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Self-Sensitized Fulgimides with Selective Multiplicity-Based

Three-State Photoswitching

Jakub Copko,@ Lucie Ludvikova,?! and Toméas Slanina*!!

Precise control over excited-state multiplicity is a powerful
strategy for controlling photochemical reactivity, particularly in
multimodal systems where different multiplicities lead to dis-
tinct reaction products. Here, we present a multiplicity-sensitive,
multimodal, fulgimide-based system capable of three-state pho-
toswitching both in solution and in the solid state. With the
aim of suppressing singlet-state sensitization, we rationally

1. Introduction

Achieving selective chemical reactivity is fundamental for the
precise formation of new compounds. Though chemical reac-
tivity is governed by various factors, including the nature of
the reactants, reaction conditions, and the presence of catalysts,
a single set of reactants can result in multiple reaction path-
ways, yielding a variety of products. This underscores the need
for a deeper understanding of these factors in order to effec-
tively steer reaction conditions toward desired outcomes. An
example of how chemical reactivity can be influenced by the
electronic nature of a reactant is demonstrated in the chemistry
of carbenes.!'3 Carbenes add to alkenes via two mechanisms: a
concerted pathway for singlet carbenes and a stepwise pathway
for triplet carbenes, leading to different distributions of cyclo-
propane products. In this scenario, the multiplicity of the reagent
exerts strict control over chemical reactivity.

While multiplicity-based control of organic molecules is
rare in the ground state since they mostly exist as singlets,
the excited state offers greater opportunities, as electronically
excited molecules can exist in either a singlet or triplet excited
state.!! By understanding the unique properties of excited
states, chemists can further refine their ability to control the out-
comes of photophysical and chemical processes. Stilbene exem-
plifies multiplicity-controlled photoreactivity. Though not being
the most stable isomer, the Z-form of stilbene follows one of
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designed an intramolecularly sensitized system that enables
triplet-exclusive energy transfer—a crucial feature for selective
multiplicity-dependent reactivity. Our findings provide insights
into the underlying principles of intramolecular triplet-exclusive
sensitization and its application in controlling three-state photo-
switching in unimolecular systems.

two reaction pathways: double-bond isomerization yielding the
E-form or 6m-electrocyclization forming dihydrophenanthrene
(Scheme 1, top).l>!

Photo-initiated 6mr-electrocyclization follows spin selection
rules, proceeding from the singlet excited state via excited-
state-allowed conrotatory motion, as per Woodward-Hoffmann
rules.®" In contrast, double-bond isomerization is independent
of excited-state multiplicity and can occur through the singlet
state, the triplet state, or a combination of both.>"? On the
singlet excited-state energy surface, the local minima of both E-
and Z-isomers exhibit geometries similar to their ground-state
counterparts, while the energy barrier for their interconver-
sion is greatly reduced.™! Therefore, the system can undergo
adiabatic isomerization on the singlet excited-state hypersur-
face, establishing an equilibrium between E- and Z-isomers. This
equilibrium resembles the relative energetic positions of their
ground-state energies. Direct irradiation to a photostationary
state (PSS), where each isomer has the same photochemical driv-
ing force (extinction coefficient multiplied by the corresponding
quantum yield), will preferentially yield the E-form.[”®! In the
vertically excited triplet state of either the Z- or E-isomer, relax-
ation leads to a twisted geometry state (~90° dihedral angle),l'?
formerly known as the phantom triplet state (Scheme 2). While
the ground-state energy reaches a maximum at a 90° dihe-
dral angle, the twisted triplet state corresponds to a minimum
on the triplet energy surface. The triplet excited-state hyper-
surface intersects with the ground-state hypersurface near the
phantom triplet state, leading to rapid deexcitation by intersys-
tem crossing (ISC) from the triplet excited state to the ground
State.[7,15,19,20]

