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Singlet oxygen production
Two-Photon Absorption
Fluorescence

1. Introduction which significantly limits their use in 2P excite@P because a

. . . very high laser excitation power is required.
Singlet molecular oxyger@®,) is known to play key roles in a

lot of biological processes such as intracellulagnaling Therefore, this has prompted the quest for novelsi2iglet
mechanisms and reactions leading to cell deattapaptosis or  0Xygen sensitizers combining large 2PA cross-sestigp) in
necrosis. Over the years a large number of research prograni§e near IR region and highly efficient singlet ggp production.
have thus been dedicated to the design of moledwlals  The molecular engineering is tricky as featuresigiag a strong
allowing either the detection or the production iofjtet oxygen, —enhancement of 2PA ability generally tend to de@ehs 'O,
especially for applications in functional biologicaystems:>  production quantum yielti>® An additional challenge relies on
The more remarkable medical application of photssized'0, ~ keeping a subtle balance between the different exkcdtate
generation is undoubtedly—the photodynamic thergPpT) outcomes (fluorescence &0, production) to developlual-role
which has arisen as a powerful non-invasive mediethriique  biphotonic chromophores allowing two-photon inducetge-
used in oncology for the treatment of several censeich as guided PDT (i.ein-vivo monitoring and localized treatment
skin, head and neck, lung, oesophageal, prostateokadder as combined). In recent years, a wide range ofconjugated
well as in ophthalmology for the treatment of macula poly(hetero)aromatic 2P sensitizers with high 2PAssrsections
degeneratiod PDT benefits from its greater tolerance of repeatedhave been designed based on guidelines derived staroture-
doses and localization of the light irradiationgieg to reduce properties relationships of 2PA chromophores, inioigd
side effects in comparison with chemotheralare recently, ~ distyrylbenzenes and difuranonaphthalehesomatic ketones,
combining two-photon (2P) excitation with PDT, partisly in ~ squaraine derivative$, porphyrazines and porphycerfés,
vivo, has offered new perspectives and gained increasingxpanded porphyrin$, porphyrins oligomers; supramolecular
popularity due to the advantages it provides imgeof intrinsic ~ Porphyrins assembligs as well as banana-shaped biphotonic
3D resolution, increased penetration depth in tissuel reduced quadrupolar  chromophorés  and  “semi-disconnected”
collateral  (out of focus) photodamabe. However, —multiporphyrin assemblié%(Fig. 1).

photosensitizers currently approved or in clinicalls, including

Photofrir® and Visudyn& built from a porphyrin scaffold,

display low 2PA cross-sections in the near IR (700-9@),
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Fig. 1. Selected examples of reported 2P photosensitgzetshemical
structure of the newly designed 8-bromo-quinolirewdtives (in the frame).

In this framework, we decided to investigate the pt&t of a
new series of rather small organic molecules beaiBgoromo-
quinoline moiety as two-photon fluorescent sengisize
Quinoline derivatives are known to display a wide earg
biological activities and pharmaceuticals propsrtisuch as
antimalarial, antimicrobial, antibacterial, anti-Amer, anti-
HIV, and anticancer activity. In contrast, only scarce reports
mentioned the ability of mefloquine and quinine (walown
drugs used in the treatment of malaria) to prodiilcglet oxygen
after excitation at 355 nm with quantum yields abOLg6 (in
D,O, pD 7) and, to the best of our knowledge, no sysiema
study has yet been conductédin the PDT research area,
quinoline scaffolds are most commonly used as tgamo
produce metal (Pt RU", I'") complexes acting as efficient
photosensitizers but the photosensitization prégserbriginate
primarily from the metal centér.

