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Isolation and ldentification of Low Molecular Phenolic Antioxidants from
Ethylacetate Layer of Korean Black Raspberry (Rubus coreanus Miquel)
Wine
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Abstract Five antioxidative active substances were isolated from the EtOAc layer (20 g/56.2 g) of Korean black
raspberry (Rubus coreanus Miquel) wine (11 L, black raspberry 15.7 kg fresh wt. eqg.) by various column chromatography
and high performance liquid chromatography (HPLC). Proton nuclear magnetic resonance (*H-NMR) spectroscopy and gas
chromatography Electro lonization-Mass Spectrometry (GC-EI-MYS) identified these as 4-hydroxybenzoic acid (1, 0.1 mg),
3,4-dihydroxybenzoic acid (2, 0.3 mg), 4-(2-hydroxyethyl)-phenol (3, 0.6 mg; tyrosol), pyrocatechol (4, 0.3 mg), 34,5
trihydroxybenzoic acid ethyl ester (5, 0.6 mg; ethyl gdlate). The presence of 1 and 2 in Korean black raspberry has
previoudy been reported. However, the presence of 3-5 in Korean black raspberry, and the identification of 1-5 from the
Korean black raspberry wine have never before been reported.
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= Rubus coreanus Miqud)= e
Ueoll ] 2004 6ol AFS RS ol&stHom, BEA ¢l

EEA g g o]&ste] (F)AFEolAM 2AE ARE
o] &3t} o] BEA} 9f0le 157 kgo] AlA EEzl dvjzi
B 1 Lo H&A ol gdo] dojxl Zor wg 3 4 ¢
B 955 MU %2 Ao A(EEe 15%)S <83kt
Algel = 3 gl o] &3 f718vl= AlokE-(extra pure,
Duksan, Ansan, Korea)2, 22]32 HPLColl= HPLC grade (Fisher
Scientific Inc., Hampton, USA)2] &2 o233t}

HMz SEX dojel FEF =AM

AA BBz duf 220g9] EtOH 300 mLE 7}3F3Z homo-
genizer(BM-2 Nissal boi-mixer, Nihonseiki LTD., Suwa, Japan)=
2383 &, $Aod 37 (No. 2, Whatman, Maidstone, England)sle]
ofstelz 2ALE 2250k olo] 315e 1A} EIOH 300 mL
2 Jkstel FAstsh odBE AR} W) Bojzl ool P F

FrEagn,

(R

=x} gjolo] & U Sohze
M slel 1 LA ¥4 @) 157 kg 499)E Blchner

AAZE o]gsle] F<elodZHNo. 2, Whaman)staith. 2 o

il

of 2}
2 AT F571E olgslel H5EAF 2}l Foll e EOHo] A
7E g7 w5 F, 2ol w5428 L, 280 g n

hexane(3 L x 4), ethyl acetae(EtOAc, 3 Lx4), +%3} n-
butanol(n-BUOH, 3 L x HZ &3} SwEg st doixl 7t 3
2 B/CAA A9t w5 & FAE SHAh

sEx gujet SEX olol 2EES TIC B4 U B

g}

ANE B Gof &
S

e
G F, dojdl
=]

AR FLFHL mg)S TLC plae(Silica

=2 F 85| %] A 40 W A 2 5 (2008)

thickness, Merck, Darmgtadt, Germany)’doll spottingdt -, CHCl/
MeOH = 5:2(viv) &viAIE o]&ste] A7RAT v, 1,1-diphenyl-
2-picrylhydrazyl(DPPH, Sigma, S. Louis, MO, USA) ethanol &4
(200 uM)= TLC plated]] ®5-slod Hepdlo] &4 ofzl S
Fastey g o s WAt
ola} sl BFgtEe] wa] - FA| AN SHEZ] EA)
=2 HGrlsl] 93 Mo EE B TLC-DPPHHo] o8 it).