Though the minimum energy triplet geometry is the same
for both isomers, the vertically excited triplet state of the E-form
typically has to overcome a barrier before reaching the twisted
minimum. In contrast, the Z-form twists via either a lower barrier
or a barrier-free path on the triplet hypersurface. The pres-
ence of the barrier is indirectly observed through variations in
triplet excited-state lifetimes; the 77 of the E-form is typically
1-3 ns longer than that of the Z-form in various solvents.?"?2!
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Scheme 1. Excited-state multiplicity-dependent photoinduced
isomerizations of stilbenes (top) and fulgides (bottom).
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Scheme 2. Representation of the potential energy surface of the
ground-state (Sp), singlet (), and triplet (T;) excited states of stilbene
along the double bond rotation, specified by the dihedral angle 6. The
twisted geometry state (phantom triplet) is the minimum on the T,
hypersurface near the 90° dashed line (in gray).

Due to the presence of this barrier, the phantom triplet-state
geometry shifts slightly toward the Z-form.>! Similarly, the inter-
section with S, and, as a result, the de-excitation from the
phantom triplet state, is nonsymmetric, preferring relaxation
toward the Z-form.**?! Stilbenes can be therefore identified
as a rare example where solely the multiplicity of the excited
state governs the selectivity of photoinduced isomerizations,
thus enabling external control. Typically, the singlet excited state
is attained through direct excitation, whereas the triplet excited
state is achieved via triplet photosensitization.[26%”!

While the photoswitching of stilbenes can be controlled by
multiplicity, their practical use is limited by their thermal and
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chemical instability, as exemplified by the oxidation of dihy-
drophenanthrene to a fully aromatic product. Therefore, effective
substitution of the hexatriene core is crucial to enhance stabil-
ity and reactivity. A promising solution is the use of fulgides,?®
which offer improved stability, tuneable reactivity, and struc-
tural versatility, making them valuable alternatives for achieving
controlled multimodal reactivity in similar scaffolds (Scheme 1,
bottom).

Fulgides are photoresponsive compounds that exhibit
remarkable potential for applications in molecular switches
and materials science, largely due to their ability to undergo
reversible photochemical transformations.”>>! One of their
most intriguing features is their aptitude for three-state photo-
switching. Like stilbenes, fulgides can undergo photoinduced
double-bond isomerization or electrocyclization. We recently
demonstrated that the interconversion between states in
fulgides can be controlled by the multiplicity of the excited
state.[””] Specifically, electrocyclization, cycloreversion, and Z-E
double-bond isomerization occur via direct excitation of the
singlet excited state, while E-Z double-bond isomerization
proceeds via the triplet excited state. However, achieving a
sufficient quantum yield of ISC to the triplet excited state is
extremely rare in the case of fulgides. To compensate, fulgides
rely on the use of an external triplet sensitizer (Scheme 3).

2. Results and Discussion

Reliance on the external sensitizer limits the application of the
system to solution-based settings. To address this issue, we
introduced anthracene, a previously utilized sensitizer,'””! into
the scaffold via the imide functionality (Scheme 4). Its incor-
poration had little influence on ring-closing, opening, or Z- to
E- isomerization, as the isomer ratios in PSSs and quantum
yields for these transformations remained comparable to the
intermolecular system (Table S1).

However, anthracene incorporation did have a significant
impact on E- to Z- isomerization. In the original intermolecular
system, E- to Z- isomerization yielded up to 90% of the Z-form
upon exhaustive irradiation. However, it decreased dramatically
to 30% in the intramolecular system. Such a marked decrease
in Z-form formation must be attributed to the proximity of the
sensitizer to the fulgimide core. Since the E-form undergoes
two distinct reaction pathways based on excited-state multi-
plicity, its sensitization is highly attuned to the multiplicity of
the energy transfer. By comparing the anthracene fluorescence
in the inter- and intramolecular systems (Figure S7), we found
that anthracene can act as both a singlet and triplet sensitizer.
Notably, the fluorescence of anthracene was suppressed in the
intramolecular system (Figure S8). However, upon increasing the
integration time, weak vibronically structured emission charac-
teristic of anthracene was detected, along with a broad emission
associated with the fulgimide moiety. The latter emission could
also be induced by selectively exciting the fulgimide absorption
band. These observations suggest that electronic communica-
tion between the two molecular components occurs through
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Scheme 3. Comparison of inter- and intramolecular variants of three-state fulgimide photoswitching; S = sensitizer.
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Scheme 4. Multiplicity-dependent isomerizations of fulgimide 1. Note that
we are aware of the incorrect description of the double bond configuration
(E- instead of Z-); historically, trifluoromethyl was not present in the
scaffold, but the fulgide nomenclature prevailed.

