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ARTICLE INFO ABSTRACT

Keywords: Neurodegenerative disorders and traumatic injuries of the central nervous system constitute a major global
Uncaging health burden, affecting millions of individuals worldwide. Within the human body, numerous bioactive mol-
Photolysis . ecules are essential for neuronal development and survival, among which nerve growth factor (NGF) is one of the
}?ﬁjﬁ:}i IZ:::SY most critical neurotrophic proteins. Although application of the native protein has been associated with sig-
NGF nificant limitations, small-molecular NGF mimetics represent a promising alternative. A particularly attractive
Neurochemistry strategy for targeted delivery is the use of caged compounds in combination with photo-uncaging. In this work,

several caged derivatives of the NGF mimetic compounds, B-355252 and LM11A-31, with coumarin and o-
nitrobenzyl photolabile protecting groups (PPGs) were developed and characterized. The aqueous solubility of
the newly synthesized molecules at physiological pH in aqueous media was determined, leading to the devel-
opment of a biologically more suitable derivative. The spectroscopic properties and photo-uncaging behaviour of
the molecules were also examined in both organic and aqueous media, complemented by density functional
theory (DFT) calculations to investigate the uncaging mechanism. High-performance liquid chromatography
(HPLC) analyses demonstrated the clean release of the bioactive compounds in aqueous media upon light irra-
diation of the samples at 365 nm. Finally, a method for determining uncaging quantum yields was developed,
using the light-induced E-Z isomerisation process of dimethylazobenzene as a reference reaction.

1. Introduction

Neurodegenerative diseases and injuries to the central nervous sys-
tem affect the lives of millions worldwide. The phenomena associated
with these conditions, such as excessive nerve cell death or the disrup-
tion of connections between cells, can lead to the loss of certain bodily
functions and a general deterioration in quality of life. In recent decades,
several proteins that play a significant role in regulating nervous system
processes have been identified. One of the most important families of

such proteins are called neurotrophins, with the brain-derived neuro-
trophic factor (BDNF) and the nerve growth factor (NGF) being the most
well-known among them. First isolated by Nobel laureates Rita Levi-
Montalcini and Stanley Cohen in 1954 [1], NGF is involved in several
crucial processes: it participates in the differentiation and maturation of
nerve cells [2], has a neuroprotective effect [3], and influences the
growth of developing neurites. Subsequent experiments showed that
axons not only grow more intensively in the presence of the protein, but
they also turn towards its concentration gradient, meaning NGF acts as a
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chemical guidance cue for the growth cones of developing axons [4]. In
line with these properties, several experiments have attempted to use
the compound for therapeutic purposes, but the use of the native protein
has proven to be limited in several respects [5] and has led to serious
side effects, such as neuropathic pain, hypophagia and the hyperinner-
vation of cerebral blood vessels [6]. As a result of these experiments,
researchers turned to small-molecule compounds, discovering several of
them that can exert a similar effect to NGF by binding to its receptors,
thus offering an alternative to the protein in possible treatments. As the
base of this work, two different small-molecule compounds known in the
literature as B-355252 and LM11A-31 were selected as they both have
been previously demonstrated to exert similar effects to those of NGF by
binding to its receptors. B-355252 has been shown to have neuro-
protective effects against stroke [7], glutamate induced excitotoxicity
[8], and also in a brain hypoxia model [9], while also increasing cell
viability in an in vitro Parkinson's model [10]. Furthermore, the mole-
cule was able to increase NGF induced neurite elongation even in the
presence of sub-physiological concentrations of the protein [11].
LM11A-31 was also proven to have neuroprotective effects, inhibiting
the neurodegenerative mechanisms and neuroinflammation associated
with Alzheimer's [12,13], and preventing the breakdown of the blood-
retinal barrier in mice with diabetes [14]. In addition, it was shown to
stimulate neurogenesis in the hippocampus and to help restore spatial
memory following traumatic brain injury [15], while also promoting
neuronal recovery and neurite elongation in mice following nerve in-
juries [16,17]. Based on these properties, these small molecular com-
pounds could be important tools in future therapy. However, to achieve
the desired biological response without off-target effects, it is very
important to control the release of these active substances in both space
and time. A promising approach in medicinal chemistry to achieve this is
the use of photolabile protecting groups (PPGs) [18]. These groups can
be used to temporarily inactivate a substance by binding them through a
covalent bond, creating a caged compound. Then, upon light irradiation
of the appropriate wavelength, the covalent bond between the PPG and
the protected compound can be cleaved in a process called uncaging,
resulting in the release of the active substance. Such compounds are
therefore well suited for use in various laser microscopy techniques,
where the caged form of a bioactive compound is introduced into the
system and then released with high spatiotemporal precision using a
focused laser. Although the use of PPGs offers many advantages, the
photochemical characterization of caged compounds can prove to be a
challenge, with the uncaging quantum yield (®) being the most difficult
property to determine. This value is defined as the probability that the
absorption of a single photon will result in the photolysis of a caged
molecule. Based on this definition, to quantify this value, the photolysis
of the caged compounds needs to be studied as a function of the number
of photons absorbed by the sample upon irradiation. While the con-
centration of the starting and the released compound can be easily
measured, accurately measuring photon flux has been more challenging.
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For this purpose, actinometry is widely used. Actinometers are different
photochemical reactions with known quantum yields [19]. This means
that by performing and monitoring these reactions, the photon flux of
the used experimental setup can be measured. However, this method can
only be properly used in setups where the geometric path length of the
light is known, as the absorption of the sample is necessary for calcu-
lations. Unfortunately, in the majority of photoreactors there is no well-
defined geometric path length, making the use of actinometry
inaccurate.

