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RESUMO 

 

Embora existam muitos fármacos disponíveis para tratar as doenças infecciosas, a 

realidade mostra que, com o surgimento de resistências aos quimioterápicos e o 

aparecimento de novos agentes infecciosos, a procura de outros agentes antimicrobianos 

continua a suscitar o maior interesse. 

A Natureza sempre serviu como fonte de novas substâncias ativas. As plantas, que, 

sendo organismos terrestres se encontram mais facilmente disponíveis para os 

investigadores, têm sido ampla e sistematicamente estudadas. Pelo contrário, o mar, apesar 

de constituir o maior reservatório da Natureza, foi durante muito tempo ignorado. Contudo, 

com o desenvolvimento tecnológico, os produtos marinhos estão mais facilmente ao alcance 

dos pesquisadores, pelo que a procura de substâncias farmacologicamente ativas com 

origem no mar tem aumentado drasticamente, proporcionando novos hits e leads muito 

promissores para o desenvolvimento de novos fármacos. Além disso, é relevante o facto dos 

seres marinhos estarem sujeitos a condições muitas vezes extremas e distintas das dos seres 

terrestres, levando a processos biossintéticos diferentes, que conduzem a substâncias 

inovadoras e muito promissoras sob o ponto de vista terapêutico. 

Em 2012, foram descobertas duas novas xantonas, as hicatinas B e C, no fungo 

Aspergillus wentii, que vive em simbiose com a alga Gymnogongrus flabelliformis, que 

mostraram possuir potencial atividade anti-infecciosa. No entanto, estas xantonas são 

produzidas em pequenas quantidades na natureza, sendo necessária a sua síntese 

laboratorial para poderem ser obtidas em quantidades significativas, de modo a serem 

melhor estudadas e poderem ser introduzidas num processo de planeamento e 

desenvolvimento de novos fármacos. 

Neste trabalho apresenta-se a síntese total das hicatinas B e C, bem como de dois 

análogos estruturais. Todas as substâncias sintetizadas foram purificadas e as estruturas 

estabelecidas por métodos espectrométricos. Deste processo, resultaram ainda quatro 

intermediários, duas benzofenonas e duas xantonas, cujo potencial farmacológico poderá 

revelar-se de interesse. No total, foram obtidas oito substâncias que têm como bases 

moleculares estruturas privilegiadas em Química Farmacêutica.  

Neste trabalho, mostram-se também as propriedades biofísico-químicas (log P e log 

D, pKa, solubilidade, permeabilidade e ligação às proteínas plasmáticas), obtidas in silico, 

das oito substâncias referidas. 

 

PALAVRAS-CHAVE 
Xantonas marinhas; Síntese total; Hicatinas; Atividade anti-infecciosa ; 

Propriedades biofísico-químicas. 
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ABSTRACT 

 

Even though there are a lot of drugs available for the treatment of infectious 

diseases, reality shows that, in light of the emergence of resistances to chemotherapeutics 

and the appearance of new infectious agents, the search for other antimicrobial agents 

remains of great interest. 

Nature has always been a source of new active substances. Being terrestrial 

organisms which, for that very reason, are most easily found and within reach of 

researchers, plants have been exhaustively studied. On the contrary, the sea was ignored for 

too long, in spite of the fact that it is Nature’s biggest reservoir. However, as a consequence 

of the technological development, marine products are now much more reachable to 

researchers, reason why the seek for sea-based pharmacological active substances has been 

drastically increasing, allowing new hits and leads truly promising for the development of 

new drugs. Besides, it is not less important the fact that the sea life is very often subject to 

extreme conditions, way different from those onshore, originating different biosynthetic 

pathways, eventually leading to new and promising substances, from a therapeutic point of 

view. 

In 2012, two new xanthones were discovered, yicathins B and C, on fungus 

Aspergillus wentii, which lives in symbiosis with algae Gymnogongrus flabelliformis, that 

revealed some anti-infectious activity potential. Nevertheless, these xanthones are 

produced in small quantities in Nature, making it necessary its laboratorial synthesis in 

order to be obtained in significant quantities and, afterwards, to be studied and then 

introduced in a new drugs planning and development process. 

In this work, it is presented the full synthesis of yicathins B and C and also of two 

structural analogues. All synthesized substances were purified and their structures 

established by spectrometric methods. Out of this process, four intermediates stemmed too, 

two benzophenones and two xanthones, whose pharmacological potential may be 

interesting. In total, eight substances were obtained, each one with molecular scaffold 

having privileged structures in Pharmaceutical Chemistry. 

 Also in this work, the biophsyicochemical properties (log P and log D, pKa, 

solubility, permeation and plasma proteins binding), obtained in silico, of the eight 

abovementioned substances are shown. 

 

KEYWORDS 
Marine xathones; Total synthesis; Yicathins; Anti-infectious activity; 

Biophysicochemical properties. 
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OUTLINE OF THE DISSERTATION 

 
The present dissertation is organized in seven chapters: 

 

1. Introduction 
 

This chapter begins showing why the discovery of new drugs are so important. The 

role of natural products, as sources of drugs, with particular emphasis on the recent 

progresses on marine natural products is discussed. The current drug discovery pipeline is 

described, showing the importance of organic synthesis and the concept of 

“multidimensional optimization”. The early assessment and continuous evaluation of 

biophysicochemical properties in drug discovery process is presented. Finally, the synthesis 

of xanthones, involving the most usual methodologies, is exposed. 

 

2. Aims 
 

The aims for the work that leaded this dissertation are presented in this chapter. 

 

3. Experimental 
 

All the reagents, the experimental conditions and procedures for the synthesis, the 

purification steps and the structure elucidation of all synthesized compounds is described 

in this chapter. 

 

4. Results and discussion 

 

This chapter is divided into two main sections: i. synthesis of yicathins B and C and 

analogues; and ii. in silico acquiring of biophysicochemical properties of the synthesized 

substances, using different software.  

The retrosynthetic analysis and the synthesis pathways to yicathins B and C is 

showed. All synthetic steps are discussed and structural elucidation of all buildings blocks, 

all intermediates and final products is presented and discussed. Lastly, the in silico 

determination of some biophysicochemical properties of the eight more interesting 

compounds is described and argued about.
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5. Conclusions 
 

In this section, general conclusions of this work are exposed and future work is 

appointed. 

 

6. References 
 

All the literature used as support in this dissertation is listed in this chapter. ACS 

system for bibliographic references was used. 

 

7. Appendix 
 

In this chapter, the NMR spectra of all new synthetized compounds are showed 

(Appendix 1). A table that gathers structural data and the calculated biophysicochemical 

properties is showed (appendix 2). 
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1.1. The constant need for new drugs 

 

Drug discovery is a research field in continuous evolution, searching for new 

bioactive molecules that can be used in medicines. 

Infectious diseases follow being an important cause of death and arise additional 

problems, such as the development of resistance mechanisms by the infectious agents. 

Antimicrobial resistance, including multidrug resistance, brings new challenges in the 

treatment of infectious diseases. The resistant microorganisms became insensitive to drugs 

that kill or stop the microorganisms of growing, resulting in the persistent and even growth 

of the infection. This problem is even worse in immunocompromised patients, which have 

a sensitive immunological system, increasing the risk of serious infections.[1] 
This reality is supported by the study made by the World Health Organization 

(WHO), which gathers data on causes of death worldwide in 2000 and 2015 and it is 

reported in figure 1[2]. As it can be seen, the infectious diseases still are a very marked cause 

of death, corresponding to 3 of the 10 more common causes of death. Moreover, these 

diseases practically caused the same number of deaths between 2000 and 20015, even 

though 15 years have passed by.  

 
Figure 1: Comparison between the top 10 causes of death in 2000 and 2015 (adapted from [2]). 

 

The same WHO study shows that in the low income countries the number of deaths 

caused by microorganisms increases, being half of the most common causes of death [2]. 
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These facts prove that new and better drugs are required to treat infectious diseases 

and to deal with drug resistances. 

Therefore, Medicinal Chemistry assumes here a relevant role, since one of its main 

objectives is the discovery of new and better drugs.
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1.2. Sources of new drugs 

 

Nature always provided inspiration for the treatment of diseases.  

The history of traditional medicine joins the history of mankind.  

For centuries, fresh plants and their extracts have been used to cure diseases. With 

the advance of science and technology, the need to understand the composition of crude 

products and knowing the compounds responsible for the therapeutic activity leaded to 

fractionation of plants and their extracts, and to the identification of the compounds 

responsible for the therapeutic activity. Chemical synthesis brought the possibility of having 

active compounds at any time of the year, in the desired quantities. Structural elucidation 

and the understanding of structure-activity relationships inspired the design of new 

compounds allowing new and more effective drugs. In consequence, 20th century gave to 

humanity some drugs that changed the world and medicines became available globally.[3] 

In recent years, resulting from technology explosion, new approaches were explored 

in the quest for drug discovery, namely high-throughput screening, combinatorial 

chemistry, diversity oriented synthesis, fragment-based design, in silico techniques, among 

others [4-8]. However, nature still plays an important role in drug discovery, producing a 

highly structural diversity of active molecules, introducing new leads and drugs to be used 

in therapeutics [9]. Newman et al[10, 11] showed that the percentage of drugs inspired by nature 

even had an increase in last years (figure 2). 

 

 
Figure 2: Comparison of sources of drugs in 1994 versus 2014 (adapted from [10, 11]).                                             

B – biological macromolecule; N – unaltered natural product; ND – natural product derivative;                      
S – synthetic drug; S* - synthetic drug with natural product pharmacophore; V – vaccine;                               

/NM – mimic of natural product, either for S or S*; NB – botanical drug. 

In the natural environment, sea represents the most part of the planet surface and 

is the least studied component of earth. The marine environment became one of the most 

desired areas of interest in drug discovery, in recent years.
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B N ND S S*

2014

B N ND S S* V S*/NM S/NM NB
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1.2.1. Marine environment as a drugs source 

 

The overexploration of secondary metabolites with terrestrial origin and the advance 

of sea exploration technologies led the marine environment as a source of drugs to be a 

wanted field to explore [12]. 

The sea occupies more than 70 % of earth[13], with ecosystems not found in terrestrial 

environment. The undiscovered molecular diversity found under the sea provides us with a 

big spectrum of new compounds with potential biological activities, allowing a good 

perspective as new drug candidates.[12] 

Secondary metabolites from the marine environment have been extracted from 

sponges, algae and microorganisms, among others. Microorganisms have been the source 

of many compounds with several important utilizations, namely in medicine, agriculture 

and industry. The marine microorganisms live under stressful conditions with scarce 

sunlight, cold temperatures, high pressure, high salinity levels and specific nutrients, 

forcing them to develop different and original pathways in the biosynthesis of secondary 

metabolites. These aspects turn them into a valuable source of compounds, not available in 

terrestrial sources. This kind of metabolites provides potential biological activities, such as 

anticancer activity (56 % of total bioactive compounds), followed by the anti-infective 

activity - antimicrobial, antiviral and antifungal - (27 % of total bioactive compounds).[12, 14] 

Several molecules isolated from marine sources are currently being developed, 

others are in clinical trials, and some are already marketed drugs [15]. 

One of the classes of compounds found in nature, namely in the marine environment 

are xanthones. Xanthones are a class of natural products with dibenzo-γ-pyrone scaffold, 

that are produced by plants, fungi, lichens and other organisms [16]. They are considered as 

privileged structures since their structure is able to bind a spectrum of targets, producing a 

wide range of biological activities. In the marine world, xanthones have been extracted from 

several fungi and bacteria and two new xanthones have been described from a symbiotic 

connection between fungi and an algae [17]. Yicathins B and C (figure 3) were isolated from 

Aspergillus wentii founded in the tissue of an algae, Gymnogongrus flabelliformis [18]. 

These kinds of symbioses between micro- and macroorganisms are common in the marine 

environment, which constitutes a fascinating field of study, as they are extremely productive 

of secondary metabolites, offering a huge potential in drug discovery [19]. 

 
Figure 3: Structures of Yicathins B and C.
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1.3. Drug discovery 
 

The route to a new drug is a very rough and longstanding pathway, involving an 

enormous effort, both economical and in terms of personnel, with multiple teams working 

together to provide an effective and successful drug [20]. In scheme 1, it is represented the 

main steps in the 21st century drug discovery pipeline. 

 

 
Scheme 1: Drug discovery pipeline (adapted from [20, 21]). 

 

During this long process, most of the times more than ten years, chemists have an 

important role in all steps. It starts with a medicinal chemist, who is in charge of designing 

hit and lead compounds. At this stage, the main goal is to achieve the largest library of active 

compounds possible, in small amounts, allowing a big spectrum of possibilities of new 

drugs. After the hit is chosen, it has to be improved to achieve a lead. Several analogues have 

to be synthesized and tested. In this design process, drug-like concepts are always in mind. 

Using the same principles, lead compounds will give origin to a drug candidate. During 

clinical trials, development chemist takes action, designing the industrial synthesis of the 

drug candidate, doing the scale-up of the synthetic process, as well as the purification 

methods.[22, 23] 

The road to a new drug candidate involves trial and error, i.e., involves structural 

modification to find the best candidates. This cannot be done blindly. Data from biological 

activity plays an important role in the molecular modifications, however, other factors need 

to be considered [24]. The multidimensional optimization relies on the relationship between 

data from the biological activity, determination of key biophysicochemical properties and 

the synthesis of new molecules (figure 4) [25]. 
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Figure 4: Multidimensional optimization. 

 

The balance between the synthesis of new analogues, the evaluation of their 

biological activity and the determination of their biophysicochemical properties, it will 

provide the tools to synthesize a drug candidate capable of being potent, that reaches the 

desired target and becoming a marketed product. 
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1.4. Biophysicochemical properties 

 

The biophysicochemical properties enters in the ADMET studies, since the 

determination of these factors helps to predict, in an early stage, the behavior of the 

molecule in the organism, regarding pharmacokinetics. Determinations such as the 

lipophilicity, solubility, acidity (pKa), permeability and plasma protein binding are crutial 

in the modification of hit/lead compounds.[24] 

 

 

1.4.1. Lipophilicity 
 

Lipophilicity is the measure of affinity between a compound and a lipophilic 

environment. It is measured by the distribution of the compound between a biphasic system 

(equation 1), being described as logP, for nonionizable compounds, or by logD, for ionizable 

compounds.[26] 

LogP describes the partition coefficient (equation 2), usually, between n-octanol and 

water, even though recently new methods measure this coefficient with different          

systems [27]. 

LogD describe the distribution coefficient of an ionizable compound at a certain pH 

(equation 3 and 4), considering the distribution of the ionizable and nonionizable 

compound between the two phases [26]. 

 

Lipophilicity=
C organic

C aqueous
 

(1) 

logP= log
C n-octanol

C water
 (2) 

logD= log
HA organic

HA aqueous+ A-
aqueous

 
(3) 

logD= log
B organic

B aqueous+ BH+
aqueous

 
(4) 

 

Lipophilicity has a big importance in the pharmacokinetics and pharmacodynamics 

of the drug candidate, as it affects the absorption, distribution, excretion and binding to 

plasma proteins, reason why its measurement is so important at early stages of drug 

discovery [28]. 
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1.4.2. Solubility 
 

Solubility is another measure of interest in drug discovery. It is described as the 

maximum amount of compound that can be soluble in a certain solvent, with an determined 

volume.[29] 

Solubility will influence the distribution and excretion of the compound from the 

organism and this reinforces the importance of taking this measure into account while lead 

optimization is being performed [30]. 

 

 

1.4.3. pKa 
 

pKa represents the constant of ionization for acids and bases (equations 5 to 8) [31]. 

It tells the ionic state of the molecule at a determined pH [32]. 

 

HA�H++A- (5) 

pKa=- log
H+ · A-

HA  (6) 

HB+�H++B (7) 

pKa=- log
H+ · B

HB+  (8) 

 

pKa is an important measure in absorption, distribution and excretion, since the 

ionizable and nonionizable compound have different behaviors in each step of 

pharmacokinetics [31]. 

 

 

1.4.4. Permeability 
 

Permeability is the study of the passage of a compound from one place to another, 

through a membrane. This study is made based on the permeation speed and performed in 

vitro in cell lines, according to a general procedure reported in figure 5.[33] 
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Figure 5: General procedure for the determination of permeability (adapted from [34]). 

 

The study of the permeability of compounds is important because it influences the 

ADME process, more specifically, the absorption [33]. 

 

 

1.4.5. Plasma protein binding 
 

The study of plasma protein binding reflects the affinity of the compound to the 

transporting proteins present in the bloodstream, which will transport the compound 

throughout the organism. However, if this interaction is too strong, the compound will not 

be able to be in the free form and to be absorbed by the membrane. So, this study is 

important in the prediction of the pharmacokinetic behavior of the compound.[34] 

 

 

 

These measures can be made by in vitro assays and the biophysicochemical 

properties determined. However, these properties can be also predicted using computation 

models, i.e., in silico methodologies that predict the characteristics taking into account the 

features of the molecule and the property itself.[35]
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1.5. Synthesis of xanthones 

 

The synthesis of xanthones until 2012 is well described in the literature [36, 37]. 

Herein, it will be presented a summary of the most common pathways to obtain xanthones 

(scheme 2). 

 

  
Scheme 2: Commonly used pathways in the synthesis of xanthones (adapted from [36]). 

 

 

1.5.1. Via one step synthesis 

 
One step synthesis of xanthones provides a fast way of producing xanthones. 

However, this is not the most common methodology used since it uses harsh experimental 

conditions, not easily handled, and the building blocks needed to synthetize the desired 

substituted xanthone are hardly found commercially available. There are three main 

approaches for this methodology and they are presented in scheme 3.[36] 
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Scheme 3: Main approaches for one step synthesis of xanthones (adapted from [36]). 

 
As shown in the scheme, the synthesis of xanthones can be performed by reaction of 

salicylic acid or esters with polyphenolic compounds and catalysed by strong Lewis or 

Brønsted acids (scheme 3, a)) [38]. Another approach describes the formation in situ of an 

aryne, which will react with a salicylate derivative ortho-fluorobenzoate ester (scheme 3, 

b)) [39, 40]. The third one describes the reaction of an salicylaldehyde with 1,2-dibromoarene 

derivatives, catalysed by palladium (scheme 3, c)) [41]. 

 
 

1.5.2. Via benzophenone 

 
The synthesis of xanthones via benzophenone is, beyond any doubt, the most 

common way to obtain the desired product with high yields [37]. It is built in a procedure 

that splits into two main reactions: the formation of the benzophenone and the 

benzophenone cyclization. 

