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Resumo 

O conhecimento que temos sobre o cancro tem evoluído, desde a sua primeira definição 

por Hipócrates, em 400 AC. Atualmente, o cancro é compreendido a um nível 

molecular, o que permite o desenvolvimento de meios de diagnóstico e terapêuticas. 

Apesar de muito se conhecer, problemas com os atuais métodos de diagnóstico e 

terapêuticas ainda subsistem. Um destes problemas é a falta de seletividade dos 

fármacos ou sondas utilizadas, o que frequentemente leva a diagnósticos ou tratamentos 

ineficazes, ao aparecimento de efeitos sistémicos e ao desenvolvimento de resistência 

aos fármacos. Para combater estes problemas diversas estratégias têm sido 

desenvolvidas. Uma destas estratégias é a fotofarmacologia, a qual permite um controlo 

preciso e seletivo de onde e quando é libertado um fármaco ou sonda. Outra estratégia 

é o desenvolvimento de pró-fármacos que apenas possam ser ativados na presença de 

um estímulo (pró-fármacos auto-imolativos) fornecido pelas células cancerígenas ou 

pelo seu ambiente. Com base na literatura, o grupo 6-nitroveratrilo suscitou interesse 

por permitir explorar ambas as estratégias ao funcionar tanto como grupo fotoprotetor 

como grupo auto-imolativo. Neste trabalho, primeiro foi explorada a fotofarmacologia, 

ao ser sintetizado um composto que liberta um grupo fluorescente após ser exposto a 

luz UV de um comprimento de onda específico (funcionando como sonda). A sua 

síntese e purificação foram otimizadas, e o composto foi caracterizado (espectroscopia 

de ressonância magnética nuclear de hidrogénio e carbono, espetroscopia ultravioleta, 

e ponto de fusão). Foi realizado um estudo de fotoativação deste composto, sendo 

demonstrada a libertação do grupo fluorescente após exposição à luz UV. Em segundo 

lugar, sabendo que o grupo era capaz de libertar a função acoplada, foram explorados 

os pró-fármacos auto-imolativos. Foram sintetizados conjugados de 

arilmonometiltriazenos (espécies ativas de medicamentos usados no cancro) com o 

grupo 6-nitroveratrilo e foram feitas tentativas de otimizar a sua síntese e purificação 

(ao testar diferentes técnicas de purificação e misturas de eluentes). Um destes 

conjugados foi sintetizado com sucesso. Durante estas tentativas, ao usarmos a 

espetroscopia de massa para analisar os produtos da reação, obtivemos informação 

sobre os compostos que se formam durante a reação e sobre a possível influência do 

substituinte do arilmonometiltriazeno (no anel aromático) no produto da reação.  

Palavras-chave: Cancro; Triazenos; Pró-fármacos; Fotofarmacologia; Sondas 
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Abstract 

Knowledge about cancer has evolved since its first denomination by Hippocrates 

around 400 BC. Nowadays, cancer is understood even at the molecular level which 

allows for the development of therapies and diagnosis tools. Even tough so much is 

known, there are still problems with the current treatments and diagnosis tools. One of 

these problems is the lack of selectivity to the cancer cells of the used drugs or probes, 

which often leads to ineffective diagnosis or treatment, to the appearance of systemic 

effects and to the development of drug resistance. To overcome these problems, 

scientists have long been developing strategies. Photopharmacology is one of these 

strategies, which allows the precise and selective control of when and where a drug or 

probe is released. Another strategy is the development of prodrugs which can only be 

activated in the presence of a stimulus (self-immolative prodrugs) provided by the 

cancer cells or their environment. Searching the literature, we found that the 6-

nitroveratryl group works both as a photoprotecting group and a self-immolative 

moiety, being suitable to explore both strategies. In this work, the photopharmacology 

strategy was first explored, by synthesizing a compound which releases a fluorescent 

moiety after being exposed to UV light of a specific wavelength (functioning as probe). 

Its synthesis and purification were optimized, and the compound was characterized 

(Hydrogen and Carbon nuclear magnetic resonance spectroscopy, UV spectroscopy, 

and melting point). A photoactivation study of this compound was executed and showed 

the release of the fluorescent moiety after the exposure of the compound to UV light of 

a specific wavelength. Secondly, knowing that the 6-nitroveratryl group was suitable 

for the release of a linked moiety, we aimed at the self-immolative prodrug strategy. 

Conjugates of arylmonomethyltriazenes (active species of marketed cancer drugs) with 

the 6-nitroveratryl group were synthesized and we attempted to optimize their synthesis 

and purification (by testing different eluent mixtures and purification techniques). We 

were able to successfully synthesize and isolate one conjugate. During these attempts, 

by utilizing mass spectroscopy to analyse the reaction products we were able to obtain 

insights about the compounds that formed during the reaction and the possible influence 

of the substituent of the arylmomomethyltriazene (in the aromatic ring) in the product 

of the reaction. 

Keywords: Cancer; Triazenes; Prodrugs; Photopharmacology; Probes   
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Hz – Hertz 

JFV-1 – 4,5-dimethoxy-2-nitrobenzyl methanesulfonate 

JFV-1-Cl – 1-(chloromethyl)-4,5-dimethoxy-2-nitrobenzene 

JFV-2 – (E)-1-(4-cyanophenyl)-3-(4,5-dimethoxy-2-nitrobenzyl)-3-methyltriazene  

JFV-2-Ani – N-(4-cyanophenyl)-1-(4,5-dimethoxy-2-nitrobenzyl)amine 

JFV-3 – (E)-1-(4-acetylphenyl)-3-(4,5-dimethoxy-2-2-nitrobenzyl)-3-methyltriazene 

JFV-3-Ani – N-(4-Acetylphenyl)-1-(4,5-dimethoxy-2-nitrobenzyl)amine 

JFV-4 – (E)-1-(4-methoxycarbonylphenyl)-3-(3-(4,5-dimethoxy-2-nitrobenzyl)-3-

methyltriazene 

JFV-4-Ani – N-(4-methoxycarbonylphenyl)-1-(4,5-dimethoxy-2-nitrobenzyl)amine 

JFV-UMB – 7-((4,5-dimethoxy-2-nitrobenzyl)oxy)-2H-chromen-2-one 

LC-MS – Liquid Chromatography-Mass Spectroscopy 

MMT – Monomethyltriazene  

MS – Mass Spectroscopy  

MsCl – Methanesulfonyl chloride 

NaH – Sodium hydride 

NMR – Nuclear Magnetic Resonance 

PBS – Phosphate-Buffered Saline 

PPG – Photoremovable Protecting Group 

Prep TLC – Preparative Thin Layer Chromatography 

PTFE – Polytetrafluoroethylene 

R-MMT – Para Substituted 1-aryl-3-methyltriazene 

s – second 

SIL – Self-immolative linker 

SN2 – Bimolecular nucleophilic substitution  

TEA – Triethylamine 
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THF – Tetrahydrofuran  

TLC – Thin Layer Chromatography  

TMZ – Temozolomide 

UHPLC - Ultra High-Performance Liquid Chromatography 

UV – Ultraviolet 
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1 Introduction 

1.1 Context and Previous Work 

Cancer is a long-known enemy of humans. Through the times, humanity went from not 

knowing what was in the origin of cancer (a few centuries ago) to nowadays where 

cancer is understood with a huge detail at the molecular level. Although much is 

understood about cancer at this time, there is still much that is unknown, and several 

difficulties in diagnosis and treatment. To overcome these problems (from difficult 

diagnosis and study to treatment with severe side effects) scientists have been searching 

and developing strategies with promptitude (1-16). 

Of these strategies, a recent area of research called photopharmacology is an interesting 

approach. It can be used to overcome the issues of poor drug selectivity, systemic 

toxicity, and drug resistance, that usually happen with cancer therapies. 

Photopharmacology uses light to control the action of a bioactive molecule allowing 

the choice of where and when that bioactive molecule is released or activated (17–22). 

This tool has been applied in the development of photoactivable prodrugs, releasing 

systems and probes with great success (18,19,31–33,23–30).  

In addition to this strategy, there is an interest in the development of prodrugs or probes 

that can be selectively activated in the presence of an hypoxic environment (containing 

nitroreductases), which is a common characteristic of solid tumours and their 

metastases (3,34). HAPs (Hypoxia-activated prodrugs) are an interesting strategy, 

because they make use of the tumour characteristic hypoxia to specifically target the 

tumour cells and in this manner avoid off-site toxicity, achieve drug selectivity and/or 

specifically image the tumour area (in the case of fluorescent moieties being present). 

This strategy has been in development in the recent years with promising success, 

although no drug or probe based on this strategy is approved for the clinic, yet (3,34–

40). 

Both strategies present themselves as great opportunities to develop either probes or 

prodrugs to help in the fight against cancer. We decided to explore an interesting system 

(6-nitroveratryl moiety - circled in Figure 1) that can act both as a self-immolative 

system for a prodrug or probe in the presence of a reductive microenvironment (related 

to HAPs strategy) and also as a photoprotecting group (PPG) that releases a drug or 
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probe under a specific wavelength of light (related to photopharmacology strategy) (41–

48). 

In a previous work, we aimed at the synthesis and characterization of a photolabile 

compound (JFV-UMB, shown in Figure 1), containing a PPG (6-nitroveratryl moiety) 

and a fluorescent moiety (Umbelliferone), that could be used as a probe to study cancer. 

The synthesized compound could release its active moiety not only under a specific 

wavelength but also under hypoxic conditions. This particularity of the PPG leads us to 

continue the previous work by studying the photoactivation of the previously 

synthesized compound and developing more conjugates (prodrugs) of the PPG with 

relevant active moieties.  

 

 

 

 

 

Figure 1 - JFV-UMB and its photoactivation 

1.2 Cancer 

The definition of cancer, since its first denomination by Hippocrates around 400 BC 

(49), has always been evolving to the light of breakthroughs in medicine, and in the 

technologies and sciences that surround it. Specially, in the last few decades this 

definition has changed from a tumour cell-centric perspective in which cancer is a 

disease of damaged genes responsible for creating rogue cells, to an immunologic 

perspective where cancer is defined as a failure of host immune controls on such rogue 

cells (50). Today, it is also recognized the great importance of the inflammatory tissue, 

of the microenvironment and of the immune response in promoting malignant 

development and progression. This has arisen, by the recent advances in understanding 

the mechanisms by which cancer cells suppress and evade the immune system (50). 

Conceptually, cancer can be defined as a growth or cell chaos where tissues and organs 

may become the target of invasion (13). Nowadays, cancer is viewed as an ecosystem 
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that is under constant evolution, gathering the resources and doing everything it cans to 

survive in its environment (4). 

Cancer constitutes an enormous burden on society. The occurrence of cancer is 

increasing because of the growth and aging of the population, as well as the increasing 

prevalence of established risk factors such as smoking, overweight, physical inactivity, 

and changing reproductive patterns associated with urbanization and economic 

development (51). This burden is reflected on estimates from the World Health 

Organization (WHO) in 2015 where cancer is the first or second leading cause of dead 

in 91 of 172 countries. Also, according to the GLOBOCAN 2018 study, the worldwide 

incidence of cancer was of 18.1 million new cases and the worldwide mortality from 

cancer was an astonishing number of 9.6 million deaths (52).  

With all this said, it can be noted that there is an increasing development of tools, 

equipment, and therapeutics to use in research, diagnosis, and treatment of cancer. It is 

a fight in progress, aiming at a better understanding, better diagnostic tools, and better 

treatment options for cancer. 

With all the knowledge about cancer, there is an urge to develop better strategies to 

eliminate cancerous cells, and to effectively target these cells while sparing normal 

cells. This is not an easy task, because it´s known that cancers are not homogenous 

entities (presenting intratumor heterogeneity) and can metastasize and invade tissues, 

resulting in their resistance to conventional chemotherapy, radiotherapy and even to 

removal surgeries (1,2,4,53). 

