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Chapter 9 
A Photocleavable Trojan Horse 
Strategy; Fighting Pseudomonas 
aeruginosa with Light 
In this chapter, the synthesis and exploratory biological evaluation of a photocleavable 
Trojan horse strategy to potentially fight bacterial infections is described. To this end, 
a light-activatable siderophore-antibiotic conjugate was synthesized in a 22-step total 
synthesis. Photochemical experiments have proven the feasibility to apply the 
described concept under physiological conditions applying biocompatible visible light. 
Interestingly, initial biological experiments showed a difference in antibacterial 
activity between the masked and photodeprotected conjugate. However, poor solubility 
and potential aggregation interfered with further biological evaluation. 
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9.1 Introduction 
Pseudomonas aeruginosa is a Gram-negative pathogen which is wide-spread across 
humanity and known for its severe nosocomial infections.1,2 In the past decades, P. 
aeruginosa has become a growing life-threat for patients that are 
immunocompromised, patients with cystic fibrosis and fire victims with severe burn 
wounds.3,4 Especially cases of antibacterial resistance are more prevalent, in which 
overexpression of efflux pumps in P. aeruginosa decrease the effective concentration 
of the administered antibacterial agent. Such resistance mechanisms allow the 
buildup of resistance against a wide variety of antibiotics, becoming a significant 
threat to patients in current and future healthcare.5–7 Moreover, penetration of the 
cell wall is particularly troublesome in Gram-negative bacteria like P. aeruginosa, 
limiting, to a large extent, the utilization of frequently used ‘last resort’ antibacterial 
agents.8 Altogether, the increasing risk of infections with multi-drug resistant 
bacteria urges the development of novel antibacterial agents or conjugates which 
exhibit profitable characteristics. Optimization of antibiotics to specific bacteria is 
an up-and-coming strategy, in which, for example, low potency antibiotics for Gram-
positive bacteria can be modified to potently act on Gram-negative bacteria. This 
opens up a plethora of chemical space to explore and optimize known antibiotics 
towards more potent, specific antibacterial therapy. 

Often, drugs show limited passage through the cell membrane because of their 
hydrophobicity, unnatural structure and especially with Gram-negative bacteria the 
barrier imposed by the outer membrane.9 These problems potentially can be 
overcome by derivatization of a target drug with a natively recognized structural 
motif, as the Trojan horse, allowing active uptake into the periplasm or cytoplasm. 
Significant work has been done to overcome problems with antibiotic efficacy and 
potency in Gram-negative bacteria by applying a Trojan horse strategy.10,11 This 
strategy employs native nutrient uptake systems to allow the active uptake of non-
native antibiotic-conjugates.  

One of the most promising Trojan horse strategies for the use in antibacterial 
therapy is exploiting iron uptake systems.12  Because of its importance as a co-factor 
in many biological processes, iron is essential for the growth and survival of bacteria. 
However, low solubility at physiological conditions limits the uptake of sufficient 
levels of iron into the cytoplasm. Especially the rapidly growing colonies encounter 
these problems because of the inherent scarcity of iron in their direct environment. 
Bacteria are capable of applying low-molecular weight chelators -siderophores- 
which solubilize and bind iron and are recognized by specific outer and inner 
membrane transporters allowing the effective uptake.  
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A Photocleavable Trojan Horse Strategy; Fighting Pseudomonas aeruginosa with Light 

 

Figure 1. The concept of a photocleavable Trojan horse strategy to fight bacterial 
infections. The siderophore-linker-antibiotic conjugate is recognized by native receptors, 
allowing active transport through the outer and inner membrane. Subsequent irradiation 
with 400 nm light releases the antibacterial agent (quinolone) inhibiting DNA gyrase and 
thereby reducing bacterial growth. 

