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Resumen 

El cáncer es una de las enfermedades con mayor tasa de mortalidad, normalmente su 

tratamiento es extremadamente doloroso y lleno de efectos secundarios no deseados. Una 

encima que comúnmente es sobre-expresada en muchas células cancerígenas, es la ácido grasa 

sintasa (FAS por sus siglas en inglés). FAS es considerada como un blanco para el tratamiento 

del cáncer; muchos inhibidores de FAS han mostrado un potente efecto citotóxico con daños 

mínimos en células normales. El C75 es un muy conocido inhibidor de FAS que tiene fuertes 

efectos citotóxicos en ratones, pero también tiene efectos anoréxicos secundarios. Estudios 

posteriores han mostrado que el enantiómero (-)-C75 tiene fuertes efectos citotóxicos sin 

afectar la ingesta alimenticia y el peso corporal. Por lo tanto, se desarrolló un inhibidor basado 

(-)-C75 con mejores efectos citotóxicos en varias líneas celulares, el compuesto (-)-UB006. 

Este inhibidor ha mostrado ser muy potente en rangos micro-molares, pero es necesario 

desarrollar nuevos análogos con efectos citotóxicos mas fuertes en rangos nano-molares. En el 

presente trabajo, se sintetizaron precursores del (±)-UB006 y un análogo nitrogenado en altas 

cantidades mediante síntesis orgánica convencional. Se llevo a cabo una nueva metodología 

para la obtención del análogo nitrogenado del (±)-UB006, la cual resultó ser muy problemática 

y por consiguiente fallida. Además, el escalamiento de la síntesis global del análogo 

nitrogenado del (±)-UB006 mostró que tanto el rendimiento de la reacción como la pureza de 

compuesto final fueron afectados negativamente por el incremento en la cantidad de crudo a 

purificar. Finalmente, los compuestos obtenidos en este trabajo serán utilizados en pasos 

sintéticos posteriores para la obtención de nuevos inhibidores de FAS. 

Palabras Clave: 

cáncer, lípidos, ácidos grasos, encima FAS, inhibidor de FAS, propiedades citotóxicas, C75, 

síntesis orgánica, escalado  



Abstract 

Cancer is one of the diseases with the highest rates of mortality, its treatment is normally 

extremely painful and full of unwanted side-effects. One enzyme that is commonly 

overexpressed in many cancer cells, is the fatty acid synthase (FAS). FAS is considered a target 

for cancer treatment; many FAS inhibitors have shown a potent cytotoxic effect with minimal 

damage to normal cells. C75 is a well-known FAS inhibitor that has strong cytotoxic effects in 

mice but also has anorexic side-effects. Further studies determined that the (-)-C75 enantiomer 

has strong cytotoxic effects without affecting the food intake and body weight. Therefore, it 

was developed a (-)-C75-based inhibitor with better cytotoxic effects in several cell lines, the 

compound (-)-UB006. This inhibitor showed to be very potent in micromolar ranges, but it is 

necessary to develop new analogs with stronger cytotoxic effects in nanomolar ranges. In the 

present work, precursors of the (±)-UB006 and a nitrogenated analog were synthesized in high 

amounts by conventional organic synthesis. A new methodology to obtain the nitrogenated 

analog of (±)-UB006 was performed, which turned out to be very problematic and therefore 

unsuccessful. Moreover, the scaling-up of the overall synthesis of nitrogenated analog of (±)-

UB006 showed that both reaction yield and purity were negatively affected by the increase in 

the amount of crude to be purified. Finally, the compounds obtained in this work will be used 

in further synthetic steps for the obtention of new FAS inhibitors. 

Key Words: 

cancer, lipids, fatty acids, FAS enzyme, FAS inhibitor, cytotoxic properties, C75, organic 

synthesis, scale-up
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CHAPTER 1.  INTRODUCTION - JUSTIFICATION 

1.1  General Introduction 

Many types of cancer are detected each year around the globe and according to World Health 

Organization is the second cause of death, bringing the disturbing number of 9.6 million deaths 

for 2018 1–5. Cancer is a disorder of cell growth and proliferation that requires high amounts of 

energy and cellular building blocks including nucleic acids, proteins, and lipids 6–9. Lipids 

comprise a wide group of biomolecules make-up of FAs of different chain length, number and 

location of double bonds, and backbone structure 8. Lipid metabolism is of special interest in 

cancer therapy because lipids are involved in multiple biochemical processes during cancer 

initiation and development 9. Lipids participate in the growth, energy and redox homeostasis 

of cancer cells. Moreover, they have structural roles as passive components of cell membranes, 

as cholesterol and sphingolipids that are important components of membrane rafts 9,10. 

Furthermore, they initiate some signal transduction cascade processes and also can be broken 

down into bioactive lipid mediators that regulate cancer cell growth, migration, and metastasis 

formation 9–13. 

1.1.1  Importance of Lipids in Cancer Cells 

The main building blocks of cell membranes are phospholipids (PLs), sterols, sphingolipids 

and also lyso-PLs; all of these are derived from acetyl-CoA and many contain FAs 8. The FAs 

structure consists of a terminal carboxyl group and a hydrocarbon chain (usually with an even 

number of carbons) that can be saturated or unsaturated 8. FAs can be used to generate many 

different types of lipids including diacylglycerides (DAGs) and triacylglycerides (TGs); this 

last one is mainly used for energy storage in the form of lipid droplets (LDs) 8–10,13,17–19. 

Moreover, DAGs and TGs are synthesized via glycerol phosphate pathway, which uses the 

glycolytic intermediate glycerol-3-phosphate to form the glycerol backbone of these lipids; the 

intermediates in this process can be converted into different phosphoglycerides that are the 

major structural components of biological membranes 8,13. 

The cancer cells can obtain FAs either from exogenous sources and from de novo lipogenesis 

(DNL) 8,9,20,21. In the presence of oxygen and abundant extracellular nutrients, most cancer cells 

synthesize FAs de novo; but under conditions of metabolic stress, they collect extracellular 

lipids as an adaptation to survive 7,8,22–24. This adaptation implies a reduction of the carbon 

supply and power for the FAs synthetic pathway 7. Moreover, FAs can be used as an energy 

source when mitochondrial oxidation (b-oxidation) occurs; they produce more than the double 

of ATP per mol when compared to the glucose or aminoacids oxidation 7–10,13. Consequently, 
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some cancer cells prefer to use FAs as an energy source even under nutrient-replete conditions 
7,25. 

Another important biosynthetic process within lipid metabolism is the mevalonate pathway, 

which facilitates the synthesis of cholesterol 9,10,13. Cholesterol is one of the main components 

of biological membranes, as it modulates the fluidity of the lipid bilayer, and also forms 

detergent-resistant microdomains called lipid rafts, that coordinate the activation of some 

signal transduction pathways 9,10,13,26. In cancer cells, many signaling proteins as protein kinase 

B (AKT), and receptors regulating prooncogenic and apoptotic pathways reside in lipids rafts 
9,27. Moreover, the activation of oncogenic signaling pathways only depends on the lipid rafts 

integrity, therefore, by disrupting them, the activation of the anchored-lipid raft AKT protein 

is inhibited and the tumor cell proliferation is reduced 9,28–33. 

Some of the already mentioned characteristics of cancer cells, improve their proliferation and 

resistance to chemotherapy. TGs and cholesteryl esters are stored in LDs, which are highly 

ordered intracellular structures formed in the endoplasmic reticulum 9,10,17. LDs are typically 

found in some aggressive cancers as well as high levels of saturated FAs in some aggressive 

breast cancers 9,13,18,19,34–36. Cancer cells have higher amounts of LDs compared with normal 

tissue, which enhances their resistance to chemotherapy 9,10,34,37–39. Moreover, the high levels 

of saturated FAs increase the levels of saturated phospholipids in cancer cells, reducing the 

membrane fluidity and protecting cancer cells from oxidative damage 11,13,36. 

Lipids are also important signaling molecules; for example, phosphoinositides, are a family of 

second messengers that transmit signals from activated growth factor receptors to the cellular 

machinery 13,40,41. Besides, the phosphoinositides act as specific binding sites for the coupling 

of effector proteins into specific membrane sites 13. Other lipids that act as second messengers 

are lysophosphatidic acid, phosphatidic acid and DAG 13. Moreover, sphingolipids are other 

important signaling molecules; the simplest of them is ceramide 13,40. In cancer cells, ceramide 

mediates growth inhibitory signals and is involved in the initiation of the apoptotic process and 

growth arrest 13. Furthermore, the enzymes involved in the sphingolipid metabolism pathway 

are normally deregulated in cancer cells, producing low ceramide levels and the consequently 

increased resistance to chemotherapy 13,42.  

Besides the already mentioned lipids employment in cancer cells, lipids have an important role 

in post-translational modification of proteins 13. Palmitate and myristate are saturated acyl 

chains that are normally (covalently) coupled to proteins and improve the protein interaction 

with membrane rafts 13,43. Lipid metabolism is also involved in the autophagic process, which 

is a mechanism of self-degradation required for the removal of defective proteins and 
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organelles 13. Moreover, the autophagic process is favored under conditions of nutrient scarcity 

and enhances the survival of cancer cells by contributing to the maintenance of energy supply 

during tumorigenesis 13,44–46. 

 
Figure 1. Overview of lipogenesis in cancer and four target enzymes responsible for fatty acid synthesis.  

Apart from the importance of lipids in cancer cells proliferation and survival, they are also 

implicated in other more complex processes as cell migration, invasion, tumor angiogenesis 

and metastasis formation 13. Finally, it is important to mention that the overexpression of 

lipogenic enzymes, such as ATP citrate lyase (ACLY), acetyl-CoA carboxylase (ACC), fatty 

acid synthase (FAS), and monoacylglycerol lipase (MAGL), represent a nearly-universal 

phenotypic alteration in most tumors and cancer cells (Figure 1) 7–10,13. 

1.2  Fatty Acid Synthase 

1.2.1  Function and Description 

The human fatty acid synthase (hFAS) is a complex homodimeric cytosolic enzyme of 552 

kDa, that catalyzes the formation of palmitate (C16) from acetyl-CoA and malonyl-CoA in the 

presence of NADPH (Figure 1) 47–49. FAS has seven catalytic domains, which are (in linear 

order from the carboxy terminus): thioesterase (TE), acyl-carrier protein (ACP), b-ketoacyl 

reductase (KR), enoyl reductase (ER), b-hydroxyacyl dehydratase (DH), malonyl/acetyl 

transferase (MAT) and b-ketoacyl synthase (KS). Moreover, there are two additional 

nonenzymatic domains, the pseudoketoreductase (YKR) and the peripheral 

pseudomethyltransferase (YME) 50. 
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In the FA biosynthesis, the final step is catalyzed by the FAS enzyme (Figure 1). It starts with 

a load of acetyl (from acetyl-CoA) onto the terminal thiol of the phosphopantetheine cofactor 

of the ACP, this process is performed by the MAT 48. The ACP passes the acetyl moiety over 

the active site cysteine of the KS. Subsequently, the MAT transfers the malonyl group of 

malonyl-CoA to the ACP, and the KS catalyzes the decarboxylative condensation of the acetyl 

and malonyl moieties to an ACP-bound b-ketoacyl intermediate 48. Then, the b-carbon position 

is modified by the NADPH-dependent KR, DH, and NADPH-dependent ER domains to finally 

generate a saturated acyl group product with two extra carbon units. This molecule is the 

starting substrate for the next reactions of elongation until a fatty acid of 16 to 18 carbon atoms 

of length is obtained. Finally, the products are released from ACP as free FAs by the TE domain 
48. 

1.2.2  Expression and Regulation in Cancer Cells 

In cancer cells, the FAS overexpression is one of the most frequent phenotypic alterations, 

moreover, it is related to a higher risk of cancer recurrence and death 51. FAS overexpression 

has been evidenced in many human cancer cell lines including breast, colorectum, prostate, 

bladder, ovary, esophagus, stomach, lung, oral tongue, oral cavity, head and neck, thyroid and 

endometrium, among others 24,51–56. Normally, FAS is mainly regulated by nutritional signals 

and is expressed in hormone-sensitive cells and cells with high lipid metabolism 57,58. In 

contrast, FAS regulation in cancer cells implicates the activity of several transcriptional and 

post-translational factors (growth factors, hormones, and their receptors), in parallel with 

microenvironmental effects 50. Two well-studied pathways involved in the FAS regulation, are 

the MAPK and the PI3K/AKT pathways 59. The HER2 and EGF growth factor receptors are 

involved in the downstream of PI3K/AKT and MAPK signaling pathways, which subsequently 

activates FAS expression transcriptionally 60. Moreover, FAS expression can be amplified by 

the crosstalk between sex hormones, growth factors, and their receptors 61. Both AKT and 

MAPK transduction pathways regulate FAS by the same mechanism; they regulate the 

expression of sterol regulatory element-binding protein (SREBP)-1c which interacts with 

regulatory elements in the FAS promoter 50. Also, SREBP-1c is regulated directly by the proto-

oncogene FBI-1 (Pokemon) through its DNA-binding domain, and thus synergistically 

activates the FAS transcription 62. Another transcription factor that is also regulated as 

(SREBP)-1c and is highly implicated in the FAS expression, is the carbohydrate-activated 

transcription factor response element-binding protein (ChREBP) 63. There are also other factors 
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as NAC1, the acetyltransferase P300, and some microRNAs that regulate FAS expression in 

tumor cells 64–67. 