There are four main approaches for the synthesis of benzophenones, as 

intermediates in the synthesis of xanthones: by Friedel-Crafts acylation (scheme 4, d)) [42], 

1,2-nucleophilic addition of an aryllithium intermediate to a carbonyl group (which may 

involve the oxidation of a diarylmethanol) (scheme 4, e)) [43], the use of an organocatalist in 

the reaction of two electron-defficient building blocks (scheme 4, f)) and photoacylation [44], 

via an acyl radical reaction (scheme 4, g)) [45]. 

 

R1 R1

O

O
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R2
X

O
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TMS X = OMe, OPh, OH, H
Y = OH, F
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R2 = Me, OMe

R2

HO X = OH, OMe
Y = OH
R2 = Me, OMe, OH, Cl
R2

 = Me, OMe, OH, Cl, NH2

R2
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Y=OH
R1 = Me, OMe, NEt2
R2 = Me, OMeBr
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b)

c)

a) Condensation of salicylic acid or salicylic ester with a phenol derivative
b) Condensation of salicylic ester, salicylaldehyde or o-fluorobenzoic acid with an aryne intermediate

c) Palladium-catalyzed annulation of 1,2-dibromoarenes and salicylaldehydes
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Scheme 4: Common approaches in the synthesis of benzophenones intermediates (adapted from [36]). 

 

For the cyclization of the benzophenone and, consequently, the obtainment of the 

xanthone, there are 4 main approaches: the base-catalyzed nucleophilic aromatic 

substitution (scheme 5, h)) [46], by oxidative coupling of polyoxigenated benzophenones 

(scheme 5, i)) [47, 48], copper-catalyzed intramolecular O-arylation by Ullmann-coupling 

(scheme 5, j)) [49] and by spontaneous cyclization of quinones obtained by oxidation of 2,5-

dihydroxybenzophenones derivatives (scheme 5, k)) [50, 51]. 

 

 
Scheme 5: Common approaches in the cyclization of benzophenones (adapted from [36]). 
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1.5.3. Via diaryl ether 
 

Just like in the benzophenone pathway, this one splits into two steps: the formation 

of the diaryl ether and then the formation of the xanthone, by cyclization. 

For the synthesis of the diaryl ether there are two main approaches: the copper 

catalyzed coupling reaction between an aryl halide and a phenol derivative (scheme 6, l))[52] 

and conjugate substitution of a phenol and a 1,4-halobenzoquinone (scheme 6, m)) [53, 54]. 

 

 
Scheme 6: Common approaches for the synthesis of diaryl ethers (adapted from [36]). 

 

For the cyclization of the diaryl ether, there are three commonly used 

methodologies: acid-catalyzed intramolecular electrophilic cycloacylation (scheme 7, n)), 

base-catalyzed intramolecular anionic cycloacylation (scheme 7, o)) and intramolecular 

acylation (scheme 7, p)).[55] 

 

 
Scheme 7: Common approaches for the cyclization of diaryl ethers (adapted from [36]).
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1.5.4. Via chromen-4-ones 
 

Lastly, a recent approach in the synthesis of xanthones was described in the 

literature. It uses a skeleton, which already has the ketone and the ether bridge, that reacts 

with other building blocks to provide highly substituted xanthones (scheme 8).[55] 

 

 
Scheme 8: Examples of xanthone synthesis via chromen-4-onse (adapted from [36]). 
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2. Aims 
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As said in the introduction chapter, yicathins were isolated from marine organisms 

but have never been synthetized in the laboratory. This work already started in our group 

and important advances were made[56]. However small amounts of intermediates were 

obtained and the total synthesis was not achieved. Therefore, the total synthesis of the 

xanthones derivatives, yicathins B and C, as well as some analogues is the main aim of this 

dissertation. 

Taking into account the previous work, new synthetic methodologies were thought 

in order to reduce the number of steps of the overall synthetic plan and to increase reactions 

yields.  

Based on this main goal, the aims of the developed work were: 

i. Optimization of the overall plan for the total synthesis of yicathins B and C and 

respective analogues; 

ii. Synthesis of all building blocks needed; 

iii. Synthesis of yicathins B and C and some analogues, as well as their 

intermediates; 

iv. Optimize key reactions; 

v. Purify and elucidate the structure of the new compounds; 

vi. Predict biophysicochemical properties of the new compounds. 
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3. Experimental 
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3.1. General methods. 

 

All compounds were prepared in the Laboratory of Organic and Medicinal 

Chemistry of the Faculty of Pharmacy of the University of Porto. 

All the reagents were purchased from Sigma Aldrich, Acros or TCI and all the 

solvents were PA used without further purification. Solvents were evaporated using rotary 

evaporator under reduced pressure (Buchi Waterchath B-480). Anhydrous solvents were 

either purchased from Sigma-Aldrich or dried according to the published procedures.[57] 

MW reactions were performed in a CEM Discovery SP from CEM Corporation. All 

experiments were performed in a closed vessel of 10 or 35 mL. 

Reactions were monitored by TLC and/or GC-MS. The visualization of the 

chromatograms was made under UV light at 254 and 365 nm. Gas chromatography analyses 

(GC) were carried out on Trace GC 2000 Series (DB5 –capilar column, RTX® - 5MS 

(crossbond 5% diphenyl 95% dimethylpolysiloxane)) with electron-impact mass spectra 

recorded on GCQ plus and referred to m/e (fragments %). Injections were performed using 

compounds directly dissolved in ethyl acetate or previously derivatized with MSTFA at 80 

ºC for 30 minutes. 

Purifications of compounds were performed by flash column chromatography by 

using Merck silica gel 60 (0.040-0.063 mm). 

RP-HPLC analysis was performed on a Dionex Ultimate 3000 (Thermo Fisher 

Scientific, USA) equipped with a 3000 quaternary pump, a 3000 autosampler, and a 3000 

Variable UV/Vis detector. Chromeleon software version 7.2 Ultimate (Thermo Fisher 

Scientific, USA) was used to manage chromatographic data. LC analysis was performed in 

a isocratic mode with using as mobile phase a mixture of methanol : water (1 % formic acid) 

(55:45, 75:25 or 92:8), and the eluent was monitored in UV/Vis at 254 nm. Preparative 

separation was carried out on a Interchrom UP5ODB.25M (Uptisphere 5µm WOD; 250 x 

10 mm), with a flow rate set to 5 mL/min. and a volume of injection of 100 µL. All solvents 

used were HPLC grade, and prior to use, solvents were degassed in an ultrasonic bath for 

15 minutes. 

Melting points were obtained in a Köfler microscope and are uncorrected. 

IR spectra were measured on a KBr microplate (cm-1) in a FTIR spectrometer 

Nicolet iS10 from Thermo Scientific with Smart OMNI-Transmisson accessory (Software 

OMNIC 8.3). 
1H and 13C NMR spectra were performed in the Departamento de Química, 

Universidade de Aveiro, and were taken in DMSO-d6 (Deutero GmbH) at room 

temperature, on Bruker Avance 300 (300.13 MHz for 1H and 75.47 MHz for 13C) or Bruker 

DRX-500 (500.13 and/or 300.13 MHz for 1H and 125.77 and/or 75.47 MHz for 13C) 
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spectrometers. Chemical shifts are expressed in d (ppm) values relative to tetramethylsilane 

(TMS) as an internal reference and assignment abbreviations are the following: singlet (s), 

doublet (d), triplet (t), quartet (q), multiplet (m), doublet of doublets (dd). 13C NMR 

assignments were made by 2D HSQC and HMBC experiments (long-range C, H coupling 

constants were optimized to 7 and 1 Hz) or by comparison with the assignments of similar 

molecules. 

Compounds were identified according IUPAC nomenclature but the numbering 

used in NMR assignments was used for convenience.
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3.2. Synthesis of building block A. 

 

3.2.1. Synthesis of (4-bromo-3,5-dimethoxyphenyl)methanol (2). 
 

Via borane complex with tetrahydrofuran. 

 

4-bromo-3,5-dimethoxybenzoic acid (4g, 15 mmol) was dissolved with 30 mL of 

anhydrous THF in a two-necked round-bottom flask under nitrogen atmosphere. The 

solution was cooled until 0ºC and then added borane-tetrahydrofuran complex (37 mL,      

34 mmol) dropwise. The reaction was allowed to reach room temperature and stirred for     

2 hours at room temperature. The reaction was quenched by the addition of a saturated 

solution of potassium carbonate and then extracted with ethyl acetate (3 x 30 mL). The 

organic phase was dried over Na2SO4 and the solvent evaporated under reduced pressure. 

The compound was used in the next step without further purification step was attained and 

the compound was obtained as a fine white powder (3.58 g, 95 %). 

 

Via sodium borohydride and iodine. 

 

In a round-bottom flask, it was placed the sodium borohydride (549 mg, 15 mmol) 

and anhydrous THF. To this solution, it was added, dropwise, a suspension of                               

4-bromo-3,5-dimethoxybenzoic acid (2.00 g, 8 mmol). The reaction mixture was cooled to 

0 ºC and then added a suspension of iodine (1.07 g, 4 mmol). After this addition, the system 

was slowly warmed to room temperature and then to 40 ºC overnight. To the reaction 

mixture, it was added Na2S2O3 and then acidified with HCl 5%. The mixture was extracted 

with ethyl acetate and the organic layer was dried under Na2SO4, filtered and the solvent 

evaporated. No further purification step was attained and the compound was obtained as a 

fine white powder (602 mg, 91 %). 

 

 

m. p.: 97 – 99 ºC 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 6,70 (2H, s), 5,35 (H, t, J = 5.6 Hz), 

4.49 (2H, d, J = 5.6 Hz), 3.82 (6H, s). 

IR umax (cm-1) (KBr): 3223, 3003, 2929, 2840, 1346, 1076, 1055, 1035, 822, 633 

EIMS m/z (%): 248 (79, [M+2] +), 246 (84, [M] +), 231 (17), 217 (21), 167 (18),          

139 (100), 138 (72), 137 (17), 124 (92), 109 (28), 108 (40), 96 (17), 95 (19), 79 (27), 78 (26), 

77 (38), 66 (18), 65 (30), 64 (27), 53 (38), 51 (40). 

All spectroscopic values are in agreement with published data [58]. 
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3.2.2. Synthesis of ((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-
butyl)dimethylsilane (3). 

 

In a two-necked round-bottom flask of 100 mL was placed                                                           

(4-bromo-3,5-dimetoxiphenil)methanol (400 mg, 1.62 mmol), imidazole (275.5 mg,          

4.05 mmol), and TBDMSCl (293 mg, 1.94 mmol). The mixture was placed under nitrogen 

atmosphere and 10 mL of DMF anhydrous was added. The solution was kept under stirring 

at room temperature for 5 hours. The reaction mixture was then poured into water (10 mL) 

and extracted with 3 x 15 mL of ethyl acetate. The organic phase was dried over Na2SO4, 

filtered and the solvent was removed by rotary evaporation. The crude product was purified 

by silica gel flash chromatography (n-hexane/ethyl acetate 8:2) and the compound was 

isolated as a colorless oil (515 mg, 88%). 

 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 6.66 (2H, s), 4.68 (2H, s), 3.79 (6H, s), 

0.90 (9H, s), 0.07 (6H, s). 

IR umax (cm-1) (KBr): 2955, 2929, 2856, 1590, 1462, 1417, 1258, 1232, 1126, 838, 815, 

777. 

EIMS m/z (%): 364 (2, [M+2]+), 362 (3, [M]+), 323 (12), 305 (28), 303 (36),             

275 (52), 273 (48), 231 (100), 229 (84), 224 (61), 209 (17), 169 (13), 129 (26), 92 (33),              

77 (21), 75 (17). 

All spectroscopic values are in agreement with published data [58].
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3.3. Synthesis of building block B. 

 

3.3.1. Synthesis of 1,3-bis(methoxymethoxy)-5-methylbenzene (5). 
 

In a two-necked round-bottom flask of 250 mL, it was placed orcinol (5.00 g,                   

8 mmol) and NaH (6.44 g of a 60% suspension in mineral oil, 161 mmol) under nitrogen 

atmosphere and then added 10 mL of DMF anhydrous. The system was cooled in an ice bath 

and after 15 minutes, it was added, dropwise, MOMCl (9.18 mL ,121 mmol). The mixture 

was kept stirring for 5 hours at room temperature. Water was added to the reaction mixture 

and it was then extracted with ethyl acetate (3 x 15 mL). The organic layer was dried under 

Na2SO4 and the solvent was evaporated under reduced pressure. The crude product was 

purified in a silica gel flash chromatography (n-hexane/ethyl acetate 8:2). The compound 

was obtained as a light yellowish oil (7.06 g, 83 %). 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 6.49 (2H, dd, J = 1.9 Hz, J = 0.5 Hz), 

6.47 (H, m), 5.14 (4H, s), 3.36 (6H, s), 2.23 (3H, s). 

IR umax (cm-1) (KBr): 2955, 2852, 2826, 2360, 2342, 1595, 1540, 1472, 1399, 1331, 

1316, 1291, 1257, 1215, 1145, 1084, 1039, 996, 923, 839, 688, 669. 

EIMS m/z (%): 213 ([M+1]+), 212 (100, [M]+), 181 (33), 151 (18). 

All spectroscopic values are in agreement with published data [59].
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3.3.2. Synthesis of 2,6-bis(methoxymethoxy)-4-methylbenzaldehyde 

(6). 
 

In a two-necked round-bottom flask of 250 mL, it was placed                                                  

1,3-bis(methoxymethoxy)-5-methylbenzene (1.38 g, 6.50 mmol) under nitrogen 

atmosphere and then added anhydrous THF and anhydrous TMEDA (2.14 mL,                   

14.30 mmol). The mixture was cooled until -5 ºC and then added n-BuLi (5.72 mL, 14.30 

mmol) and kept at room temperature for 2 hours. After this period, DMF (1.50 mL, 19.51 

mmol) was added and the mixture stayed at room temperature for 2 more hours. To the 

reaction mixture, it was added NH4Cl, followed by extraction with ethyl acetate (3 x 30 mL). 

The organic layer was dried under Na2SO4 and the solvent was evaporated under reduced 

pressure. The crude product was purified in a silica gel flash chromatography                              

(n-hexane/ethyl acetate 8:2), yielding the desired compound as a yellow oil (1.29 g, 83 %). 

 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 10.37 (H, s), 6.70 (2H, s), 5.25 (4H, s), 

3.40 (6H, s), 2.31 (3H, s). 

IR umax (cm-1) (KBr): 3525, 3359, 2956, 2829, 2780, 1683, 1607, 1455, 1392, 1309, 

1241, 1195, 1154, 1049, 963, 921, 827, 801, 690. 

EIMS m/z (%): 241 (12, [M+1]+), 240 (2, [M]+), 208 (10), 195 (10), 179 (28),               

178 (100), 165 (16), 163 (15), 135 (11), 121 (14), 91 (13), 76 (11), 51 (13) 

All spectroscopic values are in agreement with published data [59].
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3.4. Synthesis of building block C. 

 

3.4.1. Synthesis of methyl 2,6-bis(methoxymethoxy)-4-methylbenzoate 
(8). 

 

In a two-necked round-bottom flask of 250 mL, it was placed                                         

methyl 2,6-dihydroxy-4-methylbenzoate (1.0 g, 5 mmol) and NaH (1.10 g of a 60% 

suspension in mineral oil, 27 mmol), under nitrogen atmosphere and then added 10 mL of 

anhydrous DMF. The system was cooled in an ice bath and, after 15 minutes, it was added, 

dropwise, MOMCl (1.67 mL, 22 mmol). The mixture was kept stirring for 5 hours at room 

temperature. Water was added to the reaction mixture and it was then extracted with ethyl 

acetate (3 x 15 mL). The organic layer was dried under Na2SO4 and the solvent was 

evaporated under reduced pressure. The crude product was purified in a silica gel flash 

chromatography (n-hexane/ethyl acetate 8:2). The compound was obtained as a slightly 

yellow oil (1.07 g, 72 %). 

 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 6.67 (2H, s), 5.17 (4H, s), 3.77 (3H, s), 

3.34 (6H, s), 2.28 (3H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 166.1, 153.9, 141.1, 112.8, 108.8, 94.0, 

55.7, 52.1, 21.7. 

IR umax (cm-1) (KBr): 3001, 2966, 2920, 2856, 2829, 1732, 1610, 1459, 1393, 1316, 

1300, 1276, 1243, 1207, 1159, 1046, 963, 949, 920, 906, 844, 822, 775. 

EIMS m/z (%): 271 (32, [M+1]+), 270 (26, [M]+), 240 (12), 239 (83), 209 (18),         

195 (34), 194 (100), 179 (22), 165 (82), 164 (14), 150 (25), 136 (18), 121 (13), 91 (10), 79 (10), 

77 (15), 66 (13), 52 (14).
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3.5. Synthesis of building block D. 

 

3.5.1. Synthesis of 1,3-bis(methoxymethoxy)benzene (10). 
 

In a two-necked round-bottom flask of 250 mL, it was placed resorcinol (1 g,                    

9 mmol) and NaH (1.1 g of a 60% suspension in mineral oil, 27 mmol), under nitrogen 

atmosphere, and then 30 mL of anhydrous DMF. The reaction mixture was kept at 0ºC for 

15 minutes and then it was added, dropwise, MOMCl (2.1 mL, 27 mmol). The mixture was 

warmed to room temperature gradually and kept for 6 hours in these conditions. The 

reaction mixture was then poured into water and extracted with ethyl acetate (3 x 20 mL). 

The organic phase was dried over Na2SO4, filtered and the solvent was removed by rotary 

evaporation. The crude product was purified by silica gel flash chromatography                         

(n-hexane/ethyl acetate 8:2) and the compound was isolated as a colorless oil (1.45 g,             

81 %). 

 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 7.20 (H, m), 6.66 (3H, m), 5.16 (4H, s), 

3.37 (6H, s). 

IR umax (cm-1) (KBr): 2954, 2923, 2854, 1458, 1377, 721. 

EIMS m/z (%):199 (28, [M+1]+), 198 (100, [M]+), 167 (300), 124 (100), 63 (26). 

All spectroscopic values are in agreement with published data [60].
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3.5.2. Synthesis of 2,6-bis(methoxymethoxy)benzaldehyde (11). 

 

In a two-necked round-bottom flask of 100 mL, it was placed                                                   

1,3-bis(methoxymethoxy)benzene (1.4 g, 7 mmol), under nitrogen atmosphere, and then     

15 mL of anhydrous DMF and TMEDA (2.3 mL, 16 mmol). The reaction mixture was cooled 

down until -5 ºC and then added n-BuLi (10 mL, 16 mmol), dropwise. The reaction mixture 

was then heated to room temperature and stirred for 1.5 hours. Then, DMF was added 

dropwise and kept under stirring for 2 more hours. The reaction was quenched with NH4Cl. 

