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Triterpenoid Derivatives from the Twigs of Stephanandra incisa

Jeong-Yeon Kang, Yongsoo Kwon, and Heejung Yang*

College of Pharmacy, Kangwon National University, Chuncheon 24341, Korea

Abstract — Eight triterpenoid compounds were isolated from the 80% methanol extract of the twigs of Stephanandra incisa
(Thunb.). Based on spectroscopic and physicochemical analyses, the isolated compounds were identified as ursolic acid 3-ace-
tate (1), pomolic acid 3-acetate (2), pomolic acid (3), euscaphic acid (4), tormentic acid (5), hyptadienic acid (6), maslinic acid
(7), and betulinic acid (8). To the best of our knowledge, this is the first report of triterpenoid constituents from the genus

Stephanandra.
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Table 1. NMR spectra data for compounds 1-5
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la 2a 3b 4c Sc
Position - - - - -
Oc, type oy (J in Hz) ¢, type 6y (Jin Hz) o, type Jy(Jin Hz) J, type oy (Jin Hz) J, type Jy(J in Hz)
1.09, m 1.07, m 1.60, m 1.28, m 1.58, m
1 38.2, CH, 1.28. m 38.2, CH, 1.63. m 39.0, CH, 1.00. m 42.5, CH, 1.57. m 42.7, CH, 124, m
3.64, ddd
1.63, m 1.62, m 1.86, m 3.94, dd ’
2 23.5, CH, 1.63. m 23.8, CH, 1.97. m 28.6, CH, 1.86. m 67.2, CH (1.6, 12.0) 69.5, CH (4.151, 2).5,
4.50, dd 4.50, dd 3.46, dd 3.33,d 2.93,d
3 80.9, CH (5.9, 102) 81.1, CH (6.3,9.7) 78.7, CH 49, 11.2) 80.1, CH 2.8) 84.6, CH 9.5)
4 37.6, C 378, C 395, C 394, C 40.5, C
5 552,CH 0.86,s 553,CH 087,s 564,CH 088, m 493,CH 125m 567,CH 124, m
1.36, m 1.38, m 1.60, m 1.40, m 1.45, m
6 18.1, CH, 152 m 18.4, CH, 1.54. m 19.4, CH, 1.43. m 19.3, CH, 1.47. m 19.7, CH, 131 m
1.36, m 1.31, m 1.60, m 1.30, m 1.58, m
7 32.8, CH, 1.52. m 32.7, CH, 1,49, m 34.1, CH, 142, m 34.1, CH, 1.59, t (4.4) 34.1, CH, 131, m
8 394, C 40.1,C 40.9, C 41.3,C 41.1,C
9 474,CH 153, m 472,CH 163, m 483,CH 167, m 482, CH 187, m 486,CH 1.83, m
10 36.8, C 377, C 378, C 39.5,C 39.2,C
1.91, dd
’ 2.02, m
(3.6, 8.8) 1.62, m 2.09, m 2.00, m ’
11 23.2, CH, 1.91, dd 23.7, CH, 1.97. m 24.5, CH, 2,09, m 24.7, CH, 2,04, m 24.8, CH, (i 796,1;1(2)
(3.6, 8.8) B
12 125.7, CH5.24, t (3.6) 129.5, CH 5.34, t (3.8) 128.5, CH 5.64, t-like 129.4, CH 5.30, t (3.7) 129.2, CH 5.31, t (3.7)
13 1379, C 138.1, C 140.5, C 140.1, C 140.2, C
14 41.8, C 412, C 42.6,C 427, C 427, C
1.09, m 1.05, m 2.18, m 1.02, m 1.75, m
15 279, CH, 1.85. m 28.3, CH, 172 m 29.3, CH, 1.63. m 29.6, CH, 1.81. m 29.6, CH, 1.01. m
3.16, td 2.38,td
16 24.0, CH, (4.6, 13.1) 25.5, CH, 1.63, m 26.9, CH, (4.8,13.9) 26.6, CH, 1.52, m 26.6, CH, 2.58, u
1.63, m 2.58, m 4.7,13.3)
1.87, m 1.30, m
17 479, C 479, C 48.8, C 49.1,C 48.2,C
18 52.5,CH 2.18d(11.2) 53.0,CH 2.53,d(3.5) 55.1,CH 3.09,s 55.1,CH 251,brs 55.1,CH 252, brs
19 39.0,CH 133, m 732, C 732, C 73.6, C 73.6, C
20 388,CH 132,m 37.1,CH 132,m 428, CH 153, m 431,CH 133,m 43.1,CH 133, m
1.31, m 1.30, m 143, m 1.25, m 1.73, m
21 30.5, CH, 1.53. m 26.1, CH, 1.68. m 27.4, CH, 1.42. m 27.3, CH, 174, m 27.3, CH, 123 m
1.72, m 1.25, m 2.10, m 1.64, m 1.73, m
22 36.6, CH, 172, m 29.8, CH, 1.25. m 39.9, CH, 2.10. m 39.0, CH, 174, m 39.0, CH, 1.64. m
23 28.0,CH; 087s 282,CH; 087,s 298, CH; 1.14,s 292,CH, 1.00,s 293,CH; 1.02,s
24 16.6,CH, 086s 168, CH; 085 s 172,CH; 1.05s 224, CH; 088,s 17.0,CH; 0.82,s
25 155,CH; 096s 155,CH; 094,s 16.0,CH; 094,s 169,CH, 1.00,s 17.5,CH; 1.03,s
26 17.0,CH, 085s 17.1,CH; 0.72,s 17.7,CH; 1.15,s 17.5,CH; 0.80,s 174,CH; 0.81,s
27 235,CH; 1.07s 246,CH; 124,s 252,CH; 1.76,s 249,CH, 136,s 248, CH; 135,s
28 182.9, C 183.7, C 181.2, C 182.4,C 182.5, C
29 17.0,CH, 0.77s 27.6,CH; 121,s 27.6,CH; 148,s 27.1,CH, 120,s 27.1,CH; 121,s
30 21.1, CH;0.95 d (6.7) 16.3, CH; 0.96,d(6.6) 17.0,CH; 1.26,s 16.6, CH; 0.94, d (6.7) 16.6, CH, 0.94,d (6.7)
31 (C=0) 171.0 171.2
32 (-COCH;) 213 2.04 s 21.5 2.05, s