In P. aeruginosa, two TonB-dependent siderophore-based uptake mechanisms are 
exploited, granting the active transport of iron into the cytoplasm.13 One of the two 
siderophores, pyoverdine, relies on the TonB-dependent FpvB and FpvA channels to 
pass the outer membrane, which is followed by enzymatically-induced iron release 
into the periplasm. Subsequently, the metallic iron is transported into the cytoplasm 
via the FpvF and FpvC binding proteins that donate the iron to the FpvD/FpvE ABC 
transporter. The other siderophore, pyochelin (PCH), relies on a similar TonB-
dependent outer membrane uptake channel (FptA), but the ferrisiderophore is 
directly transported through the inner membrane via an inner membrane 
transporter (FptX) before the release of iron into the cytoplasm.10 Combination of 
such a siderophore as the Trojan horse in conjugation with existing antibiotics 
potentially allows the improved uptake of the antibiotic of choice, either into the 
periplasm (pyoverdine) or the cytoplasm (PCH).14–16 Interestingly, P. aeruginosa 
initially employs the low affinity siderophore PCH, and only under severe iron 
limitation the pyoverdine-based uptake mechanism is exploited.13  

Multiple reports have proven that the natural P. aeruginosa siderophore, PCH, is a 
viable candidate to validate the Trojan horse strategy.17–20 Covalent attachment of the 
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antibiotic at optimized positions of the core PCH structure permits efficient 
bacterial uptake into the cytoplasm and good efficacy. However, an often-reported 
drawback is the necessity for enzymatically hydrolysable linkers between the 
siderophore and the antibiotic to selectively release the antibacterial agent after 
uptake. The hydrolysable linkers reported so far are either too stable, allowing no 
release of antibiotic after uptake, or hydrolytically unstable, leading to the release of 
the antibiotic in the cellular environment before uptake.10,21 Moreover, only limited 
control in time can be achieved, because the enzymatic processes dictate when the 
antibiotic is released. This poor spatial and temporal control over the release of the 
antibacterial agent, so far, generally limits the application of this concept as a 
therapeutically viable approach.  

Light offers extraordinary precision and non-invasiveness to externally control 
biological processes.22,23 The photopharmacological approach relies on the 
attachment or incorporation of molecular photoswitches, whereas the field of 
photoactivation employs photocages to mask crucial functional groups,24–27  allowing 
the irreversible photodeprotection, and thus activation, of the molecule of choice. A 
myriad of PPGs have been developed in the last decades, allowing precise matching 
of the desired properties to the controllable system. The use under biologically 
relevant, preferably physiological, conditions necessitates photocleavage with non-
toxic visible light, hydrolytic stability during the experiments performed and the lack 
of toxic photoproducts released after deprotection. The extensively studied 
coumarin scaffold has proven to exhibit ideal properties for application in photo-
activated therapy, i.e. efficient photocleavage with >400 nm visible light and 
hydrolytic stability under physiological conditions without the release of toxic side 
products.  

9.2 Results and Discussion 
We set out to combine a pyochelin-based Trojan horse strategy and photo-activated 
therapy,28 to potentially allow the development of a light-controlled, efficient and 
potent treatment of opportunistic P. aeruginosa infections. Towards this end, an 
antibiotic conjugate was designed in which the pyochelin siderophore, and 
quinolone antibiotic were connected via a photocleavable linker, allowing the active 
transport into the bacterium and selective antibiotic release upon irradiation with 
light. The chosen quinolone derivative shows low potency against P. aeruginosa  
which is attributed to its low membrane permeability.29 
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A Photocleavable Trojan Horse Strategy; Fighting Pseudomonas aeruginosa with Light 

 
Figure 2. Retrosynthetic strategy towards the synthesis of a photocleavable 
siderophore-antibiotic conjugate 22. The conjugate can be synthesized from three 
distinct building blocks, i.e. 9, 13 and 18, which can be obtained in 4-8 steps from 
commercially available starting materials. 

The target structure is depicted in Figure 2, which also shows three distinct synthetic 
building blocks allowing a convergent synthetic strategy. Initial investigations 
focused on the synthesis of the propyl-amino-derived pyochelin derivative 9. Using a 
modified literature procedure,17,30,31 the propyl-amino-pyochelin derivative 9 was 
synthesized in 8 steps in 2% overall yield (see Experimental section, Figure 4). Next, 
the model-quinolone29,32 13 was synthesized in a four step synthetic sequence (see 
Figure 5) giving the product in 36% yield. Synthesis of the photocleavable coumarin 
linker 18 proved challenging due to the desired orthogonal reactivity of the two 
functional groups (halide and acid functionalities) utilized to attach the antibiotic 
and pyochelin-derivative. The finally designed synthetic sequence yielded compound 
18 in 23% overall yield from methylaminocoumarin after 6 steps. Final combination 
of these three building blocks yielded the desired photocleavable pyochelin-
quinolone derivative 22 after 4 steps in 16% yield. In summary, the photocleavable 
siderophore-antibiotic conjugate 22 was synthesized in a 22-step total synthesis 
yielding 34 mg of the pure product. 