In this work, we report the synthesis and photochemical character-
ization of novel caged derivatives of the small-molecular NGF mimetic
compounds B-355252 and LM11A-31 (Fig. 1). For the synthesis of these
compounds, both coumarin and nitrobenzyl derivatives were considered
as caging groups. A method, based on the work of Casimiro et al. [20],
using the isomerisation of 4,4’-dimethylazobenzene as a photochemical
standard was developed and applied, enabling the measurement of
uncaging quantum yield in systems where the geometric path length is
unknown. The photolysis of the new caged NGF mimetics was studied
experimentally and with the use of density functional theory (DFT)
calculations.

2. Materials and methods
2.1. Materials

For the synthesis of the compounds, commercially available chem-
icals and solvents were used, which were obtained from the following
companies: Sigma-Aldrich (Merck), VWR, Doug Discovery (Fluo-
rochem), Molar Chemicals. All chemicals were used as received without
further purification.

2.2. Synthetic and analytical procedures

For the microwave reactions, an Anton Paar Monowave 450 type
reactor was used. The reactions were monitored with TLC (thin layer
chromatography) and a reversed phase (U)HPLC-UV-Vis-MS system.
The TLC experiments were performed with Merck Kieselgel 60 Fys4 silica
plate and were visualized under a UV lamp, in some cases using an
iodine chamber or Pancaldi's solution for staining. (U)HPLC-UV-Vis-MS
measurements were performed with a Nexera LC-40 (U)HPLC equipped
with an SPD-M40 photodiode array detector and LCMS-2020 mass
spectrometer. The used column was an Ascentis Express 90 A C18; 50
mm x 2.1 mm; 2 pm. The crude products were purified by either normal
phase flash chromatography or reversed phase preparative HPLC. In
both cases, the eluent system used is indicated in the corresponding
synthetic procedure. For flash chromatography, an Interchim PuriFlash
XS 520 Plus system was used with different sized PuriFlash Interchim or
RediSep Bronze flash columns. The preparative HPLC was carried out
with a Teledyne ACCQ Prep HP150 instrument equipped with a

