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Abstract 
Antibody drug conjugates (ADCs) present a targeted cancer chemotherapy, that combine the 
specificity of an antibody with the toxicity of a small molecule drug. The enormous potential of 
ADCs, drives the need for the development of novel technologies, allowing for tuning of the 
properties of ADCs.  

Chapter 2 Part I covers the development of a novel site-selective serine conjugation method, 
inspired by the catalytic triad found in the active site of hydrolytic enzymes. The N-heterocyclic 
carbene (NHC) organocatalyst IMes was used to introduce O-selectivity and through screening, it 
was found that short vinyl esters displayed O-selectivity. The subsequent screening of peptides 
containing a serine, activated by adjacent amino acids, demonstrated the feasibility of this sequence 
specific serine conjugation strategy.  Part II describes the synthesis of a tetra anchor containing 
four disulfide rebridging head groups able to tether the 4 interchain disulfide bonds of antibodies 
together. This novel cysteine conjugation strategy, enables access to odd numbered DARs, as well 
as reforming the covalent bonds responsible for the stability of the antibody.  

In Chapter 3, the development of sulfatase cleavable linkers is described. In part I, a novel sulfatase 
cleavable linker was designed and synthesized for the release of alcohol functionalized drugs. The 
linker was attached to MMAE and the payload was conjugated to trastuzumab via maleimide-
cysteine chemistry. Subsequent in vitro testing of the ADC towards HER2 positive breast cancer 
cells displayed an antigen dependent dose-response curve. To increase the potency of the ADC, a 
nitro group was introduced in the ortho position to the aryl sulfate of the linker. However, 
unforeseen acid sensitivity of the o-nitro aryl sulfate moiety was observed during linker synthesis 
and in vitro assays of the ADC containing the o-nitro aryl sulfate-auristatin E payload are pending. 
Part II investigates how substitution of the aryl sulfate moiety affects sulfatase mediated hydrolysis 
rates. Four probes were synthesized and it was observed that introduction of electron withdrawing 
groups (EWG) enhanced the cleavage rates significantly, highlighting the opportunity to tune the 
specificity and efficiency of sulfatase cleavable linkers. Part III describes the synthesis of three 
novel sulfatase cleavable payloads decorated with different EWG. The payloads were conjugated 
to trastuzumab and in in vitro assays against HER2 positive breast cancer cells, ADC potency varied 
significantly for the differently substituted aryl sulfates.  

In conclusion, the work presented in this thesis may provide useful contributions towards the 
development of safer and more efficacious ADCs to battle cancer.  
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Resume 
Antistof lægemiddel konjugater (ADCer) tilbyder patienter en målrettet kræft kemoterapi som 
kombinerer specificiteten af et antistof med toxiciteten af et lægemiddel. ADCers enorme 
potentiale skaber et behov for nye teknologier, der kan bruges til at tune nye ADCers egenskaber 
for højere patientsikkerhed. 

I Kapitel 1 del I drages inspiration fra den katalytiske triade, ofte fundet i det aktive site af 
hydrolytiske enzymer, til udviklingen af en ny sekvens specifik serin konjugationsstrategi. Den 
organokatalytiske N-heterocykliske carbene (NHC) IMes blev anvendt for at øge O-selektiviteten. 
I de initiale forsøg blev det observeret, at korte vinylestere udviste O-selektivitet. Efterfølgende 
peptidforsøg demonstrerede potentialet af denne sekvens specifikke serine konjugations strategi. 
I Del II beskrives syntesen af et tetra-anker, der indeholder 4 disulfid gendannende grupper med 
formålet at tøjre de 4 interkæde disulfid broer, fundet i antistoffer, sammen til fremstillingen af 
homogene ADCer.  

I Kapitel 3 beskrives udviklingen af sulfatase kløvbare linkere. Del I beskriver design, syntese og 
in vitro test af en ny sulfatase kløvbar linker, som er i stand til at frigive alkohol funktionaliserede 
lægemidler. Efter syntese blev MMAE påsat og det færdige payload blev konjugeret til trastuzumb 
via maleimide-cystein kemi. Ved in vitro eksperimenter kunne en dosis-respons kurve observeres 
mod HER2 positive bryst kræft celler. For at øge potensen af ADCet, blev der også syntetiseret 
en analog indeholdende en nitro funktionalitet i ortho positionen til aryl sulfate enheden. Dog blev 
uforudset syre ustabilitet observeret. In vitro resultater for o-nitro analogen afventes. I Del II 
undersøges sulfatase hydrolyse raten på aryl sulfate enheder substitueret med forskellige elektron 
tiltrækkende grupper (EWG). Fire prober blev syntetiseret og ved introduktion af EWG kunne en 
signifikant stigning i kløvningshastigheden observeres. Disse resultater fremhæver muligheden for 
at tune specificiteten og effektivitet af sulfatase kløvbare linkere. Del III beskriver syntesen af tre 
nye sulfatase kløvbare payloads indeholdende forskellige EWG på aryl sulfat enheden. Disse 
payloads blev konjugeret til trastuzumab og in vitro assays af de resulterende ADCer viste, at der 
var en signifikant forskel i IC50 værdier af de forskelligt substituerede aryl sulfater.  

Resultaterne præsenteret i denne afhandling kunne muligvis bidrage til udviklingen af nye ADCer 
med bedre sikkerhed og højere effektivitet i kampen mod kræft.  
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Introduction  
Antibody drug conjugates (ADCs) aim to offer patients safer and more effective cancer 
chemotherapies. An ADC consists of an antibody, targeting antigens overexpressed on the surface 
of cancer cells, and a payload consisting of a chemical linker and a drug. Combining the specificity 
of an antibody with the potency of a small molecule cytotoxin, has been seen as a “magic bullet”. 
Unfortunately, the reality is, there are yet many points at which the ADC can falter and after more 
than 20 years since the first FDA approval of an ADC, there is still room for improvement.  Even 
though the technology of ADCs is still in its adolescence, the commercial market for is rapidly 
expanding, evidenced by the FDA approval of 7 ADCs in the last three years1,2. This attests to the 
enormous potential of next generation ADCs in the treatment of cancer. However, a striking trend 
emerges, when comparing the diversity of targets and cytotoxins employed in ADCs, with the 
limited selection of linkers and bioconjugation techniques used in commercial ADCs.  

In an effort to amend this gap and expand the toolbox to towards safer and more effective ADCs, 
the following thesis has made the first steps in the development of a site-selective antibody 
bioconjugation strategy and has researched novel linkers for the incorporation into ADCs and   

 

 

 

 

 

 

 

Chapter 1 briefly introduces antibody drug conjugates. 

Chapter 2 covers the development of two novel bioconjugation techniques for antibodies.  

Chapter 3 describes the synthesis and investigation of novel arylsulfatase cleavable linkers for the 
incorporation into ADCs.  
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Chapter 1 Antibody Drug Conjugates  
 

Antibody-drug conjugates (ADCs) for the chemotherapeutic treatment of cancer, combine the 
specificity of an antibody with the toxicity of a small molecule to selectively kill cancer cells1–7.  

 

Figure 1.1. Structure and general mechanism of action of an ADC. 

As seen in Figure 1.1, the antibody recognizes an antigen overexpressed on the surface of the 
cancer cell (1) and antigen binding triggers the internalization of the ADC (2) into an endosome 
(3). Upon fusion to a lysosome (4), the drug is released, as mediated by the linker, before the drug 
can enter the cytosol to perform its cell killing mechanism (5). In this dissertation, payload refers 
to the linker-drug moiety as it is attached to the antibody. ADCs offers many points at which the 
drug can be optimized and has thus captured the attention of scientists from many different fields. 
There are four key parts to consider in an ADC, (1) Choice of the antigen, (2) Choice of 
conjugation method, (3) Choice of linker and (4) Choice of drug8. ADC conjugation and linker 
properties will be covered in Chapters 2 and 3, respectively.  

 

1.1 Choice of Antigen  
Identification of novel targets for ADCs is of great importance, as this expands the types of cancers 
that ADCs can target9. Antigen expression and rate of internalization constitute important factors 
contributing to the efficacy and toxicity of the ADC10. Classically, the antigen should be 
internalizing, however, it has been hypothesized, that extracellular release in the cancer 
microenvironment could increase ADC potency towards solid tumors11,12. ADCs suffer from poor 
solid tumor penetration, due to their large size, which hampers diffusion into the tumor13. 
Furthermore, cancers display heterogeneous antigen expression leading to ADC resistance of 
antigen negative cells14,15. One drawback of extracellular release is the potential unselective 
diffusion of the released drug into healthy tissue.  
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1.2 Choice of Drug  
The requirements of a drug used in an ADC are different to the chemotherapeutic drugs 
administered in their native form. Due to the antigen dependent internalization, intracellular 
concentrations of the drug remain relatively low, resulting in the need for highly potent drugs. 
Another factor to consider, is the so-called bystander effect, stemming from the release of 
cytotoxic drugs to the microenvironment upon apoptosis of the cell16. If the released drug is 
uncharged, it can unselectively diffuse across the cell membrane of the surrounding cell causing 
further cells deaths independent of antigen expression. It is not yet clear whether this phenomenon 
contributes enough to ADC potency to outweigh the potential off-target toxicity, however, many 
drugs incorporated into ADCs today, are able to diffuse across the cell membrane once released 
(e.g. MMAE).  

 

1.2.1 Auristatins: A brief case study  
Extensive SAR studies of Dolastatin 10 analogues have been conducted, due to the anti-cancerous 
nature of these exotic penta-peptide tubulin inhibitor17–20. Despite the scientific interest, it was not 
until the discovery of an amine handle for ADC linker attachment, by removal of a methyl group 
of the N-terminal dolavaline, that the true potential of these moieties was realised21(Figure 1.2).  

 

Figure 1.2. Structure of monomethyl auristatin E. 

Despite the lowering of potency compared to the tertiary analogues (around a factor of 10), the 
mono-methyl auristatins have received unprecedented attention and MMAE is commonly used as 
the reference drug to compare and assess the potential of new drugs for ADCs 22–24. 

 

 

1.3 The commercial market for ADC  
An overview of all ADCs currently on the market can be seen below in Table 1.1 25–28.  
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Maleimide72                

Lysine73               

Recom74               
Table 1.1. Overview of all ADCs currently on the market for the treatment of cancer. 

Of the 12 FDA approved ADCs, 7 have been launched since 2019, highlighting the rapid 
expansion and great potential within this field75,76. One interesting observation to be made from 
the impressive effort applied in the development of novel ADCs, is that the diversity of the used 
linkers and conjugation methods is limited in comparison to the extensive work applied for the 
identification of novel antigen targets and the variety of cytotoxins that are incorporated into 
ADCs. This gap in technological advances may decelerate the otherwise fast development of 
ADCs, as both conjugation and linker technologies significantly influence the safety and efficacy 
of ADCs5,7,25,77–80.  
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Chapter 2 Bioconjugation 
 

The chemical modification of proteins by the attachment of small molecules, offers scientists a 
powerful tool to explore biological pathways and develop novel therapeutics. However, the diverse 
and polymeric nature of proteins presents a unique challenge, due to the difficulty of differentiation 
of one site or residue over the other, that has sparked the development of diverse site-selective 
bioconjugation technologies3–26. Despite the expanding toolset, few procedures are utilized 
practically, due to either convention or convenience.  

The main categories of strategies used for bioconjugation and the advantages and limitations as 
well as some well-known examples are briefly summarized below (Table 2.1)11.  

Method Advantages/Limitations Examples 
Direct modifications of native proteins 

N/C terminal 
7,9 

Advantages: No protein engineering, termini are often 
solvent accessible, selective, homogeneous conjugates.  
 
Limitations: Termini availability (i.e. not required for 
activity or PTM), can be dependent on terminal AA, 
only 1 conjugation site per monomer. 

Chemical ligation7 
Amine 

conjugation27 

Side chain  16,18 Advantages: No protein engineering, attachment of 
several moieties per chain. 
 
 
 
Limitations: Heterogeneous conjugation, can rely on 
distinct micro-environmental features. 

Maleimide28 
Lysine17 

Tyrosine20 
Cysteine24 
Cysteine 

rebridging29–35 
Photo-redox21 

PTM 4 Advantages: Orthogonality, homogeneous conjugates. 
 
Limitations: Disruption of signaling, expression system 
PTM variability36. 

Glyclick37–39 

Protein modification via genetic manipulation 
Unnatural 
amino acids 
(unAA)40–47 

Advantages: Homogenous conjugates, control of 
number and placement of conjugation sites. 
 
 
Limitations: Cumbersome development of expression 
systems using unAA, low expression levels, expensive 
amino acids used as starting material.  

Azido containing 
AAs 

Ketone 
containing AAs 

 

Insertion of 
recognition 
motif using 

Advantages: Easier expression when using nAA, 
homogeneous conjugates. 
 

Sequence 
recognition by 

enzyme48–51 
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natural amino 
acids (nAA) 

Limitations: Protein engineering required, sustained 
protein function limits the number of motifs that can be 
introduced, short motifs required.   

SpyCatcher/ 
SpyTag52 

 
Table 2.1. Overview of bioconjugation methods, advantages and limitations with examples in each category. 

As described above, there are many factors to consider when choosing a suitable bioconjugation 
method highlighting the need for developing novel bioconjugation strategies. The development of 
a sequence specific conjugation of serine method will be covered in part I, inspired by the catalytic 
triad of hydrolytic enzymes. Cysteine conjugation will be covered in more detail in part ii, in 
relation to the development of a method for the preparation of highly homogeneous antibody 
conjugates.  
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2.1 Part I 
 

2.1.1 Aim 
The aim of this project is to develop a novel site-selective serine conjugation method driven by 
the microenvironment introduced by a specific sequence of natural amino acids, inspired by the 
catalytic triad of hydrolytic enzymes with, O-selectivity promoted by use of an N-heterocyclic 
carbene (NHC) (Figure 2.1). It is envisaged, that the sequence can be introduced using 
recombinant methods to select the optimal position for attachment. The novel strategy could 
expand the toolset for site-selective protein conjugation, as well as investigating utility of NHCs in 
bioconjugation.  

 

Figure 2.1. The concept of a novel sequence specific serine bioconjugation. 

2.1.2 Introduction 
Serine bioconjugation 

Serine/threonine residues are often found in the catalytic site of hydrolytic enzymes acting as a 
nucleophile1. The nucleophilicity of the serine is enhanced by hydrogen bonding to surrounding 
residues2. Despite the potential utility of serine selective bioconjugation3, little progress has been 
made towards developing serine/threonine selective bioconjugation stemming from the 
nucleophilic competition of lysine and cysteine residues, as well the aqueous solvent. To date, one 
serine selective conjugation method has been published, by Vantourout et al., that harnesses the 
inherent oxophilic nature of phosphorous to access selective serine conjugation (Scheme 2.1)4.  



20 
 

 

Scheme 2.1. First published serine conjugation takes advantage of P(V) reagents to attach small molecules via a phosphorothioate 
linkage. 

The authors were able to selectively modify longer peptides, as well as the proteins ubiquitin and 
434 repressor in modest yields (20-40%). This ground breaking technique might, however, prove 
to have limited applications in a practical sense. Firstly, conjugation is carried out in 4:1 
DMF:water, conditions that are not generally applicable when working with large biomolecules, 
due to possible denaturation. Secondly, an excess of strong base (DBU, 50 equiv.) is used, which 
may be incompatible with many proteins. Lastly, compared to established procedures, low 
conjugation yields were achieved (up to 40%) on larger proteins. Thus, developing new serine 
conjugation tools could prove valuable for the bioconjugation field.  

 

Sequence activated serine 

First described by Miller et al. during biotinylation of peptides with NHS-esters and Pnp-esters, 
hydroxy-functionalized residues displayed surprising reactivity when in close proximity to a 
histidine residue5. It was proposed that the histidine hydrogen bonds the proton of the adjacent 
alcohol, thereby increasing the nucleophilicity of the alcohol (Figure 2.2).  

 

Figure 2.2. Proposed mechanism of histidine activation by Miller et al. 

In 2008 Mädler et al. systematically elucidated the pH and residue microenvironment effects on 
homo-bifunctional NHS-ester cross-linking reactivity6. Significant reaction was observed on 
tyrosine and serine residues adjacent to histidine and a new mechanism was proposed (Figure 2.3), 
whereby the histidine is temporarily acetylated by the secondary NHS-ester of the cross-linking 
species, thereby increasing the local concentration of the reagent to promote esterification. 
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Figure 2.3. Proposed mechanism for the enhanced tyrosine reactivity by Mädler et al. Figure is inserted from ref6 

Katrine Qvortrup further investigated histidine activation of serine in unpublished work, 
envisioning that this enhanced reactivity could be harnessed to develop novel site-selective 
bioconjugation reactions.  

Several peptides were synthesized and tested with various mono-acetylating reagents and it was 
discovered that efficient conjugation (100%, 2h) could be accomplished when 1 alanine was 
inserted between the His and Ser residues (see Table 2.2). Furthermore, 0% conjugation was 
observed for the peptide not containing His, supporting the mechanism proposed by Miller. 

 

 

Nr of Alanine Conversion 2h % 
No Hisitidine 0 

0 18 
1 100 
2 41 
3 59 
4 29 
5 72 

Table 2.2. Study of the effect of the distance between serine and histidine on serine reactivity. 

Unfortunately, it was not possible to outcompete lysine reactivity towards the NHS-ester, thus, a 
secondary component was required to enhance the O- versus N-selectivity and potentially, 
organocatalysis could provide the solution. 
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N-heterocyclic carbenes 

Carbenes are neutral species containing a carbon atom with six valence electrons, which are 
normally too reactive to be observed, due to the rapid insertion into σ  C-H bonds7.  However, the 
discovery of the stabilization of carbenes by the introduction of adjacent heteroatoms, the so-
called persistent carbenes, has inspired the use of this exotic species as ligands in transition metal 
catalysts and in organocatalysis8–17. Particularly, N-heterocyclic carbenes (NHCs) containing 
proximal bulky substituents have been investigated and the simple synthesis has enabled the tuning 
of the electronic effects for a wide range of applications. The surprising stability arises from the σ-
withdrawing nature of the nitrogen, while the lone pair donates electron density into the unfilled 
p-orbital (Figure 2.4)16. There are four key structural features defining an NHC: heteroatoms, ring 
size, backbone structure and substitution18. Insertion of proximally positioned bulky groups 
prevents dimerization and backbone unsaturation provides enhanced stability via the aromaticity 
of the heterocycle. Finally, ring size can modulate the ground state preference of the carbene and 
heteroatoms modulate stability.  

 

Figure 2.4. Key features of NHCs and the stabilization effects of amines on carbenes. Figure is inserted from reference 18. 

These modular properties introduce the potential to explore novel reactivity that can be tuned 
towards the desired outcome19,20.  

Many O-selective acylation reactions have been developed21–24, however, most require harsh 
conditions not applicable for bioconjugation, such as strong base and high temperatures. An 
interesting method for selective O-acylation catalyzed by the NHC 1,3-bis(2,4,6-trimethylphenyl)-
1,3-dihydro-2H-imidazol-2-ylidene (IMes) in the presence of amines, was developed by Samanta 
et al.25. Advantages of this method include, mild reaction conditions, high selectivity, high yields 
and a large substrate scope, leaving room for fine tuning. The paradigm of the requirement of inert 
glovebox conditions for the use of NHCs as organocatalysts, has recently been shifted, as 
syntheses in aqueous media are being reported26–29. Thus, it was envisaged, that addition of IMes 
could enhance O-selectivity for the development of a serine selective bioconjugation method.  
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2.1.3 Initial screening  
 

The following section will report and discuss the results and progress achieved towards the 
development of a sequence specific serine conjugation method.  

Initially, 2,2,2-trifluoro ethyl benzoate 2.3 was synthesized, as this moiety displayed high selectivity 
in the article by Samanta25. NHS-esters 2.1 and 2.2 were also synthesized to determine whether 
IMes activation of the alcohol could outcompete the inherent amine reactivity of these moieties. 
Lastly, the 2,2,2-trifluoro propyl benzoate 2.4 was prepared to probe the leaving group properties 
required of the electrophile. The conditions and yields of the synthesis of compounds 2.1-2.4 are 
reported in Table 2.3. The low yield reported for compound 2.3 was due to the low boiling point 
of the product, resulting in loss during purification.  

 
 Structure Yield  Structure Yield 

2.1 

 

63% 2.2 
 

63% 

 
  Yield   Yield 

2.3 

 

26% 2.4 

 

66% 

Table 2.3. Synthetic conditions and yields of compounds 2.1-2.4. 

Screen 1  

Initially, a reactivity screen was designed to verify the method for selectivity and analysis. 
Furthermore, the screen was designed to determine the relationship between IMes concentration 
and selectivity. Benzyl alcohol and benzyl amine were used as model compounds, while also 
providing UV-activity to the product for ease of analysis by UPLC-MS. The screens were carried 
out in LCMS vials under stirring. The reactions were carried out at rt and were analyzed by UPLC-
MS after 3h.  Results from the first screen are reported in Figure 2.5.  
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Figure 2.5. Results of screen 1 as analyzed by UPLC-MS. Yields were determined by integration of the UV-trace of the products 
compared to the remaining starting electrophile after 3h reaction time. 

As expected, the NHS-esters (2.1 and 2.2) efficiently reacted with amines without the presence of 
IMes and at low IMes loading, complete amidation was observed. In the presence of 1 equivalent 
of IMes, alcohol reactivity was sufficiently high to enable some ester formation (57-90%), however, 
NHS-ester amine reactivity might be too high to achieve complete selectivity. Thus, the NHS-
esters were not investigated further. The trifluoro esters, 2.3 and 2.4, displayed little reactivity 
towards benzylamine and addition of IMes encouraged 100% selectivity and high reactivity (72-
100%). Generally, it was observed that IMes significantly impacted the esterification and that 
higher concentrations of IMes yielded higher O-selectivity. The encouraging results from 2.3 and 
2.4 inspired a new series of electrophiles. It was especially interesting to investigate the effect of 
decorating the benzene ring reactivity and selectivity.  

Synthesis of trifluoro ester analogues  

Various benzoyl chlorides were commercially available and were reacted with 2,2,2-trifluro ethanol, 
propanol or butanol (Table 2.4).  

 
 Structure Yield  Structure Yield 
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2.7 
 

77% 2.8 

 

91% 

2.9 
 

55% 2.10 

 

90% 

2.11 

 

86% 

Table 2.4. Conditions and yields of the syntheses of compounds 2.5-2.11. 

The synthesis of this series of electrophiles proceeded with satisfactory yields (55-91%).  

Screen 2 

The screen was carried out at rt in LCMS vials in THF under stirring. The reactions were analyzed 
by UPLC-MS after 3h and 24h reaction times. The results reported in Figure 2.6 are after a 24h 
reaction time.  

 

 

Figure 2.6. Results for screen 2 as analyzed by UPLC-MS. Yields were determined by integration of the UV-trace of the products and 
compared to remaining electrophile after 24h reaction time. 
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As observed in the initial screen, the trifluoro esters were generally unreactive towards benzylamine 
(max 12% amidation). In the presence of 0.02 equiv. of IMes, a significant rise in esterification, as 
well as suppression amide formation, was observed. In the presence of 1 equivalent of IMes, no 
amidation and generally higher ester-conversion (up to 100%) was observed.  For compound 2.6, 
only 19% esterification was observed in the presence of 1 equivalent of IMes, the low reactivity 
likely stemming from the steric bulk from the substituents. For compound 2.11, the inductive 
effect of the CF3 group was too far removed to promote esterification or amidation. Specifically, 
2.7 and 2.9 were of interest, as complete reaction with high selectivity was observed after 3h 
reaction time when using 0.02 equivalents of IMes(results not shown).  

With these results in hand, solvent tolerance was investigated, with an emphasis on aqueous media. 

Screen 3 

Both fluorine analogues (2.7 and 2.9) showed great selectivity and rapid reaction in the presence 
0.02 equivalents of  IMes and were, therefore, carried forward to investigate the solvent tolerability 
of the reaction by changing to the solvents DMSO and ACN, which are more compatible with 
bioconjugation. DMSO is commonly used during bioconjugation to dissolve the organic 
components30. Water concentration was also varied (0-50%) to investigate how the presence of 
aqueous media affected reaction efficiency and selectivity, as bioconjugations are commonly 
carried out in aqueous media for the stability of the biomolecule. Results are presented in Figure 
2.7. 
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Figure 2.7. Results from screen 3 as analyzed by UPLC-MS of compound 2.7 and 2.9 in DMSO and ACN in various 
concentrations of water after 24h. Selectivity was determined by integration of the UV-trace and comparison of ester vs 
amide formation, the relative ratio is reported. Total conjugation was determined by the combined integrals of ester and 

amide formation compared to the remaining electrophile represented by the black line. 

Reactivity and selectivity in DMSO were significantly reduced compared to the initial screens in 
THF, even without the addition of water. This was surprising, as DMSO is commonly used as 
solvent during NHC-metal reactions31, although one paper reports a significant lowering of 
reaction yields in the presence of DMSO, when the NHC was employed as an organocatalyst.8. 
Furthermore, in DMSO, O-selectivity decreased with increasing water concentration.  

The reactions in pure acetonitrile displayed the same characteristics as observed in THF, however, 
any addition of water decreased ester selectivity and overall reactivity. To understand this observed 
phenomenon, the mechanism of O-selectivity as suggested by Samanta et al. was reviewed. The 
theoretical study indicated that increased O-selectivity arose from activation by strong hydrogen 
bonding between IMes and the alcohol, leading to the increased nucleophilicity of the alcohol. 
Thus, it was hypothesized, that the lowered selectivity and reactivity resulted from the competitive 
hydrogen binding of water.  

Vinyl ester activation mechanism  

The poor reactivity and selectivity in the presence of water of the trifluoro esters, resulted in the 
investigation of a different type of electrophile, the vinyl esters. Esterification via vinyl ester can 
happen via two mechanisms, activation of the alcohol nucleophile, or activation of the electrophile 
via NHC covalently binding the electrophile, while coordinating the incoming alkoxide to increase 
the proximity of the reacting species according to paper by Samanta et al. (Scheme 2.2)25.  
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Scheme 2.2. Secondary mechanism of selective esterification catalyzed by IMes, proposed by Samanta et al. 

This mechanism was suggested for the reaction of vinyl esters. It was hypothesized that pre-mixing 
of a vinyl ester with IMes in an organic solvent, could form the activated electrophile before the 
addition of the nucleophile in aqueous solution. With the IMes bound to the electrophile before 
the addition of water, it was thought that O-selectivity could be retained by avoiding IMes-water 
hydrogen bonding.   

Synthesis of vinyl ester electrophiles 

Samanta et al. studied the O-selectivity using isopropenyl acetate, however, synthesizing analogues 
of this would require working with propyne gas. It was envisaged that the longer hept-1-en-2-yl 
ester would react in a similar manner. Thus, the scaffolds displayed in Table 2.5 were synthesized. 
The synthetic procedure was based on literature32.   

 
 Structure Yield  Structure Yield 

2.12 
 

80% 
 

2.13 
  

78% 

2.14 

 

4% 2.15 

 

82% 

2.16 

 

52% 2.17 

 

70% 

2.18 
 

55% 2.19 
 

80% 

Table 2.5. Synthetic conditions and yields of compounds 2.12-2.19. 

Synthesis and purification of 2.12-2.19 went smoothly with the exception of 2.14. The reaction 
was slow and only afforded 4% conversion, however, only small amounts of material were needed 
for the screen and it was decided to proceed despite the low yield. Both aliphatic and benzylic 
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esters were synthesized. For the benzylic vinyl esters, various aromatic substituents were 
synthesized to determine the effect of substituents on selectivity and reactivity.  

Screen 4 

With the vinyl ester analogues in hand, the next screen was carried out in a similar manner to 
screen 1 and 2. The commercially available isopropenyl acetate 2.20 was also included in the screen. 
Results are reported in Figure 2.8.  

 

 

Figure 2.8.Results from screen 4 as analyzed by UPLC-MS. Yields were determined by integration of the UV-trace of the 
products and compared to remaining electrophile. The results reported, were recorded after 48h reaction time.  

Isopropenyl acetate reacted only with benzylamine, regardless of IMes concentration. This was 
surprising, as Samanta et.al. reported selective esterification of this electrophile. In general, 
selective esterification was observed in the presence of 1 equivalent of IMes. Interestingly, the 
aliphatic vinyl esters displayed high O- over N-selectivity in the presence of high IMes 
concentration, as well as the difluoro and dimethyl analogues. Despite the encouraging results, all 
of the hept-1-en-2-yl esters reacted sluggishly and the results reported in Figure 2.8 were after 48h 
reaction time. Compared to the trifluoro esters, where complete reaction was observed after 3h, 
this left some room for improvement. It was hypothesized, that the longer aliphatic chain slowed 
down the reaction rate by steric hindrance, thus the shorter isopropenyl ester should be tested.  
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Discussion of the mechanism  

In general, the aliphatic electrophiles displayed high reactivity. An explanation of this phenomenon 
was found a paper published in 2021 by Biswas et al. who suggested the azolium enolate as the key 
intermediate for both esterification of α,β unsaturated aldehydes and O-selective 
transesterification33. It was proposed that the azolium enolate reacts in a concerted manner to form 
the ester, instead of the acyl azylium cation reaction with a deprotonated alcohol, as previously 
proposed by Samanta et al. (Figure 2.9). The suggested mechanism was backed up experimentally 
by the reaction of the deuterated acetyl azolium triflate in DBU and benzyl alcohol, showing the 
incorporation of a proton from the alcohol.  

 

 

Figure 2.9. Formation of the key azolium enolate suggested by Biswas et al. to be the active species for esterification. Below 
is shown the suggested concerted reaction mechanism of the azolium enolate with the alcohol. 

The aliphatic isopropenyl 2.21 was envisaged as a good target for water-tolerant NHC catalysis. 
To access the shorter isopronenyl esters without working with gaseous reagents, propenyl 
dissolved in THF was purchased. Furthermore, the reaction was carried out in a capped microwave 
(MW) vial to prevent propyne evaporation (Scheme 2.3). 

 

Scheme 2.3. Reaction conditions for isopropenyl ester synthesis. 

The lower yield was expected due to the solvent change from toluene to THF.  
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Screen 5 

With compound 2.21 in hand, investigation of water tolerance in THF and ACN was commenced. 
Aqueous content was varied from 0-50% in the presence of 0.5 or 0.05 equivalents of IMes. Results 
are reported in the figure below (Figure 2.10).  

 

 

 

Figure 2.10. Results from screen 5 as analyzed by UPLC-MS. Yields were determine by the integration of mass intensities of 
ester and amide product. Complete reaction was observed for all reactions after 3h.   

Complete consumption of the electrophile was observed after 3h, confirming the expected 
increased reactivity of the shorter aliphatic chain. Complete selectivity was observed in the 
presence of 0.5 equivalents of IMes in non-aqueous conditions, however, at 0.05 equivalents 
selectivity was compromised (56-73% ester formation in THF and ACN respectively). The 
addition of water seemed to lower the selectivity slightly, however, the selectivity did not decrease 
with increasing water concentration, either in THF or ACN.  

