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1. Introduction 

Singlet molecular oxygen (1O2) is known to play key roles in a 
lot of biological processes such as intracellular signaling 
mechanisms and reactions leading to cell death via apoptosis or 
necrosis.1 Over the years a large number of research programs 
have thus been dedicated to the design of molecular tools 
allowing either the detection or the production of singlet oxygen, 
especially for applications in functional biological systems.1-2 
The more remarkable medical application of photosensitized 1O2 
generation is undoubtedly the photodynamic therapy (PDT) 
which has arisen as a powerful non-invasive medical technique 
used in oncology for the treatment of several cancers such as 
skin, head and neck, lung, oesophageal, prostate and bladder as 
well as in ophthalmology for the treatment of macular 
degeneration.3 PDT benefits from its greater tolerance of repeated 
doses and localization of the light irradiation helping to reduce 
side effects in comparison with chemotherapy. More recently, 
combining two-photon (2P) excitation with PDT, particularly in 
vivo, has offered new perspectives and gained increasing 
popularity due to the advantages it provides in terms of intrinsic 
3D resolution, increased penetration depth in tissues and reduced 
collateral (out of focus) photodamage.4 However, 
photosensitizers currently approved or in clinical trials, including 
Photofrin® and Visudyne® built from a porphyrin scaffold, 
display low 2PA cross-sections in the near IR (700-900 nm), 

which significantly limits their use in 2P excited PDT because a 
very high laser excitation power is required.5  

Therefore, this has prompted the quest for novel 2P singlet 
oxygen sensitizers combining large 2PA cross-sections (σ2) in 
the near IR region and highly efficient singlet oxygen production. 
The molecular engineering is tricky as features providing a strong 
enhancement of 2PA ability generally tend to decrease the 1O2 
production quantum yield.1-2,6 An additional challenge relies on 
keeping a subtle balance between the different excited state 
outcomes (fluorescence or 1O2 production) to develop dual-role 
biphotonic chromophores allowing two-photon induced image-
guided PDT (i.e in-vivo monitoring and localized treatment 
combined).7 In recent years, a wide range of π-conjugated 
poly(hetero)aromatic 2P sensitizers with high 2PA cross-sections 
have been designed based on guidelines derived from structure-
properties relationships of 2PA chromophores, including 
distyrylbenzenes and difuranonaphthalenes,8 aromatic ketones,9 
squaraine derivatives,10 porphyrazines and porphycenes,8c,11 
expanded porphyrins,12 porphyrins oligomers,13 supramolecular 
porphyrins assemblies14 as well as banana-shaped biphotonic 
quadrupolar chromophores15 and “semi-disconnected” 
multiporphyrin assemblies16 (Fig. 1). 
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The present study describes the synthesis of a series of original 8-Br-quinoline derivatives with 
an arylethynyl moiety at the C6 position, based on Friedländer and Sonogashira coupling key 
reactions. Investigation of their photophysical and two-photon absorption (2PA) properties
reveals that these structures can lead to 2PA chromophores combining fluorescence and singlet 
oxygen generation properties. As a result, chromophores which combine significant 2PA 
responses in the NIR region, good photosensitization ability (Φ∆ = 0.4-0.6) and fluorescence 
properties (Φf = 0.2-0.6) have been identified. These multifunctional derivatives hold promises as 
original dyes for combined two-photon imaging and photodynamic therapy. 
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Fig. 1. Selected examples of reported 2P photosensitizers and chemical 

structure of the newly designed 8-bromo-quinoline derivatives (in the frame). 
 

In this framework, we decided to investigate the potential of a 
new series of rather small organic molecules bearing a 8-bromo-
quinoline moiety as two-photon fluorescent sensitizers. 
Quinoline derivatives are known to display a wide range of 
biological activities and pharmaceuticals properties such as 
antimalarial, antimicrobial, antibacterial, anti-Alzheimer, anti-
HIV, and anticancer activity.17 In contrast, only scarce reports 

mentioned the ability of mefloquine and quinine (well-known 
drugs used in the treatment of malaria) to produce singlet oxygen 
after excitation at 355 nm with quantum yields about 0.36 (in 
D2O, pD 7) and, to the best of our knowledge, no systematic 
study has yet been conducted.18 In the PDT research area, 
quinoline scaffolds are most commonly used as ligands to 
produce metal (PtII, RuIII , IrIII ) complexes acting as efficient 
photosensitizers but the photosensitization properties originate 
primarily from the metal center.19 

