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Abstract
Bacterial resistance is a major problem in the modern world which stems from the 
build-up of antibiotics in the environment. Novel molecular approaches that allow 
for auto-inactivation and externally triggered increase of antibiotic activity with 
high spatiotemporal resolution are highly warranted. Here we describe a responsive, 
broad-spectrum, antibacterial agent that can be temporally activated with light, 
whereupon it auto-inactivates on the scale of hours. The use of such a ‘smart’ antibi-
otic might prevent the build-up of active antimicrobial material in the environment. 
Furthermore, reversible optical control over active drug concentration enables us 
to obtain pharmacodynamic information on relevant stages in the targeted process 
at which the antibacterial drug exhibits its effect. Additionally, precisely localized 
control of activity was achieved, allowing the growth of bacteria to be confined to 
defined patterns, which has potential to develop treatments that avoid interference 
with the endogenous microbial population in other parts of the organism.

Introduction
Antibiotics are used globally as life-saving drugs for the treatment of bacterial infec-
tious diseases. However, their usage is a source of major concern in the modern world 
due to the emergence of resistance (1). Resistance stems from the build-up of anti-
biotics in the environment (2,3), as a result of their extensive use in healthcare (4) and 
agriculture (5). Despite the launch of numerous social awareness campaigns (6) aimed 
at counteracting the increasing resistance of bacteria by decreasing the inappropriate 
use of antibiotics in human healthcare and animal husbandry, there is an urgent need 
for unconventional, molecular approaches for controlling antimicrobial function (7,8).  
Precise spatiotemporal targeting of antibiotic activity and building in the antibac-
terial agent the intrinsic ability for auto-inactivation offers novel perspectives for 
avoiding accumulation of the active drug in the environment.
Light is an attractive external trigger for the control of biological functions (9-12), because 
it offers highly spatiotemporal resolution, is relatively non-invasive, bio orthogonal 
and does not cause sample contamination. One approach pertains to photo-degra-
dable drugs, as exemplified by the light-inactivated β-lactam antibiotics reported by 
Mobashery and co-workers (13). Another level of photocontrol can be reached with 
reversibly light-responsive, small bioactive molecules, which have been used inter alia 
to control basic receptor function (14), nociception (15), and visual response (16). Taking 
advantage of the special properties of light we anticipated that control of antimicrobial 
activity can be achieved by designing photoresponsive antibiotics.



Chapter 4: Optical control of antibacterial activity 87  

Here, we present photoswitchable antibacterial agents analogs and demonstrate 
selective activation/inactivation upon light irradiation, together with thermal inacti-
vation on the timescale of hours and spatial control of activity which allows bacteria 
to be grown in patterns. 

Results and Discussion
Our molecular design is based on quinolones (17) which are widely used, broad-spectrum 
antibacterial agents. The bactericidal activity of quinolones stems from binding to DNA 
gyrase and blocking DNA replication (17) with a pharmacophore consisting of a benzene 
ring fused with a carboxypyridone moiety (Fig. 1a) (18). Typical clinically applied quino-
lones bear a piperazine moiety (as R3) and a fluorine substituent at various positions on 
the benzene ring (19). We envisioned that the antibacterial properties of the compound 
might be retained when the piperazine unit was exchanged with an aryldiazo moiety (Fig. 
1b). The incorporation of the aryldiazo group renders this compound photoresponsive 
through switching between a trans and a cis isomer with light (Fig. 1b). A series of quino-
lones 1-9 bearing various substituents (methoxy-, methyl-, fluoro-) were synthesized (see 
Supplementary Information), anticipating  that the introduction of the photoswitchable 
azobenzene moiety might present us with the possibility of addressing the antibacte-
rial activity by light, i.e. creating antibiotics that inhibit bacterial growth in one of the 
photoisomeric forms, while showing no antibacterial activity in the other isomeric form. 
Azobenzene photoswitches usually consist of a mixture of trans and cis isomers (20)  and 
the ratio of the isomers can be altered by irradiation with light (20,21). The photoisomeri-
zation of compounds 1-9 was studied with UV-Vis spectroscopy and 1H-NMR spectro-
scopy. The photoswitchable quinolones show a UV absorption maximum between 350 
and 400 nm, characteristic of the azobenzene moieties in the trans form (Fig. S1-S7). 
The absorption band decreases in intensity when compounds 1-9 are irradiated with 
UV-light (365 nm) and a new absorption band appears between 400 and 500 nm, 
that is characteristic for cis-azobenzene (Fig. S1-S9) (20-23). Irradiation with visible light 
(400-700 nm) switches the azobenzene unit back to the trans form. Reversible swit-
ching between the trans and cis isomers could be performed for ≥ 3 consecutive cycles 
without showing significant fatigue (Fig. S1-S9). 
1H-NMR spectroscopy in D2O revealed that the ratios of both isomers before and after 
irradiation at 365 nm are highest for compound 1 and 2, with > 95% trans isomer 
present in the samples prior to irradiation and > 85% cis isomer after irradiation (Table 
1), indicating that switching between cis and trans isomers is most efficient for these 
two compounds.
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Figure 1 Control of bacterial growth with a photoswitchable antibacterial agent. a) Structure 
of quinolone antibacterial agents. A typical quinolone bears a fluorine atom at the R1, R2 
and/or R4 position, a nitrogen-containing, saturated ring at R3, and an alkylmoiety at R5. b) 
Azobenzene-containing quinolones: trans and cis geometrical isomers and isomerization 
processes. Irradiation at 365 nm leads to conversion of the trans isomer to the cis isomer, and 
visible light switches the cis isomer back to the trans form. The cis to trans isomerization also 
occurs thermally at ambient temperature, albeit at a slower rate than the photoisomerization. 
c,d) Growth curves of E. coli CS1562 with different concentrations of non-irradiated (c) and 
irradiated (d) 2. Growth was not inhibited at the concentrations tested for the non-irradiated 
form of 2 (95% trans isomer), whereas after irradiation at 365 nm (89% cis isomer) significant 
inhibition of growth at concentrations of ≥16 μg/mL was observed. All solutions were irradi-
ated before inoculation. Error bars show standard deviations calculated from measurements 
in triplicate.

Quinolone-sensitive Escherichia coli CS1562 (24) was used to study the antibacterial 
activity. Using a broth dilution method (25), the minimal inhibitory concentration 
(MIC) of the photoswitchable quinolones was determined prior to and after irra-
diation at 365 nm (Table 1). Ideally, the photoswitchable quinolone should exhibit 
a large difference in antibacterial activity between the trans and cis forms, as this 
would enable external control of bacterial growth. Table 1 shows that compounds 2, 
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4 and 7 fulfil this criterion. Compound 2, the photoswitchable quinolone where R 
is 4-methoxy-3-methyl benzene, seems to have the largest change in activity upon 
switching and was selected for further studies. Figures 1c,d show the difference in 
growth curves of the non-irradiated (MIC > 64 µg/mL) and irradiated (MIC = 16 µg/
mL) form of compound 2. 
Next, the antibacterial activity of compound 2 was tested on the Gram positive 
Micrococcus luteus. A difference in activity between the non-irradiated (MIC = 16 
µg/mL) and irradiated (MIC = 2 µg/mL) form of compound 2 was observed. This 
8-fold difference in activity can be attributed to the distinctly higher antibacterial 
effect of cis-2. 

Table 1 Trans:cis ratios in water and MIC values of the nonirradiated and irradiated  
photoswitchable quinolones 1–9.

Compound  Non-irradiated Non-irradiated MIC Irradiated Irradiated MIC
 (trans:cis) (μg/mL) (trans:cis) (μg/mL)

1  100:0  8  15:85  16
2  95:5  >64*(16†)  11:89  16(2†)
3  100:0  >64*  40:60  >64*
4  100:0  >64*  48:52  32
5  91:9  16  34:66  16
6  100:0  >64*  29:71  64
7  96:4  >64*  41:59  32
8  93:7  16  46:54  16
9  100:0  64  44:56  64

The largest difference in activity between the irradiated and non-irradiated antibiotic was  

observed for compound 2 on E. coli CS156 and was also confirmed for M. luteus.

*MIC values were determined up to 64 μg/mL due to limited solubility.
†MIC values determined for M. luteus.