The mixture was extracted with ethyl acetate (3 x 20mL). The organic layer was dried over 

Na2SO4, filtered and concentrated on a rotary evaporator. The crude product was purified 

by silica gel flash chromatography (n-hexane/ethyl acetate 7:3) and the compound was 

isolated as a yellow solid (710 mg, 44 %). 

 

 

m. p.: 53 – 56 ºC 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 10.42 (H, s) 7.50 (H, t, J = 8.5 Hz),    

6.86 (2H, d, J = 8.5 Hz), 5.27 (4H, s), 3.4 (6H, s). 

IR umax (cm-1) (KBr): 2995, 2958, 2913, 2851, 2828, 2360, 2342, 1691, 1599, 1474, 

1443, 1417, 1397, 1311, 1253, 1206, 1189, 1103, 919, 904, 820, 794, 729, 668, 658. 

EIMS m/z (%): 227 (14, [M+1]+), 226 (5, [M]+), 225 (12), 195 (30), 166 (13),                

165 (27), 164 (100), 151 (26), 149 (11), 77 (11), 65 (10), 64 (24), 63 (71), 62 (16), 53 (16), 

52(13), 51 (32), 50 (12). 

All spectroscopic values are in agreement with published data [60].
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3.6. Synthesis of building block E. 

 

3.6.1. Synthesis of methyl 2,6-dihydroxybenzoate (13). 
 

In a two-necked round-bottom flask, it was placed 2,6-dihydroxibenzoic acid         

(1.00 g, 6.49 mmol) and potassium carbonate (897 mg, 6.49 mmol) in anhydrous acetone 

under nitrogen atmosphere. After 2 minutes, dimethyl sulfate (677 µL, 7.14 mmol) was 

added to the mixture, staying stirring for 5 hours. The mixture was partially evaporated and HCl 

5% and a saturated solution of NaHCO3 were added and then extracted with ethyl acetate                           

(3 x 15 mL). The organic layer was dried over Na2SO4, filtered and concentrated on a rotary 

evaporator. The crude product was purified by flash chromatography (n-hexane/ethyl 

acetate 9:1), yielding a white solid (76 %, 850 mg). 

 

 

m. p.: 56 – 58 ºC 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 9.99 (2H, s), 7.10 (H, t, J = 8.2 Hz), 

6.35 (2H, d, J = 8.2 Hz), 3.99 (3H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 168.4, 157.3, 132.4, 107.3, 106.8, 52.0. 

IR umax (cm-1) (KBr): 3446, 2960, 2931, 2851, 2826, 2360, 2342, 1682, 1403, 1205, 

1191, 955, 831, 758. 

EIMS m/z (%): 169 (80, [M+1]+), 168 (100, [M]+), 137 (20), 108 (19), 53 (14),             

52 (21), 51 (20). 

All spectroscopic values are in agreement with published data [61].
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3.6.2. Synthesis of methyl 2,6-bis(methoxymethoxy)benzoate (14). 

 

In a two-necked round-bottom flask of 250 mL, it was placed                                         

methyl 2,6-dihydroxybenzoate (160 mg, 1 mmol) and NaH (152 mg of a 60% suspension in 

mineral oil, 4 mmol) and, under nitrogen atmosphere, 20 mL of anhydrous DMF. The 

reaction mixture was kept at 0ºC for 15 minutes and then added dropwise MOMCl (0,3 mL, 

4 mmol). The mixture was warmed to room temperature gradually and kept for 5 hours in 

these conditions. The reaction mixture was then poured into water and extracted with ethyl 

acetate (3 x 30 mL). The organic phase was dried over Na2SO4, filtered and the solvent was 

removed by rotary evaporation. The crude product was purified by silica gel flash 

chromatography (n-hexane/ethyl acetate 8:2) and the compound was isolated as a colorless 

oil (172 mg, 71%). 

 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 7.32 (H, t, J = 8.4 Hz),                                    

6.84 (2H, d, J = 8.4 Hz), 5.20 (4H, s), 3.80 (3H, s), 3.35 (6H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 165.8, 154.0, 130.9, 115.4, 108.1, 94.0, 

55.7, 52.1. 

IR umax (cm-1) (KBr): 3454, 2921, 2850, 1732, 1600, 1470, 1039. 

EIMS m/z (%): 257 (23, [M+1]+), 256 (16, [M]+), 226 (10), 225 (100), 195 (10),         

181 (34), 180 (95), 165 (18), 151 (50), 150 (15), 136 (25), 75 (12).
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3.7. Synthesis of Yicathins C and B. 

 

3.7.1. Synthesis of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-
(((tert-butyldimethylsilyl)oxy)methyl)-2,6-

dimethoxyphenyl)methanol (15). 
 

In a two-necked round-bottomed flask of 250 mL, it was placed                                           

((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-butyl)dimethylsilane (1.60 g, 4.43 mmol) – 

building block A –and then added anhydrous THF, in argon atmosphere. The apparatus 

was cooled down to -78 ºC and added, dropwise, n-BuLi (4.15 mL, 6.64 mmol), staying 

stirring for 7 minutes. After that time, 2,6-bis(methoxymethoxy)-4-methylbenzaldehyde 

(1.28 g, 5.31 mmol) – building block B – was added. The mixture stayed at – 78 ºC for             

1.5 hours and then warmed to room temperature for 2 hours. To the reaction mixture, it was 

added a saturated solution of NH4Cl and the solution was extracted with ethyl acetate              

(3 x 20 mL). The organic layer was dried under Na2SO4, filtered and the solvent evaporated. 

The crude product was purified by silica gel flash chromatography (n-hexane/ethyl acetate 

8:2), allowing a colorless oil (921 mg, 41 %). 

 

 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 6.68 (2H, s), 6.64 (2H, s),                         

6.53 (OH, d, J = 10.3 Hz), 5.51 (H, d, J = 10.3 Hz), 5.22 (4H, s), 4.78 (2H, s),                               

3.84 (6H, s), 3.38 (6H, s), 2.34 (3H, s), 1.04 (9H, s), 0.20 (6H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 157.7, 155.3, 141.3, 137.1, 118.9, 117.9, 

108.5, 101.8, 94.1, 64.2, 63.4, 55.6, 55.4, 25.8, 21.4, 18.0, -5.3. 

IR umax (cm-1) (KBr): 3565, 2956, 2859, 2827, 1613, 1586, 1456, 1396, 1294, 1223, 

1112, 965, 923, 826, 781, 725, 684. 

EIMS m/z (%): 523 (4, [M+1]+), 329 (30), 326 (25), 325 (54), 298 (25), 295 (100), 

282 (59), 269 (78), 255 (44), 238 (27), 237 (88), 226 (60), 211 (58), 209 (67), 195 (72),         

194 (87), 180 (38), 178 (32), 165 (42), 163 (37), 151 (66), 137 (30), 135 (42), 89 (56), 73 (83).
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3.7.2. Synthesis of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-

(((tert-butyldimethylsilyl)oxy)methyl)-2,6-
dimethoxyphenyl)methanone (16). 

 

Via oxidation of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (15). 

 

To a solution of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (760 mg, 1.45 mmol) in 

dichloromethane (8 mL), it was added solid Dess-Martin periodinane (925 mg, 2.18 mmol), 

at room temperature, allowing a concentration of 0.3 M of DMP. The reaction mixture 

instantly turned bright pink and stayed stirring overnight. After that time, it was added a 

solution of NaOH 10% and a saturated solution of Na2S2O3. The mixture was extracted with 

dichloromethane (3 x 10 mL). The organic layer was dried under Na2SO4, filtered and the 

solvent evaporated. The crude product was purified by silica gel flash chromatography        

(n-hexane/ethyl acetate 8:2), allowing a colorless oil (370 mg, 49 %). 

To a solution of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (540 mg, 1.03 mmol) in 

DMSO, it was added IBX (707 mg, 1.14 mmol), at room temperature. The reaction mixture 

instantly turned bright pink and stayed stirring for 3 hours. After that time, the reaction 

mixture was treated with a solution of Na2S2O3 10% and a saturated solution of NaHCO3 

and then extracted with ethyl acetate (3 x 15 mL). The organic layer was dried under Na2SO4, 

filtered and the solvent evaporated. The crude product was used in the next step with no 

further purification (500 mg, 93 %). 

 

Via reaction of building block A with C. 

 

In a two-necked round-bottomed flask of 250 mL, it was placed                                             

((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-butyl)dimethylsilane (840 mg, 2.93 mmol) – 

building block A – and then added anhydrous THF, in argon atmosphere. The apparatus 

was cooled down to -78 ºC and added, dropwise, n-BuLi (2.75 mL, 4.40 mmol), staying 

stirring for 7 minutes. After that time, methyl 2,6-bis(methoxymethoxy)-4-methylbenzoate 

(754 mg, 2.79 mmol) – building block C – was added. The mixture stayed at – 78 ºC for        

1.5 hours and then warmed to room temperature for 2 hours. To the reaction mixture, it was 

added a saturated solution of NH4Cl and the solution was extracted with ethyl acetate               

(3 x 15 mL). The organic layer was dried under Na2SO4, filtered and the solvent evaporated. 
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The crude product was purified by flash chromatography (n-hexane/ethyl acetate 8:2), 

allowing a colorless oil (250 mg, 21 %). 

 

 
1H NMR (500.16 MHz, DMSO-d6) d (ppm): 6.59 (2H, s), 6.54 (2H, s), 4.99 (4H, s), 

4.68 (2H, s), 3.60 (6H, s), 3.17 (6H, s), 2.25 (3H, s), 0.91 (9H, s), 0.07 (6H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 192.0, 157.9, 155.1, 145.2, 140.9, 120.4, 

119.8, 108.6, 101.8, 93.9, 64.2, 55.9, 55.5, 25.9, 21.8, 18.1, -5.2. 

IR umax (cm-1) (KBr): 2957, 2828, 1704, 1608, 1584, 1463, 1455, 1393, 1153, 1112, 

1046. 

EIMS m/z (%): 309 (22), 296 (17), 295 (100), 269 (17), 239 (18), 209 (16), 194 (22), 

193 (24), 163 (23), 135 (38), 89 (32), 73 (50).



 

 37 

3.7.3. Synthesis of (2,6-dihydroxy-4-methylphenyl)(4-(hydroxymethyl)-

2,6-dimethoxyphenyl)methanone (17). 
 

In a round-bottom flask of 50 mL, it was placed (2,6-bis(methoxymethoxy)-4-

methylphenyl) (4-(((tert-butyldimethylsilyl)oxy)methyl)-2,6-

dimethoxyphenyl)methanone (100 mg, 100 µmol) in methanol. At once, it was added             

p-toluenesulfonic acid (91 mg, 480 µmol) and the mixture turned red. The apparatus was 

warmed until the boiling point of methanol, staying stirring for 5 hours. After that time, 

water was added to the mixture and the solution was extracted with ethyl acetate                           

(3 x 10 mL). The organic layer was dried under Na2SO4, filtered and the solvent evaporated. 

The product did not go for further purification, originating an orange solid. The crude 

product was used for the next reaction (88%, 54 mg). 

Purification: The extract (35 mg) was washed with a solution of n-hexane/ethyl 

acetate/formic acid (7:3:0.1) and filtered. The solution was evaporated and the solid was 

then purified by preparative HPLC, yielding a yellow solid (1 mg). 

 

 

m. p.: 83 – 86 ºC. 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 11.62 (2OH, s), 6.67 (2H, s),                     

6.14 (2H, s), 5.10 (OH, s), 4.55 (2H, s), 3.70 (6H, s), 2.20 (3H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 198.8, 162.3, 155.7, 148.4, 144.8, 120.4, 

109.1, 107.7, 101.9, 63.0, 55.7, 21.7. 

IR umax (cm-1) (KBr): 3447, 2922, 1717, 1641, 1611, 1583, 1465, 1418, 1385, 1373, 1294, 

1265, 1237, 1214, 1127. 

EIMS m/z (%): 535 (2, [M+TMS]+), 520 (1), 519 (13), 416 (10), 415 (28), 283 (15), 

282 (14), 281 (54), 267 (10), 209 (13), 191 (10), 163 (11), 149 (15), 147 (11), 89 (15), 75 (15), 

73 (100).
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3.7.4. Synthesis of 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-methyl-

9H-xanthen-9-one (18). 
 

In a reaction vessel of 35 mL, it was placed (2,6-dihydroxy-4-methylphenyl)(4-

(hydroxymethyl)-2,6-dimethoxyphenyl)methanone (60 mg, 188 µmol) and then added 

water/methanol (9:1). To the solution was added NaOH (90 mg, 2.26 mmol) and the 

reaction vessel was placed in the microwave and heated until 130 ºC for 10 minutes. After 

that time, HCl 5% and water were added to the vessel and mixture was filtered under 

pressure, allowing an orange solid and it was used for the next reaction (33 mg, 61 %). 

Purification: The extract (70 mg) was firstly passed by flash chromatography and 

then purified by preparative HPLC, yielding a yellow solid (28 mg). 

 

 

m. p.: 207 – 209 ºC. 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 13.03 (OH, s), 7.02 (H, s), 6.92 (H, s), 

6.78 (H, s), 6.57 (H, s), 5.61 (OH, t, J = 5.7 Hz), 4.62 (2H, d, J = 5.7 Hz), 3.90 (3H, s),          

2.35 (3H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 181.1, 161.0, 160.1, 157.4, 154.8, 152.9, 

148.2, 111.0, 108.8, 106.8, 106.7, 106.2, 103.9, 62.4, 56.3, 21.9. 

IR umax (cm-1) (KBr): 3460, 2924, 2853, 1651, 1608, 1560, 1468, 1426, 1265, 1229, 

1110, 1075, 1064, 1052, 1031, 819, 773. 

EIMS m/z (%): 431 (1, [M+TMS]+), 416 (15), 415 (26), 311 (22), 310 (17), 283 (60), 

253 (20), 237 (15), 89 (32), 73 (100), 59 (42).
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3.7.5. Synthesis of 8-hydroxy-1-methoxy-6-methyl-9-oxo-9H-xanthene-

3-carboxylic acid - Yicathin C (19). 
 

In a Erlenmeyer of 50 mL, it was placed the sulfuric acid (2.81 mL, 53 mmol) and 

Chromium(VI) oxide (38 mg, 384 µmol) and then dissolved in water (4.39 mL). In a round-

bottom flask, it was placed 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-methyl-9H-

xanthen-9-one (22 mg, 77 µmol) and dissolved in acetone, posteriorly adding 84 µL of the 

H2SO4/CrO3 solution. The reaction mixture stayed at room temperature, stirring for               

30 minutes. After this time, 2-propanol was added and the solution was extracted with ethyl 

acetate (3 x 5 mL). The organic layer was dried under Na2SO4, filtered and the solvent 

evaporated. The crude product has 4 products, being the desired product in only 30 %. 

In a Erlenmeyer of 25 mL, it was placed the periodic acid (2,5 g, 11 mmol) and 

Chromium(VI) oxide (5 mg, 50 µmol) and then dissolved in wet acetonitrile (75 %). In a 

round-bottom flask was placed 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-methyl-9H-

xanthen-9-one (246 mg, 859 µmol) and dissolved in wet acetonitrile (75 %), posteriorly 

adding 25 mL of the H5IO6/CrO3 solution over 40 hours. The reaction mixture stayed at 

room temperature, stirring for 40 hours. After this time, NaHSO3 was added and the 

solution was extracted with ethyl acetate (3 x 15 mL). The organic layer was dried under 

Na2SO4, filtered and the solvent evaporated. The crude product was used for the next 

reaction (130 mg, 50 %). 

In a round-bottom flask, it was placed 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-

methyl-9H-xanthen-9-one (170 mg, 598 µmol) in dioxane. To the flask, it was added a 

solution of KOH (50 mg, 897 µmol) and then KMnO4 (164 mg, 1.49 mmol). The reaction 

mixture stayed stirring for 4 days. The solution was filtered through Celite and extracted 

with ether (2 x 10 mL). The aqueous phase was acidified with HCl 5% and then extracted 

with ether (3 x 15 mL). The organic layer was dried over Na2SO4, filtered and the solvent 

evaporated. The reaction allows a yellow solid, which contain a mixture of the starting 

material and the desired product in 99:1 proportion. 

In a reaction vessel of 10 mL, it was placed 1-hydroxy-6-(hydroxymethyl)-8-

methoxy-3-methyl-9H-xanthen-9-one (66 mg, 207 µmol), Na2WO4·2H2O (3 mg, 9.22 µmol) 

and TBAHS (3 mg, 9.22 µmol). To the mixture, it was added a solution of H2O2 30 %               

(119 µL, 1.15 mmol), which was stirred in a vortex. The reaction vessel, it was placed in the 

microwave, heated until 90 ºC for 30 minutes. To the reaction vessel was added a solution 

of Na2CO3 20% and then extracted with ethyl acetate (2 x 10 mL). The aqueous phase was 

acidified and extracted with ethyl acetate (3 x 15 mL). The reaction barely occurred, with a 

percentage of about 1 % of the desired product. 
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Purification: The extract (40 mg) was washed with a solution of n-hexane/ethyl 

acetate/formic acid (7:3:0.1) and filtered. The solution was evaporated and the solid was 

then purified by preparative HPLC, yielding a yellow solid (7 mg). 

 

 

m. p.: 203 – 206 ºC. 
1H NMR (500.16 MHz, DMSO-d6) d (ppm): 13.85 (OH, s), 12.74 (OH, s),                     

7.54 (1H, d, J = 1.4 Hz), 7.36 (1H, d, J = 1.4 Hz), 6.83 (1H, q, J = 1.3 Hz),                                           

6.63 (1H, q, J = 1.3 Hz), 3.93 (3H, s), 2.39 (3H, s). 
13C NMR (125.77 MHz, DMSO-d6) d (ppm): 180.8, 164.8, 160.9, 160.4, 157.0, 154.7, 

148.9, 135.9, 112.9, 111.4, 110.2, 107.1, 107.0, 105.8, 53.0, 21.9. 

IR umax (cm-1) (KBr): 3446, 2924, 2853, 1718, 1652, 1615, 1559, 1478, 1419, 1386, 

1329, 1301, 1250, 1203, 1141, 1115, 1087, 1006, 895, 824, 770. 

EIMS m/z (%): 445 (0.5, [M+TMS]+), 429 (10), 369 (10),313 (22), 312 (100),          

297 (21), 283 (33), 241 (15), 217 (15). 