We herein describe our efforts towards the design of a new 
series of 8-Br-quinoline-based 2P photosensitizers displaying 
significant 2PA cross-sections in the NIR, combined with 
efficient singlet oxygen production and retaining fluorescence 
properties. To achieve this aim, we chose to extend quinoline 
scaffolds at the C6 position with a (diphenylamino)phenyl-
ethynyl arm and to incorporate a bromine at the C8 position, as 
heavy atoms, when properly located, are known to facilitate 
intersystem crossing and consequently favor singlet oxygen 
generation.1-2 Modulations at the C2 and/or C3 positions were 
explored. We thus report the first synthesis of 8-Br-quinoline 
derivatives functionalized at position C2 and/or C3. Our 
synthetic strategy is based on a Friedländer reaction to build the 
functionalized quinoline scaffold and on a Sonogashira cross-

coupling reaction to graft the arylethynyl moiety. Photophysical 
and 2PA properties of the series of six chromophores were then 
investigated as well as their ability to generate singlet oxygen. 

 

2. Results and discussion 

2.1. Synthesis 

Quinoline-based chromophores 6, 10, 12 were prepared from 
the key intermediate 5 by means of a Friedländer reaction with 
acetone or its derivatives (scheme 1).20 The synthesis of the 
compound 5 was achieved following a two-step sequence starting 
from the known aldehyde 1.21 Bromination of aldehyde 1 with N-
bromosuccinimide (NBS) afforded an inseparable mixture of 
compounds 2 and 3 (ratio 7:3, in 54% yield of 2). Further one-pot 
two-step reaction, involving a Sonogashira cross-coupling / in 
situ TBAF promoted trimethylsilyl group deprotection, with 
alkyne 4 provided the derivative 5 as pure compound in a 
satisfactory 79% yield. Compound 6 was then obtained in almost 
quantitative yield from intermediate 5 by means of a Friedländer 
reaction with acetone, used as reagent and solvent, allowing 
building of the quinoline scaffold. Classical oxidation with 
selenium dioxide led to the aldehyde 7 with a moderate yield of 
37%. Finally, the aldehyde was reduced into the corresponding 
alcohol with sodium borohydrate to afford alcohol 8 in excellent 
yield (Scheme 1). 

As an alternative straightforward approach, we also studied 
the opportunity to obtain directly compound 8 by means of a 
Friedländer reaction between the intermediate 5 and the 
hydroxyacetone 9. Strikingly, we did not observed the formation 
of the expected product 8 (performing TLC and NMR analysis of 
the crude) but we isolated the hydroxyquinoline derivative 10 in 
50% yield (Scheme 1). The structure of the compound 10 (i.e the 
regiochemistry of the reaction) was confirmed by performing 
extensive spectroscopic analysis including NOESY experiments 
at 400 MHz in DMSO-d6. Correlations between H4-H5 and H3-
H4 were unambiguously observed and a weak NOE effect was 
also detected between H3-H2. We subsequently applied the 
Friedländer reaction to the dihydroxyacetone 11 to afford 
quinoline 12 in a moderate yield (Scheme 1). The production of 
hydroxyquinoline derivatives 10 and 12 can be explained 
considering the classical mechanism of the Friedländer reaction.20 
A dihydroquinoline intermediate bearing two hydroxyl groups at 
the C3 and C4 positions is formed and the regioselectivity of the 
process is further controlled by the final dehydration step 
(Scheme 2). The elimination of water follows the pathway (a), 
leading to the 3-hydroxy-quinoline regioisomer, since the proton 
at the C3 position (i.e α position from the imine function) is the 
more acidic. 

 
 Scheme 1. Synthesis of the key intermediate 5 and quinolines 6-8, 10 and 12. 
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Scheme 2. Proposed mechanism of the Friedländer reaction leading to 

compounds 10 and 12. 
 

