(Reaction d2) was performed, affording two xanthones, XCar2
(1) and XCar3 (10).

Reaction d1: This intramolecular acylation is a Friedel-Crafts
acylation. This type of reaction essentially consists of the production of an
aromatic ketone by reacting an aromatic substrate with an acyl component
in the presence of a catalyst. The electrophilic acylations are catalyzed by
Lewis acids or strong protic acids [8]. In this case, the acid utilized was
methane sulfonic acid and the carbonyl group acts as a Lewis base forming
an electrophile in the acyl group. The reaction mechanism concerning to

the synthesis of XCar 2 (1) is represented in Scheme 10.
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Scheme 10: Reaction mechanism of 6-methoxy-9-oxo-9H-xanthene-2-

carboxylic acid (XCar2, 1) synthesis.

Reaction d2: This reaction is also a Friedel-Crafts intramolecular

acylation. The polyphosphoric acid acts as catalyst in order to obtain an

aromatic ketone [50]. The reaction mechanism is the same as shown in

Scheme 10.

3.1.4.1. Synthesis of methyl 6-methoxy-9-o0x0-9H-xanthene-2-

carboxylate (11) and methyl 8-methoxy-9-o0x0-9H-xanthene-2-

carboxylate (12)
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Scheme 11 represents the synthesis of methyl 6-methoxy-9-oxo-
9H-xanthene-2-carboxylate (11) and methyl 8-methoxy-9-ox0-9H-xanthene-
2-carboxylate (12).

OCH; O

O O - Q 0 -
HaCO 0 0

1 10

OCH; O

‘ ‘ COOCH, COOCH;
H4CO 0 O o O

11 12

e) Methanol, H,SOy,, reflux, 19h.

Scheme 11:. Synthesis of methyl 6-methoxy-9-oxo-9H-xanthene-2-
carboxylate (11) and methyl 8-methoxy-9-oxo-9H-xanthene-2-carboxylate
(12)

After obtaining XCar 2 (1) and XCar 3 (10), it was necessary to
convert these compounds in the respective esters through a Fisher
esterification affording methyl 6-methoxy-9-oxo-9H-xanthene-2-carboxylate
(11) and methyl 8-methoxy-9-oxo-9H-xanthene-2-carboxylate (12),
respectively. In this way, it was possible to isolate methyl 6-methoxy-9-oxo-
9H-xanthene-2-carboxylate (11) by filtration, and flash column

chromatography.

3.1.4.2. Recovery of 6-methoxy-9-o0x0-9H-xanthene-2-
carboxylic acid (XCar2, 1)
After separation of methyl 6-methoxy-9-oxo-9H-xanthene-2-

carboxylate (11), it was hydrolyzed in an alkaline medium using 5M NaOH
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at room temperature for 22h, yielding the 6-methoxy-9-oxo-9H-xanthene-2-
carboxylic acid (XCar2, 1) (Scheme 12) [4].

o)
COOCH; ) COOH
(1 — » (XX
o] H5CO o]
11 1

HsCO

f) Methanol/Dichloromethane (1:1 v/v), SM NaOH, room temp., 22h.

Scheme 12: Synthesis of 6-methoxy-9-ox0-9H-xanthene-2-carboxylic acid
(Xcar2, 1).

3.1.4.3. Recovery 8-methoxy-9-0x0-9H-xanthene-2-carboxylic
acid (Xcar3, 10)

After separation of methyl 8-methoxy-9-oxo-9H-xanthene-2-
carboxylate (12), it was hydrolyzed in an alkaline medium using 5M NaOH
at room temperature for 22h, yielding the xanthone derivative 8-methoxy-9-

oxo-9H-xanthene-2-carboxylic acid (Xcar3, 10), as shown in Scheme 13

[4].

OCH; O OCH; O

COOCHj3 COOH
g
>
o) o)

g) Methanol/Dichloromethane (1:1 v/v), SM NaOH, room temp., 22h.

Scheme 13: Synthesis of isolated 8-methoxy-9-ox0-9H-xanthene-2-
carboxylic acid (XCar3, 10)

3.2 Structure Elucidation

27



The structure elucidation of 6-methoxy-9-oxo-9H-xanthene-2-
carboxylic acid (XCar2, 1), 8-methoxy-9-oxo-9H-xanthene-2-carboxylic acid
(XCar3, 10), and all the intermediates, was established by spectroscopic
methods, such as *H NMR, ¥C NMR and IR, and the data are shown in
Figures 5-18 and Tables 1-4.

3.2.1. Structure elucidation of dimethyl 4-
bromoisophthalate (6)

Dimethyl 4-bromoisophtalate (6) (Figure 5) was obtained through

Fisher esterification of 4-bromoisophtalic acid (5).

H,COOC COOCH;

Br
Figure 5: Dimethyl 4-bromoisophthalate (6).

The 'H NMR, *C NMR and IR data allowed the structure elucidation
of compound 6.

IR data obtained after spectrum’s analysis of this compound is
represented in Table 1. It is important to highlight the presence of one
characteristic band at 1687 cm-1, corresponding to C=0O bond of the

carbonyl group, which confirmed the success of the synthesis.

Table 1: IR data of compound 6.

Bond A max (cm?)