space, likely via Forster Resonance Energy Transfer (FRET), with
anthracene primarily acting as a singlet sensitizer when cova-
lently linked to fulgimide. To further support this conclusion,
sensitization of fulgimide 1 was performed in the presence of
an additional equivalent of external anthracene sensitizer, which
increased the yield of the Z-form to 55% upon exhaustive irradi-
ation. This result indicates that the Z/E isomer ratio is governed
neither by steric effects of the intramolecular sensitizer nor by
the fulgide triplet energy surface. Instead, it is determined solely
by the excited state multiplicity of the sensitizer as perceived by
the fulgide moiety.

This fact explains the low yield of sensitized Z-form genera-
tion in the intramolecular system, as the singlet state primarily
generates the closed C-form. Therefore, in order to strictly con-
trol the multiplicity of the excited state, as well as its reactivity,
efficiency, and yield, we set out to identify a more potent
triplet-exclusive sensitizer, one that would minimize singlet sen-
sitization while maximizing triplet energy transfer.

For that purpose, we focused on optimizing the sensitizer in
the intermolecular system. The observed rate of E-Z isomeriza-
tion serves as a key indicator of triplet sensitization efficiency,
which is also a crucial parameter for the intramolecular system.
The faster the observed rate of E-Z isomerization, the less sensi-
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tive it is to any side reactivity originating from the singlet excited
state.

In our initial study, we utilized anthracene as a sensitizer
due to its high ISC quantum yield and suitable triplet energy
(Psc = 071, Ef = 178 ki/mol, t; = 5.3 ns).?"” One of the
key factors typically optimized for enhancing the efficiency of
triplet sensitizers is the ISC quantum yield. ISC is the process
by which a molecule transitions from a singlet excited state to
a triplet excited state. Therefore, a higher ISC quantum yield
generally enhances triplet sensitizer efficiency. Intrigued by this
association, we tested 9-bromoanthracene as an intermolecular
sensitizer, leveraging the heavy-atom effect of the bromide sub-
stituent to enhance ISC (®;sc = 0.98)B" and increase spin-orbit
coupling.® Counterintuitively, however, the initial observed
rate of Z-form generation during triplet-sensitized E-Z double-
bond isomerization decreased by approximately 20% compared
to anthracene (see the Sensitizer Optimization chapter in the
Supporting Information). Despite its higher ISC quantum yield,
9-bromoanthracene exhibits a lower triplet excited-state energy
(Er = 173 kJ/mol)B" than its unsubstituted analogue, which
might explain the reduced isomerization rate. Therefore, we uti-
lized acridine, which has a higher triplet-state energy (Er =
188 kJ/mol)," as a sensitizer. Despite having a lower ISC quan-
tum yield (®sc = 0.82), this change led to two-fold increase the
initial observed rate of Z-form generation (Figure S23).

Though this is a marked improvement, it is important to
realize that these parameters are bound to the intermolec-
ular sensitization systems. The intramolecular sensitization of
multiplicity-controlled multimodal systems presents a further
challenge: the time scale of the energy transfer. As the sensi-
tizer is held in close proximity to the acceptor within a single
molecule, energy transfer can occur within just a few hundred
picoseconds.'®! The singlet excited-state lifetime of acridine is
350 picoseconds, which suggests that the ISC rate competes
with the singlet excited-state energy transfer, resulting in the
formation of an undesired electrocyclization product.

