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Cytotoxic constituents from the stem of Rhododendron mucronulatum

He Sun Hong, Seung Ho Jeon and Yong Soo Kwon*

College of Pharmacy, Kangwon National University, Chuncheon, 200-701, Korea.

Abstract — Seven compounds were isolated from the n-BuOH soluble fraction of stem of Rhododendron mucronulatum as
cytotoxic principles against brine shrimp lethality test. On the basis of spectral data, seven compounds were identified as (—)-cat-
echin (1), (+)-epicatechin (2), taxifolin (3), scopoletin (4), quercetin (5), taxifolin-3-O-a-L- arabinopyranoside (6), and astragalin
(7). Among tested compounds, taxifolin-3-O-a-L-arabinopyranoside (6) exhibited potent activity with LCs, value at 4.6 pg/m/.

Key words — Cytotoxiciy, Rhododendron mucronulatum, brine shrimp lethality test, taxifolin-3-O-a-L-arabinopyranoside

Brine shrimp lethality test+= cytotoxicity,l’z) pesticide
5o ARBRE ARG HoR AgHa o)
ERSPS AR Ade
= Qo] 21&E-2] bioassay-guided isolationg 3= a7
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A} 52 brine shrimp lethality testE ©]-8-3F] AA=E
20E AEEY A Lels] da 479 shie o
40¢] F2o| AE FEES YL 2 brine shrimp lethality
test= A3 A3} 2 (Rhododendron mucronulatum)
=719 MeOH %% +9 5 n-BuOH 7H8-4 #go] Al
FEAS UERTS I9kt) Agee] AR A =59
2o ZHH flavonoids?t =52 phenolic acidsE 2|35}
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EHoERE AEEYS GelE SE 752 Fesky
olE9| xS} Z7te] ATEA TS WA ©lF B
WA Sk,

Relsb) Sstel Aol %

*WAIZZFHE-mail) : yskwon@kangwon.ac.kr
(FAX):033-255-7865

227

ol Hibd

Mz

X oHd™
AEME - 2 A AHE 2o 71 2005d
) A% S FE o] oRilel AR, S8k Ab

Al oFstlsl Ao Bykgo|tt.

AleF 2 7[7] — &% 2 Fisher-Johns2] melting point
apparatuss AFE-3FR oM - = HASA] ¥Uth UV
spectruma JASCO V-530 Spectrophotometers AH-3}51.S.
o, Infrared spectrume JASCO FT/IR 42008 AMg-3lo] =
Aatrh. 'H-NMR 2 “C-NMR spectra= Varian Gemini-
2003 Bruker DPX-4002 AR&-3to] =4t Th Mass

Spectrum Autospec MicromassE ©]-83}>] FAB positive

mode 3 EI mode® =433t} 414+ JASCOS] D-
1000 polarimeterS A&-3te] 243ttt 2k B39 3=
81 2 column chromatography-8- 8vl= 55 Al¢FS Af

835t TLC A/Ago) B JIeh Aloke UF % 5FE
A1H8-3191 3L, TLC plate= Merck®] Precoated Kieselgel 60
F,54s (layer thickness 0.25 mm, 20 x 20cm, Merck, Art.
No. 5715), RP-8 F,5,s 5 AHE-31%121, column chro-
matography2] F=Z1 A& Kieselgel 60(70-230 mesh ASTM,
Merck, Art. No.7734), 2 YMC gel ODS-A(70-230 mesh)
& A3 Th TLC spot®] 42 254nm UV lamp %
20% alcoholic H,S0,8-H8-& A8-31
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Table I. Brine shrimp lethality test of MeOH ex., fractions,
and isolated compounds from the stem of Rhododendron
mucronulatum

Sample LC,, (ug/ml)”
MeOH ex. 56.7
n-hexane soluble fraction 64.1
CHCI, soluble fraction 72.3
n-BuOH soluble fraction 62.7
Compound 1 84.3
Compound 2 69.2
Compound 3 17.6
Compound 4 20.1
Compound § 12.9
Compound 6 4.6
Compound 7 439
Podophyllin” 2.6

a):Lethal concentration necessary to kill 50% of the brine
shrimp nauplii.

b):Used as positive control.

