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Abstract: Objective To study the chemical constituents from the roots of Pfaffia paniculata. Methods The compounds were
isolated and purified by means of chromatographic separation techniques and their structures were identified based on spectral
features. Results Fourteen known compounds, including 11 30-noroleanane triterpenoids and three ecdysterones, named pfaffianol
A (1), 3-oxo-akebonoic acid (2), 16B-hydroxyl-3-oxo-akebonoic acid (3), pfaffiaglycoside A (4), pfameric acid (5),
2a,3p,200-trihydroxy-30-norolean-12-en-28-oic acid (6), 2a,3p-dihydroxy-23-0x0-30-norolean-12,20(29)-dien-28-oic acid (7),
20,3B-dihydroxy-30-norolean-12,20(29)-dien-28-oic acid (8), 2a,3a-dihydroxy-30-norolean-12,20(29)-dien-28-oic acid (9), quinatic
acid (10), 3B-hydroxy-30-norhederagenin (11), diaulusterol B (12), 20,22-didehydrotaxisterone (13), and ecdysterone (14) were
isolated from the roots of P. paniculata. Conclusion Compounds 10—12 are obtained from P. paniculata for the first time.
Compounds 6—9, and 13 are isolated from the genus of Pfaffia for the first time.
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B NS Pfaffia paniculata (Mart) Kuntze Ui
F} (Amaranthaceae) i£3E V& Pfaffia Pedersen fHY),
JE 77T RPN S R an B vE . JE/RZ R, B
F5, BRE. BVE I A BRI R AR .
2001 4FLCK, REFEHTT, T, PS5 5]
Pk B A, B AN SR Ay —Fh
HIREYI 2 A 300 248 1 B D s, IR FE R 9,
BN RA Z M2 E R W BEEE . Bkl
F, WBITIERE . RGP R A ), TR
R AN A0 NS il AT R, B
VI NS P A A =2 PR = A
PREED), il — SRR L A SR AL 5
LAR 78 70 I FHAZ A B AR ) P AR Al 5, ARk
e xs 51 Ab i L 0 NSRS B 2 e 34T 1 0T AT,
IR 2 B33 14 MEEY), B 11
AN 30-BEFF R bR =R 3 MR IR R,
5540 53 3 % 7€ A pfaffianol A (1) 3-oxo-akebonoic
acid (2). 16B-hydroxyl-3-oxo-akebonoic acid (3).
pfaffiaglycoside A (4). pfameric acid (5). 2a,3f,200-
trihydroxy-30-norolean-12-en-28-oic acid (6). 2a,3p-
dihydroxy-23-0x0-30-norolean-12,20(29)-dien-28-oic
acid (7). 2a,3p-dihydroxy-30-norolean-12,20(29)-
dien-28-oic acid (8). 2a,3a-dihydroxy-30-norolean-
12,20(29)-dien-28-oic acid (9). AIEMEZ (quinatic
acid, 10). 3p-hydroxy-30-norhederagenin (11 ) .
diaulusterol B (12). 20,22-didehydrotaxisterone (13)
e J7 85 H Cecdysterone, 14). HA, L5410~
12 NEXMNETAS T E53], a 6~9 H
13 N E IXMNEIET B 4 2515 2.
1 UEFESHHR

XRC-1 B8O A CIY IR R )
Bruker DRX-500 RAZHEILHRAL (Bruker 2A7]); A
Rk FRER: (100~200. 200~300 H) FIHE (il
FTEIR GFoss YT BlgVEL L) A7 A TE
F#FEL RP g A Merck /A7 5h; Sephadex LH-20
Hi Fluka 2 ®)24E7/ . HgRalGm o drat.