To deal with cancer, and with the therapeutic failures of conventional strategies, new 

strategies have been investigated and developed (2,5–11,18,54). These strategies focus 

mostly in increasing the specificity of the therapy to a particular cancer (based on the 

knowledge of its molecular characteristics) or in increasing the selectivity of the therapy 

to cancer cells rather than normal cells (thus avoiding side effects and increasing 

effectiveness). 

In common, all of these recent strategies have been designed to more effectively target 

tumour cells aiming at the “magic bullet” concept, first coined by Paul Erlich in the 

1800s (11). This concept has been the driver for the development of new strategies to 

deal with cancer with more specific and selective mechanisms of action than the ones 

of conventional chemotherapeutic agents (11). 
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1.3 Photopharmacology and cancer 

In cancer treatments, many drugs or active compounds have a problem with selectivity 

because their sites of action are also expressed in sites/tissues/organs different from the 

desired target and this leads to inevitable side effects and to a decreased action on the 

desired target. Photopharmacology is one of the strategies to deal with this problem. 

Photopharmacology provides an external photoswitch to control off-target site activity 

while helping to attain selective biological activity (17,20,21). Photopharmaceutical 

agents are developed by incorporating photolysable moieties in compounds enabling 

the change of these compounds after exposure to light at a specific wavelength and 

subsequent biological activation as depicted in Figure 2 (17,20,21). 

 

Figure 2 - Photopharmacology concept (21) 

These photopharmacologic agents allow a highly selective action at the target as light 

can be delivered with very high spatiotemporal precision. On the other hand, there are 

challenges like the penetrability of light through the tissues and the possibility of 

photodamage to the tissues caused by UV light (17,20,21). This is a field in rapid 

growth, with many types of compounds developed with applications in diagnosis, 

research and treatment in cancer but also in other diseases and research areas (14-26). 

Consequently, photopharmacology is an important tool for the improvement of the 

pharmacotherapeutic capabilities of many drugs for treating cancer that are discarded 

because of their toxicity, low selectivity and for the appearance of drug resistance (21). 

Figure 3 shows the utility of photopharmacology in the resolution of these problems. 
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Figure 3 - Comparison between a conventional drug and two drug releasing 

systems in terms of problems caused by the active drug (21) 

Photopharmacological treatment is especially suitable in situations where the cancer is 

localized. Action on exposed parts, such as the skin or eyes, is the most natural target 

(21,47). Photoactivation can be achieved either from outside the body, from inside the 

body or at the site of action (20). 

 Photocaging groups  

Photocaging groups, also called photoremovable protecting groups (PPGs) are 

molecules that can provide spatial and temporal control over the release of various 

chemicals (63). Kaplan and co-workers were amongst the first to explore PPGs, 

achieving the photorelease of Adenosine 5’-Triphosphate (ATP). From there on, 

applications in synthesis and in biology started appearing (64). The latter authors, 

introduced the term “caged” to define a compound protected by a PPG (63). These 

groups can have a diverse range of applications, especially in synthesis, biochemistry, 

neurobiology, biomedicine, volatiles release, polymerization, and fluorescence 

activation (63,65). 

A very interesting application is the development of chemical probes (46,66), especially 

to use in cancer research (i.e. to assess the overexpression of an enzyme in cells and 

perceive its contribution to tumorigenesis) and eventually in therapeutic applications 

(i.e. targeting an overexpressed enzyme in cancer cells) (42). These kinds of probes 

have already been proven useful in drug discovery for cancer (46,66) and research 
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applications (13-26) although still offering some challenges in their choice, 

development and application (67). 

The development of prodrug systems with these groups is also of great interest, as these 

photoactivable systems allow a great degree of control over where and when the linked 

moiety is released, and that is particularly useful when we think about drugs that treat 

cancer but lack selectivity over normal cells. Our interest in these systems is inspired 

by other works, mostly focusing on drugs against cancer (18,34–45) and by the 

relatively recent existence of an approved drug (axitinib) that relies on 

photopharmacology for its specific action on cancer cells (18). 

Amongst all the different photocaging groups that have been developed, nitrobenzyl, 

and their dimethoxy derivatives (nitroveratryl) are by far the most used because they 

are easily commercially available and they are often successful in achieving the desired 

purposes with several proofs of their functionality (63,65,69). Despite that, they have 

known disadvantages like low water solubility and the production of potentially toxic 

and strong absorbing compounds like o-nitrosobenzaldehyde (63). Examples of these 

groups are compounds 1-5 shown in Figure 4 (63).  

 

Figure 4 - Photolabile o-nitrobenzyl groups (63) 

Several modifications on these groups were attempted to improve their properties 

(efficiency of release, water solubility, avoidance of the nitroso side product, etc.) either 

on the benzylic position or on the benzene ring. More modifications were done at the 

benzene ring because of the synthetic difficulties found with the benzylic position and 

of the low impact on absorbance that those modifications had. These modifications 

were helpful to tune the absorbance of the compounds and to improve their water 

solubility. The addition of two methoxy groups, was executed to increase the 

absorbance at greater wavelengths (less toxic and more penetrable) leading to 

compounds 4 and 5 (Figure 4) (63). 
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In this work, the moiety used as a photocage was compound 4, and its photorelease 

mechanism can be seen in Figure 5 (70).  

 

Figure 5 - Photorelease mechanism of Methyl-6-Nitroveratryl (Me-6-NV) group  

(70) 

 Fluorescent moieties 

Fluorescence is the emission of a photon by an excited-state molecule following the 

absorption of light. Nowadays, fluorescence is a crucial scientific tool, allowing highly 

sensitive measurements and the specific visualization of fluorescent compounds in the 

presence of numerous non-fluorescent compounds. The use of fluorescence enables 

biological imaging, high-throughput screening, genome sequencing, and many other 

useful technologies (71). 

Fluorescence can be controlled by several methods, making use of chemistry to fine-

tune the structure and fluorescence properties of fluorescent moieties/compounds. 

Fluorescent moieties can be designed and modified to modulate its behaviour according 

to the desired purpose. As an example, a fluorescent moiety can be coupled with a 

blocking group which supresses or eliminates fluorescence (Figure 6). This 

fluorescence can then be retrieved by the removal of the blocking group through an 

enzyme-catalysed reaction, photolysis, or another covalent bond cleavage (71). These 

fluorescent moieties can be useful in research and development of probes and/or drugs 

for cancer by allowing the observation of their distribution through the body and by 

identifying where and when they are released (41,71). In sum, fluorescent moieties can 

play a role in photopharmacology, by allowing the tracking of the probe and/or drug 

release after a light stimulus.  
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Figure 6 - Fluorescence modulation through a blocking group (71)                                    

Coumarins are an example of these fluorescent moieties and present themselves as 

widely used fluorophores (chemical compounds that can re-emit light upon light 

excitation) (72). Their fluorescence can be modulated (lowered) through structural 

modifications (71). Coumarins are the largest class of 1-benzopyran derivatives, and 

coumarin (Figure 7), a colorless compound isolated from the tonka bean  in 1820, was 

the initial member of this class of compounds. Since the discovery of coumarin several 

of its derivatives have been isolated from various natural sources, especially from 

higher plants (73). 

 

 

 

 

Figure 7 - Coumarin and Umbelliferone structures 

Umbelliferone, which was first isolated from the family Umbelliferae, is one of the 

most popular compounds of the coumarin family. It is also known as 7-

hydroxicoumarin and it´s the starting moiety for the synthesis of more complex 

coumarins (73,74). This compound has received great attention from the scientific 

community given its diverse bioactivities like anti-inflammatory, antinociceptive, 

bronchodilating, and anti-hyperglycemic effects (75). 

One of its most important characteristics, is its capability to absorb UV light, being used 

in sun protection cosmetics (74). This characteristic, common to the coumarin family, 

results in the fluorescence of Umbelliferone after exposure to UV light (76–78). This 

fluorescence is an important property to its applicability in research and therapeutics. 

The observed fluorescence of Umbelliferone is of a blue or blue green colour (450-500 
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nm), when excited at the 320-360 nm range and depending on the pH of the solution (a 

more alkaline pH results in a shift to the green color). Umbelliferone  fluorescence can 

be supressed or reduced through the addition of an alkyl or acyl substituent on the 7-

hydroxy group (71).  

In this work, we took advantage of the properties of umbelliferone (fluorescent moiety), 

photopharmacology and photocaging groups to synthesize a compound (JFV-UMB, 

Figure 1), that could be selectively activated either by UV light or by the presence of a 

reductive tumour microenvironment. 

1.4 Prodrugs, self-immolative spacers and hypoxia-activated 

prodrugs 

Prodrugs are molecules, derived from pharmacological agents, that have little or no 

pharmacological activity but have built-in structural lability which results in their in 

vivo conversion to the active therapeutic agent (bioconversion) (40,79,80). This 

bioconversion can occur either through spontaneous processes (e.g. hydrolytic 

degradation) or via a biocatalytic mechanism (e.g. enzyme-mediated bioconversion).  

There are a lot of strategies that have been built on the prodrug foundation. From simple 

strategies using hydrolysable linkers (between drug and masking moiety) to more 

complex and recent strategies depending on very particular enzymes or other stimuli 

(disease or therapy related) (80).  

The use of prodrugs can successfully overcome barriers to drug development and 

delivery, and allow for improved properties of a potential medicine (79). This strategy 

is highly successful and this results in a significant fraction of marketed therapeutic 

formulations being based on prodrugs (80). 

Self-immolative spacers 

Katzenellenbogen and co-workers, in 1981, were the first to describe self-immolative 

spacers, also called self-immolative linkers (SILs) (43,80–82). These linkers are 

composed of a trigger (promoiety) and a spacer moiety, and are designed to degrade 

spontaneously and fast, and produce by-products with an acceptable safety profile (80). 

They are stimuli-responsive covalent chemical structures which after a stimulus 

develop an intramolecular reaction that releases the desired active group (78). With 

these spacers, the active moiety can be released after the trigger is activated either 
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through chemicals, enzymes or light (83,84). Figure 8 schematizes the concept of a 

double prodrug, which can include this types of linkers (85). 

 

 

 

 

 

 

 

 

 

SILs are useful in spatially correlating the activation location with the active group 

release and they have been extensively used in the design of prodrugs and in bioanalysis 

(82). They constitute a technology that allows the temporary installation of chemical 

diversity into drugs offering a good tool for prodrug design having as examples the 

prodrugs doxorubicin, paclitaxel and others (80). 

Prodrugs containing SILs can be used to overcome the problems of lack of drug 

selectivity (responsible for side effects and the appearance of drug resistance in cancer 

therapies) (85,86). These prodrugs are composed of three units (Figure 8). First, the 

trigger which is essential for the prodrug activation mechanism and for tumour 

selectivity, so its activation must occur exclusively in the tumour area. Second, the 

effector which must be effectively masked in the prodrug to become a non-toxic 

compound. Finally, the linker which unites the effector and trigger, and which is 

responsible for the drug release after trigger activation. The linker is a very important 

part of these prodrugs because it must release the drug fast enough so no prodrug 

diffuses out of the tumour and also it greatly affects the prodrug properties 

(pharmacokinetics, organ distribution, bioavailability and enzyme recognition) (85). 

SILs can have an impact on the stability of a prodrug under physiological conditions 

and provide the prodrug with a targeted delivery (87). It is important, in the design of 

self-immolative prodrugs, to consider that a good leaving group is required for the drug 

Figure 8 - Double prodrug general release 

mechanism (85)   
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release after triggering the SIL. Nevertheless, the disassembly of these self-immolative 

spacers can lead to the formation of toxic species as quinone methides as exemplified 

by the 6-NV SIL in Figure 9 (83).  

These linkers can be divided in two types, elimination-based linkers, or cyclization-

based linkers, depending on the mechanism through which they release the active 

moiety. Both self-immolation processes can be induced from different functions 

involving heteroatoms (phenol, enol, amine, enamine, hydroxylamine, and others), 

which vary depending on the trigger used to target the tumour site. In both cases, the 

activation generates nucleophilic functional groups, conjugated with or near a leaving 

group, and their reaction spontaneously activates the self-immolation process, releasing 

the desired compound. 