526510-L-sub01-bw-Hansen526510-L-sub01-bw-Hansen526510-L-sub01-bw-Hansen526510-L-sub01-bw-Hansen
Processed on: 26-11-2018Processed on: 26-11-2018Processed on: 26-11-2018Processed on: 26-11-2018 PDF page: 192PDF page: 192PDF page: 192PDF page: 192

 

 

Subsequent photochemical characterization showcased, both from UV-vis 
spectroscopy (see Figure 3) and UPLC-MS measurements under different conditions 
(see Experimental Section), effective photodeprotection in aqueous buffer solution 
with 400 nm light. Moreover, photodeprotection could also be attained by 
irradiation with white light, albeit with prolonged irradiation times ( > 1 h). Finally, 
the hydrolytic stability in buffer with 1 eq iron was assessed, showing no hydrolysis 
after 16 h at room temperature allowing the application of the synthesized 
photocleavable-siderophore-antibiotic conjugate under physiological conditions 
with biocompatible wavelengths of light.  

 
Figure 3. Photocleavage of the antibiotic-siderophore conjugate upon irradiation with 
400 nm light, releasing the model quinolone. a) Schematic representation of the concept. 
b) UV-vis spectroscopy in buffer revealed near-full photocleavage within 10 min of 400 
nm light irradiation. c) UPLC-MS studies confirmed the consumption of compound 22 
and release of the desired quinolone antibiotic upon light exposure. 

Initial microbiological studies aimed at the light-controlled inhibition of bacterial 
growth. For this purpose, a wild-type P. aeruginosa (PA01), a P. aeruginosa  without 
siderophore biosynthesis (PAS283) and E. coli with increased antibiotic susceptibility 
(CS1562) were chosen. To induce the siderophore-based iron uptake system, bacteria 
were grown in an iron-deficient succinate medium for 24 h before conducting the 
experiments.18,33 After incubation with the siderophore-antibiotic conjugate for 2 h, 
irradiation with 400 nm light for 5 min potentially released the antibiotic and 
subsequent incubation for 3 h in liquid culture, followed by 16 h on agar allows to 
quantify colony forming units (CFUs). Preliminary experiments showed a difference 
in activity between the irradiated and non-irradiated samples which did not stem 
from light toxicity (no difference in activity upon irradiation with light without 
compound 22). Unfortunately, poor solubility and aggregation of the synthesized 
conjugate in LB and succinate medium at concentrations relevant for 
microbiological testing interfered with further investigation of the biological activity. 
In the future, efforts will focus on the reduction of the effective conjugate 
concentration, potential solubilization by salt formation and the use of more potent 
antibacterial agent conjugated to the siderophore. 
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A Photocleavable Trojan Horse Strategy; Fighting Pseudomonas aeruginosa with Light 

9.3 Conclusions 
In conclusion we have synthesized and characterized the first photocleavable 
antibiotic-siderophore conjugate, with the potential to be applied in a 
photocleavable Trojan horse strategy, in a 22 steps total synthesis. Photochemical 
evaluation showed that photocleavage is effective with visible light (λ = 400 nm) 
under physiological conditions. Using UPLC-MS measurements, hydrolytic stability 
under assay conditions was confirmed. These preliminary results confirm that the 
photocleavable pyochelin-quinolone combination is a viable strategy to control and 
potentially improve antibacterial activity with light. Unfortunately, poor solubility 
and aggregation of the conjugate excluded further biological evaluation. However, 
we are convinced that a photocleavable Trojan horse strategy holds great promise for 
the derivatization and specific optimization of antibacterial agents to fight the 
upcoming resistance against bacterial infections. Future work in our laboratories will 
focus on the development of generic Trojan horse motifs combined with different 
PPGs conjugated to biologically active molecules. In this endeavor, we seek for 
simple iron chelators which do not compromise solubility and can be selectively 
utilized across bacteria species. 
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9.4 Experimental Section 

