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A series of symmetrical conjugated dimeric coumarinyl cages has been synthesized by grafting 7-diethlyaminocoumarin (DEAC) cages via -linkers onto different aromatic cores displaying various electronic character (electron-withdrawing: benzobisthiazole BBTz, electron-donating: carbazole or ambivalent: fluorenyl). Due to their symmetrical design, all conjugated dimeric derivatives showed enhanced two-photon absorption at 730 nm, the electron-withdrawing core leading to the highest response (over 3000 GM). All dimeric derivatives retained the uncaging ability of the DEAC cage, with a strong influence of the nature of the core on the uncaging quantum yield. While the fluorenyl core led to an uncaging quantum yield similar to DEAC, the BBTz core led to a twice larger uncaging quantum yield and the carbazole core to even larger uncaging quantum yield (60 %). As a result, both electron-donating and electronwithdrawing cores lead to symmetrical dimeric DEAC derivatives showing unprecedented twophoton uncaging photo-sensitivity (up to 550 GM).

INTRODUCTION

Photoremovable protecting groups (PPGs) [START_REF] Klausen | Two-photon uncaging of bioactive compounds: Starter guide to an efficient IR light switch[END_REF][START_REF] Weinstain | Visible-to-NIR-Light Activated Release: From Small Molecules to Nanomaterials[END_REF] are chromophores able to conceal the functional activity of a molecule until light irradiation. These light-controlled tools have greatly contributed to recent advances in optobiology, as they allow for smooth and precise delivery of bioactive messengers in physiological media. Inspired by this ability to functionally encapsulate compounds, such chromophores are now commonly denominated as "cages", and the photolysis reaction as "uncaging" process. [START_REF] Kaplan | Rapid photolytic release of adenosine 5'-triphosphate from a protected analog: utilization by the sodium:potassium pump of human red blood cell ghosts[END_REF] The attributes of the uncaging reaction are essential considerations in the development of new cage compounds. [START_REF] Klausen | Two-photon uncaging of bioactive compounds: Starter guide to an efficient IR light switch[END_REF][START_REF] Weinstain | Visible-to-NIR-Light Activated Release: From Small Molecules to Nanomaterials[END_REF][START_REF] Brieke | Light-Controlled Tools[END_REF][START_REF] Yu | Chemistry and biological applications of photo-labile organic molecules[END_REF] In particular, the release must be faster than the biological phenomenon of interest, clean and without toxic byproducts, chemically quantitative and ideally with high uncaging quantum yield (u). The efficiency of the photorelease also depends on the capacity of the chromophore to absorb light at a specific wavelength. Photosensitivity of a PPG is thus defined as the product u =.u (in M -1 cm -1 ) for common one-photon (1P) absorption (1PA). Alternately, non-linear (NL) excitation, such as two-photon (2P) absorption (2PA), [START_REF] Pawlicki | Two-Photon Absorption and the Design of Two-Photon Dyes[END_REF][START_REF] Terenziani | Enhanced Two-Photon Absorption of Organic Chromophores: Theoretical and Experimental Assessments[END_REF] offers critical advantages in terms of biological applications. The thriving development of 2P microscopy [START_REF] Denk | Two-photon laser scanning fluorescence microscopy[END_REF] thus gave access to excitation in the first therapeutic window with NIR1 photons (i.e. 700-1000 nm), deeper penetration and limited damage in tissues by use of NIR1 photons. Moreover, as the 2P excitation is confined to the focal point (volume close to 1 fL) it enables excellent spatiotemporal control of the photorelease. [START_REF] Ellis-Davies | Caged compounds: photorelease technology for control of cellular chemistry and physiology[END_REF] A variety of organic [START_REF] Kaplan | Rapid photolytic release of adenosine 5'-triphosphate from a protected analog: utilization by the sodium:potassium pump of human red blood cell ghosts[END_REF][START_REF] Furuta | Brominated 7-hydroxycoumarin-4-ylmethyls: photolabile protecting groups with biologically useful cross-sections for two photon photolysis[END_REF][START_REF] Matsuzaki | Dendritic spine geometry is critical for AMPA receptor