The studied antibiotics exhibit their effect in the exponential phase of bacterial growth 
(vide infra), which is reached after more than 30 min. In the beginning of the experi-
ment, just after irradiation, the fraction of cis isomer is 18-fold larger than in the non-
irradiated sample (Table 1). However, the active cis form gets thermally isomerized 
overtime into the less active trans form (vide infra), thus causing an underestimation 



Chapter 4:  Optical control of antibacterial activity90   

of the real difference in activity between both forms. The difference in antibacterial 
activity was observed in both Gram negative and Gram positive bacteria, indicating 
that the photoswitchable quinolone retains its broad spectrum character.

Figure 2 Auto-inactivation of antibiotic activity. a) Thermal cis-trans isomerization of 
compound 2 at 37 °C. The half-life is 2.08 hours. b) Growth curves of E. coli CS1562 incu-
bated with 40 µg/mL of compound 2 which was activated by at 365 nm at different times 
prior to incubation. Bacterial growth was inhibited by compound 2 irradiated immediately 
prior to incubation. Over time the antibacterial activity of compound 2 decreases as a result 
of thermal cis-trans isomerization. The samples that were irradiated 3 h prior to incubation 
show the same growth pattern as samples to which the antibiotic was not added, indicating 
that the antibacterial activity is lost completely 3 h after initial switching. Error bars show s.d. 
calculated from measurements in triplo.

A substantial percentage of antibiotics consumed in healthcare and agriculture is 
excreted unmetabolized (26), leading to their build-up in the environment and the deve-
lopment of bacterial resistance. One approach to overcome this problem is to develop 
compounds that auto-inactivate, i.e. lose their antibacterial activity over time. In this 
way, the antibiotic is active when needed to suppress infections, but has lost its activity 
by the time it is excreted from the body. Compound 2 is active when it is switched to its 
cis form i.e. following irradiation with UV light. Over time, the cis form of compound 
2 reverts thermally to the inactive trans form and, in doing so, loses its antibacterial 
activity (Fig 2a). To demonstrate this, solutions of 40 µg/mL compound 2 were irra-
diated at different time intervals before inoculation with E. coli CS1562. These solu-
tions contain 2.5 times the MIC value. Figure 2b shows that solutions of compound 
2 irradiated ≥ 3 hours prior to inoculation do not exhibit antibacterial activity.  
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The half-life of the active cis form is 2.08 hours (Fig. 2a) and calculated from this the 
concentration of cis-2 will drop below the MIC value after 2.5-3 hours. This corre-
lates with the experimentally obtained data that show loss of antibacterial activity 
after 3 hours (Fig 2b). These experiments imply that the antibacterial activity of UV 
irradiated compound 2 is lost over a timescale of hours, which could be highly useful 
for reducing antibiotic activity in the environment and preventing the development 
of microbial resistance.
 

Figure 3 Pharmacodynamic study with photoswitchable quinolone shows that antibacterial 
effect is exhibited in exponential phase. The bacteria incubated without compound 2 exhi-
bited a normal growth pattern and in contrast bacteria incubated with 40 µg/mL of 2 did 
not grow at all. Bacteria incubated with 2 (irradiation at 365 nm, mainly active cis isomer 
present) and illuminated with visible light after 30 min (mainly inactive trans form), while the 
bacteria were still in the lag phase, showed a normal growth pattern, comparable with bacteria 
incubated without compound 2. Bacteria incubated with 365 nm-irradiated compound 2 
and illuminated with visible light after 60 min, when the bacteria had already entered the 
exponential phase, did not show growth, comparable with bacteria incubated with 365 nm 
irradiated compound 2. This indicates that these quinolone analogs exhibit their antibacterial 
effect in the exponential phase and not in the lag phase. Error bars show s.d. calculated from 
measurements in triplo.

The light-responsive nature of compound 2 also allows a unique approach in studying 
pharmacodynamics (27), which provides insight into the interaction between drug 
and its biological target and is particularly useful to optimize pharmacotherapy (28). 
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Altering the drug concentration in a biological system at various times yields infor-
mation on the stage in which the drug exhibits its effect on the biological process that 
it targets and the reversibility of the interaction with the biological target. Obtaining 
such control over drug concentration is not trivial and hard to accomplish without 
disrupting the experiment. However, switching compound 2 between a state which 
shows antibacterial activity and a state which is inactive allows for the effective anti-
biotic concentration to be increased and decreased rapidly using an external, bioort-
hogonal stimulus. To demonstrate that advantage can be taken of these properties in 
studying pharmacodynamics, experiments were performed to determine in which of 
the phases of bacterial growth quinolones exhibit their antibacterial effect. A typical 
bacterial growth curve consists of several phases of growth. In the present study using 
E. coli CS1562, the lag phase lasted 45 min and the exponential phase up to 10 h. 
The bacteria were incubated with 40 µg/mL compound 2, which had been irradiated 
at 365 nm and shows antibacterial activity. After 30 min, when the bacteria were 
still in the lag phase, the wells were illuminated with visible light for 5 min, swit-
ching compound 2 back to the inactive form. The bacteria showed normal growth 
compared to the control bacteria, which were incubated without compound 2 (Fig. 
3). The experiment was repeated, but with the wells illuminated with visible light 
after 1 h, when the bacteria had already entered the exponential phase. The bacteria 
did not show growth and were comparable to the bacteria that were incubated with 
compound 2 that had been 365 nm-irradiated only. These experiments indicate 
that the quinolones exhibit their antibacterial effect in the exponential phase. This 
observation is in accordance with the established mechanism of action of this class of 
antibiotics, i.e. binding to DNA gyrase and inhibition of replication (17). Furthermore, 
decreasing the concentration of antibiotic leads to bacterial growth in case of a bacte-
riostatic antibacterial agent (25). This was not observed in this experiment, confir-
ming that quinolones exhibit a bactericidal (17) rather than a bacteriostatic effect. The 
rapid increase or decrease in effective antibacterial concentration achieved with this 
unique photoswitching approach enables the otherwise highly challenging study of 
pharmacodynamic properties.

Controlling bacterial growth with light is attractive because it allows for high spatial 
and temporal precision, which is useful for bacterial patterning. To demonstrate 
this, an agar plate was prepared containing 50 µg/mL of inactive, non-irradiated 
compound 2, which is below the MIC value and hence does not inhibit bacterial 
growth (Table 1). Next, a mask was placed on top of the agar plate. By irradiating 
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the agar plate at 365 nm, compound 2 was switched to the active cis form only in the 
exposed areas with inhibition of growth at the illuminated part of the agar plate only 
(Fig. 4). The plate was inoculated and incubated overnight at 37 °C. Bacterial colonies 
were observed only where the area of the plate was covered to prevent irradiation at 
365 nm and hence where compound 2 was in its inactive form. These data show how 
this novel, non-invasive approach can be used for precise cellular patterning (29,30). 
We have shown a proof of concept for the use of photoswitchable antibiotics to 
control bacterial growth with light. An antibiotic that can be turned on using an 
external stimulus has prospects for clinical use. A common side effect of antibiotics 
is intestinal problems due to the antibacterial effect exhibited on the local bacteria 
present in the digestive tract (31). This problem might be overcome by turning on the 
antibacterial agent locally after systemic absorption when it has already passed the 
digestive tract.

Figure 4 Bacterial patterning with light. a) An agar plate was prepared containing 50 µg/
mL of compound 2. Next, a mask is placed on top of the agar plate and subsequently the 
plate is irradiated at 365 nm. Only in the exposed part compound 2 is switched to its active  
cis form. Afterwards the plate is inoculated with E. coli CS1562 and incubated overnight at  
37 °C. Bacteria grow only at the part that was covered by the mask. b) Result of a typical 
bacterial patterning experiment. As a mask a Taijitu symbol was used.
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Methods summary
Antibacterial activity and bacterial growth curves
Overnight cultures of E. coli CS1562 and M. luteus were diluted to an OD600 of 0.1 and 
100 µl of this cell suspension was added to 100 µl medium containing antibiotics at 
the given concentration. To determine the antibacterial activity after photoisomeri-
zation, the solutions were first irradiated at 365 nm for 10 min prior to adding the cell 
suspension. Cells were grown in a microtiter plate at 37 °C and cell density (600 nm) 
was measured every 10 min for 12 h, with a 10 sec shaking step before each measu-
rement, in a microplate reader (SynergyMX, BioTek). Graphs were background-
corrected by subtracting the OD600 at time 0.
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Supporting information

Materials and Methods

Bacterial strains and growth conditions
The bacterial strains used were E. coli CS1562 (tolC6:tn10) (24) and M. Luteus ATCC 
9341. E. coli were in LB medium (5 g/L yeast extract; 10 g/L tryptone; 0.5 g/L NaCl) 
supplemented with the required antibiotic, 10 µg/mL tetracycline at 37 °C. M. luteus 
ATCC 9341 were grown in 2x YP medium (16 g/L Peptone, 10 g/L yeast extract, 5 g/L 
NaCl pH 7.0) at 30 °C. 