We herein describe our efforts towards the desiga ofw
series of 8-Br-quinoline-based 2P photosensitiadisgplaying
significant 2PA cross-sections in the NIR, combinedthwi
efficient singlet oxygen production and retainirigofescence
properties. To achieve this aim, we chose to exigmdoline
scaffolds at the C6 position with a (diphenylamifn@pyl-
ethynyl arm and to incorporate a bromine at thepGSition, as
heavy atoms, when properly located, are known tolitztei
intersystem crossing and consequently favor singbeggen
generatior:? Modulations at the C2 and/or C3 positions were
explored. We thus report the first synthesis of r&gBinoline
derivatives functionalized at position C2 and/or .CQur
synthetic strategy is based on a Friedlander @ad¢t build the
functionalized quinoline scaffold and on a Sonogasleross-

@Em B,\@[

4, PACl,(PhsP),

CHO  NBs, CH20I2 Cul TBAF

jo

NH, n overnight THF ElaN (20:1)
rt, overnight
1 79%
/
Ph,N = S\i*
4
Ph,N thN thN
O NaBH,4, THF SeOz dioxane
A
N rt, overnight X 70 °C, 2h, 37%
O 98%
P2
8 N

Ph,N !

Tetrahedron

coupling reaction to graft the arylethynyl moieBhotophysical
and 2PA properties of the series of six chromophore® then
investigated as well as their ability to generabglsit oxygen.

2. Results and discussion
2.1. Synthesis

Quinoline-based chromophorés10, 12 were prepared from
the key intermediat® by means of a Friedlander reaction with
acetone or its derivatives (scheme®)The synthesis of the
compounds was achieved following a two-step sequence starting
from the known aldehyd&?' Bromination of aldehyd& with N-
bromosuccinimide (NBS) afforded an inseparable méxtof
compound® and3 (ratio 7:3, in 54% yield o). Further one-pot
two-step reaction, involving a Sonogashira crospling / in
situ TBAF promoted trimethylsilyl group deprotection, thvi
alkyne 4 provided the derivatives as pure compound in a
satisfactory 79% yield. Compoudwas then obtained in almost
quantitative yield from intermediateby means of a Friedlander
reaction with acetone, used as reagent and soladotying
building of the quinoline scaffold. Classical oxida with
selenium dioxide led to the aldehydevith a moderate yield of
37%. Finally, the aldehyde was reduced into theespwnding
alcohol with sodium borohydrate to afford alcoBdh excellent
yield (Scheme 1).

As an alternative straightforward approach, we alsalist
the opportunity to obtain directly compoudby means of a
Friedlander reaction between the intermedidieand the
hydroxyaceton®. Strikingly, we did not observed the formation
of the expected produst(performing TLC and NMR analysis of
the crude) but we isolated the hydroxyquinoline \d&ive 10 in
50% yield (Scheme 1). The structure of the compdiih@.e the
regiochemistry of the reaction) was confirmed byfgening
extensive spectroscopic analysis including NOESY enparts
at 400 MHz in DMSGCdg. Correlations between H4-H5 and H3-
H4 were unambiguously observed and a weak NOE effect was
also detected between H3-H2. We subsequently applied t
Friedlander reaction to the dihydroxyacetod& to afford
quinoline12 in a moderate yield (Scheme 1). The production of
hydroxyquinoline derivativesl0 and 12 can be explained
considering the classical mechanism of the Friet#aneactiorf’

A dihydroquinoline intermediate bearing two hydrogybups at

the C3 and C4 positions is formed and the regicteity of the
process is further controlled by the final dehyurmat step
(Scheme 2). The elimination of water follows the path (a),
leading to the 3-hydroxy-quinoline regioisomer,cgirthe proton

at the C3 position (i.e position from the imine function) is the
more acidic.

(e}
M on 9

— - .
KOH, EtOH:CH,Cly
rt, overnight, 50%

Ph,N

X

! CHO

NHQ "poor”

Br

Acetone:EtOH (1:2)
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98%
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70 °C, overnight, 41%

Scheme 1. Synthesis of the key intermedi&@and quinoline$-8, 10 and12.
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Scheme 2. Proposed mechanism of the Friedlander reactiatirigao emission properties of the quinoline-based chroroag) while
compounds0 and12. it offers interesting possibiliies for further @ent

functionalization (such as grafting of targetingtshn

2.2. Photophysical properties The influence of the environment was investigated by
] ] ) ) ] studying the absorption and emission properties tloé
Photophysical properties (including one-photon gisan,  chromophores in organic solvents of increasing rit#a
fluorescence and singlet oxygen generation) of @m@s5-8,  (toluene, dichloromethane and acetonitrile). Intdiate5 and