Elimination-based linkers work through the generation of an electronic cascade that 

leads to the formation of a quinone or azaquinone intermediate (see Figure 9). They are 

composed by an aromatic structure containing a masked/protected amino, hydroxy, or 

thiol group which is crucial for the electronic cascade that leads to the disassembly of 

the linker. When not activated, these linkers are not nucleophilic enough to trigger the 

electronic cascade and only after they are activated, they reveal their nucleophilicity 

and initiate the self-immolation process. These linkers tend to be cleaved more rapidly 

than cyclization-based linkers (86) and can work either through 1,2-elimination, 1,4-

elimination, 1,6-elimination and 1,8-elimination processes as shown in Figure 10 and 

also by β-elimination (not shown) (84).  

 

Figure 9 - Azaquinone methide formation with 6-NV as a SIL; LG - Leaving 

group 

6-NV SIL with leaving group Azaquinone methide  
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On the other hand, cyclization-based linkers disassembly through a cyclization process 

generating, for example, imidazolidinone, oxazolidinone, or 1,3-oxathiolan-2-one ring 

structures (which are represented in Figure 11 a)). These linkers incorporate moieties 

based on alkyl chains or on ortho mono- or disubstituted aromatic spacers. Once 

activated, their disassembly involves a nucleophilic attack on a carbonyl group or on an 

electrophilic aliphatic carbon atom. The associated cyclization occurs directly after 

activation or after a preliminary elimination step. In this case, self-immolation is driven 

by a positive reaction entropy and by the formation of thermodynamically stable 

products (5- and 6-membered rings) (84). Figure 11 depicts the diverse mechanisms of 

release of cyclization-based linkers. 

 

 

 

 

 

 

Figure 10 - Release Mechanisms of Elimination-Based Linkers; PG: 

Protecting group; LG: Leaving group; X = O, NH or S (80) 
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Hypoxia-activated Prodrugs (HAPs) 

In order to treat or diagnose cancer, in special solid tumours and their metastases, one 

strategy under investigation is the use of the characteristic hypoxia of these tumours to 

guide and direct therapies to them (36,37,88,89).  

Since hypoxia (deficiency in oxygen due to an inefficient vasculature of the tumour) is 

a relevant characteristic of the microenvironment of malignant tumours (Figure 12) it 

has become an important target for the research of hypoxia-directed cancer therapies. 

Hypoxia is attractive as a target because it is present in solid tumour cells when 

compared to non-tumour cells, where it is not. Besides that, hypoxic tumour cells 

generally are further away from blood vessels than the rest of the cancer cells which 

makes it difficult for the therapeutic agents to reach them (in an adequate 

concentration) and display their activity. This contributes to the inefficacy of 

radiotherapy and chemotherapy in some tumours, so targeting this environment is of 

great interest (Figure 12) (37,88). Targeting this environment might allow the increase 

Figure 11 - Release Mechanisms of cyclization-based linkers; PG: 

Protecting group; LG: Leaving group ; Adapted from (80) 

Imidazolidinone: X = NH, Y = NH ; Oxazolidinone: X = O, Y = NH ; 

1,3-oxathiolan-2-one:  X = O , Y = S 
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of a dose of a drug so more drug can reach its target, being selectively released and 

avoiding toxicity. 

 

 

 

 

 

 

 

 

 

In this matter, hypoxia-activated prodrugs (HAPs) are a promising approach and have 

been developed to specifically target hypoxic tumour cells of solid tumours, including 

metastases, having favourable results in clinical trials (36,37,88). Although not every 

one of the cells in the tumour is hypoxic (Figure 12) there is an interest in targeting 

these cells because at any given time, a fraction of tumour cells are in an hypoxic state, 

and using hypoxia-activated prodrugs in several cycles of treatment could be effective 

in killing a good number of tumour cells (88). Also, combining this treatment with 

radiotherapy or using additional treatments to increase the proportion of the hypoxic 

cells in a tumour, could result in an increased value of these prodrugs. A third, and 

attractive approach, is to use the hypoxic cells in a tumour to kill the more oxygenated 

cells and this requires that the released drugs are converted to more cytotoxic species. 

For this last approach to work, there is also the need for the drug to be stable and diffuse 

to the oxygenated cells, killing them on what is known as the “bystander effect” (88). 

To achieve activation, hypoxia-activated prodrugs follow one of two different pathways 

(Figure 13). The first, and more common, is where a prodrug is converted into a 

transitory intermediate (prodrug one-electron adduct) that can be oxidized back to the 

prodrug in the presence of molecular oxygen in normal cells. The other, is when the 

prodrug directly competes with the molecular oxygen for the active site of a reductase 

Figure 12 - Microenvironment of a solid tumour 

regarding its oxygen concentration and the occurrence 

of drug resistance (37) 
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under hypoxic conditions. Both of these mechanisms generate diffusible cytotoxic 

species (88).  

 

Figure 13 – Activation mechanisms of hypoxia-activated prodrugs (88) 

In terms of chemical structure, we can distinguish four main types of hypoxia-activated 

prodrugs which are quinones, nitro-group skeletons (nitroaromatics and 

nitroimidazole), N-oxide analogues, and transition metal complexes (36).  

Of interest to us is the nitroaromatics group which was one of the first to be explored 

and is widely used in the development of HAPs (36,90). This group has also been 

thoroughly studied in the development of probes that can image tumour hypoxia. The 

mechanism by which this group is activated (Figure 14) involves enzymes called 

nitroreductases (a family of flavin containing enzymes which effect the stepwise 

addition of up to six electrons) that are commonly overexpressed under hypoxic 

conditions and whom expression levels correlate well with tumour hypoxia (37,88). 

These nitroreductases (type II nitroreductases), in human cells, have only been 

identified in hypoxic tumours, and hypoxic conditions are required for the progression 

of the reduction of the nitro group, as seen in Figure 14 (91). 

 

 

 

 

 

 

Figure 14 - Nitroreductase types and reduction 

mechanism of nitroaromatics (91) 
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As HAPs, nitroaromatics have been experimented in different ways, such as being 

“oxygen-mimetic radiosensitizers” (stabilizing the DNA lesions caused by radiotherapy 

by acting as mimetics of molecular oxygen), integral components of HAPs (themselves 

having cytotoxicity upon the hypoxic environment) or by releasing a drug by 

elimination under hypoxic conditions (37). 

This last approach gains our attention because it can be used to improve the delivery 

and reduce the side toxicity of a drug by promoting its release only within the tumour. 

An example of this is the 6-Me-NV group depicted in Figure 5. This group works as a 

self-immolative linker which upon photoactivation or activation by a reductive 

microenvironment releases the active drug conjugated with it. 

In sum, tumour hypoxia is a very interesting therapeutic target in oncology which has 

progressed in the past years, allowing for a range of diverse hypoxia-based strategies to 

achieve a more selective and less toxic drug delivery. The fact that the activation 

mechanisms of these prodrugs depend on oxygen concentrations spares normal cells 

from cytotoxicity and directs the drug release to the desired target, benefiting the 

clinical perspectives for these prodrugs (36,37,88). 

1.5 Triazenes as anticancer drugs 

Triazenes, are a group of open chain chemical compounds characterized by having a 

N=N-N moiety in their structure (Figure 15). Their first synthesis was achieved in 1862, 

by Griess, through the incomplete diazotation of aniline. Another way to synthesize 

these compounds is by reacting an alkyl azide with the appropriate Grignard or alkyl 

lithium reagent (92–94) or by coupling a diazonium salt with an amine (95). The three 

adjacent nitrogen atoms are responsible for the chemical, physical and antitumor 

properties of triazenes (96). Generally, these compounds are associated with aromatic 

rings (X=Ar), in what are defined as aryltriazenes (97,98).  

 

 

 

 

 Figure 15 - General triazene structure 
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These compounds have been found to be useful, in a range of applications such as in 

the textile, paint and rubber sponge industries. They are also very useful as tools in 

organic synthesis because of their stability and adaptability to a number of synthetic 

transformations, being used, i.e., as protective groups, as intermediates in the synthesis 

of other chemical functions and as basis for heterocycle formation (99,100). They have 

also been found to show important biological activities (92,101). 

Triazene´s chemistry has been extensively studied in regards of their synthesis,   

biological activity, mechanisms of action and stability, leading to the current 

understanding of these compounds, which despite being discovered more than a century 

ago, are still of great interest and can still lead to new compounds and  potentially useful 

drugs (92–99,101,102). 

Triazenes in cancer treatment 

Of their biological activities, it is important to talk about the most studied and 

remarkable, its anticancer activity. Nevertheless, triazenes are also recognized for their 

carcinogenic, mutagenic and teratogenic activities (92,103). These activities arise from 

the fact that triazenes are alkylating agents, generating an highly reactive 

alkyldiazonium ion (Figure 16), responsible for the alkylation of DNA at the O6 and N7 

positions of guanine, consequently leading to mutations and cell death (93,94,96). 

In cancer treatment, triazenes that are of clinical interest include the agents dacarbazine 

(DTIC) and temozolomide (TMZ) that are used in the treatment of metastatic 

melanomas, soft tissue sarcoma, Hodgkin’s and non-Hodgkin’s lymphoma (93,96,97). 

Both compounds act, in vivo, through the formation of an active intermediate, a 

monomethyltriazene that itself is responsible for the cytotoxic activity of these 

compounds (96). Their activation and action mechanism are shown in Figure 16. 

Problems associated with these compounds include necessity of metabolic activation 

(interindividual variability of effect), poor selectivity for cancer cells (giving rise to 

severe side effects) and low-water solubility (administration limitations). Although 

temozolomide has solved some of the problems associated with dacarbazine 

(dependence on hepatic activation and necessity of IV administration) by spontaneously 

releasing the active species at physiological pH and by allowing oral administration 

(having 100% bioavailability), the problem of low drug selectivity and heavy adverse 

effects of this medicine still remains (92,94,96,97). In consequence, there is an 
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increasing research and development of other triazenes to find more active compounds 

and overcome these problems. 

To overcome these problems, diverse prodrug systems for triazenes are being 

investigated, either involving enzymes or other specific characteristics of the tumours 

that are aimed as targets (93,94,109,110,97,98,103–108). 

Monomethyltriazenes 

Monomethyltriazenes, provide a better alternative against dimethyltriazenes (marketed 

drugs) for prodrug development since they are the active moiety and are independent 

of metabolic activation, although having poor stability in water (94,95). The strategy of 

developing triazene prodrugs has been widely explored aiming at increasing specificity 

and reducing toxicity of these compounds (53,94). Additionally, monomethyltriazenes 

are adequate for prodrug synthesis, since they have an acidic hydrogen (-NHCH3) 

suitable for removal with a base which turns them into good nucleophiles that easily 

react with electrophiles. Ideally, this development aims at obtaining prodrugs that 

release the monomethyltriazene and have more suitable physicochemical properties 

with adequate half-lives and solubility. 

In brief, triazene compounds represent a class of antineoplastic agents (alkylating 

agents) of primary interest in the clinic, with the possibility to expand their actual 

limited use, by using non-conventional strategies such as prodrugs (96). 
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Figure 16 - Activation process for DTIC and TMZ anticancer therapeutic action 

(96) 
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2 Objectives  

This work was aimed at synthesizing JFV-UMB (Figure 1), composed of a photolabile 

moiety (release system, the 6-nitroveratryl group) and a fluorescent moiety 

(umbelliferone), and identifying if it could be used as a light-dependent fluorescent 

probe. The main objective was to synthesize, purify and characterize this compound 

and to study its photoactivation after being stimulated with light of a specific 

wavelength for a certain amount of time. With this, we wanted to provide proof of 

concept for this compound as a fluorescent probe and of 6-nitroveratryl as a photolabile 

moiety. 

