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Introduction

-Trifluoromethyl alcohols represent a well-known class of compounds exploited for their physical organic properties owing to their high polarity and ionizing power, mild acidity (pK a similar to phenols), strong hydrogen bond donor/poor acceptor groups and low chemical reactivity. [1,2] Compared to their hexafluorinated homologues such as hexafluoroisopropanol (HFIP), -trifluoromethyl alcohols offer the advantage of less extreme properties, such as a moderate steric hindrance that facilitates their incorporation into organic architectures (Figure 1). [3,4] Concerning their applicability, -trifluoromethyl alcohols have amphiphilic properties that are exploited by the pharmaceutical industry to enhance the drug availability or activity (befloxatone, LX-301). [5] The H-bond donor properties of RCH(OH)CF 3 molecules were initially exploited within chiral solvating agents, such as Pirkle's alcohol, for the determination of the enantiomeric excess (Figure 1B). [6] 2,2,2-Trifluoroethanol (TFE, Figure 1A) is widely employed as a solvent or an additive in organic synthesis to optimize different reactions: (photo)oxidations, nucleophilic substitutions and additions, cycloadditions, electrophilic and dearomative reactions. [1][2][3] On the other hand, the nucleophilic reactivity of - trifluoromethyl alcohols is far less documented. For TFE, some tandem nucleophilic addition reactions [7] on aromatic or aliphatic carbocations were reported to have poor stereoselectivity whereas nucleophilic substitutions [8] on carbohydrates [9] via an oxocarbenium intermediate were stereoselective (Figure 1C).

Beyond the successful example of TFE, few trifluoromethyl [6,[10][11][12][13] or hexafluoromethyl [14] alcohol groups were implemented on more elaborated skeletons, possibly due to selfaggregation issues that may limit their benefit. [15] In addition, the control of the non-symmetric induction (i. e., the diastereoisomers are obtained in a non statistical ratio, without any asymmetric induction) and the nucleophilicity of thetrifluoromethyl alcohol group have received little attention.

To further explore the physical properties and the reactivity of chiral -trifluoromethyl alcohols, we envisioned to implement this functional group on 9,10-diphenylanthracenes (DPA) by preparing compounds 1 (Figure 1D) which present two hindered groups on adjacent carbons C1' and C2'. Belonging to the class of chiral atropisomers, [START_REF] Barrett | chiral atropisomers with two stereogenic center/axis at least[END_REF] compounds 1 exist as syn and anti isomers due to the locked rotation along the C 1'-Ar ÀC 9-anthryl bond. In this environment, the rotation of the vicinal C 2'-Ar ÀC HðOHÞCF 3 bonds may be either restricted (rotamers) or orientated by electronic factors (favored conformers). [6d] Firstly, the structural properties of architectures 1 were investigated by NMR, X-ray diffraction and molecular modeling. Secondly, the oxidative dearomatization of anthracenes 1 into spiro-benzofuranes 4 was achieved through the synergistic oxidation of anthracene [17] and the nucleophilic addition of CH(OH)CF 3 moieties. This pathway for the dearomatization of anthracenes is novel compared to the classical [4 + 2] cycloadditions, metal-catalyzed or organolithium additions. [18] In addition, this access to chiral fluorinated spiro-heterocycles is a new route, complementary to the rare examples of fluorospirocyclizations [START_REF] Wilkinson | For reviews about fluorocyclizations[END_REF]20] and post-fluorination of spirocycles. [21,[START_REF] Wang | A photo-induced dearomative oxidation of gem-difluoroindoles was described without stereocontrol[END_REF] Thirdly, the chiroptical properties of enantiopure compounds 1 and 4 was investigated and compared. The variation of chiroptical properties by an oxidative stimulus can be attractive and less demanding in synthetic efforts compared to the classical approaches, that is, the synthesis of compounds series or the preparation of more sophisticated molecules. [23,24] 