9.4.1 General Remarks 
For general remarks, see chapter 3. 

9.4.2 Synthetic schemes 

 
Figure 4. Synthesis of pyochelin derived propylamino-siderophore in a modified 
literature procedure yielding building block 9.17,30,31 
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Figure 5. Synthesis of the quinolone antibiotic 13. 29,32,34 

 

 
Figure 6. Synthesis of the photocleavable coumarin linker building block 18. 
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Figure 7. Combination of the three building blocks to synthesize the photocleavable 
siderophore-antibiotic conjugate 22.30 

9.4.3 Synthesis 

 
(4R)-3-(3-aminopropyl)-2-(2-(2-hydroxyphenyl)-4,5-dihydrothiazol-4-
yl)thiazolidine-4-carboxylic acid (9)17,30,31 

To a solution of protected pyochelin 8 (583 mg, 1.25 mmol) in dry DCM ( 15 mL) 
under N2 atmosphere was added TIPS (1 mL) and 2M HCl in Et2O (8 mL). The 
reaction mixture was stirred at RT for 16 h and subsequently the volatiles were 
evaporated. The pure product (220 mg, 48%)  was obtained as a yellow solid after 
purification with RP-FC.  

HR-MS (ESI, [M+H]+): Calcd. for C16H22N3O3S2: 368.10971; Found: 368.10978 
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tert-butyl (4-methyl-2-oxo-2H-chromen-7-yl)glycinate (14) 

To a solution of 4-methyl-7-aminocoumarin (3.00 g, 17.1 mmol) in MeCN (30 mL) 
was added DIPEA (4.45 mL, 25.5 mmol), NaI (25.6 mg, 0.17 mmol) and tert-butyl-
bromoacetate (2.53 mL, 17.1 mmol). The reaction mixture was heated at 85 °C for 5 d, 
after which the solvent was evaporated. The obtained mixture was dissolved in 
EtOAc (50 mL), washed with brine (3 x 50 mL), dried (MgSO4) and the solvent 
evaporated in vacuo to yield the crude product. Flash chromatography (toluene: 
ethyl acetate 3:1) yielded the pure product (2.22 g, 45%)  as an off-white solid.  
1H NMR (400 MHz, DMSO-d6): δ 7.44 (d, J = 8.7 Hz, 1H), 6.88 (t, J = 6.3 Hz, 1H), 
6.62 (dd, J = 8.7, 2.3 Hz, 1H), 6.37 (d, J = 2.3 Hz, 1H), 5.93 (s, 1H), 3.89 (d, J = 6.3 Hz, 
2H), 2.30 (s, 3H), 1.41 (s, 9H). 
13C NMR (100 MHz, DMSO-d6): δ 170.1, 161.0, 155.8, 154.1, 152.4, 126.3, 110.7, 109.8, 
108.4, 97.3, 81.3, 45.3, 28.1, 18.4. 

HR-MS (ESI, [M+H]+): Calcd. for C16H19NO4: 290.13868; Found: 290.13902 

 

tert-butyl N-methyl-N-(4-methyl-2-oxo-2H-chromen-7-yl)glycinate (15) 

To a solution of 14 (2.22 g, 8.08 mmol) in DMF (50 mL) was added K2CO3 (2.23 g, 16.2 
mmol) followed by MeI (5.00 mL, 11.4 g, 81.0 mmol) and the reaction mixture was 
stirred at 60 °C for 24 h. Subsequently, EtOAc (100 mL) was added and the resulting 
solution was washed with brine (2 x 50 mL), 1M aq. HCl (50 mL), brine (50 mL) and 
dried (MgSO4). Evaporation of the volatiles in vacuo yielded the pure product (2.15 g,  
88%) as a yellow solid. 
1H NMR (400 MHz, DMSO-d6): δ 7.50 (d, J = 8.9 Hz, 1H), 6.66 (dd, J = 8.9, 2.5 Hz, 
1H), 6.51 (d, J = 2.5 Hz, 1H), 5.98 (s, 1H), 4.19 (s, 2H), 3.03 (s, 3H), 2.32 (s, 3H), 1.37 (s, 
9H). 
13C NMR (100 MHz, DMSO-d6): δ 169.5, 161.0, 155.5, 153.9, 152.6, 126.4, 109.8, 109.4, 
109.1, 98.3, 81.4, 54.3, 39.6, 28.2, 18.4. 