*:The data represent the average of triplicate experiments.
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F& 9 22 - 438t AlE, 2 gy =71
(2.4 kgl MeOHS- 718t A00A] 15:YH 23] vHE >
=3 F Y 53k MeOH 2= (330 )& LTt ©
MeOH 9 2E Eol dE3lY] phexanel & F& £ (12

g8, B2 752 T Fste] CHCLE F&, £288k9]
CHCI, °“/\(21 o= AU, T H2 FF5& n-BuOHZ
&, 8lsjel nBIOH o152 g% U, 0197 ool
Z MeOHFZ=EF} 7+ gujlo] E88 PO =E brine shrimp
lethality testE AA]3Fe] 100 pg/m/ ol3kell A LCy, valueE
Uehl= £ vs AUz siglon, o] A=
dujd g ol ALS-3F &5 £ p-hexane?} n-BuOH 7143
o] Aol H8t 64.13 62.7 pg/mi=E ZHzF YERE S
LK(Table 1) ©] % o] Athe o= 87 B% o7t &
Ao 2 YEld n-BuOH 92250 g)E S 2 CHCl,:
MeOH(9 : 1)%-E] CHCl,: MeOH : H,0(3 : 1:0.1)7}A]
stepwise gradient silica gel column chromatographyE 1A
ato] fr. 198 fr. 5704 7)) £ o= UF3ltt ol &
32 4O Z brine shrimp lethality tests AAISH A3} fir.
29} fr. 3°] 100 pg/m/ ©18ke] LC,, 7S Yehfe] ol& F
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Mol B8-S S = silica gel 2 ODS column chro-
matographyS HWHE- 2A]51e] fr, 225 €= 315HE 1(60 mg),
313HE 2(80 mg), 3FE 3(120 me), 32 4(160 mg) 2
shekE 525 mg)yE Eelsilen fr 3o R E= 3= 6
(80 mg)¥} 3FHE 7(55 mg)ye zHzt ettt

3tgHE 1 - Brown powder (EtOH), [a],=-18.8"
(c=0.545, MeOH) m.p., 175~176°C' IR, vher 3321(OH),
1455(C=C), 1257, 1080(C-0) cm'); UV, A, (MecOH)
281, 372 nm; UV, A, (MeOH+NaOH) 288, 428 nm;
UV, A (MeOH + NaOAc) 280, 430 nm; UV, A
(MeOH + NaOAc + H;BO;) 287, 374 nm; UV, A
(MeOH + AIClLy) 269, 303, 357, 424 nm; UV, A,
(MeOH +AICL,+HCI) 280, 374 nm; EI-MS, m/z 290 [M'];
'H-NMR, (200 MHz, MeOH-d,) & : 6.75 (3H, m, H-2',
H-5' and H-6), 5.93 (1H, d, J=2.4 Hz, H-8), 5.85 (1H, d,
J=2.4Hz H-6), 456 (1H, d, J=7.4Hz H-2), 3.98 (1H, m,
H-3), 2.85 (1H, dd, J=5.2, 16.2 Hz, H-4a), 2.50 (1H, dd,
J=82, 162 Hz, H-4b); "C-NMR, (50 MHz, MeOH-d,) &
: 158.29 (C-9), 158.04 (C-5), 157.36 (C-7), 146.69 (C-3'
and C-4"), 132.64 (C-1'), 120.47 (C-6"), 116.50 (C-5"),
115.67 (C-2"), 101.21 (C-10), 96.69 (C-6), 95.91 (C-8),
83.26 (C-2), 69.22 (C-3), 28.90 (C-4).

s}grE 2 - Brown powder (EtOH); [a],=+3.1° (c=
0.35, MeOH); m.p. 235~237°C, IR, vier 3320(OH),
1456 (C=C), 1258, 1081 (C-0) cm'; UV, Amax (MeOH)
280, 378 nm; UV, A,,. (MeOH+NaOH) 288, 431 nm;
UV, A,.. (MeOH +NaOAc) 280, 432 nm; UV, A
(MeOH + NaOAc + H,BO,) 286, 380 nm; UV, A,
(MeOH + AICly) 287, 418 nm; UV, A, (MeOH+AICI;+
HCIl) 280, 385 nm; EI-MS, m/z 290 [M']; 'H-NMR,
(200 MHz, MeOH-d)) & : 6.98 (1H, br. s, H-2'), 6.75 (2H,
m, H-5', H-6"), 5.95 (1H, d, J=2.2 Hz, H-8), 5.92 (1H, d,
J=22Hz, H-6), 4.80 (1H, s, H-2), 4.16 (1M, br. s, H-3),
2.87 (1H, dd, J=4.6, 168 Hz, H-4a), 2.73 (1H, dd, J=2.8,
16.8 Hz, H-4b); "C-NMR, (50 MHz, MeOH-d,) & :
158.46 (C-5), 158.09 (C-3), 157.82 (C-9), 146.42 (C-3'
and C-4"), 132.71 (C-1"), 119.86 (C-6"), 116.36 (C-5"),
115.74 (C-2'), 100.52 (C-10), 96.82 (C-6), 96.33 (C-8),
80.27 (C-2), 67.89 (C-3), 29.67 (C-4).