expression in hippocampal CA1 pyramidal neurons[END_REF][START_REF] Fedoryak | Brominated Hydroxyquinoline as a Photolabile Protecting Group with Sensitivity to Multiphoton Excitation[END_REF][START_REF] Gagey | Two-Photon Uncaging with Fluorescence Reporting: Evaluation of the o-Hydroxycinnamic Platform[END_REF][START_REF] Singh | A two-photon responsive naphthyl tagged p -hydroxyphenacyl based drug delivery system: uncaging of anti-cancer drug in the phototherapeutic window with real-time monitoring[END_REF][START_REF] Roy | Ground-State Proton-Transfer (GSPT)-Assisted Enhanced Two-Photon Uncaging from a Binol-based AIE-Fluorogenic Phototrigger[END_REF][START_REF] Hermanns | Re-Thinking Uncaging: A New Antiaromatic Photocage Driven by a Gain of Resonance Energy[END_REF][START_REF] Abdellaoui | A long-lived fluorenyl cation: efficiency booster for uncaging and photobase properties[END_REF][START_REF] Becker | Selective Modification for Red-Shifted Excitability: A Small Change in Structure, a Huge Change in Photochemistry[END_REF] and organometallic [START_REF] Nikolenko | Two-photon uncaging of neurochemicals using inorganic metal complexes[END_REF] scaffolds have been reported as PPGs, and used to trigger a cellular response by means of caged neurotransmitters, [START_REF] Furuta | Brominated 7-hydroxycoumarin-4-ylmethyls: photolabile protecting groups with biologically useful cross-sections for two photon photolysis[END_REF][START_REF] Matsuzaki | Dendritic spine geometry is critical for AMPA receptor expression in hippocampal CA1 pyramidal neurons[END_REF][START_REF] Olson | Optically Selective Two-Photon Uncaging of Glutamate at 900 nm[END_REF] drugs, [START_REF] Skwarczynski | Development of first photoresponsive prodrug of paclitaxel[END_REF][START_REF] Horbert | Photoactivatable Prodrugs of Antimelanoma Agent Vemurafenib[END_REF][START_REF] Mclain | Photoactivatable, biologically-relevant phenols with sensitivity toward 2-photon excitation[END_REF][START_REF] Sikder | A Natural Alkaloid, β-Carboline, as a One-and Two-Photon Responsive Fluorescent Photoremovable Protecting Group: Sequential Release of the Same or Different Carboxylic Acids[END_REF][START_REF] Roy | Red-Light Triggered Photouncaging from Dicyanomethylene-4H-pyran Phototrigger in Aqueous Solution: Applied as a Single Component Nano-Drug Delivery System for Cancer Therapy[END_REF] or proteins and DNA-transcriptional ligands. [START_REF] Fournier | A Blue-Absorbing Photolabile Protecting Group for in Vivo Chromatically Orthogonal Photoactivation[END_REF][START_REF] Schelkle | Light-Induced Protein Dimerization by One-and Two-Photon Activation of Gibberellic Acid Derivatives in Living Cells[END_REF][START_REF] Goegan | Synthesis and Characterization of Photoactivatable Doxycycline Analogues Bearing Two-Photon-Sensitive Photoremovable Groups Suitable for Light-Induced Gene Expression[END_REF] Among them, coumarinyl derivatives have attracted increasing interest over recent years due to their structural versatility and easy access to cages with red-shifted excitation. [START_REF] Bojtár | Conditionally Activatable Visible-Light Photocages[END_REF][START_REF] Bojtár | Green-Light Activatable, Water-Soluble Red-Shifted Coumarin Photocages[END_REF][START_REF] Chaud | Two-Photon Sensitive Coumarinyl Photoremovable Protecting Groups with Rigid Electron-Rich Cycles Obtained by Domino Reactions Initiated by a 5-exo -Dig Cyclocarbopalladation[END_REF][START_REF] Elamri | Wavelength-Selective Uncaging of Two Different Photoresponsive Groups on One Effector Molecule for Light-Controlled Activation and Deactivation[END_REF][START_REF] Lin | Coumarin Photocaging Groups Modified with an Electron-Rich Styryl Moiety at the 3-Position: Long-Wavelength Excitation, Rapid Photolysis, and Photobleaching[END_REF][START_REF] López-Corrales | Transformation of COUPY Fluorophores into a Novel Class of Visible-Light-Cleavable Photolabile Protecting Groups[END_REF][START_REF] Rovira | Modulating Photostability and Mitochondria Selectivity in Far-Red/NIR Emitting Coumarin Fluorophores through Replacement of Pyridinium by Pyrimidinium[END_REF][START_REF] Chitose | Design and Synthesis of a Caged Carboxylic Acid with a Donor-π-Donor Coumarin Structure: One-photon and Two-photon Uncaging Reactions Using Visible and