To prevent this from occurring, we sought a triplet-exclusive
sensitizer with the shortest possible singlet excited-state lifetime,
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Scheme 5. Outcome of sensitization of a fulgimide based on varying photophysical properties of a sensitizer.

optimally below 100 ps. Though the excited singlet lifetime can
generally be shortened by utilizing nonpolar solvents, this strat-
egy would significantly limit the utility of the system, notably
in aqueous media. A rapid ISC rate must therefore be an inher-
ent property of the triplet-exclusive photosensitizer. Among the
well-described organic sensitizers, only a few boast sufficiently
short singlet excited-state lifetimes, even in polar solvents. Exam-
ples include benzophenone (r; = 16 ps), bithiophene (r; =
40 ps), 4-flavanthione (ts = 7 ps), nitronaphthalene (t; = 8 ps
for 1-nitro, t;, = 22 ps for 2-nitro), phenazine (s = 20 ps), and
xanthone (t; = 8 ps).>" However, for use in an intramolecu-
lar multiplicity-controlled system, only those structures with (i)
sufficiently high triplet excited-state energy and (ii) synthetic
availability should be considered.

With these attributes in mind, we selected phenazine as the
most suitable triplet-exclusive sensitizer. Phenazine exhibits a
triplet excited-state energy (Er = 187 kJ/mol)©®" similar to acridine
but with an ~17-fold shorter singlet excited-state lifetime.>" This
reduces the likelihood of competitive processes arising from the
singlet excited-state energy transfer. Even in the intermolecular
system, the initial observed rate of Z-form generation increased
five times (Figure S23) compared to anthracene, confirming that
the singlet excited-state lifetime of the sensitizer plays a crucial
role in multiplicity-based reactivity. These iteration steps high-
light the importance of thorough sensitizer design in scenarios
where strict control over energy transfer multiplicity is required
to drive reactivity along the desired pathway (Scheme 5).

Next, we incorporated the phenazine sensitizer directly
into the fulgide framework using the imide functionality of
fulgimides (Scheme 6, top). To facilitate this integration, we
capitalized on our recent discovery of a one-pot transforma-
tion from a lactone, which provides an efficient route to the
target fulgimide exclusively in its Z-form.[””] Synthesis of the
amine-containing phenazine consisted of a multi-step protocol
involving (i) condensation of an aromatic diol with an aromatic
diamine, followed by (ii) radical bromination of the benzylic posi-
tion. The resulting arylmethyl bromide was then (iii) transformed
by substituting the bromide for an azide, (iv) culminating in
a Staudinger reduction to yield the desired amine (Scheme 6,

Chem. Eur. J. 2025, 31, €202500678 (4 of 8)

MeOOC,: H 1) NaH .
F3C 2) HATU, R-NH,
3 3) NaH
S0 o ) N
A\
N\ 2 3(Z)

N
OH H,N N
/@[ + j@ — i — i i — v — N7
OH  H,N NH, 4

Scheme 6. One-pot transformation to target phenazine-containing
fulgimide 3 (top). Preparation of amine-containing phenazine 4 (bottom): (i)
NalO4 (1.1 equiv.) followed by AcOH (43% yield); (ii) NBS (1 equiv.; 40%
yield); (iii) NaNs; (4 equiv.; 83% vyield); (iv) PPh; (1.1 equiv.) followed by H,0O
(1.7 equiv.; 45% yield).

bottom). This streamlined synthetic strategy not only simplifies
phenazine incorporation but also showcases the relative ease of
attaching amine-containing functional groups to fulgimides. The
photochromic properties of the phenazine-based intramolecu-
lar photoswitch were characterized by steady-state and transient
absorption spectroscopy.

