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7171 2 A%, Column chromatography®l] & silica gel 60
(63~200um, Merck, Germany)®  LiChroprep  RP-18
(40~63 pm, ODS, Merck, Germany)S AM-3199T}H. Thin layer
chromatography(TLC)ll = silica gel 60 F,,(Merck, Germany)
¢}  DC-Fertigplatten ~ RP-18  F,, (Merck, Germany)=,
Polarimeter+ P-1010(Jasco, Japan)©Z, EI/MS+ JMSAX
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43 {7180 tisteAsaet A 884 5] (Korea)
oA Aaket 19 AloRS ARESIIEL, 7171840l AMS-E NMR
4 S Aldrich(USA)S] SFAIRS ARS8t 2 e &
EF ARS ARSI, TLC Al AlRe] HAEdle
UV lamp$ 10% H,SO, T&4& AH&33ATH NMRE
400MHz FI-NMR spectrometer, Unity Inova AS 400,
(Varian, USA)E =3 38%3, &7 2 Fisher-Johns melting
point apparatus(Fisher Scientific, USA)Z, IR-2 Spectrum
One(Perkin Elmer, USA)Z, H]HAZEE P-1010Jasco, Japan)
o= FAsn.

Terpenoid®] ¥&]. 4H8% £ 7kg(WA5)E 80% MeOH
FEH (251X 22 Ao FEIAY. FEES AHTF F
45°ColA A FF3AT. 2ol MeOH FEE2 EtOAc
(11x2)% HO(1 b= 24 FE3I%L, T H,05-& n-BuOH
(750 miX )2 FE3th FEES 1531l EOAc 8
(CIE, 10g), n-BuOH ¥3(CIB, 58g)3%} H,0 w3 (CIH,
289 gy AU},

EtOAc 3 (CIE 10g)°ll thate] silica gel(1300g) column
chromatography(7 X 12 cm), [n-hexane-EtOAc =2.5 : 1(3600 m/)
— 1.5:1(1800 m{) > CHCL,-MeOH = 10 : 1(1600 m}) — 8: 1
(1530 m) = 6: 1(1400 ml) = 5: 1(1200 ml) = 2.5: 1(1100
m/) ~ 1.5:1(1000 m)Jate, BFH AT 2+ £HAS TLC(n-
hexane-EtOAc=1:1, CHCL-MeOH=6:1, 3:1, 1: DZ &<l
slo], fAlRE RFEES W 2o, &3l 13719 #3
(CIE-1~CJE-13)S 4}, CIE-6(968 mg)oll thated n-hexane-
EtOAc(3: 1, 3800m)E silica gel(120g) column chromatography
X 12cmyE AAEI 570¢] #3(CIE-6-1 ~CIE-6-5r% 43
t}. o] FolA CIE-6-3(578 mg)ell tHalo] n-hexane-EtOAc
2:1, 3000m)=E silica gel(120g) column chromatography(S
X 12 cm)E AAE 479 BE3(CIE-6-3-1 ~CIE-6-3-4)& &
ATk, CIE-6-3-2(313 mgZolA] 50 mg)ll pyridine 5 mi%} &%
9] acetic anhydride® WWalollM 27let H H2eX sl F

=

-



2kZ9] Terpenoid 145

oF Rkt WHeohS EtOAcet B2 By &3 5 §7)
52 5% HCIZ 23} NaHCO,$F NaClE 718le] =a13ew
A 2333, MgSO, « anhydrous® B8 H o}, 7 5
31t 552 t nhexane-EtOAc [7 : 1(1600m) — 6:1
(1400mf)— 5:1(1200mH)— 3:1B00 m)]2E  silica gel
(100g) column chromatography (4X20cm)E AAl8l 1a
(12mg)¢} 2a (21 mg)S H 53T}

3FE 1a (20,3B-diacetylolean-12-ene):  colorless crystals
(CHCL); mp 183°C; IR v, (KBr) 2975, 1735, 1682cm™;
EUMS m/z=526(M"), 483, 467, 440, 408, 308, 218; [o],*
+29.9° (c=08, CHCL); 'H-NMR (400 MHz, CDCL, §) 5.18
(1H, d, /=35 Hz, H-12), 5.10(1H, ddd, /=104, 104, 44
Hz, H-2), 476(1H, d, /=104 Hz, H-3), 2.04, 1.97(each
3H, both s, acetyl-methyl), 1.10(3H, s, H-27), 1.07GH, s,
H-25), 1.01(3H, s, H-26), 0.92(6H, s, H-23, 24), 0.91(6H, s,
H-29, 30), 0.793H, s, H-28); “C-NMR (100 MHz, CDCl,):

Table 1.

