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ALLIXIN, A STRESS COMPOUND FROM GARLIC
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A new stress compound, named allixin, was isolated from garlic, bulbs of Allium sativum L.
and the structure was identified by NMR and MS spectrometry as 3-hydroxy-5-methoxy-6-methyl-
2-pentyl-4H-pyran-4-one.
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Garlic, bulbs of Allium sativum L., has been used world-wide as food and medicine. There are many

reports on characteristic sulfur components of garlic as alliin, allicin, and volatile oi]sﬂ) Recently,
we reported the isolation, structure determination, and antifungal activities of steroidal glycosides from

2) The present paper deals with the isolation and structure elucidation of a

garlic and related plants,
new stress compound.

A methanolic extract of garlic cloves was extracted with CHC13 and the resulting extract was
chromatographed on silica gel and reversed-phase highly porous polymer to give a new phenolic compound
(1), named allixin, C12H1804, colorless needles (from aqueous MeOH), mp 80-81°C. The EI-MS spectrum of
1 showed a molecular ion at m/z 226 and the TH- and 13c-NMR spectra of 13) indicated the presence of
methyl, n-pentyl, methoxyl, and hydroxyl groups. These assignments were confirmed by the analysis of the
TH-TH and "H-13c 2D-cOSY spectra. In addition, the signals due to one ketone and four quarternary
carbons appeared in the 13¢c-NMR spectrum of 1. The IR spectrum of 1 exhibited a band attributable to &,
B-unsaturated ketone at 1660 em™ ] (KBr) and the UV spectrum of 1 showed a UV ., at 279 nm (¢ 10500, in
MeOH). These results led to the formulation of 1 as tetrasubstituted 4-pyrone having methyl, n-pentyl,
methoxyl, and hydroxyl groups.

The locations of these groups in 1 were as follows. In the 2D-NOESY experiment of 1, NOE was
observed between methyl and methoxyl groups, indicating that these groups may be located at neighboring
positions. The 13C—NMR spectra demonstrated that on going from maltol (2L4) 3—hydroxy—2—methy1—4H—
pyran-4-one, to its acetate (3), C-2 and C-5 were evidently deshielded, but C-3 and C-4 were shielded,
while C-6 remained almost unshifted. The similar acetylation shifts were also observed for 1 and its
acetate (4), suggesting that the hydroxyl group was bonded to C-3 of 1. On inspection of these
acetylation shifts, the carbon signals of 1 and 4 were assigned as shown in Table I.  The Tocation of
methoxyl group was determined to be C-5 by comparison of the 13C-NMR signals of 1 with those of 3-methoxy—
2-methy1-4H-pyran-4-one (5).

Accordingly, the structure of 1 was established to be 3-hydroxy-5-methoxy-6-methy1-2-pentyl-4H-pyran-
4-one (Fig. 1).

Compound 1 was produced in garlic clove damaged by burning or treatment with HgC]Z,S) H202,6)
cellulase, or pectinase7) (Table II). However, compound 1 was rarely detected in the extract of control
garlic clove. Figure 2 shows the time course of production of 1 by the treatment with HgC12. It is
noteworthy that 1 is a new stress compound from garlic.

The antimicrobial activity of 1 was very weak against Staphylococcus aureus, Pseudomonas aeruginosa,

Candida albicans, Aspergillus nigar, and Escherichia coli.

Other biological activities of 1 will be reported elsewhere.
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Table I. 13C-NMR Chemical Shifts of 4-Pyrones(1 - 5) in CDCl3 .
1 4 2 3 5 CHz0 OR
C-2 150.3 160.3 149.4 158.9 159.2 7 Y20 30 4 5
c-3 141.9  137.5  143.2  138.2  145.5 5 CHZCHZCHZCHZCHB
Cc-4 169.5 167.9 173.1 167.2 174.1
C-5 141.9 144.3 113.2 116.3 117.0
C-6 158.0 157.8 154.0 154.2 153.5
C-7 15.0 14.8 14.2 14.6 14.4 OR’
c-1' 26.3 26.2
c-2' 28.3 28.7
c-3' 31,2 31.7 CHz
c-4' 22.3 22.2
c-5' 13.9 13.8
OCH; 60.1 60.1 59.8
COCH3 20.3 19.9
COCH, 169.2 171.7 Fig. 1
%;
2
Table II. Production of 1 by Stresses —
8 10}
Content( mug/g(wet weight)) _§
8
Control Trace §
1% HoCl, 19 “0 O—0—0—=0°
307 H,0, 79 0 10 20 day
Cellulase 14 Fig. 2. Time Course Experiment of 1 Accumulation
Pectinase 130 o: Control e: 17 HgCl,
Burn 55
Garlic cloves were washed successively with 1
Ho0 and sterilized with 0.1%7 benzalkonium
chloride, 707 EtOH and 102 formaldehyde.
Then the surface of the cloves were treated
with reagents (20 pl/clove in the case of
) Control HgCl
1% HgCl,) or damage shown in the Table II, 2
and the cloves were incubated at room
temperature. After 15 days, the samples
(5-15 g) were extracted with MeOH (50 m1), ] ‘J Lo
the supernatant (10-20 ul) was applied to 0 10 min d"_—_‘___?g_gg;;

HPLC analysis (see Fig. 3).

Fig. 3. HPLC Pattern of MeOH-Extract of Garlic by
Treatment with HgCl,
HPLC Condition: TSK GEL ODS80TM;
Mobile: Phase, 0.05 M phosphate buffer (pH 3.0)-
MeOH (28:72); Flow Rate, 1.0 m1/min; Detection,
280 nm, 0.005 Aufs

Column,
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