10 and 12 were investigated in toluene and the correspondinginoliness, 8, 10, 12 display a positive solvatochromic behavior
data are gathered in Table 1. All derivatives presenintense (Fig. 3 and Fig. S1): increasing the solvent pbfadoes not
absorption band in the near UV-blue visible regiothwnolar  greatly affect-much the absorption band, while akemired-shift
extinction coefficient values up to 3.9 x "I@".cm”. All  of the emission band from violet-blue (in toluerte) yellow-
quinolines -8, 10 and12) absorption spectra display two bands grange (in acetonitrile) is observed. These featare typical of
(Fig. 2): the low energy band can be ascribed to ancT transitions associated with an increase of @ipmoment

intramolecular charge transfer (ICT) transitione(low) while  hon excitation, leading to polar emissive exciseates.
the second band in the UV region (maximum aroundr8@dis

characteristic of a higher energyrt* transition. All quinolines
compounds &8, 10 and 12) also exhibit fluorescence in the
violet to the green region (Fig. 2) with moderate2{Q to high
(0.68) quantum yields, whereas the fluorescence tqoayield
of the aniline intermediat® is low. This confirms that the
quinoline scaffold is crucial for providing sigraéint
fluorescence properties. From these data, we can desive
structure-properties relationships related to theduations
implemented at C2 and/or C3 positions. Replacirgy riiethyl
substituent at the C2 position by a hydroxymethglety induces

a slight hypochromic effect on the absorption aslvesl a 400 500 600 0
bathochromic shift of the emission band and a sligtrease of A (nm)

the fluorescence quantum yield (consistent with raoveiase of Fig. 3. Absorption (solid lines) and emission (dashedsjrepectra of

the non-radiative decay rate). As expected, thedhiction of the compounds in solvents of different polarities. ,
electron-withdrawing formyl group induces a large-séift of The photosensitization and singlet oxygen generatio
both the absorption and emission bands and anasedeStokes’ Properties were studied by measuring toe luminescence at
shift value, indicative of increased ICT charac®mikingly, a 1272 nm in toluene by comparison with a tetraphesrglbyrin
strong enhancement of the fluorescence propertiss {1 P) reference solution measured in the same sblvEne
concomitantly observed (i.e. compouiddisplays the highest Yalues of the singlet oxygen quantum yie®h) are collected in
fluorescence quantum vield value, 0.60) due to prgecrease 1able 1. Strikingly, all quinolines&(8, 10 and 12) display
in non-radiative decay rate which overcomes thehgijigower S|gn|f|c§nt¢A values (varying from.0.4 to Q.6). The.S|gn|f|cayntI
radiative decay rate. In contrast, the presencéhefhydroxyl ~OWer singlet oxygen quantum yield of intermedi&e(0.12)

group at the C3 position does not affect the atiErand reveals the major importance of the quinoline fesat providing
the photosensitization ability.

v ™ [— Toluene
/ —— CH,CI,
] \ —— CH,CN

~ o
~

Normalized Absorption & Emission

~ -

Table 1. Photophysical and 2PA characteristics of the mégliate5 and quinoline$-8, 10, 12 in toluene.
Stokes’

)\absmax Smax )\Emmax shift o) a) T kr knr ) d) A 2PAmax O.Zmax
mpotMem’l  [nml aUe O me? 00s19 po'st? T om (M)
5 354 3.9 408 3.7 0.03 11 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 15 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

@ Fluorescence quantum yield determined relativgutoine in HSO, 0.5M (@ = 0.546) or fluorescein in 0.1M aqueous Na®H=0.90).
® Fluorescence lifetime determined using time-categl single-photon counting.
¢ Radiative (K and non-radiative (§ decay rates.
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9 Singlet oxygen quantum yield determined relativéetraphenylporphyrin in toluen@fTTP] = 0.68 in toluené}