Silica gel column chromatographyofl 2|8t ZX|

EtOACE(56.2 g)2l oF 139 (20 g)= W= dlica gd
column chromatographyell 2J3t AA S WA THL?). = AlE9]
208 Foll A3l slica gd(400 g, 70-230 mesh, Kiesdl gd 60,
column chromatography-8-, Merck, Darmgtadt, Germany)2- CHCl,
o2 durys 7o) column(4x 715 cm)dll X3 3, EOAc
= CHC|39] SHFS- 100% A FE 0%7HA], Z28]32 MeOH 5
o EtOAce] 3ol 100, 50 % 0%°] &S 77t 2 LY &3}
|EA1719A 15 mLA 253t

12} dlica gd column chromatographyZ 58] Aojzl & A-6
(023g)S ez LuiAlE st dlica gd column
chromatographyE A=} A3t} & dlica gd(5 gy CHCl,0=
durryE TH=9] column(1.5% 25 cm)ell SFAF7]aL, CHCl, Foll
MeOH ko] 0, 10, 20, 30, 40, 50%21 &S sepwise £5H

of o8 w2 8% - BIaie. 7 B ol 75 miA &
ZAZ70M, 8% §92 5 mLy B

Sephadex LH-20 column chromatographyoll 2|8t x|
Sephadex LH-20(70-230 mesh, Pharmacia, Uppsda, Sweden)S
Lu 5(18)2] el 2 MeOH=Z 24417F H&-A1Z1 5 column
(16X 25 cmjell =715}, B4 F2 B-3(18 g)S 2% MeOH
o] = columnel chargest ths, 5 &WiE &% - £33
th & 100 mLe] o]5/4E &EAHoH, &5 &9 2 mLY

st

ODS column chromatography 2|8t M|

A 5o] 2008 Fol] AF3h= octadesylsilane(ODS, 70-230 mesh,
200 g, YMC, Kyoto, Japan)S Yim 5(19)2] Wl <8 MeOH
2 durryE 9o} column(3.8x 521 cm)oll EXAIZL F 20%
MeOH=Z 35}ttt EA49E C-3(10 gy 20% MeOHd| &
&ste] ODS columnell chargedt ¥, MeOH =5 20%°1 A
100%7H4] 20%% S7HA71e depwise SEH0l o3 $E3AA
o} zh @A guls 700 mLy §EAIHLeH, 5 892 10
mLA 25Tt

HPLCOl| <f8t FX|

g7 C430 mg)= uBondgpak C, column(7.8x 300 mm,
Waters, Mass, USA)S ©]&3t9 20% MeOHS olsio=
isocratic 82 (flow rate, 25 mL/min, 33 WS i) 22
B dojxl &4 FE D-3(t; 81 min, 20 mg)e ODS 80Ts
column(4.6x 150 mm, Tosoh, Tokyo, Japan)S ©]-&3t 20%
MeOHS ©] 522 isocratic £ (flow rate, 1.0 mL/min, 53] 3t
Y gste] BASHAT

& E-12(18 mg)= uBondapsk C, column(7.8x 300 mm,
Waters, Mass, USA)oll 20% MeOH(25 mlL/min, isocratic, 33
S o]54 0 R HAE P3t, doixl I F2, 4 9 62
ODS 80Ts column(4.6x 150 mm, Tosoh, Tokyo, Japan; 20%
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MeOH, pH 265 by trifluoroacetic acid; 1.0 mL/min, Z}z} 73],
108], 158] REE)S: o]8-3t FURANA ZHzF AAHAE s

a8]3 g% E1523 mg) EgH ODS 80Ts column(4.6 < 150
mm, Tosoh, Tokyo, Jepan; 20% MeOH; 1.0 mL/min, 33] W)
< o]&ste] AAlEAT

o] AAE EF TY HPLC ystemS ©]&3lth 5 SPD-
20A UVNVIS Detector(214 nm, Shimadzu, Kyoto, Japan)$} LC-
20AD Pump(Shimadzu)7} ©]-8-= 2™, columna 40°C (CTO-
20A Column Oven, Shimadzu)ollX FX1 =St} o] 55 S5H&E
o] S-S Fg. 19 s

GC-EI-MS EM0f| olgt &itslEdol 3
Gas chromatograph eectron ionozation mass Spectrometry

b3t shot= 131
(GC-EI-MS)#4 2 GC(GC2010, Shimadzu, Kyoto, Japan)el| El-
MS(QP2010, Shimadzu, Kyoto, Japan)7} &1 4% 7]712, Rix-1
capillary  column(0.32 mmXx 30 m, Varian ingruments 2700,
Wanut Creek, CA, USA)S 351312, ion source &%

