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Phytochemical Constituents of Climacium dendroides
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The chromatographic separation of organic solvent extracts of liverwort led to the isolation of six
compounds. 2-Chromenone (1), 3, 4-dihydroxy-cinnamic acid (2), 3, 3', 4', 5, 7-pentahydroxy-2-phe-
nylchromen-4-one (3), kaemperol-3-O-3-D-glucopyranoside (4), 3-[[3-(3, 4-Dihydroxyphenyl)-1-oxo-2-
propenyljoxy]-1, 4, S-trihydroxycyclohexane carboxylic acid (5) and quercetin-3-O-rutinoside (6)
were isolated from the methanolic extracts of the all part of Climacium dendroides. Their structures
were established by chemical and spectroscopic methods. All compounds were isolated for the first

time from this plant Climacium dendroides.
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AYAE. =2 Tl (Climacium dendroidesy= 2007 8
|0 7“’45 BT AEE A A A 2 sk
483 gt & ARSI, B2 IEATHATE 7
BA A (ﬁlﬂ— 3 NIHA ooz)oﬂ HyEo] ot

7171 R Ak 842 Electrothermal digital melting point
apparatusg A3} q-zé 3. NMR-2 Varian Unity-Inova-
500 spectrophotometerE ARSI EI-MS spectrum2 JMS
700(Jeol, Japan)®} FAB-MS+= VG70-VSEG(VG Analytical,
UK)E AHE S48t} Column chromatography%- silica gel
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< Kiesel gel 60(Merck)2} RP-18(Merck)& AFE-3}H L,
molecularsieve column chromatography§ packing =2
Sephadex LH-20(GEy& AH&-3lth TLC plate= Kiesel gel
60 F254 precoated plate(Art.552, Merck)S ARE-3FH3, TLC
WAA RS 10% HS0:& AHE-8FY 2™ UV 254 nm, 365 nm
A& ¥ 316Y. =& 2 column chromatography g £+
1§ A9RE, 71EF A%k 1 e 53 42 AMsin
F2 R Y. Ax 5 o 129 L2 UFoE A
41 100% methanol 800 m/&E W7, 24X7F X8 A|A 33 wt
B FE39H. FE2EL 40°C ol 7Y - =31
methanol H712 04 g& AT} o1& FF7 @ AL F
9] dimethyletherE 713l 33 #8& AAS & O 5
S EAetH 5% chloroform(CHCL), ethyl acetate(EtOAc),

n-butanol(BuOH)E =AFH o2 8l £& st L2 chloroform
F38(0.07g), ethyl acetate F3(0.05g), n-butanol +(0.02
) ZHE IFHE 652 EElsiAu-

H3E9 . CHCL F3(007g)< DIAION HP-20
column®l] & A7l & FFHFEF 800 miE2 TAE TS| AlF
 100% methanol® €%, %13 53l thA| CHCL:MeOH
(30:1~10: 12 F= |rlZ 3} SiO, column chromatography
E AXE (719 BIA(CI~C100E Yo, 7 F C3
23S thA] CH,CL:MeOH(35:1)y= &wZ 3l SiO, column
chromatography A8l 7ie] AF-2(C31~C35)2% Wit

o]ZF ARI (C3NE CH,LCL:MeOH(1:1H)E Sz 3}
Sephadex LH-20= A|ste] i) F24) 3hekE 1(10 mg)e
AAQth EtOAc F3(0.05 g1 CHCl:MeOH:H,0(65:35:10)=

Climacium dendroides (12 g)

MeOH 100 % (10 L x 3)

I
Extract (0.4 g)

E1:0 {800 ml x 3} separation

HLO (800 mi) suspension

CHCL; (800 mi x 3)

Residue

DIAION [$P-20 column Wash witly H.0
CHCl;(0.07 g)
Sio, C.C (CHCl:MeOH=30:1 ~10: 1}
H,O
| | | Sig, C.C
EtOAc {800 mix 3)
C1 C3 C10 (CH:Cl:MeOH
=351
| 1 EtOAc (0.05 g) H,0
C51 C32 C35
Sephadex TH20 S C.C
BuOH (800 mi x 3)
(CH,Cly :MeOHs 1:1) (CHCLMeOH:H,0 =65:35:10)
Coumarin (10 mg)
_ Ei E4 E5~6 E9 EI0
Sephadex LH20 (MeOH=%0 %)
'(CHCL:MeOH:H;0 =7:3:1) MeOH=100 %, Reervstallization
Sephadex LH20 (MeQ[i=100 %)
Si02 C.C (CHCl:MeOH:H,0 = 4:1)

I I
BuOH (0.02 g) | SesbadexLitzo H,0

{(MeOH=1060 %)

Bl

| I
B2 Sio,CC BS

| (CHCI;:MeOH = 3:1)

B21

| | Sephadex 1.H20

B211 B215 (MeOH=100 %)

L .