’/ A= 365 nm
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Fig. 1. Schematic overview of the research concept. Small molecular NGF mimetics are identified in the literature that contain suitable sites for photolabile pro-
tecting group (PPG) attachment. Several caged mimetics are synthesized, and the release is studied upon photo-uncaging. The new caged mimetics have potential

applications in biotechnology for targeted release and axon guidance.
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Phenomenex Gemini 250 x 50.0 mm; 10 pm, C18, 110 A column. The
elution flow rate was 120 mL min~! in all cases. High-resolution mass
spectra (HRMS) and NMR spectra were recorded to determine the
structure and purity of the synthesized compounds. Accurate mass
measurements were performed on a high-resolution Thermo Fisher
Scientific Q-Exactive Focus hybrid quadrupole-orbitrap mass spec-
trometer equipped with heated electrospray ionization source. Samples
were dissolved in acetonitrile-water 1:1 (V/V) solvent mixture con-
taining 0.1% (V/V) formic acid. Flow injection analysis was performed
using a 50 pL min~! eluent flow. NMR spectra were obtained with a
Varian Mercury Plus spectrometer or with Varian Unity INOVA spec-
trometers (Agilent Technologies) operating at an equivalent ‘H fre-
quency of 300/400/500 MHz as noted in the peak reports. The chemical
shift (6) values are given in ppm, and the coupling constants (J) are given
in Hz in all cases. The residual solvent peaks were used for chemical shift
referencing. As some products were isolated as salts after purification,
the trifluoroacetic acid amounts were determined with '°F NMR, using
4-(trifluoromethyl)phenyl acetylene as a reference. The synthetic pro-
cedures and material characterizations are described in detail in Ap-
pendix A.

2.3. Spectroscopic measurements

The absorption and fluorescence spectra of the novel compounds
were recorded with a Shimadzu UV-1900i UV-VIS Spectrophotometer
and Shimadzu RF-6000 Spectrofluorimeter, using a Hellma Analytics
quartz cuvette with 1 cm geometric path length. The scanning speed of
the spectrophotometer was 648 nm min~", and the absorbance values
were recorded every 2 nm. The fluorimeter was operated with a low
sensitivity setting, 3 nm spectral width and 600 nm min~? scanning
speed, with values recorded either every 0.2 nm or 1 nm.

2.4. Photolysis experiments

The isomerisation reactions of the reference and the uncaging ex-
periments of the caged compounds were carried out in a ThalesNano
PhotoCube photoreactor. Solutions of the caged and reference com-
pounds were placed in the same position of the reactor and the samples
were irradiated at ‘low’ setting, with 10% intensity 365 nm (UV) light,
using only one panel and 300 rpm stirring speed in all cases. The iso-
merisation process of the reference compound was monitored by
recording the absorption spectra of the solution after certain periods of
irradiation. The uncaging processes were monitored with HPLC by
taking samples from the solutions after certain periods of irradiation.
Function fitting was performed using OriginPro 2018 software. The
experiments and conditions are described in detail in Appendix A.

2.5. Theoretical computations

Theoretical calculations were carried out by Gaussianl6 software
(version C.01), [21] using the standard convergence criteria given as
default. Optimization and vibrational frequencies were carried out by
the B3LYP method [22] using the 6-31G(d,p) basis set and the IEFPCM
method (e = 78.3553 for water) at ground state [23]. Thermodynamic
functions were computed at 298.15 K. For wavelength prediction, the
vertical excitation was modelled by the TD-B3LYP/6-31G(d,p)/[PCM
(water)] level of theory using the optimized geometries. The emission
wavelengths were calculated using optimized geometries provided by
TD-B3LYP/6-31G(d,p)/[PCM(water)]. In the cases of S; state calcula-
tions, frequency computations were omitted due to the computational
costs arising from the large molecular structures. The triplet state ge-
ometry was also optimized by the same level of theory (B3LYP/6-31G(d,
p)/[PCM(water)]), involving the frequency calculations. Identifying the
transition state (TS) geometries in the triplet state was unsuccessful with
the QST3 method, due to the large molecular size. In these cases, fine
relaxed scanning (0.02 A) along the presumed reaction coordinate was

Results in Chemistry 27 (2026) 103398

used to find TS-like energy maxima, successfully confirmed by single
point frequency calculations. Canonical molecular orbitals are visual-
ized at an isovalue of 0.03.

