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Chapter 5
Towards 18F-labelling of a
Photoswitchable Bio-active Molecule

Mark W.H. Hoorens, Laura Slappendel, Piermichele Kobauri, Ben. L. Feringa, Philip H.
Elsinga and Wiktor Szymanski
Results in this chapter have been earlier reported in the master thesis of Laura Slappendel.
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Abstract:
The emerging field of photopharmacology is developing drugs containing a strategically
placed molecular photoswitch that allows for reversible local activation using light. However,
the behavior of a light-controlled drug in vivo has not been studied yet, nor the chemical tools
to study this have been developed. Here we show the initial steps in the design, synthesis and
evaluation of fluorine-containing photoswitchable HDAC2 inhibitors, with the ultimate goal
of synthesizing an 18 F-labelled PET tracer analog for photopharmacology studies in vivo.

5.1

Introduction:

Small molecule drugs are a major class of therapeutics for the treatment of a wide variety
of diseases. During such treatments, upon being administered either orally or
intravenously, the active molecule spreads throughout the body of a patient via the
bloodstream and diffusion. Yet, a systemic activity of drugs is not needed: therapeutic
intervention is only necessary in a specific organ, tissue or group of cells. The drug target
(enzyme, receptor, etc.) can often also be found in healthy cells and tissues and here the
active drug can result in toxicity and side-effects. This calls for the development of
techniques to control drug activity to ultimately enable local activation and inactivation of
the activity, by which healthy cells and tissues remain unaffected 1.
Photopharmacology is developing small molecule drugs of which the activity can be
controlled using light 2 . Biological systems can tolerate light and due the high level of
control that can be attained over the wavelength, intensity, duration and location of
irradiation, light is a powerful external stimulus3. Photocontrol over the activity of drugs
can be achieved by strategically introducing a molecular photoswitch, such as azobenzene,
into the core structure of the bio-active molecule4 (see examples in Chapters 3 and 4 of this
thesis). This results in the existence of two photo-isomers of the drug, such as trans and cis
for the case of commonly used azobenzene5. Photo-isomers of the drug have different
chemical properties, including shape, dipole moment and solubility, which can be
harnessed to obtain photoswitching of biological activity 6. Light of specific wavelengths
can be used to switch from one photo-isomer to the other reversibly, by which the
biological activity is turned on and off7.
Currently, a wide variety of small molecule drugs with light-controlled activity have been
developed4 and also the first in vivo experiments of these future therapeutics are
performed in mice brain8. Yet, a full mammalian body is very complex and there is no
detailed understanding of how both photo-isomers of a drug behave in such a system. The
aforementioned differences between the isomers can result in a differences in distribution,
pharmacokinetics, pharmacodynamics and off-target profiles. These aspects of
photoswitchable drugs have not been studied yet, nor have the chemical tools that would
enable such studies been developed.
Positron Emission Tomography (PET) is a highly sensitive and non-invasive medical
imaging technique used to follow the distribution of small molecules in vivo9,10 , which
would make it a powerful tool to study the behavior of two photo-isomers of a drug. PET
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can be used to follow specific molecules by labeling them with a radio-active isotope which
emits a positron (e+ particle). This particle gradually loses energy by traveling through the
tissue until it undergoes annihilation with an electron, after which two gamma photons
with a specific energy are emitted in exactly opposite directions. These photons can be
detected and their origin in the patient or animal can be reconstructed, enabling the
visualization of the distribution and relative concentration of the molecule of interest in a
3-dimensional image.
Here we present the efforts towards the design and synthesis of a fluorine-labelled photoswitchable HDAC2 inhibitor. Based on a photoswitchable HDAC2 inhibitor reported earlier
by Szymanski et al.,11 a set of HDAC2 inhibitors containing a fluorine atom were designed,
synthesized, their photochemical properties were determined and, using an enzyme
activity assay, the biological activity was tested for both photo-isomers. The results
reported in this chapter forms the starting point towards the development of an 18Flabelled photoswitchable drug, to ultimately study the behavior of both photo-isomers in
vivo in a rodent model.