All spectroscopic values are in agreement with published data [18].
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3.7.6. Synthesis of methyl 8-hydroxy-1-methoxy-6-methyl-9-oxo-9H-

xanthene-3-carboxylate - Yicathin B (20). 
 

In a round-bottom flask, it was placed 8-hydroxy-1-methoxy-6-methyl-9-oxo-9H-

xanthene-3-carboxylic acid (45 mg, 150 µmol) in methanol and then added sulfuric acid      

(24 µL, 450 µmol). The reaction mixture was heated until the boiling point of methanol and 

stayed stirring over the weekend. Water and sodium bicarbonate was added to the flask and 

the solution extracted with ethyl acetate (3 x 5 mL). The organic layer was dried under 

Na2SO4, filtered and the solvent evaporated. The crude product was purified by flash 

chromatography (n-hexane/ethyl acetate 8:2), allowing a yellow solid (23 mg, 55 %).  

 

 

m. p.: 155 -157 ºC. 
1H NMR (500.16 MHz, DMSO-d6) d (ppm): 12.72 (OH, s), 7.51 (H, d, J = 1.4 Hz), 

7.34 (H, d, J = 1.4 Hz), 6.81 (H, q, J = 1.3 Hz), 6.62 (H, q, J = 1.3 Hz), 5.76 (3H, s),                    

3.93 (3H, s), 2.83 (3H, s). 
13C NMR (125.77 MHz, DMSO-d6) d (ppm): 180.8, 164.8, 160.8, 160.4, 157.0, 154.7, 

148.9, 135.8, 112.9, 111.4, 110.2, 107.0, 106.9, 105.7, 54.9, 53.0, 21.9. 

IR umax (cm-1) (KBr): 3004, 2955, 2920, 2850, 1735, 1659, 1564, 1508, 1474, 1428, 

1360, 1333, 1305, 1272, 1242, 1209, 1189, 1155, 1139, 1114, 1090, 989, 880, 835, 823, 807. 

EIMS m/z (%): 387 (1, [M+TMS]+), 371 (18), 356 (14), 312 (10), 299 (16), 298 (83), 

297 (10), 271 (22), 270 (100), 269 (18), 242 (17), 241 (51), 227 (10), 143 (18), 134 (11). 

All spectroscopic values are in agreement with published data [18].
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3.8. Synthesis of Analogues C and B. 

 

3.8.1. Synthesis of (2,6-bis(methoxymethoxy)phenyl)(4-(((tert-
butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol 

(21). 
 

In a two-necked round-bottomed flask of 250 mL, it was placed                                           

((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-butyl)dimethylsilane (1.00 g, 2.77 mmol) – 

building block A – and then added anhydrous THF, in argon atmosphere. The apparatus 

was cooled down to -78 ºC and added, dropwise, n-BuLi (2.59 mL, 4.15 mmol), staying 

stirring for 7 minutes. After that time, 2,6-bis(methoxymethoxy)benzaldehyde (751 mg, 

3.32 mmol) – building block D – was added. The mixture stayed at – 78 ºC for 1.5 hours 

and then warmed to room temperature for 2 hours. To the reaction mixture, it was added a 

saturated solution of NH4Cl and the solution was extracted with ethyl acetate (3 x 20 mL). 

The organic layer was dried under Na2SO4, filtered and the solvent evaporated. The crude 

product was purified by silica gel flash chromatography (n-hexane/ethyl acetate 8:2), 

yielding a colorless oil (1.22 g, 87 %). 

 

 

m. p.: 62- 65 ºC. 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 7.07 (2H, d, J = 8.3 Hz),                             

6.68 (2H, d, J = 8.3 Hz), 6.56 (2H, s), 6.45 (OH, d, J = 10.2 Hz), 5.42 (H, d, J = 10.2 Hz), 

5.11 (4H, s), 4.65 (2H, s), 3.71 (6H, s), 3.25 (6H, s), 0.91 (9H, s), 0.07 (6H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 157.7, 155.5, 141.4, 127.7, 121.8, 117.8, 

107.8, 101.8, 94.1, 64.2, 63.5, 55.7, 55.5, 25.8, 18.0, -5.3. 

IR umax (cm-1) (KBr): 3511, 2956, 2893, 2857, 1608, 1584, 1472, 1418, 1361, 1256, 

1242, 1226, 1150, 1105, 1080, 1051, 1021, 965, 923, 907, 840, 816, 778. 

EIMS m/z (%): 309 (28), 296 (19), 295 (100), 239 (15), 227 (19), 181 (24), 151 (26), 

91 (18), 89 (25), 73 (68).
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3.8.2. Synthesis of (2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanone 
(22). 

 

Via oxidation of (2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (21). 

 

To a solution of (2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (1.50 g, 2.95 mmol) in 

dichloromethane (15 mL), it was added solid Dess-Martin periodinane (1.88 g, 4.42 mmol), 

at room temperature, allowing a concentration of 0.3 M of DMP. The reaction mixture 

instantly turned bright pink and stayed stirring overnight. After that time, it was added a 

solution of NaOH 10% and a saturated solution of Na2S2O3. The mixture was extracted with 

dichloromethane (3 x 10 mL). The organic layer was dried under Na2SO4, filtered and the 

solvent evaporated. The crude product was used in the next step (1.30 g, 87 %). 

To a solution of (2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (50 mg, 98 µmol) in 

DMSO, it was added IBX (67 mg, 108 µmol), at room temperature. The reaction mixture 

instantly turned bright pink and stayed stirring for 3 hours. After that time, the reaction 

mixture was treated with a solution of Na2S2O3 10% and a saturated solution of NaHCO3 

and then extracted with ethyl acetate (3 x 15 mL). The organic layer was dried under Na2SO4, 

filtered and the solvent evaporated. The crude product was purified by preparative TLC      

(n-hexane/ethyl acetate 1:1 with 1% of formic acid), yielding a colorless oil (36 mg, 80 %). 

 

Via reaction of building block A with E. 

 

In a two-necked round-bottomed flask of 250 mL, it was placed                                           

((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-butyl)dimethylsilane (1.00 g, 2.77 mmol) – 

building block A – and then added anhydrous THF, in argon atmosphere. The apparatus 

was cooled down to -78 ºC and added, dropwise, n-BuLi (2.59 mL, 4.15 mmol), staying 

stirring for 7 minutes. After that time, methyl 2,6-bis(methoxymethoxy)benzoate (851 mg, 

3.32 mmol) – building block E – was added. The mixture stayed at – 78 ºC for 1.5 hours 

and the warmed to room temperature for 2 hours. To the reaction mixture, it was added a 

saturated solution of NH4Cl and the solution was extracted with ethyl acetate (3 x 15 mL). 

The organic layer was dried under Na2SO4, filtered and the solvent evaporated. The crude 

product was purified by flash chromatography (n-hexane/ethyl acetate 8:2), allowing a 

colorless oil (260 mg, 19 %). 
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1H NMR (300.13 MHz, DMSO-d6) d (ppm): 7.27 (H, t, J = 8.4 Hz),                                   

6.75 (2H, d, J = 8.4 Hz), 6.64 (2H, s), 5.06 (4H, s), 4.73 (2H, s), 3.63 (6H, s),                               

3.21 (6H, s), 0.95 (9H, s), 0.11 (6H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 191.7, 158.1, 154.9, 145.5, 130.6, 123.0, 

119.3, 107.8, 101.8, 93.9, 64.1, 55.8, 55.4, 25.8, 18.0, -5.3. 

IR umax (cm-1) (KBr): 2958, 2931, 2901, 2856, 1682, 1593, 1474, 1412, 1363, 1308, 

1253, 1228, 1153, 1125, 1095, 1049, 964, 917, 899, 848, 837, 815, 797. 

EIMS m/z (%): 297 (10), 296 (18), 295 (100), 269 (20), 237 (15), 225 (27), 209 (10), 

193 (23), 163 (12), 135 (14), 89 (13), 73 (18).
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3.8.3. Synthesis of (2,6-dihydroxyphenyl)(4-(hydroxymethyl)-2,6-

dimethoxyphenyl)methanone (23). 
 

In a round-bottom flask of 50 mL, it was placed (2,6-

bis(methoxymethoxy)phenyl)(4-((tert-butyldimethylsilyl)oxy)-2,6-

dimethoxyphenyl)methanone (1.25 g, 2.47 mmol) in methanol. At once, it was added the                                              

p-toluenesulfonic acid (1.03 g, 5.43 mmol) and the mixture turned red. The apparatus was 

warmed until the boiling point of methanol, staying stirring overnight. After that time, 

water was added to the mixture and the solution was extracted with ethyl acetate                            

(3 x 10 mL). The organic layer was dried under Na2SO4, filtered and the solvent evaporated. 

The crude product was used in the next step (550 mg, 73 %). 

Purification: The crude product (40 mg) was purified by flash chromatography         

(n-hexane/ethyl acetate 6:4 with 1% of formic acid), allowing a yellow solid (21 mg). 

 

 

m. p.: 111 - 113 ºC. 
1H NMR (300.13 MHz, DMSO-d6) d (ppm): 11.59 (2OH, s), 7.26 (H, t, J = 8.2 Hz), 

6.65 (2H, s), 6.27 (2H, d, J = 8.2 Hz), 5.32 (OH, s), 4.52 (2H, s), 3.67 (6H, s). 
13C NMR (75.47 MHz, DMSO-d6) d (ppm): 199.6, 162.4, 155.8, 145.0, 137.2, 120.4, 

111.2, 107.0, 101.9, 63.1, 55.7. 

IR umax (cm-1) (KBr): 3545, 3385, 2940, 2360, 2342, 1589, 1456, 1418, 1351 1275, 

1255, 1239, 1121, 827, 766, 752, 710. 

EIMS m/z (%): 505 (4), 402 (12), 401 (28), 312 (13), 311 (10), 270 (12), 269 (28), 

268 (26), 267 (100), 265 (14), 244 (12), 195 (10), 177 (17), 149 (16), 147 (11), 90 (12), 75 (11), 

73 (83).
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3.8.4. Synthesis of 8-hydroxy-3-(hydroxymethyl)-1-methoxy-9H-

xanthen-9-one (24). 
 

In a reaction vessel of 35 mL, it was placed (2,6-dihydroxyphenyl)(4-

(hydroxymethyl)-2,6-dimethoxyphenyl)methanone (550 mg, 1.52 mmol) and then added 

water/methanol (9:1). To the solution was added NaOH (868 mg, 21.69 mmol) and the 

reaction vessel was placed in the microwave, heated until 130ºC for 10 minutes. After that 

time, HCl 5 % and water were added to the vessel and mixture was filtered under pressure, 

yielding an orange solid and it was used for the next reaction (311 mg, 63 %). 

Purification: The crude product (15 mg) was purified by preparative TLC                            

(n-hexane/ethyl acetate 7:3 with 1% of formic acid), allowing a yellow solid (8 mg). 

 

 

m. p.: 236 – 238 ºC. 
1H NMR (500.16 MHz, DMSO-d6) d (ppm): 13.12 (OH, s), 7.65 (H, t, J = 8.2 Hz), 

7.08 (H, s), 6.98 (H, d, J = 8.2 Hz), 6.97 (H, s), 6.75 (H, d, J = 8.2 Hz),                                                 

5.64 (OH, t, J = 5.0 Hz), 4.64 (2H, d, J = 5.0 Hz), 3.92 (3H, s). 
13C NMR (125.77 MHz, DMSO-d6) d (ppm): 181.6, 161.3, 160.2, 157.5, 155.0, 153.2, 

136.8, 110.4, 108.8, 108.8, 106.6, 106.2, 104.0, 62.4, 56.4. 

IR umax (cm-1) (KBr): 3471, 2920, 2851, 1655, 1607, 1558, 1504, 1476, 1464, 1428, 

1361, 1327, 1264, 1224, 1209, 1133, 1111, 1091, 1068, 826, 790. 

EIMS m/z (%): 416 (0.5, [M+TMS]+), 401 (52), 341 (21), 315 (21), 314 (18), 312 (20), 

311 (18), 299 (30), 298 (16), 297 (36), 296 (16), 287 (16), 286 (18), 285 (27), 272 (18),          

270 (28), 269 (72), 253 (15), 252 (25), 239 (27), 237 (16), 223 (19), 89 (31), 73 (100), 59 (31).
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3.8.5. Synthesis of 8-hydroxy-1-methoxy-9-oxo-9H-xanthene-3-

carboxylic acid - Analogue C (25). 
 

In Erlenmeyer of 25 mL, it was placed the periodic acid (2.99 g, 13.1 mmol) and 

Chromium(VI) oxide (6 mg, 63 µmol) and then dissolved in wet acetonitrile (75 %). In a 

round-bottom flask, it was placed 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-methyl-9H-

xanthen-9-one (150 mg, 845 µmol) and dissolved in wet acetonitrile (75 %), posteriorly 

adding 6.6 mL of the H5IO6/CrO3 solution over 3 hours. The reaction mixture stayed at room 

temperature, stirring for 3 hours. After this time, NaHSO3 was added and the solution was 

extracted with ethyl acetate (3 x 15 mL). The organic layer was dried under Na2SO4, filtered 

and the solvent evaporated. The crude product was used for the next reaction (50 mg,            

37 %). 

Purification: The crude product (50 mg) was purified by preparative TLC                       

(n-hexane/ethyl acetate 7:3 with 1% of formic acid), allowing a yellow solid (7 mg). 

 

 

m. p.: 239 – 241 ºC. 
1H NMR (500.16 MHz, DMSO-d6) d (ppm): 13.19 (OH, s), 7.65 (H, t, J = 8.2 Hz), 

7.46 (H, s), 7.43 (H, s), 6.99 (H, d, J = 8.2 Hz), 6.74 (H, d, J = 8.2 Hz), 3.93 (3H, s). 
13C NMR (125.77 MHz, DMSO-d6) d (ppm): 181.8, 165.8, 161.3, 159.6, 157.0, 155.2, 

136.5, 129.4, 110.0, 109.9, 108.8, 107.2, 106.6, 106.5, 56.0. 

IR umax (cm-1) (KBr): 3447, 2922, 1708, 1654, 1594, 1473, 1384, 1352, 1261, 1100. 

EIMS m/z (%): 416 (19), 415 (22), 372 (13), 371 (13), 343 (14), 299 (14), 297 (60), 

295 (11), 269 (11), 253 (12), 245 (16), 241 (13), 74 (14), 73 (100).
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3.8.6. Synthesis of methyl 8-hydroxy-1-methoxy-9-oxo-9H-xanthene-3-

carboxylate - Analogue B (26). 
 

In a round-bottom flask, it was placed 8-hydroxy-1-methoxy-9-oxo-9H-xanthene-3-

carboxylic acid (40 mg, 133 µmol) in methanol and then added sulfuric acid (21 µL,                   

400 µmol). The reaction mixture was heated until the boiling point of methanol and stayed 

stirring over the weekend. To the flask, it was added water and sodium bicarbonate and the 

solution extracted with ethyl acetate (3 x 10 mL). The organic layer was dried under Na2SO4, 

filtered and the solvent evaporated. The crude product was purified by preparative TLC       

(n-hexane/ethyl acetate 7:3 with 1% of formic acid), allowing a yellow solid (5 mg, 12 %). 

 

 

m. p.: 177 – 179 ºC. 
1H NMR (500.16 MHz, DMSO-d6) d (ppm): 12.82 (H, s), 7.71 (H, t, J = 8.3 Hz),    

7.62 (H, s), 7.42 (H, s), 7.03 (H, d, J = 8.3 Hz), 6.81 (H, d, J = 8.3 Hz), 4.02 (H, s),                  

3.95 (H, s). 
13C NMR (125.77 MHz, DMSO-d6) d (ppm): 181.5, 164.8, 161.1, 160.5, 157.1, 154.9, 

137.2, 136.1, 113.0, 110.7, 110.2, 109.4, 106.0, 102.8, 56.7, 53.1. 

IR umax (cm-1) (KBr): 3446, 2921, 2851, 1728, 1647, 1636, 1617, 1592, 1559, 1472, 

1458, 1435, 1419, 1325, 1307, 1231, 1209, 1114, 1098, 762. 

EIMS m/z (%): 372 (2, [M+TMS]+), 358 (12), 357 (48), 322 (21), 285 (24),                 

284 (100), 283 (12), 257 (22), 256 (99), 255 (18), 202 (12), 198 (11), 185 (13), 165 (11),              

73 (10).
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4. Results and Discussion 
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4.1. Synthesis 

 

4.1.1. Retrosynthesis and designing the synthetic process 
 

The first step towards the total synthesis of Yicathins B and C is the retrosynthetic 

analysis, materialized in the retrosynthetic plan show in scheme 9. 

 

 
Scheme 9: Retrosynthetic analysis from the previous work. 

Taking into account the designed pathway, Yicathin C can be synthesized in 7 steps 

and Yicathin B can be synthesized from Yicathin C with an extra step. This pathway started 

with the synthesis of the building blocks, which will allow the synthesis of a key 

benzophenone by halogen/lithium exchange and posterior oxidation. The xanthone moiety 

is achieved by deprotection of the key benzophenone and posterior cyclization by aromatic 

nucleophilic substitution. Yicathin C is achieved by oxidation of the benzylic alcohol and the 

following esterification will yield Yicathin B. 

Total synthesis of Yicathins B and C was initiated in a previous work, leading up to 

the key benzophenone intermediate (scheme 10). 
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Scheme 10: Work developed by the fellow colleague. 

As mentioned before, this work aimed for the improvement of the already followed 

synthetic pathway and for exploration of the synthesis pathway from the key benzophenone 

towards the desired yicathins and analogues. Therefore, a new retrosynthetic plan was 

thought and it is represented in scheme 11. 
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Scheme 11: Retrosynthetic plan for the synthesis of Yicathins and respective analogues. 

The new retrosynthesis plan would decrease the number of steps in the synthesis of 

Yicathins, allowing a faster way to achieve the desired products. Exploiting two new 

building blocks, the key benzophenone can be obtained directly by a halogen/lithium 

exchange. The synthetic plan designed for this dissertation is summarized in scheme 12. 
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Scheme 12: Synthetic plan followed in this dissertation. 

 

For a better understanding, this chapter is divided into three main sections, wherein 

the first describing the synthesis of all building blocks and the final two are dedicated to the 

synthesis of Yicathin B and C and Analogues B and C. 
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4.1.2. Synthesis of Building Blocks. 

 

4.1.2.1. Synthesis of building block A. 

 

4.1.2.1.1. Synthesis of (4-bromo-3,5-dimethoxyphenyl)methanol (2). 

 

Scheme 13 shows the two pathways used to synthetize (4-bromo-3,5-

dimethoxyphenyl)methanol (2). 