chloroform-d, bpyridine-afs, ‘methanol-d,
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DCM:MeOH (8:2—4:6—2:8) 7| A 28-S o]-83] 2]5}e]
SIE1I~SIE6S AT} SIES (55.12 g)= MPLCS| RP-C18
column®E MeOH:H,0 (1:9—2:8—4:6-6:4—>8:2>MeOH)=

Table II. NMR spectra data for compounds 6-8
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AE-2] 8t SIES-1~SIES4E AL, SIES4 (23.7 g)5 THA
MPLC?] silica gel column (n-hexane:EtOAc 10:1—8:2—6:4
—4:6-2:83>MeOH)E -85l SIE5-4-1~SIE5-4-55 L3

6 7 8°
Position - - -
¢, type oy (J in Hz) ¢, type oy (J in Hz) ¢, type oy (J in Hz)
4.59,d (14.9) 1.53, m 1.66, d
1 61.3, CH, 446, d (149) 48.2, CH, 1.07. m 38.9, CH, (3.6)
4.12, ddd
2 1573, C 69.0, CH (44,93, 11.5) 27.6, CH, 1.62, m
3 134.1, CH 5.76, br s 84.3, CH 3.42,d(9.3) 79.2, CH 3.19, dd (11.5, 4.7)
4 42.5,C 403, C 39.0,C
64.2, CH 1.62,d (3.5) 56.4, CH 0.88, m 55.5, CH 0.69, m
1.47, m 1.34, m 1.40, m
6 18.1, CH, 1.47. m 19.3, CH, 1.58. m 18.4, CH, 1.52. m
1.47, m 1.36, m
7 35.0, CH, 1.64. m 32.6, CH, 1.58. m 34.5, CH, 1.37, m
429, C 403, C 409, C
9 44.1, CH 2.54, dd (11.3, 6.3) 48.6, CH 1.83, m 50.7, CH 1.27, s
10 514,C 39.0, C 374,C
2.38, m 2.02, m 1.42, m
1 27.5, CH, 246, m 242, CH, 202 m 21.0, CH, 1.6 m
12 128.6, CH 5.62, brs 122.9, CH 5.49, br s 25.7, CH, 1.71, m
13 140.7, C 1454, C 38.5, CH 2.2,td (12.4,3.7)
14 428, C 427, C 42.6, C
1.36, m 1.22, m
15 30.2, CH, 240, m 28.8, CH, 212, m 30.7, CH, 1.97, m
2.02, m 227, dt
16 274, CH, 3.14,td (13.1, 4.5) 242, CH, 2.02. m 32.3, CH, (13.033)
17 48.8, C 47.1, C 56.4, C
18 55.3, CH 3.07, s 425, CH 3.33, dd (4.6 14.0) 49.4, CH 1.62, m
1.33, m 3.00, dt
19 73.1,C 46.9, CH, 1.83. m 47.0, CH (104, 5.1)
20 42.5, CH 1.47, m 314,C 150.6, C
2.09, m 1.31, m
21 26.9, CH, 1.28. m 34.7, CH, 144, m 29.9, CH, 1.26, m
2.09, m 2.02, m 1.97, m
22 39.0, CH, 128 m 33.7, CH, 1.83. m 37.2, CH, 1.47. m
23 30.6, CH, 1.10, s 29.8, CH, 1.28, s 28.1, CH, 0.96, s
24 22.2, CH, 0.99, s 17.9, CH, 1.02, s 15.5, CH, 0.75, s
25 19.4, CH, 1.18, s 17.3, CH, 0.96, s 16.3, CH, 0.82,s
26 19.3, CH, 1.17,s 18.1, CH, 1.10, s 16.2, CH, 0.94, s
27 25.9, CH, 1.72, s 26.6, CH, 1.30, s 14.8, CH, 0.97, s
28 N.D 180.8, C N.D
29 27.6, CH, 1.43, s 33.7, CH, 1.01, s 109.9, CH, 4.74,d (2.3)
4.61, m
30 17.2, CH, 1.12, d (6.6) 24.4, CH, 1.04, s 19.5, CH, 1.69, s