2.2. Photophysical properties 

Photophysical properties (including one-photon absorption, 
fluorescence and singlet oxygen generation) of compounds 5-8, 
10 and 12 were investigated in toluene and the corresponding 
data are gathered in Table 1. All derivatives present an intense 
absorption band in the near UV-blue visible region with molar 
extinction coefficient values up to 3.9 x 104.M-1.cm-1. All 
quinolines (6-8, 10 and 12) absorption spectra display two bands 
(Fig. 2): the low energy band can be ascribed to an 
intramolecular charge transfer (ICT) transition (see below) while 
the second band in the UV region (maximum around 300 nm) is 
characteristic of a higher energy π-π* transition. All quinolines 
compounds (6-8, 10 and 12) also exhibit fluorescence in the 
violet to the green region (Fig. 2) with moderate (0.21) to high 
(0.68) quantum yields, whereas the fluorescence quantum yield 
of the aniline intermediate 5 is low. This confirms that the 
quinoline scaffold is crucial for providing significant 
fluorescence properties. From these data, we can also derive 
structure-properties relationships related to the modulations 
implemented at C2 and/or C3 positions. Replacing the methyl 
substituent at the C2 position by a hydroxymethyl moiety induces 
a slight hypochromic effect on the absorption as well as a 
bathochromic shift of the emission band and a slight decrease of 
the fluorescence quantum yield (consistent with an increase of 
the non-radiative decay rate). As expected, the introduction of the 
electron-withdrawing formyl group induces a large red-shift of 
both the absorption and emission bands and an increased Stokes’ 
shift value, indicative of increased ICT character. Strikingly, a 
strong enhancement of the fluorescence properties is 
concomitantly observed (i.e. compound 7 displays the highest 
fluorescence quantum yield value, 0.60) due to a major decrease 
in non-radiative decay rate which overcomes the slightly lower 
radiative decay rate. In contrast, the presence of the hydroxyl 
group at the C3 position does not affect the absorption and  
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Fig. 2. Absorption (solid lines) and emission (dashed lines) spectra of 

quinolines 6-8, 10, 12 in toluene. 
 

emission properties of the quinoline-based chromophores, while 
it offers interesting possibilities for further covalent 
functionalization (such as grafting of targeting units). 

The influence of the environment was investigated by 
studying the absorption and emission properties of the 
chromophores in organic solvents of increasing polarities 
(toluene, dichloromethane and acetonitrile). Intermediate 5 and 
quinolines 6, 8, 10, 12 display a positive solvatochromic behavior 
(Fig. 3 and Fig. S1): increasing the solvent polarity does not 
greatly affect much the absorption band, while a marked red-shift 
of the emission band from violet-blue (in toluene) to yellow-
orange (in acetonitrile) is observed. These features are typical of 
ICT transitions associated with an increase of dipole moment 
upon excitation, leading to polar emissive excited-states. 
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Fig. 3. Absorption (solid lines) and emission (dashed lines) spectra of 

compound 8 in solvents of different polarities. 
The photosensitization and singlet oxygen generation 

properties were studied by measuring the 1O2 luminescence at 
1272 nm in toluene by comparison with a tetraphenylporphyrin 
(TPP) reference solution measured in the same solvent. The 
values of the singlet oxygen quantum yield (Φ∆) are collected in 
Table 1. Strikingly, all quinolines (6-8, 10 and 12) display 
significant Φ∆ values (varying from 0.4 to 0.6). The significantly 
lower singlet oxygen quantum yield of intermediate 5 (0.12) 
reveals the major importance of the quinoline feature at providing 
the photosensitization ability. 
 

Table 1. Photophysical and 2PA characteristics of the intermediate 5 and quinolines 6-8, 10, 12 in toluene. 

 λabs
max 

[nm] 
εmax 

[104.M-1.cm-1] 
λεm

max 
[nm] 

Stokes’ 
shift  

[103 cm-1]  
Φf

 a) τ  
[ns] b) 

kr 
[108 s-1] c) 

knr
 

[108 s-1] c) Φ∆
d) 

λ 2PA
max 

[nm] 
σ2

max 

[GM]  

5 354 3.9 408 3.7 0.03 1.1 0.3 8.8 0.12 / / 
6 375 3.3 419 2.8 0.27 0.6 4.4 12.0 0.53 760 116 
7 416 2.3 511 4.5 0.60 2.2 3.0 1.5 0.40 830 265 
8 379 2.7 431 3.2 0.21 0.6 3.5 13.2 0.62 770 154 

10 375 3.4 419 2.8 0.26 0.6 4.3 12.3 0.43 750 120 
12 380 2.6 429 3.0 0.21 0.5 4.0 15.0 0.57 760 157 

a Fluorescence quantum yield determined relative to quinine in H2SO4 0.5M (Φ = 0.546) or fluorescein in 0.1M aqueous NaOH (Φ = 0.90).  
b Fluorescence lifetime determined using time-correlated single-photon counting. 
c Radiative (kr) and non-radiative (knr) decay rates. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Tetrahedron 4

d Singlet oxygen quantum yield determined relative to tetraphenylporphyrin in toluene (Φ∆[TTP] = 0.68 in toluene)22 
The substituents on the quinoline ring influence significantly 