 

 
Scheme 13: Reduction of 4-Bromo-3,5-dimethoxybenzoic acid. 

The first step requires the reduction of the carboxylic acid of 4-bromo-3,5-

dimethoxybenzoic acid to the corresponding benzylic alcohol.  

The most commonly used reducing agents are LiAlH4 and BH3. LiAlH4 is a 

promiscuous reagent, reducing various functional groups, however it is a slowly reducing 

agent when it comes to carboxylic acids [62]. Borane is a very strong Lewis acid allowing the 

selective and a rapid reduction of carboxylic acids [63, 64]. Borane is  commercially available 

as a complex with tetrahydrofuran or can be formed in situ through the reaction between 

sodium borohydride and iodine [65]. Therefore, the reduction of 4-bromo-3,5-

dimethoxybenzoic acid was performed with borane, either by a complex with 

tetrahydrofuran or by in situ formation by reaction of sodium borohydride with iodine. 

To 4-bromo-3,5-demethoxybenzoic acid in tetrahydrofuran, it was added 

borane:tetrahydrofuran complex. The reaction mixture was allowed to stir at room 

temperature for 2 hours, giving the desired product after work-up. Alternatively, to a 

suspension of sodium borohydride, it was added a suspension of the starting material, 

followed by addition of a suspension of iodine. The reaction mixture was allowed to stir at 

40ºC for 1ça2 hours, giving the desired product after work-up. Compound 2 was obtained 

following the two procedures with similar yields but with a difference in terms of time of 

reaction. 
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Compound 2 was identified based on FTIR, EIMS and 1H NMR. The FTIR spectrum 

showed a large stretching attributed to O-H at 3223 cm-1 and the absence of the 

characteristic band to the stretching of C=O. The EIMS show the typical bromine isotopic 

pattern with m/z 248 ([M+2]+, 79 %) and m/z 246 ([M]+, 84 %). The 1H NMR spectrum 

showed the two protons of the methylene group dH 4.49 (2H, d), the signal for the hydroxyl 

group dH 5.35 (H, t), the signals of the two methoxyl groups dH 3.82 (6H, s) and the aromatic 

protons dH 6.70 (2H, s). 

 

4.1.2.1.2. Synthesis of ((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-

butyl)dimethylsilane (3). 

 

Scheme 14 shows the synthesis of ((4-bromo-3,5-dimethoxybenzyl)oxy)(tert-

butyl)dimethylsilane (3). 

 

 
Scheme 14: Protection of (4-Bromo-3,5-dimethoxyphenyl)methanol. 

In order to obtain the desired building block A, the protection of the hydroxyl with 

tert-butyldimethylsilyl group was performed. Among the several protection groups of 

primary alcohol, the silyl ether is one of the most popular one [66]. The hydroxyl group 

protection is needed since it would interfere with further reactions, namely the 

halogen/lithium exchange, and the TBDMS ether is stable under this basic conditions [67]. 

So, TBDMSCl was added to the (4-Bromo-3,5-dimethoxyphenyl)methanol in 

anhydrous DMF, in the presence of imidazole, and the reaction was stirred at room 

temperature for 5 hours [68]. The desired product was achieved with 88 % yield. 

Compound 3 was identified based on FTIR, EIMS and 1H NMR. The FTIR spectrum 

showed the absence of the stretching band attributed to O-H bond. The EIMS show the 

typical bromine isotopic pattern with m/z 364 ([M+2]+, 2 %) and m/z 362 ([M]+, 3 %).  The 
1H NMR spectrum showed the signals for the methyl groups directly attached to the silyl 

group dH 0.07 (6H, s), the tert-butyl protons dH 0.90 (9H, s), two methoxyl groups                    

dH 3.79 (6H, s), the two protons of the methylene group dH 4.68 (2H, d) and the aromatic 

protons dH 6.66 (2H, s). 
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4.1.2.2. Synthesis of building block B. 
 

4.1.2.2.1. Synthesis of 1,3-bis(methoxymethoxy)-5-methylbenzene (5). 

 

Scheme 15 shows the synthesis of 1,3-bis(methoxymethoxy)-5-methylbenzene (5). 

 

 
Scheme 15: Protection of orcinol. 

The first step in the synthesis of building block B is the protection of the hydroxyl 

groups of orcinol with a methoxymethyl (MOM) group. 

In a similar way to the building block A, protection of the hydroxyl groups is a 

required step before the treatment with a strong base, such as n-BuLi. 

Keeping this in mind, the protect group should be resistant to basic conditions and 

later easily cleaved at mild conditions, so the MOM protection was used [67]. 

So, orcinol was treated with MOMCl in anhydrous DMF, in the presence of NaH.[69] 

The desired 1,3-bis(methoxymethoxy)-5-methylbenzene (5) was isolated, after purification, 

in 83 % yield. 

Compound 5 was identified based on FTIR, EIMS and 1H NMR. The FTIR spectrum 

showed the absence of phenol groups, as expected, and EIMS showed a structure congruent 

molecular peak with m/z 212 ([M]+). The 1H NMR spectrum showed the expected signals 

for the methyl group dH 2.23 (3H, s), the aromatic protons dH 6.47 (H, m) and                                    

dH 6.49 (2H, dd) and the protons characteristic from the introduction of the protecting 

group dH 3.36 (6H, s) and dH 5.14 (4H, s). 
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4.1.2.2.2. Synthesis of 2,6-bis(methoxymethoxy)-4-

methylbenzaldehyde (6). 

 

Scheme 16 shows the synthesis of 2,6-bis(methoxymethoxy)-4-

methylbenzaldehyde (6). 

 

 
Scheme 16: Formylation of 1,3-bis(methoxymethoxy)-5-methylbenzene. 

The formylation at the desired position needed to obtain the desired building block 

B, was achieved by directed ortho-metalation followed by an aromatic electrophilic 

substitution. 

The directed ortho-metalation consists in the deprotonation of the carbon ortho to 

a direct metalation group (DMG). In a first step, the alkyl lithium base coordinates with the 

heteroatom present in the DMG, in this case, the two MOM groups. After the coordination, 

the deprotonation takes place, yielding a nucleophilic lithiated intermediate. The lithiated 

intermediate is then treated with DMF, yielding a hemiaminal which is easily hydrolyzed 

during the work up into the desired aldehyde (scheme 17) [70, 71]. 

 

 
Scheme 17: Directed ortho-metalation mechanism. 

So, n-BuLi was added at 0ºC to 1,3-bis(methoxymethoxy)-5-methylbenzene in 

anhydrous THF, in the presence of TMEDA. After 1.5 hours stirring at room temperature, 

anhydrous DMF was added and the reaction was stirred at room temperature for 2 hours.[69] 

The desired building block B was obtained, after purification, in 83 % yield.  

Compound 6 was identified based on FTIR, EIMS and 1H NMR. The FTIR spectrum 

showed the typical carbonyl band at 1683, and EIMS showed an peak with m/z 241 

([M+1]+). The 1H NMR spectrum showed the signal of the aldehyde proton dH 10.37 (H, s). 
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Additionally, the 1H NMR spectrum also showed the expected signals for the methyl group 

dH 2.31 (3H, s), the aromatic protons dH 6.70 (2H, s) and the protons characteristic of the 

protecting group dH 3.40 (6H, s) and dH 5.25 (4H, s). 

 

 

4.1.2.3. Synthesis of building block C. 

 

4.1.2.3.1. Synthesis of methyl 2,6-bis(methoxymethoxy)-4-

methylbenzoate (8). 

 

Scheme 18 show the synthesis of methyl 2,6-bis(methoxymethoxy)-4-

methylbenzoate (8). 

 

 
Scheme 18: Protection of methyl 2,6-dihydroxy-4-methylbenzoate. 

As previously discussed in section 4.1.2.2.1., the protection of the phenol group is 

mandatory and it was also achieved by reaction with chloro methyl methylether. 

So, methyl 2,6-dihydroxy-4-methylbenzoate was treated with MOMCl in anhydrous 

DMF, in the presence of NaH [69], giving the compound 8 in 72 % yield. 

Compound 8 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the absence of the band attributed to the phenol group 

and EIMS showed a compatible molecular peak of m/z 270 ([M]+). The 1H NMR spectrum 

showed the expected signals for the methyl group dH 2.28 (3H, s), the protons from the ester 

group dH 3.77 (3H, s), the aromatic protons dH 6.67 (2H, s) and the protons characteristic of 

the MOM group dH 3.34 (6H, s) and dH 5.17 (4H, s). The 13C NMR presented 9 signals. The 

main connectivities of HMBC are presented in figure 6 and all the assignments are 

summarized in table 1. 

 

 
Figure 6: Main connectivities in HMBC spectrum for compound 8. 
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Table 1: Chemical shifts and assignments of compound 8. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1b-H 3.77 (s) 1 112.8 
2a-H and 6a-H 5.17 (s) 1b 52.1 
2b-H and 6b-H 3.34 (s) 1a 166.1 

3-H and 5-H 6.67 (s) 2 and 6 153.9 
4a-H 2.28 (s) 3 and 5 108.8 

 

2a and 6a 94.0 
2b and 6b 55.7 

4 141.1 

4a 21.7 
aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 

bValues in ppm (dC) measured at 75.47 MHz. 
 

 

4.1.2.4. Synthesis of building block D. 

 

4.1.2.4.1. Synthesis of 1,3-bis(methoxymethoxy)benzene (10). 

 

Scheme 19 shows the synthesis of 1,3-bis(methoxymethoxy)benzene (10). 

 

 
Scheme 19: Protection of resorcinol. 

The first step in the synthesis of building block D is the MOM protection of resorcinol 

phenol groups. 

In a similar way to 4.1.2.2.1., resorcinol was treated with MOMCl in anhydrous 

DMF, in the presence of NaH [69], giving the desired 1,3-bis(methoxymethoxy)benzene (10) 

in 81 % yield.  

Compound 10 was identified based on FTIR, EIMS and 1H NMR. The FTIR 

spectrum showed the absence of the band attributed to the phenol groups, and EIMS 

showed the peak with m/z 199 ([M+1]+) and with m/z 198 ([M]+). The 1H NMR spectrum 

showed the expected signals for the aromatic protons dH 7.20 (H, m) and dH 6.66 (3H, m) 

and the signals ascribed to the protecting group dH 3.37 (6H, s) and dH 5.16 (4H, s).
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4.1.2.4.2. Synthesis of 2,6-bis(methoxymethoxy)benzaldehyde (11). 

 

Scheme 20 shows the synthesis of 2,6-bis(methoxymethoxy)benzaldehyde (11). 

 

 
Scheme 20: Formylation of 1,3-bis(methoxymethoxy)benzene. 

To obtain the desired building block D, an aldehyde, it is needed the formylation of 

the protected resorcinol by directed ortho-metalation. 

As established before in 4.1.2.2.2., to 1,3-bis(methoxymethoxy)benzene and 

TMEDA in anhydrous THF, it was added n-BuLi, at 0ºC. After 1.5 hours stirring at room 

temperature, it was added anhydrous DMF, staying at room temperature for 2 hours.[69] The 

desired building block D was obtained, after purification, in 44 % yield. 

Compound 11 was identified based on FTIR, EIMS and 1H NMR. The FTIR spectrum 

showed the appearance of carbonyl group and EIMS showed m/z 227 ([M+1]+) and                

m/z 226 ([M]+). The 1H NMR spectrum showed the expected signals for the aromatic 

protons dH 7.50 (H, t) and dH 6.86 (2H, d), the protons characteristic of the protecting group                   

dH 3.40 (6H, s) and dH 5.27 (4H, s) and the proton from the aldehyde dH 10.42 (H, s). 

 

 

4.1.2.5. Synthesis of building block E 

 

4.1.2.5.1. Synthesis of methyl 2,6-dihydroxybenzoate (13). 

 

Scheme 21 shows the synthesis of methyl 2,6-dihydroxybenzoate (13). 

 

 
Scheme 21: O-Methylation of 2,6-dihydroxybenzoic acid. 

MOMO OMOM MOMO OMOM
Li

Li

N
N

Anhydrous THF, N2,
0ºC to rt, 1.5 h

MOMO OMOMH N

O

10 11

OH

OHHO

OHO

OHHO

OO CH3K2CO3

Anhydrous Acetone,
N2, 0ºC to rt, 5 h

H3CO S OCH3

O

O

12 13



 

 62 

The first step in the synthesis of building block E is the esterification of                          

2,6-dihydroxybenzoic acid, which was achieved by an O-methylation with dimethyl 

sulphate. 

Dimethyl sulphate have been used as an alkylating agent for alcohols, carboxylic 

acids, phenols, lactams and other nucleophilic groups [72]. In 1964, Stodola et al.[73] 

described a methodology using dimethyl sulfate to produce methyl esters from carboxylic 

acids. Later, in 2005, Henry and Townsend[74] used dimethyl sulphate and potassium 

carbonate for the selective esterification of trihydoxybenzoic acid. 

So, to 2,6-dihydroxibenzoic acid and potassium carbonate in anhydrous acetone, 

dimethyl sulfate was added and the reaction was stirred at room temperature for                                    

5 hours [74]. After purification, the desired product was achieved in 76 %. 

Compound 13 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the typical band absorption of esters at 1205 and EIMS 

showed the peak with m/z 169 ([M+1]+) and with m/z 168 ([M]+). The 1H NMR spectrum 

showed the expected signals of the aromatic protons dH 6.35 (2H, d) and dH 7.10 (H, t), the 

hydroxyl groups dH 9.99 (2OH, s) and the protons from the ester moiety dH 3.99 (3H, s). The 
13C NMR presented 6 signals. The main connectivities of HMBC are presented in figure 7 

and all the assignments are presented in table 2. 

 

 
Figure 7: Main connectivities in HMBC spectrum for compound 13. 

Table 2: Chemical shifts and assignments of compound 13. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1b-H 3.99 (s) 1 107.3 
2-OH and 6-OH 9.99 (s) 1a 168.4 

3-H and 5-H 6.65 (d, J = 8.2) 1b 52.0 
4-H 7.10 (t, J = 8.2) 2 and 6 157.3 

 

3 and 5 106.8 
4 132.4 

 
aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 

bValues in ppm (dC) measured at 75.47 MHz.
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4.1.2.5.2. Synthesis of methyl 2,6-bis(methoxymethoxy)benzoate (14). 

 

Scheme 22 shows the synthesis of methyl 2,6-bis(methoxymethoxy)benzoate (14). 

 

 
Scheme 22: Protection of methyl 2,6-dihydroxybenzoate. 

The following step towards the building block E is the MOM protection of the phenol 

groups. 

In a similar way to 4.1.2.2.1., methyl 2,6-dihydroxybenzoate was treated with 

MOMCl in anhydrous DMF, in the presence of NaH [69]. The desired product was obtained, 

after purification, in 71 % yield.  

Compound 14 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the absence of the band ascribed to the phenol group 

and EIMS showed a structure congruent molecular peak with m/z 256 ([M]+). The 1H NMR 

spectrum showed the protons of MOM group dH 3.35 (6H, s) and dH 5.20 (4H, s). The             
13C NMR presented 9 signals. The main connectivities of HMBC are presented in figure 8 

and all the assignments are presented in table 3.  

 

 
Figure 8: Main connectivities in HMBC spectrum for compound 14. 

Table 3: Chemical shifts and assignments of compound 14. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1b-H 3.80 (s) 1 115.4 
2a-H and 6a-H 5.20 (s) 1a 165.8 
2b-H and 6b-H 3.35 (s) 1b 52.1 

3-H and 5-H 6.84 (d, J = 8.4) 2 and 6 154.0 
4-H 7.32 (t, J = 8.4) 2a and 6a 94.0 

 

2b and 6b 55.7 
3 and 5 108.1 

4 130.9 
 

aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz.
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4.1.3. Synthesis of Yicanthins B and C. 

 

4.1.3.1. Synthesis of (2,6-bis(methoxymethoxy)-4-
methylphenyl)(4-(((tert-butyldimethylsilyl)oxy)methyl)-2,6-

dimethoxyphenyl)methanol (15). 
 

Scheme 23 shows the synthesis of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-

(((tert-butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (15). 

 

 
Scheme 23: Halogen/Lithium exchange of building block A and posterior SEAr with building block B. 

As discussed in the introduction chapter, the most common route to xanthones 

involves the synthesis of a benzophenone as a key intermediate [37, 55]. Among the several 

methodologies described for the synthesis of benzophenones, halogen/lithium exchange is 

one of the most successful, allowing the synthesis of structural diverse benzophenones with 

good yields [55]. 

The halogen/lithium exchange was first described by Wittig in 1938 but it was only 

in 1939 that was reported in the introduction of new groups in halogenated compounds [43]. 

The exact mechanism has not been fully elucidated, however two possible mechanisms have 

been proposed: the first one involves radical intermediates and the second one is through 

to be a nucleophilic substitution. 

In this case, the halogen/lithum exchange of building block A leads to formation of 

a lithiated intermediate, which is added to the aldehyde in building block B, yielding a 

diarylmethanol, by an aromatic electrophilic substitution  

So, n-BuLi was added, at -78ºC, to building block A in freshly dried THF. After 5 

minutes, building block B was added, staying at -78ºC for 1.5 h. After this time, the mixture 

was allowed to warm up until room temperature and is stirred for 1.5 h. The desired 

diarylmethanol was obtained in 41 % yield. 

From a practical point of view, this reaction is very sensitive to the experimental 

conditions, namely in the anhydrous state of solvents/reaction. Therefore, two variations of 

the abovementioned procedure were tested. The use of nitrogen flow and THF distilled 
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under sodium[57] and kept in 3Å sieves[75] resulted in the synthesis of compound 15 in low 

yield (5 %) . The major product corresponded to the dehalogenated product of building 

block A. It was hypothesized that the quantity of water present in this apparatus promoted 

the protonation of lithiated intermediate, avoiding the reaction with building block B. The 

use of argon atmosphere and the use of THF directly from the distillation apparatus resulted 

in the synthesis of compound 15 in higher yield (41% vs. 5%). 

