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Driving Triplet State Population in Benzothioxanthene
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Darío Puchán Sánchez,[a] Pierre Josse,[a] Nathan Plassais,[a, b] Geonwoo Park,[c] Yeasin Khan,[d]

Yejoo Park,[d] Mathilde Seinfeld,[e] Antoine Guyard,[c] Magali Allain,[a] Frédéric Gohier,[a]

Lhoussain Khrouz,[e] Dominik Lungerich,[f, g] Hyun S. Ahn,[c] Bright Walker,[d]

Cyrille Monnereau,*[e] Clément Cabanetos,*[a, h] and Tangui Le Bahers*[e, i]

Controlling the formation of photoexcited triplet states is
critical for many (photo)chemical and physical applications.
Here, we demonstrate that a permanent out-of-plane distortion
of the benzothioxanthene imide (BTI) dye promotes intersystem
crossing by increasing spin-orbit coupling. This manipulation
was achieved through a subtle chemical modification, specifi-

cally the bay-area methylation. Consequently, this simple yet
efficient approach expands the catalog of known molecular
engineering strategies for synthesizing heavy atom-free, dual
redox-active, yet still emissive and synthetically accessible
photosensitizers.

Introduction

Considering the critical role of triplet excited states in various
applications such as photodynamic therapy (PDT),[1]

photocatalysis,[2] molecular logic gates,[3] catalytic hydrogen
production[4] or triplet-triplet-annihilation (TTA) up-conversion,[5]

to promote and control intersystem crossing (ISC) in visible to
infra-red light absorbing molecules have attracted considerable
attention. While the most reported approaches consist of
functionalizing π-conjugated systems with heavy atoms (ruthe-
nium, iridium, iodine, and bromine) to enhance the spin-orbit
coupling (SOC),[6] their inherent drawbacks (dark toxicity, life-
times of the photogenerated triplet-state, prices, etc.) have
pushed the community to consider other options, particularly
for biological and medicinal applications.[7] Consequently,
various design principles have emerged to promote triplet state
generation. For example, n–π* $π–π* transitions (to fulfill the EI-
Sayed rule),[8] S1-Tn state energy matching (reduction of the

gap),[9] exciton coupling,[10] or ISC by charge recombination (CS-
ISC),[11] spin-orbit charge-transfer (SOCT-ISC)[12] or through the
deformation (twisting) of the π-conjugated backbone have all
been demonstrated so far.[13] Though efficient,[14] syntheses of
these molecular systems are usually achieved through time-
consuming and sometimes synthetically demanding processes.
Hence, as a step toward structural accessibility, the simple
thionation of imide-based chromophores/ π-conjugated scaf-
folds was recently demonstrated as an accessible strategy to
afford remarkably effective triplet-harvesting photosensitizers
(PSs).[15] Despite being efficient in providing a high ISC, this
post-functionalization faces limitations: thionated compounds
lack photostability, as the back conversion of the thione into
the carbonyl is observed under continuous light irradiation and
in the presence of oxygen. Moreover, the complete quenching
of their emission, resulting from the thionation, prohibits their
in-situ tracking (bioimaging). Consequently, providing a syn-
thetically accessible/cost-effective platform that is easily func-
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tionalizable (to fine-tune its optoelectronic properties), combin-
ing intersystem crossing and significant residual luminescence
while displaying excellent photochemical stability, is still a
major challenge.
In recent years, we have focused on the benzothioxanthene

imide (BTI) structure,[16] a sulfur-containing rylene, and partic-
ularly on the regio- and chemo-selective functionalization of its
π-conjugated backbone. Rationalization of the structure-prop-
erty relationships revealed remarkable and tuneable optoelec-
tronic properties through subtle and generally synthetically
accessible chemical modifications.[17] While the native BTI
molecule constitutes an outstanding fluorophore, with a
quantum yield reaching almost unity, manipulation of the ISC
kinetics was demonstrated by controlling the nature and
positions of the substituents[15b,18] and/or simultaneously varying
the nature and oxidation state of the constituting
heteroatoms.[19] Stemming from a large spin-vibronic coupling
itself activated by the distortion of the π-system, the sulfonation
of the BTI was indeed found to be, for instance, an effective
strategy to drive triplet formation.[15b] However, this post-
functionalization also resulted in a significant blue shift of the
absorption, turning the BTI into a weak absorber in the visible
spectral region. Hence, to circumvent this limitation, we report
herein the synthesis and characterization of a new derivative,

entitled MBTI, in which a methyl group was inserted in the bay
region of the dye (Figure 1).
This minimalist yet selective functionalization is indeed

expected to induce enough permanent distortion to the π-
conjugated backbone to promote singlet to triplet conversion
through increased spin-orbit coupling.[20] Sometimes called
twisting-induced triplet state population in the literature,[21] this
elegant strategy is currently attracting significant attention,
particularly for preparing the next generation of heavy-atom-
free photosensitizers.[22]