°C, ionizing voltage 70 eV, AH 9] & 2%+ 100°CIA 227k
FAIT &, B 5°CY¥ 240°C7HA ST SH, 240°CollA 5
7+ FABIES sk 2704 Saksint. 29 EE ] trimethyl-
dlylation(TMSsh2 Park 5(20)¢] " o835t & 4] o
A Algel dR@0ug)el NeOHZ AxA1Z pyridines NO-
bis(trimethylsilyl) acetamide(Fluka, Steinheim, Switzerland),  tri-
methylchlorosilane(Fluka, Steinheim, Switzerland)S 10:5:1(VivV)Z
S35k AlIoF 20 puLE 7kek the, 60°CellA] 30%%E WHSAIA GC-
MS 418 A|EZ ARESIATE GC-MS 418 RFA|FOZ o]

EtOAc layer (56.2 g) of Korean black raspberry wine

362¢g 20¢g

| silica gel C.C. (CHCL/EtOAc/MeOH/H,0)

A-1~3 4 5 6 (CHCl,/EtOAc = 60:40, v/v, 2.3 g) 7 8 9 10 11~44
— silica gel C.C. (CHCl;/MeOH)
B-1 2 3 (CHCl3/MeOH = 9:1, v/v, 1.8 g) 4 5 6~16
— Sephadex LH-20 C.C. (MeOH)
C-1 2 3 (Ve/Vt 0.45-0.61, 1.0 g) 4 (Ve/Vt 0.62-0.72, 3.0 mg) 5 6~8

| — HPLC (ODS, 20% MeOH)

- i 5
ODS open C.C. MeOW/H,0)—| D1 2 3(x81min20mg) 4 6
— HPLC (ODS, 20% MeOH)
‘ Comp. 1 (#z 15.2 min, 0.1 mg) I
E-1~10 11 12 13 14 15 16~45
(786mg)  (20%MeOH)  (20%MeOH) (1.8mg)  (0.5mg) (20~40% MeOH)  (10.6 mg)
(2.9 mg) (1.8 mg) (2.3 mg)
— HPLC (ODS, 20% MeOH) I—
F-1 2 3 4 5 6 B ?g%g, 20%
(tg 9.4 min) (tg 12.4 min) (7 20.9 min) MeOH)
HPLC* — HPLC* HPLC*
(ODS) (ODS) (ODS)
Comp. 2 Comp. 3 Comp. 4 Comp. 5
(tg 9.1 min) (tx 13.5 min) (tg 30.7 min) (tg 15.6 min)
(0.3 mg) (0.6 mg) (0.3 mg) (0.6 mg)

Fig. 1. Isolation procedure of antioxidants from EtOAc layer of Korean black raspberry winefiltrate. * Mobile phase, 20% MeOH (pH

2.65 by trifluoroacetic acid). C.C.: Column chromatography.
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43 4-hydroxybenzoic acid, 34-dihydroxymethoxybenzoic acid
2 pyrocatechol> Sigma*H(S. Louis, MO, USA)e] A|&ES A&
stlen, zHzt 10pgs @l AlEst §9 Rl sl TMSs)
gt shtEEe] $780l o8-Stk

NMR &4

'H-NMR(nuclear magnetic resonance) 7171442 INOVA 500
spectrometer(500 MHZ, Varian, Walnut Cresk, CA, USA)S ARE-
stk EAgne yREE EXE teramahylsilane (TMS, 8=0)
< 33+ deuterium methanol(CD,OD, Acros, NJ, USA)S A&
3Tt

= =
=R QO £EBI SEX Yolo| i By
AR BRA o) BOH FEET} BRA k9] el vy
o2 2% A2 Fide] 9 Fus HYEEY =4 AP
2 TLCDPPHYS ol 83te] i 248 Az(Es mAA), 5
EAE QAR BB Dolo] ShiEl skEs BEA o)

X
Foll IiE SIEES] TLC Asol @A zfo|7t AAFHAT
drf FE2EL R 025 o]l tiRre] 3
ol

ol WEHAOT, R 025 ool E A2 shgEe] A7t
Solsx) gsieh, Wi Bia gele] ool AR B
QY HYEE o] 2AHUON, R 05 o]4fe] Fiol
e Gush BYS wolt U SgEEe] PRI By
ol R 05 olste] HRolAE AR HEA dule] 4RE

She A ge) 15 the Tk Bt SeEEe] 247 A
AFEIITh ol AAES BEle] e Sl skel A
Y 0 8 S4e ANE B wslE] i Row
32 Hglom, 2 Wele we] Befel Guel A48 EE
& % %4 Bl A5 B9 5ol % ok wrgol 4
B3] WEL Ao ARHAt.

o] A RE B 9olo] FHEle] gl SEEES U
2o SiEol Qi 2AEAE 2 Aolrk Agel AR
o, i shele] els) WA solAE MBS AR BE
Ao ol APBAIE 2 Aolg uY FPsHol B How
Bl ool B sjolo] gslelsls AUBY B
9 ¥ 5o TR ert drka Bade] gis
g el 28 Rl BAE Yakan.