HR-MS (ESI, [M+H]+): Calcd. for C17H21NO4: 304.15433; Found: 304.15457 
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tert-butyl N-(4-formyl-2-oxo-2H-chromen-7-yl)-N-methylglycinate (16) 

To a solution of 15 (2.05 g, 6.76 mmol) in p-xylene (80 mL) was added SeO2 (1.50 g, 
13.5 mmol) and the resulting mixture was stirred under N2 atmosphere at 135 °C for 
16 h. Subsequently, the mixture was filtered hot and the solvent was evaporated in 
vacuo. Column chromatography (DCM: MeOH 99:1 to 95:5) yielded the pure product 
(1.88 g, 88%) as a red solid. 
1H NMR (400 MHz, DMSO-d6): δ 10.07 (s, 1H), 8.21 (d, J = 9.1 Hz, 1H), 6.75 (dd, J = 
9.1, 2.6 Hz, 1H), 6.71 (s, 1H), 6.62 (d, J = 2.6 Hz, 1H), 4.23 (s, 2H), 3.04 (s, 3H), 1.38 (s, 
9H). 
13C NMR (100 MHz, DMSO-d6): δ 194.5, 169.3, 161.4, 156.7, 152.8, 144.2, 126.7, 117.8, 
110.3, 104.8, 98.6, 81.6, 54.2, 39.6, 28.2. 

HR-MS (ESI, [M+H]+): Calcd. for C17H19NO5: 318.13360; Found: 318.13349 

 
tert-butyl N-(4-(hydroxymethyl)-2-oxo-2H-chromen-7-yl)-N-methylglycinate (17) 

To an ice-cooled solution of 16 (1.80 g, 5.67 mmol) in MeOH (110 mL) was added 
NaBH4 (324 mg, 8.51 mmol) in small portions over 15 min. After addition the reaction 
mixture was allowed to warm to room temperature and stirred for 3 h. Subsequently, 
1M aq. HCl (150 mL) was added and the mixture was extracted with EtOAc (3 x 100 
mL). The combined organic layers were washed with brine (200 mL), dried (MgSO4) 
and the volatiles were evaporated. Purification by column chromatography (DCM: 
MeOH 95: 5) yielded the pure product (1.35 g, 75%) as an orange solid. 
1H NMR (400 MHz, DMSO-d6): δ 7.45 (d, J = 8.9 Hz, 1H), 6.64 (dd, J = 8.9, 2.5 Hz, 
1H), 6.54 (d, J = 2.5 Hz, 1H), 6.11 (s, 1H), 5.50 (t, J = 5.6 Hz, 1H), 4.67 (d, J = 5.6 Hz, 
2H), 4.19 (s, 2H), 3.02 (s, 3H), 1.37 (s, 9H). 
13C NMR (100 MHz, DMSO-d6): δ 169.4, 161.4, 157.3, 155.5, 152.4, 125.3, 109.4, 107.3, 
105.3, 98.3, 81.5, 59.5, 54.2, 39.6, 28.1. 

HR-MS (ESI, [M+H]+): Calcd. for C17H21NO5: 320.14925; Found: 320.14947 

 

tert-butyl N-(4-(bromomethyl)-2-oxo-2H-chromen-7-yl)-N-methylglycinate (18) 

To a solution of 17 (200 mg, 0.62 mmol) in DCM (10 mL) at 0 °C was slowly added 
triethylamine (173 L, 1.25 mmol) and mesyl chloride (106 mg, 0.93 mmol). The 
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reaction mixture was stirred for 30 min, after which it was washed with sat. aq. 
NaHCO3 solution (10 mL) and brine (10 mL) and dried (MgSO4). After concentration 
in vacuo the resulting solid was dissolved in THF (10 mL) and LiBr (216 mg, 2.48 
mmol) was added. The reaction mixture was stirred for 16 h at room temperature 
after which it was concentrated and dissolved in DCM (20 mL). The solution was 
washed with H2O (2 x 20 mL) and brine (20 mL) and dried (MgSO4). Evaporation of 
the volatiles yielded the pure product  (209 mg, 89%) as a bright orange solid. 
1H NMR (400 MHz, DMSO-d6): δ 7.63 (d, J = 9.0 Hz, 1H), 6.73 (dd, J = 9.0, 2.6 Hz, 
1H), 6.56 (d, J = 2.6 Hz, 1H), 6.30 (s, 1H), 4.77 (s, 2H), 4.22 (s, 2H), 3.04 (s, 3H), 1.38 (s, 
9H). 
13C NMR (100 MHz, DMSO-d6): δ 169.3, 160.9, 156.1, 152.8, 152.0, 126.4, 109.9, 109.6, 
107.1, 98.5, 81.5, 54.2, 39.6, 28.6, 28.2. 