In breast cancer, FAS mediates the overexpression of S14, a lipogenesis-related nuclear protein 

that is regulated by SREBP-1c, supporting cell growth and survival 68. Moreover, in SK-BR-3 

and BT-474 breast cancer cell lines, FAS might be regulated by another mechanism, via 

mTOR-mediated translational induction 69. By this mechanism, HER2 is overexpressed and 

with-it higher levels of FAS are observed 50. In prostate cancer, the ubiquitin-specific protease 

2a (USP2a) is overexpressed and plays a critical role in cell survival, it may interact with FAS 

to stabilize it through the removal of ubiquitin 70. USP2a is regulated by androgen and its 

inactivation results in the FAS protein decrease and enhanced apoptosis 50.  

Microenvironmental effects as hypoxia and acidity have important roles in the regulation of 

FAS 50. It has been evidenced that under hypoxic conditions in human breast cancer cell lines, 

FAS in upregulated 71. Moreover, Furuta et al. found that SREBP-1c is also upregulated as an 

effect of the phosphorylation of AKT with the subsequent activation of HIF1. Finally, 

excessive extracellular acid conditions could result in changes in the transcriptional activation 

of the FAS gene in breast cancer cells 72. 

1.2.3  Inhibitors and Cytotoxic Effect.  

Since the discovery of FAS as an oncogenic target, many inhibitors have been developed and 

proved against several cancer cell lines. Moreover, it has been evidenced that the FAS 

inhibition, stops the proliferation and induce the apoptosis of cancer cells, with minimal effects 

on normal cells 64,73. Most of the FAS inhibitors have been previously reviewed 50,74,75, but it 

is worth to mention the most important, promising and potent inhibitors that are found in the 

literature. First, the semisynthetic compound C75 (Figure 2), a weak irreversible FAS inhibitor 

with an IC50 between 200 - 500 µM 75–77. C75 interacts with FAS in different domains, 

specifically with the KS, TE, and ER domains 78; showing anticancer activity in several cancer 

cell lines and xenografts models 79–86. However, in vivo studies showed that C75 has a negative 

side effect; it reduces food intake and induces body weight loss 87–89. Further studies showed 

that the (-)-C75 enantiomer is capable of inhibiting FAS in vitro, producing a cytotoxic effect 

in several cancer cell lines without affecting food consumption 90. In the other hand, it was 

evidenced that the (+)-C75 enantiomer inhibit CPT1 and produce anorexic effects. With these 

results, Makowski et al. developed a series of C75-based inhibitors taking into account the 

enantiomeric selectivity of FAS 77,91. They found that the elongation of the aliphatic chain or 

the introduction of larger groups in the β-position of the lactone causes a decrease in the 
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inhibitory activity of FAS 91. This reduced structure-activity relationship led to the 

development of a better FAS inhibitor, the (-)-UB006 (Figure 2) with an IC50 of 220 µM for 

hFAS 77. In vitro studies showed that (-)-UB006 is more cytotoxic than C75 (racemic mixture) 

against several cancer cells; but specifically, against the OVCAR3 cell line, it showed to be 40 

times more cytotoxic than C75. Furthermore, in vivo administration of (-)-UB006, evidenced 

that it does not affect the food intake and body weight. 

Orlistat (Figure 2) is a potent FAS inhibitor that was initially designed for obesity treatment, 

moreover, it is an FDA-approved pancreatic lipase inhibitor 74. Orlistat forms a covalent adduct 

with the serine of the TE domain and has an IC50 of 0.9 µM 75,92,93. It has shown tumor growth 

inhibition in xenograft models of prostate cancer and melanoma, and also reduced proliferation 

and enhanced apoptosis in breast cancer that overexpresses HER2 94–97. However, Orlistat has 

poor oral bioavailability and metabolic stability, and thus it is difficult to use for cancer 

treatment 74. Moreover, the use of a drug-delivery system based on nanoparticles for Orlistat 

can improve its bioavailability, water-solubility and even its cytotoxic effect on aggressive 

breast cancer models 98–101.  

In 2014, GlaxoSmithKline pharmaceutical company developed a highly potent, reversible and 

specific inhibitor of the KR domain of hFAS 102. The compound GSK2194069 (Figure 2), has 

an IC50 of 7.7 nM for hFAS and showed acceptable solubility and permeability. The authors 

demonstrated that GSK2194069 decrease the DNL, producing a potent inhibition in the cancer 

cell growth and proliferation in gastric and non-small-cell lung cancer cell lines. Moreover, 

they identified that GSK2194069 interacts specifically with the KR domain and works as a 

competitive inhibitor. Further studies evidenced that treatment with GSK2194069 in prostate 

cancer C42b cell xenografts inhibited the tumor growth with no apparent side effects 103. 

Sagimet Biosciences (previously 3-V Biosciences) developed a new generation of highly 

potent, reversible, imidazopyridine-based FAS inhibitors 104–107. One of them is TVB-3166 

(Figure 2), that has an IC50 of 0.042 µM for FAS (from rabbit). It is capable of stopping the FA 

synthesis and disrupt the lipid raft structure, affecting all the membrane-associated molecules 

and signaling pathways as Ras, AKT-mTOR, and Wnt-b-catenin 107. In vivo studies showed 

that a single daily dose can inhibit FAS for 10-12 h each day, inducing xenograft tumor growth 

inhibition in lung, ovarian and pancreatic tumor models 107. These results showed that an 

irreversible inhibitor is not necessary to stop the tumor growth in vivo. Moreover, TVB-3166 

does not have any apparent negative side effects. 
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Another compound developed by Sagimet Biosciences is TVB-2640 (Figure 2), which is the 

first and only FAS inhibitor that has reached the clinical trials until date 74. TVB-2640 is 

described as a highly potent, selective and reversible FAS inhibitor that acts in the KR domain 

and has an IC50 of 0.05 µM 108. In 2017, the phase 1 clinical trial of TVB-2640 in patients with 

solid tumors was finished, demonstrating its antitumor activity in monotherapy and co-

treatment with paclitaxel 109. Some common negative side effects were observed including 

alopecia, palmar-plantar erythrodysesthesia, decreased appetite, among others. Nowadays, the 

phase 2 of clinical trials of TVB-2640 (monotherapy and/or co-treatment) is underway, 

including the treatment of lung, colon, breast, and astrocytoma cancer (NCT03808558, 

NCT02980029, NCT03179904, and NCT03032484). Moreover, partial results of the phase 2 

trial of TVB-2640 in combination with Bevacizumab in patients with the first relapse of high-

grade astrocytoma, showed that the co-treatment is well tolerated in humans 110. 

In 2016, Alwarawrah et al. discover a potent thiophenopyrimidine-based FAS inhibitor with 

broad antitumor activity against various non-tumorigenic and aggressive tumor-forming breast 

cancer cell lines 111. Fasnall (Figure 2) with an IC50 of 3.71  µM for hFAS, can produce a 

significative change in the global cellular lipid profiles. Its mechanism of action includes the 

increase of intracellular levels of ceramide (also in DAGs and unsaturated FA) which increases 

the apoptosis of cancer cells. Moreover, Fasnall inhibits the formation of phospholipids with 

saturated acyl chains and promotes the uptake of unsaturated FAs, affecting critically the lipid 

raft structure and functioning 112,113. Fasnall treatment has no apparent negative side effects and 

its combination with other chemotherapeutic agents as carboplatin augments the tumor 

volumes reduction and survival in vivo studies 111. All these characteristics and the ease of 

adaptability of the Fasnall synthetic route, suggest that it can be further optimized to developed 

new derivatives with better pharmacological properties. 

In 2018, Lu et al. developed a series of spirocyclic imidazolinone FAS inhibitors; one of them 

showed high FAS inhibitory activity with good cellular activity and oral bioavailability 114. The 

compound JNJ-54302833 (Figure 2) has an IC50 of 28 nM for hFAS and effectively inhibits 

the proliferation of several cancer cell lines including ovarian, prostate, lymphoma, leukemia, 

lung and breast. The authors found that one compound of the series of spirocyclic 

imidazolinone FAS inhibitors (not exactly JNJ-54302833) binds to the KR domain by H-bonds 

and also hydrophobic interactions occurred with the KR and non-catalytic domains of FAS 114. 

However, specific mechanistic information about JNJ-54302833 is not described. 
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In 2019, Infinity Pharmaceuticals published the discovery of a potent and irreversible inhibitor 

of hFAS, the IPI-9119 (Figure 2) 115. It has an IC50 of 0.3 nM for hFAS and inhibits the TE 

domain by promoting acylation of the catalytic serine. The authors evidenced that IPI-9119 

significantly reduced prostate cancer cell growth, and induced cell cycle arrest and apoptosis 

in PCa cells. Moreover, FAS inhibition generated an entire lipid homeostasis change, including 

the accumulation of polyunsaturated FAs produced by the uptake and use of exogenous FAs. 

Also, the cholesterol synthesis was increased as a type of redirection of the unused acetyl-CoA. 

Therefore, it is evidenced that PCa cells tried to compensate for the DNL deficiency by up-

regulating genes encoding enzymes and transcription factors involved in lipid synthesis 115.  

Further investigations are necessary to understand these anomalies caused by IPI-9119 

treatment. 

FORMA Therapeutics developed a series of novel piperazine derivative FAS inhibitors; one 

of them is the compound FT113 (Figure 2) with an IC50 of 0.213 µM for hFAS 116. The authors 

reported that several H-bond interactions occurred between the hydroxyl and carbonyl of the 

hydroxy-cyclopropyl amide and the active site residues of the KR domain. These observations 

were determined by the X-ray co-crystal structure of FT113 bound to a ΨME-ΨKR-KR 

tridomain FAS construct 116. FT113 was the compound with the best balance between 

physicochemical and pharmacokinetic properties and potency. Moreover, FT113 showed anti-

proliferative activity against prostate (PC3), breast (BT474) and leukemia (MV-411) cancer 

cells. After 16 days of treatment with FT113, it was evidenced an increase in malonyl-CoA 

levels in the tumors as well as a tumor growth inhibition of 32% and 50%, by treatment with 

25 and 50 mg/kg respectively, compared to the vehicle. 

It has been evidenced that FAS is a viable target for the inhibition of FA biosynthesis, as many 

compounds showed high FAS inhibitory activity and cytotoxic effect against several cell lines, 

with no apparent side effects. Moreover, there is one compound (TVB-2640) that is currently 

been tested in humans, suggesting that FAS targeting has a great potential for anticancer 

therapy. It is important to mention that nowadays, we have new tools for the discovery of FAS 

inhibitors, like the computational screening 117. With new tools of this kind, there is more ease 

of discovery, and optimization of new compounds with lower expenses and time in the process.  
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Figure 2. Structure and half-maximal inhibitory concentration (IC50) of selected FAS inhibitors. In the green 

frame is located the FAS inhibitor that is of special interest in the present work. The organism from which 
FAS was extracted and the cell line of the cytotoxicity studies are indicated in parenthesis. 
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The synthesis of C75 was published for the first time in 1997 by the research group of Dr. 

Kuhajda 118. The authors use a procedure described before by Carlson and Oyler; it was based 

on the use of the anhydride of the itaconic acid 119. The mention anhydride is reacted with p-

methoxybenzyl alcohol and the formed adduct is condensate with n-nonanal, previous 

transformation into the corresponding dianion. A further acid treatment results in a mixture of 

lactones cis and trans in a 1:1 approximated proportion (Scheme 1). The authors indicate that 

the diastereomers, in a racemic mixture, can be separated by CC. 

