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RESUMO

SILVA, Miene Lopes da, D.Sc., Universidade Federal de Vigcosal der2017.
Xantenodionas: sintese, aspectos tedricos, estruturais e avaliagdas atividades
fungicida e leishmanicida Orientador: Rébson Ricardo Teixeira. Coorientador:
Eduardo Seiti Gomide Mizubuti.

As xantenodionas (1,8-dioxooctaidroxantenos) sao uma classe g®stosn que
apresentam importantes atividades bioloégicas tais como @évideishmanicida,
antbacteriana, antifingica e antiproliferativa, além densgpotencialmente Uteis em
aplicacbes tecnologicas. Estes compostos séo caracterizadgsregelaca de um anel
piranico fundido a dois anéis cicloex-2-enona. Diferentes metids| catalticas,
utlizando acidos de Lewis, &cidos de Brgnsted, acido de LeBmgrested, liquidos
ibnicos, nanocatalisadores e organocatalisadores, séo deschitaatoe para a sintese
desta classe de compostos. Cinquenta e trés xantenodionaspriepanadas por meio de
reacdes entre 1,3-dicetonas e diferentes aldeidos. As reacfesdtadisadas pelo acido
de Lewis ZrOCI8H:20 e realzadas na auséncia de solvente. Os rendimentencde
variaram de 34% a 99% e tempo maximo de reacdo de 120 minutose [@entr
xantenodionas sintetizadasas derivadas da 5-isopropicicloexan-1,3-diona e da 5-
meticicloexan-1,3-diona, bem como aquelas derivadas dos aldeidgdd- 5
clorofenil)furanilbbenzaldeido, ®-bromofenil)furanilbenzaldeido e 5-feni-tiofen-2-
lbenzaldeido ainda ndo foram descritas na literatura. dgumas reacdes entre 1,3-
dicetonas e aldeidos, intermediarios foram obtidos no lugar atéen@dionas. Neste
sentido, quatro tetracetonas e um derivado arilideno contendogrupo 2,6-
diclorobenzaldeido foram isolados com rendimentos variando de 33% a 73%.080dos
compostos foram caracterizados empregando-se técnicas @spRutas e
espectrométricas. Para alguns dos compostos, monocristais foidos abque permitiu
um estudo de suas estruturas cristalinas via difracdaiodeX de monocristal. Dentre os
cinquenta compostos que tiveram sua atividade antifingic@dayabito apresentaram
inibicdo da atividade metabdlica superior a 50% pasarium oxysporurh sp.cubense

e Alternaria grandis sendo que o intermediario 2-(2,6-diclorobenzilideno)-5,5-
dimetilcicloexan-1,3-diona (88%) foi 0 mais ativo para a pamespécie de fungo e o
intermediario tetracetbnico 2,@%-(4-bromofenil)furan-2-il)metilendyis(3-hidroxi-5,5-
dimetilcicloex-2-enona) (85%) mais ativo para a segundas Hstise compostos também
estdo entre os trés mais promissores nos ensaios de avaliegaatte leishmanicida.
Neste caso, porém, o mais atvo foi o intermediario tefaicet 2,2'¢((5-(4-

clorofenil)furan-2-ilymetile nalis(3-hidroxi-5,5-dimetilcicloex-2-enona).



ABSTRACT

SILVA, Miene Lopes da, D.Sc., Universidade Federal de Vigosa,l, ARO17.
Xanthenodiones: synthesis, theoretical, strutural aspects and evaluation of
antifungal and leishmanicide activities Adviser: Robson Ricardo Teixeira. Co-adviser:
Eduardo Seiti Gomide Mizubuti.

The xanthenodiones (1,8-dihidro-octahidroxanthenes) aresaafl&ynthetic compounds
presenting important biological actvities, such as leishngaijc antibacterial, fungicide,
and antiproliferative. In additon, they are considered msteErg compounds for
technological applications. In the lterature, there areietyaof catalytic methodologies
described for the preparation of this class of compounds. Timdsetitiize as catalysts
Lewis acids, Brgnsted acids, Lewis and Brgnsted acids, igoidsl nanocatalysts, and
organocatalysts. In the present investigation, it isribest the synthesis of fiity three
xanthenodiones. The compounds were prepared via Z&0D catalyzed reactions
between 1,3-diketones and different aldehydes. The synthesiaegbounds were
obtained with yields ranging from 34% to 99% and within 15 to 120 minutegnd\ the
xanthenodiones, the compounds obtained from 5-methyl-cycdobek,3-dione and 5-
isopropyl-cyclohexane-1,3-dione, as wel as the xanthenagliosherived from 54-
chlorophenyl)furan-2-carbaldehyde and(4bromophenyl)furan-2-carbaldehyde have
not been described in the lterature. For some reactiongmaa@tes instead of
xanthenodiones were obtained. In this case, four tetrakesmoesne arylidene derivative
containing a 2,6-dichlorobenzaldehyde moiety was obtained in 33% to 78%. A
synthesized compounds were fully characterized by spectrosempl spectrometric
means. In addition, it was possible to obtain good crystals of sompounds which
alowed thein investigation by X-ray diffraction. Fitty compounds hadirtHangicide
activity evaluated againsilternaria grandise Fusarium oxysporuni sp. cubense
Among the evaluated compounds, eight were capable of inigbitie metabolic activity
by more than 50%. FoF. oxysporum fsp cubensge the most actve compound
corresponded to intermediary 2-(2,6-dichlorobenzylidene)-5,5-dimettylwxan-1,3-
dione, whie for A. grandis the tetraketone 2,Z(5-(4-bromophenyl) furan-2-
ylmethylene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone) Haal Highest inhibitory
effect. Additionally, these compounds are among the mosteactes concerning
leishmanicide activity which and the tetraketone Q2'¢4-chlorophenyl) furan-2-
ylmethylene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone) \astiost potent.



CAPITULO |
XANTENODIONAS: IMPORTANCIA E METODOS DE OBTENCAO
1. INTRODUCAO

As xantenodionas (1,8-dioxo-octaidroxantenos) caracterizandgeponto de
vista estrutural, pela presenca de um anel piranico furglidois anéis cicloexen-2-ona
(Figura I-1).

(0] O (0] Ar O
Ar: Aril
R1=R2=R3=R4=H ou
Rz Rs R,=R,=R;=R,=CH,
(0] R, 0] R,

Estrutura basica

Padrao de substituicao tipico
das xantenodionas

das xantenodionas

Figura |- 1. Estrutura basica das xantenodionas e padrao tgisalibtituicao.

Estes compostos ainda ndo foram isolados de fontes naturgseserdam
importantes atividades bioldgicas, além de possuirem aplicagdaslogicas. Como
consequéncia disso, as xantenodionas vém atraindo a atig&mimicos organicos e
diferentes metodologias para a obtencdo destas substanciasgaeapr diferentes
classes de catalisadores, tém sido reportadas em lterddgadiferentes tipos de
metodologias cataliticas disponiveis para a sintese deo@intems sdo descritas neste
capitulo. Os aspectos relacionados a estes métodos foramaotgang resuttaram na
redacdo de um capitulo de livro submetido para avaliacdo e piblicagno parte do e-

book “Advances in Organic Syntheésisser publicado pela Bentham Science Publishers.



CHAPTER XXX

Different concepts of catalysis in the synthesis of
xanthenediones: A brief overview

Milene Lopes da Silv&, Rébson Ricardo Teixeird and Giovanni Wilson Amarante®

aUniversidade Federal de Vicosa, Av. P. H. Rolfs, ¥icosa, Minas Gerais State, Brazil
bUniversidade Federal de Juiz de fora, Rua José &ngo Kelmer, s/n, Cidade Universitaria, S&o Pedro,
Juiz de Fora, Minas Gerais State, Brazil

Abstract — Xanthenediones, also known as 1,8-dioxo-octahyadrtvenes, are synthetic compounds

characterized by the presence of a pyran nuclesedfto two cyclohexen-2-one rings. They present
important biological activities as well as possitdehnological applications. This class of organic

compounds has attracted the attention of orgarsenits, who have developed several methods to
synthesize them. It is herein described an overeibeatalytic methodologies that have been reported
to achieve the preparation of xanthened®ne

Keywords: xanthenediones; xanthenes; 1,8-dioxo-octahydroxanthenes
XANTHENEDIONES: IMPORTANCE AND SYNTHESIS

Xanthenes 4H-xanthene, Figure 1) and their derivatives have raised gterest
among a number of research groups because of their spvermrties and biological
activities. They have coloring properties [1], which makentheseful as photosensitizers
in photodynamic therapy for the destruction of tumors [2]. s can be applied in
laser therapy technology [3] and they are fluorescent mdatefor visualization of
biomolecules [4]. Some pharmacological activities described fathed@es include
antiviral [5], antibacterial6], ant-infllmmatory [7], cytotoxicity, and antimalarial [8].

xanthene (9H-xanthene)

Figure 1. Xanthene structure.



Several xanthenes have been isolated from natural souncthis regard, a well-
known example is the xanthone9H{xanthen-9-one) which contain in their structures
two aromatic rings fused to gpiranone {, Figure 2). The first natural occurring
xanthone, a-mangostin, was isolated in 1855 by the German chemist DSdhmId,
from the bark of mangosteer@G&rcinia mangostanaa native tree of tropical regions of
Thailand and Malaysia that belongs to fanfButtiferag9]. This fruit has bright yellow
color, the reason why this researcher coined the nantieeran(derived from the Greek
word "xanthos"”, which means yelow) for the new classdie€overed compounds.
Currently, there are reports on the isolation of thesepoands from other families of
higher plants such &entianaceagGuttiferag PolygalaceaglLeguminosad.ythraceae
Moraceae LoganiaceagandRhamnaceaebesides fungi, lichens, and bacteria [10].

Xanthones are classified as dihydroxantho&end4), tetrahydroxanthone5@nd
6) and hexahydroxanthone?)(@ccording to the number of double bonds in their structures
(Figure 2). The two formers are rarely found in nature.afoohly six compounds have
been isolated: garcinianones Aal and B Bb), isolated fromGarcinia multiflorg
alanxanthone CH5p), isolated fromAllanblackia gabonensigused as a synonymous
Allanblackia monticolg 1,2-dihydro-3,6,8-trihydroxy-1,1-isopropyl-5-(1,1-
dimethylprop-2-enyl) xanthen-2,9-dionédj, isolated fromHypericum erectunfill];
zeyloxanthonone 3@), isolated from Calophyllum lankaensisand wightianone 3b)
isolated fromCalophyllum wightianunil2] (Figure 3.

(32) (3b)

0 o)
‘,
3)

""""""""" @)

Tetrahydroxanthones

SCORNN vo

) 1)
Hexahydroxanthone Xanthone

6

Dihydroxanthones derivatives

Figure 2. Xanthones subclasses and natural derivatives dihydro-xanthone (3) and tetrahydro-xanthone (5) [10,11,12].



Recently, Negi and collaborators published a review in wiiely have gathered
al the several biological activities of natural ocawgrixanthones: hepatoprotective,
anticarcinogenic, antihansenic, antimalarial, antioxidantichelinergics, mutagenicity,
radioprotective, immunomodulatory, anti-bone resorption, antip@aragithibition of
neuraminidase, anti-addition, antbacterial,  antfungal, idddic anti-HIV,
cardioprotective,  anti-tumor, anti-diabetes, anthyperlipide mi@ntiatheroge nic,
antinfammatory, anti-ulcer, anti-diabetic, hypolipidemic, algesic, antiasthmatic,
antihistaminic, antiamoebic, diuretic, antidiarrheal, dagal and ovicidal [13].

Xanthenediones, also known as 1,8-dioxo-octahydro-xanthemesxaathene
derivatives characterized by the presence of a pyraeausudused to two cyclohexen-2-
one rings (Figure 3). These synthetic derivatives are knowave antiproliferative [14],
leishmanicidal [15], antbacterial [16,17] and fungicidal [17] vaes. For these
compounds, the most common substitution pattern is depicteduire 3 [10].

0 O O Ar O

i:o:i Rz/i:o]i\%

Xanthenodione core
Ar: Aryl
R;=R,=R;3;=R,=H or
R;=R,=R;=R,=CH;

Common substitution pattern

Figure 3. The structure of xanthenedione core and substitution pattern typically described imahedite

Due to their properties, xanthenediones have drawn thati@tt of synthetic
organic chemists, resulting in the development of sevaeettiods for the preparation of
these compounds. In general, xanthenediones are derivedtheofollowing reaction
sequence: Knoevenagel condensation, Michael addition and athydf18]. From the
mechanistic point of view, these steps are shown in Schenfihus, condensation of an
aromatic aldehyde ll() with two molecules of a cyclic diketone with an actnhte
methylene I) in the presence of a basic or acid catalyst resultheinformation of the
intermediate I{l ). The formation of I{l ) may occur in the absence of a catalyst.
However, during the cyclization step, which leads to itied fproduct [V), the use of a
catalyst is required (Scheme 1) [19]. In this context, r@etyaof catalysts has been
employed for the synthesis of xanthenediones.

1 R, Ri Re

Ar
4
R
O m 20 1 O

an Ry Ry

-Cat.

O Ar Ar

0
-Cat.
H20
Ry | M& m mFﬂ
R O Ry OH O Ry o
t Cat.

2 R1
av) (111)

Scheme 1Xanthenedione formation mechanism.



CATALYSTS USED IN XANTHENEDIONE SYNTHESIS

As described earler, the catalysts play a crucial mlethe synthesis of
xanthenediones. Moreover, the success of the reacticerma of rate and yield, depends
on this variable. On the other hand, there is a growingroeamental concern with the
reactants, catalysts, and solents used in chemical aegctiwhich must be
environmentally harmless, desirable that they are placetheincontext of Green
Chemistry.

In organic chemistry, the concept of “ideal synthesis”, defined by Wender, means
to obtain the target in a single step with quantitativedd yfrom readily avaiable and
inexpensive reagents [20]. Many research groups havetdrisget this demand. Within
this context, the multicomponent condensation, as thetioeathat results in the
formation of xanthenediones (Figure 1), appears as a gaadegyt Several
methodologies for xanthenedione synthesis have been develghield, can be divided
according to the catalyst used: Lewis acid, Brgnsted acidnaegtalysts, ionic liquids,
and nanocatalysts.

In the following sections, it wil be discussed differenbugrs of catalysts that
have been employed in the preparation of xanthenedionesordeone wil realze, each
method has its merit and limitations [21].

Lewis acids

Xanthenedione synthesis using Lewis acids as datays the absence of
solvents, has received particular attention (Table 1). Mibste solvent- free catalytic
processes are heterogeneous in nature, as in the case(lbj sulfate heptahydrate
(Fe(SQ)s7H20) [22], tin chloride dihydrate (SnE£2H0) [23], silica-supported
antimony trichloride (SbGISIO2) [24], zirconyl chloride octahydrate (ZrO&8H:20)
[25], zinc nitrate (ZnN(N@)2) [26], siica-supported diphosphorus pentoxideOFSIO2),
Sbhos (PGn(SiOk]n) [27], ceric ammonium nitrate supported on zeolte (CAN/HY-
zeolite) [28], and triethylammonium acetate/gallium trichloride (TEGACE) [29].
Although the described methods are heterogeneous, theofdbsecatalyst, an important
parameter regarding heterogeneous catalysis, is mentiongd ironthe cases of
SnCh-2H20, SbCY/SIO; and ZrOCJ-8H.0. No significant loss of catalytic activity
occurred for these materials.

In addition to the investigation of Lu and co-workers in 2008, iwtiescribes the
use of ZrOG8H20, Mosaddegh and co-authalso had success with the use of this
catalyst in the synthesis of xanthenediones [30]. éenMlosaddegh’s investigation, the
employed reaction conditions were a little mider ¢85, and the amount of the catalyst
was reduced to 2 mol%. Besides, yields higher than 90% whievedt, and reaction
times ranging from 10 to 35 minutes.

The synthesis of 1,8-dioxo-octahydroxanthene derivatives engplaydium(lil)
chloride (InC3) and diphosphorus pentoxide 2(3) by Verma and collaborators [31] is
homogeneous in nature, being highly regio and chemoselective

In all cases mentioned so far, xanthenediones werenetaith high yields, in
short reaction times and simple preparation procedures. Aliesé advantages are in
agreement with the Green Chemistry principles.



Table 1.Methodologies for the preparation of xanthenediones using Lewis acids as catalysts

Entry  Catalyst Reactions conditions Reaction time/Yield (%)

1 Ba(CIOs)2 CH3CH20H, reflux, 15 mol% 3 hM1

2 CeCk7H20 CHsCH20H/H20, reflux, 10 mol%  3-7 h/82-92

3 I2 (CHs):CH(OH), 70-80°C, 20 mol% 16-20 min/90-96

4 CAN (CHz)2CH(OH), 50°C, 5 mol% 35-60 min/89-98

5 [2/Zn CH30H, 70°C, 1-15 mol% 89-95

6 MgSOq CH3OH, reflux, 1 mmol 1-2 h/65-80

7 SiCly CICH2CH:CI, 60-70°C, 20 mol%  2-3 h/85-95

8 ZnO/CHCOCI CHzCN, reflux, 30 mol% 6-15 h/85-92

9 In(OTA)3 Toluene, reflux, 30 mol% 4-6 h/71-98

10 KAI(SO4)212H,0 H-0, 80°C, 10 mol% 25-60 min/90-96

11 SmCbh H-20, 100°C, 20 mol% 8-24 h/20-98

12 ZnCh H20, 120°C, 25 mol% 45-180 min/75-97

13 Y(NO3)z6H20 H20, reflux, 10 mol% 20-75 min/86-96
SnCb-2H,0 Solvent-free, 106C, 10 mol% 30-110 min/84-96

14 Fe(SQ)z7H0 Solvent-free, 126C, 10 mol% 1-4.5 h/71-94

15 CAN/HY-zeolite Solvent-free, 80C, 0.1 g 45-160 min/74-93

16 InCls Solvent-free, 106C, 15 mol% 15-70 min/58-98
P>Os Solvent-free, 106C, 20 mol% 20-74 min/56-96

17 P20s/SiO2 Solvent-free, 80C, 0.12 g 1-4 h/76-97
[PChL-n(SiO)]n Solvent-free, 80C, 1.0 ¢ 1-3.5 h/83-97

18 SbCHSIO» Solvent-free, 126C, 10mol% 45-80 min/85-95

19 Zn(NO3)2 Solvent-free, 116C, 6 mol% 10 min/90

20 ZrOCk-8H20 Solvent-free, 126C, 10 mol% 40-80 min/75-96

21 TEAA/GaCk Solvent-free, 65C, 2 mL 30-45 min/86-96

22 [Fe(llN)(Salen)CI) IL, 110°C, 10 mol% 10-60 min/52-98

23 BiCl3 IL, 60 °C, 0.1 mmol 5-7 h/85-95

24 FeCk-6H-0O IL, 80°C, 10 mol% 5-7 h/85-95

25 InCls-4H:0 IL, 80 °C, 10 mol% 4-10 h/76-95

Ceric ammonium nitrate (CAN) has been extensively explbsedesearchers in
the synthesis of xanthenediones. The most recent woskrey@orted by Sivaguru and
Laltha [28], in which the authors supported CAN in zeolite and descdabadthod under
solvent-free conditions. In this methodology, the products wbtained in high yields
and in short reaction times. Related work reported the uSéMNfas the catalyst, under
homogeneous reaction conditions, and in the presence of wagemdthod also resulted
in the formation of xanthenediones with high yieldsplred by the methodologies cited
above, the research group of Mulakayala and coleagues [38F (Ta entry 4), has
described an ufrasound assisted method.

As can be observed in Table 1, other methods are in line thettprinciples of
Green Chemistry, as in the case of dodecahydrate alumersigatad&Al(SQs)2:12H0)
[34], samarium chloride (Sm§}I[35], zinc chloride (ZnG) [36] and hexahydrate yttrium
nitrate (Y(NQ)3-6H20) [15], since these catalysts were used in processesich water
was the solvent. Another important feature to be highlightedgarding the availability,
cost, and toxicity of these catalysts, which, in general,cammercially available, cheap
and non-toxic. In addition to these advantages, the methodologpested by llangovan
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and co-authorg35] and Ganesan and coleagues [36] demonstrated the pgssibilit
reusing the catalysts SmGnd ZnCJ. Despite of this advantage, the reaction times were
longer and the yields were lower when compared to the metiatisused alumen and
yttrium  nitrate.

One class of solvents which has been used in the sinté xanthenediones is
the ionic liquids (IL), also known as fused salts. These are known as “green solvents”.
Motivated by this premise, researchers have developed >adibee synthesis methods
that employ IL and the folowing Lewis acids as cataly$tsN -bis (salicylide ne)
ethylenediamine iron(lll) ([Fe (Il) (Salen) CI)) [3/ismuth(llll) chloride (BIiCG) [38],
iron(lll) chloride hexahydrate (Fe€&bH.O) [39] and indium(lll) tetrahydrate chloride
(InClk-4H20) [40]. There are advantages of using these fused sadis,as they can be
easily fitered off and/or removed from the crude reactiature, in most of the cases,
by simple decantation. Furthermore, the ionic phase in whilcatalyst is found can be
reused in new batch processes without loss of activitypiteethe high yields obtained
(Table 1, entries 22-25) and the mentioned benefits, the iqoids have an inherent
disadvantage, which is related to their high costs.

Besides the use of solvents regarded as green, thermsetiredologies that use
organic solvents (Table 1, entries 1-9) in combination wWidwis acids. For these
methods, the catalysts barium perchlorate (Baf{iJldJ41] and cerium chloride
hexahydrate (Ce&lV'H2O) [42], molecular iodine £) [43], molecular iodine and zinc
(I2/Zn) [44], magnesium sulfate (MgSP[45], siicon tetrachloride (Si@) [46], zinc
oxide/acetyl chloride (ZnO/C#COCI) [47] and indium(lll) triflate (IN(OTH) [48], have
been described. In particular, the methodology described by Rongodegigues [44]
reports the synthesis of xanthenediones from a mulicownt reaction mixture
containing #/Zn, methanol, dimedone and imines. It is important to mertii@t most
articles involving the preparation of xanthenediones wsmaic aldehydes instead of
imines. Moreover, unike other studies, zinc powder behaves cascatalyst. Despite
these relevant aspects, this methodology uses methanol,veat selith recognized
toxicity, and it does not describe the reaction time for e;githesized compound.
Subsequently, Mulakayala and co-workpt3] improved the method discussed above,
replacing the imine by aromatic aldehydes, changing thergéofor propan-2-ol and
removing zinc powder. Thus, they obtained xanthenediones higithyields and in short
reaction times.

In general, the methods carried out in organic solverablgTl) use inexpensive
catalysts; one exception to this statement is In@Thhe method which utiizes this
catalyst results in the preparation of 1,8-dioxo-octahydnikeanes in two stages, unlike
the other methods described which correspond to multicompoeantions. Recently,
Karami and colleagues [49] published a study employings/réthilar to that reported
by Verma and co-authors. These authors employed miderioreaxinditons (80 °C)
and 10 mol% catalyst loading. Under these reaction conditiensthenediones were
obtained in high yields and in short periods of time (88-96%/4@iA) The most
common reasons for using this metal include its low tgxicsompatibility with air and
water, the operational simplicity of the reactions in Wwhicis used, and outstanding
capacity to suppress side reactions as in the case pfakence of sensitive groups to
acidic reaction conditions.

Brgnsted acid

Mineral acids are Brgnsted acids, which are well known \sigttly used in
organic synthesis. The use of hydrochloric acid (HCI) [SOfuric acid (HSQu) [51]
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and metaphosphoric acid ((HB)) [49] for the preparation of xanthenediones has been
described. However, the use of these acids has some disgdsastach as corrosion of
reactors, more laborious work up, and difficulty in the reuskeotatalysts because the
processes that they are involved are homogenous in n&QrBl]. Despite these
drawbacks, xanthenediones preparation processes employing didssecazur with high
yields and in short reaction times, as it can be seenhie Paentries 3, 6 and 11.

In order to avoid problems related to the use of mineral acidey researchers
have sought alternatives to convert them into heterogeneatalysts. In this regard,
mineral acids supported on oxides have been considered ativettaternative. These
catalysts have unique properties, such as high efficieheyto the large contact surface,
low toxicity and increased stabilty, reuse capacity, $Seigc and they are easy to
manipulate [52]. The Seyyedhamzeh group [53] employed supportedcanssifuric
acid (SiQ-OSG:H) and obtained excelent conversion for the target products
(xanthenediones), in short reaction times and in thenabsof a solvent. It is noteworthy
that in addition to being inexpensive and easy to be preparedathigsic can be recycled
and reused. Later, Pramanik and Bhar [54] publshed a stuaty akimina-suppo rted
sulfuric acid (OS@H/AI203). Unlike the methodology developed by Seyyedhamzeh, in
Pramanik and Bhar’s study, solvent was used and the reaction times were longer. The
siica covalently anchored sulfonic acid (2i®-SOsH) [55] was also synthesized and
evaluated in the preparation of 1,8-dioxo-octahydroxanthehéssa low cost, recyclable
catalyst, and compatible with several functional groupsdtition, the method catalyzed
by this anchored sulfonic acid does not require a solvent.

Another class of mineral acids, phosphoric acid derivativege wiso submitted
to adsorption/impregnation processes on oxides to become heterggaraalysts. In
the method developed by Kantevari and coleagues [56], usingphpsjyhoric acid
adsorbed on siica (PPA-SiDas the catalyst, the formation of xanthenodiones runde
three different conditions was evaluated. The researdwducted the reactions in the
absence of solvent and in the presence of water and &detoiiihe results showed that
those reactions conducted in water resulted in the formal the intermediate 2,2'- aryl-
methyle nebis(3-hydroxy-cyclohex-2-enones) as the main products, whike ptocesses
carried out in the absence of solvent resulted in xastlienes in high yields. For the
reactions run in acetonirile, long periods of time wereessary to get the tricyclic
product.

Two other phosphorus-based catalysts are phosphate anchored &mdO
phospho-sulfonic acid (PSA) [58]. In both cases, the catalgst recycled and reused
without the loss of activity. The reaction conditions w&nalar as it can be seen in Table
2, entries 12 and 23. Among the advantages of these methotte &e cost and easy
preparation of the catalysts, the high yields achievebeitransformations, short reaction
times, and no need for solvents.

Iron(lll) hydrogen sulfate (Fe(HS(y) [59], tetrabutylammonium hydrogen
sulfate ((CHCH2CH2CHz)4sN(HSOy)) [60] and sodium hydrogen sulfate supported on
siica (NaHSQ-SIO») [61], have also been utilized in xanthenedione synthésigeneral,
excelent yields were obtained with these catalysts €Tabkentries 5, 7 and 8). Another
advantage associated with the use of (Fe(fig@nd (NaHS@SIO) is the fact that they
are employed under heterogeneous conditions, allowing easwtgepat the end of the
reaction and the  possibility of  recycling and  reuse. Atthough
((CH3CH2CHCH2)aN(HSOs)) does not present the characteristics previously mentjone
it has the beneft of keeping unchanged the compounds aogitasensitive groups to
acidic conditons (Entry 7). Furthermore, the solvent systemployed in the reaction
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enables the separation of the product by simple fitratiame sthere are solubility

differences between the starting material and thdveyized compounds.

Table 2.Methodologies for xanthenediones synthesis using Brgnsted acids as catalysts

Entry Catalyst

Reaction conditions

Reaction time/Yield (%)

1 HPWA/MCM-41 CH3CH20H, 90°C, 20 mol% 5 h/81-94

2 OSGsH/AIO3 CH3CH>0H, reflux, 200 mg 3-8 h/77-89

3 HCI CH3CH20H 80%, reflux, 10 20-30 min/60-95
drops of concentrated HCI

4 PMA-SIO, CH3CN, reflux, 0,1 mol% 4-5 h/15-96

5 NaHSQ-SiO2 CH3CN, reflux, 100 mg 6-6.5 h/90-98

6 H2S0O, H.0, 70-80°C, 0,1 mL 2 h/84-95

7 TBAHS H2O/Dioxan, reflux, 10 mol% 3-3.5 h/88-94
H20, reflux, 0.14 mmol 1.5-3 h/70-94

8 Fe(HSQ)s Solvent-free, 120C, 0.14 mmol  5-18 min/81-98
Solvent-free, 450 W, 0.29 mmol 3-11 min/70-93

9 Dowex-50W Solvent-free, 100C, 0.4 g 2-5 h/78-91

10 Nafion-H Solvent-free, 128C, 485 mg 12 h/74-91

11 (HPO3)n Solvent-free, 86C, 8 mol% 40-100 min/85-95

12 PSA Solvent-free, 116C, 5 mol% 20-55 min/88-98

13 Mn(H2POs)2-2H.0  Solvent-free, 106C, 10 mol% 15-45 min/85-98

14 M SA Solvent-free, 106C, 5 mol% 30-110 min/86-96

15 PPA-SIO; Solvent-free, 146C, 10 mol% 30 min/71-93

16 SiO,-OSGsH Solvent-free, 80C, 0.03 g 1-2.5 h/88-97

17 SiOx-R-SO:H Solvent-free, 80C, 520 mol% 3.5-5h/35-93

The Shaterian group [59] explored the use of Fe(l)$&s catalyst, performing
reactions under different conditions: without the presens®ieént, using conventional
heating (120 °C); without the presence of solvent and employgading by microwave
at a power of 450 W and usingz® as solvent. Among the mentioned conditions, those
with no solvent showed to be more attractive, since thejtadsin the desired products
in high yields and with shorter reaction times.

Heteropolyacids (HPAs) have a significantly higher Brethsicidity than mineral
acids; their catalytic activity, for example, is 10-1000 fogghdr than HSQu. This is one
of the reasons of using HPAs as phosphomolybdic acid supportsiitaongel (PMA-
SiOz) [62] and phosphotungstic acid supported on molecular sieves (HWAQI-41)
[63] for the synthesis of 1,8-dioxo-octahydroxanthenes. Asntbsaseen in Table 2,
entries 1 and 4, high yields were obtained with theseyswtaln the preparation of
xanthenediones. Another advantage associated with #heofuthese catalysts is the
possibility of recycling and reuse of them at the end ofrélaetion. As an important
drawback, in general, these methods require the presencganiEosolvents.

Polymer resins such as Dowex-50W (cation exchange sulplamidcresin) [64]
and Nafon-H (perfluorinated sulfonic acid resin) [65] welse @valuated as catalysts in
the synthesis of xanthenediones. These materials in@xpensive, recyclable, their
reactions are easy to be carried out and are high-yieldingicetietransformations.



Another catalyst of low cost and easy preparation is molybdalfenic acid
(MSA) described by Karami and coleagues [66]. The condensptiocesses between
aromatic aldehydes and cyclic diketones, catalyzed by tlis aei operationally simple,
and the catalyst can be reused after processes anedinign addition, the reactions are
completed in a short period of time.

Lewis and Brgnsted acid

The catalysts that have in their structures Lewid Bronsted acid character were
also investigated in the condensation between aromdihyales and cyclic diketones.
In addition to presenting that characteristic in théiucture, Montmorillonite clays are
environmentally harmless, reusable, non-toxic, non-corrosiexpamsive and readily
available. With these characteristics in mind, two graafopgsearchers evaluated the use
of different clays belonging to this class in the symthesf xanthenediones. The first
report by Song and co-authr¢@7] describes as catalyst Famontmorillonite, that is,
Fe3*was introduced into the matrix of K10 montmorillonite. This pohge raised Lewis
acidity of the catalyst thereby providing excelent yietfghe condensation products. A
year later, the group of Dabiri [68] evaluated K10 montmaritd in the absence of
solvent and the desired products were obtained with syafheticiseful yields and
shorter reaction times.

Metal oxide sulfates also present this duality with respethe acid sites. Those
materials are easy to prepare, can be reused and amneevitally innocuous. These
characteristics encouraged investigators to use fitesySNQ/SOs?7) [69] and titanium
sulfate (TIQ/SQs?) [70] in the synthesis of 1,8-dioxo-octahydroxanthenes. Highlyi
were obtained in both cases, but reactions in the preséidi®>/SQs2- were performed
under mider condiions (Table 3, entries 4 and 5). Despite atinantage, a longer
reaction time was required.

Another catalyst that presents Lewis and Brgnsted desl isiiron (lll) chloride
supported on siica (Fee5iO2) [71]. It was employed in two different reaction
condttions, both in the absence of solvent: conventionalnbeéti20° C) and heating by
microwave radiation at a power of 450 W. Good yields were fountioth cases;
however, the reactions conducted in microwave led to an sherter time for the
formation of the desired product.

Table 3. Synthetic methods for the preparation of xanthenediones using catalysts leavimghd Brgnsted acid sites

Entry  Catalyst Reaction conditions Reaction time/Yield (%)

1 Montmorillonite K10 Solvent-free, 106C, 0.3 g 1-2 h/75-86

2 FeCt-SiO; Solvent-free, 120C, 0.03 g 6-50 min/76-95

Solvent-free, 450 W, 0.03 g 4-17 min/60-89
Fe**-montmorillonite CH3CHOH, 100°C, 15 mol% 6 h/84-96
SNQ/SOs* CHsCOOH, reflux, 10 mol% 4-5.5 h/75-88
Ti02/SOs% Solvent-free, 25C, 100 mg 24 h/87-92
Organocatalysts

The term organocatalyst relates to the connection bettheenords organic and
catalyst. An organocatalyst corresponds to a low moleculahtweigianic molecule that
in under-stoichiometric amounts catalyzes a chemicattiom. The organocatalyst may
be composed of C, H, N, S, and P, and it even may be chiral or.akthiealdition, they
are classified according to their acidity and basicityretbee divided into five groups:
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Lewis acid, Lewis base, Brgnsted acid, Brgnsted base, andibifaictwhere the later
presents Lewis base and Brgnsted acid sites in theitustisif72].

Since the 1990s, the use of this class of catalysts has intreigséicantly, which
may be evidenced by the increasing number of publicatiolasedeto this theme [73].
The use of organocatalysts has important advantages,asuchgeneral, the substances
used as organocatalysts exhibit stability when exposed @rflibey can be stored, they
are low cost, easy to be obtained and have low toxicity. Ini@agdinany reactions
employing organocatalysts require no special precautions, asictine use of inert
atmosphere and anhydrous solvents for their performancéouldsalso be highlighted
the fact that reactions with organocatalysts do not inviriasition metals, an important
beneft when the objective is metal-free products, suclsubistances designed to
pharmaceutical applications [72].

Al these advantages have led several researchersalmte the activity of
different organocatalysts in xanthenedione synthesigar@ compounds that have been
used for this purpose are, mostly, Brgnsted acids, suptdadecylbenzenesulfonic acid
(DBSA) [74], lignin sulfonic acid (LSA) [75], 1,4-diazabicyclo[2.2.2]octaneorbide
(TDB) [76], p-toluenesulfonic acidpt TSA) [77], citric acid [78], melanin trisulfonic acid
(MTSA) [79], hydroxylamine-O-sulfonic acid (HOSA) [80], sulphosaccharin acid
(SaSA) [81], ascorbic acid [82], trichloroisocyanuric acid (TGQ38], trifluoroacetic
acid (TFA) [84], amberlyst-15 [85], pentafluorophenyl ammoniunateifl (PFPAT) [86]
and mesoporous siica grafted on propyl sulphonic acid (PUSO:H) [87]. Table 4
shows that the reactions conducted in the presence of t@fgracid character
organocatalysts may occur, mostly, in the absence of atsolwénthe presence of20.

The reactions carried out in accordance with the prximf Green Chemistry,
regarding the non-use of organic solvents, afforded xawtloeves in high yelds and
short reaction times, except for the catalysts DBSA dnd acid which their reactions
took 6 hours to completion (Table 4, entries 1 and 15). In order twomne this
disadvantage inherent to the use of DBSA, an ultrasounsteassmethodology was
developed [88] which reduced the reaction time in 1 hour, tetioa temperature was
decreased to 25-3C and, the yields were similar to previously found ones.

The Lewis bases are another important group of organodatalfenong those
used in the condensation of aromatic aldehydes and cykiétodes are 1,4-diazobicycle
[2.2.2]octane (DABCO) [89], 2,4,6-trichloro-1,3,5-triazine (TCT) [9@kme [91], and
thiourea (NHCSNH) [92]. Regarding these organocatalysts, high vyields of
xanthenediones were obtained in short reaction times. Wowe¢he authors did not
mention the yield found for the described xanthenodionehean methodology using
thiourea; the main purpose of the article was the pragaraf pyrimidin-2-thiones
derivatives.

An important peculiarity observed with regard to the use @T B that in free-
solvent conditions, this organocatalyst did not lead to tmeafirn of xanthenediones.
To make this possible, the researchers added two dropsofrHthe system, which
resulted in the reaction between TCT and water withiddmeation of HCl and cyanuric
acid in situ As previously described, HCl acts as an effective Brdnsteid in
condensation reactions.

Two bifunctional organocatalysts were also studied, nartieyurea dioxide
(TUD) [93] and imidazol-1-ylacetic acid [94]. The existenokthese functionalities in
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the molecules make them ideal for condensation reactionmgaithe preparation of
xanthenediones, @san be seen in Table 4 (entries 3 and 16).

The organic salts polyaniline-toluenesulfonate (PANI-PTSA) [95], sodium
dodecylphosphonate (MaP) [96] and aluminum dodecyl sulfate trinydrate
(JADS)3]-3H0) [97] were evaluated in xanthenedione synthesis. Gaadds yiwere
obtained in the processes involving these catalysts. Howevesome cases, [94,95]
reaction times were too long. Nevertheless, PANI-PTSA[Ah@DS)3]-3H20 catalysts
could be recycled and reused at the end of the reactions.

