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2-exo-Hydroxy-1,8-cineole: A New Component from Grape Var.
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2-exo-Hydroxy-1,8-cineole is being reported in grape for the first time. It was extracted from var.
Sauvignon must according to classical retention by XAD-2 organic resin. Identification was achieved
by positive comparison of mass spectral and infrared spectral data and retention indexes on two gas
chromatographic columns (polar CWAX20M and nonpolar QV-1) of the natural component with those
of the corresponding synthesized compound. Possible breakdown of 2-exo-hydroxy-1,8-cineole fol-
lowing thermal treatment or fermentation in synthetic and neutral musts was investigated. Results
of both investigations account for the chemical and biological stabilities of this new grape compo-

nent.

1,8-Cineole, a component of many essential oils, is widely
distributed in the plant kingdom. This compound has
been reported as one of the major constituents responsi-
ble for the characteristic aroma note of black currant ber-
ries from various varieties (Williams, 1972; Maarse and
Visscher, 1986). One of its oxidized derivatives, 2-exo-
hydroxy-1,8-cineole, has been less frequently reported.
To our knowledge, it has never been reported among the
several compounds extracted from black currant berries
but has recently been found, along with 1,8-cineole, in
the water removed during juice concentration of ground
black currant berries (Bitteur and Rosset, 1988). It has
also been found in a mineral salt medium containing 1,8-
cineole used as a carbon source by Pseudomonas bacte-
rium isolated from the surface of eucalypt leaves (Mac-
Rae et al., 1979) as well as a result of the conversion of
1,8-cineole by a strain of Aspergillus niger in connection
with the biomass utilization of Eucalyptus plants (Nish-
imura et al., 1982). In addition, it was recently described
as one of the metabolites of 1,8-cineole in both blood and
urine of rabbits (Miyazawa et al., 1989).

This paper reports on the isolation, identification, and
quantification of 2-exo-hydroxy-1,8-cineole in the juice
of grape berries var. Sauvignon. These experiments fol-
low a previous study carried out by Italian coresearch-
ers (Versini et al., 1988a) on the same grape variety, which
had led to the report of an “unknown compound” along
with its EIMS spectrum. Using the analytical proce-
dures developed in our laboratories for the estimation of
terpenic compounds in grapes (Gunata et al., 1985; Vers-
ini et al., 1988b), we found that this component exists
under two forms: “free” (i.e., 2-exo-hydroxy-1,8-cineole
itself) and “bound” (i.e., liberated by the enzymic incu-
bation with a commercial preparation of pectinol).

2-exo-Hydroxy-1,8-cineole is of some interest as it was
not found in other white grape varieties studied so far
such as Muscat, Malvoisie, Chardonnay, and Riesling and
is now being reported for the first time in the Sauvignon
variety.
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EXPERIMENTAL SECTION

Solvents and Chemicals. Pentane was obtained from Labosi
(Oulchy-le-Chateau, France). It was washed with H,SO, and
then with KMnO, and was distilled from potassium hydroxide.
Analytical-grade methylene chloride and ethyl acetate (Merck,
Darmstadt, FRG) were redistilled before use. Subsequent dis-
tillation of pentane/methylene chloride mixtures led to the
(2/1, v/v) azeotropic composition. Ultrapure water was obtained
from a Milli-Q purification unit (Millipore, Bedford, MA).

4-Nonanol used as an internal standard, as well as optically
pure (R)-a-pinene; m-chloroperoxybenzoic acid and formic acid
were purchased from Merck. p-Toluenesulfonic acid was obtained
from Prolabo (Paris, France).

Pectinol solution was prepared with 1.2 mg of purified pecti-
nol (Rohm, GmbH, Darmstadt, R.F.G) in 100 xL of phosphate/
citrate buffer (pH 5.0).

Preparation of Plant Material. Technologically mature
Sauvignon grapes (total sugar content 180 g/L, titrable acidity
9.95 g of tartaric acid/L, pH 3.14) was collected from the vine-
yards of Trentino Adige Valley (San Michele all’Adige, Italy).
They were rapidly cooled with liquid nitrogen and then stored
at —20 °C until must preparation. Two samples of grape ber-
ries (351, 349 g) were allowed to reach 4 °C overnight and then
crushed at the same temperature. Each must (238, 235 mL)
was filtered and then spiked with 29 ug of 4-nonanol before
centrifugation (4 °C, 12000g, 15 min). The final volumes were
218 and 222 mL, respectively.