the photosensitization ability. While the presence of the hydroxyl 
substituent at the C3 position of the quinoline scaffold induces a 
slight decrease (by less than 20%) of the photosensitization 
properties but does not affect the fluorescence efficiencies 
(comparison of quinolines 6/10 and 8/12 in Table 1), the 
substitution of one hydrogen of the methyl group at the C2 
position by a hydroxyl moiety leads to an enhancement of the 
singlet oxygen production by about 20-30%  and slight decrease 
of fluorescence efficiencies (comparison of quinolines 6/8 and 
10/12 in Table 1). Hence the highest Φ∆ value is obtained for 
quinoline 8 (0.62, which is close to that of the prototypical 
sensitizer TPP) while its fluorescence quantum yield is about 
twice larger. Strikingly, quinoline 7 bearing a formyl substituent 
at the C2 position maintains a satisfactory singlet oxygen 
quantum yield (albeit reduced of about 25% compared to 
compound 6) while it shows both the most intense and red-
shifted fluorescence emission (Table 1). For this compound, the 
excitation energy seems to be totally redistributed between the 
emission process and the 1O2 generation. 

 

2.3. Two-photon absorption (2PA) 

Taking advantage of the fluorescent properties of the 
synthesized quinoline derivatives 6-8, 10, 12 in toluene, their 
2PA properties in the NIR range (700-1000 nm) could be 
determined by using the two-photon induced fluorescence 
technique.23 Maximum 2PA wavelengths and cross-section 
values are collected in Table 1 while 2PA spectra are shown in 
Fig. 4. As observed from Fig. 4, all derivatives display a broad 
2PA band in the NIR region located at almost twice the 
wavelength of the one-photon absorption band (Fig. S2). This is 
consistent with the fact that the lowest-energy excited state is 
both one- and two-photon allowed. 2PA bands of compounds 6, 
8, 10, 12 peak at 750-770 nm with corresponding maximum 2PA 
cross-sections in the 120-155 GM range.  
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Fig. 4. 2PA spectra of compounds 5-8, 10, 12 in toluene.  

 

While the introduction of the hydroxyl group at the C3 
position does not affect the 2PA response, the presence of the 
hydroxymethyl appendices at the C2 position leads to an increase 
(by a factor 30%) of the 2PA cross-section, confirming our 
previous reports.24 Finally, the presence of an electron-
withdrawing formyl substituent at the C2 position is clearly 
enhancing the peak 2PA response as well as red-shifting the 2PA 
band (Fig. 4). Thus, quinoline derivative 7 displays the most 
interesting 2PA characteristics including a red-shifted 2PA band 
with a maximum at 830 nm and the largest peak 2PA response 
(265 GM). 

Since the lowest excited state is both one-and two-photon 
allowed, the same (lowest-energy) excited state is reached when 

conducting two-photon excitation in the lowest 2PA band located 
in the NIR region. We can thus posit that the subsequent 
photochemistry (including intersystem crossing leading to the 
sensitiser triplet state liable to transfer its energy to molecular 
oxygen transfer in solution to produce reactive singlet oxygen) is 
the same. Hence in the case of the quinoline derivatives 
investigated in the present work, the Φ∆ values can also be used 
for the calculation of σ2

max Φ∆ values for 2P excitation in the NIR 
range. 

In summary, chromophores 7 and 8 meet all the prerequisites 
(suitable fluorescence and photosensitization properties 
combined with substantial 2PA responses, leading to 
σ2

max Φ∆ values of about 100 GM) for their use as sensitizers for 
dual PDT / fluorescence imaging induced by 2P excitation in the 
biological spectral window. As such they represent attractive 
molecular subunits for further incorporation in nano-objects that 
would be used as 2P nanotools for theranostics in the NIR 
range.25 

 

3. Conclusion 

A new family of 8-Br-quinolines derivatives with a 
(diphenylamino)phenyl-ethynyl moiety at the C6 position and 
incorporating modulations at the C2 position was efficiently 
prepared by applying a multistep synthetic route based on 
Friedländer and Sonogashira coupling key reactions. Very 
interestingly, all chromophores display rather large 2PA 
responses (σ2

max values ranging from 116 to 265 GM) in the 
spectral range of interest for biological applications combined 
with high singlet oxygen production ability (Φ∆ up to 0.62) while 
maintaining reasonable fluorescence properties. The present 
study thus validates our molecular engineering and demonstrates 
the potential of the original quinoline scaffold for the 
development of dual role two-photon sensitizers. Hence such 
derivatives offer major promises for image-guided therapy 
induced by 2P excitation (i.e. combined two-photon imaging and 
localized singlet oxygen generation). Moreover, the hydroxyl 
grafting moieties located at the C2 and/or C3 positions 
interestingly provides an easy way for subsequent 
functionalization. We are currently exploring the synthesis of 
more hydrophilic 8-Br-quinoline-based derivatives as well as the 
preparation of graftable analogs for their further incorporation 
within nanoparticles and/or their bio-conjugation with targeting 
units.  