C18 column chromatography

Scheme 1. Isolation of six compounds from Climacium dendroides.
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Z/NEmi=Z 3te] Si0, column ChromatographyS AA18k 10
NEI~EL0) &EEE A2 F, o738 E45 55319 ol
methanol(90%)E &1l2 3} Sephadex LH-202 AA|SH 3
THA]  CHCL:MeOH:H,0(7:3:1) ZA7F €wlZ SiO, column
chromatographyE A, “gAlste] WAl F 2t SI9HE 2(7 mg)
g A3

AF-8 E5~6 5531 °]ES methanol(100%) Sv|= 22
gate] A AR st 39 mege UL, B9 HEE
&3 % methanol(100%)< F7N&]= Sephadex LH-20
column chromatographyS A3} ThA| ¥ & CHCl: MeOH
(4: 12 o= 3} SiO, column chromatography®. A3}
g2 AR = 411 mgE AU

n-Butanol ¥-2](0.02 g2 &= ¥ methanol(100%)g 74
= Sephadex LH-20 column chromatographyS A3l 8
Mol £ (B1-B8)C.2 Il ©|% B2E CHCl;:MeOHB: 1)
ML 2 3led SiO, column chromatographyS AA|51 157]
o] ARIB2~-B215C.E Yo ARE B2l 2¥&
methanol(80%)= |2 3} C18 column chromatography=
AAste] A Al JIFHE 59 mg)S U BS £
MeOH(100%)E &= 3} Sephadex LH-20 column
chromatographyS 2A|sled 1071¢] 423 (B81~B810)C=E 1}
T o) AEE B8 wES methanol(60%)e VIR S}
C18 column chromatography@ %#|3kq 3 kil 315kE 6
(16 mgys AUt}

s}3tE 1. White powder; mp.:. 325~330°C; 'H-NMR
(500 MHz, CD;0D) &: 7.89 (IH, d, J=9.6Hz, H-4), 7.51-
758 (2H, m, H-5, 7), 646 (1H, d, J=9.6Hz, H-3); “C-
NMR (125MHz, CD,OD) & 1627 (C-2), 1552 (C-9),
1456 (C-4), 133.1(C-7), 129.4(C-5), 1258 (C-6), 1203 (C-
10), 117.5 (C-3), 117.1 (C-8) |

3}3HE 2. White powder; m.p: 222~223°C; EI-MS wmiz:
180[M+]; FeCl; test: positive: IR A, KBr, cm™): 3450
(OH), 1650 (C=0), 1515; UV An (MeOH) nm: 323, 295,
230; 'H-NMR (500 MHz, CD,OD) &: 753 (1H, d, J=
15.9Hz, H-8), 705 (1H, d, J=1.5Hz H-2), 695 (1H, dd,
J=8.0, 1.5Hz H-6), 678 (IH, d, J=80Hz, H-5), 621
(1H, d, J=159Hz, H-7); "C-NMR (125MHz, CD;OD) &:
171.0 (C-9), 1493 (C-4), 146.8 (C-4), 146.7 (C-8), 127.7(C-
6), 116.4 (C-5), 115.6 (C-7), 115.0 (C-2)

5}3t= 3. Yellow needles; m.p.: 310~313°C; FeCl,, Mg-
HCl, Zn-HCI test: positive; IR A, KBr, em™): 3380, 3300
(OH), 1670 (a,p-unsaturated ketone), 1610, 1510 (aromatic
C=C), 1360, 1315, 817; UV Anm (MeOH) nm: 258, 305
(sh), 375; "H-NMR (500 MHz, DMSO-d+D,0) §: 6.17 (1H,
d, J=20Hz, H- 6), 639 (IH, d, J=2.0Hz H-8), 6.87(1H,
d, J=80Hz, H-5), 753 (I1H, dd, J=20, 80Hz H-6),
766 (1H, d, J=20Hz, H-2), 1246 (1H, s, C,-OH);, “C-
NMR (125MHz, DMSO-d) & 1469 (C-2), 1357 (C-3),
1757 (C4), 160.7 (C-5), 982 (C-6), 163.9 (C-7), 934 (C-
8), 1562 (C-9), 103.0 (C-10), 1220 (C-1), 1153 (C-2),