= =

b
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i o

=X 20l BuiEEESe &itst gy

BEA ool 11 LERA Do) AATH 157 kg FEH)E
Fato] dojzl FE5A (9283 gy SVIEE 5l nhexaneZ 0.2 g,
EtOACS 562 g, n-BuOHZ 1385 g % H,0% 7315 g 77t
AUt} ©]5S TLC-DPPHHC 23] 7} Foll shit-el aitsled
st A A vud A3EFA WA, nhexane3-©]
R 0859 095 2%¢] sletee] HAEHNCH, HOFe] 4
2 o|ale] FEo| talinge 2l B4 o] HEHUL 1
2ZHEH A9 IPEES BHOAcEF BuOHZ] EA)3}
Hegol vlal] i3} &go] Fider WvEs & 4 3l
EtOACE o2 HEE et atsled e Yeplle o
o] E2A(R 0097} IO, 159 FaF Tt
Ha) Y53 o o AAFIr). 183 BuOH
NS BOACRY:= MR Esh} EtOACEY] 2A)
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b 3@ fr 4t Ho ot
T
N S

e

f

ok
Hr
2

ofj
o
o
=

of

F[F

é%{[l, [
s

i ol

p

0075°] AT & AR E B2A ool Fo i
Sl sl ST BUOHBOIE AA) e 9l s sy
Fo] EAsh} HOACE BHE SRl B4 el
ARl FelErt  we Aow BRET, adA B
ATINE EOACES o o] shid Wis seiEs
2 9 - gAY 1 RS YR sl

EMEF 2| ¥ HX|

EtOACZ(56.2 )¢l ¢F 1/3 4220 g)S WS = slica gd
column chromatography (4x 71.5 cm)Z 33+ &, dojxl 7z} &
< TLC-DPPHHoN o3l 3itst sig=o] A BES HES 2
3, ¥ A-4-10(CHCI/EtOAC = 80:20-20:80, viv)ollA] ThiEe
kst BAsRHEC] §E2ES RIS L F diiEeE §
o] =2 I A-6(CHCI/EOAC = 60:40, viv, 2.3 gy thde
2 guiAE 223t dlica gd column chromatography(1.5 X
25ecm)E Azt Fstch. 2 A¥ 2 B-3(CHCI/MeOH = 91,
Vi)l 71 dAAgE dhatal gado] BT e 2 g
4 YF B-3(18 g WS HAS] $3] Sephadex LH-20
column chromatography(MeOH)E a3t &, Aozl 7zt Fr &
TLC-DPPHE Y <J3)l 418 a3t 43, VeVt 045-061(C-3, 1.0
g) 2 VeVt 0.62-0.72(C4, 30 mg)e] §=3Rolx Zzt &4 3t
FEo] EA7L EAHA 2 F B} g B gE C3
ODS(octadecylsilane) open column chromatographyS, 223 C-4
= HPLCO 9Jste] 47t AAE Faict.

WA FE C430mg)E uBondgpk C, column(20% MeOH)S
2 AAst] doixl B4 FE(D-3, t, 81 min, 20 mg)S ODS
80Ts column (20% MeOH)S o]&-3le] A& A A=, sijh
E 1(t, 152 min, 0.1 mg)S @8k

olo] &4 E C3(10 g W e=Z ODS open column
chromatography & 3 ¢+ A3}, E-1220% MeOHEE &, 18
mg)9t 15(20-40% MeOH&Z &+, 2.3 mg)e] 7 FZolA 7
st sEEY] EA7F FR1EdTY. 9% E-12(1.8 mgE
uBondapak C, columnel] €Jgt HPLC(20% MeOH)E 333t 3%
o] F8 pek(ty 94 min(F-2), t; 124 min(F-4), t; 20.9 min(F-6))
S 77 EFHSI olE Al &4 &S ODS 80Ts column
(20% MeOH, pH 265y ©|83t UM zHzt AAE
slo] & F2=RE FFEE 2t 9.1 min, 0.3 mg)E, ¥ F4
25H 3gE 3(t, 135 min, 06 mg)S, 221 JE FeozH
H 33E At 30.7 min, 0.3 mg)S Z+z+ T Ekinh. viRee
2 34 & E1523 mg)E ODS 80Ts column(20% MeOH)S
o]g-3t HPLCE 3dJsle] stE 5(t; 15.6 min, 0.6 mg)E T3}