The substituents on the quinoline ring influenagnsicantly
the photosensitization ability. While the preseotéhe hydroxyl
substituent at the C3 position of the quinolineffedd induces a
slight decrease (by less than 20%) of the photdszaison
properties but does not affect the fluorescencecieffcies
(comparison of quinolines/10 and 8/12 in Table 1), the
substitution of one hydrogen of the methyl grouptlz C2
position by a hydroxyl moiety leads to an enhancent the
singlet oxygen production by about 20-30% andnsldgecrease
of fluorescence efficiencies (comparison of quineti6/8 and
10/12 in Table 1). Hence the highe$t, value is obtained for
quinoline 8 (0.62, which is close to that of the prototypical
sensitizer TPP) while its fluorescence quantum yisldabout
twice larger. Strikingly, quinolin& bearing a formyl substituent
at the C2 position maintains a satisfactory singdetygen
quantum vyield (albeit reduced of about 25% compated

compound6) while it shows both the most intense and red-

shifted fluorescence emission (Table 1). For tlimpound, the
excitation energy seems to be totally redistributetiveen the
emission process and tH@, generation.

2.3. Two-photon absor ption (2PA)

Taking advantage of the fluorescent properties bbé t
synthesized quinoline derivatives8, 10, 12 in toluene, their

conducting two-photon excitation in tlevest2PA band located
in the NIR region. We can thus posit that the subsef
photochemistry (including intersystem crossing iegdto the
sensitiser triplet state liable to transfer its rggeto molecular
oxygen transfer in solution to produce reactiveglgnoxygen) is
the same. Hence in the case of the quinoline derest
investigated in the present work, t#hg values can also be used
for the calculation 06," ®, values for 2P excitation in the NIR
range.

In summary, chromophorésand8 meet all the prerequisites
(suitable fluorescence and photosensitization ptigse
combined with substantial 2PA responses, leading
a,"> ®, values of about 100 GM) for their use as sensitif@rs
dual PDT / fluorescence imaging induced by 2P excitatiothe
biological spectral window. As such they represettaetive
molecular subunits for further incorporation in nasbjects that
would be used as 2P nanotools for theranostics én NIR
range®

to

3. Conclusion

A new family of 8-Br-quinolines derivatives with a
(diphenylamino)phenyl-ethynyl moiety at the C6 piosi and
incorporating modulations at the C2 position wasckdfitly

2PA properties in the NIR range (700-1000 nm) coutd b brepared by applying a multistep synthetic routeselda on

determined by using the two-photon induced fluonesee

Friedlander and Sonogashira coupling key reactioviery

techniqué® Maximum 2PA wavelengths and cross-sectioninterestingly, all chromophores display rather érg@PA

values are collected in Table 1 while 2PA specteasiiown in
Fig. 4. As observed from Fig. 4, all derivativespiy a broad

responses o™ valuesranging from 116 to 265 GM) in the
spectral range of interest for biological applioai combined

2PA band in the NIR region located at almost twice thawith high singlet oxygen production abilitgpf up to 0.62) while

wavelength of the one-photon absorption band (F&j. $his is
consistent with the fact that the lowest-energy excistate is
both one- and two-photon allowed. 2PA bands of comge6,

maintaining reasonable fluorescence properties. phesent
study thus validates our molecular engineering demonstrates
the potential of the original quinoline scaffold rfathe

8, 10, 12 peak at 750-770 nm with corresponding maximum opadevelopment ofdual role two-photon sensitizers. Hence such

cross-sections in the 120-155 GM range.

250

®~No

200 — 10

—12

150

g, (GM)

100

50

1
850

Arpa (NM)

Fig. 4. 2PA spectra of compoundsg, 10, 12 in toluene.
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While the introduction of the hydroxyl group at the3
position does not affect the 2PA response, the poesef the
hydroxymethyl appendices at the C2 position leadatincrease
(by a factor 30%) of the 2PA cross-section, confirgniour
previous reporté’ Finally, the presence of an electron-
withdrawing formyl substituent at the C2 position diearly
enhancing the peak 2PA response as well as redrshifte 2PA
band (Fig. 4). Thus, quinoline derivative displays the most
interesting 2PA characteristics including a redishif2PA band
with a maximum at 830 nm and the largest peak 2P porese
(265 GM).