Solid medium
An LB agar plate containing compound 2 was partly covered with a sterile thin card-
board and irradiated with UV and/or visible light for 10 min. The plate was then 
streaked with approximately 107 CFUs of E. coli CS1562 and incubated overnight at 
37 °C. 

Antibacterial activity and bacterial growth curves
Overnight cultures of E. coli CS1562 and M. luteus were diluted to an OD600 of 0.1 and 
100 µl of this cell suspension was added to 100 µl medium containing antibiotics at 
the given concentration. To determine the antibacterial activity after photoisomeri-
zation, the solutions were first irradiated at 365 nm for 10 min prior to adding the cell 
suspension. Cells were grown in a microtiter plate at 37 °C and cell density (600 nm) 
was measured every 10 min for 12 h, with a 10 sec shaking step before each measu-
rement, in a microplate reader (SynergyMX, BioTek). Graphs were background-
corrected by subtracting the OD600 at time 0.
 
Photoswitching Experiments
Irradiation experiments were performed with a Spectroline ENB-280C/FE UV lamp 
(365 nm) and Thor Labs OSL1-EC Fiber Illuminator (white light). 

Synthesis General
All chemicals for synthesis were obtained from commercial sources and used as 
received unless stated otherwise. Solvents were reagent grade. Thin-layer chromato-
graphy (TLC) was performed using commercial Kieselgel 60, F254 silica gel plates. 
Flash chromatography was performed on silica gel (Silicycle Siliaflash P60, 40-63 
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m, 230-400 mesh). Drying of solutions was performed with MgSO4 and solvents 
were removed with a rotary evaporator. Chemical shifts for NMR measurements 
were determined relative to the residual solvent peaks (δH 7.26 for CHCl3 and 2.50 
for DMSO, δC 77.16 for CDCl3 and 39.52 for DMSO). The following abbreviations 
are used to indicate signal multiplicity: s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet; brs, broad signal; appt, apparent triplet. HRMS (ESI) spectra were obtained 
on a Thermo scientific LTQ Orbitrap XL. Melting points were recorded using a Buchi 
melting point B-545 apparatus. UV/Vis absorption spectra were recorded on an 
Agilent 8453 UV-Visible Spectrophotometer using Uvasol grade solvents. 

UV absorption spectra and reversible photochromism of compounds 1-7

Figure S1 A) Molecular structure of compound 1. B) UV-Vis absorption spectrum at a 
concentration of 29.1 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

Figure S2 A) Molecular structure of compound 2. B) UV-Vis absorption spectrum at a 
concentration of 21.9 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

Figure S3 A) Molecular structure of compound 3. B) UV-Vis absorption spectrum at a 
concentration of 24.5 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.
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Figure S4 A) Molecular structure of compound 4. B) UV-Vis absorption spectrum at a 
concentration of 36.9 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

Figure S5 A) Molecular structure of compound 5. B) UV-Vis absorption spectrum at a 
concentration of 33.8 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

Figure S6 A) Molecular structure of compound 6. B) UV-Vis absorption spectrum at a 
concentration of 41.8 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

Figure S7 A) Molecular structure of compound 7. B) UV-Vis absorption spectrum at a 
concentration of 45.3 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.
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Figure S8 A) Molecular structure of compound 8. B) UV-Vis absorption spectrum at a 
concentration of 37.7 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

Figure S9 A) Molecular structure of compound 9. B) UV-Vis absorption spectrum at a 
concentration of 31.4 x 10-6 M in H2O set at pH=9 with NaOH. C) Reversible photochromism.

General synthetic scheme
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Experimental

Diethyl 2-(((3-nitrophenyl)amino)methylene)malonate (10) A mixture of 3-nitroaniline (36.2 
mmol, 5.00 g) and diethyl-2-ethoxymethylenemalonate (DEEM) (36.2 mmol, 7.82 g) was 
stirred at 80 °C under nitrogen for 1 h. The reaction mixture was dissolved in DCM (50 mL) and 
washed with aqueous 1M HCl (50 mL), brine (50 mL) and dried (MgSO4). DCM was removed 
in vacuo resulting in 10.95 g (>95%) of a yellow solid. mp: 83-84 °C (lit: 81-82 °C) (32). 
1H NMR (400 MHz, CDCl3): δ 11.18 (d, J = 13.1 Hz, 1H), 8.51 (d, J = 13.2 Hz, 1H), 
8.02 – 7.96 (m, 2H), 7.56 (t, J = 8.1 Hz, 1H), 7.43 (dd, J = 8.1, 1.5 Hz, 1H), 4.33 (q, J = 
7.1 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 168.8, 165.0, 150.6, 140.5, 130.8, 122.6, 119.0, 113.8, 
111.5, 96.1, 60.8, 60.5, 14.4, 14.2. 
HR-MS (ESI, [M+H]+): Calcd. for C14H15N2O5: 291.0986 ; Found: 291. 

Ethyl 7-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (11) A solution of 10 (35.5 mmol, 10.9 g) 
in diphenylether (10 ml) was added dropwise to a stirred solution of boiling diphenylether (200 
ml). After heating under reflux for 1 h the mixture was slowly cooled to room temperature and 
pentane (150 ml) was added. The solid was filtered off and the residue was recrystallized from 
DMF resulting in 9.11 g (>95%) of a yellow solid. mp: 318-319 °C. 
1H NMR (400 MHz, DMSO-D6): δ 12.60 (brs, 1H), 8.73 (s, 1H), 8.48 (d, J = 2.1 Hz, 
1H), 8.34 (d, J = 8.9 Hz, 1H), 8.11 (dd, J = 8.9, 2.2 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 1.27 
(t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.9, 164.9, 149.8, 147.3, 131.1, 128.4, 118.6, 
115.7, 113.8, 111.7, 60.3, 14.8. 
HR-MS (ESI, [M+H]+): Calcd. for C12H11N2O5: 263.0668 ; Found: 263.0667
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Ethyl 1-ethyl-7-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (12) To a solution of 11 (7.25 
mmol, 1.90 g) in DMF (50 mL) was added K2CO3 (8.00 mmol, 1.11g) and the resulting suspen-
sion was heated to 80 °C. Ethyl bromide (14.5 mmol, 1.59 g) was added and the mixture was 
stirred overnight. The mixture was diluted with water (100 ml) and filtered over a glass filter. 
The solid was dissolved in DCM (50 mL) and washed with aqueous 1M HCl (100 mL) and brine 
(100 mL) and dried (MgSO4). DCM was removed in vacuo resulting in 1.88 g (89%) of a yellow 
solid. mp: 193-194 °C. 
1H NMR (400 MHz, DMSO-D6): δ 8.82 (s, 1H), 8.53 (d, J = 1.9 Hz, 1H), 8.44 (d, J = 8.8 
Hz, 1H), 8.20 (dd, J = 8.8, 2.0 Hz, 1H), 4.52 (q, J = 7.1 Hz, 2H), 4.23 (q, J = 7.1 Hz, 2H), 
1.39 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.3, 164.6, 151.0, 150.4, 139.2, 132.2, 129.3, 
119.0, 113.8, 111.0, 60.5, 48.7, 14.7, 14.7. 
HR-MS (ESI, [M+H]+): Calcd. for C14H15N2O5: 291.0981; Found: 291.0972 