With these results in hand, it was believed that the isopropenyl ester 2.21 would be good candidates 
for selective O-acylation in aqueous solution. Furthermore, the increased nucleophilicity of the 
serine in the activated peptide could enhance the O-selectivity to sufficiently suppress lysine 
conjugation.  
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2.1.4 Peptide screening 
After identifying water tolerable conjugation conditions, the peptides shown in Figure 2.11 were 
synthesized using standard Fmoc SPPS and Rink amide-linkers. The peptides were acetylated and 
cleaved in TFA before purification by preparative HPLC (for more detail see experimental 
section). Phenylalanine was incorporated to enhance UV-activity to facilitate analysis by UPLC-
MS. Glutamic acid was introduced to increase solubility of the peptides. Furthermore, in catalytic 
triads, an acidic residue is often present to increase the nucleophilicity of the histidine. N-terminals 
were capped to avoid nucleophilic competition.  The peptides are denoted after the central 
residues, which are important for reactivity, as highlighted below the structures in Figure 2.11.  

 

 

Figure 2.11. Structure of the peptides for the initial peptide screen. 

Peptide screen 1 

Reactions were carried out in Eppendorf tubes containing a triangular stir bar. The peptides were 
dissolved in PBS buffer with the addition of appropriate amounts of DMF to solvate the peptides. 
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20 equivalents of electrophile were used and the equivalents of IMes were varied from 0-20 
equivalents. Control experiments were performed containing peptides and electrophiles, without 
the presence of IMes. The results are reported below in Figure 2.12. 

 

 

 

  

Figure 2.12. Results from Peptide screen 1 as analyzed by UPLC-MS. Conversion was determined by integration of the mass 
trace of the products and compared to remaining unmodified peptide. The results reported were recorded after 48h 

reaction time. 

Gratifyingly, no reaction on the un-activated AAS peptide was observed, suggesting the activation 
by histidine on the synthesized peptide, as previously reported. Though reaction had been 
observed on benzyl alcohol, the peptide screen was run in lower concentrations, possibly 
explaining the lowered reactivity. Surprisingly, the inverse effect of IMes equivalents was observed 
compared to the initial screens, meaning that higher IMes concentration led to less reaction. The 
control experiments showed that the presence of IMes was important for conjugation when 
comparing reaction with no IMes (13% esterification), to low IMes loading (0.5 equivalents, 29% 
esterification). As opposed to the initial screen, where benzyl alcohol and benzyl amine were mixed 
before adding the electrophile, the peptides were kept separate for ease of analysis. Furthermore, 
the initial screen utilized an excess of nucleophile, whereas in the peptide screen, an excess of the 
electrophile was used, possibly increasing amidation. Encouraged by the initial results, the pH 
effects were studied.  

Peptide screen 2 

It was envisaged that lowering the pH could lower lysine reactivity by protonation of the free 
amine. Furthermore, the optimal equivalents of electrophile was determined by the addition of 5, 
20 or 100 equivalents. Results are reported in Figure 2.13.  
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Figure 2.13. Results from screen 7 as analyzed by UPLC-MS. Yields were determined by integration of the corresponding 
mass trace of the product and compared to remaining un-modified peptide. The results were recorded after 24h. 

It was immediately evident, that 100 equivalents of electrophiles mostly promoted higher 
amidation, resulting in up to 55% of the amide product, while not achieving higher esterification 
(up to 19%). Furthermore, the addition of acid to the reactions did reduce amine reactivity, 
however, it also reduced serine reactivity. As previously observed, higher IMes concentrations 
hampered overall reactivity. When using 5 or 20 equivalents of the electrophile 2.21, O vs. N 
selectivity was significantly higher, however, total conjugation yield remained low (25-35%) and 
lysine conjugation was still significant. It was hypothesized that perhaps a more reactive serine 
residue could enable higher conjugation yields by inserting basic arginine residues. Furthermore, 
creating a local basic microenvironment could enable the use of more acidic buffers, thereby 
mitigating lysine conjugation.  
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2.1.5 The optimized peptide sequence 
The encouraging observation, that one correctly spaced histidine residue could activate the serine 
to the extent observed in the previous screens, led to investigation of the addition of the more 
basic arginine residue. A paper published by Mädler et al. investigating the effect of arginine on 
serine, threonine and tyrosine reactivity, showed that arginine enhanced O-reactivity towards 
NHS-esters during crosslinking33. 

Therefore, the following sequence was synthesized using SPPS as described previously (Figure 
2.14).  

 

Figure 2.14. The structure of the optimized peptides sequence. 

Peptide screen 3 

In this screen, 20 and 5 equivalents of electrophile were tested at both 37°C and rt, to determine 
if increased temperatures could give higher reactivity of the serine. Based on the previous reactions, 
1 equivalent of IMes was added. Reactions were carried out in Eppendorf tubes that were heated 
and stirred by a thermomixer. Results are summarized in the Figure 2.15. 
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Figure 2.15. Results for peptide screen 3 as analyzed by UPLC-MS. Yields were determined by the integration of the mass 
intensities of the mass spectrum of the respective products and compared to remaining un-modified peptide. The results 

displayed were recorded after 24h reaction time.  

A significant increase in reactivity was observed for the HRSR peptide, as compared to AAK and 
HAS in all experiments. Increasing the temperature to 37°C led to higher amidation (13 and 58%, 
5 and 20 equivalents, respectively) compared to the conjugations carried out at rt (3 and 11%, 5 
and 20 equivalents respectively). However, the increased temperature had little impact on the 
reactivity of HRSR that consistently displayed high conversion (71-88%). HAS conjugation was 
also increased with increased temperature (14-32%). The control experiments carried out at 37°C 
with 20 equivalents of electrophile suggested that the presence of 1 equivalent of IMes increased 
HRSR reactivity (56% vs 88%).  I would like to highlight the most promising reaction conditions 
where 72% O-conjugation was achieved with only 3% amidation(5 equivalents of electrophile, rt). 
This result suggests that O-selectivity could be achieved by activation of the surrounding 
microenvironment, as well as using IMes organocatalysis to enhance O-selectivity.  

 

2.1.6 Perspectives 
During this project, two different electrophile groups were investigated for the development of a 
novel sequence-specific serine conjugation, where O-selectivity was enhanced by the addition of 
the N-heterocyclic carbene IMes. In dry conditions, the trifluoro ester scaffold showed promising 
properties, as they reacted selectively and efficiently with benzyl alcohol to form the corresponding 
ester in the presence of benzyl amine. However, the introduction of water compromised selectivity, 
likely due to competitive hydrogen bonding from the solvent interfering with the activation 
mechanism. Thus, the vinyl esters were investigated due to a different mechanism of activation. It 
was discovered that the aliphatic isopropenyl esters 2.21 displayed sustained O-selectivity in 
aqueous media and peptides studies were commenced.  

It was observed, that an adjacent histidine residue did increase the nucleophilicity of the serine in 
the HAS sequence and that the addition of IMes increased the conjugation yields, promoting O-

0
10
20
30
40
50
60
70
80
90

100

5 20 5 20

rt 37 Cont 37

Co
nju

ga
tio

n p
er

ce
nta

ge

Peptide screen 3

AAK HAS HRSR



37 
 

selectivity. However, it was not possible to outcompete the inherent nucleophilicity of lysine of 
the AAK peptide. By the introduction two arginine residues, a new activated sequence was 
designed; the HRSR-peptide. This peptide was conjugated with 2.21 and it was possible to achieve 
a 72% conjugation efficiency compared to 3% lysine conjugation of the AAK peptide under the 
same conditions. In all experiments, the HRSR peptide displayed a superior reaction profile, 
suggesting the power of activation through the surrounding microenvironment and that it was 
possible to promote O- over N-selectivity using N-heterocyclic carbenes as organocatalysts to 
develop new serine conjugation methods.  

Future work would include the systematic preparation of various peptides containing histidine and 
arginine at different distances from the serine to determine the optimal sequence for serine 
activation while avoiding nucleophilic competition. Furthermore, it could prove fruitful to try 
other NHCs with better properties for bioconjugation such as including aqueous solubility and 
higher stability. Lastly, the sequence should be recombinantly incorporated into a protein and 
conjugation should be carried out to demonstrate the applicability of the novel conjugation 
method.  

  



38 
 

  



39 
 

2.2 Part II  
 

2.2.1 Aim  
The aim of this project was to demonstrate the utility of a novel tetra anchor designed to tether 
together the 4 disulfide interchain bonds of a reduced antibody, for the installation of a handle 
allowing for selective attachment of a relevant payload. This should not only provide a strategy for 
site-selective conjugation, but should also provide a highly stable antibody conjugate due to the 
reconstitution of covalent bonds.  Two rebridging head groups were investigated, the bis-sulfone 
and the dibromo McSaf Inside (Figure 2.16). This project was undertaken during my external stay 
at Cambridge University in the group of Prof. David Spring, who has previously designed and 
synthesized the tetra anchor.  

 

Figure 2.16. General structure of the tetra anchor and the head groups and the concept of tethering together the four 
rebridging head groups. 

2.2.2 Introduction 
Cysteine thiol conjugation is one of the most widely applied bioconjugation strategies, as it offers 
an easy and generally applicable method for protein modification and has been especially 
successfully employed in the preparation  of ADCs34. Thiols offer a unique soft nucleophile that 
reacts rapidly with Michael acceptors. The Michael acceptor maleimide, has proved an immensely 
powerful tool for scientists35–37. As previously shown, 8 out of 15 ADCs currently on the market 
utilize cysteine chemistry for the attachment of payloads. Cysteine residues are most commonly 
bound in disulfides providing covalent stabilization to the protein, however, the interchain bonds 
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of an IgG can be selectively reduced to open up to 8 conjugation sites38. However, it is seldom 
advantageous to attach eight payloads onto the antibody, as this can influence the properties of 
the final conjugate. Attachment of less than eight moieties introduces another challenge, as it 
results in a heterogeneous conjugation distribution. Furthermore, reduction of disulfide bonds 
removes the covalent structural stabilization and can result in protein denaturation. Cysteine 
rebridging offers the benefit of homogeneously conjugated antibodies(DAR 4), as well as the re-
formation of the covalent structural stabilization after disulfide bridge reduction39–43, by reforming 
the covalent bond between the reduced sulfides(Figure 2.17). This strategy offers a unique 
possibility to tune antibody drug conjugates, however, rebridging can lead to scrambling of the 
disulfide bonds44,45.  This scrambling results in half antibodies and can lead to aggregation and 
faster clearance, due to the smaller size46. 

The novel concept of anchoring together four rebridging head groups via a hydrophilic moiety 
that allows for the attachment of chemical payloads was envisaged (Figure 2.17). In addition to 
keeping the structural integrity of the antibody, this novel approach would enable access to 
homogenous antibody conjugates at DARs that have previously been challenging to access due to 
antibody symmetry (eg. 1 or 3).  

 

 

Figure 2.17. Structure of the tetra-anchor, tethering the four rebridging head groups together. 

2.2.3 Synthesis of the central scaffold 
The conditions and yields of the synthesis of the tetra-anchor, previously developed by Anders 
Hansen and Fredereike Danheim, is shown in Scheme 2.4. Terminal amine Boc protection of 
diethylene triamine with BocON proceeded smoothly in a satisfying yield of 78%, followed by α-
substitution of methyl-bromoacetate yielding 81% of 2.23. Diethylene triamine and 2.23 were 
heated together in a sealed MW vial, but due to slow reaction, compound 2.24 was isolated in a 
modest yield (35%), with the recovery of 60% starting material. Next, the alkyne handle 2.25 was 
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prepared from 2-bromo acetyl bromide and progargylamine with a 46% yield. This reaction needed 
to be cooled sufficiently to prevent alpha alkylation instead of amide formation. Lastly, the alkyne 
2.25 and amine 2.24 were reacted to yield the final scaffold 2.26. Boc deprotections were 
performed directly before attachment of the conjugation handles, due to the hygroscopic nature 
of the hepta-amine product.  

 

Scheme 2.4. Conditions and yields for the synthesis of compound 2.26 as developed by Anders Hansen and Fredereike 
Danheim. 

The four-step synthesis yielded 10% of compound 2.26, with recovery of starting material in the 
low yielding third step.  

The original scaffold was attached to antibodies using the divinylpyrimidines developed in the 
David Spring group40. They were able to obtain homogeneously conjugated antibodies with a DAR 
of 1 and they were able to attach payloads to produce novel ADCs (unpublished work).  

To expand the utility of the central scaffold, different rebridging head groups, reported in the 
literature, were attached.  
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2.2.4 Bis-sulfone head group  
The bis-sulfones have been used numerous times to yield stable and well-defined conjugates 
including ADCs43,47–53. The mechanism of disulfide rebridging goes through base catalyzed step-
wise elimination and Michael addition. Initially, mild basic conditions promote elimination of the 
sulfone forming an α, β unsaturated ketone, which can react with a free thiol (Figure 2.18). Upon 
Michael addition, an elimination reaction occurs, followed by a second Michael addition to reform 
a three carbon bridge. 

 

Figure 2.18. Mechanism of rebridging of the bis-sulfone group. 

The synthetic conditions for the formation of the sulfone head group are reported in Scheme 2.5, 
as inspired from literature. The first step was a Mannich reaction by imine formation between 
piperidine and formaldehyde, followed by attack from the enol to form the Mannich salt 2.27. The 
next step used the Mannich salt 2.27 in two step wise Mannich reactions to yield the disulfide 
2.2854. In the final step, compound 2.28 was oxidized using oxone yielding 94% of the bis-sulfone 
2.29. 
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Scheme 2.5. Conditions and yields for the synthesis of the bis-sulfone head group. 

This simple three-step synthesis afforded compound 2.29 in an overall yield of 23%, ready for 
attachment to the tetra anchor.  

2.2.5 McSaf Inside head group 
The second head group of this project, was the dibromo pyridine McSaf Inside disulfide rebridging 
head group , developed by the company McSAf for the production of homogeneous ADCs55,56. 
Conjugation occurs through nucleophilic substitution of the benzylic bromides yielding a five-
atom bridge. The McSaf Inside conjugation protocol has recently been used to yield two highly 
homogeneous ADCs, that display good serum stability and high toxicity towards cancer cells57,58.  

Due to the availability of the starting material, it was decided to follow the synthetic strategy of the 
patent, as seen in Scheme 2.655. Methyl isonicotinate was reacted with ammonium persulfate and 
methanol, through a radical reaction to attach two benzyl alcohols (compound 2.30, 21% yield) 
that were converted to the corresponding bromides using PBr3, affording 2.31 in a satisfying yield 
of 71%. It was expected that deprotection of the methyl ester, would result in hydrolysis of one of 
the bromides as reported in the patent, however, upon saponification of the ester, no hydrolysis 
was observed by UPLC-MS and the carboxylic acid 2.32 was isolated in a quantitative yield. Due 
to the immediately available chemicals, ethyl 4-aminobutanoate was used for the amide coupling 
that rather unsatisfactorily, yielded 25% of 2.33. The low yield was hypothesized to arise from 
HOBt hydrolysis of the bromides. It was decided to move forward despite the low yield, however, 
saponification of 2.33 resulted in complete degradation of the starting material when using the 
conditions described in the literature.  
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Scheme 2.6. Conditions and yields of the synthesis of the dibromo McSaf Inside head group. 

It was hypothesized that the shorter chain contributed to the degradation, however, due to time 
restrictions during external stay, it was not possible to obtain the longer methyl 5-aminopentanoate 
used in the literature. Instead, it was decided to move ahead and attempt direct coupling of the 
aromatic acid onto the tetra anchor, being fully aware that the peptide coupling could be 
encumbered by direct attachment to the benzoate. 

 

2.2.6 Head group attachment 
The attachment of the head groups was expected to be the most difficult step in the synthesis, due 
to the sensitivity of the reactive head groups, as well as the large size of the product, further 
complicated by the necessity to complete of 4 amide couplings. Another complicating factor for 
the bis-sulfone reaction, was that the base catalyzed elimination of the sulfinic acid was expected 
to happen under the basic coupling conditions, yielding the possibility of several different products 
with a combination of mono, di or tri- elimination products. Inherently, the elimination in itself 
would still yield a useful conjugation handle, however, analysis and purification of the reaction 
could prove difficult.  

Thus, great care was taken to consider which conditions should be applied. Before the final step 
was attempted, the Boc protection groups were removed by addition of 4M HCl/in dioxane. The 
reaction could not be followed by TLC or UPLC-MS, as the product was too polar and the number 
of ionizable groups results in m/z masses that are too low for detection. However, formation of a 
white precipitate could be observed indicating reaction.  

Several difficulties were experienced during the attachment of both the bis-sulfone and the Mc Saf 
Inside head groups. In Table 2.6, an overview of the different conditions applied is provided.  

 

ENTRY HEAD 
GROUP 

COUPLING 
REAGENT  

AMINE BASE EQUIV. COMMENTS 
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(1) 2.29 HBTU 2.26 
TEA, 20 + 100 

after 1 day 

No reaction 
observed , only 

side reaction 

(2) 2.29 HBTU 
ethyl 4-
amino 

butanoate 
TEA, 1 

No reaction 
observed 

(3) 2.29 HBTU 
2-phenyl 
ethan-1-
amine 

TEA, 1.2 
No reaction 

observed 

(4) 2.29 
Oxalyl 

chloride 
2.26 DIPEA, 20 

Some product 
formation, 

sluggish 

(5) 2.29 HATU 2.26 DIPEA, 15 
Product + elimi-
nated products 

(6) 2.28 HBTU 2.26 TEA, 20 No product 

(7) 2.28 
Oxalyl 

chloride 
2.26 DIPEA, 8 No product 

(8) 2.33 EEDQ 2.26 DIPEA, 16 No product 
(9) 2.33 EEDQ 2.26 DIPEA, 11 No product 

(10) 2.33 EDC·HCl 2.26 DIPEA, 12 
Product 

observed by 
UPLC-MS 

Table 2.6. Overview of the various conditions for the synthesis of tetra anchor bioconjugation handles. 

In entries (1-3) and (6) in Table 2.6, the conditions, previously used in the Spring group to attach 
the divinyl pyrimidine head groups onto the tetra scaffold, were applied. However, no product 
formation was observed, even when using simpler amines (entries 2-3), suggesting ineffective 
HBTU activation of the carboxylic acid of bis-sulfone 2.29. In all reactions using bis-sulfone, the 
elimination reaction was observed. In entry (1), it was hypothesized that this elimination was 
consuming the base and the addition of more could yield the tetra-coupled product in the 
eliminated form. However, addition of more base resulted in the unwanted reaction of the free 
amines onto the formed Michael acceptor. Next, acid chloride formation was attempted (entries 4 
and 7) using oxalyl chloride, which is considered milder than thionyl chloride59. Acid chloride 
formation was observed, but the subsequent reaction onto the tetra anchor was slow and resulted 
in the significant formation of by product.  

In literature, amide couplings can be performed before oxidation of the thioether 2.2853. For the 
reaction of the bis-sulfide 2.28 (entry 7), it was evident that eight equivalents of base was not 
sufficient and no product was observed. The best results were achieved by using HATU as 
coupling reagent (entry 5), in conjunction with sequential addition of base to limit the amount of 
elimination product. Taking a careful look at the reaction, it was hypothesized that the addition of 
exactly 15 equivalents of base would be sufficient for amide coupling, avoiding the addition of 
excess base to that promotes elimination. The 15 equivalents were utilized thus: 4 equivalents for 
the activation of 2.29 with HATU, 7 equivalents to remove the HCl from the 7 amines of the tetra 
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anhor and finally, 4 equivalents for the 4 amide couplings. This reaction yielded fully coupled 
product, as well as partially eliminated products (0-3 eliminated sulfinic acids). Purification by 
Combi Flash yielded 32% of a mixture of the products (0-3 eliminated sulfinic acids).  

Also, reactions on the McSaf Inside head group were attempted. As HOBt was suspected to 
hydrolyze the starting material, EEDQ60–63 was first attempted. However, it was not possible to 
observe any product formation. EDC·HCl was also used and product could be detected on UPLC-
MS, suggesting that this approach could be promising.  

 

2.2.7 Perspectives 
During my external stay at Cambridge University, the tetra anchor group was synthesized in 
satisfying yields as previously designed by Hansen and Danheim. Furthermore, synthesis of two 
disulfide rebridging groups was attempted, obtaining the bis-sulfone 2.29 in an overall yield of 
23% and the shortened dibromo 2.33 with a 15% overall yield. Synthesis of the dibromo McSaf 
Inside head group proved more difficult than expected and the shorter aromatic acid was carried 
forward for the attachment onto the tetra anchor. Despite the base labile nature of the bis-sulfone 
head group, careful addition of base afforded the final product in modest yield in conjunction with 
the mono, di and tri eliminated products.  

The next step of the project consists of attachment of the purified bis-sulfone-tetra anchor 
scaffold, to evaluate the coupling properties and determine the compatibility between these two 
technologies. Further investigation is needed to replicate the synthesis of the McSaf Inside group, 
however, coupling of the aromatic acid was shown to be feasible. Ongoing research is looking into 
modification of the alkyne, to provide a longer PEG chain, as well as branching to allow for tuning 
of higher DAR. 
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2.4 Experimentals  
 

General Procedures 

Starting materials, reagents and solvents were purchased from commercial suppliers (Sigma 
Aldrich, Combiblocks, FluoroChem) and were not analyzed or purified before use. All solvents 
were of HPLC quality. Anhydrous THF, DCM, ACN, DMSO and DMF were obtained from a 
PureSolvTM MD-7 Solvent Purification System, Innovative Technology stationary phase being 
Al2O3. Other dry solvents were purchased under septum and under inert atmosphere.  
Thin-layer Chromatography (TLC) analysis was performed using Merck aluminium sheets covered 
with silica gel C-60 F254 and developed by UV-light or stains (KMnO4: 3.00g in 300mL water and 
ninhydrin: 0.10g in 0.5mL AcOH and 100mL acetone).  
Flash column chromatography was performed using glass columns packed with Merck Geduran 
60 Angstrom silica gel (40-64 μm particles) as stationary phase. Solvent evaporation was done on 
a Heidolph laborota 4000 rotary evaporator, efficient under reduced pressure (in vacuo) at 
temperatures ranging from 20 to 90 °C. Solvent traces were removed in vacuo at 0.27 mbar by a 
membrane pump, operating via a schlenk line. Inert atmosphere refers to the establishing of an N2 
atmosphere, dried using CaCl2 drying tubes using a schlenk line. 
Analytic UPLC-MS analyses were done on a Waters AQUITY UPLC system, equipped with PDA 
and SQD electrospray MS detectors. Column: Kinetex 1.7 μm XB-C18, 2.1 x 50mm. Column 
temperature: 50 °C. Flowrate: 0.6 mL/min. Solvent A: 0.1% HCOOH in H2O, Solvent B: 0.1% 
HCOOH in ACN. Gradient: 5% B to 100% B in 2.4min or 4.8min, hold 0.1 min, total run time 
2.6min or 5.0min. Alternatively, solvent C: 15mM NH4OAc in H2O, Solvent D: 15mM NH4OAc 
in ACN:H2O 90:10. Gradient: 5% D to 100% D in 2.4min or 4.8min, hold 0.1 min, total run time 
2.6min or 5.0min.  
Preparative HPLC was performed on a Waters 3767 Sample Manager equipped with a Waters 
2545 Binary Gradient Module, a Waters UV Fraction Manager and C18 column for separation 
(flow: 20mL/min). Solvent A: 0.1% HCOOH in H2O, Solvent B: 0.1% HCOOH in ACN. 
Alternatively, solvent C: 15mM NH4OAc in H2O, Solvent D: 15mM NH4OAc in ACN:H2O 90:10. 
Run time and gradient were determined for each specific purification.  
NMR spectra were recorded on a Bruker Ascend spectrometer with a Prodigy cryoprobe operating 
at 400MHz for 1H-NMR and 101MHz for 13C-NMR. Chemical shifts (δ) are reported in ppm 
downfield from TMS (δ = 0) using solvent resonance as the internal standard (chloroform-d, 1H: 
7.26ppm, 13C: 77.16ppm; dimethylsulfoxide-d5, 1H: 2.50ppm and 3.30ppm (water), 13C: 39.52ppm, 
CD3OD, 1H: 3.31ppm and 4.87ppm (water), 13C 49.00). 
Coupling constants (J) are reported in Hz. Multiplicities are reported as singlet (s), broad singlet 
(br. s), doublet (d), doublet of doublets (dd), doublet of triplets (dt), doublet of doublet of doublets 
(ddd), doublet of doublet of triplets (ddt), triplet (t), triplet of doublets (td), quartet (q), pentet (p), 
septet (sep) and multiplets (m). 
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General procedure for SPPS 

Standard Fmoc peptide synthesis was performed on a Biotage® Initiator+ Alstra™ using 500mg 
of Chematrix resin with a loading of 0.40mmol/g. Rink Amide linker was used. Each coupling was 
performed with 5 equivalents of Fmoc protected amino acid, with side chains functionalities 
protected where relevant, using oxyma and DIC as coupling reagents. 20% piperidine in DMF was 
used for Fmoc deprotection. The final amino acid was Fmoc deprotected and the liberated N-
terminal was acetylated by hand, before global deprotection and resin cleavage by the addition of 
TFA:TIPS 95:5. The peptides were precipitated by the addition of cold Et2O followed by 
sequential centrifugation, decantation and washing with cold Et2O 6 times. Crude peptides were 
purified by preparative HPLC and the peptides were analyzed by UPLC-MS. 

 

Ac-EFAASFE-NH2:  
UPLC MS (ESI) calculated for C39H53N8O13

+ m/z 841.4, found m/z 842.0 [M+H]+ 

UPLC MS (ESI) calculated for C42H53N10O13
- m/z 839.4, found m/z 839.9 [M-H]- 

Ac-EFAAKFE-NH2: 
UPLC MS (ESI) calculated for C42H60N9O12

+ m/z 882.4, found m/z 882.2 [M+H]+ 

UPLC MS (ESI) calculated for C42H53N10O13
- m/z 880.4, found m/z 880.2 [M-H]- 

Ac-EFHASFE-NH2: 
UPLC MS (ESI) calculated for C42H55N10O13

+ m/z 907.4, found m/z 907.1 [M+H]+ 

UPLC MS (ESI) calculated for C42H53N10O13
- m/z 905.4, found m/z 905.1 [M-H]- 

Ac-EFHRSRFE-NH2:  
UPLC MS (ESI) calculated for C51H74N17O14

+ m/z 1148.6, found m/z 1148.8 [M+H]+ 

UPLC MS (ESI) calculated for C51H72N17O14
- m/z 1146.5, found m/z 1146.8 [M-H]- 

 

General Procedure 1 

Benzoyl chloride (1.5 equiv.) and 2,2,2-trifluoromethanol (1 equiv.) were dissolved in 
1.5mL/mmol dry DCM and trimethylamine (1.2 equiv.) was slowly added. The reaction was 
brought to a reflux overnight. Upon completion, the reaction mixture was concentrated in vacuo 
and the crude was partitioned between EtOAc and sat. NaHCO3. The organic phase was washed 
with sat. aq. NaHCO3 and brine. The organic phase was dried over MgSO4 and the solvent was 
removed in vacuo. The crude was purified by FCC.   

 

General procedure 2 

The relevant carboxylic acid (1 equiv.) and Na2CO3 (1 equiv.) were suspended in dry toluene 
(3.2mL/mmol) under inert atmosphere. A solution of ((p-cymene)RuCl2)2 (0.04 equiv.) and tri(2-
furyl)phosphine (0.01 equiv.) in dry toluene (0.8mL/mmol) was added together with 1-heptyne 
(1.3 equiv.). The reaction was heated to 50°C and was stirred overnight. Upon completion, the 
solvent was removed and the crude was purified by FCC. 
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2,5-Dioxopyrrolidin-1-yl octanoate 2.1 

1-hydroxypyrrolidine-2,5-dione (707mg, 6.15mmol, 1.00 equiv.), 
TEA (0.90mL, 6.46mmol, 1.05 equiv.) and DMAP (75mg, 
0.61mmol, 0.10 equiv. was dissolved in 20mL dry DCM under 
inert atmosphere. The solution was cooled to 0°C and octanoyl 

chloride (1.00g, 6.15mmol, 1 equiv.) was added. The reaction was allowed to reach rt. and was 
stirred overnight. The reaction was  washed with 2M aqueous HCl and 2x brine. The organic phase 
was dried over MgSO4 and solvent was removed. The crude was recrystallized from heptane/ 
diethyl ether yielding 63% of 2.1 as a white solid.  

1H NMR (400 MHz, DMSO-d6) δ 2.81 (s, 4H), 2.65 (t, J = 7.2 Hz, 2H), 1.62 (p, J = 7.2 Hz, 2H), 
1.42 – 1.16 (m, 8H), 0.86 (t, J = 7.1 Hz, 3H). 
CNMR13C NMR (101 MHz, DMSO-d6) δ 170.24, 168.97, 31.05, 30.19, 28.16, 27.95, 25.44, 24.29, 
21.98, 13.92. 
 

2,5-Dioxopyrrolidin-1-yl 2-phenylacetate 2.2 

1-hydroxypyrrolidine-2,5-dione (744mg, 6.47mmol, 1.00 equiv.), TEA 
(0.99mL, 7.12mmol, 1.10 equiv.) and DMAP (79mg, 0.65mmol, 0.10 
equiv.) were dissolved in 20mL dry DCM under inert atmosphere. The 
solution was cooled to 0°C and 2-phenyl acetyl chloride (1.00g, 6.47mmol, 

1 equiv.) was added. The reaction was allowed to reach rt. and was stirred overnight. The reaction 
was with 2M aqueous HCl and 2x brine. The organic phase was dried over MgSO4 and solvent 
was removed. The crude was recrystallized from heptane/ diethyl ether yielding 63% of 2.2 as a 
white solid. 

HNMR 1H NMR (400 MHz, DMSO-d6) δ 7.40 – 7.27 (m, 5H), 4.11 (s, 2H), 2.81 (s, 4H). 
CNMR 13C NMR (101 MHz, DMSO-d6) δ 170.61, 167.86, 132.82, 129.82, 129.06, 127.88, 37.09, 
25.92. 
 

2,2,2-Trifluoroethyl benzoate 2.3 

 2.3 was prepared according to General procedure 1 as a colorless oil. Yield = 
26%.  

HNMR 1H NMR (400 MHz, Chloroform-d) δ 8.12 – 8.06 (m, 2H), 7.64 – 
7.59 (m, 1H), 7.51 – 7.44 (m, 2H), 4.71 (q, J = 8.4 Hz, 2H). 

13C NMR (101 MHz, Chloroform-d) δ 164.92, 133.84, 129.99, 128.59, 128.41, 123.14 (d, J = 277.2 
Hz), 60.58 (q, J = 36.4 Hz) 
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3,3,3-Trifluoropropyl benzoate 2.4 

3,3,3-trifluoropropanol(0.88mL, 10mmol, 1 equiv.) and TEA (1.67mL, 
12mmol, 1.2 equiv.) was dissolved in 15mL dry DCM and benzoyl 
chloride (1.74mL, 15.0mmol, 1.5 equiv.) was added carefully. The 
reaction was stirred for 1.5h at rt. The solvent was removed and the 

reaction was partitioned between EtOAc and sat NaHCO3. The phases were separated and the 
organic phase was washed with NaHCO3 and brine. The organic phase was dried over MgSO4 and 
the solvent was removed. The crude was purified by FCC yielding 2.4 as a colorless oil. Yield = 
66%.  