 
Scheme 1. Synthesis of C75 

Further studies showed some improvements in the previously mentioned C75 synthetic 

pathway increasing the yield to 82% 120. The used methodology (Scheme 2) was initiated with 

the regioselective opening of the itaconic anhydride with p-methoxybenzyl alcohol at 60 °C 

for 2 days. Then, the obtained monoester A was enolized using lithium bis(trimethylsilyl)amide 

at -78 °C and the resulting enolate was condensed with n-nonanal. The extraction of the 

obtained aldol was performed with CH2Cl2. The cycle formation and deprotection were 

performed in a single step using the g-hydroxy acid without purification. Then, the crude was 

treated with four equivalents of TFA and one equivalent of anisole as cations scavenger 

overnight. The mixture of lactones (cis/trans, ~1:1) was isolated by acid/base extraction, using 

CH2Cl2. 
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Scheme 2. Improved synthesis of C75 

To separate the diastereomeric mixture of lactones it was developed protection for the 

exocyclic double bond as a selenoether. The resulting mixture of (±)-B y (±)-C was 

chromatographically separable with much less effort (Scheme 3). Finally, the double bond was 

regenerated by the β-elimination of the selenoether in oxidative conditions. 

 
Scheme 3. Protection and recovery of the exocyclic double bond of C75. 

1.4  Problem Statement 

The development of new small molecules with anti-cancer properties is very important. On one 

hand cancer in many cases remain a deadly disease and on the other hand, the new therapeutics 

may give new insight for the understanding of cancer cell metabolism that could lead to the 

development of a new safe and efficient drug. Specifically, FAS inhibitors have shown to be 
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very promising and efficient in the disruption of cancer development. One FAS inhibitor has 

already entered the clinic and it is currently been tested against several cancers in humans. 

Therefore, it important to keep investigating new FAS inhibitors that could have stronger 

cytotoxic effects and lower side-effects. Since the discovery of C75, several derivatives have 

been developed but none of them has entered the clinic. One very promising FAS inhibitor is 

(-)-UB006, a C75 derivative with strong cytotoxic effects and no anorexic side-effects in 

micromolar ranges. However, (-)-UB006 lacks efficacy and is necessary to develop a new 

analog with strong cytotoxic effects in nanomolar ranges. In this way, further research is 

necessary for the development of new (-)-UB006 analogs with strong cytotoxic effects in 

nanomolar ranges. 

1.5  General and Specific Objectives 

1.5.1  General Objective 

Synthesize in high amounts precursors of the FAS inhibitor (±)-UB006 and the nitrogenated 

analog using established methodologies and try to develop a new methodology for the 

obtention of the nitrogenated analog of (±)-UB006. 

1.5.2  Specific Objectives 

• Synthesize precursors of (±)-UB006 and the nitrogenated analog, using 

dimethyl maleate as the starting material. 

• Scale-up the synthesis of (±)-UB006 nitrogenated analog precursor. 

• Try a new methodology of oxime formation for the synthesis of the nitrogenated 

analog of (±)-UB006. 

• Characterize the obtained products by TLC, 1H-NMR, 13C-NMR, FTIR, and 

HRMS. 

  



  
 

 
13 

CHAPTER 2.  RESULTS AND DISCUSSION 

In previous works performed by the investigation group of Prof. Dr. Jordi Garcia Gomez, new 

C75 synthetic routes were discovered by Ph.D. Kamil Makowski 120. One of those is used in 

thesis work. The first step consists of the radical n-nonanal addition to the dimethyl maleate 

using benzoyl peroxide as a radical initiator to afford the ketone 1 with a good yield (Scheme 

4). After several attempts, I was able to improve the yield of the reaction and ketone 1 was 

obtained with an 80% yield and high purity (in previous studies it was obtained with 48% 120 

and 76 % 121 reaction yields). 

 
Scheme 4. Synthesis of ketone 1 

The obtained ketone 1 was used as the starting material for the synthesis of precursors of (±)-

UB006 and the nitrogenated analog, following previously performed methods 120,121. However, 

it is important to mention that after some trials we decided to not purify ketone 1 (further used 

in section 2.1.3 ). 

2.1  Synthesis of the Nitrogenated Analog Precursor of (±)-UB006 

The present work consisted in the synthesis of some precursors of the nitrogenated analog of 

(±)-UB006 (Scheme 5), that will be used in further synthetic steps to finally obtain a desired 

final α-methylenated lactam, the compound 3. In a previous study 121, it was obtained an N-

substituted lactam that showed a interesting cytotoxic activity against the OVCAR3 cell line 

(ovarian cancer). It was tried to obtain compound 3 but the used synthetic pathways were 

unsuccessful. Therefore, the importance of the present work born from the necessity of trying 

new synthetic pathways to obtain the FAS inhibitor 3. 
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Scheme 5. Overall synthetic pathway of the nitrogenated analog of (±)-UB006. The compound in the blue 

box is the product obtained in the present work. The red dashed frame delimits the synthetic steps that are not 
part of the present work. The compound in the red box is the final product that will be obtained in further 

studies (doctoral thesis work). 

2.1.1  Reductive Amination and Cycle Formation 

The reductive amination of the ketone 1 was carried out “one-pot”. In the first step, the imine 

formation was achieved using AcONH4 as an ammonia source (Scheme 6) and reduction using 

mild reducing agent NaBH3CN that allowed the C=N double bond reduction without reducing 

carbonyl from starting material. The formed amine was treated with toluene at high temperature 

for 12 hours, here the amine attacks the carbonyl group, forming a five-member ring amide 

instead of a four-member one due to stability. Finally, under these conditions, it is obtained a 

mixture of lactams in a 10:7 proportion in favor of trans diastereomer (observed by 1H-NMR) 

with a 90% yield. 

  
Scheme 6. Synthesis of lactam 2 diastereomers. 
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Scheme 7. Mechanism of reductive amination and cycle formation of lactam 2 diastereomers. 

In Scheme 7 is observed the reaction mechanism of the lactam 2 diastereomers formation. First, 

the ketone 1 is transformed into its imine form by AcONH4 with the corresponding loss of 

water. Then, the imine is reduced selectively by the NaBH3CN after the iminium ion formation 

(not shown). Finally, the formed amine attacks the carbonyl to form the most stable ring, and 

by intramolecular rearrangement the lactam diastereomers trans-(±)-2 and cis-(±)-2 are 

obtained. 

2.1.2  Isomerization of Lactams Diastereomeric Mixture 

Only one of the previously formed diastereomers is desired for the synthesis of FAS inhibitor 

3, therefore, an isomerization was performed to enrich the diastereomeric mixture. It was 

favored the formation of the most thermodynamically stable diastereomer, the lactam trans-

(±)-2 (Scheme 8). The isomerization was carried out using 1.1 equivalent of MeONa as a base 

in MeOH heating under reflux for 48 hours. Finally, it was obtained a mixture of diastereomers 
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with a trans:cis relation of 10:1 (observed by 1H-NMR). The mixture was separable by CC and 

lactam trans-(±)-2 was isolated with a 21% overall yield. 

 

 
Scheme 8. Isomerization of lactam 2 diastereomers. 

A previous study 121, determined that this method is the best for the isomerization of lactam 2 

diastereomers, with a 92% of conversion in favor of the trans diastereomer. As can be observed 

in Figure 3, there is an evident change in the 1H-NMR spectrum of the lactam 2 diastereomers 

mixture after the isomerization step. Almost all the cis-(±)-2 diastereomer was transformed 

into the thermodynamically stable trans-(±)-2 diastereomer. Moreover, the specific proton 

signals that were conclusive in the determination of the diastereomers proportion are shown in 

Figure 3. 

 
Figure 3. Part of the 1H-NMR spectra of the lactam diastereomers before (top) and after (bottom) 

isomerization. The most evident changes in the spectra are indicated with dashed squares and pointed by 
arrows. They indicate the decrease of cis diastereomer. 
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2.1.3  Scale-up of the Reaction 

The trans-(±)-2 lactam was synthesized several times, changing the initial quantities of ketone 

1 to determine the ease of scaling-up the reaction. During this process, it was observed that 

with increasing quantities of lactam 2 diastereomers, the difficulty of separation also increases. 

Therefore, the obtained quantities of trans-(±)-2 lactam were not entirely pure as indicated in 

Table 1. The main observed impurities were nonanoic acid and cis-(±)-2, the first one was 

easily removed by washing with a NaHCO3. Finally, it was evidenced that the scaling-up 

process reduces the overall yield of the reaction, however avoiding chromatographic separation 

is highly desirable when the process is carried out in the industry and would be an advantage 

if some day scale-up to kilograms or higher scale  . 

Table 1. Yields of the scaling-up reactions 

Ketone 1 [g] Lactam trans-(±)-2 [g] Yield [%] Purity 

0.5 (purified by CC) * 0.167 * 33 Very High * 

5.0 g (not purified by CC) 0.933 19 High 

10.0 g (not purified by CC) 2.474 25 Medium 

*Values taken from 121 

2.1.4  Attempt of New Methodology: Oxime Formation 

A new methodology to form the lactam ring was tried, starting with the oxime formation from 

ketone 1 in neutral and basic media (Scheme 9). In the first attempt, it was used the same 

equivalents of hydroxylammonium chloride (acid) and sodium bicarbonate (base), using 

methanol as solvent. After 18 h of reaction, oxime 4 was possibly formed as observed in 1H-

NMR, but further analysis of 13C-NMR could not conclude our expectation because of the 

complexity of the crude mixture. It was tried to separate the oxime 4 from the impurities by 

column chromatography, but it was not successful. Further attempts were performed by using 

the ketone 1 previously purified by CC, however, the final result was the same as before. Next, 

we tried to obtain the oxime 4 in basic media, using 2.2 equivalents of sodium acetate (base), 

1.1 equivalents of HONH2·HCl and a 1:1 mixture of H2O and MeOH as the solvent. After 48h, 

the reaction was stopped but the 1H-NMR showed no change in the signals, thus, it was 

evidenced that the reaction did not work. Altogether, regarding many attempts and effort the 

new methodology to obtain the lactam ring was not successful as this initial step did not work 

as expected probably due to the high steric effects in ketone 1.  
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Scheme 9. Attempts of oxime formation. 

2.2  Synthesis of (±)-UB006 Precursor 

The (±)-UB006 is a C75 derivative with high cytotoxic activity, it was developed by Kamil 

Makowski in his doctoral thesis 120. In this synthesis, the ketone 1 without CC purification was 

used as the starting material of the (±)-UB006 synthetic pathway (Scheme 10). 

 
Scheme 10. Overall synthetic pathway of (±)-UB006. The compound in the yellow box is the product obtained 
in the present work. The blue dashed frame delimits the synthetic steps that are not part of the present work. 

The compound in the green box is (±)-UB006 that has been studied in previous works. 

2.2.1  Reduction of Ketone and Cycle Formation 

The ketone 1 was reduced with NaBH4 to its correspondent alcohol that was directly cyclized 

in acid media (Scheme 11). A mixture of lactones was obtained in a 1:3 proportion in favor of 

lactone cis-(±)-5.  
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Scheme 11. Synthesis of g-butyrolactones 5 

 
Scheme 12. Mechanism of ketone 1 reduction and cycle formation of lactone 5 diastereomers. 

In Scheme 12, is observed the reaction mechanism of the lactone 5 diastereomers formation. 

First, the ketone 1 is reduced by the NaBH4 (not shown). Finally, with the help of concentrated 

HCl, the formed alcohol attacks the electrophile carbonyl to form the most stable ring, and by 

intramolecular rearrangements, the lactone diastereomers trans-(±)-5 and cis-(±)-5 were 

obtained. 

2.2.2  Isomerization of Lactones Diastereomeric Mixture 

Similar to lactam preparation, only one diastereomer was required for the next steps; therefore, 

the diastereomeric mixture of lactones 5 was isomerized (Scheme 13). The proton of the 

neighboring carbon next to the methyl esters is acid, and in presence of a strong base is possible 

to achieve the isomerization in favor of the most thermodynamically stable product, the lactone 

trans-(±)-5. The mixture of lactones was heated under toluene reflux for 18 h, using 1 

equivalent of DBU as the isomerizing agent. Finally, the diastereomeric mixture of lactones 5 

was obtained in a trans:cis relation of 1:0.09 (observed by 1H-NMR), and after CC separation 

it was obtained the lactone trans-(±)-5 with a 37% yield. 
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Scheme 13. Isomerization of g-butyrolactones 5 

As can be observed in Figure 4, there is an evident change in the 1H-NMR spectrum of the 

lactone 5 diastereomers mixture after the isomerization step. Almost all the cis-(±)-5 

diastereomer was transformed into the thermodynamically stable trans-(±)-5 diastereomer. 