Extraction of Free and Bound 2-exo-Hydroxy-1,8-cineole.
Each centrifugated must was divided into three samples (3 X
50 mL) that were extracted separately. Extraction was carried
out according to the analytical procedure described previously
(Giinata et al., 1985) with the following modifications: Each 50
mL of must was allowed to pass through a 0.9 X 10 cm XAD-2
column at 1.5 mL/min flow rate. After the chromatographic
system was flushed with 70 mL of ultrapure water, recovery of
the “free” compounds was achieved by elution with 70 mL of
pentane, while the “bound” fraction was obtained by subse-
quent elution with 70 mL of ethyl acetate.

Analysis of Must Extracts. The pentane fraction contain-
ing the free 2-exo-hydroxy-1,8-cineole was dried over sodium
sulfate and then concentrated under reflux in Dufton columns
to approximately 200 uL. A 3-uL portion was then analyzed by
high-resolution gas chromatography on a capillary CPWAX57CB
column. The ethyl acetate fraction was dried over sodium sul-
fate, evaporated under a gentle stream of nitrogen, and taken
up in 100 uL of phosphate/citrate aqueous buffer (pH 5.0). After
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Figure 1. Two-step pathway involved in synthesis of 2-exo-hydroxy-1,8-cineole (3a).

removal of eventual traces of free compounds by extraction with
4 X 100 uL of pentane, enzymic assay was achieved by the addi-
tion of 100 uL of pectinol solution and incubation at 40 °C for
15 h. Incubated samples were then extracted with 5 X 100 uL.
of pentane. These five organic fractions were pooled, dried over
sodium sulfate, spiked with 29 ug of 4-nonanol, and then con-
centrated and analyzed by GC according to the procedure applied
for the free fraction.

Synthesis of 2-exo-Hydroxy-1,8-cineole. The pathway cho-
sen for this synthesis is depicted in Figure 1. It involves epoxi-
dation of the C1=C2 double bond of a-terpineol, followed by
ring opening according to Markovnikov addition of the C8-hy-
droxyl moiety. The first step could result in the formation of
four epoxides, but steric hindrance of the isopropylhydroxy group
is expected to favor endo attack of the double bond and forma-
tion of the corresponding enantiomeric pair 2a and 2b as major
epoxidation products. As for the second step, requirements of
the transition state for ring closure (Baldwin, 1976) should lead
to the enantiomeric pair 3a and 3b only. So to minimize the
number of products involved, the synthesis of 2-exo-hydroxy-
1,8-cineole was achieved by the m-chloroperoxybenzoic acid epoxi-
dation of optically pure (R)-a-terpineol.

(+)-(R)-a-Terpineol was synthesized according to the method
described by Colonge and Crabalona (1959). This involved the
action of formic acid on optically pure (R)-a-pinene and subse-
quent saponification of intermediate terpinyl formate. The final
product was purified by distillation under reduced pressure (0.2
bar) followed by fractionation on silica gel (60 mesh) and elu-
tion with 50/50 petroleum ether/diethyl ether (v/v).

Epoxidation of (+)-(R)-a-terpineol was carried out under the
same conditions as those described by Kopperman et al. (1976)
who used (R,S)-a-terpineol and reported that two major com-
ponents (2¢/2d, 3a/3b) were obtained after 2 h. Monitoring
our reaction mixture by GC/ITD showed that, after 22 h, only
5% of compound 3a was obtained, along with 9% of the start-
ing material (1a) (Figure 1) and 86% of a major component
(probably 2a). The conversion rate of 2a to 3a was then improved
by acid catalysis. Thirty hours after the addition of p-toluene-
sulfonic acid, 3a was obtained as a major component (70%) of

the reaction mixture. Subsequent purification by silica gel chro-
matography and recrystallization in pentane afforded com-
pound 3a.