Near-Infrared Lights[END_REF]. Indeed, the versatility of coumarinylmethyl derivatives allowed the development of a number of popular cages, such as Bhc (u = 3.7%), [START_REF] Furuta | Brominated 7-hydroxycoumarin-4-ylmethyls: photolabile protecting groups with biologically useful cross-sections for two photon photolysis[END_REF], DEAC (u = 12%), [START_REF] Hess | Protecting group for carboxylic acids that can be photolyzed by visible light, US20070243519A1[END_REF] and the -extended DEAC450 (u = 39%) [START_REF] Olson | Optically Selective Two-Photon Uncaging of Glutamate at 900 nm[END_REF]. However designing coumarinylmethyl derivative with very large 2P uncaging (2PU) photo-sensitivities (expressed as u = 2.u where 2 is the 2PA cross-section) still induces innate difficulties. For instance, the archetypal DEAC450 [Glu] caged derivative (Figure 1) shows a 2PU cross-section value of 0.5 GM at 900 nm. [START_REF] Olson | Optically Selective Two-Photon Uncaging of Glutamate at 900 nm[END_REF] . Implementing common/classical strategies to enhance the 2PA properties (quantified by the 2PA cross-section 2) [START_REF] Pawlicki | Two-Photon Absorption and the Design of Two-Photon Dyes[END_REF][START_REF] He | Multiphoton Absorbing Materials: Molecular Designs, Characterizations, and Applications[END_REF][START_REF] Kogej | Mechanisms for enhancement of two-photon absorption in donor-acceptor conjugated chromophores[END_REF][START_REF] Abe | Design and Synthesis of Two-Photon Responsive Chromophores for Near-Infrared Light-Induced Uncaging Reactions[END_REF] of PPGs -such as playing on intramolecular charge transfer and increasing the conjugation lengthmay however significantly interfere with the photochemistry of the coumarinylmethyl derivatives, leading to decreasing u and therefore u values [START_REF] Klausen | Two-photon uncaging of bioactive compounds: Starter guide to an efficient IR light switch[END_REF][START_REF] Weinstain | Visible-to-NIR-Light Activated Release: From Small Molecules to Nanomaterials[END_REF]. Recently structureproperties studies revealed that tuning the spatial extent of the intramolecular charge transfer within extended polarized (DEAC)--A' structures was determinant in maintaining the uncaging quantum yield while enhancing the 2PA cross section, leading to extended dipolar coumarinyl derivatives showing record 2PU cross-sections. [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] In order to investigate alternative strategies, we herein explore the design of symmetrical dimeric cages. Surprisingly, only a few recent attempts to achieve new cages by merging prototypical PPGs within symmetrical architectures have been reported so far. [START_REF] Agarwal | Calcium Uncaging with Visible Light[END_REF][START_REF] Dunkel | Quinoline-derived twophoton sensitive quadrupolar probes[END_REF][START_REF] Gug | Molecular Engineering of Photoremovable Protecting Groups for Two-Photon Uncaging[END_REF][START_REF] Richers | Dendrimer Conjugation Enables Multiphoton Chemical Neurophysiology Studies with an Extended π-Electron Caging Chromophore[END_REF] Such efforts led to 2PU cross-sections values up to 5 GM at 800 nm [START_REF] Gug | Molecular Engineering of Photoremovable Protecting Groups for Two-Photon Uncaging[END_REF] as well as more mitigated results. Building on these observations, we present here a more general approach based on various types of dimeric scaffolds. A series of multipolar conjugated structures DEAC--A' --DEAC, DEAC--D'--DEAC and DEAC--N--DEAC was prepared by merging two coumarinyl cages of DEAC type onto different conjugated cores: either having electronwithdrawing (A'), ambivalent (or neutral, i.e. N) or electron-releasing (D') character (Figure 1). Inspired by earlier works, [START_REF] Lin | Coumarin Photocaging Groups Modified with an Electron-Rich Styryl Moiety at the 3-Position: Long-Wavelength Excitation, Rapid Photolysis, and Photobleaching[END_REF][START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF][START_REF] Dubois | Threebranched coumarin derivatives for two-photon uncaging. How does branching influence the efficacy?[END_REF] we postulated that electronic effects and extent of charge redistribution in such structures could be a lever to enhance the 2PA response while tuning the uncaging efficiency.