After confirming the successful photoactivation of JFV-UMB, the work was aimed at 

developing triazene (monomethyltriazenes) prodrugs by exploring the same releasing 

system, this time in a self-immolative approach in which this system could release the 

therapeutic agent under hypoxic conditions (Figure 17). The main objective was to 

obtain a little library of self-immolative prodrugs that could be studied for their activity 

on cancer cell lines and whose release could be controlled and studied. With this, we 

wanted to see if it was possible to develop new anticancer triazenes to be delivered in a 

selective and targeted strategy, based on the hypoxic tumour microenvironment. 

A future and final aim of this work, would be to connect the fluorescent probe with the 

triazene prodrug, obtaining not only a self-immolative prodrug, but a prodrug whose 

release and distribution could be followed and studied through the emission of 

fluorescence after drug release (functioning both as a drug and a probe).  

Figure 17 - Triazene prodrugs and their activation mechanism 

Note 

This work came amidst the SARS-CoV-2 pandemic, which severely impaired the 

execution of laboratorial work which was planned for March and April of 2020. This 

time limitation and the difficulties encountered when attempting to synthesize the 
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triazene conjugates led to the shortening of the presented data (no full characterization 

of the compounds and no in vitro activity studies). The work here presented follows the 

work developed in the curricular unit Project II where the synthesis of JFV-UMB was 

initiated.  
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3 Materials and Methods 

3.1 Materials and Equipment 

All reagents and solvents were purchased from commercial suppliers (Fluorochem, 

BDH, Aldrich Chemistry, Alfa Aesar, TCI, and Sigma-Aldrich). HPLC solvents were 

of analytical grade (Lichrosolv). Triazenes were synthesized by colleagues in the 

laboratory and should be considered as mutagenic and/or carcinogenic and appropriate 

care should be taken to handle them safely. All solvents were purified by standard 

techniques at FFUL. Reactions were monitored by thin-layer chromatography using 

silica-gel aluminium sheets (Merck Kieselgel 60 F254) that were visualized under UV 

light (CAMAG, 254nm). Column chromatography was performed using Merck silica 

gel 60 (230−400 mesh ASTM). Preparative thin layer chromatography (prep TLC) was 

carried out on glass plates coated with silica-gel (Merck Kieselgel 60 GF245). Melting 

points were determined using a Kofler camera Bock-Monoscop “‘M’” and are 

uncorrected.  

1H and 13C NMR spectra were recorded in CDCl3 solutions using a Bruker Ultra-Shield 

300 MHz spectrometer; chemical shifts (δ) are reported in parts per million (ppm) 

relative to tetramethylsilane (TMS) as internal standard and coupling constants (J) are 

expressed in hertz (Hz). Approximately, 3 mg of each sample were dissolved in about 

0.5 mL of CDCl3. Each sample was then submitted for analysis. 

UV spectra were obtained with a Hitachi U-2000 Double-Beam UV/Vis 

Spectrophotometer. Samples' mother solutions of 0.01M were prepared (1mL). 30 μL 

of these mother solutions were diluted on 3 mL of ACN. These solutions' UV spectra 

were then recorded between 200-400nm or between 200-600nm. 

Photoactivation assay was performed using a LED source (12x Nichia NCSU033B, 

Sahlmann Photochemical Solutions, 50% intensity, 2.7 W, 365nm). A UV lamp 

(CAMAG, 366nm) was used to observe the 96-well microplate after irradiation. 

Pictures of the photoactivation apparatus (led source + 96-well microplate) can be seen 

in Annex 1.  

High-performance liquid chromatography (HPLC) was performed in an Elite LaChrom 

(VWR Hitachi) system comprised of an L-2130 pump, an L-2400 UV detector (using 

320nm as the detection wavelength) and a Rheodyne® manual sample injector, 
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including a 20 μL sample loop. Chromatographic separation was achieved on a 

Lichrospher® 100 RP-18 (5μm) using a gradient solvent elution at a flow rate of 1.0 

mL/min. The chromatographic elution was accomplished with a mobile phase 

consisting of water (A) and acetonitrile (B) in the following gradient: 0 min (10% B), 

0–5 min (30% B), 5–10 min (50% B), 10–15 min (70% B), 15–20 min (90% B), 20–30 

min (90% B). Total run time ranged from 20 to 30 minutes. 

LC-MS was executed using a Waters AcquityTM Ultra Performance LC (Waters®, 

Ireland) UHPLC equipment comprised of binary pumps, a degasser, an automatic 

sampler, and a column oven. Chromatographic conditions are shown in Figure 18. The 

mass spectra were acquired using a triple quadrupole mass spectrometer, model Waters 

AcquityTM (Waters®, Ireland) equipped with an electrospray source operating in 

positive and negative mode, at different cone voltages (10 to 60V). For data acquisition 

and processing the MassLynx version 4.1 software was used. Approximately, 1mg of 

each sample was diluted in 1mL ACN. After this dilution, these samples were again 

diluted in ACN (1:10) and filtrated through a PTFE filter before analysis. The samples 

were then introduced in the UHPLC apparatus connected to the mass spectrometer, and 

analysed. MS (without LC) was executed with the same mass spectrometer and with 

the same sample preparation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 - Chromatographic 

conditions for LC-MS 
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3.2 Methods 

 Syntheses 

3.2.1.1 Synthesis of the Photolabile/Self-immolative moiety - JFV-1 

DCM was dried for 30 minutes. 4,5-dimethoxy-2-nitrobenzyl alcohol (152.0 mg, 0.70 

mmol), DMAP (51.6 mg, 0.42 mmol), TEA (117 µL, 0.84 mmol) and MsCl (65 µL, 

0.84 mmol) were added sequentially to a round-bottom flask containing DCM (10mL). 

The reaction was left with magnetic stirring, under a nitrogen atmosphere and on an ice 

bath (at 0ºC) for 30 minutes. After this time, the reaction was left at room temperature 

for 40 minutes. The reaction course was followed by TLC using a Hexane:Ethyl acetate 

(1:1) mixture as eluent. The reaction was stopped at 70 minutes and diethyl ether 

(10mL) was added to the reaction mixture and left with stirring for 30 minutes. 

The reaction mixture was filtered by vacuum followed by successive washes with 10% 

CuSO4 (5mL), 5% KHCO3 (5mL), Water (5mL) and Brine Reagent (5mL). The organic 

phase was then dried with anhydrous Na2SO4, filtered, collected to a round-bottom 

flask, and dried under vacuum. Impure product was obtained at this point. 

Purification was executed by column chromatography. The column was prepared by 

the slurry method using a Hexane:Ethyl Acetate (7:3) mixture. The impure product was 

dissolved in the same mixture (2mL) and added to the column, followed by gradient 

elution first with a Hexane:Ethyl Acetate (7:3) (120mL) mixture and then with a 

Hexane:Ethyl Acetate (1:1) (110mL) mixture. JFV-1 was then collected in a round-

bottom flask, the solvents were evaporated, and the compound was dried under vacuum 

(43.9% yield). 

3.2.1.2 Synthesis of the probe - JFV-UMB 

Umbelliferone (44.7 mg, 0.28 mmol) and caesium carbonate (139.8 mg, 0.41 mmol) 

were added to a round-bottom flask containing dried Acetone (1mL). JFV-1 (61.4 mg, 

0.2 mmol) was dissolved in 1 mL of dried acetone and added to the previous solution. 

The reaction mixture was left overnight (18h) with stirring on a heated oil bath, under 

reflux (Temperature = 56ºC). During the reaction the system was protected from light 

with aluminium foil. 

After, to precipitate JFV-UMB, 5 mL of ethyl ether were added to the reaction mixture, 

which was then filtered by vacuum. TLC was used to confirm the isolation of JFV-
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UMB (Hexane:Ethyl Acetate 1:1 - eluent mixture). The obtained crystals were dried on 

a desiccator (58.3% yield). The compound´s structural properties were then obtained 

(Melting point, UV spectrum, and NMR spectrum). 

3.2.1.3 Synthesis of the triazene prodrugs - JFV-2 

JFV-1 (33.6mg, 0.115mmol) was added to a round-bottom flask containing 2mL of 

dried THF. This solution was put at 0ºC (with ice). The CN-MMT (18.4mg, 

0.115mmol) solution was prepared with 2mL of dried THF. NaH (4.61mg, 0.173mmol 

- dry, 90%) was added to the CN-MMT solution yielding the activated CN-MMT salt. 

The activated CN-MMT was then added dropwise to the JFV-1 solution. After the 

addition, the ice was removed. The reaction was followed by TLC using an Ethyl 

Ether:Hexane 7:3 mixture and stopped at 65 minutes.  

Purification of JFV-2 was executed by column chromatography (Method A). The 

column was prepared by the slurry method. The impure product was dissolved in an 

Ethyl Ether:Hexane 7:3 mixture (5mL) and added to the column, followed by regular 

elution with the same mixture. Fractions of interest were then collected, the solvents 

were evaporated, and the obtained solid was dried under vacuum. Method A failed to 

isolate the desired compound, so method B was employed afterwards with the obtained 

solid. 

Purification was executed by prep TLC (Method B) using an Ethyl Ether:Hexane 7:3 

mixture as eluent (120mL). The solid was dissolved in 3mL DCM and applied on the 

TLC plate. The TLC plate was eluted for 40-60 minutes. After the elution, the TLC 

plate was observed under an UV light and each signalled band was extracted from the 

silica using a gradient of solvents (DCM, then a DCM:Ethyl Acetate 1:1 mixture and 

then Ethyl Acetate). The solvents were evaporated, and the obtained solids were dried 

under vacuum. NMR was executed for each solid. LC-MS was also executed for the 

solid were JFV-2 was suspected of being present. A second prep TLC was executed 

with that solid using an Ethyl Ether:Hexane 1:1 mixture as eluent (120mL) and using 

the same prep TLC procedure. 

3.2.1.4 Synthesis of the triazene prodrugs - JFV-3 

JFV-1 (31.3 mg, 0.1074mmol) was added to a round-bottom flask containing 2mL of 

dried THF. This solution was put at 0ºC (with ice). The COCH3-MMT (19mg, 0.1074 

mmol) solution was prepared with 2mL of dried THF. NaH (4.33 mg, 1.612mmol - dry, 
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90%) was added to the COCH3-MMT solution yielding the activated COCH3-MMT 

salt. The activated COCH3-MMT was then added dropwise to the JFV-1 solution. After 

the addition, the ice was removed. The reaction was followed by TLC using an Ethyl 

Ether:Hexane (7:3) mixture. The reaction was stopped at 19h and the solvent was 

evaporated after.  

Another synthesis was executed in the same manner, using DMF as a solvent instead 

of THF. This reaction was stopped at 60 minutes. After the reaction, the round-bottom 

flask was put in a water bath (50ºC) and the DMF was removed under reduced pressure.  

Purification was executed by prep TLC using a DCM:Methanol (9:0.5) mixture or an 

Ethyl Ether:Hexane 7:3 mixture as eluent (120mL). The compound was dissolved in 

3mL DCM and applied on the TLC plate. The TLC plate was eluted for 40-60 minutes. 

After the elution, the TLC plate was observed under an UV light and each signalled 

band was extracted from the silica using a gradient of solvents (DCM, then a 

DCM:Ethyl Acetate 1:1 mixture and then Ethyl Acetate). The solvents were evaporated, 

and the obtained solids were dried under vacuum. NMR was executed for each solid. 

LC-MS was executed for the solid where JFV-3 was suspected of being present.  

3.2.1.5 Synthesis of the triazene prodrugs - JFV-4 

JFV-1 (33.9mg, 0,116mmol) was added to a round-bottom flask containing 2mL of 

dried THF. This solution was put at 0ºC (with ice). The COOCH3-MMT (22.4mg, 

0.116mmol) solution was prepared with 2mL of dried THF. NaH (4.64mg, 0.174mmol 

- dry, 90%) was added to the COOCH3 solution yielding the activated COOCH3 salt. 