1H NMR (400 MHz, Chloroform-d) δ 7.93 – 7.82 (m, 2H), 7.44 – 7.36 (m, 1H), 7.28 (dd, J = 8.4, 
7.1 Hz, 2H), 4.38 (t, J = 6.3 Hz, 2H), 2.53 – 2.32 (m, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 166.17, 133.36, 129.74, 129.66, 128.53, 57.73, 124.62 (q, J 
= 276.9 Hz), 33.38 (q, J = 29.4 Hz). 
 

2,2,2-Trifluoroethyl 4-methylbenzoate 2.5 

2.5 was prepared according to General procedure 1. Yield=78%. 

Rf: 0.19 in 20 EtOAc in Hep 

HNMR: 1H NMR (400 MHz, Chloroform-d) δ 8.04 – 7.95 (m, 2H), 7.32 
– 7.26 (m, 2H), 4.71 (q, J = 8.5 Hz, 2H), 2.45 (s, 3H). 
CNMR: 13C NMR (101 MHz, Chloroform-d) δ 164.97, 144.77, 130.03, 129.30, 125.65, 123.19 (q, J 
= 277.2 Hz), 60.64 (q, J = 36.6 Hz), 21.68. 

 

2,2,2-Trifluoroethyl 2,6-dimethoxybenzoate 2.6 

 2.6 was prepared according to General procedure 1. Yield=1.63g (62%). 

1H NMR (400 MHz, Chloroform-d) δ 7.33 (t, J = 8.4 Hz, 1H), 6.57 (d, J = 8.4 
Hz, 2H), 4.68 (q, J = 8.5 Hz, 2H), 3.82 (s, 12H). 
13C NMR (101 MHz, Chloroform-d) δ 164.92, 157.79, 131.97, 123.03 (q, J = 

277.4 Hz), 111.18, 103.96, 60.71 (q, J = 36.6 Hz), 56.05. 

 

2,2,2-Trifluoroethyl 3-fluorobenzoate 2.7 

2.7 was prepared according to General procedure 1. Yield =1.70g (77%). 

1H NMR (400 MHz, Chloroform-d) δ 7.90 (dt, J = 7.7, 1.3 Hz, 1H), 7.77 
(dt, J = 9.1, 2.7 Hz, 1H), 7.48 (td, J = 8.1, 5.5 Hz, 1H), 7.34 (td, J = 8.3, 2.7 
Hz, 1H), 4.73 (q, J = 8.4 Hz, 2H). 
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13C NMR (101 MHz, Chloroform-d) δ 163.82 (d, J = 3.3 Hz), 162.54 (d, J = 247.9 Hz), 130.45 (d, 
J = 7.6 Hz), 130.31 (d, J = 7.8 Hz), 125.75 (d, J = 3.2 Hz), 122.96 (q, J = 277.1 Hz) 121.00 (d, J = 
21.3 Hz), 116.86 (d, J = 23.4 Hz), 61.00 (q, J = 36.8 Hz). 
 
3,3,3-Trifluoropropyl 3-fluorobenzoate 2.8 

3-Fluorobenzoyl chloride (1.59g, 10.00mmol, 1 equiv.) was added 
dropwise to a solution of 3,3,3 trifluoro propanol (1.14g, 10.00mmol, 
1equiv.) and TEA (1.81mL, 13.00mmol, 1.3 equiv.) 15mL dry DCM. The 
reaction was stirred at rt overnight and the solvent was removed in vacuo. 

The crude was taken up in EtOAC and the organic phase was washed with 3x sat. aq. NaHCO3 
and brine. The organic phase was dried over MgSO4 and the solvent was removed in vacuo. The 
crude was purified by FCC affording compound 2.8 in a yield of 91%.  

1H NMR (400 MHz, Chloroform-d) δ 7.83 (dt, J = 7.7, 1.3 Hz, 1H), 7.70 (ddd, J = 9.2, 2.7, 1.6 Hz, 
1H), 7.42 (td, J = 8.0, 5.5 Hz, 1H), 7.27 (ddt, J = 8.3, 6.1, 1.8 Hz, 1H), 4.55 (t, J = 6.2 Hz, 2H), 
2.60 (qt, J = 10.4, 6.2 Hz, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 164.95 (d, J = 3.0 Hz), 162.53 (d, J = 247.3 Hz), 131.65 (d, 
J = 7.6 Hz), 130.12 (d, J = 7.8 Hz), 125.79 (q, J = 276.7 Hz), 125.40 (d, J = 3.1 Hz), 120.37 (d, J = 
21.3 Hz), 116.53 (d, J = 23.2 Hz), 57.94, 33.38 (q, J = 29.3 Hz). 
 

2,2,2-Trifluoroethyl 2-fluorobenzoate 2.9 

2.9 was prepared according to General procedure 1. Yield = 55% 

HNMR 1H NMR (400 MHz, Chloroform-d) δ 8.00 (td, J = 7.5, 1.9 Hz, 1H), 
7.65 – 7.55 (m, 1H), 7.29 – 7.26 (m, 1H), 7.26 – 7.17 (m, 1H), 4.73 (q, J = 8.4 
Hz, 2H). 

13C NMR (101 MHz, Chloroform-d) δ 162.49 (d, J = 3.9 Hz), 162.29 (d, J = 262.2 Hz), 135.55 (d, 
J = 9.2 Hz), 132.26, 124.16 (d, J = 4.0 Hz), 122.97 (q, J = 277.2 Hz), 117.22 (d, J = 22.0 Hz), 
116.92 (d, J = 9.2 Hz), 60.82 (q, J = 36.8 Hz). 

 

3,3,3-Trifluoropropyl 2-fluorobenzoate 2.10 

 2-Fluorobenzoyl chloride (1.59g, 10.00mmol, 1 equiv.) was added dropwise 
to a solution of 3,3,3 trifluoro propanol (1.14g, 10.00mmol, 1equiv.) and 
TEA (1.81mL, 13.00mmol, 1.3 equiv.) in 15mL of dry DCM. The reaction 
was stirred at rt overnight and the solvent was removed in vacuo. The crude 

was taken up in EtOAC and the organic phase was washed with 3x sat. aq. NaHCO3 and brine. 
The organic phase was dried over MgSO4 and the solvent was removed in vacuo. The crude was 
purified by FCC affording compound 2.8 in a yield of 90%.  

Rf= 0.38 in 20% EtOAc in Hep 
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1H NMR (400 MHz, Chloroform-d) δ 7.93 (td, J = 7.6, 1.9 Hz, 1H), 7.56 – 7.50 (m, 1H), 7.20 (t, J 
= 7.6 Hz, 1H), 7.13 (dd, J = 10.8, 8.3 Hz, 1H), 4.55 (t, J = 6.3 Hz, 2H), 2.61 (qt, J = 10.4, 6.3 Hz, 
2H). 
13C NMR (101 MHz, Chloroform-d) δ 163.77 (d, J = 3.7 Hz), 162.10 (d, J = 260.9 Hz)134.88 (d, J 
= 9.1 Hz), 132.07, 125.78 (q, J = 276.6 Hz), 124.01 (d, J = 4.0 Hz), 118.02 (d, J = 9.4 Hz), 117.04 
(d, J = 22.2 Hz), 57.86 (q, J = 3.7 Hz), 33.38 (q, J = 29.3 Hz). 
 

4,4,4-Trifluorobutyl benzoate 2.11 

Benzoyl chloride (2.11g, 15.00mmol, 1.5 equiv.) was slowly added to a 
solution of 4,4,4-trifluorobutane-1-ol (1.05mL, 10.00mmol, 1 equiv.) 
and TEA (1.67mL, 12.00mmol, 1.2 equiv.) in 15mL dry DCM. The 
reaction was stirred at rt. for 3h before the solvent was removed and 

the crude taken up in EtOAc. The organic phase was washed with 2x sat. NaHCO3 and brine, 
dried over MgSO4 and the solvent was removed in vacuo. The crude washed purified by FCC 
affording 2.11 as a colorless oil. Yield= 86%. Rf= 0.21 in 5% EtOAc in Hep.  

HNMR 1H NMR (400 MHz, Chloroform-d) δ 8.09 – 7.97 (m, 2H), 7.62 – 7.55 (m, 1H), 7.53 – 
7.39 (m, 2H), 4.39 (t, J = 6.3 Hz, 2H), 2.40 – 2.19 (m, 2H), 2.15 – 1.95 (m, 2H). 
CNMR13C NMR (101 MHz, Chloroform-d) δ 166.35, 133.15, 129.89, 129.56, 128.44, 126.91 (q, J 
= 276.3, Hz), 63.13, 31.26, 30.97, 30.67, 30.38, 21.69. 
 

Hept-1-en-2-yl benzoate 2.12 

2.12 was prepared according to General procedure 2. Yield=80%. 

HNMR1H NMR (400 MHz, Chloroform-d) δ 8.13 – 8.09 (m, 2H), 7.64 
– 7.58 (m, 1H), 7.53 – 7.43 (m, 2H), 4.90 – 4.84 (m, 2H), 2.36 (t, J = 
7.7 Hz, 1H), 1.63 – 1.51 (m, 2H), 1.43 – 1.31 (m, 4H), 0.96 – 0.86 (m, 

3H). 

 

Hept-1-en-2-yl 2-phenylacetate 2.13 

2.13 was prepared according to General procedure 2. Yield=78% 

HNMR 1H NMR (400 MHz, Chloroform-d) δ 7.39 – 7.28 (m, 
5H), 4.74 (t, J = 6.5 Hz, 2H), 3.71 (s, 2H), 2.19 (t, J = 7.6 Hz, 2H), 

1.40 (p, J = 7.4, 7.0 Hz, 2H), 1.35 – 1.20 (m, 4H), 0.90 (d, J = 6.8 Hz, 2H). 

 13C NMR (101 MHz, Chloroform-d) δ 169.63, 156.65, 133.74, 129.26, 128.64, 127.22, 101.10, 
41.53, 31.11, 26.02, 22.41, 13.98. 
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Hept-1-en-2-yl 2,6-dimethoxybenzoate 2.14 

2.14 was prepared according to General procedure 2. Yield= 4% 

HNMR 1H NMR (400 MHz, Chloroform-d) δ 7.29 (t, J = 8.4 Hz, 
1H), 6.60 – 6.52 (m, 2H), 4.88 (d, J = 1.3 Hz, 1H), 4.80 (d, J = 1.3 
Hz, 1H), 3.83 (s, 6H), 2.35 (t, J = 7.7 Hz, 2H), 1.57 (p, J = 7.4 Hz, 

2H), 1.34 (p, J = 3.8 Hz, 4H), 0.93 – 0.87 (m, 3H). 
CNMR 13C NMR (101 MHz, Chloroform-d) δ 164.61, 157.40, 156.96, 131.23, 112.84, 103.90, 
101.47, 55.97, 33.37, 31.26, 25.97, 22.51, 14.02.  
 
Hept-1-en-2-yl 2,6-difluorobenzoate 2.15 

2.15  was prepared according to General procedure 2. Yield = 82%   

HNMR 1H NMR (400 MHz, Chloroform-d) δ 7.53 – 7.40 (m, 1H), 
7.05 – 6.92 (m, 2H), 4.94 (d, J = 1.8 Hz, 1H), 4.86 (q, J = 1.3 Hz, 
1H), 2.36 (t, J = 7.8 Hz, 2H), 1.63 – 1.49 (m, 2H), 1.36 (pd, J = 6.3, 

4.1 Hz, 4H), 0.95 – 0.86 (m, 3H). 
CNMR 13C NMR (101 MHz, Chloroform-d) δ 160.71 (dd, J = 256.9, 6.0 Hz), 159.51, 156.50, 
132.99 (t, J = 10.4 Hz), 112.04 (d, J = 25.5 Hz), 110.91 (t, J = 18.0 Hz), 101.83, 33.21, 31.09, 25.92, 
22.37, 13.91. 
 
Hept-1-en-2-yl 2,6-bis(trifluoromethyl)benzoate 2.16 

2.16 was prepared according to General procedure 2. Yield=73%.  

1H NMR (400 MHz, Chloroform-d) δ 7.96 – 7.91 (m, 3H), 7.71 (t, J 
= 7.9 Hz, 1H), 4.96 (d, J = 2.0 Hz, 1H), 4.88 (dt, J = 2.2, 1.2 Hz, 
1H), 2.37 – 2.24 (m, 2H), 1.64 – 1.48 (m, 2H), 1.38 – 1.21 (m, 7H), 
0.96 – 0.86 (m, 4H). 

Hept-1-en-2-yl 2,6-dimethylbenzoate 2.17 

2.17 was prepared according to General procedure 2. Yield= 70% 

1H NMR (400 MHz, Chloroform-d) δ 7.26 – 7.20 (m, 1H), 7.08 (d, 
J = 7.6 Hz, 2H), 4.91 (d, J = 1.7 Hz, 1H), 4.89 (t, J = 1.4 Hz, 1H), 
2.42 (s, 6H), 2.38 (t, J = 7.8, 7.2 Hz, 2H), 1.65 – 1.53 (m, 2H), 1.45 

– 1.34 (m, 4H), 0.98 – 0.88 (m, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 168.16, 156.76, 134.86, 129.50, 127.98, 127.64, 101.34, 
33.56, 31.21, 26.21, 22.44, 19.72, 13.99. 
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Hept-1-en-2-yl 3-phenylpropanoate 2.18 

2.18 was prepared according to General procedure 2. Yield= (55%). 

1H NMR (400 MHz, Chloroform-d) δ 7.31 (t, J = 7.7 Hz, 2H), 
7.26 – 7.21 (m, 3H), 4.71 (d, J = 1.5 Hz, 1H), 4.67 (d, J = 1.4 Hz, 
1H), 3.01 (t, J = 7.7 Hz, 2H), 2.73 (t, J = 7.7 Hz, 2H), 2.21 – 2.12 

(m, 2H), 1.42 (p, J = 7.0 Hz, 2H), 1.37 – 1.22 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 171.06, 156.61, 140.23, 128.53, 128.34, 126.36, 101.02, 
35.97, 33.29, 31.17, 30.98, 26.10, 22.42, 14.00. 
 

Hept-1-en-2-yl 5-phenylpentanoate 2.19 

2.19 was prepared according to General procedure 2. Yield = 
(80%) 

1H NMR (400 MHz, Chloroform-d) δ 7.33 – 7.26 (m, 2H), 
7.23 – 7.17 (m, 3H), 4.73 (s, 1H), 4.71 (s, 1H), 2.67 (t, J = 6.9 
Hz, 2H), 2.43 (t, J = 6.8 Hz, 2H), 2.21 (t, J = 7.6 Hz, 2H), 
1.79 – 1.66 (m, J = 3.9 Hz, 4H), 1.47 (p, J = 7.5 Hz, 2H), 1.38 
– 1.28 (m, 4H), 0.95 – 0.85 (m, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 171.74, 156.63, 142.05, 128.39, 128.35, 125.82, 100.96, 
35.59, 34.25, 33.34, 31.18, 30.87, 26.16, 24.60, 22.44, 14.00. 
 

Prop-1-en-2-yl 3-phenylpropanoate 2.21 

3-phenylpropanoic acid (2.00g, 13.33mmol, 1 equiv.), Na2CO3 (28mg, 
0.27mmol, 0.02equiv.), ((p-cymene)RuCl2)2 (40mg, 0.53mmol, 0.04 equiv.) 
and tri(2-furyl)phosphine (40mg, 0.13mmol, 0.01 equiv.) were added to a 
MW under inert atmosphere. Propenyl  (20mL, 1M in THF, 20mmol, 1.5 

equivalents) was added and the vial was capped. The reaction was stirred at 80°C overnight. The 
solvent was removed and the crude was purified by FCC affording compound 2.21 in a yield of 
39%. 

1H NMR (400 MHz, Chloroform-d) δ 7.33 (t, J = 7.5 Hz, 3H), 7.26 (d, J = 7.4 Hz, 4H), 4.72 (d, J 
= 1.6 Hz, 1H), 4.67 (s, 1H), 3.03 (t, J = 7.7 Hz, 3H), 2.75 (t, J = 7.7 Hz, 3H), 1.91 (s, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 171.09, 153.08, 140.30, 128.64, 128.45, 126.47, 102.15, 
36.05, 31.04, 19.63. 
 

Di-tert-butyl (azanediylbis(ethane-2,1-diyl))dicarbamate 2.22 

Diethylene triamine(2.16mL, 20mmol, 1equiv.) was dissolved in 40 
mL dry THF and cooled to 0°C under inert atmosphere. In an 
addition funnel, Boc-ON was dissolved in 20 mL dry THF and was 

added dropwise to the cooled solution. After addition, the reaction was allowed to reach rt and 
was stirred for 1h and solvent was removed in vacuo. The residue was dissolved in DCM and the 
organic phase was washed with 10w/w% NaOH, water and brine. The organic phase was dried 
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over MgSO4 and solvent was removed in vacuo. Crude was purified by FCC 100%DCM to 10% 
MeOH in DCM affording 2.22 a yellow oil. Yield= 78%. Rf =0,16 in 10% MeOH in DCM.  

1H NMR (400 MHz, CDCl3) 4.93 (br s, 2H), 3.24-3.19 (m, 4H), 2.73 (t, 4H, J = 5.7 Hz), 1.44 (s, 
18H)  
13C NMR (101 MHz, CDCl3) 156.3, 79.4, 49.0, 40.4, 28.6  
 

Methyl bis(2-((tert-butoxycarbonyl)amino)ethyl)glycinate 2.23 

Di-tert-butyl(azanediylbis(ethane-2,1-diyl)) dicarbamate (4.5g, 
14.8mmol, 1 equiv.) was dissolved in 50mL DMF and 
DIPEA(3.29mL, 22.3mmol, 1.5equiv.) and methyl bromoacetate 
(2.13mL, 17.8mmol, 1.2 equiv.) were added.  The reaction was 
stirred overnight at rt. Solvent was removed under a stream of 

nitrogen and crude was purified by FCC (20% EtOAc in PE to 50% EtOAc in PE) afforded 2.23 
a white solid in 81% yield. Yield=. Rf=0.29 in 50/50 EtOAc/PE. 

1H NMR (400 MHz, CDCl3) 5.13 (br s, 2H, NH), 3.70 (s, 3H), 3.37 (s, 2H), 3.15 (q, 4H, J = 5.6 
Hz), 2.72 (t, 4H, J = 5.9 Hz), 1.44 (s, 18H) 
13C NMR (101 MHz, CDCl3) 172.3, 156.3, 79.3, 55.1, 54.3, 51.8, 38.7, 28.6 
 

Compound 2.24 

Methyl bis(2-((tert-butoxycarbonyl)amino) ethyl) 
glycinate (2.00g 5.33mmol, 5 equiv.) was dissolved 
in 3mL dry MeOH in a MW vial. Diethylene 
triamine (116µL, 1.07mmol, 1 equiv.) was added 
under inert atmosphere and the vial was capped. 
The reaction was heated to 100°C overnight. 
Solvent was removed and crude was purified by Fcc 

0-20% MeOH in DCM yielding 2.24 in 35% as a colorless oil. Rf=0,22 in 10% MeOH in DCM.  

1H NMR (400 MHz, Chloroform-d) δ 5.80 (s, 2H), 3.49 (s, 8H), 3.45 (s, 4H), 3.25 – 3.16 (m, 8H), 
3.13 (s, 4H), 2.86 (s, 4H), 2.62 (s, 8H), 1.45 (s, 36H). 
13C NMR (101 MHz, CD3OD) 175.6, 158.6, 80.2, 59.9, 56.4, 49.5, 39.7, 38.4, 28.9 
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2-bromo-N-(prop-2-yn-1-yl)acetamide 2.25 

Propargylamine (1.67g, 18,2mmol, 1 equiv.) was dissolved in 33mL DCM and 
33mL sat. NaHCO3. The solution was cooled to -10°C and was added dropwise 
2-bromo acetylbromide (2.42mL, 27.2mmol, 1.5 equiv.). The reaction was 
allowed to reach rt and was stirred for 1h. The two phases were separated and 

the aqueous phase was acidified and extracted with DCM. The combined organic phase was 
washed with sat NaHCO3 and 1M HCl and dried over MgSO4 and solvent removed in vacuo. 
Product was attained in a 46% yield affording 2.25 a white solid. Rf =0.65 in 50/50 EtOAc/PE.  

1H NMR (400MHz, CDCl3) 6.70 (s, 1H), 4.08 (dd, J=2.5Hz 2H), 3.89 (s, 2H), 2.28 (t, J=2.6Hz, 
1H) 
13C NMR (101 MHz, CDCl3) 165.1, 78.5, 72.3, 30.0, 28.7 
 

Compound 2.26 

2.24 (300mg, 0.38mmol, 1 equiv.) 
was dissolved in dry 1mL MeCN 
under inert atmosphere, K2CO3 
(104mg, 0.76mmol, 2 equiv.) was 
added and cooled to 0°C. 2-

bromo-N-(prop-2-yn-1-yl)acetamide (83mg, 0.47mmol, 1.25 equiv.) was added in one portion. The 
reaction was allowed to reach rt and was stirred overnight. Solvent was removed and the reaction 
was purified by Fcc 0-10% MeOH in DCM. Yielding 2.26 in a 44% yield as a white solid. Rf = 
0.72 in 10%MeOH in DCM.  

1H NMR (400 MHz, Chloroform-d) δ 7.79 (s, 2H), 5.68 (s, 4H), 4.05 (dd, J = 5.5, 2.5 Hz, 2H), 
3.35 (m, 4H), 3.24 (s, 2H), 3.18 (m, 12H), 2.73 (t, J = 5.8 Hz, 4H), 2.58 (t, J = 5.5 Hz, 8H), 2.24 
(d, J = 2.8 Hz, 1H), 1.89 (s, 2H), 1.43 (s, 36H). 
13C NMR (101 MHz, CDCl3) 172.2, 171.5, 156.7, 80.0, 79.4, 71.5, 59.5 (two peaks), 55.8 (two 
peaks), 38.8, 37.9, 29.0, 28.6 
 
4-(3-(Piperidin-1-yl)propanoyl)benzoic acid hydrochloride 2.27 

4-Acetyl benzoic acid (1.00g, 6.09mmol, 1 equiv.), piperidine 
HCl(0.74g, 6.09mmol, 1 equiv.)  and paraformaldehyde (0.55g, 
18.3mmol, 3 equiv.) were dispersed in 4mL EtOH and 60µL 37% 
HCl was slowly added.  The reaction was heated to reflux for 3h 
before adding a second portion of paraformaldehyde (0.55, 

18.3mmol, 3 equiv.) and the reaction was refluxed overnight. The reaction mixture was cooled 
before adding acetone to precipitate the product. The reaction was stirred for 5 min. to dissolve 
any impurities and was filtered. The white precipitate was washed extensively with acetone and 
EtOAc, before drying under vacuum yielding 50%of 2.27 as a white solid.  

1H NMR (400 MHz, Methanol-d4) δ 8.20 – 8.13 (m, 4H), 3.72 – 3.50 (m, 4H), 3.14 – 2.96 (m, 2H), 
2.05 – 1.75 (m, 6H).  
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13C NMR (101 MHz, Methanol-d4) δ 196.74, 168.62, 131.04, 130.82, 130.63, 129.28, 54.75, 34.44, 
24.25, 23.97, 22.52. 

 
4-(3-(p-tolylthio)-2-((p-tolylthio)methyl)propanoyl)benzoic acid 2.28 

4-(3-(piperidin-1-yl)propanoyl)benzoic acid hydro-chloride 
2.27(0.50g, 1.68mmol, 1 equiv.) in a MW vial was dispersed in 
1.2mL EtOH and 0.8mL MeOH. Then 4-mehtylbenzenethiol 
(0.42g, 3.36mmol, 2 equiv.), piperidine (72µL, 0.729mmol, 0.03 
equiv.) and formaldehyde (50mg, 1.68mmol, 1 equiv.) were 
added and the MW vial was capped. The reaction was heated 

to 105°C and was stirred overnight. The solvent was removed and the crude was purified by FCC 
(50/50 PE/EtOAc to 20% MeOH in EtOAc) yielding 49% of 2.28 as a yellow solid in. Rf= 0.2 
in EtOAc.  

1H NMR (400 MHz, Chloroform-d) δ 8.07 (d, J = 8.1 Hz, 2H), 7.64 (d, J = 8.1 Hz, 2H), 7.17 (d, J 
= 7.8 Hz, 5H), 7.09 (d, J = 7.9 Hz, 4H), 3.84 (p, J = 6.8 Hz, 1H), 3.28 (dd, J = 13.3, 7.6 Hz, 2H), 
3.19 (dd, J = 13.6, 6.1 Hz, 2H), 2.38 (s, 6H). 
13C NMR (101 MHz, Chloroform-d) δ 200.47, 170.56, 140.47, 137.26, 133.06, 131.55, 131.07, 
130.27, 129.86, 128.32, 45.88, 36.40, 21.11. 
 
 
4-(3-Tosyl-2-(tosylmethyl)propanoyl)benzoic acid 2.29 

4-(3-(p-tolylthio)-2-((p-tolylthio) methyl) propanoyl) benzoic 
acid 2.28 (200mg, 0.46mmol, 1 equiv.) was dissolved in 40mL 
of MeOH:water 1:1 and to the solution oxone (1.68g, 
11.09mmol, 6 equiv.) was added. The reaction was stirred at rt 
overnight, after which the solvent was removed in vacuo. The 
crude was purified by FCC affording compound 2.29 in a yield 
of 94%. 

1H NMR (400 MHz, Chloroform-d) δ 8.07 (d, J = 8.1 Hz, 2H), 
7.70 (dd, J = 8.4, 3.2 Hz, 6H), 7.36 (d, J = 8.0 Hz, 4H), 4.39 (t, J = 6.3 Hz, 1H), 3.64 (dd, J = 14.3, 
6.6 Hz, 2H), 3.54 – 3.46 (m, 2H), 2.48 (s, 5H). 
13C NMR (101 MHz, Chloroform-d) δ 195.50, 155.43, 153.80, 145.74, 138.19, 135.40, 130.66, 
130.34, 128.66, 128.46, 55.76, 35.87, 21.87. 
 

Methyl 2,6-bis(hydroxymethyl)isonicotinate 2.30 

Methyl isonicotinate (1.72mL, 14.6mmol, 1 equiv.) was dissolved in 40mL 
MeOH and conc. H2SO4 (390µL, 7.3mmol, 0.5 equiv.) was added. The 
reaction was heated to 50°C and ammonium persulfate (33.30g, 146mmol, 
10 equiv.) in 40mL H2O was added, firstly 3mL and then rapidly dropwise. 
The reaction was heated overnight and MeOH was removed. Residue was 
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taken up in EtOAc and the aqueous phase was neutralized. The aqueous phase was extracted 2x 
with EtOAc and the combined organic phase was washed with brine and dried over MgSO4. The 
product was purified by FCC 0-10%MeOH in DCM, yielding 21% of 2.30 as a beige solid. Rf= 
0.56 in 10% MeOH in DCM.  

1H NMR (400 MHz, Chloroform-d) δ 7.75 (s, 2H), 4.81 (s, 5H), 3.95 (s, 4H). 
13C NMR (101 MHz, Chloroform-d) δ 165.45, 160.01, 138.87, 118.59, 64.43, 52.81. 
 
Methyl 2,6-bis(bromomethyl)isonicotinate 2.31 

Methyl 2,6-bis(hydroxymethyl)isonicotinate 2.30 was suspended in dry ACN 
and PBr3 was added dropwise. The reaction was heated to 45°C and was 
stirred for 2.5h. The reaction was carefully quenched with water and the 
aqueous phase was extracted with EtOAc 3x. The combined organic phase 
was washed with brine, dried over MgSO4 and the solvent was removed. The 

crude was purified by FCC (PE to 50/50 EtOAc/PE) yielding 71%of 2.31 as white crystals. Rf= 
0.18 in PE.  

1H NMR (400 MHz, Chloroform-d) δ 7.94 (s, 2H), 4.60 (s, 4H), 4.00 (s, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 164.74, 157.95, 139.76, 122.23, 52.94, 32.81. 
 

2,6-Bis(bromomethyl)isonicotinic acid 2.32 

Methyl 2,6-bis(bromomethyl)isonicotinate (350mg, 1.08mmol, 1 equiv.) 
was dissolved in THF and LiOH (78mg, 3.25, 3equiv.) and the reaction 
was stirred at rt overnight. EtOAc and 1M HCl was added. The reaction 
was extracted 2 times with EtOAc. The combined organic phase was dried 
over MgSO4 and the solvent was removed in vacuo, yielding 2,6-
bis(bromomethyl)isonicotinic acid 2.32 quantitatively as a white powder.  

1H NMR (400 MHz, Methanol-d4) δ 7.95 (s, 2H), 4.65 (s, 4H). 
13C NMR (101 MHz, Methanol-d4) δ 165.54, 158.25, 141.03, 122.23, 33.60, 31.77. 
 

Ethyl 4-(2,6-bis(bromomethyl)isonicotinamido)butanoate 2.33 

2,6-bis(bromomethyl)isonicotinic acid (300mg, 0.97mmol, 
1 equiv.) was dissolved in 15mL dry DMF under inert 
atmosphere. Lutidine (489mg, 4.56mmol, 4.7 equiv.) and 
HATU (554mg, 1.46mmol, 1.5 equiv.) were added and the 
reaction was stirred for 15min. Then ethyl 4-
aminobutanoate hydrochloride was added and the reaction 

was at rt overnight. Upon completion, the reaction was partitioned between water and EtOAc. 
The organic phase was dried over MgSO4 and the solvent was removed in vacuo. The crude was 
purified by FCC yielding ethyl 4-(2,6-bis(bromomethyl)isonicotinamido)butanoate 2.33 as a white 
solid in a yield of 25%.  
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1H NMR (400 MHz, Chloroform-d) δ 7.80 (s, 2H), 4.72 (s, 4H), 4.18 (q, J = 7.1 Hz, 2H), 3.55 (q, 
J = 6.2 Hz, 2H), 2.50 (t, J = 6.6 Hz, 2H), 2.00 (p, J = 6.6 Hz, 2H), 1.75 (s, 2H), 1.28 (t, J = 7.1 Hz, 
3H). 
13C NMR (101 MHz, Chloroform-d) δ 174.26, 164.76, 157.46, 144.10, 119.52, 60.97, 50.84, 46.12, 
40.28, 32.24, 23.78, 14.19. 
 

Screen procedures 

Screen setup 1 (Screen 1, 2 and 4) 

The following stock solutions were prepared: 1M and 20mM IMes in THF,  1M benzyl alcohol 
and benzyl amine in THF and electrophiles in THF (0.43M). 

200µL IMEs stock and 100 µL electrophile stock were mixed in an LCMS vial and stirred for 15 
min before addition of 200µL nucleophile at rt. Samples were taken at different time intervals and 
were analyzed by UPLC-MS. 

 

Screen setup 2 (Screen 3 and 5) 

The following stock solutions were prepared: 40mM IMes in DMSO/ACN, 2M benzyl alcohol 
and benzyl amine or 6-amino-hexanol in DMSO/ACN and 0.86M electrophiles in DMSO/ACN.  