332 19 H-NMR spectrum(Table 1) ZHE § 788 2
6.8201|1 4] 77t 2HES] AABB7IS] doublet signdE°] HEH T
°]E sgnaS para X|$HA¢] aromatic €420 A= proton -2
9] dgndZ F=H o] AFTE 1S HdA dE EAsE 4
hydroxybenzoic add == 2 AL 319t=d 7Fs/de] AlAbE T
i A #BE2] A-hydroxybenzoic addS T ZZlA H-NMR
A AT ARy et 39E 19 spectrumad) HIw g A
3}, Aszke] Aol ERIFAE E SFHE 18 TMS =4
3lgt & GC-MS 41 st A3, miz (int, %) 73(TMS, 100),
91((M-(-COO-TMS) - TMS), 9.3), 105(M-(-OTMS),)’, 2.5), 165
((M-(-COOTMY9)), 0.8), 193(M-(CHy)y)", 495), 207(M - TMS),
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Fig. 2. Sructure of compounds isolated from EtOAc layer of
Korean black raspberry wine.

51], 223(M - (CHJ))", 799), 267(M - CHJ)", 97.2), 282(M",
21.2) 59 TMS3HEl 4-hydroxybenzoic acidel] A&EoIxE &4
22l fragment ionEe] HAEE o] SE 1S 4-hydroxybenzoic
adid(Fig. 2= &43Ith.

3}3HE 29] 'H-NMR spectrum(Table 1) *JollA § 679-4 d
foom (1H, d, J = 85 Hz), & 742¢] dd foom& 1HQ =
25 Hz) 2 § 7439 br. s forme] 1H sgnadSe] zHzt ’”LE]
d AozRE WgEste] 1, 3 ¥ 490 X3/t A3 34
dihydroxybenzoic acidd 7Fs/dol AAREIIEE 18] SjtE 25
TMS F=A3t & GC-MS 418 a3t 23, miint, %) 73
(TMS', 100), 165(M - (-OTMS), - (-C=0))", 48), 193(M - (-
OTMS),)", 426), 23(M - (TMS),)", 49), 281(M - (CH.)y", 1.8),
3U(M - (CHY)), 75), 3B5(M - CHy', 9.7), 370(M*, 20.1)°]
fragment ionE°] HEE o] 35E 25 34-dihydroxy-benzoic acid
(Fig. 22 &43IAch

35He 39 'H-NMR spectrum(Table 1) Aol § 7.03% 6.70
o] AABBAIY HEFHQ WIFZ g* cabon proton
doublet signals(2H, br. d, J = 83 Hz)7} &&=}t 2 dgndE
o] Aol tE 19 B9 FARIA Y 25 SgndE9
chemica shift’} thEA] AERA Ao=2RH slgtE 19 o
E 5717 paa XEE WIS SIGEY 73] AARE AT

a8la § 3683 § 27194 AEE zZhzh 2HO| 2% triplet
dgnas(J = 7.0 Hz)2| EAZ5E etol] dcohol”]7F A% ethyl
T27F EAE] AlAKEe] £ 3IjHE-2 4-(2-hydroxyethyl)-phenol
o 7FsAel AEHAl AAKEAE o] sHHES TMSsEste] GC-
MS #2428 3 43}, miAint, %) 73 (TMS, 100), 103(M - (-
OTMS),)", 193), 17(M - (-PROTMS))', 1.1), 14(M - (-OTMS) -
(CHY)", 43, 17((M - (-CH,OTMS))", 865), 193(M - (-
OTM9)", 68), 209 (M - TMS), 03), 235(M - (CH,))", 02),
252(M - (CHy))", 0.1), 267(M - CH,)", 11.2), 282 (M"*, 16.1)°]
4-(2-hydroxyethyl)-phenalel] #A&E] A= fragment ions°] HET

ksl slethE 133

3% 4-(2-hydroxyethyl)-phenol(tyrosol, Fig. 2)& %33}t

3HE 49 'H-NMR spectrum(Table DO 25E § 6.759 6.65
53 2] multiplet Sgnd 3+ Avte] HAEEI}. ©] sgnd
52 WSS FLg #5717 otho Sk sHHEe] A A
3l patterno]2l AtE]o] catechold 7Fs/do] AAF=E AT A
Al#E9] catecholS 50‘17401]*1 H-NMRE 24 (2% HAIA)
S}, 2 spectrume: SIjHE 49 T Bl A3, 25 gectra
7} AX)gko] elglo] 3}5HE 42 pyrocatechol(Fig. 22 5733t
oﬂl;]_

