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Chemical constituents of non-saponin from Pulsatilla cernua
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Key Laboratory of Structure-Based Drug Design Discovery, Ministry of Education, School of Pharmaceutical Engineering,
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Abstract: Objective To isolate and identify the chemical constituents from the roots of Pulsatilla cernua. Methods Compounds
were isolated by various kinds of column chromatographies on silica gel, Sephadex LH-20, and recycling preparative HPLC, and their
structures were elucidated by the physicochemical characters and spectral analysis. Results Fifteen chemical constituents were
obtained and identified as 5-hydroxy-2, 2-dimethyl-2H-chromene-6-carbaldehyde (1), pulsaquinone (2), aurantiamide acetate (3),
stigmasterol (4), hexadecanoic acid (5), aurantiamide (6), pinoresinol (7), buplerol (8), neoechinulin A (9), (28, 3S, 4R,
8F)-2-[(2'R)-2'-hydroxypalmitoylamino]-8-octadecene-1, 3, 4-triol (10), SR-dihydro-5-hydroxymethyl-2(3H)-furanone (11), caffeic
acid (12), methyl 6-dehydroxyl rosmarinate (13), hederagonic acid (14), and 5-hydroxy-6, 8- dimethoxycoumarin (15), respectively.
Conclusion Compound 1 is a new natural product, compounds 3, 6, 8—10, 13, and 15 are isolated from the plants in Pulsatilla
Adans. for the first time, and compound 7 is isolated from this plant for the first time.
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A2, 2- T HIBRL-ZR T AUk -6-1%  (5-hydroxy-2,
2-dimethyl-2H-chromene-6-carbaldehyde, 1). [k
F B¢ (pulsaquinone, 2). 52 B UL % 2 B 1ig

(aurantiamide acetate, 3). 5. /F (stigmasterol, 4).

FEAR R (hexadecanoic acid, 5). P& T BH ML %
(aurantiamide, 6). fA/li% (pinoresinol, 7). 4"-
AL D WA G2 (buplerol, 8). HrifgfHR A
(neoechinulin A, 9). (25, 3S, 4R, 8E)-2-[(2'R)-2-}%
Bt N BERR NG ]-8- 1 )\Ui-1, 3, 4-=% [(2S, 3S, 4R,
8F)-2-[(2'R)-2'-hydroxypalmitoylamino]-8-octadecene-
1, 3, 4-triol, 10]. 5R-5-F2FHE-2(3H)-WM i [SR-
dihydro-5-hydroxymethyl-2(3H)-furanone, 11]. WilIHE
1% (caffeic acid, 12). 6- £ F2 IR LR R (methyl
6-dehydroxyl rosmarinate , 13 ) . i & M 1&
(hederagonic acid, 14). 5-}8Ht-6, 8- —HIHILAH T
% (5-hydroxy-6, 8-dimethoxycoumarin, 15). i,
W& 1 R E IR BB RIR ), A5 3. 6.
8~10. 13. 15 XA BHY) T EA3H], H
G T N E IRMNZHEY) T 53 B A H
1 UE5HH

LC—9103 Recycling Preparative HPLC ( [ A%
BT M0 241D Bruker ARX—600 A% i FEAR 1Y
Waters Quattro Micro API — i PURAT 53 BT i A3
(ESI i) (3£ [H Waters 24 1] ), RRH—250 ¥y #EHL (K
HLETESIN A D, TN—0.3/60 $EHUIRAFHLLL (il 2
Jlt MU IR A Al D), 241MC Jigdefe (£
Perkin-Elmer A 7)), 599B £I4kM)G %4 (3
Perkin-Elmer /A #]), MP—S3 B4 sl e (H
A Yanaco 2], 7528 FAM] WG EETH (Bt
WA D MR AR . AR OIS IR
(200~300 H) CHBEFEHLTARARD, @ikal
WA ORFEFERHMEAR D, el ORdm ok
TR Do

