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Isolation and Identification of a Sterol and Three Glucosides
from the Peel of Pear (Pyrus pyrifolia Nakai cv. Chuhwangbae)
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Abstract We isolated and identified antioxidants from acidic and neutral ethyl acetate fractions of the peel of pear (Pyrus
pyrifolia N. cv. Chuhwangbae). We isolated 4 compounds from the methanol extract, by using 3 different types of column
chromatography (Sephadex LH-20, silica gel, and octadecylsilane) and preparative HPLC. We identified the isolated
compounds as (S)-(+)-2-cis-abscisic acid O-B-D-glucopyranosyl ester (compound 1), 1-[4-O-B-D-glucopyranosyl]phenyl
ethanone (picroside, compound 2), B-sitosterol (compound 3), and B-sitosteryl 3-O-B-D-glucopyranoside (compound 4) by
nuclear magnetic resonance analysis. We are the first to report the identification of compounds 1, 2, and 4 from pear.
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IFES] el FoE Fgule] AR ATt AAHCR
o|Fojx] Fulel THE A sIRHE g dHE] A
F i SHEAJT (12-17).

2 AF2FY ] TRl #e ohdzke] AFATEA, W
I ZHE 72| hydroxycinnamoyl malic acid 2 methyl ester
(14), 8% phenolic 3}8HE TE = WA (15), 1452 couma-
royl quinic acid F%=A 2 flavonoid(16), 2|3 6%52] triterpe-
noidAl FEAEA7NE e - 72 AAste] BAg up gtk 2
Hup E AF2EY v TR el #E dHe A
o Slof ofFx wgRl Aol v EANF USR] AlALE Y F
71H4Q1 & - FAE W MR AIrF Aol 2 AHE
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baey= APdE UFAlolA Auigk Aoz 2008 990l =8k
Aok AFH S A= ice box WolA dry ice® A2 FXAAIZ]
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Hj #]e] MeOH FE=9] St & dojxl 7zt B9 34k
3} &4 714 thin layer chromatography (TLC) plate (aluminium
sheets, silica gel 60 F,, Merck, Darmstadt, Germany)oll 1,1-
diphenyl-2-picrylhydrazyl (DPPH) ethanol &¥(200 uM)S -5}
= R0 olgskilt. &, SriiEsleE dFE TLC plateol
spottingal>] ]2} EtOAc-2Hd -2 BuOH/acetic acid/H,O
@:1:1, viviv) S902 T8]3 EtOAc-sA 32 toluene/ace-
tone/acetic acid (8.9:0.9:0.2, viviv) Sqo 2 Ztzt AN & A
7NE TLC plated] DPPH ethanol §-9-& FFsle] HEfao] gl
ozl 85 sl & FEeE ST TLC plated]
DPPH &5 #Fate] itst &4 g9 A& ls=
£ WS TLC-DPPHHOl2E Akt

[¢]