Since the lowest excited state is both one-and tvatgoh
allowed, the same (lowest-energy) excited stateashed when

derivatives offer major promises for image-guidduerapy
induced by 2P excitation (i.e. combined two-photoraging and
localized singlet oxygen generation). Moreover, thelroxyl
grafting moieties located at the C2 and/or C3 pmsst
interestingly provides an easy way for subsequent
functionalization. We are currently exploring thenthesis of
more hydrophilic 8-Br-quinoline-based derivativesveell as the
preparation of graftable analogs for their furtfiecorporation
within nanoparticles and/or their bio-conjugationhwiargeting
units.

4, Experimental section
4.1. Synthetic procedures

4.1.1.General methods.

Solvents were freshly distilled before use over Cdfdr
CH,CI, and E4N) or benzophenone/Na (for THF). Reactions
were monitored by thin-layer chromatography carrad on
silica gel precoated aluminium sheets (60F-254).lu@ao
chromatography was performed on Fluka silica gel(40-63
pm). Melting points were measured on a Stuart SMRnftared
spectra were measured on a Perkin Elmer SpectrunOpfifa.

'H and**C NMR spectra were recorded on a Bruker Advance liI
200 spectrometer at 200 MHz and 50 MHz, respectiaiy, on
a Bruker Advance IlIl 600 spectrometer at 600 MHz ftSH®)
are given in parts per million with respect to solveesidual
peak and coupling constant (J) are given in HerZ/MS
analyses were performed on a Shimadzu LCMS-2020. MR



spectra were performed by the CESAMO (Bordeaux, Flamte
a QStar Elite mass spectrometer (Applied Biosystergpe

instrument is equipped with an ESI source and spesgre

recorded in the negative/positive mode. The elsptay needle
was maintained at 4500 V and operated at room temypera
Samples were introduced by injection through auOsample

loop into a 400uL/min flow of methanol from the LC pump.
Elemental Analyses were carried out by thestitut de Chimie

des Substances Naturellé&if-sur-Yvette, France).

4.1.2. 2-Amino-3-bromo-5-iodobenzaldehPyd2) (
and 2-amino-3,5-dibromobenzaldehyd®).(

To a solution of 2-amino-5-iodobenzaldehifde(1.64 g, 6.64

5
[M+H]":  489.0960, found 489.0964; elemental analysis:
calculated for GgH,,BrN,: 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-(diphenylamino)phenyl)-
ethynyl)quinoline-2-carbaldehydery.

A mixture of 6 (650 mg, 1.30 mmol), and selenium dioxide
(174 mg, 1.56 mmol), in dioxane (10 mL) was heated@(°C
for 2 h. The reaction mixture was cooled at roomgerature,
filtrated trough Celitg, and the filtrate was concentrated under
reduced pressure. The crude was purified on siligla(40%
toluene in petroleum ether) to givg240 mg, 37%) as an orange
powder: melting point: 169 °CQy.{solid): 3070, 2921, 2849,
2196, 1707, 1586, 1488, 1327, 1269 trtH NMR (200 MHz,

mmol), in dry CHCI, (40 mL), at room temperature, was addedcpcly) & (ppm): 6.98-7.17 (m, 8H), 7.24-7.43 (m, 6H), 7.98 (d

NBS (1.18 g, 6.64 mmol). The reaction mixture wasredi
overnight at room temperature, quenched with &S
solution and then extracted with dry @H,. The combined
organic layer was washed with a saturated aqueoy€ja

J=1.5 Hz, 1H), 8.08 (d}=8.4 Hz, 1H), 8.21-8.29 (m, 2H), 10.29
(s, 1H);**C NMR (50 MHz, CDCJ) d (ppm): 87.0, 94.3, 114.5,
118.8, 121.8, 124.1, 1255, 125.7, 126.1, 129.6.013131.1,

133.0, 136.6, 137.7, 1445, 147.1, 149.0, 153.23.39

solution, dried (Nz8Q,) and then concentrated under reducedeS|HMRS: GgH,oBrN,O calculated for [M+Nd} 525.0572,

pressure. The crude was purified by a short colufrsilica gel
(30% CHCI, in petroleum ether) to give 1.58 g of an inseplarab
mixture of2 (59%) and3 (34%).

