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The unprecedented acetonide of the antioxidant hydroxytyrosol has been synthesized by a two-step
high-yielding procedure and found to be both purifiable by chromatography and stable over a wide
pH range. The protection stabilizes hydroxytyrosol against oxidation, thereby allowing long-term
storage. The protection can quantitatively be removed, under nonaqueous conditions, to afford pure
hydroxytyrosol suitable for use as an additive in food and cosmetic preparations. Extension of the
same methodology to the natural and easily accessible glycoside oleuropein, followed by saponification
of the resulting complex mixture of acetonides, allowed hydroxytyrosol acetonide to be recovered in
high yield. This constitutes a new interesting methodology to obtain the antioxidant hydroxytyrosol.
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INTRODUCTION HO OH
Hydroxytyrosoll [or 2-(3,4-dihydroxyphenyl)ethanol or 3,4- HOD/\/

DHPEA; Figure 1] is a strong antioxidantl1]. It is the Hydroxytyrosol, 1

hydrolysis product of the glycoside oleuropeth (2), an
antifeedant (3) secondary metabolite, present in considerable HO

. . . O 11,
amounts in all parts of olive trees{®% w/w in dry leaves) DN \(H)/ TR

(4) and responsible for the bitter taste of unprocessed olives. In HO

= 0]

oleuropein the hydroxytyrosol moiety is esterified by elenolic Oleuropein, 2 O-Glu

acid. During the milling process for olive oil productioB)(
the released endogenqgigllycosidases hydrolyze the ester bond

Figure 1. Structures of hydroxytyrosol 1 and oleuropein 2.

present in2 and affordl, which is partitioned between the oil to protect cells against oxidative Stre§§x’ to have antimi-
and water phases. The same hydrolysis occurs under basiGrobial (14) and anticancer (fat-related) activib(15), and,
conditions used in the debittering process for green table olive mainly, to reduce heart disease pathogenesis (16).
manufacturing (6). Thereford, is found in small amounts in Therefore, it is not surprising that many chemical efforts have
virgin olive oil (5), where it is responsible for oil stability, and  peen made to collect pure hydroxytyrosol, either by synthesis
in higher amounts in process waters originating from both olive or from natural sources, to use it as a dietary supplement or as
oil production (OMWW) and table olive debittering (6). a stabilizer in foods and cosmetic preparations (17). Synthetic
Due to the presence of the catechol moiety, the antioxidant approaches are based on simple reduction of commercial 3,4-
efficiency of 1 in water is comparable to that of ascorbic acid, dihydroxyphenylacetic acid (18) or the corresponding methyl
whereas in lipidic medium it is 4 times highéf(this behavior  ester (19), whereas recovery from natural sources is based on
being known as the “polar paradox8), Moreover,1 is an both chemical 20) and enzymatic (21) treatments of oleuropein-
amphiphilic molecule (log? = 0.02) (9) and is bioavailable  or tyrosol-containing wastewaters that originate from olive
(10) so that it can penetrate cell membrankR (where it exerts processing.
many biological activities]2). Hydroxytyrosol has been shown However, none of the above-mentioned processes provides

hydroxytyrosol in high amount and purity. Indeed, compound
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medium (18b), to afford a black polymeric materal. This
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Scheme 1. Plan for Hydroxytyrosol 1 Recovery from Oleuropein 2
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chromatographic purification, and it prevents simple saponifica-
tion of 2 (22).