EtOActte EEo=RE Sigtgol th|

w9 MeOH FE&5 SiEgste] dojxl EtOAcAH &
¥ 2 Sephadex LH-20 (70-230 mesh, Pharmacia, Uppsala, Swe-
den) column chromatographyE 3j3ted AR =, EtOAc-AH
A E3(2.63g)S Sephadex LH-20°] FZ & column (3.3x82
cm)ol| chargerlZl &, 80% MeOHS ©|5Ao= 3l &% - &
(5 mL/fi.)3}Th. Sephadex LH-20 column chromatography©llA]
dojzl £3 C (482mg)= Shim-pack prep-ODS (H) KIT column
(20250 mm, Shimadzu, Kyoto, Japan)©] “&2r%l high perfor-
mance liquid chromatography (HPLC) system= ©]&3&}o] F7}13
¢l 2EE Wk ARSE o] A £-9[H,0/MeOH=100:0,
viv, pH 2.65 by trifluoroacetic acid (TFA)]3 B -§(H,0/
MeOH=40:60, viv)& °l&3lem, A §4& ¢ &E8=
st 402 F BE&Ao] 100%7} H== 3 thy, 6027 BE&
o] 100%7} FAEES 3199t 282 280 nm (SPD-M20A, Shi-
madzu)®] 323} < 9.9 mL/min (LC-6AD, Shimadzu)e] Z71°]
A EHZ 3T} o] Sephadex LH-20 column chromatogra-
phyollAl o)z R3] E (566.7 mg)S S 2 octadecylsilane
(ODS, YMC Co., Ltd, Kyoto, Japan) column chromatographyS
AASIGTE &, ODS gelo] S column (2.0x48.5 cm)ol] A5
£ chargerlZl ¥, H,0/MeOH=100:0, 80:20, 60:40, 40:60,
20:80, 22|32 0:100 (vv)y& &&8M= st 2z} 250mLY &=
slo] B9tk o] 5 £F 11 (92mg)e S E Shim-pack
prep-ODS (H) KIT column (20x250 mm, Shimadzu)®] *2+&
HPLC systemoll*] IS A8l o5 &viAle A &4 (H,0/
MeOH=10:90, v/v, pH 265 by TFA)3Z} B §AMH,0/
MeOH=35:65, viv)& ©]&3t] A &S &2 &&= 3o
308 ¥ B &9 100%7F =A g the, 5087FA B &%)
100%E5 FA8H=S etk Aol o&¥ e 254 nmSALe
™, 9.9 mL/min®] fF&oA EFHE P53t

EtOAC-3Y EEc=FE sigtgol th|

w29 MeOH FEE5 SmfEgste] Fojxl EtOAc-TA
¥2 silica gel (70-230 mesh, Merck) column chromatographyS 3
sle] AA A TE EtOAc-34 EF(@.0g)S silica gelo] X &
column (3.0x80 cm)°ll chargeAl} CHCL/EtOAc/MeOH=10:0:0,

e

8:2:0, 6:4:0, 4:6:0, 2:8:0, 0:10:0, 0:8:2, 0:6:4, 0:4:6, 0:2:8, L
L 0:0:10 (vvv)e] SAE o] T T o] step-wiseHOE &
EA1718A] 50 mLA H&5199t). Silica gel column chromatography
£ P F doixl EIE F D& LS = Shim-pack prep-
ODS (H) KIT column (20x250 mm, Shimadzu)®] “32t¥ HPLC
systemol|A] 100% MeOHS ©]574 22 isocratic &%l 23] F
7Rl AAE YAt ol de] Wi #3] MeOH F&=9 &rld
g 34 2 SgE 149 9 - FAFEE Fig 19 A AT

NMR 24

Nuclear magnetic resonance (NMR) spectrat= ""INOVA spec-
trometer (500 & 600 MHz, Varian Walnut Creek, CA, USA) &4
o] 28] At} B4l CD,0D, DMSO-d, 2 CDCLE AR
sgon, o]lE2 Ui EFEHZ tetramethylsilane (TMS, 6=0)
< sre3la
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sleld JEo] o] AFEE FHHY e HFE ol&sty

S YPIArh19). A 3 23] 15keS Ol

FEES A A3, 3708.67 ¢S] FEEC] Lol o] MeOH

2/go] QA A oM, ThgFet itsl SHES] EA) HEg AAKE
Atk & AF2EFS APAFE 3l v I3 MeOH FEE9]
EtOAc-AHA H2E o g2 X E 739] hydroxycinnamoyl malic acid
(14) 2 859 #Hs4 SFFE150] F25 W olv] Hig np
At} I EtOAcHIEA EEo2RE 659 triterpenoidA] -F-=A]
(17ES & - F=sidste] 7] BAg v gloh & Aelr=
v S Aol s et MaAe] tlste] w I
MeOH FZ&9] EtOAcAHd 3 T4 3oz iy F7H &
Ahsh eS| EAIZE ERlEe] 1 SEES |dE - $8sih