Compound 15 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the typical alcohol OH stretching band at 3565 cm-1. 

and EIMS spectrum showed a peak with m/z 523 ([M+1]+). 1H NMR showed the signals 

similar to the ones attributed in building block A and B. From building block A, it was 

attributed the signals corresponding to the methyl groups directly attached to the silyl group                        

dH 0.20 (6H, s), the tert-butyl protons dH 1.04 (9H, s), two methoxyl groups dH 3.84 (6H, s), 

the two protons of the methylene group dH 4.78 (2H, d), and the aromatic protons                       

dH 6.68 (2H, s). From building block B, it was attributed the signals corresponding to the 

proton from the methyl group dH 2.34 (3H, s), the MOM protons dH 3.34 (6H, s) and                   

dH 5.22 (4H, s) and the aromatic protons dH 6.64 (2H, s). The diarylmethanol moiety was 

confirmed by the presence of the hydroxyl proton dH 6.53 (OH, d) and the proton of the 

attached carbon dH 5.51 (H, d), with equal coupling constants (J = 10.3 Hz). The 13C NMR 

presented 17 signals. The main connectivities of HMBC are presented in figure 9 and all the 

assignments are presented in table 4. 

 

 
Figure 9: Main connectivities in HMBC spectrum for compound 15. 
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Table 4: Chemical shifts and assignments of compound 15. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1a-H and 4b-H 5.22 (s) 1 and 4a 155.3 
1b-H and 4c-H 3.34 (s) 1a and 4b 94.1 
2-H and 4-H 6.64 (s) 1b and 4c 55.5 

3a-H 2.34 (s) 2 and 4 108.5 
5-H and 7-H 6.68 (s) 3 137.1 

6a-H 4.78 (s) 3a 21.4 
8b-H and 10b-H 3.84 (s) 5 and 7 101.8 

9-H 5.51 (d, J = 10.3) 6 141.3 
9-OH 6.53 (d, J = 10.3) 6a 64.2 
1’-H 0.20 (s) 8 and 10a 157.7 
3’-H 1.04 (s) 8a 117.9 

 

8b and 10b 55.6 
9 63.4 

9a 118.9 
1’ -5.3 
2’ 18.0 
3’ 25.8 

aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz.
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4.1.3.2. Synthesis of (2,6-bis(methoxymethoxy)-4-

methylphenyl)(4-(((tert-butyldimethylsilyl)oxy)methyl)-2,6-
dimethoxyphenyl)methanone (16). 

 

4.1.3.2.1. Via oxidation of diarylmethanol (15). 

 

Scheme 24 shows the synthesis of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-

(((tert-butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanone (16). 

 

 
Scheme 24: Oxidation of diarylmethanol to benzophenone. 

The treatment of the lithiated intermediate, formed by halogen/lithium exchange, 

with an aldehyde, such as building block B, yields a diarylmethanol, which need to be 

further oxidized to benzophenone. 

The oxidation of this secondary alcohol to ketone will allow the formation of the key 

intermediate, the benzophenone. This can be done by various oxidating agents, such as 

manganese dioxide, Dess-Martin periodinane (DMP) and 2-iodoxybenzoic acid (IBX).[76, 77] 

In our previous work, manganese dioxide does not produced the desired compound.[56] 

So, DMP was added to the diarylmethanol in dichloromethane and the reaction was 

stirred at room temperature for 5 hours. The desired benzophenone was obtained, after 

purification, in 49 % yield. Additionality, IBX was added to the diarylmethanol in DMSO 

and the reaction was stirred at room temperature for 15 hours. The desired benzophenone 

was obtained in 90 % yield. 

Compound 16 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the presence of the band ascribed to the carbonyl group 

at 1704 cm-1. The EIMS spectrum did not show a peak with m/z value compatible with the 

molecular mass of the desired compound. Nevertheless, several peaks were identified as 

fragments compatible with the fragmentation of the desired compound (figure 10). 
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Figure 10: Principal fragments from EIMS. 

The 1H NMR and 13C NMR showed a similar profile to compound 15, with the 

expected exception of the hydroxyl signal absence in the 1H NMR spectrum and the presence 

of the carbonyl signal in the 13C NMR spectrum. The main connectivities of HMBC are 

presented in figure 11 and all the assignments are presented in table 5. 

 

 
Figure 11: Main connectivities in HMBC spectrum for compound 16. 

Table 5: Chemical shifts and assignments of compound 16. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1a-H and 4b-H 4.99 (s) 1 and 4a 155.1 
1b-H and 4c-H 3.17 (s) 1a and 4b 93.9 
2-H and 4-H 6.54 (s) 1b and 4c 55.5 

3a-H 2.25 (s) 2 and 4 108.6 
5-H and 7-H 6.59 (s) 3 140.9 

6a-H 4.68 (s) 3a 21.8 
8b-H and 10b-H 3.60 (s) 5 and 7 101.8 

1’-H 0.07 (s) 6 145.2 
3’-H 0.91 (s) 6a 64.2 

 

8 and 10a 157.9 
8a 119.8 

8b and 10b 55.9 
9 192.0 

9a 120.4 
1’ -5.2 
2’ 18.1 
3’ 25.9 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz.
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4.1.3.2.2. Via reaction of building block A with building block C. 

 

Scheme 25 shows the synthesis of (2,6-bis(methoxymethoxy)-4-methylphenyl)(4-

(((tert-butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanone (16). 

 

 
Scheme 25: Halogen/lithium exchange of building block A and posterior SEAr with building block C. 

A similar approach to the diarylmethanol synthesis, a halogen/lithium exchange and 

posterior SEAr was used. However, in this case, an ester was used as the electrophile, which 

allows the synthesis of the key intermediate in just one step. 

So, n-BuLi was added to building block A in freshly dried THF at -78ºC. After 5 

minutes, building block C was added and the reaction was stirred for 1.5 h. After this time, 

the reaction mixture was allowed to warm up until room temperature for another 1 h. The 

desired benzophenone was obtained, after purification, in relatively low yield (21 %). 

 

 

4.1.3.3. Synthesis of (2,6-dihydroxy-4-methylphenyl)(4-
(hydroxymethyl)-2,6-dimethoxyphenyl)methanone (17). 

 

Scheme 26 shows the synthesis of (2,6-dihydroxy-4-methylphenyl)(4-

(hydroxymethyl)-2,6-dimethoxyphenyl)methanone (17). 

 

 
Scheme 26: Deprotection of benzophenone 16. 

The next step for the synthesis of the xanthone scaffold is the deprotection of the 

phenolic function. There are several methodologies for deprotection of phenols protected 

with MOM groups [78]. Under acid conditions promoted by p-toluenesulphonic acid, it is 
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expected that besides the MOM deprotection, the cleavage of the TBMDS protecting group 

can also occur [79]. This methodology was followed since the non-selective deprotection do 

not influence the course of the folowing reactions. 

So, p-toluenesulphonic acid was added to (2,6-bis(methoxymethoxy)-4-

methylphenyl)(4-(((tert-butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanone 

in methanol and the mixture was kept at 50 ºC for 5 hours. The desired compound was 

achieved in 88% yield. 

Compound 17 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the typical OH stretching band at 3447 cm-1 and EIMS 

spectrum showed a structure compatible molecular peak with m/z 534 ([M+TMS]+). The   
1H NMR shows the signals attributed to the protons resulting from the deprotection: the 

phenol groups dH 11.62 (2OH, s) and the primary alcohol dH 5.10 (OH, s). The 13C NMR 

shows 12 signals. The main connectivities of HMBC are presented in figure 12 and all the 

assignments are in table 6. 

 

 
Figure 12: Main connectivities in HMBC spectrum for compound 17. 

Table 6: Chemical shifts and assignments of compound 17. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH and 4a-OH 11.62 (s) 1 and 4a 162.3 
2-H and 4-H 6.14 (s) 2 and 4 107.7 

3a-H 2.20 (s) 3 148.4 
5-H and 7-H 6.67 (s) 3a 21.7 

6a-H 4.55 (s) 5 and 7 101.9 
6a-OH 5.10 (s) 6 144.8 

8a-H and 10b-H 3.70 (s) 6a 63.0 

 

8 and 10a 155.7 
8a 120.4 

8b and 10b 55.7 
9 198.8 

9a 109.1 
  

aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz.
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4.1.3.4. Synthesis of 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-

methyl-9H-xanthen-9-one (18). 
 

Scheme 27 shows the synthesis of 1-hydroxy-6-(hydroxymethyl)-8-methoxy-3-

methyl-9H-xanthen-9-one (18). 

 

 
Scheme 27: Cyclization of compound 17. 

Once deprotected, the benzophenone can be easily cyclized to the xanthone skeleton 

by a nucleophilic aromatic substitution. It has been described in the literature several 

methods to promote this cyclization [55]. Our group of investigation have reported a green 

methodology assisted by microwave heating and using water as a solvent [80]. 

So, compound 17 dissolved in a mixture of water/methanol (9:1), in the presence of 

NaOH was heated under microwave for 5 minutes and the desired product was obtained by 

precipitation and filtration. 

Compound 18 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the presence of a band ascribed to the carbonyl group 

at 1651 cm-1 and the EIMS spectrum showed a structure compatible molecular peak with 

m/z 431 ([M+TMS]+). The 1H NMR shows the disappearance of protons from one methoxy 

and one phenol group. The 13C NMR shows 16 signals. The main connectivities of HMBC 

are presented in figure 13 and all the assignments are presented in table 7. 

 

 
Figure 13: Main connectivities in HMBC spectrum for compound 18.
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Table 7: Chemical shifts and assignments of compound 18. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH 13.03 (s) 1 161.0 
2-H 6.57 (s) 2 111.0 

3a-H 2.35 (s) 3 148.2 
4-H 6.78 (s) 3a 21.9 
5-H 7.02 (s) 4 106.8 

6a-H 4.62 (d, J = 5.7) 4a 154.8 
6a-OH 5.61 (t, J = 5.7) 5 106.2 

7-H 6.92 (s) 6 152.9 
8b-H 3.90 (s) 6a 62.4 

 

7 103.9 
8 160.1 

8a 108.8 
8b 56.3 
9 181.1 

9a 106.7 
10a 157.4 

aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz. 

 

 

4.1.3.5. Synthesis of 8-hydroxy-1-methoxy-6-methyl-9-oxo-9H-

xanthene-3-carboxylic acid - Yicathin C (19). 
 

Scheme 28 shows the synthesis of Yicathin C (19). 

 

 
Scheme 28: Oxidation of compound 19. 

The final step for the synthesis of Yicathin C is the oxidation of the primary alcohol 

attached to the carbon 6. There are several ways to oxidize a primary alcohol to a carboxylic 

acid, which can be grouped in chromium-based, permanganate-based and oxygen-based 

methods [81]. 

In this work, several methods were employed. The first method tested was the 

classical Jones oxidation, a mixture of chromic trioxide in diluted sulfuric acid, which forms 
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chromic acid in situ [82]. So, solution with sulfuric acid and chromium (VI) oxide was added 

to compound 18 dissolved in acetone. By monitoring the reaction by TLC, it was possible to 

observe the full disappearance of the starting material within only 30 minutes. However, 

the crude product was composed by 4 products, in similar concentrations. Compound 19 

was obtained in 20 % yield. 
A modified version of the Jones oxidation, where periodic acid is used instead of 

sulfuric acid, was also used, since it has been described in the literatures with greater yields 
[83]. So, a solution of periodic acid and chromium (VI) oxide was added to compound 18 
dissolved in wet acetonitrile at 0ºC. The reaction was followed by TLC and only after 40h 

the complete disappearance of the starting material was observed. Compound 19 was 

obtained in 50% yield. 
An classical potassium permanganate oxidation[84] and a greener MW-assisted 

hydrogen peroxide-based oxidation[85] were also tested. However, the desired compound 

was not achieved, being the major product the starting material, compound 18. 

Compound 19 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the bands at 3446 cm-1 and 1718 cm-1 ascribed to the 

hydroxyl and carbonyl stretching of the carboxylic acid. The EIMS spectrum showed the 

structure compatible molecular peak with m/z 445 ([M+TMS]+). The 1H NMR spectrum 

showed the disappearance of the two methylene protons. The 13C NMR showed 16 signals. 

The main connectivities of HMBC are presented in figure 14 and all the assignments are 

presented in table 8. 

 

 
Figure 14: Main connectivities in HMBC spectrum for compound 19.
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Table 8: Chemical shifts and assignments of compound 19. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH 12.74 (s) 1 160.9 
2-H 6.63 (q, J = 1.3) 2 111.4 

3a-H 2.39 (s) 3 148.9 
4-H 6.83 (q, J = 1.3) 3a 21.9 
5-H 7.54 (d, J = 1.4) 4 107.0 

6a-OH 13.85 (s) 4a 154.7 
7-H 7.36 (d, J =1.4) 5 110.2 

8b-H 3.93 (s) 6 135.9 

 

6a 160.4 
7 105.8 
8 164.8 

8a 112.9 
8b 53.0 
9 180.8 

9a 107.1 
10a 154.7 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 125.77 MHz. 

 

 

4.1.3.6. Synthesis of methyl 8-hydroxy-1-methoxy-6-methyl-9-oxo-

9H-xanthene-3-carboxylate - Yicathin B (20). 
 

Scheme 29 shows the synthesis of Yicathin B (20). 

 

 
Scheme 29: Esterification of compound 19. 

Accordingly to the retrosynthetic plan, Yicathin B can be obtained by esterification 

of Yicathin C, by a simple Fischer esterification [86]. So, compound 19 dissolved in methanol, 

in the presence of sulfuric acid, was refluxed overnight. The desired product was achieved 

after purification in 55 % yield. 

Compound 20 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed absence of the band ascribed to the hydroxyl of the 

carboxylic acid and the EIMS spectrum showed the structure compatible molecular peak 

with m/z 387 ([M+TMS]+). The 1H NMR is similar to the previous compound, except in the 

absence of the hydroxyl signal from the carboxylic acid and the presence of the methyl group 
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from the ester at dH 5.76 (3H, s). The 13C NMR showed 17 signals. The main connectivities 

of HMBC are presented in figure 15 and all the assignments are presented in table 9. 

 

 
Figure 15: Main connectivities in HMBC spectrum for compound 20. 

Table 9: Chemical shifts and assignments of compound 20. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH 12.72 (s) 1 160.8 
2-H 6.62 (q, J = 1.3) 2 111.4 

3a-H 2.83 (s) 3 148.9 
4-H 6.81 (q, J = 1.3) 3a 21.9 
5-H 7.51 (d, J = 1.4) 4 107.0 

6b-H 3.98 (s) 4a 154.7 
7-H 7.34 (d, J =1.4) 5 110.2 

8b-H 3.93 (s) 6 135.8 

 

6a 160.4 
6b 56.6 
7 105.7 
8 164.8 

8a 112.9 
8b 53.0 
9 180.8 

9a 106.9 
10a 157.0 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 125.77 MHz.
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4.1.4. Synthesis of Analogues B and C. 

 

4.1.4.1. Synthesis of (2,6-bis(methoxymethoxy)phenyl)(4-(((tert-
butyldimethylsilyl)oxy)methyl)-2,6-

dimethoxyphenyl)methanol (21). 
 

Scheme 30 shows the synthesis of ((2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanol (21). 

 

 
Scheme 30: Halogen/Lithium exchange of building block A and posterior SEAr with building block D. 

In a similar way to 4.1.3.1., the halogen/lithium exchange and posterior SEAr with 

an aldehyde will produce the precursor diarylmethanol intermediate. 

So, n-BuLi was added at -78ºC to building block A in freshly dried THF. After 5 

minutes, building block D was added and the reaction was stirred for 1.5 h at -78 ºC. After 

this time, the mixture was allowed to warm up until room temperature for 1 h. The desired 

diarylmethanol was obtained, after purification, in 87 % yield. 

Compound 21 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the presence of the alcohol band ascribed at 3511 cm-1. 

The EIMS spectrum did not show a peak with m/z value compatible with the molecular 

mass of the desired compound. Nevertheless, several peaks were identified as fragments 

compatible with the fragmentation of the desired compound (figure 16). 

 

 
Figure 16: Principal fragments from EIMS. 
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methyl groups directly attached to the silyl group dH 0.07 (6H, s), the tert-butyl protons      

dH 0.91 (9H, s), two methoxyl groups dH 3.71 (6H, s), the two protons of the methylene group 

dH 4.65 (2H, d) and the aromatic protons dH 6.56 (2H, s). From building block D, it was 

identified the signals from the MOM protons dH 3.25 (6H, s) and dH 5.11 (4H, s) and the 

aromatic protons dH 6.68 (2H, d, J = 8.3 Hz) and dH 7.07 (H, t, J = 8.3 Hz). The 

diarylmethanol moiety is confirmed by the presence of the hydroxyl proton dH 6.45 (OH, d, 

J = 10.2 Hz) and the proton of the attached carbon dH 5.42 (H, d, J = 10.2 Hz). The 13C NMR 

presented 16 signals. The main connectivities of HMBC are presented in figure 17 and all 

the assignments are presented in table 10. 

 

 
Figure 17: Main connectivities in HMBC spectrum for compound 21. 

Table 10: Chemical shifts and assignments of compound 21. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1a-H and 4b-H 5.11 (s) 1 and 4a 155.5 
1b-H and 4c-H 3.25 (s) 1a and 4b 94.1 
2-H and 4-H 6.68 (d, J = 8.3) 1b and 4c 55.5 

3-H 7.07 (t, J = 8.3) 2 and 4 107.8 
5-H and 7-H 6.56 (s) 3 127.7 

6a-H 4.65 (s) 5 and 7 101.8 
8b-H and 10b-H 3.71 (s) 6 141.4 

9-H 5.42 (d, J = 10.2) 6a 64.2 
9-OH 6.45 (d, J = 10.2) 8 and 10a 157.7 
1’-H 0.07 (s) 8a 117.8 
3’-H 0.91 (s) 8b and 10b 55.7 

 

9 63.5 
9a 121.8 
1’ -5.2 
2’ 18.0 
3’ 25.8 
  

aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz.
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4.1.4.2. Synthesis of 2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-
dimethoxyphenyl)methanone (22). 

 

4.1.4.2.1. Via oxidation of diarylmethanol (21). 

 

Scheme 31 shows the synthesis of 2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanone (22). 

 

 
Scheme 31: Oxidation of diarylmethanol to benzophenone. 

In a similar way to 4.1.3.2.1., two oxidating agents were used to produce the 

benzophenone from the diarylmethanol intermediate. 

So, DMP was added to the diarylmethanol, in dichloromethane, and the reaction was 

stirred at room temperature for 5 hours. The desired benzophenone was obtained in 87 % 

yield. Additionally, IBX was added to diarylmethanol, in DMSO, and the reaction was 

stirred at room temperature for 5 hours. The desired benzophenone was achieved, after 

purification, with 80 % yield. 

Compound 22 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the absence of the band ascribed to the hydroxyl group, 

and the presence of the carbonyl band at 1682 cm-1. The EIMS spectrum showed the 

fragments with m/z 295, 237 and 193 compatible with fragmentation of the desired 

compound. 