3. Results and discussion
3.1. Design and synthesis of caged NGF mimetics

B-355252 was synthesized following procedures found in the liter-
ature [11]. As an improvement to the synthesis, 4-methoxybenzyl bro-
mide has been successfully replaced by its much cheaper chloride
analogue. Two different two-step synthetic routes were used to produce
LM11A-31 (see Appendix A). PPGs with either an o-nitrobenzyl or
coumarin scaffold were considered as these are two of the most
frequently used families of photocages with straightforward synthesis
and good photolytic properties [18,24]. More specifically, a-methyl-6-
nitroveratryl (MeNV) and 7-diethylaminocoumarin-4-ylmethyl
(DEACM) groups were selected to create the caged compounds. In the
case of poor leaving groups, such as amines or alcohols, the PPGs are
often linked via a carbamate or carbonate bond, ensuring that these
groups can be more efficiently released during uncaging [24]. Therefore,
as the chosen NGF mimetics are primary and secondary amines, their
caging is  preferably  achieved  using a-methyl-6-nitro-
veratryloxycarbonyl (MeNVOC) and 7- diethylaminocoumarin-4-
ylmethyloxycarbonyl (DEACMOC) groups. The synthesis of the pre-
cursors of PPGs was carried out according to procedures described
elsewhere [25-28] (Section 6, Appendix A). Using the different NGF
mimetics and PPGs, four novel caged compounds were synthesized, in
which DEACMOC was used to protect both B-355252 and LM11A-31.
Additionally, B-355252 was also caged using the MeNVOC group and
the DEACM group by direct N-alkylation (Scheme 1).

Later experiments revealed that the B-355252 derivatives have very
poor solubility in aqueous media (pH = 7.4). Since these molecules are
meant to be used in biological systems, it is essential that they exhibit
aqueous solubility at physiological pH in the therapeutically relevant
concentration range. Therefore, another caged B-355252 derivative was
designed and synthesized using the 7-[bis(carboxymethyl)amino]
coumarin-4-ylmethyloxycarbonyl = (BCMACMOC) caging group
(Scheme 2) [29], which has better water solubility due to its polar
carboxyl functional groups that undergo deprotonation at physiological
pH.

3.2. Solubility of the caged compounds

To evaluate the solubility of the synthesized caged compounds in
aqueous media at physiological pH, saturated solutions of the com-
pounds were prepared in pH 7.4 HEPES buffer and analysed with HPLC.
As shown in Table 1, LM11A-31-DEACMOC has high water solubility,
exceeding 1 mM, making it particularly suitable for biological applica-
tions. However, for the first generation of caged B-355252 derivatives,
the solubility in this aqueous system could not be quantified, as it was
below the limit of detection of the HPLC method used (<0.028-0.151
uM). B-355252 was shown to be effective at concentrations of 1-2 pM
[11], it was essential to improve the properties of the caged compounds.
The use of the BCMACMOC caging group had a beneficial effect on the
solubility in the buffer, with the maximal concentration now being in the
biologically relevant range. According to the calculated LOD values, this
compound had at least 24-90-fold better solubility than other B-355252
derivatives. Moreover, the two carboxyl groups offer the possibility of
further derivatization to further improve solubility, if the application
requires.