A, 9 Z3] MeOH FEE9] EtOAcAH] £ (5.17 992 o
’Jo2 Sephadex LH-20 column chromatographyS gt ¥, Ao
7 B3 C (Ve/Vt 0.66-0.72, 482 mg)2] HPLC chromatogram 73
o|A] retention time () 37.4minol| vl$- Tt & FAo=E
ge= m=st A2EAY. T 2 RS Ayl s
o] prep-HPLC (ODS)E RHEZA o2 dfsto] E33 A3, 33E
1 (1.1 mgys T8I o]o] ¥ #3] MeOH F&=9] EtOAc-
2Pd B8-S = Sephadex LH-20 column chromatographyS
3Pl o] Ao BF E (Ve/Vt 0.78-0.99, 566.7mg)S ODS
column chromatographyE ©|-&-3le] FA sttt &= 72 9
< Wde= TLC-DPPHHC ofsf sigtaEe] SAET 3 &
o} 848 AR, o] 2345 Tl FARSE EAETE el
55 F 14 28O =Z groupingsliTh 53] 8 1125 &
SRR #TEE spot (R, 0.6)°] #&F 0] prep-HPLCE )
Ath. HPLC chromatogram “3lA ¢, 22.1 minel|] &Y 3}EZ
du= 337t #EEo] o] RiE EHsl sIHE 2 3.5mg)
w2 3T
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23 v 9] MeOH FE=2] EtOAc-573 T8(44.84 90
silica gel column chromatographyE 33+ ¥, dojzl HIEE
Ao 2 TLC-DPPHY 2 analytical scale®] HPLC #4]S 33}
|58 4 250 I SFEEY BANETFE dESL, a2
AFNE EUYZ F 18 £ (fi. ARSZE groupingstSith 15 &
#¥ D (CHCL/EtOAc/MeOH=80:20:0, v/v, 83.4mg)2] analyti-
cal scale®] HPLC chromatogram “gollA ©d EF2 dAdEHE=
peak (¢, 182 min)7} =] prep-HPLCE 33 L peakES WHE
33t SEE 3 (15mg)e AU oo £3 L (CHCL/
EtOAc/MeOH=0:80:20, v/v, 52.6mg)2] 73%-, TLC plate “goilA]
o] shetEo] EAIgte] ERlEo] prep-HPLCE aJste] AA|st

Ak DEW peakS 5 T EWE ATHEE 1,261 min®) peak
e 23351y s5hE 4 @SmeEs B

ch2[stetEo| TslAd

3IFHE 19] PC-NMR spectrum (Table 1) Z4-E] sugar moiety
o] == 652 carbon signals(d 95.5-62.4)°] T TE 1
o tsted F 1589 carbon signalse] F7H o= #aElom,
o] & 2%9] carbonyl carbon signal=[§ 201.0 (C-4"), 165.9 (C-
D], 6%2] olefinic double bond carbon signal=(8 166.3-127.8),
4%-2] methyl carbon signals(8 24.8-19.7), 28] 152 oxygen-
ated methine carbon signal (& 80.7, C-1)2] E=AZHE sesquiter-
pene?l abscisic acid®] EA|7F AXEHRATE o] A2 RE SgHE
12 abscisic acid monosaccharided 7Fg/do] 74sHAl AlA= AT
a2]x 3HE 12] 'H-NMR (500 MHz, CD,0D) spectrum (Table
DOZRE 4%9 methyl proton signalE[6 2.07 (3H, d,
J=1.0Hz, H-6), 1.92 (3H, d, J=1.5Hz, H-7'), 1.06 (3H, s, H-
8) ¥ 1.02 (BH, s, H-9)], 152 methylene proton signal [§