100µL IMEs stock and 50 µL electrophile stock were mixed and stirred for 15 min before addition 
of 250µL DMSO/ACN:Aq mixture and the of 100µL nucleophile stock. Samples were taken at 
different time intervals (4h and 48h) and were analyzed by UPLC-MS. 

Peptide screen setup 

Peptide stock solution of the relevant peptide in 6.67mM in PBS buffer were prepared. 
Electrophile was dissolved in the relevant concentrations in DMF. 90µL of the peptide stock, 20µL 
of the IMes stock, 5µL electrophile stock and 5µL for screen tuning (HCl or PBS buffer), resulting 
in a total reaction volume of 120µL and a 5mM peptide concentration. The reactions were carried 
out in 500µL Eppendorf tubes and were mixed at 1200rpm in a thermomixer. Unless otherwise 
stated, the screens were carried out at rt. 
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Chapter 3 Linkers in antibody drug conjugates 
 

Linkers in antibody drug conjugates must leverage high stability during circulation with efficient 
and selective release upon delivery to the target cell, thereby providing  both safety and efficacy to 
the ADC1–7. Additionally, the linker must contain appropriate handles for both the attachment of 
the drug and for the conjugation onto the antibody Figure 3.1.  

 

Figure 3.1. General concept of linkers in ADCs. 

Apart from the main task of stability and release, next generation linkers are being designed to 
incorporate cancer specific triggers for added safety. In addition, integration of hydrophilic groups 
provide access to ADCs with high DAR by preventing the ADC aggregation induced by the 
hydrophobicity of the cytotoxin8–10. Designing ADCs with higher DARs could be advantageous, 
due to the higher intracellular drug concentration delivered per antibody internalised. Killing cells 
more efficiently could mitigate the development of resistance11.  

Generally, cleavable linkers are preferred, due to the release of the native drug, however, the 
stability of the non-cleavable linkers can outweigh the disadvantage of the release of modified drug 
moieties1,4–7. Non-cleavable linkers do not contain a particular weak bond that can be specifically 
cleaved and are instead, metabolised non-specifically in the lysosome releasing the drug with an 
amino acid appendage. If this modification does not interfere with the central pharmacophore, 
cytotoxicity may not be attenuated, as observed in the case of mc-MMAE linkers and the ADC 
Blenrep12,13. Another consideration for the non-cleavable linkers is that the charge of the amino 
acid appendage prevents the released drug in participating in bystander killing, limiting the potency. 
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Despite these drawbacks, there are currently two FDA approved ADCs incorporating non-
cleavable linkers, Blenrep, using the mc-linker14 and Kadcyla, using the SMCC-linker15–17.  

Cleavable linkers take advantage of the change of the environment upon delivery to the target, to 
trigger the release of the native drug. This trigger can cause the linker to be less stable (eg. 
hydrazone and carbonate acid cleavable linkers), however, stability can be modulated through 
choice of conjugation method, as the steric bulk provided by the antibody can enhance stability. 
Below in Table 3.1, is an overview of cleavable linkers published for the incorporation into ADCs. 

Linker type Cleavage Advantages//Disadvantages Examples  
                  Chemically cleaved 

 Hydrazone Lysosomal pH Simple linker design// 
Low plasma stability 

Mylotarg18–21  
Besponsa22–24  

Carbonate Lysosomal pH Release of alcohol functionalised 
drugs // 

Low circulation half-life 
Extracellular release 

Trodelvy 25–28 

Dissulfide Lysosomal 
reduction 

Stable in circulation// 
Drug must be thiol functionalized 

Lumoxiti29–31 

Enzyme cleavable 
Peptide Peptidase Stable 

Efficient release 
Peptidases are upregulated in 

certain cancers// 
Non-specific cleavage by other 

peptidases 
Some scaffolds are hydrophobic 

Limited functionality release 

Val-cit32  
Adcetris33–36 
Polivy37,38 
Padcev39 
Tidvak39 

Dipeptides40–42  
Val-ala 

Zynlonta39  
Gly-gly-phe-gly 

Enhertu39 
Sugar 

moieties 
Glucosidase, 
galactosidase 

Highly hydrophilic trigger 
Exclusive lysosomal enzyme 

High plasma stability// 
Low MTD* when compared to val-

cit linker (glucuronide linker) 

Glucoronide43–47  
Galactoside48  

Phosphate Phosphatase Hydrophilic  trigger 
Release of alcohol functionalized 

drugs// 
Release affected by steric bulk 

limiting substrate scope 

Pyro-phosphate49 

Sulfate Sulfatase Highly hydrophilic trigger 
Amine release 

Arylsulfatase 50 
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Dienzymatic  Improved safety 
Highly hydrophilic triggers// 

Dual dependency may slow down 
drug release 

Sulfated sugar 
moiety51 

  
 

Table 3.1. Overview of the cleavable linkers developed for the incorporation into ADCs. Advantages and disadvantages have been listed 
as well as examples of linkers or ADCs incorporating these linker types. *MTD=maximum tolerated dose. 

 

Sulfatase  

Sulfatases are a class of hydrolytic enzymes that cleave the S-O bond of sulfates esters 52 via post 
translationally derived formylglycine from either serine or cysteine53. Substrates include sulfated 
sugars and steroids, suggesting an active site able to accommodate bulky substrates. Despite the 
nomenclature (e.g. arylsulfatase A-K), the natural substrates of sulfatases are sulfated sugar 
moieties, with the exception being steroid sulfatase (arylsulfatase C), which hydrolyses sulfated 
steroids. However, most sulfatases display aryl sulfate ester hydrolysis activity.  

Sulfatases present an interesting target for linker design, as they are primarily located in the 
lysosome (Table 3.2) and altered expression has been linked to several cancers54–58. 

GENE NAME CELLULAR 
LOCATION 

SUBSTRATE 

ARSA59,60 Lysosomal  Cerebrosid-3-sulfate 
ARSB60–62 Lysosomal 

 
Chondroitin, Dermatan sulfate 

ARSC (STS) 63 ER Sulfated steroids 
ARSD60,64,65 ER Unknown 
ARSE 66 Golgi apparatus Unknown 
ARSF66 ER Unknown 
ARSG60,66 Lysosomal Heparan sulfate 
ARSH67 Unknown  Unknown 
ARSI67 Unknown  Unknown 
ARSJ67 Unknown  Unknown 
ARSK60,68,69 Lysosomal Heparan sulfate 

Chondroitin sulfate 
GALNS60,62 Lysosomal  Chondroitin sulfate 

Keratan sulfate 
GNS60 Lysosomal  Heparan sulfate 

Keratan sulfate 
IDS60 Lysosomal Dermatin sulfate 

Chondroitin sulfate 
SULF170 Cell surface Heparan sulfate 
SULF270 Cell surface  Heparan sulfate 
SGSH60 Lysosomal  Heparan sulfate 

Table 3.2. Overview of Human sulfatases, their cellular location and known substrates. 



72 
 

Interestingly, sulfatase triggered release in prodrug and linker design remains mostly unexploited 
with most sulfatase probes being based on unadorned aryl-sulfate scaffolds71–76. Currently, only 17 
human sulfatases have been identified, making this hydrolytic enzyme family more exclusive than 
many other hydrolytic enzymes67.  

Self-immolative spacers in ADCs 

The development of spacers for the traceless delivery of cargo, has been sought after in many 
fields, including polymer chemistry, nanoparticles and targeted drug delivery77–81. Self-immolative 
spacers are covalently attached to the cargo and upon encountering the correct stimuli, they are 
able to release the cargo in its native form. One of the most popular strategies for selective release, 
is the incorporation of self-immolative spacers relying on an electronic cascade. An external trigger 
initiates the cascade by revealing a nucleophilic functionality, whereupon the spontaneous and 
irreversible release happens, driven by the formation of CO2 to release hydroxyl-, amino- or sulfur 
functional groups (Scheme 3.1).  

 

Scheme 3.1. The general overview of the 1,6-elimination that is coupled to a 1,5-cyclisation moiety for the release of alcohol 
functionalities. 

Substitution of the benzene ring influences the rate of release, with EWG decreasing release rates82.  
A disadvantage to these cascade reactions, is the release of a highly reactive quinone methide 
moiety, that rapidly and non-specifically reacts with surrounding nucleophiles. This rapid reaction 
has been used to label enzymes responsible for the cleavage83–85. However, for the delivery of 
highly cytotoxic drug to cancer cells, this additional toxicity may not be problematic. 1,5-
cyclisations, driven by the formation of 2-imidazolidones, enable the release of hydroxyl group 
coupled via carbamate and has often been combined with a 1,6-elimination for the selective release 
of amines (Scheme 3.1). The rate of cyclisation is influenced by the Thorpe-Ingold effect, as well 
as the nucleophilicity of the cyclising amine82.  
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3.1 Part I 
3.1.1 Aim  
The aim of this project is to develop and test an alcohol releasing, aryl-sulfatase cleavable linker 
scaffold for the development of novel ADCs (Figure 3.2). Drug release is envisaged to happen 
through a 1,6-elimination, followed by a 1,5-ring closure to release the drug. A convergent 
synthetic route, allowing for the facile modification of the key intermediates to tune the properties 
of the final linker, has been envisioned. A stable and efficient sulfatase cleavable linker could 
provide another weapon in the arsenal against cancer, achieving a second layer of selectivity, by 
exploiting the intracellular expression levels of sulfatase.   

 

Figure 3.2.Structure of the linker for release of alcohol functionalized drugs. 

Release of alcohol functionalities in ADCs 

Currently, most linkers take advantage of the PABC self-immolative spacer for the intracellular 
release of amine functionalities, greatly limiting the scope of attachable cytotoxins7. The only ADC 
on the market that releases a drug through an alcohol functionality, is Trodelvy, which releases the 
SN-38 drug27. The authors of the paper behind Trodelvy, report that the drug release proceeds 
through an acid mediated cleavage of a carbonate functionality. Limited circulation stability of the 
linker (t½~ 20h), however, results in significant premature release, restricting the use of more 
potent drugs like auristatins and PDB-dimers in combination with this linker type. Furthermore, 
when comparing the therapeutic response of internalizing ADCs and non-internalizing control 
ADCs, a difference was not necessarily observed28. The unspecific internalization of 
macromolecules, due to the immature and leaky vessels of cancer cells, is offered as an explanation 
by the authors. Further research into the release of alcohols has been undertaken with the 
phosphatase cleavable linkers49 and the cyanine-based photocleavable linker86. However, there is 
still a need for enzyme cleavable linkers that can release alcohol functionalized drugs in a selective 
and efficient manner, furthering the tuning of ADC properties. 

 

Design of the linker 

Sulfates esters are stable in serum and the enzyme recognition motif offers a highly hydrophilic 
functionality to counteract hydrophobicity of the cytotoxin, which limits the DARs of current 
ADCs 2, making sulfatases are an attractive target for the development of cleavable linkers for 
ADCs in cancer treatment.  
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For the release of alcohols, a stepwise release mechanism was envisaged taking advantage of the 
spontaneous 1,6-elimination of the spacer triggered by enzyme-mediated sulfate ester hydrolysis, 
followed by a 1,5 ring closure, driven by the formation of a stable cyclic urea to release the alcohol-
functionalized cargo80,82 (Scheme 3.2).  

 

Scheme 3.2. The envisioned release mechanism of the sulfatase cleavable linker, as a 1,6-elimination followed by a 1,5-cyclisation to 
release the native alcohol functionalized drug. 

The payload was functionalized with the well described maleimide conjugation handle. The 
maleimide group was installed through a PEG-4 chain, increasing both the hydrophilicity of the 
payload, as well as the distance from the bulky antibody to the enzymatic recognition site (Scheme 
3.3). The synthetic route was designed in a convergent manner, synthesizing two key intermediates 
to be coupled via a carbamate. The synthetic route was designed for late stage incorporation of 
the expensive and toxic drug, as well as taking into consideration the sequence of sulfate and amine 
deprotection, as well as maleimide attachment. 
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Scheme 3.3. Structure of the linker and the key intermediates. 

While optimization and the development of the synthetic strategies was carried out by me, the 
synthesis of payload 1(3.1), as well as cellular testing, was carried out by research assistant Christina 
Haxvig.  

3.1.2 Synthesis of Key intermediate 1 
The synthetic conditions of the preparation of Key intermediate 1 3.3, is shown below in Scheme 
3.4. 
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Scheme 3.4. Conditions and yields of the synthesis of Key Intermediate 1, compound 3.3. 

The benzylic hydroxyl group of 4-(hydroxyl)phenol was chemoselectively protected using 
TBDMSCl, yielding 76% of compound 3.4. Np sulfurochloridate 3.5 was prepared in satisfactory 
yields and was reacted with the phenol 3.6 affording 3.37 (78%). The TBDMS group was removed 
by TBAF and the free alcohol 3.7 was reacted with Pnp-chloroformate, affording 48% of key 
intermediate 3.3 over 4 steps.  
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3.1.3 Synthesis of Key intermediate 2 

 

Scheme 3.5. Conditions and yields of the synthetic route of Key Intermediate 2, Compound 3.2 

As seen in Scheme 3.5, the azido group was installed by a diazotisation reaction to yield the 
diazonium salt, followed by a nucleophilic aromatic substitution on the benzene ring, yielding 
compound 3.8 quantitatively. The benzylic alcohol was oxidized to the corresponding aldehyde 
3.9 by Dess Martin periodinane with a yield of 92% and 3.9 was condensed with N-boc 
ethylenediamine, followed by the reduction of the imine yielding 79% of compound 3.10 in. Lastly, 
the secondary amine was Fmoc protected yielding 70% of Key Intermediate 2 (3.2) over 4 steps.  

3.1.4 Synthesis of Payload 1 
With key intermediate 1 and 2 in hand, Boc-deprotection of 3.2 was performed to reveal the 
primary amine, which was followed by a carbamate coupling with Pnp-carbonate 3.3 to yield 3.11 
(66%), as seen in Scheme 3.6. Simultaneous removal of the np and Fmoc protection groups was 
performed using 0.5M aqueous NH4OAc, affording the deprotected linker as observed by UPLC-
MS. Without purification and further analysis, the azido group was reacted with an alkyne 
functionalized PEG-4 maleimide in a copper(I) catalyzed azido-alkyne cycloaddition, followed by 
purification by preparative HPLC yielding 31% of compound 3.12 over 2 steps (Scheme 3.6).  
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Scheme 3.6. Conditions and yields of the synthesis of compound 3.12. 

To attach MMAE via the alcohol, the reactivity of the amine functionality in MMAE was blocked 
by Boc protection, followed by the formation of a Pnp-carbonate of the alcohol 3.13 (Scheme 3.7).  
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Scheme 3.7. Synthetic conditions and yields for the synthesis of compound 3.13. 

Boc-MMAE-Pnp 3.13 was coupled with 3.12 to yield 10% of 3.14  after purification by preparative 
HPLC. Finally, removal of the Boc group by addition of TFA was carried out to reveal the payload 
3.1 in a quantitative yield (Scheme 3.8).    
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Scheme 3.8. Conditions and yields of the synthesis of compound 3.1   

3.1.5 Cell studies 
For the initial in vitro studies, it was decided to take advantage of the commercially available 
Trastuzumab for the evaluation of the linker against HER2 positive (HER2+) breast cancer cells. 
This antigen has been targeted extensively in ADC development and is often used as an initial 
proof of concept for novel payloads. Furthermore, to validate assay setup and for benchmark 
performance, the commercially available Maleimide-val-cit-MMAE and Maleimide-mc-MMAE 
payloads were purchased and used. 

ADC preparation proved more difficult than initially expected. In total around 100 attempts were 
needed to reproducibly synthesize the conjugated ADCs. The difficulty arose from insufficient 
reduction of the antibody and when changing the reduction reagent from dithiothreitol to the HCl 
salt of (tris(2-carboxyethyl)phosphine)(TCEP), sufficient reduction of the interchain disulfide 
bonds was achieved, without complete reduction of the antibody. Trastuzumab was conjugated to 
the three payloads yielding the ADCs, seen in Table 3.3 below. The B12 antibody is a non-
internalizing antibody used in this study as a negative control. 
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Antibody  Payload Name DAR 
Tras 3.1 Tras-s-MMAE 1 
Tras Maleimide-val-cit-MMAE Tras-vc-MMAE 3 
Tras Maleimide-mc-MMAE Tras-mc-MMAE 3 
B12  3.1 B12-s-MMAE 2 
B12 Maleimide-val-cit-MMAE B12-vc-MMAE 5 
B12 Maleimide-mc-MMAE B12-mc-MMAE 4 

Table 3.3. Overview of the ADCs prepared for cell testing. DARs were estimated by gel chromatography of the reduced antibody. 
Visualized by Coomassie blue. 

Cell viability was determined by the MTS assays, wherein readouts are based on the reduction of 
the central tetrazole by mitochondrial reductase (Figure 3.3) to form the corresponding formazan 
(λmax 490) by the addition of MTS directly to the cell culture87–89.  

 

Figure 3.3. (a)The schematic overview of the cell assays. (b) The structure of MTS and the formazan formed during cellular processing, 
generating the reporter molecule. 

The assay was considered to be sufficiently reliable for the initial studies, despite the possible 
inaccuracies of the method, due to analysis of MTS metabolism directly in the cellular matrix90,91.  

The HER2+ breast cancer cell lines BT474 and SKBR3, as well as the HER2 negative breast cancer 
cell line MCF7, were purchased and were maintained at Finsen Laboratory. Gratifyingly, Tras-s-
MMAE induced a dose-response curve in the two HER2+ cell lines, as seen in Figure 3.4. 
Furthermore, the assay was validated by the induction of a dose-response curve of Tras-vc-MMAE 
and Tras-mc-MMAE. The negative control experiments using the HER2 negative MCF7 breast 
cancer cell line, showed that the toxicity was antigen dependent. Furthermore, the non-

(a) 
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internalizing B12 control ADCs displayed a significant reduction in toxicity supporting antigen 
dependent toxicity (data not shown). However, the Tras-s-MMAE ADC displayed less potency 
than the commercially available linkers. One caveat, when regarding the potencies of the different 
ADCs, is that they all have different DARs making direct comparisons imprecise.  

 

 

Figure 3.4. Showing the results of the cell studies in dose response curves. (a) Displaying the results of Tras-s-MMAE on the different 
breast cancer cell lines. (b) The comparison of Tras-s-MMAE and the control ADC. (c) Showing the result of the Tras-mc-MMAE ADC. (d) 

Results from cell studies with the Tras-vc-MMAE ADC. 

Unfortunately, the Tras-s-MMAE did not display a sufficiently good dose response curve 
compared to the already established linkers. An interesting observation from the lack of potency, 
is that by tethering MMAE through the alcohol, little toxicity due to antibody metabolism was 
observed. This novel attachment could provide insight into MMAE induced toxicity in ADCs. 
Postdoc Anders Højgaard Hansen performed a data mining campaign of the RNA expression 
levels of lysosomal arylsulfatases, in an effort to understand the potency observed. Interestingly, 
an inverse relationship between the expression of HER2 and lysosomal sulfatase levels was 
discovered, suggesting that sulfatase cleavable linkers may not be appropriate for treatment of 
HER2+ cancers (data not shown). Thus, other cancer types were investigated and it was found that 
osteosarcomas display high sulfatase expression at the RNA level.  

The osteosarcoma cell line SaOS-2 was provided by Finsen Laboratory and the payloads were 
conjugated to a novel uParap-targeting antibody, discovered and validated in-house at Finsen 
Laboratory92. uParap is barely expressed in normal tissue, however this rapidly internalizing antigen 
is overexpressed in several non-epithelial cancers. The following ADCs were produced (Table 3.4).  

Antibody  Payload Name DAR 
5f4 3.1 5f4-s-MMAE 3 
5f4 Maleimide-val-cit-MMAE 5f4-vc-MMAE 2 
5f4 Maleimide-MC-MMAE 5f4-mc-MMAE 2 
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Table 3.4. The prepared ADCs for testing on the SaOS-2 cell line. DARs were estimated by gel chromatography of the reduced antibody. 
Visualized by Coomassie blue. 

The results of the in vitro assays performed on the osteosarcoma cells when using 5f4-s-MMAE 
are reported in Figure 3.5. 

 

Figure 3.5. Data from the cell viability assay, showing the dose-response curves of the three ADCs; 5f4-s-MMAE, 5f4-vc-MMAE and 5f4-
mc-MMAE as analyzed with the MTS assay. The results reported here are after 3days incubation with the ADC. Control ADC is Tras-vc-

MMAE control ADC-2 is Tras-mc-MMAE and ADC-1 is Tras-s-MMAE. 

An interesting observation was that the ADCs incorporating the commercially available payload 
displayed low potencies towards the osteosarcoma cells suggesting that osteosarcomas may require 
different linkers than breast cancer cells.  

3.1.6 Synthesis of Payload 2 
It was envisioned that introduction of a nitro group in the ortho position to the aryl sulfate moiety 
could increase the potency of the final ADC, as previously shown by data from Bargh et al50. To 
investigate this phenomenon, the synthetic strategy of payload 1 was adapted to using 4-
(hydroxymethyl)-2-nitrophenol as starting material, to access payload 2 (Figure 3.6).   

 

Figure 3.6. Structure of the o-nitro linker 3.15. 
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Synthesis of Key intermediate 3 

Synthesis of payload 2 was carried out by me as seen in Scheme 3.9 - Scheme 3.12. Any chemical 
reaction including any MMAE or auristatin moiety was carried out by postdoc Anders H. Hansen.  

When chemoselective TBDMS protection was attempted on 4-hydroxy-3-nitrobenzyl alcohol, 
both the alcohol and the phenol reacted to afford protected para-hydroxy benzyl alcohol (Scheme 
3.9). The crude was carried forward in a chemoselective removal of phenolic TBDMS using a 
catalytic amount of DBU93 yielding 87% of compound 3.16  over two steps. To install the np 
sulfate group, the conditions published by Bargh et al. were applied affording compound 3.17 
(65%). During subsequent TBAF deprotection, partial decomposition of the product was 
observed and after purification and isolation of the remaining product, decomposition was 
observed after storage overnight under reduced pressure. It was hypothesized, that the residual 
fluoride ions could react with the np sulfate group as well as the TBDMS. 

 

Scheme 3.9. First synthetic strategy applied for the synthesis of Key intermediate 3 3.18. 

A new strategy (Scheme 3.10) was envisaged using the commercially available benzaldehyde, 
eliminating the need for protection groups and decreasing the number of synthetic steps by 1.  
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Scheme 3.10. Conditions and yields of the synthesis of Key Intermediate 3, compound 3.20. 

Installation of the np sulfate group on 4-hydroxy-3-nitrobenzaldehyde proceeded with a satisfying 
yield (3.19, 73%) and the subsequent reduction using NaBH4, afforded compound 3.18 
quantitatively. The alcohol was stored in the freezer after work-up to avoid any degradation of the 
product. The hydroxyl group was activated with Pnp-chloroformate, yielding 66% of key 
intermediate 3 (3.20). Key intermediate 2 and 3 were reacted affording 3.21 in 78% yield (Scheme 
3.11). 

 

Scheme 3.11. Conditions and yield of the synthesis of compound 3.21. 

During neopentyl deprotection of the substituted analogue 3.11, the reaction was heated to 70°C 
and the reaction proceeded slowly (4 days). However, when these conditions were applied to nitro-
analogue 3.21, complete decomposition of the starting material was observed after 12h, suggesting 
significant difference of reactivity of the o-nitro neopentyl sulfate. When applying milder 
conditions (0.5M aqueous NH4OAc at rt), the Fmoc group was not removed, introducing the need 
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for an additional step. Addition of the diethylamine for Fmoc-removal to the free sulfate, resulted 
in the complete degradation of the starting material. Thus, compound 3.21 was initially treated 
with 10 equivalents of diethylamine, followed by removal of solvent and addition of 0.5M aqueous 
NH4OAc. Upon completion, the crude was reacted with PEG-4-maleimide to afford compound 
3.22 in a satisfying yield, after purification by preparative HPLC (Scheme 3.12). 

 

Scheme 3.12. Conditions and yield of the synthesis of compound 3.22. 

Compound 3.22 was coupled with pnp-carbonate-Boc-MMAE (Figure 3.7), however, when 
attempting to remove the Boc-protection group, degradation of the payload was observed and it 
was not possible to isolate the product.  

 

Figure 3.7. Structure of compound 3.23. 

This observation was surprising, as no degradation was observed during the synthesis of payload 
1, indicating that the nitro-functionalized payload was unstable under acidic conditions. To 
eliminate the acid-mediated removal of the amine-protection group, the more toxic auristatin E 
was attached instead. Auristatin E, has until now, not been incorporated into ADCs, due to the 
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need for attachment through an amine functionality of most conventional linkers. Therefore, the 
release of auristatin E would highlight the potential of the novel linker strategy. However, this 
would not allow for direct comparison with the commercially available payloads. Auristatin E 
activation and attachment studies were performed by Postdoc Anders Hansen. Currently, the 
payload 2 is awaiting ADC production and subsequent in vitro testing.  

 

3.1.7 Discussion of linker design  
Investigating the kinetics of the release of the drug, could prove to be important in optimizing and 
fully understanding the linker’s contribution to ADC toxicity. 1,5-Cyclisations have been used 
extensively for drug release and several studies have optimized ring closure kinetics. This should 
be relevant, as the 1,5-ring closure generally happens slower than the 1,6-elimination, making it 
the rate limiting step, after enzymatic triggering82. Primarily, the cyclisation kinetics are ruled by 
the Thorpe-Ingold effect, but the electrophilic and nucleophilic properties also influence 
cyclisation rate. Furthermore, for lysosomal release using a pH sensitive nucleophile like an amine, 
cyclisation can be hampered. Recently, Corso et al. published a fast self-immolative spacer based 
on proline for the lysosomal release of the aliphatic alcohol of camptothecins, as well as correlating 
the toxicity of the entire ADC to the release rate of the drug81. Altering Key intermediate 2 for 
faster cyclisation rates, could prove beneficial to the toxicity of the final ADC.  

 

3.1.8 Perspectives 
During this project, a sulfatase cleavable, alcohol releasing linker was designed and synthesized. 
The synthetic route allowed for variation of the aryl sulfate moiety and two novel payloads, 
containing a novel sulfatase cleavable linker scaffold and MMAE and auristatin E were prepared. 
The synthesis proceeded through a convergent pathway, to afford the key intermediates with high 
yields. Furthermore, the synthetic route allowed for the introduction of an o-nitro group to 
investigate the electronic effects on sulfatase cleavage.  

The payloads were conjugated to trastuzumab, an antibody recognizing the HER2 antigen. 
Comparing toxicity with the non-internalizing ADC, a small but significant change in the IC50 
values was observed. However, it was not possible to achieve comparable toxicity to the 
established linkers mc and vc, leading to an investigation of the lysosomal sulfatase levels, 
compared to antigenic expression levels. In vitro assays on osteosarcoma cells uncovered a potential 
gap in linker technologies for the treatment of osteosarcoma.   

Future work should include experiments to provide a better understanding of the linker release 
profile under acidic conditions. Furthermore, a better understanding of the sulfatase-mediated 
cleavage could help tune the properties of the linkers. There are several modifications that can be 
made to key intermediate 2 in order to promote faster ring-closure, including functionalization of 
the alkane chain.  
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3.2 Part II 
3.2.1 Aim  
The aim of this study, was to synthesize sulfatase cleavable probes, to explore the effect of 
decorating the aryl sulfate moiety on sulfatase mediated hydrolysis rates and the stability of these 
probes at lysomal pH. It was envisioned, that enzyme mediated sulfate ester hydrolysis would 
trigger a 1,6-elimination, resulting in the release of a fluorescent reporter molecule, providing a 
measurable signal for the detection of cleavage efficiency. To accommodate different aromatic 
substitution patterns, a simple and modifiable synthetic route was envisioned. The results of this 
work could facilitate the development of more efficient and selective sulfatase cleavable linkers, 
by providing valuable insight into aryl-sulfatase activity towards different aromatic substitution 
patterns. 

 

3.2.2 Aryl sulfate ester hydrolysis  
Two publications currently report an effect of substitution of the aromatic ring on arylsulfatase 
activity. Rush et al.94 developed a bioluminescent assay to probe the substrate preference of 2,6- 
and 3,5-difluoro aryl-sulfate esters, as well as the unsubstituted analogue (Figure 3.8). The authors 
hypothesized, that more efficient cleavage depended on the acidity of the corresponding phenol, 
however, it was observed that sulfatases derived from different organisms, displayed significantly 
different substrate preference independent of phenol acidity. 

 

Figure 3.8. Sulfatase activity bioluminescence assay. 

Bargh et al.50 reported the first sulfatase cleavable linker scaffold for the incorporation into ADCs. 
When comparing IC50 values of the of an o-nitro sulfate analogue with an unsubstituted linker 
analogue, the ADC containing the o-nitro sulfate linker displayed a lower IC50 value.  These 
interesting findings suggest that sulfatase mediated hydrolysis efficiency can be tuned by the 
introduction of EWG on the aryl sulfate moiety. Thus, it is highly relevant to uncover the 
relationship between substitution patterns and enzyme specificity. 
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Retrosynthetic analysis  

To investigate the effect of aryl substitution of sulfatase mediated cleavage, a simple synthetic route 
to access sulfatase probes, containing a fluorescent reporter molecule, was designed (Scheme 3.13). 

 

Scheme 3.13. Retrosynthetic analysis of the simple sulfatase probe. 

The final step, was envisaged to be sulfate deprotection to avoid the manipulation of highly 
hydrophilic sulfate ester compounds, as well as avoiding potential acid catalyzed de-sulfation95. 7-
Amino-4-methylcoumarin (AMC) was chosen as the reporter molecule, as fluorescence is 
quenched by aniline is acetylation96–98. Using a hydroxyl benzaldehyde as starting material would 
ensure selective sulfate installation on the phenol and the required benzylic alcohol could be 
accessed from a simple reduction. The envisaged route would provide a sulfatase probe in five 
synthetic steps.  

 

3.2.3 Sulfate installation and protecting groups 
While the synthetic strategy was designed by me, probes 3.41, 3.42 and TCE sulfate reagent 3.26 
were synthesized by MSc student Freja Grauslund under my supervision.  

Due to the difficulties experienced when working with the np sulfate reagent, the trichloroethyl 
(TCE) sulfate protecting group was explored(Scheme 3.14)99–106.  

.  

Scheme 3.14. Conditions for the removal of the TCE protection group. 

Advantages to this protection group include, the high stability of the synthesized sulfate reagent 
and mild and efficient deprotection conditions (Zn powder, NH4HCO2, 1h)100. It should be noted, 
that the conditions required for removal of the TCE protection were not expected to be 
compatible with reducible functionalities, such as nitro groups. Scheme 3.15 reports the 
preparation of TCE sulfation reagent 3.26. 
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Scheme 3.15. Synthesis of the TCE protected sulfation reagent 3.26. 

Sulfate reagent 3.5 was prepared in one step, as previously described (77% yield). The TCE sulfate 
reagent was prepared by mixing trichloroethanol with sulfuryl chloride yielding 3.24, which was 
reacted with 2-methyl imidazole. The imidazole sulfate 3.25 was methylated using methyl triflate 
and the resulting triflate salt was collected by filtration of the white precipitate, yielding 56% of 
compound 3.26 over 3 steps.    

3.2.4 Synthesis of the sulfatase probes 
The effect of EWGs in the ortho position to the sulfate was explored and the following four starting 
materials were purchased, as seen in Figure 3.9. 