RESULTS AND DISCUSSION

Design and synthesis

Based on the previous observation that modulating and controlling the spatial extent of intramolecular charge transfer in DEAC--A' derivatives was determinant in promoting large increase of the 2PA cross-section without impeding the uncaging process, [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] we investigated structures with different electronic distribution. The present molecular designs involve different cores having either electron-donating (carbazole: Cbz), electron-withdrawing (benzobisthiazole: BBTz) and ambivalent (fluorene: Fl) core moieties (Figure 1). As the design of the symmetric uncaging systems was initially based on the high 2P sensitivity of the recently reported -extended compound BTz--DEAC [Gly-Fmoc] (Figure 1), [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] we first aimed to use a bifunctional benzobisthiazolyl core moiety to design BBTz-(DEAC [Gly-Fmoc] )2 cage as the exact centrosymmetrical analogue of BTz--DEAC [Gly-Fmoc] . In order to avoid the use of highly activated divinyl moieties whose electronic properties would promote in situ polymerization, the heterocyclic core was shaped by condensation of the aldehyde 1 [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] with 2,5-Diamino-1,4benzenedithiol dihydrochloride (Scheme 1), following a similar strategy to the one used for BTz--DEAC [Gly-Fmoc] . [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] The reaction, promoted by the use of hydrochloride salts, occurs cleanly even without protection of the hydroxyl groups, and provides compound BBTz-(DEAC [OH] )2 in decent yield. The structure of this compound offers two photosensitive positions, materialized by the hydroxymethyl groups at the 4-position of each coumarin, which offers the possibility to cage two different and complementary bio-messengers. [START_REF] Venkatesh | Photocaging of Single and Dual (Similar or Different) Carboxylic and Amino Acids by Acetyl Carbazole and its Application as Dual Drug Delivery in Cancer Therapy[END_REF] For the purpose of this study, we herein decided to cage two equivalents of Fmoc-protected glycine (Fmoc-Gly-OH), keeping the Fmoc group on the amino acid to follow its release more conveniently by RP-HPLC. Thus, the photocleavable ester bonds between the amino-acid and the BBTz-(DEAC [OH] )2 were shaped by typical esterification in Steglish [START_REF] Neises | Simple Method for the Esterification of Carboxylic Acids[END_REF] conditions to give the final caged compound BBTz-(DEAC [Gly-Fmoc] )2 in good yield. Symmetrical derivatives having a 2,7-divinylfluorene neutral core or a 3,6-divinylcarbazole electron-donating core were prepared using a different synthetic layout as the risk of polymerization of the divinyl intermediates was far lesser thanks to the lack of electronwithdrawing activating moiety. We then chose to couple these terminal vinylic moieties with a 3-iodocoumarin intermediate in a double Heck cross-coupling (scheme 2). The key halogenated intermediate 2 was prepared starting from the commercially available 7-diethylamino-4methylcoumarin (S6) following the convenient selenium-free 4-step sequence, [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] in an overall 50% yield. The fluorene core was synthesized in three steps. [START_REF] Verlhac | Cooperative porphyrin-quadrupolar based triad for combined two-photon induced fluorescence and singlet oxygen generation[END_REF] Alkylation of 2,7-diiodofluorene with butyl chains was performed in order to avoid -stacking and to enhance solubility in organic media. The intermediate divinyl (S5) was finally obtained quantitatively by double Kumada cross-coupling (see SI). Finally, the 9-isopentyl-3,6-divinyl-9H-carbazole core (S4) was prepared in four steps starting from 3,6-dibromo-9H-carbazole (S1) with an overall yield of 61 %. Alkylation of the nitrogen with an isopentyl chain was first achieved for similar reasons to the fluorene derivatives, followed by double formylation and Wittig reactions. Coumarinyl branches were then introduced on these two central subunits by means of Heck cross-couplings using the previously reported Jeffery conditions, [START_REF] Olson | Optically Selective Two-Photon Uncaging of Glutamate at 900 nm[END_REF][START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF][START_REF] Jeffery | On the efficiency of tetraalkylammonium salts in Heck type reactions[END_REF] yielding free cages Fl-(DEAC [OH] )2 and Cbz-(DEAC [OH] )2 in decent yields. Eventually, the amino acid of interest was caged on these double PPGs by using the abovementioned procedure to give the final compounds Fl-(DEAC [Gly-Fmoc] )2 and Cbz-(DEAC [Gly-Fmoc] )2. Following the same approach, our reference compounds DEAC450 [OH] and DEAC450 [Gly-Fmoc] were also synthesized from compound 2 (See SI).

Photophysical Properties

One-photon absorption and emission properties of the "Free" Cages

The photophysical properties of the three new multipolar free cages were first investigated and compared both with the reference compound DEAC450 [OH] and the extended polarized compound BTz--DEAC [OH] [30] (Table 1.). DMSO, a viscous and polar solvent, was selected as it ensures suitable solubility of all derivatives and sufficient fluorescence allowing reliable determination of both their absorption, fluorescence and 2PA properties Table 1. Photophysical data BTz--DEAC [OH] and the symmetric compounds BBTz-(DEAC [OH] )2, Fl-(DEAC [OH] )2, Cbz-(DEAC [OH] )2 in DMSO.

Compound

abs max (nm)

 max (M -1 .cm -1 ) As expected for -extended coumarinyl derivatives, [START_REF] Schiedel | Single-Compound Libraries of Organic Materials: Parallel Synthesis and Screening of Fluorescent Dyes[END_REF] all compounds show an intense absorption band in the visible blue region (Figure 2). A bathochromic shift of the low-energy absorption band is evidenced as compared to DEAC450 [OH] (Figure 2), for derivatives BBTz-(DEAC [OH] )2 and Fl-(DEAC [OH] )2. We note that the absorption band of BBTz-(DEAC [OH] )2 is also red-shifted (13 nm) compared to BTz--DEAC [OH] .

em max (nm) Stokes shift (10 3 cm -1 ) f a) abs max (nm)  2PA max (nm) 2 max b) (GM) DEAC450 [OH]
The absorptivity of the multipolar compounds is strongly affected by the -extension, with a 2to 3-fold enhancement of the  max values compared to DEAC450 [OH] (Figure 2c). ) Emission spectra of DEAC450 [OH] , BTz--DEAC [OH] , BBTz-(DEAC [OH] )2, Fl-(DEAC [OH] )2, Cbz-(DEAC [OH] )2 and c) Absorption spectra of DEAC450 [OH] , BTz--DEAC [OH] and BBTz-(DEAC [OH] )2, Fl-(DEAC [OH] )2, Cbz-(DEAC [OH] )2 normalized with the number of coumarinyl moieties.