219 (1H, d, J=173Hz, H-52), 2.53 (1H, d, J=173Hz, H-
5'b)], 2] 4%2] olefinic double bond proton signal=[8 5.82
(1H, s, H-2), 780 (1H, d, J=163Hz, H-4), 632 (1H, d,
J=163Hz, H-5) & 593 (IH, s, H-3)]°] #Z o] o] 3}FE9
aglyconeS C-NMR Z32ZHE] AJAE abscisic acidd 7153l
o< ZFsAl AAFE QT 53] § 7.80 (1H, d, H-4)# 632 (1H,
d, H-5)2] sp* carbon proton signals2] coupling constant Z+(J)°]
7k 163HzE YERY 159 olefinic double bond7} trans
forms B3 IS & F AUk B, o] 3322 aglycone
o] A3 T3 HSQC, 'H-'H COSY, 18]2L HMBC 59 2D-
NMR #2418 53] abscisic acidol] H<E 1A= protonE3} car-
bons o] ZFZAA7E AL FR1EATh(data ). 7 'H-'H
COSY spectrum®Z5-E| T protonol] FALEEE signalE°] L]
FAIAE BAS AT F Yo, B anomeric proton (8
5493 1 9)9] 2 I protonE2] coupling constant Zte] 8.0-
8.8 HzZ UElY} o] 3}3H&2] sugar moiety= B-D-glucopyranoside
S & 4 dUtt 53] HMBC spectrum (Fig. 2)°-ZFE| ano-
meric proton signal (& 549, H-1)3} aglycone 2] carbonyl
carbon signal (8 165.9, C-1) 7}l cross peak’} #H2=o] glucose
£ abscisic acid®] C-19]91 ester AL 3l S0 AU
A 3EHE 19] X & abscisic acid O-B-D-glucopyranosyl
esterZ A=At ES 3IFHE 19] 'H- 2 PC-NMR spectra=
Citrus junos (20)8} Citrullus lanatus QDZERE 29 (S)-(H)-2-
cis-abscisic acid B-D-glucopyranosyl esterd] ZAE} A &31A A
ARt 2PgA SR 12 (S)-(H)-2-cis-abscisic acid O-B-D-
glucopyranosyl ester® 57 =T},

313HE 29] 'H-NMR (CD,0OD, 600 MHz) spectrum (Table 1)
O 2HE 2HE s|Fsk= 259] sp? carbon proton®] FEHZ <l

Table 1. 'H (500 MHz) and “C-NMR (125 MHz) data of compounds 1 and 2 in CD,0D

Position ! Position 2
Oy, (int., mult., J in Hz) Sc O, (int., mult., J in Hz) Sc
1 - 165.9 1 - 132.8
2 5.82 (1H, s) 118.2 2 7.98 (2H, br. d, 9.0) 131.9
3 - 153.7 3 7.17 (2H, br. d, 9.0) 117.3
4 7.80 (1H, d, 16.3) 129.3 4 - 163.2
5 6.32 (1H, d, 16.3) 1394 5 - 117.3
6 2.07 (3H, d, 1.0) 214 6 - 131.9
1 - 80.7 7 - 199.6
2! - 166.3 8 2.57 3H, s) 26.6
3 5.93 (1H, s) 127.8 1 5.03 (1H, d, 7.8) 101.7
4 - 201.0 2' 3.48 (1H,t,7.8) 74.9
S'a 2.19(1H, d, 17.3) 507 3 3.49 (1H,t,7.8) 78.0
5 2.53(1H,d, 17.3) 4 3.51 (1H,t,7.8) 71.4
6 - 43.0 5 3.42 (1H, m) 78.4
7 1.92 (3H, d, 1.5) 19.7 6'a 3.71 (1H, dd, 11.7, 6.0) 62.6
8 1.06 (3H, s) 23.7 6'b 3.90 (1H, dd, 11.7,2.4) ’
9 1.02 (3H, s) 24.8
1" 5.49 (1H, d, 8.0) 95.5
2" 3.33 (1H, t, 8.8) 74.1
3" 3.42 (1H,t, 8.8) 78.1
4" 3.34 (1H,t, 8.8) 71.2
5" 3.37 (1H, m) 78.9
6"a 3.67 (1H, dd, 12.1, 2.5)
62.4

6"b 3.83 (1H, dd, 12.1, 5.0)
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Fig. 2. The chemical structure of compounds 1-4 and important correlations (allows) observed in the HMBC spectra of compounds 1

and 2.