In additon to the aforementioned organocatalysts, othefs asiQolyethylene
glycol (PEG-6000) [98], R-cyclodextrin (3-CD) [99], R-cyclodextrinaftgd with
sulphonic butyl acid ([ED-BSA) [100], hypervalent iodine (DIB) [101],N-
bromosuccinimide (NBS) [102] and tetramethylisylil chloride (TMS[ZD3] have been
described in xanthenediones synthesis and, in generale §ired products were obtained
with excellent yields. However, some of these organoctdalygve some particular
characteristics regarding the mechanism of action. PEG-88003-CD activate the
aldehyde through hydrogen-bonding thereby contributing to #etior process. For 13-
CD-BSA, there are some BSA-derivative acid groups with Brdnatad character.

In relaton to the role of NBS in the condensation reastighat afford
xanthenediones, two hypotheses have been reported. Theufjgésts that the NBS
generates Brions, therefore, activating the aldehyde. In the second, ti&fdtBs small
amounts of HBr and Brin the reaction medium and HBr may be the effectivialyst
for the reaction. The results obtained by these author$ agreement with reports by
Karimi and coleagues, who describe the formation of Brthe presence oRN, N-
dimethylacetamide (DMAC) and HBr generation in protic exaiv such as ethanol
(CH3CH3OH).

Two other interesting methodologies, not shown in Table 4, developed for
the xanthenedione syntheses. The first was describdde land coleagues [104] who
used glycerol as solvent and catalyst for the reactiorcef@ly activated carbonyl group
of the aldehyde via hydrogen-bonding, accelerating the remcteading to the formation
of xanthenediones in yields ranging from 50% to 99%, and mitittion times ranging
from 2.5 to 6.0 hours. The second used different aldehyde derivatidfesngf phenoxy
acetic acid [105], which has an acid group in its strucflinis enabled this reagent to act
as Brgnsted acid during the reaction, also providing good yields t88%%6) in a short
period of time (10 min).

Table 4. Synthetic methodologies for the preparation of xanthenediones that utilizes organtxatalys

Entry Catalyst Reaction conditions Reaction time/Yield (%)
1 DBSA H20, reflux, 10 mol% 6 h/89-96

2 NaDP H20, reflux, 3,2 mg 24-48 h/73-98

3 TUD H>0, 50-60°C, 2% 30-50 min/82-97
4 LSA/TBAB H20, 450 W, 5/2 mol% 1-5 min/88-96

5 PEG-6000 H20, 90°C, 5 mol% 1.3-4 h/88-97

6 TDB H20, reflux, 1 mol% 1-2.5h/80-90

7 PANI-PTSA H20, reflux, 25 mol% 6 h/73-84

8 B-CD H20, 60-65°C, 100 mol% 10-12 h/80-96

9 B-CD-BSA H20, reflux, 1 mol% 15-60 min/88-97
10 DABCO H20, reflux, 10 mol% 30-60 min/76-96
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11 DIB H20, reflux, 5 mol% 20-60 min/84-95
12 TCT Solvent-free, 126C, 10 mol% 40-70 min/87-95
13 [AI(DS)3]:3H20  Solvent-free, 86C, 20 mol% 10-55 min/75-93
14 p-TSA Solvent-free, 86C, 30 mol% 15-30 min/97-99
15 Citric acid Solvent-free, 96C, 1200 mol% 6 h/73-85
16 Imidazol-1-yl Solvent-free, 60C, 60 mol% 7-15 min/85-95
aceticacid
17 MTSA Solvent-free, 86C, 5 mol% 5-25 min/87-94
18 HOSA Solvent-free, 90C, 5 mol% 15-40 min/80-95
19 SaSA Solvent-free, 96C, 15 mol% 10-45 min/90-97
20 TFA Solvent-free, 75C, 20 mol% 20-30 min/91-97
21 LUS-Pr-SGzH Solvent-free, 140C, 0,02 g 5-15 min/80-94
22 NBS CHsCH20H, reflux, 20 mol% 10-12 h/82-96
DMAC, 600 W, 20 mol% 4-8 min/75-93
23 Trizma CHsCH20H, reflux, 100 mmol% 5 h/63-90
24 Ascorbic acid CHsCH20H, reflux, 5,6 mol% 6 h/80-88
25 TCCA CH3CH2OH, reflux, 0,01 g 0.5 h/80-95
26 Amberlyst-15 CH3CN, reflux, 200 mg 5 h/90-96
27 TMSCI CHa3CN, reflux, 10 mmol 8-10 h/72-84
28 NH2CSNH; CH30H, 600 W, 100 mol% 2-3 min
29 PFPAT Toluene, 25-30C, 10 mol% 3-5 h/85-97
lonic liquids

lonic liquids (ILs) are considered important solvents andlystdaas they have
organic and ionic nature in their constitution. ThistuiEa enables these liquids to interact
with the reacting species and transiton states. actiens alow the reduction of
activation energy, either by stabiizing the transitistates or by improving reagent
reactivities. As aresult, the catalytic activity o$l&trongly relies upon their physical and
chemical properties, which are directly connected with dhons and anions that
constitute them [106]. Furthermore, the reactions usingak solvent or catalyst are
inserted in the context of Green Chemistry due to th@i-volatility, non-fammability
and potential recycling and reuse.

Al these properties and advantages led several resealchpropose synthetic
methodologies for xanthenedione preparation by including rilthe reaction mixture.
As it can be seen in Table 5, excelent yields were obtanstort reaction times for all
evaluated ILs. Among the described ILs, there are those kas\Bngnsted acids, that is,
they present useful characteristics of the solids agil character and mineral acids. The
2-pyrrolidone hydrogen sulfate ([H-NMBJSO4]) [107], N,N,N-trimethyl-N-propane
sulfonic acid ammonium hydrogen sulfate ([TMP$ABO04]) [108], 1-butyl3-
methyllimidazolium acid hydrogen sulfate ([bmiflSO4]) [109], triethylamine
dihydrogen fosfate ([Bt NH][H2PQs]) [110], triethylamine hydrogensulfate
([EtsNH]-[HSO4]) [111] are some examples of ILs that present Brgnsted acid
characteristics and used as catalysts in condensatiotomsaaf aldehydes and diketones
for xanthenedione synthesis. In particular, researcherge studied the effect of
[TMPSA][HSO4] and [bmim|[HSO4] in xanthenedione synthesis and evaluated other
ionic liquids, which showed lower activity than those mesty mentioned.
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In addition, Sali group [112] publshed a study in 2011 which atesdu the
catalytic activity of six different ionic liquids, [BMIM]:[BF4], [CMIM]-[HSO4],
[NMP]-[HSO4], [BMIM] -[HSO4], [(CH2)sSOsHMIM]-[HSO4] and [BMIM]-[H2PQy] in
the xanthenedione synthesis derived from benzaldehydediemedone. The catalytic
loading range from 10 to 20 mol%. Among these, only [BMIM][BF4] (20 mol%), which
has no counter-ion with Brgnsted acid character, led to gidav product (8.9%). The
best IL correspodend to [CMIM]-[HSO4], which afforded the xanthenedione product in
high yield (90%), in 2.5 h, even when it was utilized in Emamount (5 mol%o).

The mentioned catalysts present Brgnsted acid chanaetely related to the
counter-ion, but in other cases, this acidity is directipnected to the ion itself. This is
the case of Irbutyl imidazolium tetrafuoroborate ([HbifBF4]) [113], 1-
carboxymethyl-3-methylimidazolium tetrafluoroborate ([cmmiBif4]) [114], 1-(3,4-
dichlorobenzenesulfonyl)-3-methyl-1H-imidazolium  chloride ([3,4-dchd@it))
[115], 1-butyl3-methylimidazolium  perchlorate  ([omif@lO4]) [116] and
triethylamine chloride linked to sulphonic acid g&+SOsH]-[Cl)) [117]

Other ionic liquids such as 1,3-dibromo-5,5-dimethylhydantoin (DEitijl
benzitrifenil  phosphonium tribromide (BTPTB) [118] and magnesiutis-
tetrafluoroborate doped in 1-butyl-3-methylimidazolium tetradborrate
([BMIm|[BF 4]-Mg(BF4)2) [106] were also tested. However, the active catalytic ispec
was the Bf for the former and Mg* for the latter, unlke those cited so far involving
Brgnsted acidity, either from the ion or from the counter-ion.

Table 5.Xanthenedione synthesis catalyzed by ionic liquids

Entry  Catalyst Reaction conditions Reaction time/Yield (%)

1 [Hbim] [BFa] CHsOH, 30°C, 2 mL 30-90 min/75-95

2 [TMPSA][HSO4] H20, 100°C, 10 mol% 1-2 h/88-95

3 [cmmim]-[BF4] H-0, 80°C, 20 mol% 2 h/83-91

4 [3,4-dcbsmin][Cl] H20, MW, 10 mol% 3-5 min/85-95

5 [H-NMP]-[HSO4] H20, Ultrasound, 20 mol% 40-75 min/70-94

6 DBH Solvent-free, 108C, 5 mol% 1-14 min/80-93
BTPTB 2-29 min/76-94

7 [bmim]-[HSO4] Solvent-free, 100C, 1 mL 20-40 min/82-95

8 [bmim]-[BF4]-M g(BF 4)2 Solvent-free, 80C, 1 mL 15-30 min/81-97
[bmim]-[ClO4] Solvent-free, 106C, 4 mmol 40-90 min/85-95

10 [EtsNH]:[H2POx] Solvent-free, 106C, 0.4 ¢ 5-30 min/84-96

11 [EtsNH]-[HSO4] Solvent-free, 100C, 20 mol%  20-70 min/82-97

12 [EtsN-SOsH]-[C]] Solvent-free, 80C, 25 mol% 30-60 min/85-97

Nanocatalysts

Nanocatalysts are nanometer scale®(i) materials that gather characteristics of
homogeneous and heterogeneous catalysts. Therefore, theys@mewadvantages such
as high catalytic activity, high selectivity, in additida being easiy removed from the
reaction medium due to their insolubility. These properies directly related to the
effects of surface and electronics, which are diffea¢edi when substances/compounds
are on this scale. Because of this, several reports hese published on the use of
nanocatalysts in the synthesis of 1,8-dioxooctahydroxanthenes
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The metal oxides at nanometric scale have unusualcpbiisimical properties,
due to the several and enhanced reactive sttes onrfaeesthat may be formed. As a
consequence, most described nanocatalysts are metal oxidesarabe seen in Table 6.

Table 6.Synthetic methodologies using nanocatalysts for the synthesis of xanthenodiones

Entry  Catalyst Reaction conditions Reaction time/Yield (%)
1 CuO-CeQ H20, reflux, 0.05 g 5-60 min/86-92

2 FesOq H-0, 80°C, 1 mol% 6-62 min/86-96

3 MCM-41-SOzH H-0, 25°C, 0.05 g 15-90 min/86-99

4 SiOo/H14NaPsW3¢0114] H20, reflux, 0.5 mol% 3 h/82-96

5 BiVO4 Solvent-free, 120C, 20 mg 3 s-6 min/90-99

6 CeQ Solvent-free, 110C, 0.15 ¢ 6 h/71-92

7 CuFeOq4 Solvent-free, 126C, 15 mol% 5-30 min/80-95

8 ES/FeO4 Solvent-free, 80C, 100 mg 15 min/82-92

9 Fes04-SiO-SOsH Solvent-free, 110C, 0.05 g 4-8 min/88-97

10 FeCk.SiO, Solvent-free, 106C, 20 mol% 15-35 min/80-95
11 PsVPy—Cul Solvent-free, 80C, 0.1 g 7-36 min/85-91

12 TiO2 Solvent-free, 106C, 10 mol% 15-90 min/81-96
13 VSA NRs Solvent-free, 86C, 10 mol% 10-60 min/75-93
14 ZnO Solvent-free, 126C, 30 mol% 45-120 min/80-93
15 Ni-M g-ferrite CH3CH2OH, reflux, 0.2 mg 180-210 min/90-98
16 ZrO/SOs* CH3CH20H, reflux, 10 mg 60-70 min/85-94
17 Zn0O CH3CH20H, reflux, 25 mol% 75-120 min/52-88
18 y-alumina CHsCH20H, reflux, 10 mg 90-120 min/75-90
19 ZSM-5 CHsCH20H, reflux, 10 mg 70-95 min/80-92

They are nanoparticles of copper oxide and cerium oxide (CeO»)J119],
ferrte (FeOas) [120], bismuth vanadate (BNVAY [121], cerium oxide (IV) (Ce@) [122],
ferrite copper (CuR®as) [123], ferrte coated with eggshell porous ceramic residues
(ES/FeQas) [124], ferrite encapsulated in siica containing sulfonad ayroups (F€O4-
SiO2-SOsH) [125], titanium oxide (TiQ ) [126], zinc oxide (ZnO) [127], NMg-ferrite
(Ni-Mg-FesOa4) [128] andy-alumina {-Al203) [129]. Among these, ZnO nanoparticles
are the most investigated ones. In addition to the methodologgented in Table 6, four
other research groups [117,130,131,132] evaluated this nanocatakestthenediones
synthesis. In general, yields and reaction times wemasi however, the methodos are
dissimilar in terms of the methods used to prepare the ndins the amount of
catalyst used, and the solvents utilized in the reactions

Other nanomaterials had their catalytic activity mesd as it is the case of
Preyssler acid (SigH14NaPsW30011d) [133], which belongs to the famiy of
heteropolyacids, and iron(lll) chloride (FeEIO.) [134], which were supported on
siica. In addition, the molecular sieve with anchored salfagroups (MCM-41S0zH)
[135], copper iodide immobilized in poly(4-vinylpyridine) s{Py-Cul) [136], vanadate
sulfuric acid (VSA) [137], zirconium sulfate (ZefB50s?") [129] and zeolte (ZSM-5)
[129] were evaluated.

The methodologies using nanocatalysts are in accordaricéheiconcepts set by
Green Chemistry in as much as they are recyclablereasdble, provide excelent yields
of the produts in short reaction times, employ mid conditiend are conducted, in most
cases, in the absence of organic solvents or in the peeséhtO.
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CONCLUDING REMARKS

In this book chapter, it was presented a variety of cathlypethods that have
been developed to prepared xanthenediones (1,8-dioxo-octahydeneask The
preparation of these xanthene derivatives, tipically, ie#lveactions between aromatic
aldehydes and 1,3-cyclohexanediones. Generally, these omeactafiord the
xanthenediones in good to excelent yields. The type ofitsalmst attached to the
aromatic ring of the aldehydes does not have influence eomethction yields. It was
attempted to point out the merits and limitations of thehoakilogies so far described in
the lterature. Considering that, rom our point of view, ias possible to establish the
best catalytic methodology for the preparation of xanthenedion
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CAPITULO I

SINTESE DE XANTENODIONAS CATALISADA POR OXICLORETO D E
ZIRCONIO(IV)

1 INTRODUCAO

No Capitulo 1 foram descritas diversas metodologias para aesinte
xantenodionas. Estas metodologias utlizam catalsadores arastaristicas de acido de
Lewis, &cido de Brgnsted, &cido de Lewis e Brgnsted, organsedtats, liquidos
ibnicos, e nanocatalisadores. Porém, muitas destas metodologiasenapm
desvantagens tais como: o uso de solventes tdxicos; o empregalistdcaes tdxicos e
de custo elevado; reacdes que necessitam de elevadas tigapepara sua ocorréncia;
além de processos que requerem procedimentos de elaboracdo laboriosos.

Algumas destas metodologias, entretanto, mostamtrativas, como é o caso
daquela desenvolvida por Mosaddeghall. Neste caso, o preparo de uma série de
xantenodionas foi realizado na auséncia de solventeizangtbd quantidades cataliticas
do oxicloreto de zirconio(lV) octaidratado, ZrQ8H20O, um composto de baixo custo,
disponivel comercialmente e de facil manipulagédo. As xanteraslipreparadas por esta
metodologia foram obtidas com elevados rendimentos e seletividade aésad@t pode
ser reciclado e reutlizado sem perda consideravel de ativiketdética. Com base nestas
importantes  caracteristicas mencionadas, descreve-se cagielo a sintese e
caracterizacdo estrutural de cinquenta e trés difsrerntenodionas, além de um
intermediario benzilideno3@) e quatro tetraceténico83, 34, 35e 36).

Monocristais das xantenodiona® 15-17, 20, 38-4C 49 e dos intermediarios
tetracetbnicos33 e 34 foram obtidos, o que permitiu a caracterizacdo destes compostos
via diracdo de raios-X de monocristal. Os resultados obtidos estodos de diracao
de raios-X estdo descritos em dois artigos (artigos 1 e 2emados ao final deste
capitulo. O artigo 1 foi submetido ao Arabian Journal of Chemesip artigo 2 encontra-
se em estagio final de escrita. Aléem de estudos de difrac@@modeX sdo apresentados

ainda resultados tedricos relativos aos compostos investigados.

IMOSADDEGH, E.; ISLAMI, M. R.; HASSANKHANI, A. ZrOCG-8H,O as an efficient and recyclable
catalyst for the clean synthesis of xanthenediarwdtives under solvent-free conditioAsabian Joumal
of Chemistryv. 5, p. 780, 2012.
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2 MATERIAL E METODOS

2.1 Generalidades metodologicas

Os reagentes benzaldeido (99%), 4-clorobenzaldeido (97%), 4-fuoroledidzal
(98%), 4-bromobenzaldeido (99%), 4-nitrobenzaldeido (98%), 4-
triffluorometilbenzaldeido (98%), 4-formibenzonitrila (95%), 4-
(dimetilamino)benzaldeido (99%), 4-hidroxibenzaldeido (98%), 4-metoxioksizdD
(98%), 3,4-dimetoxibenzaldeido (99%), 2,3,4-trimetoxibenzaldeido (99%), 4-Hg&iroxi
metoxibenzaldeido (98%), piperonal (99%), 2,6-diclorobenzaldeido (99%), 5-
fenitiofeno-2-carbaldeido (98%), @-bromofenil)furfural (97%), 54-
clorofenil)furfural  (95%), cicloexano-1,3-diona (97%), 5-metisi@apro-1,3-diona
(98%), 5,5-dimetilcloexano-1,3-diona (95%) e 5-isopropilcicloexanodibBa (99%)
foram adquiridos da Sigma Aldrih (St. Louis, MO, US) e ullzm sem prévia
purificacdo. O diclorometano (99,5%), o etanol (95%), o hexano (99%),atcadetetila
(99,5%) e o oxicloreto de zrconio(lV) octaidratado (Zre&E.O) foram adquiridos da
Vetec (Rio de Janeiro, Brasi) e utlizados sem nenhuranteatto prévio.

A aquisicdo dos espectros de ressonancia magnética n(RM&) deH e 13C foram
realizadas em instrumento Varian Mercury 300 (300 MHz e 75 Midpectivamente),
utlizando cloroférmio deuterado ou dimetilsulféxido (DMSO) comovesde. Os
espectros no infravermelho (V) foram obtidos utlizando o eqwpt Varian 660-IR
com acessorio GladiATR ou no espectrofotometro Perkin Eimeag&arl000 FTIR,
empregando discos de brometo de potassio. A varredura foi relizada4@®0 e 600 cm
1. Os espectros de massas de baixa resolucdo foram adquiridoBstemme nto
SHIMADZU GCMS-QP5050A sob impacto de elétrons (70 eV). As massatas dos
compostos foram obtidas em espectrometro de massas do tipo micrOT® Brgker
Daltonics, Alemanha), equipado com fonte de ionizacdo microESéctfospray,
operando no modo positivo. A varredura foi realzada apenas no métogar®§ faixa
de massas entn@/z50 em/z1000. As amostras foram diuidas em acetonitrila 100%
LCMS, acidificada com acido férmico 0,1% LCMS (ambos adquiridos da SAdginech,
Alemanha). As temperaturas de fusdo foram determinadaandtii o aparelho MQAPF-
301 (Microquimica, Rio de Janeiro, Brasi) e ndo foram corrigiddas andlises por
cromatografia em camada delgada (CCD) foram utlizadasasplade aluminio

impregnadas com silica gel (espessura de 250 mm). Apos seidas s placas foram
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observadas em camara contendo luz ulravioleta. N&o foramegadps agentes

reveladores quimicos.

2.2 Sintese

2.2.1 Procedimento geral de sintese dos compostos 1-58

A um baldo de fundo redondo foram adicionados a dicetona (2 mmol), aoaldei
(1 mmol) e o catalsador ZrO£3H20 (2 mol%, 0,012 g). Para alguns derivados da 5-
metilcicloexan-1,3-dional1@, 21, 23-25e 27- 29) as quantidades da dicetona, do aldeido
e do catalisador foram 1 mmol, 0,5 mmol e 1 mol%, respectivamesta.niStura foi
mantida sob agtacdo a 88 até o término da reacdo, o qual foi observado mediante
monitoramento da transformacdo por cromatografia em camadadadgl@aCD). A
mistura foi arrefecida até Z& e cerca de 50 mL de diclorometano frio foi adicionado.
Em seguida, a mistura foi agitada por 5 minutos e o catalisadsedarado por fitracao
simples. Ao fitrado adicionou-se cerca de 50 mL de etanol teveage 0 sistema em
repouso para o processo de recristalizacao.

Com respeito a preparacdo dos composiBse 34, menciona-se que foram
adicionados 10@L de agua destilada apdés 10 minutos de reacgéao.

A seguir encontram-se descritos 0s dados espectroscopicos coagteic s
obtidos para a caracterizacdo estrutural de cada um dos compbstas como
informacgBes a respeito dos rendimentos, aspectos fisicos, temgseduUusdo e fatores
de retencdo (fRdas substancias sintetizadas. Vale ressaltar que agémeadotada para

a caracterizacdo dos compostos ndo corresponde a adotada pela IUPAC.

9-feni-3,4,5,6,7,9-hexaidroH: xanteno-1,8(&)-diona (1)

ASPECTO: Sdlido amarelo.
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MASSA OBTIDA: 153,2 mg (0,52 mmol, 52% de rendimento).

CCD: R = 0,42 (hexano-diclorometano-acetato de etila 3:2:1 (v/v).

FAIXA DE FUSAOQ: 257 - 258°C.

IV (ATR) v (cnTl): 2948, 2888, 1649, 1617, 1451, 1203, 1172. O espectro é apresentado
na Figura 1, pg. 175 do anexo.

MS/El (m/zfint. rel.) M+: CioH1803, 294/52, 276/7, 237/7, 217/100, 55/11. O espectro &

apresentado na Figura 2, pg. 175 do anexo.

RMN de 'H (300 MHz, CDCl) § (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,29 (2H, 15-CH, 19-CH,= 7,0 Hz, d), 7,21 (2H, 16-CH, 18-CHi=

7,0 Hz, 1), 7,14 (1H, 17-CH, m), 4,81 (1H, 3-CH, s), 2,952 (4H, 8-CH, 11-CH, m),
2,38— 2,27 (4H, 6-CH, 13-CH, m), 2,06— 1,92 (4H, 7-CH, 12-CH, m). O espectro é

apresentado na Figura 3, pg. 176 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,5 (C1 e C5), 163,9 (C9 e C10), 144,4 (C14),128,3
(C15 e C19), 128,1 (C16 e C18), 126,4 (C17), 116,9 (C2 e C4), 36,9 (C6 e C13), 31,6
(C3), 27,1 (C8e C11), 20,3 (C7 e C12). O espectro é apresentado na Figura 4dpg. 177

anexo.

9-(4-fluorofenil)-3,4,5,6,7,9-hexahidro-t xanteno- 1,8(&)-diona (2)

ASPECTO: Solido branco.

MASSA OBTIDA: 236,8 mg (0,76 mmol, 76% de rendimento).

25



CCD: Rr = 0,25 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 266 - 267°C.

IV (KBr) v (cntl): 2949, 2889, 1653, 1618, 1205, 1177. O espectro é apresentado na
Figura 5, pg. 178 do anexo.

MS/El (m/Zlint. rel.): 312/64, 255/10, 217/100, 55/14. O espectro é apresentado na
Figura 6, pg. 178 do anexo.

HRMS m/z (M+H*): Calculado para {sH1sFOz: 313,1240; encontrado: 313,1271.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,25 (2H, 15-CH, 19-CH= 8,3 Hz, t), 6,89 (2H, 16-CH, 18-CH=

8,3 Hz, 1), 4,77 (1H, 3-CH, s), 2,68,53 (4H, 8-CH, 11-CH, m), 2,39- 2,29 (4H, 6-
CHg, 13-ChH, m), 2,07- 1,92 (4H, 7-CH, 12-ChH, m). O espectro é apresentado na
Figura 7, pg. 179 do anexo.

RMN de 13C (75 MHz, CDCk) §: 196,6 (C1 e C5), 164,0 (C9 e C10), 161,4Xd;
242,7, C17), 140,1 (d = 3,0 Hz, C14), 129,8 (d, = 8,0 Hz, C15 e C19), 116,7 (C2 e
C4),114,8 (d)= 21,2 Hz, C16 e C18), 36,9 (C6 e C13), 31,0 (C3), 27,1 (C8 e C11), 20,3
(C7 e C12). O espectro é apresentado na Figura 8, pg. 180 do anexo.

9-(4-clorofenil)-3,4,5,6,7,9-hexahidroHtxanteno-1,8(Bl)-diona (3)

ASPECTO: Solido branco.

MASSA OBTIDA: 310,3 mg (0,94 mmol, 94% de rendimento).
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CCD: Rr = 0,25 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 271 - 272°C.

IV (KBr) v (cntl): 2957, 2869, 1667, 1616, 1489, 1201, 1172. O espectro é apresentado
na Figura 9, pg. 181 do anexo.

MS/EI (m/Zint. rel.): 330/8, 328/24, 293/22, 217/100, 165/11, 152/19, 139/19, 75/17,
55/40, 42/16, 41/23. O espectro € apresentado na Figura 10, pg. 181 do anexo.

HRMS m/z (M+H*): Calculado para {sH1sCIlO3: 329,0944; encontrado: 329,0972.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,22 (2H, 15-CH, 19-CH,= 8.4 Hz, d), 7,12 (2H, 16-CH, 18-CHi=

8,4 Hz, d), 4,76 (1H, 3-CH, s), 2,68,54 (4H, 8-CH, 11-Ch, m), 2,37- 2,28 (4H, 6-
CHg, 13-ChH, m), 2,05- 1,92 (4H, 7-CH, 12-ChH, m). O espectro é apresentado na
Figura 11, pg. 182 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,5 (C1 e C5), 164,1 (C9 e C10), 142,9 (C14),132,0
(C17), 129,8 (C16 e C18), 128,2 (C15 e C19), 116,5 (C2 e C4), 36,9 (C6 e C13), 31,3
(C3), 27,1 (C8 e C11), 20,2 (C7 e C12). O espectro € apresentado na Figura &2, pg. 1

do anexo.

9-(4-bromofenil)-3,4,5,6,7,9-hexahidrddixanteno-1,8(Bl)-diona (4)

ASPECTO: Solido branco.

MASSA OBTIDA: 319,1 mg (0,85 mmol, 85% de rendimento).
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CCD: R = 0,22 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 270 - 271°C.

IV (KBr) v (cntl): 2957, 2868, 1666, 1619, 1487, 1201, 1171. O espectro é apresentado
na Figura 13, pg. 184 do anexo.

MS/EI (nVZ int. rel.): 374/20, 372/20, 293/35, 217/100, 165/16, 155/61, 139/26, 128/15,
115/16, 75/24, 66/17, 55/56, 42/35, 41/44. O espectro é apresentado na Figura 14, pg. 184

do anexo.

HRMS (M+H™): Calculado para {sH1sBrOs: 373,0439; encontrado: 373,0466.

RMN de !H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,33 (2H, 16-CH, 18-CH,= 8,2 Hz, d), 7,17 (2H, 15-CH, 19-CHi=

8,2 Hz, d), 4,75 (1H, 3-CH, s), 2,672,54 (4H, 8-CH, 11-ChH, m), 2,37- 2,29 (4H, 6-
CHg, 13-CH, m), 2,13- 1,86 (4H, 7-CH, 12-CH, m). O espectro é apresentado na
Figura 15, pg. 185 do anexo.

RMN de 13C (75 MHz, CDCl3) §:196,5 (C1 e C5), 164,1 (C9 e C10), 143,4 (C14),131,0
(C16 e C18), 130,2 (C15 e C19), 120,3 (C17), 116,4 (C2 e C4), 36,9 (C6 e C13), 31,4
(C3), 27,1 (C8 e C11), 20,3 (C7 e C12). O espectro é apresentado na Figura 16, pg. 186

do anexo.

9-(4-(trfluorometil)fenil)-3,4,5,6,7,9-hexahidroHt xante no-1,8(R)-diona (5)

e A

20 CF;

ASPECTO: Solido branco.

MASSA OBTIDA: 310,3 mg (0,94 mmol, 94% de rendimento).
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CCD: Rr = 0,25 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 242 - 243C.

IV (KBr) v (cntl): 2959, 2876, 1667, 1617, 1459, 1324, 1201, 1172. O espectro é

apresentado na Figura 17, pg. 187 do anexo.

MS/El (m/Zlint. rel.): 362/34, 217/100, 145/15, 55/30, 42/11, 41/18. O espectro é

apresentado na Figura 18, pg. 187 do anexo.

HRMS m/z (M+H*): Calculado para £H1sF303, 363,1208; encontrado: 363, 1226.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,47 (2H, 16-CH, 18-CH,= 8,4 Hz, d), 7,41 (15-CH, 19-CHs 8,4

Hz, d), 4,84 (1H, 3-CH, s), 2,682,55 (4H, 8-CH, 11-CH, m), 2,37- 2,30 (4H, 6-CH
13-ChH, m), 2,08-1,94 (4H, 7-CH, 12-Ch, m). O espectro é apresentado na Figura 19,
pg. 188 do anexo.

RMN de 13C (75 MHz, CDCk) &:196,4 (C1 e C5), 164,3 (C9 e C10), 148,2 (C14), 128,7
(C15 e C19), 126,2 (§,= 32,2 Hz, C17), 125,1 (d,= 3,9 Hz, C16 e C18), 124,2 (&=
270,2 Hz, 20-CF), 116,2 (C2 e C4), 36,8 (C6 e C13), 31,8 (C3), 27,1 (C8 e C11), 20,2
(C7 e C12). O espectro é apresentado na Figura 20, pg. 189 do anexo.

4-(1,8-dioxo-2,3,4,5,6,7,8,9-octaidrd4ixante n-9-ib e nzonitrila(6)

20CN

ASPECTO: Solido branco.

MASSA OBTIDA: 258,2 mg (0,81 mmol, 81% de rendimento).
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CCD: R = 0,09 (hexano-acetato de etila 2:1 viv).
FAIXA DE FUSAO: 260 - 26°C.

IV (KBr) v (cntl): 2951, 2872, 2227, 1661, 1620, 1458, 1201, 1177. O espectro é

apresentado na Figura 21, pg. 190 do anexo.

MS/El (m/Zint. rel.): 319/25, 217/100, 102/22, 55/39, 42/21, 41/31. O espectro &

apresentado na Figura 22, pg 190 do anexo.

HRMS (M+H™): Calculado para £6H1sNOz: 320,1287; encontrado: 320,1275.

RMN de 'H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,50 (2H, 16-CH, 18-CH,= 8,2 Hz, d), 7,41 (2H, 15-CH, 19-CHi=

8,2 Hz, d), 4,81 (1H, 3-CH, s), 2,62,53 (4H, 8-CH, 11-CH, m), 2,48- 2,19 (4H, 6-
CHg, 13-ChH, m), 2,07- 1,94 (4H, 7-CH, 12-ChH, m). O espectro é apresentado na
Figura 23, pg. 191 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,4 (C1 e C5), 164,5 (C9 e C10), 149,6 (C14),132,0
(C15e C19),129,3 (C16 e C18), 119,0 (C20), 115,8 (C2 e C4), 110,1 (C17), 36,8 (C6 €
C13), 32,3 (C3), 27,1 (C8 e C11), 20,2 (C7 e C12). O espectro € apresentado na Figura
24, pg. 192 do anexo.

9-(4-nitrofenil)-3,4,5,6,7,9-hexahidroH: xanteno-1,8(R)-diona (7)

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 237,0 mg (0,70 mmol, 70% de rendimento).
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CCD: R = 0,09 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAQ: 245 - 246°C.

IV (KBr) v (cnTl): 2949, 2873, 1662, 1616, 1517, 1458, 1345, 1202, 1172. O espectro é

apresentado na Figura 25, pg. 193 do anexo.

MS/EI (nv/zlint. rel.): 339/29, 322/37, 292/21, 217/100, 165/16, 152/32, 139/19, 128/16,
115/20, 76/24, 63/16, 55/56, 42/20, 41/39. O espectro € apresentado na Figura 26, pg. 193

do anexo.

HRMS (M *H*): Calculado para {sH1sNOs: 340,1185; encontrado: 340,1161.

RMN de !H (300 MHz, CDCh) ¢ (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 8,01 (2H, 16-CH, 18-CH,= 8,8 Hz, d), 7,47 (2H, 15-CH, 19-CHi=

8,8 Hz, d), 4,86 (1H, 3-CH, s), 2,672,59 (4H, 8-CH, 11-ChH, m), 2,37- 2,31 (4H, 6-
CHg, 13-CH, m), 2,06— 1,95 (4H, 7-CH, 12-CH, m). O espectro é apresentado na
Figura 27, pg. 194 do anexo.

RMN de 13C (75 MHz, CDCk) §:196,4 (C1 e C5), 164,6 (C9 e C10), 151,7 (C14), 146,4
(C17), 129,4 (C15 e C19), 123,4 (C16 e C18), 115,7 (C2 e C4), 36,6 (C6 e C13), 32,2
(C3), 27,1 (C8 e C11), 20,2 (C7 e C12). O espectro é apresentado na Figura 28, pg. 195

do anexo.

9-(4-(dimetilamino)fenil)-3,4,5,6,7,9-hexaidrd-ixante no-1,8(R)-diona (8)
Os dados espectroscopicos e detalhes adicionais encontram-sesdascairtigo
1. Os espectros sédo apresentados nas Figuras 29, 30, 31 e 32, pgs. £9H)8LE3

anexo.
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9-(4-metoxife nil)-3,4,5,6,7,9-hexaidroHtxante no-1,8(B)-diona (9)

20

OCH,

ASPECTO: Sodldo amarelo.

MASSA OBTIDA: 159,6 mg (0,49 mmol, 49% de rendimento).

CCD: R = 0,25 (hexano-diclorometano-acetato de etila 3:2:1 v/iv).

FAIXA DE FUSAO: 201 - 202C.

IV (ATR) v (cntl): 2955, 2899, 1652, 1616, 1460, 1233, 1201, 1170. O espectro é

apresentado na Figura 33, pg. 199 do anexo.

MS/EI (m/Z/int. rel.) M+: C20H2004, 324/100, 307/52, 293/78, 268/18, 217/93, 55124.

espectro é apresentado na Figura 34, pg. 199 do anexo.

RMN de H (300 MHz, CDCL) ¢ (integracéo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,20 (2H, 15-CH, 19-CH,= 7,2 Hz, d), 6,75 (2H, 16-CH, 18-CHi=

7,2 Hz, d), 4,75 (1H, 3-CH, s), 3,72 (3H, 20-K), 2,67- 2,52 (4H, 8-CH, 11-CH,

m), 2,38-2,27 (4H, 6-CH, 13-CH, m), 2,06- 1,92 (4H, 7-CH, 12-CH, m). O espectro

€ apresentado na Figura 35, pg. 200 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,6 (C1 e C5), 163,7 (C9 e C10), 158,0 (C17), 136,7
(C14), 129,3 (C15e C19), 117,0 (C2 e C4), 113,5 (C16 e C18), 55,1 (C20), 37,0 (C6 e
C13), 30,7 (C3), 27,1 (C8 e C11), 20,3 (C7 e C12). O espectro é apresentado na Figura
36, pg. 201 do anexo.
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9-(3,4-dimetoxifenil)-3,4,5,6,7,9-hexaidrddixanteno-1,8(B)-diona (10)

20
OCH,

ASPECTO: Sodlido branco.

MASSA OBTIDA: 328,7 mg (0,93 mmol, 93% de rendimento).

CCD: R = 0,20 (hexano-diclorometano-acetato de etila 3:2:1 v/iv).

FAIXA DE FUSAO: 181 - 18C.

IV (ATR) v (cnl): 2965, 2862, 1655, 1619, 1461, 1233, 1198, 1020. O espectro é

apresentado na Figura 37, pg. 202 do anexo.

MS/EI (m/Zfint. rel.) M+: C21H220s, 354/61, 339/12, 323/100, 217/40, 55/14. O espectro

€ apresentado na Figura 38, pg. 202 do anexo.

RMN de 'H (300 MHz, CDCls) &:(integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 6,98 (1H, 19-CH, s), 6,#%6,64 (2H, 15-CH e 18-CH, m), 4,75 (1H, 3-
CH, s), 3,86 (3H, 20-C#ls), 3,77 (3H, 21-C¥l's), 2,69- 2,52 (4H, 8-CHe 11-CH,

m), 2,38- 2,67 (4H, 6-CH e 13-CH, m), 2,05- 1,92 (4H, 7-CH e 12-CH, m). O
espectro é apresentado na Figura 39, pg. 203 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,6 (C1le C5),163,8 (C9e C10), 148,4 (C17), 147,5
(C16), 137,2 (C14), 119,6 (C19), 116,9 (C2 e C4), 112,7 (C15), 110,9 (C18), 55,9 € 55,8
(C20e C21), 37,0 (C6e C13), 30,9 (C3), 27,1 (C8 e C11), 20,3 (C7 e C12). O espectro &

apresentado na Figura 40, pg. 204 do anexo.
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9-(3,4,5-trimetoxifenil)-3,4,5,6,7,9-hexaidrddixanteno-1,8(R)-diona (11)

ASPECTO: Sodldo amarelo.

MASSA OBTIDA: 358,8 mg (0,93 mmol, 93% de rendimento).