Gas Chromatography. Gas chromatographic analyses were
performed on a Vista 6000 apparatus (Varian, Sunnyvale, CA)
equipped with a flame ionization detector and a CPWAX57CB
fused silica capillary column (26 m X 0.32 mm (i.d.)) (Chrompack,
Middleburg, The Netherlands). The WCOT film of the polar
phase was 1.2 um thick, hydrogen was used as the carrier gas
(4.2 mL/min flow rate), and 3-uL aliquots of organic samples
were injected through a split/splitless injector (ratio 1/10). Detec-
tor and injector were kept at 250 °C while the oven tempera-
ture program was 60 °C for 3 min, up to 220 °C at 2 °C/min,
and 220 °C for 10 min.

Instrumention. 13C and 'H NMR spectra were measured
on a Briker AC 300 apparatus with tetramethylsilane as the
internal standard.

Vapor-phase GC/FTIR spectra were recorded on a HP 5965
IRD (Hewlett-Packard Italiana, Cernusco sul Naviglio, Mil-
ano, Italy). Transfer line temperature was 200 °C.

GC/EIMS (70-eV) spectra were obtained on a 5979 Hewlett-
Packard mass detector connected to a Carlo Erba HRGC 5300
chromatograph equipped with a HP-20M fused silica capillary
column. Additional experimental details are as in Versini et
al. (1988a).

MS monitoring of the compounds formed during synthesis
of 2-exo0-hydroxy-1,8-cineole was achieved by gas chromatogra-
phy and ion trap detection (Finnigan MAT, San Jose, CA).
GC/ITD conditions have been described by Baumes et al. (1988).

Recovery of 2-exo-Hydroxy-1,8-cineole. To quantify the
original content of this 1,8-cineole derivative in Sauvignon must,
an aqueous solution containing 200 g/L glucose and 4 g/L potas-
sium hydrogen tartrate (pH 3.47) was added with 4-nonanol
(54 mg /L) and 2-exo-hydroxy-1,8-cineole (31 mg/L). The whole
extraction and concentration procedure was applied twice to 2
X 50 mL model solutions, and the average final 2-exo-hydroxy-
1,8-cineole to 4-nonanol area ratio was compared to its original
value. Mean relative recovery was 66%.
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Chemical Stability Experiments. These trials were per-
formed as described by Strauss et al. (1988). A 2.3-mg sample
of synthetic 2-exo-hydroxy-1,8-cineole in 13 mL of tartrate aque-
ous buffer (pH 3.0) was allowed to stand in a boiling water bath
for 15 min. After being rapidly cooled in ice, the reaction mix-
ture was extracted with 2 X 10 and then 3 X 5 mL of dichlo-
romethane. The pooled organic extract was dried over sodium
sulfate, filtered, concentrated to 2.5 mL, and then analyzed by
gas chromatography.

Biological Stability Experiments. Fermentation trials were
carried out on two different media. The first was a culture
medium simulating a grape must, the composition of which was
given in Sablayrolles and Barre, 1989. The second medium was
an actual var. Grenache Blanc must previously centrifugated
at 4 °C and 12000g for 15 min. The yeast was Saccharomyces
cerevisiae, strain K1 (ICV-INRA, Montpellier, France) for both
trials. Four 200-mL culture media (two control samples of each
kind and two samples previously spiked with 1 mg of 2-exo-hy-
droxy-1,8-cineole) were inoculated with 108 cells/mL previ-
ously grown at 28 °C for 24 h in the synthetic culture medium.
After 10 days at 26 °C, fermentated media were analyzed accord-
ing to the procedure already described for must samples with
two differences: A 10 cm X 0.9 cm strong anion-exchange resin
(Dowex, Fluka Chemie, Buchs, Switzerland) was used before
the XAD-2 resin during the extraction step in order to avoid
interference of organic acids during GC analyses, and pentane/
dichloromethane (2/1) was used as an eluting solvent of medium
polarity.