The 1H NMR and 13C NMR spectra are similar to the compound 21 spectra. The 

differences were the absence in 1H NMR spectrum of the signal attributed to the hydroxyl 

group and the presence in the13C NMR spectrum of a carbonyl signal at 191.7 ppm. The main 

connectivities of HMBC are presented in figure 18 and all the assignments are presented in 

table 11. 
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Figure 18: Main connectivities in HMBC spectrum for compound 22. 

Table 11: Chemical shifts and assignments of compound 22. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1a-H and 4b-H 5.06 (s) 1 and 4a 154.9 
1b-H and 4c-H 3.21 (s) 1a and 4b 93.9 
2-H and 4-H 6.75 (d, J = 8.4) 1b and 4c 55.8 

3-H 7.27 (t, J = 8.4) 2 and 4 107.8 
5-H and 7-H 6.64 (s) 3 130.6 

6a-H 4.73 (s) 5 and 7 101.8 
8b-H and 10b-H 3.63 (s) 6 145.5 

1’-H 0.11 (s) 6a 64.1 
3’-H 0.95 (s) 8 and 10a 158.1 

 

8a 119.3 
8b and 10b 55.4 

9 191.7 
9a 123.0 
1’ -5.3 
2’ 18.0 
3’ 25.8 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 75.47 MHz. 

 

4.1.4.2.2. Via reaction of building block A with building block E. 

 

Scheme 32 shows the synthesis of 2,6-bis(methoxymethoxy)phenyl)(4-(((tert-

butyldimethylsilyl)oxy)methyl)-2,6-dimethoxyphenyl)methanone (22). 

 

 
Scheme 32: Halogen/lithium exchange of building block A and posterior SEAr with building block E. 

The one step synthesis of the benzophenone was also performed using an ester, 

building block E, as electrophile.  
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So, n-BuLi was added to building block A in freshly dried THF at -78ºC. After 5 

minutes, building block E was added and the reaction was stirred at -78 ºC for 1.5 h. After 

this time, the reaction mixture was allowed to warm up until room temperature for another 

1 h. The desired benzophenone was obtained, after purification, in relatively low yield           

(19 %). 

 

 

4.1.4.3. Synthesis of (2,6-dihydroxyphenyl)(4-(hydroxymethyl)-

2,6-dimethoxyphenyl)methanone (23). 
 

Scheme 33 shows the synthesis of (2,6-dihydroxyphenyl)(4-(hydroxymethyl)-2,6-

dimethoxyphenyl)methanone (23). 

 

 
Scheme 33: Deprotection of compound 22. 

In a similar way to 4.1.3.3., the deprotection of the benzophenone was conducted 

under acidic conditions. So, p-toluenesulphonic acid was added to compound 22 dissolved 

in methanol and the reaction was kept at 50 ºC for 5 hours. 

Compound 23 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR showed the appearance of O-H stretching bands at 3385 cm-1 and the 

EIMS spectrum did not show a structural compatible peak, however several peaks were 

identified as fragments compatible with the fragmentation of the desired compound. The 
1H NMR showed the alcohol hydroxyl proton at dH 5.32 (OH, s) and the phenolic protons  

dH 11.59 (2OH, s). The 13C NMR showed 11 signals. The main connectivities of HMBC are 

presented in figure 19 and all the assignments are presented in table 12. 

 

 
Figure 19: Main connectivities in HMBC spectrum for compound 23.
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Table 12: Chemical shifts and assignments of compound 23. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH and 4a-OH 11.59 (s) 1 and 4a 162.4 
2-H and 4-H 6.27 (d, J = 8.2) 2 and 4 107.0 

3-H 7.26 (t, J = 8.2) 3 137.2 
5-H and 7-H 6.65 (s) 5 and 7 101.9 

6a-H 4.52 (s) 6 145.0 
6a-OH 5.32 (s) 6a 63.1 

8a-H and 10b-H 3.67 (s) 8 and 10a 155.8 

 

8a 120.4 
8b and 10b 55.7 

9 199.6 
9a 111.2 

 
aValues in ppm (dH) measured at 300.13 MHz, multiplicity and J values (Hz) are shown in parentheses; 

bValues in ppm (dC) measured at 75.47 MHz. 

 

 

4.1.4.4. Synthesis of 8-hydroxy-3-(hydroxymethyl)-1-methoxy-9H-

xanthen-9-one (24). 
 

Scheme 34 shows the synthesis of 8-hydroxy-3-(hydroxymethyl)-1-methoxy-9H-

xanthen-9-one (24). 

 

 
Scheme 34: Cyclization of compound 23. 

In a similar way to 4.1.3.4., the cyclization towards xanthone was performed under 

MW irradiation. So, compound 23 dissolved in a mixture of water/methanol (9:1), in the 

presence of NaOH was heated under microwave for 5 minutes and the desired product was 

obtained by precipitation and filtration. 

Compound 24 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the presence of the band ascribed to the hydroxyl group 

at 3471 cm-1. The EIMS showed a structure compatible molecular peak with m/z 416 

([M+TMS]+). The 1H NMR spectrum showed the disappearance of the protons from one 

methoxy and one phenol group. The 13C NMR showed 15 signals. The main connectivities of 

HMBC are presented in figure 20 and all the assignments are presented in table 13. 
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Figure 20: Main connectivities in HMBC spectrum for compound 24. 

Table 13: Chemical shifts and assignments of compound 24. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH 13.12 (s) 1 161.3 
2-H 6.98 (d, J = 8.2) 2 106.6 
3-H 7.65 (t, J = 8.2) 3 136.8 
4-H 6.75 (d, J = 8.2) 4 110.4 
5-H 6.97 (s) 4a 155.0 

6a-H 4.64 (d, J = 5.0) 5 106.2 
6a-OH 5.64 (t, J = 5.0) 6 153.2 

7-H 7.08 (s) 6a 62.4 
8b-H 3.92 (s) 7 104.0 

 

8 160.2 
8a 108.8 
8b 56.4 
9 181.6 

9a 108.8 
10a 157.5 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 125.77 MHz. 

 

 

4.1.4.5. Synthesis of 8-hydroxy-1-methoxy-9-oxo-9H-xanthene-3-
carboxylic acid - Analogue C (25). 

 

Scheme 35 shows the synthesis of Analogue C (25). 

 

 
Scheme 35: Oxidation of compound 24. 

Taking into account the topic discussed in section 4.1.3.5., Analogue C was 

synthetized by a modified Jones oxidation. So, a solution of periodic acid and chromium 

(VI) oxide was added to compound 24 dissolved in wet acetonitrile, at 0ºC, and the reaction 

was stirred for 4 hours. The desired product was obtained in 37 % yield. 

Compound 25 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed the bands at 3447 cm-1 and 1708 cm-1 ascribed to the 
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hydroxyl and carbonyl stretching of the carboxylic acid. The EIMS spectrum showed the 

structure compatible molecular peak with m/z 430 ([M+TMS]+). The 1H NMR spectrum did 

not show the hydroxyl from the carboxylic acid, however, it also did not show the protons 

from the methylene group. The main connectivities of HMBC are presented in figure 21 and 

all the assignments are presented in table 14. 

 

 
Figure 21: Main connectivities in HMBC spectrum for compound 25. 

Table 14: Chemical shifts and assignments of compound 25. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH 13.19 (s) 1 161.3 
2-H 6.99 (d, J = 8.2) 2 106.5 
3-H 7.65 (t, J = 8.2) 3 136.6 
4-H 6.74 (d, J = 8.2) 4 110.0 
5-H 7.43 (s) 4a 155.2 
7-H 7.46 (s) 5 106.6 

8b-H 3.93 (s) 6 129.4 
6a-OH - 6a 165.8 

 

7 109.9 
8 159.6 

8a 108.8 
8b 56.0 
9 181.8 

9a 107.2 
10a 157.0 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 125.77 MHz.
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4.1.4.6. Synthesis of methyl 8-hydroxy-1-methoxy-9-oxo-9H-

xanthene-3-carboxylate - Analogue B (26). 
 

Scheme 36 shows the synthesis of Analogue B (26). 

 

 
Scheme 36: Esterification of compound 25. 

In a similar way to 4.1.3.6., a Fischer esterification was used to produce analogue B 

from analogue C. So, compound 25 dissolved in methanol, in the presence of sulfuric acid, 

was refluxed overnight. The desired product was achieved after purification in 12 % yield. 

Compound 26 was identified based on FTIR, EIMS, 1H NMR, 13C NMR, HSQC and 

HMBC. The FTIR spectrum showed absence of the band ascribed to the hydroxyl of the 

carboxylic acid and the EIMS spectrum showed the structure compatible molecular peak 

with m/z 372 ([M+TMS]+). The main connectivities of HMBC are presented in figure 22 and 

all the assignments are presented in table 15. 

 

 
Figure 22: Main connectivities in HMBC spectrum for compound 26.
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Table 15: Chemical shifts and assignments of compound 26. 

1H NMR chemical shiftsa 13C NMR chemical shiftsb 

1-OH 12.82 (s) 1 161.1 
2-H 7.03 (d, J = 8.3)) 2 102.8 
3-H 7.71 (t, J = 8.3) 3 137.2 
4-H 6.81 (d, J = 8.3) 4 110.7 
5-H 7.42 (s) 4a 154.9 

6b-H 4.02 (s) 5 106.0 
7-H 7.62 (s) 6 136.1 

8b-H 3.95 (s) 6a 160.5 

 

6b 56.7 
7 110.2 
8 164.8 

8a 113.0 
8b 53.1 
9 181.5 

9a 109.4 
10a 157.1 

aValues in ppm (dH) measured at 500.16 MHz, multiplicity and J values (Hz) are shown in parentheses; 
bValues in ppm (dC) measured at 125.77 MHz.
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4.2. In silico biophysicochemical properties 

 

To became a successful drug candidate, a hit compound should have suitable 

pharmacodynamics and pharmacokinetics behaviors. Whereas pharmacodynamics is 

mainly associated with the interactions with a putative receptor, pharmacokinetics is 

mainly dictated by the biophysicochemical properties [87]. Both PK/PD should be optimized 

since an early stage of development [88]. For this purpose, four biophysicochemical 

properties and a pharmacokinetic parameter were predicted using in silico methods. 

Eight of the synthesized compounds (17 – 20 and 23 -26) were studied (figure 23). 

These compounds were selected since they hold a scaffold, xanthone or benzophenone, for 

which antifungic and/or antibacterial activity have been reported [89]. Nine different 

software (EPI SuiteTM, ChemDraw Professional®, ChemAxon© MarvinSketch, 

Molinspiration Cheminformatics© MiLogP, Swiss Institute of Bioinformatics© SwissADME, 

Institute for Genomics and Bioinformatics© AquaSol, pkCSM, BMDRC© PreADMET and 

ACD/Labs© ACD Percepta Predictors) were used and the methodologies applied in each one 

will be discussed within this chapter. 

 

 
Figure 23: Synthetized compounds in study. 

 

4.2.1. Lipophilicity 
 

As said detailed in the introduction, lipophilicity is one of the most important 

physicochemical properties in drug discovery. Lipophilicity is usually expressed by the 

partition coefficient of a drug between octanol and water [26]. This partition coefficient, 

known as log P, can be calculated by in silico methods [35].  

To access lipophilicity by in silico, three main methodologies can be used: atom 

based, fragment based and property based methodologies. The atom based methodology 

considers the individual contribution to lipophilicity of each atom present in the        
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molecule [35]. The fragment based methodology considers the contribution of fragments 

obtained from cutting the molecule and uses correction factor to compensate the 

intramolecular interaction between fragments [35]. Whereas atom and fragment-based 

methods considered structural contributions to lipophilicty, property based methodologies 

considers properties shown by the entire molecule, either by using the 3D-structure 

representation or by using topological descriptors [35]. 

The predicted partition coefficient for each of the studied compounds are presented 

in table 16. Table 16 is organized according to the methodology used for the prediction, 

mentioning the software provider and the term encoded by each software. 

 
Table 16: Calculation of the partition coefficient of the 8 compounds in several softwares. 

 Provider Term 17 18 19 20 23 24 25 26 

At
om

 

MarvinSketch LogP 3.13 2.40 2.75 3.38 2.66 1.93 2.28 2.91 

PreADMET LogP 2.54 2.54 2.96 2.99 1.97 1.98 2.40 2.43 

SwissADME 
WLogP 1.99 2.31 2.67 2.76 1.69 2.00 2.36 2.45 

XLogP3 2.53 2.61 3.02 3.35 2.16 2.24 2.66 2.98 

ChemDraw Broto's 1.76 2.23 2.33 2.80 1.35 1.81 1.92 2.39 

Average 
2.39 

± 

1.01 

2.42 

± 

0.63 

2.75 

± 

0.74 

3.06 

± 

0.77 

1.97 

± 

0.96 

1.99 

± 

0.63 

2.32 

± 

0.74 

2.63 

± 

0.76 

Fr
ag

m
en

t 

EPI Suite LogKow 3.53 3.85 4.65 4.60 2.98 3.30 4.10 4.06 

Molinspiration LogP 2.98 3.00 3.58 3.83 2.58 2.60 3.17 3.43 

ChemDraw 

Crippen's 2.12 2.14 2.27 2.54 1.64 1.66 1.79 2.05 

Viswanadhan's 2.13 2.05 2.28 2.31 1.66 1.58 1.81 1.84 

CLogP 2.42 2.59 3.92 4.29 1.92 2.56 3.42 3.79 

SwissADME Silicos-IT LogP 2.90 3.35 2.90 3.43 2.38 2.85 2.39 2.92 

ACDLabs 
A/BLogP 3.08 3.15 3.48 3.69 2.59 2.65 2.89 3.26 

ACDLogP 2.88 1.85 3.17 3.23 2.42 1.39 2.71 2.77 

Average 
2.76 

± 

1.06 

2.75 

± 

1.28 

3.28 

± 

1.38 

3,49 

± 

1.36 

2.27 

± 

1.05 

2.32 

± 

1.26 

2.79 

± 

1.36 

3.02 

± 

1.35 

Pr
op

er
ty

 

SwissADME 
MLogP 0.78 0.81 1.00 1.24 0.54 0.56 0.75 1.00 

iLogP 2.25 2.55 2.28 2.41 2.03 2.46 1.42 2.78 

 

The predicted partition coefficient values varied greatly using different approaches, 

which is reflected on the high standard deviation values. Figure 24 shows the log P values 

predicted for compound 19 using different approaches. Comparing atom and fragment-

based methods, similar average values were found. However, the standard deviation found 

on atom-based methods is smaller. For instance, compound 19 have 2.75 ± 0.74 and           
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3.28 ± 1.38 with atom and fragment-based methods, respectively.  The results provided by 

property based methodology MLogP were far off the results given by the other 

methodologies, which suggest the lack of accuracy of this type of methodology. 

 

 
Figure 24: Representation of the variation of values for compound 19. 

Red – atom-based method, Green – fragment-based method; Blue_ property-based method. 

The distribution constant, known as log D, is another important way to evaluate 

lipophilicity. Similar to log P, log D takes into account the ionization of the molecule by 

considering the drug partition coefficient between octanol and buffered solution at a certain 

pH value. The distribution constant at four different pH values, representing the pH found 

on different compartments (1.5 – stomach, 5.0 – saliva, 6.5 – urine,  7.4 – physiological)[90], 

are summarized in table 17. 
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Table 17: Calculation of the distribution coefficient of the 8 compounds in three softwares. 

 Provider pH 17 18 19 20 23 24 25 26 

At
om

 

MarvinSketch 

Log D1.5 3.13 2.40 2.74 3.38 2.66 1.93 2.27 2.91 

Log D5.0 3.12 2.40 1.07 3.38 2.65 1.93 0.6 2.91 

Log D6.5 3.01 2.39 -0.32 3.37 2.52 1.92 -0.78 2.91 

Log D7.4 2.57 2.39 -0.82 3.34 2.02 1.88 -1.30 2.87 

PreADMET Log D7.4 2.54 2.54 1.71 2.99 1.97 1.98 1.15 2.43 

ACDLabs 

Log D1.5 3.08 3.14 3.45 3.68 2.59 2.64 2.86 3.25 

Log D5.0 3.08 3.15 1.83 3.69 2.59 2.65 1.24 3.26 

Log D6.5 3.08 3.15 0.38 3.69 2.59 2.65 -0.20 3.26 

Log D7.4 3.08 3.15 -0,29 3.69 2.58 2.65 -0.88 3.26 

Average 

Log D1.5 
3.11 

± 

0.04 

2.77 

± 

0.52 

3.10 

± 

0.50 

3.53 

± 

0.21 

2.63 

± 

0.05 

2.29 

± 

0.50 

2.57 

± 

0.42 

3.08 

± 

0.24 

Log D5.0 
3.10 

± 

0.03 

2.78 

± 

0.53 

1.45 

± 

0.54 

3.54 

± 

0.22 

2.62 

± 

0.04 

2.29 

± 

0.51 

0.92 

± 

0.45 

3.09 

± 

0.25 

Log D6.5 
3.05 

± 

0.05 

2.77 

± 

0.54 

0.03 

± 

0.49 

3.53 

± 

0.23 

2.56 

± 

0.05 

2.29 

± 

0.52 

-0.49 

± 

0.41 

3.09 

± 

0.25 

Log D7.4 
2.73 

± 

0.30 

2.69 

± 

0.40 

0.20 

± 

1.33 

3.34 

± 

0.35 

2.19 

± 

0.34 

2.17 

± 

0.42 

-0.34 

± 

1.31 

2.85 

± 

0.42 

 

The log D values of compounds 17 – 18, 20 – 24 and 26 were similar between the 

different pH values. However, compound 19 and 25 shown a decreased in its log D6.5 and 

log D7.4 values. In common, these compounds have a carboxylic acid, which is deprotonated 

at these pH values. Therefore, the affinity to an octanol hydrophobic phase deeply decreases 

when the compound is at an ionized state. Taking into account the parallelism between 

affinity to octanol and the ability to permeate biological membranes, it is reasonable to 

assume that compound 19 and 25 will be mainly absorbed in stomach (log D1.5 vs. Log D7.4). 

 

 

4.2.2. pKa 
 

The conclusions previously discussed are linked to the pKa value of each compound. 

The pKa values were obtained by two different programs, MarvinSketch and 

ACDLabs Percepta, which are based on the partial charge of atoms in the molecule and 

based on the calculation of the pKa in the dissociation centers when the rest of the molecule 
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is neutral, respectively [91]. Table 18 summarizes predicted pKa values for each molecule of 

interest. 
Table 18: Results from the calculation of the pKa. 