 

4. Experimental section 

4.1. Synthetic procedures 

4.1.1. General  methods.   
Solvents were freshly distilled before use over CaH2 (for 

CH2Cl2 and Et3N) or benzophenone/Na (for THF). Reactions 
were monitored by thin-layer chromatography carried out on 
silica gel precoated aluminium sheets (60F-254). Column 
chromatography was performed on Fluka silica gel 60 (40-63 
µm). Melting points were measured on a Stuart SMP 10. Infrared 
spectra were measured on a Perkin Elmer Spectrum 100 Optica. 
1H and 13C NMR spectra were recorded on a Bruker Advance III 
200 spectrometer at 200 MHz and 50 MHz, respectively, and on 
a Bruker Advance III 600 spectrometer at 600 MHz. Shifts (δ) 
are given in parts per million with respect to solvent residual 
peak and coupling constant (J) are given in Hertz. LC/MS 
analyses were performed on a Shimadzu LCMS-2020. HMRS 
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spectra were performed by the CESAMO (Bordeaux, France) on 
a QStar Elite mass spectrometer (Applied Biosystems). The 
instrument is equipped with an ESI source and spectra were 
recorded in the negative/positive mode. The electrospray needle 
was maintained at 4500 V and operated at room temperature. 
Samples were introduced by injection through a 20 µL sample 
loop into a 400 µL/min flow of methanol from the LC pump. 
Elemental Analyses were carried out by the ″Institut de Chimie 
des Substances Naturelles″ (Gif-sur-Yvette, France).  

4.1.2.  2-Amino-3-bromo-5- iodobenzaldehPyde (2 )  
and 2-amino-3,5-d ibromobenzaldehyde (3 ) .  

To a solution of 2-amino-5-iodobenzaldehyde21 1 (1.64 g, 6.64 
mmol), in dry CH2Cl2 (40 mL), at room temperature, was added 
NBS (1.18 g, 6.64 mmol). The reaction mixture was stirred 
overnight at room temperature, quenched with a Na2S2O3 
solution and then extracted with dry CH2Cl2. The combined 
organic layer was washed with a saturated aqueous Na2CO3 
solution, dried (Na2SO4) and then concentrated under reduced 
pressure. The crude was purified by a short column of silica gel 
(30% CH2Cl2 in petroleum ether) to give 1.58 g of an inseparable 
mixture of 2 (59%) and 3 (34%). 

4.1.3. 2-Amino-3-bromo-5-((4 - (d iphenylamino)-
phenyl )e thyny l)benzaldehyde (5 ) .  

To a solution of N,N-diphenyl-4-((trimethylsilyl)-
ethynyl)aniline 4 (690 mg, 2.0 mmol), 2-amino-3-bromo-5-
iodobenzaldehyde 2 (717 mg, 2.2 mmol), CuI (15.2 mg, 80 
µmol), and PdCl2(Ph3P)2 (28.1 mg, 40 µmol), in a dry mixture of 
THF:Et3N (20:1, 21 mL), at room temperature, was dropwise 
added a solution of TBAF (1 M in THF, 2.2 mL, 2.2 mmol). The 
reaction mixture was stirred overnight at room temperature and 
then filtrated through Celite®. The filtrate was quenched with a 
saturated aqueous NH4Cl solution and then extracted with 
CH2Cl2. The combined organic layer was dried (Na2SO4), and 
concentrated under reduced pressure. The crude was purified on 
silica gel (40% CH2Cl2 in petroleum ether) to give 5 (736 mg, 
79%) as a yellow powder: melting point: 246 °C; νmax(solid): 
3468, 3324, 2737, 1672, 1609, 1571, 1528, 1485 cm-1; 1H NMR 
(200 MHz, CDCl3) δ (ppm): 6.83 (br s, 2H), 6.96-7.16 (m, 8H), 
7.22-7.38 (m, 6H), 7.66 (d, J=1.8 Hz, 1H), 7.78 (d, J=1.8 Hz, 
1H), 9.81 (s, 1H); 13C NMR (50 MHz, CDCl3) δ (ppm): 86.5, 
89.0, 109.9, 112.5, 115.9, 119.1, 122.4, 123.7, 125.2, 129.5, 
132.5, 138.5, 140.3, 146.5, 147.3, 148.1, 192.8; ESIHMRS: 
C27H19BrN2O calculated for [M]+: 466.0675, found 466.0658; 
elemental analysis: calculated for C27H19BrN2O+1/3H2O: C, 
68.51; H, 4.19; N, 5.92; found: C, 68.51; H, 4.11; N, 5.65. 

4.1.4. 4-( (8 -Bromo-2-methylquinol in-6 -y l )ethynyl ) -
N,N-diphenylan i l ine (6 ) .  