C=C Aromatic 930.0

C=0 Ester 1687.2

C-O Ester 1255.0 and 1296.7
O-CHs Ester 1409.3

Concerning the *H NMR spectrum, it is essential to highlight the

presence of two distinct singlets, with integration for three protons each,
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with chemical shifts at & 3.93 and & 3.96 ppm corresponding to the protons
of the methyl groups of the two esters (Figure 6).

In 13C NMR spectrum is essential to point out the presence of the two
signals with chemical shifts at & 52.5 and & 52.6 ppm, corresponding to the
carbons of the methyl groups. The chemical shifts of the carbonyl group of
the esters are placed at & 165.5 and & 165.7 ppm (Figure 6).

8.43(1H, d)
J=2.2

52.5
H,C

3.93 3H, s)

/CHs

3.96 (3H, s)

7.94 (1H, dd)
J=8.3 and 2.2

H

7.75 (1H, d)
J=83

Figure 6: *H NMR and *C NMR data of compound 6(chemical shift values,
0, in ppm, and J, in Hz).

The H NMR, *C NMR and IR data of compound 6 (Figure 5) is

compatible with the proposed structure for this compound and confirmed

the success of the Fisher esterification.
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3.2.2. Structure elucidation of dimethyl 4-(3-
methoxyphenoxy)isophthalate (8) and 4-(3-
methoxyphenoxy)isophthalic acid (9)

Dimethyl 4-(3-methoxyphenoxy)isophthalate (8) (Figure 7) resulted
from Ullmann diaryl ether coupling reaction of dimethyl 4-
bromoisophthalate (6) and 3-methoxphenol (7).

COOCH,

S i | ;
H;COOC

OCHj,
Figure 7: Dimethyl 4-(3-methoxyphenoxy)isophthalate (8).

4-(3-Methoxyphenoxy)isophthalic acid (9) (Figure 8) resulted from
an hydrolysis of the methyl esters of compound 8 (Figure 7).

COOH

0T

OCH,

Figure 8: 4-(3-Methoxyphenoxy)isophthalic acid (9).

The 'H NMR, *C NMR and IR data allowed the structure elucidation
of compounds 8 and 9.

The comparison between the IR data obtained after spectrum’s
analysis of the compound 9 with the spectrum’s analysis of its precursor 8,
showed in Table 2, revealed the presence of absorption bands

corresponding to the C=0 bond and to the aromatic ring bond C=C in both
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spectra. It is important to highlight the presence of the absorption band C-
O-C corresponding to the ether bond at 1153.4 cm™ (8) and 1135.5 cm™
(9) in the spectra of both compounds.

The main difference to be emphasized is the presence of a broad
absorption band at 2907.0 cm™ corresponding to the O-H carboxylic acid
bond on spectrum of compound 9 confirmed the accomplishment of the
reaction. Besides, the modification of the C=0 band at 1735 cm* (C=0 of
COOCHj3) to 1680 cm™ (C=0 of COOH) confirmed the conversion from
COOCH;s to COOH and the success of the reaction.

Table 2: IR data of compound 8 and 9

Bond Compound 8 Compound 9
A max (cm™) A max (cm™)

C=0 1735.0 1680.0

C=C (Aromatic) 1599.7 and 1613.4 1601.4

C-O-C (Ether) 1153.4 1135.5

O-H - 2907.0

The *H NMR and *C NMR data obtained for 8 and 9 presented &
values consistent to their proposed structures (Figure 9 and 10).

Compounds 8 and 9 showed similar 'H NMR profiles for the
aromatic protons with equivalent chemical shifts and coupling constants (J).
The major difference in the *H NMR data is the absence of two singlets with
the integration of three protons (at & 3.93 ppm and & 3.89 ppm) in
compound 9 spectrum and the presence of those protons (of the two
COOCH3 methyl groups) in compound 8 (Figure 7). This maodification

confirmed the accomplishment of the desired hydrolysis.

Concerning the *C NMR data of compounds 8 and 9 (Figures 9 and
10) there are two main differences that should be highlighted. Firstly, in 8
spectrum the carbons of the two carbonyl of ester groups (COOCHs) are
present at & 165.3 ppm and & 165.7 ppm, whereas in 9 spectrum the two
COOH groups are both at d 179.3 ppm. Secondly, the absence of two
signals at & 52.2 ppm and & 52.3 ppm in the spectrum of compound 9,

correspondent to the carbons of COOCHs; methyl groups present in
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compound 8. These differences confirmed the accomplishment of the

desired chemical modification.

54.4
3.79 (3H, 5) H3C\
522 o
CH 6.62 (1H, dd)
3 J=3.6 and 3.1 6.61 (1H, dd)
| 3.89 3H, s) H J=8.4 and 3.6
(0] (0]

8.58 (1H, d)
H

7.27 (1H, dd)
J=22 H

J=8.44 and 8.3

H

6.74 (1H, dd)

J=8.3 and 3.1
3.

133.6 6.95 (1H, d)

J=8.7

523 _O H
H3C/ 8.07 (1H, dd)

J=8.7 and 2.2
3.93 3H, 5)

Figure 9: *H NMR and *C NMR data of compound 8(chemical shift values,
0, in ppm, and J, in Hz).

