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B2HFE|  4-hydroxy-5-methyl-3[2H]-furanone

9 2 optol A A2 &Y Pinus densiflora Sie-
bold et Zuccarini)-& ZA3 A 100 gol 108] 3] 9] 50%

84 gee Jletm 3N BF F&3QATE I F
29 AY 553N 4L $EF 232¢2 F 500 mio]

B4 75§ R At d R 38 Bl FE3goh
2 EE g Hol & FHAIA d& EZ 64g9
th3] 4] Lichrosorb RP-18 column(Merck, 7X45cm)&
ol AzrtEIHHE WA Y, 5% F8&4
S EYVEE) compound-A(4-hydroxy-5-methyl-3[2H]-
furanone), 40 mgE AU}

Colorless needies from methanol; mp. 120~121C;
CsHg05, calculated, C(52.62%), H(5.30%), 0(42.08%):
found, C(52.48%), H(5.50%) ; UV A,.x(MeOH) 290 nm
(=9150); IR v cm™'(KBr) 3190, 2953, 1698, 1639,
1461, 1315, 1195, 1145, 999, 920, 704; 'H-NMR,
(DMSO-dg) 6 2.11(3H, s), 4.51(2H, s), 8.31(1H, s); BC-
NMR(MDOMSO-dg) & 13.12, 72.58, 134.56, 173.03, 195.48;
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EI-MS, m/z(%) 114(M*, 85.8), 85(1.9), 71(4.8), 55 (16.0),
43(100)
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sulfate-35% HCIE 713l 41 3% % 500 nmol Al
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Table 1. Scavenging effect of pine needle extract
against DPPH free radicals

materials SCso (ug/mi)
pine needle extract 16
ascorbic acid 33
a-tocopherol : 9.5

The ethanolic solution of 100 uM of DPPH free radicals
with the addition of test materials was kept at 37C
for 30 min, and then the absorbance was measured
at 516 nm. SCs, denotes the concentration of the mate-
rial which is required to scavenge 50% of 100 uM
DPPH radicals.

Table 2. Carbon-carbon coupling constants of com-
pound-A

chemical shifts (ppm) C-C coupling constants (Hz)

13.12 499
72.58 42.6
134.56 616 904
173.03 49.9 904
195.48 61.6 42.6

ol 33Ee d4 A A 1 gshdo] CHOy(F
2 AR, 114.0317)9 Ao FREJow 14
MSASEZ A o]E #1519 tHm/z, 114.0311, M™).
IRAHEDNA O—H, C—H, C=0, C=C7|9] A&
23 F A Hvmcm ' 3190, 2953, 1698, 1639).
'H -NMR ~"HEdN A 3%9 ANz o 4 <
FAhE 24 & + I¥eHEG, ppm: 2.11(3H, s),
451(2H, s), 831(1H, s)) $% 28 @A 831 ppme
#77} 2Age] #EAHUTE BC-NMR AHE-A 5
29 ghhe] EA7F FRAHAAEG, ppm: 1312, 7258,
134.56, 173.03, 19548), ©1& w49 $4E 7] coup-
ling ¥ & Ho} 13.12 ppmPH 72.58 ppmell 3P 3=
gtAE 212} methyl, methylene”]9] Felg &3S
& F AT &® e 574 coupling constants® &
Asle] 13.12-173.03-134.56-195.48-72.58 ppm ] &4
o2 AAHY ULE ¢ F UUTHTable 2). ©]44
717) B4 Aspd] A3 o] 3FELS 4-hydroxy-5-
methyi-BEZH]-furanoneii =R 59 tHFig. 1). °] 3§

B 2R T AEAdNE 2EA SHHYY gRo}
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Fig. 1. Structure of compound-A isolated from pine
needles. The chemical shifts of NMR carbon signals
are shown in parentheses.

5 24

Table 3. DPPH free radical scavenging activity

compounds SCso (UM)
4hydroxy-5-methyl-3[ 2H]-furanone 26
4-hydroxy-2,5-dimethyl-3[ 2H]-furanone 53
3-hydroxy-2-methyl-Y-pyrone 4000

The ethanolic solution of 100 uM of DPPH free radicals
with the addition of each compound was kept at 37C
for 30 min, and then the absorbance was measured
at 516 nm. SCs denotes the concentration of the com-
pound which is required to scavenge 50% of 100 uM
DPPH radicals.