ASELS BT SR VS AR B LA T
Fali s, i E A ERER 2T T s i
ENVERREIEWREY VY NS Pfaffia paniculata
(Mart) Kuntze, HEPIFrA (ZA20180203) FR47THr
TEARMR 2 R IR DI 78 =
2 RERESE

TR ETEASYUR (Ske), B, FHHEEE

BIREE, SIFRBUR, RSB H SR E
W FR B B U 3 BOLE 28 08K R 8%, 43 3 FH A S T
T R LR AT I T B S5 AR M ARV AT AR L, Ik
45 43 A B A ENR (64 @), BEIR LB B (65
g) MIETHEERE (78 g). BEEE ZFEHEEU Ak
B (100~200 H) #FEfE, LR (200~300
B3, G- B R RR 2B (100 £ 0—0 1 100D,
R O (TLOR & 74 7 AN 53 (Fr. 1~Fr. 7).
Fr. 3 BHATHEIRAE il 3 5, FHE-HEE (19 11—
8 12) BEREEVEML, FHIHI4& TLC (RIFFI AL -
HEE9 1D 2 EEE1H &Y 1 (9.0 mg). 2 (7.2 mg)
M3 (8.6 mg). Fr.4 REFATREAT A FE, H
SU-HEE (9 D 1—1 0 1) BREEYEMNL, 75 Sephadex
LH-20 (FED) 7 EAE2EAEY) 8 (7.8 mg). 9 (9.0
mg). 10 (6.5mg) fl4 (12.9 mg). Fr. 5 #4T RP-j
I3, HHEE-/K (30 0 70—90 : 10) BAEEBEML, 7
H Sephadex LH-20 (HEE) 4B EIMLEY 5 (8.6
mg). 6 (9.5mg). 7 (11.7mg) A1 12 (13.1 mg).
Fr. 6 T RP-13 735, HIHEE-7K (20 © 80—90 : 10)
MRV, FEH Sephadex LH-20 (FHEE) Al MCI
K AR A& 11 (8.9 mg). 13 (10.7 mg)
114 (11.1 mg).
3 HmEE

&Y 1. AEME. 'HNMR (500 MHz,
pyridine-ds) J: 5.53 (1H, m, H-12), 4.82 (1H, s, H-29),
478 (1H, s, H-29), 4.66 (1H, dd, J = 11.5, 4.5 Hz,
H-16), 3.45 (1H, dd, J = 11.5, 4.0 Hz, H-3), 1.37 (3H,
s, H-27), 1.24 (3H, s, H-23), 1.02 (3H, s, H-26), 1.00
(3H, s H-24), 0.88 (3H, s, H-25); >C-NMR (125 MHz,
pyridine-ds) d: 180.1 (C-28), 148.4 (C-20), 144.7
(C-13), 123.6 (C-12), 107.6 (C-29), 78.1 (C-3), 65.0
(C-16), 55.8 (C-5), 50.6 (C-17), 49.7 (C-18), 47.2
(C-9), 44.4 (C-14), 41.6 (C-19), 39.9 (C-8), 39.2
(C-4), 38.8 (C-15), 38.2 (C-1), 37.1 (C-10), 33.2
(C-7), 32.8 (C-22), 29.9 (C-21), 28.7 (C-23), 28.0
(C-2), 26.8 (C-27), 23.8 (C-11), 18.7 (C-6), 17.3
(C-26), 16.6 (C-24), 15.5 (C-25). LA %k 5 kK
E—E, A 1N pfaffianol Ao

&Y 2. A AK. 'HNMR (500 MHz,
pyridine-ds) o: 5.43 (1H, brs, H-12), 4.76 (1H, s,
H-29), 4.70 (1H, s, H-29), 1.28 (3H, s, H-23), 1.24
(3H, s, H-27), 1.04 3H, s, H-26), 0.96 (3H, s H-24),
0.84 (3H, s, H-25); "*C-NMR (125 MHz, pyridine-ds)
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o: 215.8 (C-3), 180.1 (C-28), 148.5 (C-20), 144.2
(C-13), 123.1 (C-12), 107.2 (C-29), 55.2 (C-5), 47.8
(C-17), 47.5 (C-18), 47.3 (C-9), 47.1 (C-4), 422
(C-14), 42.0 (C-19), 39.6 (C-8), 39.1 (C-1), 383
(C-22), 36.9 (C-10), 34.2 (C-2), 323 (C-7), 30.2
(C-21), 28.3 (C-15), 28.2 (C-23), 26.2 (C-27), 23.7
(C-16), 23.6 (C-11), 19.8 (C-6), 17.4 (C-26), 16.5
(C-24), 15.5 (C-25). DA_E¥df Anscikapis —s,
W B AW 2 N 3-ox0-akebonoic acid.