145.0 (C-3), 147.6 (C-4), 115.6 (C-5), 120.0 (C-6)

3}8FE 4. Yellow needles; m.p.: 187~191°C; Mg/HCl and
Zn/HCl test: positive; UV Apn (MeOH) nm: 266, 298sh,
320sh, 352; 'H-.NMR (500 MHz, CD;OD) &: 8.04 (2H, d, J
=8.8Hz, H-2, 6'), 6.88 (2H, d, J=8.8Hz H-8), 6.39 (lH,
d, /J=2.0Hz, H-8), 6.20 (1H, d, J=2.0Hz, H-6), 525 (14,
d, J=7.1Hz, anomeric H), 3.70~3.19 (sugar H); “"C-NMR
(125 MHz, CD;0OD) o: 1585 (C-2), 1354 (C-3"), 179.5 (C-
4), 163.1, (C-5), 99.9(C-6), 166.0 (C-7), 94.7 (C-8), 159.1
(C-9), 105.8 (C-10), 122.8 (C-1), 1323 (C-2), 116.1 (C-3Y),
161.6 (C-4), 116.1 (C-5), 1323 (C-6"), 1041 (C-1"), 75.7(C-
2", 78.4 (C-3"), 714 (C-4"), 78.0 (C-5"), 62.6 (C-6")

313HE 5. Yellow oil; mp.: 211-213°C; IR A, KBr, cm™):
3470-3353 (OH), 2927, 1727 (>C=0), 1601 (aromatic), 1458
(cycloalkane), 1189 (phenol); UV A, (MeOH) nm: 216,
242,300 (sh), 326; 'H-NMR (500 MHz, CD;OD) &: 7.67
(IH, d, /J=159Hz, H-7), 7.05 (1H, d, , J=2.0Hz, H-2)),
6.94 (1H, dd, J=8.2, 2.0Hz, H-6'), 6.78 (1H, d, J=8.2 Hz,
H-5), 629 (1H, d, J=159Hz, H-8), 538 (1H, ddd, J=
11.2, 6.2, 50Hz, H-5), 4.11 (1H, dd, J=6.2, 3.0 Hz, H-3),
3.67 (1H, dd, J=10.0, 3.7Hz, H-6), 2.15 (1H, dd, J=14.7,
3.1Hz, H-2), 2.07 (1H, dd, J=14.7, 2.1 Hz, H-6ax), 2.01
(1H, dd, J=14.7, 3.1Hz, H-2eq); "“C-NMR (125 MHz,
CD;OD) &: 181.0 (C-7), 169.2 (C-9), 149.5 (C4'), 1469
(C-73), 1279 (C-1), 123.0 (C-6), 116.6 (C-8), 115.6 (C-
2, 1152 (C-5Y), 77.8 (C-1), 753 (C4), 732 (C-5), 727
(C-3), 40.7 (C-6), 39.3 (C-2)

3}3HE 6. Yellow powder; m.p.. 221°C; FAB-MS wm/:
611]M-+Na]"; 'H-NMR (500 MHz, CD;0OD) &: 1.13 (3H, d,
J=60Hz, H-6"), 435 (1H, d, J=2.0Hz, H-1"), 531 (1H,
d, J=75Hz, H-1-), 622 (1H, d, J=2.0Hz, H-6), 640
(1H, d, J=2.0Hz, H-8), 6.89 (1H, d, J=8.5Hz, H-5), 7.63
(1H, dd, /=2.0, 8.5Hz, H-6"), 7.65 (1H, d, J=2.0Hz, H-
2"; “C-NMR (125 MHz, CD;0OD) &: 156.7 (C-2), 133.5 (C-
3), 177.6 (C4), 161.5 (C-5), 100.1 (C-6), 164.8 (C-7), 93.8
(C-8), 156.8 (C-9), 103.8 (C-10), 121.8 (C-1"), 115.5 (C-2),
145.0 (C-3"), 148.8 (C-4"), 116.5 (C-5"), 1213 (C-6"), 1014
(Gle-1), 742 (Glc-2), 76.6 (Glc-3), 70.1 (Gle-4), 76.1 (Gle-
5), 67.1 (Glc-6), 101.0 (Rha-1), 70.5 (Rha-2), 70.7 (Rha-2),
72.0 (Rha-3), 68.4 (Rha-4), 17.8 (Rha-6)