Ethyl 7-amino-1-ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (13) To a solution of 12 (1.92 
mmol, 500 mg) in MeOH (50 mL) was added 25 mg of 10% Pd/C. Then the mixture was stirred 
under hydrogen atmosphere (balloon) for 1.5 h. Afterwards the mixture was filtered over a 
paper filter and the solvent was evaporated in vacuo. After recrystallization from MeOH, 435 mg 
(> 95%) of the product was obtained as off-white needles. mp: 251-252 °C.
1H NMR (400 MHz, CDCl3): δ 8.38 (s, 1H), 8.34 (d, J = 8.7 Hz, 1H), 6.73 (d, J = 8.7 Hz, 
1H), 6.50 (s, 1H), 4.39 (q, J = 7.1 Hz, 2H), 4.19 (brs, 2H), 4.13 (q, J = 7.1 Hz, 2H), 1.52 
(t, J = 7.2 Hz, 3H), 1.41 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 172.9, 165.1, 150.1, 149.8, 138.8, 132.7, 130.4, 118.8, 
112.8, 111.7, 61.3, 49.3, 14.5, 14.4. 
HR-MS (ESI, [M+H]+): Calcd. for C14H17N2O3: 261.1239 ; Found: 261.1236
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Ethyl 1-ethyl-7-((4-hydroxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate (14) To a 
solution of 13 (0.38 mmol, 100 mg) in aqueous 1M HCl (1 mL) on ice was added a solution of 
NaNO2 (0.42 mmol, 29 mg) in water (100 μL). Then a solution of phenol (0.42 mmol, 40 mg) 
in aqueous 2.5M NaOH (200 μl) was added dropwise. The mixture was stirred for 15 min and 
after purification by flash chromatography (DCM:MeOH 9:1) 98 mg (69%) of the product was 
obtained as a scarlet solid. mp: 296-297 °C. 
1H NMR (400 MHz, DMSO-D6): δ 10.50 (s, 1H), 8.75 (s, 1H), 8.35 (d, J = 8.4 Hz, 1H), 
8.16 (s, 1H), 7.88 (d, J = 8.3 Hz, 2H), 7.80 (d, J = 8.8 Hz, 1H), 6.96 (d, J = 8.7 Hz, 2H), 4.50 
(q, J = 6.4 Hz, 2H), 4.23 (q, J = 7.0 Hz, 2H), 1.42 (t, J = 6.9 Hz, 3H), 1.28 (t, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.9, 165.0, 154. 9, 149.8, 145.4, 139.9, 129.2, 
128.5, 126.0, 116.7, 114.0, 113.8, 113.7, 111.2, 60.3, 48.5, 14.9, 14.8.
HR-MS (ESI, [M+H]+): Calcd. for C20H20N3O4: 366.1454 ; Found: 366.1448 

(Ethyl 1-ethyl-7-((4-hydroxy-3-methylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(15) To a solution of 13 (0.38 mmol, 100 mg) in aqueous 1M HCl (1 mL) on ice was added 
a solution of NaNO2 (0.42 mmol, 29 mg) in water (100 μL). Then a solution of o-cresol (0.42 
mmol, 46 mg) in aqueous 2.5M NaOH (200 μl) was added dropwise. The mixture was stirred 
for 15 min and after purification by flash chromatography (DCM:MeOH 9:1) 79 mg (54%) of 
the product was obtained as a scarlet solid. mp: 259-260 °C. 
1H NMR (400 MHz, DMSO-D6): δ 8.74 (s, 1H), 8.35 (d, J = 8.7 Hz, 1H), 8.15 (d, J = 1.6 
Hz,1H), 7.82 (d, J = 1.6 Hz, 1H), 7.79 (m, 1H), 7.73 (dd, J = 8.4, 2.4 Hz, 1H), 6.97 (d, J 
= 8.5 Hz, 1H), 4.50 (q, J = 7.2 Hz, 2H), 4.23 (q, J = 7.2 Hz, 2H), 2.21 (s, 3H), 1.42 (t, J = 
7.0 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.9, 165.0, 154.9, 150.0, 145.4, 139.9, 129.1, 
128.4, 125.8, 125.3, 124.8, 116.1, 115.5, 114.0, 113.7, 111.1, 60.2, 48.4, 16.4, 14.8, 14.7. 
HR-MS (ESI, [M+H]+): Calcd. for C21H22N3O4: 380.1610 ; Found: 380.1604
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Ethyl 1-ethyl-7-((4-hydroxy-3,5-dimethylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxy-
late (16) To a solution of 13 (0.76 mmol, 200 mg) in aqueous 1M HCl (2 mL) on ice was added 
a solution of NaNO2 (0.84 mmol, 58 mg) in water (200 μL). The mixture was stirred on ice 
and a solution of NaNO2 (0.84 mmol, 58 mg) in water (200 μL) was added. Then a solution of 
2,6-dimethylphenol (0.76 mmol, 102 mg) in aqueous 2.5M NaOH (400 μl) was added dropwise. 
The mixture was stirred for 15 min and after purification by flash chromatography (DCM:MeOH 
9:1) 291 mg (>95%) of the product was obtained as a scarlet solid. mp: 241-242 °C. 
1H NMR (400 MHz, CDCl3): δ 8.65 (d, J = 8.6 Hz, 1H), 8.56 (s, 1H), 7.94 (d, J = 1.5 Hz, 
1H), 7.91 (dd, J = 8.6, 1.6 Hz, 1H), 7.70 (s, 2H), 4.42 (q, J = 7.1 Hz, 2H), 4.35 (q, J = 7.3 
Hz, 2H), 2.37 (s, 6H), 1.62 (t, J = 7.2 Hz, 3H), 1.43 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 173.99, 165.93, 156.23, 155.07, 149.08, 146.26, 139.35, 
129.31, 124.33, 123.86, 117.86, 113.75, 111.61, 111.22, 60.99, 49.01, 16.00, 14.64, 14.44. 
HR-MS (ESI, [M+H]+): Calcd. for C22H24N3O4: 394.1767 ; Found: 394.1764

Ethyl 1-ethyl-7-((4-hydroxy-2,3,6-trimethylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-car-
boxylate (17) To a solution of 13 (0.38 mmol, 100 mg) in aqueous 1M HCl (1 mL), stirred in an 
ice-bath, was added a solution of NaNO2 (0.42 mmol, 29 mg) in water (100 μL). Then a solu-
tion of 2,3,5-trimethylphenol (0.42 mmol, 57 mg) in aqueous 2.5M NaOH (200 μl) was added 
dropwise. The mixture was stirred for 15 min and after purification by flash chromatography 
(DCM:MeOH 9:1) 85 mg (55%) of the product was obtained as a scarlet solid. 
1H NMR (400 MHz, DMSO-D6): δ 8.74 (s, 1H), 8.36 (d, J = 8.7 Hz, 1H), 8.06 (s, 1H), 7.78 
(d, J = 8.6 Hz, 1H), 6.62 (s, 1H), 4.49 (q, J = 6.9 Hz, 2H), 4.23 (q, J = 7.1 Hz, 2H), 2.46 (s, 
3H), 2.39 (s, 3H), 2.12 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.9, 165.0, 157.7, 155.5, 150.0, 143.2, 139.9, 137.9, 
129.8, 129.1, 128.5, 122.0, 116.8, 116.0, 112.7, 111.1, 60.2, 48.5, 21.7, 15.6, 14.8, 14.7, 12.0. 
HR-MS (ESI, [M+H]+): Calcd. for C23H26N3O4: 408.1918; Found: 408.1918
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Ethyl 1-ethyl-7-((2-methoxy-5-methylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(18) To a solution of 13 (0.38 mmol, 100 mg) in aqueous 1M HCl (1 mL) on ice was added a 
solution of NaNO2 (0.42 mmol, 29 mg) in water (100 μL). Then a solution of 4-methylphenol 
(0.42 mmol, 46 mg) in aqueous 2.5M NaOH (200 μl) was added dropwise to the stirred solution. 
The mixture was stirred for 15 min and after purification by flash chromatography 50 mg (35%) 
of the product was obtained as a red/orange solid. mp: 236-237 °C. 
1H NMR (400 MHz, DMSO-D6): δ 15.15 (s, 1H), 10.58 (s, 1H), 9.13 (s, 1H), 8.51 (d, J 
= 8.7 Hz, 1H), 8.37 (s, 1H), 7.97 (d, J = 7.3 Hz, 1H), 7.92 (d, J = 8.9 Hz, 2H), 6.98 (d, J = 
8.9 Hz, 2H), 4.71 (q, J = 7.1 Hz, 2H), 1.47 (t, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 173.8, 165.8, 162.5, 159.4, 153.0, 150.7, 149.2, 140.7, 
135.8, 133.5, 118.1, 117.7, 115.9, 113.7, 113.7, 110.3, 61.1, 49.0, 20.3, 14.6, 14.4. 
HR-MS (ESI, [M+H]+): Calcd. for C21H22N3O4: 380.1605 ; Found: 380.1596