& 3. At Ak. 'HINMR (500 MHz,
pyridine-ds) d: 5.53 (1H, brs, H-12), 4.82 (1H, s,
H-29), 4.78 (1H, s, H-29), 4.65 (1H, dd, J = 11.5, 4.5
Hz, H-16), 1.36 (3H, s, H-27), 1.24 (3H, s, H-23), 1.02
(3H, s, H-26), 1.01 (3H, s H-24), 0.86 (3H, s, H-25);
PC-NMR (125 MHz, pyridine-ds) 6: 215.8 (C-3),
180.0 (C-28), 148.4 (C-20), 1445 (C-13), 1234
(C-12), 107.5 (C-29), 65.0 (C-16), 55.2 (C-5), 50.8
(C-17), 49.7 (C-18), 473 (C-9), 47.1 (C-4), 44.4
(C-14), 41.6 (C-19), 39.6 (C-8), 39.0 (C-1), 38.9
(C-15), 36.9 (C-10), 34.3 (C-2), 32.9 (C-22), 323
(C-7), 30.0 (C-21), 28.6 (C-23), 26.8 (C-27), 23.8
(C-11), 19.8 (C-6), 17.3 (C-26), 16.5 (C-24), 15.6
(C-25). LA i 5 scmkios — 500, s eihsdy
3 4 16B-hydroxyl-3-oxo-akebonoic acid.

&Y 4: WHEOHA. 'HINMR (500 MHz,
pyridine-ds) ¢: 6.10 (1H, J = 8.0 Hz, H-1"), 5.43 (1H,
brs, H-12), 4.76 (1H, s, H-29), 4.71 (1H, s, H-29),
4.60 (1H, dd, J = 11.5, 4.5 Hz, H-16), 3.40 (1H, dd,
J=11.5,4.0 Hz, H-3), 1.28 (3H, s, H-27), 1.19 (3H, s,
H-23), 1.00 (3H, s, H-26), 0.98 (3H, s H-24), 0.91
(3H, s, H-25); "*C-NMR (125 MHz, pyridine-ds) J:
174.8 (C-28), 148.3 (C-20), 142.3 (C-13), 123.0
(C-12), 107.5 (C-29), 96.1 (C-1"), 79.2 (C-5"), 78.4
(C-3"), 78.0 (C-3), 73.9 (C-2'), 71.4 (C-4'), 65.1
(C-16), 62.4 (C-6'), 55.8 (C-5), 51.6 (C-17), 49.7
(C-18), 47.1 (C-9), 44.5 (C-14), 41.7 (C-19), 39.8
(C-8), 39.4 (C-15), 39.1 (C-4), 38.2 (C-1), 37.2
(C-10), 33.1 (C-7), 31.9 (C-22), 29.9 (C-21), 28.7
(C-23), 28.0 (C-2), 26.9 (C-27), 23.8 (C-11), 18.7
(C-6), 17.4 (C-26), 16.5 (C-24), 15.6 (C-25). LL %L
WA CCHR IR E Y, W% EthkEw 4R
pfaftiaglycoside A

&t 5. A A. '"HNMR (500 MHz,

pyridine-ds) J: 5.54 (1H, m, H-12), 4.61 (1H, dd, J =
11.5, 4.5 Hz, H-16), 3.42 (1H, dd, J = 11.5, 4.5 Hz,
H-3), 1.44 (3H, s, H-29), 1.36 (3H, s, H-27), 1.23 (3H,
s, H-23), 1.04 (3H, s, H-26), 1.00 (3H, s H-24), 0.87
(3H, s, H-25); "*C-NMR (125 MHz, pyridine-ds) &:
181.2 (C-28), 143.9 (C-13), 122.8 (C-12), 78.2 (C-3),
68.3 (C-20), 64.9 (C-16), 55.8 (C-5), 50.5 (C-17), 47.6
(C-9), 46.3 (C-19), 44.6 (C-14), 43.5 (C-18), 39.9
(C-8), 39.5 (C-4), 39.1 (C-1), 38.7 (C-15), 37.3
(C-10), 34.2 (C-21), 33.5 (C-7), 32.4 (C-29), 28.8
(C-23), 282 (C-2), 27.3 (C-22), 272 (C-27), 24.0
(C-11), 18.8 (C-6), 17.7 (C-26), 16.8 (C-24), 15.6
(C-25) VA EE A scmraiid — 8%, ds et i
5 J pfameric acid.