56.7

3.77 3H, s) H3C\
(6]

6.62 (1H, dd)
J=34and 3.3

H 6.59 (1H, dd)
J=12.3 and 3.3

H 7.29 (1H, dd)

8.53 (1H, d)
J=33 H J=12.3 and 11.9

H

6.76 (1H, dd)
J=11.9 and 3.4

6.95 (1H, d)
J=13

8.09 (1H, dd)
J=13 and 3.3

Figure 10: 'H NMR and **C NMR data of compound 9(chemical shift

values, 6, in ppm, and J, in Hz).
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3.2.3. Structure elucidation of methyl 6-methoxy-9-ox0-9H-
xanthene-2- carboxylate (11) and 6-methoxy-9-0x0-9H-
xanthene-2-carboxylic acid (Xcar2, 1)

6-Methoxy-9-oxo-9H-xanthene-2-carboxylic acid (XCar2, 1) (Figure

11) was obtained through intramolecular acylation of diaryl ether, 4-(3-

methoxyphenoxy) isophthalic acid (9). After that it was necessary to convert

this compound into methyl 6-methoxy-9-ox0-9H- xanthene-2-carboxylate

(11) (Figure 12) in order to be possible to isolate XCar2 (1) from its isomer.
0

COOH

H,CO o

Figure 11: 6-Methoxy-9-ox0-9H-xanthene-2-carboxylic acid (XCar2, 1).

COOCH,

HsCO o

Figure 12: Methyl 6-methoxy-9-oxo0-9H-xanthene-2-carboxylate (11).

The 'H NMR, °C NMR and IR data allowed the structure elucidation
of compounds 11 and 1.

The comparison between the IR data obtained after spectrum’s
analysis of the compound 1 with the spectrum’s analysis of its carboxylate
(compound 11), showed in Table 3, revealed the presence of absorption
bands corresponding to the C=0 bond of the functional group ketone, the
aromatic ring bond C=C and the ether C-O-C bond in both spectra. For the
mentioned bands the IR frequencies are not substantially distinctive. The
main difference is the presence of the absorption band at 2964.0 and
3411.4 cm corresponding to the O-H carboxylic acid bond on compound
1. This same band is absent in its precursor, compound 11, confirming the

accomplishment of the reaction.
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Table 3: IR data of compounds 11 and 1

Bond Compound 11 Compound 1
A max (cm™) A max (cm™)
C=0 (Ketone) 1663.3 1687.4
C=0 (Acid/Ester) 1730.2 1610.0
C-O-C (Ether) 1116.7 1159.0
C=C (Aromatic) 1438.4 1432.8
O-H - 2964.0 and 3411.4

The *H NMR, *C NMR and IR data obtained for 11 and 1 presented
O values consistent to their proposed structures (Figure 13 and 14).

Compounds 11 and 1 showed similar *H NMR profiles with
equivalent chemical shifts and coupling constants (J). The major difference
in the 'H NMR data is the absence of one singlet with an integration of
three protons at & 3.95 ppm in compound 1 spectrum and the presence of
those protons corresponding to the methyl group (COOCH;) in compound
11 (Figure 13). This modification confirmed the accomplishment of the
desired hydrolysis.

Concerning the *C NMR data of compounds 11 and 1 (Figures 13
and 14) the main difference is the absence of the signal at & 52.3 ppm in
the spectrum of compound 1. This signal corresponds to the COOCH; that
was hydrolyzed from compound 11. This difference confirms the
accomplishment of the desired chemical modification. All other signals are

similar between both compounds.

8.24 (1H, d) 8.98 (1H, d)
J=13.2 J=3.2

6.96 (1H, dd)
J=13.2 and 3.4

H

52.3

CH;
o/ 3.95 (3H, s)

55.9
H3C._

8.32 (1H, dd
3933H,s) O H oy

J=13.1 and 3.2

6.89 (1H, d) 7.48 (1H, d)
J=34 J=13.1

Figure 13: *H NMR and *C NMR data of compound 11 (chemical shift

values, 6, in ppm, and J, in Hz).
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8.09 (1H, d) 8.68 (1H, d)
J=13.3 J=32

H o H o
7.07 (1H, d)
J=13.3 and 3.3

126.6

56.2
H,C

394(3H,s) O H 8.29 (1H, dd)

J=13.3 and 3.2

7.19 (1H, d) 7.52 (1H, d)
J=33 J=13.3

Figure 14: 'H NMR and **C NMR data of compound 1(chemical shift

values, 6, in ppm, and J, in Hz).

3.2.4. Structure elucidation of methyl 8-methoxy-9-0x0-9H-
xanthene-2-carboxylate (12) and 8-methoxy-9-0x0-9H-
xanthene-2-carboxylic acid (XCar3, 10)

8-Methoxy-9-ox0-9H-xanthene-2-carboxylic acid (XCar3, 10)
(Figure 15) was obtained through intramolecular acylation of diaryl ether,
4-(3-methoxyphenoxy) isophthalic acid (9). After that it was necessary to
convert this compound into methyl 8-methoxy-9-oxo-9H-xanthene-2-
carboxylate (12) (Figure 16) in order to be possible to isolate XCar3 (10)

from its isomer.