RESULTS AND DISCUSSION

Identification of 2-exo-Hydroxy-1,8-cineole. The
70-eV EIMS data of the natural compound are as fol-
lows: m/z (relative intensity) 43 (100), 71 (39), 108 (35),
69 (24), 126 (23), 55 (20), 93 (19), 39 (19), 111 (17), 58
(14), 83 (13), 170 (5). They are similar to that of 6-me-
thyl-5-hepten-2-one (Thomas et al., 1969) and to those
of 1,3,3-trimethyl-2-oxabicyclo[2.2.2]octan-6-0ls (race-
mic (1SR,4RS,6SR)-2-exo-hydroxy-1,8-cineole (Nish-
imura et al., 1982) and optically pure (1S,4R,6S-(+)-2-
exo-hydroxy-1,8-cineole and (15,4R,6R-(-)-2-endo-hydroxy-
1,8-cineole (Gandini et al., 1972; MacRae et al., 1979).
However, the various ions may have different relative inten-
sities. Similarity between these spectra probably comes
from the common fragment at m/z 126 (molecular ion
for the first compound and loss of CH3CHO for the oth-
ers) and subsequent fragmentation as reported by Tho-
mas et al. (1969). However, the EIMS of the octan-6-ols
and that of the natural compound found in our extracts
exhibited an additional fragment at m/z 170 (relative
intensity 5.2% for the natural compound and from 7 to
47% reported in the literature; Nishimura et al., 1982;
Gandini et al., 1972; MacRae et al., 1979). Moreover,
the retention index of 6-methyl-5-hepten-2-one (1335 on
CW20M) is very different from that of the natural prod-
uct. Accordingly, this chemical structure was excluded.
We finally distinguished between the two 2-hydroxy-1,8-
cineoles by synthesizing one of them. As presented in
the introduction, 2-exo-hydroxy-1,8-cineole has been
reported as an oxidation product of 1,8-cineole but the
corresponding 2-endo-hydroxy-1,8-cineole isomer was either
not formed or formed as a minor compound. We there-
fore focused on the synthesis of the former compound.

This synthetic component obtained exhibited the fol-
lowing NMR spectral characteristics;: 'H NMR (300.13
MHz, CDCls) 6 3.72 (ddd, H6, Jes = 9.7 Hz, Jg 5 = 4.3
Hz, st,7 = 1.3 Hz), 2.51 (dddd, H5 endo, J5,5' = 13.3 Hz,
Jse = 9.7 Hz, Js4 ~ J¥ss ~ 3.5 Hz), 1.27, 1.18, 1.09 (3
s, Me9, Mel0, Mell), other signals between 1.04 and 2.03;
13C NMR (75.469 MHz, noise decoupling, CDCly) 6 73.4
(C3), 72.5 (C1), 71.1 (C6), 34.7 (C5), 34.4 (C4), 29.0, 28.6
({CH3)5C3), 25.0 (C7), 24.0 (CH3C1), 22.2 (C8), which favor-
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Figure 2. Vapor-phase FTIR spectrum of synthetic 2-exo-hy-
droxy-1,8-cineole.

ably compared with data published previously (MacRae
et al., 1979; Nishimura et al., 1982).

Moreover, EIMS data of the synthesized hydroxycin-
eole were identical with those of the natural compound
extracted from grape, and vapor-phase FTIR spectra (Fig-
ure 2) were totally consistent with one another (as for
the CH 2970-cm™! and the OH 3655-cm™! vibration bands,
but more specifically in the 1000-1400-cm™! fingerprint
zone). Both components also exhibited the same GC reten-
tion indexes on two different phases (1822 for CWAX-
20M and 1210 for OV-1). Accordingly, the natural com-
ponent extracted from Sauvignon must was proved to be
compound 3a and/or its enantiomer 3b. No further
attempt was made to determine its absolute configura-
tion.