CCD: R = 0,16 (hexano-diclorometano-acetato de etla 3:2:1 v/v).

FAIXA DE FUSAO: 188 - 189°C

IV (ATR) v (cnl): 2963, 2882, 1659, 1619, 1453, 1230, 1170, 1123. O espectro €

apresentado na Figura 41, pg. 205 do anexo.

MS/EI (m/Z/int. rel.) M+: C22H240s, 384/60, 369/13, 353/100, 217/27, 55/12. O espectro

€ apresentado na Figura 42, pg. 205 do anexo.

RMN de H (300 MHz, CDCL) ¢§: (integracéo, atribuicdo, constante de acoplamento,
multiplicidade): 6,51 (2H, 15-CHe 19-CH, s), 4,77 (1H, 3-CH, s), 3,80 (6H, 2022+
CHs, s), 3,75 (3H, 21-C%ls), 2,70- 2,53 (4H, 8-CHe 11-CH, m), 2,44- 2,27 (4H, 6-
CHz e 13-CH, m), 2,08- 1,93 (4H, 7-CHe 12-CH, m). O espectro é apresentado na
Figura 43, pg. 206 do anexo.

RMN de 13C (75 MHz, CDCl) &:196,6 (C1 e C5), 164,0 (C9 e C10), 152,8 (C16 e C18),
139,9 (C17), 136,7 (C14), 116,7 (C2 e C4), 105,7 (C15 e C19), 60,6 (C21), 56,6 (C20 e
C22), 37,0 (C6 e C13), 31,4 (C3), 27,1 (C8 e C11), 20,3 (C7 e C12). O espectro &

apresentado na Figura 44, pg. 207 do anexo.
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9-(4-hidroxifenil)-3,4,5,6,7,9-hexaidroH:-xanteno-1,8(B)-diona (12)

ASPECTO: Soldo marrom.

MASSA OBTIDA: 130,6 mg (0,42 mmol, 42% de rendimento).

CCD: R = 0,56 (hexano-acetato de etia 2:1 v/v).

FAIXA DE FUSAO: 307 - 308°C

IV (ATR) v (cntl): 3370, 2949, 2869, 1657, 1609, 1446, 1206, 1169. O espectro é

apresentado na Figura 45, pg. 208 do anexo.

MS/EI (nvVZlint. rel.) M+: C19H1804, 310/93, 293/60, 253/17, 217/100, 55/24. O espectro
é apresentado na Figura 46, pg. 208 do anexo.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
muliplicidade): 9,16 (1H, OH, s), 6,94 (2H, 16-CH e 18-GH, 8,4 Hz , d), 6,57 (2H,
15-CHe 19-CHJ =8,4 Hz , d), 4,46 (1H, 3-CH, s), 2,6251 (4H, 8-CHe 11-CH,

m), 2,31- 2,17 (4H, 6-CHe 13-CH, m), 1,99- 1,76 (4H, 7-CH e 12-CH, m). O

espectro é apresentado na Figura 47, pg. 209 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,8 (C1 e C5), 164,9 (C9 e C10), 156,1 (C17),135,5
(C14), 129,3 (C15 e C19), 116,4 (C2 e C4), 115,1 (C16 e C18), 36,9 (C6 e C13), 30,2
(C3), 26,9 (C8 e C11), 20,3 (C7 e C12). O espectro € apresentado na Figura 48, pg. 210

do anexo.

35



9-(4-hidroxi- 3-metoxifenil)-3,4,5,6,7,9-hexaid radixanteno- 1,8(B)-diona (13)

ASPECTO: Sodldo amarelo.

MASSA OBTIDA: 319,9 mg (0,94 mmol, 94% de rendimento).

CCD: R = 0,09 (hexano-diclorometano-acetato de etila 3:2:1 v/iv).

FAIXA DE FUSAQ: 237 - 238C

IV (ATR) v (cntl): 3316, 2953, 2889, 1663, 1641, 1619, 1467, 1273, 1203, 1170, 1120.

O espectro é apresentado na Figura 49, pg. 211 do anexo.

MS/EI (m/Z/int. rel.) M+: C20H2005,340/100, 323/52, 309/62, 217/96, 55/31. O espectro

€ apresentado na Figura 50, pg. 211 do anexo.

RMN de H (300 MHz, CDCL) ¢ (integracéo, atribuicdo, constante de acoplamento,
muliplicidade): 7,06 -7,03 (1H, 15-CH, m), 6,74,69 (1H, 19-CH, m), 6,566,50(1H,
18-CH, m), 5,82 (1H, O-H, s), 4,72 (1H, 3-CH, s), 3,87 (1H, 203;6812,67 -2,50 (4H,
8-CHe 11-CH, m), 2,402,26 (4H, 6-CHe 13-CH, m), 2,671,91 (4H, 7-CHe 12-CH,

m). O espectro é apresentado na Figura 51, pg. 212 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,8 (Cle C5), 163,8 (C9 e C10), 145,9 (C16), 144,1
(C17), 136,6 (C14), 119,8 (C19), 117,0(C2 e C4), 114,0(C18), 112,4 (C15), 55,9 (C20),
37,0 (C6 e C13), 31,0 (C3), 27,1 (C8 e C11), 20,3 (C7 e C12). O espectro é apresentado
na Figura 52, pg. 213 do anexo.
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9-(benzo[d][1,3]dioxol-54)-3,4,5,6,7,9-hexaidroH-xanteno-1,8(B)-diona (14)

20

ASPECTO: Sodldo amarelo.

MASSA OBTIDA: 149,0 mg (0,44 mmol, 44% de rendimento).

CCD: R = 0,25 (hexano-diclorometano-acetato de etila 3:2:1 v/iv).

FAIXA DE FUSAQ: 238 - 239°C

IV (ATR) v (cntl): 2953, 2903, 1653, 1618, 1481, 1245, 1199. O espectro é apresentado
na Figura 53, pg. 214 do anexo.

MS/EI (m/Z/int. rel.) M+: C20H180s, 338/100, 321/23, 308/15, 282/37, 217/79, 55120.

espectro é apresentado na Figura 54, pg. 214 do anexo.

RMN de H (300 MHz, CDCL) ¢ (integracéo, atribuicdo, constante de acoplamento,
muliplicidade): 6,79 -6,74 (2H, 18-CH e 19-CH, m), 6,68,62 (1H, 15-CH, m), 5,84
(2H, 20-CH, s), 4,72 (1H, 3-CH, s), 2,67 -2,50 (4H, 8-CH e 11-CH, m), 2,224 (4H,
6-CH e 13-CH, m), 2,0# 1,97 (4H, 7-CH e 12-CH, m). O espectro € apresentado na
Figura 55, pg. 215 do anexo.

RMN de 13C (75 MHz, CDCl) 5:196,6 (C1le C5), 163,8 (C9 e C10), 147,3 (C16), 146,0
(C17),138,5(C14),121,6 (C19), 116,9 (C2 e C4), 109,0 (C15), 107,9 (C18), 100,8 (C20),
37,0 (C6 e C13), 31,2 (C3), 27,1 (C8 e C11), 20,3 (C7 e C12). O espectro é apresentado
na Figura 56, pg. 216 do anexo.
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9-(5-(4-clorofenil)furan-24#)-3,4,5,6,7,9-hexahidroH:-xanteno-1,8(2/)-diona (15)

Os dados espectroscépicos e detalhes adicionais encontram-sgonb aat final
do capitulo. Os espectros sao apresentados nas Figuras 57, 58, 59se BD7 p#l&
219 do anexo.

9-(5-(4-bromofenil)furan-2#)-3,4,5,6,7,9-hexaidroH- xanteno-1,8(&)-diona (16)
Os dados espectroscépicos e detalhes adicionais encontram-sgonb aat final

do capitulo. Os espectros sao apresentados nas Figuras 61, 62, 63se B20,®2R%k
222 do anexo.

9-(5-fenitiofen-24l)-3,4,5,6,7,9-hexaidroH-xanteno-1,8(R)-diona (17)
Os dados espectroscépicos e detalhes adicionais encontram-sgonb ad final

do capitulo. Os espectros sdo apresentados nas Figuras 65, 66, 67se B33,@pP4%e
225 do anexo.

3,6-dimetil-9-fenil-3,4,5,6,7,9-hexaidra-t xante no-1,8(#)-diona (18)

N

N\

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 54,8 mg (0,17 mmol, 34% de rendimento).

CCD: R = 0,47 (hexano-diclorometano-acetato de etla 3:2:1 viv).

FAIXA DE FUSAO: 182 - 183C.

IV (ATR) v cntl): 2959, 2848, 1657, 1617, 1189. O espectro é apresentado na Figura
69, pg. 226 do anexo.
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MS/EI (m/Zlint. rel.) M+: C21H2203, 322/47, 305/7, 251/6, 245/100, 203/12. O espectro

€ apresentado na Figura 70, pg. 226 do anexo.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,28 (2H, 15-CH e 19-CBi= 7,2 Hz, d), 7,20 (2H, 16-CH e 18-CH,
=7,5Hz, 1), 7,15 (1H, 17-CH, m), 4,79 (1H, 3-CH, s), 2734 (2H, 6Ha ¢ 13Ha’, m),
2,45- 2,17 (6H, 6Hb, 13Hb’, 8Hc, 11Hc’, 7-CH e 12-CH, m), 2,08 1,96 (2H, 8Hd,
13Hd’, m), 1,08 (6H, 20-CHe 21-CH,J =6,0 Hz, d). O espectro € apresentado na Figura
71, pg. 227 do anexo.

RMN de 3C (75 MHz, CDCh) &:196,5 (C1 e C5), 163,7 (C9 e C10), 144,4 (C14), 128,3
(C16 e C18), 128,1 e 128,0 (C15 e C19), 126,4 (C17), 116,5 (C2 e C4), 45,2 e 45,1 (C6
e C13), 35,3 e 34,9(C8 e C11), 31,8 e 31,6 (C3), 28,4 e 27,8 (C7 e C12), 20,8 e 20,7 (C20

e C21). O espectro € apresentado na Figura 72, pg. 228 do anexo.

9-(4-fluorofenil)-3,6-dimetil-3,4,5,6,7,9-hexahidrddixante no- 1,8(B)-diona (19)

N

Hb'

20

ASPECTO: Sodlido branco.

MASSA OBTIDA: 264,6 mg (0,78 mmol, 78% de rendimento).

CCD: R = 0,85 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 177 - 178C.

IV (ATR) v cntl): 2953, 2875, 1655, 1622, 1219, 1189. O espectro é apresentado na
Figura 73, pg. 229 do anexo.
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MS/EI (m/Zint. rel.) M+: C21H21FOs, 340/52, 244/100, 203/10. O espectro é apresentado
na Figura 74, pg. 229 do anexo.

RMN de !H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,27 7,20 (2H, 15-CH e 19-CH, m), 6,87 (2H, 16-CHe 18-CH 8,4

Hz, t), 4,74 (1H, 3-CH, s), 2,62:56 (2H, 6Ha e 13Ha’, m), 2,47 —2,19 (6H, 6Hb, 13Hb’,

8Hc, 11Hc’, 7-CHe 12-CH, m), 2,08 1,96 (2H, 8Hd, 13Hd’, m), 1,10 — 1,03 (6H, 20-
CHs e 21-CH, m). O espectro é apresentado na Figura 75, pg. 230 do anexo.

RMN de 13C (75 MHz, CDCl) §: 196,6 e 196,5 (C1 e C5), 163,7 (C9 e C10), 161,4 (d,
J=242,6 Hz, C17), 140,2 e 140,0 {ck 3,0 Hz, C14), 129,8 e 129,7 (& 7,9 Hz, C15

e C19), 116,4, 116,3 e 116,2 (C2 e C4), 1149 e 114JH®1,2 Hz, C16 e C18), 45,2

e 45,1 (C6 e C13),35,2e 34,9 (C8 e C11), 31,3, 31,2 e 31,0 (C3), 28,4,27,9 e 27,8 (C7
e C12), 20,8 € 20,7 (C20 e C21). O espectro € apresentado na Figura 76, pg. 884. do an

9-(4-clorofenil)- 3,6-dimetil-3,4,5,6,7,9-hexaidrd4ixanteno-1,8(B)-diona (20)
Os dados espectroscépicos e detalhes adicionais encontram-sgonb aat final
do capitulo. Os espectros sao apresentados nas Figuras 77, 78, g 882, 232

234 do anexo.

9-(4-bromofenil)-3,6-dimetil-3,4,5,6,7,9-hexaidrd4ixante no-1,8(R)-diona (21)

N

Hb'

20

ASPECTO: Solido branco.

MASSA OBTIDA: 167,6 mg (0,42 mmol, 84% de rendimento).

CCD: Rs = 0,53 (hexano-diclorometano-acetato de etila 3:2:1 vi).
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FAIXA DE FUSAQ: 227 - 229°C.

IV (ATR) v (cntl): 2947, 2869, 1652, 1619, 1189. O espectro é apresentado na Figura
81, pg. 235 do anexo.

MS/EI (m/Z/int. rel.) M+: C21H21BrO3, 402/29, 400/29, 321/39, 245/100, 203/12, 69/11.

O espectro é apresentado na Figura 82, pg. 235 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,49 (2H, 16-CH e 18-CBi= 8,4 Hz, d), 7,39 (2H, 15-CH e 19-CH,
= 8,4 Hz, d), 4,79 (1H, 3-CH, s), 2,70,57 (2H, 6Ha ¢ 13Ha’, m), 2,47 — 2,17 (6H, 6Hb,
13Hb’, 8Hc, 11Hc’, 7-CH e 12-CH, m), 2,08 1,98 (2H, 8Hd, 13Hd’, m), 1,11 — 1,03
(6H, 20-CH e 21-CH, m). O espectro é apresentado na Figura 83, pg. 236 do anexo.

RMN de 13C (75 MHz, CDCk) ¢: 196,5 e 196,4 (C1 e C5), 163,8, 163,7 € 163,1 (C9 e

C10), 143,5 e 143,3 (C14), 131,2 e 131,1 (C16 e C18),130,2 e 130,1 (C15 e C19), 120,3
e 120,2 (C17), 116,0 e 115,9 (C2 e C4), 45,2 e 45,1 (C6 e C13), 35,2 e 34,9 (C8 e C11),
31,5e31,3(C3),28,4,28,3,279e27,8(C7e C12), 20,8 e 20,7 (C20 e C21). O espectro

€ apresentado na Figura 84, pg. 237 do anexo.

3,6-dimetil-9{(4-(trifluorometil)fenil)-3,4,5,6,7,9-hexaidroH: xante no-1,8(R)-diona
(22)

Hb'

20

ASPECTO: Solido branco.

MASSA OBTIDA: 307,0 mg (0,79 mmol, 79% de rendimento).
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CCD: R = 0,81 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 212 - 213C.

IV (ATR) v cntl): 2951, 2870, 1651, 1619, 1326, 1193. O espectro é apresentado na
Figura 85, pg. 238 do anexo.

MS/EI (m/Zint. rel.) M+: C22H21F303, 390/38, 320/11, 245/100, 203/10. O espectro é

apresentado na Figura 86, pg. 238 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,23-7,14 (4H, 15-CH, 16-CH, 18-CH e 19-CH, m), 4,81 (1H, 3-CH,
s), 2,70 2,50 (2H, 6Ha ¢ 13Ha’, m), 2,48 — 2,16 (6H, 6Hb, 13Hb’, 8Hc, 11Hc’, 7-CHe
12-CH, m), 2,09- 1,97 (2H, 8Hd, 13Hd’, m), 1,13 — 0,99 (6H, 20-Chle 21-CH, m). O

espectro é apresentado na Figura 87, pg. 239 do anexo.

RMN de 13C (75 MHz, CDCk) 6: 196,5 e 196,4 (C1 e C5), 164,1, 164,0 e 163,3 (C9 e
C10), 148,3 e 148,1 (C14), 128,7 (C15 e C19), 128,5%RB0,0 Hz, C17), 125,0 (4,=

4,0 Hz, C16 e C18), 124,2 (§,= 270,1 Hz, CE), 115, 8 e 115,7 (C2 e C4), 45,1 e 45,0
(C6eC13),35,2e 34,9 (C8e C11),32,0e 31,8 (C3), 28,4 e 27,8 (C7 e C12), 20,8 e 20,7
(C20 e C21). O espectro é apresentado na Figura 88, pg. 240 do anexo.

4-(3,6-dimetil-1,8-dioxo-2,3,4,5,6,7,8,9-octaid re-kante n-9-ibenzonitrila(23)

N

22 CN

Hb'

20

.

ASPECTO: Sodlido branco.

MASSA OBTIDA: 140,2 mg (0,40 mmol, 81% de rendimento).
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CCD: R = 0,41 (hexano-diclorometano-acetato de etia 3:2:1 v/v).

FAIXA DE FUSAQ: 223 - 224C.

IV (ATR) v (cnTl): 2964, 2876, 2228, 1625, 1616, 1191. O espectro é apresentado na
Figura 89, pg. 241 do anexo.

MS/EI (m/Zint. rel.) M+: C22H21NOg3, 347/36, 245/100, 203/10, 69/7. O espectro é

apresentado na Figura 90, pg. 241 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,49 (2H, 15-CH e 19-CHi= 8,4 Hz, d), 7,39 (2H, 16-CH e 18-CH,

= 8,4 Hz, d), 4,79 (1H, 3-CH, s), 2,7058 (2H, 6Ha e 13Ha’, m), 2,46 — 2,17 (6H, 6Hb,
13Hb’, 8He, 11He’, 7-CH e 12-CH, m), 2,09 1,98 (2H, 8Hd, 13Hd’, m), 1,11 — 1,03
(6H, 20-CH e 21-CH, m). O espectro é apresentado na Figura 91, pg. 242 do anexo.

RMN de 13C (75 MHz, CDCk) &: 196,4 e 196,3 (C1 e C5), 164,2 e 163,5 (C9 e C10),
149,7 e 149,5 (C14), 132,0 € 131,9 (C16 e C18),129,3 e 129,2 (C15 e C19), 119,0 (C22),
115,4 e 115,3 (C2 e C4), 110,1 e 110,0 (C17), 45,1 e 44,9 (C6 e C13), 35,2 e 34,9 (C8
C11),32,5e 32,2 (C3), 28,3,27,9e 27,8 (C7 e C12), 20,8 e 20,7 (C20 e C21). O espectro

€ apresentado na Figura 92, pg. 243 do anexo.

3,6-dimetil-9{(4-nitrofenil)-3,4,5,6,7,9-hexaidroH-xanteno-1,8(&)-diona (24)

N

NO,

Hb'

20

ASPECTO: Solido branco.

MASSA OBTIDA: 155,1 mg (0,42 mmol, 84% de rendimento).
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CCD: R = 0,48 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 201 - 20°C.

IV (ATR) v (cnTl): 2961, 2876, 1653, 1615, 1513, 1342, 1191. O espectro é apresentado
na Figura 93, pg. 244 do anexo.

MS/EI (m/Zfint. rel.) M+: C21H21NOs, 367/33, 350/62, 320/35, 245/100, 203/17, 69/12.

O espectro é apresentado na Figura 94, pg. 244 do anexo.

RMN de !H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 8,05 (2H, 16-CH e 18-CHi= 8,5 Hz, d), 7,45 (2H, 15-CH e 19-CH,
=8,5Hz, d), 4,83 (1H, 3-CH, s), 2,72,58 (2H, 6Ha ¢ 13Ha’, m), 2,48 — 2,16 (6H, 6Hb,
13Hb’, 8Hc, 11Hc’, 7-CH e 12-CH, m), 2,16 1,99 (2H, 8Hd, 13Hd’, m), 1,13- 1,03
(6H, 20-CH e 21-CH, m). O espectro é apresentado na Figura 95, pg. 245 do anexo.

RMN de 13C (75 MHz, CDCk) §:196,4 e 196,3 (C1 e C5), 164,3, 164,2, 163,6 e 163,5

(C9 e C10), 151,7 e 151,6 (C17), 146,4 (C14), 129,4 e 129,3 (C15 e C19), 123,4 e 123,3
(C16 e C18), 115,4 e 115,3 (C2 e C4), 45,1 e 44,9 (C6 e C13), 35,2 e 34,9 (C8 e C11),
32,4e32,2(C3), 28,3, 28,2, 27,9e 27,8 (C7 e C12), 20,8 e 20,6 (C20 e C21). O espectro

€ apresentado na Figura 96, pg. 246 do anexo.

9-(4-metoxife nil)-3,6-dimetil-3,4,5,6,7,9-hexaidrd4dixante no-1,8(B)-diona (25)

22
OCH,4

Hb'

20

ASPECTO: Sodlido branco.

MASSA OBTIDA: 133,7 mg (0,38 mmol, 76% de rendimento).

44



CCD: R = 0,50 (hexano-diclorometano-acetato de etila 3:2:1 viv).
FAIXA DE FUSAO: 192 - 193C.

IV (ATR) v (cn1l): 2964, 2886, 1662, 1620, 1233, 1182, 1031. O espectro é apresentado
na Figura 97, pg. 247 do anexo.

MS/EI (m/Z/int. rel.) M+: C22H2404, 352/100, 335/53, 321/72, 282/23, 245/100, 203/18,
69/21. O espectro é apresentado na Figura 98, pg. 247 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,19 (2H, 15-CH e 19-CBi= 8,5 Hz, d), 6,74 (2H, 16-CH e 18-CH,

= 8,5 Hz, d), 4,73 e 4,71 (1H, 3-CH, s), 3,72 (3H, 225G 2,68 -2,54 (2H, 6Ha e
13Ha’, m), 2,44 — 2,17 (6H, 6Hb, 13Hb’, 8Hc, 11Hc’, 7-CH e 12-CH, m), 2,08 1,96
(2H, 8Hd, 13Hd’, m), 1,10 — 1,02 (6H, 20-Chkle 21-CH, m). O espectro é apresentado
na Figura 99, pg. 248 do anexo.

RMN de 13C (75 MHz, CDCl) ¢: 196,6 (C1 e C5), 163,5, 163,4, 162,7 e 162,6 (C9 e
C10), 158,0 (C17), 136,8 (C14), 129,3 ¢ 129,2 (C15 e C19), 116,7 ¢ 116,6 € 116,5 (C2 e
C4), 113,5(C16 e C18), 55,1 (C22), 45,2 (C6 e C13), 35,3 e 34,9 (C8 e C11), 30,9 e 30,7
(C3),28,4,27,9e 27,8 (C7 e C12), 20,8 e 20,7 (C20 e C21). O espectro é apresentado na
Figura 100, pg. 249 do anexo.

3,6-dimetil-9-(3,4,5-trimetoxifenil)-3,4,5,6,7,9-hexaidrér-kanteno-1,8(Rl)-diona (26)

N

23
OCH,

Hb'

20

N\

ASPECTO: Solido branco.

MASSA OBTIDA: 290,0 mg (0,71 mmol, 71% de rendimento).
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CCD: R = 0,25 (hexano-diclorometano-acetato de etila 3:2:1 v/v).

FAIXA DE FUSAO: 147- 148°C

IV (ATR) v (cnTl): 2954, 2873, 1659, 1621, 1230, 1184, 1121. O espectro é apresentado
na Figura 101, pg. 250 do anexo.

MS/EI (nvVZlint. rel.) M+: C24H2806,412/53,396/11, 381/100, 245/21, 69/13. O espectro

€ apresentado na Figura 102, pg. 250 do anexo.

RMN de 'H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 6,49 (2H, 15-CH e 19-CBi= 3,9 Hz, d), 4,74 e 4,72 (1H, 3-CH, s), 3,80
(6H, 22-CH e 24-CH, s), 3,74 (3H, 23-CHls), 2,67-2,56 (2H, 6Ha e 13Ha’, m), 2,47
—2,11 (6H, 6Hb, 13Hb’, 8Hc, 11Hc’, 7-CHe 12-CH, m), 2,106 1,96 (2H, 8Hd, 13Hf,

m), 1,10- 1,05 (6H, 20-Ckle 21-CH, m). O espectro € apresentado na Figura 103, pg.

251 do anexo.

RMN de 13C (75 MHz, CDCl) &: 196,7 e 196,6 (C1 e C5), 163,9, 163,7 e 163,0 (C9 e

C10), 152,8 e 152,7 (C16 e C18), 139,9, 139,8 e 139,5 (C17), 136,5 (C14), 116,3 e 116,2
(C2 e C4), 105,6 e 105,5 (C15 e C19), 60,6 (C23), 56,1 (C22 e C24), 45,3 e 45,0 (C6 e
C13), 35,3 (C8 e C11), 31,4 (C3), 28,3 e 27,9 (C7 e C12), 20,8 e 20,7 (C20 e C21). O

espectro é apresentado na Figura 104, pg. 252 do anexo.

9-(4-hidroxifenil)-3,6-dimetil-3,4,5,6,7,9-hexaid ra-txanteno-1,8(B)-diona (27)

Hb'

20

N

ASPECTO: Soldo amarelo.
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MASSA OBTIDA: 87,4 mg (0,26 mmol, 52% de rendimento).

CCD: R = 0,20 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 215 - 216°C

IV (ATR) v (cntl): 3600, 3274, 2998, 2964, 2876, 1658, 1638, 1609, 1188. O espectro é
apresentado na Figura 105, pg. 253 do anexo.

MS/EI (m/Zfint. rel.) M+: C21H2204, 338/87, 321/54, 268/18, 245/100, 203/18, 69/19. O

espectro é apresentado na Figura 106, pg. 253 do anexo.

RMN de 'H (300 MHz, DMSO) 6 (integracéo, atribuicdo, constante de acoplamento,
multiplicidade): 9,16 (1H, O-H, s), 6,92 (2H, 15-CH e 19-GH; 8,3 Hz, d), 6,56 (2H,
16-CHe 18-CH, = 8,3 Hz, d), 4,45 e 4,43 (1H, 3-CH, s), 2,655 (2H, 6Ha ¢ 13Ha’,

m), 2,50-2,21 (6H, 6Hb, 13Hb’, 8Hc, 11Hc’, 7-CH e 12-CH, m), 2,08 2,02 (2H, 8Hd,
13Hd’, m), 1,01 — 0,911 (6H, 20-Ckle 21-CH, m). O espectro é apresentado na Figura
107, pg. 254 do anexo.

RMN de 13C (75 MHz, DMSO0) 5:196,8, 196,7 e 196,6 (C1 e C5), 164,6, 164,5, 163,7

e 163,6 (C9e C10), 156,1 e 156,0 (C17), 135,5.135,4 € 135,2 (C14), 129,4,129,3 € 129,2
(C15e C19), 116,1,1159 e 115,7 (C2 e C4), 115,1 e 115,0 (C16 e C18), 45,0 e 44,9 (C6
e C13), 34,8 e 34,3 (C8 e C11), 30,4 e 30,2 (C3), 28,2, 28,1 e 27,9 (C7 e C12), 20,8 e
20,7 (C20 e C21). O espectro € apresentado na Figura 108, pg. 255 do anexo.
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9-(4-hidroxi- 3-metoxifenil)-3,6-dimetil-3,4,5,6,7,9-hexaid ré+xanteno-1,8(Bl)-diona
(28)

Hb'

20

N\

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 147,8 mg (0,40 mmol, 80% de rendimento).

CCD: R = 0,28 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 180 - 181°C

IV (ATR) v (cn1l): 3320, 2959, 2871, 1664, 1647, 1616, 1272, 1185, 1127. O espectro é
apresentado na Figura 109, pg. 256 do anexo.

MS/EI (m/Z/int. rel.) M+: C22H240s, 368/100, 351/52, 337/64, 245/98, 203/20, 69/26. O

espectro é apresentado na Figura 110, pg. 256 do anexo.

RMN de !H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,05 -7,01 (1H, 15-CH, m), 6,78,69 (1H, 19-CH, m), 6,546,50 (1H,
18-CH, m), 5,58 (1H, O-H, s), 4,71 e 4,68 (1H, 3-CH, s), 3,87 (1H, 22 <}2,69 -2,55
(2H, 6Ha e 13Ha’, m), 4,45 — 2,20 (6H, 6Hb, 13Hb’, 8H, 11Hc’, 7-CH e 12-CH, m), 2,08

— 1,97 (2H, 8Hd e 11Hd’, m), 1,09 — 1,04 (6H, 20-CKl e 21-CH, m). O espectro é
apresentado na Figura 111, pg. 257 do anexo.

RMN de 13C (75 MHz, CDCk) &: 196,7 (C1 e C5), 163,7, 163,5 e 162,7 (C9 e C10),
145,9 (C16), 144,1 (C17), 136,7 e 136,5 (C14), 119,8 e 119,7 (C19), 116,7, 116,6 e 116,5

(C2 e C4), 114,0 e 113,9 (C18), 112,4 e 112,2 (C15), 55,9 (C22), 45,2 (C6 e C13), 35,3
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e 34,9 (C8 e C11), 31,2 e 31,0 (C3), 28,4, 27,9 e 27,8 (C7 e C12), 20,8 e 20,7 (C20 e
C21). O espectro € apresentado na Figura 112, pg. 258 do anexo.

9-(benzofl][1,3]dioxol-5-il)-3,6-diimetil-3,4,5,6,7,9-hexaidroHtxante no-1,8(B)-
diona (29)

Hb'

20

ASPECTO: Solido branco.

MASSA OBTIDA: 151,5 mg (0,41 mmol, 83% de rendimento).

CCD: R = 0,41 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 201 - 202C

IV (ATR) v (cntl): 2947, 2924, 2861, 1651, 1617, 1366, 1257, 1186. O espéctro

apresentado na Figura 113, pg. 259 do anexo.

MS/EI (nvVZ/int. rel.) M+: C22H2205, 366/100, 296/56, 245/86, 203/18, 69/21. O espectro

é apresentado na Figura 114, pg. 259 do anexo.

RMN de !H (300 MHz, CDCl) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 6,78 -6,72 (2H, 18-CH e 19-CH, m), 666,61 (1H, 15-CH, m), 5,84
(2H, 22-CH, s), 4,70 e 4,68 (1H, 3-CH, s), 2,6954 (2H, 6Ha e 13Ha’, m), 4,45 - 2,15

(6H, 6Hb, 13Hb’, 8H, 11H¢’, 7-CH e 12-CH, m), 2,10 1,95 (2H, 8Hd @ 1Hd’, m), 1,10

— 1,03 (6H, 20-Chle 21-CH, m). O espectro € apresentado na Figura 115, pg. 260 do

anexo.
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RMN de 13C (75 MHz, CDCk) &: 196,6 (C1 e C5), 163,6, 163,5 e 162,8 (C9 e C10),

147,3 (C16), 146,0 e 145,9 (C17), 138,5 e 138,4 (C14), 121,6 e 121,5 (C19), 116,5 e
116,3 (C2 e C4), 109,0 e 108,9 (C15), 107,9 e 107,8 (C18), 100,7 (C22), 45,2 (C6 e C13),
35,3 e 34,9 (C8 e C11), 31,4 e 31,2 (C3), 28,4 e 27,8 (C7 e C12), 20,8 (C20 e C21). O

espectro é apresentado na Figura 116, pg. 261 do anexo.

9-(5-(4-clorofenil)furan-2#) -3,6-dimetil-3,4,5,6,7,9-hexaid roHtxanteno- 1,8 (B)-
diona (30)

ASPECTO: Sdlido amarelo.

MASSA OBTIDA: 188,7 mg (0,45 mmol, 45% de rendimento).

CCD: Rr = 0,37 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 137 - 138C.

IV (ATR) v (cnTl): 2964, 2874, 1659, 1619, 1532, 1483, 1182. O espectro é apresentado
na Figura 117, pg. 262 do anexo.

MS/EI (nmVZlint. rel.) M+: C2sH23ClO4, 42418, 422/25, 376/18, 282/70, 244/100, 140/15,
69/29. O espectro é apresentado na Figura 118, pg. 262 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,42 (2H, 20-CH e 22-CBI= 8,2 Hz, d), 7,27 (2H, 19-CH e 23-CH,
= 8,2 Hz, d), 6,47 (1H, 16-CH, s), 6,23 (1H, 15-CH, s), 5,00 (1H, 3-CH, s)-2 5B
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(2H, 6Ha e 13Ha’, m), 2,57 — 2,33 (4H, 6Hb, 13Hb’, 8Hc e 11Hc’, m), 2,31 — 2,24 (2H,
8Hd e 1Hd, m) 2,16 — 2,01 (2H, 7-CH e 12-CH, m), 1,131,07 (6H, 24-Ckle 25-CH,

m). O espectro € apresentado na Figura 119, pg. 263 do anexo.

RMN de 13C (75 MHz, CDCL) §: 196,4 (C1 e C5), 164,8 e 164,1 (C9 e C10), 155,2 e
155,1 (C14), 151,1 e 151,0 (C17), 132,2 (C18), 129,6 (C21), 128,7 (C20 e C22), 124,5
(C19e C23),113,4e 113,3(C2 e C4), 108,8 e 108,6 (C15), 106,8 e 106,7 (C16), 45,2 €
44,9 (C6 e C13), 35,3 e 35,0 (C8 e C11), 28,3 e 27,9 (C3), 25,6 e 25,5 (C7 e C12), 20,8
e 20,6 (C24 e C25). O espectro € apresentado na Figura 120, pg. 264 do anexo.

9-(5-(4-bromofenil)furan-2H) -3,6-dimetil-3,4,5,6,7,9-hexaid roHt xante no- 1,8 (B)-
diona (31)

ASPECTO: Solido amarelo.

MASSA OBTIDA: 197,7 mg (0,44 mmol, 44% de rendimento).

CCD: Rf = 0,39 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 129 - 13C°C.

IV (ATR) v (cnTl): 2962, 2874, 1660, 1619, 1532, 1479, 1187. O espectro é apresentado
na Figura 121, pg. 265 do anexo.

MS/EI (m/Z/int. rel.) M+: Cz5H23BrO4, 468/16, 466/20, 282/67, 244/100, 182/20, 69/29.

O espectro € apresentado na Figura 122, pg. 265 do anexo.
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RMN de !H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
muliplicidade): 7,42 (2H, 20-CH e 22-CBi~= 8,1 Hz, d), 7,38 (2H, 19-CH e 23-CH,

= 8,1 Hz, d), 6,48 (1H, 16-CH, s), 6,23 (1H, 15-CH, s), 5,00 (1H, 3-CH, s)-2/58
(2H, 6Ha e 13Ha’, m), 2,56 — 2,35 (4H, 6Hb, 13Hb’, 8Hc e 11Hc’, m), 2,29 — 2,22 (2H,
8Hd e 1Hd’, m) 2,14 — 2,00 (2H, 7-CHe 12-CH, m), 1,121,07 (6H, 24-Chkle 25-CH,

m). O espectro € apresentado na Figura 123, pg. 266 do anexo.

RMN de 13C (75 MHz, CDCL) §: 196,4 (C1 e C5), 164,8 e 164,1 (C9 e C10), 155,2 e
155,1 (C14), 151,1 e 151,0 (C17), 132,2 ¢ 131,6 (C20 e C22), 126,7 (C18), 124,8 (C19 e
C23), 120,3 (C21), 113,3 e 113,1 (C2 e C4), 108,8 e 108,6 (C15), 106,9 e 106,8 (C16),
45,2 e 44,9 (C6 e C13), 35,4 e 35,0 (C8e C11), 28,3 e 27,9 (C3), 25,6 e 25,5 (C7 e C12),
20,8 e 20,6 (C24 e C25). O espectro € apresentado na Figura 124, pg. 267 do anexo.

2-(2,6-diclorobenzilide no)-5,5-dimetilcicloe xan-1,3-dio (22)

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 140,0 mg (0,47 mmol, 47% de rendimento).

CCD: Ry = 0,87 (hexano-diclorometano-acetato de etila 3:2:1 v/v).

FAIXA DE FUSAO: 101 - 102C

IV (ATR) v (cntl): 2954, 2870, 1714, 1677, 1608, 1187, 776. O espectro é apresentado
na Figura 125, pg. 268 do anexo.

MS/EI (m/Zlint. rel.) M+: C1sH14CLO2, 262/4, 260/12, 247/32, 246/16, 245/100, 91/8,
76/18, 63/11 (O pico do ion molecular (297) ndo aparece no espectro). dboegpe
apresentado na Figura 126, pg. 268 do anexo.
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RMN de !H (300 MHz, CDCh) ¢ (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,83 (1H, 9-CH, s), 7,337,22 (3H, 12-CH, 13-CH e 14-CH, m), 2,64
(2H, 4-CH, s), 2,56 (2H, 62Hz, s), 1,12 (6H, 7-Cke 8-ChH, s). O espectro é
apresentado na Figura 127, pg. 269 do anexo.

RMN de 13C (75 MHz, CDCl) §: 196,6 (C1 e C3), 143,3 (C9), 136,5 (C2), 133,8 (C11
e C15), 132,8 (C13), 129,6 (C12 e C14), 127,8 (C10), 55,1 (C4), 52,7 (C6), 29,9 (C5),
28,6 (C7 e C8). O espectro € apresentado na Figura 128, pg. 270 do anexo.

2,2'{(5-(4-clorofenil) furan-2-il) metile nd)is(3- hidroxi-5,5-dimetilcicloe x-2-enonaj33)

Os dados espectroscépicos e detalhes adicionais encontram-sgond aat final
do capitulo. Os espectros sao apresentados nas Figuras 129, 130 e 31, [®js2e
273 do anexo.

2,2'{(5-(4-bromofenil) furan-2-il)metile nd)is(3- hidroxi-5,5-dimetilcicloe x-2-enona)
(34)

Os dados espectroscépicos e detalhes adicionais encontram-sgond aat final
do capitulo. Os espectros sao apresentados nas Figuras 132, 133 e I3, Rs5e

276 do anexo.

2,2'{(4- (dimetilamino)fenil)metileno)bis(5,5-dimetilcicloexan-1,3da) (35)

N

26, 27
N(CH3),

23 110H  100OH 25

ASPECTO: Soldo amarelo.