Results and Discussion

With the explicit goal of synthetic accessibility, the methyl-
functionalized MBTI was successfully prepared in only two steps
from affordable and commercially available starting materials
using a strategy adapted from our recently reported optimized
synthesis of the BTI (Scheme 1).[23]

The preparation of MBTI was thus initiated with the
treatment of 2-amino-4-methylbenzothiazole under basic con-
ditions to generate the reactive 2-amino-3-methylbenzenethiol
that was directly utilized in a one-pot reaction with the 4-
bromo-1,8-naphthalic anhydride.[13b] Through the successive
addition of isoamyl nitrite and 3-aminopentane, the target
imide-based derivative was isolated, characterized by mass
spectrometry (see SI), and subsequently characterized by
nuclear magnetic resonance (NMR) spectroscopy in deuterated
chloroform (Figure 2-A).
Beyond the expected disappearance of a signal in the

aromatic region (hydrogen annotated “e” on the BTI structure),
the impact of the methyl group on the structure of the dye
(steric hindrance) can be directly monitored by the consequent
shielding of the signal related to the naphthyl hydrogen
annotated “c”. The structural deformation of MBTI, anticipated
by DFT calculations, was thereafter confirmed by single crystal
X-ray diffraction and compared to its almost flat parent
compound (Figure 2-B and 2-C). While BTI shows a torsion

Figure 1. Structures and concept to promote ISC, i. e., the selective
methylation of the bay to induce a permanent distortion of the π-system.

Scheme 1. Synthesis of the 2-amino-3-methylbenzenethiol precursor (A) and the two benzothioxanthene imide derivatives compared in this study (B), namely
BTI and MBTI.
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angle between the upper naphthylamide and the lower phenyl
moiety of ca 2°, the presence of the methyl group in the bay
region of MBTI results in a significant increase of the latter to ca
24°. To assess the impact of this functionalization on the
optoelectronic properties, both compounds were characterized
by cyclic voltammetry (Figure 3-A).
The cyclic voltammogram of MBTI was recorded in CH2Cl2

using Bu4NPF6 as a supporting electrolyte. A reversible redox
profile similar to that of the BTI was observed for MBTI, with
the difference being a slight shift of the anodic and cathodic
peak potentials (Epa and Epc, respectively). Careful comparison
reveals that the positive inductive effect caused by the methyl
group in MBTI and, to some extent, the deformation of its
backbone results in a slight reduction of the electrochemical
gap (of ca 20 mV, Table 1).
With minor changes recorded on the cyclic voltammetry,

the effect of this chemical functionalization also appeared, at
first glance, limited on the optical properties. Visually indistin-
guishable solutions of each dye in CH2Cl2 were subsequently
analyzed by UV-visible absorption spectroscopy (Figure 3-B and
Table 1). While almost similar onsets were recorded, MBTI was

found to be devoid of the vibronic shoulder at 478 nm,
characteristic of its planar analog (BTI), suggesting reorganiza-
tion processes of (slightly) higher amplitude between the
ground and excited state and a somewhat more pronounced
intramolecular charge transfer (ICT) character of the transition.
TD-DFT calculations further confirmed this feature by comput-
ing a higher charge transfer distance (DCT) for the MBTI (1.9 Å vs
1.6 Å for BTI).[24] Despite a slight hypsochromic effect, the
impact of the methylation on the absorption profiles appears,
overall, negligible. In stark contrast, significant differences were
monitored by spectroelectrochemistry (Figures 3, C, and D).
While radical species of the BTI exhibit distinct spectral
signatures with a λmax at 903 nm for its radical cation and a
bathochromically shifted structured absorption band character-
ized by an onset at ca 1190 nm for its radical anion, those of
the methylated derivative appear almost superimposable in the
low energy region with λmax centered around 980 nm. These
features suggest reorganization processes between the ground
and excited state of different amplitude for the BTI (affecting
the conjugation along the backbone, and thus the ground-to-
excited state energetic gap) while within the same order for the

Figure 2. A) Comparison of the NMR spectra of BTI (black, top) and MBTI (red, bottom), recorded in CDCl3 at room temperature. The BTI (B) and MBTI (C)
structures were solved by X-ray diffraction on single crystals grown by slow evaporation technique.