&Y 6: Ak A. 'HNMR (500 MHz,
pyridine-ds) &: 5.28 (1H, t, J = 3.0 Hz, H-12), 3.76
(1H, td, J = 12.0, 9.5, 4.0 Hz, H-2), 3.08 (1H, d, J =
9.5 Hz, H-3), 1.33 (3H, s, H-29), 1.06 (3H, s, H-27),
1.03 (3H, s, H-23), 0.82 (3H, s, H-26), 0.80 (3H, s,
H-24), 0.76 (3H, s, H-25); "C-NMR (125 MHz,
pyridine-ds) d: 179.9 (C-28), 1442 (C-13), 122.6
(C-12), 83.6 (C-3), 69.9 (C-20), 68.5 (C-2), 55.8
(C-5), 47.9 (C-9), 47.7 (C-1), 47.6 (C-19), 46.7
(C-17), 44.2 (C-18), 42.2 (C-14), 39.8 (C-4, 8), 38.4
(C-10), 36.2 (C-21), 35.0 (C-22), 33.2 (C-7), 29.2
(C-23), 28.3 (C-15), 25.8 (C-27), 25.5 (C-29), 23.9
(C-11), 23.7 (C-16), 18.7 (C-6), 17.6 (C-24), 17.4
(C-26), 16.6 (C-25). VA EEeEACkipiE—5",
BENEY 6 N 2a,3B,200-trihydroxy-30-norolean-
12-en-28-oic acid.

a7 AEMAK. '"HNMR (500 MHz,
pyridine-ds) 8: 9.66 (1H, s, 23-CHO), 5.46 (1H, t, J =
3.0 Hz, H-12), 4.80 (1H, s, H-29), 4.76 (1H, s, H-29),
423 (1H, td, J = 12.0, 9.5, 4.0 Hz, H-2), 4.06 (1H, d,
J =95 Hz, H-3), 1.43 (3H, s H-24), 1.22 (3H, s,
H-27), 1.00 (3H, s, H-25), 0.96 (3H, s, H-26);
BC-NMR (125 MHz, pyridine-ds) &: 206.2 (C-23),
179.5 (C-28), 148.8 (C-20), 144.1 (C-13), 122.5
(C-12), 107.1 (C-29), 77.3 (C-3), 67.9 (C-2), 56.4
(C-4), 57.9 (C-5), 47.8 (C-1, 9), 47.3 (C-18), 46.8
(C-17), 42.0 (C-14), 41.9 (C-19), 39.8 (C-8), 38.3
(C-22), 382 (C-10), 32.4 (C-7), 30.3 (C-21), 28.2
(C-15), 26.0 (C-27), 23.8 (C-16), 23.7 (C-11), 20.4
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(C-6), 17.3 (C-26), 16.9 (C-25), 10.7 (C-24). LA L%
WA scHk Rl — 8", WS EW TN
20,3B-dihydroxy-23-0x0-30-norolean-12,20(29)-dien-
28-oic acid.

