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Flavonoids from the Flower of Clerodendrum trichotomum
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Abstract — Seven flavonoids were isolated from the flower of Clerodendrum trichotomum. Their structures were identified as
apigenin (1), genistein (2), chrysoeriol (3), genistein 7-O-glucoside (4), kaempferol 3-O-glucoside (5), isorhamnetin 3-O-glu-
coside (6) and apigenin 7-O-glucoside (7) on the basis of spectral data. These compounds were isolated from C. trichotomum
for the first time. The antioxidant activity of compounds 1-7 were evaluated by the ORAC (oxygen radical absorbance capacity)
assay, and the ORAC values were expressed as relative trolox equivalent. All isolated compounds exhibited antioxidant activity.
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SHE 7(2.0 mg)S AA|BFAT

5l8M2 1 - Yellowish amorphous powder; 'H-NMR (500
MHz, DMSO-dy) &: 6.18 (1H, d, /=2.0 Hz, H-6), 6.46
(1H, d, /=2.0 Hz, H-8), 6.73 (1H, s, H-3), 6.95 (2H, d,
J=8.5 Hz, H-3, 5", 790 (2H, d, J/=8.5 Hz, H-2, 6",
12.93 (1H, brs, 5-OH); "C-NMR (125 MHz, DMSO-d,)
3: 94.7 (C-8), 99.8 (C-6), 103.9 (C-3), 104.7 (C-10), 117.0
(C-3, 5", 122.2 (C-1Y), 129.5 (C-2, 6'), 158.2 (C-7), 162.1
(C9), 162.5 (C-4"), 164.8 (C-2), 165.3 (C-5), 182.9 (C-4);
ESI-MS (positive mode), m/~z 271 [M+H]; ESI-MS
(negative mode), m/z 269 [M-H]

3l8H2 2 - Yellowish amorphous powder; 'H-NMR (400
MHz, CD,0OD) é&: 6.22 (1H, d, J=2.0 Hz, H-6), 6.34 (1H,
d, /=2.0 Hz, H-8), 6.84 (2H, d, J/=8.4 Hz, H-3', 5'), 7.37
(H, d, J=8.4 Hz, H-2, 6, 8.04 (1H, s, H-2); "C-NMR
(100 MHz, CD;0D) : 95.8 (C-8), 101.6 (C-6), 107.3 (C-
10), 116.8 (C-3', 5", 123.1 (C-1"), 1243 (C-3), 131.3 (C-
2, 6), 154.5 (C-2), 158.8 (C-4"), 159.1 (C-9), 163.5 (C-5),
164.8 (C-7), 182.7 (C-4); ESI-MS (positive mode), m/z
271 [M+H]"; ESI-MS (negative mode), m/z 269 [M-H]

5l8t2 3 - Yellowish amorphous powder; 'H-NMR (400
MHz, CD,0OD) &: 3.96 (3H, s, 3'-OCH,), 6.21 (1H, d,
J=2.0 Hz, H-6), 6.44 (1H, d, /=2.0 Hz, H-8), 6.58 (IH, s,
H-3), 7.09 (IH, d, J/=8.4 Hz, H-6'), 7.40 (1H, d, J=2.0
Hz, H-2), 7.52 (1H, dd, J=2.0, 84 Hz, H-5'); "C-NMR
(100 MHz, CD,0D) &: 55.5 (3'-OCH;), 94.9 (C-8), 99.3
(C-6), 103.0 (C-3), 105.7 (C-10), 114.2 (C-2), 116.6 (C-
5", 119.8 (C-6"), 122.5 (C-1'), 146.1 (C-3"), 1504 (C-4"),
156.9 (C-9), 161.5 (C-5), 163.5 (C-7), 164.7 (C-2), 182.5
(C-4); ESI-MS (positive mode), m/z 301 [M+H]"; ESI-MS
(negative mode), m/z 299 [M-H]