Therefore, we focused our attention on the possibility of
stabilizing1 by suitable protection of the catechol function (i.e.,
the acetonide group), which would pave the way for chromato-  ©
graphic purification, long-term storage, and deprotection under 0 5 10 15 20 25 30
mild conditions. Moreover, extension of the same protection to time (h)

the easily obtainable and abundant oleuropgiffollowed by Figure 2. Acid hydrolyses of 3: (O) 2 N HCI, 37 °C; (<) pH 1, 37 °C;

saponification, purification, and deprotectidcfieme }, might (A) pH 2, 37 °C; (a) 6 N HCI, 25 °C; (W) pH 0, 25 °C; (4) pH 1, 25 °C.

allow a high-yielding recovery of pure hydroxytyrosbl Each point represents the average value of three independent runs. The
Acetates (18a) or benzyl ethers (23) have been reported aspercent error (+2%) is also reported.

protective groups fot, but they were not suited for our purposes

in view of either they saponify under basic conditioBslfeme  for 2 h. The solution was acidified to pH 3 with 2 M HCl and extracted
1) or require hydrogenolytic conditions for benzyl ether removal. with EtOAc. The organic extracts were dried over 8@, and
Thus, we chose the acetonide moiety, unprecedented in practicabvaporated in vacuo to afford a residue (30 mg) containing 55% of
use, as a suitable protective group. We report here the synthesi¢HPLC analysis). Purification on silica gel (20:1, w/w) by elution with
and stability of the acetonid&together with its recovery from  CHCl/MeOH (80:20, v/v) gave a pure standardlgs mg; 0.03 mmol;
oleuropein2. yield 11%). Spectroscopic data were consistent with those reported in
the literature (25).

1,1-Dimethylisochroman-6,7-diol 4Under argon atmosphere in the
MATERIALS AND METHODS dark, a solution ofl (100 mg, 0.65 mmol) ang-toluenesulfonic acid

Materials. Freshly extracted oleuropei was supplied by Prof. (pTsOH, 15 mg, 0.09 mmol) in dry acetone (20 mL) was refluxed for
Troisi (University of Lecce, Italy). HPLC control showed a 47% purity 3 h. The resulting solution was evaporated in vacuo, and the residue
(seeFigure 3A). The main unidentified impurityt§ = 23.83 min) was was redissolved in EtOAc and washed with acidified (pH 3) brine. The
not further investigated and probably comes from oleuropein oxidation. organic phase was dried over #&, and evaporated under reduced
Chromatographic purification was not suitable because of substantial pressure, and the residue (110 mg) was purified over silica gel (20:1,
loss of material. Therefore2 was used without further purification.  w/w) by elution with hexane/EtOAc (70:30, v/v) to afford put€75
All chemicals used were of analytical grade. 3,4-Dihydroxyphenylacetic mg, 0.39 mmol, yield 60%).
acid was purchased from Sigma Aldrich as were all other solvents and  Spectroscopic data were in agreement with those reported in the
reagents. 2-Methoxypropene and 2,2-dimethoxypropane (DMP) were literature (26).
used directly after distillation. When specified, solvents were dried over  (3,4-Dihydroxyphenyl)acetic Acid Methyl Ester 5. A few drops
common drying agent24) and then distilled. Silica gel 60 F254 plates  of concentrated k8O, were added to a solution of 3,4-dihydroxyphe-
and silica gel 60 were purchased from Fluka. Petroleum ether used fornylacetic acid (2.70 g, 16.07 mmol) in MeOH (250 mL) under argon
chromatographic separations was the 40—8&€tion. atmosphere in the dark, and the reaction was refluxed for 2 h. After

HPLC Analyses. Chromatographic analyses were performed on a solvent evaporation in vacuo, the residue was redissolved in EtOAc
TSP Spectra Series P200 apparatus equipped with a Thermo Hypersiland washed with NaHC{{saturated solution). The aqueous phase was
BDS G column (250x 4.6 mm, 5um) atZ = 280 nm. Elutions were extracted three times with EtOAc, and the combined organic extracts

20

carried out at a 1 mL/min flow rate using a®/CH;CN mixture (90: were washed with brine, dried over }0,, and evaporated under

10, v/v) for the first minute and a gradient to pure £ within the reduced pressure to give the eg€R.70 g, 14.83 mmol, yielek 96%).

following 20 min. The material was clean enough (94% via GC-MS) to be directly used
Spectroscopic Data.'H and *3C NMR were recorded in CDgl in the next step. Spectroscopic data were in agreement with those

(99.8% in deuterium) using a Gemini 200 spectrometer. All chemical reported in the literature (27).