B3E 2a (ursolic acid monoacetate): colorless crystals
(CHCL); 'H-NMR (400 MHz, CDCl, &) 523(1H, dd,
J=3.6, 34 Hz, H-12), 499(1H, dd, J=85, 44 Hz, H-3),
2.04(3H, s, acetyl-methyl), 1.07(3H, s, H-23), 0.96(3H, s, H-
27), 0.87(3H, s, H-26), 0.86(6H, d, J=7.0 Hz, H-29, 30),
0.85(3H, s, H-25), 0.77(3H, s, H-24); BC-NMR (100 MHz,
CDCL,): Table 1.

CJE-8 (1690 mg)oll thsle] CHCL-EtOH [10: 1(4400 ml) —
9:1(4400 m))= silica gel (350 g) column chromatography (6
X20cm) & AAIsle] 16719 £33 (CIES-1~CIES-16) & &1
& 3 (CIE 88, 45mg)g Lt .

338 3 (grayanotoxin IV): colorless needles (MeOH-
Et,0); mp 167~168°C; IR v (KBr) 3570, 3480, 1740,
1632cm™; EUMS m/z =376(M*-H20), 358, 316, 298, 283,
280, 255, 113, 93, 55, 43; [0, —20° (c=0.7, MeOH); 'H-

Table 1. "C-NMR (100 MHz, §_.) data of terpenoids from the flower of Rhododendron yedoense var. poukhanense

oC
No. of Carbon la* 2a* 2% 3% 4k Sk

1 42.04 38.82 39.14 44.28 51.40 51.44
2 70.02 24.05 25.00 38.69 35.53 35.55
3 80.58 80.93 78.12 81.40 82.90 79.86
4 39.48 39.49 40.02 50.31 52.20 52.63
5 58.92 5252 48.09 82.53 84.93 85.13
6 17.36 18.15 18.88 69.55 7412 74.45
7 33.63 3691 33.65 39.70 43.60 43.82
8 39.53 39.01 39.45 47.82 51.14 52.31
9 54.75 47.46 48.09 52.03 56.58 56.44
10 39.27 37.69 37.34 150.66 78.99 79.25
11 23.36 27.98 28.20 23.56 22.64 22.64
12 123.89 125.73 125.57 23.96 27.67 27.21
13 142.37 137.95 139.18 53.10 55.35 56.01
14 40.80 41.89 42.55 82.84 83.56 83.58
15 28.37 30.59 31.16 61.62 60.63 59.91
16 23.12 21.29 23.72 80.42 74.13 81.01
17 47.54 4795 48.09 24.52 23.94 23.44
18 41.39 55.29 53.58 23.14 23.33 23.32
19 44.18 36.72 39.56 18.07 19.35 19.44
20 28.64 32.83 39.48 113.89 2773 27.69
21 31.13 29.69 28.77

22 37.90 38.26 37.52

23 21.99 23.57 24.02

24 21.29 16.69 17.55

25 16.66 17.00 16.71

26 16.74 15.52 15.79

27 27.95 28.07 28.91

28 20.78 170.99 179.78

29 32.64 21.16 17.65

30 26.46 23.27 21.55

170.41
acetyl-carbonyl 17070 183.53 169.94 172.27
17.60
acetyl-methyl 18.14 17.10 21.40 21.36

*1a~4: in CDCL.. ** 4. 5: in CD,OD
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NMR (400 MHz, CDCl,, &) 535(1H, br. s, H-14), 5.17,
500(each 1H, both br. s, H-20), 3.70(1H, dd, J=9.5, 64
Hz, H6), 367 (IH, br. s, H-3), 2951H, dd, /=95, 9.5
Hz, H-1), 276 (1H, dd, /=73, 7.3 Hz, H-9), 2.133H, s,
acetyl-methyl), 2.08(1H, br. d, /=5.0 Hz, H-13), 1.38(3H, s,
H-17), 118 (3H, s, H-18), 0.96(3H, s, H-19); “C-NMR
(100 MHz, CDCl,): Table 1.