 

Figure 3.9. Starting aldehydes for the synthesis of sulfatase probes. 

TCE sulfate installation afforded high yields, compared to the np sulfate installation as seen in 
Table 3.5. 

 

COMPOUND R-GROUPS  PG YIELD 
3.27 R1=R2=H np 61%  
3.19 R1=NO2, R2=H np 0% 
3.28 R1=R2=F,  np 4% 
3.29 R1=R2=H TCE 84% 
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3.30 R1=F, R2=H TCE 88% 
Table 3.5. Synthetic conditions and yields of the synthesis of compound 3.27-3.30. 

The low yield of difluoro 3.28 was unsatisfactory, however, sufficient material was isolated to 
proceed with the synthesis. The nitro analogue 3.19 was unstable and was not purified from the 
reaction mixture. Instead, it was envisaged that it would be possible to achieve a chemoselective 
sulfate installation on the corresponding benzylic alcohol (Scheme 3.16), due to the higher acidity 
of the o-nitro phenol. Indeed, the sulfation proceeded smoothly yielding 89% of 3.18. For this 
analogue, TCE protection of the nitro analogue resulted in a lower yield (53%).  

 

Scheme 3.16. Synthetic conditions and yield of the synthesis of compound 3.18 and 3.31. 

The aldehydes of the various analogues were reduced using NaBH4, which generally proceeded in 
a clean and high yielding manner as seen in Table 3.6.  

 

COMPOUND R-GROUPS PG YIELD 
3.32 R1=R2=H np 68% 
3.33 R1=R2=F,  np 81% 
3.34 R1=R2=H TCE 91% 
3.35 R1=F, R2=H TCE 88% 

Table 3.6. Synthetic conditions and yields of compounds 3.32-3.35. 

Next, AMC was reacted with triphosgene to form the corresponding isocyanate, then the alcohol, 
TEA and dibutyltin dilaurate (DBTDL) were added to form the carbamate (Table 3.7). 

 

ENTRY R-GROUPS PG YIELD 
3.36 R1=R2=F,  np 10%* 
3.37 R1=NO2, R2=H np 81%** 
3.38 R1=R2=H TCE 70%** 
3.39 R1=F, R2=H TCE 79%** 
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3.40 R1=NO2, R2=H TCE 57%** 
Table 3.7. Synthetic conditions and yields of the syntheses of compounds 3.36-3.40. *Yield after purification by preparative HPLC. 

**Crude yield after washing the precipitate.   

Despite addition of DBTDL107, reaction times were long and full conversion was only observed 
after 3-5 days. After attachment of the dye, the products were difficult to dissolve. The difluoro 
analogue 3.36 was purified by preparative HPLC, resulting in significant loss of product. It was 
thought that the deprotection of the np sulfate would proceed cleanly, foregoing the need for 
purification after deprotection. However, during deprotection, significant amounts of AMC were 
released and a second purification was required, resulting in the low yields reported. Thus, 
purification of the compound (3.36-3.40) was optimized to include repeated washing with H2O, 
MeOH and ACN, to isolate products in satisfactory yields.  

The TCE-group was removed by zinc catalyzed hydrogenolysis using ammonium formate as the 
hydrogen source, that also acts to buffer the solution, preventing acid catalyzed sulfate 
elimination108 (Table 3.8).  

 

COMPOUND R-GROUPS YIELD 
3.41 R1=R2=H 13% 
3.42 R1=F, R2=H 19% 
3.43 R1=NO2, R2=H 0% 

Table 3.8. Synthetic conditions and yields of the syntheses of compounds 3.41 and 3.42. 

Due to the low solubility and the highly hydrophilic nature of sulfates esters (3.41-3.43), 
purification was performed by preparative HPLC, resulting in low yields. However, for the enzyme 
studies, only a miniscule amount of compound is needed and the purification was not optimized 
further. As expected, the nitro-analogue 3.43 was completely reduced during removal of the TCE 
protection group, resulting in the corresponding o-amino-sulfate.  

Lastly, np deprotection was carried out by the addition of 5M aqueous NH4OAc109. The insolubility 
of the product and purification by preparative HPLC resulted in modest yields (Table 3.9).  

 

COMPOUND R-GROUPS YIELD 
3.44 R1=R2=F,  1% 
3.43 R1=NO2, R2=H 5% 

Table 3.9.  Synthetic conditions and yields of the syntheses of compounds 3.43 and 3.44 
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3.2.5 Enzyme assay  
While the final enzyme assays and analysis were carried out by me, the calibration curve 
determination and assay validation were carried out by MSc student Freja Grauslund under my 
supervision.  

With these four analogues in hand, the sulfatase assay was designed. All assays were carried out in 
triplicate. Firstly, the concentration interval at which a linear correlation between the fluorescence 
and concentration of AMC could be observed was established (see experimental section). In a 
black microtiter plate with 96 wells, a dilution series was done, emulating the assay conditions by 
addition of the appropriate amount of buffer at assay pH (5.0) (λext at 387nm and λem at 470nm). 
Fortunately, it was found that the linear interval was within the working parameters of the sulfatase 
assay (3.1nM-2µM). Next, the activity of the sulfatase from helix pomatia (EC3.1.6.1) was confirmed 
by using 4-nitrophenyl sulfate as substrate, measuring the absorbance of the liberated Pnp110 (see 
experimental section).  

The stability of the probes was investigated in 0.1M NaOAc buffer at pH 5.5-4.5. As can be seen 
in Figure 3.10, the nitro analogue 3.43 was unstable under the acidic conditions. This result is 
consistent with the instability observed during acidic Boc-deprotection of payload 2. This result 
suggests that o-nitro aryl sulfate esters may not be an attractive functionality to achieve specific 
sulfatase mediated release. Gratifyingly, the other analogues were stable at the pH-range relevant 
for lysosomal delivery (pH 4.5 shown in Figure 3.10).  
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Figure 3.10. Results of the stability tests determined by the fluorescence intensity of the release AMC. Measurement were done at 1-min 
intervals, and the plate was shaken at 37°C between measurements. (a) Stability of the 3.41-3.44 at pH 4.5 in NaOAc buffer. (b) Showing 

the stability of nitro analogue 3.43 in pH 4.5-5.5 in NaOAc buffer.  

Finally, the enzyme study was initiated. The study was carried out in a black 96 well chimney plate. 
Total reaction volume was 200µL, 5% DMSO in 0.1M NaOAc buffer at pH 5.0. Final enzyme 
concentration was 0.15 U/mL with a substrate concentration of 1.8µM. The plate was shaken at 
37°C and measurements were taken at 1-minute intervals. The results are reported in Figure 3.11 
below.  
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Figure 3.11. Results of the enzyme study determined by the fluorescence intensity of the release of AMC. Measurements were taken at 1 
min intervals and the plate was shaken at 37°C between measurements.  

For the nitro analogue 3.43, the sulfatase-induced release of AMC was significantly faster than the 
auto hydrolysis under acidic pH. The results clearly indicate that the presence of an electron 
withdrawing group greatly increases the rate of sulfatase mediated hydrolysis, corresponding to the 
literature. However, more data is needed to quantitatively understand the cleavage profiles of the 
different analogues, as mediated by sulfatase from Helix Pomatia. 

 

3.2.6 Perspectives 
During this project, four different sulfatase cleavable probes were prepared by a simple five-step 
synthetic route, yielding sufficient material for enzyme studies. Two different sulfate ester 
protection groups were explored. In general, TCE sulfate installation was high yielding, however, 
the incompatibility of certain functional groups with the deprotection conditions, limits the utility 
of this protection group.    

Enzyme studies were carried out and a significant difference between the analogues was observed, 
though most notably, a large difference in cleavage of the undecorated probe in comparison to the 
aryl sulfate esters substituted with EWGs was seen. 

Furthermore, it was discovered that the o-nitro analogue 3.43 displayed unspecific release at 
lysosomal pH. This result suggests that o-nitro aryl sulfate esters do not present a desirable scaffold 
for specific sulfatase mediated lysosomal release. The insights provided by this work could 
contribute to the understanding of sulfatase activity, enabling the development of more potent 
and specific sulfatase cleavable linkers.  

Future work should include further enzymes studies for determination of the specific enzyme 
kinetics in a quantitative manner. Furthermore, it could prove insightful to investigate the substrate 
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preference of human lysosomal sulfatases. This could enable an unprecedented selectivity towards 
specific upregulated enzymes in relevant cancers.  
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3.3 Part III 
3.3.1 Aim  
The aim of this work was to design, synthesize and study sulfatase cleavable linkers for the 
incorporation into ADCs, to understand of the effect of functionalization with various EWGs on 
cellular toxicity. It was envisaged, that the linker would be attached to the antibody in a site-
selective and DAR specific manner, by using the GlyCLICK® conjugation method. Sulfate ester 
hydrolysis would trigger a 1,6-elimination to release MMAE, which is commonly used in ADCs as 
a cytotoxin. The results of this work could contribute to the understanding of intracellular sulfatase 
activity, as well as gaining insight into the effect of decoration of the aryl sulfate on ADC toxicity.  

3.3.2 GlyCLICK® antibody modification 
In light of the difficulty of accessing consistent DARs during ADC preparation with the maleimide 
functionalized payloads, a different conjugation method for antibody modification was explored. 
Achieving the same DARs would enable the direct comparison of cellular toxicity of the prepared 
ADCs. The GlyCLICK®method enzymatically introduces an azido functionalization on the two 
sugar moieties located in the hinge region of the ADC111–113(Figure 3.12). 

 

Figure 3.12. Concept of the GlyCLICK®method for site-selective and DAR specific bioconjugation. 

An engineered Fc specific endoglycosidase hydrolyses the inner most GlcNAc of the antibody, 
followed by the attachment of azido-functionalized galactosamine catalyzed by β-1,4-
galactosyltransferase. With two azido functionalities attached to the antibody, it is possible to 
attach the payload via a 1,3 dipolar strain promoted azido-alkyne cycloaddition. Strain promoted 
azido-alkyne cycloadditions happen in the absence of Cu and is, therefore, compatible with 
sensitive biomolecules114,115. This enables the homogeneous production of ADC with a DAR of 2.  

 

3.3.3 Design of sulfatase cleavable payloads 
Following the interesting results of part II, a novel sulfatase cleavable payload was designed to 
investigate how the substitution pattern the aryl sulfate influences the in vitro potency of the final 
ADC. To achieve this goal, the following payload structure was designed to incorporate a 
hydrophilic PEG-2 chain, where the strained alkyne handle 4-dibenzocyclooctynol (DIBO) could 
be attached (see Figure 3.13). Release would be triggered by sulfatase mediated sulfate ester 
hydrolysis, followed by a 1,6-elimination releasing MMAE7. 
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Figure 3.13. The general structure of the sulfatase cleavable linker. The conjugation handle DIBO, the sulfatase trigger and the releasable 
MMAE are highlighted. 

Synthetic route of the linker  

By using the commercially available 4-hydroxy benzaldehyde analogues, the first step would be 
installation of the TMS protected alkyne, while yielding the benzylic alcohol for MMAE 
attachment, as seen in Scheme 3.17. 



103 
 

 

Scheme 3.17. Synthetic strategy of the synthesis of the novel sulfatase payload. 

The first reaction introduces a stereocenter, however, stereo chemistry will not be drawn. The 
following steps would be alkyne deprotection and coupling an N-Boc PEG-2 azido chain. Next, 
the np sulfate group would be installed, followed by amine liberation. Attachment of the strained 
alkyne DIBO via a stable N-alkoxy sulfamide was envisioned. First reported by Masui et al.116,  this 
useful and high yielding reaction has been used extensively117–121. The final steps include Pnp-
carbonate activation, followed by MMAE attachment. The last step was envisaged to be liberation 
of the sulfate ester affording the final payload, ready for attachment to an antibody. An additional 
advantage of the incorporation of the DIBO functionality, is the higher resistance to aqueous 
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hydrolysis, simplifying the synthetic route, in comparison to the incorporation of the maleimide 
conjugation handle, which is prone to hydrolysis.  

MMAE is commonly incorporated into novel ADCs for the validation of new linkers, targets or 
conjugation methods. Therefore, the drug was chosen as cargo for this linker study122–126. To 
increase the distance between the conjugation site and the enzymatic recognition site, a hydrophilic 
PEG-2 spacer was introduced. 

3.3.4 Synthesis of payloads  
While the design of the linker and optimization of the synthetic conditions were carried out by 
me, the difluoro-payload 3.65 was synthesized by postdoc Charlotte Uldahl Jansen.  

Table 3.10 displays the different methods attempted for the introduction of the TMS protected 
alkyne.  

 

 

COMPOUND R-GROUPS CONDITIONS   YIELD 
3.45 R1=NO2, R2=H MeLi · LiBr 47% 
3.46 R1=F, R2=H MeLi · LiBr - 
3.47 R1=R2=F MeLi · LiBr 0% 
3.47 R1=R2=F BuLi Quant. 

Table 3.10. Synthetics conditions and yields for the synthesis of compounds 3.45-3.47. 

The use of MeLi · LiBr was inspired by a procedure from literature127. The yields of the reaction 
varied and during flash column chromatography (FCC) purification of the product, partial TMS 
deprotection was observed, which complicated purification and resulted in some product loss 
(Table 3.11). Direct TBAF deprotection of the crude of 3.46 was attempted before FCC 
purification, resulting in low yields of 3.49 (Table 3.11). The reaction using BuLi afforded a high 
yield of 3.47 with no side reaction observed during purification, suggesting that these conditions 
are better for the installation of the TMS-alkyne.  

 

 

 

COMPOUND R-GROUPS CONDITIONS  YIELD  
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3.48 R1=NO2, R2=H Silica gel 30% 
3.49 R1=F, R2=H TBAF  41% 
3.50 R1=R2=F TBAF·H2O Quant. 

Table 3.11. Synthetic conditions and yields for the synthesis of compounds 3.48-3.50. 

Compound 2.47 was deprotected with TBAF hydrate affording quantitative yields of 3.50. 

N-Boc-azido-Peg-2 3.51 was prepared from the corresponding alcohol, inspired by a procedure 
from literature 128. N-Boc-PEG-2-alcohol was reacted with MsCl, before the addition of tetrabutyl 
ammonium iodide and NaN3, yielding 3.51 quantitatively, in a 2 step, 1 pot reaction. With the 
spacer made, a Cu(I) assisted 1,3-cycloaddition, was performed, as seen in Table 3.12.  

 

COMPOUND R-GROUPS SOLVENT  YIELD  
3.52 R1=NO2, R2=H t-BuOH: H2O 58% 
3.53 R1=F, R2=H t-BuOH: H2O 78% 
3.54 R1=R2=F THF:t-BuOH:H2O 77% 

Table 3.12. Synthetic conditions and yields of the synthesis of compounds 3.52-3.54. 

The reactions proceeded affording satisfying yields, with the exception of nitro analogue 3.52, 
likely caused by poor solubility of the starting material in t-BuOH.   

The following step was np sulfate installation, as seen in Table 3.13. As previously experienced, it 
was difficult to achieve satisfactory yields during the installation of np sulfate, likely due to the 
instability of the sulfation reagent.  

 

COMPOUND R-GROUPS BASE  YIELD  
3.55 R1=NO2, R2=H TEA 62% 
3.56 R1=F, R2=H DBU 50% 
3.57 R1=R2=F DBU 54% 
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Table 3.13. Synthetic conditions and yields of the synthesis of compounds 3.55-3.57. 

The stronger base, DBU, was used for the monofluoro and difluoro analogues (3.56 and 3.57) in 
an attempt to increase reaction yields. For the nitro analogue (3.55), TEA is sufficient for fast 
reaction. For the reaction of the nitro analogue 3.55, purification was performed directly after 
completion of the reaction to avoid product degradation, as has been previously observed.  

Before the attachment of the DIBO conjugation handle, the Boc protection group was removed 
by the addition of 4M HCl in dioxane. The crude was carried forward without purification. For 
the attachment of the conjugation handle, DIBO was reacted with chlorosulfonyl 
isocyanate, yielding the corresponding chlorosulfonyl carbamate. This was followed by addition of 
the amine and TEA, as seen in Table 3.14.  

 

 

 

COMPOUND R-GROUPS YIELD  
3.58 R1=NO2, R2=H 48% 
3.59 R1=F, R2=H 31% 
3.60 R1=R2=F Quant. 

Table 3.14. Synthetic conditions and yields of the synthesis of compounds 3.58-3.60. 

With the installation of the conjugation handle, Pnp-carbonate activation was carried out, as seen 
in Table 3.15.  

 

COMPOUND R-GROUPS YIELD 
3.61 R1=NO2, R2=H 38% 
3.62 R1=F, R2=H 75% 
3.63 R1=R2=F 58% 



107 
 

Table 3.15. Synthetic conditions and yields of the synthesis of compounds 3.61-3.63. 

Though compound 3.61 was only isolated in a modest yield, there was sufficient material to 
continue for the final steps.  

Finally, the MMAE was attached to linkers, as seen in Table 3.16. 

 

COMPOUND R-GROUPS YIELD 
3.64 R1=NO2, R2=H 5% (3%)* 
3.65 R1=F, R2=H 1% (4%)* 
3.66 R1=R2=F 11% 

Table 3.16. Synthetic conditions and yields for the synthesis of compounds 3.64-3.66. *Yields of the deprotected sulfate esters (final 
payloads) 

The reactions were monitored by UPLC-MS and upon completion, were loaded directly on a 
preparative HPLC, resulting in some product loss, which was done to avoid unnecessary 
manipulation of the very toxic MMAE. Furthermore, during purification of 3.64 and 3.65, 
deprotection of the np group was observed, resulting in loss of product. However, it was possible 
to purify sufficient amounts of the deprotected compound for analysis by HRMS and for the 
bioconjugation onto the antibody (3.64 0.42mg and 3.65 0.6 mg).  

For the difluoro analogue 3.66, the np sulfate was removed after preparative HPLC purification 
and the crude was carried forward for the attachment to the antibody in the preparation of ADCs. 

 

Figure 3.14. Structure of the payloads 3.67-3.69. 
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3.3.5 Cell studies 
ADC preparation and in vitro assays were carried out by MSc student Nicolai Lindegaard at Finsen 
Laboratory, where the breast cancer cell lines were also maintained.   

Payloads 3.67-3.69 were conjugated to trastuzumab functionalized with two azido groups as 
prepared by the GlyCLICK® method. Below is shown the gel of native antibody, the azido 
functionalized antibody (Tras-Azide) and conjugation products ADCs Traz-3.67, Tras-3.68 and 
Tras-3.69. 

 
Figure 3.15.  Results of antibody functionalization with azido groups and subsequent conjugation reactions. 

As seen in Figure 3.15 upon azido-functionalization the antibody as expected loses mass due to 
the removal of sugar moieties and concurrent installation of the azido groups. Complete 
deglycosylation was observed. Subsequent attachment of the payloads then results in an increase 
of mass. Unfortunately, conjugation of 3.68 was ineffective while attachment of 3.67 and 3.69 
resulted in complete conversion. 

The conjugates Tras-3.67 and Tras-3.69 were then tested in two breast cancer cell lines: BT-
474(HER2+) and MCF-7(HER2 negative, as a negative control). The cells were incubated with 
different concentrations of the ADC to determine a dose-response curve. Results are shown in 
Figure 3.16 below. 
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Figure 3.16. Showing the results of the in vitro assay of Tras-3.67 and Tras-3.69 ADCs on breast cancer cell lines BT-474 and MCF-7. 

The result clearly show an antigen dependent dose response curve for the HER2+ BT-474 cell 
lines. The HER2 negative MCF-7 control cells displayed little response to incubation with the 
ADC even at high concentrations suggesting that little extracellular release happens. The IC50 

values were calculated to be 185µmol for Tras-3.69 and 8.67mM for Tras-3.67. Lower IC50 values 
are expected to be observed when incubating the cells with ADC for a longer time, which are 
closer to the potencies of other published and FDA approved ADCs usually in the nanomolar 
range129,130. Interestingly, Tras-3.67 displayed lower potency despite of the potential secondary acid 
promoted cleavage mechanism, suggesting that the sulfatase cleavage of Tras-3.69 was significantly 
more efficient. The results somewhat mirror the initial results observed in Chap 3 part II where 
the difluoro analogue may look to be cleaved more efficiently than the corresponding nitro 
analogue. This observation makes the results from preparing an ADC with 3.68 even more 
interesting as correlating the enzyme cleavage rates with in vitro toxicity could provide a powerful 
tool for developing highly efficient sulfatase cleavable linkers.   
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3.3.6 Perspectives 
During this project, three novel arylsulfatase cleavable linkers were designed and synthesized by a 
simple seven step synthetic route, each step generally affording high yields. The linkers incorporate 
the strain alkyne DIBO as a conjugation handle, enabling the preparation of highly homogeneous 
ADCs. Trastuzumab was azido functionalized and it was possible to prepare two ADC of the 
payloads 3.67 and 3.69. The ADCs were incubated with two breast cancer cell lines and it was 
possible to observe an antigen dependent dose-response curve and different potencies of the 
different ADCs.  

Future work will include the full characterization of the ADCs to confirm that a DAR 2 has been 
achieved as well as conjugating 3.68 to trastuzumab and testing the resulting ADC on BT-474 and 
MCF-7 cell lines to gain more insight into IC50 in relation to aryl sulfate functionalization. It could 
prove fruitful to prolong the incubation time to achieve complete cell kill. It could be interesting 
to compare the future results of the sulfatase probes of Part II tested on human lysosomal 
sulfatases with the IC50 values observed in the in vitro assays to determine a possible correlation 
between sulfatase cleavage rates and ADC potency. Synthesizing more payloads with 
functionalized with other EWG like nitriles or CF3 while also varying the aromatic substitution 
pattern would also be of interest.  
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3.5 Experimentals  
 

General procedures: see section 2.4  

 

4-(((Tert-butyldimethylsilyl)oxy)methyl)phenol 3.4 

4-(hydroxymethyl)phenol (5.00g, 40.28mmol, 1 equiv.) was dissolved in 42mL dry 
THF under inert atmosphere and cooled to 0°C, followed by addition of 
imidazole (5.28g, 80.55mmol, 2 equiv.). The reaction was stirred for 10min before 
the addition of tert-butylchlorodimethylsilane (7.28g, 48.33mmol, 1.2 equiv.). The 

reaction was stirred for 1 h at 0°C, before being allowed to reach rt and was stirred for an additional 
18 h. The reaction was quenched by the addition of sat. aq. NH4Cl, followed by extraction with 3x 
EtOAc. The combined organic phase was dried over MgSO4 and concentrated in vacuo. The crude 
was purified by FCC, affording the title compound 3.4 in a yield of 76%.  

1H NMR (400 MHz, CDCl3) δ 7.22 – 7.16 (m, 2H), 6.82 – 6.74 (m, 2H), 5.21 (s, 1H), 4.66 (s, 2H), 
0.93 (s, 9H), 0.09 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 154.80, 133.62, 127.95, 115.22, 64.94, 26.12, 18.59, -5.03. 
 

Neopentyl sulfurochloridate 3.5 

In a dry 3-necked RBF, sulfuryl chloride (5.00 mL, 61.69mmol, 1 equiv.) was 
dissolved in 5mL dry Et2O at -78°C under inert atmosphere. A solution of 
neophenyl alcohol (5.44g, 61.69mmol, 1 equiv.) and pyridine (4.97mL, 

61.69mmol, 1 equiv.) in 12.5mL dry Et2O was prepared and was added dropwise to the cooled 
solution over 45 min under vigorous stirring. The reaction was stirred for 2 h before being allowed 
reach rt over 2 h. The reaction was filtered twice to remove precipitate, before concentrating in 
vacuo. The crude was purified by distillation under reduced pressure, affording the title compound 
3.5 in a yield of 77%. 

1H NMR (400 MHz, CDCl3) δ 4.17 (s, 2H), 1.05 (d, J = 0.8 Hz, 9H). 
13C NMR (101 MHz, CDCl3) δ 85.61, 32.05, 26.01. 
 

4-(((Tert-butyldimethylsilyl)oxy)methyl)phenyl neopentyl sulfate 3.6 

Compound 2.4 (5.00g, 20.97mmol, 1 equiv.) was dissolved in 45mL 
dry THF under inert atmosphere and cooled to -70°C, before 
dropwise addition of NAHMDS (1.0M in THF, 23.7mL, 23.07mmol, 
1.1 equiv.). The reaction was stirred for 20min, before the quick 

addition of compound 3.2 (4.31g, 23.07mmol, 1.1 equiv.). The reaction was allowed to reach rt 
and stirred overnight. The reaction was quenched by the slow addition of sat. aq. NaHCO3, 
followed by extraction with 4x EtOAc. The combined organic phase was washed with 2x H2O 
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and brine, before being dried over MgSO4 and the solvent removed in vacuo. The crude was purified 
by FCC, affording the title compound 3.6 in a yield of 78%. 

1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 2H), 7.30 – 7.25 (m, 2H), 4.74 (s, 2H), 4.08 (s, 
2H), 1.01 (s, 9H), 0.95 (s, 9H), 0.11 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 149.21, 140.87, 127.45, 120.94, 83.51, 64.27, 32.08, 26.11, 26.05, 
18.52, -5.15. 
 

4-(Hydroxymethyl)phenyl neopentyl sulfate 3.7 

Compound 3.6 (5.00g, 12.87mmol, 1.0 eq.) was dissolved in 28mL 
dry THF under inert atmosphere and cooled to 0 °C. TBAF (1.0 M 
in THF, 32.2mL, 32.17mmol, 2.5 eq.) was added over 15min. The 
reaction was stirred for 1.5h, before being quenched by the addition 
of PBS buffer (pH 7.4, 5.0M) and the reaction was extracted with 4x 

EtOAc. The combined organic phase was washed with 3x H2O and brine , before being dried over 
MgSO4 and the solvent removed in vacuo, affording the title compound 3.7 in a yield of 87%. 

1H NMR (400 MHz, CDCl3) δ 7.42, 7.41, 7.40, 7.40, 7.31, 7.30, 7.29, 7.28, 7.28, 7.27, 4.70, 4.09, 
1.83, 1.00, 1.00, 0.99, 0.98, 0.98, 0.98. 
13C NMR (101 MHz, CDCl3) δ 149.66, 140.22, 128.44, 121.27, 83.61, 64.49, 32.08, 26.09. 
HRMS (ESI) calculated for [C12H18O5S] [M-H]- 273.0802, found 273.0802 

 

Neopentyl (4-((((4-nitrophenoxy)carbonyl)oxy)methyl)phenyl) sulfate 3.3 

Compound 3.6 (729mg, 2.66mmol, 1 equiv.) was 
dissolved in 8mL dry DCM under inert 
atmosphere and cooled to 0°C. Pyridine 
(278.2µL, 3.45mmol, 1.3 equiv.) was added, 
followed by the addition of 4-nitrophenyl 

chloroformate (696.1mg, 3.45mmol, 1.3 equiv.). The reaction was allowed to reach rt and was 
stirred for 18h. The reaction was diluted with DCM and washed with 1 M HCl, sat. aq. NaHCO3, 
10x H2O and brine. The organic phase was dried over MgSO4 and the solvent removed in vacuo. 
The crude was purified by FCC, affording the title compound 3.3 in a yield of 93%. 

1H NMR (400 MHz, Chloroform-d) δ 8.30 – 8.26 (m, 2H), 7.54 – 7.48 (m, 2H), 7.41 – 7.33 (m, 
4H), 5.30 (s, 2H), 4.11 (s, 2H), 1.01 (s, 9H). 
13C NMR (101 MHz, Chloroform-d) δ 155.52, 152.50, 150.70, 145.62, 133.57, 130.46, 125.48, 
121.89, 121.61, 83.81, 69.93, 32.11, 26.09. 
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(4-Azidophenyl)methanol 3.8 

4-aminobenzylalcohol (1.00g, 8.12mmol, 1 equiv.) was dissolved in 8.1mL 6M 
HCl and cooled to 0°C. A solution of NaNO2 (0.84g, 12.2mmol, 1.5 equiv.) 
in 21mL H2O was cooled to 0°C and added dropwise to the solution of 4-

aminobenzylalcohol. The reaction was stirred for 30 min at 0 °C before the dropwise addition of 
NaN3 (2.10g, 32.5mmol, 4 equiv.) in 41mL H2O, while keeping the temperature below 0°C. After 
30min at 0°C, the reaction was neutralized by the addition of NaOAc until the reaction reached a 
basic pH and the reaction was allowed to reach rt and stirred for an additional 2h. The reaction 
was extracted with 3x Et2O, dried over MgSO4 and the solvent was removed in vacuo. The crude 
product was purified FCC, affording the title compound 3.8 in a yield of 99%. 

1H-NMR (400 MHz, CDCl3) δ 7.28 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 4.56 (s, 2H), 
2.88 (s, 1H).  
13C-NMR (101 MHz, CDCl3) δ 139.27, 137.58, 128.52, 119.07, 64.44. 
 

4-Azidobenzaldehyde 3.9 

Compound 3.8 (2.16g, 14.48mmol, 1 equiv.) was dissolved in 75mL dry DCM,  
followed by the addition of Dess-Martin Periodinane (9.21g, 21.72mmol, 1.5 
equiv.) and the reaction stirred for 18 h. The reaction was partitioned between 

EtOAc and H2O. The precipitate was filtered to ease the extraction and washed with EtOAc. The 
resulting mixture was separated and the aqueous phase extracted with DCM. The combined 
organic phase was washed with sat. aq. Na2S2O3, sat. aq. NaHCO3 and brine. The organic phase 
was dried over Na2SO4 and the solvent removed in vacuo. The crude was FCC, affording the title 
compound 23.9 in a yield of 92%. 

1H-NMR (400 MHz, Chloroform-d) δ 9.96 (s, 1H), 7.90 (d, J = 8.5 Hz, 2H), 7.17 (d, J = 8.6 Hz, 
2H). 
13C-NMR (101 MHz, Chloroform-d) δ 190.69, 146.38, 133.35, 131.66, 119.59.  
 

Tert-butyl (2-((4-azidobenzyl)amino)ethyl)carbamate 3.10 

Compound 3.9 (2.00g, 13.57mmol, 1 equiv.) was dissolved in 
24mL dry MeOH under inert atmosphere and MgSO4 (6.53g, 
54.29mmol, 4equiv.) was added. N-Boc-ethylenediamine (2.15 
mL, 13.57mmol, 1 equiv.) was added and the reaction stirred 

overnight at rt. The reaction was cooled to 0°C and NaBH4 (514mg, 13.57mmol, 1 equiv.) was 
added in portions. The reaction was stirred at 0°C for 3.5 h, before the addition of H2O. The 
reaction was extracted with 3x EtOAc and DCM. The combined organic phase was washed with 
brine before being dried over MgSO4 and the solvent was removed in vacuo. The crude was purified 
by FCC, affording the title compound 3.10 in a yield of 79%. 



125 
 

1H NMR (400 MHz, CDCl3) δ 7.33 – 7.29 (m, 2H), 7.00 – 6.96 (m, 2H), 4.99 (s, 1H), 3.77 (s, 2H), 
3.24 (q, J = 5.8 Hz, 2H), 2.75 (t, J = 5.8 Hz, 2H), 2.55 (s, 2H), 1.99 (s, 0H), 1.44 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 156.28, 139.06, 138.36, 136.46, 135.33, 130.37, 129.80, 119.19, 
117.91, 80.60, 53.57, 52.83, 48.54, 40.18, 28.55. 
 