All compounds display green to yellow fluorescence in DMSO (Figure 2). The symmetrical derivative BBTz-(DEAC [OH] )2 exhibits yellow fluorescence with a 24 nm red-shifted emission band compared to that of its dipolar counterpart BTz--DEAC [OH] . In addition, its fluorescence quantum yield is significantly reduced, indicating that efficient competing non-radiative relaxation pathways take place in the excited state. In comparison, compounds Fl-(DEAC [OH] )2

and Cbz-(DEAC [OH] )2 show green fluorescence with slightly red-shifted (19 and 18 nm) emission spectra compared to DEAC450 [OH] . Yet their fluorescence quantum yields are also markedly reduced compared to that of DEAC450 [OH] indicating that competing non-radiative decay processes also occur in the excited state.

Two-photon absorption properties of "Free" cages

The 2PA spectra (Figure 3) were determined by performing two-photon excited fluorescence experiments (2PEF) in DMSO solution and registering 2P excitation spectra on the free cages dissolved in DMSO. This method allowed accurate and reliable 2PA results which are summarized in Table 1. As shown in Figure 3, among dimeric coumarinyl PPGs, two of them show a small 2PA band corresponding to the lowest energy excited state (i.e. close to 2abs max , Figure 4), located respectively around 950 nm (peak) for BBTz-(DEAC [OH] )2 and 930 nm (shoulder) for Fl-(DEAC [OH] )2. We note that only compound BBTz-(DEAC [OH] )2 shows much higher 2PA responses (with 2 max value over 700 GM) than DEAC450 [OH] in the 900-1000 nm spectral region. Interestingly, Cbz-(DEAC [OH] )2 having an electron-releasing core does not show significant 2PA responses close to 2abs max , indicating that the lowest energy excited state is 2PA-forbidden in this case, contrarily to the other dimeric derivatives (Figure 4).

Interestingly, this property is reminiscent of the behavior of quadrupoles. We stress that it has also been observed in branched structures of dissymmetrical quadrupoles [START_REF] Katan | Two-Photon Transitions in Quadrupolar and Branched Chromophores: Experiment and Theory[END_REF] and more recently for branched trimeric coumarinyl derivatives (DEAC-)3D'. [START_REF] Dubois | Threebranched coumarin derivatives for two-photon uncaging. How does branching influence the efficacy?[END_REF] In contrast, all dimeric derivatives show more intense 2PA bands at higher energy (around 720-740 nm) with 2PA peaking at 3080 GM, 1800 GM and 900 nm for BBTz-(DEAC [OH] )2, Fl-(DEAC [OH] )2 and Cbz-(DEAC [OH] )2 respectively. These bands correspond to higher excited states that are only weakly one-photon allowed (Figure 4). The 2PA spectra of both BBTz-(DEAC [OH] )2 and Fl-(DEAC [OH] )2 also exhibit a definite shoulder around 820 nm with 2PA cross-section of about 1000 GM and 1250 GM, about one order of magnitude larger than the 2 max value of DEAC450.

Figure 3. a) Two-photon absorption spectra of DEAC450 [OH] , BBTz-(DEAC [OH] )2, Cbz-(DEAC [OH] )2 and Fl-(DEAC [OH] )2 in DMSO. b) Comparison between the two-photon absorption spectra of BTz--DEAC [OH] , BBTz-(DEAC [OH] )2 and BBTz-(DEAC [OH] )2 normalized with the number of coumarinyl subunits.

The highest cross-section (2 max ) displayed by BBTz-(DEAC [OH] )2 is twice higher than that of This follows the same order as the one-photon absorption properties (i.e. ranking of  max values), albeit with a much more pronounced variation. Finally, the positive impact of symmetry is clearly observed in the case of the elongated derivative DEAC--A'--DEAC from the direct comparison of compounds BTz--DEAC [OH] and BBTz-(DEAC [OH] )2 (Figure 3b). For the same push-pull strength, compound BBTz-(DEAC [OH] )2 displays a giant cross-section of 3080 GM, more than 3 times higher than its dipolar half BTz--DEAC [OH] . Cbz-(DEAC [OH] )2 in DMSO.