FREE LA T 2011 4F 11 AR BT A e
R, I BH 2RI 2 25 TR BO0E 2 90 A I 2L
P2 % 2 N EE 1L 4Y Pulsatilla cernua (Thunb.)
Bercht et Opiz. [FJ 154K .
2 RBSSE

HAAE PSR ST RAR 10 ke, M0RE)S H 3 A5 75%
LEHZ 12he 60 CIHERRFLI 3 K, K 2he $2
IR e I 26 2 e, AR S R R ig L 15
TR LR AR 4 ¢, 23l [BORARIPFE F 10.0459.6
go ATTHIEAS G 28 FF TBORE JRAT (i, FH A il -

BERR 206 (100 © 0—0 : 100) BHEEVEML, 2240t
I 10%IRBR IR 2 (LR ER A, A 9F RE(EAHIA (A
gy, WHER Ty, 193] 17 Mgy (Fr. 1~17).
o Fro 3 FHIFBORE AT 20 25, LA il k- 1R 2L
(100 : 0—0 : 100D BREEUENE, H&fl&wZ (GEC
Fi-FEIR 06 5 - DA s aib B 235 1(5.2 mg).
Fr. 7 F T80 A 53 25, DAyl Tk -Ti 18 SR (100
0—0 : 100) BAEEVEML, FE&H&HEE (F Shi-hf
BROE2 1 D @ik BaE% 2 (154 mg).
Fr. 12 JJFRCRE AR 20 5, DAAT i 1k - i 12 & i
(100 : 0—0 : 100> BAEEZENL, 19214654 3 (152.0
mg). FERR AEEACHUERAT 2 Skl tail, —&H
- FHEE (100 2 0—0 & 100) BEFEUEME, A TLC %8
AR I 10%IRGRIR . (LR ERAS I, 5 9F RE AHIF)
(K2 55 s WA S, 545 81 20 ML (Fr. 1~20).
o Fr. 6 FHIFBUERATE 40 B8, DA il TE-TE R £ T
(100 : 0—0 : 100) FRFEVEML, H2EMLEW 4 (17.1
mg). 5 (123 mg). Fr. 7 &L AL G, £l
Tk-PS R (100 © 0—0 : 100) BRFEVEME, LM
# HPLC (ODS #, HEL-2E 31 2) /rEsaithsd
B4k &4 6 (100.1 mg). 7 (332 mg). 8 (16.4 mg)-.
14 (8.2 mg). 15 (11.6 mg). Fr. 8 ZRERHE (il (7
THITE-BE R 2,18 100 2 0—0 & 100 B BENL) | FEERH]
# HPLC (ODS #, HEL-2J 31 2) /rEsaithsd
FEY 9 (42 mg). Fr. 11 PR K25,
DA S K- R 20158 (100 © 0—0 100D Bf BESE A
FULAEY 10 (15.6 mg). Fr. 12 LIFERFE 4
ThEE-TA IR 100 : 00 : 100 BREEVESL) . EER %
HPLC (ODS #f, HEE-Z05 3 1 2) HrEsaith 3804k
A1 (7.0mg). 12 (1.25g). 13 (152 mg).
3 HMETE