The activated COOCH3-MMT was then added dropwise to the JFV-1 solution. After 

the addition, the ice was removed. The reaction was followed by TLC using an Ethyl 

Ether:Hexane 7:3 mixture as eluent (120 mL). The reaction was stopped at 72h and the 

solvent was evaporated after. 

Purification was executed by prep TLC using an Ethyl Ether:Hexane 7:3 mixture as 

eluent (120mL). The solid was dissolved in 3mL DCM and applied on the TLC plate. 

The TLC plate was eluted for 40-60 minutes. After the elution, the TLC plate was 

observed under an UV light and each signalled band was extracted from the silica using 

a gradient of solvents (DCM, then a DCM:Ethyl Acetate 1:1 mixture and then Ethyl 

Acetate). The solvents were evaporated, and the obtained solids were dried under 

vacuum. NMR was executed for each solid. 



 42 

 Assays 

3.2.2.1 Photoactivation Assay of the probe - JFV-UMB 

Umbelliferone and JFV-UMB solutions of 10-4M were prepared in ACN from mother 

solutions of 0.01M. The Umbelliferone solution was then analysed by HPLC. The JFV-

UMB solution was further diluted to 10-5M in DMSO and PBS 0.01M (500µL JFV-

UMB 10-4M solution + 500µL DMSO + 4000µL PBS 0.01M). A blank  solution was 

also prepared (900µL PBS 0.01M + 100µL DMSO).  

200µL of the 10-5M JFV-UMB solution were applied in triplicate in a 96-well microlitre 

plate (Figure 35) for each irradiation time. These triplicate sets of solutions were 

irradiated at 365 nm for, respectively, 15, 30, 45, 60 or 120 seconds. 200µL of the blank 

solution were applied in triplicate and irradiated along with the other solutions. 200µL 

of the 10-5M JFV-UMB solution were also applied in triplicate and not irradiated 

(negative control). All solutions were observed under a UV light after irradiation. For 

each irradiation time and for the negative control solutions a sample was taken and 

analysed by HPLC. HPLC equipment and chromatographic conditions are described in 

point 3.1 of this report. The solutions irradiated for 15s and 120s were analysed by MS 

after the HPLC analysis. 
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4 Results and Discussion 

4.1 JFV-1 

 Synthesis and Purification 

 

 

 

 

Figure 19 - Synthesis of JFV-1 

JFV-1 is an intermediate product in our synthetic goals (JFV-UMB and JFV-2 to JFV-

4). The need to synthesize JFV-1 comes from the nature of the reactions employed for 

our synthetic goals (SN2) which require a good leaving group to occur faster and with 

a higher yield. DMNBA has an OH group which is a bad leaving group (111), so it was 

necessary to convert this group to a mesylate group (by synthesizing JFV-1) which is a 

better leaving group (112). 

JFV-1 was synthesized through the reaction shown in Figure 19. In this reaction, a rapid 

consumption of the DMNBA and the formation of JFV-1 were observed. After 5 

minutes, the formation of a by-product (JFV-1-Cl - Figure 20) which increased through 

time was observed. At the end of the reaction (40 minutes), both the product and by-

product were present in the reactional mixture. Since we realized by the TLC that time 

favours the formation of the by-product, we based the decision to stop the reaction on 

the TLC analysis. 

JFV-1-Cl forms through a secondary reaction (SN2) and its mechanism is shown in 

Figure 20 (111,112). This secondary reaction has been described (113) and is expected 

because it is a common reaction known from the synthesis of alkyl halides from 

alcohols, where first the alcohol is activated through the formation of a sulfonate group 

(which happens in this synthesis) which then easily is displaced by an halide (present 

in this synthesis after JFV-1 formation). Since in this reaction we have optimal 

conditions for an SN2 reaction to occur (polar aprotic solvent and triethylamine as a 

base), after the desired reaction produces JFV-1, the chloride released from mesyl 

chloride acts as a nucleophile towards JFV-1, producing JFV-1-Cl. This reaction results 
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in a decrease of the yield of JFV-1 with time, and therefore it is important to control the 

time of the reaction to find a balance between formation of JFV-1 and its conversion to 

the undesired product. This control is possible, given that the reaction is quite fast to 

produce JFV-1, while the reaction to form the chloride occurs slowly and after the 

formation of JFV-1. 

The reaction was stopped at 40 min, 5mL of ethyl ether were added and after 30 minutes 

a work-up was executed to remove water-soluble impurities like the non-consumed 

DMNBA and the triethylamine hydrochloride formed during the reaction. JFV-1 was 

then purified by column chromatography using gradient elution and the fractions 

containing JFV-1 and JFV-1-Cl were identified by TLC and collected. Column 

chromatography allowed the removal of the by-product. With this method, we were 

able to successfully isolate JFV-1 (43.9% yield).  

Figure 20 - Possible mechanism for by-product formation (Adapted from Ding 

(2011) (111))  

 NMR Characterization  

JFV-1 was characterized by 1H NMR before (spectrum shown in Annex 2, Annex 3 and 

Annex 4) and after purification (spectrum shown in Annex 5 and Annex 6). The 

unpurified compound spectrum confirmed the presence of  JFV-1 and of the by-product 

as already observed in the reaction TLCs. The molar quantity of by-product was 

superior than the one of JFV-1 since the integration values for equivalent hydrogens 

were bigger for JFV-1-Cl. On the purified compound spectrum, we only observed the 

presence of the JFV-l peaks, so we concluded that the compound was pure and suitable 

to proceed to the next reaction. We also collected JFV-1-Cl and obtained its 1H NMR 

spectrum (Annex 7). On that spectrum, water and some minor impurities were 

observed. This was useful to have a more complete characterization of the reaction and 

a reference of the peaks of this impurity. A report of the chemical shifts of JFV-1 and 

JFV-1-Cl on the obtained spectra is shown in Figure 21 and Figure 22. 
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Figure 21 - Report of JFV-1 1H NMR shifts 

  

 

 

 

 

Figure 22 - Report of JFV-1-Cl 1H NMR shifts 

4.2 Umbelliferone-based probe 

 JFV-UMB 

Figure 23 - Synthesis of JFV-UMB 

4.2.1.1 Synthesis 

We aimed at synthesizing JFV-UMB, a conjugate of Umbelliferone (fluorescent 

moiety) with JFV-1 (photorelease moiety), in order to obtain a non-fluorescent 

compound (umbelliferone fluorescence quenched by JFV-1) that could release the 

fluorescent moiety after being activated with a specific wavelength of light. 
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JFV-UMB was synthesized through the SN2 reaction shown in Figure 23. This reaction 

involved the conjugation of Umbelliferone with JFV-1 and a work-up in which JFV-

UMB was precipitated to separate it from Umbelliferone. The presence of JFV-UMB 

in the precipitate was confirmed by TLC. The yield of this reaction was of 58.3%. 

Executing this synthesis, we realised the importance of using light protection during the 

reaction and work-up procedures (to avoid photodegradation of JFV-UMB to the 

starting reagents). In this matter, we chose to protect the reflux apparatus, the round-

bottom flask containing the reactional mixture and the vial where the product was dried 

from light, using aluminium foil. Also, in the work-up, it was important to use vacuum 

filtration instead of simple filtration because it allows a faster separation of JFV-UMB 

(insoluble in ethyl ether) from the impurities present (the remaining JFV-1 and 

Umbelliferone) and a lower exposure time of the reactional mixture to light.   

4.2.1.2 NMR Characterization  

JFV-UMB was characterized by 1H NMR (Annex 8). The 1H NMR spectrum in 

chloroform showed only the peaks corresponding to JFV-UMB, free of impurities. JFV-

UMB was also characterized by 13C NMR (Annex 9). In the 13C NMR, 17 peaks were 

observed, and although JFV-UMB has 18 carbons (subject to different electronical 

environments) this spectrum shows peaks that correspond to JFV-UMB. The peak at 

56.47 ppm  probably corresponds to both methoxy carbons because of the similarity of 

their environments explaining why only 17 peaks were observed. Figure 24 shows a 

report of the chemical shifts of JFV-UMB on 1H-NMR and 13C NMR. 

JFV-UMB was further characterized using correlation spectra, including 1H,1H COSY 

(Figure 25), HSQC (Figure 26) and HMBC (Figure 27).  

The COSY spectrum (Figure 25) showed a good correlation between the Hydrogen 

shifts (diagonal spots). Also, as expected for the pure product, a correlation between 

H19 and H18, between H13 and H14, and between H2 and H9 (correlation between 

hydrogens coupled with each other – cross peaks) was observed. 

On the HSQC spectrum (Figure 26) correlation was observed between every Hydrogen 

and the corresponding Carbon supporting the identification of JFV-UMB (coherence of 

H-NMR with C-NMR). 

The HMBC spectrum (Figure 27) was yet another tool to confirm the identification of 

JFV-UMB. On the HMBC spectrum, which suppresses correlations between carbons 
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and hydrogens one bond apart, most of the expected correlations between hydrogens 

and carbons two or three bonds apart were observed. Correlations were observed 

between several hydrogens and carbons, respectively: H9 – C2, H9 – C3, H9 – C4, H9 

– C12, H25 – C1, H26 – C6, H19 – C15, H5 – C1, H5 – C3, H5 – C4, H5 – C6, H2 – 

C1, H2 – C6, H2 – C4, H2 – C9, H18 – C20, H17 – C16, H14 – C16, H14 – C12, H18 

– C16.  

 

Figure 24 - Report of JFV-UMB chemical shifts 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 - JFV-UMB 1H, 1H COSY spectrum 
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Figure 27 - JFV-UMB HMBC spectrum 

Figure 26 - JFV-UMB HSQC spectrum 
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4.2.1.3 Melting Point 

The melting point of a substance is a characteristic of that substance in its pure state 

(114). Impurities lower and broaden the melting point range of pure substances, which 

generally have a melting point range of 0.5-2ºC (115). The determined melting point of 

JFV-UMB was 165-170ºC. The observed melting point range was high (5ºC) and 

indicates that the obtained compound contains impurities. 

4.2.1.4 UV Spectrum 

Given that the goal of this part of the work was the synthesis of a photoactivable 

compound which released a fluorescent compound after stimulation with a specific 

wavelength of light, we obtained the UV spectra (absorption) of both Umbelliferone 

and JFV-UMB. This information was useful, to study and follow the photoactivation of 

JFV-UMB (by detecting the appearance of Umbelliferone and disappearance of JFV-

UMB through the common absorption maximum). 

The obtained spectra can be seen in Figure 28 and Figure 29. For Umbelliferone, the 

obtained spectrum showed an absorption maximum at 319 nm which is in accord with 

previously reported values (77,78,116). The spectrum of JFV-UMB showed the 

presence of three peaks, respectively at 237, 320.5 and 399.5 nm, with the last peak 

having the bigger molar absorptivity.  
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Figure 29 - JFV-UMB UV 

spectrum in ACN (200-

600nm) 

Figure 28 - Umbelliferone 

UV spectrum in ACN 

(200-400nm) 
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4.2.1.5 Photoactivation Assay 

To provide proof of the photorelease of umbelliferone from JFV-UMB a 

photoactivation assay was executed. Compound solutions were irradiated in a 96-well 

microlitre plate for 15, 30, 45, 60 and 120 seconds and observed under a UV light for 

fluorescence (to confirm activation). Then, samples were taken and analysed by HPLC 

to verify the photoactivation of the compound. Blank (without JFV-UMB) and negative 

control (without irradiation) solutions were also observed under a UV light to verify the 

contrast between fluorescence (photoactivation of JFV-UMB) and no fluorescence (no 

photoactivation) before injecting the samples (with irradiated compound) in the HPLC 

apparatus. Irradiated solutions of JFV-UMB presented fluorescence under an UV light 

while negative control solutions and blank solutions weren´t fluorescent confirming 

that photoactivation had occurred in the irradiated solutions due to the exposure to light 

of a specific wavelength. A representation of the 96-well microlitre plate and solution 

distribution is shown in Figure 30. 