a4 # O

FHE 1, 2, 3, 4, 5 2 62 oM e Ae EElER

o 4oy 3] Kude F deid JRSolth olF A

55 T3 vinsty 25 ARSI

SIS 12 3 Fatel EAEMA 32 325~330°Co|H,
10% vanillin sulfuric acid A|fx] EAo = BALAT} 'H-
NMR AHEHME apyrone ring®ll 71918= 3, 44 94X
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A3 Al proton signal®] §7.89 (1H, d, J=9.6Hz, H-4)7}
646 (1H, d, J=9.6Hz, H-3)°] YeEl}oW 5 78 9329
multiplet signal®] §7.51-7.58 (2H, m, H-5, 7)°llA] =2 =},
BC-NMR spectrum®l| 41 = Methine group®] signalS & 145.6
(C4), 133.1 (C-7), 1294 (C-5), 1258 (C-6), 1175 (C-3), 117.1
(C-8)1A Bl & 4 AU, § 1627 (C2)N A carbonyl
signate TS ¢ AJh o] AFEEREH IFE 1S 2-
chromenone(coumarin}&. 2 7%= FA39 3 7)Ee] £3198
H|wdled F2E 2R - T3

sigtE 2= WA Bode] EEEA FeClollA oFduke-S
BRI 8-S 222-223°ColH, MS spectrum| A= mz 180
o)A molecular ion peakE T&E 4~ AL IR spectrumol|A]
T 3450 (OH), 1650 (C=0) cm’' SolA 743 F5ds #&
& 4 Y. 'HNMR 2HEHNME §7.53 (IH, d, J=
159Hz, H-8)a 621 (1H, d, J=159Hz, H-7)ol*] trans
couplingdh= proton signale &1 & + SUAX §7.05 (1H,
d J=15Hz H-2), 695 (1H, dd, J=8.0, 1.5Hz, H-6)%
6.78 (1H, d, J= 8.0Hz, H-3)9] proton signalS ABX

Astragalin

coupling system© = 2T 4= QIRItk. PC-NMR spectrumei| ]
= §171.0 (C-9)°1A carbonyl signald& B3I L §149.3
(C-4), 1468 (C-4), 146.7 (C-8), 127.7 (C-6), 1164 (C-5),
115.6 (C-7), 115.0 (C-2)°1X+= olefinic carbon signals ¥z
g ¢ AT ol AEEFH IYE 2v 3, 4-
dihydroxycinnamic acid(caffeic aid)= T+ FY3IRL, 71E&
o] F10L vlwele] F2E ]l - TN

3ISHE 32 A el EAEMN §HL 310-313°Co|H,
10% H,SO,EOHPIA =gk oz ey, 3158 32
Z= IR, UV &=FE¥ 'H-NMR, “CNMR &HEH ZA85E
FAX) 13} v weled 3,3'4',5,7-pentahydroxy-2-phenylchromen-
4-one(quercetin)® 2 TEE G310

SleHe 4= 3 A EFER §HE 187~191°Co|H,
10% H,SOEOH)ONA g o g whlg it Mg-HCl d
Zn-HCl testol] AHFS-S- BT UV spectrum®A= 352 nm
9} 267 nmollM F 79 EAFA] FUE E1E  AUAUTH

'H-NMR ~FHEHM+= §8.04 2H, d, J=8.8 Hz, H-2'6)
9} 6.88 (2H, d, J=8.8Hz H-8)I| A 4-hydroxy phenyl”]cl|

OH

= OH

Caffeic acid

Fig 1. The structure of six compounds isolated from Climacium dendroides.
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71%18k= 270¢] aromatic proton signals ERJIE 4= UYL 5
525 (IH, d, J=7.1 Hz, anomeric H)ol A+ %2l anomeric
proton signals #&EE ¢ A3UTh PC-NMR  spectrum ol A]
chemical shiftE QIs} ool Ag=ZHH JIHE 49 FX
= TR} H|WEte]  kaempferol-3-O-B-D-glucopyranoside
(astragalin)= T2E A SIAT