 
Figure 4. Part of the 1H-NMR spectra of the lactone diastereomers before (top) and after (bottom) 

isomerization. The most evident changes in the spectra are indicated with dashed squares and pointed by 
arrows. They indicate the decrease of cis diastereomer. 

To sum up, precursors of the (±)-UB006 (trans-(±)-5) and the nitrogenated analog (trans-(±)-

2) were synthesized with high purity. Moreover, the synthesis of the lactam trans-(±)-2 was 

scaled-up, but some difficulties were observed in the purification of the diastereomer that 

reduce the overall yield of the reaction. Finally, a new methodology was tried for the synthesis 

of lactam trans-(±)-2, but unfortunately, the first step (oxime 4 formation) did not work as 

expected. All the obtained products were characterized by TLC, 1H-NMR, 13C-NMR, FTIR, 

and HRMS (spectra in section 6.2 ). 
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CHAPTER 3.  METHODOLOGY 

3.1  Reagents and Equipment 

All reagents were purchased from commercial suppliers and used as received without further 

purification. Some solvents as MeOH and n-nonanal were distilled before their use. Thin-layer 

chromatography (TLC) was carried out using silica gel analytical plates of 0.20 mm thick (F254 

Merk), and the used solvent is indicated in each case. To visualize the TLCs, it was only used 

phosphomolybdic acid as stain, and in some cases UV light (259 nm). The retention factors 

(Rf) are approximated values. Column Chromatography was carried out using the flash 

technique on silica gel with 0.040-0.063 mm particle size and the used solvent is specified in 

each case. The melting point (MP) was determined on a Gallenkamp instrument. 

The 1H-NMR and 13C-NMR spectra were recorded on a Mercury 400 MHz and 101 MHz, 

respectively. Only CDCl3 was used as solvent and tetramethylsilane (TMS) as the reference. 

The coupling constant (J) are in Hz, the chemical shift in parts per million (ppm), and the 

multiplicities of the signals are indicated with the following abbreviations: s (singlet), d 

(doublet), t (triplet), c (quartet), q (quintet), m (multiplet), dd (doublet of doublets), td (triplet 

of doublets), ddd (doublet of doublet of doublets). Infrared spectra were recorded on a Nicolet 

6700 FTIR spectrometer, for the characterization of the compounds the most relevant 

absorptions are indicated in cm-1. The high-resolution mass spectrometry (HRMS) analysis was 

recorded on Agilent LC/MSD-TOF mass spectrometer.  

3.2  Synthesis of dimethyl 2-nonanoylsuccinate 

A mixture of dimethyl maleate (7.72 mL, 61.7 mmol) and n-nonanal (54 mL, 310 mmol) was 

prepared under N2 atmosphere. Benzoyl peroxide (0.603 g, 1.9 mmol) was added and the 

mixture was stirred at 80 °C. After 18 h an additional portion of benzoyl peroxide (0.107 g, 

0.55 mmol) was added and the mixture was heated at 80 °C for 3 h. After the mixture was 

cooled to r.t., AcOEt (30 mL) and NaHCO3 (15 mL) were added and stirred for 10 min. The 

organic layer was separated and washed with water (2 x 15 mL) and aqueous saturated solution 

of NaCl (15 mL), dried over anhydrous MgSO4 and evaporated under reduced pressure. The 

organic phase was concentrated under reduced pressure. The n-nonanal excess was eliminated 

by reduced pressure distillation, obtaining 19.507 g of ketone 1 crude. Column chromatography 

was not necessary for the purposes of this work, but it was performed with a small quantity 

obtaining ketone 1 with an 80% yield. 
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 Compound 1: colorless oil; Rf = 0.53 (CH2Cl2); 1H-NMR 

(CDCl3, 400 MHz): δ 0.88 (3H, t, J = 6.8 Hz, CH3), 1.27 - 1.64 

(12H, m, CH2), 2.57 - 2.75 (2H, m, CH2-CH2-CO), 2.84 (1H, dd, 

J = 6.3, 17.6 Hz, CHH’-CO-CH3), 2.98 (1H, dd, J = 8.2, 17.6 

Hz, CHH’-CO-CH3), 3.68 (3H, s, CH2-CO-OCH3), 3.74 (3H, s, 

CHR-CO-OCH3), 3.99 (1H, dd, J = 6.3, 8.2 Hz, CHR-CO-OCH3); 13C-NMR (CDCl3, 101 

MHz): δ 14.3, 22.8, 23.6, 29.2, 29.3, 29.5, 32.0, 32.4, 43.0, 52.2, 52.9, 54.0, 169.2, 172.0, 

204.1; FTIR (ATR): 669, 724, 872, 1007, 1160, 1195, 1258, 1365, 1408, 1436, 1718, 1736, 

2854, 2925; HRMS (ESI-) calculated for C15H25O5 [M-H]- = 285.1702, found = 285.2. 

3.3  Synthesis of methyl trans-2-octyl-5-oxopyrrolidine-3-carboxylate 

Ammonium acetate (13.49 g, 174.8 mmol) and NaBH3CN (1.11 g, 17.5 mmol) were added to 

a solution of ketone 1 (5.00 g, 17.5 mmol) in distilled MeOH (80 mL) and the mixture was 

stirred for 48 h at r.t. The mixture was concentrated under reduced pressure and the residue 

was dissolved in toluene (80 mL) heated to reflux for 12 h. Toluene was evaporated under 

reduced pressure and the residue was dissolved in CH2Cl2 (150 mL). The organic layer was 

washed with HCl 0.01 N (150 mL) and brine (200 mL), then it was dried over anhydrous 

MgSO4. CH2Cl2 was evaporated under reduced pressure, obtaining a mixture of diastereomers 

(4.509 g, 90%). 

The crude residue (4.509 g, 17.6 mmol) was isomerized with NaOMe (0.994 g, 18.4 mmol) 

and distilled MeOH (90 mL). The mixture was heated to reflux for 48h and concentrated under 

reduced pressure. The residue was dissolved in CH2Cl2 (150 mL). The organic layer was 

washed with HCl 2N (150 mL) and dried over MgSO4. CH2Cl2 was evaporated under reduced 

pressure and the residue was purified by column chromatography on silica gel (CH2Cl2/MeOH 

95:5). Finally, the residue was washed with a saturated solution of NaHCO3 (150 mL) to afford 

lactam trans-(±)-2. (0.933g, 21%, trans/cis 1:0.1). 

This reaction was performed several times, to obtain high amounts of lactam trans-(±)-2. The 

final wash with the saturated solution of NaHCO3 was performed to remove some acid 

impurities from the n-nonanal. Specifically, it was observed by 1H-NMR a triplet at δ 2.3 that 

corresponds to the acid proton of nonanoic acid. 
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Compound trans-(±)-2: white crystalline solid; MP = 55-58 °C; Rf 

= 0.48 (CH2Cl2/MeOH 95:5); 1H-NMR (CDCl3, 400 MHz): δ 0.88 

(3H, t, J = 6.8 Hz, CH3), 1.24 - 1.35 (12H, m, CH2), 1.57 - 1.67 (2H, 

m, CH2-CH2-CH), 2.56 - 2.71 (2H, m, CH2-CO), 2.88 - 2.94 (1H, m, 

CH-CO2Me), 3.75 (3H, s, OCH3), 3.80 - 3.86 (1H, dd, J = 13.0, 5.9 

Hz, CH-NH); 13C-NMR (CDCl3, 101 MHz): δ 14.0, 22.6, 25.6, 29.1, 29.3, 29.5, 31.8, 33.8, 

36.4, 45.0, 52.3, 57.2, 173.2, 175.6; FTIR (ATR): 550, 670, 721, 748, 762, 788, 804, 864, 889, 

943, 1007, 1096, 1159, 1176, 1193, 1208, 1236, 1260, 1292, 1348, 1391, 1436, 1466, 1541, 

1558, 1697, 1744, 2341, 2360, 2850, 2915, 2955, 3093, 3177; HRMS (ESI+) calculated for 

C14H26NO3 [M+H]+ = 256.1913, found = 256.1; (ESI-) calculated for C14H24NO3 [M-H]- = 

254.1756, found = 254.2 

* cis most important signals: δ 2.37 (1H, m, CHHCO), 2.77 (1H, m, CHHCO), 3.71 (3H, s, 

OCH3). 

3.4  Synthesis of methyl trans-2-octyl-5-oxotetrahydrofuran-3-carboxylate 

In a round bottom flask, a solution of ketone 1 (2.250 g, 7.9 mmol) in MeOH (60 mL) was 

prepared. Subsequently, at 0 °C and with magnetic stirring, NaBH4 (0.216 g, 5.7 mmol) was 

added little by little. The mixture was left under stirring for 2 h at r.t. Then, HCl conc. (25 

drops, pH = 2-3) was added, the mixture was stirred for 1h under reflux. The mixture was 

concentrated under reduced pressure, and the crude was dissolved with CH2Cl2 (100 mL) and 

NaHCO3 (100 mL). The organic phase was washed with H2O (100 mL), dried over anhydrous 

MgSO4, and the solvent was eliminated under reduced pressure, obtaining a mixture of lactone 

diastereomers (2.105 g, 94%). 

The crude residue (2.105 g, 12.7 mmol) was dissolved in toluene (100 mL), DBU (1.09 mL, 

12.7 mmol) was added and the mixture was heated for 18 h at reflux. The resulting mixture 

was washed with HCl 0.02 N (100 mL) and aqueous saturated solution of NaCl (100 mL). The 

organic phase was dried over anhydrous MgSO4 and after filtration, it was concentrated under 

reduced pressure. It was obtained an isomerized mixture of lactones cis/trans (0.09:1, 1H-

NMR). The mixture of lactones was separated by column chromatography in silica gel 

(CH2Cl2), obtaining 0.774 g of lactone trans-(±)-5 (37%). 
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 Compound trans-(±)-5: colorless oil; Rf = 0.46 (hexane/AcOEt, 

7:3); 1H-NMR (CDCl3, 400 MHz): δ 0.84 - 0. 93 (3H, m, CH3), 1.18 

- 1. 59 (m, 12H, CH2), 1. 64 - 1.84 (2H, m, CH2-CH2-CH), 2.77 (1H, 

dd, J = 17.6, 9.5 Hz, CHH’-CO), 2.92 (1H, dd, J = 17.6, 8.7, CHH’-

CO), 3.04 (1H, ddd, J = 9.5, 8.7, 7.1, CH-CO2Me), 3.77 (3H, s, 

OCH3), 4.57 (1H, td, J = 7.3, 5.0, CHO); 13C-NMR (CDCl3, 100.25 MHz): δ 14, 22.6, 25.11, 

29.0, 29.1, 29.3, 31.7, 32.1, 35.2, 45.6, 52.6, 74.3, 81.9, 171.5; FTIR (ATR): 722, 766, 858, 

937, 978, 1171, 1197, 1364, 1437, 1458, 1736, 1781, 2854, 2924; HRMS (ESI+) calculated 

for  C14H25O4 [M+H]+ = 257.1753, found = 256.1. 

* cis most important signals: δ 2.66 (1H, dd, J = 17.6, 8.7, CH2-CO), 3.44 (1H, ddd, J = 8.7, 

7.4, 5.7, CH-COOMe), 4.62 (1H, td, J = 7.4, 6.3, CHO). 
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CHAPTER 4.  CONCLUSION AND RECOMENDATIONS 

4.1  Conclusions 

In the present work, high amounts of the nitrogenated analog precursor of (±)-UB006 were 

synthesized and purified by CC and will be used as an advanced starting material in further 

research by the doctorate student Roberto Gómez. The isomerization of the lactam 

diastereomeric mixture was observed by 1H-NMR, evidencing the efficiency of the used 

method. The scaling-up of the overall synthesis of lactam trans-(±)-2, showed that both 

reaction yield and purity are negatively affected. The new methodology of oxime formation 

showed to be problematic due to the high steric effects of ketone 1. Also, high amounts of the 

(±)-UB006 precursor were synthesized and purified by CC and will serve as a starting material 

for further synthesis of FAS inhibitors. 

4.2  Recommendations 

• Use the ketone 1 purified by CC or perform a great vacuum distillation to remove all 

the n-nonanal impurities and avoid possible problems.  

• Use thin and long columns for the CC purification and when there is too much crude to 

purify, divide it into parts previously (do not do it at once). 

• Try to perform the a-methylenation as the continuation of FAS inhibitor 3 synthesis. 

  



  
 

 
26 

CHAPTER 5.  BIBLIOGRAPHY 
(1)  Siegel, R. L.; Miller, K. D.; Jemal, A. Cancer Statistics, 2019. CA: A Cancer Journal for Clinicians 2019, 

69 (1), 7–34. https://doi.org/10.3322/caac.21551. 