shifts are expressed in parts per millighgcale) and are referenced to 2-(2,2-Dimethylbenzo[1,3]dioxol-5-yl)acetic Acid Methyl Ester 6.

either the residual protons or carbon of the solvent. FT-IR spectra were Under argon atmosphere in the dark, 2,2-dimethoxypropane (16.0 mL,
recorded in CHGl on a Bruker Vector 22 spectrometer. GC-MS 130 mmol) and camphorsulfonic acid (0.56 g, 2.4 mmol) were added
analyses were obtained on a Fisons GC 8000 gas chromatographto a solution of5 (2.70 g, 14.83 mmol) in anhydrous CHEL50 mL),
equipped with a capillary column (Supelco Equity 5, 30 m long,=d. and the solution was refluxed for 8 h. The reaction mixture was
0.25 mm, film thickness= 0.25um) and coupled with a Fisons MD800  neutralized by shaking with NaHGQsaturated solution), and the

mass detector. HRMS were recorded with a Micromass Q-Tr@Fo resulting aqueous phases were extracted three times with portions of
mass spectrometer (Waters). Only the spectral data of new compound<CHCl;. The combined organic extracts were dried ovep3@ and
are reported here. evaporated in vacuo. The crude residue was purified on silica gel (20:

2-(3,4-Dihydroxyphenyl)ethanol 1 from Oleuropein 2.Compound 1, w/w) by elution with petroleum ether/& (9:1, v/v) to furnish pure
2 (328 mg, purity= 47%, 0.29 mmol) was dissolved in 6 M NaOH (5 6 (2.99 g, 13.47 mmol, yield 91%)*H NMR (CDCl), ¢ 6.80—6.60
mL), under argon atmosphere in the dark, and the solution was stirred (m, 3H, aromatic H), 3.69 (s, 3H, Q€), 3.51 (s, 2H, Ph—Ch), 1.66
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Scheme 2. Formation of Isochromane 4 Scheme 4. Possible Competitive Reactions in the Acetalization of
Oleuropein
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70), 123 (37), 77 (15). HRMS: found, 222.0894;,6,,0, requires
222.0892. 3

2-(2,2-Dimethylbenzo[1,3]dioxol-5-yl)ethanol 3Under argon at-
mosphere in the dark LiAlH(160 mg, 4.21 mmol) was added to a flask connected to a DeaiStark apparatus, where the condensation
solution of este (1.87 g, 8.42 mmol) in anhydrous THF (250 mL).  funnel was filled with 4 A molecular sieves to absorb the MeOH
The suspension was refluxed for 3 h. The mixture was then cooled, fraction(24) from the distilling azeotropic CHgMeOH mixture @8).
and excess hydride was cautiously decomposed by adding first wetOleuropein (2) (100 mg, purity= 47% via HPLC, corresponding to
Et,0 in small portions and then water, until the formation of a white 0.087 mmol of pur&) and camphorsulfonic acid (4.2 mg, 0.018 mmol)
precipitate occurred. After removal of the precipitate by filtration under were added, and the resulting suspension was refluxed by monitoring
reduced pressure, the solution was dried oveiSa and evaporated the reaction progress by HPLC (sEgure 3). After 6 h, the reaction
in vacuo to obtain a crude mixture. The material was purified over mixture was neutralized by shaking with NaH&@®aturated solution),

silica gel (20:1, w/w) by elution with petroleum etherGt(90:10, v/v) and the separated aqueous phases were re-extracted three times with
to give pure3 (1.55 g, 8.0 mmol, yield= 95%). Samples o8 were Et,0O. The collected organic extracts were dried over dry3@ and

left for 2 months at room temperature in the light and found unchanged evaporated in vacuo, obtaining a crude mixture (180 mg), which was
as judged by HPLC and GC-MS analys#$.NMR (CDCls), 6 6.68— directly used in the subsequent reaction. The mixture was suspended
6.58 (m, 3H, H aromatic H), 3.79 (t, 6.6 Hz, 2H, €HOH), 2.75 (t, in 6 M NaOH (5 mL) and refluxed for 2 h. The solution was then