3}8tE 3 - Colorless powder (EtOH); [a],=+15.6° (¢
=0.28, MeOH); m.p., 221~222°C; IR, vy 3409 (OH),
1610 (C=0), 1473 (C=C), 1261, 1070 (C-O) cm'; UV,
Amaxe (MeOH) 242(s), 277 nm; UV : A, (MeOH+NaOH)
250(5) 286 nm; UV, A, (MeOH+NaOAc) 277 nm; UV,
Ay (MeOH+AICLy) 277 nm; UV, A (MeOH+AICL,+
HCI) 277 nm; EI-MS, m/z 304 [M']; 'H-NMR, (200 Mz,

max

max

max

max
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DMSO-d,) & : 11.97 (1H, s, 5-OH), 6.95~6.82 (3H, br. d,
H-2', H-5' and H-6'), 5.98 (1H, br. s, H-8), 5.93 (1H, br.
s, H-6), 5.05 (1H, d, J=10.8 Hz, H-2), 4.57 (1H, d,
J=10.8 Hz, H-3); "C-NMR, (50 MHz, DMSO-d,,) & :
197.23 (C-4), 166.98 (C-7), 163.39 (C-5), 162.63 (C-9),
145.82 (C-4"), 144.98 (C-3"), 128.10 (C-1"), 119.47 (C-6"),
115.38 (C-5"), 115.16 (C-2'), 100.46 (C-10), 96.06 (C-6),
95.04 (C-8), 83.07 (C-2), 71.57 (C-3).

Slgt=E 4 — Colorless needles (benzene-EtOAc); m.p.,
203 ~204°C; IR, vED' 3419(OH), 1724 (C=0), 1653,
1597 (C=C), 1207, 1176 (C-0) em™'; UV : A max
(MeOH) 224, 252, 298, 341 nm; EI-MS, m/z 192 [M+];
lH—NMR, (200 MHz, Acetone-dy) & : 7.94 (1H, d, J=
9.8 Hz, H-4), 7.29 (1H, s, H-5), 6.89 (1H, s, H-8), 6.27
(1H, d, J=9.8 Hz, H-3), 3.99 (3H, s, OCH,); "C-NMR,
(50 MHz, Acetone-d;) & : 160.65 (C-2), 151.63 (C-7),
150.29 (C-9), 145.55 (C-6), 144.04 (C-4), 112.13 (C-3),
11097 (C-10), 109.47 (C-5), 103.03 (C-8), 55.87 (OCHj).

5188 5 — Yellow powder; m.p. : >300°C; IR, vhor
3298 (OH), 1655 (C=0), 1602, 1567, 1458 (C=C), 1222,
1165 (C-0) cm'; UV, (MeOH) A, 256, 271(s), 297, 372
nm; UV, (MeOH +NaOH) A, 274, 328, 415 nm; UV,
(MeOH +NaOAc) A, 273, 325, 382 nm; UV, (MeOH
+NaOAc+H;BO;) A, 260, 387 nm; UV, (MeOH+AICl,)
Aoy 271, 439 nm; UV, (MeOH + AICL,+ HCI) A, 267,
304, 356, 429 nm; EI-MS, m/z 302 [M']; 'H-NMR,
(200 MHz, DMSO-d,) & : 12.57 (1H, s, 5-OH), 7.75 (1H,
d, J=2.2 Hz, H-2"), 7.62 (1H, dd, J=2.2, 8.6 Hz, H-6"),
6.96 (1H, d, J=8.6 Hz, H-5"), 6.48 (1H, d, J=2.0 Hz, H-
8), 6.26 (1H, d, J=2.0 Hz, H-6).