 

 

 

 

 

 

 

 

Figure 30 - 96-well microlitre plate and solution distribution for the 

photoactivation assay of JFV-UMB 

In order to identify the umbelliferone liberation after the light irradiation of JFV-UMB, 

an umbelliferone standard solution was analysed by HPLC showing a retention time of 

13,757 minutes (Figure 31), in accord with previously reported values (117). Non-

irradiated samples (negative controls) were also analysed by HPLC, obtaining the 

retention time of JFV-UMB (to follow its activation) which was of 5,850 minutes 

(Figure 32).  
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Figure 33, Figure 34, Figure 35, Figure 36 and Figure 37 show the chromatograms of 

JFV-UMB solutions after different irradiation times. These chromatograms show JFV-

UMB (peak at 6.18 minutes) being photoactivated and thus decreasing (area) with the 

irradiation time by releasing umbelliferone which rapidly converts to a degradation 

product (peak at 1.12 minutes) that is seen to increase (area) with the irradiation time. 

The retention time of JFV-UMB is different from the 5.850 minutes in the non-

irradiated solution but this difference is justified because of the different environment 

(mixture of degradation products which impact the polarity of the compound in the 

analysed solution) to which JFV-UMB is subjected after irradiation in comparison to 

no irradiation. Additionally, this peak (6.18 minutes) presents an area close to the area 

of the JFV-UMB peak in the non-irradiated solution, which we associate with having a 

similar concentration (at 15s of irradiation where JFV-UMB has not degraded much 

yet) and thus corresponding to JFV-UMB (because both samples were prepared in the 

same conditions and with the same dilutions). 

In order to clarify the products formed during the assay, mass spectra of the 15s and 

120s irradiated solutions were obtained and are shown in Annex 10, Annex 11, Annex 

12 and Annex 13. On both these spectra, the monoisotopic masses of JFV-UMB and 

umbelliferone weren´t observed while the masses for some umbelliferone 

degradation/transformation products were observed. This was in accord with what was 

observed on the HPLC where JFV-UMB was rapidly converted to umbelliferone 

degradation products. JFV-UMB wasn´t seen on the mass spectra because there was a 

time gap between HPLC analysis and MS analysis (one week) where the photoactivated 

JFV-UMB was probably converted in full to umbelliferone and umbelliferone 

degradation products. This was also the reason why the 15s and 120s mass spectra were 

very similar. The products we could observe on both spectra were hydroxylated 

derivatives of umbelliferone (3-Hydroxyumbelliferone and 4-hydroxyumbelliferone) 

which were expected in a phosphate buffer like PBS (74) and the 4-Hydroxycinnamic 

acid which results from the hydrolysis of the umbelliferone lactone ring. Other 

umbelliferone degradation products were expected (according to the literature) but not 

observed (118,119). Figure 38 shows the structures and monoisotopic masses of JFV-

UMB, umbelliferone and the observed degradation products. 
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Figure 31 - Umbelliferone chromatogram (HPLC) 

 

 

 

 

 

 

 

 

Figure 33 - JFV-UMB Chromatogram after 15s Irradiation (HPLC) 

Figure 32 - Non-Irradiated JFV-UMB chromatogram (HPLC) 
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Figure 34 - JFV-UMB Chromatogram after 30s Irradiation (HPLC) 

Figure 35 - JFV-UMB Chromatogram after 45s Irradiation (HPLC) 
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Figure 36 - JFV-UMB Chromatogram after 60s Irradiation (HPLC) 

 

Figure 37 - JFV-UMB Chromatogram after 120s Irradiation (HPLC) 
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Figure 38 - JFV-UMB, Umbelliferone and Products Identified by Mass 

Spectroscopy on the Photoactivation Assay 

4.3 Triazene Prodrugs 

In the second part of our work, we aimed at synthesizing triazene prodrugs by 

conjugating JFV-1 with different monomethyltriazenes. With this, we intended to 

protect the monomethyltriazenes from their physiological instability (hydrolysis to 

methyldiazonium and aniline) and to achieve selective release of these cytotoxic 

compounds (95). The executed syntheses are schematized in Figure 39. Annex 14 and 

Annex 15 present a work timeline with a description of the work executed for the 

syntheses of the triazene prodrugs. 

Figure 39 - Syntheses of the triazene prodrugs 
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 JFV-2 

We started by using CN-MMT as the triazene to conjugate with JFV-1. A flowchart of 

the work executed in the attempts to synthesize and isolate JFV-2 is shown in Annex 

16 and includes remarks about the changes done between these attempts. 

JFV-2 synthesis was attempted through the reaction shown in Figure 39. The reaction 

was followed by TLC. The TLCs showed that CN-MMT wasn´t fully consumed during 

the reaction and part of it degraded to the corresponding aniline. This degradation was 

expected, since triazenes are naturally unstable compounds (95). The TLCs also showed 

an incomplete consumption of JFV-1 and two unidentified spots (overlapping with 

known spots) which we suspected that could correspond to JFV-2 and a by-product. 

The TLCs were hard to interpret due to the overlapping of spots and to the presence of 

degradation products (95,120). The reaction was stopped at 65 minutes. After the 

reaction, column chromatography was executed but it was unsuccessful at separating 

the present compounds.  

A second column was then attempted with an Ethyl Ether:Hexane 7:3 mixture (more 

polar than the previously used eluent). Once again, it was unsuccessful at separating the 

compounds, although two different fractions were obtained and analysed by NMR to 

look for JFV-2. The spectra of both fractions are shown in Annex 17 and Annex 18. 

The spectrum of the first fraction shows the presence of CN-Aniline and the presence 

of JFV-1 along with unidentified peaks that could correspond to JFV-2, CN-MMT or a 

possible by-product. The spectrum of the second fraction shows the presence of JFV-1 

and JFV-1-Cl, which lead us to suspect the contamination of JFV-1 (starting reagent) 

with the by-product from its synthesis. We confirmed the contamination by obtaining 

the 1H NMR spectrum of the JFV-1 used in this synthesis (Annex 19).  

Without certainty about the presence of JFV-2 on the obtained fractions, we decided to 

attempt another synthesis, this time using an Ethyl Ether:Hexane 7:3 mixture for 

following the reaction with TLCs. During the reaction, we observed the presence of 

three bands. Two of them increased with time, probably corresponding to a mixture of 

JFV-2 and CN-Aniline. The third band decreased with time and probably corresponds 

to JFV-1 and/or JFV-1-Cl. Purification was attempted by column chromatography 

using an Ethyl Ether:Hexane 7:3 mixture. This column was unsuccessful in isolating 



 57 

the desired compound. A second purification attempt was executed, this time using Prep 

TLC with the same eluent as the column. We chose to change the purification method 

due to the poor results obtained with the columns and to the expected improvement in 

the capability of isolating the desired compound by using Prep TLC (121). After 

elution, three bands were observed on the prep TLC and the compounds on each band 

were analysed by 1H NMR. 

On the lower band (spectrum not shown) we observed the presence of the contaminant 

(JFV-1-Cl). On the middle band (spectrum not shown) CN-Aniline and JFV-1 were 

present along with unidentified compounds. On the spectrum of the upper band (Annex 

20) we could observe (along with unidentified compounds) the presence of CN-Aniline 

(degradation product) and probably the presence of a conjugate between JFV-1 and CN-

Aniline (JFV-2-Ani) or of JFV-2. We could not distinguish for sure if the spectrum 

peaks corresponded to JFV-2 or JFV-2-Ani because we did not identify the expected 

N-H peak (only present in JFV-2-Ani) which is known to not appear or to be very broad 

(122) and we did not identify the expected N-CH3 peak (only present in JFV-2) which 

should be present in a JFV-2 spectrum. Our attempt of interpretation includes both 

possibilities and is shown in Figure 40. 

 

To clarify which compounds were present in this fraction, an LC-MS analysis of the 

upper band was executed. Chromatograms and mass spectra can be found between 

Annex 21 and Annex 30. Annex 31 shows the monoisotopic masses of expected 

compounds. The chromatograms for ESI+ and for ESI- showed several peaks, of which 

Figure 40 - Possible report of the NMR shifts of the upper band (JFV-2 Second 

Synthesis) 
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some we remark (see Figure 41). In the mass spectra, the monoisotopic mass of JFV-2 

was observed confirming that the compound was successfully synthesized. The 

presence of CN-Aniline, of CN-MMT and of JFV-2-Ani was also observed. With this, 

we can conclude that the synthesis reaction was incomplete and that a secondary 

reaction occurred and produced JFV-2-Ani. We hypothesize that JFV-2 was present in 

a smaller quantity when comparing to JFV-2-Ani, based from the height of the 

chromatogram peaks (which can correlate with concentration), although we didn’t use 

internal standards or calibration curves and the compounds might have different molar 

absorptivity constants at the used detection wavelength. Figure 41 summarizes the main 

finding of the LC-MS. 

 

Figure 41 - Summary of LC-MS findings (JFV-2 Synthesis) 

To try isolate the JFV-2 present, a second prep TLC was executed with the solid 

obtained from the upper band, using a new eluent (DCM). Of this prep TLC, four bands 

were observed and the upper three characterized by 1H NMR. The spectrum of the upper 

band can be seen in Annex 32. On this spectrum we observed peaks that we strongly 

suspect that correspond to CN-MMT, although they could correspond to JFV-2 even if 

unlikely (based on the small peak on the MS). Figure 44 shows our interpretation of 

that spectrum. On the spectra of the second and third bands (not shown) we observed 

the presence of CN-MMT and CN-Aniline and suspected the presence of JFV-2-Ani.  

With all this work executed, we can conclude that we synthesized JFV-2, although 

difficulties arose in its synthesis and purification. These difficulties can be explained 

by the intrinsic reactivity and instability of monomethyltriazenes which suffer 

decomposition in the reaction media, giving rise to a mixture of compounds which 

complicate TLC and NMR interpretation and impact the course of the reaction (97). We 

observed that a secondary reaction had occurred, producing JFV-2-Ani, and resulting 

in a low yield of JFV-2. We hypothesize (main hypothesis) that due to the high amount 
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of CN-Aniline formed during the reaction, the direct reaction of CN-Aniline (activated 

by NaH) with JFV-1 might have ocurred, producing JFV-2-Ani instead of JFV-2 

(concurrent reaction seen in Figure 42). Another hypothesis is that this secondary 

reaction could be favoured by the known tautomerism of monomethyltriazenes (Figure 

43). This tautomerism is affected by the substituent present in the aromatic ring 

connected to the triazene and in the case of the cyano group, which is electron 

withdrawing, favours the “unconjugated tautomer” (95,123–127). Based on the reaction 

mechanism (97), where the triazene is activated by the NaH (acts like a base by 

removing the amine hydrogen, raising the nucleophilicity of the triazene and favouring 

the SN2 reaction), we hypothesize that with CN-MMT, the “unconjugated tautomer” 

could be present in a greater fraction of the total triazene, and be activated on its N-H, 

resulting in the synthesis of JFV-2-Ani, instead of JFV-2.  

Figure 42 - Possible secondary reaction in the synthesis of JFV-2 
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Figure 43 - Tautomerism of monomethyltriazenes 
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Figure 44 - Report of the NMR shifts of the upper band (JFV-2 Second Synthesis 

Third Purification Attempt) 

 JFV-3 

After the poor yield obtained with JFV-2 and its unsuccessful isolation we decided to 

try the reaction again using another monomethyltriazene (COCH3-MMT). The reason 

behind our choice of MMT lies on the difficulties in analysing the 1H NMR when using 

CN-MMT as a reagent because in the spectrum it only presents aromatic hydrogens 

(excluding N-CH3 and N-H which were hard to identify) which can be confused with 

the hydrogens from JFV-1, JFV-1-Cl, DMNBA and other present compounds. Using 

COCH3-MMT, we expected to observe the COCH3 peak on the NMR, allowing us to 

determine the presence of the MMT or of the desired compound (JFV-3). Another 

reason for the change in substituent is the tautomerism of MMTs (Figure 43), which we 

suspected to favour the secondary reaction that occurred when we used CN-MMT, so 

we wanted to see if with the acetyl group it would be different (differences in electron 

withdrawing properties). The greater instability of triazenes with electron donating 

groups (128) refrained us from using triazenes with those groups. 