OCH; 0

COOH

(0]

Figure 15: 8-Methoxy-9-0x0-9H-xanthene-2- carboxylic acid (XCar3, 10).

OCH,4 o)

COOCH;

(0]

Figure 16: Methyl 8-methoxy-9-ox0-9H-xanthene-2-carboxylate (12).
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The 'H NMR, 3C NMR and IR data allowed the structure elucidation
of compounds 12 and 10.

The comparison between the IR data obtained after spectrum’s
analysis of the compound 10 with the spectrum’s analysis of its carboxylate
(compound 12) showed in Table 4 revealed the presence of absorption
bands corresponding to the C=0 bond of the functional group ketone, the
aromatic ring bond C=C and the ether C-O-C bond in both spectra. For the
mentioned bands the IR frequencies are not substantially distinctive. The
main difference is the presence of the absorption band at 3460 cm™
corresponding to the O-H carboxylic acid bond on compound 10. This same
band is absent in its precursor, compound 12, confirming the

accomplishment of the reaction.

Table 4: IR data of compounds 12 and 10

Bond Compound 12 Compound 10
A max (cm™) A max (cm™)

C=0 (Ketone) 1668 1687

C=0 (Acid/Ester) 1726 1603

C-O-C (Ether) 1079 1266

C=C (Aromatic) 1431 1420

O-H - 3460

Compounds 12 and 10 showed similar *H NMR profiles with
equivalent chemical shifts and coupling constants (J). The major difference
in the *H NMR data is the absence of one singlet with an integration of
three protons at & 4.05 ppm in compound 10 spectrum and the presence of
those protons corresponding to the methyl group (COOCHS;3) in compound
12 (Figure 17). This modification confirmed the accomplishment of the
desired hydrolysis.

Concerning the *C NMR data of compounds 12 and 10 (Figures 17
and 18) the main difference is the absence of the signal at & 52.4 ppm in
the spectrum of compound 10. This signal corresponds to the COOCHj5 that
was hydrolyzed from compound 12. This difference confirms the
accomplishment of the desired chemical modification. All other signals are

similar between both compounds.
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3.98 (3H, ) H3C\ 8.98 (1H, d)

J=21
o o) H

7.09 (1H, dd)
J=8.4 and 0.8

52.4
166.0 /C H 3

(e} 4.05 3H, s)

122.6 129.4

112.5

157.9 1578 135.3

134.9
H 8.32 (1H, dd)
J=8.7 and 2.1
7.65 (1H, dd)
J=8.4 and 8.4 H H
6.86 (1H, dd) 7.47 (1H, d)
J=8.4 and 0.8 J=8.7

Figure 17: 'H NMR and **C NMR data of compound 12 (chemical shift

values, 6, in ppm, and J, in Hz).

56.3
3.94 (3H, 5) H3C\ 8.66 (1H, d)
J=2.1
Q 0 H o
7.20 (1H, dd)
J=8.4 and 0.7
166.2

H

122.1

109.7 111.6
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134.9 157.2
H 8.28 (1H, dd)

H J=8.7 and 2.1
7.79 (1H, dd) an
J=8.4 and 8.4 H H
7.06 (1H, dd) 7.67 (1H, d)
J=8.4 and 0.7 J=8.7

Figure 18: 'H NMR and **C NMR data of compound 10 (chemical shift

values, 6, in ppm, and J, in Hz).



4. Experimental procedure

4.1 General Methods

The solvents were evaporated on a rotary evaporator under reduced
pressure (rotative evaporator Buchi).

The reactions and purification methodologies were controlled by
thin-layer chromatography (TLC) (silica gel, 60 GF254 Merck) with
appropriate mobile phases, and UV detection at 245 and 365 nm.

'H NMR and *C NMR spectra were performed in the Department of
Chemistry of the University of Aveiro, and were taken on Briicker AC-200,
DRX-300 or DRX-500 spectrometers (300.13 MHz for 1H and 75.47 MHz
for 13C), using DMSO-ds and CDClIs as solvents.

IR spectra were recorded in a KBr microplate in a FTIR
spectrometer Nicolet iS10 from Thermo Scientific (Waltham, MA, USA.)
with Smart OMNI-Transmission accessory (Software 188 OMNIC 8.3).

4.2 Esterification of  4-bromoisophthalic acid 5).
Formation of dimethyl 4- bromoisophthalate (6)

To a solution of 4-bromoisophthalic acid (2) (9.96 g, 40.80 mmol) in
methanol (600 mL) 7.31 mL of concentrated H,SO4 was added. Then, the
reaction mixture was refluxed for 20h. After evaporation of the methanol,
water (100 mL) was added and the crude product was extracted with
diethyl ether (3 x 100 mL). The organic layer was washed with water
(2x100 mL), saturated NaHCO3 solution (3x100 mL) and again with water
(2x100 mL), successively. The solvent was evaporated under reduced
pressure. During overnight at room temperature the dimethyl 4-
bromoisophthalate (3) appeared as a white solid.