Table 1. Electrochemical and optical properties.

Molecule Epa
(V)

Epc
(V)

λmax
absorption
(nm)

ɛ
(M� 1 cm� 1)

λmax
emission
(nm)

Φf

(%)a
τobs
(ns)

kr
(s� 1)

knr
(s� 1)

ΦΔ
(%)b

BTI 1.26 � 1.75 457 22360 509 99 7.48 1.3×108 1.3×106 <1

MBTI 1.22 � 1.73 463 18500 514 70 7.25 9.7×107 4.1×107 8

a Φf= fluorescence quantum yield, measured using Coumarin-153 as reference (Φf=0.45 in MeOH).
b ΦΔ= singlet oxygen quantum yield, measured using

Phenalenone as reference (ΦΔ=0.95 in CH2Cl2).

Wiley VCH Montag, 29.04.2024

2427 / 348188 [S. 138/143] 1

Chem. Eur. J. 2024, 30, e202400191 (3 of 8) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202400191

 15213765, 2024, 27, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202400191 by C

ochrane France, W
iley O

nline L
ibrary on [19/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



already twisted MBTI. This is further confirmed by DFT
calculations performed on the native, oxidized and reduced
forms of BTI and MBTI. The radical cation is computed more
planar than the native form with an associated torsion angle of
0° for BTI and 21.4° for MBTI (vs 7° for BTI and 26° for MBTI in
the native state). The radical anion is more twisted than the
native form with associated torsion angles of 13.9° for BTI and
27.8° for MBTI. The TD-DFT simulated absorption spectra
(provided in Supporting Information) of the oxidized forms are
in good agreement with experimental ones. The absorption in
the NIR is associated to a charge transfer transition (DCT=2.1 Å)
and the electronic transition close to 600 nm is due to a more
localized transition (DCT=1.1 Å) for both compounds. The
agreement is less satisfactory for the reduced form (radical
anion) with a computed first transition not as red-shifted as the
experimental one in the case of BTI. Regarding the emission
properties, similar profiles, and Stokes shifts were monitored for
both derivatives, with a slight shift of the emission maxima of
5 nm. However, quantifying the fluorescence highlighted a
significant difference between the two compounds with a drop
of quantum yield (QY) from almost unity to ca 70% upon

methylation. This increase of non-radiative de-excitation kinetics
is probably due to the added methyl that brings new molecular
motions able to dissipate energy such as C� H vibration, methyl
rotation or twisting of the π-system. As a matter of fact, the
activation energy for the π-system distortion can be estimated
from a relaxed scan at the S1 state along the dihedral angle and
brings a value close to 10 kJmol� 1 (see Supporting Information).
In addition to this increase in non-radiative de-excitation
kinetics, intersystem crossing (ISC) was also demonstrated by
measuring a non-negligible singlet oxygen generation quantum
yield (φΔ of ca 8% for MBTI vs. less than 1% for BTI). Supported
by quantum chemical modeling, this feature was correlated to a
significant increase of the spin-orbit coupling stemming from
the methyl group that induces a distortion of the π-system
(Figure 4). To support more this hypothesis, the SOC has been
computed for different torsion angle (obtained by a TD-DFT
relaxed scan at the S1 potential energy surface) both for MBTI
and BTI (Figure S9). It clearly shows that a flat conformation (an
angle of 0°) does not experience an intense SOC while a
twisting induces an increase of the SOC. Since the BTI molecule
is more stable for a flat conformation and the MBTI more stable

Figure 3. A) Cyclic voltammogram of BTI (black) and MBTI (red) recorded in CH2Cl2 at 100mVs
� 1 using Bu4NPF6 as supporting electrolyte. B) Normalized

absorption (solid line) and emission (dotted line) spectra of BTI (black) and MBTI (red) in CH2Cl2. Optical spectra of the radical cation (solid) and radical anion
(dash) of BTI (C) and MBTI (D) recorded in CH2Cl2 using 0.1 M LiTFSI as supporting electrolyte.
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for a twisted conformation, the MBTI experiences a larger SOC
between S1 and T1.
Electron paramagnetic resonance (EPR) measurements were

carried out in parallel, revealing a clear signature of the
nitroxide radical of the 2,2,6,6-tetramethyl-4-piperidine
(TEMP).[25] In agreement with the photophysical characteriza-
tions, the reaction with singlet oxygen was thus highlighted for
both compounds but with distinct kinetics (kMBTI>2kBTI, Fig-
ure 5-A and Figure S11).
Subsequently, another spin-trap, the 5,5-dimethyl-1-pyrro-

line-N-oxide (DMPO), was used to investigate the potential
photogeneration of other reactive oxygen species (ROS).[26]