5.2

Results and discussion

5.2.1

Design

For the development of a positron-emitter-labelled photoswitchable drug, we have
specifically chosen to work with a cancer model and an anti-cancer drug. An advantage is
that a cancer model can be acquired in rodents with control over the expression of the drug
target of choice in a localized tumor xenograft. Several photoswitchable anti-cancer drugs
have been developed, of which the Vorinostat-based HDAC2 inhibitor 1 (see Figure 5.1A)
of Szymanski et al.11 has been selected as a model compound because of its 39-fold
difference in activity between the thermal and irradiated state. Furthermore, upon
irradiation, 92% of the cis isomer is formed, with a half-life of 4.2 h, which should be long
enough to study the behavior of both photo-isomers.
For the PET isotope, we mainly considered 18F and 11C as positron-emitters to follow small
molecules in vivo. Yet, 18F has a half-life of 110 minutes and 11C of only 20 minutes, which
opens more synthetic opportunities for the late stage functionalization of a drug with 18F.
Also 18F-labelling has been successfully used to study the bio-distribution of Vorinostat in
vivo using PET imaging12 . Vorinostat does not contain fluorine, meaning that first a
fluorine-containing variant with similar biological activity had to be developed.
In contrast to modifying a conventional drug, introduction of a fluorine atom into the
structure of compound 1 potentially alters not only the biological activity of both photoisomers, but also their photochemical properties. To choose the best site for the
introduction of fluorine atom, both photo-isomers were docked in silico in the crystal
structure (PDB ID: 4LXZ) of HDAC2 (Figure 5.1CD). This demonstrated that trans-1 is a stiff
molecule and its 4-methoxy-phenyl group is not involved in binding and is solvent exposed.
In contrast, the cis isomer is bent and freely moving around, potentially engaging in an
additional interaction with amino acids on the surface, similarly to the original binding
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mode of Vorinostat. Therefore we chose to investigate new substituent patterns
containing fluorine at the position of the methoxy substituent of compound 1. Yet, due to
the half-life of 110 minutes of 18 F, synthesis of 18F containing compounds requires fast
reactions and preferably introduction of 18 F in the final stage. Therefore, these synthetic
restrictions should be taken into consideration in the design of the fluorine-containing
photoswitchable HDAC2 inhibitors.

Figure 5.1: A) Szymanski et al.11 developed photoswitchable HDAC2 inhibitor 1 based on
Vorinostat. B) Structural modifications of 1 were used to study the role of substituents at the
position of the methoxy group in 1 and how to introduce fluorine. C/D) Docking studies of
Vorinostat (green), 1 trans (blue) and 1 cis (purple) into HDAC2 (PBD ID: 4LXZ). The docking
studies were performed in Maestro by Schrödinger version 11.4.
In total, four new photoswitchable HDAC2 inhibitors based on compound 1 were designed.
Compound 2a has no substituents at the bottom ring of the azobenzene and serves as a
control for understanding the role of the substituent on the photochemistry and
pharmacology. Compound 2b has a fluorine directly on the azobenzene, even though it
would be a challenging substrate for nucleophilic aromatic substitution, a method
commonly used for introducing 18 F. Generally, para-alkoxy-substituted azobenzenes show
near-quantitative photo-isomerization, for which reason compounds 2c and 2d were
designed with larger fluorine-containing alkoxy groups. Late stage introduction of 18F for
the alkoxy designs could be done using the [ 18F]-2-fluoroethyltosylate13 synthon for 2c and
4-[18 F]fluorobenzyl bromide synthon 14,15 for 2d.
82

Towards 18F-labelling of a Photoswitchable Bio-active Molecule

5.2.2

Synthesis of photoswitchable HDAC2 inhibitors

Scheme 5.1: Synthesis of photoswitchable HDAC2 inhibitor 2a
In the development of a synthetic route for the non-radiactive (“cold”), 19F-modified,
photoswitchable HDAC2 inhibitors, the synthetic restrictions of late-stage introduction of
18 F were considered. Generally, 18 F is introduced via an aromatic nucleophilic substitution
reaction16–18 or a substitution reaction 19,20 , in which both the 18 F - anion is used. This means
that these reactions do not work in the presence of an acidic proton such as in the
hydroxamic acid, which results in the formation of radio-active HF gas. Therefore a
synthetic route was developed (Scheme 5.1) in which the hydroxamic acid is protected
with an acid-labile trityl (Trt) protecting group. Acrylic acid 3 was coupled to the tritylprotected hydroxylamine using EDC, yielding N-(trityloxy)acrylamide 4. In parallel,
azobenzene 6 was prepared in a Mills reaction from aniline 5, and was subsequently
coupled to alkene 4 using a Heck reaction to give compound 7. Finally, acidic deprotection
of the trityl protecting group yielded photoswitchable HDAC2 inhibitor 2a. The same
synthetic route was used to prepare photoswitchable HDAC inhibitor 2b, which already
contains a fluorine (Scheme 5.2). Here, the fluorine was introduced in the first reaction step
starting from 4-fluoro-aniline 4, because in the cold synthesis late-stage functionalization
is not yet required.