Ethyl 1-ethyl-7-((3-fluoro-4-hydroxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(19) To a solution of 13 (0.76 mmol, 200 mg) in aqueous 1M HCl (2 mL) on ice was added a 
solution of NaNO2 (0.84 mmol, 58 mg) in water (200 μL). Then a solution of 2-fluorophenol 
(0.76 mmol, 85 mg) in aqueous 2.5M NaOH (400 μl) was added dropwise. The mixture was 
stirred for 15 min and after purification by flash chromatography 96 mg (33%) of the product 
was obtained as a red/orange solid. mp: 291-292 °C. 
1H NMR (400 MHz, DMSO-D6): δ 8.75 (s, 1H), 8.36 (d, J = 8.6 Hz, 1H), 8.20 (d, J = 1.5 
Hz, 1H), 7.77 (m, 3H), 7.17 (t, J = 8.8 Hz, 1H), 4.50 (q, J = 7.0 Hz, 2H), 4.23 (q, J = 7.1 
Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H) 
19F NMR (376 MHz, CDCl3): δ -138.49 (t, J = 9.8 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C20H19FN3O4: 384.1354 ; Found: 384.1352
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Ethyl 7-((3,5-difluoro-4-hydroxyphenyl)diazenyl)-1-ethyl-4-oxo-1,4-dihydroquinoline-3-carboxy-
late (20) To a solution of 13 (0.76 mmol, 200 mg) in aqueous 1M HCl (2 mL) on ice was added a 
solution of NaNO2 (0.84 mmol, 58 mg) in water (200 μL). Then a solution of 2,6-difluorophenol 
(0.76 mmol, 99 mg) in aqueous 2.5M NaOH (400 μl) was added dropwise. The mixture was 
stirred for 15 min and after purification by flash chromatography 125 mg (41%) of the product 
was obtained as a red/orange solid. mp: 280-281 °C. 
1H NMR (400 MHz, DMSO-D6): δ 8.75 (s, 1H), 8.36 (d, J = 8.6 Hz, 1H), 8.23 (d, J = 1.4 
Hz, 1H), 7.79 (dd, J = 8.6, 1.6 Hz, 1H), 7.72 (d, J = 9.1 Hz, 2H), 4.49 (q, J = 7.1 Hz, 2H), 
4.22 (q, J = 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H). 
19F NMR (376 MHz, CDCl3): δ -133.97 (d, J = 8.2 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C20H18F2N3O4: 402.1260; Found: 402.1251

Ethyl 1-ethyl-7-((5-fluoro-2-hydroxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(21) To a solution of 13 (0.76 mmol, 200 mg) in aqueous 1M HCl (2 mL) on ice was added a 
solution of NaNO2 (0.84 mmol, 58 mg) in water (200 μL). Then a solution of 4-fluorophenol 
(0.76 mmol, 85 mg) in aqueous 2.5M NaOH (400 μl) was added dropwise. The mixture was 
stirred for 15 min and after purification by flash chromatography 124 mg (43%) of the product 
was obtained as a red/orange solid. mp: 240-241 °C. 
1H NMR (400 MHz, CDCl3): δ 12.29 (s, 1H), 8.70 (d, J = 8.3 Hz, 1H), 8.58 (s, 1H), 7.93 
(d, J = 10.2 Hz, 2H), 7.72 (d, J = 5.6 Hz, 1H), 7.18 (m, 1H), 7.05 (dd, J = 9.0, 4.7 Hz, 1H), 
4.43 (q, J = 7.1 Hz, 2H), 4.36 (q, J = 7.1 Hz, 2H), 1.63 (t, J = 7.2 Hz, 3H), 1.44 (t, J = 7.1 
Hz, 3H). 
19F NMR (376 MHz, CDCl3): δ -123.51 (ddd, J = 12.9, 6.4, 3.8 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C20H19FN3O4: 384.1354 ; Found: 384.1352 
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Ethyl 1-ethyl-7-((4-hydroxy-3-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxy-
late (22) To a solution of 13 (0.38 mmol, 100 mg) in aqueous 1M HCl (1 mL), stirred in an ice-
bath, was added a solution of NaNO2 (0.42 mmol, 29 mg) in water (100 μL). Then a solution of 
guaiacol (0.42 mmol, 52 mg) in aqueous 2.5M NaOH (200 μl) was added dropwise. The mixture 
was stirred for 15 min and after purification by flash chromatography (DCM:MeOH 9:1) 55 mg 
(37%) of the product was obtained as a scarlet solid. 
1H NMR (400 MHz, DMSO-D6): δ 8.75 (s, 1H), 8.35 (d, J = 8.3 Hz, 1H), 8.16 (s, 1H), 
7.81 (d, J = 8.7 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.51 (s, 1H), 6.99 (d, J = 8.7 Hz, 1H), 
4.51 (q, J = 7.2 Hz, 2H), 4.23 (q, J = 7.2 Hz, 2H), 3.87 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H), 
1.28 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.9, 164.9, 154.9, 150.0, 149.1, 146.6, 145.5, 
139.9, 129.1, 128.4, 122.8, 116.2, 115.9, 113.9, 111.2, 103.2, 60.3, 56.1, 48.5, 14.9, 14.8. 
HR-MS (ESI, [M+H]+): Calcd. for C21H22N3O5: 396.1554; Found: 396.1552 

Ethyl 1-ethyl-7-((4-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate (23) 14 
(0.22 mmol, 80 mg) was dissolved in DMF (25 mL) to which K2CO3 (0.26 mmol, 36 mg) and 
methyl iodide (0.26 mmol, 37 mg) were added and the mixture was stirred overnight at 70 
°C. The reaction mixture was concentrated in vacuo and redissolved in DCM (20 ml). This 
was washed with a saturated aqueous NaHCO3 solution, brine and dried (MgSO4). The organic 
phase was concentrated in vacuo and purified with flash chromatography (DCM:MeOH 9:1), 
resulting in 53 mg (64%) of an orange solid. mp: 177-178 °C. 
1H NMR (400 MHz, CDCl3): δ 8.66 (d, J = 8.7 Hz, 2H), 8.57 (s, 1H), 7.99 (d, J = 9.0 Hz, 
2H), 7.95 (s, 1H), 7.93 (d, J = 8.7 Hz, 1H), 7.05 (d, J = 9.0 Hz, 2H), 4.43 (q, J = 7.2 Hz, 
18H), 4.39 (q, J= 7.2 Hz, 2H), 3.93 (s, 3H), 1.63 (t, J = 7.1 Hz, 3H), 1.44 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 163.0, 155.0, 149.2, 146.9, 139.4, 130.9, 129.3, 127.0, 
125.4, 120.4, 117.9, 114.9, 114.4, 111.4, 61.1, 55.7, 49.1, 14.7, 14.4. 
HR-MS (ESI, [M+H]+): Calcd. for C21H22N3O4: 380.1610 ; Found: 380.1602 
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Ethyl 1-ethyl-7-((4-methoxy-3-methylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(24) 15 (0.21 mmol, 79 mg) was dissolved in DMF (50 mL) to which Cs2CO3 (0.31 mmol, 102 
mg) and methyl iodide (1.68 mmol, 238 mg) were added and the mixture was stirred overnight 
at 70 °C. The reaction mixture was concentrated in vacuo and redissolved in DCM (50ml). This 
was washed with a saturated aqueous NaHCO3 solution, brine and dried (MgSO4). The organic 
phase was concentrated in vacuo and purified with flash chromatography (DCM:MeOH 9:1), 
resulting in 71 mg (75%) of an orange solid. mp: 207-208 °C. 
1H NMR (400 MHz, CDCl3): δ 8.65 (d, J = 8.5 Hz, 1H), 8.57 (s, 1H), 7.95 (d, J = 1.4 Hz, 
1H), 7.92 (dd, J = 8.6, 1.6 Hz, 1H), 7.89 (dd, J = 8.5, 2.5 Hz, 1H), 7.82 (d, J = 1.6 Hz, 1H), 
6.98 (d, J = 8.7 Hz, 1H), 4.43 (q, J = 7.1 Hz, 2H), 4.36 (q, J = 7.2 Hz, 2H), 3.95 (s, 3H), 
2.32 (s, 3H), 1.63 (t, J = 7.3 Hz, 3H), 1.43 (dd, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 174.0, 166.0, 161.3, 155.1, 149.1, 146.4, 139.3, 129.8, 
129.3, 127.8, 125.3, 123.8, 117.8, 111.6, 111.3, 109.8, 61.0, 55.7, 49.0, 16.4, 14.6, 14.5. 
HR-MS (ESI, [M+H]+): Calcd. for C22H24N3O4: 394.1761; Found: 394.1760