AABB7 signalS[5 798 (2H, br d, J=9.0Hz, H-2, 6), 7.17
(2H, br. d, J=9.0 Hz, H-3, 5)]°o] &&=o] 152] para-substituted
benzene ring®] EA7} AAEITE 2813 152 & /2] proton
© 2 FAE = anomeric proton signal [§ 5.03 (1H, d, J=7.8
Hz, H-D)]ZF 2 9] 6HE9] proton signalS (5 3.90-3.42)0] #25
St} 53] anomeric proton signal (& 5.03)2] coupling constant
el 7.8 Hz2 HEHULeH, 1 29 T protons 7He] T
© 2 coupling constant FHOZFE o] 3gE] FEFLR T
£ B-D-glucopyranose®Z 34 = STt FESH 152 methyl proton
signal [6 2.57 (3H, s, H-8)]°] 572 #ZAEUT) ol o] 3}
52 159 glucose”t AFE phenolic WIEA 3FEZ AAES]
. 283 3¥HE 29 BCNMR (150 MHz, CD,0D) spectrum
(Table 1) ZFE benzene ringdll sF3dH= 652 sp® carbon sig-
nalE=@ 163.2-117.3), T 22 652 carbon signal=(S 101.7-
62.6), 2] 2L 1%2] methyl carbon signal (5 26.6, C-8)°] &=
o] 'H-NMRe| A3E AR TE EdE BC-NMR spectrum @2
FE 159 carbonyl carbon signal (§ 199.6, C-7)2] £Aj71 #&
o™, 1552] methyl carbon signal (§ 26.6, C-8)]°] AZEEA
H AOZHE 159 acetyl groupe] EA7F AALEATE o] A3}
EZ5H 313HE 2= aglycone! hydroxylphenyl ethanonell glu-
cose’} AFE WA SFER AAEHSUT olo] Brh o A
Sk FEEMS 98l HMBC #4718 AAJ8E A3} proton} carbon
signals 7+e] 3 (Fig. 2)25H $13E 2= 4-hydroxylphenyl
ethanone¥} glucose® T O] o] AxF 1= 53]
HMBC spectrum (Fig. 2)°-Z5E] anomeric proton signal (5 5.03,
H-1)3} oxygenated sp® carbon signal (8 163.2, C-4) 7}l cross
peak’} #2=o] glucose= 4-hydroxylphenyl ethanone2] 4 ]|
ether A=} AS & F ANk o] AAEZRH 3
& 29 FZ+= 1-[4-0-B-D-glucopyranosyl]phenyl ethanone2.Z 3]
A Qo) TS 83HE 29] 'H-3 BC-NMR spectrai= Thymus
vulgaris L25E ©E]|¥  1-[4-O-B-D-glucopyranosyl]phenyl etha-

none?] ZAEQ22)F LAt 2 BFE 2= 1-[4-0-B-D-
glucopyranosyl]phenyl ethanone (piceoside)°-Z 574 = AT},