To a solution of 5 (660 mg, 1.41 mmol), in acetone:EtOH 
(absolute) mixture (1:2, 15 mL), was added KOH (120 mg, 2.12 
mmol). The reaction mixture was stirred overnight at room 
temperature, and then concentrated under reduced pressure. The 
residue was quenched with a saturated aqueous NH4Cl solution 
and then extracted with CH2Cl2. The combined organic layer was 
dried (Na2SO4), and concentrated under reduced pressure. The 
crude was purified by a short column of silica gel (toluene as 
eluent) to give 6 (674 mg, 98%) as a white powder: melting 
point: 147 °C; νmax(solid): 3039 2213, 1583, 1502, 1482, 1447 
cm-1; 1H NMR (200 MHz, CDCl3) δ (ppm): 2.81 (s, 3H), 6.97-
7.17 (m, 8H), 7.27-7.43 (m, 7H), 7.88 (d, J=1.6 Hz, 1H), 7.98 (d, 
J=8.5 Hz, 1H), 8.12 (d, J=1.6 Hz, 1H); 13C NMR (50 MHz, 
CDCl3) δ (ppm): 25.9, 87.2, 91.7, 115.3, 121.8, 122.1, 123.5, 
123.9, 124.2, 125.3, 127.4, 129.6, 130.3, 132.8, 135.5, 136.6, 
147.2, 148.5, 161.0; ESIHMRS: C30H21BrN2 calculated for 

[M+H] +: 489.0960, found 489.0964; elemental analysis: 
calculated for C30H21BrN2: C, 73.62; H, 4.32; N, 5.72; found: C, 
73.43; H, 4.36; N, 5.67. 

4.1.5. 8-Bromo-6-( (4- (d iphenylamino)phenyl ) -
ethynyl )quinol ine-2-carbaldehyde (7 ) .  

A mixture of 6 (650 mg, 1.30 mmol), and selenium dioxide 
(174 mg, 1.56 mmol), in dioxane (10 mL) was heated at 70 °C 
for 2 h. The reaction mixture was cooled at room temperature, 
filtrated trough Celite®, and the filtrate was concentrated under 
reduced pressure. The crude was purified on silica gel (40% 
toluene in petroleum ether) to give 7 (240 mg, 37%) as an orange 
powder: melting point: 169 °C; νmax(solid): 3070, 2921, 2849, 
2196, 1707, 1586, 1488, 1327, 1269 cm-1; 1H NMR (200 MHz, 
CDCl3) δ (ppm): 6.98-7.17 (m, 8H), 7.24-7.43 (m, 6H), 7.98 (d, 
J=1.5 Hz, 1H), 8.08 (d, J=8.4 Hz, 1H), 8.21-8.29 (m, 2H), 10.29 
(s, 1H); 13C NMR (50 MHz, CDCl3) δ (ppm): 87.0, 94.3, 114.5, 
118.8, 121.8, 124.1, 125.5, 125.7, 126.1, 129.6, 130.0, 131.1, 
133.0, 136.6, 137.7, 144.5, 147.1, 149.0, 153.2, 193.3; 
ESIHMRS: C30H19BrN2O calculated for [M+Na]+: 525.0572, 
found 525.0580. 

4.1.6. (8-Bromo-6-((4 - (d iphenylamino)phenyl ) -
ethynyl )quinol in -2 -yl )methanol  (8 ) .  

To a solution of 7 (70.0 mg, 140 µmol), in dry THF (2 mL), at 
room temperature, was added NaBH4 (10.6 mg, 280 µmol). The 
reaction mixture was stirred overnight at room temperature, 
quenched with a saturated aqueous NH4Cl solution and then 
extracted with EtOAc. The combined organic layer was dried 
(Na2SO4) and then concentrated under reduced pressure. The 
crude was purified on silica gel (20% EtOAc in petroleum ether) 
to give 8 (69.4 mg, 98%) as a yellow powder: melting point: 146 
°C; νmax(solid): 3458, 3059, 3035, 2204, 1757, 1579, 1484, 1266 
cm-1; 1H NMR (200 MHz, CDCl3) δ (ppm): 4.56 (t, J=4.5 Hz, 1 
H), 4.96 (d, J=4.5 Hz, 2H), 6.98-7.17 (m, 8H), 7.25-7.43 (m, 
7H), 7.92 (d, J=1.8 Hz, 1H), 8.08 (d, J=8.5 Hz, 1H), 8.15 (d, 
J=1.8 Hz, 1H); 13C NMR (50 MHz, CDCl3) δ (ppm): 64.3, 87.0, 
92.3, 115.1, 119.8, 122.0, 122.8, 124.0, 124.2, 125.4, 128.5, 
129.6, 130.2, 132.8, 135.9, 137.1, 143.1, 147.2, 148.6, 160.5; 
ESIHMRS: C30H21BrN2O calculated for [M+Na]+: 527.0729, 
found 527.0726; elemental analysis: calculated for C30H21BrN2O: 
C, 71.29; H, 4.19; N, 5.54; found: C, 71.04; H, 4.32; N, 5.13. 