Table 4. Antioxidative activity against the Dopa auto-
xidation

compounds IC:o (uM)
4-hydroxy-5-methyl-3[ 2H]-furanone 530
4-hydroxy-2,5-dimethyl-3[ 2H]-furanone 1100
3-hydroxy-2-methyl-Y-pyrone 25000

A
AU
B
0.00 Time (mins) - 10.00

Fig. 2. Typical HPLC traces obtained from the xy-
lose/glycine reaction mixture (A} and the pine needie
extract (B). The peaks of 4-hydroxy-5-methyl-3[2H]-
furanone are indicated by arrows[column, Lichrosorb
RP-18 {4.6X250 mm); eluent, 5% aqueous aceto-
nitrile (1.0 m//min); detection, absorbance at 254
nm].
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ZAFst 4-hydroxy-5-methyl-3[ 2H]-furanone(500 yM
2] Dopa®] A+F A8HE 50% AA Al71ed B8d 5%,

For the assay of antioxidative activity against the Dopa
autoxidation, the reaction mixture (2.0 m/) containing
500 uM Dopa and 50 mM potassium phosphate (pH 6.8)
in the presence of each compound at various concent-
rations was incubated for 48 hours at 37C, and then
the absorbance at 475 nm was measured. IC;, denotes
the concentration of the compound which is required
to inhibit 50% of the autoxidation of 500 uM Dopa.

2 1C5=530 uM), 4-Hydroxy-2,5-dimethyl-3[2H]-fura-
none(ICsp= 1.1 mM), 3-hydroxy-2-methyl-Y-pyrone(ICs
=25mM)e] €08 FustEo] F¢e ¢ 5 AT
(Table 4). o] Ax=z=%¥E DPPH =g iz g
a7 Z47 Dopadl AEAMsl] dlg Fikal 2Ro)
AxtAQ] Ad BA7E 93, E£F 4-hydroxy-5-methyl-3
[2H]-furanone¢] ddldoz &g 348t HEds
2 4 219t} 4-Hydroxy-5-methyl-3[ 2H]-furanone-2 li-
nolenic acid®] 2AEAM3} RdoMz i3 LS B
At 2 7.2mM9 linolenic acid & &3 QA g3
dol) AFEE H7Iste 37T N4 2441 d7) Foll W
23 & XAe] }AEE-S ferric thiocyanate HH O 2
223 A3}, 4-hydroxy-5-methyl-3[ 2H]-furanone-& 280
uMe] FxoA A8 ¥Ee-S 90% ol AAsATh
o] ascorbic acide] H]3)] &3t Fojti(Table 5).
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Table 5. Inhibitory effect on the autoxidation of lino-
lenic acid

compounds 1Cs (uM)
4-hydroxy-5-methyl-3[ 2H ]-furanone 280
ascorbic acid 710

The reaction mixture (1.0 m/) containing 7.2 mM linole-
nic acid, 10 mg/m/ Tween-20 and 0.2 M potassium pho-
sphate (pH 7.4) in the presence of each compound at
various concentrations was incubated for 24 hours at
37C. Then the lipid peroxidation was measured by
a ferric thiocyanate method. ICy denotes the concent-
ration of the compound which is required to inhibit
9% of the oxidation.
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Isolation of 4-hydroxy-5-methyl-3[2H]-furanone from Pine Needles as an
Antioxidative Principle

Yong-Chool Boo*, Che-Ok Jeon, and Ji Yeon Oh, Pacific R & D Center, San #1, Bora-
ri, Kiheung-eup, Yongin-kun, Kyounggi-do, Korea, 449-900

Abstract : An antioxidant was isolated from pine needles. This compound was identified
as 4-hydroxy-5-methyl-3[2H]-furanone on the basis of spectroscopic evidences and by the
comparison with the synthetic one from the Maillard reaction of xylose and glycine. It
scavenged 1,1-diphenyl-2-picrylhydrazyl free radicals more efficiently than 4-hydroxy-2,5-di-
methyl-3[2H]-furanone and 3-hydroxy-2-methyl-Y-pyrone did. It exhibited inhibitory effects
on the autoxidation of 3,4-dihydroxyphenylalanine and linolenic acid.