Results and Discussion

Synthesis of fluorinated alcohols

Syn and anti atropisomers 1 were obtained by using a two-step pathway from 9,10-bis(2-formylphenyl)-anthracene [25] syn-and anti-2, respectively. The retention of relative configuration along the synthesis was expected due to the high rotational barrier for ortho,ortho'-disubstituted 9,10-diphenyl anthracenes. [26][START_REF] Gawronski | For atropisomeric molecular triads based on smaller aromatic compounds than anthracene[END_REF] The functionalization of each dialdehyde syn-2 or anti-2 was independently conducted in the presence of the nucleophilic Prakash-Ruppert's reagent (2.3 equiv.) to create two asymmetric carbons (Scheme 1). The resulting bis-( -trifluorometh-yl)trimethylsilyl ethers syn-3 (88 % yield) and anti-3 (90 % yield) were isolated in high yields, as a mixture of stereoisomers that were separated at the following step. Finally the deprotection of each rotamer 3 with TBAF independently afforded bis-(trifluoromethyl)alcohols syn-1 (89 % yield) and anti-1 (93 % yield) respectively. The purification of these compounds 1 on column chromatography on silica gel allowed the separation of the meso R,S diastereoisomer from the racemic mixture of R,R/ S,S compounds.

Interestingly, the stereoisomeric ratios for products 1 depend on the relative (syn or anti) configuration of the starting material 2 (Scheme 1). Anti-1 was obtained as a quasi statistical ratio of stereoisomers, that is, 47 % of the racemic R,R/S,S compound ((AE)-anti-1) and 46 % of the (R,S)-meso-anti-1 instead syn-1 was isolated as 69 % of racemic R,R/S,S mixture (named (AE)-syn-1) and only 20 % of the R,S meso compound. This nonsymmetric induction revealed in the last step obviously occurred during the second step when the aldehyde syn-2 undergoes a double nucleophilic addition of the trifluoromethyl carbanion. Indeed, the addition of the first equivalent of the Prakash's reagent results in the anchorage of a bulky (trifluoromethyl)trimethylsilyl ether group close to the remaining aldehyde function which probably accounts for this nonsymmetric induction observed on the syn-products 1 and not on anti-1.

Racemic and meso stereoisomers of both syn-and anti-1 were fully characterized. As expected from their structural differences, the syn and anti relative configurations that respectively place the ÀCH(OH)CF 3 groups in close proximity or on opposite half-spaces with respect to the anthracene core, have an impact on the physical properties of compounds. For instance, all stereoisomers of syn-1 are fully soluble in chlorinated solvents whereas those of anti-1 are only partially soluble. The melting point of each diastereoisomer 1 was different: 218 °C for (AE)-syn-1, 227 °C for meso-syn-1, 345 °C for (AE)-anti-1 and 349 °C for meso-anti-1. These large differences between syn-and anti-1 could be attributed to the nature of Hbonded networks in solution and in the solid state that will be disclosed below.

DFT calculations at the M06-2X/6-311G (d,p) level of theory concerning the rotation of the C sp 2ÀC sp 2 bond (Figure 1, blue arrow) indicated that the syn/anti relative configurations are very stable with a high rotational barrier of 41.3 kcal mol À1 for syn-1 and 43.2 kcal.mol À1 for anti-1 (see the Supporting Information). This theorical result corroborates the thermal stability we observed when heating neat compounds 1 at 110 °C for 12 h without any structural modification.

Finally, racemic mixtures of syn-and anti-1 were separated by chiral HPLC allowing the obtention of the four chiral stereoisomers with excellent enantiomeric excess (ee) in the range of 97.5-99.5 % and very good yields: (R,R)-syn-1 in 31 % yield, (S,S)-syn-1 in 28 % yield, (R,R)-anti-1 and (S,S).anti-1 both in 20 % yield.

H-bonded atropisomers in the solid state

A few crystallographic structures of chiral ( -trifluoromethyl)alcohols are known. [28] Pioneering work of Berkessel pointed out that the racemic mixture of ( -trifluoromethyl)alcohols containing a ketone group crystallized as heterochiral dimers whereas the S enantiomer preferentially forms as zigzag ribbons. Herein we present the first example of bis-(trifluoromethyl)alcohols whose structures in the solid state are controlled by both relative and absolute configurations.

The syn/anti relative and the absolute configurations of stereoisomers 1 were unambiguously determined by X-ray diffraction on single crystals of (AE)-syn-1, meso-syn-1, (AE)-anti-1 and meso-anti-1.

Firstly, the single crystals were grown in non-competitive Hbonding solvents, by the slow diffusion of pentane into a solution of 1 in dichloromethane. Interestingly, the trifluoromethyl alcohols self-assemble through strong intermolecular H-bonds between the alcohol groups (distance HÀO•••H inferior to 2.01 Å). In addition, the nature of the H-bonding assemblies depends on the relative configuration: meso and racemic syn-1 form dimers (Figure 2a) whereas meso-anti-1 is organized as oligomers in the solid state (Figure 2b).