Scheme 5.2: Synthesis of photoswitchable HDAC2 inhibitor 2b.
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For the synthesis of photoswitchable HDAC2 inhibitors 2c and 2d, a retrosynthetic analysis
was performed (see Figure 5.3), in where we envision two synthetic strategies. In the first
strategy, compounds 2c and 2d are synthesized from compound 12, which has an acidlabile trityl protecting group on the hydroxamic acid. Starting from 4-iodo-4’-hydroxyazobenzene 15, compound 12 could be acquired via either first alkylation to form 4-iodo4’-alkoxy-azobenzene 13 and subsequent Heck coupling with N-(trityloxy)acrylamide 4 or
alternatively first Heck coupling with N-(trityloxy)acrylamide 4 to compound 14, followed
by alkylation. However, the Heck coupling reactions from 15 to 14 and from 13 to 12 were
both unsuccessful, even though this reaction has been widely applied for coupling alkenes
and iodo-aromatic compounds with different electronic properties21,22 . In the second
strategy, as partially reported by Szymanski et al.,11 compound 16a is prepared with an
ethyl ester as a precursor for the synthesis of the hydroxamic acids, which can be formed
by aminolysis reaction with hydroxylamine. Compounds 16a, precursors of final
compounds 2c and 2d, were prepared successfully, however the subsequent reaction with
hydroxylamine did not yield the desired products. Alternatively, hydroxamic acids can also
be prepared from carboxylic acids using hydroxylamine and a coupling reagent, such as
EDC 23. Carboxylic acid 16b was successfully prepared from compound 16a by hydrolyzing
the ethyl ester under basic conditions, however coupling using EDC did not result in the
desired hydroxamic acids 2c and 2d. Alternatively, hydroxamic acids can also be prepared
via quenching of acyl chlorides with hydroxyl amine24. Therefore, acyl chloride 16c was
prepared from 16b using oxalyl chloride, however the subsequent reaction with hydroxyl
amine did not yield final compounds 2c and 2d.

Scheme 5.3: Retrosynthetic considerations made in the unsuccessful synthesis for the
synthesis of photoswitchable HDAC2 inhibitors 2c and 2d.
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5.2.3

Photochemical evaluation

Scheme 5.4: The photochemistry of photoswitchable HDAC2 inhibitors 1, 2a and 2b. The
thermally stable trans photo-isomer can be switched to the cis isomer using light of
wavelength 1. Re-isomerization from the cis to the trans photo-isomer can occur both via
irradiation with light of wavelength 2 or thermally.
To study the different behavior of both photo-isomer in vivo, the model organism needs to
be injected with samples of predominantly one of the photo-isomers. To achieve this, near
quantitative photo-isomerization to the cis isomer and a long thermal half-life of the cisisomer are needed. Irradiation of reference compound 1 with 365 nm light results in 92%
of the cis photo-isomer, which has a half-life in the hour time range11. Photoswitchable
HDAC2 inhibitors 2a and 2b both have an absorption maximum of 357 nm for the trans
isomer in DMSO (Figure 5.2AC). Irradiation with 365 nm light results in up to 71% of the cis
isomer of 2a and 84% of the cis isomer of 2b (Figure 5.2BD), which represents a decrease
compared to the methoxy-substituted compound 1. This shows that placing a hydrogen or
fluorine substituent at the para position does not result in the desired photochemical
properties to study the behaviour of trans and cis separately. Generally, alkyloxy
substituents at the para position of azobenzenes have been described to result in near
quantitative photo-isomerization to the cis isomer25, hence the synthesis of compounds 2c
and 2d should be revisited in the future.