4.1.7. 8-Bromo-6-( (4- (d iphenylamino)phenyl )  
ethynyl )-2 -methylquinol in-3-o l  (10 ) .  

To a solution of 5 (70 mg, 149 µmol), in a mixture of 
9:EtOH:CH2Cl2 (v:v:v, 1:1:1, 3 mL), at room temperature, was 
added KOH (12.6 mg, 225 µmol). The reaction mixture was 
stirred overnight at room temperature, and then concentrated 
under reduced pressure. The residue was quenched with a 
saturated aqueous NH4Cl solution and then extracted with 
CH2Cl2. The combined organic layer was dried (Na2SO4) and 
then concentrated under reduced pressure. The crude was purified 
on silica gel (20% EtOAc in petroleum ether) to give 11 (40.0 
mg, 50%) as a brown powder: melting point: 186 °C; νmax(solid): 
3027, 2207, 1586, 1505, 1491, 1419, 1370 cm-1; 1H NMR (600 
MHz, DMSO-d6) δ (ppm): 2.57 (s, 3H), 6.92 (d, J=8.6 Hz, 2H), 
7.10 (t, J=7.7 Hz, 4H), 7.14 (t, J=7.4 Hz, 2H), 7.37 (t, J=7.7 Hz, 
4H), 7.45 (d, J=8.6 Hz, 2H), 7.48 (s, 1H), 7.88 (s, 1H), 8.01 (s, 
1H), 10.74 (s, 1H); 13C NMR (50 MHz, DMSO-d6) δ (ppm): 
20.5, 87.3, 90.9, 114.1, 114.2, 120.5, 120.9, 123.2, 124.2, 125.0, 
125.1, 129.0, 129.6, 129.8, 130.8, 132.6, 137.6, 146.3, 147.9, 
151.0, 154.1; LC-MS: C30H21N2O calculated for [M + H]+: 
505.09, found 504.95 and [M - H ]-: 503.07, found 502.90. 

4.1.8. 8-Bromo-6-( (4- (d iphenylamino)phenyl ) -
ethynyl )-2 - (hydroxymethy l)quinol in-3 -o l  (12 ) .  
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A mixture of dihydroxyacetone 11 (500 mg), in absolute 
EtOH (2 mL), was heated at 70 °C until a clear colorless solution 
was obtained. At this temperature, a solution of 5 (50 mg, 107 
µmol) in dry THF (1 mL) was added and then KOH (12.0 mg, 
214 µmol) was added. The reaction mixture was heated overnight 
at 70 °C, cooled at room temperature and then 20 mL of CH2Cl2 
were added. The mixture was filtrated trough Celite® and the 
filtrate was concentrated under reduced pressure. The crude was 
purified on silica gel (30% EtOAc in petroleum ether) to give 12 
(22.0 mg, 41%) as a brown powder: νmax(solid): 3035, 2196, 
1579, 1484, 1413, 1270, 1037, 748 cm-1; 1H NMR (200 MHz, 
DMSO-d6) δ (ppm): 4.75 (d, J=4.5 Hz, 2H) , 5.01 (t, J=3.7 Hz, 
1H), 6.92 (d, J=8.5 Hz, 2H), 6.98-7.17 (m, 6H), 7.57-7.29 (m, 
7H), 7.93 (d, J=1.4 Hz, 1H), 8.06 (d, J=1.4 Hz, 1H), 10.87 (s, 
1H); 13C NMR (50 MHz, DMSO-d6) δ (ppm): 60.8, 87.2, 91.3, 
114.0, 115.4, 120.9, 121.2, 123.4, 124.2, 124.3, 125.2, 129.1, 
129.8, 130.0, 131.1, 132.7, 146.3, 148.0, 150.3, 154.6; LC-MS: 
C30H21N2O2 calculated for [M + H]+: 521.08, found 520.80 and 
[M - H ] -: 519.07, found 518.70. 