DFT calculations

In line with our previous work on dipolar compounds, [START_REF] Bojtár | Green-Light Activatable, Water-Soluble Red-Shifted Coumarin Photocages[END_REF] The vertical absorption properties of the three caged compounds (Table 2) were computed using time-dependent (TD) DFT with the same functional and basis set as used for geometry optimizations. Additional calculations carried out using the long-range corrected CAM-B3LYP functional provided very similar results (see SI). Although calculated S0 → S1 transition wavelengths underestimate the 𝜆 𝑚𝑎𝑥 values (Table 1), the experimental trends are well 

Photochemical Properties

The uncaging properties were investigated by performing 1P photolysis at 455 nm of solutions prepared in acetonitrile/water (90/10, v/v) mixture. For direct comparison, photolysis of the reference DEAC450 [Gly-Fmoc] was also carried out in the same conditions. The comparative photolysis experiments of our multipolar coumarins Fl-(DEAC [Gly-Fmoc] )2 and Cbz-(DEAC [Gly- Fmoc] )2 have been performed at a concentration of 2.5.10 -5 mol.L -1 whereas the comparative photolysis of quadrupole BBTz-(DEAC [Gly-Fmoc] )2 have been performed at a concentration of 2.5.10 -6 mol.L -1 due to its lower solubility. The experiments were followed by RP-HPLC following the appearance of released Fmoc-protected glycine. First order kinetics could be verified in all cases (Figure 7). It is important to note that the release of two equivalents of Gly-Fmoc per molecule is a two-step process, involving a sequential uncaging of the two Gly-Fmoc caged units. Hence, the values of the uncaging quantum yields (u) derived below correspond to an effective overall value corresponding to the release of the two caged Gly-fmoc. The two successive uncaging steps could possibly proceed with slightly different u. To get better insight into the intimate mechanism of the two-step process, time-resolved spectroscopy experiments would be of major interest. In particular, latest studies [START_REF] Olson | Optically Selective Two-Photon Uncaging of Glutamate at 900 nm[END_REF][START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF][START_REF] Dubois | Threebranched coumarin derivatives for two-photon uncaging. How does branching influence the efficacy?[END_REF][START_REF] Fournier | Coumarinylmethyl Caging Groups with Redshifted Absorption[END_REF][START_REF] Lin | Coumarin Photocaging Groups Modified with an Electron-Rich Styryl Moiety at the 3-Position: Long-Wavelength Excitation, Rapid Photolysis, and Photobleaching[END_REF] have demonstrated that the nature of the group linked at the 3-position of the coumarinyl PPG plays an important role on the uncaging ability, without clearly unlocking structure-properties relationships so far. Our results confirm that using an electron-releasing group at the core, connected via a conjugated -system at the 3-position of the Coumarinyl moiety has a beneficial effect on the u value. This tendency can be explained mechanistically by a stabilization of the intermediate carbocation formed during de photolysis. [START_REF] Šolomek | Searching for Improved Photoreleasing Abilities of Organic Molecules[END_REF] Electron-rich moieties such as the carbazole of Cbz-(DEAC [Gly-Fmoc] )2 could thus promote the dissociation of the ion pair in polar environments at the expense of competitive recombination, therefore enhancing the uncaging quantum yield explaining its high u value. On the other hand, we note that BBTz-(DEAC [Gly- Fmoc] )2 displays a u value of 18 % which is more than twice smaller than that of its dipolar counterpart BTz--DEAC [Gly-Fmoc] (45 %). This might be explained by the stronger electronwithdrawing character of the BBTz core which destabilizes the intermediate carbocation and slows down the photolysis while favoring competing deactivation processes. We note that Fl-(DEAC [Gly-Fmoc] )2 also shows lower uncaging quantum yield compared to DEAC450 (Table 3), similar to that of non-extended DEAC. [START_REF] Shembekar | A Protecting Group for Carboxylic Acids That Can Be Photolyzed by Visible Light †[END_REF][START_REF] Shembekar | Coumarin-Caged Glycine that Can Be Photolyzed within 3 μs by Visible Light †[END_REF] From the  max and u values, we can derive the 1PU sensitivity (u =  max u) for all derivatives (Table 3). The observed trends illustrate the effects of the structural variations on  max and u.

Both Cbz-(DEAC [Gly-Fmoc] )2 and Fl-(DEAC [Gly-Fmoc] )2 show u values that are more than twice larger than that of DEAC450 (typically 3 to 6 times larger), demonstrating that coupling DEAC units via an electron-donating (or ambivalent) core in conjugated dimeric structures has a positive effect on the 1P uncaging sensitivities. From the  max and u values, we can also derive the 2PU sensitivity (u =  max u). The data are collected in Table 3. Compared to DEAC450, all compounds display much higher u values, typically three to more than ten times larger, providing evidence that the dimeric strategy is also beneficial in terms of 2P uncaging sensitivity. The decrease of u in compound Fl-(DEAC [Gly-Fmoc] )2 compared to DEAC450 [Gly- Fmoc] is largely compensated by its high 2 max value. Regarding compound Cbz-(DEAC [Gly- Fmoc] )2, the significant increase of u combined with the large 2 max value yields unprecedented u of 550 GM. While having the lowest 2 value of the series, the exceptional photolytic proficiency of this compound makes it even slightly more efficient than our previously reported record compound BTz--DEAC [Gly-Fmoc] . [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] Finally, the twice smaller u value of compound BBTz-(DEAC [Gly-Fmoc] )2 compared to those of DEAC450 [Gly-Fmoc] and dipolar BTz--DEAC [Gly-Fmoc] [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] is counterbalanced by its very high 2 max value, which yields again a u max value of about 550 GM. These two dimeric derivatives allow to increase the 2PU sensitivity by about one order of magnitude compared to DEAC450, demonstrating the benefits of the conjugated dimer strategy.