The incorporation of a methylene bridge connecting the
fulgide core to the phenazine sensitizer moiety proved effec-
tive in electronically decoupling the two components. This is
evident from the absorption spectra of all forms, revealing that
the resulting spectrum can, with minimal adjustment, be inter-
preted as a sum of the phenazine and reference Njmige)-butyl
substituted fulgimide S8 spectra (Scheme 7). Moreover, the low
spectral overlap between the fulgide core and phenazine moiety
allows for selective and orthogonal irradiation of either com-
ponent. This is crucial for the functionality of the system, as
it enables the selection of excited-state multiplicity based on
the irradiation wavelength. Accordingly, direct excitation of the
fulgide produces a singlet state, while phenazine excitation fol-
lowed by triplet sensitization yields a triplet state. The transient
absorption spectra provide further confirmation of the electronic
independence of the fulgide and phenazine moieties, where
irradiation of either component leads to distinct relaxation
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Scheme 7. Upper part: Photoinduced isomerization between three states of fulgimide 3. Bottom part: Absorption profile of all isomeric forms of fulgimide
3 in acetonitrile overlaid with phenazine, reference Njmige)-butyl-bearing fulgimide S8, and their sum.

pathways (Figures S24 and S25), strongly resembling the behav-
ior of two separate chromophores.

Electrocyclization of fulgides occurs rapidly from the ,7*-
singlet excited state (z(S;, E-form) = 1.5 ps, Figure S26) of the
E-form upon blue-light excitation, resulting in conversion to the
closed isomer C (Pe.c, 430 nm = 9%, 70% in PSS). The closed
isomer can also be opened by red-light excitation into the 7,7 *-
singlet excited state (¢(S;, closed form) = 1.3 ps, Figure S26),
quantitively restoring the initial E-isomer (®c.g, 626 nm = 10%).
Similar to previous observations,3* electrocyclization can occur
both in solution and in the solid state (Figure S21).

To elucidate the fate of electronically excited phenazine
bound to the fulgide core, time-resolved absorption spec-
tra were measured for all isomeric forms and unsubstituted
phenazine. Upon excitation, unbound phenazine reaches the
7, w*-singlet excited state (S;, 7(5;) = 11 ps), which in turn under-
goes ISC toward a higher n,*-triplet excited state (T,, t(T3) =
66 ps, Figure S24). This state then rapidly undergoes internal
conversion, reaching the lowest 7, *-triplet excited state (Ty),
which, in the absence of an energy acceptor, is quenched by
molecular oxygen (t(Tq, serated) = 240 ns, Figure S27). This relax-
ation pathway mirrors the previously documented behavior of a
structurally similar acridine.353¢!

A comparison of unsubstituted phenazine (Figure 1a) with
the covalently bound fulgimide 3 (Figure 1b-d) shows that all
isomeric forms of the fulgide core quench the triplet excited
states of phenazine. Both the spectra of the E- and Z-forms
(Figure 1b and c) highlight the high efficacy of the energy trans-
fer, as even the short-lived n,7*-state of phenazine is quenched
to some extent (7(T3) shortens from 66 to 42 ps, Figure S24). This
result, together with the energy transfer from the 7,7 *-T; state
of phenazine, contributes to the highly effective sensitization of
the fulgimide core. The photosensitization outcome is dictated
by the geometry with the lowest energy (phantom triplet state),
giving rise to the preferential generation of the Z-form.

Chem. Eur. J. 2025, 31, €202500678 (5 of 8)

Further, the time-resolved spectra help to unravel the smaller
conversion to the Z-form compared to the intermolecular variant
(70% versus 90%). Though the system is optimized to perform
triplet-exclusive sensitization, a small percentage of phenazine’s
singlet excited state continued to sensitize the fulgide moiety
to S;. This is evident from the slightly decreased lifetime of
the phenazine singlet excited state in 1 compared to phenazine
alone (9 versus 11 ps, respectively) (Figure S24). This is in agree-
ment with reported values for proximal intramolecular energy
transfer.”38] This also explains the lower yield of the Z-form, as
singlet reactivity leads to the reversal of the isomerization.

In the case of the closed form (Figure 1d), quenching of
the excited states of phenazine proceeds similarly (z(S;) = 9 ps,
t(T;) = 42 ps, ©(T;) = 10 ns) (Figure S24 for S; and T,, Figure
S27 for T;). However, the closed form shows no apparent triplet
excited state reactivity. The newly apparent transient at around
610 nm corresponds to the singlet excited state of the closed
form, formed by: (i) direct excitation of the fulgimide part by
the 350 nm pump, (ii) singlet excited state energy transfer from
phenazine.