85

Seek and Destroy: Light-Controlled Cancer Therapeutics for Local Treatment

Figure 5.2: Photochemical properties of compound 2a and 2b in DMSO. A) Absorption
spectrum of 2a measured under irradiation with different light sources from 365 nm to 530 nm.
B) 1H-NMR spectrum of compound 2a: the top spectrum is the thermally-adapted trans
compound and the bottom spectrum is the irradiated (4 h, 365 nm) mixture, containing
predominantly cis isomer. C) Absorption spectrum of 2b measured under irradiation with
different light sources from 365 nm to 530 nm. D) 1H-NMR spectrum of compound 2b (see
panel B for description). For all NMR spectra, 0.5 mg/mL in DMSO-d6 was used.
5.2.4

Enzyme inhibition studies

Despite them not fulfilling the photochemical requirements, the biological activity of
compounds 2a and 2b were tested to acquire better understanding of how structural
changes to compound 1 affect the biological activity, which is valuable in the rational and
computationally supported design of new photoswitchable HDAC2 inhibitors.
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Figure 5.3: Inhibition studies of photoswitchable HDAC2 inhibitors. A) The principle of the
HDAC2 enzyme inhibition assay. B) Calibration curve of 7-amino-4-methylcoumarin (AMC)
fluorescence. C) Michaelis-Menten curve of recombinant HDAC2. D) Dose-response curve of
Vorinostat and 2a, thermally adapted or irradiated to PSS. E) Dose-response curve of
Vorinostat and 2b, thermally adapted or irradiated to PSS.
In the HDAC2 inhibition assay, synthetic substrate Boc-Lys-(Ac)-AMC is de-acetylated by
the recombinant HDAC2 enzyme (Figure 5.3A). After one hour, the enzymatic reaction is
stopped by adding a high concentration of HDAC2 inhibitor and trypsin. The trypsin
exclusively recognizes the de-acetylated Boc-Lys-AMC substrate and catalyses its
cleavage to of fluorescent 7-amino-4-methylcoumarin (AMC). First, the fluorescence signal
was calibrated to the concentration of AMC (Figure 5.3B) and from the Michaelis-Ment en
curve (Figure 5.3C) the Km value of HDAC2 was determined at 188 µM. Performing the
inhibition studies at the Km concentration results in the largest signal between zero and
full inhibition, while rate of the HDAC2 enzyme is still in the linear region.
Subsequently, the biological activity of inhibitors 2a and 2b was determined, either using
a thermally adapted DMSO stock solution or an irradiated stock, and Vorinostat as a
control (see Figure 5.3DE). Compound 2a shows a decrease of biological activity compared
to Vorinostat and no difference in biological activity is found between photo-isomers.
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Compound 2b, containing a fluorine substituent, shows an approximately 5-fold difference
between the thermally adapted (IC 50 = 32 ± 8.0 µM) and irradiated sample (IC 50 = 6.6 ± 3.2
µM). Similarly to compound 1, the irradiated sample containing approximately 84% cis
isomer is biologically more active than the thermally adapted trans photo-isomer.
However, for compound 1 a 39-fold difference between both photo-isomers has been
reported11, which suggests that the methoxy substituent might play a role in binding of the
cis isomer.

5.3

Discussion and outlook

Here we reported the initial steps the development of fluorine-containing photoswitchable HDAC2 inhibitors, with the ultimate goal of obtaining an 18 F-labelled HDAC2
inhibitor of which the behaviour of both photo-isomers can be monitored in vivo using PET
imaging. In total, two new photoswitchable HDAC2 inhibitors were synthesized, inspired
by compound 1 as published by Szymanski et al.11. However, replacing the para-methoxy
substituent by a hydrogen of fluorine atom results in decreased build-up of the cis photoisomer upon irradiation and a decrease in difference in biological activity. This means that
these two new HDAC2 inhibitors do not fulfil the strict requirement as an 18F labelled
research tool for photopharmacology.
Despite multiple attempts, the synthesis of alkoxy-substituted photo-switchable HDAC2
inhibitors 2c and 2d has not been successfully achieved. We predict that the alkoxy
substituents result in near quantitative photo-isomerization to the cis isomer, which would
allow to study the effects of both photo-isomers separately. Furthermore, compounds 2a
and 2b showed a smaller difference in activity between the dark and irradiated state than
compound 1, which upon irradiation with 365 nm becomes 39-fold more activity as a
HDAC2 inhibitor. This could indicate that the alkoxy substituent plays a role in binding in
the cis isomer, which once more highlights the potential of compounds 2c and 2d.
Therefore, future works aims on the cold synthesis of 2c and 2d, followed by
photochemical and biological evaluation. Together with compounds 1, 2a and 2b,
properties of 2c and 2d form valuable input for the computational and rational design of
new fluorine containing photo-switchable HDAC2 inhibitors with all the desired properties
for PET imaging of both photo-isomers in vivo.