It is noteworthy that the crystallization of racemic syn-1 led to the co-crystallization of (R,R)-and (S,S)-syn-1 as self-sorted homochiral dimers: ((R,R)-syn-1) 2 and ((S,S)-syn-1) 2 (Figure 2a). This homochiral self-sorting observed by crystallization was also confirmed by molecular modeling for H-bonded dimer syn-1 (see the Supporting Information).

Secondly, due to their low solubility in apolar solvents, single crystals of anti-1 were also grown in dichloromethane with two drops of a H-bond-accepting solvent. Then, the crystallographic structures of (AE)-anti-1.3(DMSO) and meso-anti-1.1(CH 3 COCH 3 ) were obtained without any self-assembly of anthracene moieties. In these cases, isolated molecules of 1 presented strong H-bonds between the alcohol groups and 2d).

DMSO (distance HÀO•••O=S is 1.77-1.81 Å) or acetone (distance HÀO•••O=C is 1.94 Å) molecules, respectively (Figure
All crystallographic structures of atropisomers 1 have a common structural feature for the ÀCH(OH)CF 3 groups whatever the H-bonding network: each asymmetric carbon has a preferred arrangement in which the C sp 3ÀH bond is directed towards the anthracene core and thus presents less steric hindrance to the proximal bulky OH and CF 3 substituents, that seat above the 1,8 and 4,5 positions of anthracene (Figure 2d). This particular arrangement of ÀCH(OH)CF 3 groups of 1 in solution is discussed below.

Hydrogen-bonded atropisomers in solution

To investigate the structure and the H-bonding behavior of compounds syn-and anti-1 in solution, 1D and 2D NMR experiments were performed on the different atropisomers.

Diffusion-ordered spectroscopy (DOSY) experiments were conducted on atropisomers syn-and (AE)-anti-1 (1 mM) in CD 2 Cl 2 and indicated similar diffusion coefficients (D) of 1.00-1.03 × 10 À9 m 2 s À1 (Table 1). [29] Using the Stokes-Einstein equation, the calculated hydrodynamic volumes V H were found to be in the range of 550-600 Å 3 , which correspond to the volume of single molecules based on X-ray data (V X-ray = 530-600 Å 3 ).

Concerning meso-anti-1 which was only soluble in [D 6 ]DMSO, the calculated hydrodynamic V H in this solvent was slightly larger (830 Å 3 ) but was still in a good agreement with the volume occupied by a single molecule in the solid state compared to a H-bonded dimer (ca. 3800 Å 3 ).

In contrast to their behavior in the solid state, DOSY experiments clearly reveal that (AE)-syn, meso-syn-and (AE)-anti-1 at a concentration of 1 mM are not aggregated in CD 2 Cl 2 , an apolar aprotic solvent. This result is in line with the description of chiral (poly)fluorinated alcohols in which H-bonding behavior differs between solution and the solid state. [14a] Variable temperature 1 H NMR spectroscopy of racemic mixtures of syn-and anti-1 (2 mM, C 2 D 2 Cl 4 ) between 20 and 105 °C evidenced no changes in spectra, except complexation/ decomplexation of residual water molecules (see the Supporting Information). Along with the lack of any concentration dependence (0.2-10 mM, 3 ), this strongly suggests that 1 is present as discrete molecules in chlorinated solvents.

Solvation effects for racemic syn-and anti-1 were noticeable in the 1 H NMR spectra (see the Supporting Information). In particular, a marked anisochrony is seen for the aromatic protons when employing [D 8 ]toluene or chlorinated solvents (Figure 3). In C 2 D 2 Cl 4 , the anthracene protons of (AE)-syn-1 appeared as four distinct signals (H 1 /H 5 , H 4 /H 8 , H 3 /H 7 and H 2 /H 6 ) between 7.6 and 7.4 ppm, meanwhile those of less hindered dialdehyde syn-2 were characteristics of 9,10-substituted an-thracenes with two sets (dd) at 7.5 pm (central protons H 1 , 4 , 5 , 8 ) and at 7.4 ppm (peripheral protons H 2 , 3 , 6 , 7 ).