“methanol-d,, *chloroform-d
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t}. SIE5-4-1 %S MPLC®] RP-C18 column (MeOH:H,O
5:1=10:1—15:1>MeOH)2 2 AE-2]35}e] SIE54-1-1~SIE5-4-
1-52 UF9l3L, SIES-4-1-45 silica gel open column
chromatography (n-hexane:EtOAc 9:1—4:6—>EtOAc—>MeOH)
2 2Z5lo] 31HE 1 (53.6 mg)S L3It} SIES4-22 MPLCE)
RP-C18 column (MeOH:H,O 3:1—5:1—8:1>MeOH)S. 2 £
slod 3} 2 (8.0 mg), 3 (12.9 mg)yS AUt} SIE5-4-3S
MPLCS] RP-CI8 column (MeOH:H,O 4:1>7:1—>10:1>MeOH)
2 silica gel column chromatography® #2]5le] 315HE 4
(5.1 mg), 5 (2.7 mg), 6 (1.3 mg)yS AT}, SIES4-42 MPLC
RP-C18 column (MeOH:H,O 4:1—8:1—12:1>MeOH)2. =
Ha)aka $34 HPLC (MeOH:H,0 85:15, < 10 mL/min)
2 AAsk] 3R 7 (6.7 mg), 8 (2.5 mg)yS AAUT}.

Compound 1-Amorphous white powder; C;,H;,0,;
ESI-MS: m/z 497.3631 [M-H]; 'H-NMR (600 MHz, chloroform-
d): see Table I; *C-NMR (150 MHz, chloroform-d): see
Table 1.

Compound 2 - Amorphous white powder; C,,H;,Os;
ESI-MS: mi/z 5133580 [M-H]; 'H-NMR (600 MHz, chloroform-
d): see Table I; *C-NMR (150 MHz, chloroform-d): see
Table 1.

Compound 3 — Amorphous white powder; C,,H,O,;
ESI-MS: m/z 471.3474 [M-HJ; "H-NMR (600 MHz, pyridine-
ds): see Table I; "C-NMR (150 MHz, pyridine-ds): see
Table L.

Compound 4 — Amorphous white powder; C;;H,Ox;

Kor. J. Pharmacogn.

ESI-MS: m/z 487.3423 [M-H]'; '"H-NMR (600 MHz, methanol-
d,): see Table I; "C-NMR (150 MHz, methanol-d,): see
Table 1.

Compound 5 — Amorphous white powder; C,; H,Os;
ESI-MS: m/z 487.3420 [M-HJ; '"H-NMR (600 MHz, methanol-
d,): see Table I; “C-NMR (150 MHz, methanol-d,): see
Table I.

Compound 6 — Amorphous white powder; C;H,O,;
ESI-MS: m/z 469.3318 [M-H]; 'H-NMR (600 MHz, methanol-
d,): see Table II; *C-NMR (150 MHz, methanol-d,): see
Table 11.

Compound 7 — Amorphous white powder; C,H,0,;
ESI-MS: m/z 4713473 [M-HJ; 'H-NMR (600 MHz, methanol-
d,): see Table II; “C-NMR (150 MHz, methanol-d,): see
Table II.

Compound 8 — Amorphous white powder; C;H,05;
ESI-MS: m/z 4553525 [M-H]; 'TH-NMR (600 MHz, chloroform-
d): see Table II; *C-NMR (150 MHz, chloroform-d): see
Table II.