Yield: 94.4%; *H NMR, *C NMR and IR data are shown in Figure 6
and Table 1.
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4.3 Ullmann diaryl ether coupling forming dimethyl 4-(3
methoxyphenoxy)isophthalate (8)

A mixture of dimethyl 4-bromoisophthalate (6) (10.52 g, 38.50
mmol), 3-methoxyphenol (7) (6.35 mL, 57.75 mmol), Cul (0.73 g, 3.85
mmol), Cs.CO3 (25.3 g, 77 mmol) and N,N-dimethyl glycine (1.19 g, 11.55
mmol) and dioxane (75 mL) was transferred to a sealed flask, and heated
at 90°C under nitrogen atmosphere for 14h.

After cooling water was added (100 mL) and the crude product was
extracted with ethyl acetate (100 mL). The organic layer was separated,
and the acqueous layer was extracted with ethyl acetate (2x100 mL). The
combined organic layer was washed with brine, and the solvent was
evaporated, providing dimethyl 4-(3-methoxyphenoxy) isophthalate (8).

H NMR, 3C NMR and IR data are shown in Figure 9 and Table 2.

4.4 Hydrolysis of dimethyl 4-(3-
methoxyphenoxy)isophthalate (8) forming 4-(3-
methoxyphenoxy)isophthalic acid (9)

Dimethyl 4-(3-methoxyphenoxy)isophthalate (5) (13.14 g , 41.5
mmol) was dissolved in methanol/tetrahydrofuran (1:1 v/v) and stirred at
room temperature with 5M NaOH solution (45.2 mL) for 18 h. After the
evaporation of the organic solvents, water was added (150 mL) and the
crude product was washed with dichloromethane (2x200 mL). The organic
layer was washed with water two more times (2x150 mL). The aqueous
layer was acidified with 5M HCL solution; since there is no precipitation, the
acqueous layer was washed with ethyl acetate (2x200 mL), then the
organic layer was evaporated under reduced pressure to provide 4-(3-
methoxyphenoxy)isophthalic acid (9) as a yellow oil.

Yield: 33.7%; *H NMR, *C NMR and IR data are shown in Figure
10 and Table 2.
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4.5 Intramolecular acylation to obtain methyl 6-methoxy-9-
0x0-9H-xanthene-2- carboxylate (11) and methyl 8- methoxy-
9-o0x0-9H-xanthene-2-carboxylate (12)

4.5.1 Intramolecular acylation with methane sulfonic acid

and phosphorous pentoxide

To a solution of 4-(3"-methoxyphenoxy)isophthalic acid (9) (4.03 g,
13.98 mmol) in methane sulfonic acid (55 mL) was added phosphorus
pentoxide (6.34 g, 44.73 mmol) and the reaction mixture was stirred at
room temperature for 22h. The mixture was poured over ice, resulting in the
formation of a cream-coloured solid that was collected by filtration under
reduced pressure and dried at room temperature. The crude product was
dissolved in methanol (500 mL) and H.SO4 (16 mL) was added. The
mixture was refluxed for approximately 19h. The crude product was filtered
under reduced pressure. The expected products are methyl 6-methoxy-9-
oxo-9H-xanthene-2-carboxylate (11) and methyl 8-methoxy- 9-oxo-9H-
xanthene-2-carboxylate (12), but this reaction was unsuccessful and the

desired products were not obtained.

4.5.2 Intramolecular acylation with polyphosphoric acid

A solution of 4-(3"-methoxyphenoxy)isophthalic acid (9) (3.5 g,
12.14 mmol) in polyphosphoric acid (12 mL) was heated up to 80°C and
stirred for 4h. The solution was poured over ice resulting in a dark solid,
and let precipitate overnight. The solid was collected by filtration under
reduced pressure and dried at room temperature.

The crude product was dissolved in methanol (500 mL) and H>SO4
(27 mL) was added. The mixture was refluxed for approximately 19h. The
crude product was filtered under reduced pressure. The resulting products
are methyl 6-methoxy-9-oxo-9H-xanthene-2-carboxylate (11) and methyl 8-
methoxy- 9-oxo-9H-xanthene-2-carboxylate (12). To isolate methyl 6-
methoxy-9-oxo-9H-xanthene-2- carboxylate (11) a filtration with ethanol
under reduced pressure was performed.
H NMR, 3C NMR and IR data are shown in Figure 13 and Table 3.
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4.6 Hydrolysis of methyl 6-methoxy-9-ox0-9H-xanthene-2-
carboxylate (11) to obtain 6-methoxy-9-0x0-9H-xanthene- 2-
carboxylic acid (Xcar2, 1)

The methyl 6-methoxy-9-oxo-9H-xanthene-2-carboxylate (11)
(0.231 g, 0.813 mmol) was dissolved in methanol/dichloromethane (100
mL) and 5M NaOH solution (3.2 mL) was added. The mixture was stirred at
room temperature for 26 h. After evaporation of the organic solvents, water
was added (100 mL) and the solution was acidified with 5M HCL solution
resulting in the formation of a white precipitate. The suspension was filtered
under reduced pressure and the white solid was washed with water, to
afford 6-methoxy-9-0xo0-9H- xanthene-2-carboxylic acid (Xcar2, 1).

Yield: 93.3%; 'H NMR, *C NMR and IR data are shown in Figure 14 and
Table 3.