To switch back to the E-form, the Z-E isomerization must
be facilitated by direct excitation of the fulgide core through
blue-light irradiation. Irradiating the tail of the 7,7 *-absorption
band (®z.g 150 nm = 1%) proved the most efficient approach for
Z-E isomerization, leaving only 5% of the Z-isomer in the mix-
ture. Since the absorption spectra of the Z- and E-isomers almost
completely overlap, blue-light irradiation also triggers the subse-
quent electrocyclization of the E-isomer. To prevent this scenario,
dual irradiation with blue and red light can be employed. The
additional red light induces electrocyclic opening of the closed
form, restoring the E-form. Alternatively, red-light irradiation can
be applied at a later stage, resulting in complete ring-opening
and exclusive yielding of the E- isomer. Remarkably, the double-
bond isomerization proceeds in both directions even in solid
state (Figure S21).

© 2025 The Author(s). Chemistry — A European Journal published by Wiley-VCH GmbH
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Figure 1. Time-resolved absorption spectra of (a) phenazine, (b) the Z-form, (c) the E-form, and (d) the closed form of fulgimide 3 in acetonitrile excited

with 200 nJ pulse at 350 nm.

Another critical challenge in multiplicity-controlled multi-
modal systems is the need for inert atmospheric conditions
that enable triplet-sensitized processes. Oxygen typically hin-
ders triplet sensitization by quenching the triplet excited state
of the sensitizer. The triplet excited state of a structurally similar
anthracene is quenched with a rate constant of 2.2 x 10° M~'s™
in acetonitrile at 298K (co, = 1.9 x 103 M).13%4! This corre-
sponds to a triplet-state lifetime of up to 240 ns, a value that is
in agreement with our observed quenching of T; of phenazine
by molecular oxygen (t(T, aerated) = 240 ns, Figure S27). Conse-
quently, processes occurring faster than this timescale should
be largely insensitive to oxygen, allowing triplet-sensitized reac-
tions to proceed under ambient conditions without any loss of
efficiency. Indeed, the rapid kinetics of phenazine ISC and E-
Z double-bond isomerization (both <50 ns) explain why triplet
sensitization remains effective even in the presence of oxygen,
eliminating the need for a strictly inert atmosphere.

3. Conclusion

Multiplicity-controlled reactivity is a well-established principle
that enables the precise manipulation of chemical reactivity to
achieve the formation of desired products.*#! In this study,
we present an extension to the existing multimodal photo-
chemistry toolkit, expanding its scope to include reversible
and/or unimolecular reactivity. By introducing phenazine as
an optimized triplet-exclusive sensitizer, we achieved selective
triplet-state sensitization of the fulgide scaffold. We demon-
strated that both photoswitching modes-electrocyclization and
E-Z isomerization—proceed with a high efficiency, yielding quan-
tum efficiencies comparable to similar fulgide-based systems.

Furthermore, intramolecular triplet sensitization enables high
yields of the desired Z-isomer, eliminating the need for inert
conditions. These advancements not only streamline the exper-
imental protocol but also broaden the potential application of
this photochemical system to real-world environments, such as
photopharmacology in solution or optical data storage in a solid
phase.

In addition to showcasing the advantages of our unique,
multiplicity-controlled, three-state photoswitching system, this
work provides valuable insights into the rational selection of
triplet-exclusive sensitizers for cases requiring strict control over
excited-state multiplicity. Having an exceptionally short singlet
excited-state lifetime is equally important as having a suit-
able triplet excited-state energy. Maintaining both is crucial
for ensuring exclusive reactivity originating from the triplet
excited state. Finally, we believe that the presented work could
reignite interest in multiplicity-controlled reactivity beyond the
field of photochromism, providing a powerful tool to control
reaction outcomes through external inputs in other areas of
photochemistry.