Table 3. Photochemical (1P and 2P) properties of BTz--DEAC [Gly-Fmoc] and caged derivatives BBTz-(DEAC [Gly- Fmoc] )2, Fl-(DEAC [Gly-Fmoc] )2 and Cbz-(DEAC [Gly-Fmoc] )2 in aqueous acetonitrile. To further assess the uncaging efficiency of these conjugated dimeric cages, we then conducted two-photon photolysis (2PP) experiments in aqueous mixtures. 2PP experiments were performed by exciting the conjugated dimeric compounds at 730 nm using DEAC [Gly-Fmoc] , [START_REF] Hess | Protecting group for carboxylic acids that can be photolyzed by visible light, US20070243519A1[END_REF] as an appropriate standard thanks to its 2PA maximum located at similar wavelengths (740 nm).

Compounds

The experiments have been monitored in a mixture of CH3CN/H2O (90/10, v/v) at and 6% at 2.5.10 -6 M (Figure 8). These experiments confirm that associating DEAC coumarinyl cages in conjugated dimeric structures is a beneficial strategy, in contrast to that consisting in assembling DEAC coumarinyl cages in trimeric structures based on a common electrondonating core [START_REF] Rovira | Modulating Photostability and Mitochondria Selectivity in Far-Red/NIR Emitting Coumarin Fluorophores through Replacement of Pyridinium by Pyrimidinium[END_REF].

Dark stability

The dark stability of caged compounds is a critical issue as it defines their utility. Finally, all of our compounds proved to be stable in the dark at room temperature (See SI) with less than 1 % of hydrolysis in the photolysis media after 24 h. Compound BBTz-(DEAC [Gly-Fmoc] )2 appears to be the least stable of our compounds with 12% of hydrolysis after 7 days in the photolysis media, while DEAC450 [Gly-Fmoc] , Fl-(DEAC [Gly-Fmoc] )2 and Cbz-(DEAC [Gly-Fmoc] )2 show less than 5% hydrolysis.

CONCLUSION

A series of symmetrical conjugated dimeric coumarinyl cages has been synthesized by grafting DEAC cages via -linkers on different cores with various electronic character (D', A' or N).

Thanks to their symmetrical structures, all conjugated dimeric derivatives show enhanced 2PA at higher energy (730 nm) compared to the lowest 1P allowed excited state. This results in very large 2 max values with enhancement factors with respect to DEAC450 of respectively: 9 proves to be a promising strategy, opening an interesting perspective for biological applications including therapy and opto-neurology. With this aim in mind, future developments will focus on ensuring suitable solubility in biological media.

EXPERIMENTAL SECTION

General details of synthesis materials, of spectroscopic measurements, of uncaging quantum yield measurements (u), of 1-and 2-photon photolysis and of 2-photon absorption experiments have been previously described [START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] and will only be briefly recalled in the ESI.

Synthetic procedures and characterization data ( 1 H and 13 C NMR spectra) for all compounds as

Figure 1 .

 1 Figure 1. Molecular engineering of new cages by merging two coumarinyl moieties within symmetrical extended structures.

Scheme 1 .

 1 Scheme 1. Synthetic route to symmetrical derivative BBTz-(DEAC[Gly-Fmoc] )2. a

Scheme 2 .

 2 Scheme 2. Synthetic route to Fl-(DEAC[Gly-Fmoc] )2 and Cbz-(DEAC[Gly-Fmoc] )2. a

  quantum yield. Standard: fluorescein in 0.1 M NaOH (f = 0.9). b) Two-photon absorption cross-section at 2PA max derived from 2PEF experiments (1 GM = 10 -50 cm 4 .s -1 ).

  While the low-energy absorption band of the DEAC--D'--DEAC compound Cbz-(DEAC [OH] )2 is 1.3 times more intense than that of the DEAC--A' compound BTz--DEAC [OH] , the corresponding symmetrical derivative DEAC--A'--DEAC compound BBTz-(DEAC [OH] )2 is more than twice more efficient at absorbing light. The  max value of the DEAC--N--DEAC compound Fl-(DEAC [OH] )2 lies in between.

Figure 2 .

 2 Figure 2. a) Absorption, b) Emission spectra of DEAC450[OH] , BTz--DEAC[OH] , BBTz-(DEAC[OH] )2, Fl-

Fl-(DEAC [OH] ) 2

 2 having an ambivalent core and shorter -conjugated linkers. Compound Cbz-(DEAC[OH] )2 having an electron-releasing core and the same -conjugated linkers than Fl-(DEAC[OH] )2 displays the lowest 2 max value. These results evidence the important role of the nature of the core in symmetrical dimeric derivatives of coumarinyl cages, and lead to the following ranking: DEAC--A'--DEAC > DEAC--N--DEAC > DEAC--D'--DEAC.