3.3. Spectroscopic properties of the caged compounds

To investigate the spectroscopic properties of the new compounds,
absorption and fluorescence spectra were recorded in solvents later used
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Scheme 1. Synthetic attachment of photolabile protecting groups to B-355252 and LM11A-31 to obtain caged NGF mimetics.
for the uncaging experiments. The molar absorption coefficients were experimental arrangement are identical (Section 5.1, Appendix A):
determined using a dilution series of each compound. The fluorescence
of the compounds was also investigated as competitive relaxation (%) _ Dyeq'ef; @
pathway to uncaging. The spectra of the different compounds are shown N/=0 v __ U [6))

in Fig. 2 and the obtained values are shown in Table 2.

Based on the data in Table 2, the MeNVOC group absorbs signifi-
cantly less light than the coumarin PPGs but has practically no fluo-
rescence. It is also important to note that based on the recorded spectra,
the transition necessary for uncaging can be efficiently excited with UV
irradiation at the commonly available 365 nm wavelength for all
compounds.

3.4. Determination of photolysis quantum yields

To evaluate the uncaging quantum yield of the new compounds, 4,4
dimethylazobenzene (DMAB) was used as a photochemical reference.
This compound undergoes a light-induced E-Z isomerisation process,
which has been studied earlier in the literature and used as an acti-
nometer by Casimiro et al. [20]. Since only the E-DMAB isomer is
crystalline, a solution containing only this form can be prepared using
the solid material. The isomerisation process can be used to obtain the
quantum yield of uncaging processes according to the relationship
defined by Eq. (1), if the initial absorbance, the solution volume and the

( diE ) _‘DEz;/q'fo gy
dt
t=0

where c is the concentration of the caged compound, [E] is the concen-
tration of E-DMAB, ®, and ®g; are the quantum efficiencies of the
uncaging and the isomerisation processes, ¢* and q are the incident
photon fluxes, f* and f are the fraction of the absorbed light (where f =
1— 1074; A is the absorbance of the solution), and V and V" are the
solution volumes. Based on this equation, only the determination of the
initial reaction rates is necessary to obtain the uncaging quantum yields.
For the caged compounds and the reference DMAB, this was achieved by
monitoring the reactions upon UV irradiation at 365 nm with spectro-
photometry and HPLC, respectively. All caged compounds showed ready
photolysis and release of the active compound in these experiments
(Fig. 3 and Fig. S26).

Initial conversion rates were obtained by function fitting based on
the kinetic equations of these processes (Fig. 4).With the obtained
functions, the initial reaction rate was calculated by derivation at t =
0 (Sections 5.2-5.3, Appendix A). Using these values and the quantum
yield of the isomerisation process of DMAB, the uncaging quantum
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Scheme 2. Synthesis of a coumarin-caged B-355252 derivative with improved water solubility.

Table 1
Solubilities of the caged compounds in pH 7.4 aqueous buffer.

Molecule LOD [pM] Solubility [pM]
B-355252-MeNVOC 0.102 <LOD
B-355252-DEACMOC 0.028 <LOD
B-355252-DEACM 0.031 <LOD
LM11A-31-DEACMOC n.d.” >1000
B-355252-BCMACMOC 0.151 2.44

2 n.d.: Not determined.

efficiencies were calculated as shown in Table 3. An important benefit of
our approach is that the methodology allows for the relative

a) Ex Abs, Em
B-355252-MeNVOC
0.4 B-355252-DEACMOC ——
------------ B-355252-DEACM ——
--------- LM11A-31-DEACMOC ——
— 03 -+ B-355252-BCMACMOC ——
(0]
[S]
c
]
£
[o]
(2]
Q
<
0.0 T T i
300 400 500

Wavelength [nm]

b) 3000 —

Intensity [a.u.]

determination of uncaging quantum yield in systems without a well-
defined geometric path length. Nonetheless, making certain pre-
sumptions allows us to establish an idealised case where path length
information is known in the form of a probability density function. With
this idealised case, the photon flux can be estimated using the experi-
mentally established initial reaction rate of DMAB isomerisation (sec-
tion 5.6, Appendix A).