Aot o nE

3}3HE 1-82 'H-NMR, “C-NMR, HMBC, ESI-MS 5-<]

43 tlolB & 1A} Hlaste] 25 S5 oH,

7} 3l5HE2] 122 530l wle} ursane, oleanane, lupane A
9] triterpene =402 E-F3FAtHFig. 1).

Fig. 1. Chemical structures of the compounds 1-8.
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35HE 12 743 WA Bubg ESIMS (m/z 497.3631
[M-H])¢] 3t B3l #AH2)e C,H,,0,2 ERIskith 'H
4 BC-NMR spectrumll A J.. 125.7 (C-12)3% J.. 137.9 (C-
13)¢] olefin carbon signal ¥ &, 0.95 (3H, d, J=6.7 Hz, H-
30)2] doublet methyl proton signalS 53l ursane AE<]
triterpene =2 92 I tE TH-NMR spectrumoil A 172
olefin methine proton signal (6, 5.24, 1H, t, J=3.6 Hz, H-
12)3} 171€] oxygenated methine proton signal (6, 4.50, 1H,
dd, J=5.9, 10.2 Hz, H-3), Z8]3L 17]€] acetyl proton signal
(0, 2.04, 3H, s, -COCH,, H-32)2 218199 t}. 6712] methyl
proton signal (6 1.07, 0.96, 0.95, 0.87, 0.86, 0.85, 0.77)=
3133 tt BC-NMR spectrumol A 17]2] carboxyl carbon
signal (6. 182.9, C-28)3} 17]¢] oxygenated-methine carbon
signal (. 80.9, C-3), 27112 acetyl carbon signal (5. 171.0,
C=0, C-31; J. 21.3, -COCH,, C-32) 13IiTth. HMBC
spectrum©ll A & 171.0 (C=0, C-31)3} 6, 4.50 (1H, dd, J=5.9,
10.2 Hz, H-3)%] “$ZAAIE F3l acetyl”]7} C-3 1]l 4
FEo] s SRIsTh o] el 3 lolHE &3l
2|9} w8k A3} 35S 12 ursolic acid 3-acetate® 57
Eipvi= A

SIRHE 25 F4E wa B2E ESIMS (mz 5133580
[M-H] el 2241 C,H,0,5 #1812, hydroxyl”] 7+
7 F7HE 25 GPdsidth 'THNMR 2 BC-NMR spectrum
2 3HE 13} AR oS B o), . 7320014 oxygenated-
quaternary carbon signal (C-19)°] 712 #z=]o] C-19 9
29l hydroxyl”]¢] =415 315ttt 'TH-NMR spectrum
oA 6, 5.34 (1H, t, J=3.8 Hz, H-12)9] olefin methine proton
signal, & 4.50 (1H, dd, J=6.3, 9.7 Hz, H-3)°] oxygenated-
methine proton signal, 6,; 2.05 (3H, s, -COCH,, H-32)%] acetyl
proton signal& &1t} 771€] methyl proton signal (J
1.24, 1.21, 0.96, 0.94, 0.87, 0.85, 0.72)& Z1aksit. *C-
NMR spectrumdi|A] €t4: 3270 & ER18I L, 6. 183.7 (C-
28)9] carboxyl carbon, J. 138.1 (C-13)2 J.. 129.5 (C-12)<]
olefin carbons, J. 81.1 (C-3)2] oxygenated-methine carbon,
5. 1712 (C=0, C-31)F . 21.5 (-COCH,, C-32)2] acetyl
carbon signalS 21313t} H-302] doublet Y33} C-12/C-
139] olefin carbon signalS 3] ursane Al U-S EH215}L,
T} v Ele] SI3HE 25 pomolic acid 3-acetate® 5
Astact?