Ethyl 1-ethyl-7-((4-methoxy-3,5-dimethylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-car-
boxylate (25) 16 (0.71 mmol, 249 mg) was dissolved in THF (25 mL) to which Cs2CO3 (1.07 
mmol, 347 mg) and methyl iodide (2.13 mmol, 302 mg) were added and the mixture was 
stirred overnight at 70 °C. The reaction mixture was concentrated in vacuo and redissolved in 
DCM (25ml). This was washed with a saturated aqueous NaHCO3 solution, brine and dried 
(MgSO4). The organic phase was concentrated in vacuo and purified with flash chromato-
graphy (DCM:MeOH 9:1), resulting in 126 mg (44%) of an orange solid. mp: 203-204 °C. 
1H NMR (400 MHz, CDCl3): δ 8.65 (dd, J = 8.6, 4.6 Hz, 1H), 8.57 (d, J = 2.7 Hz, 1H), 7.96 
(d, J = 1.5 Hz, 1H), 7.95 – 7.89 (m, 1H), 7.70 (d, J = 6.6 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 4.36 
(q, J = 7.1 Hz, 2H), 3.81 (s, 3H), 2.40 (s, 6H), 1.63 (t, J = 7.2 Hz, 3H), 1.44 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.82, 164.94, 154.58, 150.16, 148.23, 139.92, 132.30, 
129.69, 128.58, 128.03, 124.13, 115.98, 114.93, 111.31, 60.06, 48.53, 17.47, 16.43, 14.90, 14.79. 
HR-MS (ESI, [M+H]+): Calcd. for C23H26N3O4: 408.1917 ; Found: 408.1918
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Ethyl 1-ethyl-7-((4-methoxy-2,3,6-trimethylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-car-
boxylate (26) 17 (0.20 mmol, 80 mg) was dissolved in THF (10 mL). Cs2CO3 (0.30 mmol, 98 
mg) and dimethyl sulfate (0.22 mmol, 28 mg) were added and the mixture was stirred overnight 
at 70 °C. The reaction mixture was concentrated in vacuo and the product was purified by flash 
chromatography (DCM:MeOH 9:1), resulting in 46 mg (55%) of an orange solid. 
1H NMR (400 MHz, DMSO-D6): δ 8.76 (s, 1H), 8.38 (d, J = 8.6 Hz, 1H), 8.13 (s, 1H), 
7.81 (d, J = 8.9 Hz, 1H), 6.84 (s, 1H), 4.51 (q, J = 7.2 Hz, 2H), 4.23 (q, J = 7.2 Hz, 2H), 
3.86 (s, 3H), 2.45 (s, 3H), 2.43 (s, 3H), 2.15 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 
7.2 Hz, 3H).
13C NMR (100 MHz, DMSO-D6): δ 172.9, 165.0, 158.6, 155.2, 150.1, 144.3, 139.9, 
136.0, 129.6, 129.3, 128.5, 123.5, 116.6, 113.3, 111.8, 111.2, 72.0, 60.3, 56.1, 48.5, 21.4, 
15.5, 14.8, 11.9. 
HR-MS (ESI, [M+H]+): Calcd. for C24H28N3O4: 422.2074; Found: 422.2071

Ethyl 1-ethyl-7-((2-methoxy-5-methylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(27) 18 (0.13 mmol, 50 mg) was dissolved in THF (25 mL) to which K2CO3 (0.16 mmol, 22 mg) 
and methyl iodide (0.32 mmol, 45 mg) were added and the mixture was stirred overnight at 70 
°C. The reaction mixture was concentrated in vacuo and redissolved in DCM (20 mL). This 
was washed with a saturated aqueous NaHCO3 solution, brine and dried (MgSO4). The organic 
phase was concentrated in vacuo and purified with flash chromatography (DCM:MeOH 9:1), 
resulting in 55 mg (>95%) of an orange solid. mp: 206-207 °C. 
1H NMR (400 MHz, CDCl3): δ 8.65 (d, J = 8.7 Hz, 1H), 8.57 (s, 1H), 7.98 (s, 1H), 7.93 
(d, J = 8.6 Hz, 1H), 7.52 (s, 1H), 7.33 (d, J = 8.8 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 4.43 
(q, J = 7.0 Hz, 2H), 4.36 (q, J = 7.0 Hz, 2H), 4.03 (s, 3H), 2.37 (s, 3H), 1.62 (t, J = 7.2 Hz, 
3H), 1.43 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 173.9, 165.9, 155.7, 155.4, 149.1, 141.7, 139.3, 134.4, 
130.3, 130.0, 129.4, 117.6, 117.0, 113.7, 112.9, 112.3, 61.0, 56.4, 49.0, 20.4, 14.6, 14.4. 
HR-MS (ESI, [M+H]+): Calcd. for C22H24N3O4: 394.1761 ; Found: 394.1751.
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Ethyl 1-ethyl-7-((3-fluoro-4-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(28) 19 (0.35 mmol, 230 mg) was dissolved in THF (25 mL) to which Cs2CO3 (0.70 mmol, 230 
mg) and methyl iodide (2.8 mmol, 400 mg) were added and the mixture was stirred overnight at 
70 °C. The reaction mixture was concentrated in vacuo and redissolved in DCM (40 mL). This 
was washed with a saturated aqueous NaHCO3 solution, brine and dried (MgSO4). The organic 
phase was concentrated in vacuo and purified with flash chromatography (DCM:MeOH 9:1), 
resulting in 95 mg (68%) of an orange solid. mp: 207-208 °C. 
1H NMR (400 MHz, CDCl3): δ 8.65 (d, J = 8.6 Hz, 1H), 8.57 (s, 1H), 7.97 (d, J = 1.5 Hz, 
1H), 7.91 (dd, J = 8.6, 1.6 Hz, 1H), 7.86 (ddd, J = 8.6, 2.2, 1.3 Hz, 1H), 7.75 (dd, J = 12.0, 
2.3 Hz, 1H), 7.13 (t, J = 8.6 Hz, 1H), 4.42 (q, J = 7.1 Hz, 2H), 4.36 (q, J = 7.3 Hz, 2H), 
4.01 (s, 3H), 1.63 (t, J = 7.1 Hz, 3H), 1.43 (t, J = 7.1 Hz, 3H). 
19F NMR (376 MHz, CDCl3): δ -132.92 – -133.03 (m). 
HR-MS (ESI, [M+H]+): Calcd. for C21H21FN3O4: 398.1510 ; Found: 398.1509