1D or 2D 1 H, [START_REF] Wilkinson | For reviews about fluorocyclizations[END_REF] F heteronuclear Overhauser effect spectroscopy (HOESY) [30] experiments conducted in CD 2 Cl 2 confirmed the spatial proximity of the CF 3 groups to two specific anthracene protons depending on each stereoisomer. In the case of (AE)-syn-1, the fluorine atoms were close to the H 1 and H 5 protons, without any proximity to the symmetric H 4 and H 8 protons (Figure 3). The 1 H, [START_REF] Wilkinson | For reviews about fluorocyclizations[END_REF] F HOESY analysis conducted on meso-syn-1, (AE)-anti-1 and meso-anti-1 confirmed a similar specific anisotropy of the anthranyl aromatic protons. However, these analyses conducted at 20 °C cannot rule out neither a restricted rotation of the C sp 3ÀC sp 2 bond nor a preferred conformation [6d,31] for the fluorinated group.

DFT calculations were carried out on 1 to consider the rotation of the C sp 3ÀC sp 2 bond. As the rotational barriers for the C sp 3ÀC sp 2 bond were found to be moderate for syn-1 (9.4 kcal.mol À1 ) and anti-1 (9.0 kcal.mol À1 ), these can be interpretated as free rotors. Among the optimized conformers for each stereoisomer, the more stable one consistently present a C sp 3ÀH bond pointing towards the anthracene group (Figure 2d) and is the major one by far, according to the Boltzmann populations: 83 % for (S,S) syn-1, 94 % for (R,S) syn-1 and 99 % for (S,S)-anti-1.

Notably, the latter syn structures do not favor any intramolecular H-bonds. The molecular modeling indicates a preferred orientation of each ÀCH(OH)CF 3 groups within atropisomers 1, with the C sp 3ÀH bond pointing inwards, probably due to electronic factors.

According to NMR studies, syn-and anti-atropisomers 1 behave as isolated molecules in CD 2 Cl 2 , without self-associations. NMR and DFT calculations strongly suggest that the ÀCH(OH)CF 3 asymmetric carbons adopt a preferred conformation (CÀH bond directed inwards, Figure 2d), that consequently positions the CF 3 groups in a precise quarter space depending on the relative and absolute configurations of each compound 1.

Controlled tandem reactivity

The dearomatization reactions of nonactivated arenes are of particular interest as these transformations provide complex and value-added compounds from cheap starting materials. [18,32] Concerning anthracene and 9,10-disubstituted anthracenes, the classical routes to their dearomatization (Scheme 2A and C) are either cycloadditions [33] or tandem reactions such as the nucleophilic dearomatization reaction [34,35] that consists of a nucleophilic addition on the arene followed by an electrophilic quench.

Concerning hindered 9,10-diphenylanthracenes, their dearomatization is mainly reported using a regioselective [4 + 2] cycloaddition with singlet oxygen on the 9,10 positions (Scheme 2C). To the best of our knowledge, an alternative oxidative dearomatization of 9,10-diphenylanthracenes has not been reported. We envisioned that the two-electrons oxidation of the anthracene core in 1 can provide two electrophilic sites Table 1. DOSY experiments and comparison between measured diffusion constants (D), [a] the calculated hydrodynamic volumes (V H ) and estimated volumes (V XRay ) from X-ray structures for atropisomers 1.

D [× 10 À9 m 2 s À1 ] V H [Å 3 ] V X-ray [Å 3
] single/dimer [b] (AE)-syn-1 on the C-9 and C-10 positions, which may then intramolecularly react with the fluorinated alcohol groups, possibly leading to dearomatized bis-spirocyclic compounds 4 whose stereochemistry could be controlled by a "syn/anti atropisomeric lock" (Scheme 2D, Table 2). Control experiments conducted using light activation revealed that anthranyl syn-and anti-1 were chemically stable under an irradiation at 365 nm in an inert atmosphere (Table 2, entry 1). The direct [START_REF] Gupta | For the photosensitization of dioxygen by DPA[END_REF] or photosensitized addition of singlet oxygen on 1 (syn or anti) in dichloromethane at 0 °C led to the formation of a mixture of unidentified products (Table 2, entries 2 and 3), instead of the formation of the expected 9,10or 1,4-endoperoxide. This uncontrolled reactivity probably results from the large steric hindrance on the anthranyl moiety in both syn-and anti-1 which leads to the uncontrolled reactivity of 1 O 2 , possibly through an intermediate peroxy radical that might then evolve into various oxidation products.