AW 1 HEMRY), —S RN At
{1, mp 45~47 C;1IR vye(cm '): 2 974, 1 656, 1 432,
1377, 1336, 1 300, 1 255, 1 217, 900; ESI-MS m/z:
202.9 [M—H]; 4N CH;p03. 'H-NMR (300
MHz, DMSO-ds) 6: 10.39 (2H, s, H-11, 5-OH), 7.21
(1H, d, J = 10.0 Hz, H-4), 6.94 (1H, d, J = 9.0 Hz,
H-8), 6.74 (1H, d, J = 9.0 Hz, H-7), 5.87 (1H, d, J =
10.0 Hz, H-3), 1.30 (6H, s, H-12, 13); "*C-NMR (75
MHz, DMSO-d) 6: 193.7 (C-11), 156.7 (C-5), 145.4
(C-9), 134.7 (C-3), 125.1 (C-8), 121.1 (C-10), 118.9
(C-4), 117.5 (C-7), 116.6 (C-6), 75.3 (C-2), 27.3
(C-12, 13), 3%l 55 scmriiE — 3, et
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&Y 2. BEEEERIRE A (CETLED: mp
42~44 °C; UV At (nm): 284, 417; IR vhe (cm™'):
2946,2 916, 1 662, 1637, 1612, 1 449, 1 437, 1 265,
1 033; 47X H CiuH1404. 'H-NMR (300 MHz,
CDCl3) 6: 7.21 (1H, d, J = 11.7 Hz, H-10), 6.91 (1H,
d, J = 11.7 Hz, H-9), 5.35 (1H, t, J = 6.8 Hz, H-7),
4.02 (3H, s, H-14), 3.99 (3H, s, H-13), 2.68 (2H, d, J =
6.8 Hz, H-6), 1.91 (3H, s, H-12); "*C-NMR (75 MHz,
CDCls) J: 183.8 (C-4), 183.1 (C-1), 145.7 (C-3), 144.3
(C-2), 140.5 (C-9), 136.6 (C-8), 133.8 (C-11), 128.2
(C-5), 124.5 (C-10), 120.6 (C-7), 61.3 (C-14), 612
(C-13), 23.8 (C-6), 21.2 (C-12). iR 5 SCHR IR E
A, WM A Y 2 RS

&Y 3: AKAR; mp 179~181 C; [a]y
—32.6° (¢ 1.4, CHCl3); IR v*¥(ecm™): 3 312, 1 727,
1 660, 1 631, 1 580, 1 264, 745, 697; ESI-MS m/z:
445.1 [IM+H]"; 4> 734 CosHsN,04: 'H-NMR (300
MHz, CDCl;) 6: 7.71 (2H, d, J = 7.3 Hz, H-3', 7),
7.53 (1H, m, H-5"), 7.43 (2H, d, J = 7.3 Hz, H-4', 6'),
7.33~7.21 (5H, m, H-15~19), 7.16 (3H, m, H-8, 10,
12), 7.07 (2H, m, H-9, 11), 6.74 (1H, d, J = 7.5 Hz,
H-1), 5.96 (1H, d, J = 8.4 Hz, H-4), 4.77 (1H, m, H-2),
436 (1H, m, H-5), 3.93 (1H, dd, J = 5.0, 11.3 Hz,
H-20a), 3.82 (1H, dd, J = 4.5, 11.3 Hz, H-20b), 3.23
(1H, dd, J=8.4, 13.5 Hz, H-13), 3.06 (1H, dd, J = 8.4,
13.5 Hz, H-13), 2.75 (2H, m, H-6), 2.02 (3H, s,
H-2"); C-NMR (75 MHz, CDCl3) &: 170.8 (C-1"),
170.3 (C-3), 167.1 (C-1'), 136.7 (C-14), 136.6 (C-7),
133.7 (C-2'), 131.9 (C-5"), 129.3 (C-16, 18), 129.1
(C-9, 11), 128.8 (C-8, 12), 128.7 (C-4', 6'), 128.6
(C-15, 19), 127.2 (C-17), 127.1 (C-3', 7"), 126.8
(C-10), 64.6 (C-20), 55.0 (C-2), 49.5 (C-5), 38.5
(C-13), 37.5 (C-6), 20.8 (C-2"). ik ¥ ¥ 5 ki &
— 5, W A 3 N B B 2 R 1

A 4: FEERR S SR s mp 143~
145 °C; [a]Z —74.5° (¢ 2.2, CHCly); 10%¥&HiE 2,
WOV R ALt 5 SR IR, 2
WRIRG T ETE, REEAHN, RAE SRR, %
YE A 9 TR