Origin of 2-exo-Hydroxy-1,8-cineole in Grape. When
considering that 2-exo-hydroxy-1,8-cineole can originate
from a-terpineol or from 1,8-cineole, we must stress that
a-terpineol was found in our grape extracts (at trace lev-
els as a free compound and more abundant as a bound
compound) whereas 1,8-cineole was not. If the hypoth-
esis of production of 2-exo-hydroxy-1,8-cineole from a-ter-
pineol is to be put forward, two main pathways can be
considered. The first pathway, by which our synthesis
was carried out, involves epoxidation of the C1=C2 dou-
ble bond of a-terpineol as previously reported by Ban-
thorpe et al. (1977). The second pathway involves allylic
oxidation of the sensitive C1=C2 trisubstituted double
bond according either to a concerted mechanism similar
to that of the dye-sensitized photooxygenation of limonene
(Ohloff, 1975) or to a radical mechanism as for the autox-
idation of limonene (Ohloff, 1975; Hammer and Scott,
1982), leading to a mixture of C1 and C2 oxidation prod-
ucts. The subsequent cyclization reactions should then
lead to a complex mixture of oxidized compounds that
we did not find in our extracts. The absence of any iso-
mer other than 3a/3b in our grape extracts suggests that
the former mechanism proposed for the synthesis of 2-exo-
hydroxy-1,8-cineole be biomimetic of the one involved
in formation of the identified compound.

The analytical procedures applied here for the enzy-
mic liberation of bound 2-exo-hydroxy-1,8-cineole were
identical with those classically applied for the hydroly-
sis of glycosidically bound terpenols extracted from var.
Muscat grapes (Giinata et al., 1985). This involved use
of commercially available pectinol, which has revealed
enzymic a-L-rhamnopyranosidase, a-L-arabinofuranosi-
dase, and 8-p-glucopyranosidase activities (Cordonnier
et al., 1989). As such activities have been reported to be
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Table I. Quantification of 2-exo-Hydroxy-1,8-cineole under
Free and Bound Forms in Two Samples of Sauvignon
Must=

free 2-ex0-1,8- bound 2-exo-

hydroxycineole 1,8-hydroxycineole
must [ must 11 must I must II
mean, ug/kg 8.0 7.0 1.7 35
std dev (n-1) 3.2 4.0 0.78 0.87
coeff var 0.41 0.56 0.47 0.25

@ Results refer to the amount per kilogram of grape berries and
correspond to triplicate determinations.
involved in sequential enzymic hydrolysis of terpenyl gly-
cosides from grapes (Giinata et al., 1988), one may put
forward the hypothesis that the bound form(s) of 2-exo-
hydroxy-1,8-cineole found in the must of Sauvignon grape
be of glycosidic nature.

Quantification of 2-exo-Hydroxy-1,8-cineole. This
compound was quantified under both free and bound forms
in two samples of Sauvignon must prepared separately.
Each sample was extracted in triplicate. The results in
Table I take into account the GC analysis response fac-
tor of 2-exo-hydroxy-1,8-cineole, relative to that of
4-nonanol (1.65). As for the free compound, the recov-
ery factor during the extraction/concentration process
(0.66) was considered as well. No such factor was acces-
sible for the bound form, as we do not know and accord-
ingly cannot dispose of the exact compounds under con-
cern. This can partly explain why 2-exo-hydroxy-1,8-
cineole is more abundant as a free compound.

Tests show that mean values 1.7 and 3.5 ug/kg of grape
berries are statistically different. These two figures cor-
respond to two distinct determinations of bound 2-exo-
hydroxy-1,8-cineole. On the other hand, the six individ-
ual values obtained for the free form can be regarded as
a unique statistical population defined by a mean of 7.5
ug/kg and a standard deviation of 3.3 ug/kg.

Stability of 2-exo-Hydroxy-1,8-cineole. Unlike 1,8-
cineole, 2-exo-hydroxy-1,8-cineole is hardly odorous. Pos-
sible breakdown of the latter compound into odorous vol-
atile components was therefore investigated in two dif-
ferent ways. The first one was achieved according to the
chemical stability experiments already described in the
Experimental Section. 2-exo-Hydroxy-1,8-cineole turned
out to be very stable under high-temperature acidic con-
ditions as no peak but that of the starting material was
detected either by flame ionization detection or by the
conventional sniffing technique.

The second set of experiments involved fermentation
of both an actual Grenache Blanc must (defined as a neu-
tral variety with regard to its aroma components) and a
synthetic must previously spiked with 2-exo-hydroxy-1,8-
cineole. Comparative analyses, after fermentation, showed
no difference between the samples containing the hydrox-
ycineole component and the control samples, whatever
the original culture medium investigated.

These results account for the high stability of 2-exo-
hydroxy-1,8-cineole, should it be chemical or biological.
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