8lgfE 6 — Colorless powder (EtOH); [a],=-16.4"
(c=1.44, MeOH); m.p., 190~192°C; IR, vy 3362 (OH),
1636 (C=0), 1450 (C=C), 1253, 1160 (C-0) em™'; UV,

Amax (MeOH) 229(s), 292 nm; UV, A, (MeOH+NaOH)
246, 328 nm; UV, A, (MeOH+NaOAc) 251, 329 nm;
UV, A, MeOH+NaOAc+H;BO;) 293 nm; UV, A,
(MeOH +AICLy) 295 nm; UV, A, (MeOH+ AICL;+HCI)
227, 299 nm; FAB-MS, (positive-ion mode) m/z 437
[M+H]"; '"H-NMR, (200 MHz, DMSO-d,) & : 11.72 (1H,
s, 5-OH), 6.91~6.77 (3H, m, H-2', H-5' and H-6'), 5.96
(2H, s, H-6 and H-8), 5.41 (1H, d, J=8.4 Hz, H-2), 4.75
(1H, d, J=8.4 Hz, H-3), 4.00 (1H, br. d, H-1"): "C-NMR,
(50 MHz, DMSO-d,) & : 193.62 (C-4), 167.45 (C-7),
163.48 (C-5), 162.09 (C-9), 145.93 (C-4'), 145.29 (C-3"),
126.70 (C-1), 118.82 (C-6"), 115.45 (C-3"), 114.61 (C-2)),
100.97 (C-10), 100.43 (C-1"), 96.08 (C-6), 95.20 (C-8),
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81.09 (C-2), 74.92 (C-3), 71.59 (C-2"), 69.82 (C-3"),
65.14 (C-4"), 62.26 (C-5".

SlgtE 7 — Yellow powder (MeOH); m.p., 178C; IR,
VKB 3343 (OH), 1661(C=0), 1598, 1438 (C=C), 1214,
1105 (C-O) em ' UV, & (MeOH) 266, 302, 350 nm;

max

UV, . (MeOH +NaOH) 274, 327, 400 nm; UV, A,
(MeOH +NaOAc) 268, 308, 355 nm; UV, A, (MeOH
+NaOAc+H,BO,) 266, 303, 350 nm; UV, A, (MeOH
+AICly) 231(s), 275, 304, 350, 397 nm; UV, A, (MeOH

+AICL+HCI) 231(s), 275, 303, 347, 397 nm; FAB-MS,
(positive-ion mode) m/z 449 [M+H]; 'H-NMR, (200
MHz, DMSO-d,) & : 12.69 (1H, s, 5-OH), 8.12 (2H, d,
J=8.8 Hz, H-2' and H-6'), 6.96 (2H, d, J=8.8 Hz, H-3'
and H-5", 6.50 (1H, d, d=2.0 Hz, H-8), 6.20 (1H, d,
J=2.0Hz, H-6), 5.54 (1H, d, J=7.0 Hz, H-1"); "C-NMR,
(50 MHz, DMSO-d,) & : 177.52 (C-4), 164.59 (C-7),
161.30 (C-5), 160.04 (C-4"), 156.51 (C-2), 156.27 (C-9),
133.24 (C-3), 131.00 (C-2' and C-6"), 120.97 (C-1"),
115.18 (C-3' and C-5", 103.94 (C-10), 100.88 (C-1"),
98.84 (C-6), 93.76 (C-8), 77.54 (C-3"), 76.45 (C-5"),
7424 (C-2"), 69.91 (C-4"), 60.84 (C-6").

gho| &ol - 33t 61 72 ZH7 10 mg¥S 5% HCE:
o]-g-aste] T8Il X7 7FAEt] TRl g & ke
i3l S NaHCO, = F3HAA 55 EOAR 83t
aglyconext8l-S AL, Fe 755 2 E cellulose TLC
plateE ©]-&, n-buthanol-acetic acid-water(4:1:5)& S1|=
TLC 418 AAI3}1aL, anisaldehyde-H,SOA|CFO 2 HHHA]
A 3E 60 ZHE]= L-arabinoseE &1 + AU, 3}
= TE2HEE D-glucoseE ZHz} 891 g 4= it

Brine shrimpe| £3& — Meyer 59 W<
Ao gofetd vt o7 FhtolE AX|g &
of YA B8ghH= ¥l =< F brine shrimp egg(San
Francisco Bay Brand, USA) ¢F 2 g& Y& t}2 aeration?]
ZIAA] Aol X 24417k F-8}A] 7] 5L H-81E brine shrimp
naupliis -34S o|-&3st] £t}