4.1.3.2-Amino-3-bromo-5-((4-(diphenylamino)-
phenyl)ethynyl)benzaldehydé&)(

To a solution of N,N-diphenyl-4-((trimethylsilyl)-
ethynyl)aniline 4 (690 mg, 2.0 mmol), 2-amino-3-bromo-5-
iodobenzaldehyde (717 mg, 2.2 mmol), Cul (15.2 mg, 80
pmol), and PAG(PhsP), (28.1 mg, 40 pumol), in a dry mixture of

found 525.0580.

4.1.6.(8-Bromo-6-((4-(diphenylamino)phenyl)-
ethynyl)quinolin-2-yl)methanol8).

To a solution of7 (70.0 mg, 140 pmol), in dry THF (2 mL), at
room temperature, was added NaBHO0.6 mg, 280 pumol). The
reaction mixture was stirred overnight at room terapee,
quenched with a saturated aqueous,BlHsolution and then
extracted with EtOAc. The combined organic layer wagd
(Na,SQ,) and then concentrated under reduced pressure. The

THFELN (20:1, 21 mL), at room temperature, was dropwisecryde was purified on silica gel (20% EtOAc in petoteether)

added a solution of TBAF (1 M in THF, 2.2 mL, 2.2nol). The
reaction mixture was stirred overnight at room terapee and
then filtrated through Celife The filtrate was quenched with a
saturated aqueous NEI solution and then extracted with
CH,Cl,. The combined organic layer was dried {8@;), and
concentrated under reduced pressure. The crude wvdieg on
silica gel (40% CHCI, in petroleum ether) to give (736 mg,
79%) as a yellow powder: melting point: 246 “G;.(solid):
3468, 3324, 2737, 1672, 1609, 1571, 1528, 1485; ¢h NMR
(200 MHz, CDC}) & (ppm): 6.83 (br s, 2H), 6.96-7.16 (m, 8H),
7.22-7.38 (m, 6H), 7.66 (dI=1.8 Hz, 1H), 7.78 (dJ=1.8 Hz,
1H), 9.81 (s, 1H)®C NMR (50 MHz, CDCJ) & (ppm): 86.5,
89.0, 109.9, 112.5, 115.9, 119.1, 122.4, 123.7,.2,2529.5,
132.5, 138.5, 140.3, 146.5, 147.3, 148.1, 192.8HERS:
C,H1BrN,O calculated for [M]: 466.0675, found 466.0658;
elemental analysis: calculated for,/8,BrN,O+1/3H0O: C,
68.51; H, 4.19; N, 5.92; found: C, 68.51; H, 4.11; M55

4.1.4.4-((8-Bromo-2-methylquinolin-6-yl)ethynyl)-
N,N-diphenylaniline §).

To a solution of5 (660 mg, 1.41 mmol), in acetone:EtOH
(absolute) mixture (1:2, 15 mL), was added KOH (12§) eh12
mmol). The reaction mixture was stirred overnight rabm
temperature, and then concentrated under reduesgype. The
residue was quenched with a saturated aqueou£INddlution

to give8 (69.4 mg, 98%) as a yellow powder: melting poirdts 1
°C; Vma{(solid): 3458, 3059, 3035, 2204, 1757, 1579, 14246
cm®; *H NMR (200 MHz, CDCJ) & (ppm): 4.56 (tJ=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 (dJ=8.5 Hz, 1H), 8.15 (d,
J=1.8 Hz, 1H);"*C NMR (50 MHz, CDCJ) & (ppm): 64.3, 87.0,
92.3, 115.1, 119.8, 122.0, 122.8, 124.0, 124.2,.42528.5,
129.6, 130.2, 132.8, 135.9, 137.1, 143.1, 147.8.614160.5;
ESIHMRS: GgH,BrN,O calculated for [M+N&a} 527.0729,
found 527.0726; elemental analysis: calculatedgH,,BrN,O:
C, 71.29; H, 4.19; N, 5.54; found: C, 71.04; H, 41925.13.

4.1.7.8-Bromo-6-((4-(diphenylamino)phenyl)
ethynyl)-2-methylquinolin-3-0110).