oA DL #8) CIE-8-13 (146 mg)°ll thak] CHCL-EtOH
8:1, 2400m)E silica gel (120g) column chromatography
@xX12cm)yE Al 5709 £ (CIE-8-13-1~CJE-8-13-3)%
AUk ©] F CIE-8-13-3 (70mg)S CHCL-EOH (7:1,
1800 m))= silica gel (200g) column chromatography (4X 12
cm) & AN 6719 £¥ (CIE-8-13-3-1~CIE-8-13-3-6)S
BRI, A CIE-8-13-3-2 (521 mg)e] W38l MeOH-H,0
(1:2, 900mHe] €& Al&3td ODS (50g) column
chromatography (4.5X12cm)3l] 34E 4 (19mg)S £2)8}
At

B%HE 4(grayanotoxin I): colorless needles (MeOH-CHCL,);
mp 240~241°C; IR v, (KBr) 3590, 3535, 3420, 1735, 1473,
1454, 1404, 1372, 1246, 1102, 1040, 938 cm™; EVMS m/
=394(M*-H,0), 376, 358, 398, 272, 254; [a], -12° (c=04,
MeOH); 'H-NMR (400 MHz, CD,0OD, &) 5.36(1H, br. s, H-
14), 351(1H, dd, J=112, 44 Hz, H-6), 347(1H, dd, J=
48, 4.8 Hz, H-3), 245(1H, dd, J=144, 44 Hz, H-7a),
206(3H, s, acetyl-methyl), 1.82(1H, dd, J=144, 11.2 Hz,
H-7B), 1.26(3H, s, H-20), 123(3H, s, H-19), 1.08(3H, s, H-
17), 0.873H, s, H-18); “C-NMR (100 MHz, CD.,OD):
Table 1.

n-BuOH #3Q20g)2ZFE silica gel (150g) column
chromatography (5X12cm) [CHCL-EtOH =15 : 1(2800 ml) —
10: 1(1800 ml) > CHCL-MeOH-H,0=9:3: 1(780ml) — 7:3
:1(900 mHIE HAIEH 1971] £& (CIB-1~CIB-19)& 941
Tt CIB-7(1.54g) 8] tisx] CHCL-MeOH-H,0 (12:3:
I, 6400m)E &F E7= 3} silica gel (150g) column
chromatography(4 X 12 cm)& 2Alsle] 13709 £3(CIB-7-1~
CIB-7-13y& ¥3Utt. =L % CIB-7-7(121 mg)S CHCL-EtOAc-
MeOH-H,0 (15:13:5:1, 1800 m)Z €& &E A&3}o
silica gel (80g) column chromatography (3X12cm)E AA|5}
o 3)RHE 5 (15mp)E #2] AASACT.

B}¥E S(grayanotoxin IMI): colorless needles(MeOH-CHCL,,
2:1); mp 232~237°C; IR v__(KBr) 3380, 1465, 1455, 1420,
1385, 1040, 1000 cm'; EUMS m/i =352, 334, 316, 298,
280, 272, 254; [of, —12° (c=0.4, MeOH); 'H-NMR(400
MHz, CD,OD, &) 4.23(1H, br s, H-3), 390(1H, dd, J=
112, 42 Hz, H-6), 3.56(1H, d, J=4.8 Hz, H-14), 1.34(3H,
s, H-20), 1.29(3H, s, H-19), 1.19(3H, s, H-17), 1.02(3H, s,
H-18); “*C-NMR(100 MHz, CD,0OD): Table 1.