 (9H-Fluoren-9-yl)methyl (4-azidobenzyl)(2-((tert-
butoxycarbonyl)amino)ethyl)carbamate 3.2 

Compound 3.10 (2.96g, 10.15mmol, 1 equiv.) was dissolved in 
7.5mL 1,4-dioxane and 15mL Na2CO3 (10 % w/w) and cooled to 
0°C before the dropwise addition of 9-fluorenylmethyl 
chloroformate (3.94g, 15.23mmol, 1.5 equiv.) in 7.5mL 1,4-

dioxane. The reaction was stirred for 1 h at 0°C and upon completion, the reaction was extracted 
3x with DCM. The combined organic phase was washed with brine before, being dried over 
MgsO4 and the solvent was removed in vacuo. The crude was purified by FCC, affording the title 
compound 3.2 in a yield of 97%. 

1H NMR (400 MHz, DMSO-d6) δ 7.87 (dd, J = 17.1, 7.5 Hz, 2H), 7.66 (dd, J = 7.8, 3.3 Hz, 1H), 
7.52 (d, J = 7.5 Hz, 1H), 7.48 – 7.23 (m, 4H), 7.19 (d, J = 8.1 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 
6.95 (q, J = 8.3 Hz, 2H), 6.80 (t, J = 5.8 Hz, 1H), 4.50 (d, J = 5.5 Hz, 1H), 4.40 (d, J = 7.9 Hz, 2H), 
4.27 (dt, J = 20.3, 5.9 Hz, 1H), 4.15 (s, 1H), 3.12 (d, J = 7.0 Hz, 2H), 2.96 (q, J = 6.5 Hz, 2H), 1.35 
(s, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 156.21, 156.05, 144.33, 141.28, 138.71, 135.38, 129.54, 129.33, 
128.10, 127.63, 125.20, 120.56, 119.57, 78.16, 66.83, 49.78, 47.21, 28.66. 
 

4-(7-(4-Azidobenzyl)-10-(9H-fluoren-9-yl)-3,8-dioxo-2,9-dioxa-4,7-diazadecyl)phenyl 
neopentyl sulfate 3.11 

Compound 3.2 (1.16g, 2.25mmol, 1.0 
equiv.) was dissolved in 25mL dry DCM 
under inert atmosphere and 5mL TFA 
added. The reaction was stirred for 
30min and on completion, the reaction 

was co-evaporated with toluene in vacuo, until the collected solvent was no longer acidic and was 
stored on under vacuum overnight. The resulting crude was dissolved in 19mL dry THF under 
inert atmosphere and compound 3.3 (1.03g, 2.32mmol, 1 equiv.) dissolved in 4.6 mL dry THF, 
was added. Dry DIPEA was added until the pH was basic (2mL added). The reaction was stirred 
at rt for 66h. Upon completion, the reaction was diluted with EtOAc and the organic phase washed 
14x with H2O and 1x brine. The organic phase was dried over MgSO4 and the solvent removed in 
vacuo. The crude was purified by FCC, affording the title compound 3.11 in a yield of 66%. 

1H NMR (400 MHz, Chloroform-d) δ 7.79 – 7.67 (m, 2H), 7.61 – 7.52 (m, 1H), 7.52 – 7.44 (m, 
1H), 7.43 – 7.21 (m, 8H), 7.11 – 7.04 (m, 1H), 6.96 – 6.83 (m, 3H), 5.05 – 5.00 (m, 2H), 4.70 – 
4.66 (m, 1H), 4.60 – 4.55 (m, 1H), 4.36 – 4.17 (m, 3H), 4.09 (s, 3H), 3.39 – 3.18 (m, 2H), 2.94 – 
2.73 (m, 2H), 1.00 (bs, 12H) (broadening of peaks and rotamers observed). 
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13C NMR (101 MHz, Chloroform-d) δ 156.24, 149.90, 149.52, 141.41, 140.15, 139.26, 129.54, 
128.79, 128.29, 127.75, 127.08, 124.68, 121.13, 120.02, 119.90, 119.22, 83.53, 83.47, 65.59, 50.26, 
47.31, 46.46, 39.70, 30.61, 25.97. 
HRMS (ESI) calculated for [C37H39N5O8S] [M+Na]+ 736.2412, found 736.2418. 
 
 
4-((((2-((4-(4-(13-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-tetraoxatridecyl)-1H-
1,2,3-triazol-1-yl)benzyl)amino)ethyl)carbamoyl)oxy)methyl)phenyl hydrogen sulfate 3.12 

Compound 3.11 (188mg, 263.4µmol, 1 equiv.) was dissolved in 6.4mL dry DMF under inert 
atmosphere. 4.6mL of freshly prepared 0.5M NH4OAc (aq.) was added, the reaction fitted with a 
condenser and heated to 70°C for 66h. Upon completion, the reaction mixture was concentrated 
under a stream of nitrogen. The crude (100mg, 229.3µmol, 1.3 eq.) was dissolved in 464µL 
degassed H2O and 850µL degassed tBuOH. A 0.05M solution of CuSO4 · 5H2O (176µL, 8.82µmol, 
0.05 equiv.) in degassed H2O, was added to the crude, solution followed by the addition of a 2M 
solution of Alkyne-PEG4-maleimide (88µL, 176.37µmol, 1 equiv.) in DMSO. The reaction was 
degassed for 30min before the addition of a 0.1M solution of sodium ascorbate (212µL, 21.16µmol, 
0.12 equiv.). The reaction was stirred at rt overnight. The reaction mixture was purified by 
preparative HPLC, affording the title compound 3.12 in a yield of 31%. 

1H NMR (800 MHz, DMSO-d6) δ 8.81 (s, 1H), 8.02 – 7.89 (m, 2H), 7.69 (d, J = 8.1 Hz, 2H), 7.34 
(d, J = 6.0 Hz, 1H), 7.28 – 7.25 (m, 2H), 7.20 – 7.13 (m, 2H), 6.99 (s, 2H), 4.99 (s, 2H), 4.64 (s, 
2H), 4.23 (s, 2H), 3.65 – 3.61 (m, 2H), 3.59 – 3.53 (m, 4H), 3.53 – 3.49 (m, 4H), 3.49 – 3.46 (m, 
4H), 3.45 (ddd, J = 6.1, 3.3, 1.3 Hz, 2H), 3.34 (q, J = 6.2 Hz, 2H), 3.07 – 2.94 (m, 2H). 
13C NMR (201 MHz, DMSO-d6) δ 170.72, 156.31, 153.36, 145.22, 136.79, 134.40, 131.34, 131.05, 
128.74, 122.03, 120.22, 119.98, 69.69, 69.67, 69.59, 69.53, 69.31, 69.09, 66.81, 65.42, 63.33, 49.52, 
46.48, 36.90, 36.73. 
HRMS (ESI) calculated for [C32H40N6O12S] [M+NH4]+ 750.2763, found 750.2775. 
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tert-butyl ((S)-1-(((S)-1-(((3R,4S,5S)-3-methoxy-1-((S)-2-((1R,2R)-1-methoxy-2-methyl-3-
(((1S,2R)-1-(((4-nitrophenoxy)carbonyl)oxy)-1-phenylpropan-2-yl)amino)-3-
oxopropyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-
oxobutan-2-yl)amino)-3-methyl-1-oxobutan-2-yl)(methyl)carbamate 3.13 

MMAE (42mg, 58.5µmol, 1 equiv.) was 
weighed in a pre-dried MW-vial 
followed by the addition of TEA 
(8.2µL, 58.5µmol, 1 equiv.). The MW-
vial was capped and stored under 
argon. A solution of Boc2O (565mM, 
114µL, 1.1 equiv.) in  500 µL dry DCM 
was added dropwise to the sides of the 
MW-vial. The reaction was stirred for 
24h. Additional Boc2O solution (21µL, 
0.2 equiv.) was added and stirred for 

and additional 24h. Upon completion, the reaction was diluted with 1mL DCM before washing 
with sat. aq. NaHCO3, H2O and brine. The organic phase was dried over MgSO4, filtered and the 
solvent removed in vacuo. The crude was dissolved in 2mL dry DMF under inert atmosphere in a 
MW-vial. To the solution TEA (41µL, 345µL, 4 equiv.) and bis-Pnp-carbonate (79mg, 259µL, 3 
equiv.) was added and the MW-vial was capped and stirred at rt overnight. The solvent was 
removed under a stream of nitrogen and the crude purified by FCC, affording the title compound 
3.13 in a yield of 81%  

1H NMR (400 MHz, Chloroform-d) δ 8.31 – 8.23 (m, 2H), 7.52 – 7.34 (m, 7H), 6.76 – 6.44 (m, 
2H), 5.81 (d, J = 5.0 Hz, 1H), 4.90 – 4.49 (m, 3H), 4.14 – 3.98 (m, 3H), 3.94 – 3.83 (m, 1H), 3.56 
– 3.29 (m, 8H), 3.18 (s, 1H), 3.01 (s, 3H), 2.95 – 2.73 (m, 4H), 2.51 – 2.33 (m, 2H), 2.28 – 2.13 (m, 
1H), 2.03 (pd, J = 10.9, 9.4, 6.5 Hz, 3H), 1.90 (s, 1H), 1.86 – 1.73 (m, J = 5.2, 4.5 Hz, 2H), 1.59 – 
1.44 (m, 11H), 1.28 – 1.14 (m, 6H), 1.13 – 0.74 (m, 18H). 
UPLC-MS (ESI) calculated for [C51H78N6O13] [M+H]+m/z 983.6, found m/z 983.5  
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4-((10S,11R,14R,15R)-15-((S)-1-((6S,9S,12S,13R)-12-((R)-sec-butyl)-6,9-diisopropyl-13-
methoxy-2,2,5,11-tetramethyl-4,7,10-trioxo-3-oxa-5,8,11-triazapentadecan-15-
oyl)pyrrolidin-2-yl)-7-(4-(4-(13-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-
tetraoxatridecyl)-1H-1,2,3-triazol-1-yl)benzyl)-11,14-dimethyl-3,8,13-trioxo-10-phenyl-
2,9,16-trioxa-4,7,12-triazaheptadecyl)phenyl hydrogen sulfate 3.14 

 

 

 

 

 

 

 

 

 

 

 

4-((((2-((4-(4-(13-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-tetraoxatridecyl)-1H-1,2,3-
triazol-1-yl)benzyl)amino)ethyl)carbamoyl)oxy)methyl)phenyl hydrogen sulfate 3.12 (13mg, 
17µmol, 1 equiv.) was dissolved in 270µL dry DMF under inert atmosphere in a MW-vial and 
cooled to 0°C. Dry DIPEA (30µL, 173µmol, 10 equiv.) was added, followed by the addition of 
Boc-MMAE-pnp (17mg, 17µmol, 1 equiv.)  and the reaction was capped. The reaction was stirred 
overnight at rt, followed by purification by preparative HPLC, affording compound 3.14 in a yield 
of 10%.  

UPLC MS (ESI) calculated for [C77H113N11O22S] [M-H]- m/z 1574.8, found m/z 1574.6  
UPLC MS (ESI) calculated for [C77H113N12O22S] [M+NH4]+ m/z 1593.8, found m/z 1593.8  
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4-((10S,11R,14R,15R)-15-((S)-1-((3R,4S,5R)-4-((S)-N,3-Dimethyl-2-((S)-3-methyl-2-
(methylamino)butanamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-
7-(4-(4-(13-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-tetraoxatridecyl)-1H-1,2,3-
triazol-1-yl)benzyl)-11,14-dimethyl-3,8,13-trioxo-10-phenyl-2,9,16-trioxa-4,7,12-
triazaheptadecyl)phenyl hydrogen sulfate 3.15 

 

Compound 3.14 (2mg, 1.27µmol, 1 equiv.) was transferred with 1.00mL dry DCM to a pre-dried 
MW-vial. The MW-vial was capped and cooled to 0°C. 200µL TFA was added and the reaction 
stirred for 5min at 0°C. The reaction was allowed to warm up to rt and stirred for 30min. Upon 
completion, the TFA and DCM was removed under a stream of nitrogen, affording the title 
compound 3.15 in a quantitative yield.  

UPLC MS (ESI) calculated for [C72H105N11O20S] [M-H]- m/z 1474.7, found m/z 1474.8  

 

4-(((Tert-butyldimethylsilyl)oxy)methyl)-2-nitrophenol 3.16 

4-(hydroxymethyl)-2-nitrophenol (2.00g, 11.8mmol, 1 equiv.) was 
dissolved in 15mL dry THF under inert atmosphere. The solution was 
cooled to 0°C and imidazole(1.16g, 23.7mmol, 2 equiv.) was added. 

Reaction was stirred for 10min before the addition of tert-butyldimethylsilyl chloride (2.14g, 
14.9mmol, 1.2 equiv.). The reaction was stirred at 0°C for 1h, after which the reaction was allowed 
to reach rt and stirred for an additional 18h. The reaction was quenched with sat. NH4Cl and was 
extracted 3x with EtOAc. The combined organic phase was dried over MgSO4 and solvent was 
removed in vacuo. The crude was dissolved in 24mL ACN:H2O (95:5) and DBU (176µL, 1.18mmol, 
0.1 equiv.) was added. The reaction was allowed to stir overnight at rt. Solvent was removed in 
vacuo, the crude was taken up in EtOAc and the organic phase washed 3x with water and 3x with 
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brine. The organic phase was dried over MgSO4 and the solvent removed in vacuo. The crude was 
purified by FFC, affording the title compound 3.16 as a yellow solid in a yield of 86%.  

1H NMR (400 MHz, Chloroform-d) δ 10.56 (s, 1H), 8.08 (d, J = 2.2, 1H), 7.56 (dd, J = 8.8, 2.1 Hz, 
1H), 7.15 (d, J = 8.6 Hz, 1H), 4.71 (s, 2H), 0.97 (d, J = 0.8 Hz, 10H), 0.14 (d, J = 0.8 Hz, 6H). 
13C NMR (101 MHz, Chloroform-d) δ 154.12, 135.54, 134.00, 133.30, 122.08, 119.85, 63.53, 25.88, 
18.36, -5.27. 
 
4-(((Tert-butyldimethylsilyl)oxy)methyl)-2-nitrophenyl neopentyl sulfate 3.17 

4-(((tert-butyldimethylsilyl)oxy)methyl)-2- nitrophenol 3.16 (1.00g, 
3.53mmol, 1 equiv.) was dissolved in 36mL dry THF under inert 
atmosphere. DMAP (0.43g, 3.53mmol, 1 equiv.) and TEA (962µL, 
7.06mmol, 2 equiv.) were added and the reaction was cooled to 0°C 
followed by the dropwise addition of neopentyl sulfurochloridate.  
After 1h reaction time, the reaction was allowed to warm to rt and 
stirred for an additional 2h. The reaction was concentrated in vacuo 

and diluted with EtOAc. The organic phase was washed with aqueous 1M HCl, the organic phase 
dried over MgSO4 and the solvent removed in vacuo. The crude was purified by FCC, affording the 
title compound 3.17 in a quantitative yield.  

1H NMR (400 MHz, Chloroform-d) δ 8.01 – 7.95 (m, 1H), 7.64 – 7.53 (m, 2H), 4.79 (s, 2H), 4.21 
(s, 2H), 1.02 (d, J = 0.8 Hz, 9H), 0.95 (d, J = 0.8 Hz, 9H), 0.13 (d, J = 0.9 Hz, 6H). 
13C NMR (101 MHz, Chloroform-d) δ 142.21, 141.87, 140.61, 131.38, 123.72, 123.16, 84.89, 63.20, 
31.92, 25.85, 18.34, -5.36. 
 

4-Formyl-2-nitrophenyl neopentyl sulfate 3.19 

4-hydroxy-3-nitrobenzaldehyde (1.00g, 5.98mmol, 1 equiv.), DMAP 
(0.73g, 5.98mmol, 1 equiv.) and TEA (1.67mL, 11.97mmol, 2 equiv.) 
was dissolved in 30mL of dry THF under inert atmosphere. Neopentyl 
sulfurochloridate (1.12g, 5.98mmol, 1 equiv.) was added dropwise to 
the stirred solution over 10min. The reaction was quenched after 2 h 

reaction time by the addition of brine and EtOAc. The phases were partitioned and the organic 
phase dried over MgSO4. The solvent was removed in vacuo and the crude purified by FCC, 
affording the title compound 3.19 (45%) 

1H NMR (400 MHz, Chloroform-d) δ 10.09 (s, 1H), 8.53 (d, J = 2.0 Hz, 1H), 8.22 (dd, J = 8.5, 2.0 
Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 4.28 (s, 2H), 1.06 (s, 9H). 
13C NMR (101 MHz, Chloroform-d) δ 188.19, 145.93, 134.82, 134.60, 126.97, 124.43, 85.70, 31.99, 
25.80. 
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4-(Hydroxymethyl)-2-nitrophenyl neopentyl sulfate 3.18 

4-formyl-2-nitrophenyl neopentyl sulfate 3.19 (0.70g, 2.21mmol, 
1 equiv.) was dissolved in 20mL dry MeOH under an inert 
atmosphere and the solution cooled to 0°C. NaBH4 (167mg, 
4.41mmol, 2 equiv.) was added portion wise over 20min after 

which the reaction was heated to rt and stirred for an additional 2h. Upon complete reaction, as 
observed by TLC, the reaction was carefully quenched by the addition of water. The reaction was 
extracted with EtOAc and the organic phase dried over MgSO4. The solvent was removed in vacuo 
and the crude purified by a short silica plug, affording the title compound 3.18 in 97% yield.  

1H NMR (400 MHz, Chloroform-d) δ 8.05 – 8.00 (m, 1H), 7.66 (dd, J = 8.7, 2.1 Hz, 1H), 7.59 (d, 
J = 8.5 Hz, 1H), 4.79 (s, 2H), 4.21 (s, 2H), 1.02 (s, 8H). 
13C NMR (101 MHz, Chloroform-d) δ 141.97, 141.43, 140.98, 132.19, 123.96, 123.87, 85.02, 63.17, 
31.93, 25.84. 
 
Neopentyl (2-nitro-4-((((4-nitrophenoxy)carbonyl)oxy)methyl)phenyl) sulfate 3.20 

4-(hydroxymethyl)-2-nitrophenyl neo-pentyl 
sulfate 3.18 (679mg, 2.12mmol, 1 equiv.) was 
dissolved in 40mL of dry DCM and para-
nitrochlorofomate (977mg, 4.85mmol, 2.2 equiv.) 
and pyridine (444µL, 5.51mmol, 2.5 equiv.) were 
added.  The reaction was stirred overnight under 

inert atmosphere. The reaction was partitioned between water and DCM and the organic phase  
washed with 2x water, dried over MgSO4 and solvent was removed in vacuo. The crude was purified 
by FCC, affording the title compound 3.20 in 66% yield.  

1H NMR (400 MHz, Chloroform-d) δ 8.34 – 8.27 (m, 2H), 8.12 (d, J = 2.1 Hz, 1H), 7.76 (dd, J = 
8.5, 2.2 Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.40 (d, J = 9.1 Hz, 2H), 5.35 (s, 2H), 4.25 (s, 2H), 1.04 
(s, 9H). 
13C NMR (101 MHz, Chloroform-d) δ 155.31, 142.41, 134.76, 134.28, 126.39, 126.04, 125.56, 
124.60, 121.86, 115.78, 85.47, 68.48, 32.11, 25.98. 
 
4-(7-(4-Azidobenzyl)-10-(9H-fluoren-9-yl)-3,8-dioxo-2,9-dioxa-4,7-diazadecyl)-2-
nitrophenyl neopentyl sulfate 3.21 

 (9H-fluoren-9-yl) methyl(4-azido-benzyl) 
(2-((tert butoxycarbonyl) amino) ethyl 
)carbamate  3.2 was dissolved in 10mL 
DCM and 1 mL TFA added. The reaction 
was stirred for 1h whereupon THF was 
added to the reaction and the solvent 
removed in vacuo. The crude was dissolved 

in THF together with neopentyl (2-nitro-4-((((4-nitrophenoxy) carbonyl)oxy) methyl) phenyl) 
sulfate 3.20 (543mg, 1.12mmol, 1 equiv.), before the addition of DIPEA. The reaction was stirred 
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at rt overnight and TLC confirmed full conversion. The reaction was partitioned between EtOAc 
and water and the organic phase was washed with 2x brine, dried over MgSO4 and the solvent 
removed in vacuo. The crude was purified by FCC, affording the title 3.21 in a yield of 78%.  

1H NMR (400 MHz, Chloroform-d) δ 7.96 (s, 1H), 7.74 (dd, J = 13.9, 7.5 Hz, 2H), 7.58 (d, J = 6.3 
Hz, 3H), 7.48 (d, J = 7.5 Hz, 1H), 7.45 – 7.24 (m, 3H), 7.07 (d, J = 8.0 Hz, 1H), 6.90 (t, J = 6.3 
Hz, 3H), 5.33 (s, 1H), 5.07 (d, J = 5.5 Hz, 2H), 4.75 – 4.49 (m, 2H), 4.38 – 4.19 (m, 5H), 3.31 (dd, 
J = 26.6, 6.1 Hz, 2H), 2.96 – 2.65 (m, 2H), 1.03 (s, 9H) (broadening of peaks and rotamers 
observed. 
13C NMR (101 MHz, Chloroform-d) δ 143.69, 141.42, 139.33, 137.19, 133.75, 133.41, 129.30, 
128.82, 127.78, 127.32, 127.10, 126.18, 125.06, 124.68, 124.08, 123.99, 120.05, 119.93, 119.25, 
115.58, 85.11, 67.37, 64.37, 50.29, 47.26, 46.33, 39.89, 31.94, 25.85. 
HRMS (ESI) calculated for [C37H38N6O10S] [M+H]+ 759.2443, found 759.2441 
 
 
Ammonium 4-((((2-((4-(4-(13-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-tetra 
oxatridecyl)-1H-1,2,3-triazol-1-yl)benzyl)amino)ethyl)carbamoyl)oxy)methyl)-2-
nitrophenyl sulfate 3.22  

Compound 3.21 was 
dissolved in t-BuOH 
and H2O with CuSO4 
and Alkyne-PEG4-
maleimide. The solution 
was degassed with N2 

gas for 10min, after 
which ascorbic acid was 

added. The reaction was stirred overnight and upon completion, the solvent removed under a 
stream of nitrogen. The crude was purified by preparative HPLC affording the title compound 
3.22 in a yield of 31%. 

HRMS (ESI) calculated for [C32H39N7O14S] [M+Na]+ 800.2168, found 800.217 
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Ammonium 4-((10S,11R,14R,15R)-15-((S)-1-((6S,9S,12S,13R)-12-((S)-sec-butyl)-6,9-
diisopropyl-13-methoxy-2,2,5,11-tetramethyl-4,7,10-trioxo-3-oxa-5,8,11-triazapentadecan-
15-oyl)pyrrolidin-2-yl)-7-(4-(4-(13-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-
tetraoxatridecyl)-1H-1,2,3-triazol-1-yl)benzyl)-11,14-dimethyl-3,8,13-trioxo-10-phenyl-
2,9,16-trioxa-4,7,12-triazaheptadecyl)-2-nitrophenyl sulfate 3.23 

 

Ammonium 4-((((2-((4-(4-(13-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-2,5,8,11-tetra oxatridecyl)-
1H-1,2,3-triazol-1-yl)benzyl)amino)ethyl)carbamoyl)oxy)methyl)-2-nitrophenyl sulfate  3.22 
(16mg, 21µmol, 1 equiv.) was dissolved in 200µL dry DMF under inert atmosphere in a MW-vial 
and was cooled to 0°C. DIPEA (36µL, 205µmol, 10 equiv.) and Boc-MMAE-Pnp 3.13 (20mg, 
21µmol, 1 equiv.) was added. The vial was capped and the reaction stirred overnight at rt. The 
crude was purified by preparative HPLC, affording the title compound 3.23 in a yield of 12%.  

UPLC MS (ESI) calculated for [C77H112N12O24S] [M-H]- m/z 1619.8, found m/z 1619.8  
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Part II 

2,2,2-Trichloroethyl sulfurochloridate 3.24 

To a solution of dry pyridine (6.0mL, 74.19mmol, 1 equiv.) and 2,2,2-
trichloroethanol (7.1mL, 74.10mmol, 1 equiv.) in 40mL Et2O at -78°C, sulfuryl 
chloride (6.0mL, 74.19mmol, 1 equiv.) was added dropwise for 1h. The reaction 
was stirred at -78°C, after which the reaction was allowed to reach rt and stirred 

for an additional 3h. The reaction was filtered and the solvent of the filtrate removed in vacuo. The 
crude was purified by vacuum distillation, affording the title compound 3.24 as a colorless oil 
(72%).  

1H NMR (400 MHz, Chloroform-d) δ 4.92 (s, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 91.45, 81.34. 
 
2,2,2-Trichloroethyl 2-methyl-1H-imidazole-1-sulfonate 3.25 

2-methylimidazole (10.68g, 130mmol, 3.6 equiv.) was dissolved in 55mL dry 
THF and cooled to 0°C. A solution of 2,2,2-Trichloroethyl sulfurochloridate 
3.24 (8.98g, 36.23mmol, 1 equiv.) in 60mL dry THF was added dropwise over 
15min and the reaction stirred at 0°C, before allowing the reaction to reach 
rt, then stirring for an additional 2h. The reaction was filtered and the solvent 

of the filtrate removed. The crude was partitioned between EtOAc and water and the organic 
phase washed with 0.1M HCL and brine. The organic phase was dried over MgSO4 and the solvent 
removed in vacuo, affording the title compound 3.25 in a yield of 86%.  

1H NMR (400 MHz, Chloroform-d) δ 7.36 (d, J=1.7Hz, 1H), 7.01 (d, J=1.8Hz, 1H), 4.69 (s, 2H), 
2.73 (s, 3H).  
13C NMR (101 MHz, Chloroform-d) δ 146.59, 127.79, 120.15, 91.70, 80.11, 14.82.  
 

2,3-Dimethyl-1-((2,2,2-trichloroethoxy)sulfonyl)-1H-imidazol-3-ium 
trifluoromethanesulfonate 3.26 

Methyl triflate (3.4mL, 30.66mmol, 1 equiv.) was added dropwise to a 
solution of 2,2,2-trichloroethyl 2-methyl-1H-imidazole-1-sulfonate 3.25 
(5.03g, 30.55mmol, 1 equiv.) in 150mL dry Et2O stirred at 0°C. The 
reaction was stirred at 0°C overnight, followed by filtration, affording the 
title compound 3.26 as a white solid in a yield of 91%.  

1H NMR (400 MHz, DMSO-d6) δ 8.21 (d, J=2.3Hz, 1H), 7.95 (d, J=2.4Hz, 1H), 5.53 (s, 2H), 3.86 
(s, 3H), 2.83 (s, 3H).  
13C NMR (101 MHz, DMSO-d6) δ 148.62, 123.73, 120.85, 91.84, 81.47, 35.92, 11.72.  
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4-Formylphenyl neopentyl sulfate 3.27 

4-hydroxybenzaldehyde (1.04g, 8.19mmol, 1equiv.), DMAP (1.01g, 
8.18mmol, 1 equiv.) and TEA (2.3mL, 16.4mmol, 2 equiv.) was 
dissolved in 16mL dry  THF under inert atmosphere and neopentyl 
sulfufochloridate 2.5 (1.6mL, 9.80mmol, 1.2 equiv.) was added 

dropwise at rt. The reaction was stirred for 1h at rt, before removal of the solvent in vacuo. The 
crude was partitioned between EtOAc and water. The organic phase was washed with 1M HCl 
before drying over MgSO4. The crude was purified by FCC, affording the title compound 3.27 in 
a yield of 61%.  

1H NMR (400 MHz, Chloroform-d) δ 10.02, (s, 1H), 7.96 (d, J=8.6Hz, 2H), 7.48 (d, J=8.6Hz, 2H), 
4.12 (s, 2H), 1.00 (s, 9H). 
13C NMR (101 MHz, Chloroform-d) δ 190.60, 154.45, 135.05, 131.73, 121.63, 84.18, 32.11, 26.04.  
 

2,6-Difluoro-4-formylphenyl neopentyl sulfate 3.28 

3,5-difluoro-4-hydroxybenzaldehyde (2.00g, 12.65mmol, 1 equiv.) 
and DBU (3.85mL, 25.30mmol, 2 equiv.) was dissolved in 20 mL dry 
DCM under inert atmosphere and neopentyl sulfurochloridate 3.5 
(2.83g, 15.18mmol, 1.2 equiv.) was added dropwise. The reaction was 
stirred overnight at rt and the reaction quenched by the addition of 

water. The organic phase was dried over MgSO4 and the solvent removed in vacuo. The crude was 
purified by FCC, affording the title compound 3.28 in a yield of 4%.  

1H NMR (400 MHz, Chloroform-d) δ 9.96 (t, J = 1.8 Hz, 1H), 7.67 – 7.54 (m, 2H), 4.29 (s, 2H), 
1.07 (s, 10H). 
13C NMR (101 MHz, Chloroform-d) δ. 188.14 (t, J = 2.0 Hz), 156.08 (dd, J = 258.3, 2.6 Hz), 135.43 
(t, J = 6.3 Hz), 131.40, 113.37 (d, J = 23.2 Hz), 84.93, 31.98, 25.84. 
 
4-Formylphenyl (2,2,2-trichloroethyl) sulfate 3.29 

4-hydroxybenzaldehyde (222mg, 1.81mmol, 1 equiv.) and 2,3-
dimethyl-1-((2,2,2-trichloroethoxy) sulfonyl) -1H-imidazol-3-ium 
trifluoromethanesulfonate  3.26 (845mg, 1.85mmol, 1 equiv.) 
were dissolved in dry DCM under inert atmosphere and the 

reaction cooled to 0°C. 1,2-dimethyl-1H-imidazole (330µL, 3.86mmol, 2 equiv.) was added 
dropwise and the reaction allowed to reach rt. The reaction was stirred overnight  and the solvent 
removed in vacuo. The crude was purified by FCC, affording the title compound 3.29 in a yield of 
84%.  

1H NMR (400 MHz, Chloroform-d) δ 10.04 (s, 1H), 7.98 (d, J=8.7Hz, 2H), 5.54 (d, J=8.7Hz, 2H), 
4.87, (s, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 190.41, 154.06, 135.56, 131.85, 121.84, 92.27, 80.74. 
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2-Fluoro-4-formylphenyl (2,2,2-trichloroethyl) sulfate 3.30 

3-Fluoro-4-hydroxybenzaldehyde (400mg, 2.85mmol, 1 equiv.) 
and 2,3-dimethyl-1-((2,2,2-trichloroethoxy)s ulfonyl)-1H-
imidazol-3-ium trifluoromethanesulfonate 3.26 (1.30g, 2.85mmol, 
1 equiv.) were dissolved in 18mL dry DCM under inert 

atmosphere and the reaction was cooled to 0°C, before the dropwise addition of  1,2-dimethyl-
1H-imidazole (0.51mL, 5.73mmol, 2 equiv.). Upon completion, the solvent was removed in vacuo 
and the crude purified by FCC, affording the title compound 3.30 in a yield of 88%.  