6.6 Hz, 2H, CHPh), 2.03 (s, 1H, OH), 1.66 [s, 3H, C(GHl; **C NMR adapted to pH 9 with 6 M HCI. The aqueous phases were separated
(CDCly), 6 147.65 (CG), 146.06 (C), 131.42 (C), 121.23 (©), 117.68 and re-extracted three times with portions of@tand the combined
[C(CHs)7], 109.00 (C), 108.09 (G), 63.75 (C), 38.90 (C), 25.81 organic extracts were dried over dry #8®, and evaporated in vacuo

[C(CHa)2]; IR max (CHCl3), 3620, 3446, 1497, 1255, 1235 thmMS, to afford the crude saponification mixture (63 mg). GC-MS analysis

m/z(%) 194 (M, 50), 179 (50), 163 (95), 123 (100), 77 (25). HRMS:  showed the presence 8together with a minor component tentatively

found, 194.0944; GH140, requires 194.0943. identified as2,2,5,5-tetramethyl-7,8-dihydro-%1-[1,3]dioxolo[4,57]-
Hydroxytyrosol 1 from 2-(2,2-Dimethylbenzo[1,3]dioxol-5-yl)- isochromene 7[MS, m/z(%) 234 (M', 12), 219 (100), 179 (12), 43

ethanol 3. Amberlyst 15 (50 mg) was added to a solution ®f (89)]. Chromatographic purification on silica gel (20:1, w/w) using
(100 mg, 0.51 mmol) in MeOH (5 mL), and the suspension was refluxed petroleum ether/EO (80:20, v/v) as eluent gave pudg13 mg, 0.067
under stirring for 3 h while the reaction progress was monitored by mmol, yield= 77% with reference to the starting substrajewhich
HPLC. At the end, the resin was removed by filtration, and the resulting was identical to the material obtained by synthesis.

solution was evaporated under reduced pressure to aff¢vé mg,

0.49 mmol, yield= 97%, purity = 99% via HPLC and GC-MS). RESULTS AND DISCUSSION

Spectroscopic data were superimposable with those of the pure stan- L . . .
dard of1. In preliminary experiments, we tried to obtain aceton&le

Effect of pH and Temperature on the Acid Hydrolysis of 3. A directly from hydroxytyrosoll, obtained in turn by alkaline
standard solution was prepared by dissolvin88 mg, 2 mmol) in hydrolysis of oleuropeir2 as described by Uccella et aR3).
EtOH (5 mL). Small portions (3@L) of this solution were added to ~ However, in our hands, the procedure furnistied only poor
HCl solutions (1 mL) at pH 2, 1, 0, and 2 M HCI, respectively, under yield (55% via HPLC), as expected in view of the above-
argon atmosphere in the dark to reach a 12 mmol/L final concentration mentioned lack of stability ol under basic conditionsl8b).
of 3. Hydrolyses were carried out either at room temperature or at The yield was further reduced to 11% after chromatographic
3h7 °C la”.d were m?.n'.tore‘j b}’_l fgu.lirly fg”gcﬂgc;m;" Salmples of purification. Moreover, hydroxytyrosdl turned out not to be a
the solution, neutralizing to pH 7 with solid Na nd analyzing . . " : o
by HPLC the percent decrease ®fwith respect to residuad and fr:J(l)tiz?;ebse}?;tlljr;ge rirt]aat;g?(;;c()jr'ﬂ;egoi%ergarﬂlﬁwtéggﬁért:ee g;itggho'

productl formed. Results are shown ffigure 2; each point represents . . . .
the average value from three independent runs (+2% error). the main product, under acidic conditions (pTsOH) in acetone.