(2)  Carioli, G.; La Vecchia, C.; Bertuccio, P.; Rodriguez, T.; Levi, F.; Boffetta, P.; Negri, E.; Malvezzi, M. 

Cancer Mortality Predictions for 2017 in Latin America. Annals of Oncology 2017, 28 (9), 2286–2297. 

https://doi.org/10.1093/annonc/mdx301. 

(3)  Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R. L.; Torre, L. A.; Jemal, A. Global Cancer Statistics 

2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. 

CA: a cancer journal for clinicians 2018, 68 (6), 394–424. https://doi.org/10.3322/caac.21492. 
(4)  Malvezzi, M.; Carioli, G.; Bertuccio, P.; Boffetta, P.; Levi, F.; La Vecchia, C.; Negri, E. European Cancer 

Mortality Predictions for the Year 2019 with Focus on Breast Cancer. Annals of Oncology 2019. 
https://doi.org/10.1093/annonc/mdz051. 

(5)  WHO. Cancer https://www.who.int/news-room/fact-sheets/detail/cancer (accessed Oct 26, 2019). 

(6)  Qiu, B.; Simon, M. C. Oncogenes Strike a Balance between Cellular Growth and Homeostasis. Seminars 
in cell & developmental biology 2015, 43, 3–10. https://doi.org/10.1016/j.semcdb.2015.08.005. 

(7)  Boroughs, L. K.; Deberardinis, R. J. Metabolic Pathways Promoting Cancer Cell Survival and Growth. 

Nature Cell Biology. Nature Publishing Group April 30, 2015, pp 351–359. 

https://doi.org/10.1038/ncb3124. 

(8)  Currie, E.; Schulze, A.; Zechner, R.; Walther, T. C.; Farese, R. V. Cellular Fatty Acid Metabolism and 

Cancer. Cell Metabolism 2013, 18 (2), 153–161. 
https://doi.org/https://doi.org/10.1016/j.cmet.2013.05.017. 

(9)  Beloribi-Djefaflia, S.; Vasseur, S.; Guillaumond, F. Lipid Metabolic Reprogramming in Cancer Cells. 

Oncogenesis 2016, 5, e189. 

(10)  Santos, C. R.; Schulze, A. Lipid Metabolism in Cancer. FEBS Journal. August 2012, pp 2610–2623. 

https://doi.org/10.1111/j.1742-4658.2012.08644.x. 

(11)  Rysman, E.; Brusselmans, K.; Scheys, K.; Timmermans, L.; Derua, R.; Munck, S.; Van Veldhoven, P. P.; 

Waltregny, D.; Daniels, V. W.; Machiels, J.; et al. De Novo Lipogenesis Protects Cancer Cells from Free 

Radicals and Chemotherapeutics by Promoting Membrane Lipid Saturation. Cancer research 2010, 70 

(20), 8117–8126. https://doi.org/10.1158/0008-5472.CAN-09-3871. 

(12)  Staubach, S.; Hanisch, F.-G. Lipid Rafts: Signaling and Sorting Platforms of Cells and Their Roles in 

Cancer. Expert review of proteomics 2011, 8 (2), 263–277. https://doi.org/10.1586/epr.11.2. 

(13)  Baenke, F.; Peck, B.; Miess, H.; Schulze, A. Hooked on Fat: The Role of Lipid Synthesis in Cancer 
Metabolism and Tumour Development. Disease Models & Mechanisms 2013, 6 (6), 1353–1363. 

https://doi.org/10.1242/dmm.011338. 

(14)  Bauer, D. E.; Hatzivassiliou, G.; Zhao, F.; Andreadis, C.; Thompson, C. B. ATP Citrate Lyase Is an 

Important Component of Cell Growth and Transformation. Oncogene 2005, 24 (41), 6314–6322. 

https://doi.org/10.1038/sj.onc.1208773. 

(15)  Porstmann, T.; Santos, C. R.; Griffiths, B.; Cully, M.; Wu, M.; Leevers, S.; Griffiths, J. R.; Chung, Y.-L.; 

Schulze, A. SREBP Activity Is Regulated by MTORC1 and Contributes to Akt-Dependent Cell Growth. 

Cell metabolism 2008, 8 (3), 224–236. https://doi.org/10.1016/j.cmet.2008.07.007. 

(16)  Warburg, O. On the Origin of Cancer Cells. Science (New York, N.Y.) 1956, 123 (3191), 309–314. 

(17)  Farese, R. V. J.; Walther, T. C. Lipid Droplets Finally Get a Little R-E-S-P-E-C-T. Cell 2009, 139 (5), 

855–860. https://doi.org/10.1016/j.cell.2009.11.005. 
(18)  Bozza, P. T.; Viola, J. P. B. Lipid Droplets in Inflammation and Cancer. Prostaglandins, leukotrienes, 

and essential fatty acids 2010, 82 (4–6), 243–250. https://doi.org/10.1016/j.plefa.2010.02.005. 

(19)  Abramczyk, H.; Surmacki, J.; Kopec, M.; Olejnik, A. K.; Lubecka-Pietruszewska, K.; Fabianowska-

Majewska, K. The Role of Lipid Droplets and Adipocytes in Cancer. Raman Imaging of Cell Cultures: 

MCF10A, MCF7, and MDA-MB-231 Compared to Adipocytes in Cancerous Human Breast Tissue. The 
Analyst 2015, 140 (7), 2224–2235. https://doi.org/10.1039/c4an01875c. 

(20)  Ookhtens, M.; Kannan, R.; Lyon, I.; Baker, N. Liver and Adipose Tissue Contributions to Newly Formed 

Fatty Acids in an Ascites  Tumor. The American journal of physiology 1984, 247 (1 Pt 2), R146-53. 

https://doi.org/10.1152/ajpregu.1984.247.1.R146. 

(21)  Medes, G.; Thomas, A.; Weinhouse, S. Metabolism of Neoplastic Tissue. IV. A Study of Lipid Synthesis 

in Neoplastic Tissue Slices in Vitro. Cancer research 1953, 13 (1), 27–29. 

(22)  Young, R. M.; Ackerman, D.; Quinn, Z. L.; Mancuso, A.; Gruber, M.; Liu, L.; Giannoukos, D. N.; 
Bobrovnikova-Marjon, E.; Diehl, J. A.; Keith, B.; et al. Dysregulated MTORC1 Renders Cells Critically 

Dependent on Desaturated Lipids for  Survival under Tumor-like Stress. Genes & development 2013, 27 

(10), 1115–1131. https://doi.org/10.1101/gad.198630.112. 

(23)  Kamphorst, J. J.; Cross, J. R.; Fan, J.; de Stanchina, E.; Mathew, R.; White, E. P.; Thompson, C. B.; 



  
 

 
27 

Rabinowitz, J. D. Hypoxic and Ras-Transformed Cells Support Growth by Scavenging Unsaturated Fatty  

Acids from Lysophospholipids. Proceedings of the National Academy of Sciences of the United States of 
America 2013, 110 (22), 8882–8887. https://doi.org/10.1073/pnas.1307237110. 

(24)  Swinnen, J. V; Brusselmans, K.; Verhoeven, G. Increased Lipogenesis in Cancer Cells: New Players, 

Novel Targets. Current opinion in clinical nutrition and metabolic care 2006, 9 (4), 358–365. 
https://doi.org/10.1097/01.mco.0000232894.28674.30. 

(25)  Caro, P.; Kishan, A. U.; Norberg, E.; Stanley, I. A.; Chapuy, B.; Ficarro, S. B.; Polak, K.; Tondera, D.; 

Gounarides, J.; Yin, H.; et al. Metabolic Signatures Uncover Distinct Targets in Molecular Subsets of 

Diffuse Large B Cell Lymphoma. Cancer cell 2012, 22 (4), 547–560. 

https://doi.org/10.1016/j.ccr.2012.08.014. 

(26)  Lingwood, D.; Simons, K. Lipid Rafts as a Membrane-Organizing Principle. Science (New York, N.Y.) 
2010, 327 (5961), 46–50. https://doi.org/10.1126/science.1174621. 

(27)  Mollinedo, F.; Gajate, C. Lipid Rafts as Major Platforms for Signaling Regulation in Cancer. Advances 
in biological regulation 2015, 57, 130–146. https://doi.org/10.1016/j.jbior.2014.10.003. 

(28)  Zhuang, L.; Kim, J.; Adam, R. M.; Solomon, K. R.; Freeman, M. R. Cholesterol Targeting Alters Lipid 

Raft Composition and Cell Survival in Prostate Cancer Cells and Xenografts. The Journal of clinical 
investigation 2005, 115 (4), 959–968. https://doi.org/10.1172/JCI19935. 

(29)  Hill, M. M.; Feng, J.; Hemmings, B. A. Identification of a Plasma Membrane Raft-Associated PKB 

Ser473 Kinase Activity That Is Distinct from ILK and PDK1. Current Biology 2002, 12 (14), 1251–1255. 

https://doi.org/https://doi.org/10.1016/S0960-9822(02)00973-9. 

(30)  Adam, R. M.; Mukhopadhyay, N. K.; Kim, J.; Di Vizio, D.; Cinar, B.; Boucher, K.; Solomon, K. R.; 

Freeman, M. R. Cholesterol Sensitivity of Endogenous and Myristoylated Akt. Cancer research 2007, 67 

(13), 6238–6246. https://doi.org/10.1158/0008-5472.CAN-07-0288. 

(31)  Courtney, K. D.; Corcoran, R. B.; Engelman, J. A. The PI3K Pathway as Drug Target in Human Cancer. 

Journal of clinical oncology : official journal of the American Society of Clinical Oncology 2010, 28 (6), 

1075–1083. https://doi.org/10.1200/JCO.2009.25.3641. 

(32)  Borradaile, N. M.; Han, X.; Harp, J. D.; Gale, S. E.; Ory, D. S.; Schaffer, J. E. Disruption of Endoplasmic 

Reticulum Structure and Integrity in Lipotoxic Cell Death. Journal of lipid research 2006, 47 (12), 2726–
2737. https://doi.org/10.1194/jlr.M600299-JLR200. 

(33)  Shukla, S.; Maclennan, G. T.; Hartman, D. J.; Fu, P.; Resnick, M. I.; Gupta, S. Activation of PI3K-Akt 

Signaling Pathway Promotes Prostate Cancer Cell Invasion. International journal of cancer 2007, 121 

(7), 1424–1432. https://doi.org/10.1002/ijc.22862. 

(34)  Yue, S.; Li, J.; Lee, S.-Y.; Lee, H. J.; Shao, T.; Song, B.; Cheng, L.; Masterson, T. A.; Liu, X.; Ratliff, T. 

L.; et al. Cholesteryl Ester Accumulation Induced by PTEN Loss and PI3K/AKT Activation Underlies 

Human Prostate Cancer Aggressiveness. Cell metabolism 2014, 19 (3), 393–406. 

https://doi.org/10.1016/j.cmet.2014.01.019. 

(35)  de Gonzalo-Calvo, D.; Lopez-Vilaro, L.; Nasarre, L.; Perez-Olabarria, M.; Vazquez, T.; Escuin, D.; 

Badimon, L.; Barnadas, A.; Lerma, E.; Llorente-Cortes, V. Intratumor Cholesteryl Ester Accumulation Is 

Associated with Human Breast Cancer  Proliferation and Aggressive Potential: A Molecular and 

Clinicopathological Study. BMC cancer 2015, 15, 460. https://doi.org/10.1186/s12885-015-1469-5. 
(36)  Hilvo, M.; Denkert, C.; Lehtinen, L.; Muller, B.; Brockmoller, S.; Seppanen-Laakso, T.; Budczies, J.; 

Bucher, E.; Yetukuri, L.; Castillo, S.; et al. Novel Theranostic Opportunities Offered by Characterization 

of Altered Membrane Lipid Metabolism in Breast Cancer Progression. Cancer research 2011, 71 (9), 

3236–3245. https://doi.org/10.1158/0008-5472.CAN-10-3894. 

(37)  Accioly, M. T.; Pacheco, P.; Maya-Monteiro, C. M.; Carrossini, N.; Robbs, B. K.; Oliveira, S. S.; 

Kaufmann, C.; Morgado-Diaz, J. A.; Bozza, P. T.; Viola, J. P. B. Lipid Bodies Are Reservoirs of 

Cyclooxygenase-2 and Sites of Prostaglandin-E2 Synthesis in Colon Cancer Cells. Cancer research 2008, 
68 (6), 1732–1740. https://doi.org/10.1158/0008-5472.CAN-07-1999. 