MASSA OBTIDA: 252,4 mg (0,61 mmol, 61% de rendimento).

CCD: R = 0,71 (hexano-diclorometano-acetato de etila 3:2:1 v/v).
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FAIXA DE FUSAO: 175-176°C

IV (ATR) v (cntl): 3216 1940, 2959, 2872, 1580, 1366, 1160, 1150. O espectro é

apresentado na Figura 135, pg. 277 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 11,94 (1H, 10-O-k11-O-H, s), 6,95 (2H, 17-CH e 21-CHz= 7,8 Hz,

d), 6,66 (2H, 18-CH e 20-CH= 7,8 Hz, d), 5,48 (1H, 3-CH, s), 2,90 (6H, 26-4&27-

CHs, s), 2,47- 2,30 (8H, 6-CH, 8-CH, 13-CH e 15-CH, m), 1,23 (6H, 22-Cke 24-

CHs, s), 1,10 (6H, 23-Ctk 25-CH, s). O espectro € apresentado na Figura 136, pg. 278

do anexo.

RMN de 13C (75 MHz, CDCl) & 190,2 e 189,3 (C1 e C5), 148,7 (C9 e C12), 127,5

(C17 e C21),125,6 (C16 e C19), 115,9 (C2 e C4), 112,6 (C18 e C20), 47,1 (C6 e C15),
46,4 (C8 e C13), 40,7 (C26 e C27), 31,9e 31,8 (C3), 31,4 (C7 e C14), 29,7 (C22 e C24),
27,3 (C23 e C25). O espectro é apresentado na Figura 137, pg. 279 do anexo.

2,2'-((3,4,5-trimetoxife nil)metileno)bis(5,5-dimetilcicloexan-1,8+wi) (36)

23 110H 10 OH 25

ASPECTO: Sdéldo branco.

MASSA OBTIDA: 335,9 mg (0,73 mmol, 73% de rendimento).

CCD: R = 0,41 (hexano-diclorometano-acetato de etila 3:2:1 v/v).

FAIXA DE FUSAO: 180- 181°C.
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IV (ATR) v (cntl): 3200 1924, 2952, 2867, 1578, 1370, 1231, 1168, 1153. O espectro

€ apresentado na Figura 138, pg. 280 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 12,03 (1H, 10-O-&i11-0O-H,s), 6,34 (2H, 17-CHe 21-CH, s), 5,49 (1H,
3-CH, s), 3,80 (3H, 27-C#ls), 3, 74 (6H, 26-CHe 28-CH, s), 2,40 (4H, 6-CHe 15-
CHg, s), 2,35 (4H, 8-CHe 13-CH, s), 1,23 (6H, 22-Ckk 24-CH, s), 1,11 (6H, 23-CH

e 25-CH, s). O espectro é apresentado na Figura 139, pg. 281 do anexo.

RMN de 3C (75 MHz, CDCh) &: 194,4 (C1 e C5), 189,4 (C9 e C12), 152,8 (C18 e C20),
135,8 (C16), 133,7 (C19), 115,5 (C2 e C4), 104,0 (C17 e C21), 60,8 (C27), 55,8 (C26
C28), 47,0 (C6 e C15), 46,3 (C8 e C13), 32,7 (C3), 31,1 (C7 e C14), 30,1 (C22 e C24),
26,7 (C23 e C25). O espectro € apresentado na Figura 140, pg. 282 do anexo.

3,3,6,6-tetrametil-9-fenil-3,4,5,6,7,9-hexaidre-kante no-1,8(8)-diona (37)

ASPECTO: Soldo amarelo.

MASSA OBTIDA: 275,7 mg (0,79 mmol, 79% de rendimento).

CCD: R = 0,53 (hexano-diclorometano-acetato de etila 3:2:1 v/v).

FAIXA DE FUSAO: 203 - 204°C.

IV (ATR) v (cnrl): 2957, 2871, 1659, 1624, 1359, 1197, 1164, 1139. O espectro é

apresentado na Figura 141, pg. 283 do anexo.
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MS/ElI (m/Zlint. rel.) M+: Cz3H2603, 350/49, 273/100, 217/23, 161/8. O espectro &
apresentado na Figura 142, pg. 283 do anexo.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,28 (2H, 19-CH e 23-CBi= 7,5 Hz, d), 7,20 (2H, 20-CH e 22-CH,
=7,5Hz, 1), 7,09 (1H, 21-CH,= 7,5 Hz, 1), 4,74 (1H, 3-CH, s), 2,46 (4H, 8-£a111-
CHg, s), 2,23 (2H, 6 Ha, 1Ha’, J= 16,3 Hz, d), 2,15 23 (2H, 6 Hb, 13 HId = 16,3 Hz,

d), 1,09 (6H, 14-Ckle 17-CH, s), 0,98 (6H, 14-Cfle 16-CH, s). O espectro &
apresentado na Figura 143, pg. 284 do anexo.

RMN de 13C (75 MHz, CDCh) §:196,4 (C1 e C5), 162,3 (C9 e C10), 144,1 (C18), 128,4
(C19 e C23), 128,0 (C20 e C22), 126,3 (C21), 115,6 (C2 e C4), 50,7 (C6 e C13), 40,9
(C8 e C11), 32,2 (C3), 31,8 (C7 e C12), 29,2 (C15 e C16), 27,3 (C14 e C17). O espectro

€ apresentado na Figura 144, pg. 285 do anexo.

9-(4-fluorofenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexahid rd-%ante no- 1,8(8)-diona
(38)

Os dados espectroscépicos e detalhes adicionais encontram-sgonb aat final
do capitulo. Os espectros sdo apresentados nas Figuras 145, 146, 147 e 286, 28/8.

e 288 do anexo.

9-(4-clorofenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexaidrd- kanteno-1,8(R)-diona (39)
Os dados espectroscopicos e detalhes adicionais encontram-sgonb ad final
do capitulo. Os espectros sdo apresentados nas Figuras 149, 150, 151 e 152,29§5. 289

€291 do anexo.

9-(4-bromofenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexaidtd-tante no-1,8(Rl)-diona (40)
Os dados espectroscépicos e detalhes adicionais encontram-sgonb aat final
do capitulo. Os espectros sdo apresentados nas Figuras 153, 154, 155 e 156,38§%. 292

e 294 do anexo.
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3,3,6,6-tetrameti-94- (trifluorometil) fenil)- 3,4,5,6,7,9-hexahidrokt xante no- 1,8 (R )-
diona (41)

N\

ASPECTO: Séldo branco.

MASSA OBTIDA: 253,6 mg (0,61 mmol, 61% de rendimento).

CCD: Rr = 0,78 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 242 - 243C.

IV (ATR) v (cnTt): 2961, 2871, 1660, 1617, 1360, 1322, 1198, 1159, 1136. O espectro é
apresentado na Figura 157, pg. 295 do anexo.

MS/EI (mVZlint. rel.): 418/37, 273/100, 217/22, 161/15, 55/25, 43/21, 41/32. O espectro

€ apresentado na Figura 158, pg. 295 do anexo.

HRMS (M+H™): Calculado para £aH26F303: 419,1834; encontrado: 419,1839.

RMN de 'H (300 MHz, CDCh) § (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,47 (2H, 20-CH e 22-CBi= 7,8 Hz, d), 7,40 (2H, 19-CH e 23-CH,

= 7,8 Hz, d), 4,79 (1H, 3-CH, s), 2,48 (4H, 8-0H11-CH, s), 2,24 (2H, 6 Ha e 132",
J=16,3 Hz, d), 2,15 (2H, 6 Hb13 Hb’, J = 16,3 Hz, d), 1,10 (6H, 14-Ct 17-CH,

s), 0,98 (6H, 14-Ckle 16-CH, s). O espectro é apresentado na Figura 159, pg. 296 do

anexo.

RMN de 3C (75 MHz, CDCl) &: 196,4 (C1 e C5), 162,7 (C9 e C10), 148,0 (C18), 128,7
(C19 e C23), 128,0 (d,= 31,9 Hz, C21), 124,2 (d,= 270,1 Hz, 24SF3), 125,0 (q,) =
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3,7 Hz, C20 e C22), 115,0 (C2 e C4), 50,6 (C6 e C13), 40,8 (C8 e C11), 32,2 (C3), 32,0
(C7eC12), 29,2 (C15 e C16),27,3 (Cl4 e C17). O espectro é apresentado nb6Bigura
pg. 297 do anexo.

4-(3,3,6,6-tetrametil- 1,8-dioxo-2,3,4,5,6,7,8,9-octaidkbxante n-9-ibe nzonitrila(42)

24 CN

ASPECTO: Solido branco.

MASSA OBTIDA: 327,7 mg (0,87 mmol, 87% de rendimento).

CCD: Rf = 0,79 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 198 - 199°C.

IV (ATR) v (cnTl): 2961, 2872, 2225, 1659, 1620, 1360, 1197, 1164, 1138. O espectro é
apresentado na Figura 161, pg. 298 do anexo.

MS/EI (mv/Zlint. rel.): 375/41, 273/100, 217/21, 161/14, 55/22, 43/17, 41/33. O espectro

€ apresentado na Figura 162, pg. 298 do anexo.

HRMS (M+H™*): Calculado para £2H26NOz3: 376,1913; encontrado: 376,1936.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,50 (2H, 20-CH e 22-CBi= 7,6 Hz, d), 7,40 (2H, 19-CH e 23-CH,

= 7,6 Hz, d), 4,75 (1H, 3-CH, s), 2,47 (4H, 8-0H11-CH, s), 2,23 (2H, 6 Ha e 13a’,
J=16,3 Hz, d), 2,14 (2H, 6 Hb13 Hb’, J = 16,3 Hz, d), 1,10 (6H, 14-GH 17-CH,

s), 0,97 (6H, 14-Ckle 16-CH, s). O espectro é apresentado na Figura 163, pg. 299 do

anexo.
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RMN de 13C (75 MHz, CDCk) &: 196,3 (C1 e C5), 162,9 (C9 e C10), 149,5 (C18), 131,9
(C19 e C23),129,3 (C20 e C22), 119,0 (C24), 114,5 (C2 e C4), 110,1 (C21), 50,6 (C6 €
C13), 40,8 (C8 e C11), 32,5 (C3), 32,2 (C7 e C12), 29,2 (C15 e C16), 27,2 (Cl4 e C17).
O espectro é apresentada Figura 164, pg. 300 do anexo.

3,3,6,6-tetrametil-94-nitrofenil)-3,4,5,6,7,9-hexahidroHtxanteno-1,8(Bl)-diona (43)

N\

ASPECTO: Solido branco.

MASSA OBTIDA: 343,9 mg (0,87 mmol, 87% de rendimento).

CCD: R = 0,79 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAQ: 221 - 22°C.

IV (ATR) v (cntl): 2959, 2871, 1654, 1620, 1515, 1359, 1342, 1199, 1164, 1138. O

espectro é apresentado na Figura 165, pg. 301 do anexo.

MS/EI (nVZlint. rel.): 395/48, 378/68, 348/25, 273/100, 217/32, 161/24, 152/15, 77/16,
55/33, 43/24, 41/42. O espectro € apresentado na Figura 166, pg. 301 do anexo.

HRMS (M+H™): Calculado para £3H26NOs: 396,1811; encontrado: 396,1841.
RMN de H (300 MHz, CDCL) ¢ (integracéo, atribuicdo, constante de acoplamento,
muttiplicidade): 8,08 (2H, 20-CH e 22-CBl= 7,9 Hz, d), 7,46 (2H, 19-CH e 23-CH,

= 7,9 Hz, d), 4,81 (1H, 3-CH, s), 2,49 (4H, 8-BH11-CH, s), 2,24 (2H, 6 Ha e 13a’,
J=16,3 Hz, d), 2,15 (2H, 6 Hb13 Hb’, J = 16,3 Hz, d), 1,10 (6H, 14-GH 17-CH,
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s), 0,98 (6H, 14-Ckle 16-CH, s). O espectro é apresentado na Figura 167, pg. 302 do

anexo.

RMN de 13C (75 MHz, CDCl) 6:196,3 (Cle C5), 163,0 (C9e C10),151,5 (C18), 146,4
(C21), 129,3 (C19 e C23), 123,4 (C20 e C22), 114,5 (C2 e C4), 50,6 (C6 e C13), 40,8
(C8 e C11), 32,4 (C3), 32,2 (C7 e C12), 29,2 (C15 e C16), 27,2 (C14 e C17). O espectro

€ apresentado na Figura 168, pg. 303 do anexo.

9-(4-metoxife nil)-3,3,6,6-tetrametil-3,4,5,6,7,9-he xaidid-fanteno-1,8(R)-diona
(44)

ASPECTO: Solido branco.

MASSA OBTIDA: 292,3 mg (0,77 mmol, 77% de rendimento).

CCD: R = 0,90 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 252- 253°C.

IV (ATR) v (cntl): 2957, 2873, 1678, 1662, 1625, 1357, 1234, 1193, 1163, 1136, 1033.

O espectro € apresentado na Figura 169, pg. 304 do anexo.

MS/EI (m/Zlint. rel.) M+: Cz4H2804, 380/100, 363/43, 348/43, 296/33, 273/93, 217/31,
161/16, 83/19. O espectro é apresentado na Figura 170, pg. 304 do anexo.

RMN de !H (300 MHz, CDCl) § (integracéo, atribuicdo, constante de acoplamento,
multiplicidade): 7,20 (2H, 19-CH e 23-CBi= 8,6 Hz, d), 6,75 (2H, 20-CH e 22-CH,
= 8,6 Hz, d), 4,69 (1H, 3-CH, s), 3,73 e 3,72 (3H, 24,8} 2,45 (4H, 8-Chke 11-CH,
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S), 2,23 (2H, 6 Ha e 1Ha’, J = 15,7 Hz, d), 2,15 (2H, 6 Hb13 Hb’, J = 15,7 Hz, d),
1,09 (6H, 14-CHe 17-CH, s), 0,98 (6H, 15-Ctle 16-CH, s). O espectro é apresentado
na Figura 171, pg. 305 do anexo.

RMN de 13C (75 MHz, CDCh) &:196,5 (C1 e C5), 162,0 (C9 e C10), 157,9 (C21), 136,5
(C18), 129,3 (C19 e C23), 115,8 (C2 e C4), 113 4 (C20 e C22), 55,1 (C24), 50,8 (C6 e
C13), 40,8 (C8 e C11), 32,2 (C3), 30,9 (C7 e C12), 29,2 (C15 e C16), 27,3 (C14 e C17).

O espectro € apresentado na Figura 172, pg. 306 do anexo.

9-(3,4-dimetoxifenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexaidk-dante no-1,8(B)-diona
(45)

OCH,

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 406,1 mg (0,99 mmol, 99% de rendimento).

CCD: Rs = 0,58 (hexano-diclorometano-acetato de etila 3:2:1 v/v).

FAIXA DE FUSAO: 181- 182°C.

IV (ATR) v (cn1t): 2959, 2873, 1656, 1621, 1361, 1260, 1198, 1167, 1136. O espectro é
apresentado na Figura 173, pg. 307 do anexo.

MS/EI (nVZ/int. rel.) M+: C2sH300s,410/69, 379/100, 273/35, 217/16, 83/18. O espectro

€ apresentado na Figura 174, pg. 307 do anexo.
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RMN de !H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
muliplicidade): 6,89 (1H, 19-CH, s), 6,76 - 6,68 (2H, 22-CH e 23-CH, m), 4,68 (1H, 3-
CH, s), 3,84 (3H, 25-CHlis), 3,78 (3H, 24-Ckls), 2,45 (4H, 8-CHe 11-CH, s), 2,23

(2H, 6 Ha e 131a’, J = 16,3 Hz, d), 2,16 (2H, 6 Hb13 Hb’, J = 16,3 Hz, d), 1,09 (6H,
14-CHs e 17-CH, s), 0,99 (6H, 14-Ck 16-CH, s). O espectro € apresentado na Figura
175, pg. 308 do anexo.

RMN de 13C (75 MHz, CDCk) &:196,5 (C1 e C5), 162,1 (C9 e C10), 148,4 (C20), 147,4
(C21), 136,9 (C18), 120,1 (C23), 115,7 (C2 e C4), 112,2 (C19), 110,8 e 110,4 (C22), 55,8
(C24), 55,7 (C25), 50,7 (C6 e C13), 40,8 (C8 e C11), 32,2 (C7 e C12), 31,1 (C3), 29,3
(C15e C16), 27,2 (C14 e C17). O espectro € apresentado na Figura 176, pg. 889.do an

9-(4-hidroxifenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexaidrel- kanteno-1,8(R)-diona
(46)

ASPECTO: Sodlido branco.

MASSA OBTIDA: 335,55 mg (0,91 mmol, 91% de rendimento).

CCD: R = 0,25 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 250 - 251°C.

IV (ATR) v (cntl): 3401, 2961, 2872, 1660, 1613, 1358, 1199, 1165, 1133. O espectro é

apresentado na Figura 177, pg. 310 do anexo.

MS/EI (m/Zlint. rel.) M+: Cz3H2604, 366/92, 349/39, 282/25, 273/100, 217/32, 161/15,
83/17. O espectro é apresentado na Figura 178, pg. 310 do anexo.
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RMN de !H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,05 (2H, 19-CH e 23-CBI= 8,1 Hz, d), 6,54 (2H, 20-CH e 22-CH,

= 8,1 Hz, s), 4,65 (1H, 3-CH, s), 2,45 (4H, 8-GHL1-CH, s), 2,24 (2H, 6 Ha e 13a’,
J=16,5Hz d), 2,15 (2H, 6 Hb13 Hb’, J = 16,5 Hz, d), 1,08 (6H, 14-GH 17-CH,

s), 0,99 (6H, 14-Ckle 16-CH, s). O espectro é apresentado na Figura 179, pg. 311 do

anexo.

RMN de 13C (75 MHz, CDCk) &:197,3 (C1 e C5), 162,5 (C9 e C10), 154,7 (C21), 135,5
(C18), 129,3 (C19 e C23), 115,8 (C2 e C4), 115,2 (C20 e C22), 50,7 (C6 e C13), 40,8
(C8 e C11), 32,3 (C7 e C14), 30,9 (C3), 29,3 (C15 e C16), 27,2 (C14 e C17). O espectro
é apresentado na Figura 180, pg. 312 do anexo.

9-(4-hidroxi- 3-metoxifenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-he xaid i9-4ante no-
1,8(2H)-diona (47)

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 359,2 mg (0,91 mmol, 91% de rendimento).

CCD: R = 0,26 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 227 -228°C.

IV (ATR) v (cntt): 3398, 2953, 2870, 1657, 1623, 1356, 1277, 1194, 1163, 1133, 1028.

O espectro é apresentado na Figura 181, pg. 313 do anexo.

MS/EI (m/Zlint. rel.) M+: Cz4H280s, 396/100, 379/38, 365/60, 273/90, 217/35, 161/20,
83/28. O espectro € apresentado na Figura 182, pg. 313 do anexo.
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RMN de !H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 6,98 (1H, 19-CH)s5,72 (1H, 23-CHJ = 8,1 Hz, d), 6,57 (1H, 22-CH,
J=38,1Hz d), 556 (1H, O-H, s), 4,65 (1H, 3-CH, s), 3,87 (3H, 24-CH, s), 2,44 (4H, 8-
CHze 11-CH, s), 2,23 (2H, 6 Ha e 18’, J= 16,3 Hz, d), 2,16 (2H, 6 Hb13 Hb’, J=

16,3 Hz, d),1,09 (6H, 14-GH 17-CH, s), 0,99 (6H, 15-CHk 16-CH, s). O espectro €
apresentado na Figura 183, pg. 314 do anexo.

RMN de 13C (75 MHz, CDCk) &: 196,6 (C1 e C5), 162,1 (C9 e C10), 145,9 (C20), 144,0
(C21), 136,4 (C18), 120,0 (C23), 115,8 (C2 e C4), 113,9 (C22), 112,3 (C19), 55,9 (C24),
50,8 (C6 e C13), 40,8 (C8 e C11), 32,2 (C3), 31,3 (C7 e C12), 29,3 (Cl14 e C14), 27,3
(C15 e C16). O espectro é apresentado na Figura 184, pg. 315 do anexo.

9-(benzo[d][1,3]dioxol-54)-3,3,6,6-tetrametil-3,4,5,6,7,9-he xaid re-kante no-
1,8(2H)-diona (48)

ASPECTO: Soldo amarelo.

MASSA OBTIDA: 349,3 mg (0,89 mmol, 89% de rendimento).

CCD: R = 0,50 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 219 - 22(°C.

IV (ATR) v (cn1t): 2957, 2885, 2870, 1660, 1623, 1257, 1196. O espectro é apresentado
na Figura 185, pg. 316 do anexo.

64



MS/EI (m/Zlint. rel.) M+: Cz4H260s, 394/100, 377/16, 310/78, 273/78, 217/29, 161/15,
83/19. O espectro é apresentado na Figura 186, pg. 316 do anexo.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 6,79 (2H, 19-CH, s), 6,73 (1H, 23-CH; 8,1 Hz, d), 6,64 (1H, 22-CH,
J=8,1 Hz, d), 5,85 (2H, 24-CHs), 4,66 (1H, 3-CH, s), 2,45 (4H, 8-€El11-CHl, s),
2,23 (2H, 6 Ha e 18Bla’, J= 16,3 Hz, d), 2,16 (2H, 6 Hb13 Hb’, J= 16,3 Hz, d),1,09
(6H, 14-CH e 17-CH, s), 1,00 (6H, 15-Cke 16-CH, s). O espectro € apresentado na
Figura 187, pg. 317 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,4 (Cle C5), 162,1 (C9 e C10), 147,3 (C20), 145,9
(C21),138,3 (C18),121,5(C23), 115,6 (C2 e C4), 109,1 (C19), 107,8 (C22), 100,7 (C24),
50,8 (C6 e C13), 40,8 (C8 e C11), 32,2 (C3), 31,4 (C7 e C12), 29,2 (C15 e C16), 27,4
(C14 e C17). O espectro é apresentado na Figura 188, pg. 318 do anexo.

3,3,6,6-tetrametil- 95-feniltiofen-24l)-3,4,5,6,7,9-hexaidroH- xanteno-1,8(B)-diona
(49)

Os dados espectroscépicos e detalhes adicionais encontram-sgonb aat final
do capitulo. Os espectros séo apresentados nas Figuras 189, 190, 191 e 182, 3i28. 3

e 321 do anexo.

3,6-disopropil-9-fenil-3,4,5,6,7,9-hexaidrd4ixanteno-1,8(&)-diona (50)

ASPECTO: Soldo amarelo.

MASSA OBTIDA: 177,1 mg (0,47 mmol, 47% de rendimento).

CCD: R = 0,62 (hexano-diclorometano-acetato de etila 3:2:1 viv).
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FAIXA DE FUSAO: 182 - 183C.

IV (ATR) v cn1l): 2962, 2866, 1656, 1624, 1366, 1181. O espectro é apresentado na
Figura 193, pg. 322 do anexo.

MS/EI (mVZlint. rel.) M+: CzsH3003, 378/49, 335/8, 301/100, 231/8, 41/9. O espectro €
apresentado na Figura 194, pg. 322 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,32 -7,19 (4H, 21-CH, 22-CH, 24-CH, 25-CH, m), #1849 (1H, 23-
CH, m), 4,78 (1H, 3-CH, s), 2,682,28 (6H, 6 Ha, 13 Ha’, 8 Hc, 11 Hc’, 6 Hb, 13 Hb’,

m), 2,11- 1,98 (2H 8 Hd, 11 Hd’, m), 1,93 — 1,79 (2H, 7-CH, 12-CH, m), 1,661,53
(2H, 14-CH, 17-CH, m), 0,98 - 0,89 (12H, 15-§£H6-CH, 18-CH;, 19-CH;, m). O

espectro é apresentado na Figura 195, pg. 323 do anexo.

RMN de 13C (75 MHz, CDCl) 6:196,8 (Cl e C5),164,3 (C9 e C10), 144,4 (C20), 128,3

e 128,2 (C21 e C25), 128,1 e 128,1 (C22 e C24), 126,4 (C23), 116,5 (C2e C4), 41,0 e
40,1 (C7 e C12), 38,8 e 38,7 (C6e C13),31,9e 31,8 (C8 e C13), 31,6 (C3), 31,1 e 30,8
(C14e C17),19,6,19,5e 19,4 (C15,C16,C18 e C19). O espectro € apresentado na Figura
196, pg. 324 do anexo.

9-(4-fluorofenil)-3,6-diisopropH-3,4,5,6,7,9-hexahidroH: xanteno-1,8(R)-diona (51)

ASPECTO: Solido branco.

MASSA OBTIDA: 294, 9 mg (0,74 mmol, 74 % de rendimento).

CCD: Rs = 0,62 (hexano-acetato de etia 2:1 v/v).
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FAIXA DE FUSAO: 179-181°C.

IV (KBr) v (cntl): 2959, 2885, 1656, 1623, 1369, 1225, 1188, 1156, 1143. O espectro é
apresentado na Figura 197, pg. 325 do anexo.

MS/EI (m/zfint. rel.): 396/85, 301/100, 133/19, 95/14, 69/16, 43/71, 41/88. O espectro é
apresentado na Figura 198, pg. 325 do anexo.

HRMS (M+H™): Calculado para £sH30CIO3: 397,2179; encontrado: 397,2154.

RMN de 'H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,28 - 7,20 (2H, 21-CH, 25-CH, m), 6;98,85 (2H, 22-CH, 24-CH, m),
4,74 (1H, 3-CH, s), 2,67 2,28 (6H, 6 Ha]3 Ha’, 8 He, 11 He’, 6 Hb, 13 Hb’, m), 2,11

— 1,99 (2H 8 Hd, 11 Hd’, m), 1,98 — 1,78 (2H, 7-CH, 12-CH, m), 1,641,55 (2H, 14-
CH, 17-CH, m), 0,96 -0,89 (12H, 15-GH6-CH, 18-ChH;, 19-CH, m). O espectro é

apresentado na Figura 199, pg. 326 do anexo.

RMN de 13C (75 MHz, CDCl) &: 197,0 e 196,8 (C1 e C5), 164,3, 164,2 e 163,7 (C9 e
C10), 161,4 (d] = 243,0 Hz, C23), 140,1 e 140,0 (= 3,1 Hz, C20), 129,9, 129,8 e
129,7 (dJ = 8,0 Hz, C21 e C25), 116,3, 116,4 e 116,0 (C2 e C4), 114,9 e 114,8 (d,
21,2 Hz, C22 e C24) 41,4 e 40,9 (C6 e C13), 40,0 (C14 e C17), 38,8 (C7 e C12), 31,8
(Cl14 e C17), 31,3 (C3), 31,0 e 30,8 (C8 e C11), 19,5 e 19,4 (C15, C16, C18 e C19). O

espectro é apresentado na Figura 200, pg. 327 do anexo.

9-(4-clorofenil)-3,6-diisopropil-3,4,5,6,7,9-hexahidrétIxanteno-1,8(R)-diona (52)

N

ASPECTO: Solido branco.
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MASSA OBTIDA: 230,0 mg (0,56 mmol, 56 % de rendimento).

CCD: Rr = 0,62 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 205- 207°C.

IV (KBr) v (cntl): 2959, 2872, 1665, 1624, 1369, 1186. O espectro é apresentado na
Figura 201, pg. 328 do anexo.

MS/El (m/Zint. rel.): 414/21, 412/50, 377/17, 301/93, 231/12, 165/15, 111/19, 55/34,
43/83, 41/100. O espectro é apresentado na Figura 202, pg. 328 do anexo.

HRMS (M+H™*): Calculado para £5H30CIO3: 413,1883; encontrado: 413,1854.

RMN de 'H (300 MHz, CDCl) § (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,27 - 7,14 (4H, 21-CH, 22-CH, 24-CH, 25-CH, m), 4,72 (1H, 3-CH, s),
2,68-2,27 (6H, 6 Ha, 13 Ha’, 8 Hc, 11 He’, 6 Hb, 13 Hb’, m), 2,12 — 1,99 (2H 8 Hd, 11
Hd’, m), 1,98 - 1,75 (2H, 7-CH, 12-CH, m), 1,671,54 (2H, 14-CH, 17-CH, m), 0,98 -
0,86 (12H, 15-Ckl 16-CH, 18-CH;, 19-CH;, m). O espectro € apresentado na Figura
203, pg. 329 do anexo.

RMN de 13C (75 MHz, CDCk) §: 196,9 e 196,8 (C1 e C5), 164,4, 164,3 e 163,8 (C9 e
C10),142,9e142,7 (C20),132,1 €132,0(C23), 129,8 e 129,7 (C22 € C24),128,2 € 128,2
(C21 e C25),116,2, 116,1 e 115,8 (C2 e C4), 41,3 e 40,9 (C6 e C13), 40,0 (C14 e C17),
38,9e38,8(C7 e C12),31,5e 31,3 (C3), 31,0 e 30,8 (C8 e C11), 19,6, 19,5 e 19,4 (C15,
C16, C18 e C19). O espectro é apresentado na Figura 204, pg. 330 do anexo.
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9-(4-bromofenil)-3,6-diisopropil-3,4,5,6,7,9-hexahidrét-kante no-1,8(R)-diona (53)

ASPECTO: Soélido branco.

MASSA OBTIDA: 312,4 mg (0,68 mmol, 68% de rendimento).

CCD: R = 0,59 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 167- 169°C.

IV (KBr) v (cntl): 2956, 2871, 1666, 1624, 1369, 1183. O espectro é apresentado na
Figura 205, pg. 331 do anexo.

MS/El (m/Zint. rel.): 459/8, 457/10, 377/35, 301/77, 231/17, 165/16, 157/20, 152/20,
139/15, 69/16, 55/34, 43/80, 41/100. O espectro € apresentado na Figura 206, pg. 331 do

anexo.

HRMS (M+H™): Calculado para £sH30BrOzs: 457,1378; encontrado: 457,1356.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
muliplicidade): 7,36 - 7,29 (2H, 21-CH, 25-CH, m), 7-20,13 (2H, 22-CH, 24-CH, m),
4,71 (1H, 3-CH, s), 2,672,27 (6H, 6 Ha, 13 Ha’, 8 Hc, 11 Hc’, 6 Hb, 13 Hb’, m), 2,10

— 1,98 (2H 8 Hd, 11 Hd’, m), 1,97 — 1,73 (2H, 7-CH, 12-CH, m), 1,641,53 (2H, 14-
CH, 17-CH, m), 0,96 -0,88 (12H, 15-GH6-CH;, 18-CH;, 19-CH;, m). O espectro é
apresentado na Figura 207, pg. 332 do anexo.

RMN de 13C (75 MHz, CDCl) &: 196,9 e 196,8 (C1 e C5), 164,4, 164,3 e 163,8 (C9 e
C10), 143,4 e 143,2 (C20), 131,2 e 131,1 (C22 e C24), 130,2 e 130,1 (C21 e C25), 120,3
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(C23), 116,1, 116,0 e 115,7 (C2 e C4), 41,3 e 40,9 (C6 e C13), 40,0 (C14 e C17), 38,8
(C7eC12),31,8(C14eC17),31,6e31,4(C3),31,0e30,8(C8e C11),19,6,195e€ 19,4
(C15, C16, C18 e C19). O espectro é apresentado na Figura 208, pg. 333 do anexo.

3,6-disopropil-9¢4- (trifluoromeltil) fenil)-3,4,5,6,7,9-hexahid roH: xante no- 1,8(R)-
diona (54)

ASPECTO: Sodlido branco.

MASSA OBTIDA: 291,6 mg (0,65 mmol, 65 % de rendimento).

CCD: R = 0,62 (hexano-acetato de etila 2:1 viv).

FAIXA DE FUSAO: 183- 185°C.

IV (KBr) v (cntl): 2961, 2873, 1665, 1624, 1370, 1323, 1185, 1158, 1141. O espectro é
apresentado na Figura 209, pg. 334 do anexo.

MS/EI (m/Zfint. rel.): 446/70, 301/100, 231/10, 145/19, 69/16, 55/33, 43/79. O espectro

€ apresentado na Figura 210, pg. 334 do anexo.

HRMS (M+H™*): Calculado para £6H3z0F303: 447,2147; encontrado: 447,2135.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,48 - 7,34 (4H, 21-CH, 22-CH, 24-CH, 25-CH, m), 4,81 (1H, 3-CH, s
2,70— 2,30 (6H, 6 Ha, 13 Ha’, 8 Hc, 11 Hc’, 6 Hb, 13 Hb’, m), 2,12 — 2,00 (2H 8 Hd, 11
Hd’, m), 1,99 — 1,79 (2H, 7-CH, 12-CH, m), 1,651,56 (2H, 14-CH, 17-CH, m), 0,96 -
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0,89 (12H, 15-Ckl 16-CH, 18-CH;, 19-Ch, m). O espectro € apresentado na Rgur
211, pg. 335 do anexo.

RMN de 13C (75 MHz, CDCk) §: 196,9 e 196,8 (C1 e C5), 164,6, 164,1 e 164,0 (C9 e
C10), 148,2 e 148,1 (C20), 128,7 (C21 e C25), 128,5%R,1 Hz, C23), 125,1 e 124,9
(d,J=3,7 Hz, C22e C24), 124,2 @= 270,3 Hz, 26-C$) 115,9e 115,5(C2 e C4),41,3

e 40,9 (C6e C13),40,0(C14eC17),38,8(C7eC12),32,1(C3),31,9e31,8(C14eC17),
31,0e30,8 (C8eC11),19,6,19,5e19,4(C15,C16,C18 e C19). O espectro é apresentado
na Figura 212, pg. 336 do anexo.

4-(3,6-disopropi-1,8-dioxo-2,3,4,5,6,7,8,9-octaid id-2ante n-9-ibe nzonitrila(55)

26 CN

ASPECTO: Solido branco.

MASSA OBTIDA: 251,5 mg (0,62 mmol, 62 % de rendimento).

CCD: Rs = 0,47 (hexano-acetato de etia 2:1 v/v).

FAIXA DE FUSAOQ: 234 - 236°C.

IV (KBr) v (cnTt): 2955, 2883, 2225, 1654, 1623, 1370, 1192. O espectro é apresentado
na Figura 213, pg. 337 do anexo.

MS/EI (m/Z/int. rel.): 403/61, 301/85, 231/11, 69/14, 55/32, 43/73, 41/100. O espectro &
apresentado na Figura 214, pg. 337 do anexo.

HRMS (M+H™): Calculado para £sH3oNO3: 404,2226; encontrado: 404,2214.
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RMN de !H (300 MHz, CDCl) é (integracdo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,51 (2H, 22-CH, 24-CH, d= 8,1 Hz), 7,41 (2H, 21-CH, 25-CH, &,
=8,1Hz), 4,78 (1H, 3-CH, s), 2,68,31 (6H, 6 Ha, 13 Ha’, 8 He, 11 Hc’, 6 Hb, 13 Hb’,

m), 2,12-2,00 (2H, 8 Hd, 11 Hd’, m),1,98 — 1,76 (2H, 7-CH, 14 CH, m) 1,671,54 (2H,
14-CH, 17-CH, m), 0,98 -0,88 (12H, 15-&H6-CH, 18-CH, 19-CH;, m). O espectro

€ apresentado na Figura 215, pg. 338 do anexo.

RMN de 13C (75 MHz, CDCk) &6: 196,8 e 196,7 (C1 e C5), 164,8, 164,7 e 164,3 (C9 e

C10), 149,6 e 149,4 (C20), 132,0 e 131,9 (C21 e C25), 129,3 e 129,2 (C22 e C24), 119,0
(C26), 115,5, 115,4 e 115,1 (C2 e C4), 110,2 (C23), 41,2 € 40,8 (C6 € C13), 39,9 (C14 e
C17),38,8 (C7e C12),32,5e32,3(C3), 31,8(C14eC17),31,0e 30,8 (C8 e C11), 19,6
e 19,4 (C15, C16,C18 e C19). O espectro € apresentado na Figura 216, pg. 339.do anex

3,6-disopropil-9¢4-nitrofenil)-3,4,5,6,7,9-hexahidroHtxanteno-1,8(Bl)-diona (56)

ASPECTO: Solido branco.

MASSA OBTIDA: 307,5 mg (0,73 mmol, 73 % de rendimento).

CCD: Rs = 0,50 (hexano-acetato de etia 2:1 v/v).

FAIXA DE FUSAO: 204 - 208°C.

IV (KBr) v cnrl): 2961, 2869, 1664, 1623, 1517, 1370, 1345, 1185. O espectro é

apresentado na Figura 217, pg. 340 do anexo.

MS/El (m/Zint. rel.): 423/70, 406/87, 376/22, 301/100, 231/13, 152/12, 69/16, 55/31,
43/65, 41/90. O espectro é apresentado na Figura 218, pg. 340 do anexo.
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HRMS (M+H™): Calculado para £5H3oNOs: 424,2124; encontrado: 424,2104.

RMN de H (300 MHz, CDCl) ¢ (integragdo, atribuicdo, constante de acoplamento,
muttiplicidade): 8,01 (2H, 22-CH, 24-CH, d= 8,7 Hz), 7,45 (2H, 21-CH, 25-CH, d,
=8,7H2z), 4,83 (1H, 3-CH, s), 2,7®,31 (6H, 6 Ha, 13 Ha’, 8 He, 11 Hc’, 6 Hb, 13 Hb’,

m), 2,12-2,00 (2H, 8 Hd, 11 Hd’, m),1,98 — 1,76 (2H, 7-CH, 14 CH, m) 1,671,54 (2H,
14-CH, 17-CHJ = 6,1 Hz, sept), 0,98 -0,89 (12H, 15-§£H6-CH, 18-ChH;, 19-ChH,

m). O espectro € apresentado na Figura 219, pg. 341 do anexo.

