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Experimental Procedures

Catalytic Oxidation of ,-Carotene

A 25 ml round-bottomed flask fitted with a reflux condenser was charged with Ru(CO)(TMP) (4 mg, 4.4 mol), 3-chloroperoxybenzoic acid (MCPBA 77% purity, 1.9 mg, 8.5 mol), and benzene (1 ml). The mixture was stirred magnetically for 3 min for complete dissolution of the reactants and generation of the catalytically active species Ru(O)2(TMP). ,-Carotene (13 mg, 24.2 mol) was then added to the stirred solution, a third of the reaction mixture was taken after 1 hour and evaporated under vacuum at room temperature (methanol was added to facilitate the evaporation of benzene). The residue was analysed immediately, or stored at      –20°C for 1-2 days before analysis. After 6 hours another third was taken and worked up in the same way. The remaining reaction mixture was stirred and eventually analysed after 24 hours.

Three control experiments were run simultaneously, and samples were analysed in the same way at 1, 6 and 24 hours. The following experimental conditions were used for the control experiments :

,-carotene (13 mg, 24.2 mol) and Ru(CO)(TMP) (4 mg, 4.4 mol) in benzene (1 ml)

,-carotene (13 mg, 24.2 mol) and 3-chloroperoxybenzoic acid (77% purity, 1.9 mg, 8.5 mol) in benzene (1 ml)

,-carotene (13 mg, 24.2 mol) in benzene (1 ml).

HPLC-DAD 

HPLC was carried out with a Hewlett-Packard (HP) Model 1050 equipped with a quaternary pump solvent delivery and diode array detector. A 10 l amount of each sample was injected. Analysis were performed using a YMC PACK C30 (YMC Inc., Wilmington, NC) reversed-phase column (4.6 x 250 mm, 5 m particle size) with a precolumn (4.6 x 20 mm, 5 m particle size). Aqueous solvents were filtered through a 0.22 m GV membrane. All solvents were degassed by bubbling helium for 10 min. The mobile phase was a linear gradient between MeOH 81%, TBME 15 %, H2O 10 mM NH4OAc 4 %  and MeOH 6% TBME 90 %, H2O 10 mM NH4OAc 4 % at 90 min. The column was kept at 25°C. Absorption spectra were scanned from 220 to 580 nm.

HPLC-MS

Mass spectra were obtained with a Micromass Platform LCZ 4000 coupled to a HP 1050 HPLC. The program used for data analyses was Masslynx. The column and eluent system were identical to those used for HPLC-DAD. Signals were monitored at 450, 400 and 290 nm. Acquisition of the mass data was performed in the positive electrospray mode. Parameters, and especially cone voltage, were optimized in order to avoid fragmentation.

Structure Assignment

Cis-isomers. Their retention time (Rt) were in the range 29 to 36 min, just before the ,-carotene itself (Rt = 36.5-37.5 min). The UV-vis spectra of ,-carotene cis-isomers usually exhibit two main features: a small hypsochromic shift in max (2 to 6 nm for a mono-cis-isomer) and a new absorption band, the cis-peak, at a characteristic position about 142 nm below the longest-wavelength absorption maximum in the spectrum of the all-trans compound. The cis-peak is more intense when the cis-double bond is close to the center of the molecule. By comparison with literature data  1 ,we could reasonably identify one of the detected cis-isomers (Fig. 1S) as the 15,15’-cis-isomer. Indeed, the corresponding spectrum exhibits a strong cis-peak at 338 nm, which is 140 nm below the longest-wavelength absorption maximum in the spectrum of the all-trans ,-carotene (Fig. 1S). At least 3 different cis-isomers were formed after 1 hour, but only one was still present after 24 h (results not shown).

Epoxides. Epoxides of -carotene exhibited a characteristic mass spectral peak at 553 (M + 16 +1). Their retention time was in the range 13.0 – 29.5 min (Fig. 1). Their max was found between 409 and 446 nm, which correspond respectively to a chromophore of 7-8 and 10 conjugated double bonds. Thus the epoxide function could be located on the following positions : 13, 14 (or 13', 14'), 11, 12 (or 11’, 12’), 9, 10 (or 9’, 10’), 7, 8 (or 7’, 8’) or 5, 6 (or 5’, 6’). One product with a max of 446 nm could be identified as the 5,6-epoxide (see Fig. 1S).

Cleavage compounds. A series of polar compounds, with retention times generally < 13 min, appeared after one hour. The longest cleavage compound had a retention time around 18 min (C8' in Fig. 1 and Scheme 2). Their mass and max were lower than those of ,-carotene, indicating that they are derived from the cleavage of at least one carbon-carbon double bond. Indeed the complete series of apocarotenals and apocarotenones could be detected (C8' to C7 in Scheme 2). Two linear unsaturated dialdehydes (diapocarotene-dials) were also detected; they are derived from the central chain of ,-carotene (C9,8' and C13,8' in Scheme 2). Other masses were found corresponding to 5,6-epoxide and/or 5,8-epoxides of apocarotenals and apocarotenones (E5,6C8' to E5,8C13 in Scheme 2). Shorter-chain degradation compounds, like C15, C11, C13,8' and E5,6C8' to E5,8C13 were better detected at 290 nm than at 470 nm.
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Figure Caption

Fig. 1S. Structures and UV-vis spectra of 15,15’-cis-,-carotene and of 5,6-epoxy- -carotene. The thin line in each spectrum is that of ,-carotene.