(38)  Qiu, B.; Ackerman, D.; Sanchez, D. J.; Li, B.; Ochocki, J. D.; Grazioli, A.; Bobrovnikova-Marjon, E.; 

Diehl, J. A.; Keith, B.; Simon, M. C. HIF2alpha-Dependent Lipid Storage Promotes Endoplasmic 

Reticulum Homeostasis in Clear-Cell Renal Cell Carcinoma. Cancer discovery 2015, 5 (6), 652–667. 
https://doi.org/10.1158/2159-8290.CD-14-1507. 

(39)  Guillaumond, F.; Bidaut, G.; Ouaissi, M.; Servais, S.; Gouirand, V.; Olivares, O.; Lac, S.; Borge, L.; 

Roques, J.; Gayet, O.; et al. Cholesterol Uptake Disruption, in Association with Chemotherapy, Is a 

Promising Combined Metabolic Therapy for Pancreatic Adenocarcinoma. Proceedings of the National 
Academy of Sciences of the United States of America 2015, 112 (8), 2473–2478. 

https://doi.org/10.1073/pnas.1421601112. 

(40)  Hannun, Y. A.; Obeid, L. M. Principles of Bioactive Lipid Signalling: Lessons from Sphingolipids. 

Nature reviews. Molecular cell biology 2008, 9 (2), 139–150. https://doi.org/10.1038/nrm2329. 

(41)  Wymann, M. P.; Schneiter, R. Lipid Signalling in Disease. Nature reviews. Molecular cell biology 2008, 



  
 

 
28 

9 (2), 162–176. https://doi.org/10.1038/nrm2335. 

(42)  Morad, S. A. F.; Cabot, M. C. Ceramide-Orchestrated Signalling in Cancer Cells. Nature reviews. Cancer 

2013, 13 (1), 51–65. https://doi.org/10.1038/nrc3398. 

(43)  Resh, M. D. Covalent Lipid Modifications of Proteins. Current biology : CB 2013, 23 (10), R431-5. 

https://doi.org/10.1016/j.cub.2013.04.024. 
(44)  Guo, J. Y.; Chen, H.-Y.; Mathew, R.; Fan, J.; Strohecker, A. M.; Karsli-Uzunbas, G.; Kamphorst, J. J.; 

Chen, G.; Lemons, J. M. S.; Karantza, V.; et al. Activated Ras Requires Autophagy to Maintain Oxidative 

Metabolism and Tumorigenesis. Genes & development 2011, 25 (5), 460–470. 

https://doi.org/10.1101/gad.2016311. 

(45)  White, E. Deconvoluting the Context-Dependent Role for Autophagy in Cancer. Nature reviews. Cancer 

2012, 12 (6), 401–410. https://doi.org/10.1038/nrc3262. 

(46)  Dall’Armi, C.; Devereaux, K. A.; Di Paolo, G. The Role of Lipids in the Control of Autophagy. Current 
biology : CB 2013, 23 (1), R33-45. https://doi.org/10.1016/j.cub.2012.10.041. 

(47)  Wakil, S. J. Fatty Acid Synthase, A Proficient Multifunctional Enzyme. Biochemistry 1989, 28 (11), 

4523–4530. https://doi.org/10.1021/bi00437a001. 

(48)  Smith, S.; Tsai, S.-C. The Type I Fatty Acid and Polyketide Synthases: A Tale of Two Megasynthases. 

Natural product reports 2007, 24 (5), 1041–1072. https://doi.org/10.1039/b603600g. 
(49)  Chakravarty, B.; Gu, Z.; Chirala, S. S.; Wakil, S. J.; Quiocho, F. A. Human Fatty Acid Synthase: Structure 

and Substrate Selectivity of the Thioesterase Domain. Proceedings of the National Academy of Sciences 
of the United States of America 2004, 101 (44), 15567–15572. https://doi.org/10.1073/pnas.0406901101. 

(50)  Flavin, R.; Peluso, S.; Nguyen, P. L.; Loda, M. Fatty Acid Synthase as a Potential Therapeutic Target in 

Cancer. Future oncology (London, England) 2010, 6 (4), 551–562. https://doi.org/10.2217/fon.10.11. 

(51)  Menendez, J. A.; Lupu, R. Fatty Acid Synthase and the Lipogenic Phenotype in Cancer Pathogenesis. 

Nature Reviews Cancer 2007, 7 (10), 763–777. https://doi.org/10.1038/nrc2222. 

(52)  Menendez, J. A.; Lupu, R. Oncogenic Properties of the Endogenous Fatty Acid Metabolism: Molecular 

Pathology of Fatty Acid Synthase in Cancer Cells. Current opinion in clinical nutrition and metabolic 
care 2006, 9 (4), 346–357. https://doi.org/10.1097/01.mco.0000232893.21050.15. 

(53)  Menendez, J. A.; Lupu, R. Fatty Acid Synthase-Catalyzed de Novo Fatty Acid Biosynthesis: From 
Anabolic-Energy-Storage Pathway in Normal Tissues to Jack-of-All-Trades in Cancer Cells. Archivum 
immunologiae et therapiae experimentalis 2004, 52 (6), 414–426. 

(54)  Kuhajda, F. P.; Jenner, K.; Wood, F. D.; Hennigar, R. A.; Jacobs, L. B.; Dick, J. D.; Pasternack, G. R. 

Fatty Acid Synthesis: A Potential Selective Target for Antineoplastic Therapy. Proceedings of the 
National Academy of Sciences of the United States of America 1994, 91 (14), 6379–6383. 

https://doi.org/10.1073/pnas.91.14.6379. 

(55)  Kuhajda, F. P. Fatty-Acid Synthase and Human Cancer: New Perspectives on Its Role in Tumor Biology. 

Nutrition 2000, 16 (3), 202–208. https://doi.org/10.1016/S0899-9007(99)00266-X. 

(56)  Kuhajda, F. P. Fatty Acid Synthase and Cancer: New Application of an Old Pathway. Cancer research 

2006, 66 (12), 5977–5980. https://doi.org/10.1158/0008-5472.CAN-05-4673. 

(57)  Kusakabe, T.; Maeda, M.; Hoshi, N.; Sugino, T.; Watanabe, K.; Fukuda, T.; Suzuki, T. Fatty Acid 

Synthase Is Expressed Mainly in Adult Hormone-Sensitive Cells or Cells with High Lipid Metabolism 
and in Proliferating Fetal Cells. The journal of histochemistry and cytochemistry : official journal of the 
Histochemistry Society 2000, 48 (5), 613–622. https://doi.org/10.1177/002215540004800505. 

(58)  Sul, H. S.; Wang, D. Nutritional and Hormonal Regulation of Enzymes in Fat Synthesis: Studies of Fatty 

Acid Synthase and Mitochondrial Glycerol-3-Phosphate Acyltransferase Gene Transcription. Annual 
review of nutrition 1998, 18, 331–351. https://doi.org/10.1146/annurev.nutr.18.1.331. 

(59)  Liu, H.; Liu, J. Y.; Wu, X.; Zhang, J. T. Biochemistry, Molecular Biology, and Pharmacology of Fatty 

Acid Synthase, an Emerging Therapeutic Target and Diagnosis/Prognosis Marker. International Journal 
of Biochemistry and Molecular Biology 2010, 1 (1), 69–89. 

(60)  Bandyopadhyay, S.; Pai, S. K.; Watabe, M.; Gross, S. C.; Hirota, S.; Hosobe, S.; Tsukada, T.; Miura, K.; 

Saito, K.; Markwell, S. J.; et al. FAS Expression Inversely Correlates with PTEN Level in Prostate Cancer 

and a PI 3-Kinase Inhibitor Synergizes with FAS SiRNA to Induce Apoptosis. Oncogene 2005, 24 (34), 
5389–5395. https://doi.org/10.1038/sj.onc.1208555. 

(61)  Mashima, T.; Seimiya, H.; Tsuruo, T. De Novo Fatty-Acid Synthesis and Related Pathways as Molecular 

Targets for Cancer Therapy. British journal of cancer 2009, 100 (9), 1369–1372. 

https://doi.org/10.1038/sj.bjc.6605007. 

(62)  Choi, W.-I.; Jeon, B.-N.; Park, H.; Yoo, J.-Y.; Kim, Y.-S.; Koh, D.-I.; Kim, M.-H.; Kim, Y.-R.; Lee, C.-

E.; Kim, K.-S.; et al. Proto-Oncogene FBI-1 (Pokemon) and SREBP-1 Synergistically Activate 

Transcription of Fatty-Acid Synthase Gene (FASN). The Journal of biological chemistry 2008, 283 (43), 

29341–29354. https://doi.org/10.1074/jbc.M802477200. 

(63)  Ishii, S.; Iizuka, K.; Miller, B. C.; Uyeda, K. Carbohydrate Response Element Binding Protein Directly 



  
 

 
29 

Promotes Lipogenic Enzyme Gene Transcription. Proceedings of the National Academy of Sciences of 
the United States of America 2004, 101 (44), 15597–15602. https://doi.org/10.1073/pnas.0405238101. 

(64)  Buckley, D.; Duke, G.; Heuer, T. S.; O’Farrell, M.; Wagman, A. S.; McCulloch, W.; Kemble, G. Fatty 

Acid Synthase – Modern Tumor Cell Biology Insights into a Classical Oncology Target. Pharmacology 
and Therapeutics 2017, 177, 23–31. https://doi.org/10.1016/j.pharmthera.2017.02.021. 

(65)  Gang, X.; Yang, Y.; Zhong, J.; Jiang, K.; Pan, Y.; Karnes, R. J.; Zhang, J.; Xu, W.; Wang, G.; Huang, H. 

P300 Acetyltransferase Regulates Fatty Acid Synthase Expression, Lipid Metabolism and Prostate Cancer 

Growth. Oncotarget 2016, 7 (12), 15135–15149. https://doi.org/10.18632/oncotarget.7715. 

(66)  Ueda, S. M.; Yap, K. L.; Davidson, B.; Tian, Y.; Murthy, V.; Wang, T.-L.; Visvanathan, K.; Kuhajda, F. 

P.; Bristow, R. E.; Zhang, H.; et al. Expression of Fatty Acid Synthase Depends on NAC1 and Is 

Associated with Recurrent Ovarian Serous Carcinomas. Journal of oncology 2010, 2010, 285191. 

https://doi.org/10.1155/2010/285191. 

(67)  Wang, J.; Zhang, X.; Shi, J.; Cao, P.; Wan, M.; Zhang, Q.; Wang, Y.; Kridel, S. J.; Liu, W.; Xu, J.; et al. 

Fatty Acid Synthase Is a Primary Target of MiR-15a and MiR-16-1 in Breast Cancer. Oncotarget 2016, 
7 (48), 78566–78576. https://doi.org/10.18632/oncotarget.12479. 

(68)  Martel, P. M.; Bingham, C. M.; McGraw, C. J.; Baker, C. L.; Morganelli, P. M.; Meng, M. L.; Armstrong, 

J. M.; Moncur, J. T.; Kinlaw, W. B. S14 Protein in Breast Cancer Cells: Direct Evidence of Regulation 
by SREBP-1c, Superinduction with Progestin, and Effects on Cell Growth. Experimental cell research 

2006, 312 (3), 278–288. https://doi.org/10.1016/j.yexcr.2005.10.022. 

(69)  Yoon, S.; Lee, M.-Y.; Park, S. W.; Moon, J.-S.; Koh, Y.-K.; Ahn, Y.-H.; Park, B.-W.; Kim, K.-S. Up-

Regulation of Acetyl-CoA Carboxylase Alpha and Fatty Acid Synthase by Human Epidermal Growth 

Factor Receptor 2 at the Translational Level in Breast Cancer Cells. The Journal of biological chemistry 

2007, 282 (36), 26122–26131. https://doi.org/10.1074/jbc.M702854200. 

(70)  Graner, E.; Tang, D.; Rossi, S.; Baron, A.; Migita, T.; Weinstein, L. J.; Lechpammer, M.; Huesken, D.; 

Zimmermann, J.; Signoretti, S.; et al. The Isopeptidase USP2a Regulates the Stability of Fatty Acid 

Synthase in Prostate Cancer. Cancer cell 2004, 5 (3), 253–261. https://doi.org/10.1016/s1535-

6108(04)00055-8. 

(71)  Furuta, E.; Pai, S. K.; Zhan, R.; Bandyopadhyay, S.; Watabe, M.; Mo, Y.-Y.; Hirota, S.; Hosobe, S.; 
Tsukada, T.; Miura, K.; et al. Fatty Acid Synthase Gene Is Up-Regulated by Hypoxia via Activation of 

Akt and Sterol Regulatory Element Binding Protein-1. Cancer research 2008, 68 (4), 1003–1011. 

https://doi.org/10.1158/0008-5472.CAN-07-2489. 