4.7 Hydrolysis of methyl 8-methoxy-9-oxo0-9H-xanthene-2-
carboxylate (12) to obtain 8-methoxy-9-0x0-9H-xanthene- 2-
carboxylic acid (Xcar3, 10)

The methyl 8-methoxy-9-oxo-9H-xanthene-2-carboxylate (12)
(0.361 g, 1.27 mmol) was dissolved in methanol/dichloromethane (100 mL)
and 5M NaOH solution (4.95 mL) was added. The mixture was stirred at
room temperature for 22 h. After evaporation of the organic solvents, water
was added (100 mL) and the solution was acidified with 5M HCL solution
resulting in the formation of a yellow precipitate. The suspension was
filtered under reduced pressure and the yellow solid was washed with
water, to afford 8-methoxy-9-oxo-9H-xanthene-2-carboxylic acid (Xcar3,
10).

Yield: 10.5%; *H NMR, *C NMR and IR data are shown in Figure
18 and Table 4.

41



5. Conclusion

In this project the total synthesis of the XCar 6-methoxy-9-o0x0-9H-
xanthene-2-carboxylic acid, XCar 2 (1), and its isomer 8-methoxy-9-oxo-
9H-xanthene-2-carboxylic acid, XCar 3 (10), was successfully
accomplished by a multistep pathway via diaryl ether intermediate.

The structure of XCar 2 (1), XCar 3 (10) and all the intermediates,
was successfully elucidated by spectroscopic methods, specifically by *H
NMR, *C NMR and IR.

These compounds have already proved to be a promising chemical
substrates to afford bioactive derivatives, thus, they could be used in the
future as suitable building block to synthesize new compounds, such as
chiral derivatives of xanthones by coupling reactions with pure enantiomeric

units, namely amino acids, amino alcohols, amino esters and chiral amines.

42



6. References
[1] M.E. Sousa, M.M.M. Pinto, Synthesis of xanthones: An overview, Curr.
Med. Chem., 12 (2005) 2447-2479.

[2] Azevedo CMG, et al. Curr Org Chem 2012;16(23):2818-2867.

[3] Ribeiro J, et al. Molecules 2019;24(1) 180,
doi:10.3390/molecules24010180.

[4] Fernandes C, et al. Eur J Med Chem 2012;55:1-11.

[5] Fernandes C, et al. Molecules 2019;24(4), 791,
doi:10.3390/molecules24040791.

[6] Masters, K., & Braese, S. (2012). ChemInform Abstract: Xanthones from
Fungi, Lichens, and Bacteria: The Natural Products and Their Synthesis.
Cheminform, 43(38)

[7] Vieira, L., & Kijjoa, A. (2005). Naturally-Occurring Xanthones: Recent
Developments. Curr. Med. Chem., 12(21), 2413-2446.

[8] Pinto, M., Sousa, M., & Nascimento, M. (2005). Xanthone Derivatives:
New Insights in Biological Activities. Curr. Med. Chem. , 12(21), 2517-2538.

[9] P. Sathyadevi, Y.J. Chen, S.C. Wu, Y.H. Chen, Y.M. Wang (2015).
Reaction-based epoxide fluorescent probe for in vivo visualization of

hydrogen sulfide, Biosens. Bioelectron., 68C 681-687.

[10] I. Takashima, R. Kawagoe, |. Hamachi, A. Ojida (2015). Development
of an and logic-gate-type fluorescent probe for ratiometric imaging of

autolysosome in cell autophagy, Chem., 21 2038-2044.

[11] Azevedo, C., Afonso, C., & Pinto, M. (2012). Routes to Xanthones: An
Update on the Synthetic Approaches. Curr. Org. Chem. , 16(23), 2818-
2867.

43



[12] Pinto, M., Sousa, M., & Nascimento, M. (2005). Xanthone Derivatives:
New Insights in Biological Activities. Curr. Med. Chem. , 12(21), 2517-2538.

[13] Ribeiro, J., Veloso, C., Fernandes, C., Tiritan, M., & Pinto, M. (2019).
Carboxyxanthones: Bioactive Agents and Molecular Scaffold for Synthesis
of Analogues and Derivatives. Molecules, 24(1), 180.

[14] Fernandes, C., Carraro, M., Ribeiro, J., Araujo, J., Tiritan, M., & Pinto,
M. (2019). Synthetic Chiral Derivatives of Xanthones: Biological Activities
and Enantioselectivity Studies. Molecules, 24(4), 791.

[15] C. Shao, C. Wang, M. Wei, Y. Gu, X. Xia, Z. She, Y. Lin (2008).
Structure elucidation of two new xanthone derivatives from the marine
fungus Penicillium sp. (ZZF 32#) from the South China Sea, Magn. Reson.
Chem., 46 1066-1069.

[16] L.L. Liu, Y. Xu, Z. Han, Y.X. Li, L. Lu, P.Y. Lai, J.L. Zhong, X.R. Guo,
X.X. Zhang, P.Y. Qian (2012). Four new antibacterial xanthones from the
marine-derived actinomycetes Streptomyces caelestis, Mar. Drugs, 10
2571-2583.

[17] J.R. Pfister, RW. Ferraresi, I.T. Harrison, W.H. Rooks, J.H. Fried
(1978). Synthesis and antiallergic activity of some mono- and disubstituted
xanthone-2-carboxylic acids, J. Med. Chem., 21 669-672.