4. Experimental Section

Reagents: All grade-quality reagents and dry solvents were com-
mercially available and used without any further purification. They
were purchased from Merck (Germany), Fluorochem Ltd. (United
Kingdom), TCl (Japan), Penta Chemicals (Czech Republic), and
Thermo Fisher scientific (Belgium).

Instrumentation: NMR spectra were recorded on Bruker Avance
Il HD 400 MHz and Bruker Avance Il HD 400 MHz Prodigy
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spectrometers. High-resolution mass spectra were recorded on an
LTQ Orbitrap XL hybrid FT mass spectrometer equipped with a lin-
ear ion trap MS and the Orbitrap mass analyzer. Transient absorption
experiments were carried out using commercially available appara-
tus from Ultrafast Systems. Absorption and emission spectra were
collected on Agilent Cary 8454 and Horiba Duetta spectrometer.
Irradiation was performed by custom-designed LED light sources
(for spectral profiles see SI) or by Horiba Duetta spectrometer.
LCMS analysis was performed on LC-MS-2020 system from Shimadzu
Corporation. Further details are provided in Supporting Information.

Synthesis: Starting materials were prepared following previously
described procedures.!?48-501 Fulgimides 1 and 3 were synthe-
sized from the lactone precursor 2 and the corresponding amine,
according to the following protocol:?’!

Lactone 2 (50 mg, 0.11 mmol, 1 equiv.) was dissolved in dry DMF
(2 mL) and sodium hydride (60% dispersion in paraffin oil, 6.7 mg,
0.177 mmol, 1.4 equiv.) was added in one portion. The reaction was
monitored by TLC. Once the starting material was consumed (typi-
cally 1-2 hours), hexafluorophosphate azabenzotriazole tetramethyl
uronium (HATU) (51 mg, 0.13 mmol, 1.2 equiv.) was added in one
portion. After 5 minutes, amine (13 equiv.) was added, and the
reaction was stirred for one hour. Subsequently, the reaction was
cooled to 0 °C, and a second portion of sodium hydride (60% dis-
persion in paraffin oil, 9 mg, 0.22 mmol, 2 equiv.) was added. The
reaction progress was monitored by LCMS. Once the starting mate-
rial was consumed (typically after 30 minutes), the reaction was
terminated by adding HATU (25.5 mg, 0.17 mmol, 0.6 equiv.). The
reaction mixture was stirred for 5 minutes, after which the solvent
was evaporated under reduced pressure. The crude product was
filtered through a pad of silica (eluted with either DCM or ethyl
acetate, depending on the maleimide N-substituent) and then puri-
fied by semi-preparative HPLC yielding the target fulgimide in its
Z-form.

Fulgimide 1: Following the abovementioned procedure, utiliz-
ing anthracen-9-ylmethanamine S4, the target compound 1 was
prepared as a yellow solid (43 mg, 69%). Filtration through pad of sil-
ica was performed by DCM. 'H NMR (401 MHz, CD,Cl,) § 8.27-8.17 (m,
2H), 8.13 (d, J = 9.0 Hz, 1H), 8.03 (s, 1H), 7.89-7.82 (m, 2H), 7.66 (bs, TH),
7.30 (d, J = 8.1 Hz, TH), 7.28 (bs, 1H), 7.17-7.07 (m, 1H), 6.98 (bs, TH), 4.90
(d, J =149 Hz, TH), 4.83 (d, J = 15.0 Hz, 1H), 3.70 (s, 3H), 3.32 (s, TH),
2.65-1.94 (m, 2H), 1.64-1.58 (m, 1H), 1.25-0.97 (m, 6H), 0.96-0.47 (m,
1H). ®C NMR (101 MHz, CD,Cl,) § 167.37, 165.72, 144.16, 143.98, 143.65,
143.36, 139.08, 136.99, 131.19, 130.89, 130.80, 130.42, 130.09, 128.46, 121.30,
12021, 109.42, 104.11, 41.69, 30.19, 17.23, 15.39, 11.50, 11.30-8.35 (m). '°F
NMR (377 MHz, CD,Cl,) § -63.63—-64.59 (m). HRMS (ESI+): calculated
for C36H3002N4F3 [M + H]+ 607.23154; found 607.23138.