(72)  Menendez, J. A.; Decker, J. P.; Lupu, R. In Support of Fatty Acid Synthase (FAS) as a Metabolic 

Oncogene: Extracellular Acidosis Acts in an Epigenetic Fashion Activating FAS Gene Expression in 

Cancer Cells. Journal of cellular biochemistry 2005, 94 (1), 1–4. https://doi.org/10.1002/jcb.20310. 

(73)  R. Pandey, P.; Liu, W.; Xing, F.; Fukuda, K.; Watabe, K. Anti-Cancer Drugs Targeting Fatty Acid 

Synthase (FAS). Recent Patents on Anti-Cancer Drug Discovery 2012, 7 (2), 185–197. 

https://doi.org/10.2174/157489212799972891. 

(74)  Menendez, J. A.; Lupu, R. Fatty Acid Synthase (FASN) as a Therapeutic Target in Breast Cancer. Expert 
Opinion on Therapeutic Targets 2017, 21 (11), 1001–1016. 

https://doi.org/10.1080/14728222.2017.1381087. 
(75)  Zhang, J. S.; Lei, J. P.; Wei, G. Q.; Chen, H.; Ma, C. Y.; Jiang, H. Z. Natural Fatty Acid Synthase 

Inhibitors as Potent Therapeutic Agents for Cancers: A Review. Pharmaceutical Biology. 2016, pp 1919–

1925. https://doi.org/10.3109/13880209.2015.1113995. 

(76)  Kuhajda, F. P.; Pizer, E. S.; Li, J. N.; Mani, N. S.; Frehywot, G. L.; Townsend, C. A. Synthesis and 

Antitumor Activity of an Inhibitor of Fatty Acid Synthase. Proceedings of the National Academy of 
Sciences of the United States of America 2000, 97 (7), 3450–3454. 

https://doi.org/10.1073/pnas.050582897. 

(77)  Makowski, K.; Mir, J. F.; Mera, P.; Ariza, X.; Asins, G.; Hegardt, F. G.; Herrero, L.; García, J.; Serra, D. 

(−)-UB006: A New Fatty Acid Synthase Inhibitor and Cytotoxic Agent without Anorexic Side Effects. 

European Journal of Medicinal Chemistry 2017, 131, 207–221. 

https://doi.org/10.1016/j.ejmech.2017.03.012. 
(78)  Rendina, A. R.; Cheng, D. Characterization of the Inactivation of Rat Fatty Acid Synthase by C75: 

Inhibition of Partial Reactions and Protection by Substrates. The Biochemical journal 2005, 388 (Pt 3), 

895–903. https://doi.org/10.1042/BJ20041963. 

(79)  Alli, P. M.; Pinn, M. L.; Jaffee, E. M.; McFadden, J. M.; Kuhajda, F. P. Fatty Acid Synthase Inhibitors 

Are Chemopreventive for Mammary Cancer in Neu-N Transgenic Mice. Oncogene 2005, 24 (1), 39–46. 

https://doi.org/10.1038/sj.onc.1208174. 

(80)  Pizer, E. S.; Thupari, J.; Han, W. F.; Pinn, M. L.; Chrest, F. J.; Frehywot, G. L.; Townsend, C. A.; Kuhajda, 

F. P. Malonyl-Coenzyme-A Is a Potential Mediator of Cytotoxicity Induced by Fatty-Acid  Synthase 

Inhibition in Human Breast Cancer Cells and Xenografts. Cancer research 2000, 60 (2), 213–218. 



  
 

 
30 

(81)  Corominas-Faja, B.; Vellon, L.; Cuyas, E.; Buxo, M.; Martin-Castillo, B.; Serra, D.; Garcia, J.; Lupu, R.; 

Menendez, J. A. Clinical and Therapeutic Relevance of the Metabolic Oncogene Fatty Acid Synthase  in 

HER2+ Breast Cancer. Histology and histopathology 2017, 32 (7), 687–698. 

https://doi.org/10.14670/HH-11-830. 

(82)  Menendez, J. A.; Vellon, L.; Colomer, R.; Lupu, R. Pharmacological and Small Interference RNA-
Mediated Inhibition of Breast Cancer-Associated Fatty Acid Synthase (Oncogenic Antigen-519) 

Synergistically Enhances Taxol (Paclitaxel)-Induced Cytotoxicity. International journal of cancer 2005, 
115 (1), 19–35. https://doi.org/10.1002/ijc.20754. 

(83)  Menendez, J. A.; Mehmi, I.; Verma, V. A.; Teng, P. K.; Lupu, R. Pharmacological Inhibition of Fatty 

Acid Synthase (FAS): A Novel Therapeutic Approach for Breast Cancer Chemoprevention through Its 

Ability to Suppress Her-2/Neu (ErbB-2) Oncogene-Induced Malignant Transformation. Molecular 
carcinogenesis 2004, 41 (3), 164–178. https://doi.org/10.1002/mc.20054. 

(84)  Li, J. N.; Gorospe, M.; Chrest, F. J.; Kumaravel, T. S.; Evans, M. K.; Han, W. F.; Pizer, E. S. 

Pharmacological Inhibition of Fatty Acid Synthase Activity Produces Both Cytostatic and Cytotoxic 

Effects Modulated by P53. Cancer research 2001, 61 (4), 1493–1499. 

(85)  Zhou, W.; Simpson, P. J.; McFadden, J. M.; Townsend, C. A.; Medghalchi, S. M.; Vadlamudi, A.; Pinn, 

M. L.; Ronnett, G. V; Kuhajda, F. P. Fatty Acid Synthase Inhibition Triggers Apoptosis during S Phase 
in Human Cancer  Cells. Cancer research 2003, 63 (21), 7330–7337. 

(86)  Sadowski, M. C.; Pouwer, R. H.; Gunter, J. H.; Lubik, A. A.; Quinn, R. J.; Nelson, C. C. The Fatty Acid 

Synthase Inhibitor Triclosan: Repurposing an Anti-Microbial Agent for Targeting Prostate Cancer. 

Oncotarget 2014, 5 (19), 9362–9381. https://doi.org/10.18632/oncotarget.2433. 

(87)  Thupari, J. N.; Landree, L. E.; Ronnett, G. V; Kuhajda, F. P. C75 Increases Peripheral Energy Utilization 

and Fatty Acid Oxidation in Diet-Induced Obesity. Proceedings of the National Academy of Sciences of 
the United States of America 2002, 99 (14), 9498–9502. https://doi.org/10.1073/pnas.132128899. 

(88)  Shimokawa, T.; Kumar, M. V; Lane, M. D. Effect of a Fatty Acid Synthase Inhibitor on Food Intake and 

Expression of Hypothalamic Neuropeptides. Proceedings of the National Academy of Sciences of the 
United States of America 2002, 99 (1), 66–71. https://doi.org/10.1073/pnas.012606199. 

(89)  Loftus, T. M.; Jaworsky, D. E.; Frehywot, G. L.; Townsend, C. A.; Ronnett, G. V; Lane, M. D.; Kuhajda, 
F. P. Reduced Food Intake and Body Weight in Mice Treated with Fatty Acid Synthase Inhibitors. Science 
(New York, N.Y.) 2000, 288 (5475), 2379–2381. https://doi.org/10.1126/science.288.5475.2379. 

(90)  Makowski, K.; Mera, P.; Paredes, D.; Herrero, L.; Ariza, X.; Asins, G.; Hegardt, F. G.; García, J.; Serra, 

D. Differential Pharmacologic Properties of the Two C75 Enantiomers: (+)-C75 Is a Strong Anorectic 

Drug; (-)-C75 Has Antitumor Activity. Chirality 2013, 25 (5), 281–287. 

https://doi.org/10.1002/chir.22139. 

(91)  Makowski, K.; Ariza, J.; Garcia, J.; Herrero, L.; López, M.; Montesdeoca, N. Synthesis of New C75 

Derivatives, Fatty Acid Synthase Inhibitors with Cytotoxic Properties. Bionatura 2019, 02 (Bionatura 

Conference Serie). https://doi.org/10.21931/rb/cs/2019.02.01.9. 

(92)  Ritchie, M. K.; Johnson, L. C.; Clodfelter, J. E.; Pemble, C. W. 4th; Fulp, B. E.; Furdui, C. M.; Kridel, S. 

J.; Lowther, W. T. Crystal Structure and Substrate Specificity of Human Thioesterase 2: INSIGHTS INTO 

THE MOLECULAR BASIS FOR THE MODULATION OF FATTY ACID SYNTHASE. The Journal 
of biological chemistry 2016, 291 (7), 3520–3530. https://doi.org/10.1074/jbc.M115.702597. 

(93)  Pemble, C. W. 4th; Johnson, L. C.; Kridel, S. J.; Lowther, W. T. Crystal Structure of the Thioesterase 

Domain of Human Fatty Acid Synthase Inhibited by Orlistat. Nature structural & molecular biology 2007, 
14 (8), 704–709. https://doi.org/10.1038/nsmb1265. 

(94)  Menendez, J. A.; Vellon, L.; Lupu, R. Antitumoral Actions of the Anti-Obesity Drug Orlistat 

(XenicalTM) in Breast Cancer Cells: Blockade of Cell Cycle Progression, Promotion of Apoptotic Cell 

Death and PEA3-Mediated Transcriptional Repression of Her2/Neu (ErbB-2) Oncogene. Annals of 
oncology : official journal of the European Society for Medical Oncology 2005, 16 (8), 1253–1267. 

https://doi.org/10.1093/annonc/mdi239. 

(95)  Seguin, F.; Carvalho, M. A.; Bastos, D. C.; Agostini, M.; Zecchin, K. G.; Alvarez-Flores, M. P.; 

Chudzinski-Tavassi, A. M.; Coletta, R. D.; Graner, E. The Fatty Acid Synthase Inhibitor Orlistat Reduces 
Experimental Metastases and Angiogenesis in B16-F10 Melanomas. British journal of cancer 2012, 107 

(6), 977–987. https://doi.org/10.1038/bjc.2012.355. 

(96)  Carvalho, M. A.; Zecchin, K. G.; Seguin, F.; Bastos, D. C.; Agostini, M.; Rangel, A. L. C. A.; Veiga, S. 

S.; Raposo, H. F.; Oliveira, H. C. F.; Loda, M.; et al. Fatty Acid Synthase Inhibition with Orlistat Promotes 

Apoptosis and Reduces Cell  Growth and Lymph Node Metastasis in a Mouse Melanoma Model. 

International journal of cancer 2008, 123 (11), 2557–2565. https://doi.org/10.1002/ijc.23835. 

(97)  Kridel, S. J.; Axelrod, F.; Rozenkrantz, N.; Smith, J. W. Orlistat Is a Novel Inhibitor of Fatty Acid 

Synthase with Antitumor Activity. Cancer research 2004, 64 (6), 2070–2075. 

https://doi.org/10.1158/0008-5472.can-03-3645. 



  
 

 
31 

(98)  Bianchini, G.; Balko, J. M.; Mayer, I. A.; Sanders, M. E.; Gianni, L. Triple-Negative Breast Cancer: 

Challenges and Opportunities of a Heterogeneous Disease. Nature reviews. Clinical oncology 2016, 13 

(11), 674–690. https://doi.org/10.1038/nrclinonc.2016.66. 

(99)  Paulmurugan, R.; Bhethanabotla, R.; Mishra, K.; Devulapally, R.; Foygel, K.; Sekar, T. V; Ananta, J. S.; 

Massoud, T. F.; Joy, A. Folate Receptor-Targeted Polymeric Micellar Nanocarriers for Delivery of 
Orlistat as a Repurposed Drug against Triple-Negative Breast Cancer. Molecular cancer therapeutics 

2016, 15 (2), 221–231. https://doi.org/10.1158/1535-7163.MCT-15-0579. 

(100)  Bhargava-Shah, A.; Foygel, K.; Devulapally, R.; Paulmurugan, R. Orlistat and Antisense-MiRNA-

Loaded PLGA-PEG Nanoparticles for Enhanced Triple Negative Breast Cancer Therapy. Nanomedicine 
(London, England) 2016, 11 (3), 235–247. https://doi.org/10.2217/nnm.15.193. 