The first photolysis experiments with the caged compounds were
carried out in MeCN, but in accordance with the biological purpose of
the new compounds, tests in aqueous media were also conducted. Due to
the poor solubility of certain caged B-355252 derivatives in pH 7.4
buffer, the measurements were only possible using a mixture of MeCN:
HEPES-buffer 4:1. In the case of B-355252-BCMACMOC, which has

2000

1000 -

500
Wavelength [nm]

300

Fig. 2. (a) UV-Vis absorption spectra of caged NGF mimetics at 10 pM in MeCN:HEPES-buffer 4:1 or in MeCN:HEPES-buffer 1:4 for B-355252-BCMACMOC. (b)
Fluorescence spectra of caged NGF mimetics at 2.5 pM in MeCN:HEPES-buffer 4:1 or in MeCN:HEPES-buffer 1:4 for B-355252-BCMACMOC.
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Table 2
Spectroscopic properties of caged NGF mimetics in different solvents.

Results in Chemistry 27 (2026) 103398

Molecule €365 €405 Amax [nm] €max Fluorescence intensity Stokes shift
M 'em™] M em™] M em™] [a.u.]? [nm]/[eV]
MeCN
B-355252-MeNVOC 5191 658 345 6381 n.d.” -
B-355252-DEACMOC 23,014 7525 375 24,908 2567 88/0.63
B-355252-DEACM 23,933 7967 375 25,798 2518 74/0.55
LM11A-31-DEACMOC 16,124 5018 375 17,463 1413 91/0.65
B-355252-BCMACMOC 17,029 389 349 22,199 1978 88/0.73
MeCN:HEPES 4:1
B-355252-MeNVOC 5328 892 345 6405 n.d.” -
B-355252-DEACMOC 22,355 13,492 381 26,619 834 104/0.71
B-355252-DEACM 22,984 12,917 379 26,935 1012 90/0.63
LM11A-31-DEACMOC 14,631 8397 381 17,084 532 105/0.72
B-355252-BCMACMOC 23,931 5335 365 23,931 888 103/0.78
MeCN:HEPES 1:4
LM11A-31-DEACMOC 10,030 13,286 391 15,526 155 110/0.71
B-355252-BCMACMOC 21,130 14,919 381 25,278 541 117/0.78
HEPES
LM11A-31-DEACMOC 8666 12,298 393 13,635 122 112/0.72

# Normalized to 1 pM.
b n.d.: Not detectable.

B-355252-MeNVOC
B-355252 —
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640 s
320s
160 s
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u 5s
L 2s
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e

I T T
1 2 3 4 5 6
Retention time (min)

Fig. 3. HPLC chromatograms (detection at 254 nm) of B-355252-MeNVOC in
MeCN:HEPES-buffer 4:1 after periods of irradiations at 365 nm in a
photoreactor.

sufficient solubility for biological purposes, the addition of some MeCN
was also necessary to achieve the desired absorbance, therefore it was
tested using a mixture of MeCN:HEPES-buffer 1:4. As the caged LM11A-
31 showed very good water solubility, it was possible to carry out the
experiment using only the buffer. While the photolytic properties
measured in mixed solvents may somewhat differ from those in pure
buffer, the addition of acetonitrile enables the photolysis experiments at
concentrations that can be reliably monitored by standard HPLC meth-
odology with diode-array detector. The range of conducted photolysis
experiments allows the direct comparison of the effects of different
photocages and solvent media.