 17 18 19 20 23 24 25 26 

MarvinSketch 7.013 8.483 3.324 8.476 6.911 8.380 3.324 8.374 

ACDLabs 9.40 11.40 3.40 11.40 9.40 11.40 3.40 11.40 

 

The obtained pKa results are helpful to predict the ionization state of the molecule 

in a determined pH in the organism. The majority of the studied compounds synthesized 

have a pKa higher than 8, which means they will not be ionized at physiological pH. 

Therefore, it is reasonable to assume that these compounds will be mainly absorbed in 

human intestine and distributed in the blood at a non-ionized state. As previously 

discussed, compounds 19 and 23 will have a different profile. 

 

 

4.2.3. Solubility 
 

In a context of drug discovery, solubility is expressed by log S, which is the 

empirically derived general solubility equation of Yalkowsky and Banerjee based on 

lipophilicity and melting point [29]. 

In a similar way to log P prediction, several methodologies were involved for the 

prediction of log S, namely atom, fragment and property-based methods. 

Similar to log P prediction, different methodologies, based on the individual 

contributions of atoms/fragments or based on the entire molecule contribution have been 

described [92, 93]. The following table represents the results obtained for the solubility 

prediction for each compound.
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Table 19: Results from the calculation of the solubility in several softwares. 

 Provider 17 18 19 20 23 24 25 26 

A
to

m
 ACDLabs 

A/
B -2.95 -4.19 -4.69 -4.98 -2.97 -3.99 -4.48 -4.90 

KOWWIN -3.45 -4.60 -5.89 -5.95 -2.88 -4.03 -5.32 -5.38 

Fr
ag

m
en

t 

SwissADME 

SI
LI

CO
S-

IT
 

-4.17 -5.05 -4.59 -5.29 -3.79 -4.67 -4.21 -4.91 

ChemDraw -3.64 -3.22 -3.73 -3.85 -3.27 -2.85 -3.36 -3.49 

PreADMET Pu
re

 w
at

er
 

-3.90 -4.60 -4.74 -5.08 -3.40 -4.10 -4.23 -4.57 

Bu
ffe

r 

-3.33 -3.98 -3.31 -4.41 -2.71 -3.37 -2.70 -3.79 

P
ro

pe
rt

y 

MarvinSketch 

In
tr

in
si

c 

-2.96 -3.62 -4.18 -4.36 -2.47 -3.12 -3.67 -3.86 

SwissADME 

Al
i -4.20 -3.94 -4.72 -4.83 -3.81 -3.55 -4.35 -4.45 

ES
O

L 

-3.46 -3.62 -3.94 -4.15 -3.16 -3.33 -3.65 -3.85 

pkCSM -3.28 -2.95 -3.14 -3.59 -3.00 -3.21 -2.79 -3.18 

AquaSol* -2.82 -2.78 -2.87 -3.15 -2.57 -2.50 -2.64 -2.90 

Average* 
-3.46 ± 

0.49 

-3.84 ± 

0.77 

-4.14 ± 

0.92 

-4.50 ± 

0.84 

-3.09 ± 

0.45 

-3.52 ± 

0.63 

-3.75 ± 

0.88 

-4.10 ± 

0.81 

 

The solubility data allows us to conclude that compounds 17, 23 and 24 will 

probably be soluble in water because, according to a new classification method by Rutwij 

and Marilyn[94], they have logS > -3.5. Among them, benzephenone will be the most soluble 

compound, highlight the role of highly pattern of substitution with hydroxyl groups and the 

role of the benzophenone scaffold. Indeed, the benzophenone cyclization leading to the 

xanthone scaffold, promote a decrease the solubility of the compounds, probably due to the 

increase planarity induced by the xanthone three aromatic rings scaffold. Even so, almost 

all drugs have a range of LogS between -6 and -1, which is in accordance with the prediction 

made [95].
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4.2.4. Permeability 

 

Tightly bounded to solubility, permeability is an important subject in the absorption 

of any compound. From a practical point of view, permeability is evaluated by measuring 

the permeability across a barrier of Caco 2 cells, a model to evaluate permeability across 

intestinal epithelial barrier, and it is expressed as the apparent permeability coefficient, 

known as Papp [96].  

In this, three different approaches were used. pkCSM permeability prediction is 

based on the results of experimental data for a wide range of drug-like compounds [97]. 

PreADMET uses a MI-QSAR model of Caco-2 cell permeation obtained from a study 

involving 30 different drugs [98]. ACDLabs Percepta uses intrinsic attributes to the molecule 

(logP, pKa, H-bond donors) to calculate the permeability across jejunal epithelium [99]. 

Table 20 represents the results from the in silico predictions for the intestinal permeability 

in Caco-2 model and jejunum for the eight compounds of interest. 

 
Table 20: Results from the calculation of intestinal permeability for the 8 compounds. 

Provider  Units 17 18 19 20 23 24 25 26 

pkCSM 

C
ac

o-
2 Papp 

(10-6 cm/s) 
2.40 11.75 2.82 12.30 2.09 11.48 2.45 12.02 

PreADMET 

C
ac

o-
2 Papp 

(10-6 cm/s) 
1.486 0.892 0.841 1.098 1.471 0.330 0.234 0.629 

ACDlabs 

Je
ju

nu
m

 
 

Pe 
(10-4 cm/s) 

7.79 8.31 4.07 8.17 7.69 8.40 2.26 8.34 

 

According to Hubatsch et al[100], the permeability values obtained with pkCSM were 

consistent with a good permeation through Caco-2 cells, since it was reported that Papp 

values higher than 2 – 5 x 10-6 cm/s indicate rapid transport and complete absorption in the 

human intestine. However, predictions made by PreADMET showed Papp values which are 

not consistent with good permeation, still considering the values provided by the protocol 

by Hubatsch et al[100]. It is well known that due to culture-related conditions, experimental 

Papp values in Caco-2 cell lines varied greatly between different laboratories, which often 

make it extremely difficult to compare results in the literature [101]. Therefore, the 

discrepancy found on the prediction of the permeability of the studied compounds can be 

attributed to the variability in the dataset used for the permeability prediction. 
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4.2.5. Plasma protein binding 
 

Plasma protein binding is a crucial pharmacokinetic parameter affecting all 

components of the drug ADMET profile [34]. Albumin is the most abundant plasma protein. 

Therefore,  the log KA
HSA ,which  expresses the affinity constant of a drug to the human serum 

albumin, is often used in drug discovery as PK prediction parameter [102]. Table 21 presents 

the log KA
HSA	values and the percentage of plasma protein binding for each studied 

compound. 

 
Table 21: Results from the prediction of plasma protein binding. 

  17 18 19 20 23 24 25 26 

PreADMET %PPB 84.2 90.7 93.4 92.6 81.1 87.3 90.6 90.3 

ACDLabs 
%PPB 89.4 87.7 97.7 97.7 86.3 90.2 97.3 97.0 

log KA
HSA 4.8 5.28 5.48 5.48 4.77 5.23 5.43 5.37 

%PPB – Percentage of plasma protein binding. log KA
HSA - Affinity constant to human serum albumin. 

 

According to the table, all the compounds will bind tightly to albumin. Consequently, 

a large compound percentage (> 85 %) will be distributed in the blood bound to albumin. 

This aspect will have implications on the drug ADMET profile and rises the need for the 

clearance study of this compounds in order to guarantee an effective plasmatic 

concentration.  

 

 

4.2.1. Guidelines for the prediction of general drug-likeness for oral 

bioavailability 
 

Inspired by the pivotal work Lipinski et al, several simple rules encoding 

physicochemical properties such as hydrogen bonding, size or lipophilicity, have been 

proposed to predict drug-likeness and oral bioavailability. Table 22 summarizes the 

physicochemical properties calculated for each compound as well as the requirements 

preconized by these guidelines.
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Table 22: Calculated properties applied to three drug-like rules. 

 Property Value 17 18 19 20 23 24 25 26 
Li

pi
ns

ki
[1

03
]  

MW <500 318.32 282.28 300.27 314.29 304.30 272.26 286.24 300.27 

H-bond 
donors 

<5 3 2 2 1 3 2 2 1 

H-bond 
acceptors 

<10 6 5 6 6 6 5 6 6 

LogP <5 ü ü ü ü ü ü ü ü 

V
eb

er
[1

04
]  

Rotable 
bonds 

<10 5 2 2 3 5 2 2 3 

tPSA <140 96.22 75.99 93.06 82.06 96.22 75.99 95.06 82.06 

Total H-
bonds 

<12 9 7 8 7 9 7 8 7 

M
ue

gg
e[

10
5]

 

MW 
200 - 
600 

318.32 282.28 300.27 314.29 304.30 272.26 286.24 300.27 

Number 
rings 

< 7 3 3 3 3 3 3 3 3 

Number 
carbons 

> 4 17 16 16 17 16 15 15 16 

Number 
heteroatoms 

> 1 6 5 6 6 6 5 6 6 

Rotable 
bonds 

< 15 5 2 2 3 5 2 2 3 

H-bond 
donors 

< 5 3 2 2 1 3 2 2 1 

H-bond 
acceptors 

< 10 6 5 6 6 6 5 6 6 

LogP -2 – 5 ü ü ü ü ü ü ü ü 

E
ga

n[
10

6]
 LogP 

< 
5.88 

ü ü ü ü ü ü ü ü 

tPSA 
< 

131.6 
96.22 75.99 93.06 82.06 96.22 75.99 95.06 82.06 

 

Overall, all the compounds fit with the rules applied, making them drug-like 

compounds and in the good pathway on becoming a drug.
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5. Conclusions 
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In this dissertation the total synthesis of two marine xanthones, yicathins B and C, 

extracted from a fungus, is presented. A first approach to the total synthesis of these 

substances was previously performed in our group. In this work, we could confirm some of 

the already used synthetic paths and a tentative to get better yields and shorter reaction 

times were explored. As a result, yicathins B and C, as well as several intermediates and two 

yicathins analogues were obtained in quantities that could allow the biologic activity assays 

and the preparation of other compounds. The structure of all the synthesized compounds 

was elucidated by IR, EIMS, 1H NMR, 13C NMR, HSQC and HMBC. All the new synthesized 

compounds were purified (>90 % RP-HPLC). 

Eight synthesized compounds (yicathins B and C, two benzophenones intermediates 

and two yicathins analogues) were further explored, since their base structures are common 

to several natural bioactive substances. In this context, their biophysicochemical properties 

were in silico assessed and discussed. All compounds are in accordance with Lipinski rule 

of five, Weber, Muegge and Egan descriptors for oral bioavailability, exhibiting lipophilicity 

and other properties in accordance to the guidelines of drug-likeness in Medicinal 

Chemistry. From this study, it is also possible to say that these compounds might be 

moderate to highly soluble in water, that they might be permeable and might be bounded 

to the plasma proteins.  

Next work will involve the study of the biological activities of the synthesized 

compounds and their experimental biophysicochemcial properties.
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7.1. Appendix 1: NMR spectra for compounds 8 and 14 – 26. 

 

NMR spectra (1H and 13C) of compound 8. 

 

 
Figure 25: 1H NMR of compound 8. 

 
Figure 26:  13C NMR of compound 8.
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NMR spectra (1H and 13C) of compound 14. 

 

 
Figure 27: 1H NMR of compound 14. 

 
Figure 28: 13C NMR of compound 14.
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NMR spectra (1H and 13C) of compound 15. 

 

 
Figure 29: 1H NMR of compound 15. 

 
Figure 30: 13C NMR of compound 15.
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NMR spectra (1H and 13C) of compound 16. 

 

 
Figure 31: 1H NMR of compound 16. 

 
Figure 32: 13C NMR of compound 16.
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NMR spectra (1H and 13C) of compound 17. 

 

 
Figure 33: 1H NMR of compound 17. 

 
Figure 34: 13C NMR of compound 17.
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NMR spectra (1H and 13C) of compound 18. 

 

 
Figure 35: 1H NMR of compound 18. 

 
Figure 36: 13C NMR of compound 18.
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NMR spectra (1H and 13C) of compound 19. 

 

 
Figure 37: 1H NMR of compound 19. 

 
Figure 38: 13C NMR of compound 19.
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NMR spectra (1H and 13C) of compound 20. 

 

 
Figure 39: 1H NMR of compound 20. 

 
Figure 40: 13C NMR of compound 20.
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NMR spectra (1H and 13C) of compound 21. 

 

 
Figure 41: 1H NMR of compound 21. 

 
Figure 42: 13C NMR of compound 21.
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NMR spectra (1H and 13C) of compound 22. 

 

 
Figure 43: 1H NMR of compound 22. 

 
Figure 44: 13C NMR of compound 22.
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NMR spectra (1H and 13C) of compound 23. 

 

 
Figure 45: 1H NMR of compound 23. 

 
Figure 46: 13C NMR of compound 23.
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NMR spectra (1H and 13C) of compound 24. 

 

 
Figure 47: 1H NMR of compound 24. 

 
Figure 48: 13C NMR of compound 24.
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NMR spectra (1H and 13C) of compound 25. 

 

 
Figure 49: 1H NMR of compound 25. 

 
Figure 50: 13C NMR of compound 25.
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NMR spectra (1H and 13C) of compound 26. 

 

 
Figure 51: 1H NMR of compound 26. 

 
Figure 52: 13C NMR of compound 26. 
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Appendix 2: General table with in silico acquired biophysicochemical properties of the eight compounds of interest. 

 
Table 1: Data obtained with the study of in silico biophysicochemical properties of the compounds of interest. 

 
        

17 18 19 20 23 24 25 26 

G
en

er
al

 
p

ro
p

er
ti

es
 Molecular weight 318.32 282.28 300.27 314.29 304.30 272.26 286.24 300.27 

Rotable bonds 5 2 2 3 5 2 2 3 
H-bond donors 3 2 2 1 3 2 2 1 

H-bond acceptors 6 5 6 6 6 5 6 6 
tPSA 96.22 75.99 93.06 82.06 96.22 75.99 95.06 82.06 

L
ip

op
h

il
ic

it
y 

Log P 

MarvinSketch 3.13 2.40 2.75 3.38 2.66 1.93 2.28 2.91 
PreADMET 2.54 2.54 2.96 2.99 1.97 1.98 2.40 2.43 

WLogP 1.99 2.31 2.67 2.76 1.69 2.00 2.36 2.45 
XLogP3 2.53 2.61 3.02 3.35 2.16 2.24 2.66 2.98 
Broto's 1.76 2.23 2.33 2.80 1.35 1.81 1.92 2.39 

EPI Suite 3.53 3.85 4.65 4.60 2.98 3.30 4.10 4.06 
Molinspiration 2.98 3.00 3.58 3.83 2.58 2.60 3.17 3.43 

Crippen's 2.12 2.14 2.27 2.54 1.64 1.66 1.79 2.05 
Viswanadhan's 2.13 2.05 2.28 2.31 1.66 1.58 1.81 1.84 

CLogP 2.42 2.59 3.92 4.29 1.92 2.56 3.42 3.79 
Silicos-IT LogP 2.90 3.35 2.90 3.43 2.38 2.85 2.39 2.92 

AB/LogP 3.08 3.15 3.48 3.69 2.59 2.65 2.89 3.26 
ACDLogP 2.88 1.85 3.17 3.23 2.42 1.39 2.71 2.77 

MLogP 0.78 0.81 1.00 1.24 0.54 0.56 0.75 1.00 
iLogP 2.25 2.55 2.28 2.41 2.03 2.46 1.42 2.78 

Log D 

MarvinSketch 

pH 1.5 3.13 2.40 2.74 3.38 2.66 1.93 2.27 2.91 
pH 5.0 3.12 2.40 1.07 3.38 2.65 1.93 0.6 2.91 
pH 6.5 3.01 2.39 -0.32 3.37 2.52 1.92 -0.78 2.91 
pH 7.4 2.57 2.39 -0.82 3.34 2.02 1.88 -1.30 2.87 

PreADMET pH 7.4 2.54 2.54 1.71 2.99 1.97 1.98 1.15 2.43 

ACDLabs 

pH 1.5 3.08 3.14 3.45 3.68 2.59 2.64 2.86 3.25 
pH 5.0 3.08 3.15 1.83 3.69 2.59 2.65 1.24 3.26 
pH 6.5 3.08 3.15 0.38 3.69 2.59 2.65 -0.20 3.26 
pH 7.4 3.08 3.15 -0,29 3.69 2.58 2.65 -0.88 3.26 

So
lu

bi
li

ty
 

Log S 

ACDLabs (A/B) -2.95 -4.19 -4.69 -4.98 -2.97 -3.99 -4.48 -4.90 
EPI Suite -3.45 -4.60 -5.89 -5.95 -2.88 -4.03 -5.32 -5.38 

SILICOS-IT -4.17 -5.05 -4.59 -5.29 -3.79 -4.67 -4.21 -4.91 
ChemDraw -3.64 -3.22 -3.73 -3.85 -3.27 -2.85 -3.36 -3.49 

PreADMET Pure Water -3.90 -4.60 -4.74 -5.08 -3.40 -4.10 -4.23 -4.57 
Buffer -3.33 -3.98 -3.31 -4.41 -2.71 -3.37 -2.70 -3.79 

MarvinSketch -2.96 -3.62 -4.18 -4.36 -2.47 -3.12 -3.67 -3.86 
Ali -4.20 -3.94 -4.72 -4.83 -3.81 -3.55 -4.35 -4.45 

ESOL -3.46 -3.62 -3.94 -4.15 -3.16 -3.33 -3.65 -3.85 
pkCSM -3.28 -2.95 -3.14 -3.59 -3.00 -3.21 -2.79 -3.18 
AquaSol -2.82 -2.78 -2.87 -3.15 -2.57 -2.50 -2.64 -2.90 

pKa MarvinSketch 7.013 8.483 3.324 8.476 6.911 8.380 3.324 8.374 
ACDLabs 9.40 11.40 3.40 11.40 9.40 11.40 3.40 11.40 

P
er

m
. 

Papp pkCSM 2.40 11.75 2.82 12.30 2.09 11.48 2.45 12.02 
PreADMET 1.486 0.892 0.841 1.098 1.471 0.330 0.234 0.629 

Pe ACDLabs 7.79 8.31 4.07 8.17 7.69 8.40 2.26 8.34 

P
P

B
 

%PPB PreADMET 84.2 90.7 93.4 92.6 81.1 87.3 90.6 90.3 

ACDLabs 89.4 87.7 97.7 97.7 86.3 90.2 97.3 97.0 
LogKa HSA 4.8 5.28 5.48 5.48 4.77 5.23 5.43 5.37 
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