(101)  Hill, T. K.; Davis, A. L.; Wheeler, F. B.; Kelkar, S. S.; Freund, E. C.; Lowther, W. T.; Kridel, S. J.; Mohs, 

A. M. Development of a Self-Assembled Nanoparticle Formulation of Orlistat, Nano-ORL, with 

Increased Cytotoxicity against Human Tumor Cell Lines. Molecular pharmaceutics 2016, 13 (3), 720–

728. https://doi.org/10.1021/acs.molpharmaceut.5b00447. 

(102)  Hardwicke, M. A.; Rendina, A. R.; Williams, S. P.; Moore, M. L.; Wang, L.; Krueger, J. A.; Plant, R. N.; 

Totoritis, R. D.; Zhang, G.; Briand, J.; et al. A Human Fatty Acid Synthase Inhibitor Binds β-Ketoacyl 

Reductase in the Keto-Substrate Site. Nature Chemical Biology 2014, 10 (9), 774–779. 
https://doi.org/10.1038/nchembio.1603. 

(103)  Shaw, G.; Lewis, D.; Boren, J.; Ramos-Montoya, A.; Bielik, R.; Soloviev, D.; Brindle, K.; Neal, D. 3-
4507 Therapeutic Fatty Acid Synthase Inhibition in Prostate Cancer and the Use of 11C-Acetate to 
Monitor Therapeutic Effects; 2013; Vol. 189. https://doi.org/10.1016/j.juro.2013.02.1903. 

(104)  Lupu, R.; Guerrico, A.; Khurana, A.; Heuer, T.; Kemble, G.; KVP, C. Abstract 2713: Small-Molecule 

FASN Inhibitors Promote Growth Inhibition Growth and Apoptosis of Breast Cancer. Cancer Research 

2014, 74, 2713. https://doi.org/10.1158/1538-7445.AM2014-2713. 

(105)  Bueno, M. J.; Colomer, R. A Fatty Acid Synthase Inhibitor Shows New Anticancer Mechanisms. 

EBioMedicine 2015, 2 (8), 778–779. https://doi.org/10.1016/j.ebiom.2015.08.023. 

(106)  Oslob, J. D.; Johnson, R. J.; Cai, H.; Feng, S. Q.; Hu, L.; Kosaka, Y.; Lai, J.; Sivaraja, M.; Tep, S.; Yang, 

H.; et al. Imidazopyridine-Based Fatty Acid Synthase Inhibitors That Show Anti-HCV Activity  and in 
Vivo Target Modulation. ACS medicinal chemistry letters 2013, 4 (1), 113–117. 

https://doi.org/10.1021/ml300335r. 

(107)  Ventura, R.; Mordec, K.; Waszczuk, J.; Wang, Z.; Lai, J.; Fridlib, M.; Buckley, D.; Kemble, G.; Heuer, 

T. S. Inhibition of de Novo Palmitate Synthesis by Fatty Acid Synthase Induces Apoptosis in Tumor Cells 

by Remodeling Cell Membranes, Inhibiting Signaling Pathways, and Reprogramming Gene Expression. 

EBioMedicine 2015, 2 (8), 808–824. https://doi.org/10.1016/j.ebiom.2015.06.020. 

(108)  Jones, S. F.; Infante, J. R. Molecular Pathways: Fatty Acid Synthase. Clinical Cancer Research 2015, 21 

(24), 5434–5438. https://doi.org/10.1158/1078-0432.CCR-15-0126. 

(109)  Falchook, G.; Patel, M.; Infante, J.; Arkenau, H.-T.; Dean, E.; Brenner, A.; Borazanci, E.; Lopez, J.; 

Moore, K.; Schmid, P.; et al. Abstract CT153: First in Human Study of the First-in-Class Fatty Acid 

Synthase (FASN) Inhibitor TVB-2640. Cancer Research 2017, 77 (13 Supplement), CT153--CT153. 

https://doi.org/10.1158/1538-7445.AM2017-CT153. 
(110)  Konkel, B.; Caflisch, L. D.; Diaz Duque, A. E.; Michalek, J.; Liu, Q.; Brenner, A. J. Prospective Phase II 

Trial in Patients with First Relapse of High-Grade Astrocytoma Using TVB-2640 in Combination with 

Bevacizumab versus Bevacizumab Alone. Journal of Clinical Oncology 2019, 37 (15_suppl), 2064. 

https://doi.org/10.1200/JCO.2019.37.15_suppl.2064. 

(111)  Alwarawrah, Y.; Hughes, P.; Loiselle, D.; Carlson, D. A.; Darr, D. B.; Jordan, J. L.; Xiong, J.; Hunter, L. 

M.; Dubois, L. G.; Thompson, J. W.; et al. Fasnall, a Selective FASN Inhibitor, Shows Potent Anti-Tumor 

Activity in the MMTV-Neu Model of HER2(+) Breast Cancer. Cell chemical biology 2016, 23 (6), 678–

688. https://doi.org/10.1016/j.chembiol.2016.04.011. 

(112)  Carlson, D. A.; Franke, A. S.; Weitzel, D. H.; Speer, B. L.; Hughes, P. F.; Hagerty, L.; Fortner, C. N.; 

Veal, J. M.; Barta, T. E.; Zieba, B. J.; et al. Fluorescence Linked Enzyme Chemoproteomic Strategy for 

Discovery of a Potent and Selective DAPK1 and ZIPK Inhibitor. ACS chemical biology 2013, 8 (12), 
2715–2723. https://doi.org/10.1021/cb400407c. 

(113)  Menendez, J. A.; Vellon, L.; Lupu, R. Targeting Fatty Acid Synthase-Driven Lipid Rafts: A Novel 

Strategy to Overcome Trastuzumab Resistance in Breast Cancer Cells. Medical hypotheses 2005, 64 (5), 

997–1001. https://doi.org/10.1016/j.mehy.2004.09.027. 

(114)  Lu, T.; Schubert, C.; Cummings, M. D.; Bignan, G.; Connolly, P. J.; Smans, K.; Ludovici, D.; Parker, M. 

H.; Meyer, C.; Rocaboy, C.; et al. Design and Synthesis of a Series of Bioavailable Fatty Acid Synthase 

(FASN) KR Domain Inhibitors for Cancer Therapy. Bioorganic and Medicinal Chemistry Letters 2018, 
28 (12), 2159–2164. https://doi.org/10.1016/j.bmcl.2018.05.014. 

(115)  Zadra, G.; Ribeiro, C. F.; Chetta, P.; Ho, Y.; Cacciatore, S.; Gao, X.; Syamala, S.; Bango, C.; Photopoulos, 



  
 

 
32 

C.; Huang, Y.; et al. Inhibition of de Novo Lipogenesis Targets Androgen Receptor Signaling in 

Castration-Resistant Prostate Cancer. Proceedings of the National Academy of Sciences 2019, 116 (2), 

631 LP – 640. https://doi.org/10.1073/pnas.1808834116. 

(116)  Martin, M. W.; Lancia, D. R.; Li, H.; Schiller, S. E. R.; Toms, A. V; Wang, Z.; Bair, K. W.; Castro, J.; 

Fessler, S.; Gotur, D.; et al. Discovery and Optimization of Novel Piperazines as Potent Inhibitors of Fatty 
Acid Synthase (FASN). Bioorganic and Medicinal Chemistry Letters 2019, 29 (8), 1001–1006. 

https://doi.org/10.1016/j.bmcl.2019.02.012. 

(117)  Panman, W.; Nutho, B.; Chamni, S.; Dokmaisrijan, S.; Kungwan, N.; Rungrotmongkol, T. Computational 

Screening of Fatty Acid Synthase Inhibitors against Thioesterase Domain. Journal of Biomolecular 
Structure and Dynamics 2018, 36 (15), 4114–4125. https://doi.org/10.1080/07391102.2017.1408496. 

(118)  Kuhajda, F. P.; Pasternack, G. R.; Townsend, C. A.; Mani, N. S. Inhibition of Fatty Acid Synthase as a 

Means to Reduce Adipocyte Mass. WO/1997/018806, 1997. 

(119)  Carlson, R. M.; Oyler, A. R. Direct Methods for .Alpha.-Methylene Lactone Synthesis Using Itaconic 

Acid Derivatives. The Journal of Organic Chemistry 1976, 41 (26), 4065–4069. 

https://doi.org/10.1021/jo00888a003. 

(120)  Makowski, K. Síntesis de Análogos de C75 y Su Evaluación Como Potenciales Fármacos Anoréxicos y 

Antitumorales, Universidad de Barcelona, 2012. 
(121)  Font Felip, M. Aproximació Sintètica a Anàlegs Nitrogenats Del C75 i Determinació de La Seva 

Citotoxicitat, Universitat de Barcelona, 2013. 

 
  



  
 

 
33 

CHAPTER 6.  ANNEXES 

6.1  Abbreviations and Acronyms 
FA 

PL 

DAG 

TG 

LD 

ATP 

DNL 

AKT 

Co-A 

ACLY 

ACC 

FAS 

MAGL 

hFAS 

TE 

ACP 

KR 

ER 

DH 

MAT 

KS 

YKR 

YME 

NADPH 

MAPK 

PI3K 

HER2 

EGF 

SREBP-1c 

ChREBP 

USP2a 

C75 

IC50 

CPT1 

UB006 

CC 

TLC 

 

Fatty acid 

Phospholipid 

Diacylglyceride 

Triacylglyceride 

Lipid droplets 

Adenosine triphosphate 

De novo lipogenesis 

Protein kinase B 

Coenzyme A 

ATP-citrate lyase 

Acetyl-CoA carboxylase 

Fatty acid synthase 

Monoacylglycerol lipase 

Human FAS 

Thioesterase domain 

Acyl-carrier protein domain 

b-ketoacyl reductase domain 

Enoyl reductase domain 

b-hydroxyacyl dehydratase 

Malonyl/acetyl transferase 

b-ketoacyl synthase 

pseudoketoreductase domain 

pseudomethyltransferase domain 

Nicotinamide adenine dinucleotide phosphate 

Mitogen-activated protein kinase 

Phosphoinositide 3-kinase 

Receptor tyrosine-protein kinase erbB-2 

Epidermal growth factor 

Sterol regulatory element-binding protein 1 

Carbohydrate-responsive element-binding protein 

Ubiquitin-specific cysteine protease 2a 

(2R,3S)-4-methylidene-2-octyl-5-oxooxolane-3-carboxylic acid 

Half-maximal inhibitory concentration 

Carnitine palmitoyltransferase I 

trans-4-(hydroxymethyl)-3-methylene-5-octyldihydrofuran-2(3H)-one 

Column chromatography 

Thin layer chromatography 
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r.t. 

TFA 

1H-NMR 

13C-NMR 

FTIR 

HRMS 

UV 

Rf 

MP 

TMS 

Room temperature 

Trifluoroacetic acid 

Nuclear magnetic resonance of proton 

Nuclear magnetic resonance of carbon 

Fourier-transform infrared spectroscopy 

High resolution mass spectrometry 

Ultraviolet 

Retention factor 

Melting point 

Tetramethylsilane 
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6.2  Spectra of the Obtained Products 

6.2.1  Ketone 1 Spectra 

 
Figure 5. 1H-NMR spectrum of ketone 1. 

 
Figure 6. 13C-NMR spectrum of ketone 1. 
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Figure 7. HRMS spectrum (ES-) of ketone 1. 

 
Figure 8. FTIR spectrum of ketone 1. 
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6.2.2  Lactam trans-(± )-2 Spectra 

 
Figure 9. 1H-NMR spectrum of lactam 2 (10:7) mixture in favor of trans diastereomer. 

 
Figure 10. 1H-NMR spectrum of lactam 2 (10:1) mixture in favor of trans diastereomer. 
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Figure 11. 1H-NMR spectrum of lactam trans-(± )-2. 

 
Figure 12. 13C-NMR spectrum of lactam trans-(± )-2. 
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Figure 13. HRMS spectrum (ES+) of lactam trans-(± )-2. 

 
Figure 14. HRMS spectrum (ES-) of lactam trans-(± )-2. 
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Figure 15. FTIR spectrum of lactam trans-(± )-2. 

6.2.3  Lactone trans-(± )-5 Spectra 

 
Figure 16. 1H-NMR spectrum of lactone 5 (1:3) mixture in favor of cis diastereomer. 
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Figure 17. 1H-NMR spectrum of lactone 5 (1:0.09) mixture in favor of trans diastereomer. 

 
Figure 18. 1H-NMR spectrum of lactone trans-(± )-5. 
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Figure 19. 13C-NMR spectrum of lactone trans-(± )-5. 

 
Figure 20. HRMS spectrum (ES+) of lactone trans-(± )-5. 
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Figure 21. FTIR spectrum of lactone trans-(± )-5. 

 

 