2-(2,2-Dimethylbenzo[1,3]dioxol-5-yl)ethanol 3 from Oleuropein Formation of4 frqm 1 has bee_"! a|read)/_ reported by Guiso et
2. Under argon atmosphere and in the dark, 2,2-dimethoxypropane al. (26) under different conditions. This transformation was
(0.18 mL, 1.44 mmol) was dissolved in anhydrous CHGImL) in a explained in terms of an oxa-Pictet Spengler cyclization of the
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Figure 3. HPLC profiles of the acetalization reaction of oleuropein 2: (A) substrate; (B) after 2 h of heating; (C) after 5 h of heating; (D) after saponification
of the crude mixture.

cationic intermediatéa, generated by the addition of the more almost stable at pH 2 at 37C, whereas it undergoes slow
nucleophilic primary alcohol group to acetone. hydrolysis at pH 1 @, > 140 h at 25 °C and;, = 40 h at
Therefore, we ruled out the direct acetalizatiodafs away 37 °C) and fast hydrolysis at pH Qi = 42 h at 25°C and
to obtain3 and alternatively focused on substrates where the tiz = 3 h with 2 N HCI at 37°C).
catechol function cannot compete with more nucleophilic ~ These results stress the importance of deri&aés a suit-
groups. ably stabilized form of hydroxytyrosol whenever this com-
Therefore, acetonid® was easily prepared starting from pound has to be purified and long-term storage is required
methyl ester5 (see Materials and Methods) (27) of the before industrial use. Moreover, the high stability makes this
commercially available 3,4-dihydroxyphenylacetic acid Protection appropriate for obtaining & from oleuropein2
(Scheme 3). Introduction of the acetonide protection in com- (Scheme 1).
pound 5 was obtained in high yield (91%) by means of a On the other hand, protection bfwvould be worthless, unless
transacetalization reaction using 2,2-dimethoxypropane (DMP) a mild and high-yielding procedure for releasing free hydroxy-
and camphorsulfonic acid (CSA) in CHLCIt has to be noted  tyrosol were to be found. Moreover, in view of the previously
that the use of either acetone or 2-methoxypropene resulted inmentioned amphiphilic character @f(9), the use of agqueous
low yields or formation of substantial amounts of polymers. media for deprotection could result in substantial loss of
Subsequent LiAlG reduction of the protected estér gave hydroxytyrosol 1. Therefore, we tested various nonaqueous
hydroxytyrosol acetonid8 in almost quantitative yield (95%).  heterogeneous acidic conditions that could allow recovety of
Compound3 was stable on silica, and this allowed quantitative by simple filtration. Using Amberlyst 15 in MeOR,was easily
recovery of the product, with a high grade of purity, after converted intol with complete recovery of the pure product
chromatographic purification. In additior was recovered after simple filtration and evaporation of the solvent. The yield
unchanged after 2 months of exposure to air and light. of hydroxytyrosol (97%) and its purity (99%) make this
With acetonided in hand, we studied its hydrolytic behavior ~ procedure a highly useful method.
at 25 and 37C under acid catalysis. This was done to study = Consequently, we extended this procedure to oleuropein
the steadiness of protection under acidic conditions and par-to obtain stabilized hydroxytyros8ldirectly from an abundant
ticularly to show if3 is cleaved by gastric juices. The effect of natural source. However, the first step, the oleuropein acetal-
bases was not examined, in view of the well-known stability of ization step, deserves some preliminary considerations in view
acetals under basic conditions. The experiments were carriedof the complex structure of glycoside
out under argon atmosphere and in the dark. HPLC measure- As shown inScheme 4nany possible reactions can compete
ments showed a decrease of the substrate and the contemporagyith the desired acetalization of the catechol moiety. First, the

formation of hydroxytyrosoll. Results are given ifigure 2, hydroxyl groups of the glucose subunit can undergo quicker
where only the percentual decrease of substrate is listed (seecetalization as they show higher nucleophilicity in comparison
Materials and Methods). with those of the catechol subunit. Many different acetonides

As clearly shown irFigure 2, this process is accelerated with  of the glucose moiety can be expected. Other competing
increased acidity as well as rising temperature. AcetoBide reactions can occur after the release of methanol, as a reaction
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