The MeNVOC caging group showed the highest quantum yield
among the tested compounds both in pure MeCN and in the presence of
aqueous buffer. It is also notable that the direct alkylation (B-355252-
DEACM) resulted in significantly lower quantum yields than the pro-
tection through a carbamate bond (B-355252-DEACMOC). The uncaging
efficiency (e-¢y), which captures both the absorptive and photolytic
properties, lies in the range of 80-500 M~! cm ™! for all the carbamate
containing photocages in aqueous media. The observed quantum yields
show a monotonic change for all compounds as the aqueous content of
the solvent system is increased. However, the solvent effects differ for

the two NGF mimetics. For LM11A-31-DEACMOC, the ¢, increases with
the water content, since the photo-generated ion pair is more stabilized
in polar, protic solvents. In contrast, quantum yields exhibited a
decrease for every B-355252 derivative in water-rich mixtures. This can
be most likely attributed to the high hydrophobicity of B-355252,
leading to the formation of nanoscopic aggregates, promoting the non-
radiative quenching of the excited state and therefore hindering
photolysis.

3.5. Computational studies

The photochemical reaction mechanisms of the caged compounds
were investigated using density functional theory (DFT) and time-
dependent DFT (TD-DFT) at the B3LYP/6-31G(d,p) level. The mecha-
nistic pathway of the photolysis was established for B-355252-MeNVOC,
B-355252-DEACM, B-355252-DEACMOC and LM11A-31-DEACMOC.
The photochemical behaviour of B-355252-BCMACMOC is expected to
be qualitatively similar to that of B-355252-DEACMOC.

The first step of the photolysis is the electronic excitation studied by
TD-DFT. In the case of coumarin-caged molecules, the characteristic
Sp-S; transition corresponds to the HOMO-LUMO transition of the PPG
(Fig. 5). In contrast, vertical excitation to the first two excited states of B-
355252-MeNVOC are forbidden (i.e. their oscillatory strength is close to
0). Here, the Sp-S3 transition, which has relatively high oscillatory
strength, corresponds to the HOMO-LUMO transition of the PPG. From
the Ss state fast relaxation is expected to the lowest excited singlet state
(S1) in accordance with Kasha's rule [30]. The forbidden nature of the
S$1-So is consistent with the absence of fluorescence for B-355252-
MeNVOC. In all cases, subsequent intersystem crossing populates the
lowest triplet state (T). In the triplet state (T;), cleavage at the scissile
bond proceeds via a low-barrier transition state (TS), yielding the
ground-state NGF mimetic and a complementary cage fragment initially
formed on the triplet surface. This bond cleavage step defines the rate-
determining step of the overall photorelease pathway. Finally, the
cage-derived fragment relaxes back to the electronic ground state. In the
case of carbamate-linked photocages, the released carbamic acid un-
dergoes swift decarboxylation to yield the amine form of the active NGF
mimetic. The positive energy demand of the decarboxylation is coun-
tered by a strong entropic term due to the formation of carbon dioxide,
that makes this step thermodynamically favoured. Overall, this mech-
anistic picture is consistent with general conclusions reported for related
PPGs [24,31,32]. Moreover, the calculations also found an alternative
cleavage pathway in T; for B-355252-MeNVOC. While the main
photolytic pathway leads to nitrosoacetophenone, heterolytic cleavage
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Fig. 4. Fitted functions to the data obtained during the photolysis experiments for individual compounds with a starting absorbance of 0.397 (a-d) in MeCN:HEPES
buffer 4:1 mixture, (e) in MeCN:HEPES buffer 1:4 mixture and (f) in pH 7.4 HEPES bulffer.

in T is also possible that yields the alcohol S8 as side product (Section
8.1, Appendix A).

The mechanistic calculations revealed two important caveats to this
picture in the case of B-355252-DEACM. Bond cleavage was found only
to occur when the PPG-protected amino nitrogen is protonated. While
protonation is thermodynamically favoured at pH 7.4 in the ground

state, proton exchange with the solvent occurs in a dynamic equilibrium.
Excitation of the neutral molecule or deprotonation in the excited state
leads to relaxation without photolysis, which is consistent with the
experimentally observed low photolysis quantum yield of B-355252-
DEACM. Nevertheless, the protonated excited state showed good reac-
tivity with the S; bond cleavage pathway also available.
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Table 3
Calculated initial reaction rates, uncaging quantum yields and uncaging effi-
ciency (€max-@u) values of caged compounds using the fitted functions.