31gHE 39] 'H-NMR spectrum (CDCl,, 500 MHz, Table 2)<
2HE #HEE 159 olefinic double bond proton signal [§ 5.36
(1H, br. d, J=5.0 Hz, H-6)], 15 2] oxygenated methine proton
signal [§ 3.53 (1H, m, H-3)], 22|32 6%<] methyl proton signal
5[5 101 GH, s, H-19), 092 (3H, d, J=6.5 Hz, H-21), 0.85
GH, m, H-29), 0.83 (H, d, J=7.3 Hz, H-26), 081 (3H, d, J=
6.8 Hz, H-27), 0.68 (3H, s, H-18)|2%E o] &=L Ag2
sterold] SIRHERQ] Ao = AAKERITE 2|3 315E 32] BC-NMR
(CDCl,, 125 MHz) spectrum (Table 2)S-ZHE 159] oxygenated
methine carbon signal (§ 71.8, C-3)¥ 2%9] olefinic double
bond carbon signalE[6 140.7 (C-5), 121.7 (C-6)]2 X3 =
29%°] carbon signalE°] &= o] 'H-NMR #AZ A5 A=
e BT o] 'H-3 “CNMR spectraZF-E 31EE 32
sitosterold 71sd 0] ZetAl AAEIITE 53] &9E 39 'H-7
BC-NMR spectrax= Artemisia apiacea® 53%F P-sitosterol2]
AE3)F Hlud A% AR dAsin 284 sekE 32
U= P-sitosterolZ 5 F AT

3152 49] 'H-7} BC-NMR spectra (Table 2)= 152 Tl &
I3 proton (5 5.08-3.98)7} carbon (5 102.9-63.2) signals <
A&, st 39 2AEF S AR AEFE B3 o]
o S}E 4= B-sitosterole] WA SFEU 7o) kA
AAFEATE E3] Foll ALE= 4@ proton signals 742 #
& pattern 2 coupling constant %%, 53] anomeric proton (5 5.08,
H-1)9] coupling constant Zt°] 7.5 HzzZ YEh} o] sgE9] o
£ B-p-glucopyranoside® 3| E it 223 S5HE 49 'H- &
BC-NMR spectra (Table 2)E Dioscorea zingiberensisZ5-€ &7
 P-sitosteryl 3-O-B-D-glucopyranoside®] A E(24)2F w3k
I Ags] gA)gte] IRIHATE T SE 4= SHRlE
sitosteryl 3-O-B-D-glucopyranosideZ 573 =| 1T}

(¢

4

4
B-
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Table 2. 'H- (500 MHz) and *C-NMR (125 MHz) data of 3 and 4
in pyridine-d;

Position u !
Sc Oy (nt., mult.,JinHz) &. & (int,mult,JinHz)

1 372 37.9

2 31.6 30.3

3 71.8 3.53 (1H, m) 79.0 4.01 (1H, m)
4 422 39.7

5 140.7 141.3

6 1217 536(1H,br.d,5.0) | 1223 5.37 (1H,t,3.0)
7 318 32.4

8 31.8 32.5

9 50.0 50.7

10 364 37.3

11 21.0 21.7

12 397 40.3

13 422 429

14 568 572

15 242 249

16 282 289

17 561 56.6

18 118 0.68 (3H, s) 12.5 0.67 (3H, s)
19 193 1.01 (3H, s) 19.8 0.95 (3H, s)
20 361 36.8

21 187  092(3H,d,6.5) 194 1.01 (3H, d, 6.5)
22 338 34.6

23 259 26.8

24 457 46.4

25 290 29.8

26 198 083(3H,d,7.3) | 196  0.87(3H,d,7.0)
27 189 081 (3H,d,6.8) | 204  0.90 (3H,d,7.0)
28 23.0 23.8

29 119 0.85 (3H, m) 12.3 0.91 (3H, m)
I 102.9 5.08 (1H, d, 7.5)
2 75.7 4.09 (1H, t, 8.0)
3 78.9 431 (1H, m)*
4 72.1 431 (1H, m)*
5 78.5 3.98 (1H, m)
6'a 632 4.44 (1H, dd, 12.0, 5.5)
6'b 459 (1H, dd, 12.0,2.5)

*The chemical shifts of protons in the same letters were overlapped.
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