WA 5. FHERRRES S (& H LD I
4 OREEWE 0, mp 62~63 C; ESI-MS m/z:
255.1 [M—H] . 'H-NMR (600 MHz, CDCl;) : 2.35

(2H, t, J = 7.2 Hz, H-2), 1.63 (2H, m, H-15), 1.25
(24H, m, H-3~14), 0.88 (3H, t, J = 7.2 Hz, H-16);
BC.NMR (150 MHz, CDCl3) 6: 179.7 (C-1), 34.0
(C-2), 31.9 (C-3), 29.7 (C-4~8), 29.6 (C-9), 29.4
(C-10), 29.4 (C-11), 29.3 (C-12), 29.1 (C-13), 24.7
(C-14),22.7 (C-15), 14.1 (C-16). A% 5 kR
B8, WA 5 MR

& 6: ARA: mp 181~183 C; [a]h
~16.8° (¢ 0.13, MeOH): IR vy (cm '): 3 284, 2 932,
1721, 1654, 1 632, 1533, 1490, 1441, 1384, 1 258,
1030, 915, 745, 695; ESI-MS m/z: 425.1 [M+Na]";
23 F A CosHaN>O5. 'H-NMR (300 MHz, CDCl3)
5:7.69 (2H, d, J = 7.1 Hz, H-3', 7'), 7.49 (1H, m,
H-5'), 7.41 (2H, d, J = 7.1 Hz, H-4', 6"), 7.33~7.21
(5H, m, H-15~19), 7.13 (3H, m, H-8, 10, 12), 7.07
(2H, m, H-9, 11), 6.81 (1H, m, H-1), 6.06 (1H, m,
H-4), 4.78 (1H, m, H-2), 4.09 (1H, m, H-5), 3.43 (2H,
m, H-6), 3.23 (1H, dd, J = 8.5, 13.7 Hz, H-13a), 3.04
(1H, dd, J = 8.5, 13.7 Hz, H-13b), 2.77 (1H, dd, J =
7.2, 13.8 Hz, H-20a), 2.68 (1H, dd, J = 7.2, 13.8 Hz,
H-20b); "“C-NMR (75 MHz, CDCL;) : 170.9 (C-3),
167.3 (C-1), 137.4 (C-14), 136.7 (C-7), 133.5 (C-2'),
131.9 (C-5"), 129.4 (C-16, 18), 129.2 (C-9, 11), 128.8
(C-8, 12), 128.6 (C-4', 6), 128.5 (C-15, 19), 127.2
(C-17), 127.1 (C-3', 7"), 126.6 (C-10), 63.4 (C-20),
55.2 (C-2), 52.9 (C-5), 38.7 (C-13), 36.8 (C-6). ik
Kol 5 kB SEA S, Mt A 6 B
BRI .