Simulation of the experimental data, plotted in Figure 5,
revealed that while a clear and unique signature assigned to
the generation of superoxide (O2

� *) radical was monitored for
MBTI (g=2.0064, aN=12.9G, aH=10.1G, aH=1.4G, Figure 5-C),
two species were, at least, detected for BTI (Fig 5-B)
corresponding to the superoxide anion, as the major one
(O2

� *,g=2.0064, aN=13.1G, aH=10.1G, aH=1.1G, 85%), asso-
ciated to a unidentified O-centered radical alkoxy (RO*, g=

2.0062, aN=13.8G, aH=8G, aH=1.6G,15%).[27] These different
evidence of multiple pathways towards radical oxygen species
photoactivation led to the investigation of possible hydrogen
peroxide (photo)generation by square wave voltammetry (SWV)
and double differential pulse amperometry (DDPA) experi-
ments, carried out at the interface of an irradiated biphasic

aqueous (phosphate-buffered saline) and dye-based organic
solution (BTI or MBTI in CH2Cl2, Figure 6).

Figure 4. Comparison of the computed electronic states of BTI (A) and the
methyl-functionalized MBTI (B). The spin-orbit couplings between S1 and Tn
states were computed at the S1 geometry. Ground state computed distortion
of the geometry is presented in inset.

Figure 5. A) integration of the EPR signals related to the conversion of TEMP
into TEMPO (g=2.006, aN=15.9 G) through reaction with the photo-
generated singlet oxygen upon gradual irradiation for BTI (black squares)
and MBTI (red squares) in similar operating conditions. Linear fits (black and
red line, respectively) indicate an approximately twice as fast conversion for
MBTI. Experimental EPR signals recorded in DMSO solution of BTI (B, black
line) and MBTI (C, red line) after 15 min of irradiation at 455 nm in the
presence of DMPO, along with the simulated ones (grey, dashed).
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In addition to demonstrating a noticeable photoproduction
of H2O2 for both compounds, it turns out that BTI was found to
be slightly more efficient than its methylated counterpart
(ΦH2O2=25.8 ppm vs ΦH2O2=15.2 ppm for MBTI). Albeit not
fully rationalized, several contributions from the literature
report that the common preceding process to either H2O2 or
singlet oxygen both rely on the population of triplet state from
ISC.[28] With potentially two competitive processes, and in
consistency with EPR measurements, the lower H2O2 photo-
production of MBTI can thus be correlated to its improved
propensity to sensitize molecular oxygen dissolved in the
solution.

Conclusions

Through a slight chemical modification, consisting of the simple
methylation of the bay area of the BTI dye, we contribute
herein to refining our understanding of the closely intertwined
connection between spin-orbit coupling, distortion of the π-
system, and intersystem crossing. While only minor effects are
observed in the cyclic voltammetry, and UV-visible absorptivity,
non-negligible singlet oxygen sensitization was evidenced in
this heavy-atom-free, dual redox-active, emissive, and syntheti-
cally accessible dye class. The formation of hydrogen peroxide
reported for the two compounds proves that the mechanism of
triplet state population is not completely understood and an
estimation of the ISC efficiency and kinetics by transient
spectroscopy for instance could provide valuable information.
However, this work points out that a careful selection of the
nature and size of the substituent used to functionalize the bay

area of the BTI appears to be an appealing strategy to fine-tune
the optoelectronic properties as well as spin-orbit coupling in
this system, paving the road to promising perspective in terms
of design principle and scope of applications.