&Y 8: B A. 'HNMR (500 MHz,
pyridine-ds) J: 5.48 (1H, t, J = 3.5 Hz, H-12), 4.81
(1H, s, H-29), 4.76 (1H, s, H-29), 4.11 (1H, td, J =
12.0, 9.5, 4.0 Hz, H-2), 3.42 (1H, d, J = 9.5 Hz, H-3),
1.29 (3H, s, H-23), 1.24 (3H, s, H-27), 1.09 3H, s
H-24), 1.00 (3H, s, H-26), 0.98 (3H, s, H-25);
BC-NMR (125 MHz, pyridine-ds) : 179.5 (C-28),
149.0 (C-20), 1443 (C-13), 1229 (C-12), 107.1
(C-29), 83.8 (C-3), 68.5 (C-2), 55.9 (C-5), 48.2 (C-9),
47.9 (C-18), 47.8 (C-1), 47.0 (C-17), 42.2 (C-14), 41.9
(C-19), 39.8 (C-4, 8), 38.6 (C-10), 38.4 (C-22), 33.3
(C-7), 30.4 (C-21), 29.4 (C-23), 28.3 (C-15), 26.2
(C-27), 23.9 (C-11), 23.8 (C-16), 18.8 (C-6), 17.6
(C-24), 17.3 (C-26), 16.8 (C-25). LL_EH 5 A SCHRIR
B, W%ea 8 N 2a,3p-dihydroxy-
30-norolean-12,20(29)-dien-28-oic acid.

& 9. AMKE. 'HINMR (500 MHz,
pyridine-ds) 8: 5.48 (1H, t, J = 3.5 Hz, H-12), 4.78
(1H, s, H-29), 4.74 (1H, s, H-29), 431 (I1H, td, J =
12.0, 4.0, 3.0 Hz, H-2), 3.76 (1H, d, J = 3.0 Hz, H-3),
1.28 (3H, s, H-23), 1.15 (3H, s, H-27), 1.00 (3H, s
H-26), 0.96 (3H, s, H-25), 0.91 (3H, s, H-24);
BC-NMR (125 MHz, pyridine-ds) 6: 179.5 (C-28),
149.0 (C-20), 1443 (C-13), 123.0 (C-12), 107.1
(C-29), 79.3 (C-3), 66.1 (C-2), 48.8 (C-5), 47.9 (C-9,
18), 47.0 (C-17), 42.9 (C-1), 42.1 (C-14), 41.9 (C-19),
40.0 (C-8), 38.9 (C-4), 38.8 (C-10), 38.4 (C-22), 33.3
(C-7), 30.4 (C-21), 29.5 (C-23), 28.2 (C-15), 26.2
(C-27), 23.8 (C-11, 16), 22.2 (C-24), 18.5 (C-6), 17.3
(C-26), 16.7 (C-25). VA_E¥df Ancikapis —zt™,
WS EL A 9 N 20,30-dihydroxy-30-norolean-12,
20(29)-dien-28-oic acid.

& 10: Ak, 'H-NMR (500 MHz,
pyridine-ds) d: 5.52 (1H, t, J = 3.5 Hz, H-12), 4.79
(1H, s, H-29), 4.75 (1H, s, H-29), 4.09 (1H, d, J=11.0
Hz, H-24), 3.85 (1H, d, J = 11.0 Hz, H-24), 3.24 (1H,
dd, J = 13.5, 4.5 Hz, H-3), 1.64 (3H, s, H-27), 1.17
(3H, s, H-23), 1.03 (3H, s H-26), 0.98 (3H, s, H-25);
PC-NMR (125 MHz, pyridine-ds) 6: 179.5 (C-28),

149.1 (C-20), 1442 (C-13), 123.0 (C-12), 107.0
(C-29), 70.1 (C-3), 66.0 (C-24), 50.3 (C-5), 48.2
(C-9), 48.1 (C-18), 47.2 (C-17), 44.0 (C-4), 423
(C-14), 42.1 (C-19), 40.2 (C-8), 38.4 (C-21), 37.5
(C-10), 34.1 (C-7), 33.9 (C-1), 30.5 (C-22), 28.4
(C-15), 26.6 (C-2), 26.2 (C-27), 24.1 (C-16), 23.9
(C-11), 23.4 (C-23), 19.3 (C-6), 17.4 (C-26), 16.0
(C-25). LhEHedmAnscikapiE — 50, S Eam
10 NACEFR .