Fulgimide 3: Prior to the one-pot transformation, phenazine-
2-ylmethanamine 4 was prepared. Under a nitrogen atmosphere,
2-(azidomethyl)phenazine S7 (170 mg, 0.72 mmol, 1 equiv.) was dis-
solved in dry THF (3 mL) and cooled to 0 °C. Triphenylphosphine
(210 mg, 0.80 mmol, 1.1 equiv.) was added in one portion, and
the reaction was heated to RT and reacted for 2 hour after which
water (22 pL, 22 mg, 1.23 mmol, 1.7 equiv.) was added and left to
react overnight. The reaction mixture was treated with diethyl ether
(3 mL) and a few drops of 1 M HCl to form a precipitate. The precip-
itate was collected, dissolved in water, and basified using 1 M NaOH
to reach pH 10. The target compound was extracted to ethyl acetate,
the organic layer was washed with brine, dried over MgSO,, and
evaporated to give 74 mg of yellow solid as a 9:1 mixture (based on
"H NMR) of the title compound (corresponds to 67 mg, 44%) and
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triphenylphosphine oxide. This mixture was used without further
purification in the following step.

Further, following the abovementioned procedure, utilizing
amine 4, the target compound 3 was prepared as a yellow solid
(47 mg, 69%). Filtration through pad of silica was performed by
ethyl acetate. '"H NMR (401 MHz, CD,Cl,) § 8.27-8.17 (m, 2H), 8.13 (d,
J = 9.0 Hz, 1H), 8.03 (s, 1H), 7.89-7.82 (m, 2H), 7.66 (bs, 1H), 7.30 (d,
J = 8.1 Hz, 1MH), 7.28 (bs, 1H), 7.17-7.07 (m, 1H), 6.98 (bs, 1H), 4.90 (d,
J =149 Hz, MH), 4.83 (d, J = 15.0 Hz, 1H), 3.70 (s, 3H), 3.32 (s, TH),
2.65-1.94 (m, 2H), 1.64-1.58 (m, 1H), 1.25-0.97 (m, 6H), 0.96-0.47 (m,
1H). C NMR (101 MHz, CD,Cl,) 8 167.37, 165.72, 144.16, 143.98, 143.65,
143.36, 139.08, 136.99, 131.19, 130.89, 130.80, 130.42, 130.09, 128.46, 121.30,
120.21, 109.42, 104.11, 41.69, 30.19, 17.23, 15.39, 11.50, 11.30-8.35 (m). “F
NMR (377 MHz, CD,Cl,) § -63.63 - -64.59 (m). HRMS (ESI+): calculated
for C36H3002N4F3 [M + H]Jr 607.23154; found 607.23138.

Data evaluation: The compositions of PSSs of 1 and 3 was deter-
mined based on HPLC PDA signals at corresponding isosbestic
points. The determination of pure spectra was carried out as fol-
lows: the spectrum of the synthesized flugimide corresponds to the
Z-form. Irradiation of the fulgimide by 450 nm followed by 626 nm
resulted in a mixture of Z- and E-forms, from which the spectrum
of the pure E-form was determined using the Lambert-Beer law by
subtracting the residual absorbance of the Z-form. Further irradia-
tion of this mixture produced a ternary combination of Z-, E-, and
closed isomers, from which the spectrum of the pure closed isomer
was determined by subtracting the Z- and E-residual absorbances.
Quantum yields were calculated following the procedure published
by Bérjesson et. al.® Photon fluxes of the irradiation sources were
determined usingactinometry in accordance with the procedure
published by Reinfelds et. al.l>?
Further details are provided in the Supporting Information.

Supporting Information

Supplementary Figures and Schemes, detailed synthetic pro-
cedure of intermediate compounds, NMR and HRMS spectra,
photophysical properties and their evaluation (both steady-
state and time resolved), spectral data for 13, and S8. The
authors have cited additional references within the Supporting
Information.[48-5%]
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