Figure 4 .

 4 Figure 4. Overlay of one-and two-photon absorption spectra of a) BBTz-(DEAC [OH] )2, b) Fl-(DEAC [OH] )2 and c)

Figure 5 Figure 5 .

 55 Figure 5.

reproduced:Figure 5 ,Fmoc] ) 2 .

 52 Figure 5, the HOMO and LUMO are spread over the whole molecular length in the three

Figure 6 .

 6 Figure 6. Electron density difference maps associated to the lowest-energy electronic transitions for the three caged derivatives. From left to right: BBTz-(DEAC [Gly-Fmoc] )2, Fl-(DEAC [Gly-Fmoc] )2, Cbz-(DEAC [Gly-Fmoc] )2. Dark (light) blue lobes are associated with increasing (decreasing) density areas.

Figure 7 .

 7 Figure 7. Comparative kinetics of photolysis upon excitation at 455 nm in CH3CN/H2O (9/1, v/v) of the reference PPG (DEAC450 [Gly-Fmoc] ) and our new symmetric PPGs at a) 2.5.10 -6 M and b) 2.5.10 -5 M. In the y axis, x corresponds to the conversion (i.e. fraction of free Gly-Fmoc with respect to caged Gly-Fmoc).The slope values, directly proportional to the 1PU photosensitivity at 455 nm (455.u) of the

  photolysis experiments and 2PEF measurements (u = 2 max u).

concentrations of 2 . 5 .

 25 10 -5 M for Fl-(DEAC [Gly-Fmoc] )2 and Cbz-(DEAC [Gly-Fmoc] )2 and at 2.5.10 - 6 M for BBTz-(DEAC [Gly-Fmoc] )2.

Figure 8 .

 8 Figure 8. Comparative histogram showing the conversion (Gly-Fmoc release) after 4 h of two-photon irradiation at 730 nm at concentrations of 2.5.10 -5 M (a) and 2.5.10 -6 M (b) in a mixture of CH3CN/H2O (9/1, v/v) in similar conditions (1.2 mL, 1 W).As it was the case for one-photon photolysis (1PP), RP-HPLC allowed us to determine the

(

  DEAC--D'--DEAC), 18 (DEAC--N--DEAC) or even 31 (DEAC--A'--DEAC).Interestingly, all dimeric derivatives retain the uncaging ability of the DEAC cage, with a strong influence of the nature of the core on the uncaging quantum yield. While dimeric derivative DEAC--N--DEAC shows a u value close to DEAC, that of DEAC--A'--DEAC is twice larger. Strikingly, the DEAC--D'--DEAC derivative even shows higher u value (typically six-times larger than DEAC), larger than DEAC450. As a result, DEAC--D'--DEAC and DEAC--A'--DEAC show unprecedented 2P uncaging sensitivities (i.e. 550 GM), even larger than previously reported conjugated dimers based on fluorene or thiophene cores and having different cage end-groups.[START_REF] Agarwal | Calcium Uncaging with Visible Light[END_REF][START_REF] Dunkel | Quinoline-derived twophoton sensitive quadrupolar probes[END_REF][START_REF] Gug | Molecular Engineering of Photoremovable Protecting Groups for Two-Photon Uncaging[END_REF][START_REF] Richers | Dendrimer Conjugation Enables Multiphoton Chemical Neurophysiology Studies with an Extended π-Electron Caging Chromophore[END_REF] Thus assembling coumarinyl cages in conjugated dimers

Table 2 .

 2 Vertical transition wavelength (𝝀 𝟎𝟏 , nm), oscillator strength (𝒇 𝟎𝟏 ), transition dipole moment (𝝁 𝟎𝟏 , D), ground state and excited state dipole moments (𝝁 𝟎 and 𝝁 𝟏 , D), dipole moment variation (𝚫𝝁 𝟎𝟏 , D), charge transferred upon excitation (q CT , |e|), and charge transfer distance (d CT , Å), as calculated at the TDDFT/M06-2X/6-311G(d) level in DMSO.

	Compound	𝝀 𝟎𝟏	𝒇 𝟎𝟏	𝝁 𝟎𝟏	𝝁 𝟎	𝝁 𝟏 	𝚫𝝁 𝟎𝟏	q CT	d CT
	BBTz-(DEAC [Gly-Fmoc] )2	403	6.08	22.83	0.000 0.000	0.000 0.501 0.019
	Fl-(DEAC [Gly-Fmoc] )2	408	3.67	17.90	6.770 6.293	0.479 0.494 0.202
	Cbz-(DEAC [Gly-Fmoc] )2	393	2.99	15.79	1.055 1.961	0.526 0.363 0.917
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well as 1-and 2-photon absorption spectra and RP-HPLC chromatograms can also be found in the ESI.
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