[18] A.C. Barnes, P.W. Hairsine, S.S. Matharu, P.J. Ramm, J.B. Taylor
(1979). Pharmacologically Active Sulfoximides: 5-Hexyl-7-(S-
methylsulfonimidoyl)xanthone-2-carboxylic Acid, a Potent Antiallergic
Agent, J. Med. Chem., 22 418-424

[19] T.T. Ma, W.G. Shan, Y.M. Ying, L.F. Ma, W.H. Liu, Z.J. Zhan (2015).

Xanthones with a- Glucosidase Inhibitory Activities from Aspergillus

44



versicolor, a Fungal Endophyte of Huperzia serrata, Helv. Chim. Acta, 98
148-152.

[20] M. Aoki, Y. Itezono, H. Shirai, N. Nakayama, A. Sakai, Y. Tanaka, A.
Yamaguchi, N. Shimma, K. Yokose, H. Seto (1991). Structure of a novel
phospholipase C inhibitor, vinaxanthone (Ro 09-1450), produced by
penicillium vinaceum, Tetrahedron Lett., 32 4737-4740.

[21] Fernandes, C., Phyo, Y., Silva, A., Tiritan, M., Kijjoa, A., & Pinto, M.
(2017). Chiral Stationary Phases Based on Small Molecules: An Update of
the Last 17 Years. Sep. Purif. Rev, 47(2), 89-123.

[22] Fernandes, C., Tiritan, M., Cravo, S., Phyo, Y., Kijjoa, A., & Silva, A. et
al. (2017). New chiral stationary phases based on xanthone derivatives for
liquid chromatography. Chirality, 29(8), 430-442.

[23] C. Fernandes, M.E. Tiritan, M.M.M. Pinto (2015). Chiral derivatives of
xanthones: applications in Medicinal Chemistry and a new approach in

Liguid Chromatography, Scientia Chromatographica, 7 1- 14.

[24] Fernandes, C., Tiritan, M., Cass, Q., Kairys, V., Fernandes, M., &
Pinto, M. (2012). Enantioseparation and chiral recognition mechanism of
new chiral derivatives of xanthones on macrocyclic antibiotic stationary
phases. J CHROMATOGR1241, 60-68.

[25] P. Sathyadevi, Y.J. Chen, S.C. Wu, Y.H. Chen, Y.M. Wang (2015).
Reaction-based epoxide fluorescent probe for in vivo visualization of

hydrogen sulfide, Biosens. Bioelectron., 68C 681-687.

[26] I. Takashima, R. Kawagoe, |. Hamachi, A. Ojida (2015). Development
of an and logic-gate-type fluorescent probe for ratiometric imaging of

autolysosome in cell autophagy, Chem., 21 2038-2044.

[27] SATO, H., DAN, T., ONUMA, E., TANAKA, H., & KOGA, H. (1990).

Studies on uricosuric diuretics. 1. Syntheses and activities of

45



xanthonyloxyacetic acids and dihydrofuroxanthone-2- carboxylic acids
Chem. Pharm. Bull., 38(5), 1266-1277.

[28] Cattiglia, F., Casu, L., Bonsignore, L., Casu, M., Floris, C., & Sosa, S.
et al. (2005). Topical Anti- inflammatory Activity of Flavonoids and a New
Xanthone from Santolina insularis. Z. Naturforsch C, 60(1-2), 63-66.

[29] Zelaszczyk, D., Lipkowska, A., Szkaradek, N., Stoczynska, K., Gunia-
Krzyzak, A., Librowski, T., & Marona, H. (2018). Synthesis and preliminary
anti-inflammatory evaluation of xanthone derivatives. HETEROCYCL
COMMUN , 24(4), 231-236

[30] PFISTER, J., WYMANN, W., MAHONEY, J., & WATERBURY, L.
(1981). Cheminform Abstract: SYNTHESIS AND ALDOSE REDUCTASE
INHIBITORY ACTIVITY OF 7-SULFAMOYLXANTHONE-2- CARBOXYLIC
ACIDS Cheminform, 12(14).

[31] Jackson, W., Boyd, R., Froelich, L., Gapinski, D., Mallett, B., & Sawyer,
J. (1993). Design, synthesis, and pharmacological evaluation of potent
xanthone dicarboxylic acid leukotriene B4 receptor antagonists. J. Med.
Chem. , 36(12), 1726-1734

[32] Sawyer, J., Baldwin, R., Sofia, M., Floreancig, P., Marder, P., &
Saussy, D. et al. (1993). Biphenylyl-substituted xanthones: highly potent
leukotriene B4 receptor antagonists. J. Med. Chem., 36(24), 3982-3984.

[33] Sawyer, J., Schmittling, E., Bach, N., Baker, S., Froelich, L., & Saussy,
D. et al. (1994). Structural analogues of LY292728, a highly potent
xanthone dicarboxylic acid leukotriene B4 receptor antagonist: spatial
positioning of the secondary acid group. Bioorg. Med. Chem. Lett. , 4(17),
2077- 2082.