RMN de 13C (75 MHz, CDCL) §: 196,8 e 196,7 (C1 e C5), 164,9 e 163,3 (C9 e C10),
151,7,151,5 e 151,4 (C20), 146,4 (C23), 129,4 e 129,3 (C21 e C25), 123,4 e 123,3 (C22
e C24),115,4 e 115,0 (C2 e C4), 41,2 € 40,8 (C6 e C13), 39,9 (C14 e C17), 38,9 € 38,9
(C7eC12),32,4e32,2(C3),31,8(C14eC17),31,0e 30,8 (C8e C11),19,6 € 19,4 (C15,
C16, C18 e C19). O espectro € apresentado na Figura 220, pg. 342 do anexo.

9-(4-hidroxife nil)-3,6-diisopropil-3,4,5,6,7,9-hexaidrddixante no-1,8(&)-diona (57)

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 227,7 mg (0,58 mmol, 58% de rendimento).

CCD: R = 0,28 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 176 - 177C.

IV (ATR) v (cntl): 3405, 3172, 2959, 2873, 1671, 1645, 1612, 1463, 1372, 1181. O

espectro é apresentado na Figura 221, pg. 343 do anexo.
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MS/EI (m/Z/int. rel.) M+: C2sH3004, 394/88, 377/52, 351/15, 301/100, 296/22, 41/19. O

espectro é apresentado na Figura 222, pg. 343 do anexo.

RMN de 'H (300 MHz, DMSO) 6 (integracéo, atribuicdo, constante de acoplamento,
muttiplicidade): 7,09- 7,03 (2H, 21-CH e 25-CH, m), 6,616,55 (2H, 22-CH e 24-CH,
m), 4,68 (1H, 3-CH, s), 2,662,32 (6H, 6 Ha, 13 Ha’, 8 He, 11 Hc’, 6 Hb, 13 Hb’, m),
2,13- 1,99 (2H 8 Hd, 11 Hd’, m), 1,96 — 1,79 (2H, 7-CH, 12-CH, m), 1,641,52 (2H,
14-CH, 17-CH, m), 0,94 -0,89 (12H, 15-§H6-CH;, 18-CH;, 19-CHs;, m). O espectro

€ apresentado na Figura 223, pg. 344 do anexo.

RMN de 13C (75 MHz, DMSO) §:198,0 e 197,7 (C1 e C5), 164,5, 164,4 e 163,9 (C9 e
C10), 154,8 (C23), 135,8 e 135,6 (C20), 129,3 (C21 e C25), 116,8, 116,7 e 116,4 (C2 e
C4), 115,4 (C22 e C24), 41,4 e 41,0 (C6 e C13), 40,1 (C3), 38,7 (C7 e C12), 31,8 (Cl4 e
C17), 31,0 e 30,8 (C8 e C11), 19,6, 19,5 e 19,4 (C15, C16, C18 e C19). O espectro é
apresentado na Figura 224, pg. 345 do anexo.

3,6-disopropil-9¢5-feniltiopen-2-il)-3,4,5,6,7,9-hexaidroHt xante no-1,8(R)-diona
(58)

ASPECTO: Soéldo amarelo.

MASSA OBTIDA: 335,3 mg (0,73 mmol, 73% de rendimento).

CCD: Rs = 0,50 (hexano-diclorometano-acetato de etila 3:2:1 viv).

FAIXA DE FUSAO: 151 - 152°C.
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IV (ATR) v (cntl): 2962, 2871, 1668, 1653, 1622, 1370, 1184, 759. O espectro é
apresentado na Figura 225, pg. 346 do anexo.

MS/EI (m/Zlint. rel.) M+: Ca9H3203S, 460/100, 443/14, 362/22, 301/20, 121/0.

espectro é apresentado na Figura 226, pg. 346 do anexo.

RMN de 'H (300 MHz, CDCl) & (integracdo, atribuicdo, constante de acoplamento,
multiplicidade): 7,50 (2H, 25-CH, 29-CH,= 7,5 Hz, d), 7,30 (2H, 26-CH, 28-CHi=

9,1 Hz, t), 7,23 7,16 (1H, 27-CH, m), 7,05 (1H, 22-CB= 3,4 Hz, d), 6,90 (1H, 21-
CH,J=3,4 Hz, d), 5,13 (1H, 3-CH, s), 2,7@,58 (2H, 6 Ha e 13 Ha'), 2,572,27 (4H,

6 Hb, 13 Hb', 8 Hc e 11 He’, m), 2,21 -1,91 (4H, 8 Hd, 11 Hd’, 7-CHe 12-CH, m), 1,61
(2H, 14-CHe 17-CH] = 6,6 Hz, sept), 0,980,91 (12H, 15-Ck| 16-ChH, 18-CH e 19-
CHs, m). O espectro € apresentado na Figura 227, pg. 347 do anexo.

RMN de 13C (75 MHz, CDCk) &: 196,9 e 196,7 (C1 e C5), 164,7 e 164,0 (C9 e C10),
148,1 e 147,9 (C20), 142,4 e 142,3 (C23), 134,7 (C24), 128,6 (C26 e C28), 127,0 (C21),
126,2 e 125,9 (C27), 125,5 (C25 e C29), 122,8 (C22), 116,0 e 115,8 (C2 e C4), 41,3 e
41,0 (C6e C13),40,1(C14eC17),38,8e38,7(C7e C12),31,9e 31,8(Cl4 e C17), 31,1
e 30,9 (C3), 26,8 e 26,6 (C8 e C11), 19,6, 19,5¢e 19,4 (C15, C16, C18 e C19). O espectro
€ apresentado na Figura 228, pg. 348 do anexo.
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3 RESULTADOS E DISCUSSAO

Os compostos investigados neste trabalho foram sintetizadoseagdes isentas
de solvente e catalisadas por Zr@&HO, conforme descrito por Mosaddegtal!® Esta
metodologia foi empregada sem nenhuma otimizacdo e levou adorrdaccinquenta e
trés xantenodionas, as quais foram preparadas a partiagieesede condensacao de
Knoevenagel (i) entre diferentes aldeidos arométicos eogdadicetonas, seguidas de
processos de adicdo de Michael (i) e reacbes de desidratgcaNo(iEsquema II-1 esta
sequéncia de reacdes € mostrada para a formacdo das xanten@diel9 que foram

preparadas a partir da dimedona.

(0] (o]
OArOzit\L 7@ OAr7iJ:\L O Ar O O Ar O
(@]
(0] = (6]
M Arero T 7& (i i) |
0 I o 1 1 o
117 Q e 37-49
(1-17) (33-36) (37-49)
2
\(@O
(6] Ar O
|
(0]
(50-58)

Esquema Il-1. Sintese de xantenodionas catalisada por ZfBHZD. (i) Condensacéo de

Knoevenagel. (i) Adicdo de Michael. (i) Desidratagao.

As estruturas dos compostos obtidos, os tempos de reacédo e osnterdigd®
apresentados na Tabela II-1 (pg. 77). As xantenodionas foramsobdidarendime ntos
variando de 33% 99% e as reacfes tiveram tempo maximo de duracdo 135 minutos.
Além disso, ndo foi observada uma correlacdo entre os subssituidoadores e
retiradores de elétrons dos aldeidos com o rendimento e o tempacée, rampouco
quando modificou-se A-dicetona empregada. Entretanto, os maiores tempos de reacdo

foram obtidos quando utlizaram-se aldeidos com maior demarétceestomo o H4-
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clorofenil)furanilbenzaldeido, ®-bromofenil)furanilbenzaldeido e o 5-feni-tiofen-2-
ibenzaldeido.

Tabela II-1. Resultados experimentais da reacdo de sintese de dderivh,8-dioxe
octaidroxantenos (xantenodionas)

0] O R O
br ZrClO, * 8H,0 M
ACHO + 2 R - R, R,
(0] R, Isento de solvente R, 0) R,
85°C (1-31 e 37-58)
Composto R R1/R2 -(!I-:_Tepacl)géo (I?)/f)ndime nto
(min)
12 Fenila Ri=R.=H 40 52
28 4-fluorofenila Ri=R:=H 25 76
3k 4-clorofenila Ri1=R=H 15 94
4a 4-bromofenila Ri=R.=H 15 85
5 4-trifuorometilfenila Ri=R.=H 15 86
62 4-cianofenila Ri=R.=H 15 81
7 4-nitrofenila Ri=R=H 20 70
82 4-dimetilaminofenila Ri=R=H 60 70
92 4-metoxife nila Ri=R=H 30 49
107 3,4-dimetoxife nila Ri=R=H 20 93
11 3,4,5-trimetoxifenila Ri=R.=H 40 93
12 4-hidroxife nila Ri1=R=H 65 42
13 4-hidroxi-3-metoxifenila Ri1=Re=H 20 94
14 Benzo[d][1,3]dioxol-5Ha Ri=R.=H 20 44
15 5-(4-clorofenil)furan-2#a Ri=R=H 120 78
16 5-(4-bromofenil)furan-2ia Ri=R.=H 120 75
17 5-fenitiofen-2ila Ri=R=H 50 92
18 Fenia Ri=H, R=Me 40 34
19 4-fluorofenila Ri=H, R=Me 45 78
20 4-clorofenila Ri=H, R=Me 20 80
21 4-bromofenila Ri=H, R=Me 40 84
22 4-trifluorometilfe nila Ri=H, R=Me 60 79
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23
24
25
26
27
28
29
30
31
37
38
3%
400
412
420
4%
442
45
460
47
48
49
50
51
52
53
54
55
56
57
58

4-cianofenila
4-nitrofenila
4-metoxife nila
3,4,5-trimetoxife nila
4-hidroxife nila
4-hidroxi-3-metoxifenila
Benzo[d][1,3]dioxol-5H#a
5-(4-clorofenil)furan-2da

5-(4-bromofenil)furan-2iia

Fenia
4-fluorofenila
4-clorofenila
4-bromofenila
4-trifluorometilfe nila
4-cianofenila
4-nitrofenila
4-metoxife nila
3,4-dimetoxife nila
4-hidroxife nila
4-hidroxi-3-metoxifenila
Benzo[d][1,3]dioxol-5#a
5-fenitiofen-2ila
Fenila
4-fluorofenila
4-clorofenila
4-bromofenila
4-trifluorometilfe nila
4-cianofenila
4-nitrofenila
4-hidroxife nila

5-fenitiofen-24la

Ri=H, R.=Me
Ri=H, R.=Me
Ri=H, R.=Me
Ri=H, R=Me
Ri=H, R=Me
Ri=H, R=Me
Ri=H, R=Me
Ri=H, R=Me
Ri=H, R.=Me
Ri=R.=Me
Ri=R:=Me
Ri=R.=Me
Ri=R.=Me
Ri=R.=Me
Ri=R.=Me
Ri=R=Me
Ri=R=Me
Ri=R.=Me
Ri=R.=Me
Ri=R.=Me
Ri=R.=Me
Ri=R.=Me
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr
Ri=H, R='Pr

30
30
40
40
40
20
40
120
120

60
30
60

30
60

60
30

30
50
30
60
30
25
45
20
25
80
75

81
84
76
71
52
80
83
45
47
79
80
84
80
61
87
87
77
99
91
91
89
94
47
74
56
68
65
62
73
58
73

aCompostos descritos na literatura.
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Os processos envolvendo a sintese de xantenodionas desaritivsramura
englobam, principalmente, derivados da 5,5-dimetilcicloexan-1,2¢dfio@ da cicloexan-
1,3-dion&°. Estudos abrangendo a 5-meticicloexan-1,3-diona e a 5-isojmlopika n-
1,3-dona  bem como os aldeidos (4selorofenifuranilbenzaldeido, ©-
bromofenil)furanilbbenzaldeido e o 5-fenitiofen-2-ilbbenzaldeido dainndo foram
documentados.

Outras xantenodionas derivadas da 5,5-dimeticicloexan-1,3-diata cicloexan-
1,3-diona e diferentes aldeidos tiveram sua sintese docdedeit&®7:8, como é o caso
dos compostosl-4, 6-10, 12, 13 37-48 (Tabela 1I-1). Os dados espectroscopicos
encontrados estdo de acordo com os desangolteratura. No que diz respeito aos
rendimentos obtidos e aos tempos de reacdo, ndo se observou \veoasierave |
quando comparados aos trabalhos ja relatados, exceto para os corhp@stds.

Durante o desenvolvimento deste trabalho, verificou-se quelgems casos a
reacao entre alguns aldeidos arométicos e dicetonas ndlaragsuna formacédo das
xantenodionas desejadas. Por exemplo, a tentatva de obtengdites@diona 9-(2,6-
diclorofenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexaid - anteno-1,8(R)-diona a partir
da reacdo entre a 5,5-dimeticloexan-1,3-diona (dimedona) e dickbenzaldeido

levou a formagdo do composB2 (Esquema II-2).

2 JAGANNATH, K. V.; GANTIGAIAH, K. 1-(3, 4-dichlorolenzenesulfonyl)-3-methyllH-imidazoliu m
chloride: An eficiente catalyst for the synthesislo 8-dioxo-octahydroxanthenes under microwave
irradiation. International Journal of Chemical and Pharmaceuti&tiencesv. 5, p. 98-104, 2014.

3 DARVICHE, F.; BALALAIE, S.; CHADEGANI, F. Diammonim Hydrogen Phosphate as a Neutral and
Efficient Catalyst for Synthesis of 1,8-Dioxo-ocyalioxanthene Derivatives in Aqueous Medanthetic
Communicationsv. 37, p. 169-1066, 2007

4 SHIRINI, F.; IMANZADEH, G. H.; ABEDINI, M.; GHAZIANI, M. A. D.; GHASEMABADIA, P. G;
LANGROODI, M. S. Introduction of two efficient cdyasts for the synthesis of 1,8-dioxo-
octahydroxanthene derivatives in the absence akstliranian Journal of Catalysisy. 2, p. 115-119,
2012.

5 PRAMANIK, A.; BHAR, S. Alumina-sulfuric acid catated eco-friendly synthesis of xanthenediones.
Catalysis Communications. 20, p. 1724, 2012.

6 SAJADI, S. M.; MAHAM, M.; AHMAD, B. O. Perfluorinted resinsufonic acid (Nafion-H): an
efficient, environment friendly and recyclable hegeneous catalyst for the one-pot synthesis of 1,8
dioxo-octahydroxantheneketters in Organic Chemistry. 11, p317-320, 2014.

7 ALBADI, J.; MANSOURNEZHAD, A.; ABBASZADEH, H. CuCce® Nanocomposite: A highly
efficient recyclable catalyst for the green synibed 1,8-dioxo-octahydroxanthenes in watéournal of
the Chinese Chemical Society 60, p. 1-4, 2013.

8 SHOJA, A.; SHIRINI, F.; ABEDINI, M.; ZANJANCHI, MA. BiVO4-NPs as a new and efficient nano-
catalyst for the synthesis of 1,8-dioxo-octahydanthenesJournal Nanostructure Chemistry. 4, p. 1-5,
2014.
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Cl
Cl Cl
2 ZrClO, * 8H,0 . | Cl
0 Isento de solvente
85°C

>‘< (32)
Cl O Cl

@) 0]
98s

Esquema ll- 2 Sintese do compos82.

Este fato pode ser atrbuido ao impedimento estérico intrinsecaldaido
empregado, o qual dificultou a aproximacdo de uma segunda modiladicetona, o
que levaria a formacdo do intermediario tetracetbnico eegueste formacdo da
xantenodiona.

A formacdo do intermediario de reac&®)(diverge dos resuttados encontrados
por Esfahani e Abdizadgh que descreveram o preparo da xantenodiona derivada do
aldeido e da B-dicetona anteriormente citadd8-(2,6-diclorofenil)-3,3,6,6-tetrametil-
3,4,5,6,7,9-hexaidroH-xanteno-1,8(B)-diona), empregando um nanocatalisador de
vanadio, a 80C e em condicGes livres de solvente. Outro trabalho que relabte se
de 9-(2,6-diclorofenil)-3,3,6,6-tetrametil-3,4,5,6,7,9-hexaidrb xante no-1,8(H)-
diona foi o desenvolvido por Lu e colaboradé®esque utiizou ZrOGF8H2-O como
catalisador a 122C e na auséncia de solvente, condicdo esta proxima aque@vajuel
obtencdo do compost®2. As diferencas entre estas duas Utimas metodologiasemesid
na quantidade de catalisador e na temperatura de reacaga,aqwspresente trabalho
utlizou-se 2 mol % de catalisador a 85, enquanto que o grupo de'fwempregou 5
vezes mais de catalisador (10 mol %) a 420

Outros intermediérios obtidos durante a sintese de xameasdiforam os

tetracetdnicos (compost@s, 34, 35e 36), formados apds a condensagdo de Knoevenagel

9 ESFAHANI, M. N.; ABDIZADEH, T. Vanadatesulfuric @&tnanorod particles: A novel and eco-benign
catalyst for rapid and green synthesis of 1,8-dhaxahydroxanthenes under solvent-free conditions.
Journal of Chemical. Science Technology?2, p. 14-20, 2013.

01U, H. Y. L, J. J.; ZHANG, Z. H. ZrOGI8H.0: a highly efficient catalyst for the synthesisl¢-
dioxo-octahydroxanthene derivatives under solves-EonditionsApplied Organometallic Chemistyy.

23 p. 165169, 2009.
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() e adicdo de Michael (i) (Esquema II-1, pg. 76). Vale aless que o procedimento
utlizado na sintese @3 e 34foi levemente alterado mediante a adicdo de agua no inicio
da reacdo. Maiores detalhes com relagcdo a preparacdo eerzaGid destes
intermediarios encontram-se descritos no artigo 2. Na THklastdo os rendimentos e
0s tempos de reacdo para 0s compo3fs 36.

As estruturas de todos o0s compostos foram confrmadas por meio das
espectroscopias de RMN e no IV bem como pela espectrometriaassasn Como
aspectos gerais, observee-nos espectros de RMN déC das xantenodionas sinais
proximos ac 196 ppm referentes aos grupos carbonia, alem dos sinais obsewados
intervalos Jc 164 — 162 ppm &c 116 — 113 ppm correspondentes aos carbonos de
ligacdes duplas. Nos espectros de RMN'deo sinal correspondente ao atomo de
hidrogénio do anel piranico foi observado no intervaio4,70- 5,27 ppm. Nos espectros
no 1V, frequéncias de estiramento do grupo carbonila foram obseesmitad 651 1670
cnl, os quais sdo compativeis com grupos carbonia conjugados amiadigduplas. As
féormulas moleculares das xantenodionas foram confrmadasesgectrometria de
massas. Como um exemplo, serd descrito a seguir como foafetaacterizacdo do

composto9.
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Tabela llI- 2. Tempos de reacdo e rendimentos obtidos no prepar@aipostos32 — 36.

Tempo de

Composto  Estrutura feacio Rendimento
; (%)
(min)
Cl
32 R 40 33
33 135 59
34 120 63
35 60 61
36 48 73

No espectraio IV do compostd (Figura 1l-1, pg. 84), as bandas em 2955 e 2899
cm! correspondem aos estiramentos de ligacdo C-H para carborzsdb®isp’. A
banda em 1652 chcorresponde ao estiramento do grupo carbonia, enquanto que aquela
observada em 1616 chfoi atribuida ao estiramento daligacdo C=C.Além destas bandas
é possivel observar também uma em 1460 aeferente a deformagdo angular
assimétrica de CHle outras duas em 1201-¢m 1170 cm atribuidas, respectivamente,
ao estiramento simétrico e assimétrico da ligacdo de carbilins. A banda de
estiramento assimétrico de =C-O-C de éter aromatico apareck238ncm'.

No espectro de RMN d&H do compostd® (Figura 1I-2, pg. 85) pode-se observar
dois dupletos, um e@n 7,20 ppm e outro ey 6,75 ppm, ambos integrados para dois

hidrogénios e apresentando valores de constante de acoplagwita 7,2 Hz. Estes
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sinais foram atribuidos aos hidrogénios do anel aromatico, sendndgpéeto de maior
deslocamento quimico corresponde aos hidrogénios ligados aos carbor® €15 ele
menor relaciona-se aos hidrogénios ligados aos carbonos 16 e 18. O smpletd,75
ppm (integrado para um atomo de hidrogénio) trata-se do hidrogénioedpir@nico.
Outro simpleto presente ety 3,72 ppm (integrado para trés atomos de hidrogénio)
relaciona-se aos hidrogénios do grupo metoxila. Além destés sinpossivel verificar
trés multipletos d4 2,67— 2,52 ppmion 2,38- 2,27 ppm & 2,06- 1,92 ppm) integrados
para 4 &tomos de hidrogénio, 0s quais referem-se aos hidrogénios dosrgiiposcos
8-CH e 11-CH, 6-ChH, e 13-CH e 7-CH, 12-CH, respectivamente.

No espectro de RMN d€C deste mesmo composto (Figura 1I-3, pg. 86) o sinal
de maior deslocamento quimicac (96,6 ppm) foi atribuido aos carbonos carbonilicos
(C1 e C5). Os sinais et 163,7 e 117,0 ppm correspondem aos carbonos das duplas
ligacdes, sendo que o sinal de de maior deslocamento quimico-sefaos carbonos C9
e C10 (mais desblndado devido a conjugacdo com a carbonia) le aguenenor
deslocamento foi associado aos carbonos 2 e 4. Os carbonos C15/C19 e C16/C18 foram
observados, respectvamente, &l29,3 e 113,5 ppm. Os carbonos ndo hidrogenados
do anel aromético foram observados &n158,0 ppm (C17) éc 136,7 ppm (C14). O
carbono da metoxila apareceu &155,1 ppm. Os grupos metiénicos apresentaram sinais
emodc 37,0 ppm (C6 e C13)¢c 27,1 (C8 e C11), & 20,3 (C7 e C12). O sinal et 30,7

foi atribuido ao atomo de carbono C3 do anel piranico.
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Abstract

Heterocyclic compounds containing a pyran nucleus fused to either side toey@ebinone
rings are collectively called xanthenodiones (1,8-dioxoodtalxanthenes). These xanthene
derivatives display broad biological actvities and find appidicati in laser technologies and
photodynamic therapy. It is described herein the preparatiom oblection of nine
xanthenodiones. The compounds were synthesadknoevenagel condensation between
different aldehydes an@-diketones. The reactions were performed free of solvent hend t
compounds were obtained with yields ranging from 70%-92%. Atdingpounds were fully
characterized by NMR and IR spectroscopy as wel mass repetty. Among the
synthesized compounds, seven of them had their crystatustsi elucidated for the first
time. In all of the new crystal structures, the tHteed rings did form an almost completely
planar xanthenodione core, except for the side rings addmifighair conformation with
both carbons at the flaps oriented towards to the aromatictigibistor with one of the two
carbons pointing opposite to the substituent. Another conformatidfference among the
new compounds investigated by X-ray diffraction residebdrdtation around the bond axis
connecting xanthenodione core to its aromatic substituentasltfound different bent levels
resuted from weak intermolecular contact patterns. Iniaalditheoretical calculations for
single molecule and dimmers have provided insights intobd#tience between intra and

intermolecular forces driving both conformational features.

Keywords xanthenodiones, 1,8-dioxooctahydroxanthenes, xanthene tidesya x-ray

analysis, DFT calculations
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1. Introduction

The heterocyclic compounds are of great importance in déadmr of organic
chemistry. They abound in nature and natural heterocyslesent a broad range of important
biological activities (QUIN and TYRELL, 2010). Several agemtcals and
pharmaceduticals bear in their structures heterocyaictidnalities (DUA et al., 2011;
LAMBERTH AND DINGES, 2012a, 2012b). Heterocycles are also integramtopseveral
dyes, luminophores and polymers. Oxygen and nitrogen cagtacbmpounds constitute
the large and most varied group of heterocycles.

Xanthene (9H-xanthene, 1H-9-oxaanthracene) is an oxygenated heterocyclic
endowed with fungicidal activity. Several xanthene based,dyeh as fuoresceirasing
and rhodamines are known. These dyes have several usetldn paper, food, cosmetics,
pharmacetuticals, medicine and biological staining due to isupdyeing and coloring
properties. In addiion to the dyes, other important xanthenavati&rs, for instance
xanthones, are well known.

Heterocyclic compounds containing a pyran nucleus fused & sidte to cyclohex-
2-enone rings are collectively called xanthenodiones dib@octahydroxanthenes). These
xanthene derivatives display broad biological activities dinly antifungal (OMOLO et al.,
2011), antibacterial (WANG et al., 2006), ant-inflammatory (PBLR et al., 1978), anti
leishmanicidal (NISAR et al, 2013) and anttumor (MULAKAYALAt al., 2012). In
addition, these compounds are found in cosmetics and pigment8IGIQAYAN etal., 2011),
biodegradable agrochemicals (HAFEZ et al.,, 1987) and fluoresovatdrials (CALLAN et
al. 2005). Xanthenodiones also find applications in lasemadatfies (BANERJEE and

MUKHERJEE, 1981) and photodynamic therapy (ION et al., 1998). Aheset biological
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activities and applications have attracted the attenodnresearchers to this class of
compounds.
In this paper we describe the synthesis and X-ray @nalgdé a series of

xanthenodiones. Theoretical aspects associated with ¢beggounds are also discussed.

2. Expernmental
2.1 Generalities

All reagents were purchased from commercial sourcesngSigldrich - St. Louis,
MO, US and Vetec - Rio de Janeiro, Brazil) and were emplogegtcaived. Solvents were
procured from Vetec (Rio de Janeiro, Brazi) and were usedcased. The'H and 15C
NMR spectra were recorded on a Varian Merc80p instrument (300 MHz and 75 MHz
respectively), using deuterated chloroform as solvent. Hydrogelear magnetic resonance
(NMR) data are presented as follows: chemical shitin( ppm, number of hydrogen atoms,
multiplicity, Jvalues in Hertz (Hz). Multiplicities are shown as fblowing abbreviations:
s (singlet), d (doublet), t (triplet)y, m (multiplet). Infear spectra (IR) were obtained
employing the equipment Varian 660-IR with accessory GladiA™Mass spectra were
recorded on a SHIMADZU GCMS-QP5050A instrument under electmpadt (70 eV)
condttions. The mass was acquired in positive mode scanning5fioim 1000 Da. Melting
points were determined using MQAPF-301 melting point apparitigsofuimica, Rio de
Janeiro, Brazil). Analytical thin layer chromatographwlgss was carried out on TLC plates

recovered with 60GF254 siica gel.
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2.2 Synthesis
2.2.1 Synthesis of @-bromophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7-9-hexahydieanthene-
1,8(2H)-dione )

In a typical procedure, a round-bottomed flask (25 mL) was etiargth 5,5-
dimethylcyclohexan-1,3-dione (294.9 mg, 2 mmol), 4-bromobenzaldehyde (186.2 m
mmol) and ZrOCGI8H20 (12 mg, 2 mol%). The mixture was stirred at 85 °C and the progress
of the reaction was monitored by TLC analysis. After compietid the reaction, the mixture
was cooled down to room temperature. Thereafter, it was addtw tbask 50 ml of
dichloromethane and the mixture was kept under stirring douta30 minutes. Then, the
catalyst, which is insoluble in dichloromethane, was rsdpad by fitration. After that, 50
mL of ethanol was added and the system was kept undisturbedcrgstallization process.
This procedure afforded compourgias a pale yellow solid in 80% vyield (344.0 mg, 0.80
mmol). Crystals suitable for X-ray difraction studies reveobtained from the above
mentioned recrystalization method. The obtained crystaile theroughly washed with cold
ethanol and dried. Structure ®fs supported by the folowing data.

Mp 239-240 °C. IR (ATR): 2952, 2876, 1659, 1624, 1360, 1196, 1165, 1139 cm
1H NMR (300 MHz, CDQ) 8: 7.32 (2H, dJ = 7.9 Hz), 7.16 (2H, d] = 7.9 Hz), 4.69 (1H,

s), 2.46 (4H, s), 2.23 (d, 2H,= 16.4 Hz), 2.15 (d, 2H = 16.4 Hz), 1.09 (6H, s), 0.98 (6H,
s). 13C NMR (75 MHz, CDCY) 4: 196.3, 162.5, 156.6, 143.2, 131.1, 130.2, 120.2, 115.1,
50.7, 40.8, 32.2, 31.5, 29.3, 27.3. M/z(%): 430 (M+2, 30), 428 (&H25BrOs, M*, 30),

349 (21), 273 (100), 217 (26), 161 (17), 55 (22), 41 (31).
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2.2.2 Synthesis @f11

A similar procedure to that described for the preparation3 afas utilized to
synthesize compoundg-11 The structures of these compounds are supported by the
folowing data.
9-(4-clorophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8  (2H)-dione
(4)

White solid, Mp 232-233C. IR (ATR): 2951, 2875, 1659, 1624, 1360, 1196, 1164, 1139
cmt. IH NMR (300 MHz, CDGJ) &: 7.22 (2H, dJ = 7.9 Hz), 7.17 (2H, d] = 7.9 Hz), 4.70
(1H, s), 2.46 (4H, s), 2.23 (2H, 8= 16.4 Hz), 2.15 (2H, d,= 16.4 Hz), 1.09 (6H, s), 0.98 (6H,
s). 3CNMR (75 MHz, CDC3) ¢: 196.4, 162.4,142.7,132.0,129.8, 128.2, 115.2, 50.7, 40.8,
32.2,31.4,29.3, 27.3. MBV/z(%): 386 (M+2, 14), 384 (6&H25Cl03, M+, 39), 349 (16), 273
(100), 217 (28), 161 (18) 55 (23), 41 (32).
9-(4-chlorophenyl)-3,6-dimethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8 (2H)-d&pne (

White solid, Mp 226 - 228C. IR (ATR): 2962, 2876, 1665, 1619, 1184.NMR (300
MHz, CDCBb) 6: 7.23— 7.14 (4H, m), 4.72 (1H, s), 2.7®.50 (2H, m), 2.48 2.16 (6H, m),
2.09- 1.97 (2 H, m), 1.13 - 0.99 (6H, M3C NMR (75 MHz, CDCY) &: 196.5, 163.8 or
163.7, 163.1 or 163.0, 142.9 or 142.8, 132.1 or 132.0, 129.8 or 129.7, 128.2 or 128.1, 116.1
or 115.9, 45.2 or 45.1, 35.2 or 34.9, 31.4 or 31.2, 28.4 or 28.3, 27.9 or 27.8, 20.8 or 20.7.
MS, m/z(%): 358 (M+2, 14), 356 (§H21ClO3, M*, 42), 321 (33), 245 (100), 203 (11).

9-(5-(4-bromophenyl)furan-2-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8 (2H)-dione
(6)

Yelow sold, Mp 261 - 262C. IR (ATR): 2952, 2887, 1653, 1615, 1535, 1479, 1198,
1172.2H NMR (300 MHz, CDQ) 6: 7.42 (2H, dJ = 7.9 Hz), 7.36 (2H, dl = 7.9 Hz), 6.49

(1H, s), 6.23 (1H, s), 5.03 (1H, s), 2.6@.38 (8H, M), 2.05 (4H, M}3C NMR (75 MHz,
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CDCbk) 4:196.4, 165.1, 155.2, 1510, 131.6, 130.1, 124.8, 120.3, 113.7,108.7, 106.9, 36.9, 27.3,
25.5, 20.4. MSI/z(%): 440 (M+2, 66), 438 (€H19BrO4, M*, 67), 255 (84), 217 (100), 185
(40), 155 (20), 115 (54), 66 (21), 55 (73), 41 (42).
9-5-(4-chlorophenyl)furan-2-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8 (2H)-di)ne (
Yelow solid, Mp 261 - 262C. IR (ATR): 2930, 2888, 1654, 1614, 1484, 1THINMR
(300 MHz, CDGJ) &: 7.43 (2H, d,J = 8.1 Hz), 7.27 (2H, d] = 8.1 Hz), 6.48 (1H, d] = 2.2
Hz), 6.24 (1H,]) = 2.2 Hz), 5.04 (1H, s), 2.672.35 (8H, m), 2.09 1.99 (4H, m)13C NMR (75
MHz, CDCB) ¢: 196.4, 165.1, 155.1, 151.0, 132.3, 129.7, 128.7, 124.5,113.7, 108.7, 106.9,
36.9,27.2, 25.5,20.3. MBYz(%): 396 (M+2, 36), 394 (6&H10CIO4, M*, 100), 349 (20), 255
(80), 217 (92), 139 (36), 55 (25).
9-(5-phenylthiophen-2-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8 (2H)-d&ne (
Yelow solid, Mp 201 - 202C. IR (ATR): 2950, 2870, 1659, 1619, 1201, 1171, #36.
NMR (300 MHz, CDGJ) &: 7.49 (2H, dJ = 7.5 Hz), 7.29 (2H, tJ = 7.3 Hz), 7.23-7.16
(1H, m), 7.05 (1H, dJ = 3.3 Hz), 6.89 (1H, dl = 3.3 Hz), 5.16 (1H, s), 2.715.53 (4H, m),
2.50—2.33 (4H, m), 2.09 2.00 (4H, m)3C NMR (75 MHz, CDC4) &: 196.5, 164.4, 148.1,
142.4, 134.7,128.7, 127.0, 126.0, 125.5, 122.8, 116.2, 36.9, 27.2, 26.5, 20r8/2¢%):
376 (G3H2003S, M*, 100), 359 (30), 320 (38), 217 (50), 160 (21), 121 (24), 115 (65), 77
(37), 55 (60), 41 (41).
9-(4-(dimethylamino)phenyl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8 (2H)-dpne (
Yelow solid, Mp 231 232°C. IR (ATR): 2944, 2869, 1658, 1610, 1459, 1356, 1199.
IH NMR (300 MHz, CDGJ) 6: 7.15 (2H, dJ = 8.5 Hz), 6.62 (2H, d] = 8.5 Hz), 4.76 (1H,
s), 2.87 (6H, s), 2.652.52 (4H, m), 2.37% 2.28 (4H, m), 2.04 1.95 (4H, m}:3C NMR (75
MHz, CDCB) ¢: 196.6, 163.5, 149.0, 133.1, 128.9, 117.2,112.6, 40.8, 37.0, 30.4, 27.1, 20.3.

MS, m/z(%): 337 (G1H2sNOs, M*, 100), 320 (87), 293 (20), 281 (16), 217 (17).
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9-(4-fluorophenyl)-3,3,6,6  tetramethyl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione
(10)

White sold, Mp 227 - 228C. IR (ATR): 2957, 2872, 1657, 1626, 1360, 1222, 1196,
1164, 1139 crh. *H NMR (300 MHz, CDGJ) &: 7.28— 7.21 (2H, m), 6.92 6.84 (2H, m),
4.72 (1H, s), 2.46 (4H, s), 2.23 (2H,X 16.4 Hz), 2.15 (2H, dl = 16.4 Hz) 1.09 (6H, s),
0.98 (6H, s)1*CNMR (75 MHz, CDCY) 6: 196.4, 162.3, 161.3 (d,= 242.6 Hz), 139.9 (d,
J=3.0 Hz), 129.8 (d] = 8.0 Hz), 115.5, 114.8 (d,= 21.2 Hz), 50.7, 40.8, 32.2, 31.2, 29.2,
27.3. MS,m/z(%): 368 (GsH25FOs, M*, 54), 273 (100), 217 (30), 161 (20), 133 (17), 95
(15), 55 (23), 41 (30).
3,3,6,6-tetramethyl-@5-phenyl-thiophen-2-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8  (2H)-
dione (1)

White solid, Mp 169 - 176C. IR (ATR): 2955, 2867, 1598, 1580, 1359, 1197, 1164,
1145, 755H NMR (300 MHz, CDGJ) §: 7.63 (2H, d,J = 7.5 Hz), 7.44 (2H, t) = 7.5 Hz),
7.37-7.32 (1H, m), 7.19 (1H, dl = 3.3 Hz), 7.08 (1H, d] = 3.3 Hz), 5.27 (1H, s), 2.61
(4H, s), 2.42 (4H, s), 1.26 (6H, s), 1.22 (6H,8C NMR (75 MHz, CDC}) 5: 196.4, 162.9,
147.9, 142.3, 134.9, 128.8, 127.1, 126.5, 125.6, 123.0, 115.2, 50.9, 41.0, 32.3, 29.4, 27.6,

26.9. MSm/z(%): 432 (G7H2803S, M, 100), 415 (11), 348 (24), 273 (20), 83 (11).

2.3 X-ray diffraction analysis

Well-shaped single crystals of xanthenodione derivati{feég. 1) were chosen and
mounted on a-goniostat and exposed to Xy beam (Mo Ko, A = 0.71073 A) using a
Bruker-AXS Kappa Duo difractometer with an APEX Il CCDeatdbr. X-Ray diffraction
experiments were carried out at room temperature (see Tald)atd)collection strategy was

calculated by settingp scans and scans withe offsets using the software APEX2 (SADABS
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et al, 2009). Other crystallographic softwares were useodlesst SAINT (indexing,
integration and scaling of raw data) [15], SHELXL-97 (dtm& soling) (SHELDRICK,
2008), SHELXL-97 (structure refnement) (SHELDRICK, 2008) and MERCURY
(MACRAE et al., 2008) (structure analysis and graphical esstations). Direct methods
of phase retrieval were used to solve the crystal stasct Al non-hydrogen atoms of
asymmetric unit were promptly located from the electratdmsity Fourier map. The early
solved model was refined by ful- matrix least squares metiased on % In the refnements,
free anisotropic and fixed isotropic thermal displacement peesisnwere adopted for non-
hydrogen and hydrogen atoms, respectively. The isotropic thelispdacement parameters
of hydrogens were 20% greater than the equivalent isotropganpter of the bonded carbon
(except those hydrogens in methyl moieties which were 508ticeZning the position of all
hydrogens, bond distances and angles were stereochemioafiframed according to riding

model.