3IFHE 3 A WA Bt ESI-MS (m/z 4713474
[M-H])ellA] 22 0] €y H,e0,2 ER15HL, SekE 26T}
42 mass unit - Z1-& YERY O], acetyl”](C,H,0)7F A1 A€
hydroxyl Feje] TZE ’dsIt) o]i= 'H-NMR spectrum
AN S5k 13} 2004 ARG 6y, 2.04-2.05 D42 acetyl
proton signalo] &A=, BC-NMR spectrumel X% 6
171.0-1712 (C=0) ¥ oc 21.3-215 (—COQH3)-°4 acetyl carbon
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signal®] #z=2] ¢49kt} 'H-NMR spectrumoll A 6, 5.64
(1H, t-like, H-12)¢] olefin methine proton signal®} &, 3.46
(1H, dd, J=4.9, 11.2 Hz, H-3)2] oxygenated-methine proton
signalS ER1I3FATE 7712] methyl proton signal (J;; 1.76, 1.48,
1.26, 1.15, 1.14, 1.05, 0.94)2 13} T}. C-NMR spectrum
N B 307ME ERASAL, 6. 181.2 (C-28)2] carboxyl
carbon, &, 140.5 (C-13)2} d. 128.5 (C-12)9] olefin carbons,
Jc 78.7 (C-3)2] oxygenated-methine carbon, J. 73.2 (C-19)°]
oxygenated-quaternary carbon signal2 15t £
o} vl et A3}, 3F5HE 32 pomolic acidZ 573 TE?
3IHE 4= 7Y WA Bog ESI-MS (m/z 4873423
[M-H])elA 22H4 C3H, 05 BR1skAL, 318k 31T 16
mass unit & FHOE F7HHQ] hydroxyl”]¢] EAE o
SIStk PC-NMR spectrume 3F3HE 33} f1AFSH FjElo] 3]
o}, 313HE 3004 C-2¢ J. 67.22] oxygenated-methine
carbon signale] AEA] ER1=]o] 281 B4 hydroxyl” |7+ =9
H 2,3,19-trihydroxy 2% 4’435ttt 'TH-NMR spectrum
oA &, 5.30 (1H, t, J=3.7, H-12)¢] olefin methine proton
signalZ} 6, 3.33 (1H, d, /2.8 Hz, H-3)°] oxygenated-methine
proton signalg 13T} H-32] coupling constant (J=2.8
Hz)Z H-29} H-37} equatorial-axial ZHA|91 7S EH2151]t}
770 methy! proton signal (3 1.36, 1.20, 1.00, 1.00, 0.94,
0.88, 0.80) I3kt BC-NMR spectrumol A €4 30
NE FRIEIA L, 6. 182.4 (C-28)2] carboxyl carbon, .. 140.1
(C-13)7} 6 1294 (C-12)°] olefin carbons, J. 80.1 (C-3)7} d¢
67.2 (C-2)°] oxygenated-methine carbons, J. 73.6 (C-19)]
oxygenated-quaternary carbon signate 213t} E¥1x]9k
H w3 A3} 313HE 45 euscaphic acid= 574 5}
gt 5= A A BU= SiohE 49 sUS B2
2] CyyHO;5 ESI-MS m/z 4873420 [M-H])E HrERH] o]
AAAA BAE <Pt THNMR 2 BC-NMR spectrum
31EHE 49} 1% FASEI O, A-ring®] C-2 2 C-3 $1X]9)
A @A3F chemical shift xto] 7} LFERITE. SFehE 49} ] s
C-2= 6. 672914 6. 69.52, C-3E J. 787914 J. 84.60Z
down-fieldZ ©]531%.2™, H-3 A 4, 3.33 (d, /2.8 HzPllA
3y 2.93 (d, J=9.5 Hz)2 2 W3}sl3]th. 53] H-39] coupling
constant’} 2.8 HzolA 9.5 Hz2 3A| Z713F 7.2 H-29} H-
3 Afeol9] ujgko] equatorial-axialolA] axial-axialZ H3}5}S
S-S on)&bH, o] C-3 hydroxyl7]2] QAENE] eoll A p=
HgkE 718 A AJE} 'TH-NMR spectrumel ] §, 5.31 (1H, t,
J=3.7, H-12)9] olefin methine proton signal>} 7712 methyl
proton signal (d,; 1.35, 1.21, 1.03, 1.02, 0.94, 0.82, 0.81)
g1t} BC-NMR spectrumoll A B4 3071 S E2l3k3
3, 5 182.5 (C-28)2] carboxyl carbon, J.. 140.2 (C-13)3} 6.
129.2 (C-12)4] olefin carbons, .. 73.6 (C-19)2] oxygenated-
quaternary carbon signals 133t #& | 9f Blw g 24
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3}, 3}8HE 5= tormentic acid® 73 sk chD

3I5HE 62 A4 WAl Bubg ESIMS (mz 469.3318
[M-H])®] #k& &3l &4 CH, 05 SRlsiint. & 3t
HEL 319HE 3-59F HYU S ursane FAS VAWM E A-ring
oA Bol Al 3 wighte] ATt PC-NMR spectrumel]
A B15HE 4, 504 ZH2E FEE AW C-2, C-39] oxygenated
carbon signal 21, J.. 157.3 (C-2)3%} ¢ 134.1 (C-3)9] olefin
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