5.4

Experimental contributions

M.W.H.H, P.H.E and W.S. conceived the project and designed the molecules. Synthesis
and photochemical evaluation was performed by L.S. The enzyme inhibition study was
done by M.W.H.H. and L.S.

5.5

Experimental data

5.5.1

General synthetic remarks

See Chapter 3.6.1
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5.5.2

Synthetic procedures

N-(trityloxy)acrylamide (4):

Acrylic acid 3 (145 L, 2.12 mmol), O-tritylhydroxylamine (0.68 g, 2.48 mmol) and EDC (0.81 g, 4.21
mmol) were dissolved in DMF (12 mL). The reaction mixture was stirred for 2 days. After completion,
EtOAc (50 mL) and H2O (50 mL) were added. The layers were separated and the aqueous layer was
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with sat. aq. NaHCO 3
(2 x 30 mL) and brine (3 x 30 mL). The organic layer was dried over MgSO 4 and the solvent was
evaporated in vacuo. The mixture was purified by flash chromatography (Silicagel, 40 - 63 m,
pentane/Et2O, 1:1). The product was obtained as a white solid. (453 mg, 1.38 mmol, 65% yield). Mp =
125 – 130 oC . 1 H NMR (400 MHz, DMSO-d6) δ 5.4 (d, J = 14.9 Hz, 1H), 5.9 (d, J = 20.0 Hz, 1H), 6.0 (d, J
= 15.6 Hz, 1H), 7.3 (m, 15H, ArH), 10.5 (s, 1H). 13 C NMR (101 MHz, CDCl 3 ) δ 120.7, 123.2, 127.3, 127.6,
129.0, 133.9, 143.8, 148.2.

(E)-1-(4-bromophenyl)-2-phe nyldiazene (6):
Nitrosobenzene (251 mg, 2.34 mmol) and 4-iodoaniline (5) (501 mg, 2.28 mmol) were dissolved in
acetic acid (20 mL). The reaction mixture was heated to 40 oC and stirred overnight. After completion
the reaction mixture was neutralized with sat. aq. NaHCO3 . The reaction mixture was diluted with
EtOAc (100 mL), the layers were separated and the aqueous layer was extracted with EtOAc (3 x 50
mL). The combined organic layers were washed with 1N aq. HCl (2 x 50 mL), sat. aq. NaHCO 3 (50 mL)
and brine (40 mL). The organic phase was dried using MgSO 4 and the solvent was concentrated in
vacuo. The mixture was purified by flash chromatography (Silicagel, 40 - 63 m, pentane/Et2O, 1:1).
The product was obtained as an orange solid (503 mg, 1.63 mmol, 71% yield). Mp = 92 – 95 oC. 1 HNMR (400 MHz, CDCl 3 ) δ 7.47 – 7.55 (m, 3H, ArH), 7.66 (d, J = 8.7 Hz, 2H, ArH), 7.87 (d, J = 8.7 Hz, 2H,
ArH), 7.92 (d, J = 8.3 Hz, 2H, ArH). 13 C-NMR (101 MHz, CDCl 3 ) δ 97.6, 123.0, 124.5, 129.1, 131.3, 138.4,
151.9, 152.5. 1 H-NMR and 13 C-NMR spectra in agreement with literature26