SFE 1a9] DolMEE. 1a FHELGOmS FF
MeOHl 531 ¥, 5% KOHZ 7I8l3L A2 k% =9 w
WL, TLCE A7MAIA w82 Q13 & Dowex 50 wX

8(H' form)SE F3AZl § oAFsigict. AL A} w53t
JL silica gel (50g) column chromatography (4X12cm), (n-
hexane-EtOAc=9:1, 1600 m)E A st 3TFE 16 mg)S
23t

3E 1 (20, 3B dihydroxyolean-12-ene): colorless needles
(CHCL); mp 210°C; IR v_, (KBr) 3520, 2985, 1670 cm™;
EUMS m/z =442(M"), 302, 224, 218; [o],* +794° (c=086,
CHClL,); 'H-NMR (400 MHz, CDCl, 8) 5.17(1H, dd, J=
3.6, 3.6 Hz, H-12), 3.70(1H, ddd, J=9.1, 9.1, 42 Hz, H-
2), 3.01(1H, d, J=91 Hz, H-3), 1.133H, s, H-27), 1.04
(3H, s, H-23), 1.01(3H, s, H-25), 0.96(3H, s, H-26), 0.87
(3HX2, s, H-29, 30), 0.833HX2, s, H-24, 28).

SRE 2a0) BolNEEl. 2a FFEIAGOmeE SEE 1a
9 ZAdaA H#Fd F silica gel (50g) column
chromatography (4 X 12 cm), (n-hexane-EtOAc=9:1, 1600 m/)
2 AAEA 3E 2 (22mgE A

3FHE 2 (ursolic acid): colorless needles (CHCL); mp 279
~281°C; IR v__(KBr) 3440, 2940, 1700, 1690 cm™; EUMS
m/z =456, 247, 203, 189, 133; [o],* +66° (c=1.2, MeOH);
'H-NMR (400 MHz, CDCl, &) 547(1H, dd, J=3.0, 3.0
Hz, H-12), 345(1H, dd, J=10.8, 6.8 Hz, H-3), 1.273H, s,
H-23), 1.23(3H, s, H-27), 1.03(3H, s, H-26), 1.00(3H, s, H-
24), 099(3H, d, J=64 Hz, H-30), 0.943H, d, /=60 Hz,
H-29), 0.873H, s, H-25); “C-NMR (100 MHz, CDCL):
Table 1.

Zn ¥ ng

A+- 2 (Rhododendron  yedoense var. poukhanense) %9
MeOH FEE27E &0l& ARgsld Alg £33l EtOAc
#E(CJE) n-BuOH ¥ (CIB)* H,0 #¥(CIH)< 27
0.14%, 0.83%, 4.13%°] T&2 A3t

CJE ¥ CIB #&9°2%E column chromatographys WHS
AABIAY otAEst e 2opxEstsled 1ao, 3P
diacetylolean-12-ene), 120, 3B dihydroxyolean-12-ene), 2a
(ursolic acid monoacetate), 2(ursolic acid), 3(grayanotoxin
IV), 4(grayanotoxin I), S(grayanotoxin IHE ZHz} £, A
3kt

3138 la= 'H-NMR (400 MHz, CDCL) spectrum®l| A 1
702] olefine methine (85.18), 2712] oxygenated methine
proton (85.10, 34.76) signal®] FZHATE FgH, 2709] acetyl
methyl proton signalo] 82.04, 8197914 FZ=Hh 1=]3,
8712] methyl proton signal®] 81.10~0.79 ppmAle]ellr] zhz}
singlet® 2 AZSHATE, Wb, o] SRHES Ul olFAY,
2702] acetyl”]1E 7} triterpeneoid BHEZ AHEHALH, 8
7}2] singlet methyl”’]S HUYSZH oleananeZZOoE FGH
Atk BC-NMR(100 MHz, CDCL,) srectrume R, 27 <]
acetylZ1ol 3 2709) carbonyl (5170.41, §170.70) & 27}
©] methyl proton (818.14, 817.60) signal®|ol 3070¢] &4
signale] #ZEF AT 2L, 149 o|FAF (8123.89,
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8142373 27019] oxygenated methine carbon signal (870.02,
380.58)°] HZHATH. AAHORE acetyl’| & Ajshd v A
3 49 ©4 770, methine ¥4 67, methylene B4 971,
methyl 4> 8717} A5E T 09} 22 daas 32} VAL
& A3 3%E 1at oleananeZ A} 29, 39 ¥4l 2719
acetyl?]7} EASIAL 12913 13 Aol olFAF e} X%
20,3B-diacetylolean-12-ene®)2h= AE2& WA =HAUtt 1az
FH gz Azt acetyl7]E AAS IE 1 (2003B-
dihydroxyolean-12-ene)2 4%121, 313HE 19 'H-NMR data
BEREHE o FxEF IRVE £ JUH. IFdE 12
Rhododendron macrocepalum®) <= (bud)olA E2|H 3L Hof ST},