Ethyl 7-((3,5-difluoro-4-methoxyphenyl)diazenyl)-1-ethyl-4-oxo-1,4-dihydroquinoline-
3-carboxylate (29) 20 (0.22 mmol, 90 mg) was dissolved in THF (25 mL) to which Cs2CO3 
(0.45 mmol, 147 mg) and methyl iodide (0.89 mmol, 127 mg) were added and the mixture was 
stirred overnight at 70 °C. The reaction mixture was concentrated in vacuo and redissolved in 
DCM (40 mL). This was washed with a saturated aqueous NaHCO3 solution, brine and dried 
(MgSO4). The organic phase was concentrated in vacuo and purified with flash chromatography 
(DCM:MeOH 9:1), resulting in 88 mg (90%) of an orange solid. mp: 198-199 °C. 
1H NMR (400 MHz, CDCl3): δ 8.67 (d, J = 8.6 Hz, 1H), 8.58 (s, 1H), 7.99 (d, J = 1.5 Hz, 
1H), 7.92 (dd, J = 8.6, 1.6 Hz, 1H), 7.62 (d, J = 9.2 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 4.37 
(q, J = 7.3 Hz, 2H), 4.14 (t, J = 1.5 Hz, 3H), 1.63 (t, J = 7.3 Hz, 3H), 1.44 (t, J = 7.1 Hz, 3H). 
19F NMR (376 MHz, CDCl3): δ -127.13 – -127.32 (m). 
HR-MS (ESI, [M+H]+): Calcd. for C21H20F2N3O4: 416.1416; Found: 416.1406
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Ethyl 1-ethyl-7-((5-fluoro-2-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylate 
(30) 21 (0.25 mmol, 100 mg) was dissolved in THF (25 mL) to which Cs2CO3 (0.64 mmol, 210 
mg) and methyl iodide (2.8 mmol, 400 mg) were added and the mixture was stirred overnight at 
70 °C. The reaction mixture was concentrated in vacuo and redissolved in DCM (30 mL). This 
was washed with a saturated aqueous NaHCO3 solution, brine and dried (MgSO4). The organic 
phase was concentrated in vacuo and purified with flash chromatography (DCM:MeOH 9:1), 
resulting in 59 mg (57%) of an orange solid. mp: 196-197 °C. 
1H NMR (400 MHz, CDCl3): δ 8.66 (d, J = 8.6 Hz, 1H), 8.57 (s, 1H), 8.01 (d, J = 1.5 Hz, 
1H), 7.93 (dd, J = 8.6, 1.6 Hz, 1H), 7.48 (dd, J = 9.1, 3.1 Hz, 1H), 7.25 – 7.20 (m, 1H), 
7.09 (dd, J = 9.2, 4.5 Hz, 1H), 4.46 – 4.34 (m, 4H), 4.05 (s, 3H), 1.63 (t, J = 7.2 Hz, 3H), 
1.44 (t, J = 7.1 Hz, 3H). 
19F NMR (376 MHz, CDCl3): δ -122.40 (ddd, J = 9.0, 7.4, 4.6 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C21H21FN3O4: 398.1510 ; Found: 398.1509

Ethyl 7-((3,4-dimethoxyphenyl)diazenyl)-1-ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (31) 
22 (0.12 mmol, 50 mg) was dissolved in THF (10 mL). Cs2CO3 (0.18 mmol, 59 mg) and dimethyl 
sulfate (0.14 mmol, 18 mg) were added and the mixture was stirred overnight at 70 °C. The reac-
tion mixture was concentrated in vacuo and the product was purified by flash chromatography 
(DCM:MeOH 9:1), resulting in 32 mg (65%) of an orange solid. 
1H NMR (400 MHz, DMSO-D6): δ 8.76 (s, 1H), 8.37 (d, J = 8.8 Hz, 1H), 8.23 (s, 1H), 
7.84 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 8.8 Hz 1H), 7.52 (s, 1H), 7.22 (d, J = 8.4 Hz, 1H), 
4.52 (q, J = 7.2 Hz, 2H), 4.23 (q, J = 7.2 Hz, 2H), 3.89 (s, 3H), 3.87 (s, 3H), 1.43 (t, J = 7.2 
Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.8, 165.0, 158.4, 154.7, 153.4, 150.1, 145.0, 146.5, 
139.9, 128.5, 122.5, 116.1, 114.6, 111.8, 111.3, 102.1, 60.3, 56.4, 56.0, 31.1, 14.9, 14.8. 
HR-MS (ESI, [M+H]+): Calcd. for C22H24N3O5: 410.1710; Found: 410.1710.
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1-Ethyl-7-((4-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (1) 23 
(0.09 mmol, 33 mg) was added to EtOH (10 mL) on ice and to this a 2.5 M aq. NaOH solution 
(52 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 h, subsequently 1 
M aq. HCl (20 mL) was added and the mixture was extracted with DCM (30 mL). After evapo-
ration in vacuo 30 mg (66%) of the product was obtained as an orange solid. mp: 269-270 °C. 
1H NMR (400 MHz, CDCl3): δ 14.90 (s, 1H), 8.85 (s, 1H), 8.67 (d, J = 8.5 Hz, 1H), 8.10 
(s, 1H), 8.07 (dd, J = 8.6, 1.6 Hz, 1H), 8.02 (d, J = 9.1 Hz, 2H), 7.07 (d, J = 9.1 Hz, 2H), 
4.49 (q, J = 7.4 Hz, 2H), 3.94 (s, 3H), 1.68 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 178.2, 167.0, 163.4, 155.8, 148.5, 146.8, 140.0, 128.6, 
127.1, 125.7, 119.0, 114.5, 113.8, 109.5, 55.7, 49.9, 14.8. 
HR-MS (ESI, [M+H]+): Calcd. for C19H18N3O4: 352.1291 ; Found: 352.1293

1-Ethyl-7-((4-methoxy-3-methylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
(2) 24 (0.05 mmol, 20 mg) was added to MeOH (2 mL) on ice and to this a 2.5 M aq. NaOH 
solution (82 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 h, subse-
quently 1 M aq. HCl (10 mL) was added and the mixture was extracted with DCM (20 mL). 
After evaporation in vacuo 15 mg (60%) of the product was obtained as an orange solid. mp: 
293-294 °C. 
1H NMR (400 MHz, CDCl3): δ 14.93 (s, 1H), 8.84 (s, 1H), 8.66 (d, J = 8.7 Hz, 1H), 8.09 
(d, J = 1.4 Hz, 1H), 8.06 (dd, J = 8.6, 1.6 Hz, 1H), 7.91 (dd, J = 8.8, 2.3 Hz, 1H), 7.85 (dd, 
J = 2.4, 0.8 Hz, 1H), 6.99 (d, J = 8.7 Hz, 1H), 4.49 (q, J = 7.3 Hz, 2H), 3.96 (s, 3H), 2.32 
(s, 3H), 1.68 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, CDCl3): δ 178.2, 167.0, 161.8, 155.9, 148.4, 146.36, 140.0, 128.6, 
128.0, 127.0, 125.7, 123.9, 119.0, 111.9, 109.9, 109.4, 55.8, 49.9, 16.4, 14.8. 
HR-MS (ESI, [M+H]+): Calcd. for C20H20N3O4: 366.1448 ; Found: 366.1448
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1-Ethyl-7-((4-methoxy-3,5-dimethylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic 
acid (3) 25 (0.25 mmol, 100 mg) was added to EtOH (10 mL) on ice and to this a 2.5 M aq. 
NaOH solution (400 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 
h, subsequently 1 M aq. HCl (20 mL) was added and the mixture was extracted with DCM (40 
mL). After evaporation in vacuo 40 mg (43%) of the product was obtained as an orange solid. 
mp: 296-297 °C. 
1H NMR (400 MHz, CDCl3): δ 14.87 (s, 1H), 8.85 (s, 1H), 8.68 (d, J = 8.6 Hz, 1H), 8.11 
(s, 1H), 8.06 (dd, J = 8.6, 1.6 Hz, 1H), 7.73 (d, J = 6.6 Hz, 2H), 4.49 (q, J = 7.4 Hz, 2H), 
3.82 (s, 3H), 2.41 (s, 6H), 1.68 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6) δ 177.7, 166.3, 161.0, 155.3, 150.5, 148.2, 140.5, 132.3, 
128.1, 126.9, 124.4, 117.2, 115.8, 108.9, 60.0, 49.6, 16.5, 15.1. 
HR-MS (ESI, [M+H]+): Calcd. for C21H22N3O4: 380.1604 ; Found:380.1605