A flowchart of the work executed in the attempts to synthesize and isolate JFV-3 is 

shown in Annex 33 and includes remarks about the changes done between these 

attempts. 

JFV-3 synthesis was attempted through the reaction shown in Figure 39. The reaction 

was followed by TLC using an Ethyl Ether:Hexane 7:3 mixture. The TLCs showed the 

consumption of JFV-1 and COCH3-MMT (not fully consumed) and the appearance of 

some COCH3-Aniline with time. Additionally, a spot which could correspond to JFV-
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3 appeared from 30 minutes on, increasing intensity with time. The reaction was left 

overnight this time to try to fully react JFV-1 with the COCH3-MMT. 

Before proceeding to the purification, a more polar eluent mixture (DCM:Methanol - 

9:0.5) was tested in separating the compounds by TLC. With this eluent mixture we 

observed the separation of COCH3-MMT and COCH3-Aniline from JFV-1 and possibly 

JFV-3. 

In the prep TLC, using the tested mixture as eluent, three bands were obtained, and their 

compounds were isolated and analysed by 1H NMR. Their spectra can be seen in Annex 

34, Annex 35 and Annex 36. On the spectrum of the upper band the presence of JFV-3 

was observed, thus confirming that it had been successfully synthesized. On the 

spectrum of the middle band we can observe the presence of COCH3-MMT, and 

COCH3-Aniline as expected from the reaction. On the spectrum of the lower band we 

can observe the presence of COCH3-Aniline and JFV-1-Cl therefore confirming the 

contamination of JFV-1 by JFV-1-Cl once again. JFV-1 was not observed in any band 

leading us to suspect that it was fully consumed during the reaction.  

13C NMR was obtained of the upper band was obtained (Annex 37). The 13C NMR 

spectrum revealed that JFV-3 was present, although the carbonyl peak did not appear 

where expected (around 190 ppm). Interpretation of the NMR spectra for the three 

bands is shown in Figure 45. 
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Figure 45 - Report of NMR shifts of the bands from the prep TLC (JFV-3 

Synthesis Attempt 1) 

To  ascertain if JFV-3 was present on the upper band, we analysed it by LC-MS. The 

chromatogram and mass spectra are shown between Annex 38 and Annex 41. Annex 

42 shows the monoisotopic masses of expected compounds (know contaminants, 

reagents, expected products or degradation products). On these spectra we could 

observe the presence of JFV-3, the presence of JFV-3-Ani and the presence of 4,5-

dimethoxy-2-nitrosobenzaldehyde. JFV-3 was found to be present in the in the highest 

peak of the chromatogram (5.08min), confirming that this synthesis was successful. 

JFV-3-Ani was present in a smaller peak (4.74min). These observations could favour 

the theory formulated in the synthesis of JFV-2 (relevance of the aromatic substituent 

in the tautomerism of the MMT and on the reaction that occurs between the MMT and 

JFV-1), although we cannot correlate the peaks´ height with its concentration on the 

sample (no internal standards or calibration curves and differences in molar absorptivity 

constants). The reaction was also left overnight in opposition to JFV-2 synthesis which 

might have allowed more COCH3-MMT to react with JFV-1 and produce more JFV-3. 

4,5-dimethoxy-2-nitrosobenzaldehyde (mechanism of formation depicted in Figure 5) 

was also present and this shows that JFV-3 and/or JFV-3-Ani degraded when exposed 

to light (probably in the HPLC UV detector or when in storage), although COCH3-Ani 
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or COCH3-MMT (which would have been released when JFV-3 was exposed to light) 

were not observed on the mass spectra (might have degraded to smaller fragments that 

were not identified). Figure 46 summarizes the LC-MS findings.  

 

Figure 46 - Summary of LC-MS findings (JFV-3 Synthesis) 

Since JFV-3 was obtained in a small quantity and was not pure, a new attempt at its 

synthesis (Attempt 2) was executed as before. The reaction was followed by TLC and 

the same was observed as in the first attempt. This time, purification was attempted 

with column chromatography, using a DCM:Methanol (9:05) mixture as eluent to see 

if this method could be viable for purification. The column was unsuccessful at 

separating the different compounds in the reactional mixture except for the last TLC 

spot (suspected DMNBA - possible contaminant from JFV-1 synthesis or formed 

during this reaction) which was discarded. To purify the remaining mixture, we returned 

to the previously successful method and so a prep TLC was executed with the same 

eluent as the column. Three bands were obtained, isolated, and characterized by NMR. 

The spectra for the upper and middle band can be seen in Annex 43 and Annex 44. On 

the first spectrum the presence of JFV-3 can be observed along with unidentified peaks, 

confirming the successful synthesis of the compound and that it was still contaminated. 

On the spectrum of the middle band the presence of COCH3-MMT, COCH3-Aniline 

and JFV-3-Ani can be seen (Interpretation for JFV-3-Ani peaks in Figure 47). On the 

spectrum of the lower band, as in the previous attempt, the presence of JFV-1-Cl and 

COCH3-Aniline was observed. These results show that JFV-1 is contaminated with 

JFV-1-Cl, that COCH3-MMT degraded to the aniline during the reaction and that a 

secondary reaction still occurs and produces JFV-3-Ani. 

To deepen the understanding of the products present or formed during the reaction, the 

lower band was analysed by MS. Mass spectra can be seen between Annex 45 and 

Annex 47. Annex 42 shows the monoisotopic masses of expected compounds. On the 

MS we observed the presence of COCH3-Aniline confirming what was seen on the 1H 

NMR spectrum, COCH3-MMT in a very small peak only seen in the zoomed spectra 
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and 4,5-dimethoxybenzaldehyde resulting from the degradation of JFV-3 or JFV-3-Ani. 

JFV-1-Cl (present on the NMR) was not observed, probably due to degradation to 

smaller fragments during the analysis. 

 

 

 

 

 

 

 

 

 

 

Based on the NMR results, to isolate JFV-3, another prep TLC was executed with the 

upper band of the previous prep TLC. The used eluent was DCM and four bands which 

we could not identify clearly (correspondence between band and compound) were 

observed on the prep TLC, isolated, and characterized by NMR. Their spectra can be 

seen between Annex 48 and Annex 51. On the spectrum of the first band 4,5-

dimethoxy-2-nitrosobenzaldehyde was observed (Interpretation in Figure 48). On the 

spectra of the second and third bands no known or suspected compounds were identified 

although the peaks of the aromatic ring of JFV-1 and of its methoxy groups were 

present. On the spectrum of the fourth band we observed the presence of JFV-3 

confirming its successful isolation. 

 

 

 

 

 

Figure 47 - Report of NMR shifts (of JFV-3-Ani) of 

the middle band of the prep TLC (JFV-3 Synthesis 

Attempt 2) 
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Although we successfully isolated JFV-3, we only obtained a small amount (about 5mg) 

of the compound (low yield of the synthesis and purification procedures). To try to 

improve the yield, now knowing how to isolate the compound, another synthesis was 

attempted using DMF as the reaction solvent (more suited to a SN2 reaction) and 

stopping the reaction after 60 minutes (to avoid excessive degradation of COCH3-MMT 

and by-product formation). DMF is a polar aprotic solvent, with an higher dielectric 

constant and dipole moment than THF (129–133). By choosing DMF as the reaction 

solvent, we aimed at increasing the strength of the nucleophile and promoting a faster 

reaction with a higher yield. With a faster reaction expected, we chose to stop the 

reaction at 60 minutes, to avoid undesired reactions. The reaction was followed by TLC 

(Ethyl Ether:Hexane 7:3 mixture) where we could observe the appearance of JFV-3 

(suspected), and the appearance of spots in the Aniline/Triazene zone and 

disappearance in the JFV-1 zone. After the reaction, a prep TLC was executed using an 

Ethyl Ether:Hexane (7:3) mixture as eluent. Two bands were obtained and isolated, but 

the faculty was closed due to the Covid-19 outbreak, so the NMR spectra were not 

obtained.  

We can conclude that we successfully synthesized JFV-3, with a low yield, and 

bypassed the problem seen in the synthesis of JFV-2 (secondary reaction) by choosing 

a MMT with a different substituent (possibly impacting the tautomerism of the triazene) 

and by improving the reaction conditions (time of the reaction) and the purification 

Figure 48 - Report of NMR shifts of the first 

band of the second prep TLC (JFV-3 

Synthesis Attempt 2) 
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method (prep TLC instead of column chromatography, and choice of a different eluent 

mixture). 

 JFV-4 

With the success in the synthesis of JFV-3 we decided to attempt the synthesis of 

another conjugate using COOCH3-MMT as the triazene and THF as solvent.  

A flowchart of the work executed in the attempt to synthesize and isolate JFV-4 is 

shown in Annex 52 and includes remarks about this attempt. 

JFV-4 synthesis was attempted through the reaction shown in Figure 39. The reaction 

was followed by TLC using an Ethyl Ether:Hexane 7:3 mixture as eluent. The TLCs 

showed the presence of the MMT (not fully consumed) and the corresponding aniline 

(degradation product) during the reaction. They also showed that JFV-1 was not totally 

consumed. A spot where JFV-4 was suspected to be appeared at 30 minutes and 

increased from there on. The reaction was left over 72h to fully consume the reagents.  

After the reaction, a preparative TLC was executed (Ethyl Ether:Hexane 7:3 mixture), 

presenting three bands after elution. Each band was isolated and analysed by NMR. The 
1H NMR spectra for the three bands are shown in Annex 53, Annex 54 and Annex 55. 

The spectrum of the upper band (Interpretation in Figure 49) shows the presence of 

COOCH3-Aniline (MMT degradation product), the spectrum of the middle band shows 

the presence of JFV-1-Cl and the spectrum of the third band doesn't show any 

compounds. With this, we concluded that the synthesis was unsuccessful, probably due 

to the excessive reaction time, which allowed for the full degradation of any formed 

product into COOCH3-MMT and of the MMT into COOCH3-Aniline. Once again, JFV-

1-Cl was observed indicating the contamination of JFV-1. 

In sum, we were able to synthesize and isolate one triazene prodrug (JFV-3) and 

learned, during the syntheses attempts, the importance of the duration of the reaction in 

the formation of degradation and secondary products and the importance of the eluent, 

either on the TLCs or on the prep TLCs, in the isolation of the desired compound from 

the complex mixture that arises from the reaction. Additionally, we were able to learn 

about the occurrence of a secondary reaction and hypothesize that it could happen 

because the degradation of the MMT to aniline, or because of the known tautomerism 

of triazenes. 
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In future attempts, to try to improve the yields of these syntheses (JFV-2, JFV-3, and 

JFV-4), we should test the reactions using DMF as a solvent, allowing for a faster and 

more complete SN2 reaction and expectably higher yields. Additionally, when writing 

this report, we came across the fact that triazenes can also be used as photolabile 

moieties, being responsive and sensitive to light (63). Having known the instability of 

triazenes (and therefore of the desired products) to light (63,128,134,135), we could, in 

future attempts, make use of aluminium foil to protect the reactional mixture and the 

compound during purification and storage, to avoid degradation and excessive 

complexity which in the current syntheses attempts led to difficulty in isolation of the 

desired product. 