3l3HE 2a°] 'H-NMR (400 MHz, CDCL,) spectrumeflr] &
N9 olefine methine (85.23) ¥ 3t 7H<] oxygenated methine
(84.99) signale] #ZH Ytk ZA T 5702 singlet methyl
signal (81.07, 80.96, 80.87, 80.85, 80.77) 270<] doublet
methyl proton (50.86) signale X OS2 ursaneF 4 <]
triterpeneoid ¥ & F5 4 AUJ T "C-NMR (100 MHz,
CDCL,) spectrum KHH, acetylZ1olM FEiE 1719 carbonyl
(5183.53)3 174¢] methyl (817.10)& AL)ska 2% 30719 &
A signalo] #2HYct. 2 o) §F He] carbonyl (5170.99)3%
olefinic quarternary  (8137.95), olefinic methine carbon
(8125.73) signale] #ZES1tE. DEPT spectrum® 304 774
o] 45%4, 7702 methine signal?t 9712l methylene signal
223 7709} methyl signale Zbz} 1319} 919 AHE
T8 v A3 3FE 2a% ursolic acid monoacetate

C=10..

Acety!
Carbony.
Carbon

Fig, 1. HMBC spectrum of grayanotoxin IV (3) from the flower of
Rhododendron yedoense var. poukhanense.

(3B-acetoxyurs-12-en-28-oic acid)Z 7G55, = 2a&
Szla] Azlsled AL 29 spectrum datals £ ursolic
acids} X BT

358 39 'HNMR@00 MHz, CDCl) spectrum]A]
olefine F=olA germinal coupling® 3F= 85.17, 5.00 (each
1H, both br s) signal®] #ZEo] exomethylene®] EA7F &
oI E k. S, 8535, 83.70, 83.679) 3709} oxygenated

20, 3P dihydroxyolean-12-ene (1) Ry, Rz = H
(18) R1. Rz = Ac

grayanotoxin IV (3)

2 R=H
(2a) R=Ac

ursolic acid

grayanotoxin
grayanotoxin

| (4) R = Ac
M) R = H

Fig. 2. Chemical structures of terpenoids isolated from the flower of Rhododendron yedoense var. poukhanense.
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methine proton signale] AZE|t}. T8 acetyl”]9] methyl
proton signal®] 82.13°14 HZEH AL 3709 singlet methyl
proton signal®] 81.38, 51.18, 80.96°1A4 #AZHATh 374
oxygenated methine proton signal% 1707} 85.352 AAEoE
shiftd HOZRE aceryl’l7t AV Y= AL F5Y &
913tk C-NMR (100 MHz, CDCL) spectrumollA] acetyl”]
el carbonylZ methyl carbon signal (8169.94, §21.40))
of 2070 B4 signalo] #ZE o] o] 39HE<] diterpenoid !
o] BRIFAL, 70 olefinic quaternary carbon (8150.66)%
370¢] exomethylene (8113.89) signalo] FE= vk, E3 370
2] oxygenated methine carbon (382.84, 881.40m, 869.55)3F
2719 oxygenated quarternary carbon (882.53, 880.42)°] &=
F3th, 282 DEPT spectnm O EHE 4712 methylh 574
9] methylene, 6709 methine 223 7709 quarternary
carbond] EAIE FRIsINTE webA, o] SRHE-S exomethylene
S Zh= ©13EE N, hydroxyl?] 44, acetyl”] 1S ZHe
diterpenoid2 WF3IAT. ©] FE9] ©]FZF, hydroxyl B
acetyl”19] $1XE ] Y5k HMBCE &X3Ict. 3%t
E 32 HMBC spectrum(Fig. 1)olA H-1(52.95) H-9(52.76)
signale] C-20(8113.9), C-10(8150.6) signal 32} cross peak
(Fig. 19 a~d)E HAFOZH exomethylene®] homo B2
C-1, C9ARlel e C-100] EAITE ERIT + AU} &3
H-14(85.35)2] oxygenated methine proton signal®] acetyl
carbonyl carbon (6169.94), C-15(361.62) 2 C-16(580.42)
signal?} cross peak (Fig. 19] e~g)& BAFOEZHN C-149)
hydroxyl7]¢l] acetyl’} X1¥=oA IS5 E18kqict. E3 H-
30] C-2, C49 H-62 C-59% C-8349} correlations HFL
M (spectrum UIHE) ZHzZt hydroxyl7]19] 91X ER1SITh.
ol AxE FHIL FFE 39 daad RV v
A3 3R 32 AgeEld A8 $7E A-nor-B-homo=7]
< 7k A9 kaurane diterpencid®! grayanotoxin IVE 3783}
Ak, 382 49 NMR spectrum(CD,0D)S grayanotoxin IV
GRE 33 w9 fARsIA. oet SiEE 39 s olFA
o]l #FAZHzA e A & /K9 methyl 71(827.73) <}
oxygenated 45 B (878.99)7 #ZEc}. wlelA o] IEH=E
£ 3 (grayanotoxin IV)2] C-103}+ C-2041e]9] ol5AF ] 3}
o} C-100] hydroxyl?]7} X252, C-200] methyl= $HAE
grayanotoxin 1= o B3} datad v]wsle] 2
E #F9stdy. 3FEE 59 NMR  spectrum(CD,0D)E
grayanotoxin I(3HHE 43} vi-¢ FAEIAT. O acetyl”]
signale] FZEA] RobA IFE 42FEH Hokddssie] 44
H, & grayanotoxin MZ FF3IRIL FAIAT da’t LA|3F
A}, FIE- 49} 5= Rhododendron molled)¥] EEE T %o
Aot