2.4 Computational details
The geometries of synthesized compounds (Fig. 1) were optimized at wb97xD/6-

311++** level of theory by Gaussian 09-DO01 software (FRISCHILg®2809). In order to
obtain the temperature effect on the electronic enehgy,cdiculations were carried out in
gas phase at 25 °C and in water at 85 °C using the PCM solvatidel. The conformatio na
preference of cyclohex-2-enone moieties in the synthesizethpounds was studied
enforcing their respective oppos#gnor anti conformer and calculating their local energy
minima and thermodynamics. The conformational preferencarahatic groups was
evaluated through potential energy curves scanning e @ X dihedral angle, where X =

O or S, with torsions of 45°.
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3. Results and Discussion

3.1 Preparation of xanthenediong41

The synthesis of the compoun@sl1were carried outia Knoevenagel condensation

between different aromatic aldehydely &ndp-diketones 2) (MOSADDEGH et al., 2012).

The reactions were carried out free of solvent and zathlpy ZrOCl-8H20, a versatile

catalyst that has been involved in several synthticadeful transformations (BALTORK

et al, 2007; SANGSHETTI et al, 2008; BARDAJEE, 2013) [20-22]. As shawrg. 1,

the compounds were obtained in good yields within 20 minutes to 2 hours

O 0]

2 ZrCI02 ° 8H20 |
ArCHO + R’ - R | R
0] free of solvent o)
Rll Rll

(1) R"

2 85°C (3-11)
Compound  Ar R’/R” $i?paecnon 22'/‘2)'“
(min)

3 4-bromophenyl R’=R’’=methyl 60 80
4 4-chlorophenyl R’=R”’ =methyl 30 84
5 4-chlorophenyl R’=H; R”= methyl 20 80
6 5-(4-bromophenyl) furan-24  R’=H; R”™=H 120 75
7 5-(4-chlorophenyl) furan-24 R’=H; R™=H 120 78
8 5-phenyl-thiophene-2-yl R’=H; R”™=H 50 92
9 4-dimethylaminophenyl R’=H; R™=H 60 70
10 4-fuorophenyl R’=R”’=methyl 60 80
11 5-phenyl-thiophen-2-yl R’=R’’=methyl 50 94
12 phenyl | R’=R>’=methyl - -

Fig. 1. Synthesis of xanthenodione®11. ' Compound12 was not synthetized in this study

even though its geometry is key to understand the xatizare structures.

The structures of the compounds were confrmed upon NMRa(d 13C) and IR

spectroscopy as well as mass spectrometry. IdkhBIMR spectra, the hydrogen atom of
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pyran ring was observed within the 4.70-5.27 ppm range. Ii3Bethe signals for the
carbonyl groups were observed near to 196 ppm. In the IR speatbmnyg stretching
frequencies were noticed in the range 1653-1670which is compatible with a conjugated
carbonyl group. The molecular formulas of xanthenodiones werdrmed by mass
spectrometry analysis. The structures of compowidd were also investigated by single-

crystal X-ray diffraction.

3.2 Crystal Structures

Crystal structures of compoundisand4 have been previously elucidated (BIGDELI
et al, 2007; TU, 2002). Their determined unit cel metrics redicthose reported in the
iterature confirming, therefore, al conformational ancermblecular features already
described for these xanthenodiones. Crystal structuresottier compounds have not being
described and thus are herein reported for the first tinmgstallographic data of these

compounds are presented in Table 1.
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Table 1 Crystal data and refinement statistics for the xaathenes prepared in this investigation

Compound 5 6 7 8 9 10 11
Molecular formula C21H21ClOs C23H19BrOs C23H19ClO4 C23H2003S C21H23NO3 C23H25F0s3 C27H2803S
fw (g/mol) 356.83 439.29 394.83 376.45 337.40 368.43 432.55
crystsyst monoclinic orthorhombic orthorhombic orthorhombic monoclinic monoclinic monoclinic
space group C2ic Pbca Pbca Pbca P2i/c P2/c P2/c
7/7 8/1 8/1 8/1 8/1 41 471 4/1
T (K) 296(2) 296(2) 296(2) 296(2) 296(2) 296(2) 296(2)
a(A) 21.3859(6) 13.4419(18) 13.3329(13) 24.2630(14) 9.2929(14) 6.0269(2) 12.2637(5)
u_nit ceII_ b (A) 16.0215(6) 13.8418(17) 13.8091(15) 16.2820(10) 11.3538(18) 19.6459(6) 9.6726(4)
dimensions c(A) 10.7313(4) 20.596(3) 20.4485(18) 9.5470(5) 17.113(3) 16.7818(5) 20.0243(8)
B () 94.126(3) 90 90 90 99.675(6) 99.690(2) 100.546(2)
V (A3 3667.4(2) 3832.1(9) 3764.9(6) 3771.5(4) 1779.9(5) 1958.68(11)  2335.20(16)
calculated density
(Mg/me) 1.293 1.523 1.393 1.326 1.259 1.249 1.230
absorp. coefficientt
(mn?) 0.225 2172 0.230 0.192 0.084 0.088 0.164
drange for data
collection (°) 159 - 25.64 2.33-25.35 2.35-25.37 2.09-25.37 2.16-25.86 1.61-25.41 1.69-25.38
-25 to 25 -11 to 16 -16 to 13 -29 to 25 -11 to 10 -7t06 -14 to 14
index ranges k -19 to 19 -16 to 12 -16 to 12 -17 to 18 -10 to 13 -23 to 23 -10 to 11
I -12 to 12 -24 to 11 -24 to 13 -11 to 11 -21 to 18 -20 to 20 -24 t0 20

98



Table 1.continued

data collected

unique reflections
observed reflections
symmetry factoriR.)
completeness t6 .y (%)
F (000)

parameters refined
goodnessf-fit on F?
final R1factor forl >25(l)
wR2factor for all data
largest diff. peak / hole
(e/A3)

CCDC deposit number

14443
3434

2399
0.0283
98.8
1504
228
1.047
0.0589
0.1793
0.441/-
0.294
1465044

9776
3438

2132
0.0567
97.8
1792
253
1.024
0.0479
0.1184
0.574/-
0.336
1465043

10587
3434

2476
0.0273
99.2
1648
254
1.047
0.0422
0.1168
0.246/-
0.244
1465047

12787
3364

2615
0.0691
97.2
1584
244
1.039
0.0510
0.1441
0.589 /-
0.317
1465045

15320
3411

2349
0.0531
99.2
720
226
1.076
0.0615
0.1909
0.270/-
0.213
1465042

39593
3590

2317
0.0654
99.3
784
244
1.053
0.0594
0.1721
0.196/-
0.209
1465046

23300
4282

3358
0.0487
99.7
920

280
1.042
0.0467
0.1332
0.219 /-
0.259
1465041
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In additon to C1, compound has two stereocenters and it crystalizes in a
centrosymmetric space grougZ/c) as expected from its achiral synthesis. In the chosen
asymmetric unit, chiral carbons labeled as C8 and C12 Baamd R configurations;
however, the enantiomeric counterpart is also presethieirunit cel. Compound$ to
11, each one presenting one stereocenter, have crystalizegntrosymmetric space
groups. The crystallographic asymmetric unit of all >emtidliones is composed by just
one molecule, as can be viewed in Fig. 2. In this figure, ydregen atoms are shown
with their 50% probabiity elipsoids and arbitrary labelinghesme. Labeling of rings is

also depicted in Fig. 2.

Fig. 2. 50% Elipsoid plot of the non-hydrogen atoms in the asymenemnit of
compounds5-11 elucidated by single-crystal X-ray diffraction techniqUéne labeling
scheme of rings as well as non-hydrogen atom numberingw fothose shown for

compound>.

For all compounds reported herein, the three fused rings di dor almost
completely planar xanthenodione core, except for side ringsdAC adopting a half-chair

conformation with C8 and C12 carbons away from the leastexjué.s.) planes
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calculated through the other five coplanar atoms. Thend&staf these carbons from I.s.

planes and the root-mean square deviation of the I.s. #iiols are shown in Table 2.
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Table 2.Selected torsion angle describing the conformation ofuhstitient at C1 and descriptors for half-chair conformationngs A and C and for

the planarity of ring B (r.m.s. deviation and carbon deviatioi\)iin the xanthenodiones as determined by single-aryétray diffraction

Compound O1-C1-CX-Yi/°

C8 deviation from the Is. plane A C12 deviation from the I.s. plane (

plane Arm.s.d./ A

-plane C rm.s.t./A

C1 deviation from the I.s.
plane C - plane B
rm.s.dv /A

5 -7.0(3)
6 -26.1(4)
7 -25.3(2)
8 -34.0(2)
9 -16.6(3)
10 -5.3(3)
11 -9.3(2)

0.561(4)0.0301
0.611(5)0.0435
0.596(3)0.0432
0.511(4)0.0544
-0.525(3)0.0649
0.610(3)0.0614
0.634(2)0.0475

0.657(4)0.0398
0.609(5)0.0513
0.640(3)0.0537
0.630(3)0.0588
0.601(4)0.0524
-0.585(3)0.0670
0.6195(19)0.0152

0.148(2)0.136
0.161(4)0.142
0.1599(19)0.145
0.166(2)0.146
0.160(2)0.134
0.117(2)0.103
-0.1342(19)0.114

I X=14 in 6to 9; X=16 in 5; X=18 in 10 and 11; Y=S1 in 8 and 11; Y=04 in 6 ak&C15, C17 or C19in 9, 5 and 10Plane A was fitted through

the C9C4-C5-C6-C7 atoms' Plane C was fitted through the CL3-C2-C10-C11 atoms’ Plane B was fitted through the @12 C3-01-C4-C5 atoms.
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Taking a xanthenodione mean plane as reference, kligdting to observe that
the flaps C8 and C12 of both half-chairs are oriented towardsrdmeatic substituent in
compoundss to 8, and11, which corresponds tosynconformation of cyclohex-2-enone
moieties. On the contrary, in xanthenodion8s 4, and 10 C8 points towards to the
aromatic substituent whie C12 points to the opposite directitichwelates to aanti
conformation of these two half-chairs. This trend obsereed,f4, and 10 was also
noticed for xanthenodione havingpara-carboxymethoxy phenyl group (CSD ref. code
GIWZAP, reference (KUMAR et al, 2014)) as wel as in thatring only one phenyl
moiety (hereinafter compound2, CSD ref. code VOQSEA, reference (REDDY et al.,
2009)). Compound® also presents alternated flaps; however, C8 points opposite to th
para-substituted phenyl ring whie C12 points towards f.

Another difference among compoundsll, which is also responsible for the
conformational distinction in terms of rings A and C, cgpands to the rotation around
the axis of the bond connecting xanthenodione core to listtsant at C1. Such
intramolecular feature can be viewed in Fig. 3, a molecaizerlay of all asymmetric

units (only non-hydrogen atoms) through the xanthenodame.

Fig. 3.Molecular overlay of all asymmetric units (only non-hy@nogatoms) through the

xanthenodione core and labeling scheme of its rings.
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Even so, the plane of the substituent at C1 is pointed tovilaedsng A in all
compounds, but with different bent levels. Such conformatiquratilection is more
prominent in compounds with either fural® &nd 7) or thiophene (only8) rings as
substituents at C1. The dihedral angle among the atoms DIXC(X=14 in6 to 9;
X=16in 5; X=18 in 10and11) and Y (Y=S1 in8 and11;, Y=04 in6 and7; Y=C15, C17
or C191in9, 5 and 10) describes this conformational feature (Table 2).

The deviation from 0°, which means the mean plane ofstistituent at C1
coinciding with the transverse plane of the xanthen@dicare, is more pronounced in
compounds6 to 8 than in the others. In all furan and tiophene based compotimels
heteroatom of the substituent at C1 is postioned on the sdeafsOl, in a so-caled
syn conformation, relatve to xanthenodione core. Also in ehesmpounds,para
halogenated phenyl ring is coplanar to fura® and 7. Their |.s. mean planes form angles
of 2.53(11)° and 4.11(7)°. Onthe other hand, non-substituted phenyhndhthiophene
C are twisted I8 and11, with angles of 33.08(8)° and 16.67(8)° between their |.s. mean
planes. In compound9, there is an electronic conjugation between thé,M-
dimethylamine group and the phenyl ring bonded to C1, whichbeamticed looking at
the coplanarity between these moieties. There is aa afd.3(2)° between the planes
calculated through the atoms CRO-C21 and C14-C15-C15-C17-C18-C19 in this
compound. At last, ring B is slightly distorted in all struey with C1 carbon as the most
deviated atom from the |.s. mean plane encompassing throeigbix thihng atoms (Table
2).

In all structures, only non classical hydrogen bonds (CH...halogen and CH...O)
and other weak contacts involving-systems+...n, CH...n) are responsible for keeping
the molecules together in the crystals. Compouhdsd 7, which are isostructural, are

featured by alternation of centrosymmetry-related moleciré one-dimensional (1D)
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chains running paralel to the [100] direction through C7-H@AB in 7)...04, 7 (ing

D)...T(ring D), C12H12A...Br (or Clin 7), and C8HSB...02 (Fig. 4).

Fig. 4.Isostructural supramolecular chains in@and (b)7 growing parallel to the [100]
direction. Cg(E) denotes the centroid calculated through Eiratoms. In this picture and
hereinafter, only hydrogen atoms involved in the displayedactsnwere not omited.
The shown measurements refer to the hydrogen...acceptor (i e., oxygen, halogen or Cg)
distance and the weak hydrogen bonding angle. When, igreCg distance is also
exhibited.

Both carbons at the half-chair flaps are involved inldis¢ two contacts, which
can indicate a conformational adaptabiity from these @eietn order to favor
geometrically the intermolecular interactions arouneé fttrystal environment. On

contrary, these methylene groups do not participate sigmifjcan the crystal packing of
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compound 8. This structure is marked by formation of a centrosymimedimer where
the CH moiety at thgara-position of phenyl ring is a non-classical hydrogen bonding
donor to O2 (Fig. 5). This contact explains the phenyl ringt @bserved in this structure.
Such phenomenon, also found in compodrigis a consequence of a geometrical balance

to form two CH...n contacts involving ther-system of phenyl ring E (Fig. 5).

Fig. 5. The pattern of weak intermolecular contacts responsible &myphing E twist in
(@) 8 and (b)11.

Compounds 3, 4 and 10 are isostructural as expected from their molecular
similarities (differing only for the halogen para-position of phenyl ring bonded to C1)
(Fig. 6). Even though there are changes in the nonaadsdrogen bonding geometry,
they keep the same main supramolecular motifs as, fondestaan 1D chain assembled
through CH...halogen contact having the methyl moiety at C12 as donor. This chain

grows along the [001] direction and is made ug-gfide related molecules (Fig. 6).
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Fig. 6. @) The supramolecular chain @D growing along the [001] direction. (b)
Isostructural crystal packing 40 (left) and of its bromine analog (right).
Crystal packing ob is stabilized by mean of CH...O and CH...n interactions,

which give rise to chains running paralel to the [101] twac(Fig. 7).
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Fig. 7. Supramolecular chain running paralel to the [101] direciionrcompound 5.
Cg(D) denotes the centroid calculated through ring D atoms

In the crystal structure d, there is formation of a 1D chain along the [010]
direction where both carbonyl oxygens are nonclassical hyurbgading acceptors from
the methylene groups close to O1 (Fig. 8a). In this structineee is also the facwe-face

stacking of two centrosymmetry-related molecules thromghr interactions. This last

interaction occurs between thesystem of phenyl moiety and thecloud around the
nitrogen in the 4N,N-dimethylamine revealing, therefore, a dual intramolecdad

intermolecular conjugation phenomenon in this compound &b
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Fig. 8. (a) Supramolecular chain running parallel to the [010] titmecin compound5
and (b) them(ny)...m(ing D) INteractions stabilizing the centrosymmetric dimerthis

structure. Cg(D) denotes the centroid calculated thromghDr atoms.

3.3 Theoretical Aspects

The theoretical geometries of compoundsll in gas phase and in water are
depicted in Figure S1 (see supplementary material). Inctygtal phase, molecular
backbones have shown a preferenti conformation for compounds, 7, 8 and 11

regarding to the OLTG1-CX-Y torsion (Y = 04 in6 and7 or S1 in8 and11; Fig. 9).
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Fig 9. 01-C1-CX-Y dihedral angle in compounds, 7, 8and11(Y = O4in6 and7 or
S1in8andl1l).

It is important to mention thatanti/syn conformations, regarding the
aforementioned dihedral, occur when the aromatic substitige at furan or thiophene
derivative (compound$, 7, 8and11). When the aromatic portion is a phenyl group, there
is no differentiation consideringnti/syn conformations. With no significant geometry
difference between gas phase and water, our calculatoorserged to similar
conformations noticed in the secti@2 Applying a conformational screening around
this dihedral angle, it was possible to investigate whyetlis predominance for tisyn
conformations. Thus, from the optimized structure obtainechdayrétical calculations,
the variation of energy due to torsion of @l1-CX-Y dihedral can be seen in Fig. 10. In
this caseD point is the energy minima and is equivalent to the optimiggucture. In
addition, compound$ and 7 have identical R’ and R groups (Fig. 1), which result in
very similar energy profiles. Because of their sintfariit is possible to discuss them
together. Figures S2 and S3 (see supplementary matdtaffate the conformers
corresponding to point#A, B, C and D for compounds6 and 7 along with some
information about important dihedrals and atomic distanceg diergy maximum
observed in the diagrams of compoundsnd 7 (Fig. 10) is pointA. Comparing the

structures of conformers associated with po#tandB, it is possible to recognize the

110



fact that red eclipsed oxygens is not the main feaesponsible to the higher energy of
point A conformer. Considering compound, going from A to B the dihedral angle
decreases from 33.41°to 11.59°. This results in increasing rephistaeen these atoms.
However, as can be seen in Fig. 10, the energy decrease®\ fto B. Moreover, the
green-ighted dihedrals also decrease from 93.34° to 48.348 fohich results in
eclipsing of the oxygen and hydrogen atoms. Furthermore, thesadng of the
aforementioned dihedrals implies in approximation of oxygeth @arbon atoms in the
conformer related to poin. In this conformer, the distance between them is 2.70 A,
whereas in poinB conformer it grows to 3.05 A. Poin@ andD are the ones where two
oxygens are imnti andsynconformations, respectively. The energy difference beatwee
these two points is more than 2.5 kcal:tnoThe key to understand the higher stability of
point D conformer is looking at the oxygen atom of the furan ringodint C conformer,
this oxygen is eclipsed by a hydrogen in a distance of 2.4hekeas inD the closest
atom to this same oxygen is a carbon in a distance of 2.89 ke same reason, it is
also relevant to realize that poiit conformer is higher in energy thd) although the
distance between two oxygens being higher in the confomelated to theC point.
Therefore, it is expected that compour@land7 adopt thesynconformation.

Figures S4 and S5 (see supplementary material) ilustnggertant aspects for
the compounds8 and 11 (Y = S1)that have differences in terms of R’ and R’ groups
(Fig. 1). As can be noticed in Fig. 10, the energy maximum fopcona 11 (point A) is
higher than 6 kcal md| while for compoundB is below 4 kcal mol. The superior energy
of point A conformer of compound 1 in relation to8was ascribed to the repulsion among
sulfur atom and methyl groups. In poiat conformer of8, there are two carbons which
are eclipsed. However, in compourill the sulfur atom is eclipsed by the carbon.
Therefore, higher repulsion is expected for compolbdegarding its poinA conformer.

However, the poinC conformer of compound has also the eclipse of sulfur and carbon
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atoms, albeit with almost half & point destabilization energy compared to the same
point of11. The reason is the existence of methyl grouplivhich increases the steric
repulsion, while for compoun8 R” and R” are hydrogens (Fig. 1). To bein line with this
argumentation, an interesting effect happens considerimgy 1isyn to 1l-anti
interconversion (Figure S1). As the @I-CX-S1 dihedrals changes, one methyl group
goes down through the plane in order to relieve the repuls&iween the other GHand
sulfur. This same effect does not occur in 8&ynto 8-anti interconversion since R’ and

R’ are hydrogens (Fig. 1). In the anti and syn conformations B and D points,
respectively), it is possible to apply the same rationalel fmecompounds6 and 7 to
justify the preference for theyn conformation. In the case of compourisnd 11 the
reason involves the distance of sulfur to the other at@wsnpounds8 and 11 are
destabiized by more than 2.0 kcal.thaonsidering pointB. For 8, the sulfur atom is
close to an oxygen and a hydrogen by, respectively, 3.28 A and 2i60pdint B
conformer. In pointD conformer, the closest sulfur distances to an oxygen aadban
atoms are, respectively, 3.82 A and 3.53 A. Considering compadnthe respective
distances are 3.31 A and 2.79 A for pdhtonformer and 3.77 A and 3.55 A for point
D conformer. In both cases, in thati conformer the repulsions are more severe than in

the synconformation. Thus, theynconformer predominates for both compounds.
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Fig 10. Potential energy curves from the conformational serg@eof compoundss, 7, 8
and1l

Crystal structure analyses have also revealed twonatlisttonformational
preferences for the cyclohex-2-enone moieties of compo8rids Compounds3, 4, 9,
10and12have adopted always thati conformation, whie compounds 6, 7, 8and11
have adopted theynconformation. The geometries of all conformations can beiseen
Figure S1 (see supplementary material). Table 3 shows d#ngyebarrier of a possible
interconversion betweesynandanti conformations following the equation (1).

AE = Esyn - Eanti (1)

Applying the equation (1) for compoundsllenergies from crystal geometries,
the AE values for 3, 9, 10and 12 should be positive due to the higher stabilty aofi
conformers. However, our calculations in gas phase andr watdicts thatsyn

conformers are electronically more stable for all compounds (AE < 0). In fact, for an
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isolated or solvated molecule, these compounds might exissyin @nformer which is
not in agreement with the experimental data. This e€liflee might be due to
supramolecular contributions (see Fig. 11).

Table 3. Syn-anti interconversion electronic energy barrier (kcalhwolfor the

cyclohexenone moiety conformation in gas phase at 25 °Cg@pyvater at 85 °C, and

in gas phase dimmers (Gp Dim) at 25° (see Fig. 11 for dimmers).

AE 3 5 6 7 8 9 10 11 12
Gp -0.68 -091 -0.47 -0.49 -0.44 -037 -0.71 -048 -0.61
Water -0.65 -096 -0.56 -0.58 -0.53 -0.45 -0.69 -0.57 -0.56
Gp Dim 1.66 - - -1.98 - - - -0.82 0.63

' Since crystal structure of both related compoudisnd 4 had been determined
previously, in this calculation we have selected only pmund 3 to represent these
halogenated xanthenodiones.

Fig. 11 shows the buit dimmers of compour®ls7, 11and12 that were taken as
models to understand the solid state data through the supcalaol model. These
dimmers were buit following the crystal coordinates. In otdeobtain the hypothetic
syn/anticonformers, the dimmers were optimized using molecular m@&shgdUFF) with

the aromaticgroups frozen. The energy was calculated with a spmglet at ©b97xD/6-

311++** level. Al aromatic groups have aromaticty and conjugated bonds and

molecules withsynorientation can potentially perform stacked interactiosgh as 7-
n*-stacking and T-shaped, which have strong dispersive amngechansfer effects that
can only be described by suitable quantum mechanics metbQfBA (et al, 2014a;
RAMALHO et al., 2013) [27]. The interaction energy of eachnam was obtained by
the equation (2), where A and B are the monomers. Table 3 alse #i@interconversion
energy barrier between tlsgn/antidimmers in gas phase (3).

AEnt = BB —(B* + B) (2)

AE = AEint/syn - AEint/anti (3)
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Even though it is not exactly identical to the solid estahe supramolecular
approach with two monomers have already demonstrated to hee inwith the
experimental data. The AE for 3 and 12 present positive signal indicating that tasti
conformation is indeed preferred. The calculation redoks7 and 11 have kept the
preference for thesynconformations as the crystal data have shown, whitheisnost
natural occurrence since the monomers adopt this sanermatibn. One interesting
question is why did the conformational change happé)4n9, 10 and12?

Looking for the geometries of compountdimmers (Figure 11), it is possible to
see that parallel displaced m-m*-stacking are ruling the interaction between the monomers
Even just changing the hydrogens position betweeryisand anti conformations, the
energy barrier is -1.98 kcal.mgl while AE between the monomers was just -0.09
kcal.moi! in gas phase. In this case, the dispersive interacti@iseen Cl and H could
be decisive to stabiize the supramolecule along with stacghiiagactions.

With a short conjugated chain and a large substituerircgsine, compound3
cannot perform z-m*-stacking but angular $haped ocH—7m*ar and dispersion
interactions (JOSA et al., 2014b; SANTOS et al. 2014). Isyitsconformation, the
methyl group can make these interactions difficult, irgingathe system steric repulsion.
In addition, the methyl group oriented on the same side cdrtbmatic group iI3-anti
contributes to increasing the dispersion interactions Wwithmine. This fact can be
supported comparing the and 12 dimmers, whose AE values are 1.66 kcalmol! and
0.63 kcal.mot, respectively. The AE in gas phase between their monomers were almost
the same, -0.68 kcal.mblfor 3 and -0.61 kcal.mdl for 12, which means that somehow
3-anti dimmer is more stabilized thakR-anti dimmer.

The crystal data and the theoretical calculations forpoomd 11 have also
revealed possible $haped oc-H—n*arinteractions in thedimmers ofll. However, the

dispersion can also be important. AE for the monomers is -0.48 kcal.mot and -0.82
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kcal.moi! for the dimmer. This gain in the stabiization eneman be correlated to the
C-H and methyl group dispersive interactions, which arepietely erased iil-anti

dimmer. In this prospect, our findings highlight the importamdethe intermolecular

interactions in this conformational preference. Indee@rnmilecular interactions are
crucial for the sold state matter (PEREIRA et al.,, 2011) aganitshow distinct behavior
than the solvated molecule if non-classical effects waden into account, which can be
easily understood with the supramolecular approach. It wortthasizing that all these
interactions in the dimmer state can be intensifiedsoiidl state by the increasing of

monomers present in the supramolecule.
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7-anti 11syn 1lanti

12-anti 12syn
Fig 11.Calculated gas phase geometries of the dimmers wittr sfin or anticyclohex-

2-enone rings conformation.
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4. Conclusions

We have here reported the crystal structure of severdaampounds belonging
to the xanthenodione class, which have been rarehtigat=s] from a structural point of
view. We have interpreted the changes in their confawmabased on the energetic
profles of the single molecules and dimers, highlightingptiealence of intramolecular
forces in theanti conformation of the C1 substtuent, common to al compounds.
Likewise, intermolecular forces drive tlamti conformation of the cyclohex-2-enonelfha
chair moieties. Based on this study, we hope that simié@related experimental
theoretical investigations can be performed with othehgaodione compounds in order
to find other examples and exceptions of these supramoleanidrconformational
features of this class compound, which can impact on theirogimal and

physicochemical properties.
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Abstract

The 2,2'{(5-(4-bromophenyl)furan-2-yl)methylene) bis (5,5-dimethyicyclohexane-1,3-
dione) e and 2,2'¢(5-(4-chlorophenyhfuran-2-yl)methylene) bis (5,5
dimethyicyclohexane-1,3-dione})(were prepared in, respectively, 63% and 59% Vil
ZrOCk-8H,0O catalyzed condensation reactions between dimedone and ap@ropria
aldehydes. Their structures were investigated by IR, NBR, X-ray spectroscopy
techniques. The asymmetric unit of tetra ketBigecomposed of just one molecule, while
two almost identical crystallographically independent nuddec of compound4 are
present there. Compound is conformationally similar to both molecules 4f The
diketone rings assume a half-chair conformation withfldps oriented towards the same
side of the substituent at C1. Each diketone ring is featureah blectronic delocalization
path encompassed through the keto-enol moiety. Al bond lemgtide this conjugated
system are intermediate between those of pure double aadsods. Furthermore, the
furan plane of the substituent at C1 is almost paradetheé bond axes bridging the
diketone rings as a consequence of steric hindrance seffesttveen the heterocycle
moiety and two hydrogen bonded oxygens. The enol forms of comp@uadd 4 were
noticed via IR and NMR spectroscopies. Furthermore, thermodymapaicameters were
calculated in order to interpret the experimental reslikghis line, theoretical findings

reveal that electronic and solvent effects play an impbrtole in the chemical reaction.

Keywordstetra ketone, 2,2’-aryl methyle nebis (3-hydroxy-5,5-dimethyl-2-cyclohexe ne-

1-one), X-ray analysis, DFT calculations, zirconium, keto-¢satomerism.

124



1. Introduction

The tetra ketones or 2,2’-aryl methylene bis (3-hydroxy-5,5-dimethyl-2-
cyclohexene-1-one)(l) are important intermediates that can be used as Nersat
precursors in the synthesis of tricyclic heterocyclaxchsas xanthenodionegll),
acridindiones (Ill) [1], benzopyrang(lV) and thioxanthenegV) [2] (Scheme ) Al of
these heterocycles exhibit important biological activitiés addition, tetra ketones are
known for their antioxidant properties [3] and the strong paterfbr repairing
inlammation and asthma [4]. These compounds also havdicaigh lipoxygenases

[3,5], tyrosinase [6,7] and protein kinases inhibitory activiy. [

(@] R (0] OH R (6]
Ry-NH, ||
R R
R, 2 R, R, 0 HO R, 1 :
? 0)

m

Ll R =alkyl, |
(U] Ry = H, Me alkyl, aryl
R = alkyl, aryl

R = 2-hydroxyphenyl or
2-mercaptophenyl

R
(IV)x=0
(V)X=8

Scheme 1The general structure of tetra ketonBsafnd derivatives 1K)-(V).

In general, the tetra ketones can be prepared via KnoeVetagdensation and
Michael additions of aldehydes with cyclc 1,3-diketones, withwithout the use of
catalysts. Because of their synthetic utility and bio®lgiactivities, various synthetic
methodologies have been developed for the preparation of ths aflasompounds.
However, many of these methods utiize toxic solvents @hd datalyst loading, present
long reaction times, require high temperatures, afforch tettones in low yields, dn

involve laborious workup procedures [9]. In this paper, we desaibealternative
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methodology for preparation of tetra ketones via ZeBEbO catalyzed reactions
between dimedone and aromatic aldehydes. We also describedutte aeX-ray, NMR
and IR investigations of the synthesized tetra ketondworé&tical calculations

concerning these compounds and the reactions involving treeaisarpresented.

2. Experimental

2.1 Generalities

All reagents were purchased from commercial sources dSigdrich - St. Louis,
MO, US - and Vetec - Rio de Janeiro, Brazi) and were engpl@agereceived. ThéH and
13C NMR spectra were recorded on a Varian Mer@09 instrument (300 MHz and 75
MHz respectively), using deuterated chloroform as a soNdydirogen nuclear magnetic
resonance (NMR) data are presented as folows: chemical(&hii ppm, the number of
hydrogen atoms, multiplicity,d values in Hertz (Hz). Muliplicities are shown ag th
folowing abbreviations: s (singlet), d (doublet), m (multipldtyirared spectra (IR) were
obtained employing a Varian 660-IR equipment with access@agliidIR. The exact
mass of compounds was determined in micrOTOF® @Bruker Daltonis, Germany)
equipped with a microESI (Electrospray) ionization sourcee €hmpounds were
dissolved in acetonitrile (100% LCMS) and acidified with 0.1%mioracid. The mass
was acquired in positve mode scanning from 50 to 1000 Da. Meltingts poiere
determined using MQAPF-301 meliing point apparatus (Microqujimitia de Janeiro,

Brazil).
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2.2. Synthesis
Synthesis of 2,%(5-(4-bromophenyl)furan-2-yl)methylene)bis(5,5-dimethylcyclohexane-

1,3-dione)3)

In a typical procedure, around-bottomed flask (25 mL) was chavifed® mmol
of 5,5-dimethylcyclohexan-1,3-dione (295 mg, 2.00 mmol4-®Bromophenyl)furan-2-

carbaldehyde (258 mg, 1.00 mmol) and Zrg&8EO (12 mg, 2 mol%). The mixture was

stired at 85 °C and after ten minutes of reaction, A00f distiled water were added.
The progress of the reacton was monitored by TLC anale® it took 2 h for its
completion. Then, the mixture was cooled to room temperaturerediter, 50 ml of
dichloromethane were added to the flask and the mixturema#gained under stirring.
The catalyst, which is insoluble in dichloromethane, segarated by fitration. After
that, 50 mL of ethanol was added to the fitrate and theraystas kept undisturbed for
the crystallization process. This procedure afforded comp@uas yellow sold in 63%
yield (321 mg, 0.630 mmol). Crystals suitable for X-ray diffracttudies were obtained
from the above-mentioned crystalization procedure. The nelotaicrystals were
thoroughly washed with cold ethanol and dried. The structurd iofsupported by the
folowing data.

Yelow solid. Mp 159 - 161 °C. IR (ATRymaxcm': 2962, 2870, 1588, 1538,
1370, 1165, 1147 ctn'H NMR (300 MHz, CDQ) d: 12.24 (1H, s, OH), 7.42 (2H, 4,
=8.2 Hz), 7.36 (2H, d] = 8.2 Hz), 6.55 (1H, s), 6.02 (1H, s), 5.46 (1H, s), 2.39 (4H, ),
2.33(4H, s), 1.22 (6H, s), 1.11 (6H, ®CNMR (75 MHz, CDC4) : 189.7, 189.4, 151.9,
151.4, 131.6, 129.9, 124.8, 120.4, 114.0, 108.8, 106.4, 46.9, 46.2, 31.3, 29.9, 29.3, 26.4.

HREIMS m/z (M+H*): Calculated for @7H3oBrOs, 513.1277. Found: 513.1308.
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Compound 4 was obtained in 59% vyield using a similar procedure to that
described for the preparation 8f The reaction o# took 2h and 15 minutes for its

completion. The structure dfis supported by the folowing data.

2,2'{(5-(4-chlorophenyl)furan-2-yl)methylene)bis(5,5-dimethylcyclohexane-1,3-didne)
Yelow sold. Mp = 164 - 166C. IR (ATR) vmaxcm?: 2953, 2871, 1580, 1534,

1372, 1167, 1156m?. *H NMR (300 MHz, CDGJ) ¢: 12.24 (1H, s, OH), 7.42 (2H, d,

= 8.2 Hz), 7.27 (2H, d] = 8.2 Hz), 6.55 (1H, s), 6.02 (1H, s), 5.46 (1H, s), 2.39 (4H, s),

2.33(4H, s), 1.22 (6H, s), 1.11 (6H, ®CNMR (75 MHz, CDC4) : 189.7, 189.4, 151.9,

151.4, 132.3, 129.5, 128.7, 124.5, 114.0, 108.8, 106.4, 46.9, 46.2, 31.3, 29.9, 29.3, 26.4.

HREIMS mfz (M+H*): Calculated for @7H30CIlOs, 469.1782. Found: 469.1806.

2.3. X-ray diffraction analysis

Prism-shaped single crystals of tetra ketadesid4 were selected and mounted,
at room temperature, oniagoniostat (Bruker-AXS Kappa Duo diffractometer) and
exposed to Xay beam (Mo Ko, A = 0.71073 A). X-Ray difraction intensity data were
recorded using an APEX Il CCD detector. Data collectioatesyy was set witlp scans
and o scans withk offsets using the APEX2 software [10]. Other crystalipdyia
software were used as follows: SAINT [10] (indexing, integra and scaling of raw
data), SHELXL-97 [11] (structure soling using Direct MethpdSHELXL-97 [11]
(structure refnement by full-matrix least squareshoe on F) and MERCURY [12]
(structure analysis and graphical representations)nofllhydrogen atoms of asymmetric
units were directly identified from the electronic densiFourier synthesis. Free
anisotropic and fixed isotropic atomic displacement parametene et for non-
hydrogen and hydrogen atoms, respectivelygo(H) = 1.2Jiso(C) or 1.8Jiso(C-methyior O).

Al hydrogens were positoned at constrained sites accordingstereochemical
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assumptions for bond lengths and angles and they were nad.réfiseead, they followed
a riding model.Table 1 (vide infra) presents a summary of collect data andeneie nt

outputs for tetra ketonedand4.

2.3. Computational details

The geometries of all reactant &nd 2) and product  and 4) structures were
optimized at wb97xD/6-311++** level of theory by Gaussian 09 software [13]. The
frequency calculations were carried out at the samel len order to obtain the
thermodynamic parameters of the reactions. The calndatwere performed in the gas
phase and at 25 °C as well as in water using the PCM sohatimel with a temperature
range from 85 °C to 100 °C. From this information, the reacéoergies to obtain
derivatives 3" and 4" were calculated. To quantify the role of the hydrogen boods t
stabiize compound8and4, a conformational scan was carried out around ti@2-C6-
C5 and HO3-C3-C2 dihedrals (se€ig. 8). Furthermore, the non-classical interactions
were computed via NBO 6.0 software [14].

In order to get further information on the experimentahdheoretical vibrational
and NMR spectra were obtained. The NMR analysis was dhbye@IAO method with
choroform n the PCM solation model Both spectraewabtaned at 25 °C by the same

previously mentioned theory level.
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3. Results and Discussion

The preparation of tetra keton@snd4 was carried out as outlined $cheme 2

X
O (@)
2 ZI'OC|2'8H20, 85 OC
+ -
(1) <
3: X=Br
CHO 4: X =Cl
2a: X =Br
2b: X =ClI

Scheme 2Preparation of tetra keton@xand4.

Thus, the reaction of dimedon&) with aromatic aldehyde&a and 2b, catalyzed
by ZrOC}-8H:0, afforded compound$ and 4 in, respectively, 63% and 59% vyields.
This is the first time that the preparation of tetra kesocatalyzed by the aforementioned
catalyst is described. Overall, the reactions took about 2heibrcthmpletion. It is worth
mentioning that the reactions involved in the preparatioB arid 4 were carried out in
the absence of toxic solvents and in an open reaction Rasiddition, the compounds
were obtained in high purity after simple work up procedurewell by crystallization.
The structures of compound8 and 4 were confrmed by IR, NMR and X-ray
spectroscopy analyses as well as mass spectrometry.