1H NMR (400 MHz, Chloroform-d) 10.00 (d, J=1.9, 1H), 7.78 (d, J=8.7, 2H), 7.73-7.66 (m, 1H) 
4.94 (s, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 189.31, 154.40 (d, J=256.1Hz), 141.57 (d, J=13.1Hz), 136.87 
(d, J=5.2Hz), 127.09 (d, J=3.8), 124.76, 117.50 (d, J=19.1Hz), 92.15, 80.98 (d, J=2.3Hz) 
 

4-(Hydroxymethyl)-2-nitrophenyl neopentyl sulfate 3.18 

4-(hydroxymethyl)2-nitrophenol (200mg, 1.18mmol, 1 equiv.), 
DMAP (60mg, 0.59mmol, 0.5 equiv.) and TEA (198µL, 1.18mmol, 
1 equiv.) was dissolved in 10mL dry THF under inert atmosphere 
and neopentyl sulfurochloridate 3.5 (220mg, 1.18mmo, 1 equiv.) 
was added dropwise. The reaction was stirred at rt for 2h before the 

solvent was removed in vacuo and the crude purified by FCC, affording the title compound 3.18 in 
a yield of 89%.  

1H NMR (400 MHz, Chloroform-d) δ 8.05 – 8.00 (m, 1H), 7.66 (dd, J = 8.7, 2.1 Hz, 1H), 7.59 (d, 
J = 8.5 Hz, 1H), 4.79 (s, 2H), 4.21 (s, 2H), 1.02 (s, 8H). 
13C NMR (101 MHz, Chloroform-d) δ 141.97, 141.43, 140.98, 132.19, 123.96, 123.87, 85.02, 63.17, 
31.93, 25.84. 
 

4-(Hydroxymethyl)-2-nitrophenyl (2,2,2-trichloroethyl) sulfate 3.31 

4-(hydroxymethyl)2-nitrophenol (681mg, 1.49mmol, 1 equiv.) 
and 2,3-dimethyl-1-((2,2,2-trichloroethoxy) sulfonyl)-1H-
imidazol-3-ium trifluoro methane sulfonate 3.26 (251mg, 
1.48mmol, 1 equiv.) were dissolved in 9mL dry DCM under inert 
atmosphere. 1,2-dimethyl-1H-imidazole (260µL, 2.97mmol, 0.3 

equiv.) was added and the reaction stirred overnight at rt. The solvent was removed in vacuo and 
the crude purified be FCC, affording the title compound 3.31 in a yield of 53%.  

1H NMR (400 MHz, Chloroform-d) δ 8.12 (d, J=1.4Hz, 1H), 7.71 (dd, J=8.7, 2.0Hz, 1H), 7.74 (d, 
J=8.5Hz, 1H), 4.97 (s, 2H), 4.83 (s, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 142.37, 141.73, 140.87, 132.64, 124.27, 92.24, 81.18, 63.23.  
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4-(Hydroxymethyl)phenyl neopentyl sulfate 3.32 

4-formylphenyl neopentyl sulfate 3.27 (1.06g, 3.89mmol, 1 equiv.) 
was dissolved in 12mL dry MeOH under inert atmosphere and 
the solution cooled to 0°C. NaBH4 (293mg, 7.79mmol, 2 equiv.) 
was added in portions and the reaction stirred at 0°C for 1.5h. 

Upon completion the reaction was quenched by careful addition of water and the solvent was 
removed in vacuo. The crude was portioned between EtOAC and brine. The organic phase was 
dried over MgSO4 and the solvent removed in vacuo, affording the title compound 3.32 in a yield 
of 68%.   

1H NMR (400 MHz, Chloroform-d) δ 7.41 (d, J=8.4Hz, 2H), 7.29 (d, J=8.6Hz, 2H), 4.70, (s, 2H), 
4.09 (s, 2H), 1.00 (s, 9H).  
13C NMR (101 MHz, Chloroform-d) δ 149.66, 140.20, 128.44, 121.27, 83.61, 64.50, 32.08, 26.09. 
 

2,6-Difluoro-4-(hydroxymethyl)phenyl neopentyl sulfate 3.33 

 2,6-difluoro-4-formylphenyl neopentyl sulfate 3.28 (150mg, 
486µmol, 1 equiv.) was dissolved in 5mL dry MeOH under inert 
atmosphere, the solution cooled to 0°C and NaBH4 (22mg, 
584µmol, 1.2 equiv.) was added in 2 portions. The reaction was 
stirred for 2h  before being quenched by the addition of water and 

the reaction was extracted with EtOAc. The organic phase was dried over MgSO4 and the solvent 
removed in vacuo. The crude was purified by FCC, affording the title compound 3.33 in a yield of 
81%.  

1H NMR (400 MHz, Chloroform-d) δ 7.12 – 7.04 (m, 2H), 4.72 (d, J = 0.8 Hz, 3H), 4.25 (s, 3H), 
1.06 (s, 11H). 
13C NMR (101 MHz, Chloroform-d) δ 155.42 (dd, J = 254.4, 3.4 Hz), 142.16 (t, J = 7.8 Hz), 125.69 
(d, J = 15.8 Hz), 110.26 (d, J = 22.9 Hz), 84.38, 77.34, 63.51 (t, J = 1.7 Hz), 31.92, 25.86. 
 
 

4-(Hydroxymethyl)phenyl (2,2,2-trichloroethyl) sulfate 3.34 

4-formylphenyl (2,2,2-trichloroethyl) sulfate 3.29 (506mg, 
1.51mmol, 1 equiv.) was dissolved in 7.5mL dry MeOH under 
inert atmosphere and the solution cooled to 0°C. NaBH4 

(114mg, 3.02mmol, 2 equiv.) was added in portions, after which 
the reaction was allowed to reach rt and stirred for an additional 2.5h. The reaction was quenched 
by the addition of water and EtOAc. The aqueous phase was extracted with 3x EtOAc and the 
combined organic phase washed with brine, dried over MgSO4 and the solvent removed in vacuo, 
affording the title compound 3.34 in a yield of 91%.  

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J=8.6Hz, 2H), 7.35 d, J=8.6Hz, 2H), 4.83 (s, 2H), 
4.73 (s, 2H).  
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13C NMR (101 MHz, Chloroform-d) δ 149.45, 140.89, 128.58, 121.32, 92.49, 80.53, 64.40.  
 

2-Fluoro-4-(hydroxymethyl)phenyl (2,2,2-trichloroethyl) sulfate 3.35 

 2-fluoro-4-formylphenyl (2,2,2-trichloroethyl) sulfate 3.30 
(848mg, 2.41mmol, 1 equiv.) was dissolved in 12mL dry MeOH 
under inert atmosphere and the solution cooled to 0°C. NaBH4 
(183mg, 4.82mmol, 2 equiv.) was added in portions, after which 

the reaction was allowed to reach rt. Upon completion, the reaction was quenched by the addition 
of water and the reaction extracted with EtOAc and the organic phase washed with brine. The 
organic phase was dried over MgSO4 and the solvent removed in vacuo, affording the title 
compound 3.35 in a yield of 88%.  

1H NMR (400 MHz, Chloroform-d) δ 7.45 (t, J=8.0Hz, 1H), 7.32-7.27 (m, 1H), 7.21-7.16 (m, 1H), 
491 (s, 2H) 4.72 (s, 2H) 
13C NMR (101 MHz, Chloroform-d) δ 153.95 (d, J=252.5Hz), 143.09 (d, J=6.3Hz), 123.98, 122.86 
(d, J=3.6Hz), 115.61 (d, J=18.9Hz), 92.38, 80.73 (d, J=2.8Hz), 68.12, 63.85.  
 

2,6-Difluoro-4-((((4-methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy)methyl)phenyl 
neopentyl sulfate 3.36 

7-amino-4-methylcoumarin (81mg, 
0.50mmol, 1.04 equiv.) and triphosgene 
(72mg, 0.24mmol, 0.5 equiv.) were refluxed in 
18mL dry toluene under inert atmosphere for 
2h. The solvent was removed in vacuo and the 
crude was dispersed in 18mL dry THF. 2,6-

Difluoro-4-(hydroxymethyl)phenyl neopentyl sulfate (3.33) (150mg, 0.48mmol, 1 equiv.) and 
DBTDL (31mg, 48µmol, 0.1 equiv.) were added and the reaction waas stirred at rt for 72h. Upon 
completion, the solvent was removed and the crude purified by preparative HPLC, affording the 
title compound 3.36 in a yield of 10%.  

1H NMR (400 MHz, DMSO-d6) δ 10.37 (s, 1H), 7.71 (d, J = 8.7 Hz, 1H), 7.56 (d, J = 2.1 Hz, 1H), 
7.55 – 7.47 (m, 2H), 7.42 (dd, J = 8.6, 2.1 Hz, 1H), 6.25 (s, 1H), 5.23 (s, 2H), 4.31 (s, 2H), 2.39 (s, 
3H), 0.98 (s, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 159.98, 155.65, 153.81, 153.15, 152.88, 152.73, 142.43, 138.81, 
126.09, 114.43 (d, J = 24.4 Hz), 112.32 (d, J = 22.0 Hz), 112.21, 112.04, 104.55, 84.70, 64.40, 31.62, 
25.34, 17.99. 
HRMS (ESI) calculated for [C22H21F2NO8S] [M+H]+ 512.1185, found 512.1187. 
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4-((((4-Methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy)methyl)phenyl (2,2,2-
trichloroethyl) sulfate 3.38 

7-amino-4-methylcoumarin (209mg, 
1.19mmol, 0.9 equiv.) and triphosgene 
(182mg, 0.61mmol, 0.47 equiv.) were 
suspended in 39mL dry toluene under inert 
atmosphere and the reaction heated to 
reflux for 2h. The solvent was removed 

under a stream of nitrogen and the crude dissolved in 39mL dry THF. 4-(hydroxymethyl)phenyl 
(2,2,2-trichloroethyl) sulfate (3.34) (37mg, 1.3mmol, 1 equiv.) and DBTDL (15µL, 0.13mmol, 0.1 
equiv.) were added and the reaction was stirred at rt. Upon completion (72h), the reaction was 
quenched by the addition of water and the solvent removed in vacuo. The insoluble crude was 
washed with 4x water and 3x MeOH, to afford the title compound 3.38 in a yield of 70%.  

1H NMR (400 MHz, DMSO-d6) δ 10.32 (s, 1H), 7.69 (d, J=8.7Hz, 1H), 7.62 (d, J=8.5Hz, 2H) 
7.58-7.54 (m, 3H), 7.40 (dd, J=8.5, 2.1, 1H), 6.23 (s, 1H), 5.39 (s, 2H), 5.23 (s, 2H), 2.38 (s, 3H).  
13C NMR (101 MHz, DMSO-d6) δ 160.00, 153.81, 153.15, 153.02, 149.17, 142.57, 136.49, 130.14, 
126.05, 121.69, 114.45, 114.25, 111.97, 104.47, 92.91, 80.07, 65.28, 17.99.  
 

2-Fluoro-4-((((4-methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy)methyl)phenyl (2,2,2-
trichloroethyl) sulfate 3.39 

7-amino-4-methylcoumarin (199mg, 
1.13mmol, 1.04 equiv.) and triphosgene 
(172mg, 0.58mmol, 0.53 equiv.) were 
refluxed in 40mL dry toluene under inert 
atmosphere for 2h. The solvent was 
removed under a stream of nitrogen and the 

crude dissolved in 40mL dry THF.  2-fluoro-4-(hydroxymethyl)phenyl (2,2,2-trichloroethyl) sulfate 
3.35 (385mg, 1.09mmol, 1 equiv.) and DBTDL (69µL, 0.12mmol, 0.1 equiv.) were added and the 
reaction was stirred at rt. Upon completion (72h), the reaction was quenched by the addition of 
water and the solvent removed in vacuo. The insoluble crude was washed with 10x DCM and 8x 
ACN, affording the title compound 3.39 in a yield of 79%.  

1H NMR (400 MHz, DMSO-d6) δ 10.36 (s, 1H), 7.79-7.68 (m, 2H), 7.67-7.60 (m, 1H), 7.43 (m, 
2H), 6.25 (s, 1H), 5.43 (s, 2H) 5.24, (s, 2H), 2.39 (s, 3H). 
13C NMR (101 MHz, DMSO-d6) δ 160.21, 154.03, 153.23 (D, J=27.9Hz), 142.71, 139.16, 126.29, 
125.20, 124.25, 117.26 (d, J=18.8Hz), 114.61 (d, J=21.7Hz) 112.23, 104.73, 92.96, 80.60, 64.95, 
18.20.  
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4-((((4-Methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy)methyl)-2-nitrophenyl (2,2,2-
trichloroethyl) sulfate 3.40 

7-amino-4-methylcoumarin (82mg, 467µmol, 1 
equiv.) and triphosgene (66mg, 223µmol, 0.47 equiv.) 
was refluxed in 15mL dry toluene under inert 
atmosphere for 1.5h, whereupon the solvent was 
removed in vauo. The crude was dissolved in 15mL 
dry THF followed by the addition of 4-

(hydroxymethyl)-2-nitrophenyl (2,2,2-trichloroethyl) sulfate 3.31 (179mg, 0.47mmol, 1 equiv.) and 
DBTDL (5µL, 47µmol, 0.1 equiv.) and the reaction was stirred a rt for 120h. Upon completion, 
the solvent was removed and the insoluble crude washed with water, 6x MeOH and ACN, 
affording the title compound 3.40 in a yield of 57%.  

1H NMR (400 MHz, DMSO-d6) δ 10.39 (s, 1H), 8.35 (d, J=2.0Hz, 1H), 8.00 (dd, J=8.6, 2.1 Hz, 
1H), 7.92 (d, J=8.5Hz, 1H), 7.70 (d, J=8.7Hz, 1H), 7.55 (d, J=2.0Hz, 1H), 7.41 (dd, J=8.9, 2.2Hz, 
1H), 6.24 (s, 1H), 5.48 (s, 2H), 5.34 (s, 2H), 2.39 (s, 3H).  
13C NMR (101 MHz, DMSO-d6) δ 159.98, 153.80, 153.15, 152.80, 142.43, 141.54, 140.23, 138.45, 
134.92, 126.09, 125.75, 124.49, 114.55, 114.31, 112.04, 104.56, 92.65, 80.65, 64.28, 17.99.  
 

Ammonium 4-((((4-methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy)methyl)phenyl sulfate 
3.41 

Zinc (174mg, 2.66mmol, 6.66 equiv.), 4-((((4-
methyl-2-oxo-2H- chromen-7yl)carb 
amoyl)oxy)methyl)phenyl (2,2,2-tri chloroethyl) 
sulfate (3.38) (214mg, 0.40mmol, 1 equiv.) and 
NH4HCO2 (150mg, 2.36mmol, 5.95 equiv.) 
were suspended in dry MeOH under inert 

atmosphere. The suspension was stirred at rt and upon completion (40h), as determined by UPLC-
MS, the reaction was filtered over celite and washed 8x with MeOH. The filtrate was concentrated 
in vacuo and the crude purified by preparative HPLC, affording the title compound 3.41 in a yield 
of 13%.  

1H NMR (400 MHz, DMSO-d6) δ δ 10.26 (s,1H), 7.69 (d, J=8.7Hz, 1H), 7.55 (d, J=1.9Hz, 1H), 
7.41 (dd, J=8.7, 2.1Hz, 1H), 7.36 (d, J=8.4Hz, 2H), 7.21-7-16 (m, 2H) 6.23 (s, 1H), 5.12 (s,2H), 
2.38 (s, 3H). 
13C NMR (101 MHz, DMSO-d6) δ 160.04, 153.83, 153.64, 153.18, 142.77, 130.48, 129.64, 129.35, 
126.04, 120.38, 114.34, 114.23, 111.86, 104.38, 66.15, 18.00.  
HRMS (ESI) calculated for [C18H15NO8S] [M-H]- 404.0446, found 404.0440 
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Ammonium 2-fluoro-4-((((4-methyl-2-oxo-2H-chromen-7-yl)carbamoyl) oxy) methyl) 
phenyl sulfate 3.42 

Zinc (115mg, 1.76mmol, 4.6 equiv.), 2-fluoro-
4-((((4-methyl-2-oxo-2H-chromen -7-
yl)carbamoyl)o xy)methyl) phenyl (2,2,2-
trichloroethyl) sulfate (3.39) (207mg, 
0.37mmol, 1 equiv.) and NH4HCO2 (165mg, 
2.61mmol, 7 equiv.) were suspended in 6mL 

dry MeOH under inert atmosphere. The reaction was stirred at rt and on completion (96h), the 
crude was filtered and washed 10x with ACN. The crude was purified by preparative HPLC, 
affording the title compound (3.42) in a yield of 19%.  

1H NMR (400 MHz, DMSO-d6) δ 10.29 (s, 1H), 7.69 (d, J=8.7Hz, 1H), 5.55 (d, J=2.0Hz, 1H), 
7.51 (t, J=8.4Hz, 1H), 7.40 (dd, J= 8.4, 2.1Hz, 1H), 7.30 (dd, J=11.3, 2.0 Hz, 1H), 7.18 (dd, J=8.7, 
2.1 Hz, 1H), 6.23 (d, J=1.4Hz, 1H) 5.12 (s, 2H), 2.38 (s, 3H).  
13C NMR (101 MHz, DMSO-d6) δ 160.06, 153.83, 153.13 (d, J= 15.0Hz), 142.68, 132.08 (d, 
J=11.3Hz), 126.06, 124.17 (d, J=3.5Hz) 123.04, 116.13 (d, J=19.5Hz) 114.33 (d, =13.6Hz), 111.92, 
104.44, 65.49, 18.00.  
HRMS (ESI) calculated for [C18H14FNO8S] [M+H]+ 424.0497, found 424.0496 

 

Ammonium 2,6-difluoro-4-((((4-methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy) methyl) 
phenyl sulfate 3.44 

2,6-difluoro-4-((((4-methyl-2-oxo-2H ch-
romen-7-yl)carbamoyl) oxy)methyl)phenyl 
neo-pentyl sulfate 3.36 (10mg, 20µmol, 1 
equiv.) was dissolved in 6mL DMF and 2mL 
5M aq. NH4OAc under inert atmosphere. The 
reaction was heated to 70°C for 72h. The 

solvent was removed under a stream of nitrogen and the crude purified by preparative HPLC, 
affording compound 3.44 in a yield of 5%.  

UPLC MS (ESI) calculated for [C18H12F2NO8S] [M-H]- m/z 440.0, found m/z 440.2  
UPLC MS (ESI) calculated for [C18H13F2NO8S] [M+H]+ m/z 442.0, found m/z 442.0  
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Ammonium 4-((((4-methyl-2-oxo-2H-chromen-7-yl)carbamoyl)oxy)methyl)-2-nitro-
phenyl sulfate 3.43 

7-amino-4-methylcoumarin (66mg, 0.38mmol, 
1.2 equiv.) and triphosgene (46mg, 0.16mmolm, 
0.5 equiv.) were dissolved in 15mL dry toluene 
under inert atmosphere and the reaction was 
refluxed for 2h. The solvent was removed in 
vacuo and the crude dissolved in dry THF. 4-

(Hydroxymethyl)-2-nitrophenyl neopentyl sulfate 3.37 (100mg, 0.31mmol, 1 equiv.) and DBTDL 
(20mg, 31µmol, 0.1 equiv.) was added and the reaction stirred at rt for 72h. Upon completion, the 
solvent was removed under a stream of nitrogen and the crude dissolved in 2mL DMF and 2mL 
5M NH4OAc under inert atmosphere. The reaction was stirred at rt for 24h and the crude purified 
by preparative HPLC, affording the title compound 3.43 in a yield of 1% over 2 steps.  

HRMS (ESI) calculated for [C18H14N2O10S] [M-H]-  449.0296, found 449.0305. 
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Determination of concentration-fluorescence range of AMC 

AMC samples were prepared in a concentration range of 3.125nM-2.00µM in a series of 13. The 
samples were added to a black microtiter plate with 96 wells. The samples were added the relevant 
amount of sulfatase from Helix pomatia (0.3U/mL) in NaOAc buffer (0.1M, pH 5.0), to mimic 
conditions during sulfatase assay. Total volume was 200µL with 5%DMSO in sodium acetate 
buffer (0.1M, pH 5.0). All samples were prepared in triplicate and fluorescence was measured with 
λex 387nm and at λem 470nm on an Infinite M200 PRO Tecan instrument plate reader. Linear curve 
can be seen below in.   

 

Figure 3.17. Concentration-fluorescence intensity curve of AMC in the concentration range of 3.125nM-2.00µM. AMC was excited by 
irradiation with λex 387nm and fluorescence was recorded at λem 470nm. 

 
Determination of concentration-absorbance range of Pnp-sulfate 
 
The enzyme activity was validated using potassium Pnp-sulfate. Absorbance of Pnp and Pnp-
sulfate was measured and a concentration-absorbance curve was recorded at λabs 320nm in NaOAc 
buffer (0.1M, pH 5.0), with 5% DMSO at a concentration range of 0.98µM - 625µM. The results 
were recorded in triplicate in a transparent microtiter plate with 96 wells. Final volume was 200µL 
and samples were measured on an Infinite M200 PRO Tecan instrument plate reader. Results are 
reported in Figure 3.18.  
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Figure 3.18. Concentration-absorbance curve for Pnp at a concentration range of 0.98µM - 625µM (λabs 320nm). 

 
Enzyme activity validation 
Lyophilized Sulfatase (Helix pomatia, EC 3.1.6.1, purchased from Sigma Aldrich) was prepared as 
a 0.3 U/mL stock in NaOAc buffer (0.1M, pH 5.0). Pnp-sulfate was prepared in 11.89mM in 
DMSO. 13µL of the sulfatase stock was added to a well containing 182µL NaOAc buffer and 5µL 
Pnp-sulfate stock. For the control experiments, 13µL NaOAc buffer was added instead. Total 
volume was 200µL and the experiments were carried out in a transparent microtiter plate with 96 
wells. The absorbance was measured at λ 320nm over 3h at 37°C under shaking on an Infinite 
M200 PRO Tecan instrument plate reader. Measurements were recorded at 2min intervals. The 
results are reported in Figure 3.19.  
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Figure 3.19. Sulfatase validation assay recorded over 3h. 

 
Probe pH stability assay 

The probes (3.40-3.43) were dissolved in DMSO to make a stock of 36µM. The solution was 
added to black microtiter plate with 96 wells to which 190µL NaOAc buffer had previously been 
added at pH 4.5, 5.0 and 5.5. The stability was recorded by heating to 37°C and shaking between 
measurements over 3h. All assays were carried out in triplicate on an Infinite M200 PRO Tecan 
instrument plate reader.  

 

Sulfatase assay  

For the enzyme assay, the substrates (3.40-3.43) were prepared in a 36µM solutions in DMSO. 
Lyophilized sulfatase (Helix pomatia, EC 3.1.6.1, purchased from Sigma Aldrich) was prepared in a 
3U/mL NaOAc buffer (0.1M, pH 5.0). 10µL substrate stock, 180µL NaOAc buffer (0.1M, pH 
5.0) and 10µL enzyme stock was added to black microtiter plate with 96 wells. The results were 
recorded at 37°C in 1min intervals over 3h. All assays were carried out in triplicate on an Infinite 
M200 PRO Tecan instrument plate reader.  

  



146 
 

Part III 

4-(1-Hydroxy-3-(trimethylsilyl)prop-2-yn-1-yl)-2-nitrophenol 3.45 

TMS-acetylene (0.94mL, 6.58mmol, 2.20 equiv.) was dissolved in dry THF 
under inert atmosphere and the solution cooled to 0°C. 1.5M MeLi ·LiBr 
in Et2O (4.4mL, 6.58mmol, 2.20 equiv.) was added and the solution was 
stirred at rt for 4h. The reaction was again cooled to 0°C and 4-hydroxy-
3-nitrobenzaldehyde (500mg, 2.99mmol, 1 equiv.) was added portion-wise. 
Upon completion (1h), the reaction was quenched by the addition of sat. 

aq. NH4Cl and the reaction was extracted with EtOAc. The organic phase was washed with brine, 
dried over MgSO4 and the solvent removed in vacuo. The crude was purified by FCC, affording 
compound 3.44 in a yield of 47%. 

1H NMR (400 MHz, Chloroform-d) δ 10.63 (s, 1H), 8.40 – 8.26 (m, 1H), 7.79 (ddt, J = 8.7, 2.2, 
0.5 Hz, 1H), 7.20 (d, J = 8.7 Hz, 1H), 5.46 (d, J = 0.7 Hz, 1H), 0.24 (s, 9H). 
13C NMR (101 MHz, Chloroform-d) δ 154.97, 136.06, 133.17, 132.91, 123.19, 120.32, 103.71, 
92.97, 63.47, -0.28. 
 

2,6-Difluoro-4-(1-hydroxy-3-(trimethylsilyl)prop-2-yn-1-yl)phenol 3.47 

TMS-acetylene (4.10g, 41.73mmol, 2.2 equiv.) was dissolved in 100mL dry 
THF under inert atmosphere and the solution cooled to -78°C, followed by 
the slow addition of 2.2M n-BuLi in hexane (18mL, 39.84mmol, 2.1 equiv.). 
The reaction was allowed to reach -40°C for 1h, before being cooled to -78°C 
and a solution of 3,5-difluoro-4-hydroxybenzaldehyde (3.00g, 18.97mmol, 1 
equiv.) in 100mL dry THF was added dropwise. The reaction was stirred at -

78°C for 4h before being quenched by the addition of sat. aq. NH4Cl. The reaction was extracted 
with Et2O, the organic phase dried over Na2SO4 and the solvent removed in vacuo. The crude was 
purified by dry column chromatography, to afford the title compound 3.47 in a quantitative yield. 

1H NMR (400 MHz, DMSO) δ 10.21 (s, 1H), 7.13 – 7.00 (m, 2H), 6.14 (d, J = 6.2 Hz, 1H), 5.30 
(d, J = 6.2 Hz, 1H), 0.16 (s, 9H). 
13C NMR (101 MHz, DMSO) δ 152.38 (dd, J = 242.0, 7.0 Hz), 151.17 (d, J = 7.1 Hz), 133.40, 
133.24, 110.29 (d, J = 7.3 Hz), 110.14 (d, J = 7.3 Hz), 107.48, 89.52, 62.20, 0.27. 
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4-(1-Hydroxyprop-2-yn-1-yl)-2-nitrophenol 3.48 

Compound 2.48 was collected during purification of compound 3.45 in a yield of 
30%.  

1H NMR (400 MHz, Chloroform-d) δ 10.64 (s, 1H), 8.33 (dd, J = 2.3, 0.7 Hz, 1H), 
7.81 (dd, J = 8.7, 2.3 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 5.49 (dt, J = 2.2, 0.7 Hz, 
1H). 

13C NMR (101 MHz, Chloroform-d) δ 155.08, 135.95, 132.50, 123.11, 120.45, 82.38, 75.87, 62.94. 
 

2-Fluoro-4-(1-hydroxyprop-2-yn-1-yl)phenol 3.49 

TMS-acetylene (1.54g, 15.70mmol, 2.2 equiv.) was dissolved in 14mL dry THF under 
inert atmosphere and the solution cooled to 0°C. 1.5M MeLi · LiBr  in Et2O (10.5mL, 
15.70mmol, 2.2 equiv.) was added dropwise and the reaction stirred at rt for 4h 
before being cooled to 0°C. 3-Fluoro-4-hydroxybenzaldehyde (1.00g, 7.14mmol, 1 
equiv.) was added in portions. The reaction was stirred for 1h, before being quenched 
by the addition of sat. aq. NH4Cl and the reaction was extracted with EtOAc. The 

organic phase was washed with brine, dried over MgSO4 and the solvent removed in vacuo. The 
crude was dissolved in dry 14mL THF and 1M TBAF in THF (8.57mL, 8.57mmol, 1.2 equiv.) was 
added dropwise. Upon completion, the solvent was removed in vacuo and the crude purified by 
FCC, affording the title compound 3.49 in a yield of 41%.  

1H NMR (400 MHz, DMSO-d6) δ 9.83 (s, 1H), 7.22 – 7.14 (m, 1H), 7.07 (dd, J = 8.3, 2.1 Hz, 1H), 
6.98 – 6.86 (m, 1H), 5.96 (d, J = 6.0 Hz, 1H), 5.24 (dd, J = 6.0, 2.2 Hz, 1H), 3.48 (d, J = 2.2 Hz, 
1H). 
13C NMR (101 MHz, DMSO-d6) δ 150.59 (d, J = 240.6 Hz), 144.24 (d, J = 12.1 Hz), 133.46 (d, J 
= 5.3 Hz), 122.59, 117.33 (d, J = 3.1 Hz), 114.14 (d, J = 19.0 Hz), 85.39, 75.72, 61.53. 
 

2,6-Difluoro-4-(1-hydroxyprop-2-yn-1-yl)phenol 3.50 

2,6-difluoro-4-(1-hydroxy-3-(trimethylsilyl)prop-2-yn-1-yl) 3.47 phenol (4.86g, 
18.97mmol, 1 equiv.) was dissolved in 7mL THF and a solution of TBAF hydrate 
(5.83g, 20.87mmol, 1.1 equiv.) in 21mL THF added. Upon completion (1h), the 
reaction was quenched by the addition of water and the reaction extracted with 3x 
EtOAc. The combined organic phase was dried over Na2SO4 and the solvent  
removed in vacuo, affording the title compound 3.50 in a quantitative yield.  

1H NMR (400 MHz, DMSO) δ 7.03 (ddd, J = 7.9, 1.8, 0.6 Hz, 2H), 5.26 – 5.25 (m, 1H), 3.51 (d, J 
= 2.2 Hz, 1H). (crude) 
13C NMR (101 MHz, DMSO) δ 152.70 (dd, J = 241.5, 7.5 Hz), 134.42 (d, J = 16.3 Hz), 132.23, 
110.17 (t, J = 6.1 Hz), 109.99 (d, J = 7.4 Hz), 85.37, 76.42, 61.73 (d, J = 2.1 Hz). 
 
 
Tert-butyl (2-(2-azidoethoxy)ethyl)carbamate 3.51 
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 Tert-butyl (2-(2-hydroxyethoxy)ethyl)carbamate (7.00g, 34.1mmol, 1 
equiv.) and TEA (4.75mL, 34.10mmol, 1 equiv.) were dissolved in 

21mL  dry toluene. The reaction was cooled to 0°C and MsCl (3.91g, 34.1mmol 1 equiv.) was 
added in portions. The reaction was allowed to reach rt and after 10 min, TBAI (12.60g, 
34.10mmol, 1 equiv.) was added, followed by the addition of NaN3 (2.22g, 34.10mmol, 1 equiv.) 
in 11mL water. The reaction was heated to 70°C and stirred for 4h. The reaction was extracted 
with EtOAc, the organic phase dried over Na2SO4 and the solvent removed in vacuo. The crude 
was purified by dry column chromatography, to afford the title compound 3.51 in a quantitative 
yield.  

1H NMR (400 MHz, CDCl3) δ 4.91 (s, 1H), 3.64 (m, 2H), 3.54 (t, J = 5.2 Hz, 2H), 3.37 (m, 2H), 
3.32 (q, J = 5.2 Hz, 2H), 1.44 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 155.97, 79.34, 70.34, 69.92, 50.67, 40.36, 28.39. 
 