Brine shrimp Bioassay - =& A 8¢ HF H%7}
1000, 100, 10 pg/m7} H=5 A58H S =
Zolt} 3709 vials SHI8FAL 2} vialol] 1
5 30nRI7E S SISt 24A710] At 3 52 shrimp
o] & Aol %-mortalityE 733 linear regression™H =
©]-&3}o] LCyy(Lethal concentration necessary to kill 50%
of the brine shrimp nauplii}2 A3} t}.
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B 3321 cm 'Ol A OH, 1455 cm™'ol|A] aromatic C=C,
1257, 1080 em™'olA C-O°ll €% F5th 7k Yehtar, uv
spectrum®] 281, 372 nmollA] =7 e & o] 3}
TEL flavanAl B 9] 3HER FAH U] shift reagent=
NaOHE 7151 band I°] 428 nm= &34 o]5322 B-
ring®] 4'91x]o| OH7F SA1ES & 4= 3L, NaOAcE 713k
@ band Io] 430 nm 49 o533, T H,BOE 7}
&P 374 nm= ©]E3R= A OB RE] o] F1E-S Bring®]
39} 491217} diolEl = EAIFE & AT 'H-NMR
spectrume HH 6.75 ppmol A 3HO 3E3= multiplet©]
Ueh}=d o]= flavonoid B39] 2!, 5, 6'9] protonsl <]
o Aoz AT 4 Jom, 59337 5.85 ppmelA YERY
= J=2.4Hz?| doublet= 717} H-83 H-6°1 213k Ad=
& = vk E3 4.56 ppmoll A YERYE J=7.4 Hz9]
doublet, 3.98 ppmelA] YER= multiplet, 2.85 ppmollA] Lt
Bl J=52, 16.2 Hz2] double doublet & 2.50 ppmoil A
Yel= J=8.2, 16.2 Hz2] double doublet®ZF-E o] 3}
2 AdZQ flavan-3-0l¢] FEIUS & 5= AUATE'? o]
S} 728 ARS PC-NMR spectrumel] oA e el & 5=
AATE =, 83.26, 69.22 L 28.90 ppmoll A YERFE 26,
3 2 4 RO signalE Z2HEE o] 3}5HE°] flavan-3-
ole] i & 4 AU 919] ARIET MS spectrum
oA molecular ion peak’} m/z 290014 HZHE 7S |
3te] o] FFEL 3, 3, 4, 5, THol OH7} &= flavanA|
do] SRS 1 & AL, AF=TE -188°%
Beg olE Axe #3MV3 nlusle S 15 ()
catechin®. 2 A3t} = 2= FF=E 19 IR
spectrum, UV spectrum, 'H- 2 C-NMR spectrume] -
fARIER U AL e 4T + AT 28
U 'H-NMR spectrumS 2 4.80 ppmolA] UER}E=
singlet, 4.16 ppmoll4] YER}= broad singlet, 2.87 ppmellA]
YUEl= J=4.6, 16.8 Hz] double doublet ¥ 2.73 ppmoi|
A JElYE J=2.8, 16.8 Hz9] double doublet® 2 EI}
£ signalE 3 "C-NMR spectrum®] 80.27, 67.89 2 29.7
ppmell A YEREo] 2:H 3} 3 849 signalEo] 35S
1 Boh= 322 shifte]o] Yehve AR RFE o] 3igte
< 3R 17 OE YA MiSIE sl s o A
oh g AEEE +3.1°% e s3kE 19k vE2A
EFUA T MS spectrum2 2. molecular ion peak”F m/z
2900014 #AZSE o] sIghE 139 TS HAS AL A
S U 5 AT} o] Ael £HATS nlwale] 3}
& 28 (H-epicatechin® 2 A3t IJFE 3& IR
spectrum®] 3409 cm 4] OH, 1610 cm 'l 4] carbonyl”]
o] 98t T4=ull, 1473 cm 'ol|A] aromatic C=C¢l ]38 &
o, 1261, 1070 cm 'ellA] C-00l &8+ &5 So] JeR}
3, UV spectrum®] 277 nmol4 &4=t)7} JERJEZE o]