Crystal structures of compoundsand 4 have been solved, respectively, in the
centrosymmetric space group®i/n (monoclinic) and P-1 (triclinic). A summary of

collected data and refinement outputs for tetra ket@rasl4 are presented ifable 1
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Table 1

Crystal data and refinement statistics for tetra keteheglated in this study

Compound 3 4
Molecular formula C27H29BrOs C27H29ClOs
fw (g/mol) 513.40 468.95
cryst syst monoclinic triclinic
space group P21/n P-1
zZ/7’ 4/1 412
T (K) 296(2) 296(2)
unit cell dimensions a (&) 12.0552(8) 12.6930(9)
b (A) 14.7163(10)  12.7765(7)
c(A) 13.9039(10)  15.3915(10)
a (°) 90 79.537(3)
B (°) 90.178(2) 87.766(3)
v (°) 90 87.994(3)
V (A3) 2466.7(3) 2451.7(3)
calculated density (Mgfh 1.383 1.270
absorp. coefiicientu (mm?) 1.701 0.191
@range for data colection (°) 2.02-26.38 1.61-25.48
index ranges h -13to 15 -14t0 13
k -12t0 18 -15to 15
I -9to 17 -17 to 18
data collected 7493 18311
unique reflections 4468 8255
observed reflections 2469 4428
symmetry factor Rnt) 0.0232 0.0414
completeness t@=25°(%) 97.5 98.2
F (000) 1064 992
parameters refined 304 595
goodness-of-fit orf? 1.032 1.008
final R1 factor forl >25(l) 0.0484 0.0648
wR2factor for all data 0.1359 0.2660
largest diff. peak / holeefA3) 0.363/-0.622  0.429/-0.488
CCDC deposit number 1476904 1476905

In Fig. 1, non-hydrogen atoms are shown with their 50% probability eiips
and arbitrary labeling scheme. Labelng of rings is alsoctkpiin this picture. The
asymmetric unit of tetra ketoris composed of just one molecule, whie two almost

identical crystallographically independent molecules arsepiein the asymmetric unit
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of tetra ketone4. The conformational similarity between them can be datwuely
described by the low root mean square (RMS) deviation (0.105 tA¢iofnon-hydrogen
atoms. In addition, compoun8is also conformationally similar to both crystallograp hic

molecules o#.

Fig. 1. 50% elipsoid drawing of the non-hydrogen atoms in the asyriamunit of the
two tetra ketones elucidated in this study. For drawingtyclamolecules A and B of
compound4 (4A and4B) were not shown as in their relative orientation @ dinit cell.
The labeling scheme of rings and non-hydrogen atoms is ddpkyecompound3 and

is the same foA and4B, except for halogens.

Even though the halogen atoms present in the structvirdstra ketones are
different, compound3 is well superimposed on molecule$A and 4B, with RMS
deviations of 0.260 A and 0.186 A for their non-hydrogen atoms. Aogiisn of3

and4 (both molecules) is illustrated IFg. 2.
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Fig. 2. Molecular overlay through the non-hydrogen atom8 @éd), 4A (pink) and4B
(cyan).

In the two compounds herein reported, both diketone rings A aubpt a half-
chair conformation with C8 and C12 carbons away from tret-leguares (l.s.) planes
calculated through the other five coplanar atoms. Thendetaf these carbons from Is.

planes and the RMS deviation of the |.s. ftted atoms arersiowable 2.
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Table 2

Bond lengths (A) along the resonant paths, selected dihadgids (°) describing furan
conformation, and descriptors for half-chair conformation imfsr A and B (r.m.s.

deviation and carbon deviation in A) in the tetra ketorsedetermined by single-crystal
X-ray diffraction data

3 4A 4B
01-C4 1.284(3) 1.275(4) 1.288(4)
C4-C5 1.400(4) 1.412(5) 1.412(5)
C5-C6 1.394(4) 1.384(5) 1.399(5)
02-C6 1.288(3) 1.317(5) 1.301(4)
03-C3 1.282(3) 1.308(5) 1.290(4)
C2-C3 1.398(4) 1.367(5) 1.396(4)
C2-C10 1.399(4) 1.427(6) 1.393(5)
04-C10 1.292(3) 1.287(5) 1.289(4)
05-C18C1-C2 -158.5(2) -165.7(3) -168.2(3)
05-C18-C1-C5 -23.5(3) -31.4(4) -35.3(5)

C8 deviation from the I.s.

plane A/plane Armsid. 0.679(3)/0.0611 0.642(4)/0.0648 0.638(4)/0.0612

C12 deviation from the I.s.

plane B/plane B r.m.sid. 0.693(3)/0.0820 0.630(5)/0.0684 0.639(4)/0.0923
'Plane A was fited through the G76-C5-C4-C9 atoms' Plane B was fitted through
the C11-C10€2-C3-C13 atoms.

Taking these ring mean planes as references, iteledting to observe that the
flaps C8 and C12 of both half-chairs are oriented towards @ah@ side of the C1
substituent. Another conformational feature resides anféct that the mean planes
crossing through the five coplanar atoms of rings A andrdbent by 54.13(11)°,
58.91(16)°, and 53.20(13)° B, 4A and4B.

Each diketone ring is featured by an electronic delocalzapath encompassing
the atoms OXE4-C5-C6-0O2 (ring A) and O322-C3-C10-04 (ring B), which is typical
of keto-enol tautomerism. Al C-O bond lengths are close 1.30able 2), a value
between those of a carbonyl (around 1.22 A) and a hydroxyl (around 1t@sdg [13].
Similarly, all C-C bond lengths inside this conjugated esgysare approximately equal to
1.40 A, which is the most common bond length for phenyl groups IiS}ther words,
C4-C5, C5-C6, C2-C3, and C3-C10 exhibit distances typical of a resosgstem,
without a clear prevalence of either a double bond charactarsingle. Such keto-enol

tautomerism phenomenon has been already reported in csysiatures of related
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compounds bearing the same tetra ketone moiety fouBdcamu4 [16-19]. Furthermore,

it is not possible, based on X-ray diffraction dateBofo assign where the double and
single bonds are in these electronically delocalzed pathwalyich can be considered as
perfectly conjugated two keto-enol moieties. In Moleclilk, a subtle difference can be
observed between the bond lengths of the bond pairs C4-C5 a@b {6028(10) A];
01-C4 and 02-C6 [0.042(9) A] in ring A, and the corresponding ones &ang@ C2-
C10[0.060(11) AJ; and O3-C3 and 04-C10[0.021(10) A] in ring B (Table 2). fomere
in 4A, a slight double bond character can be attributed to O1-C4, C5426.10, and
C2-C3, while an almost unnoticeable single bond characterbeaassigned to O2-C6,
C4-C5, 03-C3, and C2-C10. Such mesomerism phenomenon is poweribds®
compounds by the presence of two intramolecular classicddodgn bonds between
hydroxyl and carbonyl moieties from rings A and B. Since @¥1...0 hydrogen atom
can be shared between the two oxygens, their carbonyl andxyly characters are
indistinguishable. In fact, all residual electronic denpBaks in the difference Fourier
map referring to the hydroxyl hydrogens were located at paligtisame distances from
the hydrogen bonding donor and acceptor oxygens. Their fixing pecdics oxygen was
based only on negligible O-H distance differences that caaloet for such positioning
distinction clearly. However, we choose bind this hydrogeon® oxygen atom instead
of leaving it delocalized between two. In MoleculéA, the hydrogen hydroxyl
assignments were also aided by the slight differencéise i€-C and C-O bond lengths as
aforementioned.

Another intramolecular characteristic common to the congsurerein
described, which is also responsible for the conformationdihctisn between rings A
and B, refers to the rotation on the axis of the bond conneCtintp its substituent. Such
intramolecular feature can be viewed Fig. 2, a molecular overlay of al asymmetric

units (only non-hydrogen atoms) through all non-hydrogen satéirst, the furan plane
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of the C1 substituent is almost parallel to the C1-C2 ancCEhond axes. This is a result
of steric hindrance effects between the heterocycletren@®1 and O3 oxygens. Second,
furan oxygen is pointed towards ring A in both compounds. TheCO&C1-C5 and O5-
C18-C1-C2 dihedral angles describe well this conformational feafiable 2), being
closer to either 0° or 180°, respectively. Tr&ra-halogenated phenyl ring is coplanar to
the furan one. There are only discrete twists betweerng® of the C1 substituent. Their
l.s. mean planes form angles of 14.38(11)°, 16.22(17)° and 7.57(13)%4i#& and 4B,
respectively.

In both structures, nonclassical CH...O hydrogen bonds are the main contacts
responsible for keeping the molecules together in the kstystampound4 is featured
by the formation of centrosymmetric dimers made up ofreiti@ecules A or molecules
B (Fig 3a). Each molecule is bonded to another in the dimer throughCid7eq..02
hydrogen bonds, regardless if the crystallographically inutkgpe unit isA or B. These
dimers are further held together in one-dimensionalnght#tirough two non-classical
hydrogen bonds in which moleculd is a dual donor to O1B and O3B oxygens from

molecule B (contacts C26A-H26A...03B and C27A-H27A...OHgy. 3a).
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Fig. 3. (a) The one-dimensional chain formed in the crystaicstre of4 and (b) the
contacts responsible for sheet assembly therein. Astalisded molecules have almost
the same projection in both panels. Al and Cg(D) denote the centroid calculated
through ring D atoms of molecule& andB, respectively. In this picture and in the next,
only hydrogen atoms involved in the displayed contacts webited. The depicted
measurements refer to the hydrogen acceptor (i. e., oxygegerheor Cg) distance and

the hydrogen bonding angle.

The one-dimensional chain is the main supramolecularf footid in the crystal

structure of3 (Fig. 4). In this compound, the chain is formed through the C13:41132
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interaction. The chains are connected by mean of the H1llx..n(ring D) contact to
assemble a two-dimensional shdag(4). A similar sheet motif can be also described in
4, which is constructed through the weaker COB-ROECILA, C11A-H11Ax...n(ring D

of molecule B) and C11B-H11Bk...x(ring D of molecule A) contacts Fig. 3b).

Fig. 4. The two-dimensional sheet formed in the crystal strecbf3.Cg(D) denotes the
centroid calculated through ring D atoms.

The IR spectra a3 and4 present a broad band which can be associated with the O-
H group of the enol form. In the experimental IR spectrumoofipound3, the OH band
was noticed within the 2000 chs 3200 cnt range Fig. 5). Asimilar trend was observed
in the IR of enol forms of isobenzofuran3H)-one derivatives [20]. The theoretical IR
spectrum confrms the OH band range with two vibrationaduencies at 3171.94 ¢m

and 3290.78 crhrelated to the O3-H and O2-H stretching respectively. (1 labels).
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Fig. 5. Experimental A) (ATR) and theoretical B) IR spectra of compoung.

In the *H-NMR spectra of tetra keton@sand4, the presence of the enol form was

also noticed. As can be seerfFg. 6, the OH is observed as a singlet at 12.2 ppm in the

spectrum ofd (Fig. 6A). A single deuterium-hydrogen exchange experiment ocosd

this signal as corresponding to the OH grofjiy.( 7). The theoretical spectrum also

reinforces the experimental data as one signal for e&tbr@ip Fig. 6B). As labeled
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in Fig. 1, the singlet at 11.61 ppm correspond to I@group and the singlet at 12.16 ppm
correspond to O3-H group. Regarding the other chemical shiéssignals at 5.46 ppm

in Fig. 6A and at 5.22 ppm ifrig. 6B correspond to the hydrogen at C1. The singlets at
6.02 ppm and 6.54 ppm IFig. 6A and at 6.29 ppm and 6.94 ppnHig. 6B correspond

to the furan hydrogens. The doublet signals from 7.24 ppm to 7.44 ppigL iBA and
from 7.63 ppm to 8.09 ppm HRig. 6B correspond to the benzene hydrogens. Thus, the

experimental and theoretical data are in very good agnteme
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In the 13C NMR spectra, the number of signals is in agreemetht thé structures
of 3 and 4. The theoretical analysis showed signals at 188.7, 187.6, 120.2 and 117.7
correspondent to C6, C3, C5 and C2, respectivElg. (L labels). In fact, thesé values
are very similar to experimental data, which detectedlsigat 189.7, 189.4, 120.4 and
114.0. High-resolution mass spectrometry confrmed the mafedoimulas of the tetra

ketones.
The reaction involved in the preparation of compoudisnd 4 would have

resulted in the formation of xanthenodion8sand4” as depicted in Scheme 2.
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~ o
=
CHO 3: X=Br 3 X=Br
4: X =Cl 4 X=Cl
2a: X =Br
2b: X =CI

Scheme 2Reactions involved in the formation of compouriid and3/4".

However, as described above, we obtained compohdsid 4 by using the

conditons described above. Theoretical thermodynamic investigatof the reactions

involved

in the formation of these compounds were carried Allitenergies were

obtained by equation (1), where ArX is the reaction energyXp is the energy of the

compounds3, 4, 3" and4’, X1 is the energy of compount, Xz is the energy of compound

2 andnis the number of water molecules used to mass balance. Foctgr8dd’, n= 2,

and for products3/4, n = 1.

AX= (X, +nXy o) — (X +2X;) (1)

The optimized geometries of compoungls4, 3" and4” are shown irFig. 8.
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0 + 180° 9

Fig 8. Gas phase optimized structures of compouBdd, 3" and 4" and highlighted
dihedrals (®), H-O2-C6-C5 in blue (compound3) and HO3-C3-C2 in yellow

(compound4).

Table 3shows the enthalpy (ArH), entropy (ArS) and Gibbs fiee energy (ArG)
associated with the reactions to obtain compowds 3" and4’; Boltzmann populations

of them are also presented. By analyzing the data, initiat the gas phase, the
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populations of3/4is slightly higher thar3’/4” in the equilibria and . The
enthalpy differences A@H) between3/3” and 4/4" is around -16 kcal.md| while
Gibbs free energy differenceA/G) are -3.503/3") and -4.634/4") kcal.mof*. The
differences in enthalpy and free energy are mainly tduthe entropy. Structures of
compounds3/4 have more o bonds than 3'/4°, leading to more degrees of freedom.
Nevertheless, the reactions that prod3dd” releases two water molecules whie the
processes that affor@/4 give just one molecule. Thus, the higher calculated TA(S values
for the formation of3/4 can be justified, which is more than 10 kcal:indiigher than in
the case 08/4".

Taking into consideration the solvent and the temperatiré85 °C, which
corresponds to the temperature used do prepare comp8uma$4 (Scheme 2), while
the enthalpy and free energy differences betv&&hand4/4” decrease, the populations
of 3'/4” become higher. Under these conditiong\G (3/3") and @/4") are smaller than
2 kcal.moft. By looking at TAS, the difference betwee3i3"is 1.7 kcal.mol and 2.27
kcal.mot! for 4/4".

Considering a reaction conditon in which the temperatarel00 °C,AAG
decreases even more in favor 8f At this temperature, compoun8 would be
thermodynamically more stable, albeit at 85 AG:G is already small enough to
indiscriminate such preference 3% or 3'/4".

Indeed, if were not for the increase of entropy due to tmebew of water
molecules, certainly compound¥4would be more stable thai/4’, in all aspects, due
to the electronic energy, especialy when someone pagsti@it to the gas phase
enthalpy. In other words, it means that the entropy camuidire this phenomenon by
itseff and it is necessary to better understand the rdlee afnthalpy contribution. In this
case, some hypothesis can be delineated. There should bel&tralar interactions in

3/4 that effectively minimize its electronic structureidév infra for discussion).
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Moreover, different reaction conditions are responsible foatwams iNAArH(3/3) and
AAH(4/4") as well Table 3). Therefore, the temperature and intermolecular intenasti
with the solvent could also take place.

Table 3.

Theoretical thermodynamic data, in kcaltolof the reactions involved in the
preparation of compound3, 37, 4, and4”

Product AG  AAG ArH AAH TA:S Pop(%)
Gas Phase (25 °C)
3 -41.41 -52.07 -10.66 52.44
3 -37.91 -3:50 -35.88 -16.19 2.03 47.56
4 -41.46 -51.97 -10.51 53.22
4 -36.83 463 -35.66 -16.31 1.18 46.78
Water (85 °C)
3 211 -24.84 22.72 49.09
3 -3.68 1.57 -24.69 0.15 -21.02 50.91
4 -2.54 -24.85 -22.30 49.55
4 -3.31 0.77 -23.34 -15l -20.03 50.45
Water (100 °C)
3 -0.52 -24.74 24.22 50.40
3 0.24 076 069 2O -22.92 49.60
4 -0.98 -24.75 -23.77 49.73
4 -1.49 0.51 -23.42 -1.33 -21.93 50.27

Besides the temperature, the solvation effect can bemi@at in the energy
differentiation betweer8/3", 44°. Table 4 can clarify which factor is relevant for the
reaction. Within this context, we also analyzed, in a rougly, the influence of
electronic energy (ArE) in the reaction parameters as obtained by equation (1rawe
see ArH as the electronic energy with thermodynamic correctitures to the temperature
effects. Therefore, we can determine the solvent raleeiand equilibria from ArE. For
instance, in gas phase and at 258&H is around -16 kcal.mél (Table 3). We can see,
based oable 4, that in gas phas&A:E is around -18 kcal.mél Thus, the influence of
temperature in the electronic energy to give the enthal just around 2 kcal.mél It is
important to emphasize that this is only the temperatifieet €eompared to a zero kelvin

situation. Table 3 also shows thatAA/H| increases 14~16 kcal.molwhen the
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temperature goes from 25 °C to 85 °C, adding the implicit dolesrwel. From this

value, we can assume that 6~7 kcalinobmes from the presence of water, leading to
|AArElyas-phase AArElwater(Table 4). These outcomes point to the fact that the solvent has
an important contribution to the finalArG, which wil determine the population 84

and3-4".

Table 4.The solent influence o®4 and3’/4" forms equilibrium of compound8 and
4, energies in kcal.mél

Product Gas Phase Water

AE AAE AE AAE
3 -60.56 -28.69
3 4194 1882 4599 1270
4 -60.47 -28.73
4 4195 1892 595 TP

An important difference between compoun@8 and 3°/4" structures is the
presence of the hydroxyl groups in compould# The x-ray dataKig 1) have shown
the presence of hydrogen bonds between the carbonyl and hydjmyps of 3/4,
suggesting the existence of intramolecular hydrogen borus.thEoretical geometry
obtained by quantum calculations has also revealed arsib@havior Fig 8). In this
way, a hypothesis of these interactions being heavigoreible for the enolic structures
stabiization has to be considered. With a simple scanetdH#®-C-C dihedrals, it is
possible to change the hydroxyl groups orientation in sucélyaas/to null the hydrogen
bonds and quantify how much the destabilization would be. For Comi@)tinel yellow
and blue ® are 13.9° and 17.4° in gas phase respectively; on the other hand, in water,
they are 12.8° and 16.5°, respectively. For Compoyindie yellow and blue ® values
are 13.7°and 17° in the gas phase, respectively, whie im thaie correspond to 13.1°
and 16° respectivelyF(g. 8).

Tables 5 and 6 show how the electronic energy, enthalpyGinhs free energy
change when the hydrogen bonds are removed, folowing equa&fioifhis equation

gives the energy difference from the starting dihedral ® to the pont when the compounds
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adopt different dibdrals (® +y). AX is the energy change, Xeis the energy when the
dihedrals are equal to ® and Xe+y is the energy when the dihedrals are equal to ® +y,

with y = 0°, 90° or 180°.

AX =Xg,, — Xg (2)

The outcome values for the structur@# are very close suggesting that the
halogenated R-groups create a small impact on thesendttr@ular interactions.
Following the AG results in the gas phase, it has a maximum mn ® + 90°, an average of
48 kcal.maf, which decreases 8 kcal.moln ® + 180°. The enthalpy has a maximum
of 44 kcal.mol in ® +90° followed by an energy drop of 6 kcalmol'l in ® + 180°. Thus,
the thermodynamic contribution of TAS would be near -4 kcalmofl. These results
suggest that the destabilization can be due to electemmdcnot thermodynamic effects.
In water, the destabilization decreases around 10 kcal.nbbbccurs mainly due to the
competition between intramolecular and solvent-molecultaractions which weaken
electrostatic interactions in the polar envirommg21]. This statement is enforced by AE
data n the gas phase and water. Comparing the ® and ® + 90° points, for instance, the
difference between AHgas-phasand AHwateris around 5.6~5.7 kcal.mbl Doing the same
operation with AE, the difference obtained is 5.5 kcal.mdl for 3 and4. In other words,
from the variation of 5.6~5.7 kcal.mbin AH between the two conditions (gas phase 25
°C and water 85 °C), 5.5 kcalmolcan be assigned to the solent influence. The
remaining energy of 0.1~0.2 kcal.ntols due to the temperature increase. Indeed, as for
entropy, the temperature does not have so much influendkeis irspecific interaction.
From these findings, it is possible to understand why AE and AG are similar. In this line,
besides the O-H---O electrostatic intramolecular ¢tierss, a non-classical
contribution should take place.

In order to investigate the destabilization energies, ave lsalculated the sum of

electronic delocalization energies through the se@odel- perturbation theory, Y E(2),
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of all orbital interactions with oxygen lone pairs andoa-bonded O-H orbital. Our
calculations have shown that the electronic delocalimastabiizes structure3/4 around

67 kcalmol in ©. In ® + 90° and ® + 180,° no electronic delocalization between O-
H---O have been detected. Thus, our results highlightmfi@tance of the hydrogen

bonds to stabilize th&/4 productsvia non-classical interactions.

Table 5.Relative destabilization energies (kcal.Mdplof Compound3 due to the yellow
and blue dihedral variations

Dihedral AE AH AG TAS Y E@2)oap)—0-+Hs*)
Gas phase 25 °C
Q) 0.00 0.00 0.00 0.00 66.64
® +90° 48.19 44.28 48.17 -3.89 0.00
® + 180° 40.21 38.78 40.57 -1.79 0.00
Water 85 °C
C) 0.00 0.00 0.00 0.00 67.29
® +90° 42.69 38.62 43.86 -5.24 0.00
O +180° 30.89 29.44 31.69 -2.25 0.00

Table 6.Relative destabilization energies (kcal.mlof compound4 due to the yellow
and blue dihedral variations.

Dihedral AE AH AG TAS > E(2)0ap)—~0-H(o*)
Gas phase 25 °C
Q) 0.00 0.00 0.00 0.00 66.40
O +90° 48.44 44.53 48.76 -4.23 0.00
O +180° 40.26 38.66 39.99 -1.33 0.00
Water 85 °C
Q) 0.00 0.00 0.00 0.00 67.62
O +90° 42.90 38.79 44.35 -5.56 0.00
0 + 180° 31.07 29.56 32.09 -2.53 0.00

4. Conclusion
A zirconium catalyzed condensation between dimedone and twerediff
aldehydes were used to prepare the compounds ((2@&-bromophenyl)furan-2-

ylmethylene) bis (5,5-dimethyicyclohexane-1,3-dione) and Z(8—«(4-chlorophenyl)furan-
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2-ymethylene)bis (5,5-dimethyicyclohe xane-1,3-dione) in synthetically useditly. Even
though the compounds are very simiar, X-ray diffraction tigegons showed differences
in terms of their crystal structures. The reactiorohmd in the formation of the
aforementioned compounds as well as in the preparation cditileerodiones derivatives
were investigated from the theoretical point of view. It d&sonstrated that factors such as

temperature and electronic energy influences in théioegrarameters.
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CAPITULO V

AVALIACAO DA ATIVIDADE ANTIFUNGICA DE XANTENODIONAS E
TETRACETONAS

1 INTRODUCAO

A populacdo mundial tem crescido grandemente nas Uftimasdadedantre os
anos de 1950 a 2000, a populagédo passou de 2,5 bihdes para 6,1 bihdes. Estima-se que
em 2050 a populacdo mundial chegue a 9,1 bihdes de pessoas. Comnesta -se
também a demanda por almento e, em Ultima instancia uma pna@ucdo agricola. Os
pesticidas tém um papel crucial na agricuttura, pois possaetb & capacidade de
controlar pragas agricolas, como plantas daninhas, doencas@ds m@aseus vetores,
quanto aumentar a produtividade (fertilizantes)

Lomborg (2001) ilustram a importancia do uso de pesticidas afirmando que: “Se
os pesticidas fossem abolidos, as vidas salvas seriam supemadasiero por um fator
de cerca de 1000 pelas vidas perdidas devido a dietas mais pobesssé&amdarias
seriam o enorme dano ambiental devido a necessidade de tearasagacultura menos
produtiva, e um custo financeiro de cerca denffibes de dolares™. Portanto, o uso de
pesticidas permite uma maior producéo e disponibilidade de alimgaetasdo beneficios
econdmicos e nutricionais.

Os pesticidas correspondem a uma vasta gama de compostosclaeen in
inseticidas, fungicidas, bactericidas, herbicidas, nematicihasiscicidas, rodenticidas,
reguladores de crescimento de plantas, dentre outros. Em lgrartios fungicidas
representam cerca de 17% do total de produtos quimicos de protegaducks
utlizados no mundo Eles séo divididos atualmente em mais de 100 grupos quimicos

Apesar de apresentarem vantagens, o uso de alguns fungaidadm traz danos
a saude humana e ao ambiente. No que diz respeito a salde, hongrupo de maior
risco inclui trabalhadores da producdo, pulverizadores, batedoresgadares e

trabalhadores rurais. Em processos industriais de formulaca@breacdo, os

1 CARVALHO, F. P. Agriculture, pesticides, food seity and food safetyEnvironmental, science &
policy, v. 9, p. 685692, 2006.

2 LOMBORG, B., 2001. The Skeptical Environmentali€ambridge University Press, reprint ed. (August
28, 2001). ISBN: 0521010683

3 COOPER, J.; DOBSON, H. The benefits of pestictdesankind and the environmer@rop Protection

v. 26, p. 13371348, 2007.

4 FRAC Code List 2016, Fungicide Resistance Actiom@ittee.
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trabalhadores tém um risco aumentado devido ao manuseio @etesaguimicos e
solventes téxicos que dado origem aos fungicidas. Além destpesgcom exposicao
elevada, existem o0s consumidores de produtos agricolas que padsoa tsalde
comprometida de maneira indireta, devido a ingestdo de almeantoselevados niveis
de fungicida%

Os principais impactos ambientais vém da utiizagcdo decfdagi organicos
persistentes, também chamados de bioacumulativos, que entraontato com outros
ecossistemas através de lixiviagdo, volatilizacdo e os fluxassiieios provenientes de
animais e seres humanos. Os paises desenvolvidos tém bustiedgaoude fungicidas
menos persistentes no meio ambiente que os classicos, ou seja, os chamados “produtos
verdes”. Entretanto, estes novos produtos quimicos tém um custo de produgdo mais
elevadé.

Observa-se, desta maneira, uma necessidade crescente dagodmlfupgicidas
sustentaveis, ou seja, produtos quimicos que possam proporciangrodiitividade e
que causem nenhum ou baixos impactos ambientais. A introducafingi®das,
biodegradaveis, ndo toxicos, de facil preparo e manuseio, pode tounae ssternativa
vidvel e promissora para controle de doencas de plantas. Outro pemfogca a busca
e prospecdo de novos compostos com capacidade fungicida diz respeito
desenvolvimento de resisténcia em patdgenos fungicos de cuttordse os fungicidas
utlizados para controla-los.

Dentro deste contexto, descreve-se neste capitulo os resuladmsa avalia¢ao
preliminar da atvidade antifngica de quarenta e cinco naditnas, quatro
intermediarios tetracetonicos e um derivado da dimedona cortiem@gorcao ariide no
contra os fungod-usarium oxysporurfi sp.cubensee aAlternaria grandis O primeiro
€ o responsével por causar o Mal do Panama, uma doenca de difivilec@mguanto o
segundo causa a pinta preta na batateira, o qual tem uemtadion sua incidéncia e

ressurgéncia.

5 AKTAR, M. W.; SENGUPTA, D.; CHOWDHURY, A. Impactfgesticides use in agriculture: their
benefits and hazardkterdisciplinary Toxicologyv. 2, p. £12, 2009.

6 TILMAN, D.; CASSMAN, K. G, MATSON, P. A;NAYLOR, R POLASKY, S. Agricultural
sustainability and intensive production practiddature v. 418, p671-677, 2002.
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1.10 Mal do Panama

A banana possui elevado valor nutricional, sendo rica emintais A e C, fbras
e potassio. Estas caracteristicas, além do seu sabor, rgmresestimulos ao seu
consumo, justificando assim a sua popularidadesar de ser consumida e conhecida
mundialmente, a banana é tipica de regides tropicais. A producéoade lpanBrasi em
2013 foi de cerca de 6,9 mihdes de toneladas, posicionando, desta manesagcompai
quarto maior produtor mundial, ficando atras somente da indiaa @hFilipinas.

Entretanto, a producdo mundial de banana é seriamente gietadaa doenca
conhecida como o Mal do Panama ou murch& wdsrium causada pelo fungBusarium
oxysporunt. sp.cubenseEste patdgeno se estabelece no sistema radicular e i@@ma
bananeira, a infeccdo ocorre apos penetracdo por ferimentsinadas pela emissdo
dasraizes secundérias, alcancando em dtima instarigana, local onde ocorre intensa
esporulacéd

Um dos principais sintomas desta doenca é o amarelecimentolhdas b qual
ocorre de maneira progressiva das mais velhas para as maisimosasio pelos bordos
do imbo e progredindo em direcdo a nervura central. Finaimastéolhas murcham,
secam e 0 peciolo se quebra junto ao pseudocaule, fazendo com gaeersbaalquira
um aspecto de guarda-chuva fechado. Aém disso, na parta interpseudocaule de
plantas, com o estagio avancado da doenca, € possivel observacgemtpardo-
avermelhadas provocadas pela presenca do patdégeno, provavelesuientes da
oxidacdo de compostos fendliéhs

O Fusarium oxysporuri sp.cubenseé um fungo de solo e produz trés tipos de
esporos assexuados para sua reproducao e disperséo: 0os microconidiasycositho s
e 0s clamidésporos (Figura V-1). Cada uma destas estruta@aedutivas possuli
caracteristicas peculiares. Os microconidios, por exemplo, ou renfformes
(tamanho entre de 5-1n por 2,4-3,5:m) e sua germinacao atinge no maximo 20%. Os
macroconidios por sua vez, sao fusiformes (tamanho entre de2d+{5@&r 3,3-5,5m)

e germinam rapidamente sendo, por isso, muito eficientesopagacdo da doenca. Os

7 SENA, J. V. C. Aspectos da producdo e mercadoat@ma no Nordeste. Informe Rural Etene, n. 10,
2011.

8 Food And Agriculture Organization Of The Unitedtas Statistics Division (FAOSTAT), 2013.

9 GETHA, K. VIKINESWARY, S. Antagonistic effects oBtreptomycesiolaceusniger strain G10 on
Fusarium oxysporumisp.cubenseace 4: Indirect evidence for the role of antilisoie the antagonistic
processJournal of Industrial Microbiology & Biotechnolyy, v. 28, p. 303- 310, 2002.

10 PLOETZ, R. C. Fusarium Wilt of Banana Is CausedSayeral Pathogens Referred toFassarium
oxysporunf. sp.cubense. Phytopathology. 96, p. 653-656, 2006.
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clamidésporos séo globosos (com tamanho entre de/sAlE possuem uma parede
celular espessa. Estes correspondem a estrutura de sobiaviiéste patdgeno, a qual

pode germinar e causar danos mesmo apoés 20 anos de estabelecimelatd!. no s

,
\

Figura V - 1. Esporos assexuados esarium oxysporurh sp.cubense(A) microconidios, (B)

macroconidios e (C) clamidésporos.

O manejo do Mal do Panama pode ser realzado via controle aqyuinanitrole
bioldgico, por meio da supressividade do solo e do emprego de cultivaigientes ao
F. oxysporunt. sp.cubenseDentre estes métodos, 0 Unico que controla efetvamente o
Mal do Panama é o plantio de clones e cultivares resitefibodavia, devido a grande
capacidade de adaptacdo deste patdgeno este manejo torna-séritenipor isso, tem-
se a crescente necessidade de desenvolvimento de métodos efesugEntaveis para

o controle desta doeri¢a

11 VICENTE, L. P.; DITA, M. A.; LA PARTE, E. M. Techinal manual prevention and diagnostic of
FusariumWilt (Panama disease) of banana causelusarium oxysporurh sp.cubensdropical Race 4
(TR4). Food and Agriculture Organization of the tddiNations, 2014.

12 HECK, D. W. Supressividade Rusarium oxysporurfi sp.cubenseor produtos organicos. 2015. 136
f. Dissertacdo (Mestrado em Agronomia) - FaculdddeCiéncias Agrondmicas, Universidade Estadual
Paulista, Botucatu. 2015.
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1.2 Pinta preta

A batata € um alimento de elevado valor nutricional possuindsuamomposi¢cao
desde macronutrientes como carboidratos e proteinas até merdast como fésforo,
magnésio, potassio e vitaminas do complexo B e C, além de fibstes solanacea é
versatl, podendo ser consumida “in natura” ou industrializada. Seu carater universal
aliado a sua rica composicdo, torna a batata o quarto alimer$o cosumido no
mundd-.

No Brasi, em 2013, a producao de batata foi de aproximadamente 3,5 mihdes de
toneladas, representando cerca de 1% da mundial. Embora a prodocdejan tao
representativa, a produtividade brasieira é 42% supkriéiém disso, este alimento é a
hortalica que apresenta a maior area plantada. Contudo, a pratu¢@tata tem sido
comprometida pelo estabelecimento de uma doencga conhecida conurgimtau pinta
milida, que pode reduzir a produtividade de7B%°.

A pinta preta € a segunda doenca foliar de maior incidéncieaaqumete a cultura
de batata. Ela ocorre em todas as épocas de plantio e caraetgizlp-aparecimento de
manchas necroticas nas folhas de coloragcdo marrom es@magnéis concéntricos em
seu interior, 0s quais podem ter a forma oval, circular ouleangCom a evolucdo da
doenca ocorre um desfolhamento prematuro da planta, reduzincta fattesintética e
aumentando a respiragcdo. Isto causa um desequilibrio conoralajérta e demanda de
nutrientes. Sintomas similares, porém com lesdes alongadasses spmpre deprimidas,
sdo observados nos caules, hastes, peciolos. Nos tubérculoeass&s irregulares,
deprimidas e de coloracdo eséfra

O agente causal da pinta pretaMtarnaria solani Porém, outras espécies deste
mesmo género, comd\. grandis podem estar associadas a doenca. Os esporos
assexuados (conidios) Aagrandispossuem um bico e sdo muriformes. Eles apresentam
células multinucleadas, septos transversais e longiisdieasdo de coloracdo escura

(melanizada) (Figura V-2).

I3LOPES, C. A,;BUSO, J. A. A cultura da batataslia: Embrapa Informacdo Tecnoldgia, 184 p, 1999.
14 Food And Agriculture Organization Of The UnitedtNas Statistics Division (FAOSTAT), 2013.
1I5TSEDALEY, B. Review on early bligh®A{ternariaspp.) of potato disease and its management options.
Journal of Biology, Agriculture and Healthcare. 4, p. 191-198, 2014.

16 FOOLAD; M. R.; MERK; H. L.; ASHRAFI, H. GeneticsGenomics and Breeding of Late Blight and
Early Blight Resistance in TomatGritical Reviews in Plant Sciences 27, p. 75107, 2008.

17 CHAERANI, R.; VOORRIPS, R. E. Tomato early bligiiiternaria solan): the pathogen, genetics, and
breeding for resistanc@ournal of General Plant Pathology, 72, p. 335-347, 2006.
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Figura V - 2. Conidios déAlternaria sp.

O manejo desta doenca pode ser realizado no contexto de programadudaaqr
integrada com a utiizacdo de sementes certificadas, ptetinltivares com algum nivel
de resisténcia, emprego de fungicidas, dentre outros. A mdasiaultivares plantada
no Brasil é susceptivel tornando assim, o0 uso de agroquimiaesnaaxiente importante

na prevencdo e reducdo da doenca no ckimpo

18 TSEDALEY, B. Review on early blightAfternariaspp.) of potato disease and its management options.
Journal of Biology, Agriculture and Healthcgre. 4, p. 191-198, 2014.
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2 MATERIAIS E METODOS

2.1 Generalidades metodologicas

O dimetil sulioxido (DMSO) P.A. utlizado no preparo das solucoésqes dos
compostos avaliados foi obtido comercialmente (Synth, S&o Paalsl) B empregado
sem nenhum tratamento prévio. O corante utlizado nos ensaosolorimetria,
resazurina, foi adquirido da Vetec (Rio de Janeiro, Brasiot@netro de microplacas
empregado nos testes foi 0 modelo Multiskan FC e os fitragadtls foram o de 570
nm e o de 600 nm. A contagem dos esporos dos fungos submetidos tesées
sensibilidade fungicida foi realzada por meio de uma cardaraNeubauer e um

microscopico modelo Olympus CX31.