The thermal activation of atropisomers 1 was evaluated under two conditions (Table 2,entry 3). Under neat conditions at 300 °C, syn-1 is isomerized into anti-1, as already observed for less hindered ortho-substituted DPA. [26b] Interestingly, during these experiments, the compounds partially sublimated. In contrast, when isomers 1 were heated in refluxing C 2 H 2 Cl 4 (147 °C) in a pressure vial, under argon or air, two new products were cleanly formed: the 9,10-bis-spiro-isobenzofurananthracene 4 and a mono-oxidized product 5. Whatever the relative syn or anti configuration of the starting material 1, the products 4 and 5 were isomerized and isolated as a mixture of syn/anti isomers. For instance, (AE)-anti-1 was transformed into compound (AE)-4 in 35 % yield (syn/anti ratio = 54 : 46) and (AE)-5 in 41 % yield (syn/anti ratio = 51 : 49). This is thus the first report of a tandem oxidative dearomatization/spirocyclization of substituted anthracenes.

To understand the appearance of ketone 4, a control experiment was conducted using PhCH(OH)CF 3 in refluxing tetrachloroethane and the slow oxidation into PhCOCF 3 was observed (see the Supporting Information). This oxidation of an aromatic -trifluoromethyl alcohol thus occurs in the absence Table 2. Screening for reactivity of bis-trifluoromethyl-alcohols 1 under chemical, light, thermal and oxidative activations. [a] Conditions Reactant Products (yield) [b] 1 Ar, 365 nm syn-or anti-1 0 % conv. 21 O 2 O 2 , 365 nm syn-or anti-1 syn-or anti-1 n. d. [c] n. d. [c] 

(R,R) syn-1 meso-syn-1 (AE)-anti-1 (R,R) anti-1 meso-anti-1
(R,R) syn-4 (99 %) meso-syn-4 (100 %) (AE)-anti-4 (100 %) (R,R) anti-4 (99 %) meso-anti-4 (100 %)

[a] all reactions were conducted with compound 1 in dichloromethane at room temperature, under an argon atmosphere (unless specified) and monitored by thin layer chromatography (TLC) until completion. [b] enantiomeric excess for products 4 are in the range of 99.3-99.8 %. [c] not determined (n. d.) as several unidentified compounds were formed. [d] the reaction was conducted in a pressure tube.

of the anthracene moiety and in the presence of residual oxygen.

To control the oxidative dearomatization and avoid thermal isomerization, we investigated the reactivity of 1 in the presence of organic oxidants capable of single-electron transfer (SET) at room temperature (Table 2, entry 4). Bobbitt's oxoammonium salt, [37] a TEMPO derivative triggered the expected tandem reaction transforming (AE)-anti-1 exclusively into the bis-spiro-isobenzofuranyl anthracene (AE)-4 in 100 % yield. To perform the reaction in 24 h, the Bobbitt's reagent was used in excess (10 equiv.) and in the presence of 2,6-ludidine (9 equiv.). Notably, the oxoammonium salt presented an unexpected chemoselectivity towards anthracene, as the reported oxidation of the fluorinated alcohol groups into the corresponding ketone was not observed. [38] Even more efficient, the reaction was completed in 1 h using "Magic Blue" (p-BrC 6 H 4 ) 3 NSbCl 6 ), [39] in an exact stoichiometric amount (2 equiv.) and led to bis-spiro-9,9',10,10'-anthracenes 4 in 100 % yield, with a retention of relative (syn/anti) and absolute stereochemistry (Table 2, entry 4). Importantly, the successful use of these two SET organic oxidants (oxoammonium salt and Magic Blue) represents a new extension of their known ability to functionalize aromatic and polyaromatic compounds such as porphyrinoids.

The proposed mechanism (Scheme 3) for this oxidative dearomatization is a double tandem reaction which consists of a single electron transfer (SET) followed by a nucleophilic addition. The first SET step between the oxidant and the anthracene core affords the corresponding anthranyl radical cation A that is trapped by an intramolecular nucleophilic addition of one trifluoromethyl-alcohol on position 9, to form 9,9'-spiro anthranyl radical B, which is probably too hindered to dimerize. The second SET step allows the formation of the stable cation C, which again was subjected to the same intramolecular nucleophilic addition of the second alcohol on position 10, offering the bis-spiro dearomatized product 4.