5l8M= 4 - Yellowish amorphous powder; 'H-NMR (400
MHz, CD,0D) &: 3.20~3.50 (4H, m, H-2"~5"), 3.56 (1H,
dd, J=5.6, 12.0 Hz, H-6",), 3.76 (1H, d, J=2.4, 12.0 Hz,
H-6"), 495 (1H, d, /=7.2 Hz, H-1"), 6.42 (1H, d, J=2.0
Hz, H-6), 6.61 (1H, d, /=2.0 Hz, H-8), 6.75 (2H, d, J/=8.8
Hz, H-3', 5'), 7.29 (2H, d, J=8.8 Hz, H-2, 6'), 8.05 (1H,
s, H-2); "C-NMR (100 MHz, CD,0D) & 62.3 (C-6"),
712 (C-4"), 72.7 (C-2"), 77.6 (C-3"), 78.1 (C-5"), 95.6
(C-8), 1014 (C-6), 101.8 (C-1"), 107.2 (C-10), 116.7 (C-
3, 5", 123.0 (C-1), 1243 (C-3), 131.2 (C-2, 6"), 154.3
(C-2), 158.8 (C-4'), 159.0 (C-9), 163.3 (C-5), 164.5 (C-7),
182.5 (C-4); ESI-MS (positive mode), m/z 433 [M+H]';
ESI-MS (negative mode), m/z 431 [M-H]|

582 5- Yellow amorphous powder; 'H-NMR (400
MHz, CD,0D) &: 3.20~3.50 (4H, m, H-2"~5"), 3.50 (1H,
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dd, J=5.6, 12.0 Hz, H-6",), 3.70 (1H, d, /=2.4, 12.0 Hz,
H-6"), 521 (1H, d, /72 Hz, H-1"), 620 (1H, d, J=2.0
Hz, H-6), 6.40 (1H, d, /=2.0 Hz, H-8), 6.94 (1H, d, /=8.8
Hz, H-3', 5'), 8.04 (1H, d, J=8.8 Hz, H-2, 6; "C-NMR
(100 MHz, CD,0D) &: 62.8 (C-6"), 71.5 (C-4"), 75.9 (C-
2"), 782 (C-3"), 78.6 (C-53"), 953 (C-8), 100.7 (C-6),
104.4 (C-1"), 105.4 (C-10), 116.2 (C-3', 5", 123.0 (C-1"),
1324 (C-2', 6, 135.6 (C-3), 158.8 (C-2), 159.0 (C-9),
161.8 (C-4"), 1632 (C-5), 168.0 (C-7), 179.5 (C-4); ESI-
MS (positive mode), m/z 449 [M+H]"; ESI-MS (negative
mode), m/z 447 [M-HJ