1-Ethyl-7-((4-methoxy-2,3,6-trimethylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic 
acid (4) 26 (0.31 mmol, 129 mg) was added to EtOH (10 mL), in an ice-bath, and to this a 2.5 
M aq. NaOH solution (400 μl) was added dropwise. The reaction mixture was heated at 50 °C 
for 2 h, subsequently 1 M aq. HCl (20 mL) was added and the mixture was extracted with DCM 
(40 mL) and washed with brine (40 mL) and dried (MgSO4). After evaporation in vacuo and 
recrystallization from ethanol70 mg (58%) of the product was obtained as an orange solid. 
1H NMR (400 MHz, DMSO-D6): δ 15.14 (s, 1H), 9.11 (s, 1H), 8.49 (d, J = 8.7 Hz, 1H), 
8.29 (s, 1H), 7.93 (d, J = 8.6 Hz, 1H), 6.83 (s, 1H), 4.68 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H), 
2.47 (s, 3H), 2.45 (s, 3H), 2.13 (s, 3H), 1.46 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 172.9, 165.0, 157.7, 155.5, 150.0, 143.2, 139.9, 137.9, 
129.8, 129.1, 128.5, 122.0, 116.8, 116.0, 112.7, 111.1, 60.2, 48.5, 21.7, 15.6, 14.8, 12.0. 
HR-MS (ESI, [M+H]+): Calcd. for C22H24N3O4: 394.1761; Found: 394.1759
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1-Ethyl-7-((2-methoxy-5-methylphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
(5) 27 (0.11 mmol, 40 mg) was added to EtOH (1 mL) on ice and to this a 2.5 M aq. NaOH solu-
tion (61 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 h, subsequently 
1 M aq. HCl (10 mL) was added and the mixture was extracted with DCM (20 mL). After evapo-
ration in vacuo 40 mg (>95%) of the product was obtained as an orange solid. mp: 290-291 °C. 
1H NMR (400 MHz, DMSO-D6): δ 15.09 (s, 1H), 9.13 (s, 1H), 8.53 – 8.45 (m, 1H), 7.91 
(d, J = 8.7 Hz, 1H), 7.49 (s, 1H), 7.43 (d, J = 9.1 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 4.72 
(q, J = 7.2 Hz, 2H), 3.96 (s, 3H), 2.30 (s, 3H), 1.48 (t, J = 6.9 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 177.7, 166.3, 156.2, 155.7, 150.4, 141.3, 140.5, 
135.6, 130.1, 128.2, 126.9, 117.0, 116.7, 116.5, 114.2, 113.8, 56.7, 49.6, 20.4, 15.1. 
HR-MS (ESI, [M+H]+): Calcd. for C22H24N3O4: 366.1448 ; Found: 366.1443. 

1-Ethyl-7-((3-fluoro-4-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (6) 
28 (0.20 mmol, 80 mg) was added to EtOH (10 mL) on ice and to this a 2.5 M aq. NaOH solution 
(320 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 h, subsequently 1 M 
aq. HCl (30 mL) was added and the mixture was extracted with DCM (40 mL). After evaporation 
in vacuo 72 mg (>95%) of the product was obtained as an orange solid. mp: 298-299 °C. 
1H NMR (400 MHz, CDCl3): δ 14.78 (s, 1H), 8.79 (s, 1H), 8.61 (d, J = 8.7 Hz, 1H), 8.05 
(d, J = 1.5 Hz, 1H), 7.99 (dd, J = 8.7, 1.6 Hz, 1H), 7.84 (ddd, J = 8.6, 2.3, 1.3 Hz, 1H), 
7.71 (dd, J = 11.9, 2.3 Hz, 1H), 7.08 (t, J = 8.6 Hz, 1H), 4.43 (q, J = 7.3 Hz, 2H), 3.96 (s, 
3H), 1.62 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 177.8, 166.1, 155.4, 153.7, 151.7, 151.6, 151.3, 
150.3, 146.4, 146.3, 140.6, 128.2, 127.2, 124.3, 117.7, 115.0, 114.5, 109.2, 108.3, 108.1, 
57.1, 49.6, 14.9. 
19F NMR (376 MHz, CDCl3): δ -132.68 (dd, J = 11.5, 8.5 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C19H17FN3O4: 370.1197 ; Found: 370.1199
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7-((3,5-Difluoro-4-methoxyphenyl)diazenyl)-1-ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylic acid 
(7) 29 (0.14 mmol, 60 mg) was added to EtOH (20 mL) on ice and to this a 2.5 M aq. NaOH 
solution (300 μl) was added dropwise. The reaction mixture was heated at 70 °C for 2 h, subse-
quently 1 M aq. HCl (50 mL) was added and the mixture was extracted with DCM (50 mL). After 
evaporation in vacuo 30 mg (54%) of the product was obtained as an orange solid. mp: 312-313 °C. 
1H NMR (400 MHz, CDCl3): δ 14.70 (s, 1H), 8.80 (s, 1H), 8.62 (d, J = 8.7 Hz, 1H), 8.07 
(s, 1H), 7.99 (d, J = 10.2 Hz, 1H), 7.58 (d, J = 9.2 Hz, 2H), 4.43 (q, J = 7.4 Hz, 2H), 4.09 
(t, J = 1.6 Hz, 3H), 1.62 (t, J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 177.8, 166.0, 156.7, 156.6, 154.9, 154.2, 154.1, 
150.4, 146.6, 146.5, 140.5, 128.3, 127.6, 117.6, 115.9, 109.3, 108.3, 108.2, 108.1, 108.1, 
62.3, 49.6, 15.0. 
19F NMR (376 MHz, DMSO-D6): δ -126.34 (d, J = 8.6 Hz), -126.98 (d, J = 7.7 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C19H16F2N3O4: 388.1103; Found: 388.1098 

1-Ethyl-7-((5-fluoro-2-methoxyphenyl)diazenyl)-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (8) 
30 (0.20 mmol, 80 mg) was added to EtOH (10 mL) on ice and to this a 2.5 M aq. NaOH solution 
(160 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 h, subsequently 1 M 
aq. HCl (30 mL) was added and the mixture was extracted with DCM (40 mL). After evaporation 
in vacuo 37 mg (50%) of the product was obtained as an orange solid. mp: 275-276 °C. 
1H NMR (400 MHz, CDCl3): δ 14.82 (s, 1H), 8.86 (s, 1H), 8.67 (d, J = 8.6 Hz, 1H), 8.16 
(s, 1H), 8.07 (dd, J = 8.7, 1.6 Hz, 1H), 7.52 (dd, J = 9.1, 3.2 Hz, 1H), 7.31 – 7.24 (m, 1H), 
7.11 (dd, J = 9.2, 4.5 Hz, 1H), 4.51 (q, J = 7.4 Hz, 2H), 4.07 (s, 3H), 1.69 (t, J = 7.3 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 177.7, 166.0, 158.1, 155.7, 155.5, 154.7, 150.2, 
142.2, 142.2, 140.5, 128.2, 127.4, 120.9, 120.7, 117.0, 116.4, 116.3, 109.7, 103.4, 103.2, 
57.7, 49.6, 14.9. 
19F NMR (376 MHz, CDCl3): δ -122.27 (ddd, J = 9.0, 7.4, 4.6 Hz). 
HR-MS (ESI, [M+H]+): Calcd. for C19H17N3O4: 370.1197 ; Found: 370.1200
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7-((3,4-Dimethoxyphenyl)diazenyl)-1-ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylic acid (9) 31 
(0.07 mmol, 28 mg) was added to EtOH (10 mL), in an ice-bath, and to this a 2.5 M aq. NaOH 
solution (400 μl) was added dropwise. The reaction mixture was heated at 50 °C for 2 h, subse-
quently 1 M aq. HCl (20 mL) was added and the mixture was extracted with DCM (40 mL) and 
washed with brine (40 mL) and dried (MgSO4). After evaporation in vacuo 23 mg (86%) of the 
product was obtained as an orange solid.
1H NMR (400 MHz, DMSO-D6): δ 15.13 (s, 1H), 9.14 (s, 1H), 8.51 (d, J = 8.7 Hz, 1H), 
8.43 (s, 1H), 7.99 (d, J = 8.6 Hz, 1H), 7.75 (dd, J = 8.5, 2.2 Hz, 1H), 7.54 (d, J = 2.1 Hz, 
1H), 7.24 (d, J = 8.6 Hz, 1H), 4.72 (q, J = 7.1 Hz 2H), 3.90 (s, 3H), 3.87 (s, 3H), 1.48 (t, 
J = 7.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-D6): δ 177.8, 166.3, 155.5, 153.7, 150.4, 150.0, 146.5, 
140.6, 128.1, 126.7, 123.1, 117.4, 115.5, 111.8, 108.8, 102.0, 56.4, 56.1, 49.6, 15.2. 
HR-MS (ESI, [M+H]+): Calcd. for C20H20N3O5: 382.1397; Found: 382.1395

NMR spectra of compound 2 

1H NMR spectrum of non-irradiated compound 2 in CDCl3. 
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1H NMR spectrum of non-irradiated compound 2 (red) and compound 2 after 365 nm light 
irradiation at a concentration of 0.5 mg/mL in D2O with 1 mg/mL K2CO3. 
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