HR-MS (ESI, [M+H]+): Calcd. for C17H20BrNO4: 382.06485; Found: 382.06517 

 
(7-((2-(tert-butoxy)-2-oxoethyl)(methyl)amino)-2-oxo-2H-chromen-4-yl)methyl 1-
ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (19) 

To a solution of 17 (200 mg, 0.52 mmol) and 13 (160 mg, 0.62 mmol) in DMF under 
N2 atmosphere was added K2CO3 (171 mg, 1.24 mmol) and the resulting mixture was 
heated to 65 °C under N2 atmosphere for 16 h. Subsequently, the reaction mixture 
was poured on ice-cooled water (20 mL) and the resulting precipitate was filtered 
off, dissolved in DCM (80 mL), washed with brine (100 mL) and dried (MgSO4) to 
yield the pure product (201 mg, 72%) as an orange solid. 
1H NMR (400 MHz, DMSO-d6): δ 8.83 (s, 1H), 8.00 – 7.91 (m, 2H), 7.76 – 7.66 (m, 
1H), 7.56 (d, J = 9.0 Hz, 1H), 6.69 (dd, J = 9.0, 2.5 Hz, 1H), 6.58 (d, J = 2.5 Hz, 1H), 6.50 
(s, 1H), 5.52 – 5.49 (m, 2H), 4.46 (q, J = 7.1 Hz, 2H), 4.22 (s, 2H), 3.04 (s, 3H), 1.61 – 1.12 
(m, 12H). 
13C NMR (100 MHz, DMSO-d6): δ 172.4 (d, J = 2.3 Hz), 169.4, 164.9, 161.1, 161.0, 158.6, 
155.6, 152.7, 151.4, 150.2, 135.7, 130.7 (d, J = 6.6 Hz), 125.6, 121.6 (d, J = 25.6 Hz), 120.9 (d, 
J = 8.0 Hz), 111.7 (d, J = 22.8 Hz), 109.6, 108.8, 106.8, 106.5, 98.4, 81.5, 61.7, 54.3, 48.9, 
28.2, 14.8. 

HR-MS (ESI, [M+H]+): Calcd. for C29H29FN2O7: 537.20316; Found: 537.20243 
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N-(4-(((1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carbonyl)oxy)methyl)-2-oxo-
2H-chromen-7-yl)-N-methylglycine (20) 

To a solution of 19 (140 mg, 0.26 mmol) and TIPS (64 L, 0.31 mmol) in dry DCM (4 
mL) under N2 atmosphere was added 2M HCl in Et2O (4 mL). The reaction mixture 
was stirred overnight and subsequently all the volatiles were evaporated in vacuo. 
The resulting precipitate was washed with Et2O and pentane to yield the pure 
product (110 mg, 88%) as an orange solid.  
1H NMR (400 MHz, DMSO-d6): δ 8.84 (s, 1H), 7.96 (dt, J = 9.3, 3.8 Hz, 2H), 7.72 (td, 
J = 8.6, 3.2 Hz, 1H), 7.55 (d, J = 9.0 Hz, 1H), 6.71 (dd, J = 9.0, 2.6 Hz, 1H), 6.59 (d, J = 
2.6 Hz, 1H), 6.49 (s, 1H), 5.51 (s, 2H), 4.47 (q, J = 7.1 Hz, 2H), 4.24 (s, 2H), 3.05 (s, 3H), 
1.37 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-d6): δ 172.4 164.9, 161.1, 161.0, 158.5, 155.6, 152.9, 151.4, 
150.1, 135.7, 130.6, 125.3, 121.6, 121.4, 120.8, 111.6, 111.4, 109.5, 108.7, 106.3, 106.0, 98.1, 61.7, 
48.9, 14.8. 
19F NMR (376 MHz, DMSO-d6): δ -115.95. 