313 59] 'H-NMR spectrum(Table 1) ZgollA & 7.049 2H<]
broad singlet sgnaoll ©l&te] carboxyl groupel ester AEE
methylene carbon proton =2 F=EoIX]= 2HS] quartet signd
(5, 427, 3 = 70 Hz) 2 § 1340 =eke] methyl?] fel= et

£ 3H9| triplet signd(d = 7.0 Hz)o] VEEHIYY Ao 2 HE
ethyl groupe] ester3} =Joixl 4x]18HA ] WakE s94E4Y 7154
o] Al AAFEIATE & & sletee W] meta $lo] F
7te] protone] EAl3k= 3,4,5-trihydroxybenzoic acid ethyl ester®
F4=dth = s3HE 55 TMSslste] GC-MS #43F A, m/
Zint, %) 73 (TMS, 100), 237(M - (-CH,CH,) - (TMS),), 63),
267 (M - (TMS),)", 1.2), 281(M - (-OTMS) - (CH,CH) -CH,)",
625}, 311(M - (CH,CH,) - TMS", 7.0), 369(M - (CH,))",
54}, 399((M - CH,)", 3.2], 414M*, 37.6) Sollx TMSstd F4
TFzxo| AgEoR = EAZQ fragment ionS°] AEE ] 33

58 34 5trihydroxybenzoic acid ethyl eder(ethyl gdlate, Fig.
2= sk

o4 559 phendic SFIEE(Fig. 2)°] BEAF 9f1e] EOAc
FoRHE T - FR/HUL olE F HHE 1% 2= EREA
%ﬂ“ﬁi-‘?—EiE 2 EA7E olv] Ba()slofzl vk Qo] 25 ¢
AZR A iR R FdEo I 22y SjHE 352 5
2t “UHETH I EFA7Y BaEoell bt glvk. 2E & 3t
PE 55 BT e dRlemRY I EATE gelE A2 A
wolth. 3ghE 32 E& ol EAlste dw 9 sholut
I U8 I 2REHE HAEEHA °LLQ~ 1;7} ATH2D). =
St 32 X=o] daa oA AGHS Hale SH=
+ A}t ddEoXIn o] He lﬂﬂlo}Me A ol F
o] shetE 3 w3k dEIHYEt] AEEHAE 7ol *EE}.J-
AAtE oIt ThFet £ BV RE R A sdEs
23 Matila 5(5)3% Maesettae-Riihinen 5(22)2] R0l 3o
pyrocatechol (SHHE 4)2 HAEHA @t 23A sE 4 &
g g A=Y Thsol EraL AARE eIt Z22]al Yoon (11)

52 sijtE 59 HEFXRE Ze gdlic aide] EAE H&2AF
(Rubus coreanus Mig)25E B3 v ok, 28l I ahyl

Q SFHE o X& eRICZREE AEEH ] vl 9
(23) :RH’H 2 3¥E 5= dEay ol gdlic acidol ethanol

Table 1. 'H-NMR data (500 MHz, CD,OD, TMS) of compoundsisolated from EtOAc layer of Korean black raspberry wine

Compound 8y (mult., J)
1 7.88(2H, 85Hz, H-2, 6), 6.82 (2H, 85 Hz, H-3, 5)
2 7.43 (1H, br. s, H-2), 7.42 (1H, dd, 8.5, 2.5 Hz, H-6), 6.79 (1H, d, 8.5 Hz, H-5)
3 7.03(2H, br. d, 8.3 Hz, H-3,5), 6.70 (2H, br. d, 8.3 Hz, H-2, 6), 3.68 (2H, t, 7.0 Hz, -CH,-OH), 2.71 (2H, t, 7.0 Hz, Ph-CH,")
4 6.75 (2H, m, H-4, 5), 6.65 (2H, m, H-3, 6)
5 7.04(2H, s H-2,6), 427 (2H, q, 7.0 Hz, -CH,"), 1.34 (3H, , 7.0 Hz, -CH,)

1, 4-Hydroxybenzoic acid; 2, 3,4-dihydroxybenzoic acid; 3, 4-(2-hydroxyethyl)-phenol; 4, catechol; 5, 3,4,5-trihydroxybenzoic acid ethyl ester.
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