o|tol E2) ¥ terpencid 3}FEZF, oleanane T4 & 2=
terpenoid SFFE-S 2L, AP FURRE B9 7
A, g Zhetial R Ho] 313, ursane FAE 2+ ursolic
acid_o/] 73_?_% _/l\_%x %’14) 60]‘&1—}%,15’17) lxlﬁaﬂ%gix_“ ’12,]5) }5]_]1:(
G oA Qe Aok F7F AR O 7R &4
Ho] =], chiin FGAE TF FRANEHPE 2=

7 Buse] gt ®& grayanotoxintt diterpencide 44
N AeE A Qi) #E Uit 4F oA 24
AAFHOE 72 Yok B3 Ho] Jo™, ratzt moused
1938 gl g FAS o] LD A7t ilg- we
™, GOT$ GPTe X5 ¥3|1, 7} vige] ZAE A
713 7150l FTE FH, WdFe FE AL A=
B b} gl

%02 oE terpenoidsFTES] ThE thkek AElE o
A g4e 28E AHolr.

A

0 o do L

AR 2
B 3= 2221549 Bio Green 2117} =tadact
oA X deke Ay AEUAIATFAIE (SROZFH A9
gk Q7|2 Y EHFU
ey
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Isolation and Identification of Terpenoids from the Flower of Rhododendron yedoense var. poukhanense

Yoon-Hee Hong, Myoung-Chong Song, Jae-Tack Han, Tae-O Jang, Youn-Hyung Lee, Sung-Hoon Kim', Seung-Ae
Kim', Mi-Hyun Park? and Nam-In Baek* (Graduate School of Biotechnology and Plant Metabolism Research Center;
'Graduate School of East-West Medical Science, Kyung Hee University, Suwon, 449-701; *Eromlife Co. Ltd., Seoul,

135-010, Korea)

Abstract: Extracts were obtained from the flower of Rhododendron yedoense var. poukhanense. (7kg) in 80%
aqueous MeOH and successively fractionated with solvent of EtOAc, n-BuOH and H,0, successively. Silica gel and
ODS column chromatographies of the EtOAc and n-BuOH fractions were repeatedly carried out by using the various
solvent systems to give five terpenoids. Chemical structures of the isolated terpenoids were determined as 201,3(-
dihydroxylolean-12-ene (1), ursolic acid (2), grayanotoxin IV (3), grayanotoxin [ (4) and grayanotoxin I (5) based
on the interpretation of several spectral data including 2D-NMR such as 'H-'H COSY, HMQC and HMBC.

Key words: Rhododendron yedonse var. poukhanense, dihydroxylolean-12-ene, ursolic acid, grayanotoxin
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