 

 

4.2. Photophysical studies 

All photophysical studies were performed with freshly-
prepared air-equilibrated solutions at room temperature (298 K). 
UV/Vis absorption spectra were recorded on a Jasco V-670 
spectrophotometer. Steady-state and time-resolved fluorescence 
measurements were carried out on a Fluorolog 
spectrofluorometer. Fully corrected emission spectra were 
obtained under excitation at the wavelength of the absorption 
maximum. Fluorescence quantum yields of dilute solutions were 
measured according to literature procedures using quinine 
bisulfate in H2SO4 0.5M (Φ = 0.546 at 347 nm) or fluorescein in 
0.1M aqueous NaOH (Φ = 0.90 at 474 nm).26 The reported 
fluorescence quantum yield values obtained via this method are 
within ±0.02. Fluorescence decays were measured in a time-
correlated single photon counting (TCSPC) configuration, under 
excitation from selected nanoLED (370 nm). The instrument 
response was determined by measuring the light scattered by a 
Ludox suspension. The lifetime values were obtained from the 
reconvolution fit analysis of the decay profiles; the quality of the 
fits was judged by the reduced χ2 value (χ2 <1.1). The reported 
lifetimes are within ±0.1ns. Measurements of singlet oxygen 
quantum yield (Φ∆) were performed on a Fluorolog-3 (Horiba 
Jobin Yvon), using a 450 W Xenon lamp. The emission at 1272 
nm was detected using a liquid nitrogen-cooled Ge-detector 
model (EO-817L, North Coast Scientific Co). Singlet oxygen 
quantum yields Φ∆  were determined in toluene solutions, using 
tetraphenylporphyrin (TPP) in toluene as reference solution 
(Φ∆ [TPP] = 0.68 in toluene22) and were estimated from 1O2 
luminescence at 1272 nm. 

4.3. Two-photon absorption experiments 

Two-photon absorption cross sections (σ2) were determined 
from the two-photon excited fluorescence (TPEF) cross sections 
(σ2Φ) and the fluorescence emission quantum yield (Φ). TPEF 
cross sections were measured relative to fluorescein in 0.01M 
aqueous NaOH in the 680-1080 nm spectral range,23,27 using the 
method described by Xu and Webb23 and the appropriate solvent-
related refractive index corrections.28 The quadratic dependence 
of the fluorescence intensity on the excitation power was checked 
at all wavelengths. Measurements were conducted using an 
excitation source delivering fs pulses. This allows avoiding 
excited-state absorption during the pulse duration, a phenomenon 

which has been shown to lead to overestimated two-photon 
absorption cross-section values. To scan the 680-1080 nm range, 
a Nd:YVO4-pumped Ti:sapphire oscillator was used generating 
140fs pulses at a 80 MHz rate. The excitation was focused into 
the cuvette through a microscope objective (10X, NA 0.25). The 
fluorescence was detected in epifluorescence mode via a dichroic 
mirror (Chroma 675dcxru) and a barrier filter (Chroma e650sp-
2p) by a compact CCD spectrometer module BWTek BTC112E. 
Total fluorescence intensities were obtained by integrating the 
corrected emission. The experimental uncertainty of the 
absorption cross-section values determined from this method has 
been estimated to be ±10%. 
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1H and 13C NMR spectra  

2-amino-3-bromo-5-((4-(diphenylamino)phenyl)ethynyl)benzaldehyde (5) 

 
 
1H NMR (200 MHz, CDCl3) 

 
 
13C NMR (50 MHz, CDCl3) 
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4-((8-bromo-2-methylquinolin-6-yl)ethynyl)-N,N-diphenylaniline (6) 

 
 
1H NMR (200 MHz, CDCl3) 

 
 
13C NMR (50 MHz, CDCl3) 
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8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)quinoline-2-carbaldehyde (7) 

 
 
1H NMR (200 MHz, CDCl3) 

 
 
13C NMR (50 MHz, CDCl3) 
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(8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)quinolin-2-yl)methanol (8) 

 
 
1H NMR (200 MHz, CDCl3) 

 
 
13C NMR (50 MHz, CDCl3) 
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8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)-2-methylquinolin-3-ol (10) 

 
 
1H NMR (600 MHz, DMSO-d6) 

 
 
13C NMR (50 MHz, DMSO-d6) 
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8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)-2-(hydroxymethyl)quinolin-3-ol (12) 

 
 
1H NMR (200 MHz, DMSO-d6) 

 
 
13C NMR (50 MHz, DMSO-d6) 
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Solvatochromic data 

 

 
 

 
 

 
 

Figure S1. Absorption and emission spectra of compounds 6, 10, 12 in solvents of different polarities. 
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Two-photon absorption data 

 

  

 

  

 

 
Figure S2. Compared one-photon absorption (black line) and two-photon absorption (red line) spectra of 

compounds 6-8, 10, 12 in toluene. 
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