WEW 7 iRy, SR AL,
[a]y +74.5° (¢ 0.11, EtOH); UV Ape' (nm): 210,
232, 283; IR v (cm '): 3393, 1615, 1514; ESI-MS
miz: 381.1 [M+Nal]"; 7 7300 CyHpOgo 'H-NMR
(300 MHz, CDCl;) ¢: 6.88 (2H, d, J = 1.5 Hz, H-2',
2"), 6.81 (2H, dd, J = 1.5, 8.1 Hz, H-6', 6"), 6.76 (2H,
d, J=1.5 Hz, H-5', 5"), 472 (2H, d, J = 4.2 Hz, H-2,
6), 4.22 (2H, dd, J = 6.8, 9.0 Hz, H-4a, 8a), 3.86 (2H,
dd, J = 3.4, 9.0 Hz, H-4b, 8b), 3.82 (6H, s, C-7', 7"),
3.08 (2H, m, H-1, 5); "*C-NMR (75 MHz, CDCL) 6
146.9 (C-3', 3"), 1453 (C-4', 4"), 132.8 (C-1', 1"),
118.9 (C-5', 5"), 114.5 (C-6/, 6"), 108.9 (C-2', 2"),
85.9 (C-2, 6), 71.6 (C-4, 8), 55.9 (C-7', 7"), 54.0 (C-1,
5). BiREE S ociiE A -5, s e s
W7 AR
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Gy 8: wAMPRY); =Sk B g A,
[a]h +23.6° (¢ 0.24, CHCl3); ESI-MS m/z: 395.16
[M+Na]"; 7 734 CoHa406; 'H-NMR (300 MHz,
CDCly) 6: 6.73 (1H, m, H-2"), 6.58 (2H, m, H-5", 6"),
6.55 (1H, m, H-5"), 6.45 (1H, m, H-6'), 6.38 (1H, m,
H-2'), 4.09 (2H, dd, J = 6.9, 9.0 Hz, H-4), 2.91 (1H,
dd, J=5.2, 14.1 Hz, H-5a), 2.81 (1H, dd, J = 6.8, 14.1
Hz, H-6a), 2.54~2.38 (4H, m, H-2, 3, 5b, 6b), 3.74
(3H, s, H-7), 3.73 3H, s, H-7"), 3.40 (3H, s, H-8");
BC-NMR (75 MHz, CDCl;) d: 179.3 (C-1), 146.9
(C-3"), 146.8 (C-4"), 144.6 (C-3'), 144.4 (C-4"), 129.8
(C-1"), 129.5 (C-1'), 122.0 (C-6"), 121.3 (C-6'), 114.6
(C-5"), 114.4 (C-2"), 111.7 (C-2"), 111.2 (C-5"), 71.49
(C-4), 55.8 (C-7"), 55.7 (C-7), 50.5 (C-8"), 46.5
(C-2), 41.0 (C-3), 38.1 (C-5), 34.5 (C-6). k%5
SCHRIRGE A Y, M etk A 8 ) 4n-HIAR
SEB PR RE

A 9: HEAAE 0K K s mp 263~266 °C; [a])
—52.2° (¢ 0.11, MeOH); IR vpr (cm'):3362,2 972,
2866, 1 669, 1 630, 1524, 1431, 1 306; ESI-MS m/z:
346.1 [M+Na]"; 7> TN CoHyN30,. 'H-NMR
(600 MHz, CD;0D) &: 7.38 (1H, d, J = 7.8 Hz, H-4),
7.21 (1H, d, J = 7.8 Hz, H-7), 7.17 (1H, s, H-8), 7.09
(1H, m, H-6), 7.03 (1H, m, H-5), 6.06 (1H, dd, J =
10.8, 17.4 Hz, H-17), 5.06 (2H, dd, J = 10.8, 17.4 Hz,
H-18), 4.19 (1H, q, J = 6.6 Hz, H-12), 1.51 (3H, s,
H-20), 1.51 (3H, s, H-19), 1.49 (3H, d, J = 6.6 Hz,
H-15); "C-NMR (150 MHz, CD;0D) 8: 167.3 (C-13),
159.8 (C-10), 144.8 (C-17), 144.6 (C-2), 135.4 (C-3a),
125.9 (C-7a), 123.3 (C-3), 121.15 (C-6), 119.8 (C-5),
118.4 (C-7), 112.9 (C-18), 111.3 (C-8), 111.1 (C-4),
102.9 (C-9), 51.2 (C-12), 39.0 (C-16), 26.8 (C-20),
26.7 (C-19), 19.3 (C-15). iR #d 5 Soik i i HL A
— 5 EE Y 9 IR R A

&Y 10: A JEE MK, Liebermann-
Burchard N 2FHM; mp 143~145 °C; ESI-MS
miz: 570.5 [M+H]"; 20 TR A CHssNO,. 'H-NMR
(300 MHz, CsDsN) 6: 8.61 (1H, d, J = 8.7 Hz, H-1"),
7.67 (1H, m, 2'-OH), 6.75 (2H, m, 1, 3-OH), 6.27 (1H,
m, 4-OH), 5.52 (2H, m, H-8, 9), 5.14 (1H, m, H-2),
4.64 (1H, m, H-2'), 4.53 (1H, dd, J = 4.5, 10.8 Hz,
H-la), 444 (1H, dd, J = 4.5, 10.8 Hz, H-1b), 4.34
(2H, m, H-3, 4), 2.23 (4H, m, H-3', 5), 2.02 (6H, m,