1

i
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3}3HE-2 flavanone =+ dihydroflavonolAl 8 ] 3}5HE 2
FA = ATt 3 shift reagent® NaOHE 7}8H4A band”}
286 nmz F 3l o]53l 22 B-ring?] 4°9]X]o OH7} &
A 31 flavanone =+ dihydroflavonol Al 8 9] 3H5HE 2
oF 4= A2irk” 'H-NMR spectrum®] 11.97 ppmellA] VR
£ singletS 5o OH7F 24182 YeERFH, 6.95~6.82
ppmOllA Ve = 3HO 33t broad doublet B-ring
o] H-2', H-5' & H-6°1 7]Ql8l= S & 5 AL, 5.98
3 5.93 ppmollA] YER= broad singlets2 22t H-83} H-
6o 719deh= ALS & + Ak =3, 2 A7 &
flavonoids E&} o] 7B} 48| IAP shiftshe Ao2
FE = o] 3}9HE<] flavanone®]Y} dihydroflavonol Al & <]
39S & 5 AT 5.059F 4.57 ppmol A UERFE
J=10.0 Hz¢] doublet®Z5-5] Z}Z} H-22} H-39] protons
of ot S & o INSEE o] 3gE2 3 OH
7} 218kE dihydroflavonol©]™, coupling constant’} H] w2
Z Bl E Yeh e AV ERE 283 33 9] protonE-2
rans® W 9IS & = UATE? olg} e Apd e P
NMRel oM = g1 4= AT 3, 197.23 ppmellA] 4
Hel C=0° I3t signale] YERAL, 83.073 71.57 ppmel]
A 2H 3 3 B4 signalEe] M YERIER dihydro-
flavonol®] 28-S A3 9Je-S & & YAt MS
spectrum®l| 4] molecular ion peak’} m/z 30404 AZSEF 2
2 o] 3RHES 3, 3, 4, 5, 791A1¢l OHE 7KL 9SS
& 5 USITE EF o] SR AFRE +15.6°5 VER
TAeE & YA el A s #@Me 1)
ko] SHHE 38 (+)-taxifolin® 2 ST 33HE 4
9] IR spectrum< B 3419 cm oA OHel ¢]3 &4
1724 cm™ F-20 A4 C=0, 1653, 1597 cm™ 'Sl A] aromatic
C=C A%< Yefll= Fti7F vehtaL, UV spectrums:
B 204, 252, 298, 341 nmoll A E2 27} e} A
02 Ho} o] 3¥ME-2 coumarinA|€ 9] SFEZ FHHN
t}"” '"H-NMR spectrum®] 7.949} 6.27 ppmellA] J=9.8 Hz
2 Yehes 2H2E9] doublete coumarin 232] 4H 7} 3
gharol] EAlsk= protonsel ol AYS & T AALH,
7.299} 6.89 ppmol|A] UER = Z42HE] singlets L 914
Z E u] coumarin®] SH3} 8] ghAol] FEA)3)= proton
Eof 95t AYS & 4= AT 3.99 ppmelld] YER= 3H
o slg3h= singlet & 7H2] methoxylZ]ol] 71%18k= A
S & 5 dAth =3 PC-NMR spectrum¥} MS spec-
trume]] <M= $1o] ARLES Feld &= Qi) =, Pe-
NMR spectrum®]| 160.65 ppm©| A a-pyrone®] carbon
signalo] WFERL, 144,04} 112.13 ppmoll 4] 4 3} 31 2]
BkA signale] YR, 55.87 ppmoll Al methoxylZ|ol] 7191
&= signalo] YERTE 318, MS spectrumol| A& B
©1 m/z 1927} base peak= WERIAL, 7|E} fragmentation ion
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peakEo°] 28 H2l coumarinAlE2] fragmentationg HoIF3L
VLS B = Ut ool AR Fgteta 2
7} Blw3te] 3FHE 42 scopoletin® 2 F4 5t 3HHE
5% IR spectrum®] 3298 cm ' A] OH, 1655 cm "ol Al «,
B-unsaturated carbonyl”]ell ]38t &<, 1602, 1567, 1458
cm A aromatic C=C, 1222, 1165 cm™ |4 C-0°l <]t
Fet)7F YeR} AL, UV spectrum®] 256, 271, 297, 372 nm
oA FFFtH7E YeE R o] 3igte sigtE 3= o
ZA flavoneo |t} flavonolAlE S| St== 9=}, shift
reagent® NaOHZ 7}5PH band 1°] 415 nm% F3FF o]
32 & Bering®] 4939l OH7F A3 & = AU,
NaOAcE 715 band IV} 273 nmZ b 3122 A-ring
o] 7¥oll OH7} EAsHH, ThA]l o7 HBO,E 7I3tH
spectrum®| & FEIE HEoPk= Z0E Hol o] 39t
2 B-ring?] 39} 47} diol@EHIZ EATS & = AT =
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