HR-MS (ESI, [M+H]+): Calcd. for C25H21FN2O7: 481.14056; Found: 481.14003 

 
(7-(methyl(2-oxo-2-(perfluorophenoxy)ethyl)amino)-2-oxo-2H-chromen-4-yl)methyl 
1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate (21) 

To a solution of 20 (105 mg, 0.22 mmol) in DCM (5 mL) under a  N2 atmosphere was 
added EDC·HCl (50.0 mg, 0.26 mmol)  and 2,3,4,5,6-pentafluorophenol (45.0 mg, 
0.24 mmol). The reaction mixture was stirred at room temperature in the dark for 16 
h. Subsequently, DCM (20 mL) was added and the resulting solution was washed 
with 0.5M aq. HCl (50 mL), brine (2 x 50 mL), dried (MgSO4) and the volatiles were 
evaporated. Purification by column chromatography (DCM: MeOH 98: 2) yielded 
the pure product (100 mg, 70%) as a red solid. 
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1H NMR (400 MHz, DMSO-d6): δ 8.83 (s, 1H), 7.95 (dt, J = 9.4, 3.5 Hz, 2H), 7.70 
(ddd, J = 9.3, 7.9, 3.1 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H), 6.83 (dd, J = 9.0, 2.6 Hz, 1H), 
6.75 (d, J = 2.5 Hz, 1H), 6.55 (s, 1H), 5.52 (s, 2H), 4.95 (s, 2H), 4.46 (q, J = 7.1 Hz, 2H), 
3.14 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-d6): δ 172.4, 171.6, 167.4, 164.9, 161.1, 160.9, 158.5, 155.5, 
152.7, 152.1, 151.4, 150.2, 135.7, 130.7, 125.8, 121.6, 121.4, 120.9, 111.7, 111.4, 109.7, 108.7, 
107.5, 106.7, 99.0, 61.7, 52.8, 48.8, 14.8. 
19F NMR (376 MHz, DMSO-d6): δ -115.79 – -116.48 (m), -152.96 (d, J = 19.6 Hz), -
157.68 (t, J = 23.2 Hz), -161.41 – -163.31 (m). 

HR-MS (ESI, [M+H]+): Calcd. for C31H20F6N2O7: 647.12475; Found: 647.12353 

 
(4R)-3-(3-(2-((4-(((1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carbonyl)oxy)methyl)-2-oxo-2H-chromen-7-yl)(methyl)amino)acetamido)propyl)-2-
(2-(2-hydroxyphenyl)-4,5-dihydrothiazol-4-yl)thiazolidine-4-carboxylic acid (22) 

To a solution of 21 (100 mg, 0.15 mmol) in DMF (3 mL) were successively added 9 
(50.0 mg, 0.14 mmol) and DIPEA (22 L, 0.15 mmol). The reaction mixture was 
stirred under N2 atmosphere in the dark for 16 h. Subsequently, DCM (50 mL) was 
added and the solution was washed with brine (3 x 50 mL) and dried (Na2SO4). 
Purification by column chromatography (DCM: MeOH 99:1 to 98:2 to 95:5 to 9:1) 
yielded the pure product (35 mg, 36% ) as a yellow solid. 

HR-MS (ESI, [M+H]+): Calcd. for C41H40FN5O9S2: 830.23242; Found: 830.23304 
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Figure 8. HR-MS spectrum of compound 22 showing the expected mass without 
significant impurities. 
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Figure 9. UPLC-MS trace of the final photocleavable siderophore-antibiotic conjugate 
(22) showing a single peak in the chromatogram at 10.88 min with the corresponding 
mass spectrum. 
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9.4.4 Photochemical behavior 

 
Figure 10. Photocleavage of compound 22 in tris buffer. Upon irradiation with visible 
light (>400 nm) for 10 min full photocleavage was accomplished releasing the desired 
antibacterial agent (compound 22 RT = 13.04 is consumed leading to a peak at RT = 10.63 
which corresponds to the m/z of the desired quinolone antibiotic). 
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