Molecule Initial reaction rate [M ou [-] Emax-@u [M !
s’l] cm’l]
MeCN
B-355252-MeNVOC -3.69-10°° 1.6:107! 1033
B-355252- _, ,2

DEACMOC -7.31.10 3.2.10 786
B-355252-DEACM ~5.69-10° 251074 6.35
LM11A-31- ,7 -3

DEACMOC -1.11-10 4.8.10 83.8
B-355252- 6 ,2

BCMACMOC —2.04-10 8.8-10 1961

MeCN:HEPES 4:1
B-355252-MeNVOC -5.01.1077 2.2:1072 141
B-355252- . -

DEACMOC —-3.19-10 1.4-10 369
B-355252-DEACM -6.78-1071° 2.9107° 0.792
LM11A-31- 7 -3

DEACMOC -1.43.10 6.2-10 106
B-355252- ,7 2

BCMACMOC -6.75-10 2.9-10 700

MeCN:HEPES 1:4
LM11A-31- , 3

DEACMOC -1.82:10 7.9-10 122
B-355252- _, ,2

BOMACMOC —4.44.10 1.9-10 484

HEPES
LM11A-31- _ L
DEACMOC —2.44.10 1.0-10 143

4. Conclusion

In this work, we have synthesized several new caged NGF mimetic
compounds. For this, we used two NGF receptor agonists known in the
literature as B-355252 and LM11A-31, and different photolabile caging
groups, based on o-nitrobenzyl and coumarin moieties. Solubility ex-
periments in pH 7.4 HEPES buffer showed that for biological purposes,
only the caged LM11A-31 derivative had sufficient maximal concen-
tration. A dicarboxylic coumarin derivative was developed to achieve
enhanced aqueous solubility for a B-355252 photocage. Photolysis ex-
periments were conducted in a photoreactor to determine the uncaging
quantum yields of the different compounds under different circum-
stances. For this measurement, a relative technique was developed,
using the initial reaction rates of the uncaging process and a reference
reaction, namely the E-Z isomerisation of 4,4’-dimethylazobenzene. The
experiments presented in this work demonstrate the applicability of this
new method, which can be used in experimental setups where the
geometric path length is not defined, along with the potential for the use
of the new compounds for biological purposes. During the photolysis
experiments, HPLC-MS analysis showed the steady release of the active
compounds B-355252 and LM11A-31 from their photocages. Mecha-
nistic investigations using DFT methods found photolysis pathways
through triplet T; state.

With the aqueous solubility addressed, the photolysis experiments
demonstrate the potential of the NGF mimetic photocages for targeted
delivery. By delivering the caged compounds to the appropriate system,
focused laser excitation, or two-photon excitation in particular, could
result in the release of the active molecules with very high spatiotem-
poral precision, achieving local biological responses at the site of action.
Due to the biological effects of the two NGF mimetics, this could grant us
the opportunity to study the mechanism of neurite growth, exert neu-
roprotective effects, stimulate or even guide neurite outgrowth. Future
experiments with the caged NGF mimetics will focus on their two-
photon absorption properties as well as their application in biological
systems.
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Fig. 5. (a) Visual representation of canonical HOMO and LUMO orbitals of B-
355252-DEACMOC. (b) Energy level representation of the computed photolysis
mechanism of compound B-355252-DEACMOC at B3LYP/6-31G(d,p)[PCM
(water)] level of theory. A and G correspond to the ground state B-355252-
DEACMOC and its photolysis products, including the free B-355252, respec-
tively. Other letters denote intermediate geometries of the indicated state, as
detailed in Section 8 of Appendix A. The letter f denotes oscillatory strength.
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