(E)-3-(4-((E)-phenyldiaze nyl)phenyl) -N-(trityloxy)acrylamide (7):
Compound 6 (51.2 mg, 0.17 mmol), compound 4 (49.7 mg, 0.51 mmol), Pd(OAc) 2 (14.0 mg, 20.7
mmol), tris-(o-tolyl)phosphine (13.4 mg, 0.04 mmol) and DIPEA (10.5 L, 0.06 mmol) were dissolved
in DMF (10 mL dry) under a N2 atmosphere. The reaction mixture was heated to 90 oC and stirred
overnight. After completion of the reaction mixture was allowed to cool down. EtOAc (100 mL) and
H2O (50 mL) were added and the aqueous layer was extracted with EtOAc (3 x 50 mL). The combined
organic layers were washed with sat. aq. NaHCO 3 (2 x 30 mL) and Brine (3 x 30 mL). The organic layer
was dried over MgSO 4 and the solvent was evaporated in vacuo. The mixture was purified by flash
chromatography (Silicagel, 40-63 m, pentane/Et2O, 1:1). The product was obtained as an orange
solid (42.5 mg, 0.08 mmol, 55% yield). Mp = 195 – 198 oC. 1 H-NMR (400 MHz, CDCl 3 ) δ 6.17 (d, J = 15.8
Hz, 1H, C=CH), 7.27 – 7.40 (m, 12H, ArH, C=CH), 7.42 – 7.56 (m, 9H, ArH), 7.85 (d, J = 8.5 Hz, 2H, ArH),
7.92 (d, J = 1.6, 8.2 Hz, 2H, ArH). 13 C NMR (101 MHz, CDCl 3 ) δ 127.7, 128.1, 128.3, 128.8, 128.9, 129.1,
129.7, 130.2, 131.3, 137.2, 141.2, 152.6, 153.1, 160.9. HRMS (ESI +) calc. for [M+Na] + (C34H27N3 O2):
532.2118 found: 532.1969.

(E)-N-hydroxy-3-(4-((E)-phenyldiazeny l)phe nyl)acrylamide (2a):
Compound 7 (80.0 mg, 0.16 mmol) and TIPS (200L, 0.98 mmol) were dissolved in DCM (2 mL). The
reaction mixture was cooled to 0 oC. TFA (36 L, 0.47 mmol) was added to the reaction mixture
dropwise. After completion the reaction mixture was filtered and washed with cold DCM. The
product was obtained as an orange solid (41.6 mg, 0.16 mmol, 29% yield ) Mp = 148 – 153 oC . 1 H-NMR
(400 MHz, DMSO-d6) δ 6.58 (d, J = 15.7 Hz, 1H, C=CH), 7.51 – 7.65 (m, 4H, ArH), 7.77 (m, 2H, ArH), 7.90
(m, 4H, ArH), 9.10 (s, 1H, NH), 10.82 (s, 1H, OH). 13 C NMR (101 MHz, DMSO-d6) δ 120.4, 121.0, 121.5,
123.1, 123.6, 129.1, 130.0, 132.2, 138.3, 152.4. HRMS (ESI+) calc. for [M+H]+ (C15H13 N3 O2): 268.1081
found: 268.1068.
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1-fluoro-4-nitrosobenzene (8):
4-Fluoroaniline (23) (1.7 mL, 17.9 mmol) was dissolved in DCM (30 mL). A solution of Oxone (11.0
gram, 35.0 mmol) in H2O (150 mL) was added to the reaction mixture. The reaction mixture was
stirred at room temperature for 30 min. After completion DCM (100 mL) and H 2O (50 mL) were added
and the aqueous layer was extracted with DCM (3 x 50 mL). The combined organic layers were
washed aq. 1N HCl (2 x 40 mL), sat. aq. NaHCO 3 (30 mL) and Brine (30 mL). The organic layer was
dried over MgSO 4 and the solvent was evaporated in vacuo. The product was obtained as a green oil.
(486 mg, 3.88 mmol, 31% yield). 1 H-NMR (400 MHz, CDCl 3 ) δ 7.28 (m, 2H, ArH), 7.92 – 7.98 (m, 2H,
ArH). 13 C-NMR (101 MHz, CDCl3 ) δ 116.46, 125.12 (d, J = 248.5 Hz), 164.57 (d, J = 199.4 Hz), 168.15. 19F
NMR (376 MHz, CDCl 3 ) δ -100.1 (tt, J = 5.2, 8.1 Hz) 1 H-NMR and 13 C-NMR spectra in agreement with
literature27.