Experimental section
General methods: All reagents and chemicals from commercial
sources were used without further purification unless specified.
Solvents were dried and purified using standard techniques. Flash
chromatography was performed with analytical-grade solvents
using ALDRICH silica gel (technical grade, pore size 60 Å, 230–400
mesh particle size). Flexible plates ALUGRAM Xtra SIL G UV254 from
MACHEREY-NAGEL were used for TLC. Compounds were detected
by UV irradiation (BIOBLOCK SCIENTIFIC). Nuclear Magnetic Reso-
nance (NMR) spectra were recorded with a BRUKER AVANCE III 300
(1H, 300 MHz and 13C, 75 MHz) or a BRUKER AVANCE DRX500 (1H,
500 MHz and 13C, 125 MHz). Chemical shifts are given in ppm
relative to the residual 1H resonance of the deuterated solvent and
coupling constants J in Hz. High Resolution Mass Spectrometry
(HRMS) was performed with a JEOL JMS-700 B/E. Matrix Assisted
Laser Desorption/Ionization was performed on MALDI-TOF MS
BIFLEX III Bruker Daltonics spectrometer using DCTB+ as matrix
(Bruker, Billerica, MA, USA). Absorption spectra were recorded on a
JASCO V-650 spectrophotometer in diluted solution (ca. 10–5 or
10–6 molL� 1), using spectrophotometric grade solvents. Emission
spectra were measured using Horiba-Jobin-Yvon Fluorolog-3 fluo-
rimeter. The steady-state luminescence was excited by unpolarized
light from a 450 W xenon continuous wave (CW) lamp and detected
at an angle of 90° for measurements of dilute solutions (10 mm
quartz cuvette) by using a Hamamatsu R928. Cyclic voltammetry
was performed using a Biologic SP-150 potentiostat with positive
feedback compensation in 0.1 M Bu4NPF6/CH2Cl2 (HPLC grade)
under an inert atmosphere (Ar) using a glovebox. Experiments were

Figure 6. A) Illustration of the setup used to detect the photogeneration of H2O2 at the interface: a platinum ultramicroelectrode (Pt UME) with a diameter of
10 μm was used as a working electrode, Ag/AgCl (1 M KCl) and a Pt wire as the reference and counter electrode respectively. Square-wave voltammograms
and evolution of the H2O2 production of BTI (B) and MBTI (C) solubilized in CH2Cl2 in the dark or under an irradiation @30 mW/cm

2 by square wave
voltammetry (SWV) and double differential pulse amperometry (DDPA).
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carried out at a concentration of 10-3 M in a one-compartment cell
equipped with a glassy carbon working electrode (2 mm of
diameter), a platinum wire counter electrode and a Ag/AgNO3
reference electrode. In all the experiments, the scan rate was
100 mVs� 1. EPR spectra were performed with 10� 4 M solutions of
each photosensitizers and either 2,2,6,6-tetramethyl-4-piperidine
(TEMP) (Sigma-Aldrich) at 5 10� 3 M in CHCl3 solution or DMPO

[1] (TCI
chemicals) at 5 10� 3 M in DMSO solution. Samples were prepared in
air atmosphere in capillary tubes. The irradiation (0.7–21 mn), was
directly done into the EPR cavity while the spectrum is recording
using a Thorlab LED450nm as a light source. EPR assays were all
carried out at room temperature using a Bruker E500 spectrometer
operating at X-band (9.44 GHz), with 100 KHz modulation
frequency. The instrument settings were as follows: microwave
power; 2-69 mW; modulation amplitude; 1 G; Hyperfine coupling
constants a and g values were obtained with simulation of
experimental spectra using easyspin (Matlab toolbox). Gaussian16
code was used to optimize the geometries at the ground and
excited states along with the global hybrid functional PBE0. This
functional was chosen because of its accuracy to reproduce
spectroscopic properties of BTI-based molecules. Structural optimi-
zations and subsequent frequency calculations for both the ground
and excited states were performed using an all electron Pople triple
zeta basis set with one polarization function on all atoms and one
diffuse function of heavier atoms, known as 6-311+G(d,p), for H, C,
N, O and S atoms. Bulk solvent effects were included using the
Polarizable Continuum Model (PCM) of Tomasi and co-workers.
Default radii (from the UFF, scaled by 1.1) were used. Excited state
geometry was obtained by minimizing the forces of the S1 state
computed at the TD-DFT level by considering the 3 first excited
states. The Orca program was used to compute the SOC between
the three first triplet states (namely T1 and T2) and the S1 state at
the S1 optimized geometry using the quadric-response TD-DFT at
the PBE0/PCM level with the Def2-TZVP basis set adapted for the
Douglas-Kroll calculations. The spin-orbit coupling was computed
using the Douglas-Kroll Hamiltonian along with the spin-orbit
mean field approach. The S1-T1 and S1-T2 energy difference was
obtained by CIS(D) calculations with the ORCA software using the
Def2-TZVP basis set based on previous benchmark calculations.
Crystallographic data were collected on a Rigaku Oxford Diffraction
SuperNova diffractometer equipped with an Atlas CCD detector
and micro-focus Cu-Kα radiation (λ=1.54184 Å). The structure was
solved by dual-space algorithm and refined on F2 by full matrix
least-squares techniques using SHELX package (G.M. Sheldrick,
ShelXT2018/2, ShelXL2018/3). All non-hydrogen atoms were refined
anisotropically and the H atoms were included in the calculation
without refinement. Multiscan empirical absorption was corrected
by using CrysAlisPro program (CrysAlisPro, Rigaku Oxford Diffrac-
tion, V1.171.41.118a, 2021). Deposition Number(s) 2333785 (for
MBTI) and 2083265 (for BTI) contain(s) the supplementary
crystallographic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service.