H-6, 7, 10), 1.77 (4H, m, H-15', 17), 1.29 (32H, m,
H-5'~ 14, 11 ~16), 0.87 (6H, m, H-16, 18);
BC-NMR (75 MHz, CsDsN) §: 175.0 (C-1'), 130.6
(C-8), 130.5 (C-9), 76.6 (C-3), 72.7 (C-2'), 72.2 (C-4),
61.8 (C-1), 52.7 (C-2), 35.5 (C-3"), 33.6 (C-5), 33.1
(C-6), 32.8 (C-4"), 31.9 (C-7, 10), 25.6~29.8 (C-5'~
14/, 11~16), 22.7 (C-15', 17), 14.1 (C-16/, 18). Lik
Bl SRR R A S0, EE A 10 2k
(2S, 38, 4R, 8E)-2-[(2'R)-2'-F2 A/ BRI ]-8-+
J\Ji-1, 3, 4-=1%.

WwEW 11: LEMRY), Liebermann-Burchard
SOV SR FAPE: [o] —28.5° (¢ 0.32, EtOH). 'H-NMR
(600 MHz, CDCl3) 6: 4.63 (1H, m, H-4), 3.90 (1H, m,
H-5a), 3.65 (1H, m, H-5b), 2.61 (1H, m, H-2a), 2.55
(1H, m, H-2b), 2.26 (1H, m, H-3a), 2.15 (1H, m,
H-3b); "C-NMR (150 MHz, CDCl;) 6: 177.5 (C-1),
80.7 (C-4), 64.2 (C-5), 28.7 (C-2), 23.2 (C-3). ik
a5 scwkapE — Y, WA 11 4 5R-5-5%
FH -2 (3 H)-PR IR ]

AW 12: B ERRIRES & (FFEE), Liebermann-
Burchard S SFH1E; mp 195~197 ‘C. 'H-NMR
(300 MHz, CD;0D) ¢: 5.98 (d, J = 15.9 Hz, H-1"),
4.67 (1H, d, J = 15.9 Hz, H-2'), 5.49 (1H, d, J = 2.0
Hz, H-2), 5.38 (1H, dd, J = 2.0, 8.2 Hz, H-6), 5.23
(1H, d, J = 8.2 Hz, H-5); >C-NMR (75 MHz, CD;0D)
5: 168.1 (C-3"), 146.5 (C-3), 143.8 (C-4), 144.0 (C-1"),
124.8 (C-1), 119.9 (C-6), 113.5 (C-5), 112.5 (C-2),
112.1 (C-2"), ¥t 55 scmkamaE — 2, W
AW 12 g .

AW 13: AR R, =&k EEg
4 mp 198~200 C; [a]3 +45.0° (c 0.03, MeOH);
UV hoed™ (nm): 220, 247, 330; IR vher (cm™"): 3 500~
3300, 1 701, 1 652, 1 520, 1 451, 1 341, 999, 964,
800; ESI-MS m/z: 357.1 [M—H] ;: 2 XN
C1oH,507. 'H-NMR (600 MHz, CsD;sN) 6: 8.00 (1H, d,
J =15.6 Hz, H-3"), 6.67 (1H, d, J = 15.6 Hz, H-2"),
735 (2H, d, J = 8.4 Hz, H-6, 9), 7.15 (2H, d, J = 8.4
Hz, H-5, 8), 7.18 (1H, d, J = 1.5 Hz, H-5"), 7.17 (1H,
d, J = 8.1 Hz, H-8"), 7.11 (1H, dd, J = 1.5, 8.1 Hz,
H-9"), 5.67 (1H, dd, J = 5.4, 7.8 Hz, H-2), 3.64 (3H, s,
H-1"), 3.29 (2H, m, H-3); “C-NMR (150 MHz,
CsDsN) &: 170.6 (C-1), 166.8 (C-1'), 157.8 (C-7),
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