ptE 5= Y oY E4AEN §HL& 211-213°CoH
IR spectrum®| A= 3470-3353 (OH), 2927, 1727 (C=0),
1601 (aromatic), 1458 (cycloalkane), 1189 (phenol) cm™ 733k
FTrUHE 2 & ¢ U UV spectrumOl A+ 216 nm, 242
nm, 300(sh) nm, 326 nm S<FHHE AT = UJY. 'H-NMR
Z2HEHME §6.94 (1H, dd, J=82, 2.0Hz, H-6)} 6.78
(1H, d, J=82Hz, H-5"9lAl caffeic acid 282} 6, 5 2]
A proton signalE &0 & F AJUTE BC-NMR
spectrum® X = §123.0 (C-6)4 1152 (C-5"°4 caffeic acid
239l 6, 5% carbon signalS 1 I §40.7 (C-6), 393
(C2IX = 2719] methylene groupS #2& 4= Ut o)A
o] ARZRY SIE 5= A0 vlwEle] 3[[3-(34-
dihydroxyphenyl)-1-oxo-2-propenyl]oxy]-1,4,5-trihydroxycyclo-
hexanecarboxylic acid(chlorogenic acid)2 TZ& 435It}

e 62 FN B EHEA §3S 211°C012L 10%
H,S0, (EtOH)°|A] &Aooz AT IR spectrumol A&
3350 (OH), 1654 (C=0), 1605, 1507 (aromatic C=C) cm’
SIM e FHE AFE 4 ISt 'H-NMR A EH
M= 8689 (1H, d, J=85Hz, H-5"), 7.63 (1Hdd, J=8.5
Hz, H-6) ¥ 7.65 (1H, d, J=2.0Hz, H-2)9]4 flavonoid<)
B ring®] proton=3} §6.22 (1H, d, J=2.0Hz, H-6) ¥ 6.40
(1H, d, J=2.0Hz, H-8)°14 A ring® proton & T 4
A} =9 F FEEO §531 (1H, d, JI=7.5Hz, H-1)9)
signalf-8] glucose®] anomeric proton®] BAIE sl YL
A T AN, §4.359] singlet signakS rhamnose®] anomeric
proton®. 2 FAEFYOM, §1.13 3H, d, J=6.0Hz, H-6")
rhamnose®] methyl”]= 43T}t "C-NMR spectrumol X &
S B2HE 7IUsk= F 12709 carbon signal §101.4 (Gle-1),
742 (Glec-2), 76.6 (Gle-3), 70.1 (Glc-4), 76.1 (Glc-5), 67.1
(Gle-6), 101.0 (Rha-1), 70.5 (Rha-2), 70.7 (Rha-2), 72.0
(Rha-3), 684 (Rha-4), 17.8 (Rha-6)% =3l 2R Jo] Ass
Fdee I IS, 53], glucosed] C-6 HRol| o
AgHo] e F5T 7 AU =3 F 27719 carbon
signal 5 B9 signalE AL F 15719] carbon signal®]
Az2ER oW, o= flavonoid®] +4& UERE signal® F7
stien, § 177.6914 C49] carbonyl”|S #&E 4 AUUTh
ol’dd] AEEFE FFE 62 quercetin-3-O-rutinoside(rutin)=
TEE FHBIAA, 7| #RPE vusle] 12E $43%)
At =l Zpgol7]e) Aol #HF A7t Bo] =3 AA
ojtt. Wt E AN FRER F& YFolr|e] &
T AAE AT oeRE Ui Al AFAECR o]lfE &
A TRk ofeld BAS 7E ToEMA ofdFe] Az
Fwe 77 okl AdEn

b
i

& Yiol7)e] Azxer EAE E
< o719l MeOH F%=<5 CHCL, EtOAc 3 BuOH=
£ 331590} CHCL #3225 H 2-chromenone(coumarin)
S E7 3L EtOAc #3894 3,4-dihydroxy-cinnamic acid
(caffeic acid), 3,3'4',5,7-pentahydroxy-2-phenyl-chromen-4-one

R Egs] S8l &

(quercetin}®}  kaemperol-3-O-B-D-glucopyranoside(astragalin) =
28t BuOH -3 2256 3-{[3+3,4-Dihydr oxyphenyl)-
1-0x0-2-propenyljoxy]-1,4,5-trihydroxycyclohexanecarboxylic
acid(chlorogenic acid)®} quercetin-3-O-rutinoside(rutin}s +-2)3}
o IR, UV, Mass, NMR#} ©|3}shde] ¥ ezs I 25 7
B 2& WHol7lelM o] EEEC] EEE A2 AL
2 ®yEe Aot

Key words: Climacium dendroides, {flavonoid, pyrone,
phenylpropanoid, phenolic compound
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