(E)-1-(4-fluorophenyl)-2-(4-iodophenyl)diazene (10):
Compound 9 (206 mg, 1.65 mmol) and 4-iodoaniline (350 mg, 1.60 mmol) were dissolved in acetic
acid (6 mL). The reaction mixture was heated to 40 oC and stirred overnight. The mixture was
neutralized with sat. aq. NaHCO 3 (50 mL) and EtOAc (50 mL) and H2O (50 mL) were added. The layers
were separated and aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic
layers were washed with aq. 1 N HCl (2 x 40 mL), sat. aq. NaHCO 3 (2 x 40 mL) and brine (30 mL). The
organic layer was dried over MgSO 4 and the solvent was evaporated in vacuo. The mixture was
purified by recrystallization from methanol. The product was obtained as an orange solid (522 mg,
1.60 mmol, 52% yield). Mp = 112 – 115 oC. 1 H-NMR (400 MHz, CDCl 3 ) δ 7.20 (t, J = 8.5 Hz, 2H, ArH),
7.63 (d, J = 8.5 Hz, 2H, ArH), 7.86 (d, J = 8.5 Hz, 2H, ArH), 7.91 – 7.96 (m, 2H, ArH). 13 C-NMR (101 MHz,
CDCl3 ) δ 97.66, 116.01, 116.24, 124.41, 124.96, 125.05, 138.37, 148.95 (d, J = 43.0 Hz), 151.75, 164.57
(d, J = 252.7 Hz). 19F-NMR (376 MHz, CDCl 3 ) δ -108.72 – -108.63 (m). 1 H-NMR, 13 C-NMR and 19F-NMR
spectrum are in agreement with literature 28.

(E)-3-(4-((E)-(4-fluorophenyl)diaze nyl)phenyl) -N-hydroxyacrylamide (3):
Compound 10 (301 mg, 0.92 mmol), compound 4 (299 mg, 0.91 mmol), Pd(OAc) 2 (67.9 mg, 0.10
mmol), tris-(o-tolyl)phosphine (149 mg, 0.49 mmol) and DIPEA (80 L, 0.46 mmol) were dissolved in
DMF (20 mL, dry) under N2 atmosphere. The reaction mixture was heated to 90oC and stirred
overnight. After completion of the reaction mixture was allowed to cool down. EtOAc (100 mL) and
H2O (50 mL) were added and the layers were separated. The aqueous layer was extracted with EtOAc
(3 x 50 mL) and the combined organic layers were sat. aq. NaHCO 3 (3 x 50 mL) and brine (3 x 30 mL).
The organic layer was dried over MgSO 4 and the solvent was evaporated in vacuo. Crude compound
11 precipitated with Et2O/Pentane. Compound 11 (243 mg, 0.46 mmol) and TIPS (0.5 mL, 2.25 mmol)
were dissolved in DCM (20 mL). 2M HCl in Et2O (0.5 mL) was slowly added to the reaction mixture.
The reaction mixture was stirred for 1 hour. The reaction mixture was filtered and washed with
pentane. The product was obtained as an orange solid (94.9 mg, 0.33 mmol, 74% yield). Mp = 180 –
185 oC. 1 H-NMR (400 MHz, DMSO-d6) δ 6.58 (d, J = 15.9 Hz, 1H, C=CH), 7.43 (td, J = 1.6, 8.8 Hz, 2H,
ArH), 7.53 (d, J = 16.0 Hz, 1H, ArH), 7.77 (dd, J = 1.5, 8.6 Hz, 2H, ArH), 7.90 (dd, J = 1.5, 8.4 Hz, 2H, ArH),
7.94 – 8.00 (m, 2H, ArH), 10.84 (s, 1H, OH). 13 C NMR (101 MHz, DMSO-d6) δ 121.7 (d, J = 23.1 Hz),
126.3, 128.4, 130.2 (d, J = 9.3 Hz), 133.8, 142.3, 143.1, 154.0, 157.1, 167.5, 167.9. 19F-NMR (376 MHz,
DMSO-d6) δ -224.11 – -223.68 (m). HRMS (ESI+) calc. for [M+H] + (C15H12FN3 O2): 286.0986 found:
286.0984.

5.5.3

Enzyme inhibition studies

The enzyme inhibition studies were performed as reported in supplementary information
to Szymanski et al.,11
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