5182 6 - Yellow amorphous powder; 'H-NMR (400
MHz, CD,0D) &: 3.20~3.40 (4H, m, H-2"~5"), 3.45 (1H,
dd, /6.0, 12.0 Hz, H-6",), 3.82 (1H, d, J=2.0, 12.0 Hz,
H-6")), 3.84 (3H, s, 3'-OCH,), 5.16 (1H, d, /~7.2 Hz, H-
"), 595 (14, d, J=2.0 Hz, H-6), 6.11 (1H, d, /2.0 Hz,
H-8), 6.79 (1H, d, /=84 Hz, H-5"), 7.49 (1H, dd, J=2.0,
84 Hz, H-6), 7.80 (1H, d, J=2.0 Hz, H-2'); “"C-NMR
(100 MHz, CD,0D) &: 55.3 (3-OCH,), 61.5 (C-6"), 71.6
(C-4"), 75.6 (C-2"), 76.5 (C-5"), 77.2 (C-3"), 94.5 (C-3),
99.2 (C-6), 104.6 (C-1"), 105.8 (C-10), 113.0 (C-2), 114.2
(C-5"), 1234 (C-6), 124.1 (C-1'), 1353 (C-3), 148.7 (C-
4, 1503 (C-3), 1582 (C-2), 158.7 (C-9), 164.4 (C-5),
166.2 (C-7), 179.4 (C-4); ESI-MS (positive mode), m/z
479 [M+H]'; ESI-MS (negative mode), m/z 477 [M-H]
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5182 7 - Yellow amorphous powder; 'H-NMR (400
MHz, CD,0D) &: 3.20~3.50 (4H, m, H-2"~5"), 3.65 (1H,
dd, J=5.6, 12.0 Hz, H-6",), 3.92 (1H, d, /=2.0, 12.0 Hz,
H-6"), 498 (1H, d, J=7.2 Hz, H-1"), 6.40 (1H, s, H-3),
6.54 (1H, d, J=2.0 Hz, H-8), 6.76 (1H, d, J=2.0 Hz, H-6),
6.78 (2H, d, J=8.6 Hz, H-3', 5", 7.80 (2H, d, J=8.6 Hz,
H-2, 6); "C-NMR (100 MHz, CD,OD) &: 62.6 (C-6"),
71.7 (C-4"), 749 (C-2"), 77.6 (C-3"), 78.8 (C-5"), 99.2
(C-8), 104.8 (C-6), 105.0 (C-1"), 106.6 (C-3), 109.4 (C-
1, 117.2 (C-3', 5", 123.3 (C-10), 129.5 (C-2, 6", 160.1
(C-7), 160.7 (C-9), 162.7 (C-4"), 164.4 (C-2), 166.3 (C-5),
180.4 (C-4); ESI-MS (positive mode), m/z 433 [M+H]';
ESI-MS (negative mode), m/z 431 [M-H]|

gt} g =X (ORAC Assay) — 229 3}5E9] 3
2¥s} €4d-2 ORAC(Oxygen Radical Absorbance Capacity)
assay W2 S AR50 peroxy radicale] AT &
Holl 93 fluorescent?] 7Hag WIS =AH3IAT
Fluorescent microplate reader= Synergy HT plate reader
(BIO-TEK, VT, USA)E A8} 3L 2,2'-azobis(2-methyl-
propionamidine) dihydrochloride®} trolox, Aphycoerythrin
& Aldrich Chemicaloll X &1t} 2 Aol 7o 2
FFole] % W 3 38 Aoe] A|xoll= phosphate
buffers AH8-3193L fluorescent microplate readerlA] &17]
2 W= oS 747} 530 nme} 590 nm7F E)A] 2dste] Ab

g3tk

5 R=H
6 R=OCH,

Fig. 1. Chemical structures of compounds 1-7 isolated from the flower of Clerodendrum trichotomum.
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chemical shift #t3} coupling &, 2212 1719] methoxy
group®ll sk A 309 xjol2HE 3= 17 3&
Z+7} apigenin®} chrysoeriol S & F ANSH o] =]
spectral data £3 B3 g P 2 Ax)slit). skt
2= ESI-MSOlA YERE m/z 2709] molecular ion peak$}t
'H-NMR spectrum®] & 8.04¢l4 &3} H-2 protone] &
A2l singlet peakZ5-E isoflavone 3}5=2] genistein®
2 2R3 B3 712 spectral data®®?"9be] H] w2 RE
o2 FAsqth 33E 4= 'H-NMR spectruml| A
aglycone®l| sFal= G0l seHE 29 Ao LR8I,
F7HH O 2 § 4.95904 T2 anomeric proton®l] 3l E3l=
signal®] J=7.2 Hz2] doublet®. 2 #3259t} ESI-MSZ -
Bl do7 432¢] Akt BC-NMROA et glucose®]
signalS(5 623, 712, 727, 776, 78.1, 101.8)25F] 2 3}
FHE-L& genistein®l] glucose 1 mole] 23d E2YS &
7 AUt genistein?l| M glucose®] A #1321 5 A9} el
= 'H-NMReI4] WER anomeric proton®] chemical shift
9} coupling O Z5-H genistein®] 7-OHY S 2515 AL
3 7] spectral data”?Pe}e] ¥ w2 RE] FFE 4=
genistein 7-O-f-D-glucopyranosideZ 211313}, 348 4
F EEE doRl 319k 59 62 ESIMSIAM dojid #
215} NMR spectra®] signals 27 flavonol Bl 42
A5k 'H2 PC-NMR spectradlA] VFERY B3] signal
E25H AFH T2 glucosed S & = ASTE T 4
3 912+ 'H-NMR spectrum®] & 5.21(d, J=7.2 Hz), 5.16
(d, J=7.2 Hz)elX Ve Z}7F9] anomeric protons2]
S 2HE BT 3-0HY A¢E] es FHs0H. 47
9] aglycone flavonolZ] B-ring®] NMR signat==} 85}
E 60l 71302 A5 31b2] methoxy signal 25
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Table I. Antioxidant activity of compounds isolated from
the flower of Clerodendrum trichotomum on ORAC assay