To a solution of5 (70 mg, 149 pmol), in a mixture of
9:EtOH:CHClI, (v:viv, 1:1:1, 3 mL), at room temperature, was
added KOH (12.6 mg, 225 pmol). The reaction mixturas w
stirred overnight at room temperature, and thenceotrated
under reduced pressure. The residue was quenched awith
saturated aqueous NEI solution and then extracted with
CH,Cl,. The combined organic layer was dried {8,) and
then concentrated under reduced pressure. The waslipurified
on silica gel (20% EtOAc in petroleum ether) to giik (40.0
mg, 50%) as a brown powder: melting point: 186 V.(solid):
3027, 2207, 1586, 1505, 1491, 1419, 1370"cthl NMR (600

and then extracted with GBI,. The combined organic layer was pMHz, DMSO-ds) & (ppm): 2.57 (s, 3H), 6.92 (d=8.6 Hz, 2H),
dried (NaSQ,), and concentrated under reduced pressure. Thg 10 (t,J=7.7 Hz, 4H), 7.14 (t)=7.4 Hz, 2H), 7.37 (t)=7.7 Hz,

crude was purified by a short column of silica geluene as

4H), 7.45 (d,J=8.6 Hz, 2H), 7.48 (s, 1H), 7.88 (s, 1H), 8.01 (s,

eluent) to give6 (674 mg, 98%) as a white powder: melting 1H) 10.74 (s, 1H)?*C NMR (50 MHz, DMSOdg) & (ppm):
point: 147 °Cyma(solid): 3039 2213, 1583, 1502, 1482, 144705 87.3, 90.9, 114.1, 114.2, 120.5, 120.9, 1222.2, 125.0,

cm®; 'H NMR (200 MHz, CDCJ) & (ppm): 2.81 (s, 3H), 6.97-
7.17 (m, 8H), 7.27-7.43 (m, 7H), 7.88 (&1.6 Hz, 1H), 7.98 (d,
J=8.5 Hz, 1H), 8.12 (dJ=1.6 Hz, 1H);**C NMR (50 MHz,
CDCL) & (ppm): 25.9, 87.2, 91.7, 115.3, 121.8, 122.1, 823.
123.9, 124.2, 125.3, 127.4, 129.6, 130.3, 132.%.5,3136.6,
147.2, 148.5, 161.0; ESIHMRS: ;§,:BrN, calculated for

125.1, 129.0, 129.6, 129.8, 130.8, 132.6, 137.6.314147.9,
151.0, 154.1; LC-MS: gH,N,O calculated for [M + H}
505.09, found 504.95 and [M - H $03.07, found 502.90.

4.1.8.8-Bromo-6-((4-(diphenylamino)phenyl)-
ethynyl)-2-(hydroxymethyl)quinolin-3-oll2).
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A mixture of dihydroxyacetondl (500 mg), in absolute
EtOH (2 mL), was heated at 70 °C until a clear coswigolution
was obtained. At this temperature, a solutiorbdb0 mg, 107
pmol) in dry THF (1 mL) was added and then KOH (128 m
214 pmol) was added. The reaction mixture was heatedhight
at 70 °C, cooled at room temperature and then 2@fMCH,Cl,
were added. The mixture was filtrated trough C8ligmd the
filtrate was concentrated under reduced pressure.cfide was
purified on silica gel (30% EtOAc in petroleum ethir give 12
(22.0 mg, 41%) as a brown powder;,(solid): 3035, 2196,
1579, 1484, 1413, 1270, 1037, 748 5rtH NMR (200 MHz,
DMSO-dg) & (ppm): 4.75 (dJ=4.5 Hz, 2H) , 5.01 (t)=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 (dJ=1.4 Hz, 1H), 10.87 (s,
1H); °*C NMR (50 MHz, DMSOds) & (ppm): 60.8, 87.2, 91.3,
114.0, 115.4, 120.9, 121.2, 123.4, 124.2, 124.3.212129.1,
129.8, 130.0, 131.1, 132.7, 146.3, 148.0, 150.3,63.C-MS:
CsH2:NL0, calculated for [M + HJ]: 521.08, found 520.80 and
[M-HJ:519.07, found 518.70.

4.2. Photophysical studies

All photophysical studies were performed with freshly-
prepared air-equilibrated solutions at room temioeea(298 K).