2.2Avaliacdo de atividade antifingica das xantenodionas, tetracetonas e

benzlideno utilizando leitor de ELISA

A sensibilidade deFusarium oxysporumf. sp. cubense (Foc) (isolado
CNPMF0801) e d&\lternaria grandis (AS588) a 53 diferentes xantenodionas, quatro
tetracetonas e um derivado da dimedona contendo uma porcao afideleaterminada
quantitativamente por meio de ensaios empregando placas de 96 pogumante
resazurina (RZ). Este teste foi realizado em fluxo @mitlizando técnicas asseépticas.
O volume de 343.L do meio de cultura Czapek-Dox (CZ-Dox), com sua concentracao
dobrada, foi modificado com 2% da solugdo estoque de cada composto a 20.000 ppm (7
uL), as quais foram preparadas em DMSO. Em seguida, distribub@-gk do meio CZ-

Dox alterado com os compostos na placa de 96 pocos na forma de hegaplicata

Posteriormente, preparou-se uma suspensdo de microconidiscpa 2 x 16
esporos/mL, usando agua destilada esteriizada e colocaramggend8 pocos em trés
pocos de cada tratamento. Aos outros trés pocos de cada trataashcitmaram-se
apenas 5Q/L de adgua destlada esterilizada. O meio CZ-Dox, a agua-ecdoram
empregados como controle negativo, enquanto que 0s poc¢os contendooapeina€Z-
Dox, os fungicidas em potencial e a agua foram utilizados gleservar se os compostos
absorviam no mesmo comprimento de onda em que foi realizaddura lpara a
resazurina. A concentracdo final dos compostos e o nimero rdeanidios nNos pogos
foram, respectivamente, 200 ppm e 1 ¥ @8poros/mL. Para Boc utlizou-se como

controle positivo o tiofanato metilico e pardagrandisa azoxistrobina. Apos 18 h de
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incubacédo a 25 + 2 °C e agitagdo a 300 rpm, 10% de RZAd0L 1) foi acrescentado
aos pocos da microplaca com auxilio de uma micropipeta mutticAnalcroplaca foi
mantida no escuro sob agitacdo por 6 h. A densidade 6tica foi mediééoe de placa
de microtitulagdo a 570 e 600 nm. O experimento foi repetido vieges. Um
procedimento similar foi realizado para a determinacdo do paitecontrole deA.
grandis porém a suspensédo de conidios utlizada foi calibrada a%lesfg6ros/mL.

A resazurina possui coloracdo azul que, na presenca de eghiitees (NADPH,
FADH, FMNH, NADH e citocromos) provenientes da atividade metabdiicda para a
cor rosd®. A partir desta mudanca de coloracédo foi possivel entdo mersatividade
metabdlca dos microorganismos testados e assim o efeito dangicoporcionado por
cada composto envolvido na triagem.

Para os célculos de porcentagem de inibicéo foi utlizada adeqaasseguir:

€oxM600 As 70~ Eox As70ARg00 > 100
0 0 X
€0xMs70A Moo= Eox 00 A As7g

%Inibicao=100 - [(

Onde, goxAs70 corresponde ao valor 117,216 (coefciente de extingdo molar da
forma oxidada do corante a 570 nmyxAsoocorresponde ao valor 80,586 (coeficiente de
extihncdo molar da forma oxidada do corante a 600 nr}zo& o valor da absorbancia
dos pocos a 570 nm; Moo € 0 valor da absorbéncia dos pogos a 600 K74 o valor
da absorbancia do controle positvo a 570 nm%sdé corresponde a absorbancia do

controle positvo a 600 nm.

19 RAMPERSAD, S. N. Multiple Applications of Alamarlt® as an indicator of metabolic function and
cellular health in cell viability bioassaySensorsv. 12, p. 12347-12360, 2012.
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3 RESULTADOS E DISCUSSAO

Os compostos apresentados na Figdra 3 foram avalados em uma triagem
preliminar para deteccdo de substancias com potencial devid@ntra os fungos
Fusarium oxysporumf. sp. cubensee Alternaria grandis Para identficar quais
compostos apresentaram atvidade, empregou-se um ensaiodéungiizando-se um

sensor colorimétrico de atividade metabdlica, a resazurina.

O R O 60 R O 0O R
=

oto P e s SN G«
o) o o)

1: R = 4-Fenil
2: R = 4-Fluorofenil 19: R = 4-Fluorofenil 32: R =2,6-Diclorofenil
3: R = 4-Clorofenil 20: R = 4-Clorofenil
4: R = 4-Bromofenil 21: R = 4-Bromofenil
5: R = 4-Trifluorometilfenil 22: R = 4-Trifluorometilfenil
6: R = 4-Cianofenil 23: R = 4-Cianofenil
7: R = 4-Nitrofeil 24: R = 4-Nitrofenil
8: R = 4-Dimetiaminofenil 25: R = 4-Metoxifenil
9: R = 4-Metoxifenil 26: R = 3,4,5-Trimetoxifenil
10: R = 3,4-Dimetoxifenil 28: R = 4-Hidroxi-3-metoxifenil
11: R = 3,4,5-Trimetoxifenil 29: R = Benzo[d][1,3]dioxol-5-il
13: R = 4-Hidroxi-3-metoxifenil
14: R = Benzo[d][1,3]dioxol-5-il
15: R = 5-(4-clorofenil)furan-2-il
16: R = 5-(4-bromofenil)furan-2-il
17: R = 5-Fenil-tiofen-2-il
0 R OH (0] R (0] (6] R (0]
L \ﬁfﬁ§
I (0] (o)
OH O
33: R = 5-(4-clorofenil)furan-2-il 37:R = Fenil _ 50: Fenil
34: R = 5-(4-bromofenil)furan-2-il 38: R = 4-Fluorofenil 51: R = 4-Fluorofenil
35: R =4-Dimetilaminofenil 39: R = 4-Clorofenil 53: R = 4-Bromofenil
36: R = 3,4,5-Trimetoxifenil 40:R = 4-Br_omofen|I o 54: R = 4-Trifluorometilfenil
41: R = 4-Trifluorometilfenil 55: R = 4-Cianofenil
42: R = 4-Cianofenil 56: R = 4-Nitrofenil
43: R = 4-Nitrofenil 58: R = 5-Fenil-tiofen-2-il

44: R = 4-Metoxifenil
45: R = 3,4-Dimetoxifenil
47: R = 4-Hidroxi-3-metoxifenil
48: R = Benzo[d][1,3]dioxol-5-il
49: R = 5-Fenil-tiofen-2-il
Figura V - 3. Xantenodionas, tetracetonas e o derivado da dimextoriando a por¢éo arilideno

avaliados contr&usarium oxysporurh sp.cubensee Alternaria grandis

O resultado da triagem realzada pafaoo (Figura V-4) demonstrou que alguns
compostos foram mais ativos na inibicdo da atividade metabdlste fdego, como € o
caso dos compostdsl, 26, 32, 33, 34, 36,45 e49 que tiveram a porcentagem de inibicao
acima de 50% na concentracdo de 200 ppm. Nestes casos, foi pobskmlar a

sensibilidade doFoc sem medicdo no espectrofotdmetro por meio da simples
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diferenciacdo visual. Por outro lado, os compo&tds6, 7, 10, 14, 15, 19-24, 38, 39,42,
43, 47, 48, 51 e 54-58 ndo apresentaram nenhuma atvidade e o restante exi@u um

porcentagem de inibicAdo na faixa de 1 a 43%.
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Figura V - 4. Inibicdo da atividade metabdlica deéusarium oxysporurfi sp. cubensepor
diferentes xantenodionas, tetracetonas e o com@&ta concentragdo de 200 ppm. A =

tiofanato metilico utiizado como controle positivanma concentracéo de 500 ppm.

De maneira similar, 0s compostos que apresentaram maioddaribicdo de
atividade metabdlica para o funga grandisforam os mesmos obtidos parkar, exceto
para o compostals, no qual a taxa foi de apenas 11% (Figura V-5). Apesar desta
confluéncia nos resuttados os compostos observados com maiodateidéiiigica para
o fungo A. grandisforam 033 e 034, enquanto que parakoc foram 026 e 032. Além
disso, ao compararmos as Figuras llI-4 e Ill-5, obsseeaie 0 fungoA. grandisfoi mais
sensivel a acdo dos compostos, visto que 0 nimero de tratamento® gpeeséntaram
atividade foi maior paraleoc. Para o fungoA. grandisos compostos que ndo exerceram
nenhum controle sobre o metabolismo deste microorganismos fa2ab) & 13, 20, 25,
35,38, 39,41, 44, 47,50, 51e 53

Os substituintes do nlcleo xanteno que mostraram ser maigantpsr em termos
de atividade antifingica foram o 3,4,5-trimetoxifenila, o 3,4-dimetokferio 5-fenil-

tiofen-24la. Entretanto, derivados 5-isopropicicloexan-1,3-diona contendes est
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substituintes ndo apresentaram atividade antiflgica congdef@ima de 50%). Ja no
caso das tetracetonas avaliadas o0s substituintes mabcadigns foram o 3,4,5-
trimetoxifenil, o 5{4-clorofenil)furan-2da e o 5(-bromofenil)furan-2da. Alem disso,
vale ressaltar que o composg? um derivado da dimedona contendo uma porgéo
ariideno, apresentou a maior taxa de inbicdo de atividadebaied para d¢-oc (88%)

e foi a quarta maior para o fungo grandis(64%).
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Figura V - 5. Inibicdo da atvidade metabdlica dalternaria grandis por diferentes
xantenodionas, tetracetonas e o comp8&0a concentracdo de 200 ppm. B = azoxistrobina
utlizado como controle positivo numa concentracaa@eppm.

Em geral, os ensaios baseados em resazurina foram sersiveprodutiveis,
demonstrando ser uma importante ferramenta para a i@Eddic de compostos
inibidores de atividade metabdlica, independente da estruturécajé do modo de acao.
Estes resultados sdo corroborados por outros relatados nadféfdtur

Encorajados por estes resuttados todos os compostos que apresemaam
inbicdo da atvidade metabdlica superior a 50%, para ambos osomENISMOS

avalados, serdo submetidos a novos experimentos para deteymitiagdbncentracao

22HAMID, R.; ROTSHTEYN, Y.; RABADI, L.; PARIKH, R.;BULLOCK, P. Comparison of alamar blue
and MTT assays for high through-put screenifaxicology in Vitrg v. 18, p. 703710, 2004.

23 Nakayama, G. R.; Caton, M. C.; Nova, M. P.; Paceh, Z. Assessment ofthe Alamar Blue assay for
cellular growth and viability in vitraJournal of Immunological Methods. 204, p. 205208, 1997.
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minima inibitéria (IC50). A Figura 1I-6 mostra estes compobtE® como suas estruturas

quimicas.

J%(_/

Figura V - 6. Estrutura dos compostos que serdo submetidos a nepesineentos para a
determinac&o da concentragdo minima inibitéria (1C50).
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CAPITULO VI

AVALIACAO DA ATIVIDADE LEISHMANICIDA DE XANTENODIONA S E
TETRACETONAS

1. LEISHMANIOSE

A Leishmaniose é uma zoonose classificada como negligenciaa é causada
por agentes infecciosos ou parasitas e também € considend@aica por estar
circunscrita a areas com populacdo de baixa renda, principalmentegides tropicais e
subtropicais da Asia, Oriente Médio, Africa e América. A @eanortalidade associada
a esta doenca tem se tornado um caso de saulde publica em pelo meiises Y pador
do munda.

Esta doenca é causada pelo protozoario do géneighmania que possui um
ciclo de vida digenético, ou seja, vive alternadamente em dwispe vertebrados
(mamiferos) e insetos vetores. Este parasito pode se apreséntaforma promastigota
(alongada e com flagelo), encontrado no tubo digestivo de vateeztelbrados, ou sob
a forma amastigota (arredondada e sem flagelo aparente).tereganterior das células
do sistema fagocitario dos hospedeiros mamiferos, tais como agas;ofneutréfilos,
eosintfilos e células de LangerhandAs formas promastigota e amastigota podem ser

observados na figur&/I-13.

@ 3
Figura VI - 1. (A) Formas promastigota coradas (aumento de 100 X sob ondesdleo),(B)

Macrofagos infectados (corados) com amastigotas (aumerdia0dX sob de imersao de Oleo).
Fonte: GUPTA e NISHI, 2011 adaptado.

1World Health Organization (WHO), 2016.

2 DOSTALOVA, A.; VOLF, P. Leishmania development mand flies: parasite-vector interactions
overview.Parasites & Vectorsv. 5, p. 1-12,2012.

8 GUPTA, S.; NISHI. Visceral leishmaniasis: Expernit@ models for drug discoverndian Journal of
Medical Researchv. 133, p. 27-39, 2011.
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O modo de transmissao habitual deste protozoario ocorre por meicada fdia
fémea dos mosquitos-palha infectados, pertencentes a subfalmdidebotomineos.
Estes insetos sdo normalmente pequenos, possuindo aproximadame@ten,%le
comprimento corporal. As fémeas sdo hematofagas, participamndireée do processo
de infeccdo e possuem importancia epidemiologica. AtualmenggnessPhlebotomus
(Velho Mundo) elLutzomyia (Novo Mundo) deste inseto sdo 0s Unicos vetores
comprovados da leishmaniossn seres humarts

O ciclo da vida do parasito (Figurdl-2) se inicia quando a fémea do vetor
(flebotomineas) pica o hospedeiro vertebrado infectado. No momentoepdsta
sanguineo, células parasitadas com a forma amastigotadfagas), contidas no tecido
do hospedeiro, sdo ingeridas. No trato digestivo do vetor, os macrofagospsenr e as
amastigotas sao lberadas e se diferenciam na forma pgotagsta qual se multiplica
rapidamente. As promastigotas sado transformadas em pagataasti as quais
permanecem aderidas ao epitélio do esbdfago e da faringe do vetds atoaflagelo. Em
seguida, estas formas diferenciam-se em promastigotaxialieds infectantes. Durante
um novo repasto sanguineo, a fémea infectada regurgitforrags promastigotas
metaciclicas, juntamente com sua saliva, dentro da pele pedei® vertebrado. Estas
formas sdo rapidamente fagocitadas por células do sistema uclemonfagocitario e
diferenciam-se rapidamente nas amastigotas. Posterioymeat®ntece intensa
multiplicacdo desta forma até o rompimento dos macréfagos.mAstigotas liberadas
serdo fagocitadas por novos macréfagos num processo continuo. alsiallisseminacao
hematogénica para outros tecidos ricos em células do sistemanuclear fagocitario,

como linfonodos, figado, baco e medula 63sea

4 BASANO, S. A;. CAMARGO, L. M. A. Leishmaniose tegentar americana: histérico, epidemiologia e
perspectivas de controRevista Brasileira de Epidemiologia. 7, p. 328-337, 2004.

5 ESCH, K. J.; PETERSEN, C. A. transmission and epidlogy of zoonotic protozoal diseases of
companion animalClinical Microbiology. Reviews. 26, p. 58-85, 2013.
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Amastigotas multiplicam-se dentro

do intestino e migram para o ,

eséfago e laringe do vetor ( r'l

Injecido de promastigotas Promastigotas sdo
dentre da pele  fagocitados por
7| macrofagos

= \
Promastigotas

diferenciam-se em
amastigotas dentro
dos macrofagos
P
i
&

Amastigotas
diferenciam-se em = 3 -
promastigotas no intestino  Estagio no inseto

gD >

Estagio no homem

Ingestdo de °
e

células parasitas ’
Ingestdo de macrofagos Amastigotas multipl’icam_—se
contaminados com dentro das células (incluindo
amastigotas macrofagos) de varios tecidos

Figura VI - 2. Ciclo de vida de espécies do géneetsshmania
Fonte: ESCH e PETERSEN, 2013, adaptado.

A leishmaniose pode ser dividida em dois grandes grupos: salidt®) e a
tegumentar (LT). A dtima inclui as formas cutdnea, mu@rea e a cutanea difusa, as
quais sdo caracterizadas por feridas na pele, principalneanteegides descobertas do
corpo, resuttantes da multiplicagdo do parasita em células efossighgocitario da pele.
Mais tardiamente podem surgir feridas nas mucosas do her@ e garganta. Os
protozoarios representantes deste grupo daishmania mexicana al. brasiliensis
(Novo Mundo). No Brasil existem seis espécies de protozoarimsadares da
leishmaniose tegumentar, que sao divididos em dois subgéharishnianiae Viannia):

L. (Leishmania) amazonensik. (Viannia) braziliensis L. (Viannia) guyanensisL.
(Viannia) lainsoni L. (Viannia) naiffie L. (Viannia) shawfi

A leishmaniose visceral, popularmente conhecida como “Calazar”, ¢ uma

doenca sistémica, pois acomete varios 0rgaos internos, pnreigal o baco, o figado e
a medula 6ssea. Ela possui ampla distribuicdo e letalidadepginmente em pacientes
portadores do virus da imunodeficiéncia humana (HIV), csamgsnutridas, idosos e
pacientes nao tratados, o que a torna de grande relevanciamem tkrsalde publica. A
leishmaniose visceral € causada por parasitas do compledonovanique inclui trés

espécies déeishmanialLeishmania (Leishmania) donovanieishmania (Leishmania)

6 GONTIJO, B.; CARVALHO, M. L. R. Leishmaniose tegemar americanaRevista da Sociedade
Brasileira de Medicina Tropicalv. 36, p. 71-80, 2003.
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infantum (sinbnimo Leishmania (Leishmania) chagasNas Américasa Leishmania
(Leishmania) chagas? a responsavel pelas formas clinicas da leishmaniose Yisceral

No Brasil, a incidéncia de leishamaniose é considerada alarntamire os anos
de 2012 e 2014, 90% dos casos de LV detectados na América Latina dgistrados
no pais e, no que se refere a LT, 40% das ocorréncias que estasantegr na América
como um todo. Dados do utimo levantamento feito em 2015 pelo Maistr Sadde
registraram 3289 casos de LV no Brasi, sendo que a maior ineidénorreu na regiao
nordeste, com aproximadamente 55% dos infectados. No que tange aantdsma
pesquisa apontou ocorréncia de 19395 casos no pais, mas destaavegiim norte a
apresentar mais pessoas infectadas, representando, aproximagatéo dos casossA
regioes Norte e Nordeste concentram cerca 72% do total de casebrderi®se (LV e
LT) no pais.

O tratamento da leishmaniose envolve terapia fotodinAmiceamacls. Para o
utimo observa-se o uso de antimoniais pentavalentes, sendo quesiho Bredicame nto
comercializado é o antimoniatdl-meti glucamina (Glucanti€®). Apesar de ser uma
droga de primeira escolha, seu uso pode ocasionar efeitos toxicas), figado e
pancreas, mas, sobretudo no coracdo, podendo em alguns cases parafai paciente.
Caso aresposta seja indesejada, medicamentos de segunda escwl Anfotericina B,
Aminosidina, Pentamidina e Imunoterapias com Interfesdio prescritds Além de
apresentarem sérios efeitos colaterais, 0s farmacosadattiz no tratamento da
leishmaniose também apresentam custo elevado. Desta marmg@gotencial interesse
a pesquisa e o desenvolvimento de novos quimioterapicos pastamemo desta
patologid®.

Nisar e colaboradoré€s avalaram diferentes xantenodionas derivados da 5,5-
dimetilcicloexan-1,3-diona (dimedona) contra culturas pragogss de Leishmania
major. Os autores observaram baixa citotoxidade e excelentéss éfgshmanicida para
0s compostos contendo substituintes como 4-fluorofenila, 4-clorofedididroxifenila.

Encorajados por estes resuttados, cinquenta e duas xantespdmlém de duas

7 FOGANHOLI, J. N.; ZAPPA, V. Importancia da leishm@se na salde public®evista cientifica
eletrbnica de medicina veterinari2011.

8 PORTAL DA SAUDE- SUS. Casos LV e Casos LT. Disponivel em: httprtadsaude.saude.gov.br/
9 RATH, S.; TRIVELIN, L. A.IMBRUNITO, T.R.; TOMAZEA, D. M.; JESUS, M. N.; MARZAL, P.

C. Antimoniais empregados no tratamento da leislios@n estado da art®uimica Novay.26, p. 550-555,
2003.

10 MICHELETTI, A.C; BEATRIZ, A. Progressos Recentes Pesquisa de Compostos Organicos com
Potencial Atividade Leishmanicidd&revista Virtual de Quimicar. 4, p. 268- 286, 2012.

11 NISAR, M.; ALl, I; SHAH, M. R.; BADSHAH, A.; QAYW, M.; KHAN, H.; KHAN, I.; ALl, S.
Amberlite IR-120H as a recyclable catalyst for slymthesis of 1,8-dioxo-octahydroxanthene analogls an
their evaluation as potential leishmanicidal agen®SC Advances. 3, p.21753-21758, 2013.
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tetracetonas e o derivado da dimedona contendo um grupo ariideanm &valados

contra a forma promastigota da espéci€l..) amazonenses
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2. MATERIAL E METODOS

2.1 Avaliacdo do efeito antipromastigota das xantenodionas, das tetracetonas e

do derivado da dimedona contendo uma porcao arilideno.

As promastigotas delL. (L.) amazonensis(concentracdo de 2 x 940
promastigostas/mL) foram dispostas em placas de 96 pocos contendm denoeitura
R10 com os compostos a serem avaliados. As concentragcfes utiipadassaios foram
0,78; 1,56; 3,12; 6,25; 12,5; 25; 50 e 1@mL. Como controle positivo utlizou-se a
Anfotericina B nas concentragdes 0,78; 1,56; 3,12; 6,25; 12,5; 25; 50 ¢ 100 pg/mL. O
controle negativo foi cultivado em meio com a solugcdo veidal®MSO (nunca superior
a 1% viv). Os parasitas foram incubados durante 24 h a 25 °C. Em ,sadigitaou- se
o indicador de viabilidade celular, o PrestoBlue (Lifetechmielk). A concentrac&o
efetva (EGo), ou seja,a concentracdo do composto para qual 50% do efeito

leishmanicida foi observagldoi estimada utlizando o software Graph Pad Prismd25.0

2.2 Cultura de macréfagos peritoneais e ensaio de citotoxicidade

Aproximadamente 2 x POmacréfagos peritoneais de camundongos da
inhagem J774 foram cultvados em meio R10 com os compostosdasaliau
Anfotericina B nas concentragdes 0,78; 1,56; 3,12; 6,25;12,5; 25; 50 ¢ 100 pg/mL. Como
controle negativo, os macrofagos foram cuttivados em meio e@EBnNo solugcdo
veiculo (nunca superior a 1% Vv/v). A placa foi mantida &Gpor 24 h. Apés o periodo
de incubacdo, a viabilidade celular foi avalada empregando-sagente PrestoBlue
(Lifetechnologies). A concentracéo citotoxica g)Cou seja, a concentracdo responsavel
50% do efeito citotdxico observado, foi estimada com o software Graphrigtad520°.

O indice de seletividade foi calculado por meio da expresséo:

IS =

12YAMAMOTO, E. S.; CAMPOS, B. L. S.; JESUS, J. AAURENTI, M.D.; RIBEIRO, S.P.; KALLAS,
E. G.; FERNANDES, M. R.; GOMES, G. S.; SILVA, M, SESSA, D. P.; LAGO, J. H. G,; LEVY, D,
PASSERO, L. F. D. The Effect of Ursolic Acid dreishmania (Leishmania) amazonensigelated to
Programed Cell Death and Presents Therapeutic RaltenExperimental Cutaneous Leishmaniagitos
Oneg v. 10, p. 1-19, 2015.
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3. RESULTADOS E DISCUSSAO

A forma promastigota de. amazonensfoi exposta a diferentes concentracdes
dos compostos mostrados na Figura 1V-3 e apds o periodo de incubacamuebse
atividade leishmanicida para os compost8sl19, 21, 23, 25, 30, 31, 32, 33, 34, 37, 46,
47,48, 49,50, 55e 57 (Tabela VI-I, pg. 173).

O R O 0 R O 0O R
=
o) o o)

1: R = 4-Fenil

2: R = 4-Fluorofenil 18: R = 4-Fenil 32: R =2,6-Diclorofenil
3: R = 4-Clorofenil 19: R = 4-Fluorofenil

4: R = 4-Bromofenil 20: R = 4-Clorofenil

5: R = 4-Trifluorometilfenil 21: R = 4-Bromofenil

6: R = 4-Cianofenil 22: R = 4-Trifluorometilfenil

7: R = 4-Nitrofenil 23: R = 4-Cianofenil

8: R = 4-Dimetiaminofenil 24: R = 4-Nitrofenil

9: R = 4-Metoxifenil 25: R = 4-Metoxifenil

10: R = 3,4-Dimetoxifenil 26: R = 3,4,5-Trimetoxifenil

11: R = 3,4,5-Trimetoxifenil 27: R = 4-hidroxifenil

12: R = 4-hidroxifenil 28: R = 4-Hidroxi-3-metoxifenil
13: R = 4-Hidroxi-3-metoxifenil 29: R = Benzo[d][1,3]dioxol-5-il
14: R = Benzol[d][1,3]dioxol-5-il 30: R = 5-(4-clorofenil)furan-2-il
15: R = 5-(4-clorofenil)furan-2-il 31: R = 5-(4-bromofenil)furan-2-il

16: R = 5-(4-bromofenil)furan-2-il
17: R = 5-Fenil-tiofen-2-il

O R OH O R O O R O
I / % (0] % \ (o)
OH O

33: R = 5-(4-clorofenil)furan-2-il 37f R - Fenil ) 50: Fenil

34: R = 5-(4-bromofenil)furan-2-il 38: R = 4-Fluorofenil 51: R = 4-Fluorofenil
39: R = 4-Clorofenil 53: R = 4-Bromofenil
40: R = 4-Bromofenil 54: R = 4-Trifluorometilfenil
41: R = 4-Trifluorometilfenil 55: R = 4-Cianofenil
42: R = 4-Cianofenil 56: R = 4-Nitrofenil
43:R = 4-Nitrofgni| _ 57: R = 4-hidroxifenil
44: R = 4-Metoxifenil 58: R = 5-Fenil-tiofen-2-il

45: R = 3,4-Dimetoxifenil

46: R = 4-hidroxifenil

47: R = 4-Hidroxi-3-metoxifenil
48: R = Benzo[d][1,3]dioxol-5-il
49: R = 5-Fenil-tiofen-2-il

Figura VI - 3. Compostos que tiveram sua atividade leishmaniciddadaa

Para o0s compostos que apresentaram atvidade leishmanicida foram
determinados os valores Eg-conforme definido na secédo 2.1. Foram realzados ainda
ensaios de avalacdo de citotoxicidade contra macrofagos penaickcdo dos valores
de CGo, conforme definido na secao 2.2.

De maneira geral, as xantenodionas ndo apresentaraoxiddde frente aos
macréfagos na concentracdo avaliada, exceto o compt&toCom respeito aos

intermediarios tetracetonicos 33 e 34) e o derivado da dimedona contendo a por¢ao
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arliideno @2), todos apresentaram alguma citotoxicidade. Apesar disso, estes
intermediarios estdo entre 0s cinco compostos que apresewttidade leishmanicida
mais pronunciada 3@, 32, 33, 34 e 50), sendo 033 0 composto mais ativo. Estas
substancias apresentaram valores depBBaixo de 5@g/mL.

Do ponto de vista da relacdo estrutura-atividade, observou-sequedes
compostos derivados da 5-meticicloexan-1,3-diona e da 5,5-dinfedikamn-1,3-diona
(dimedona) foram o0s mais atvos quando comparados com derivados da 5-
isopropicicloexan-1,3-diona e da cicloexan-1,3-diona. Excecam a@wtralizacdo séo
0s compostos0, 55e57.

Conforme destacado na introducdo deste capitulo, Nisar e colalesrador
avaliaram a atvidade leishmanicida de xantenodionasiades da dimedona contra
culturas promastigotas deeishmania majarNo trabalho descrito por estes autores, 0s
compostos contendo os substituintes 4-fuorofenila, 4-clorofendahidroxifenila foram
0S mais atvos e apresentaram valores deoBgliais a 3,1, 6,7 e 8,ag/mL,
respectivamente. Dentre os compostos descritos por Nisar e adlesr como sendo
0os mais efetvos em termos de atvidade leishmanicida, nonf@es@balho de
investigacdo a Unica Xxantenodiona que apresentou atividadisagem de 0,78 a 100
ug/mL foi aquela contendo o grupo 4-hidroxifenild6), entretanto o valor de Egfoi
de 95,52ug/mL, valor bem mais elevado que o descrito pelo grupo de Nisarepia
mesma substancia. Cumpre ressaltar que as espécieshdeatea utlizadas neste
trabalho e na investigacdo descrita pelo grupo de Nisar s@miie

De posse dos dados de 5@ CGo foi possivel calcular os indices de
seletividade (IS) e estes sdo apresentados na Tabela Este permite mensuraa
seletividade de um dado composto entre os parasitos (promajtigoggsmacrofagos,
indicando seu potencial uso em testes clinicos. NestEloesbs compostos que
apresentaram valores de IS maiores ou iguais a 2,0 fo@in38 e 033. Isto significa
gue estes compostos sao pelo menos duas vezes mais atvasadomtia promastigota

que para os macroéfagos.
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Tabela VI - 1. Resultados da avalacdo da atvidade leishmanicida contragiigoias

de Leishmania amazonensis da citotoxicidade contra macrofagos e indice de

seletividade.
Compostos Promastigotas EGo Macroéfagos indice de seletividade
(pg/ml) CCso (ug/mL)  (IS)
18 81,45 + 3,54 >100 >1,23
19 68,11 £ 5,22 >100 >1,47
21 98,51 + 6,14 >100 >1,01
23 89,08 + 3,82 >100 >1,12
25 79,13 £ 2,86 >100 >1,26
30 58,80 + 1,81 >100 >1,70
31 41,72 + 3,52 >100 >2,40
32 38,95 + 3,83 96,90 + 10,23  2,49+0,51
33 27,08 + 8,87 72,25 £ 8,45 2,67 +£1,19
34 49,31 + 6,32 57,04 £7,23 1,16 £ 0,29
37 64,66 £ 5,21 >100 >1,55
46 92,52 + 1,06 >100 >1,08
47 84,11 +2,49 >100 >1,19
48 72,15+ 4,14 >100 >1,39
49 71,97 £ 4,85 68,73 + 2,34 0,95+0,10
50 44,54 + 8,04 >100 >2,24
55 74,78 £ 6,09 >100 >1,34
57 54,78 £ 0,84 >100 >1,82
Anfotericina B 0,7 £ 0,2 57,300 £9,300 81,85+ 36,67

Os resutados obtidos na avaliacdo da atividade leishmanicida tramonsque

as xantenodionas nao foram téo ativas parshmania amazonensgganto os resuttados

encontrados para &eishmanina majordescrita por Nisar e colaboradores. Em

contrapartida o intermediari®2 e o tetracetbnico 3@) foram os mais promissores em

termos de atividade. Apesar disso, o0 EC50 destes dois compostostdoimaigir que

farmaco atualmente utiizado no tratamento da leishmanios®téfcina B).

Ensaios de avalacdo da atividade leishmanicida destes composts culturas

amastigotas dé. amazonensigstdo em andamento na Unesp em colaboracdo com o

professor Dr. Felipe Passero.
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CONSIDERACOES FINAIS

O desenvolvimento deste trabalho resultou na sintese deertagle oito
compostos, sendo cinquenta xantenodionas, quatro tetracetonas derivado da
dimedona contendo uma porcao ariideno. Contribuiu-se para a &pdosescopo do
processo de preparacao de xantenodionas catalisado por zircongémaaade solvente
Na maioria das reacdes, os produtos obtidos a partir da condensaaiédeidies e 1,3-
dicetonas foram xantenodionas. Os rendimentos variaram de 34%e 89%mpos de
reacdo entre 15 e 120 minutos. Entretanto, em algums casoadaerietracetdbnicos
foram obtidos. Deste modo, 0 processo catalisado por zircOnio represansteunativa
para a sintese destes Utimos. Os rendimentos alcanpadds sintese das tetracetonas
e do derivado da dimedona contendo uma porcao arilideno foram de 33% e os
tempos de reacdo variaram de 40 a 135 minutos. Além disso, é impaktmtéear que
dentre as xantenodionas sintetizadas, aquelas derivadasisolardpilcicloexan-1,3-
diona e da 5-meticicloexan-1,3-diona, bem como aquelas deridadaaldeidos %4-
clorofenil)furanilbbenzaldeido, ®-bromofenil)furanilbenzaldeido e 5-feni-tiofen-2-
ibenzaldeido ainda nédo foram descritas na literatura.

O presente trabalho contribuiu ainda para ampliar o conhdoingrespeito de
aspectos estruturas das xantenodionas bem como de derivadost@eitos. Tal fato €
de relevancia uma vez que o entendimento sobre caraeterigttruturais de compostos
é de utlidade para estudos de correlacdo estrutura quimicdadévbioldgica.

Os compostos sintetizados foram submetidos a ensaios de avalagdividade
fungicida e oito deles apresentaram inibicdo da atividadabdiet superior a 50% para
A. grandis e F. oxysporumf. sp. cubense,sendo o 2,2(¢(5-(4-bromofenil)furan-2-
metile nopis(3-hidroxi-5,5-dimetilcicloex-2-enona) (85%) e 0 2-(2,6-
diclorobenzilideno)-5,5-dimetilcicloexan-1,3-diona (88%) maisoativespectivame nte.
No que diz respeito aos testes de avaliacdo da atividade lestimastiservouse baixo
efeito citotdxico e o composto mais ativo também é um internedde reacéo, o 2,2'-
((5-(4-clorofenil)furan-2-ilymetile nd)is(3- hidroxi-5,5-dimetilcicloex-2-enona) (EC50 =
27,08 £ 8,87). Outros ensaios visando a complementariedade dos resysexbestados
encontram-se em andamento.
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Figura 87. Espectro de RMN d&H (300 MHz, CDGJ) do compost@2.
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Figura 90. Espectro de massas do composto 23.
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Figura 91. Espectro de RMN dé&H (300 MHz, CDGJ) do compost@3.
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243



Transmitancia (%)

Intensidade relativa (%)

100
(o]
o
80 - @ NOs
] n
—
©
-
60 -
1 i )
[92] 0 <t
40 & - \§ 3
T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
, -1
NUmero de onda (cm™)
Figura 93. Espectro no infravermelho (ATR) do compogth
100 245
80
350
60
40 4 320 367
20 - 203
69
0 I|.I lul ul, !Il.l. i lm.| Lus '.|||.| L ljl Ll J'.ml i et
50 100 150 200 250 300 350

m/z

Figura 94. Espectro de massas do comp@sto

244



—4.83

o e [Cn e B Y]

8 3 I3 39

1 Iy N '
2H, 16-CH e 18-CH, ) 2H,15—CHB1Q-CH,{H| !r) 2H, 6Ha, 13Ha', m

J=85 Hz d

TN e

. T T T T T T T T T T T
8.15 8.0 8.05 800 7.95 755 750 745 740 735 2.75 270 2.65 2.60 255
f1 (ppm) f1 {(ppm) 1 (ppm)

BH, 6Hb, 13HD', 8Hc,

11Hc, 7-CH, 12-CH, m 6H, 20-CH:z e

21-CHs, m

2H, 8Hd, 13Hd", m

2.4 2.3 2.2 2.10 2.05 2.00 1.95 1.15 1.10 1.05 1.00
f1 (ppm) f1 (ppm) f1 (ppm)

Jl_ J L —
o [ o & @ = o
(=] =] (=] o] (=] [ (=]
o o™ -— - w o™ w0
T T T T L T T L T L T T % T ' T ¥ T T T Y T ! T T € T T T
9.5 9.0 8.5 8.0 7.5 7.0 0.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
f1 (ppm)
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Figura 99. Espectro de RMN dé&H (300 MHz, CDCJ) do compost@5.
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Figura 115. Espectro de RMN d&H (300 MHz, CDGJ) do compost@9.
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Figura 131 Espectro de RMN d&C (75 MHz, CDCJ) do compost@3.
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Figura 187. Espectro de RMN d&H (300 MHz, CDGJ) do compostad 8.
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Figura 203. Espectro de RMN dé&H (300 MHz, CDCJ) do compost®2.
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Figura 204. Espectro de RMN d&C (75 MHz, CDCJ) do compost®2.
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Figura 207. Espectro de RMN d&H (300 MHz, CDGJ) do compost®3.
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Figura 211 Espectro de RMN d&H (300 MHz, CDGJ) do compost®4.
335



o Do —0 o — P (2 Riw]
[{a s} = =f =r =t oo oo 10 e E s
;; OO W W = = (&) ~— (s> Rs R e
N e b N a2
g, J=270.3, CF: q,J=3THzC22e C24
, i O 00 = = WD LD DD aen o
=l & & =B hlepegoleg b 535 ®
=l = = o LD LD WO WD ST oSroer o=t (“’J J |
[u] w o o L I B B R o
sl 7 5 = WA 1777 CTeC12
| | CGeC13 &
.
1Y) |
J 'i T )\J\/u__m ﬂ
2 ; . | T T T T T M L Fanid
130 125 120 L 1251'1(ppm1f“'9 i 41'[ 40 39 38 37 34 33 32 31
1 (ppm) f1 (ppm)
Cld4 e C17
- ” o _ C21eC25 C15, C16,
- e & & C18eC19
& & b &
I | I
g, J=321Hz C23
| IL H [}
129.0 128.5 128.0 1275

f1 (ppm)
CleCh
C9eC10

230 220 210 200 190 180 170 160 150 140

T T T T T T T T T T T T T
130 120 110 100 a0 a0 70 60 50 40 30 20 10
f1 (ppm)

Figura 212 Espectro de RMN d&C (75 MHz, CDCJ) do compost®4.
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Figura 215. Espectro de RMN d&H (300 MHz, CDCJ) do compost®>5.
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Figura 219. Espectro de RMN d&H (300 MHz, CDCJ) do compost®6.
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Figura 220. Espectro de RMN d&C (75 MHz, CDCJ) do compost®6.
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Figura 223. Espectro de RMN d&H (300 MHz, DMSQOe6) do compost®7.
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Figura 224. Espectro de RMN d&C (75 MHz, DMSOe6) do compost®7.
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Figura 227. Espectro de RMN d&H (300 MHz, CDCJ) do compost®8.
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Figura 228 Espectro de RMN d&C (75 MHz, CDCJ) do compost®8.
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