Compounds ORAC,;
1 0.68+0.11
2 1.18+0.15
3 0.93+0.09
4 1.06+0.20
5 0.71+0.14
6 1.1440.12
7 0.78+0.09
Trolox 1.00

Z}z} kaempferolZ} isorhamnetin® 2 731 Th. o]/de] 4
#=HH sgE 59 62 2t} kaempferol 3-O-p-D-
glucopyranoside”)i’v} isorhamnetin 3-0—ﬁ-D—glucopyranoside30)
2 v A sigtE 72 A FAY EEE ESI-
MSZH-E Aojzl 4329] A3 NMR spectra®] g2
ZHE e o] A3t flavone glycosidedS & 4= 3
2tk "H-NMR spectrum®l| 4] apigenin®l| 3 @3}= proton
signalE34 & 4.98(d, J=7.2 Hz)] anomeric proton signal=Z%-
B glucose 1¥A7} 7-OHoll A3 apigenin glucosided <
A9t} o] PC-NMR spectrumell = 218 = 9Iglo
w o] 4o AFHRHE FFP=E 72 apigenin 7-0-p-D-
glucopyranoside® A7 3R £ 3}3H=-2] spectral data™=
= 714 Vs & dxsanh

Clerodendrum 4 2| =2 &itsl &4 5 ks E4o]
ATE AEo] Wol EAshY 1 oFeky 7hsAdo] =& A
o REY vy B Lo ¥ FehE w7t

Z oFgdo] AFENe™ TF/3E<] phenylpropanoidsh
FHEES st GAo] T B E TP weg
T 29| EtOAc w8225 T4 sIgEe] itst &
A 4 ATt dvlste AYEE =Y e e
ORAC assay¥]™S % 83to] ZAE3}Sth ORAC values=
iz =4= troloxE AHSINAL, thx 29 values 12
g A Bl Rt} TP R2oERY FeE 7
9] flavonoidsietEe] st &S 293 4% =& 3t
e or e ks S-S YR, 53] sigHE
2, 3, 4, 6°A] H|wA] 73t itsl S48 YERATK Table
D).

4 =

FE U 3 MeOH F+E =2 EtOAc £33 4<%
column chromatography°ll 4-&-3le] 7552 3l5HE-S H2)3}
R, L olgltA 54 9 717 24 ARE FERE Y
skt #2lE 3922 flavonoid®! apigenin(1), genistein
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(2), chrysoeriol(3), genistein 7-O-glucoside(4), kaempferol
3-O-glucoside(5), isorhamnetin 3-O-glucoside(6) 2! apigenin
7-O-glucoside(7)E £3 ¥ 2E 53lo] el H43t3).
Fod 750 stee FedUTEYYH A 22 B
== Aot} ORAC assayH< o83t B¢ 315hEe] 3
Arsh g4 AA A, BE stES o] e it &
A& YERIAL, 53] SE 2, 3, 4, 60] WA w2 &
3E& Uehleh & d7ellM Zeld sigtest st &
3 AR Y FEPdubre] 3 B3 ofg oA T}
217} om tfst G50 A B8 0= Al
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