This proposed redox mechanism is fully consistent with the redox potentials of DPA derivatives, [39] Magic Blue [40] and TEMPO derivatives [41] under similar conditions. Concerning the stereochemistry of products 4, the atropisomerism in 1 maintains the nucleophilic alcohol on its half-space defined by the polyaromatic core, thus ensuring the preservation of relative syn or anti configuration. The absolute configurations are unchanged, as the reactivity does not involve the two benzylic carbons, in agreement with the proposed mechanism.

The bis-spiro-isobenzofuran anthracenes 4 have shown a remarkable chemical stability. Attempts to open the rings of the spiro-lactone groups under the classical conditions [18b] for the rearomatization of 9,10-bis-diols-9',10'-dihydroanthracenes with heating (Zn/AcOH, SnCl 2 /TFA or KI/AcOH) had no impact on 4. Indeed, the rearomatization of 9,10-dialkyl-9,10-dimethoxy anthracene derivatives was only described under harsh conditions (alkali metal or TiCl 3 /LiAlH 4 , 2 : 1) from robust precursors. [42] The double tandem oxidation/spirocyclization of atropisomers 1 provides an attractive alternative oxidative pathway to dearomatize anthracene derivatives, complementary to the well-known cycloadditions and purely ionic tandem reactions. In addition, this access to chiral fluorinated spiro-heterocycles 4 is a complementary route to the rare examples of fluorospirocyclizations [START_REF] Wilkinson | For reviews about fluorocyclizations[END_REF]20] and post-fluorination of spirocycles. [21,[START_REF] Wang | A photo-induced dearomative oxidation of gem-difluoroindoles was described without stereocontrol[END_REF] 

Chiroptical properties

The access to tunable chiroptical properties is highly desirable to broaden the scope of applications, especially in the fields of detection and materials. [43] Classically, this is achieved by synthetizing a series of different structures. [23c,24,44] Recently, several switchable compounds were designed and offered insitu tunable and reversible chiroptical properties thanks to an external stimulus (light, pH, redox or molecular inputs). A third approach consists in designing tunable compounds, whose chiroptical properties can be modified by chemical postmodification. This strategy allows to consider the exploitation of two different chiroptic signatures, from a single compound. As such, the chiroptical properties of enantiopure compounds 1 and the corresponding dearomatized molecules 4 were evaluated to verify the impact of the stereospecific oxidative dearomatization reaction upon anthracene derivatives.

Each pair of enantiomers syn-1 and anti-1 (Figure 4A andB) displayed symmetric circular dichroism (CD) spectra, with opposite Cotton effects. The syn/anti relative configuration has no impact upon the CD spectra (see the Supporting Information). Remarkably, the chiroptical response of the anthracene core in the region of 340-400 nm is observed, even if moderate. Despite several bonds separating the anthracene core from the chiral carbon, the 3D architecture of compounds 1 allowed a proximity between both moieties as confirmed by solid state structures. The dimensionless anisotropic ratio g CD = / was calculated, with being the differential molar extinction coefficient of left and right circularly polarized light. The obtained g CD factors are around 7.5 × 10 À4 on the aromatic and Scheme 3. Proposed mechanism for the dearomative spirocyclization of anthranyl fluorinated alcohols syn-and anti-1 (shown: (R,R)-syn-1), with retention of the absolute and relative configurations. This reaction was controlled in the presence of the organic SET oxidants Bobbitt's reagent and Magic Blue in excellent yields (99-100 %).

2.3 × 10 À4 on the anthracene moieties (Figure 4A and the Supporting Information). For comparison, Pirkle's alcohol (2,2,2trifluoro-1-(9-anthryl)ethanol) presented a CD spectrum with a very low intensity without any obvious contribution from the anthranyl substituent (Figure 4B).

Circularly polarized luminescence (CPL) was detected from enantiomers of 1 upon excitation at 370 nm, which is specific to the anthracene core (Figure 4C). The luminescence dissymmetric factors g lum of syn-and anti-1 are about 5-6 × 10 À4 ( ex = 260 or 370 nm), which are similar to those obtained for small organic discrete polyaromatic compounds, that is, 10 À5 -10 À3 (see the Supporting Information). [45] As seen with CD spectra, these remarkable CPL values arise from the spatial proximity between the emitter (anthracene) and the chiral center (CH-(OH)CF 3 group) generated by this controlled atropisomeric architecture.