Tetrahedron

which'-has ‘been shown to lead to overestimated twoephot
absorption cross-section values. To scan the 680-hén range,
a Nd:YVO4-pumped Ti:sapphire oscillator was used geimgrat
140fs pulses at a 80 MHz rate. The excitation wasded into
the cuvette through a microscope objective (10X, NZ6p.The
fluorescence was detected in epifluorescence mada dichroic
mirror (Chroma 675dcxru) and a barrier filter (Ctma e650sp-
2p) by a compact CCD spectrometer module BWTek BRELL
Total fluorescence intensities were obtained bygirateng the
corrected emission. The experimental uncertainty thé
absorption cross-section values determined fromriethod has
been estimated to be +10%.

Acknowledgments

MBD gratefully thanks the Conseil Régional d’Aquitaifor
generous funding (Chaire d’Accueil grant). Partiahding from
Agence Nationale pour la Recherche (Grants ANR-10-NANO-
022-01 and ANR-10-BLAN-1436) is also acknowledged.

Supplementary Material

'H and C NMR spectra of all new compounds,
solvatochromic data and 2PA data are availabledfebarge.

UV/Vis absorption spectra were recorded on a Jasco OV-67

spectrophotometer. Steady-state and time-resolkexdescence
measurements were carried out on a
spectrofluorometer. Fully corrected emission spectrere
obtained under excitation at the wavelength of theogption
maximum. Fluorescence quantum yields of dilute tsahs were
measured according to literature procedures usiogirg
bisulfate in HSO, 0.5M (@ = 0.546 at 347 nm) or fluorescein in
0.1M aqueous NaOH® = 0.90 at 474 nnff The reported
fluorescence quantum yield values obtained via tinéshod are
within +0.02. Fluorescence decays were measured fime-
correlated single photon counting (TCSPC) confijara under
excitation from selected nanoLED (370 nm). The imse&nt
response was determined by measuring the lightesedtty a
Ludox suspension. The lifetime values were obtaiffech the
reconvolution fit analysis of the decay profildse tquality of the
fits was judged by the reducgd value (? <1.1). The reported
lifetimes are within +0.1ns. Measurements of singdlgen
quantum vyield ¢,) were performed on a Fluorolog-3 (Horiba
Jobin Yvon), using a 450 W Xenon lamp. The emissioh2a2
nm was detected using a liquid nitrogen-cooled Geatet
model (EO-817L, North Coast Scientific Co). Singtetygen
quantum yieldsp, were determined in toluene solutions, using
tetraphenylporphyrin (TPP) in toluene as refererscdution
(®, [TPP] = 0.68 in toluerf® and were estimated frortO,
luminescence at 1272 nm.

4.3. Two-photon absor ption experiments

Two-photon absorption cross sectiors) (were determined
from the two-photon excited fluorescence (TPEF) €mmsctions
(0,®) and the fluorescence emission quantum yigll (TPEF
cross sections were measured relative to fluorescei®.01M
aqueous NaOH in the 680-1080 nm spectral rAhgeising the
method described by Xu and Wébhand the appropriate solvent-
related refractive index correctioffsThe quadratic dependence
of the fluorescence intensity on the excitation powas checked
at all wavelengths. Measurements were conducted uaing
excitation source delivering fs pulses. This alloagoiding
excited-state absorption during the pulse duragophenomenon

Fluorolog
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'H and *C NMR spectra
2-amino-3-bromo-5-((4-(diphenylamino)phenyl)ethynyl)benzaldehyde (5)
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4-((8-bromo-2-methylquinolin-6-yl)ethynyl)-N,N-diphenylaniline (6)
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8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)quinoline-2-carbaldehyde (7)
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(8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)quinolin-2-yl)methanol (8)

'H NMR (200 MHz, CDCls)
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8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)-2-methylquinolin-3-ol (10)
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8-bromo-6-((4-(diphenylamino)phenyl)ethynyl)-2-(hydroxymethyl)quinolin-3-ol (12)
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Solvatochromic data

Normalized Absorption & Emission Normalized Absorption & Emission

Normalized Absorption & Emission
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Figure S1. Absorption and emission spectra of compounds 6, 10, 12 in solvents of different polarities.



Two-photon absorption data
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Figure S2. Compared one-photon absorption (black line) and two-photon absorption (red line) spectra of
compounds 6-8, 10, 12 in toluene.