[34] A.S. Gomes, P. Branddo, C.S.G. Fernandes, M.R.P.C. Da Silva,
M.E.D.S.P. De Sousa,

46



M.M. De Magalhdes Pinto (2016). Drug-like properties and ADME of
xanthone derivatives: The antechamber of clinical trials, Curr. Med. Chem.,
23 3654-3686.

[35] REWCASTLE, G., ATWELL, G., ZHUANG, L., BAGULEY, B., &
DENNY, W. (2010). ChemInform Abstract: Potential Antitumor Agents. Part
61. Structure-Activity Relationships for in vivo Colon 38 Activity Among
Disubstituted 9-Oxo0-9H-xanthene-4- acetic Acids. Cheminform, 22(23), no-

no.

[36] Atwell, G., Yang, S., & Denny, W. (2003). An Improved Synthesis of
5,6-Dimethylxanthenone-4- acetic Acid (DMXAA). Cheminform, 34(12).

[37] Yang, S., & Denny, W. (2009). A new short synthesis of 5,6-
dimethylxanthenone-4-acetic acid (ASA404, DMXAA). Tetrahedron Lett.,
50(27), 3945-3947.

[38] Shirey, K., Nhu, Q., Yim, K., Raberts, Z., Teijaro, J., & Farber, D. et al.
(2010). The anti-tumor agent, 5,6-dimethylxanthenone-4-acetic acid
(DMXAA), induces IFN-B-mediated antiviral activity in vitro and in vivo. J.
Leukoc. Biol., 89(3), 351-357.

[39] Zzhang, S., Zhang, Y., Shen, J., Zhang, S., Chen, L., & Gu, J. et al.
(2013). Tumor vascular disrupting agent DMXAA inhibits platelet activation
and thrombosis via inhibition of TXAZ2signaling and phosphodiesterase. J.
Thromb. Haemost.

[40] Ching, L., Zwain, S., & Baguley, B. (2004). Relationship between
tumour endothelial cell apoptosis and tumour blood flow shutdown following
treatment with the antivascular agent DMXAA in mice. Br. J. Cancer, 90(4),
906-910.

[41] 123. Woon, S.T.; Hung, S.S.C.;;Wu, D.C.F.; Schooltink, M.A
Sutherland, R.; Baguley, B.C.; Chen, Q.; Chamley, L.W.; Ching, L.M. .

47



(2007) NF-_B-independent induction of endothelial cell apoptosis by the
vascular disrupting agent DMXAA. Anticancer Res, 27, 327-334.

[42] Ching, L.M.; Goldsmith, D.; Joseph,W.R.; Kérner, H.; Sedgwick, J.D.;
Baguley, B.C. (1999) Induction of intratumoral tumor necrosis factor (TNF)
synthesis and hemorrhagic necrosis by 5,6 dimethylxanthenone-4-acetic
acid (DMXAA) in TNF knockout mice. Cancer Res., 59, 3304-3307.

[43] Philpott, M.; Baguley, B.C.; Ching, L.M. (1995) Induction of tumour
necrosis factor-_ by single and repeated doses of the antitumour agent 5,6-
dimethylxanthenone-4-acetic acid. Cancer Chemoth. Pharmacol, 36, 143—
148.

[44] Cao, Z.; Baguley, B.C.; Ching, L.M. (2001) Interferon-inducible protein
10 induction and inhibition of angiogenesis in vivo by the antitumor agent
5,6-dimethylxanthenone-4-acetic acid (DMXAA). Cancer Research, 61,
1517-1521.

[45] Fruh, M.; Cathomas, R.; Siano, M.; Tscherry, G.; Zippelius, A.; Mamot,
C.; Erdmann, A.; Krasniqi, F.; Rauch, D.; Simcock, M.; et al. (2013)
Carboplatin and paclitaxel plus ASA404 as first-line chemotherapy for
extensive-stage small-cell lung cancer: A multicenter single arm phase |l
trial (SAKK 15/08). Clin. Lung Cancer, 14, 34-39.

[46] Lara, P.N., Jr.; Douillard, J.Y.; Nakagawa, K.; Von Pawel, J.; McKeage,
M.J.; Albert, I.; Losonczy, G.; Reck, M.; Heo, D.S.; Fan, X.; et al. (2013)
Randomized phase Il placebo-controlled trial of carboplatin and paclitaxel
with or without the vascular disrupting agent vadimezan (ASA404) in

advanced non-small-cell lung cancer. J. Clin. Oncol. 29, 2965-2971.

[47] Morrison, R., Boyd, R., & Silva, M. (2011). Quimica orgénica. Lisboa:

Fundacao Calouste Gulbenkian. Servigo de Educagao e Bolsas.

[48] McMurry, J. (2011). Organic chemistry. Pacific Grove, Calif.:

Brooks/Cole.

48



[49] Sperotto, E., van Klink, G., van Koten, G., & de Vries, J. (2010). The

mechanism of the modified Ullimann reaction. Dalton Trans., 39(43), 10338.
[50] Meng-Yang Chang,* Tein-Wei Lee, and Ming-Hao Wu. Polyphosphoric

Acid Promoted Synthesis of 10,11-Dihydrobenzo[ j ]fluoranthen-12-one.
Organic letters, Vol. 14, No. 9 2198-2201 (2012).

49