Synthetic procedure: BTI was synthetized according to a procedure
reported by our group.[23] Synthesis of 1: 4-methylbenzo[d]thiazol-2-
amine (5 g, 1 eq) and sodium hydroxide (12.18 g, 10 eq) were
charged into a 250 mL round bottom flask equipped with a
condenser. A mixture of ethylene glycol and water (100 mL, 9/1 V/
V) was added and the flask was heated to 180 °C overnight. After
cooling down to r. t., the reaction mixture was quenched with
acetic acid until pH�5. This phase was then extracted with diethyl
ether (3×30 mL). The ethereous solution was washed with water
(2×50 mL), brine (1×50 mL), dried over MgSO4 and concentrated in
vacuo. The crude product was purified on a short plug of silica
using dichloromethane as eluent affording a pale-yellow solid
(2.71 g, 64% yield). 1H NMR (300 MHz, CDCl3): δ 7.14–6.91 (m, 2H),

6.52 (t, J=7.6 Hz, 1H), 4.33 (s, 2H), 2.17 (s, 3H). Synthesis of MBTI: 4-
bromo-1,8-naphthalic anhydride (200 mg, 1 eq), 2-amino-3-methyl-
benzenethiol 1 (110 mg, 1.1 eq) and potassium carbonate (50 mg,
0.5 eq) were placed into a 5 mL pressure vial equipped with a stir
bar. 2-ethoxyethanol (4 mL) was added to the powders and the
tube was sealed before being inserted into the cavity of a Biotage
Initiator+ where it was subjected to microwave irradiations for one
hour when reaching 150 °C. After cooling down to r. t., isoamyl
nitrite (0.338 mL, 3 eq) was added with syringe through the cap’s
septum. The color of the mixture instantly changed from yellow to
orange. The tube was irradiated again to 150 °C for 1.5 hour. After a
cooling cycle, 3-aminopentane (0.168 mL, 2 eq) as added to the
mixture and the tube irradiated one last time to 150 °C for 3 hours.
After cooling down to r. t., the mixture was diluted with dichloro-
methane (� 30 mL) and this organic phase was washed with water
(2×) and brine (1×). The organic phase was dried over MgSO4 and
concentrated by rotary evaporation. The crude product was then
purified on silica gel column chromatography using dichloro-
methane as eluent affording MBTI as an orange powder (84 mg, 30
% yield with regards to the starting naphthalic anhydride). 1H NMR
(300 MHz, CDCl3) δ 8.60 (d, J=8.1 Hz, 1H), 8.41 (d, J=7.9 Hz, 1H),
7.97 (d, J=8.1 Hz, 1H), 7.53 (d, J=7.9 Hz, 1H), 7.29 (m, 3H), 5.15–
4.98 (m, 1H), 2.74 (s, 3H), 2.37–2.14 (m, 2H), 1.91 (tt, J=13.3, 7.4 Hz,
2H), 0.90 (t, J=7.5 Hz, 6H). 13C NMR (75 MHz, CDCl3) δ 139.48,
138.57, 137.06, 134.28, 132.23, 129.88, 129.24, 128.90, 128.33,
126.59, 124.21, 120.18, 57.46, 25.48, 25.10, 11.46. HRMS (EI)
calculated for C24H21NO2S 387.1293, found 387.1286 (Δ= � 1.8 ppm)

Supporting information

The authors have cited the additional reference within the
Supporting Information.[29]

Nuclear Magnetic Resonance (NMR), High Resolution Mass
Spectrometry (HRMS), absorption and emission, EPR spectra,
crystallographic data and electrochemical H2O2 measurements
are available in the SI.
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