In comparison, the oxidation products 4 presented weak or absent chiroptical properties. As for Pirkle's alcohol, the CD contribution of the aromatics is very low in the 240-270 nm region and the one corresponding to the anthracene obviously disappears (Figure 4B). For CPL, no g lum was detected for the enantiomers of syn-4 either with an excitation on the aromatics or the anthracene. An obvious quasi extinction of the chiroptical properties (Figure 4B andC) was obtained by a stereospecific oxidative post-modification of 1.

Conclusion

Novel chiral syn-and anti-9,10-diphenylanthryl -trifluoromethyl alcohols have been synthesized. The vicinal arrangement of the groups allows the preferred orientation of the ÀCH(OH)CF 3 function in the different quadrants close to the anthracene core depending on the both relative and absolute configurations of each isomer. This structural feature was then exploited to vary the physical properties and reactivity. In the solid state, the compounds self-assemble into H-bonded syn homochiral dimers and anti ribbons, whereas in chlorinated solvents, they behave as discrete molecules. Taking advantage of the preorganization of anthracene and alcohols groups and their synergic reactivity, the dearomative oxidation of compounds 1 was stereospecifically achieved to 9,10-bis-spiro-isobenzofurananthracene 4 by using organic SET oxidants. The chiroptical properties (CD, CPL) of these -trifluoromethyl alcohols 1 and the corresponding products 4 were compared and showed an important modulation in intensity. Less demanding in synthesis efforts, this variation of chiroptics by an oxidant stimulus is an attractive way of tuning properties that could be implemented in the future. 

Experimental Section

Deposition Numbers 2159931 (meso-syn-1), 2159932 (meso-anti-1), 2159933 ((AE)-syn-1), 2159949 (meso-anti-1.(CH 3 COCH 3 ), 2159954 ((AE)-anti-1. (DMSO) 3 ), 2159984 (meso-anti-4), 2159985 (meso-anti-3), 2159986 ((AE)-syn-4), 2159987 ((AE)-syn-3), 2160002 ((AE)-anti-5). contain the supplementary crystallographic data for this paper. These data are provided free of charge by the joint Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access Structures service.

Figure 1 .

 1 Figure 1. -Trifluoromethyl alcohols A) as solvents in organic synthesis, B) as chiral solvating agents in analytical chemistry, C) as nucleophiles in a few cases, and D) within hindered chiral architectures 1 to explore their preorganization and unusual oxidative dearomatization into isobenzofurans 4. The chiroptical properties of 1 and 4 were also examined.

Figure 2 .

 2 Figure 2. Solid-state structures of syn-and anti-1 determined by X-ray diffraction showing H-bonded associations. a) Meso-syn-1 is organized as a dimer with off-set anthracene moieties, whereas (AE)-syn-1 forms homochiral dimers with anthranyl moieties shifted by 60°. b) Meso-anti-1 is arranged as H-bonded ribbons. c) In the presence of H-bond-donor solvents, the crystal structures are individual compounds (shown racemic and meso-anti-1). d) A systematic positioning of the ÀCH(OH)CF 3 group with the C sp 2ÀH pointing towards the anthracene core is observed in all crystals (only anti-1 is represented).

Figure 3 .

 3 Figure 3. Left: structure of (S,S)-syn-1 with the 1 H, 19 F NOE correlations; right: aromatic region of the 1D (blue) and 1D selective 1 H, 19 F HOESY (red) NMR spectra of (AE)-syn-1 (400 MHz, CD 2 Cl 2 , 2 mM).

Scheme 2 .

 2 Scheme 2. Routes for the dearomatization of anthracenes. a) Nucleophilic dearomatization followed by an electrophilic quench, b) acid/nucleophile tandem additions catalyzed by molybdenum, c) [4 + 2] cycloadditions with dienophiles, and d) the new access through a tandem oxidation/spirocyclization reaction when 9,10-diarylanthracene possesses -trifluoromethyl alcohol substituents in ortho' positions.

Figure 4 .

 4 Figure 4. A) Chiroptical properties of enantiopure anthracene derivatives before (compounds 1) and after (compounds 4) oxidation; B) UV-Vis. and CD spectra for syn-1 and syn-4, compared to Pirkle's alcohol. C) Photoluminescence and CPL spectra of enantiopure syn-1 at an excitation wavelength of 370 nm. All spectra were recorded at 17 M in dichloromethane at 20 °C, under argon.

  

Scheme 1. The two-step synthesis of chiral ortho,ortho'-( -trifluoromethyl)alcohols implemented on syn-and anti-9,10-diphenylanthracenes 1. A nonsymmetric induction is observed for syn-1.