Tert-butyl (2-(2-(4-(hydroxy(4-hydroxy-3-nitrophenyl)methyl)-1H-1,2,3-triazol-1-
yl)ethoxy)ethyl)carbamate 3.52 

4-(1-Hydroxyprop-2-yn-1-yl)-2-nitrophenol 3.48 (350mg, 
1.81mmol, 1 equiv.), tert-butyl (2-(2-
azidoethoxy)ethyl)carbamate (459mg, 1.99mmol, 1.1 equiv.) and 
CuSO4· 5H2O (144mg, 0.91mmol, 0.5equiv.) were dissolved in 
6mL H2O:t-BuOH 1:1 and the solution degassed with N2 for 
10min, after which sodium ascorbate (160mg, 0.91mmol, 0.5 
equiv.) was added. The reaction was stirred at rt under inert 
atmosphere overnight and the solvent removed in vacuo. The 
crude was purified by FCC, affording the title compound 3.52 in 

a yield of 58%.   

1H NMR (400 MHz, Methanol-d4) δ 8.19 (dd, J = 2.2, 0.7 Hz, 1H), 7.93 (d, J = 0.6 Hz, 1H), 7.69 
(ddd, J = 8.7, 2.3, 0.5 Hz, 1H), 7.16 (d, J = 8.7 Hz, 1H), 5.95 (d, J = 0.6 Hz, 1H), 4.58 (dd, J = 5.6, 
4.6 Hz, 2H), 3.85 (dd, J = 5.5, 4.7 Hz, 2H), 3.47 (t, J = 5.7 Hz, 2H), 3.18 (t, J = 5.7 Hz, 2H), 1.44 
(s, 9H). 
13C NMR (101 MHz, Methanol-d4) δ 153.52, 150.50, 135.35, 135.02, 134.03, 122.97, 122.43, 119.61, 
78.74, 69.64, 68.74, 67.17, 50.10, 39.71, 27.33. 
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Tert-butyl (2-(2-(4-((3-fluoro-4-hydroxyphenyl)(hydroxy)methyl)-1H-1,2,3-triazol-1-yl) 
ethoxy)ethyl)carbamate 3.53 

2-Fluoro-4-(1-hydroxyprop-2-yn-1-yl)phenol 3.49 (483mg, 
2.91mmol, 1 equiv.), tert-butyl (2-(2-azidoethoxy) ethyl) 
carbamate (736mg, 3.20mmol, 1.1 equiv.) and CuSO4·5H2O 
(232mg, 1.45mmol, 0.5 equiv.) were dissolved in 8mL H2O:t-
BuOH 1:1 and the solution was degassed with N2 for 10min, 
after which sodium ascorbate (256mg, 1.45mmol, 0.5 equiv.) was 
added. The reaction was stirred at rt under inert atmosphere 
overnight and the solvent removed in vacuo. The crude was 
purified by FCC, affording the title compound 3.53 in a yield of 

78%. 

1H NMR (400 MHz, DMSO-d6) δ 9.71 (d, J = 1.0 Hz, 1H), 7.85 (s, 1H), 7.13 (dd, J = 12.4, 2.0 Hz, 
1H), 7.00 – 6.94 (m, 1H), 6.88 (t, J = 8.6 Hz, 1H), 6.77 (t, J = 5.7 Hz, 1H), 5.90 (d, J = 4.6 Hz, 
1H), 5.71 (d, J = 4.5 Hz, 1H), 4.53 – 4.37 (m, 2H), 3.76 (t, J = 5.3 Hz, 2H), 3.37 (t, J = 6.1 Hz, 
2H), 3.03 (q, J = 6.0 Hz, 2H), 1.38 (s, 9H). 
13C NMR (101 MHz, DMSO-d6) δ 156.05, 151.13 (d, J = 240.0 Hz, 144.10, 136.21, 122.96, 122.80, 
117.67, 114.50 (d, J = 18.7 Hz), 78.12, 69.43, 68.87, 67.60, 55.37, 49.70, 28.68. 
 

Tert-butyl (2-(2-(4-((3,5-difluoro-4-hydroxyphenyl)(hydroxy)methyl)-1H-1,2,3-triazol-1-
yl)ethoxy)ethyl)carbamate 3.54 

2,6-Difluoro-4-(1-hydroxyprop-2-yn-1-yl)phenol 3.50 
(3.49g, 18.95mmol, 1 equiv.) and tert-butyl (2-(2-
azidoethoxy)ethyl)carbamate (50.02g, 21.97mmol, 1.15 eq.) 
were dissolved in 45mL water, 90mL THF and 90mL tBuOH 
and the reaction degassed with N2 for 70min. A solution of 
CuSO4∙5H2O (237mg, 0.95mmol. 0.05 equiv.) and sodium 
ascorbate (751mg, 3.79mmol, 0.2 equiv.) in 45mL water was 

degassed with N2 for 70min. The solutions were mixed and upon completion (2h), EtOAc was 
added. The organic phase was washed with sat. aq. NaHCO3 and water, before being dried over 
MgSO4 and the solvent removed in vacuo. The crude was purified by dry column chromatography, 
affording the title compound 3.54 in a yield of 77%. 

1H NMR (400 MHz, MeOD) δ 7.87 (s, 1H), 7.06 – 6.94 (m, 2H), 5.84 (s, 1H), 4.56 (t, J = 5.1 Hz, 
2H), 3.85 (t, J = 5.1 Hz, 2H), 3.47 (t, J = 5.6 Hz, 2H), 3.23 – 3.15 (m, 2H), 1.45 (s, 9H). 
13C NMR (101 MHz, MeOD) δ 157.08, 152.36 (dd, J = 242.3, 6.8 Hz), 150.77, 134.03 (t, J = 7.1 
Hz), 133.13, 122.78, 109.39 (d, J = 7.4 Hz), 109.31 – 109.12 (m), 78.76, 69.65, 68.77, 67.48, 50.02, 
39.72, 27.34. 
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4-((1-(2-(2-((Tert-butoxycarbonyl)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yl)(hydroxy)methyl)-2-nitrophenyl neopentyl sulfate 3.55 

 Tert-butyl (2-(2-(4-(hydroxy(4-hydroxy-3-nitrophenyl) 
methyl)-1H-1,2,3-triazol-1-yl)ethoxy)ethyl) carbamate 3.52 
(140mg, 330µmol, 1 equiv.), DMAP (40mg, 330µmol, 1 
equiv.) and TEA (96µL, 661µmol, 2 equiv.) were dissolved 
in 10mL dry THF under inert atmosphere. To the reaction 
neopentyl sulfurochloridate (123mg, 661µmol, 2 equiv.) 
was added dropwise and the reaction was stirred at rt for 
2h. The reaction was then quenched by the addition of sat. 
aq. NaHCO3. The reaction was extracted with EtOAc and 
the organic phase washed with brine. The organic phase 
was dried over MgSO4 and the solvent removed in vacuo. 
The crude was purified by FCC, affording the title 

compound 3.55 in a yield of 62%. 

1H NMR (400 MHz, Methanol-d4) δ 8.20 (dd, J = 2.2, 0.7 Hz, 1H), 7.98 – 7.93 (m, 1H), 7.87 (ddd, 
J = 8.6, 2.2, 0.7 Hz, 1H), 7.65 (d, J = 8.5 Hz, 1H), 6.07 (d, J = 0.7 Hz, 1H), 5.51 (s, 2H), 4.57 (dd, 
J = 5.7, 4.5 Hz, 2H), 4.24 (s, 2H), 3.94 – 3.71 (m, 2H), 3.47 (t, J = 5.6 Hz, 2H), 3.18 (t, J = 5.7 Hz, 
2H), 1.44 (s, 9H), 1.03 (s, 9H). 
13C NMR (101 MHz, Methanol-d4) δ 157.05, 149.95, 144.33, 142.26, 140.71, 132.26, 123.73, 123.56, 
123.09, 84.43, 78.75, 69.64, 68.72, 66.89, 53.40, 50.08, 39.72, 31.38, 27.36, 24.71. 
 

4-((1-(2-(2-((Tert-butoxycarbonyl)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yl)(hydroxy)methyl)-2-fluorophenyl neopentyl sulfate 3.56 

 Tert-butyl (2-(2-(4-((3,5-difluoro-4-hydroxyphenyl) 
(hydroxy) methyl)-1H-1,2,3-triazol-1-yl)ethoxy)ethyl) 
carbamate 3.53 (200mg, 0.50mmol, 1 equiv.), DMAP 
(62mg, 0.50mmol, 1 equiv.) and DBU (153µL, 1.01mmol, 2 
equiv.) were dissolved in 10mL dry THF under inert 
atmosphere and to the solution neopentyl sulfurochloridate 
(188mg, 1.01mmol, 2 equiv.) was added dropwise. The 
reaction was stirred overnight at rt. The reaction was then 
quenched by the addition of sat. aq. NaHCO3. The reaction 
was extracted with EtOAc and the organic phase washed 
with brine, dried over MgSO4 and the solvent removed in 
vacuo. The crude was purified by FCC, affording the title 

compound 3.56 in a yield of 50%.  

1H NMR (400 MHz, Methanol-d4) δ 7.91 (s, 1H), 7.52 – 7.41 (m, 2H), 7.34 (ddt, J = 8.5, 1.9, 0.8 
Hz, 1H), 5.98 (s, 1H), 4.56 (dd, J = 5.7, 4.5 Hz, 2H), 4.21 (s, 2H), 3.84 (t, J = 5.1 Hz, 2H), 3.46 (t, 
J = 5.6 Hz, 2H), 3.18 (t, J = 5.6 Hz, 2H), 1.45 (s, 9H), 1.02 (s, 9H). 
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13C NMR (101 MHz, Methanol-d4) δ 157.04, 153.76 (d, J = 250.8 Hz), 150.39, 144.93 (d, J = 6.0 
Hz), 136.44 (d, J = 12.8 Hz), 123.42, 122.92, 122.64 (d, J = 3.5 Hz), 114.91 (d, J = 19.6 Hz), 83.71, 
78.75, 69.63, 68.74, 67.36, 50.05, 39.72, 31.36, 27.38, 24.77. 
 

4-((1-(2-(2-((Tert-butoxycarbonyl)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yl)(hydroxy)methyl)-2,6-difluorophenyl neopentyl sulfate 3.57 

Tert-butyl (2-(2-(4-((3,5-difluoro-4-hydroxyphenyl) 
(hydroxy)methyl) -1H-1,2,3-triazol-1-yl)ethoxy)ethyl 
)carbamate 3.54 (0.99g, 2.39mmol, 1 equiv.) and 
DMAP (292mg, 2.39mmol, 1 equiv.) were dissolved  in 
24mL dry THF under inert atmosphere, followed by 
the dropwise addition of neopentyl sulfurochloridate 
(892mg, 4.78mmol, 2 equiv.) and DBU (364µL, 
2.39mmol, 1 equiv.). The reaction was stirred for 75min 
at rt and quenched by the addition of sat. aq. NaHCO3. 
The reaction was extracted with EtOAc and the organic 

phase washed with sat. aq. NaHCO3, dried over MgSO4 and the solvent removed in vacuo. The 
crude was purified dry column chromatography, affording the title compound 3.57 in a yield of 
54%.  

1H NMR (400 MHz, DMSO) δ 7.97 (s, 1H), 7.43 – 7.34 (m, 2H), 6.77 (d, J = 6.0 Hz, 1H), 5.89 (s, 
1H), 4.48 (d, J = 5.3 Hz, 2H), 4.30 (s, 2H), 3.77 (t, J = 5.3 Hz, 2H), 3.38 (d, J = 6.0 Hz, 2H), 3.03 
(d, J = 6.0 Hz, 2H), 1.37 (s, 9H), 0.98 (s, 9H). 
13C NMR (101 MHz, DMSO) δ 156.06, 153.40 (dd, J = 252.6, 3.3 Hz), 150.13, 146.99, 124.80, 
123.32, 111.31, 111.12, 85.05, 78.11, 69.45, 68.81, 66.99, 49.83, 32.08, 28.67, 25.81. 
 

Compound 3.58 

4-((1-(2-(2-((Tert-butoxycarbonyl) 
amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yl)(hydroxy)methyl)-2,6-difluorophenyl 

neopentyl sulfate 3.55 (110mg, 192µmol, 
1 equiv.) was dissolved in 4M HCl in 
dioxane and stirred at rt for 45min, 
before the removal of the solvent in 
vacuo. In a separate flask 
dibenzo[a,e]cycloocten-5-ol (DIBO) 
(42mg, 190µmol, 1 equiv.) and 
chlorosulfonyl isocyanide (27mg, 

190µmol, 1 equiv.) were dissolved in 0.6mL dry DCM under inert atmosphere and the solution 
stirred at rt for 20min, whereupon the solvent was removed under a stream of N2. The crude was 
dissolved in 1.2mL dry THF, followed by the addition of the Boc deprotected crude and TEA 
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(55µL, 381µmol, 2 equiv.). The reaction was stirred at rt for 1h and upon completion, the solvent 
was removed in vacuo. The crude was purified by FCC, affording the title compound 3.58 in a yield 
of 48%.   

1H NMR (400 MHz, Methanol-d4) δ 8.17 (ddd, J = 3.0, 2.2, 0.7 Hz, 1H), 7.86 (bs, 1H), 7.79 (ddd, 
J = 8.6, 2.2, 0.7 Hz, 1H), 7.62 – 7.54 (m, 2H), 7.48 – 7.21 (m, 7H), 5.99 (s, 1H), 5.54 – 5.50 (m, 
1H), 5.49 (s, 1H), 4.42 (dd, J = 6.8, 3.3 Hz, 2H), 4.21 (s, 2H), 3.75 – 3.69 (m, 2H), 3.66 (s, 1H), 
3.55 – 3.47 (m, 3H), 3.32 (p, J = 1.7 Hz, 2H), 3.28 (ddd, J = 15.3, 2.4, 1.2 Hz, 1H), 3.21 (ddd, J = 
6.9, 5.2, 2.0 Hz, 2H), 2.92 – 2.83 (m, 1H), 1.00 (s, 9H). 
13C NMR (101 MHz, Methanol-d4) δ 151.46, 150.84, 150.55, 149.69, 144.11, 142.18, 140.69, 135.92, 
132.37, 129.72, 128.08, 127.31, 127.09, 125.96, 123.74, 123.59, 123.49, 123.43, 123.31, 120.98, 
112.63, 109.38, 84.42, 77.96, 68.89, 68.69, 66.72, 49.90, 45.33, 42.80, 31.38, 24.73. 
 
Compound 3.59 

4-((1-(2-(2-((Tert-butoxycarbonyl 
)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-

yl)(hydroxy)methyl)-2,6-difluorophenyl 
neopentyl sulfate 3.56 (130mg, 238µmol, 
1 equiv.) was dissolved in 4M HCl in 
dioxane and was stirred at rt for 45min, 
before the removal of the solvent in 
vacuo. In a separate flask, 
dibenzo[a,e]cycloocten-5-ol (DIBO) 
(62mg, 236µmol, 1 equiv.) and 
chlorosulfonyl isocyanide (33mg, 

236µmol, 1 equiv.) were dissolved in 1.0mL dry DCM under inert atmosphere and the solution  
stirred at rt for 20min, whereupon the solvent was removed under a stream of N2. The crude was 
dissolved in 1.6mL dry THF, followed by the addition of the Boc deprotected crude and TEA 
(68µL, 472µmol, 2 equiv.). The reaction was stirred at rt for 1h and upon completion, the solvent 
was removed in vacuo. The crude was purified by FCC, affording the title compound 2.59 in a yield 
of 31% 

1H NMR (400 MHz, Methanol-d4) δ 7.83 – 7.77 (m, 1H), 7.58 (dq, J = 7.7, 1.0 Hz, 1H), 7.44 – 7.25 
(m, 10H), 5.90 (s, 1H), 5.53 – 5.50 (m, 1H), 5.48 (s, 1H), 4.44 – 4.35 (m, 2H), 4.17 (s, 2H), 3.71 (t, 
J = 5.1 Hz, 2H), 3.50 (t, J = 5.4 Hz, 2H), 3.34 – 3.28 (m, 1H), 3.26 (dd, J = 2.3, 1.1 Hz, 1H), 3.20 
(td, J = 5.3, 1.6 Hz, 2H), 2.86 (dd, J = 15.2, 3.9 Hz, 1H), 0.98 (s, 9H). 
13C NMR (101 MHz, Methanol-d4) δ 153.73 (d, J = 250.7 Hz), 152.49, 151.61, 150.90, 150.57, 
150.22, 144.78 (d, J = 6.0 Hz), 136.40 (d, J = 12.8 Hz), 129.71, 128.07, 127.30, 127.08, 125.94, 
125.64, 123.51, 123.41, 123.03, 122.66 (d, J= 3.9), 120.99, 115.02, 114.92 (d, J = 19.8 Hz), 112.62, 
109.40, 83.71, 77.93, 68.95, 68.73, 67.26, 53.42, 45.34, 42.78, 31.35, 24.76. 
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Compound 3.60 

4-((1-(2-(2-((Tert-butoxycarbonyl) amino 
)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl) 

(hydroxyl) methyl) -2,6-difluorophenyl 
neopentyl sulfate 3.57 (500mg, 886µmol, 1 
equiv.) was dissolved in cooled 4M HCl in 
dioxane and the reaction was stirred at rt for 
30min, before removing the solvent in vacuo. In 
a separate flask, dibenzo[a,e]cycloocten-5-ol 
DIBO (205mg, 930µmol, 1.05 equiv.) and 
chlorosulfonyl isocyanide (132mg, 930µmol, 1 

equiv.) were dissolved in 2.7mL dry DCM under inert atmosphere and the reaction stirred for 
20min. at rt, before the dropwise addition of TEA (370µL, 2.66mmol, 3 equiv.). The reaction was 
stirred for 5min. before the addition of the Boc-deprotected linker in 1.7mL dry THF. Upon 
completion (1h), the solvent was removed in vacuo and the crude purified by FCC, affording the 
title compound 3.60 in a quantitative yield.  

1H NMR (400 MHz, MeOD) δ 7.86 (d, J = 2.2 Hz, 1H), 7.60 (dq, J = 7.7, 1.0 Hz, 1H), 7.47 – 7.27 
(m, 6H), 7.29 – 7.21 (m, 2H), 5.90 (s, 1H), 5.53 (t, J = 3.9, 2.1 Hz, 1H), 4.46 – 4.42 (m, 2H), 4.25 
(s, 2H), 3.74 (t, J = 5.1 Hz, 2H), 3.54 (t, J = 5.3 Hz, 2H), 3.32 – 3.27 (m, 1H), 3.23 (td, J = 5.3, 1.7 
Hz, 2H), 2.89 (dd, J = 15.2, 3.9 Hz, 1H), 1.03 (s, 9H). 
13C NMR (101 MHz, MeOD) δ 155.08 (dd, J = 252.9, 3.3 Hz), 151.46, 150.87, 150.56, 149.67, 
129.71, 128.04, 127.30, 127.08, 125.94, 125.63, 123.50, 123.46, 123.19 (d, J = 1.9 Hz), 121.00, 
112.61, 110.36, 110.14 (d, J = 3.0 Hz), 109.37, 84.12, 77.95, 68.94, 68.70, 66.92, 49.87, 45.35, 42.76, 
31.34, 24.73. 
 

Compound 3.61 

Compound 3.58 (60mg, 
75µmol, 1 equiv.) was 
dissolved in 1mL dry DMF 
under inert atmosphere and  
TEA (42µL, 300µmol, 4 
equiv.) and bis(4-
nitrophenyl) carbonate 
(69mg, 225µmol, 3 equiv.)  
were added. The reaction was 
stirred overnight at rt and 
upon completion, was 

acidified by the addition of 1% aq. HCl. The reaction was extracted with EtOAc and the organic 
phase then washed with sat. aq. NaHCO3 and brine, dried over MgSO4 and the solvent removed 
in vacuo. The crude was purified by FCC, affording the title compound 3.61 in a yield of 38%.  
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1H NMR (400 MHz, Methanol-d4) δ 8.26 (dt, J = 9.0, 1.8 Hz, 3H), 8.00 (s, 1H), 7.92 – 7.86 (m, 
1H), 7.68 (s, 0H), 7.60 – 7.51 (m, 1H), 7.50 – 7.20 (m, 6H), 6.98 (d, J = 7.9 Hz, 1H), 5.58 – 5.48 
(m, 1H), 4.46 (dq, J = 9.4, 4.6 Hz, 2H), 4.25 (d, J = 1.7 Hz, 2H), 3.81 – 3.63 (m, 2H), 3.54 (dq, J = 
6.8, 5.2, 4.6 Hz, 2H), 3.28 (ddd, J = 15.3, 4.7, 2.2 Hz, 1H), 3.23 (td, J = 5.2, 1.7 Hz, 2H), 2.93 – 
2.76 (m, 1H), 1.02 (dd, J = 3.9, 1.3 Hz, 9H). 
13C NMR (101 MHz, Methanol-d4) δ 156.76, 153.21, 152.86, 152.33, 151.96, 146.99, 145.43, 143.03, 
139.36, 134.65, 131.04, 129.43, 128.66, 128.47, 127.35, 127.06, 126.67, 126.24, 126.07, 125.54, 
124.89, 123.28, 122.37, 116.50, 110.81, 86.02, 79.28, 79.22, 74.10, 70.12, 69.93, 51.45, 46.73, 44.31, 
32.80, 26.11. 
 

Compound 3.62 

Compound 3.50 (50mg, 
65µmol, 1 equiv.) was 
dissolved in 1mL dry DMF 
under inert atmosphere and 
TEA (37µL, 259µmol, 2 
equiv.) and bis(4-
nitrophenyl) carbonate 
(59mg, 194µmol, 2.5 equiv.) 
were added. The reaction 
was stirred overnight at rt 
and upon completion, was 
acidified by the addition of 

1% aq. HCl. The reaction was extracted with EtOAc and the organic phase then washed with sat. 
aq. NaHCO3 and brine, dried over MgSO4 and the solvent removed in vacuo. The crude was purified 
by FCC, affording the title compound 3.62 in a yield of 75%.  

1H NMR (400 MHz, Methanol-d4) δ 8.26 – 8.19 (m, 2H), 7.96 (d, J = 2.7 Hz, 1H), 7.62 – 7.20 (m, 
9H), 5.55 – 5.51 (m, 1H), 5.49 (s, 0H), 4.50 – 4.42 (m, 2H), 4.20 (d, J = 1.3 Hz, 2H), 3.79 – 3.70 
(m, 2H), 3.57 – 3.49 (m, 2H), 3.32 (p, J = 1.7 Hz, 2H), 3.26 – 3.20 (m, 2H), 1.01 – 0.98 (m, 9H). 
13C NMR (101 MHz, Methanol-d4) δ 156.77, 153.88, 152.91, 152.22, 151.91, 146.90, 145.95, 140.04, 
138.84, 131.04, 129.41, 128.66, 128.45, 127.33, 127.03, 125.29, 125.03, 124.83, 123.23, 122.34, 
117.51, 117.31, 114.02, 110.78, 85.31, 79.27, 74.67, 70.20, 69.96, 51.37, 46.70, 44.26, 32.74, 26.13. 
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Compound 3.63 

Compound 3.60 (405mg, 
513µmol, 1 equiv.) was 
dissolved in 17mL dry DMF 
under inert atmosphere and 
TEA (143µL, 1.03mmol, 2 
equiv.) and bis(4-
nitrophenyl) carbonate 
(468mg, 1.54mmol, 3 equiv.) 
were added. The reaction was 
stirred overnight at rt and 
upon completion, was 

acidified by the addition of 1% aq. HCl. The reaction was extracted with EtOAc and the organic 
phase then washed with sat. aq. NaHCO3 and brine, dried over MgSO4 and the solvent removed 
in vacuo. The crude was purified by FCC, affording the title compound 3.63 in a yield of 58%.  

1H NMR (400 MHz, MeOD) δ 8.31 – 8.22 (m, 2H), 8.00 (d, J = 4.3 Hz, 1H), 7.57 (t, J = 7.9 Hz, 
1H), 7.51 – 7.24 (m, 11H), 6.90 (d, J = 6.3 Hz, 1H), 5.54 (dtd, J = 4.7, 3.0, 1.7 Hz, 1H), 4.47 (dt, J 
= 7.9, 4.8 Hz, 2H), 4.28 (d, J = 1.7 Hz, 2H), 3.81 – 3.70 (m, 2H), 3.60 – 3.51 (m, 2H), 3.34 – 3.27 
(m, 1H), 3.29 – 3.19 (m, 2H), 2.92 – 2.82 (m, 1H), 2.05 (s, 2H), 1.04 (d, J = 1.0 Hz, 9H). 
13C NMR (101 MHz, MeOD) δ 155.38 (d, J = 1.5 Hz), 155.27 (dd, J = 253.7, 3.3 Hz), 151.59, 
151.46, 150.89, 150.56, 145.61, 144.03, 129.66, 128.03, 127.28, 127.07, 125.95, 125.63 (d, J = 3.5 
Hz), 125.12, 124.84, 123.47 (d, J = 2.7 Hz), 121.89, 121.00, 120.98, 112.63 (d, J = 1.6 Hz), 111.54, 
111.33, 109.40, 84.34, 77.91, 77.88, 72.78, 68.80, 68.77, 68.56, 50.03, 45.34, 45.28, 42.89, 31.37, 
24.72. 
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Compound 3.64 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 3.61 (10mg, 10µmol, 1 equiv.), MMAE (7mg, 10µmol, 1 equiv.) and pyridine (29µL, 
363µmol, 35 equiv.) were dissolved in 300µL dry DMF under inert atmosphere. To the reaction, 
were added DIPEA (2µL, 10µmol, 1 equiv.) and HOBt hydrate (2mg, 13µmol, 1.25 equiv.) and 
the reaction was stirred for 72h at rt. The reaction was purified by preparative HPLC, affording 
the title compound 3.64 in a yield of 1%.  

HRMS (ESI) calculated for [C75H103N11O20S2] [M+H]+ 1542.6895, found 1541.6891 
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Compound 3.65 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 3.62 (10mg, 11µmol, 1 equiv.), MMAE (8mg, 11µmol, 1 equiv.) and pyridine (30µL, 
374µmol, 35 equiv.) were dissolved in 300µL dry DMF under inert atmosphere. To the reaction, 
were added DIPEA (2µL, 11µmol, 1 equiv.) and HOBt hydrate (2mg, 13µmol, 1.05 equiv.) and 
the reaction was stirred for 44h at rt. The reaction was purified by preparative HPLC, affording 
the title compound 3.65 in a yield of 1%.  

HRMS (ESI) calculated for [C75H103FN10O18S2] [M+Na]+ 1537.6769, found 1537.6832 
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Compound 3.66 

 

 

 

 

 

 

 

 

 

 

 

 

Compound 3.63 (50mg, 52µmol, 1 equiv.), MMAE (56mg, 79µmol, 1.5 equiv.) and pyridine 
(148µL, 1.83mmol, 35 equiv.) were dissolved in 520µL dry DMF under inert atmosphere. To the 
reaction, were added DIPEA (9µL, 52µmol, 1 equiv.) and HOBt hydrate (8mg, 55µmol, 1.05 
equiv.) and the reaction was stirred for 47h at rt. Upon completion, the reaction was purified by 
preparative HPLC, affording the title compound 3.66 in a yield of 11%.  

HRMS (ESI) calculated for [C75H102F2N10O18S2] [M+H]+ 1533.6856, found 1533.6885. 
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Compound 3.67 

 

Compound 3.67 was isolated during the purification of compound 3.64 in a 0.6mg yield.  

HRMS (ESI) calculated for [C70H93N11O20S2] [M-H]- 1470.5967, found 1470.5975. 

 

Compound 3.68 

 

Compound 3.68 was isolated during the purification of compound 3.65 in a 0.4mg yield. 

HRMS (ESI) calculated for [C70H93FN10O18S2] [M-H]- 1443.6022, found 1443.6028. 
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Compound 3.69 

 

 

 

 

 

 

 

 

 

 

Compound 3.66 (4.5mg, 2.93µmol, 1 equiv.) was dissolved in 108µL DMF and 108µL 2M 
NH4OAc  and the reaction stirred overnight at rt. Analysis by UPLC-MS the following day, showed 
little reaction and the reaction was heated to 50°C overnight, after which full conversion was 
observed. The solvent was removed under a stream of air, affording the title compound 3.69 in a 
quantitative yield.  

HRMS (ESI) calculated for [C70H92F2N10O18S2] [M-H]- 1461.5928, found 1461.6007. 
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Conclusion and outlook 
 

This thesis presents novel bioconjugation and linker strategies towards the development of ADCs.  

Chapter 2 presents two bioconjugation strategies for the preparation of highly homogeneous 
conjugates. Part I describes the initial studies towards a novel serine site-selective conjugation 
strategy, using an NHC organocatalyst. By optimizing the sequence to tune the microenvironment 
of the serine, it was possible to achieve high conversion and selective conjugation, demonstrating 
the potential of this strategy. Part II covers the work conducted during my external stay at 
Cambridge University in the group of prof. David Spring, where they developed a novel approach 
towards homogeneous cysteine rebridging antibody conjugates. Synthesis of the central scaffold 
and two cysteine rebridging head groups was performed and the bis-sulfone head group was 
attached to the tetra anchor, affording a novel conjugation handle.  

Chapter 3 describes the design, synthesis and in vitro testing of novel sulfatase cleavable linkers and 
the investigation of sulfatase substrate preference. In part I, the synthesis of a novel sulfatase 
cleavable linker for the release of alcohol functionalized cargo is described. Two sulfatase cleavable 
payloads were synthesized, functionalized with MMAE/auristatin E and a maleimide conjugation 
handle. The linker containing an undecorated aryl sulfate trigger was conjugated to an antibody. 
The resulting ADC was tested in vitro against breast cancer cells and an antigen dependent dose-
response curve was observed. Part II describes the synthesis of sulfatase cleavable probes for the 
testing of substrate preference of sulfatases. Four analogues with differently substituted on the aryl 
sulfate moiety were prepared and cleavage rates by sulfatase from Helix Pomatia were significantly 
increased by the incorporation of EWG. Finally, part III describes the synthesis of three sulfatase 
cleavable payloads, for the investigation of the effect of aryl substitution of potency of ADCs. The 
linkers incorporated MMAE and DIBO for the attachment to azido functionalized antibodies in 
a DAR specific manner. In vitro testing displayed a difference in the IC50 values demonstrating the 
possibility of tuning ADC toxicity by substitution of the aryl sulfate moiety.  

There are many interesting things to investigate when moving forward with this work. For the 
serine site-selective bioconjugation, more studies are needed to explore conditions and different 
optimized peptide sequences. Finally, to demonstrate the utility of the strategy, the optimized 
sequence should be recombinantly incorporated into a full length protein for the determination of 
bioconjugation yields. It could be advantageous to expand the series of sulfatase probes, as well as 
testing these against human sulfatases and cancer cell lysates, to elucidate the substrate preference 
of human lysosomal sulfatases.  

Multidisciplinary expertise is required in the development of ADCs and it is my hope, that the 
work presented in this thesis, may help to expand the framework of ADC linker technology and 
bioconjugation strategies.   
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