 

 

 

 

 

 

 

  

Figure 49 - Report of NMR shifts of the upper 

band of the prep TLC (JF4-Synthesis) 
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5 Conclusions 

Cancer is a thoroughly known enemy of humanity. Although many diagnosis tools and 

treatment options exist, they still don’t suffice. Both diagnosis tools and treatment 

options still lack specificity and often associate with severe side effects and the 

appearance of drug resistance. Lately, strategies to overcome these problems have been 

investigated. Photopharmacology and the design of self-immolative prodrugs are 

amongst these strategies and gained our attention. 

In this work, we have synthesized a compound (JFV-UMB), consisting of a release 

moiety and a fluorescent moiety, that could function as a chemical probe and be 

selectively activated (emitting fluorescence) in the presence of tumour cells (reductive 

microenvironment activation). After optimizing the synthesis and purification of this 

compound (obtaining a good yield) we characterized it (melting point, UV spectrum, 
1H NMR, 13C NMR and correlation spectra). Then, we provided proof of concept for 

the release of the fluorescent moiety from the compound by using UV light of a specific 

wavelength to irradiate the compound (photoactivation assay). After the proof of 

concept, we synthesized conjugates of monomethyltriazenes (active species of 

marketed cancer drugs) that could function as self-immolative prodrugs, releasing the 

active species under a hypoxic environment (present in tumours). Difficulties arose in 

these syntheses, regarding the identification of the products that formed during the 

reaction, the isolation of the desired compound and the occurrence of a secondary 

undesired reaction. By experimenting different eluent mixtures and different 

purification techniques (column chromatography and prep TLC) and by using MS to 

analyse the compounds formed during the reaction we were able to overcome these 

problems.  We successfully synthesized and isolated one of these compounds (JFV-3) 

with a low yield, having in this process hypothesized about the influence of the 

degradation of the monomethyltriazene or about the influence of its substituent (in the 

aromatic ring) in the product of the reaction. Due to the COVID-19 outbreak we were 

unable to pursue the experiments we originally planned and to fully finish the 

characterization of these compounds to assess their usefulness. 

In the future, our aim lies in finishing this work by analysing the pending spectra, 

optimizing the reaction conditions and by further developing a compound which 

combines the probe moiety and the active moiety, and then studying the obtained 
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compound´s cytotoxicity and the release of the fluorescent and active moieties from the 

compound in in vitro studies. 
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Annexes 

 

Annex 1 - Photoactivation apparatus (Photoactivation assay) 
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Annex 3 - JFV-1 Close-up 1H NMR spectrum in CDCl3 (unpurified) between 3-

4 ppm 

Annex 2 - JFV-11H NMR spectrum in CDCl3 (unpurified)  
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Annex 4 - JFV-1 1H NMR Close-up spectrum 

in CDCl3 (unpurified) between 4.9-7.7 ppm 

Annex 5 - JFV-1 1H NMR spectrum in CDCl3 (purified) 
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Annex 7 - JFV-1-Cl 1H NMR spectrum in CDCl3 

Annex 6 - JFV-1 Close-up 1H NMR spectrum in CDCl3 (purified) 
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Annex 9 - JFV-UMB 13C NMR spectrum in CDCl3 

Annex 8 - JFV-UMB 1H NMR spectrum in CDCl3 
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Annex 11 - Mass spectrum of JFV-UMB after 15s irradiation (ESI-) 

 

 

   

m/z
200 400 600 800 1000 1200

%

0

100

%

0

100

%

0

100

%

0

100

%

0

100

%

0

100

16Maio19_MSservico-Req228 4 (0.441) Cm (3:4) 7: Scan ES- 
2.27e691.0

92.8
152.8 339.0 386.7

620.6

16Maio19_MSservico-Req228 3 (0.328) Cm (2:3) 8: Scan ES- 
1.97e592.8

150.8
270.8

268.7 412.8 462.7
996.6702.7651.3 939.9

809.6 1176.4

16Maio19_MSservico-Req228 4 (0.461) Cm (2:4) 9: Scan ES- 
2.99e594.8

270.9150.8
350.8 410.8

609.0 726.9 790.6
924.9 1063.3

16Maio19_MSservico-Req228 4 (0.472) Cm (2:4) 10: Scan ES- 
5.55e592.8

94.8

152.8
268.9

210.8 292.8
442.7 564.8 692.7 794.5 850.6

976.3 1135.7

16Maio19_MSservico-Req228 4 (0.482) Cm (2:4) 11: Scan ES- 
3.93e592.8

268.794.8

266.8

208.7

270.8
339.2

432.7 490.9
724.5570.6 784.6872.5

1020.4
1084.4

16Maio19_MSservico-Req228 3 (0.369) Cm (2:3) 12: Scan ES- 
4.55e592.8

94.8

268.7152.7
266.7 339.2

432.9 490.8
724.8560.8 782.5 899.0

1179.7
1022.3
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16Maio19_MSservico-Req229 3 (0.256) Cm (2:3) 1: Scan ES+ 
4.60e7178.9

156.9104.9

141.9 180.9
256.9194.8 304.8 372.8

16Maio19_MSservico-Req229 3 (0.267) Cm (2:3) 2: Scan ES+ 
4.59e7101.1 178.9

141.9
180.9

236.9 256.8 294.8
392.7

16Maio19_MSservico-Req229 3 (0.277) Cm (2:3) 3: Scan ES+ 
8.48e7100.9

141.9 178.9 196.8
256.7

16Maio19_MSservico-Req229 3 (0.287) Cm (2:3) 4: Scan ES+ 
1.40e7100.9

142.0 164.8 206.8
256.7 381.1304.2

353.1 397.1 432.6
456.6

496.5

16Maio19_MSservico-Req229 3 (0.297) Cm (2:3) 5: Scan ES+ 
2.39e6164.796.7

100.9 256.6
196.8

180.8

254.7
381.2304.5 353.2 397.1

453.0 490.6

16Maio19_MSservico-Req229 3 (0.308) Cm (2:3) 6: Scan ES+ 
2.54e696.8

164.8

100.8
256.7

198.7206.8
381.1

353.1302.7 397.1 432.6440.5 478.6

Annex 12 - Mass spectrum of JFV-UMB after 120s irradiation (ESI+) 
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0
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0
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16Maio19_MSservico-Req229 4 (0.441) Cm (3:4) 7: Scan ES- 
3.96e690.9

210.7

16Maio19_MSservico-Req229 3 (0.328) Cm (2:3) 8: Scan ES- 
2.00e592.9 268.8

94.8

152.8

208.8

270.8

278.9

386.7 796.5470.5 562.7 864.4
932.51019.1 1135.8

16Maio19_MSservico-Req229 3 (0.338) Cm (2:3) 9: Scan ES- 
4.30e592.8

268.894.9

266.8
210.9

270.9

328.7 500.7 560.7
970.5800.4 1112.51145.4

16Maio19_MSservico-Req229 3 (0.349) Cm (3) 10: Scan ES- 
6.95e592.8

266.9152.8
208.7 292.8

442.7 560.5 636.7 746.7
1028.5869.5

1168.5

16Maio19_MSservico-Req229 3 (0.359) Cm (2:3) 11: Scan ES- 
3.86e594.9 268.8

266.8270.8

328.7 502.7350.7
558.7

796.6 997.9909.2 1036.8 1145.9

16Maio19_MSservico-Req229 3 (0.369) Cm (2:3) 12: Scan ES- 
5.32e592.8

268.894.7
266.7

210.8

270.8

328.9 560.6 666.6 724.5
798.5 972.6 1053.0

1141.3

Annex 13 - Mass spectrum of JFV-UMB after 120s irradiation (ESI-) 
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Annex 14 - Work Timeline for the Triazene Prodrugs (Part One) 
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Annex 15 - Work Timeline for the Triazene Prodrugs (Part Two) 
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Annex 16 - Flowchart of the work executed for synthesizing JFV-2 
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Annex 18 - 1H NMR spectrum of Fraction 2 (JFV-2 Synthesis Attempt 1) 

Annex 17 - 1H NMR spectrum of Fraction 1 (JFV-2 Synthesis Attempt 1) 
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Annex 19 - 1H NMR spectrum of the JFV-1 used in the first JFV-2 synthesis 

Annex 20 - 1H NMR spectrum of the upper band of the prep TLC (JFV-2 

Synthesis Attempt 2) 
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Annex 21 - Chromatogram of the upper band of the prep TLC (JFV-2 Synthesis) 

- ESI+  

Annex 22 - ESI+ Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 2.75 min 
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Annex 24 - ESI+ Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 4.18 min 

 

Annex 23 - ESI+ Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 3.77 min 
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Annex 26 - ESI+ Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 5.21 min 

 

Annex 25 - ESI+ Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 4.66 min 
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Annex 27 - Chromatogram of the upper band of the prep TLC (JFV-2 Synthesis) 

- ESI- 

 

Annex 28 - ESI- Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 2.92 min 
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Annex 29 - ESI- Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 4.63 min 

 

 

Annex 30 - ESI- Mass spectrum of the upper band of the prep TLC (JFV-2 

Synthesis) - 5.05 min 
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Annex 31 - Compounds of interest when analysing the 

mass spectra of the upper band of the prep TLC 

(Synthesis of JFV-2) 
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Annex 32 - 1H NMR spectrum of the upper band of the second prep TLC (JFV-2 

Synthesis Attempt 2) 
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Annex 33 - Flowchart of the work executed for synthesizing JFV-3 
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Annex 34 - 1H NMR spectrum of the top band of the prep TLC (JFV-3 Synthesis 

Attempt 1) 

Annex 35 - 1H-NMR spectrum of the middle band of the prep TLC (JFV-3 

Synthesis Attempt 1) 
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Annex 36 - 1H-NMR spectrum of the lower band of the prep TLC (JFV-3 

Synthesis Attempt 1) 

Annex 37 - 13C-NMR spectrum of the top band of the prep TLC (JFV-3 

Synthesis Attempt 1) 
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Annex 39 - Mass spectra of the upper band of the prep TLC (JFV-3 Synthesis, 

Attempt 1) - ESI+ (4.39 min) 

 

Annex 38 - Chromatogram of the top band of the prep TLC (JFV-3 

Synthesis, Attempt 1) - ESI+ 
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Annex 40 - Mass spectra of the upper band of the prep TLC (JFV-3 Synthesis, 

Attempt 1) - ESI+ (4.74 min) 

 

Annex 41 - Mass spectra of the upper band of the prep TLC (JFV-3 Synthesis 

Attempt 1) - ESI + (5.08 min) 
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Annex 42 - Compounds of interest when analysing the mass spectra of the prep 

TLCs (JFV-3 Syntheses) 
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Annex 43 - 1H-NMR spectrum of the top band of the prep TLC (JFV-3 Synthesis 

Attempt 2) 

Annex 44 - 1H-NMR spectrum of the middle band of the prep TLC (JFV-3 

Synthesis Attempt 2) 
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Annex 45 - Mass spectra of the lower band of the prep TLC (Synthesis of 

JFV-3, Attempt 2) - ESI+ 
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Annex 46 - Mass spectra of the lower band of the prep TLC (Synthesis of JFV-3, 

Attempt 2) - ESI+ (with zoom) 
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Annex 47 - Mass spectra of the lower band of the prep TLC (Synthesis of JFV-3, 

Attempt 2) - ESI- 
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Annex 48 - 1H-NMR spectrum of the first band of the second prep TLC (JFV-3 

Synthesis Attempt 2) 

Annex 49 - 1H-NMR spectrum of the second band of the second prep TLC (JFV-

3 Synthesis Attempt 2) 
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Annex 50 - 1H-NMR spectrum of the third band of the second prep TLC (JFV-3 

Synthesis Attempt 2) 

 

Annex 51 - 1H-NMR spectrum of the fourth band of the second prep TLC (JFV-3 

Synthesis Attempt 2) 
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Annex 52 - Flowchart of the work executed for 

synthesizing JFV-4  
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Annex 53 - 1H NMR spectrum of the upper band (JFV-4 Synthesis) 

Annex 54 - 1H NMR spectrum of the middle band (JFV-4 Synthesis) 
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Annex 55 - 1H NMR spectrum of the lower band (JFV-4 Synthesis) 
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