a1 AEK K. 'HANMR (500 MHz,
pyridine-ds) J: 5.51 (1H, t, J = 3.5 Hz, H-12), 4.80
(1H, s, H-29), 4.75 (1H, s, H-29), 4.20 (1H, d, J=11.0
Hz, H-23), 3.74 (1H, d, J = 11.0 Hz, H-23), 3.24 (1H,
dd, J = 11.5, 4.0 Hz, H-3), 1.21 (3H, s, H-27), 1.06
(3H, s, H-24), 1.03 (3H, s H-26), 0.97 (3H, s, H-25);
BC-NMR (125 MHz, pyridine-ds) o: 179.4 (C-28),
148.6 (C-20), 1449 (C-13), 1225 (C-12), 107.0
(C-29), 73.5 (C-3), 68.1 (C-23), 48.7 (C-5), 48.1
(C-9), 48.0 (C-18), 47.1 (C-17), 42.9 (C-4), 42.1
(C-14), 42.0 (C-19), 39.8 (C-8), 38.8 (C-1), 38.4
(C-21), 37.3 (C-10), 33.0 (C-7), 30.4 (C-22), 28.3
(C-15), 27.7 (C-2), 26.2 (C-27), 23.8 (C-16), 23.7
(C-11), 18.7 (C-6), 17.6 (C-26), 16.0 (C-25), 13.1
(C-24). LA Xt Acardion —s0, e s
¥ 11 2~ 3B-hydroxy-30-norhederagenin.

WA 12: Tt ARG, & (KR . 'H-NMR (500
MHz, DMSO-ds) d: 6.25 (1H, d, J = 5.5 Hz, H-4),
5.66 (1H, d, J = 2.0 Hz, H-7), 3.98 (1H, m, H-3), 3.64
(1H, m, H-2), 1.05 (6H, s, H-26, 27), 1.02 (3H, s,
H-19), 0.94 (3H, d, J = 6.5 Hz, H-21), 0.58 (3H, s,
H-18); “C-NMR (125 MHz, DMSO-ds) o: 187.9
(C-6), 166.8 (C-8), 143.8 (C-5), 130.3 (C-4), 122.6
(C-7), 68.9 (C-25), 659 (C-2), 64.5 (C-3), 55.4
(C-17), 55.0 (C-14), 46.8 (C-9), 44.1 (C-24), 43.8
(C-13), 39.8 (C-10), 38.1 (C-1), 37.9 (C-12), 36.0
(C-22), 35.5 (C-20), 29.4 (C-26, 27), 27.3 (C-16), 22.2
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(C-21), 12.2 (C-18). LA L% 5 SC R iiE F A —
M W% e A9 12 9 diaulusterol B.

WA 13: TEEDIRES & CFEE . 'H-NMR (500
MHz, CD;0D) 6: 5.82 (1H, d, J = 2.0 Hz, H-7), 5.30
(1H, t, J=7.0 Hz, H-22), 3.97 (1H, m, H-3), 3.85 (1H,
m, H-2), 1.68 (3H, s, H-21), 1.21 (6H, s, H-26, 27),
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0.96 (3H, s, H-19), 0.58 (3H, s, H-18); C-NMR (125
MHz, CD;OD) &: 206.8 (C-6), 167.9 (C-8), 134.8
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(C-16), 21.8 (C-11), 18.4 (C-21), 17.8 (C-18). LA L%
W5 kg A -, W E Y 13 8
20,22-didehydrotaxisterone.

WA 14: TAEPIRES S P ED . 'H-NMR (500
MHz, pyridine-ds) o: 6.22 (1H, d, J = 2.0 Hz, H-7),
4.18 (1H, m, H-3), 3.86 (1H, dd, J = 8.5, 1.5 Hz,
H-22), 3.22 (1H, m, H-2), 1.58 (3H, s, H-21), 1.36
(6H, s, H-26, 27), 1.21 (3H, s, H-18), 1.06 (3H, s,
H-18); "C-NMR (125 MHz, pyridine-ds) 6: 203.4
(C-6), 166.2 (C-8), 121.8 (C-7), 84.5 (C-14), 77.8
(C-22), 77.0 (C-20), 69.9 (C-25), 68.2 (C-3), 68.1
(C-2), 514 (C-5), 50.1 (C-17), 48.3 (C-13), 42.6
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(C-4), 32.1 (C-12), 31.8 (C-15), 30.0 (C-26, 27), 27.6
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